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OVERVIEW OF

THE MODIS-N REQUIREMENTS I SANTA BARBARA RESEARCH CENTER
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Spectral Coverage

Spectral Resolution

Spectral Stability

Spatial Coverage

Spatial Resolution

Spatial Registration

[FOV

Radiometric Range

Radiometric Resolution

Radiometric Performance

Polarization Insensitivity

Calibration Accuracy

0.408 pm -14.385 ~m, 36 Bands

10nms Ak<500nm

X & Ak stable to< 2nm (VIS bands) T
S&t

+

k & M stable to < lVO (all other bands)

+55°, 2330 km swath at 705km

#250 m; 500 m; 1000 m ‘+ h &s@G-
~ &c&

<0.1 IFOV (all bands of the same resolution)

.354 mr, .709 mr, 1.418 mr (All *3Yo) ,

57< SNR<1111,0.05 KS NEAT< 5.OK



MODiS-N VIS/NIR/SWIR BANDS
SANTA BARBARA RESEARCHCENTER

● subsidia~

BAND

1
2

3
4
5
6
7

8
9

10
11
12
13
14
15
16

17
18
19

A’ IFov M
LAND AND CLOUD 80UNDARIES BANDS

859 m 250m
885ml

LAND AND CLOUD PROPERTIES BANDS
470 m
555 INn 500m

1240 nm 500m
1840 nm . 500m
2130 nm 500m

OCEAN COLOR BANDS
415 m 1000m
443nm 1000m
490 m looom
531 m looom
565nm looom
853 frill looom
881 m looom
750 fun looom
885 fwn looom

ATMOSPHER=LOUO BANDS
805nm 1000m
838nm 1000m
940 m 1000m

5onm
4om ‘

2onm
20 m
20 m
20 m
5onm

15 m
10 m
10 m
10 m
10 m
15 run
10 fun
10 m
15 run

30 m
10 m
Sonm

PURPOSE (EXAMPLES)

VEG CMOROPHYLL ABS LAND COVER TRANS.
CLOUD AND VEGETATION LAND COVER TRANSF.

SOIL VEGETATDN DIFFERENCES
GREEN VEGETATION
LEAF/CANOPY DIFFERENCES
SNOW/CLOUO DIFFERENCES
LAND AND CLOUD PROPERTIES

CHLOROPHYLL
CHLOROPHYLL
CHLOROPHYLL
CHLOROPHYLL
SEDIMENTS
SEDIMENTS, ATMOSPHERE
CHLOROPHYLL FLUORESCENCE
AEROSOL PROPERTIES
AEROSWATMOSPHERIC PROPERTIES

CLOUD/ATMOSPHERIC PROPERTIES
CLWD/ATMOSPHERIC PROPERTIES
CLOUD/ATMOSPHERIC PROPERTIES

ml
91a7-7D



MODIS-NMWIR/LWIRBANDS
(CONTINUED) 1=SANTA BARDARA RESEARCMCENTER

● substdta~

BAND

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

A IFOV

THERMAL BANDS

3.75 ~ 1000m

3.75 ~ 1000m

3.96 p 1000m

4.05 ~ 1000m

4.47 ~ . 1000m

4.52 ~ 1000m

4.57 ~ 1000m

6.72 ~ 1000m

7.33 ~ 1000m

8.55 ~ 1000m

9.73 ~ 1000m

11.03~ 1000m

12.02 ~ 1000m

13.34 ~ 1000m

13.64 ~ 1000m

13.94 ~ 1000m

14.24 ~ 1000m

PURPOSE (EXAMPLES)

6EASURFACE TEMPERATURE

FOREST FIRESA/OLCANOES

CLOUD/SURFACE TEMPERATURE

CLOUD/SURFACE TEMPERATURE

TROPOSPHERIC TEMPERAIUR~LOLJD FRACTION

TROPOSPHERIC TEMPERA~RE/CLOUD FRACTtON

TROPOSPHERIC TEMPERATURE/CLOIJD FRACTION

MID-TROPOSPHERIC HUMIDITY

UPPER-TROPOSPHERIC HUMIDl~

SURFACE TEMPERATURE

TOTAL OZONE

CLOUD/SURFACE TEMPERATURE

CLOUD HEIGHT & SURFACE TEMPERATURE

CLOUD HEIGHT & FRACTION

CLOUD HEIGHT & FRACTION

CLOUD HEIGHT & FRACTION

CLOUD HEIGHT & FRACTION

ml
91-0347-7b



REQUIREMENTSDICTATEBASELINE
~DESIGNAPPROACH

1-
SANTA BARBARA RESEARCHCENTER
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m

pesi-roack

● Spectral Coverage and Resolution Reflective Afocal Fore Optics

Primary Spectral Separation into Four Regions ‘k: >

Four Refractive ImagingObjectivesqS.+a.
&Ld *l~c-h+

Individual Spectral Filters for each Band

● Spatial Coverage

● Spatial Registration

Continuously Rotating Scan Mirror

,
~-~’ LL ~

Monolithic Focal Plane Assemblies (where possible) n Z~

Afocal Telescope Allows Translation of Objectives *L

. Radiometdc Performance 17.&m Unobscured Aperture 7 :. C.&&“_+

f/1 .76 (VIS, NIR, SWIR/MWIR); f/1.32 LWIR # z,> ~ti-=

/’
~y;-..-

● Polarization Insensitivity Fold Mirror, Polarization Compensators, Optical Coatings

YJ%&~~~ “~~T A
~d8--k& w hck —2 ( ) .Gwzb

. Calibration Accuracy
‘-’-+

Threefold approach - Prelaunch, Sol~r/Blackbody On-Orbit,
Ground Truth ~y ~-~~ L* 6



MODIS-N
SHOWS KEY

CUTAWAY
SUBSYSTEMS 1=SANTA DAROARA RESEARCH CENTER

01+147
1--------

s subsldtaq

Solar diffuserdoor

Spectroradlornetric f’””” 1“::./

Mass: 180kg
Volume:1 x 1 x 1.6m
Powec192W
Data Rate: 10.68 mbps

.l

?
Thermal-control louvers

/ for electronics
I Space view & lunar +

Vi

1/ calibration port Cti w--
hi + ‘p”

h _ F?adlatlvecooler
L- 8, -:l,! :

Aperture cover / .-,

h
“:$F<

Thermal blanket
“>,.*.+‘.~. Radiattve cooler door

and earth shield



BASELINE DESIGN



FR’OMPHOTONSTO DATA l=”SANTA BAROARA RESEARCM CENTER

.,
alnl —d Oittuser

/l\ I SRCA 1

/ . . **+

EarUr

Afocal
Tekscope
Asserrrbty t

I

r

Vls ————9
Vls

Objectiva FPA
k?

Electiorrics
and

7 ND
NIR

?P:
~ tiversiorr

Clbjectiva

+ Dichruic
~amsplinfrrs

Swlw I Swlw
MWIR MWIR ~

ob~ava
I

FPA

DaIa
output

ml
914347-12
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‘MODIS-NBASELINE
INSTRUMENTPARAMETERS 1-SANTA BARBARA RESEARCH CENTEn

● Sub,dlaw

ORB~

SWATH

SCANNING

IFOV

TELESCOPE

SPECTRALBANDS

SPECTRALSEPARATION

DWELLTIME

DETECTOR MATERIAL

DETECTOR READOUT

IR DETECTOR COOLING

CAUBRATION

DATA RATE

SIZE, WEIGHT, POWER

705 km, 1:30 PMASCENDIN(3

fi5°, 10.0 km TRACK x,2330 km SCAN

360° SCAN, DOUBLE SIDED, 20.4 RPM, 0.450s ACTIVE SCAN TIME

0354 mr (0.25 km), 0.703 mr (0.50 km), 1.418 mr (1.0 km)

2-MIRROR OFF-AXIS GREGORIAN, EPD 17.8 CM

36 FROM 0.415 ~ TO 14.3 pm

DICHROIC BEAMSPUT7ERS AND DISCR~ flLTERS

83 w (0.25 km), 166p (0.50 km), 332p (1.0 km)

SILICON(0.4 ws ks 0.95 w), Pv HgCdTO(1 w $ ks 10 pm),

PC HgCdTe(A> 10 ~)

CAPA~E TRANSIMPEDANCE AMPUFIERS (~A)

THEMA71C MAPPER-T’YPE RADIATIVE COOLER, 85K

LABORATORY, GROUND TRUTH, ON-BOARD BLACKBODY,

SOLAR DIFFUSER, SPECTRORADIOMETRIC CALIBRATOR

10.68 MBPS(DAY MODE), 2.88 MBPS (NIGHT MODE)

l.Om x 1.6m x l.Om, 190.1 kg, 192W

ml
01-47-15
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DICHROIC BEAMSPLl~ERS SEPARATE
ENEhGY TO FOUR COREGISTERED
OBJECTIVES AND FOCAL PLANES SANTA BARBARA RESEARCM CENTER

● substdta~

%

CROSS-TRACK
SCAN ● r

.-—- ,.,

,, .

VISIBLE
- (vIs)

NEAR INFRARED (NIR)

SHORT AND MIDWAVE
INFRARED (SWIR/MWIR)

LONGWAVE
INFRARED (LWIR)

\ L-. NIR ‘-~
‘ \..

--— --

705 km

\ Hw// /\ ASCENDING
ORBIT TRACK

N

w\ /
2330 km +/ -

ml
91*47-13



DETECTORNUMBERING -

DOES THE SCIENCE TEAM HAVE A
PREFERENCE 1-SANTA BARBARA RESEARCH CEHTER

a eubsidlary

● The Landsat Thematic Mappers
flying in a daylight descending
orbit lay down the following
pattern of data channels

Scan#l 1616161616

1515151515

1414141414

1313131313

999999999

888888888

222222222

111111111

Scen#2161616161616

151515151515

etc

● How would the Science team like

the detectors numbered for < L&o@

MODIS-N?
tih

7

1 thru 10 from South to North as

imaged?

or

10 thru i so that 1‘s are North

Oriented in Image

6
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MdDIS-N INTERIORVIEWS
SANTA BARBARA RESEARCH CENTER

● substdtafi

(

“k.~.-a-. ‘up

SOLARVIEWPORT DOOR
.4 aLAR DIFFUSER

BLACKBODY

L
MAIN
ELECTRONICS
MODULE

RADIAllVE
COOLER

SCAN MIRROR ~
OPTl&AL BENCH FOLD MIRROR

ml
914347-11
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360° SCAN ALLOWS CONTINUOUS,
SEQUENTIAL VIEWS OF EARTH, SPACE

AND CALIBRATION TARGETS 1-SANTA DARDARA RESEARCM CENTER

● subatdta~

L:I t
m- J I , I



MODIS-NSUBSYSTEMSt 1-SANTABARBARARESEARCHCENTER
● aubsldlary

●

●

●

●

●

●

●

●

Mainframe Assernbty(andAppendages) ●

Scan Mirror Assembly ●

Afocal Telescope Assembly ●

Aft Optics Assembly d

●

b

●

●

b

●

●

Dichroic module

VIS Objective module

VIS Focal Plane module

NIR Objective module

NIR Focal Plane module

SWIR/MWIR Objective module

LWIR Objective module

Radiative Cooler Assembly

● Cooler Cold Stage module

. SWIWMWIR Focal Plane module

● LWIR focal Plane module

Main Electronics Assembly

VIS/NIR Analog Electronics Assembly

SWIR/MWIR / LWIR Analog Electronics Assembly

Solar Diffuser Assembly

Solar Diffuser Stability Monitor Assembly

Spectro-Radiometric Calibration Assembly

Blackbody Assembly



A MODULAR DESIGN FACILITATES
ASSEMBLY INTEGRATIONAND TEST 1-

SANTA BARBARA RESEARCH CENTER

91-9-255
a subsldlafv

s #1

91-0747-12



MAIN ELECTRONICS
MODULE LOCATION

/\vl d
LOCATION

AFT-OPTICAL
ASSEMBLY LOCATION

● High stiffness-to-weight ratio

● Low thermai expansion coefficient

SANTA BAROARA RESEARCM CENTER

MODIS-N
MAINFRAME IS

COMPOSITE
GRAPHITE-EPOXY

STRUCTURE

ml
@l-0347-l@A
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TVVO’SIDEDBERYLLIUMSCAN
MIRRORUSED FOR MODIS-N SANTA BARBARA RESEARCH CENTER

● substdtav

—

SCAN MIRROR
LOW DISTORTION

MOTOR/ENCODER
MIRROR MOUNT

/

BERYLLIUM

2

A

SCAN MIRROR &rJO - .dA 7& w %-%/

T

‘//0

&&.. - AJ/ ,-,.d,

*+
%

-d

● DESIGN HERITAGE: VISSR/VAS, ETM ml
91-0347-19



MODIS-NTELESCOPE AND
AFT-OPTICSMODULES 1-SANTA BARBARA RESEARCH CENTER

● subs~dtaw

4

AFT OPTICS ASSEMBLY

TELE~E

. SCAN
MIRROR

.

b

d,-/’ , ,!i, ~<~)
..’- “ Z
,- .,1

/

AFOCAL TELESCOPE ASSEMBLY
S191

91-0347-20
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OPTICAL DESIGN UTILIZES REFLECTIVE
AFdCAL TELESCOPE WITH FOUR

REFRACTIVE OBJECTIVE ASEMBLIES
SANTA BARBARA RESEARCti CENTER

● suhldosw

FIELD
~~’7_04 ‘&&”

ml
914347-21



OPTICAL SCHEMATIC SHOWING
ORIENTATIONOF FOCAL PLANES

91-9-282
SANTA BARBARA RESEARCH CENTER

a subsldla~

a(
@a

w

10/91
91-0747-1 4A



MO~lS-N FOCAL PLANE LAYOUT
AND MATERIALS 8/28/91

Vls

SIfkon

SWIR/MWIR

2 18 19 13

—
PV HgCd10

❑ 4u~x4*w(lkm) •l 332pm x327pm(lkm)

+ Locxffon of @til Axh

t

—

Pv Hgcdlo PC HgCflo Pc Hgwo

“ lll~x109pm(0.25km)
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CAD i)RAWINGSSHOW FILTER
MOUNTINGAND ASSEMBLY

COLD STAGE ASSEMBLY ~

I SANTA BARSARA RESEARCH CENTER
● subsbdla~

FILTER MOUNTING CONCEPT

VIS, NIR

S191
S1-0347-22



BUFFERED DATA RATE: 10.7 MBPS
91-9-2T2

1=

SANTA BARBARA RESEARCH CENTER
a subsldtaq

m

IFOV WORDS/see
TOTAL DATA

BANDS (m) (EACH BAND) “Ts’wORD
RATE
MBPS

8-32 1000 30,127 12 9.038

3-7 500 120,509 12 7.231

[&.4 Ah

1,2 250 482,204 12 11.569 ~ +“

33-36 1000 30,127 10 1.205

TOTAL RAW DATA 29.043 MBPS
A

● 15 megabit memory buffers data to 10.7 MBPS (day), 2.9 MBPS (night) with overhead
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MODIS~N IN-FLIGHT CALIBRATORS
I -.

SANTA DAROARA RESEARCH CENTER
s suhtdtaq

SOLAR
DIFFUSER—

MIRROR

Sml
91-0347-2s



PERFORMANCEOF BASELINEDESIGN



PERFORMANCE OVERVIEW FOR
REVIEW BY THE MODIS-N

SCIENCE TEAM 1-SANTA BARBARA RESEARCH CENTER

a aubsldiary

●

●

b

●

●

●

Spectral Requirements - Multiple optical vendors have indicated that all of the spectral
requirements can be achieved.

Spectral Band Registration (SBR) Requirements - The proposal identified this as a critical area.

Recent analysis since that time indicates that the “residual” optical distortions are quite large.

b

●

●

●

SNR

Meeting the requirement with the baseline requires focal plane displacements to compensate

for the nominal optical distortions. – ‘“w XY ~’~”h- ‘“”4
5~L~ b+; 5W ~>~. b{+ k. ~ e A3A&.- ~

Residual optical distortions dominate SBR in the track direction.

‘L

,--
&h” 6-, GA-*

We meet the *0.1 IFOV requirement, but with minimal margin. ti”r? ‘“

More on this subject will follow.

& NEAT will be met with significant margins (except for band 21; Fireband NEATspecified at

MTF Margins> 2Z/O at Nyquist

Polarization Insensitivity of< 2% for angles Up to t 45° and 0.43pm < k < 2.2pm can be achieved.
ti71 L A-m+/ um & p%”k RI(-Y

Calibration Accuracy - These requirements are probably achievable, but very difficult.
9



1400

I

1
1

1200

SNR 1000
—

800

600

400

200

0

0.4000

0.3500

0.3000

0.2500

~EAT 0.2000

(K) 0.1500

0.1000

0.0500

0.0000

o Nominal

- Uncertainty I

12348910111213 141516171819 567

Channel Number

t
Req = 5~ O Nominal

- Uncertainty

❑ Requirement

t
Req. lK

tt

20 21 22 23 24 25 26 27 28 29 29-30 31 31-32 32-33 34 35 36

h

/

hi hi hi

Channel Number

● Band 21 Pr~ct NH Shown for 700 K Scene Temperature. NET@ 300K = 9.5K, NET@ 335K = 3.1 K

SAHTA BARBARA RESEARCH CEHTER
a aubsktiary

THE PREDICTED

SNR & NEAT

MARGINS ARE

SIGNIFICANT

fibW – ‘-’~-7
&/d 7P 1-
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●

Uomlmononm

18 848swwuwMnwIrum Bbt nt~=n man am~

SANTA BARBARA RESEARCH CENTER

PREDICTED
MTF MARGINS

GREATER
THAN 22V0

AT NYQUIST
FREQUENCY

E/ol
91-0343-41
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s

% POL

P

3.0

2.5

2.0

1.5
1.0

0.5
0.0
0.5

1.0

1.5

A 60.5” 0 w o 15.5” ~
-45” Na& +45” m ~

> t

—
2.0 t t,
2.5 ~ , , , I—

●

●

●

●

04 05 06 0.7 08 09 10

WAVELENGTH (~)

~L@#

SltiER COATED MIRRORS

45° FOLD MIRROR COMPENSATES FOR MOST
OF SCAN MIRROR STATIC POLARIZATION

LOW POLARIZATION DICHROICS

POLARIZATION COMPENSATOR PLATES

SANTA BARBARA RESEARCH CENTER

● subsidtsw

BEITER
THAN+2yo

POLARIZATION
INSENSITIVITYIS

PREDICTED
BETWEEN
0.43pm

AND 2.2 pm

5/91
S1.0347.42



SPECTRAL BAND REGISTRATION

BASELINE PERFORMANCE I
I SANTA BARBARA RESEARCH CENTER

a aubsldlary

● Summary of Registration evaluated at Top, Center, and Bottom of Field:
(after translation to accommodate nominal optical distortions)

● We meet the requirements, but just barely - some random contributors
are not fully understood at this time.

b
[~k 5 ‘GZd5& ~ d ‘a’

● Scan Direction Registr~tion of Corresponding D~ector Elements:—
7 lFOV(Dfi;~n ;y’r;ndom errors associated with EFL, Detector ~~,~~~

Misalignment, Optical Axis Misalignment, Thermal and Mechanical ~-~ .~~~
Stability, Launch shifts, etc.) -( h +~“~ ~ tipdk - s~”hUs c~~~

● Track Direction Registion of Corresponding Detector Elements:

● @..l lF~~W(Dr~venby residual optical distortion+ random errors)

+“● Man~;f t e random errors will not contribute to within focal plane
registration errors. EFL, mask dimension, and SCA-to-SCA errors will.

I



SPECTRAL BAND REGISTRATION I
(CONTINUING ACTIONS) I

BAHTA BARBARARESEARCHCEHTER
● wb~ry

● We will continue to work to reduce the anticipated mis-registration to
increase our margin against the specified requirements..

● We will work with the engineers for each subsystem to attempt to
significantly reduce the random contributors to the registration
uncertainty.

● We will continue to evaluate minor variations in the optical design which
might lessen the residual distortions. A

A,’ktim
~>~-<>

17



. SUGGESTED CHANGES

TO THE

BASELINEDESIGN



BASELINE CHANGES FOR REVIEW BY
THE MODIS-N SCIENCE TEAM I

~ SANTA BARBARA RESEARCH CENTER

a aubsldlary

● D.C Restoration on the Blackbody instead of on cold Space.

● Several Advantages:

● No need to avoid restoring on the moon. The moons presence might be quite difficult to
accurately predict. Moon now occurs during Calibration period.

c Calibration occurs on space view immediately following d.c. restore. If we were to
restore on space, the blackbody calibration occurs on other side of mirror after
viewing the solar diffuser and SRCA.

● It would be desirable to operate the entire instrument (with the exception of the SRCA) at a
100% duty cycle.

● Maintain maximally stable thermal environment.



o1 MlmR SIOE 1
~Y DC RES~E

o2 ~m~l
SPACECALISRATE

o4 MmRoRsml
ENooF-

05

o1 .MIRROR SDE 2 010

~Y DC RESTORE

os M- SIOE 2 011 Mm SOE 1
SPACECALIBRATE mn cMlsmTE

a“

ER

“.MIRROR SIOE 2 09 MIRRORSIOE 2
sRCA CALISRATE START OF SCAM

SCM Ma.E ~ “-;20

/p

3

EAm SCAN

DAY MOOE *

mMooE

1 I 1 I

A o h 100 140 200 2s0 :

P 9

EARTM SCAN,

DAY MODE

NIGNT MODE

o12 MIRROR SJDE 1
SRCA CALISRATE

0 50 100 1so 200 2$0

MI-R ~ m I 1 I 1 1 I 1 1 1 1 1 I 1 1

320 340 0 30 60 90 120 1s0 100 210 240 2?0 Soo 220
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I I
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BASELINE CHANGES FOR REVIEW BY
THE MODIS-N SCIENCE TEAM I

(Cent’d) I SAHTA BARBARA RESEARCH CENTER
a subsidiary

● Relocation of the VIS & NIR analog electronics functions to the “Growth” volume that has a prime

view of space for optimum heat transfer. y- lk%-- L ~,.

Four benefits to the design:

1)

2)

3)

4)

Provides extremely stable thermal environment for VIS & NIR electronics S1 “C at 10070 d.c.

Significantly reduces the power dissipated in the “Analog Electronics Module” which gets a
solar load on its radiating surface during a portion of each orbit.

Provides adequate volume in each assembly for a reasonable growth, if necessary. (Another
way of expressing this advantage would be to say that a lower risk packaging technology
can be used.)

Reduces the cable lengths from the VIS and NIR focal planes from approximately two feet to
approximately one foot. ~

fL[ 5(4W - A y“’~~~’::~{~ P L

● Reduced Field Angles and Increased Effective Focal Lengths (slower f/#’s) for each of the Imaging
Objectives

1)

2)

3)

4)

Field angles are reduced by minimizing the spacing between spectral bands.
(3 IFOV’S instead of 4)

Focal lengths are increased by simultaneously increasing detector sizes.

These changes improve optical performance (SBR) and reduce physical size for easier
packaging.

Slight reduction in radiometric performance& requires multiple stripe filters per substrate.

m I(

?

+ ~.jw-”a w~

z “1+> /“- *L5+&
11
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BASELINE CHANGES FOR REVIEW BY
THE MODIS-N SCIENCE TEAM

(Cent’d) 1-SANTA BARBARA RESEARCH CENTER
a subsidiary

● We are re-evaluating the use of TDI in bands 6, 13 & 14. The benefit does not
justify the complexity in all cases. As an alternative, we are considering
the use of non-iinear gain to imp~~vethe performance at Ltyp for these
bands. T@~Use u-w)

● We are aiso considering the use of non-iinear gain in band 29 to improve our
margin. We are currently predicting an NEATof 0.041K against a
requirement of .05K, a 22% margin.

● Why do Bands 29,31, and 32 require an NEAT of 0.05Kwhen the other
LWIR bands oniy require an NEAT of 0.25Kor greater?

23



SUMMARYSTATEMENTS 1-SANTA BARBARA RESEARCH CENTER

a subsidiary

●

●

●

●

The Modis-N requirements are very challenging.

We believe our Baseline Design is a near optimum solution to the MODIS-N—

requirements.

Our Baseline Design meets most requirements with significant margins.

We will continue to try to optimize the design through modest changes to
Baseline.

the

18


