
SPLINE SMOOTHING OF
TWO-DIMENSIONAL DATA 
SERIES WITH PRECISION 
ESTIMATION APPLIED TO 
SATELLITE NAVIGATION

SEE HEAN QUEK

March 1983

TECHNICAL REPORT 
NO. 101



PREFACE 
 

In order to make our extensive series of technical reports more readily available, we have 
scanned the old master copies and produced electronic versions in Portable Document 
Format. The quality of the images varies depending on the quality of the originals. The 
images have not been converted to searchable text. 



SPLINE SMOOTHING OF TWO-DIMENSIONAL DATA SERIES 

WITH PRECISION ESTIMATION, APPLIED TO 

SATELLITE NAVIGATION 

by 

See Hean Quek 

March, 1983 

Reprinted July 1985 



ABSTRACT 

Noisy two-dimensional data series are a common occurrence 

in the geodetic field. As a result of this, numerous 

algorithms have been formulated to separate the systematic 

components from the noise within the observed data series. 

These algorithms, however, are not applicable to all types 

of data series. In this thesis, the performance of the 

piecewise cubic function, as a means of smoothing such data 

series, is investigated. 

Cubic splines have, 

algorithms. However, 

in the past, been used as smoothing 

they proved ineffective in dealing 

with two-dimensional data series as they were developed with 

a weighting scheme for only one of the two variables. Hence 

they cannot accept a fully populated covariance matrix 

associated with each observed data point. The spline 

algorithm developed in this thesis uses both parameterized 

cubic splines and the method of least-squares to formulate a 

weighting scheme which allows the incorporation of the 

two-dimensional covariance matrices of the observations. 

The resulting spline approximation technique is then used 

to smooth the navigation data sets of the three ice camps of 

the Lomonosov Ridge Experiment (LOREX) in the vicinity of 

the North Pole in 1979. ~he Navy Navigation Satellite 
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System (Transit) was used as the primary positioning system. 

Error models evaluating the accuracy of the position fixes 

using Transit satellites at high latitudes are developed. 

Smoothed positions and velocities for the three ice camps at 

one hour intervals are computed for the duration of the 

expedition. 

To evaluate the performance of the spline algorithm, the 

smoothed data series produced by the spline algorithm 

(DSPLIN) and the real-time smoothing technique (SMOBS) used 

during LOREX are compared with those generated by the 

precise dynamic pack~~e (GEODOP), i.e. DSPLIN versus GEODOP 

and SMOBS versus GEODOP. The smoothed data series produced 

by the precise dynamic technique (GEODOP) are hence used as 

a reference standard. In the comparisons between the 

smoothed data series of positions and velocities for the 

three ice camps, a reduction of_ about 56 and 4 7 per.cent in 

the root mean square of the differences in position and 

velocity respectively, is achieved by DSPLIN over SMOBS. In 

the same comparisons, the maximum discrepancy between 

individual smoothed positions is reduced by about one-half 

(i.e. from 3758 m to 1 564 m ) . The computed standardised 

position differences between the smoothed positions produced 

by the spline alogri thm and the precise dynamic technique 

shows that the precision estimates computed by the spline 

algorithm are consistent with accuracy only over certain 

periods of time in the LOREX data spans. 
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Chapter 1 

INTRODUCTION 

The purpose of this investigation is to develop a 

smoothing algorithm applicable to noisy two-dimensional data 

series. The resulting algorithm incorporates the full 

covariance matrix depicting the accuracy of the data in its 

smoothing process. 

Such data sets are a common occurrence in the geodetic 

field. They can be found in marine navigation; for example, 

the time series of position determinations using modern 

electronic devic~s to monitor the motion of k ship at·sea. 

A specific example, which is later used to test the 

smoothing algorithm, is the Lomonosov Ridge Experiment 

(code-named LOREX) station navigation Doppler data set. The 

positioning of the LOREX ice stations in the vicinity of the 

North Pole was achieved using the Navy Navigation Satellite 

System (NNSS). Due to proximity to the pole, position deter­

minations were greatly influenced by poor geometry and 

inadequate modelling of the ice motion. It was felt that an 

algorithm which is able to utilize all the information 

~.:ontained in the position fixes will greatly increase the 

accuracy of the predicted locations of the observing 

stations between position determinations. 
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A recomputation of all position fixes using better 

station velocity estimates will remove the errors caused by 

inadequate modelling of the ice motion. In this thesis, 

error models are used to account for the.se errors in the 

LOREX position fixes. A recomputation of all position fixes 

with better velocity estimates is outside the scope of this 

research. 

1.1 MAIN CONTRIBUTIONS 

The following are the main contributions of this thesis: 

1. The development of a two-dimensional least-squares 

cubic spline approximation algorithm. 

2~ The evaluation of the performance of the spline algo­

rithm using simulated and actual data sets. 

3. The ~pplication of the spline algorithm to the 

navigation data sets of the three LOREX ice camps. 

4. The modelling of positioning errors, caused by 

satellite orbital, stat ion velocity and stat ion 

height errors, through the a priori covariance matrix 

of the position computations. 
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1 .2 OUTLINE OF THESIS 

This thesis is divided into the following chapters. 

Chapter 2 contains a brief description of the LOREX-79 

expedition; the navigation equipment used and the accuracy 

of position determinations. This information provides a 

background for the discussion and assessment of the results 

from the processing of the navigation data sets using the 

developed smoothing algorithm. 

Chapter 3 presents a brief overview of the scope of the 

investigation and details several of the options that were 

considered when designing the smoothing algorithm. 

Chapter 4 gives a basic review of the concept of a spline 

and its similarities with the mechanical spline. 

Chapters 5 and 6 are devoted to the formulation of the 

working equations of the least-squares parametric cubic 

spline approximation. 

Chapter 7 discusses the various possible methods of 

adjustment; the merits and implication of each in relation 

to the spline algorithm. 

Chapter 8 deals with the aspect of precision estimation 

of the least-squares estimates, the covariance law and 

computational accuracy. 

Chapter 9 gives an overview into the various tests done 

to assess the performance of the spline algorithm with 

regard to the simulated and LOREX test data sets. 
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Chapter 10 discusses and evaluates the LOREX Doppler data 

sets and the application of the spline algorithm to the 

complete navigation data series of the three ice stations on 

LOREX. Various error models, based on the formal covariance 

matrix of the position determinations; are used to develop a 

weighting scheme sui table for high latitude positioning by 

NNSS. The real-time application of the spline algorithm is 

also addressed. 

Finally, in Chapter 11 a summary of the discussions are 

given, conclusions drawn and recommendations made. 



Chapter 2 

DESCRIPTION OF LOREX-79 NAVIGATION DOPPLER DATA 
SET 

In this chapter, a brief description of the LOREX-79 

expedition together with the navigation equipment used~ and 

the characteristics of the collected Doppler data are given. 

The on-site and post-processing of the data series are 

discussed and inadequacies notad. 

2.1 LOREX DATA CHARACTERISTICS 

In the spring of 1979; the Earth Physics Branch of the 

Federal Department of Energy, Mines and Resources in 

conjunction with the Polar Continental Shelf Project 

organised an expedition to the geographical North Pole. The 

Lomonosov Ridge Experiment was designed to explore the 

nature and origin of the major submarine mountain ridge 

running across the Arctic Ocean between Greenland and 

Siberia. 

During the expedition, three camps were established on 

the Arctic ice. Main Camp (SO), Snowsnake (S1) and 

Iceman (S2) were laid out in an approximate isosceles 

triangle with sides of about 60 kilometres long and a base 

of about 100 kilometres. 

- 5 -



6 

Canadian Marconi 722B Transit receivers were deployed for 

positioning the camps. The receiver at the Main Camp was 

interfaced to a HP 2100 minicomputer, under the RTE II 

operating system with a HP 7900A Megabyte disc drive, 

7-track magnetic tape, plotter and two terminal peripherals. 

In the off -line mode, it was linked to a CMA 7 49 magnetic 

tape cassette unit which allowed the recording of Doppler 

counts to a resolution of 0. 01 of a Doppler count. This~ 

due to the inherent characteristics of the navigation 

system, is two orders of magnitude better that the on-line 

tracking mode. Receivers at Snowsnake and Iceman operated 

unattended; in the automatic data acquisition mode. Gaps, 

which were later found in the collected data at these two 

stations, were attributed to failure of the operator to 

change the data cassettes when full, and signal loss at 

point of closest approach of the satellite because of the 

tracking antenna's gain pattern [Popelar et al. 1981 ]. 

The monitoring of Arctic ice drift using polar orbiting 

NNSS satellites has several drawbacks. Firstly, due to the 

high latitudes, there are many more passes than at southern 

latitudes and with an omni-directional antenna, severe 

interference problems arise. The effect of interference 

results in acquisition of fewer passes with the complete set 

of Doppler information unless the receiver is programmed to 

reject some passes in favour of others. Programmed response 

was not even possible at the Main Camp due to hardware 
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restrictions [Wells and Popelar 1979] and the 20 percent 

higher tracking efficiency at the Main Camp was attributed 

to manual intervention [Popelar et al. 1981]. 

Secondly, with polar orbiting satellites, passes at high 

latitudes tend to be nearly overhead. Overhead passes 

produce geometrically poorer cross track position fixes than 

non-overhead passes. Position determinations using high 

elevation satellites hence have very elongated error 

ellipses. The semi-major axis of the error ellipses are in 

the cross track direction of the passing satellite. 

These inherent system difficulties are further 

complicated by the erratic behaviour of the motion of the 

ice platform. The ice motion changes both speed and 

direct ion~ depending on the combined effects of the wind~ 

temperature~ and sea currents. 

The amassed Doppler data from the three stations were 

processed on-site and later reprocessed in Ottawa [Popelar 

et al. 1 981 ] . 

The satellite fix software package BIONAV [Wells and 

Grant 1981] was deployed on LOREX to provide position fixes 

for the ice stations in real time. The positions were 

computed in the Stereographic Coordinate System and on the 

International Ellipsoid. An arbitrary rejection criterion, 

as opposed to a statistical one, of 1000 metres on the 

formal standard deviations of the position determinations 

was used. Accepted passes were computed and stored for 

further processing. 
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2.2 LOREX DATA POST-PROCESSING 

The LOREX data has been post-processed using four 

different methods, one of which is the subject of this 

thesis. The first two techniques mentioned below were used 

on-site at LOREX to smooth the raw fixes. 

A one-dimensional least-squares cubic spline approxi-

mation (program SMOBS), using the inverse 

the formal covariance matrix derived 

of the trace of 

from the fix 

computation as weights (equation 4.3), was performed on 

moving sets of fixes over time periods depending on the 

character of the station's motion and the number of 

satellite fixes available. The weighting sch~me used is 

further discussed in Sect ion 4. 2. Of a moving set of 70 

passes, 50 smoothed central position fixes were accepted. 

The Lagrange polynomial interpolant was then used to predict 

the position of the station between smoothed fixes [Wells 

and Popelar 1979] as SMOBS does not compute the cubic 

coefficients needed for interpolation. The velocities and 

associated standard deviations of the ice stations were 

computed from six preceeding one-hour smoothed coordinate 

differences. A list of positions and velocities produced by 

SMOBS can be found in Appendix A of Popelar et al. [1981]. 

In addition to the on-site cubic spline smoothing, a 

Kalman filter routine using covariance matrices to model 

measurement errors and perturbations in the ice motion, was 

used to sequentially process the Doppler data [Wells and 

Popelar 1 979]. 
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The two on-site smoothing techniques that were used had 

their disadvantages. The cubic spline approximation 

technique used weighted both coordinates equally and totally 

ignored the correlation between errors in the coordinates 

(which was above 0. 9 for 80 percent of the passes). The 

Kalman filter algorithm could be successfully applied only 

if the filter could be tuned in accordance to the ice motion 

noise [Wells and Popelar 1979]. 

In an effort to improve position determinations in the 

post-processing of the data, a precise geodetic positioning . 
software package (GEODOP) was extensively modified to 

accommodate sequential simultaneous positioning of slowly 

moving stations with constant velocity vectors over a 

three~hour time ~eriod. It uses both higher order modelling 

of environmental and instrumental effects to reflect the 

time and space correlation of model parameters during 

simultaneous satellite tracking from several stations and 

post-fitted precise satellite orbits. The mean station 

positions were obtained from a series of satellite position 

fixes, weighted by their formal covariance matrix, within 

the three-hour time interval. Station velocities were 

derived from consecutive mean positions [Popelar et al. 

1981 ] 0 

In this thesis, the acronym "GEODOP" will henceforth be 

used to denote the modified precise dynamic positioning 

software package. Of the four post-processing techniques, 
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GEODOP is the only one which does a recomputation of the 

individual satellite position fixes using better station 

velocity estimates. 

Unlike the spline algorithm used on LOREX~ the spline 

algorithm developed in this thesis (program DSPLIN) is 

capable of using the full covariance matrix associated with 

each position fix. This technique is hence able to extract 

all the information contained in the position determina-

tions. In order to assess the performance of DSPLIN, the 

LOREX navigation data sets are used and the GEODOP solution . 
adopted as reference standard. The agreement between DSPLIN 

and GEODOP smoothed values is evaluated and is shown to be 

better than the agreement between SMOBS and GEODOP. 



Chapter 3 

CONSIDERED ALTERNATIVE ALGORITHMS 

In this chapter, the characteristics of a noisy data set 

are outlined~ the area of investigation given, the alterna­

tives discussed and the reasons for using the spline 

approach stated. The discussions of the considered possible 

alternatives for the design of the new smoothing algorithm 

are a minor digression from the main theme of this thesis. 

However, they are given here to indicate the scope and area 

of investigation from which the new smoothing spline 

algorithm evolved. 

The approximating function to be developed must be able 

to smooth data series with the following characteristics: 

1. Unequal data intervals. 

The data points within the. given data series are 

unequally spaced in either time or space. 

2. Non-predictive (or non-analytic) data series. 

The external factors governing or generating the 

data series cannot be effectively modelled or are 

rapidly changing in time or space. 

3. Fully populated data covariance matrices. 

Each data point within the data series has an 

associated covariance matrix depicting the two­

dimensional accuracy of the observed data point. 
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In addition to the above, the technique must be able to 

provide a data series of smoothed data points with 

reliability estimates. 

Research into the new smoothing algorithm centered around 

the concept of extracting existing ideas in the physical 

world and trying to relate or apply them as smoothing 

algorithms. The following were examined in this thesis. 

3.1 TWO-DIMENSIONAL LEAST-SQUARES CUBIC SPLINE 

The mathematical spline which "imitates" the mechanical 

spline has several properties conducive to its use as a 

smoothing device. Current development [Spath 1974; Boor 

1978], of the cubic spline only allows the cubic spline to 

smooth data along one axis at a time and totally ignores any 

correlation between variables. 

However, by incorporating the least-squares principle, 

the covariance law, and by simultaneously solving two 

parametric cubic splines, the new spline algorithm is able 

to satisfy all the stated requirements mentioned above. This 

concept is developed in greater detail, together with a 

short review of splines, in Chapter 4. 
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3.2 HAMILTONIAN PRINCIPLE OF LEAST ACTION 

is the utilization of the The proposed concept here 

Lagrangian equations of 

Principle of Least Action 

mot ion with the Hamil toni an 

[Landau and Lifshitz 1976] to 

solve for the motion of a particle moving in a non-symmetric 

cluster of finite particles. Disregarding the mass of the 

sensing particle; the attracted particle moves according to 

the sum of all forces generated by the other forcing 

particles in that cluster [Vanicek 1973]. The interrela­

tionship between the law of gravitational attraction and the 

conservation of momentum leads to the fact that both 

velocity and 

functions of 

displacement 

time. Under 

of the particle are smooth 

the kinematic approach, the 

generated force field can be thought of as a non-symmetric 

potential field and by maintaining a closed system with 

non-time varying elements of potential, a stationary or 

conservative potential or force field is said to exist. 

By portraying the data series as that of the motion of 

the particle and the observed data points as gravity­

generating mass bodies, a smooth path depicting the data 

series can hence be generated. By solving the equations of 

motion of the massless particle, the velocity and position 

of the particle can be obtained at any time provided that 

the velocity and position vectors of the particle at the 

beginning of the trajectory are defined. 
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In celestial mechanics~ this is termed as the solution of 

a restricted n-body problem; restricted in that all 

attracting mass bodies are rigidly fixed and held motionless 

in Eculidean two-space. Further, the use of "relativistic 

directional masses" as the mass bodies allows the incorpo­

ration of error ellipses. 

3.3 HEISENBERG PRINCIPLE OF UNCERTAINTY 

The concepts of velocity and energy which stem from 

simple observations of common objects have been applied to 

certain fundamental experiments in atomic physics. 

The position of an electron is known only to a certain 

degree of accuracy and at any time can be visualized as a 

wave packet in the proper position with an approximate 

extension. 

The term "wave packet" [Heisenberg 1930] is used to 

denote a wave-like disturbance whose amplitude differs 

appreciably from zero only in a bounded region. This 

region, in general, is in motion and changes in shape and 

size. The laws of optics and that of the conservation of 

momentum, can be used to obtain a relationship between the 

uncertainty in velocity and position; the product is bounded 

by a certain (Planck's) constant. 

This fact bears a striking resemblance to the position of 

a data point within a data series. The uncertainity of the 



1 5 

data point can only be represented by a covariance matrix, 

much like the wave packet. The probability of the wave 

packet grows larger from the last observed data point until 

the next observation. 

Using such a representation, the motion of the data point 

can be represented and reliability estimates obtained for 

predicted points. 

3.4 INTERLACING WIRE AND SLOT REPRESENTATION 

A time series of two-dimensional data can be thought of 

as points in a geometric space defined by three orthogonal 

vectors. In relation to navigational data, two of the 

vectors represent the two-dimensional coordinate system of 

the position while the third is the time axis. 

A sequenc~ of time-tagged positions, for example~ appears 

as a series of spatially suspended dots within that space. 

If the motion is circular, all the dots will lie on the path 

of a helix. 

By interlacing the points with a wire of variable 

stiffness, points between observations can be predicted. 

Error ellipses are introduced by replacing the dots or holes 

with variable size slots. A wire so chosen in its natural 

state, tries to achieve minimum strain or stress within 

itself. 
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For the tr~nsformation of the wire to a mathematical tool 

Frenet formulae and curves are used. 

3.5 SELECTION OF TECHNIQUE ADOPTED 

An examination of these four proposed smoothing 

algorithms, revealed that the spline representation seems to 

be the most promising, easiest to implement, has few 

variables to contend with o (so as not to introduce complex 

smoothing parameters) and from a practical application point 

of view satisfies all the requirements of the desired 

smoothing algorithm. 



Chapter 4 

BRIEF REVIEW OF SPLINES IN GENERAL 

In this chapter~ an introduction to the concept of 

splines is given. The transition from the mechanical spline 

to its mathematical form is outlined. The topic of 

smoothing splines contained in the present literature is 

addressed and differences between those and the smoothing 

spline algorithm used in this thesis mentioned. 

4.1 INTRODUCTION 

Polynomials have always played a central role in 

approximation theory and numerical analysis. Piecewise 

polynomials, however, had a very limited application due to 

the existance of discontinuities between polynomial func­

tions. During the past twenty years, piecewise polynomial 

functions experienced tremendous theoretical advances (e.g. 

Boor [1978], Shumaker [1981] and Prenter [1975]). Poirer 

[1973] in his attempt to apply spline functions to 

econometric data mentions the large gap between theoretical 

development and practical applications of spline functions. 

- 17 -
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Currently, spline functions are being applied to smooth 

noisy geodetic data sets. Their use, however, has been 

limited to the smoothing of raw data series without 

obtaining accuracy estimates of either the smoothed data 

points or the predicted values. A brief expose on the 

origin of splines allows better comprehension of the 

so-called spline functions .. 

Scheonberg [Shumaker 1981] in 1946 introduced the label 

spline" when he observed similarities between piecewise 

polynomial interpolation and a certain mechanical device 

called the "spline". 

A "spline" is a thin beam of some elastic material 

equipped with a groove and a set of weights (called either 

ducks or rats), with attached arms designed to fit into the 

grooves (see Figure 4-1). 

spline 

1 

sp l i ne ----? £§ (~~dead weight 

FIGURE 4-1 The Mechanical Spline 
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These devices are used by architects to draw smooth 

curves through a set of prescribed points (called in the 

context of this thesis, data points). To accomplish this~ 

the flexible "spline" is bent in such a manner that it 

passes through all the points and is held in place by 

strategically located ducks. Back in the mid-1700's, Euler 

and the Bernoulli brothers [Shumaker 1981] discovered that 

the centre-line of the "spline" 

mathematical function (s) which 

properties: 

approximates 

has the 

a given 

following 

1. The function (s) is a series of piecewise cubic 

polynomials between the first and last junction point 

or knot (knots being analogous to the position of the 

ducks on the mechanical "spline"). 

2. The function (s) is linear before the first and after 

the last knot. 

3. The function (s) has continuous first and second 

derivatives everywhere. 

4. The function (s) takes on the value of the data 

points (i.e. the mechanical spline is an interpo­

lation device). 

Given the location of the knots and the data points, 

these properties define a unique function ( s). No assump­

tion, at this stage, is made with regard to the location of 

the knots amongst the data points. However it should be 
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noted that the knots may or may not be coincident with the 

position of the data points. This simple but effective 

analogue of the mathematical spline underlies the fundamen­

tal concept of splines in general. 

4.2 THE MATHEMATICAL SPLINE 

In this section, the properties of the mathematical 

spline are stated. Reasons for using the piecewise cubic 

function, along with the current limitations of splines are 

given. An extension of the use of splines from the current 

literature is made. 

The mathematical spline (s) of degree k is an element of 

the Spline Space (S) which on a closed interval <a,b> can be 

written as: 

where P k 

n 

- (4.1) 

:= Polynomial Space containing k th degree poly­
nomials; a subspace of the total Polynomial 
Space, 

C <a,b> := Space of n th differentially continuous func-
tions on the closed interval <a,b>, 

and n < k- 1. 

Any function (s) so defined on a set of points (u. ,v. ) , 
J J 

j = 1 , .•. ,m will hence have the following properties: 

1. It is continuous at u 1,u 2 , ••• ,um and 

with s(u.) = v. 
J J 
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2. The first k-1 derivatives of the spline functions, 

(i.e. s'(u),s"(u), ... ,sn(u)) exist and are continuous 

within the closed interval <a,b> on which the spline 

function is defined. 

It becomes apparent that the mathematical spline defined 

in Section 4.1 is of the form: 

- (4.2) 

with tj, j = 1 , •.. ,m being the knot sequence. 

Cubic splines as in ( 4. 2) are the most popular splines 

for two reasons. The first is that the human eye has 

increasing difficulty in detecting jumps in the derivatives 

of a function as the order of the derivative increases. 

Discontinuities in the first and second derivatives can be 

detected, but the eye has great difficulty in detecting 

jumps in derivatives of order greater than two. Hence a 

function with only second order derivative continuity will 

appear smooth to the human eye. The second reason is that 

there exist distinct disadvantages in using higher degree 

polynomial functions. The higher the degree, the greater is 

the evaluation cost of the parameters defining the spline. 

In addition, individual oscillations of the polynomials 

generally increase with the degree. Hence the cubic spline 

combines the advantages of smaller oscillations, modest 

evaluation cost and second derivative continuity. 
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The simple one-dimensional interpolating cubic spline, in 

the context of this research; has several major defects: 

1. At least one of the variables has to increase mono-

tonically. 

2. It is confined to point estimation between knots or 

data points. 

3. It does not allow for the incorporation of differ-

ently weighted data points. 

4. No precision estimation of predicted points between 

data points is possible. 
' 

To overcome the first problem, the spline is computed 

against a third variable (t) which has the property of being 

always monotonically increasing. For a given set of points 

(x,y), the parametric spline [Spath 1974] is computed on 

data sets (x,t) and (y,t); with t monotonically increasing 

and is related functionally or otherwise to the data points 

(x,y). A discussion of possible types of variable (t) can be 

found in Spath [1974]: page 60. 

No assumptions have yet been made about the number of 

knots with respect to a given set of data points. When the 

number of knots is equal to the number of data points, the 

spline interpolates between the data points. The transition 

(which is further discussed in Chapter 5) from an 

interpolating to an approximating spline is through the 

incorporation of additional data points in the solution of 

the parameters defining the spline function. However, 
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additional information is required if a unique approximating 

spline function is to exist. This additional information 

takesthe form of a weighting scheme amongst the data points; 

some of which are of an arbitrary nature (e.g. Spath [1974]: 

page 106) whilst others, being more rigorous (e. g. 

Boor [1978]: page 235) rely on the minimisation of a speci-

fied variational function. 

Wells and Popelar [ 1979] on the LOREX expedition 

utilized; in near real-time, parametric cubic splines 

minimising the differences between smoothed and observed 

positions to smooth the satellite positioning data (x,y). 

The cubic spline, mentioned earlier in Section 2.2, was 

computed first in x against time and then in y against time, 

using the inverse of the trace of the formal covariance 

matrix obtained from the satellite fix computations, as 

weights for both splines, i.e. 

where i 

W. 
1. 

2 2 ~ ( ) wi := l/(cr1 + cr 2) - 4.3 

:= computed fix number, 

:= designated weight for the i th computed 
coordinates, 

.- diagonal elements of the formal covariance 
matrix associated with the i th computed 
position. 

The formal covariance matrix associated with each fix is of 

the form 
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and it portrays the two-dimensional precision of the 

computed coordinates. The variances of the individual coor-

dinates are denoted by , and the correlation (or 

covariance) between the two determined coordinates by a12 . 

The weighting scheme used on LOREX was rather arbitrary 

as an operator-specified "coefficient of roughness 11 was 

used to scale the assigned weights computed via equation 

(4.3) to achieve different degrees of smoothness. The high 

correlation between the two position coordinates was totally 

ignored. In addition no precision estimates for the 

individual predicted points between observed positions were 

available. 

The spline algorithm develo~ed in this thesis has been 

primarily designed to overcome these deficiencies of 

previous smoothing splines. The full covariance matrices of 

the data points are utilized in the simultaneous computation 

of two parametric cubic splines against a third variable, 

time. Through the method of least squares, it is possible to 

obtain least-squares estimates and an associated covariance 

matrix for the parameters defining the spline~ The 

covariance law is also used to derive precision estimates 

for the predicted data points. 



Chapter 5 

DEVELOPMENT OF THE PARAMETRIC CUBIC SPLINE 

In this chapter, the aspect of base functions for the 

spline is addressed; the transition from the simple cubic 

spline to the parametric cubic spline is described and the 

working equations are given. 

Using the .concepts embodied in Chapter 4, the cubic 

spline (s) is hence defined on a set of points (xi ,yi,ti), 

i = 1, ... ,m for which s (t.) = x. 
X 1 1 

and s ( t. ) = y. , and y l_ l_ 

is a composite function with 2(m-1) cubic polynomials. 

Further, the function (s) 

respect to the variable (t), 

is twice differentiable 

fort E <t ,t. >. o m 

5.1 DEFINITION OF BASE FUNCTIONS 

The precise definition of the base functions •1 

l = 1 , ••• ,4 in the piecewise polynomial function 

4 
s(t) .- E aR.<PJI.(t) 

i=l 

with 

of the cubic spline has yet to be mentioned. In actuality, 

there are numerous possible definitions and alternatives. 

The so-called "generalised cubic splines" [Spath 1974: page 

- 25 -
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124] utilizes complicated base functions. The two cond i-

tions [Spath 1974: page 58] that the base functions of the 

cubic spline have to satisfy are: 

1. The resulting polynomial is a cubic function. 

2. The transformation between coefficients and knot 

vectors must exist (i.e. the equations in Section 5.2 

can be formulated). 

The use of more complex bases than those given below 

complicates the formulation and increases computational 

cost. This is in addition to the fact that smoother splines 

are obtained from the usual cubic spline than other more 

complex cubic splines without bonstraints [Spath 1914] .. 

Hence in this research, a simple set of base functions are 

used , (i.e. 1 , .!1. t, ( .!1. t) 2 and .il.t being the time 

interval between knots). 

5.2 PARAMETRIC CUBIC SPLINE 

On a given set of knots (xj ,yj ,tj), j = 1, ... ••n the ,j th 

piecewise cubic polynomial is thus defined: 

with 

and 

and 

s .(t) .­
XJ 

s . (t) . = b 
YJ . j 1 

s . (t.) 
XJ J 

s . (t.) 
YJ J 

t.<t<t. 
J - J+l 

4 

t-1 
a.n (t-t.) 
J~ J 

t-1 
+ 1: b.n (t-t.) 

~ =2 ]'- J - (5.1) 
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that ajt and b jt are the elements of the coefficient 

vectors (a. ,b. ) of the two cubic polynomials of the 
-) -) 

spline. 

The functional relationship between the given knots and 

the cubic coefficients, i.e. the boundary values, can be 

expressed as follows: 

X. - s . (t.) = aj 1 J XJ J 
- (5.2a) 

f; 
y. .- s . (~.) = bj1 J YJ J 

- (5.2b) 

4 
R.-1 

x. 1 - s .(t.+1) = aj 1 + E a.£(t. 1-t.) 
J+ X) J l=2 J J + J 

- (5.2c) 

4 .Q.-1 
yj+1 .- s .(t. 1) = bj1 + E b . .t(t. 1-t.) 

YJ J + l=2 J J + J 
(S.2d) 

x.' .- 5 I. (t.) = aj 2 J XJ J 
- (5.2e) 

I 
5 I. (t.) = bj2 y. .-

J YJ J 
- (5.2f) 

4 t-2 
x! 1 .- s'.(t. 1) = aj2 + E (R.-1)a.1 (t. 1-t.) 

J+ X) J+ l=3 J J + J 
- (5.2g) 

4 
R.-2 

YJ+1 
:= s'.(t. 1) = bj2 + E (R.-1)b.9.(t. 1-t.) 

YJ J+ .Q.=3 J - J + J 
(5. 2h) 

x'.' - s". 2aj 3 J XJ 
(5.2i) 

y'.' . - s" . 2bj 3 J YJ 
- (5.2j) 

x" - s". 2aj 3 + 6a. 4 (t. 1-t.) 
j+l XJ J J+ J 

- (5. 2k) 

Yj'+l - s". = 2bj 3 + 6b.4(t. 1-t.) 
YJ J J + J 

- (5. 21) 
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There is a choice of expressions with regard to the 

explicit form of the coefficient vectors a and b. They can 

be expressed either in terms of their functional values 

(i.e. equations 5.2a to 5.2d) and their first derivatives 

(i.e. equations 5.2e to 5.2h) or their functional values 

(i.e. equations 5.2a to 5.2d) and their second derivatives 

(i.e. equations 5.2e to 5.21) [Spath 1974; Boor 1978]. 

Parameters of functional values and first derivatives are 

used here to represent the knots on the assumption that the 

positions and velocities, taking navigational data as an 

example, are easier to visualize than positions and acceler-

ations. 

Inverting equations 5.2a to 5.2h, 

aj 1 = X. (5. 3a) 
J 

aj 2 x! (5.3b) 
J 

2 (2x! + x! 1)/M. (5. 3c) aj 3 = 3(x. 1-x.)/6t. -
J + J J J J + . J 

[-2(x. 1-x.)/6t. + x! 2 (5. 3d) aj4 = + x'.' ]/M. 
J+ J J J J +1 J 

bj 1 y. 
J 

(5. 3e) 

bj 2 y! 
J 

(5. 3f) 

bj 3 
2 (2y! + y! 1)/M. (5. 3g) 3(y. 1-y.)/M.-

J + J J J J+ J 

bj4 = (-2(y. 1-y.)/M. + y! + y! 1 ]/6t: (5.3h) 
J + J J J J+ J 

with M. . - tj+l-tj J 
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Hence there exist a total of eight elements, four in each 

of the two coefficient vectors, a. and b . , 
-] - J 

for each 

interval <tj ,tj+ 1 >defining the cubics. 

To ensure that adjacent piecewise cubics are continuous, 

constraint relationships are enforced. Considering the 

junction point between the j th and (j+1) th interval, 

second derivative continuity is achieved by the following 

equations: 

From equations 5.2i to 5.21, 

- (5.4) 

Substituting the respective coefficients for their 

functional values and derivatives, the following relation-

ships are obtained [Spath 1974: page 46]: 

(1/6t.)x! + 2(1/6t. 1 + 1/6t.)x! 1 + (1/6t. 1 )x! 2 J J J+ J J+ J+ J+ 

2 2 
= 3(x. 1 -x.)/~t. + 3(x. 2-x. 1)/llt. 1 J+ J J J+ J+ J+ 

and similarly, 

(l/6t.)y! + 2(1/M. 1 + 1/llt.)y! 1 + (1/M. 1)y! 2 J J J+ J J+ . J+ J+ 

2 2 
3(y. 1-y.)/M. + 3(y. 2-y. 1)/llt. 1 J+ J J J+ J+ J+ 

- (5.5) 
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The working e~uations developed up to the present chapter 

are the usual parametric cubic spline equations and they can 

be used as an interpolating function for any given set of 

data points. 

For m points, there are 2(m-1) equations with 2 m first 

derivative unknowns. Further information are required to 

make the set of equations non-singular. These take the form 

of "boundary" (or "end") conditions. ~hey specify the form 

which the outer knots will t~ke with respect to themselves 

or other inner knots. 

The choice and type of end conditions affects the 

performance of the spline. The effect, however, diminishes 

towards the centre of the data span. For a rel~tively large 

data series, a large proportion of the spline remains 

invariant to the type of boundary conditions chosen. 

The transition from the parametric interpolating cubic 

spline to an approximating spline is discussed in the 

following chapter. 



Chapter 6 

LEAST-SQUARES CUBIC SPLINE APPROXIMATION 

In this chapter, the cubic spline is transformed to an 

approximation tool by the incorporation of additional data 

points between knots. The equations representing an addi-

tional point are developed. 

Consider an "extra" datA. point (x0 ,y0 ) at time t 0 

within the j th piecewise cubic i.nterval. Since the point 

lies on the cubic, 

4 
a. (t0 -t.).Y.-l 0 0 

X .- s . (t ) = aj 1 + E XJ t=2 Ji J 
4 

0 i.-1 0 0 
and y .- s . (t ) = bj 1 + E b.i(t-t.) 

YJ 1=2 J J 

- ( 6. 1 ) 
with t. < to ·< t. 1 

J - J+ 

By substituting the explicit values of the coefficients 

in terms of the position of the knots (equations 5. 3) and 

first derivatives, the equations (6.1) are transformed to 
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-2 - o- -
- ~t (2~t-3)y. 1 - ~t ~t(1-~t)y~ 1 

J+ J+ 

- (6.2) 

with M . - M 0 /M. 
J 

t.to . - t 0 -t. 
J 

M. - tj+l-tj J 
and 

Using equations (6.2) (which are termed as observation 

equations) and those enforcing second derivative continuity 

(equations 5.4 termed as constraint equations), the 

paramet9rs of the least-squares spline can now be determin-

ed. 

In the transformation from an interpolating to an 

approximating spline, the value of the knots themselves are 

treated as unknowns and instead of 2 m first deri va ti ve 

unknowns, the solution vector is expanded to include the 

functional value of the knots, making a total of 4 m 

unknowns; m being the number of knots. 

There exist several methods of solving this type of 

least-squares problem with added constraints. The merits of 

each of the three techniques will be discussed in the 

following chapter. 



Chapter 7 

LEAST-SQUARES ADJUSTMENT 

In this chapter, three methods of ]Jerforming a 

least-squares adjustment with added constraints are 

evaluated. These are the unified approach, least-squares 

adjustment through the elimination of constraints, and the 

method of least squar~s with constraints. The explicit 

equations of the latter technique are given. 

A le8.st-squ8.res adjustment is uerformed to derive the 

best estimates for the unknown parameters. The development 

of the least-squares method of solution is via the Lagrange 

method with the covariance law being applied to obtain 

precision estimates of the computed parameters [Wells and 

Krakiwsky 1971 ]. 

Let the unknown parameters be represented by the vector 

~· and thi observed data points by the vector !· The two 

mathematical models that have to be simultaneously satisfied 

are: 

1. The observation (or primary) model (equations 6.1 ), 

f (x,l) = 0. 
-I - -

2. ~he constraint (or secondary) model (equations 5.4), 

f (x) = 0 
-2 -

-.33-
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There exist several approaches to solving combined models 

of this nature; the unified approach, the solution via the 

elimination of constraints, and the functionally constrained 

least-squares technique. 

7.1 UNIFIED APPROACH 

\>lith the unified approach [Mikhail 

parameters are also regarded as 

pseudo-observations and, the solution 

1 976], the unknown 

"observations" or 

here is by the 

summation of normal equations from the two models above. 

The constraint pseudo-observables are differently weighted 

against the observations. By varying the weights for the 

constraint pseudo-observables, various degrees of 

satisfaction of the constraint equations are achieved. This 

seemingly easy treatment has several severe pitfalls [Lawson 

and Hanson 1974: page 149]. 

To ensure that the constraint equations are adequately 

satisfied, heavier weights (i.e. heavier in relation to 

those of the observations) are placed on the constraint 

pseudo-observables. However, the constraint equations are, 

by themselves, singular and the implementation of large 

weights causes the combined set of normal equations to be 

ill-conditioned. 

111-cond it ioned solutions are undesirable as a loss in 

precision occurs when computing the inverse and later the 



35 

solution vector. One of the prerequisites of the smoothing 

algorithm is the ability to provide reliability estimates 

for the estimated parameters (Chapter )). The assignment of 

arbitrarily large weights on the constraint pseudo­

observables affects the a posteriori covariance matrix for 

the parameters. The "correct" ratios between the input 

covariances linked together by a common a priori variance 

factor presents a difficulty to any one using this method as 

there exists no physical or geometrical criteria for 

selecting these ratios. 

This technique was used here to verify the feasibility of 

the new spline algorithm. However it was later discarded as 

it could not meet the requirements of providing precision 

estimates for the parameters and hence predicted points (as 

specified in Chapter 3). 

7.2 SOLUTION VIA THE ELIMINATION OF CONSTRAINTS 

The constraint equations can be used to solve for, 

functionally, as many parameters as there are constraints 

[Mikhail 1976: page 217]. These parameters are then elimi­

nated from the observation model. Hence the total number of 

unknown parameters is reduced. The remaining parameters are 

solved for directly by least-squares adjustment. The 

eliminated parameters are later computed by back 

substitution. 



As this is a rigorous 

matrices are derived for 

development of this method 

Appendix I. 
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technique, formal covariance 

all estimated parameters. A 

of solution is included in 

The two primary advanta~es of this method are: 

1 . a reduced set of unknown parameters are present in 

the least-squares solution, and 

2. the constraint equations are removed from the 

least-squares solution. 

ijowever to successfully apply this method of least­

squares estimation~ the constraint equations have to be made 

non-singular; as shown in Appendix I. As mentioned in 

Chapter 5, the constraint equations can be made non-singular 

by specifying the end conditions of the spline. The 

question of developing an algorithm to select the 

independent parameters, a difficulty expressed by 

Mikhail [ 1976]: page 217, does not exist as it will always 

be the first derivatives that are eliminated. 

The predefinition of the end conditions poses as a minor 

drawback in the use of this technique. The merits of such a 

step is questionable in light of the fact that, for large 

data series, it will be required to 11 join pieces" of splines 

together. This is due to the length of the data span used 

for each spline computation being limited by the user's 

computer memory capacity. The canability of nassing on the 

junction (or knot) vector values is hence desirable if the 
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data series is to be continuous at the joints. However, 

with this method of le~st squares, the end conditions have 

to be predefined within the algorithm and remain unaltered. 

To generate a continuous smoothed data series, an overlap of 

data points between adjacent splines within a data series is 

required. This uses the property that the effect of the end 

knot condition diminishes towards the centre of the spline 

(Section 5.2). 

7.3 METHOD OF LEAST SQUARES WITH CONSTRAINTS 

Finally, there is a method of least squares with added 

constraints between unknown parameters [Wells and Krakiwsky 

1 971 : page 142]. 

The canst rai nts are imbedded into the variational 

function and strictly (or absolutely) enforced. Primary 

drawbacks are of a computational nature. For m knots there 

are two matrices of sizes 4 m and 2(m-2) to be inverted. In 

addition, the observation model rather than the constraint 

model must be non-singular (the reverse of that required by 

the technique described in Section 7.2). In practical 

terms, this means that there will be a lower limit on the 

number of data points that must be contained in each cubic 

interval. 

As the spline algorithm is used here as an approximation 

tool, adequate redundancy to meet this lower limit will be 
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the usual case. This condition can hence be easily ~dhered 

to or algorithmically checked and enforced 

subroutine CHECK in Appendix VII). 

(e. g. 

7. 3.1 Derivation of the Functionally Constrained Model 

by 

In this section, a brief development of the method of 

least squares used in the algorithm is described and the 

working equations are given. 

There are, as mentioned earlier in this chapter, two 

~athematical models present in the adjustment: 

the observation model, 

and the constraint model, 

f (x,l) = 0 
J. --

f (X) 
""""2 -

= 0 

- (7.1) 

with x vector representing the value and first deriva­
tive unknowns of the knots, 

l vector containing the observed data points, 

and x = x0 + 6 

The observation vector, 1:_0 , has a full weight matrix, 

p being the a priori covariance matrix of 

the observations). 

Using Taylor's expansion, equations (7.1) are expanded about 

the initial approximation, x 0 and the observed values, 1:_0 , 
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:: 0 

- (7.2) 

and f (x0 ) are the misclosure vectors. 
-2 -

Rewriting, 

~1 + ~1i + Bv = 0 

where ~1 

0 
~2 .- izC~) 

and the design matrices, 

~1 ax 0 10 

~·-

, ~2 

In hyper-matrix notation, 

~1 ~1 

+ 6 + 

~2 ~2 

B 

0 

0 
X 

and B .-

0 

v 
0 

0 

0 10 

~· 

- (7.3) 

- (7.4) 

(Equation (7 .4) is equivalent to the partitioning of the 

design matrix ~' and the misclosure vector ~, in the 

direct least-squares model of A6 + Bv + w = 0 ). 
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The least-squares solution is then derived by minimising 

the variational function 0 where 

0 
-T - ~T 

+ A o + Bv) 
-T 

+ A o) - v Pv + a~-1 (~1 + ()~2 (~2 -1- -2-

- ( 7 . 5 ) 

with k 
-1 

and ~2 being the estimates for the Lagrange 

multipliers. (The 'A' symbol denotes least-squares 

estimates of their true values). 

CJ0 CJ0 
For minima, - = o. 

Clv ao 
- T-

or Pv + ~ ~1 = 0 

and r r 
~1~1 + ~2~1 = 0 

- ( 7. 6) 

Combining equations (7.4) and (7.6), the set of normal 

equations is thus formulated. 

p BT 0 0 v 0 
-

B 0 ~l 0 ~1 ~1 
+ 0 

0 AT 0 AT 0 0 -1 -2 
-=-1 

0 0 ~2 0 ~2J ~2 

- (7.7) 

By the process of elimination of variables,, followed by 

back substitution of functionally solved parameters, the 

following explicit exoressions are derived. 
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T -1 -1 T -1 T -1 -1 T -1 
~2 = (A2(~1!:! ~1) A2) [~2 ~2(~1!:!1 ~1) ~1!:! ~1] 

-1 A 

~1 = !:!. (~1§_+~1) 

v = - P- 1BTk 
- --1 

AT A 
a0 y_ Pv/y 

where M = BP-1BT 

and y = degrees of freedom. - (7.8) 

The compatibility between the spline model and the 

observed data points can be evaluated through the Chi-

2 
squared ( X ) statistical test on the a posteriori variance 

A2 
factor ( 0 0 ) • ( 002 ) The a priori variance factor of the 

spline model is set to unity (i.e. the weight matrix 

. -1 . 
~ := I 1 ). The validity of the hypothesis that both 

variance factors are compatible with each other can be 

tested using the knowledge that the statistic 

A2 2 
y • - y a /a 

0 0 
(with y degrees of freedom) 

has a / ( t;.; y ) probabli ty density distribution [Vanicek 

and Krakiwsky 1982]. Incompatibility exists between the 

• ( OA2 ) d a poster1ori variance factor an a priori variance 
0 

factor 0 2 ) ( ) i.e. the Chi-squared test fails when the 
0 

assumed model for the observations is incorrect or when the 

a priori covariance matrix of the observations i.s in error 

[Vanicek and Krakiwsky 1982: page 237]. 
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Simplification of Functionally Constrained Model 

Two basic facts regarding the spline model (equation 7.1) 

that can be taken advantage of are: 

1. the model is linear~ and 

2. the model is parametric (i.e. B = -.!_, with I being 

the identity matrix). 

As the model is linear, no iterations are required. The 

incorporation of an a priori solution vector (subroutine 

APRORI in Appendix VII) is seen as just a method of 

increasing the numerical accuracy of the solution vector. 

By being a parametric model, the equations (7.8) given 

for the general case are thus reduced to 

~2 

- (A o + w ) 
-1- -1 

- (7.9) 



Chapter 8 

PRECISION ESTIMATION 

In this chapter, the covariance law is described, an 

expression for the covariance matrix for the least-squares 

estimates is given and the computational accuracy of the 

algorithm is addressed. 

Precision estimation of the least-squares estimates and 

all other subsequently derived quanti ties are obtained by 

using the covariance law. 

8.1 COVARIANCE LAW 

The covariance law, which is also called the law of 

covariances and propagation of covariances [Wells and 

Krakiwsky 1971: page 20], is stated as follows: 

Given a variate y linearly related to another variate x by 

the equation 

and with 

y_ = Gx G being the transformation 
matrix from x to y_ 

E[y] = E(Gx] 
= QE[~, E being the expectation 

operator. 

- (8.1) 

- 43 -
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The covariance matrix of y (i.e. ~ ) , given the covariance - L. 
matrix of x (i.e. E )~ is hence derived as follows: 

-x 

\ = E[ (_r - E[_r]) (_;y: - E[y)} ) 

= E[ (Gx - Q_E[!.]) (Gx - Q_E(!.]) ] 

= E[Q.(!. - E[!.])(!.- E[!.J) Q_ ] 

= Q_E[ (!. - E[!.])(!. E[!.]) ]Q_ 

= G E G 
--x-

- (8.2) 

The propagation of variances and covariances with linear 

functions is independent of the 1ensi ty functions and is 

valid for any probability distribution [Mikhail 1976: page 

78]. 

Incidentally, the G matrix essentially represents the 

Jacobian of y with respect to~' 

with J :=­
-g ax 

i.e. 

- (8.3) 
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8.2 PRECISION OF LEAST-SQUARES ESTIMATES 

Using the above covariance law (equation 8.3) and 

equations (7 .9), the a posteriori covariance matrix of the 

unknown solution vector( 6 ) is of the form: 

- (8.4) 

where 

and 

8.3 PRECISION OF COMPUTATIONS 

The spline algorithm approaches instability under either 

of the following conditions: 

1 . the number of data points in the knot intervals is 

insufficient to define the spline (Section 7.3), or 

2. the observed data points within an interval have 

large variances (or very low weights). 

Computational accuracy is degraded when either of the 

above occurs. Both conditions cause the normal equation 

matrix N, of the observation model f to be ill-conditioned. 
- -1 

If the violations are severe enough, the matrix becomes 

singular. Between singularity and a well-conditioned 

matrix, there lies many shades of ill-conditioning, some of 
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which are not detected in the calculations, but give 

apparently good results through round-off. 

In an effort to detect such "in-betweens" the program 

DSPLIN utilizes two different techniques. Firstly; 

condition numbers (via subroutine COND in Appendix VII) are 

computed for all inverses computed in DSPLIN and secondly, a 

check on the internal computational accuracy is performed 

(in subroutine LS in Appendix VII). Equations ( II-4 and 

II-2) used by routines COND and LS in Appendix VII are 

described in Appendix II. 

As a preventive measure, a count (by subroutine CHECK) of 

the number of data points in each knot interval is made 

prior to computations and superfluous knots dropped if 

necessary. 

The aspect of numerical computational accuracy and the 

detection of precision loss in computing the least-squares 

estimates is further addressed in Appendix II. 



Chapter 9 

DISCUSSION AND EVALUATION OF THE SPLINE 
ALGORITHM 

In this chapter, the various areas of investigation into 

the performance of the spline algorithm are discussed. 

Selected results of the processing of the simulated and 

LOREX data sets are presented. 

The following are the areas investigated: 

a) Distribution of data ooints within a data series. 

b) Selection of knots. 

c) Completeness of spline model. 

d) Boundary (outer) knots. 

e) Joining two separate adjacent splines. 

9.1 DISTRIBUTION OF DATA POINTS 

The simulated data set (Appendix IV), is created, amongst 

other reasons, to evaluate the spline algorithm under the 

following distributions of data points within a data series: 

1. Equal distribution of points along a curve. 

2. Dense-distribution of points along a straight line. 

- 47 -
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3. Irregular distribution of points along a straight 

line. 

4. Sparse distribution of points along straight line. 

5. No data points along a curve. 

The simulated data points 

intervals by equation IV-1 . 

were generated at equal time 

Of the 50 simulated data 

the simulated data set. The 

is such that all the above 

points, 21 

selection 

were 

of the 

chosen as 

points 

distributions appeared in subsets of the simulated data 

series. 

From the multitude of tests that were carried out 

(Table 9-1 forms but a small sample), no detrimental 

effects on the spline were observed with any of the above 

mentioned data point distributions. 

9.2 SELECTION OF KNOTS 

In this section, the topic of knot selection is 

addressed. The design constraints of the curve fitting al­

gorithm are given. Performance of the various possible knot 

selection schemes are discussed and conclusions drawn. 

The computation of the spline, given the location of the 

knots (e.g. through the specification of the third variable 

time, in navigation data sets), has been discussed in the 

Chapters 5 and 6. The number and location of the knots 



TAULE 9-Ja. ncsults from the OSPI.JN l'rogr,,rn Usinc, Simulated U.lt.l 

TEST (NOT SELECTION RUN NO. II.II.S, VARIANCE Clll. SQ. AOOlTlOHAL INFORMATION (SEE BELOW) 
Of 

NO. SCHEME USED NO. ICNOTS IU:S l OUAI..S FACTOR TEST• ltnot. Tirne1l Curve f"1t.tlnq Opt.iontl 

I Equal Interval 1 ) 30.07 24,24 FAIL 

2 5 7. 94 1.69 PASS 

J 10+ 5.57 1.00 PASS 

2 Visual Inspection 1 ) 20.42 10,57 FAIL 0,38,98 
2 s 6.03 0.96 PASS 0,8,4l, 78,98 

{Parameter No.) 
( 1 2 J 4 5 6 7) l Curve fitting routine l 7 5.89 1.00 PASS 0,17,27,l9,S6,4S,98 6 100 10 l 1 0 0 

(wlth residual error 2 7 s. 66 0.96 P...SS 0' 17' 2 7. l9. 6 J '80. s '9 8 6 100 10 2 0 0 0 
b.1r tests at o \ level ) 6 5.20 0.76 PASS 0. 22. J4. 56. 71 '98 6 100 10 2 1 0 0 
.:u the rejection criteria 

( Pa.ra.mc te r No.} 
{l 2 ) 4 s 6 7) 4 Curve fitting routine 1 4 7. 04 I. 29 PASS 0,47,72.5,98 6 l 10 10 2 0 1 

(with the apos. varia nee 2 s 7. 21 I. 39 PASS 0,25,47,80,98 6 1 10 10 2 1 0 
factor at a \ confidence ) 6 5. 46 0.84 PASS 0,22,29,47,84,5,98 6 1 10 10 2 1 1 
level as the rejection 

crltcria». 

at the 99\ confidence level 

Ill !Cnot Times These are the times of the knots chosen to represent the simulated data series. A ~omplete listinq of the 

times and location of the input positions of tho data points is qiven in Appendix IV. 

121 Curve fittinq 

Options These are the parameters used with the curve fitting alqorithm (Subroutine FIT in Appendix VIIJ. A condensed 

description of the set of parameters (or options) is qiven in the follov1nq Table 9-lb. 

RtfiARU 

'Two of the knots 

have been dropped 

by OlECl routine. 

I.e. only 8 knot• 
were used. 

a • SO\ 

a • SO\ 

a • 90\ 

• • 99\ 

a • SO\ 

a • 38\ 

I 

I 

~ 
\.() 
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TABLE 9-1b 

DESCRIPTION OF THE PARAMETERS (OR OPTIONS) OF THE 
CURVE FITTING ALGORITHM (FIT) 

Parameter 
Number 

2 

3 

4 

5 

Description 

Minimum number of data points contained in the 
first cubic polynomial. 

Location of the designated knot times: 
1 midway between two data point times. 
0 coincident with the data point time. 

Number of points, in terms of a percentage of 
the current interval, to be placed in the 
extended interval (see Figure 9-1). 

former slope vector 
covariance matrix, 
:=formal covariance 

Weighting factor(X) for the 
based on the estimat~~ 
i . e . (weight rna t r i x) 

matrix * (10/X) 
unweighted, i.e. X=O. < 1 

10 
10> 

formal covariance matrix, i.e. X=1. 
formal covariance matrix to be 

divided by (10/X). 

Minimum number of data points per interval. 

6 Inclusion of data points in the extended 
interval in the rejection tests. 

7 Minimum number of data points in the extended 
interval. 

The last three parameters deal with the level of output 
desired from the subroutine FIT. 

8 All information requested, e.g. current knot 
vector, residuals, a posteriori variance 
factor and status of curve fitting. 

9 Print computed knot vectors only. 

10 Print formal or estimated covariance matrix of 
computed knot vector. 

Note: Generally, '1' denotes 'yes' and '0' denotes 'no' 
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At one 

extreme, a lower number of knots decreases the computational 

load and heavily smooths the data set. At the other 

extreme, the spline approaches the interpolation of all the 

data points; inclUding the noise in them. 

This difficulty is present in all smoothing algorithms. 

The desired degree of smoothness of the resulting curve must 

be determined by external evidence; this is more of an art 

than a science. 

Four approaches to the problem of knot selection are 

incorporated (through subroutine SELKNT in Appendix VII) in 

the spline algorithm. 

They are: 

1 ., equal time intervals (i.e. equal time span per cubic 

interval), 

2. equal point intervals (i.e. equal number of points 

per cubic interval); 

3. knots chosen by visual inspection, and 

4. knots chosen via a "trend evaluating" algorithm. 

The first and second knot selection schemes are easy to 

implement and the spline model can be considered as "single 

number criterion" type of smoothing algorithm (i.e. 

different degrees of smoothing are achieved by varying only 

one parameter). 

With unequally spaced or irregular data sets, a reduction 

in the number of knots is achieved by strategically locating 
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each knot within the data span. This can be done either by 

visual inspection or through some predefined trend 

evaluating (or curve fitting) algorithm. 

Basically, what is needed is a process to determine the 

length of time within a data span in which the data series 

can be aptly represented by a cubic curve. 

\H th reference to the LOREX navigation data sets, the 

choice of the minimum time interval between knots can be 

obtained by evaluating the length of the response time of 

the ice platform to the maximum possible force that can act 

on the ice sheet. Unfortunately, due to the complexity of 

vhe ice sheet, wind stress effects or that of undercurrents, 

a single figure cannot be easily obtained. In addition~ if 

the ice is subjected to a force less than the maximum, it 

may be more appropriate to smooth over a longer time span. 

A plausible alternative is the implementation of an 

algorithm designed specifically to automatically select 

"optimum" knot locations based on some predefined criteria. 

For the design of the trend evaluating routine, numerous 

papers (e.g. Ellis and McLain [1977], Ichida and Kiyono 

[ 1 977] and Chung [ 1980]) on curve fitting have been drawn 

upon to create the "weighted one pass (left to right) local 

cubic polynomial" curve fitting algorithm (subroutine FIT in 

Appendix VII). 

Several considerations must be taken into account in 

designing such an algorithm. Firstly, the spline function 
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cannot be computed solely using local data, i.e. it is of a 

global nature [Ellis and McLain 1977]. An alternative has 

to be found which still uses the attractive properties of 

both piecewise cubics and the least-squares norm as the 

basis for the curve fitting approximation. 

Ichida and Kiyono [1977] through eigenvalue analysis 

(based on simple assumptions) and Chung [1980] using more 

complex error techniques, demonstrated that the 

functions, (i.e. space containing all polynomials with 

second derivative continuity), cannot be used as they 

exhibit inherent instabilities. The authors, Ichida and 

Kiyono, and Chung, mentioned above, 1 used C functions and 

the extended interval concept to resolve the numerical 

instabilities in the curve fitting procedure. 

The "extended interval" concept (Figure 9-1) entails 

extending the current interval, 6t , of the j th piecewise 

function by o6t to incorporate additional observed data 

points in the computation of the right end knot vector (i.e. 

the (j+1) th knot vector in Figure 9-1). The position and 

slope of the right end knot is hence adjusted to allow for 

the next curve segment [Chung 1 980]. Very briefly, the 

non-inclusion of future data through the extended interval 

concept results in instabilities because of the amplifica-

tion of propagation and truncation errors [Chung 1980]. 

A curve fitting algorithm with variable controlling 

parameters (or options - Table 9-1 b) has been developed 



t----6t. 
J 
~----~66t.~ 

J 

~---s.(t) 
{j+l)th knot J 

(j+2) th knot 

FIGURE 9-1 Extended Interval Concept in Curve Fitting 
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(subroutine FIT in Appendix VII). It utilizes both weighted 

knot and slope information from the previous interval to 

simultaneously compute two least-squares cubic polynomials, 

x against t andy against t (see Section 5.2, equation 5.3), 

in the current and extended intervals, and iteratively 

extends both intervals until the chosen error tolerances are 

exceeded. 

Hence for the 6tj interval, the two least-squares cubic 

polynomial coefficients are computed using data points from 

the interval 6t + Mt . The extension, 6 6t., is taken as a 
j j J 

fixed percentage of the interval llt . 
j 

Both i.ntervals are 

increased until the chosen error tolerances are exceeded or 

when the end of the data series is reached. These error 

tolerances can be either simple error bar tests on the 

residuals (i.e. the distance between smoothed and observed 

data points) or the Chi-squared statistical test on the 

a posteriori variance factor of each subsequent fit (Section 

7.3.1). 
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The performance of the four knot selection schemes were 

evaluated using both the simulated and LOREX data sets. Due 

to the different characteristics of the simulated and LOREX 

test data sets, each is discussed in turn. 

9.2.1 Knot Selection Algorithm Using Simulated Data 

The following are the general conclusions for the 

simulated data set: 

1. All knot selection schemes, with an adequate density 

of knots, are applicable (see Table 9-1 ). 

2. Equal interval knot schemes, as a rule~ do not always 

give the best distribution of knots. However, with a 

sufficient density of knots, the un1erlying motion or 

curve can be aptly fitted (see Table 9-1, Test 

No. 2). 

3. Visual 

better 

knot 

knot 

selection, which at times do lead to 

distributions (Table 9-1, Test No. 2) 

than equal interval knot schemes, are difficult to 

implement. 

4. The curve fitting algorithm (Table 9-1, Test No. 3 

and Test No. 4) gives the best results; best in terms 

of lowest number of knots and with an equivalent 

variance factor (i.e. compare results of Test No. 3, 

Run No. 3 with that of Test No. 4, Run No. 2 or Run 

No. 3). 
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5. The use of the Chi-squared statistical test on the 

a posteriori variance factor in each of the 

subsequently fitted curves by the curve fitting 

routine (FIT) as the rejection criterion seems 

remarkably better than the simple error bar residual 

(or outlier) tests (i.e. result of Table 9-1 , Test 

No. 3 is better than Test No. 4). 

6. The interplay between the 10 option parameters (Table 

9-1b) on the curve fitting routine requires further 

investigation and at this point no guidelines to the 

use of the curve fitting algorithm can be given. 

9.2.2 Knot Selection Algorithm using LOREX Test Data Sets 

Different knot selection schemes are used for the LOREX 

data sets (Table 9-2, Tests Nos. 2, 3 and 4). The curve 

fitting algorithm could not optimally locate the knots in 

the LOREX data sets. The two possible reasons for this are: 

1. incorrect interplay between the parameters on the 

fitting routine, or 

2. presence of outliers (i.e. badly determined data 

noints) in the observed data sets. 

Different combinations of the parameters of the curve 

fitting routine were attempted '3.nd results indicated the 

second reason to be the most probable cause. 

Although visual inspection of Figures V-1 to V-9 in 

Appendix V of the LOREX test data sets suggest the presence 



57 

of outliers, examination of the statistics of the recorded 

passes revealed no apparent reason for the discrepancies in 

the computed positions. In an effort to detect outliers~ a 

linear filter routine was devised (subroutine FILTER in 

Appendix VII). The Toutine fits a straight line, via the 

method of of least-squares, to a subset of the data series 

and shifting the location of the subset in increments until 

the total data series is sequenced. Interpretation of the 

results which take the form of a time series of ratios of 

the residuals to its input standard deviations proved 

difficult. Its use was later discontinued. 

Due to the great variability in terms of noise on the 

test data sets, the visual knot selection scheme was not 

used. For the two remaining knot selection schemes, no 

significant differences between them were detected. Equal 

points per interval knots (Table 9-2, Test No. 4) performed 

just as well as equal time interval knots (Table 9-2, Test 

No. 2 and Test No. 3). 

For the purposes of investigating the completeness of the 

spline model and the inadequacies of the formal covariance 

matrices of the position fixes, the equal time span per 

cubic interval knot selection scheme was used. For each of 

the three test data sets, the knot time intervals were 

chosen at one-third, one-fifth, one-tenth and one-twentieth 

of the total time span of the test data series used (e.g. if 

the test data time span was 72 hours, then the knot time 



T.I~LE 9·2 Results or the nrlous tut runs by IJSI'LIN on 

the l LORf:X test dlla sus under dirrcrenl condlllono. 

TEST Rllol NO. OF N,II,S, l:llliOR (M) YARIA.'ICE FACTOR CIII·SQ· TEST 

~0. ~o. KNOTS TEST OATA S~T NO. TEST OATA SET NO. TEST SET NO, 
I 2 l I 2 l I 2 l 

I I l H9,70 1,0~8.31 908.82 1,819.91 5,290.20 110.87 F F F 
! 5 l8 7. IS 692.63 909.55 482.69 389. 7l 97.44 F F f 

I J 10 liS. 30 5 79. ll 912.82 289.55 89.39 64.6~ F F F I 4 20 402.70 588. 4 7 911.61 155,44 49,10 55.27 F F F 

2 1 3 411. 10 1,019. 88 821.15 5.29 78.65 2.39 F F F 
2 5 l80. 31 65 7. IJ 819.10 I. 70 5,51 2. 17 F F F 
3 10 381. H sa~. 2l 121.00 I. 24 2.32 I. 59 p F F 
4 20 385.92 588.89 820.66 1.03 1.37 I. 61 p F F 

I 
i 
I 

3 I I 8 386. 19 at 7. 29 l.lS I. 82 F F 
2 8 379.60 818. II I. 26 I. 61 p F 
3 4 658.09 10.69 F F 

• 1 ~13.32 3.96 F 

• I 3 409,89 1,083.64 821.17 4. 12 92.78 2,40 F F F 
2 5 l81.l0 704. 31 819.67 I. 41 !1.64 2. 17 F f f 
3 10 l8l. 96 581.11 821.00 I.OS 2.12 1.50 r F f 

• 21 386,88 584.16 817.42 0,93 1.56 I. 64 r f F 

o.o. F. 

HST S(T NO, 
I 2 l 

194 194 19~ 

190 190 190 

180 180 180 

160 160 160 

194 19~ 192 

190 190 Ill 
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160 160 IS~ 
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Formal covariance matrices 
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•nd 1/4 doy lnltrvals. 

Equal no. of point lnltrvalo. 

Hlnlllull 8 o 35 II, All and 

vcloclly orrors modelled. 

rto por lnttrval • [50,!5,11,51] 

piS. 
\.11 
GO 
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TEST 

I 
Ru-< NO. OF R.~t.S. ERROR (m) 

,\'(), NO. J:..~OTS TEST DATA SET NO. 
I 2 l I 

; I l 416.55 I, 09 4. lO 911.52 s 7 .ll 

: s l80. IS 662.6l 910,28 22 .so 
l 10 lS7.48 5 81.60 911.40 12.25 

4 20 l86. 77 586. 81 918.19 9.H 

! 
6 I l 820,49 

2 s 818.46 

l 10 820.67 

4 20 823.81 

VARIANCE FACTOR 01 l ·SQ. TEST 

TEST DATA SET NO. TEST SET NO. 
2 ' I 2 l 

1,472, H lS.41 F F F 

lll.l4 27.17 F F F 

lO.l7 16.25 F F F 

19 ,l4 14.95 F F F 

Jl.67 F 

27. ( 7 F 

IC..ll F 

14. 84 F 

0.0. F. 

HST SET NO. 
I 2 l 

194 194 194 

190 190 190 

180 180 180 

160 160 160 

19l 

188 

I 76 

158 

CO~IEh'TS A.~D 

CONDITIONS OF RUN 

A ~lnlmum of lO m std deYlatlcn 

Is Imposed en all formal error 

ellipses of position fi•es, 

ln•estlgatlng the effect of the 

deletion of pt. 37 (bad pt.) 

In Test Data Set l. ld I para· 

met~rs are as ln Trst No. S. 
--

I 

U'l 
1.0 



60 

intervals would be set at 24, 14.4, 7.2 and 3.6 hours 

respectively). Three knots represent the absolute minimum 

number of knots one can apply to any data set. The 

resulting data set is heavily smoothed. Twenty knots, on 

the other hand~ ensures a sufficient density of knots to 

aptly portray any of the LOREX test data sets regardless of 

knot placements. 

9.3 COMPLETENESS OF THE SPLINE MODEL 

The completeness of the spline model relates directly to 

the choice of the number of knots for each data span. The 

results, in Table 9-1 and Table 9-2, show that the root mean 

square error (rms) and the a posteriori variance factor are 

effective in determining whether a sufficient number of 

knots have been used. When the model has an inadequate knot 

density, an increase in the number of knots significantly 

reduces the value of the root mean square of the differences 

between smoothed and observed positions. This improvement 

in the rms diminishes as the number of knots continue to 

rise (Table 9-1, Test No. 1}. The failure of the Chi-

squared statistical test (Section 7. 3.1} on the variance 

factor can be attributed to either: 

1. an incorrect or incomplete model, or 

2. an incorrect a priori covariance matrix for the 

observed data set [Vanicek and Krakiwsky 1982: page 

237] 0 
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Under a 11 steady state" in the rms (i.e. no appreciable 

change in rms follows any increase in the number of knots, 

e. g. Table 9-2, Test No. 1 , test data set No. 3 ~ Run nos. 

1 to 3) the latter reason is given for its failure to pass 

the statistical Chi-squared test. 

Deletion of a badly determined position fix (e.g. point 

37 in test data set three was computed using severely 

_nbalanced Dopplers about the point of closest approach) 

affects the rms more than the variance factor (see 

Table 9-2, Test Nos. 5 and 6). This suggests that the 

"erroneous" fix is correctly weighted within the data span. 

It should be noted that the Chi-squared statistical test 

is only a global indication of knot sufficiency (Section 

7.3.1). Knot selection at the local levels can be evaluated 

through the analysis of a time series of standardised 

residuals (i.e. r and r ). The standardised residuals are 
X y 

defined as follows: 

r . -
X 

( E E 
p s 

and r . -. - N - N y p s 

where p - subscript denoting observed position coordinates 
(E for eastings and N for northings); 

o - formal standard deviations associated with each 
observed position coordinate, 

and s - subscript denoting smoothed position coordinates 
produced by the spline (E for eastings and 
N for northings). 
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9.4 BOUNDARY (OR OUTER) KNOTS 

Two boundary knot vectors, along with their a priori 

covariance matrices, are read together with the observed 

data points, into the least-squares process. For a single 

separate spline computation, the outer data points are 

usually chosen as knots. 

Weighting the end knot positions as heavily as the outer 

data points is found to bias the final location of the outer 

knots; more so when the extreme points have small formal 

covariance matrices and are unrepresentative of the true 

precision of the points. In light of this~ low weights are 

recommended in the absence of information about the end knot 

vectors. 

9.5 SPLICING SPLINES 

The primary purpose of the inclusion of outer knot 

vectors into the program is to facilitate the joining of 

splines from separate adjacent data spans. This is 

desirable when dealing with very large data series. The 

minimum data point overlap between adjacent splines is 

investigated by comparing two separate but ~djacent splines 

computed under different conditions against a continuous 

spline over the whole period. 
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The experiments are conducted only with LOREX test data 

set one (Appendix V). Test data set one (which consist of 

position fixes for station SO from day 113 hr 14 to day 116 

hr 19) is subdivided into two periods. Period one is from 

day 113 hr 14 to day 11 5 hr 12 and period two is from 

day 115 hr 12 to day 116 hr 19. 

The following are the splines computed using DSPLIN: 

1. A continuous spline over the whole ueriod (i.e. from 

day 113 hr 14 to day 116 hr 19). In Figure 9-2, the 

continuous spline is represented by the straight bold 

line. 

2. Separate and unspliced splines for period one (i.e. 

from day 113 hr 14 to day 115 hr 12) and period two 

(i.e. from day 11 5 hr 1 2 to day 11 6 hr 1 9). These 

splines are represented by curved unbroken lines in 

Figure 9-2. 

3. Second spline in period two computed with the 

estimated end knot vector and its covariance matrix, 

from the first spline in period one, as its beginning 

knot vector. This is represented by the long dashed 

lines in Figure 9-2. 

4. Second spline is computed using the second last 

estimated knot vector from the first spline together 

with a common overlap of data points (i.e. the spline 

is computed using data points from the period day 115 

hr 0 to day 116 hr 19; with day 115 hr 0 being the 
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location of the second last knot vector of the first 

spline). ·This is portrayed in Figure 9-2 by the 

short dashed lines. 

Refering to Figure 9-2, the use of the end knot vector 

(and its a posteriori covariance matrix) of the first spline 

as the beginning knot vector of the second spline, allows 

the latter spline to 'settle down' faster. The discrepancy 

between the second spline and the continuous spline, in the 

first knot interval, diminishes further when, instead of the 

last knot vector, the second last knot vector of the former 

spline, along with a common overlap of data points, is used. 

Apparently the second spline, with a weighted outer knot 

vector, demands a one knot interval overlap to damp out the 

oscillations in its front segment. In light of this, all ad-

jacent splines should contain at least two common knot in-

tervals and points, with the first splined values read up to 

the second last knot and the second set of values starting 

from the second knot (illustrated in Figure 9-3). 

Second Spline ------1 ---; 

Knot 
1 2 3 4 , , , n 

0---... --0---0 

Common Overlap 
Knot 
1,, (n-3) (n-2) (n-l) (n) 

1-· --···I First Spline 

FIGURE 9-3 Minimum Overlap Between Splines 





Chapter 10 

DISCUSSION; EVALUATION AND APPLICATION OF THE 
SPLINE ALGORITHM TO THE LOREX DATA SETS 

In this chapter, the orbital separation between the NNSS 

satellites during the period of the expedition are given, 

the processing sequence of the LOREX data sets are outlined, 

the error models used to modify the formal covariance matrix 

of the position fixes are developed, the real-time applica­

tion of the spline algorithm is discussed, results of the 

comparisons between DSPLIN and GEODOP, and SMOBS and GEODOP 

are given, and the results from the processing of the three 

LOREX data sets from the ice stations are given and the dif­

ficulties investigated. 

The gener~l outline of the processing of the three LOREX 

data sets is given in Figure 10-1. 

10.1 SEPARATION BETWEEN TRANSIT SATELLITE ORBITS 

The three LOREX test data sets (Appendix V) were visually 

examined prior to the processing to determine if there 

exists any periodic degradation, as indicated by a larger 

scatter of position fixes about the mean, within the data 

series. Visual inspection of the plots of the test data 
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sets reveals an apparent periodic degradation at 12 hour 

intervals, i.e. at 0 and 1200 hours each day (see Figures 

V-1 to V-9). This could have been caused by the orbital 

configuration of the Transit satellites during the period of 

the expedition. Figure 10-2, drawn from the orbit 

parameters of the operating satellites published by USNO 

[1979], shows the orbit of the satellites to be within a 90 

degree quad rant. The closeness of the orbital planes and 

direction of motion of the satellites may have contributed 

to the observed periodic degradation. 

10.2 STATION VELOCITY ESTIMATES 

For each of the three test data sets there exist three 

sets of velocity vectors: 

1. Real-time predicted speeds and azimuths. 

These are the speeds and azimuths used in the 

real-time computation of the position fixes. 

2. Pre-processed splined speeds and azimuths. 

The spline algorithm is used to generate a set of 

smoothed velocities and azimuths for the stations. To 

extract the long term trends in the motion of the 

station, the spline is computed using one day knot 

intervals over the full data series. 
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3. Final splined velocities and azimuths. 

These are the final set of speeds and azimuths 

produced by program DSPLIN incorporating all the 

modifications described in this chapter. 

The error in the estimated velocity of the receiver, as 

will be described in Section 10.3.2, is the difference 

between final splined velocities and real-time predicted 

values. An approximate velocity error is the difference 

between the pre--processed splined values and the real-time 

predicted velocities. In this thesis, however, the real-time 

predicted velocity estimates are assumed to be nonexistant 

and the receiver velocity error is that computed by the 

pre-processing spline. ~he real-time predicted velocity 

estimates could not be easily extracted from the existing 

Doppler data. 

1 o. 3 A PRIORI COVARIANCE MATRICES 

The spline algorithm requires that the a priori 

covariance matrix adequately reflect the accuracy of the 

position determinations. The formal covariance matrices 

obtained from the fix computations appears incorrect from 

the results of the Chi-squared statistical tests (Table 9-2, 

Test No. 1 ). In this section, a description and 

justification of the procedures used to modify the formal 
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covariances of the computed position fixes are given. The 

results of each modification to the a priori covariances are 

evaluated. 

Hoar [1982] and Stansell [1978] stated that a single pass 

point positioning accuracy for a stationary receiver is in 

the vicinity of 37 metres (at one sigma level) and between 

27 to 37 metres rms respectively. The imposition of a 

minimum of 20 metres (Table 10-1 , Test No. 1 and Figure 

V-1a) or 30 metres (Table 9-5, Test No. 5) on the standard 

deviations of the passes (i.e. all fixes wi-th a standard 

deviation of less than the minimum are scaled up equally in 

eastings and northings) results in a dramatic drop in the 

magnitude of the variance factor. This further supports the 

hypothesis that the a priori covariance matrices~ resulting 

from the fix computation (based on the residuals of the 

Doppler observations) are unrepresentative of the accuracy 

of the position determinations. The effect of errors in the 

satellite coordinates and those due to receiver velocity 

errors are not represented in these formal covariance 

matrices. 

10.3.1 Modelling Orbital Errors 

Wells [1974] mentioned that the broadcast predicted 

satelll.te orbl.ts have, approximately, 26, 11 and 5 metres 

standard deviations in the along, radial and cross track 

components respectively. The uncertai ni ty in the computed 
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positions can be no smaller than the uncertainities in the 

position of the satellite. A value of 30 metres, based on 

the approximate precision of the along track position of the 

satellite, was chosen as the mimimum allowable semi-minor 

axis for the error ellipse of the fixes. In order to assess 

the impact of setting this constraint on the formal 

covariance matrices of the position fixes, this figure was 

increased to 35 metres and the test runs (done under the 30 

metres minimum semi-minor axis) repeated. Formal error 

ellipses which had semi-minor axes of less than the minimum 

were scaled up accordingly. The scale factors thus range 

from to 30 (or 35). The imposition of a minimum of one 

metre on the semi-minor axis of the formal error ellipse 

prior to scaling limits the applied scale factor to within 

the said range. The scaled error ellipses are then 

translated via equations (VI-5) developed in Appendix VI to 

their equivalent standard deviations and covariances 

(subroutine ELLSIG in Appendix VII). 

Test No. 2 and Test No. 6 (Table 10-1) performed under 

the above mentioned conditions show an improvement in the 

variance factor; with test 

statistical Chi-squared test. 

data set one passing the 

Test data sets two and three, 

however, still fail to pass the Chi-squared test even with 

uhe maximum number of knots. This suggests the presence of 

yet unmodelled errors (Section 9.3). 
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10.3.2 Modelling Station Velocity Errors 

Stansell [ 1 978] gives the two possible components of a 

Transit fix error as being the inherent system errors (e.g. 

orbit and propagation errors) and errors caused by unknown 

receiver velocity during a satellite pass. The effect of 

such a velocity error remains as a complex function of 

satellite pass geometry and the structure of the error in 

velocity. 

portrayed 

The magnitude 

graphically in 

normal Transit use, the 

of velocity-caused errors is 

Figures 10-3 and 10-4. Under 

maximum satellite elevation 

acceptable for a fix computation is limited by this error. 

However, in the vicinity of the North Pole, almost all 

passes have hi~h elevation angles and unknown velocity­

caused errors have hence to be contended with and accounted 

for in the a priori covariance matrix of the computed 

positions. The procedure used in an attempt to better model 

the influence of velocity errors, by modifying the a priori 

covariance matrix; is described below. 

It is assumed that all Transit satellites have a 90 

de~ree orbit inclination. This introduces a small error into 

the computed elevation angle. Using USNO [1979] data (April 

and July 1979), it can be shown that the maximum error 

caused by this assumption is within one to three degrees for 

all satellites except Satellite No. 30140. For Satellite 

No. 30140, due to its much larger departure from a 90 degree 

orbital plane inclination, the maximum possible error on the 

computed elevation angle is about fi.ve degrees. 
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The elevation angle for each fix is computed using the 

algorithm described in Appendix III. The direction of 

motion of the satellite at the time of closest approach 

(correct to within a few degrees) is derived from the formal 

error ellipse of the computed position. The semi-minor axis 

of the error ellipse lies in the along track direction of 

the passing satellite because the position fix is more 

precisely determined in the along track direction of the 

satellite than in the cross track direction. 

The position fixes used in the test runs were computed on 

LOREX in real-time 11sing predicted velocity vectors. Errors 

in the values of the predicted velocity vector (Figures 10-3 

and 10-4) ~ropagate into the computed position determina­

tions. 

At this point, the analytical expression underlying the 

curves in Figures 10-3 and 10-4 could be derived and used. 

However a simpler procedure is adopted here. The curves 

shown in Figures 10-3 and 10-4 are approximated by step 

functions and extrapolated towards the 90 degree elevation 

angle (as described in Table 10-2). The fact that the 

extrapolated figures might prove inadequate cannot be 

ignored. However, can a reliable estimate of the cross track 

position be estimated with satellites having elevation 

angles of greater than 88 degrees (termed here as 11 high 

elevation 11 satellites) ? A move towards answering this 

question is made by treating all passes with a maximum 
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TABLE 10-2 

STEP FUNCTIONS APPROXIMATING THE FIX ERROR DUE TO 

VELOCITY AND HEIGHT ERRORS. 

The following are the step functions used in approximating 
the Figures 1 0-3, 1 0-4 and 1 0-5, divided into cross track 
and along track directions of the observed satellite. 

I) Cross Track Error Components 

Satellite elevation Fix error 
angle (e in degrees) in metres 

a) Errors due to an estimateri velocity north error (Vn) 

e < 75 0.45*Vn 
75 < e < 80 0.56*Vn 
80 < e < 84 0.62*Vn 
84 < e < 8C) 1 . OO*Vn 
85 < e < 88 1 .20*Vn 

e > 88 1 .50*Vn 

b) Errors due to an estimated velocity east error (Ve) 

e < 80 0.03*Ve 
80 < e < 85 0.05*Ve 
85 < e < 87 0.09*Ve 

e ) 87 0.12*Ve 

c) Errors due to an estimated height error (H) 

e < 75 3.30*H 
75 < e < 80 4.20*H 
80 < e < 83 5.60*H 
83 < e < 85 7.20*H 
85 < e < 86 10.00*H 

e ) 86 15.00*H 



II) Along Track Error Components 

Satellite elevation Fix error 
angle (e in degrees) in metres 

a) Errors due to an estimated velocity north error (Vn) 

e < 75 0.03*Vn 
75 < e < 80 0.04*Vn 
80 < e < 83 0.08*Vn 
83 < e < 85 0.09*Vn 
85 < e < 87 0.1 O*Vn 

e > 87 0.13*Vn 

b) Brrors due to an estimate velocity east error (Ve) 

e < 80 0.02*Ve 
80 < e < 85 0.15*Ve 

e > 85 0.10*Ve 

c) Errors 1iue to an estimate height error (H) 

e < 75 
75 < e < 80 
80 < e < 85 
85 Z e < S7 

e > 87 

0.25*H 
0.35*H 
0.50*H 
0.75*H 
1 . OO*H 

79 

The root sum square ( rss) fix errors, in both cross· track 
and along track directions, are defined as being the square 
root of the sum of squares of the computed fix errors from 
the three error sources described above. For example, 

( t k) / a 2 + b 2 + c 2 rss cross rae : = 

where a, b and c are the estimated fix errors computed using 
the step functions Ia, Ib and Ic respectively. 

[Reference: Stansell 1978: pages 72, 73 and 68] 
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satellite elevation angle of greater than 88 degrees as 

line fixes (or position fixes with very elongated ellipses). 

The term "line fix" is used to denote a computed position 

with 9. formal error ellipse having a semi-major axis of 

greater than 3000 metres. 

10.3.3 Modelling Height Errors 

Also considered are the errors in the computed position 

due to an error in the assumed station height. When using 

high elevation satellites (as defined in Section 10.3.2), 

height errors, as shown in Figure 10-5, can cause a 

substantial error in the computed position. Popelar et al. 

[1981] in their post-processing of the LOREX navigation data 

sets arrived at an average figure of around eight metres for 

the station ellipsoidal heights. 

This is different from the assumed height of the stations 

used in the fix computations on LOREX by 12 metres. 

10.3.4 Combined Effects on the Formal Covariance Matrix 

Using the above information, the contribution fro:n each 

of the error sources, described in Section 10.3.1, 10.3.2 

and 1 0. 3. 3, are evaluated. The resulting root sum square 

error (rss) (obtained from the position errors due to 

velocity and height errors -Table 10-2), divided into along 

and cross track components, replaced the semi.-minor and 

semi -ma.j or axes of the formal error ellipse from the fix 
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computation (subroutine ERRORS in Appendix VII) whenever 

these were below the rss figures. Test No. 4 of Table 10-1 

used this modification to achieve a further improvement in 

the variance factor. The maximum effect, as expected, is 

shown by the test data set describing the fastest motion of 

station (i.e. test data set two). 

To evaluate the effect of treating position fixes 

computed from high elevation satellites as line fixes 

(defined in 10.3.2), all position fixes computed with high 

elevation satellites had the semi-major axis of their error 

ellipses set to 3000 metres. The outcome of this experiment 

(Table 10-1, Test Runs Nos. 5 and 6) agrees with the notion 

that the cross track position determinations using high 

elevation satellites are extremely poor. The improvement in. 

the variance factor increases as the station get nearer to 

the pole. This can be expected as test data set three has 

more position fixes with high elevation satellites (55 

percent of test data points) than test data set two ( 14 

percent) or test data set one (7 percent). In addition, the 

examination of the predicted covariance matrices for the 

smoothed points (in test data set three) revealed an average 

drop around 22 percent in the variances of the position 

coordinates (the actual figures range from -14 percent to 25 

percent). 

Since the spline model for all the three test data sets 

passes the Chi-squared tests when the revised a priori 
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covariance matrices is used (Table 10-1, Test No. 6), these 

revised matrices can be assumed to aptly reflect the 

accuracy of the observed position fixes. For the spline 

algorithm and indeed any weighted smoothing technique, this 

condition must be fulfilled. 

The time series of predicted positions for each of the 

three test data sets (Table 10-1, Test No.6) are given in 

Figures 10-6 to 10-14. 

10.4 REAL-TIME APPLICATION 

The near real-time applic~tion of the algorithm developed 

in this thesis would involve the processing of the observed 

data series in consecutive data spans. As described in 

Sect ion 9. 5, a minimum overlap of two knot intervals is 

required to ·ensure cant i nui ty. The estimated second last 

knot vector of the former spline, along with its covariance 

matrix, is used as the weighted a priori beginning knot 

vector for the latter spline. 

The processing of the Doppler data from the three ice 

camps on the LOREX-79 expedition proceeded in a manner 

similiar to that described above. Real-time position 

determinations using the Transit satellite system over 

variable time spans (depending on the motion of the station 

and the resulting number of knots) are used by DSPLIN to 

produce smoothed estimated paths of the drifting ice 
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FIGURE 10-lO SMOOTHED AND OBSERVED POSITIONS OF TEST DATA SET TWO 

LOREXCSO)~ EASTINGS vs TIME 

+ 

/ 
~ 

-->-+ 

j 1 l 1 21o.oo I 31o.oo I )o.oo I 51o.oo I 6b.oo I 11o.oo I 
I TIME SINCE 119 DAy 22 HR 00 MIN HOURS I 



OJ 
\0 
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FIGURE 10-12 SMOOTHED THREE HOUR POSITIONS WITH ESTIMATED ERROR 
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The length of the data series of positions used 

in the computation of each spline is riependent upon the 

maximum number of knots that the computer program can handle 

at any one time. Implications of increasing the upper limit 

of the number of knots is discussed in Section 10.5. 

10.5 PROCESSING OF LOREX-79 DOPPLER POSITIONING DATA 

In this the complete processing of the 

posi tionin.g data series from the three camps on the I10REX 

expedition using DSPLIN is described and discussed. 

The series of computed real-time position determinations, 

using the Transit system, for the camus are used as input to 

the spline algorithm (Figure 10-1) to generate smooth paths 

for the stations during the perioi of the expedition (Figure 

10-15). The smoothed velocity vectors of the three stations 

are extracted from the estimated knot vectors of the spline 

(Figures 10-16 to 10-19). Each of the station's navigation 

data series is divided into several subsets as there exists 

a limit to the number of knots the computer program can 

handle for any given series. Currently, DSPLIN (Appendix 

VII) has an upper limit of 32 knots. Increasing the maximum 

number of knots within the program is not desirable as it 

increases both the random access memory array storage 

requirements of the program and the execution time in 

computing the much larger inverses. 
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The LOREX Doppler positionin~ data sets for ice camps SO, 

S1 and S2 were divided into 9, 8 and 7 subsets respectively. 

Problem Data Spans 

All subsequent spl i ned subsets, with the exception of 

two, have a posteriori variance factors which pass the Chi-

squared statistical test (Section 7. 3.1). The except ions 

occur in the LOREX data series from station SO and station 

S1, and are both around the sa~e time period (i.e. between 

day 129 to ~ay 131 ). This phemonenon is absent in the data 

series fro~ station S2, possibly due to the much lower 

sampling period of position fixes at station S2. 

One of the subsets, as i dent i fie~ above, a ria ta span in 

the data series from station SO, was subjected to a number 

of tests in an effort to determine the reason for the 

failure of the spline model (computed fro~ the data 

contained in the subset of the data series) to pass the 

Chi-squared test. The following were investigated: 

1. Error in the value of the minimum semi-minor axis of 

the error ellinses adopted. The selected value of 35 

metres (see Section 10.3.1) was gradually increased 

and the subset model passed the test when a value of 

80 metres was reached. The value of 80 metres as the 

minimum value for the semi-minor axis of the error 

ellipses greatly reduces the assigned accuracy of all 

position determinations; including .aood 
==> position 

fixes. 
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2. Error in either the value of the cutoff angle for the 

elevation (i.e. 88 de~rees Table 10-1) of the 

satellite in the treatment of the position fix as 

that of a line fix (as defined in Section 10.3.2) or 

the assigned value of the semi-major axis of the 

elongated error ellipse constituting a line fix. 

Results show that changes in the value of the cutoff 

elevation angle (from 88 to 85 degrees) or the 

assigned cross track error (increased from 3000 m to 

5000 rn) did not ma'ke any significant change in the 

a posteriori variance factor. 

From the results above, the following are the conclusions 

drawn about the inability of the a posteriori variance 

factor of the two data subsets to pass the Chi-squared 

statistical test. 

Firstly, the sampling period, the average time between 

position fixes, may be inadequate to define the motion of 

the ice platform during periods of rapid ice movements. 

Secondly, the fact that here, the effect of velocity-caused 

errors in the computed positions are modelled simply by 

expanding the a priori covariance matrix. This may have two 

defects: inadequacy of the error models to expand the 

covariance matrices, and the problem that the velocity­

caused errors (which are essentially position biases) are 

modelled as a random effect. The observation period for 



each satellite pass is about 18 minutes. 

1 01 

During this 

period, any V'lriation in speed and direction of the motion 

of the receiver will affect the observed Doppler counts and 

the resul tin.<S position computations. ~he effect of short 

term variations in speed and direction on the position 

determinations have not been investigated and can be safely 

neglected because changes in the velocity vector of the 

receivers on LOREX, clue to the inertia of the ice sheet, 

would be negligible over the short 18 minute interval. 

Predicted speeds and directions, constant over a certain 

period of time, 

Figure 10-20, 

were used in co~puting the position fixes. 

which compares the real-time predicted 

velocity vectors with the final smoothed values from DSPLIN, 

highlights the errors that can exist in the estimated 

real-time velocity vectors used in the fix computation. A 

reduction of these errors would have been possible through a 

pre-processing algorithm which produces better velocity 

vector estimates (as illustrated in Figure 10-1 with the 

spline being used as the pre-processing algorithm) for the 

recomputation of the position fixes. 

The final smoothed path of the three ice stations are 

portrayed in Figure 10-15. Figures 10-16 to 10-19 give the 

smoothed velocity vectors of the three ice stations for the 

duration of the expedition. The differences between the 

smoothed positions, velocities and direct ions produced by 

the spline algorithm and those obtained using GEODOP (see 

Section 2.2) are given in the following section. 
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10.6 COMPARISON WITH OTHER TECHNIQUES 

In this section, the six-hour smoothed positions and 

velocities for the three ice camps produced by DSPLIN~ SMOBS 

and GEODOP are compared. A brief description of SMOBS and 

GEODOP can be found in Section 2.2. The procedure followed 

for LOREX data processing by DSPLIN is given in Figure 10-1. 

The position and velocity information produced by GEODOP, 

computed from better orbital and environmental models and 

recomputed position fixes based on precise satellite orbits 

in the multi-station three-dimensional adjustment mode (see 

Sect ion 2. 2), are taken as the reference standard for the 

comparisons. The comparsion between DSPLIN and GEODOP was 

made to determine the following: 

1. Accuracy of the recovered positions and velocities. 

2. Consistency of recovered positions and velocities 

with time. 

3. Consistency of estimated precision of position and 

velocity estimates with accuracy. 

Differences between SMOBS and GEODOP are also evaluated 

and compared with DSPLIN versus GEODOP differences. The 

following are computed in the comparison between the 

technique and the adopted reference (GEODOP). 



1. Position deviations (i.e. fir.). 
l. 

tJ. r. := [(~~ _ ~.)2 + ().~ _ A.)2]~ 
l. 1 1 l. 1 

2. Velocity deviations (i.e. 6 v. ) . 
l. 

6. V. 
1 

where 0. ). 
~N· VE 
1 

and R 

:=geodetic latitude and longitudeE, 
:=velocity north and velocity east, 
:= data point number, 
:= reference standard. 
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- ( 1 0-1 ) 

- ( 1 0-2) 

3. Standard deviations of position ( oflr.) and velocity(oflv. ) 
1 1 

differences computed using the covariance law 

(Section .g. 1 ) , i.e. 

2 
atJ.r. .-

1 

2 
0 t.v. .-

l. 

where fl~. 

00' 
00). 

tJ. vN' 
avN, 

0 VNE 

2 2 R2 
2tJ.~LtJ.A. (a0 ). + a R ) [t.V'. (o0. + 0 0i) + 

l. 1 l. 1 . . 0.).. 
1 l. l. l. 

2 2 R2 2 
+ fl'J.... (a). + oL )] I t.r. 

l. • l. 
l. l. 

2 2 
0 R2 ) 2flvE.vN. (ovNE. 

R 
[flvN. (avN. + + + 0 vNE.) vN. 

l. 

fl). . -
OA . -

. -. -

\rE:: 
OVE:= . -

l. l. l. l. l. l. 

- ( 1 0-3) 

differences in latitude and longitude, 
std. deviations of position coordinates, 
covariance between coordinates, 

differences in velocity north and east, 
std. deviations of velocity north and east, 
covariance between velocity components • 
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4. Standardised deviations of positions and velocities. 

tJ.r. 0- tJ. r./a!J. 
1 l. r. 

l 

tJ.v./atJ. - ( 10-4) 
!J.v. -

1 1 v. 
1 

Ideally, all the above parameters (defined by equations 

10-1 to 10-4) should be computed and plotted against time to 

evaluate their consistency in time. However, as shown in 

Table 10-3, much of the required data is ab~ent. This is 

partly due to the technique itself (e. g. SMOBS does not 

have individual precision estimates for mean positions), and 

partly by the omission of information in the program outputs 

(e.g. the correlation coefficients in GEODOP positions are 

not printed). 

The following comparisons were those that could be readily 

done with the available information. 

1. Computation of absolute position and velocity differ-

ences. 

These differences are computed in both compari-

sons, i.e. DSPLIN versus GEODOP and SMOBS versus 

GEODOP. The set of differences (or deviations) are 

plotted against time (Figures 10-21 and 10-22). The 

cumulative distributions, obtained from reordering 

the position and velocity deviations (equations 10.1 

and 10.2), are also plotted (Figure 10-23). 



TABLE 10-3 

SUMMARY OF POSITION AND VELOCITY INFORMATION 
PRODUCED BY GEODOP, SMOBS AND DSPLIN 

I) Position Estimates 

Program Latitude Longitude Standard Deviations 
Name or or and covariances 

Northing Easting a1 a2 a12 

GEODOP Both Both alat a long No 

SMOBS Northing Easting No No No 

DSPLIN Northing Easting aN aE aNE 

II) Velocity Estimates 
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Program Speed Direction Standard Deviations 
Name 

GEODOP Yes Yes 

SMOBS Yes Yes 

DSPLIN Yes Yes 

where ve -Velocity East 
and vn - Velocity North 

al 

No 

a ve 
a ve 

and covariances 
a2 a12 

No No 

a No vn 

a a 
vn ven 
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2. Computation of standardised position deviations. 

This is only possible i. n the comparison between 

DSPLIN and GEODOP, and even so, the assumption that 

the coordinates produced by GEODOP are uncorrelated 

(Table 10-3) had to be made (Figure 10-24). 

520 positions and velocities from SO, S1 and S2, common 

to the smoothed LOREX data series produced by GEODOP, SMOBS 

and DSPLIN, were chosen for the comparisons. The resulting 

root mean square of the position and velocity differences 

are 194 metres and 70 metres per hour, respectively from the 

DSPLIN versus GEODOP comparison, and 437 metres and 144 

metres per hour, respectively from the SMOBS versus GEODOP 

comparison. Hence DSPLIN position and velocity estimates 

are 56 and 47 percent better than SMOBS. The time series 

plots of position and velocity deviations (Figure 10-21 and 

10-22) show the improvement for station SO graphically. 

This improvement in position and velocity estimation is 

again demonstrated by the cumulative distribution plots of 

the position and velocity deviations (Figure 10-23). The 

coincidence in the peaks of position and velocity deviations 

in Figure 10-21 and 10-22 can be explained by the fact that 

both DSPLIN and SMOBS use the same computed position data 

series and hence were influenced by the same "bad" data 

points. The effect of an erroneous data point however, is 

more pronounced with SMOBS. As demonstrated in Figure 10-21 

and 10-22, smoothed position errors propagate into smoothed 
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velocity errors. A larger discrepancy between positions 

produced by SMOBS or DSPLIN against GEODOP is observed to 

occur between day 100 and day 105. The reason for this 

discrepancy is not apparent. One plausible cause could be 

oscillator instabilities in the satellite receivers as they 

were all cold started upon arrival on LOREX. 

As to the assessment of the consistency of the precision 

estimates, the ratio of the deviation to its propagated 

standard deviation is ideally equal to one. The plots of 

the time series of position deviations (equation 10-1), 

propagated standard deviations (equation 10-3) and 

standardised position deviations (equation 10-4) for station 

SO are given in Figure 10-24. Ex~mination of Figure 10-24 

reveals that the precision estimates (accepting GEODOP as. 

being true) are not consistent in time with the accuracy. 

Generally, the posit ion deviations are correlated with the 

propagated standard deviations. There are several places 

where they are different. The larger discrepancies between 

day 100 to day 1 05 are not adequately accounted for by the 

standard deviations. Consistency in the precision estimates 

occurs only between day 120 to day 130. The motion of the 

station during this period is characterized by high 

velocities and larger velocity changes (Figure 10-17). The 

highest absolute velocities reached by the three stations 

are recorded in this time period. 

(Figure 10-18) and velocity north 

Maximum velocity east 

(Figure 10-1 9) of the 

three stations also occur during this time period. 
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The inconsistencies are caused by the covariance matrix 

associated with each position being optimistic. This 

optimism may exist in either GEODOP or DSPLIN values. The 

contribution of the neglected correlation between GEODOP 

smoothed coordinates to the periods of inconsistency cannot 

be evaluated. 

The overall conclusion that can be drawn is that DSPLIN 

(with GEODOP as reference standard) produces more accurate 

position and velocity estimates which are consistent with 

time than SMOBS and that the precision estimates are 

inconsistent in time with the derived measures of accuracy. 



Chapter 11 

CONCLUSIONS AND RECOMMENDATIONS 

In this chapter, the contributions of this thesis are 

summarized. Conclusions and recommendations are made on 

smoothing with the developed spline algorithm, application 

of the spline algorithm to the LOREX navigation data sets 

and the treatment of high latitude po~i tion fixes using 

NNSS. 

11.1 TWO-DIMENSIONAL LEAST-SQUARES CUBIC SPLINE ALGORITHM 

An algorithm to smooth two-dimensional data series has 

been successfully developed (Chapters 5 and 6) and proven 

feasible with the LOREX positioning data (Chapters 9 and 

1 0). From the numerous studies done for this thesis, the 

following are the conclusions and recommendations. 

11.1.1 Number and Placements of Knots 

The spline algorithm requires a sufficient density of 

knots to aptly portray the underlying nature of the data 

series in question. As discussed in Section 9.2, an 

indication of the adequacy of the number of knots can be 

arrived at through the evaluation of the root mean square of 

- 114 -
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the residuals and the a posteriori variance factor of the 

subsequently fitted spline curve (equation 7.8). 

This, however; remains only a global indication of knot 

sufficiency. Knot selection at local intervals can be 

obtained through the analysis of the time series of 

standardised residuals of the observed data points (Section 

9.3). Where the knot intervals can be linked to some 

physical evidence pertaining to the data series, the knot 

selection process is very simple. This is the minimum data 

period in which the process can be aptly portrayed as being 

cubic. 

The simplistic nature of selectin~ the desired degree of 

smoothness within the data series (i.e. through defining the 

knot intervals) is a unique feature of this technique. 

11.1.2 Joining Splines 

The aspect of joining splines within a data series has 

been successfully explored (Section 9. 5) and a minimum of 

two common knot intervals is recommended. 

11.1 .3 Predicted Data Points 

The developed program (Appendix VII) computes, on 

request, the smoothed data points and first derivatives at 

any time within the data series. Estimated covariance 

matrices are derived for these quantities using the 

covariance law (Section 8.1). For a complete model, i.e. 
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with a sufficient density of knots, the estimated covariance 

matrix reflects the accuracy of the predicted data points 

(Section 9. 3). Covariance matrices can be derived for all 

subsequently computed quanti ties using the covariance law 

outlined in Chapter 8. 

11.1.4 The DSPLIN Program 

A computer program (DSPLIN), based on the spline 

algorithm 

(Appendix 

developed 

VII). All 

in this thesis, has been 

computations involving the 

algorithm are done with the DSPLIN Program. 

created 

spline 

Various 

optimising procedures aid in the handling of large matrices 

and inverses. These, along with a short description of the 

64 subroutines in DSPLIN, are given in Appendix VII: Table 

VII-1 . Currently; DSPLIN can handle up to 32 knots and a 

maximum of 500 data points in a data span. The program 

requires about 512 kilobytes of memory to run. The 

programming language used is Fortran IV. All software 

development was done using the Fortran H Extended Compiler 

on the IBM 3032 computer at the University of New Brunswick. 

11.1 .5 Comparison with SMOBS and GEODOP 

The DSPLIN program smoothed values are compared with 

SMOBS's (Section 2.2) using GEODOP as the reference standard 

(Section 10.6). In the comparisons of position and velocity 

differences (equations 10-1 and 10-2) of DSPLIN versus 
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GEODOP and SMOBS versus GEODOP, the root mean square of the 

differences computed from DSPLIN versus GEODOP are about 50 

percent smaller than those of SMOBS versus GEODOP. Figures 

10-21 to 10-23 portray the improvement of DSPLIN over SMOBS 

as time series plots of differences and cumulative 

distributions of differences. The standardised position 

differences in-the DSPLIN and GEODOP comparison shows that 

the precision estimates produced by DSPLIN are not 

consistent in time with the accuracy. There exist however, 

short periods where they are consistent. 

11.2 LOREX NAVIGATION DATA SETS 

The following conclusions and recommendations are arrived 

at from the analysis and processing of the LOREX navigation 

data sets (Chapter 10). Conclusions drawn ate applicable to 

high latitude navigation using the NNSS system. 

The final smoothed positions of the LOREX three ice 

stations are given in Figure 10-15. Plots of the time series 

of coordinates, input positions and their formal error 

ellipses, and the final smoothed positions of the subsets of 

the three data sets from stations SO, 81 and S2 can be found 

in Quek [1983]. In the processing of the LOREX navigation 

data sets, the effects of real-time predicted velocity 

errors (Section 10.3.2) with high elevation satellites had 

to be taken into account. Their treatment involved the 
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modification of the a priori covariance matrix of the 

position fixes (Section 10.3.4). 

11 .2.1 A Priori Covariance Matrix of Observed Data Points 

For a correct interpretation of the results of the 

Chi-squared test (Section 7. 3.1) on the a posteriori 

variance factor of the computed spline curve, a reliable 

a priori covariance matrix has to be assigned to the 

observations (Section 10.3). With the LOREX data sets, 

extensive modifications to the formal error ellipses are 

made to account for errors affecting position determina­

tions using the Transit system at high latitudes. These 

include the modelling of predicted velocity (Section 10.3.2) 

and assumed height errors (Section 10.3.3), and the accuracy 

of the satellite broadcast ephemerides (Section 10.3.1). An 

algorithm for determining the elevation angle of the 

observed satellite from the formal error ellipses has been 

developed (Appendix III: equation III-3). The conservative 

formal error ellipses recorded, primarily result from the 

small sample size of the Doppler counts used in computing 

the fixes. 

11.2.2 Unbalanced Doppler Counts 

A great majority of the computed satellite passes were 

observed to have Doppler counts that are severely unbalanced 

about the point of closest approach. As the NNSS system was 
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used in its weakest single pass point positioning mode, the 

computed positions are displaced in the along track 

direction of the satellite. Outright rejection of such 

passes is not being recommended as they do contain some 

useful information. Unbalanced Doppler counts within a fix 

computation, as mentioned above, propagate as a bias in the 

position of the receiver in the along track direction of the 

satellite. By using known accuracy estimates of the Transit 

position determinations and modelling all other possible 

errors (Section 1 0. 3) useful information from these 

observations can be drawn. 

11.2.3 Station Motion 

The computation of position determinations with the NNSS 

system requires the monitoring of the motion of the receiver 

during the satellite pass. Any errors in the assumed 

velocity vector reduces the accuracy of the computed 

position. This degradation is especially severe with high 

elevation satellites. In order to minimise this phemonenon, 

an on-site reprocessing of the position determinations using 

iteratively improved velocity vectors is recommended 

(Section 10.5.1). The improved velocity vectors can be 

obtained from, for example, the spline algorithm developed 

in this thesis (Figure 10-1 ). 

Computed velocity vectors of this nature, however, 

represent the long term variations in the motion of the 
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Under short term velocity vector changes, the 

position fixes should be computed with zero velocity vectors 

unless the rapid changes in velocity and direction are 

determined by other external means. The presence of the 

predicted velocity vector, when in error, will only 

downgrade the precision of the computed positions. 

11.2.4 High Elevation Satellites 

From the limited experiments made to study the behaviour 

of high elevation satellite passes with the spline algorithm 

(Section 10.3.4), it is concluded that for a non-stationary 

observer, the position coordinate in the cross satellite 

track is extremely poor. The current treatment of those 

fixes as line fixes (defined in Section 10.3.2) has met with 

some success. 

11.3 SUGGESTIONS FOR FUTURE WORK 

The following areas are recommended for further 

investigation: 

For the spline algorithm: 

1. The evaluation of the performance of the curve 

fitting routine with less noisy data. 

2. The effect of different base functions for the cubic 

spline (e.g. those given by Spath [1974]: page 58). 
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3. Extension of the spline algorithm, developed here, to 

smooth multi-dimensional data series. 

The technique, as described in this thesis, can be 

easily extended. to smooth a multi-dimensional data 

series. Here, more than two parametric cubic splines 

are simultaneously solved using the method of 

least-squares. 

For the computer program: 

4. The incorporation of a banded inverse routine which 

operates on a banded normal matrix and produces only 

a banded a posteriori covariance matrix. 

The ~recessing time in computing the inverses can 

be reduced by a factor of b 2 /n 2 ; with n being the 

order of the matrix and b being the bandwidth 

(Appendix VII). 

5. Additions to the program to allow the processing of a 

full data series without any manual intervention. 

Currently, the subsets of a data series are 

individually S1;Jlined and the technique of splicing 

splines (described in Section 9. 5) used to achieve 

continuity. The proposed modifications here involve 

automating data management of the data series~ which 

currently is done manually through interactive files. 
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For the LOREX navigation data series: 

6. Further investigation into the effect of velocity­

caused errors on position fixes with high elevation 

satellites. 

7. Reprocessing of the position fixes, using velocities 

derived from the spline-smoothed trajectories, and 

reprocessing using the spline algorith~ on these 

improved position fixes. 

8. Real-time implementation of the spline algorithm. 

The real-time application of the spline algorithm 

is described in Sect ion 1 0. 3. The DSPLIN program 

with minor alterations, easily done due to its 

modular structure, and a new driver routine, can be 

adapted to operate in real-time mode. It has to be 

used together with a satellite fix computation 

routine and in the pre-processing mode supply better 

velocity estimates for a recomputation of the 

position fixes. 
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Appendix I 

LEAST-SQUARES ADJUSTMENT VIA PARAMETER 
ELIMINATION 

In this appendix, the least-squares adjustment with 

constraints through the eli~ination of constraint equations 

is presented. The working equations are derived and the 

compatibility of implementing these equations in the current 

algorithm discussed. 

The basic models, primary and secondary, were given in 

Chapter 1. Reference should be made to that chapter for 

clarification of model definitions and variable names used 

in this appendix. 

Constraint equations relate only the functional relation­

ship between parameters (or unknowns). The functional 

dependence of the parameters leads to the fact that there 

are as many dependent parameters as there are constraint 

equations. In the spline algorithm developed in Chapter 5, 

the constraint equations functionally relate the first 

derivative (or slope) at the current knot with the first 

derivatives and positions of fore and aft knots (equations 

5-4). 

Using the method of parameter elimination [Mikhail 1976: 

page 217], the constraint equations are used to functionally 

solve for as many parameters as there are constraints. 
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With Taylor's expansion and Lagrange multipliers using 

the constrained minima technique, the following sets of 

equations can be obtained (as in Section 7.)). 

[ ::] 
where 

and with 

( ~ 1 

+ [ ::] 
0 0 

~1 - a_f1 (~ ,.!_ ) 

0 
~2 .- a_f2 C~ ) 

~1 
a :f 1 

-
ax 0 10 

~ ·-
B := --

p := 

dl 0 10 
- X , 

-1 
0~1 

0 + 

' ~2 .-
ax 0 

X 

- (I-1) 

is the covariance matrix of observables, 1 ) 

Now, let the subvector ~2 contain the parameters to be 

elimtnated 

i.e. o : = [o - -1 

Similarly, by partitioning the design matrices, 

i.e. ~1 [~ Q] 

and .- [~ !!J 
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equation (I-1)is transformed to 

(f Qll ~: l + Bv + w = 0 
- -1 

- (I-2) 

(§_ ~] [ !l ~, = 0 

- (I-3) 

Solving equation (I-3), 

~2 
- (I-4) 

-1 Note that the H matrix must exist for this technique to be 

feasible. A discussion relating this "constraint" to the 

spline algorithm was presented under Section 7.2. 

Eliminating ~2 in equation (I-2), 

-1 
Co 1 - DH (~2 + Go 1) + Bv + ~l = 0 

Re~rranging equation (I-5), 

[~- DH- 1 §_]~1 + (~1 - DH- 1w2] + Bv = 0 

By letting 

A. - [~ - DH- 1§_] 

[~1 
-1 

and w .- - DH ~2 ] -

- (I-5) 

- (I-6) 
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and with the assumption that the model is of a parametric 

nature, the direct least-squares treatment of equation (I-6) 

yields: 

-T - -1 -T - - -1-T -
~1 = - (~ ~ ~ Pw : = - ~ ~ Pw 

- (I-7) 

Through back substitution, 

- (I-8) 

Using the covariance law (see Section 8.1), the covariance 

of the subvectors of the least-squares estimates are as 

follows: 

Simplifying, 

- -1 
N 

In a similar manner, 

~ = (!:!_-1~)E -1 C!:!.-1.0 T 

-2 

and 

- (I-9) 

- (I-10) 



Finally, in summary, 

and 

= 

I 
I ~ 

- -1 
N 

I - - - - - - - - - - - - - .-
I 
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-~ -1 C!:!-1~_) T 

- (I-11) 

Hence for the spline algorithm, the parameter solution 

through the elimination of constraints is possible only if 

~- 1 matrix exists (equation I-4). 

Three routines (LS2, TRNSFM and PERM) have been 

formula ted and listed in Appendix VI I. Subroutine TRNSFM 

reformats the primary and secondary design matrices into 

their various submatrices. Subroutine LS2 performs the 

least-squares adjustment using the method described above. 

Finally subroutine PERM unscrambles the least-squares 

estimates and covariances to conform to the rest of the 

DSPLIN program. This has to be done because the DSPLIN 

program expects the solution vector and the covariance 

matrix to be of the form produced by the functionally 

constrained least-squares method. 
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COMPUTATIONAL ACCURACY 

In this appendix, the aspect of computational accuracy is 

discussed. Primarily there are two possible conditions 

which can lead to a degradation in the computational 

precision of the solution vector in the linear system of 

equations, Til" x = E_, that is, the use of floating-point 

arithmetic and the presence of an unstable algorithm. 

'l'he accuracy of floating-point arithmetic [Forsythe et 

al. 1977: page 13] can be characterized at run tj.me by the 

so-called "machine epsilon"; the smallest floating point 

number £ such that 

(:!) £ > 

-(II-1) 

Round-off error, through a phenomenon called 

"catastrophic cancellation" [Forsythe et al. 1977: p"lge 15] 

in badly conceived computation sequences can result in a 

near total loss of significant digits. Although it is 

possible to carry more digits to 'lVO i d this phenomenon, it 

is always more costly in terms of execution time 'lnd storage 

space. A better approach is to keep '3. !SOOd track of the 

arithmetic process and the expected sizes of the numbers 

involved in the computations. 

- 1 31 -
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An estimate of the internal computational accuracy can be 

arrived at through the manipul~tion of the results such that 

~ null vee tor is formula ted. In the if i rect least-squares 

treatment of the system of equations, N x = ~, where 

!! = (~TPA) T and b = - (~ Pw), the null vee tor, e can be 

expressed as e = AT P( A~ 
- - -- + w). For the functionally 

constrained least-squares model, the vector e takes the 

form: 

e = L: T A 
-X-

- (II-2) 

with L: and 
-X 

A matrices as defined in Section 8.2. 

Theoretically, the vector e is a null vector. However, with 

the use of finite precision arith~etic, the maximum 

je I, (e E e) so obtained, gives a good estimate of the 

computational accuracy of the algorithm. 

For certain problems, good answers cannot be obtained no 

matter how well the algorithm is conceived. This aspect of 

numerical analysis is independent of the floating-point 

number system or the algorithm used. 

When small errors in the right hand side of a system of 

linear equations causes a large effect on the solution 

vector, the problem is termed "ill-conditioned", i.e. it is 

very sensitive to the values on the right-hand side. Ill-

conditioning occurs when the transformation (or coefficient) 

matrix !! is nearly singular. An example of such an effect 

is illustrated in Westlake [1968]: page 89. If N is a 
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singular matrix, then for some b's a solution of x does not 

exist. If N is nearly singular, then small changes in b 

would result in disproportionally large changes in!· 

To have a more precise and comprehensible measure of 

nearness to singularity; there exist the "condition 

numbers". Determinants of unnormalised transformation 

matrices are ineffective as a yardstick for conditioning as 

the equations can be premultiplied by any constant to obtain 

any value of det(!). 

Considering the system of equations ! ! = ~, introducing 

an error of ~b in~ results in a change of ~x in x. The 

condition number of N is then defined as the ratio betweeh 

the relative change in the right-hand side and the relative 

error. caused by this change [Forsythe et al. 1977: page 43], 

i.e. 

c0nd(~) > Jl~!ll I ll!ll 
~~~~~~ I ~~~~~ 

- (II-3) 
where 11· II denotes the norm of a vector. 

The condition number, as mentioned earlier, is a measure 

of the nearness to singularity and can be thought of as the 

reciprocal of the relative distance of the matrix to a set 

of singular matrices [Forsythe et al. 1977: page 43]. If 

cond(!) is large, then ! is close to being singular. 

The actual computation of cond(N) involves knowing the 

inverse of N. If n and n' are the column vectors of N 

N-1 
-j -j 

and respectively, then in terms of the Euclidean vector -
norm ( llx l\ 2 := ~ 2 ) . X. 

j =1 J 
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max 
j 11~j II 

- (II-4) 

Other norms, like the sum of absolute values can be used 

as an alternative to the expensive-to-evaluate Euclidean 

norm. 

This definition represents but only one of the family of 

possible condition numbers; Turing's m-condition number, Von 

Neuman and Goldstine's P-condi tion number, are but a few 

[Westlake 1968: page 90]. 

In the realm of computational accuracy estimates in 

performing the inverse, the power of the condition number is 

an approximate estimate as to the number of significant 
' 

digits lost during the inversion process. 

A third method which assesses the cumulative loss in 

significant figures due to round-off and conditioning of the 

transformation matrix, is the multiplication of the inverse 

with the uninverted matrix, i.e. = (_!_]. The 

technique requires a massive amount of array space when 

large inverses are contemplated. Hence it is seldom used. 

In relation to the program DSPLIN, both the condition 

numbers (computed via equation ~I-4) and the internal 

computational accuracy estimates (computed via equation 

II-2) are evaluated to assess the conditioning of the 

inverses and the computational accuracy of the least-squares 

estimates (in equations 7.9). 
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ALGORITHM FOR COMPUTING MAXIMUM SATELLITE 
ELEVATION 

The maximum elevation of the Transit satellite can be 

evaluated solely from geometrical considerations given the 

position of observer and the velocity vector of the 

satellite at point of closest approach (obtained from the 

formal error ellipse associated with each position 

determination- see Section 10.2.2). 

Consider Figure III-1 , we have 

(y + Re)/Rs = cos Y 

- (III-1) 

Rearranging 

y = Rs cos y - Re 

and 

x = Rs sin y 

- (III-2) 

with Rs = radius of the satellite at the center of the 
earth 

and Re = radius of the observer at the center of the 
earth 

Now, the elevation angle of the satellite (E) can be 

expressed as 

E = tan - 1 [ y / x ] 
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LOCAL ZENITH 

OBSERVER' 
POSITION(o) 

\ _...-
? 

SATELLITE(s) 

FIGURE III-1 Plane defined by the Earth's centre, the observer's 
position and the point of closest approach of the 
satellite. 

OBSERVER' 
POSITION (o) 

Figure III-3 

NORTH POLE 

(s) 

North Pole view in 
the Polar Stereo­
graphic Coordinate 
System. 

OBSERVER'S 
POSITION 

FIGURE III-2 
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NORTH POLE 

J 

Spherical triangle 
defined by the observer's 
position, point of closest 
approach of the satellite 
and the North Pole. 
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Substituting for x andy, 

E = tan-1 
cos Y - Re/Rs 

sin Y 
- (III-3) 

Assuming that all satellites pass directly over the North 

Pole, the angle y can be expressed as being (see Figure 

III-2): 

sin y 

where 

cos ~ sin 11>.. 
0 

observer's latitude, 

- (III-4) 

and . -.- difference in longitude between observer and 

satellite orbital plane. 

However, the difference in longitude (i.e. l'.A) between·· 

the observer .and the ground track of the satellite is the 

difference between the direction vector from the observer to 

the pole a ) and the velocity vector of the satellite at op 

point of closest approach ( a ) (Figure III-3). 
s 

Hence given the position of the observer and the velocity 

vector of the satellite at the point of closest approach, 

the maximum elevation of the satellite can be computed (i.e. 

via equation III-3). 

[Reference Wells 1974: page 131] 





Appendix IV 

FORMULATION OF SIMULATED DATA SET 

In this appendix, the explicit equations used to generate 

the simulated data points are given along with the data 

points chosen as being the simulated data set. There are no 

specific reasons behind chosing this form to portray the 

simulated data set. The data set need only be smooth, not 

necessarily periodic, and with some superimposed "noise". 

The following are the formulas used: 

with 

and 

(x,y) := ( a sin( w t + 
X 

+ R 
X 

b s in ( w Y t + 0 Y + 3 t + 2 50 + RY ) 

a := 1400 m - (IV-1) 

b := . 250 m 

w . - 2* Tf /440 
X 

w 2* Tf /70 
y 

0x 
. - 20 

0y 40° 

R . - 5 sin (2*rrt/1.5) 
X 

R -5 sin (2*nt/1.5 - Tf ) 
y 

t . - 0. 2. 4 •...• 1 00 . 
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Basically, the x component has only a periodic term and a 

phase offset, whereas the y com~onent incorporates, in 

addition, a linear trend. Both coordinates have a high 

frequency term (i.e. R and R ) which acts as noise on the 
X y 

simulated data set. 
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TABLE IV-1 

SIMULATED DATA SET 

Time Easting Northing ~ime Easting Northing 

(x) (y) (x) (y) 

0 48.859 410.697 36 730.550 180.783 

4 124.325 475.412 42 830.070 133-425 

10 243.151 525.592 52 977-734 203.142 

1 4 330.073 528.126 60 1089.400 380.462 

20 445.395 465.281 66 1160.651 531.156 

24 516.200 393-303 70 1199.122 616.366 

26 ')77.481 359.702 72 1223.388 658.309 

28 585.321 312.231 88 1 341 . 437 693.779 

30 625.670 278.311 92 1369.932 643.273 

32 665.509 246.374 94 1369.522 598.973 

98 1 391 . 31 7 530.892 

Note All points are assigned a variance of 25 

square metres in x and y, and a covariance of 

0.0001 square metres. The selection of the 

points constituting the simulated data set is 

described in Section 9.1. 
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Appendix V 

DESCRIPTION OF LOREX-79 TEST DATA SETS 

In this appendix, a brief description and nature of the 

selected three disjointed stretches of the LOREX Main Camp 

positioning data used in evaluating the performance of the 

spline algorithm are given. 

To aptly sample the LOREX Doppler data, three seperate 

segments of the satellite fix data series were chosen. This 

is done to allow the evaluation of the algorithm (see 

Chapter 9) under a variety of different conditions at the 

time Df the observation of the Transit satellites. 

V.1 LOREX TEST DATA SET ONE 

Period : From day 113 hr 19 min 38 

to day 116 hr 19 min 44 

Number of points 100 

Receiver's motion Fairly constant; velocity northwards 

was about 100 metres per hour and velo-

city eastwards was about 120 metres per 

hour. 

Data Plots Figures V-1 (or V-1a), V-2 and V-3 

- 142 -
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V.2 LOREX TEST DATA SET TWO 

Period : From day 120 hr 2 min 18 

to day 123 hr 3 min 2 

Number of points 100 

Receiver's motion Accelerating; velocity north changes 

from +50 to -50 metres per hour and 

velocity east changes from -110 to 

-620 and finally to -300 metres per 

hour. 

Data Plots Figures V-4, V-5 and V-6 

V.3 LOREX TEST DATA SET THREE 

Period : From day 130 hr 2 min 30 

to day 139 hr 8 min 30 

Number of points 100 

Receiver's motion Decelerating; ice platform slows down 

from 90 metres per hour, stops and moves 

off in a new direction at 140 metres per 

hour. 

Data Plots Figures V-7, V-8 and V-9 

Note All plotted ellipses are drawn using the formal 

covariance matrix of the satellite fixes at the 99 

percent confidence level. 
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APPENDIX VI 

TRANSFORMATION FROM ERROR ELLIPSES TO 

STANDARD DEVIATIONS 

In this appendix, the algorithm used to transform the parameters 

of an error ellipse to its corresponding standard deviation is described. 

The following are the assumed knownsand unkn?wns (Figure VI-1) 

Known 

a semi-major axis of the error ellipse 

b semi-minor axis of the error ellipse 

y direction of semi-major axis of error ellipse with 

respect to the x-axis ( or 9cP- 0 ; with e being the 

azimuth of the semi-major axis of the error ellipse). 

Unknown 

o standard deviation along the x - axis 
X 

o standard deviation along the y - axis 
y 

o covariance between coordinates. 
xy 

- 154 -
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The transformation from the error ellipse (i.e. a, b and y) to the 

covariance matrix (i.e. a , a and a ) is achieved using rotation 
x y xy 

matrices, i.e. 

[:] • R(-y)l:~ - (VI-1) 

where 
[

co.s Y 
R(-y) 

s1n y 

-sin 

cos 

is the negative rotation matrix for the coordinate axes. 

Now, the covariance matrix in the x' y' coordinate system can be 

written as: 

Therefore, using the covariance law (as outlined in Chapter 8): 

c xy R(-y) Cx'y' R(-y)T 

R(-y) Cx'y' R(y) - (VI-2) 
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or 

cos 

-sin 
yj [a

2 ol [ cos y sin y] 

y 0 b 2J -sin y cos Y 

In terms of 6, we have 

Rearranging 

a 
X 

a 
y 

ar,d a xy 

c 
xy 

equations 

2 
[!.z(a + 

2 
[!.z(a + 

l.z(a 
2 

0 
R(6 - 90 ) C , , R(9cf-8) 

X y 

(VI-3), 

b2 
l 

+ 2a cot 2y) J'i 
xy 

b2 
l 

2a cot 2y)]'i 
xy 

b 2) sin 2y 

(Note: If the azimuth (8) is given instead of y, replace y by 
0 

(90 -0) in equations (VI-5) ) • 

- (VI-3) 

- (VI-4) 

- (VI-5) 



Appendix VII 

ALGORITHM DESIGN; IMPLEMENTATION AND COMPUTER 
LISTINGS 

In this appendix, the general flow of the algorithm, 

together with any special considerations made are mentioned. 

The basic structure of the program is given in Figure 

VII-1. The routines are classified into "levels"; with the 

following definitions: 

Level I routines called only once to perform a specific 

task. 

Level II routines called more than once, but of a 

specialised nature. 

Level III - routines called extensively by other routines. 

Displayed in Figure VII-1 are all level I subroutines 

called during the processing of a data set and with the 

order of execution being from the left to right. A complete 

description of the function of each routine, along with the 

input and output parameters and external routines called, 

are given in their computer listings. The list of 64 

subroutines developed for this thesis, together with a short 

description and external routines called are given in Table 

VII-1. 

- 157-
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TABLE VII-1 

List and Description of Subroutines 

I) Level I subroutines 

Name 

ANALYS 

APR ORI 

BUILD 

CHECK 

COEF 

CONSTR 

DESIGN 

ERRATR 

Description and external routines called 

Plots the different components of the least­
squares residuals and printing of smoothed 
data series at equal time intervals. 
Calls - CTIME,DSHLNS,DSQRT,ELIPSE;ENDPLT; 

NOWPLT~PCOPY,PLOT,POINT,PRNTCH;SCMULT; 
SIGDIS,SIMULA~SMOOTH,VSMOTH; 

Reads or generates an a priori solution vector 
for the least-squares adjustment. 
Calls - none 

Transforms position and velocity knot vectors 
into cubic coefficients. Driver routine for 
COEF. 
Calls - COEF~DPRINT,PCOPY 

Checks the number of data points per cubic knot 
interval and drops superfluous knots. 
Calls - INTERV 

Transforms a set of adjacent knot vectors into 
cubic coefficients defining the interval bet­
ween the two knots. 
Calls - DMULT 

Generate the coefficients of 
equation. 
Calls - none 

a constraint 

Display of knots, data points and smoothed 
points at time series plots, individually or 
overlayed in the Polar Stereographic Coordinate 
system. 
Calls - CIRCLE;DSHLNS;DSQRT,ELIPSE;ELLIPS, 

ENDPLT;NMBR;NOWPLT;PLOT,POINT;PRNTCH; 
RADD,SPSYMB 

Computes along track fix error due to estimated 
receiver motion and height errors. 
Calls - DSQRT 



ERRXTR 

ERRORS 

FILTER 

FIT 

LS 

LS2 

OBS 

OPTION 

OUT 

PREM 

1 61 

TABLE VII-1 - cont'd 

Computes cross track fix error due to estimated 
receiver motion and height errors. 
Calls - DSQRT 

Modify input formal covariance matrices based 
on computed fix errors in the along and cross 
track directions of the passing satellite. 
Calls - DCOS,DSIN;ELIPSE,ELLSIG,ERRATR;ERRXTR, 

SATELV 

Linear filter routine for detection of outliers. 
Calls - DSQRT,DABS,SOLV 

Cubic curve fitting using weighted beginning 
position and slope vectors. 
Calls - CHOLD,OBS,REJECT 

Least-squares adjustment of the 
constrained least-squares model. 
Calls - COND,DABS;SPIN 

functionally 

Least-squares adjustment using the method of 
elimination of constraints. 
Calls - CHOLD,COND;DINV,DMAG,DMULT,DPRINT, 

PCOPY,SCMULT 

Generate the coefficients of an 
equation. 

observation 

·Calls - none 

Allow user changes to any or all of the default 
options, parameters or constants. 
Calls - ELSFAC 

Print banded observation or constraint design 
matrix, formal covariance matrices of data 
points, banded weight matrix, knot times and 
knot time intervals. 
Calls - DPRINT 

Permutation of 
matrix computed 
duced by LS. 
Calls - none 

the a posteriori covariance 
using LS2 to as if it is pro-



PRE PAR 

RDATA 

READ 

REJECT 

RESID 

REMAIN 

SATELV 

SELKNT 

SIGDIS 

SIMULA 

SKNOT 

SMOOTH 

162 

TABLE VII-1 - cont'd 

Formulate design matrices and misclosure vec­
tors for the functionally constrained least­
squares model. 
Calls - APRORI,CONSTR,DCLEAR;INTERV;OBS 

Read input data points 
Constructs the banded 
routine for READ. 
Calls - CHOLD,READ 

and end knot vectors. 
weight matrix. Driver 

Read in one line of input data. Modify formal 
covariances if requested. 
Calls - DABS~ERRORS;UPSTD 

Perform tests on the estimated residuals based 
on selected curve fitting rejecting criteria. 
Calls - CRITES 

Compute the residual vector in least-squares 
adjustment with banded design matrix. 
Calls - none 

Compute observation and constraint residuals of 
the functionally constrained least-squares model. 
Calls - DMAG 

Compute maximum satellite elevation. 
.Calls - DATAN2;DCOS,DSIN;RTOP 

Selection of knot generation scheme and prints 
number of data points in each knot interval. 
Calls - CHECK,SKNOT 

Evalute if the input data point falls to the 
right or left of the smoothed series of posi­
tions. 
Calls - DATAN2,DSQRT,POINT 

Generate simulated data series (without any 
superimposed noise). 
Calls - DSIN 

Driver routine for FIT. 
Calls - FIT 

Computes smoothed positions and precision 
estimates from the cubic coefficients and its 
covariance matrix. 
Calls - ELIPSE;DSQRT;POINT;RADD 



SPIN 

SOLV 

TIMSC 

TRNSFM 

UPSTD 

V~RFAC 

VELO 

VSMOTH 

163 

TABLE VII-1 - cont'd 

Positive-definate symmetrical matrix inversion 
Calls - DABS~DLOG10 

Least-squares adjustment with a banded design 
matrix. 
Calls - BMULT1 ~CHOLD,COND,DMAG;RESID;SCMULT 

Scaling of data point and knot times. 
Calls - SCMULT 

Rearrangment of design matrices produced for 
the functionally constrained least-squares 
technique to the least-squares method using the 
elimination of constraints model. 
Calls - DCLEAR 

Scaling of a formal covariance matrix accord­
ing to the minimum allowable semi-minor axis of 
error ellipse. 
Calls - ELIPSE;ELLSIG 

Compute and performs the Chi-squared test on 
the a posteriori variance factor of the func­
tionally constrained least-squares model. 
Calls - DABS;CHITES~BMULT1 

Compute the smoothed velocity and associated 
covariance matrix from the cubic coefficients. 
·calls - DABS;DATAN2;DMULT;DSQRT;INTERV 

Compute a data series of smoothed velocities 
at input data times. Driver routine for VELO. 
Calls - RADD~VELO 

II) Level II subroutines 

Name 

CRITES 

CHOLD 

Description and external routines called 

Perform the Chi-squared statistical test on 
the a posteriori variance factor. 
Calls - MDCHI 

Matrix inversion using the Choleski alogrithm. 
Calls - DABS,DSQRT;TRAPS 



COND 

CTIME 

DINV 

ELIPSE 

ELLSIG 

ELSFAC 

FORM 

INTERV 

TABLE VII-1 - cont'd 

Compute the condition number of a matrix. 
Calls - none 
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Convert time in days and decimals of a day to 
days, hours and minutes. 
Calls - none 

Inversion routine for a square non-symmetric 
matrix. 
Calls - DBLE . 

Compute the parameters of an error ellipse 
from its covariance matrix. 
Calls - DSQRT,DATAN2 

Compute the covariance matrix from the error 
ellipse. 
Calls - DTAN;DSQRT 

Compute the scale factor for 
error ellipses. 
Calls - MDCHI 

non-standard 

Formulate the transformation matrix to convert 
cubic coefficients to smoothed positions. 
Calls - none 

Locate the interval in which a data point lies 
·Within the knot structure. 
Calls - DABS 

PLOT Set up plot specifications~ draw axes and 
titles. 

POINT 

PRNKNT 

Calls - AREA,AXS;CHRPRT~RECT 

Compute smoothed position and associated co­
variance matrix at any given time. 
Calls - FORM,INTERV;DMULT,TRAPS 

Print the position and slope vectors, and co­
variance matrix for any specified knot time. 
Calls - DSQRT 



RADD 

RTOP 

TABLE VII-1 - cont'd 

Convert radians to degrees. 
Calls - none 

Convert differences in plane 
polar coordinates. 
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coordinates to 

III) Level III subroutines 

Name 

BMULT1 

DADD 

DC LEAR 

DCOPY 

DMAG 

DMULT 

DPRINT 

DSUBT 

DTRAN 

PCOPY 

SPACE 

Description and external routines called 

Multiply a banded matrix with a full matrix. 
Calls - none 

Add two matrices. 
Calls - none 

Set all elements in a matrix to zero. 
Calls - none 

Copy a matrix. 
Calls - none 

Seek the largest or smallest element in a mat­
rix. 
Calls - DABS 

Multiply two matrices. 
Calls - none 

Print the elements of a matrix with a user 
specified title. 
Calls - SPACE 

Subtract two matrices. 
Calls - none. 

Transpose a matrix. 
Calls - none 

Copy one part of a matrix into another part of 
a matrix. 
Calls - none 

Create blank lines. 
Calls - none 
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TABLE VII-1 - cont'd 

IV) Other library routines used. 

Name Description of routines 

A) FORTRAN library with plotting routines 

AREA 
AXS 
CHRPRT 
CIRCLE 
DABS 
DATAN2 

DBLE 
DCOS 
DLOG10 
DSIN 
DSQRT 
DTAN 
ELLIPS 
ENDPLT 
NMBR 
NOMPLT 
PRNTCH 

RECT 
TRAPS 

[Reference 

Physical plot area specification. 
Draw plot axes. 
Draw a sequence of characters. 
Draw a circle. 
Absolute value of a variable. 
Arc tangent of an angle based on sides 
of a right-angle traingle. 
Conversion from single to double precision. 
Cosine of an angle. 
Logarithm to the base 10. 
Sine of an angle. 
Square root. 
Tangent of an angle. 
Draw an ellipse. 
Terminate plotting. 
Draw numbers on plot. 
Plotter pen movement commands. 
Line printer character to be used for plot­
ting. 
Draw a rectangle. 
Error trap routine. 

Gujar, U.G. 1981 and IBM 1974] 

B) IMSL library routines 

MDC HI 

[Reference 

Inverse Chi-squared probability density 
function. 

IMSL 1975] 
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The program is designed to be as modular as pass i ble. 

~his allows modifications to any of the routines to be done 

with relative ease. Certain routines are incorporated into 

the algorithm to take advantage of the uniqueness of the 

computations. They fall mainly into the catagory of 

reducing the enormous array storage requirements of the 

technique. 

The design and weight matrices are kept as banded 

matrices. The design matrices (~ 1 ,and ~ 2 - see Section 

1. 3.1) are stored using variable profile ba.nding techniques. 

A further reduction is obtained (i.e. only one-half of the 

total rows of the design matrices are actually kept) by 

exploiting the similarities in the coefficients between 

adjacent rows. The weight matrix, on the other hand, uses a 

fixed bandwidth scheme to optimise storage. The extensive 

use of pointers reduces the computational cost (i.e. 

removing all multiplications outside the bandwidth) and 

allows the location of the desired elements in a matrix. 

DSPLIN uses the SPIN routine for matrix inversion in the 

functionally constrained least-squares algorithm. This is a 

full matrix inversion routine. The use of a banded matrix 

inversion routine cuts down the processing time used in 

computing the inverses by a factor of b2/n2 ; where n is the 

order of the matrix and b is the bandwidth [Steeves 1974]. 

More studies are needed before a banded matrix inversion 

routine can be used. Unlike the normal least-squares 
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adjustment, the functionally constrained least-squares 

algorithm requires the inversion of two matrices. The 

interrelationship between these inverses and the solution 

vector has to be investigated before a banded inverison 

routine can be used. 

Figure VII-2 shows the processing time of DSPLIN against 

the number of knots used in the data span. The processing 

time, however, varies with the options for a particular run. 

PROCESSING TIME VS KNOTS CDSPLIN) 
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FIGURE VII-2 Processing Times of DSPLIN 

Finally, given below, is the general outline of the 

processing sequence within the algorithm (see Figure VII-1 ). 

1. Selection of options. 

(Routine: OPTION) 

2. Input and pre-processing of data for smoothing. 

(Routines: RD4TA, TI~SC and FILTER) 



3. Selection of knot scheme. 

(Routine: SELKNT) 
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4. Formulation and printing of design matrices and 

misclosure vectors 

(Routines: PREPAR and OUT) 

5. Computation of least-squares estimates using the 

functionally constrained least-squares model. 

(Routines: LS; REMAIN and VARFAC) 

6. Generation of time-tagged coefficients and associated 

covariance matrices for each knot interval. 

(Routine: BUILD) 

7. Generation of smoothed points, velocities, plotting 

of smoothed and raw data points or the analysis of 

residuals. 

(Routines: DESIGN and ANALYS) 

The displays of raw and smoothed data points are made 

possible by several plot routines. A complete description of 

the possible options is included in the computer listings 

(i.e. in routines ANALYSand DESIGN). 

Input to the program is described in the program listings 

and free format is used to read all variables. 



00001 
00002 
0000.3 
00004 
00005 
00006 
:>0007 
00000 
ooooc; 
00010 
00011 
00012 
00013 
00014 
0 0 01 5 
00016 
0001 7 
uOOlH 
OllOl c; 
00020 
oo 021 
00022 
OOOC!J 
00024 
00025 
ooo2o 
C~027 
00028 
00029 
C0030 
000.31 
00032 
OOOJJ 
00034 
00035 
c 0 I)J !"> 
00037 
OOOJ8 
00039 
c 0 04 0 
00041 
00042 
o.o 0 4 3 
00044 
00045 
0004 6 
00047 
0 0 04 F3 

I MPL I C IT INTEGER>!: 4 ( I ) , REAL* 0 ( A- H , M-Y ) , REAL .t. 4 ( Z I D S P L 1 N 

C* 11------------------------------------~~--------------------------M DSPLlN 
C* II PRCGhA~ : DSPLIN 11 DSPLIN 
C* II VERSION DATED : 27 TH NOVEMBER 1~.62 II DSPLIN 
C• II liUTHOR : OUEK S~E HEAN. U.N.O. 19e2 II OSPLIN 
C* II REFFEhE~CE : M.SC.E THESIS 1982 II DSPLIN 
C* 11----------------------------------------------------------------~ DSPLIN 
C• DSPLIN 
c• ••~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~·~~~~~~~~~~~~~~~~~R~~~~~~:~~••niiNMRN~~~~~~~~~'~~"'AA•RA•M osPLlN 
C.t II INPUT FORMAT TO PRCG~AM II CSPLIN 
c.. II ---.---------------..,..--- II DSPL 1 N 
C* II t1 DSPLIN 
C* II DO YOU WISH TO CHANGE Tl-tE'·CPTIONS·OF THE PROGRAM? II DSPLIN 
C* II IF YES- 1e TYP~ IN ALL OPTIONS ON NEXl LINE II DSPL[N 
C* II rCR DETAILED CODES SEE SUOR OPTION II DSPLIN 
C* 4 IF NO - O, PhCCEEC TO THE * II OSPLIN 
C* II * REAC IN THE TITLE OF TEST DONE A OSPLIN 
C* II READ IN THE NO OF DATA S~TS TO BE PROCESSED n DSPL1~ 
C* N M DSPLIN 
C* n 1 R~AD IN THE NUMOER OP KN8TS AND KNOT TYPE CODE- TKRD n DSPLI~ 
C* .II IF TY.RD - o.~OU~L KNCT OPTION ; PROCEED TO 2 II DSPLlN 
C* It l,lYP~ IN KNOT TIMES ON NEXT LINE r OSPLIN 
C* It 2.READ IN 10 OPTIONS CA-J) It OSPLIN 
C* N AND IRJET & ALPKNT(K-Ll - SEE SUBR FIT II DSPLlN 
C+ r 3,PTS P~R INTERVAL SAVED IN NO OF KNOTS It DSPLIN 
C* It 2 RE40 IN THE NUMBER OF DATA POINTS r DSPLI~ 
C• II 3 R~AO IN DATA PTS- FOR INPUT rORMAT' SEE SUtlR READ 1t DSPLlN 
C+ It 4 IF SPLtN >= 1 ; PEPEAT SPLIN TIMES II DSPLIN 
C* II AltNPUTS (A-0) OF SUBR DESIGN n OSPLIN 
C* ~ & OliNPUTS (A-Fl OF SUBR PLOT It DSPL!~ 
C• II 5 tr- (ANLYS >=1 ; R!::P~AT IliNLYS TIMES II OSPLIN 
C* II A) INPUTS (A-L) OF SUBR ANALYS 1t DSPLIN 
C* II & 8) INPUTS CA-FI OF SUOR PLOT IF PLOTS.tt DSPLlN 
C* II REOUESTEC 1t DSPLIN 
C·* H-----------·-----------~----------------------------·-·-H OSPLtN 
C* II FOP C~TA SETS GPfATER THAN ONE II DSPLIN 
C* It UNDEf: CHANGE= 0; REPEAT INPUTS 1, 4 AND 5 It DSPLlN 
C* II UNO!;!' CHANGE : 1 ; REPEAT INPUT!j 1 TO 5 II OSPLIN 
C* II NOTE II OSPLIN 
C* II FOR OET~ILS OF VARIABL~S SPLINtiANLYS AND CHANG~ 1t DSPLlN 
C* • SEE SUBR OPTION . 1t DSPLIN 
c• t:NNMnNNNNNII~'~~''II*II""~~*""#N#.ttnnHH#NitiiHNHR4N#INIIIINMkR1tlllttd osPLIN 
C4*•******4**********************•**************•***********************DSPLIN 
C* ~**NOTe *** *DSPLIN 
C* WARNING: *DSPLlN 
C* THE 1ST AND LAST 'DATA I=OINT 1 lN TH::! INPUT SEQUENCe ARc ACTUAL.\.."1' *DSPLlN 
C* THE FIRST AND LAST KNOT VECTOR OF VALUES WHICH WILL DEFINE *CSPLIN 
C* INTERVAL $ IZE, AFTER EA·CH (NPUT or- THE KNOT VECTOR, THE NEXT *DSPLIN 

..... 

....,j 

0 



00 049 
00050 
00051 
00 05 2 
00~53 
000~4 
000'3'3 
00056 
00057 
0005!3 
CO~SQ 
J0060 
OOJ61 
00062 
00063 
00 06 4 
00065 
000t:6 
00067 
00~1')8 
0006Q 
0007 c 
00071 
00072 
OCC7) 
00074 
00075 
C0076 
00077 
00078 
0007 q 
OOOOJ 
000131 
00082 
000133 
00084 
00085 
00086 
00087 
00086 
00089 
0009 0 
00091 
C009 2 
00093 
00094 
00095 
00096 

C* LINE SHOULD CQNTAIN TH~ 1ST DERlV~TIVES AND T~EIR VARIANCES *OSPLIN 
C* AND CORRELATlON IN THE FORMAT 1 X1 Yl SIGXl SIGYl CGRRXY1. *DSPLIN 
C* CUPRENT SETTING: *DSPLIN 
C* MAXIMUM NUMBER OF DATA POINTS PROG~AM CAN TAKE *DSPLIN 
C* (DETERMINED BY ARRAY DECLARATION) = 500 *DSPLIN 
C* MAX!MU~ NUM~ER OF KNOTS THAT THa PROGRAM CAN *DSPLI~ 
C* (DETER~INED 3Y ARRAY DECLARATION) = 32 *DSPLIN 
C* G[N~RALLY: *DSPLIN 
C* VARIABLES BEGINNING WITH 'ID' OR 'Jn• DENOTES THE INTEGER *CSPLIN 
C• DIMENSIONS QF THE ~ESP MATRIX. *DSPLIN 
C* VARIA£JLES ~ITH POEf"I·X 'PP 1 AnE f11HNTING CODES FOR RESP MATRICES. *DSPLIN 
C• PLOTTING: *DSPLIN 
C• PROGRAMS SUPPORTS ONE DATA SET WITH OVERLAYING PLOTS OR MULTIPLE *DSPLIN 
C* ~ATA SETS ANO SEPE~ATE PLOTS FCR EACH CATA SET. TO UPGRADE *DSPLIN 
C* PROGR~M TO HANDLE MULTlPLE DATA SETS WITH OVERLAYI~G CAPAAILITIES*DSPLIN 
C* MODIFY CALL ROUTINES PLOT AND ENDPLT IN MAIN, SUOR ANALYS AND *DSPLIN 
C* SURR DESIGN. *DSPLIN 
C* *DSPLI~ 
C***********************************************************************DSPLIN 
C VARIABLE NAM~S : nESCRIPTIQN OSPLIN 
C OSPLIN 
C rA : NUMl1ER OF UNKNO•NS OSPL 1 N 
C ~ : ~UMBf~ OF OBSERVATIO~ EQUATIONS OSPLIN 
C P : F I XED A AN 0 w I D T ~~ \It E I G H T MAT R I X C S P L I ~ 
( ~ : NUMO~R OF CONST~AlNT EQUATIONS IN SECONOA~Y MODEL OSPLIN 
C V : RESIDUAL VECTO~ OF OB~ERVAOLES OSPLIN 
C X : L S SOLUTION VECTOR OSPL 1 N 
C ~1 : VARIAALE PROFILE BANDWIDTH OOSERVATlON (PRIMA~Y) DESIGN MATRIOSPLI~ 
C A2 : VARIABLE PROFILE BANDWIDTH CONSTRAINT ISECONOARY)OESIGN MAT~IOSPLIN 
C NO : NUMBER CF DATA POINTS . OSPLIN 
C SC : INVE~SE OF THE SCALE FACTOR FOR THE TIME DOMAIN OSPLIN 
C SO : AFCSTERIORI VARIANCE FACTO~ DSPL!N 
C TK : VECTOR OF KNOT TIMES OSPLIN 
C TX : VECTOR OF O~TA TIMES OSPLIN 
C VX : COVARIANCE ~ATRIX OF LS ESTIMATES DSPLIN 
C V2 : RESIDUAL VECTOR OF CONSTRAINTS DSPLIN 
C ~1 : OBSERVATION MISCLOSURE VECTOR DSPLIN 
C ~2 : CCNSTRAINT MISCLOSURE VECTOR DSPLIN 
C XC : APRIORI SOLUTION VECTOR DSPLIN 
C COF : MATRTX OF COEFFICIENTS DEFINING CUBICS OSPLIN 
C OTK : VECTOR CONTAINI~G KNCT TIME INTERVALS DSPLIN 
C ESC : SCALE FACTOR AT ALPHA PERCENT CONFIDENCE INTERVAL DSPLIN 
C lOP : CIM DEC FOR P MATRIX DSPLIN 
C IDV ! DIM DEC FOR V VECTOR OSPLIN 
C lOX : DIM DEC FOR X VECTOR OSPLIN 
C IE~ : ERROR CODE USUALLY ASSOCIATED WITH INVERSES DSPLIN 
C l~O : READ UNIT OSPLIN 
C IwR : WRITE UNIT OSPLIN 

~ 
-..J 
~ 



00097 
00098 
OOOQc; 
00100 
00101 
00102 
00103 
00104 
00105 
00~06 
00107 
00108 
00109 
00 11 0 
0 0 I 1 1 
0 0 1 1 2 
00113 
0 0 1 l 4 
00115 
00 11 6 
00117 
0 01 1 8 
Cl0119 
:>0 120 
00121 
00122 
001~3 
J0124 
00125 
00126 
co 12 7 
00121': 
00129 
00130 
00131 
001.32 
0013.3 
00134 
001.35 
00136 
00137 
001J8 
C0139 
00140 
00141 
C0142 
00143 
001~4 

C KNO 
C VAR 
C ACON 
C ALPH 
C AIJ[:l 5 
c o n~c 
C 0 ltH 
C DRAW 
C F. CHO 
C FESC 
C GINT 
C I COL 
C IDA 1 
C I DA?. 
C I DTK 
C IDTX 
C tDVX 
C I DV2 
C I OWl 
C 10W2 
c I oxo 
C I FL T 
C t RCW 
C ISCT 
C LQOS 
C PRTK 
C PflTX 
C TKPO 
C VCOF 
C VTWV 
C XINT 
C AO:JAl 
C ACOA2 
C ALPH .\ 
C OEGOF 
C GD.H E 
C I APn I 
C I DCOF 
C I OOTK 
C I DV AR 
C I PLOT 
C I RC AD 
C IRJET 
C t TYPE 
C NI:HY 
C P~COV 
C ~~DTK 

C Pr.GEN 

t, U M l3 F. R 0 F K N 0 l 5 
HYPER MATRIX or- INPUT DATA POINT COVARIANCE MATRICES 

•OPK ARRAY OF SUBR CONSTR 
LEVEL OF SIGNIFICANCE TCSTS - SEE SUBR FILTER 
~ORK ARRAY OF SUBR COS 
INTERVAL INCREMENT - SEE SUBR FILTER 
INTERVAL WIDTH - SEE SUOR FILTER 
SPLINE DRAWING- SEE SUOR DESIG~ 
INP~T EC~O OPTION 
SCAL~ FACTOR RELATED TO VARIABLE ALPH 
INTERVAL BETWEEN SMOOTHED PARAMETERS - SEE SUHR A~ALYS 
FUNCTION -COLUMN POINTCRS FOR AI AND A2 MATRICES 
ROW DIM DEC OF Al MATRIX 
RO~ DIM DEC OF A2 MATRIX 
CIM D~C FOR TK VECTOR 
ntM DEC FOP TX V~CTOR 
DIM DEC FOR VX MATRIX 
CIM DEC FOR V2 VECTOR 
01~ DEC FOR Wl V~CTOR 
DIM DEC FGR W2 VECTOR 
CIM DEC FOR XO V~CTOR 
CALL CODE FOR FILTER ROUTINE- SEE SUBR OPTION 
FUNCTION- RC~ POlNTERS FOR AI AND A2 MAT~ICES 
CALL CODE FO~ TIMe SCALING - SEE SUOR OPTION 
VECTOR.CONTAINING ALL OASERVAOLES 
P~INT CODE FOR TK VECTO~ 
PRINT CODE FOR TX VECTOk 
CODE ON KNCT TYPE 
COVARIANCE MATRIX FOR CCEFFICIE~TS (CCF] 
OUACRATIC NORM OF KESIDUALS 
PLOTTING SPLlNC IN XINT INC~E~ENTS -SEE SuaR DESIGN 

ADDRESS SEOUCNCE FCR A1 MATRIX 
ADDRESS SEQUENCE FQR A2 MATRIX 
P~RCENTAGE CONFIDE~CE LEVEL OF DRAWN ELLIPSES 
OEGRE~S OF FRE~OOM IN CUnRENT ~ODEL 
SUBP - GETS DATE FCR RUN ( FORTRAN LIBRARY 
CALL CtDE ON SUBR AP~O~I- SEE SUD~ APRIOnl 
RO~ DIM O~C FCR CQF MATRIX 
DIM DEC FOP OTK VECTOR 
RGw DIM DEC FOR VAR MATRIX 
PLOTTING CPTION COD~- SEE SUBk OPTICN 
READ FORMAT CODE - 5EE SUOk PEAO 
TOTAL NO OF FAILURES 04 REJECTION- SEE SUBR REJECT 
PRINTE~ PLCT CR GRAPHIC PLOT 
c;o DEG IN RADIANS 
PRINT CODE FOR INPUT COVARIANCES 0~ DATA POINTS 
PRINT CODE FO~ KNOT INTE~VAL TIMES 
PRINT CODE FGn SMOOTH~~ POINTS USED IN ORA~ING SPLINE 

OSPLIN 
OSPLI N 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLII'.i 
DSPLlN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
D SPL 1 ~; 
OSPLIN 
DSPLtN 
OSPLIN 
OSPLI~ 
OSPLIN 
CSPLI~ 
OSPLIN 
OSPLIN 
0 SPL IN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
CSPLIN 
OSPLIN 
OSPLlN 
DSPL IN 
CSPLIN 
OSPLIN ~ 
DSPLIN N 

OSPLIN 



00145 
00146 
00147 
0014 8 
00149 
00150 
00151 
00152 
Q0153 
00154 
00155 
C0156 
00157 
00158 
00159 
00160 
00161 
00162 
00163 
00164 
00165 
00166 
00167 
0 0 ltd3 
00169 
00170 
0 0 l 7 l 
00172 
00173 
c c 1 7 4 
C0175 
00176 
00177 
00178 
00179 
00100 
00181 
00182 
00103 
00184 
00195 
00186 
00187 
C0180 
00189 
00190 
00191 
00192 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

PRKrH 
P~PTS 
SPLIN 
ALPKNT 
C .AL Pt~A 
CI-IINGE 
FORFI'V 
GS TART 
IANLYS 
ICANYS 
I CHECK 
ICKNOT 
!COUNT 
IDKNIJT 
IOLOBS 
IDVCOF 
l EL l PS 
ICBSNO 
I TOT.\L 
Pf<A'-1.\T 
PRCOFF 
Pf<COFV 
PF:KNOT 
P~L DES 
PRPMA.T 
PPRESC 
P~VARX 
PRX."'Ai 
SCTI~E 
X START 

~eLECTIVE PRINTING OF KNOT tNFORM~TION 
PLOT~ING CCDE CN DATA POINTS 
CALL CCOE CN SUSR DE5IGN 

D SP LIN 
DSPLIN 

LEVEL OF SIGNIFICANCE TO BE USEO IN REJECT ROUTINE 
PERCENTAGE LEVEL OF SIGNIFICANCE TO BE USED IN SUOn 
DIFFERENT DATA SETS - SEE SUB~ OPTION 

DSPLIN 
DSPLIN 

VARFAC ;)SPLIN 
OSPLII'i 
DSPLIN 45 DEGREES IN RADIANS 

TIME TO BEGIN GENERATION OF SMOOTH PARAMETERS 
CALL CODE FCR ANALYS SUBROUTINE 
OPTION VECTCR CF CCDES FOR ANALYS ROUTINE 

- SUR~ ANALYSDSPLIN 
DSPLIN 
OSPL IN 

CODE FOR CHECK ROUTINE - SEE CHECK SUBROUTINE 
OPTION CODE ON KNOT GENERATION ROUTINE - SEE SKNOT 
NUMBER OF PROCESSED DATA SETS 

OSPLIN 
ROUTINE OSPLIN 

OSPLIN 
OSPLII'\ 
OSPLIN 
DSPLIN 
DSPLIN 

MAXIMUM NUMOE~ OF KNOTS THE PROGRA~ CAN HANDLE 
DIM DEC FCR LCGS VECTOR 
ROw DIM DEC FCR VCOF MATRIX 
CODE ON PLOTTED ELLIPSES - SEE OPTION SUBR 
MAX NU~BER OF OE~ERVED SATA POINTS THE PROGRA~ 
TOTAL NUMBER CF DATA SETS TO uE PROCESSED 
PRINT CODE FOR Al AND A2 MATRICES 
PRINT CODE FOR COEFFICIENTS OF SPLINE 
PRINT CCDE FOR COVARIANCE$ GF CCEFFICIENTS 
PLOTTIG CODE ON KNOTS - SEE DESIGN SUBR 
PRINT CODE CN LCOS ROUTINE 
PRINT CGDE GN WEIGHT MATRIX 
PRITN CODE ON RESIDUAL~ 
P~lNT CODE ON COVARIANCE or LS ESTIMATES 
PRINT COOE ON LS ESTIMATES - X VECTOR 
SCALE FACTOR ON TIME DOMAI~ 
TIME TO BEGIN DRAWING SPLINE,CO OR SPO- SUBR 

CAN MANAGE OSPLI"' 
DSPLIN 
DSPLII'\ 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 

C CALLS 
c - GDAT=,CDUTIM (~XTERNAL ROUTINES) 

OES!GN/ANALYSOSPLIN 
OSPLIN 

OPTIQN,OCLEAR,~CATA,TIMSC,FILTER,SELKNT,PREPAf<,QUT, 
LS.VARFAC,SCMULT,DADDoOP~INT,PRNKNT,BU!LDoDESIGN,ANALYS 

DSPLIN 
0 SP L I~ 
DSPLIN 
DSPLlN 

c 
c 
c 
C*PROGRAM OEGINS 
C* COM~ON BLK CONTAINING DECLARED MAT~IX DIMENSIONS 

C 0 MMD N ID I M 1/ I 0 B S NO, I CA 1 , I 0 w 1 1 I DT X, I D P, I DP V, I OL OR S, I D V AR • I C V 
C 0 M M 0 N / 0 I M 21 I 0 K N GT , I D A 2 , I D T K o I DDT K 1 I 0 X , I D V X , I D W 2 , I D V 2 , I D XC , 

~ IDCOF,IDVCOF 
C* OI~ENSION BLK CONTAINING ARRAY DECLARATIONS 

REAL"' 8 A 1 ( 50 4, 7 I , W 1 ( 1 0 0 0, 1 ) , T X ( 50 2 ol ) , P ( 1 0 0 8 , 3) , P V ( 1 0 0 8 t1 l • 
LCBS(1008o1loVAR(502e2o2),V(1008o1l 

PE~L*8 A2(J0o1lloTK(J2olleDTK(J1olliX(l28o1 !1 
V X ( 1 2 8 • 1 2 8) , W 2 ( 6 0, 1 ) , V 2 ( 6 0 , 1 ) , XO ( 1 2 8 , 1 l • C 0 F ( J 1 , 8 ) , V C 0 F ( 3 1 • 0 • 8 l 

REAL*A ACOS(711)1ACQN(lloll,MAT(2,211VTWV, 
CXC81!) ,VCX(Do8l,C0(8olloVCC(A,81 

DSPLIN 
D SP LIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 

~ 
-.J 
w 



00193 
0 0 19 4 
0019~ 
00196 
00197 
0019 8 
00199 
00:?00 
00201 
00202 

.00203 
00204 
00205 
00 20 6 
00207 
00201:! 
00 20 9 
00 21 0 
0 0 21 1 
00212 
0021.3 
0 0 21 4 
00215 
c 021 6 
00 21 7 
00210 
00219 
CC220 
00221 
00?.22 
00223 
CC224 
002?.5 
0022 6 
00 22 7 
0022 8 
00 229 
OC?.JO 
00231 
00232 
00233 
00234 
00235 
00236 
00237 
0023f:l 
00239 
00?40 

C• WORK fiRRAY CIMENSIONS ""K1(IDX.IDA2*2) ANC WK2(1DA2*2olDA2*2) DSPLIN 
REAL*8 WK1(128,6Clo~K2(60,60) DSPLI~ 

C* WORK ARRA'I'S DSPLIN 
C* 4S DIMENSIONED IN FIT ROUTINE ;SEE FIT RCUTINE DSPLIN 

REAL*8 f-WK1( 102o7),FWK2(204,3),FWKJ( 100o2o2l.FWK4(8,8l,F\:IK5(R,Rl, DSPLIN 
@ FWK6(200o1),FwK7(8o204) DSPL(~ 

C• AS DP-IC~ISIONED IN FILTER ROUTINE DSPLIN 
P E AL * 13 F L W K 1 ( 2 0 , 3 ) , F L W K 2 ( 4 0 , 3 l , F L 'Ill K J ( 4 0 , 1 l , F L w K 4 ( 4 0 , 1 l , F L ~ K 5 ( 4 , 4 ) D S P L I ~ 

C• AS DIMENSIONED IN A~ALYS ~OUTINE DSPLIN 
R!:: AL * 13 A W K \ ( 'l 0 0 o 1 ) o A 'PI K 2 ( 50 0 , 1 ) , A W K J ( 50 0 , 1 ) , A W K 4 ( 50 0 , 1 ) , A 'PI K 5 ( 50 0 , 1 ) D S P l 1 N 

C• 

C* 

'* 

tNTEGER*4 NC,KNO.~.M.N,L,K,SPLIN,DRAW, 
@ ADDAl( 504) oADDA2(30), ICANYS( 10), ICKNOT( 10) 

INTEGER*4 PRTX,PRTK,PRDTK,PRLOBS,PPCOV,PRCOFF,PRCOFV,ECHO, 
@ PRPTS,PRKNCT,PRA~AT,PRP~AT,PRXMAT,PRVARX,P~RESD,PRGENo 
~ CHANGE,IAPRI,TK~D.PRKNT,CEGOF 

LOGICAL¥! ITITLE(80),0ATE(18J,TIME(6l 
SP~CE ECOMCNIZING VIA EQUIVALENCE STATEMENTS 

EOUIV.ALENCE 
(i) 
@ 

~OUIV.ALENC!: 
.il 
;;: 
@ 

iil 
F.OUIVALENCE 

;j) 

ii: 

·~ EOUIVALE,...CE 
iL 
~ 

w 
EQUIVALENCE 

;i) 

\i) 

:i: 
EQUIVALENCE 

.j) 
@ 

ii: 
@ 

:u 
@ 

F.CUIVALENCE 
~ 

(A2(l),VCOF(ll>o 
(V(1),Wl(1)), 
( V2 ( l), W2 ( l)) 
(.6.1( 1 l oCX( 1 ll, 
(A1(9),V(X(1)), 
(Al ( 7:31 d"'AT( 1 l), 
(A.1C77J,C0(1)J, 
(Al(85J,VC0(1)) 
!A1(149l,VT'.IIVI, 
(A1( lSO),XX), 
(Al(151),YY), 
CA1(1~21,CXYI 
(wKl(ll,OXl), 
(WK1(2),0X2), 
(WKl(.)),TUMCJ, 
(WK1(4),D0) 
(WK1 (5l,XLF<l, 
(WK1(t;),$0), 
(WK1(7),A00S(1) l, 
(\IIKl(lS),PV(lll 
(WKl(llOQ),FWKl(l J l, 
(WKl( 1815loFWK2(1) ), 
(WK1(2426),FWK3(1 )), 
('IIK1(2S29) ,FWK4(1)), 
(WK1(2894),FWK5(1)), 
(WKl (29591 of'WK6(1 l), 
(WK1(3160)oFWK7(1)) 
(WK1(4800loFLWK1(1)), 
(WKI (4A61 I .rLWK2 ( 1 l), 

OSPLIN 
DSPLIN 
CSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
CSPLIN 
DSPLll\ 
DSPLIN 
CSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLII\ 
DSPLIN 
DSPLII'\ 
CSPLIN 
CSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN ~ 
OSPLIN A 



00 241 
00 242 
0024J 
00244 
00245 
00246 
00247 
00248 
00249 
C0250 
00251 
00252 
002!:i:l 
00254 
00255 
00256 
00257 
002513 
00259 
00260 
00261 
00262 
002tl3 
C0264 
00265 
00266 
00267 
00268 
00269 
00270 
00271 
00272 
0027 J 
00274 
00275 
00276 
00277 
00278 
00279 
00200 
00281 
00262 
00201 
00284 
00285 
00206 
00287 
00288 

c• 

c• 

C• 

c• 
c• 
c• 

~ 
41 
Q) 

EQUIVALENCE 

(WK1(4c;82) oFLWKJ(l)). 
(WK1l5023) oFLWK4( 1)) • 
(WK1(5064)oFLWK5(1)) 
(WK1(5100),AWK1(1)), 

~ (WK1(5601),AWK2(1)), 
iil ( W K l ( 6 l 0 2 ) , A W K3 ( 1 ) ) • 
~ (WK1(6603),AWK4(1)), 
Ql (WK1(7l04)oAWK5(1)) 

EQUIVALENCE (WK2(1),VCOF(331)l 
DATA ASSIGMNENT 

DATA ITllLE/80*' 1 /,ACON/11*0.0000/oiCANYS/10*0/ 
DATA FCRFtV/Oe78539816400/oNINTY/la57079~327DO/ 

FUNCTIONS 
IROW( I) = ( I+1 )/2 
ICOL(l) = (2- (CI+l)/2- (I/2))) 

READ UNIT 
IRD = 5 

wRITE UNIT 
IWR = 6 

EQUALITIES GOVERNING THE MATRIX SIZES 
MAXIMUM NUMOER OF OBSERVATIONS THAT CAN eE TAKEN INTO THE PROGRAM 

IOBSNO : 500 . 
C* MATPIX SIZES ARE AS FOLLOWS 

: DAl = IOBSNO + 4 

c• 
c• 

c• 
c 
C* 

~~~1 : ICBSN0*2 + 8 
IDTX = IOBSNO + 2 
IDP = ICBSN0*2 + 8 
IDPV : IOBSN0*2 + 8 
IDLOBS=IOBSN0*2 + 8 
IOVAR= IOP.SNO + 2 
IOV = IOBSN0*2 + 8 

MAXIMUM NU~BER OF KNOTS THAT CAN OE TAKEN INTO THE PnOGRAM 
[()KNOT : 32 

~ATRIX SIZES ARE AS FCLLO•S 
I CA2 = lDKNOT - 2 
IDTK = lDKNOT 
IDDTK = lDKNOT 
lOX = 1DKNOT*4 
%0VX = IDKNOT*4 

- l 

!Ow2 = IDK~OT*2 - 4 
IDV2 = 1DKNOT*2 - 4 
IDXO : IDKNQT$4 
IDCOF = IDKNOT - 1 
IDVCOF: lOKNOT - l 

ADDRESS SEQUENCE OF Al AND A2 MATRICES FOLLOW THEIR RESP MAT~ICES 
*** SUOR LS1FCF02 REDS ~ODIFICATION TO DIM IF NO. OF KNOT CHANGES 
PRINTS THE DATE AND TIME OF RUN 

CALL GDATt(UATE.TIME) 
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OSPL IN 
DSPLIN 
DSPLI~ 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
D SPL I 1'\ 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLI"' 
OS PL IN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLI N 
DSPLIN 
DSPL IN 
0 SPL IN 
DSPLIN 
DSPLII'\ 
DSPL IN 
OSPL tN 
OSPLIN 
0 SPLIt\ 
OSPLIN 
OSPLll\ 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
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00289 
00290 
00 291 
00292 
00293 
00294 
002QS 
00296 
00297 
0029 8 
00299 
00300 
00301 
00302 
00303 
00304 
00305 
00306 
00307 
00308 
0030<:1 
00310 
0 0 31 l 
00312 
00313 
00.314 
00315 
0031(: 
00317 
00318 
00 319 
00320 
0 0 :32 1 
00 322 
00323 
00324 
00 325 
00326 
00327 
00328 
0032 9 
00330 
00331 
00332 
00333 
00334 
00335 
00336 

wRITE( l'IIR,9040)DATEoTIME 
C* REA() I~ TITLE OF JOB : t'AX 80 CHARACTERS 

READ(IRD,9020)(1TITL~(l), [ ~ lo80l 
'I:IRITE(l'IIR,9030l(ITITLE(l).t = 1,80) 

C* OPTION CHANGE 
C ~Ll. OPT I ON (CHANGE • I READ, I FL T, I APR I, I SCT, I ELI PS, ECHO, 

~ PRCCV,PRPMAT,PRTX,PRTK,PROTK,PRLOBS.ICHECK, 
~ PRAMAToPRXt'AT,PRYARX,PRKNT,PRRESD,PRCOFF,PRCOFV, 
~ lTYPEoSPLlNoPRPTSoPRKNOT,DRAWoPRGEN,lANLYS,IPLOT, 
~ ICANYS,SCTIME.DINT,DINC,ALPH,ALPHA,CALPHA, 
@ FESCoESC,XSTART,XINToGSTART,GINT) 

C* RESET PROCESSING CPU Tl~E COUNTER FOR NE~ DATA SET 
CALL CPUTlM(lELAPSoiREMl 
ZELAPS = IELAPS/10.0 
Z R E,\1 = IRE M /1 0. 0 
wRITE( IWR,9050lZELAPS,ZREM 

C* 
C* READ IN THE NUMBER OF DATA SETS 

PEAO( IRQ,* l I TOTAL 
C• RESET DATA SET COUNTER 

I COUNT ~ 0 
OCOO READ(IRD,*lKNO,TKRD 

C* READ IN THE TKNOT TIMES 
IF(TKRD.NE.l)GO TO 6 
Rt:AD(lRD,*l(TK(Iollei = 1oKNOl 
IF(ECHQ,(OollWRITE(l~P.7520l(TK(l,l),I = l,KNOl 

C* ALT~RNATIVE TO READING KNOT TIMES 
6 IF(TKRC.NE.2lGD TO 7 

READ( IRD,•ll tCKNGT(l l.I=l.lOl 
REAO( IRO, ~) IRJET,ALPKNT 
tFIECHO.EOo1 )W~IlEIIWR,7530l( ICKNOT( I loi=l,lCl 
IFCCCHO.E0.1lW~ITEIIWR,7550)IRJET,ALPKNT 

C• RCADS DATA SET ONCE ONLY IF IT REMAI~S THE SAME. 
7 IF(CHANGEoEO.O.AND.ICOUNT,EO,Q)~EAD(IRD,*lNO 

IF(CH:.NGE.C::Ool lnEAO(IRDo*lNO 
ICOUNT = !COUNT + 1 
IF( ICOUNT.GTol )WRllE( IWR,g060) !COUNT 
IF(ECHOoEOollWRITECIWR,7510lKNO,NO 

C• AVOIDING THE REFORMULATION AND READI~G 1~ OF THE DATA 
C* SET. READS ONLY DURING THE FIRST RUN 

IF(CHANGEoEO.O.ANDoiCOUNT.GT.1)GO TO 13 
CALL DCLEAR(LCBS.IOLQSSo11 
CALL RDATA(NOoTXtVARoLOOS,PtMAT, 

~ tnEAO,~CHO.XX,YY,CXY,TUMEl 
C* TIME SC4LING 

13 CALL TIMSC(KNO,NO.ISCToSCTIME,TX,TK,IOTX,IOTK,TKRDl 
C• LINEAR FILTER IMPLE~E~TATION 

tF(lFLT.EO.l) 

D SPL IN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLII\ 
DSPLIN 
DSPL IN 
DSPLIN 
DSPLII\ 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLII'\ 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLII'\ 
CSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLlN 
DSPLIN 
DSPLlN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPL[N 
DSPLIN 
DSPLIN 
DSPLIN 
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OSPLIN 
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OSPLlN 
OSPLIN 
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OSPLIN 
DSPLIN r-o 
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0033 7 
OOJJe 
oo.:D<; 
00 340 
OOJ41 
00342 
00 343 
00:344 
C0345 
0034 6 
0 034 7 
0034B 
00349 
00350 
00351 
00352 
OC353 
00354 
00355 
OCJ56 
00357 
00358 
JOJ59 
00360 
00361 
00362 
00363 
00364 
00365 
0036~ 
00367 
0.0368 
00369 
0037C 
0 0 371 
00372 
00371 
OOJ74 
oo;,1 5 
00376 
00377 
00378 
00379 
00380 
00381 
003FI2 
C0383 
00.384 

iil 
Q) 

CALL FILTER(NQ,TX,LOOS.P,VAR,DINT,DINC,ALPH,FESC,SCT!ME, 

C* FORMULATION OF KNOTS 
FLWKI ,FLWK2,FLWK3,FLWK4,FL~K5,F~K6) 

C ALL S E L K 1\ T ( T K R 0 , K N 0 , N 0 , I C t-t (; C K , T X , T K , L 0 B S , V A R , I C K N 0 T , 
@ IRJET,ALPKNT,OTK,OD,F~Kl,FWK2,r-wKJ,FWK4,F•K5,FWK6,F~K7l 

C* SET UP ~ATRICES FOR LS SOLUTION 
CALL PREPAR(KNOoNO.R,M,N, TX,TK,~TK,AOUS,ACON, 

w A1,ADDA1 oA2oADDA2, 
@ X0oLOBSoViloW2.IAPRI) 

C• P~OGRAM CUTPUT SECTION PRIOR TO LS SOLUTION 
CALL CUT(KNC,NCoRoN~No 

@ PRTX,PRTK,PRLOOS,PRDTK,PRCOV,PRP~AT,PRAMAT, 
@ TXoTKoLOOS,DTK,VAR,P,AI,A2oADDAloADCA2) 

C* LEAST SQUARES PROCESS 
C ALL L S ( A 1 , ADD A 1 , A 2 , ADD A 2 , P , Vi 1 , Vi 2 , X , V X , R , N , M , 

@ 10AloiDA2,IUP,IDWloiDW2,IOX.IER,WKloWK2J 
C* TER~INATE DATA SET PROCESSING IF INVERSE FAILS 

lFCIER.NE.OlGO TC 700C 
C* COMPUT~ ~ESICUALS 

CALL REMA1N(R,MoNoAloA2oAODAl,ACDA2,wt,w2. X,V,V2l 
C* COMPUTE VARIANCE FACTOR AND D~GPEES CF F~EEDOM 

CALL VARFAC(SOoOEGOFoNO,R,M,N,CALPHA,TX,P,V,PV,VT~V,OXloDX2l 
C* SCALING OF THE COVARINACE MATRIX= NOTIC~ THE APOSTERIORI VAR USED. 

CALL SCMULT(SO.VXoVX,~,M.IOVX,IOVXI 
C* FCRMS FINAL LEAST SQUARES ESTI~ATES 

CALL CAOO(XO,X,M, l,X, IDX, 1) 
C~ RESULTS CUTPUT SECTION 

lF(PRXMAT.EO.l)CALL OPRINT(X,M.t.IDX.l,'FINAL EST X-VECT0~ 1 ,9) 
lF(PRVARX.EQ.l)CALL CPRINT(VX.M,M,IDVX,IDVX,'COVAR!A.NCE AF 5('.81 

C• PRI~T CNO SLOPE AND K~OT INFOR~ATICN 
lF(P~VARX.NE.l.ANO.PRKNT.NE.O) 

~ CALL FRNKNT(X,MolDX,VX,IDVX,PRKNTJ 
IF(PRRESD.EO~l)CALL DPRINT(V,N.t, 10V,l, 1 08S VECTOR RESIDUALS 0 ol01 

C* TRANSFORM KNCT VECTORS TO CUBIC COEFFICIENTS 
CALL BUILD(KNO.XoVX,COFoVCQF,OTKo 

@ CX,VCXoCDoVCO,PRCOFV,PRCOFF) 
C* 
C* 

PLOTTING OF KNOTS,PCINTS AND SPLINE 

700 0 
CONFIDENCE ELLIPSE SET AT THE ALPHA PERCENTAGE LEVEL 
IF( lELIPS.EO.t )WRITE( 1WR,7540)ALPHA,ESC 
IF(lELIPS.EO.OlWRlTEt IWR,7570) 
IFCSPLIN.EO.OlGO TO 8020 
DO 7010 I = 1 oSPLIN 
CALL CESIGN(NC,KNCoiCOUNT,ITYPE,SPLIN,PRGEN.PRPTS.PRKNOT, 

iil DI1AW,IERoESC,SCTIME, 
@ XSTART,XINT,FORFIV,,....INTY, 
@ . TK,TX,COF,VCQF,DTK,VAR.L0f35) 
!F(SPLIN~GT.l.AND.loNE.SPLINl~EAO(IRDo*lPRPTS.PRKNOT,ORA~.PRGEN 
lF(SPL1N.GT~J.AND.t.NE,SPLIN.ANO.CRftW.NE.Ol~EAC(5,*lXSTART,XlNT 
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00:385 
00106 
003-'3 7 
0038f! 
00389 
00390 
00391 
00392 
00393 
00394 
00.395 
0~396 
00~97 
00398 
~0399 
00 400 
00401 
00402 
00403 
00404 
00405 
00406 
00407 
00408 
00409 
00410 
0 041 1 
00412 
00413 
00414 
00415 
00416 
00417 
00418 
00419 
00420 
00421 
00422 
00423 
00424 
00425 
00426 
00427 
00428 
00429 
00430 
~0431 
00432 

WRITE( I111Ro90701 
7010 CONTINUE 

C* ANALYSIS GF RESIDUALS VlA rRINTED NU~OERS OR PLOTS 
8020 IFCIANLYS.EO.OIGQ TO 8030 

DC -9040 I = 1.IANLYS 
CALL ANALYS(IANLYStESC,ICANYSoKNQ,NO,SCTIMEoXSTART,XINT,GSTART, 

f. GINT,SOoDEGOF,LOBS,VARoTX,TK,COF,VCOF,V,ICOUNT,IPLOT,IER, 
r, A\\K1oAWK2oAWK3,AWK4,AWK5) 

IF(IANLYS,EO.O.OR,I,EO.IANLYS)GO TO 8025 
PEA C ( I R Do'* ) ( IC ANY S ( t I I , I I= 1 , 1 0) 
IFCECHOoEOol hi~ITEC lWR,75.301( ICANYSC II), I I=1, 101 
IF( ICANYSC8) .E0.1 )READCIRD, *) GSTARToGINT 
IFCECHOoE0.1oANDoiCANYS(81.EQ.1)WRITECiwR,7520lGSTA~T,GINT 
IFCICANYS(9)oNE.OlREAD(IRD,*IXSTARToXINT 
IFCECHO,EO.l,AND,ICANYS(9),NE.O)WRITECI•R.7520)XSTART,XlNT 

8025 WRITE(J\tjR,9070) 
!3040 CONTtt-:lJE 

C* EVALUATE CPU TIME USED AND REMAINING 
8030 CALL CPUTJM(J,JI 

ZELAPS = I/1 0.0 
ZREI-1 = J/10.0 
WRITE(IWR,9050)ZELAPSoZREM 
lFCICOUNT.EO.ITOTAL)GO TO 9999 

C* COr-RECT THE SCALED TX VECTOR IN ORDER TO TAKE IN NEW SCTIME 
SC ~ 1.0000/SCTIME 
L =·NO + 2 
CALL SC,\IULTCSC,TX,TX,Lo1t1DTX,l) 
GO TO 8000 

C* FORMAT BLOCK 
7510 FORMAT(///,3Xo 1 ECHO: 1 oi4,t4l 
7520 FORMAT(/,3Xo'ECHO : 1 o6(1PD12o5t.3Xll 
7530 FORMAT(/,JX, 1 0PTIQN LIST 1 ol00(351.3o/ol5X)) 
7540 FORt-IAT (/,JXo 'SCALE FACTOR FOR 1 oF6.1, • PERCENT CONFIDENCE', 

~ 1 ELLIPSES = 1 oFl0o4o/) 
7550 FORMAT(/JX,'ECHO: 1 ol4o2X,F6.1) 
7570 FOR~AT(/,JXo'STANDARD ELLIPS~ REQUESTED',/) 

c• 
9020 FORMAT(100Al) 
Q030 FORMAT(//,3XIl00Alo//) 
9 0 4 0 F C J; ~-I A T ( 1 H 1 , I/ , 3 X , 1 D AT E 0 F RUN : 1 o1 13 A 1 , S X , 1 T I ME ! ' , 2 A 1 , 

ii> 2(' : 1 o2All) 
9050 FD~MAT(//, 1 ELAPSED TI.'4E: 1 oF9,2,• TIME LEFT: •,F9.2. 

~ I MILLISECONDS') 
9C60 FORMAT(lHlo////, 1 DATA SET NU.'•HJER 1 ol4,/olX,20C'='),///) 
9070 FORMATClHll 
999~ WRITE(l~R,9070) 

IF(( IPLOT.EOol oAND.IANLYSoEOol l .o".SPLIN.EO,l)CALL ENDPLT 
STOP 
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00433 
00434 
00435 
00436 
00437 
0043e 
00439 
0044 0 
00441 
00442 
00443 
00444 
00445 
00446 
0044 7 
00448 
0044 9 
00450 
00451 
00452 
00453 
00454 
00455 
?0456 
00457 
00458 
00459 
\)0460 
00461 
00462 
00463 
0 04 64 
00465 
00466 
00467 
004613 
00469 
00470 
00471 
00472 
00473 
OC474 
00475 
00476 
00477 
00476 
00479 
00480 

END 
SUBROUTINE ANALYS(lANLYS,ESC,ICANYS,KNO,NO,SCTIMEoXSTARToXINT, 

~ GSTARToGINToSO,DEGOF,LOBS, 
@ VAR,TX,TKoCOFoVCOF,V,tC,IPLOTolER,TIM,OIST,XX,YYoSDISTI 

IMPLICIT REAL*8(A-H,O-Y)oREAL*4(Z) 
c *********************************************************~~···· 
C * VERSION : 23 SEPTEMBER 1982 * 
C * DESCRIPTION : ANALYSIS AND DISPLAY OF RESIDUALS * 
c *************************************************************** C INPUT PAR~METERS 
C 10 OPTIONS CCNTAINED IN ICANYS CONTROL THE PERFORMANCE 
C OF THIS SUOROUTINE. 
C ICANYS(lO): 
C A) ICANYS(l) 
c 
c 
c 
c 

BREAKDOWN OF RESIDUALS- ESSENTIAL FOR ICANYS(2) 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

IF 

B) ICANYS(2) 

C) ICANYS(:.:l) 
01 ICANYS(4) 
El [CANYS(5) 

Fl ICANYS(6) 
G) ICANYS(71 
HI ICANYS(A) 
I) ICANYS(9) 

PLOTTING OF RESIDUALS 
0 - NC PLOT DESIRED 
1 - RESIDUALS CNLY 

AND ICANLYSC5) 

2 - INCLUDED SMOOTHED STANDARD DEVIATIONS 
3 - INCLUDED ALSO RAw STANDARD DEVIATIONS 

COMPUTE AND PRINT SMOOTH DATA POINTS 
- COMPUTE AND PRINT SMOOTH VELOCITIES AT DATA 

PLOT GF RESIDUALS VS TIME DESIRED. 
1 - AOS0LUTE DISTANCE 
2 - EASTING 
3 - NORTHING 
4 - SIGNED DISTANCE 
5 - APP. STD RF.SlDUAL5 IN EASTINGS 
6- APPo STD RESlDUALS IN NORTHINGS 

ACTIVATF. SIMULATED DATA COMPARISON 
-PRINT PLOTTING VALUES OF OPTION (E) 

LOREX PRINT FORMAT 
PLOT VS TIME 

1 --COUR~E 
2 - SPEED 

Jl ICANYS(lO)- NOT USED 

IC~NYS(81 = 1 THEN INPUT 
K) GSTART - TIME TO BEGIN SMOOTHED VALUES 
L) GINT - INCREMENT OETWEEN SMOOTHED PARAMETERS 

FOR FIRST CALL TO ANALYS SUBROUTINE 

TIMES 

INPUT OF VARIABLES XSTART AND XINT IS VIA THE OPTION SU~R 
FOR THE SECO~D AND SUBSEa CALLS TO ANALYS SUBROUTINE,I.E. IA~LYS >1 

IF ICANYSC91 = 1 QP = 2 INPUT! 
M) XSTART - TIME TO START SPEED/COURSE PLOT 
N) XINT - PLOTTING INCREMENTS 

IC -CURRENTLY PROCESSING OAT~ SET NUMBERED •rc• 
IANLYS- NO OF TIMES THE ROUTINE IS TO CALL IN THIS DATA SET 
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00481 
00482 
00483 
00484 
00485 
00486 
00487 
00488 
00489 
00490 
00491 
00492 
00493 
00494 
oo4q5 
00496 
00497 
0049R 
00499 
00500 
C0501 
00502 
0050.J 
00504 
00~05 
00'506 
005C7 
00508 
0050 9 
c 0 51 0 
0 0 51 1 
00512 
0051.3 
00514 
00515 
00516 
0051.7 
0051·9 
0051<; 
00520 
005~1 
00522 
00523 
00524 
00525 
00526 
00527 
0052 8 

C ESC.KNO.NO.SCTlMEoSO,DEGOFeLOOS,VARoTX,TK,COF, 
C VCQF,V,IPLOT,IER 
C - SEE MAIN FOR DESCRIPTION c 
C OUTPUT PARAMETERS 
C Pr-OGRAM NOT DESIGN TO RETURN ANY PARAMETERS 
c 
C WOr<K ARRAYS 
C TIM,DIST,XXoYY,SDIST 
c 
C CALLS - PRNTCHoNOWPLToDShLNS,ENDPLT ( PLOTTING LIB ROUTINES J 
C PLOT,PCOPY,POINT,SCMULToSMOOTH,VS~OTH,SlMULAoELIPSE, 
C SIGDISoCTIME 
C - OSORT 
C• 

C* 

COMMON 
COMMON 

iil 
REAL*8 

@ 

/D!M1/ICC3SNQ, IDAl, IOwl, IOTX, IDP, IDPV, IOLOBS.IDV.AR, ICV 
/OIM2/IOKNOT, 1DA2, IDTK, IOOTK, IOX, lDVX, 1D'W2o!DV2. ID:XQ, 
IOCOF, IDVCOF 
L 0 A S ( I 0 L 0 B S • I ) , VA R ( I 0 VA R , 2 , 2 I , T X ( I OT X , 1 I , T K ( 1 D T K , 1 I • 
Cl.JF( IDC0Fd3),VCOF( IOVCOF.8,')) oV( IDVtl l 

C* DIMENSIONS 
c• 

CF LOCAL MATRICES - IDCOM = ICBSNO 
- DIM TKO = IDKNOT 

c• 

REAL* 0 X X ( 50 0 , 1 ) • Y Y ( 50 0 , 1 ) , D I S T ( ~ 0 0 , 1 l , T I M ( 5 0 0 , 1 ) , T K 0 ( 3 2 , 1 J 
REAL*8 SDIST(5QQ,l) 
REAL* 4 l 0 ASH ( 2 ) 
INTEGER ICANYS(lQJ,DEGOF 

YOCOM = IOOSNO 
IDTKO = IDKNOT 
SC = loODOO/SCTIME 

C* IGNORE ROUTINE IF SUBR LS FAILED 
IF ( I .<\ N L Y S • E 0. 1 o AND o I P L 0 T • E 0 • 1 ) CALL P L 0 T ( Z A, Z e, Z C, Z G , Z S, l D , Z F • Z E l 
!F(IER.NE.OJRETURN 
IF{( IANLYS.GT.l) .AND. ( ( lCANYS(2).NE.OI 

~.OR.(ICANYS{9).NE.Ol ) )CALL PLOT(ZA.ZBoZCoZG.ZS.ZDoZF.ZEI 
tF(ICAI\YS(l)oNEol)GO TO 50 

C* TRANSFER AND COMPUTATION 8F THE TIME , R,..S AND DISTANCSS 
lL ; 2*NO + 4 
J = 0 
R"'S = O.ODOO 
011 1 0 t -= 5 , I L, 2 
J = J + 1 
I2 = I + 1 
XX(J.l) = V(Iol) 
YY(Jol) = V(l2ol) 
X2 = XX(J.1)$XX{J,t) 
Y2 = YY(J,l l*YY(J.l) 
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00530 
00531 
0053 2 
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00545 
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DIST(J,1) = X2 + Y2 
RMS = RMS + DIST(J,1) 
DIST(Jo1l = DSQRT(DIST(J,1)) 

10 CONT[fi(UE 
C* TRANSFER IHE liME OF FIXES FOR LATER USE 

IL = NO + 1 

c• 
CALL PC OPY ( T X • 2 o 1 • I L, 1 , TIM, 1 , 1 , I D T X, 1, I D COM, 1 l 
RMS = DSQRT(RMS/NC) 

C* CO~PUTE SIGNED DISTANCES 

c• 
CALL SIGDIS(KNOoNOo1IMoSDIST,TKoCOF,VCGF,LOBS,IDCOM) 

C* SUOPROGRAM OUTPUT 
C* 

C* 

WRITE(6,9000)KNO 
CALL SCMULT(SCoTK,TKCoKNO,l olOTKO,ll 
CALL SCMULT(SC,IlMoTIMoNCo1olOCOMo1) 
WR1TE(6,9005)(TKQ(lol)ol = loKNO) 
WRlTE(6,9010)(TlM(I,1 ),[ = loNO) 
wRITE(6.~020)(XX(lo1) ol = 1 oNO) 
wRITE(6,90JO)(YY( loll ol = 1 oNO) 
WR!TE(6,9040)(01ST(I,l ),[ = loNO) 
~RITEI6,9045)(SD!ST(Ioll ol = loNO) 
WR1TE(E,9050)RMS 

C* PLOTIING OF THE SEPARATION UETWEEN THE SMOOTH AND OBS DATA POINTS 
50 IF<ICANYS(2).EO.O)GO TO 100 

FSC = (0SORT(DEGCF/(2*N0+8,Q00))} 
lF(lCANYS(7)oEOo1JWRITE(6,9120} 

C* DRAW THE CENTRE LINE FIRST ONLY FOR EAST OIFF AND NORTH DIFFE~ENCES 
1F(lCAN'I"S(2).EQol.CRolCANYS(5).EO,llGO TO 90 
CALL PRNTCH( 1 - 1 ) 

ZX = TIMiltl) 
CALL NO~PLT(O,ZX,O.O) 
Z X ·= T I M ( NO • 1 ) 
CALL NO~PLT(lolXoOoO) 

C* SET TH~ TYPE OF LINE TO BE DRAWN 
90 ZOASH(l) = IC*O.OS 

ZCASH(2) = 0.1 
C* POSITIONS THE PEN AT THE FIRST POINT 

ZX =TIM( 1.1) 
1FllCANYS(5)oEOollZY = OIST(lol) 
lF(ICANYS(5)eEOo2lZY = XX(lol) 
IF(ICANYS(5loE0.:3JZY = YY(l.ll 
IF(ICANYS(5loE0.4)ZY = SDIST(lol) 
IF(lCANYS(5loE0.5lZY = XX(1,1)/(FSC*DSORT(VAR(2,1,1 ))) 
!F(lCANYS(5loEC.6)ZY = YY(\,\l/{FSC*DSQRT(VAR(2,2o2))) 
CALL NOWPLT(OoZXoZYl 
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C* PLOTTING OF THE POl~TS 
CALL PRNTCH( 1 , 1 ) 

DO 60 1 = leND 
II= I + 1 
zx = Tllll(l.ll 
IFCICANYSCS).EO.l)ZY.:: DIST(ld) 
IFCICANYSC5loEOo2lZY = XX(l,1) 
IFCICA,.,YS(5)oEOo3)ZY = YYCI.ll 
1F(ICANYS(5).E0.4)ZY = SDISTC1,1) 
IF( ICANYSCS) .EO.S) ZY = XX( I, 1 )/(FSC*DSORT( VAR( It ,1, 1))) 
IF ( I C A NY S ( 5 ) • E 0 • 6 ) Z Y = Y Y ( 1 , 1 ) / ( F S C * 0 S 0 R T ( VA R ( t t , 2 , 2 l ) l 
C~LL NOWPLTCOoZX,O,O) 
CALL NO•PLTCltZXoZY) 

C* wRITE OUT VALUES 
tFCCCtCANYS(S),EO.S).OR.(ICANYS(5).E0.6) ) 

60 CONTINUE 
oAND.(ICANYS(7).E0.1))WRITEC6o9110lZX,ZY 

C* AVOID FOR DISTANCES 
IF(lC.ANYS(2),EOoloOR.ICANYSC5),E0ollGG TO 100 
CALL PRNTCH( 1 + 1 ) 

70 
C* 

::>0 7 0 I = 1 , NO 
CALL POINT(TI~(l,I),X,Y,VX,VY,VXY,ICQ,KNQ,TK.COF,VCOFl 
SX = DSORT(VX) 
SY = DSORTCVY) 
ZX=TIMClo1) 
1F(lCANY5(5loE0.21ZY = SX 
IFCICANYS(S),EO.J)ZY.:: SY 
CALL NO•PLT(O,ZX,ZY) 

IFCICANYSC2l.E0.2lC.O TO 70 
It -= I + 1 
SX = C50RTCVARCII.t.1 )) 
SY = ~SCRT(VAR(ti,?.o2ll 
IFCICANYS(S).E0.2)ZY = SX 
IF(lCANYS(5).E0 • .3lZY = SY 
CALL PRNTCH('*') 
CALL NOWPLT(OoZXtZY) 
CALL PRNTCH( 1 + 1 )· 

CONTINUE 

C* ~PINTS THE SMOOTHED DATA POlNTSoCOVARIANCE ETC. 
100 IFCICANYS(3loNEollGO TO 200 

CALL SMOOTH(NOoKNO,SC,ESC,TX,TKoCQF,VCOF) 
C* 
C* PRINTS THE SMOOTHED VELCCITIES AT THE DATA INPUT TIMES 

200 IFCICANYS(4)oNE.llGO TC 300 
CALL VSMOTH(SCTIMEoNOoKNQ,TXoTKoCOF.VCOF) 

c• 
C* SPECIAL - DETERMINES SEPARATION OF SPLINE FORM SIMULATED DATA 
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.300 IFCICANYSC6).NE.l)GO TO 400 
C* GENERATOR DE ACT IVA TED IF lCANYS = 0 
c.• 
C* TEST POIN1S 
c• 

WRITE( b9090) 
C* INTERVAL BET•EEN COMPUTED FIXES 

CINT = 2.0000*SCTIME 
SUMT = OoODOO 
XLARGE = 0.0000 
INC = (TK(KNO.ll-TK(1 tlll/CINT + 1 
D 0 2 0 I = 1 ti NO 
TFIX = TK(loll + (l-ll*CINT 

C* COMPUTING SIMULATED VALUES OF X ANU Y AT TIME' TFIX 
TFIX2 = TFIX*SC 
CALL SIMVLACTFIX2 1 GX,GY) 
CALL POINT(TFIXoXoYoVX,VY,VXY,ICOoKNOoTKoCOFoVCOFI 
CALL CLIPSE(VXoVYoVXY,A,B,ESC,OIR) 
5X = DSQRT(VX) 
SY = OSQJ:<l(VY) 
DR = "A00(01R) 

C* COMPUTE SEPERATICN 
OX = X - GX 
DY = Y - GY 
OIS = DSORT(DX*DX + DY*DY) 
SUMT = SUMT + DIS 
lF(XLARGC.LT.DIS)XLARGE = DIS 
TRU = TF I X*SC 

40 WRITEC6.9070JI,TRU,x,Y,sx,sv,vxv.ox,ov,ois 
20 CONTINUE 

WRITEC6o9100)SUMToXLARGE 
c• 

400 lF(lCANYS(8).NEollGD TO 500 
c• 
C* PRINT ~NOOTH LOREX PARAMETERS AT GihT INTERVALS 
c• 

YSTART : GSTART*StTIME 
YINT = Gtt..T*SCTIME 
INO = ((TK(KNOol)- YSTART)/YINT) + l 

C* SET COUNTER 
I ST = 0 
I K = 1 
DO 410 I = l~INO 
TFIX = YSTART + ( I-1 )*YINT 
CALL POINT(TFIXeXoYoVX,VV,VXYoiCO,KNO,TK,COFoVCOF) 
lF(ICO.EQ.OlGO TC 410 
IST = IST + 1 
CALL ELIPSE(VXoVY~VXY~AgQ,ESC,OIR) 
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DR = RAODCDIR) 
CALL VELOCTFIX,SPEEO,DIR,VEoVN.SVEoSVN,CVEN.ICQ,KNO,TKoCOF,VCOFI 
SOl<= RAOD(OIRI 
VX = SVE*SVE 
VY = SVN*SVN 
CALL ELIPSE(VXoVYoCVENoVA,VBoESC,QIRl 
VDR = RAOO(DIRI 
TRU = TFIX/SCTIME 
CALL CTIME(TRUoiDAY, IHR, IMIN) 

C* CCNVERT iO I~TEGERS 
IX = X 

C* 

IY = Y 
lA = A 
18 = B 
I DR = OR 
IVE = VE 
IVN = VN 
ISDR = SDR 
I SPD = SPEED 
IVA = VA 
IV E = VB 
I VCR ·= VDR 

C* WRITE HEADING 
IF ClST.I\E.tKlGO TO 405 
I'< = I~<: + 45 
WR1TE(f:,9130) 

4 0 5 W Q IT E ( 6 , 9 1 4 0 l I 0 A Y , I H R , I X, I Y , I A, I 8 , I OR • 

410 

'* '500 

:il IVEo IVN, tSPO, ISOR, IVA, IvO, IVOR 
CONTINUE 

IFCICANYS(9),NE.1.AND.ICANYS(Q),NE.2lGD TO 999 

'* c• DRAW COURSE V~ TIME OR 5PEED VS TIME CHARTS 
CALL PRI\TCH('•'l 
YSTART = XSTART*SCTIME 
YINT = XINT*SCTIME 
INC= ((TK(KNOol )-YSTART)/YINT) + 1 
I K = 0 
DO 510 I= 1olNO 
TFIX = YSTART + Cl-ll*YINT 
CALL VELOCTFIXoSPEED,OIR,VEoVN.SVEoSVNoCVENoiCC,KNOoTKoCOF,vCOFI 
IF(ICOeEC.OIGO TO 510 
IK = IK + 1 
SOR = IHCOCOIR) 
Z~ = TFIX/SCTIME 
ZY = SPEED 
IF(ICANYS(9).EO.l)ZY = SDR 
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00742 
00743 
00744 
00745 
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510 
c• 

<;19<') 

IF(IK.EOollCALL NOWPLT(O,ZXoZYI 
lF(lK.GT.1 ICALL NO'rfPLT(l,ZXoZYl 
CQNT lNUE 

!F((lANLYSoNEol).AND,( (ICANYS(21.NE.Ol 

C* 
~ oGR.(lCANYS(9).N~.O) ) )CALL ENDPLT 

RETURN 
~CCC FOMMAT(///o' NUMBER OF KNGTS = 1 oi4) 
9005 FIJRM~T(//,' TINE OF KNCTS 1 ,//, 

~ 100(2Xo10(1P012o5e1X),/)) 
901C FORMAT(//,' TIME OF DATA POINTS'o//, 

Gl l00(2X,8(1PD12o5.1X),/)) 
9020 FORMAT(///,• SEPERATION BETWEEN THE SPLINE AND DATA POINT',//, 

4l ' EASTING 1 o/o . 
4l 100(2Xo8(1PD12,5olX),/)) 

903C FORMAT(//,• NORTHINGS 1 o/o 
Q) l00(2XoeClPD12o5tlXlo/)) 

9 0 4 0 F 0 R/.4 AT (/I o ' A B SOL U T ~ D t STANCE 1 , I , l 0 0 ( 2 X , 8 ( 1 P D 1 2 • 5 , 1 X ) , / l l 
9045 FORMAT(//,• SIGNED OISTANCE 1 o/ol00(2Xo8(1PD12.5.1XJ,/)) 
9050 FORMAT(///,• R.M.So VALUE= 'o1PD12.S,//I 
9070 FORMAT(2Xo14,2XoF10.4e10(F12.Jo2X)) 
909C FOMMAT(//o10X, 1 PREOICTEO FIXES AT SPECIFIED TIMES',/l~X. 

.17(•==• lo//t2X,.•N0 1 o6X, 1 TIME 1 ,12Xo 
,'POSlTION(E,Nl SIGMA POSN(E,Nl 1 olJx,• COVA.RIANCE',4Xo 
.•SEP-X (1-'l SEP-Y (M) DISTANCE(MI •,//) 

9100 FORMAT(//,JXo 0 SUMMATlON OF SEPERATlON DISTANCES 'o1P012,5,/, 
~ 3X,'LARGEST SEPERATION BETWEEN POINTS'o1PD12o51 

9110 FORMAT(3Xo 0 TIME : 1 of9.4o 1 STD RESICUAL : •,FQ,21 
9120 FORMAT(//o3Xo 1 PLOTTING VALUES 1 ,/,/) 

9130 FO~MAT(1H1ol2(/lo12Xt 1 0AY HR ~ASTING NORTHING El E2 DIR•, 
~ 1 VEAST VNOhTH SPEED COU El E2 D!R',/) 

9 1 4 0 F= 0 RM AT ( 1 2 X • 1 3 o 1 X • 1·2, 2 X, I 7 , 1 X, I 8 , 2 X , I 4 , 1 X , 1 3 • 1 X , I 4 , 
@ 2X,I5o1Xol6o2X,t5,1X,I3,2Xol4o1X,I3o1X.I41 

END 
SUOROUTINE APRORI(XoMoLoiCOOE) 
IMPLICIT REAL*8(A-HoP-Z) 
REAL*S X(Ltl) 

c ~··~···················*·················*····················~···· 
C * VERSION : JUNE 1982 * 
C * DESCRIPTION : INCORPORATES A ~EAD-IN-APRIORt SOLUTION VECTOR * 
C * FOR THE LEAST SQUARES ESTIMATION * 
c ·························*·····································**** 
C INPUT PARA~ETE~S 
C ICODE = 0 NO.APRIORI SOLUTICN VECTOR IS CONSIDERED 
C 1 THE APRIORI SOLN VECTOR IS READ 
C 2 THE AP~IORI SOLN VECTOR IS GENERATED BY THE PROGRAM 
c 
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00810 
00811 
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c 
c 
c 
c 

OUTPUT PARAMETERS 
X(M,l)= APRIORI SOLUTION VECTOR OF DIMENSION (Moll 

BUT WITH DECLARED DIMENSION (Loll 

C* READ/WRITE UNITS 
IRD = 5 
I WR = f 
IF(ICOD~oLT.O.AND,ICOOE.GT.2lRETURN 
IF(ICODE.E0.1)G0 TC 200 
IF(tCODE.E0,2)GO TO 300 

C* CPTION ZERO 
100 D010I=1oM 

1 0 X ( I I 1 ) ·= 0 • 0 D 0 0 
RETURN 

C* OPTION ONE 
200 READ(IRD,,I<)(X(I,1).I =1oM) 

Rf.TURN 
C• OPTICN T'IIO 

300 wRITE(IIIIR,9<;) 
Y9 FORMAT(//,' THIS OPTION IS NOT AVAILIABLE 

IF( ICODE.E0.2lGG TG 100 
C* DEVELOPED ALGG SHOULD BE FEEC IN HERE 
c• 

RETURr­
END 

YET',//) 

~UBROUTINE BMULTl(F, IeJoiBANO,S,K,L,R,NF,NSoMS,NR,MR) 
REAL* 8 F ( NF o I 8 A NO) , S ( NS , M S) , I< ( N R, MR) 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

*************************************************************•••• * VERSION : JAN 1981 * 
* DESCRIPTION : TO MULTIPLY A OANOED F MATRIX WITH S TO GIVER * 
***************************************************************** INPUT PARAMETERS 

F -PSEUDO DIMENSIONS OFF ARE (I,J) 
THE ACTUAL DIMENSICNS OF F .ARE tNF.IBAI\0) 

IAAND - EANCWfDT~ OF MATRIX F 
S - THE DECLARED SIZE OF S IS (NS,MSl 

C OUTPUT PARAMETERS 
C R -DECLARED SIZE IS (NRoMR) 
c 
C ADDITIONAL INFORMATICN 
C VARIABLE IELE DENOTES THE NUMOER OF ELEMENTS UP TO AND INCLUDING THE 
C DIAGONAL ELEMENT IN ANY ONE ROW - NG. OF CODIAGONALS + 1 
C*BEGIN 

IELE = (IBAND+l)/2 
DO I 0 I I = 1 I I 
I POS = 11 - I ELE 
DO 1 0 I J = 1, L 
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00817 
00818 
00819 
00820 
00021 
00822 
00823 
00824 
OOP.25 
00826 
00827 
00828 
00829 
008.30 
0 0 8.3 1 
00832 
00833 
00934 
OOA3 5 
~083(, 
c 0837 
000.313 
00 839 
C084C 
00841 
00842 
0084 3 
00844 
00845 
00846 
008~ 7 
00840 
00849 
00'350 
00 851 
00852 
00853 
00854 
00655 
00856 
:>0857 
00658 
00859 
00 860 
00861 
00662 
00863 
0.0 864 

c• 
RIII,IJ) : 0.0000 
DO 10 JAC = loiBAND 

JAC DENOTES THE ACTUAL POSITION OF THE ELEMENT IN THE F MATRIX 
IK : JAC + IPOS 
IF(IKoLToloORoiK.GT,K)GO TO 10 

20 RIIIoiJ) = Rl IloiJl + FCIIwJACl*S([K,IJ) 
10 CONTINUE 

RETURN 
END 
SUBROUTINE BUILDCKNO,X,VX,COF,VCOF,~TK, 

~ CX,VCXoCOwVCOoPRCOFV,PRCOFF) 
c ****************************************************************** C * VERSION : 7 JUNE 1982 * 
C * DESCRIPTION : TRANSFORM POSITION ANO SLOPE INTO COEFFICIENTS * 
c ****************************************************************** C INPUT PARA~ETERS 
C KNO - NUMBER OF KNOTS 
C X,VX - SOLUTION AND COVARIANCE MATRICES COIM PASS IN OY CCM OLKl 
C DTK - INTERVAL IN TI~E BETWEEN KNOTSCSEE MAIN ) 
C PP.COFF,PRCOFV - CGDES FOR PRINTING OF COEFFICIENTS AND VARIANCES 
C (SEE OPTION ROUTINE ) 
c 
c 
c 
c 
c 
c 
c 
c 

OUTPUT PARAMTERS 
COF,VCOF- COEFFICIENTS AND COVARIANCES CCIM PASSED IN BY CO~ BLK) 

WO~K ARRAYS 
CX,VCX,CC,VCO AS DIME~~IONED IN THE ~GUTINE 

C.\LL5 

~ 

COMMON 
COMMON 

- PCGPY,CCEF,DPRINT 
************** 

/DIMl/IOBSNOo IDAl, IDWl, IDTX, IDP,IOPVo IDLOBSo IOVAR,lDV 
/0 I M2/ I 0 KNOT , I 0 A 2, I 0 T K, I DDTK , I C X, I OV X, I 0 W 2, I OV 2, I 0 XC, 
IDt.:IJF,tOVCCF 

C* A~RAYS 

R E ~L * 8 X ( I 0 X , 1 ) , V X ( I 0 V X , I 0 V X ) , C 0 F ( I 0 C 0 F , a ) , V C 0 F ( I 0 V C 0 F , 8 , 0 ) , 
~ C0(8ol) ,VC0(0,8) oCX(8tl)oVCX (.£1,8) oOTK( IODTK,1) 

INTEGER K~OoPRCOFVoPRCOFF 
C*AEGINS 

L = 4*KNO - 4 
J = 0 
DO 1 0 I = 1 , L, 4 
J = J + 1 
IL = I + 7 
CALL PCOPY(XoioloiLol.CXolo1oiOXoloao1) 
CALL PCOPY(VXoi .I oiLolLoVCXolol .tCVXo IOVXo8oa) 
CALL COEFCCO.VCO,OTK(J,l ),CX,VCX) 
DO 2 0 I K = 1 , a 
COF ( J, I K) : C 0 ( I K • 1 ) 
DO 20 I J = 1, a 

DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLI.N 
OSPLIN 
OSPLIN 
CSPL[N 
DSPLIN 
DSPLIN 
OSPL .IN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPL IN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLlN 
DSPLIN 
DSPLIN 
OSPLIN 
O~PLIN 
0 SPL IN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIP.. ~ 
DSPLIN -..1 

DSPLIN 



00865 
00866 
00867 
00860 
ooe6~ 
00670 
00871 
0087 2 
00873 
00874 
00875 
00876 
00877 
00678 
00879 
00680 
00881 
00882 
00 883 
00884 
00805 
00806 
00887 
00888 
0088~ 
00890 
00891 
00892 
00893 
OOA94 
00895 
00896 
00897 
00898 
00899 
00900 
00901 
00902 
00903 
00904 
00905 
00906 
00907 
00906 
00909 
00910 
0091 1 
00912 

20 VCQF(JoiKoiJl = VCQ(IKolJ) 
IF(PRCOFV.EO.OlGO TO 10 
CALL DPRINT(C0o8olo8olo'COEFFICIENTS 1 ,6) 
C-LL DPRINT(VCO,e.e,a,8, 1 COVARIANCE 1 o5l 

10 CONTINUE 
C* OUTPUT OF COEFFICIENTS 

IF(PRCOFFoEOoO)~ETURN 
IF(PRCOFFoEO.l,AND.PRCOFV.EOollr.ETURN 
CALL DPRINT(COF,J,OoiDCOFo8o 1 COEFFIClENTS PER INTERVAL" o13) 
RETURN 
END 
SUBROUTINE CH~CK(KNO,NOoTXoTKolCOCE) 
l~PLICIT REAL*8(A-H,O-Zl 

c ************************************************************* 
C * V2RSION ! 22ND MARCH 1982 * 
C * DESCRIPTION : CHECKING AND OPTIONAL DROPPING OF KNOTS * 
c ************************************************************* C INPUT PARA~ETERS 
C KNO - NUMBER OF KNOTS 
C NO - NUMBER OF POINTS 
C TX - ARRAY CONTAINING DATA POINT TIMES 
C TK - ARRAY CONTAINING KNOT TIMES 
C ICODE - 0 TKNOT VS DATA POINT SEQUENCE IS NOT CHECKED 
C 1 CHECKING AND DROP SCHEME KNOT ACTIVATED c 
r. 
c 
c 
c. 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

OUTPUT PhRAMETEPS 
TK - MODIFIED AS 

C~LLS - INTERV 
ADDITIONAL NOTES 

INSTRUCTED QY CCDES 

CnTERA DENOTES THE PRESET MINIMUM NU~BEn OF DATA POINTS ALLCWED 
PER INTERVAL BEFORE THE 'DROP KNOT SCHEME• IS IMPLEMENTED. 

KNOTS ARE DROPPED IN SUCH A MANN~R •s TO INCREASE THE 
MORE OEFICIE~T ADJACENT INTERVAL. 
EG. DATA PLAC!;;MENT 6 2 1 4 5 UNDER .CRTERA = 2 

B~COMES f 3 4 5 
WHEREAS 

DATA PLACEMENT 
BECOMES 

6 4 1 2 5 
6 4 3 5 

UNDER CRTERA 

**************** 
= 2 

COM~ON /DIMl/IOBSNOo IDAl, IDWlolOTXolDPo IDPV, IOLCBS, IDVAR, lCV 
COMMON /OIM2/IDKNOTolDA2olOTK,IODTKoiOXoiDVX.IDW2oiDV2,IDXC, 

~ IDCGFoiDVCOF 
REAL*B TX( IDTX,l) eTK( IDTK.t) 
INTEGER*4 NO,KNCoNUM(40),N0KoiTOTALoi84,IAF,IDROP,CRTERA 
DATA CRTERA/1/ 

C*llEG I t~S 

DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLtN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLtN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLtN 
DSPLlN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLlN 
DSPLIN 
DSPLIN 
DSPLII\ 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLlN 
DSPLIN ._. 
DSPLIN CD 
DSPLIN CD 



00913 
00914 
00~15 
00916 
00917 
00918 
00919 
00920 
00921 
00922 
00923 
00924 
00925 
00926 
00927 
009213 
00929 
00930 
00931 
00932 
0 09.3 J 
00934 
00935 
00936 
OO'i.37 
0 0 c;J 8 
00~39 
0094 0 
00941 
0094 2 
00943 
OOCJ44 
0 0 c;4 5 
OOC046 
00947 
00948 
0094c; 
00950 
00951 
OOQ52 
00.95.3 
00954 
00955 
00956 
1)0957 
00~51'3 
00959 
009b 0 

I TOTAL = 0 
999 

10 

NQK = KNO - 1 
DO 10 I = l ,NQK 
t~UM ( I ) = 0 

20 

40 

L = NO + 1 
DO 20 t = 2oL 
CALL INTER V ( T X ( I o1 ) , T K, K N 0, I NT tl D T K, l C) 
IF(lCoEOo0lWRITE(6,50lTXCit1) 
IF(lCoEOoO)GQ TO 20 
NUM(INTl = NUM(INTl + l 
CONTINUE . 
W q 1 T E ( 6 , 4 0) ( NU r.4 ( I ) , I = 1 , NO K ) 

50 
C* 

FORMAT(//,JX,•PLACEMENT OF DATA POINTS IN THE KNOT SEQUENCE•, 
~ //,3X,5(10I4,/,JX),//) 

FCqMAT(/,• TIME 1 olPD12o5•' BEYOND THAT OF OUTER KNOTS 1 o//) 

C• IF ICODE = 0 THE CHECKING tS IGNO~EO 
IF(ICODE.EQ,O)RETURN 

c~ 

C* BEGIN *** LOCATE THE FIRST DEFICIENT INTERVAL WITH LESS THAN 
C* CRTERA NUMBER OF DATA POINTS 

DO 100 I= 1tNOK 
IF(NUM(l).LT.CRTERA)GO TO 110 

100 CONTINUE 
C* IF NONE ARE TO BE FOUND ANY MORE 

IFCITOTALoNEo0)WRITE(6,200liTOTAL 
GO TO 9999 

C* NOW IDENTIFY WHICH KNOT TO DROP(ICROP) 
C* SPECIAL CASE I = 1 OR I = NOK 

110 IFCioEColliDROP = 2 
IF(I,EO,NOK)IDROP =~OK 
IF(I,EQ.t.OR,I.EO,NOK)GO TO 1000 

C* NO SPECIAL CASE l < I < NOK 
IB4 = I-1 
IAF = I + 1 

Ct: THE KNOT IS DROPPED IN SUCH A WAY AS TO INCREASE THE MORE DEFICIENT 
C* ADJACENT KNOT INTERVAL 
C* SPECIAL CASE - EQUAL DATA POINTS IN ADJACENT INTERVALS 

IF(NUM(I84loEQoNUM(I~fl)GO TO 120 
C* NO SPECIAL CASE 

IF(NUM(IAFloLToNUM(I04))10rlOP =I+ 1 
IF(NUM(lAF)oGToNUM(IB4) liDROP = I 
GO TO 1000 

C* IF THEY ARE EQUAL THAN THE NEXT OUTER T~O KNOTS IS EXAMINED 
C * SPEC I AL CASE I= 2 0 R I = N G K- 1 

12C I84 = NOK - 1 
IF(l.E0,2)IDROP = 3 
IF(I.EQ.IB4)IOROP = KNO -2 

DSPLIN 
DSPLIN 
DSPLlN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLtN 
OSPLlN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLI~ 
DSPLiN 
OSPLIN 
OSPLIN 
0 SPL IN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLtN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPL IN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN ....., 
OSPLIN ~ 
OSPLIN 



00~61 
00962 
0096:3 
00964 
00965 
00966 
00967 
00968 
00969 
00970 
00971 
00972 
00973 
00974 
00975 
00976 
00977 
00978 
00979 
00980 
00981 
00982 
00983 
00984 
00985 
00986 
00987 
00988 
00~89 
00990 
00~91 
00992 
00<;93 
00994 
1)1)995 
00996 
00997 
00998 
00999 
01000 
01001 
01002 
01003 
01004 
01005 
01006 
01007 
01008 

IF(l.EQ.2,QR,I,EO.II34)G0 TO 1000 
C* NO SPECIAL CONSIDERATION 2 < I < NCK-1 

I 84 = I - 2 
IAF = I + 2 

C* IF THEY ARE ALSO EQUAL THEN THE LATE~ KNCT IS DRCPPED 
I DROP = I + 1 
lF(NUM(IAF).GT.NUM(lO~))IDROP = I 

C* DELETION OF THE UNWANTED KNOT 
1000 DC 130 J = IDRCP.NCK 

IJ = J + 1 
130 TK(J,l) = TK(IJ,l) 

C* READJUSTMF.NT OF THE TOTAL NUMOER OF KNOTS 
KNO = KNC - 1 

C* TOTAL UP Th~ NUMBER OF DROPPED KNOTS 
ITCTAL = ITCTAL + 1 
GO TO 999 

200 FOR~AT(/,JXe'NUMBcR OF KNOTS DELETED ; 1 oi4) 
c;c;gc; RETURN 

END 
SUBNOUTINE CHITES(SOeOEGOF,ALPHAoiCODE) 
IMPLICIT REAL*8(A-H,O-Y) 

c ************************************************************* 
C * VERSlON : 4 JULY 1982 * 
C * DESCRIPTION : DETERMINES IF THE VARIANCE FACTOR (50) * 
C * PASSES THE CHI SQUARE TEST ON THE VARIANCE * 
C * FACTORS •ITH DEGOF DEGREES QF FREEDOM. * 
c ************************************************************* C INPUT PARAMETERS 
C SO - VARIANCE FACTOR TO OE TESTED 
C OEGOF- DEGREES OF FREEDOM ASSOCIATED WITH THE ABOVE APOSTERIORl 
C VARIANCE FACTOR. 
C ALPHA - PERCENTAGE CONF IDEt~CE INTERVAL 
C 0 < ALPHA < 100 
c 
c 
c 
c 
c 
c 

OUTPUT PARAMETERS 
ICOOE - 0 PASSED THE TEST 

1 FAILED TH~ TEST - EXCEEDED LOwER LIMIT 
2 FAILED THE TEST - EXCEEDED UPPER LIMIT 

C CALLS- MOCHI ( IMSL "OUTINE ) 
c ********* 

REAL*8 ALPHAoSO 
INTEGER DEGOF 
ZUL: 1.0DO- ((1.000- (ALPHA/100.0D0))/2.000) 
ZLL: (1.000- (ALPHA/100.000))/2.000 
ZOEGOF = DEGOF 
CALL MDCHI(ZLLoZDEGOFoZXoiER) 
IFCIERoNEoO)RETURN 

OSPLlN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLlN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLI N 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
!lSPLIN 
DSPLIN 
DSPLlN 
DSPLIN 
DSPLIN 

...... 
10 
0 



01009 
01010 
0 1 0 1 1 
01 0 l 2 
01013 
a 1 014 
01015 
01 016 
01 01 7 
01 01 8 
01019 
01020 
01021 
01022 
01023 
01 02 4 
Cl025 
01026 
01027 
01028 
01 029 
01 03 0 
01031 
01032 
01033 
01034 
01035 
01036 
01037 
01030 
01 039 
01040 
01041 
010~2 
01043 
C1 04 4 
01045 
01046 
01047 
01048 
01049 
01050 
01051 
01052 
01053 
01054 
01055 
01056 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

CALL MDCHI(ZULoZDEGOFoZYolER) 
IFCIER.NE.O)RETURN 
ICDDE = 0 
ZSO = SOt:DEGOF 
IFCZSO.LT.ZXIICOOI: = 1 
IFlZSOoGT.ZY)tCOOE = 2 
R":TURN 
END 
SUOROUTINE CHOLD(AoMoL.ICO,DETo IER) 
IMPLICIT REAL*B(A-H,O-ZJ 

·············~················································ * VERSION OATES - 25TH APRIL 19e2 * * NAME CHOLO * 
* AUTHOR - D.-ELLS * * MODIFICATIONS - SH OUEK * * DESCRIPTION -MATRIX INVERSION * 
········~·······················~····························· INPUT ARGUMENTS 

A - MAiRIX TO eE INVERTED 
M- UPPER LEFT CC~NER OF MATRIX 
L - DELCARED SIZE OF A IN THE CALLING PROGRAM 
ICO - NO. OF CODIAGONALS IN A 
OET - DETERNINANT OF MATRIX A 
IER - ERROR CODES 

= 0 SUCCESSFUL RETURN 
1 SINGULAR INVERS: 
2 INPUT ARGUMENT ERROR 
3 INPUT MATRIX NOT OIAGINAL DOMINANT 

C OUTPUT PARAMETERS 
C A INVE~TED MATRIX 
c 
C CALLS - TRAPS,OSQRToOAOS 
C• BEGlN 

REAL*B A(L,L)oTOET 
REAL*B SUM,DET 

C* SINGULAR DETECTOR SETTING 
SING = 1.00-20 

C* HALF BAND WIDTH - COOtAGONALS PLUS ONE 
lK = ICC + 1 

C* DlMENSION CHF.CK 
lER = 2 
1FCMoLT.1)GQ TO 999 
I ER = 0 

C* TEST NON-NEGATINENESS OF FIRST ELENENT 
IF(A( 1 ol) oLE.OoOOO)GO TO 5 

C* SCALER INVERSICN 
IF(M.GT.1)GO TO 10 

DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPL!N 
OSPLIN 
OSPLIN 
OSPLtN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
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OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
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1.0 
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01057 
01058 
01059 
01 06 0 
01 061 
01062 
01 063 
01064 
01065 
01066 
01067 
01068 
01069 
01 07 0 
01071 
01072 
01073 
01074 
01075 
01076 
01077 
01078 
01079 
01000 
01001 
01 082 
01083 
01084 
01085 
01086 
01087 
010A8 
01089 
01090 
01091 
01092 
01093 
01094 
01095 
01096 
01 097 
01098 
01099 
01 10 0 
01 1 01 
01 10 2 
01 1 03 
01 10 4 

DET = A(1o11 
A. ( 1 • 1 ) = 1 • 00 0 /A ( 1 • 1 ) 
RETURN 

5 I ER = 3 
RETURN 

C* CHOLESKI DECOMPOSITION OF INPUT MATRIX INTO TRIA~GULAR MATRIX 
C*• NGTE THE END OF LOOPS- ACCOUNTING FOR SANDNESS OF MATRIX A 

10 DET=A(l.l) 
A(l,l) = DSORT(A(1o1)) 
IF(IK.GT.~liK =II 
00 20 I = 2oiK 

20 A(Itl) = A(l.l)/A(1.t) 
DO 60 J = 2oM 

SUM = O.ODO 
Jl = J - 1 
DO 3 0 K = 1 , J 1 

30 SUM = SUM + A(J,Kl**2 
X= (A(J,J)-SUM) 

C* SINGULARITY CHECK 
IER = 3 
IF(X.LT.O.ODO)GO TO 999 

C• UNDERFLOW TRAP ACTIVATED WHEN DET => 0 
CALL T~APS(OoOtl,O,Q) 

c• 

c• 

40 
50 
60 

IER = 4 
DET = DET*X 
TDET = OET 
IF(DABS(TDET).LT.1.0D-50)GO TO ~q9 
IER = 1 
X = DSORT(X) 
XX= X/A(JoJ) 
IFCDA8S(XXI.LE.SING)GO TO 999 
IER = 0 
A(JoJ) = X 

IF(J.EQ.M)GO TO 60 
J2 = J + 1 

IE = J 2 t I CO 
IF(IE.GTeMIIE = M 
DO 50 I = J2olE 
SUM= 0.000 

DO 40 K = loJl 
SUM= SUM+ A(IoKl*A(J,K) 

A(I,J) = (A(I,J)- SUM)/A(J,J) 
CONTINUE 

C* INVERSION OF LOWER TRIANGULAR MATRIX 
c• 

DC 70 I = 1oM 

DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLI N 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
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OSPLIN 
0 SPL IN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPL IN 
OSPLIN 
DSPLIN 
DSPL[N 
OSPLIN 
OSPLIN 
DSPLIN 
CSPLIN 
OSPLI/'\ 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPL IN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPL IN 
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1.0 
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01105 
0 1 10 6 
0 110 7 
o 11 oa 
01109 
01 11 0 
01 1 1 1 
01112 
0 1 11 3 
01 11 4 
01115 
0111 6 
0 1 1 1 7 
0 1 1 1 8 
01 1 1 9 
0112 0 
01 12 1 
01 12 2 
0112 3 
01124 
01 125 
01126 
01 127 
~1120 
01129 
01 130 
0 11 31 
01 1 32 
01 133 
01 134 
01 13 5 
0 1 136 
01137 
01136 
01 139 
01 14 0 
01 1 41 
01 1 4 2 
01 143 
01144 
01145 
01146 
01147 
01 146 
0 1149 
0115 0 
0 1 151 
01 1 52 

70 A(Iol) = 1.0DO/A(l.I) 
M1 = M - 1 
D090J=1oM1 

J2 = J + 1 
DO 90 t = J2,.M 

SUt-1 = OoODO 
Il = I - 1 
DO 60 K = J,I1 

60 
90 

C* 

SUM:: SUM + A(loK)*A(K,J) 
A(1oJ) = -A(I,l)*SUM 

C* CCN5TRUCTION OF THE INVERSE OF INPUT MATRIX 
c• 

100 
: 1 c 

1 2 0 
130 
14 c 

uo 1 40 J = 1, M 
lF(JoEOol )GO TO 110 
J1 = J - 1 
DO 100 I = 1oJ1 

A{[,J) = A(J.I) 
00 130 I = JoM 

SUM = OoODO 
DC 120 K = IoM 

SUM= SUM+ A(K,l)*A(K,J) 
A(IoJ) =SUM 

CONTINUE 
RETURN 

~99 WRITE(6,~999)IER 
~~~q FORMAT(/,JX,'**TERMINAL ERROR** CHOLD FAILURE 

RC!'TURI\ 
CODE = 1 9I2o/o/) 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c• 

END 
SUBROUTINE COEF(COFoVCOF,QT,XoVX) 

****~************************************************************* * VERSION : JAN 1962 * 
• D~SCRIPTION : COMPUTES THE COEFFICIENTS OF A 3RD DEGREE * 
* POLYNOMIAL WITH AN ASSOCIATED COVARIANCE MATRIX * 
*****************•************************************************ 11\'PUT PARAMETERS 

DT - TIME INTERVAL BET~EEN KNOTS 
X - V~CTOR CONTAINING (XK YK X1K Y1K XK+1 YK+1 X1K+l Y1K+1) 

I.E. POSITON AND SLOPE OF KNOTS DEFINING INTERVAL 
vx THE FULL COVARI~NCE MATRIX OF THE ABOVE X VECTOR 

OUTPUT PARAMETERS 
COP - VECTOR OF 6 COEFFICIENTS DEFINING THE KTH CUBIC INTERVAL 
VCOF - COVARIANCE ~ATRIX FOR THE COEFFICIENTS 

CALLS- D~UL'T 

PJ;OGRAM BEGINS 

DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLlN 
OSPLIN 
DSPLIN 
OSPL IN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPL IN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLlN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLI N 
DSPLIN 
OSPLIN 

..... 
\0 
w 



01153 
011 54 
01 155 
01156 
01157 
01158 
01 159 
01 160 
01 16 1 
01162 
01163 
0 1 16 4 
01 16 5 
01166 
01 16 7 
01168 
01169 
01170 
01 1 71 
01 1 7 2 
01 1 7 3 
01 1 7 4 
01 17 5 
0 117 6 
01 177 
01 178 
0 1 1 79 
0 1 180 
o 1 1 a 1 
01182 
01183 
01 1S 4 
01 18 5 
01 186 
01 I 8 7 
01 188 
01189 
01 1 9 0 
01191 
01192 
011 qJ 
01194 
0 l 19 5 
01196 
01197 
01198 
01 199 
01200 

c• 

~EAL*8 COFC8o1)oVCOF(0,8loX(8,1loVX(8o8), 
.cc~.a).DT.o.oo.ooo 

DATA C/1.ooo.a•o.ooo.1.ooo,e•o.oDc.1.0Do.a•o.ooo.t.OD0.36*0.oDO/ 
0 = 1.000/DT 
DD = o•D 
ooo = CD•o 
C(Soll = -3.0DOO:tOO 
C(S,J) = -2,0DO*D 
C(S,SJ = J.OuOO*DD 
c c s. 1 1 = -o 
C<7oll = 2.0DO*DDD 
CC7oJl = DO 
CC7o5l = -2.0DOO*DDO 
CC7,7l =DO 

DO 10 1 = 6,8,2 
11 =I- 1 
DO 10 J = 2o8o2 
.J J = J - 1 

10 C!IoJl = CCII,JJJ 
C* FOnMULATlON OF COEFFICIENT VECTOR 

CALL 0MULT!Co8o8oXo8o1oCOFo8o0oOolo8oll 
C* FORMULATION OF COEFFICIENT COVARIANCE MATRIX 

DO 2 0 1 = 1 • 0 
DO 20 L = 1 • 8 
V C OF ( 1 , L ) = 0 • 0 0 0 
DO ~ 0 J = 1 , 0 
D020K=1o8 

20 VCOF(loL) = VCOFCioLl + CCloKl*VX[K,Jl*C[L,Jl 
RETURN 
CND 
SU3ROUTINE COND(AoMoLoCONONColCODEJ 

c ****************************************************************** 
C * VERSION : JAN 1982 * 
C * D~SCniPTICN : COMPUTES THE CONDITION NUMB~~ OF A MATRIX * 
c ****************************************************************** C lN~UT PARAMETERS 
C ~.MoL = ~ATRIX A OF ROW DIM~N~ION M AND CECLARED DIMENSION L 
C lCOOE = 1 THE MATRIX PRIOR TC THE INVERSE. 
C COMPUTES THE MAX NORM VECTOR. 
C 2 OR 4 THE MATRIX AFTER INVERSE. 
C CO~PUTE THE MAX NORM VECTOR AND MULTIPLY WITH THE 
C FIRST TO GET CONDITION NUMBER. 
C IF 2 - CONDITION NUMBER PRINTCO BY SUBROUTINE 
C 4 - CONDITION NUMBER RETURN WITHOUT PRINTING IT 
c 
C OUTPUT PARAMETE~S 
C CONDNO = CONDITION NUMBER OF MATRIX A(MoM) 

OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
0 SPL IN 
DSPLIN 
DSPL IN 
OSPLIN 
DSPLIN 
OSPLIN 
0 SP LIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLlN 
OSPLIN 
DSPLIN 
DSPL HJ 
OSPLIN 
0 SPL IN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPL IN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLlN 
OSPLIN 
OSPL IN 
OSPL IN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 

1-' 
1.0 
.t>-



01201 
01202 
01203 
01204 
01205 
01206 
01207 
01208 
01209 
01210 
0 1 21 1 
01 21 2 
01~1.1 
01214 
01215 
01216 
~ 1 21 7 
01218 
01219 
01220 
01221 
01222 
01223 
01224 
01225 
01226 
01227 
01220 
01229 
012.30 
01231 
01232 
012.33 
01234 
01235 
012.36 
01237 
01238 
01239 
01240 
01241 
01242 
J12~3 
01244 
01245 
1)1246 
01247 
01 24 8 

c 
REAL*8 A(LoL),NORMoNORM1oSUM,XLR,CONDNO 
IWR = 6 
xu~ = o. oDo 
DO 1 0 J = 1 , M 
SUM= O.ODO 
DO 20 1 -= 1oM 

C* CHIDCE OF NORMS- ECULIDEAN OR SUM OF ABSOLUTE. VALUES 
20 SUM= SUM+ A([,J)*A(l,J) 

CS20 SU~ =SUM+ DABS(A(I,Jll 
NORM = QSQRT(SUM) 
:JORI>I -:: SUI-! 
IF(NORM,GT.XLR)XLR = NORM 

lC CONTINUe: 
IF(1COOE.E0.4,0R.JCODE.E0.2lGO TO 100 
IF( ICODE.I\E.1 )GO TG 999 
NORM1 -= 1\C:RM 
RETURN 

100 lF(NGRM1.EO.OlGO TO 999 
CONDNO = NORM1*NORM 
IF(ICOOE.E0,2)WRITE( 1WR,90lCONDNO 
NORol.\1 = 0 .ODO 
RETURN 

99q WRITE(IWR,9<;) 
RC:TURN 

99 FORMAT(' CODING F.RMC~ GN SU8R COND'l 
90 FORMAT(' CONDITIC!tJ NU1·10ER OF "'ATRIX; '.1PD12.5) 

END 
5UORUUTINE CCNST~(OTKSF,DTKAF,Al 
IMPLICIT REAL*8(A-H,M-Z) 

c ************************************************************** 
C * \JERSION : JAN 1981 * 
C * DESCRIPTION : TO GENERATE THC: COEFFICIENTS OF A CONSTRAINT * 
C * EOUATICN. * 
c ************************************************************** C INPUT PARAMETERS 
C CTKBF - L~NGTH OF tiME INTERVAL PRIOR TO CENTRAL KNOT 
C OTKAF- LENGTH CF TIME INTERVAL AFTER CENTRAL KNOT 
C I .E. DTKBF = KNOT(2) - KNOT( 11 
C DTKAF = KNOT(3) - KNOT(2) 
C OUTPUT PARAMETERS 
C A - VECTOR OF 11 COEFFICIENTS 
c •••••••• 

REAL* 8 0 T K B F, D T K A F , A ( 1 1 t1 ) , X , X X , Y , Y Y 
X .: l.ODOO/DTKBF 
Y: 1o0000/0Tt<AF 
xx = x•x 
y y = Y* y 

DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPL1N 
DSPLIN 
DSPL IN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLJN 
DSPL ItJ 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OS PL IN 
OSPLIN 
DSPLJN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPL IN ...... 
DSPLI N ~ 
DSPLJN 



0124~ 
01250 
01251 
01252 
01253 
01254 
01255 
01256 
01257 
01258 
01259 
01260 
0 1 26 1 
01262 
01263 
01264 
01265 
01266 
0 1 26 7 
01268 
0!269 
01270 
01 271 
0 1 27 2 
01273 
0 1 2 74 
01275 
0127¢ 
01277 
01278 
0127~ 
01200 
01281 
01282 
01203 
01204 
01285 
01286 
01287 
01208 
01289 
01290 
01 291 
01292 
01293 
01294 
01295 
01296 

AC1.tl = J.oooo•xx 
A(3ol) =X 
A(5,1) = J.ODOO*(YY-XX) 
A(7o1) = 2.0DOO*(X+Y) 
A(9,1) = -3.0DOO*YY 
A(1ltl) = Y 
RETURN 
END 
SUOROUTINE DESlGN(NOoKNOoiCOUNToiTYPE, 

~ SPLIN,PRGENoPRPTSoPRKNOT,DRAW, 
@ IERoESCoSCTIME,XST~RT,XINToFORFIV,NINTY, 
~ TKoTXoCCF,VCOFoDTKoVARoL08Sl 

DSPLIN 
DSPLlN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLlN 
OS PL 1 N 
DSPLIN 

I~PLICIT RE~L*B(A-H,O-Y) 

c *******************••··~·········································· 
C * VCRSION : 14 JUNE 1<;02 * 

DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
D SPL IN 

C * DESCRIPTION : PERFORMS THE SETTING UP OF THE PLCTTING AREA. * 
C * PLOTS THE REQUIRED SPECIFIED POINTS, KNOTS, * 
C * SMOOTHED POINTS, DO OVERLAYS ETC. * 
c ****************************************************************** C INPUT PARAMETERS 
C NOoKNO - NO. OF DATA POINTS AND KNOTS 
C ICOUNT -NUMBER OF TI~ES THIS ROUTINE IS CALLEDCPLDT CNTRLJ 

DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
D SPL I~· 

C ITYPE - PRINT/GRAPHICS PLOT(SEE OPTION ~OUTINE) 
C. 0 - GRAPHICS PLOTTER 
( 1 - LINE PRINTER DSPLIN c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SPLINoPRGEN,PPPTS.PRKNOT,DRAW- PRINT/DRAWING CODES- SEE MAIN 
DSPLIN 
USPLitl 
DSPLIN 

IER 
ESC 

0- NO PLIJT OF POINTS DSPLlN 
1 - PLOT OF POINTS - N VS E OSPLIN 
2 - - E VS TIME DSPLIN 
3- - N VS TIME DSPLIN 

AI PRPTS : COOES 

01 PRKNOTS: CODES 
4 - - N VS E WITH ELLIPSE DSPLIN 
0- NO PLOTTING OF KNOT POSITIONS DSPLIN 

Cl ORAirl 

0) PRGEN 

CODES 

: CODES 

l - PLOT OF K~CTS - N VS E DSPLIN 
2 - - E VS TIME DSPLIN 
J- - N VS TIME DSPLIN 
0 - NC PLOT OF COMPUTEC SPL It~E POSIT !GNS OSPL IN 
1 - PLOT OF SPLINED PTS DSPLIN 

2 
3 -
4 
0 
l 

N VS E (DASHED LINES) DSPLIN 
- E VS TIME DSPLIN 
- N VS TIME DSPLtN 
- N VS E (DISCRETE ~LLIPSE>DSPLIN 

NO PRINTING OF COMPUTED SPLINED PTS DSPLIN 
lNFCRMATICN USED TO CRAW SPLINE PRINTED OSPLIN 

ERROR CODE TO HALT PLOT OF POINTS 
- SCALE FACTO~ FOR ER~GR ELLIPSES 

DSPLIN 
IF LS ROUTINE FAILS DSPLIN ~ 

DSPLIN ~ 



01297 
01298 
01299 
01 30 0 
01301 
01302 
01303 
01 304 
01305 
01306 
01307 
01.30 A 
01.304 
0 1 31 0 
0 1 31 1 
01.312 
01.31.1 
01314 
01315 
01316 
01317 
01.318 
01.319 
01.::!20 
01321 
01322 
01.32.3 
013~4 
01325 
01326 
0 1 32 7 
0 l .32 8 
01329 
01.3.30 
C1331 
01332 
01333 
01334 
0133 5 
01336 
01.337 
013.38 
013.39 
01340 
0 1 3 4 1 
01342 
01343 
01344 

c 
c 
c 
c 
c 
c 

SCT!ME -SCALE FACTOR ON TIME DOMAIN 
XSTART,XINT- TIME TO BEGIN DRAWING SPLINE AT 
TK,TX,COF,VCOF,OlK,VARoLCOS 

- DATA ARRAYS AS DESCRIBED IN THE 
FORFIV,NINTY - 45 DEG AND 90 DEG IN f<ADIANS 

XINT INCREMENTS 

MAIN 

C CALLS - PRNTCHoNMBR,ELLIPS,SPSYMOoNOWPLT,CiqCLE,DSHLNS, 
C ~NDPLT C FO~TPLOT LIOf<Ar.Y r.ouTINF.S l 
C - PLOToELIP.SE,POINT,RAOO 
C - OSOP.T 
C A~CiiiCNAL NOTES 
C THC INPUT OF TH~ DATA POINTS ARE STORED IN THE LCBS 
C MATRIX BET AND INCLUDING THE 5ND ELEMENT AND (2*N0+4) 
C ELEMENT , ARRAYS SIZES ARE TRANSFER THROUGH COMMON BLOCKS 

c ******* 

c• 

COMMON 
COMMON 

@ 

Af<RAYS 
REAL *B 

4> 

/01M1/IOBSNQ, IDA1o10W1, IDTX, lOP,! DPV, IDLOAS, IUVAR, IDV 
/OIM2/IDKNQT, IDA2, IDTK, IOOTK, IDX, IDVX, IO'I/2, IDV2o IOXO, 
I DCOF, I DVCOF 

TK( IDTK.t) oTX( IDTX,1) oCOF( IDCOFoBl oVCOF( IOVCOFo8d3l, 
D T K ( I DOT K , 1 ) , V ~ R ( I 0 VA R , 2 , 2 ) , L 0 es ( I OL C 8 S , 1 ) , 

OJ NINTY 
REAU•4 ZDASHG(2) 
INTEGER SPLIN,PRGENoPRPTS,PRKNGT,ORAW 

C* APPLY SCALE FACTOR ON PLOTTED ELLIPSES 
DATA SCALEL/1,0DO/ 

c• 
C* ~~OC.RAM BEGINS 
C• SET UP PLCT AREA FCR CNCE ONLY 

IFCZCCUNT.EC.1.AND.SPLIN.E0.1 l 
4> CALL PLOT(ZIHFoZII-lCoZIDPX,ZIDPY,ZXloZYloZX2oZY2l 

IFCSI'lLIN.,.,.E.1l 
~ CALL PLOTCZlHF,ZlHC,ZIO~X.liDPYoZXloZYloZX2,ZY2) 

lF(PRPTS.EO.O)GO TO 100 
CALL P R 1\ T C H ( ' X' l 
L = NC! + 1 
J = 3 
lNUMP = 1 
OIJ 10 I = 2oL 
lNUM = I-1 
J = J • 2 
Jl = J + 1 

C* SEL~CT OPTION 
ZX = LOBS(J,l) 
ZY = LOBSCJl tl l 
IF(PRPTS.E0.2)ZY = ZX 
Ir-CPRPTS.F.Oo2oOR.PRPTS.EQ,J)ZX = TX( I,l)/SCTIME 

C* PRJ ~IT tlU~BER 

OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLlN 
OSPLIN 
OSPLlN 
DSPLIN 
DSPL[N 
D SPL IN 
OSPLIN 
OSPLIN 
0 SPL IN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLl"" 
DSPLlN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN ~ 
DSPL IN -...~ 



01345 
01346 
0134 7 
0134tl 
01349 
01350 
01351 
01352 
0135:! 
01354 
01J55 
01356 
01357 
01358 
01359 
01 3 6 0 
01361 
01362 
01363 
1)1364 
01365 
01366 
01367 
01368 
01369 
01370 
01 3 71 
01372 
01373 
01374 
01375 
01376 
01 3 7 7 
01378 
01379 
01300 
01381 
01382 
01383 
01384 
013135 
01386 
01387 
01383 
01389 
01390 
01391 
01392 

IF(PRPTS.~Q.2.0n.PRPTS.~0.3)GO TO 30 
zr,x = ZX- ZIOPX 
ZRY = ZY - ZIDPY 
IF C I N U"'. ~~ e: • I tiU MP l G 0 T 0 3 0 
IF( INUM.EO.t llNUMP = INU"'P + 19 
IF(INUM.NEolllNUMP = INUMP + 20 
CALL NMBR(ZRX,ZRY,INUM,• ( 131' ,o.O,ZlHF) 

C• OMIT ELLIPSE ETC IF ON LINE PRINTE~ 
30 tFCITYPEot\EoO.OR.tPRf'ITS.NE.t .ANO.PilPTS.NEo4l lGO TO 20 

CALL PRt.TCH('.') 

20 

1 0 
C* 

C~LL ELIPSE(VAn(Ie1o1)oVAR( 1,2,2) ,VAR(I,1,2),A,O, 
iil ESC,OIRl 

ZD = 3*FORFIV- DIR 
IF ( P RP T S. E Q • 1 • ORo P RP T S , E Q. 4 ) CALL SP S Y M fl ( Z X, Z Y,- 1 1 , Z D, Z I HF" l 
ZDR = Nit.TY - OlR 
ZA = A•SCALEL 
ZB = B*SCALEL 
1F(PRPTS.EQ.4)CALL ELLIPS(ZX,ZY,-ZA,-ZO,ZDRl 
IF(ITYPE.EO.O.ANO.(PRPTSoNE.1.AND.PRPTS.~E.4) l 

-'> CALL S P S Y 14 B ( Z X , Z Y , - 1 1 , F 0 R F I V , l I H F ) 
IF ( IT Y P E. E 0 • 1 ) CALL N CW PL T ( 0, Z X, Z Y ) 
CONTINUE 

C* PLOTTER CONTr.OL -PRINTING OF THE KNOTS c• 
100 

130 

120 

1 1 0 
c• 

CALL PRNTCH('*") 
IF(PRKNOT.EQ,Q)GC TO 200 
DO 110 II= loKNC 
IFCI l.NE.KNO)GC TC 130 

L = KNC-1 
ZX=COFCL.7l*(DTK(Lol )**3)+COF(L,5l•CDTK(L,ll**2l + 

.COF(L,3l•DTK(Lol) + COF(Lol) 
ZY = COFCL,8)*(DTK(L.1 )**3) + COF(L.6l*(DTK(L,I >••2> + 

.COF(Lo4)*DTK(L,1) + COFCLo2) ' 
GO TO 120 
ZX = CCF(IIo1) 
ZY = COF(ll,2) 
IF(PRKNOT.EOo2lZY = ZX 
IF(PRKNOToE0.2oOR.PRKNOToEO.J)ZX = TKCI1,1)/SCTIME 
IFCITYP~.EO.O)CALL CIRCLE(ZX,ZY,ZIHC) 
I~(ITYPE.EOoO)CALL SPSYMB(ZX,ZY,-4,-0.7BS,ZIHF) 
IFCITYPE.EO.l)CALL NOWPLT(O,ZX,ZY) 
CONTINUE 

C* DRAW THE SPLINE 
C* 

200 IFCDRAW.EO.O)GO TO 999 
IF(IER.NE.OlGO TO 999 

DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
D SPL IN 
DSPLIN 
OSPLII\ 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLlN 
CSPL IN ~ 
OSPL IN ~ 
DSPLIN 



01393 
013Q4 
01395 
01396 
01397 
013?8 
01399 
01400 
01401 
01402 
01403 
01404 
01405 
01406 
01407 
01408 
01409 
01410 
0 1 4 1 1 
01412 
01413 
01 41 4 
01"415 
01416 
01417 
01418 
01 41 9 
01 42 0 
01421 
01422 
01423 
0 1 42 4 
01 42 5 
01426 
01 42 7 
01428 
01429 
01430 
0143\ 
01432 
01433 
01434 
01435 
01436 
01437 
01438 
01439 
01440 

C* CORREC.TJON APPLIED TO TH~ TINE INTERVAL AND INPUT TIME 
YINT = XINT*SCTIME 
YSTART = XSTART*SCTIME 

C* POSITIONS THE PEN AT THE FIRST KNOT 
ZAX = CQF(ltl) 
ZAY = CQF( 1o2) 

IF(DRA~eE0.21ZAY = ZAX 
1F(DRAW.E0.2.0R.DRAW.EO.J) ZAX ~ YSTART/SCTIME 

CALL NCWPLT(O,ZAX,ZAY) 
C"-LL DRNTCH( 1 e 1 ) 

INC= (TK(KNOol)-YSTART)/YlNT + 1 
WIUTE(6,9000) 

C* OEGIN DRAalNG 
DO 210 1 ~ 1oiNO 
TFIX = YSTART + (1-l)*YlNT 
CALL POINT(TFIX,XN,YN,VXNoVYNoVXY,ICOOE,KNQ,TK,CQF,VCOFl 
IFCICCDE.EO,O)GO TO 210 
SE = DSOR TC VXN) 
SN = DSORT(VYN) 

C* ESC IS SET TO PRODUCE T~E ALPHA PERCENT QLLIPSE 
CALL ELIPSECVXNoVYNoVXYoAoSoESC,DIRl 
ZDR = NINTY - OIR 
ZA = A 
Z9 =· B 
ZAX = XN 
ZAY = YN 

IFCDRAW,EQ,21ZAY = ZAX 
lf(DRAW.EO.~.GR.DRAW.EC.JJZAX ~ TFIX/SCTIME 

ZCA5HG( 1) = ICOUNT*0.05 
ZCASHG(2) = Ool 

C* CONFINE.PLCTTING TO ~IT~IN GRID AREA 
IF(ZAX,GT.ZX2.CR.ZAX.LT.ZX1)GO TO 220 
IFCZAY.GT,ZY2oOR.ZAY.LT.ZY1)GQ TO 220 

C* CHIOCES 
IF(I~YPE,EO,l)GO TO 230 
lf(DRAW.EOollCALL DSHLNS(ZAX,ZAY,ZDASHG,-2) 
IF(ORAW.E0.4)CALL F.LLIPSCZAX.ZAY,-ZA,-ZB.ZCR) 
IF(0RA~.E0.4)CALL SPSYMB(ZAX,ZAY,-4,ZCR,ZIHF) 
lF(URAW.E0.2oOR.ORAWoE0.3)CALL NOWPLT(l,ZAX,ZAY) 

2~0 Ir-(ITYPE.EOol)CALL NCWPLT(1oZAX,ZAY) 
220 TFIX = TFIX/SCTIME 

OR = R.AOO(DIR) 
IF(PRGEN.EOoll•RtTE(6,9010)I,TFIX,XN,YNoSEtSNoVXYtAoBoDR 

210 CONTINUE 
999 1FCSPLIN.NE,1)CALL ENOPLT 

RETURN 
9000 FORMAT(//,lOX, 1 PREDICTED FIXES AT SPECIFIED TIMES'o/lOXt 

• 1 7 ( • ==' ) • I/. 3 X •• NO' I~ X t' TIME' 9 1 2 X. 

DSPL IN 
DSPLIN 
OSPLIN 
DSPL IN 
DSPL lN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLI" 
DSPLIN 
DSPLiflj 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPL IN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLlflj 
DSPL IN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLlN 
DSPLIN 
D SPL IN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLlN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPL IN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 

...... 
\l) 
\l) 



01441 
01442 
01443 
01444 
01445 
01446 
01447 
01448 
01449 
01450 
01451 
01452 
01453 
01454 
01455 
014G6 
01457 
01458 
01459 
01460 
01-H:l 
01462 
0146~ 
01464 
01465 
0146c 
01467 
0146A 
01469 
01470 
01471 
01 4 72 
01473 
014 74 
01475 
01476 
01477 
01478 
01479 
01480 
0 140 1 
01482 
01483 
01484 
01485 
01486 
01487 
014ae 

•'POSITION(E,N) SIGMA POSN(E,N) '• 13X,' COVARIANCE' ,4X, 
•'SEM1-MAJOR SE~l-~I~G~ O~lENT(CEGl 'o//) 

~C10 FORMAT(2Xol4o2XoF10.4,10(F12.J,2X)) 
ENC 
SUBROUTINE ELIPSE(VXXoVYYoVXY,A,G,SC,PHI) 
IMPLICIT REAL*8(A-HoC-Z) 

c *********************************************************~******** C * VERSION : JANUARY 1982 * 
C * DSSCRIPTlON : COMPUTE THE PARAMETERS OF AN ELLIFSE GIVEN * 
C * THE COVARIANCE MATRIX PARAMETERS. * 
c ****************************************************************** C INPUT PARAMETERS 
C VXX - VARIANCE OF X 
C VYY - VARIANCE OF Y 
C VXY - COVARIANCE OF X AND Y 
C SC - THE FACTOR (FOR ELLIPSES CTHEM THAN STO ELLIPSES! 
c 
c 
c 
c 
c 
c 
c 

OUTPUT PARAMETERS 
A,n- THE SEMI-MAJOR AND SEMI-MIND~ AXES OF ELLIPSE 
PHI- AZI~UTH OF THE MAJOR AX!S(lN RADIANS) 

CALLS - DSORT,DATAN2 

DATA PI/3,1415~2C535e~793DOO/ 
Dl = (VXX+VYY)/2o0COO 
D2 = OSORT{(VXX-VYYI**2/4.0DOO + VXY**2> 
A = DSORT(Dl+D2)*SC 
0 = OSQRT(Ol-D2l*SC 
lF(D2.LT.l,OD-20lPHI = 0,0000 
IF(D2.LT.l.OD-20)GC TO 10 
IF(VXXoLTo1 oOD-20oAND.VYYoLT.l.OD-20)PHI = O.CDOO 
lF(VXXoLT.l.00~20,AND,VYY.LT.1.00-20JGO TO 10 
PHI = -0.5*DATAN2(-2.0*VXYoVYY-VXX) 
IF(PHI.LT.O.ODOO)PHI = PHI + 2.CDOO*PI 

1C RETURN 
E~l 0 
SUOROUT1NE ELLSIG(A,BtDIR,SE,SN,SEN,ICOOEl 

c ···~******************************************************* 
C * VER!:;ION : 27 JUNE 1982 * 
C * DESCRIPTION : TRANSFORMS FROM ELLIPSE TC STANDARD * 
C * DEVIATIONS AND COVARIANCE * 
c *********************************************************** C INPUT PARAMTERS 
C A,B - SEMI-MAJOR AND SE~l MINOR AXES OF ELLIPSE 
C OIR - AZlMU"TH OF SEMI MAJOR .AXIS 
C I CODE - 0 : AZIMUTH IS IN DEGREES 
C 1 : AZIMUTH IS IN RADIANS 
c 

DSPLIN 
D SPL 1 N 
DSPLIN 
OSPLIN 
D SPL IN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
D SPL IN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLlN 
OSPLIN 
OSPLIN 
DSPLlN 
OS PL IN 
DSPLIN 
D SPL IN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN rv 
DSPLIN o 
DSPLIN ° 



014t39 
01490 
01491 
01492 
01493 
01494 
01495 
01496 
01497 
01498 
01499 
01500 
0 1 50 1 
01502 
01503 
01504 
01505 
01506 
01507 
01506 
01509 
01510 
01 51 t 
01 51 2 
01513 
01514 
01515 
01 51 6 
01517 
01 51 0 
01519 
01520 
01521 
01522 
01523 
01524 
01525 
01526 
01527 
0152 6 
01529 
01530 
01531 
01532 
01533 
01534 
01535 
01536 

C OUTPUT PARAMTEnS 
C SE - STANDARD DEVIATION IN THE EASTINGS 
C SN - STANDARD DEVIATIONS I~ THE NORTHING$ 
C SEN - COVARIANCE BETWEEN EASTINGS AND NORTHING$ c 
c 
c 

CALLS DSORT,OTAN 
••w~#lhh••~w## 

REAL*8 A,B,DIRoSEoSN,SENoDR,K,C,GAMMA,PHI 
DATA PHI/3.141592~54000/ 
DR = OIR 
IF(lCODE.EOoOlDR = (DIR/180o000l*PHI 
GAMMA = 2oODO*(PHI/2oODO - DRl 
K = PHI*2.0DO 
IF(GAMMA.GT.KlGAMMA = GAMMA- K 
SEN = O.SDO*(A*A - B*Bl*DSIN(GA~MAl 
K = A*A + 8*8 
C = 2oODO*SEN/DTAN(GAMMAl 
SE = DSORT((K+Cl/2o000l 
SN = DSQRT((K-C)/2.0DO) 
RETURN 
END 
REAL FUNCTION ELSFAC*B{ALPHA) 
r-EAL*8 ALPHA 

c **********************************************************4******* 
C * VERSION : JUNE 1982 * 
C * D~SCRIPTION : TO COMPUTE THE SCALE FACTOR FOR THE CONFIDENCE * 
C * ELLIPSES AT THE ALPHA PERCENTAGE LEVEL. * 
C * IF ERROR DETECTED, SCALE FACTOR IS SET TO l.ODO * 
c ****************************************************************** C CALLS - MDCHI (IMSL RGUTI~E) 
C - DSORT,OBLE 
c 

c• 

ZX = ALPHA/100.000 
CALL MDCHICZXe2o0oYtiER) 
IF(IER.EQ.O)ELSFAC = DSORT(DBLE(Y)l 
IF(IER.NE.OlELSFAC = loODO 

RETURN 
END 
SUBROUTINE ERRATR(XVELO.AVELD.ELEV.XTER) 
IMPLICIT R~AL$8(A-h.O-Z) 

c ********************************************************* 
C * VERSION : AUGUST 1982 -. 
C * DESCRIPTION : COMPUTES THE ALONG TRACK ERROR * 
C * DUE AN ERROR IN RECEIVER MOTION * 
C * BASED ON THE MAGNITUDf. OF THE * 
C * MOTION AND THE ELEVATION OF THE * 
C * SATELLITE. * 

DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPL IN 
DSPLIN 
DSPL IN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPL IN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLlN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
0 SPLI N 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPL IN N 

DSPL IN o 
DSPLIN~ 



01537 
01 53 0 
01539 
01540 
01541 
01542 
0154:3 
01544 
01545 
01 546 
01547 
o 1 54 a 
01549 
01550 
01551 
01552 
01553 
01554 
01555 
01556 
015~7 
01558 
0155<; 
01560 
01561 
01562 
01563 
01564 
01565 
01566 
01567 
01560 
01569 
01570 
01571 
01572 
01573 
01'574 
01575 
01576 
01577 
01578 
01579 
01500 
01581 
01582 
0158'3 
01584 

c ******************************************•·············· C INPUT PARAMETERS DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 

C AVELO - ERROR IN VELOCITY OF THE 
C XVELO - ERROR IN VELOCITY OF THE 
C ELEV - ELEVATION OF THE TRACKED 
c 
c 
c 
c 
c 
c 

RECEIVER ALONG-TRACK DIRECTION 
RECEIVER CROSS-TRACK DIRECTION 
SATELLITE 

OUTPUT PARAMETERS 
XTER - COMPUTED RSS ALONG TRACK ERRGR 

CALLS - OSQRT 
OSPLIN 

ELEVAT = (ELEV/3.1415~2654)$180.000 OSPLIN 
C ERROR DUE TO VELOCITY NORTH ERRO~S DSPLIN 

XTER1 = O.OJOO*AVELO DSPLIN 
tF{ELEVAT.GTo75 )XTERl = Oo04DO*AVELO DSPLIN 
IF(ELEVAToGTo80 lXTERl = Oo07SDO*AVELO OSPLIN 
lF(ELEVAT.GT.83 )XTERl = O.O~DO*AVELO DSPLIN 
IF(ELEVAT.GToSS )XTERl = Oo10DO*AVELO OSPLIN 
IP(ELEVAT.GTo07 lXTERl = O.t3DO*AVELO DSPLIN 

C CRROR DUE TO VELOCtTY EAST ER~ORS DSPLlN 
XTER2 = Oo02DO*XVELO DSPLIN 
IF(ELEVAToGEo75)XTER2 = Oo02DO*XVELO DSPLIN 
IFCELEVAT.GE.BO)XlER~ = O.OlSDO*XVELO DSPLlN 
IF~ELEVAT.GE.85)XTER2 = O.OlDO*XVELO DSPLIN 

C ERROR DUE 10 INCORRECT ALTITUDE DSPLIN 
XTER3 = 12*0o25 OSPLlN 
IFCELEVAT.GEo75)XTER3 = 12*0.:35 OSPLIN 
IF(ELEVAT.GEo80)XTE~J = 12*0.50 OSPLIN 
IFCELEVAT.GEo85)XlERJ = 12*0.75 DSPLIN 
IF(ELEVAT.GEo87JXTERJ ~ 12*1.00 DSPLIN 

C CU~MULATIVE ERROR DSPLIN 
XTER ~ OSQRT(XTERl*XTERl + XTER2*XTER2 + XTE~3•XTER3) DSPLIN 
f<ETURN . DSPLIN 
END DSPLIN 

SUBROUTINE ERRORS(EO,NO.SEo~N.SENtVELQ,OIR.,ICGDE) OSPLIN 
IMPLICIT REAL*8(A-HoC-2) DSPLIN 

C **********~***********************************************************DSPLIN 
C * VERSION : 05 J~LY 1982 *DSPLIN 
C * DESCRIPTION : IF THE UNMODELLED ERRORS DUE TO VELOCITY AND *DSPLIN 
C * ALTITUDE ERRORS EXCEED THAT OF THE FORMAL ERROR *DSPLIN 
C * ESTIMATES, THE STD CEVIATIONS ARE ADJUSTED ACCORDING.•OSPLlN 
C *****~****************************************************************DSPLIN 
C INPUT PARA~ETERS . DSPLIN 
C EO,NO - POSITION AS DETERMINED OY THE METHOD OF LEAST SCUA~ES DSPLIN 
C SE,SN - STANDARD DEVIATIONS IN EASTING AND NORTHING RESPo DSPLIN 
C ~EN - COVARIANCE DSPLIN N 

C VELD - ESTIMATED VELOCITY CF THE RECEIVER DSPLIN o 
C OIR - AZIMUTH( IN RADIANS) OF THE MOTION OF RECEIVER OSPLIN N 



01585 
01586 
01587 
01588 
01589 
01590 
01 591 
01592 
01593 
01594-
01595 
01596 
01597 
01598 
01599 
016 0 0 
01601 
01602 
01603 
01604 
01605 
01606 
0160 7 
01608 
01609 
01610 
0 16 1 1 
01612 
01613 
01614 
01615 
Olf>1f, 
0 1 61 7 
016113 
01619 
0162 0 
01621 
01622 
01623 
01 62 4 
01625 
01 626 
01 62 7 
o 1 62 a 
01629 
0163 0 
J1631 
01632 

c 
C OUIPUT PARAMETERS 
C EOoNOt 
C VELOoDIR 
C SEoSN, 

UNCHANGED 

C !>EN - MODIFIED BY A FACTOR DETERMINED BY THE ROUTINE. c 
c 
c 
c 

CALLS- ELIPSE,SATELVoERRXTRoERRATR,ELLSIG 
- DCOS,DStN 

·~~········ REAL*B EO,NO,NINTY,FULC 
DATA PHI/3.141592654DO/,NINTY/1.570796327DO/,FULC/6o28318530800/ 
VX = SE*SE 
VY = SN*SN 
CALL ELIPSE(VX,VY,SENoAoBo1.000oD~ELL) 

C* COM~UTE ANGLE BET•EEN SATELLITE DIRECTION AND MOTION 
DRS = DRELL + NINTY 
IF(DRS.GT.FULCIDRS = DRS - FULC 
DR = DRS 
lFlORSoLT.DIR)DR = DRS • FULC 
ADR = OR - OIR 
IF(ADR.GE.PHt)AOR = AOR­
IF(AOR.GT.NINIYJADR = PHI -

C* VELUCitY COMPONENT OF AECEIVEP 
C* DIRECTION OF THE SATELLITE 

AVELO = VELO*DCOSCADRI 
XVELO = VELO*DSIN(AORI 

PHI 
ADA 
IN THE CROSS TRACK AND ALONG TRACK 

CALL SATELV(E0tNOt2e006,2e0~6.DRS.ELEVI 
CALL ERRXTR(XVELQ,AV~LOoELEVoABI 
CALL ERRATR(XVELOoAV~LOoELEVoBAI 
OR= ~~DO(ORS) 
ELEV = RACD(ELEVl 
IF(ICODE.EQ,l)WRITE(6,9000lOR,~LEVoAo8oA8o8A 
IF((AB.LT.A.ANO.OA.LT.BI.ANDolCODE.EQ.llwRITE(6.9010l 
IF(A8.LT.~.AND.8AoLT.OJRETURN 

C* ERROR ELLIPSL:S MODir-tEO ACCORDING TO GSS F.RRORS 
lF(AB.GT.AIA = AB 
IF(BA.GT.BIB = BA 
CALL ELLSIG(A,8,DRELL,SEoSNoSENo1) 
1F(tCODE.EQ.1)WRITE(6,90201SNoSE,SEN,A,B 
RETURN 

gooo FORMAT(/o3Xo 1 AZIMUTH OF SATELLITE AT TCA 1 eF6.lo 1 DEGS•,/, 
~ ~X,'ELEVATION or- SATELLITE 1 oF6.1 ,• DEGS•,/, 
~ 3Xe 1 INPUT ERROR ELLIPSE;A ANC B •:ot2.5,2Xe012.5o' M•, 
~ /,3Xo 1 RSS TRACK ERROR; XTR C ALTR' oD12.5o2Xo012.5o' M' I 

~01~ FORMAT(3X.•RSS ERRORS WITHIN ERROR ELLIPSE',/) 
qQ20 FORMAT(~X,'RSS ERRORS EXCEECS ~RROR ELLIPSE•, 

~ /o3X,'NEW STD OEV(N,E) AND CGV •,J(F10.lo3X), 

OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLlN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPL IN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLlN 
DSPLlN 
DSPLIN 
DSPLlN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLINrv 
DSPLI N 8 
OSPLIN 



01633 
016.34 
01635 
01636 
01637 
01638 
01639 
01640 
01 641 
01642 
01 643 
01644 
01645 
01646 
01647 
0164£! 
0164<; 
01650 
01651 
01652 
01653 
01654 
01655 
01656 
01657 
01658 
01659 
01660 
01661 
01 c 62 
01663 
01664 
01665 
01666 
01667 
01668 
01669 
01670 
01671 
01672 
01673 
01674 
01675 
01676 
01677 
01678 
01679 
0.1 68 0 

~ /o3X, 1 NE• ERROR SLLIPSE ;A & 8 1 o3(F10.1o3X).I/) 
END 
SUBROUTINE ERRXTR{XVELOoAVELOoELEVoXTER) 
IMPLICIT REAL*B(A-H,Q-Z) 

c ******************~·········~····························· 
C * ~ERSION : 15 JULY 1902 * 
C * DESCRIPTION : CO~PUTES THE CROSS TRACK ERROR * 
C * DUE AN ERROR lN RECEIVER MOTION * 
C * BASED ON THE MAGNITUDE OF THE * 
C * MOTION AND THE ELEVATION OF THE * 
C * SATELLtT~. * 
c ********************************************************** C INFUT PAR~METERS 
C AVELO - ERROR IN VELOCITY OF THE RECEIVER ALONG TRACK DIRECTION 
C XVELO -ERROR IN VELOCITY OF THE RECEIVER CROSS TRACK DIRECTION 
C ELEV - ELEVATION OF THE TRACKED SATELLITE 
c 
C OUTPUT PARAMETERS 
C XTER - COMPUTED RSS CROSS TRACK EnROR 
c 
C CALLS - DSQRT 
c 

~L5VAT = (ELEV/3.141592654)*180.000 
C* Ef<ROR DUE TO VELOCITY NORTH ERRORS 

XTERl = 0.45DO*AVELO 
lF(ELEVAT.GTo75)XTER1 = Oo56DO*AVELO 
IF(ELE~AT.GTo80lXTER1 = Oo72DO*AVELO 
[F(ELEVAT.GT.84)XTER1 = l.OODO*AVELO 
lf(ELEVAT.GT.85)XTER1 = lo2000*AVELO 

C* GRAPH OR LINE FIX TR~AT~~NT IF > 88 DEGREES IN SAT ELEVATION 7 
CS IF(ELEVAT.GE.88)XTER1 = l.eODO*AVELO 

IF(~LEVAT.GE.88lXTER1 = J.OOD3 
C* ERPOR DUE TO VELOC[TY EAST ERRORS 

XTER2 = O.OJDO*XVELC 
1F(ELEVAT.GT.75 )XTER2 = O.OJDO*~VELO 
IF(ELE~AToGT.80 )XTER2 = Oo05DO*XVELO 
1F(ELEVAT.GT.85 )XTER2 = 0.09DO*XVELG 
IF(ELEVAT.GTo87 )XTER2 = Ool2DO*~VELO 

C* ERRORS DUE TO INCORRECT ALTITUDE 
XTER3 = 3.30D0*12 
IF(ELEVAT.GTo75 )XTER3 = 4o2000*12 
IF(ELEVAToGTo80 lXiER3 = 5.60D0*12 
IF(ELEVAT.GT.83 )X7ERJ = 7.20D0*12 
IF(ELEVAToGTo85 lXTER3 = 10o00D0*12 
IF(ELEVAT.GTo86 )XTER3 = 15.00D0*12 
XTER = DSQRT(XTERl*XTERl + XTER2*XTER2 + XTER3*XTERJ) 
RETURN 
END 

OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLlN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLlN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLlN ~ 
DSPLIN A 
OSPLIN 



01681 
016A2 
01683 
01684 
01685 
01686 
01687 
01688 
016B9 
01690 
01691 
01692 
01 693 
01694 
01695 
01696 
01697 
01698 
01699 
01700 
01701 
01702 
01703 
01704 
01705 
01706 
01707 
01708 
01709 
01 71 0 
01 71 1 
01712 
01713 
01 71 4 
01715 
01716 
01717 
0 1 718 
01719 
01720 
01721 
01722 
01723 
01724 
01725 
01726 
01727 
01728 

SUBROUTINE FlLTER(NOoTX.LODS,P,VAR.FINT,FINCoALPHAoXSC,SCTIME, 
~ AoPF,w,v.vx.~Kl 

IMPLICIT REAL*8 (A-HoP-Z) 
c *********~~····••*************************************************** C * VERSION : 23 APRIL 1982 * 
C * DESCRIPTION : DETECTION OF UNDESIRABLES USING A MOVING * 
C * LINEAR FILTER * 
c ******************************************************************** C INFUi PARAMETERS 
C NO - NO OF DATA POINTS TO BE PROCESSED 
C TX - DATA TIMES 
C LCBSoP- OBSERVATIO~ VECTOR AND WF.IGHTS 
C VAR - INPUT VARIANCES OF DATA POINTS c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

Al FINT -FILTER INTERVAL WIDTH 
Ol FtNC -FILTER INTERVAL ~lOTH INCREMENT 
C) ALPHA - PERCENTAG~ TEST LEVEL 

x.sc - SCALE FACTOR AT ALPHA X CONFIDENCE INTERVAL 

OUTPUT PARAMETERS 
NONE 

WORK ARRAYS 
A.PF.w,v,vx 
WK 

AS DIMENSIONED BELOW 
- WORK ARRAY AS REQUESTED BY SOLV ROUTINE 

CALLS- SOL\/ 
- OSQRToOAElS 

************* 
COMMON /DIMI/ICBSNOolDA1, IDW1.IDTX. IDP, IDPV, IDLOB5olDVAR, ICV 
COMMON /OIM2/IDKNOT,IOA2o IDTKo IDDTKo lOX, IDVXo IDW2. IDV2o IDXC, 

@ IDCOF,IDVCOF 
REAL* 8 T X ( I D T X • 1 ) , L 0 B S ( I DL 0 B S , 1 ) , P ( I 0 P, 3 ) , VA R ( I OVA R, 2, 2 ) • 

~ WK(8,56), 
Gl A ( 2 0 o 3 )._ PF ( 4 0 , 3 ) , w ( 4 0 , 1 l , V ( 4 0 , 1 ) , X ( t; , 1 ) 1 V X ( 4 , 4 ) 

INTEGER PCODE 
C*BEGINS 
C* SET DIMENSIONS OF FILTER ARRAYS 
C* MAXIMUM NUMBER OF POINTS EQUAL TO 20 

IMAX = 20 
I A = I MAX 
IPF = IMAX*2 
IW = 1MAX*2 
IV = IMAX*2 
I X = 4 
lVX = 4 

C• STORE 

DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLlN 
DSPLIN 
OSPL .IN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLI!'. 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN rv 
DSPLIN o 
OSPLIN Vl 



01 72 9 
01 73 0 
0 1 73 1 
01732 
01 733 
01734 
01 735 
01736 
01737 
01 73 8 
01739 
0174 0 
01741 
01 742 
01743 
01744 
01745 
01746 
01747 
01748 
01749 
01750 
01 751 
01752 
01753 
01754 
01755 
01756 
01757 
0: 758 
01759 
01760 
01761 
01 762 
01763 
01764 
01765 
01766 
01767 
01768 
01769 
01770 
01771 
01772 
01773 
01774 
01775 
01776 

I SOLO = 0 
IEOLO : 0 

C* CORRECT INTERVALS FOR TIME SCALING 
DINT = FINT*SCTIME 
DINC = FINC*SCTIME 

C* OUTPUT INFORMATION 
WRITF.(6,750)ALPHA,XSC 
WRITEC6o7001DINT,DINC 

C* BC:GIN FILTER 
TBG=TX(1t1) 
I STOP = 0 
TEO = TBG + OINT 

1000 L = NO + 1 
IF(TEDoGT.TX(L,1 )IISTOP = 

C* SET SWITCHES 
IS WT = 0 
I SWT 2 = 1 
L = NO + 1 
DO 40 I = 2oL 
IF(TBG.LEoTX(l,1)oANO.TED.GE.TX(I,lliGO TO 10 
IF(ISWT2.EQ.1)GO TO 40 
I END = I 
GO TO 50 

10 IFCt"SIIIT.EQ.O)ISTART = 1 
ISWT = 1 
IS'IfT2 .:: 0 

40 CONTINUE 
tEND = NO + 2 

C* CORRECT LAST POINTER 
50 lEND = lEND - 1 

C* G~NER~TE MATRICES 
J = -1 
L .: 0 
IF(ISOLO.EQ.ISTARToANO.IEOLD.EQ. IENDlGO TO 3000 
DO 100 I = ISTART,IENO 
J = J + 2 
Jl c: J + 1 
L = L + 1 
OT = TX(Iol)- iBG 
A(L,1) = OT 
A(L,21 = a.ooo 
A ( L, 3) = 1 o OD 0 
IL=(I-11*2+3 
I L2 = ( I -1 ) * 2 + 4 
W(Jtl) = -LOBS(ILel) 
W(Jloll = -LOBS(IL2ol) 

C* P MATRIX LOCATE 
D0110K=lo3 
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01777 
01778 
01779 
01780 
01781 
01782 
01783 
01784 
01785 
01786 
01787 
01788 
01789 
01790 
01791 
01792 
017~3 
01794 
01795 
01796 
01797 
01790 
01799 
01800 
01801 
01802 
01803 
01804 
01805 
01 eo6 
01807 
01808 
01809 
01810 
0 1 81 1 
01812 
01813 
01814 
01 61 5 
01816 
01817 
01816 
01 81 9 
01620 
01821 
01822 
01823 
01824 

PF(J,K) = P(lLtK) 
110 PF(JloK) = P( IL2oKl 

100 CONTINUE 
C* 
C* SET PROBLEM SIZE 
c• 

N -:: J 1 
M = 4 
PCOOE = 0 
CALL SOLV(A,PFoWeXoVX,V,N,Mo1Ao3olPF,3olWolX, IVX, IV, ICOD,PCODEt 

Cil ,.K) 
IFCICOO.EQ,OlGO TO 200 
WRITE(6,740)ISTARToiENDolCOD 
WRlTE(6,9000) 

9000 FORMAT(/,3X, 1 1NSUFFICIENT POINTS; INCREASING INTERVAL',/) 
TEO = TED + DINC 
IFCISTOP.EOo1)WRITE(6,9010) 

9010 FOR~ATC/o3Xo 1 NO POINTS LEFT- TERMINATE HERE',/) 
IF(1STOP.EQ.1)GO TO 2000 
GO TO 1000 

C* 
C• TESTING THE RESIDUALS IF SOLV PASSES 
C* 

200 t TOT'AL = 0 
C* CORRF.CT OUTPUT POINTERS 

J = ISTART -1 
J 1 = t E NO - 1 
WRtTE(6o710)JoJ1 
00 210 I= ISTARToiENO 

C* CCRRF.CT OUTPUT POINTERS A~O MODIFY TIME OUTPUT 
II = t -ISTART + 1 
ITRUE = I-1 
TIME = TX( 1.1 )/SCTI"'E 
XLEVEL = XSC*DSORTCVAR(lolol)) 
IF(OABS(V( Ilol))oLToXLEVELlGO TO 220 
L = CABS(V(IIol))/XLEVEL 
WRITEC6o720l1TRUE9TtMEoL 
ITOTAL = ITOTAL + 1 

220 XLEVEL = XSC$0SQRT(VAR(Io2o2)) 
Il=II+l 
IF(0ABS(V(1Io1))oLToXLEVEL)GO TO. 210 
L = OABS(V(IItl))/XLEVEL 
WRITEC6o730)ITRUEtTIMEoL 

210 CONTINUE . 
3000 lFCISTOP.EOollGO TC 2000 

I SOLD = t START 
IEOLO = IENO 
TOG = TBG t- OINC 
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01825 
01626 
01827 
0182 8 
01629 
01630 
01831 
01632 
01 833 
01634 
01835 
01636 
01837 
01638 
01839 
0184 0 
01641 
01 842 
~ 1 84 3 
01844 
01845 
01 846 
01847 
01 84 a 
01~4q 

01850 
01851 
01852 
01853 
01854 
01855 
01856 
01857 
01856 
01 859 
01 860 
01861 
01862 
01663 
01 864 
01665 
01 866 
01867 
01868 
01869 
01870 
01871 
01872 

2000 
9100 
700 

TED = TBC + DINT OSPLIN 
CO TO 1000 DSPLIN 
WR1TE(6e9100) OSPLIN 
FORMAT(3X, 'FILlER TESTS COMPLETED• o/) DSPLlN 
FORMAT(/,/e3Xe 1 SUB FILTER DETECT THESE POINTS AS OUTLIERS', DSPLIN 

A> /,3Xo'TIIfE SPAN 1 o1PD12e5e 1 INCREMENT WIDTH •.1PD12o5 9 / 1 /) DSPLIN 
710 FORMAT(/,3X,•POINT SPAN < 1 oi3o'•'oi.3 1 '>' 1 /) DSPLIN 
720 FORMAT(3Xe'N0 1 oi4t 1 TIME 1 o\PD12,5, 1 E RESIDUAL FAILED•, DSPLIN 

Ol ' (SEVERITY: '•I2,• )') DSPLIN 
730 f"ORMAT(3X,'N0 1 tl4e 1 TIME 1 olPD12,5, 1 N RESIDUAL FAILED', DSPLIN 

lil 1 (SEVERITY :.'ti2e 1 ) 1 ) DSPLIN 
740 FORMAT(/,3X,•POINT SPAN < 1 oi3,•,•,t3,•> ERROR CODE ;•,I2o/) DSPLIN 
750 r0RMAT(/o3Xe 1 SCALE FACTOR FCR •.F6,1o' PERCENT CONFIDENCE•, DSPLIN 

A> 0 ELLIPSES= 1 eF10o4e/) DSPLIN 
RETURN DSPLIN 
END DSPLIN 
SUBROUTINE FITtTIMEoXX,YY,VXYeiOPToiCODEoiRJEToALPKNT, DSPLIN 

Ol AoPoVAR,VX,VXOLD,LOBS,WKS) DSPLIN 
IMPLICIT REAL*B(A-H,O-Z) DSPLIN 

C ********************************************************************* DSPLIN 
C * DESCRIPTION OF ROUTINE * DSPLIN 
C * VERSION : 12 JULY 1982 * DSPLIN 
C * DEPLOYMENT : CURVE FITTING * DSPLIN 
C * QUALITIES : HAS THE POSITION AND 1ST DERIVATIVE OF THE * DSPLIN 
C * FORMER KNOT WEIGHTED : VARIABLE wEIGHTING ON SLOPE * DSPLIN 
C * AND POSITION OF KNOT IS USED * DSPLIN 
C * METHOD : SEE THE OPTION SET FOR ANALYSIS OF PROGRAM * DSPLIN 
C * CAPABILITIES * DSPLIN 
C ********************************************************************* DSPLlN 
C INPUT PARAMETERS DSPLIN 
C TIME - TIME OF DATA POINT DSPLIN 
C XXoYY - COORDINATES OF DATA POINT OSPLIN 
C VXY - COVARIANCE MATRIX OF DATA POINTS DSPLIN 
C DSPLIN 
C IOPT - VECTOR OF OPTIONS GOVERNING THE CURVE FITTING DSPLIN 
C* A) IOPT(l) :MIN NUMBER OF DATA POINTS BEFORE DOING THE FIRST DSPLIN 
C CUBIC POLYNOMINAL FIT DSPLIN 
C* B) IOPT(2) : LOCATION OF KNOT = 1 MIDWAY BEl TWO DATA POINTS OSPLIN 
C = 0 CONCIDENCE WITH THE DATA POINT DSPLIN 
C* C) IOPT(J) : "OF INTERVAL OVERHANGING .IE. X OF PTS DSPLIN 
C OUTSIDE THE INTERVAL -ITH THE INTERVAL AS 100 X OSPLIN 
C* D) IOPT(4) : I>IAGNIFICATION FACTOR ON THE SLOPE VARIANCE DSPLIN 
C IF <1 THEN NO •EIGHT ; 100 ACTUAL COMPUTED VARIANCE DSPLIN 
C >100 INCREASE IN liiEIGHT : l<A) 4)<100 X wT. DSPLIN 
C* E) IOPT(5) : MIN NUMBER OF DATA POINTS PER INTERVAL PERMITTED DSPLIN 
C DSPL IN r-.J 

C* F) IOPTt6) : INCLUSION OF FORWARD OUTER POINTS IN REJECTION TESTS DSPLIN g 
C IF 1 - YES ; 0 - NO DSPL IN 



01 8 73 
01874 
01875 
01'376 
01877 
01878 
01879 
01860 
01881 
01682 
018133 
01884 
01885 
01886 
01887 
01888 
018A9 
01690 
01891 
01892 
01893 
01694 
01895 
01896 
01897 
01898 
01899 
01900 
01901 
01902 
01903 
0190 4 
01905 
01906 
01907 
01908 
01909 
01910 
01911 
01912 
01913 
01914 
01915 
01 91 6 
01917 
01918 
01919 
01 92 0 

c• 
c 
C* 
c 
C* 
c 
c• 
c 

'* C* 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

G) IOPT(7) 

H) IOPT(8) 

I) IOPTC9) 

J) IOPT(10) 

MINIMUM L~G OF ONE POINT TO BE ENFORCED 
1 - YES OR 0 - NC 

ALL DIAGONSTIC PRINTOUT : 1 - YES ; 0- NO 

PRINT COMPUTED KNOTS : 1 - YES ; 0 - NO 

PRINT COMPUTED KNCTS COVAR MATRIX : 1 - YES 

K) IRJET - NO OF FAILURES ALLOWED 
L) ALPKNT - X LEVEL OF SIGNIFICANCE TESTS 

OUTPUT PARAMETERS 
ICODE = 0 POINT READ AND PROCESSED BUT KNOT NOT RECOMMENDED = 1 FATAL ERROR DETECTED IN THE SUBROUTINE = 2 KNOT ESTABLISHED. 

IF AND ONLY IF ICODE = 2 
TIME = NEXT KNOT TIME 

WO~K ARRAYS - A,P,VAR,VX,VXOLDoLOBS ( AS DIM BELOW ) 
- •KS t•ORK ARRAY AS REQUESTED BY SOLV ROUTINE 

CALLS- OeS,CHOLD,REJECT 
ADDITIONAL NOTES 

IOPT(l) MUST BE ~T LEAST (100 + IOPTC3)) PERCENT L~RGER 
THAN IOPT(S)o 

ALL POINTERS IN COMMON BELOW HAVE TO BE RESET BEFORE 
BEGINNING TO LOCATE OPTIMUM KNCTS. 

1 JULY 1982 - UPGRADE TO 100 PTS PER INTERVAL 
COMMON /INIT/TK,ISWT2oiS~T,INO,PTXoPLOBS,PVAR 

C* A~RAYS FEED INTO THE PROGRAM 
REAL-* 6 V X Y ( 2, 2 ) 

C* ARRAYS USED BY THE PROGRAM 
C* STORAGE OF ONLY INPUT DATA POINTS 

REAL* 8 T X ( 1 0 0 , 1 ) , L 0 0 S ( 2 0 0 , 1 ) , VA. R ( 1 0 0 , 2 , 2 ) 
C* TEMPORARY 

0 - NO 

REAL* 8 T K ( 2 , 1 ) , AD 8 S ( 7 , 1 ) t X ( 8 t 1 ) tV X ( 8 , 8) , X OLD ( 8 t 1 ) , V XOL D ( 8 , 8 ) 
C* ACCOUNTS FOR THE KNCT INFORMATION 

REAL*8 A(102o7),P(204e3),W(204o1loV(204oll 
C* •ORK ARRAY USEO BY THE SOLV ROUTINE SEE SOLV FOR DIMENSIONS 

REA.L*8 ~KS(8,204) 
INTEGER IOPT(lOloPTX,PLOBS,PVAR 

C* ARRAY SIZES 
C* VARIABLE INOBS - MAXIMUM NUMBER OF OBSERVATIONS(PER INTERVAL) 

INOBS = 100 
lDTX = INCBS 
IOLOBS = INOBS*2 
I DVAR = I NOBS 
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01921 
01922 
01 923 
01924 
01925 
01926 
01927 
01928 
01929 
01930 
01931 
01932 
01933 
01Q34 
01935 
01936 
01937 
01938 
01939 
01940 
01941 
01942 
01943 
01C744 
01945 
01946 
01947 
01948 
01949 
01 95 0 
01951 
01952 
01953 
01954 
01955 
01956 
01957 
01958 
01959 
01960 
01961 
0.1962 
01963 
01964 
01965 
01966 
01967 
01968 

lOA : INOBS + 2 
lOP = lNOBS$2 + 4 
ID• = INOBS$2 + 4 
IDV = INOBS*2 + 4 
I OX = 8 
IDVX = 8 

C* PROGRAM BEGINS BY CHECKING ON OPTIONS 
C* COMPUTE ThE LAG IN THE INTERVAL FIT 
C* TRUNCAT~O TO THC INTEGER VALUE : MlNUMUM VALUE DETERMINED BY THE 
C* OPTION ICPT(7)o 

LAG= (1ND*IOPH3))/(100-+ IOPH3)) 
1F(L ... CoLToloANO.IOPT(7)eEOol)LAG = 1 
IL = IOPT(1) - LAG 
IF(ISWT2.EOo0oANOoiS~T.EOo0oAND.ILeLTo4)GQ TO 9000 
IF(IOPT(4)oEOeOoANDoiOPT(5).LT.4)GQ TO 9000 
IFliOPT(5).LT.2)GO TC 9000 

C* CLEAR P MATRIX 
IF(lS-T2oEOoOoANOoiS•T·EO.O)CALL DCLEAR(PoiDP.3) 

C* SET ~RROR CODE 
ICODE = 0 

C* INCREASE COUNTERS FOR NEXT POINT 
IF(IOPT(B)oEOol)WRITE(6.7005) 
INC ;= INC + 1 
PTX = PTX + 1 
PLCBS = PLOBS + 1 
PVAR = PVAR + 1 

C* STOR ... GE OF THE INPUT DATA 
TX(PTXoll =TIME 
LOBS(PLOOSol) =XX 
PLOBS = PLOSS + 1 
LOBS(PLOBSol) = YY 
DO 1 0 I = 1 , 2 

DO 10 J = lo2 
10 VAR{PVARoloJ) = VXY(IoJ) 

C* POINT TESTS 
IF(l0PT(8l.E0.1)WRITEC6o7060)LAC 
IF(LAGoLT·llGO TO .:30. 
lL = INC - LAG 
IF(IS~T.EOoOoANOoiNO.GE.IOPT(l))GO TO 100 
IF(IS~T.EOeleANDolL.GE.IOPT(5llGO TO 100 

30 IF(IOPT(B).EO.l)-RITE(6,7000)INO 
RETURN 

C* ASSIGN KNOT TIME 
100 IL2 = IL + 1 

TKOLO.: TK(2.1) 
IF(IOPT(2loEOeO)TK(2.1) = TX(ILoll 
lFCIOPTC2J.EOol)TK(2.1) = CTX(IL2,1) + TXCILd))/2.000 
lF(IS~T2.EOoO)lKOLO = TK(2.1) 
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01970 
01971 
01972 
01973 
01974 
01975 
01976 
01977 
01976 
01979 
01960 
01961 
01962 
01983 
01964 
01985 
01966 
01967 
01968 
01969 
01990 
01991 
01992 
01993 
01994 
01995 
01996 
01997 
01998 
01999 
02000 
02001 
02002 
02003 
02004 
02005 
02006 
02007 
02008 
02009 
02010 
02011 
02012 
02013 
02014 
02 015 
02016 

IF(ISWT2oEO.O)G0 TO 105 
Do 1 o7 I "' 1 1 e 

XOLD' I I 1 ) = X (I • 1 , 
DO 107 J = 1o 8 

11)7 VXOLD(loJ) = VX(l 1 J) 
105 IF(IS-T.EO.t)GO TO 200 

C* FIRST POLYNOMINAL FIT 
TKClo1) = TX(1tl) 
DTK = TK(2o1)- TK(ltl) 
DO 110 1 = 1.INO 

CALL OOS(TX(I,l).,TK(l tl) ,OTKoAOBS) 
DO 110 .J = 1,7 

110 A(I,J) = AOBS(J,1) 
DO 120 I= 1ePLOBS 

1 2 0 W ( I • 1 ) = -LOBS ( I , 1 ) 
IP = 0 
DO 130 I= lePVAR 
IP = tP -+ 1 

00 140 J = le2 
00 140 K = 1,2 

140 V.XY(JoK) = VAR(IoJoK) 
CALL CHOLC(VXYo2t2o2~DETtiER) 
IF(IERoNE.O)GO TO 9100 
PCIP',2) = VXY(1ol) 
Pt1Po3) = V.XY(1,2) 
IP = IP + 1 
P( IP.l) ~ VXY(2ol) 
PCIPo2) = VXY(2o2) 

130 CONTINUE 
C* CALL SOLV ROUTINE 

lFCIOPT(8).EOo1)WRITE(6,7010)INO 
IN = IND*2 
CALL SOLV(A,P,w,.x,vx,V,INo8olDEG,SO, 

@ IOAo7oiOPo3oiDWoiDXoiDVXolDV,ICOoiOPT(8),WKS) 
IF(ICO•NEeO)GO TO 9200 

C* OUTPUT OF KNOT INFORMATION. 
IF(IOPT(9).EO.l.OR.lOPT(10).EOol)•RITE(6o7010)1NO 
IFCIOPT(9),E0o1)CALL OPRINT(XoiDXololDXolo 1 KNOTS •,3) 
IF(IOPTClO)oEOol)CALL OPRINT(VX, 

li} IOVXolOVXoiDVXoiOVX,•COVARIANCE 1 o5) 
C* NeO OUTSIDE POINTS NOT INCLUDED IN INTERVAL TEST 

IF(l0PT(6).EQ.O)JN = IN- LAG*2 
C* ALTERNATIVE REJECTION ROUTINE PLACED ~ERE 
CS CALL REJECTCTXoiN,Y,VAR,ICR,tRJET,A(PKNToiOTXIIDV,IOVARoiOPT(B)) 

CALL REJECT(JOEGoSOeALPKNToiCR) 
C* REJECT tF MAXIMUM NUMBER OF POINTS PER INTERVAL IS REACHED 

IF(INOoEC.lNOBS)lCR = 22 
IF(lNOoEOoiNOBS)-RlTE(6o7070) 
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02065 
02066 
02067 
02068 
02 069 
02070 
02071 
02072 
02073 
02074 
02075 
02076 
02077 
02078 
02079 
02080 
02 061 
02062 
02063 
02064 
02065 
0?.066 
02067 
02066 
02069 
02090 
02091 
02092 
02093 
02 094 
02 095 
0.?.096 
02097 
02096 
02099 
02100 
02101 
02102 
02103 
02104 
02105 
02106 
02107 
02106 
02109 
02110 
0 2111 
02112 

IF(lOPT(6JoEOoOliN = IN- LAG*2 
C ALTERNATIVE REJECTION ROUTINES TO BE PLACED ~ERE 
CS CALL REJECT(TXoiNtVoVAReiCR,IRJEToALPKNT 1 IOTX,IOV 0 lOVARolOPT(6)) 

CALL REJECTCIOEG.SOoALPKNToiCR) 
C* REJECT IF MAXIMUM NUMBER CF POINTS PER INTERVAL IS REACHED 

lF(INO.EO.IN08S)lCR = 22 
tF(INOoEO.IN08S)~RITEC6o7070) 

C* REJECTION 
IF(ICRoE0.22JGO TO 300 

C* NC REJECTICN 
IS'11T2 = 1 
It-(IOPT(9).EQ.1J~RITE(6,7020)TK 
RETURN 

C• ~ESET MATRICES ANO POINTERS 
300 TK(le1) = TKOLO 

IF(IS~T2.EQ.O)WRITE(6,7050) 
IF(IS'tiT2oEO.t)GO TO 305 
DO 307 I = 1e8 

XOLD(Iol) = X(IolJ 
DO 307 J = loB 

307 VXCJLD(IoJ) = VX(IeJ) 
305 IEXTRA = ISWT2 

ISWT2 = 0 
C* S~IFT TX,LOBS AND VAR MAT"ICES 

IL2 : LAG + IEXTRA 
IL = PTX - LAG - IEXTRA 
DO 310 I = 1, I L2 
IL = IL + 1 

310 TX(I,1) = TX(ILo1) 
PTX = LAG + IEXTRA 
IL = PLOSS - LAG*2 - IEXTRA*2 
IL2 = LAG*2 + IEXT~A*2 
DO 320 I = 1eiL2 

IL = IL + 1 
320 LOBS(I,l) = LOBS(lLtlJ 

PLOBS = LAG*2 + IEXTRA$2 
IL = PVAR - LAG - IEXTRA 
IL2 = LAG + IEXTRA 
00 330 l = 1eiL2 

IL = IL + 1 
DO 330 J:; 1e2 

DO 330 K = 1e2 
330 VAR(I,J,K) = VAR(ILeJeK) 

PVAR .: LAG + IEXTRA 
INO = LAG + IEXTRA 

C* ShiFT COMPLETED 
C* GENERATE POSITION AND SLOPE INFORMATION 

DO 335 I = lu2 
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02113 
02114 
02115 
02116 
02117 
02118 
02119 
02120 
02121 
02122 
02123 
02124 
02125 
02\26 
0212 7 
02128 
02129 
02130 
02131 
02132 
02133 
02134 
02135 
02136 
02137 
02138 
02139 
02140 
02141 
02142 
02143 
02144 
02145 
02146 
02147 
02140 
02149 
02150 
02151 
02152 
02153 
02154 
02155 
02156 
02157 
02158 
0215Q 
02160 

00 33 5 J = 1 • 7 
335 A(lvJ) = 0.000 

A ( 1 t 1 ) .:: 1 • 00 0 
A(2e3) = 1.000 
00 340 I= 1o4 
IL = I + 4 

340 W( le1) = -XOLO(ILtl) 
C• NO CORRELATION BETWEEN POSITION ANO SLOPE ASSUMED 

CALL CHOLO(VXOLDeiDVXeiDVX,IDVXoOEioiERl 
lF(lER.NE.O)GO TO 9300 
P(le2) = CIOPT(4)/100.0D0l*VXOLOC5o5l 
P(le3) = (IOPT(4)/100.0DO)*VXOLOC5e6l 
Pl2ol) = ClOPT(4)/100.0DOl*VXOLD(6,5) 
P(2e2l = CIOPT(4)/100oODO)*VXOL0(6e6) 

C* •EIGHlEO SLOPE COVARIANCE 
P(3,2) = (l0PT(4)/100.0DO)*VXOLD(7,7) 
P(3,3) = ltOPT(4)/100.0DOl*VXOL0(7o8l 
P(4,l) = liOPT(4)/lOOo000)*VXOL0(8,7) 
P(4,2) = CIOPT(4)/lOO.ODO)*VXOL0(8,8) 
IF(JOPT(9)oEOol)WRITEC6.7040lTK(1,ll 
IFCtOPTCBl.eO.l)CALL OPRINTCXOLDo8e1eBelt 

il 1 DLO KNOT VALUES.KEEP't10) 
TIME.: TK(1.1) 
ICCDE = 2 
RETURN 

C• ERRORS 
9000 WRITEC6e9010)IOPT 

STOP 
9100 WRITEC6o9110liER 

!CODE = 1 
RETURN 

9200 WRITEC6o9210l 
RETURN 

9300 WRITEC6t9310l 
ICODE -= 1 
RETURN 

7005 FORMAT(//,3Xe 1 INPUT NEW DATA POINT 1 ,/) 

70GO FORMAT(/,3Xe'lNSUFFICIENT POINTS 'ei4l 
7010 FORMAT(/,JX,•NUMBER OF POINTS 1 el4l 
702C FORMATC/o3Xa'PASSEO! KNOT TIMES ; 1 elPD12.5,JX,1PDl2o5) 
7030 FORMAT(///o3X, 1 SOLUTION OF CURRENT POINT') 
7040 FORMAT(/,JX,'NEXT KNOT TIME 1 t1PD15.8) 
7050 FORMAT(//,3X,'**WARNING** NEW KNOi TIME ACCEPTED ALTHOUGH'• 

~ • REJECTED BY TESTS 1 ,//) 

7060 FORMAT(/,JX,°COMPUTEO LAG 1 tl4o' POINTS') 
707C FORMA1(/ 0 3Xo'**WARNING **MAXIMUM PTS PER INTERVAL REACHED.•, 

~ • NEW KNOT TIME ACCEPTED',//) 
9010 FORMAT(//,JXe'FIT : OPTION ERROR : INPUT '.1014,//) 

DSPLIN 
DSPL.IN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPL IN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLlN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 

N , .... 
~ 



021 61 
02162 
02163 
02164 
02165 
02166 
02167 
02168 
02169 
0217 0 
02171 
02172 
02173 
02174 
02175 
02176 
02177 
02178 
02179 
02180 
02181 
02182 
02183 
02184 
02185 
02186 
0 218 7 
02188 
02189 
02190 
02191 
02192 
0219.3 
02194 
02195 
02196 
02197 
0~1913 
02199 
02200 
02201 
02202 
0220.3 
02204 
02205 
02206 
02207 
02206 

g110 FORMAT(/.3Xo 1 **FATAL** CHOLD : '• 
~ 'INPUT COVARIANCE ERRan; CODE= 1 ol4) 

9210 FORMAT(/,3Xo"**NCN FATAL** SOLV FAILURE. MOVE TO NEXT POI~T') 
9310 FORMAT(/,3Xo'**FATAL** CHOLO,: INVERSE OF COMPUTED COVARIANCE', 

~ ° FAILED 1 o//) 
END 
SUBROUTINE FORM(T,B) 

c **************************************************************** 
C * VERSION : JANUARY 1982 * 
C * DESCRIPTION : FORM~LAT~S THE MATRIX TO RECOVER THE SMOOTHED * 
C * POSITION OF A PCINT AT TIME T FROM THE * 
C * COEFFICIENTSo * 
c **************************************************************** C INPUT PARAMETER 
C T - liME DIFF BETWEEN THE DATA POINT AND THE PRECEEDING K~DT 
C OUTPUT PARAME1ER 
C B - MATRIX IN ~HICH THE COEFFICIENTS ARE STORED c 

IMPLICIT REAL*8 (A-H,C-Z) 
REAL*8 8(2,6) 
8(1.1) = 1.0000 
f3(1,.3):T 
13( 1 ,5) = T*T 
0(1o71 = B(lo5)*T 
DO 1 0 I = 1 • 7, 2 
12 = I + 1 

10 0(2.12) = B(l.l) 
RETURN 
END 
SUBROUTINE INTERV(T,iKNOToNolNT.K,ICOOE) 
IMPLICIT REAL*8<•-H,O-Z) 

c *******************************************************~4~···~·· 
C * VERSION : JANUARY 1~82 * 
C * D~SCRlPTION : TO LOCATE THE INTERVAL IN ~HI~H THE TIME 'T' * 
C * LIES lN AN ~RRAY SEQUENCE OF KNOT TIMES * 
c ****•******************•**************************************** C INPUT PARAMETERS 
C T - TIME IN WHICH THE INTERVAL NUMBER IS REQUIRED 
C TKNOT- ARRAY HOLDING THE KNOT TIME SEQUENCE 
C DIMENSIONED TKNOT(No1) 
C N - NUMBER OF KNOT'S TIMES CGNTAINED IN.THE ARRAY KNOT 
C K - DECLARED SIZE OF ARRAY TKNOT 
c 
C OUTPUT PARAMETERS 
C JNT - INTERVAL IN WHlCH T LIES 
C ICOOE - 1 SUCCESSFUL EXECUTION 
C 0 INPUT.TIME TOUT OF DEFINED INTERVAL 
c 

DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLlN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLlN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPL IN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPL IN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLlN 

N 
r.o 
U1 



02209 
02210 
02211 
02212 
02213 
02214 
02215 
02216 
02217 
02218 
02219 
02?.20 
02221 
02222 
02223 
02224 
02225 
02226 
02227 
02228 
02229 
02230 
02231 
02232 
02233 
02234 
02235 
02236 
02237 
0223 6 
02239 
02240 
02241 
02242 
02243 
02244 
02245 
02246 
02247 
02248 
02249 
02250 
02251 
02252 
02253 
02254 
02255 
02256 

C CALLS - DABS 

C* 

REAL*B TK~OT(Kel) 
DATA XLI~lT/loOD-7/ 

lCODE = 0 
C* THE NEXT THREE LINES IS USED TO SPEED UP SEARCH TIME 

MIDDLE = N/2 

c• 
IF(T.GT.TKNOT(MIDDLEo1)JII = ~ICDLE 
IF(T,LE.TKNOT(NlOOLEol)Jli ~ 1 

DO 1 0 I = I I , N · 
IF(T.LToXLIMIToANDeTKNOT(Iel)oLT.XLIMITJDT = O.ODOO 
IF(T,GT.XLIMIT.OR,TKNOT(Iel).GT,XLIMIT)DT = T- T~NOT(I,ll 
IFCieNEoloANOoleNEeNlGC TO 20 
lF(loEOo1oANDeOA8S(0T)oLT.XLIMIT)GO TO 30 
1F(I.EO,N.AND.CA8S(DT).LT.XLIM1T)GO TO 40 

20 IF(DTeLT,O.ODOO)GO TO 50 
10 CONTINUE 

nt:: TURN 
50 IF(I.GTo1)G0 TO 40 

RETURN 
40 INT = I - 1 

GO TO 100 
:JO INT '= 1 
100 ICODE .:: 1 

RETURN 
END 
SUBROUTINE LS(A1eADDAloA2oAODA2oPowl.~2oXoVX,R.NoMo IA1, 

& IA2eiPei•1•IW2olXolER,NAMoVM) 
IMPLICIT REAL*8(A-H,C-Z) 

c 4*********************************************************** 
C * VERSION : 28TH APRIL 1982 * 
C * DESCRIPTION : FULLY OPTIMISED FUNCTIONALLY * 
C * CONSTRAI~ED LS MODEL ESTIMATION USING * 
C * THE SPIN ROUTINE. * 
c **********************************~************************* C INPUT PARAMETERS 
C AloA2 - 1ST AND 2ND DESIGN MATRICES (VARIABLE PROFILE BANDED) 
C ADDAltADOA2- ADDRESS SEQUENCES FOR Al AND A2 MATRICES 
C ~1.W2 - MtSCLOSURE VECTORS 
C P - WEIGHT MATRICES 
C R.N,M - DIMENSION OF PROBLEM; 
c 

IAl,IA2eiP,IW1,1WlolX 

R - NUMBER OF CONSTRAINT EO~S 
N - NUMBER OF OBSERVATION EONS 
M - NUMBER OF UNKNOWNS c 

c 
c 
c 

-DECLARED DIM OF AltA2.PeW1eW2 XoVX MATRICES 

C OUTPUT PARA~ETERS 

DSPLIN 
DSPLI~ 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLlN 
CSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLlN 
DSPLIN ,.._, 
DSPL IN ...., 
DSPLlN 0'1 



02257 
02258 
02259 
02260 
02261 
022G2 
02263 
02264 
02265 
02266 
02267 
02268 
02269 
02270 
02271 
02272 
02273 
02274 
02275 
02276 
02277 
02278 
02279 
02280 
02261 
02282 
02283 
02284 
02285 
02286 
02287 
02288 
02289 
02290 
02291 
02292 
02293 
02294 
02295 
02296 
02297 
02298 
02299 
02300 
02301 
02302 
02303 
02304 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C* 
c• 
c• 
c• 

C* 

'* C* 

c• 

x.vx 
IX 
IER 

- SOLUTION VECTOR AND VARIANCES 
DECLARED DIM OF X AND VX MATRICES 

- ERROR CODES - 0 : SUCCESSFUL COMPLETION OF ROUTINE 
1 : E~ROR DETECTED 

WO~K ARRAYS - NAMtVM AS DIM BELOw ) 

ADDITIONAL NOTES 
MATRICES USED BY THE SUBROUTINE MUST BE MODIFIED AS FOLLOWS 
IF A CHANGE IN THE DECLARED DIMENSIONS OF MATRICES IS IN EFFECT. 
THE FOLLOWING IS THE MODIFICATION P~OCEDURE. 

ATPW(lXtl) A2N(IA2*2oiX) 
VM ( IA2*2.XA2*2) Q ( IA2*2tl) NAM(IXo1A2*2) 

....... **** 
RE~L*B A!CIAlo7),A2(lA2.11)oP(IPo3),~1(1•l•l),w2(lW2ol), 

Cil X(IXe1)oVX(lX.IX) 
USEO BY PROGRAM ** WO~K ARRAYS - RELIES ON OTHER MATRIX SIZES 

R E AL * 8 N A M ( I X , I W 2 ) • V Iii ( I 'W 2 o I W 2 ) 
LOCAL ARRAYS * CURRENT SET FOr. tOBSNO = 500 : lKNOT = 32 

CURRENT SETTINGS 
REAL•a ATPW(128,1),A2N(60o12B), 

Q) 0(60,1) 
REAL*B OSUM,ONE 
INTEGER*~ R,M,N,ADOA1( IA1)oADDA2( IA2) 
EQUIVALENCE (O(l).ATPW(li.A2N(lll 

FUNCTIONS 
IRQW(l) = (1+11/2 

DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
CSPLIN 
DSPLIN 
DSPLIN 
CSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 

ICOL<I) = 2- ((1+11/2- (l/2)) 
C* DIMENSION SETTING VARIABLE 

DSPLIN 
DSPLlN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 

c• 

c• 
c• 
c• 
c• 
C* 
c• 

IOVM = IA2*2 
1 DATPW = IX 

MRITE UNIT 
llfR = 0 
ONE = 1.0DO 

OEFAULT ERROR SET 
I ER = 0 

TEST ON CONDITION NUMBER 
XLEVEL = 1.0010 

SINCE THE NORMAL MATRIX IS SYMMETRICAL, THE ROUTINE ONLY 
OPERATES ON THE LOWER HALF OF THE MATRIX AND EQUATES ITS 

DO 1 0 1 = 1 oM 
lEND = I - 10 

DO 10 L = 1oM 
O!lUM = O.ODOO 

COUNTERPARTDSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPL IN ~ 
DSPLIN .._. 



02305 
02306 
02307 
02308 
02309 
02310 
02311 
02312 
02313 
02314 
02315 
02316 
02317 
02318 
02319 
02320 
02321 
02322 
02323 
02324 
02325 
02326 
02327 
0232H 
02329 
02330 
02331 
02332 
02333 
02334 
02335 
02336 
02337 
02338 
02339 
02340 
02341 
02342 
02343 
02344 
02345 
02346 
02347 
02348 
02349 
02350 
02351 
02352 

30 
20 

50 

lFCL.LT.lEND.DRoLoGT.I)GO TO 50 
DC 20 J = IoN 

JJ:: IRO'III(.J) 
L L .:: L - ( ADD A 1 ( .J .J) + 1 COL ( J ) - 1 ) + l 
IF(LLeLT.loOR.LL.GT.7lGC TO 20 
tB .:: J - 1 
IE.:: .J + 1 
IF(lBoLTol)l8 = 1 
IF(IE.GT.N)IE.:: N 

00 J 0 K = I 8 , I t:! . 
KK = IROW(K) 
JAC = .J - K + 2 
II= I- (ADDAl(KK) + ICOL(K) - 1) + l 
IF(IIoLTo1oORo1IoGT.7)G0 TO 30 

OSUM = QSUM + ONE*A1(KK,1Il*P(K,.JAC)*Al(JJoLL) 
CONTINUE 

CONTINUE 
VX(IoL) = QSUM 
IF(L.NE.I)VX(Ltl) = VX(I,L) 

1 0 CONTINUE 
C* CONSTRUCT THE ATPW ~ATRIX 

DO 60 I= 1oM 
QSUM = OoDOO 

DO ~5 J = ltN 
IB = J - 1 
IE = J + 1 
IF( I8oLT.l) 18 = 1 
IFCIE.GT.N)lE = N 

00 65 K = HltiE 
KK = II'OW(K) 

QSUM 
65 CONTINUE 

11 = I- (ADDAl(KK)+ICOL(K) - 1) + 1 
IF(lloLToloOR.tl.GT.7lGC TO 65 
JP .:: J - K + 2 
.:: QSUM + ONE*Al(KKtll)*P(K,JP)*Wl(J,l) 

ATPw (I ol) .:: OSUM 
60 CONTINUE 

C* ChOICE OF INVERSE ~OUTINES 

cs 
CALL COND(VX,MoiX,XCONDs·ll 
CALL SPIN(VXeMtiX,OEioiDEXP) 
CALL CHOLC(VXtMo1Xo7oDETtlER) 
CALL CCND(VXeMtiX,XCONDo2) 
IFCIER.EO.O.ANDoXCOND.GTeXLEVEL)tER = 1 
WRITE(l.Ro88)1ER 
IFCIERoNEoO)GQ TO 999 
CALL DMULT(VXoMoMeAT.PWoMoloXoiXoiXoiDATPW,1oiXol) 
CALL SCMULT(-loODOQ,X,XoMoloiXol) 
00 70 I = ltR 

DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLlN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPL IN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLlN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN N 
OSPLIN ...., 
DSPL IN CD 



02353 DO 70 J = 1tM CSPLIN 02354 DSUM = o.ocoo CSPLlN 02355 co 75 K = 1 • "' C SPL IN 02356 1 I = IRQW(l) OSPLIN 02357 KK = K - ( ACDA2 ( 11") + ICOL(I) - 1 ) + 1 CSPLIN 02358 IF(KK.LT.t.O~eKKoGToll)GO TO 75 OSPLIN 02359 OSUM = OSUM + A2(IloKK)*VX(KoJ) OSPLIN 02360 75 CONTINUE CSPLIN 02361 A2N( leJ) = O!lUM OSPLIN 02362 70 CO~TINUE CSPLIN 02363 DO 100 I = 1 t R CSPLIN 02364 DO 100 J :: 1.R CSPLIN 02365 OSUM : o.ocoo CSPLIN 02366 00 105 K = 1 tM CSPLIN 02367 JJ = IRQW(J) CSPLIN 02368 KK = K - (AODA2(JJ) + ICOL(J)- 1 ) + 1 OSPLIN 02369 IFCKK.LT.1.0R.KK.GT.l1)GO TO 105 CSPLlN 02370 OSUM = a.SUM + A2N(I,K)*A2(JJ,KK) CSPLIN 02371 105 CONTINUE! CSPLIN 02372 V:ol(lvJ) = OSUM CSPLIN 02373 10 0 CONTINUE CSPLIN 02374 C~ CI101CE OF INVEASE ROUTINES OSPLIN 02375 CAL~ CONDCVM,RtiDVMoXCCND.l) OSPL.IN 02376 CALL SPIN(VM,R.IDVM,OETtlCEXP) OSPLIN 02377 cs CALL CHOLDCVM,ReiOVM,R,OETolER> DSPLIN 02378 CALL CCNO(VMoRtiOVMoXCONC,2) DSPLIN 02379 IFCIER.ea.O.ANOaXCONOoGT.XLEVELllER = 1 OSPLIN 02380 WRITE( I._R,88)1ER OSPLIN 
02381 C* CCNSTRUCT NAM MATRIX OSPLIN 
02382 DO 250 I = 1eM DSPLIN 02383 DO 250 L = 1 , R DSPLIN 02384 OSUM = O.ODO OSPLIN 
02385 NAM( IeL) = o.ooo DSPLIN 02306 oa 26 o J = loR DSPLIN 
023A7 DO 260 K = 1, M CSPLIN 02388 JJ = IRCW(J) OSPLIN 023ts9 Kl< a K .;.;. (ADDA2(JJ) + lCOLCJ) - 1 ) + 1 OSPL.IN 
02390 IF(XK.LT.l.OR.KK.GT.llJGC TO 260 DSPLIN 02391 QSUI" = DSUM + ONE*VXtl,K)*A2(JJ,KK)*VM(JoL) CSPLIN 02392 260 CONTINUE OSPL I.N 
02393 250 N AM ( I • L) = OSUM DSPLIN 02394 C• CONSTRUCT THE COVAAIANCE CSPLIN 02395 co 500 I = 1 •"' DSPLIN 
02396 CO 500 .J = l.M OSPLtN 
02397 OSUM = ODODO OSPLIN 
02398 00 510 I( = 1, R DSPL.lN 1\J 
02399 5.1 0 QSUM = QSUI' + NAM(l,K)*A2N(K,J) DSPLIN 1-' 

\0 02400 500 VX(I,J) = VX(I,J) - QSUM DSPL[N 



02 4 01 
02402 
02403 
02404 
02405 
02406 
02407 
02408 
02409 
02410 
0241\ 
02412 
02413 
02414 
02415 
02416 
02417 
02418 
02419 
02420 
02 421 
02422 
02423 
02424 
02425 
02426 
02427 
02428 
02429 
02430 
v 2431 
02432 
02433 
02434 
02435 
02436 
02437 
02438 
02439 
02440 
02441 
02442 

C* CONSTRUCT THE 0 VECTOR DSPLIN 
DO 300 I = leR DSPLIN 

OSUM = OoODO DSPLIN 
DO 310 J = l.M DSPLIN 

II-= tROW(l) DSPLIN 
J I = J - ( ADDA 2 (I 1 ) + 1 COL ( I ) - 1 ) + 1 DSPL IN 
lF(JI.LToloOR.JI.GTolllGO TO 310 DSPLIN 
OSUM = OSUM + A2(IloJil*X(Jtl) DSPLIN 

310 CONTINUE DSPLIN 
300 0(1,1) = ~2(lol) + OSUM DSPLIN 

C* CORRECT THE X VECTOR DSPLIN 
DO 400 1 = leM DSPLIN 

OSUM = 0.000 OSPLIN 
DO 410 J = loR DSPLIN 

410 OSUM = QSUM + NAM(IoJ)-*C(Jol) DSPLIN 
400 X(Iol) = X(lol)- OSUM OSPLIN 

C* COMPUTATIONAL CHECK ON ACCURACY DSPLIN 
XLR = CoODOO DSPLtN 
DO 600 I = loM DSPLIN 

DO 600 J = loR DSPLIN 
OSUM = O.ODO DSPLIN 

DO 610 K = 1oM DSPLIN 
JJ = IROW(J) DSPLIN 
KK = K- (ADDA2(JJ) + ICOL(J)- 1) + 1 DSPLIN 
lF(KK.LToleOR.KK.GT.11lGO TG 610 DSPLIN 
OSUM = QSUM + VX(I,Kl-*A2(JJ,KK) DSPLIN 

~10 CONTINUE DSPLIN 
XNUM = OSUM DSPLIN 
lf(DASS(XNUM)oGT.DAOS(XLAllXLR = XNUM DSPLIN 

60C CONTINUE DSPLIN 
C* WRITE INTERNAL COMPUTATIONAL ACCURACY OSPLIN 

WRITE( IWR,99)XLR DSPLII'i 
99 FORMAT(3Xo'INT COMP .ACC ; 1 t1PD12.5) DSPLIN 
88 FORMAT(3Xo 1 EAROR CODE ; 1 tl4l DSPLIN 

RETURN DSPLIN 
S~q ~AITE(I•R,900) DSPLIN 
qoo FORMAT(//e3Xe 1 DATA POINT SEQUENCE VS KNOT SEQUENCE NOT CO~PATIBLE'DSPLIN 

~ /,3X,'AS IT LEADS TC A SINGULAR INVERSE MATRIX IN THE PRGGRAM.•oOSPLIN 
~ /o3Xo 1 PRCCESSING FOR THE CURRENT SET IS HALTED AND SHIFTED TO•, DSPLIN 
~ /o3Xo 0 THE NEXT SET'o///) DSPLIN 

RETURN OSPLIN 
END DSPLIN 

r-. 
r-. 
c 



02472 
02473 
02474 
02~75 
02476 
02477 
02478 
02479 
02480 
02481 
02402 
02483 
02484 
02485 
02486 
02487 
02488 
02489 
02490 
02491 
02492 
02493 
02494 
02495 
ll2496 

SU~ROUTINE OBS(TXPT.TKNOT,OINTKoA) 
IMPLICIT REAL*8(A-H.~-Z) 

c ·······~················*········································· C * VERSION : JANUARY 1982 * 
C * DESCRIPTION : TO GENERATE THE COEFFICIENTS OF AN OBSERVATION * 
C * EQUATION AND SAVE IT IN 1 A1 MATRIX. * c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C INPUT PARAMETERS . 
C TXPT - TIME OF DATA POINT 
C TKNOT - TIME OF BEFORE KNOT OF THE INTERVAL IN wHICH THE TIME 
C DATA POINT FALLS 
C DINTK- TIME INTERVAL BETWEEN THE BEFORE KNOT AND AFTER KNOT 
C OF THE INTERVAL 
c 
c 
c 
c 
c 
c 

OUTPUT PARAMETERS 
A - THE MATRIX IN WHICH THE COEFFICIENTS ARE STO~EO 

CALLS - OCLEAR 
•••••••••• REAL*B A(7.1)tXtY 

CALL OCLEAR(A.7.1) 
OR :: TXPT-TKNOT 
OTR = OFVD I NTK 
X = (2.0000$0TR - 3e0000)*0T~•DTR 
Y = 1.000- DTR 

OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLlN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN r..~ 
OSPL IN r..~ 
OSPLIN ~-' 



02497 
02498 
02499 
02500 
02501 
02502 
02503 
02504 
02505 
02506 
02507 
0250 B 
02509 
02510 
02511 
02512 
02513 
02514 
02515 
02516 
02517 
02518 
02519 
02520 
02521 
02522 
02523 
02524 
02525 
02526 
02527 
02528 
02529 
02530 
02531 
02532 
02533 
02534 
02535 
02536 
02537 
02538 
02539 
02540 
02541 
02542 
02543 
02 544 

A(lol) = (loOOOO +X) DSPLI~ 
A(3,1) = DR*Y*Y DSPLIN 
A(5,1) =-X DSPLIN 
A(7.1) = -DR*DTR*Y DSPLIN 
RETURN DSPLlN 
END OSPLIN 
SUBROUTINE OPTION(CHANGEolREAD,IFLToiAPRlolSCTolELIPSoECHO. DSPLIN 

~ PRCOV,PRPMAT,PRTX,PRTK,PRDTKoPRLOBSoiCHECK, DSPLIN 
~ PRAMAToPRX~AToPRVARX,PRKNToPRRESO,PRCOFFoPRCOFV. DSPLIN 
~ ITYPEoSPLIN,PRPTSoPRKNOT,ORAW,PRGENol~NLYSolPLOlo DSPLIN 
~ lCANYS,SCTiME,DINT,OINCoALPHoALPHA.CALPHAo DSPLIN 
~ FESCoESCoXSTARToXINToGSTARToGINT) DSPLIN 

C *~*******************~~*****$*****************************************DSPLIN 
C * ~ERSION : 22 SEPTE~BER 1982 *DSPLIN 
C * DESCRIPTION : HOLDS ALL OPTION DEFAULTS FOR THE MAIN PROGRAM AND *DSPLIN 
C * ALLO~S CHANGES TO THESE OPTIONS. ALL PARAMETERS DESIGNATED A~ *DSPLIN 
C * ARGU~ENTS ARE DESCRIBED IN THE MAIN. THE FOLLOWING ARE, INSlEADo *DSPLIN 
C * THE INPUT SEQUENCE OF CODESo THEIR DESCRIPTION AND POSSIBLE *DSPLIN 
C * ALTERNATIVES, *DSPLIN 
C *********************************************~****************~*******DSPLIN 
C PRELUDE DSPLIN 
C I~ GENERALo 9 N0 9 IS DENOTED BY '0' AND 'Y" IS DENOTE ev '1' DSPLIN 
C OPTIONAL INPUT ARE ADDITIONAL INPUT REOUIRED WHEN CERTAIN ROU1INES DSPLIN 
C ARE INVOKED. THE FOLLOWING NOTATICN IS USEDo DSPLIN 
C A 8 C - DENOTES COMPULSORY REQUESTED INPUTS DSPLlN 
C I II III -DENOTES RANGE OF POSSIBLE INPUTS CODES FOR EACH OPTION DSPLIN 
C (1,2ool0l- ARE THE INPUT CODES FO~ EACH QF THE CNTRL VARIABLES DSPLIN 
C OSPLIN 
C ******** INPUT SEQUENCE IS AS FOLLOWS ~******** DSPLIN 
C VARIABLE : DESCRIPTION AND INPUT CCDES REOUESTEC OSPLIN 
C DSPLIN 
COPlON : CHANG~ ALL OPTIONS 7 (loOl DSPLIN 
C IF NO SKIP THE REST OF THE INPUTS DSPLIN 
C OSPLIN 
C*READ IN 26 MAIN OPTIONS FOLLOWED BY SELECTED OPTIONS DSPLIN 
C IREAD ! SELECTION OF INPUT DATA FORMAT(1,2,J,5,7,9) DSPLIN 
C IFLT : CNTRLS THE IMPLEMENTATION OF LINEAR FILTER ROUTINE(l,Ol OSPLIN 
C l~PRI : CHOICE OF APRIORI SOLUTION VECTORS(Oolo2l DSPLIN 
C I.SCT : CNTRLS THE IMPLEMENTATION OF THE SUBR TIMSC(l,O) DSPLIN 
C IC~I : INPU1 NE~ X CONFIDENCE INTERVAL ON CHI-~~ TEST(l,Q) DSPLIN 
C IcLIPS! INPUT NEW X CONFIDENCE ELLIPSE ON COMPUTED ELLIPSES(l,Ol DSPLIN 
C ECHO : INPUT VERIFICATION OF DATA INPUT INTO PROGRAM(l,O) DSPLIN 
C DSPLIN 
C PRCOV :PRINT INPUT COVARIANCE MATRICES OF DATA POINTS(l,O) OSPLlN 
C PRPMAT: PRINT BANDED WEIGHT MAT~IX(l,O) DSPLIN 
C PRTX :PRINT DATA POINT TIMES- SCALED(l,O) DSPLIN ~ 
C PRTK : PRINT KNOT TIMES- SCALED(l,Ol DSPLIN N 

C PADTK : PRINT KNOT INTERVAL TIMES - SCALEC(l~O) DSPLIN 



02545 
02546 
02547 
02540 
02549 
02 550 
02551 
02552 
02553 
02554 
02555 
0255f; 
02557 
02558 
02559 
02560 
02561 
02562 
02563 
02564 
02565 
02566 
02567 
025()8 
02569 
02570 
02571 
02572 
02573 
02574 
02575 
02576 
02577 
02578 
02579 
02580 
02581 
02582 
02583 
02584 
02585 
02586 
02587 
02588 
02589 
02590 
02591 
02592 

C PRLOOS: PRINT FORMULATED OBSERVATION VECTOR(l,O) c 
C ICHECK: I~PLEMENTATION OF SUBR CHECKCl.O) c 

' c 
c 
c 
c 
c 
c 
c 

PR.AMAT: 
PRXMAT: 
PRVARX: 
PRKNT : 
PRRESD: 
PRCOFF: 
PRCOFV: 

PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 

. 
DESIGN MATRICes (1,0)- SEE MAIN 
LS ESTIMATED SOLUTION VECTOR(l,O) 
COVARIANCE MATRIX OF LS ESTlNATES(loO) 
'PRKNT 1 KNOT VALUES AND VA~IANCE(1oo~NO)­
RESIOUAL VECTORCleO) 
FORMULATED CCEFFIClENTS(loO) 
COAVRIANC~ MATRIX OF COEFFICIENTS(l,O) 

C lTYPE : PLOTTER 
c I- (1) LINE PRINTER CHCSEN 

II- (0) ZETA/GOULD 5000 PLOTTER 
C SPLIN : 
C lANLYS: 
C IPLCT : 
c 

NO OF TIME SUBR DESIGN IS TO BE CALLED(l,,99l -
NO OF TIMES SUBR ANALYSIS TO BE CALLEDC1 •• 99)­
PLOTTING REQUIREMENTS OF SUBR ANALYS(l,O)- SEE 

SEE MAIN 

SEE MAIN 
SEE MAIN 
SUBR ANALYS 

C*OPTIONAL INPUT(ONLY wHEN INVOKED FROM THE ABOVE) 
C JF SPLIN OPTION>= 1 :INPUT PRPTS,PRKNOTtDRAw ~NC PRGEN 
C SEE SUBR DESIGN FOR DETAILS (A-D) 
C IANLYS OPTION>= 1 :INPUT ITS 10 OPTIONS 
C SEE SUBR ANALYS FOR DETAILS (A-Jl 
C SUBOPTION : IF ICANYS(8l = 1 INVOKED 
C GSTART - TIME TC BEGIN PRINT OF VALUES 
C GINT - TIME 8ET~EEN COMPUTATIONS 
C ISCT OPTION= 1 :INPUT THE TIME SCALE FACTOR 
C ICHI OPTION= 1 :INPUT N~W PERCENTAGE CONFIDENCE INTERVAL 
C IFLT OPTION= 1 :INPUT INTERVAL WIDTH,INCREMENT AND TEST 
C % LEVEL TO BE ~PPLIED - SEE FILTER (A-Cl 
C IELIPS OPTION= 1 :INPUT N~~ PERCENTAGE CONFIDENCE ELLIPSES 
~ REQUIRED. 

DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 

C DRAW 0~ = 1 OR 2 :INPUT TIME OF BEGINNING OF CURVE AND 
C ICANYS(9) XSTART - TIME OF eEGINNING OF CURVE 

POINTDSPLIN 

C OPTION XINT - TIME BETWEEN COMPUTED POSITIONS 
C*END INPUT SEQUENCE 
c 
c 
c 
c 
c 
c 
c 
c 

ADDITIONAL INFORMATION 
SPLIN - PLOTTihG CF SPLINE ** TOTAL CONTROL 
ORA• - DRAW THE SPLINE 
PRGEN - PRINT GENERATED DISCRETE POSITIONS OF 
IPLOT - FOR PLOTTING IN THE ANALYS SUBROUTINE 
ISCT - TIME SCALING FACTOR ON/OFF SWITCH 

C CALLS ELSFAC 
c 
C•PROGP.AM BEGINS 

REAL•S ELSFAC.CALPHA,GSTART,GINT 

DRA'IIN SPLINE 

DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN N 

OSPL IN ~ 
DSPLIN 



0259:3 
0259~ 
02595 
02596 
02597 
02598 
02599 
02600 
02601 
02602 
0260J 
02604 
02605 
02606 
02607 
02608 
02609 
0261 0 
02611 
02612 
02613 
02614 
02615 
0?.616 
02617 
02618 
02619 
02620 
02621 
02622 
0?.62J 
02624 
02625 
02626 
02627 
02628 
02629 
02630 
02631 
02632 
02633 
02634 
02635 
02636 
02637 
02638 
02639 
02640 

REAL*B SCTIMEeOINTeDINCeXSTART,XINT,ALPHeALPH~oFESCoESC 
INTEGER CHANGE.IREAD.IFLTolAPRioiSCT,ICHlolELIPSoECHOo 

Q PRCOV,PRPMAToPRTXoPRTKoPROTKePRLOBSoiCHECK, 
Q PRAMAToPRX~AToPRVARX,PRKNToPRRESDoPRCOFFoPRCOFV, 
Q ITYPEeSPLIN,PRPTSoPRKNOT,ORAW,PRGEN,IANLYSoiPLOT, 
~ ICANYS(lOJ 

C~ RE~O UNIT 
IRO = 5 

C* WRITE UNIT 
I•R = 6 

C* 
C OPTIONS SELECTED (DEFAULT) 
c• 
C* DATA SET CHANGE CONTROL VARIABLE 

CHANGE = 0 
C* READ SPECIFICATION ? 

IREAD = 1 
C* TO CALL FILTER ROUTINE CPTION 

IFL T = 0 
C* C~OICE OF APRIORI VALUES 

IAPRI = 0 
C* liME SCALING OPTION 

I SCT · = 0 
SCTltAI: = loODO 

C* CNI-SOUARE TEST ON VARIANCE FACTCR CONDIENCE INTERVAL 
I CHI = 0 
CALPHA = 99.0 

C* CCNFIOENCE ELLIPSE SCALE FACTOR OPTION: GOVERNS ALL ELLIPSES 
lELIPS = 0 
ESC = 1 

C* INPUT DATA PRINT AND DATA PRIOR TO COMPUTATIONS 
ECHO = l 
PRCOV = a 
PRPMAT = 0 
1-'~TX = 0 
PRTK = 1 
PRDTK = 0 
PRLOBS = 0 

C* OPTION ON THE CHECK ROUTINE 
ICHECK = 0 

C* COMPUTED DATA PRINT 
PRAMAT = 0 
PRXMAT = 1 
PRVARX = a 
PRKNT = 0 
PRRESD = 1 
PRCOFF = 1 
PRCOFV = 0 

DSPL IN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPL(N 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLtN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLtN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPL IN 
OSPLIN 
OSPLIN :::: 
DSPLIN _,. 
OSPL.IN 



02641 
02642 
02643 
02644 
02645 
02646 
02647 
02648 
02649 
02650 
02651 
02652 
02653 
02654 
02655 
02656 
02657 
02658 
02659 
02660 
02661 
02662 
02663 
02664 
02665 
02666 
02667 
02668 
0266~ 
02670 
02671 
02672 
02673 
02674 
02675 
02676 
02677 
02678 
02679 
02680 
02681 
02682 
0"2683 
02684 
02685 
02686 
02687 
02688 

C* PLOTTING CONTROL OSPLIN 
ITYPE = 0 OSPLIN 
SPLIN = 1 OSPLIN 
PRPTS = l OSPLlN 
PRKNOT = 1 OSPLIN 
ORA~ = 0 OSPLIN 
PRGEN = C OSPLlN 

C* PLOT OTHER THAN SPLINE DRAWING DSPLIN 
lANLYS = 0 DSPLIN 
lPLOT = 0 DSPLIN 

C* IS THE DEFAULT SET OPTIONS TO ee CHANGED 1 OSPLIN 
READ(IRDe*)IOPTON OSPLIN 
lF(IOPTONoEOoO)~ETURN OSPLIN 

C• READ IN THE NEW OPTIONS DSPLIN 
READCIRDo*)CHANGEtlREADolFLToiAPRltlSCT,ICHlolELIPS,ECHOo DSPLIN 

~ PRCOVePRPMATePRTX,PRTK,PRDTKoPRLOBS,lCHECK, DSPLIN 
~ PRAMATePRXNATePRVARX,PRKNT,PRRESD,PRCOFF,PRCOFVo DSPLIN 
~ lTYPEeSPLIN,IANLYSelPLOT DSPLIN 

IF(ECHO.ECol)W~ITE(IWR,7560)CHANGE,IREAD,lFLToiAPRloiSCT,ICHlt DSPLIN 
Q IELIPSoECHC,PRCQV,PAPMAToPATX,PRTKoPRDTKoPRLOBS.ICHECK, DSPLIN 
~ PRAMATePRX~AT.PRVARXoPRKNTtPRAESDoPRCOFF,PRCOFV, DSPLIN 
~ ITYPEeSPLIN.IANLYSoiPLOT DSPLIN 

C* OPTION~ RELATED TO SPLI~E PLOT DSPLIN 
lF(SPLIN.~E.O)READ(lRDo*)PRPTS,PRKNCT,ORAW,PRGEN DSPLIN 
IF(ECHC.EO.loANOoSPLIN.NEoO)WRliE(1WRt7560)PRPTS,PRKNOToDR~~.PRGENDSPLIN 

C* OPTIONS RELATED TO ANALYS SUBROUTINE DSPLIN 
lF(IANLYS.NEoO)READ(IRD,*lCIC~NYS(I),l = ltlO) DSPLIN 
IFCECHO.EC.l.AND.IANLYS.NEoO)WRlTE(IWRt7560JCICANYS(I).l=l•l0l DSPLIN 
tF(lANLYSoNEo0oAN0oiCANYS(8)oEO.l)READ(lRD,*)GSTARToGINT DSPLIN 
lF(ECHOoNEo0oANDoiCANYS(8)eEO.l)WRITE(IWR,7530lGSTARToGINT DSPLIN 

C* OPTION RELATED TO THE TIMSC ROUTINE DSPLIN 
lFCISCToEOol)REAO(IRD,*JSCTIME OSPLIN 
IF(lSCT.EOoloANDoECHO.EOolJWRITECIWR,7520)SCTIME DSPLIN 

C• OPTION RELATED TO TH~ CHI SQUARED TEST ON VARIANCE FACTOR DSPLIN 
lF(ICHloEOol)READ(IRO,$JCALPHA DSPLIN 
IF(ICHloEOoloANDoECHO.EOol)WRITE(JWR,7520)CALPHA DSPLIN 

C• OPTIONS RELATED TO THE FILTER NOUTINE OSPLIN 
IF(lfLT.EQ.O)GO TO 10 DSPLIN 
READ(IRO,*)DJNT,DlNCeALPH DSPLIN 
IFCECHO.EO.l)WRITE(I•R,7520)01NTeDINCeALPH OSPLIN 
FESC = ELSFAC(ALPH) DSPLIN 

C* CCNFIDENCE ELLIPSE SET AT THE ALPHA PERCENTAGE LEVEL OSPLIN 
10 lF(IELIPS.NEol)GO TO 20 DSPLIN 

READ(IRD,*,ALPHA OSPLIN 
WRITE(l~Re7520JALPHA DSPLIN 
ESC= ELSFAC(ALP~A)· OSPLIN N 

C* READ POINT OF START OF CURVE AND INTERVAL- FOR DESIGN AND ANALYS DSPLIN ~ 
20 IF(DRA~oEOoOoANDolANLYSoEd.OJGC TC 999 DSPLIN 



02689 
026~0 
02691 
02692 
02693 
02694 
02695 
02696 
02697 
02698 
02699 
02700 
02 701 
02 702 
02703 
02704 
02705 
02 706 
02707 
02700 
02709 
02710 
02711 
02712 
02713 
02714 
02715 
02716 
02717 
02 71 8 
02719 
02720 
02721 
02722 
02723 
02724 
02725 
02726 
02727 
0212e 
02 729 
02730 
02731 
02732 
02 733 
02734 
02735 
02736 

35 

<;99 
7520 
7530 
754 0 
7560 

Ir-C~RA•.EO.l)GO TO 35 
IF(ICANYS(9)oNEoloANOoiCANYS(91.NE.2)GO TO 9~9 
REAO(IQDo*lXSTARToXINT 
IF(ECHOoEO.l)~RITE(I~Ro75JO)XSTART,XINT 
IF(IREAO.GE.51~RITE(6o7540) 
FORMAT(3Xo'ECHO: 1 o6{1PD12o5t3X)) 
FORMAT(3Xo 1 ECHO : 1 o6( 1PD12,.5o3X)) 
FORMAT(/o3Xo 1 0PTION: INPUT VARIANCES ~ILL BE MODIFIED') 
FORMAT(/oJXo 0 0PTICN LIST 0 ol00(35I3o/tl5XI) 
RETURN 
END . 
SUBROUTINE OUT(KNCoNCoRoMeNo 

~ PRTX.PMTK,PRLOBS,PRDTKoPRCGVeP~PMAT 9 PRAMATo 
@ TX,TKoLCBSoDTKoVARoPoA1oA2,ADDAloA0DA2) 

c ******************************************************************* 
C * V ER S 10 N : 9 JU ~E 19 8 2 * 
C * DESCRIPTION : PRINTS THE MATRICES PRIOR TO LS COMPUTATIONS * 
c *********************************************************~********* C INPUT PARAMETERS 
C KNC,NOoR,MoN - NO OF KNOTSoPOlNTS AND DIM OF LS PROBLEM 
C PRTX,PRTKoPRLOBSoPROTKoPRCOVoPRFMAToPRAMAT - PRINT CODES 
C TX~TK,L08SoVARoPtAloA2.ADDAl 9 AODA2- ARRAYS AS IN MAIN PROGRAM 
C ( VARIABLE NAMES ARE AS IN THE MAIN PROGRAM ) c . 
c 
c 
c 
c 
c 

c• 

'* 

OUTPUT PARAMETERS 
NONE 

CALLS - DPRINT 
************ COMMON /DIMl/IOBSNOoiDAl,ID~lolDTX,IOP,IDPV,IDLOBS,IDVAR, ICV 

COMMON /DIM2/IDKNOT, IDA2• IDTKolODTKo IflXo IDVXo IDW2o IDV2o IDXO, 
~ ICCOFoiOVCOF 

REAL*8 TX(lDTXol),TK(IDTKolloLOBS(tDLOBSol)oVAR(lDVAR,2,2), 
ii} DT K ( I DOT K. 1 ) f p ( I D p. 3 ) • A 1 ( I 0 A 1 • 7 ) I A 2 ( I c A 2 • 1 l 

[NTEGEP KNOoNO.R,MoNoADOA1(10AlloADDA2(1DA~), 
~ PRTXoPRTKoPRLOBSoPRDTK,PRCOVoPRP~AT,PRAMAT 

~RITE UNIT 
I~R = 6 

BEGIN 
L = NO + l 
IL = NO + 2 
lF{PRTXoEOoO)GO TO 10 
WRITE(t~Ro7000)(TX(I,l),I = 2oLI 

10 IFCPRLOBS.EQ.l)CALL OPRlNTCLOBSoNoloiOLOBSol•'OBS-VECTOR' o5) 
IF(PRCOV.EQ,Q)GO TO 20 

20 
WRITE(l'ltR,7020)[((VAR(IoJ,K),K-: lo2),J = lo2)ol = ltlL) 
IF(PRTKoEO.l)CALL OP~INT(TKoKNOoloiDTKolo'TlME OF KNOTS.•o7l 
L .:: KNG - 1 

OSPLIN 
OSPLIN 
DSPLIN 
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OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLlN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPL IN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPL.IN 
DSPLIN 
DSPL IN N 

DSPLIN ~ 



02737 
02738 
02739 
02740 
02741 
02742 
02743 
02744 
02745 
02746 
02 74 7 
02748 
02749 
02750 
02751 
02752 
02753 
02754 
02755 
02756 
02757 
02 758 
02759 
02760 
02761 
02762 
02763 
02764 
02765 
02766 
02767 
02760 
02769 
02770 
02771 
02772 
02773 
02774 
02775 
02776 
02777 
02778 
02779 
02780 
02781 
02782 
02783 
0.2784 

IF(PROTKoEOelJCALL OPRINT(DTKoKNOoltlODTKo'INTERVAL BET KNOTS'o9J DSPLIN 
IF(PRPMAT.EO.l)CALL DPRlNTCPoNo3otOP 1 3o'BANDEC P-MATRIX 1 o8) DSPLIN 
IFCPRAMAT.NE,ll~ETURN DSPLIN 
L = N/2 OSPLIN 
WRITE(IWRo7030)(ADDA1(l)oi=loL) OSPLlN 
CALL DPRINT(AloLo7viDAlo7o 1 CONDENSEO Al-MATRIX'olO) OSPLIN 
L = R/2 OSPLlN 
WRITE(IWRo7040)(AOOA2(l)el:1,L) OSPLIN 
CALL DPRINT(A2tLtlltiDA2e11t'CONDENSEO A2-MATRIX 1 o10) OSPLIN 

C* OSPLIN 
7000 FORMAT(//o3Xo 0 1NPUT 'TIME OF DATA POINTS 1 o//o OSPLIN 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

~100(2X,8(1P012o5o1X)o/),//) DSPLIN 
7020 FORMAT(//o3Xo 1 1NPUT COVARIANCE 1 o//, OSPLIN 

~ 100(5X,lPD12.5,3XelP012,5o/o5Xo1PQ12.5o3XolPD12.5,//),//) DSPLIN 
7030 FORMAT(/o3Xo 1 ADORESS A1°e/e3Xo10(1014o/o3X)J OSPLIN 
7040 FORMATC/e3Xo 1 AODRESS A2 1 o/o3Xo10(1014e/,3XJJ OSPLIN 

RETURN OSPLIN 
END DSPLIN 
SUBROUTINE PLOT(ZIHFoZIHCeZIOP~.ZIDPY,ZLX,ZLYoZUXoZUY) DSPLIN 

*********************************************************************DSPLIN * VERSION : 24TH MARCH 1982 *DSPLIN * DESCRIPTION : LAYS OUT THE PLOT REQUIREMENTS! PLOT SIZEe GRID ETC *DSPLIN 
*********************************************************************DSPLIN PARAMETERS REQUESTED BY SUBROUTINE - READ DIRECTLY FROM UNIT IRO OSPLIN 

A) 
D) 
CJ 
D) 
E) 

F) 

READ IN THE TITLE TO DE PRINTEC ON PLOT 
READ IN THE TITLE ~ITH THE X AXIS- EASTINGS 
READ IN THE TITLE WITH THE Y AXIS - NORTHINGS 
READ IN SIZE (INCH) AND CORNER COORD OF THE PLOT 
READ THE DRIGIN(AXES) AND THE INTERVAL DET TICK ~ARKS 
FIRST ALONG X THEN ALONG Y 
READ PRINT AXES OFFSET(OFFX,CFFYJ 

AND PRINT SCALE FACTORS(SC~wSCY) 

C CALLS - AREA.RECToCHRPRToAXS (FORTPLOT LIBRARY ROUTINES ) 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN N 
DSPLIN ~ 
OSPLIN 

ADDITIONAL lNFORMATICN . 
COMPUTING THE LENGTH ~F THE AXES 
WORKINGS - THE SECTION FIRST COMPUTES THE LENGTH OF THE AXES BY 

DEDUCTING 2* INTERVAL FORM THE PLOT SIZE. THIS IS THEN 
DIVIDED BY THE INTERVAL ANC THE NEAREST INTEGER ACCEPTED 
AS THE MAX OF OF TICKS IN THE LINE. FROM THIS , THE 
LENGTH OF THE AXES ARE COMPUTED - IN INCHES. 

VARIABLES 
ZINC - INTERVAL BET~EEN TICK MARKS ON THE X - AXIS 
ZINT - INTERVAL BETWEEN TfCK ~ARKS ON THE Y - AXIS 
ZHT - HEIGHT OF THE TITLE CHARACTERS IN Y USER UNITS 
2IDP - THE VARIABLE TO DE SET lN US~R UNITS FOR THE OISPLACE~ENTS 



02785 
02786 
02787 
02786 
0~769 
02790 
02791 
02792 
02793 
02794 
02795 
02796 
02797 
02798 
02799 
02800 
02801 
02802 
02803 
02804 
02805 
02806 
02807 
02808 
02809 
02810 
02811 
02812 
0281:3 
02814 
02815 
02816 
02817 
02818 
02819 
02820 
02821 
02822 
0282:3 
02824 
02825 
02826 
02827 
02828 
02829 
02830 
02831 
02832 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C* 

c• 
c• 

c• 

ZIHF -

ZCHT 

ZIHC -

NOTE 

OF THE NUMBERS OF THE KNOTS AND NOT KNOTS FROM THE POINT. 
VARIABLE USED TO DEFINE THE hEIGHT OF ThE SYMBOLS 
IN Y USEA UNITS 
VARIAOLE USED TO DEFINE THE HT OF THE CHARACTERS ALONG THE 
AXES IN Y USER UNITS -
VARIABLE DEFINING THE RADIUS OF THE CIRCLE IN X USER UNITS 

AREA •ITHIN AXES IS LOWER LEFT CZLX,ZLY) 
UPPER RIGHT {2UX,ZUY) 

ZlHF·AND ZIHC AR~ THE NEGATIVE OF THEIR COORD VALUES 

SUBROUTINE BEGINS 
#~#RI#IR~MIMIRRI.#M 

LOG1CAL*1 XAXIS(50),YAXIS(45),TlTLE(4l) 
DATA XAXIS/49*' 4 oZ01/oYAX1S/44*' 'oZOl/ 
DATA TITLE/40*' 1 ,201/ 

READ FROM UNIT 
IRD = 5 

READ(IRD,9040)(TITLE(Ilol = 1o40) 
READCIRD,9040)(XAXIS(I)ol = 1,49) 
REAO(IRDe9040)(YAXIS(I)al = 1,44) 
REAC(IRO,$)ZXSIZEo2YSIZEeZXMIN,ZY~IN,ZXMAXeZYMAX 
REAO(IRO,$)ZAXoZAYeZINCoZINT 
REAO(tROo*lOFFXoOFFY,SCXeSCY 

IF(SCX.EO.O)SCX = 1.0 
IFCSCYoEO.O)SCY = loO 
IF{ZINC.ECoO)ZINC = 1o0 
IF{ZINToEO.O)ZtNT : 1.0 
CALL AREA{2XSIZE,ZYSIZE) 
CALL SETPLT(ZXMIN,ZYMtN,ZXMAX,ZYMAX) 

C* CONSTRUCT RECTANGLE AROUND PHYSICAL PLOT SIZE 
ZX = ZXMAX - ZXMIN 
ZY = ZYMAX - ZYMIN 
ZXMIN : ZXMIN- ZX/1000 
ZYMtN = ZYMIN - ZY/1000 

C* SCALE 
XSC : ZX/ZXSIZE 
YSC = ZY/ZYSIZE 
CALL RECTCZXMIN,ZYM1N,-ZXo-ZYl 

C* P~lNTING OF TitLE ON PLOT 
ZHT = ZX/44 
ZHTY = ZHT*(YSC/XSC) 
ZXP = ZXMIN + 2e0*2HT 
ZYP : ZYMAX - 2.0*ZHTY 
CALL CHRPRT(ZXP,ZYPeTITLe,o,o,-ZHTY) 

C* D~AWING THE AXES 

DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPL IN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLlN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLlN 
OSPLIN IV 

DSPLlN IV 

DSPLIN 00 



02833 
02834 
02835 
02836 
02837 
02838 
02839 
02840 
02641 
02642 
02843 
02844 
02845 
02846 
02847 
02648 
02849 
02850 
02851 
02852 
02853 
02854 
02855 
02856 
02857 
02658 
C2859 
02860 
02861 
02862 
02863 
02864 
02865 
02866 
02867 
02868 
02869 
02870 
02871 
02872 
02873 
02874 
02875 
02876 
02677 
02876 
0267<;) 
02680 

ZX : ZX - 2.0*(ZAX-ZXMIN) 
ZY = ZY - 2e0$(ZAY-ZYMINJ 
ILX = (ZX/ZlNC) + 0.5 
ILY = (ZY/ZINT) + 0.5 
ZLX = (ILX*ZINCJ/XSC 
ZLY = (ILY*ZINTJ/YSC 
ZlDPX = ZHT 
ZIOPY = Z~TY 
ZIHF = -ZHTY/2e0 
ZCHT = -ZHTY$(2.013.0) 
ZIHC = -ZHT/4,0 · 

C* THIS IS TO MODIFY THE NUMBERS PLOTTED WITH THE AXES SO THAT THEY FIT 
C* ThE FORMAT DEFINED BY THE AXS ROUTINE. 
C• FOR THE X AXIS 

ZAT = (ZAX- OFFX)/SCX 
ZINC = ZI~C/SCX 
CALL AXSlZAX,ZAYeXAXISoZLX,O.O,ZATeZINC,-lLX,ZCHT) 

C* FCR THE Y AXIS 
ZAT = (ZAY - OFFY)/SCY 
ZINX = ZINT/SCY 
CALL AXS(ZAXoZAYoYAXISeZLYt1o57eZAT,ZINX,ILY,ZCHTl 

C• SETTING THE LIMITS OF THE AREA DEFINED BY THE AXES 
ZUX .= ZAX + ZLX*XSC 
ZUY = ZAY + ZLY*YSC 
ZLX = ZAX 
ZLY = ZAY 

9040 FORMAT(l00A1) 
RETURN 
END 
SUBROUTINE POINT(T,XleX2vVXloVX2,vXl2oiCOOE,KNC,TK,COF,VCOF) 
IMPLICIT REAL*8(A-~.~-Z) 

c **************************************************************** 
C * VERSION : 21ST MA~CH 1~82 * 
C * DESCRIPTION : COMPUTES THE POSTION AND COVARIANCE OF A * 
C * POINT AT TIME T • * 
c **************************************************************** C INPUT PARA~ETERS .. 
C T - TIME AT WhiCH THE POSITION AND COVARIANCE IS REQUIRED 
C KNO - NO OF KNOTS 
C TK - VECTOR OF KNOT TIMES 
C COF,VCOF- COEFFICIF.NTS AND COVARIANCE MATRICES 
c 
c 
c 
c 
c 
c 
c 

OUTPUT PARAMETERS. 
Xl.X2 - THE POSITION OF THE POINT 
VX1.VX2- VARIANCES IN Xl AND X2 RESPECTIVELY 
VX12 - COVARIANCE BET•EEN Xl AND X2 COORDINATES 
ICOOE - 1 SUCCESSFUL LOCATION OF INTERVAL 

0 CANNOT LOCATE TIME WITHIN DEFINED INTERVALS 

DSPLIN 
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DSPLIN 
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DSPLIN 
DSPLIN 
DSPL.IN 
DSPLIN 
DSPL.IN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPL IN 
DSPLIN 
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02881 
02882 
02803 
02884 
02885 
02886 
02887 
02888 
02889 
02890 
02891 
02892 
02893 
02894 
02895 
02896 
02897 
02898 
02 899 
02900 
02901 
02902 
02903 
02904 
02905 
02906 
02907 
02908 
02909 
02910 
02911 
02912 
02913 
02914 
02915 
02916 
02917 
02918 
02919 
02.92 0 
02921 
02922 
0"2923 
02924 
02925 
02926 
02927 
02928 

c 
c 
c 
c 
C* 

CALLS - INTERVoFOR~.D~ULT 
- TRAPS 

##I#R#R##N##~·~~~~## 
PROGRAM BEGINS 

COMMON /DIM1/IOBSNOoiDA1tlDWltlDTXoiDPIIOPVoiOLOBS,IOVAR,ICV 
COMMON /OIM2/IDKNOTeiDA2,1DTKIIDOTK,IDX~IDVXoiDW211DV2.IDXOo 

i IDCOF,IDVCOF 
REAL*S X(2o1 )eVX(2,2) t8(2,Q) oTK( IOTKtl) 1 

&I COF(IOCOFo8),VCOFCIOVCOF,8,8IoC0(8,11 ,VC0(8,8) 
INTEGER*4 KNO 
DATA IS•T/O/o8/16*0,0DO/ 
ICODE = 1 
CALL INTERV(T,TKeKNO.~oiDTKIICI 
IFCIC.EO.O)GO TO 10 
OR= T- TK(~.l) 
CALL FORM(OR,B) 

C** EXTRACTING THE COEFFICIENTS AND COV~RIANCES 
IF(ISwT.EO.J)GQ TC 30 
DO 2 0 I~ = 1 o 8 
CO ( I~, 1 ) = COF C ~, I~) 
DO 20 IK = 1.8 

20 VCOCJ~olK) = VCOFCJoi~.IK) 
ISWT = ~ 
CALL TRAPS(O,Oe10000o0o0) 

.:30 CALL DMULT(Bo2t8tCOe8oloXo2e8o8tlt2tl) 
00401=1.2 

DC 40 L = 1o2 
VX(IoLl = OoODO 

DO 4 0 ~ = 1 I 8 
DO 40 K = 1,8 

40 VX(l,L) = VX(I,L) + B(I,K)*VCO(KI.JI*BCLI.J) 
Xl = X(1olJ 
X2 = X(2,1) 
VX1 = VX(1tl) 
VX2 = VX(2o2) 
vx12 = vxct.21 
RETURN . 

10 WRITEC6,900)T 
ICODE = 0 
RETURN 

900 FORMAT(//12Xo'TlME •,Dt2.5, 1 AT WHICH POSITICN IS REQUESTEC '• 
&I /t'LIES OUTSIDE THE TIME DEFINED BY THE OUTER•, 
AI 1 K N OT S • o / / ) 

END 
5UBROUT I.NE 

ii) 

:i.l 

PREPAR(KNOoNOeRoMoNo TXoTK,OTK,AOBS,ACONo 
AloADOAl1A21ADOA21 
XOtlCBSeWltW2olAPRI) 

OSPLlN 
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DSPLIN 
DSPLIN 
DSPLIN 
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OSPLIN 
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DSPLIN 
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OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
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02929 
02930 
02931 
02932 
02933 
02934 
02935 
02936 
02937 
02938 
029J9 
02940 
02941 
0294 2 
02943 
02944 
02945 
02946 
02947 
02946 
02941Ci 
02950 
02951 
:12952 
0295::3 
02954 
02955 
02956 
02?57 
02956 
02959 
02960 
02961 
02962 
02963 
02964 
02965 
02966 
02967 
02968 
02969 
02970 
02971 
02972 
02973 
02974 
02975 
02976 

lMPLICIT REAL*8(A-Ho0-Y)oREAL*4(Z) OSPLlN 
C **********************************************************************DSPLIN 
C * V E R S I 0 N : 7 J u·N E 1 9 8 2 0 S P L 1 N 
C * DESCRIPTIO~ : PREPARES MATRICES FOR INPUT INTO THE LS ROUTINE OSPLlN 
C ~*********************************************************************DSPLlN c ... ~ .. - -·-···-----INPUT PAH,ql'lr:.lt:.H::i 

KNOoNOoReMoN - AS IN 
TXoTKoDTKoXOoLOBS 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

MAIN 

- AS I~ MAIN 
I APR I - INPUT CODE OF APRlORI SOLN VECTOR 

OUTPUT PARAMETERS 
AloA2 - VARIABLE PROFILE BANOEO DESIGN MATRICES( DIM BELOW) 
AODAloADDA2 -ADDRESS SEQUENCE FOR Al A~D A2 MATRICES RESP. 
WloW2 - MISCLOSURE VECTORS 

'iORK ARRAYS 
AOBS,ACON - AS DIMENSIONED IN MAIN 

CALLS- DCLEARoiNTERV,CONSTRoAPRORI CBS 

·~············. CQMMON /DIMl/lCBSNOolOAlolDWltlDTXtiDPo IDPVolDLOBSotCV~R,ICV 
COMMON /OIM2/ICKNOToiDA2olDTKolDDTKolOX,IDVXoiOW2,IDV2oiDXCo 

N IDCOFoiOVCOF 
C* ARRAYS 

REAL-*6 Al(IDA1e7),A2CIDA2oll) .. TXCIDTX,lloTKCIOTK,l)oOTK(lCCTKo1lo 
ZO,A08S(7,1 ),ACCN(ll tl ), 

c• , .. 
A: 
ii) 

0 Tt1ERS 
XOC lDXOel) oLOBS( IDLCBSol) e'Wl C ICWl ol) oW2( IDW2e1) 

INTEGER ADOAl ( IDA1) oACOA2( IOA2) oKNOeNOoReMoNo IAPRI 
FUNCTIONS 

tROW([)= (lt-1)/2 
ICCL(Il = (2-((1+1)/2- (I/2))) 

C• PSEUDO MATRIX SIZES Al(N,M) , A2(R,M) o P(N,~) , VAR(N-RoNI 
R = 2+KNO - 4 

'* 
c-. 

M = 4*1<NO 
N = 2*NO+ 8 

CLEARING THE A MATRICES 
CALL CCLEAR(Al,IOA1o7) 
CALL DCLEAR(A2tiOA2tl1) 

FCRMULATION OF THE Al MATRIX 
.J = 1 
L = NO + 2 
DO 31 I I = 3 ,L 
J = J + 1 
CALL INTERV(TX(Jol)oTKoKNCeiNToiDTKoiCOOE) 
1F(ICODE.EO.O)-RITE(6,9000)J 
IFCICODE.EOoO)STOP 

OSPLIN 
OSPLIN 
OSPLIN 
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OSPLlN 
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OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
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OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN t! 
OSPL IN t-o 
OSPLIN 



02Q77 
02978 
0297Q 
02980 
02981 
02Q82 
02983 
02984 
02985 
02986 
02Q87 
02988 
02989 
02990 
02991 
02992 
02993 
02994 
02995 
02Q96 
02997 
02 998 
02Q99 
03000 
C3C01 
03002 
03003 
03004 
03005 
03006 
03007 
03 008 
03009 
03010 
0301 1 
03012 
03013 
03014 
03015 
03 016 
03017 
03018 
03019 
03020 
03021 
03022 
03023 
03024 

IR = (INT-1 )*4 + 1 
CALL OBS(TX(J,1}oTK(lNTe1)oDTK(INT 1 1) 1 AOBS) 
AODAl(II) = IR 
DO 41 I = 1 ,7 

41 Al(llol) = AOBS(Iol} 
31 CONTINUE 

C* FORMULATION OF THE REMAINDER OF THE A1 MATRIX- OUTER KNOTS 
J = -1 
DO l 0 1 I = 1, 2 
J = J + 2 
ADOAl(l) = J 

101 AUiol) = 1o000 
J = -1 
LK .:: NO + 3 
L = NO + 4 

C* SLIGHT MANIPULATION NEEDED TO MAKE THE LAST 4 X 4-BLOCK DIAGlONAL 
DO 111 I = LKoL 
J = J + 2 
II= M + ( J- 4) 
ADDA1(IJ =II 

111 Al(Io1} = 1.0000 
C* FORMULATICN OF A2 ~ATRIX - SINGULAR 

J = 0 
K = -3 
LK = R/2 
DO 121 I= 1oLK 
J = J + 1 
J1 = J + 1 
K = K + 4 
CALL CCNSTR(DTK(Jol} oDTK(J1o1) ,ACGN) 
AODA2 (I) = K 
DO 51 I I = 1 , 11 

51 A2(I,JI) = ACON(IIo1) 
121 CONTINUE 

C* I~COPORATION OF THE APRIORI VALUES IF ANY 
CALL APRORI(XOoMoiDXCoiAPRI) 
IF(IAPRioGToO)CALL DPRINT(X0oMoloiDX0. 1 APRIORI VALUES 1 o7) 

C* CCMPUTE MISCLOSE VECTORS 
DO 1 31 I = 1 , N 
SUM = OoOCO 
D0132J=1oM 
II= IROW(l) 
JJ = J- (ADOAUtl) + ICOL([) -1 ) + 1 
IF(JJ.LTo1o0RoJJoGT.7)GO TO 132 
SUM= SUM+ A1(lloJJ)*XO(Jo1) 

132 CONTINUE 
131 Wl(lol) =SUM- LOBS(Iol) 

DO 133 I = 1 oR 
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0.3025 
03026 
03027 
03028 
03029 
03030 
03031 
03032 
03033 
03034 
03035 
03036 
0 3037 
03038 
03039 
03040 
03041 
03042 
03043 
0.3044 
03045 
03046 
03047 
03048 
03049 
0.3050 
03051 
03052 
03053 
03054 
03055 
03056 
03057 
03058 
03059 
03060 
OJ 061 
03062 
03063 
03064 
03065 
03066 
03067 
03068 
03 069 
03070 
03071 
03072 

W2(1,1) = 0o0DO 
00 1 3.3 .J = 1 , M 
II= IRQli(I) 
JJ = J- (A00A2(li) + ICOL(Ii -1 ) + 1 
lF(~.J.LToloORoJJ.GTollJGO TC 133 
W2(Iel) = W2(1ol) + A2(ll,JJ)*XO(J.l) 

133 CONTINUE 
9COO FORMAT(///,• DATA PCINT 1 ei4o' NOT WITHIN INTERVAL SPECIFIED•, 

~·BY E~D KNOTS 9 ,//) 

RETURN 
END 
SUBROUTINE PRNKNT(XoM•lOX,VX,IDVX,PRKNT) 
IMPLICIT REAL*S (A-H,P-Z) 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C * 'JERS ION : 1 AUGUST 1982 * 
C * DESCRIPTION : TO PRINT THE POSITION AND SLOPE * 
C * INFORMATION OF THE PRKNT-TH KNOT. * 
c *********************************************•·············· C lNFUT PARAMETERS 
C XoVX - LoS ESTIMATES FROM THE LS SUBROUTINE 
C M - ACTUAL DIMENSION OF X AND ROW DIMENSION OF VX 
C lOX - DECLARED DIMENSION OF X VECTOR 
C IOVX - DECLARED DIMENSION OF VX MATRIX 
C POKNT - THE NUMBER OF THE KNOT THAT INFORMATION IS REQUIRED c 
C OUTPUT PARAMETERS 
C NCNE 
c 
C CALLS - OSORT 
c 
C ** OEGINS 

R E AL * 8 X ( I 0 X t1 >. V X ( I 0 V X , I 0 V X ) , S T D ( 4 • 1 ) • C 0 R R 1 , C 0 R R 2 
INTEGEJ; PRKNT 

C* ASSIGN WRITE UNIT 
IWR = 6 

C* LCOP POINTERS ARE HEING·OETERMIN~O 
IO = PRKNT*4 - 3 
IE = PRKNT*4 

C* CHECK FOR ERRONEOUS KNOT REQUEST INPUT 
IF(IEoGT.M)GO TO 999 

C* EXTRACT STD DEVIATIONS AND CORRELATIONS 
00 100 I = IBeiE 

II= I- 18 + 1 
100 STDtliol) = OSQRT(VX(I.I)) 

II= 16 + 1 
CORAl = (VX(IB.I 1)/(STD(lel )*ST0(2.1)) )$100 
I I = IE- 1 
CORR2 = (VX(IE.Itl/(STD(J,l)*ST0(4el)))$l00 
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03073 
0307~ 
03075 
03076 
03077 
03078 
03079 
03080 
03081 
03082 
03083 
0300~ 
03085 
03086 
03087 
03088 
03089 
03090 
03091 
03092 
03093 
03094 
03095 
03096 
03097 
03098 
03099 
03100 
03101 
03102 
03103 
0310~ 
03105 
03106 
03107 
03108 
03109 
03110 
0311 1 
03112 
03113 
0311 ~ 
03115 
03116 
03117 
03118 
03119 
03120 

WRITE(I~R,10)PRKNT 
WRIT E. ( 1 'IIR , 2 0 ) ( X ( I , 1 ) , I= I D, I E ) 
WRITE( IWR,JO) 
W R IT E ( I wR , 2 0 )( ( V X ( I e J) , J= I 0 .t E) , 1 =I 8 , IE ) 
W R I T E ( I w R , 5 0 ) ( S 1 D ( I , 1 ) , I : 1 , 4 ") , C C R R 1 , C Q R R 2 
RETURN 

~99 WRITEliWR,~O) 
RETURN 

10 FORMAT(//,3Xe 1 ELEMENTS OF THE •,t2, 1 TH KNOT VECTOR•, 
~ /,Jx.•==============::====================•.tl 

20 FORMAT(/,100(/,JX,4(1PD14.7,IX))) 
30 FCRMAT(//~3Xv'COVARIANCE OF THE K~OT PARAMETERS•, 

~ /,3x,·~~========•z=====================•,/) 
40 FORMAT(//,3X, 1 SUBR PRNKNT- KNOT INFORMATION REQUESTED •, 

~ 'IS GREATER THAN THE NO, OF KNCTS'o//l 
50 FORMAT(/e3Xt 1 SOUARE ROOTED DIAGONAL ELEMENTS OF ABOVE'• 

~ /,JX,4(1PD14e7t1X), 
~ //,3Xe 1 CORRELATION COEFFICIENTS ($100) 1 , 

~ /o3X,2( 1PD14.7e1X)) . 
END 
SUBROUTINE RDATA(NOoTXeVARtLOBS,PoMAT, 

~ IREAO,ECHOeXX,YY,CXY,TUME) 
c **********************************~******************************* C * VERSIO'N : 1 JUNE 1~S2 * 
C * DESCRIPTION : READING OF DATA POINTS AND END KNGT VECTORS.THIS * 
C * SUBROUTINE IS THE DRIVER FOR THE READ ROUTINE * 
c *******************************···~·······~····~·················· C INPUT P~RAMETERS 
C NO - NO. OF DATA POINTS 
C IREAD- OPTION CODE FOR READ FORMAT(SEE READ ROUTINE FOR COCESl 

FOR ECHOING ALL INPUT TO PROGRAM C ECHO - OPliON CODE 
C 1 - YES , 0 - NG 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

OUlPUT PARAMETERS 
TX - VECTOR OF KNOT TIMES C DIM IN ~AIN 1 
VAR - ARRAY OF INPUT COVARIANCES CF DATA POINTS ( CIM IN MAINJ 
LOBS - VECTOR OF CBSERVABLES C DIM IN MAIN ) 
P - FIXED BANDED WEIGHT MATRIX FOR 08SERVA8LES ( DIM IN MAIN) 

WORK VARIABLES/ARRAYS 
MAToXXeYY.CX~oTUME 

CALLS - READe CHOLD OR DINV 
ADDITIONAL INFORMATION 

READING IN .REARRANGING AND STORAGE OF 
NOTE THE ISWT SWITCH IS USED TO DETECT 
AND TO PREVENT FAILURE IN THE DO LOGP 

INPUT DATA POINTS 
THE 1ST AND LAST POINT 

DSPLIN 
OSPLIN 
DSPLlN 
DSPLIN 
DSPLlN 
DSPLlN 
DSPLIN 
DSPLIN 
DSPLlN 
OSPLIN 
OSPLlN 
DSPLlN 
DSPLIN 
DSPLIN 
OSPLlN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLlN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPL I"N 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLlN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLlN 
DSPLIN "" 
DSPLIN w 
DSPLIN A 



03121 
03122 
03123 
03124 
03125 
03126 
03127 
0312 e 
03129 
03130 
03131 
03132 
03133 
03134 
03135 
03136 
03137 
03138 
031.39 
03140 
03141 
03142 
03143 
03144 
03145 
03146 
03147 
03148 
03149 
03150 
03151 
03152 
03153 
03154 
03155 
03156 
03157 
03158 
03159 
03160 
03161 
03162 
03163 
03164 
03165 
0.3166 
03167 
03160 

COMMON /0IM1/ICBSNO.IDA1tiDW1~IDTX,IOPoiDPV,IOLOBS,IDV-RoiCV 
COMMON /DIM2/IDI<NOT t IDA2o IDTKo lDOTKo lOX, IOVX 1 IOW2t IOV2, IDXCo 

~ IDCOF,IDVCOF 
REAL* 8 T X ( I D T X • 1 ) , VA R ( I 0 VA R , 2 • 2 ) , MAT ( 2 , 2 l , L 0 B S ( I D L 0 8 S, 1 l • 

~ PCIOPe3),TUME,XX,YYoCXYeDET 
INTEGER ECHOoiREAO 
J .:: -1 
L = NO + 2 
I SWT = 1 
DO 1 1 I = 1 o L 
J = J + 2 
J1 = J + 1 
CALL REAO(LoloTXCio1loXXoYY,MAT(lolloMAT(2,2loCXY,IREAO,ECH0) 

C* REASSIGNMENT 
VAR(Io1ol) = MATCle1)*MA7(1,1) 
VA~(lo2o2) = MAT(2u2)*MAT(2o2) 
VAR(I,1o2l = CXY 
VAR(lo2tll = VAR(lo1o2) 

12 L08S(Jo1l =XX 
L08S(J1o1l = YY 

C* STORE IN MAT 
MAT(ltl) = MAT<lol)*fo'AT(1tl) 
MAT(2o2l = MAT(2o2)*~AT(2o2) 
MAT(1e2) = CXY 
MATC2ol) = ,~.4AT(1u2) 

C* INVERSE 
CALL CHOLD(MATe2o2o2oOEToiE~l 
IFCIER.NE.O)WRITEC6o9000) 
IFCIERoNEoOlSTOP 

C~ REASSIGNMENT 
P C J o 2 ) -:: MAT ( 1 o 1 ) 
P(J,3) = MATC1o2) 
PCJ1 .1 l = MAT(2tl) 
P(Jlo2) = MATC2o2) 

C* CLEAR 
P(Jtll = 0 
P(Jlo3) = 0 
IF(IoNEoloANO.I.NEoL)GO TO 11 
IF(loEOo1oANDoiSWT.EOo2)GQ TO 11 
IF(I.EOoLoANDoiS~T.EO.J)GO TO 999 
J = J + 2 
J1 = J + 1 

C* TUME - OUIIIMY 
CALL READ(L.I oTUMEoXXoYYoMAT( 1 o1) ,M.AT(2o2) oCXYo4oECHQ) 
[SliT= 1 + ISWT 
GO TO 12 

11 CONTINUE 
<;<;<;; RETURN 

OSPLIN 
DSPLIN 
OSPLIN 
CSPLIN 
DSPLIN 
DSPLlN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLlN 
DSPLIN 
CSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPL IN 
DSPLIN 
DSPLIN 
CSPLIN 
DSPLIN 
DSPLIN 
CSPLIN 
OSPLIN 
CSPLIN 
DSPLIN 
OSPL IN ~ 
OSPL IN VI 
CSPLIN 



03169 
03170 
03171 
03172 
0317..3 
03174 
03175 
03176 
03177 
03178 
03179 
o:Jl60 
03161 
03182 
03163 
03184 
03185 
03166 
03167 
03166 
03189 
0:!190 
03191 
03192 
03193 
03194 
03195 
03196 
03197 
03198 
03199 
03200 
03201 
03202 
03203 
03204 
03205 
03206 
03207 
03208 
03209 
03210 
03211 
03212 
03213 
03214 
03215 
0~2lf 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

9000 FORMAT(/,• ERROR! INPUT COVARIANCE SINGULAR- PROG STOPPEC 1 o//)OSPLIN 
END OSPLlN 
SUBROUTINE READ(IENO,L1NE,T,X,Y,SX,SY,SXY,ICOOE1,[COOE2) OSPLIN 
IMPLICIT REAL*B(A-HeC-Z) OSPLIN 
REAL*B T,x,Y,SXeSYeSXY OSPLIN 

*********~*************************************************** OSPLIN * VERSION : 12iH SEPT 1962 * OSPLIN 
* DESCRIPTION : READ IN DATA ACCORDING TO OPTION CODE * OSPLIN 
********************~**************************************** OSPLlN 
INPUT PARAMETERS OSPLIN 

ICODE1 - CHOICE OF THE. DIFFERENT READS DSPLIN 
1 - NORMAL INPUT OSPLIN 
2 - NORMAL INPUT BUT WITH CORRELATIGN COEFFICIENT OSPLIN 
3 - LOREX DATA FORMAT WITH NO MODIFICATION TO VARIANCES DSPLIN 
4 - BEGtNINING AND END KNOT SLOPE AND VARIANCE INTAKE DSPLIN 
5- LOREX DATA FORMAT WITH MODIFICATION TO VARIANCES OSPLIN 
1 - LOREX DATA FORMAT WITH VELD AND DIR (CGRRS APPLIED) OSPLIN 

C ICODE2 
c 

9 - LOREX DATA FORMAT ~ITH VELO AND DIR (CORRS NOT APPLtED)OSPLIN 
INPUT ECHO R~CUEST ; 1 - YES ~COIF TC VAR PRINTED. DSPLIN 

0 - NO OSPLIN 
- TOTAL NUMBER OF LINES TO BE READ(END KNOT INPUT DETECTN) OSPLIN C tEND 

C L l NE 
c 
c 
c 
c 
c 
c 

- CURRENT LINE CF INPUT OSPLIN 

OUTPUT PARAMETERS 
T.x,y - DA7A POINT DEFI~EO OY COORDS x,y, AT TIMET 
SX,SY - STANDARD DEVIATIONS OF XoY 
SXY - COVARIA~CE 

C CALLS - UPSTD, Er-RORS 
CABS c 

c 
C PROGRAM BEGINS 
C* READ INPUT UNIT NUMBER - IRQ 

I RO = 5 
C* MRITE INPUT UNIT NUMBER - I~R 

IWR = 6 

'* IFliCOOEl.NE.lJGO TO 10 
C• NORMAL INPUT : COVARI~NCE READ 

READ(IRO,*lTtXoYoSX,SY,SXV 
IF(ICODE2.E0el )~"ITECI~R.llO)ToXtYoSX,SYoSXY 
RETURN . 

10 IF(ICODEl.NEe2)GO TO 20 
C* CORRELATICN COEFFICIENT READ 

READCIRD,*)ToXtYtSXeSYtSXY 
lF(lCOOE2.EOol)~RITE(l~A,110lT,X,Y.SX,SY,SXY 
SXY = (SXY/100.0DO)*SX*SY 
RETURN 

DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLlN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLlN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN N 

OSPL IN ""' 
DSPLIN m 



0::3217 
03218 
0::3219 
03220 
03221 
03222 
03223 
03224 
03225 
03226 
03227 
03228 
03229 
0323 0 
03231 
03232 
0::3233 
03234 
03235 
032::36 
03237 
03238 
0::32::39 
03240 
03241 
03242 
03243 
0::3244 
03245 
03246 
03247 
03248 
03249 
03250 
03251 
03252 
03253 
03254 
03255 
03256 
03257 
03258 
03259 
03260 
03261 
03262 
0326~ 
03264 

20 IFCICODEloNEo3oANOoiCOOE1oNE.S DSPLIN 
~ oANOolCODEloNEo7oANOoiCODEloNE.9)G0 TO 30 OSPLIN 

C ------------------------------------------------------------------- OSPLIN C INPUT VARIATION WITH A CORRELAJION COEFFICIENT DSPLIN 
C NOTE THAT THE XoY (EASToNORTH) READ SEQUENCE HAS BEEN CHANGEC OSPLIN 
C TO ~ATCH LOREX INPUT DATA FO~MAT AND THAT THE VELOCITY AND THE DSPLIN 
C DIRECTION OF MOTION IS ~EAD IN DSPLIN 
C VELD AND DIREC ARE REQUESTED ONLY FOR THE FIXES AND NOT END DSPLIN 
C KNOT INFORMATION. DSPLIN 
C ------------------------------------------------------------------- OSPLlN C• END KNOT INFORMATION INTAKE OSPLIN 

IFCLINE.NE.l.AND.LINE.NE.IEND)GO TO 23 DSPLIN 
REAOC IRQ,_.) IOAYo IHRMINoYtX,SYoSXo SXY OSPLIN 
IFCICODE2oEOol)WRITECIWRel20)IDAYoiHRMINoYoXoSY,SXoSXY DSPLIN 
GO TO 24 DSPLIN 

C* DATA POINT oVELO AND DIRECTION INTAKE OSPLIN 
2 3 IF ( I COO E 1 • E 0 o3 oOR • I C 00 E 1 • EQ o 5) REA 0 ( I R 0 • *) IDA Y, I HRM IN o Y • X, SY , S X o S XYOSPL IN 

IF(ICODEloEOo7)READCIRDo*)IDAYolHRMIN.YoXtSY,SXoSXYtVELOoC~ OSPLIN 
IF(ICOOEl.EQ.9)REACCIRD,*)lDAYtiHRMINoYoXoSYoSXoSXY,VELOoDR OSPLIN 

C* ECHO OUTPUT OSPLIN 
IF(ICOOE2.EQo1oANDolCOCE1.t:0.7) DSPLIN 

~ ~RITE(IWRol20)10AYoiHRMINoYoX,SYoSX.SXYoVELC,DR DSPLIN 
IF(ICODE2.EOo1oAND.(ICODEl.EO.J.OR.ICODEl.EQ.5.0R.ICOOEl.E0.9)) DSPLIN 

~ . ~RITE(IWRol20)10AY,IHRMINoYoXoSYoSXoSXY OSPLIN 
C* CCNVERSION OF CORRELATION TO COVARIANCE DSPLIN 

24 IF(OA8S(SXYJoE0.100~0)SXY = (SXY/DABS(SXY))*~~.999DO OSPLIN 
SXY = CSXY/lOO.OOOl*SX*SY DSPLIN 
IHR = IHRNIN/100 OSPLIN 
XMIN = (IHRMIN- (IH~MIN/100)*100) OSPLIN 
T = IDAY + (IHR/24.0D0l + (XMIN/1440,000) OSPLIN 
IFCICOD~l.NEe5eANOoiCODE1oNEe7)RETU~N OSPLIN 

C* AVOID MODIFICATIONS ON THE FIRST AND LAST LINES OSPLIN 
IF(LINE.EO.l.OR.LI~E.EO,IEND)RETURN OSPLIN 

C* STANDARD DEVIATION CORRECTION DSPLIN 
CALL UPSTO(SX,SYoSXYoiCODE2l OSPLIN 

C* CROSS TRACK CORRECTION OSPLIN 
IF(ICODEloNEo7)RETURN DSPLIN 
OIR = DR*(3o14159265400/180o000l OSPLIN 
CALL ERRORS(X,YoSXoSYoSXY,VELOeDIRoiCCOE2) CSPLIN 

RETURN . DSPLIN 
30 lF(ICODEl.NE,4JGO TO 500 DSPLIN 
C* SLOPE AND ITS CORRELATICN INPUT OSPLIN 

READ(IRD,.)y,x~sY,SXoSXY . OSPLIN 
IFCICODE2.E0,1 )WRITE(HIRoll0lYoXoSY,$XoSXY DSPLIN 
SXY = (SXY/lOO.OOO)*SX*SY DSPLIN 

C* 
RETURN OSPLIN ~ 

C* FURTHER INPUT FORMATS TO BE HERE 
OSPLIN w 
OSPLIN -..~ 



03265 
0.3266 
03267 
03268 
0.3269 
03270 
03271 
03272 
0.327 3 
0.3 2 71\ 
03275 
03276 
03277 
03278 
03279 
03280 
03201 
03282 
03283 
0.3284 
03205 
03286 
0328 7 
0.328.9 
03289 
03290 
03291 
03292 
03293 
0.3294 
03295 
0:32 96 
o.;297 
03298 
03299 
03.300 
0330 1 
03302 
03303 
03304 
03305 
03306 
03307 
03308 
03309 
03310 
03.311 
03312 

C* 
500 wRITE(I~R.130)ICODE1 

RETURN 
110 
120 
130 

FORMAT(3Xo'ECHO: •,6(F12ole3X)) 
FCRMAT(3Xo 1 ECHO: •,tJ,I6,3Xo7(Fl2ol 1 3X)) 
FORMAT(3Xo 1 CODING ERROR** SUBROUTINE READ ; •,14,//) 
END " 
SUBROUTINE REJECT(IOEGOF,SO,ALPHAolCODE) 

c ······························~············~·················· C * VERSION : 21 JUNE 1982 * 
C * DESCRIPTION : REJECTION CRITERA BASED ON THE CHI-SQUARED * 
C * TEST ON THE VARIANCE FACTORo ALPHA IS THE * 
C * CONFIDENCE INTERVAL USEC IN THE TEST. * 
c ************************************************************** C INPUT PARAMETERS 
C ICEGOF - DEGREES OF FREEDOM 
C ~0 - VARIANCE FACTO~ 
C ALPHA - PERCENTAGE CONFIDENCE INTERVAL 
c 
c 
c 
c 
c 
c 
c 

OUTPUT PARA~ETERS 
ICODE - 1 1 PASSED THE TEST 
ICODE - 22 FAILED THE TEST 

CALLS - CHilES 
PROGF<AM BEGINS 

REAL*8 SO,ALPHA 
INTEGER IDEGOF.ICODEoiCODE2 

C CALL THE CHI-SQUARE TEST ~OUTINE CHITES 
CALL CHITES(SO.ICEGOFoALPHA,JCODE2l 

C CODE ASSIGNMENT 
ICODE = 22 
IF{tCODE2oEO.O)tCCDE = 11 
IFC 1CODE2oEOo1 )I CODE = 11 
RETURN 
E!NO 
SUBROUTINE RESID(A~NoMoDXoWoYoiAoJA,ID,IW.IV) 

c ······~······********************************************** 
C * VERSION : JAN 1c;a2 * 
C * DESCRIPTION : COMPUiES RESIDUAL VECTOR FOR SOLV ROUTINE * 
c *********************************************************** C INFUT PARAMETERS 
C A (N,M)- DESIGN MATRIX (DECLARED DIM A<IAoiJ>> 
C OX (M) - LS ESTIMATES (DECLARED DIM DX<ID>) 
C W (N) - MlSCLOSURE VECTORCDEC DIM ~<I~>l 
c 
c 
c 
c 

OUTPUT PARAMTERS 
V ( N l - R E S I iJ U A L V E CT 0 R ( D E C D I M V < I V > ) 

DSPLIN 
DSPLlN 
DSPLtN 
DSPLIN 
DSPL IN 
DSPLIN 
OSPLIN 
DSPLlN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPL IN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLlN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
D SPL IN 
DSPLIN 1\J 

DSPLIN ~ 
DSPLIN 



03313 
03314 
03315 
03316 
03317 
03318 
03319 
0:332C 
03321 
03322 
03323 
03324 
03325 
03326 
0332 7 
03328 
03329 
03330 
03331 
03332 
03333 
03334 
03335 
03336 
03337 
03338 
0333 q 
0334 0 
03341 
03342 
03343 
03344 
03345 
0:3346 
03347 
03340 
03349 
03350 
03351 
03352 
03353 
03354 
03355 
03356 
03357 
03358 
03359 
03.360 

C* ROUTIN~ BEGINS 
REAL*8 A( IAoJA),.OX( [0,1) oW( IW,l) oV( IVo1) 

C* FUNCTIONS 

c• 
lROW(l) = (1+1)/2 
ICOL(l) = 2- ((1+1)/2- (I/2)) 

DC 10 I = 1 , N 
V(lo1) = OeOOO 
II= IRQW(I) 

DO 20 J = 1oM 
J J = J - I COL (I) + 1 
IF(JJ.LTeleORoJJ,GT.JA)GC TO 20 
V(lol) = V(ltl) + A(lloJJ)*OX(Jol) 

20 CONTINUE 
10 V(I.1l = -(V(I,l) +~Hid)) 

RETURN 
END 
SUBROUTINE REMAIN(R,MoNoAloA2oADDAloADDA2oWloW2oXoVoV2) 

c ********************************************************··~·········· 
C * VERSION : 7 JUNE 1982 * 
C * DESCRIPTION : COMPUTE THE RESIDUALS OF OBSERVATIONS AND * 
C * CONSTRAI~TS. THE LATTER IS USED AS A CHECK ON THE * 
C * PRECISION OF THE COMPUTATIONS. * 
c ******************************************************************** C INPUT PARAMETERS 
C ReMoN - DIMENSION OF LS PROBLEM (SEE MAIN OR LS ROUTINE) 
C Al,A2 -VARIABLE BANDED DESIGN MATRICES 
C ADDAl,ADDA2- ADDRESS SEQUENCE OF DESIGN MATRICES 
C WloW2 - MISCLOSURE VECTORS 
C X - LEAST SQUARE ESTIMATES 
c 
c 
c 
c 
c 
c 

OUTPUT PARAMTERS 
V,V2 - RESIDUAL VECTORS 

CALLS - DMAG 

COMMON 
COMMON 

w 

.,. ....... **** 
/DIMl/IOBSNO, lDAl t IDWl, IDTX, IDP.IDPV, IDLOBS. IDVAR, ICV 
/DIM2/lOKNOT.IDA2oiDTK,IDDTKoiDXoiDVXoiDW2oiOV2olDXO, 
IDCOF,IDVCOF 

C* ARRAYS 

C* 

C* 

REAL* 8 A 1 ( t 0 A 1 • 7 ) • A 2 ( I D A 2 , 1 ) • 'til 1 ( I 0 W 1 , 1 ) , W 2 ( I D w 2 , 1 ) , 
~ V(IDV,l),V2(l0V2,1),X(IOX,l )oSUMoXLR 

INTEGER R ,M,NoADOAlC IDAl) 1 ADDA2 ( IOA2) 
FUNCTIONS 

IROW( 1) = ( 1+1 )/2 
I COL ( I ) = ( 2- ( ( I+ 1 ) / 2 - ( I/ 2 l l ) 

OESERVATION RESIDUALS 
DO 1'34 I = leN 

DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPL lN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPL.IN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLlN 
DSPLIN 
DSPLIN 
DSPLlN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN t: 
DSPLIN -o 
OSPLIN 



03361 
03362 
03363 
03364 
03365 
03366 
03367 
03368 
03369 
03370 
03371 
03372 
03373 
0.3374 
03375 
0.33 76 
03377 
03378 
03379 
03380 
03381 
03382 
0338:3 
03384 
03385 
03386 
03387 
03388 
03389 
03390 
03391 
03392 
03393 
03394 
03395 
03396 
03397 
03398 
0.3399 
03400 
03401 
03402 
03403 
03404 
03405 
03406 
03407 
03408 

SUM = 0, ODO 
DO 135 J = loM 
I[= lf'O~(I) 
.J J = J - (A DDA 1 ( 1 I ) + I COL ( 1 ) -1 l + 1 
IF(JJoLT.1oORoJJeGTo7)GO TO 135 
SUM= SUM+ Al(Il,JJ)$X(Jel) 

1.:!5 CONTINUE 
134 V(ltl) =-{SUM+ 'fi1Cle1)} 

C* CONSTRAI~T RESIDUALS 
DO 136 I = 1 eR 
SUM = 0 • ODO 
DO 138 J = 1, M 
11 = IRO'W(I J 
JJ = J- (ACOA2(1l) + ICOL(I) -1 l • 1 
IF(JJ.LToloOR.JJ.GTe11JGO TO 138 
SUM= SUM+ A2(II,JJ)*X(J,1) 

1.38 CONTINUE 
136 V2Ciell = -csu~ + W2CI.1Jl 

C* P~INTS THE LARGEST CONSTRAINT RESIDUAL 
CALL DMAG(V2,RoloiDV2t1eXLRe2J 
WRITE(6o9090)XLR 

90~0 FORMAT(' LR CONST MIS ; 1 e1PD12.5) 
RETURN 
END 
SUBROUTINE RTOP(XO.YO,XT,YT,DISTeDIR) 
REAL*8 XO,YOoXTeYT,DIReDlSToPHI 

c **0******************************************************* 
C * ~ERSION : 26 JUNE 1982 * 
C * DESCRIPTION : TO BE USED ONLY WITH THE LOCAL LEFT * 
C * HANDED T•O DIMENSIONAL COORDINATE SYSTEM•* 
C * COMPUTES AZIMUTH AND DISTANCE BEilEEN * 
C * TWO POINTS. * 
c ********************************************************** 
C INPUT PARAMETERS 
C XOoYO - EASTING ANU NORTHING OF FROM STATION 
C XT,YT - EASTING AND NORTHING CF TO STATION 
c 
c 
c 
c 
c 

OUTPUT PARAMETERS 
DIR - AZI~UTH IN RAOIANS(RANGE - 0 TO 2*PH1) 
DI~T - DISTANCE IN UNITS OF COORDINATES 

C CALLS -DAT.AN2,QSQRT 
c 
C EXAMPLE 
c 

(XOoYO)-----DISToPIRECTICN------>>>>>(XToYT) 

DATA PHI/3o1~1592654DO/ 
OIR = OATAN2(XT-XO~YT-YO) 
lF(OtR.LToOoODO)DIR = DIR + PH1-*2.0DO 

OSPLIN 
DSPLIN 
0 SPL 1 N 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLlN 
DSPLlN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPL IN N 

OSPL IN ~ 
DSPLIN 



JJ409 
03410 
03 41 1 
03412 
034\3 c 
03414 c 
03415 c 
OJ416 c 
03417 c 
03418 c 
03419 c 
03420 c 
03421 c 
03422 c 
03423 c 
03424 c 
03425 c 
03426 c 
03427 c 
03428 c 
03429 c 
03430 c 
03431 c 
03432 
03433 
03434 c 
03435 
03436 c 
03437 
03438 c 
03439 
0344 0 c 
03441 
03442 
03443 
03444 
03445 
03446 
03447 
03448 
03449 
03450 
03451 
03452 
03453 
03454 
03455 
03456 

DIST = DSCRT((XO-XT)*(KO-XT) + (YO-YT)*(YO-YT)) 
RETURN 
END 
SUBROUTIN~ SATELV(XOoYO,XP,YPoDRS,ELEV) 

··~********************************************************** * VERSION : 27 JUNE 1982 * * DESCRIPTION : COMPUTES THE ELEVATIO~ OF THE TRANSIT * 
* SATELLITE AT POINT OF CLOSEST APPROACH. * 
······················~······································ INFUT PARAMETERS 

XO,YO - POSITION OF CBSERVING STATION 
XP,YP - POSITION OF POLE IN LOCAL COORDINATE SYSTEM 
DRS - DIRECTION OF VELOCITY VECTOR AT CLCSEST APPROACH 

OUTPUT PARAMETERS 
ELEV - ELEVATION OF SATELLITE AT POINT OF CLOSEST APPROACH 

CALLS - ATOP 
DATAN2oDCOSoDSIN 

REFERENCE ! THESIS - S.H, QUEK , U.N.B 

PROGRAM BEGINS 
REAL*8 XOoYOoXP,YPoDRS,bRO,O~TA,ALPHAoDoZoXoYoELEVoNINTYoPHio 

~ RE,C 
RADIUS OF THE EARTH AT THE VICINITY OF THE DBSERVER(POLE-WGS 72 ELL) 

DATA RE/6356750.52DO/ 
QATIO ; RADIUS OF THE EARTH I RADIUS OF SATELLITE ORBIT 

DATA C/O.e74560DO/ 
OTHER 

DATA PHI/3ol41592654DO/oNINTY/lo570796327DO/ 

CALL RTOP(XP,YP~XOeYOoDoORO) 
DRSS = DRS 
IF(DRS.LToDRQ)DRSS = DRS. + PHI*2,000 
BETA = CRSS - ORO 
lF(BETA.GE.PHl)BETA =BETA- PHI 
IFCBETA,GT,NINTYJBETA = PHI - BETA 
Z = D*DSIN(BETA) 
ALPHA = DATAN2(2,RE) 
X = DSINCALPHA) 
Y = OCQS(ALPHA) - C 
ELEV = OATAN2(YeX) 
RETURN 
END 
SUBROUTINE SELKNT(TKRDoKNOo~O.ICHECKeTXoTKoLOBSoVAR,ICKNOT. 

Gl IR JET, ALPK t\T, DTK, DO, 
~ FWKloF~K2oFWK3eFWK4oFWK5,FWK6oFWK7) 

DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
D SPL 1 N 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLlN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLlN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLlN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN N 
DSPLIN ..,_ 
OSPLIN ....,. 



03457 
03458 
03459 
03460 
03461 
03462 
03463 
03464 
03465 
03466 
03467 
03468 
03469 
034 70 
03471 
034 72 
03473 
03474 
03475 
03476 
03477 
03478 
03479 
03480 
03481 
03482 
03483 
03484 
03485 
03486 
03487 
03486 
03489 
03490 
03491 
03492 
03493 
03494 
03495 
03496 
03497 
03498 
03499 
03500 
03501 
03502 
03503 
03504 

IMPLICIT REAL*8(A-Ho0-Y) 
c *******************•··············~································ 
C * VERSION : 17 .IUt\E 1982 * 
C * DESCRIPTION : ENFORCES THE CHOSEN KNOT SELECTION SCHEMEo * 
C * CHECKS AND PR-INTS THE DATA VS KNOT PLACEMENTS. * 
C * AND GENERATION OF KNOT INTERVAL * 
c *•***************************************************************** C INPUT PARAMETERS 
C TKRD - TYPE OF KNOT SELECTION 
C 0 EQUAL INTERVAL IN TIME eET•EEN KNOTS OF DATA SPAN 
C 1 KNOTS TIM~S ARE READ IN EARLIER 
C 2 CALLING THE TREND EVALUATION KNOT FITTING ALTGM 
C J KNOT TIMES WITH EQUAL CATA PTS (KNC VARIABLE! 
C KNCoNO - NO OF KNOTS AND DATA POINTS 
C ICHECK - OPTION CODE ON CHECK ROUTINE 
C TXoTKoLOBS,VAR 
C - SEE MAIN PROGRAM 
C ICKNOT,IRJET,ALPKNT 
C - SEE SKNOT ROUTINE 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

C* 

C* 
C* 

c• 
C* 
C* 

OUTPUT PARAMTERS 
K~O.TK - NO. OF KNOTS AND KNOT TIMES(REVISED OR GENERATED) 
DTK ~ VECTOR OF KNCT INTERVALS 

WORK ARRAYS/VARIABLES 
F~Kl,FWK2,F•K3,FWK4oFWK5oFWK6,F•K7 (AS REQUESTED BY SKNOT ROUTINE) 

CALLS - SKNOTo CHECK ........ 
COMMON /OIMl/IOBSNO,IDAloiDWloiDTXolDP,IDPVolDLOBS,IOVAR,JCV 
COMMON /DlN2/IOKNOTolOA2tiDTK,IODTKoiCXoiDVX,IDW2oiDV2tlDXCo 

~ IOCOFoiDVCOF 
REAL*6 TXCIOTXol), LCBS(IOLOBSol)oVAR(IDVARo2o2)t 

~ TK(ICTK,l),OTKCIOOTKol)tDD 
~ORK ARRAYS DIMENSIONED A~ IN FIT ROUTINE !CALLED IN SKNOT ROUTINE 

REAL*6 F•K1(102,7),FW~2(204,3),FWK3(100,2,2),FWK4(8,6},F~K~(6,a), 
~ FWK6(200,1),F~K7(8o204) 
INTEGER~4 TKRD,NO,KNOtlCHECK,ICKNOT(lOl 

SELECTING THE VARIOUS KNOT TIME SCHEMES 
IF{TKRO.EOe1)GQ TO 20 
IF(TKRD.EOe2)GO TO 10 
IF(TKRD.E0.3)GO TO 50 

GENrnATE KNOT TIMES W1TH EQUAL TIME INTERVALS 
DE~CRIPTION : TAKING THE FIRST AND LAST KNOT TIME 

BY THE NO OF K~CTS MINUS ONE 
L = ~a + 2 · · 
DO= (TX(L,l)-TX{\,1))/(KN0-1) 

AND DIVIDING IT 

DSPLIN 
OSPLIN 
DSPl.IN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLI N 
OSPLIN 
DSPL IN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLlN 
OSPLIN 
OSPLIN 
0 SPL IN 
OSPLIN 
DSPLlN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPl.IN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLlN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLlN N 
OSPLIN ~ 
OSPLIN 



03505 
03506 
03507 
0350 0 
0350<; 
03510 
03511 
03512 
03513 
03514 
03515 
03516 
03517 
0351 R 
03519 
03520 
03521 
03522 
03523 
03524 
03525 
03526 
03527 
0352 e 
03529 
03530 
03531 
03532 
03533 
03534 
C3535 
03536 
03537 
03538 
03 53 c; 
03540 
03541 
03542 
03543 
03544 
03545 
0.3546 
03547 
03548 
0354-; 
03550 
03551 
0~552 

DO 30 l = 1 • KNO 
30 TK(Iel) = TX(ltll + DD*(l-1) 

GO TO 20 
C* GENERATE KNOT TIMES -lTH EQUAL NUMBER OF POINTS PER INTERVAL 
C* KNOTS TIME ARE INBETWEE~ DATA TIMES. 

50 INOPT = KNO 
L = 2 
I 1 : NO + 1 
KNO = NO + 2 
1 = lNOPT + 1 
II= 1 + 1 
TKClol) = TX(l,l) 

60 TK(Lol) = CTX(ltl) + TX(lltl))/2.000 
l = I + I NOPT 
II= I+ l 
L = L + 1 
IFCioLT.t1)G0 TO 60 
TK(L,l) = TX(KNOol) 
KNO = L 
GO TO 20 

C* USE THE GENERATING KNOT ROUTINE INSTEAD 
10 CALL SKNOT(KNOoNOoTXolKoLOBSoVARoiCKNOToiRJEToALPKNTo 

~ FwKl,F-K2oFwK3,FWK4oFWK5oFWK6oFWK7) 
C* PRINTS ANC C~ECKS THE K~Ol VS OAT~ POINT SEQUENCE 

20 CALL CHECK(KNOoNOoTXoTKolCHECKI 
C* DESCRIPTION : WHAT THE RCUTINE CHECK DOES IS DESCRIBED IN THE 
C* ROUTINE P~OGRAM LISTING. 
C* GENERATION OF KNOT INTERVALS 

DO 40 1 = 2oKNO 
11 -= I- 1 . 

40 OTKCilol) = TK(I.l)- TIUI1o1) 
RETURN 
[;NO 
SUBROUTINE SIGCIS(KNOoNOoTIM,SCISToTK,COFoVCOFoLOBS,IDIM) 
IMPLICIT REAL*BCA-HeC-Y) . 

c *********·~··~*************************•·························· 
C * VERSION : 11 JUNE 1c;e2 * 
C * DESCRIPTION : EVALUATES SIGNED DISTANCES 8ET~EEN SPLINED * 
C * POINT A~D RA~ POINT * 
c ····················•********•••····························•***** C INPUT PARAMETERS 
C KNOoNO - NO OF KNOT AND DATA POINTS 
C TK - VECTOR OF KNOT TIMES 
C COF - COEFFICIENT MAT"IX OF SET OF KNOTS 
C VCOF - COVARIANCE MATRICES OF COEFFICIENTS 
C LOBS - VECTOR OF OBSERVA8LES 
C tDlM - DIMENSION OF ARRAYS TIM AND SDIST 
c 

DSPLIN 
DSPLI N 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLlN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPL IN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN ~ 
OSPLIN w 
DSPLIN 



03553 
03554 
03555 
03556 
03557 
0:3558 
0::3559 
03560 
03561 
03562 
03563 
0:3564 
03565 
0.3566 
03567 
03568 
03569 
03570 
0::3571 
03572 
0.3573 
03574 
0.3575 
03576 
0:3577 
03578 
035711 
03580 
03581 
03502 
03583 
0.3504 
03585 
03506 
03587 
03568 
03589 
03590 
03591 
03592 
0359.3 
03594 
03595 
03596 
03597 
03598 
03599 
03600 

C OUTPUT PARAMETERS 
C SDIST - SIGNED DISTANCES BET~EEN RAW AND SMOOTHED DATA POINTS c 
c 
c 
c 

C* 

CALLS - POINT 
- DSORT,DATAN2 

$~····················· COMMON /DIM1/IOBSNOoiDA1oiDWloiDTXoiOP,IDPVolDLOBS,IDVARolCV 
COMMON /DIM2/IDKNOT.IDA~tiDTKolDDTK,IOX,IDVX,IDW2oiDV2.IDXG, 

~ IOCOF,IDVCOF 
REAL*8 TIME,TIMCIDlMol),SDIST(IDIMol)oTK(IOTKol ), 

~ COF(IDCOFe8ltVCOF(IDVCOF,8,8),L08S(IOLCBS,1) 
INTEGER KNO,NO,IX 
DATA PI/3.1415926535e9793DO/ 

PIX2 ~ PI•2.0DO 
DO 1 0 I = 1, NO 
IX=(I+2)*2-1 
OX = LOBS( IXtl) 
IX= (1+21*2 
OY = LOBS( lXol) 
CALL POINT(TlM(Ie1loXoYoVXeVY,VXY,ICOoKNO,TK 9 COF,VCOF) 
SDIST(I,l) = DSQRT((OX-X)*(OX-X) + (QY-Y)*(OY-Y)) 
12 = I + 1 
IF ( I 2, G 1, NO I I 2 = I - 1 
TIME= TIM(I,l) + CTIM(l2o1)- TIM(I,l))/2.000 
CALL POINTCTIMEoX2.Y2,VX,VYoVXYoiCO,KNCoTK,COF,VCOF) 
DIRl = DATAN2(X2-X,Y2-Y) 
IFCDIRl.LT.O.ODO)OIRl : DIRl + PIX2 
IF(l2aLT,l)OIR1 = DlRl +PI 
IF(OIRloGT.PIX2)DIR1 = DIRl- PIX2 
OIR2 : CATAN2(0X-X,QY-Y) 
IFCDIR2.LT.O.ODO)OIR2 = DIR2 + PIX2 
CO~R = PIX2 - DIRl 
ANGLE = DIR2 + CCRR 
IF(ANGLE.GT.PIX2)ANGLE = ANGLE - PIX2 
IFtANGLEoGT.PI)SOISTllel)= -SOIST(l,l) 

10 CONTINUE . 
nETURN 
END 
SUBROUTINE SIMULA(TIMEoGXeGY) 
IMPLICIT REAL*BCA-h,C-Z) 

c ******************************************************************** 
C * VERSION : 24TH NARCH 1982 * 
C * DESCRIPTION : GENERATOR FOR THE SIMULATED DATA SERIES * 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C INPUT PARAMElERS 
C TIME - TIME AT ~HICH SIMULATED POSITION IS REQUIRED 
c 

DSPLIN 
OSPL IN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLI~ 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN I'.J 

OSPLIN ~ 
DSPLIN 



03601 
03602 
0.3 6 03 
03604 
03605 
03606 
03607 
03608 
0360Q 
03610 
03611 
03612 
03613 
0.3614 
03615 
0::3616 
03617 
03618 
0361<; 
03620 
03621 
03622 
03623 
03624 
03625 
03626 
0362 7 
03628 
03629 
03630 
036::31 
03632 
03633 
03634 
03635 
03636 
0363 7 
0363 a 
0.3639 
0364 0 
03641 
0.3642 
0364.3 
0.3 64 4 
03645 
0::3646 
03647 
0364 8 

c 
c 
c 
c 
c 
c 
C* 
c• 

C* 

O~TPUT PARAMETERS 
X - POSITION IN TH~ X DIRECTION 
Y - POSITION IN THE Y DIRECTION 

CALLS DSIN 

ROUTINE BEGINS 
OMEGA OF X AND Y OF GENEhATOR 

D~TA PIE/Jol415Q26535e97Q3DO/ 
WX = 2eODOO*PIE/440eOOOO 
WY = 2.0DOO*PIE/70.0DOO 

COMPUTING SIMULATED VALUES OF X AND Y AT TIME TFIX 
GX = 1400.CDOO.DSIN(-X*(TIME)+ PIE/QO.ODOO) 
GY = 250.0000*DSIN(WY*(TIMEl+4eO*PlE/l8oOD00)+3.0*TlME 

Q) + 250 
RETURN 
END 
SUOROUTINE SKNOTCKNOoNOoTXoTK,LOBS~VANolOPTONoiRJEToALPKNT, 

~ WKlo'IIIK2diiK3,\IIK4oiiK5ofiK6oWKSl 
IMPLICIT REAL*B (A-H,O-Z) 

c ***************************************************************** 
C * \IERSION : 17 JUNE 19e2 * 
C * DESCRIPTION : DOES THE KNOT SELECTION RUN USING INFOR~ATION * 
C * . STORED IN THE ARRAYS. * 
c ***************************************************************** C INPUT PARAMETERS 
C NO,TX,LOESoVAR 
C - SEE MAIN PROGRAM FOR OESCRlPTION 
C IOPTON -OPTION SET FOR FIT ROUTINE (SEE FIT ROUTINE) 
C IRJET,ALPKNT 
C -REJECT LEVEL3 FdR REJECT ROUTINE (SEE REJECT ROUTINEJ 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

C* 

OUTPUT PAR~METERS 
KNO,TK - NO OF GENERATED KNCTS AND KNOT TIMESCOIM IN COMMON) 

WORK ARRAYS 
WK1o~K2o\IIK3.-K4,.K5,WK6~WKS 

AS REQUESTED BY FIT ROUTINE 

CA.LLS - FIT 
************* 

COMMON /DIM1/108SNOoiDA1oiDwlolDTXoiDP,IDPV,IOL08SoiDVAR,ICV 
COMMON /OIM2/IDKNOToiDA2oiDTK,IDDTKeiOX,IOVX,IOW2olDV2olOXQ, 

~ IOCOF,[OVCOF 
COMMON /INIT/TKFITolSWT2tiSWToiNOoPTX,PLOBS,PVAR 
REAL*8 TX(IOTXol).TK(IOTKolloVAR(IOVAR,2,2)~LOBS(IOLOBS.llo 

~ A(2o2) 
WORK ARRAYS DIMENSIONED AS IN FIT ROUTINE 

DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPL[N 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPL 1 N 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN IV 

DSPL IN .~:. 
DSPL IN li1 



03649 
03650 
03651 
03652 
03653 
03654 
03655 
03656 
03657 
03656 
03659 
03660 
03661 
03662 
O:JuG3 
03664 
03665 
03666 
03667 
03668 
03669 
03670 
03 (: 71 
03672 
03673 
03674 
0.3675 
03676 
03677 
03678 
03679 
03680 
03681 
03682 
03663 
03684 
03665 
03666 
03667 
03688 
03669 
03690 
03691 
03692 
03693 
03694 
03695 
03696 

REAL*6 ~K1(102.7)o~K2(204oJ),~KJ(l00,2o2)oWK4(6,8),~KS(8oSlo 
~ WK6(200ol)oWKS(6o204)o1KFIT(2,1) 

INTEGER IOPTON(10)e~NOoNOoPTXoPL08S,PVAR 
C* SET THE LEVEL OF REJECTION IN TH~ LAST TEST BELOW 

DATA .lSET/4/ 
C* BEGIN 
C* WRITE UNITS 

I WR : 6 
C* WRITE THE OPTIONS OF THE REJECTION 

WRITE(6o920)IRJEToALPKNT 
WRITE(6,~30)(10PTON(I)ol=lo10l 

C NE5ET SWITCHES IN THE FIT ROUTINE 
IS~T2 = 0 
ISiliT = 0 
INC = 0 
PT.X = 0 
PLCOS = 0 
PVAR = 0 
TKFIT(lo1) =0.000 
TKFIT(2ol) = 0,000 

C* FEED IN THE FIRST KNOT 
TK(l.l) = TX(l,1) 
DO 1.0 I .o: 1 • 2 

DO 10 J = 1, 2 
10 A(l,J) = VAR(loloJ) 

CALL FlT(TK(lol J oLOBS (1 ol) oL08S(2tl ), >\,tOPTON, ICODEo 
~ IRJETuALPKNToWK1o~K2o•K3oftK4oWK5oWK6o.KS) 

C* SET POINTERS 
LJ = J 
LK = 2 
IL = NO + 
DO 2 0 [ = 2, 1 L 

LJ = LJ + 2 
LJ2 = LJ + 1 
TIME= TX(lo1J 
DO 30 J = lo2 

DO 30 K = 1,2 
30 A(JoK) = VAR(loJoK) 

CALL FIT(TIMEtLOBS(LJelloLOBS(LJ2olloAeiOPTCNoiCODEo 
~ IRJETeALPKNT.~K1tWK2oWK3oWK4oWK5oWKC:oWK5) 

IF( lCODE.EOol )STOP 
IF(lCODE.NE.2)GO TO 20 
TK(LI<ol) =TIME 
LK = LK + 1 
IF(LK.GT.IDTK)GO TO 900 

20 CONTINUE 
IL = IL + 1 

C* LK HAS BEEN INCREMENTED ABOVE 

OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPL lN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPL IN. 
DSPL IN 
DSPLIN 
DSPLIN 
DSPLIN r-..J 

OSPLIN A 
OSPLIN 0'1 



03697 
03698 
03699 
03700 
03701 
03702 
03703 
03704 
03705 
03706 
03707 
03708 
03709 
03710 
03 711 
0.3712 
03713 
03714 
03715 
03716 
03717 
03718 
03 719 
03720 
0 3721 
03722 
03723 
03724 
03725 
03726 
03727 
03728 
0.3729 
0.3730 
03731 
03732 
03733 
03734 
03735 
03736 
03737 
03738 
03739 
0.3740 
03 741 
03742 
0.3743 
0.37~4 

'* 
TK(LKoll = TX(ILel) 
KNO = LK 

ChECK THE NUMBER CF PCINlS IN THE LAST SECTION 
LJ = LK-1 
IL : NO + 1 
LK = 0 
DO 40 I = 2.IL 
IF(TX(Iol)oGToTK(LJo1))LK = LK + 1 

40 CONTINUE 
IF(LK.GT.ISET)RETURN 

C* MODIFY THE 2ND LAST KNOT TO BE OF EQUAL INTERVAL ON BOTH SIDES 
IL = KNO - 2 

c• 

TIME= TK(KNOol)- TK(ILol) 
LJ = KNO - 1 
TK(LJ.l) = TK( IL.t) + TIME/2.000 
RETURN 

90U WRITE(6,910)10TK 
gto FORMAT(/o3Xo 1 NO. OF GENERATED KNOTS EXCEED 1 ol4, 

.il /o3Xo'llo!AXIMUM SET BY ARRAY DECLARATICN) 1 ,/,/) 

920 FORMAT(//,3Xe 1 KNOT SELECTION ALGORITHM 0 o/o 
~ /,3Xo'MINI~UM POINTS BEFORE REJECTING FIT : •,I4, 
6l /o3Xo°CONFIDENCE LEVEL CHOSEN : •,F6vlo 1 X') 

930 FORM~T(//o.3Xo 1 0PT10N SET : 1 oi3.13oi4olOI3) 
STOP 

FUTURE MODIFICATIONS TO BE PLACED HERE 
END 
SUBROUTINE SMOOTH(NO,KNO,SC,ESC,TXoTKoCGF,VCCF) 
IMPLICIT REAL*B(A-r.,O-Z) 

c **************************************************************** 
C * VERSION : 18 APRIL 19e2 * 
C * DESCRIPTION : COMPUTE SMOOTH INPUT DATA POINTS * 
c ···································~····················•******* 
C INPUT PARAMETERS 
C KI\CoNO - NO OF KNOT AND DATA POINTS 
C SC - SCALE FAClOR ON TIME DOMAIN 
C ESC - SCALE FACTOR FCR ELLIPSE COMPUTATIONS 
C TX,TK - VECTOR OF DATA POINT TIMES AND KNOT TIMES 
C COF,VCOF- COEFFICIENTS AND COVARIANC~S OF COEFFICIENTS 
c 
c 
c 
c 
c 
c 
c 

OUTPUT PARAMETERS 
NONE ( ALL OUTPUT PRINTED TO UNI.T IWR -ASSIGNED BELOW) 

CALLS - POINT~ELIPSE.RADD 
- OSORT 

*************** 
COMMON /OIM1/IOBSNOoiDA19IDWloiDTXoiDPoiDPV~IOLOBSoiCVARoiCV 
COMMON /OIM2/ICKN0TolDA2elDT~.IODTKoiDXolDVX,I0~2.tDV2oiDXCo 

~ IOCOF,IDVCOF . 
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03 745 
03746 
03747 
03748 
03749 
03750 
03751 
03752 
03753 
03754 
03755 
03 756 
03 757 
03758 
03759 
03760 
03761 
03762 
03763 
03764 
03765 
03766 
03767 
03768 
03 769 
03770 
0377 1 
03772 
03773 
03774 
03 775 
03776 
03 777 
03778 
03779 
03780 
03 781 
03762 
03763 
03764 
03765 
03766 
0·3 787 
03768 
03789 
03790 
03791 
03792 

REAL* 8 T X ( I DT X, 1 ) , TK ( I DT K, 1 ) , COF ( I D CO F, 8) , VC OF ( I DVCOF • 8, 0) 
INTEGE~ NOoKNO 

C* wRITE UNIT 
I'ICR = 6 

C* TITLE 
WRITE( I\tRe9010 J 
wRITE ( l'IIR e9020 J 

C* COMPUTE THE SMCCTHED VALUES OF TH~ DATA POINTS 
IL = NO + 2 

C* REMOVE MODI.FICATION LATERCL = NC+l AND BELOW IS 2,IL) 
DO 1 0 I = 1 , I L . 

c 

CALL POINT(TX(Iol),X,Y,VX,VY,VXY,ICO,KNO.TK,CCF,VCOFl 
CALL ELIPSE(VX oVY,VXY,A.,B,ESC,DlR) 
SX = DSORT(VX) 
SY = OSORTCI/V) 
DR = RADDCDIR) 
It=I-1. 
TRU = TXCiol)*SC 
WRITECIWR,9030)II,TRU,x,Y,SXeSY,VXYeAeBoDR 

10 CONTINUE 
9010 FORMAT(/,3X, 1 SMOOTHEO DATA POINTS',/) 
9020 FORMAT(//olOX,'PREOICTED FIXES AT SPECIFIED.TIMES 1 o/l0Xo 

.17(•;:t),//t2X.'N0•,6Xo 1 TIME 1 ol2Xo 
•'POSITION(E,NJ . SIGMA POSNCEeN)',llXe' COVAR1ANCE',4Xo 
•'SEMI-MAJOR SEMI-MIND~ ORIENTCCEG) 1 o//) 

9030 FORMATC2Xol4e2XeFl0o4tlO(Fl2o3o2X)l 
RETURN 
END 
SUBROUTINE SPIN(OoNtMKoDET,IDEXPl 

C SUBROUTINE SPIN IS A MATRIX INVERSION ROUTINE FOR SYMMETRIC 
C POSITIVE-DEFINITE MATRICES. THE ~ATRIX INVERTED IS THE UPPER 
C N BY N PORTION OF THE MATRIX a WHIC~ IS DIMENSIONED MM BY MM 
C IN THE CALLING ROUTINE, 
c 
C INPUT: .. 
C a- THE MATRIX DIMENSIONED MM BY MM WHICH CONTAINS THE 
C MATRIX.TO BE INVERTED. 
c 
C N - THE DIMENSION OF THE ACTUAL PART( UPPER LEFT CORNER) 
C OF Q WHICH IS TO OE INVERTED~ ( N MAY BE EQUAL BUT MUST 
C NOT BE LARGER THAN MM) , 
C MM- DIMENSIONEO SIZE OF a IN THE ~ALLING ROUTINE. c . 
c 
C OUTPUT: 
c 
C 0 - THE UPPER LEFT N BY N PORTION CONTAINS THE INVERSE OF 
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03 793 
03 794 
03795 
03796 
03797 
0.3 79 8 
03799 
03800 
03801 
03802 
0380.3 
03 804 
03805 
03806 
03807 
03808 
03809 
03810 
03811 
03812 
03813 
03 814 
03815 
03816 
03817 
03818 
03819 
03820 
03821 
03822 
03 82.3 
03824 
03825 
03826 
0.3827 
03828 
0.3 82 9 
03830 
03831 
03832 
03833 
03834 
03835 
03836 
03 837 
03836 
03839 
0384 0 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

2 

J 

4 

THE INPUT UPPER LEFT N BY N PORTION. 

D~T - THE NON-EXPONENT PORTION OF THE DETER~INANT OF THE 
INPUT N BY N (UPPER LEFT PORTION OF Q) MATRIX. SEE 
IDEXP BELOW. 

IDEXP- THE EXPONENT (OF 10) PART OF THE DETERMINANT DESCRIBED 
UNDER OET ~BOVE. THUS THE DETERMINA~T IS RETURNEC IN 
T~O PARTS CORRESPONDING TO 

DETERMINANT : DET * 10 ** IDEXP • 
THIS 15 CONE TO AVOID UNDER CR OVERFLOW IN THE 
COMPUTATION OF THE DETERMINANT. TO PRINT THE DETERM­
INANT THE USER SHOULD PRINT OOTH NUMBERS AS FOLLCWS; 
(FOR EXAMPLE) 

PRINT lO.DEToiDEXP 
10 FORMAT( 0 1 o 1 DETERMINANT= 1 oF7o4o'D'ol4) 

IMPLICIT RE:AL*8 (A-HoD-Z)o INTEGER•4 (1-N) 
DIMENSIC~ Q(~M.~M) 
DET=O.OO 
DO 4 J= 1 , N 
DO 4 I= t , J 
IF( I.EOol) GO TO 2 
M=I-1 
SUM=O.ODO 
DO 1 K= 1 , M 
SUM=SUM+Q(K,l)*O(K,J) 
Q(IoJ):Q(I,J)-SUM 
IF(I.EO.J) GO TO 3 
O(I,J)=O(I,JJ/Q(I.I) 
GO TO 4 
CONTINUE .. 
OET=OET+DLOGtO(Q( I, I)) 
Q(Iol)=DSCRT(O(l,l)) 
CONTINUE 
tOEXP=OET 
RPART=DET-IDEXP 
APART=DABS(RPART) 
IF(APART.LTolo0-20) OET=loDO 
IF(APARToLToloD-20) GC TO 10 
DET=lO**RPART 

10 CONTINUE 
D07J=ltN 
DO 7 I=l•J 

RoRo STEEVES 
SEPT., 1979 

DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLlN 
DSPLIN 
OSPLlN 
DSPLlN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLlN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLlN 
OSPLlN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLI N 
OSPLIN 
DSPLlN 
OSPLIN 
OSPLlN 
OSPLIN 
OSPLIN 
DSPLlN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPL ~~ N 

DSPL t~ ~ 
DSPLI~ 



036~1 
038~2 
036~3 
036~~ 
038~5 
036~6 
036~7 
038~6 
030~9 
03650 
03651 
03652 
03e53 
0365~ 
03855 
03656 
03657 
0365~ 
03659 
03860 
03 1361 
03862 
03863 
03136 ~ 
03e6s 
03866 
03 867 
03668 
03t369 
03 '370 
0 3671 
03872 
03873 
0367~ 
03875 
03676 
03677 
03876 
03679 
03680 
03681 
03882 
03883 
0388~ 
03685 
03886 
03687 
03606 

5 

~ 

7 

6 

~ 

lF(l.LT.J) GO TO 5 
Q(J,J)=l.ODO/Q(J,JJ 
GC TO 7 
SUM=O.ODO 
M=J-1 
DO 6 K= I,~ 
SUM=SUM-O(I,K)*O(.K,J) 
O{I,JJ~SUM/O(JoJ) 
CONTINUE 
DO 9 J= 1, N 
DO 9 l=loJ 
SUM:::O, 000 
DO 6 I<=J, N 
SUM=SUM+O(l,K)$Q(J,KJ 
Q(I,JJ=SUM 
IF(I.EO.J) GO TO 9 
Q(J,I)=SUM 
CONTINUE 
RETURN 
END 
SU~ROUTINE SOLV(AoPaWtXtVXoVoNtMoiDEG,SO, 

~ IA,JAoiPtJP,IW,IXolVX,IVoiCOCE,PCOCE,ATP) 
IMPL·ICIT REAL*8(A-H,P-2) 

c ***************************************************************** 
C * VERSION : 121H APRIL 1982 * 
C * DESCRIPTION : SOLUTION X = (ATWA)-1 AT~B - WITH SPECIAL * 
C * BANDED OESlGN(A) MATRIX * 
c **************************************************************** C INPUT PARAMETERS 
C A - DESIGN MATRIX 
C P - FIXED BANDWIDTH WEIGHT MATRIX FOR OESERVABLES 
C NoM - NO OF CBS EON AND UNKNOWNS 
C IA,JA,IP,JP,IW,tX,IVX,IV 
C - DECLARED DIMENSIONS OF RESP MATIRCES (SEE BELOW) 
C PCOOE - PRINTING CODES 
C 0 - NO DIAGNOSTIC EXCEPT FOR FATAL E~RORS 
C 1 - ALL PERTINENT INFORMATION PER PROCESSING c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

OUTPUT PARAMETERS 
XtVX - LS ESTIMATES AND COVARIANCES 
IDEG,SO- DEG OF FREEDOM AND VARIANCE FACTOR 
ICODE - 0 SOLUTION PASSED ALL TESTS 

W011K ARRAY 
ATP 

1 INVERSE FAILURE OF DESIGN MATRIX 
2 SEVERE LCST OF COMPUTING PRECISION 
3 CONDITION NUMBER TEST FAILEC 
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03809 
03890 
03891 
03892 
03893 
03 89~ 
03895 
03896 
03897 
03898 
03899 
03900 
03901 
03902 
03903 
0390~ 
03905 
03906 
03907 
03908 
03909 
03910 
03911 
03912 
03913 
03914 
03915 
03916 
03917 
03910 
03919 
03920 
03921 
1)3 92 2 
03923 
03924 
03925 
03926 
03927 
03928 
03929 
03930 
03931 
03932 
03933 
03934 
03935 
03936 

c 
C ADDITIONAL INFORMATION 
C XLEVEL - LARGEST VALUE OF INTERNAL COMPUTATIONAL ACCURACY ACCEPTABLE 
C BEFORE REJECTION OF COMPUTATIONS WITH ICODE = 2 
C XLCON - L~RGEST VALUE OF CONDITION NUMBER ACCEPTED 
C IF EXCEED, ICODE = 3 
C 7 JULY - UPGRADE TO TAKE 204 SIZE MATRICES 
c 
C CALLS - CONOwCHOLDoRESIDoDMAGoBMULTloSCMULT 
C -~~--~~MR#MMIRMM#IMN## c 

R E AL * 6 A ( l A , J A J , P ( I P , J P ) • 'Ill ( I llll • 1 ) , X ( I X , 1 ) , V X ( IV X , I V X ) , 
~ ATP(8o204J,ATP•ta,1JtOEToVTVoSO,V(lVol),PV{204,l)oATPV(Eo1l 

INTEGER PCODE 
EQUIVALENCE (ATPV(1JeATPW(1J,PV(1)) 
DATA XLEVEL/l.OD-5/eXLCON/l.OD+B/ 

C* F~NCTlON 
IROW( I J = ( I+l )/2 
I C OL ( I J = ( 2 - ( ( ( I + 1 ) / 2 J - ( 1 / 2 l ) l 

C* NUMOER OF CODIAGCNALS 
ICC = (JP-1)/2 

C* EKROR CODE SET 
ICODE .:: 0 

C• DIMENSION ALLOCATION 
I DATP .:: 8 
JDATP = 56 
IDATPV = e 
IDPV = 56 
lDATPll = 8 

C* FGRM NORMALS 
DO 10 l.:: 1oM 

DC 1 0 J = 1 , N 
ATP(I,J') = OoODO 
IB .:: J - ICC 
IE : J + ICC 
IF(IBoLTolJIB:= 1 
IF(IEoGT.NJtE = N 

DO 1 0 K = I 0 o IE 
JAC = J - K + ICC + 1 
IJ = I - ICOL(K) + 1 
IF(tJ.LT.l.OR.IJ.GT.JA)GO TO 10 
IK = IRO'II(K) 

ATP(I,JJ = ATP(I,.J) + A(lK.XJ)*P(K,JAC) 
10 CONTINUE 

DO 20 I= 1oM 
DO 30 J = l, M 

VX(leJ) = O.ODO 
IF(J,GToi)GO TO 20 
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03937 
03938 
03939 
03940 
03941 
03942 
03943 
03944 
03945 
03946 
03947 
03946 
03949 
03950 
03951 
03952 
03953 
03954 
03955 
03956 
03957 
OJ 956 
03959 
03960 
03961 
03 c;62 
03963 
03 c;64 
03965 
03966 
03967 
03966 
03969 
03970 
03971 
03972 
03973 
03 c; 7 4 
03975 
03976 
03977 
03978 
03979 
03980 
03961 
03982 
03963 
03964 

CO 40 K = leN 

40 CONTINUE 

J I = J - I CCL ( K) + 1 
IFLU.LT.l.OR.JI.G.T.JA)GO TO 40 
IK = IRO'i(K) 
VX(IoJ) = VX(l,J) + ATPCioK)*A(IK,Jl) 

IF(l.NEoJlVX(J,l) = VX(I,J) 
JO CONTINUE 
20 CONTINUE 

CO 50 I = 1 , M 
A TP .. ( I , 1 ) = 0 • OC 0 

CO 50 J = leN 
50 ATPW(ltl) = ATPW(t,l) + ATP(l,J)•nr(Jtl) 

IPRINT = 4 
CALL CONO(VX,MeiVX,XCONCel) 
CALL CHCLD(VX,MtiVX,N,OETeiER) 
IFCPCOOE.EO.l)IPRINT = 2 
CALL COND(VXeMolVXeXCONCeiPRINT) 
IF(XCOND.GT,XLCON)GQ TO 800 
IF(IEReEOoOlGO TO 70 
WRITE(6,999liER 
I COO.E = 1 
RETURN 

70 CALL OMULT(VXeMoMeATPW,M,leXoiVXoiVX.IOATPWoloiXol) 
CO 60 1 = leM 

6C X(ltl) = -X(l,l) 
CALL RESID(AoNtMoXeWoVoiA,JAoiXoiWoiV) 

C* COMPUTATION CHECK 
CALL D~ULT(ATPoMtNoVtNtloATPVoiDATPoJDATPolVoloiDATPVol) 
CALL DMAG(ATPVeMt1tiCATPVtleXLRo2) 
IF(PCODE.ECo1)WRITE(6o980)XLR 
IF(XLR,GT,XLEVEL)GO TO 700 
1FCN.EO.I-4)RETURN 
1 DEG = N-M 

C* COMPUTE QUADRATIC NORM AND CORRECT COVARIANCE OY VARIANCE FACTOR 
CALL BMULTl(P,NeNeJP~V,NoloPVoiP,IV,loiDPVoll 
VTV = Q,OOO 
DO 8 0 I = 1 oN 

60 VTV = VTV + V(I,l)*PV(lol) 
C* VARI~NCE FACTOR 

SO= VTV/IDEG 
1F(PCODE.EO.l)WRITE(6,990)IOEGoVTVoSO 
CALL SCMULT(SOeVX,VX,M,M,IVXolVXl 
RETURN . 

700 WRITE(6o710) 
710 FORMATC/t3Xe'**FATAL** INT COMP TEST : FAILEC 1 o/l 

ICODE = 2 
RETURN 
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03985 
03906 
03987 
0~968 
03989 
03990 
03991 
03992 
03993 
03994 
03995 
039~6 
03997 
03996 
03999 
04000 
04 001 
04002 
04003 
04004 
04005 
04006 
04007 
04 008 
04009 
04 01 0 
04011 
04012 
04 01.3 
04014 
04015 
04 016 
04017 
04018 
04 019 
04020 
04021 
04022 
04023 
04024 
04025 
0.4026 
04027 
0402 a 
04029 
04.030 
04031 
0.4032 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

000 WRITE(6o820) 
820 FORMAT(/,3Xt'**FATAL** CONDITION NUMBER TOO LARGE 1 ,/) 

ICODE ~ 3 . 
RETURN 

999 FDRMATC3Xo 1 CHOLO FAILUnE 1 ol4,• CALL FROM SOLV' l 
990 FORMAT(3Xo 1 DEGREES OF ~~EEOOM •,14, 

~ /, 3X,'EUCLlDEAN NOnM OF R~SD 'olPD12.5o 
~ /o 3Xo 1 VARIANCE FACTOR '•1PD12.51 

980 FORMAT(3Xo 1 1NT COMP CHECK i SOLV 1 olPD12.5) 
END 
SUBROUTINE TIMSCCKNa,~O.ISCT,SCTIMEtTX,TK,IDTX,IDTKoTKRDI 

*********************************************••·········~········ + vERSION : 9 JUNE 1~81 * * DESCRIPTION : DOES THE SCALING OF THE DATA AND KNOT TIMES * 
***************************************************************** INPUT PARAMETERS 

KNOoNO - NO OF KNOTS AND DATA POINTS 
ISCT - CODE FOR USING A SCALE FACTOR ON THE TIME DOMAIN 
SCTIME - SCALE FACTOR ON THE TIME DOMAIN 
TX(IDTX,l)- vECTOR OF DATA TIMES 
TK(IDTK,l)- VECTOR OF KNOT TIMES 
TKRD - CODE ON SELKNT ROUTINE (SEE SELKNT ROUTINE) 

OUTPUT PARAMETERS 
TK(IOTKtll- SCALED VECTOR OF KNOT TIMES 
l)((IDTX.1)- SCALED VECTCR OF DATA POINT TIMES 

ADDITIONAL INFORMATION 
SCTIME IS THE SCALING FACTOR FOR THE TIME DGMAIN. 
ThE SCALING IS DONE REPEAlEDLY AS THE NU~BER CF KNOTS 
IS CHANCEC UNDER EACH DIFFERENT CASE. THE SCAkE FACTOR 
IS REMOVED AUTOMATICALLY AFTER EACH RUN. 

C CALLS 
c 

- SCMUL T .................. 
C ARRAYS 

REAL+B lX[IDTXtl)oTK~IDT~.l)oSCTI~E 
INTEGER KNOeNOeTKROoiSCT 

C+ WRITE UNIT 
IWR = 6 
L ; NO + 2 

C+ SKIP IF SCTI~E NOT READ 
IFCISCT.EO.O)RETURN 
CALL SCMULT(SCTIMEeTXoTXeLo1tiDTXo11 
lF(TKRD.EOol)CALL SCMULT(SCTIME,TK,TKtKNQ,l,IOTKol) 
WRITE( IWRe9000)SCTIME 

9000 FORMAT(//,3X.•NOTE: A.SCALE FACTO~ OF • .• 1PD12.5. 
~ ' ON lHE TI~E ·DOMAIN IS IN EFFECT',/) 
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04033 
04034 
04035 
04036 
04037 
04038 
04039 
04040 
04041 
04 042 
1)4043 
04044 
04045 
04046 
04047 
04 048 
04049 
04050 
04051 
04052 
04053 
04054 
04055 
04 056 
04057 
04058 
04 059 
04060 
04061 
04062 
04063 
04064 
04065 
04066 
04067 
04068 
04069 
04070 
04071 
04072 
04073 
04074 
0'4075 
04076 
04077 
04078 
04079 
04080 

RETURN 
END 
SUBROUTINE UPSTD(SX,SY,SXY,ICODE) 

c ********************************-********************* C * \IERS ION : SEPT 1 ~82 * 
C * DESCRIPTION : MINIMUM ALLOWAOLE MINOR AXIS TO BE * 
C * ENFORCED • * c •••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C INPUT PARAMETERS 
C SX,SY.SXY - STD DEVIATIONS ANO COVARIANCE 
C I CODE - PRINT CODES 

OU1PUT PARAMETERS 
SX,SY,5XY - SCALED STO DEVIATIONS AND COVARIANCE 

DSPLIN 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

OSPLI~ 
DSPLIN 
OSPLI~ 
DSPLI~ 
OSPLlN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLI~ 
DSPLIN 
DSPLIN 
DSPLIN 

FU~THER INFORMATION DSPLIN 
MINB - SET MINIMUM ALLOWABLE SEMI-MINOR AXIS OF THE E~ROR DSPLIN 

ELLIPSES AND IF IT FALLS BELOW THIS DSPLIN 
SET FIGURE, THE SE~l-MINOR AXIS IS SCALED TO DSPLIN 

SETMtN 
THIS VALUE WITH THE MAJOR AXIS BEING SCALED ACCC~DINGLYeOSPLIN 

- MINIMUM VALUE ALLOWED OF THE SEMt MINOR AXIS. IF IT DSPLIN 
FALLS BELO~ THIS NUMBER, THE AXIS IS REPLACED BY SETMIN.DSPLIN 

CALLS - F.LIPSE,ELLSIG 
****************** 

OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPL IN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN r-.~ 
OSPLIN ~ 
DSPLIN 

9000 
d1 

9010 
li) 

Rf.AL*8 SX,SY,SXY.MINBoSETMIN,SCB,A,B,OR,\IX,VY 
DATA MlNB/40oODO/,SETMIN/1eODO/ 

vx = sx•sx 
VY :: SY*SY 
CALL ELlPSECVX,VY.SXY.AoOoloODOoDR) 
lFCICODE.EOe1)WRITEC6o9000)SY,SX,SXY,A,8 
IF(B.LT.SETMIN)B = SETMIN 
IF(BoEOoSET~IN)CALL ELLSIG(A,O,DR,SX,SYoSXY,l) 
IF(B.GT.MINB)RETURN 
SCe = MINB/8 
U = MINB 
A = SCB*A 
sx = sce•sx 
SY = SCB*SY 
sxv = sca•sce•sxT 
IFCICODE.EO.l)WRITEC6o9010)MlNBoSY.SX,SXY,A,8,SCB 
FORMAT(/,3Xo 1 INPUT ERROR ELLIPSE (SN,SE,SENoA AND 8) 

6(F9e1o2X) •' M1 ) 

FORMAT( 3X.•ACCEPTED (MIN; •,F5.lo 1 )- MOD BY UPSTD 

RETURN 
END 

5 ( F 9 • i • 2X) • 0 Po(. ( X •• F 6 • l • I ). • ) 

•• 
: .. 

SUBROUTINE VARFAC(SO,bEGOFoNOoRoMoNoALPHA,TXoPoVoPVoVTWVoD~1oDX2) 



04 081 
04 082 
04083 
04 084 
04085 
04 066 
04007 
04066 
04089 
04 090 
04091 
04092 
04093 
04094 
04 095 
04096 
04097 
04098 
0409c; 
04100 
04101 
04102 
041~3 
04104 
041 OS 
04106 
04107 
0410 8 
04109 
04110 
0411 1 
04112 
04113 
.J4114 
04115 
04116 
04117 
04118 
04119 
04120 
04121 
04122 
04123 
04124 
04125 
04126 
04127 
04128 

c ****************************************************************** ' * ~ERSION : 21 JUNE 1982 * 
C * DESCRIPTION : COMPUTES THE DEGREES OF F~EEDOM AND THE * 
C * APSOTERIORI VAR-IANCE FACTOR. * 
C * PERFORMS THE CHI SQUARED STATISTICAL TEST ON * 
C * THE VARIANCE FACTOR AT THE ALPHA PERCENT * 
C * CONFIDENCE INTERVAL. * 
c ****************************************************************** C INFUT PAR.AMETERS 
C NOoRoMoN - AS DEFINED .IN THE MAIN 
C ALPHA - PERCENTAGE LEVEL OF SIGNIFICANCE TEST TO BE USED 

lN THE MAIN C TXtPoV - AS DEFINED 
c 
c 
c 
c 
c 
c 

OUTPUT PARAMETERS 
SO - VARIANCE FACTOR 
DEGOF - DEGREES OF FREEDOM 
VT\IIV - QUADRATIC NC~M OF RESIDUALS 

C 'fiO~K ARRAYS 
c 
c 
c 
c 
c 
c 

OXloDX2 
ADDITIONAL INFCRNATICN 

NEED TO CORRECT THE DEGREES OF FREEDOM IF THE OUTER KNOTS 
ARE COINCIDENT WITH THE OUTER DATA POINTS. THE ROUTINE SCANS THRU 
l~E ~~OLE SET FO~ THE COINCIDENCE CUTER DATA POINTS. 

C CALLS - BMULTltCHITES 
c 
c 
c 

- CABS 
**************** TRANSFER OF MATRIX DIMENSIONS VIA COMMON BLOCK 

COMMON /DlMl/IOBSNO,IOAleiOWleiOTXelDPoiDPVoiOLOBSoiOVARoiCV 
COMMON /DIM2/tDKNOTolDA2oiDTK.tODTKolDXolDVX,IDW2oiDV2oiDXOo 

~ IDCCF,IOVCCF 
C* ARRAYS 

REAL*6 T)(( IOTX,l J oP( 1DP.3) ,PVC lDPV,l) oV( IDVwll 
REAL*8 VT.VoOX1tOX2.SOwALPHA 

C* OTHERS . 
INTEGER RoMeNtKO,OEGCF 

C* 'fiR ITE UNIT 
lWR = 6 

C* POSTERIORI VARIANCE FACTOR 
CALL BMULTl(P,N,N,3,V,N,loPV,IDV,lOPoloiDPVol) 
VTWV = 0.0000 . 
DC 10 I = 1 wN 

10 VT"'V = VT.WV + VCI,t·)*PV(I,f) 
C• DEGREES OF FREEDOM FOR THE SYSTEM IS 

DEGOF = N + R - M 
C* CORRECTION TO DEGREES OF FREEDOM 

L = NO + 1 

DSPLlN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLlN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLlN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPL.IN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPL I.N 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLlN 

IV 
l.n 
l.n 



04129 
04130 
04131 
04132 
04133 
04134 
04135 
04136 
04137 
0413A 
04139 
04140 
04141 
04142 
04143 
04144 
04145 
0414b 
04147 
04148 
04149 
04150 
04151 
04152 
04153 
04154 
04155 
04156 
04157 
04158 
04159 
04 160 
04161 
04162 
04163 
04164 
04165 
04166 
04167 
04168 
04169 
04170 
04171 
04 172 
04173 
04174 
04175 
.04176 

K = NO + 2 
DO 2C I = 2oL 
DX1 = TX(1tl)-1X(ltl) 
D X2 = T X ( K ~ 1 ) - i X (1 ol ) 
IF(DA8S(OX1)oLloloOD-10)0EGO-F:: OEGOF- 2 
IF(OABS(OX21oLT.l.OD-10}0EGOF = DEGOF - 2 

20 CONTINUE 
C* PAINTS 

IF(DEGOF.EO.O}S0=1 
IF(DEGOFoNEoO)SO = VT~V/DEGOF 
'llRITE(I'I!IR,9000)DEGOF"oSO 

C* CHI-SQUARE TEST 
IF(DEGOF.NE.O)CALL CHIT~S(SO,OEGOF,ALPHA,ICODEI 
IF(ICODE.EOoO)~RITE(6,90101ALPHA 
IF(ICODE.NE.O)WRI1E(6,9020)ALPHA 

9000 FORMAT(///o3X, 1 CEG OF FDM '•14,/, 
~ 3Xo 8 UNii VARIANCE 'olPD12o5) 

9010 FORMAT(/o3Xo 1 CHI-SOUARE TEST ON VARIANCE FACTOR AT 1 oF6o2o 
@ 1 CO~FIDENCE INTERVAL- PASSED 1 ,/) 

9020 FORMAT(/o3Xo°CHI-SOUARE TEST ON VARIANCE FACTOR AT •,F6.2, 
~ ' CONFIDENCE INTERVAL- FAILED',/) 

RETURN 
END 
SUB R'a U T 1 N E VEL 0 ( 1 , SPEED , D I R • V E , V N , S V E , S v N , C V E 1'\ , I C 0 DE , 

& KNOoTKoCOF,VCOFI 
IMPLICIT REAL*8(A-H,M-Zl 

c ·~**************************··~······························ 
C * VERSION : 3RD APRIL 1982 * 
C * DESCRIPTION : COMPUTE SMOOTHED VELOCITY AT TIMET * 
c **********************************************4*********••••• 
C II'\PUi PARAMETERS 
C T - TI~E VELOCITY IS nEOUIRED 
C KNO - NO OF KNOTS 
c TK.cor=.vcaF 
C - SEE MAIN PROGRAM 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

OUTPUT PARAMETERS 
SPEED - COMPOSITE VELOCiiY 
DIR - DIRECTION OF COMPOSIT~ 
VE - VELOCITY EAS1WARDS 
VN - VELOCITY NORTHRARDS 
SVE - STANDARD DEVIATION OF 
SVN - STANDARD DEVIATION OF 
CVEN - COVARIANCE OF THE TWO 
lCODE - 1 SUCCESSFUL CALL 

0 ERROR IN INPUT TIM~ 

C CALLS - INTERV,DMULT 

V~LOCITY (RADIANS) 

VELOCliY EAST~AROS 
VELOCITY NORTHWARDS 
VELOCITY COMPONENTS 

DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLlN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPL IN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN N 

OSPLIN ~..n 
DSPLIN 0'\ 



04177 
04178 
04179 
0~180 
04161 
04182 
04103 
04184 
04165 
04166 
04187 
04168 
04189 
04190 
04 1 91 
04192 
04193 
04194 
04195 
04196 
04197 
04198 
04199 
04 200 
04201 
04202 
04203 
04204 
J420 5 
042 06 
04207 
0420 8 
04209 
04210 
0 4 21 1 
04212 
04213 
04214 
04215 
04216 
04217 
04218 
04219 
04220 
04221 
04222 
0422J 
04224 

C - DSQRToDATAN2oDABS 
c ***********~**** 

COMMON /DIM1/lGBSNOoiDA19IDW1olDTX,IOPoiDPV,ICLOBS,IDVAR,ICV 
COMMON /DlM2/IDKNOToiDA2oiDTKolDDTKoiDX,tDVX,ID~2.IDV2,IDXGo 

~ IDCOFoiDVCGF 
REAL*B X(2,1) oVX{2,2) o8(2o8) oTK( IDTKo1), 

Q1 COF( IDCCFo8),VCQF(1DVCOFo8o8) oC0(8tl) oVC0(8,8) 
INTEGER*4 KNO 
DATA IS•T/O/,B/4*0•0DO,l.ODOo2*0·0DOoloOOOo8*0•0DO/ 
DATA Pl/3,1415926535e9793DO/ 

C• BEGINS 
I CODE = 1 
CALL INTERV(T,TKoKNQ,J,IDTKolC) 
IF(IC.EQ,Q)GO TO 10 
DR= T- TK(J,1) 

C* FEED IN THE DESIGN MATRIX 8 
0(1,5) = 2eOOO*DR 
6(1,7) = 3.0DO*DR*DR 
£H2di).:: 8(1,5) 
8(2o8) = 8(1,7) 

C* EXTRACTING THE COEFFICIENTS AND COVARIANCES 
C* IF THE INTERVAL IS THE SAME AS THE LAST CALL. lHE TRANSFER OF 
C* COEFF·AND COVARIANCE IS OMITTED 

lF(ISWT.EO.J)GQ TO 30 
DO 2 0 I J -= 1 , 8 
CO( IJ,1) = COF(Jo IJ) 
DO 20 IK ·=loB 

20 VCO(IJ.IKl = VCOF(J,IJ.IK) 
I SWT = J 

30 CALL DMULT(Bo2o8oCOo8oloXo2oBo8olo2oll 
C* COMPUTE COVARIANCE 

DO 4 0 1 : 1 • 2 
DO 40 L = lo2 

V.X(loL) = O,ODO 
DO 40 J = lt8 

DC40K~1,8 
40 VX(I,L) = VX(IoL) • B(I9K)*VCO(K,J)*B(LoJ) 

S PEE 0 = D S Q R T ( X ( 1 , 1 ) • X ( 1 , 1 ) + X ( 2 , 1 ) *X ( 2 • 1 > ) 
IF ( 0 AB S (X ( 1 , 1 ) ) oL T • 1 • 0 0-2 0 • A NO • 0 AB S (X ( 2, 1 ) ) • L T • 1 • 00-2 0) D I R= 0 • 00 0 
IF(DA8S(.X(1ol)).,LT.1.0D-20.AND,OABS(X(2,l)).LT.l.00-20)GO 10 50 
0 I R = CAT AN 2 ( X ( 1 • 1 ) , X ( 2 , 1 ) ) 
IF(DIR.LT.O)DIR = DIR + 2oOOO*PI 

50 VE -:: X ( 1 , 1 l 
VN = X(2ol) 
SVE = DSQRT(VX(lo1)) 
SVN = DSQRT(VX(2o2)) 
C V EN = V X ( 1 , 2 ) 
RETURN 

CSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
CSPLIN 
OSPLIN 
OSPLIN 
OSPLlN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLlN 
OSPL IN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
D SPL IN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPL IN ~ 
OSPLIN -..1 
DSPLIN 



04225 
04226 
04227 
04228 
04229 
042::30 
04231 
042::32 
04233 
04234 
04235 
04236 
0423 7 
04238 
04239 
04240 
04241 
04242 
04243 
04244 
04245 
04246 
04247 
04248 
04249 
04250 
04251 
04252 
04253 
04254 
04255 
04256 
04257 
04258 
04259 
04260 
04261 
04262 
04263 
04264 
04265 
04266 
04267 
04268 
04269 
04270 
04271 
04272 

10 WRITE(6,900)T 
ICODE = 0 
RETURN 

~00 FORMAT(//,2Xo 1 TIME 0 wD12.5o'·AT WHICH POSITION lS REQUIRED IS '• 
.i:I'OUTSlDE TIME INTERVAL OF CUTE~ KNOTS(VELO)' t//) 

END 
SUBROUTINE VSMOTH(SCTIMEoNO,KNOoTXoTK,COF.VCOF) 
IMPLICIT REAL*B(A-H,O-Z) 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C *VERSION : 24 APRIL 1982 * 
C * DESCRIPTION : COMPUTE SMOOTHED DATA PCI~TS * 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C lNFUT PARAMETERS 
C NCoKNO - NO OF POINTS AND KNOTS 
C SCTIME - SCALE FACTOR ON ~IME DOMAIN 
C T~oTK,COFoVCGF 
C - SEE MAIN FOR DESCRIPTION 
c 
c 
c 
c 
c 
c 

C* 

c• 
c• 

C* 

c• 

OUTPUT PARAMETERS 
NCNE 

CALLS VELOoRAOD 
************** 

COMt-10~ I D 1M 1 /I 0 B SNC, IDA 1 , I D W 1 , I D T X, 1 DP, I DP V, I DLO B S, I D VAR, I C V 
COMMON /DIM2/IOKNOT.IDA2oiDTK,lODTK,IDXolDVXolDW2oiDV2olDXO, 

~ IDCOF,IOVCOF 
REAL*O TXCIDTXel),TK(IDTKa1)oCOF(IDCOF,8),VCQF(IOVCOF,8o8) 
INTEGER NC,KNO 

WRITE UNIT 
IWR = 6 

CCNVERSION SCALE FACTOR TC CORRECT UNITS 
OCONV = 24o000 

TITLE 
'WRITE( IWRo9010) 
WRITE(I~R.9020) 

COMPUTE THE SMOOTHED VA~UES OF THe VELOCITIES 
IL :. NO + 2 
DO 1 0 I = 1 o 1 L 
CALL VELO(TX(I,l) ,SPEEO,OtR.vE,VNoSVE,SVN,CVEN,JCO~ 

& KNO.TK,CCF.VCQF) 
DR = RADO(DIR) 
II= I- 1 
TRU = TX( ttl )/SCTIME 

CONVERSION FROM M PER DAY TO M PER HOUR- DCONV = 24.0 
SPEED = SCTIME*SPEED/OCONV 
VE = SCTIME*VE/DCONV 
VN = SCTIME*VN/DCONV 
SVE = SCTIME*SVE/OCONV 

DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPL I"N 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN N 
OSPLIN ~ 
DSPLIN 



04 27 J 
04274 
04275 
04276 
04277 
04276 
04279 
04280 
04281 
04282 
04283 
04284 
04285 
04286 
04287 
04288 
04289 
04290 
04291 
04292 
04293 
04294 
04295 
04296 
04297 
04298 
04299 
04300 
04301 
04302 
0430.3 
04304 
04305 
04306 
04307 
04308 
04309 
04310 
04311 
04312 
04313 
04314 
04315 
04316 
04317 
04316 
04319 
0432 0 

SVN = SCTIME*SVN/OCONV 
CVEN = SCTIME•SCTIME*CVEN/(DCONV*CCONV) 
WRITECI•Ro9030llloTRU,SPEED,DRoVE,VN,SVEoSVNoCVEN 

10 CONTINUE _ 
9010 FORMAT(///~3Xo 9 SMOOTHED VELOCITieS AT INPUT DATA TIMES',/1 
9020 FOR~AT(//olOX,•PREOICTED VELOCITIES AT SPECIFIED TIMES',/10Xo 

• 1 9 ( '==' ) • //, 2 X • 1 NO ' • 6 X., ' T 1 ME' , 9 X , ' SPEED C M /HR ) ' • 3X , ' a 1 R ( 0 E G l ' , 7 X, 
o'VELOCITIES(E,Nl:M/HR SIGMA VELOCEoNl'o9Xo' COVARIANCE•, 
.//) 

9030 FORMAT(2Xol4o2XoFl0.4,10(F12o3o2Xl) 
RETURN . 
:::NO 
SUBROUTINE LS2(C,OoGoHoPoWloW2oXoVX,V,R,M,N,IC,JC,IDoJD, 

Q) lGoJGoiHo.JHolP,JPoiW1,1'112ol)'(,IVoiERl 
IMPLICIT REAL*8(A-HoP-Z) 

c ****************************************************************** 
C *VERSION :JANUARY 1962 * 
C * DESCRIPTION ! PERFORMS THE METHOD OF LEAST SUARES USING THE * 
C * ELIMINATION OF CONSTRAINT ECUATIONS APPROACH • * 
c ·······················~·········································· C INFUT PARAMETERS 

DSPLIN 
DSPLIN 
DSPLlN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLlN 
OSPLIN 
OSPLlN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 

C ReMoN - LS PROBLEM SPECS : R 
C M 

- NO OF CCNSTRAI~T ECNS DSPLIN 

C N 
- NO OF UNKNOWNS DSPLIN 

C Co a - PARTITIONED MATRICE5 
- NO OF CBSERVATIONS DSPLIN 

C Go H - PARTITICNED MATRICES 
C DIMENSIONS H - R 

OF A1 DESIGN MATRIX - PRIMARY MODEL DSPLIN 
OF A2 OESIGN MAlRIX- ~ECONaARY MOOELDSPLIN 

C G - R 
X R CSPL IN 

C C - N 
X M DSPLIN 

C D - N 
X M DSPLIN 

C DECLARED DIMENSIONS 
X R DSPLIN 

C w1.~2 - MISCLOSURE VECTORS 
IS AS STATED BELO• OSPLIN 

C I C, JC, I 0, JD i I G, JG,. I H o JH, I P, JP ~ I .. 1, IW 2 
C - DECLARED DIMENSIONS OF MATRICES( SEE BELOW) c -
c 
c 
c 
c 
c 
c 
c 
c 
c 

OuTPUT PARAMETERS 
XoVX - LS ESTIMATES AND COVARIANCE 
V - RESIDUALS 
IX,IV- DECLARED DIMENSIONS 
IER - ERROR CODE 

ADDITIONAL NOTES 

OF MATRIC~S X,VX AND V(SEE BELO~l 

CURRENT ARRAY SETTINGS LIMIT THE SOLUTION TQ CNLY 100 ESTIMATES 

C CALL5 
c 

- CONDoDINVoCHOLDoDMULT,aPRINToSCMULToDMAG,PCOPY 

···········~···· REAL*8 CCIC,JC)oD(IO,~O),G(IGoJGloH(IHoJH), 
Q) P(IP,JP)oW1(1~1ol-l,~2(1W2ol)o 

OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
CSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 

N 
Vl 
\0 



04.321 
04.322 
0432:3 
04324 
04325 
04326 
04327 
04328 
04329 
04330 
04331 
04332 
04333 
04334 
0433 5 
04336 
04337 
043.38 
0433'; 
04340 
04341 
04342 
04343 
04344 
04345 
04346 
04347 
04348 
04349 
04350 
04351 
04352 
C4.353 
04354 
04355 
04356 
04357 
04356 
04359 
04360 
04361 
04362 
04363 
04364 
04365 
04366 
04367 
04369 

iil X(IXtl),VX(lXolX)oV(lVtl) 
C* ARRAYS USED BY THE PROGRAM OSPLIN 

DSPLIN 
DSPLIN 
OSFLIN 
OSPLIN C* 

C* 

REAL*8 A(58o50),.(5P.olloATPW(50olloATP(50,5eJ,HG(50o50), 
4> HJI(SO,l).,XT(50el) oNHGT(50o50) oVM(S0,50) oATPV(50ol l 

INTEGER*4 ReMer\ 

EQUIVALENCE (ATP(l),NHGT(l)), 
4> (A(l),VM(l)), 
~ (W(l)oXT(l),ATPV(l)) 

DSPLIN 
DSPLIN 
DSPLIN 
DSPLlN 

C* FUNCTION - COMPUTES THE NO OF CODIAGONALS OF THE P MATRIX 
ICO = (JP-1 l/2 

DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 

THE H MATRIX 
C* 
C* 
c• 
C* 

PROGRAM BEGINS BY INVERTING 
POSSIBILITY OF INCOPORATING 
r MATRIX HERE .CURRENTLY IT 

CALL CONO(H,RoiHoll 
CALL OINV(ReHolH) 

A TEST FOR THE SINGULARITY OF THE 
IS NOT NEEDED. 

DSPLtN 
DSPLIN 
DSPLlN 

C* 

C* 

CALL CONO(H,Rt1Ho2) 
NOTE THAT THE ABOVE INVERSE IS USED AS THE H MATRIX 

CALL 0MULT(H,R,R,G,R.~eHGoiH,JH,IG,JC,SOo50l 
CALL DMULT(H,RoRe.2oRoltHWelHoJH,IW2olo50,1) 

COMPUTING THE REVISED A AND W MATRICES 
DOlOI=loN 

DO 1 0 J =1 , M 
SUM = Q,QDO 

DO 20 K = loR 
20 SUM= SUM+ O(IoKl*HG(K,J) 
10 A(IoJ) = CC {,J) -SUM 

DO 50 I = 1 oN 
SUM = O.ODO 
DO 52 J = 1 o ~ 

52 SUM= SUM + Q(l,J)*HW(J,ll 
50 W(lol) = Wl(Iol)- SliM 

C• NORMAL LE~ST SQUARES •ITH R~VISED NATRICES 
DO 30 I-= 1oM 

DO 30 J = leN 
ATP(I,~) = OoOOO 
IB = J - ICO 
IE = J + ICC 
IF( ID.LTel )IB = 1 
lFCIEoGToN)IE = N 

DO 30 K = IBtlE 
JAC = .J - K + ICC + 1 

30 ATP(I,J) = ATPCio.JJ + A(KeiJ•PCKoJ~CJ 
00 4 0 I = 1, M 

DO 40 J = lo M 
VX[ I ,JJ = 0,000 

OSPLIN 
DSPLIN 
OSPLIN 

IS NON-S~SMETRICAOSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLI N 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLlN N 

OSPLIN ~ 
DSPLIN 



04:!69 
04370 
04:371 
04:372 
04373 
04:374 
04375 
04:376 
04377 
04378 
04379 
04380 
04381 
04382 
04383 
04384 
04385 
04386 
04387 
04388 
04389 
04390 
04391 
04392 
04393 
04394 
04395 
04396 
04397 
04 398 
04399 
04400 
04 401 
04402 
04403 
04404 
04405 
04406 
044 07 
04408 
04409 
04410 
04 411 
04412 
04413 
04414 
04415 
04416 

DO 40 K .:: ltN 
40 VX([,J) ~ VX( IoJ) + ATP(l,Kl*A(~,Jl 

CALL CHOLD(VXoMelXsMoDETolER) 
lF(lER.NE.O)STOP ' 
CALL DMULT(ATP,MoNoWoNoloATPW,~0,5e,58o1o50oll 

C• FCRMULATION OF THE X VECTOR 

C• 

CALL DMULT(VXtMe~oATPwoMoloXolXolX,50,1, IXol) 
CALL SCMULT(-l.ODOoXoXoMololXoll 
CALL DPRI~T(X,MoltiXolt 1 Xl-VECTOR.•,5) 

C* COMPUTATION OF RESIDUAL AND INTERNAL COMPUTATIONAL ACCU~ACY 
C• WITH THE FUTURE POSSIBILITY OF HALTING PROCESS AND IS PUT HERE 
C* lNSTEAD OF AT THE CUSTOMERY END IS DUE TO THE EX1STANCE OF THE 
C* EOUIV~LENCE STATEMENT ON CERTAl~ ARRAYS 
C* 
C* RESIDUAL COMPUTATION 

DO 110 I= 1oN 
SUM = OoODO 

DO 1 2 0 J = 1, M 
120 SUM= SUM+ A(I,Jl*X(Jtl) 
110 V(I,ll:: -(W(lo1l +SUM) 

C• ATPV MATRIX COMPUTATION 
CALL · D M UL T ( AT P , M, N • V , t~, 1 • AT P V, 50 • 58 • I V, 1 , 50 , 1 l 
C ALl. D MAG ( AT P V o M • 1 o 50 • 1 • XL R , 2 ) 
IF(XLRoGT.l.OD-lO)WRITE(6,9010) 

C* RECOVERY OF THE LOWER HALF OF THE X VECTOR ; STORED lN XT VECTOR 
DO 7 0 1 .:: 1 • R . 

SUM= OoODO 
DO 72 ~ = 1 ,M 

72 ~UM =SUM • HG(l,Kl*X(K,ll 
70 XT(l.ll = -(HW(Itll +SUM) 

C• T~ANSFER XT VECTOR TO X VECTOR 
L ::: lol + 1 
CALL PC 0 P Y (X T • 1 e 1 , R, 1 , X, L, 1 t 50, 1 , I X, 1 ) 
CALL 0 P R 1 NT (X T oRo 1 o 50 , 1 • ' X 2- V E C T 0 R • • , 5 ) 

C~ CCMPUTE THE COVARIANCE MATRIX OF X1X2 
DO 00 I= 1oM 

DO 8 0 J : 1, R 
NHGT(loJ) = 0.000 

DO 90 K = ltM 
90 NHGT(leJ) = NHGT(l,J) + VX(l.K)*HG(J,K) 
80 NHGT(loJ) ~ -NHGT{loJ). .. . 

C* COMPUTE THE COVAR1ANCE ~ATRIX OF X2 
CALL DMULT(HGoRoMoNHGToMoRoVIoi•50,50,5Q,S0,50,50} 
CALL SCMULT(-1.0DOeVMoVMiRoRe50o50) 

C* TRANSFER OF THE COVARIANCE MATRIX CF X2 IN VX 
L = M • l 
CALL PCOPY(VMololoRoRoVXoLoLo50e50,IXolX) 

DSPLlN 
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DSPLlN 
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04 417 
04418 
04419 
04420 
04421 
04422 
04423 
04424 
04425 
04426 
04427 
04426 
04429 
04430 
04431 
04432 
04433 
04434 
04435 
04436 
04437 
0443 8 
0443 9 
0444 0 
04441 
04442 
04443 
04444 
04445 
04446 
04447 
04448 
04449 
04450 
04451 
04452 
04453 
04454 
04455 
04456 
04457 
04458 
C4459 
04460 
04461 
04462 
04463 
0,464 

c• 
c• TRANSFER OF THE COVARIANCE MATRIX XlX2 AND GENERATE THE COVARIANCE 

X 2 X 1 1 N l HE V X MAT R 1 X. 
DO 11)0 I = 1oM 

00 100 J = l.,R 
K = J + "' 

100 VX(Kol) 
1 ER = 0 
RETURN 

VX(I,K) = NHGT(IoJ) 
= VX( I.K) 

qQ\0 FORMAT{3Xe'TERMINAL ERROR FAILURE OF SOLV2 ,,//) 
END 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SUBROUTINE TRNSFM(ADDReAoNeMoCl,C2.ICeiAoJAoiCloJCloiC2oJC2l 
R E .lL * B A ( I A • J A ) • C 1( I C 1 • J C 1) , C 2 ( I C 2 , J C c ) 
1NTEGER*4 AODR(IA) 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * ~ERS ION : JANUA~Y 1982 * * DESCRIPTION : REARRANGEMENT OF CESIGN MATRICES Al OR A2 * * USED IN THE FUNCTIONAL CONSTRAINT MODEL TO * * THAT USED IN THE ELIMINATION OF CONSTRAINTS * 
* MODEL. * 
**************************************************************** INP\JT PARAMETERS 

A ~ DESIGN MATRIX EITHER A1 OR •2- (CALLED 'A' HENCEFORTH) 
~.M -UPPER-LEFT HAND PORTION OF THE MATRIX A USED 
l.l,JA -DECLARED SIZE OF MATRIX A 
ADDR - ADDRESS SEOUENCE(DECLARED SIZE=IA} 
IC - COOING ON THE TYPE OF INPUT BANDED 

IC = 1 THEN THE ASSUMED DANC •ICTH = 2 THEN THE ASSUMED BANC WICTH 

OUlPUT PARAMETERS 

OF a•NDEC MATRIX A 
MATRIX A 
IS 7 : I.E FOR Al 
IS 11 ; I.E FO~ •2 

C1,C2 - REARRANGED AND PARTITIONED MAlRICES OF MATRIX A 
ICloJCl- DECLARED SIZE OF Cl MATRIX 
1C2.JC2- DECLARED SIZ~ CF C2 MATRIX 

ADDITIONAL NOTES 
THE ROUTINE CAN TAKE EITHER A BANDED MATRIX OF 7 OR 11 OR ANY OTHER 

DESIRED(l.E. BY ASSJGNING THE IBAND VARIABLE TO THE 'CESIREC 
BANDWIDTH OF.THE INPUT MATRIX A. 

THERE EXIST THE. POSSIBILITY OF BANDING Cl AND C2 MATRICES. 
THE ALGORITHM CURRENTLY GENERATES FULL MATRICES. 

C CALLS - DCLEAR 
C* FUNCTION DEFINATION 

ICOL(I) = (2- ((1+1)/2-
IROW(l) = (1+1)/2 

C* CLEARING ALL MATRICES 
CALL DCLEAR(Cl.,ICleJC1) 

(I/2)11 
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OSPLIN 
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DSPLIN ~ 
DSPLIN 



04465 
04466 
04467 
04468 
04469 
04470 
04471 
04472 
04473 
04474 
04475 
04476 
04477 
04478 
04479 
04480 
04481 
04482 
04483 
04484 
04485 
04486 
04487 
04488 
04489 
04490 
04491 
04492 
04493 
04494 
04495 
04496 
04497 
04498 
04499 
04500 
04501 
04502 
04503 
04504 
04505 
04506 
04507 
04508 
04509 
04510 
04511 
0.4 51 2 

CALL OCLEARCC2.1C2,~C2) 
C• 8ANO~IOTH SPECIFICATIONS 

IF(IC.E0.1)IBANO = 7 
IF(IC.EOo2)IBAND = 11 

C* CCUNTERS 
1 t = -3 
IE = M-2 
K = 0 

C* FORM Cl 
100 II= II+ 4 

12 = II + 1 
DO 20 J = II,I2 

I< = K + 1 
00 20 I = 1, N 

IR = IRO~(l) 
IPOS = AODRCIRI + ICOL(l) -1 
J~ = J - IPOS + 1 
lF(JJoLT.1.CR.JJ.GT.I8ANDIGO TO 20 
C1(I,KI = A(IR,JJ) 

20 CONTINUE 
C* END COUNTER 

IF(I2.NE.IE)GO TO 100 
c• 
C C1 COMPLETED 
c• 
C* RESET COUNTERS 

I I = -1 
K = 0 
IE = M 

C* FC~MS C2 
200 II= II+ 4 

12:: II + 1 
DO 30 J: Ilel2 

K = K + 
DO 30 I = 1, N 

IR = IRO•(l) 1 
IPOS = ADDR([R) + ICOL(I)- 1 
JJ = J - IPOS + 1 
IF(JJoLTo1oOR.JJ.GT.IBAND)GO TO 30 
C2(l,K) = A(IRoJJ) 

30 CONTINUI! 
C* END DETECTOR 

IF(I2.NE.IE)GO TO 200 
RE'TURN 
END 
SUBROUTINE PERM(X,~X,M,III 
REAL*B X(ll.I),VX(II,[I),T 
INTCGI!R*4 P(100olloTRACK(100) 

OSPLIN 
OSPLtN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLJN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLlN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLlN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN N 
DSPLIN ~ 
DSPLIN 



::>4513 
04514 
04515 
04516 
04517 
04516 
04519 
04520 
04521 
04522 
04523 
04 524 
04525 
04526 
04527 
04528 
04529 
04530 
04531 
04532 
04533 
04534 
04535 
04536 
04537 
04538 
04539 
0454 0 
04541 
04542 
04543 
04544 
04545 
04546 
04547 
04546 
0454~ 
04550 
04551 
04552 
04553 
04554 
~4555 
04556. 
04557 
04558 
04559 
04560 

c ~·····························································~····· C * ~ E R S I 0 N : J A I'IU A R Y 1 9 e 2 * 
C * DESCRIPTION : PERFOR~S THE PERMUTATION OF MATRICES X AND VX * 
C * (SOLUTION VECTOR AND ITS COVARIANCE) CO~PUTEO * 
C * VIA THE ELIMINATION OF CONSTRAINTS MODEL TO THAT * 
C * AS IF ~ERE COMPUTED VIA TH~ FUNCTIONAL CONSTRAINT 
C * MODEL. * 
c ~****************************************************************** C IN~UT PARAMEIERS 
C XoVX - SOLUTION VECTOR .AND ITS COVARIANCE 
C II - DELCLARED OI~ENSIONS OF V AND VX 
C M - UPPER LEFT HAND CORNER CONTAINING THE MATRIX ELEMENTS c 
C OUTPUT PARAMETERS 
C XoVX - PERMUTATED MATRICES X AND VXo c 
c 
c 
c 
c 
c 

ADCITIONAL ~OTES 
T~E PERMUIATION SEQUENCE IS FIXED BY THE PROGRAM. 
T~E ALOGORITHM WILL OPERATE ONLY ON AN EVEN ORDE~ SOUARF. MAT~IX. 
T~IS IS NOf CHECKED ANYWHERE. 

C*PROGRAM BEGINS 
C ST.A.RT POINTERS 

J = M/2-1 
I .: -1 
lK = M - 3 
DO 1 0 K .: 1 , [ K, 4 

C• II'\CREMENT 
I = I + 2 
12 = I + 1 
J = J + 2 
J2 = J + 1 
K2 = I< + 1 
KJ = K + 2 
K4 = K + 3 

C* FEED 
P(Kol) = I 
P[K2.1) = 12 
p ( 1<3. 1 ) = J 

10 P(K4elJ = J2 
C* SETS TRACK SEQUENCE : 

20 
c• 

DO 20 1 = 1oM 
TRACK([) = I 

MONITORS TH~ ACTUAL LOCATION OF THE no•/COLUMN 

C* RO~ ~XCHANGES OF THE MATnix 
C* 

DO 30 I = loM 
IS = I 
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OSPLIN 
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OSPLIN 
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OSPLIN 
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OSPLIN 
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OSPLIN 
OSPLIN 
CSPLIN 
OSPLIN 
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OSPLIN 
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04561 
04562 
04563 
04564 
04565 
04566 
04567 
04568 
04569 
04570 
04571 
04572 
04573 
04 574 
04575 
04576 
04577 
04578 
0457q 
04580 
045H1 
04582 
04583 
04504 
04585 
04586 
04587 
04588 
04589 
04590 
04591 
04592 
04593 
04594 
04595 
04596 
04597 
0459f! 
04599 
04600 
04601 
04602 
04603 
04604 
04605 
04606 
04607 
0.4608 

40 

42 
44 

3C 

45 
c• 

tR = P(I,1) 
lTR = TRACK(IR) 
00 40 J = 1oM 

T = VX( ISoJI 
VX(IS,J) = VX(ITR,J) 
VX(lTR,J) = T 

CONTINUE 
DO 42 K = l.M 

IFCIS.EO.TRACK(K))GO TO 44 
CONTINUE 
TRACK(Kl = ITR 
TRACK( IR) = IS 
CONTINUE 
DO 45 1 = 1oM 
TRACK(l) =I 

C* DOING THE COLUMN EXCHANGES 
c• 

60 

55 
c• 

57 

50 
c• 

00 50 J = loM 
IS = J 
IR=P(Jtll 
IlR = TRACK(IRI 

DO f:O 1 = 1oM 
T = VX(loiSI 
VX(IolSJ = VX(I,ITRJ 
VX(IolTR) = T 

CONTINUE 
T = X(IS,l) 
X(lSol) = X(lTR.l) 
X(ITRoll = T 
DO 55 K = 1 , M 

IFC IS.EO.TRACK(K) )GO TO 57 
CONTINUE 

TRACK(KI = ITR 
TRACK(IRI =IS 
CONTINUE 

C• TASK COMPLETED 
RETURN 
END 

c ............................................................. . 
C * VERSION : 1980 * 
C * DESCRIPTION : BLOCK OF DESIGNATED LEVEL THREE ~OUTINES * 
C * CONTENTS : CTlMEoOADO,DCLEARoDCOPYoCINVtDMAGoD~ULTo * 
C * . OPRINToDSUBTeOTRANoPCCPYoRADDtSCMULT * 
C * f:XTERNAL : OABSoDATAN * 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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04609 
04610 
04611 
04612 
04613 
04614 
04615 
04616 
04617 
04618 
04619 
04620 
04621 
04622 
04623 
04624 
04625 
04626 
1)4627 
0462 e 
04629 
04630 
04631 
04632 
04633 
04634 
04635 
04636 
04637 
04638 
0~639 
04640 
04641 
04642 
04643 
04644 
04645 
04646 
04647 
04648 
04649 
0.4650 
04651 
04652 
04653 
04654 
04655 
0:4656 

SUBROUTINE CTIME(TlMEolDAYoiHRoiMINl 
C•---- CONVERTS TIME IN DAYS TO DAY HOUR ANC MlNS 
c• 

REAL*S TIMEoXHR 
IOAY = TiloiE 
XHR = CTI~E-IDAY)*24.0DO 
IHR = XHR 
IMIN = (~HR - IHRl*60.0DO 
RETURN 
END 
SUBROUTINE DADD(F,S,K,LtRtNoMl 

C•-----TO ADD MATRICES F + S = R 
c• 

DOUBLE PRECISION F(NoM)oS(N,MloR(N,M) 
DO 1 0 I = 1 t K 
DO 1 0 J = 1, L 

10 R(I,Jl = F(I,Jl + S(l,J) 
RETURN 
;:No 
SUBROUTINE DCLEAR(A~~ 1 M) 

C•---- SUBROUTINE CLEARS CCNTENTS OF A MATRIX 
c• 

DOUfrLE PRECISION A(N,M) 
DO 1 0 I = 1 , N 
DOlOJ=1oM 

10 A([,J) = OoO 
RETURN 
ENC 
SUBROUTINE DCOPY(FRoTOoNoMoKoLell,IJ) 

C~-----TO COPY MATRICE~ 
C* NoM IS THE PART TO BE COPIEC 
C• KoL IS THE DECLAR~D SIZE OF FR MATRICES 
C* IIoiJ IS THE D~CLARED SIZE QF TO MATRIX 
c• 

DOUOLE PRECISION FR(K,L) , TOCII,IJ) 
DO 10 l = 1oN 
DO 1 0 J = 1, M 

10 TO([,J) = FR(leJ) 
RETURN 
END 
SUBROUTINE OINV(N,A,Ll 

C•----- SUBROUTINE INVERTS THE GIVEN MATRIX 
C* ORIGINAL MATRIX IS DESTROYED 
C* L IS THE SIZE OF THE DECLARED MATRIX A 
C* N IS THE PART OF THE MAThlX A TO fE INVERTED 
C* 

INTEGER*4 LeN 
DOUBLE PRECISION A.(LoL)oX 
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04657 
04656 
04659 
04660 
04661 
04662 
04663 
04664 
04665 
04666 
04667 
04666 
04669 
04670 
04671 
04672 
04673 
04674 
04675 
04676 
04677 
04676 
04679 
04600 
04681 
04682 
04603 
04684 
046A5 
04666 
046137 
04668 
04669 
04690 
04691 
04692 
04693 
04694 
04695 
04696 
04697 
04698 
04699 
04 700 
04701 
04702 
04703 
04704 

DO 1 0 I = 1 , N 
X=A(I,Il 
IF(DABS{X)oLTo1oOD-10)G0 TO 999 
A ( I, I ) = DOLE ( 1 • 0) 
DO 2 0 J = 1, N 

20 A.(l,J).: A(I,J)/X 
DO 1 0 K = 1, N 
IF(K-1)30.10,.30 

30 X= A(K.I) 
A(K,I) = DBLE(O,O) 
00 4 0 J = 1, N 

40 A(I<,J) = A(K,J)- X*A(I,J) 
10 CONTINUE 

RETURN 
~9~ WR1TE(6,1001I 
100 FORMAT(/,3X,'DIAGONAL ELEME!NT 1 ol4o 1 IS LT 1.00-10 IN OINV ') 

CALL DPRINT(AoNtNtLeLe 1 PARTIALLY INVERTED MATRIX 1 o13) 
STOP 
END 
SU8ROUT1NE OMAG(A,N,NoKeLoXNUMBoiC) 

C-----FINDS T~E LARGEST QR SMALLEST VALUE IN A MATRIX 
C* DECLARED DIMENSIONS CF MATRIX A IS K,L 
c• 
c• 
c• 
c• 
c• 

IF CODE IC = 0 = 1 = 2 

THEN THE LARGEST VALUE IS SEEKED 
THEN THE SMALLEST VALUE IS SEEKED 
THEN THE LARGEST ABSOLUTE VALUE IS SEEKED 

REAL*8 A(l<oL),X~U~O,XX 
XNUM8=A( 1 ol) 
lF(lCoEOo2)XNUMB = OABS(A(l,l)) 
IF(IC.EO.O.OR,ICoEOo1oOR.ICoE0.21GO TO 20 
WRITEU:,30) IC 

30 FORMAT(//,3X,• COOING ERROR ON SUOROUTINE DMAG ',//) 
STOP 

2 0 DQ 1 0 I = 1 • N 
DO 10 J = 1eM 
XX= A(l,J) 
IF(IC.E0,2)XX = DABS(XX) 
IF(lCoEOoOoANOeXXoGToXNUM8)XNUMB = XX 
IF(IC.E0.1oANO,XX.LToXNUMB)XNUMB= XX 
1F(IC,E0.2.ANO.XX.GT.XNUMB)XNUMO : XX 

10 CONTINUE 
RETURN 
END 
SUBROUTINE OMULT(FoleJeStl<eLoReNF,MFoNSeMS,NR,MR) 

C•----TO MULTIPLY MATRICES F X S = R 
C* 

DOUBLE PRECISION F(NFoMF),S(NSoMS)oR(NR,MR) 

DSPLIN 
DSPLIN 
DSPLIN 
CSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
CSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPL.IN 
OSPLIN 
OSPLIN 
OSPLlN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPL.IN 
OSPLlN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
CSPLlN 
OSPLIN 
OSPL.IN 
OSPLIN 
DSPLIN 
OSPL.IN 
OSPL.IN 
OSPLIN 
OSPL.IN 
OSPL.IN 
OSPLIN 
OSPLIN ~ 
OSPLIN -..1 

OSPLIN 



0~705 
0~ 706 
0~707 
0~703 
0~ 709 
04710 
04 71 1 
04712 
04713 
04714 
04 71 5 
04716 
04 71 7 
04718 
04719 
04720 
04 721 
04 722 
04723 
04724 
04 725 
04 726 
0~ 72 7 
04 728 
04 729 
04730 
0 4 731 
04732 
04733 
04734 
04735 
04736 
04737 
04738 
04 73 9 
04H 0 
04741 
0~ 742 
04743 
04 744 
04745 
04746 
04747 
04 7~8 
04 749 
0~ 75 0 
0 4 751 
04752 

IF(J.NE.~l~RITE(6o10) 
C **** SET THE OUTPUT WARNING DEVICE 

10 FORMAT{1Xo'FATAL •~ ~ATRICE~ NOT CONFORMAL IN DMULT SUBT'I 
IF(J,NE.Kl CALL EXtT 
DO 20 11:: l.I 
DO 20 IJ = 1tL 
R(II,IJ) =CoO 
DO 20 IK = 1oJ 

20 R(IIolJ)-= R(lt.IJ) + F(Il.IK)*S(IK.IJ) 
RETURN 
END 
SUBROUTINE DPRlNT(AoNoMoKoLtiTITLE,IC) 

C•-----TO PniNT OUT MATRICES OF DIMENSION NoM 
C~ ITITLE OF THE NAME ASSIGNED TO THE MATRIX. EG 'lTITLE' 
C* IC IS THE NUMBER , MULTIPLES OF 2, OF THE CHARACTERS 
C* IN THE TITLE OF THE MATRlXo 
C• 
c• 
c• 
C• 
c• 
C* 
C• 
c~ 

YOU ARE ADVISED TO HAVE TITLES -ITH EVEN ~UMBER OF 
CHARACTERS IN ThEMo FOR ODD NUMBERED CHARACTERS. USE BLA~KS 
TO MAKE IT EVEN. SU8ROUT1NE WILL FAIL IF IC*2 >NO. 
OF CHARACT~RS IN !TITLE 

EXAMPLE OF USE- CALL OPRlNT(MATRtX.3o3,5o5o'ATA 

OOUBLE PRECISION A(K,Ll 
INTEGEfH2 ITITLE(ICidLIN(301 
DATA IL1N{l)/o=='/ 
DO 40 II = 2,30 

40 ILIN(lll = lLlN(l) 
IF(IC.EIJ.O)IC = 1 
WRITE(6,30)(1TITLE(IIol = 1oiCl 
~RITE(6,50l(ILIN(I),[ = 1,ICJ 
lF(M.EO. liWRlTE(6,20)(A( Iol) oi = loN) 
IF(M.EO.llGO TC 60 
DO 1 0 I = 1 , N . 

10 WRITE(~o20l(A(IoJ)oJ= loM) 
6 0 CALL SPACE ( 3) 
20 FORMAT (30(/,3Xo8( 1P012o5o lX))) 
30 FORMAT(///,3X,30A2) 
50 FORMAT(3X,30A2) 

RETURN 
END 

•• 4 ) 

SUBROUTINE DSUBT(FRoTOeKoLoRo~.M) 
C*-----TO SUBTRACT MATRICE FR - TO = R 

'* DO UO L E PRE C IS I 0 N F R ( N, M) • T 0 ( N ..'-1 I , FH N • M I 
DO 1 0 I = 1 , K 
DOlOJ=loL 

DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLlN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
CSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
CSPLIN 
DSPL1N 
CSPLIN 
CSPLIN 
DSPLIN 
CSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
CSPLIN 
DSPLIN 
DSPL1N 
DSPLIN 
DSPLIN 
CSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
CSPLIN 
DSPLIN 
OSPLIN N 
OSPLIN ~ 
DSPLIN 



04753 
04754 
04 755 
04756 
04757 
04758 
04759 
04760 
04 761 
04762 
04763 
04 764 
04 765 
04766 
04 767 
04768 
04769 
047"10 
04 77 1 
04772 
0477.3 
04774 
04 775 
04 776 
04 77 7 
04 778 
04 779 
04 73 0 
04701 
04 782 
04783 
047tl4 
04 785 
04 786 
04787 
04788 
04709 
04790 
04791 
04792 
04793 
04 794 
04795 
04796 
04797 
04 798 
04 799 
04 80 0 

10 R(l,J) = FR(I 9 J)- TC(I,J) 
RETURN 
END 
SUBROUTINE DTRAN(FR,TO,KoLo~oM) 

C*----- TO TRANSPOSE MATRICES 
C* KoL IS THE PART TO BE TRANSPOSED 
C* N,M IS THE SIZE OF THE DECLARED MAT~IX 
C* 

DOUOLE PRECISION FR(NoMleTO[M,N) 
DO 1 0 I = 1 , K 
DO 1 0 J = 1 oL 

10 TO(J,tl = FR(I,J) 
RETURN 
END 
SUBROUTINE PCOPY(FR,lloT2,BleB2,TG,TS1oTS2,II,K,M,N) 

C-----PART COPYING OF A MATRIX 
C• 

IMPLICIT tNTEGER*4(I) 
INTEGER*4 II,K,MoNoTloT2,82,8lvTSl,TS2,J 
REAL*8 FR(IleK)v TC(M,N} 

C* 
C* 
c• 
C* 
C* 
C* 
C* 

TRANSFER OF PORTIONS OF A MATRIX TO ANOTHER MATRIX 

FR I Tl,T2 I MATRIX 
81.8 2 

TO lTSloTS2 
MATRIX 

C* BEGIN- M,A CALCULATED BY SUBROUTINE 
IXD = 01-Tl+ 1 
IYD = 82-T2+ 1 
lF(lXO.EOo1lGO TG 10 
IF( IYD.EO.l IGO TO 20 

DO 30 I = 1 .X XD 
IXN: TS1+I-1 
1 XO = T 1 + 1- 1 
DO 3 0 J = 1 , 1 YO 
I Y N = T S 2 + J- 1 
IYO = T2 + J-1 
IF(IXN.GT.MoORoiYN.GToNlGO TO 60 

30 TO(IXNolYN) = FR(IXOoiYO) 
RETURN . 

60 WRITE(6.1111)[X,....IYN 

" • # \ 

1111 FORMAT(///,• DIMENSIONS EXCEEDED 
STOP 

lN PCOPY 1 ol5.I10o//) 

C* 
1 0 DO 4 0 I = 1 • I YO 

IYN = TS2 + I-1 
I YO = T 2 ~ 1-1 

DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLI N 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN N 

DSPLIN $ 
DSPLIN 



04 801 
04802 
04803 
04804 
04805 
04806 
04 807 
04808 
04809 
04810 
0 4 81 1 
04812 
04813 
04 81 4 
04Al5 
04816 
0 4 81 7 
04818 
04819 
0 482 0 
04821 
04 132 2 
04823 
04824 
0482 5 
o 4 e2 6 
04 82 7 
04 828 
04029 
04t130 
04831 
04832 
0483.3 
04834 
04835 
0483o 
04837 
048.38 

C* 

40 TO(TSl tfYN) = FR(Tlo IYOl 
RETURN 

20 DO 501 = loiXD 
lXN = TSl + 1-1 
1 XO = T l + I -1 

50 T0(1XN,TS2) = FR(IXOoT2l 
RETURN 
END 
REAL FU~C!tON RADD*8(DEG) 
REAL* 8 DEG 

C-----TO CONVERT RADIAN~ TO D~GREES AND OECI~ALS OF A DCGREE 

'* RAOO = DEG*(45~0DOO/DATAN(l.ODOO)) 
RETURN 
END 
SUOROU1INE SCMULT(G,A,B,loJoKoL) 
DOUOLE PRECISION A(Kol),e(K,L),G 

C-----SCALAR ~UTIPLICATION OF A MATRIX 
C* THE CONSTANT TERM G ON ENTRY MUST BE IN DB 
C* THE MATRIX TO 8E MULTIPLIED OY G IS A 
C* THE RESULTANT MATRIX IS e 
C* NOTE THAT 8 CAN BE THE SAME MATRIX AS A 
C* 

DO 1 0 I l = 1 , [ 
DO 1 0 I J = 1 , J 

10 B(II.IJ) = G*A(ll.tJ) 
ReTURN 
END 
SUE:IROUT INE SPACE( l) 

C•----TO SKIP LtN~S 
C• I LINES TO BE S~IPPED 
C* 

DO 1 0 1 I = l t t 
WR1TE(6,*) 

10 CONTINUE 
RETURN 
END 

DSPLIN 
DSPLIN 
OSPLIN 
0 SPL IN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPL IN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPL IN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
OSPLIN 
DSPLIN 
DSPLIN 
DSPLIN 
DSPLlN 
DSPL.lN 
DSPLIN 
DSPLIN 
OSPLIN 
DSPL.lN 

,.., 
-.J 
0 
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