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IKTRODUCT1ON

1.1 »RODUCT OVERVIEW .

e

31 July 1981 .

The XNASA GSFC Landsar-D Data Manageaent Sy%taa (DMS) generates ; variety of .

standard ioage products from the raw thematic mapper (TM)- and multispectral

‘scanner (MSS) payloéd data. The image proceésing functions perforred by the DMS

faclude: screening imagéry for quality, detercining cloud - cover, applying :

radiozetric cor-ections, determining geozetric correction information, and *

2pplying geometric corrections. Among the outputs from the DMS are HDT, CCT and.

241 =2 filwm media products. Detailed descriptions of the format of each 'product
are given ia Appendixes A through K of this document (pudblished under separave
covers). ' '

Tnis document derives its reguirexzents from GSFC 430-D~100; GSFC Specification

fer the Landsat-D Systen.

1.2 PRODUCT TY?PcS

Trere are four basic product types:
a. Unprocessed data, which consists of raw sensor data
b. Parrizlly processed gata, which ¢ i ists of radiozetrically corrected
sensor data with geometric correction information appended
¢. Fully proéessed data, whicg consists of tadionetticaliy and
geonetricelly corrected sensor data
d. Inventory data, which consists of sumzary information about produ.c

types b. and c. (zbove).

Figure 1.2-1 shows all Landsat-D/D Prime products, in the form of a zatrix of

profuct type vs. madia and seasor. Inventory data are always zssocfated with

SvS 10127
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l

PRODUCT TYPE

[=
o
£ [ UNPROCESSED PARTIALLY JFULLY
MZDIA [ (RAW) PROCESSED CORRECTED
MSS | HDT-RM/GM HDT-AM (GHIT-AM)*
DT ™ HDT-RT - HDT-AT (GHIT-AT) HDT-PT (GHIT-PT)
MSS —_— . —_—
cCT ™ A CCT-AT CCT-PT
sape |59 - _
rnx“ 1 — — F241-PT (GFIT)

*INVENTORY PRODUCTS ARE INDICATED IN PARENTHESIS

Figure 1.2-1.

1-2

Lzndsat D/D Prime Product Matrix
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one of the other pfoduct types, in particular partiaily processed and fully

+

{ : .
corrected HDTs and film . i e e

ivas the det

o~

correction p

"

c2for=stion {

1.2.1

. wPROC

7ne forzat of

(z2lvays 1lé4-t

LA

{

“he Zfollowing paragraphf discuss each of ghé four pr%ddct types. Section 2

?ils of HDT ‘internpi format; a' discussioh of. the - radiozetric
; ‘ . . .
rocess {s given inm Section 3, and of the geometric correction

n Section 4.?'

ESSED DATA

the MSS and TM sensor data is given in Data Format Control Book,
: i

ayload. Unp}oceésed MSS data is recorded on 14~ or 28-track high
i .

(HDT), and unprocessead TM data is recorded on 28-track HDTs. The

corded within the DMS are called HDT-RM (always 28-trark), while

t .
recorded outside and transferred to the DMS are called HDI-GM

rack) (reference Appendix K). The TM HDTs are all recorded within
{ - -

tt.e DYS a2nd are called HDT-RT (reference Appendix J).

1.2.2 PARTIA

i
*.LY PROCESSED DATA
!
tessed produéts are generated on CCT and HDT for T™ data 2ind on HDT
| .

1

ensor data a?d aﬁpending geodetric correction information for two

pns (SOM aéd efther UTM or Polar Stereographicf. The MSS product,
| s,
oth 14~ and ?8—track HDTs, is called HDT-AM (reference Appendix C).

l

T oroducts are called HDI-AT (reference App2ndix A), recorded om 28-:rack

=Ts, ezl CLT-AT (refggence Appeaiix D), recorled on 1630 or 6250 bpi TCrs. A
{

i
proviact EDT nbrmally contains maany scenes; however, the CCT prodvct is generated

i

P L, .
&= inZividbal scene basis (requiring nultiple tape reels),

; SVS 10127
!
! 1-3

Thay are c?eated by reformatting and radiometrically coriecting the

S
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© 1.2.3 FULLY CORRECTED DATA )

A full fan;e:Of fully corrected TH pro&ucts (HDT, CCr, 241 .mm film) are
generated within the .DMS. These products consist of s;;sor data in ; selecled ~
zap projection that has been both radiomeirically a;d geometrically .coréected.
The.geomettic correction is performed by resampling (using 4 x Q cubic con@olution T
or neerest neighﬁor technique) th; radiometrically corrected image data onto a

predefined map grid using geometric correction information which has been appended

to the partially processed product (HDT or CCT).

Tre fully corrected TM products are called HDT-PT (reference Appendix B), CCI-PT
(reference Appendix D), and F241-PT (reference Appendix I). This HDT product is

recorded on 28-track tape, the CCT product can be recorded on either 1600 or

24

6259 bpi 9-track tape. There are no fully corrected MSS products.

1.2.4 INVENTORY DATA

Iaveatory products consist of summary information oﬁ computer compatible tapes.
four of the previously discussed products have assoclated inventor& products:
the HDT-AM invent&r} tépe is called a GHIT-AM (reference Appendix G), the HDT-AT
isventory tape is called a GHIT-AT (reference Appendix F),‘the HDT-PT 4inventory
tzpe 1is called a GHiT-PT (reference Appendix E), and the F241-PT inventory tape

is celled a GFIT (reference Appendix 0i).

{ SvS 10127
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SECTION 2 C
/. HDDR FORMATTING ' ~ e

2.1 GINIRAL DISCUSSION

In this section the formatting perforwed by the Martin Marietta/Homey~ull Model
‘o. 287%-L 28 - track high density digital .ecorders (HEDR) and by the Model “o.

479-L 15 -~ track nigh density digital recorders when placing duta onto’high

density tapes (HDT) s discussed. The major formatting fﬁnctionz. io the basic
order of occurrenze, are: denmultiplexing, track ¢ssigncent, fraoing,
randozizing, bit inversion, erto; correction coding, digital coding, tlwe
coding, and packing. Each of ihese fun:tioqs is described in the fullesing
ratezrephs. The formatting 1is the same for all types of data (MSS, 7TH,
uncorrected, partially processed, fully correctel. The only differences in ti»
for:at:ing ;erforaed by lé4-track and 28-track recorders are in decultiplexing,

track assignzznt, packing, and ir the usc of bit icversion.

efore reachipg the PDDR the data has already been craverted fnto a serial bit

e

zree= with sync words, etc., evbedded. There is no synchronization between the

L

coztedts of the serial bit streaz and any of the HDDR formatu?ag functfons. The
reszording BDD2 is aot aware of the contents of the 4inpat bit strean, the

rez2fzz EDD2 only recognizes the inforzz2tion adced by the recording HDDR.

2.2 DIMULTIPLIXING

The ZInput sariazl bit streax Is taken oze bit at 2 tizz and alloza:ied to onz of
chzznels for a 2f8-track EDDR or to ozne of ten dzta chaanels for a
14=-2c:22% ¥DD2. 7The allocation for a 2B-itrack HDDR is shown in Table 2.2-1, The

allocatzion for a lé~-track EDDR is shown in Table 2,2-7,

SVS 10127
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Table 2.2-1.

INPUT
BIT STREAM

BIT ORDER °

10
11
12
13
14
15

16

.28~Track HDDR Demultipléiing Scheme

'ASSIGNED

DATA

CHANNEL

10
9

il
12
13
14
15
16

ORICINAL ppgs 19
~OF POOR QuALITY

INPUT . °
BIT STREAM

BIT.ORDER

17
18 .
19
20
21
22
23
24
25
26
27
28

SVs 10127
31 July 1981

ASSIGNED *
DATA

CHANNEL

17
18
19
20
21
22
23
24

10
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Table 2.2-2." 14-Track HDDR I;emultiplexing Scheme
"INPUT BIT STEAY c . ASSIGNED DATA
BIT ORDER ) CHA'NEL

1 10

2 9

3 8-

4 7

5 -6

6 "5

7 4 '

8 3

9 2

10 1
11 10
12 9
13 8
14 7
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2.3 TRACK ASSIGNMENT . ; ) ' : . . ‘¢

H

Zach data channel 1stassigned to a track on the HDDR.

.Tables

. .

I

.3-1 and 2.3-2 give the track assignments for 14- and 28-track HDDRs,

respecti?ely. The oufside tracks are reserved for IRIG-A time code and NASA

35-bdit éime code, 'discusséd further in paragraph 2.10. The error correction

! t
fare discussed in paragraph 2.7.

!

2.4 FRAMING [

channels

‘
t
}

The dxgital data assigned to each data track is divided into frames. Each frame

contains;SOh bits as shown in Figuve 2.4-1. There are 420 input data bits per

x

freze pl&s parity information, error correction code and synchronization code.

The 420 ?ata bits are divided into 60 seven-bit words; each of these words has a

1
i

patity Sit appended. The error correction information and the synchronization

vord occu

the tape.
(31016),
preceded

paregraph

2.5 PRANDOMIZING

Pseudo ra

rate. Ta

py the last;26 bits of the frame. The 12-bit synchronization word is

[
align data from the various tracks when reading data from

%

The synchronization word contains the binary pattern 00110001C000

J
The 1last 12 bits in a frame contain the synchronization word, and are
i

by 12 bits thch contain the error correction information, discussed in
I
2.7.

|
|
!
!
(
{

ndon data nédulation is added to the data streax to lower ihe bit error

ble 2.5-1 gives the precise pseudo random sequence that is used to

SVS 10127
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e W

W

10
11
12
13

14
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.0

Table 2,2-1. 14-Track ﬁDDR Track Assignments
. usE S

ANA#OG-IRIG—A TIME CODE
" DIGITAL-ERROR CORRECTION CHANNEL A (DIGITAL-CHANNEL 12)
DI1GITAL-CHANNEL 1
DIGITAL-CHANNEL 2
DIGITAL-CHANNEL 3
DIGITAL-CHANNLL 4
DIGITAL-CHANNEL 5
DIGITAL-CHANNEL 6
DIGITAL-CHANNEL 7
DIGITAL-CHANNEL 8
DIGITAL-CHANNEL 9
DIGITAL-CHAKNEL 10
ANALOG-AUXILIARY TRACK

ANALOG- NASA 36 TIME CODE

2-5
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Table 2,3-2. 28-Track HDDR Track Assignments

TRACK X0
)| ANALOG-1R1G A TIME CODE
2 DIGITAL-CHANNEL ERROR CORRECTION B (CH 26)
3 DIGITAL-CHANNEL 12
4 DIGITAL-CHANNEL 24
5 DIGITAL-~CHAXNEL 2
6 DIGITAL-CHANNEL 22 .
? DPIGITAL-CHANNEL 4
8 DIGITAL-CHANNEL 20
9 DIGITAL-CHANNEL 7
10 DIGITAL-CHANNEL 1S
11 DPIGITAL-CRANNEL 5
12 DIGITAL-CHANNEL 16
13 DIGITAL-CHAXNNEL 3
14 DIGITAL-CRANNEL 14
15 DICGITAL-CHANXNEL ]
16 DIGITAL-CHANNEL 15
17 DICITAL-CHANNEL 6
18 DIGITAL-CHANNEL 17
19 DIGITAL-CHANNEL 8
20 DIGITAL-CHANNEL 19
21 DIGITAL-CHANNEL 9
22 DIGITAL~-CHANNEL 21
23 DIGITAL-CHANNEL 11
24 DIGITAL-CHANNEL 23
25 DIGITAL-CHANNEL 10
26 DIGITAL-CHANNEL ERROR COXRECTION. A (CH 25)
27 DIGITAL-CHANNEL 13
28 ANALOG-NASA 36 1IME CODE

2-6
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INPUT

DATA

BIT # .

1

[ SR
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GINAL PAGE 15

POOR QuaLiTy

PRN
CODE
BIT

[

0
0
0
0
1
0
o
c
0
0
1
1
0
0
0
0
1
0
)
0
0
0
l
1
1
1
0
1
1
0

—— o ———— 8P BTt 7 Ayt S -
e

Table 2.5-1.

* INPUT.
DATA °
. BIT ¢

32
33
34
35 .
36
37
38
39
40
41
42
43
44
45
46
47
48
49
S0
51
52
53
54
55
56
57
58
59
60
61
62

Randomizat{ion Code

_ PRN
CODE
CBIT

HOHHOOOHHOHNHHQHHOHHOOHOOHH-HHo

- INPUT
* DATA
BIT ¢

63
64 .
65
66
67
68
69
70

71

72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93

SVs 10127
31 July 1981

PRN
CODE
© BIT

1
1
0
1
1
1
1
1
1
1
0
0
0
)]
0
0
1
0
0
0
0
1
1
1
(]
0
0
1
0
0
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- 18U PRY - INPUT " PRN INPUT . PRN
S j DATA CODE . DATA " CODE " DATA.  ° . CODE
BIT ¢ BIT - BIT ¢ . BIT BiT ¢ BIT_
I e Ty 125 1 156 .0
95 0o 126 0 157 0
96 0 "127 1 158 - )
97 1 128 1 159 1
93 1 129 1 160 1
99 1 130 0 161 o .
‘ 100 1 131 0 162 0
151 1 132 1 163 0
102 0 133 1 164 0
103 1 134 0 165 1
104 0 135 0 166 0
105 0 136 1 167 1
196 0 137 0. 168 0
107 0 138 1 169 0
“ 108 1 139 0 170 0
< 109 1 140 1 171 1
110 1 141 1 a2 1
111 0 142 1 173 1
112 0 143 1 174 1
113 1 144 1 175 0
114 1 145 1 176 . 1
115 0 146 1 177 1
216 0 147 0 178 0
117 1 148 0 179 0
118 0 149 0 180 0
119 1 150 0 161 1
320 1 151 0 182 1
121 1 152 0 183 1
222 0 152 1 184 1
123 1 154 0 185 0
124 1 155 0 186 0

-
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INPUT
DATA
BIT f

187
158
189
190
191
192
193
194
195
196
197
198
199
200
203
202
203
204
205
206

. PAGE IS
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PRN

4

CODE

1

_BIT !

-
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Table 2.5-1. Randomization Code (cont'd)

PRN
CODE

BIT

[

o O+ H H ™t OO MOOIMMOOOTHRIEMIKMOOOOKHOOOOO O m

INPUT
DATA
BIT #

251

- 252,

253
2564
255
256
257
258
259
260
261
262
263
264
265

.266

267
268
269
270
2N
272
273
274
275
276
277
278
279
280
281
282

" gvs 10127
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PRN
CODE
BIT
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DATA
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283
284
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287
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294
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‘l:able 2.5-1. Randonmization Code {(cont'd)

[

INPUT
DATA~
BIT ¢

- 316

17
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
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o A o e i b St
e e 8 e @

PRN
CODE

. BIT

o,

INPUT

_DATA
BIT f

. 349
350

351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
368
370
371
372
373
374
375
376
377
378
379
380
381
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INPUT
* DATA
BIT £

413
414
415
416
417
418
419
420
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Table 2.5-1. Randomization Code (cént‘dl
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CODE
BIT
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.t

=cdulate every data bit 1n every 504 bit frame.

l [ . . R -
words, and error correction i{nformation are not wmodulated. Parity is added after
i .

2szza =odulation and bit inversfon. The modulation is an Exclusive OR function
’ ! . : . .

| !
;ivea'by:! ' ..
DaT%-BIT PSEUDO RANDOM PIT ENCODED BIT BEFORE INVERSION
f § o ° .0
f % 1 a S|
? 0 o
i N
r § 1 ' o
;
1

i

2.6 BIT INVERSION AND BYIE PARITY

i

[
(3]
"

he 14~

(23
I3

averted

) for:zt.. 1

perity bit

2.7 =ZPROR

! : : :
krack forzat, bits 2, 4 and 6 vithin each seven-bit data word are

after modul?tion. This inversion 1s not included in the 28-track

n both foxuafs, odd parity is calculated for each data word d the

is iaserted;iamediately folldwing the data word (see Figure 2.4-1).

|
f

!
CO22=CTION CODING

Iin adéfited

li-track

on to the %arity bits embedded in the data channels, two other error
capabilitieg are inserted onto the tape: the 12-bit cherkword at the
h data fraae% aéd the separat; error correction tracks on the tape.

in Tebles i2.3-1 and 2.3-2, there Is one such track on a l4-t: _ck
nd two trac#% on the 28-track recorders. Each of these tracks
loagi:udinali parity bits for a set of data tracks; the groupings fo:r

23 recorders;are given in Table 2.7-1; all ten data tracks on a
!
Fecorder are covered by the one error correction track. These parity

sVs 10127
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tracks are eocoded the same: as data. tracks, with synchronization words,

checkwords, bit {nversion (1in the lb-track'fofmat), randonizing, and odd parity

. .

inserted after each seven-bit longitudinal parity word. This longitudinal parity

v inforzation is.oéd parity. S e, .
5@
s
- Svs 10127
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! Table 2.7-1. EtroF Correction Track Groups for 28-Tra;k HDDR
' GROUP A l GROUP 1;
INCLUDES e ‘ |
DATA CHAXNTLS: - T2 "1
| 3 4 )
5 6
) ¢ 7
9 13
10 14
11 15
12 16
. 17 22
g
18 : 23
19 24
20
21
LONGITUDINAL
PARITY
CHANMNIL: 25 26
{
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1he checkword computed'for each franme 18 used when reading the tape t; detegt
the vast tijoalty of errors, incl:' ag error bursts.‘The checkvord 1s also
utflized, along with the eabedded parity bits and the longitudinal parlity
inforaation,.to correct most of the d;tected errors. The basic principle-{s:
Each group of bits to be protected against errors is passed through a
Modulo-2 divide network, ;hlch utillzes as a élvlsor th; polynoalal: ‘
REINER I B ST -
and the 12—51; renainder which results is appended to the original gfoup of
bits. Thereafter, the coaplete data get (including the remainder bits) {s
agafin passed .throush the came divide network; any error condition will be

indicated by a non-zero recainder at the completion of this pracess.

khen an error condition is detected, the longitudinal parity information
can be used to estadblish a check matrix acros' all recorde} annels
inclgded in the error protection group. If more tharn one channel is {n
error, the byte parity information imbedded within the data frame can be
used to identify the error. When the use of byte parity cannot isolate the

error, the error condition 1. declared to be uncorrectadble.

2.8 DIGITAL CODING

The serial digital data r:x for each track constructed in the above
forzatting steps 1is recorded on the tape in non-return to zero level (NxZ-L)
{or=at, {llustrated in Figure 2.5-1. NRZ-L transitions occur only vwhen there

is a change in the logic value; f.e., 1 to a 0 or 0 toal.

SVS 10127
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2.9 TIME CODING ' oo * .

|l . .
.

i . ‘ .
The two outside tracks. on the recorder are reserved for time code. The NASA

36-bit tioe code s re?orded only on HDT-GM tapes. The 36-bit time code froum

these tapes is not used in the DMS. The format of the NASA 36-bit time code is
) * ,

giv;n in Dita Format Control Book,.Volume V (Payload). The other timecode, IRIG-A
'is recorded on all alliHDT's generated by the Landsat-D Ground Segment foi use as
2 tane iudéx. It is u§ed to locate the desired Jita on a tape, eséecially

wien searching the tage at high speed in elither the forward or reverse
direction. {The IRIG~A is Universal Time - Coordinated, mogotonically increasing,

H

and has a tiime resolution of a tenth of a second. IRIG-A is recorded on the tape
, .

whenever the tape is méving, even if data is not being recorded. Table 2.§-1 and

Figure 2.9-1 descridbe and illustrate key features of this time code format.

2.10 PACKING

!
'
!
i
i
1

The electronics in the ,l4-track HDDRs pack data on each digital track at a density .

?

of 20 Kbits/inch. The electronics in the 28-track HDDRs pack data on each digital

|
track at a/density of 33.3 Kbits/inch.

f
1
3

SVS 10127
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Table 2.9-1. Key Features of IRIG-A Time Code

.

TIME: Universal Time - Coordinated

-

TIME FRAME: 0.1 second
CODE DIGIT WEIGHTING

Binary Cocded Decimdl time-of-year Code Word ~ 34 binary diéit;
a. Seconds, rindtes, hours, days and 0.1 seconds
b.” Recycles yearly ”

-

Code Word Structure:

BCD: . Word begins at Index Count 1. Binary coded Elements occur
between Peosition Identifier Elements (7 for seconds, 7 for ninutes, 6
for hours, § and 2 for days) until the Code Word is complete. An
Index Mzrker occurs between deciral digits in each group to provide
separation for visuzl resolution. A

Least significant digit occurs first, except for fracticnal seconds
iniorzation which occurs following the dav-of-vear information.

ELEZMEINT RATE: 1000 per second
ELEMENT IDENTIFICATION:

a. "On tire" reference point for all Elements is the leading edge

b. Index Mzrker < 0,2 millisecond
(Binary Zero or uncoded Element)
c¢. Code Digit 0.5 millisecond
d, Position Identifier - 100 per second 0.8 millisecond
- (Refers to the leading edge of the succeeding Element)
e, Reference Marker - 10 per second Two consecutive

. Position ldentifiers
(The "on time" point, to which the Code Word refers, is the
leading edge ef the second Position Identifier).

RESSLUTION: 1 millisecond (unmodulated)
0.1 rillisecond (modulated)

CAPRIZR TRIJUINLCY: 10 w&z

2-19
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SECTION 3 -

i. RADIOMETRIC CORRECTION PROCESS.

0
!

] H
3.1 GEINIRAL DISCUSSION

j . ¢ . .
The radioartric correction process converts output voltage samples from the MSS

ead T p&oto detectors into values which represent the input radiance into the
| .

! .
instruczat's. Output voltage sazples are transzitted froa the spacecraft as six-

bit cdata for MSS and ﬁight—bit data for TM. MSS corrected data is sevean-bit for
; .

t

data transkitted in compressed mode (mormally bands 1, 2 and 3) and six~bit for

data transzitted in linear mode (band. 4 alwnys). Decompression tables:

) ;
deter=incd during preflight testing are used to convert six-bit coopressed data

i !
irto seven-bit datz, which is then radiozetrically corrected. TM corrected data

E
is 2lvavs elght-bit for all banis.
!
70 perforz +~adfozetric correction, voltage-radiance characteristics of each

{ .
detector, 'deterzined before lecunch, and internal calibration data mpeasured in
i

3
v
|

orbirt, a%e utilized? along with scene content information. The
!
conversio? of rav spacecraft data into the radiometrically corrected output is

i
i:;le:entéd using look-up tables, determined from gala and bias values, as
!
Zeszridediin the following paragraphs.
H
|

i
3.2 RADILXETRIC CORRECTION USING INTERNAL CALIBRATION DATA

i
The fundalental detector calibration is made using gain and bias values conputed

froz .he interrzl cellbration data and precefinec calibratfon conszants. Each

]

szaze s} éiviéed 4into several segzents, for which gein and bias values are

ceiculateB for each detector from the averaged internal celibration values for

SVvS 10127
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that segoent. The radiometric correction is of the form: y = mx + b, where m
is the gain adjustment, b is the bias adjustment, aﬁd x is thg uncorrected (decom-

pressed if necessary) detector voltage sample.

Although the same basic method is used for both HSS,Q;A ™ calibratipn,'there'is'.

a difference between them since the calibration values are generated differently
in the spacecraft instruzents. Six calibration’'values are used for each MSS
cetector; these six values are generéted after every second mirror sweep. Figure

3.2-1 shows a representation of the MSS calibration data acquired by each

detector. The necessary six calibration values are selected by counting froa

the first sample to exceed the midpoint level of the rising edge of the calibration

curve. The counts are fixed and are initially selected prior to spacecraft launch.

There are eight calibration values for each TM detector, except for. band 6
(ther=al IR band) detectors, which have only two #nternal calibration

values. Each T calihration value is constant over a 40 mirror scan period, so

it takes 320 scans to generate the eight separate values. The first 5 scans of
each 40-scan period are discarded, and the remaining 35 scans are averaged. Figure
3.2-2 shows a representation of the TM calibration data acquired by each detector

in bands 1 - 5 and 7. Band 6 calibration details are TBD.

3.3 SCENE CONTENT RADIOMETRIC CORRECTION

Resfdual striping in icagery corrected wusing internal calibration data can
result from slight errors in calibration due to non-linearities, quantization,
kysteresis, calibration source variation, etc. To redure this residual striping
the look-up tables can b2 adiusted slightly using scene content on the basis of

the following assuvxzption: over a “large enough”™ segpment of {zagery each

SVS 10127
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Cetector in ja band sees the same statistical disiributgon of raéiances. This

. ; . ) .
¢istribution is generated by collecting subsaaples of data from each detecror to

ctreate histograas of scené data. The histogram mean and standard deviation for

each detector in 8 band are then equalized. The gain and bias values needed to
Co ! .o ]

atcczplish this equalization process are used to generate the final 1look-up

. {

tadles. !

.

3.4 IVAGE SEGMENT BLENDING

H
t

To reduce radiance level discontinuities between adjacent segments, each segment

is subdivided |into subsegﬁents and the gain and bias values for adjacent subseé—
i

~=ats are blended togethef. This blending is performed for both radiometric

=—ethods, and is impleaented by linearly interpolating the gain and bias values

i
)
1

etween subsegments.

30

1

!
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' SECTION 4
GEOMETRIC CORRECTION INFORMATION .

L.1 GENZRAL DISCUSSION

Trere are two types of geozetrié correction inforoation found on the pattiéily-

" prozessed products: standard constants and scene dependent information. The

standard constants include band and detector bffpets, mirror velocity profile,

zoziral instruosnt and spacecraft parameter values, etc. The scene dependent

° 4nforcation includes data about the nozinal WRS image location, the ‘actual image

cecter, the séécecraft heading, Earth rotation, etc., plus detailed correction
fafor=2tfon which describes the =wmanipulation required to transform the
zess2trically uncorrected array of image pixels recelved fron the i{nstruoents
zné refor—atted on the partizlly processed product into an array of pixels that are
~ilzzed onto a map projection. These details are contained in magrices which are
éescribed inﬂthe following paragraphs. The first paragraph discusses the HRS and
\®S coordinates generated to correct MSS data; the second.paragraph discusses the

~z-rices nezled for the zore complex T correction process.

&.2 V35S GZOMETRIC CORRECTIION DATA

Esrizontal resaspling (HRS) and vertical resampling (VRS) pixel and 1line

”n

ooc2izztes ceeled for the geoaetric correction process are detercined using

ace-to-spaze capping and gejaetric interpolation. The relationships between

n
%t

Zzput, Rrbrid, and output space associaied vith the space-to-space mapping

srocess are {llustrated in Figure 4.2-1.

SVS 10127
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2 illustrateé the ¢nput and hybrid spaces utilized in determining HRS

1 . -
irates. ;
I

i
K .
!

3 fllustrates the hybrid and Outpat spaces utllized in determlning

.

i

eterzining process precedes the VRS process. The hybrid space is

part of the QRS determining process and it is the same hybrid space

as utilized [{n the VRS Qro:ess.

[

(£111 c0unts;a~e deternined for the image 'in hybrid space for each of

i

tte 3% Lrbrid space lines. The left and right grid 1line f1ll counts are

deter=ined
111 countsi
to deterti

pTocessed i

4.2.2
e hydrid
azed

to 51 intege

1

as a part of ; the HRS grid point deterxination process. The grad line

i
!
30‘ the image in hybrid space are needed during coopletion processing
ne the ano@nt of scan line £111 required for each line of the fully

' i
- t
4

Tage.

iD SPACE

% ace defined fot the HRS process has grid points that are regularly

u

g rows 1ind 61 colunns. The 51 rows of hybrid grid points correspond

ir input spa?e lines (as shown in Figure 4.2-2)., Thé Tows in both

and hybr:d; spaces are spaced at intervals of 48 lines. For each

point, the éRS process defines the pixel fractional coordinate in
3

space. Th% line {nteger coordinate of the hybrid grid point is the

cotresponfiﬁg inpu: space line. The pixel £ractiozal coordinates

< one row at%a tice, left to right, top row to bottoz row. A total

er 3111, pi#el coordinates are provided.
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HYBRID St
CORRESPONDING | GRID "61 CCLUMNS OF GRID POINTS
INPUT SPACE | POINT SPACED AT 60 PIXEL INTERVALS
. _ LINE | ROW : , . :
¥ v —* )
. 55555560
v_|_4_ 1234567 25678501
40 |z 22 Z
s7-{-3__ ! %
] : Akl el ) TTT1 | 51 rows oF
- - 6B TI11 > & GRID POINTS
2305 |Zaalllf 7| SPACED AT 48
23532 |Zs0-C LINE INTERVALS
2401 _ |-51 _ _ s
INPUT SPACE HYBRID SPACE
INPUT SPACE ROWS ARE SPACED HYBRID GRID POINTS ARE REGULAR IN HYBKID
AT INTERVALS OF 48 LINES AND SPACE. FOR EACH HYBRID GRID POINT THE
CO?Z.ESPOND TO HYBRID SPACE HRS PROCESS DEFINES:
GRID POINT ROWS.
. e PIXEL FRACTIONAL COORDINATE OF
» . THE HYBRID GRID POINT IN INPUT
SPACE
. e LINE INTEGER COORDINATE OF HYBRID
GRID POINT SAME AS CORRESPONDING
INPUT SPACE LINE

Figure 4.2-2. 1Illustration of Irput and Hybrid Space
for Determining HRS Sazple Coordinates
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coLnmis,

L

Figure 4.2-3,

Output .
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The left and right grid line fill counts are provldéd with the HRS grid point

dat: for each of the 51 hybrid space rows. A total of 2 x 51, or 102, grid line

£111 couuts are provided. . . ,
. . i

4.2.2 OUTIPUT SPACE
The cutput space defined for the VRS process has grid points regularly spaced in’
L4 rows and 61 columns. The 61 columns of output space grid points corfespond to

61 columns in hybrid space (as shown in Figure 4.2-3). The coluans in both

" hydbrid and output space are spaced at intervals of 60 pixels. For each output

space grid point the VRS process defines the line fractional coordinate 4n
hybrid space, and by correspondence from the HRS process, {n input space. The
line fractional coordinates are provided one row at a tice, left to right, top

TUv to bottum row. A cotal of 61 x 44, or 2684, line coordinates are provided.

4.3 TM GEQMETRIC CORRECTION

Tﬁe Thewmacic Mapper is a more complex and procise imaging instrument than the
Multispectral Scanner, and the data required to define geometric corrections
is also more complex. The correction data is provided in a series of matrices
which are combined to deve.op a full cotrection matrix as thé first step in
generating fully-corrected inagery from partially-corrected prodﬁcts. In the
s;sate - ta - space conversion process this correction data is defined in hy-

Yrid space, with the relationships shown in Figure 4.3 - 1.
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Fifure 4.3 - 1. Input, Hybrid, and Outputr Space Relationships
for Thematic Mapper Data.
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4.3.1 BENCHMARK MATRIX : S '

Basic COﬁrection daté is provided in a benchmark matrix set which provides cor-
rection ﬁalues at "eight points along ecach of four pairs of grid rows across the

. , .
izage aree. One row of each pair represents the sensor mirror scans in one

direction, and the other row corresponds to scans in the reverse direction. At

each grid' point, four values are provided :

i
1
[

The aloﬁg - scan location within input space of the hybrid
space grid - point, expressed as a fractional pixel number.

o{ The across

- scan location within output space of the hybrid °

space grid - point, expressed in kilometers on the output
map projecﬁion.

o | The along % scan location within input space of a point dis-
placed one ;pixel length (42.5 microradians) in the along -’
scan direction, expressed as a fractional pixel number.

o | The across ~ scan location within output space of a point
displaced one line width (42.5 microradians) in the across -
scan direction, expressed in kilometers on the output map
projection.:

!
{
s

The benchmark values are computed using actual ephemeris data, and assuming

linear mirror profilesi perfect optical axis pointing, and no high - frequency

0

each of the; two map projections into which the image data is to be
i .

>, Variancesifrom these assumptions are provided in the form of
]
[}

correction data. The displaced - point values are uced in applying

}
ional corre¢tions to the basic grid point locations dafined in the

i
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4.3.2 HIGH FREQUENCY MATRICES N 'Qb.A L!TY

42Zitional high frequency correction data is provided in two high - frequency
~atrices, each conéisting of 374 rows (one per mirror scan ; 187 in each scan
¢irection) containing 35 grid'pbints which are spaced at 2 msec intervals along.

each row. The along -~ scan matrix contains values which correct for scan mir-

rer profile deviations from linearity, and for jitéer motioﬁ about the space~
craft roll axis. The across - scan'matrxx values correct for scan line cor-
rector mirror profile deviations f;om linearity, for scan mirror across - scan
deviations, and for jitter motion about the spacecraft pitch and yaw axes.
Valuves within both correction matrices are expressed in microradians, and are
therefore useable to update the benchmark matrix values for either map pro-

jectioa.

4.3.3 ADDITIONAL CORRECTION DATA
In addition to the benchmark and-high frequency correction matrices, additional

catz is provided to fully define the corrections required. These include :

(1) Mirror scan dats - The mirror scan start time for each pri-
mary mirror scan is provided for use as the interpolation
control parameter for expanding the benchmark matrix, and
for precise time - positioning of the high - frequency cor-
rection data. The scan line.length for each scan is also
provided to define the useable image data available from
each scan.’

(2) Nozinal pointine vector scan rate — The angular rate of
notion of the optical axis acress the earth which was used
in calculating the correction data is provided for use in
applying the additional correction values to the cxpanded
benchmark matrix.
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a - ; ' (3) Detector location data - The offsets of the detector array
' for each spectral band, and of each individual detector with- -
f in cach band relative to the optical axis to which the cor-

rection data applies are provided for use in developing the
individual full correction matrix for each spectral band.
These offsets include adjustments for detector response-time
delays, which are unique for each detector and scan direction.

(4) Data alignment adjustments -~ The adjustments which have al-
ready been made to align the data from separate detectors
. within each spectral band is indicated. These adjustments
| ) " do not include alignment of data from scans of opposite di-
i rection. . )
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ABBREVIATIONS, ACRONYMS, S{MBOLS AND TERMS
Band ) A collection of pixels representing a spectral

i. R .« . .
portion of a scene ’ .

BZD| - éinary C;ded Decizal
Bit #he scallest element of bina;?, coxputer-intelligible
éata .
Eyte é unit of data consisting of eight bits
cCcT éozputer Conmpatible Tape
CCI=AT éoaputer Corpatible Tape contalning partially processed TM data >
CCI?PI éo:putet Cozpatible Tape containing fully corrected T™ data

Setéctor A cozponent of a sensor that i{s able to sense
! .
incident energy in a region of the electromagnetic spectrun

i
DS | Data Manageoent System
i

ECC Error Correction Code
F24:-PT 2;1 pr film containing fully corrected TM data
GF1IT éoddard Film Ioventory Tape
GELT G}ddard HDT Inventory Tape
GLITFAM cfo&dard HDT Inventory Tape for HDT-AM
GE1TRAT G;ddard HDT Inventory Tape for HDT-AT
GAIT-PT G%ddard HDT Inventory Tape for HDI-PT
¥EDDR H?gh Density Digitel Tape Recorder
i
BT E?gh Density Digital Tepe
EJT-pM Hagh Density Tape contaiaing partially processed MSS data

i
!
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HDT-AT
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"KDT-PT

HDI-RY

HDI-RT
BRS
IR

IRIG~-A
Landsat

" MSS

" NRZ-L
Pixel -
PRN
Scan Line
Sceae -

Seasor
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High Density Tape containing partially processed TM d;ta
High Density Tépe ;ontaining uncorrected MS data
(generated exfern;lly)
High Density Tape containing fully corrected T data
High Density Tape containing uncorrected MSS data
(generated internally)
High Density Tape containing unco;rected TM data
Rorizontal Re;ampling
Infrargd .
Inter-range Instruscentation Group standard tim;,

forzat A

Land Satellite (formerly ERTS — Earth Resources Technologzy

. Satellite)

Multispectral Scanner

Non-Return to Zero Level digital coding

One icage detector sample

Pseudo Randon Noise

The data produced by one cross track motion of an
active detgctog (a full scene width)

One or more spéctral bands of data represeating a
185k= X 170km ground area

An icsging instrucent (a sensor may ccnsist of one

or torz detectors)

Space Oblique Mercator Projection
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Sweep One back and forth cycle of mirror movement- ,
TD2SS Tracking-and Data Reiay Satellite Syste;z; )
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™ Thematic Mapper - . ]
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