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1. INTRODUCTION:

The documentation for this data set was originally on paper, kept in NSSDC's

Data Set Catalogs (DSCs). The paper documentation in the Data Set Catalogs have been
made into digital images, and then collected into a single PDF file for each Data Set
Catalog. The inventory information in these DSCs is current as of July 1, 2004. This
inventory information is now no longer maintained in the DSCs, but is now managed in
the inventory part of the NSSDC information system. The information existing in the
DSCs is now not needed for locating the data files, but we did not remove that inventory
information.

The offline tape datasets have now been migrated from the original magnetic tape to
Archival Information Packages (AIP’s).

A prior restoration may have been done on data sets, if a requestor of this data set has
questions; they should send an inquiry to the request office to see if additional
information exists.



2. ERRATA/CHANGE LOG:

NOTE: Changes are made in a text box, and will show up that way when displayed on
screen with a PDF reader.

When printing, special settings may be required to make the text box appear on the
printed output.

Version Date Person Page Description of Change

01

02



3 LINKS TO RELEVANT INFORMATION IN THE ONLINE NSSDC
INFORMATION SYSTEM:

http://nssdc.gsfc.nasa.gov/nmc/

[NOTE: This link will take you to the main page of the NSSDC Master Catalog. There
you will be able to perform searches to find additional information]

4. CATALOG MATERIALS:
a. Associated Documents To find associated documents you will need to

know the document ID number and then click here.
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

b. Core Catalog Materials


http://nssdc.gsfc.nasa.gov/nmc/
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

REQ. AGENT RAND NO. ACQ. AGENT
GLS v01l58 YPS

STS-2

CALIBRATED RADIANCE TAPE
81-111A-05a |ESOD-00003]

This data set catalog contains 2 magnetic tapes. Each
tape is 9-track, 1600 BPI, binary and contain 4 files of
data. The first file contains documentation information
in 2 mixed-mode records. The first record of each data
file is an orbit segment documentation record also written
in mixed-mode. The binary data records are written in the
Variable Block format with a logical record length of 5428
bytes. These tapes were created on an IBM 360 computer.
The D number and C numbers and Time Segments on each tape
are as follows:

D# C# TIME SEGMENTS

D-53322 C-22683 11/14/81 - 11/14/81 (PART 1)

D-53323 C-22684 11/14/81 - 11/14/81 (PART 2)


http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=ESOD-00003
dhoag
Text Box
ESOD-00003
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7. DESCRIPTION OF OCE DATA

a) THE OCE DATA SYSTEM.

The shuttle OCE data, 8-channel spectral radiance data
in PCM format were transferred from the Orbiter payload upon
landing at the Dryden Flight Research Center on Nov 14 198/.

The conversion of OCE data recorded on-board the Space
Shuttle into a form which is conviently usable by the analyst
required several data processing steps: Upon the re&eipt of
the PCM tapes, the following processings were done at GSFC.

1. Time code synchronization

2. Analog to binary coord. conversion

3. Scanline reformatting

4. Fphemeris data and calibration incorporation

5. Deblocking and reformatting to the final calibrated

radiance tape format.

b) DATA QUALITY CONTROL SCREENING

The OCE tapes which are to be distributed to experimenters
and archived for public use are in a format which can be readily ~
used in analysis programs, as described in the following section.
The data includes extensive document files on timimg, specific
geographic location information on the data taking, and radiometric

calibration constants. The tapes have incorporated the STS-2

ancillary data that have been provided by the mission office.
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The screening of the OCE data quality was done by the Principal
Investigator.

In comparision to the originally planned 120 minutes, the OCE
acquited 118 minutes of data during the Orbiter's three day flight
which began on Nov 12 1981 and terminated on Nov 14 1981, after
54.25 hours. The ground tracks where OCE data collection took place
are shown in Fig. 1.

Many areas of the data acquisition were not. the areas which had
been designated in the original plan. The deviations from the original
flight plans were caused by the following operational difficulties:

(a) The actual launch of the orbiter on November 12 was delayed

by three hours from the originally planned 7:00 a.m. EST. This delay

caused siginificant changes in the solar zenith angles at the target
sites when the orbiter passed. Alternative orbital passes, mostly
in ascending orbital portions, had to be selected to get proper
solar zenith angles.

(b) Relatively low Sun angles in the month of November in the
Northern Hemisphere substantially limited the number of chlorohpyll
target areas that could be selected.

(¢} Also, because of spacecraft malfunctions, the STS-2Z mission
time was shortened by two days.

(d) During the mission, two large storm systems covered both
East and West coast of the U.S. The South Atalantic Bight which
extends from Cape Canaveral to Cape Hattaras, S. Carolina was one
of the OCE's important predesignated test sites. Thus relatively
low percentage of cloud free scenes among the total data fesulted

in about 20 to 30 minutes of data out of the total 2 hours of data.

(:&
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Figure 1. The Shuttle, “Columbia’s”, ground tracks where OCE data were acquired during November 12-14, 1981. The areal
coverage of clear ocean view data that were of sufficient quality to process are shown in hatched areas.
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Segments of the OCE data which show clear views and subsequently

submitted to the National Space Science Data Center (NSSDC) are:

Time Segment

ORBIT NO. D/Hr/Min/Sec (GMT) Geographical Location
24 318:01:32:00 Yellow Sea/Sea of Japan and Pacific Ocean
318:01:42:15
29 318:08:00:00 Gulf of Libya/Greece (partially cloud covered)
318:09:05:00
30 318:10:29:00 Portugal Coast and Med. Sea
318:10:36:15
31 318:12:08:00 Spanish Coast to Italy (partially cloud covert
318:12:15:00
32 318:13:23:32 Great Bazhama Bank
318:13:26:00
i N 32 0 318:13:39:00 Strait of Gibraltar
' 318:13:42:15 - -
( & "ALIBRATED RADIANCE TAPE FORMAT
gf?fj%g 1. C

a) TAPE AND RECORD FILES

The calibrated data tape from the OCE is a 9-track, 1600 BPI,
multifile tape. The records are written in the Variable Block (VBi
format with a logical record length of 5428 bytes. The format and

content of records are listed in the following:
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ST 8=2 C6TA—1 So Tewm 2, / 2

LAl R EXPERLAENT _DATA 1A -5

rﬁ%@ CHAARACTERISTICS

ls lows BYTES PEKR INCH(BPI)

2e 9 TRACKs o oIS PER UYTL, 1 FARITY 81T

3e NU TACHINE-TYPRE LEPDHDENT TAEL LABFLS

G PHIYSICAL RECURDS SEéAHATtD Y INTER-RECTHD GAPS

Se FiLIn SCPARATEL BY TAPEMAKKS

ILE STRUCTURE

n

«3 o

le Flrko¥ FILE—DOCUMENTATICH INFURMATIONL 2 RECCRDS) T e
AYPUY S ICAL KECLRD ONE(6Io BYTLS)-TAPE DOGCUMNTATIOCN RECURD
B)EY S ICAL RECLRE TwU( 222 BYTFES)I-MASTER CALIBRATICN TABLE reLURO

« FILES 2 TrrUOUGE N - OCE DATA FILES (N—1 OREIT SEGMENTS ON }APE)

[

AIPHYSICAL RECURD UNE(L172 BYTES) - URBIT SEGMENT JOCUMENTATLUN

BICHYSICAL RECORDS TWLE THRULGH #4(5428 3YTES EACH) — OCE SCAN DAT A
Gz SCAN 02TA RICUORDS (¥-1) CCE SCANS IN THIS CRBIT ScGMENT

COge NS UF RECCRLS
@

e FiwsT FilLgC
AYTArE DOCUMENTATION RECURD (TABLE T1)
Lo EXPERIMENT NAME AND CATE
11.UKREIT SEGMENT NUMBLERS
ILINUMBER UF CaTA BANDS{HB) AND CHANNEL NUMERS
LV.NUMBER UF CROLIT SEGMENTS UN TAPE
Vef ILE NUMBEFRS FOR EACH UOREIT SEGMENT
Vie GELGRAPHIC AREA OF (CRBIT SEGMENT

VilesTART TIME AND ENO TIME FUR ZACH CRBIT SEGMENT

BICALIBRATICN TABLES KECCRD (TAULE T2)

L. CUEFFIECIENTS FCOGR CUNVEFRSIGN FRUM CAL IBRATLCD DIGITAL DATA CUJNTS
TC IMRALCIANCE; ONE CUEFFIECIENT FUR E ACH CHANNEL

L1 o INSTRUMENT VULTAGE TU I~RRADIANCE CCONVERSICHN CONSTANTS
ChE HOR EACH CHANNLL

S

{g;?}:g,
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DATA FILES (FILES 2-N}

Al OREBIT SEGMENT OOCUMENTATION RECORD { TABLD T3)

S

i
I 1.AVERAGE SPACFCFAFT HF.ADING

T«OREIT SFGMENT NUMFEER

ITIAVERAGE SOLAR ZENITH ANGLE
IVve AVERAGE ALTITULE
Ve GECGRAPHIC LOCATION UFSCRIPTION
VIeSEGMENT STARTING PUINT
VII<SEGMENT END POINT
VITI«SEGMENT START TIME
I Xe SEGMENT END TIME
Xe EXPERIMENTERYS NAMES
X1.0ATE OF OCE CALIBRATIOM
XIT1NUMBER OF SCAN LINS IN THIS SEGMENT
XITTeBYTE INCREMENT TO NUMBER OF DATA SAMPLES/CHANNEL

XIV.TOTAL NUMBER OF POSITIONS(SAMPLES) AVAILABLE IN DATA RECORD
FOR DATA FROM LCACH CHANNEL(270)

XVasAVFRAGE NUMBFER OF SAMPLES USED FUR EACH CHAMNNEL
B¥ [DATA RECORDS (TABLE T4
I1.REEL SEQUENCE NUMEBER(L)

I1.DIGITIZING DATE

=y

F:

b
TIT«7IME OF SCAH START PULSE IN DAYS, HDURS, MINUTES. SECOCNDS

IV.TIME OF STAKRT PULSE IN 7OTAL SECUNDS

V+NUMBER OF VALID DATA POINTS PER CHANNEL
NOTELIIF THIS NUMBER IS 270, THEN THE TOTAL SCAN IS
INVALID{DRORPQOUT) AND ALL POINTS ARE SET TO ZIRO.

VI.CALIBRATED DIGITAL COUNTS(OCE VOLTAGE QUTPUT IN CENTIVOLTS)
FOR UP T3 225 SAMPLES FROM ALL EIGHT CHANNELS
NOTE2: OCE FLECTRONIC DESIGN INCLUDED THE INSERTION OF A VOLTAGL
STAIRCASE PERICGDICALLY INTO THE DATA PORTION OF YHE ST ANe
THES™ STAIRCASE OUTPUTS FESULTFD IN THE LOSS OF SOME DATA
AND APPEAR AS STH IPS OF DROPQOUTS ABDUT 20 SCAN LINES WwWIDE.
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b] 0CE SCANNER PARAMETERS
. EIGHT CHANNFLS

THANNEL : ’ WA VELENGTH CORNVERSION CONSYT ANT
é%% N} { Ma/ MICRON-CMER2 J/CENT IVOLT
fg%ff

. 485.,9 0.0659
2 518.4 03500
Be . - 552.46 0.0353
4. 584 +5 50,0278

5. , ) . 62D.6 3.0223
He . 65541 : 03179
T : : 68541 Jsalb2
D e : 786.6 JeD133

#F RADIANCE AT ANY PIXE. FIRT SACH CHANNTL IS = 0OUND FROM

RI{I,JI=C{ I¥%S[{ 1,4} /P1
¥HERF RITLJI=IADIANCE FOR CHANNEL I AT PIXEL J
IN (MILLIWATTS/Z/{MICRNN-C ME 42 ~STERADIAN}
I Cl13) =CDNVERSION CONSTANT FOR CHANNEL I wWHICH IS
FIUND IN SECOND RSCORD OF TAPE DOCUMENATION FILE
S{I,J1I=DIGITAL CODUNT{IN CENTIVOLTS} FOR
AT SAMPLE J _
THE DCE SCANNER ANGU_AR RESOLUTION(ISCV) TS 3.5 MILLIRADIANS

APPPOXIMATILY 225 SAMPLES

SCANNER

SarfLE 4 7 N @S
I - NADIR

BOVE DIAGRAY ASSUMES SPACECRAFT IS HEADED LNIQ JHE DIANE OF DADER
"ITH NFUTRAL ROLL s PITCH, AND YA®w. (O DEGREE S¥

HE ABOVE SETUP REQUIRFS A LEFT~TO=-RIGHT REFLECTION TO0 GET THE -
IROPER O IMAGE CRIENTATION %HEN THC DATA IS READ [ NTO ANVIDED DISPLAY
[ROM FIRST SCAN LINZ T) LAST AND FROM LEFT TO RIGHT.

e,
@
G



2 ef-‘»&?* CEZE 4 X5 255 FETABLE T 13%?!& 2R 222 R R 2 R E R ERER L

CCE CAL IERATED DATA TAPE FURMAT

g s 4o e 4 o s P .

FILE ONE - RECORD ONE(TAPE DOCUMENTAT ION RECORD)

FURMATY DESCRIPTICGN

TS 60 EECDIC TEXPERIMENT NAME, DORBI T SEGMENY NUMBERS. DATE
H1- 64 x4 NUMBER CF BANDS IN SC#N DATA RECORD
oS 68 . . . I%& ... . . CHANNEL RUMBER OF FIRET BAWND (13 - . - ..
69— 72 i*4 CHANNEL NUMBER OF SECIND BAND (2}
73— 76 1¥4 o CCHANNEL NUMBER OF THIFD BAND (33
PP GG IEG - - 0 CCHANNEL NUMBER OF FOUFRTH BAND (&) -
81— 84 %4 CRANNEL NUMBER OF FIFTH BARD (5)
85— 88 x4 ~__ CHANNEL NUMBER OF SIXTH BAND (6)
85— 92 1% 4 T TCHANNEL NUMBER OF SEVENTH BAND (7}
93~ 96 i¥4 CHANNEL NUMBER OF EIGFTH BAND (8)
Q7=104. . ... NCT. USED . . e . . o , .
195-108 I*4 PROGRAM VERSION NUMBEF (1}
109-128 NOT USED
1 29=~132- 4 coe e - NUMBER CF FLIGHT SEGMENTS ON THIS TAPE -
133~136 I*4 FILE NUNMBER FOR FIRST SEGMENT (2)
_137-156  EECDIC = GEOGRAPHIC AREA OF FIFST SEGMENT
157~-160 EECDIC START OAY UF FIRST SECGMENT
161-1€4 EECDIC START HLUR UF FIRST SEGMENT
L 165=168 ... EECDIC . oo wo ... START MINUTE OF FIRST SEGMENT -~ crr v ooe o
169-172 EBCDIC END DAY OF FIRST SEGMENT
173-176 EECDIC END HOUR OF FIRST SEGRENT
FTT- 180 EBCDIC - "  END MINLTE OF FIRST SEGMENT o
_181-228  EBCDIC ~ _  SEGMENT INFURMATION(IF NEEDEDJ FOR SECOND SEGMENT
USING SAME FORMAT USEL FOR FIRST SEGHMENT
B 29-=226 . EECOIC wr v o e SEGMENT - INFGRMATION{IF NEEDED)} FOR JHIRD SEGMENT
- ’ USING SAME FORMAT USELC FOR F{RST SEGMENT
~277-324 EBCDIC - ~— — " "SEGMENT "I KRFORMATION({IF NEEDED) FOR FGURTH SEGMENT
gg% USING SAME FCORMAT USEL FOR FIRST SEGMENT
e“z’;
v25—-.572 EECDIC SECGMENT INFORMATIOMSI F NEEDED) FOR FIFTH SEGWGMENT

USING SAME FORMAT USEC FOR FIRST SEGHENT

T373-420 EBCDIC "SEGMENT INFURMATION(IF NEEDED) FOR SIXTH SEGMENT
USING SAME FORMAT usac FOR FIRST SEGMENT

421-468 EECDIC SEGMENT INFORMATION(IF NEEDED) FOR SEVENTH SEGMENT
.. USING SAME FORMAT USEL FOR FIRST SEGMENT

469-516 EECDIC SEGMENT INFUORMATION{IF NEEDED! FOR EIGHTH SCGHMENT
N wvoamirn e o e e S ING. SAKBE. FORMAT. USEL FOR FARST. . SEGMENT.

517-564 EBCDIC SEGMENT INFURMATION(IF NEEDED) FOR NINTH SDGMINT
T ’ c o USING SAME FORMAT USEL FOR F IRSY SEGMENT

565-612  EBCDIC SEGMENT INFORMATIGN(IF NEEDED) FOR _TENTH SEGMENT
USING SAME FORMAT USEC FOR F IRST SEGMENT

T€13-636  NOT USED

—“NOTE? ¥4 MEANS RIGHT JUSTIFIED FOUR~BYTE BINARY REPRESERTATION '~
EBCDIC MEANS EXTENDED EBINARY CODED DECIMAL INTERCHANGE CODE



TEEFSELETE R FERITERTEES EHTABLE T22%45 ¥ %% 25 5%5% FEXEGEREE L LTSS ene ey - -

BYTES

i—
66—
73~

~~§E”- -
85—

I~ 66

27—106 -

i05-108
fce-116

117=-1206"

fZ2i-128
iZe~-432

133-140

i61-144

14 mE 52

i53-156

i57-180

fgi-18a4
185188

i8o-192

193-196
197-200
2Gi=204
20%5-208
ee-212
2L3-230

{O0FE I R¥4&. MEANS ]

@

G

FORMAY

NCOT USED |
R&4
NOT USED

. Res

NOT USED
R&4

NOT USED
Re4

R% & i
NOY USED
R4

HOT USED - - -

Re4

NOT USED

R*4

R&4

. R4

R&4

R&4

RE&4

R4

R¥g
NOTY UsSED

DESCRIPTION

DIGITAL

DIGITAL
DIGITAL
DIGITAL
DIGITAL
DIGITAL

DIGITAL

DIGITAL

COUNT
COUNT
COUNT
COUNT
COUNT
COUNT
COUNT
COUNT

TO
TGO
TG
Y0

IO

T0
TO
TO

OCE CALIBRATED DATA TAPE FORMAT

IRRADIANCE
IRRADIANCE
IRRADIANCE
IRRADI ANCE
IRRADIANCE
IRRADIANCE
IRRAD{ARCE
IRRADIANCE

C VOLT-TRPADIANCE CONVERSION

VOLT-IRRADIANCE CONVERSION

v - YOLT-IRRAD IANCE - CON VERSI ON

VOLT—-IRFADIANCE
YOLT-IRRADIANCE
YOLT-IRRAD IANCE
YOLT—-IRRADIANCE

. VOLT~IRRADIANCE

CONVERSION
CONVERSION
CONVERSION
CON VERSI ON
CONVERSION

et

-FOR

FILE ONE ~ RECORD TwWO{MASTER CALIBRATION DOCUMENTATION RECORDS '

CONVERSION FOR CHANNEL
CONVERSION FOR CHANNEL
CONVERSION FOR CHANNEL
CONVERSION FOR CHANNEL
CONVERSION FOR CHANNEL
CONVERSION FOR CHANNEL
CONVERSION FOR CHANNEL
CONVERSION FOR CHANNEL
FOR CALIBRATION CHANNEL
FOR CALIBRATION CHANNEL
CALIBRATION CHANNEL
FOR éRLiBRATIQN CHANNEL
FOR CALIBRATION CHANNEL
FOR CALTBRATION CHANNEL

FOR CALIBRATION CHANNEL
FQQ;CALIBR;I;QNMCHANNEL

BM 360, FOUR-BYTE., FLOATING POINT REPRESENTATION.
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CCE CAL IBRATED DATA TAPE FORMAT

FILEFS TWO—N [ASSUMING HN=1 DRAIT SEGMENTS ARE ON THIS TAPE}

,“ﬁg?;u ) RECORD ONE{OBIT SEGMENT DOCUMENTATION RECORD}
- B TES FORMAT DESCLRIPTION
e 1= 80 EBCDIC .. .. JRBIY NUMBER, SPACECRAFT HEADINGs SOLAR ZENITH ANGLE,
) ‘ ’ AL TITUDE, GEOGRADPHIC AREA DEZSCRIPTICN
81— 84 EBCDIC - STARETING LATTVTITUE {+/-DEGREES)
- .85~ 88... F£BCDIC - STARTING LATITUDE {4+ /~MI NUTES}
89~ 92 ERBCDIC STARTING LONGITUDE {+/-DEGREEZS)
93~ 95 FBCDIC STARTING LONGITUDE (+/-MINUTES)
R 3 S B2 I EHCDIC END LATITUDE {4+ /-DEGREES)
101~104 FRCDIC END LATITUDE {4+ /-MINUTES)
... los-108 EBCDIC  END LOMGITWE {4+ /-DEGRESS)
i09-112 FBCDIC ' END LONGITWE {4 /~MINUTE S)
t13-116 EBCDIC START TIME DAY
S117~120 . EBCDIC START TIME HOUR
121~-124 FBCDYIC START TIME MINUTT
128-128 EBCDIC END TIME DAY
SR §-3s TR EBRCDIC END TiIME HOUPR
133-136 EBCDIC END TIME MINUTST
_137-156  ERCDIC , EX2ERIMENTER 'S NAMES
Y5 T-164 T EBCDIC DATE OF CALIBRATION
165~-1686 {2 NUMBER OF DATA SCAN LINSS
. 167~168 ix2 . BYTE _INCREMENT TO NUMBER 0% DATA SAMPLES/ CHANNEL
IN SCAN DATA RECORD {26}
169-170 %2 MAXIMUM NUMBER 0OF DATA SAMPLES/CHA NNEL
- : R . : IN SCAN DATA RECORDS {27))
i71-17~ %2 AVERAGE NUMRER NF DATA SAMPLES/CHANNEL

IN SCAN DATA RECORDS {ABOUT 225)

' ol
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EYTES

i~ 2
3- .8
o- 12
13- 14
R &< L N ¥
i7—- 18
. £9-
2t-
25~
29-
3t~
33~ -
35~ 478
L4799~ 568
569-1018
£0i9—-1 108
-E109~-1558 .
i559~1648
[ 649-2098
Z0e9~2188
2189-2638
.2639-2728
E2729-3178
3179-3268
2269-3718

2729-3808
é%%9-4258
62594348
4349-5428

24
26
28
30
32

e

S i
S
S
M&m‘?'

_.OCE CALIBRATED DATA TAPE FORMAT

20

FILES TeD-N [ASSUMING N—1 ORBIT SEGMENTS ARE ON THIS TAPE}
RECORDS TWO-M{ASSUMING M—1 DATA SCANS IN THIS SEGHENT}
STAN DATA RECORDS

B4 -

.. FORMAT . DESCRIPTION . - e
Ix2 - DIGITAL REEL SEQUENCE NUMBER
EBCDIC DIGITIZING DATE : . .
1*4 TIME OF SCAN START PULSE (DAY}
12 TIME OF SCAN START PULSE (HOUR}
“1%2 " TIME OF SCAN START PULSE {(#INUTE) B
I%2 TIKME OF SCAN START PULSE {SECONDS)
1*x2 ZERD . o - N
§‘§ TIME OF START PULSE (TOTAL IN SECONDS)
& ZERD
J&2 . NUMBER OF DATA POINTS/CHANNEL({SEE NOTE2., -PAGE 2}
I¥2 DIGITAL COUNT, CHANNEL 1 SAKPLE 1|
12 DIGITAL COUNT, CHANNEL § SAMPLE 2
CTEE - T DIGITAL COUNTs CHANNEL { SAMPLE 3 .-
1¢2 DIGITAL COUNTS: CHANNEL 1. SAMPLES &4— 225
NOT USED . L o o o .. —
1%2 DIGITAL COUNTS.: CHANNEL 2, SAMPLES 13225
NOT USED
- 1%2 DIGITAL COUNTS,., CHANNEL 3, SAMPLES 1-22S5
NOT USED .
I*2 DIGITAL COUNTS.: CHANNEL & SA#BLES 1-225
NOT USED ket ' L : . SAT e
1%2 DIGITAL COUNTS. CHANNEL S, SAMPLES {-225
.WOT USED s L . . B ) o
%2 DIGITAL COUNTS. CHANNEL 6, SAMPLES {-225
NOT USED
Isz . PIGITAL UOUNTSe CHANNEL 7, SAMPLES 1-225
NOT USED
T %2 DIGITAL COUNTS, CHANNEL 8, SAMPLES {~225
NOT USED o Co At : T

NOY USED

B -



MOC.E DATA. TAE. nggM,qm; Mﬁ Ce
A S e ,CNOT To ch_fj PR O
g . ’TM *«i
(B = v T Yervam— S
- IREcons _TAPLE RECorA §M * :
—330 RYTES—> .

L Rl 'Y Qyﬂf&:““}

o &—— FlE ) Cosconmmarig)—>

M,_Iﬂ_ . ke ing IR¢ IRE TIm*2
QORRIT SEengm SCA AL ST Y dSeanam,
wnmm’i aara |ama R IO

S I B GR—S A S é&% S
>

R e ———RyrEe-——RyTES -
ER r.,,.-,“\*_-.w.*,%ﬁ.’;Lgmggmmﬂrr £1DATA)-

Hif?%% P— e - o Bt TS e U P S e s i

T T
QOGV“!’WTIM bfﬁ’ﬁ o Qﬁm )

. ﬁiég %E}Q- )f“ ffw

B P e e

TM Nl IRG . |RG "m& ‘ IRG TM‘* Tﬂ"ﬁ:}’.
%

L L \fDRE'T ss'Gmn' N][|SCav f':;_ jecau #; ”a,h“ \
fg% R boCumewrdTiow b AT bm KTvA ~\ \ =
%lkmm o> - A

T j gﬁ;w

(M F?é’é' T\fm“ LA Edp OF
T s yoLbME

-~ e ok

R L. = e ,ﬂég;é{;w"}i}\ff\ P R U



The frot bps emfols 3T ¢ 86 3o

i
e

%ﬁ%xxzxxxxx3$XXx RCRﬁ TOENEOR ANALYVEIE PADKAGE " CASAP DIOERE RO ORR KX K

ig o xx CURRENT FUNCTION““NEU SOURCE SPECIFICATION x%xx%
21 ,’%5‘;' -

gz mf S IWQGE TAPE SUMMARY-—-PRSS B TﬁPE

‘é‘&?; RS :.-‘§' :

ERPRMENT NAME--OCE NOUiE*NGU14 1981% PLATFORM FLGT t-* STSKE G@&IT NOS 24,
GeFT FLIGHT #--28,30
REMBER OF "CHANMNELS—- 8 CHANNELS-~ 1 2 3 4 § & 7 g
BEMBER OF SEGMENTS-— 3
QQGNENTTNUNBER~~ 1 '
“GEO.  AREA---OREIT24 VELLW SEA
E“ START TIME-- 318 ©1 23
TEEND TIME--—— 318 @1 42
SEGQENT NUMBER-- 3
"GEO. AREA-——-ORBIT3@ ATL TO SIC
=TT START TIME-- 318 1@ 29
wggf’ENDlTIﬂEé‘f~ 318 1¢ 3e

SEGMENT NUMBER-— g
GEC. RREA---ORBITE2S EAST MED
START TIME-- 318 ¢85 ee
END TIME~——-- 318 €8 @5

LEEE R EEE X RS
MM

ERROR-MISMATCH BETWEEN SELECTED SENSOR AND TAPE DATA.
DEPRESS (CIONTINUE FOR ASAP TO TREAT TRAFPE DATR AS IF IT UERE TﬁE
SELECTED SENSOR OR (RIETURN TO RESELECT THE SENSOR




4
P
P

L s

BEREXEEXLOORHFIRER EIRCRAFT SINSCR ANALYSIS PACKAGE - (ASHP XXXt X kR K5 kXK
3 S Cokx CURRENT FUNCTION—-E;;NENT ACQUISITION %X

FRETS

ERPECIFY THE DESIRED SEGﬂENT NJ“BER (NNJ.

a&;( rz“ 3k

gﬁn e ‘ ) .
ss:f‘axpsaxmsmf ‘ PLRTFORM FLIGHT NUMBER GSFC FLIGHT NUMBER

- S AN .
QﬁQRBET 84 HDG GS?DEG,« SOL ZEN ANG SEDEG,AL T 14ENN,YELLOU SERXS

EET

EES s
|/ ¥wEIGEOGRAPHIC STARTING ENDING 'EXPERIMENTERS
[ Emeoc C AREA LAT LON LAT LON - NAMES
[ Emmozuoc L - » :
L ﬁﬁTHfKOREQXJRPAN 31 51 122 @S 37 58 164 52 KIM,FPIEPEN,YODER
‘4,?:}§w3"s?aar TIME END TIME DATE OF CALIBRATION:
- 318 @1 33 318 e1 42 . esx3ex7S

:%ﬂ; IF SEGMENT IS DESIRED ONE,ENTER (CIONTINUE ELSE ENTER(N)IO.
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THE RESULTS OF INITIAL ANALYSIS OF
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’égéf?% OSTA-1/OCEAN COLOR EXPERIMENT (OCE) IMAGERY

Hongsuk H. Kim
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|
v Greenbelt, Maryland 20771
and
William D. Hart
Science Systems and Applications, Inc.
Seabrook, Maryland 20801
ABSTRACT
Ocean view images from the Ocean Color Experiment (OCE) were produced at three widely
separated locations on the earth. Digital computer enhancement and band ratioing techniques
were applied to radiometrically corrected OCE spectral data to emphasize patterns of chlorophyll
%ﬁ% distribution and, in one shallow, clear water case, bottom topography. The chlorophyll pattern

in the Yellow Sea between China and Korea was evident in a scene produced from Shuttle Orbit

24. The effects of the discharge from the Yangtze and other rivers were also observed.

Two scenes from orbits 30 and 32 revealed the movement of patches of plankton in the
Gulf of Cadiz. Geometrical corrections to these images permitted the existing ocean current
velocities in the vicinity to be deduced. The variability in water depth over the Grand Bahama
Bank was estimated by using the blue-green OCE channel. The very clear water conditions in
the area caused bottom reflected sunlight to produce a sensor signal which was related inversely

to the depth of the water.
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THE RESULTS OF INITIAL ANALYSIS OF

%ﬁgﬁ OSTA-1/OCEAN COLOR EXPERIMENT (OCE) IMAGERY

EXPERIMENTAL PLANS

The Ocean Color Experiment (OCE) was designed to map ocean features using an eight-
channel scanning radiometer installed on the second orbital flight test of the National Aeronau-
tics and Space Administration’s (NASA) shuttle, Columbia. The operational principle of this
instrument relied on a process whose feasibility has been recognized for some time.(!) For in-
stance, NASA began in 1972 high altitude aircraft sensor investigations known as the U-2 Ocean
Color Scanner (OCS) program.®® Then in October, 1978, the Coastal Zone Color Scanner
(CZCS) was launched aboard the Nimbus-7 free flyer spacecraft to make periodic observations
of ocean color primarily in coastal areas.(3 The development of the concept of a shuttle-borne
scanner was conceived in this environment and was based on the experience gained from these

earlier instruments.

The primary goal established for the experiment was to demonstrate the ability to detect
phytoplanktonic algae on a global basis and determine the chiorophyll pigment concentrations.
In order to implement the scientific objectives, a team of scientific investigators (H. H. Kim, N.
E. Huang, R. S. Fraser, C. R. McClain, L. R. Blaine from Goddard Space Flight Center (GSFC)
and H. v.d. Piepin from DFVLR, W. Germany) was formed to formulate the experimental plan.

The primary features of the plan are as follows:

{a) The OCE data collection was to focus mainly on deepwater areas in contrast to the
purported objectives of the CZCS. This was to avoid the complicated spectral characteristics of
coastal waters which are induced by the influence of the coastal marine constituents introduced
by continental sources. The relationships between the radiometric spectra and water content

are not well understood.
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(h) The OCE was to address particular problems of the radiometry of the ocean-atmospheric
systern. The investigators realized that the albedo of the ocean is small compared to that of most
land surfaces. For instance, less than 10 percent of the blue spectral radiance is returned to the G
atmospliere by oceanic scattering. Thus, most of the light received by the sensor in space would
never have interacted with the subsurface water mass but would only have interacted with the
moiecular and particulate components of the atmosphere and the ocean surface. Therefore the
experiment was to study the problem associated with the aerosols, sea state and other parameters -

which mask the perceived sub-surface oceanic radiance.

The scanner used for the shuttle experiment was originally built as an aircraft instrument by

NASA-GSFC. It was modified to meet the shuttle payload specifications. By late 1979, the

ardware development of the sensor was ébmpleted and it was mounted on the shuttle payload
paliet by the spring of 1980. The allocation and characteristics of the eight spectral channels are
summarized in Table 1. The signal-to-noise ratio was superior to that of the original aircraft in-
strument. The geometrical and optical design of the OCE gave it a swath of 506km and an in-
stantaneous field-of-view (IFOV) at nadir of about 1km? at orbiter altitude. With this IFOV %
and a scan frequency of 4 rps, the scanner undersampled by a factor of 50 percent. This permif-
ted a data recording rate which met the quota allotted to the OCE for storage on a recorder in

the orbiter’s cabin,

The general data plan of the OCE was to collect 120 minutes of data during the orbiter’s
passes over selected test sites. The sites chosen were known from previous experiments and ex-
perience to be likely to produce interesting chlorophyli distribution patterns which were produced,

in some cases, by mesoscale anomalous flow patterns in the regions.

in order to augment the interpretation of the OCE results, the data plan included establish-

ment of several in-situ data collection projects. These involved collecting ocean samples, ground
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Table 1

Spectral
spectral | g/ dwidth | §/N | Peak Spectral Spectral ‘
Channel . Radiance . Purpose
(FWHM) Ratio 2 Region
(nm) (mW/cm? —p—sr)
(nm)
1. 4859 23 1200:1 53.7 Blue Chiorophyll Absorption (max.)
Atm. Rayleigh Scattering
2. 5184 23 1400:1 37.8 Chlorophyll Hinge Point
3. 5526 23 1200:1 26.8 Green Chlorophyll Absorption (min.)
4.5845| 23 1000: 1 21.0 Backscattering (water and atm.)
5. 620.6 23 800:1 16.3 Backscattering (water and atm.)
6. 655.1 23 800:1 134 Red Non-fluorescence band
7. 685.1 23 680:1 11.6 Chlorophyll Fluorescence at
685m
8. 786.6 52.4 550:1 7.5 Near Atm. backscattering (Mie)
Infrared

based observations of the atmospheric transmissivity, and correlative aircraft underflights. The

location of predesignated test sites and participating experimenters were:

[N

. Off the Coast of Portugal
A. G. Fiuza, University of Lisbon, Portugal
H. van der Piepen, DFVLR, W. Germany

M. Viollier, University of Lille, France

Warm Core Eddy Rings in the Northwestern Atlantic

P. Wiebe, Woods Hole Institute of Oceanography

South Atlantic Bight

J. A. Yoder and L. P. Atkinson, Skidaway Inst. of Oceanography

Off the Coast of Costa Rica

V. Klemas, University of Delaware




5. Frontal Zones of the Kuroshio Current near Honshu Island

M. Takahashi, University of Tsukuba, Japan

in comparison to the originally planned 120 minutes, the OCE acquired j13 minutes of
data during the orbiter’s three-day flight which began on November 12, 1981 and terminated on
Novernber 14, 1981, after 54.25 hours. The ground tracks where the OCE data collection took
place are shown in Figure 1. Many areas of the data acquisition were not the areas which had
been designated in the original plan. The deviations from the original flight plans were caused -

by the following operational difficulties:

(2) The actual launch of the orbiter on November 12 was delayed by 3 hours from the

originally planned 7:00 a.m. EST. This delay caused significant changes in the solar zenith angles

Bl

at the target sites when the orbiter passed. Alternative orbital passes, mostly in ascending orbital

portions, had to be selected to get proper solar zenith angles.

(b) Relatively low Sun angles in the month of November in the Northern Hemisphere sub-

stantially limited the number of chlorophyll target areas that could be selected. %’%
[

(¢) Also, because of spacecraft malfunctions, the STS-2 mission time was shortened by 2

days.

{(¢) During the mission, two large storm systems covered both the East and West coast of
the U.S. The South Atlantic Bight which extends from Cape Canaveral to Cape Hattaras, S. Caro-
lina was one of the OCE’s important predesignated test sites. Thus relatively low percentage of
cloud free scenes among the fotal data resulted in about 20 to 30 minutes of data out of the

total 2 hours of data.

In spite of all these difficuities, the device acquired enough data to meet its basic objectives
by demonstrating the ability to map chlerophyli concentration and identify ocean circulation

features.



5, o , . ¢‘i\‘:‘ “"@\
QO S L - v
120W 8OW 40W 0 40F 80E 120E 160F
| T H H o ¥

(1

N EQUATOR

Figure 1. The Shuttle, “Columbia’s”, ground tracks where OCE data were acquired during November 12-14, 1981, The areal
coverage of clear ocean view data that were of sufficient quality to process are shown in hatched areas.



Excellent ocean scenes from some of unplanned areas became available from the mission.

Segments of the OCE data which show clear ocean views are:

Time Segment

Orbit No. D/Hr/Min/Sec (GMT) Geographical Location

24 318:01:32:00 Yellow Sea/Sea of Japan and Pacific Ocean
318:01:42:15

29 318:09:00:00 Gulf of Libya/Greece (partially cloud covered)
318:09:04:00

30 318:10:28:00 Portugal Coast and Med. Sea
318:10:36:15

31 318:12:08:00 ﬁ Spanish Coast to Italy (partially cloud covered)
318:12:15:00

32 318:13:20:30 Great Bahama Bank
318:13:26:00

32 318:13:39:00 Strait of Gibraltar
318:13:42:15

In addition to the above OCE data, coordinated low flying aircraft data taken with a similar
instrument flown by a West German team, and shipborne measurements of oceanic parameters

from the Portugese coast are available for November 10-14, 1981.

It will require some time to process, analyze, and correlate the OCE observations with the
ground truth and aircraft data. However, initial assessments of the OCE data are given in the fol-

lowing sections.

CHLOROPHYLL ANALYSIS

Figure 2 is a false color image of the Yellow Sea showing the chlorophyll distribution of the
area on November 13, 1981. The data were taken as the orbiter emerged from mainland China
and headed toward the Japanese Islands during its 24th orbit. The image is created by ratioing
the difference of data from Bands 1 and 3 to their sum after the atmospheric obscuration effects

are calculated and subtracted by using Band 8 (near IR) data. The chlorophyll features are
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Figure 2. A map of chlorophyll pigments in the Yellow Sea on November 13, 1981, from STS-2
Orbit 24. This false color image shows the distribution patterns of chlorophyll pigment bearing

phytoplankton. The color bar scale gives the quantity of pigments associated with each color in

the figure.
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of the pigment concentration was done by using the following
empirical relationship which defines a correlation between the shipboard measurement of concen-

tration, C, and the derived waier radiance products, R:

C = 17.5 Ext
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W(482nm) ~ IW(552nm)

W(482nm) + W (552nm)

the ocean spectral radiance obtained after applying a correction to eliminate

lists all the radiance components of an OCE data set from

s particular set was taken from an area just east of the Cheju Island. Quantitative

ace chlorophyll requires that the contributions of backscattered radiation from

(last column) and the sea surface (column 7 of Table 2) removed from the total
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Table 2
Radiance Components: OCE Orbit 24
Loc: 33°:15N, 126°:40E  Time: 318:01:34:00 (GMT)
SZA = 56°, Azimuthal Angle = 70°

3

L

. : *
g;fl M;:{aas;ied Eggig(‘;e Downwelling Fluxest Upwelling Rad. —
' (%) Total | Sun. | Diffused | Fresnel | Total | Water Ra d...
! 3.92 3.4 96.3 | 70.3 26.0 0.08 1.04 0.96 2.88
2 2.75 2.15 924 | 70.6 21.7 0.069 | 0.63 0.561 | 2.12
3 2.00 1.7 89.0 | 71.2 17.7 0.057 | 0.48 0.423 | 1.52
4 1.49 0.95 90.2 | 729 17.2 0.049 | 0.27 0.221 | 1.22
5 1.00 0 81.5 | 67.8 13.7 0.041 0.041 | O 0.96
6 0.88 0 82.6 | 69.9 12.7 0.036 | 0036 | 0O 0.88
7 0.69 0.35 78.4 | 67.3 11.1 0.031 0.07 0.04 0.62
8 0.37 0 65.2 | 57.5 7.7 0.004 | 0004 O 0.366

*(mW/cmz—um—sr)’
T(mW/cm?2-um)

However, such measures would require a considerable amount of computer processing time. Al-
ternatively, the method of taking a proportionality constant between the atmospheric channel and

other visible channels has been discussed elsewhere, (2

These atmospheric effects correction algorithms were repeatedly tested using high altitude
U-2 aircraft data which were taken during the oceanographic field experiments studying Gulf
Stream frontal eddies in 1979 to 1981. These aircraft experiments have given us valuable experi-
ence to refine our atmospheric effects correction algorithms. Also they have provided us with an
empirical relationship which correlates the shipboard measurements of chlorophyll concentration

- with the derived radiance ratios.

It is important to note that the quantitative assessment of chlorophyl! is valid only in cases

of open ocean waters. The total upwelling spectral radiances of the open ocean water vs. coastal
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Figure 3. Upwelling sp

WAVELENGTH

ectral curves from two selected areas of the Yangtze scene in Figure 2. The top solid

curve is the total upwelling radiance of the river plume perceived by the scanner. Upper dotted line corre-
sponds to the derived water radiance of the plume. For comparison derived water radiance for the open
oeean water case from just east of the Cheju Island is shown in lower dotted line. The hatched area corre-
sponds to the portion of radiance attribu ted to the backscattering of sediments.



nature can be seen in the same scene. Figure 3 pertains to such upwelling spectral radiances of a

clear water case, obtained from a point just East of the Cheju Island, and of a turbid water case

L

which was sampled from a pixel in the middle of Yangtze River plume shown in black shade in
Figure 2. The upwelling spectra of the river plume show considerable enhancement in the regions
of Bands 3 to 8 indicating that the area plume contains significant amount of sediment particles
as well as perhaps high chlorophyll concentration. Knowledge of radiative transfer in the turbid
water still remains too incomplete to provide reliable chlorophyll data products of this zone. In
any event, the absence of strong shelf circulation in the area causes remarkable plume patterns in

the discharge from the Yangtze easily distinguishable from the surrounding waters.

REMOTE MEASUREMENT OF CURRENT VELOCITY

R. Legeckis in 1979 reported how high resolution thermal infrared data from polar orbit-
ing satellite can be used to track water features in currents. One example is the time variation in
the flow of the Guif Stream between Florida and Cape Hatteras. Similarly, visible color imagery

of the ocean offers another interesting means of assessing current patterns. The spatial

resolution of the visible imagery in general is better than the thermal imagery and the meas-
urement of the current velocity based on the chlorophyll patch drift patterns is more precise and
directly related to the water mass transport phenomena. An opportunity to demonstrate the pos-
sibility of using color images to measure ocean circulation occurred when the Shuttle passed over
the entrance of Gibraltar Strait twice on the same day. As shown in Figures 4 and 5, similar
chlorophyll contour images of the Gulf of Cadiz were taken from Orbit 30 and 32 as the orbiter
passed over the area at 10:32 a.m. and 1:40 p.m. on November 14, 1981. In these images areas
of high chlorophyll concentration are represented by darker shade. What appears to be an clon-
gated chlorophyll feature which stretches from the entrance of the Gibraltar Strait to the middle
of the Gulf of Cadiz and then curls north toward the southern Spanish shore is visible in both
images. However, careful geometrical corrections allowed observation of changes in the shape and

relative positions of the patches during the 3 hour time span. Figure 6 is a schematic diagram
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Figure 4. Chlorophyll image of the Gulf of the Cadiz taken on Figure 5. The same chlorophyll features in Figure 4 are also vis-
November 14, 1981 (GMT) from STS-2, Orbit 30. The ible in this OCE image which was taken 3 hours later from Orbit
elongated dark feature, in center, stretches from the entrance 37, Careful measurements of the salient features reveal motion
of the Gibraltar Strait to the southern Spanish shore. of the chiorophyll patches. '
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Figure 6. Relative motion of chlorophyll patches is given in exaggerated vectors. The presence of a clockwise
circulation in the Gulf of Cadiz on November 13, 1981, is suggested by the directional patterns of the patch drift.
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which illustrates the net motion of the chlorophyll patches. The positioning of the feature was
accomplished by triangulating several salient features of the patches relative ‘tO' three on-shore

anchor points located near the water edge. The spatial resolution of the ratio corrected OCE é”{gx
imagery provides accuracy of 0.5km. Analysis of the images showed relatively rapid southeast-
ward movement, away from the Gibraltar entrance at a rate of 5.5km (11 pixels) in 3:10 hours
and relatively slow southwestward flow at a rate of 2.0km (4 pixels) in 3:10 hours along the
shallow coastal lines. The net motion depicts the presence of an anticyclonic circulation in the
Gulf. Ultimately the compatibility of the OCE data analysis with the sea-truth will have to be
tested when the buoy measurements and wind field data for November 14, 1981 become avail-
able. However, near the Strait entrance historical current measurements show a strong surface
current in the upper 100 meter layer which flows into the Mediterranean sea along the coast of
N. Africa and Spain. Also, a relatively saline Mediterranean undercurrent flows out from the

narrow strait at greater than 100 meter depth and surfaces at some distance into the Atlantic.

BATHYMETRY

The Great Bahama Bank forms a se{nicircular shoal whose depth ranges from few meters to %
tens of meters. Gradients in depth occur at the northern edges known as the Tongue of the
Ocean. This interesting topographic feature is surrounded with sea water with low oxygenation.
Thus the area is characterized by the scarcity of the planktonic forms of marine life. Combina-
tion of the above circumstances make the area among the clearest ocean water area suitable for
visual observation of the underwater topography. The blue-green components of visible light, in
the absence of chiorophyll pigment, penetrate deep into the water and reflect from the bottom
and vield return signals. The data taken from Orbit 32 at 8:24 a.m., (EST), in the vicinity of
Massau and Andros Islands were processed to depict the under water topographic féatures of the
Bank as shown in Figure 7. The enhanced false color image is based on the upwelling radiance
of the S18nm band. The return signal is related inversely to the depth of the water. The upwell-

ing spectral radiances taken from a shallow zone and from a deep water zone of Figure 7 are

14
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] Figure 7. False color image of the Great Bahama Bank and its vicinity on November 14, 1981,
8:25 a.m. (EST) from Orbit 32. The ocean depth is depicted by the various colors assigned by
the color bar.
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shown in Figure 8. The dotted lines of water sub-surface radiance are corrected for the atmos-

pheric effects. The hatched areas represent signals which are from the bottom reflections.

The differences between the spectra of bottom reflection in Figure 8 and that of the sedi-
ment laden backscattering in Figure 3 are interesting. These spectra clearly illustrate the difficul-

ties one can encounter in analyzing coastal chlorophyll.

DHBCUSSION

Because of the orbiter’s shortened mission, the OCE netted only a minimurm amount of clear
coean view data. Also some of the surface expefiﬁi‘nénts designed to validate interpretations of
OCE observation were not carried out because of the delays and res:chgduﬁﬂg o’f the Shuttle

iaunch date.

In spite of these difficulties, the authors believe, the primary objectives of the OCE were
achieved. The three cases presented exemplify a wide variety of ocean phenomena that were ob-

served and analyzed from the color expressions of the ocean.

The OCE has demonstrated that, properly treated, the ocean colonmetry will provide aii;sim-
ple and direct method of remote sensing of the oceans. Up to now, oceanographic studies iﬁ»
corporating satellite imagery of visible color would be limited to infei‘ring r;éar' Shore and estuarine
circulation. In those regimes, a high reflectivity by suspended material prﬁﬁdés relatively easy
signature to identify. The method of deteg:ting variation in chlorophyll concentration in spatial

and time domains promises a new dimension.

In order to measure the concentrations of phytoplankton pigments in the ocean, the radiance
detected at satellite altitudes needs to be corrected for the atmospheric effects. The method de-
vised to remove the aerosol effects for CZCS is a possible alternate method.® But in our OCE
analysis, a sophisticated model was incorporated to account for all the components in abso-

lute radiznce as given in Table 2. The outcome of such a method provides us with a consistent
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relationship between the signal measured and the concentration of the chlorophyli pigments in
the open ocean(D However, the spectral curves in Figures 3 and 8 imply that chlorophyll analy-

ses are still limited to the type of oceanic conditions of hydrospheric homegeneity and clarity.

The method of using chlorophyll concentration as tracers promises an interesting aspect in
deducing oceanic flow patterns of a large area (Figure 6). Plankion patches are a natural drifter
which can be tracked by satellites. Thus the color scanner, properly operated, has proven to be
directly applicable to studies of circulation models and features in addition to studies of biologi-
cal processes. Finally, the analyses and results in this paper are only an initial assessment and
other in depth studies by colleagues are expected to follow. Those data of clear ocean view
listed in page 6 will be archived at the National Space Science Data Center (NSSDC) located at
the NASA/Goddard Space Flight Center, Greenbelt, Maryland 20771, and will be made available

to the public.
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