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f SECTION 1 - OVERVIEW
|

k 1.1. INTRODUCTION

¢ In tropical latitudes where the clouds are predominantly of
convective origin, it is reasonable to expect that generally the more
intense radar echoes and thus the greater rainfall rates would be
associated with the taller, brighter (colder) clouds. Indeed, the
work of Griffith et al. (1973 and 1976) heavily supports such a con-

; tention. Moreover, the ceiling heights and surface visibilities would

* tend to be lower with the more intense convection. These generalities

strongly suggest that specific relationships can be found to permit the
identification of such meteorological parameters direct from satellite
imagery. Further, the ability to depict radar patterns and intensi-
ties from satellite data would make it possible to determine the loca-
tion of turbulence, gusty winds, hail and tornado activity, and other
parameters. This overall capability would be of obvious importance to
the U.S. Army. Accordingly, the purpose of this work was to investigate
basic relationships between satellite gray levels and the existence of
radar echoes, ceiling height, and surface visibility in South Florida
with the ultimate goal of developing identification techniques. Radar
echo/rain relationships were also examined.

A rather impressive collection of input data were used in the

analysis. SMS-1/GOES satellite visible and I.R. transparencies were

provided by the Satellite Field Services Station in Miami. Digital




WSR-57 radar data together with special rain gauge and radiosonde data
were provided by the National Hurricane and Experimental Meteorology
Laboratory. The National Climatic Center provided the surface weather
observations which contained ceiling heights and surface visibilities
tor first order stations. The analysis was performed on the highly
sophisticated Kennedy Space Center Image 100 Multispectral Image
Analyzer through an arrangement between the Atmospheric Science
Laboratory, White Sands Missile Range, the Kennedy Space Center (KSC)
Data Analysis Facility, and the University of Miami.

The analytical procedure was to contour the satellite visible,
[.R., and radar data into various gray or intensity levels (themes)
and then make comparisons of the specific values at grid points within
the special mesonetwork of rain gauges installed for the 1975 FACE
experiment in South Florida. The satellite/ceiling height and surface
visibility comparisons were made for the Fort Myers, West Palm Beach,
and Ft. Lauderdale airports. Case studies were analyzed for 13, 14,

18, and 21 August 197S.

1.2 SUMMARY OF RESULTS

This brief study has shown that specific relationships do exist
between satellite visible and [.R. gray levels, and such parameters as
the existence of radar echoes, ceiling height, and surtace visibility.
Echoes were found to occur, without exception, when thie satellite
visible and 1.R. gray levels exceeded o value of 183, based on a
scale of 0 (black) to 255 (white). Most of the echocs occurred,

however, with satellite visible gray levels of 131-216 and 1.R. levels

nalad e il




of 163-192; and visible levels of 131-147 and 1.R. levels of 193-222.
L]
A good correlation was shown between radar echo and rain
v patterns over the rain gauge mesonetwork but the linear correlation

coefficients between the intensities were surprisingly low. The
reason for that was not clear; perhaps it was related to registration
errors.

[t was interesting to note that this study revealed clear rela-

tionships between satellite gray level and ceiling height as well as

surface visibility. The lowest ceilings occurred when the visible gray
level was near 100 and the I.R. level was near 130. The lowest surface
visibilities occurred with the same visible gray levels but with the
[.R. level near 110 instead of 130. Those observations appeared to
be consistent with our understanding of tropical cumulus development.
An example was presented showing how a radar echo pattern could
be simulated from themed satellite visible data on 14 August 1975.
The reproduction was quite good and suggestive that further work should
be performed in this area.
Finally, a series of computer programs was developed to convert
the 7-track NHEML KART digital radar tapes to 9-track tapes with
suitable block size and format for input into the KSC PDP 11/35

computer system.

1.3 CONCLUSIONS AND RECOMMENDATIONS

This study has produced a series of findings that support our
initial contentions and thus the stage is set for additional work in

meteorological parameter depiction from satellite imagery. From the




operational standpoint it would be quite handy to be able to push a

button and produce a complete, simulated, radar display from satellite

) imagery. Therefore, not only should more work be performed on pattern

relationships, but the effort should be large enough to investigate
intensity relationships as well. The findings with respect to ceiling
heights and surface visibilities are suggestive that satellite imagery
potentially contains a wealth of meteorological information.

The Image 100 system is ideally suited for the sophistication
that is needed in this type of work. Of the many sources of possible
% errors, it is essential that registration errors be hel! to a minimum.

The electronic stacking capabilities of the Image 100 system provide

unparalleled accuracy in registration. Moreover, the system has a
multispectral capability that received only cursory use in this study
because of analytical time restraints. Future work should utilize
that capability.

It is recommended that film gamma be normalized in future studies
and that taped satellite products be used as available. Other proce-
dures should be standardized such as using the same aperture setting
of the lens, the same gray level range of themes, etc. For this ini-

tial study such rigor was not required.
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SECTION 2« DETALLED DESCRUPTION OF WORK

a1 INPUT DATA

SMS-1/GOES visible and 1R, transpavencies scvved as the satel
Lite input data tor this study., Operattonal products were used and
no eftort was made to normalize the densities tor dittevences in
film gamma.  The visible resolution was % wmile tov the 13 and U
August cases, 2 omiles tor the 18 August case, and L nile tor the 21
August case.  The LR, vesolution was 4 miles tor all cases, Uttovts
were made to try to use SMS-1 and SMS-2 data as steveo pates but
the attempt was abandoned as being bevond the scope ot this study
which was limited to only 4 meteorologist man wouths,

Digital WSR-57 radar data which had been rectitied tnto 1 n.
mile by I n. mile grid squares using the NHEML KART program. weve

-

provided to us on 7-track tape and in printout torm. One printout
covered the entire area shown in Figure 1. In order to analvze the
digital data at the KSC, 1t was necessary tor us to develop a servies
ot computer programs to convert the 7-track KART tapes into 9 track
tapes with suitable block size and format for input into the KSC Pop
L1735 computer system,  This turned out to be a stzable task and
thus it represented a major contribution to the rvescarch ettort
Fhose programs arve appended to this veport. The radar data on the
printouts were coded as shown in Table 1.

Fitteon-minute rvaintall data trom the 19765 FACE rain gauge

network wore used in this study,  This network was located south ot




A
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Lake Okeechobee, see Figure 1, and contained 66 tipping bucket rain
gauges, see Figure 2. The rainfall rates in inches/15 minutes were
converted to mm/hr for comparison with the radar data.

Official NWS surface weather observations served as the basis
for the ceiling height and surface visibility input data. The record
observations were taken approximately 5 minutes before the hour but

special observations were taken as necessary.

2.2 SELECTION OF CASE STUDIES

After reviewing the availability and quality of the input data,
the four cases as shown in Table 2 were selected for specific study.
It was felt that the rainfall data slightly later than the radar data
would produce more realistic correlations. Even though the time
departures of the ceiling height and surface visibility data ranged
between 5 and 25 minutes from the other data, the values were consi-
dered to be reasonably reliable in light of the earlier or later
surface observations.

The daily rainfall patterns for the case dates are shown in
Figures 3-6. The rainfall on 13 August occurred mostly near Miami
and just southwest of Lake Okeechobee. On the 14th the rainfall occurred
mostly over the center of the peninsula. The rainfall was predominately
just inland from the cast and southwest coasts on the 18th. And the
rainfall was near the west coast on the 21st. These were considered
to be representative patterns tor the South Florida area.

The 2100Z radiosonde soundings taken ut the 1975 FACE Field

Observation Site are shown in Figures 7-10. The sounding on 13 August
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21302
13 AUG 75

19302
14 AUG 75

1
18

9152
AUG 75

21102
21 _AUG 75

3.08

6,16
12.31
18.47
24,62
30.78
36.93
43,09
49,24
55.40

VOOV FLUN

6.16
2.3
18.47
21‘062
30.78
36.93
43,09
L9, 24
61.55

1.63
3.27
6.53
9.80
13.07
16,34
19,60
22.87
26,14
29.40

3.2
6.53
9.80
13.07
16. 3%
19.60
22,87
29.40
32.67

1.66
3.33
6,66
9.98
13:.31
16,64
19.97
23.°20
26.62
29.95

3433

6.66

9.98
13.31
16,64
19.97
23.30
26,62
29.95
3’3.:‘8

2437 4.7

L.,76 Q.50
9. 50

14,24

18.99

A T

28.49

33,24

37.98

)
Glel 3

TABLE 1 - Digital radar printout code.

Rainfall rates are

CASE DATES

in mn/he.

13 AUG

72

14 AUG 75

18 AUG |

21_AUG 75

Satellite Visibile
Satellite I.R.
Radar

Rainfall

Ceiling Height
Surface Visibility

2130
2130
2130
2130 -
2155
2155

2145

1930
1930
1930
1930 - 194
1955
1955

1930
1900

1016

2100
2100

2110

5 1615 - 1930 2115 - 2130

185'\
1855

2055

20465

TABL& 2 - TMmes (2) of the varlous data used in the case studies
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was relatively dry with a superadiabatic lapse rate at the surface.

The sounding was moist on the 14th with a relatively deep stable layer
at the surface. It was not as moist on the 18th and an inversion at
the surface extended to 1000 mb. The sounding on the 21st was slightly
drier than that on the 18th and contained a shallow stable layer at

the surface. The tropopause was located near 150 mb on each of the

case dates with the tropopause temperatures between -65°C and -71°C.
2.3  ANALYSIS AREA

The ''Image 100 Analysis Area' shown in the upper left corner of
Figure 1 served as the general area for registering the various forms
of data. Once registered, the satellite, radar/rain comparisons were
made at the grid points within the rain gauge mesonetwork, see Figures
1 and 2. The grid contained 180 points. The satellite, ceiling
height and surface visibility comparisons were made at Ft. Myers, West
Palm Beach and Ft. Lauderdale, near the edges of the "Image 100 Analy-

sis Area'.
2.4 THE IMAGE 100 MULTISPECTRAL IMAGE ANALYZER

The General Electric Image 100 Multispectral Image Analyzer at
the KSC was used to register the satellite data electronically and to
document gray levels at grid points. A block diagram of the Image 100
system is shown in Figure 11. The CRT display contained a 512 by 512
array of pixels with a gray level range of 0 to 255. Since the radar
data were contrast stretched to assist with registering the satellite

data, the radar comparisons at grid points were performed by hand

. P Ll e e . i i i w

s g it
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rather than electronically in order to wmake optimum use of the

system capabilities within the allotted analysis time.

2.5  DATA REGISTRATION

Perhaps the most critical phase of the overall analysis was in
registering the data. The radar/rain data were registered with respect
to each other by carefully superimposing the radar grid over a rain
gauge location map supplied by NHEML, see the final product in Figure
2. With the exception of the 18 August case, the registration appeared
to be quite good. On 18 August, the radar pattern appeared to be
shifted 3 n. miles west and 1 n. mile south of the rain pattern but
for consistency those data were not altered,

The satellite visible data were registered using geographical
features and the radar data in the "lImage 100 Analysis Area". [1.R.,
data were registered with respect to the visible as well as to the
radar and geographic data. One of the advantages of using the Image
100 system for registering the data was that the data could be stored
in separate channels and then electronically stacked and shifted as
necessary. Three observers were involved in fine tuning the registra-
tion.

Pictorial examples showing the registration of the radar and
the satellite visible data in the "lmage 100 Analysis Avea' are shown
in Figures 12-15. The rectangular electronic cursor outlines the

radar grid in the rain gauge mesonetwork.




FIG. 12 - Radar echoes superimposed over satellite visible data in
Image 100 analysis area, 13 August 1975 case. Rectangular
cursor outlines rain gauge mesonetwork.

FIG. 13 - Radar echoes superimposed over satellite visible data in
Image 100 an:lysis area, 14 August 1975 case. Rectangular
cursor outlines rain gauge mesonetwork.
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FIG. 14 - Radar echoes superimposed over satellite visible data in
Image 100 analysis area, 18 August 1975 case. Rectangular
cursor outlines rain gauge mesonetwork.

FIG. 15 - Radar echoes superimposed over satellite visible data in
Image 100 analysis area, 21 August 1975 case. Rectangular
cursor outlines rain gauge mesonetwork.
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2.6  ANALYSIS PROCEDURE

Numerical values of the satellite visible and I.R. gray level

density themes for each pixel within the mesonetwork grid, see Figure

2, were tabulated using the Image 100 Printer/Plotter. Values for the

180 grid points were then manually taken from that array. Values of
the contrast stretched radar data were also tabulated but not uscd in
the grid point analysis. Instead, the unmodified data from the digi
tal radar printouts were used (recall that those data were already
gridded into a 1 n. mile mesh).

For the radar/rain correlations, the rain data were plotted
on maps like that in Figure 2 and then the values at the grid points
were extrapolated from the isohyetal analysis.

The procedure for the satellite/ceiling height, surface visi-
bility comparisons was to tabulate the average satellite grav level
for the four pixels immediately surrounding the Ft. Myers, West Palnm
Beach, and Ft. Lauderdale airports. The average values were then com-

pared with the observed ceiling heights and surface visibilities.

-,
e

2.7  SATELLITE/RADAR ECHO RELATIONSHIPS

Figures 16-19 summarize the joint relationship between satellite
visible and I.R. gray levels, and the existence of radar echoes at the
180 grid points. Eight themes or class intervals of density ranges
were used for each case. The numerical values for each theme varied
from case to case because of differences in the dynamic range of the
observed gray levels. Unique relationships would be indicated when

the contoured echo pattern (dashed) is displaced from the no ccho
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SATELLITE VISIBILE GRAY LEVEL

Number of grid points in mesonetwork with no radar echoes
(solid) and with radar echoes (dashed) 13 August 1975,
Numbers to the right of the dots are for no echoes, those
to the left for echoes.,
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Number of grid points in mesonetwork with no radar echoes
(solid) and with radar echoes (dashed) 14 August 1975,
Numbers to the right of the dots are for no echoes, those
to the left for echoes.
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SATELLITE VISIBILE GRAY LEVEL

114-130
131-147
166-182

97-113

148-165
183-199
200-216

123-132
133-142

143-152
163-162

163-172

SATELLITE I.R. GRAY LEVEL

173-182
183-192

193-203

FIG. 18 - Number of grid points in mesonetwork with no radar echoes
(solid) and with radar echoos (dashed) 18 August 1975.
Numbers to the right of the dots are for no echoes, those
to the left for echoes.
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Number of grid points in mesonetwork with no radar echoes
(solid) and with radar echoes (dashed) 21 August 1975,
Numbers to the right of the dots are for no echoes, those
to the left for echoes.




pattern (solid) in these figures. Relationships with overlapping
patterns would be a function of the position and strength of the echo
maximum with respect to the no echo maximum.

On 13 August there was an indication that echoes tended to occur
when the I.R. gray level was 94-99 and when the visible level exceeded
157. It should be noted, however, that not many echoes were observed
in the mescnetwork on that date.

On 14 August the echoes occurred mostly with satellite visible
gray levels of 148-161 and I.R. gray levels exceeding 163. There
were a substantial number of grid points with those gray levels, though,
that did not contain echoes.

The pattern on the 18th shows unique relationships with 1.R. gray
levels exceeding 183. Actually most of the echoes were observed with
satellite visible gray levels exceeding 183 and 1.R. levels exceeding
173.

On the 21st the echoes were observed mostly with satellite visible
gray levels of 141-145 and I.R. levels of 199-225.

Even though the film gammas may have varied, a composite of the
above four figures is presented in Figure 20. This figure shows that
there is a unique relationship between satellite visible and I.R. gray
levels exceeding 183, and the existence of radar echoes. However, most
of the echoes in these cases existed with satellite visible levels of
131-216 and I.R. levels of 163-192; and visible levels of 131-147 and

I1.R. levels of 193-222.
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FIG. 20 - Composite number of grid points in mesonetwork with no radar
echoes (solid) and with radar echoes (dashed) from all 4 cases.
Numbers to the right of the dots are for no echoes, those to
the left for echoes.
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2.8 RADAR ECHO/RAIN RELATIONSHIPS

Radar echo and rain patterns within the mesonetwork are shown in
Figures 21-24. The radar echo intensities are coded as shown in Table
1. The rainfall rates have been converted to mm/hr. Aside from the
13 August case which had practically no convection in the mesonetwork
area, there was good agreement between the radar echo and the rain
patterns. As noted earlier, the echo pattern on 18 August appeared
to be displaced 1 mile south and 3 miles west of the rain pattern, but
even so, the agreement wasn't bad.

A summary of the specific data at the grid points is presented in
Table 3. Note that on 14 August, 72 per cent of the points with either
rain or radar echoes contained both rain and radar echoes. In general,
the range of the observed radar echo and rain intensities was reasonably

close but the linear correlation coefficients were surprisingly low.

2.9  SATELLITE/CEILING HEIGHT, SURFACE VISIBILITY RELATIONSHIPS

The relationship between satellite visible and I.R. gray levels,
and ceiling height data is shown in Figure 25. By eliminating one data
point, which represented a ceiling at Ft. Myers during a thundershower,
it is possible to draw a smooth, bull's eye pattern where the lowest
ceilings occurred with a visible gray level near 100 and an I.R. level
near 130.

Similarly, the lowest surface visibilities, see Figure 26, occurred
with the same visible gray level but with an I.R. level of 110 instead of
130. Again the same data point (4 mi visibility) was eliminated because

it was related to an active thundershower at Ft. Myers.
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Total Number of Grid Points

With No Railn Nor Radar
Echo

With Either Rain or
Radar Echo

With Rain
With Radar Echo
With Rain and Radar

Echo

With Rain But No Radar
Echo

With Radar Echo But No
Rain

Rain or Radar Echo That In-

Time of Raln Data (2)
Time of Radar Data ( 2)
Range of Rain Data (mm/hr)
Range of Radar Data (mm/hr)

Linear Correlation Coefficlent
Between Rain Intensity and
Radar Echo Intensity

13 AUG 75
180

-3 = O

~3

Percentage of Polnts With Elther

clude Both Rain and Radar Echo -
2130 - 2145

2130
0 -2
3.1 = 12.’}

Small Sample

3

il

14 AUG 75 18 AUG 75 <1 AUG
180 180 180
N 118 1%
8() O, " O
75 37 8
';'F\ a8
(\-’) 13
11 4 !
th 25 28
',W,;‘ A O,
1930 - 1945 1915 - 1930 2115
1930 1915 110
0 - 22 0 - 60 0
1.6 - 19,6 1.9 = 33.3 28 =
0.19 0.02 Q.01

TABLE 3 - Grid Point Comparison of Rain and Radar Echo Data in FACE Mesonetwork.
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The observation of relatively low satellite gray levels with low
ceiling heights and surface visibilities is consistent with the
tendency for such meteorological conditions to occur during the early
portion of the mature stage of tropical cumulus development, i.e., with
the onslaught of the rainfall which is prior to the maximum cloud
growth and brightness. Moreover, Griffith et al. (1976) have shown
that the maximum echo area in South Florida occurs prior to the maxi-
mum cloud area. From those observations it can also be inferred that
the maximum echo brightness and thus the lowest ceiling and surface

visibilities occur prior to the maximum cloud brightness.

2.10  EXAMPLE OF RADAR ECHO PATTERN DEPICTION FROM SATELLITE VISIBLE

DATA

One of the goals of this work was to attempt to depict radar
echo patterns from satellite data. A natural goal for further work
would be to extend that capability to intensity recognition.

Of the four cases studied in this contract, the best echo
pattern depiction occurred with the 14 August case. The actual radar
echo pattern is shown in Figure 27, and Figure 28 shows the themed
satellite visible pattern that most nearly resembled the echo pattern.
The actual satellite visible data for this case are shown in Figure
13. The rather good agreement between the patterns in Figures 27 and
28 is encouraging. The pattern in Figure 28 was produced by simply

selecting a gray level range and then pushing a button.
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FIG. 28 Simulated radar echo pattern produced from themed
visible data. 14 August 1975 case
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APPENDIX

COMPUTER PROGRAMS FOR CONVERTING 7-TRACK NHEML KART DIGITAL
TAPES TO 9-TRACK TAPES WITH SUITABLE BLOCK SIZE AND FORMAT
FOR THE KSC PDP 11/35 COMPUTER SYSTEM
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Rl FUR L DBL .
UNIVAC 1100 FORTRAN V LEVEL. 2200 0018 FS01RP = re. I U
THLIS COMPILATION WAS DOHE Oft 19 FEL 26 AT 12:26:57

MATIN PROGRAN

STORAGL USEU (BLOCKs MAREe LENMGTMO . .

ucol +CONnt. noouo7y
VIV *DATA nuyL22
uLoe *HLAYK 000000

EXTERNAL REFERENCES (2LOCK» NAME)

0u03 NTRAN
uung CXIT
0ubS _ twWoUs
OUUb NIO?S
0007 NSTOPS

. _STORAGE_ASSIGNMEMT FOR VAPIARLES (ALOCK» TYPE, KFLATIVE LOCATTON LA“E)
0001 000004 1L 0061 000042 105L 0001 000026 115G
00ul 000057 S00L 0000 1 voounty I ’ 00N0 I 000N03 IC
V00V 1 d0Nu02 LS 0000 1 N00000 L1 0000 I n00NDYL L2

10101 1+ DIMENSTION TT16388),J(514,32)
h0103 at EQUIVALENCE (1,J)
G104 KL Ll=16333
P R T S o L M R N S S )
RIVENLS) o 1 CALL KTRAN(7,2,L1,1.LS5)
0id7 os S IF(LS.FQ,=1) GO TO 5
ol 7% IF(LS.EQe=2) GO TO 500
(0113 La JC=0
ey 9% DU 11U H=1,32 1
__Coayz 10+ IC=IC+1
B 10 3 %) S % T T UCALL NTRAN(RY L2 J(1eD P IS) e r T
00121 1a* 105 TF(I5FQ.=1) 30 TO 10Y
0vi23 135% 110 CONTIWUE
0J125 14 IRITC(Ar»120) IC
VJ)130 15« 120 FORAT(LIX»'COUNT=,13)
o131 1o Gu TO 1
gUfse " w0 Suo cowrtwOof% . o - S
00133 154« CALL WTRAN(8+9,9,10)
0uL3e 15 CALL EXIT
U135 204 END
___END_OF UNIVAC 1103 FORTRAN V COMPILATIONe _ 0 _*DJAGMOSTIC+ £ SHAGEL
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!|lunll-uln----w!-ur-—-n--n--mm---n-u-u---m - : e .

Wl ORGM3E 006626+ 0KGA7Z

LRI RS Bt R IRV IR AR L JE SR VIR LRI LR TR ¢ SRV RS SR VIRV ARCI ¢ 301 IR0 AR AR IR SR S AR SR P e IV AUV AR IR SRS B SRR VAR IR S R AR SR IR AR ¢ 3R AR
SRR LG LRV UL IRV RRRCROCC IR RDINILLDD
CER R KREMINDE®R T O ALL USt xS EERR
A R R I R SRR AR IR TS S S A R IS JEP I LRV NEE 3R NS AN AR RS AR S IR SR AR VAR ARG R R AR RN Y IR T 3R A ARV N B R ViR F R 3
POA USERIND WILL HE KEQUIKED ON =ALiL=~ RUN STATEMENTS abFTtr @
B OMLY 3le 19766 STUDENT AUTHORIZATION CARDS wiILL InNCLUDE =
& THE USERID. ALL OTHERS PLEASE CONTACT COMPUTER SERVICES #
* DISPATCH OFFICE FUR FORMS AND INFUORMATTIONeecoweosescseveaes i
I R R R TR R R RS R IR U IR SRR - 2R IR TSRS S JEN LIRS 0 ST U0 S S S S0 N0 P U SN ST NS SRS UES SRR P SRC SECIR S SPCURS S

B T T O T RO (R O (o SR ROt B T S T S SR S 7 ST SR U S S0 SRCM A S S S SR S S SR SR AP TSRV SR TR TR T P Y
o ORG[S
FOR S11A=-05/12/T7T6-13:07:17

MAIN PROGRAM

STORAGE USED: CODE (1) 0000%2% DATA(O) 001017% BLANK COMMON(Z) 000000

EXTERNAL REFERENCES (HLOCKs NAME)

0003 NTRAN
0004 EXIT
1005 MINTRS
1006 NWOU b
Y007 NTOZ2%
1010 NSTOPY

STORAGE ASSTOGNMENT (BLOCKs TYPEs RELATIVE LOCATIONs NAML)

0N001 000004 1056 0000 001004 110F 0001 000041 9999L 00
0000 I 001003 L ‘

00101 T IMPLICIT INTEGER(A=2)
000~ g DIMENSTON A(S14)
00104 3 DO 3000 II=1«32
00107 4 % CAlLL NTRAN(4e2eD1b0A0l)
0011¢ He CALL NTRAN(44+22)
00111 6% [FlLetQe=¢) GO TO 9449y
00113 7= CALL HTRAN(3sle5laeAsl)
00114 Re CAaLL NTRAN(3W22)
00115 9a 2000 CONTINUE
| 00117 10%# 9999 CONTINUE
| 00120 11%» NRITE(A«T10)
I 0012722 12¢ 110 FORMAT (LA *COMPLETE YY)
| 00123 13¢ CALL EXIT
001724 14@ ENO
FND OF COMPILATION: NO  ODLAGNOSTICSe.

; WASGe T INTAPE « |6NsRNW226 |
; SUSE 4. INTARE ‘
; WASGCP HILL226 e
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0F LAZ=DWN,P1

WP T,S DWN.P2

19C

110

IMPLICIT INYCZGUR(A=Z)
DIMEKWSTION ACH14),B8(5654)
K1zl

K2=11

nC=1

CONTINUE

K=Z1 5

DO 2% [=Kl,K2

CALL NTRAN(UB,2,514,A,L)
CALL NIRAM(U,22)

DO 20 JZ 1,514
B{K)IZA(Y)

K=-n+1l

CONT INUE

CONT INUC

IF(KCsZQe3) GO YO 30
GO ¢ 35

CONWT1NUE

DO 735 K=-5141,5654
B(K)=V

CONTINUE

CALL NTRAN(Z41,4565448,L)
CALL KTRANI(Z2422)
K1zK1+11

KZ2=K2+11

IF(KZWEQe23) K2=32
KCZKC+) s
IF(KCsCQoell) GO TO 100
GO TO 10

CONLTINUE

WRITE (by11G)
FORMAT(IX,*COMPLETE® )
CALL EXIT i

END

J. ()
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ORGAZ*DWN.P2

1 IMPLICIT IHTUGLRGA=Z)

2 DIMENSION A(5654),b(5654)

3 DO 10 I=1,2

Y CALL NTRAM(4,2,5654,A,L)

5 CALL MNTRAN(Y4,22)

6 10 CONYINUE

7 K=1

8 CALL NTRAN(4,2,56544A,L)

9 CALL NTRAM(G,22)

10 00 20 IZ5654,1

11 FLOCO I8 3BUKIIZFLD(1G,18,A(1))

12 FLUCLB,1E,0(R)IZFLOCU,18,A(I1)

i3 K-Kel

14 20 CONTINUE

15 CALL NYRAN(3,1,565444,L)

16 CALL NTRAN(3,22)

17 CALL MIRAM(G,17)

i8 ; "7 CALL NTRAN(4,22)

19 CALL NTRAN(4,2,565U44 AyL)

20 CALL NYRAN(Y4,22)

< i TTR= ]

2 CALL NTRAN(4,2,505%yA,L)

23 CALL NTRAN(Y4,22) y

2u i D0 25 1565441

2% FLD(G,18,6(K))IZFLD{18,18,A(I))

2 FLOCLIL y18,6 (KYIZFLUCG,18,A(T)

27 K=K+ 1 R '

29 25 CONTINUE

2 CALL NTRAM(3,1,565U48,L)

30 ) CALL NTRAN(3422) e

31 CALL NTRAMN(4,10)

32 CALL NIRAN(4,22)
: pe e e g Gl N
1 34 CALL NTRAM(U4,2,50654,A,L)

35 CALL HTRAN(Y4422)

36 DO T I=565U441 |

37 FLUCU9184B(K)IZFLD(18,184,A(I)) ]

38 FLOCLE,18,0(K)IZFLD(0,13,AL1)) g

39 S KoK+ 1 ] ‘ I
‘ 40 X0 CONTINUS y
? £ CALL NTRAN(3,1,5654,8,L) ﬁ
g (2 IR CALL NTRAN(3,22) T
F L3 NRITE(6,110) |
f s 110 FORMATU1X,*COMPLETE") i
f L R CALL EXIT R DR 8
? 46 END E [
f WPRT,S DKN,S1 b
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24
25
26
27
28
29
30
31

33
34
35
36
37
38
39
40
41
42
43
49
45
45
47
48
49
50
51
o 'Y
53
54
55

1630

~

1C
15
2C

25
30

672

IMPLICIY INTEGERC(A=Z)

PIMENSION RO(C3LHC)

DIMENSTON DOLIOCS) 4 1223),F(S41)

DINCLSION ACSCOD) 48¢2816),C(5554)

DINFLSION X1C0249) g YLU2U) o X2(24),Y2(€24)

RIAD (2,1 X1

RCADC2,1) Y1

READ(2,1) X2

READ(2,1) Y2

FORMATI24T2)

CALL NTRAN(4,22)

Sy sy .

00 1799 1=1,8000

ACI)=0

Jb =0

DO 60 JA=582,55654

JhSdbel

A(JB)=C(JA)

JTESTZ1

CONT IwUE

ITesr=1

K=0

Jz==1

CONT INUE

DO 30 KK=1,352

=0

DI 20 Il1=1,2

KZh+ 1

00 5 [2=1,2

Iz1¢1

JzJdel

MZJ/ 3]

FLODOXTUCTI D) oYL(ID)oBUMIIZFLODIX2(I) o Y2(T ) A(K))
00 19 I3=1,3

KZKel

DO 16 T14:=1,3

I=Ie¢1

Jzy+ 1l

MZJ/ 3¢l

FLOOXTOT) o YIUT) B UMY DZFLOUX2(TI )y Y2 (I )A(K))
CONTINUE

CONTINUE

K-Kel
0C 25
1=1+1
JoJel
M_JZ3e]
FLOOXTOD) YL Oy B (M) 2SR LOCX2CT)
CONT INLE

NO £73 02=1,3%2

ROUICI)I =310

CALL NTRANC3,1,2816,48,0)

lS.I.Z

VIUTI ALK

CALL NTRAN(3,22)
ITeST=ZITLSTe}
IFCITEST GEec) K=3168




57
58
59
€)
ol
62
63
L)
€5
66
67
63
69
10
71
12
73
4
15
16
17
78
79
D]
a1
82
33
84
35S
36
87
88
89
9n
91
92
93
94
95
96
S7
98
99
100
1ul
102
103
104
10%
106
1u7
108
169
110
111
112
113

67>

700

101

11°

715

195

g1u

815

999

2000

IFATIVSTeLTeJdl) GO TO 2
IFLJTcSTECel) GO TO 695
IFLJIESTECe2) GO TO T9%
IF(UT 5T Ge3) GO TO &84S
IF(UIESTENLG) GO TO 999
J3z9

00 T7J) JAZ3159,5073
J3ZJdoel

DOUB Y ZACUA)

DO 7CIl LP=1,8000

ALLP)YZD

CALL ANTRAN(E,2,5554,C,L)
CALL NTRANI4,22)

DO 710 JAZ1,1905

ACJA) ZCUN)

JB=21%3S

DO 715 JAzZ1,5654

Jisgn el

Alun)=Clur)
JICST=ZJUTLSTe)

Ji1:3

GO YO 216

JR =

D0 ¢£30 JATH337,7559
JizJut el

ECU0)ZAUA)

D0 S31 ¢« P=1,68C00

ACLPY=Q i

CALL NTRAN(UG 4245554,C,0)
CALL NTDAN(H422)

DV R1U0 JAZ1,1223
ACUA)=C(UA)

JB=1223

DO 815 JA=1,5654

Jz el

A(Jb ) =C(UA)
JIeSTZUTEST+

JL1z3

60 TO 216

J& =0

DO 90U JAZ0G337,6877
JBZJbL L

FeJsYzaluN)

DO SC1 LP=1,8000
A(LP)Y=J

DO S8 JAZ1,541
ACUNISF(UA)

DO 915 JA=S42,400)
ALJA)ZY)

Jl:=2

JTESTZUTEST L

GO TO 216

CONTINUE

WRITE (6, 2000)
FORMATCLIX y *COMPLLETE )
CALL fXxIl

ERD

TETITTE
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59
1
|
OR AZ%DWNG §7 1
1 IMPLICLY TKTECER(2=-2) ¢
2 DIMENSION A{2816) H(2916) 3
3 GINERSION XIUP2Y Xel22),Y1022),¥2122) :
4 OINERSICH J1(220,72(22) 3
5 DIMELSICGI ZAUZ2)+ZR(22)
6 REAC(T41) X1 &
7 REAG(7,1) Y1 i
8 READ(Ts1) 21 1
Q READC7,1) X2
1N FEAC LT 1) Y2
11 READ(T41) 22 ,
12 1 FOR“ATL2212) ' &
13 D0 201 Lp=y,22 &
14 ZALFIZZLLLP) £
15 201 ZH(LFISZ20LER) &
1€ DO ECd LP=1y6 Ld
17 CVLE NIRANIG 2,286, Ayl »
16 CALL NTEAK(Y 22
19 0O SUO 11=1,704 M
20 DO 450 I:x1,22 v
] 21 MZI1(1) §
22 K=Z2(I) 1
23 FLOCXYTET ) 3 Y1 €T)gb (M) DZFLD (NI (ID),Y2(T ), a0K)) t
% 24 43¢ CONTINUE
4 25 00 618 J=)g22
- 26 J10JI=21 ) e
% 27 G755 22(JIZZTZ LUy
L 26 SCC CONTINUE
; i CALL NTRANI3,1,281648,L)
50 CALL NIRANL(3,422) o
31 po 425 LZ=14232 i
32 21(LZ)=ZAatLZ) .
37 425 22(LII=206(L2)
34 §00 COLTINUE ~
35 WRITt (o, 700 Rk
36 700 FORMAT(LX,'COMPLETL") :
37 CELL EXIT 3
1 I8 END \
WP TeS OWN.DI '
3
: i
¥
\
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RFUORLIS
FOR S11A=06/09/76-11:42:43

MAIN PROGRAM

STORAGE USED: CODE (1) 0000655 DATA(0) 00616435 BLANK COMMON(Z2) 000000

EXTERNAL REFERENCES (BLOCKs NAME}

0003 NTRAN
0004 EXIT
0005 * NMINTR$
0006 NWDUB
0007 NIO2%
0010 NSTOPS$
STORAGE ASSIGNMENT (BLOCKs TYPts RELATIVE LOCATIONs NAME)
0001 000003 1056 0000 006145 110F 0001 000020 113G
0000 I 005400 B 0000 I 006140 I 0000 I 006143 J
0000 I 006141 N
00101 e IMPLICIT INTEGER(A=2Z)
00103 2% DIMENSION A(2816)4B(352)
00104 3% DO 30 I=146 ;
00107 4% i N=0
00110 5% CALL NTRAN(492928169A9sL)
00111 6% CALL NTRAN(4422)
00112 T T DO 25 J=1+8
00115 8+ DO 20 K=1,9352
00120 9% N=N+1
00121 " 10% 20 B(K)=A(N) :
00123 1% CALL NTRAN(34919352+BsL)
00124 12% CALL NTRAN(3422)
001¢5 13 25 CONTINUE
00127 144 30 CONTINUE
00131 15% CALL NTRAN(34999410)
00132 l6% WRITE(64110)
0013« 17 110 FORMAT (1X9s *COMPLETE?")
0013% 18# CALL EXIT
00136 19 END
END OF COMPILATION: NO DIAGNOSTICS.

WASGHA Z4o

")(’SE (0.1.'4.
OUTAPE s 16NyMEDPLT
wWiSE 3.s0UTAPE,

SASG . TH

WXQT

RMAP=9=06/09~11:43

000
000
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FORTRAN Va9,00 16103114 @9eJUNeTS  PAGE {
: S |
PR01 IMPLICIT INTEGER(CA®Z) 65 |
0002 DIMENSTION V(27) 1
2003 DIMENSION A(2600),8(792),C(296) |
2004 DIMENSION D(381),E(200) " !
2008 CALL SEYFIL(6,°LP?,1ERR, | PY)
0006 CALL SETFIL(4, *NT?,JERR,*MT?,2) |
2par CALL SETFIL(3,*MT9?,1ERR,'MT*,3) \
0008 V(B1)512799 |
0009 V(A2)21259% !
2010 V(03)=12393 ,
201 V(a4)a12s9s |
2012 V(05)¢12849
2013 V(N6)=12859 ‘
P14 v(a7)312850
Q015 V(08)=15106 4
3076 V(29)#13107 o
- 0017 V(10)212595 N
2018 V(11)212336 5
2219 V(121812592 . '
0020 v(13)a12336 : t
o2y V(i4)y=4d8 $
022 V(15)°13616 .
2023 V(16) 48 3
2024 V(17)812337 M
2028 vV(18)w49 H
2026 V(19)s13616 N
neat V(20)#a8 ﬂ
0028 V(21)#12337
9029 v(22)se21711 H
2030 V(23) 0 |
2034 V(24)sn H
0032 V(25) =0 1
2033 V(26) 90 r
0034 V(27)e0 ﬁ
2035 MC®Q {
2036 1Ce9 &
2037 CALL WTRAN(3,V,27) W
2038 CALL WAIT(S) ﬁ
2039 DO 905 J1s§,38 f
2040 00 800 Jw},256
0041 800 C(J)=0 |
2042 CALL WTRAN(3,C,256) Y
2pas CALL WAIT(Y) |
2044 80S CONTINUE
0045 1009 CONTINUE
2046 1COUNT =y
2047 KTESTP23764MC
2048 JZ=MC |
2049 KKeMC S |
0250 { CONTINUE i
2051 00 10 Ief,3 "
2052 CALL RTRAN(G,B,792) , .
2053 CALL WAIT(4) , g
2054 00 S Ks§,792 i
2955 JZnJZel |
29%6 S A(IZY0B(K)
@057 10 CONTINUE
2958 JJeo

2059 D0 3§50 Itley,13
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FORTRAN V@9,00

LYY
2goy
epée
ppey
Q064
6%
debe
2067
2068
2069
FARAC]
oaTy
eare
aa7s
apTy
apTs
076
Ty
Po78
Q079
2080
2081}
anap
00383
Q084
0p8s
PA86
eear
0n8s8
cn89
an9Q
2991
2092
2093
o994
299s
2096
ea9?
2098
2299
2400
21914
102
0123
D199
0199
2106
2197
(a8
2189
CARY:
211y
2112
2113
2114
aits
aile6
3117
0118
0119

100
105

110
115

7000
150

200

240

215

e2as

628
605

640

615

650

675

999

j6103114

DO 00 J»y,184
JIsJJed

Ke{82e]
D(K)=A(JJ)

D0 105 J»i,9%9
C(J)ap

KnQ

00 110 J=4p,220
KaKe|

C(J)=0(K)

D0 115 Js22y,256
C(J)=9

ICalCey
IF(IC,EQ,182) GO YO 999
CALL WTRAN(3,C,256)
CALL WAIT(3)
WRITE(6,7020) €
FORMAT(1016)
CONTINUE

KKsKKe23

JZsKK

DO 200 Kizy,KK
KesKTESTe (KKnj)wl
E(K))BA(K2+K])
KTESTeKTESY+23

DO 210 K3ag,2600 i
A(K3)=@

DO 215 Kdsy,KK
A(K4)2E(KQ)Y
ICOUNTSICOUNT @t
IF(ICOUNT ,EQ,8) GO TO 229
G0 YO0 1@

CONTINUE

DO 600 Jmy,184
JJaJJed

Ke{82el]

D(K)nA(J))

0Q 6@8 J=3,39
C(J)eD

K2

DD 610 J=4Q,220
KsKef

C(J)=D(K) ;

DQ 615 J!EQI.ZSG
C(J)nd

ICsCet
IF(IC,EQ,182) GO TO 999
CALL WYRAN(3,C,256)
CALL WAIT(S)
E(1)=A(2558)
E(2)eA(2559)
E(3)aA(2560)

DO 650 10=1,2600
ACIQ)eQ

MCu3

00 679 10%y,3
ACIO)SE(IDQ)

GO0 YO 1000

CONTINUE

PO 815 1w1,37

29«JUNeT$

PAGE




FORTRAN V09,00 ‘16103314 P9eJUNwT6  PAGE s {
- 1

¥ii9 DO 810 Jsy,256 o

0ty 810 C(J)=@ £

TR ] CALL WTRAN(3,C,256)

01¢ 3 CALL WALIT(3)

0tca 835 COMTINUE

91¢9 CALL SPCL(3,2)

b CALL WAIT(3)

017 CALL SFCL(3,2)

w18 CALL WAIT(Y®)

01¢9 WRITE(6,2000)

i A3 200A FORMAT(1X,*COMPLEYE®)

9131 CALL EXIY

2132 END i

$EQD

ROUTINES CALLEDS T
! SETFIL, WTRAN , WAIT , RTRAN , SPCL , EXIT

| OPTIONS /0N, /0P12

B8LOCK LENGTH . .., vt s
MAIN, 5104  (023740)a

A*COMPILER woeee CORBawn

PHASE USED FREE
OECLARATYIVES 0d@62e 13934
EXECUTABLES 015n3 {3093
ASSEMBLY B1647 §7628




