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DMSP DATA SPECIFICATIONS
1.0 SCOPE

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

1.1 SATELLITE SYSTEM DESCRIPTION

The Block 5D sensor is an oscillating 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 earth 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 ($ data) resolution. Onboard pre-processing of the
data by the sensor system provides for the various modes of data output.
The sensor provides terminator coverage in both visual (L data) and
thermal (T data) modes.

Fine resolution data will be collected continucusly, day and
night, by the infrared detector (TF data) and continuously, during
daytime only, by the silicon diode detector (LF data). Fine resolution
data will have a nominal linear resolutien 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 required. 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 such 0.3 x 1.5 nm samples in the along track direction.
A nominal linear resolution of 1.5 nm results. additionally, a
photomultiplier tube will allow collection of visible {(LS) data under
night-time conditions at 1.5 nm nominal linear resolutiocn.
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For direct transmission to remote readout terminals or transportable
terminals (TRANSTERMS) and for fleet operations, the OLS provides real data
{RTD} output combinations of TF and LS or LF and TS and Special data. The
smooth data in the RTD mode has not been digitally smoothed, so that a
smooth sample is 0.3 nm in the along track direccion times 1.5 nm in the
along scan direction.

The sensor also provides the data management functions to process,
record and output data from up to 12 special meterological sensors.

1.2 INTRODUCTION

The Command Readout Stations (CRS), Site I and Site II, and
the AFSCF's Hawaiian Tracking Station (HTS) are the primary recipients of
the stored data streams. Data Stream § for SDS and SDF is as illustrated
in this document. The data rate is 1.3312 megabits per second if one type
of data (TF or LF} or 2.6624 megabits per second if the data is interleaved
bit-by-bit (TF/LF or TS/LS). The DMSP Mwx 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 formatted for processing in AFGWC's computer complex.

Data stream R for RTD data is as i1llustrated in this document. The
data rate is 1.024 megabits per second. RTD data is transmitted to the
ground in the same direction as the data is collected. SDS and SDF 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 to 16} or
177.5 kilobics per second (for OLS serial number 17 and up). RDS data
igs identical in format to SDPS 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 prior 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 and calibration data. The RDS data stream
{except on 510} shall be encoded with a Rate L/2 convolutional encoder
of constraint length 7, with G0=1111001 and Gl-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 to Figure 3
which pictorially represents the direction of scan inherent in the data.
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FIGURE 1 RESERVED
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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

earth

(2} ¥ Axis - An axis completing an orthogonal,
right-hand %, Y, Z coordinate 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-Axis.

FIGURE 2: BLOCX 5 SPACECPAFT AXES DEFINITION
L



Terminator

Direccion

of +Z to -z
Scan

Earth's Rotation

Direccion
of +Z ro

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 Direction Type
0 +z to -z RTD
1 -z to +z (LF & TS or TF & LS)
] -z to +2 SDF
1 +Z to -z (LF, TF or LF 6 TF)
0 -Z to +Z SDS
(LS & TSH
] +Z to -Z RDS
(LS & TS)

Afrternoon Orbit

I5-YD-821B
7 March 1981

FIGURE 3: BLOCK 5 :ZAN DIRECTION DEFINITION
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ABBREVIATIONS {Continued)

Photamiltiplier Tube

Start of Active Data

Start of Smoothed Video
Special Sensor (General Term)
Tertiary Data Stream
Telemetry
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3.0 COMPLIANCE INFORMATION

This docurent represents the data formats for the 5D-2
model of the Operational Linescan System.

This document establishes the sensor contractual require~
ments for the data formats for the 5D-2 model of the Operational Linescan
System (CLS).

This docurent defines agreements reached by the Air
Force Program Management Office (PMD)} and the sensor contractor as to the
actual data formats that the Sensor Contractor shall insure on the 5D=2
model of the OLS as specifically stated in paragraph 3.1. Nothing
in this document or its subsequent revisions shall relieve the Sensor Con-
tractor from carmpliance with any other segment or interface document.

If incompatibilities hetween other documents and this data format
specifications docurent are discovered, the PMD shall be notified
and action initiated to determine the impact of, and to minimize, the

incampatibility.
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3.4 SENSOR_CONTRAGTOR COMPLIANCE

The Sensor Contractor corporation shall previde and insure
each and every™data bit location and value within the format lines
of RTD, SDS, RBS and SDF for the 5D-2 model of the OLS. The Sensor
Contractor shall insure a minimum transition density of 1 in 36 in
that part of the filler code of Figures 13 and 30 that is not
special data.

3.2 RESERVED
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S SENSOR_CONTRACTOR CAUTIONM

The Sensor Concractor is cautioned on the reversing of the
SD5 format lines because of OLS on-board recording of data (and
playback in the opposite direccion), -

As explained in the introduction (Para 1.2) this document

refers to the formars of received baseband data from the 5D
atellicte

s5at :

3.4 SENSOR _CONTRACTOR VERIFICATION

The Sensor Contractor shall verify each and every non video
data bit location and value within the format lines of RTD, SDS,
RDS, and the SDF by test. The Sensor Contractor shall verify each
and every video datra bit location and level within the format lines
of RTD, SDS, RDS and the SDF by 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 data can be reconstructed from
this information. The data is arranged into a basic, repeating
sequence called a frame. Only two types of frame structure are
used - the SOF or SDS frame and the RID frame, Each frame in S0S
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 within a line fommat contain video data, sync codes,
and other information as explained in the following sections.

4,1 BLOCK 5D DATA FORMATS

Block 5D video data consists of SLF, SDS, and RTD
frames of data. The SIF frame contains either TF or LF video
data. The SDS frame oontains either TS or IS video data. The
RTD frame contains TF and IS or LP and TS video data. The special
data is present in selected SDS and RID frames. The data is cbtained
from a satellite which enploys a bi-directional scamer.

4.1.1 SDF DATA FORMAT
1.1.1.1 FRAMS 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 CDOE

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

4.1.1.1.2 TAG BITS

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

This section specifies the formats used as referenced ro
each data type, such that the data can be reconstructed from chis
information. The data is arranged inte a basic, repeating sequence
called a frame. Only two types of frame structure are used - the
SDF, SDS or RDS frame and the RTD frame. Each frame in SDS, RDS or SDF
is 208 bicts long and each RTD frame is 150 bits long. A series of
frames, properly referenced, is called a line format. The frames
within a line format contain video data, sync codes, and other
information as explained in the following sections,

4.1 BLOCK 5D DATA FORMATS

Block 5D 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 videa data. The RTD
frame contains TF and LS or LF and TS video data. The special data
is present in selected SDS, RDS and RTD frames. The data is
obtained from a satellite which employs a bi-directional scanner.

4.1.1 SDF DATA FORMAT

4.1.1.1  FRAME 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 bic
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 syne
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 last 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:

12
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TAG BITS VIDEO
A B Cc MODE
n 0 1 LF
1l () 1 TF
VIDEO:
S

Fl1 = MSB = 2,500 Volts

F2

F3

4

FS

F6 = LSB = 0.078 Volts

{Note Complemented
Video Bits}

** as formatted by OLS on Satellite

ULRE 4: SDF TRAME FNRMAT

-
(3]
[

v |
o=

J) 1

F4 F1

Fa F1

T4 F1

Fs| T4 F1
F4 F1

T4 F1

T Fl

F4 F1

T4 F1

F4 F1

T F1

F4 F1

F5| F4 F1
T6 F1

T F1

Fa F1

Fé4 F1

F4 F1

F Fb F1
¥ T4 F1
FH F5| F4 F1
F6 F5| Fo F1
Fel F5| T4 F1
Fd F5| Fa F1
Fd F5| T4 F1
ipvs F4 Ez F1
Fq 7o F4| F3| T2 F1
Fal r3l 72l F1

T4| 3 F2l F1
T4lralF2r1
Fulrilrzir1
Fa|F3|F2|F1

L‘ Alataits pat

<orrd

~ord
word

wor
word
word

word
wnor4d

word

word

word
word
word
<ord
word
worrd
word
ward
woyr|
woyprd
word
word
word
word
word
word
word

word

word

worrt
wWire

Wit

wor:d -

Change
15 Jan

_‘(--'BIT 1l

W)

\D:D-qc\\.n;:

10
11

13
14
15
1A
1f

17
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5 NOV 1980
Tag Bits Video Type
ABC
001 LF
101 TF

4.1.1.1.3 YIDEO

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 contains 7322%2 video samples per
line. Nadir nominally exists between the 366?st 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 was gen-
erated in that line. Since there is insufficient space for transition
bits within the frame and in order to guarantee a higher average transi-
tion 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 complemented.

4.1.1.1.4 RELATIONSHIP OF VIDEO TO FRAME . .

Video sampies beain ip Frame 3 {(refer to Figure 5) and
end in Frame 231. Frame 3 has 26%f video samples. ATl other frames
have a full 32 video samples.

4,1.1.15 LINE DIRECTION

Due to the fact that the SDF video is stored on tape
recorders and 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.

om
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4.1.1.1.6 SCAN ANGLE OF VIDEQ DATA SAMPLES

The SDF video data is corrected in the OLS so that data samples
correspond to fixed scan angles. The SDF data sampling occurs at a varying
sampling frequency 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 motion would place them.

The scan angle (@) for sample number (Si) is defined as follows:

g = (-1)P%g *cos(—SE-l_ aMiB) - N#K
P Sy

where:
D = 0 for SDF DOS O
= 1 for SDF DOS 1

Ep = peak scan angle = 57.85° = 1.00967 radians

5; = sample number in order received by the tape recorder
{SOAD -~ 1, ECAD = 7322)

St = nominal total sample periods = 7322.179

M = 2.66874 radians

B = 0,23665 radians

N = signed value of scanner offset in units of value K, from subsync
frame of data stream. (see paragraph 4.1.1.6.2)

K = 0,00099 radians

4.1.1.2 SDF_LINE FO T

The SDF line format is shown in Figure 5.

lba
r/2564M
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4.1.1.3 LINE SYNC FRAME 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 wvideo word)

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

4.1.1.3.2 SCANNER OFFSET WORD

The scanner offset word is a 4 bit number encoded in 2's
complement code which idencifies 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 .99
milliradians. Referring to Figure 6, if Ql is a zero, indicating
positive offset, and Q2Q3Q4 is some nonzero value then the center of
scan is the +X, -Z quadrant. If Ql is a one, indicating negative
offsec, 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
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.

4.1.1.3.3 SCANNER DIRECTION

The last two bits of word 33 identify the direction of
the actual movement of the scanner with respect to the spacecraft 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 scanner rotation from the +2Z axis towards
the -Z axis,

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

L6
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word L

word

vt

word

word

word

TAG BITS VIDEO
A B C MODE

word

word

n o 1 LF word

O X~ g own g

word
word 10
word 11
word 12
word 13
word A4
word 15
word 16

Scanner Offset:
0l = Sign =* *Negative numbers
Q2 = MSB = 22 represented ag 2's
Q3 0 complement
Q4 = LSB = 2

O jojojojolojoleo Jlojlolojlo b |~

Scan Directionm = R

Qo Leojooolcloo|o Jofofjo o {o

word 1T

-
-

word 18
word 19
ward 20
word 21
word 22
ward 23

word 24
word 25
word 26
word 2
word Y
word 29
word 30
vord 31
word 132
QL word 33
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4.1.1.4 BLANK FRAME FORMAT

Blank frames occur during the over scan period of the
scanner when video is not being formatted and between the Line Sync
frame and the End of Active Data (EQAD). The blank frame format is
shown in Figure 7. The nominal nunber of blank video words between
the Line Sync frame and the first video word is 38 (but can be 36, 37
or 38). There is also a constant mumber of blank video words (32) be-
tween the last video word and the Sub~-Sync frame,

4.1.1.5 FAKE FRAME FORMAT

In order to incrcase the SIF data rate to the standard
1.344 Mb/s bit stream, frames (called fake frames) are generated
during ground pre-processing, and inserted into the bit stream
immediately hefore the line sync frame (see Fiqure 5). Nomdnally
0~6 fake frames are inserted in each SDF line. The fake frame

format is shown in Fiqure 8.
4.,1.1.6 SUB-SYNC FRAME FORMAT

After the Start of Active Data (SQAD) there is one

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

4,1.1.6.1 ALARM OXES
(1) 000001 as received (1 = ISB of video word)

This alarm code is formatted in words 2, 4, 6,
and 8. Refer to Figure 9 for the location of alarm code words.

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

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

18
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4.1.1.4 BLANK FRAME FORMAT

Blank frames occur during the over scan period of the scanner
when video is not being formatted and between the Line Sync frame and the End
of Active Data (E0AD). The blank frame format is shown in Figure 7. The
nominal number of blank video words between the Line Sync frame and the first
video word is 38 (but can be 36, 37 or 38). 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 Reserved
4.1.1.6 SUB-SYNC FRAME FORMAT

After the Start of Active Data (SDAD) there is one biank followed
by one sub-synct frame. The sub-sync frame format is shown in Figure 9 and
contains the following data.

4.1.1.6.1 ALARM CODES
(1) 000001 as received (1 = LSB of video word)

This alarm code is formatted in words 2, 4, 6, and B. Refer
to Figure 9 for the location of alarm code words.

(2) 117110 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.

gp/0403C
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BIT 1
lEJB!RilllllllfIiOlQ 1 1 [ A 1. ]| word
Scanner Offsec:
Ql - Sign® *Negative numbers 1100 0fo0fo RoEs
Q2 = MSB - 22 represented as 2's 01111111111 word
— ! complement
Q6 = LSB = 22 1101 0lolo word
R = U = Scan Direction 0 = DoS 0, +Z to -2 211 1 1 1 1 word
1 =-D0S 1, -2 to +2
Time code: 1 0 0] o0 0 word
El = MSB ~ 2!8 gac. 0!l il1i1l1111 word
E27 = LSB - 2719 gec. 1107101000/ 0/} vore
Gain Code: R 04 103 [Q2 g1 word
61 - HSB - 32 db E3 E2 JE1 | 0 |06 105 | word
G9 - LSB = 125 DB E9 JE8 IE7 ES word
Ml - Lin/Log (0 = Lin, 1 = Log)
M2-M4 = Sub Mode E131E141E131E12(F11 10| word
Hot T Cal: E211E20] E18|E17 word
HO = Segment ID (l=LEFT, 0 - RIGHT)
HL ~ MSB = 2,500 Volts * E271E26 E25|E24{F23|E22| word
: G6_IGS G3 Gl | word
- - g
R e R M3 M2 M1 (69 |68 l67 | wora
CO - Segment ID (1 = LEFT, 0 = RIGHT) B4 |P3 1P2 IP1 1 U [M& | word
Cl - MSB - 2.500 Volcs _ 112112 [p8 [P7 Ip6 |ps | wora
C8 = LSB = 0.020 Volrs *+ H2 IH1 |80 | s !14 13 | wora
scation Data = Z1-Z32
—$MT Cal: HB 147 |H6 {HS (H& H3 word
Pl = MSB = 2.500 Volts +* S (Y6 I1Y3 Y2 IVl | word
P8 - LSB = 0.020 Volts #* €6 1c3 1cs 1c3 g2 word
Vehicle Idencicy: 24 123 122 121 1c8 Ic7 { word
Il = MSB = 23 ** As formatted by
: OLS on Satellite 22 128 127 126 17 word
I4 = LSB = 20 151Z1412131712 word
T Channel Gain OLS 8-10:
CO = Segment ID (1 = Left, 0 = Right) 421122012191218 word
YL = MSB = 1,28 db 22812271722617251224 wvord
a:m - LSB = 0.16 db 010 12322 229] word
T Channel Gain OLS 7,11-16: Ltololi1l1l1 word
CO = Segment ID (1 = Left, 0 = Right)
Yl =~ MSB = 1.85 db o0loloj1l1{1 word
5 0lojloli11111 word
Y4 = LSB = 0.23 db
S = Spare Bits 010Jol1l1 1 word
0 0] 0 1 1 1 word
BIT 208

Unused Bits: 67, 177 to 208

FIGURE 9: SDF SUB-SYNC FRAME FORMAT (OLS 7-16)

821sc7.wn/5

20
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32
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BIT 1
lC 1 B 1A [ 2111111711 010 1 110111011 word
Scanner Offset:
Ql = Sign” *Negative numbers 110 0101010 e
Q2 = MSB = 22 represented as 2's ol 1111101111 word
— 1 complement
Q6 ~ iSB = 2-2 1l10l0olololo word
R =« U = Scan Direction 0 - DOs 0, +2 to -2 L1111 11111 word
l1=-D051, -2 to +2
Time code: 1 Q 0 0 0 9 word
El = MSB = 2if gag, el i1l11l11111 word
E27 = LSB = z-m sec. 1 0 0 1] 0 0 word
Gain Code: R IR o4 103 102 lol word
Gl - MSB ~ 32 db E3_|E2 0 |06 105 | wora
G9 = LSB = .125 DB E9 |E§ |E7 ES |E4 word
Ml = Lin/Log (0 = Lin, 1 = Log)
M2-M& - Sub Mode ELSIRI41E1SIE12IE11[E1Q| word
Hot T Cal; E211E20 9lE181E17 word
HO - Segment ID (1=LEFT, O = RIGHT)
HL = MSB = 2.500 Volts s E271E261E25 324 E23]E22| word
: G6 IG5 |G4 G2 1G] word
H8 = LSB = 0.020 Volts **
Cold T Cal: M3 _IM2 IM1 |c9 |g8 lg7 word
CO - Segmenc ID (1 = LEFT, 0 = RIGHT) P4 IP3 IP2 IPL [ U |M& word
- - **
Gl = HSB - 2.500 Volcs _ (12111 [ps §P7 [p6 lp5s | wora
C8 =~ LSB = 0.020 Volts #** H3 1H2 4l IHO |14 |13 word
Location Data = Z1-Z32
~—PMT Cal: Y1l IH8 IH7 IH HS |HG word
P1 - MSB = 2,500 Volts #** co S IYS 1¥as Y3 Iy2 word
. éB ~ LSB = 0.020 Volts #* €6 _Ics et |e3 lec2 e word
Vehicle Identity: 24 123 172 171 Ic8 |c7 word
I1 = M5B = 23 ** As formatted by
. OLS on Satellite 210129 178 127 Iz6 {75 word
I4 = LSB = 2° Z1612151216121312121211] word
T Channel Gain:
CO ~ Segment ID (L = Left, 0 - Right) 4221221122012191218{217| word
YL = MSB = 2.352 db 228122712261225(224/223| word
%5 - LSB = 0.147 db 0.1 0 [23212311230{Zz29{ word
L l0oloi1i11l1 word
4] 0 0 L 1 1 word
0 0 4] 1 1 1 word
§ = Spare Bits 0100111111 word
010 0 1 1 1 word
BIT 208
Unused Bits: 67, 177 to 208

FIGURE 9a: SDF SUB-SYNC FRAME FORMAT (OLS 17 and up)
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4.1.1.6.2 SCANNER OFFSET WORD

The scanner coffset 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 sipgnificant bit of the scanner
offset word is 2'2 units of value .99 milliradians, which is .25
milliradians. Referring to Figure 9, if Ql is a zero, indicating
positive offset, and Q2Q3Q4Q5Q6 is some nonzero value then the center
of scan is in the +X, -Z quadrant. If Ql 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 ocher scan line and may be non integer.

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

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

4.1.1.6.3 5C D

The last two bits of word 9 identify 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 scanner rotation from the +Z axis towards
the -2 axis.

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

4.1.1.6.4 TIME CO

Words 10 through 14 define a 27 bit time code. The code
is a pure binary number with the least significant bit equal to
1/1024 second. The time code word in the sub-syne 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.

4.1.1.6.5 GAIN CODE

Words 15, 16, and 17 contain a 9 bit gain code plus 4
bics to identify the sub-mode being used. Refer to Figure 9 for

22
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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) 1f the gain automatically changes during the scan. If the
gain mode is PGC then that gain value is the gain for the last
video 1ine received. The 4 bits (M1-M4) used to identify the sub-
mode are given below:

m Hode

0 Gain states in visual processor are linear.

1 Gain states in visual processor are
Togarithmic.

M2 M3 M4 Mode

0 0 0 -UNUSED

0 0 1 ASGC

] 1 0 ATGC

1 0 0 PGC/HRD

1 0 1 PGC/PMT1/9

1 1 0 PGC/PMT - LOW

1 1 1 PGC/PMT - HIGH

0 1 1 SPARE

The three modes for gain control by the processor are:
Along Scan Gain Control (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 001
by the processor during the positive end of scan. 0
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4.1.1.6.6 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: 8 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 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. bit identifies the segment of the T-detector being calibrated.

(3) Location Data:

The information contained in the 32 bits
designated 2Z1-232 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. Included with the location
data is a time code (EPHCLK) which references the time of calculation
of all the information dowmlinked in the Z1-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 words
may be repeated,

24
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LSB
] 13 14 29 30 31 32
I | |
WORD | EPH CLOCK 1 LONGITUDE [
ONE | 13 BITS | 16 BITS 0} 011
] I [
|MSB = 28 SEC LSB = 2-4 SEC| MSB_ LS8 | | |
MSB LS8
1 15 16 29 3031 32
| COSINE [
WORD | LATITUDE CROSSING ANGLE bt
TWO | 15 BITS 14 BITS Fo{1]0
I I
| ¥SB LSB | MSB LS8 | | |
MSB LSB
1 14 15 29 30 31 32
I | I
WORD | COS SOLAR AZ i SOLAR EL Pt
THREE | 14 BITS [ 15 BITS O]
I [ I
[MSB LSB | MSB LsB |} |
MSB LSB
1 1415 29 30 31 32
[ ! I
WORD | H/R | EPH CLOCK bl
FOUR | 14 BITS | 15 BITS 111010
| | I
{MSB LSB | MSB = 217 sec Lse =23 SEC § | |
MSB LS8
] 89 21 22 29 30 31 32
! COSINE OF ! | | I
WORD | LUNAR AZ | LUNAR EL | LUNAR PHASE o
FIVE | 8 BITS | 13 BITS | 8 BITS 110}
[ I l R B
|MSB LSB | MSB LSB | MSB LS8 | 1|
TAG BITS(230-732) CODE
36 31 32
¢C 0 0 NO DATA
0 0 1 WORD 1
0 0 WORD 2
0 1 WORD 3
1 0 0 WORD 4
1 0 1 WORD 5
1 ] 0 SPARE
1 1 1 SPARE
FIGURE 10. LOCATION DATA WORDS
gp/0052R
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MSB LSI
1 13 1h
b b b T
WORD EPH CLOCK - LONGITUDE = |7
ONE 13BITS 16 BITS olol1
MsB = 28 SEC  LSB =24 sec| mss LSB
mMSB _ LSE
1 15 16
gb's‘—ém -
WORD LATITUDE CROSSING ANGLE —_ S| ®a(8
T™WO 16 BITS 14 BITS ol1le
LSB | mSB LSB
MSB LS8
1 14 15 .
WORD {e—— COS SOL AZ - SOL EL SEE
THREE 14 BITS 15 BITS ol 11
MSB Ls8 | mss Lsa
msa LSB
1 14 15
WORD H/R - =]
< EPH »-
£OUR 14 BITS — 1{o|o
MS8 LSB | MsB =217 ggc LS8 = 23 sec
TAG 3ITS(230-232) CODE
0 31 32
0 0 0 NO DATA
) 0 1 WORD 1
0 1 0 WORD 2
o 1 1 AORTY 4
1 0 0 WORD b
Figure 10: lLocation Data Words
Cheggne 14
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PARAMETER

EPH CLK

LONGITUDE

LATTTUDE

COSINE CROSSING ANGLE

T RADIANS

T RADIANS

NOMNE

COSINE SOLAR AZIMITH NOMNE

SOLAR ELEVATION

B €420

EARTH RADII
(R=6378 , 145ian)

IS-YD~321

SIGN BIT
IN MSB BIT CONTENT RANGE
N/A 2l7 _ -4

s 27l - 715

s Ll _ =14

s 271 - p-13

S rl . 2-13

s 26 - -7

0 23 .75

S = Sign Bit with negative numbers represented as 2's camplement.,

FIGURE 11:

LOCATION DATA WORNS CONTENT
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Bit Range

Paramter Units Sign Bit MSB-LSB

£PH CLK Seconds N/A 217 - 2-4

Longitude n Radians 5 2-1 - 2-15

tatitude v Radians S -t - 2-14

Cosine Crossing

Angle None 5 2-1 - 2713

Cosine Solar

Azimuth None 5 2= - 2-13

Salar Elevation Degrees s 26 - 277

h/R Earth Radii 0 2-3 - 2-15

(R = 6378.145 Km)

Cosine Lunar

Azimuth None S 2= - 2-1 }
|
|

Lunar Elevation  Degrees S 26 - 2-5 |
|
|
|

Lunar Phase Degrees N/A 27 - 20 j

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

Figure 11. Location Data Words Content

gp/0052R
26
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(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 +Z EOS.

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

{5) Vehicle Identity: 4 bits resolution.

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

(6) T Channel Gain: &4 bits resolution OLS 7-16;
5 bits resolution OLS 17 and up.

The T Channel Gain value is variable to allow compensation
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
indicated. T Channel gain for one of the segments is updated at each -2
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 segment I.D.
and cthe immediately preceding received line pair.

27
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4.1.2 SDS_AND RDS DATA FORMAT

6.1.2.1  FRAME 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
special data, and 26 video words. The SDS and RDS frame is
different in structure from the SDF frame. With reference to
Figures 12, 15, 16, 18 and 21 Bir 1 is the first bit received ar
the interface in SDS. In RDS Bit 1 is the last bit received at
the interface and Bit 208 is the first 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 vhere the leftmost bit is thac
received first at the interface.

4.1.2.1.2 TAG BITS

The three bicts 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 Type

A B C

0 1 1 Ls

1 1 1 TS

Noce 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 7cth bit in the LS video data is the LSB (or 8ch

bit) of the TS wvideo. Thus, a total of 8 bircs comprises a TS video
sample and a cotal of 6 bits comprises a LS video sample.

4.1.2.1.3 SPECIAL DATA

The ten bits immediately subsequent to the tag bits is a
special data word. A group of special data words comprises a
special data message (See Figure 13). A ctypical message as received
consists of data followed by data format section followed by the
Cime code and sync code. Note that every other SSP bit is
complemented starting with the first bit after the formar section.
Thirty six (36) bit SSP data words may be separated by a filler
word,
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1] - 1111070117110

510159 |s8 {s7 |s6 [ss |s4 [s3 |s2 Is1 | ¢ A

v7 [ve {vs |va |vi |v2 In

v? fve lvs lva [v3 [v2 |n1

TAG BITS VIDEO v7 |vs |vs |va lvi |¥2 |wn1
P S v7§5vs§av3§2v1
11 1 TS vz lve |vs lva |vi (V2 |vi
v7_lve |vs |va |va |v2 |n1

b 3{050;155 ol e Eﬁ vs lva lv3 v2 v}
v2 v7_|ve |vs {va [vi |v2 |v1
32 vz 1ve |vs |va |v3 [v2 |n1
vs vz _{vé |vs |va {vi [v2 |n1
VI - 0.039 volcs v7 1v6 lus Jue lu3 lvz |wy
V8 = LSB - 0.019 volts v7 |ve_{vs |va [vi [v2 |n1
(V7 of LS Video) vz |ve |vs {va [v3 [v2 |1

VIDEO: - v7 'fs Vs Ez. v3 Ez v1
V1l - MSB = 2.500 Volcts vz lve |vs |va [v3 |v2 {n1
v2 vz 1ve |vs |V Jvi {v2 |n1
v3 vz |ve Jvs |va lva |v2 ln1
V4 v7 |ve |vs lva {vi [v2 |vi
Vs vz {ve lvs |V lva {v2 (n
V6 = LSB = 0.078 Volcs vz |ve lvs |va |v3 {2 |n
V7 = LSB of TS Video vr ve |vs [va lva [v2 [nn
(Note Complemented Video Bits) v7_|ve lvs |va (v |¥2 (wn1
SPECIAL DATA: S1-S10 v7_lve {vs lva |vi [v2 [n1
** as formacted by OLS v7_|ve [vs |va lvi [v2 |wn
on Satellite vz _|ve lvs |va |va |V2 {nn
v7 lve lvs jva |v3 |v2 |n1

BIT 208

FIGURE 12:
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FIGURE 13:

-:c—F!RST 817 RECEIVED AT [NTERFACE IN SDS

LAST 8IT RECEIVED AT INTERFACE IN RDS

S5P MESSAGE FORMAT
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tjojrfoefefrftfofofoft|o)1[t]1]1
T2 13| T14[T15|T16| Ta7{ T18| T19| 120|721 ) V22 |23 | T24 | T25 | Y28 T2
TIME COOE
ofofofo}ofr|refra|rars|ve (17 |78 |19 [110]T12
F1 |F2 {F3 |F4 |F5 |Fs |F7 [F8 [Fa |F10|F11|F12|F13|F24{F15]F18))
OESTGNATION FOR
LOCATION OF SENSOR
PARITY BIT DATA (F12)
NOT USED IN 0=IN LS LINE
PROCESSTNG 1=IK TS LINE
12 SENSOR
v R F11 F12 F13 FIB{t FORMAT WORDS
# OF 36 BIT WORDS PER LsB[LS/|  SENSOR I.D.
P |SENSOR TS LS8
“FORMAT KEY"
F1 [F2 {F3 |F4 |F5 |F6 JF7 |F8 |Fa |F1oiF11|F12|F13]F1a|F15 FIBJ
= = = = = = = ~{<—FIRST BIT OLS
o|pjofo|jo|o|o|ofjofo|olofo|D|o]|D{) RECEIVES FRoN
THE SENSOR
HOTE THAT EVERY
OTHER SSP DATA LSB OF FIRST
BIT IS COMPLEMENTED WORD OF FIRST
SENSOR } SPECIAL SENSOR
DATA REFERENCED BY
| Ms8 OF LAST vorD FORNAT WORDS
V OF LAST SENSOR
p|o|ofdjo{o|o|d]ofB|o|D|o|D|o]D]
<—LSB OF FIRST
ofrfojafojrjoftfojr]efrfo|1]o]alfy FirLer woro
o|rfofrtjofrfjofr]ofrjofr]oft])of| 1]l sirswnor ReFERenceD
 BY SENSOR FORMAT
oJrfofrfojr]jofrfo)sfjofltfolafjof1|| woros

FILLER BIT CODE -
NOTE THAT EVERY
OTHER BIT 1S
COMPLEMENTED.
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The data is formatted in contiguous blocks of sensor data.
Each block could contain data from a separate special sensor. Note that
different special data will be contained in the LS data line format from
that in cthe TS data line format. The LS data line will contain a special
data message of a minimum 2160 bits per record of which 288 bits are used
for overhead. The TS data line will contain a special data message of a
minimum of 3888 bits per record of which 288 bits are used for over-
head. The SSP data message is reconstructed by storing, as received, the
§1-510 bits of each frame. SSP data is located in bits 27 thru 208
of frame 2 and 27 thru 145 of frame 3 for both LS and TS mode. SSP data
in the TS mode only is located in bits 202 thru 208 of the sub-sync frame,
27 thru 152 of the line sync frame, and bits 27 thru 208 of the four frames
between the sub-sync and line sync (see Figure 14). The message is then
interrogated in cthe opposite direction as received for the Sync Code, Time
Code, Formar Section, and SSP data. The first SSP data bit following the
Format Section (the right most bit in Figure 30) is the LSB of the first
word of the first sensor specified in the Format Section for the 1S data
stream. For the TS data stream it's for the first sensor identified with
a T bit flag. For both LS and TS data streams, the first and every other
SSP data bit is complemented. This bit and every other SSP data bit (all
odd bits) require re-complementing before data use. The bits following
the SSP data bits of the reconstructed SSP message are filler bits. The
Sync Code, Time Code, and Format Section are identical for each inter-
leaved LS and TS data line. The Time Code will change for each new
interrogation cycle and the value will differ by 1 + 0.005 second between
adjacent SSP records. The Sync Code will not change. The Format Section
can change in both LS and TS by command (however, it will be identical in
LS and TS},

4.1.2,1.,3.1 TIME CODE

Each special data message includes a time code which
references that special data 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 OLS interrogates the special
sensors in the order and way they are defined in the format section, with
the first sensor being that which follows the Time Code section. 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) = 2-10 seconds

4.1.2.1.3.2 FORMAT SECTION

Since there are up to 12 special sensors on the spacecraft,
twelve format words in the special data message are used to identify each
sensor, the number of 36 bit words in each block of data, and the
location of the sensor's data (either in the LS or TS data line).

L LT
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The Format Section provides the number of 36 bit words per sensor
included in the SSP message. The OLS will interrogate each SSP for an
integral number of 36 bit words. The actual data bit count of an SSP
will not be known from only knowing the Format Section, since rhe
sensor’'s daca may not be divisible by 36. If an SSP has properly
indicated to the OLS that it is "off" or has "invalid data", the OLS
will insert a unique code replacing the SSP's data. That special code
(filler word) is a one in the LSB position and 35 zeros in the other bit
positions. The Format Section will not be modified and the correct
number of 36 bit words will be included in the SSP message. Note that
the special code will be complemented as SSP data is complemented.

The Format Section also includes an identifier bit designating
whether the SSP's data is contained within the SSP bits of the LS
data line or within the SSP bits 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
S5DS mode) and references che last data bits received at
the interface in SDS mode. Within the Format Section, the Ffirst
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 message (after received and
stored in a buffer bottom to ctop). 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. Then the LS
data line will contain all special sensor data that can be formatted
within its ctiming boundaries starting from top to bottem. Thus, it is
possible to have T designated sensors to have their data appear in the
LS data stream. The TS5 data line will contain special sensor data that
has a T bit designatiom.

4.1.2.1.3.3 DATA

Since the special data message is reversed in the satellite due
to the recording process (SDS only), the ground equipment may be
required to store the special 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 8 bits resolution and LS video samples are digitized to 6
bits resolution. The most significant bit (MSB) of each word is that
bic 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 dara and at sample number 733.5 for T data as counted
from SOSV. ©Note that any scanner offset will affect the location of
nadir. Since there is insufficient space for transicion bits within the
frame and in order to guarantee a higher average transition demnsity,
every other video data bit in a word is complementced. The 2nd, 4th and
bth bits of video are the complement of the true value (see Figure 12).
Only acctual video words are complemented.
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4,1.2.1.5 RELATIONSHIP OF YIDEQ TO FRAME

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

4.1.2.1.6 SCANNER DIRECTION

SDS video is stored in the satellite memory and is read into the
satellite recorders such that the alternating scan direction is
eliminated. RDS video is temporarily stored in the satellite memory
such that the alternating scan direction is eliminated.

4.1.2.1.7 SCAN_ANGLE OF VIDEQO DATA SAMPLES

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 daca
samples at the same scan angles as a nominal scanner motion would place
them.

The T SDS and RDS data is shifted approximately one-half sample
toward +Z to allow the sample-hold and A/D converter to be shared by
boch L and T data,

The scan angle (@) for sample number (5;) is defined as
follows:

@ = Oykcos (21l #M+B) - N*K

H]
T

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

5; = sample number in order received by the tape recorder
(S0SV = 1, EOAD = 1465)

3¢ = nominal total sample periods = 1464.436

M = 2,.66874 radians
B = 0.23686 radians for L daca
= 0.23591 radians for T data
N = signed value of scanner offset, in units of value K,
from subsvne frame of data scream. (See paragraph
4.1.2.6.2)
K = 0.00099 radians
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4.1.2.2 3DS AND RDS LINE ZORMAT

The SDS and RDS line format is shown in rigure 14.

4.1.2.3 LINE SYNC FRAME FORMAT

The Line Sync Frame format s shown in Figure 15,

Words 3 cthrough 19 are telemetry data with word 20 being the
telemetry word count in the LS dara Stream, while words 3 through 20
are S5P data information in the TS data stream. Words 21 through 27
are the 7 alarm code words. Word 28 is che scanner offset word.

4.1.2.3.1 ALARM CODES

(1) 111110 (0 « LSB of video word)

This alarm code is formacred in the odd-numbered video words
starting at word 21. (Refer zo Figure 15 for location 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 5 bit number encoded in 2's
complement code which identifies the angle between the center of
scan and the sensor +X axis. The leasrt significant bit of the
scanner offset word is 27! units of value .99 milliradians’ which is
.49 milliradians. Referring to Figure 15, if Ql is a zero,
indicating positive offset, and Q2Q3Q4Q5 is some nonzero value then
the center of scan is in the +X, -Z 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 zhe scanner offset may change once
every 2048 scan lines only when permitted by ground command and must

be integer.

The encoder mode is indicaced in the OLS equipment status
telemecry.
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TIME SCALE AT INTERFACE IN SDS
TIME SCALE AT INTERFACE IN RDS
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BIT 1
1 1 i1 1 4] 1 1 0 i word 1
- 810|589 |s8 1s7 |s6 [ssS S3 2 C A word 2
= TYPICAL 14 BIT I7 116 IT5 T4 |IT3 IT?2 IT1 word 3
TELEMETRY WORD 7. 176 |TS [T4 T3 It2 IT1 word 4
TAG BITS VIDEO T7 176 |T5 |T4 |T3 |72 {T1 | word s
A B C MODE
0 1 1 ETE 37 T6 IS T4 {T3 32 El word 6
1 11 5 T7 |T6 ITS |14 IT3 IT?2 |T1 word 7
IT7 1T6 [T5 |Ta IT3 IT2 IT1 word 8
Telemecry: = = = |=
TL = MSB = Last bit in from I7 {76 ITS |T4 |IT3 |IT2 IT1 word 9
Spacecraft I7 1T6 ITS T4 |T3 IT2 |IT1 word 10
i7 - LSB = First bit in from IT7 IT6 [TS |T& iT3 IT?2 ITL word 11
Spacecraft T7 |T6 |TS [T4 |T3 (T2 |T1 word 12
Scanner Offset: T7 :T6 [T5 IT4 IT3 (T2 |T1 word 13
Ql = Sign * *Negactive numbers |T7_1T6 |T5 |Ta IT3 T2 IT1 word 14
Q2 = MSB = 22 represented as = = = I=
3 E G T7 |T6 TS5 |T4 |T3 IT2 IT1 word 15
Q4 T7 IT6 1T5 |Ta (T3 IT2 IT1 word 16
- = 92-1 - - - -
Q5 - 1SB = 2 T7 |76 |Ts {14 |13 |T2 IT1 | wora 17
NOTE: Word 20 has the Telemetry
Word Count which refers to 37 T6 ES T4 T3 32 31 vord 18
the next telemetry record T7 |76 |TS [T4 |T3 12 IT1 word 19
to be received. N7 N6 |ns |va w3 In2 |w1 | werd 20
N; = (1, Loss of data
{O, No loss of data 0 0 1 1 1. 1 1 word 21
N = MSB  Number of 14 bit 111010101010 L 2
. words of next 0 0 1 i1 1 1 1 word 23
el DL ol1]lololololo]| wora 24
. received
N, = LSB 0] O 1 1 111 1 word 25
0 1 1) 4] gl 0 0 word 26
0l o 1 1 1 |1 1 word 27
QS 1 0 0 jo4 {03 (@2 (01 word 28

BIT 208

NOTE COMPLEMENTED TELEMETRY BITS

SSP data in the TS =ode

Unused bits: 159, 166, 173,
180, 187, 194,
201

Words three thru twventy contain telemecry dara in the LS mode and

,TIGURE 13: 3DS AND RDS LINE SYNC FRAME FORMAT
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4,1.2.3.2 SCANNER DIRECTION

Bits 5 and 6 of word 28 identify the direction of movement of
the scanner with respect to the spacecraft +Z axis. Since the
alternating scan direction is removed in the satellite memory, these
two bits are always 00. (i.e., scanner rotation is alwvays from +2
axis towards the -Z axis.)

4.1.2.4 BLANK FRAME FORMAT

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

4.1,2.5 Reserved
4.1.2.6 SUB- Cc E FORMA

Before the Start of Smoothed Video (505V), 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-syne
frame. This frame is shown in Figure 18 and contains the following
data, all of which applies to the video line that has just been
received:

16
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1 (1) 14111703011 (11 01110011
S10]s9 S8 [S7 |s6_|S5 1S4 Is3 |s2 Is1 | c ! B a
olofololil1l
oloflolofJi1l1]1
otolojol1l1]1
olololodl1r]l1]1
olololofl1li1{1
ololofolal1]1
olofofolaliln
ojolojoli1l1l1
ololofolyli1]
otololol1{1l1
olololol1]l1]1
olotolofli1l11]1
olololol1l1]1
olotloloiar|l1]1
olojofolirliin
0jiololoj1]l1]1
ololofloliilarl
olololofl1li1i
olololol1]l11l1
ololofolili1]1
olojolofililna
ojololol1]1l
olololofl1l1]1
oiolololiii1]1
ololojoi1|1l
olololofi1l1]1
BIT 208
FIGURE 16: SDS AND RDS BLANK FRAME FORMAT
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01 June 1989
BIT 1
1 111 1 110J01}1 3112104111071 word 1
$10159 1s8 57 [s6 1S5 |s4 (s3 ls2 [s1 ClB | A word 2
scanner QOffsec:

—. Ql = sign’ *Negative numbers 0.1 110.01010/0 Lt
Q2 ~ MSB - 22 represented as 2's 001 1114{1]111 word 4
| complement
Q6 - LSB = 2°2 0l1lololololo word 5

Scan Direction = R = 0 0loli111 11111 word 6
U = Predominent Scan direction in video
Time code: 0111l01]o 010 word 7
El = MSB = 218 gac. 0 lot1l211111i1 word 8
é27 - LSB = 210 gac. g ll1lololololo word 9
Gain Code: Q3 | 0] 0 lo4 |lo3 |02 lot word 10
S LRI R 0 E2 010 106]| wora 11
G9 =« LSB = .125 DB 0 |E9? [ES E6 IE5 |E4 word 12
Ml - Lin/Log (0 = Lin, 1 = Log)
M2-M4 = Sub Mode 0 [EISIEIAIELI|ELI2IEILI[E10| word 13
Hot T Cal: 0 _IE21| E19|E18|E17|E16] word 14
HO = Segment ID (1l=-LEFT, 0 = RIGHT)
HL = MSB = 2.500 Volts Q {E271E261E2S E24|E23[E22{ word 15
: S 166 165 164 |63 162 |g] word 156
H8 = LSB = 0.020 Volts #**
Cold T Cal: S M3 IM2 IM1 g9 1G] | word 17
CO = Segment ID (1 = LEFT, 0 = RIGHT) P2 1P4 IP3 I1P2 IPL 1 u IMs word 18
= - Sk -
Gl - HSB - 2.500 Valts 16 113 {12 111 P8 |p7 |ps | word 19
~—- C8 =~ LSB = 0.020 Volts #= Hy (H4 1H3 (H2 |H]l iHO | s word 20
Locacion Data -~ Z1-Z32
PMT Cal: Y4 |Y3 1Y2 I1Y1 [H8 |H7 lHs word 21
Pl = MSB = 2.500 Volts #* €5 ¢4 1c3 Ic2 lcl lco | s word 22
és - LSB = 0.020 Volts *+ Z4 123 122 121 tcs Ic7 |cs word 23
Vehicle Idencify: 2111210129 1z8 |ZZ7 1z6 lz5 word 24
I1 = MSB = 2 **as formarted by
. OLS on Satellite Z1812171Z161215 21412131712 word 25
14 = LSB =~ 2° 225122412231222122112201219] word 26
T Channel Gain: S = Spare Bits
CO - Segment ID (1 = Left, O = Right) £32,23112301229122812271226| word 27
OLS 8-10: OLS 7.11-16; S/ (8/ |8/ |s/ |s/ |s/ [s/
Y]l = MSB = 1,28 db Yl = MSB = 1.85 db T7 IT6 175 IT4 (T3 IT2 IT1 word 28
: : BIT 208
Y4 = LSB - .16 db Y4 = LSB - .23 db Tl IS THE FIRST
TELEMETRY BIT
§/T1 - S/T7: Telemetry Data in LS Data Lines RECEIVED
Special Data in TS Data Lines UNUSED BITS:

33, 40, 47, 54,
61, 68, 75, 84,
85, 89, 96, 103,
110, 117
FIGURE 18: SDS AND RDS SUB-SYNC FRAME FORMAT (OLS 7-18)
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BIT 1
1 1 1 1 1 0 0 1 1 6] 1 0 1 word 1
= §10|59 {S8 [S7 186 (S5 ]S4 |S3 |s2Z {s1 (o] B A word 2
~—Scanner_ Offset:

Q1 - Sign’ ‘Negative numbers 9111010101040 LR
Q2 = MSB = 22 represented as 2°'s oltoli1l1}t11}11]1 word 4

I complement
Q6 = LSB = 22 O l110]j]0]Jojolao word 5
Scan Direction = R = 0 Q1011 1 1 1 1 word &
U = Predominent Scan direction in video 0 1lolo ololo vord 7

Time code:

El = MSB = 216 gec. olol1]31]1}t1]1 word 8
E27 = LSB = 2°10 sec. 0 1 0 0 0 0 0 word 9
Gain Code: 05 | 01 Q Jo4a |03 |02 Ol word 10

L e G ole3 g7 [E1 | 0] 0lo6 | wora 11
G9 = LSB = .125 DB 0 IE9 |E8 |E7 |E6 |E5 |E4 word 12
Ml = Lin/Log (0 = lin, 1 = log)

M2-M& = Sub Mode 0 |E15|E14]E13|E12|E11}E10| word 13
Hot T Cal: 0 _|E21|E20|E19|E18|E17|E16! word 14

HO = Segment ID (1=LEFT, 0 = RIGHT)

HL = MSB - 2.500 Volts 4% Q [E27]|E26|E25|E24]E23|E22| word 15

: S IG6 |G5 IGa G2 1Gl | word 16

H8 = LSB = 0.020 Volts **

Cold T Cal: S M3 IM2 IM1 |G9 |GB |G7 word 17

CO = Segment ID (1 = LEFT, 0 = RIGHT) PS IP4 |P3 |P2 |P1 U_|M4 word 18

= = *k
e 16 113 {12 |11 |P8 [P7 [P6 | wora 19

C8 = LSB = 0.020 Volts ** HS5 ¢H4 |H3 |HZ {H1 |HO S word 20
Location Data = Z1-2Z32
PMT Cal: Yo |¥3 {¥2 |Y1 HQ,.H7 H6 word 21

Pl = MSB = 2,500 Volts ** G35 Ic4 |C3 |C2 |Cl |CO S word 22

ég = LSB = 0.020 Volts ##* Z4 173 122 1Z1 |c8 |c7 lcé word 23
Vehicle Idnetity Z111210)29 1728 127 |26 |Z5 word 24

- - 3

Il = MSB =2 z18|z17|z16|z151214]{213]Z12| word 25
I4 = LSB = 20 225|2241723172212211220|Z19| word 26
T Channel Gain: S = Spare Bits

CO - Segment ID (L = Left, 0 = Right) 23212311730{2259|228]2271226 word 27

Yl = M5B = 1.28 db 5/ |8/ |8/ |S/ |8/ IS/ |s/

2 I7 |T6 (TS |T4 T3 |T2 IT1 word 28

Y4 = LSB = ,16 db BIT 208

Tl IS THE FIRST
5/T1 - S/T7: Telemetry Data in LS Data Lines TELEMETRY BIT
Special Data in TS Data Lines UNUSED BITS: RECEIVED
313, 40, 47, 54,
**As formatted by 61, 68, 75, 84,
OLS on Satellite 85, 89, 96, 103,
110, 117
el FIGURE 18: SDS AND RDS SUB-SYNC FRAME FORMAT |

39



1S-YD-821B
9 March 1990
4.1.2.6.1 ALARM COBES

(1) 000001 as received (1l = 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 2'2 units of value .99 milliradians, which is .25
milliradians. Referring to Figure 18, if QI is a zero, indicating
positive offset, and Q2Q3Q4Q5Q6 is some nonzero value then the center
of scan is in the +X, -Z quadrant. If Ql is a one, indicating negative
offset, then the center of secan 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 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 SCANNER_DTRECTION

The 5th and 6th bits of word 10 identify the direction of
movement of the scanner with respect to the spacecraft +Z 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 +Z 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 SDS line was being
sampled.

The bit is enceded as follows:

ZERQ = Predominent actual scanner rotation from the +Z axics towards the
-Z axis,

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

4,1.2.6.4 TIME CODBE

Words 11 through 15 define a 27 bit time code. The
code is a pure binary number wich the least significant bit equal to
1/1024 second. The time code, as inserted into the sub-sync frame,

20
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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
elapsed time counter. The elapsed time counter (which is updaced
approximately once daily) is a spaceecraft 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



IS-YD-821B
7 March 1991

4.1.2.6.5 GAIN CODE

Words 16, 17, and 18 contain a 9 bic gain code plus 4 bits
to idencify the sub-mode being used. Refer to Figure 18 for 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 first sample of actual video of the fifth scan of the
five scans that are averaged together to produce a single SDS/RDS
line. Therefore the gain value will alternate in subsequent sub-sync
frames between the gain value used for the lst video sample of the
oth line at the +Z end and then the gain value used for the lst
video sample of the 5th line at the -Z end. If the gain mode is
PGC, then the gain value is the gain for the fifth scan of the five
scans that are averaged to form an SDS/RDS line. The & bits (M1-M&)
used to identify the sub-mode are given below:

Ml Mode

0 Gain states in visual processor are linear.
1 Gain scates in visual processor are logarithmic.
M M M4 Mode

0 0 0 UNUSED

0 0 1 ASGC

o 1 0 ATGC

1 0 0 PGC/HRD

1 0 1 PGC/PMT 1/9

1 1 0 PGC/PMT - LoW

1 1 1 PGC/PMT - HIGH

0 1 1 SPARE

4l
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Three modes for gain control by the processor are: Aloeng Scan
Gain Control (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. -

4.1.2.6.6 CALTBRATION WORDS

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

(L) Hot T Cal: 8 bits resolution + 1 bic segment I.D,

The Hot T Cal value is updaced during each +Z EOS (end of scan)
and this value 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 blackbedy sources on the sensor. The segment
I.D. bit identifies the segment of the T dectector being calibrated.
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(3) Location Data:

The informaction contained in the 32 bits designated 21 - Z32 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 to 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 (EPHCIK) which references the time of calculation of all the
information of the sequence Word 1 thru Word 5 downlinked in the Z1-
Z32 bits in SDS/RDS. The data will be downlinked as a correlated
group in the sequence Word 5 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: & bits resolution:

The PMT 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.

(5) 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.

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 one 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) of the five scan lines that
are averaged to obtain one SDS/RDS line.
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LS8
] 13 14 29 30 3132
| | I
WORD | EPH CLOCK | LONGITUDE T
ONE | 13 BITS | 16 BITS Fo| o)
| I I
[MSB = 28 SEC LSB = 2% SEC} MSB LSB | | |
MSB LSB
] 15 16 29 30 31 32
| [ COSINE 1 |
WORD | LATITUDE | CROSSING ANGLE bl
TWO | 15 BITS \ 14 BITS fof1}0
I | T
jMS8 LSB | MSB LSB i | |
MSB LS8
1 14 15 29 30 31 32
| [ I
WORD | £0S SOLAR AZ | SOLAR EL T
THREE | 14 BITS | 15 BITS N ERER
| I T
|MS8 LSB | MsA Lse | | |
MSB LSB
1 14 15 29 30 31_ 32
I [ I
WORD | H/R | EPH CLOCK T B
FOUR | 14 BITS | 15 BITS 1101} 0
[ | I I
|MS8 LSB | MsB = 217 sEC LSB =23 SEC | | |
MSB LS8
1 89 21 22 29 3031 32
| COSINE OF | | o
WORD | LUNAR AZ : LUNAR EL { LUMAR PHASE |1 |
FIVE | 8 BITS [ 13 BITS | 8 BITS 111011
I I I T B
|MSB LSB | MSB LSB | MSB (Y S T
TAG BITS(Z230-732) CODE
30 31 32
0 o 0 NO DATA
0 o 1 WORD 1
0 1 0 WORD 2
0 1 ) WORD 3
1 0 0 WORD 4
10 1 WORD 5
1 1 0 SPARE
1 1 ] SPARE
FIGURE 19. LOCATION DATA WORDS
gp/0052R
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8it Range

Paramter Units Sign Bit MSB-LSB

£PH CLK Seconds N/A 217 . -4

Longitude w Radians S 2=t - 2-15

Latitude » Radians 5 2-1 - 2-14

Cosine Crossing

Angle None 5 271 - 2-13

Cosine Solar

Azimuth None 5 2-1 - 2713

Salar Elevation Degrees 3 26 - 2-7

h/R €arth Radii 0 2-3 - 2-15

(R = 6378.145 Km)

Cosine Lunar

Azimuth None s 2-1 = 2~7 [
|
|

Lunar Elevaticn Degrees 5 26 - 2-5 |
|
|

Lunar Phase Degrees N/A 21 - 20 {

S = 5ign bit with negative numbers represented as 2's complement.

Figure 20. Location Data Words Content

gp/0052R
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4.1.2.7 TELEMETRY FRAME FORMAT

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 SDS) and
continues until the Line sync Frame (see Figure 21). Note that some
telemetry bits are complemented for transition density purposes.

4.1.2,7.1 TIELEMETRY RECORD

The telemetry record reconstructed from the telemetry words in
the LS line is shown in Figure 22. One spacecraft telemetry word
consists of 14 bits. At the end of each received telemetry record
is a celemetry 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 0-16 words. N, to N, contains the word count with
the MSB in N,. N; = 1 indicates that the telemetry data overflowed
an OLS buffer and some data has been lost. When an overflow occurs,
a new record is starcted and the N, bit is set to logic "1". The
word count in N,-N; is not affected. The word count allows ground
processing to distinguish new telemetry from old data still in the
OLS buffer that has not been overwritten by new telemetry at the
time of telemetry transfer incto the LS line.

4.1.3 RTD DATA F T
4.1.3.1 FORMAT

The RTD frame format is shown in Figure 23. The frame is 150
bits long and consists of a 13 bit Frame Sync Code, 1 tag bic, 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 is implemented for insertion
of the DMDM data and SPECIAL data.
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-

S10[S9 [sS8 {s7 [sé |s5

S2

81

Telemetry:
Tl = MSB = Last bit in from
Spacecraft

T7 = LSB = First bit in from
Spacecraft

NOTE COMPLEMENTED TELEMETRY BITS

TYPCIAL 14 BIT
TELEMETRY WORD

BIT 208

FIGURE 21: SDS AND RDS TELEMETRY FRAME FORMAT
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Té
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T1
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T3

T4

T3

T2

T1

T6

T5

T4

T3

T2

T1

T&

T5

T4

T3

T2

T1

T6

TS

T4
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YELEMETRY DATA
~—19AS RECEIVED AT
INTERFACE IN
SDS

TELEMETRY DATA
AS RECEIVED AT
INTERFACE IN
RDS

N, = {

1, LOSS OF DATA
0, NO LOSS OF DATA

N, = MSB

(# OF 14 BIT WORDS QF NEXT

TELEMETRY WORD COUNT
OF RECORD N-1 _—

r

OHpP>»a

i I

WORD 1 _—
WORD 2 —_—>
WORD X _D>

WORD X+] ——m>

WORD 61 i

TELEMETRY WCRD COUNT

OF RECORD N,
(X 14-BIT WORDS)

[ WORD 1 >
v
A TYPICAL 14 >
L BIT TELEMETRY
I WORD SHOWING
D 1 COMPLEMENTED

BITS

D
A
T
A

| WORD 61 >

RECORD TO BE REGEIVED)

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

/ = LSB = FIRST BIT IN FROM S/C
ALL TELEMETRY WORDS ARE 14 BITS LONG

~—~—nOTE:

FIGURE 22:

TELEMETRY RECORD
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N7 N6 N5 N4 N3 N2 N1

T7 T6 T5 T4 T3 T2 T1

T7 T6 T5 T4 T3 T2 T1

OLD DATA

N7 N6 N5 N4 N3 N2 Ni

T7 T6 TS5 T4 T3 T2 T1

T7 T6 TS T4 T3 T2 T1

T7 T6 T5 T4 T3 T2 T1

T7 T6 T5 T4 T3 T2 TL

0

" o

N+1

.

LAST TELEMETRY |
BIT RECEIVED I
AT INTERFACE !
IN RDS |

1ST TELEMETRY BIT
BIT RECEIVED
AT INTERFACE
IN SDS |



IS-YD-821B
9 March 1990

J:*-BIT 1

01011 1]11)01]1]01] 1] Word
S2] St| F6| F5| F4] F3| F2| Fl) Word

2 11 111 ]1¢1

TAG BIT VIDED S4) S3) F6| F5| F4) F3)| F2] F1| Word
A F1-F6 51-88 S6| S5{ F6) F5| F4| F3| F2) F1| Word

0 LF TS S8l S7| F6] F3| Fa| F3| F2| F1| Word
T2] T2| F6| F5| F4| F3| F2| Fl| Word

1 TF LS S2| S1| F6) F5] F4| F3) F2| Fl| Word

|
i

|

|

!

|

|_S&| S3) F6| F5| F4] F3| F2| F1| Word
|_S61 S5| F6} F5| F4| F3| F2 F1| Word
|_S81 S7| F6| F5| F4| F3| F2| FL| Word
|

|

!

|

i

|

|

f

TRANSITION BITS:

[
OV~ WL L W

T2| T2| F6] FS| F4| F3] F2| Fl{ Word 11
S2| S1| F6] F5| F4) F3| F2| F1| Word 12
S4| S3} F6] FS| F4| F3| F2| F1| Word 13
$61 S5| F6] F5{ F4| F3| F2| F1| Word 14
S8} S7| F6| F5| F4| F3| F2| Fl| Word 15
T2] T2| F6| FS| F4) F3] F2| Fl| Word 16
WB| W7 W6| W5) Wa| W3| W2| Wl| Word 17
K2| K1{ J6) JS| J&| J3| J2| J1| Word 18
SMOOTHED DATA: /(
S1=MSB = 2,500 volts

T2=COMPLEMENT OF PRECEDING F& BIT

FINE DATA:
Fl=MSB = 2,500 volts

F6=LSB = .078 volts

BIT 150

SB8=LSB = ,019 volts
"WOW/FLUTTER" :

W1=MSB = 27

w8=LSB = 20
TERDATS DATA TYPE TERDATS DATA:
K1 K2 DATA J1=MSB

0 0 NO DATA .

0 1 DM DM

1 0 SSP DATA -

1 1 UNUSED J6=LSB

FIGURE 23: RTD FRAME FORMAT
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4.1.3.1.1 FRAME SYNC CODE

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

4.1.3.1.2 TAG BIT

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. Video type is as
follows:

Tag Bic Video
0 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 samples
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 RID 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 10l). In order to guarantee a
high average transition density, transition bits (T2) are incorporated
within the frame structure. The T2 bits (bits 53 and 54; 93 and 94;

and 133 and 134) are the complement of the preceding F6 bit. The RTD
line contains 1452-1500 samples of smoothed data and 7260-7500 samples
of fine data.
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4.1.3.1.4 RELATTONSHIP OF VIDEO TO FRAME

In the RTD mode, the data i's processed 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 relationships between
the Line Sync Frame and the first video sample are fixed. In the RTD
mode, in order to position the video samples accurately, a known
reference is provided. 1In both the Line Sync and Sub-Sync frames a
code is inserted to identify the bit in the previous frame at which
time coincidence occurred with the start (end) of active video at +
56.41° on the scanner, relative to nadir.

4,1,3.1.5 PHASE RELATIONSHIP OF VIDEQ TO FRAME

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

£.1.3.1.6 SCANNER DTRECTTON

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 RID formatter on the satellite arranges the
frame bit pattern such that the frame sync code is received exactly as
in the stored modes,

= AR LS
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4.1.3.1.7 SCAN ANGLE OF VIDEO DATA SaMPLES

The RTD video data is not corrected in the OLS so that
data samples do not correspond to fixed scan augles. The data sampling
occurs at a varying sampling frequency of nominally 102.4 kHz. Ground
correction of video data sample placement to eliminate the effects of
scanner motion deviations from nominal is possible using the wow
flutter information. (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 (@) for sample number (Si) is defined as

follows:
g - (-1)D*pp*cos (WkM+B) - N*K
vhere:
D = 0 for RTD DOS O
1 for RID DOS 1
Bp = 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 frame 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 RID 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 26. When
the scanner passes through + 56.41° towards nadir, the OLS stores the
bit number (1-130) 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:

t/2564M



FIGURE 24A:

AVE
Starc Sample
Bit Time
Rising Edge

Frame N-1 1
11
21
3l
4l
51
61

81
91
101
111
121
131
Frame N-1 141
Frame N 1

FIGURE 24B:
AVE
Start Sample

Bit Time
Rising Edge

Sample Valid

PHASE RELATIONSHIP OF FINE VIDEO TO FRAME

= GE

Sample Received

Bic Time Bit Time
Falling edge
3 Frame N 15
13 23
23 1
33 39
43 47
53 55
63 63
73 71
B3 79
93 87
103 85
113 103
123 111
133 119
143 Frame N 127
3 Frame N + 1 15

PHASE RELATIONSHIP OF SMOOTHED VIDEO TO FRAME

OGE
Sample Valid Sample Received
Bit Time Bit Time
Falling edge
8 Frame N 45
58 N 85
108 N 125
8 Frame N + 1 45

FIGURE 24: PHASE RELATIONSHIPS OF VIDEQO TQ FRAME

r /IDISROM

(¥ 1]
Fud

1S-¥D-8218
9 March 1990



-821B

9 March 1990

IS-

LVINHOT INIT ALY : ST HYNDII

"186 01 §9¢ woiy
93ue! UED SAUIRY JO JSQUINU [B10) AU, ‘00 O1 8§ WOIJ aFuer ued SSWRIJ O3PIA JO IQUINU [8103 Y], ‘#§ 01

LL uioxy 33uer ued surely Yue[q JO JAQUINU [B30) S ‘uonjows JoUUBIS I Jo (6] LG WoI) uoneiAap sprudure
wnuixew pue (zH 46'C woij) uonerasp Aouanbaiy ¢, 1 0) 9n(q “JeuLIo] SuIl [eutwou atp syuasardar 2y sy, ¢
‘() Ul SI SWIRI UNYIIM I2GUINU PIOA °7
“SuTun 9oeLI9)uUl 03 PIJUIAJal SI [ ] ur Jaquinu wes, *|

‘SILON
| TNV R gt SNV SHINVES
ONAS | _JINVIE »| ONAS OFAA
INI'T 08 10 L 4SS Ti0]
(81) | @n| ®D (81) | @D
(L1) | @ (LD (L1)
O ©n| o oD | OV
D) 1)
O O O O 0 O 0 O
q q g | €n m m m m €| g | 17 q q q
d a d a a d d a
Y Y A4 A\
I I I N . 1 1 1 n 1 I I I [
A A A w q q q q q A A A A A
1 1
M v
4] @ @ @) (@
(1) (1) (1) (1 (n
[68%-61  [¥] (€] [zl {1] [eet] [z6v] [16¥]  [06t)
-4

HOVIYILINT LV JT1VOS gALT




TAG BIT
Z
0

1

=

2 1 1 11 31 {1771

VIDEO

ALARM CODE:
WORDS 2-13

LINE SYNC_CODE:
A=MSB=27
H=LSB=20

SCANNER OFFSET:
QL=SIGN*

Q6~-LsB-2"2

SCAN DIRECTION=-R

"WDW/FLUTTER;:
W1l=MSB = 2

we-LsB - 20

VEHICLE IDENTITY

11=MSB=2

T4mLSB=20

TERDATS DATA TYPE
DATA

KL K2

*NEGATIVE NUMBERS

Q2=-MSB=2“ REPRESENTED AS 2's-
COMPLEMENT

OO
OO

e IR EAM

NO DATA
DM DM
SSP DATA
UNUSED

FIGURE 26:
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0
1
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1
1
i
1
1
1
1
1
1
0
0
Q
)
K

ot

J6=LSB

G [ |0

L jun

Unused Bits:
21, 22, 29, 30, 37, 38,
45, 46, 53, 54, Bl, 62,

69, 70,
93, 94,

IS-YD-821B
9 March 1990

BIT 1

| Word
| Word
| Word
| Word
| Word
| Word
| Word
| Word
| Word
| Word 10
|

|

I

I

{

I

|

I

O~ WwN

Word 11
Word 12
Word 13
Word 14
Word 15
Word 16
Word 17
Word 18

77, 78, 85, 86,
101, 102, 109,

110, 117, 118, 125, 126

TERDATS DATA:
J1=MSB

RTD LINE SYNC FRAME
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4.1.3.3.1 AILARM CODES

(1) 111110 (0 = 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 26 for
location of alarm codes).

{(2) 000001 (1 = LSB of code)

This alarm code 1s formatted in the odd-numbered
words starting at word 3 and ending at word 13 (refer to 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 previous
frame (1) where ch? line sync pulse occurred. The code is received MSB
first (A = MSB = 2, H = LSB = 2V),

4,1.3.3.3 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 2'2 units of value .99 milliradians, which is .25
milliradians. Referring to Figure 26 if Ql is a zero, indicating
positive offset, and Q2Q3Q4Q5Q6 is some nonzero value then the center of
scan is in the +X, -Z quadrant. If Ql 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 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 6 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 identical and are encoded as follows:

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

ONE = actual scanner rocation from the -Z axis towards
the +Z axis

[
[
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4.1.3.4 BLANK FRAME FORMAT

Blank frames occur during the over scan period of the
scanner when video is not being formatted between the Line Sync frame-
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 Chrough #56.41° towards overscan, the OLS stores the bit
number (1-150) of the frame being transmitted. 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 pulae occurred. The code is received MSB
first (A = MSB = 2°, H = LSB = 2V).

4,1,3.5.3 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 .99 milliradians, which is .25
milliradians. Referring to Figure 26 if Ql is a zero, indicating
positive offset, and Q2Q3Q4Q5Q6 is some nonzero value then the center of
scan is in the +X, -Z quadranct. 1If Ql is a one, indicating negative
cffset, then the center of scan is in the +X, +Z quadrant.

In the locked encoder simulator mode the scanner offsert
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.
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[z 1 1111111111010 1)1]04{1]011]|Word 1
[0 ]0]0]0]10]01{0]0]| Word 2
TAG BIT VIDEO | 010101010 0[0]0| Word 3
z F1-Fé S1-58 | 0101010001070/ Word 4
0 LF TS IL10]0]0]0]0J0]0] Word 5
|.111]0]010)0]01|0| Word 6
1 TF LS | 0101 010)0]01}0] 0| Word 7
| 01010100100 0] Word 8
BLANK CODE: | 0101 0]0]|06)0107]0]Word 9
WORDS 2-16=0's EXCEPT | 110(0[0|10101]07]0]1 Word 10
Transition Bits and Bits [1L 1110400 1] 01]0]0]| Wordll
46, 86, & 126 = 1's {01 01010]0]01)0]0| Word12
|01 01010]010}0] 0| Word 13
*WOW/FLUTTER" : |0 101010)01]07]0]| 0| VWord 14
Wl-MSB = 27 11010101 0(01{07]0]| Word 15
| 11110101010/ 0710][Wordl6
) |_ 8| W7) W6| WS| W4l W3| W2| Wi| Word 17
we-LsB - 2° |_K2! K1{ J6] JS| J4| J3| J2| J1| Word 18
TERDATS DATA TYPE: BIT 150
KL K2 DATA
0 0 NO DATA
0 1 DMDM
1 O  SSP DATA
1 1  UNUSED
TERDATS DATA:
J1-MSB
J6=LSB
TERDATS DATA TYPE TERDATS DATA:
KL K2  DATA J1=MSB
0 0 NO DATA :
0 1 DM DM
1 0 SSP DATA -
1 1 UNUSED J6=LSB

FIGURE 27: RTD BLANK FRAME
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BIT 1

2 1 L 1111111101011 111071 ]07]1]{%rdl
|11 111]0]0101]0]0] Word 2
TAG BIT VIDEO Il 117011 11171111 ]Word 3
z F1-F6 S1.58 |1 1111410101} 01]0]0] Word &
) LF TS | 1110111111131} Word 5
|1 11 ]1[0]0]0]0]0]| Word 6
1 TF LS |11 31101111131 ]1]Word 7
L1 1131]01]0]0)0]0]|Word 8
ALARM CODE: | 1111011 (11171113 ) Word 9
WORDS 2-13 (11111101 0]010] 0] Word10
|1 1110111141 (1]1]Wordll
SUB- SYNC_CODE: {113111]10]0]07]010| Word12
A=MSB=27 |11 1101 )3 111171 word13
| 0 10| F)E|{D|C|B]|A| Word1s
, | O | O I4] T3] 121 I1]{ H | G| Word 15
H=L5B=2° |4g,1 Q5] R | R | Q41 03] 02] Q1| Word 16
|_W8| W7| W6| WS| W4| W3| W2| Wl| Word 17
|_K21 K1} J6 J4| J3)| J2] J1| Word 18
SCANNER OFFSET: A
Q1-SIGN* *NEGATIVE NUMBERS BIT 150
Q2~MSB-22 REPRESENTED AS 2's
COMPLEMENT
Q6=LSB=~2"2
SCAN DIRECTION=R Unused Bits:
21, 22, 29, 30, 37, 38,
“WOW/FLUTTER" ; 45, 46, 53, 54, 61, 62,
W1=MSB = 2 69, 70, 77, 78, 85, 86,
93, 94, 101, 102, 109,
. 110, 117, 118, 125, 126
wB=LsB = 2°
VEHICLE IDENTITY:
11-MSB=2
14=L5B=20
TERDATS DATA TYPE: TERDATS DATA:
Kl K2  DATA J1-MS8
0 0 NO DATA :
0 1 DM D
1 0 SSP DATA -
1 1 UNUSED J6=LSB
FIGURE 28: RTD SUB-SYNC FRAME
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4,1.3.5.4 SCANNER DIRECTION

Bits 5 and 6 of word 16 identify the direccion of the -
actual movement of the scanner with respect to the spacecraft 2 -
axis. Note that the data received at the interface is in the actual
scanner direction. Both bits are identical and are encoded as follows:

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

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

4.1.3.6 - UWOW/FLUTTER 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 occurs 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 Kl and K2 identify the type of data
contajined in J1 - J6 as follows:

r/2564M
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K o] Data Type
0 0 No Data
0 1 Direct Mode Data Message (DMDM)
1 0 SSP Data
1l 1 Unused

4.1.3.7.1 DIRECT MOCE DATA MESSAGE (DMDM)

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

-

J Data

J1l = MSB Ist bit in from the uplinked DM
J6 = LSB Last bit in from the uplinked TN

The DT data is encoded as a 6 bit ASCIT code shown
in Figure 29.

4.1.3.7.2 RTD SPECIAL DATA MESSAGE

A special data message (consisting of data from special
meteorological senscors) as transmittad o the ground is inserted
into the J1 - J6 bits in the overscan period between line sync
frame and the sw~sync frame including the sub-sync frame and exclud-
ing the line sync frame (which has DMDM data),

s Change B
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BIT (CE CHARACITR OIT CONE CHARMCTER
000000 ° 9 2 130000 32 ™
000001 1 a 100001 33 !
000010 2 5 100019 34 =
000011 3 C 100011 35 a
030100 4 D 100100 36 S
000101 5 i 100101 37 %
000110 6 F 190110 38 &
990111 7 G 150111 39 ' (apos.)
091090 3 i 101009 4n (
001091 9 T 101001 41 )
001010 10 J 101010 42 *
001011 11 I 101011 A3 +
001100 12 L 101100 44 , {cama)
001101 13 ] 101101 45 -
001110 14 R4 101110 46 .
001111 15 o} 111 47 /
010000 15 P 110000 43 0
010001 .. 17 9) 110001 49 1
010010 , 13 R 110010 50 2
010011 19 s 110011 51 3
010150 29 T 110100 52 4
010101 21 U 110101 53 5
010110 22 \'4 110110 54 6
010113 23 19 110111 55 7
011000 24 X 111000 56 8
011001 25 v 111001 57 9
011010 26 3 111010 58 :
911011 27 [ 111011 59 :
011100 22 \ 111100 60 <
011101 29 ] 111101 61 =
011110 39 ] 111110 62 )
011111 31 - 111111 63 ?

Note: The left most bit in the bit code is the MSB, which is
J1l if KIX2 = 01.
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4.1.3.7.3 SPECIAL DATA

A group of special data words comprises a special data
message (see Figure 30). A typical message as received consists of =
a sync code followed by the time code followed by the data format -
section followed by the data. The data is formatted in contiguous
blocks of sensor data. Note that the first bit after the format
section (the right most bit of Figure 30) is complemented and every
second bit will be complemented until the beginning of the next block.
Each block could contain data from a separate special sensor,

Note chat the RTD special data will contain the special data in the OLS
LS data line format followed by the special data in the TS data line
format to the limits of the RID overscan frames. The SSP data message
is reconstructed by storing as received the J1 to J6 bits of each SSP
identified TERDATS word. The message is interrogated in the same
direction as received for the Sync Code, Time Code, Format Section,
and SSP data. The first SSP data bit following the Format Section

is the LSB of the first word of the first sensor identified in the
Format Section. The bits following the SSP data bits of the recon-
structed SSP message are filler bics. The Time Code will change for
each new interrogation cycle and the value will differ by 1 + 0,005
seconds between adjacent SSP records. The format section will refer
to all formatted SSP data (up to the guaranteed data capacity). The
guaranteed data capacity and maximum data capacity, each including

288 bits of overhead, are as shown in the following table.

Data Capacity (bits per recerd)
I | ! I
| QLS | Guaranteed | Maximum |
| I | |
|_7-16 ] 5220 | 6048 |
62
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TIME SCALE AT INTERFACE
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Note that every other bit complemented
LAST BIT RECEIVED AT INTERFACE

FIGURE 30: SSP MESSAGE FORMAT
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Westinghouse Electronic Systems Group
Electric Corporation Space Dwision

Box 1521
Balimore Maryland 21203

9 December 1991
Letter No. 118-461
HQ USAF Space Systems Division
P. O. Box 92960
Worldway Postal Center
Los Angeles, CA 90009-2960
Attention: MWSIC/DMO
Subject: Contract F04701-88-C-0118, CDRL 015A2
Specification Maintenance Document (Hardware)
Approved SCN 011 to IS-YD-821B Data Specification

Reference:  P00020 of the Subject Contract
Enclosure:  Seven (7) copies of Subject CDRL
Gentlemen:
In accordance with the terms of the subject contract, enclosed herewith are seven (7) copies of
CDRL 015A2 Specification Maintenance Document - Approved SCN 011 to the IS-YD-821B Data
Specification for your review and retention.
Very truly yours,
WESTINGHOUSE ELECT RIC CORPORATION

s //’/
Celeste H, Yousoof, Esq
Contracts Representatwe

(_S-

”

cc: DPRO
PKWI
Harris
GE/ASD
1000 SOG/LKX
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(¢) The descrictive data for ltem 0008 is revised by increasing the
target cost, target profit and target price Lherein by $11,039.00, $857.00 and
$11,896.00, respectively.

- (d) The descriotive data for Item 0009 is revised by increasing tie

target cost, target profit and target price therein by $11,576.00, $899.00 and
$12,475.00, respectively.

(e) The descriptive data for Item 0010 is revised by increasing the
target cost, target profit and target price therein by $11,951.00, $928.00 and
$12,879.00, respectively.

(2) SECTION B(2) of said PART [ is revised as follows:

(a) The total target cost in subparagraph a. is increased by
$389,665.00.

(b) The total target profit in subparagraph b. is increased by
$30,335.00.

(c) The total target price in subparagraph c. is increased by
$420,000.00.

(d) The ceiling price in subparagraph d. is increased by $467,598.00.
(3) SECTION G(1) of said PART I is changed as shown below:

696 - PART I, SECTION G OF THE SCHEDULE

Appropriation/Lmt Subhead/CPN Recip DODAAD Obligation
ACRN Acct Class data Suppliemental Accounting Classification Amount
AC  ACCOUNT CHANGE .
UNCLASSIFIED $ 420,000.00
pr/mipr data:
FY7616901096
descriptive data: 5703020 F94200

150 4730 230MSP 004030 00000 35160F 534200
PR is partial. Total obligation for this ACRN is
$19,228,706.00.

Meodification P00020 to
F04701-88-C-0118
-3-



	Scanned from isd-509-xerox7845
	Scanned from isd-509-xerox7845 (1)

