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MANUAL ON CHARACTERISTICS OF LANDSAT COMPUTER-COMPATIBLE 

TA-PES PRODUCED BY THE EROS DATA CENTER DIGITAL IMAGE PROCESSING SYSTEM 

COMPILED BY PATRICK F. HOLKENBRINK1 

· INTRODUCfiON 

Landsat data are received by National 
Aeronautics and Space Administration (NASA) 
tracking stations and converted into digital 
fonn on high-density tapes (HDTs) by the 
Image Processing Facility (IPF) at the Goddard 
Space Flight Center (GSFC), Greenbelt, M~ry­
land. Tne HDTs are shipped to the EROS Data 
Center (EDC) where they .are converted into 
customer products by the EROS Data Center 
digital image processing system (EDIPS). This 
document describes in detail one of these 
products: the computer-compatible tape (CCT) 
produced from Landsat-1, -2, and -3 multispec­
tral 'scanner (MSS) data and Landsat-3 only 
return-beam vidicon (RBV) data. Landsat-! 
and -2 RBV data will not be processed by 
IPF /ED IPS to CCf fonnat. 

DATA CHARACTERISTI~S 

SPACECRAFT SENSORS 

The image data received and processed by 
IPF and EDIPS are scanned, or imaged, by the 
sensors onboard the Landsat spacecraft. Each 
spacecraft carries two sensor systems: a re­
turn-beam vidicon (RBV) camera system and a 
multispectral scan~r (MSS) system. A more 
detailed description of~these sensors is given in 
Section P of the Landsat Data Users Hand­
book, Revised. 
1Technicolor Graphic Services, Inc. Prepared for the 
United States Geological Survey under contract no. 
14-08-0001-16439. 

RBV CAMERA SYSTEM 

On Landsat-3, the RBV system consists of 
two independent cameras. The ground-area 
image is stored on the photosensitive surface 
of the camera tube, which after shuttering, is 
scanned to produce a video signal output. The 
shuttered panchromatic cameras produce two 
side-by-side images rather than three images 
of the same area as produced by the three 
independent narrow .. band cameras on Land­
sat-! and -2. Each camera covers an area 
99 x. 99--km with an instantaneous field of 
view of about 19 meters. "Each RBV image is 
referred to as a subscene; the four subscenes 
that comprise a Landsat scene are labeled A, 
B, C, and D (fig. l ). The four RBV images 
approximately coincide with one MSS frame. 
Figure 2 shows a fully processed RBV su}).: 
scene with 81 reseau marks (nine rows of nine) 
on the tube surface. 

MULTISPECTRAL SCANNER SYSTEM 

The multispectral scanner (MSS) is a 
line-scanning device that uses an oscillating 
mirror to continuously scan perpendicul~ to 
the spacecraft's orbital path. The. MSS's on 
Landsat .. } and -2 have six detectors in each of 
four spectral bands, operating in the spectral 
interval from 0.5 to 1.1 micrometers. These 
detectors provide outputs that are sampled, 
digitized, and transmitted to Earth as a contin­
uous strip of image data for each mirror sweep. 
At GSFC, all data received are reprocessed, 
framed as individual scenes, and encoded on 
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HDTs. Figure 3 shows a fully processed MSS 
scene. 
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·Figure 1.-F ormat of a fully processed Landsat-3 
RBV scene, showing the locations of subscenes 
A, B, C, and D. 

On Landsat-3, a fifth spectral band operates, 
using only two detectors, in the thermal-infra­
red region .of 10.4 to 12.6 micrometers. Thus, 
spatial resolution of this band is less than the 
other four. Because of the reduced sampling 
rate of ·the thermal band, as compared with 
the other four bands, its pixels must be repli­
cated in the unprocessed image array for three 
across and for three scan lines by the GSFC 
data processing facility. Figure 4 shows the 
relationship that allows all bands to have the 
same number of pixels. This expanded image 
array is resampled and corrected to produce 
the standard thermal image. Thus, the repli­
cation pattern is not discemable in a fully pro­
cessed seen e. 

-
2 

SCAN LINES 

Each image is made up of parallel scan l~es 
that contain a l~ge number of picture elements 
(pixels). For the MSS,. the actual number of 
these pixels depends on mirior motion and other 
factors. The greatest deviation for Landsat-1 
and -2 is ±seven pixels. The relationship be­
tween these ·pixels and the corresponding ground 
area is discussed in Appendix F. The distance 
covered by a scan line varies with the altitude. 
Experience has shown that the variations have 
resulted in scan line changes of approximately 
± 4 k.m in the worst case. For RBV, the number 
of pixels in each scan line is electronically flXed. 

~Sl22PIXELS------1 

1 

l 
..... ...... . ...... 
••••• 4 PIXELS 

32 ~~~i~ . . j_ 

~r~ ~mmm~mmi:::::mmmnmm · ~~w,~~cNT 
RESEAU 
MARK 

NOTE: Size of reseau marks is approximate on fully processed images as they 
are affected by resai'npling. 

Figure 2.-Square data array of fully processed RBV 
imagery. 
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DIRECTION OF SCAN 

The scan mirror, or electron beam, oper­
ates in a scan-and-retrace cycle. The active 
scan is normal and right-to-left with respect 
to the satellite direction. The full cycle nor­
mally produces a 185 km s~~ep for MSS and 
a 99 km sweep for each RBV subscene. Fig· 
ure 5 shows the composite scan pattern of 
the MSS. 

BRIGHTNESS VALUES 

Each pixel is encoded in a byte. Each byte 
is composed of eight binary digits (bits), 
which are arranged to represent differing 
brightness values as binary numbers. As there 
are eight binary bits (each of which may be on 
or off), 256 values may be represented in each 
byte. However, not all of these values are 
possible. The satellite has two modes of trans­
mission: linear and compressed. Bytes 3592 
through 3 596 of the header record identifies 
the transmission mode for each band. 

Linear-transmission mode allows each pixel 

3 
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Figure 5 .-Ground-scan pattern for three MSS de­
tectors. 
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to have a brightness-value range of 0 to 63. 
RBV and MSS band 7 and band 8 data are 
transmitted in linear mode. 

Compressed-transmission mode allows each 
pixel to have a brightness-value range of 
0 to 127. MSS bands 4 through 6 are trans­
mitted in compressed mode. These data are 
compressed to improve the signal-to-noise 
ratios. By compressing the high brightness­
value signals, the quantization noise more 
nearly matches photomultiplier noise. 

All data are received as six bit binary num­
bers (dynamic range of 0 to 63). However, 
processing at GSFC decompresses all data 
received in compressed transmission mode 
(see Appendix E). This processing expands 
the range of data to a dynamic range· of 0 to 
127 for decompressed data while linear data 
remains at a brightness range of 0 to 63. 

All image data bytes on a CCT have seven 
bits of infonnation: 

!o)x[xlxlx[xlxlxl 
7 6 5 4 3 2 lAO • 

In either mode, valid data are in bits 0 to 6 
of each · image byte. If the transmission mode 
is linear, there is an implied binary point 
between bits 0 and 1. as shown by the A in 
the drawing. -This allows the user the option 
of using the additional radiance fraction 
which becomes available at GSFC during the 
processing of the data. The user can decide 
whether the digital byte is interpreted as 
holding maximum value of 127 or 63.5 If 
the mode is compressed, the pixel brightness 
level has a range of 0 to 127 and occupies 
bits 0 to 6 with no binary point implied. If 
the user simply interprets each pixel byte 
as an integer, .all bands automatically .register 
to the same brightness scale. 

DIRECTION OF FLIGHT 

The spacecraft is in a near-polar orbit, which 
allows two periods of im.aging. When the space­
craft travels north to south, it is in desc.ending 

4 

mode. Conversely, the ascending mode is a 
south to north direction. The transition points 
near the poles are not ftxed terrestrial loca­
tions, but describe circles at approximately 820 
N. and S. latitudes. 

\ 

The spacecraft's orbital progress produces 
the along-track scan pattern, when combined 
with the scan-and·retrace cycle, provides com­
plete coverage of the full image area. 

DEFINITION OFA SCENE 

An MSS scene is an imaged ground area 
normally 185km (cross-track) by 170 km 
(spacecraft direction) imaged by one, four, or 
five spectral bands. On Landsat-3, an RBV 
scene is detected by two panchromatic 
cameras with no spectral separation. Each 
RBV scene, normally 183 km by 181 km, is a 
composition of four RBV subscenes, with . 
each subscene 99 km by 99 km. 

UNCORRECTED AND CORRECTED DATA 

CCT data can be requested as four separate 
products: 

CCT-AM: partially processed MSS data 
· (without geometric conections applied). 

CCT·PM : fully processed MSS . data 
(with geometric corrections applied ·and 
resampled to a map projection). 

CCT -AR : partially processed RBV data 
(without geometric corrections applied). 

CCT-PR : fully processed RBV data 
(with geometric corrections applied and 
resampled to a map projection). 

All four CCT products have been radiometrical· 
ly corrected as discussed in Appendixes C and 
D. 

A partially processed image is defmed as one 
for which the correction data are provided as 
ancillary information, but which are not ap­
plied to the video data. An uncorrected scene 
has the systematic corrections and resampling 
transformations to two projections in the-ancil­
lary records on the CCT·AM for MSS and the 
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CCT-AR for RBV. 
A fully processed CCT scene has systematic 

and geometric corrections applied and the data 
resampled to a specified projection. Such a 
scene is recorded on a CCT-PM (for MSS data) 
or CCT-PR (for RBV data) . 

. Some of the systematic corrections include: 

band-to-band offsets 
line lengths 
earth rotation (skew) 
detector-to~etector sampling delay 

A discussion of each of these major corrections 
is given in Appendix B. The other systematic 
corrections (pitch, yaw, altitude, use of ground 
control points, and so forth) are discussed in 
the Landsat Data Users Handbook. The exact 
method available to users to perform the geo­
metric transformation contained in the ancil­
lary information is given in Appendix A. 

The differences · between fully processed and 
partially processed image arrays are shown in 
figures 6 and 7. In addition, it should be 
noted that the actual image data are spatially 
corrected in the fully processed CCT. The 
dotted line on the right side of the partially 
corrected MSS array (fig. 6) indicates a vary-

'-----3240 PtXELS _J I (NOMINAL) ·. . . . -, 

2400 
SCAN 

~~~ 
GEOMETRICALLY UNCORRECTED 

INPUT SPACE 

ing line length. The correction transformation 
is applied in the corrected array and provided 
in the ancillary data for an uncorrected array. 

PROJECTIONS AND RESAMPLING TECHNIQUES 

In the process of geometrically correcting 
an image array, four different images can 
result because of the combinations of the two 
projections and two resampling techniques 
available. 

Landsat data can be geometrically corrected 
to three map p.rojections. The standard projec­
tion is Space Oblique Mercator (SOM). As an 
option, the data can be corrected to either 
Polar Stereographic (PS) or Universal Trans­
verse Mercator (UTM). If the scene nadir is 
between 650 N. latitude and 650 S. latitude 
then the scene can be corrected to tJTM. If 
the spacecraft nadir is outside of these bounds, 
then the alternative projection is PS. Ap- · 
pendix G provides infonnation about these 
projections. 

A CCT-AM or· CCT-AR has the annotation 
records and transfonnation coordinates for 
both the standard SOM projection and the 

t-1•• ---- 3548 P.JXELS _ .......... ____ •..;! 

GEOMETRI CALlY CORRECTED 
OUTPUT SPACE 

2983 
SCAN 
UNES 

Figure 6.-An MSS scene. 
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I 1-·----5375 PIXELS----·~! 

GEOMETRICALLY UNCORRECTED 
INPUT SPACE 

optiona! UTM or PS projection. A CCT-PM or 
CCT;.PR has the image data and annotation 
record for the SOM projection or the UfM or 
PS projection if requested. 

When correcting image data points, either 
nearest-neighbor . or cu hie-convolution resam- . 
pling techniques can be used to interpolate 
the brightness levels of the calculated points. 

The nearest-neighbor technique· adjusts the 
new pixel having the closest relative location 
to the new computed pixel location. For 
example, given: 
- --- j ( c,e )- ·- --

J ( c.e+.l ) 

( x,y) 
( c+l,e) ( c+l,e+l) 

l J 

each pixel location is defined as (x,y). 

x is line value (vertical position) defined 
as c.d where c is integer portion, d is 

. fractional portion. 
y is column value (horizontal position) 
defmed as e.f where · e is integer portion, 
f is fractional portion. 

·. 
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1~--· ----5322 PtXEL.S------1 

t 

GEOMETRICALLY CORRECTED 
OUTPUT SPACE 

I (x,y) =I (c.d,e.f)= I (a,b) . · ·{c · ifd<.S 
where a= c 1 if d ~ .S 

{
e i iff<.S 

b= e 11 iff ~.5 

5322 
SCAN liNES 

Cubic convolution fs the standard resampling 
technique perfonned during the .correction pro­
cess. Sixteen input image-pixel·intensity values 
are used to compute the intensity value of each 
output pixel (fig. 8). The algorithm uses four 
input points in the following: 

I k :;:: d { d [ d ( l k4 -1 k3 +lk2 -1 k1) 

. + ( -1 k4 +I kl -21 k2 +21 kl) ] 

+ ( I k3 -I kl ) } 

I =d' jd'[d'(l'-1'+1'-1') vu 1 4 3 2 1 

+ '3 -1 4 -212 +21 i ) ] 
+ ( I 3 -1 i ) } + 12 

( 1 ) 

Formula ( 1) is evaluated for each row of four 
points. The four input image brightness values 



DATA CHARACTERISTICS 

Ikl, Ik2, lk3, lk4 and horizontal distance d 
are used to obtain an intermediate interpolated 
brightness value Ik. Then these four interme­
diate interpolated values 11, 12, !3, 14 and the 
vertical distance d are used in formula (2) to 
obtain the fmal brightness value Ivu. 

ENHANCED DATA 

ED IPS can provide certain enhancements to 
each image. A user may order a CCT product 
and specify any one of the following enhance­
ments. The header record of each band indi­
cates which options were performed. En­
hancements can only be provided with fully 
processed CCT's. 

CONTRAST ENHANCEMENT 

Landsat data usually occupy a small subset 
of the total brightness range. To provide 

'u It 2 
,. 

* 1 
lt3 lt4 

I 
I 
I 
I 
I 

I 21 122 
,,. 

I 23 I 24 *2 ., :. 
I 

'vuxi 
~d~ 

131 
I , 

I 32 ll3 133 134 

* I 
I 
I 
I 

141 142 
I I 

P4 143 144 

* 

• - Input image samples 

* - Horizontal interpo~tion points 

x - Output image sample mapped into input image space 

I k - Intermediate interpolated intensity value; K:a l, 2, 3, 4 

I vu - Final interpolated intensity value of pixel at x 

Figure 8 .-Cubic convolution. 
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optimal contrast and color variation when 
color compositing, a linear contrast stretch 
may be performed on the image data. 

The contrast-enhancement algo. "thm is 
either an automatic or parametric line rstretch 
of minimum-maximum brightness evels de­
fmed by: 

OUTPUT = [INP':IT -MINI!d_UM 
maxunum-muwnum 

where output values less than the lo thresh-
old are set to zero and any values 
upper threshold are set to 127. The munum 
and maximum values may be obt · ed by an 
algorithm either automatically based n bright­
ness-value distribution or specified b the user 
at the time of the order. These valu s may be 
specified in either gray-level values o percents. 
If contrast enhancement is perfo ed, the 
maximum and minimum values use for each 
band or subscene will be given in th ir respec­
tive trailer records. 

ATMOSPHERIC SCATTER COMPENS 

The algorithm for atmospheric sc 
pensation perfonns a simple bias on 
value: 

OUTPUT = INPUT - BIA 

The bias may be specified at the r 
order to remove the effects of at 
contaminants. If the compensatio 
formed on the image data, the actual 
used is given in the trailer record of e 

EDGE ENHANCEMENT 

Edge enhancement is a technique o "sharp· 
en" the Landsat image by enhancing the high­
frequency image components. This i done by 
exaggerating the difference between the pixel 
and the N x M neighborhood (kern 1) irnme· 
diately surrounding it. The kemel s· e (N, M) 
is specified at the time of order with , M as 1, 
3, 5, 7, or 9. The kernel does not ave to be 
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square or the same for each band or subscene; 
but N and M must be odd valued integers. The 
local average is computed as follows: 

SV(I+l, J) : = SV(l, J) - T(l+l, J) + B(I+l, J) 

- SH(I, J+l) : = SH(I, J) + SV(l, J+N) - SV(I, J) 

Xl (I, J) : = SH(I, J) I (N*M), I, J = 1, 2, 3 . . 

where 
SV(I, J) 

SH(I, J) 

T(l, J) 

is the sum of the pixel values inside 
the kernel box along the vertical axis. 

is the sum of the SV(I, J) values inside 
the kernel box along the horizontal 
axis. 

is the scan line uncovered by advanc­
ing the fllter to line I. 

B(I, J) is the scan line covered by advancing 
the filter to line I. 

After computing the local average XI (1, J), 
the output (enhanced) pixel value Y(l, J) is 
given by: · · 

Y(l, J) : = X(I, J) + X(I, J) - Xl(I, J) 

If edge enhancement is performed on the 
video data, the ·kernel size employe(i is giverrin 
the trailer record of each band. 

TAPE FORMAT 

GENERAL 

. The CCT's produced by EDlPS are classified 
by two major data distinctions: sensor type 
(MSS or RBV), and whether or not geometric 
corrections have been applied to the irrtage 
dat.a. Four types of CCT's result: 

CCT-AM: partially processed MSS data 
(with geometric corrections 
applied). 

CCT-PM: fully processed MSS data (with 
\geometric - corrections applied 
and resampled to a map projec­
tion). 

CCT-AR: partially processed RBV data 
(without geometric correcitons 
applied). 

CCT-PR: fully processed RBV data (with 
geometric corrections applied 

8 

and resampled to a map projec­
tion). 

These CCT's can be produced· in either a 
band interleaved by line (BIL) or a band se­
quential (BSQ) format and Jn either 800 bpi or 
1600 bpi densities. RBV data is produced on a 
per subscene basis which is equivalent to BSQ 
with only one band. While each of these CCT's 
may require varying numbers of records and 
tape reels, a general data format that applies to 
all CCT's is shown in figure 9. 

CONVENTIONS 

BYTE 

A byte is eight bits in length and may con­
tain character or numeric data. The most 
significant bit occurs ftrst and is the left-most 
bit of the byte. 

IMAGE DATA 

Image data will be right-justified in a byte 
with the most significant bit zero filled. A 
binary value of zero is low radiance for RBV 
and bands 4 through 7, and "cold" for MSS 

1 
band 8 data. Each image datum is a pixel. 

RECORD 

A record is a collection of data items and is 
treated as a ·logical unit. Tape directory data, 
header data, ancillary data, annotation data, 
image data, and trailer data occupy separate 
sets Qf records. Records are structured to .con­
tain six bytes of identification codes, data, and 
a variable number of zero flll bytes (fig. 1 0) .. 
The ftrst six bytes are: record number, zero fill 
byte, and record type code. 

RECORD NUMBER 

This is a sequential count of the record 
number within a ftle. Records are numbered 
sequentially, starting with one. The number is 
coded in binary, -with the left-most bit being 
the most significant. 

ZERO FILL BYTE 

This byte is binary-zero filled and used for -
data alignment. 



TAPE FORMAT 

. 

MSS BSQ 
FOR A SCENE 
OF t'f BANDS 

TAPE DIRECTORY 

EO!' 

HEADt:R 
1/. 

ANCILLARIES-

ANNOTATION 

EO!' 

IMAGE LINES 

!OF 

TRAILER 

EOF 

HUOER 

11 
ANCILLARIES 

ANNOTATION 

EOF 

IMAGE LINES 

EOF 

TRAILER 

EOF 

HEADER 
1/ 

ANCILLARIES-

ANNOTATION 

EOF 

!MACE LINES 

EOF 

TR,HLER 

EOS 

BAND 
1 

1 
SCE 

BAND 
2 

T 
BAND 

N 

rl 

II 

MSS BIL 
FOR A SCENE 
OF N BANDS 

TAPE DIRECTORY 

EOF 

HEADER 
1/ 

ANCILLARIES""' 

ANNOTATION 

EOF 

IMAGE LIRS 

t NT!ltUAVED 

8Y Lilli 

EOF 

TRAILERS 

£OS 

I 

l 
l 

sc. 

~ 

RBV 
FOR ONE 

SUB SCENE 

TAPE DIRECTORY 

EOF 

HEADER 
1/ 

• ANCILLARIES-

ANNOTATION 

EOF 

IMAGE LINES 

£OF 

TRAlLU 

EOS 

l 
1 

SUB C ENE 

~ 

1f Present on C:CT'"' w\ til ~~o""'trically uncorr .. cttKi data only . 

. . 

Figure 9 .-Data format of ED IPS CCT's. 
RECORD TYPE CODE 

Each record contains one of six types of 
information, uniquely identified by the record 
type code. The record type codes are binary 
numbers with the following octal values: 

Tape directory 0 llg 
Header 022g 
Ancillary 044g 
Annotation 333g 
Image 355g 
Trailer 3 66 8 

FILE 

A file is a collection of related records 
treated as a unit. The amount of data con-

9 

tained in a flle depends on sensor pe (MSS 
or RBV), the interleaving of image data, and 
whether or not the data are geomet "cally cor­
rected. A ccr contains four type of flies: 

Tape-directory data 
Scene-attributes data 
Image data 
Trailer data 

Each file can contain one or mor records as 
defmed below. The total number of lles on the 
CCT depends on the format: BSQ or BIL 
(fig. 9). The length of records wi · each file 
is flXed and blocked one ( 1 ). The tape direc­
tory flle has a fixed length on all CCT tapes 



MANUAL ON CHARACTERISTICS OF LANDSAT COMPUTER-COMPATIBLE TAPES 

and gives the lengths of records in all subse­
quent flies. 

Only an image-data fJ.le may be split between 
reels of CCT's. It should be noted that one RBV 
image data file contains one RBV subscene of 
imagery. One MSS image fJ.le contains either one 
image (band) in BSQ or one scene in BIL (fig. 
9). 

VOLUME 

A volume is one physical unit of a storage 
medium on which · data can be recorded and 
subsequently read. In this document, a volume 
always refers to a reel of magnetic tape. 

CCTTAPESET 

A CCT tape set may consist of one or more 
volumes and contain data for one MSS scene 
or one RBV subscene. 

TAPE GAPS AND MARKERS 

Tape gaps, load point, end-of-tape (BOT) 
marks, ·and other tape characteristics are 
stand.ard for the industry as defmed by the 

American National Standards Institute (ANSI, 
1973a and b). 

END-OF-FILE MARKER 

The end-of-file marker (EOF) is a specifical­
ly coded block which s~parates flles. The EOF 
is the tape mark described in the referenced 
ANSI documents. 
END-OF-VOLUME MARKER 

· The en~ofvolume (EOV) indicator consists 
of two consecutive EOF's and marks the end of 
recorded data on the tape. 

END-OF-SET MARKER 

The end-of-set marker (EOS) consists of 
three consecutive EOF's and occurs on the 
last volume of a multivolume set. 

TAPE DIRECTORY 

The tape directory appears once at the_ 
beginning of each volume and identifies the 
contents, documentation level, and fonnat of 
the CCT set. It consists of one record 360 
bytes long as shown in table 1. 

i4----------.......,------For MSS: 3,596 bytes.. .. _------------.......... ~~ 

General 
Record 

Structure 

Non-Image 
Data 

Record 
Structure 

4~1+t...J 
bytes I byte I byte I 

Record Number 

Record Number 

Zero 
Fill 

Zero 
Fill 

Record 
Type 
Code 

Record 
Type 
Code 

For RBY : 5 , 388 bytes 

.L' , 
" ~ · 

Data 

, , 
" ~ 

.. :f 

Alphanumeric Data 

1'" 
J~ L---------------~--------~------------------------------~ 

,. . 
" 

"x-bytes 

Zero 
Fill 

Zero 
Fill 

Image 
Data 

Record 
Structure 

Record Number Zero 
Fill 

Record 
Type 
Code 

Scan line Identification Image Data 

~~------------------~--~--~----------------------------_. ______ __ s; 
. .,_ ___ 6 bytes ------_,..•1 

Figure 10.-Standard CCT record structure. 
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TAPE FORMAT 

'!'ABLE 1.--Tape directory: Record-byte assignments 

BYTES DATA 

1-4 

~ 
5 1 ooo 1 

6 joud 
7-26 L N 

s T 

T y 

y D 

D D 

X X 

N v 

iS iS 

\S iS 

\S iS 

27-29 Day Mon 

Yr 

30 §] 

31 Q] 
32-33 I XXX I XXX I 

DESCRIPTION 

Record Number-always a binary 1 

Zero Fill 

Rec«?rd Type Code 

Tape ID - 20 ASCII bytes of tape identification coded: 

L a Mission Designator, coded L for Landsat 
N =Mission Number, coded: 1, 2, or 3 
S = Sensor Type, coded: M (MSS) or R (RBV) 
TT a Tape Type, coded: CP (Data with geometric 

corrections), orCA (Data without geometri< 
corrections) 

Date of Tape YY • Last two digits of yea-r 
Creation: DDD • Julian .. Day 

XX a Sequence number within day for each tape t~rpe 

N • CCT Volume Number 
V = Number of volumes in CCT set 
~ • Blanks 

Date of CCT Tape Generation - will contain the bate in 
binary (Yr • last two digits of year) 

Site of CCT Production: 
Ollg = IPF (MDP#l) at GSFC 
0228 =- IPF (MDP/F2) at GSFC) 
044g = IPF (QLP) at GSFC 
3558 = EDIPS at EDC (This manual only describes CCT's 

generated by EDIPS) 

Interleaving Type Indicator, with I = OOOg for ~SS BSQ 
and RBV; or 3778 for MSS BIL 

Record length in bytes of records to follow given in 
binary either 359610 for MSS or 538810 for RBV 

11 
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BYTES DATA 

34 

35-52 A D 

D D 

D H 

H M 

M .S 

B M 

p p 

p R 

R R 

53-358 000 000 

3.59-360 SSS LLL 

TABLE 1.--(cont'd) 

DESCRIPTION 

Source BDT - one ASCII byte where: , 
If H • C, the source HDT contains geometrically · 
corrected data 

If H • U, the source HDT contains geometrically 
uncorrected data 

If H • ~' field is N/A 

. Scene Identification - an 18 byte ASCII field giving 
Scene ID and WRS Designator of the data on the tape -
(or tape set) defined as follows -

Scene ID - unique scene identifier of the form: 

ADDDDBHMMSB where 

A • Landsat mission • 1, 2, or 3 
DDDD • Day number, relative to launch, at ~ime of 

observation 
HH. • Hour at time of observation -- ---- ----------
MM • Minute at time of observation 
S • Tens of seconds at time of observation 
B • Blank 

WRS Designator .- unique terrestrial ·scene of the fonn: 

MPPPRRR where 

M • A (for ascending node) or 
D (for descending node) 

PPP • nominal WRS path number (001~251) 
RRR • nominal WRS row number ( 001-248) 

Zero Fill 

Version level on the CCT set. 
SSS--Binary version number of the software. 

(Changes each release of module which 
generates CCT's.) 

LLL--Binary version number of the document which 
describes the CCT format. V.R {Changes 
each version of the CCT document. Revision 
changes have no impact.) 

12 



TAPE FORMAT 

SCENE ATTRIBUTES FILE 

The scene attributes ftle can contain up to 
three types of records: header, ancillary, and 
annotation. The total number of records in the 
flle depends on the sensor and whether or not 
the data are geometrically corrected. The 
attributes file contains records of descriptive 
information concerning the image within the 
image ftle. A CCf in BSQ fonnat contains one 
attributes me that contains the header, ancil· 
lacy (if present) and annotation records for the 
bands on the ccr set. The header record is the 
fU'St record of each attributes· ftle, followed by 
all the ancillary (ifpresent), and then the anno­
tation records. For_both BIL and BSQ fonnats, 
the relative order as given below is important. 

HEADER RECORDS 

a BSQ ccr set and only once in a BI ~ CCT set. 
It identifies the contents of the dat~ that fol­
low and describes the format in which the data 
are recorded. Header data are furtller subdi-

'vided into six groups: 

a) Scene identiilCation 
b) Spacecraft description 
c) Time of exposure and 

WRS information 
d) Data set characteristics 

1) Header data 
2) Annotation 
3) Ancillary data 
4) Image data 
S) Trailer data 

e) Special purpose fields 
0 ED IPS processing information 

for MSS 
for RBV 

-bytes 1·36 
-bytes 37-62 

- bytes 63-92 

-bytes 93-98 
-bytes 99-102 
- bytes 103-110 
-bytes 111-141 
-bytes 142-150 
..... bytes 151·236 

-byte! 3583-3596 
-bytes 5375-5377 

Table 2 shows the layout of heade~ records, 
A header record is present for each band on and table 2a the active detector-stattus bytes. 

'!'ABLE 2 .--Header record: Record-byte assignments 

Data Bytes Description 

1-4 XXX 

XXX 

5 000 

6 

7-8 ~ 

9-10 D 

11-12 D 

1.3-14 H 

15-16 M 

17-18 s 

XXX 

XXX 

022 

A 

D 

- D 

H 

M 

B 

Record number 
Always a binary 1 for each file present. 

Zero fill 

Record Type Code 

Image ID - unique image identifier (in ASCII) 
of the form: 

ADDDDHHMMSB where 

iS = blank 
A = Landsat mission = 1, 2, or 3 
DDDD = 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 = IPF ID code = 1, 2, 3, A, B, C, or D 

13 

indicating RBV; 4, 5, 6, 7, 8, or 0 
(if BIL) indicating MSS 
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19-20 

21-22 

23-24 

25-26 

27-28 
29 

30 

31-36 

Data 

)$ M 

p p 

p R 

R R 

000 

1 ooo ooo 

B. Spacecraft Description 

TABLE 2.--(cont'd) 

Description 

WRS designator - unique terrestrial image 
identifier (in ASCII) of the fonn: 

MPPPRRR where 

M c A (for ascending node) ·or 
D (for descending node) 

PPP c Nominal WRS path number (001-251) 
RRR = Nominal WR.S row number (001-248) 

Date of tape generation - will contain the date 
in binary. (Last 2 digits of Yr.) 

Not used (zeros) 

. . ~ --- ---. - --- - - -- - --- ·-·- - - - --. ·- ---

X X 37-38 Sensor ID - the sensor will always be either 

39-40 X ~ 

41-44 ~ ~ 

45-46 000 OOx 

47-48 

49-56 • • • • • • 

49-50 XXX XXX 

51-52 XXX }L"{X 

· s3-54 000 000 

55-56 000 000 

49-56 

49-50 1 ooo 1 ooo 1 

. . . 

MSS or RBV. The ID will be in ASCII. 

Mission number - will be either a binary 
1, 2, or 3 depending on the spacecraft. 

Orbit number - binary number reflecting the 
orbit number of the spacecraft. 

• For MSS: 

Active detector status - contains detector 
status for the 26 MSS detectors. There is, .. l 
bit _per detector starting left to right with 
1 indicating an active status. If a sensor is 
disabled during the data acquisition pass, this 
status will reflect inactive (0) for the 
disabled detector. See table 2-a for details. 

• • • . For RBV: 

Active camera status - contains camera status 
for up to 3 RBV cameras. There is 1 bit per · 

14 



Bytes Data 

51-52 000 oox 

53-56 000 000 

57 

58-59 I xxxl xxx I 
6Q-62 1 ooo 1 ooo 1 

C. · Time of Exposure/WRS 

63-72 1 ooo 1 ooo 1 

73-74 xxxxxx 

75-76 xxxxxx 

77-78 Yr Yr 

79-80 D D 

81-82 D Hr 

83-84 Hr Min 

85-86 Min Sec 
.... 

87-88 Sec ms 

89-90 ms ms 

91-92 rs rs 

TAPE FORMAT 

TABLE 2.--(cont'd) 

Description 

camera as shown below. A bit set to 1 indicates 
an activated camera. (If a camera is disabled 
during the data acquisition pass, this status 
will be shown as a 0 for the disabled camera.) 

Byte 52: 0 0 0 0 0 J K L 

where bits J, K, and L represent cameras 1, 2, 
and 3 respectively. 

Active detector/camera count - a binary value 
representing the number of active detectors/ 
cameras based on the active detector/camera 
status 

Nominal number (in binary) of pixels/scan 
line in original geometrically uncorr.ected image 

Not used (zeros) 

Designator 

Not used (zeros) 

WRS designator in fully processed image (in 
binary): scan line number of WRS 

Pixel number of WRS 

Center picture exposure time (in ASCII): 

Last 2 digits of year (00-99) 

Julian day of year (3 digits: 001-366) 

Hour (2 digits: OQ-99) 

Minutes (2 digits: 00-59) 

Seconds (2 digits: 00-59) 

Milliseconds (3 digits: 000-999) 

rs = blank 

15 
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TABLE 2.--(cont'd) 

Bytes Data - Description 

D. Data Identification and Characteristics 

93-94 

95-96 

97-98 

99-100 

101-102 

103-104 

105-106 

107 

108 

109 

' 110 

111-112 

113-114 

115-116 

lxxx I xxx I 

~ XXX 

Annotation Data 

lxxxlxxxl 

lxxx I xxx I 

\ 

Header record length - either 359610 for 
MSS or 538810 for RBV 

Number of header records - nominally 1 

Number of bytes of header data 

Characteristics 

Annotation record length - either 359610 
for MSS or 538810 for RBV 

Number of annotation records - 1 if data are 
geometrically corrected, 2 if uncorrected 

Ancillary Data Characteristics 

I xxxJxxxl 

I xxx I xxxl 

§] 

§] 

~ 
EJ 

Ancillary record length - either 359610 
for MSS or 538810 for RBV 

Number of ancillary records - 0 if data are 
geometrically corrected, 2610 if MSS 
uncorrected, 3010 ~f RBV uncorrected 

. Geometric corrections applied - either 0008 
{no) or 377s (yes) 

Geometric correction data present - either 
OOOs (no) or 3778 (yes) 

Radiometric correction applied - either OOOs 
(no) or 3778 (yes) 

Radiometric correction data present - either 
0008 {no) or 377s (yes) 

Image Data Characteristics 

~ 
~ 

Image record length - either 359610 for MSS 
· or 538810 for R.BV 

Not used (zeros) 

Number of calibration/quality data words per 
scan line 

16 



Bytes Data 

117 

118-119 

120 

121 

122 

123 

124 

125-126 • • • • • 

125-126 

125-126 ' • • t..e • • • • • 

125-126 000 000 

127-128 000 000 

TAPE FORMAT 

TABLE 2. -- (cont 'd) 

Description 

Image data format = 0008 for unframed 
rectangular image, 3778 for framed rectangular 
image, 3668 for framed square image 

Not used (zeros) 

Interleaving type indicator - either 0008 for 
BSQ or li78 for BIL 

BIL line interleaving count - 510 if Landsat-3, 
410 if Landsat-! or -2, 0 for N/A 

Number of bits per pixel - for this application 
it will be constant 810 

Resampling applied: 
3008 = None, 
0118 = Cubic convolution, or 
0228 • Nearest neighbor 

Map projection applied (corresponds to first 
map projection in ancillary and annotation 
data sections): 

300g • None, 
Ollg • Universal Transverse Mercator, or 
0228 = Polar Stereographic 

• •• For MSS 

WRS offset from fully processed image 
center - right (positive) left (negative) 
pixel displacement of the World Reference 
System designation with respect to the picture 
center pixel (scan line 1492, pixel 1774). 
(Most significant bit indicates the sign; "O" • 
positive with WRS to right of picture center 
and "1" • negative with WRS left of picture 
center.) For image data without geometric 
corrections, zeros 

• • • For RBV 

Not used (zeros) 

Not used (zeros) 
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Bytes 

129 

130 

131-132 

133-134 

135 

136 

137-139 

14Q-141 

142-143 

144-145 

146-150 

MANUAL ON CHARACTERISTICS OF LANDSAT COMPUTER-COMPATIBLE TAPES 

Data 

XXX XXX 

000 000 

XXX 

~ . . .. Ea 

TABLE 2.--(cont'd) 

Description 

Image data justification - 08 inCiicates left 
justification, 3778 indicates right 
justification, for this application: 3778 

Location of most significant bit - Os 
indicates left, 377 8 indicates r .ight, for 
this application: 08 

Number of pixels per scan line 

Not used (zeros) 

Number usable images (or subscenes) per scene 
- this will contain either 110, 410, or S10 

MSS band number (in ASCII) : 4, 5, 6, 7, 8, or 
0 (indicating BIL) or RBV camera number (in 
ASCII); A, C- camera 1; B, D- camera 2 

Not used (zeros) 

Number of bits of support data or "one" filler • 
in the end of each image data record: 

PM - 25210 
PR - 37810 
AM - 2521o 
AR- 710 

Trailer Data Characteristics 

I XXX I xxxl 

I XXX I xxxl 
I ooo I oool 

Trailer record length - either 359610 for 
MSS <>r 538810 for RBV 

Number of trailer records - nominally one per 
image 

Zero filler 

E. Special Purpose Field.s 

151 

152-161 I ooo I oool · 

Day/night flag - if 0008 • day pass 
3778 • night pass 

Not used (zeros) 

.... .... 

18 



Bytes Data 

162 • • 

162 

162 

162 1 ooo 1 

163-214 .• 

163-164 )S A 

165-166 D D 

167-168 D D 

169-170 H H 

171-172 M M 

173-174 s B 

175-176 )S M 

177-178 p p 

179-180 p R 

181-182 R R 

183-214 

TAPE FORMAT 

TABLE 2.--(cont'd) 

Description 

. • • • For MSS 

Cal wedge mode 
0018 ·- low gain linear transmission 
070g a low gain compressed tr~smission 
077g • high gain linear transmission 
300g • high gain compressed transmission 

•• For RBV 

Not used (zeros) 

• • For Imagery with Geometric Corrections 

Temporal Registration Data: 

Scene ID (20 ASCII bytes) of referenced scene 
used for temporal registrat.ion processing of 
the form: 

ADDDDHHMMSB where 

A =- Landsat mission - 1, 2, or 3 
DDDD • 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 =- IPF ID code • (RBV) 1, 2, 3, A, B, C, 

or D; (MSS) 4, 5, 6, 7, or 8 

WRS designator - unique terrestrial image 
identifier (in ASCII) of the form: 

MPPPRRR where 

M = A (for ascending node) or 
D (for descending node) 

PPP = nominal WRS path number (001-251) 
RRR = nominal WRS row number (001-248) 

Scan line and pixel numbers for temporal 
registration marks for referenced image and 
current image (image under processing). 
Temporal registration points P1 through P4 
are given in the following tabular form. 
Entries denote byte assignments for binary 
scan line numbers and pixel numbers. 
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Bytes Data 

Temporal Registration 
Point 

163 - 214 • • • • 

163-214 1 ooo 1 ooo 1 

215 - 230 • • . • 

215-216 XXX XXX 

217-218 XXX XXX 

219-220 XXX XXX 

221-222 XXX XXX 

223-224 XXX XXX 

225-226 XXX XXX 

227-228 XXX XXX 

229-230 XXX XXX 

215 ·- 230 

215-230 1 ooo 1 oool 
231 . . . . 

231 §] 

TABLE 2.--(cont'd) 

CURRENT IMAGE 
Scan Line 
Number 

177 - 178 
185 - 186 
193 - 194 
201 - 202 

Pixel 
Number 

179 - "180 
187 - 188 
195 - 196 
203 - 204 

Description 

REFEREN'CE , IMAGE 
Scan Line 
Number 

181 - 182 
189 - 190 
197 - 198 
205 - 206 

Pixel 
Number 

183 - 184 
191 - 192 
199 - 200 
207 - 208 

• For Imagery without Geometric Corrections: 

Not used (zeros) 

• For MSS Imagery with Geometric Corrections: 

Overlap Data: 

Scan line & pixel numbers (in binary) of the 
four overlap marks: 

Scan line of first overlap mark (upper left) • 
Pixel number o.f first overlap mark 

Scan line of second ove~lap mark (upper right) 

Pixel number of second overlap mark 

Scan line of third overlap mark (lower left) 

Pixel number of third overlap mark 

Scan line of fourth overlap mark (lower right) 

Pixel number of fourth overlap mark 

For MSS imagery without geometric corrections 
and RBV imagery: 

Not used (zeros) 

For MSS: 

Nominal overlap mark pixel offset (in binary) 
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Bytes 

231 

232 

233-236 

Data 

231 . • . • • 

-~ 

233-236 • . • 

ITEJ 
02] 

TAPE FORMAT 

Table 2.--(cont'd) 

Description 

For RBV: 

Not used (zeros) 

Quality assessment (in .ASCII) of applied geometric 
modeling. Coded as 9 for highest to 0 for lowest. 
The assessment is based on the num~r of control 
points applied by setting the code equal to the 

N+7 
truncated integer value of the expression T 
where N is the number of control points. 

For MSS imagery with geometric correction applied: 

Actual number of tick marks (in binary for 
Top (T), Left (L), Right (R), and Bottom (B) 
annotation zones. 

· 233-236 • • . • • • • For RBV and MSS imagery without geometric 
corrections: 

233-236 

237-560 

237-560 

000 000 

000 000 

237-560 . . . 
looo[oool 

looo( oooJ 
237-560 . . . 

lxxxl xxxl 

fxxxfml 

. . . . 

. . . . 

Not used (zeros) 

For MSS: 

Not used (zeros) 

For RBV: 

Computed Reseau Pattern locations in the fully 
processed image (if CCT-AR then of first projec­
tion) - starting at the upper left corner, left 
to right and top to bottom. The center of each 
Reseau location is provided in four bytes (2 bytes 
for binary scan line and 2 bytes for binary pixel 
location). If the Reseau is not located, a 
default 0,0 is entered. 
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Bytes Data 

237-560 

237-560 rxxxt xxxl 

I xxx(xxxl 
560-3582 (MSS) 

or 
56D-5374(RBV) 

~ 

000 

000 000 

000 
~ 

3583 (Mss) I xxxl 
or 

5375 (RBV) 

3584 (MSS) 
or 

5376 (RBV 

3585 (MSS) lxxxl 
or 

5377 (RBV) 

3586-3596 

3586 

Table 2.--(cont'd) 

Description 

For MSS 

Not used (zeros) 

Not used (zeros) 

EDIPS performed contrast enhancement 
(False - 08 True - - 377 8) 

EDIPS performed atmospheric scatter compensation 
(False - o8 True - 3778) 

EDIPS p~formed edge enhancement 
(False - o8 True - 3778) 

For·MSS BIL only 

Indication of data present by band - actual 
data is indicated as present by a 1 in the 
proper bit position. Positions for placement 
of the 1 for bands 4 thr~ugh 8 is as follows-: 

00045678 

When data for a given band is not present, 
it's position will contain a zero rather thari 

· a 1. 
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Bytes Data 

3587 G(4) G(5) 

G(6) G(7) 

G(8) 

3592~3596 T(4) 

T(5) T(6) 

T(7) T(8) 

TAPE FORMAT 

Table 2.--(cont'd) 

.Description 

A five-byte field, with one byte for each of 
MSS bands 4, 5, 6, 7, and 8 to indicate sensor 
gain options, ASCII coded: 

G • "H", high gain 
G • "L", low gain 

A five-byte field with one byte for each of 
MSS bands 4, 5, 6, 7, and 8 to indicate the 
type of MSS transmission, ASCII coded: 

T • "1", linear mode 
T = "2", compressed mode 
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TABLE 2-a.--Active-detector-status bytes 

Bit Position in 
Bytes 49-52 

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 - 32 

ANCILLARY RECOJU>S 

The an~illary records occur only on CCT's 
that are geometrically uncorrected (CCT-AM 
or CCT-AR)~ The number of records depends 
on the sensor. The ancillary records contain 
various kinds of correction data that the user 
can apply to the image data to produce a geo­
metrically correct image. For each band or sub­
scene, the ancillary information (or two projec­
tions is provided (SOM and either PS or UTM). 

The contents of the ancillary records can be 

24 

Intra-Band Detector 
Assignment 

Band 4 Dete.ctor 1 
Band 4 Detector 2 
Band 4 Detector 3 
Band 4 Detector 4 
Band 4 Detector 5 
Band 4 Detector 6 

Band 5 Detector 1 
Band 5 Detector 2 
Band 5· Detector· 3 
Band 5 Detector 4 
Band 5 Detector 5 
Band 5 Detector 6 

Band 6 Detector 1 
Band 6 Detector 2 
Band 6 Detector 3 
Band 6 Detector 4 
Band 6 Detector 5 
Band 6 Deteetor 6 

Band 7 Detector 1 
Band 7 Detector 2 
Band 7 Detector 3 
Band 7 Detector 4 
Band 7 Detector 5 . 
Band 7 Detector 6 

Band 8 Detector A 
Band 8 Detector B 
Not Used (Zero) 

divided into two are.as: geometric-modeling 
data and projection-dependent data. The rust 
two records of ancillary data contain the 
modeling data. 

MODELING oAT A. The modeling infonnation 
of the ancillary data shown in table 3 provides 
characteristics of the corrected image ~Y and 
satellite. The numerical data is in ;one of three 
fonnats: · ftxed point bmary or floating point 
binary, or single precision floating point 
binary. 



TAPE FORMAT 

SIGN INTEGER 

Bit 0 Bits 1 throulh 31 

or UTM. For MSS data, 8 records each pro­
vide projection correction to two of the three 
projections. For RBV data, the modeling data 
are followed by 14 records for each of the two 
projections. All horizontal-row (HRS) and 
vertical-row (VRS) coordinates are given in 
four byte signed values as: 

-SIG!t I 
l 
! 

+ = 0 
- ~ 1 

Fixed Point Binary (FB) 
when bit 0 Is the moat sipiticaat bit 

CHAMCT!IISTICS FlW:TlO!I 

Float Inc Polnc ltna~ I 1"1..) an4 

SIGN INTEGER '1 . FRACnON 

1 bit 13 bita 18 bit 

binuy 
point 

PROJECTION DEPENDENT OAT A. The remammg 
ancillary records are the projection dependent 
data. Header byte 124 indicates which addi­
tional projection besides SOMis included: PS 

Tables 4 and 5 show the layouts of the pro­
jection ·dependent data for MSS and RBV, 
respectively. ln summary, the ancillary 
records on a CCT-AM are 2 modeling, 8 
UTM or PS, 8 SOM, and 8 records of zero fill. 
A CCT-AR contains 2 modeling, 14 UTM or 
PS, and 14 SOM records. The correct 
application of the ancillary projection data is 
discussed in Appendix A. 

BYTES 
Record 1 

1-4 

5 

6 

7-10 

11-14 

15-22 

23-30 

TABLE 3. --Modeling data records: Record-byte assignments 

ENCODED~:/ 

FP 

0008 

0448 

FP 

FP 

FL 

FL 

DESCRIPTION 

Record Number 

Zero Fill 

Record Type Code 

Nominal number of pixels per input line 

Number of input lines in the partially processed 
image 

Nominal scale of input inter-pixel distance in 
meters per pixel 

Nominal scale of input inter-line distance in 
meters per pixel 

11 See text under modeling data. 
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BYTES 
Record 1 

31-34 

35-38 

39-44 

47-54 

55-62 

63-70 

71-102 

103-110 

111-118 

119-126 

127-134 

135-142 

143-150 

151-158 

159-262 

MANUAL ON CHARACTERISTICS OF LANDSAT COMPUTER-COMPATIBLE TAPES 

ENCODED 

FP 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FL 

FP 

TABLE 3.--(cont'd) 

DESCRIPTION 

Number of pixels per output line of fully pro­
cess~d image 

Number of lines per output image of fully pro­
cessed image 

Scale of fully processed output inter-pixel 
distance in meters per pixel 

Scale of fully processed output inter-line 
distance in meters per pixel 

Nominal spacecraft altitude in meters 

Nominal input image width in meters 

MSS mirror model coefficients (4 values) 
(8 bytes each). Zero fill if RBV 

MSS ma!im~ mirror angle in radians. Zero 
fill if RBV 

Scan skew constant. Zero fill if RBV 

Time between successive MSS mirror sweeps in 
seconds. Zero fill if RBV 

Time for the active portion of an MSS mirror 
sweep in seconds. Zero fill if RBV 

Major semi-axis of Earth ellipsoid (sensor and 
scene independent) 

Minor semi-axis of Earth ellipsoid (sensor and 
scene independent) 

Earth curvature constant (dependent on space­
craft's nominal altitude). Zero fill if RBV 

MSS sampling delay constants (26 values, each 
detector) measured in input image along-scan 
pixels (4 bytes each). Zero fill if RBV 



BYTES 
Record 1 

263-282 

283-286 

287-294. 

ENCODED 

FP 

FP 

FL 

295-3596 if MSS FP 
295-5388 if RBV 

Record 2 

1-4 

5 

6 

7-14 

15-22 

23-30 

31-46 

47-54 

55-61 

62-70 

71-94 

95-102 

FP 

0008 

044g 

ASCII 

FL 

FL 

ASCII 

FL 

FL 

FL 

TAPE FORMAT 

TABLE 3.--(cont'd) 

DESCRIPTION 

MSS band-to-band offsets with respect to band 4 
(5 values: 5, 6, 7, 8A, 8B) measured in input 
image along-scan pixels (4 bytes each). Zero · 
fill if RBV 

Zero fill 

Nominal input image length in meters (along 
track) if RBV. If MSS, it is zero fill. 

Zero fill 

Record number: For BSQ • 3; For BIL • n+2 

Zero filler 

Record type code 

WRS frame and orbit numbers (2 values) 
( 4 bytes each) OSPPP and iSRRR) 

WRS format center latitude in radians 

WRS format center longitude in radians 

Spacecraft time of frame center if MSS, exposure 
if RBV. 

Zero ·fill 

Nadir latitude in radians 

Nadir longitude in radians 

Nadir Earth-centered coordinates in meters 
(3 values) (8 bytes each) 

Spacecraft heading angle at nadir (beta) in 
radians 
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BYTES 
Record 2 
For MSS 

103-110 

111-118 

119-126 

127-134 

135-138 

139-250 

251-264 

265-3596 

For RBV 

103-118 

119-119 

12D-142 

143-166 

167-174 

175-250' 

251-254 

MANUAL ON CHARACTERISTICS OF LANDSAT COMPUTER-COMPATIBLE TAPES 

ENCODED 

FL 

FL 

FL 

FL 

FLS 

FL 

FP 

FP 
• 

FP 

ASCII 

FP 

FL 

FL 

FP 

FP 

Table 3.--(cont'd) 

DESCRIPTION 

Input image line coordinate of nadir in partially­
processed output 

Input image pixel coordinate of nadir in partially­
processed output 

If MSS, normalize spacecraft velocity at nadir. 

If MSS, Earth rotation velocity at nadir in 
meters per second. 

If MSS, the Earth rotation parameter (image skew), 
a. eR, in radians 

Attitude/altitude coefficients (14 values) 
'(8 bytes each) 

Number of GCPS in altitude/attitude fit 

Zero fill 

Zero fill 

RBV image identification (A,B,C, or D) 

Zero fill 

Attitude coefficients (3 values) 

Measured .. spac·ecraft altitude (KM) at time of 
image exposure. (If MSS altitude is used, 
this parameter is taken .from MSS data.) 

Zero fill 

Number of GCP's used in attitude fit 
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BYTES 
Record 2 
For RBV 

255-406 

407-742 

743-1078 

1079-5388 

ENCODED 

FP 

FL 

FL 

FP 

_ :: TAPE FORMAT 

Table 3.--(cont'd) 

DESCRIPTION 

Zero fill 

Internal distortion coefficients for transforma"tion 
from input to nominal image space (42 values) 

Internal distortion coefficients for transformation 
fr.om nominal to image space (42 values) 

Zero fill 
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Table 4.--MSS projection-dependent-data records: Record byte assignments 

Relative 
Ancillary 

Record Number B;yte Row C.on.tents 

3/1111 1-4 Record number 

5 Zero fill 

6 Record Type. Code - 0448 

7-250 1 HRS Pixel Coordinates (61) 

251-254 1 Line Fill Left Count 

255-258 1 Line Fill Right Count 

259.-502 • 2 FIRS Pixel Coordinates (61) 

503-506 2 Line Fill Left Count 

507-510 2 Line Fill Right Count 

511-3030 4-12 HRS Pixel Coordinates and Fill 
Counts 

3031-3596 Zero fill 

4/12 1-6 · Record ID as in Record 3-

7-3030 13-24 HRS Pixel Coordinates and Fill 
Counts 

3031-3596 Zero fill 

5/13 1-6 Record ID as in Record 3 

7-3030 25-36 HRS Pixel Coordinates and Fill 
Counts 

3031-3596 Zero fill 

1/ Relative rec~rd number -m/n where m is relative number for the PS/UTM 
projection and where n is the relative number for the SOM projection. 
Relative record numbelS 19-26 are zero filled. 
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Table 4.--(cont'd) 

Relative 
Ancillary 

Record Number Bytes Row -·- Contents 

6/14 1-6 Record ID as in Record 3 

7-3030 37-48 HRS Pixel Coordinates and Fill 
Counts 

3031-3596 Zero fill 

7/15 1-6 Record ID as in Record 3 

7-762 49-51 HRS Pixel Coordinates and Fill 
Counts 

763-1014 Zero fill 

1015-1258 1 VRS Line Coordinates (61) 

1259-2966 2-8 VRS Line Coordinates 

2967-3596 Zero fill 

8/16 1-6 Record ID as in Record 3 

7-2934 9-20 VRS Line Coordinates 

2935-3596 Zero fill 

9/17 1-6 Record ID as in Record 3 

7-2934 21-32 VRS Line Coordinates 

2935-3596 Zero fill 

10/18 1-6 Record ID as in Record 3 

7-2934 33-44 VRS Line Coordinates 

2935-3078 Zero fill 
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Relative 
Ancillary 

Record Number 

10/lS(cont'd) 

Bytes 

3079-3080 

3081-3082 

3083-3102 

3103-3134 

3135-3150 

3151-3154 

3155-316'2 

3163-3170 

Table 4.--(cont'd) 

Row 

32 

Contents 

Pixel number of WRS in Fully 
Processed Image 

WRS offset from Fully Processed 
Image Center Pixel 

Temporal Registration Scene ID 
(20 ASCII) 

Scan line and Pixel numbers for 
Temporal Registration Marks Pl, 
P2, P3, and P4 clockwise from 
upper left corner. Eight bytes 
for each point. Four bytes for 
line and four bytes for pixel. 

Scan line and Pixel numbers for 
4 overlap marks. See Header 
bytes 215-230 for corrected MSS 
imagery. 

Actual number of · tick marks 

Input S~ple value of 4 corner 
points in output image (Location 
of image in output array) 

Orientation of image output 
coordinate system for either UTM 
or PS if record 10 or SOM if recorc 
18 in radians (Beta UTM or Beta 
PS) in FL format. 



Relative 
Ancillary 

Record Number 

. . 

Bytes 

3171-3172 

3173-3196 

·. 

TAPE FORMAT 

Table 4.--(cont'd) 

Row 

33 

Contents 

Number of sweeps prior to nadir at 
which ground points begin (BINARY) • 

Zero fill. 
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Table 5.--RBV projection-dependent-data records: 

Relative 
Ancillary 

Record Number 

4/18 

5/19 

Bytes 

1-4 

5 

6 

7-82 

83-86 

87-806 

807-88"2 

883-886 

887-1606 

1607-1682 

1683-1686 

1687-2406 

2407-5388 

1-6 

7-5388 

1-6 

7-5388 

Record-byte assignments 

Segment Row Contents 

1 

1 

1 

2 

2 

3 

3 

3 

1-3 

1-3 

Record number 

Zero fill 

Record Type Code - 0448 

1 HRS pixel coordinate (19) 

1 Left fill count 

2-10 HRS pixel coordinates and left 
fill count 

1 HRS pixel coordinates (19) 

Zero fill (no fill for center 
se·gment) 

2-10 HRS pixel coordinates and zero 
fill 

1 HRS pixel coordinates 

1 Right fill count 

2-10 HRS pixel coordinates and right 
fill counts 

Zero fill 

Record ID as in Record 3 

11-20 HR.S pixel coordinates, fill counts, 
and zero fill 

Record ID as in Record 3 

21-30 HRS pixel coordinates, f:i.ll counts, 
and zero fill 

1/ Relative record number m/n where m is relative nunib~r for the PS/UTM 
projection and where n is the relative number for the SOM projection~ 
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Table 5.--(cont'd) 

Relative 
Ancillary 

Record Number Bytes Segment Row Contents 

6/20 1-6 Record ID as in Record 3 

7-5388 1-3 31-40 HRS pixel coordinates, line fill 
counts, and zero fill 

7/21 1-6 Record ID as in Record 3 

7-5388 1-3 41-50 HRS pixel coordinates, line fill 
. counts, and zero fill 

8/22 1-6 Record ID as in Record 3 

7-5388 1~3 51-60 HRS pixel coordinates, line fill 
counts, and zero fill 

9/23 1-6 Record ID as in Record 3 

7-5388 1-3 61-70 HRS pixel coordinates, line ~ill 
counts, and zero fill 

10/24 1-6 Record ID as in Record 3 

7-486 1-3 71-72 HRS pixel coordinates, line fill 
counts, and zero fill 

487-5388 Zero fill 

11/25 1-6 Record ID as ·in Record 3 

7-82 1 1 VRS line coordinates (19) 

83-158 1 2 VRS line coordinates (19) 

159-2058 1 3-27 VRS line · coordinates 

2059-2062 Zero fill 

2063-4114 2 1-27 VRS line coordinates 

4115-5388 Zero fill 
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Table 5.--(cont'd) 

Relative 
Ancillary 

Record Number Bytes Segment Row Confents 

12/26 1-6 Record ID as in. Record 3 

7-2058 3 1-27 VRS line coordinates 

2059-2062 Zero fill 

2063-4114 1 28-54 VRS line coordinates 

4115-5388 Zero fill 

13/27 1-6 Record ID as in Record 3 

7-2058 2 28-54 VRS line coordinates. 

2059-2062 Zero fill 

2063-4114 3 28-54 VRS line coordinates 

4115-5388 -· Zero fill 

14/28 1-6 Record ID as in Reco.rd 3 

7-2058 1 55-81 VRS line coordinates 

.2059-2062 Zero fill 

2063-4114 2 55-81 VRS line coordinates 

4115-5388 Zero fill 

15/29 1-6 Record ID as in Record .3 

7-2058 3 55-81 VRS line coordinates 

.2059-5388 Zero fill 

16/30 1-6 Record ID as in Record 3 

7-8 Pixel number of WRS in fully 
processed image 
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Relative 
Ancillary 

Record Number Bytes 

16/30(cont'd) 9-10 

11-30 

31-62 

63-66 

67-390 

391-406 

407-414 

415-426 

427-438 

439-1238 

1239-2038 

2.03~_-2838 

TAPE FORMAT 

Table 5.--(cont'd) 

Segment Row 

37 

Contents 

Scan line number of WRS in fully 
processed image 

Temporal registration scene ID 
(20 ASCII) 

Scan line and pixel nUIXlber for Pl, 
P2, P3, P4 

Number of tick marks for top, left, 
right, bottom (binary) 

Computed Reseau locations, 81 sets 
of coordinates 

Line and -sample values of 4 corner 
points in output image (location of 
image data in output array) 

Orientation of image output coordinate 
system for UTM or PS if record 16 and 
for SOM/HOM if record 30. Beta in 
radians. 

Number of fill lines to be used for 
each segment before image data. 
Three fixed point binary (FP) values. 

Number of input image lines to be 
skipped for each segment at top of 
image. Three FP values • 

Top left fill counts - up to 200 FP 
values 

Top right fill counts - up to 200 
FP values 

Bottom left fill counts - up to 200 
FP values 
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Relative 
Ancillary 

Record Number Bytes 

16/30 2839-3638 
(cont'd) 

3639-5388 

Table 5.--(cont'd) 

Segment Row 

38 

' 
Contents 

Bottom right fill counts - up to 200 
FP values 

Zero fill 
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ANNOTATION RECORDS 

The annotation records contain all of the 
alphanumeric information printed on the bot­
tom of standard ftlm products and the tick 
information that surrounds the corrected and 
framed image (table 6). For a CCT-AM or 
CCT-AR, within the attributes are two annota­
tion records (SOM and UTM or PS) for each 
band or subscene. The record content is projec­
tion dependent and is as it would~ on a cor-

shows the relationship the alphanwneric anno­
tation and tick-mark information to the image 
array. Each tick mark is 9 bytes and represents 
a ground distance of 1 000 meters. Figure 12 
illustrates the tick mark features and their pro­
per interpretation of the tick mark location 
bytes (fll'St two bytes). Figure 13 illustrates the 
format of UfM and PS tick mark annotation. 
The order of the tick mark data on the CCT is 

· ~ summarized as follows: 

nCKMARKZONE 

Top 

ORDER OF APPE.A.RANClt 

Left to right rected ccr for each proje~!!on. . -- .. . 
Left Top to bottom All tick-mark information is given in bytes 

122 .. 2256 of the annotation record. Figure 11 
Right 
Bottom 

Top to bottom 
Left to right 

Bytes 

1-4 

5 

6 

7-14 

15-31 

32-40 

41-57 

58-67 

58-62 

63-64 

TABLE 6.--Annotation record: Record-byte assignments 

FOR RBV , 

Description 

Record number 

Zero fill 

Record Type Code: 3333 

Day, month, year of exposure (ASCII), e.g., 07~76 

Format center - latitude and longitude at the center of 
the MSS and RBV images format are indicated in degrees 
and minutes (ASCII): e.g., ~N33-05/Wll5-18 

Nominal path row identifier (ASCII), e.g., D202-101. 
"D" indicates descending acquisition; "A" indicates 
ascending acquisition. The path is 202, row is 101. 

Nominal latitude and longitude (ASCII), e.g., 
N¥N33-03/Wll5-42 

Characters in this group are ASCII and sensor and spectral 
band dependent 

Sensor spectral band identification code 

RBV shutter duration code (shutter speed in msec): 
XA~2.4, XB~4.0, XC=5.6, XD=8.0, XE=l2.0 

39 



Bytes 

65 

66 

67 

5~64 

65 

66 

67 

68-81 

82 

MANUAL ON CHARACTERISTICS OF LANDSAT COMPUTER-COMPATIBLE TAPES 

FOR MSS 

TABLE 6.--(cont'd) 

Description 

Aperture correcti~n indicator: 

!--aperture· correction "in" 
o--aperture correction "out" 
~--blank 

Transmission: 

D--direct transmission 
R--stored data played back from the satellite WBUT 

recorder 

Blank 

· The sensor spectral-band identification code 

Blank 

Transmission: 

D--direct transmission 
R--stored data .played back from ·the satellite WBUT 

recorder 

Blank 

Sun angles - the sun-elevation angle and sun-aximuth 
angle measured clockwise from true North;.fiat the time of 
RBV exposure or m.idpoint of MSS frame is specified to 
the nearest degree. Blank for ascending node coverage. 
(ASCII) 

Type of correction applied: . (ASCII) 

u--uncorrected 
s--system 
G--geometric correction based on geometric GCP's 
R--geometric correction based on ·relative GCP's 
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Bytes 

83 

84 

85 

86 

87 

88 

89 

90 

91 

TAPE FORMAT 

TABLE 6.--(cont'd) 

Description 

Scale of image: (ASCII) 

1--185 km X 185 km 
2--99 km X 99 km 
3-185 km X 170 km 

Projection: (ASCII) 

L-Lam.bert pro j ec-tio:n -
P-Polar stereographic projection 
s--Space oblique mercator projection 
U-Universal transverse mercator projection 
H-Hotine _oblique mercator projection 

"-" (ASCII) 

Resampling algorithm: (ASCII) 

C--cubic convolution 
N--nearest neighb9r 

Type of· ephemeris data used to compute image center: · 
(ASCII) 

P-predictive 
D--definitive (fol:' system level correction only) 

"-" (ASCII) 

Processing procedure: (ASCII) 

A--abnormal 
N--normal 

Defines whether an earth image or RBV calibration image 
has been processed: (ASCII) 

Blank - earth image 
E~ther 0, 1, or 2 - RBV radiometer calibration images, 

indicating lowest to highest 
exposure level respectively. 

Sensor gain options: (ASCII) 

H--high gain 
L--low gain 
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92 

93 

94-106 

107-121 

. 122-404 

405-548 

549-802 

803-964 

965-1200 

1201-1263 

MANUAL ON CHARACTERISTICS OF LANDSAT COMPUTER-COMPATIBLE TAPES 

TABLE 6.--(cont'd) 

Description 

Type of MSS transmission: (ASCII) 

1-linear mode 
· 2--compressed mode 

Blank (ASCII) 

Agency and project: (ASCII) 

NASA Landsat 

Frame identification number. (ASCII) Each image has a 
unique identifier which will contain encoded information 
consisting primarily of time of exposure relative to 
launch. Its format is: 

E-ADDDD-:-HHMMS-B and is interpreted as follows: 

E • Project identifier 
A = Mission: 1-Landsat 1 

2-Laridsat 2 
3-Landsat 3 

DDDD • Day number, relative to launeh at time of 
observation 

HH • Hour at time of observation 
MM • Minute at tim.e of observation 
S • Tens of seconds at time of observation 
B • Image cod~: RBV - A, B, C, D 

MSS - 4, 5, 6, 7, 8 

Zero fill 

Top edge tick mark data, 16 coordinates (9 bytes each) 

Zero fill 

Left side tick mark data, 18 coordinates (9 bytes each) 

Zero fill 

Left side tick mark data (concluding) 7 coordinates 
(9 bytes each) 
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Bytes 

1264-1598 

1599-1760 

1761-1996 

1997-2059 

206Q-2394 

2395-2538 

2539-:3596 if MSS 

2539-5388 if RBV 

TAPE FORMAT 

Table 6.--(cont'd) 

Description 

Zero fill 

Right side tick mark data, 18 coordinates (9 bytes each) 

Zero fill 

Ri.ght side tick mark data (concluding) 7 coordinates 
(9 bytes each) 

Zero fill 

Bottom edge tick mark data, 16 coordinates (9 bytes each) 

Zero fill 

Zero fill 

TlCK MARK INFOAMATtON ZONE · TOP 

~ = ... 
~ "' .. 

~ "" z z 
0 0 ,... 

N 
z z 
0 0 ;: I MAGI ~ 
~ WRlTtNG < 2 

AREA . ::i = = Q Q ... ... 
! ! 
~ ~ = c: < < 2 ~ 
~ ~ 
c.J CJ 
j:: ~ 

TlCK MARK IN FORMA TtON ZONE • SOTTOM 

ANNOTATION INFORMATION l.JNE 

Figure 11.-s tandard placement of CCT annotation 
information on fllm products. 
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PIXEL NUMBER , I 517 I . 
SCAN LINE NUMBER 1 ,.. PIXELS .. · 

~----Hr.E;5S+ ~----
T 1"-cocoo oo•••••••••••• ·T - ~ 

I cooooc oo•••••••••••• · 
c o c o o o o • • • • • -• • • • ·• • • 500 METER ooooc oo•••••••••••• 

I oooo ooo•••••••••••• T1CKMARK 
o o o o o o o • • • • • • • • • • • • OFF SET 

I coo oooo••••••·••••·•• 
00""" 0 OC OO·e ••••• e ee eee oo ooeoo•••••••••••• 

I oo ooooo•••••••••••• oo coooo•••••••••••• ooo ooooo•••••••••••• 
I oco ooo••••••••••••• co oooo••••••••••••• oooc••••••••••••• 
I oooc~••••••••••••• ooooo••••••••••••• 

21371 
SCAN 

oooooo••••••••••••• coccoo••••••••••••• oooocoo••••••••••••• 
·oocoooo••••••••••••• 
oc~cccco••••••••••••• cooooooc••••••••••••• oocooooo••••••••••••• oooooooo••••••••••••• oooooooo••••••••••••• ooooocoo••••••••••••• oooooooc••••••••••••• oooooooc••••••••••••• oooooooo••••••••••••• ooooooco••••••••••••• ooooocoo•••••••••••·•• oooooooo••••••••••••• oooooooo••••••••••••• oooooooo••••••••••••• 

LJN·ES I 
I 
I 
I ' 
I ! 
1

0 cooooooo••••••••••••• 
3 oooooooo••••••••• •••• 
5 ooooocoo••••••••••••• 

I oooooooo••••••••••••• + oooooooc••••••••••••• 

HI· -~ ~~g~~~~ 
OFf SET 

Annotnion Format 
.ndlocationwitn 

R•PKt to 
Tick Mark• 

Binary 
Loc:a1ion of 
liCk Mark 

Coordinate Data 
(Lading blanks 
format mown) ,.....,. 

~ ~ '(~-------------------------'~--------------~--~----~\ 
,.. ~ E 0 Top (1 ooooo1 ojooooo1 o1J . ~ s ·5 I 

Side 11000110Dfo1011DD1f )I " .I N 0 

~hen MSB • 1, innotation is above or to left of tick mark with leading blanks 
When M$8 • 0, annotation is below or to right of tick mark with trailing blanks. 

Figure 12.-An example of the placement of two tick· 
mark coordinates and their corresponding annota­
tion with respect to fully processed image data. 
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TAPE FORMAT 

UTM Coordinate Tick Mark (ASCII Notation) 

I xlxl~l 0 1 3 1 5 1~ !~I» I - --r 

, 

3 blanks (trailing blank 
format) 

Coordinate - ranges from 000 to 
995 1 n 1 nc:rements of 5 ; 
seaT e fac:t:r f s to4 m 
(i.e.,350,000 m) 

Efther N for Northing (sides) or 
E for East1ng (top and bottom) 

Binary Location of the Tick Marte: 
Either Pixel Number for Top or Bottom Edge 
or Line Number for Left or Right Side 

SOM, HOM, and PS Tick Mark (ASCII ~lotat1on) 

1 X 1 X 1 ~ . 1 : r 0 
1 3 

1 
5 

1 • 1 • 1 

T~ Inks (traflinq blank 
format) 

Coordinate - same as fn UTM 

Quadrant Sign of Coordinate 
r 

~ for PS. ~ for HOM/SOM 

Binary Location of Tick Mark - same as in UTM 

Figure 13 .-Examples of tick-mark annotation for UTM 
and PS. 

IMAGE OAT A FILE 

The image-data ftle contains the image-data 
records as shown in tables 7-1 0 and figures 14 
and 15. Each record contains sensor data repre­
senting one scan line plus the calibration and 
quality data associatea with that scan line. The 
header record described above gives the image 
data characteristics including the number of 
pixels per scan line, interleaving, and so forth. 
The content of the image file depends on the 
interleaving and correction -status of the data. 
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BAND SEQUENTIAL 

In a band sequential (BSQ) fonnat, the 
image data for each band is given in a separate 
image ftle as sequential records for the total 
number of scan lines in the image array. For 
RB V data, the CCT set is as if it were BSQ for 
only one band. 
BAND INTERLEAVED BY LINE 

-In a band interleaved by line (BIL) fonnat, 
the image data for all bands are given in one 
image fue as shown in figUre 9. If the the data 
for a band are missing, the band image data will 
be zero filled. As each record still contains one 
line of one band, the record lengths are not 
changed. Although each band of BSQ requires 
header, annotation, ancillary, and trailer data, 
one set of these is sufficient for all bands of 
BIL. 

The scan lines of B IL are sequenced · by inter­
leaving four bands of Landsat .. t · or-2 MSS data 
or five bands of Landsat-3 MSS data. Where 
bands are missing,. .zero-ftlle<L scan _lines are 
interleaved. F'or --example, -Landsat-3 while 
ascending only acquires band 8 data. If a scene 
of band 8 data were requested in BIL fonnat, 
the ccr would contain five bands interleaved 
as four records of zeros followed by one record 
of valid data. Figure 16 shows the layout dif­
ference between BIL and BSQ. 

The values of the pixels on the CCT-AM 
have been radiometrically corrected using gain 
and offset values, and decompressed using a de­
compresssion look-up table. The gain and off­
set values are provided in bytes 3577-3584 of 
each record. It should be noted, however, that 
the radiometric correction process is not 
uniquely reversible because of computational 
roundoffs and dual entries in the decompres­
sion tables. 

The quality of each scan line is recorded in 
each scan-line record as QO, Ql, Q2, and Q3. 
A quality code of QO is assessed when no faults 
are known. A quality of Ql is assessed when -
the output line is determined from input lines, 
any of which were synthetically generated 
during the preprocessing state at GSFC. A 
quality of Q2 is assessed when the output line 
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Table 7.--MSS uncorrected image-data record 

Bytes 

1-4 XXX XXX 

XXX XXX 

5 000 

6 3558 

7-12 XXX XXX 

XXX XXX 

XXX XXX 

13-3560 XXX XXX . 
lxxxixxx 1 

3561-3562 lxxxlXXX I 

3563 lxxxl 

3564 

3565-3570 l~lxxx I 
lxxxiJqCC I 
lxxxjxxX 1 

3571-3576 000 000 

000 000 

000 000 

3577-3580 XXX XXX 

Description 

Record number 

Zero fill 

Record type code 

Scan line count 

See Figure 14 

Image pixels. Image data start in byte 13 + offset 
for band-to-b$nd registration. Offset • 75, 73, 71, 
69, 3, 0 for bands 4, 5, 6, 7,. SA, SB, respectively. 
(First image pixel for band 6 is in byte 13+71 • 84) 

Binary number o'f pixels in scan line. Encrypted as 
binar,y bits x

11
through x0 and encoded in the two bytes 

as: oo~lxl0x9x8x7x6oox5x4x3x2xlx0 

Quality code for scan line: QO • 0008 , Ql • 0778, 

Q2- 0078, Q3. 0708 

Notninal calibration indicator: 
1 bit for each wedge sample; 
eg 0108 - oooo1ooo - oox1x2x3x4x5x6 
indicates t]:}at sample 3 is a substituted nominal. 

Selected cal. wedge values: 

6 binary value ranging 0-63 

Zero fill 

Gain value 
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Data 

.3581-3584 

3585-3596 looo I ooo I 

TAPE FORMAT 

TABLE 7.--(cont'd) 

Description 

Represents the signed 16 bit number applied in the 
radiometric correction process. Upper 4 bits of 
each byte are zero filled. 
OOOOX15x14x13x12oooox11x10x9x8oooox7x6x5x4oooox3x2x1x0 

Bias value: 

Represents the signed 16 bit number applied in the 
radiometric correction process. The format is the 
same as for bytes 3577-3580 

Zero fill 

TABLE 8.--MSS :fully corrected image-data record 

Bytes Data Descript;.i.on 

1-4 XXX XXX Record Number 

XXX XXX " 
5 000 Zero Fill 

6 3558 Record Type Code 

7-9 XXX XXX Scan Line Count - binary 

XXX Quality Code: 
QO - 3008 
Ql - 0118 
Q2 - 022g 
Q3 - 3338 

10 

~ 
Left fill and right fill counts 

11-12 Binary Value: 
LFC is left-most 12 bits 
RFC is right-most 12 bits 

13-3560 XXX XXX Image Pixels: binary 0-127 
' ... 

XXX XXX 

3561-3596 177 177 One's Fill 

177 177 
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BYTE 
ASSIGNME NT 

BIT WEIGHT 

EXAMPLE 

MANUAL ON CHARACTERISTICS OF LANDSAT COMPUTER-COMPATIBLE TAPES 

Bytes 

1-4 

5 

6 

7-12 

13-5387 

5388 

MS8 
0123 4667 

8421 8421 

Hun T.n 

Dey of v .. 

0001 tOOt 

Table 9.--RBV uncorrected image-data record 

Data 

XXX XXX 

I 

XXX XXX 

000 

3558 

XXX XXX 

XXX XXX 

XXX XXX 

XXX XXX 

XXX 

XXX 

LSI 
811011 12 13 14115 0123 

842 1 ' 8 4 2 1 8421 

Unit Ttift Unk 

Hours 

010 1 0 0 1 0 0001 

Des c rip ti:on ... 

Record Number 

Zero Fill 

Record Type Code 

Scan Line Count 

See Figure 15 

Image Pixels: binary 0-127 

Scan Line 
QO 
Ql 
Q2 
Q3 

Quali.ty 
0008 
0118 
007 8 
o1o8 

4517 111011 12131415 0123 

8421 842 1 8 4 2 1 84 21 

Ten Unit Ten Unit 

Minutes Second• 

0101 01 1 1 0 0 0 1 r 0010 

4587 8$1011' 

8421 842 1 

Hun 
Bend 

lftdDtor 
Millis. 

0011 0100 

12\31415 

8 4 2 1 

Binerv 
Count• 

0 1 1 1 

····EXAMPLE -• Day of Year 1959 Hour 21, Mi·nute 57, Second 12, Millisecond 300, Band 4, Binary Count 7 

*Binary count will be reset to zero every other mirror sweep by the time increment. Hence it will 
run from 1-12) 10 for each band nuni)er. 

Figure ·14.-Scan-linecount for MSS. 
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BYTE 
ASSIGNMENT: 

BIT WEIGHT: 

CONTENTS: 

EXAMPLE: 

TAPE FORMAT 

TABLE 10.--RBV corrected image-data record 

Bytes Data Description 

1-4 XXX XXX Record Number 

XXX XXX 

5 000 Zero Fill 

6 3558 Record Type Code 

7-8 XXX XXX Binary count of scan line 

9-10 XXX XXX Left fill count - binary 

11-12 XXX XXX Right full count - binary 

13-5334 XXX XXX Image Pixels: binary Q-127 

XXX XXX 

5335-5336. 1778 1778 Ones fill 

5337 XXX Scan line quality code: 
QO 0008 Ql 0118 
Q2 0078 
Q3 0708 

5338 1778 Ones fill 

5339-5388 11778 1778 Ones fill 

MSB LSI 
0 1 2 3 4 5 I 711 I 10 11 0 1 2 3 4 5. 1 I 11011 11 13 14 15 • 1 2 3 4 s. 7 I 11111 12 13 14 15 12 13 14 15 . 29' ' .•...... ' ...•..•. 2j)' • 4 2 1 I 4 2 1 a 4 z 1 • 4 2 1 I 4 2 1 I 4 2 1 • 4 z 1 • 4 z 1 • 4 z 1 z 1 

• rc: Haa T• Ullit T• Uait T• Uait r .. Unit 
Scan LiMNe. 

S P A C E C R A F T T I M E 
Oayof Y• I HOlliS I Mi~~~tt• I Seconds 

II II 8 1 1 D I 1 D 1 D 1 0 0 1 0 a a o 1 a 1 a 1 0 1 1 1 0 0 0 1 0 It 0 0 1 0 00 I 0 0 0 0 I 1 1 1 1 

EXAMPLE .. Day of Year 195. Hour 21. Minute 51. S.C.nds10. 'Cam .. z. Scan LiM15 

Figure 15 .-Scan-line count for RBV. 
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Tape Directory 

Header 

Ancillary• 

Annctation 

Image 

• 
• 
• •K 
:. 

Image 

Trailer 

Header 

Ancillary* 

Annotation 

Image 

• 
• 

... ..( 
Image 

Trailer 

B and Sequential : 

r. Line 1, Band 1 
Line 2, Band 1 

• 
• 
• 
• 
·• 

Line n I Band 1 

, 
Line 1 I Band 2 

Line 2, Band 2 

• 
• 
• 

Line n, Band 2 

n 

r 
e 
c 
0 
r 
d 
s 

n 

r 
e 
c 
0 
r 
d 
s 

. 

Tape Directory 

Header 

Ancillary .. 

Annotation 

Image 

·• 
•• 
• 
• 
·• 
• 
• 
• 
• 
• .. ,. 

• ~~ 

• 
• 
• 

Sand I nterleavec by 

Line (81 L): 
r 

Line 1, Band 1 

Line 1. Sand 2 

• 
• 

Line 1 , Sand N 

Line 2, Band 1 

Line 2, Band 2 

• ·• :e 

Line 2, Band N 

• 
:e 

·• 
, . 
.! 
.. 

nXN 
records 

·I. .. ~.. 

. 

• 
• 

""' 
Header 

Ancillary* 

Annotation 

Image 

• .-K 
• 

Image 

Trailer 

'-

.....: 
Line 1 , Band N 

Line .2, Band N 
n 

r 
• e 

c 
·• 0 

r 
• d 

s 
Line n, Band N 

\, 

• • ,. •• ,. • 
• • 
• :e ,. • 
• •• 
• • 

Image • 
Trailer Line n, Band N 

"' 
*Present only on CCT's with geometrically uncorrected data. 

Figure 16.-Examples of interleaving of MSS inlage 
data of N bands of n lines each. 
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TAPE FORMAT 

is determined from input lines, any of which 
were synthetically filled during the data input 
process, for example, owing to loss of sync. 
A quality of Q3 is assessed when the output 
line is determined from data synthetically gen­
erated during the output process, such as, top 
or bottom lines of all fill. When more than one 
quality assessment affects the output line, the 
most severe assessment is assigned to the out­
put line, for instance, Q3 is assigned when Q2 
and Q3 occur. Also, quality conditions identi­
fied with specific scan lines ate reflected in all 
resulting scan lines. 

TRAILER FILE 

The trailer flle provides the values used if 
digital enhancement techniques were applied to 
the image data. Trailer records are band de­
pendent and are present for each band. There­
fore; in BSQ, each image data file -is followed 
by a trailer fll~ containing that band'~ trailer 
record. In BIL, the image data flle is followed 

• by one trailer f4~ . cont~!rlng four .{L~_ds~t:l 
and -2) or five (Landsat-3)'records. The trailer 
con tent is specified in table 11. 

MULTI-VOLUME ccr SET 

Depending on sensor, interleaving, density, 
and number of bands, one scene may require 
more than one volume. For a multi-volume 
tape set: 

1) Each volume will begin with a tape directory. 

2) The transition between volumes will be at file 
boundaries or record boundaries within the 
image flle only. · 

3) All volumes except the last of the set will end 
with an EOV. 

4) The last volume of the set will end with an 
EOS. 

For the application addressed in this docu­
ment, the exact amount of data to be recorded 
on each volume of a set is given for each possi­
ble type of data co~figuration shown in table 
12. The data allocations for each volume of a 
CCT tape set are determined by the following: 

1) Tape directory files, scene attributes flies, and 
trailer files are not mentioned but are assumed 
to be on the tapes in the relative locations as 
given. 
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2) Tape break points are on an integral record 
boundary within the image file or after an EOF 
of an entire band. 

3) Break point of an image file is done: 
a) with equal distribution, or if it does not 

divide evenly, then the lower number goes 
on the first tape with the residual on the 
last; 

b) if BIL, the number of records must be di­
visible by the number of lines interleaved. 

Figure 17 gives some illustrations of transi· 
tions between volumes of a ccr set. 

. -

An example of a An example of I 
Transition Within Image Section: Transition Between Bal1dr. 

~ 
...... 

...... 

IRG IRG 

HeadwR~rd Annotation Record 1 

IRG IRG 

Annotation R~rd Annotation Record 2 

tRG IRG 

EOF · eoF f 
I mage RecOrd 1 Image RICOtd 1 .. 

.! 
IRG IRG . e 

~ 

11'N191 Ret:ard 2 I mage RecOrd 2 z 

- - IRG 
i 
a: 

IRG - : .. 
I mage Record 2580 Last lmag~t Record 

IRG IRG 

I tnage Record 2661 EOF 

IRG Trailer Record 

eov eov ~ 

l 
Tape 0 i rectory Ta;~e Oir11Ctary 

IRG IRG 

eoF EOF 

Image Record 2662 Helder Record 

IRG IRG + 

I mage Record 2663 Ancillary Record 1 f 

IRG IRG ~ e - -- Ancillary Record 2 
~ z 

Last Image Record 
IRG i 

IRG a: 
EOF 

~J EOF - : 

Trailer Record Trailer Record 
~.,.... __ ----- IRG -

eos 
(If last volume 
of $1tl 

Figure 17 .-Illustrations of transition between volumes 
of a CCT tape set. 



Bytes 

1-4 

5 

6 

7 

8 

FOR MSS 

9~3589 

3590 

3591 

3592 . 

3593 

3594 

3595-3596 

MANUAL ON CHARACTERISTICS OF LANDSAT COMPUTER.;.COMPATIBLE TAPES 

y 
TABLE 11.--Trai1er record: Record-byte assignments 

FOR RBV 

9-5381 

5382 

5383 

5384 .. 

5385 

5386 

5387-5388 

Data 

000 

XXX 

ooo - ooo I 
000 

G 

EJ 
EJ 

§] 

Description 

Record number: for B~Q always 1, for 
BIL 1-a. \ 

Zero fill 

Record type code 

Flag for .last scene (each image) in a 
data acquisition pass or swath: 

0008 = No . 
3778 • Yes 

Flag for last scene (each image) on the 
HDT 

Zero fill 

0008 • No 
3778 a ·Yes 

Destriped image 

Units of contrast stretch values 
ASCII ' G' • gray levels 

Binary units of contrast enhancement 
minimum 

Binary units of contrast enh.~ncement 

maximum 

Binary radiance value .used for atmo­
spheric scatter compensation 

Edge enhancement kernal size: J x K 
J-pixels in x direction (binary) 
K-pixels in y direction (binary) 

1/ This byte assignment applies only to CCT's produced by EDIPS; ·tapes 
produced elsewhere may and probably will have different trailer record 
byte assignments. 
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TABLE 12.--Break points of multi-volume CCT sets 

Data Type and 
Tape Number 

RBV 
Geometrically uncorrected 

Tape 1 
Tape 2 

Geometrically corrected 
Tape 1 
Tape 2 

MSS BSQ 
Geometrically uncorrected 
(1 band) Tape 1 
(2 bands) Tape 1 

Tape 2 
· (3 bands) Tape 1 

Tape 2 
(4 bands) Tape 1 

Tape 2 
(5 bands) Tape 1 

Tape 2 
Tape 3 

Geometrically corrected 
(1 band) Tape 1 
(2 bands) Tape 1 

Tape 2 
(3 bands) Tape 1 

Tape 2 

(4 bands) Tape 1 

Tape 2 

Tape 3 

(5 bands) Tape 1 
' 

Tape 2 

Tape 3 

Image Distribution by Density 

800 BPI 

2062 lines 
remaining image lines 

2661 lines 
2661 lines 

entire image 
band 1 
band 2 
bands 1 and 
band 3 
bands 1 and 
bands 3 and 
bands 1 and 
bands 3 and 
band 5 

entire image 

2 

2 
4 
2 
4 

band 1 and 1491 lines 
of band 2 
1492 lines of band 2 
band 1 and 1491 lines 
of band 2 
1492 lines of band 2 
and band 3 
band 1 and 1491 lines 
of band 2 
1492 lines of band 2 
and band 3 
band 4 

band 1 and 1987 lines 
of band 2 
996 of 2, band 3, and 
996 of 4 
1987 lines of band 4 
and band 5 

53 

1600 BPI 

entire image 

entire image 

entire image 
all images 

all images 

all images 

bands 1, 2,. and 3 
bands 4 and. 5 

entire image 
all images 

all images 

bands 1 and 2 

bands 3 and 4 

bands 1, 2, and 3 

bands 4 and 5 
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Data Type and 
Tape Number 

MSS BIL 
Geometrically uncorrected 
(4 bands) Tape 1 

Tape 2 
(5 bands) Tape 1 

Tape 2 
Tape 3 

Geometrically corrected 
(4 bands) Tape 1 

Tape 2 
Tape 3 

(5 bands) Tape 1 
Tape 2 
Tape 3 

TABLE 12.--(cont'd) 

Image Distribution by Density 

BOO BPI , 1600 BPI 

4800 lines all lines 
4800 lines 
4000 lines . 6000 lines 
4000 lines 6000 lines 
4000 lines 

3976 lines 5964 lines 
3976 lines 5968 lines 
3980 lines 
4970 lines 7455 lines 
4970 lines 7460 lines 
4975 lines 
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APPENDIX A 

GEOMETRIC CORRECTION OF 

CCT·AM OR CCT·AR 

(TO BE PROVIDED) 
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LANDSAT COMPUTER COMPATIBLE TAPES 

APPENDIXB 

SYSTEMATIC GEOMETRIC CORRECTIONS 

When a Landsat image is corrected, the image 
data are processed in the steps discussed in 
Appendix A. During this transformation from 
geometrically uncorrect to correct, the image 
data are contorted to match spatial · relationships 
as they are on Earth and as represented by the 
given projection. During this transformation, the 
image data must be corrected for the following 
high frequency geometric errors: 

1) Band--to-band offsets 
2) Line length 
3) Earth rotation 
4) Detector-to-detector sampling delay 

On a CCT -PM, all of the corrections described 
in this appendix have been applied to the image 
data. For a CCT-AM, these corrections have not 
.been applied. 

Appendix A, subprocess 3 requires the 
algorithm necessary to correct for these errors. 
This correction only applies to a CCT -AM. RBV 
subscenes do not reflect any of these errors. 

. This appendix shows the derivation of the 
complete correction algorithm. Either the full 
algorithm or any subset may be used in sub­
process 3 of Appendix A. 

BANO.TO-BAND OFFSETS 

The physical layout of detectors causes each 
band on ~andsat MSS to be offset in along-scan 
direction relative to the other: integral pixel­
offset corrections have been applied to the data . 
contained on a CCT-AM by shifting the pixels 
within a line. Any fractional pixel offsets (first 
detector of band 8 is an exception) must be 
applied during horizon tal resamp~ing. The HRS 
coordinates provided in ancillary data are de~ 
rived for band four. These pixels coordinates 
{HR in Appendix A - interpolated to obtain 
HR') must be adjusted for each of .the other 
bands. Preliminary values of fractional band 

sample offsets (SOi) are given in the table 
below: 

Band-Band Offsets 

Band, i 
4 

-SOi, pixels 

5 
6 
7 
8A 
8B 

0 
-0.09 
-0.18 
-0.27 
--3.90 
-0,45 

For this correction, the calculation of HR' 
(subproces·s 3 in Appendix A) is given by: 

HR' =HR- SO· . 1 

These physical offsets are dependent on the 
mirror velocity since the ·number of pixels re­
quired to cover the angle or translation offset is 
a function of velocity. A more extensive 
correction being considered would resill t in an 
algorithm of the fonn: H~ = (HR)- k1 SOi­
k2soi (HR) -k3SOi {HR)"', where k1, k2, k3 
are mirror-velocity coefficients given in bytes 
71-1 02 of anciliazy record one on CCT -AM. The 
band-to-band offsets (S01) ·will be given in bytes 
263-282 of ancillary record one on CCT-AM. 

X..INE LENGTH VARIATIONS 

The variation in the number of image piXels 
per line requires a scale correction of the fonn -( {!) HR where 1 R is the actual line length of~ 

~age data and IN is the nominal line length 
expected. Preliminary analysis indicated tlrat IN 
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= 3, 173 pixels/line. Combining this correction 
with previous result HR' would be defmed by: 

Hi'=(~- k2SO~(HR)- k1SOi- k3SOi(HR)
2 

The actual line length I R is given in the first two 
words of supporting data following. each image 
line on the CCf-AM. 
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EARTH ROTATION 

Earth rotation is included in the geometric 
modeling which generates the HRS-VRS 
geometric grid. However, this modeling only 
accounts for the location of the center (line = 
3.5) of a six - line mirror sweep. The linear 
interpolation between HRS (from HRS table) to 
obtain HR applies Earth rotation as though each 
line were scanned separately. The co~ction for 
this effect will be given by: 

(:R • i) (3.5 ~ d) a:eR 
. N S 

where: 
IR 
-=previously defmed line length factor 
IN 

KL; 
- := correction for nominal line-pixel spacing 
Kg . 

KL - 79 meters Kg - 58.4 meters 

a:eR =earth rotation parameter . 
(bytes 135-138, ancillary record 2, CCT-A.\i) 

d =detector number associated with a line 

DETECTOR-TO-DETECTOR SAMPLING DELAY 

Due to mirror motion during fmite sampling 
. interval, the six lines of a sweep are ·offset as 

given by the table below: 

Sampling Delay 

Detector, d Delay, pixels (SOd) 
1 .20 
2 .12 
3 .04 
4 -.04 
5 -.12 
6 -.20 

The sampling-delay constants (SD d) are given 
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in bytes 159-262, ancillary record 1, CCT-AM. 
Combining the Earth rotation and sampling­
delay corrections with the previous result, the 
complete algorithm which defines HR' is: 

HR' j 1
R· KL \3.5--d) «eR - k I SOi + SDd 

\IN Ks) 

+ ( :: · -k2SOi ) (HR) - kJSOi (HR)2 

The above review is the preliminary formulation 
of high frequency corrections. required in 
applying the geometric grid data on a CCT -AM. 
The final fonnulation will be derived when fmal 
calibration data is available on the Landsat-3 
MSS sensor. 
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MSS RADIOMETRIC CORRECTION 

The radiometric-calibration algorithm, shown 
in figure C-1, applies in general to all IFF-cor­
rected Landsat MSS data. The differences in the 
radiometric corrections as they are applied to 
the various bands of Landsats 1, 2, and 3 are 
the detennination of the values assigned to the 
variables used in the algorithm. All radiometric 
calibration and data decompression are done by 
the master data processor (MOP), wherein the 
algorithm and look-up tables reside. The flow of 
processing steps within the MOP is also shown in 
figure C-1. If the data are acquired in the 
compressed mode, the inverse of the spacecraft 
compression is applied to both video and 
calibration-wedge values before the radiometric 
corrections are calculated and applied. The 
decompressed values, ranging from 0 to 127, 
which are associated with the compressed input 
values, ranging from 0 to 63, are given in 
Appendix E. Description of the elements of the 

V c = ( _! (V-a)). -A algorithm follows. 
M·b 
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RADIOMETRIC CALIBRATION ALGORITHM 
(For Compressed Mode) 

..J 

CAL. WEDGES 
DETECT CHECK CAL VALUES < CALCULATE PERFORM 

--+ SI.X f-. AGAINST NORMAL ~ DECOMPRESS -+ GAINS& ~ KALMAN 
SAMPI,.ES VALUES 0 OFFSETS FILTERING 

0 
0 I ~ 

(BAD VALUES) 

USE PREVIOUS APPLY GAINS 
CALIBRATED DATA 

" GAIN AND ~ 

& OFFSETS Vc OFFSET VALUES 

• 
, • 

VIDEO DATA DECOMPRESS 

• WHER.E: Vc • CALIBRATED IMAGE DATA (0-127) 

A • OFFSET MODIFIER 

K • MAXIMUM IMAGE COUNT (e.g., 127) . 

M • GA.IN MODIFIER 

V • DECOMPRESSED INPUT IMAGE DATA (0-127) 

a • FILTERED OFFSET VALUE 

b • FILTERED GAIN VALUE 

Figure C-1 .-- MSS radiom.etric-calibration algorithm. 

V c = calibrated . pixel value, which will range 
from 0 to 127 for 7-bit pixels 

where NR = black body reference radiance; 
Nc = •'cold, refe~nce radiance; 

·. 
K = maximum possible value for V c. ( 12 7 for 

7-bit pixels) 

a= the filtered offset value 

b = the filtered gain value 
a and bare detennined as follows: 
For band 8 (thermal IR band) a, b are 
defined as: 

a= NRVo- Nc VR • bjvR-Vo~ 

NR- Nc \~R -Nc) 
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VR = corresponding pixervalue (rela­
tive radiance), for NR, deter­
mined by averaging 6 samples, 
extracted from alternate mirror 
sweeps on the input raw data 
HDT (HDT-F); 

V 0 = corresponding pixel value( rela­
tive radiance) for Nc; and 

N = Nmax - Nmin, the range be­
tweeen maximum and minimum 
radiances of theIR detectors. 
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V = input pixel value (from 0 to 
127 for 7-bit pixels) 

M = multiplicative gain modifier 
A= additive offset modifier 
M and A are detector-dependent 
parameters used to control long term 
drifts in relative detector responses. 
They are derived by analyzing Landsat 
data over a period of time to determine 
the frequency with which these para­
meters need updating in order to 
equalize detector gain and offset 
changes. At launch, M = 1 and A = 0. 

For all other bands, a and b are detennined 
once per scan line as follows: 

First, estimates of~ and b (a and b) are made 
from the calibration data using the equations: 

6 
a = l: C· y. 

1 1 
i=l 

6 Linear regression 
b = l: D· y. 

1 1 
i = 1 

Where Vi .is the input value of the calibration 
wedge word i, and Ci and Di are regression 
·coefficients which are determined on the basis 
of prelaunch radiance tests. See tables C-1 
through C-6 for the C{s and Di 's. ·Then, a and b 
are ffi tered for every scan line, n, as follows: 

b (n) = j b (n) .fr, (n) -b(n-l)l , for n=l 
1 b (n-1)+ W(n) ~ ~ , for n>t 

a (n) = l i (n) fa (n) •a(n-1)1 
a (n-1) + W(n) -1: J 

, for n=l 

, for n>I 

,.,. , , 
J. able C·l . --Landsat 1 Ci s and D i s: Low gain decompressed. 

·-
Seuor Dt Ct Dz Cz 0, c3 D4 c. Ds cs o, c, 
Bud<6 . 

1 l.DtlU • .lOISII ,ISt'T.IC • .NSill • .24TSSI .1tl&$1 • .3SITU .Z1GOI • .IIIHT .ZT4tM •• saM'IT .2MtU 

2 1.04TSG - .llh'IT .ad'rU - .uusa - .251701 .~ .. • .31TCI .37S244 -..... .4TSI4Z - .614012 .5102M 

3 1.11a43 • .140U7 ,9U5T4 - .OMHl • ,2T.IIU .:nota - .3112301 .Ztetoa ......... .u ... • .T.It1TS .34UK 

4 1.out5Z1 • .l.USIZ .826112 • · .OTT1$S - .21501+1 .240411 • .34U'IT ,ZaTT5 - .staeu .337Mt - .IIT4Tl .ltl640 

5 1.081191 •• 14018 .a.44MJ •• 083740 - .mw .J4t!U •• 3T&t06 .ZTUU - .azma ,34M3t - .712154 .3TOdO 

I 1.11-USI - .1'7138'1' .91.511 • .lOISSI - .%72211 .30MM - ,312518 .3417!50 • .MIMI .4U1tl - ,T.Ili:M .t&tlll 

BudS 

T 1.042500 - .101156 .754139 •• 044122 - ,293'701 .lTNM •• :ssaa .185'1'91 - .53'1101 .221701 • .i1N8S .23T'FN 

8 1.06T.IT.S .211114 .715UT .083750 - ,2839'31 •• 330Szi - .3ct5ft - .341572 - .M3TOl - .411301 - .633067 - .471431 

9 1.M9805 •• 1915011 • 750411 - .882'714 • .281354 .30Tl2t • .3CU28 .334~17 - .m•t .3tMII - .817432 .431151 

10 1.07T.St:l •• 113811 .mtoo • .OT15U •• 291014 .2558H - ,311141 .ZT9217 •• 552344 .33SN'f -.MIMI .saw 
11 1.1M1HI - .12SOOO .T448TS - .OUTll - .ZS4SC8 .111381 - .358154 .2otM1 •• 530021 .zSOin • .llJTTO .2Tt240 

12 t.oems - .212t44 .'784180 ' - .ot350C - .21t143 .32421t •• 374281 .354482 - .SSTfMil .tam - .64TT05 .410201 . \ 

Band I 

13 l.UHU. .aZHG .111043 ,%41011 .240479 - -~1'787 •• 147949 •1.30S1TC • .70UZI -1.311T2S .... mtoo -1. 44C'r'7T 

14 1.1o.&ta0 • • 001011 .moT - .0011'14 .28121 ..... . ·"'"'' .017090 - • TCMOIS .OUOM - .714424 .OliMa 

1S 1.146484 - .1TN54 .80S814 • .OTOSU .213121 .085131 •• m8za .364746 •• 72110T .3128U - .ll'nO .40tt82 

11 1.285145 .:sazau .902100 .tmzo .30443 - .2iHIIO - .155615 - .839SSS - .mzu - .871181 - .913574 - .934012 

17 1.254104 - .161011 .8'13535 - ,084Q7 ,2844181 .OttO&& •• 733~ ,380(HO - .mso7 .37'19SO - .882812 .400391 

18 1.157217 • .lT504i .8085M - .0700418 .2TOT51 .ot2529 - .6'1T490 .3791139 - • 73'1'1H .3tTMt - .818848 .t2180T 

8:uMl T ' .,_ 

19 1.533203 - .18064W 1.105713 - .083984 .583o&9i .034180 - .984863 .31S9d93 -1.0'79834 .4113'1T -1.157471 .428915 

20 1.715088 - .184324 1.236816 - .0116426 .652832 .032958 -1.101562 .392010 -1.207'164 .413818 -1.294922 .01641 

21 1.628174 - .181885 1.169189 - .08349t .610840 .0315641 -1.043T01 .389893 -1.142010 .Ul133 -1.212656 .428223 

22 1.8T4512 - .117490 1.3G9141 - .08471'7 .'743652 .030029 -1.212846 .389160 -1.33M28 .411861 -l.U84TT .430614 

23 1.!)34570 - .171131 1.39H02 - .078125 • 744385 • 0363'1T -1.24561)1 .384521 -1.316N3 .405518 -1.466309 .423091 

24 1.'704102 - .170898 1.218018 - .0'74'107 .629395 .041748 •1.090088 .382568 -1.189M1 .402344 -1.271484 .418'101 
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b and .a; where n = sequential number of scan lines per 
swath; 

b (n), a (n) = estimated values of b and a; 

b (n) a (n) = new ftltered value of b and a; 
W (n) = 1 /n+ 1 for n = 1 to 15·, 

b (n-1), a (n-1) =previous filtered value of W (n) = 1/16 for n ~ 16,. 

·- - -- -~---~ -

Table C-2 . . --.fa~_~;~~ 1 C/s and D/s: ·.High gain decompreued. 

leuor Dl cl D2 c2 D3 c3 D4 c. Ds cs DG c6 

Bad4 

1 .ooootO .~ .000000 .000000 1.UH46 - .41016 .111133 - .tttetl4 • .Mlllt .G1M417 -1.1425'111 .14551'1 

2 .800000 .000000 .881000 .eeeooo 1 ... 969'1 - .5:5311 .IH113 - .11303'1 - .H1'T'J3 .1111n -1.120117 1.118'130 

3 .000008 .ooooeo· .810080 .oooooo 1 •• 564at - ... oeu, .18Ttll - .10102'7 -1.8111110 .tltlii'T -1. '1113P6 .11'12803 

4 .eooooo . '000000 .108000 .800800 1.825488 - .282'115 .85515'1 - .018150 - .ts2111 .4GHI1 ·l.MtGM .M25U 

5 .000000 .100000 .eooooo .100000 t.a3tM4 - .SIIHS .t'IZIS6 - .ot252t ·l~IU002 .594t'T1 -1. '1104911 .83503 

6 •. 000000 .010100 .000000 .000000 1.1m24 • .SM.-12 .PHM - .O'fiMO -1.10'11i0 .l'r4':0'T -1.181152 .1101%'10 

8aad 5 

., .eooeeo .100000 .000000 .000000 1.1113'1'7 - .573730 1.031062 - .200195 - .181352 .eat604 •1.lt650811 1.0fl!l93'7 

• .000000 .ooooeo .000000 .000000 1.183281 -1.101316 1.022461 - .3'1'7441 - .911008 1.32'113'1 •1.02':4t(l 2.162354 

t .100000 .000000 .eooooo .000000 1.852'183 • .Sl'TI'rll 1.010'142 - .1'tt443 • .IM102 .110352 -1.1101936 .91385!! 

10 .000000 .ootoeo .000000 .000000 1.12HII8 - .152811 1.05'7129 - .328125 - ... SG2 1.131MI3 -1.tM31!5 l.M5T1'18 

11 .000000 .000800 .eooooo .oeoooo 1.113301 - .Sotm 1.02119'1 - .110420 - .... 106 .saan • .1.944092 .914111 

12 .ooeeoo .000000 .000000 .000000 1.8'152-M - .440918 1.02'11132 - .15G982 - .ta135 .• 511010 -1.MOliJG .83'1146 

- ---- ·- ·- ·- - ·- -
Table C-3 

' ' . -··· - - . . .. - - ·- · ... 
. --Landsat 2 Cis and D; ~ Low gain decomprtWed. 

.....,. Dt c1 Dz c2 0, c, D4 c. Ds c, n, c, 

..... 4 

1 1.124023 - .128850 • '110105 -.061143 .031'738 .O'JMJ& - .zsmo .115244 - .118113 .201172 • .HI018 .25'TJ2t 

2 1.HIOI6 - .111111 .taan - .OI'rHl ·.M0213 .018145 - .... ., .113186 - • '73.&.131 .liMN •1.090U2 .»ttt1 

3 1 ... 83'11 - .1'14511 .'DMII •• O'T'Tlu .MS118 .101M2 - .212Mt . • lltll%2 - .114013 .211115 • .NiS12 .371000 

4 1.113'T'TO. - .111213 ,7t0110 ., .071813 .01013'1 .110342 - .zna6 .111t92 • .IM082 .INU1 -1.02'183% .373'1'19 

I 1.1411tl - .1MOI2 ."1311'12 - .O'T831t .051125 .114110 - .224121 .1128'11 - .1101'16 ,SDG21 -1.0210'16 .420410 

' 1.114102 - .11112S .'IDI'T'T - .lfi22M •• 130'1 .011018 - .ZZIMI .IMOSS - .eGIIIS .211441 - .181Q6 .:IB1'TZ 

BudS 

' 1.M9M1 - .113'111 • ftSlO'T - .OZM35 .mtTs · .032'115 - .211182 .omi6 - ....... .09Hii6 - .M4114 .123111 

II 1.221124 - .eetioO .nzue - .MIIIII .DIJI21 .oSiaM .•• ZTDI'T .OH14S •• TIJ.ID .1111H •1.IMUO .280115 

• .. .,... - ·""" ·""1M - ... , ... ·- .onnt - .DI'TU ...... 12 • .11Mft .151132 • .11MIO .1.,. 

10 .17102'1 - .013740 ,'101211 - .MMIO .D'Tft1t .052002 - .23"1305 .mau - .11UIZ .llaft - .azuo .118'TJO 

11 .138'111 - .IMm .I'TJIOT - .MIIlll ....... .0511'16 - ~ Z31 ... .101445 - .111114 .11'7'115 - .118643 .214110 

12 .1'15118 - .14tttZ .llfN1 - .074'10'1 .0&8101 .110332 • .Dtoi'T .111213 - ...... , .IMM8 - .ntiH3 .3311'70 

...... 
13 1.1M510 - .1'1.,11 .an11 - .010:112 .011555 .10302'1 - .2!8101 .174311 - .713&12 .287314 -1.011475 .sum 
14 1.132324 - .111114 • '111102 - .051'158 .02204t .0100511 • .211M3 .101807 - • 'IUS'TB .17131'1 - .tSStll .tonM 

15 1.1UM5 - .131010 _,., ... - .OINI4 .025146 .Ofttte ·.MOTU ,J.Z304'1 - .'1182'11 .214N<t - .1'1680'1 .281711 

11 1.00213 - .1.02'1 .T40H'T - .ossn& .010'152 .011114 - .Z1tf2'1 .0N610 -·.I'TISIS .111701 -..... .205811 

17 1.Mit'T5 - .120t05 .'THM4 -.OIMSO .01iDO .moz1 - .224101 .11116'1 • .I'IJ:HO .ltMI3 ~ .tot180 .143152 

18 1.1MZSO - .OMt41 .TUIIt - .031006 .014160 .0385'14 - .25512'1 • OS:tt88 - .U4864 .105'113 - • 1'73145 .128418 

..... , 
1t 1.TU6T2 - .4'738'1'7 1.112793 - .Z1t9'11 .JSZSSt .0'11128 - .313057 .303281 -l.OT'T881 .a34m -1. 71'7334 .to33ZO 

20 1. 740234 - .TOH'T3 1.121'109 • .JS3'TIO .383301 .O'TM16 - .3411389 .50024-l -1.0'1'7148 .122363 -1 •. 823'130 1.3Mt80 

21 1.481H2 - .4904'Tt .N4336 • .ICIH1 .1300'18 .Mli04 - .216113 .321045 - .811126 .811t43 -1. 5TIMO .tMS'TO 

22 1.SJ3136 - .M4T'T5 1.00M1S - .333008 .. 3405'16 .051570 - .281494 .42'1490 - .1$315'1 .1244t3 . -1.14428'1 1.232422 

23 1.45S8U -.saw .HZ383 - .1801'16 .S2Zt98 .03t7t5 - .210762 .251.1~ - ~ l1100135 .4T'TZtS -1.539063 • '104834 

24 1.112305 • .SSMOO 1.M4922 ... 2utu .152539 .016115 - .:ttG143 .3?1616 -1.0021" • 7131fi'T -1.'11484-4 1.051185 

so 



APPENDIXC 

Table C-4 . --Landsat 2 c.'s and D-'s: l . l High gain decompressed. 

::ictllW>I" ()1 (,; 
l J) • .l c~ Ill c3 u_. c 

~ us cs Dr, cti 

li;md -1 

.a:m-a::u - .~:.t2·US .fl1dl>i5 - .u&:l:JS!l .:!1~-tul .ufl011tl - .::11!134 ,l!1;51i:!S - ,6121!13 .-f217:H -,IS157l:! .53!11!15 

1.001:!19 - .2~2-llt •. 5d52U5 - • US1514 .:SUS:::£ • 1161Kt37 - • 2uo::5-l .21il!llli - ,li:l79»• .-l~12<fli - .ll!r.JO:!:J .~3!1795 

:s • ~:!~::uu - . ::::ss"u .<tlltill:.tu - .u1o:ua • ::.UiW-1 .IMUUT:! - .2009~ ,:!ti21iltli - .561W06 ,-137:!:iit -• 797ll:J .5-17:Ju3 

,1Sb7U:!U - .:::tU-1511 • . 521t3:!Q -,UtiUUU: .21H4tH .ll<flli"" • .212tU2 •• ::ul475 -.li~ ,-I:WIIlol -.11-17-112 .~.a~t&o 

• !11llla:l - .~2~"JUU • 5:!1Mil1 - • U51i31Hi .~Iilla ,U-Ii•UQ - .l!::551Mi • Zli24:il - .li3Cf!WI ,.f:J-13:.tli - .414151i ,5315911 

,dll~ol - • 22500¥ .:i1H15 - .OOTitGl .21N11lt'.J .IM4161lo& -.211t:tei2 .21i2&i~ - .liU'.Ittl:l .-t3-1570 - ,11-l:Jit'.Jol .sa75!1lt 

U:llid ~ 

l.::IS0:!13 • .-111-IIU:& .1102·1~1 - . ::u~al .:~:wa ,U61tl13 
---~ 

,:UUI,Italt • .TZM:t11 .~::111.20 •l.:U;i-1011 ,1tilt715 

It 1.-lulltiua - .Hit'~IS .11055111 -.::1~ ,:JO.&·H3 .~ - ... ::4 ... .~IWT ~ .a::-1101 .. 5l-l._.a -1.-120..10 ,7li~ 

~· 1.1S:s::U3 -,-1112-&:::t .ti~ -.217::~ .n•na .U-131H5 - .~li3 .3Ul:Nt -• i:I:I:SOI .s::n::. -l.13«Nt!ilt ,IIW'fl!l 

lU 1.1SU7311 - .H .. a%·1 • 7U31151 • . 205322 .2lli563 .usa:•• - .3U3-14i1 .:cr7tu - .C. IN .56M.3lt6 -1.l:&-t5:U ,71i.tt!H46 

l1 t.l:S7U:S!J • • -lliOlUS .liiHMilll - .2U771H • ::u:s:l!ia .~111 - .::atlitlliS .:I~ - .IO:H6:ll .Sl~1oll: -1.114!.100 .771-lll-1 

12 l.l2l::ltlt -.~02197 ,7Uit52'7 • .:a:P!III • 2004:Ji .110511l4l -.H71:6ii .303311 - .li51866 ... ~:£1 -1.::1:!-IU% ,711UT~ 

Table C-5 
, . , 

. --Landsat 3 Cis and Dis: Low gain decompressed. 

Sanaor 01 c1 02 c2 OJ c3 04 c4 o5 c5 06 c6 

Band 4 

1 .4723176 -.0767775 .3810391 -.0297305 .3043025 .009821.5 .2406069 .0426518 - .6967356 • 525781.5 - • 7015303 .5282528 

2 .5421933 -.0688943 .4502282 -.0289396 • 3697198 .0060294 .2839802 .0432885 - .8206558 .5232090 - .82.54856 .5253074 

3 .5391159 -.0680994 .4479179 •.0283859 .3697128 .0056697 .2Ul367 .043370.5 - .8161466 .5220696 - .8237367 .5253148 

4 · • .5232948 -.0694699 .4305792 -.0276320 .3567997 .0056610 .2743931 .0428468 - .7901211 .52.32083 - .7949454 .52.53854 

5 .5379394 -.0730701 . 4316658 -.0257085 .3612949 .0056528 .2837979 .0401899 - .8043351 • 525124 7 - .8103626 .5278108 

6 .5332242 -.0701149 .4458256 •.0313050 • 3675127 .0034703 .2759836 .0441144 - .8080823 .5255005 - .8144636 .5283341 

!land 5 

7 .4239522 -.0664185 .3611877 -.0319113 .3030453 .0000549 .2380303 .0357996 - .6611714 .5301728 - .6650435 .5323017 

8 .4469336 -.0653869 • 3803463 -.0308140 .3151260 .0030491 .2489183 .0374251 - .6931506 .5265592 - .6981735 .5291672 

9 .4494866 -.0667386 .3798666 -.0305869 • 3163037 .0024194 .2513433 .0361514 - .6959720 .5280644 - • 7010281 .5306900 

10 .4740652 -.0666878 .3995185 -.0299929 • 3310263 .0037218 .2655i22 .0359411 - .7321719 .5270723 - .7380098 .5299460 

11 .4348123 -.0673617 .3664612 -.0305733 • 3043171 .0028745 .239.5270 .0371464 - .6697750 .5271589 - .6753424 • 5301.554 

12 .4842626 -.069923b • 4062586 -.0318142 • 3346899 . 0031512 .2697292 .0348883 - • 7445675 • 5304310 - . 7503722 .5332669 

llanci 6 

lJ .4306502 -. 0616200 • 3638981 -.0262348 . 2940791 .0107761 . 2..357278 .04171J79 - .6597773 • 5164130 - .6645777 .5189577 

14 .4412859 -.0638097 . 3750842 -.0292337 • 3046191 .00751\91 . 2459655 .0382028 - .6810840 .5223855 - .6858705 .5248854 

15 , 4869490 -.0616950 . 410~244 -.0258545 .)]08796 .0114960 .2769251 .0367988 - • 7496077 • 5182062 - • 7556702 .5210494 

16 • 4808173 -.0647359 .4007441 -.0261992 • 3243656 .0105595 .2676444 .0278477 - • 7338221 • 5198331 - • 7397490 .5226855 

17 .4440771 -.0626419 • 3735555 -.0262266 .3045745 .0093932 .2441314 .0406043 - .6806540 • 5181369 - .6856842 .5207343 

18 .4686363 -.0630136 • 393C)321 -.0264008 • 3166329 .0114837 .2666110 • 0359997 - • 7201201 .5196000 - • i256918 • 5223307 

Rand 7 

' 19 1.0235090 -.1806238 ,...6710796 -.0610395 . 3950394 .0326245 .1847678 .1039723 -1.1279964 .5494111 -1.1463995 • 5551\555 

20 • 9497854 -.1754252 . 6131391 -.0541723 .3627625 .0360079 . 1800079 .1018317 -1.0464153 . 5435621 -1.0592794 • 5481956 

21 . 8628369 - . 1793272 . 5684921 -.0612958 . 3313305 .0338047 .1628175 .1013777 - .9538993 • 549175l - . 9715794 .5562648 

22 • 9447533 -.1753371 .6083295 -. 0535507 .3690969 • 0330526 .1884683 .0984407 -1.0464935 . 5455005 -1.0641546 .5518939 

23 • 9123761 - . 1771896 .5946172 -.0574325 . 3495100 .0349436 . 1724302 .1016812 -1.0061617 . 5458690 -1.0227709 .5521286 

24 • 9417751 -.1685808 . 6233358 -.0552244 .3641466 . 0370401 .1928612 .0980132 -1.0506973 • 5406870 -1.0714226 .5480649 
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, . , 
Table C-6 . --Landsat 3 Cis and Dis: High gain decompressed. 

Sensor Dl c1 D2 c2 D3 c3 

Band 4 

1 • 5247137 -.1390668 .4431337 -. 0915327 • 3576929 -. 0417495 

2 • 6272712 -.1385278 • 5143536 -. 0835882 .4318466 -.0434456 

3 • 6284514 -.1389027 • 5095294 -.0810795 • lo347455 - . Olo47175 

4 • 5970588 - . 1364253 .4858097 -. 0799507 .4lllo310 -. 0421927 

5 • 6181401 -.1444781 .5175102 -.0938253 .4167681 -.0431162 

6 .6087410 -.1395825 .4994858 -.0846178 .42651o92 -.047921o3 

Band 5 

7 • 5518665 -.1560426 .4S46716 -.0992072 • 3626205 -. 0453791 

8 .5910916 -.Hl3963 • 4867696 -.1034963 • 3824342 -.Oio55884 

9 • 5953695 -.1629270 .4849899 -.1018216 • 3833493 -.0455539 

10 • 6206412 -.1576287 • 5104772 -.1000667 • 3011881 -. Olo30135 

11 • 5584256 -.H80148 .4660206 -.1017851 • 3645390 -.0433260 

12 • 6360582 -.1()36969 . 5194108 -.1031114 .4058478 -.0441277 

APPENDIXD 

RBV RADIOMETRiC ~ORRECTION 

The radiometric correction of . the RBV is 
functionally computed in two parts. The firSt 
part is the radiometric-correction-coefficient 
computation. This includes preprocessing of 
Radio Corporation of America (RCA) lamp 
radiometric data to get an initial correction, and 
occasional (once a week) processing of radio­
metric-calibration-lamp images from the space­
craft to update the correction coefficients. The 
second part is the radiometric-correction-co­
efficient application; this is the radiometric 
correction of RBV imagery. 

The radiometric correction of RBV imagery is 
complicated by the fact that the response of the 
camera is a two-dimensional, spatially varying 
function. The correction technique divide~ the 
RBV image into small zones within which a 
constant gain and bias correction can be applied 
with acceptable small error. 

lnpu ts for the correction process are: 
• Unifonn-radiance RCA lamp data (taken prior 

to launch) at · ten different radiance levels and 
used to get an initial radiometric correction. 
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D4 c4 o5 c5 D6 c6 

.2731203 .0075287 -. 7900258 • 6269~86 -. 8086318 .6378295 

' • 31o39335 -.0006716 -.9490855 • 6284384 •• 968311o8 .637791o1 

.3431122 -.0001633 -.91o92778 .6282305 -.9665548 .6366310 

.3313130 -.0015217 -.9032097 .6251735 -.9223989 .6349147 

.3267191 • 0022107 -.9264259 .63298.90 -.9527088 .6462187 

• 3318703 -.0002923 -.921o3167 .6316776 -. 9243251 .6407375 

.2734180 .0067823 -.8148912 • 6431835 -.8276793 .-6606611 

.2885204 .006531o3 -.8674901 .6481347 -.8813231 .6558121 

.2945392 .0036108 -. 8675578 .6469432 -.8906841 .6597456 

.3041369 .00'17498 -.9086376 .6414458 -.9278972 .6515092 

.2709705 .0105744 -. 8216435 • 6399757 -. 838·3080 .6495750 

.3075250 .0069403 -.9266692 .6479717 -. 9421678 .6560216 

. -
The RCA lamp data is provided in the fonn· of 
voltages averaged over an 18 x 18 grid of 
small neighborhoods. 

• Calibration·lamp data used to update the 
radi orne tric•correction coefficients. 

• Radiometrically uncorrected RBV images. 

. Outputs are: 
Two 20 x 20 arrays of corrected nominal 
calibration-lamp-image (CLI) radiometric 
intensities 
Coordinates of horizontal and vertical 
radiometric-correction-zone boundaries. 
Gain and bias coefficients for each radio­
metric-correction zone 
Radiometrically corrected RBV images 

PREPROCESSING RCA LAMP DATA 

Radi ometric-correction-c.oefficien t compu ta­
tion ·begins with the preprocessing of the RCA 
lamp data (figure D-1). Using the 18 x 18 array 
of voltage readings provided, the outermost rows 
and columns of the 18 x 18 array are repeated 
to produce a 20 x 20 array of average intensities. 

From the ten levels providedf those levels that 
represent saturation of the camera are elimi..:_. 
nated-- only levels from the linear·response 
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region are of interest. A linear-least-squares 
estimate of the gain and bias correction values at 
each of the 20 x 20 data points is computed. 

ZONING THE IMAGE 

Zoning of the image is described in figure D-2. 
Global, eighth-order bivariate polynomials of 
gain and bias are computed as least - square 
estimates over the 20 x 20 array of gains and 
biases. 

The image is zoned as two one-dimensional 
problems-· first the horizon tal zones are ' 

RCA Lamp Data 
at 10 Radiance Levels Averaged Over 

an 18 x 18 grid 

Plot All lQ 
Levels to Select 

Unsaturated 
Levels 

Linear ·teast 
Squares Fit to 
Selected Levels 

to Produce 20 x 
20 Array of Gains 

and Biases 

20 x 20 Array of 
Gains and Biases 
for Each Camera 

Figure D-1 .--Preprocessing of RCA lamp data. 
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computed and then the vertical zones. Horizon­
tal and vertical zoning are performed in the same 
manner. For each of the seve!~ !~es iiJ _the 

' . 

20 x 20 Array of 
Gains and Biases 

8th .9rder_ 
Bivariate 

Polynomial Fit 

G(x,y), B(x,y) 

Zone the Image 
Horiz.onta~l¥ ______ _ 

Horizontal 
Zone Sizes 

Zone the Image 
Vertically 

Vertical 
Zone Sizes 

Compute Gain and 
Bias for Each Zone 

Using G(x,y) and 
B(x,y) 

~, 

Radiometric 
Correction 

Coefficients 

Figure D-2 .--Zoning the image. 
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I -- - ·- - . -- - -- - - -
i Pre-Launch Preprocessing _I 

1 I 
I Initial I 
I Uncorrected I 
I CLI (low and I 
1 medium levels) I 
I ~ I 
I I 
1 Extract 20 x · I. 

20 Array of 
I Intensities ( 
I I 

I l I 
I RCA Lamp Correct In- r 
I Gains, Biases .. tensities I 
1 (G,B)1 . .... with RCA Lamp 1 
I Corrections I 

Nth Uncorrected 
CLI (1 ow and 
medium levels) 

I 
~ 

Extract 20 x 
20 Array of 
Intensities 

I 
"f I . . . 

Correct In-
tensities ~ 
with current 
Correction 

·1 ~ l 

{
I Corrected I Nth CLI 

Nomina 1 CLI corrected with 
I intensities 1 (G,B) N-1 
I - (CLI )1- ' - (CLI)N -

L ----- - -- ~--- +~· ----·--· .... ~ .J----.....-~~J-~1 . . 

No 

Rezone the image 
using the differ• 
ence between ( CL · 

1and (CLI) 1 at th 
low and medium 
·cal lamp levels 

(G,B )N 

~ 

Yes 

Figure D-3 .---Calibration-lamp image processing. 
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image, the zone sizes (as detennined by 
measuring the radiometric distortions along each 
line) are computed. The final zone size used is 
the smallest of the zones computed in each line. 
The zone boundaries are stored on the MDP 
system disk. 

For each zone, gain and bias coefficients are 
computed, using the eighth order gain and bias 
polynominal and the coordinates of the center 
of the zone. These coefficients are also sto~d 
the MD P system disk. 

CALIBRATION LAMP IMAGE PROCESSING 

For subsequent calibration -lamp- image 
processing, the gain and bias polynominals are 
used to compute the gain and bias at the center 
of each 20 pixel x 20 pixel-intensity sampling 
array. These values of gain and bias are stored on 
the MDP system disk. 

Calibration-lamp data are used to detect 
changes in RBV camera response and to update 
the "radiometric-correction coefficients. The fU'St 
calibration-lamp image is corrected using the 
RCA lamp coefficients and is used as a baseline 
from which all future camera-response changes 
are determined (figure D-3). 

From the first calibration-lamp image (CLl), a 
20 x 20 array of small (20 pixel by 20 pixel) 
subimages centered at the intensity sampling 
points, is extracted. An average intensity value is 
computed for each subimage. For each of the 
two intensity levels-- calibration zero and 
calibration one (calibration two tends to be 
saturated because of its high level)-- the 20 x 
20 array of intensities is corrected using the 
gains and biases computed from RCA lamp data. 
The output of the preprocessing step is a 20 x 
20 array of corrected nominal CLI intensities-­
(CL1)1 --for each ' of- two calibration levels. 
These arrays are stored on the MDP system disk. 

. - . -·- · --

After launch, a calibration-lamp image is 
processed as often as deemed necessary, and a 
20 x 20 array of small subimages is extracted 
and averaged to produce a 20 x 10 array of 

intensities. These intensities are corrected using 
the current radiometric coefficients and tested 
against the corrected nominal CLI intensities. If 
the camera response has changed, a new 20 x 20 
array of gains and biases is computed using the 
differences between current and corrected 
nominal CLI intensities, a new eighth order 

polynomials are computed, and the image is 
rezoned. The zoning technique is precisely the 
zoning of figure D-2 (the zoning that was done 
on the RCA lamp data). If the camera response 
has not changed., current zoning and coefficients 
are not changed. 

RADIOMETRIC CORRECTION OF DATA 

The radiometric correction of RBV images is 
performed by applying the gain and bias for a 
given zone to all the input-image-intensity values 
in that zone (figure D-4). 

Input Image Data 
l 

' Select Zones, 

~-.;,_G_a_i_n ... s _a_n_d _ ___. ~- . · . . _ Biases 

! 
I 
I 
i • 

I'= G(I +B) 

RBV Radiometric 
Correction 
Coefficients 

I'= output intensity 
G = gain 
B = bias 
I = input intensity 

I 

I 

' Radiometric 
Corrected 

Image Data 

Figure D-4 .--Radiometric-correction-coefficient application. 
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APPENDIXE 

MSS DECOMPRESSING TABLES 

Tables E-1, E-2, and E-3 are used for 
decompressing the video data from bands four, 
five, and six. Bands seven ·and eight require no 
decompression. 

The values of the compressed video data vary 
from 0 to 63; after decompression, the video­
data values for seven~bit image pixels vary from 
0 to 127. The decompressed values and gains 
and offsets are used to determine the calibrated 
values of the video data. To reverse the process 
and obtain compressed values from the de­
compressed values on the CCT, the user must 

C0~1PRESSED BAND 4 AND 6 BAND 5 
QUANTUM EQUIVALENT LINEAR EQUIVALENT LINEAR 

LEVEL QUANTUM LEVEl QUANTUfl1 LEVEl 
(6 BITS) (7 BITS) (7 BiiS) 

0 0 0 
l 

, 
1 .. 

2,3 2 2 
4 3 3 
5 4 4 
6 5 5 
7 6 6 
8 7 7 
9 8 8 

10 9 9 
11 10 10 
12 11 ll 
13 12 12 
14 13 13 
15 14 14 
16 16 16 
17 17 17 
18 18 18 
19 19 19 
20 21 21 
21 22 22 
22 24 23 
23 25 25 
24 27 27 
25 29 28 
26 30 30 
27 32 32 
28 34 34 
29 36 36 
30 38 ::s 
31 40 39 
32 42 41 

have the gain and offset values, in addition to 
the values in the decompression table. However, 
due to roundoff and truncation errors, the 
process is not absolutely ~versible. 

' 

COMPRESSED BAND ·4 AND 6 BAND 5 
QUANTUi·1 .EQUIVALENT LINEAR EQUIVALENT LINEAR 
lEVEl QUANTUM lEVEl QUANTUt·1 LEVEl.. 

( 6 BITS) (7 BITS) (7 BiiS) 

33 . 43 43 
34 45 45 
35 47 47 
36 49 49 
37 51 51 
38 53 53 
39 56 54 
40 58 58 
41 61 60 
42 63 63 
43 66 66 
44 69 69 
45 72 71 
46 75 74 
47 78 77 

~48 81 80 
49 83 83 
so 86 86 
51 89 88 
5.2 92 91 
53 95 94 
54 98 97 
55 101 100 
56 104 104 
57 106 107 
58 109 109 
59 112 112 
60 115 115 
61 118 117 
62 121 120 
63 124 122 

Table E·l . --Landsat.l decompreuion values 
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Table E-2 .--Landsat 2 decompression values 

COMPRESSED BAND 4 AND 6 BAND 5 COHPRESSEO SA~W 4 AND 6 BAr:o s 
QU~NTUM EQUIVALENT LiNEAR EQUIVALENT LINEAR QUANTUM EQU !VALENT LINEAR EQUIVALENT LINEAR 

LEVEL QUANTUM LEVEL QUANTUM LEVEL LEVEL QUANiUH LEVEL QUAN7Ur·! LEVEL 
(6 BITS) (7 BITS) (7 BITS) (6 BITS) (7 BITS) (7 BITS) 

0 0 0 32 43 43 
1 1 1 33 45 . 45 
2 2 2 34 47 47 
3 3 3 35 49 49 -
4 4 4 36 51 51 
5 5 5 37 53 53 
6 6 . 6 38 55 55 
7 6 7 39 57 58 . 
8 7 8 40 60 60 
9 8 9 41 62 63 

10 9 10 42 65 66 
11 10 11 43 68 69 
12 12 12 44 71 71 
13 13 13 45 74 74 
14 14 14 46 77 77 
15 15 16 47 79 80 
16 17 17 48 az 83 
17 18 18 49 85 8o 
18 19 19. 50 88 89 
19 20 21 51 91 92 
20 22 22 52 94 95 
21 23 23 53 97 98 
22 25 25 54 100 101 
23 27 27 55 103 104 
24 28 28 56 106 107 
25 30 30 57 109 llO 
26 31 32 58 112 113 
27 33 34 59 115 116 
28 35 36 60 ll8 118 
29 37 38 61 121 121 
30 39 40 62 124 124 
31 41 41 63 127 127 
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Table E-3 .--Landsat 3 decompression values 

COMPRESSED BAt:C• 4 AriD 6 BAI·lt- 5 
QUANTUM EQ~iVALENT LINEAR EQUIVALENT LINEAR 

LEVEL QUANTUM LEVEL QUANTUN LEVEL 
(6 BITS) (7 BITS) (7 BITS) 

0 0 0 
1 1 1 
2 l 2 
3 2 3 
4 3 4 
5 4 5 
6 5 6 
7 6 7 
8 7 8 
9 8 9 

10 9 10 
11 10 11 
12 11 12 
13 12 13 
14 13 14 
15 15 15 
16 16 17 
17 17 18 
18 18 19 
19 20 20 
2.0 22 22 
21 23 23 
22 25 25 
23 26 26 
24 28 28 . 
25 30· 30 
26 32 32 
27 34 34 
28 35 35· 
29 37 3i 
30 39 39 
31 41 41 

APPENDIXF 

CORRESPONDENCE BETWEEN CCT IMAGE DATA · 

AND GROUND AREA COVERED 

The MSS. sensor operates at a rate that pro­
duces pixel overlap within scan lines. The with­
in-line pixel overlap varies due to variation in . 
mirror velocity. · The effect of this variation is 
represented in figures F-1 through F-3. For 
CCTs with data that have not been geometrically 
corrected, as was the case for all CCTs produced 
in the Landsat-l and --2 "X-Document'' fonnat 
(Thomas, V.L., 1975): individual pixels reflect 
this overlap, which must be taken into account 
when determining ground area covered. The 
geometric-correction process, however, creates a 

.· > 

COMPRESSED BAND 4 AiJG 6 SA!iD 5 
QUANTU~1 EQUIVALENT L!NEAR EOUIVALE:'li LI!iEhR 

LEVEL QUANTUM LEVEL QliA:nuM LEVEL 
{6 BITS) (7 BITS) (i BITS) 

32 43 42 
33 45 45 
34 47 47 
35 49 49 
36 51 52 
37 53 54 
38 55 56 
39 58 58 
40 60 60 
41 63 63 
42 66 66 
43 68 69 
44 71 72 
45 74 74 
46 77 77 
47 80 80 
48 84 83 
49 87 86 
50 90 89 
51 92 92 
52 95 95 
53 98 98 
54 101 101 
55 104 104 
56 108 107 
57 111 110 
58 114 113 
59 117 116 
60 120 119 
61 123 122 
62 125 125 
63 127 127 

.IOIAL ~UIIIIOR 
/ VELOCITY 
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Figure F-1 :--Comparison of the constant mirror velocity 
and the variable mirror velocity. 
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new pixel array which represents, in a one to 
one aspect ratio, an image in a ·selected ·map 
projection, with each corrected pixel covering a 
unique ground area of 57 square meters. 

-If -should -also -be noted that with CCT -data 
\ 

( l 
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Figure F-2 . --Overlay of pixels, corresponding to a variable 
mirror velocity. 

presented as described in this document, there is 
a one-to-one correspondence between the scan 
lines and pixels of the digital data and the scan 
lines and pixels of the related photographic data. · 
This was not true of the earlier CCTs, because 

. the geometric corrections were applied to the 
photographic data as part of the image-exposure 
process, and not to the digital image data. The 
resulting photographic image had fewer scan 
lines per scene than did the CCT. 

I 

111 KM-f 

SWIIPTIMI 

Figure F-3 .--Comparison of distance covered on the 
ground for a. constant mirror velocity 
and a variable mirror velocity. 

RBV data does not require the type of over­
lap correction discussed for MSS data; however, 
geometri£ corrections are made for effects of 
aspect distortions, Earth curvature, satellite­
altitude variations, and so on, so that the cor­
rected RBV image data represents the same type 
of projection as for MSS, with each pixel 
covering a unique ground area of 19 ground 
meters. · 

\ 
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MAP PROJECTIONS 

, The Universal Transverse Mercator (UTM) 
projection has been found useful as a means of 
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providing numerical geographic data to be 
combined with Landsat imagery. A worldwide 
system of zones has been set up for this pro­
jection; the transfonnation equations are fairly 
easy to put into computer language; and the 
residual errors are small enough to be nearly 
negligible over the area of a Landsat-image zone. 

Approximately 60 countries publish maps in 
this projection, especially smaller scale (larger 
area) maps. The USSR, China, and associated 
countries use the Gauss-Kruger projection which 
is the same as the UTM except that the scale 
factor on the central meridian is· 1.0000 instead 
of0.9996. 

The Space Oblique Mercator (SOM) pro­
jection is being developed as the standard map 
projection for Landsat imagery. This projection 
is developed along the lines of M. Hotine's 
Oblique Mercator projection with account taken 
of the Earth-rotation effects. A ·preliminary 
version is given by A. P. Colvocoresses (1974); 
the precise mathematical fonnulation and 
constants aie now being developed and are 
expected to be available in early 1978. 

Richardus and Adler, 1972, provides a good, 
intennediate-level test on map projections with a 
mathematical development of the subject using 
differential and integral calculus. 

Thomas, 1952, gives a unified treatment of 
projections from the standpoint of mapping 
upon the complex variable plane. The final 
results are given in considerable detail for those 
who are unwilling to follow the detailed 
deriv;ttions. 

The appendix of Adams, 1949, provides the 
simplest fonn for computer calculation of Sp, · 
the geodetic distance along the meridian from 
the Equator to the point P. 

"The Universal Grid Systems" is devoted to 
the development of a worldwide grid system 
employing the Polar Stereographic projection in 
the Polar regions and UTM elsewhere. 
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