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FOREWORD

This document discusses the multispectral
scanner (MSS) computer compatible tape (CCT)
which is radiometrically corrected in the
Initial Image Generating Subsystem. The
resulting system corrected CCT has been
generally referred to as the bulk MSS CCT.

The document is designed to be useful to the
person who is interested in knowing only the
general information about the system cor-
rected MSS CCT as well as the person who
wants to know more details about the CCT.
The overview section covers all of the gen-
eral information. The second section (tape
format) contains the necessary details for
the data analyst or computer programmer
who is interested in developing computer
software which will read the system cor-
rected MSS CCT. The appendices and the
radiometric striping section contain sup-
plemental information about the radiometric
corrections made to the video data and the
radiometric striping respectively.
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GENERATION AND PHYSICAL CHARACTERISTICS
OF THE ERTS MSS SYSTEM CORRECTED

COMPUTER COMPATIBLE TAPES

Valerie L. Thomas
Image Processing Branch

Information Processing Division

ABSTRACT

This document discusses the generation and format
of the ERTS system corrected multispectral scanner
computer compatible tapes. Included in the discus-
sion are the spacecraft sensors, scene characteris-
tics, the transmission of data, and the conversion
of the data to computer compatible tapes at the NASA
Data Processing Facility. Also included in the dis-
cussion are geometric and radiometric corrections,
tape formats, and the physical characteristics of the
tape.
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GLOSSARY

APT Auxiliary paper tape

Bit The smallest element of binary, computer-intelligible data

Byte A unit of data consisting of eight bits

CCT Computer compatible tape

DS Digital subsystem

EBCDIC Extended binary coded decimal interchange code

ERTS Earth Resources Technology Satellite

GSFC Goddard Space Flight Center

HDDT High-density digital tape

IAT Image annotation tape

ID Identification

HGS Initial image generating subsystem

km Kilometer

LLC Line length code

MSS Multispectral scanner /

NDPF NASA Data Processing Facility

nm Nautical mile

Nmax Maximum line length code

Pixel One video data byte

RBV Return-beam vidicon
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GENERATION AND PHYSICAL CHARACTERISTICS
OF THE ERTS MSS SYSTEM CORRECTED

COMPUTER COMPATIBLE TAPES

OVERVIEW

SPACECRAFT SENSORS

The Earth Resources Technology Satellite (ERTS) contains in its payload two
separate subsystems designed to produce spectral imagery of the earth's sur-
face: the return-beam vidicon (RBV) camera subsystem, and the multi-
spectral scanner (MSS) subsystem.

RBV Camera Subsystem

The RBV camera subsystem contains three individual cameras that operate in
different nominal spectral bands from 0.475 to 0. 830 micrometers. Each
camera contains an optical lens, a shutter, an RBV sensor, a thermoelectric
coder, deflection and focus coils, erase lamps, and the sensor electronics.
Spectral filters in the lens assemblies provide separate spectral viewing re-
gions for the cameras. The three cameras view the same nominal 185-
kilometer square ground scene. When the cameras are shuttered, the images
are stored on the RBV photosensitive surfaces, then scanned to produce video
outputs.

MSS Subsystem

The MSS is a four-band scanner operating in the solar-reflected spectral
region from 0. 5 to 1.1 micrometers. It consists of six detectors for each of
the four bands. The MSS scans crosstrack swaths 185 km wide at normal al-
titude, imaging six scan lines across in each of the four bands simultaneously.
This is accomplished by means of an oscillating flat, mirror between the ground
scene and a double-reflector telescope type of optical chain. The mirror scans
the crosstrack field of view as it oscillates about its nominal position.

Video outputs from each detector in the scanner are sampled, commutated,
and multiplexed into a. modulated stream. The commutated samples are en-
coded and transmitted to ground-based receiving sites. The receiving sites
compile the raw data on video tapes and transmit these tapes to the NASA Data
Processing Facility (NDPF) at the Goddard Space Flight Center (GSFC),
Greenbelt, Maryland.



The NDPF corrects, calibrates and formats the raw MSS data and converts it
to a usable binary form on computer, compatible tapes (CCT). Data processing
operations discussed in this document include the formatting of digitized data
on the CCTs, various corrections that are applied to the data to enhance its
usefulness, and additional data processing such as decompression of data,
radiometric calibration, and insertion of geographic coordinate tick mark in-
formation. For a more detailed description of these and other data process-
ing operations at the NDPF, see "ERTS Data User's Handbook" and the
appendices in this document. .

This document discusses only,Bulk MSS.CCTs.

DISCUSSION OF A SCENE

The annotated and corrected 185-km square ground scene on the CCT is a final
product of the MSS. This scene provides a number of different types of infof^.
mation that can be of value to the data user. An understanding by the user of
the several steps necessary to produce this product will aid him in obtaining
fullest u s e o f t h e M S S data. . . . ' ' . , ' " ' .

Scan Lines . . • . ' . . ' .

A scene is made up of parallel scan lines, each containing a large number of
video data points. There are 2340 of these lines per completed MSS CCT
scene. Each scan line covers a distance of 185 km and is comprised of
from 3000 to 3450 "bytes" of video data. A byte is made up of eight binary
"bits," which are the smallest units recognized by the computer. These eight-
bit bytes (only six of the eight bits contain data in the linear mode, seven in the
decompressed mode) are arranged in such a manner that they can represent
differing radiance levels. The mirror motion since launch has thus far been
highly repeatabie. The scan line for a given scene has had an average of 3220
bytes per line, with a tolerance of ±2 bytes. The relationship between video
data bytes and the corresponding ground area covered is discussed in Appendix
A. Figure 1 shows the components of a completed ground scene.

The distance covered by a scan line varies with altitude. Experience has shown
that the variations have resulted in scan line changes of approximately ±4 km in
the worst case. At nominal altitude, 918. 592 km (496 nm), the scan line is
185 km. Throughout the remainder of this document, nominal altitude conditions
will be used.
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Figure 1. Components of a Completed Ground Scene
as Represented on the MSS CCT

Direction of Scan

The scan mirror operates in a scan-and-retrace cycle. The active portion of
the scan is in a west-to-east direction. The full scan-and-retrace cycle
produces a 185-km sweep by the detectors of the ground scene beneath the
satellite. Figure 2 shows the composite scan pattern of the MSS.

Direction of Flight

The spacecraft's near-polar orbital motion produces the along-track spacing
between mirror sweeps. This along-track scan pattern, when combined with
the scan-and-retrace cycle, provides complete coverage of the full 185-km
scene.
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Figure 2. Ground Scan Pattern for a Single MSS Detector

Sampling Rate

The video outputs of each detector are sampled during the active west-to-east
sweep of the mirror. The sampling rate is a constant 100. 5 kilo samples/sec
and is maintained by an internal crystal clock.

Mirror Sweep

The 11. 56-degree effective crosstrack field of view is scanned as the mirror
oscillates ±2. 89 degrees about its nominal position, as shown in Figure 3.
The mirror scans in a west-to-east direction, imaging in each mirror sweep
the six scan lines from each of the four bands.

Radiance Levels

Differing levels o"f radiance within a scene are represented by means of various
combinations of bits in the scan lines. Radiance values are registered on a
scale of from 0 to 63 (minimum to maximum) in the linear mode, and from
0 to 127 in the decompressed mode. To determine which mode the data is in,
see the definition of "MSS data mode/correction code" in Table 1.
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Figure 3. MSS Scanning Arrangement

Comparison of CCT Scene to Film Scene

The NDPF transmits completed ground scenes to data users on four separate
CCTs. Each of these CCTs contains image data for one 46. 25- by 185-km strip.
The CCTs contain more image data than does the corresponding film print. The
additional data consists of 42 scan lines preceding and 42 scan lines following
the data from which the film scene was made (the film contains 2256 scan lines).
Figure 4 shows a scene as contained on four CCTs. The CCT scene and the
film scene contain the same annotation data. Both the film and the CCT have the
same algorithm applied to radiometrically calibrate the data; however, only the
film is corrected for the mirror velocity profile. The film and CCT are both
corrected for line length variation. The CCT is not geometrically corrected
for effects such as skew as a function of earth rotation or mapping projection.

/

Seven- and Nine-track CCTs

Data users should request either seven- or nine-track CCTs according to the
requirements of their computer. This and other physical characteristics of
magnetic tapes are discussed in Appendix B.



Table 1
ID Record Information Definitions

Char.

1-12

13-16

17-18
19-26
27-28
29-36

37-38

39-40

Information

Scene/Frame ID
B = spectral band identifier
N = sequential subframe ID
b = blank char.

Tape Sequencing Numbers
Tape N of M

Data Record Length (bytes)
Binary Frame ID
Binary Strip ID
IAT Identification (from

Header record on IAT) ,

MSS Data Mode /Correction
Code*** Unitary Code

.MSS Adjusted Line Length

Format

EDDD-HHMMSBN*

bNbM

nn
nnnnnnnn**
nn

AAnnnnnn

nn

nn

Code

EBCDIC

EBCDIC

Binary
Binary
Binary

EBCDIC

Binary

Binary

*E — Encoded Project Identifier
ODD — Day number relative to launch at time of observation
HH — Hour at time of observation
MM — Minute at time of observation
S — Tens of seconds at time of observation
B — NDPF Identification Code (RBV: 1, 2, 3; MSS: 4, 5, 6, 7, 8)

**The Binary Frame.ID is the binary representation of the Scene/Frame ID.
Char.

19 Encoded Project Identifier
20-21 Days since launch; this number is determined by extracting the six

right-most bits from bytes (characters) 20 and 21 and combining
them into one word (six bits from byte 20 followed by six bits from
byte 21)

22 Hour at time of observation
23 Minute at time of observation
24 Tens of seconds at time of observation
25 Spectral Band Identifier . .
26 Sequential Subframe ID

For characters 22 through 26, the six right-most bits are used.

***Bits 0-7 of this two-character word are zero.
Bits 8-15 have the following significance: ' .

Bit

8 = 1 for Sun Cal Data, = o otherwise ' '
9 = 1 for Calibration Wedge, = o otherwise • • ' . - •

10 = 1 for Compressed Data, = o otherwise
'11 = 1 for Hi gain on Band 1, = o otherwise
12 = 1 for Hi gain on Band 2, = o otherwise
13 = 1 for Decompression, = o otherwise
14 = 1 for Calibration, = o otherwise •
15 = 1 for Line Length'Adjust, = o otherwise
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Figure 4. Bulk MSS Image-to-CCT Conversion

Spectral Range for Each Band

The MSS subsystem is used on two missions. For ERTS-1, the four spectral
bands are as follows:

Band 1

Band 2

Band 3

Band 4

0. 5 to 0. 6 micrometers

0. 6 to 0. 7 micrometers

0. 7 to 0. 8 micrometers

0. 8 to 1.1 micrometers

Bands 1 through 3 use photomultiplier tubes as detectors; Band 4 uses silicon
photodiodes.

For the ERTS-B mission, a fifth band will be added that operates in the thermal
(emissive) spectral region from 10. 4 to 12. 6 micrometers. This band uses
mercury-cadmium-telluride, long-wave infrared detectors.



TRANSMISSION OF DATA .

Registration of Scan Lines

The MSS detectors are sampled sequentially at a constant rate; therefore, the
corresponding detectors of each band for the same ground field of view are not
simultaneously sampled. Since the same ground field of view is not sensed by
the detectors for each band at the beginning of the sampling, individual band
pictures are misregistered in the along track scan direction by whole data
samples.

The NDPF corrects for this slight variation by inserting registration fill
characters (which contain no useful video data) at the ends of the lines.
Registration fill characters correspond to bytes, and the number added to a
given scan line is always six. These six characters are inserted at either
or both ends of a scan line, as shown in Figure 5. Fill characters are added
to the scan lines of each of the four spectral bands.

x x x x x x x x x . . . . . .xxxoooooo

o b x x x x x x x . . . ...xxxxxoooo

ooooxxxxx. . . ...xxxxxxxoo

ooooooxxx . . . . . . x x x x x x x x x

BAND 4

—I
BAND 3

BAND 2

BAND 1

KEY:

O = REGISTRATION FILL CHARACTER

X = VIDEO DATA BYTE

Figure 5. Position of Registration Fill Characters in Spectral Bands



Line Length Adjustment

Because the length of the scan lines that comprise a scene may vary slightly
due to small variations in the period of the mirror; NDPF performs a line
length adjustment operation on the computer to adjust all scan lines oh ground
scenes to the same length. The scan lines are lengthened by inserting
"synthetic" bytes at regular intervals as needed to attain the length of the ad-
justed lines. The "synthetic" byte is a duplicate of the last.byte preceding it
on the scan line. This line length adjustment produces negligible distortion of
the imagery. See Appendix C for a discussion of how line length adjustment is
calculated.

Radiometric Calibration •

During every other retrace interval a shutter wheel closes off the optical -
fibers viewing the earth and an artificial light source is projected into them
through a variable neutral density filter on the shutter wheel. This process
introduces a calibration wedge into the video data stream of Bands 1 through 4.
The nominal shape of this calibration wedge, referred to as the gray wedge, is
shown in Figure 6. The actual shape and level vary somewhat among the four
spectral bands.

100% _

o% J

1% POINT

~ 9.0 MSEC —

900 WORDS-

Figure 6. Nominal Calibration Wedge Output



The fact that the calibration lamp intensity profile is constant makes it possible
to check the relative radiometric levels, and also to equalize gain changes
which may occur in the six detectors of a spectral band. Corrections are
performed at the NDPF to equalize these levels so that striping will be . . . .
avoided. Appendix D provides an explanation of the radiometric calibration
procedure. ; . - • - . , • , , . , - • ; . . - , , . , , .

Decompression of Data , ,

The signal compression mode is normally used for the data from Bands I
through 3 (photomultiplier tubes) since these bands have a better signal-to-
noise performance than Band 4 (silicon photodiodes). By compressing the
higher light levels and expanding the lower levels, the quantization noise more
nearly matches the detector noise. Because of the performance characteristics
of silicon photodiodes, no .signal compression is performed on Band 4.

Decompression of MSS data, at the NDPF consists of converting the data points
to an expanded format that is easier to use. The MSS data are decompressed
by means of a computer program which .utilizes a decompression look-up table..
This decompression table appears in Appendix E. .

Annotation

The annotation record on CCTs is in two parts. The first part is background
information concerning conditions under which the data were taken such as sun
angles, spacecraft heading, etc. The second part provides tick mark location
information so that the ground scene can be located in terms of geographic
coordinates. The annotation record follows the ID record on the CCT and
immediately precedes the video data.

INTERLEAVING OF DATA

Data from the four spectral bands are combined on the CCT through a process
called interleaving. Bytes of data from the bands are interspersed by twos to
produce an eight-byte "Group." The Group is the smallest element of inter-
leaved data..

In addition, the first and last three Groups of each scan line contain registration
fill characters to correct for misregistration among spectral bands. This reg-
istration process is discussed more fully in the Tape Format Section of this
document.

10



TAPE FORMAT

The MSS CCT is made up of three basic types of records: ID, annotation and
video data. The ID record contains a combination of binary and EBCDIC in-
formation which is used to identify the video data on the CCT. The annotation
record contains binary and EBCDIC data which provide additional information
about the scene such as the format center, nadir and sun elevation. This
record also includes tick mark location information which associates the digi-
tized scene with the latitude and longitude coordinate system. The video data
record contains scene information which has been digitized so that each data
point is represented by a radiance value which varies from 0 to 63 if the data
are linear, and from 0 to 127 if the data are decompressed.

ID RECORD -.

The 40-byte ED record is the first record on the tape, and appears only once
per tape. Figure 7 shows the organization of the ID record.

The first word in the ID record is the scene/frame ED, given in terms of days,
hours, minutes, and tens of seconds since launch. In addition, this record in-
dicates the spectral band, sequential subframe ID, and whether the data are
from ERTS-1 or ERTS-B. Characters 13-16 contain the sequencing numbers,
i. e., 1 of 4, 2 of 4, etc., which distinguish the tapes in the set of four.
Characters 17-18 contain the data record length in binary, i. e., the length of
the adjusted scan line plus 56 bytes of calibration information. Characters 19-
26 contain the binary frame ED, which is the binary representation of the scene/
frame ID and must be broken into days, hours, minutes, seconds, etc., to be
read. See Figure 8 for a computer printout of a sample ID record. The binary
strip ID is stored in characters 27-28; however, this ID is not used for Bulk
MSS CCTs. Characters 29-36 contain the image annotation tape (IAT) ED,
which identifies the IAT used in making the CCT. Characters 37-38 contain the
MSS data mode/correction code, which is a digital word that indicates the

DATA RECORD . . , BINARY MSS DATA MODE/
SCENE/FRAME ID ' LENGTH STRIP ID CORRECTION CODE

A J^ ^ '' -A_
I < V f- \ f ^ r \

E D D D — H H MMS B N J b N b M| n n|n n n n n n n n|n n | A A n n n n n • n | n n|n n
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1
R
G

V
CCTSEQ BINARY FRAME ID IAT ID MSS ADJUSTED
NUMBER LINE LENGTH

Figure 7. ID Record Organization (40, Characters, EBCDIC, and Binary Code)
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.*#****# ID #,#*«*«*«

SPFfTRAL B A N D 0 SUBFRAME 0 S f F N E / F R A M F IRI 0370 16M 3*M 4S

CCT SEGU KJ8. 3 6F * D A T A R F r f t R D LENGTH :. 3?9& ,

B I N A R Y F R A M F . 10, 1.371624*00 , . ' - . B I N A R V . S T R I P . .10. . . 0 . .

I M A B E >NNBTV. ' lD ' SI 110069 .

M.SR DATA M B n E / C f l R R E C T I B N - C d D E ' n n l O O i l l

M S S ADJUSTF.D L l N F L E N G T H 32*0 . " ' • ' • ' •

. Figure 8. - Computer Printout of a Sample ID Record .

characteristics of the data such as decompression, calibration, and line length
adjustment. See Table 1 for the complete definition of the MSS data mode/
correction code. Characters 39-40 contain the MSS adjusted line length.

ANNOTATION RECORD . . :

The annotation record is the second record on the tape. It occurs once per
tape and contains 624 characters. The annotation record is a composite of
two records taken directly from the image annotation tape. The first 144
characters comprise the annotation block, and the next 480 characters
comprise the image location record. Figure 9 defines the sequence of ,
information i n , t h e annotation record. : . • ; , • : • .

624 CHARACTERS

ANNOTATION BLOCK
144 CHAR EBCDIC

IMAGE LOCATION BLOCK
480 CHAR BINARY AND EBCDIC

1
R • ,
G

Figure 9. Annotation Record Information Sequence
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Annotation Data Block

The information included in the human-readable annotation data to allow user
interpretation of the imagery are taken from the image annotation tape. These
data are specified at the time of RBV exposure or at the center of the MSS
frame. All decimal points and special characters are included. The annotation
block data format consists of 144 EBCDIC characters (72 sixteen-bit words).
The format and content of the characters are defined in Table 2. Sample output
from the Val Dump program (Figure 10) illustrates the type of information that
is available in the first 144 characters of the annotation record.

«««« ANNf iTATTSN REC6RD »**#

AGFMCY! NASA PRSjECT: ERTS*1

EXPssuRp ..F&RMAT CENTER NADIR
HATE L.AT. LSNG LAT.

?o N3O13

TO: Q370Y 16HR

SUM ANGLES S/r ftRB.IT . STATN : !MAGE EPWEM.
EI AZ HEADING REV . SIZE D,ATA
55 121 189DES 0515 . 100X100NM D.

SHUTTER SETTlNfl
DUP. BF "EXP-i"
APFRT« C6RR.
TRANSM.

RBV 1

»-•»

RBV 2 RBV 3

*--

MRS DATA ACQUl«5i
SITE

D G

Figure 10. Sample Output from the Val Dump Program
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Table 2
Annotation Block Data

Characters Description

1-2

3-5

6-7

8-10

11
12-13
14
15-16

17

18
19-21
22
23-24

25-27

28
29-30
31
32-33

34

Day, Month, Year of Exposure — The date at Greenwich, month,
and year of picture exposure.

Date of Exposure, day of month, numerals.

Date of Exposure, month of year, abbreviated to three alpha
characters.

Date of Exposure, year, abbreviated to two numerals.

Constant: 'bCb' (signifies Format Center).
Format Center — The center, of the RBV and MSS image format

is indicated in terms of latitude and longitude in degrees and
minutes. The MSS format center shall be identical to the RBV
format center. Format center is defined as the geometric ex-
tension of the spacecraft yaw attitude sensor axis to the earth's
surface.

Latitude direction, 1 alpha, N or S.
Latitude, degrees, two numerals.
Constant: '/'.
Latitude, minutes, two numerals.

Constant: '/'.

Longitude, direction, 1 alpha, E or W.
Longitude, degrees, three numerals.
Constant: '-'.
Longitude, minutes, two numerals.

Constant: 'bNb' (signifies Nadir).
Nadir — The latitude and longitude of the nadir (the intersection

with the earth's surface of a line from the satellite perpendicu-
lar to the earth ellipsoid) shall be indicated in degrees and
minutes. ;

Latitude direction, 1 alpha, N or S.
Latitude, degrees* two numerals.
Constant: '-'.
Latitude, minutes, two numerals.

Constant: '/'.

14



Table 2
Annotation Block Data (continued)

Characters Description

35
36-38
39
40-41

42
43-54

55-60
61-62

63-65

69
70-72

73
74-77

78

79

80
81

Longitude, direction, 1 alpha, E or W.
Longitude, degrees, three numerals.
Constant: '-'.
Longitude, minutes, two numerals.

Constant: 'b'.
Blank Field 1 (12 characters long)

Constant: 'SUNbEL'.
Sun elevation, degrees, two numerals.
Sun Elevation — The sun elevation angle at the time of RBV ex-

posure or midpoint of MSS frame shall be specified to the
nearest degree.

Constant: 'bAZ'.
Sun azimuth, degrees, three numerals.
Sun Azimuth — The sun azimuth angle from true North at the

time of RBV exposure or midpoint of MSS frame shall be
specified to the nearest degree.

Constant: 'b'.
Heading of orbital path, including yaw, degrees, three

numerals.
Satellite Heading — The satellite heading shall be specified to

indicate the orientation of the imagery. The heading includes
yaw and is specified to nearest degree.

Constant: '-'.
Revolution number, four numerals.
Rev Number — The consecutive rev number for the ERTS

spacecraft shall be specified.
Constant: '-'.
RBV data acquisition site, abbreviated to one alpha, A, G or N.
Data Acquisition Site — A one-letter acronym designates the

data acquisition site. This will be either Alaska, (A),
iGoldstone, (G), or NASA Tracking and Training Facility (N).

Constant: '-'.
Constant: '!'.
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Table 2
Annotation Block Data (continued)

Characters Description

82
83-84

85
86
87-88

89-101

102
103-105
106
107-108
109-110
111

112
113
114

115-116

Constant: '-'.
Blank Field 2 (two characters long).

Type of orbit data, Predicted = P; Definitive = D.
Constant: '-'.
Blank Field 5 (two characters long).

Constant: bNASAbERTSb-'.
Frame Identification

Frame Identification Number — Each image or frame has a
unique identifier which contains encoded information. This
identifier shall be used for an information retrieval system
and will consist primarily of time of exposure relative to
launch information. The Bulk Processing Subsystem will add
the appropriate spectral band number. Also part of the frame
identification number is a "regeneration of images" identifier.

. This identifier will also be added by Bulk Processing to the
imagery when appropriate.

ERTS Mission 1 or 2.
Day number relative to launch.
Constant: '-'.
Hour at time of observation.
Minutes.
Tens of seconds.

Constant: '-'.
Blank Field 3(one character long).
Blank for earth images. ; ..
RCI Images — A 0, 1, and 2 to reflect the 3 exposure levels

for radiometric calibration, where 0 corresponds to the mini-
mum exposure level, and 2 corresponds to the maximum. A

, Blank .signifies no RCI images.
Blank Field 4 (two characters long).
During Bulk Processing, the sensor code will be inserted on the

imagery into Blank Field 1; the gamma (normal 'N-', or
abnormal 'A-') into Blank Field 2; the spectral identifier into
Blank Field 3; the regeneration number of the processed image
(when necessary) into Blank Field 4; and the type of MSS signal
encoding into Blank Field 5.
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Table 2
Annotation Block Data (continued)

Characters Description

117-140
141-144

117-121

122-123

124-129

130-131

132-137

138-139

140

141-142
143-144

24 blank characters if RBV is off.
4 blank characters if MSS is off.
Otherwise:
Direct or recorded data: 'IbbDX' or IbbRX'.

Shutter Setting* and Aperture Correction Indicator, ** RBV 1; aa

Direct or recorded data: 'bb2bDX' or 'bb2bRX'.

Shutter Setting and Aperture Correction Indicator, RBV 2; aa

Direct or recorded data: 'bbb3DX' or 'bbbSRX'.

Shutter Setting and Aperture Correction Indicator, RBV; aa

Constant: 'b'. ,
Direct or recorded MSS data: 'Db'or 'Rb' .
MSS data acquisition site, 'A-1, 'G-', or 'N-'.

*Shutter setting code, applicable to RBV annotation only:

Setting

A
B
C
D
E

Duration of exposure

camera 1 camera 2 camera 3

4.0
5.6
8.0

12.0
16.0

4.8
6.4
8.8

12.0
16.0

6.3
7.2
8.8

12.0
16.0

**Aperture correction indicator:

I = Aperture correction in
O = Aperture correction out
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Image Location Data

The image location data consist of 240 sixteen-bit words which describe the
tick marks that associate the scene with latitude and longitude. There can be a
maximum of six tick marks per side (i.e., left side, right side, top and bottom),
and the image location data includes .this tick mark information for Bulk RBV
as well as Bulk MSS data.

The tick mark location data consist of four types: the .tick position, the
special tick character, the direction (N, S, E, or W), and the value in degrees
and minutes. Each tick mark is denoted by a 16-bit signed integer fraction
which specifies its position along the edge of the scene, followed by eight
EBCDIC characters. See Table 2 for a detailed description of the tick mark
location information.

The 16-bit signed integer fraction represents the location of the tick mark
along the edge of the scene and takes on values from +1/2 to -1/2. The most
significant bit of the integer fraction indicates the sign of the fraction. If the
bit is a one, the fraction is negative; if it is a zero, the fraction is positive.
See Appendix F for a discussion of the tick mark reference system.

The special tick characters are either an X'4F', an EBCDIC vertical bar which
is used along the top and bottom edges of the scene, or an X'7E', an EBCDIC
equals sign which is used to represent the ticks on the left and right sides of the
scene. The direction is represented by an EBCDIC character which repre-
sents north, south, east, or west (N, S, E, or W). The value of the latitude
or longitude is given in degrees (3 characters) and minutes (2 characters).

There are two formats used to represent the location of tick marks. The tick
marks are usually written first and are followed by the value of the latitude or
longitude. If there is not enough room on any one of the sides for the last tick
mark, then the value of the latitude or longitude is written first and is followed
by the tick character for the last tick mark. An illustration of the two tick
mark formats follows:

Format 1

Position: 16-bit signed binary fraction
Tick mark annotation:

Tick mark character: X'4F' or X'7E'
Direction, one character: N, S, E, or W

18



Value
Degrees, three characters: . . .
Constant: '-'
Minutes, two characters: 00 or 30

Format 2

Position: 16-bit signed binary fraction
Tick mark annotation:

Direction, one character: N, S, E, or W
Value, six characters: same as Format 1
Tick mark character: X'4F' or X'7E'

Each of the eight tick mark tables (one for each MSS and RBV edge) contains
the tick mark data arranged in positional order from the top of the table down-
ward. The unused tick mark locations are signified by a zero in the position
words and X'FF' in all of the annotation characters.

The tick mark record format defined in the 16-bit words is as follows:

RBV tick mark set:

Character . Description

B(l) Position, tick mark no. 1
B(2) - B(5) Annotation, tick mark no. 1
B(6) Position, tick mark no. 2
B(7) - B(10) Annotation, tick mark no. 2
B(ll) Position, tick mark no. 3
B(12) - B(15) Annotation, tick mark no. 3
B(16) Position, tick mark no. 4
B(17) - B(20) Annotation, tick mark no. 4
B(21) Position, tick mark no. 5
B(22) - B(25) Annotation, tick mark no. 5
B(26) Position, tick mark no. 6

' B(27) - B(30) Annotation, tick mark no. 6
B(31) - B(60) Left edge tick mark table
B(61) - B(90) Right edge tick mark table
B(91) - B(120) Bottom edge tick mark table
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MSS tick mark set:

Character Description

B(121) - B(240) Format is the same as that for the
RBV tick mark set

Figure 11 is a Val Dump printout of the MSS tick mark location information.

VIDEO DATA RECORD

Data Word

The data word consists of eight bits, of which only six are used if the data
mode is linear and seven are used if the data mode is decompressed. The
following illustrates the data word for the two modes:

Linear Decompressed

O O X X X X X X O X X X X X X X
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

The X's represent the video data bits in the word. The bits in the diagram
which contain the O's are used to indicate flags (e.g., 11111111 is used as the
registration fill character).

The value of the data within the data word varies from 0 to 63 in the linear
mode and from 0 to 127 in the decompressed mode, and represents the varia-
tion of the radiance level (0 represents black, 63 or 127 represents white
and the values in between represents all the shades of gray).

MSS TIC< MAKK

pbSlT. DHE

1 l"»29o «
2 D769 *
3 -2777 *

b 0
6 -3" '

P9SIT. DIRECT

•8371 N
1970 N
12309 N

' 0
0
n

; LBCATI
>P tDGE •
;CT TlCi
-• - - CMAI

1 .
1
1 .
1

TICK
CHAR
•
•
•

ess

< VALUE

. 096-00
'093-30
095-00
031-00

VALUE

030-30.
030-00 '
029-30-

P6SIT. DIRECT TICK, VALUE .

1229» N
63515 N

.. 825* N
0

. . . o

°
P8SIT.. DIRECT

. 9553 N
8871 M
195 w

57026 M
0

•
•
• .

031-00
030-30
030-00

tOGE »•••••"
TICK VALUE
CHAB '

1
1
1 '
1

029-30
096-00
095-30
095-00

Figure 11. Val Dump Printout of MSS Tick Mark Location Information
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In order to obtain a video data record which includes information from all four
spectral bands, the data from the bands are combined in a process called inter-
leaving. This is an operation in which two bytes of data from each band are
interleaved to produce an eight-byte "group," which is the smallest element of
interleaved data. Figure 12 shows the scheme used to interleave the four bands
of MSS data. The data samples in the group are registered and represent the
same two points on the ground, as sensed by each of the spectral bands.

Registration fill characters are included in the first and last three groups; i. e.,
the first three groups of each quarter scan line on tape 1 of 4 and the last three
groups of each quarter scan line on tape 4 of 4. In the illustration of these
groups which follows, the O's represent registration fill characters and the
X's represent video data bytes:

First three groups
/•

OOOOOOXX OOOOXXXX OO XX XX XX

Last three groups

XX XX XX OO XX XX OO OO XX OO OO OO

Since the length of scan lines varies slightly, the adjusted scan line length is
used to determine the number of groups (3n eight-byte groups) per scan line.
The n referred to is the same n that is used in adjusting the scan line length.
See Appendix C for an explanation of the line length adjustment.

Video Data Record for ERTS-1

The ERTS-1 video data record (Ri} k) consists of 3n eight-byte groups and four
14-byte calibration groups. Figure 13 illustrates the record format; i denotes
the image segment and the CCT tape number, and k is the sequential scan line
index.

The four 14-byte calibration groups contain calibration data for each of the four
MSS bands. Each group contains six calibration wedge samples, a sun calibra-
tion coefficient, correction coefficients (filtered offset and filtered gain), and
the value of the unadjusted line length for a band. Figure 14 gives the break-
down of the calibration data. The b denotes the band and the k denotes the scan
line. Figure 15 shows the Val Dump printout of the calibration data. The cal
wedge samples are printed out in hexadecimal (Appendix G gives the decimal
conversion of the values) and the other numbers are printed out in decimal.
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NOTES:

O
X
k

REGISTRATION FILL CHARACTER
VIDEO DATA BYTE
"SCAN LINE" INDEX. THERE ARE
4086 SCAN LINES IN EACH STRIP
"GROUP" INDEX

* " ' X/T * ' X
X O O O O O O

• • - X X X X O O O O BAND 4

• • - X X X X X X O O | BAND 3

• • - X X X X X X X x l BAND 2

BAND 1

185 X 185 KM
MSS SCENE

BAND 4

n
SPACECRAFT

HEADING

Figure 12. Bulk MSS Four-Band Scene to Interleaved CCT Conversion
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"2, k
CCT 2

"3, k
CCT 3

' Rj k IMn + Rfi BVTCC) • _1

G! k 1 G2.k 1 [( i G3n-1.k | °3n,k ! CAL1. k \ "^.k ! CAL3, k \ <*<-*.*
1 1 \ \ 1 1 1 1 1 1

I
R
G (

G3n+1.k |
• J_

G3n*2.k ! \\ ! G6n.,,k j G6 n k CAL, „ j CAL2 „ j CAL3_k \ CAL< k

I I 1 I I ' 1 | | 1 • '

R
G

G6n+1.k 1 G6n+2.k ill 1 G9n-1.k ! G9n. k ' CAL1. k ! CAL2. k \ CAL3>k j CAL4 k

I
R
G

G9n + 1, k |
J_

G9n+2.k | {[ | G12n-1.k ! G12n.k CAL1. k I CAL2 k j CALg „ \ CAL4 k

I 1 1 1 1 i 1 1 1
R
G

Figure 13. Bulk MSS Full Scene Interleaved Record Format
(Line Length Adjusted to N=24n Samples)

SIX CALIBRATION WEDGE
[ SAMPLES 1
1 i i • 1

PAI^Ml-b

i
SUN CAL

COEFF.
i

! I "
CORRECTION COEFFICIENTS

i i i

^ 2 BYTES *•

1
LLC*

i

-

i
FILTERED OFFSET FILTERED GAIN

*LLC is a 2-byte binary number denoting
the number of video data samples per
uncorrected (raw) scan line.

Figure 14. Bulk MSS Calibration Group Detail

SUN CAL C8£FF

-T57 EC 28 13 Or 07 03
CALg* 157 32 2E 18 15 QE 0^

CAL4/ 157 2A 10 15 Q& Q5 05

3220
3220261

20*8

f761
745n
6384

Figure 15. Val Dump Printout of Calibration Data
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Figure 16 is a sample Val Dump output of an MSS video data record. The
printout is in hexadecimal. Note that in this example, tape 1 of 4 is used;
therefore, the registration fill characters (X'FF') appear within the first
data bytes.

Video Data Record for ERTS-B

The special fifth band video data record BI, k contains 2n (the same n used in
calculating the adjusted line length) video data points and 14 bytes of calibration
data for the fifth band. The format for the cal data is the same as that for the
other bands. .Figure 17 is a diagram of the Bj^, where k is the sequential
Band 5 scan line index and i is the image segment and computer-compatible
tape number.

•BANDS
DATA FOSM THF FIRST MSS INTERLEAVED SCAN LINE »•*».«.

FF FF
28 ?B
28 P8
2F 2F
32 PF
2F pF
34 34
3TA lA
46 46
46 43
43 49
43 43
49 49
4F "4F
4B 49
49 48
4B 49
4F 48
48 48
4F- 52
4F 4F
59 50
56 56
56 56
59 56
59 56
48 48
56 59
4F 4F
56 52
56 56
59 59
4F.4B
46 46
3E 1C
37 37
34 32
34 17
32 17
34 14
32 32
37 17
37 lA
37" 14
32 ?F
2C PC
2C ?8
28 98

FF FF
PR 2B
PR 20
Ii 31
31 2F
PF 31
3« 30
in 3R
fi 4«
5 45
fi 45
5 45
a 4R
R 4R

R 4fi
fi 4fi

R 4B
R 4F
fi 4R
1 51

4F 4F
59 59
51 55
51 55
55 '59
59 59
4R 4P
55 59
57 4F
56 57
55 56
59 59
4F 4F
41 45
3F 3F
3D 30
3B 3*.
31, 3D
3« 3P
3B 3D
3* 3«
30 30
3R 3R
3» 3<.
37 3r
.90 2n
?n 2»
PO 2R

FF FF
?8 24
?9 2a
?F 3,
?F 2F
?F 2F

. 37 36
3A 3.
4l 44
IE 3F
41 41
3E 3F
41 4
4A 7
44 -!
44 7
47 4
4A i
44 4
4C 41"
4C 41
54 5,
4E 4r
4E 4F
4E 51
4E 4r
47 47
51 61
4A 4r
4C 4r
4C 1C
51 5,
4C »7
44 4,
3C 3r
3A 3r
77 37
37 3A
35 37
3A 3A
37 3A
3A 3A
3A 37
35 39
2f 2n
?B 29
?9 29
99 29

1?
11
11
13
14
13
18
IS.
|C
1C
1C
IB
ID
IF
IF
•10
IF
IE
ID
20
?0
23
21
?1
23
?3
IE
23
?0
21
23
23
20
ID
1A
18
18
18
17
19
19
19
18
1*-.
14
12 :
11
11

,p FF FF FF FF P9 ?9 13 1? FF FF ?D 2c 29 59 12 12 2C 2B 2E 20 28 H8 11 11
m PR 2» 2< 2ft P3 ?3 OF OF 28 ?8 96 2R 23 93 OF 1 0 28 28 28 28 26 26 10 10
11 PR 2R 2B 2n P8 ?B 11 1? .2C 2C PE 2E 20 90 12 1 3 2C 2C 20 31 20 28 13 13
(4 PF 2F 7, 3l pD ?F 14 14 2F 2F .31 3l 2F m 15 14. 2C .2C 31 33 20 2F 14 14
14 F 3P 3i 31 90 ?0 13 13 2F 2F 13 3t 2F ?F 14 i3 2F 2F 2E 2E 20 20 14 14
14 f 2F 3* 33 11 31 14 15 2F 32 31 36 3l 11 14 16 34 32 36 38 32 32 .17 18
17 4 3? 3fi 3* l5 35 17 17 . 34 34 36 3e 35 15 18 ]8 34 37 38 38 37 37 19.18
Ifi r 3F 3o 41 7A 1C 19 1A 41 43 41- 4( 3E 7F IB.lB 43 43 41 45 41 41 1C 1C
1 pi A 4A 48 4R 4l 41 ID IT 4° 46 48 4s 44 44 10' lD 49 46 48 45 44 41 ID 1C
,B 7 47 4e 4i 41 3C 1R 15 43 43 41 45 41 41 IB IB 43 43 45 41 41 3E 1C 1C
,n f, 43 4a 45 41 41 1C 1C 43 46 48 »5 41 41 1C lD 49 46 48 45 44 41 10 10
1R 1 41 4i~ 45 7E 41 IA IB 46 49 45 4R 44 41 1C iC .49 49 48 48 41 41 Ifi 10
,D ' K tn 4a 4R 44 47 ID IF 48 4F 48 4B 44 47 ID lE 4F 52 4B 4F 47 4A. IF 20
1F R 4R 4F »R 47 44 IE ID 4B 4F 48 «F 4A 4A IE 20 52 4F 4F 48 4A 47 20 IF
10 9 49 49 4S 44 44 IE ID 46 46 48 »5 44 44 IE lC 43 49 ,41 48 41 41 1C 10
1F • F 59 4B' 51 47 47 IF 2n ' 52 4F '53 4F 4C 4T 20 IF 4B 4F 48 46 47 47 IE IE
F . 9 49 4fi 4» 44 3E ID 10 49 4F 48 4g 44 44 10 10 52 52 4B 4F 4A 4A IF 20
F ' F 4R 4B 4H 44.. 47 IF IF 4F. 4F 48 40 44 4A ID tE 4R 48 4F 48 4A 44 IE IE
0 R '4F 4F 4R 4A 47 IF 2o 52 4F 48 4R 4A 4A 20 90 4F 4F 4F 4F 47 4C IE 20

3(1 A 5ft 57 55 4E 4E 22 29 52 52 55 »F 4E 4C 20 90 52 4F 4F 4F 47 4A 20 20
F p 5/1 4F 55 4A 51 21 2l 59 59 55 55 5l »F 21 P2 59 59 59 59 4E 4E 22 24
37 9 59 56 55 61 SI 22 2? 59 59 55 59 4E tF 23 23 59 59 59 59 51 51 23 22
sy 9 59 56 55 61 4E 23 23 50 50 59 89 5l 54 24 ?4 59 56 55 53 54 4E 24 21
39 f- 59 5s 59 61 5] 92 23 59 50 59 5c 5l 64 23 93 59 59 59 59 54 51 23 23
37 9 59 55 59 61 54 2? 27 5D 50 59 5c 54 54 23 ?4 59 59 59 59 4E 51 23 23
39 9 5* 5q 55 51 51 29 29 56 56 55 63 4E 4F 22 ?2 4F 4F 53 4F 4C 4A 20 20
F F 4F 4H 4F v 47 4A IF 2n . 52 56 55 65 4C 4F 21 92 56 56 59 55 4E 4E 22 22
39 9 5/1 56 55 51 51 23 21 56 52 55 4p 4E 4r 22 20 4F 52 4F 53 4C 47 20 20
sn F 59 57 53 4C 4C 20 2t 56 52. 55 63 4C 4f 21 PI 52 52 53 55 4C 4C 21 21
39 • p 59 Si 53 4C 4C' 21 21 52 56 53 65 4E 4F 21 22 ' 56 52 53 55 4E 4E 23 22
3? 9 69 51 57 4C 4A 21 29 52 56 53 59 BI 61 22 ?3 59 59 59 59 54 57 24 24
34 9 59 59 59 51 54 24 24 56 56 55 65 St 4F 23 22 4F 4F 53 4F 4C 4C 21 21
F R 4R 4H 4H 4? 4A IF IF 49 46 4B 48 47 47 IE lE 46 49 48 48 44 44 IF IE
n 1 41 4s 4) 7E IE 1C IB 41 3E 3F 3F 3E 1C 18 18 3E 3E 3F 41 3C 3E IA 1=
A r 3A 4, 3D 7E 7A lA 1A 37 37 3D 3D 3A 77 1A ]9 . 34 37 38 3B 37 37 19 18
9 A 3A 3n 3D 3A 3E 19 1A 3A 37 3D 30 3C 7A 1A 18 37 37 38 38 3A 3A 19 18
9 4 39 3a 3« 1C 35 IA 19 32 2F 18 33 37 19 18 (7 2C 2F 2E 31 31 31 16 16
9 7 34 IH 3B lA 3A 18 19 34 2F 3B 33 3A 72 19 l7 2C 2C 31 33 31 32 16 .17
« 7 3A 30 3F 3A 3A lA 1A 37 34 3F 39 3C 75 19 ]7 34 34 3B 3B 37 37 18 18
9 4 34 30 3« 7C 77 1A IA 34 37 38 3D 37 7A 18 1 9 37 32 3D 38 3A 3A 19 18
9 . 4 34 IB 3B lA 1C 19 1R • 37 37 3D 3D 3C 1A.: - IA ]A 37 3A 38 3D 3C 3A IA 19
9 A 37 30 3B lA 7A 19 19 37 37 18 SB 37 77 18 \8 ' 37 3A 38" 3D 37 37 19 18
R 7 37 3B 3« 37 77 17 17 37 37 76 38 35 17 18 ]7 37 37 38 38 35 32 17 16
6 . p 34 3a 3* 11 31 16 1* 34 32 36 33 3r IP 14 ]5 ' 32' 34 36 33 -32 31 -14 .15
1 F 2r 2F 2F ?0 20 13 1? 2F 2F .11 3] 20 PR 13 ]3 2F 2F 20 2D - 2B 28 13 13
9 r 2r 20 2B 96 9B 12 11 2C 2C ?B 2S 29 99 12 11 2C 2C 28 20 29 26 12 11
1 R 2R 2« 2R 96 98 10 10 28 2B ?B SS 28 96 11 ll 28 26- 28 20 28 28 11 11
1 R 2R 2B 2B ?9 98 12 19 2B 28 ?D 2D 29 99 12 ]2 2B 2C 20 2E '29 20 11 13

Figure 16. Sample Val Dump Output of an MSS Video Data Record
(See Appendix G for hexadecimal -to-decimal conversion.)
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Figure 17. Bulk MSS Full Scene Fifth-Band Data Record

Missing Data Flags

If data for a scan line is lost while making a CCT, a flag (X'CCf or, in the
binary representation, 1100 1100) is inserted at the beginning of the scan
line (on tape 1 of 4 only) and at the end of the scan line (on tape 4 of 4 only).

Line Set

The line set (L^p) is the scheme used for including the video data from the
fifth band .which will be on ERTS-B. A line set consists of three regular video
data records and a fourth special record which contains the fifth band's video
and cal data. Figure 18 is a diagram of the line set. For ERTS-1 there is no
fourth record—just the regular video data records.

The Total Set of CCTs

One CCT contains an ID record, an annotation record, 780 line sets of video
data (which represent the interleaved data for a 42. 25 by 185 km strip of the
scene, for the four MSS spectral bands for ERTS-1 and includes the fifth band
for ERTS-B) and an end of file. See Figure 19 for a diagram of the tape format.
Since a 185 by 185 km scene is divided into four 46. 25 by 185 km strips, a
complete set consists of four CCTs (one for each strip).
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• Li. P+ 1 -

1. 3p - 2 1,3p-1 R1.3p 1.3p+1 1.3p+2 13p +

2. 3p - 2 2, 3p - 2. 3p 2, 3p 2,3p + 2 2. 3p + 3

TAPE 3 R3,3p-2 R3. 3p , 3. 3p + 3. 3p t 2 3, 3p + 3

! R4. 3p'- 2 R4,3p-1 R4, 3p î .pi
SSWv^xXxS

R4. 3p + 1 R4, 3p + 2 R4. 3p + 3 K-*vi
WO^^Y '̂'̂ ™ . \

NOTE:
i = THE IMAGE SEGMENT AND COMPUTER-COMPATIBLE TAPE NUMBER
P = SEQUENTIAL LINE SET NUMBER

RECORDS B- k NOT PRESENT
FOR ERTS-1

Figure 18. , Bulk MSS Full Frame -Line Set, ERTS-B

TAPE 1
STRIP 1

TAPE 2
STRIP 2

TAPE 3.
STRIPS

TAPE4
STRIP 4

ID
RECD

ANNOT
RECD

780 L GROUPS OF J 3 RECORDS FOR ERTS-1
1 780LiPGROUPSOF i 4 RECORDS FOR ERTS-B

L1.1

ID
RECD

ANNOT
RECD

L2.1

ID
RECD

ANNOT
RECD

L3.1

ID
RECD

ANNOT
RECD

L4.1

L1.2 | L1.3
1

L2. 2 1 L2, 3
1

'L3.2 ! L3.3
1

L4, 2 | L4, 3
. - • • . . 1

L1,4 \\ L1.778

•-2.4 ^ L2.778

L3_4 ("( L3.778

"-4.4 U L
4,778

L1.779

L2, 779

L3. 779
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L1,780
E
O
F " \
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E
O
F • -
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E
0
•F : .

L4. 780
E
O
F .- • \

Figure 19. Bulk MSS Full Scene, Four-CGT Format
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RADIOMETRIC STRIPING WITHIN VIDEO DATA ON CCT s

Striping problems in CCT video data can be divided into three basic types:
radiometric striping, sixth line striping, and intermittent problems which
appear to be striping. -

RADIOMETRIC STRIPING

Radiometric striping is characterized by variations in the film density of
imagery which should be uniform. These variations are repeatable and are
present in the digital data in the same manner.

This type of striping is due to slight differences in sensitivity among the
detectors. To compensate for this variation in detector putput, gains and
offsets are used which are calculated from regression coefficients that operate
on the cal wedge of each detector.

The regression coefficients used before April 1973 were based on prelaunch
evaluations. Radiometric sensitivity, however, changed slightly after launch,
causing a striping problem. In April 1973, new regression coefficients were
selected which effectively eliminated the radiometric striping problem.

Appendix H provides information on detector-to-detector radiometric accuracy.

SIXTH LINE STRIPING

This striping is characterized by a variation in every sixth scan line of six
quantum levels or more from the average quantum level of the other scan lines.
This striping problem was caused by an intermittent hardware problem in the
MSS controller in IIGS, and was corrected through modification of the software
in April 1973.

INTERMITTENT PROBLEMS

This class of problems occurs so intermittently that a solution has not been
determined to correct for them. These problems include partial sync loss,
full sync loss, track loss or disable, bit slips, and demux noise. These
problems, along with their causes and effects, are listed in Table 3.
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Table 3
Causes and Effects of Intermittent Striping Problems

Problem Cause Effect

Track loss or
disable

Inoperative track on
FR1928 tape recorder
or MSS controller un-
able to find sync

Zeros are stored on the
CCT for a detector or
detectors, line length
code, cal wedge, etc.

Partial sync loss Complete loss of data/
sync for one or several
scan lines

Zeros stored on the
CCT for a detector

Bit slips Data not decoded properly
by the FR1928 tape re-
corder

Missing scan line, or
portion of scan line
contains zeros

Demux noise The demultiplexer oc-
casionally adds noise to
the data as it is being
transferred to the ground
from the spacecraft

Intermittent zeros ap-
pear in the video for a
detector

Full sync loss Loss of sync for all six-
detectors of a.band .

All zeros on.the CCT
for video data, line
length code and pal wedge
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APPENDIX A

DISTANCE BETWEEN MSS CCT VIDEO DATA BYTES
AND THE CORRESPONDING GROUND AREA COVERED*

During the MSS scan of the ground, the video data bytes correspond to 260 by
260 foot areas which, if the mirror velocity were constant, would have a
constant overlap of 71. 5 feet. The actual mirror velocity is not constant be-
cause of the speeding up and slowing down of the mirror. A realistic represen-
tation of the mirror velocity versus time is very nearly a cosine curve during
the active scan, as shown in Figure A-l. Since the mirror velocity is not
constant, the amount of overlap is also variable, but is negligible for most
applications of the data. Figure A-2 shows the variable overlap, exaggerated .
to illustrate this characteristic.

If the distance covered on the ground and the sweep time of the mirror are plot-
ted for a constant mirror velocity and for a variable mirror velocity, the re-
lationship between the two is similar to that shown in Figure A-3. The straight
line shows a constant velocity of the mirror versus the distance covered on the
ground. The curved line shows the actual variable velocity of the mirror versus
the distance covered on the ground. The difference between the two lines in-
dicates the corrections necessary to make points on the CCT reflect accurately
the distance covered on the ground.

Figure A-4 shows a mirror velocity profile curve which plots the summation
of the ground error versus the 185 km of ground covered. The maximum ac-
cumulated error is approximately±400 meters (i.e., approximately 1300 feet,
which is about 5 pixels). It should be noted that the mirror velocity profile
curve shows the accumulated error at any point across the scan line. The
accumulated error at 46. 25 km is close to the maximum; however, at 92. 5 km
the accumulated error is zero. When interpreting the distance between two
points on the ground corresponding to the distance between video data bytes on
the CCT, one must remember that the error accumulated from the beginning
of the scan line to the point located at 46. 25 km is approximately 400 meters.
The distance represented by a quarter of a digital scan line is not 46. 25 km; it
is 46. 25 km minus approximately 400 meters; whereas, half of the digital scan
line corresponds to 92. 5 kin. .

*This discussion is based on nominal ̂ spacecraft conditions (such as space-
craft altitude) and does not consider negligible perspective errors.
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. ACTUAL MIRROR
VELOCITY

• • IDEAL MIRROR
VELOCITY

... 1

185 KM

MIRROR
START:

UP

MIRROR
STOP

NOTE: .Not drawn to scale

Figure A-l. Comparison of the Constant Mirror Velocity
, and the Variable Mirror Velocity

NOTE: 1. Pixels are represented by circles for ease of illustration; they
are actually squares.

2. Not drawn to scale

Figure A-2. Overlay of Pixels, Corresponding to a
Variable Mirror Velocity

x

185 KM -

VARIABLE VELOCITY
GROUND SCAN

CONSTANT VELOCITY
GROUND SCAN

SWEEP TIME

NOTE: 1. X = the easterly scan of the ground
2. Not drawn to scale

Figure A-3. Comparison of Distance Covered on the Ground for
a Constant Mirror Velocity and a Variable Mirror Velocity
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APPENDIX B

MAGNETIC TAPE PHYSICAL CHARACTERISTICS

Computer-compatible tapes (CCTs) are standard one-half-inch polyester-base
magnetic tapes. The physical characteristics of CCTs are given in Figure
B-l and Table B-l.

There is one scene of digital imagery for each set of four CCTs. The external
label on each tape contains the information shown in Figure B-2.

CCTs are available in two basic formats: . :

Nine-track, 800 bpi

For the nine-track CCT, the alphanumeric data are in EBCDIC and the video
data are in binary.

Seven-track, 800 bpi

The seven-track CCT contains packed binary video data and packed binary
EBCDIC alphanumeric data. The record layout and bit structure are identical
to the layout and structure of the nine-track CCT. The standard product is a
seven-track, 800-bpi CCT, but a seven-track, 556-bpi CCT may be ordered by
special request. The format is the same as for the 800-bpi CCT.

EDGE NEAREST TRANSPORT -—-| [-•—.00125 IN. CRC
\

LRC
/

3 CHAR. SPACES

LEADER \^

10 FEET 1*5, -Ol

TAPE MOTION

LOAD POINT MARKER |

| 0.98 IN.

1 INITIAL
GAP

'

12 CHAR. MINIMUM

__, RECORD 1 "~

\i 'Ssr

\ \
0.6 IN.

]

|

IRG

INTER-
RECORD GAP

1BIT " 6
POSITION J 1
ON * ~ PARITY3 - •
TAPE 5 = 7

¥

|o ' l '2 '3 4 '5 '6 '7 |
_ 1

IRG RECORD N

. ILE 1 »-

END OF FILE
GAP

i 1 \ 0-5 IN.
, ! [ A TAPEWID

1 inr 11 IRe | RECORD 1
* 1 * " 1 "

~o FILE 2

MEMORY. S/0 SYSTEM

mib MOST SIGNIFICANT BIT

Lib LEAST SIGNIFICANT BIT

| END OF-TAPE MARKER

r
"

LEADER

/ /

14 FEET 1*5. -0)

Figure B-l. Physical Spacing of Records on Tape
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Table B-l

CCT Operational Data Format Definitions

Tape Recording

Tape:

Load Point Marker
(LPM)

End of Tape Marker
(EOT)

Recording Method:

0:5 inch wide; 2400.ft. long, 1.5 mil thick, mylar or
polyester base. '

Placed parallel to and not more than 1/32 inch from the
edge of the tape nearest the operator when reel is mounted,
providing a leader of at least 10 feet.

Placed parallel to and not more than 1/32 inch from the
edge of the tape nearest the tape unit when the tape is
mounted, providing a leader of at least 14 feet.

NRZ 1 (non-return to zero, change on ones).

7-track Interchange code:

Recording format:

Video data, packed binary; Alphanumeric ID data
in packed binary EBCDIC.

7 channels, 6 information bits plus parity, packed
binary.

800 bpi is standard; 556 bpi by special request.

Video data, binary; Alphanumeric ID data, EBCDIC.

9 channels, 8 information bits plus parity, binary.

800 bits per inch.

Records of logical data are separated by inter-record gap.

Recording density:

9-track Interchange code:

Recording format:

Recording density:

Tape Records

Data Records:

Record Size: Minimum: 12 bytes; maximum: limited by computer
memory.

Initial Gap: (IG) 0. 94 inch after load point marker.

Inter-record Gap: (ERG) 0.60 + 0.15, -.10 inch. • .

Tape Mark (End of File, 3.5 inch, followed by one byte (x '13'), followed by. a longi-
EOF): tudinal check character (LRC) only.

Validity Checks ,

Vertical:

Longitudinal:

Physical Spacing

Odd parity is used.

Longitudinal redundancy check (LRC), cyclic redundancy
check (CRC) characters written automatically following
data records; • - . - • .

Refer to Figure B-l for description.

CCT DATE: / /
NDPF ID:

SCENE DATE: /./

TRACK: ft9
REEL 1 OF

1052-17<t70-MP

DENSITY: 800
USER ID: A328

Figure B-2. External Tape Label
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APPENDIX C

LINE LENGTH ADJUSTMENT

When the MSS video tape is processed in HGS in the video-to-tape mode, a
comparison is made while each scan line is being read to determine the maxi-
mum line length code (LLC) for the scene. The maximum LLC, referred to as
Nmax, is stored on an auxiliary paper tape (APT) which is used by the digital
subsystem (DS) to compute the adjusted line length.

To compute the adjusted line length, DS uses the Nmax from the APT and LLC,
a code denoting the number of video data samples per uncorrected (raw) scan
line, referred to as LLC raw, which is provided to the DS in the calibration
data. In computing the adjusted line length, LLC raw is confined to boundaries
as follows:

2650 < LLC raw < 3480

If LLC raw extends beyond these boundaries, DS uses the value of LLC raw
from the previous scan line. Next, Nmax minus LLC raw is computed; if it is
equal to zero, no line length corrections are made. LLA (adjusted line length)
is converted to the smallest multiple of 24 which satisfies the following
condition:

LLA >Nmax + 6

where 6 corresponds to the number of registration fill characters added to each
interleaved scan line

or

LLA = 24n

where n = greatest integer of:

Nmax +6 + 23E =
24

23/24 provides high roundoff.

The multiple of 24 is selected as the smallest integer which is divisible by both
six and eight, the six representing six bytes maximum for spatial registration,
the eight representing bytes for interleaving (two bytes per band, multiplied by
four bands).
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After calculating the LLA, a computation is made to determine the interval for
interspersing synthetic bytes. To obtain equal line lengths, synthetic bytes are
interspersed with data bytes at a specific interval. The value assigned to the
synthetic byte is equal to the actual quantum level of the last video data byte
immediately preceding the synthetic byte. The interval is calculated as follows:

LLC
A = —

LLA - (LLC+6) (integer part only)

This interval is set into a counter. The counter is decremented with each
transfer of video data (bytes). When the counter reaches zero, the last data
byte transferred is repeated. The counter is then reset and the process is
repeated until the scan line is complete.

All deltas in the count sequence are the same with the exception of the initial
deltas, which must be adjusted to correct for spectral band misregistration.
As the data is transmitted from the sensor, each MSS band is spatially offset
from the preceding band by two video data bytes (a function of sensor operation).
Therefore, to register the video data on the CCT, Band 1 data is offset by six
bytes, Band 2 by four bytes, and Band 3 by two bytes relative to Band 4. This
is accomplished by adding registration fill characters of X'FF' data.

To adjust the delta for the initial count for each scan line, the quantity A^ is
subtracted, where:

Ab = 8 - 2 * b

where b is the spectral band number; i.e.,

A initial = A - A b
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APPENDIX D : ;

RADIOMETRIC CALIBRATION

Figure D-l shows the data flow through the initial image generating subsystem
(IIGS) and the digital subsystem (DS) of the NASA Data Processing Facility.
The MSS video data is entered into the IIGS where either a 70-mm film image
or high-density digital tape (HDDT) is made. The HDDT contains the un-
calibrated data, line length code values for each scan line and the radiometric
calibration wedge samples. The HDDT is the input to the DS. The DS reformats
the data, calibrates the data and generates the CCT.

DATA
SYSTEMS

(STEP TWO)
DIGITAL

SUBSYSTEM

INITIAL IMAGE
GENERATING SUBSYSTEM

DATA
SYSTEMS

Figure D-l. Data Flow through HGS and DS

Figure D-2 is a flowchart of the radiometric calibration procedure (used for the
first three MSS bands; the fourth band is uncalibrated) which takes place in the
DS. A detailed explanation of the equations, calibration wedge word counts,
maximum specified radiance and the sun calibration procedure is provided in
the ERTS Data Users' Handbook. Note that the sun calibration is not used at
present; the sun cal coefficient Ks is set equal to one.

The calibration data from the HDDT scan line record is entered into the system.
At this point, either a compressed or decompressed mode is selected. Next,
an estimate is made for a" and b from the calibration data. The equations used

D-l



in making this estimate are the following
6

. .
i 1

6
Linear regression

Vj is the input value of the cal wedge word i, and Cj and Dj are regression
coefficients. See Table D-l for the new GI'S and Dj's. a and b are then
filtered, yielding ag and bs, which are referred to as the filtered offset and
filtered gain respectively. The filter equations are as follows:

and

n
, for n = 1

A
b
n

, for n = 1

.'-i V w ^K L ( f i s>n-J ' f o r n > l

where

.wa =n
1/n, for n < Na

l/Na, for n > Nd a

and

W 1/n, for n < 'Nvj

l/Nb, for n > Nb

ND is the control number .for the gain filter. The present value for Na and
i s 3 2 . . ' • - . . . . • : • . • - • • - • - • ;
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Finally, calibrated values are produced by applying the following equation:

Au
n

Ks is the sun cal coefficient and U is the gray scale level (0 to 63).

The transformation X (U) may be the decompression transform or it may be
the identity transform. Values of Us are rounded to integers before being
loaded into the look-up table.

ci Di
SUN CAL

COEFFICIENT
K (=1)

C/

•DT
i

VL WEDGE
WORDS

<Vilm

]

T T

LINEAR
REGRESSION

A

& .
FILTER

(Vf) VIDEO DATA (UNCALIBRATED)

A
3s

' , ' • •
CALIBRATE

(and decompress,
if desired)

t t

CALIBRATED
VIDEO DATA

as = FILTERED OFFSET

b = FILTERED GAIN
V DECOMPRESS

Figure D-2. DS Radiometric Calibration Flowchart
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APPENDIX E

DECOMPRESSION TABLES , :
USED BY DIGITAL SUBSYSTEM PRIOR TO CALIBRATION

The following tables are used for decompressing the video data from Bands 1,
2 and 3. Band 4 is linear and requires no decompression. "

The values of the compressed video data vary from 0 to 63; after decompres-.
sion, the video data values vary from 0 to 127. The decompressed values,
gains and" offsets are used to determine the calibrated values of the video data.
To reverse the process and obtain compressed values from the decompressed
values on the CCT, the user must have the gain and offset values in addition to
the values in the decompression table.

MSS Bands 1 and 3

Input

0
1
2,3
4
5
6
7
8
9
10
11
12
13
14
15

16

Output

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15*
16

Input

17

18
19

20
21

22
23

24

25
26

27

Output

17
18
19
20*
21
22
23*
24
25
26*
27
28* .
29
30
31*
32
33*

Input

28

29

30

31

32
33

34

35

36

; Output

' .'.' 34

';[' 35*
V 36

37*
38
39*
40
41*
42
43
44*
45
46*

" 4 7
48*
49
50*

* Prior to calibration these quantum levels are not used. After calibration
(individual detector offset and gain adjustment) different quantum levels may
be used, while others are unused. - .
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APPENDIX E (continued)

MSS Bands 1 and 3

Input

37

38

39

40

41

42

43

44

45

46

Output

51
52*
53
54*
55*
56
57*
58
59*
60*
61
62*
63
64*
65*
66
67*
68*
69
70*

. 71*
72
73*
74*
75

Input

. • -. .

47

48

49

50

51

52

53

54

55

Output

76*
77*
.78
79*
80*
81
82*
83
84*
85*
86
87*
88*
89
90*
91*
92
93*
94*
95
96*
97*
98
99*
100*
101

Input Output

102*
103*

56 104
105*

57 106
107*
108*

58 109
110*
111*

59 112
113*
114*

60 115
116*
117*

61 118
119*
120*

62 121
122*
123*

63 124
125*
126*
127*

* Prior to calibration these quantum levels are not used. After calibration
(individual detector offset and gain adjustment) different quantum levels may
be used, while others are unused. •
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APPENDIX E (continued)

MSS Band 2

Input

0
1
2,3
4
5
6
7
8
9
10
11
12
13
14
15

16
17
18
19

20
21
22

23

24
25

Output

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15*
16
17
18
19
20*
21
22
23
24*
25
26*
27
28
29*

Input

26

27

28

29

30
31

32

33

34

35

36

37

38
39

40

Output

30
31*
32
33*
34
35*
36
37*
38
39
40*
41
42*
43
44*
45
46*
47
48*
49
50*
51
52*
53
54
55*
56*
57*
58
59*

Input

41

42

43

44

45

46

47

48

49

50

51

Output

60
61*
62*
63
64*
65*
66
67*
68*
69
70*
71
72*
73*
74
75*
76*
77
78*
79*
80
81*
82*
83
84*
85*
86
87*
88
89*
90*

*Prior to calibration these quantum levels are not used. After calibration
(individual detector offset and gain adjustment) different quantum levels may
be used, while others are unused.
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APPENDIX E (continued)

MSS Band 2

Input ;I Output '

52 ' 91 '
92*

; 93*
53 ' 94

95*
96*

54 97 '
98*
99*

55 100 •
101*
102*

Input : Output

: 103*
56 104

•• f 105* '•''
; " 106*
57 ' 107

j ^ 108*
: 58 109
; ;; no*

in*
,59 112

113*
114* ' ' •

.Input Output

60 115
116* ;

61 117
118*
119*

; 62 120
f 121*

63 122
123*
124*
125*

; ' 126*
127*

MSS Band 4

Data from MSS Band 4 are npt decompressed.

*Prior to calibration these quantum levels are. not used. After calibration
(individual detector offset and gain adjustment) different quantum levels may
be used, while others are unused.
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APPENDIX F

TICK MARK REFERENCE SYSTEM

The Bulk MSS film image is used in establishing the tick mark reference
system. The scene on a 70-mm film image is 55 mm in the X direction and
53 mm in the Y direction. The area represented by the scene is 185 km by
178.36 km; this scene consists of 2256 scan lines.

The tick mark reference system has been chosen so that the origin is at the
format center. The corners of the scene are designated A (1/2, -1/2),
B (-1/2, -1/2), C (1/2, 1/2) andD (-1/2, 1/2). See Figure F-l.

A-IH. -» TOPEDGEB (-*..»

LEFT EDGE RIGHT EDGE

CW.>« BOTTOM EDGE D «-*•*»

J

Figure F-l. Tick Mark Reference System

The value that locates the tick marks along the edges is, therefore, given in
terms of a 16-bit binary integer fraction with the binary point to the left of bit
position 0.

It should be noted that the scene on the Bulk MSS CCT contains 2340 scan lines
(2256 scan lines for the film image, plus 42 scan lines of data preceding the
film image and 42 scan lines following the film image). The tick marks are
applied to the film image as shown in Figure F-2.

TICK MARK

42 SCAN LINES

CCTSCENE
2340 SCAN LINES

FILM IMAGE
2256 SCAN LINES

42 SCAN LINES

Figure F-2. CCT Film Image
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APPENDIX G

CONVERSION TABLE: BINARY/QCTAL/DECIMAL/HEXADECIMAL

Binary Octal Decimal Hexadecimal

00000000 0 0 0
00000001 1 1 1
00000010 2 2 2
00000011 3 3 3
00000100 4 .4 - 4
00000101 5 5 .5
00000110 6 -6 ' 6
00000111 7 7 7
00001000 10 8 8
00001001 11 9 9
00001010 12 10 A
00001011 13 11 B
00001100 14 12 G
00001101 15 13 D
00001110 16 14 : E
00001111 17 15 F
00010000 20 16 10
00010001 21 17 11
00010010 22 18 12
00010011 23 19 13
00010100 24 20 14 '
00010101 25 21 15
00010110 26 22 16
00010111 27 23 17 '
00011000 30 24 18
00011001 31 25 ' ' 19
00011010 32 26 ' • 1A
00011011 33 27 IB
00011100 34 28 '1C'
00011101 35 29' ; ID
00011110 36 30 ' lEr

00011111 37 31 ' ; IF
00100000 40 32 . 20
00100001 41 33 21
00100010 42 34 22
00100011 43 35 23

. 00100100 44 36 24
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APPENDIX G (continued)

Binary Octal Decimal Hexadecimal

00100101
00100110
00100111
00101000
00101001
00101010
00101011
00101100
00101101
00101110
00101111
00110000
00110001
00110010
00110011
00110100
00110101
00110110
00110111
00111000
00111001
00111010
00111011
00111100
00111101
00111110
00111111
01000000
OlOOOOOl
01000010
01000011
01000100
01000101
01000110
01000111
01001000
01001001
01001010
01001011

45
46
47
50
51
52
53
54
55
56
57
60
61
62
63
64
65
66
67
70
71
72
73
74
75
76
77
100
101
102
103
104
105
106
107
110
111
112
113

37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
.5.8
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

25
26
27
28
29
2A
2B

. 2C
2D
2E
2F
30
31

.32
33
34
35

.36
37
.38
39
3A
3B
3C

. 3 D
3E;

3F
40
41
;42
43
.44,
45
46

.47
... <48

• 49 .
. 4A .

4B
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APPENDIXG (continued)

Binary Octal Decimal Hexadecimal

01001100
01001101
01001110
01001111
01010000
01010001
01010010
01010011
01010100
01010101
01010110
01010111
oioiiboo
01011001
01011010
01011011
01011100
01011101
01011110
01011111
01100000
01100001
01100010
01100011
01100100
01100101
01100110
01100111
01101000
01101001
01161010
01101011
01101100
01101101
01101110
01101111
01110000
01110001
01110010

114
115
116
117
120
121
122
123
124
125
126
127
130
131
132
133
134
135
136
137
140
141
142
143
144
145
146
147
150
151
152
153
154
155
156
157
160
161
162

76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114

4C
4D

•.4E
4F
50
51
52
53
54

• ' ! • 55 •
. 5 6

57
58
59
5A
5B
5C
5D
5E
5F
60
61
62
63
64
65
66
67
68
69
6A
6B
6C
6D
6E
6F
70
71
72

G-3



APPENDIX G (continued)

Binary Octal Decimal Hexadecimal

01110011 163 115 73
01110100 164 116 74,
01110101 165 117 • • -75
01110110 166 118 - 76
01110111 167 119 77
01111000 170 120 78
01111001 171 121 ; 79 ' •
01111010 172 122 7A
01111011 173 123 7B
01111100 174 124 7C
01111101 175 125 7D
01111110 176 126 -,7E
01111111 177 127 : . 7F
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APPENDIX H

DETECTOR-TO-DETECTOR RADIOMETRIC ACCURACY '

Tests have been made using a computer program (EVAL) to evaluate the video
data on the Bulk MSS CCT. The radiance levels have been sorted into three
ranges (referred to as regions and corresponding to the intervals 0 to 20, 21
to 60 and 61 to 127). As part of the evaluation, a confidence check is used
which requires at least 50 data points within a region for each detector in a
mirror sweep. If a detector has fewer than 50 data points for a region, then
none of the data in that region are used in evaluating the data for that partic-
ular mirror sweep. The computer output includes an area which lists the
number of samples for each detector. These samples refer to the number of
mirror sweeps for which the data satisfy the confidence check. The results of
EVAL have been useful in detecting striping problems and in comparing detector-
to-detector radiometric accuracy.

.Two CCTs have been chosen to demonstrate the usefulness of the program's
output. One CCT has video data which have not been radiometrically qorrec-
ted using the new regression coefficients C's and D's). The video data on the
other CCT have been radiometrically corrected using the new C's and D's.
These tapes are referred to as "before" and "after" CCTs respectively.

Figure H-l shows, in summary form, the average radiance level for each
detector. The averaging is calculated for each mirror sweep, which consists
of six scan lines. As can be seen in Figure H-2, the difference in radiance
levels among the detectors for a given region is not more than two quantum
levels. By referring to Figures H-l and H-2, the detector-to-detector radio-
metric accuracy of the "before" and "after" CCTs can be compared. It will be
noticed that the ranges of values on "before" and "after" CCTs are quite dif-
ferent. This is because slightly different areas are represented on each CCT;
however, a comparison of the differences between detectors is meaningful.
For example, note that detectors 2 and 4 of band 3, region 3 were quite.high
and low respectively on the "before" CCT. The corresponding detectors on
the "after CCT show considerable improvement.
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