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1. INTRODUCTION 

The documentation selected for preparing this manual was obtained 

from the Seminar for the Collection of Satellite Transmitted Data held 

in La,Paz,Bolivia du;ring ~anuary 1977 by an assembly of experts cons

isting of representatives of the United States Geological Survey (USGS), 

the National Aeronautics and Space Administration (NASA) and La Barge, 

Inc of Tulsa, Oklahoma. 

The data collection system i~ based on the capability of trans-

mitting signals through space and rec~iving those from other locations. 

Radio signals are transmitted from the CDCP (Convertible Data Col-

lection Platform) to the satellite in a suitable form. Upon arrival of 

these signals at the satellite, the latter detects the message and re-

'turns the information to earth. This information is retained by the 

data acquisition centers for subse~uent distribution to the users. 

2. OBJECTIVES 

This manual contains detailed documentation so as to supply the 

users with appropriate information and to enable them to obtain ade-

quate data collection from, the platforms. 

The manual also contains examples and exercises which are fully 

explained so as to be easily understood in addition to a general glos-

sary of technical terms that are important in performing the work. 

There is also an operational notebook which is designed specifically for 

enabling adjustments to be made to the platforms. 

More detailed lnformation will be included in future training 

courses to be organized within the, scope of the ERTS -Bolivia program. 
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3. DATA COLLECT I ,ON SYSTEM 

3.1. LANDSAT system 

This system is based on the LANDSAT satellite which orbits over 

the North alld South jjo!les with a period of 102 minutes. Rotation of 

the earth permits LANDSAT to pass overdlifferent segments of the earth 

during each pass I' there being a differential of 18 degrees from one 

pas~ to the next one. For example, the satellite passeJ ~ver the U.S.A. 

three times during daylight and three times at night. The LANDSAT 

(ERTS) satellite orbits the earth at a distance of 920 kilometers from 

its surface. 

3.2. The GOES System 

There are three satellites of the GOES system that are located at 

longitudes of 70, 105 and 135 degrees and a longitude [Translator's note: 

Error in original. This should read "latitude" instead of "longitude"] 

of 0°. These satellites rotate at the same velocity as does the earth, 

i.e., the three satellites are located at a constant geographical posi~ 

tion with respect to the country of Ecuador. The GOES satellites orbit 

the earth at an approximate distance of 36,000 kilometers from its sur-

face. 

3.3. Data Acquisition Center 

Each of the aforement iioned systems has a di fferent data acqui s i-
_.!' 

tion system. The LANDSAT (ERTS) system requires regional centers due 

to the fact that the satellite is continuously moving. 
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Figu e 1-1 . Conve r ib1 oat Co l ee 
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The South American Center is located in Santiago, Chile and re-

ceives data in real time. This center sends data to the various users 

via telex each day. 

In the GOES system, the daLa acquisition system for the three sat-

ellites is located near Washington, D.C. from where the processed data 

are distributed t~ all of the users under the supervision of the NOAA 

(National Oceanic .• nd Atmospheric Administration). 

3.4. P 1 atfo rm Comt~Jnents 

In orde~'~~ study the platforms for collection of satellite trans-

mitte~ data, it is necessary to be familiar with each and everyone 6f 

their components. As can be seen from Figure 1-3, the platforms are 

compatible with the GOES and ERTS systems with their respective anten

nas. Fur~hermore, this figure shows the basic components which are re-

"qui red to constitute a complete platform. A description of the most 

important ,units within a typical ERTS/GOES data collection installation is given. 

3.4.1. Convertible Data Collection Platforms (CDCP) (Figure l-H 

The CDCP is a control microprocessor. All of the controlled para-

meters enter the microprocessor due to information that is introduced 

by the Test Set (Figure 1-2) and the data are furnished to the satel-

lite in real time. 
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Depending on the operational mode of the CDCP, the data may be in-

serted in series or in parallel. 

If the processing configuration is for data in parallel, the in-

put to the appropriate unit is achieved by means of 16 lines where the 

input bus is processed with more than 4 words, each consisting of 16 

bits (a total of 64 bits), at the same time in approximately 14 seconds 

for each group of 16 bits, i.e., one word is transmitted in 56 seconds. 

When the instantaneous configuration is installed to accept data in pa-

ralleJ, the CDCP can immediately accept more than 8 channels of analog 

data. Parallel digital input occurs when all of the platform's units 

are locatkd in one place. 

If the processing configuration of the CDCP is for serial input of 

data, this implies that not all of the platform units are located in one 

place. Therefore, a special new ,configuration unit is required to cqn-

nect all of the scattered units. The series and parallel operational 

modes can be employed with both of the ERTS and GOES systems. 

MEMORY CAPACITY 

The maximUm memory capacity of the GOES system is 832 bits, i.e., 

13 groups of 64 bits each. The maximum memory capacity of the ERTS 

system is 768 bits, consisting of 12 groups of £4 bits each. 
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NOTE: The ERTS system c~f't handle from 6 to 8 groups for a period of 90 

seconds and from 3 to 4 groups for a period of 180 seconds. 

3.4.2. CDCP Test Set 

The CDCP Test Set is a vitally important unit for a minimum 

configuration for a data collection station (Figure 1-4). This unit 

makes it possible to control aJl of the platforms's operations, i.e., 

to program and adjust the system and all of the various sensors. The 

Test Set is the only method available to the user for obtaining a dir-

ect effective interface between the satellite and the platform. 

The changes to the station and the data sent to the satellite are 

to be recorded by the Test Set, automatically cancelling the data in-

troduced during the previous adjustment of the platform. As can be 

seen in Figure 1-4, the Test Set includes a data recorder (DATA) and 

a data verifier in the binary mode (DATA DISPLAY) in addition to a da-

ta classifier (ADDRESS). These three components of the Test Set enable 

adjustment and control of the information which is to pe processed. 

3.4.3. Antenna for the ERTS system 

The antenna for the ERTS system consists of crossed dipoles 

on a reflecting surface having a nominal frequency of 401 MHz. The 

transm~ssion type consists of transmitting circularly polarized ener-

gy, employing the right hand rule, and is mounted on a tube having a 

diameter of 2 inches. 

3.4.4. Antenna for the GOES system 

The antenna for the GOES system consists of a two-wire helix 

-11-

I 
;~~~ .. _.1", 

lm~l 
/ 

\ 
I 

1 

l 

-.1 
! 
! 
1 
i 

~ 
l 

1 

1 
j 

I 
I 
1 

! 

. a 



r J '\ f -I 

on a reflecting surface having a nominal frequency of 402 MHz. The 

transmission type consists of transmitting circularly polarized ener-

gy, employing the right hand rule, and is mounted on a tube having a 

diameter of 2 inches. 

3.4.5. Analog-Digital Recorder (ADR) 

This unit, which belongs to a basic configuration of a data COl' 

lection platform, consists of a paper tape recorder of information 

between platform and satellite using previously determined formats 

comprising 3 fields as is depicted in 
G 

80 40 20 A 8 4 2 1 .8 .4 .2 . 1 
P 

drawing 
G 
A .08 
P 

DraWi ng A: Format of paper tape of ADR 

A below. 

.04 .02 .01 

More information is furnished in Figures 1.5, 1.6 and 1.7 and ad- /10 

ditional details regarding this information is analyzed further on. 

This unit operates with groups of 16 bits. The ihformation is 

recorded on the ADR by means of perforations of the paper tape in ac-

cordance with the values corresponding to the transmission made. These 

perforations correspond to the lights of the CDCP Test Set which are 

illuminated. The perforations are read from left to right. 

3.4.6. Analog to Disital Converter and Multiplexer (A/D) 

This unit, which also forms part of a basic configuration for a 

data collection platform, operates with groups of ~ bits using table 

1-2 for hexadecimal conversion to volts. The A/D may also be shown in 

the following form in the CDCP Test Set. 

l 

-. 

J , 1 

I 
I 

I 
I 

I 
J i T~'~r~ ~"- '\ 'r-"'--"-1 .,--.. -..-.. -- -\ --"l -: 

L_~~ _ L~c\<, I. .. ___ L, .. b_. I .-l~·.. ~:-=:-I-::-c= .. "~,"_~ __ "," .. _~.. =-:-:l~. ~_. ____ =c-:: ___ •. _:-:=. ~~.J~.-.. =~ 



r 
, .... 1 

~--l·--·-· .. -~l-·--.,·~ . ¥_''''''']'' ",. 
. " . "--_ ... '" .. ,. 

/ 

1 AID: group of 8 bits 
~ 

.) 

23 22 2~ '0 2 ' 
'J i 

I if 11 ' 1 
" 8 2 1 

I J J I 

r~ • '9' *-} - -' , " ".' 
;; ,I, 
!. -0- 0 " ',' 

-.. 

j 
1 
I 
1 

More detailed information dealing with operation of the AID will be 116 

I found in Figure 1-8. 

4. METHODOLOGY FOR CODING AND DECODING PLATFORM DATA 

G.l. Numerical Conversion Systems 

It is of utmost importancelt~at the user be familiar with and work 

properly with the three conversion methods shown ,n Figure 1-5 and with 

the Test Set indicators depicted in Figure 1-9 to utilize all of the 

information transmitted and received by the platforms for data collec-

tion via satell~te. 

4.2. Application of numerical systems 
, 

, I 
Figures 1-6,1-7 and 1-8 ill~strate the data display of the CDCP 

t, 
fr~ 

l'i 
F" lOC_ ·1 r I' 
t:! 
!! 

J n 
~. 

f· 

ti 

, 

Test Set consisting of 4'l'amps. These indicCite the presence of infor-

• mation by means of an i-lluminated lamp to:) and its absence by an un-. 
I 

i 11 urn i nated I amp (.). 
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ASSUME: 

( 1 J4
i
ADR' S USED 

( 2 , ADR NO. 1 READS 51.::8 FT. 
ADR NO.2 READS 37.55 FT. 
ADR NO.3 READS 81.07 FT. 
ADR NO.4 READ S 22. 39 FT. 

I 
THE TESr DEl DATA 01 SPLA YI ADDRESS FOR THE ABOVE Will BE AS FOllOWS: 

I't' 

(ADR NO. 1) 

(ADR NO.2) 

(ADR NO.3 J 

. (ADR NO.4) 

8 4 2 

" ~ -0- 0 Q 0 ~ .. 8xWlOO)·.08 \ 
I \ 

e 9 0 e [IT!] .. 0 x (lf 10) •• 0 

:€) e 0 -0- f3T2l .. 1 x (l) " 1 
1 \ L...:::..L:J 

'I \, [iliJ .' 
@ -0- GJ -0- 3 '3 = 5 x (10) z 50 

1 \ 1 \ 
/ 

'\ / \ 1 ~ O-O-G-O- 34" 5x(l/lOO)=.05 ' 
I \ I \ 

\ I '/ r:;T;l 

>: 50 +1 +0+.08" SlOg 

0-0- 0 -Q- ~= 5x (110) =.5 
, \ \ > 30 + 7 +.5 +.05 .. 37.55 \'\/\' [ill] I 0-0-0-0- 3 6 • 7x (1). 7 . 
1\1\1\ \/\/02J o Q-O-O-·) 7 " 

, \ I \ 
3 x (10) .. 30 

\ I , I \ I 'r:1:l 
0-0-0-0- ~" 7 x (l! 100)".07 

/\'\/\ 

o @ 00 [ili] = 0 x (/10) ·.0 I 

o 0 0-(:).- f3TAl .. 1 x (1)·1 
I \ ~ 

80 + 1 + 0 +.07 .. 8107 

i 

-0- 0 €)" e f31B1.. 8 x (10) = ~d 
'\ ~ I 

-R- 0, () -q- [1£],. 9 x (l/ 100)".09 ' 

',,\, [iliJ . 
@ G-Q-O- 3 0 .. 3xIlIl0):.3 

I \ I \ 
> 20 + 2 +.3 +.09 • 22. 39 

\ I r:T.l 
~ e -0- (:) ~ c 2 x (l) .. 2 

/ \ . 

\ , r;T;l 
€) C),-p-@' ~ " 2 x (10)" 20 ) 

16-U91 DATA ADDRESS 
DISPLAY 

-16-
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How To Read And Inte.rp;-et ADR Readings From 
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j ASSUME: 
(1" 4 ADR'S ARE USED (ADRESSES 3CH tHROUGH :3fH) 
(2) Z ANALOG DEVICES USED !OF EIGHT POSSISll:> 
(3), ANALOG DEVICE NO.1 READS; t0321 Vdc I 

'. ANALOG DEVICE NO.2 READS: 0.635 Vdc 

. WHEN READING ANALOG CONVERTED D,ATA THE TEST SIT INDICATORS TAKE ON A NEW S IGNIFICANC[ 
AS SHOWN BELOW: 

,I 8 
t .. VALUE WHEN ,,',. 
:'·;·lIGHT IS ON ' Q 
. ·(TYPICAU~ 

.1 
.. ~' .:. . 8 
'''VAlUEWHE~ 

; LIGHT IS ON 2.5 
~'. (TYPICAU 

~ -, • I 

4 2 

4 ;2 

@ @ 
DATA DISPLAY 

1 

1 

® 

x . 0 (EVEN ADDRESS) 

[xTI (ODD ADDRESS) 

ADDRESS' 

,THEREFORE THE TEST SET DATA DISPLAY! ADDRESS FOR THC ABOVE EXAMPLES 
; (0\321 Vdc AND 0.685 Vdc) AREAS FOLLOWS: 

. (: .... ~ ':;. 
I, . ANALOG NO. 1 
I. 
1'.' .' I .... :. 
y... : .. (' 
I .. !' . , .. ;. , ;.' 
~ I '. ' . 
• . i .. 

" .. ANALOG NO.2 

, I , 
\ ' . 
t • 

\ '. 
I 

8 4 2 . 1 

-0-, , 
-0-, \ 

\ ! I 

-~- ~ •• 156 +.078 +.019 - ,253 
\ , 

-0-, , 
~O- \ 1 ITDJ -0- 4 1 :2.5+l25+.312' -4.062 , \ I , 

( SUM) • 4.315 

,I \, rn 9 1-0- -0- 4 2_",,039+ 1,019 
1 , , , 

, :\ 1 . 
~ 0 ~ ~ - -::- ~iI " ' 

DATA DISPLAY 

~-.625 

ADDRESS 

•• 625 

(',SUM) • Q683 

7£·ZZga 

Refer to Tab 10 1.2 for Complete List of All Possible Voltage 
Readings. 

How To Read And Interpret. Analog Reading Fl:om The 
~Test Se~ After The Ato D Conv~rsion 
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Binary to Hexadecimal Conversion Chart 

TFs t Set IND1.:ATOR No. Equivalent 

81 4 2 1 Hexadecimal 
Number 

i 
\ -

0 i 0 0 0 0 . , . 
I . . 

0 I 0 0 X 1 

0 0 X 0 2 

0 0 X X 3 

0 X 
... 10 0 4 

0 X , 0 X 5 
-

01 X X 0 6 

0 
.. 

X X X 7 

XI 0 0 0 8 
i .. 

X 0 0 X 9 

X 0 X 0 A 

XI 0 X X B 
I 

... 

X X 0 0 C 

X .X 0 X D "- ., 

1 i 

X" X X 0 E 

X 'X X X F 

i * In this chart, the symbol "0" means light is off and the 

. symbol "X" me.ans light is on. 
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EXAMPLES 

,. 

,I~ , -0-".' ... 
l 
2~ 
1 

-,(p 
/1' 

l 
21 

l 
2 

A 

,', 
-;~ I, 

l . 
2° , -:-;-+1 Binary 

l' 
1 8 +·A-+ ~:L!. ~ __ .~ 

I 

(decimal) • Acc~rding to table 1.1, this corresponds to F (hexadecimal) 

and is also shown in Figure 1-6. 

B: 

Consequently, 

1-7 as follows: 

• 
• 

1 ADR 

0 

[!J 
\ 

1 Bit 

•• 
• 
• 

1 ADR = 16 bits 

4 bits = 1 word 

ADR = 16 bits = 4 words. 

G - 1 Word 
I 

• ,I, 
-ll-::- 1 \\Tord 

,I, 
1 Word -0--' 

'I' • 
• -. 1 'tiord 

4 Words 

This is shown in Figure 

-16 Bits': 

The way to decode the Test Set lights is the follOWing: 
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t . 
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f t 

II 
. i 
; 

; , 
t, 
I; 
'. 

~i 

!i 
I 

·1 
I' 

~ 

l;~ ... _,~.-. 

,1,.1 
-D-
/1' 

0 

-'0-
/1\ 

• 

C: 

["-:..,: , ,1/ 
O -0-

/1' : 

0 • I 
I ,1/ 

-D- O! /1' 

",. 0 -0-
II~ 

0.11 

0.1 

13 

40 

I 

.- -~~-. ;~------~l---- "-'--1' 
.;;~_,.-';.-"".'_.;;_" .... ;;-; :::,~-_-- ~_-.~~ _ ~ t'~_·-·::- _*.~"" ... '_! 

--'"---, 

\1/- 8+0+2+1= 11 x (1/100) = 0.11 
-0-:- ; 11' ! . 

, 

,I" 0+0+0+1 = 1 x (1/10) = 0.1 -0-
/1' 

,I" 8+4-tD+1 = 13 x (1) = 13 ":0-
ii' 
0 0+4+0+0 == 4 x (10) =40 

is least significant number 

is most significant number 

40 + 13 + 0.1 + 0.11 = 53.21 

1 AID = 8 bits 

4 bits = 1 word 

Consequently, AID = 8 bits = 2 words. This is shown in Figure 

1 -8 as follows:" 

-I 
t ,I, ,1/ , 1: \.;rord • -0- -0-

,"'I' '1' 

iND 
8 Bits 

G • "", • 1 t-Jord ';R~ 

\ 
1 Bit 2 Word' 

The way to decode the Test Set lights is the following: 
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I f' 

0 
! !, 
i i; , 
~ I 
.;..,' 

I ilf r. 
r 
I:: 

I 
~, 

~, 
~ 

i £( 
I ,. 

~. 

t 
iI> 
~ , 

t.+ 

~; 

i 
hi , 

! f 
i f~ , 
i t: 

! .' 
~! 

: t: 
t~ 
i 
~ 

, (l 
I ~i 
i r ~ ,. 
i r 

P; , if 

! 

-I, 
" i! 
I' 
Ii 
rt 
r; 

t 
f! 
M 
~ 

~ 
~ 

i 

I 

. "'-- --,,-----.-. ·---~.I~----,-,............,...l ". 
. . .' l .. :."l 

• 
,', 

-. ~O~ 
I· 

,'; 
-;9~ 

• 
• 
• Ixlil 

ADDRESS 

Even direction 

Odd direction 

® 
@) 

@ 
.(3 
I: f • * 

e 
® 

® 
@ 

• = .156 +.039 = 0.546 Volts 

,'" -0-;" = 2.5 Volts • • o ' - 2.5 

6.546 volt. = lC (hexadecimal) = i8 (decima~~ 

+ 2.5 volts = 80 (hexadecimal) = 128 (decimal) 

3.046 volts = 9C (hexadecimal) = 156 (decimal) 

This means that the values in volts are added. This value is con-

verted to hexadecimal by means of table 1.2. The resulting value is 

convertedt~_dec i ma 1 by tab Ie 1. 1 • 

It is easy to see f'rom Figure 1-6 that the maximum usable number 

of ADR is 4 and that the maximum usable number ~f AD is 8. 

5. DESCRIPTION AND ADJUSTMENT OF PLATFORMS 

5. 1. Requ i ~ements for and adj us tment of input data 
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DESCR,I PT I ON 
, I 

, I 

FOR SERIES DIGITAL 

INPUT 

Maximum longitude 

Logic level 

Impedance 

FOR PARALLEL DIGITAL 

INPUT 

Maximum longitude 

Logic level 

Impedance 

FOR ANALOG INPUT 

Usable channels 

Logi c level 

Impedance 

Resolution 

Precision 

-22-

CHARACTERISTICS 

LANDSAT (ERTS) mode, 64 bits 

GOES mode, ASCII coding, 2000 bits 

GOES mode, no 'ASCII coding, 828 bits 

+ 3.5 to 5.0 volts = 1 logic 

0.0 to 1.5 volts = 0 logic 

50 kilohms (typical) 

LANDSAT (ERTS) mode, 12 groups of 64 bits 

= 768 bi ts 

+ 3.5 to 5.0 volts = logic 

0.0 to 1.5 volts = 0 logic 

50 kilohms (typical) 

8 channels maximum 

0.0 to 5.0 volts, ana log data converti b 1 e to 

digital 
.,1 

100kilohms (typical) 

8 bits (28 binary) 

plus or minus 1 bit 

T-'''o<~-':~~'---'~·-r"'"~~V~~'-~~-=I~~-~~--·-~l·--. -'-'~'-r""~--=-'''I'''-"'''''''==-=~='~''~'I'' ~=--~"'~"T"'-:;'k7:i, 1'7;. 
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NOTEBOOK FOR OPERATION OF LANDSAT (ERTS) SYSTEM 

ERTS BOLIVIA PROGRAM 

NOTEBOOK FOR OPERATION OF CDCP 
I I .. i 

STATI ON INFORMATI ON 

O •. A Name •••.•••••••• La Paz 

O.B I ns tit ut i on ••.•.•.••••.•..••• 

O.C Station number 

0.0 SIN 

O.E Address •••••••••••••••••••••• La Paz 

O.F Location: Latitude 16° 28 1 south 

Longitude 64° 18 1 west 

O. G Ope rator 

Name .. " ......................... . 
Adress 

Telephone •••••••••••••••••••••••• 

NOTE: Original for operator; copy for verification 

I
~· . 

.. 

~ 
.\ 
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CONSTANTS FOR DATA COLLECTION 

(ERTS AND/OR GOES) 

1.A DATA UPDATING INTERVAL 

least significant number 

most significant number 

1 • B UPDATING T I ME CONTROL 

(0 = 15 minutes; 1 = 6 minutes) 

1.C NUMBER OF DIGITAL SENSORS (ADR) 

(max imul11 ll) (4 words x 4 bits = 1 ADR) 

PARAMETERS 

1. water level 2. precipitation 

3. .....•..... 4. . ......•..... 

1.0 NUMBER OF ANALOG SENSORS (A/D) 

(maximum 8) (2words x 4 bits = 1 A/D) 

PARAMETERS 

1. Ground temperature 2. Water temp. 

Air temperature 3 .•.....•..•••••.• 4. . ............ . 
5. ...••.••.•.••.... 6 •.••......•..•.. 

7. ... ............. 8- ·fI··· ......... . 

f ~, '"" 

( 

REGISTER INPUT VALUE 

(ADDRESS) 

14 8 

15 0 

16 0 

00 2 

OE 3 

I 

1 . 
I 

"l 
I 

/ 

I 
....... i 

j 

1 
iJ 
j 

1 

i 
j 

1 
.~ 
l 
1 
1 
i •. ~ J 

;~ J 
1 
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CONSTANTS FOR DATA COLLECTION r-lEGISTER 

(ERTS AND/OR GOES) 

1.E MEMORY CAPACITY TO BE USED 

(no. of 4-bit words) 

least significant number 

most significant number 

MAXIMUM UTILIZABLE 

GOES: 13 groups of 16 words = 832 bits 

ERTS: (for 90 seconds) 6 groups of 

16 words = 384 bits 

1.F DATA INPUT 

o = series; 1 = parallel 

1.G DATA COLLECTION INTERVAL 

Hours ------------------
1.H STARTING TIME 

1.1 TRANSMISSION TIME OF FIRST DATA GROUP 
Time __________________ _ 

CONSTANTS EXCLUSIVELY FOR GOES DCS 

2.A ERTS/GOES SELECT! ON 

o = ERTS; 1 = GOES 

2.B CODING CONTROL 

o = GOES; 1 = ERTS 

1-------

(ADDRESS) 

18 

19 

OA 

REGISTER 

(ADDRESS) 

09 

OF 

I! _I" ••• _" __ ~-

- T 
/ 

INPUT VALUE /22 

j 
0 8 1 

I 
6 (case 2) -'I 

I 
1 
1 , 
I 

INPUT VALUE /23 

o 

-25..-
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2.C WORD PARITY FOR DATA IN ASCII MODE I 
(only GOES) 0 = Even; 1 = Odd in OC I 

2.0 SERIES INPUT DATA FORMAT I 
! , 
j 

0 = binary; 1 = ASCII (only in GOES) 06 1 

2.E TRANSMISSION INTERVAL 

Number of 15-minute per iods 

I -, 
least significant number 12 

1 , 

most significant number 13 
1 

2.F INITI AL TRANSMISSION TIME I 

I Number of 15-minute periods; maximum 

63 hours 45 minutes = 255 peri ods l 
j 

least significant number 10 

most significant number 11 

2.G PLATFORM IDENTIFICATION CODE /24 

(8 hexadecimal characters) 

most significant number 01 

02 

03 

04 

05 

06 

07 
. 

least significant number 08 1 
l 
1 
1 
I 
! 

..,26.,. I 
1 

1 
J 

1 

1 
j 

1 1 .... ""1'--' -",,' 

.. ,--~ b~~~~~,.,L~=~:~~<~ . . ' f ' '.- {~ ._"',"'':-:::~'~'''''':-r_~rr~ 

,~~l,. . ".~":. L L L " 
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2.H TIME ASSIGNED TO INITIAL TRANSMISSION 

GMT 

Local 
---------~-----------

2.1 INTERVAL ASSIGNED TO TRANSMISSIONS 

Hours 
---------~-~---------

2.J CHANNEL ASSIGNED TO STATION 

Number 

2.K ANTENNA 

Elevation 
----------- Azimuth------------

CONSTANTS EXCLUSIVELY FOR ERTS DCS 

3.A ERTS/GOES SELECTION 

o = ERTS: 1 = GOES 

3.B CODING CONTROL 

o = GOES: 1 = ERTS 

3.C TransmissionPerl~d 

o = 180 se~ond&; 1 = 90 seconds 

3.0 PLATFORM I DENT; F; CAT! ON CODE 

(3 hexadeci~al characters) 

most significant number 

least significant number 

Working hours 

REGISTER INPUT VALUE 

(ADDRESS) 

09 0 

OF 

17 

01 A 

02 B 

03 C 
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6. OPERATIONAL METHOD FOR ERTS/GOES SYSTEMS 

6.1 Detai lied procedure for LAND$AT: (~RTS) system 
i 

10 5274(8) = Number assigned to platform in octal base 

Collection of data: 2 hours; data updated every 2 hours 

Transmission every: 90 seconds 

2 ADR = 2 di~ital addresses, one for water level and the second 

for precipitation 

3 AID = 3 analog registers that measure ground! water and air 

temperatures. 

QUESTIONS 

1. What should be the memory capacity assuming 12 hours of data 

storage? 

2. What should be the memory capacity assuming that 12 hours of 

data are stored, using only 1 ADR and updating the data every 2 hours? 

NOTE: It should be kept in mind that in working in the ERTS mode the 

data are introduced in groups of 64 bits. When the data updating cycle 

is begun, the microprocessor checks to See whether it can s~o~e ~11 of 

the new data;in the remaining positions of the 64-bit group .• If all of 

the dat~ do not fit into this space, the mIcroprocessor then seeks an

other 64-bit group for storing the new data. The answer should be an 

integral mUltiple of 64 (decimal). 

RESOLUTION 
I • -

a. Platform Identification:Number 

This number is given in octal base terms and needs to be converted 

to the hei<adecimal base using the following procedure: 
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I 

5274---- X 
(8) (1-1) 

• 

Q 6 octal 
base 

101 I 010. I : 111 . t 100 I Binary base 

We obtain the equivalent values for each digit in the binary base and 

we write down these values in series as a single binary number, for 

example: 

101010111100 

We then divide the digits in groups of 4 from left to right. The binary 

numbers obtained are then converted into the hexadecimal base by means 

of table 1.9: 
l------·-~--·----;..-- ... --_._._. 

\ ~010). 
. \ A 

r' --"~". 

~ly 
B 

1~0~ 
c 

Binary bas e . 

hexadecimal bas e 

~e thus obtain ABC the platform identification in the hexadecimal 

base. This result is written down in. the operational notebook under /28 

pos i t i on 3D • 
01 A 

02 B 
.. 

"' 

03 C 

b. Updating of data every 2 hours means that data are obtained 

during 8 intervals of 15 minutes each. In the operational notebook, 

~'C-hC"'-'---"-=""~'~'-'-'~l' 

"". l"\. J d,';':~~~ .. i i."~;.~. 
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under position 1 A, we write the number.of intervil~ in hexadecimal un-

its (OSH) in registers 14 and 15, i.e., S (the least significant digit) 

is placed in register 14 while zero (the most significant digit) is 

placed in registerl~. 

Under posItion 18, register 16, of the operational notebook, we 

write ai zero to indicate that we are working in 15-minute intervals and 

in position IF, register OA, we write the corresponding type of input. 

In our exercise, we write the digit 1. 

c. Transmission Interval 

In the position 3C, register 17, we write the digit 1 which corr-

esponds to the transmi ss i'on i nterival of 90 seconds. 

d. 

" 

Memory capaci ty (questi on 1) , ., ... ,'..----_ .. -_._ .... ! - .. ~ ... 
I ' 

d.1. 
" , 

1 ADRb 4 Hords of 4 Bits = 
I 

2 ADR = 8 Hords of4 Bits = 
Ii, 

I 

16 bits 
32 bits 

1 AID = 2 Hor~ of 4 Bits = 8 bits 
3 AID = 6 \-Jords bf 4 Bits = ~4 bits 

TOTAL 32 ~ 24 = 56 Bits 
The first d~ta group takes up 56 bits of the first group of 64 / 29 

i 

bits, leav-ing S'bit$ unused. During the second recording of data (2 

hours later), the microprocessor will try to admit the new group of 56' 

bits into the remainder of the first group of 56 bits. 

\~I ____ ~56~b~~·t~s __ ~,~,------~I-·~8~.~b~~·t~s~,~1 
"' , 
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Since this is impossible, the microprocessor will seek a new group for 

storing the succeeding 56 bits. 

NOTE: The COCP sends groups of 64 bits every time that it transmits. 

The satellite receives the message from a single platform each time, 

the other 5 i goa 1 s ,be i ng cut off duri ng th is i I1terval., Furthermore, the 

satellite may receive messages from all of the platforms which are in 

its line-of~slght and, in the case of reception of a 64-bit data group 
j " 

and jdentificationofa platform,' it may happen that the same informa-

tion is received from another platformfollow:edby repeating of the infor-

mati6n from the first platfQrm~_ After a period of 90 seconds or during 
, 

another transmission period; t~.e satellite may receive the data groups 
I I 

which have not yet been admitted,i .e., the data may arrive in an inter-

rupted fashion. Consequently, the unused positions (8 bits in this case) 

are not employed to complete the groups of 64 bits. 

Every 2 hours, a new group of 64 bits will be admitted so that 6 

grou~sof 64 bits will be stored during a 12-hour period. A total of 

384 bits (6 x 64) is the maximum capacity that can be used. This cor-

responds to 96 words. 

In the position lC, register 00, of the operational notebook, we 
I I I, ' 

write a 2 for the 2 AORls erhploy~d.<and in position 10, register OE, we 

write a 3 for the' 3 A/Dis used in addition to noting their descrip

tions. In position lE is written number 96 (decimal) converted to hex-

adecimal (table 1.1) which is 60H" In register 18 is written a zero 
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(least significant digit) and in register 19 is written a 6 (most sig

nificant digit) .~~~ 

d. Memory capacity '(question 2) 

Z;4UJ 

d;2. In this case alone, we rely on an ADR sensor. Therefore, 

1 ADR = 4 words of 4 bits each = 16 bits. During 8 hours, we complete 

a 64-bit group, updating the data e~e~y ~ Kau~s. After 12 hours, we 

have 96 bits which are .equivalent to 24 words. 

Using table 11.1, we convert 24 (decimal) into 18 (hexadecimal) 

I ~ which is w-r i tteni n pos i ~ i o~ liE of the operational notebook. An 8 

(least significant digit) lis:w~itten in register 18 and a 1 (most sig-

nificant digit) is written in register 19. A 1 is written in position 

lC, register 00 since there is only one ADR sensor and a zero is written 

in registerOE. 

NOTEBOOK FOR OPERATION OF GOES SYSTEM 

ERTS BOLIVIA PROGRAM 

NOTEBOOK FOR OPERATION OF CDSP 

STATION INFORMATION 

O.A. Name _____________ b~_~~~ __________ _ 

o .B. Institut ion -----------------------------------
O.C. Stat i on ini:Jmber ------------------------------------
O. D. SIN -----------------------------------------
O.E. Address _____________________ b2_E~~ ______________ _ 

O.F. Location: Latitude 16 0 28 I south 

Longitude 64 0 18 1 west 
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Ir
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I 

I 
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I 

I 

I 
I 

O.G Operator 

Name -------------------------------------------------
Address ------------------------------------------------
Telephone ___________________________________________ _ 

NOTE: Original for operator; copy for verification 

CONSTANl"S FOR DATA COLLECTION 

(ERTS AND/OR GOES) 

1.A DATA UPDATING INTERVAL 

least significant number 

most significant number 

1.B UPDATING TIME CONTROL 

(0 =115 minutes; 1 = 6 minutes) 

1.C NUMBER d~DIGITAL SENSORS (ADR) 

(maximum 4) (4 words x 4 bits)= 1 ADR 

PARAMETERS 

1 • 2 - .. --,-------- _ .. _--------------
3 f'" 4 
------.---~-~.-:' ---------------

1.0 NUMBER OF ANALOG SENSORS (S/D) 

PARAMETERS 
__________ 2 

\.:.-:-7------------

3 ___________ 4 __ ~---~--------
5 ___________ 6 ______________ _ 

7 8 . ----------- -~-------------

REGISTER 

(ADDRESS) 

14 

15 

16 

00 

OE 

INPUT VALUE 

8 

o 

o 

2 

3 
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CONSTANTS FOR DATA COLLECTION 

(ERTS AND/OR GOES) 

1.E MEMORY CAPACITY TO BE USED 
Ii; 

(no. of 4-bit words) 
I 

i i 

least!si~nificant number 

most significant number 

MAXIMUM UTLIZABLE 

GOES: 13 groups of 16 words = 832 bits 

ERTS: (for 90 seconds) 6 groups of 

16 words = 384 bits 

1 • F DATA INPUT 

o = series; 1 = parallel 
! i 

1.G DATA COLLECTION INTERVAL 

Hours i , 
---------~--~-------------

1.H STARTING TIME 

1.1 TRANSMISSION TIME OF FIRST DATA GROUP 

Time 

CONSTANTS EXCLUSIVELY FORGOES DCS 

2.A ERTS /GOES SELECTION 

o = ERTS; 1 = GOES 

2.B CODING CONTROL 

o = GOES; r = ERTS 

-34-

REGISTER 

(ADDRESS) 

18 

19 

OA 

REGISTER 

(ADDRESS) 

09 

OF 

INPUT VALUE 

INPUT VALUE /34 

o 

.' 

" " 

, 

/ 

i 
1 
.~ 

i 
l 

1 
1 
j 
1 
; 
l 
j 

1 
I 

1 
j 
I 
J 
j 
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2.C WORD PARITY FOR DATA IN ASCII MODE 
, 

o = Even;; 1 = Odd (only in GOES) 

2.0 SERIES INPUT DATA FORMAT 

o = binary; 1 ~ ASCII (only in GOES) 

2.E TRANSMISSION INTERVAL 
I 1 

Number of 1'S-rilinute periods , . 

least significant number 

most significant number 

2.F INITIAL TRANSMISSION TIME 

Number of 15-minute periods; maximum 

63 hours 45 minutes = 255 periods 

least significant number 

most' s~gn~ffcant number 
i 

2.G PLATFORM IDENTIFICATION CODE 

(8 hexadecimal characters) 

most significant number 

least significant number 

OC 

OB 

12 

13 

10 

11 

01 

02 

03 

04 

05 

06 

07 

08 

C 

o 

9 

3 

6 

C 

.6 

5 

6 

9 

E 
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';, 
2.H TIME ASSIGNED TO INITIAL TRANSMISSION WORKING HOURS 

2031 J 
GMT 0031 .... 

--~~-~----------------------------
2331 

0231 2.1 

i 

Loc,l_LJ_~Ql!-------------I-~l--i----~ 
I ! " 

INTERVAL ASSIGNED TO TRANSMIIS~IONS 

0531 3 : 
Hours 

I -------------------------------j---" 

2.J CHANNEL ASSIGNED TO STATION 0831 

1131 Number 
---------~--~--------------------

2. K ANTENNA 1431 

1731 

1931 

CONSTANTS EXCLUSIVELY FOR ERTS DCS REGISTER INPUT VALUE 

3.A ERTS/GOES SELECTION (ADDRESS) 

o = ERTS; 1 = GOES 09 0 

3.B CODING CONTROL 

o = GOES; 1 = ERTS OF 

3.C Transmission period 

o = 180 seconds; 1 = 90 seconds 17 

3.0 PLATFORM I-PENT I F I CAT I ON CODE 

(3 hexadecimal characters) 

most significant number 01 

02 

least significant number 03 
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6.2 -Detailed procedure for GOES system 

a. The procedure for this case will be the same as that used 

in the case of the LANDSAT (ERTS) system except for the following chan-

ges: 

a.l. Time assigned for initial transmission: 0031 GMT. 

a.2. Interval betvJeen transmissions: 3 hours. 

a.3.Gepgraphical position of station: 16° 28 1 south lati-
I I 

tude; 68° l~jw,est longitude. 
! 

a.4. Platform identification code: 16C6569E. 

b. In this procedure, we shall not repeat the explanation for 

pos i {iCons ;1 A: through 1 F of the operat i ona 1 notebook since th i sis the 

same as that for the previous case. 

RESOLUTION OF DATA 

The appropriate format is given under position 2D,register OB of 

the operational notebook. 

The transmission period is 3 hours, which is equivalent to 12 pe-

riods of 15 minutes each. This number when converted to a hexadecimal 

base (Table 1.1) corresponds to the value OCH which is written in po

sition 2E. C(least significant value) belongs to register 12 and 

zero (most significant number) corresponds to B. 

From position 2HCwe shall now calculate local time which is 4 

',c'ee I,. ii," ", 
hours less tharcLGMT,i .e.,' 2031 hours. '.$_tar,ting with this time and adding 

I . 
:~ , 

the proper time interval (3 hours), we obtain all of the transmission 

times written in the operational notebook under the headi~g of working 
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hours, namely: 2031, 2331, 0231, 05~1, OB31, 1131, 1431, 1731 and 1931. 

In order to select the initial transmission time, position 2F, a 

calculation is made of the number of 15-minute periods counting from 

the moment that the platform is ready to begin transmitting to the 

moment that we want it to start transmitting, the maximum number of 

periods being 255, i.e., 63 hours and 45 minutes. 

For example, let us assume that it is 1502 hours on the tenth day 

and we want the first transmission to take place at 0531 hours on the 

eleventh day. Therefore, the number of 15-minute intervals from 1516 

hours of the tenth day to 0531 hours of the eleventh day is 57. When 

this number is converted to the hexadecimal base by means of Table 1.1, 

we obtain the number 39. The digit 9 (least significant digit) is 

recorded in register 10 and the digit 3 (most significant digit) is 

recorded in register 11. Once these data are recorded, w6 w~it until 

1516 hours at which time we press the TIMER RESET button of the Test 

Set (Figure 1-4). 

In position 2G, we write the hexadecimal number 16C6569E, which 

is the platform identification number. We record the digit 1 (most 

significant number) in register 01 and the value E (least significant 

value) in register DB. 

In position 2K, we write the angles of elevation and azimuth of 

the GOES antenna as calculated from Tables 1.3.1 to 1.3.6. 

In our exercise, we are going to work with the GOES satellite, 

which is located at a longitude of 105 degrees west) from which we sub-

tract the longitude of the La Paz Station. 
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theta = 105° - 68° 

theta = 37° 

We round out the value of theta to the nearest 5 degrees (in this 

case to 35 degrees) and we consult Tables 1.1.3 to 1.1.6. We search 

for the value of latitude that is closest to that of the station, which 

is 17°, and in the same row, we read the following: azimuth = 67.34°, 

elevation = 45.47°. 

Consequently, the angle of azimuth for the Southern Hemisphere 

will be 360° - 67.34° = 296.66°. [Translatorls note: It appears that 

this may be an error and that the correct value should be "292.66" and 

not "296.66"] 

In the operational notebook, we write 45.47° or 45° 28 1 12" under 

Elevation and 296.66° [Translatorls note: Same comment] or 296° 39
1 

36" 

under Azimuth. 
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1 0 . 00 

. 0 

'. 0 
10 . 00 

0 . 00 
10 . 0 0 
10. 00 
10. 00 

0 . 00 
1 0 . 00 
1 0 . 00 
1 0 00 

0. 00 
10 .00 
10 .00 
10 . 0 0 
1 . 00 

0. 0 0 
10 . 0 0 
10 .0 0 
1 0. 00 
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0 . 00 
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0 . 00 
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0 . 00 
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5.00 

1 5.00 
5.00 

1 5 . 00 
15. 00 
15. 00 

5 . 00 
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1 5 . 00 
15 . 00 
:'5 . 00 
- ::; . 00 

5 . 00 
5 . 00 

. 0 0 
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9 . 00 
31. 00 
33.00 
35 . 00 
37.00 
39 . 00 
4 . 00 
4 . 00 

5 . 00 
7 . 00 

49.00 
5 . 00 
53 . 00 
55 . 00 
57 . 00 
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61. 00 
G3 . 00 
65 . 00 
6 7 . 00 

9 . 00 
71. 00 
73 . 00 
75.00 
7 . 00 
79.00 
81. 00 
83 . 00 

1. 00 
3 . 00 
5 . 00 
7 . 00 
9.00 

11. 00 
13 . 00 
15.00 
17 . 00 
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2 . 00 
23 . 00 
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27 . 
29 . 

33 . 00 
35 . 00 
37 . 
39.0 0 
41. 00 

3 . 00 

TABLE 1.3.2 
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9 . 99 
8 . 90 
7 . 94 
7 . 09 
6.33 
5 . 65 

1 5 . 0 
14 . 50 

.00 
3.56 

13. 5 
12.78 
12 . 5 

2.15 
11. 8 7 

. 62 
1. 0 

.1 9 
1 . 0 1 
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0 .4 5 
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20 . 00 
20 . 00 
20.00 
20.00 
20 . 00 
20 . 00 
20 . 00 
20 . 00 
20 . 00 

. 20 . 00 
2 0 . 0 

0 . 00 
20 . 0 

L I TUDE 

4 5 . 00 
7 . 0 0 
9 . 00 

5 . 00 
53 . 00 
55 . 00 
5 7 . 00 
59 . 00 
1. 00 

G . 00 
5 . 00 

6 . 00 
9 . 00 

7 . 00 
7 3 . 00 
7 5 . 00 
77 . 00 
79 . 00 
81.·00 

1. 00 
3 . 00 
5 . 00 
7 . 00 
9 . 00 

1 . 00 
1 3 . 00 

5 . 00 
1 7. 00 

. 00 

. 00 

. 00 
25 . 00 
2 7 . 00 
29 . 00 
31. 00 
3 . 00 
35 . 00 
37 . 00 
39 . 00 

. 00 
3 . 00 

,... 
.) . ... -
~o ... -
:J~ . _ . 

,) 1. : -

20 . 75 
20 . 2 
19 . 55 
19 . 0 2 
1 8.55 

8.1 
17 .72 

3 6 . 05 
33 . 99 
31.9 
2 . 89 
27 . 85 
?,5.81 
2 3 . 78 
21. 75 
19 . 7 8 
1 7 .7 2 
1 5 .7 
1 3 .7 2 
1. 7 3 
9 .7 5 
7 .7 8 
5 . 81 
3 .8 6 

. 2 
- . 02 

6 . 52 
6 . 30 

65 . 86 
65 . 22 
G . 39 

3 . 0 
62 . 25 

O • • 7 
59 . 58 
58 . .. 0 
56 . 53 
5 . 89 
53 . 19 
51. 44 

9 . 65 
47. n 

5 . 97 
. . 09 
·.2. 9 

0.28 
. 35 

36 . 41 
3 . 47 
32 . 5. 
_ O. - 7 
28 . 
"' . 6(; 

... . 7 
22 . 6 
20 . 81 

A • ~ r 
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20 . 00 
0 . 00 

20 . 00 
2 0 . 00 
2 0 . 00 
2 0 . 00 
20 . 00 
2 0 . 00 
2 0 . 00 
20 . 00 

25. 00 
25. 00 
25 . 00 
25 . 00 
25. 00 
2 5 . 00 
25 . 00 

5 . 00 
25 . 00 
_ . 00 
25 . 00 
25 . 00 
25 . 00 
25 . 00 
25 . 00 
2 5 . 00 
25 . 00 
25. 00 
25 . 0 0 
2 5 . 00 
25 . 0 
25 . 00 
25 . 00 
25. 00 
25 . 0 
25 . 0 0 
25 . 0 
25 . 
25 . 0 
25 . 0 0 
25 . 00 
. 5. 00 
25 . 00 
25 . 00 
25 . 00 
2 . 00 

5 . 00 
~5 . 00 

25 . 00 
25.00 

L TU E 

6 3 . 00 
65 . 00 
67 . 00 
69 . 00 
71. 00 
73.00 
75.00 
7 7 . 00 
79 . 00 
81. 00 

1 . 0 0 
3. 0 0 
5 . 00 
7. 00 
9 . 00 
1. 00 
3 . 00 

15 . 00 
17 . 00 
1 9 . 00 
21. 00 
23 . 00 
2 . 00 
2 7 . 00 
2 . 00 
31. 00 
3 3 . 00 
35 . 00 
37 . 00 
39 . 00 
.1. 00 
3. 00 

45 . 00 
4 7 . 00 

9 . 00 
5 . 00 
5 3 . 00 
55 . 00 
5 7 . 00 
.59 . 00 
6 • 00 
63 . 00 
65.00 
6 7 00 
6 . 00 
71. 00 
73 . 00 
7 5 . 00 
77 . 00 
79.00 

. 22 
21. 88 
2 . 57 
2 . 30 
2 . 05 
20 . 8 
2 0 . 65 
20 . 8 
20 . 34 
20 . 23 

87 . 6 
83 . 60 
7 9 . 1 
75. 35 
71. 45 
67 . 75 
6 . 25 

0 . 9 7 
57 . 91 
55 . 08 
52 . 46 
50.0 4 
47 . Bl 
45 .7 7 
43 . 89 
42 . 6 
40.57 
39.11 
37 . 77 
36. 54 
35 . 40 
3 4 . 3 6 
33. 0 
?52 

3 • 7 
3 • 6 
30 .2 8 
29. 65 
2 9 . 07 
28 . 55 
2 . 06 
27 . 63 
27 .2 
26 . 87 
2 • 5 
26 . 2 5 

. 99 
25 . 77 

TABLE 1 .3 .3 

6 . 92 
. 99 

3 . 06 
1 4 

9 . 22 
7 . 3 
5 . 1 
3.5 

. 62 
-. 26 

60.74 
60.56 
60 . 22 

9 . 72 
59 . 06 
58 . 26 
57 . 33 
5 6 . 27 
5 5 . 11 
5 . 85 
52 . 50 
51. 08 

9 . 59 
48 . 05 
4 6 .4 5 
44 . 81 
4 3 . 1 3 

2 
3 9 . 68 
3 7. 2 
36 . 13 
3 . 33 
32 . 52 
30.70 
28 . 86 
27.02 
25 . 1 8 
23 . 33 
21. 4 

9 . 63 
1 7 . 7 7 
15. 92 

. 08 
12 . 23 

0 . 39 
8 . 55 
6 . 72 

. 89 
3 . 0 7 

. 25 

8 

25 . 00 

30 . 00 
30 . 00 
30 . 00 
30 . 00 
30.00 
30 . 00 
30 . 00 
30 . 00 
30 . 00 
30 . 00 
30 . 00 
30 . 00 
30 . 0 
30 . 00 
30 . 00 
30 . 00 
30 . 00 
30 . 00 

0 . 00 
30 . 00 
30 . 00 
30 . 00 
30 . 00 
30 . 00 
30 . 00 
30 . 00 
30 . 00 
30 . 00 
30 . 00 
3 0 . 00 
30 . 00 
30 . 00 
30 . 00 
30 . 00 

0 . 00 
0 . 00 
0 . 00 

30 . 00 
30.0 
30 . 00 
30.00 

35.00 
35 . 00 
35 . 00 

- . 00 
35 . 00 
35.00 

L 1 TUDE 

8 . 00 

1 . 00 
3 . 00 
5 . 00 
7. 00 
9 . 00 

11 . 00 
13 . 00 
15 . 00 
1 7. 00 
1 9 . 00 
21. 00 
2 3 . 00 
25 . 00 
27 . 00 
29 . 00 
3 i. 00 
3 3 . 00 
3 5 . 00 
37.00 
39 . 00 

1. 00 
3 . 00 

. 00 
7 . 00 
9 . 00 

51 . 00 
5 3. 00 
55 . 00 
-7 . 00 
- . 00 
r • • 00 
"" 3 . 00 
05 . 00 

7 . 00 
'" . . 00 

. 00 
3 . 00 
5 . 00 
7 . 00 
9 . 00 

. 00 

1.00 
3 . 00 
5 . 00 
7 . 00 
9 . 00 
1. 0 

25 . 27 

8 . 27 
8 . 82 
81. 42 
78 . 08 
7 . 8 
71. 71 
68 . 71 
65 . 85 

3 . 1 
60 . 58 
58 . 7 
55 . 91 
5 3 . 80 
51. 82 
4 . 98 
48 . 26 
46 . 67 
45 . 19 
4 3 . 81 

2 . 53 
41 . 35 

0 . 25 
39 . 23 
3 8 . 29 
37 . 42 
36 . 61 
35 . 86 
35 . 18 
3 . 54 
33 96 
33 . 3 
3 2.9 , 
3 . 50 
32 . 10 
3 . 73 

. 41 
.> . 1 2 
30 . S7 
30 . 65 
30 . 6 
30 . 31 

88 . 57 
Br. . 73 
82 . 0 
80 . 13 
77 . 4 1 
I • 7 

/44 

- 55 

5 . ~ v 

5 ~ ~ 

5 . 5 ; 
5 • 9 

3 . 65 
'"3 . 00 
52 . 23 
5 . 35 
50 . 37 

9 . 30 a 
48 . 15 
4 6.93 

5 63 
t, • e • 
42 . 7 

. 41 
39 . 
38. 3 7 
3 . 80 
35 . l 9 

3 . 57 
3 ] . 92 
30 . 25 
2 8 . 56 
G. e-

25 . 15 
23. 3 
2 . 7 0 
1 9 . 96 
1 .22 

6 . 
.7 3 
. 98 
. 2 

9 . 49 
, 5 

6 . '..J_ 
~ , 27 

2 . 53 ,.. 
- . 9 

E
S . 57 

25-. 
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5 . 00 
35 . 00 

5.00 
35 . 00 
35.00 
35.00 
3· . 00 
35 00 
35.00 
35 00 
35. 00 
35.0 0 
35 00 
3 5. 00 
35.0 0 
35 .00 
35. 00 
3 5. 00 
35 . 00 
35. 00 
35.0 0 
35. ') 0 
35 . 00 
35 . 00 
35 .00 
35 . 0 
3 5. 00 
35 .00 
35. 0 0 
35. 00 
35. 00 
35 . 0 
3 5 . 00 
35.00 

5.00 

. 00 
~ • 0 
. C . 00 
I . 00 

4C.C'O 
r :'O . Cn 

..: 0 . 00 

3 . 0 
5 . 00 
7.0 0 
9 . 00 

2 . 00 
23 00 
25.00 
27 .00 
29 . 00 

. 0 
33 . 00 
35. 00 
37.00 
3 9 . 00 
1. 00 
3 . 00 

45 . 00 
7 . 00 
9 . 00 

5 . 00 
53.00 
55 . 00 
57 . 0 
59. 00 
61 . 00 
63 . 00 
65 . 00 

7 . 00 
£9 . 00 
1. 00 

73. 00 
75 . 00 
77 . 00 

9 . 00 
8 _.00 

1 . _ 
3 . 00 
5 . 0 
7 . 00 
9 . 00 

. 00 
3 . 00 

GOES TE 

MZH1UTH 
1\ GLE 

7 9 
6 . 71 
6 . 3 
65.06 
62 . 90 
60 . 8 
:';8 . 89 
57.0 4 
55 30 
5 . 66 
52 . 12 
50.68 

9 . 32 
8 . 05 

46 86 
~5 .7 5 

.72 
43 .7 5 
42 . 85 
42 . 0 2 
4 . 2 
4 0 . 5 2 
39 . 8 
39 . 24 
3B.68 
3 8 . 6 
37 . 69 
3 7.26 
3 . 87 
36 . 52 
36 . 21 
35 . 9 
35 .7 0 
35 . 50 

5.33 

. 53 
59.9F. 

TABLE 1.3.4 
Z 1 UTH/ELEVATIO A GL S 

47 .03 
46. 30 

5 . 47 
4 . 57 
43 . 5 

2 .5 4 
41. 2 
40 . 24 
39 . 00 
37 . 7 2 
36 . 39 
35 . 02 
33 . 62 
3 2 . 1 8 

0 . 71 
29 . 21 
27. 69 
26 . 15 
24 . 59 
23 . 02 

. 21.-43 
19 . 84 
18 .. 23 

6 . 61 
14 . 99 
13 . 36 
11 . 73 
10 . 09 

8 . 46 
6. 8 2 
5.18 
""'. 55 
1.91 

. 28 
-1.3 

3 . 7 1 
.3 . 61 

. 4 3 
3.15 

42. 79 
2.34 

. 80 

.18 
O. 9 

3 9 . 72 
3 • 9 

. 99 
37 . 03 

8 

0 . 00 
0 . 0 0 
0 . 00 
0.00 
0 . 00 

40 . 00 
40 . 00 
40.00 
40 . 00 
40 . 00 

0 . 00 
40 . 00 

0 . 0 0 
40.00 
40 . 0 0 

0.00 
0 . 00 
0 . 00 
0 . 0 0 

40 . 0 0 
0 . 00 

40 . 00 
40 . 0 
40 . 00 
40. 00 

.; 5 , ~ 

1 45 • 00 

l TlTUD 

31. 00 
33 . 00 
35 . 00 
37 . 00 
39 . 00 

. 00 

. 00 
5 . 00 
7. 00 

49 . 00 
S . 00 
53. 00 
55 . 00 
5 7. 00 
59 . 00 
61. 00 
63 . 00 
65 . 00 
6 1 . 00 
6 9 . 00 
7 . 00 
73. 0 0 
75 . 00 
77 . 00 
79 . 00 

1. 00 
3 . 0 0 
5 . 00 
7. 00 
9 . 00 

11. 00 
3 . 00 

1 5 . 00 
7.00 
9.00 
1. 00 
3 . 00 
5 . 0 
7 . 00 
9 . 0 0 

. 00 
3 . 0 

Il - , 0 
''17. 0 
.~ 9.00 

58 . 46 
57 . 01 
5 5 . 6 4 
5 4. 35 
53 . 13 
5 .. 98 
50 . 90 
49 . 88 
48 . 92 
48.03 
47 . 20 

6 . 42 
45 . 69 
45 . 01 

4 . 39 
43.81 
43 . 28 
42.7 9 
42 . 35 
4 . 95 
·,1.59 
41. 26 

40 .73 
40 . 5 2 

8 . 0 
87 . 00 
8 . 02 
83 . 05 
81.1 
7 9 . 20 
77. 3 2 
75.49 
73 . 70 
1. 97 

70 . ?8 
68.66 
6 7 .09 
65 . 5 
6 _ . 1 
6 2 . 7 5 : 
6 • 3 
60. 1 

5 . '? 
57.82 
56 . 73 
[:) . 71 
5 t . 7 
5 . 82 
52 .9 6 

. 3 . 82 
3 . 65 
31 . 4 
30.20 
28 . 92 
27 . 6 
2G.27 
24. 90 
23 . 5 
22 . 1 
20 . 68 

9. 23 
17.77 
1 .30 
1 . 8 2 
13 . 33 
1 1. 83 
10 . 3 2 

8 . 81 
7. 30 
5 . 7 8 
4.26 

1. 22 
-.30 

38 . 5 
)O.OB 
37 . 92 
37 . 69 
37. 39 
37 . 0 
36. 56 
36. 05 

5.46 
3 . 8 
31. . 1 
3 . 34 
32 . 52 
3 . 65 
30.72 
29 . 76 
28 . 74 

" "' L,.~ . 
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45 . 00 
5 . 00 

4 5 . 00 
45 . 00 
45 . 00 
45. 00 
4 5 . 00 
4 5 . 00 
45. 00 
45 . 00 
4 5 . 00 
45.0 0 
45. 0 0 
5.00 

45.00 

· 50.00 
50 . 00 
50 . 00 
' 0. 0 0 

· . O. no 
!jO. OO 
50.00 
5 0. 00 
50.00 

0. 00 
50. 00 
50 . 0 0 
5 0 .00 
5 0 .00 
50. 00 
50 . 0 0 

0 . 00 
50 .00 

· _ . 00 
5 . 00 

f 50 . 00 
0.00 

· 50 . 00 
, o. 0 0 
f . 00 

. 0 
- . 00 

I SQ . 00 
5 . 00 
5 0 . 00 

: .0 . 00 
: SO . 00 
· 5 0 . 00 

. 0 .0 0 
0.00 

TITU 

51.00 
53 . 00 
55 . 00 
57 . 00 
59 . 00 
6 . 00 
63.00 
65.00 
67 . 00 
6 9 . 00 
71 . 00 
73 . 00 
7 5 . 00 
77. 00 
7 . 00 

. 00 

. 00 
5 . 00 
7 . 00 
9.00 
1. 00 

13 . 00 
5 . 0 0 

17.00 
19 . 00 

.00 
23 .00 
25 . 00 
27 . 00 
2 . 00 
31. 00 
3 3 . 00 
5.00 

37 . 00 
39 . 00 

1. 00 
. 00 

.5 . 00 
7 . 00 

49 . 0 0 
5 . 00 
5 . 00 
55 . 00 
57 . 00 

9 . 00 
6 . 00 
03 . 00 
65 . 00 
(. 7.0 
6 9 .00 

GOE 

5 2. 5 
5 . 3 9 
5 0 . G8 
50 . 0 

. 0 
48 . 83 

8 . 30 
7 . 8 

47 .3 7 
. 97 

6 . 60 
6 . 28 
5.99 
5. 4 
5 . 5 3 

TABLE 1 3.5. 
l\. l\.Z t1 TH/j EV TIO 

1 8 . 5 
6 . 85 

15 . 5 4 
. 21 

12 . 87 
11. 52 
1 0 . 15 

8 . 78 
7.4 0 
6 . 02 
4.6 
3.2 4 
1. 84 

.44 
-. 5 

3 2. 67 
32 . 61 
32 . 8 
3 . 29 
32 . 0 
31. 72 
1. 35 

30 . 92 
30 . 43 
2 . 8 
29 29 
28 . 64 
27 . 9 
2 7. 20 
26 . 
25 . 5 
2 .72 
23.8 
22 . 87 
21. 89 
20 . 9 

. 85 

.7 9 
17. 7 
1 . 60 
15 .1'1 7 

4.32 
1 . 1 
1 . 97 

0.7 8 
. 5 7 

8 . 3 _ t 
7.1 . 
5.8 8 
4. ~ 

() 

50.00 
5 .00 
50 . 00 
50 . 00 

6 0 . 00 
60 . 00 
60 . 00 
6 0 . 00 
60 . 00 
60 . 00 
60 . 00 
60.00 
60 . 00 
60 . 00 
60 . 00 
60 . 00 

0 . 00 
60 . 00 
60 . 00 

0.00 
60 . 00 
60 . 00 

0 . 00 
0 . 00 

60 . 00 
60.00 
6 0 . 00 
60 . 0 
60 . 00 
60.00 
60 . 00 
60 . 00 
60 . 00 
60 . 00 
60.00 
60.00 
60.00 
60 . 00 
60 . 00 

0 . 00 
60 . 00 

70 . 00 
70. 00 
70 . 0 

0 . 0 0 
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ATrTUDE 

71. 00 
73 . 00 
75. 00 
77. 00 

1 . 00 
3 . 00 
5 . 00 
7. 00 
9 . 00 

11. 00 
13 . 00 
1 . 00 
17 . 00 
1 9 . 00 
2 . 00 
2 :} . 00 
25 . 00 
2 7 . 00 
29 . 00 
3 . flO 

3 . 00 

:;)5 . 00 
57 . 00 
59 . 00 
61 . 00 
6 . 00 
65 . 00 

. 00 
7 . 0 

r
6g : gg 

_ . 0 0 
3 . 0 0 
5 . 10 
7 . 

Z I ~UTH 
GLE 

51. 57 
51. 26 
50 . 9 7 
50 . 73 

89 2 
88 . 27 
87 . 12 
85.98 
8 4. 8 
8 .7 1 
82 . 0 
8 .50 
80 . 42 
79 . 35 
7 8 . 3 
7 7. 29 
76 . 29 
7 . 31 
7 . 36 
73 . 4 
7 2 . 5 4 
71. 68 
70 . 84 
70 . 03 

. 25 
68.51 
6 7 . 79 

7 . 1 
66.46 
65 . 8 
65 . 25 

4 . 69 
4 . 1 

63 . 7 
63 . 1 
,2 . 78 
62.38 
62 . 01 
6 1. 8 
61. 3 
6 . 10 

8 
88 . 
88 . 
87 . 

5? O: 8n . 7 
l. G: 86 . 03 

3 . 39 
2.13 

.87 
- . 39 

2 . 2 
21 . 88 
21 . 79 
2 • 6 
21. 4 9 
21. 28 
21. 03 
20 . 74 
20 . 
20 . 0t 
1 9 . 63 
19 . 8 
18 . 70 

8 . 9 
17 . 6 

7.05 
16 . 44 
15 80 
IS . 3 
14 . 43 

3 . 71 
2 . 9 
2 . 19 

11. 40 
0 . 5 

. 76 
8 . 9 
~l. 04 
7 . . 

. 27 
5 . 36 

• «1 
3 . 5 
" . 5 
1. 62 

- . 3 

6 

r 3 . \: : 85 . 3 2 
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70 . 00 
7 0 . 00 
7 0 . 00 
7 0.00 
7 0 .0 0 
7 0 .0 0 
7 0 . 00 
7 0 . 00 
7 0 . 00 
7 0 . 00 
7 0 . 00 

\ 70 . 00 
7 0 . 00 
7 0 . 00 
70 . 00 
7 0 . 00 
7 0 . 00 
7 0 . 00 
7 0 .0 0 
7 0.00 

• 7 0 .00 
70 . 00 

, 7 . 0 
7 0. 00 
7 0 . 00 
70 . 00 

80 . 0 0 
"0. 00 
8 0 . 00 
8 0 . 00 
8 0 . 00 
80 . 00 
8 0 . 00 

0 . 00 
80. 00 

0 . 00 
. 00 

8 0 . 00 
80 . 00 
80 . 00 

f) . 0 
80 . 00 

81 . 
8 . 0 
01 . 00 

1 . 00 
81 . 00 
81 . 00 

r', 

,~ 

L TITUDE 

15.00 
1 7 . 00 
1 9 . 00 
21. 00 
2 . 00 
2 5 . 00 
27 . 00 
2 9 . 00 
31. 00 
33 . 00 

5 . 00 
37 . 00 
3 9 .0 0 

1. 00 
43 . 00 
45 . 00 
47 . 00 

9 . 00 
51 . 00 
53 . 00 
55 . 00 
57. 00 
59 . 00 
6 . 00 
63 . 00 
6 . 00 

1. 00 
3 . 00 
5. 00 
7 . 00 
9 . 00 

1 ,.00 
13 . 00 
1 5 . 00 
1 7 . 00 

9 . 00 
21. 00 
2 3 . 00 
25 . 00 
2 7 . 00 
29 . 00 
31. 00 

1 . 00 
3 . 00 

. 00 
7 . 00 
9 . 00 

11 . 00 

GOES .... ,...,- .. . 
i'. . .. 1:." ... h 

62 
8 . 93 
83 , 2~ 

. 57 
8 . 91 
8_ . "6 
80 . 62 
7 . 99 
7 9 . 38 
78 . 79 
78 . 21 
7 7 . 6 
77 10 
76. 57 
76. 06 
7 5 . 57 
7 5 . 09 
7 . 64 
74. 21 
73. 79 
73 . 0 
7 3 . 03 
72 . S7 
72 . 34 
7 2 . 03 
7 . 7 

89 . 82 
8 . 47 
89.1 2 
88 . 77 
88 . 2 
8 . 07 
87.73 

7 . 39 
8 7. 05 
86 . 71 
86 . 38 
86 . 06 
85.7 

5 . 4 2 
85.11 
84.81 

88 . 89 
88 . 58 
88 . 27 

TABLE 1.3 .6 
z :~\uTII/SLE I\Tlm 

1 0 . 74 
0 . 53 

10 . 30 
1 0, 05 

9 . 77 
. 7 

9 . 15 
. 80 

8 . 3 
8 . 05 
7. 4 
7 . 21 
6 . 77 
6. 30 
5. 82 
5 . 2 
4. 81 

. 2 8 
3 . 7 
3 . 1 8 
2 . 61 
2 . 0~ 

1. <1 
. 8 
. 22 

- . 40 

1 .29 
1. 28 • 
1. 26 
1. 22 
1.17 
1 . 1 
1 . 03 

. 95 

. 85 

. 7 4 

. 2 

. 49 

.3 5 
9 

. 03 
- . 1 5 

.2 

. 28 

.2 

. 22 

. 1 8 

. 12 

1 
r 
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81. 00 
81. 00 

~GLES 

L TUDE 

1 3 . 00 
1 5 . 00 

8 7 . 6 
87 . 65 

6 
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7. APPENDIX 

7.1 GENERAL GLOSSARY OF TECHNICAL TERMS 

ADDRESS = Register 

A/D = Analog to digital converter 

ADR = A~alog to digital register 

ASCII = American Standard Code for Information Interchange 

BIT ~ Elementary binary information unit 

-48-

BINARY = Numerical' system or mode to the base 2 

CDCP = Convertible Data Collection Platform 

DATA = Data used for coding and decoding of the platforms 

DATA DISPLAY = Panel for data recording in the CDCP test set 

DECIMAL = Numerical system or mode to the base 10 

ERTS = Earth Resources Technology Satellite 

GMT = Greenwich Mean Time 

GAP = Register separator 

GOES = Geostationary Operational Environment Satellite 

HEXADECIMAL = Numerical system or mode to the base 16 

INPUT = D.ta input 

INPUT/OUTPUT BUS = Collective inputs and outputs 

LANDSAT = Same satellite as ERTS 

OUTPUT = Data output 

TEST SET =-liesJing equipment which is a vital unit of a platform 

WORD = Group of bits (in our case a group of 4 bits) 

.XMT = Transmission 
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7.2 BIBLIOGRAPHY 
, 

PRELIMINARY iNSTRUCTION MANUAL FOR THE CONVERTIBLE DATA 

COLLECTION PLATFORM (CDCP) AND RELATED EQUIPMENT 

Manufacturer: LABARGE, INC. 

ELECTRONICS DIVISION 

TULSA, OKLAHOMA 

U.S.A. 

ERTS BOLIVIA PROGRAM 

CDCP OPERATIONAL DATA NOTEBOOK 

STATION INFORMATION 

O.A Name O.G Operator -----------------------------
Name 

. w. . 

/SHEET 1 

O.B Institutfon ______________________ _ 
----------------------------

O.C Station Number -------------------
0.0 S/N ______________________________ _ 

O.E Address --------------------------
O.F Location: Latitude ________ South 

Longitude ________ West 

CONSTANTS FOR DATA COLLECTION 

(ERTS AND/OR GOES) 
I 

. I 
1.A DATA UPDATING INTERVAL 

LEAST SIGNIFICANT NUMBER 

MOST SIGNIFICANT NUMBER 

Address -------------------------
Telephone _______________________ _ 

NOTE: Originr for operator 

Copy for verification 

REGISTER 

(ADDRESS) 

14 

15 

INPUT VALUE /SHEET 2 

! 1.B UPDATING CONTROL TIME 
I 
I ( 0 = 15 minutes; 1 = 6 minutes) 
~. 

~ 
( 

I 
! ' 
f 

16 
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CONSTANTS FOR DATA COLLECTION 

(ERTS AND/OR GOES) 

1.C NUMBER OF DIGITAL SENSORS (ADR) 

REGISTER 

(ADDRESS) 

(Maximum 4) (4 words x 4 bits)= 1 ADR) OD 

PARAMETERS 

2 -------------- -----------------
3 ______________ 

4 
________________ _ 

1.0 NUMBER OF ANALOG SENSORS (A/D) 

PARAMETERS 

(Maximum '8) (2 words x 4 bits = 1 A/D) OE 

U ________________ 2 _______________ _ 

3 ________________ 
4 

_______________ _ 

5 ________________ 
6 

_______________ _ 

7 ________________ 
8 

_______________ _ 

CONSTANTS FOR DATA COLLECTION 

(ERTS AND/OR GOES) 

REGISTER 

(ADDRESS) 

1.E MEMORY CAPACITY TO BE USED 

(Number of 4-bit words) 

least significant number 

mostsigriificant number 

MAXIMUM UTILIZABLE 

GOES: 13 gro~ps of 16 words = 832 bits 

ERTS: (For 90 seconds) 6 groups of 

16 words = 384 bits 

18 

19 

I. -I"""" ~ 

INPUT VALUE /SHEET 3 

I,: 

INPUT VALUE /SHEET 4 

/ 

_. 

j 
1 
J 
1 
1 
-~ 

.~ 
'1 , 
J 

1 
1 
] 

(For 180 seconds) 4 9 roup!; of 16 w,ords = 256 bits 
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. CONSTANTS FOR DATA COLLECTI ON 

(ERTS AND/OR GOES) 

1.F DATA INPUT 

o = series; 1 = parallel 

1.G DATA COLLECTION INTERVAL 

Hours 
--------------~--

1.H INITIAL TIIME 
Time~ ________________ _ 

1.1 TRANSMISSION T1ME OF FIRST 

DATA GROUP 
Time _________________ _ 

CONSTANTS EXCLUSIVELY FOR GOES DCS 

2.A ERTS/GOES SELECTION 

o = ERTS, 1 = GOES 

2.B CODING CONTROL 

o = GOES; 1 = ERTS 

2.C WORD PARITY OF DATA IN ASCI I mode 

REGISTER INPUT VALUE 

(ADDRESS) 

OA 

REGISTER INPUT VALUE 

09 

of o 

o = even; 1 = odd (only in GOES) OC 

2.0 SERIES INPUT DATA FORMAT 

o = binary; 1 = ASCI I (only in GOES) OB 

/SHEET 5 

/SHEET 6 

-51-
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CONSTANTS EXCLUSIVELY FOR GOES DCS 

2.E TRANSMISSION INTERVAL 

Number of 15-minute periods 

least significant number 

most significant number 

2,. F INITIAL TRANSMISSION TIME 

:!' Number of 15-minute periods 
! 
I" I ',~' (maximum 63 hours 45 minutes = 

least significant number 

most significant number 

CONSTANTS EXCLUSIVELY FOR GOES DCS 

2.G PLATFORM I DENT I F I CAT! ON CODE 

(8 hexadecimal characters) 

most significant number 

least significant number 

-52-

255 

REGISTER 

(ADDRESS) 

12 

13 

periods) 

10 

11 

REGISTER 

(ADDRESS) 

01 

02 

03 

04 

05 

06 

07 

08 

,-i / 

INPUT VALUE ISHEET 7 

1 
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j' 

j 

1 

I 
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INPUT VALUE ISHEET 8 
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CONSTANTS EXCLUSIVELY FOR GOES DCS WORKI NG HOURS /SHEET 9 

2.H TIME ASSIGNED FOR INITIAL TRANSMISSION 

GMT ----------------------------
Local 

---------------~-----------
2.1 INTERVAL ASSIGNED TO TRANSMISSIONS 

Hours __________________________ _ 

2.J CHANNEL ASSIGNED TO STATION 

Number. . 
--~-----------------------

2.K ANTENNA 

Elevatioh __________________ Azimuth _____________________ _ 

CONSTANTS EXCLUSIVELY FOR ERTS DCS 

3.A ERTS/GOES SELECTION 

o = ERTS, 1 = GOES 

3.B CODING CONTROL 

o = GOES; 1 = ERTS 

rS 

,-"" ,,- ~l~ , ~-'''-''---- ---l
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REGISTER INPUT VALUE /SHEET 10 

(,L\DDRESS) 

09 o 
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CONSTANTS EXCLUSIVELY FOR ERTS DCS 

. I 
3.C TRANSMISSION INTERVAL 

o = 180 seconds; 1 = 90 seconds 

3.D PLATFORM IDENTIFICATION CODE 

(3 hexadecimal characters) 

most significant number 

least significant number 
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l 

REGISTER INPUT VALUE /SHEET 11 

(ADDRESS) 

17 

01 

02 

03 

l 

I 

1 
I 
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