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Section 1. Overview

1.1 Scope

This interface control document (ICD) defines the RS-422 data interface between the Earth Orbiter-1
(EO-1) Advanced Land Imager (ALI) instrument and the EO-1 spacecraft. The RS-422 data interface
between the EO-1 Linear Etalon Imaging Spectral Array/Atmospheric Corrector (LEISA/AC or AC)
instrument and the EO-1 spacecraft is defined in a separate document.

1.2  Supporting Documents

ALI-S1002 Focd Plane Subsystem to Instrument Interface Control Document (EO-1
Advanced Land Imager), Massachusetts Indtitute of Technology/Lincoln
Laboratory (MIT/LL), 1997

AM-149-0020(155)  System Leve Electrical Requirements NMP EO-1 Hight, Litton Amecom,
1996

EO-1 Advanced Land Imager Design Convergence Review, 1997 (source:
EO-1 Web page)

EIA-422-B Electrical Characterigtics of Badanced Voltage Digitd Interface Circuits,
ElA, 1994

TBD#; Rev. D WARP to Ground ICD, GSFC, 1997

1.3 Requirements

Figure 1-1 shows the EO-1 Flight Data System architecture. The RS-422 data interface transfers raw
high-rate science data from the AL to the spacecraft. Specificaly, the RS-422 data interface transfers
science data from the ALI’s Focal Plane Electronics (FPE) to the spacecraft-s-Hastrument-FiberOptic
Data-Bus{FODB)Termina-and-Wideband Advanced Recorder/Processor (WARP), through a direct
electrica connection

1.4 Interface Description
Figure 1-2 illugtrates the interface from the AL to the WARPWARP.

A sngle MS/PAN RS-422 pardld data interface exists between the ALI and the WARPWARP. Fhis
Thisdata port contains 1 clock line and 32 data lines. Data are transferred sequentialy across the port
in 32-bit pardlel data words. Each word consists of 24 bits of pixel data (two 12-bit pixels) and 8 bits
of auxiliary data. The dataformat will be trandferred in its “raw” form across the interfece..
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Earth Monitoring Earth Monitoring Earth Monitoring
MIL-STD-1773 RT(ZL MIL-STD-1773 RT
< ALI AC Hp [
1 1 2
Parallel RS-422 Parallel RS-422 Parallel RS-422
ALl Science Data AC Science Data Hyperion Science Data
MIL-STD-1773 RT(2)
WARP < ’A
X-Band Data S-Band Data l
v

ACDS

X-Band Antenna l T

l S-Band RF
X-Band RF lS-Band RFT

Figure 1-1. EO-1 Flight Data-System-ArchitectureWARP Block Diagram
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Each

ALl AC HYP

PORT#: 1 6 4 5

Signal Pairs: 33 34 33 33

v v \ 4 v
WARP
Not es:

1)*Denotes RS-422 twi sted-shielded pair. Each data port has 32 data lines and | clock

l'ine.

2) PORT Designati ons:
PORT 1 => M5/ PAN (ALl PCRT A)
PORT 4 => VNIR HYP (ALI PCRT D)
PORT 5 => SWR HYP (ALl PCRT E)
PORT 6 ATMOBHPERI C CORRECTCOR (not defi ned here)

Figure 1-2. ALI RS-422 Interfaces

1.5 Interface Layers Description

This document will use a modified Open Systems Interconnection (OSl) standard modd that describes
an interface between two systems. Each system performs functions that can be described as a series of
layers. Each system has the same number of layers. The equivdent layers for each system have the same
functions and communicate via an established protocol that is trangparent to the protocols at the other
layers. Each system passes data from its upper layers to its lower layers via a service provided by the
next lower layer.

OSl uses seven layers to describe an interface; for this document three layers are used: the Physica
Layer (Layer 1), the Data Link Layer (Layer 2), and the Application Layer (Layer 3). The first two
layers are identicad to those of the OSl standard, and the third layer corresponds to the application-
specific data structures of the serviced item. Figure 1-3 illugtrates the layer concept.

1-3 IRN 001




ICD-056
Baseline
March 30, 1998



ICD-056
Baseline
March 30, 1998

Name of
Layer Layer Data Units
Protocol Exchanged
+ Communications Subnet +
2 Frame (Cell)
32-bit word

Header + data

Figure 1-3. OSI Layer Concept



ICD-056
Baseline
March 30, 1998

Section 2. Physical Layer

2.1 Function

The Physcd Layer consds of two parts: the physica layer medium (the cabling and connectors, €tc.)
that makes up the physica connection between the two systems and the physica layer protocol that
definesthe lowest leve of formatting (bit-level) of the data.

2.2 Cable Type

221 Maximum Cable Length/Terminations

The maximum, 26 4AWG twrsted shielded pair cable Iength from the ALI to the WARP on the EO-1
spacecraft is 12 —feet. : »
eonneeterswrthm—the-m&rumeqt—FQDBlecmmd—M aximum cable Iengths were daerml ned from the
RS-422 test bed results (06/30/97) and EIA-RS-422 standard. In addition, al wires used within the
same port (pardld word interface) shall be routed aiong the same path asauri ng amilar cable lengths for
al bits within the same words. W4 /IF
sgras-ad-WARP RS-422 recever termination |mpeda1ces for data Irnes shdl be AC coupled wrth
120-ohm resigtor values in series with 100 picofarad capacitor values. The SWARAMSIGISM S/PAN
clocks will be DC terminated with a 17720-ohm resistors. Termination impedance vaues were
determined from the RS-422 test bed results (06/30/97).

2.2.2 Wire Gauge and Impedance

Each sgnd shdl be conveyed viaa 26 4-AWG twisted bundled -shielded pai+cable. The characteristic
impedance of the twisted-shielded pair cables shal be 120 ohms.

2.2.3 Shield Connections
All shidds shdl betermr nated to the backshells of the connectors on both ends of the harn&s run.-Beth

ALI data port shail mate to the EO-1 spacecraft via a harness wrth an M824308-ser|es DB78
connector. All mae-type connectors shall have the GSFC part number 311P407-5P-B-12. All femae-
type connectors shal have the GSFC part number 311P407 55B-12. Ihemstrumeqt—FQDB—'Fermmd

mal etype DB78 connectors, requr ring the harness to use mating femae-type DB78 connectors. Due to

2-1 IRN 001
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limited connector space, the harness femae-type DB?8 connectors that mate to the WA RP S RS422

interface shdl not have EMI backshdls—A—ble
Fgure2-1.

Figure 2-1. -ConnectorFype Block BiagramDeleted

2.3.1 Connector Pin-Out

For ALI 100 MDM connector pin-outs, reference the Foca Plane Subsystem to Instrument 1CD,
MIT/LL document ALI-S1002.

Fable-Table 2-1 ligs the ALI-to-WARP 78 harness pin-out assgnments. Table 2-1 lists the ALI-to-
WARP RS-422 harness pi nmom%e%mem—FQDBletmma—sRSA%%&AELeemtheps

: = = Throughout the ALI's operatl ng temperature
range the timing skew between any two RS-422 trangmitters within the same data port shall not exceed
10 ns. Differentid delays between data Sgnds within a given data port (from the ALI) will cause bit
ariva time variaions a the FODB/WARP RS-422 receivers.

Throughout the WARP and-FODB-operating range (-10°C to 40°C), the timing skew between any two
FOBB/WARP RS-422 receivers within the same data port shal not exceed 10 ns.

The 10-ns timing skew maximum is based on 26C31 transmitter and 26C32 receiver test data over
various temperatures (-55°C, 25°C, and 125°C), provided by Harris Semiconductor.

24.1 Rise Time

The rise time (at the output of the generating source) shdl be less than 20 ns, as required by Electricd
Characteridtics of Balanced Voltage Digitd Interface, document EIA-422-B.

2.4.2 Fall Time

The fal time (a the output of the generating source) shdl be less than 20 ns, as required by Electricd
Characteridtics of Balanced Voltage Digitd Interface, document EIA-422-B.

2.4.3 Clock Frequency

The ALI's data port clock output rates-rate is are-as—fellows—3.2 -MHz (MS/PAN)—4-8-MHz

2-2 IRN 001
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24.4 ALl Port Timing Diagrams

For information on the bit-level timing for data transfers with respect to the port clock, refer to Foca
Pane Subsystem to Instrument ICD, MIT/LL document ALI-S1002 (pages 26 and 27). All ALI port
timing is further explained in Section 6.2 of the same document (pages 73 - 77).

2.5 Signal Levels

251 Transmit Levels

Per document EIA-422-B, the differentia voltage level at the outputs of the ALI RS-422 transmitters
shall be between 2.0 and 6.0 VDC.

252 Receive Levels

Per document EIA-422-B, received differential Sgnal voltage of greater than +/- 200 mV shdl cause
the receiving devices to correctly assume the intended binary sate.

2-3 IRN 001



Table 2-1. Pin-Outs (1 of 2)
Pin # Signal Name! Description

1 WP“N"DBOOP Data bit 0 - MSB positive
20 NC No connect
21 WP“N"DBOON Data bit O - MSB negative
2 WP“N"DBO1P Data bit 1 - positive
22 WP“N"DBO1N Data bit 1 - negative
3 WP*“N"DB02P Data bit 2 - positive
23 WP“N"DBO2N Data bit 2 - negative
4 WP“N"DB0O3P Data bit 3 - positive
24 WP“N"DBO3N Data bit 3 - negative
5 WP“N"DB04P Data bit 4 - positive
25 WP“N"DB04N Data bit 4 - negative
6 WP“N"DBO5P Data bit 5 - positive
26 WP“N"DBO5N Data bit 5 - negative
7 WP“N"DB06P Data bit 6 - positive
27 WP“N"DBO6N Data bit 6 - negative
8 WP“N"DBO7P Data bit 7 - positive
28 WP“N"DBO7N Data bit 7 - negative
9 WP“N"DB08P Data bit 8 - positive
29 WP“N"DB0O8N Data bit 8 - negative
10 WP“N"DB09P Data bit 9 - positive
30 WP“N"DBO9N Data bit 9 - negative
11 WP“N"DB10P Data bit 10 - positive
31 WP“N"DB10ON Data bit 10 - negative
12 WP“N"DB11P Data bit 11 - positive
32 WP“N"DB11N Data bit 11 - negative
13 WP“N"DB12P Data bit 12 - positive
33 WP“N"DB12N Data bit 12 - negative
14 WP“N"DB13P Data bit 13 - positive
34 WP“N"DB13N Data bit 13 - negative
15 WP“N"DB14P Data bit 14 - positive
35 WP“N"DB14N Data bit 14 - negative
16 WP“N"DB15P Data bit 15 - positive
36 WP“N"DB15N Data bit 15 - negative
17 WP“N"DB16P Data bit 16 - positive
37 WP“N"DB16N Data bit 16 - negative
18 WP“N"DB17P Data bit 17 - positive
38 WP“N"DB17N Data bit 17 - negative
19 WP“N"DB18P Data bit 18 - positive
39 WP“N"DB18N Data bit 18 - negative
40 NC No connect

ICD-056
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Table 2-1. Pin-Outs (2 of 2)
Pin # Signal Name! Description
41 NC No connect
42 NC No connect
43 NC No connect
44 NC No connect
45 WP“N"DB19P Data bit 19 - positive
65 WP“N"DB19N Data bit 19 - negative
46 WP“N"DB20P Data bit 20 - positive
66 WP“N"DB20N Data bit 20 - negative
47 WP“N"DB21P Data bit 21 - positive
67 WP“N"DB21N Data bit 21 - negative
48 WP“N"DB22P Data bit 22 - positive
68 WP“N"DB22N Data bit 22 - negative
49 WP“N"DB23P Data bit 23 LSB - positive
69 WP“N"DB23N Data bit 23 LSB - negative
50 WP“N"DB24P Data bit 24 - positive band ID LSB
70 WP“N"DB24N Data bit 24 - negative band ID LSB
51 WP“N"DB25P Data bit 25 - positive band 1D
71 WP“N"DB25N Data bit 25 - negative band ID
52 WP“N"DB26P Data bit 26 - positive band ID
72 WP“N"DB26N Data bit 26 - negative band ID
53 WP“N"DB27P Data bit 27 - positive band ID MSB
73 WP*“N"DB27N Data bit 27 - negative band ID MSB
54 WP“N"DB28P Data bit 28 - positive quadrant LSB
74 WP“N"DB28N Data bit 28 - negative quadrant LSB
55 WP“N"DB29P Data bit 29 - positive quadrant MSB
75 WP“N"DB29N Data bit 29 - negative quadrant MSB
56 WP“N"DB30P Data bit 30 - positive line start
76 WP“N"DB30N Data bit 30 - negative line start
57 WP“N"DB31P Data bit 31 - positive dead column
58 NC No connect
59 NC No connect
60 NC No connect
63 NC No connect
64 NC No connect
77 WP“N"DB31N Data bit 31 - negative dead column
78 NC No connect
61 WP“N"CLKP Port clock - positive
62 WP*“N"CLKN Port clock - negative

P WP “N” is WARP port, where N equals 1-3, 4, or through-5.

ICD-056
Baseline
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2.6  Signal Grounding and Isolation

Signd, power, and chassis grounds shdl be handled in accordance with the specifications contained in
the Sysem Leve Electrical Requirements NMP EO-1 Flight, Litton Amecom document AM-149-
0020(155). Signd and power grounds return to a single point ground contained within the PSE of the
gpacecraft. Signd ground is referenced to chasss ground a the output of the secondary power
converter of the relevant subsystem.

2.7 Handling Procedures

271 ESD Precautions

Standard ESD precautions defined a the higher assembly leves for the ALI, the WARP, and the
Ingrument FODB Termind apply to thisinterface.

2.7.2 Connector Installation and Removal

Policies st forth in the Integration and Test (I&T) Plan shal determine the procedures for connector
indalation and removd.

2.7.3 Maximum Number of Mate-Demates

During testing, connector savers shdl be used. The number of mates-demates between the flight harness
and the Insrument FODB Termind (or the WARP RS-422 interface) shdl be limited to no more than
TBD. Policies st forth in the I& T Plan shdl determine the maximum number of mate-demates.

2.8 EMI/EMC/RFI Specifications and Procedures

The RS-422 interface shal conform to the EMI/EMC/RFI specifications and procedures contained
within the System Leve Electrical Requirements NMP EO-1 Hight, Litton Amecom document AM-
149-0020(155).
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Section 3. Data Link Layer

3.1 Function

The Data Link Layer defines the basic data units (referred to as words, lines, or frames) that are present
on the interface and ensures that these data units are transmitted with minima errors from the source to
the destination. The words are created by adding headers to the data at the source, which are then
recognized by the Data Link Layer service in the receiver. These words are required for data transfer
management. The other principd function of thislayer is flow control: managing the volume of data from
source to destination so as to prevent overflow or underflow of the buffers on either end. Both error
control and flow control require acknowledgment from recelver to source, and this acknowledgment
schemeis defined at this layer.

3.2  Data Unit (Word) Definition

3.21 Word Data Area Size

The standard data unit of the ALI RS-422 interface condsts of two 12-bit pixels and an 8-bit header.
Data bit 0 (DBO) is the most ggnificant bit (MSB) of pixe #1; DB11 isthe least Sgnificant bit (LSB) of
pixel #1, BD12 is the MSB of pixe #2; DB23 is the LSB of pixel #2. The header data spans DB24
through DB31. Figure 3-1 illugtrates the AL word format.

MSB LSB MSB LSB LSB MSB LSB MSB
Line |End of
Pixel #1 Pixel #2 Band ID Quadrant | Start |Frame
DBO DB11 DB12 DB23 DB24 DB27 DB28 DB29 DB30 DB31

1 40005/001.ppt

Figure 3-1. ALI Word Format

3.2.2 Word Header Definition

Portions of the science data word header are used to control data flow into the FODB or WARP
interfaces. The science data word header is defined in Focad Plane Subsystem to Instrument 1CD,
MIT/LL document ALI-S1002 (page 40). The science data word header is briefly described in the
following subsections.

3.22.1 WASIGIS SWHR—Ports 3-and-5Deleted

3.222 WAS/GISVNIR-Ports 2 and 4Deleted

3-1 IRN 001
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3.2.2.3 MS/PAN: Port 1

The MS and PAN data are read through the same ALI data port. The BAND 1D, bits 24-27, is a 4-bit
pattern that indicates the data's source and is static during data transmission. Nine discrete patterns
identify the MS band. The ALI identifies its three discrete PAN bands with the same pattern.

The QUADRANT ID, hits 28 and 29, is a 2-bit pattern that identifies the specific sensor collection
assembly (SCA) for data which propagates through the MS/PAN data port. The QUADRANT ID
changes with each port clock and sequentidly cycles through a count of O through 3: MS SCAs are
counts O and 1; PAN SCAs are counts 2 and 3. The SCA IDs ae liged in Figure 19 of MIT/LL
document ALI-S1002.

LINE START (DB30) goes high “1” on the firg vaid data word of an MS or PAN scene. The
MSPAN data format varies based on science commanding, and there is no way to determine whether
the first transmitted word will be MS or PAN data. Header bits DB28 and DB29 must be used with
DB30 and DB31 to distinguish vaid MS data words from valid PAN data words.

For MS, the END OF FRAME (DB31) goes high a the end of the integration period (severa cycles
before the firgt vaid data word of SCA 1) and remains high until the last vaid pixd data of SCA4.
DB31 indicates the end of the MS/PAN data.

For PAN, the END OF FRAME (DB31) goes high at the end of the integration period of SCA1 and
remains high until the last vaid dataword of SCA4.

END OF FRAME (DB31) logicaly “AND’ed” with LINE START (DB30) yields the first pixe for MS
and PAN data. DB29 distinguishes whether the first pixel is MS or PAN. DB29 = 1 identifies the first
PAN pixd, and DB29 = O identifiesthe first MS pixdl.

3.3 Data Unit Timing and ALI Frame Definition

Data unit timing diagrams, relaive to the appropriate port clock, are illusrated in Focd Plane
Subsystem to Instrument ICD, MIT/LL document ALI- 81002 (pages 26 and 27). WASIGIS-SWAR

cIock|s32MHz

ALI port frames consgst of numerous words, excluding the science data header. MIT/LL document
ALI-S1002 (pages 31-39) defines the frame structure for each ALI port.

3-2 IRN 001
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Section 4. Application Layer

4.1 Function

The Application Layer is the most abstract level of the data. The data here represent the contents of the
actud science data issued from the ALI and retained by the FODB/WARRP interfaces.

4.2  Science Data Content and Formatting

The WARP dhdl & >
MS/PANand-insart a 12896- brt frame wnchronlzatlon pattern/counter a the begl nning of each frame.
The frame gynchronization pattern identifies the flrst pixd from the firg quadrant for esch AL-MS
. For the MS/PAN, the frame
synchronrzatron pattern |dent|f|esthe frrst prxel from the MS‘s SCA 1 MIT/LL document ALI-S1002
(Section 6) contains a more detailed explanation of the ALI data word format, integration timing, frame
(line) timing, and data port timing.(see MIT/LL document ALI-S1002 for an illugtration of the data
format of each ALI port). The WARP-to-Ground ICD contains the downlinked science data format.

When the END OF FRAME header bit (DB31) is true, al ALI port data are not vaid. Every vaid
frame contains “dead words,” which are identified in the science data format as ODDREF/EVENREF
words for the MS/PAN format-and-N A , and

WertdS—shaH—net—be—reeerded MS and PAN dead words shaII be recorded Ihe—WARILor—the

M S/PAN frame (line) rate range supported by the WA RP aqd—themstrumem-FQDB—'Fe;cnmd—ls from
182 to 239 frames per second. The nomind frame (line) rate supported is 226 frames per second.

42.1 WAS/GIS- SWIR:-Ports 3-and-5Deleted

Figure 4-1. SWAR \alid/Dead-Weord-PatternDeleted

4.2.2 WAS/IGISVNIRPoerts 2and—4Deleted

Figure 4-2. \NIR-\/alid/Dead-Word-PatternDeleted

4.2.3 MS/PAN: Port 5

The MS and PAN data are multiplexed and transmitted to the WARP\FODB interfaces through asingle
ALI data port. PAN data are read out three times per frame. MS datais read out once per frame. For
each FPE master clock cycle, two MS data words are output followed by two PAN words. Relative
dignment of the MS and PAN data streams varies based on science commanding, and there is no way
to determine whether the firgt tranamitted word will be MS data or PAN (see Section 3.2.2). Timing
diagrams are located in MIT/LL document ALI-S1002. The following subsections describe the MS and
PAN formats.

4-1 IRN 001
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4.2.3.1 MS

The MS FPA consigts of four SCAs with 320 pixds in each of nine bands. Four reference pixds are
associated with each SCA and each band. Two 12-bit pixels are read out of two SCAs sequentialy on
each valid MS port clock cycle. The port clock frequency is 3.2 MHz.

4-2 IRN 001



ICD-056
Baseline
March 30, 1998

MS data are read out once per frame. Within each frame, nonvaid words are interspersed with the
vaid data. Data are received from the ALI in 328 vdid data port clock samples followed by 20 invdid
data port clock samples. The WARP and the Instrument FODB Termind will record the 20 invdid data
port clock samples. The pattern repeats twice for each band. Figure 4-3 illustrates the M S valid/dead
word pattern. A total of 6,244 (9bands *2 blocksband *328 clocks/block + 8 bands*2
blocks/band* 20 clocks/block +1band* 20 clocks) data cycles are required to read out the data frame.

Design Review
EO-1 WARP
Instrument Interface

MS Frame Format

320 valid data words

8 valid reference data words

20 nonvalid reference data words

Format repeats 18 times

Figure 4-3. MS Valid/Dead Word Pattern

The data header bits 24 through 27 indicate the band currently read out and changes state nine times
throughout the data readout period. END OF FRAME (DB31) is not a true data valid bit and should
be used to indicate the end of the data. DB30 goes high on the first vaid data bit for each SCA pair and
is high for two data port cycles. DB31 goes low “0” at the end of aframe, when the data are not valid.
QUADRANT ID, DB28 and DB29, identifies the currently accessed SCA. DB29 is datic fase
throughout the data read, and DB28 toggles on each port cycle.

4232 PAN

The PAN FPA consgts of four SCAs, each with 960 pixels. Four reference pixels are associated with
each SCA and each band. Two 12-bit pixels are read out of two SCAs sequentialy on each vaid PAN
port clock cycle. The port clock frequency is 3.2 MHz.

PAN data are read out three times per frame. Within each frame, nonvalid words are interspersed with
the vaid data. Data are received from the ALI in 968 vaid data port clock samples followed by 20
invalid data port clock samples. The WARP and the Instrument FODB Termind will record the 20
invalid data port clock samples. The cycle repests two times for each scene readout, for a total of Sx
times during aframe. Figure 4-4 illustrates the PAN valid/dead word pattern.

The data header bits 24 through 27 identify which of the 3 PAN cycles is currently read out. LINE
START (DB30) and END OF FRAME (DB31) toggle three cycles each frame, once for each image.
DB31 goes high a the end of the integration period, severd cycles before the firg
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Design Review
EO-1 WARP

Instrument Interface

PAN Frame Format

960 valid data words

8 valid reference data words

20 nonvalid reference data words

Format repeats 6 times

Figure 4-4. PAN Valid/Dead Word Pattern

valid data bit of SCA 1, and remains high until the lagt vaid data bit of SCA 4. DB30 goes high on the
firg valid data bit for each SCA and is high for two data port cycles. DB31 goeslow “0” at theend of a
frame, when the data are not vaid. QUADRANT ID, DB28 and DB29, identifies the currently
accessed SCA. DB29 is dtatic true throughout the data read, and DB28 toggles on each port cycle.
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°C
AC
ALl
DB
EIA
EMC
EMI
EO-1
ESD
FODB
FPA
FPE
GIS
GSFC
ICD
1&T
LEISA
LSB
Mb
MDM
MHz
MIT/LL
MS
MSB
mv
NASA

degree Cdsus
Atmospheric Corrector
Advanced Land Imager
data bit

2d ectromagnetic compatibility?

Earth Orbiter-1

Fiber Optic Data Bus
focd plane aray
focal plane dectronics

Goddard Space Flight Center
interface control document
integration and test

Linear Etalon Imaging Spectral Array
leest Sgnificant bit

megabit

megahertz

Massachusetts Indtitute of Technology/Lincoln Laboratory

mogt Sgnificant bit
millivolt

Nationa Aeronautics and Space Administration
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NMP

osl
PAN
PSE
RF
RFI
SWIR
TBD
VDC
VNIR
WARP
WIS

New Millenium Program
nanosecond

Open Systems I nterconnection

2power switching electronics?
radio frequency

radio frequency interference
shortwave infrared

to be determined

visble and near infrared

Wideband Advanced Recorder/Processor
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