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Digital Geographic Information System
for the Oruro Department, Bolivia

INTRODUCTION

As indicated in the time table of the proposed project implementation
plan illustrated in Figure 1, a number of tasks of this project have already
been completed and the results have been documented in the previous Quarterly
Progress Report corresponding to the time period August 1, 1980-October 31,
1980.

During the present reporting period, i.e., November 1 through January
31, a great deal of work, including research and development was carried out
in order to accomplish the project tasks related to a) the creation of the
Landsat digital mosaic, b) the specification of the data base elements

(coding), and c¢) the input of the data base elements.

CREATION OF THE LANDSAT DIGITAL MOSAIC

Problems Encountered

According to the time table of the original implementation plan (Figure 1
in the Quarterly Progress Report for the period August 1, 1980~October 31,
1980), the 7 Landsat scenes that cover the Oruro department and the appropriate
control points were to be delivered to the NASA Jet Propulsion Laboratory
(JPL) on October 1, 1980. However, as indicated in the previous Quarterly
Progress Report, a number of unforeseen problems were encountered, related
to the Landsat data quality and the control points provided by the Bolivian

ERTS Program.




TIME TABLE (in months)

1980 1981 1982
TASKS J J A S ONDIJFMAMUJJ A S O NUDI|JF M A
1.' Implementation Plan [
2. System Design Draft | [
3. Specification of Mosaic Y [
4, Creation of Mosaic R Ry S Sy - \
5. Specification of Data Base Elements \
6. Input of Data Base Elements wesocdocjenqe [
7. Delivery of Data Base Results |
8. Trip to Bolivia | Ly
9. Arrival of Bolivian Graduate Student \J
10. Arrival of Bolivian Analysts Y
11. Arrival of Bolivian Programmers ) Y
12, Arrival of ERTS Director Y
13. JPL Trip Y
14. GEOBOL/Purdue Contract Signed /
15. Months After Contract Signed 1 12 13 (4 (516 {7 18 {9 |10(11]12)13]14[15]|16/17]18{19(20]21

== mmeme= = Landsat MSS data evaluation and bad scan line replacement

eseeesse Development of Input Subsystem

Figure 1. Proposed Project Implementation Plan (as of January 31, 1981).




In order to solve these problems, a thorough evaluation of the Landsat
data quality had to be performed, and new control points had to be selected.
These two extra and time consuming activities were completed during thé last
week of January 1981, thus delaying the delivery of the data to JPL by

approximately four months.

Evaluation of the Landsat MSS Data Quality

The seven Landsat MSS frames provided by the Bolivian ERTS Program,
in the form of 14 800 BPI computer compatible magnetic tapes, were purchased
from the Brazilian National Institute of Space Research (INPE) since these
data were received at the Cuiaba, Brazil Landsat receiving station. As des-
cribed in the previous Quarterly Progress Report, four of the seven scenes

"read errors" in certain

could not be successfully read or copied because of
scene strips. This problem was solved by replacing the "bad data lines"

as indicated in Tables 3 and 4 of the Quarterly Progress Report corresponding
to the period August 1, 1980-October 31, 1980. When all the tapes could be
read, each Landsat scene was reformatted to both a NASA and a LARSYS format
using the INPERTS and REFERTS software programs developed at LARS.

A preliminary assessment of the quality of the Landsat imagery generated
from the INPE CCT's revealed a number of severe data quality problems. These
types of problems had never been seen in any of the approximately 3000 Landsat
scenes available at LARS and which were obtained from the EROS Data Center.

One of these Landsat data quality problems is shown in Figure 2. Note
the vertical "bars" of alternating dark and light tones, which have a height

of 6 scan lines and do not represent any real features on the ground. These

"bard' were found in all the seven frames that cover the Oruro Department.




RUN NUMBER............ 76022500 DATE DATA TAKEN... JUNE §,1977
FLIGHT LINE... 540913134 BOLI TIME DATA TAKEN..... 0813 HOURS
DATA TAPE/FILE NUMBER.. 2836/ 3 PLATFORM ALTITUDE. .3062000 FEET
REFORMATTING DATE. SEPT 17,1980 GROUND HEADING..... 189 DEGREES

CHANNEL 2 SPECTRAL BAND 0.60 TO ©.70 MICROMETERS
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Figure 2. Portion of the Oruro Landsat Frame showing data quality problems »
Note the vertical alternating light and dark '"bars' and the 6-scan
line repetition problems.



However, the major problem is not the presence of the "bars' themselves, but
the fact that every place where they occur, there is a repetition of six scan
lines across one or more of the eight strips that form a complete Landsat
scene. The 6~line data repetition problem is clearly illustrated in Figure 2.
Table 1 shows a listing of the actual digital values (digital counts) in the
four Landsat MSS bands of every pixel in a block of data which includes the
area where the "bars" shown in Figure 2 are located®. This block of data is
located between line 547 and line 552, and between column 1220 and column 1240.
Note in Table 1 that for the sequence of scan lines 547 to 552 (six contiguous
scan lines), a series of zero and larger than normal scene (> 100) digital
values are present in all the four Landsat MSS spectral bands, which produced
the dark and light '"bars" shown in Figure 2.

Close inspection of the 6~line repetition problem revealed that these
scan lines were repeated because 6 lines of actual data were missing. Therefore,
there was no way to solve this problem and both the "bars" and repeated scan
lines were left uncorrected.

Another data quality problem encountered in all the seven Landsat frames
covering the Oruro Department is shown in Figure 3. This data quality problem
referred to as "'striping effect', generally caused by malfunctions (bit drop)
of one of the six Landsat MSS detectors, was solved through the replacement
of the "bad scan lines" by the nearest (usually the previous) good quality
scan line. Figure 4 shows the same area shown in Figure 3, except that in
Figure 4 the 'bad scan lines' had been replaced. Comparison of these two

figures clearly shows the tremendous improvement in the quality of the imagery.

* Note in Table 1 that there are digital values greater than 127 in all four
Landsat MSS bands. This is due to the fact that the dynamic range of the
Brazilian INPE data has been expanded to 8 bits (0-255).
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Table 1. Digital Values for a Block of Landsat MSS Data containing
the "Bar" Quality Problem.

MSS Bands
Line _Col. 4 5 6 7
547 1220 23.0 S3.0
547 1221 27640 62.0
547 1222 32.0 670
547 1223 15640
547 1224 144,90 1640
547 1225 gzg 180,0
547 122F ! 164,0
547 1227 84 .0 0.0
547 1220 7620 0.0
547 12729 Ce 0 176,0
S47 1230 0490 8040
547 1231 €8, 0 00
547 123" €640 0D
547 1237 141.0 20
s47 1234 12,0 12.0
547 1235 0.0 141.0
547 1236 16,0 1240
547 1237 18.0 940
547 1238 18,0 18,0
547 1239 18,0 14,0
547 1240 18,0 14,0
548 1220 32,0 62.0
s48 1221 32,0 71.0
548 12727 22.0 8040
S48 1223 164,0
548 1224 15€e0 16.0
548 1225 €. 0 172.0
548 1226 0.0 16Ce 0
548 1227 7E.0 0.
548 1228 68e0 ic
548 1229 « 0 140,90
548 1230 0.0 S6.0
sa48 1231 48,0 Py |
548 1232 44,0 16, 00
S48 1233 141.0 10°,¢C €4,0 16.0
548 1234 120 8440 1640 12.0
548 1235 0 0 0.0] 14t1.0
548 1236 16,0 0e 0 0s0 12.0
548 1237 2740 1”,0 12.0 23.0
548 1238 210 70 . 10.0
548 1239 18,0 4,0 0.0 14,0
548 1240 18.0 740 00 14,0
549 1220 34.0 30.0 41,0 71.0
549 1221 2440 30.0 4g, 0 71.0
549 1222 34,0 33.0 5240 83,0
549 1223 172.0 760 28.0
549 1224 16040 64840 1€.0 160
549 1225 C. «0] 141.0 172,0
549 1226 Ce O 20 12,0 16C,0
S49 1227 60 40.C 00 00
549 1228 64,0 24,0 1€.0 00
549 1229 Ce0] 141.0 1R4.0 136,.0
549 1230 0e0 12,0 1€4,0 5640
549 123 4, 0. 0 o O
549 1232 40,0 16,0 0.0 0« O
S49 1233 141.0 124.0 €8,0 16.0
s49 123a 12.0 G20 20.0 12.0
549 1235 00 0.0 141.0
549 1236 1€, 00 00 12.0
549 1237 4640 448.0 4T, S8e0
549 1238 32.0 25.0 2040 3C.0
549 1239 160 940 .0 13.0
549 1240 17.0 €+0 0.0 9.0




Table 1. (Continued)

MSS Bands

Line Col. 4 5
550 1220 310 2660
S50 1221 31.0 28.0
550 1222 2840 280
550 1223 160.0 64,0
550 122a 14840 2«0
S50 1225 - o O
550 122% Ce0 0 e 0
550 1227 24,0 48,0
550 1228 760 36.C
550 1229 [ 141,C
550 1230 0e0 12.C
550 1231 44,0

550 1232 2240 1.0
550 17233 141.,0 9 « C
550 1234 120 76«C
550 1235 0.0 0.
550 1236 160 0«0

550 1237 40.0 38,0
560 1238 37.0 3S.¢C
550 1239 31.0 210
550 1240 23.0 14,0
551 1220 2440 14.0
551 1221 210
551 122°?
551 1223
551 122a
551 122%
551 122¢
S51 1227
551 1228
S51 1229
551 1230
551 123
551 1232
551 1233 1
551 1234
551 1235
551 1236
551 1237
551 1238
551 1239
551 1240
852 1229
552 1
552 1
552 1
562 1
1
1
1
1
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RUN NUMBER............ 76022400 DATE DATA TAKEN... JUNE §,1976
FLIGHT LINE... 540913140  BOLI TIME DATA TAKEN..... 0814 HOURS
DATA TAPE/FILE NUMBER.. 3769/ 1 PLATFORM ALTITUDE. .3062000 FEET
REFORMATTING DATE. SEPT 17,1980 GROUND HEADING..... 190 DEGREES

CHANNEL 1 SPECTRAL BAND ©.50 TO 0.60 MICROMETERS

Figure 3. A portion of the Lago Poopo Landsat frame showing the data
quality problem referred to as '"striping effect'.



RUN NUMBER............ 76022401 DATE DATA TAKEN... JUNE §,1976

FLIGHT LINE... 540913140  BOLI TIME DATA TAKEN..... 0814 HOURS

DATA TAPE/FILE NUMBER.. 3759/ 1 PLATFORM ALTITUDE..3062000 FEET

REFORMATTING DATE. FEB  9,1981 GROUND HEADING.. ... 190 DEGREES
CHANNEL 1! SPECTRAL BAND ©.50 TO @.7¢2 MICROMETERS
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Figure 4. A portion of the Lago Poopo Landsat frame (same area shown
in Figure 3) showing the tremendous improvement in the quality
of the image after a replacement of the 'bad scan lines' was
performed.
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Table 2 contains a list of ail the "bad scan lines” that had to be replaced
in order to improve the visual quality of the Oruro Department Landsat imagery.
Appendix A also includes this information in addition to the standard LARS
Data Storage Tape File information (LARS FORM 17D).

The most severe data quality problem was encountered in the Oruro Landsat
MSS frame. This problem consisted of a downward displacement of the central
portion of the image from column 790 to column 2382 (see Figure 5). The
magnitude of this displacement was determined to be of 12 lines. Therefore,
in order to solve this problem, the displaced central portion of the frame
had to be shifted upwards by 12 lines. Figure 6 clearly shows the downward
shift of the lefthand side of the data occuring at the location of column 2382.
Figure 7 shows the same area shown in Figure 6, but after the correction
(upward shift) had been performed.

The data quality evaluation and data correction process turned out to
be an extremely time consuming task, thus delaying the delivery of the data
sets to JPL by approximately four months. In order to perform a thorough
visual inspection of all the data contained in the seven Landsat MSS frames
that cover the Oruro Department, each frame had to be subdivided and reformatted
into 35 subareas no larger than 512 lines by 512 columns as illustrated in
Figures 8 through 14. These subareas were then displayed in a COMTAL Visioﬁ
One/20 image display device, which can display data blocks of a maximum size
of 512 lines by 512 columns. A description of the COMTAL Vision One/20
characteristics and configuration is included in Appendix B of this report.

Since all four spectral bands of each of the 35 subareas for each of
the seven frames covering the Oruro Department had to be carefully inspected,

the total number of subscenes that had to be evaluated was 4 x 35 x 7 = 980.
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Table 2. "Bad Scan Lines" That Had to be Replaced in All the Seven Landsat
Frames Covering the Oruro Department.

DESAGUADERO FRAME

LARS Run Number

1135

2317

Before Correction: (77010500) After Correction: (77010501)
Line Numbers
Channel 1 Channel 2 Channel 3 Channel 4
1017 329 253 1053
1474 353 1309
478 1322
545 1394
721 1641
1039 1849
SALAR DE COIPASA FRAME
LARS Run Number
Before Correction: (77010600) After Correction: (77010601)
Line Numbers
Channel 1 Channel 2 Channel 3 Channel 4
2212 798 973 1201 930
2317 1284 1009 1207 1360
1015 1509 2149
1046 2167
1105 2209
1111 2221
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Table 2.

(Continued)

LAGO POOPO FRAME

LARS Run Number

892

Before Correction: (76022400) After Correction: (76022401)
Line Numbers
Channel 1 Channel 2 Channel 3 Channel 4
54 384 24 323 1395
240 623 54 353
264 624 114 383
324 894 234 623
354 258 1163
(1293, 1473, 6) 264 1974
293
(2255, 2339, 6)
SUCRE FRAME
LARS Run Number
Before Correction: (79005800) After Correction: (79005801)
Line Numbers
Channel 1 Channel 2 Channel 3 Channel 4
100 640 345 100 904
2263 535 185 1192
1550 304 1252
323 1312
364 1313
415 1654
416 1924
523 1960
640 1981
772 2223
808 2224
868 2284

2338
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Table 2. (Continued)
SALAR DE EMPEXA FRAME

LARS Run Number

Before Correction: (77010700) After Correction: (77010701)

Line Numbers

Channel 1 Channel 2 Channel 3 Channel 4
43 1699 580
97 411 247 1868 1072
129 1368
693 1649 416 1987
1668 2185
2131 1688
2250

SALAR DE UYUNI FRAME

LARS Run Number

Before Correction: (77010300) After Correction: (77010301)

Line Numbers

Channel 1 Channel 2 Channel 3 Channel 4
1002 1534 2047 1460

1033 1565 2052 1503

1129 1573 1509

1145 1581 1629

1259 1597

1321 1633

1517




Table 2. (Continued)
ORURO FRAME

LARS Run Number

Before Correction: (76022500) After Correction: (76022501)

Line Numbers

Channel 1 Channel 2 Channel 3 Channel 4
Shift by 12 lines the entire central block of the Landsat scene from

columns: 790 to 2382
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Figure 5. Downward displacement of the central portion of the Orurc
Landsat frame.
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RUN NUMBER............ 76022500 DATE DATA TAKEN... JUNE §,1977
FLIGHT LINE... 540913134  BOLI TIME DATA TAKEN..... 0813 HOURS
DATA TAPE/FILE NUMBER.. 2836/ 3 PLATFORM ALTITUDE..3062000 FEET
REFORMATTING DATE. SEPT 17,1980 GROUND HEADING..... 189 DEGREES

CHANNEL 2 SPECTRAL BAND 0.60 TO .70 MICROMETERS
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Figure 6, A portion of the Oruro Landsat frame showing the downward
displacement of the data on the left hand side of the image.



Figure 7.
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FLIGHT LINE... 540913134
DATA TAPE/FILE NUMBER. .
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76022501

BOLI

5286/ 1

REFORMATT ING DATE. SEPT 17,1980

CHANNEL

Corrected image corresponding to the same area shown in

Figure 5.

2

SPECTRAL

DATE DATA TAKEN... JUNE §,1977

TIME DATA TAKEN.....

PLATFORM ALTITUDE. .3062000 FEET
189 DEGREES

GROUND HEADING.....

BAND 0.60 TO ©.70 MICROMETERS
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Figure 8. Lago Poopo Landsat MSS scene subdivided into 35 subareas for
visual inspection of the data in a COMTAL Vision One/20 image
display.
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Salar de Uyuni Landsat MSS subdivided into 35 subareas for
visual inspection of the data in a COMTAL Vision One/20 image
display.
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Figure 10. Salar de Empexa Landsat MSS scene subdivided into 35 subareas
for visual inspection of the data in a COMTAL Vision One/20
image display.
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Figure 11.
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Desaguadero Landsat MSS scene subdivided into 35 subareas
for visual inspection of the data in a COMTAL Vision One/20
image display.
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Salar de Coipasa Landsat MSS scene subdivided into 35 subareas
for visual inspection of the data in a COMTAL Vision One/20
image display.
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Figure 13. Oruro Landsat MSS scene subdivided into 35 subareas for
visual inspection of the data in a COMTAL Vision One/20
image display.
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Figure 14. Sucre Landsat MSS scene subdivided into 35 subareas for

visual inspection of the data in a COMTAL Vision One/20
image display.
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Each of these 980 subscenes had to be reformatted on the IBM 3031 computer,
then transferred to the PDP 11/34 minicomputer using a 9600 baud IBM 2780
protocal link, and finally transferred to the COMTAL Vision One/20. 1In
addition to the time taken by this transferring process, during the visual
inspection of the imagery the analyst had to locate the exact address of the

bad scan lines and problem pixels and record them for subsequent correction.

Control Point Selection on the Landsat Data

As stated in the section entitled SPECIFICATIONS FOR A LANDSAT DIGITAL
MOSAIC of the previous Quarterly Progress Report (for the period August 1, 1980~
October 31, 1980), in order to create the digital Landsat mosaic of the Oruro
Department, Purdue University/LARS had agreed to provide JPL:

1. The seven Landsat MSS frames covering the Oruro Department (see Figure

15) after the corresponding CCT's had been reformatted from the Brazil-
ian INPE format to the LARSYS format, and
2. Approximately 25 ground control points for each of the seven frames.
The ground control points are required to perform the geometric rectification
of the Landsat scenes, and to achieve mosaicking of several adjacent frames.
Zobrist (1978) has explained that there are two major reasons for incorporating
known ground control points in the Landsat mosaicking process:
"a) The Landsat multispectral scanner is not a framing imaging system,
so that continuous changes in pointing perspective geometry make
it virtually impossible tc reconstruct a perfect orthophoto image,
and

b) The relative position of points on the earth's surface is precisely
known with the result that geodetic control points must be used to

warp the projected image from the satellite if any satellite mosaic
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Figure 15. Distribution of the seven Landsat MSS scenes that will be used
to create the digital mosaic of the Oruro Department.




-27-

is to be expected to conform to the planimetry of existing maps."
The required known ground control points were located on the Landsat
imagery using the COMTAL Vision One/20 image display device. The location
and identification of these control points was carried out independently by
two different analysts during the process of data quality assessment. The
selection was based primarily on the following two criteria:
1. The points should be evenly distributed throughout the scene, i.e.,
a representative sample in the spatial domain, and
2. They should represent readily and reliably identifiable groumnd
features on both the Landsat image and the 1:250,000 topographic map.
Ground control points that would meet both of the above stated criteria were
difficult to find because in certain instances several easily identifiable
features on both the Landsat images and the topographic maps were located
too close to one another and therefore they did not constitute a spatially
representative sample. In other instances, easily identifiable features on
the Landsat image could not be related to corresponding features on the maps
because three 1:250,000 topographic maps (Aiquile SE 20-9, Sucre SE 20-13,
.and Villa Martin SF 19-3) were not available. Figure 16 shows the distribu-
tion of the 1:250,000 topographic sheets with respect to the Oruro Department.
Nevertheless, an adequate number of and spatially representative ground con-
trol points were selected on the Landsat images on six of the seven available
topographic maps. Table 3 shows the list of available 1:250,000 maps over
the Oruro Department, and the number of control points selected in each map.
Note that no points were selected on the Nevados Payachata SE 19-10 topo-
graphic map because only 3 percent of the Oruro Department is included in

this topographic sheet.
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Figure 16. Distribution of the Bolivian IGM topographic maps at a scale
of 1:250,000 that cover the Oruro Department.
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Table 3. Topographic Maps (1:250,000 scale) Over the Oruro Department, and
Number of Selected Control Points on Each Map.

Map Name Map Series Number of Control Points
Corocoro SE 19-7 17
Cochabamba SE 19-8 16
Corque SE 19-11 14
Uncia SE 19-12 11
Salinas de Garci Mendoza SE 19-15 10
Rio Mulatos SE 19-16 12
Nevados Payachata SE 19-10 -

The spatial distribution of the selected ground control points is shown in
Figures 17-22 in the next section of this report.

In order to increase the analyst's capability of locating and reliably
identifying the ground control features on the Landsat iamgery, the TRUECOLOR
function of the COMTAL Vision One/20 was extensively utilized, particularly
to enhance rivers and roads. Essentially, the TRUECOLOR function allows
the analyst to assign the primary colors blue, green, and red to the Landsat
bands 4, 5, and 7 respectively, thus producing a simulated color infrared
composite image. On the other hand, it was found that in order to more readily
locate and identify mountain peaks, the individual bands either in black and
white or in pseudocolor format were more useful, particularly when a "histogram
stretching' enhancement procedure was applied to the data in the individual
band.

A qualitative evaluation of the accuracy of the ground control points

selected on the Landsat images showed that through the image enhancement




COROCORO topograpic map
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Figure 17. Distribution of check points, test points and ground control points
on the Corocoro topographic map.
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COCHABAMBA topographic map
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Figure 18. Distribution of check points, test points and ground control points

on the Cochabamba topographic map.
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CORQUE topographic map

69°00' 68%5' 68°30' 68°15' 68°00' 67°45' 67°30'
18000I G % C C C 18000'
A
A A
18°15'® a & P18°15
A
A
Cota Ol
18°30 <£ A & $18°30
A A o
A "
18°45' @ a @ $18°45'
() A A
A A
19°00'® - -© & © © & 15°00"
69°00' 68°45' 68°30' 68°15' 68°00' 67°45' 67°30'

O Check points for calculating the regression coefficients
@ Test points of known longitude and latitude
A\ Location of control points selected in the Landsat images

Figure 19. Distribution of check points, test points and ground control points
on the Corque topographic map. :



UNCIA topographic map
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Figure 20. Distribution of check points, test points and ground control points

on the Uncia topographic map.
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SALINAS DE GARCI MENDOZA topographic map
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Figure 21. Distribution of check points, test points and ground control points
on the Salinas de Garci Mendoza topogranhic map.
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RIO MULATOS topographic map
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Figure 22.

Distribution of check points, test points and ground control points

on the Rio Mulatos topographic map.
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procedure described above, and enlargement c¢f the image to a level where
individual pixels were easily identifiable, the desired pixel address could
be located within + or - 1 pixel, i.e., + or - 80 meters. A more rigorous
quantitative accuracy evaluation will be performed before the data sets are

sent to JPL.

Control Point Location on the 1:250.000 Topographic Maps

To determine the geographic coordinates (Latitude and Longitude) of the
ground control points selected on the Landsat imagery, the available 1:250,000
topographic maps were used. First, the selected ground control points were
located on the topographic maps, and then utilizing a table digitizer and
appropriate software the latitude and longitude of every control point was
determined. A brief description of the TALOS table digitizer available at
LARS is given in Table 4. Appendix C contains detailed specifications of this

table digitizer.

Table 4. Characteristics of the TALOS Table Digitizer Available at LARS.

Model: '"The Standard-One"

Resolution: 1000 lines per inch

Active Surface: 44" x 60" (solid surface)

Accuracy: f 0.01 inch (absolute)

Repetition Rate: Variable 1-100 coordinate pairs per second. Units

that have an RS232 programmable interface are limited
by the baud rate (9600 baud).




-37-

In essence, the TALOS table digitizer operation is based on an electronic
servo loop and switching circuit that activates a 1" x 1" area on the
digitizing surface. It can resolve any one-inch in both the x and y directions
into 1000 divisions of length , usually expressed as lines-per-inch of resol-
ution.

Since the absolute accuracy of this table digitizer is 0.01 of an inch
(0.254 mm) the absolute positional addresses on maps of the Oruro Department
at a scale of 1:250,000 could be determined with an accuracy of f 62.5 meters
on the ground, which is a distance equivalent to approxiﬁately 2 seconds of
longitude or latitude. This accuracy is of the same order of magnitude as
the accuracy of t 1 Landsat pixel obtained when selecting control points
from the COMTAL image display.

A description of the programs developed for the calculation of the lati-
tude and longitude addresses of the ground control points is included in the
"Digitization" section of this report.

The actual prccedure for obtaining the latitude and longitude coordinates
for the ground control points included the following steps:

a) Digitize 20 check points on the map (see circles in Figure 17-22)

of known latitude and longitude to be used for the computation of
the regression coefficients.

b) Digitize 5 test points on the map (see squares in Figures 17-22)
also of known latitude and longitude to test the performance of the
regression equation.

¢) Digitize the ground control points of unknown latitude and longitude
(see triangles in Figures 17-22), and then using the regression

equation developed in step "a", calculate their geographic coordinates.
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In order to minimize human errors in the process of digitization, three
independent table digitizer x and y readings were made by different analysts
for steps a, b, and c; then, these three independent readings were averaged.
Tables 1 through 30 in Appendix D show the results of the thrge independent
x and y readings, the averaged x and y values, the regression coefficients,
and the calculated latitude and longitude coordinates (in degrees and decimals
of a degree) for the ground control points selected on the Landsat imagery.

In addition to calculating the geographic coordinates of all the selected
ground control points, their corresponding Albers projection addresses were
also computed. The origin (address 1, 1) of the Albers projection coordinate
system for Bolivia is located in the uppermost lefthand side corner of the
quadrant that includes the entire Bolivian territory. Figuré 23 shows some
reference Albers addresses for the quadrant that includes the whole Bolivian
territory and for the quadrant that includes the entire Oruro Department.

Note that the Oruro Department quadrangle is composed of 16 smaller (level 2)
quadrangles. The Albers addresses for the corners of these 16 quadrangles
are shown in Figure 24.

Tables 5 through 11 contain the ground control point information for
all the seven Landsat MSS frames covering the Oruro Department. This infor-
mation together with the corrected Landsat CCT's will be delivered to JPL
in early February. According to the agreement with JPL, it should take
approximately six months (after the data sets have been delivered) to construct

the Landsat digital mosaic for the Oruro Department.



Albers Projection Addresses
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Figure 23. Albers projected map of Bolivia showing some refereﬁce Albers

address coordinates.
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68.4189675

(6001)

(8001)

(10001)

67.4789599 +66.5388108‘,65.5985582

(16001~ $7-==752515 1 16. 7664013 | 16.7834855 1 16. 7965031
(18007)—4.62:383078 | 68.4389944 | 67.4947286 | 66.5503192
17.6465296 | 17.6677802 | 17.6849450 | 17.6980257
(20001 —$82:4075819 | 68.4592037 | 67.5106408 | 66.5619323
[18.5481233 | 18.5694808 | 18.5867331 | 18. 5998788
(22001~ 4624323009 | 68.4795079 | 67.5266986 | 66,5736517
19.4502582 | 19.4717292 | 19.4890731 | 19. 5022888
(24001)-469:457265 1 68.5001795 | 67.5429039 | 66. 5854788
20.3531653  20.3747563  20.3921973 20 405487
Figure 24. Longitude-latitude and Albers address coordinates

16.8054531

65. 6058049
17.7070186

65.6131176
18.6089171

65.6204971
19.5113752

65.6279445
20.4146244

for the corners of the 16 (level 2) quadrangles
that cover the Oruro Department.




Table 5.

Image Name DESAGUADERO

Image ID (Brazil)

277251-132714
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GROUND CONTROL POINTS
ORURO DEPARTMENT

Run Number (LARS)

z
[

[Z I N )

L - N . T U N

10
11
12
13
14
15
16
17
18
19
20
21
22
23

77010501

COLUMNS, LINES

(NASA) 295713271

LONGITUDE, LATITUDE

DEGREES, MIN, SEC

188, 883
637, 829
1422, 679
1691, 809
2329, 994
2918, 559
3128, 662
677, 1107
1014, 1349
2250, 1152
2437, 1121
2795, 1299
3139, 1218
585, 1699
1185, 1619
1678, 1837
2167,1669
2081, 1951
2754, 1601
2895, 1543
1327, 2172
J778, 2178
2318, 2097

68%49° 31",
68°34'59",
68%08'32",
68%01 16",
67°42's55",
67°20'06",
67°14'40",
68°36'33",
68°28'41",
67%47'06",
67°40'50",
£€7°31'30",
67°19%46",
68%45'44",
68°26'08",
68°%12° 23",
67°55108",
68°%00'53",
67°35'58",
67°30'57",
68°27'20",
68°%12'53",
67541 49",

17%4'51"
17°05'07"
17%02°53"
17%09' 35"
17°20°38"
17°05'05"
17°10'36"
17°17 00"
17°29°00"
17°26'46"
17°26 30"
17°35°'48"
17°33°47"
17%40" 50"
17%0'47"
1795248
17%48'05*
17°59 29~
1748+ 06"
17%46' 23"
18%05' 04"
18%07'31"
18°06 48"

DEGREES, DECIMALS

68.825304,
68.583137,
68.142191,
68.021122,
67.715189,
67.335116,
67.244376,
68.609119,
68.478193,
67.785085,
67.680537,
67.524866,
67.329519,
68.762178,
668.435608,
68.206412,
67.918836,
68.014717,
67.599403,
67.515849,
68.455555,
68.214741,
67.913586,

17.080912
17.085316
17.047986
17.159616
17.343973
17.084736
17.176659
17.283201
17.483425
17.446009
17.441789
17.596681
17.563058
17.680614
17.679846
17.879952
17.801497
17.991349
17.801689
17.773046
18.084476
18.125283
18.113403

ADDRESS

X
3152.94305,
3667.3957,
4602.0947,

4864.01757,

5520.74382,

6317.63646,
6513.51595,
3621.93401,
3909.21819,
5376.61556,
5598.0688,

5933.87913,
6346.4768,

3317.39318,
4008.73968,
4502.94631,
5107.92486,
4913.15768,
5783.84885,
5959.57922,
3985.69667,
4496.33431,
5132.02504,

Y
16717.7229
16715.8789
16613.474
16856.0306
17252.8711
16664.2292
16865.0828
17155.969
17593.9537
17481.8415
17468.5115
17806.3276
17724.9519
18044.5684
18027.6031
18464.2658
18275.434
18700.2715
18263.6644
18197.1269
18925.69
19005.5761
18966.8261




Table 6.

Image Name ORURO

Image ID (Brazil) 176157-131340

GROUND CONTROL POINTS
ORURO DEPARTMENT

Run Number (LARS) 76022501

(NASA)

540913134

LONGITUDE, LATITUDE

N° COLUMNS, LINES DEGREES, MIN, SEC
1 1150, 888 67%02'01", 17°00'43"
2 1713, 825 6643107, 17%01°08"
3 2121, 769 66°29'19", 17%01'07"
4 3000, 784 66%01'51", 17°06'56"
5 656, 1060 67°20'06", 17°05'05"
6 847, 1168 67°14'40", 17°10'36"
7 1214, 1130 67°%02'22", 17°10'59"
8 1588, 1277 66°51'34", 17°19'14"
9 2343, 1472 66°28'597, 17°31°33"
10 2537, 1070 66°19'19", 17°16'12"
11 203, 1634 67°40'50", 17°26'30"
12 855, 1727 67°19'46", 17°33'47"
13 537, 1801 67°31*30", 17°35%48"
14 1401, 1792 67°02'57", 17°39'38"
15 1635, 1835 66541427, 17°%43*17"
16 2340, 1754 66°32'01", 17°43'10"
17 2631, 1742 66°22'52", 17%44'50"
18 493, 2106 67°35'58", 17°48'06"
19 638, 2043 67°30'57", 1746 23"
20 1381, 2161 67°07' 02", 17°54'54"
21 2166, 2272 66°%42'36", 18%04'19"
22 2984, 2281 66°16'56", 18°09'12*

DEGREES, DECIMALS

67.033720,
66.718749,
66.488724,
66.030696,
67.335116,
67.244376,
67.039517,
66.859445,
66.483129,
66.322056,
67.680537,
67.329519,
67.524866,
67.049110,
66.911607,
66.533689,
66.381009,
67.599403,
67.515849,
67.117662,
66.709957,
66.282098,

17.012036
17.018920
17.018538
17.115557
17.084736
17.176659
17.183174
17.320681
17.525917
17.270025
17.441789
17.563058
17.596681
17.660511
17.721427
17.719306
17.747272
17.801689
17.773046
17.915066
18.071873
18.153454

ADDRESS

X
6955.3678, 16493.1831
7624.73407, 16499.2161
8113.41174, 16492.2619
9088.60967, 16696.927
6317.63646, 16664.2292
6513.51595, 16865.0828
6948.58998, 16872.9761
7335.01526, 17172.5714
8138.7111, 17617.5609
8473.71953, 17046.0337
5598.0688, 17468.5115
6346.4768, 17724.9519
5933.87913, 17806.3276
6943.7208, 17931.9919
7236.7875, 18062.9248
8036.78446, 18047.7662
8360.72615, 18105.9773
5783.84832, 18263.6645
5959.57922, 18197.1269
6807.00205, 18498.6551
7673.78722, 18834.3165
8579.96458, 19004.3842



Table 7.
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GROUND CONTROL POINTS
ORURO DEPARTMENT

Image Name _galar De Coipasa

Image ID (Brazil)
Run Number (LARS)

z
o

o @ ~ -\ (%] L3 w ~ L ad |

L i s = =
W s W N O

16
17
18

277233-132841

COLUMNS, LINES

(NASA) 293913284

LONGITUDE, LATITUDE

DEGREES, MIN, SEC

1222, 342
1670, 343
2208, 261
183,691
1228, 975
1501, 874
2903, 584
637, 1219
1326,1070
1797, 1007
2006, 1336
2251, 1141
2181, 1458
3009, 1161
811, 1640
1571, 1794
2881, 1761
1998, 2080

68°27120",
68°12'53",

© 67°54'49"°,

69°03'45",
68°33746",
68°23'56",
67%36'18",
68°55109",
68°31°44~,
68°15'50",
68°12'36",
68%02'40",
68°07'58",
6§7°38'52",
68°54'00",
68%31° 23",
67°49'05",
68°20°49",

18°05'04"
18%7° 31"
180648~
18°14'15"
18°31+ 38"
18%28°'47"
18%23'28"
18°38' 40"
18%36'03"
18°35756"
18%50°57*
18%43'59"
18557 32"
18%48149"
18%57° 35"
19%s8' 01"
19%13719"
19°215g"

DEGREES, DECIMALS

68.455555,
68.214741,
67.913586,
69.062500,
68.562641,
68.398885,
67.604914,
68.919217,
€8.528891,
68.264004,
68.209915,
68.044582,
68.132689,
67.647819,

68.899952,
68.523137,

67.818009,
68.347022,

18.084476
18.125283
18.113403
18.237500
18.527114
18.479612
18.396584
18.644327
18.600814
18.598889
18.849235
18.733142
18.925479
18.813545
18.959662
19.133619
19.221923
19.366087

ADDRESS

X
3985.69667,
4496.33431,
5132.02504,
2711.60533.
3780.93224,
4123.92697,

Y

18925.69

19005.5761
18966.8261
19294.2134
19911.817

19799.1017

5795.01, 19582.8847

3035.38098,
3855.63197,
4413,75636,
4538.95573,
4881.94922,
4704.84951,
5720.67588,
3092.40339,

20188.7022
20073.6151
20057.5689
20610.0798
20345.9034
20775.7819
20508.6731

20886.5158

3893.391, 21254.014

5378.97022, 21419.9873

4274.27433, 21761.1165




Table 8.

Image Name LAGO POOPO _
Image ID (Brazil)

Run Number (LARS)

176157-131405

—4b=

GROUND CONTROL POINTS
ORURO DEPARTMENT

76022401

COLUMNS, LINES

(NASA) 540913140

LONGITUDE, LATITUDE

DEGREES, MIN, SEC

488, 54
630, 10
1393, 109
1922, 384
2178, 220
2984, 240
64, 570
745, 885
1882, 683
2329, 939
3142, 781
110, 1447
850, 1461
1780, 1448

2251, 1310
2723, 1206

38, 1728
1950, 1919

2157, 1918

2735, 1674
732, 2057
1338, 2197
2413, 2257
2749, 2129

67°35' 58",
67%30°57",
67°07' 02",
66952'40",
66°42'36",
66°16'56",
6754 49",
67°36'18",
66°56'51",
66°45°02",
66°17' 17",
68%02° 40",
67°38°52",
67°%08'14",
66°51'22",
66°35' 06",
68%07' 58",
67%07°'37",
67%00"' 48",
69°39'30",
67%49'05",
67°30° 38",
66°56'06",

66°43°11",

17°48' 06"
17%6'23"
17954 '54"
18°09° 29"
18°04'19"
18909 12"
18%05' 48"
18923°48"
18%21729"
18°35'05"
18°32'46"
18%43°59"
18°48° 49"
18%53 725"
18%50°11"
18°48° 26"
1895532
191413~
19°%15° 24"
1908 17"
19°13°'19%
19°22* 46"
19°31'13"
19°27° 40"

DEGREES, DECIMALS

67.599403,
67.515849,
67.117262,
66.877902,
66.709957,
66.282098,
67.913586,
67.604914,
66.947503,
66.750583,
66.287928,
68.044582,
67.647819,
67.137226,
66.856178,
66.584875,
68.132689,
67.126915,
67.013298,
66.658371,
67.818009,
67.510437,
66.934864,
66.719808,

17.801689
17.773046
17.915066
18.158041
18.071873
18.153454
18.113403
18.396584
18.358143
18.584690
18.546133
18.733142
18.813545
18.890341
18.836490
18.807267
18.925479
19.237050
19.256775
19.137930
19.221923
19.379514
19.520386
19.461215

ADDRESS

X
5783.84885,
5959.57922,
6807.84802,
7321.51385,
7673.78722,
8579.96458,
5132.02504,

Y
18263.6644
18197.1269
18498.6425
19030.1397
18834.3167:
19004.3842
18966.8261

3795.01, 19582.8847

7180.76972,
7602.94287,
8577.20894,
4881.94922,
5720.67588,
67938.18206,
7388.01974,
7958.34716,
4704.84951,
6831.41178,

19475.8517
19972.3998
19875.1348
20345.9034
20508.6731
20661.3683
20533.5131
20461.2867
20775.7819
21429.3031

7070.734, 21469.4875

7812.95337,
§378.97022,
6031.02922,
7243.72108,

7693.16611,

21196.0161
21419.9873
21757.7419
22051.1034

21913.9126



Table 9.

Image Name SUCRE

Image ID (Brazil)

279167-133408

—45-

GROUND CONTROL POINTS
ORURO DEPARTMENT

Run Number (LARS)

N N s W N M

10
11
12
13
14

15
16

17
18
19
20
21
22
23
24

COLUMNS, LINES

302, 373
1683, 321
2161, 178
2671, 26
479, 914
878, 828
1312, 547
1788, 644
1557, 796
2462, 713
58, 1344
567, 1392
1160, 1221
1586, 1077

1839, 1278
2849, 1222

78, 1815
884, 1585
1073, 1949
1710, 1685
2140, 1963
2631, 1669
96, 2275

720, 2051

(NASA)

660113340

LONGITUDE, LATITUDE

DEGREES, MIN, SEC

66°16°56",
65°32'23",

65°16'01",

64°57' 41",
66°17'17",
66°03'35",
65°46 146",
65°32'14",
6541 132",
65°11'30",
66°35' 06",
66°19'33",
65°55'11",
65°43'18",
65°37' 23",
6504 24",
66°39'30",
66°11'18",
66°03'15",
65°45°'54",
65°34'58",
65°16'01",
66°43'11",
66°21'36",

18%09'12"
18°14'16"
18°%10'48"
18%07' 04"
18°32'46"
18%31'16"
18°21'53"
18°28 28"
18%33'38"
18°34'48"
18%48' 26"
18°53°11"
18%4916*
18%44752"
189551 21"
18°%58'05"
19%08'17"
190304~
19°19°11"
19%11°31"
19%25° 20"
19°15° 31~
19°27' 40"
19°211 38"

DEGREES,

DECIMALS

66.282098,
65.539722,
65.266944,
64.961389,
66.287928,
66.059809,
65.779444,
65.537222,
65.692222,
65.191667,
66.584815,
66.325719,
65.919722,
65.721667,

65.623056,
65.073333,

66.658371,
66.188414

66.154277,
65.765000,
65.582778,
65.266944,
66.719808,
66.360129,

18.153454
18.237778
18.180000
18.117778
18.546133
18.521203
18.364722
18.474444
18.560556
18.580000
18.807267
18.886301
18.821111
18.747778

18.922500
18.968056

19.137930
19.051163
19.319813
19.191944
19.422222
19.258611
19.461215
19.360461

ADDRESS
X Y

8579.96458, 19004.3842
10149.6138, 19176.9808
10724.8443, 19044.9845
11369.6237, 18903.5567
8577.20894, 19875.1348
9051.60449, 19814.8498
9645.81503, 19462.478

10158.7642, 19701.6742
9833.40289, 19895.1133
10888.9217, 19930.9161
7958.34716, 20461.2867
8505.95133, 20630.0247
9359.11411, 20476.8326
9774.75662, 20310.6439

9985.46732, 20696.2401
11142.8027, 20789.7209

7812.95337, 21196.0161
8798.77, 20992.2562
8876.71212, 21586.7747
9691.82746, 21295.7698
10078.6374, 21802.8945
10739.382, 21435.8737
7693.16611, 21913.5126
8445.43141, 21681.5112




Table 10.

Image Name Salar de Empexa
Image ID (Brazil) 277233-132906 (MASA) 293913290

GROUND CONTROL POINTS
ORURO DEPARTMENT

Run Number (LARS)

[ Iz%

w N

10
11

77010701

COLUMNS, LINES

LONGITUDE,

LATITUDE

DEGREES, MIN, SEC

2002,
2433,
2672,
2818,
2209,
1998,
1969,
2421,
2954,
2504,
2908,

21
473/
317
411
871
1151
1421
1963
1727
2165
2021

68°20'49", 19°21'58"
68°11'09") 19%42'42"
68%01°54%, 19937 26"
67°58713", 19%42'10"
68°922'30", 19°58'18"
68°32'10", 20°09'14"
68°35'51", 20°20°28"
68°26'44", 20°45°'39"
68207121, 20°38'28"
68°26'11", 20°54°'51"

68°11'47", 20°50°47"

DEGREES, DECIMALS

68.347022,
68.185866,
68.031568,
67.970326,
68.374993,
68.536111,
68.597500,
68.445556,
68.122500,
68.436389,
68.196389,

19.366087
19.711564
19.623915
19.702912
19.971754
20.153889
20.341111
20.760833
20.641111
20.914167

20.846389

ADDRESS
X Y

4274.27433, 21761.1165
4627.95348, 22519.3225
4947.54549, 22318.8497
5079.276825, 22491.3219
4243.7212, 23103.523
3915.31592, 23513.8739
3796.10605, 23930.993%
4133.304, 24852.5748
4801.45117, 24573.9339
4159.63171, 25191.2284
4656.48351, 25031.0026




Image Name Salar de Uyuni

Table 11.
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GROUND CONTROL POINTS
ORURO DEPARTMENT

Image ID (Brazil) 277232-132326 (NASA) 293813232

Run Number (LARS)

n°

U s W N

10
11
12
13
14
15
16
17
i8
19
20

COLUMNS, LINES

929, 120

1046,
2025,
2364,
2544,
3181,

303
183
58

423
100

102, 573

244, 661

965, 615

1100,
2091,
2908,
2604,

2688,

752
704
917
962

1307

416, 1980

1123,
1812,
2359,
2377,

1728
1970
1698
1987

375, 227%

LONGITUDE, LATITUDE

DEGREES, MIN, SEC

67°30'38", 19°22'46"
67929'05", 19°31'22"
66°56'06", 19°31'13"
66°43'11", 19927 40"
66°41'53", 1924359
66°18°18", 19°33'38"
68°01'54", 19°37'26"
67°58'13", 19°%42°10"
67°34°'57", 19%43'50"
67932127, 19°50'25"
66°59' 20", 19°53'30"
66°35°37", 20°06'42"
66°%45'58", 20°07'00"
66°46'46", 20°21'58"
68%07v21", 20°38'28"
67°41'46", 20931745
67°22'10", 20%45'30"
67°%01'32%, 20°36'53"
67°04'02", 20°49°'10"

68°%11*47", 20°50°47"

DEGREES, DECIMALS

67.510437, 19.379514
67.484828, 19.522885
66.934864, 19.520386
66.719808, 19.461215
66.697981, 19.733047
66.304975, 19.560564
68.031568, 19.623915
67.970326, 19.702912
67.582473, 19.730601
67.536614, 19.840253
66.988837, 19.891625
66.593611, 20.111667
66.766111, 20.116667
66.779444, 20.366111

68.122500, 20.641111
€7.696111, 20.529167

67.369444, 20.758333
67.025556, 20.614722
67.067222, 20.819444
68.196389, 20.846389

X
6031.02922,
6090.10057,
7243.72108,
7693.16611,
7746.76619,
8566.13731,
4947.54549,
5079.27682,
5893.17881,
5993.39809,
7142.28828,

ADDRESS

21757.7419
22074.4126
22051.1034
21913.9126
22515.3848
22123.4828
22318.8497
22491.3219
22537.9042
22779.064

22874.8455

7975.9211, 23350.9136

7615.26885,
7594.74738,

4801.45117,
5686.40818,

6376.36942,
7088.64235,
7008.38512,

4656.48351,

23366.6223
23919.0811

24573.9339
24309.6075

24804.9744
24476.3073
24930.3998
25031.0026
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SPECIFICATION OF THE DATA BASE ELEMENTS

Definitions and Conventions

The layers or channels in a geographic information system are referred
to as "elements" of the data base. Sometimes these elements are also called
"geocoded planes." Table 12 shows a list of the "elements" that the ERTS/
GEOBOL Program has selected for input into the Oruro Department data base.

The different features (units) within a data base element are known as
"classes'", for example the different lithologic units in a geologic map are
the different '"classes' of the geologic element of the data base. In a
digital data base it is possible to store a maximum of 256 (28) different
classes for each element. In other words, there is a maximum of 256 digital
codes (fill characters) ranging from zero to 255 that can be used to represent
different classes within a data base element.

For the Bolivian geographic information system, assignment of the 256
available numerical codes will be done according to the following rules
(convention):

~ The @# (zero) code will be used to represent a class for which there

is no available data at the present time. For example, an area
within the Bolivian territory where a soil survey has not been con-
ducted yet will be represented by the numerical code # (zero) until
the soils information for that area is available.

- The 255 code will be used to represent a class for which there will

never be data. For example, areas outside of the Bolivian territory

will be represented by the numerical value (code) 255.




Table 12. List of Elements (Layers or Channels) Recommended by ERTS/GEOBOL for Input into The

10.

11.

12.

13.

14.

15.

Oruro Department Geographic Information System.

ELEMENT (Layer or Channel) AVATLABLE DATA (Scale)

Landsat- MSS 4.....cevviiieeveeeeeennencnnnesss.7 Landsat CCT's
Landsat MSS 5...............;....,.............7 Landsat CCT's
Landsat MSS 6.....00vvvueesevsnenesennneenns.s.?7 Landsat CCT's
Landsat MSS 7......ciiivievsesrnrencannnnnnss..? Landsat CCT's
Department, Province and Canton Boundaries.....l Political boundary map (1:500,000)

Elevation....veueiiiriretecaeeneesessnansensss  ERTS/GEOBOL will provide simplified topographic maps
(1:250,000 scale)

SLOP et ceeeennertterteeetttnieenenncareacesess Will be derived from elevation data

Aspect (azimuth).............ceevivieneveennes...Will be derived from elevation data

Land cover/Land uS€.......vc0vevevnvensceseesss.’? Land use maps (1:250,000)
S0118.euuiiiiiinieenieiteretteseniiasnnnanaans.? Soils maps (1:250,000)

Hydrology (Watersheds, permeability, etc.).....7 Hydrological maps (1:250,000)

GEOLOEY . ettt ttteeeeeneanncesenneosnconannnsenead Geological/Lithologic maps (1:250,000)
GeOmOTPhOLOgY . s e eerereereeeennerosenncnenonsasd Geomorphologic maps (1:250,000)
Climatology....................................ERTS/GEOBOL will provide maps from SYMAP

Socio-Economic Space....c.teieveteeneesneces.. ERTS/GEOBOL will provide census data

|
~
O©

{



- The numerical codes 1 - 254 may be used to represent any one of the
different classes within a given element of a digital data base.

In addition to these definitions, a glossary of terms regarding geographic
information systems is included in Appendix E of this report (Tessar and

Caron, 1980).

Coding of the Political Division Element

Bolivia is divided into 9 Departments (States). Each Department is
divided into a number of Provinces, and each Province is further subdivided
into a number of Cantones. The names and numerical codes of each of the
Departments and Provinces of Bolivia are given in Table 13. The codes shown
in this table were defined by the Bolivian National Statistics Institute
(INE). For example, the code for the Oruro Department is "4'", and the code
for the Atahuallpa Province within the Oruro Department is ''51". The Bolivian
ERTS/GEOBOL Program élso provided LARS with the codes for all the Cantones
within each one of the 10 provinces in the Oruro Department. Figure 25 shows
the location of all the 99 provinces of Bolivia.

Table 14 shows the "fill character" information (digital codes) for all
the political subdivisions within the Oruro Department and for the adjacent
Departments and Countries. This table also contains information regarding
the Level of the Political Division data base and the name and number of the
corresponding quadrant. More detailed explanations about coding classes
within elements of the Oruro Department data base will be provided in the
next report corresponding to the time period, February 1, 1981 - April 30, 1981.
Since the class code assignments should be done by the Bolivian counterpart in
conjunction with the system designers of LARS, one of the responsibilities of

the Bolivian experts (Visiting Scientists) that are expected to arrive at
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Table 13. Names and Codes for the Departments and Provinces of Bolivia.

Department Codes

Code Code Code
1 CHUQUISACA 2 LA PAZ 3 COCHABAMBA
4 ORURO 5 POTOSI 6 TARIJA
7 SANTA CRUZ 8 BENI 9 PANDO
(1) DEPARTAMENTO DE CHUQUISACA (2) DEPARTAMENTO DE LA PAZ
Code Province Code Province
01 Oropeza 11 Murillo
02  Azurduy 12 Omasuyos
03 Zudafiez 13 Pacajes
04 Tomina 14 Camacho
05 Hernando Siles 15 Muffecas
06 Yamparaez 16 Larecaja
07 Nor Cinti 17 Franz Tamayo
08 Belisario Boeto 18 Ingavi
09 Sud Cinti 19 Loayza
10 Luis Calvo 20 Inquisivi

21 Sud Yungas

22 Los Andes

23 Aroma

24 Nor Yungas

25 Abel Tturralde

26 Bautista Saavedra

27 Manco Kapac

28 Gualberto Villarroel

(3> DEPARTAMENTO DE COCHABAMBA (4) DEPARTAMENTO DE ORURO

Code Province Code Province

29 Cercado 43 Cercado

30 Campero 44 Avaroa

31 Ayopaya 45 Carangas

32 Esteban Arce 46 Sajama

33 Arani 47 Litoral

34 Arque 48  Poopo

35 Capinota 49 Pantaleon Dalence
36 Jordan 50 Ladislao Cabrera
37 Quillacollo 51 Atahuallpa

38 Chapare 52 Saucari

39 Tapacari
40  Carrasco
41 Mizque
42  Punata
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Table 13. (Continued)
Depariment Codes
Code Code Code
1 CHUQUISACA 2 LA PAZ 3 COCHABAMBA
4 ORURO 5 POTOSI 6 TARIJA
7 SANTA CRUZ 8 BENI 9  PANDO
(5) DEPARTAMENTO DE POTOSI (6) DEPARTAMENTO DE TARIJA

(1)

Code Province

53 Frias

54 Bustillos

55 Cornelio Saavedra
56 Chayanta

57 Charcas:

58 Nor Chichas

59 Alonso de Ibahez
60 Sud Chichas

61 Nor Lipez

62 Sud Lipez

63 Linares

64  Quijarro

65 Gral. Bilbao

66 Daniel Campos

67 Modesto Omiste

DEPARTAMENTO DE SANTA CRUZ

Code Province
68 Cercado

69 Arce

70 Gran Chaco
71 Aviléz

72 Mendez

73  O'Connor

(8) DEPARTAMENTO DE BENJI

Code Province
74  Andrés Ibalez
75 Warnes
76 Velasco
77 Ichilo
78 Chiquitos
79 Sarah
80 Cordillera
81 Vallegrande
82 Florida
83 Obispo Santiesteban
84 Nuflo de Chavez
85  Angel Sandoval
86 Manuel Maria Caballero

Code Province
87 Cercado
88 Vaca Diez
89 Gral. Ballivian
90 Yacuma
91 Moxos
92  Marbdn
93  Mamoré
94 Itenez
(9) DEPARTAMENTO DE PANDO
Code Province
95 Nicolas Sudrez
96 Manuripi
97 Madre de Dios
98 Abuna

99 Gral. F. Romén
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MAPA INDICE DE DEPARTAMENTOS Y PROVINCIAS

REPUBLICA DE BOLIVIA
MINISTERIO DE PLANEAMIENTO Y COORDINACION

99
o8 INSTITUTO NACIONAL DE ESTADISTICA
95
88
96 97 CENSO DE POBLACION Y VIVIENDA 1976
25 93
90 94
89 87
17
z 2
15 91 9
W/ 16
84 76
@ 12 24
38
22\11{ 21 42 &
18 1 79
19 /20 3 38 77
4
13 23 o P 0 75 85
28
43 N4 M AN 78
46 52 " )30 U5 30
48 > 81
45
51 56 1Y 3 /(g
47 aa 6 80
50 53 /sg 4
3
66 64 6 2
7 5
58 10
61 9
) 72
60 gl 73 70
ra)
62 67 69
Figure 25. Numerical codes and location of the 99 provinces of Bolivia.

Refer to Table 13 to obtain the names of the provinces.
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Table 14. NATURAL RESCURCE DATABASE
FILL CHARACTER INFORMAT ION SHEET

LEVEL CODE?: 500 LFVEL NAME: REGIONAL
QUANRANT CCCE: 10 QUACRANT NAME: CRURO
ELEMENT CCDE: 4 ELEMENT NAVWE: SOCIC/ECCNONMICAL INFORMATION
OEPARTNENTY CODF 4 NANME:? CRURD FIeL s

PROVINCE CODE : LYY NAME S AVARDA FIroe:( }
CANYCN CODE : 1 NANE: ANCACATO FIrooesd 1)
CANTCN COODE @ ‘--; NANE: HUANCANE Free st 2)
CANTCN CODE @ -—-; NANME: SANTIAGO DE KUARF FILe:¢ 3)
CANTCN CODE : _-—: NANE: KAXKACHACA FILL:s( 4)
CANTCN CNDE 2 _-‘g NANE: CCNDC K FILL:¢ s)
CANYCN CODE & —--; NANE: CULTA FIue ¢ €)
CANTCN CODE ¢ --—; NANME: URMIRI DE QUILLACAS FILL:S( 7)
CANTCN CODE 2 ---E NANE: GUADALUPRPE FIoLs e}
CANTCN CODE 2 ---; NANES: QUILLACAS Freese S)
CANTCN CODE @ -—;; NANE: SEVARUYOD FItL2( tg)
CANTCN CODE _-.l-; NAKE: SCRAYA DE NQUILLACAS FILL:( 11)
CANTCN CNDE: 12 NAME: TURCC FILLEC 12
CANYCN CODFE @ ’-;; NANE: VILLCAN? FILLI( 13)

PROVINCF CODE: 51 NANED ATAHUALLPA FrLL:s( )
CANTCN CODE 2 13 NANEZ SABAYA FILLS( 14)
CANTCN CODE ¢ -——E NANEI AYPARAVI - FILL st 1%
CANTCN CODE @ —--S NANME: BELLA VISTA FIres¢ 1€)
CANTCN CODE $ _--: NANME? CARANGAS FILe ¢ 17)
CANTCN CODE —-—g NANE: CHIPAYA FILL = ¢ 1€)
CANTCN CODE @ ---.;! NANE: JULO FILL 1)
CANTCN CDD!_:_.: ——_; NANE: LA RIVERA FILL S ( 2¢0)
CANTCN CODE @ --—-8. NANE: NEGRILLOS Frees( 21)
CANTCN CODE ¢ -_—; NANE: PACARIZA FILL:( 22)
CANTYCN CODE 2 --;-0. NANE: PARAJAYA FILL:( 23)
CANTCN CODE --;-; NANE: PITACOLLOD FIeust¢ 24)
CANTCN CODE @ —--l‘; N’A.E: PISIGA FreL s c%)
CANTCN CODE ¢ --;; NANE? CUEAQUIANT FILL::( 2¢€)
CANTYCN CODE “‘;; NANFE: SACABAYA FILe st zZmn
CANTCN CODE: 15 NANE: TCDOS SANTOS FILL:IC  z€)
CANTCN CODE: 16 NANED TUNAPA FILL:C  2%)
CANYCN CODE @ --;; NANME: VILLA VITALINA FIuust 200
CANTCN CODE: 18 MNANE: CRUZ DE HUAYLLAS FILLIC  21)
CANTCN CODE: 19 NAME: CCIPASA FILLIC  22)

CANTCN CODE : NANE: PAGADOR FILL:( )




Table 14. (Continued)

PROVINCF CODE:*

CANTCN
CANTCN
CANTCN
CANTCN
CANTCN
CANYCN
CANTCN
CANTCN
CANTCN

PROVINCF CODE :

CANTCN
CANTCN
- CANTCN
CANTCN
CANTCN
CANTCN
CANTCN
CANYCN
CANTCN
CANTCN
CANTCN
CANTCN
CANTCN
CANTCN
CANTCN
CANTCN
CANTCN

PROVINCE CODE

CANTCN
CANTECN
: CANTCN
CANTCN
CANTCN
CANTCN
CANTCN
CANTCN
CANTCN
CANTCN

PROVINCE COOE

CANTCN
CANTCN
CANTCN
CANTCN
CANTCN

so
COOE
CODnE
CNDE 2
copeE 2
CODE ¢
CODE *
CODE 2
CODE :
CDDE $

CODE :
CODE ¢
CODE ¢
CODE ¢
CODE @
COOE 2
CnoE ¢
CODE :
CODE 2
CooE 2
CODE 2
CODE ®
CODE 3
CODE
CODE ¢
CODE
CODE 2

a3
CODE 3
CODE 2
CODE ¢
CODE ¢
CODE *
CODE 3
cooE ¢
CODE 2
CODE :
COOE :

49
CODOE 2
CODE ¢
CODE
CODE ¢
CODE @

NAME 3

NAME :

17

NAME:

9

10

NANE 2
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LADISLAC CABRERA

NANED
NAME2
NANE:
NAWE?
NANE
NANE:
NANE:
NANE?
NABE

SAL INAS DOE GARCI MENDOZA
ARCMA

CUNCEPCION NDE AELEN
CHALLACOTA

JIRIRA

SAN MARY IN

TAMBILLO

UCUMASI

PAMPA AULLAGAS

CARANGAS

NANE 2
NANE?S
NANE S
NANE?
NANE?
NANVE?
NAME:
NANE?
NANE S
NANE 2
NAME:
NANE S
NANE 2
NANME:
NANES
NANES
NANE:

CCRQUE

BELEN DF CHOQUECCTA
BELLA VISTaA

CHAPAYA

CHOQUECOTA
CrUQUICHAMBI

ECUARDO AVAROA
HUAYLLAMARCA
LLANCUERA

CPCQUERI

PACOYO

SAN ANYONIO DE NOR KHALA
SAN JOSE DE LA KMALA
SAN MIGUEL

EELEN DE ANODAMARCA
CRINCCA

ANDAMARC &

CERCADC

NAWE:
NAWES
NAME?
NANE S
NANE S
NANE
NANE?Z
NAPNE?
NAWE 2
NANE?

CARACOLLO

CRUCERC DEL BELEN
CHALLACOWLOD

€L CKORO

LA JOYVaA

PARIA

TTE. BULLAIN
VILACARA

TCMAS BARRON

CRURC

PANTALECN DAL ENCE

NANE

NAPME 2

NANE?
NANE S
NAME:

HUANUNT
MACHACAMARCA
MCROCCCALA

NEGRC PABELLON
VICENTE ASCARRUNZ

FILest

FLLs(
FiuLsg
FILe ¢
FiIuLs(
FreLs(
L (W Y {
L (N4 {
FIuL st
FILL:(

Freest

FIeesd
FreL s
FrLes(
FIues(
FiIeest
FILL:(C
FILe:s¢
FruLes
FrLL s«
FIuLs(
FiILes¢
Flees¢
FIuost
FIreest
FrLste
FrLLs¢
FIee s

Froes(

FILLsd
Freese
FruLsy
FIeL st
Faoe sy
FILL:C
FiaLt s
FILLSC
FIue s
FILLSLC

FruLs(

FILLZC
FILL::(
FILL e
FILLSE
FILL (¢

42)
44)
ag)
4¢€)
a7
Qag)

€C)
€1)
€2)
€3)
€4)
€<t
1.3
€7)
€e)
c48)

€S)
7¢)
71)
72)
)




table 14. (Continued) ~-56-

PROVINCE CODE: 47 NAME: LITORAL FILL:( ?
CANTCN CGDE ¢ I NAME: HUACHACALLA FILLs( 74)
CANTCN CODE ¢ __-; NANME: BELLA VISTA FILLI( 7€)
CANTCN CODE ---S NAVE: RCMERDO PAMPA FILL( 7€)
CANTCN CODE ¢ ——-; NANME: YUNGUYO DEL LITORAL ’ FILL:C 77)
CANTCN CODE @ ---g NANME: ESCARA FILL ¢ 7€)
CANTCN CODE 3 -~-g NANME: PAYRUMANS DE L ITORAL FroL::¢ %)
CANTCN CODE @ -_'; NANER YUNGUYQ FIeLs¢ ECH
CANTCN CODE 3 -—-5 NANE: CRUZ DE MACHACAMARCA FIeL s et)
CANTCN CODE ¢ ‘~—; NANMEZ FLCRIDA FILL2¢ E2)
CANTCN CODE ‘-;6 NANE: ESMERALDA FILL:( €2)
PROVINCE CODE: - :2 NANWE D FCCPO FIee:¢ )
CANYCN CODE ¢ 1 NANE: OCOPO Freese ea)
CANTCN CODF ¢ "—; NAVE: ANTEQUERA FliL:¢ E£S)
CANTCN CODE? _--3 NANE: THCOLA PAMPA FIue:s¢ €¢)
CANTCN CODE 2 ““: NANE: VENTAIMEOCIA FILue:s( ET)
CANYCN CODE ¢ —‘—; NANE: PAZNA FILu:¢ EE)
CANTCN CODE ¢ ‘-‘; NANE: AVICAYA FIroe:¢ ES)
CANTCN CODE 2 RARE: PENAS FILL:( sC)
CANTCN CODE 2 8 NAME: TCTORAL FILL:( st)
CANTCN CODE: __-; NANME: URMIRIT FILL:( s2)
PROVINCE CCDE: 46 NANE: SAJAMA FILL:( H
CANTCN CODE 2 1  NAME: CURAKUARA DE CARANGAS Fiue:sdt s
CANTCN CODE: "-_5 NANE: HUANCANAPE FluLs¢ ca;
CANTCN CODFE 2 -—-; VNAIE: MARQUIRIRI FILL L s%)
CANYCN CCDE ¢ ”‘—: NANE: SAJAMA Frue:t¢ <€)
CANTCN CCODF 2 ‘--; NANE: TCTORA FILL:( s7)
CANTCN CODE 3 6 NaME: TURCO FILe (¢ s8)
CANTIEN CODE ¢ --_; NAPE: CCSAPA FILL:s¢ <353
CANTCN CODE S ---; NANE: CHACHACOMANE FILL:( 1cc)
CANTCN CODE ¢ -_-; NANET HUAJRIRI FILL(C 1c)
CANTCN CODE 2 -—;3 NANE: MACOYO FILL:( 1¢2)
PROVINCF CODE: 52 ANAME: SAUCARIE FILL:¢ ¥
CANTCN CODE 2 t NANE: viILLA TCLEDD FILL:S( 1c2)
CANTCN CODE 2 _--; NAMEZ: CATUYC FIeL:( 1C4)
CANTCN CODE 2 --‘; NANWE: KART KARI] FILL S ( 1¢%)
CANTCN CODE 2 —--; NAME: CHALLAVITYO FRLSI( 1C6)
CANTCN CODE 2 —-—; NANE: CrHCCARASI FILL ¢ 1¢c7)
CANTCN CODE --—z NAFNE: CHUQUINA FILL:( 1C€)
CANTCN CODE 2 _--; NANMED CULLURI FILLS( 1Cs)
CANTCN CODE ¢ _-’; NANES SAUCARI FILL:It 11C)
CANTCN CODE $ ——-; NANWE: UTAVI FILL: ¢ 111
DEPARTWENT CODE: 2 NAME: LA PAZ FILL:( 242)
CEPARTMENT CODE: 3 NAFPE: COCHAE AMBA FILLS( 243)
DERPARTMENT CQDE?: € NAVME: POTOST! FILL:( 24€)

DEPARTMENT CODE: 251 NAME : CHILE FILL: ¢ 2<1)
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LARS in the near future (see arrival schedule in Figure 1) will consist of
assigning digital codes (fill characters) to every class within the various
data base elements. The coding performed to date, in addition to other
equally important project tasks would not have been possible to carry out
without the valuable and indispensible assistance from the Bolivian Visiting

Scientist, Ing. Carlos Valenzuela.

INPUT OF THE DATA BASE ELEMENTS

General Background

As stated in the previous Quarterly Progress Report, the process by
which geo-referenced data, i.e., spatial data cbntained in a standard map
format, is converted to a suitable format for input and storage in a digital
computer is known as '"'digitization'. This process is also referred to as
"encoding", "data capture", or'data input', and it can be done either man-
ually or by means of special hardware and software systems. Experience at
LARS and elsewhere has shown that this process is extremely time consuming,
particularly when it is done manually. Therefore, an important task of
this project was to develop an efficient, effective, and user-oriented
"data input' system. Figure 8 in the previous Quarterly Progress Report
shows diagrammatically and in a simplified form the major processing steps
of the data input system for which software had to be developed. The dev-
elopment, implementation, and testing of the data input system was performed
according to the proposed project implementation plan shown in Figure 1 of
this report, i.e., during the period October 1, 1980 through February 15, 1981

as illustrated by the sequence of dots in Figure 1.
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The Digitizing Hardware System

The basic hardware conponents of the digitizing (data input) system

developed at LARS include:

A TALOS table digitizer (see Appendix C)

A PDP 11/34 computer (see Appendix G)

I

An IBM 3031 computer (see Appendix H)

A COMTAL Vision One/20 image display (see Appendix B)

A TEKTRONIX 4054 graphics terminal (see Appendix F)

A VARIAN dot-matrix printer/plotter
- 1Interactive terminals.
Detailed descriptions of each of these hardware components is included in

the respective Appendices of this report.

The Digitizing Software System

As previously stated, extensive software development was accomplished
during the present reporting period. Several computer programs were written
and integrated into a complete "data input" system. Figure 26 shows a dia-
gram that illustrates the data flow, the various processes involved, and the
logic of this data input system. The input to the system is a standard map,
and the output consists of a computer magnetic tape containing a gridded
(rasterized) digital image (in an Albers projection) of the input map.
Detailed user and system documentation of the data input system shown in
Figure 26 will be included in the next Quarterly Progress Report. As of
January 31, 1981, a test of this data input system was successfully completed.
Presently, the Political divisions map of the Oruro Department is being

prepared to be digitized using this data input system.
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ESTIMATED EXPENSES THROUGH DECEMBER 31, 1980

The estimated cost of this project for the period July 1, 1980 through
the end of the 1980 calendar year is shown in Table 15. All expenses in-
curred until December 31, 1980 have been combined into five major categories,
which are related to the different tasks shown in the proposed project im-

plementation plan (Figure 1).




Table 15. Cost Estimate Corresponding to the Period July 1, 1980 through December 31, 1980 For the
Geographic Information System of Oruro, Bolivia Project.

Task No.-lJ Major Tasks Personnel §§3J Travel Other Total

1, 2, 7, 8 System Design and

_'[ 9._

GEOBOL Interface $20,232 $ 28 $4,824 $§ 629 $25,713
3, 4, 13 Digital Mozaic 10,000 7,500 100 17,600
5 Data Base Systems Development 8,000 7,200 15,200
Training 2,000 35,951 37,951

6 Data Base Creation
TOTAL $40,232 $14,728  $4,824 $36,680 $96,464

4 Refers to task numbers in Figure 1.

31 Computer Service
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LARS FORM - 170

DATA STORAGE TAPE FILE

RUN NUMBERuceccsssstsscscses 77C1CS01L
DATE TAPE CGENERATEC+esee FER Ce 1581
TAPE NUMBERsesecessaasccsnncasss S283
FILE NUMBERcesssecssosocsccsccanes 1

LINES OF DATAcscecccsocsacce « 2340
SECONDS OF DATA. escene 2E.€5
MILES OF DATAceescaccocccccnce 100,50

LINE RATEceeacssoesscs Ela68 LINES/SEC
FRAME CENTER LATITUCEesoscceee —17,3€

SPECTRAL EANCWIDTH IN MICRONMETEFRS oo

CHAN LOWER LPPER CHAN
1) C.50 Ce GO « 2)
« &) 0e. €0 1e10 { €)

«7n t €)

(10) (1)
(13) " (14)
(16) T T (17)
(19) Tt T tzoy
(22) T T (23
(25) T B tz2e)
tzer T (z2s)

DATA TAPE CCMMENTSeeo

Desaguadero

FLIGHTLENE IDeococce coe

DATE DAYA TAKENcesosososovccces

TIME DATA TAKENs oo

29871327 8oL
9/7 8777
eccscece 0827 HOURS

FLATFORM ALTITUDEesececeee 3062000 FEET

GROUNC HREAUIRCecocccccvncee
FIELD CF VIEWseeesocosese
CATA SANPLES PER CHANNEL FER LINE

SANALE FATE ecssovee

FRAME CENTER LUNGITUDC eeccscesse

RUN 77010201 wAS FCRMED BY THE EORUN FROCESSCR

THE FOLLCWING L INESs CHANNELS WERE
LINE 2%3, CFANNEL 3
LINE 3€3, CFANNEL 3
LINE €45, CRANNEL 3
LINE 1017+ CFHANNEL
LINE 1083, CPANNFL
LINE 1222, CRANNEL
LINE 1474+ CFANNEL
LINE 1849. CFHANNEL

W N W W o

REFLACED
LINE
LINE
LINE
LINE
LINE
LINE
LINE

wP-333

LFPER
Ce70

CH
<
(

189 DEGREES

0273 RADIANS

3208

0+.0S MILLIRADIANS

AN
3)
6)

( 9)

(1
«1
!l
(2

2)
5)
8)
1)

(24)

(2
(3

7)
o)

FFOM RUN 77010500

IN RUN 77010501

329,
478,
721
1039,
1309,
1394 ¢
1641 ¢

CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
ChRANNEL

2

3
3
3
3
3
3

68.11

UPPER
0.80
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Oruro
LARS FCR¥ - 17D
CAYTA STORAGE TAPE FILE
RUN NUMEERswevo0rencnessvenes TECZZECH FLIGHTLIMNE ICecsvcases S4C913134 ECL
CATE TAFPE CENERATECLacees SEET 17,1680 CATE DATA TAKEMesoceaseaosssnes 6/ S/77
TAPE NUNBEResenceeadencscsccancsnse £2RE TINE CATA TAKEReecosavensace 0E13 FCURS
FILE NUMEEReeeveoecsoconeacscccunses 1 FLATFCRN ALTITUCEeesosesee Z0€2000 FEIT
LINES CF CATleeevecsdcvccannceces 2228 GRCUNC FEADINCecceencscesee 1HG DECREES
SECCNCS CF CATAavsoacsocencescaa 28450 FIELD CF VIEWecaoseoneoc Ce270 RACIANS
NILES CF CATAasvressaccasonsscae €% eSS CATA SAMPLES FER CHANNEL FER LINE 217¢€
LINE RATEaaneseoennse ELe€f LINES, SFC SANFLE fATEeecences 0e0C PILLIRAGIANS
FRAME CENTER LATVITULf soaovesces ~17,23 FRAVME C(ENTEFR LCACITUDEeececenses GE.8¢
SPECYRAL EANCWICTE N MICRCMEIEFS ..
CHAN LCWER LFPER CHEAN LCRER LFFER CHAN LCwWER UFPER
{ 1) CesC C.EC { 2) CefC Ce70 « 3) Ce70 Ca80
€ 4)  c.ec  1.10 cey T T cer T
« ?) T e ey T T cey T TR
(10) T T (11) T T a2 T
an T (lay T asy
ey T T an 0 T as
sy 7 T czar T (zty T
zzr T ey 0 TTTTT T
tzer 77T (zen 77T < T
(2e) T (ze» 7T oy T

ODATA TAFE CCMMENTS.qa

RUN €C225C1 WAS FCRMED BY THE SHIFTD FFCCESSCR FRCM &UN 76022500,
COLUMMSE 79C TG 7282 WEKE SFIFIED UF 12 LINES RELATIVE IC ThE
RESY CF THE DATA SET.

e e o e e e e e e e e e o e 2 = = = =t ot e e e 0% = o o . e = e e e e = e e e

> - " - - - - - - oo - " ke 4 = - = et > > o " o >

wE-J342
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Salar de Cojpasa

LARS FORM - 170
DATA STORAGE TAPE FILE

RUN NUMBERessesscsseccsccsvace 77C1CEO0L FLIGHTLINE IDeececcs ooe 293913284 BoL1
DATE TAPE CENERATE(«eeee FEB €+1981 DATE DATA TAKENecssscsoosocsece 8/21/77
TAPE NUMBER csssccvscsacacssacse 5272 TIME DATA TAKENecceooseooveces 0828 HOURS
FILE NUMBEReceesccecvsccscococscncns 1 PLATFORW ALTITUDEeeecesces J062000 FEET
LINES OF DATAcsescoccvoscscscsse 2340 GRCUND HEADINGeeesseccccees 190 DEGREES
SFCONDS OF CATAceccscsnsoncssce 2€.65 FIELD CF VIEWeevevesacae 0273 RAUIANS
MILES OF DATAcecesosscscsssccses 100,50 DATA SANMPLES PER CHANNEL FER LINE 3208
LINE RATEcoescoocvcse Ele68 LINES/SEC SAMPLE RATEeecccnce 005 MILLIRADIANS
FRAME CENTER LATITUCEeesveosse —18,7E FRAME C(ENTER LCNGITUDEscssassese 68439

SPECTRAL EANCWIDTK IN MICROMETERS..

CHAN LCWER LPPER CHAN LCRER LFPER CHAN LCWER UPPER
¢« 1) C.50 0.60 t 23 Q.60 Ce70 « 3 0e70 0.80
« &) -2:25 -7:;3 (o T ( 6) T -
«7) A I « e) T T « 9 - T

- ——— ———— - -————— - ——

t10) (11) (12) ‘

(13) (14) (1S}

(161 (17 (18)

asy czer T cevr T
T 2y T czer T
(2%) e -—..— (2¢) T T (27) T -
(28) T T zs) T {30) T T

DATA TAPE CCMMENTSsee

RUN 77010601 WwAS FORMED BY THE EDRUN PRCCESSCR FRCM RUN 77010600,
THE FOLLOWING L INES, CHANNELS WER REPLACED IN RUN 770106012
LINE 798: CrRANNEL 2 LINE 920, CHANNEL 4
LINE 1009s CHANNEL
LINE 1046, CHANNEL
LINE 111)s CHANNEL
LINE 12C1s CHANNEL
LINE 1284, CHANNEL
LINE 15C9s CHANNEL
LINE 21€7, ChANNEL
LINE 2212, CHANNEL

LINE 973+ CFHANNEL
LINE 1015, CHANNEL
LINE 1105 CRANNEL
LINE 1135, CHANNEL
CLINE 12079 CHANNEL
LINE 13€0. CHANNEL
LINE 2249 CHANNEL
LINE 2209. CFANNEL
LINY 222164 CHANNEL

W W e W W W W W
- WW N W W W W

LINE 2317+, CHANNEL
wpP-333
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RUN NUMBLReesvasonccsstccces

DAY TAPE CENERATECasees

FEB
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DA YA STORAGE TAPE FILE

26022401
€,1681

TAPE NUMBER teecesesccccccscscaace 3759

FILE NUMBERceecesececevscsvenasvsee L

LEINES OF DATAevecocssvoncscosnsee 2240
SECONDS OF DATAcceescsecncsccnne 2£c65

MILES OF DAYAcecsevccocesorseses 1CC,S50

LINE RAYE..

eescvecssse 81.68 LINFS/SEC

FRAME CENTER LATITUCEceevecoee ~i8,78

SPAECTRAL EANCWIDTH IN MICROMETEFRSes

CHAN
« )
« a)
«n
{10)
(12)
(16)
(19)
22)
2%)
(28)

DATA TAPE C

RUN 760224
THE FOL
LINE
LINE
LINE

L INE

L INE
LINE

L INE
LINE
LINE

- e i o

wP-333

LOWER LPPER

CHMMENTS e e e

01 WAS FORMED
LOWING L INESe
24, CHANNEL
224y CHANNEL
264, CHANNEL
3224 CHANNEL
383, CFANNEL
624+ CHANNEL
(1293, 135S,
(1401s 1473,
(2282, 2339

—— -

CHAN
« 2}
« <)
( &)
“un
(14)
(17)
(2¢)
(22)
(2¢)
125)

Lago Poopo

FLIGHTLIRE IDececcecss
OATE DATA TAKENcwaecesctoocccoas

40913140

6

eoL 1
7 S/76

TIME DATA TAKENaceacceoceeses 0814 KHCURS

PLATFCRY ALYITUCE cecececee
GRCUND HEADINGececccacscrcce
FIELD CF VIEWesvooavoes e

3062000 FEEY
190 DEGREES

0270 RADIANS

DATA SAMPLES PER CHANNEL FER LINE

SAMPLE RATEcessecee
FRAME CENTER LCAGITUDEceccscacasn

LCNER LFPER
0.€0 Ce70

CHAN
« 3
( 6)
« 9
12}
(1s)
(18)
t21)
(24)
(27)
(30)

LCWER
O.70

8Y THE EDRUN PROCESSCR FRCM RUN 76022400«

CHANNELS wERE REPLACED IN RUMN 760224013

LINE 54+ CHANNEL

LINE 240, CHANNEL

LINE 353, CHANNEL

i-2

1
293+ CHANNEL 2

2

1

LINE 384, CHANNEL

LINE 894+ CHANNEL

2

2

1-2 LINE

1

2

1
6), CHANMNEL I
6)e CHANREL 1
6y CHANNEL 2

LINE
LINE
LINE
L INE
LINE
LINE
LINE
LINE

- s e e et 0

114,
258,
323,
354,
623,

1163,
1395,
1974,

CHANNEL
CrANNEL
CHANNEL
CHANNEL
CHANNEL
CHEANNEL
CHANNEL
CHANNEL

N N = = NN

3176

040G MILLIRAQOIANS

67.21

UPPER
C.80

U
N
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Sucre
LARS FORM - t70
. DATA SYORAGE TAPE FILE
RUN NUMBER ceseoesosecsccesses 79CCE80L FLIGHTLINE IDecececcsse €60113340 ECL I
DAYE TAPE CENERATEC.eees FEB Ce1581 DATE DATA TAKENeeoceoooososcee O/1E/79
TAPE NUMBERceevtsvvcccsccccecsssse 1353 TIME DATA TAKENeeooooosessse 0834 HOURS
FILE NUMBERsevcoovscvooscvcsovenne | PLATFORM ALTITUDEeeooscees 3062000 FEET
LINES OF DATA ,.ceecvccvesacsvoven 2340 GROUND FEADEANGeaceceoceeces 1SC DEGREES
SECONDS OF DATAccccevcccnscsncse ZEL€S FIELD CF VIEW,ceeccccese 04273 RADIANS
MILES OF DATAcccvoccesosnssenrs 1CC50 DATA SAMPLES PER CHANNEL PER LINE 2208
LINE RATEceccoswvcasas 81468 LINES/SEC SAMPLE RATE cessvnae 006 MILL IRADIANS

FRAME CENTER LATITUCE eevevcoe —~18s7€

SPECTRAL EANCWIOTH

CHAN
« 1)
{ &
«n
(10)
(13)
€16)
(19)
(22)
25)
(28)

LOWER
CeSO
CeEQ

IN MICROVETEFS e

LPPER
Ce60
t.10

OATA YAPE CCMMENTSees

RUN 7900S€0t WAS FORMED BY THE EDRUN PRCCESSCR FRCM RUN 79005800,

THE FOLLCWING L INES,

wP-~333

CHAN LCwER UFPER CHAN
(¢ 2) 0«60 Ce70 { 3)
) T T Y
cey T 9
an T (12
(14) T (18)
(17 T (18)
t2¢) T T (21
ey T T (24)
(2¢) Tt T 27
(2ey T i30)

CHANNEL S WwERE REFLACED IN RUN 79005801:

LINE 100, CHANNEL 1,4 (INE 18S, CHANNEL & LINE 304,
LINE 323.,CHANNEL & LINE 34%, ChANNEL 3 LINE 364,
LINE 415, CHANNEL 4 LINE 416+ CHANNEL 4 LINE S23,.
LINE $35, CHANNEL 3 LINE 640+ CHANNEL 2,4 LINE 772,
LINE 8C8, CHANNEL o LIME B6Es CHANNEL & LINE @92,
LINE <S04, CH-ANNEL 4 LINE 1192, CHANNEL 4 LINE 1252,
LINE 1212, CHANNEL o LlﬁE 1313+ CHANNEL 4 LINE 1550,
LINE (64, CFANNEL & LINE 1924, CHANNEL 4 LINE 1960,
LINE 1G81, CHANNEL o LINE 2223, CHANNEL A LINE 2224,
LINE 2263+ CHANNEL 2 LINE 2284, CHANNEL 4 LINE 2338,

LCWER
Q.70

CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL
CHANNEL

FRAME CENTER LONGITUDE ceseseesee 65,69

LR N N TR N Y )
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Salar de Fmpexa

LARS FORM - 170
DATA STURAGE TAPE FILE

RUN NUMEER asecnsssssncsseas 22C1C701 FLIGHTLINE ICeecsceces 292913290 ect |
DATE TAFE CENERAJECeceee FER 1Ce 1581 CATE DATA TAKENsceeoeesossscee 8/21/77
TAPE NUMBERceceswocessasannaccse S278 VIVME DATA TAKENeeeesooscsose 0829 FGURS
FILE NUMEERcsoeescesevccsnscnnaceae 1 PLATFORM ALTITUDEeeessseces 3062000 FEET
LINES OF DATAceescesesceosonanee 2340 GRCUNG FEADINCseececesesesee 190 DECREES
SECONDS CF DATAcoense ®evcvee cELES FIELO CF VIEMcaceeascooee 0,273 RACIANS
MILES OF CAVAceecrecenesansceo 1GC.SC BATA SANMPLES PER CHANNEL PER LINE 32C8
LINE RATEwsvasnacvves Ele€R LINES/SEC SANMFLE FATEeacevess 0.0S MILLIRADIANS
FRAME CENTER LATITUCEeesseomen —2Co21 FRAME CENTER LCANGITUDE ceceacscee €B8.74

SEECTRAL EANCWIDTF IN MICRONETERSe-

CHAN LCWER LPPER CHAN LCRER LFPER CHAN LCwWER UPPER
Y CeSC  G.€0 () ce60 Ce70 « 3 0.70  0.80
Y “c.ee 1.10 T T T t 6 T T
R T « &) T T co T
(10) e T an T aa T T
any - (18) T T asy T
(16) Tt T an T as) T
Q19 T T (20 T T <zny T
tezy T (z3) Tt T (24) Tt T
(25) - T (czery T (27) T
(28) T T (29) ot ey T

DATA TAFE CCMMENTSeee

RUN 77010701 wAS FCRMED BY VHE ECRUN PRCCESSCR FRCM RUN 77010700«
THE FOULLCWING LINES. CHANNELS WERE REFLACED IN RUN 77Q10701%
LINE 43, CFANNEL 3 L INE 97+ CHANMEL 1| LINE 129, CHANNEL
LINE 247, CHANMEL LINE 431e CHFAMMEL 2 LINE 416, CHANAEL
LINE 5€0. CHANNEL LINE 693, CHANNEL
LINE 1368+ CHANNEL LINE 1649, CHANNEL
LINE 1ee8, CHANNEL LINE 1699, CHANNEL
LINE 16876 CHANNEL LINE 2131, CHAMMEL
LINE 22%0s CHANNEL

e

LINE 1072+ CHANNEL
LINE 1668, CHANNEL
LINE 1868, CHANAEL
LINE 218S¢ CHANNEL

W W W W e

N W oW W
N oWwN

- - -

- - —— - -

- ——— ——— -————-

wP-333
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Salar de Uyuni

LARS FCRm - 170
DATA STORAGE TAPE FILE

RUN NUMBERcsecsvessssccssses 77CIC3CH FLIGHTLINE IDevecccsecs 292813232 ECVIL
CATE TAFE CENERATEC.eeee FEB 1Z,15€1 DATE DATA TAKENeeecossaossenes B/20/77
TAPE NUMBEF seevevccassecsconccnae 27§ TIVME DATA TAKENcoeceoooosessse 0823 MCURS
FILE NUMBEK seescscsceancsncsassenes 1 FLATFCRM ALTITUDE o evveees 3062000 FEET
LINES OF CATAeecoscsccocsncscsces 2240 GRCUNC FEADINGeeccvscccseee 190 DEGREES
SECONDS OF DATAceuvesccccsnccce 2ECS FIELD CF VIEWeceecsoceee 0.273 RACIANS
NILES OF CATAcvcecoeccncccccnnes 1€C.50 CATA SANMPLES PER CHANNEL FER LINE 2208
LINE FRATEccocossenvess Eloe6B LINES/SEC SAMPLE FATEveesonse 0e0S MILLIRADIANS
FRAME CENTER LATITULEevocnncee ~2(e22 FRANE CERTER LCAGITUDEceccccscee 67433

SPECTRAL EANCWIDYH IN MICRCMETERSee

CHRAN LCWER LPPER CHAN LCWER LFPER CFAN LCWER UFPER
) GesC .60 Ty c.6¢ c.70 « 3 C.70  0.80
« o “c.€0 1.10 Y Tttt « 6) - T
«n Ut T e A T
oy T (1 ' (12) Tt
an T (14) Tt T (15) Tt T
(16) /Tt T an T : t18) /T T
asr 7T 2y T 21) TS OTTTT
ey T czny T 28y T
(29) T (z6) Tt T (27) Tt T
(zey T (z$) Tttt oy T

CATA TAFE CCMMENTSeae

RUM 770103C1 wAS FCRMED BY THE EDRULN FRCCESSCR FRCM RULN 77010300
THE FCLLGWING LINES, CHANNELS WERE REFLACED IN RUMN 77010301:
LINE 1002, CHANNEL 1 LINE 1033, CHANNEL 1 LINE 1129+ CHANNEL
LINE 114S, CHANNEL 1 LINE 1256, CHANNEL 1 LINE 1321, ChANMNEL
LINE 18€0s CHANNEL 3 LINE 1503+ ChHANNEL 3 LINE 1509s CHANNEL
LINE 1517, CHANNEL
LINE 1573, CrANNEL
LINE 1629+ CFHANNEL

LINE 1534+ CHANNEL 1 LINE 1565, ChANNEL
LINE 15814 CHARNNEL 1 LINE 1597« CHANMNEL
LINE 1€33s CrANNEL LINE 2047, CHANANEL

N o~ e W e -

N W e -

LINE 2022, CHANNEL

wp-233
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Model

70- COMTAL.

IMAGE PROCESSING SYSTEMS

COMTAL CORPORATION 505 West Woodbury Road, Altadena, California 91001 » (213) 797-1175 TWX 910-588-3256

Vision One/20 Configuration Document Effective
March 1, 1980

Description

A sophisticated state-of-the-art digital image exploitation
system. Self-contained with multi-purpose programmable
processors and large data bases. Performs as a stand-alone
or coupled processor to numerous host computers. Vision
One/20's are designed to be field upgradable to complement

expanded applications where large (to h0962) data bases are
required, or where added processing, arithmetic capability
and/or additional users are needed.

Vision One/20 Image Processor with the capacity for 64
512x512~8 bit images (or 16 1024x1024-8 bit data base image)
with 512x512 display output.

This Model includes:

a) Image processor and controller

b) Image processing and control firmware

c) Operator assignment of image memnry to a spatially con-
tiguous data base or discreet images

d) Real-time roam of a 512x512 display window within a
large data base image

e) Real-time zoom (2x and 4x) and simultaneous roam

f) Keyboard controller with 20 special function keys pro-

grammed by firmware and/or cperator definition

) Alphanumeric prompting on primary video output

) COMTAL standard image processing system 1/0 interface

) Processor and controller bus interface

) Processor and controller program memory expansion for

user generated software

k) Diagnostic and set-up commsnds

1) Test pattern generator

m) Precise, movable, digital, 1hx16 programmable target/cursor

n) Complete '‘feedback'' of displayed images as well as from
all processing and refresh memories plus target coordi-
nates

o) Three full 8-bit (256 level) 10M pixel/sec. digital to
analog converters

p) Pseudocolor processor (24 bit output, 8 bits each, red,
green, and blue)

q) High resolution pseudocolor, black and white, true or
false color

r) Independent pipeline processor slots




Mode 1

PMEM-1

SYSC
¢csto
ovLY
ANDV
KB
DACC-9

CHPS

REFM
RANC

REFC
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Vision One/20 Configuration Document (cont'd)

Description

s) Random access refresh memories may be loaded and/or
read on a single pixel or continuous line basis with
one set of transfer commands

t) The refresh output spatial relationship of all image
and or graphic memories may be altered at will and in
any direction under hardware control. Full roam,
and scrolling operations are included. Field
upgrade capability to 64 512x512-8 bit images (or one
4096x4096-8 bit image) and/or independent processing/
display user stations.

The above capability includes the following cards and other
items:
Program Memory in firmware, 12K words

System Computer includes up to 16K words RAM

COMTAL Standard Input/Output (for HP host, order CSIiOHP)

Overlay Card

Ancillary Device Card

Keyboard

Digital to Analog (512) Converter

Chassis for cards (two backplane capability) rack slides, one
power supply and one backplane

To complete a system one must decide upon the size of the
image/graphic refresh memory, trackball and/or data tablet,
computer controller (when the system is to be operated with
an external computer) and/or tape system for stand-alone
operations, monitor, color or black and white and equipment
mounting hardware or furniture if desired. Image/graphic
refresh memory sizes determine the number of memory cards,
1/0 cards, refresh control cards, frame write cards, pipe-
line processor cards, backplanes chassis and power supplies.

The above items are listed as:
Refresh Memory Card (1M bit)

Random |/0 Memory Control Card, one card supports eight images

Refresh Control Card (roam,zoom), one card supports eight images




Model
FRMW
PLP=4

T8

CT-8H
CONT-X

DD
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Vision One/20 Configuration Document (cont'd)

Description

Frame Write Feedback Card, one card supports eight images

Pipeline Processor, one card supports four images

Trackball (other interactive devices available - see

options)

Very High Resolution Monitor

Typical Interface Card includes 25 ft. cable

Data Desk (Single Bay)




Mode ]

ViD

DVID

CONLV-H

| COM

CLSF

SMAP
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EXPANSION OPTIONS

Description

Video Digitizer - Samples and converts to 8-bit value an
input analog video signal synchronous with the display.
Stores the results in one image refresh storage. Requires
assignment of one image in PLP capacity (may require
additional PLP-4).

Digital Video !nput Port - 10M byte/sec for digital video
or simulated video input. Modification to frame write
card (requires FRMW).

Convolution Processor - A plug-in unit for Vision One/20
systems that provides real-time convolution of up to four
images (may require EXP).

Image Combine Option - Real-time add, subtract, multiply,
or divide between two images (may require EXP).

Real-Time Multispectral Parallel-Piped Data Classifier and
Classified Pixel Counter - This option provides the capa-

bility to support a real-time classification of up to four
bands of multispectral data. Up to four separate classes
may be displayed simultaneously with this option. The re-
sultant classified areas are instantly displayed in select-
ed colors on a false color or monochrome image presentation.
The classified pixel counter counts the number of classified
pixels for a selected class within the total image. This
value may be read on the Vision One/20 annotation screen or
by an external device over the system interface.

*Provision is made for displaying overlapping classified
areas in unique operator selected colors.

*Any one of over 16 million color combinations may be as-
signed to each class.

*Decision criteria may be entered via the local keyboard
or by an external device, over the system interface.

*Complete flexibility is provided in decision criteria
since the user is not restricted to utilizing upper and
lower limits. Up to 128 ''on-off' decisions may be exer-
cised per spectral plane.

This option is implemented as a plug-in

card for the classification using four images or less. An
additional card provides for the classification of up to
eight images at a time, etc. (may require an EXP).

Real-Time Independent Small Area Processing for local color

correction and other small area pipeline modification (needs
one additional function memory per four images to have SMAP




Model

TLU-168

SWCH

TVSY

cozo

RAMC

SLNI

DIFF

DACC-10

CCOR

oviLy-2

AUC

MAPPER
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Description

capability).

Table Look-Up 16x8 bits provides arbitrary loadable 16x8
(65K input by 256 output) function memory for handling
very large dynamic range images. (Firmware interprets
two 512x512-8 bit images as one 512x512-16 bit image.)

Switchable - Output raster from 559 to 525 1:1 aspect ratio
for driving external TV industry devices at 525 line 60
field rates.

External Synchronization - Accepts composite sync for driv-
ing the Vision One/20 from external devices (525/625 option,
includes SWCH).

Continuous Zoom option in hardware for 1x up to 512x in
steps of .002x. (Replication, bilinear interpolation, cu-
bic interpolation, selectable.)

LS!1-11 RAM Memory available for users desiring soft operat-
ing system (16K words). (Replaces PMEM-1.)

Serial Line Interface - RS232 compatible variable baud rate
for standard interfacing.

Differential drives for 500' remote location of TB, KB, TAB,
SHAFT (customer to supply cabling, and any special cabling
required to maintain fidelity on the monitor).

Digital to Analog Converter Card for 1024x1024 display out-
put. Runs at 40 Megapixels/sec and has three channel (R,G,B)
per card.

Color Computer - Provides 24x24 bit RGB or YMC coupled map-
ping of input colors to output colors in real-time (includes
SHAFT option).

Overlay Card for second ''dual'' programmable target.

Independent Image Processing Channel for a second user -
Provides independent image processing and display output.
Both primary and secondary user channels operating from
shared 512x512 images refresh memory (requires an EXP).
This option includes PLP-4, OVLY, ANDV, KB, DACC-9 (monitor
not included). Prices vary based on capability of second
channel.

Mapper for 6 degree of freedom hardware spatial warping
irotation,sca]ing, translation, skew) from source data base
to destination image in 1/5 second.
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Mode Description

a) Basic system (1 bit deep, 10242 source image)
b) Each additional 1-bit of source memory

c) 20482 source data base available {may require EXP)

SHAFT Control Box for continuous interactive control of four in-
dependent parameters.

CT-8HH Monitor - Very high spatial resolution color monitor with
square aspect ratio presentation on a 19" (diagonal) CRT
screen for use with 1024x1024 resolution processors.

BT-17 Monitor ~ Very high spatial resolution 512x512 monochrome monitor
with square aspect ratio presentation on a 17' (diagonal)
CRT screen.

BT-2 Monitor - Very high spatial resolution black and white
monitor with square aspect ratio presentation on a 17"
(diagonal) CRT screen for use with 1024x1024 spatial reso-
lution processors.

DTT Digital Tape Transport -.!BM compatible 800 bpi 45 IPS
magnetic tape and controller for input/output for Vision
One/20 systems (requires DD1 for mounting).

DTT-2 Digital Tape Transport - Dual density IBM compatible 1600/
800 bpi 75 IPS magnetic tape and controller for input/out-
put for Vision One/20 systems (requires DD1 for mounting) .

DTT-3 Digital Tape Transport - Dual density IBM compatible 1600/
800 bpi 125 IPS magnetic tape and controller for input/out-
put for Vision One/20 systems (requires DD1 for mounting).

DD1 Data Desk - Desk sized to accept a Vision One/20 and a DTT-X
Digital Tape Transport (Double bay).

VRMT Vertical Mount - Standard 19" rack mount and cabinet

EXP Expansion Backplane and Power Supply

CAM Camera - Self-contained high quality vidicon camera with
shading corrector. Compatible with VID option. (Standard
RS-170 separate H & V sync). Includes stand.

TAB-A Data Tablet - 11'x11'"" XY tablet for ''pen on surface'' con-

trol of target location and other interactive programmable
operations.

TAB-B Data Tablet - 11''x17"




-76-

Model Description

TAB-C Data Tablet = 2L4''x24"

CAB 50 ft. Cable instead of 25 ft. (see CONT-X)

VREFM 200 Mbyte dual ported fixed media mass storage disc. In-

cludes controller, formatter, adapter, 0/S driver (Winchester
technology fixed media).

SYSC-23 LS1-11/23 system computer for replacement of SYSC. Program
memory includes maximum of 128K words.

NOS-P Replacement Firmware - Operating system for those wishing to
define specific requirements after delivery of standard
operating system (includes listing and new PMEM).

NOS-S Replacement Software - Operating system for those users
wishing to define specific requirements after delivery of
standard operating system (includes listing and 9 track
tape) (requires RAMC).

DOCM Documentation - Full documentation of wire lists, signal
lists, schematics, user manual and programmer card (first
set provided at no charge).

INST System Installation - At customer prepared site by COMTAL
field service personnel. Travel and living expenses are
extra, charged at cost (includes 3 hour training).

TRAIN Training - Because the Vision One/20 can be configured to
be a highly sophisticated digital processing device, up to
a full week of in-house training is available for two
people. Each additional trainee is extra.

MAIN Maintenance - Contract available on an annual basis (priced
at 7% sale price per year plus one-time zone charge. Sam-
ple contract available upon request). Required with lease
customers. Extended warranty priced at 0.9% on a month-to-
month basis.

BRDX Board Exchange - Special program to provide user with re-
placement of faulty circuit card, 24-48 hour turn-around,
if exchange card is available. (Details in standard main-
tenance agreement.)

ONCL On-Call Service - Cost based on time and materials plus
travel and living expenses. (See details in standard
maintenance agreement.)

ACFAC Factory Acceptance - Test procedure for up to 2 customer
personnel in accordance with COMTAL specified testing pro-
cedure.




Mode 1

ACSIT

HIST

GRAPH

CONVL-S

VIDINT

DviID-L

OVER
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Description

On-Site Acceptance - Test procedure if performed in con-
junction with COMTAL installation and in accordance with
COMTAL specified testing procedures. |f performed with-
out installation, add actual costs for transportation and
living expenses.

Real-Time Histogram and statistical processor

Graphic package to include special symbols, bars, charts,

vector/raster converter, and general raster graphics func-
tions of the Computer-Graphics marketplace (includes 7x9
alpha-numeric generator with 128 ASC!| characters).

Convolver package for implementation of recursive 3x3 con-

volutions in software without real-time hardware. Requires
FRMW, ICOM, and 9 iterations per 3x3 convolution (9 times
slower than CONLV-H).

Video Integration - Software package for accumulating mul-

tiple sums of video input carrying 16 bits of precision
prior to final truncation back to 8 bits/pixel. Requires
4 image planes plus VID and ICOM option.

Line buffered DVID facilitates asynchronous line loading
at 10M byte/sec rates without frame delay.

Overview hardware/software calculator provides scene over-
view from refresh memory to 512x512 output in less than one
second, or to 1024x1024 output in less than four seconds.
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TALOS TABLE DIGITIZER

Functional Description

The ingenious circuits of the active-inch
electronics unit are designed to exploit
the characteristics of the Talos digitizing
surfaces. A proprietary electronic servo
loop and switching circuit activates a
single 1" x 1" area on the digitizing
surface which automatically surrounds
the pen or cursor with an electrical field
wherever it is, or goes, on the entire
active surface. The transducer in the
pen or cursor senses this field, gen-
erating signals that are returned !o the
electronics unit where they are con-
verted to “numbers” in the desired

digital code which represent the abso-
lute (i.e., referred to the active surface
origin) X and Y coordinates of pen or
cursor positions. The “numbers"” are
actually a sequence or group of logic
voltage levels suitabie for transmitting
to the computer for display or other
uses.

The active-inch electronics, in com-
bination with the extremely precise,
unchanging digitizing surface, can
resolve any inch in both the X and Y
directions into 1,000 divisions of length,

usually expressed as lines-per-inch of
resolution. Because of this capability
and the fact that the electronics know
exactly how far eachline islocated from
the origin, the Talos Digitizers measure
absolute position; that is, the coordi-
nates of the pen or cursor are absolute
with respect to the surface origin.
They are able to provide an absolute
accuracy of =0.01” standard; +0.005"
optional.

In addition to high resolution and accu-
racy, the operating principle provides
several other important benefits.

Stability: Component aging, tempera-
ture variations and input power have
no effect on performance.

Interchangeability: Different surfaces
can be interchanged with the elec-
tronics unit and modules inside the
electronics unit can be interchanged.

Calibration: Uniike other digitizers, the
Talos digitizers require no periodic
recalibration or maintenance of any
kind to maintain its precision.

Origin: The origin cannot be lost; that is,
the pen or cursor can be lifted and
returned to the surface with no effect
on previous work.

Environment: Unlike other digitizers, the
Talos digitizers are not effected by
magnetic or electrical fields, temper-
ature variations, drafts, humidity,
dust or noise.

TALOS SYSTEMS INC. & 7419 E. Helm Drive ®

Versatility: Only Talos offers a complete
family of digitizers.

Interfaceability: The modular con-
struction of the Talos digitizers allows
the interface of your choice to be an
integral part of the digitizer elec-
tronics. Select from a wide variety of
interfaces to meet your specific
requirements.

Three different digitizer surtace
configurations:

Solid: For a smooth, hard
digitizing surface.

Back-Lighted: For digitizing X-rays,
printed circuit, and other
negatives.

Rear Projected: For digitizing pro-
jected images from movies, slides,
and other projections.

Scottsdale, Arizona 85260 ¢ (602) 948-6540 TWX (910) 950-1183

Two ditferent system concepts:

The Standard One™: The digitizer
that has established the standards
that other digitizers try to meet.
Outputs coordinate positions for
the user to process as desired.

The Smart One™: A microprocessor
based unit that provides internal
processing of precision coordi-.
nate positions. Allows relocation
or origin, skew correction, scaling
and other convenient local pro-
cessing capabilities.

™This is & Trade Mark of Talos Systems, Inc.

PRINTEO N U.SA.
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DETAILED SPECIFICATIONS

Unless otherwise noted, these specifi-
cations are for both The Standa:d One
and The Smart One digitizers.

Resolution: The Standard One provides
resolutions in either English (1000
tines per inch) or Metric (40 lines
per cm). Optional resolutions avail-
able in Metric (100 and 400 lines
per cm). The Smart One provides
switch-selectable resotutions in both
English (1000 tines per inch) and
Metrnic (100 lines per cm).

Accuracy: English +0.01 inch or Metric
+0.025 cm absolute. Optional accu-
racies available are English, =0.005
inch 2 %21.SB and Metric +0 013 cm
=12L.SB absolute.

Repeatability: =0.0005 inch.

Coordinate Origin: Lower left-hand
corner. On The Smart One, the origin
can be relocated to any point desired
and assigned any value desired.

Repetition Rate: Variable 1-100 coordi-
nate pairs per second. Exception -
Units having RS232, baud rate will
control repetition rate.

Qutput: The Standard One - provides
either paratlel binary or BCD.
Optional outputs are in addition to
parallel output. Optional Output/
Interface — RS232, Dual Port RS232,
Sequential, GPiB, Current Loop and
others. The Smart One - output micro-
processor-controlled for RS232, Dual
Port RS232, GPIB. Parallel and other
output interfaces on request.

Transducers: Ballpoint Pen - (with or
without ink) provided with +0.01inch
(=0.025 cm) accuracy units.
12-Button Cursor — provided with
+0.005 inch (£0.013 cm)
accuracy units.

Power Requirements: 115V, 60Hz, 0.5A
{max with LED displays). (100V, 230V,
50Hz also availabie.) Back Lighting
Units — 118V, 60Hz:

Model  Watts Model  Watts
611 42 640 240
614 56 648 310
622 100 660 480

Operating Modes: Remote, Point, Run,
Track and Increment. On The Smart
One, Menu Mode is added.

Controls: Control Panel - (located on
digitizer surface assembly), Mode
Select, Clear. Additiona! control on
The Smart One — Menu Select.
Electronics Unit — Power ON/OFF
Switch, Repetition Rate Control.
Additional Controls on The Smart
One - Binary/BCD Setect, English/
Metric Select.

Indicators: Control Panel - (iocated on
digitizer surtace assembly). Mode
Selected - (remote, point, run, track
and increment). Margin - pen down
and proximity. On The Smart One -
Menu Mode is added. Electronics
Unit - Power ON indicator.

Additional Options: 10- and 32-character
displays, Drafting Bases, OEM Con-
figurations, Special Configurations.

Environmental:

Temperature Range. +15°C to 40°C
operating.

Humudity: 0 to 95%, without
condensation.
Note: Check these specified environ-
ments against other digitizers'
envtronmental specifications

Mechanicai:

Cable lengths:
Surface to Electronics —
6 feet, 611, 614, 622.
Surface to Electronics —
10 feet, 640, 648, 660.
Transducer to Electronics —
8 feet, 611, 614, 622.
Transducer to Electronics —
12 feet, 640. 648, 660.
Output Cables — 6 feet.

Electronic Unit:

The Standard One:

11" x 9.5”x 5", 13 pounds.
The Smart One:

11" x 15" x 8", 16 pounds.

Digitizer Surfaces

o Heksid

Modei | Active Surface Area Surface Assembly Dimensions Weight
Std.

Number} L W | Margin a b < AP* BL*™ | Sokid | RP" BL™
611 11 1 75 |17.75 | 17.75 53 |1 3.25 9 9 19
614 ) 14 | 14 .75 120.75 12075 | 53 |1 325 11 11 23
622 | 22 | 22| 7512925|2925| 53 | 1 3.25| 16%2| 16%2| 34
640 | 30 | 40 | 1.75|4025| 5025 (150|175} 4 85 85 100
648 | 36 | 48 ] 1.75146.25 5825|150 1.75] 4 118 {118 140
660 | 44 | 60 | 1.75 154251 7025|150 | 175 4 175 175 1200

*RP — Rear Projected, Mounting Flange
**BL — Back Lighted, Light Housing
Dimensions In Inches
Weight In Pounds

Patents Pending
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250000 .
34 35 €G+000 17.0CC FILE: CORO1 CHECK
37 469 £G +COC 17.25¢C
38 503 6S«COC 17500
40 1338 £G.000 17.75¢C
42 1772 6G.CCC 1€.0CC
457 1771 €E€L475¢C 18.CC0O
R73 1770 £E.50C 18,000
1290 1769 €E€.250 1E.0CC
1704 1770 €£8.00C 1§,0C0
21290 1770 €7.75C 1£.CCC
2836 1771 €750C 1£.0C0
nE3€ 1337 £7.50C 17.75¢C
2538 $03 67.50C 17¢5CC
2541 468 €7+50C 17.25C
2543 36 €7.50C 17.CCC
2125 34 €7.75¢C 17.0C0
1707 32 684COC 17.0C0
1239 32 €8 4250 17.0CC
870 32 €EELE0C 17.CCC
452 34 6€e75C 17.CC0O
250000 .
35 34 €5.000 17.0C0 FILE: CORO2 CHECK
37 469 654C0C 17.25¢C ‘
39 S02 6G«COC 17.50¢
41 1337 €S.GC0C 17.75¢C
43 1771 €5.,0CC 1€.CCC
459 1771 FEL75C 18,0C0
R74 1770 EE.50C 1€.000
1300 1770 €8,Z5C 18,0CC
1706 1769 £8.C00C 18.0CC
2121 1770 €7.75C 1£.0C0
2535 1771 €7.5CC 1€.0CC
2536 1337 €7.50C 17.75C
2538 03 €7.5CC 17¢5CC
2540 468 €7.50C 17.250
2543 34 €7+50C 17.0CC
2125 a3 €7475C 17.0CC
1707 32 68,C0C 17.CCC
1288 31 €8,25¢C 174CCO
870 33 ELLE0C 17CC0C
A52 34 E€.75¢C 17.0CC
250000
35 34 €G.000 17.0C0 FILES: CORO3 CHECK
37 467 6S <000 17.2S¢C
40 902 €S eCOC 175C0
42 1337 €S <000 17750
44 1770 €G.000 1€.0CC
460 1769 €ELISC 18.0CC
378 1768 EE€.50C 1€.0C0
1290 1768 €€,ZSC 1€.0CC
1705 1769 €€.COC 1€,0C0
21729 1769 €7.75C 16.0C0
2535 1771 €7.50C 1€.0C0O
2535 1336 67.50C 17.75C
2537 502 €7.50C 17e5CC
25396 469 €7.50C 17.25¢C
2542 34 €7.50C 17.00C
2125 33 €775C 17.0C0
1706 22 68.C0C 17CC0
1283 21 €€.25C 17.0C0
871 32 €8.500 17.00C
453 33 €€.75C 17.0C0

Table 1. Three independent x and y readings from the table digitizer and
corresponding known longitude and latitude for the Corocoro
topographic map at a scale of 1:250,000.




¥ C F ECKP ZINT & C s & O 4%

X BNT Y PNT LCNGe DEC MIN SEC LAT. CEG MIMN SEC
24.€67 24,223 €GL.C0C €< C c 17«0CC 17 C C
27000 4€FL3Z3 €S.CCC €< . C C 17.2E¢C 17 1& o}
29000 G0Z2.322 €€,CCC €c C C 17.€60 17 3C Q
414000 12274322 ¢€£G.(CC E£S c C 17.7<¢C 17 45 0
434002 1771eC0CC €ES<eCCC €c C C 1€.00¢C 18 C C

4584667 177063232 €£475C £F 4€ C 1€.00¢0C 1€ C 0
A74 4007 17€S5e323 E€E£.5CC €E 2C C 12.00¢C 1€ C C
1293.332 17€S.C0C €£Ee.zEC €g 1€ C 18.C00C 1¢& c 0
170%000 17€G4,3Z3 €EE.CCC EE C c 1E.0CC 18 C 0
2120327 17€S.€€7 €747EC €7 45 C 18.00C 1€ C C
25354333 1771.CCC €7.5CC €i 3C C 18.00CC 1€ C 0
25325 «667 12ZE€EE€ET €745CC €7 2C C 17.75C 17 4c C
2537.6€7 SC2.6€7 €75CC €7 2¢ C 17.50C 17 ac 0
2540 . 000 4€8,2232 €7 SCC €7 2C C 17.25C 17 1€ 0
25426€E7 24,67 €17.50C €7 2¢ C 17.000C 17 C 0
2125.009 234333 €7,7€C €7 4€ C 17.CCC 17 C 0
1705 .667 22.000 €ELCCC €E C C 17.00C¢C 17 C [¢]
1288+333 31223 €EEecSC €E 1€ C 17.00¢C 17 C 0
8370 6333 2263322 €€.50C €¢ 30 C 17.00¢C 17 C C
452,323 Z3e€€7 £ELVEC €t 4< C 17.00¢C 17 C 0

THE FCLLCWING CCEFFICIENTS WERE LSED:

X COEFFICIENTSS
5Ge02320€64€0
-0.0CCEGESE3
-C.CCCCQQCCC

C
<
4

Y COEFFICIENTS?S
1€4$E100426G21
0.0CCE74018¢
0.00C0CCOCIC

Table 2. Averaged x and y values obtained from the three independent readings shown in Figure 1
and corresponding longitude and latitude for the Corocoro topographic map at a scale
of 1:250,000. These 20 readings were utilized for the computation for the regression
coefficients also shown in this figure.
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FILED Coeel DIGITY Al LARS /7 PURDCUE UNIVERSITY

1 s} [b] C

453 433 4<7 13Z3¢ 2121 1336 2123 467 1289 903
2 17 o] C

329 154 73¢€ 12 661 £27 435 121 ¢ 146G l!?
99083 875 sec 121¢ 1671 312 1362 1563 2181 €32
2064 809 2238 ecz 1841 1427 1632 1756 2497 107¢C
2373 1427 2512 137¢

FILFEI corn2 DIGIT Al LAFRS / PURDUE UNIVERSITY

i 5 o] C .

454 476 47 132¢ 2121 13236 2123 46 8 1289 901
s 17 0 C

331 136 734 1€2 661 £26 43¢ 121 & 1469 117
910 874 GEC 1218 1€71 311 1363 1562 2180 631
2064 809 2238 ece 1841 142€ 1632 17585 2497 1071
23732 1426 2€12 137€

FILES CORD3 DIGITY Al LARS / PURDCUE UNIVERSITY

1 5 o) 0

455 aé6 2 QEE 132¢ 2121 1338 2123 467 1289 301
2 17 0 o)

331 179 734 11 €61 €2¢ 436 1217 1470 11€
310 873 cgl 1218 1€71 310 1362 1561 2180 €622
2064 809 2z 38 (1 1842 1425 1681 1754 2497 1071
2373 14248 21z 137¢€

Table 3. Three independent sets of x and y readings from the table digitizer of 5 test point§
of known longitude and latitude, and 17 control points of unknown longitude and latitude
for the Corocoro topographic map.
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FILE: COR0OS5 CIGIT Al LAFRS / PURDUE UNIVERSITY

1 S 0 ¢

454,000 345 7,0CC 4€7333 133C4€€7 2121.000 1335.€€7 2123.000 4674333
1202G,000 CO01.€€7

2 17 Y C

230323 1744.CCC 73463222 1Ble€EE€7 €S1.0C0 £2€.,CCC 435,667 121€.,333
1463437372 116.,€£7 G0Ge 232 £E74,CCQ G8C,332 121500C 1671.000 311.000
12624333 1862+ CCC 21806332 €31s€€7 2(€4,000 8(S«0CC 2238.,000 801,€E67
1841.373 14264000 1€EB1.€E£7 175540CC Z4cie.00C 1070667 2373,000 1426,333
2512.000 127€.6£7

Table 4. Averaged x and y values obtained from the three independent readings shown in Figure 3
of 5 test points of known longitude and latitude, and 17 control points.
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Table 5.

FILE: CCin3s LCNLAT
250000.

1 = 0 0
68.7511790 17,24352%
58.250421 17,49G3¢€3

2 17 0 o
68,823304 17.,080G1¢2
68142191 17,0487GEE
684206412 17.879652
67.91883€ 17.,801497
€7.51584G 17.77304¢€

Al

€8 4,745193

€EEeSE2L137
€Ee478192
€£7«715189
€EL014717

177454CE

67750839

€8.€05119G
€844356CE
€7.785085
€7 +S248€6

longitude and latitude, and for 17 control points.

LARS / PURDUE UNIVERSITY

17.7494CE

€7 « 749638

€8.762178
68021122
674680537
€7 «5G35403

17.249470

17.680€14
17.159616
17.441789
17.801689

Calculated longitude and latitude (in degrees, decimals) for 5 test points of known

.._178_
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2509000 FILE: COCHAL CHECK
34 34 E7e50C 17.0CC
a7 468 £T7 50C 17.25¢C
40 901 €7.S0C 17¢500
42 1333 £7.€00 177590
43 1765 €£7.S0C 1£.C0C

452 1764 €£7e25C 1840CQC

nra 174 2 F7C0C 18000

12190 1764 €CtalcC 18,CCQO
170¢ 1766 CC€acCQ0 1B.0CC
21272 1767 €t ez5H0 18€.C0CC
2527 177G €€,000 1Ee«CCC
2559 133¢ £F 4COC 17«75¢C
2541 SQ 2 €€ «CO0 17500
2543 4€8 €€ .00C 1725¢C
2545 35 €€ ,G00C 17¢CCC
2127 32 £ a28C 17CCC
1705 31 €€e50C 174CCC
1290 21 E€EL75C 17.CCC

871 31 €7.CCC 17.0CC

452 21 €72%C 17.0CC

2500090 FILE: COCHAZ CHECK
34 35 €7e50C 17«00C
33 467 €E7.50C 17.25¢C
40 900 E750C 1750¢C
a1 1333 €7.50C 1775C
43 1764 €7.50C 18.0CC

45G 17646 €7.25C 1€.0CC

874 1762 £F7.C0C 184,000

1290 1763 €EEL?7S0 18.CCC
170¢ 1765 FE€.50C 18,0CC
2121 1767 £€ 4250 1E4G0CC
2573¢ 1766 £€ 4000 1€.CCC
25138 133¢ €€ L0000 1775C
2540 Q02 €6«CO0 17.50¢C
2543 A€ 8B €6 ,000 17.25¢C
2545 35 EELCOC 17.CCC
2127 33 E€ 425C 170CC
1709 22 £€=3C 17¢C00
12230 21 EEL7EC 17.0CO0

R71 31 €7.00C 1760CC

452 22 €£7.25C 17.CCO

250000 . FILE: COCHAZ3 CHECK
a5 3¢ £7e5CC 17.0CC
38 469 67.50C 17250
41 SO 1 €E7.50C 17.50C
43 1334 F7650C 17.75C
44 1767 €E7.50C 184CCC

460 1766 €TeZ25C 1Re«0CO

87¢ 17€S E7CCC 18.0CC

1291 176¢% EE€ELTEC 1f.CCC
1707 1766 €E€eS0C 18.0CC
2123 1768 €€ .250 1€,0CO0
2538 1770 €€400C 1€+0CC
25139 133¢ E6GLCCO 17¢75¢C
2541 902 E£.CO0 17.50C
2543 4€9 66,000 174250
254¢€ 35 56 .00C 170CC
2128 33 €€ s2SC 170C0O
1710 33 E€eE0C 17000
12930 32 €€ .15C 17.CCC
87> 32?2 €7CCC 17.0C0

452 32z €7.,25C 170C0C

Table 6. Three independent x and y readings from the table digitizer and

corresponding known longitude and latitude for the Cochabamba
topographic map at a scale of 1:250,000.




¥ C +F E CKPCINT S U S BE L *¥x
C

X PNT Y PNT LCNGe NDEC MIN SE LAT. DEG MIM SEC
34 .8€7 FUEET ET.E0C €7 3¢ ¢ 17.000 17 c 0
27.6€67 GLERB,Q000C €7.5CC €7 ac C 17.25¢C 17 1€ o}
40333 Q9004667 €7.5CC €7 3¢ c 17.500 17 3cC 0
424000 1332,3323 €7.5CC £ 26 o 17.7¢C 17 4€ 0
434333 17€Ce3332 E€E7.50C €7 3¢ C 18,G0C 18 C 4]

459,000 17€AQ,667T £7425C €7 15 C 18.CCC 18 C 0
074,667 17€3,667 €7.00C €7 o 0 18.,00C 18 C 0
12904332 17€4,.CCC €€.75C €€ 45 C 18.000 18 C e
17064000 V1 7€S, 667 CE.50C €€ 3¢ c 1€.,000 18 C o]
2122000 17676332 €€e2%¢C €€ 15 C 1€,0CC 18 C 0
2537.000 17€G,332 €E€,CCC €€ 0 C 12.0C0 1& C 0
25284667 133€.0CC €E€L,CCC €€ c c 17.75¢C 17 4€ o}
2540 4667 SC2.,000 FFfeCCC €€ C o} 17.50¢C 17 3C 0
25342.000 468,332 €€,CCC €€ c C 17.25¢C 17 1€ o]
25454667 3€,00C E€4CCC E¢ c c 17.0CC 17 C o]
2127.3232 I2L,E€7 €€ LZ5C €€ 1€ C 17.00¢C 17 C 0
1709,332 Z24000 €EE€ELECC €€ ag C 17.00C 17 C (o]
1290.000 214323 €€47SC €€ 4¢ c 17.0CC 17 C 0
871.332 21,337 €7.C0C Eq o} C 17.00¢C 17 C 0
452,000 F14E€E7 €T425C €7 1¢ C 17.00C 17 C 0

THE FCOLLCW ING CCEFFICIENTS WERE LUSEOD:

X ChEFFICIENTS?S
>7e¢SZ3E9

Y COEFFICIENTS:
1GeCELZEZCCST
0.00CE734¢70
0e.CCCCOCOCZC

Table 7. Averaged x and y values obtained from the three independent readings shown in Figure 6
and corresponding longitude and latitude for the Cochabamba topographic map at a scale
of 1:250,000. These 20 readings were utilized for the computation of the regression
coefficients also shown in this figure.
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FILE: COCHaL CIGIT Al LAERE / PURCUE UNIVERSITY

1 ) 0 ¢

454 479 48 1332 2123 1333 2125 465 1299 B3 7
2 16 0 C

314 161 4¢€€ 34C 324 1011 el € 53 308 351
7931 1179 €77 1€1¢ 1342 66 1108 590 1020 12895
1725 64 173¢< Gca7 te€1 1281 249¢C 234 2004 S03
1905 132G
FILE: COCHAZ2 DIGITY Al LARS / PURDUE UNIVERSITY

1 5 6] C

454 452 457 1321 2122 1334 2125 46 € 1289 897
2 16 0 C

314 170 4€< 24C 323 1C10 217 54 206 352
791 1178 €77 1€18 1242 €5 1107 591 1020 1284
1726 6€ 172¢ G4€ 1650 1281 243¢C 234 2003 S03
1905 1330
riLF: COCHA3 DIGIT Al LARS 7 PULRUOUE UNIVERSITY

1 S 0 c

459 465 4€S 1332 2124 1234 2127 467 1291 898
2 16 0 0

315 180 4€€ 341 324 1ct12 a1 8 54 808 3s2
792 1181 €7% 1621 1343 66 1108 591 1022 122€
1727 66 172€ 947 16€2 1282 249¢C 234 2005 502
1907 1330

Table 8. Three independent sets of x and y readings from the table digitizer of 5 test points of
known longitude and latitude, and 16 control points of unknowm longitude and latitude
for the Cochabamba topographic map.



FILE: COCkRAS LONLAY Al LARS / PURDUE UNIVERSITY

2500300,
1 ) n 0

074251172 17.2&8543 €74240G573 17748622 664250714 17.749587 664249115 174248927
664750125 17449744¢€

2 16 0 ¢

67335116 17,08473F €7.24427€ 17.176€65¢ €7e32G515 17.S€305€ 67.033720 17.01203€
67039517 17183174 €7.04G11C 17.€6€CS11 €74117262 174915C6€ 66718749 17.018520
T 664829445 174320681 €€4S11607 174721427 €€ 4EB724 17.01853F 664483129 17,525917
666533689 17+71G30€ €€«030€96 17115557 66.22205€ 17,27002S 664381009 17.747272

Table 9. Calculated longitudes and latitudes (in degrees, decimals) for 5 test points of known
longitude and latitude, and for 16 control points.
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FILE: COCHAS DIGIT Al LARS / PURCUE UNIVFERSITY

1 S 0] a

4544332 4€S,222 4%E4CCC 1232.0C0 2122.00¢0 1333.667 212S,667 466.000
129C.090 897 .332

2 1€ 0 C

314.333 1804222 4€C. €67 340332 223.607 1611,0CC 817.000 53.667
807.333 351.€€7 791,222 117G.6¢€7 €71,€67 16153323 13424333 65 .667
1107.€67 EQ0+€€7 1C2Ca€67 12E€,0C0 172€.,000 €S40CC 1735.333 94€.€67
16514000 1281.2332 24S(.00¢C 234.0CC 2CC4.000 502+6€7 1G0%5.667 132G .667

Table 10. Averaged x and y values obtained from the three independent readings shown in Figure 8
of 5 test points of known longitude and latitude, and 16 control points.
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250009
45 3a E£G+000 16.,0CC FILF: COmRO1 CHECK
40 503 " ¢£G.COC 18.5C0
43 1336 €5 ,000 1£,75C
45 1769 66 ,00C 1€.CCC
458 1768 cEJ75C 16.,CCO
872 1767 EELE0C 15.COC
128¢% 1766 €28 C 16,0CC
1598 17€€ E8LLCOC 16eCCC
2111 1767 £F7.75C 16.0CC
282% 178 6€7.50C 1€.CCQO
2526 133¢& £7.50C 1€.75C
2927 SCc? €7.,5CC 18e5CC
2528 468 FT7T.50C 18+.25¢C
25130 35 €ETe50C 18000
2115 33 €71.75C 1€.CCQO
1698 32 E8LCOC 18.CCQ
1213 32 €E€,25C 1€.0CC
]H7 33 6B8.50C 18000
451 32 E8J75C 1E.CCC
250000
34 35 €S «COC 18.00C . -
37 469 69.00C 18.25¢ FILE: CORQ2 CHECK
40 G002 €S eCOC 1£8S0¢C
43 1336 €6S.000 1€.75C
a5 1769 6GS.CCC 1€.CCC
459 1768 EE475C 1€.0CC
372 1766 EEE0C 16.00C
1235 1765 EEezEC 16.0CC
1299 1765 68 sCOC 16.C00
2111 1766 F775C 1€.CCO
2524 1267 67.,50C 1¢«CCO
2529 1334 €E7.500 1€.75C
25264 cQo2 E7.5CC 1£e5CC
26527 467 C7.50C 1€.,25C
2530 33 €7 50C 1€.CCC
2114 23 E747SC 1€.0CC
1699 32 £8,C0C 184CCQ
1222 33 €EEo28C 1E.,CCC
866 34 EEeECC 18.0CC
asi 3a €E.T%C 1€.0C0
250000 .
37 459 6S .00C 1e.25¢ [ ILF? CORGS CHECK
43 1336 €S+000 1€.75¢C
45 17€6 6G.C0C 1G6,0CC
459 1767 EEL75C 1€«CCC
873 17€5 68.,50C 1S.CCC
12836 17&€5 EBeZEC 16.C00
1699 1764 EE LCOC 1S.0CC
2111 1769 €775C 1€¢.0QC0
2924 1766 ETe=CC 16.CCO
2525 1333 £7.50C 1€.75¢C
25 7A g0t ETe€0C 1€e5CC
2527 467 €7.50C 1€e25¢C
2529 33 67 50C 18.CCC
2114 32 €E?7«75C 18«C0OC
1599 32 €8 .CO0C 1€£4,0CO
1282 33 E€ 28 C 1€.0CC
BEH 24 E8L,50C 1€.CCC
450 34 EEWaTEC 1fe.00C

Table 11. Three independent x and y readings from the table digitizer and
corresponding known longitude and latitude for the Corque topo-
graphic map at a scale of 1:250,000.




%% C ¢ ECKPCINTES Uu £ fF [ * 4%

X ENT Y ENT LUNGC . DEC MIN SEC LAT. CEG MIN SEC
34333 2€e.00¢C €ES.CCC [ C C 16.00C 1€ C (o}
37.322 QECLELT ES ,CCC [ C C 1€.25C 18 1€ 8]
40000 3026332 €C.CCC EC C C 1E.E0C l1& z2C Q
43,000 13Z€.0CC €S eC0C €% C C 1€475C 18 4c o}
45.0C7 17€S,00¢C ECLCCC £C C C 1<.CCQC i¢g C o]

453 6667 1T7€7€67 E£E 75 C £E 4 C 1<.C0C 1¢ C 0
8724332 17€€,C0C €ESEQC €& 3C C 1€C+.00C 1¢ C 0
12856333 17€€.,323 EE€LazEC €€ 1€ C 1$.00C 1G C (&)
1€98«06€67 17€5.0CC EELCOC EE C C 1€.00C 1¢ C (0]
2111 .000 17€€,00C ETe75C &7 4 C 15,00C 15 C o}
22244332 17€7.0CC €T .ECC €7 3¢ C 16.00C 1S C o]
25254332 1224,0C0 €75CC E7 320 C 1£«75C 18 4€ o}
25264323 CCl.667 €7.50C €73 2C C 12.20C 1& 2C 0
2527 .332 4€7 4333 £ET450C €7 3C C 18,25¢C 1P 1€ C
2529667 23 LEETY €7eECC €7 2C C 12.,00C 1€ C Q
2114 ,333 CZeEET €ET.75C €3 4 C 1£.00C 18 C Q
1698 o667 ZZ2.C00 €EE LOCC E€E C C 18.00¢C 1€ C 0
1285 .6€7 Z2e€£7 EEeZ2EC [R3 19 C 18,0CQC 1€ C 0

B66 e 3232 ZJ.EE7 €EELE0C €€ 20 C 1€.00¢C 1€ C 0
450 .£€7 2263232 EE75C €E 4c C 18.00C 18 C o]

THE FCLLCWINC CCEFFICIENTSE WERE LSFD:

X CCEFFICIENTSS
~GeQ23985027CE
~C.0C0€01224¢
~C.0CCCCOOCCE

Y CLEFFICIENTSS
175806042720
0e0D0CE74C4SC
0.,0CCCCO0C1E

Table 12. Averaged x and y values obtained from the three independent readings shown in Figure 11
and corresponding longitude and latitude for the Corque topographic map at a scale of
1:250,000. These 20 readings were utilized for the computation of the regression coeffi-
cients also shown in this figure.
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FILE: cORQ1 DiGg1Y Al LARS / PURCUE UNINVERSITY

1 S Q (¢}
452 468 4%€ 13z¢ 2112 1235 2114 467 1284 899
2 14 0 G
174 1155 2CE 1€<7 S 44 179 1C38 868 767 349
B22 1076 1343 2%2 12€2 1C74 1351 1507 1842 231
1628 1306 147¢S 1LEZS 23¢E¢ 723 2282 1446
FILE: CORQ2 DIGIY Al LARS / PURCUE UNIVERSITY
1 5 0 C
452 462 4c%€ 123z¢ 2112 1334 2113 467 1284 300
2 14 0 o
174 1150 2C€ 1€<7 caa 181 1C2¢ 866 766 946
822 1077 1343 2¢€1 12€1 1C73 1351 1506 1842 231
1625 132¢Cé 147¢ 1€2¢ 232 723 2282 144 4
FILE: CnRrRQ3 CIGIT Al LARS / PURDUE UNIVERSITY
1 S o] c
452 462 4S€ 132¢€ 2112 1333 2113 466 1284 900
2 14 0 [¢]
174 1151 2C7 1€¢<7? G432 181 1C37 866 765 349
322 1077 1342 z%1 12€1 1€73 1351 1506 1842 230
18298 1305 1475 1€37 23¢2 722 2282 1444
Table 13. Three independent sets of x and y readings from the table digitizer of 5 test points of

known longitude and latitude, and 14 control points of unknown longitude and latitude
for the Corque topographic map.
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452,000
1234.,000

2 14
174,009
7664070
1351.0C0
2253.000

Table 14.

DIGIT

0 c
444 ,00C
899 . £E€7

0 c

1152.0C0
949 .,0CC
1€064322
722667

Al LARS / PURDUE

45€«C00

N mddn
DO
A NNV
¢ s 00
[sNeXe X~
OOSO
QOHNO

N pee

133€.0C0

LFECTeGCC
1C76.6€7

230.€€7
1444.6€7

UNTVERSITTY

2112.000

1334,00C

180,332
2513323
130S,€€7

2113,332

1037.667
1261333
147G,000

of 5 test points of known longitude and latitude, and 14 control points.

466,667

B86€6.667
1073.333
1638,000

Averaged x and y values obtained from the three independent readings shown in Figure 13
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FILE: coRrQsS LONLAT Al LARS / PURDUE UNIVERSITY

250000,

1 5 0 0
63e751817 1P.2476C7 €E,74G4CE8 18.7501C8 €74750526 18.,749S2€ 67.749721 18.249142
£84250331 1£,4508649

2 14 0 c
63.913217 1£,644327 EE£,8S5552 1EeGSGHE2 ERLAES555 1E.08447€ 684368885 18,479612
83562641 18,527114 €E.SZ8891 18.€0C814 €£,214741 184125283 684264004 18.5$8886
08¢209915 184880235 €74G135E€ 18+113402 €EE.CA45€62 1E.733142 68.132689 18,92547S
674004514 184396584 €7.647E1C 18,813545

Table 15. Calculated longitudes and latitudes (in degrees, decimals) for 5 test points of known
longitude and latitude, and for 14 control points.
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250000,
35 34
13 469
40 g0%
473 1339
45 1774
457 1772
R70 1771
1293 1771
1696 1771
21909 1772
2821 1774
2¢23 1239
2526 GCS
25258 469
2532 35
2115 33
1699 32
12722 32
866 33
450 33

2450000 .
a5 34
28 469
40 505
473 1338
45 1773
457 1773
376 1771
12373 1771
1A95 1771
2100 1772
2521 1774
223 1239
2526 SCH
2528 469
2532 35
2115 a2
1,099 32
1232 3z
R6E 33
450 33

250000,
35 3S
29 4€R
40 904
42 1338
43 1772
456 1771
359 1770
1293 1770
1 695 1771
21027 1772
2520 1774
2522 1236
2925 SCH
228 469
2531 36
211¢ 34
1938 23
1232 22
87 32
449 23

Table 16.
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FILEZ UNCIAL

FILE?

FILF?S

UNCIAZ2

UNCTIAZ

CHECK

CHECK

CRECK

Three independent x and y readings from the table digitizer
and corresponding known longitude and latitude for the Uncia

topographic map at a scale of 1:250,000.
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3
A
< T
m
- N
x
hel
9]
-
rd
-y
0
C
"n
T
G
#*
&
*

X FBENT PN LCNGe. DEC MIN ceEC LAT. CEG MIMN SEC
35000 Zhe3222 E7.SCC €7 20 C 18.00C 1€ C 0
38 4000 4EELEET £T7.50C €7 2C¢ C 1€425C 1€ 1€ 0
40.CO0 SO048.E€T €745CC €7 2C C 12.€0¢C 18 2C 0
42.667 123R4333 €7+5CC €7 3C C 18.75C 18 4% Q
444333 1773.C0C €7.5CC €7 3¢ C 1540060 ig C 0

AS6 €67 1772.0CC ETFec2EC €7 C 1$.00¢C 1< c 0
BEJeEET 177C.€6€7 €E74CCC €7 C C 1$.00C 16 C ]
12834000 1770.€€67 F€4750C €€ 4€ C 16.0CQ 15 C o}
1€956233 1771CCC €€.50C €€ 3c C 1€.00G 1s C 0
21784333 17724000 £€425C €€ 12 C 16,000 16 C 0
2Z204867 1774.00C £€40CC €€ C C 16.00C0 16 C C
2522.€67 122S0CC €€eC0C £€ C aQ 1€475C 1& 4% G
28252667 <€CS,00( €€4C0C €€ C C 1€.50C 18 3cC 0
25284000 4€G.00GC €£€£4.C0C0 €€ C C 184250 18 1€ 0
2531.667 35,322 €€aC(C €€ C ] 1€,00C 18 C 0
2115.009 324000 €€425C €€ 1€ C 18.00C 1e C Y
1668000 2243233 €€45CC €¢ 3cC C 12.000 18 C o
1282.000 224000 €EE£€47EC €€ 4c C 12.00C 18 C 0
8€% 332 C2e6€7 €E74CCC €75 C C 1€.C0C 1& C 0
449,667 S3eNCC €7e025C €7 1< C 18.00¢C 18 C C

THE FOLLCWING CCEFFICIENTS WERE ULSED:

X CHEFFICIENTSS
£7eSEZ24C44€€5E€
~0.C0CEQ03G120

CeC0OCCONCCCZ

Y CIOEFFICIENTS

1 7GECS
000¢
cecce

Q\h{)go
QMO
osn
(e als)
we (0 (R
(N D (u

Ve
Q.

Table 17. Averaged x and y values obtained from the three independent readings shown in Figure 16
and corresponding longitude and latitude for the Uncia topographic map at a scale of
1:250,000. These 20 readings were utilized for the computation of the regression coeffi-
cients also shown in this figure.
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FILE: UNCTAL DIGIT At LAFRS /7 PURDUE UNIVFRSITY

1 5 0 c
452 476 4c€ 13z2¢ 2110 1338 2113 468 1282 303
2 11 0 e
1070 3z SEE X33 641 1582 1345 158 1281 1051
1107 1488 20E€ 3cCt 157 1438 2049 985 2427 941
1936 1575

FILE: UNCIA2  DIGIT Al LARS / PURDUE UNIVERSITY
1 5 0 c
as52 475 acs 13z¢ 2110 1338 2113 468 1282 3032
2 11 0 c
1070 313 cee €€ 641 1582 1346 159 1282 1051
1107 1489 20E€ 3ct 1556 143€ 2049 985 2427 941
1936 1575 '

FILE: UNCIA3  OIGIT Al LARS / PURDUE UNIVERSITY
1 5 0 c :
n51 469 4c4 1337 21Cg 1338 2113 467 1282 902
» 11 0 c
1771 301 cE 4 €€ 640 1€82 1348 159 1281 1053
1105 1489 20€€ 3c1 158¢€ 1438 2047 984 2426 942
1935 157¢€

Table 18. Three independent sets of x and y readings from the table digitizer of 5 test points of
known longitude and latitude, and 11 control points of unknown longitude and latitude
for the Uncia topographic map.
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FILE: UNCIAS DIGITY Al ULAFS / PURDUE UNIVERSITY

1 5 o] C
4514467 472,322 4548 €E€E7 1237.€€7 Z1C9.€67 1328,0CC 2113,000 467,667
122249200 GO2.6€7

2 11 0 C -
1073.3723 3CG.CCC GCEeCOC €ES57.€€7 €4CeEE7 15824.0CC 1348.,667 158,667
1221.,332 ICS1.6€7 110€4,2372 1488,6€7 ZCEE,000 3Cle.0CC 15586.000 1438,000
2048 ,333 CBAHET 282€.€667 G41.332 1GELL,€6€7 1575+ C0C

Table 19. Averaged x and y values obtained from the three independent readings shown in Figure 18
of 5 test points of known longitude and latitude, and 11 control points.
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SILE: UNCIAS LONLAT Al LAFS / PURCUE INIVFRSITY

250939¢

1 S 0 C
67251321 18,2523CG €7424SS1C 1£.74G421 €€,250042 1E€.749612 £€£.248932 18249887
6750180 18,4G8G€2

2 11 0 C
664877902 184156C41 €€,5475C3 1Ee3Se143 €7.127226 18.850341 66.709957 18.071873
H6. 750523 1R ,584€30 €€8CE€178 18.82€400 €€ ,2E2098 182153454 66584875 18,8072¢67
€ e 287328 1845461227 €€40SECECT 1€.5212(3 E€422571G 1E.8263C1

Table 20. Calculated longitudes and latitudes (in degrees, decimals) for 5 test points of known
longitude and latitude, and for 11 control points.
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250000, ey e
15 34 €S.CCC 16.ccc FILED SALINL - CHECK
38 469 6G.C00 16.25C
41 Q902 €5,000C 16e5CC
44 1338 €G40CC 1S, 750
46 1771 €5$.0CC Z2Ce0CO

456 1770 €E..75C 2€.000C

866 1769 €£8,50C ZC.CCO

1277 1768 €8 ,25C Z(.00C
1687 1766 €€ +COC ZCeC00
299¢€ 1769 €7.75C ZC.C0C
2505 177¢ 67 +€0C ZC.000
2506 1336 67.50C 1S5.75¢€
25083 903 67+5CC 1€.5C0O

2510 467 67.50C 1S4 25C

2513 34 €750C 16.0CC
2099 31 €7475C 1$.0C0
1558 31 €E.CCC 16.0CC
1275 31 €8 .25C 15.0CC

862 32 €E.ECC 15.CCC

448 33 €EL.75C 15.0C0
250000 . - . 2 CHECK
a5 36 654000 1s.0cg " ILE? SALIN
an 469 6S.CCO 1S.250
40 303 €S «COC 15+5C0
43 1338 €9.,000C 1S.750
"6 1770 6S.00C Z€eCCC

454 1770 €E.715C 2C.000
a65 1769 E€,500 2CCCO

1274 1768 €8 .25C Z(a0CO

1604 176G €8 .00C ZCe0CC

20%4 1769 €7.75C zC.COC

2503 1771 €7e€0C 2C.000

2804 1338 €7+50C 1S.75C

2526 503 E£7SCC 1€<SC0Q

2503 568 €7.50C 1S.25¢C

2511 36 €7ECC 1S.0CC

2093 3a €7.75C 15.0CC

1624 32 €84C0C 1€.CCC

1273 32 €8 ,25C 15.0C0

850 33 £84E0C 1S.CCC

448 33 EELT5C 1$.0CC

250000 FILE: SALIN3  CHECK
35 34 6S.COC 15.0C0
a8 467 €6S.C0C 15.250
40 902 £SeCOC 15500
43 133¢ 6C.00C 1S.75¢C
45 1770 5GeC0C ZC.CCC
454 1768 €E€.75C £C.000

a64 1752 68,50C 2CeCCO

1274 1767 €E LZEC 2(.0C0

1633 17623 £E400C 2€.00C

2022 1767 £7.15C 2C.C00
2501 1770 €7.50C ZCe.CCC
2803 1337 £7.50C 16.75¢C
2595 S0 1 6750C 1S.5CC
2538 466 €7.50C 16.250C
2510 3s €7+5CC 1$.CCC
2038 33 €7.75¢C 1$.0CC
1685 32 £84CCC 16.0C0
1273 32 €6 ,.25¢ 1€.2¢C¢C
850 32 €EE450C 1S.0CC
443 az €€.75C 1$.0CC

Table 21. Three independent x and y readings from the table digitizer
and corresponding known longitude and latitude for the Salinas
de Garci Mendoza topographic map at a scale of 1:250,000.




%% C F ECKFCINT < U s & C * %%
C

S T o T T o T e o e e e e e o e ot o e " e > = e e e e r ——————— ————— ——— - -~ o e

m
Vs
[

(g]

454 « 667
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Table 22. Averaged x and y values obtained from the three independent readings shown in Figure 21
and corresponding longitude and latitude for the Salinas de Garci Mendoza topographic
map at a scale of 1:250,000. These 20 readings were utilized for the computation of
the regression coefficients also shown in this figure.
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Table 27. Averaged x and y values obtained from the three independent readings shown in Figure 26
and corresponding longitude and latitude for the Rio Mulatos topographic map at a scale
of 1:250,000. These 20 readings were utilized for the computation of the regression
coefficients also shown in this figure.
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Table 28. Three independent sets of x and y readings from the table digitizer of 5 test points
of known longitude and latitude, and 12 control points of unknown longitude and lati-
tude for the Rio Mulatos topographic map.
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Glossary of
Terms

Aerial Photograph

Alphanumeric Data
Analysis

Attribute

Base Map

Batch Processing

Cartography

Cathode Ray Tube (CRT)
Cell System (Grid System)

Color Infrared Film

Composite Mapping
Computer
Computer Program

Coordinate System

Coordinates

CRT
Data

Generally, any photograph of the terrain taken with acamera mounted in an
aircraft.

Data represented by letters of the alphabet and numbers.
Performing computations on previously obtained data.
Characteristic of a site or phenomenon.

Map used as a primary source for compilation or as a framework on which
new detail is printed. The term "“base map"” may be applied to topographic
maps that are used in the construction of other types of maps by adding
particular data.

A user prepares a request to the computer (frequently in the form of key-
punched cards) and submits the request to a computing center; the results
{output) are produced and available for the user at a later time. (Compare to
Interactive Processing.)

Science and art of making maps and charts. The term may be taken broadly
as comprising all the steps needed to produce a map.

Television screen for displaying electronic images.

A scheme for storing data in a computer system in which a square or rec-
tangular grid resembling a checkerboard is superimposed over the area of
interest. Data within each square or rectangle may then be aggregated ac-
cording to each type of variable. (Also referred to as raster data.}

Vegetation generally reflects a lot of energy in infrared wavelengths not
visible to the human eye. Color infrared film can record this energy because
itis sensitized to green, red and near infrared instead of biue, green and red
wavelengths of conventional color films; on this film healthy vegetation is
bright red or pink, and dead or dying vegetation is a shade of green. Origi-
nally developed for camouflage detection. Synonym: False color fitm.

Ability to combine the characteristics of two or more maps to generate a
summary composite map.

An electronic machine capable of processing numbers and letters of the
alphabet for many different purposes.

A sequence of instructions that cause a computer to complete a desired
task.

Any one of a number of systems used to reference point, line and area
information by defining its geographic location (e.g. State Plane Coordi-
nate System, Universal Transverse Mercator).

Linear and (or) angular quantities that designate the position of a point in
relation to a given reference frame.

See Cathode Ray Tube.

A general term used to denote any or all facts in the form of numbers, let-
ters, text or symbols. Raw facts or statistics which alone have little or no
meaning, but as a group allow some meaningful relationships to be drawn.




-111-

Data Base

Data Encoding/Data Entry

Digital Image

Digital Image Processing

Digital Value

Digitize

Digitizer

DIME

Disk Storage

Encoding

File

Geocode

Geographic Coordinates

Geographic Information
System

Geographic Reference

Graphic CRT Terminal

Graticule
Gray-Tone Map

A large collection of data containing relationships between various data
items. Synonym: Data bank.

The process of converting data to machine readable form. Encoding is a
general term referring to a manual or a machine-aided process.

Image having numeric values representing gray tones. Each numeric value
represents a different gray tone.

Computer manipulation of the digital values for gray tones of an image.

Data are said to have digital values when they can be represented numeri-
cally. Necessary for computation within a computer.

The process of using the digitizer to produce computerized representations
of maps and aerial photography.

1) An instrument (typically a drafting-type tabie) that transforms maps into
computerized form. The digitizer collects datain the form of X and Y coordi-
nate points from a source, usually a base map. Computer programs can
then use the data to calculate areas, produce plotted maps, etc. 2) One who
operates a digitizing machine.

Acronym for “Dual Independent Map Encoding”; a method of representing
map features numerically for processing by acomputer. The DIME File was
designed and implemented by the Bureau of Census for use in gathering
data for the decennial census.

A rotating plate having magnetized surfaces on which data may be stored.
(Alternate spelling: Disc.)

See Data Encoding/Data Entry.

An organized collection of associated data directed toward some purpose,
usually associated with aphysical device such as a tape, disk, filing cabinet,
etc.

The process of attaching ageographic reference to aphenomenon, such as
assigning a latitude-longitude to a water well site. :

A spherical coordinate system for defining the position of points on the
Earth expressed in terms of a regular coordinate system.

An information system that can input, manipulate and analyze geo-
graphically referenced data in order to support the decision-making pro-
cesses of an organization.

Explicit two- and three-dimensional locators of a phenomenon, such as
assigning the latitude-longitude to a water well site.

A cathode ray tube usually used as a terminal to a computer which has the
capability to draw lines, points, polygons, graphs or charts on a screen.

The network of lines of latitude and longitude upon which a map is drawn.

Line printer and electrostatic plotter maps portraying various features or
attributes as different shades of grayness from white to black. Etectrostatic
plotters use an on/off dot pattern to produce up to 63 gray-scale patterns
although only about 16 patterns can be easily differentiated with the eye.
The maps produced from either device are known as gray-tone maps,
where each tone of blackness corresponds to a different data type on the
map.
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Grid
Hard Copy
Hardware

Imagery

Information
Information Network
Information System

Infrared
Input

Interactive Processing

Interface
Interpretation
Keypunched Card
Land Cover

Land Use
Landsat

Latitude
Line Printer
Longitude

Machine Readable
(Machine Processable)

A network of uniformly spaced horizontal and perpendicular lines (as for
locating something on a map).

Any computer output that is printed on paper, rather than shown on a CRT
screen, for example.

The physical, electronic and mechanical equipment or devices forming a
computer and associated peripheral equipment. (Contrast with Software.)

The visual representation of energy recorded by remote sensing instru-
ments. Representation or reproduction of objects and/or phenomena as
sensed or detected by cameras, scanners, radar, etc. Recording may be on
photographic emulsion or on magnetic tape for subsequent conversion and
display on a cathode ray tube.

Organization of data so that they are in a form useable for decision-making.

The interconnecting of a geographically dispersed group of libraries and
information centers, through telecommunications, for the purpose of
sharing their total information resources among more people.

Information or data resources joined together in both a formal and informal
manner to support the decision-making process of an organization.

Radiant energy with wavelengths somewhat longer than visible energy.
The process of entering information into a computer.

A type of man-machine interface where a user types commands to a
computer via a terminal, gets information back from the computer in ashort
time, and generally “converses” with the computer. (Compare to Batch
Processing.)

The junction between the components of an information system.
See Photographic Interpretation.
See Punched Card.

Cultural objects and natural and cultivated vegetation occupying the land-
scape that can be grouped or classified and subsequently mapped using
remotely sensed imagery.

Utilization of land. A land use map prepared from aerial photography em-
ploys categories such as pasture, wasteland and unimproved land, all of
which might conceivably fit into a grassland category of a land cover map.

An unmanned Earth-orbiting NASA satellite that transmits images to Earth
receiving stations (formerly called ERTS—Earth Resources Technology
Satellite).

Angular distance, in degrees, minutes, and seconds, of a point north or
south of the Equator.

A computer hardware output device that produces tables, reports or maps
by a series of alphanumeric characters printed on sheets of paper.

Angular distance, in degrees, minutes and seconds, of a point east or west
of the Greenwich meridian.

Information in a form such as punched cards or magnetic tape that can be
processed directly by computers and other machines.
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Magnetic Disk (Disc)

Magnetic Tape

Map Digitization
Memory

Minicomputer

NASA
Off-Line

Photographic Interpretation

Picture Element

Pixel

Piot

Plotter

Point Data
Polygon System

Processing

Program

Public Land System

Punched Card

Quadrangle

An information storage media on which information is recorded on a mag-
netizable surface of a rotating disk, with associated reading and writing
heads which are mounted on movable arms.

A long strip of mylar, plastic-coated with ferrous oxide, on which informa-
tion may be stored or read.

Conversion of map data from graphic to digital form.
A device that stores information for later recall.

A modern computer which performs similar functions faster and in a
smaller space than earlier computers.

National Aeronautics and Space Administration.

in batch processing, the jobs for the computer are said to be prepared “off-
line” because the user is not directly connected with the computer's central
processing unit. A type of operation which is not directly connected to a
central processor unit.

The act of examining photographic images for the purpose of identifying
objects and judging their significance. Photo interpretation, image inter-
pretation, and image analysis are other widely used synonyms.

Unit of resolution on Landsat imagery. One picture element on Landsats 1,
2, and 3 data corresponds to a ground area measuring approximately 57 by
79 meters. Synonym: Pixel.

A contraction of “picture element.”

A spatial representation of data generated by an output device such as a
digital plotter or line printer.

A computer hardware output device that produces single or muiti-colored
pen plots of maps, charts or figures which are stored in a computer.

Data that can be associated with a single geographic location (forexample,
an address).

A system of organizing data in a computer where an area on a map or aerial
photograph is represented by a string of three or more coordinate pairs.

Refers to computer operations or handling of data in a sequence of logical
operations.

More commonly referred to as a “computer program"; the complete plan for
the solution of a problem. Specifically, the complete sequence of computer
instructions necessary to solve a problem.

Public lands are subdivided by a rectangular system of surveys established
and regulated by the Bureau of Land Management. The standard format for
subdivision is by townships measuring 6 miles on a side. Townships are fur-
ther subdivided into 36 numbered sections of 1 square mile (640 acres)
each.

A stiff paper card of exact dimensions into which holes are punched to
represent information. Subsequently, the information can be sensed and
processed by mechanical, electrical or optical machines.

Four-sided area, bounded by parallels of latitude and meridians of longi-
tude, used as an area unit in mapping (dimensions are not necessarily the
same in both directions).
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Remote Sensing

Report

Scale

Software
Soil Map

Spatial

Spatial Data

Spatial Information System

State Plane Coordinate
System

Survey

System

Telecommunications

Teletype

Terminal (Computer
Terminal)

Topographic Map

Topography

Universal Transverse
Mercator (UTM) Grid

Watershed

Perceiving information or data about certain objects or conditions from a
distance without physical contact. Examples are the human eye, a camera
which might be hand-held or airborne, or a satellite sensor.

A tabular representation or product produced by the computer, usualty
output to a line printer, and displaying data in an organized and readabie
(and usually summary) form.

Relationship which exists between a distance on a map or photograph and
the corresponding distance on the Earth. It may be expressed as an equiva-
lence (e.g. 1" = 16 miles); as a fraction or ratio (e.g. 1:24,000); or as a bar
graph subdivided to show distance which each of its parts represents on the
Earth.

A set of instructions that tell the computer (hardware) what to do.

Map that shows the constitution, structure, and texture of the soil and iden-
tifies ongoing erosion.

Refers to the location of, proximity to, or orientation of objects with respect
to one another.

Facts about the real world organized geographically. Discrete symbols
(numbers, letters, or special characters) used to describe some entity;
these data are organized according to the location of that entity in the three-
dimensional world.

See Geographic Information System.

Coordinate systems established by the U.S. Coast and Geodetic Survey
(now the National Ocean Survey), one for each state, for use in defining
positions of geodetic stations in terms of plane rectangular (x,y) co-
ordinates.

Orderly process of determining data relating to any physical or chemicat
characteristics of the Earth. The associated data obtained in a survey.

An assembly of procedures, processes, methods, routines or techniques
united by some form of regulated interaction to create an organized whole.

The process of transmitting data between geographically separate pieces
of electronic equipment.

A piece of equipment capable of sending and receiving information that is
typed at one iocation and printed at another.

A remote communications hookup to a computer that may be used for
either input or output. A general term used to denote the various hardware
devices which are used to communicate with computers.

Map that represents the horizontai and vertical positions of the features
represented.

Configuration (relief) of the land surface; the graphic delineation or por-
trayal of that configuration in map form, as by contour lines.

Military grid system based on the transverse Mercator projection, applied
to maps of the Earth’s surface extending from the Equator to 84°N. and
80°S. latitudes.

A region or area draining ultimately to a particular watercourse or body
of water.
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TEKTRONIX

19" screen desktop
computing system

with enhanced graphics
and powertul BASIC.

Unequaled graphics and
powerful, fast computing in an
integrated desktop computer. The
4054 is the only desktop computer
that combines easy-to-learn,
extended BASIC with the unique
features of a large-screen, high
resolution Tektronix display. For rapid
calculation, the 4054 has a fast
processor with microcoded floating
point. The state-of-the-art graphics
capabilities of the 4054 provide for
demand hard copy of any
combination of text and high-density
graphics (with optional hard copy
unit). Fast processing coupled with
simultaneous text and graphics
display offer an excelient fit for many
sophisticated graphics
environments. In addition, the 4054's
memory capacity can be expanded
from a standard 32K bytes, up to
64K bytes. The 4054 comes
standard with a GPIB interface
conforming to IEEE Standard
488-1975. Through this interface, a
variety of printers. plotters, graphics
tablets and/or mass storage units
may be connected, offering a
powaerful solution for most
application requirements.
The 4054 features software
compatidility with the rest of the
4050 Series of desktop computers.
Qur 4051 set the standard for high
performance, affordable desktop
computing. The 4052 utilizes a new
processor and offers a larger
memory capacity. Programs
developed on the 4051 and 4052 will
operate on the 4054, giving 4054
users access to a wealth of PLOT 50
software, already written and
debugged, thus reducing program
development costs often associated
with new systems.

The 4050 Series has a long list of
proven peripheral products. GPIB

Graphic
Computing
System

(General Purpose interface Bus) and
RS232-C interfacing coupled with
easy-to-program BASIC 110
cammands aflow considerable
versatility in designing your own
system. Furthermore, additional
perpherals can be readily
integrated as your application necds
change or grow.

Superior Graphic and
Alphanumeric Display. The 4054,
with 4096 (x) by 4096 (y) resolution
-— 13 million addressable points -
has all the graphics capability you
wilt need for even the most complex
display. With ASCH! stroke-
generated characters
programmable in four sizes and
eight fonts, the 4054 has the tools to
alphanumerically dress up your
output to suit any professional
requirement, including previewing ot
132 column line printer output.

For your graphing needs there are
36 distinct dot-dashed patterns,

selectable under program control,
providing for maximum eftect of
represented data. For interactivity
the 4054 has a thumbwheel driven,
true cross-hair cursor Ali of these
features are implemented using the
extended BASIC of the 4054.
Friendly extended BASIC provides
the simplicity desired by the
beginner together with the flexibility
and power required by the
experienced programmer. Device
independent keywords make
prograin and data input/output
operations easy in either binary or
ASCil formats. Fast, buiit-in BASIC
functions such as SINE, LOG, SQR,
etc plus a compiete set of matrix
functions provide powerful
computation at your fingertips. Add
easy-to-use BASIC graphic
commands such as MOVE, DRAW,
etc. and it 1s easy 10 see the potential
uses of the 4054.



Data Communications. With the
Data Communications Interface
{Option 1) the 4054 can .
communicate asynchranously with a
host computer at rates up to 9600
Baud. In terminal mode, the 4054
emulates our popular 4014-1
Graphic Display Terminal, and
allows direct data transfer between
the built-in cartnidge tape drive and
host computer.

Excellent Product Quality. The
4054. like all Tektronix products, is
rigorously tested at all levels of
manutacturing. The benefits of this
concentrated effort to our customers
are product excellence and
reliability. To continue this
commitment to product excellence
after the sale, Tektronix offers a full
one year warranty and a worldwide
network of service and technical
assistance.

Central Processing Unit

Type: Bit-slice technology.
User memory workspace:

Standard 32K bytes
Opt. 24 64K bytes
(56K user)

Programming Language BASIC
with numerous extensions.
Dynamic Range:
£10 "to x10'"™
Numeric Accuracy:

14 decimal digits with 12 displayed
Calculator keyboard. Statements or
calculations may be executed
immediately from the keyboard
Keyboard
Standard typewriter keyboard.

Full 128 ASCli chasacter upper and
lower case with auto repeat.

10 key numeric and 5 math function
calculator key pad.

5§ line/character editor keys.

User definable function keys;
10-shiftable to 20.

Keys for single step program
execution, auto numbering.
rewinding magnetic tape, making
copies, or automatic loading and
execution of the first program

on tape.

Tape Drive

3M®DC300A cartridge.

300K bytes maximum

Rewind speed: 90ips
Search/read speed: 30ips
Structure: 256 bytes with header
(128 byte headerless format
selectable tor 4923 tape
compatibility).
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Math and Trigonometric:

* (multiply)

/ (divide)

+ (add/subtract)

¢ {(power), SQR
LOG. EXP(ex), LGT(10)
SIN, ASN, COS, ACS
TAN, ATN, Pt
ABS, MIN, MAX
SGN, INT, RND (random)
SUM (matrix)
DEF FN {define function)
Relational: =, >, <, <>, =>, =<
Logical: AND, OR, NOT
Assignment: DiM, LET (optional),
Character String: & (concatenate)
CHR (decimal to ASCII)
ASC (ASCl! to decimal)
STR (numeric to ASCIl string)
VAL (ASCH string to numeric)
SEGMENT, POSITION
LENGTH, REPLACE
Graphic Commands:
MOVE, DRAW
RMOVE, RDRAW (relative)
VIEWPORT, WINDOW
SCALE, AXIS, ALPHASCALE
ROTATE, ALPHAROTATE
GIN (input x, y), POINTER
DASH (Dot-dashed patterns)
Program Preparation and Debug:
LiST .

REM (remarks)

REN {renumber)

Matrix Commands: TRN
(transpose). DN (identity), MPY

S!andnrd Buiit-in Functions

{matnx product), DET
(cleterminant), INV (inverse)
Memory Management:

DELETE (variable or program)
MEMORY (bytes available)

SPACE (bytes required to store
current program on tape)

Program Flow: FOR . .. . TO, NEXT,
GOSUB, RETURN, IF. . . THEN,
RUN, STOP. END, GO TO,

GOTO .. OF GOSUB...OF
Environmental:

INIT (inhahze)

SET (degrees, radians, grads)
FUZZ

SET CASE (upper of upper/iower)
SETKEY, NOKEY

SET FONT (U.S.. European, other)
SET TRACE, NORMAL

CHAR (4 character sizes)
Interrupt Handling: POLL., WAIT,
ON .. THEN, OFF

Mag. Tape: FIND, MARK, TLIST,
CLOSE. TYPE, KILL, MTPACK
System Control: CALL, COPY,
HOME. PAGE

Data Input/Output: READ, WRITE,
RBYTE. WBYTE, DATA, RESTORE,
INPUT, PRINT, PRINT USING,
IMAGE

ASCIH Program Input/Qutput: OLD,
APPEND, SAVE, SECRET.

Binary Program Input/Output:
BOLD, BAPPEN, BSAVE, SECRET.

CRT

Type: Direct View Storage CRT.
Display area: 38.5cm (15") wide,
28.2cm (11"} high, 48.2cm (197)
diagonai. )
Alphanumerics: Four program
selectable formats.

72 characters per line with 35 lines
per display.

79 characters per line with 38 lines
per display.

119 characters per line with 58 lines
per display.

132 characters per line with 64 lines
per display.

Character set: Full ASCH,
upper/iower case, hgh quality,
stroke generated characters
Special fonts: Selectable under
program contro! - - Swedish,
German, British, Spanish, Danish/
Norwegian, Graphic and Business

Copynght* 1979 Trktromx InC. All nghis respevaa

Graphics:

Vector drawing time—15kem/sec.
Addressable resolution: 4096 (x) by
4096 (y) — 12 bits.

Viewable resolution—4096 (x) by
3125 (y).

Dot-dashed vectors, programmable
in 36 unique patterns.

Cross-hair cursor with built-in
thumbwheels for interactivity.
Visibility: Flicker-free,
easy-on-the-eyes display.

Copier: Compatible with Tektronix
hard copy units.

General Purpose Interface
Bus (GPIB)

The Tektronix GPIB interface
conforms to IEEE Standard
488-1975. Transfer is byte serial, bit
parallel External devices can be
serviced via 4054 BASIC language
commands for interrupt,
enable/disable, poling and data
transfer.




Optional interfaces

The Data Communications
Interface (Option 1) aliows full or
half duplex asynchronous data
sharing with your host at up to 8600
baud. This option enables the 4054
to function as a terminal with direct
host-to-4054 tape transfer of data.
Ease of use is lacilitated by a special
function key overlay and added
language commands that make
communication parameters and
communications programmable.
The Printer Interfacs (Option 10)
allows connecting the 4054 to any
compatible EIA RS-232 printer. or to
any device conforming 1o the

_RS-244A Standard for EIA Numerical
Machine Control. Data rates are
switch-selectable t0 50.75,134 .5,
110,150,200,300,600, 1200, 1800,
2400,4800,9600 or 16X external
clocking

Peripherals

4631 Hard Copy Unit

Delivers clean, dry 21.6cm (8.5") x
28cm (11") copies of the CRT
screen, both graphics and
alphanumerics, in 18 seconds or
less.

4641 Line Printer

Prints alphanumeric data at up to
180 cps on a variety of single or
multipart forms (includes Opt. 10).
4642 Line Printer

Prints at up to 60 ¢ps on inexpensive
roll paper. Reqular and clongated
characters are availabie in 80
column and 132 column lornats
(includes Opl. 10)
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4924 Digital Tape Unit

Provides 300K bytes of on-line GPIB
compatible auxiliary storage. Has
intelligence for ofi-tine data
collecting and recording.

4907 File Management System

An intelligent GPIB compatible mass
storage system that is directory and
file oriented. Available with up to
three double density disc drives of
630K bytes each.

4952 Joystick

Provides graphic input and cursor
positioning via a standard built-in
interface and connector.

4956 Graphic Tablet

GPIB compatible graphic input and
digitizing tablet with .1mm (.005"}
resolution. Alllows digitizing of maps,
schematics, photographic or other
two dimensional images. Available n
standard 51cm (20") 51cm x (207) or
with Opt. 30, 8tcm (36"} x 122cm
(48") surfaces.

4662 Interactive Digital Plotter
(*B" Size)

GPI8 and RS232-C compatible
production of camera ready
multi-color plots on paper or acetate
up to 25.6cm (10”) x 38.2cm (157).
Microprocessor driven to provide full
upper and lower case ASCH
alphanumeric stroke-generated
characters and accurate (repeatable
to 2.5 mils) vector graphics

4663 Interactive Digital Plotter
(“C" Size)

GPIB and RS232-C compatible with
many of the quality teatures of the
4662 plus circular interpolation,
paper advance, muliple parameter

entry and storage, multiple pens.
and many others. The 4663 piots
camera ready output on paper or
acetate up to 43cm (17°) x 56cm
(22") with repeatabilty at +.05 mm
{(.0025") at a plotting speed of 41-56
cmps (16-22ips).

Plug-in Functions (ROM
Packs)

ROM packs extend the already
powertul BASIC even further, with
functions running faster than
equivalent BASIC routines. The
ROMs are easlly installed in the siots
located on the back of your system.
The following functions ate presently
available.

4052R06: Editor ROM Pack

Allows general ASClI file editing of
data, text or programs (including
FORTRAN, COBOL, and BASIC )
off-line. Powerful commands include
MOVE, INSERT, SEARCH, and SORT,
plus 20 others.

4052R07: Signal Processing ROM
Pack #1

Adds seven new functions which
can be appiied to one dimensional
data arrays. integration, differetiation
{2 and 3 point), fast graphing,
locating minimum and maximum,
and crossing over a threshoid.
Functions operate 2-10 times faster
than equivalent BASIC routines.

Backpacks

The standard backpack contains
wo slots for insertion of ROM packs.
Ordered with Option 2 there are tour
tocations for ROMs. Option 3is
avaitable and contains tour ROM
slots and the Data Communications
Intertace:

4054
Physical Characteristics
Height: 51.3 cm (20 inches)
Width: 67.4 cm (26.3 inches)
Depth: 88 cm (34.3 inches)
Weight: 65.8 kg (145 pounds)
Power Requirements:
Line Voltage Range +10%
Low High operates be-
100 120 tween90Vto
132V RAMS.
220 240 operates be-
tween 198 Vto
264 VRMS.
Line frequency: 48-66 HZ
Power Consumption: 360 W
maximum
Operating Temperature:
+10 degrees Cto +40 degrees C
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Plot 50 Software
~—Miscellaneous-—including tape
duptication, How diagrams,
vanable size screen characlers
and character generation and
maniputation
4050 Series owners and users are
encouraged to join and contribute to
the 4050 Series Applications Library.
A free newsletter, TEKniques,
informs members of other users’
applications, programming tips. new
programs added to the central
library, and new 4050 Series related
products

Tektronix, inc.

Information Display Division
PO. Box 500

Beaverton, OR 97077
Telephone: (503) 682-3411
TWX: 910-467-8708
Cable. TEKTRONIX
Tektronix international. Inc
European Markeling Centre
Postbox B27

1180 AV Amstaiveen

Wrilten in easy BASIC, these
volumes are solution oriented.

—General Purpose Mathematics (2

volumes) for raot tinding.
coordinate conversion, Gamma,
Bessel tunctions, plus many more
including general function
plotting, linear programming and
Fast Founer Translormation (FFT).
—Statistics {4 volumes) including
the most comprehensive
non-linear regression package
available

—Electrical Engineering including
generai steady state A.C circuit
analysis plus microwave design
aids with Srmith chart graphing
and mapping

—Graph Plot for developing graphs
and diagrams for camera ready
copy or for presentations of data.

included is a program that
generales easy-to-read formatted
histings of any BASIC program
Utilty programs are designed to
aid the user in everyday tasks

—Modeling and Reporting Software

is a general purpose modeling
and reporting system that allows
the user to automate analysis and
reporting processes. Optimized

for user converence, the sohware

requires no previous computer
expernience to produce report
quality graphics and tabular
reports. The model and report
structure can be saved on tape or
disc for tuture use.
Applications Software Library

Written in easy BASIC by 4050

Series users, these library programs

may save you from reinventing an

1ne Netherlands
Teiopione 020-471146
Telex 18312

Sony/Tektronix Corporation
9 31 Kinastuhagawa-5
Shinagawa Ku

Tokyo 141 Japan

Telephone. 448-4611

(Area 03 Tokyo)

lutex 02422850

Cable SONYTEK Tokyo
Tekiromx Australia Pty. Limited
Sydney

80 Waterloo Road

Nortty Hyde, NS W 2113
Telephone: 888-7066

Telex AA24269

Cable TEKTRONIX Australia

Tektronix Canada Lid.

PO Bux 6500

Oarrie. Omarnio, Canada L4M4V3
letephione (705) 737 2700
Telex 06875672

Cable TEKANADA

CLA USA anuburegn Prod.icts of

[ :
€ n¢ ate Covered by U S A ang Forega

_Busi Planning & Analysis already existent program. Some of

includes break-even analysis., the apphcations include Lt TR e WO 0t
probability indices. payback plots, —Electrical Engineering - logic

and many other business circuit behavior analysis.

graphics and problem solving —Mechanical Engineering. mmn]xs
routines. CUMMITTED VO EXUELLENCE

—Statistics-—including a response
graphing package employing
Kaplan-Meier survival techniques

—General Utility Programs for tape
duplication, BASIC program

editing, sorting of sirings or data.
and lape file labeling. Also

—Education gradc recording

—Graphics-- including advanced

media graphics, time series

graphing, digitized drawing. flow

charts, and spider web charts

Ax 4185 379
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DECLAB-11/34
Hardware

THE PROCESSOR

PDP-11/34

The PDP-11/34 is a midrange member of the PDP-11
family of processors with an excellent performance/price
ratio. As a microprogrammed processor, the PDP-11/34
CPU is so compact that the entire CPU logic is contained
on two circuit boards. This provides greater flexibility
during later system expansion by making additional
chassis space available.

The Memory Management is an advanced memory
extension, relocation and protection feature. The Memory
Management provides extended memory space from
28K to 124K words; plus, efficient segmentation, and
effective protection of memory segments in multi-user
environments.

Self-test Diagnostic Routines are automatically executed
every time the processor is powered up, the console
emulator routine is initiated, or the bootstrap routine is
inttiated.

Operator front panel with built-in CPU console emulator
allows controf from any ASCIl terminal without the need
for the conventional front panel with display lights and
switches.

Automatic bootstrap loader allows system restart from a
variety of peripheral devices without manual switch
toggling or key-pad operations.

The central processor contains eight general registers
which can be used for a variety of purposes. The registers
can be used as accumulators, index register, auto incre-
ment or auto decrement registers, as well as stack
pointers for temporary storage of data. The instruction
complement uses the flexibility of the general-purpose

registers to provide over 400 powerful hard-wired instruc-
tions —the most comprehensive and powerful instruction
repertoire of any computer in the 16-bit class.

The Extended Instruction Set (EIS) provides the capability
of performing hardware fixed-point arithmetic and allows
direct implementation of multiply, divide, and multiple
shifting. A double-precision, 32-bit word can be handled.
The Extended Instruction Set executes compatibly with
the EIS available on the 11/40.

The interrupt system for the PDP-11 is another feature,
generally found only in large computer technology,
included at no extra cost. With fully vectored interrupts,
the system eliminates the high overhead software that
determines which device service routine to use and the
code necessary to save system status.

Battery backup is optionally available for MOS memory
systems. It can preserve the contents of a 32K word
11/34 for about two hours.

Expansion of PDP-11/34 based systems is easily
accomplished by the UNIBUS™ and the over 60 standard
available UNIBUS peripherals. Memory as well as
peripheral devices are interconnected by the UNIBUS.

The FP11-A floating-point unit is an optional arithmetic
processor which fits integrally into the PDP-11/34 central
processor. it performs all floating-point arithmetic opera-
tions and converts data between integer and fioating-
point formats. This option provides a time and money
saving alternative to software floating-point routines. its
use results in orders of magnitude improvement for
arithmetic operations. This option provides flexible
addressing in addition to single and double precision
(32- or 64-bit) floating-point modes; and it is fully program
compatible with all double-precision PDP-11 floating-point
processor options.

MASS STORAGE
SUBSYSTEMS

Floppy Disk
The floppy disk subsystem is a highly reliable, low-cost,
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mass storage subsystem, capable of storing up to 256K
8-bit bytes per drive in an industry-compatible format. The
subsystem provides a compact data interchange and
software distribution medium for criticat /O applications.
The system includes two drives for a total storage capacity
of 512K bytes, on-iine.

DECpack Disk

This disk subsystemn for the DECLAB-11/34 family includes
a disk controller and two drives. It is a complete mass
storage system ideal for random access data storage.
One drive utilizes a removable disk cartridge with 2.4
million bytes (8-bit bytes) capacity. The other drive utilizes
a fixed disk drive with an additional 4.8 million bytes for

a total of 7.2 million bytes per system.

The cartridge drive allows system users to keep all their
files on a personal cartridge to ensure the integrity of
their data. '

The DECpack features a transfer time of 11.1 micro-
seconds/word. Average total access time on a disk drive
is 70 milliseconds. All data transfers are DMA (direct
memory access).

RK611/RK06 Disk
The RK611/RKO6 disk system offers a removable,

dual-platter disk pack with a capacity of 13.8M bytes. This
high-performance mass storage device has an average
transfer time of less than 4.3 1sec per word, and an
average access time of less than 38 ms.

lhe controlier (RKB11) is capable of handling eight drives.
in addition, an optional feature allows two controllers to
access the same drive(s) for dual access capability.

Numerous diagnostic and reliability features have been
built in, including Error Correction Code (ECC), detailed
system status registers and a special diagnostic mode of
operation.

The RK611/RKO06 is ideally suited for applications
requiring medium-sized, expandable data storage while
maintaining high performance.

Magnetic Tape
Magnetic tape is a commonly used media for system
backup and is also used for transporting data between

separate systems. DIGITAL’s tape systemns allow low cost
as well as high performance capabilities.

As an example, the TE10W (pictured above), I1s a rnid-
range magnetic tape system. It features 7- or 9-track
recording, using 200-, 556-, or 800-bpi NRZi format. The
10-1/2 inch reel capacity provides 17 million characters of
storage on a 2400-foot tape. The drive operates at 45
inches per second, yielding a transfer rate of up to 36,000
characters per second.

The TS03 is a low-cost, 9-track system using industry-
standard 800-bpi NRZ recording format. The 7-inch reels
allow 4 million characters to be stored per tape. The high
reliability drive operates at 12-1/2 ips.
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DECwriter I

The DECwriter it is designed to be the industry's lowest-
priced, best performing, most reliable 30-cps impact tele-
printer. DECwriter Il is packed with capability: it's fast—-a
true 30 characters per second printer; it's quiet and has
many people-oriented design considerations you wouldn't
expect in a cost-conscious product; it's versatile—you
can use 6-part forms and even standard 132-column line
printer paper; and it's built for a long, reliable fifetime of
heayy use.

“lll""l||l||||||l"l|l"|I""l"lllllllll“lllllll'

DECscope

The large-screen, video display terminal allows instructions
and solutions to be clearly visible: to the user. It offers both
upper and lower case and will displiry 24 lines of 80
characters. To move about in files containing more than
24 tines, the terminal can scroll the information up and
down on its screen. The operator merely requests the
host by a command to end the editing session, and the
host writes its screen image into a storage device. It is
also possible to change individual lines of text rather than
the whole screen.

VT55 Graphic Terminal

The VT55 is an on-ine interactive CRT terminal that offers
waveform graphics capability. Two graphs of 512 (maxi-
mum) data points each can be displayed with a screen
resolution of 512 points (x) by 236 points (y). Cursors
(20-point vertical lines) are available (one per data point)
to facilitate data editing and graph generation. In addition,
the VT55 allows simultaneous display of any combination
of text and graphics. By simply pressing a specified key,
the VT55 supplies a hardcopy reproduction of the display
screen for both characters and graphs.

The VT55 can hold up to 1,920 characters in 24 lines of
an 80 characters-per-ine matrix. The 24th line of text is
positioned below any graphs to facilitate labeling the

X QXIS.

Wavelorm graphics capabiity s an important addition to
applications involved with such activities as plotting histo-
grams and waveforms, data acquisition, monitoring,
trending, simutation, laboratory charts and forms . . .
wherever results can be improved through graphics with
extender i capability.

VT11 Graphic System
The VT11 provides interactive graphics capability. The




N
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Software
THE OPERATING SYSTEMS

RT-11

RT-111s a high-performance, real-time operating system
that combine 5 powerful computing hardware and soft-
ware; the system will operate in either a single-user or a
foreground/background mode. The system is ideally
suited for the single user involved in real-time program
development for a scientific or research environment
and provides on-line access to the full power and fea-
tures of the PDP-11.

System Features

FOREGROUND/BACKGROUND processing facilitates
realtime data acquisition in the foreground concurrent
with data analysis and reduction or program development
in the background.

EASE OF USE makes RT-11 an instant tool for the scienti-
fic reseaicher; th. software arrives ready to run. Keyboard
commands are consistent and fast; system messages
are clear and concise.

ASYNCHRONOUS, QUEUED I/O facilitates any number of
independent operations and simplifies double buffering
for enhanced I/O throughput.

CONFIGURATION INDEPENDENCE allows RT-11 users to
transport their system to any size memory from 8K-124K
words without a system regeneration.

RT-11 BATCH is a complete job control subsystem which
provides batch-mode processing of user jobs. In the
foreground/background environment, BATCH processes
job streams in the background partition, allowing real-
time or other user jobs to run in the foreground.

RSX-11M

RSX-11M is designed for applications requiring multiple
users controlling concurrent real-time tasks. Its event-
driven, priority-structured scheduler exploits the powerful
interrupt-handling capabilities of the PDP-11. RSX-11M,
through system generation and on-line interaction, all. ws
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the system to be tailored to specific applications and
modified dynamically to meet changing environments.

System Features

MULTITASKING. Allows concurrent processing of two or
more tasks residing in memory and facilitates communi-
cation between those tasks.

EVENT-DRIVEN PRIORITY SCHEDULING. Task schedul-
ing is event driven, ensuring that any scheduled task can
respond quickly to realtime data input or I/O completion.
The scheduler recognizes 250 priority levels, which
allows fine-tuning of system response.

DYNAMIC MEMORY ALLOCATION. Tasks are automati-
cally loaded and swapped out of memory as they
become active or are suspended. Memory compaction
minimizes fragmentation of available memory space.

LANGUAGE SUPPORT. RSX-11M supports MACRO,
FORTRAN IV, FORTRAN IV-PLUS, BASIC, and COBOL.

THE LANGUAGES

RT-11 FORTRAN V

The motivating factor for the emergence of language
processors has been to provide a workable man/
machine interface. FORTRAN IV, a problem-oriented
language provides such an interface because it is de-
signed to help scientists and engineers express compu-
tation by means of simple and familiar notation. Its
commands are descriptive of the functions they perform,
and the notation system is similar to that of conventional
mathematics.

RT-11 FORTRAN IV is ANSI-compatible and supports one-
word integers, double precision, real, compiex, logical,
and logical*1 data types.

The FORTRAN IV software also includes a library of real-
time support subroutines for laboratory I/O hardware.
Subroutines exist for the reading of analog channels,
control of digital input/output and the output of anaiog
signals. Addtional subroutines are available, for example, to
measure elapsed time between events, display graphics
on a CRT, and obtain Inter-Stimulus-Interval data. The
VT-85 video graphics terminal is also supported by
FORTRAN IV.

The FORTRAN library includes a full set of graphic sub-
routines which exploit alt features of the VT11 and VS60
display processors. The graphics support includes graphic
subroutines which facilitate the creation, repetition, and
tracking of multifaceted figures. The light pen support
includes isolation on light pen sensitive points, vectors,
and sub-pictures.

FORTRAN IV-PLUS
FORTRAN IV-PLUS is an optimizing compier yielding
code which typically runs two to three times faster than a

FORTRAN :V program on identical hardware. Also in-
cluded are enhancements to the language in additional
{10 and data format statements.

RT-11 BASIC

BASIC™ is a conversational, high-level programming
language which uses straightforwaid Enghsh-type state
ments and familiar mathematical notation to perform an
operation. The BASIC language embodies powerful yet
easily mastered commands which turn novices into
overnight “expert” programmers. With expenence, the
scientific professional can incorporate advanced tech-
niques available in the language to perform more intricate
manipulations or express a problem more efficiently and
concisely. The power of the language stems from the
integration of an exceptionally fast incremental compiler
with a number of operating systems and a wide range of
peripheral devices.

For the DECLAB-11/34 systems there are an extensive
set of BASIC calls that support a wide variety of labora-
tory and graphics hardware.

APL/RT-11

APL is a mathematically-oriented language that is
especially suited to handling numeric and character array
structured data, but is flexible enough to solve problems
in text-handling and commercial data processing. APL
uses a concise, consistent and powerful character set,
yielding compact source code for a given operation.
Because APL is an interpretive fanguage, the user can
interact easily with the program, dunng and after program
development.

RT-11 FOCAL

FOCAL-11 (FOrmula CALculator) is a powerful, interactive,
high-level programming language designed for scientists
who require an easy-toHearn-and-use, real-time language.
FOCAL provides both data acquisttion and experiment
control, as well as data analysis capabilities. FOCAL
allows calculations and operations to be performed
immediately in response to a user command (calculator
mode); or, the user can create programs from these
commands. Because there are no separate edtt, compile,
link, and load phases, FOCAL users can rapidly develop,
debug, and modify problem-solving programs.
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3031 Hardware Configuration
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2540 2821 CDC 38301
Punch 4 Controt — Storage =
00D Unit Contro! Unit
1600
I oy
| 1 2
1403
Printer - 3330** Mod 11 Disk Units 3350* Disk Units
O0E 1600
3705 <> > <> ) | > | | > 8P
Communications B 5D3
Contiolont 281 290 ||| 291 ||| 280
1600
BP!
3286 3272 J 4Ca
Printer " . i
010 [~ ] Control Unit 3350® have 266 megabytes per disk
3330**® have 184 megabytes per disk

A b



Flex 1
Infoton GTX e
| ]
Flex 1
infoton GTX 2200 BFS
—J
Flex 1
infoton GTX 5200 8PS
; Flex 1
LA36 ——
DECwriter 300 BPS
Data 100 —— Flex 1 ]
(2780 Emuiator) 9600 BPS
infoton GTX Fiex 2 2400 BPS
infoton GTX Flex 2 2400 BPS
Infoton GTX Flex 2 2400 BPS
Infoton GTX Flex 2 2400 BPS
Infoton GTX — - Flex 2 3400 BPS
infoton GTX— F:e" : c488 :gg
Infoton GTX Flex 24
DECwriter LA36 i'ex 2 9280 ggg
Data 100 lex 2 0
Dial 317 463-7551 :_:ex Z gaug gztect
Dial 317 463-7552 Fex B:l:d Detect
Dial 317 463-7553 F':‘ ; o De:ec:
Dial 317 463-7554 F'ex A Detect
Dial 317 463-7555 X Baud Detec
In House Dial 230 :::ex ; gaug x:ec:
In House Dial 300 ex au ec
Flex 2 9600 BPS

POP 11/34 (LITER)
(2780 Emulator)

=1=2ZC roIx-Z00 wZ0—-H>O—ZC2Z200 o~Nw

I l JSCTexas

Data 100

U 9600 BPS

(HASP Emulator)

h —— Trendwriter

j —— Trendwriter
| —— CRT
— L CRT
] — —— Dial 713 483-2084
R Houston ——Dial 713 483-2085
a— 9600 BPS _l — Dial 713 483-2086
—\_/ o ( —— Dial 713 483-2087
L= Data 100
(HASP Emulator)
] ISU Data 100
7200 BPS TI/CRT
L TI/CRT
R Alabama AGM infoton GTX |
ma . —
7200 BPS DECwriter LA36 X
L Data 100 1
(2780 Emulator)
Goddard
HP 3000
4800 BPS (2780 Emulator)
St. Regis DECwriter LA36
4800 BPS —— IBM 3776
—_— (2780 Emulator)
ERIM
Cope 1200
4800 B8PS (HASP Emulator)
Spare
r-———-———-—-—-Spare
Spare
— Spare
z::: DModem UMultiplexer



