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CALIBRATION TOPICS 1=SANTA BARBARA RESEARCH CENTER

a s(jbsldla~

● CALIBRATION REQUIREMENTS

“ CALIBRATION PLAN

s ON BOARD CALIBRATION (OBC)
c OBC FUNCTIONS
c BLACKBODY
c SOLAR ILLUMINATED DIFFUSER
c SPECTRORADIOMETRIC CALIBRATION ASSEMBLY (SRCA)
“ SOLAR DIFFUSER STABILITY MONITOR (SDSM)

● CONTAMINATION EFFECTS ON CROSS TRACK
CALIBRATION

● PREFLIGHT CALIBRATION
Q PERFORMANCE CHARACTERIZATION
Q THERMAL VACUUM CONFIGURATION
s GSE OPTICAL STIMULI

● SPHERICAL INTEGRATOR SOURCE (S1S)

● CALIBRATOR
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Phase C/D Predicted
Pammeter Requlre- On-Prefli9ht orbitment

radiometric Calibration

leiow 1.0 ~ 5% 4Y9 3YO*”

1.1 to 3.0 flm 5% 4% 370”’

bve 3 ~ 170 l% 170

reflectance 2% 4% 270

JpectralCalibration
>enter Wave- 0.5 nm 0.5 nm
ength preflight

1.0 nm 1.0 nm’
on-orbit

SpectralBand- 0.5% FS 0.5% FS 0.570 FS
o-Band Stabiiity 1.0% HS 1.0% HS

Seometric Calibration
3and-to-Band 0.1 IFOV 0.1 0.1 IFOV
Registration IFOV

DiffuserBRDF
<2.0 ~ 1.070
2.0 to 2.5 ~ 1.5%
FS x Full Scaie HS = Half Scale

● Dependent on good correlationwith full aper-
ture ground measurement and SRCA sub-
ape~re measurements

● * Muitipie calibration methodologies are re-
quired \1

SANTA BARBARA RESEARCH CENTER

a suhsld(aw

CALIBRATION
REQUIREMENTS

AND
PERFORMANCE
PREDICTIONS

REMAIN
UNCHANGED
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PREFUONTMOOIW PERFORMANCE CHARACTERIZATION

I PREFUONTCAUBRAllONOF ON-BOAROCAUBRATORS
k~Te T-x~

1
I r 4 I---J--- ,---- J ,_-__J

I
1

I GROUNO TRUTN CAUSATION I

USER

,,.

MODIS-N CALIBRATION MANAGEMENT PLAN BLOCK DIAGRAM COVERING
PREFLIGHT AND ON-ORBIT ACTIVITIES INCLUDING MATH MODEL INDEX

Q-

SANTA BARBARA RESEARCH CENTER

a s(jbsldlaw

MODIS-N
CALIBRATION

PLAN

11/91
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!

I

Model Model Number

rransferspedratradiancefirradiancetosphOriCSliflte- Sourcecaiibralbn,
Jratorsource(S1S)via monocmrnatof co~rator- VlmlWSWIR
Tuftlplemethodobgies
51S- MODIS-N Instrumentcalibration, 4a, 4b

VIS/NIWSWIR
Fullapertureblackbody- MODIS-N instrumentcalibration, @

MWIR5WIR
MTF/lFOV - calibrator(phased rettcies)- MODIS-N lnstmmerrtcharactertzatbn, @

attbends
Bati-to$and registration- callbfatorand phasedreti- Instrumentcharacterizatbn, 7
de (CT/AT - MODIS-N all bands

Transientresponse- calibrator- MOOtS-N Instrumentcharactertzatbn, 8
all bands

Spectralresponse- monochromator- MODIS-N Instrumentchamctertzatbn, @
all bands

F’olatiatbn - calibrator- MODIS-N Instrumentcharacterizatbn, 10
attbands

Stray I@htresponse/calibrator/Si*rge aperture iR Instrumentcharactetiatbn, ha, llb
SOUM - MODiS-N ail bands
OBC biaq - MODIS-N instrumentcalibration, @

MWIWWtR

OBC d~ser calibratbn BRDF 0.4-2.40 ~ , angle 13a

OBC solar-illuminateddittuser- MODIS-N Instrumentcalibration,
vis/NIFvswlR

SRCA - filteredincandescentsoume- MODiS-N I Caliiratbn transter, I 14a
I VIS/NIR/SWIR I

SRCA - filteredincandescentsoume- MOOiS-N I Instrumentcalibratbn check.~ 14b
VIS/NIR/SWIR -

Wavelengthcalibratbn - SRCA monochmmator 1 cali~tion, VIYNIR @54
spectral response- SRCA - MODiS-N Instrumentcharacterizatbn, l~b

ViS/NIR
Band-to%andspatiairegistratbn- OBC SRCA - Instmmentcharactetiatbn, 16
MODIS-N all bands

Dittuser- sun- soiar Illuminateddittuseratablltty Dittuserstabilitycheck, 17
monitor 0.43-0.90~
Groundtroth- EarttrfMnar/atmosphere- MODIS-N - Instrumentcalibration 18
several majormodels

. .

SANTA BARBARA RESEARCH CENTER

a subsldlaw

PERFORMANCE
CHARACTERIZATION
AND CALIBRATION

MATH MODEL

11/91
91-0908-805
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Hed, MODIS-Nb!,
t?@~ IN=FLIGHT CALIBRATORS SANTA BARBARA RESEARCH CENTER

$#c Ss$ a s(jbsld!a~

W$*.*-T

SOLAR

Q/-
0 —/

SUN

MIRROR
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Type of
Calibration Source

T
T
Radiometric incan-

descent[I}b+l -
~n+.~ )

source

Spatial lncan-
Registration descent

source and
IR source

Spectral lncan-
(MODIS-N) descent

source

Spectral .Incan- ‘::”
(mono “descent :”
chromator) source with

Diffuser Sun
stability
monitor

Mechanism
Aper
ture

Solar illumi- Full
nated diffuser

Solar illumi- Full
nated diffuser

Blackbody I Full
--- ,

k
SRCA Partia
spectrally
shaped
collimator -—-.

SRCA Partia

tegrator with
optical band-;
pass filtered I
detector .‘ I

Spectral
Bands

All

VIS/NIR/SWIR
Bands 1-7, 17,
18,19

VIS/NIR/SWIR

MWIR/LWIR
Restore (All)

VIS/NIR/SWIR

VIS/NIR/SWIR
MWIR/LWIR

VIS/NIR/SWIR

0.40 pms ks
2,20 Mm

Usage
Frequency

(Max)

Once per scan
line

Once per orbit

Once per orbit

Once per scan
line

Available any
time during
orbit

Available any
time during
orbit

Available any
time during
orbit

Available any
time during
orbit

Available once
per obit

Other
Comments

Effective
albedo
0.4610.03

Effective
albedo
0.046 I 0,005

Grating is
rotated to pro-
duce k scan

Grating is
rotated to pro-
duce k scan

Both high and
low albedo
levels

SANTA BARBARA RESEARCH CENTER

a subsldta~

MODIS-N
IN-FLIGHT

CALIBRATION
CAPABILITY
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REQUIREMENT FLOW DOWN

I SANTA BARBARA RESEARCH CENTER

a sohs!dla~

4
SYSTEM

REQUIREMENTS

422-20-02

1
VIS/NIR/SWIR

I ,-

m

1 1 1 1 Im “-A mSPECTRORADIOMETRIC

GPL 3095

NO0524

PL 3095

NO0536
QO0546
WO0586

PL 3095

NOO104
NOO135
NO0264
NO0372
WO0722

3192

92-0163-66A



MAJOR MODIFICATION
TO SRCA AND SDSM

DESIGN APPROACHES
._ I ‘..SANTA BARBARA RESEARCH CENTER

a suhs(dla~

—..
. . . . .

SRCA
DRIVERS: SOURCES AND SPECTRAL RANGE

MODIFICATION: / ~lk’”’ “~””~’&j’‘~’
RIBBON FILAMENT + S1S - MULTIPLE LAMPS

VIS/NIR + VIS/NIR/SWIR

GRATING

OUT OF PLANE + IN PLANE

M=l + M=1,2,3

SDSM
DRIVER: SPECTRAL RANGE CHANGE

f/6 AND f/100 EFFECT BREAD BOARDING

MODIFICATION:
VIS/NIR +
SPECTROGRAPH +

VIS/NIR/SWIR
INTEGRATING CAVITY WITH
FILTERED DETECTORS

3192

92-0163-66B



●

●

●

●

●

●

●

I

1

1
y

NADIR

FULL-APERTURE ILLUMINATION

BLACKBODY SPATIAL AND TEMPERATURE
UNIFORMITY

EMISSIVITY

CAVITY V-GROOVE INCLUDED ANGLE

SPECULAR BLACK PAINT

GROOVE TIP AND VALLEY AREA EFFECTS

CALIBRATION ACCURACY
● BAND 28 AND 29 SCAN MIRROR

1K TEMPERATURE EFFECTS

● EARTH SHINE

● l/F NOISE PC HgCdTe BANDS

s BLACKBODY BREADBOARDING DETAILS GIVEN
IN PL3095-WO0722

0.1 K

>0.992

40.6 DEG

<1 00/0

0.7- 0.20/0

0.20/0
?

?

SANTA BARBARA RESEARCH CENTER

a subsldtaw

HIGH EMISSIVITY
AND CALIBRATION

ACCURACY IS
ATTAINABLE WITH

V-GROOVE
BLACKBODY DESIGN

3192

92-0163-67



FULL-APERTURE SOLAR DIFFUSER
PROVIDES ACCURATE AND CORRECTABLE

RADIOMETRIC CALIBRATION 1=SANTA BARBARA RESEARCH CENTER

a subsldlarv

●

●

●

●

●

●

FULL-APERTURE WITH FIXED POSITION DIFFUSER

DIFFUSER BRDF (SR) 0.315

SUN-DIFFUSER ANGLE (DEGREE) 62.8

EFFECTIVE ALBEDO (Ye)
DIFFUSER 46
DIFFUSER + SCREEN 4.6

SPECTRAL RANGE — VIS/NIR/SWIR BANDS 1-19

DIFFUSER STABILITY — 15%

CORRECTABLE WITH SDSM 170

MATERIAL (POTENTIAL) HALON, YB71

THREE CALIBRATION MODES AVAILABLE ALBEDO
PRIMARY 46,4.6
SECONDARY (DOOR FAILED, BACKUP SCREEN ACTUATOR) 46,4.6
TERTIARY (SCREEN ACTUATOR FAlLED) 4.6

I

I

I

DETAILED DESCRIPTION IN PL3095-NO0479

3/92

92-0163-68
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REFLECTIVE BANDS

5
REQUIREMENT

r

—..——— .——. —. —.. -. —.. -—

4,5

4

35

3

2.5

2

1.5

1

0.5

0

. . ..-_ .—— ,—-_. . . . . . _____ ..__ .._.

Cal TCII@

l/SNR(Sourm)

l/SNR(Ca~

l/SNR(Spwe)

Lh Uncly

WL Shifl

Out-oI-Band

Polaflzallon

- Stray L!ghl——— .——.

EMISSIVE BANDS

12

1

0.8

z

0

[3 :?.......................* REQUIREMENT

~ Rad Accy

■ Cal TOI Aq

U lsNR(Soufce)

● lSNR( Cal)

O lSNR(SPace)

A Lh Utiy

A M Shiil

● Oul*l-Band

O Polarizalbn

- Slray Lbhl

SANTA BARBARA RESEARCH CENTER

● nubsldta~

PREDICTED
IN-FLIGHT

RADIOMETRIC
ACCURACY

HAS
ACCEPTABLE
MARGIN IN 35
OF 36 BANDS

● BAND 24 LIMITED BY SNR AT Ltyp
(100:1 SNR = 1% ACCURACY)
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. SOURCE MODULE — SPHERICAL INTEGRATING SOURCE
s 10 CM SPHERE, 1 CM2 EXIT PORT
● LAMPS: 1-1.6W; 1 TO 3-8W TEMP: 2325K, 2900K
● IR SOURCE 390K
c OPTICAL RELAY — UNITY MAGNIFICATION

● MONOCHROMATOR
● CZERNY TURNER MOUNT — IN PLANE
● F/#
. FOCAL LENGTH
s GRATING

BLAZE WAVELENGTH
ORDERS

s SPECIAL SLIT WIDTH (FWHM) (NM)

6
210 MM
150UMM
1.35 pm
1,2,3

7.3, 3.7, 2.5
3t92

92-0163-69



F%,Il?!l
,1 Jf SPECTRORADIOMETRIC

‘1~w.. CALIBRATION ASSEMBLY (SRCA)
‘~ ~Q$#c,*’ (CONT) SANTA BARBARA RESEARCH CENTER

a s!)hstdla~

OUTPUT COLLIMATOR

● CASSEGRAIN — 2 MIRROR

● APERTURE DIAMETER 89 MM
● EFFECTIVE FOCAL LENGTH 530 MM

RADIOMETRIC CALIBRATION CHECK
MODE FOR ALL VIS/NIR/SWIR SNR >500

SPECTRAL RESPONSE MODE FOR
ALL VIS/NIR/SWIR SNR >200

DETAILED MODELLING DESCRIBED
IN PL3095-NO0536

3/92

92-0163-70



SRCA CONCEPT HAS BEEN
MODELED IN PRO-E 1=SANTA BARBARA RESEARCH CENTER

a subsldta~

[X11 S111
3 POSITION

\ r 011 IMATORMIRROR
T

OL11MATOR

PRINART
SECONDARY

UIRROR

-J1 ~, ,0,[
\\

6RATlNG/MIRhOR
““\ ‘\

&OLONIRROR

““\ “
‘“\...

NONOCHROMITIR-
UIRRORS

FILTIR WH[EL~
AND MOTOR

/ ~<~

‘[NTRAHC[ $L T
AND NOTOR



20/0

FILTERED DETECTORS
(9 Si, 2 Ge, 1 InAs)
LOCATED IN

~~rE;:bRCAVITY WALL .

F/3 MASK

/
ATTENUATOR

\

/
SCREEN ~,

4

* --

----- ----

THREE POSiTION
FOLD MiRROR

+ \

\c DETAiLED DESCRIPTION iVEN IN PL3095-NO0524

/

48

b b’
~~ \,L&- ,

‘ ~u” \ ~ ~:f.i

SANTA BARBARA RESEARCH CENTER

a subs(dia~

IMPROVED SOLAR
DIFFUSER STABILITY
MONITOR DATA USED
TO CORRECT SOLAR

DIFFUSER
CALIBRATION

&
LWN 1.c

3192

92-0163-71



ARTIST’S RENDERING
OF NEW SDSM CONCEPT 1=SANTA BARBARA RESEARCH CENTER

a <,, hc, d,>n.

,

I

3-POSITION

I

f

SPHERE WITH 12 DETECTORS

—- — —–—

MIRROR MOTOR -’” ‘

I 2$ ~
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s ASSUMPTIONS:

● CONTAMINATION LEVEL (5 YEAR) GSFC MODEL 55-77A THICKNESS

QCONTAMINANT SPECIES: CARBON AND SILICON OXIDE

c DEPOSITED AS CONTINUOUS THIN FILM

●

●

●

❆

SBRC MODELING DOCUMENTED IN “MODIS-N CROSSTRACK
RADIOMETRIC CALIBRATION VARIATION AS A FUNCTION OF SCAN
MIRROR CONTAMINATION” PL3095-N-O0360

*
CARBO~ CONT MINANT MAC MMIIPU fiDKATedk

k Y

fi-r71BAl B film In

Q

Q.,

-.003

“IF” GSFC AND SBRC MODELING IS CORRECT, CONTAMINATION ISA
M~JOR PROBLEM FOR RADIOMETRIC CALIBRATION

NO EVIDENCE OF LANDSAT DEGRADATION DUE TO CONTAMINATION

3192

92-0163-72



2.0 pm

1.5 pm

I
I t I I 1 I

20

AN:LE O: INCI%ENC$;DE:;

SANTA BARBARA RESEARCH CENTER

\
!’. .\

,’. ” 1

. . -.’:.<’:.

EFFECT OF 1, . ___

I 50A CARBON
CONTAMINATION
ON SCAN MIRROR

REFLECTANCE
IN VIS/NIR/SWIR

REGIONS

11/91
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MODIFIED SRCA CAN BE USED TO
MEASURE SCAN MIRROR I

REFLECTANCE AT MULTIPLE ANGLES I SANTA BARBARA RESEARCH CENTER

a suhstd!aw

RETROREFLECTORS

60° AOI

SRCAc, @I

/:
-1

40° AOI ./” i“

v

/’
““\., ./’ ~ !’ /

N..
““\.. /’ ./””

\
\ ““\ /: ./

‘“\ -“”\,.

0° AOI .}EJMAX
I

d 3/92
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FUNCTIONAL
PERFORMANCEPARAMETER

MTF (Slna Wave)
AlongTti
Cmaa Tmdr

Translons Roqnao
Rlaa llmo
Ovorahoowndom

Polarlzadon Sarraitivlry

Spactral Band Raglstradon
Along Trti
Cmsstradr

Allgnmenr Raference

1,~4,5.8

B.
T

I, Z3,4, S

1*Z3

4

x
x
x
x
x 3,4, s,6

x
x
x

1.23,4,5,6

1,4

1.3

K 3,4,5

K

3,6

SANTA BARBARA RESEARCH CENTER

a subsldraw

PERFORMANCE
VERIFICATION

MATRIX

1 1/91
91-0908-825



. jkmn
MODIS-N PRE-FLIGHT

‘~j~cALIBRATloN HARDWARE AND 1-...
TEST EXPERIENCE BASED ON TM I SANTA BARBARA RESEARCH CENTER

a sllt)slrila~

● INTEGRATING SPHERE FOR
VIS/NIR/SWIR RADIOMETRIC

CALIBRATION

n~la(y Tnble

MoDIS N

— nnck~fotln(~Slrr)ulo!or
for rladlolton COCIOC
tJole; Coolor door ,omovod

Ior compact con figufa[ion

- space Vlaw
S!mul alor

. Calibrator

[=l,om.lor

L)
Note:
Fused slllca window for ln!egta!l~ %pt]ora

ZnSO wltiow for Cnlbralor View

● THERMAL VACUUM CHAMBER TEST
CONFIGURATION

11/91

91-0900-826
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106 &y,m

,() 5

104
SPECTRAL
RADIANCE

103
~,

mzsr pm

100

10

1.0

—

—

.—

—

=

—

——

—

—

—

().1 L

DYNAMIC RANGE OF RADIANCE OF SOURCES TREATED
IN MODIS-N VNIR/ SWIR ANALYSIS

RADIANCE STANDARD

\

A .“ G.SP.ERE3000.<:10.,

“f’12=EARTHuNY<~

.4 ,6

lMHAIJIANbt S IANUAHU W HALON

Requirements
~ INTE=ATING SPHERE 20 W

MAXIMUM

SPECTRAL
RADIANCE

.8 1.()
1: ,, t

1.5 2.0 2.5
WAVELENGTH IN MICRONS

11/91

91-0908-827
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9

●

●

RADIOMETRIC CALIBRATION SOURCE FOR VIS/NIR/SWIR

INTEGRATING SPHERE SIZE
s SPHERE DIAMETER 100 cm

● EXIT PORT DIAMETER 46 cm

Q REMOVABLE PORT DIAMETER 30 cm

INTERIOR WALL PAINT BaS04

QUARTZ HALOGEN LAMPS 37
. 18-200W, 9-45W,

● 1O-4.8W

SOURCE MONITORING

● LAMP CURRENT 0.02”A
● EFFECTIVE ALBEDO RANGE 1.0 TO 0.001

● PROJECTED CALIBRATION ACCURACY 30/0

I
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m,_~NMODIS-N CALIBRATOR WILL BE USED
~w TO CONDUCT A BATTERY OF TESTS

.1
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