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MODIS CHARACTERIZATION/CALIBRATION METHODOLOGY

OBC MECHANISMS

GSE OPTICAL STIMULI

“ MODIS GROUND BASED CALIBRATOR (MGBC)

● BLACKBODY CALIBRATION SOURCE (BCS)

● INTEGRATION AND ALIGNMENT COLLIMATOR (lAC)
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SYSTEM TEST ALGORITHMS

9/93
93-07s4-1



PLANS HAVE BEEN DEFINED
FOR THE CALIBRATION OF MODIS 1-SANTA BARBARA RESEARCH CENTER

a subsldla~

QAn approach to calibration has been defined that uses multiple
methodologies to achieve high calibration accuracies over a broad spectral
range

. The defined planWillallow MODIS to achieve its calibration objectives

● Preflight calibration sources will be used to fully characterize MODIS with
links to NIST standards

cA MODIS Calibration Facility will help insure model-to-model uniformity

● Preflight and On-orbit calibration will be linked by the SRCA and the Solar
Diffuser

. Extensive on-board calibration capability will help maintain calibration
accuracy despite on-orbit environmental changes
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TESTPAFtNvtETER ] SPECPARA [ TESTENVIRONMENTI Scan mirror
status

Spatial - IFOV Amb lab non-scanning
Response uniformity 3.4.5.4

Spectral 3.3.3 Amb lab &TN non-scanning

wavelength
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out of band
ripple
wavelength stability
wavelength

3.3.3.2

3.3.3.3
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3.4.7.4
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Amb lab& TN

Amb lab
Amb lab& TN
Amb lab&TN
Amb lab & TN

GSE optical
stimuli

IAC with slits

MGBC+monochro-
mator

accuracy I I I I
Polarization I 3.3.5 ] Amb lab non-scanning MGBC+polarizer I
MTF
Transient response
Radiometric performance

Dynamic range
M
System noise mess
Ch to ch uniformity

m
Geometric performance

Pointing knowledge
Alimment change
Sp;ctral Band %g.

Radiometric stability
short term
long term
spectral band to

3.4.1
3.4.1
3.4.5.5
3.4.5.3.2
3.4.5.5
3.4.5.3.1 Amb lab

I Amb lab
3.4.6 I

3.4.6.1
I

Amb lab
3.4.6.2 Amb lab

%tzc

scanning
scanning
scanning

scanning

non-scanning
non-scanning
scanning
scanning

prism
MGBC+slits
MGBC+reticles
S1S(100) & BCS

-

MGBC+ptg assy
MGBC+ptg assy
MGBC+SBR retitles

SiS(l 00)& BCS
NA
S1S(100)& BCS

Stray light 3.4.8
Direct suniight 3.4.8.1
Bright target 3.4.8.2
Dark target 3.4.8.3
Warm target 3.4.8.4

Amb lab
Amb lab
Amb lab
Amb lab
Amb lab

scanning
Solar Test Source
Sls(loo)
SIs(loo)
MGBC-target
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THREE ALTERNATIVESWERE AVAILABLE:
Centroid Method
Knife Edge Method
Full Width Half Maximum

Centroid Method:

!
LSF(X) * X ● AX

t
LSF(Y)* Y * AY

xl= ‘

F

and Y1 = ‘
LSF(X) *AX

?
LSF(Y) ● AY

I I

Knife Edge Mx~hod:

KER(X) ● AX =
Xf

z z
KER(X) ● AX

i 2
Y2

KER(Y) ● AY =
W

+ #
KER(Y) ● AY

I 2

Full Width Half Maximum (FWHM)
LSF( XL) = 0.5 and LSF(XU) = 0.5 LSF( YL) = 0.5 and LSF(YU) = 0.5

FWHM (X)= XU-XL FWHM (Y)= Yu-YL
X3= 0.5 ● (XU+XL) Y3 = 0.5 ● (Yu+YL)
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MEASUREMENT
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THE FOLLOWING CHARTS ILLUSTRATE THE CENTROID
MEASUREMENT AND DATA REDUCTION METHODOLOGY

Figure 1 Reticle aperture transmission function
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e CENTROID METHODOLOGY
Q c18PC,~+ SELECTED (2 of 5) SANTA BARBARA RESEARCH CENTER
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Figure2 Optical /detector lFOV
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Figure 3 Response - Normalized cross correlation

of IFOV and temporal integration
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Aperture response function - ARF
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CENTROID METHODOLOGY
‘*PC~s●G SELECTED (4 of 5) 1-SANTA BARBARA RESEARCH CENTER
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Figure 4 Aperture response

function (ARF)- Normalized

cross correlation of response

and reticle aperture
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CENTROID METHODOLOGY
SELECTED (5 of 5) 1-SANTA BARBARA RESEARCH CENTER
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Figure 10ptical /detectorfov -
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CENTROID RETRIEVAL
G UNCERTAINTY ESTIMATE SANTA BARBARA RESEARCH CENTER
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XpkeCtr

0.0000
0.0667
0.1333
0.2000
0.2667
0.3333
0.4000
0.4667
0.5333
0.6000
0.6667

average=
stddev=

Asymmetrical fov function
3 IFOV 1 IFOV 2 IFOV

0.0370
0.0380
0.0360
0.0370
0.0360
0.0380
0.0390
0.0350
0.0400
0.0360
0.0370

0.0370
0.0540
0.0190
0.0560
0.0200
0.0380
0.0540
0.0190
0.0560
0.0210
0.0370

0.0370
0.0330
0.0450
0.0300
0.0410
0.0380
0.0330
0.0440
0.0310
0.0410
0.0370

0.0372 0.0374 0.0373
0.0015 0.0158 0.0051

Symmetrical fov function.

3 IFOV 1 IFOV 2 IFOV

0.0004
0.0014
-0.0018
0.0013
-0.0011
0.0000
0.0013
-0.0018
0.0013
-0.0012
0.0004

0.0008
0.0170
-0.0180
0.0177
-0.0173
0.0007
0.0170
-0.0185
0.0178
-0.0173
0.0006

-0.0003
-0.0046
0.0074
-0.0065
0.0037
-0.0003
-0.0046
0.0073
-0.0064
0.0041
-0.0004

0.0000 0.0000 -0.0001
0.0013 0.0157 0.0051
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e. CALIBRATOR RETICLE PATTERN
FOR TRANSIENT RESPONSE

Q . (NEW MEASUREMENT CONCEPT) 1=SANTA BARBARA RESEARCH CENTER
S,c ~** a substdlary
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and the dotted FPA
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illuminated region.
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Solid FPA sketch re resents the projectedFPA at oneInstantin time
1’and the dotted FPA sat a iater time. The region with diagonai pattern

represents the MGBC illuminated region. The biack region represents
the masking of a portion of the aiong track illuminated region.
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TWO
CONFIGURATIONS

OF MODIS FPA
BEING SCANNED
ACROSS MGBC
ILLUMINATED

REGION
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SRCA (CUTAWAY)
I SANTA BARBARA RESEARCH CENTER
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e SRCA CALIBRATION
SELECTION BLOCK DIAGRAM SANTA BARBARA RESEARCH CENTER
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a.sRCASPECTRALCAUBRATION b.SRCARADIOMETRICCALIBRATION
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SRCA S1S
RADIANCE PROBLEM
HAS BEEN SOLVED 1=SANTA BARBARA RESEARCH CENTER
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QORIGINAL SUSPICION THAT LOW RADIANCE VALUES WERE DUE TO
SPECTRALON CONTAMINATION WERE FALSE

s QUARTZ-HALOGEN LAMP COLOR TEMPERATURE VALUES HAVE BEEN
TESTED AS 2700K NOT 2900K AS ADVERTISED

sANALYTICAL MODELLING NOW TRACKS EMPIRICAL RESULTS WELL

s SEVERAL DESIGN MODIFICATIONS HAVE BEEN MADE:

-REARRANGEMENT OF LAMP HEAT SINKS TO EXPOSE ADDITIONAL SURFACE OF LAMP

-REDUCTION OF SPHERE INSIDE DIAMETER TO BOTH REDUCE SURFACE AREA AND
INCREASE REFLECTIONS FROM THICKER WALLS

-ADD REFLECTIVE COATING TO OUTSIDE OF SPHERE

-SPHERICAL COUNTERBORING OF SPECTRALON TO PRODUCE REFLECTING SOCKETS AT
LAMP MOUNT POSITIONS

9193
93-0720-345



Measure thermal Thermal model OBC BB for

conductivity of MODIS inflight

coating material * configuration - ambient and
315 K

t
Measure spectral I I Model absorptivityof the V

reflectance - groove cavity-using geometry
directional and BRDF - S/W ASAP

hemispherical 3.5 ancVorORDAS
pm to 15 pm of
coating material

--l===

I
OBC BB calibrated
against BCS using
MODIS as transfer
radiometer - all
MWIR and LWIR
spectral bands -

ambient and thermal
vacuum

SANTA BARBARA RESEARCH CENTER
a subsidia~

DEVELOPMENT
AND

VERIFICATION
FLOW OF OBC
BLACKBODY

RADIOMETRIC
MODEL
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TOTAL INTEGRATED
REFLECTANCE FOR

ANODIZED ALUMINUM
BLACK
SURFACE SANTA BARBARA RESEARCH CENTER
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spherical
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SDSM GENERAL
CONFIGURATION
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ALL MODIS STIMULUS IS
PROVIDED BY THE GSE STIMULUS

AND CALIBRATION EQUIPMENT 1=
1

SANTA BARBARA RESEARCH CENTER
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‘ System
Test Test
Operator - Controller

Wide
Area
Network

‘Engineer

IArchiver 1+

Test
Analysis

Controller
(TAC)

r
4 Ethernet Hub

FDDI
LAN

ESMC

Payload
Interface

Controller
(Plc) t=
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MGBC FUNCTIONAL
●b FLOW DIAGRAM 1=SANTA BARBARA RESEARCH CENTER
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MODIS GROUND BASED
CALIBRATOR PROGRESS

■ SANTA BARBARA RESEARCH CENTER
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●

●

●

●

●

Purchase order placed with Tinsley Corp.

● PDR scheduled for September 28

MGBC Reticle Wheel Assembly Drawings complete. Fourteen retitles
and one open space; five spares.

MGBC Dual S1SAssembly and Spherical Blackbody Assembly Source
Drawings are complete.

MGBC Polarization Assembly design and layout complete; final
tolerances being defined.

MGBC Alignment Assembly design complete; procurement started.



RETICLE PAlTERNS SHAPE
THE OPTICAL STIMULI

FOR MOST MODIS TESTS IwSANTA BARBARA RESEARCH CENTER

a subs! dtaty

18 RETICLES COVER ALL TESTS

4 MOTORIZED STAGES PROVIDE TABLE
ROTATION, AND X,Y,Z MOTION

IFOV MTF

?’””’?++ ““f ‘-’

l-f— 30 IFoVS
++t----

38 IFoVS
--i

SLIT FORMID PLXELS(0.2 IFOV) SW FORSMALL
LARGEPIXEL(0.1 IFOV) PIXEL(0.2 IFOV)

SBR (ALONG SCANj SBRIALONG TRACKJ
STEP

T
1.250

1-

_I__
1.250

1+‘22+ IFOVS
--l

k --— 36 IFOVS +

STRAY LIGHT TRANSIENT RESPONSE
KNIFE EDGE 1 2 3 4

~-- -- +11 IFOVS la- 35,FOW--j
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BLACKBODY CALIBRATION
SOURCE AND SPACE VIEWG*RC~.+ SOURCE PROGRESS

SANTA BARBARA RESEARCH CENTER
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● A Internal CDR was held at SBRC on August
1991993.

● Blackbody procurement is complete.

● Assembly of the BCS & SVS has started.

● Efforts on software development for computer
control of the blackbody system is progressing
to near completion.

● Projected delivery is December 1993.



@

BCS/SVS FLOWDOWN AND
o G DERIVEDREQUIREMENTS SANTA BARBARA RESEARCH CENTER
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DRadiometric error ~P

~Radiometric error 0.3 ~YP

c Effective cavity emittance

● Temperature uncertainty

● Temperature uniformity

● Temperature stability

cTemperature repeatability

● Temperature control

DTemp. transition time

DTemperature range
.,

BCS

Requirements

<0.42,<0.15?40
<0.840/o
>0.999
<* 0.04K

<0.1K
+0.02K (6 min.)

kO.1 K

k 0.01 K

e 30 min (10°)

170-340 K (vat)

300-380 K (amb)

Predicted

Performance

0.33, .08%

0.68?40

0.9997

A 0.04 K

0.08 K

f 0.01 K

&O.1 K

k 0.01 K

<30 min

meets req

meets req.

SW
Requirements

< LtYP*error/lO

NA

>0.999

c + 0.04 (300 K)

<85 K (cold)

<85K

floats

floats

floats

TBR

<85 to 300 K

* Band 24 slightly out of tolerance. BCS+SVS total error still in spec

A

redicted
erformance

pass*

NA

0.9997

* 0.04

<85K

<85K

floats

floats

floats

<4hr

meets

req.

9193
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e BCS/SVS MECHANICALDESIGN&*,C,** 1-SANTA BARBARA RESEARCH CENTER
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Side View
S acer;
J’Low onductance (Z)

Front View
Coolant Tubing

Coolant Tubin Heat

06

or

SFCTION A-AL
L

(9
I 1; I A ~ 25.000 ~

A

41,022

000

❑ 00

000

I Heaters

01 Mllhc,3deslgnefWbvwdrw PRT Mounthg Pattern
Rear Plate
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Thermal Gradients at 170 K

Flowed Down Analytical
Requirements Prediction

1st Bounce ~004K &e03K

2nd Bounce ~.05K ~,03K

3rd Bounce &lOK &03K

4th Bounce ~.25K &05K

CINDA Model
● 1543 nodes
● 3686 linear conductors
● 386 radiative conductors

● Thermal performance targets can
be met for operation in vacuum.

● Analysis remaining for laboratory
(in air) operation.

20 mK per isotherm line

dpowerhgl.ppt
9193

93-0704-33
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DEDICATED MODIS

e

CALIBRATION FACILITY
PROGRESS

SANTA BARBARA RESEARCH CENTER

*PC S* +G a subsldfiary

●

●

●
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●

●

Preliminary design completed

●

●

●

Studies have focused on mechanical interface of Calibrator
and MODIS

Rugged platform provides vibration stability

Alignment may be re-established between the MGBC and
MODIS following pump down

Instrumenting similar HAC chamber for vibration data

Blackbody Calibration Source mounting details being defined

SBS cold head cryopumps perturbations being analyzed

Analysis of induced jitter at reticle image on MODIS focal plane
underway

Completion of development specification planned in October
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e. SYSTEMTESTALGORITHMS
G (AGENDA FOR 9/8/93)

%c~*+ 1=SANTA BARBARA RESEARCH CENTER

a substdla~

QALGORITHM MATRI)USTATUS

● DISCUSSION OF 5 ALGORITHMS

● RADIOMETRIC PERFORMANCE/ACCURACY (PARTIALLY COMPLETE)
● CHARGE SUBTRACTION/lNITIAL GAINS, OFFSETS/LINEARITY

s SNR

● IFOV

● MTF

s BAND TO BAND REGISTRATION

c 00B CALCULATION

9/93
934784-43



SPEC SBRC 151759 SBRC 15186s19 %
PAR # APPENDIX COMPLETE

OPTICAL PERFORMANCE 3.3
IFOV 3.3.1 D lW
FOV 3.3.2 D so
SPECTRAL BANDS 3.3.3

W~ OOB, RIPPLE 3.3.3.2-4 c 10
SENSITIVITY 3.3.4 G 50
INSTRUMENT POLARIZATIONlNSENSITIVllY 3.3.5 0 10

SYSTEM PERFORMANCE 3.4
DYNAMIC FL4NGE 3.4.1 F, G 50
. .——
MTF 3.4.2 M 100
MINIMUM QUANTIZING RESOLUTION 3.4.3 Elec Ver. 10
TRANSIENT RESPONSE 3.4.4 N ,W
RADIOMETRIC PERFORMANCE 3.4.5

ABSOLUTE RADIOMETRIC ACCURACY 3.4.5.2 K 50
REIATIVE RADIOMETRIC ACCURACY 3.4.5.3

RMS DEVIA710N 3.4.5.3.1 F, G 10
CHAN TO CHAN UNIFORMITY 3.4.5.3,2 F, G 10
CROSSTALX AND PATTERN NOISE 3.4.5.3.3 1,L 10
UNIFORMITY ACROSS IFOV 3.4.5.3.4 D 10

GEOMETRIC PERFORMANCE 3.4.6

POINTING, ALIGNMENT, SPECTRAL BAND REGISTRATION 3.4.6.1-3 P, Q 75
RADIOMETRIC AMP, STABILITYAND REPEATABILITY 3.4.7 H 10
STRAY LIGHT 3.4.8

)ARK, WARM TARGETS 3.4.8.2-4 E I 75
,, ,mn. *,n., -4- 1

I 3.4.9 I
: CALIBRATION 3.4.9.1

IN-FUGHT CAUDMA I IUN

IN-FLIGHT RADIOMETRIC s 10
IN-FLIGHT WAVELENGTH CALIBRATION 3.4.9.2 J 10
IN-FLIGHT REFLECTANCE CALIBRATION 3.4.9.3 R 10
IN-FLIGHT LUNAR CALIBRATION 3.4.9.4 T 10
IN-FLIGHT ELECTRONICS CALIBRATION 3,4.9.5 u 10

COMMAND, CONTROL COMMUNICATION, AND TELEMETRY 3.5

COMMAND AND CONTRO! cl lM~71nMc 9=4 D

lNC~l IAKNT riATA QTnC

.- , ., I.”, ,v, .” .J. iJ. I &

. . . . . . ..-..,~.. v wnvn vu m.tiM 3.5.2 : 90
INSTRUMENT HEALTHAND STATUS MONITORING 3.5.3 v 20

ALGORITHM
DEVELOPMENT

HAS SHOWN
EXCELLENT
PROGRESS

SANTA BARBARA RESEARCH CENTER

a substdla~

9163
93-0764-44





TYPICAL ON-ORBIT SPECTRAL CALIBRATION FLOW ------
\

ORDER PRECISION L# SOURCE CONTROL CONFIG‘“r

FILTERS VIS/SWIR
#1,#2 & #3 SOURCE 2) ConstantCurrent

L(A,L#)
RADIANCE
MONITOR

~ DETECTOR
SELECT V(L#)
ORDER L(L,L#,F#)
FILTER SRCA

I
b MONOCHROMATOR ‘ TEMPS

r +

STEP L(S#,L#,F#)
GRATING MODIS
MOTOR HOUSEKEEPING

TELEMETRY

DID+MIUM 1
ABSORPTION

FILTER
I

,
STANDARD

I

MODIS DETECTOR I

SELF
MS.R(B%CH#,*, L#,F#,SC#,DF#)

I
C;~B:C’T;:N I

SDS(S#,L#, F#,SC#,DF#)
I

CDS(S#,L#,F#,S@4 DF#) I

I

CENTROIDS, Xc(B#,CH#)
I

k CORRECTION FACTOR, ~ SRCA 4 ---------

K(B#,CH#) SPECTRAL- ~ STANDARD

- CALIBRATION DETECTOR

MODEL NORMALIZED

GRATING MOTOR
RESPONSIVl~

ANGLE VS STEP
SDR(k)

CHARACTERi~nON NONOCHROMATOR pARAMmER~
GRATING LINE WIDTH (A)

DIDYMIUM PASS BANDS
FOCAL LENGTH (F)

CENTROID WAVELENGTHS
DISTANCE BETWEEN SLITS (X)P +

kc(D#,m)

CHANGE IN MODIS SPECTRAL
RESPONSE k CENTROIDS

B# = MODIS Band No. F# = Filter No. SC# = Scan No

CH# = DetectorChannel No. m = Dflraction Order V = Voltage

S# = Grating Motor Step No L = Radiance I = Current

DF# = Data Frame No L# = Lamp Config No

k= CentroidWavelength CDS = CalibrationDetector Signal

SDS = Standard Detector Sianal MSR = MODIS SoectralRes~onse [Diaital) EHJ 9/7/93



SPECTRAL CALIBRATION ALGORITHM FLOW

I SELF I

+

~ ~ALIBRATloN

DETECTOR m w
1SDS(S#,L#, F#,SC#,DF#)

I
MSR(B#,CH#,WI,L#, F#,SC#,DF#)

1 4

CDS(S#,L#,F#,SG, DF#)-1
CONVERT RAW GRATING MOTOR ~

STEP Nos (W) TOGRATING
MOTOR ANGLES em

ICDS(em,L#, F#,SC#,DF#)
I

~
I ACTION

F#=O (open); m=l
F#=l; m=3
F#=2, em > 10.4*; m=3
F#=2, flm<l 0.4°; m=2
F#=3, f3m>8.6°; m=2
F#=3, em<8,&; m=l

MSR(lW,CH#,em,L#, F#,SM,DF#)

MSR(B#,CH#,em,L#, m,SC#,DF#)

CONTINUED
ON NEXT

SDS(em,L#,m,SC% DF#)
SHEET

-1 CDS(em,L#, m,SC#,DF#)
SDS(em,L#,m,SC#, DF#)

AVE SDS(f3m,L#,m) = (l/NSC) (l/NOF) ~u Z D~~c[SDS(em,L#,m,s&,DF#)]
AVE CDS(flm,L#,m) = (l/NSC) (l/NOF) Zsm Z OF#[CDs(em,L#tm,s~. DF#)l
NORM CDS(&n,L#,m) = AVE CDS(em,L#,m) / AVE SDS(em + A,L#,m)
A = 2 ARCSIN[ l/4ARCTAN(X/ F) ] (to a very goodapproximation)
m
1) A accounts for delta in gratingangle requiredfor same k at main & offsetexit slits
2) NORM CDS independent of detectorresponsivitiesto 1storder since both are Si
3) NORM CDS independent of d~erence in gratingefficienciesbetween the main and
offset slitsto 1st order (onlya 0.3”A change ineffeotiveblaze wavelength)

#

MONOCHR9MATORPARAW=W
GRATING LINE WIDTH (A)
FOCAL LENGTH (F)

DISTANCE BEIWEEN SLITS (X)

CONTINUED

NORM CDS(em,L#,m) ON NEXT
SHEET

SHEET 1 OF 3 EHJ 9/7/93



ULATF TOTAI AVERAti MSR NORMAUZED To SDS

NORM MSR(B#,CH#,Om,L#, m,SC#,DF#) = ~[B#.CH #.em.L#. m.SC#.C)F#)

SDS(Om,L#,m,S@, DF#)
TOTAL AVE MSR(B#,CH#,9m,L#, m,) =

(1/NSC)(l/NDF) ~WZDF~ [NORM MSR(B#,CH#,gm,L#Sm,S@~ DF#)l

I
SDS(em,L#,mS@,DF#) 1

CONTINUED
FROM

PREVIOUS
SHEET

I TOTAL AVE MSR(B#,CH#,9m,L#, m)

CONTINUED
ON NM

SHEET

MSR(B#,CH#,9m,L#, F#,SC#,DF#) I 8(WOFFSET (L#) -

DETERMINE
1) GRATING MOTOR ANGUUR OFFSET,eoff~et(L#)
2) CZERNY TURNER HALF INCLUDED ANGLE, 13(L#)
BY SIMtJLTANEOUSLY SOLVING FOLLOWING EQNS

I Eqs 1-s A@#,m) = (~ m) {Sin[~m(L#,m,D#)-90~s&(L#)]- Sin[8+rm(L#tm,D#)+eoti~et(L#)~]}
{ 6= ARC TAN (X/F)

Eq 4: ~2.m 2)=- [D3.m 2)= . ilk/ i39ml@em=?
~m(L#,m=2,D2) - ~m(L#,m=2,D3)

Eq 5:
(m 3) (m 2) . ~rn/ Wml @gin.?.

~m(L#,m=~D3) - ;m(L#,m=2,D3).

MoNocHRoMATcRPAOMH~RS
GRATING LINE WIDTH (A)
FOCAL LENGTH (F)

DISTANCE BETWEEN SLITS ()()

CONTINUED
FROM

PREVIOUS
SHE13

o

NORM CDS(9m,L#,m)

(.

I~m(L#,m.D#) ~

I
.-. .

I Ac(D#,m) I
m

DETERMINECENTROID GRATING MOTOR ANGLES
m FOR DIDYMIUM PASS BANIIS

~m (L#,m,W)=%n~on Cns ‘em #m) ● ~tlm~1

Xom [Norm CDS (gm,L#,rn) ]

DIDYMIUM DIFFRACTION
em RANGE

02 3 9.5°-10.2°
03 2 6.8°-7.4°
D3 3 10.6°-11.4°

SHEET 2 OF 3 EHJ 9/7/93



TOTAL AVE MSR(B#,CH#,Om,L#, m)
f

t
CONTINUED

T F

FROM PRESS TOTAI AVF MSR IN TFRMS OF wAJ&lENGTH
PREVIOUS A(L#)= (2A/ m){ Sin[em + Ooffset(L#)lCos[i3(L#)]}

B (L#); OFFSET (L#)

I

TOTAL AVE MSR(B%CH#,k)

I ‘oRM-TOTALAvFMs”TNORM TOTAL AVE MSR (B#,CH#,~) = TOTAL AVE MSR (B#,CH#,k)/ SDR(k)

STANDARD
DETECTOR

NORMALIZED
RESPONSIVITY

NORM TOTAL AVE

S“R(k)
v

MSR(B#,CH#,~)

,
MINF CFNTROID WA~NGTHS . b. FOR MODIS BANDS& CH’NNELS

I

b (N,CH#) = ~~ NORM TOTAL AVE MSR (B#.CH#. k) ● ( k~

Xk NORM TOTAL AVE MSR (B#,CH#, k)

1
CURRENT

kc (B#,CH#)

1

j)FTERMINF CHANGF IN CENTROl~ WAVELENGTHSdk FOR MODIS CHA NWN

I Ak (B#,CH#) = CURRENT k (B#,CH#) - INITIAL kc (IM,CH#)

kODIS (~@+#) = [W#~cW [cuR~EN’ ~ (~@+Wl I

Ill” CwRATIOht
CENTROIDS, Ac(IM,CH#)
LCORRECTION FACTOR,

K(B#,CH#)
Ak (B#,CH#)

blODIS (B$4CW\
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