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DMSP DATA SPECIFTICATIONS

'
(=]

SCOPE

This document specifies the formats of the data thar is
received at the various interfaces within the system shown in Figure 1.

1.1 SATELLITE SYSTEM DESCRIPTION

The Block 5D sensor is an oscillacing scanning radiometer
which operates in two spectral intervals; visible and infrared. The
sensor system will gather and output in real time or store (multi-orbit)
day and night, visual and infrared data from earcth scenes and provide such
data, together with appropriate calibration, indexing, and other
auxiliary signals, to the spacecraft for transmission to ground stations.
The data will be collected, stored and transmitted in fine (F data) or
smoothed (S data) resolution. Onboard pre-processing of the data by the
sensor system provides for the various modes of data cutput. The sensor
provides terminator coverage in both visual (L data) and thermal (T data)
modes.

Fine resolution data will be collected continuousiy, day and
night, by the infrared detector (TF data) and continuously, during daytime
only, by the silicon dicde detector (LF data). Fine rasolution data will
have a nominal linear resolution of 0.3 nm. Because of the quantity of
data collected, it will not be possible to store or to transmit all of the
fine resolution information and selective collection will be reguired.
Storage capacity and transmission constraints limit the quantity of fine
resolution data (LF or TF) which can be provided in the SDF (Stored Data,
Fine) mode.

Data smoothing permits global coverage in both the infrared
{TS} and visible (LS) spectrum to be stored on the primary tape recorders
in the SDS (Stored Data Smoothed) mode and/or transmitted real time to
remote mobile readout terminals in the RDS (Realtime Data Smoothed) mode.
Smoothing is accomplished by electrically reducing the sensor resolution
to 1.5 nm in the along scan direction, then digitally averaging five suzh
0.3 x 1.5 nm samples in the along track direction. A nominal linear
resolution of 1.5 nm results. Additiomally, a photomultiplier tube will
allow collection of visible (LS} data under night-time conditions at 1.5
nm nominal linear resolution.

SaP2l.zxzs



for direct cCransmission to resmote readout <csrminals or
=ranspertable terminals (TRANSTERMS) and for fleet operaticns, the OLS
provides real data (RTD) outpuc combinacions of TF and LS or LF and TS and
Special data. The smooth data in the RTD mcde has not been digircally
smoothed, so that a smooth sample is 0.3 nm in the along track direction
times 1.5 nm in the along scan direction.

The sensor also provides the data management Zfunctions to
preocess, record and output data from up to 12 special mecsorological

Sensors.

1.2 INTRODUCTION

Primaxy mission data recovery sites are POGO, HULA, BOSS, and
Site I. Data Stream S for SDS and SDF is as illustrated in this document.
The data rate is 1.3312 megabits per second if one ctype of data (TF or LF)
or 2.6624 megabits per second if the data is interleaved bitc-by-bit (TF/LF
or TS/LS). The DMSP Mux accepts either data rate and formats Equipment
Status Telemetry data with the incoming stored data stream. This 3.072
megabits per second data stream is transmitted via a Communications
Satellite link to Site III and FNOC for processing. At Site III the
multiplexed and interleaved data stream is split into its component parts.
EST and LS data are forwarded to Site V for telemetry analysis. All
stored data is formarted for processing in AFGWC's computer complex.

Data stream R for RTD data is as illustrated in this document.
The data rate is 1.024 megabits per second. RTD data is transmitted to
the ground in the same directiaon as the data is collected. SDS and SDPF
data is transmitted to the ground reversed in direction from the direction
which the data is collected due to storage on the satellite prior to
transmission (the recorders do not rewind before playback). Remote Sites
{TRANSTERMS) and Shipboard Terminals are capable of receiving the RTD data
'stream.

Data stream RDS is-as illustrated in this document. The data
rate is 133.1 kilobits per second (for OLS serial number 12 te 16) or
177.5 kilobits per second (for OLS serial number 17 and up). RDS data is
identical in format to SDS data. RDS data is transmitted to the ground in
real time (i.e. in the same direction as the data is collected) whereas
SDS data is transmitted to the ground reversed in direction from the
direction which the data is collected due to storage on satellite tape
recorders pricr to transmission {the recorders do not rewind prior to
playback) . The primary recipients of the RDS data stream are mobile
remote sites. The RDS data stream consists of bit-by-bit interleaved LS
and TS data, mission sensor data, telemetry data, synchronization data.
Direct Mode Data Message (DMDM) and calibration data. The RDS data stream
{except on QLS 7] shall be encoded with a Rate 1/2 convelutional encoder
of constraint length 7, with G0=1111001 and G1=1011011.

Site 4 is the System’'s Payload Test Facility (PTF] and
receives all of the data types (SDS, SDF, RTD and RDS) for evaluation
purposes.

Figure 2 shows the block 5 spacecraft axes relevant te Figure
3 which pictorially represents the direction of scan inherent in the data.

2
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v = velocity vector

NOTES:

(1) X Axis - a line through the space-
craft normal to earth, posi-
tive from spacecraft toward
earch, "

(2) Y Axis - An axis completing an orthogonal,
right-hand X, Y, Z coordipate system.

(3} Z Axis - A line normal to the plane formed by the
X-Axis and the velocity vector. The vector

from the spacecraft to the sun has a positive
component along the Z-Axig

FIGURE 2: BLOCK 5 SPACECRAFT AXES DEFINITION {;
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Terminatcor

Afternoon Orbic

Direction
of +2 to -2
Scan

Earch’'s Rotation

Direction
of +2 to

Morning Orbit

NOTES:

(1) +Z to -Z scan directions shown for typical orbit
ascending nodes.

(2} Scan Directions (as received at data relay):

DOS in Line Sync Video Video
& Subsync Frame Dirscrion Type
0 +Z2 to -2 RTD
1 -Z Lo +2 (LF & TS or TF & LS)
0 -2 to +2 SDF
1 +Z to -2 (LF, TF or LF & TF)
0 -Z to +2 sDs
(LS & TS)
0 +Z to -2 RDS
(LS & TS)

FIGURE 1: BLOCK 5 SCAN DIRECTION DEFINITION
5
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ASC

DMsPp

Patca

Data

DMDM

EOQAD

EQSV

LSB

MSB

OoLs

OLSD

SAP1l.zeo

Modes:

RTD

SDF

SDS

RDS

Types:

LF

TF

TS

ABBREVIATIONS

American Satellite Ceorporation

Defense Meteorolcogical Satellite Program

Real Time Dara. Block 5D direct transmission data mode
consiscing of LF and TS or of TF and LS.

Stored Data Fine. Block 5D very high resolution mode
consisting of LF and TF data.

Stored Data Smooch. Block 5D high resolution mode
consiscing of LS and TS data.

Realtime Data Smoothed. Block 5D direct transmission
of interleaved LS and TS data. Same format as SDS.

Visual Fine Data (L represents Light)

Visual Smooth Data (L represents Light)

Infrared Fine Data (T represents Thermal}

Infared Smooth Data (T represents Thermal)

Direct Mode Data Message

End of Active Data

End of Smoothed Vide&

Least Significant Bit

Most Significant Bit

Operational Linescan System (Block SD Primary Sensor)

OLS Demultiplexer



2.0 ABBREVIATIONS (Continued)

PMT Photomultiplier Tube

SOAD Start of Active Data

sosv Start of Smoothed Video

SSP Mission Sensor (formerly Special Sensor Package)

TERDATS Tertiary Data Stream

™ Telemetry

SRPIl.rco



1.0 COMPLIANCE INFORMATICN

This document represents the data formats for the 5D-2 and SD-

3 models of the Operactional Linescan Systcem.

This document escablishes the sensor contractual requirements
for che data formats for the 5D-2 and SD-3 models of the Operational

Linescan System (OLS).

This document defines agreements reached by the Air Force
Program Office (PMO) and the sensor contractor as to the actual data
formats that the Sensor Contractor shall insure on the 5D-2 and SD-3
models of the OLS as specifically stated in paragraph 3.1. Nothing in
this document or its subsequent revisions shall relieve the Sensor
Contractor from compliance with any other segment or interface documenc.
If incompatibilities between other documents and this data format
specifications document are discovered, the PMO shall be notified and
action initiated to determine the impact of, and to minimize, the

incompacibility.

GAP21l.rco



! SENSOR CONTRACTCR CCMPLIANCE

The Sensor Ccntractor corxporacion shall provide and insure
each and every data bit location and value within the format lines of RTD,
SDS, RDS and SDF for the 5D-2 and 5D-3 models of the OLS. The Sensor
Contractor shall insure a minimum transition density of 1 in 36 in Jat

part of the filler code of Figures 13 and 30 that is not special da:.x.

3.2 RESERVED

SAfll.rze



o] SENSOR CONTRACTQR CAUTION

The Sensor Concractor is cauticned on the reversing of the SDS
format lines because of OLS on-board recording of data (and playback in

the opposite direction).

As explained in the introducrign (Para 1.2) this document

refers to the formats of received baseband data from the SD satellite.

1.4 SENSOR CONTRACTOR VERIFICATION

The Sensor Contractor shall verify each and every neon video
data bit location and value within che format lines of RTD, SDS, RDS, and
the SDF by test. The Sensor Contractor shall verify each and every video
data bit location and level within the formac lines of RTD, SDS, RDS and

the SDF hy test.

10
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4.0 DATA FORMATS

This section specifies the formats used as referenced to each
data type, such that the dara can be reconstructed from this information.
The data is arranged into a basic, repeacing sequence called a frame.
Only two types of frame structure are used - the SDF, 5DS or RDS frame and
the RTD frame. Each frame in SDS, RDS or SDF is 208 bits long and each
RTD frame is 150 bits long. A series of frames, properly referenced, is
called a line format. The frames wichin a line format contain video data,
sync codes, and other information as explained in the following sectionms.

4.1 BLOCK SD DATA FORMATS

Block SD video data consists of SDF, SDS, RDS, and RTD frames
of data. The SDF frame contains either TF or LF video data. The SDS/RDS
frame contains either TS or LS video data. The RTD frame contains TF and
LS or LF and TS video data. The mission sensor data is present in
selecrted SDS, RDS and RTD frames. The data is obtained from a satellite
which employs a bi-directional scanner.

4.1.1 SOF _DATA FORMAT

4.1.1.1 FORMAT

The SDF frame format is shown in Figure 4. The frame is 208
bits long and consists of a Frame Sync Code plus 32 six bit words, all of
which contain SDF video.

4.1.1.1.1 FRAME SYNC CODE

The first 13 bits of each frame consist of a frame sync code.
This code is 1010110011111 where the leftmost bit is that received firstc
at the interface.

4.1.1.1.2 TAG _BITS

The three bits immediately after the laset bit of the frame
sync code are tag bits (refer to Figure 4 bits A, B, C). These tag bits
identify the type of video in the frame. Video type is as follows:

GRPIl.reco
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€ a3t al 3zl 13111 g ! ot 3 i 1 1ot 1l ol 1| word
ey — 1 - 1
Fe lrs |7a |z {5 Ik | word
F6 I Fs |F4 Jsa le F1_| word
F6_IFSs |F4 IF3 |F2 |F1 | word
TAG BITS VIDED Fs ,r-'s F4 IF3 |F2 |F1 | word
A_B C MODE - - -
0o 0 1 LF F6 IFs P4 [F3 IF2 IF1 | word
1 0 1 TF Fe |Fs |F4 IF3 |F2 [F1 | word
Fé IFs |F4 |FP3 [F2 IF | word
VIDEO: re - - -
F1L = MSB = 2.500 Volts Fe (5 1P4 (F3 JF2 [F1 | word
F2 Fe IFs |r4 IF3 |F2 |F1 | word
Fa ey - -
F4 Fe_JFS 54 F3 Eg_ Fl1 | word
Fs  ___ F6 Irs Irq4 |P3 IF2 IF1 | word
F6 = LSB = 0.078 Volts = - i
Fs IFs |F4 [F3 IF2 [F1 | word
(Note Complemented Vide - - =
e e re Irs |ra Ir3 |F2 |F1 | wora
Bits) = — —
Fs [P5 IF4 IF3 [F2 IFm | word
**as formatted by OLS on Satellit = = -
Y © FP6_|Ps |F4 |F3 |F2 |F1 | word
6 IFS IF4 IF3 [F2 | word
P6 |P5 Ir4 IF3 IF2 |F1 | word
Fe6 _|F5 Ir4 |F3 [F2 {F1 | word
F6 !F5 IF4 IF3 |F2 |F1 | word
F6 [FS IF4 IF3 [F2 |F1 word
Fe_1Fs Ir4 |F3 |F2 |F1 | word
F6 [F5 |F4 |F3 IF2 |F1 | word
Fe I|F5 |F4 |F3 |F2 |F1 | word
F6_|F5 IF4 |F3 I¥2 IF1 | woxd
Fe |FS |F4 |F3 |F2 |F1 | word
;6 FS IF4 IF3 |F2 |F1 word
F5 _IFs |F4 lr3 |F2 IF1 | word
ﬂs Fs Irs |Fa F2 |F1 | word
F& Irs Ira |ra [F2 IF1 | word
F6 (FS !r4 {F3 |F2 [F1 | word
F6 iFs |F4 |F3 IF2 |F1 | word
JFS IFS F4 |F3 IF2 [F1 | word
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Tag_Bits Video Tvpe
ABC

001 LF
101 TF

4.1.1.1.3 VIDEQ

The frame contains 32 fine video words. Each fine video word
is digitized to a 6 bit resolution. The most significant bit (MSB) of
each word is that bit received first at the interface (e.g., bit 17,23, ---
). The SDF line conctains 7322 ;"% video samples per line. Nadir nominally
exists between the 3661st sample and the 3662nd sample as counted from
SOAD. Note that any scanner offset will affect the location of nadir.
The first video sample received at the interface after the line sync
Sequence is the last video sample which wag generated in that line. Since
there is insufficientc space for tramsition bits within the frame and in
order to guarantee a higher average transition density, every other video
data bit in a word is complemented. The 2nd, 4th, and 6th bits (see
Figure 4) are complemented from the true value. Only actual video words
are complemenced.

4.1.1.1.4 RELATTIONSHIP OF VIDEO TQ FRAME

Video samples begin in Frame 3 (refer to Figure 5) and end in
Frame 231, Frame 3 has 26_,°? video samples. All other frames have a full
32 video samples.

4.1.1.1.58 LINE DIRECTION

Due to the fact that SDF video is stered on tape resccxders aad
played back in reverse order, all data is received at the interface
reversed in direction from the way the data was formatted in the
satellite,.
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4.1.1.1.8 SCAN ANGLE OF VIDEC DATA SAMPLES

The SDF video data is corrected in the OLS soc that data
samples correspond to fixed scan angles. The SDF data sampling occurs at
4 varying sampling fregquency of nominally 102.4 kHz., These data samples
would occur linearly versus time if the scanner motion were nominal. When
Scanner motion differs from nominal, the correction places the data
samples at the same scan angles as a nominal scanner mocion would place
them.

The scan angle (o) for sample number {S;) is defined as follows:

‘2 = (-1)0 o, cos([jah:FE; *M]+B) - N*K
Sr
where:
D = 0 for SDF DOS ©

a 1 for SDF DOS 1

peak scan angle = §7.85° = 1.00967 radians

(2]
-
[ ]

sample number in order received by the tape recorder
(SOAD = 1, EOAD = 7322)

Sp = nominal total sample periods = 7322.179

M = 2.66874 radians
B = 0,23665 radians
N = gigned value of scanner 6ffset in units of value K, from subsync

frame of data stream. (see paragraph 4.1.1.6.2)

0.00099 radians

=
]

4.1.1.2 SDF_LINE FORMAT

The SDF line format is shown in Figure 5,

lia

GRP2l.reco



021" 1T4HD

ST

IVYHUO4d ENIT 4ds :S Junoid

" (03pTA uTejUCD OBYE UED L pue 9 sstdues Ing) g o1dues se poutjep sy ordues ospIA QYOF € sweay ul ‘¢

*() uUr 87 SWelI UTYITM IVUWNU PIOH ‘7
"Butwry @sejasjuy 03 pasuaxazex 67 (] UT IPqUnuU Swelg ° T

:SALON
XTTUNIWON
aWvHd (T} K |
OMNAS ANYTIg
aNI‘ zZt
(€EE) {£€) (€€) (t€) {ee) (EE) (E€) {E€E) (£E) (£€) (EE) (tE) {eE) {ec)
el (avos)
W a
| ! W
¥ s 4
1 | |
0 '{ W a
< | {9%) Y
a 8 D
I {sz) 4 N
A X
o} (o] A b A A A b A s b 0 0
o | c| N N N N N M N N 3 d
a a (avoad) \'f 4 ¥ ¥ v \'§ v 2| \'§ a d
1 I 1 1 I 1 1 1 T n 1 I I
A A L) | d : | a g d | s g A A
A
N
4
1
|
() {z) (z) {z) {z) {z) (z) (z} {2) {z) {z) {Z} (z) {T)
(1)
(6zz) - (5] [v] (e} (z] (t] (eez) (zez) (tez) [(oez)
<---- dOYJYIALINI LY JTYDIS FWIL-------
A -

. E66T TIHdY 82

J1Z8-aA-S1I



1.1.2.,3 LINE SYNC FTRAME FORMAT
The Line Sync Frame format is shown in Figure 6. The first 24
video words are Blank Video codes. Following the Blank Video words are 7

Alarm codes as follows:

4.1.1.3.1 ALARM CODES

(1) 111110 (0 = LSB of video word)

This alarm code is formatted in the even-numbered fine
video words starting at word 26 (refer to Figure 6 for locacion of alarm
codes) .,

{2) 000001 (1 = LSB of video word)

This alarm code is formatted in the odd-numbered fine
video words starting at word 27. (Refer to Figure & for location of alarm
codes, )

4.1.1.3.2 § OFFSET WORD

The scanner offset word is a 4 bit number encoded in 2's
complement code which identifies the angle between the center of scan and
the sensor +X axis. The least significant bit of the scanner offsec word
is 2° units of value .99 milliradians which is .99 milliradians. Referring
to Figure 6, if Q1 is a zero, indicating positive offset, and Q2Q3Q4 is
Some nonzero value then the center of scan is the +X, -Z quadrant. If Q1
is a one, indicating negative offset, then the center of scan is in the
+X, +Z quadrant.

In the locked encoder simulator mode the scanner offserc may
change every other scan line and may be non integer.

In the normal encoder mode the scanner offset may change once
every 2048 scan lines only when permitted by ground command and must be
integer,

The encoder mode is indicated in the OLS equipment status
telemeery.

4.1.1.3.3 SCANNER DIRECTION

The last two bits of word 33 identify the direction of the
actual movement of the scanner with respect to the spacecraft 2z axis.
Note that the data as received at the interface appears in reversed actual
scanner direction. Both bits are identical and are encoded as follows:

ZERO = actual scanner rotation from the +2 axis towards the -2
axis.

ONE = actual scanner rotation from the -Z axis towards the +2
axis.
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LJ
K
)
IO
fr}

BIT 208"

FIGURE 6: SDF LINE SYNC FRAME FORMAT
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4.1.1.4 BLANK FRAME FORMAT

Blank frames occur during the over scan pericd of the scanner
when video is not being formatted and between the Line Sync frame and the
End of Active Data (EOAD) . The blank frame format is shown in Figqure 7.
The nominal number of blank video words between the Line Synec frame and
the first video word is 18 (but can be 36, 37 or 18). There is also a
constant number of blank video words (32) between the last video word and
the Sub-Sync frame.

4.1.1.5 Regerved
4.1.1.86 - C FO
After the Start of Active Data (SOAD) there is one blank

followed by cne sub-sync frame. The sub-sync frame format is shown in
Figure 9 and contains the following data.

4.1.1.6.1  ALARM COBES
. (1) 000001 as received (1 = LSB of video word}

This alarm code is formacted in words 2, 4, &, and g.
Refer to Figure 9 for the location of alarm code words.

(2) 111110 as received {0 = LSB of video word)

This alarm code is formatted in words 3, 5, and 7. Refer
to Figure 9 for the location of alarm code words,
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FIGURE 7:
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BIT 1
o«

€28 1A 1311111301012 1) ol 180 1.2
Scanner Offsec: l 0 , . , .
QL = Sign” ‘Negative numbers L1lg 90
Q2 = MSB = 2z* represenced as 2's 0 l 1 1 ‘ 1 l 1 , 1
. complement ] !
I
Q6 = LSB = 2°2 1 4] olo olo
R = U = Scan Divection 0 = DOS 0, +2 to -2 0 I 1 1 I 1 I i I 1
1 =D0S 1, -2 o +Z
Time code; 1 0 9 , = 2 I -
El = MSB = 2! gec. 0 |1 1'1 1! 1
E27 = LSB = 2719 gep. L .0 0.0 _o0:0
Gain Code: R R 104 103 102 101
Gl MSB = 32
=T 32 dh E3 |E2 |E2 | o g6 lgs
GS = LSB = .125 DB E9 lEa g7 |z6 |E5 |E4
Ml = Lin/Log (0 = Lin, 1 = Log)
1
M2-M4 = Sub Mode E1SIE14|E13IEI2/F11 IE10
Hot T Cal: 1{E20/E19|F18|E17IE16
HO = Segment ID (1=LEFT., 0 = RIGHT)
E E22
Hl = MSB = 2.500 Volts w»+ E27IE26 |E251E24E23 | E22
: G6 IG5 1G4 163 162 IG1
HB = LSB = 0.020 Voltg =+
8 ¥i
Celd T Cal: M3 M2 M1 _G9 1G8 1G
CO0 = Segment ID (1 = LEFT, 0 = RIGHT) P4 |P3 (P2 |M U IM4
= - »
?1 MSB 2.500 Voltsg » 12 lr1 lpa lp7 [pe ips
C8 = LSB = 0.020 Volts *+ H2 {41 ‘"o | ® (14 |13
Location Data = 21-232
H H4 |H
PMT Cal: i !ES g 3
Pl = MSB = 2,500 Voltg »+ co S (Y. Y3 1y2 |Y1
: c1
P8 = LSB = 0,020 Voltg »+ £6_1c3 1C4 103 G2 iC1 .
Vehicle Identity: . 24 123 122 IZI ce_lcv
I1 = MSB = 27 ** As formatted by
2 7 126 {25
: OLS on Satellite 20128 iz
I4 = LSB = 2° Z164715[22141213|2121211
T Channel Gain OLS 8-10:
Z2 0121 Bi1Z17
C0 = Segment ID (1 = Left, 0 = Right) 212211290,219.218 1217
¥l = MSB = 1.28 db 228122712261 2251224(223
; z
Y4 = LSB = 0.15 db 0 0 (232,23112301229
T Channel Gain OLS 7,11-16: 0 0 0 1 1 1
CO0 = Segment ID {1 = Left, 0 = Right}
1
¥l = MSB = 1.85 db 9 9 9 L L
: 0 0 041111 1
¥4 = LSB = 0.23 db
141 1
S = Spare Bits g - 0
0 ol oi1t1 1
BIT 208°
Unused Bita: &7, 177 to 208

FIGURE 9:
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BIT 1
L
et B 1 A1 11131 11 i1t0!'o0l1 11010l 1!0l1 woxrd
\nner fo.sec: . . 1 | 0 l 0 I 0 l 0 o] word
QL = Sign Negative numbers > ,
Q2 = MSB = 2° represented as 2's 0 | 1 1 l 1 1 1 word
. complemenc
= 0 0 0
Q6 = LSB = 22 1 I 0 4] word
R = U = Scan Direction 0 = DOS 0, +2 to -2 0 1 1 1 1 1 word
l=p05s 1, -2 to +2
. ' s} 0 0 word
Time code: 1 g 0
El = MSB = 2% gec. o a1t 211l word
: 0 0 Q 0 word
E27 = LSB = 219 gec. Lo
Gain Code: . R I R |04 /O3 102 101 word
§1 = MSB = 32 db gl |2 |ex | o [os los word
G3 = LSB = .125 DB E9 |E8 &7 lE6 |ES |24 word
Ml = Lin/Log (0 = Lin, 1 = Log)
. E14|F131E12E11|E10! word
M2-M4 = Sub Mode EiS 22 =t
Hot T cal: E21/E20/E19|E18|E17IE16| word
HO = Segment ID (1=LEFT, 0 = RIGHT)
7IE26 | E2S |E24 [E23{E22 word
Hl = MSB = 2.500 Voltsg =+ e
3 6 1G5 |G4 |G3 G2 |Gl word
HB = LSB = 0.020 Volts =+
M G G8_IG7 word
Cold T cal: LER Lk L 168
C0 = Segment ID (1 = LEFT, 0 = RIGHT) P4 |P3 IP2 IP1 | U IM4 word
“:l s MSB = 2.500 Volts +*» 12 111 |ps [p7 lp6 [Ps Ty
2B = LSB = 0.020 Volts »+ H3 |#2 M \HL/Dj 14 |13 word
-cation Data = 2Z1-Z32 y1 |us |u7 |ms lus iua e
PMT Cal:
Pl = MSB = 2.500 Volts *» co S '\*_r/s) Y4 Y3 |¥2 word
: c4 . 1c2 {cl word
P8 = LSB = 0.020 Volgs e+ Le_‘cs = 1
Vehicle Identity: : Z4 123 122 121 lc8 |C7 word
I1 = MSB = 2° ** As formatted by
\ B (27 126 |25 word
: OLS on Satellite wilblzg ton
I4 = LSB = 2° Z16l2z15)714(213)212]211| word
T Channel Gain:
20(21912181217| word
CO0 = Segment ID (1 = Left, 0 = Right) 222 (521122
Y1l = MSEB = 2.352 db 22B12271226(22512241223 word
: 0 z31/z30]22 word
¥S = LSBE = 0.147 db 0 B 223
Lo lo 0 1 1 1 word
o] 0 0 1 1 1 word
0 o] Q 1 1 1 word
0 0 1 1 1 word
S = Spare Bits E
0 o] 0 1 1 1 word
BIT 208
Unused Bits: 67, 177 to 208
."‘. FIGURE %a: SDF SUB-SYNC FRAME FORMAT (OLS 17 and up)
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2.1.1.6.2 SCANNER OFFSET WORD

The scanner offset word is a 6 bit number encoded in 2's
complement code which identifies the angle between the center of scan and
the sensor +X axis. The least significant bit of the scanner offset word
is 2°? units of value .39 milliradians, which is .25 milliradians.
Referring to Figure 8, if Q1 is a zera, indicating positive offsec, and
Q2Q3Q4Q5Q6 is some nonzero value then the center of scan is in the +X, -2
quadrant. If Q1L is a one, indicating negative offset, then the center of
scan is in the +X, +Z quadrant.

In the locked encoder simulator mode the scanner offset may
change every other scan line and may be non integer.

. In the normal encoder mode the scanner offset may changes once
every 2048 scan lines only when permitted by ground command and must be
integer,

The encoder mode is indicaced in the OLS egquipment status
telemetry.

1

4.1.1.6.3  SCANNER DIRECTION

The last two bits of word 9 jidentify the direction of the
actual movement of the scanner with respect to the satellite Z axis. Note
that the data as received at the interface appears in reversed actual
Scanner direction. Both bits are identical and are encoded as follows:

ZERO = Actual scanney rotation from the +2 axis towards the -Z
axis.

ONE = Actual scanner rotation from the -Z axis towards the +2

axis.

4.1.1.6.4 TIME CODE

Words 10 through 14 define a 27 bit time code. The code is a
pure binary number with the lesast significant bit equal to 1/1024 second.
The time code word in the sub-gsync frame is the value of the elapsed time
counter coincident with the NADIR crossing of the next received video
line. The elapsed time counter (which is updated approximately once
daily) is a spacecraft clock which provides the reference to spacecraft
position and hence gives the ground reference of the data taken at the
center of scan of the sensor.

4.1.1.8.5 GA coD

Words 15, 16, and 17 contain a 9 bit gain code plus 4 bits to
idenctify the sub-mode being used. Refer to Figure 9 for
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the location of the gain code. The gain code gives the necessary
information required to determine the gain operating status of the visual
processing for each scan. The gain value references the gain value for
the last sample received (first sample of active video) if the gain
dutomacically changes during the scan. If the gain mode is PGC then that
gain value is the gain for the last video line received. The 4 bits (Mi-
M4) used to identify the sub-mode are given below:

M1 Mode
0 Gain states in visual processor

are linear.

1 Gain states in visual processor
are logarithmic.

M2_ M3 M4 Mode
‘ o 0 o UNUSED
0o o0 1 ASGC
6 1 ¢ ATGC
1 0 o PGC/HRD
1 o 1 : PGC/PMT1/9
1 1 0 PGC/FMT - LOW
1 1 1 PGC/PMT - HIGH
0o 1 1 SPARE

The three modes for gain control by the processor are: Along
Scan Gain Contxol {(ASGC), Along Track Gain Control (ATGC), and Preset Gain
Control (PGC). The processor is in only one mode per scan cycle. The
mode is commanded from the ground and this mode is set up by the processor
during the positive end of scan.
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4.1.1.6.8 CALIBRATION WORDS

The remaining video slots contain various calibration signals.
These signals are shown in Figure 9 and are as follows:

(1) Hot T Cal: B bits resolution + 1 bit segment I.D.

The Hot T Cal value is updated during each +Z EOS (end
of scan) and this -alue is repeated for the -Z EOS.

(2) Cold T Cal: 8 bits resolution +1 bit segment I.D,.

The Cold T Cal value is updated during each -Z EOS (end
of scan) and this value is repeated for the +Z EOS.

The two infrared calibration (T-Cal} words provide the
temperatures of the blackbody sources on the sensor. The segment I.D. bic
identifies the segment of the T-detector being calibrated.

(3) Loecation Data:

The information contained in the 32 bits designated
Z21-2Z32 in Figure 9 refers to the parameters used by ground processing to
locate the satellite subpoint (longitude, latitude, cosine crossing angle)
and those parameters used by the OLS to determine the Along Scan Gain
Control (ASGC) mode. Figures 10 and 11 give the content of the location
data. 1Included with the location data is a time code {EPHCLK) which
references the time of calculation of all the information downlinked in
the 21-Z32 bits in SDF. The data is downlinked in the sequence: Word 5
thru Word 1. Because the timing of receipt of the words from the
spacecraft is not synchronized to the SDF line, one or more of the
location data werds may be repeated.
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MSB LSB
1 13 14 29 30 31 32
I I ! I | I
WORD | EPE CLOCK | LONGITUDE | | l |
ONE | 13 BITS | 16 BITS [ o] o1 |
| | | I | I
IMSB_=2°SEC _ ISR =2-% Sgc] MsB LSB| I I |
MSB LSB
1 15 16 25 30 31 132
I I COSINE I | I [
WORD | LATITUDE | CROSSING ANGLE | | | I
TWO ] 1S BITS | 14 BITS | o 1] o0 |
l : | I | | I
|_MsB _LSB|__MsB LSB] l [ |
MSB LS8
‘ 1 14 15 29 30___31 32
| I I | | l
WORD | COS SOLAR AZ | SOLAR EL | | | I
THREE | 14 BITS | 15 BITS | o 2]1 |.
I | I I | !
| _MsB LSB| MsB LSB| J I ]
MSB LSB
1 14 15 29 30 31 32
| | I | I [
WORD | E/R | EPH CLOCK | | I |
FOUR | 14 BITS T I 15 BITS | 1] oo {
| I ! I I
|__MsB BIMSB = 217 g LSB = 2% sec| ! | }
MSB LSB
1 89 21 22 29 30 31 32
| cosmE oF | | S
WORD | LUNAR Az | LUNAR EL | LUNAR PHASE | I I |
FIVE | 8 BITS I 13 BITS I 8 BITS | 1] o1 lI
I | I I I I
| _MsB LSB| MsB LSB|MSB LSBI I l ]
~IAG BITS (Z30-232) CODE
30 31 32
0 0 0 NO DATA
o 0 1 WORD 1
0 1 0 WORD 2
0 1 1 WORD 3
1 o 0 WORD 4
1 0 1 WORD 5
1 1 0 SPARE
1 1 1 SPARE
FIGURE 10. LOCATION DATA WORDS
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Parameter

EPH CLK

Longitude

Latitude

Cosine Crossing Angle
Cosine Sclar Azimuth

1

Solar Elevation

h/R

Cosine Lunar Azimuth

Lunar Elevation

Lunar Phasge

Unitcs

Seconds

7 Radians

7 Radians

None

None

Degrees

Earth Radii
{R = 6378.145 Xm)

None

Degrees

Degrees

Sign Bit

N/A

N/A

Bit Range
MSB-LSH

217 | g4

2-1 . 2-1s

2'1 - 2-1‘

27t . M

2'1 = 2-1

S = Sign bit with negative numbers represented as 2‘s complement.

Figqure 11.
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{4) PMT Cal: 8 bits resolution.

The BMT Cal value is updated during each -Z EOS (end of
scan) and this value is repeated for the +Z EOS.

The photomultiplier calibration {PMT Cal) word provides
the data from the self-calibration of the PMT on the sensor.

(S} Vehicle Identity: 4 bits resolution.

A unique code to identify each spacecraft will be
inserted into the four bits for vehicle identity.

{6} T Channel Gain: 4 bits resolution OLS 7-1§;
5 bits resolution OLS 17 and up.

The T Chamnel Gain wvalue is wvariable ¢to allow
compensacion for any degradation effects since channel adjustment. The
Cold T Cal segment I.D. bit identifies the segment of the T Channel whose
gain is indicaced. T Channel gain for one of the segments is updated at
each -Z overscan alternating between the two segments at each update. The
indicated segment gain applies to all video in the four SDF data lines
consisting of the DOS 0/DOS 1 line pair whose subsync frames contain the
same gsegment I.D. and the immediately preceding received line pair.
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471.2 SDS AND RDS DATA FORMAT
4.1.2.1 FORMAT

The SDS and RDS frame format is shown in Figure 12. The frame
is 208 bits long and consists of a Frame Sync Code, 10 bits of mission
sensor data, and 26 video words. The SDS and RDS frame is different in
Structure frem the SDF frame. With reference to Figures 12, 15, 16, 18
and 21 Bit 1 is the first bit received at the interface in SDS. In 53S
3ic 1 is the last bit received at the interface and Bit 208 is the fi=st
bit received at the interface.

4.1.2.1.1 FRAME SYNC CODE

The first 13 bits of each frame consists of a frame sync code.
This code is 1010110011111 where the leftmost bit is that received first
at the intsrface,

4.1.2.1.2 TAG BITS

The three bits immediately following the last bit of the frame
sync code are tag bits (refer to Figure 12, bits A, B & C). These tag
bits identify the type of video data in the frame. Video type is as
follows:

Tag Bits Video Tvpe
A B ¢

0 1 1 Ls

11 1 TS

Note that LS and TS data line formats contain the same time
codes, sub-sync codes and differ only in actual data and tag bits.
Therefore, LS and TS data could be interleaved for processing. The 7th
bit in the LS video data is the LSB {or 8th bit) of the TS video. Thus,
a total of 8 bits comprises a TS video sample and a total of & bits
comorises a LS video sample.

4.1.2.1.3 MISSION SENSOR DATA

Bach mission sensor (SSP) outputs data to the OLS.
Approximately once per second the mission sensor data are formatted into
mission sensor data messages, one for each of the LS and TS line formats.
Since the transmission of mission sensor data messages is not synchronized
with the line formats, the start of a mission sensor data meggage can
occur anywhere within a TS or LS line format. Each message congists of a
288-bit (8-word) header containing the Sync Code, Time Code and Format
Section followed by the mission sensor data.

For OLS 7-16 the message is inserted into the line formats as
follows (see Figure 14):
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L5: S1-510 bits of each frame
Bits 27-208 of frame 2
Bits 27-145 of frame 3

TS: S1-510 bits of each frame
Bits 27-208 of frame 2
Bits 27-145 of frame 3
Bits 202-208 of the sub-sync frame
Bits 27-152 of the line sync frame
Bits 27-208 of the four frames between the sub-
sync and line sync frames

For OLS 17-21 the mission sensor data rate is increased by
inserting 22 additional SSP frames into the OLS line format and using two
of the existing blank frames for mission sensor data (see Figure 14a).
Therefore, in addition to the locations specified above, SSP data is also
located in bita 27-208 of frames 60-83 in both the LS and TS line formats,

The minimum and maximum message lengths are given in the
following table. Proper programming of the Format will use no more than
the minimum length to assure valid data.

BITS

2,160

11,412

Note that these message lengths include the 288 bits of
header. Note also that a mission sensor data megssage may be of a length
which is not an integral number of 36-bit words. The individual mission
sensor data formats are defined in ICDs for each sensor.

The mission sensor data message is reconstructed by storing,
as received, all the mission sensor data bits contained in the SDS/RDS
line format seperately for LS mission seansor data and seperately for TS
mission sensor data. As shown in Figure 13, a typical message in SDS, as
received, consists of data, followed by a data format section, followed by
the time code and sync code. After the mission sensor data bits in SDS
have been reconstructed into the measage format of Figure 13, the message
is interrogated in the direction opposite to that received to obtain the
sequence: Sync Code, Time Code, Format Section. and mission sensor data.
In RDS, the data is received in the Sync Code first sequence and does not
require reversal.
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BIT 1
4

1l a1 13l 1 i0) ol 1l 1ol iloly| word
810|59 |ss Is'r lss S5 IS4 153 lsz 151 | c .! B i A word
V7 |Gs |vs | va .!va V2 |v1 word
v?_|ve va |\74 vi lv2 r|v1 word
TAG BITS VIDEO v? _lvs lvs lva lvs Gg Vi word
ﬁ JB. ]c_ %E‘:— V7 ;s Vs E4 v3 E_g \al word
1 1 1 TS vz lve lvs iv4a |va vz v word
vz _tvs lvs [va |va |va lvi | word

= : b i - — =
= \‘;:_Lnfonsa = 2.500 Volts & Zg_ LE 34 v _‘ig Y1 "
Ve v2 lve lvs lva |v3 |v2 [n1 word
g: vz lvs lvs |va [va [v2 [v1 | werd
Vs vz ;6 vs -1;4 V3 ;g Vi word
‘\;: = 0.039 Volts e Eﬁ L E4 3 :B Vi gore
V8 = LSB = 0.019 volts V7 _lve Ivs |v4 [v3 |yv2 [\ word
(V7 of LS Video) vz _lve lvs [va {va [v2 |vi | wora
LS VIDEO: v V7 Es Vs E4 V3 Eg vl word
Vi = MSB = 2,500 Volts vz _lve lvs [v4 V3 vz Vi word
v2 v lve |vs lva lva |v2 |wn word
V3 vz {ve |vs [va lvs [v2 lvi | word
V4 v? lve |vs lva [v3 \72 Vi word
Vs v7_tvs lvs lva lva [v2 ln word
V6 = LSB = 0.078 Volts vz lve |vs |va |v3 |va word
V7 = LSB of TS Video’ vz_lve lvs (va lva [v2 lvi | word
{Note Complemented Video Bits) v? {vs vs |lva lvs ;g Vi word
MISSION SENSOR DATA: S1-S10 v? lve_{vs lva |va |v2 lvi | word
*+ as formatted by OLS v1_{vs lvs _lva lva (v2 |vi | word
on Satellite v7 ;s Vs ;4 V3 ;2 Vi word
lV'I ;6 VS ;4 V3 ;2 Vi word

GRP21.rco

BIT 208

FIGURE 12: SDS AND RDS FRAME FORMAT
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FIGURE 13: S5P MESSAGE FORMAT
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The first mission sensor data bit following the Format Section
{(the right most bit in Figure 13) is the LSB of the firsc word of the
first sensor specified in the Formar Section for that data scream (LS ar
TS}). For both LS and TS data screams, every ocher mission data bit is
complemented starting wich the first bit after the format section. This
bit and every other mission sensor data bit (all odd bits) regquire
recomplementing before data use. The words following the mission sensor
data words of the reconstructad mission sensor data mesgsage are filler
made up of a unique code (fi .:r word) for the TS data stream and of TS
mission sensor data for the :. data stream.

The Sync Code, Time Code, and Format Section are identical for
each interleaved LS and TS data line. The Time Code changes for each new
interrogation cycle; the value differs by 1+0.005 seconds between adjacent
mission sensor data messages. The Sync Code does not change, The Format
Section can ¢hange in both LS and TS by command (however, it is idencical
in LS and TS).

4.1.2.1.3.1 TIME CODE

' Each mission sensor data message includes a time code which
references that message to the count of the elapsed time counter time
coincident with the read clock of the first sensor interrogated for data
{see Figure 13). The MSB of the time code is bit T1.

(1) Number of bits of time code = 27

{2) Value of LSR of time code (=T27} = 2°!° seconds

4.1.2.1.3.2 FORMAT SECTION

The OLS interrogates the mission sensors in the order and way
they are defined in the Format Section, with the first sensor being thac
which followa the Time Code section. Since there arze up to 12 mission
sensors on the spacecraft, 12 format words in the mission sensor data
message are used to idencify for each sensor, the number of 316 bit words,
and the location of the sensors data (either in the LS or TS data line).

The Format Section provides the number of integral 36 bit
words per sensor included in the 5P measage. The OLS interrogates each
SSP for an integral number of 36 bit words. If an SSP provides the OLS
with data in a non-integral number of 36 bit words, the effect is
described as part of the data format definition in the ICD for that
sensor.
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If an SSP properly indicates co the OLS that it is "gff" or
has "invalid data", the OLS insercs a unigue code replacing the SSP’'s
data. That unique code (filler word) is a one in the LSB position and 35
zeraos. The Format Section is not modified and the indicated number of 3§
bit words is included in the SSP message. Note that the unique code isg
complemented as SSP data is complemenced.

The Format Section alsoc includes an identifier bit designacing
whether the SSP's data is contained within the SSP bits of the LS data
line or within the SSP bhits of the TS data line. Within the Format
Section, the first sensor format word (so identified in figure 13}
precedes the Time Code (as received at the interface in SDS mode) and
references the last data bits received at the jnterface in SDS mode.
Within the Format Section, the first sensor format word (so identified in
Figure 13) follows the Time Code (as received at the interface in RDS
mode) and references the first data bits received at the interface in RDS
mode.

; Figure 13 shows the reconstructed SSP mesgage {(after received
and stored in a buffer bottom to top). Reading from top to bottom, the
ground should command the format section so that all LS data line sensors
appear first and then all TS data line sensors.

4.1.2.1.3.3 DATA

Since the mission sensor data message is reversed in the
satellite due to the recording process (sSDS only), the ground equipment
may be required to store the missicn sensor data message for processing.
Note that every other SSP data bit requires complementing before use (see
Figure 13),

4.1.2.1.4 VIDEQ

The frame contains 26 smoothed video words. TS video samples
are digitized to B bits resoluticn and LS video samples are digitized to
6 bits resolution. The most significant bit (MSB) of each word is that
bit received first at the interface (V1 of Figure 12). The SDS and RDS
line contains 1465 video samples. Nadir nominally exists at sample number
733 for L data and at sample number 733.5 for T data as counted from SOSV
on OLS 7-16. Om OLS 17- 21 nadir nominally exists at sample number 733
for L and T data as counted from SOSV. Note that any scanner offset will
affect the location of nadir. Since there ig ingufficient space for
transition bits within the frame and in order to guarantee a higher
average transition density, every other video data bit in a word is
complemented. The 2nd, 4th and 6th bits of video are the complement of
the true value (see Figure 12). Only actual video words are complemented.
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4.1.2.1.5 RELATIONSHIP OF YVIDEDO TO FRAME

Video samples begin in Frame 3 (refer to Figqure 14) and end in
Frame 59. Frame 3 has 9 video samples. All other frames have a full 26
videc samples.

4.1.2.1.8 ) DIRECTION

SDS wideo is stored in the satellite memory amd is read inco
the satellite recorders guch that the alternacing scan direction is
eliminated. RDS video is temporarily stored in the satellite memory such
that the alternmating scan direction is eliminated.

4.1.2.1.7 s P VI DATA SAMPLE

The SDS and RDS video data is corrected in the OLS so that
data samples correspond to fixed scan angles. The data sampling occurs at
a varying sampling frequency of nominally 20.48 kHz. These data samples
would occur linearly versus time if the scanner motion were nominal. When
Scanner motion differs from nominal, the correction places the data
samples at the same scan angles as a nominal scanner motion would place
them.

The T SDS and RDS data on OLS 7-16 is shifted approximately
one-half sample toward +Z to allow the sample-hold and A/D converter to be
shared by both L and T data. The T SDS data on OLS 17-21 is coincident
with the L SDS data.

The scan angle (o) for sample number (S,) is defined as
follows:

2 = a_* cos{[3:.2-1. *M] +B} - N*K
P ST

where:

@, = peak scan angle = 57.85° = 1.00967 radians

S; = sample number in order received by the tape recorder
(SOSV = 1, EOAD = 1465)

S¢ = nominal total sample periods = 1464.436
M = 2.56874 radians
B = 0.23686 radians for L data on OLS 7-16

0.235391 radians for T data on QLS 7-16
B = 0.23686 radians for L and T data on OLS 17-21

N = signed value of scanner offset, in units of value K,
from subsynec frame of data stream. (See paragraph
4.1.2.6.2)

K = 0.00095 radians
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4.1.2.2 SDS_AND RDS LINE FORMAT

The SDS and RDS line format is shown in Figure 14 and l4a.
4.1.2.3 L SYNC FRAME FORMAT

The Line Sync Frame format is shown in Figure 15.

Words 3 through 19 are celemetry data with word 20 being the
telemetry word count in the LS data stream, while words 3 through 20 are
SSP data information in the TS data atream. Words 21 through 27 are the
7 alarm code words. Word 28 is the scanner cffsat word.

4.1.2.3.1 ALARM CODES

(1) 111110 (0 = LSB of video word)

Thig alarm code is formatted in the odd-numbered video words
starting at word 21. (Refer to Figure 15 for locatien of alarm codes.)

(2) 000001 (1 = LSB of video word)

This alarm code is formatted in the even-numbered video words
starting at word 22. (Refer to Figure 15 for location of alarm codes.)

4.1.2.3.2 SCANNER OFFSET WORD

The scanner offset word is a § bhit number encoded in 2's
complement code which identifies the angle between the center of scan and
the sensor +X axis. The least significant bit of the scanner offset word
is 27! units of value .99 milliradians which is .49 milliradians.
Referring to Figure 15, if Q1 is a zero, indicating positive offset, and
Q2Q3Q4Q5 is some nonzero value then the center of scan is in the +X, -2
quadrant. If Q1 is a one, indicating negative offset, then the center of
scan is in the +X, +Z quadrant.

In the locked encoder simulator mode the scanner cffset may
change every other scan line and may be non intsger,

In the normal encoder mode the scanner offset may change once
every 2048 scan lines only when permitted by ground command and must be
integer.

The encoder mode is indicated in the OLS equipment status
telemetry.
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BIT 1
.

bl ] 14 3 e o Fxier)ot 1ol word
s1olss lss |s7 |ss |ss |sa sils2 lsilelalal wora
TYPICAL 14 BIT ‘ 77 s 175 |ra 73 |72 {71 | wora
TELEMETR I
A 0) 7 176 ITS IT4 _IT3 (T2 IT1 word
T2 17 175 e 173 172 1T | wors
TAG BITS VIDEQ 7T IS o
A B ¢ MODE T7_ |1z IT5 |7¢ T3 [T2 T2 word
c 1 1 Ls ey - g p
T4 1T I1T2 |T1 word
1 1 1 TS T 3
T7 |T6 ITS 1T4 T3 [T2 |T1 word
Telemecry: = = o |
: TS IT4 _[T3 IT T1 word
Tl = MSB = Last bit in from 7 |Te 2
. Spacecraft T7 |Te JTS [T4 T3 T2 |71 word
: 7 Ts lTs |13 t72 IT word
T7 = LSB = First bit in from |i—tl6—12 i
Spacecraft T2 1T ITs 174 T3 IT2 |T1 | word
7 _lrs |15 |14 IT3 |12 IT1 | word
' Scanner Offsec: =T i
QL = Sign *  +*Negative numbers (T2_JT6 [Ts_|T4 |T3 IT2 IT1 | word
Q2 = MSB = 22 represented ag e = — |-
7 6 _ITS IT4 [T3 IT T3 word
Q3 2's complement 716 . 2
Q4 T2 1716 TS [T4 |73 IT2 |T1 | word
= = -1 - - -— -—
Q5 = LSB,= 2 T2 IT6 ITS 1T4 IT2 T2 IT) word
NOTE: Word 20 has the Telemetry
7 T4 IT3 IT T1 word
Word Count which resfers to E 1 IS _; =
the next telemetry record T7_IT6 |TS IT4 IT3 IT2 |TI | word
EOIbE recedveds N7 Ine Ins |ns w3 jw2 lmn | wora
N, = (1, Loss of data
’ N A I O I | word
0, No loss of data = . z
: 0 0 0 0 0 word
N, = MSB  Number of 14 bit 2 1 » - :
words of next 1] 0 1 1 1 1 1 word
reco;d to be 0 1 0 0 0 0 1] word
: received
N, = LsB o lo 1 talalals word
o t1leololo]olo word
0 0 1 1 1 1 1 word
Qs 0 0 _lo4 3 (02 (01 word
#
BIT 208
NOTE COMPLEMENTED TELEMETRY BITS Unused bits: 159, 186, 173,
180, 187, 154,
201

NOTE: Words three thru twenty contain telemetry data in the LS mode and
SSP data in the TS mode.

FIGURE 15: SDS AND RDS LINE SYNC FRAME FORMAT
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4.1.2.3.13 SCANNER DIRECTION

Bits S5 and 6 of word 28 identify the direction of movement of
the scanner with respect to the spacecraft +Z axis. Since the altermating
scan direction is removed in the satellite memory, these two bits are
always 0. -(i.e., the data is as if the actual scanner rotation were
always from +2Z axis towards the -2 axis.)

4.1.2.4 BLANK FRAME FORMAT

. Blank frames occur during the overscan pericd of the scanner,
when video is not being formatted. There is a variable number of blank
frames between the last video frame received and the sub-sync frame. The
formac for blank frames is shown in Figure 16.

4.1.2.5 Reserved
4.1.2.6 ~SYN

After the Start of Smooched Video (SOSV}, which is the last
video received at the interface in SDS and the first video received at the
interface in RDS, there are a variable number of blank frames.
Immediately subsequent to these blank frames is a sub-sync frame. This
frame is shown in Figure 1B and contains the following data, all of which
applies to the video line that has just been received:

&
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BIT 1

S M NN MY NN W O N O WA ™NM Y ! W D
l234567891111111111222222222
v o o v o o ¢©v o o 44 v v o o g o o U m o
m..mumruw—m.mrrrr“.m.mr.mrr.mr..m__.u.rr.m.m
S EEEEEEEEEEEEEEEEEEEE R EERE
1A11111111111111111111111111
051111111111411111111111111111
||||.I_I.|_
...Cllllll111111111111111.111111
Oﬂoo0000000ODOOO.DOOLOGODDOOO
1200__000000000000000000000000
11
) GOJOODOOO00000000000000000
)
ON_D.u0—0000000000000_0000000000
of )|
w
| w
w
-1~
iy
i}

)
~f o
v
[
H A
[T

BIT 208"

SDS AND RDS BLANK FRAME FORMAT

FIGURE 16:
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Mission Sensor Data in TS Data Lines

FIGURE 18:

GRP21-2.rcD
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UNUSED BITS:
33, 40, 47, 54,
61, 68, 75, 84,
85, 89, 886, 103,
110, 117

SDS AND RDS SUB-SYNC FRAME FORMAT (OLS 7-16)
e

BIT 1

b N SO D S S Y« O N Y Y« e S I I word
|51018% 158 |ST |SG |SS |S4 S3 |52 |Sl | [of B ' A word
zanner Offset: | | |
, - 5 . o] Q &) 0 o}
Q1 = Sign Negative numbers 0 E l il
Q2 = MSB = 22 represented as 2's ] | 0 | 1 1 1 1 I 1 word
l complement |
Q6 = LSB = 2-2 o | 1 10 0 : g 1 0! 90 word
Scan Direction = R = 0 0 0 1 1 i1 1 1 word
U o . . , , .
= redominent Scan direction in video . 1 0 o 0 0 0 word
. Time code:
El = MSB = 2! gec, e lol 1 1131 [ 1] word
: I |
. I 0 | O ] o)
E27 = LSB = 2°'9 gec. 0 ;0 e
Direct Mode Data Message: Qs | o | o loa 103 102 101 word
D1 = MSB of character i
El 0 0 & word
D6 = LSB of character i R 2
D7 = MSB of character i+l 0 |leg IEg |E7 |E6 [ES5 {E4 word
D12 = :LSB of character i+l |
. . . 4|E13IE12|E11]/E1DQ word
Ml = Lin/Leg Gain Mode (0 = Lin, 1 = Log) 0 1E15.E14 -1
Hot T Cal: 0 |E21|E20|E191E18(E17/E1S word
HO = Segment ID (1aLEFT, 0 = RIGET)
2S5 [E24 /|E23 |E22 word
Hl = MSE = 2.500 Volts »» 0 E271E26 1825 F24 [B231E22
- _S |D6 |D5 _ID4 1D3 ID2 1Dl word
HE = LSB = 0.020 Voltsg e+
M1 |D9 D8 D7 word
Cold T Cal: Rj21D11 D10 r =
'QCO = Segment ID (1 = LEFT, 0 = RIGHT) PS (P4 [P3 [P2_I1P] j4) g word
‘€L = MSB = 2.500 Voles == I4 {13 {72 |71 lPE lP7 |PS word
C8 = LSB = 0.020 Voltg v+ HS |H4 |3 l®2 /W1 |HO S word
Location Data = 21-232
1 iHs 147 IH6 word
PMT Cal: Ya Y2 X
Pl = MSB = 2.500 Volts s+ cS iCc4 Ic3 Ic2 Ic1 |co s word
: 1 lca [c7 lcg | word
P8 = LSB = 0.020 Volts =+ 24 123 22 2
Vehicle Identity: Z111z10lze {ze (27 126 |25 word
I1 = MSB = 2° *vag formatted by
Z14 17131212 word
: OLS on Satellite 21812171216 215 71
I4 = LSB = 2° 225|2241223|222122112201218! word
T Channmel Gain: S5 = Spare Bits
3 7291228 (2271226 word
CO0 = Segment ID (1 = Left, 0 = Right) 232,231,230 229 228 227 240
OLS_B-10: OLS 7,11-16: s/ |s/ |s/ |s/ |s/ {s/ |s/
Yl = MSB = 1.28 db ¥l = MSB = 1.85 db T7 |T6 |T5 T4 [T3 I1T2 IT1 word
LY
: H BIT 208
¥4 = LSB = .16 db Y4 = LSB = .23 dbh Tl IS THE FIRST
TELEMETRY BIT
S/T1 - §/T7: Telemetry Data in LS Data Lines RECEIVED

U @ ~r bk W R

N N M N NN NN PR PP PR R R O e
S 6 ok W NP O W D g W R WN E g

N
m



BIT 1
o«

1 L 111113 lot o111 {o!t1l0l1 word
S1i0/s9 ,SB ,ST S6 ISS |S4 ,53 IS2 ISl l [ | 8 , A word
Scannar Offset: ' | | | |
.. . o] Q 0 rd
Ql = Sign Negative numbers g L I 2 L we
Q2 = MSB = 22 represented as 2°'s 0 0 I 1 1 1 1 1 word
- complement
0
Q6 = LSB = 272 0 1 , 0 0 0 0 word
Scan Direction = R = 0 ol gl 3 1 1 1 1 word
= P . . : .
U'. redominent Scan direction in video 0 ) B 0 0 0 0 word
Time code: e
El = MSB = 2% gag, ot ottt l1]211 word
’ 0
E27 = LSB = 2-1° Sech 0 1 o] 0 o] o] word
Direct Mode Data Message: Q5 | o [ o losa |03 o2 ig word
Dl = MSB of character i
3 0 0_lgs word
D6 = LSB of character i Sl = Bl L0
D7 = MSB of character i+l 0 IEs IE8 [E7 |E6 IFS |E4 word
D12 = LSB of character i+l
. ) R E141E13|E12[(E11/E10 word
Ml = Lin/Log Gain Mede (0 = Lin, 1 = Log) -0 _E15|E141E13 E121E31F10
Hot T Cal: 0 IE21!E201E19/E18|E17 El§ word
HO = Segment ID (1asLEFT, 0 = RIGHT)
! 81E25{E24 |E23|F22| word
H1 = MSB = 2.500 Volrs #v -4 _LE271E26 E25 e
: s Ips Ips Ip4 |p3 |p2 [p1 | word
H8 = LSB = 0.020 Voltg *+
D D8 |ID7 word
Cold T Cal: D12 D31/D10 M} (DS /DG ID7
CO = Segment ID (1 = LEFT, 0 = RIGHT) PS 1P4 _|P3 1P2 IP1 ] g word
= Wi
Ci = MSB = 2.500 Volts 14 |13 |12 |71 Ipo |p7 |pe | word
CB = LSB = 0.020 Voltsg »w H6 IHS |H4 (H3 IH2 |H1 [HO word

Location Data = Z1-232

Y2 Yl |HR IH7 word
PMT Cal: ¥5_1¥s 1¥3 .

Pl = MSB = 2.500 Volts *+ cs_fca 1c3 Jc2 Jca Jco | s | word
: zs 1z3 122 [z1 |ce lc7 lcs word

PB = LSB = 0.020 Volts =~

Vehicle Identity: 22120210129 lz8 |z7 |26 |25 word
I1 = MSB = 2° **as formatted by
: OLS on satellite L8217 216 BISIELS 2131202 ward
I4 = LSB = 2° 2251224|22312221221/220/219] word
T Channel Gain: S = Spare Bits
C0 = Segment ID (1 = Left, 0 = Right) 232123112301229 2282271226 .
¥l = MSB = 2.352 db s/ |8/ |s/ |8/ |s/ |5/ |5/
: T? 176 ITs |74 I3 T2 IM1 word
¥S = LSB = 0.147 db BIT 208
Tl IS THE FIRST
S/T1 - S/T7: Telemetry Data in LS Data Lines TELEMETRY BIT
Mission Sensor Data in TS Data Lines RECEIVED

UNUSED BITS:
33, 40, 47, 54,
€1, 68, 75, 84,
B5, 89, 96, 103,
110, 117

FIGURE 1Ba: SDS AND RDS SUB-SYNC FRAME FORMAT (OLS 17 and up)
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4.1.2.6.1 ALARM CODES
(1} 000001 as received (1 = LSB of video word)

This alarm code is formatted in words 3, 5, 7, and 9.
Refer to Figure 18 for the location of alarm code words.

(2) 111110 as received (0 = LSB of video word)

This alarm code is formatted in word 4, 6, and 8., Refer
to Figure 18 for location of alarm code words.

4.1.2.6.2 SCANNER OFFSET WORD

The scanner offset word is a 6 bit number encoded in 2‘s
complement code which identifies the angle between the center of scan and
the sensor +X axis. The least significant bit of the scanner offset word
is 27* units of value .99 milliradians, which is .25 milliradians.
Referring to Figure 18, if Q1 is a zero, indicating positive offset, and
Q2Q3Q4Q5Q6 is some nonzero value then the center of scan is in the +X, -Z
quadrant. If Q1 is a one, indicating negative offsec, then the center of
scan is in the +X, +Z quadranc.

In the locked encoder simulator mode the scanner offset may
change every other scan line and may be non integer.

In the normal encoder mode the scanner offset may change once
every 2048 scan lines only when permitted by ground command and must be
integer.

The encoder mode is indicated in the OLS equipment status
telemetry.

4.1.2.6.3 DIRE! ON

The Sth and 6th bits of word 10 identify the direction of
movement of the scanner with respect to the spacecraft +2 axis. Since the
alternating scan direction is removed in the satellite memory, these two
bits are always 00. (i.e., the data is as if the actual scanner rotation
were from the +2Z axis toward the -Z axis). The 2nd bit of word 18
indicates the predominant direction of scanner rotation for the 5 scan
lines during which the video in the S$DS line was being sampled.

The bit is encoded as follows:

ZERO = Predominent actual scanner rotation from the +2Z axis towards the
-Z axis.

ONE = Predominent actual scanner rotation from the -Z axis towards the
+2Z axis.

4.1.2.6.4 TIME CODE

Words 11 through 15 define a 27 bit time code. The code is a
pure binary number with the least significant bit equal teo 1/1024 second.
The time code, as ingerted into the sub-sync frame,
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references the nadir crossing (of the fifth scan of the five scans that
are averaged together to produce a single SDS/RDS line) to an eslapsed time
counter. The elapsed time councer (which is updated approximately once
daily) is a spaceeraft clock which provides the reference to spacecraft
position and hence gives the ground reference of the data taken at the
center of scan of the sensor.

40a
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4.1.2.6.5 GAIN_ MODE

Word 17 contains a single bit (M1) which identifies the gain
amplification mode of the visual processor for each scan. M1 references
the gain amplification mode for the first sample of actual video of the
£ifth scan line of the five scans that are averaged together to produce a
single SDS/RDS line. Therefore the gain amplification mode will alternate
in subsequent sub-sync frames hetween the gain amplificacion mode used for
the 1lst video sample of the 5th line at the +Z end and then the gain
amplification mode used for the 1st video sample of the 5th line ac the -Z

end.
M1 Mode
0 Gain states in visual processor

are linear.

1 Gain states in visual processor

. are logarithmic.

4.1.2.6.6 Direct Mode Data Mesgage (DMDM)

Words 16 and 17 contain 12 bits which define two ASCII
characters of the DMDM. Refer to Figures 18 and 18a for the
location of the DMDM bits. The DMDM information is inserced into
the D1-D12 bits of words 16 and 17 as follows:

f D Data
Dl = MSB 1gt bit of character (i} in from

the uplinked DMDM

D6 = LSB Last bit of character (i) in from
the uplinked DMDM
D7 = MSB lst bit of character (i+l) in

from the uplicked DMDM

D12 = LSB Last bit of character (i+l) in
from the uplinked DMDM

The DMDM is encoded as a 6 bhit ASCII code shown in Figure 29.
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4.1.2.6.7 CALIBRATION WORDS

The remaining words contain various calibration signals.
These signals are shown in Figures 18 and 18a. The values for Hot T Cal,
Cold T Cal, and PMT Cal are obtained during the +2Z end of scan and the -2
end of scan that occur before and after the fourth scan of the five scans
that are avéraged together to produce a single SDS/RDS lime. Location
data is that complete correlated set of four words that are available at
the center of the fifth scan of the five scans that are averaged.

(1) Hot T Cal: B8 bits resolution + 1 bit segment I.D.

The Hot T Cal value is updated during each +Z% EOS (end of
Scan) and this value is repeaced for the -Z EOS.

(2} Cold T Cal: 8 bits resolution + 1 bit segment I.D.

The Cold T Cal value is updated during each -Z EOS (end of
scan} and this value is repeated for the +Z EOS.

- The twe infrared calibration (T-Cal} words provide the
temperatures of the blackbody sources on the sensor. The segment I.D. bit
identifies the segment of the T detector being calibrated,
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{3) Location Data:

The information contained in the 32 bits designated 21
- 232 in Figure 18 refers to the parameters used by ground processing to
locate the satellite subpoint (longitude, latitude, cosine crossing angle)
and those parameters used by the OLS te determine the Along Scan Gain
Control (ASGC) mode. Figures 19 and 20 give the content of the Location
data. Included with the location data is a time code (EPHCLK} which
references the time of calculation of all the information of the sequence
Word 1 thru Word 5 downlinked in the 21-232 bits in SDS/RDS. The data
will be downlinked as a correlated group in the sequence Word S thru Word
1. Due to the input rate of location data from the S/C to the OLS and the
five scan averaging in SDS/RDS, not every group of five Location Data
words transferred to the OLS will appear in the sub-sync frame.

(4) PMT Cal: 8 bits resolution:

The PMT Cal value is updated during each - Z EOS (end
of scan) and this value is repeated for the +2 EOS.

1

The photomultiplier calibration (PMT Cal) word provides
the data from che self-calibration of the PMT on the sensox.

{5} Vehicle Identity: 4 bits reselution.

A unique code to identify each spacecraft will be
inserted into the four bits for vehicle identity,

{6} T Channel Gain: 4 bits resolution QLS 7-16
5 bits resolution OLS 17 and up.

The T channel gain value is variable to allow
compensation for any degradation effects on-orbit since channel
adjustment. The Cold T Cal segment I.D. bit identifies the segment of the.
T channel whose gain is indicated. The T Channel gain for cne of the
segments is updated at each -Z overscan alternating between the two
segments at each update. The indicated segment gain in SDS or RDS is the
gain in the fifth scan line (SDF data line) cof the five scan lines that
are averaged to obtain one SDS/RDS line.
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WORD
ONE

WORD

WORD
THREE

WORD
FOUR

WORD
FIVE

- - cam et e o

MSB LSB
1 13 14 29 3031 12
I I I | | I
[ EPH CLOCK | LONGITUDE I | I I
| 13 BITS [ 16 BITS | o o 1 |
| I I | | I
[MSB =2%sEC 1SR =2-* SEC| MSH LSB| | I |
MsE LSB
1 15 18 25 30 31 32
| [ COSINE I I [
| LATITUDE | CROSSING ANGLE | | | |
| 15 BITS | 14 BITS | o] 2o |
I [ I I I I
|__mMsp LSB| Ms LSB| I | |
MSB LSB
2 14 1S 29 30 31 32
| I I [ | |
| COS SOLAR AZ I SOLAR EL | | I [
[ 14 BITS [ 15 BITS I o 1 ]1 |
I | I I | I
| _MSB LSB| MSB LSB| ! l !
MSB LsB
1 14 15 29 30 31 j_l
| I | | |
| H/R i EPH CLOCK | | I |
1 14 BITS | 15 BITS | 1] o : 0 ;
[ I I l
| _MsB LSBIMSB = 217 sEc  1sB = 2? SEC| | 1. .|
MSB LSB
! 85 20822 29 30 31 32
| COSINE OF | | I [ | |
| LUNAR Az | LUNAR EL | LUNAR PHASE | | | !
| s BITS | 13 BITS | 8 BITS | 11 o } 1 {
I I I I |
|_MSB LSB| _MsB LSB|MSB __LSB| I [ |
TAG BITS (230-232) _CODE _

30 132

0 o 0 NO DATA

0 0 1 WORD 1

0 1 (o] WORD 2

) 1 1 WORD 3

1 0 0 WORD 4

1 0 1 WORD 5

1 1 0 SPARE

1 1 1 SPARE

FIGURE 19. LOCATION DATA WORDS
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Paramecer

EPH CLK

Longitude

Laticude

Cosine Crossing Angle

Cosine Solar Azimuth

Sdlar Elevation

h/R

Cosine Lunar Azimuth

Lunar Elevation

Lunar Phase

Units

Seconds

m Radians

T Radians

None

None

Degrees

Earth Radii
(R = 6§378,145 Km)

None

Degrees

Degrees

Sign Bit

N/A

N/A

Bit Range

MSB-LSB
217 | o4
2-1 _ g-18
2-1 | o-14
2-1 _ p-13
2-1 . 4-13
26 _ 3-7

273 _ 2-18
271 _ 2-?
2% . 25

27 - 29

§ = Sign bit with negative numbers represented as 2‘s complement.

Figqure 20.
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4.32.247 IZLEMETRY FRAME FORMAT
———h—.—____

The LS line contains slightly over 4 frames of satellite
housekeeping telemetry data. Telemetry begins with the last word of the
sub-sync frame (as received at the interface in 5DS} and continues ungil
the Line Sync Frame (see Figure 21). Note that some ctelemetry bits are
complemented for transition densicy purposes,

4.1.2.7.1 IELEMETRY RECOED

The telemecry record Teconstructed from the telemerry words in
the LS line is shown in Figure 22. One spacecraft telemstry word consists
of 14 bits. At the end of each received telemetry record is a telemecry
word count (bits N1 to N7 of word 20 of the LS Line Sync Frame, Figure
15). The word count refers to the number of valid 14 bit telemetry words
contained in'the next record. valid word counts are 0-6§1 words. N, to N,
contains the word count with the MSB in N,. N, = 1 indicates that the
telemecry data overflowed an OLS buffer and some data has been lost. When
an overflow occurs, a new record is started and the N; bit is set to logic
"L". The word count in N,-N, is not affected. The word count allows
ground processing to distinguish new telemecry from old dsta still in the
OLS buffer that has unot been overwritten by new telemecr - at the time of
telemetry transfer into the LS line.

4,1.3 R DATA FORMAT

4.1.3.1 FRAME FORMAT

The RTD frame format is shown in Figure 23. The frame is 150
bits long and consistg of a 13 bit Frame Sync Code, 1 tag bit, 15 six bit
samples of fine data, 3 eight bit samples of smoothed data, 6 transition
bits, 1 eight bit word for "wow and flutter", and 1 eight bit word for
TERDATS data which isg implemented for insertion of the DMDM data and
SPECIAL data. ’
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BIT 1
L4

1 {1 11 1 ]l14io01l 01l 2 1 1l ol 11 ol1 word
s1olso Iss ls7 lse lss lsq sz lsz lss lelalal wora
77 e |75 |ra |13 172 171 | wora
w7 lre |rs lrs lr3 Itz Ima | wora
7 76 iTs {Ta 173 |12 IT1 | word
7 lte lrs 74 173 l12 172 | word
T7 lvs ITs |74 {73 |T2 IT1 | word
7 lre |75 Ita I3 iT2 IT1 | word
Telemetry: - - - |=
7905 wen o gl bic in from 7 _lT6 _|Ts {14 {73 |12 IT1 | word
5 Spacecraft T7 IT6 |TS [T4 [|T3 T2 |T1 word
'i"l = LSB = First bit in from 17 176 ITS.1T4 T3 T2 /T Lot
Spacecraft T7 ITe |T5 174 IT3 IT2 |T1 word
: NOTE COMPLEMENTED TELEMETRY BITS T7 it (75 Ima I3 T2 T3 | vord
12 |76 l1s T4 [T3 |12 IT1 | word
77 lrs |Ts Ita |73 |12 [T2 | word
7 |rs |vs Ita I73 172 [T1 | word
T7 i16 |75 I7s T3 |T2 |72 | word
12 |6 lrs ITa {73 l12 I71 | word
* TYPICAL 14 BIT T7 lrs |Ts jTs |73 |12 [T1 | word
TELEMETRY WORD T7 |T6 |T5 I1T4 (T3 [{T2 IT1 word
77 Ivs [Ts |ta IT3 |T2 IT1 | word
7 |6 Irs Ita lr3 |12 IT2. | word
77 I76 ITs |ta |73 [T2 [T1 | wora
7 |re Irs ITa I73 |12 |T1 | word
7 |re |75 |ra T3 |72 iT1 | word
7 t16 lrs |ra |73 |12 IT1 | word
T7 16 |75 {74 tm3 |12 IT1 | word
7 |16 lrs ITa |73 {12 |12 | word

BIT 208

FIGURE 21: SDS AND RDS TELEMETRY FRAME FORMAT
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t TELEMETRY WORD COUNT .

{ TELEMETRY DATA OF RECORD N-1 —_—
| AS RECEIVED AT
| INTERFACE IN

{ sps [ WORD 1 >
v |
A |
L |
I | WORD 2 —_—
po |
|
p |
TELEMETRY DATAl A | .
AS RECEIVED AT} T |
INTERFACE IN | A | wWorD x —_—

RDS !
WORD X+1 ——>

WORD 61 ———

TELEMETRY WORD COUNT
OF RECORD N. —_—
{X 14-BIT WORDS)

TYPICAL 14
BIT TELEMETRY
WORD SHOWING
COMPLEMENTED
BITS

ORp »q

¥4I poO

0, NO LOSS OF DATA
N, = MSB

]

| (# OF 14 BIT WORDS OF NEXT
} RECORD TO BE RECEIVED)

|

-

N, = LSB |
Tl = MSB = LAST BIT IN FROM S/C

T7 = LSB = FIRST BIT IN FROM 5/C
NOTE: ALL TELEMETRY WORDS ARE 14 BITS LONG

FIGORE 22. TELEMETRY RECORD
48
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N7 N&

N5 N4 N3 N2 N1} R

T7 T6

T7

Ts

-&__:\

TS5 T4 TJEE E’

TS T4 TI T2 T1| C

OLD DATA

N6

N5 N4 N3 N2 N1| R

Ts

T6

TS T4 T3 T2 T1

TS T4 T3 T2 T1

<]

T7

Tb6

T&

TS T4 T3 T2 T1

TS T4 T3 T2 Tl |<—

LAST TELEMETRY
BIT RECEIVED
AT INTERFACE
IN RDS

1ST TELEMETRY BIT
BIT RECEIVED

AT INTERFACE

IN SDs



BIT 1

L

2zl 1 1111 )1tilot ol 1110t 1)ol1 | Wword 1

|21 s1| F6| F5]| F4| F31 F2| Fl] Word 2

TAG BIT VIDEO |54l s3) Fé| FS| Fal F3) F2] Fl| Word 3
2 F1-Fé& §1-s8 |_S6] ss| Fe] PS] F4| F3| F2| Fl| Word 4

0 LF TS |_s8! s7| Fsl F5| F4l F3| F2| F1| Word 5

y |_T2| T2| F6] FS| Fa| F3| F2| F1| Word 6

L TF LS [_s2! 51| F6| FS| Fal F3| F2] F1| Word 7
|84 s3al r6| Fs] F41 F3| F2| Fl| Word 8

TRANSITION BITS: |_s6f s5| Fel ps! Fal ®3| F2| F1]| Word &
|_s8i s7| re| Fs| F4l| F3| F2| F1| Word 10

T2=COMPLEMENT OF PRECEDING F§ BIT |_T2] T21 F6| FSI Fal F3! F2! F1| Word 11
' |_S2] s1| Fe) F5) F4] F3| F2| Fl| Word 12
FINE DATA: |_S4] s3| Fel Fs| F4al F3| F2| F1| Word 13
FlaMSB = 2.500 volts |_S6] ss| Fel F5i F4] Fa| F2| Fl| Word 14

- |_s8] s7| F6| Fs] F4al F3! ¥2| F1| Word 15
. |_T2| T2| F6l PS| F4| F3| F2| Fl| Word 16
F&=LSB = ,078 volts | W8] W7| We| WS| Wa| W3| W2| Wl| Word 17

| 6l J51 J4] J3| J2] J1| Word 18
SMOOTHED DATA: ’,

Sl=MSB = 2,500 volts BIT 150

S8=LSB = .0l19 volts

"WOW/FLUTTER" :
WlaMSB = 27

W8=L5B = 2°

TERDATS DATA TYPE TERDATS DATA:
DATA J1=MSB

NO DATA :

DMDM

SSP DATA

UNUSED JemLSB

l—‘l—'oolﬁ
HOHOIﬁ

FIGURE 23: RTD FRAME FORMAT

49

GRP2L-2.rco



<8 APRIL 1993

4.1.3.1.1 FRAME SYNC CODE

The firse 13 bits of each frame consist of a frame sync ccde.
This code is 1010110011111 where the leftmost bit is that received firse
at the interface.

4.1.3.1.2 TA T

The bit immediately after the last bit of the frame sync code
is the tag bit (see Figure 23 bit Z). This bit identifies the fine and
smoothed combination of video in the frame. vVideo type is as followa:

Tag B Video
o 15 six bit samples of LF

3 eight bit samples of TS

' 1 15 six bit samples of TF
3 eight bit samples of LS

4.1.3.1.3  VIDEQ

The frame contains 15 fine video words, either LF or TF, and
3 smoothed video words similar to TS or LS. The fine video gamples are of
the same resolution as the SDF data. The smoothed video Samples are
derived from the fine video using only analog filtering. Thus the
smoothed data resolution in the RTD mode is nominally .3 nm along track
and 1.5 nm across track {along scan). Each fine sample is digitized to a
6§ bit resolution. The most significant bit {MSB) of each fine sample is
that bit received first at the interface {e.g., bit 15, 23, 31, . .).
Each smoothed sample is digitized to an 8 bit resolution. The most
significant bit (MSB) of each smoothed sample is that bit received first
at the interface (e.g., bit 21, 61, and 101). In order to guarantee a
high average transition density, transition hits (T2) are incorporated
within the frame structure. The T2 bits (bits 53 and S4; 93 and 94; and
133 and 134) are the complement cf the preceding F6 bit. The RTD line
contains 1452-1500 samples of smoothed data and 7260-7500 samples of fine
daca.
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4.1.3.1.4 RELATIONSHIP OF VIDEQ TO FRAME

In the RTD mode, the data is processsed and transmitted to the
ground as it is generated (i.e., in real time). Note that in the stored
modes the same data is buffered and the relationshipa between the Line
Sync Frame and the first video sample are fixed. In the RTD made, in
order to position the video samples accurately, a known reference is
provided. In both the Line Sync and Sub-Sync frames a code is inserted to
idencify the bit in the previous frame at which time coincidence occurred
with the start (end) of active videc at +56.41° on the scanner, relative
to nadir.

4.1.3.1.5 ' p ER TIONSHIP OF VIDEO TO FRAME

In order to re-constitute the video signal with the proper
phase relationship to the Line Synec pulse, the sampling delays of each
fine and smooched sample are given in Figure 24.

]
4.1.3.1.6 S DIRECTION

Since RTD data is not stored on a recorder the data is
received in the same sequence of alternating directions as the data is
produced. Note that the RTD formatter on the satellite arranges the frame

bit pattern such that the frame sync code is received exactly as in the
stored modes.
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4.1.3.1.7 SCAN ANGLE QF VIDEQ DATA SAMPLES

*ixern -

The RTD video data is not corrected in the OLS so that data
samplesvdo not correspond to fixed scan angles. The data sampling occurs
at a varyifg)sampling frequency of nominally 102.4 kHz. Ground correction
of videoc data sample placement to eliminate the effects of scanner motion
deviations from nominal is possible using the wow flutter informationm.
(See paragraph 4.1.3.6). The wow flutter clock frequency is deviated from
its 6023.53 Hz as a direct function of scanner motion deviation from a
nominal sine wave of frequency 5.94 Hz and amplitude 57.85 degrees.

The scan angle (o) for sample number (S;) is defined as
followa:

@ = (-1)%to rcos ([W*M]+B} - N*K
where:

D=0 for RTD DOS 0©
1l for RTD DOS 1

o, = peak scan angle = 57.85° = 1,00967 radians
W = number of wow-flutter periods (including fractional
periods) between line sync and the video data sample

of interest,

M = 0.0061961 radians

B = 0.22310 radians for fine data
= 0.22104 radians for smoothed data

N = signed value of scanner offset, in units of value K, from
subsync irame of data stream. {(See paragraph 4.1.3.3.3
and paragraph 4.1.3.5.3).

K = 0.00099 radians

4.1.3.2 RTD LINE FORMAT

The RTD line format is shown in Figure 25.

4.1.3.3 LINE _SYNC FRAME FORMAT

The Line Sync Frame format is shown in Figure 2&. When the
Scanmer passes through +56.41° towards nadir, the OLS stores the bit
number (1-150) of the frame being transmitted. This frame is identified
as Frame 1 in Figure 25. When the next frame is formatted words 2-13
contain 12 Alarm codes as follows:

Sla
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FIGURE 24A:

PHASE RELATIONSHIP OF FINE VIDEC TC FRAME

AVE OGE

Start Sample
Bit Time
Rising Edge

Frame N-1

Frame N-1
Frame N

FIGURE 24B:

Start Sample
Bit Time
Rising Edge

Frame N-1
-1
-1

Z=Zx3

FIGURE 24:

GRP1-2.rco

Sample Received
Bit Time

Sample Valid
Bit Time
Falling edge

1l 3 Frame N 1s
11 13 23
2} 23 31
3l a3 39
41 43 47
51 53 55
6l 63 63
71 73 7
8l B3 79
91 93 87

lol 103 85
111 113 103
121 123 111
131 133 119
141 143 Frame N 127

1 3 Frame N + 1 15

PHASE RELATIONSEIP OF SMCOTHED VIDEO TO FRAME

AVE - ' . BGE

Sample Received
Bit Time

Sample Valid
Bit Time
Falling edge

3 8 Frame N 45
s3 58 N 85
lo3 108 N 1l2&
3 8 Frame N + 1 45

PHASE RELATIONSHIPS OF VIDEO TO FRAME
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lz 12111t 113100l 243z tol 3 ) ol ) | Wword
L [t ]ot 3 11 11132 1] Word
TAG BIT VIDEQ |1 [ 1] 11 o] o] ol olo]| Word
Z F1-F6 s1l-s8 |1 1 1]o 1 3 [ 2 )31 ]3] 1| Word
o LF TS ] 1 ] 1131 Jololo] 0] 0| Word
) 11110l 1 11111311} | wWord
1 LS 1 11131 1ol o] ol ofo]| Word
| 11 e f3 bt 311113 |1 | Word
ALARM CODE: |11 111 ]olol o] o] o| word
WORDS 2-13 .1 11 1ot | 3} 21111t | word
. [t 1] 1 lololofolo| Word
LINE SYNC CODE: |2 11 ]ot 211 ] 1 12 ]1 /| Word
A=MSBa2’ |1 1 1] 1}t olo]olo]o| Word
. jJojolrilElDIlC!BI|A]| Word
. |.o !l ol 1a4] 73] 12| 72| H | G | Word
H=LSB=2° | o6l 0S| R | R | 04l 03] g2| 01| Word

I

SCANNER OFFSET:
Ql=SIGN* *NEGATIVE NUMBERS
Q2=MSB=2? REPRESENTED AS 2's

COMPLEMENT
Q6=LSB=2"?

SCAN DIRECTION=R

"WOW/FLUTTER" :
Wl=MSB = 27

W8=LSB = 2°

VEHICLE IDENTITY
I1aMSB=2?

-

I4=LSB=2°

TERDATS DATA TYPE
Kl K2 DATA
0 NO DATA
1 DMDM

0 SSP DATA
1

0
0
1l
1l UNUSED

WSI W7| wel WS| W4l W3| wW2| Wl| Word
Js 5| J4] J3| J21 J1] Word
L

BIT 150

Unused Bits:

21, 22, 29, 30, 37, 38,
45, 46, S3, 54, 61, 62,
69, 70, 77, 78, 85, BS&,
93, 94, 101, 102, 105,
110, 117, 1ig, 125, 126

TERDATS DATA:

FIGURE 26:

GRP21-2.zc0

J1=MSB

J6=LSB

RTD LINE SYNC FRAME
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4.1.3.3.1 ALARM CODES
{1) 111110 (0 = LSB of code}

This alarm code is formatcred in the even-numbered words
starting at word 2 and ending at word 12 (refer co Figure 26 for location
of alarm codes) .

{2) 00000° 1 = LSB of code)

This alarm code is formatted in the ocdd-numbered words
starting at word 3 and ending at word 13 (refer tg Figure 26 for location
of alarm codes).

4.1.3.3.2 LINE _SYNC CODE

The Line Sync Code (A-H) of words 14 and 15 Figure 26 is an 8
bit binary number which identifies the bit (1-150) of the previocus frame
{1} whers the 1ina Sync pulsc sccurrad. The code is received MSE firsc (A
= MSB = 27, H = LSB = 29),

4.1.3.3.3 SCANNER OFFSET WORD

The scanner offset word is a § bit number encoded in 2's
complement code which identifies the angie betwesen the center of scan and
the sensor +X axis. The least significant bit of the scanner offset word
is 2! units of value .99 milliradians, which is .25 milliradians.
Referring to Figure 26 if Ql is a zero, indicating positive offset, and
Q203Q4Q5Q6 is some nonzero value then the center of scan is in the +X, -2
gquadrant. If Q1 is a one, indicating negative offget, then the center of
Scan is in the +X, +Z quadrant.

In the locked encoder simulator mode the scanner offset may
change every other scan iine and may be non inneger.f

In the normal encoder mode the scanner offset may change once
every 2048 scan lines only when permitted by ground command and must be
integer.

, The encoder mode is indicated in the OLS equipment status
telemetry.

4.1.3.3.4 SCANNER DIRECTION

Bits 5 and € of word 16 identify the direction of the actual
movement of the scanner with respect to the Spacecraft Z axis. Note that
the data received at the interface is in the actual scanner direction.
Both bits are ident:cal and are encoded as follows:

ZERO = actual scanner rotation from the +2 axis toward
the -Z axis

ONE = actual scanner rotation from the -Z axis towards
the +Z axis
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3.4 BLANK FRAME FTORMAT

Blank frames occur during the overscan period of the scanner
when video is not being formatted between the Line Sync Zrame and the
Sub-Sync frame. The blank frame format is shown in Figure 27.

4.1.3.5 SUB-SYNC FRAME FORMAT

The Sub-Sync frame format is shown in Figure 28. When the
scanner passes through +56.41° towards overscan, the OLS stores the bit
number (1-150) of the frame being transmicted. The next £frame is
formatted as the sub-sync frame containing 12 Alarm codes in words 2-13 as
follows:

4.1.3.5.1 ALARM CODES

{1} 000001 (1 = LSB of code)

This alarm code is formatted in the even-numbered words
starting at word 2 and ending at word 12 (refer to Figure 28 for location
of alarm codes).

(2} 111110 (0 = LSB of code)

This alarm code is formatted in the odd-numbered words
starting at word 3 and ending at word 13 (refer to Figure 28 for location
of alarm codes}.

4.1.3.5.2 SUB-SYNC CODE

The Sub-Sync Code (A-H) of words 14 and 15 of Figure 28 is an
8 bit binary number which identifies the bit {1-150) of the previous frame
{1} where the sub-sync pulse occurred. The code is received MSB first (A
= MSB = 27, H = LSB = 2%. -

4.1.3.5.3 SCANNER OFFSET WORD

The scanner offset word is a 6 kit number encoded in 2's
complement code which identifies the angle between the center of scan and
the sensor +X axis. The least significant bit of the scanner offset word
is 2°? units of value .99 milliradians, which is .25 milliradians.
Referring to Figure 26 if Q1 is a zero, indicating positive offset, and
Q2Q3Q4QSQ6 is some nonzero value then the center of scan is in the +X, -2
quadrant. If Ql is a one, indicating negative offset, then the center of
scan is in the +X, +2 quadrant.

In the locked encoder simulator mode the scanner offset may
change every other scan line and may be non integer.

In the normal encoder mode the scanner offset may change conce
every 2048 scan lines only when permitted by ground command and must be
integer.

The encoder mode is indicated in the OLS equipment status
telemetry.
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BIT 150

TERDATS DATA TYPE:

Kl

NO DATA

DATA
DMDM

SSP DATA
UNUSED

K2

o]

1

0

1
TERDATS DATA:

J1=MSB

J6=LSB

1]
Q
1
1

RTD BLANK FRAME

FIGURE 27:

-
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BIT 1

~

2 11 13121141l o0]ol 11 3]ol1lol1 ] Word
1111 ] 1lololol gila] Wword
TAG BIT VIDEO |1t {o] 3 1 31 111111 ]| Word
2 F1-F& s1-58 ]2 11 1 31| oftololol o] Word
0 LF TS {1 131 1ot 11103 ] 1)1 ]| Word
f.1.1 111 ]lolol]olol o| Word
1 TF LS |2 11 to 2 1 3 4311111 | word
' {1131 1l31lotofololo| word
ALARM CODE: 11 131 io 11 [ 113113 | Word
WORDS 2-13 L1 1l 1lojololol o] Word
|2 11 toid 2 1 3] 11111 | Word
SUB- SYNC CODE: l1J1]1)lofolalolo| Word
A=MSB=2’ {11110 )1 ]11{41]31{1]} word
|0 e lFlEID]lclB]| A | Word
. [0l ol z4) 73! 721 111 H | G | Word
H=LSB=2’ | osl 051 R | R | Q4] 03] 021 Q1| Word
|_wel w7| wel Ws| wa| wa| w2] Wl| Word
|_X2] K1| J6] Jg5] J4! J3]| J2| J1| Word
SCANNER OFFSET: .
Ql=SIGN* *NEGATIVE NUMBERS BIT 150
Q2=MSB=2? REPRESENTED AS 2'sg
COMPLEMENT
Q6=LSB=2"? N
SCAN DIRECTION=R Unused Rits:
21, 22, 29, 30, 37, 38,
"WOW/FLUTTER" : 45, 46, 53, 54, &1, &2,
Wl=MSB = 2’ 69, 70, 77, 78, B85, 86,
93, 94, 101, 102, los,
110, 117, lla, 125, 126

W8=LSB = 2°

VEHICLE IDENTITY:
I1=MSBa2?

*

I4=LSB=2"

TERDATS DATA TYPE:
DATA

NO DATA
DMDM

SSP DATA
UNUSED

- o ola
Hor—-olﬁ

FIGURE 28:
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TERDATS DATA:

Jl=MSB

J6=LSB

RTD SUB-SYNC FRAME
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4.1.3.5.4 SCANNER DIRECTTION

Bits 5 and § of word 15 identify the direction of the actual
movement of the scanner with Tespect to the spacecraft z axis. Note that
the data received at the interface is in the actual scanner direction.
Both bits are identical and are encoded as folliows:

ZERO = actual scanner rotation from the +Z axis towards
the -Z axis

ONE = actual scanner rotation from the -2 axis towards
the +Z axis

4.1.3.6 How INFORMATION

‘Word 17 of the RTD frame contains an 8-bit so-called
"WOW/FLUTTER" (W/F) code. The W/F code supplies the information required
to re-time the occurrence of data samples to conform with actual scanner
oscillatory motion. The RTD W/F Frequency is a nominal rate of 6023.53
Hz. When a W/F transition occcurs in the OLS, the bit (1-150) of the RTD
frame being transmitted is stored. During the next frame a binary number
corresponding to that bit is transmitted in the W/F slot of that frame.
During any frame where no W/F transition has occurred, the next frame
transmitted shall contain the no-transition code of 11110000 (with 1 in
the MSB position). The delay from the time when a W/F transition should
occur, referenced to the scanner, to when the OLS formats the transition
in the frame format is 4-5 microseconds.

4.1.3.7 TERDATS INFORMATION

Word 18 of the RTD frame contains an 8 bit TERDATS (Tertiary
Data Stream) word. Bits K1 and K2 identify the type of data contained in
J1l - J6 as follows:
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Kl K2 Daga e

0 0 No Data

0 1 Direct Mode Data Message (DMDM)
1 0 S5P Data

1 1 Unused

4.1.3.7.1 M TA MESSA

If there is DMDM information to be transmitted to the ground,
that information is inserted only into the J1-J6 bits of word 18 of the
RTD Line Sync Frame as follows:

~7 Data
. J1=MSE 1st bit in from the uﬁlinked DMDM
J&6=L5B Last bit in from the uplinked DMDM

The DMDM data is encoded as a 6 bit ASCII code shown in
Figure 29.

4.1.3.7.2 MISSION SENSOR DATA

Bach misasicon sensor (SSP) outputs data to the OLS.
Approximately once per second, the mission sensor data are formatted into
a mission sensor data message record and transmitted in the RTD line
format. Sipce the transmission of misaion sensor data messages is not
synchronized with the line format, the start of a mission sensor data
message can occur anywhere within the RTD line format. EZach message
consists of a 288-bit (8-word) header containing the Sync Code, Time Code
and Format Section followed by the mission sensor data.

On OLS 7-16 mission sensor data is inserted into the J1-J6
bits in the overscan period between the line sync frame and the sub-sync
frame including the sub-sync frame and excluding the line sync frame
{(which has DMDM data). The OLS mission sensor data buffer capacity (8K)
exceeds the maximum available mission sensor bit space per record in the
RTD line format over the one second record interval.

On OLS 17-21 the mission sensor data message is inserted into
the J1-J6 bits of all required frames except the line sync frame (which
has DMDM data). The minimum available miasion sensor bit space per record
in the RTD line formar over the one second record interval exceeds the OLS
mission sensor data buffer capacity (32K). The migsion sensor data buffer
capacity exceeds the mission sensor data message capacity (24.2K) which is
constrained by the
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T1 = M$8 = 2¥sec

FIRST
SENSOR  ~==e>

REFERENCED

TIME SCALE
AT INTERFACE }

J

GRP21-2.rco

FIGURE 30:
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SS5P MESSAGE FORMAT
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o n e,

4.1.3.7.2.1 TIME CODE

Each missicn sensor data message includes a time code which
references that message to the count of the elapsed time counter time
coincident with the read clock of the first sensor incerrcogated for data
(see Figure 30). The MSB of the time code is bit T1.

{1) Number of bits of time code = 27

{2) value of LSB of time code (T27) = 2°!° secconds

4.1.3.7.2.2 FORMAT SECTION

The OLS interrogates the mission sensors in the order they are
defined in the Format Section with the first sensor being that which
followa the Time Code section. Since there are up to 12 mission sensors,
12 format words in the mission sensor data message are used to identify
for each sensor the number of 316 bit words.

The format section provides the number of integral 36 bit
words per sensor included in the SSP message. The OLS interrogates each
SSP for an integral number of 36 bit words. If an S5SP provides the OLS
with data in a non-integral number of 316-bit words, the effect is
described as part of the data format definition in the ICD for that
sensor.

If an SSP properly indicates to the OLS that it is "off" or
has "invalid data*, the OLS inserts a unique code replacing the SSP's
data. That unique code is a one followed by 35 zeros. Note that the
unigque code is complemented as SSP data is complemenced. The £format
section is not modified and the indicated number of 36 bit words is
included in the SSP message,

5.0 RESERVED
6.0 NOTES

Symbols are not used in this revision to identify changes with
respect to the previous issue, due to the extensiveness of the changes.
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