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FOREWORD

This manual presents a computer program used at the Naval Surface
Weapons Center, Dahigren, for the purpose of studying the feasibility of
the Wiener-Kolmegoroff filter as applied to radar altimetry data.

The task was performed as an aid to a preliminary study in simulating
and interpreting radar altimetry data. This study was conducted by the
Astronautics Division under the guidance of Mr. Samuel Smith Ill , Dr.
Charles Cohen, and Dr. Bernd Zondek.

Financial support for the task was provided by an ARPA grant for Re-
search and Development studies of satellite radar altimetry.

Mr. Robert N. Learn, Mr. Frank V. Werme, Jr., and Mr. Samuel L.

Smith, III are acknowledged as reviewers of this manual.

Released by:

RALPH A. NIEMANN
Head, Warfare Analysis Department
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SECTION 1. General Descri p t ion

1.1 Purpose of the Program Maintenance Manual. The o b j e c t i v e  for  wr i ti ng
this Program Maintenance Manual for “A Satellite Radar Altimetry Data
Analysis Computer Program for Geodetic App lications” is to provide the
maintenance programmer personnel with the information necessary to effective ly
maintain  the system.

1.2 System Application. During the program design stage , this  program
was called the “ Radar Data Analysis Program. ” It has the code name RADAP
for identification.

Basically ,  RADAP is used to develop and evaluate analysis techniques
for applying the Wiener-Kolmogoroff Filter to recover deflections of the
vertical and geoid heights from radar altimetry data at sea .

In order to study the filter feasibility , RADAP processes synthetic
data generated by a computer program, SARAS , which is descr ibed in Reference
1. This control led synthe t ic  data , when processed by RADAP , permi ts one
to read ily evaluate the qualities of the filter. These results can then
be used to opt imize  the f i l t e r  charac te r i s ti c s .  Reference  3 gives an account
of the filter evaluation for various types of synthetic altimetry input
data.

1.3 Equipment Environment. The computer program is coded for the CDC
6700.

1.4 Program Environment. Coding of the computer program is in the Ex-
tended Fortran IV language which operates with the Scope 3.3 system.

1.5 Conventions.

a. The code name for this program is RADAP.

b. This program , RADAP , requires an input file as generated by the
computer program SARAS ; see Reference 1. However , real radar alt imetry
data can also be processed by this program if it has the appropriate input
fo rma t.

I
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SECTION 2. System Description

2. 1 General Descript ion.  The purpose of this program is to analyze the
simulated radar al t imeter  data produced by the Satel l i te  Radar Alt imetry
Simulation (SARAS) computer program. This analysis is accomp lished by
app 1ying a Wiener-Kolmogoroff f i l t e r  (developed in NWL TR-2626; “Accuracy
of Deflection of the Vertical Derived front Satel l i te  Al t imet ry” by Charles
J. Cohen and Bernd Zondek, for the TASC autocorrelation function) to the
noisy simulated data and evaluating the accuracy of the geoid heights and
the deflect ions of the vertical obtained against the “ t rue” values . If
this program performs well , it will form the heart of an operational system
to analyze data produced by the GEOS-C and other sa te l l i tes .

2.1.1 Program Description. Mathematical Formulation

2.1.1.1 Input.

SARA S Output Tape (Fi le)

x(i) - Data Point Position (km)

Y( i )  - True Geoid Hei ght (m)

YN(i )  - Noisy Geoid Height (itt)

D( i)  - True Deflection of Vertical (arc see)

N - Number of Data Points

2.1.1.2 Controls.

a. Select Geoid Height and/or Deflection of Vertical

b. F i l te r  Fit Span (±L)
(number o~ points)

2.1 .1 . 3 Constants.

- Reciprocal decay distance (km ’)

- Standard deviation of single point distance measurement (meters)

- Standard deviation of deflection of the vertical (arc see)

- F i l t e r  f i t  spacing (km) - must be an integral m u l t i p le (~) of
data spacing

- 
~s/~

x (integer) j

2

___________________  - ----~~~----~-~--- ..——- - --~~ 
-
~~~
-

~
-
~~ ~~~~~~~~~~~



— ~~~~~~ -~~- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~

- ~~~~~~ - - . 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2.1.1.4 Pr oc omp i i t ~t t  ions.

~ 
16-~~2

(1) R =  J ..,

(2) (1/~ /1 
- R + R2 + (K - 2 ) ] ½

(3~ ~ 
=~~ /~ [2 ~~~~~ - K + K2 - (R - 2 ) 12

(4) s j t~s

(5) r = 
~js~~ j —L ,—L-f-1 ,... ,— l ,O ,1,. . . , L — l , L

2.1.1.5 Geoid heights Computation.

Compute F i l t e r  Wei ghts ,  W N (x j )

K 
[ ~ (Sin ~ r~ + ~~ Cos ~ r ,) + ~~ (. ~~ Sin r, - Cos ~~ r 1)

(6) F(r )~~~~ 
-

L 
_ _ _

_ _ _  

-J ~~~ ç r

+ e

(7) WN (s , ) = ~ F( r~ )

Note:  The following examp le i l lu s t r a t e s  the spacing re la t ionship between
x1 and s~

X 1 _ ~ X
1 4  

X~~_ q  ~~~~~ X 1 _ 1  X~ X 1~~ 1 ~~~~~ X ,~~~~ ~~~~ ~~~~ x ,~~.

Data 
~
- 1 1- I I

~~~ X3I

(~~ 3)
s - l  s O  s 1  s=~

W( x 1 
) W(x1 ) W(x1~~ ) W(x~ ~~)

W(s3
=—l) W(s~~O) W(5q =l) W(s~~2’)

Plot: WM (s) vs x~ , -LAs ~ S ~ + LAs

3
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Title for Plot: Weighting Function for  Geoid Heigh t
Run No. ___________, Date
Data/Noise Type 

/

________

Compute Smoothed Geoid Heights, N(x1 )

For each x1 from i = -(N - 1)/2 + j~L to i = (N - 1)/2 - LL compute
the estimated geoid height , N, by:

(8) N(x
~
) = A sr W~(s3

) YEi + ik~)

2.1.1.6 Deflection of Vertical Computation.

Compute Filter Weights, WN~ 
(x 1 )

—~~ ,r r

(9) F’(r1 ) = ~ [~~
os p1 r1 

- v’TSin p1 r~) e - e ]
(10) WN

I (s
i
) = sgn(s~) ~2F

’(r)

Plot: WN
/ (s) vs x1 , —LAS � S~ ~

Title for Plots: Weighting Function for Deflection of Vertical
Run No. 

____________, Date 
_________________

Data/Noise Type /
Compute Smoothed Deflection of Vertical, N’(x1 )

For each x1 from i = -(N - 1)/2 ÷ ~L to i = (N - 1)/2 — LI.

compute the estimated deflection of the vertical, N (xi ), by:

(11) N ’(x1 ) = ~s W’(s ) YN(i + j~)
.1 = - I  .

2.1.1.7 Statistical Comparisons.

If Geoid Heights :  s~ = N(x1 )
= Y( i)

I f  Deflect ion of the Vertical:

s~ N’(x
~ 

)
S

1
’ = D( i )

4 
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Compute residuals of “Estimated” and “True” values by

(12) A51 
—

Print the Maximum Value of Residual , ~Max As1

Compute Average Value of Residuals , ~s , by

(13) ~~ = l/(N — 2;L) AS 1

Print the Average Value of Residual , ~~

Compute Standard Deviation of Residuals , ~~~ 
by

(14) 
~~ 

= (l/(N — 2~ L) 
2 - 2 P L  

(As 1 
—

Print Standard Deviation of Residuals ,
5

4

~1

5

~

-

~
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2.1.2 Program Description. Definitions and Structure

2.1.2.1 General Structure. The computer program RADAP consists of an
executive routine called RADAP and seven subroutines. These subroutines
are called ThIST, GHCMPTS, CNPSGH, STATCØM, DVCMPS, PL~T, and SCALE. A
chart showing the interrelationships between the routines is given in
FJgure 1.

L
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ iiH~~~~~~~~~~~~~

I _  
_ 

_  _  _  _

[~~~ ST GHCMPTS CMPSGH STAT~~~ 1 DVCMPS CMPSGH STATCØM

~~ (l) (2) ] (3) i4) ] (5) 

- L 
(6) (7)

/ PRINT / [RINT / [PRINT / / PRINT / / PRINT / /PRINT

/
GH .W. / LG.H.EII /c.H.S./ f v.n.w./ /v .DE . /  /V.D.S.

L PL~~ F ~ SCALE

Figure 1.

6
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De f in i t ions :

File 1 - Input f i le  to RADAP containing a header record and two data
records. The f i r s t  data  record con ta ins  the along t rack dL .-
tances and the noisy geoid he igh t s .  The second data  record

• contains the smooth geoid heights and the true vertical de-
flections.

File 2 - The output file from RADAP containing four records . The first
two are header records and the last two records are data re-
cords. Records three and four contain the geoid height and th
ver t ica l  de f lec tion residuals , respective ly.

RADAP - Executive or control routine for the program.

TLIST - Reads the da ta  records of File I into the appropriate array
locations. These data  records contain the Along Track Dis t~~~
Array , the Noisy Geoid Height  Array , the Smooth Geoid Hei gh ts
Array , and the Vertical Deflection Array.

GHCNPTS - Computes the geoid height filter weights, WN (s ), for all data
points and p lo ts these weights vs along track distance x 1 .

CMPSGH — Computes the smoothed Ceoid Heigh t , F~(x 1 ) , or the smoothed Do-
flection of the Vertical , ~

‘(x 1
) ,  arrays dependent upon whi.c~.

set of f i l t e r  wei ghts , WN (x l ) or W \~~(x 1
) , are residing in the

filter weight array (WN).

STATCOM — Residual statistics for Geoid Heigh t or Deflection of the
Ver tical are computed in terms of maximum average and standar d
deviation values.

DVCNPS - Computes the vertical deflection filter weights WN /(s ) ,  for
all data points and plots these weights vs along tract~ dis-
tances x 1 .

PLOT - A control routine for all RADAP plotting requirements. It con-
trols the titling, labeling of axes, and plo tt ing of points f~ r
each graph.

SCALE - Scales the ordinate values of each plot so that the maximum
ordinate has the value 0.5 or 1.0.

7
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According to Figure 1., the executive routine R.ADAP reads input cards ,
reads f ile 1, writes on file 2, and calls the seven subrout ines .  These
seven subroutines are called in the order as numbered in Fi gure 1.

Subroutine CMPSGH is called twice , once to compute and pr in t  the
geoid height estimates (G.H.E. )  and once to process the ver t ica l  d e f l e c t i o n
estimates (V.D.E .) .

Subroutine STATC~M is also called twice, once to process geoid heigh t
residuals and once to process vertical deflection residuals. The printout
by STATCOM consists of the residual statist ics maximum, average , and s tandard
deviation (G.H.S. and V.D.S.).

Printing is also done by subroutines GHCNPTS , DVCMPS , and STATCOM.
GHCMPTS prints the geoid height weights (G.H.W.). DVCMPS prints out the
vertical deflection weights (V.D.W.).

A plotting subroutine , PLOT, is called by subroutines GHCMPTS, STATC~M,
and DVCMPS. Subroutine SCALE is called by the PLOT subroutine in order to
establish a suitable graphical scale. Four graphical plots are produced
by the program.

2.2 Detailed Description. Program RADAP will now be described in detail.
To do this , a narrative description will be given for the program rout ines
RADAP , TLIST, CRCMPTS , CMPSGH , STATCOM, DVCMP S, PLOT, and SCALE.

Within the narrative description , use is made of the routine variables
as given in Appendix A. The narratives follow the macro-flowcharts for
each routine as given in Appendix B.

Further informatIon for each program routine is contained in the Ex-
tended Fortran IV program listings of Appendix C. Appendix D gives a
samp le se t of program output. The output will be discussed more fully in
Section 3.

2.2.1 RADAP Narrative Description.

a. This routine is the executive or control routine for the program
flow during execution.

b. The routine functions as follows: At the start , the routine prints
out three lines for progrdm identification purposes. This identification
defines the program by name , version number, and a title indicator for card
data input. Next , the routine reads and prints the contents of the two
input cards which contain radar analysis constants and controls.

Initialization of routine constants takes place and file (1) is re-
wound and read for the function selector value NFS. NFS can take on the
values 1 through 5 and represents a geological feature sim ulal ~(1 in t l i t  SARAS
program. The NFS values are identified as follows :

8
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NFS = 1 — symmetric ocean trough or crest
N~ S = 2 - escarpment
NFS = 3 - inclined plane
NFS = 4 - sea waves, autocorrelated - Zortdek method
NFS = 5 - sea waves, autocorrelated - Cohen method

The geological feature names require 2 or 3 words of Holleri th code
to represent these titles and the printout of these names requires dif-
ferent formats. Files (1) and (2) are rewound. A test is now performed
on the NFS value. If NFS is a 1 or 2, then IT = 3; where IT is the nutn-

-
~ ber of words describing the geological feature being processed . A test

on IT will cause the program to go to the appropriate set of I/o statements
to read and print the header record from file (1) that is associated with
the geological feature defined by the value of NFS.

A test of the index IC, the option control for producing an output
f i le , is made after the header record of file (1) is read. If IC 0,
then no output file is produced. Otherwise, the header record of file (1)
is written on file (2) and it is also printed.

II , the total number of data points minus the number of filter f it
points, is computed and is written on file (2) along with other values ob-
tained from input card data. This written record on file (2) is the
second header record and this information is also printed.

At statement 250 , the RADAP routine calls the program subroutines in
the order which follows:

TLIST ,CHCMFTS ,CMPSGH ,
STATCOM,DVCMP S ,CMPSGH,
STATCOM.

After all appropriate subroutines have been called and file (2) has
been rewound , the library subroutines CRTID and EXITG are called to
identify the graphical output and close out the plotting procedures. The
program is then terminated.

c. The storage required by this routine is distributed as follows:

Program length 742~ (482 ~
)

Buffer length ‘2132 e (52l~ ~~
Common length ll2202~ (38O1

~~~
)

2.2.2 TLIST Narrative Description.

a. TLIST reads the input data records 2 and 3 from file (1) into
appropriate arrays for further program processing.

1. Record 2 consists of the x and YN arrays , where x Da ta
Point Positions (km) and YN ~ Nosiy Ceoid Heights (m)

.9
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2. Record 3 consists of the Y and D arrays where Y a True Geoid
Heights (m) and P True Deflections of Vertical (arc sec).

b. After records 2 and 3 are read into the appropriate arrays, file
(1) is rewound and control returns to the executive routine.

c. This subroutine has a storage length of 51 or 41
~~ 

words.

2.2.3 GHCMPTS Narrative Description.

a. The purpose of this subroutine is to compute and control the
plotting of the geoid height filter weights.

b. Initially,  the subroutine calculates and sets local program con-
stants. The standard deviation of deflection (° N’) is converted from arc
sec to radian measure. Standard deviation (~7 ,)  for a single point distance
in meters is converted to kilometers. Next, the geoid heigh t f i l ter
weights are computed and stored in array WN by a loop from 1 to LL. LL
is equal to the number of filter fit points plus one.

These filter weight values are printed as part of the hardcopy
output. Next , a call is made to the PL~T subroutine for plotting of the
geoid height filter weights versus the along track distance. The program
processing then returns to RADAP.

e, The program length is 244~ (l64~~) and common storage is llL67O~
(378 16~~ ) .

2.2.4 CNPSGH Narrative Description.

a. This subroutine computes the geoid hei ght or vertical  def lec t ion
estimates N(X1) or N(X1 ) depending on which one of the weights are in the
WN array . -

b. The argumen t list to this subroutine are defined as follows:

WN = array storage for filter weights
YNT = array storage for calculated geoid heights or vertical

deflections
NP = two times number of filter fit points plus one
YN array storage for noisy geoid heights
IC = 1, CMPSGH prin ts geold height estimates;

= 2, CMPSGH prints vertical deflection estimates.

The first part of this subroutine initializes and computes local
and global program constants.

Nex t, the counter J and the summation variable YNN are set. Corn-
putation is accomp lished by a nested loop procedure. The inner loop

10
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evaluates the appropriate sum for YNN. A continuation in the outer loop
computes the geoid height or vertical deflection estimates and stores them
in array YNT.

A test on the index IC is made and the appropriate estimates
N(x ) or N(x1) are printed and the subroutine ends. The printout is done
wit~i the CDC computer system library routine PDIJMP. Each estimated value
has an associated storage location value printed also.

c. Subroutine storage is l42~,(98~~ ) and common length is 2O~
(l6

~~
).

2.2.5 STATCOM Narrative Description.

a. This subroutine computes the residual statistics for geoid heights
or vertical deflections. The statistics computed for a set are the
residual maximum, average , and standard deviation ; designated respectivel y
by 1 MAX A81 ~I, and r.

b. First , a test is made on the index IC. If IC = 1, the geoid
height residuals are computed. IC = 2 means that the vertical deflection
residuals are computed. A test of index IIC is made if the residuals are
to be written on the output file (2). tIC ~ 0 implies that the outpu t
file is written. This test is made for both types of residuals.

The next operation involves finding the maximum absolute value of
the residuals. A calculation for the average value of the  residuals is
then performed followed by a calculation of the residual standard deviation.

Another test of index IC is made for printing and plotting the
appropriate residuals and residual statistics. STATCOM processes only one
type of residuals each time it is called from RADAP.

c. Subroutine length is 301 (l93~~) and common length is 11l670
(378l6~~). 

-

2.2.6 DVCMPS Narrative Description.

a. The purpose of this subroutine is to compute and control the
plotting of the vertical deflection filter weights.

b. DVCMPS has the same sequence of events as subroutine C1-ICMPTS. 
- 

-

See the narrative description of GHCMPTS.

c. Subroutine storage required is 301 (l93
~~
) for program length

and lll67O
~
(378l6

~~
) for common length.

_
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2.2.7 PLOT Narrative Description.

a. This subroutine acts as the control for writing the title ,
labeling the axes, and plotting the points for each graph. Details of
the graphical subroutines used by PLOT are contained in Reference 4. The
subrou t ine argumen t l ist is defined as follows:

ZN = ordinate array for storage of true geoid heights , true
ver t ica l  deflect ions , weighted geoid he ights , or weighted
vertical deflections

X = data paint position abscissa array
NL number of data points to be plotted
LT = graph number
LT1 = number of plots per graph (1 or 2).
NFS = selector for geological feature
LK = location for CRF argument M.

The PLOT subroutine has the capability of plotting any of the
following ordinate value arrays versus along track distance (x1 ):

(a) weighted geoid height
(b) weighted vertical deflection
(c) true geoid height and geoid height residuals (on the same

- graph)
(d) true vertical deflection and vertical deflection residuals

(on the same graph)

However, only one of the above are processed at each call to
PLOT. Titling of plots is dependent upon the following values of plot
number LT: I 

-

• 1 - weighting function for geoid height
2 - weighting function for vertical deflection
3 - true geoid height and geoid height residuals
4 - true vertical deflection and vertical deflection residuals

b. The first executed statement in the subroutine is a call to
the library subroutine MODESG. This initial call to MODESC sets the Z
array to the default values as used by the plotting subroutines.

A test is performed on the value of LT. Li’ > I implies that this
is the second pass through the subroutine PLOT and the p lot identification
procedures are by-passed. If LT = 0 or I, then it is the first pass through
PLOT and the film identification is read from an input card. A call is
now made to the film identification subroutine CRTID. Another input card
is read which contains thirty alphanumeric characters which define the
graph title , noise type and standard deviation, and the plot interval.

Next, the maximum absolute ordinate value is determined from
ordinate array ZN. Index LTI is now tested. When LTI 1, then there is
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only one plot per graph. If LT1 = 2 , then there are two plots per graph
and the maximum absolute ordinate value must be determined from both sets
of data; the true values and their residuals (ZN and WN arrays).

The maximum and minimum abscissa values are now found. And next ,
the SCALE subroutine is called so that the scale factor KE can be determined
so that a new convenient maximum ordinate of 0.5 x lox or 0.1 x lOx , where
x is the appropriate exponential power, is defined.

The graphical axis origin is now set in locations XOR and YOR.
DX and DY are set for the abscissa and ordinate tick mark spacings . Scale
factor KE is now stored in a floating point location R.

Another test is now performed on the index LT1 for scaling pur-
poses. If LT1 — 2, then there are 2 plots/graph. The residuals and the
ordinate values contained in the ZN array are scaled and stored in the
WN and ZW arrays, respectively. If LT1 1, only the ZN array is scaled
for plotting. Other plot contro l values are also initialized before setting
up the graphical subject and object spaces.

At statement 300, the subject space is established in raster units
and the object space is established in normalized units. For plot contro l ,
calls to SETSMG are necessary for updating the Z array before calls to the
subroutine TITLEG. Calls to NUMBRG and LEGNDG are made in order to print
the scale factor on the graph at a particular location. The contro l vari-
able LT selects the appropriate graphical plot labeling depending on the
number of the graph being plotted.

After plotting one of the graphs , the processing goes to statement
700. Here, the object space is reset and a call is made to GRF . Library
subroutine GRF puts on the axis and plots one curve on the graph.

If LT1 = 1, then the processing skips a call to GRF since no
residuals are plotted. After statement 750, a call to library subroutine
PAGEG (skips to next graphical page) is made and the subroutine PLOT returns
control to RADAP.

c. Storage needs are l6O15~ (7l8 1
~~
) words for program length and

• 
ll2200~ (380l6~~) words for common length .

2.2.8 SCALE Narrative Description.

a. This subroutine is used to scale the ordinate values to be plotted
so that the maximum ordinate has the value 0.5 or 1.0 appearing on the
graph. The appropriate exponent is also determined for labeling of the
graphical ordinate scale.

13
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b. Initially the variable I, used to store the integer exponent of
the maximum ordinate YMA, is set to zero. The decimal part of YMA is set
between -1.0 and 0.0.

The exponential part of YMA is stored into location I. If the
decima l part of YMA is between -0.5 and 0.0, then the graphical ordinate
value YMI is set equal to -0.5. Otherwise, YMI = -1.0 and the program
processing returns to subroutine PLOT.

c. Storage subroutine length is 63
~

(51
~~
) words.

2.3 Processing Time.

The computer time necessary to process a total of 6251 data points
is 164 central processor seconds (CPS). This time estimate includes the
time for the generation of an output file.

Compilation time for this program is 14.0 CPS.

lit-
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SECTION 3. INPUT/OUTPUT DESCRIPTION

3.1 General Description. This program utilizes input data from a
permanent file and IBM cards. The permanent file is generated by
the SARAS program described in Reference 1. In addition , the RADAP
program can now process real satellite radar altimetry data if it is
in the appropriate input format.

Input card da ta con tains informa tion ab out simu la ted sa telli te
radar altimeter observations. Card data also contains design values
for the weiner-Kolniogoroff filter.

RADAP output consists of hard copy printout , fo ur graphs , and
an output file , on option.

3.2 Characteristics, Organization, and Detailed Description of
System Data.

3.2.1 General Characteristics. During program execution , the input
to the program consists of 80 column IBM cards and a permanent file.
Outpu t of the program includes hard copy printou t, a permanent file
(on option), and four separate sheets of graphical output.

a. Routine RADAP first prints out the program identification.
It then reads and prints out the input card data . It also reads and
prints out the header record from the input permanent file , SARAS data.
If the output permanent file option is on, then RADAP writes and prin ts
out the first two header records.

Subroutine TLIST reads the remaining two data records from
the input data file into appropriate arrays for further processing .

Subroutine G}ICMPTS prints and sets up the call to plot the
geoid height weights.

CMPSGH pr ints the hard copy of geoid heigh t es tima tes or
vertical deflection estimates. -•

STATCOM prints out the statistics for the residuals and
initiates a call to p lo t true values and res iduals for ei ther geoid
heights or vertical deflections.

DVCMPS prints and initiates the call to p lo t ver tical
deflec tion weights.

Subroutine PLOT reads the last two input data cards and
actually calls the graphical plotting library subroutines.

15 
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b. Input data cards convey information to the program RADAP
of the following types:

1. Program constants needed to evaluate the filter.

2. Control option for writing permanent output file.

3. Film identification , data for graph title , and a p lot
interval numerical value.

The input permanent file , SARAS data, con tains simu la ted sa tell ite
altimeter observations to be processed by the program. Hard copy
prin tout and graph ical output is used for bo th moni toring and
evaluating the filter qualities.

A permanent output file which contains the geoid height and
ver t ica l  d e f l e c t i o n  residuals  is used by other comput er programs for
further analysis (e.g. harmonic analysis).

c. Input data to the program is of a fixed or static type.
The program does not al ter or modif y this data in any way.

d. Storage requirements for the input and output files are about
380008 words.

e. The input permanent f i l e  data is limited to 430008 wor ds
since the program loading and execution uses 2110008 words .

3.2.2 Organization and Detailed Description. The internal structure
for each input/output component will now be discussed. In addition , &
a set of samp le output given in Appendix D will be described .

Input data cards are described as follows:

Card 1: Program constants read by the RA DAP routine .

Column Variable Description Format

1-25 BRDC Inverse Correla tion E25.14
Distance (1/kin)

26-50 SDD Sing le Pulse Radar E2 5 .14 - 

-~

Standard Deviation (m)

51-55 NFS Function Selector 15

56-60 LSX Fil ter Fit/Data Spacing IS

61-65 IC Output File Option IS
O=no file , 1=outpu t file

16



Card 2: Program cons tants read by the RADAP routine .

Column Variable Description Format

1-25 SDV Deflec tion Standard E25.14
Deviation (arcsec)

26-50 FDS Data Spacing (kin) E25.l4

51-60 LFSP ‘
~ Number of F il ter 110
Fit Points

Card 3: Film identification read by subroutine PLOT

Column Variable Description Format

1-20 H Film Identification: 2A10
NWXY - columns 1-4
XY is programmer number
XXXX - columns 5-8
program name
XXXX - columns 9-12
office room number
XXXXXXXX - columns 13-20
calendar da te

Card 4: Graph title da ta and p lot interval as read by - 
-

subroutine PLOT .t 
-

Column Variable Description Format

1-30 DA Thirty Al phanumeric 3AlO
Characters for Graph Title

31-60 TN No ise Type and Standard 3A10
Deviation (m)

61-65 IP Plot Interval , i.e. IS 
-

•

Plots Every 1pth Point
From the Da ta Se t

11

The structure for the input permanent file, SARAS data , can be
found in Reference I, page B-8. - -

An output file, in binary form , is produced if the output control
option IC=l. The internal structure of the output file is as follows :

17
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Record 1. Header Record (1)

Word # Word Content Word Format Description

1 NFS I Function selector

2 NR I Run number

3 DATE A Calendar date

4-5 or B(I) A Geodetic feature (number of
4-6 words depends on NFS)

6 or 7 NGS I Noise type generator

7 or 8 SN F Noise standard deviation

8 or 9 N I Total number of data points

Record 2. Header Record (2)

Word # Word Content Word Format Description

1 NFS I Function selecto r

2 BRD C F Inverse correlation distance

3 SDD F Single pulse radar standard
deviation

4 LSX I Filter fit/Data spacing

5 SDV F Deflection standard deviation

6 FDS F Data spacing

7 LFS I Number of filter fit points

8 II I Total number of data points
minus to ta l  number of f i l t e r
fit points

Record 3. Data Record

Word # Word Content Word Format Description

1 NP I Number of data points

2 WN F Geoid heigh t re sidual array

3 F

Nl ’ + l  WN F

18 

- - • - - - • •~~~~~~~ •~~~~~~~~~~~~~~~~-— --~~~~~~~~~~~ —- • - - •— - 
-—.-

~~~~~~



- ______________

Record 4. Data Record

This record has the same structure as record 3 except that the array
values are vertical deflection residuals.

The hard copy print out and the graphical output of the program will
now be descr ibed . A sample of program output is contained in Appendix D.

On page 1 of Appendix D appears the program identification. This is
printed from the RADAP routine and includes the program name, version, and
date. At the top of the next page appears the title of the output data.
The next 9 lines gives the input card data as printed from the RADAP
routine.

A printout of the header record as read from the input file is con-
tained in the next two lines. Following in the next 3 lines is the header
records for the output file. Both input and output file header records
are printed from routine RADAP.

The next set of data is printed from Subroutine G}ICMPTS. This print-
out contains the values for geoid height weights and are read across the
page for each line. This is a PDUMP which begins at octal location
°61260e and ends at 063240g.

The next 2 lines of printout are input card data as printed from Sub-
routine PLOT. Each line of values are identifiable from the printout.

A PDUMP for the geoid height estimates are printed from Subroutine
CMPSGH beginning at octal location 0755141. and ending at l03000•.

Geoid height residual statistics appear on the next 3 1 ines and are
clearly identified by titles. These values are printed from Subroutine
STATCOM.

Now , the same PDIJMP printout follows for the vertical deflections as
given above for the geoid heights. Subroutine DVCMPS prints out the
vertical deflection weights. The vertical deflection estimates are printed
from Subroutine CNP SGH . STATC~ M now pr ints  out the ver t ical  deflec tion
residual statistics.

The last two lines of printout are provided by the sys tem l ibrary
graphical routines. This information informs the programmer as to the
status of the graphical  ou tpu t .  A de ta i l  exp lana t ion  of this printout
can be found Li Reference 4, pages 4-50 to 4-53.

19
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After the printout , the graphical output appears as shown in Appendix
D. Four graphical plots are produced. The first two graphs are plots of

geoid height and vertical deflection weights versus the along track distance .

Graph number three contains two separate plots. One curve is a plot
of true geoid heights versus along track distance. The other curve on
the same ordinate scale is a plot of the geoid height residuals versus
along track distance.

The fourth graph is similar to the third graph except that the ordinate
values app ly to true deflection of vertical and deflection of the vertical
residuals.

Il
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RADAP

B - An array which contains the name of the geological feature being pro-
cessed.

BRDC - Inverse correlation distance (1/km)

D - An array used to store the true vertical deflections

DATE - Calendar date of input f i le data

FDS - Data spacing (km)

I - Do loop integer variable

IC — Output file option control index

IGF - Lower do loop index variable

II - Numerical value of total number of data points minus number of filter
f i t  points

IT - Upper do loop index variable

L = LFSP - ½ nuniber of filter fit points
LFS - Number of points for filter fit plus 1

LSX - One filter fit/data spacing

N - Total number of data points

NFS - Variable which depends on the geological feature being processed
(see reference 1, page B-8)

NGS - Noise type generator (see reference 1, page B-8)

NR - Input file run number (see reference 1, page B-8)

SDD - Single pulse radar standard deviation (meters)

SDV - Deflection standard deviation (arc sec)

SN - Noise standard deviation (see reference 1, page B-8)

A-l
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TLIST

D - Array for smooth vertical deflection values

X - Array for along track distance values

Y - Array for smooth geoid heigh t values

YN - Array for noisy geoid height values

j

A-2
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GHCMPTS

AR - Temporary storage variable

BRDCQ - Cube of inverse correlation distance

BRDCS - Square of inverse correlation distance

DR - Temporary storage variable

F - Temporary storage variable used to calculate f i l t e r  weight

FDSI - Temporary storage of a count value (J) times data spacing;
-LFSP � J � LFSP.

I - Do loop variable

ID - Variable used to store the number of data points taken up by number
of filter points

IL - Total number of data points on one side of middle minus number of
points taken up by filter fit points plus 1.

J - Variable counter, -LFSP � 3 ~ LFSP.

LL - Two tfmes number of filter fit points, plus one

LM - Number of data points on either side of zero

NP - Common storage location for value of LL

R - Temporary storage used in calculations

RJ - Local variable used in calculation of filter weights

RM2 - Storage location for value of R-2

RNR - Storage location for 16 times deflec tion variance

RRR - Storage location for 2V 1 - R + R2

RS - Storage location for R2

RI - Storage location for .5[R - 2 ± 2 (1 - R +

R1A - Tlmporary storage of intermediate calculation

R1RJ - Temporary storage used in calculation of filter weights

R2 - Storage location for .5[-(R-2) + 2(l-R + R2) ½
i~

R2RJ - Temporary storage used in calculation of filter weights

R6 - Storage location for R/6

SDD - Storage location for I X lO~~ times single pulse radar standard
deviation

SDDS - Storage location for square of SDD

SDV - Storage location for 4.84136811 X 10 times standard deviation of
deflection

A-3
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SDVS - Storage location for square of SDV

SJ - Temporary storage used in calculation of filter weight

SRA - Storage location for (1.- R - R2)½

SRB - Storage location for (1. + R)½

SRB1 - Temporary storage used in calculation of filter weights

SR3 - Storage location for the constant 1.732050803

WN - Array storage for geoid height filter weights 

~~--~~~~~~~~~~~ -- .-- ~~~-
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CMPSGH

I - Do ioop variable

IA - Variable used to sequence the filter points

IL - Number of filter fit points plus one

J - Variable counter

K - Do loop variable

NPT - Variable for total number of data points minus the total number of
filter fit points

NT - Variable for total number of data points minus ½ number of filter fit
points

NZ - NPT

YNN - Summation variable for geoid height or vertical deflection calculations

YNT - Array for calculated geoid heights or vertical deflections

A-S 
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STATCØM

AVE - Local variable used for storage of average geoid height or average
vertical deflection residual.

AXDS1 - Storage location for the maximum value of geoid height or vertical
deflection residual

AXDS2 - Storage location for the minimum value of geoid height or vertical
deflection residual

AX1 - Storage location for the absolute value of AXIDS1

AX2 - Storage location for the absolute value of AXDS2

N - Storage location of 1, used in PLOT argument list

SS - Summation variable used to compute standard deviation of geoid height
or vertical deflection residual

WN - Array used to store geoid height or vertical deflection residuals

I,

DVCNPS

Definition of variables have same meaning as used in GHCMPTS except
that deflection of vertical calculations are performed.

A-6 
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DA - Storage location for geological feature being processed

DX - Storage location of the scaled minimum value for the graph abscissa

DY - Storage location of the scaled maximum value for the graph ordinate

H - Storage location of the film identification

I - Do loop variable

IP — Storage location for the plot interval

IT - Storage location of -1, used in GRF argument list

LA - Storage location of IP value, used in GRF argument list

LK - Storage location of IL value, used in GRF argument list

LQ~ - Storage location of IP value, used in GRF argument list

LTT - Local variable, storage for number of points in ZN array

N - Storage location for 0 or 1, used in GRF argument list

ML - Storage location for the value of the number of points to be plotted ,
used in GRF argument list

NP - Same use as ML above

R - Storage location for the exponent of the scale factor which appears
on graph

- TN - Storage location for Gaussian constant which appears on graph

XHI - Storage location for maximum abscissa object size

XLØ - Storage location for minimum abscissa object size

XMA - Storage location for maximum value of graph abscissa, used in call
to GRF argument list

XMIN - Minimum value of graph abscissa, used in call to GRF argument list

X$R - Same as for XMIN above

XlO - Storage location for Hollerith data which goes on graph

‘1111 - Storage location of maximum graphical object size

YLO - Storage location of minimum graphical object size

ThA - Storage location at maximum ordinate , used in GRF argument list

YNX - Storage location of maximum value of residual , used in GRF argument
list

YM1 - Storage location for the ordinate absolute minimum

A— i
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YM2 - Storage location for the ordinate absolute maximum
Y~R - Ordinate value of graphical origin (0); used in GRF argument list
ZW - Array containing the scaled residuals to be plotted

A-8 
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RADAP

PRINT PROGRAM

VERSION AND
MAIN HEA DI NG

__________________‘I____________________

READ AND PRINT
INPUT DATA CARDS

_________________ I ____________________

INITIAL IZ E
PROGRAM

VARIABL ES

~~~~~~~~~~~~~~ ~~N 
RE WIND AND

READ ( 1)  NES
_ _  _ _

RE WIN D I
REWIND 2
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RA D AP

A

IF YES r ;—1
NFS.EQ.1 I -

IF YES /~~ \
IT.EQ.2 200

c
~~~~~~~~~~~~~~~~~

1

~~~~~~~~

D 1 AN D PrnNT]

YES /~~\IC. EQ .O 250

~ WRITE 2 AND PRINT [ 
~~~~~~~~~~~~~~

LHEADER RECORD (Uj 
_ _ _ _

B-2
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_

P

_H = N — 2 x  LFSP

E A D 7 ) A ~~~T~~~~~~
HEADER RECORD

IF YES
IC.EQ.O 250

C-
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RADAP

[ WRITE~~~
1

N
~~~RIj J~A~ E2

II = N -2xL FSP

w~~~D~~~~
gf

~~NT 
TAPE 2

_ _ _ _ _

CALL IL 1ST
CALL GHCMPS
CALL CMPSGH
CALL STATCOM
CALL DVCMPS
CALL CMPSGH
CALL STATCOM

I REWIND 2 J

_ _ _
_ _ _ _ _  
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RADAP
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CALL CRTID

CALL EXITG

~~~ 
ENDJ
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TL 1ST

REA D (1)

DATA RECORD ONE

READ (1)
TAPEI 

- 

DATA RECORD TWO

REWIND iJ

.1

[
RETURN 

I

C ENPD

k
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GHCMPTS

PRE-CALCULAT IONS
AND

INITIAL I

ci

- COMPUTE FILTER
DO 200 I- .i,LL WEIGHTS

PRINT WEIGHT
HEADING

~CALL POUMP

ICALL PLOT

RETURN

( END)
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CMPSGH

PRE-CALCULA TIONS
AND

INITIALIZATIONS

J :J+I
00 210 I = I L , NT YNN = 0

PRE-CALCULATIONS FOR
• GEOID HEIGHT OR

00 200 K=i LL VERTICAL DEFLECTION
ESTIMATES

CALCULATE GEOID
HEIGHT OR

• VERTICAL DEFLECTION
ESTIMATES
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CMPSG H

A

IF YES
IC.EQ.2

PRINT
HEA DING

G.H. E

PRINT
~~~~~IN~~J

J
CALL PDUMP(YNT(i),YNT (NP),

RETURN

1
c END)

dl
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STATCOM

START

IF YES
150

COMPUTE GEOID
00 100 I =1 , NP HEIG H T RESIDUA LS

100

IF YES
IIC.EQ.0 300

HEIGHT RE ALS T~~~ 2

e
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STATCOM

I COMPUTE VERTICAL
DO 200 Ii ,NP 

LOEFLECTION RESIDUALS

200

IIC.EQ.0 

YES

~~~
D

I WRITE(2)  V ERTICAL

L DE FL ECTION RE SIDUALS 
~~~ J

FIND ABSOLUTE
MAXIMUM FOR
RESIDUALS

~~~~~~~~~~~ O . A i
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STATCOM

_ __ _

COMPUTE SUM
00 350 I = 1, NP 

OF RESIDUALS

COMPUTE AVERAGE
OF RESIDUALS

1

S IGMA = 0.

p

COMPUTE SUM OF SQUARE
00 400 1 1 ,NP OF RESIDUALS :

AVERAGE RESIDUA L

-_

_

COMPUTE STANDARD
DEVIATION

~ 
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STA TCOM

~~~~~;Q2
YES

~~~~~

PRINT MA X I MUM ,
AVERAGE , AND

STANDARD DE VIA TION
OF GEOIO HEIGHT

RESIDUALS

I M I

__________________ I__________________
CALL PLOT FOR GEOID

HEIGHT RES I DUALS

_________ I,
_________

RETURN
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.
~~~~~~~~~~~~~~~~~~

_-_- -

STATCOM

PRINT
MAXIMUM , AVERAGE ,

AND STANDARD DEVIATION
OF VERTICA L DEFLECTION

RESIDU ALS

II

L
M = u

l 
—

CALL PLOT FOR
VERTICAL DEFLECTION I

RESIDUALS

RETURN

C ENDD
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OVCMPS

F PRE-CALCULATIONS I

AND INITIAL IZATIONSJ

DO 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

PRINT
WEIGHT HEADING

CALL PDUMP (WN( .1), WN C L L), 1) 1
CALL PLOT ]

RETURN 
]

CEND D

g— 15

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  — - 5  —5- -- --- ~~~~~~~~~~~~~~~~~~~ -



- - 
~~~~~~~~~~~~~~~~~~ 

--5- _ _ _ _ _  
_ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
:~~~~

PLOT

CALL MODESG

~~~~~~~~~~~~~~~~~ YES 

~Q
READ FILM

IDENTIFICATION

I
PRINT

CALL CRTIDJ

READ GRAPHICAL

100

B-16
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PLOT

[COMPU TE EXT REME

I ORDINATE

COMPUTE NE W
EXTREME ORDINATE

SET EXTREME
ABSCiSSA VALUES

TI____________

CAL L SCALE

SET MAXIMUM
ORDINATE

B-U
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PLOT

SET GRAPHICAL
A X I S  ORIGIN

TSET ABSCISSA TICK MARKS
SET ORDINATE TICK MARKS

_ I__
SET SCAL E
EXPONENT

~~~~~~~Q.f~~~~~~~~~ 205

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

00 210 I=L ,NL[ SCALE NON-RESIDUAL VALUES

-5- - -~~~~~~~~~~~~~~~~~~ — _ _ _
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~ ~~~~~~~~~~~~~~~~~~~~~~~~

PLOT

P

I N I T I A L I Z E  PLOT
CONTROL VARIABLES

I
CA LL SUB JEG
CALL OBJCTG
CALL SETSMG
CALL NUMBRG
CA LL LEGNOG

-I
(~~~o TO ( 350,450 ,550, 650), L)~~~

___¶___
ADD LABELS FOR GRA PH~

WEiGHTING FUNCTION
FOR GEOID HEIGHT

B- 19 
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PLOT

ADD LABELS FOR GRAPH :
WEIGHTING FUNCTION -

FOR DEFLECTION OF
VERTICA L

ADD LABELS FOR GRAPH :
TRUE G E OID HE IGHT AND

GEOID HE IGHT RESIDUALS

ADD LABELS FOR GRAPH :

TRUE DEFLECTION OF
VERTICAL AND DEFLECTION

OF THE VERTICAL
- 
RESIDUALS

B-20 
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PLOT

CALL GETSMG
CALL OBJCTG
CALL SETSMG

ML = NL

_____________________________ H
CALL GRF
(PLOT POINTS )

~4ovs p
LK IL
CALL SETSMG

_ I_
-

~ MP NP/ IP
CALL GRF
(PLOT POINTS )

I
I

11—2 1
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PLOT

CALL PAGEG

CENDD

•1
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SCALE

START

1 = 0

IF YES
YMA.EQ I 500

I Y = Y M A  1
.100

I +i
Y Y l 10

IF YES
Y.GT.J. iOO

IF YES
Y.GT.5 i50

A

B-23  
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SCALE

_

P

_ _
YMI - I

RETU RN

I YMi = -1. I
I RETURN

500

IF YES r — i
YMA .EQ.1 RETURN

Y : Y M A

550

B-24
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SCALE

fl~~i T~~Y

IF YES
Y.LT..L 550

I I — i
Y
I — I

I RETURN I

_ _ _ _F YMI = - 1 .

(‘iETURN\~~
~.~~~END J F

B-2 5
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Appendix C

Program Extended Fortran IV Listing
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R A O ~~P P R O G R ~ H

‘0_ C~( t~A 0AP
PRCG.~Afi t~A uAF( IMP UT ,0U i PUT ,TAPE i ,T iPEt U,TA PE51 OUTPUT ,TAPE2 )
C01*1Ut-~/ARR~~Y/ X ( 6 3 0 0 ) ,Y U~3 00) ,Y N (6 3 0 D) ,D(6~~U0) , W N(6 3 00) ,

1YNT (é 3 0 0 )
C -

~~~
- CAK U INPUT ~~~~

GOm MON/ LCIN/  L3RUC, SQO , SOS, FOS,
COtIt IO N/VA R / N R ,OA T E ,  N63 , SN , N

1,
COP MON/L OC/ L  ,NF S
C0 PMCN/NA P1. /~1( 2) ,Z (200 )
uIME~ sSl0N ~(3 )
PRINT 1000
PRINT 1(110
á~RINT 1020

C ~~ iNIPUT CtIr~D L ) A T A
C ~~~~~‘ 11=2 0f~ 3 ( TYPE GEC I~ AL FEATURE )  -

~~~~~

R E A D  1030 , ~RDC ,SDO,NFS ,LSX,IC
PRIN1 1035, I~RUC ,SO0,MFS ,LSX,IC
R~ A0 1Q~-.0, SOy
PRINT 10L~~ , SOy ,FOS ,LFSP
LFS =2 ~ LF~ P • I
L LFSP
1GF =1
IT =2
*EWI ND 1
‘< AD (1) NFS k
iEWINO j  -F

REWIND 2
IF (NFS.L(t.U 1 IT =3
IF( IT . tC&~ 2 )  GO TO 200
REA D (1) NFS, NR,UA Ta, (B( I) , I= IG F, IT) ,MGS,SN, N
PRINT 10~~0 - 

-

PRINT 1 0 5 5 , N F S , t I R , C A T E, ( 8 ( I ) , I= IG F, IT ) , NGS,SN , N
IF ( IC .~~~.0 )  GO TO 250
PRINT 1070

C •~~~ 1A PE2— hA Dt R 1
PIRITc. (2) N FS , N R , O A T E , 4 d ( I ) , I = I G F , I T $ , N G S , ~ N,N
PRINT 1Us5,N FS,NK ,C A T E , (~~

(
~~h I= lG F, IT ) ,NGS,SN, N

C •‘-
~~ T A Pt2—PIE AD ER 2 • ‘

II = N — 2 • LFSP
W R ITE (2) ~FS,d RUC ,SOO, LSX ,SOV ,F0S ,LFS, II
PRINT 1015 , NFS,B~ DC,SD0, LS ~ ,S DV, FDS,LFS,I I

TO 250
200 READ (1) N F S , N R , D A T E , ( 8 ( I I , I IG F, IT ) ,N GS ,SN ,N

PRINT 1050

c—i

- 
—
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PRINT 1Oo0,NFS ,NR ,CAtE, (B (I) ,I IGF~~IT),NGS,SN ,N
IF (IG.€~~.0) GJ 10 250
PRINT 1070

C •~~ TAPE2-HE4DER I
i’ RITE (2) F,,$R,DATE, (d(I),1=IGF,IT),NGS,SN,N
PRINT lO tO ,N FS, N R,CAT E ,  (3( I) , I=IGF, IT) , NGS,SN,N

C ~~~~ IAP E2—HL A O ~ R 2
.11 = N — 2 • LFSP
WQaTE (2) NFS ,~~R0C ,SO0 ,LSX ,SDV ,FOS,LFS ,II
PRINT 1075 , NFS ,a)~DC ,SDD,L SX,SDV ,FDS,LFS,II

25 0 CALL TLI .~T (X , Y , YN , D ,N)
..ALL GhICMPIS
CALL CMP SGH (W N,Y N T,NP ,YN ,1)
CALL S 1A T C~~-1 (I, IC)
CALL D V CMP
GALL CHPSG11 (WN ,YN T ,NP ,YN ,2)
GALL SIATC U M (2, IC)

~E WINO 2
CALL Ct~TIO (Z,H)
CALL ~.XITG (Z)

1000 -ORM AT (IH ,~~RAJAR A L T I M E T E R  DATA AI .~ALYS IS PROGRA M (RADAP ) ,V€RSION
1—2 ,11 /IL ./72’ ,/)

lOU FORMA T (1H1, L+1X , RACA -~ AL r I I ~E1ER D A T A  ANALYSIS PROGRA M ,//)
1 (120 FOR M A T (1H ,‘INPUT CARO O A T A ~~,// )
1030 FORMA I (2L2 5 .14 ,3151
1Ji~ FORMAT (IH ,~~UROC = •,E25.14, ’ ( /KM) — INVERSE CORRELATION DISTANC

I SUO •,E25.IL .,~~(METER S) - SINGL E PULSE RADAR SIGIl A~~,FiH
24N FS = ‘,LS,~ FUNCTION OF V ERT ICAL 4 ,/IH ,
2 LSX = •,L~~, FILTER FIT / O A T A  SPACIiNG’-,~~1H ,
‘.• IC = ,I~~,~~( U- NC FILE , 1= OUTPUT FILE )~~,/)

I J L .J F O R M A T ( 2 t 2
1D~.~5 FORMAT (IH .. S0V = ~~~~~~~~~~~ (.ARCSEC) — SIctlA UEFLECT ION~ ,/1H

1~~FOS = ,E25.I’ , ( KMET ~ R S i  — D A TA  SPA C ING ,/1H
2 LFSP = ‘- ,IflO , 1/2 (MUM ~~ER OF FILTER FIT POINTS)’,/)

1050 P-OR P IAT (IH ,‘TAPE I I~PU T~~ / / 1
1055 F O R M A T ( U K  ,2I5, ’.A 10,I5,E~ 2.1’.,I5,// )
b o O  FOR M11 (b ~I ,2I5 ,3A10,I5,t~~2 .Ik ,15,//)
1070 F ORM AT (IH ,- IA PE 2 OUTP U T  lEAD ER REGOR (1S ,//)
1075 FORMAT (il-I ,I5,2E2C .I~~,I5 ,2E25.11.,2I5,//)

EI~lD
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OECg( ILIST
SUôROUTIN [ TLIST (X , Y , YN , 0 , N )
UIMEt~SjON X ( k ) ,Y ( N ) , y N~ N) ,o ( N)
READ (1) X , Y N
READ (1) V , 0
‘~E~sIN(1 1
.<ETURN
END

-l

C—3
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~~~~~~~~~~~

‘1
I

OECI( GIICMPTS

~U8ROU1INE (,I-4CI4PTS
GOMMON /ARRAY / X ( 6 3 0 0) , Y ( € 3 0 0 )  ,YN (6300),D (6300),WN (6300),

IYNT C € 300)
C •‘~ CARD INPUT ~~~~

GOMMCN/LOIN/ BROC , SOD, SD~~, FOS, LSX,LFSP
C ~~ T A P E  INPUT •“

COØIMON/VAR / NR,OATE , NGS , SN , N
1,IL,NP ,LL
GOMMON/LOC/L ,NFS

C CO MPUT_ FILTER WEIGHTS •~~~
iD =1. ~ u.SX
LII = iN—1 ) / 2
IL LM — ID + 1
SR i =1.132o~~o8oe

~OV 
L._ 8148136811 E—06 SQl!

SOWS = SCV • SOW
500 = 1.E—03 • SOD
5005 = ~~iU • SOli

= 3RD C~ 8R DC
dROC~ = dRUG4 dRUGS

~NR = 16. S UV S
= St)DS • FOS • 3RO CG
= RNR / OR
= Aci S CR )
= ALOG (R) / 3.
= EXP (R)
= R R

RM2 = R - 2 .

~RA = 1 - R + R S
SUR T (SRA )

RRR = 2 4 S R A
AR =I. + R
SRB = S~ RT (AR )
R I A  = Ri~R + RM2

= SORT (RIA ) • .5
R1 A = R R R  - RM2

= ~~lR 1 (R1A) • .5
‘th = R / o .
LL = 2 • LFSP $ 1
NP =LL
J — 

~ FSP — 1
00 200 i = 1, LL
J = J + 1
rJSI J rU~

= AuS ( FOSI)
.3&IJ C • SJ

R I R J  = Ri •

-~2 R J  ( - - ~~~) RJ

~R d1 = - S R B RJ

C—’.
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F = Rb •i (R1 (SIN (R1RJ ) • SR3 • (COS (R1RJ))) -I-

1 R2~~
( SR3 SIt~(R1RJ) (COS (R1RJ)) ) )  EXP(R2RJ) /

2 SRA + EXP (SRB1) / SRB)

~!(N (I) = ~~ 3C • F

203 CON T INU€~
PRINT ‘.00
CAtL PULIM P IW N( 1) ,W N( LL) , i )
C A LL PLO ! C W N , X ,LL, 1, 1 , NFS,IL.)

~.O3 FORMA T (ill ,~~Gt0IC HEIGHT ~EIGHT ,/ / I

RETURN
END

1:

C-S
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•OECK CMPSGH
sueRoul INE (,flPSGH (WN,yNr ,NP,yI,IC )

C ~~ ~ AI~D Ii’IPUT ~~~
COPMO N/LC IN)/ BROC , SDD, Soy ,  FOS , LSX,LFSP
G O M O N / V A R / N R,OA T€ ,  NGS , SN , N

1, IL, NZ,LL
COPM O N/LO C# L ,NFS
DIMENSION YNIT (6300),WN (NIfl- , YN (6300)
IL = (~~P 

— 1) / 2. + 1
NPT N — 2 .  • (I L — i )
NT = IL + NPT - I

lIZ NPI
=0

00 210 I = IL ,NT
J = J +1

YNN = 0 .

00 200 K = 1,LL
IA  = J + (u( — 1) • LSX
Y N~ YNN + WN(K ) YN (IA .)

200 CONT INUE
YNT (J ) = FO~ • YNN

210 CONTINUE
IF ( IC . EQ . 2)  GO TO ‘.U0
rRINT 300

-
~ 300 fORMAT (1H ,~~GEOIO HtI~ HT EST IMA T ES~~,// )GO TO 500

~ 0U PRINT 350
350 FORMAT (IH , VE RT ICAL DEFLECTION ESTIHATES ’ ,/ / )
500 CALL PUWIP(YNT (i) , Y N T ( t - 4 P) , 1 )

RETURN
END

4

-
: C—b

I-
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I
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UECI( STATCOM
SUBROUTINE ST A TC OM (IC,IIC )
G Ot I M O N / A ~ RA Y /  X ( 6 3 0 0 ) , Y (€ 3 0 0 ) , Y N 0 6 3 0 0 ) , O ( 6 3 0 0 ) ,W N ( 6 3 0 0 ) ,

IY NT ( €300 )
GC(9(Q N/LCIN/ BROC , SOD, S OW , FOS, ILSX ,LFSP
CO I~MON/ VAR / NR,DATE , NGS , SN , N

I,IIL,NP,LL
C0I~M0N/LOC/L ,NFs

C •~~ CCMPUTL RESIDUAL S OF EST AND TRUE VALUES ~~~
IF (IC.EU.2) GO TO 150
U0 100 I

F WN (I) = flU (I) — Y (I • IL)
100 CONTINUE

IF (IIC.E Q.U) GO TC 300
P~RITE (2) NP ,(14N(I),I = 1,NP
GO TO 30(1

150 00 20 0 I = I, NP
WN (I) = Y NT (I) — 0 (I + IL)

200 CONTINUE
IF (~~1C.t.Q.U) GO TO .300

~RITt (2) NP ,(WN(I),I = i,NP)
300 AX DS1 = A rA ~ E (WN , NP)

AXOS2 = M ’It~E £W N , NP)
AX is = AoS ( AXOE1)
AX 2 = A~~S ( 4X 05 2 )
AXU S I  = AI-~AX 1 C A X I  , 1X2 )

C “ COMPUTE ~VE VALUZ. OF RESIDUALS ~~
AV E = 0.
00 iSO I = 1, NP
AVE = Al!t ~ WN (I)

450 CON1 INUE.
AV E = A~~. / NP

C ~~ COIIFUTE STANOA ~ O DEV IATIO N OF RESIDUAL
SIGMA = 0.
DO ‘.0(1 I = I, NP
SS = WN (I) — AV :
55 = S ~~~~~SS
SIGMA = SiGMA + SS

~00 CONTINUL
SIGMA = SIGMA / NF
. I G~1A ~ t~RT (SIGMA)
IF (IC.~~~.2 )  GO TO ‘+~~0
PRIN~ 1000, AX DS I
PRINT i0O5~ A V ~PRINT 1010, S IGMA
(1 = 1
CALL PLOT I Y , X , N, 3, 2 , NFS,M)
r < t T U R M

‘.5(1 PRINT 1015 , AXU SI
PRINT 1020 ,A V E

C-?
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.-~RiN1 b0~~5 ,~~IGMA
M
GALL PLOT 1 0 , X , N, ‘., 2 , NFS,M)

1000 FORMAT (1H ,4MAX IM UM GEOIC MEIGHT RESIDUAL = , F€ .2,’ METER S4 ,/)
100~ FORMAT (i.H ,‘AV tRA GE GEOIO I-~EBGHT RESIDUAL = , Fth .2,~ METERS4,/)
1010 FOR MA T ( 1H ,4SIGIIA CF GEOlO HEIGHT ESTIMATE = ,F6.2,4 METERS4 ,/)
1015 FURMAT (1H ,4MAX IHUM VERTICAL DEFLECTION RESIDUAL = ,F6.2,~~ ARCSEC

I.,,)
1020 FORMAT (1Ii ,‘AVERAGE VERTIC A L DEFLECTION RESIDUAL =
1u2d i,F~~.2,

4 AR~~ EG ,/ )
1O2~ FORMAT (1H ,4SIGMA OF VERTICAL DEFLECTICN ESTIMATE =
10251,F6.2, 4 ARC S EC4 ,/ )

RETURN
cMO

C-8
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Dc~CK JVCMPS
SUdROUTINE DVCMPS
C0MMON/4~RRAY/ X(6300),Y (b3 00),YN (6300),O (6300),WN (6300),

lYNT I €3 00)
C CA I U  IMPLIT

CO~ MON/ LCI~~/ bROC , SO D, S OW ,  FOS, LSX,LFSP
C • TAPE It’~PUT ~~~~

COMMON/VAR / NR,UATE , N~~ p SN , N
1, IL,NP ,LL
GOPNON/LOC/L ,NFS

C •~ CGMFU1~ FILTER W~~IGHTS •~~
A.O L LL SX
LM = (J~ 

— 1) / 2
IL LM — ID + I
SR3 =1.73205080€
sovs = S IJV • Soy
SODS = 500 • SOD
dROCS = BRUC I3RDC
3RDC~ = b~~UC~ BROCS
RNR = 16. SUVS
uR = SUDS • FDS • BR~JCO

= R NR / OR
R = A 2~ (1-U
R = (A LO.~( R ) ) / 3.
R = EXP CR)
kS R R

SRA = 1 — R + R S

~ RR = 2 • S~ RT (SRA)
AR
SR d = StART (AR )

~<1A = R 4~R + R M 2
RI = ~&1RT (R1A) • .5
i(IA = RRR - R(12

= s QRT ( RIA )  • .5
Rb =

LL = 2 ’ L F S P $ l
NP LL
J ~~~L F S P - 1C CALL PUU~ P( R~ R ,R N R ,1 , R , R, 1  ,R1,Ri ,1,R2 ,R2, i f l
uO 200 1 = 1, LL
J = J • Is
FOS 1 = 1 • FDS
SJ A.~S C FOSI) 9

8R0C SJ
R IR J  RI RJ
r~2RJ  ~( ‘R2 ) ’  RJ
SRBE —SRB • RJ
F = Rb • CC COS (RIRJ ) — SR3 • SI~ (RIRJ)) • EXP (R2RJ)

1 — E.XP (SR4E))

C-9
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IF (FO ~~1.Et .0 .I GO TO 190
WN (.1) = 3s<UCS • F FDSI / SJ
GO TO 200 F

19(1 WN (I) = BROCS • F
200 CONTINUE

PRINT ‘.00
9(10 FORMAT (IH ,4V ERT 1CAL tIE FLECT IUN W EIcHR S ’,//) -

CALL POUM P (WN (1 ) ,WN (NP ) ,1,IL,IL, 2)
CALL FLUT C WN ~ X ,LL, 2, 1 , NFS,IL)
00 300 I = 1,LL
NN(I) = 206.26’.8U€2 • WFUI )

30(1 CONTINUE -

RETURN 
-~~

~.ND 
1

C 1 0

L - - - - 
- ______ .~~~~~~~~~~~~~~~~~~~~~~~~~~~ . —- - . - -



— — - - ~~- ~~~~~~~~~~ 
- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~

‘h ECK PLOT
SU BR OUTINE PLOT IZN ,X ,NL , LT,LTI,NF S ,LK)
COMM ON /L O IN / BROC , 500, SOS, FOS, ILSX, LF SP
COMMON/VAR / NR,UATE, NGS , SN , N

1, IL, NP ,LL
uOMMON /NAMt / H ,Z
C OM M O N / A R R A Y ! DUM (25200) ,,WN (6300) ,DUM 1 (6300)
tJIME I~S1ON ZN (~~30U), X (NL ) ,ZW (63O 0)
D IM EN SION *-(2) ,21200)
DIMEA SION i)A(3), TN(3)
DATA XLO ,YLO,XH I,Y 1-iI /.0J,.0€ ,1.1’., •g e,
OAT A X 1O /3 1-X10/

C ‘ LT = G *APH NO.
C ~~ LII. = I OR 2 PLOTS / GRAPH

CA tL MO b c.SG (Z,0)
IF (LT.GT .fl ) GO TO 100
READ 1000 , H
PRINT 1005,H
CALL C4~TID (Z ,H)
KEAD 1(110, UA,TN,IP
PRINt 1015 ,DA,TN,IP

10(1 LTT NL
YMI = AMINE (ZN, LTT )
VMX = A M AXE (ZN, LTT
fil l = A c.S (fill)
YM 2 = A dS (YMX )
YMI = AM A X I (YM1,YPI2)
Y M A  =Yt-1I
IFILT1.E Q.1) GO TO 150
fill = AM INE (WN,NP)
YMX = AMAX E (WN ,NP)
YM 1 = ABS (VIII)
Y)12 = A t35 (YMX)
Yl-Il = AMA X 1 (V M I,YM 2 )

— 

YMA = A MAXI (YMI, YMI)
150 XMIN X (LK)

XMA = —XM IN
CALL SCALE (YMA ,KE ,YM 1 )
YMA — Y MI
XOR = X PiIN
V O W  = 0.
DX = 2 • X M A  / III .
DY =YMA /5.

=-K~
IF (LTI.~~Q.I) GO TO 205
DO 2(10 1 =1,NP
WN (I) = WN (i) ‘ 10.’. R

20(1 CONTINUE
205 00 210 I b ,NL

2 W  CI ) = IN (I) • i0. ’R

C— i l
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21(1 GO)~TINUEIT
=IP

LO =IP
M = hi

300 GALL SU BJEG (Z,U.,C.,k095.,3071.)
CALL Ob JCTG lZ,XLU , YLO, XH I, YHI
CALL ~t1SMG (2, ‘.5,.75)
CALL Sc.T S M~ IZ,113,XLO)
CALL SLTSMG ~Z,1lkpYLO )
CALL SCTSMG (Z,115,XHI)
CALL S~ T~ M~ (Z,116,Ythl)
CALL MuNBR ( (Z,02’.8.,2531.,3 ,KE)
CALL L~ GNOG (Z,018€.,2’.79.,3 ,3HX1D )
GO TO (350,’.50,550,65 0) ,L1

35(1 CALL Lt.GNDG (Z,iSbi.,273’ ., ~5,35HWEIG11TiNG FUNCTION FOR GEOIO HEl
1~~HI)

CALL LLGI~OG (Z,156l.,2€ 83., 9, 9H~ UN NO. )
CALL NUMBRG (Z,1el.0.,2b&S., 5-, NR
CALL LIGNUG (Z,2150.,2€8.3., 6, B HOA TE
CALL NUM~ RL (Z,2’.€O.,2683.,—l D, DATE )
CALL LLGI’IUG (Z,1~~bl.,2632., 15,I5HDATA !NOISE TYPE)
CALL LE&NOG (L,1933.,2€S2., 30, CA )
CALL LL (,NOG (Z,252€ .,2632., 3, 3M /
GALL LLGNDG (‘Z,1933.,2581., 30, TN)
CA LL TITLE~~(L,O ,XC,l4 ,1 411 F ILTER WEI GHTS,0 ,TC)
CALL TiTLE~~(~~,23,23HALON ~ JRA CK JISTA NCE -KM, 0,YC , 0 ,TC)
GO TO 700

+50 CALL L~~GN 0G (L,lSbl .,273’.., ‘.5, ‘.51-IWEIGHTI N G FUNCTIO N FOR CEFLECT I
ION OF VIR TICS .L )
CALL LtG IID C (Z,1561.,26 dJ ., 9, 91-RUN NO.
CALL N UM U R L  (Z,18k0.,2684., 5, NR
CALL L.GNOG (L,2l50.,26 83., 6, 61-DATE
CALL NU Md R ~ ((Z,2’.b0.,2~~83.,—I 0, DATE
CALL LLGN OG (~L,1561.,2t 32., 15 ,I5HIJATA /N OI SE TYPE )
GALL L tGN U G (Z,1933 .,2€32., 30, DA )
CALL L~ GN UG (Z,252€ .~~2€32. , 3, .311 /
CALL L~ GNOC lZ,1933 .,2S81 ., .10, TN)
CA LL hlLEg,(Z,U,XC ,I’.,1’ .)IFILTER W E I G ~$TS,O , RC)
GALL T ITLE u (Z~~2J~~23HA L 0N G TRAC K U 1 S T A N G E — K M , O ,YC,0 ,TC)
i~0 10 70(1

p 5 (1 ~,A LL L LG N U ~~(d~~1561.~~27J’..~~2I,2 1HTRUE GE O IO HEIG HT AND)
CALL L_ &N 0G (Z,1561 .,2bdi .,~~2 ,22HGLOIO HEIGHT RE SI sUALS)
CAL L L~ GhiJ~ (Z,lSbl .,2632. , 9, 91-RUN NO. )
C A L L  N U Mk3 R~ IZ , 18 ’. U . , 2 € . 32 . ,  5, NR
GA IL L ...GNOC lL ,2150 .,2€3~~., 6, E l-DATE )
CALL NCMtJRu (Z ,2’.€0.,2€32 .,—lO , GATE
CA~ L LLG N O C (Z,lSbl .,258fl ., 15, I5HDA TA /NO ISE TYPE )
GALL L..GI4O~ UI,i 933.,2~~81., 30, CA )
CALL L’ GN OG (L ,252€ .,2581 ., 3, .311 /

C-12
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CALL LrGNuG (Z, 1933.,253&. , 30, TN)
CALl.. T ITL EG (Z,  d,XC ,t9 ,I9IIGEOIO I-4EIGHT—METERS,L) , TC)
CALL TiTLt~~(Z,23,23 l-4ALONG tRACK DISTANCE—KP1 , 0,YC,0 ,TC)
GO TO 700

á50 CALL LcGNU G (Z,156l.,2739.,31,J1HTRUE DEFLECTION OF VERTICAL AND )
CA ).. LLGN Lh, (Z,156l.~~2~~83 .,3€,36HOEFLECTION OF THE VERTICAL RESIDU

IAL S)
CALL L~.GNOG tZ,1S61.,2~~32., 9, 91-RUN NO.
GALL NUMaR~ tZ,18k0.,2632., 5, NR )
CALL L_GNOG (~Z,215O.,2B32., 6, 61-DATE )
GALL NCMSR~ IZ,2’.b0.,2€32.,—10 , DATE
CALL LE GNOG IZ,1561.,2~~81., 15,15HOATAINOISE TYPE)
CALL LLG~(0G (Z,1933.,25 81., .30, 04)
CALL Lt&NUG (IZ,252€ .,2581., 3, 3*-I /
CALL LLGNOG (Z,1933.,254L., 30, TN)
CALL 1ITL~~G (Z,0,XC ,29,29HDEFLECTIO*-~ OF VERT ICAL—ARCSEC, 0,TC)
CALL TITLEG (Z,23,23HALONG TRACK DISTANCE— KM , O,YC, 0 ,TC)

700 CALL GETSMG (IZ ,l.0,Z40)
GALL G cTSM G LZ,41,Z’el )
GALL OoJCTG C Z ,XLO +2.’Zl,l.- 2.’Z’.0,

IYL Q+2.’Z’.I ,XHI—2 .-’Z4.0 , YHI— Ifi .Z41 )
GALL S~.1SMG(L,55,0.)

C CALL PQUtI P (XMIN , XMIN,1 ,Y-fl,YMI,I ,XPA, XM A ,1,YM A, YM A,l,XOR ,XOR, 1 ,YOR
C i ,YOR ,1 ,OX ,..X ,1,OY ,CY ,1 ,NL ,NL ,2,X (LK ) ,X (NL ),l,ZWII ) ,ZW (NL ) ,l)

ilL ~~L/1P
CALL Gr~F (lX Mih , VII I ,XMA ,Y1PA, X OR ,YOR,UX,OY ,

1U,2,0,ML, )ULK) , ZW (I), LA , LO , ill ’ ,
liT , N ,U., U , 0. ,XLI , I. , 4 , 0, 2)
IF (LTI .1D .1) GO TO 750
LK 1L

CALL S~ T~~MG(Z,55,O .)
C CALL F0UMP (IL,IL,2,Kt ,~~E ,2 ,YMA ,YMA,1 )
C CAL L P0UMP (NF ,~4P ,2,W 4 (1)~~W II(NP), 1)

M P NPi ,1P
CALL GK F (XP1N , VII I ,XM A, Y PA ,X QR ,YOR ,OX,OY ,

l0 ,2,1,hP , ~ (LK) , WN (1), LA , LO , 111+
21T , H ,~~~., U , 0. ,XL I , I. , a, 0, Z)

75 ( 1  CONTINUE
CALL PAGtG IZ,0,0,l)

100 (1 i-U- ~M A T  (lA iD)
1(105 FOi~MAT(1H , FILM ICENTIFICAT ION = ‘,2A10) I
101 (1 1-OR P IAT 1 31 .1d ,3A10 ,15) j
1(115 FORIIATCIH ,- 0A = •,3410,’TN = ‘,JAIO , ’IP = •,I5)

~~ TURN

~ND

C — l 3
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OECX SCALE
SUBROUTINE SCALE (YMA ,I ,YPI )

C IMA GT 1 ~~~~~
1 = 0
IF (Y M A . L E . i . )  GO 10 500
Y = YMA

100 1 = 1 + 1
V = Y  / 10

IF (V .61 .1.)  GO TO 100
C • •  YHA IN Ff~ACTION FORM .IMA X 10 ~‘ I)

IF (Y.GT ..5) 60 TO 150
VIII = — .5
RETURN

150 VIII =—1 .
RETURN

500 IF (YP (A .EQ.1.)RETURN

V = YM A
550 1 = I +1

IF (Y.LT . 1.) 60 TO 550

I = 1 — i
y = y  ,1a.
I
IF (Y.GT..5) GO TO 600

VIII = — .5
RETURN

600 V III —1 .
RETURN
ENO

C—I l.
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Sample of Program Print Out
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RADAR ALTIMETER DATA

ANALYSIS PROGRM4 (RADAP) 
-

VERSION-2

~

t

~ i

I

___________ 

D-l

_ _ _ _ _  

I

L - - -.— - -~~~~~~~~~~~~ _ _  - _



—
- —-5— -

-
-5— —~~~~~~~ — —I- 

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ -: ~~~~~~~~~~~~~

-l

F-
N

-l
-l
0
H

4 .-.io o o o  c - c
I I I I I I

o U )’O~~ Oo U ) C I F -  ( f lU )
0 ‘0 .—b
0 O N C f l  - . - NO
o
o O O N  00
0 ( f lU )
0 0 -d- Cfl
0 a’c f lO (-Ia’
0 ~OU ) e - 4  U)~~O0 ~( - U ) m
0 H 4 (‘I H -4
0 . . - -U)

N
0 fl+ 000 000
N I I I  I t S
0
0 H U) U) N ~0 a’ ‘0
0 ~~~~~~~ ( - I U) Cfl
0 0 O~~0 ~O~~~- 4 N

~~~~~r a ’
C a’’C’0
0 0’a ’ N
0 H U) U) U) 0 N II

-~~ 0 H ~0 0 U) U) so
_I -~~ 0 0’ r’s a’ 0 0  cfl p

~o U) U) 0 so N- 0 0’ r-~ r—0 N C- N- 0 c’I N- N a’ U) -
0 ‘—1 0 .—b -~ N — — -.
Z N
-~~ 0 0 -

U) H-4 Q
H Cf~-~~~~ + +
U) I-4~~~~ N N
H O H  0 0 0
-~ U) 0 0
4 Z 0 0
z c-~~ 0 0 —4 H 4 Z 0 0 -‘ r-’ -, -

H 0 0 0 0 0 0 0  0 0 0 0
-~ <-4 ‘-~ 0 0 s —
5—. 

~~~~~ H O  0 0 N N N  ~~~~N~~~- U)4 N 0 z 0 0 0 0 —1 (-1 —s C’
0 C~~~N N H  0 0 0 - I O U )

~ U) .-~ 0 0 0 + a’ -b a’ C’ -~ a’
0 .—1 4 0 0 N Cfl U) a’ . - 0’ U) ( (

N 0~~~~ N O I U) 0 0 0 U1 N O  O N U)  H
H 0 ~ 5-b 50 ~0 0 H ‘C’ -l - SC’ H UI
N N Z - • 0 m N- -~~ N- b—~ U)

U) N 4 <H  0 ~0 (-1 H H (fi ‘0 ~~H ~~~~~~ X 5-. 0 0 O c f l a’ a’ (-I 0 4
H N O  O P-. 0 N . N-C~ a’ N - N -  0
-~ H 0 N N 0 N ‘00 0 ‘0 N
4 Z 5-4 U) (-1 0 .-I 4 N (-4 H H

I H  0 - . . - .
I r~ 0 c-I• 4 I I  0 N-

0 - ~~s U )~~~~ 0
4 ‘ - --‘ N Q~~~~N 0Z U )  -~ N W 5- I  50 H

N~~ Q H  U) (-I .~~ • Z
‘. . W  Z U .  c . )NH 5-b H .-IH5-. H ~~Z r.. Z Z -4

‘— N  U i— <N  N N c -)  (‘1 rfl Cfl (-I (-I U)
Z 4~~ ~~~~~~~~~ Z Z 0 0 0  0 00  H4

C 0. I t t  I i i  H O
• 0 0 4 U) F -  N H  -~~~N• 0 0 ~ ) 0 0  ~ 4 4 H a’ ‘0 N U) U) H < CN -5- H 4 0  + I N 0 C) 0 c-I U) c-I U) ‘C’ U) 0 -~~U) (C’ U) I NH5 O  O a’00 0  (~ 4 II 00 N N 0 N N a’ ‘11 bc-b (-4 N- ‘0

O O N OH  00~~~ 0 H~~0 5 0  - - O 5C’- a’ U)~~~0 O~~~ O O Z  I 0 I 0 ~tNI UI N a’ a ’  U)~~~~0 0  - 0 0  ~~‘ N U N 0 N 0 U) U) U) H

4 0 0  0 0 0. N 0. 0 ‘C’ U) U) 0 ‘0 H
0 0 0 H N  0 0 e - I  H c~ H 0 c f l C O  a’N- a’ 0.0 0 H t-~I 0 0 -. P 5—’ 0 N- N- a’ 0 N- ‘0 H
00  Z U. H 0 0 0 —4 U) a’ N C- (-I
0 0 0  (U 0 0  N N N 0 5-b H H H (‘4 — H Z U
H 0 H~~~~ 0 0 .11 N- 0 N- 0 U) - - . - - c - U I( - - I O H N O  0 0 0  4 0 0 H N
‘0 0 0 HZ  00i11 ~> N ~~ —I H H4 f l 0 Z~~~ 0 0  0 N 0 N N < N

5-’ .‘-0~~~~ H P  c’I~~~ Z Z ‘0 ~ U4 . ( U~~. 0 • H c-)  H0 -~~ c-~ ~~ • H r..
-b H 4 H P. -b U) -4 00 (-4 .-b 5—b -I H

~) N ~~ N H 0’~- 0  o~~~o ~~ O
4 0. ~~ 0 U) N so so N- (-I ~~o n z N N (‘4 N - . - C-I N (-4 0 —~

H H (--1 —b H H (-1 (-1 ~—‘
H H H H I I II P. N (‘-I N 0 so so ‘.0 ‘0 so so

C) U) N N H 0 0 0  00  0 H
P. 0 O U ) > .~ O ~~~~~~ P. 0 -~Z 4 4 (4 H
H U ) U ) Z )  nr .  5-. 1-. 0 U.

D— 2

_ _ _ _ _ _ _ _ _

~

.

~

_— 



- - - “5- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~ r~- -—- Co~-:r ~~~~~~~~~~~~~~~~~ ~~~~~•—--~~ --

.-4 H H H H en en en en en H — —N N ( 4  ( 4 ( 4  ( 4 (4 ( 4  ( 4 ( 4  ( 4 ( 4 (4
-~ U) en a’ as N- en 0 en N- 4 en U)
H $ 4  50 50 U) U) 0 U) U) N- O s  N-
40’ 4 a’ — 504 N- 450  0’ U) 0
U) 0 U) - • • U) a’ — H N- • - - — H 0’ U) 0
SOU)  en U) U) en H a’ — en 4 U) Hen H ‘0 4 0  en U) so U) en 504 en
-I 0 N sO H ‘0 c-I N- N ‘0 N H In

5 H 4 N- N U) ‘0 50 U) 50 so en a’ so
en 0 C- en so U) Ca ’  0 U) a’ (‘4
N N H s o s o  U) en a’ en .11 ‘0 en
sO ~0 ‘0 5 0 5 0  N en en en N N- N- N-
4 4 4  4 4  H H -I H — — H H

I I  S I

4 H H H — en en en en en en H H H

( 4 ( 4  ( 4 ) 4 (4 ( 4 ( 4 ( 4  ( 4 ( 4 ( 4
F- -1 4 a’ a’ 4 U) U) a’ 5050
.-4 cn U) a’ U) en 0 en 00 U) U) 0 U)
50 4 N- 0 N- 4 blI U) N- a’ a’ ‘ 0 —  N- - -N ‘00  - • • N N- sO en N- N U) U) ‘00 ’  en
a’ 4 U) U) ‘0 ‘C ’U)  N • • • H Os en U) 50 ‘0 - 

-
OS N N 0’ N- 4 U) ‘0 H Na’ 0 54 5 0
0 N- OS N 0 N 50 U) N N-a’  U) 4 N
U) 0 en 4 N- en U) U) N U) N a’ en 0en H U) N U) 0 N N U) so en 4 N —
N N H 50 50 4 H U) 4 N- 0 N- $ —
50 50 50 5 0 5 0  N en en en N N N- N- N-
4 44  4 4  H H H H H H H H H

I I  I I t

H H H H en en en en en en — - 4  ‘-4

- C ) ( D

(4 (4 (4 (454 ( 4 ( 4 ( 4  (4 )4 (4 ( 4 ( 4 ( 4
4$  N bc-b H $ U) s 0  so U) 4 N en H
H 4 N- N N- 4 N a’ 0’ N 4 4 4  H$ en 4 050  H en $ 4 en H N- Cc-) N
-I ‘-I 4 • • • en so H U )’0  50 U) H en a’ 4 -
a’ N- N- 00’ U) N- 0 • - • 0 N-U) N- (‘4 Nen N N U) en sO Cfl 4 4- enso H U) N
0 5 4 5 0  a’ 0 ‘04 en en 450 en en so
4 N- 0 U) a’ U) a’ 50 ‘- 0a ’  U) U) en 4
4 , 05 H 4 H 4- U) U) ~~~ H en N a’N (~ 5 0 5 0  N a’ 50 5 0 0’  N U) U) H
50 sO ‘0 sO 50 U) U) U) N N en en N N N- N- N- 4-
4 4 4  4 4  p~ -I -4 ,-4 I H H  H H

N N N
I I  H 5-I H I I I

o 0
— 0

H .-I H H~~~~~~~~~ m e n e n  e n e n e n
II 1’i>~~N N ( 4  N N( 4  II II ( 4 ( 4 ( 4  N 5 . )($ H ( 4 ( 4 ( 4

OS OS —I 0’ N en (4 ‘0 50 0’ U) U) 4- N en a’
05 U) U) U) en U) -~ -) H U) 00 en 0 en U) N N
H50 s -I N- U) en 4 4 4 05 05 N- U) U) 4 (4 H 4-
4 111 In • • ~~50 N a’ ~ Z U) U) U) N N- en”  H N 50 N- - -o en 4- U) 0~ N- (4 (4 H H en a’ — • - • N U) 50 4 a’ U) a’

I H H 4- N ‘0 H H H U) a’ N H 50 U) 4- E N- U) U)
0 N 4- U) U) H U) U) U) 0 a’ N- N U) ~~ N H U) U) N-
N 4- N- N- 0 en N (4 (4 H N U) N ~~ 

en H U) a’ a’U) I’) (‘1 0’ 04  N- ~ N en so U) N N 0 U) .- b04(4 N (‘4 — ‘ 0 5 0 5 0  H ~ 0 N- 4- U) H 4- (4 a’ ‘0 N
H 50 50 50 ‘0 50 50 H H U) N N In en en N N- N- N-

U) U) 11 - - - N- N- 0 (4 0 4 N N N • • - N N N N- 4 U) U) U) •
U) U) U) N N en ~ 0 0 H H H en en en . 

~~ ~~ ~~0 N- N- N- 0 0 0 4 4 H so so so so so so H 5-4 N- N- N-
H 0 0 0  H — H H P~ Z (-I 000 000 H H 000
o >‘) (4 0 s~(4 4 ~~ H 5.) (4
0 4 U) ~~

D- 3

L _ _  _ _  _ __ _  —-— --~~~~~~~~--~~- -- -~~~ -- - -5- - -- - - — - -~~~-----~~~ -— --5-



-
~ _____ :::iT-~---—-~ -------- -‘--—- - 

~~~~~~~~~~~~~~~~~~~~
—---— — - -- ---- 

~~-- z--------~~~~~~~~’~~~~

( ‘ N

(4 )4 0
4-C  H
N- U)

H
0 0 0

U ) H  (4 (4 (4 Z
N N -  U) U) U) N
C’4 -  0 0 0

4 4 0
e n U )  4 4 4 0
H O  H
N - C ’4  N N en- -  N - 0 4

en I H 0

II H I—I 
4

-) -)
4 4 4 • 

- ‘
H H H  0 0 Z 0
000 0 0 H 0
4-~~~+ — H H
( 4 ( 4 ( 4  U) U) U)e n 4 U )  N r.~ (4 0

N
Z H

— 4 0 ’ U )  Z - -  0
0 4- s o  0 0 — N
< t a’ H  H 4-4 H N
“~~~U)~~~ H H 0 U)

0

4-) (4

~_~( -~ 4 -~ U)
4 4 0.
C) C) H C
H H H 4
H H ~N (4 Z (4
(4 (I) > N 

‘ 55 - t  > ~s—
— -  (U 0 0
.— - -~~~~ N £4 0
- — -5, -. 0 U)

(4 0
> H H
4 U) H 

-5- - - - - -- - -- - - - - --
~

-.-- - -- --
~~ 

-- - -5



—-5— - ;  ~~~~~~~~~~~~~~~~~~~~~~~~ 
--5-- ‘-5 ~‘-5’~-’-’-- --’~~~~~~ — - -

~
-
~
-:-
~:z- 

- 

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1i~~~ T~~’ 
----‘

~~~~~

.4-

*

l s
1 *
1 *  —

1 *
*
*

:2

*
*

*
*

*
* -

*

*
*

~ LH~~l 35 ~ W i t i l i

D—5

-- ~~~~~~~~ -- - --~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—-~~~~~~ -- - --5- - 5 - - ---~~~~~~~ 5-----— -- ~~-5-- - -~~~~~~ --~~~~~~ - -.-~~~~~~~~~~~~ -5—’-



‘4- ’ 4 - ’ ’
~~

5-
~~ “~~-~~~~~~~~-~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
~~~

:---5’ ;;--’-;•-
~~~~~~~~~~

F

c J w ~~~3~5 S~31) tj  
4

D—6 

____

______________ ——----5 —- - 5 - - -  ~~~~ •~ •~~•â~_-5--5_ 5- —----5----- —--~~~~-,



~ 

~~~~~~~~ : :‘ ~~~~
- - - • 

- -

e

F-

0 1a c  c-_ c  S )~ I —

- 
0

--1

~~3j 3 W - J w ~~13H O5O~

_ _ _ _ _ _ _ _ _



— -- —~---~~~~~~~ - --‘— -
- 

~
7=___ _ 

~~~~~T~~~~~’- ~~~~~ ~~~~~~ C~~~’’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -‘I’

1
’- ‘~ L

I ——
‘4- L.a ~Dc  (2 - ‘ I

0 q ~.I Fe

~ 

~~~~~~ ~~ 

‘5

~~~~~~~~~~~~~~~~ 4 O ’ L I ’ ’~~~~~) l 4 1 C

D—8 4

__ _  —-----— - -5- - — - -  _ _ _ _ _



- - - ~~~~~~~ ~~~~~ 
~~~~~~~ - - - -

DISTRIBUTION

Defense Documentation Center
Cameron Station
Alexandria, Virginia 22314 (12)

Director
Defense Mapping Agency
U.S. Naval Observatory
Bldg. 56
Washington, D.C. 20360

Attn: 0. W. Williams
Charles Martin
P. M. Schwimmer
D. A. Rekenthaler

Naval Oceanographic Office
Washington, D.C. 20390

Attn :  T. Davis
J. Hankins

Pentagon
OAD/SNAS
Room 3E139
Washington, D.C. 20301

Attn: Leroy Kuykendahl

Pentagon
JESCG
Room 3El39
Washington, D.C. 20301 

-

Attn: Capt. H. Bixby ‘F

Office of the Oceanographer
Ho f fman 2
200 Stoval Street
Alexandria, Virgini~i 22332

Attn: Capt. D. Brown

Direc tor
Naval Research Laboratory
Washington , D.C. 20360

Attn: B. S. Yaplee
V. E. Noble
A. Shaprio

— - -- - -_ -~~~~~~~~~



-- 
- 
- 

- - - - 5------— —--5—- - - - 
- 

~~~- — -

Oceanographer of the Navy
Ho f fman 2
200 Stovall St.
Alexandria, Virginia 22332

Strategic Systems Project Office
Dept. of Navy
Washington, D.C. 20390

Attn: SP2O
SP23
SP24

Defense Mapping Agency
Aerospace Center
St. Louis, Missiouri 63118

Attn: R. Ballew (2)
J. Finkland, Code GDG (4)

Defense Mapping Agency
Topographic Center
Washington, D.C. 20315

Attn: R. Smi th (3)

Defense Mapp ing Agency
Hydrographic Center
Washington, D.C. 20360

Attn: Maj. J. Jerome

Air Force Geophysical Research Laboratory
L. G. Hanson Field —

Bedford, Mass. 01730
Attn: George Hadgigeorge

U.S. Army Topographic Laboratory
Ft. Belvoir , Virginia 22060

Attn: Armando Mancini

~1NASA
Wallops Flight Center
Wallops Islande , Virginia 23337

Attn: J. T. Mccoogan
H. R. Stanley (4)
W. F. Townsend

-—

I.. -~~~~
-- - — ___ __________



~~T- ~~~~~ 
-- - 

~~
—‘—------ -

~~~~~~~
-

~
-
~

‘ - -

NASA
Goddard Space Flight Center
Greenbelt, Md. 20771

At tn :  J. W. Siry
F. 0. Vonbun
D. E. Smith
J. C. Marsh (2)

NASA
600 Independence Ave ., S.W.
Washington, D.C. 20546

Attn: F. Williams
S. W. McCandless

~ OAA-National Ocean Survey
6001 Executive Blvd.
Rockville , Maryland 20852

Attn: B. H. Chovitz
B. Douglas

NOAA
Pacific Marine Environmental Lab.
Seattle , Washington 98105

Attn: John R. Ape l

NOAA-AOML
15 Rickenbacker Causeway

— Miami, Florida 33149
Attn: H. Michael Byrne

NOAA
NESS/SPOC Group

• 5100 Auth Road
C amp Prings , Maryla nd 20031

Attn: John W. Sherman III

NOAA-ERL
-
~ Boulder, Colorado 80303

Attn: Leonard Fedor

Battelle Columbus Laboratories
505 King Avenue
Columbus , Ohio 43201

Atte: A. G. Mourad



-- -- 
- 

- 
~~~~~~~~~~~~

Defense Printing Service
Washington Navy Yard
Washington, DC 20374

Library of Congress
Washington, DC 20540
ATTN : Gift and Exchange Division (4)

Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, California 91103

Attn: James A. t~ nne

Weapons Research Laboratory
Box 2151 GPO Ade laide
South Australia 5001
Australia

Attn: Garth A. Morgan

Scripps Institution of Ocenaography
LaJolla, California 92093

Attn: Robert Stewart

University of New South Wales
P.O. Box #1
Kensington NSW 2033, Australia

Attn: R. S. Mather

Smithsonian Astrophysical Observatory
60 Garden Street
Cambridge, Mass. 02138

City University of New York
Institute of Marine and Atmospheric Sciences
675W. 252 Street
Bronx , N. Y. 10471

Attn: Prof. Willard J. Pierson

Local:
tic—b (15) 

*
DK-50 (10)
DK-Ol
EE-05
ti(—21 (2)
DX—222 (6)
DX-40
Ic-b
tE—73 (7)

_____


