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ACRONYMS AND DEFINITIONS RELEVANT TO MODIS-N
bit
Byte (8 bits)
a wavelength interval in the radiated electromagnetic spectrum
Bench Check Unit
bits per inch
bits per second
Configumtion Control Board
Critical Design Review
a detector-and associated electroni~ in a spectral band
Change Request
converts radiant energy to an electriml quantity; may consist of one or more elements in
a mmmon package
Earth Observing System

Eos p~
. .

Earth Observing System Da>taand Information System
Field of View
Full Width at Half Maximum
General Electric, the spacecraft contractor
General Instmment Interfaw Specification (Payload to S/C)
Ground Support Equipment
Goddard Space Flight center
Instantaneous Field of View
Spectral Radiance from a 100% reflectance Lambertian sane
Maximum Spectral Radiance in a spectral band
Typical Spectral Radiance in a spectral band
hng Wave Infrared, 6000-14400 nanometers
Modulation Transfer Function
Medium Wave Infrared, 3000-6000 nanometers
National Aeronautic and Spa@ Administration
Noise Equivalent Differential Spectral Radiance; same as NESR
Noise ~uivalent Differential Temperature
Noise Equivalent Spectral Radiance; same as L
Near Infrared, 600700-1060 nanometers
National Institute of Standards and Technology
Nanometer (10-9 meter)

EOS Performance Assurance Requirements Document
Preliminary Design Review

f tbe scene lob”

Prcshipment Review
Reflectance of a surface (of a scene)
Spacecraft
Signal-to-Noise Ratio
System Test Equipment
Short Wave Infrared, 1060-3000 nm
Unique Instrument Interface Document (Instrument to S/C)
Micrometer (10-6 meter)
Visible Light, 400-600700 nm
Work Breakdown Structure
Western Spaw and Missile Center (EOS Launch Site)
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1.0 SCOPE

~is specification sets forth the performan~, t=ting, calibration and assurance requirements of the

Moderate-Raolution Imaging Spctmmeter, Nadir (MODIS-N) for the NASA EOS Polar Orbiting Platforms.

The MODIS-N shall be a mdir viewing, cross-track observin~slv o* instrument designed to I

measure scene spctraI radiance in thitiy-six spectral bands in the visible (VIS), near infrared (NIR), short wave
infrared (SWIR), medium wave infmmd (MwIR), and long wave infrared (LWIR) spectral regions to permit
various studies of the land, ocean and atmosphere. High rsdiometric accuracy and a five-year orbital opemting

life without servicing are required.

The MODIS-N shall have instantaneous fields of view (IFOVS) of 250, 500, and 1000 metem at nadir, from an
altitude of 705km. In-flight calibrations using the sun, moon, and on-board sources are required.

2.0 APPLICABLE DOCUMENTS

The following documen~ shall apply to the design, fabrication, and verification effort conducted in accordance
with this specification, and shall be considered part of this specification. The version of th e documents M

~~ ~ the mntract shall apply. In the event of confJict between this specification and

any referenced document, this specification shall govern. The Unique Instrument Interface Document (UIID) will

be the second document in precedence. Any contradictions between this specification and the UD shall be

brought to the immediate attention of the Technical Officer.

2.1 GSFC AND GENERAL GOVERNMENT SPECIFICATIONS AND STANDARDS

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Federal Standard 209D Clean Room and Work Station Requirements, Controlled Environment.

NHB 5610.1: Handbook for Preparation of Work Breakdown Stmcturea.

GSFC S-250-P-lC: Contractor Prepared Monthly, Periodic, and Final Reports.

GHB 5112.1: Performance Measurement System (PMS) Handbook

NASA Ref. Publication 1124: Outgassing Data for Selecting Spacecraft Materials

420-05-01: EOS Performance Assurance Requirements for General Instruments

420-03-01: EOS Project Calibration Management Plan

420-02-02: EOS Project Configuration Management Plan

422-20-04: EOS MODIS-N Software Management Requirements

(10) GEVS-SE: Gneral Environmental Verification Specification for STS and ELV Payloads, Subsy~tems,
and Components, NASA Goddard

(11) GHB 7120.1: Work Breakdown Structure

(12) NHB 6000.lC: Requirements for Packaging, Handling and Transportation

2.2 MILITARY SPECIFICATIONS AND STANDARDS

(1) MIL-STD-130G Identification Marking for U.S. Government Property

(2) DOD-D-1 OOOB:Military Specification Drawings, Engineering and Associated Lists, for Categories, & B,
C, D, G, H, Using Form 2 Drawings.

2.3 EOS POLAR PLATFORM INSTRUMENT INTERFACE SPECIFICATIONS

(1) 420-03-02: EOS General Instrument Interface Specification.
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(2) ~-21-o~-: EOS Unique Instrument Interface Document for MODIS-N~

2.4 EOSREFERENCE DOCUMEN=

(1) Reserved

3.0 TECHNICAL REQUIREMENTS

3.1 REQUIREMENTS OVERVIEW

3.1.1 General

The MODIS-N shall obse~e the fifi surface cross-track about nadir on a NASA Polar Orbiting Platform
~f the Earth Observing System. MODIS-N will be used for observation of land, ocean and [

atmosph~ric characteristics of the firth in visible and infrared bands.

ne MODIS-N shall consist of an optical system with~ cross-track scan capability, -duces. ~
detectors, associated

electronics, appropriate means to define thirty-six spectral bands, solar and lunar calibration capability, and
on-board spectral, mdiometric, and electronic calibrations ystems.

3.1.2 Spacecraft Intetiaces

Unique MODIS-N interface requirements, including maximum power, mass, and dimensions, are contained in this
specification.

General specifications for the interfaces between instruments and the EOS spacecraft are contained in the General
Instrument Interface Specification (GIIS). Additional details of MODIS-N unique interfac= with the spacecraft
shall be documented later by the MODIS-N contractor in coordination and in accordance with the Stage Release
interface requirements of the GIIS.

3.1.3 Maintainability and Servicing

MODIS-N shall be designed to facilitate repair on the ground.

Ay servicing performed in orbit will be at the level of replacing the entire instmmen~ no component or module
replacement in orbit is anticipated.

3.1.4 Definitions of Required Instrument Models

3.1.4.1 Radiometrlc Math Model

A Radiometric Math Model is an analytical model used to: evaluate the end-to-end radiometric performance of
the MODIS-N instmmenc conduct sensitivity analyses; determine absolute and relative calibration accuracies;
determine polarization sensitivity; identify major error mntnbutors which can be eliminated during the dmign

phase; identify impact of error budget trades; assess instmment performance in terms of Signal-to-Noise Ratio

(SNR), Noise Equivalent Differential Temperature (NEAT), stability in orbit, etc.

The model shall be related to actual test and wiibmtion data; the model shall be updated and refined during the
course of the MODIS development program until it simulates instrument performance accurate] y.

Mso to be included in the model are on-board and preflight ground laboratory calibration algorithms and a data
book that contains all pertinent measured data required by the calibration algorithms. The on-board calibration

algorithms are used along with ground Mlibration data to demonstrate that the absolute and relative radio metric
accumcies are being met. The on-board calibration algorithms are deliverables, in a form suitable for

incorpomtion into the Earth Observing System Data and Information System (EOSDIS), which convert from
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digital counts to ealibmted spectral radiances based upon all on-board calibration devi-. The calibration data
shall also be provided in a mutually agreed upon computer-compatible form.

The radiometric math model maybe a coherent compilation of multiple models or softsvare packages. It shall be
written in a common agreed-to Ian@age and tra nspofible to a Goddard Space Flight Gnter (GSFC) for
Government use.

3.1.4.2 Thermal Math Models

Thermal Math Models are analytical models used to evaluate the thermal performance of the instrument. The
thermal d~ign model shall k composed of at least 250 nod=; this model shall have sufficient detail of all

subsystems and critical interfams to predict accurately akolute (K) temperature, temperature gradients, and heat
flow between nodes and interfaces. nese models shall be verified and refined after comparison with thermal test
data. In addition, a “Surface Model” and a “Thermal Model” shall be prepared for inatrumentispaeecrsft interfaee
definition. Thermal Math Models are further defined in the GIIS and SOW.

3.1.4.3 Structural Math Models

Structural Math Models are analytical models used to evaluate the structural performance and microphonics
sensitivity of the instrument. Test-verified structural math models of the instrument of adequate fidelity shall be
developed.

A detailed model or models shall ~ developed which are capable of providing accurate internal elements and
member forces, stresses, and displauments. These models need not be NASTRAN and may contain as many

degr- of freedom (DO~ as necessary for accurate member force calculation. These models shall be verified

and refined after comparison with structural test results.

A reduced structural math model of the instrument shall be prepared. The model shall be prepared in
MSC/NAST’RAN format and contain no more than 500 dynamic DOF. The model shall meet the requirements
specified in the Contract Document Requirements List (CDRL) and GIIS. The modeI will be utilized in various
stati~ and dynami~ analyses. me accuracy of the model shall be verified by dynamic test data. The model shall
be updated to agree with the stmctural test results,

3.1.4.4 Structural/Thermal Model

A Structural~errnal Model is structurally, mechanically, and thermally equivalent to a Flight Unit, but need not
be capable of the optiesl or electrical functions of a Flight Model. me structure shall be made of flight materials.
This model shall have internal power distribution, performance of cntieal thermal subsystems elements, and

spacecraft-to-instrument interface thermal response like that of a Flight Model. This model shall have a mass and

mass distribution (center of gravity, moments of inertia) like that of a Flight Model; mass fidelity requirements are
in the G~S. This model shall be used by the contractor to verify physically the structural, mechanical, and
thermal design, and to provide the mass distribution.

3.1.4.5 Engineering Model

The Engineering Model (EM) is used to evaluate design decisions and shall be similar to a Protoflight Model
(PFM) in appearance, dimensions, function, performance, and interfaces. It need not be subjected to mechanical

environmental tests. It shall incorporate parts and components of the same type called for in the PFM design, but
they need not satisfy those specifications which assure a specified lifetime. The EM shall have the redundancy
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plamed for the protoflight and flight units, exmpt where justified otherwise by the contractor, and accepted by the

Government. The EM shall be tested in air and thermal vacuum to verify performance and shall, as a goal, meet
the performance requirements of this specification. The EM shall undergo a low-level modal survey to determine

structural resonanms.

3.1.4.6 Protofllght Model

The Protoflight Model is the first model wfich meets all contmcmal requirements for flight and undergoes the
entire test and calibration program. It undergoes qualification test conditions and, after any necessary

refurbishment, is planned for flight on the first EOS platform.

3.1.4.7 Flight Model

Flight Models are built and tested to satisfy all contractual requirernenb for flight. They undergo acceptance test

conditions and are flown on an EOS platform.

3.2 OPERATIONAL REQUIREMENTS

3.2.1 Nominal Orbital Parameters

The MODIS-N will be flown in a 1:30 PM t15 minutes asmnding node, circular, sun-synchronous, near-polar
orbit at an altitude of approximately 705@ or in a 10:30~ –15 -es descend~ node orbit w]th -+“ . .

3.2.2 Operational Modes

The following are required opmtional modes for the MODIS-N: The MODIS-N contractor shall recommend the
instrument configuration for these modes.

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

Launch Phase and Orbital Acquisition Mode: TO the extent possible, the platform will monitor the health

and safety of the instrument during this time. The instrument will not be powered.

Outgassing Mode: The instrument sha~ be non-operating or in partial operation during the early days of
the mission, during which the optim, cooler, and other critical components shall be protected against
contamination.

Activation Mode: Initial turn-on and warm-up of the instmment.

Mission Mode: Normal operation of the instrument, subdivided into day mode and night mode.

Day Mode: Normal daytime full operating mode of the instrument.

Night Mode: Normal nighttime reduced operating mode of the instrument, observing only in the thermal
bands.

Solar Calibration Mode: The instrument views a solar diffuser for a portion of each scan. This mode

shall be available for a few minutes of each orbit, near the South Pole.

Lunar Calibration Mode: The instrument views the moon for a portion of each scan while the spacecraft
continues to face nadir. ~ I
Spectral Calibration Mode: The on-board spectral calibrator is operating, while the instrument continues

its mission mode.

Survival Mode (~ergency Off Mode): This is for a spacecmft emergency; the inknt is that all
instruments will be reactivated incrementally upon spacecraft recovery. Initiation of this mode shall
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require a minimum of commands; ideally no instrument remti]guration is necessary before operating
power is cut off. If recofilguntion is required before powering off, MODIS-N shall hold the necessary

provisions. Survival heaters connected to a sepamte spacecraft power bus shall be provided to protect the
instrument in this mode.

3.2.3 Lifetime Requirements

The MODIS-N shall be desi~ed to opmte after delivery, within specification, without servicing, for six months
prior to launch and five years in orbit, following a maximum period of eight years in storage plus two years of

Integration and Test. The probability of meeting the five-year in-orbit lifetime requirement shall beat least 95%
as determined by test experience plus analytical assessment. Redundancy may be inco~rated to the extent

necessary to achieve the required lifetime. If any ground-based sewicing is anticipated because of the extended

storage periods, this shall be identified in the Preliminary Design Review.

For purposes of lifetime evaluation, failure of the instrument is defined as loss of 25% or more of the
w~ or loss of more than 50% of the ~ in one spectral region (i.e., VIS, NIR, SWIR,

MWIR, or LWIR). A ~~ shall be ~nsidered to have failed if the response in more than 25% of the
detector elements within that ~~ fall 50% below the response immediately before launch, or if the

detector elements in the ~~ camot be calibrated to perform within specification.

Prior to integration on the spacecraft, the instrument shall be thoroughly tested and recalibrated if the storage
period has exceeded one year. The PAR describes requirements regarding ageing and storage.

3.2.4 Natural Radiation Environment

The ionizing radiation environment of the EOS orbit is d=cnbed in the GIIS document and in documents
referenced therein. The MODIS-N will encounter a nominal background in its polar orbit and in addition traverse
the South Atlantic Anomaly seveml orbits per day. The following paragraphs provide the requirements for the
MODIS-N in the natural radiation environment.

3.2.4.1 Total Dose Performance

Early in the hardware dfiign phase of the program, the contractor shall exau”ne the orbital radiation environment
in order to determine design requirements which will permit the instrument to continue to operate within
specification at the end of five years in this orbital environment.

3.2.4.2 Transient Event Recovery

The South Atlantic Anomaly is characterized by an increasing density of energetic protons covering a spectrum of

energies in the 1 MeV to 100 MeV regime. It may be unreasonable to attempt to shield sensitive electronic parts

from all events caused by these particles. The contmctor shall use circuits, parts, components, and appropriate

shielding for the signal processing chain (detectors through buffer memory) which limit the impact in terms of the
number of saturated detector sites at the focal plane and the number of degraded data words leaving the buffer
memory. With regard to the focal planes, a single event shall affect no more than 3 contiguous spectral bands.

Within any spectral band, no more than 5 contiguous pixels shall be affected for a period of time not to exceed 5
contiguous 1000m pixel readout times from the inception of the event. An event in the electronic following the
focal planes shall degrade no more than 5 data words leaving the buffer memory. Three requirements apply to
events caused by particles having energy less than 20 MeV.

In the electronic which are not part of the signal processing chain, the instrument shall continue to operate

nominally while traversing the South Atlantic Anomaly.

3.2.4.3 Verification of Performance Effects Caused by Radiation

Verification of these requirements shall be by analysis, radiation tinting for total dose of custom electronics, and
by on-orbit performanw. Custom pafi manufactured by a process certified to be tolerant to the EOS level of

exposure over the five-year life do not require life testing.
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3.3 OPTICAL REQUIREMENTS

3.3.1 Instantaneous Field of View (IFOV)

3.3.2 Field of View

The instrument shall scan the IFOV ~5S degrees cross-tmck abut nadir, using a method which does not introduw
any image rotation.
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3.3.3 Spectral Bands

MODIS-N shall operate in the VIS, NIR, SWIR, MWIR and LWIR regions, and
measurement as listed in Table 3.3.3.

Table 3.3.3: Spectral Band Optical Characteristics

CENTER
WAVEMHGTH EAWDWIDTH IFOV

(nIn) (~) (Ill)
1 659 *5 250
2 865 *5 40 250

3 470 *5 20 500
4 555 *5 20 500
5 1240 i6 20 500
6 1640 *8 20 500
7 2130 *1O 50 500

8 415 *2 15 1000
9 443 fl 10 1000

10 490 *1 10 1000
11 531 *2 10 1000

shall provide spectral band

12 555 *5 10 1000

13 667 +1, -2 10 1000
14 681 *1 10 1000
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

750 *2
865 *5
905 kl
936 *1
940 *1

3750 *19
3750 *19
3959 *2O
4050 *2O
4465 *22
4515 *22
4565 *23
6715 f34
7325 t37
8550 *43
9730 *49

11030 f55
12020 k60
13335 *67
13635 *68
13935 k70
14235 t71

10
15
30
10
50

180
50
50
50
50
50
50

360
300
300
300
500
500
300
300
300
300

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

The high ranges of bands 29, 31, and 32 (defined in”Table 3.3.4.2) have the same wavelength requirements as the
normal ranges of these bands.

3.3.3.1 Definitions

These parameters relate to performance of the complete instrument system. See Figure 3.3.3.1.

a. Band Edge - The wavelength at which the response is half of the peak response; there is a lower and an
upper band edge.

b. Center Wavelength - The wavelength midway between the band edges.
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3.3.3 Spectral Bands

MODIS-N shall operate in the VIS, NIR, SWIR, MWIR and LWIR regions, and
measurement as listed in Table 3.3.3.

Table 3.3.3: Spectral Band Optical Characteristics

CENTER
WAVEMHGTH EAWDWIDTH IFOV

(nIn) (~) (Ill)
1 659 *5 250
2 865 *5 40 250

3 470 *5 20 500
4 555 *5 20 500
5 1240 i6 20 500
6 1640 *8 20 500
7 2130 *1O 50 500

8 415 *2 15 1000
9 443 fl 10 1000

10 490 *1 10 1000
11 531 *2 10 1000

shall provide spectral band

12 555 *5 10 1000

13 667 +1, -2 10 1000
14 681 *1 10 1000
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

750 *2
865 *5
905 kl
936 *1
940 *1

3750 *19
3750 *19
3959 *2O
4050 *2O
4465 *22
4515 *22
4565 *23
6715 f34
7325 t37
8550 *43
9730 *49

11030 f55
12020 k60
13335 *67
13635 *68
13935 k70
14235 t71

10
15
30
10
50

180
50
50
50
50
50
50

360
300
300
300
500
500
300
300
300
300

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

The high ranges of bands 29, 31, and 32 (defined in”Table 3.3.4.2) have the same wavelength requirements as the
normal ranges of these bands.

3.3.3.1 Definitions

These parameters relate to performance of the complete instrument system. See Figure 3.3.3.1.

a. Band Edge - The wavelength at which the response is half of the peak response; there is a lower and an
upper band edge.

b. Center Wavelength - The wavelength midway between the band edges.
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c.

d.

e.

f.

g.

h.

i.

—

Bandpass (or bandwidth) - The wavelength interval between the lower and upper band edg=. ~is is also
referred to as the FWHM response.

One-percent Response Point - the wavelength, nearest to the center wavelength, at which the mponse is

one-percent of the peak response; there is a lower and an upper one-percent rwpome point.

Extended Bandpass - The wavelength interval between the lower and upper one-peunt response points.

Out-of-Band Response Regions - The spectral regions beyond the extended bandpass.

Out-of-Band Response - The ratio of integrated out-of-band spectral response to integrated extended

bandpass spectral response. This ratio includes both the upper and lower wings of the r=ponse.

Out-of-Band Blocking - The inverse of the ratio defined as the out-of-band r=ponse.

Edge Range - The wavelength interval, in nanometers, between 5% of peak response

response.

and 80% of peak

100% --> ----- ---

\/’ \\/1 \
50% --> + +

/
/

—

\
\

—
- + <-- 1% I I +-

------ ------ + +------------- , -:::;G;iiii::;-i--_ .__--___ +_+------------

oUT-OF-BAND <----------- EXTENDED BANDPASS ------ ------ > OUT-OF-B~D

3.3.3.2 Wavelength Tolerances

The system bandwidth tolerance shall

wavelength tabulated in Table 3.3.3.

FIGURE 3.3.3.1

be kO.5Yo (kO.25% for bands 8 through 16) of the corresponding writer

The edge range shall not exceed 50% of the bandwidth in any spectral band.

3.3.3.3 Out-of-Band Characteristics

The out-of-band response shall be IWS than 5%. Each one-percent response point sha~ be within 1.5 times the’

bandpass from the corresponding band edge. Compliance with this specification shall be determined for a source
spectrum equivalent to the sum of Lcloud (the spectral radiance of a Lambertian surface of 1007o reflectance,

illuminated bv the sun at a zenith angle of 22.5 dewes) PIUS an extended 300K blackbody, kloud is tiven in
Table 3.3.4.1 }or the VIS, NIR, and SWIR bands, an~ in T~ble 3.3.4.2 for the thermal bands:

—

3.3.3.4 Ripple

The response between the 80% of peak points of the bandpass shall always exceed 80% of the peak r~ponse.

3.3.4 Sensltivlty Requirements

The sensitivity requirements for the MODIS-N spectral bands are given here. If the contractor determines that. .
time delay and integration (TDI) is required for any band, this promssing shall be done on board the instrument to

minimize the data rate.
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The instmment shall be capable of measuring spectral radiances from the Noise Equivalent Differential Spectral
Radiance (NEAL) up to the Maximum Spectral Radiance at the entranm aperture of the instrument (Lmax). The

instrument SNR shall be measured over this range of radiances.

% a consequence of increasing the IFOV areas 36% from Phase-B values, the sensitivity goal for each band shall
surpass the requirements tabulated in Sections 3.3.4.1 and 3.3.4.2 by 36%.

3.3.4.1 Visibie, Near iR and Short Wave iR Bands

Table 3.3.4.1 applies to the WS, NiR and SWIR bands. It presents the requirements for NEAL and for SNR. It

also presents Lmax, calculated for the expected maximum valu= of Earth surfaw reflectance plus atmospheric
effects, for a solar zenith angle of 22.5 degrees. Additionally, the table contains the typical spectral radiance,

Ltypieal, at the instmment entmnce aperture, for a solar zenith angle of 70 degrees. The required ~L and SNR

shall be achieved for Ltypical. The SNR is the ratio of Ltypical to the required NEAL. Leloud is included in the

table.

BAND

1
2

3
4
5
6

68
7

8

1:
11

TABLE 3.3.4.1 MODIS-N VIS, NIR and SWIR Ban&

TYPICAL MAXIMUM
CENTER REQUIRED SPECTRAL REQUIRED SPECTRAL

WAVBLENG!CE NEAL RADIANCE SNR RADIANCE

(Ltypical) (-X)
(run) (*) (*) (*)
659 0.169 21.8 128 685
865 0.123 24.7 201 285

470 0.145 35.3 243 593
555 0.127 29.0 228 518

1240 0.045 5.4 120 68
1640 u~ 7.3 @*

2130 0.009 1.0 110 22

415 0.051 44.9 880 175
443 0.050 41.9 838 133
490 0.040 32.1 802 101
531 0.037 27.9 754 82

Lcloud

(*)

457
293

570
559
138

70

27

573
585
539
538

1 . rcr n .iri ~7 n .
.“. . .

12 555 0.028 21. 0 750 64 528
1 3 <r-l n , n A 1 3 1 - -c A-1

. 809 .

13 667 0.0104 9.5 910 32 471
14 681 0.008 8.7 1087 31 440
15 750 0.017 10.2 586 26 373
16 865 0.012 6.2 516 16 286
17 905 0.060 10.0 167 185 252
18 936 0.063 3.6 57 256 267
19 940 0.060 15.0 250 189 244

* = Watts/m2/um/sr

3.3.4.2 Thermai Emittance Bands

Table 3.3.4.2 presents requirements for the thermal emittance (MWIR and LWIR) bands. The table shows
required NEAT and NEAL for typical scene temperatures and spectral radiances, Ltypical, of extended scenes.

me table also gives the mximum scene temperature, Tmax, and equivalent Lrnax values which the instrument
shali measure. The ~T shall be met at the typical scene temperatures. tiloud in included in the table.

Table 3.3.4.2 MODIS-N Thermal Bands
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BAND

1
2

3
4
5
6

68
7

8

1:
11
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WAVBLENG!CE NEAL RADIANCE SNR RADIANCE

(Ltypical) (-X)
(run) (*) (*) (*)
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865 0.123 24.7 201 285

470 0.145 35.3 243 593
555 0.127 29.0 228 518

1240 0.045 5.4 120 68
1640 u~ 7.3 @*

2130 0.009 1.0 110 22

415 0.051 44.9 880 175
443 0.050 41.9 838 133
490 0.040 32.1 802 101
531 0.037 27.9 754 82

Lcloud

(*)

457
293

570
559
138

70

27

573
585
539
538

1 . rcr n .iri ~7 n .
.“. . .

12 555 0.028 21. 0 750 64 528
1 3 <r-l n , n A 1 3 1 - -c A-1

. 809 .

13 667 0.0104 9.5 910 32 471
14 681 0.008 8.7 1087 31 440
15 750 0.017 10.2 586 26 373
16 865 0.012 6.2 516 16 286
17 905 0.060 10.0 167 185 252
18 936 0.063 3.6 57 256 267
19 940 0.060 15.0 250 189 244

* = Watts/m2/um/sr

3.3.4.2 Thermai Emittance Bands

Table 3.3.4.2 presents requirements for the thermal emittance (MWIR and LWIR) bands. The table shows
required NEAT and NEAL for typical scene temperatures and spectral radiances, Ltypical, of extended scenes.

me table also gives the mximum scene temperature, Tmax, and equivalent Lrnax values which the instrument
shali measure. The ~T shall be met at the typical scene temperatures. tiloud in included in the table.

Table 3.3.4.2 MODIS-N Thermal Bands
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TXPICAL TXPICAL MAX MAX
CENTER SCENE SPECTRAL REQD SCENE SPECTRAL

SAND WAVELNTH TEKP RADIANCE NEAT NEAL TEMP RADIANCE Lcloud
Tt~ Lt~ TmaX -x

(run) (K) :*!5 (K) (*) (K) (*)
20 3750 300 0.05 0.000957 335 1.71 0.45
21 3750 =* “ -M 5.00 0.0954 700 671

0.45
22 3959 300 0.67 0.07 0.00190 328 1.89 0.67
23 4050 300 0.79 0.07 0.00217 328 2.16 0.79
24 4465 250 0.17 0.25 0.00218 264 0.34 1.44
25 4515 275 0.59 0.25 0.00620 285 0.88 1.53
26 4565 275 0.63 0.25 0.00659 302 1.76 1.63
27 6715 240 1.16 0.25 0.0108 271 3.21 6.87
28 7325 250 2.18 0.25 0.0172 275 4.46 8.10
29 8550 300 9.58 0.05 0.00899 324 14.54 9.58

.I-l 3 a-- -ln
w

n
=.. %

I

30 9730 250 ::0 25 0 0219 275
31 11030 300 9.55 0.05 0.00701 324 13.25 9*55
31hi 11030 400 29.1 1.00 0.247 400 29.08 9.55
32 12020 300 8.94 0.05 0.00606 324 12.10 8.94
32hi 12020 400 25.1 1.00 0.198 400 25.07 8.94
33 13335 260 4.52 0.25 0.0183 285 6.56 7.94
34 13635 250 3.76 0.25 0.0161 268 5.02 7.71
35 13935 240 3.11 0.25 0.0141 261 4.42 7.48
36 14235 220 2.08 0.35 0.0154 238 2.96 7.25

* = Watts/ti/urn/sr

Noteu: ~ The high range of nonlinear bands J1 & 32 =t
9C . 36-is 324K to I

400K.

3.3.5 Instrument Polarization Insensitivity

All MODIS-Nspectral bands shall be insensitive to linear polarization as defined here. An analytical end-to-end
polarizationrnodel shallbeprovidedas partofthe radiometric math model.

The polarization factor, as defined below, shall be no greater than O.02 over scan angles of t45 degrees and
wavelengths from 0.43 to 2.2um.

PF = (Imax - Imin)/(Imax + lmin) <0.02

The contractor shall map the magnitude and direction of the polarization sensitivity of all bands over the full
range of scan angles. This mapping may combine measurements for at least sixteen representative bands,

including bands 9 through 17, with interpolation for the other bands.

The polarization model shall be adjusted to account for these data.

3.4 SYSTEM PERFORMANCE REQUIREMENTS

Performance and ground calibration data shall be analyzed and displayed in real time and in a quickly
understandable form. This form shall generally be plots in engineering units.

3.4.1 Dynamic Range

MODIS-N shall be designed to operate over a dynamic range that extends from the noise floor (NEAL) in each

spectral band to the maximum levels (Lmax) given in Tables 3.3.4.1 and 3.3.4.2. Instrument si mal to noise ratio

for radiances above Ltv~ shall exceed the reauirementx at LtvD.
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Performance and ground calibration data shall be analyzed and displayed in real time and in a quickly
understandable form. This form shall generally be plots in engineering units.

3.4.1 Dynamic Range

MODIS-N shall be designed to operate over a dynamic range that extends from the noise floor (NEAL) in each

spectral band to the maximum levels (Lmax) given in Tables 3.3.4.1 and 3.3.4.2. Instrument si mal to noise ratio

for radiances above Ltv~ shall exceed the reauirementx at LtvD.

DRAFT Ver 2.2 1/29/92
Page 10



3.4.2 Modulation Transfer Function

The MTF of the instrument system shall satisfy or exceed the values tabulated below. This MTF shall apply to
both along-track and cross-track directions for a sine wave input. The Nyquist frequency has a spatial period

equal to two IFOV’S on the ground.

Frequency /Nyquist Frequency MTF
0.00 1.0
0.25 0.9
0.50 0.7
0.75 0.5
1.00 0.3

The MTF requirements shall be satisfied for modulations of dark to Ltypical and for dark to Lmax, and shall be
~f the different spectral bands in the instrument. The M~s shall be 1achieved for every -

measured at repr~entative pointa of the VIS, MR, SWIR, MWIR and LWIR regions.

3.4.3 Minimum Quantizing Resolution

A quantizer shall be included in the MODIS-N instrument to generate a digital data stream. The quantization
steps shall be sized so that the signal-to-noise requirements for the typical spectral radianms and temperatures
given in Tables 3.3.4.1 and 3.3.4.2 are met. Differential linearity of any signal quantizer shall be better than 0.5

of the least significant bit ~B).

3.4.4 Transient Response (Bright Target Recovery)

me instrument shall be d=igned to m“nimize overshoot and ringing when the IFOV scans across a steep gradient
in spectral radiance, from a maximum of Lcloud (Lrnax for thermal bands) to a minimum of Ltypical. For this
radiance step change the output signal shall have less than 1% overshoot and the output signal shall settle to
within 0.5% of its final value within 2km. ~

,.

3.4.5 Radiometric Performance

3.4.5.1 Radiometric Accuracy (Spectrai & Ampiitude)

The MODIS-N digitized and calibnted spectral radiancea shall mee~ in orbit, the accuracy requirements
delineated below. More than one approach shall be used to verify the calibration accuracy and provide additional
confidence in the measurements.

A end-to-end analysis of the total system shall be conducted to show that the system will meet the specified
accuracy requirements over the full dynamic range.

The contractor shall consider internal heatem on key elements, or other instrument features which would aid in the
post-launch verification of instrument calibration.

The frequency of calibration updates required in orbit for the instrument shall be recommended by the contractor.
Operational procedures for routine, periodic calibration in orbit shall be developed.

3.4.5.2 Absoiute Radiometric Accuracy

The MODIS-N absolute radiometric accumcy requirements are given in Table 3.4.5.2, and shall be -tablished at
the typical spectral radiance levels given in Tables 3.3.4.1 and 3.3.4.2. At any other radiance &tween 0.3 Ltypical
and 0.9Lmax the absolute accuracy of the radiance shall not exceed the values in Table 3.4.5.2 by more than lYo.

These measurements shall be made at scan angles centered at O, -45, and +45 degrem of the cross-track swath.
Accuracies for the “hi” ranges (Table 3.3.4.2) of the noxdinear bands shall be 10%. All accuracies shall be
established relative to National Institute of Standards and Technology (NIS~ standards and standard procedures.

These calibration accuracy requirements shaii be satisfied for all cross-track angles.

DRAFT Ver 2.2 1/29/92
Page 11



Table 3.4.5.2 ABSOLUTE RADIOMETRIC ACCURACY NQUIREMENTS

REQT (ONE-SIGMA)
BELOW 3000 nm 5%
ABOVE 3000 m 1%

REFLECTANCE CALIBRATION 2%

3.4.5.3 Relatlve Radiometrfc Accuracy

3.4.5.3.1 Root Mean Square Deviation

The RMS deviation from the mean of the ~spectrsl radiance measurements within any spectral band I

when viewing a uNform calibration target shall be no ~ater than the NEAL values given in Tabl~ 3.3.4.1 and “

3.3.4.2. ~is applies over the full range of spectral radiance levels.

3.4.53.2 ~ ~nlformity

If multiple detector elements are used within a spectral band, the calibrated mean output of each m~

~ with respect to every other m~ shall be matched to within the values of WL given

in Table 3.3.4.1 for bands 1-19 and to within the values of NEAL given in Table 3.3.4.2 for bands 20-36. This

matching condition shall be met when the instrument views a uniform constant spectral radiance field at levels of
approximately 0.5Ltypical, Ltypical and 2Ltypical (or Lmax, if Lmax c 2Ltypical). This requirement does not
apply in the high temperature ranges of the notiinear (fire) bands.

3.4.5.3.3 System Electronic Crosstalk and Pattern Noise

*he response of another detector element in any band (the receiver) that is greater than one least significant I
bit (l-sigma) in response to a signal placed on the sender that is equivalent to the Ltypicsl for the sender and the
receiver with zero incident radiance. ~ be ~n the Drooosed 12 bjts for -1 to 32 @ 1obk I
-s 33 to 36, This effect excludes those crosstalk effects associated with photogenerated charge diffusing I

through the bulk of the detector material and is measured as an increase above the diffusion crosstalk. With

respect to the sender/receiver in the same spectral band, the effect may be detected as itiormation is read off the

focal pIane as a memory effect residual from the sender into the r=iver’s expected zero signal level. This
paragraph does not apply during transient radiation events.

There are other coherent noise mechanisms that lead to structured patterns in the output dab (e.g., herringbone or
diagonal bars). Thwe extraneous noise sources shall be imperceptible in data taken at the Ltypi@l radiance levels

for each spectral band. This shall be verified by two-dimensional pictorial display tests used on representative
~~. I
3.4.5.4 Uniformity of Response Across an lFO~~

The system response across each POV of each a~ in the along-track direction, shall be

measured to a resolution at least as fine as 10% of its width. Within the ~entral 80% of the width of the ~
~his response shall not vary by more than 220% of the mean.

3.4,5.5 System Noise Measurements

The signal-to-noise ratio shall be determined for all bands at a minimum of three equally spaced spectral rsdianw
levels between 0.3 Ltypical and 0.9 Lmsx to characterize the signal dependence of the system noise.
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3.4.6 Geometrk Performance Requlremente

& alignment reference cube shall be mounted on the MODIS-N instrument to allow transfer of alignment from
the instrument to the~ ~r to another referenm on the I

spamcraft. The contractor ma y also use this cube during performance testing.

3.4.6.1 Pointing Knowledge

The angular location of each IFOV with respect to the MODIS-N alignment reference cube shall be known to
within 30 arc sec (each axis, l-sigma) at all scan angles. The contractor shall develop an algorithm to relate this

knowledge to a cube on the ~.
.

I
3.4.6.2 Alignment Changes

The alignment of the instrument optical axis with respect to the instmment references and to the instrument

mounting surface shall not change by more than 60 arc seconds and the relative alignment of all spectral bands
shall remain within specification following any qualification level testing, launch, and in-orbit operation.

3.4.6.3 Spectral Band Registration

Coregistration of any two corresponding detector elements from different spectral bands having the same IFOV
shall be within *1O% of an IFOV in the cross-track and along-track directions.

For spectral bands having different IFOV’S, four 500m pixels and sixteen 250m pixels shall overlay the
~rrcsponding 1000m pixel at nadir. The tolerance on this coregistration requirement is 100m (2 10% of the

1000m pixel), both cross-tmck and along-track. Additionally, the goal for coregistration within the VIS bands and
within the NIR bands is 25m (t IO% of the 250m pixel).

3.4.7 Radiometric Ampiitude Stabiiity and Repeatability

Bias errors will be removed from the data during ground processing in order to improve radiometric accuracy. To
accomplish this the instmment shall be stable over temperature and time as defined below.

3.4.7.1 Shoti-lerm Stabiiity

Short-term stability as defined here applies to all time scales less than two weeks. The mean radiometric mponse
of each spectral band, comcted on the ground using in-flight calibration data, shall not differ by more than tl~o
(goal 10.5%) in the reflectance bands, and tO.5% in the emittance bands, from another response measurement

made while viewing the same source operating at equal intensity, but separated by any time up to two weeks,
including the effects of perturbations at the orbital period. These stability requiremen~ shall also be met for

short-term temperature excursions that may be expected to occur in the MODIS-N instmment.

3.4.7.2 Long-Term Stabiiity

hng-term stability as defined here applies to all time scala between two weeks and five years. The mean
calibrated radiometric response, as defined in the previous paragraph, of each band shall not change by more than
f2Yo (t l% longer than 3000nm). Because of the impracticability of demonstrating compliance by actual

measurement before instmment delivery, compliance can be demonstrated by an estimate of long-term stability
based upon short-term tests plus analysis. This analysis shall use measured instrument rates of change as well as

vendor supplied componentisubsystern test data.

3.4.7.3 Spectrai Band to Band Stabiiity

The relative amplitude stability between all pairs of spectral bands shall be better than fO.5% measured at

full-scale and ~1% at half-scale. Each band shall be exposed to a source and the mean responses determined.
To compare outputs between bands, the ratio of the means shall be calculated for each band with respect to a

common band. In addition, ratios shall be calculated for selected (approximately ten) pairs of bands which will be
used in common retrieval algorithms, e.g., ocean science pairs and land science pairs. These ratios shall remain
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constant within ~0.5% at full-scale and tl~o at half-scale over times separated by any interval up to two weeks,
including orbital variations.

3.4.7.4 Wavelength Stability

The stability of both the center wavelength and the bandwidth shall be better than 2nm for the VIS bands, and

better than 1% of the center wavelength for the other MODIS-N spectral bands. This includes shifts caused by
changes of humidity, temperature, pressure, vibrations, or time.

3.4.7.5 Wavelength Accuracy and Precision

Wavelength measurements of the entire system shall be made on the ground, with an absolute accuracy of 0.5nm
and a precision of 0.25nm, for wavelengths up to 1 um. The measurement accuracy and precision for all other

spectral bands shall scale linearly with wavelength from lure.

3.4.8 Stray Light Requirements

3.4.8.1 Stray Light Rejection

The MODIS-N shall reject unwanted scattered and diffracted mdiation which affects the radiometnc accuracy of
the instrument. The instrument shall be designed to restrict stray light from any portion of the spacecraft or other
spacecraft subsystem from entering the entrance aperture, solar calibration port, or space view port. In addition,
stray light shall not cause any degradation to performance of a radiative cooler, if used.

For the spacecraft in an operational, nadir-facing attitude, the instrument response to any stray light striking the
instrument on any surface (except the entrance ape~re and within the instrument FOV) from any angle shall be
less than one percent of the illumimting radiance, tested at the typical spectral radiances given in Table 3.3.4.1
and Table 3.3.4.2.

The sourm or sources used to irradiate the instrument for compliance testing shall have an intensity and
view-factor of sufficient size to yield irradiance levels at any surface equal to maximum solar irradiance for any
spectral interval within the entire MODIS-N spectral range.

3.4.8.2 Bright Target Within-Fieid Stray Light

For the VIS and NIR bands, when the MODIS-N views a 21 x 21 IFOV bright target of spectral radiance Lcloud,
which is surrounded by a region of spectral radiance Ltypical, the instrument response in the renter of the bright

target shall increase by no more than 0.004tiloud when the brightness of the surround is increased to Lmsx.

3.4.8.3 Dark Target Within-Fieid Stray Light

For the VIS and NIR bands, when the MODIS-N views a 21 x 21 IFOV dark target of spectrai radiance Ltypical,
which is surrounded by a bright region of spectral radiance Lcloud, the instrument response in the center of the
dark target shall decrease by no more than 0.004bloud when the brightnws of the surround is decreased to
0.02Lmax.

3.4.8.4 Warm Target Within Fieid Diffracted Light

For the thermal bands, when the MODIS-N views a target of 5 x S IFOV at Ltypieal which is surrounded by a
region of cold radiance at O.lLtypical, the instrument response in the center pixel of the target shall increase by no
more than 170 when the radiance of the surrounding region is increased to Ltypical.

3.4.9 in-Fiight Caiibratlon Requirements

An in-flight calibration syste~ including nemssary algorithms, is required. This system shall be capable of
calibrating the entire instrument from radiometric input to digital data stream output. Sources for amplitude

calibration include the sun, the moon, and on-board visible and thermal sources. An in-flight solar calibration for
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the VIS and NIR bands is required; spectral calibration is also required for these bands. Ail ahlute radiometric
calibration souw shall fill the aperture. 3.4.9.1 In-Flight Radiometic Calibration

The MODIS-N shall provide for in-flight radiometnc calibration of all spectral bands, providing measurement of
changes in gain of the optical, focal plane, and analog electronics subsystems. In-flight radiometric

characterization, i.e., output digitil value vemus input spectral mdian~, shall h made with sufficient accuracy to
assure that the calibration requirement delineated in this specifi~tion are achieved over the dynamic range of
0.3 Ltypiul to 0.9 Lmax.

3.4.9.2 In-Flight Wavelength @llbratlon

The MODIS-N shall provide for in-flight wavelength Mlibrstion of wavelengths up to lure. The flight calibration
shall be sensitive enough to detect a l.onm shift in the shortest wavelength band with a precision of 0.5nm. The
detectable shifts and measurement precision for the other spectral bands below lum shall scale with wavelength.

3.4.9.3 In-Flight Reflectance Calibration

The MODIS-N shall provide for in-flight mflechnce calibmtion, using the sun to illuminate a solar diffuser
surface which is viewed through the complete instrument optical system.

A on-board capability to monitor the soiar diffuser characteristics shall be provided. Knowledge of the diffuser
characteristic shall be adequate, when combined with other on-board calibrations, to maintain the calibration and
stability requirements of this specification throughout the five year lifetime of the MODIS-N instrument.

The contractor shall demonstrate by test that the system provided to monitor the solar diffuser characteristics is
sensitive enough and has the stability required to detect changes in the diffuser spectral reflectance in orbit, with a
precision and auuracy sufficient to meet the calibration and stability requirements of this specification. This can

be demonstrated on a test-to-test basis or by using averages of many tests sequences over periods of weeks to
months.

3.4.9.4 in-Fiight Lunar Calibration

Provision shall be made for using the moon occasionally as a calibration source. No spacecraft maneuvers shall
be required to view the moon.

3.4.9.!3 In-Flight Electronics Calibration

The MODIS-N shall consider provision of in-flight calibration of the entire analog and quantizing electronics by
inserting an appropriate reference signal, such as a ramp or a stair-step and monitoring the electronic response at
appropriate points. Failure in such circuitry shall not disable the signal carrying path.

3.4.10 Misceiianeous Instrument Requirements

3.4.10.1 Passive Radiant Cooier Decontamination & Margin

If a passive radiant cooler is used on MODIS-N, provision shall be made to decontaminate the cooler in the event
that outgassing products or other contaminants condense on the cold surfaces. Any moler doom used in this

procedure shall be designed to be fail-safe. The cooler shall be designed with adequate margin for the five-year

mission on EOS.

3.4.10.2 Ambient Conditions Operational Limitations

The contractor shall identify and document warnings regarding all sensitive parts, materials, and components and
operational instrument limitations in appropriate required plans, procedures or lists.
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3.4.10.3 Witness Mirrom

Witness mirrom, as required by the EOS Oeneral Instrument Interface Specification to permit a check of
contamination, shall be provided as part of the instrument.

3.4.10.4 Solar Flux into Optics or Radiators

Under certain unplanned spacecraft attitudes, the radiometer may sun through the sun on several suc-sive
scans. The radiometer shall be capable of scanning direct solar input in its 1lo-de--wide FOV for a period of
thirty seconds per event, and a total of five minutes in five years without detectable performance degradation or
reduction in lifetime.

Likewise, any radiator shall be capable of withstanding unplanned direct solar input for a period of thirty seconds
pe,r event, and a total of five minutes in five years without detectable performance degradation or reduction in

lifetime.

The radiometer shall return to its calibrated condition within Q- orbi~ after any WV secon d exposure to the

sun.

Normal, expected solar inputs shall not degrade performance for any portion of the orbit.

3.5 COMMAND, CONTROL, COMMUNICATIONS AND TELEMETRY REQUIREMENTS

3.5.1 Command and Control Functions

The MODIS-N electronics system shall be cotilgured to accept ground commands via the platform G?cDH
subsystem to perform all newssary instmment functions. A complete list of commands required to operate the

instrument shall be developed. A definition of the function and necessity of each command shall be provided. No
command or sequence of commands shall cause damage to the instrument.

3.5.2 Instrument Data Stream

The instrument data stream shall be sent to the platform C&DH subsystem. Selected housekeeping and ancillary

data shall be included in the data stream.

3.5.2.1 Data Rates

The maximum instrument data rate, averaged over one minute, without v data compression and before FDD~

~ shall not exceed 11 Mbps, including packetizing overhead. The data shall be buffered to provide a

steady data stream independent of scan timing. The night mode shall have a substantially lower data rate than the
day mode; additional differing data rates for other modes may be proposed.

3,5.2.2 Data Packet Format

The MODIS-N data shall be packetized within the instrument. The format of the data packets transmitted to the
EOS spacecraft is defined in the EOS Oeneral Instrument Interface Specification. All bands for a given pixel shall

be in the same packet. The contractor shall propose method(s) for multiplexing the varying pixel sizes. Data shall
be time tagged with real-time time code often enough to assure compliance with pointing and registration
requirements.

3.5.3 Instrument Health and Status Monitoring

Telemetry data shall be provided to monitor the health and operating status of the instrument. These data shall be
sufficient to permit pinpointing of failures within the instmmen~ and to permit accurate calibration of the
instrument. Additional telemetry signals not included in the data stream may be available as appropriate on a test
connector for use during ground testing; these shall be minimized.

I
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3.5.3.1 Command Status

The complete command status shall be contained in the housekeeping telemetry and the instrument engineering

telemetry to support health and status monitoring and mlibration. Update rates shall be compatible with the

frequency of mmmands which maybe sent during t=ting or flight operation.

3.5.3.2 Housekeeping and Engineering Telemetry

Telemetry of instmment tempemtums, volhges, currents, and other engineering parametem sufficient to evaluate
the rendition of the instrument, and to permit accurate calibration, shall be provided. Update rates shall be
compatible with anticipated rates of changes of these parametem and shall also be sufficiently frequent to allow
anomalous or transient behavior to be assessed. The telemetry information shall be included in the packetized
image data stream.

In addition to the housekeeping and instmment engineering data provided in the image data packet stream,

selected health and status data needed for the operation of the instrument shall be provided through a separate
housekeeping telemetry interface.

3.6 INTERFACE REQUIREMENTS

3.6.1 General

Interface requirements between the MODIS-N and EOS are given in the referenced documents, particularly the

General Instrument Interface Specification (GIIS) and the (UIID). The GIIS contains interface specifications
which apply to all instruments on the EOS spacecraft.

3.6.2 Unique

A UIID controls interface specifications which are unique to one particular instrument. ~
.

3.6.2.1 Power Consumption

The orbital average power consumption of MODIS-N shall not exceed 225 watts. me peak power comumption
of MODIS-N shail not exceed 27; watts. Survival power shall not exceed ~

.- —.

~150 watts~.

3.6.2.2 Mechanl~l Dimensions and Mass

The dimensiom of MODIS-N shall not exceed:

Cross-track -1.60 meters

Along-track -1.00 meter
Height -1.00 meter

The MODIS-N instrument shall be designed to mount crosswise on ~ EOS
(including coolen, doors, shields, diffusers, covers, ~tructural mounts. etc.), which
a~, extend past the edge of the spacecraft when deployed, or have limited areas

greater than 1.00 meter high are subject to limitation and negotiation. Appendages shall not move through the

field of view of a neighboring instrument.

The mass of MODIS-N shall not exceed 200 kg.

3.6.2.3 Cooling Plate

~
. .
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3.6.2.4 View Factom

The following fields of view have been factored into the ~S-A payload acmmmodations studies. Any views I

outside of these bounds are subject to negotiation.

3.6.2.4.1 Ground View

MODIS-N will have a clear ground view of five de~es wide along-track and 120 degrees cross-track, centered
on nadir.

3.6.2.4.2 Sun View

MODIS-N will be located at the front (velocity) end of the EOS platfom. ~is will provide MODIS-N with the

opportunist y to view the sun when EOS is passing ~ oole of a descc~

9~th ~le of an asc~on ok~ Obstructions in front of

MODIS-N will be no lower than the~DIS-N%~

3.6.2.4.3 Space View for Passive Cooler and/or RadiometW

A space view is available along the long side of the EOS platform for a cryogenic radiator. It may also be used
for moon or wld sky calibrations.

4.0 SOFIWARE REQUIREMENTS

4.1 GENERAL

The contractor shall provide all software, both instrument-bsed and external, necessary to operate, test, calibrate,
design, and analyze the instrument.

Ml software deliverable under this contract shall be consistent with the EOS MODIS-N Software Management
Requirements, 422-20-04. All software shall be implemented in modular form with a descriptive functional title
given to each module. All software modules shall be well commented. A comprehensive list of variables,

parameters, constants, labels, and entry points with definitions shall be maintained for each module in a User’s

Guide. Howcharts, labeling description, and their documentation shall be maintained for each module. Software

assuranm requirements shall be in accordance with the PAR. me instrument flight software interfaces with the
S/C shall be designed to be compatible with the capabilities described in the documents contained in Section 2 of
this document. All software which is required for operation and calibration through EOSDIS shall be compatible
with that facility. The contractor shall participate in the review of EOSDIS instrument interface requirements.

4.1.1 Data Processing Software

The contractor shall provide all software nemssary to analyze MODIS-N test data, for use at the contractor’s
facilities, at NASA facilities, at S/C contractor integration facilities, and for in-flight engineering analyses.

4.1.2 Instrument-Based Software/Firmware

The contractor shall design and provide in the instrument the capability to operate in the operational modes
defined in Section 3.2.

4.1.3 Software for Operations Analysis

The contractor shall deliver with the STE software to accomplish the following on the S~, software for all items
shall be in a high level language which is transferable with minimal effort to EOSDIS:

a. Instrument engineering and performance data analysis.

b. Quick-look engineering data analysis and display.
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c. Produw video monitor and paper hardcopy images of the earth or of another scene.

d. ~libration. Provide calibration algorithms and procedures including computation of calibration

coeticients based on the on-board mlibration sources as well as solar and lunar calibration sources.

e. Registration of spectral bands.

4.1.4 Command List and Description

The contractor shall provide a Command List and Description document containing descriptions and lists of all
commands and command sequences necessary for operation of the instrument, to enable EOSDIS to generate and
validate commands for in-flight or ground operation.

4.2 INSTRUMENT GROUND SO~ARE

The contractor shall design and provide all ground support software necessa~ to opemte, test and calibrate the
instrument at the contractor’s facilities, at NASA facilities using contractor-supplied GSE, at the spacecraft
integration facilitim using contractor-supplied GSE. This software shall support instrument verification,

integration, monitoring of performance, ground operations, as well as supporting evaluation of data acquired
during S/C integration and flight operations.

5.0 VERIFICATION AND CALIBRATION REQUIREMENTS

5.1 GENERAL

me MODIS-N contractor shall verify design, operation and performance to establish that the instrument meets the
requirements of this specification, including the referenced documents. When tests or calibrations are conducted

in differing ground environments, such as in gravity or air, justification shall be provided that the results are valid
for orbital conditions. The verification program shall:

a. demonstrate design qualification;

b. allow flight acceptance test of the hardware and software, and demonstrate that the performance,

operational, safety and interface requirements of this specification are me~

c. utilize calibration data and algorithms in the EOSDIS system and demonstrate full performance;

d. provide in-orbit evaluation to show that all verifiable performance requirements are met. Gmparison

shall be made to the ground test performance and any changes observed shall be analyzed and evaluated.

The mntractor shall, as a’minimum, perform all activititi outlined below. me objective is to demonstrate
through tests and analyses that all geometric, radiometric and calibration accuracy requirements are met. In those
casm where testing is impractical, analytical techniques may be used. The system includes the instrument plus all
associated test equipment and all calibration algorithms.

5.1.1 Verification Pian

The contractor shail prepare and maintain an overall MODIS-N Verification Plan as required by the PAR. This
pian, together with the MODIS-N Calibmtion Management Plan, shall be sufficient to describe how all
information needed for demonstrating specification compliance will be obtained, and to allow full interpretation
of the orbital data to be obtained. In addition, this plan shall describe the use, intemnnections, and function of all
GSE equipment, including calibration sources and their use at the spacecraft contractor’s facility.

5.1.2 Verification Specifications

The contractor shall prepare and maintain a MODIS-N Verification Specification as required by the PAR. This
specification may be combined with the Verification Plan, but shall address more detail than the Plan. The
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specification shall define environmental parametem, and shall list the specific tests and parameter limits within
this environmental envelope.

5.1.3 Verification Procedures

The contractor shall develop and maintain formal procedures for verification of the instrument or for subsystems
which will be verified before incorporation into a larger assembly. The contractor shall include pass/fail criteria
where applicable. All procedures and modifimtions shall be submitted to NASA for review and approval before

use.

5.1.4 Calibration Management Plan

The contractor shall prepare and maintain an overall MODIS-N calibration Management Plan. This plan shall
define the alibration procedures and calibration sequen= nemsary for instrument characterization, and shall
identify which level of assembly is to be calibrated in each case. This plan, together with the MODIS-N

Verification Plan, shall be sufficient to obtain all information needed for demonstmting specification wmpliance

and for full interpretation of the orbital data. Calibration accuracy analyses shall address both systematic and

random errors. T’he contractor shall provide algorithms along with all necessary parameters to perform itiight

calibrations. This plan shall be submitted to NASA for review and approval.

5.1.5 Calibration Procedures

The contractor shall develop and maintain formal prowdurcs for calibration of the instrument or for subsystems
which will be calibrated before incorporation into a larger assembly. Final calibrations shall be performed on the

entire instmment system, or on the largest practicable subsystem. The contractor shall include pass/fail criteria,

where applicable. All procedures and modifications shall be submitted to NASA for review and approval before
use.

5.1.6 Documentation of Test and Calibration Data

The contractor shall provide Specification Compliance and Calibration Data Books that present, as a minimum,
the specifi~tion requirement, the IFOV plots, and the calibration results, such as bandwidth response curves
overlaid one-to-the-other, and the required and measured signal-to-noise values. This shall be provided for all
MODIS-N spectral bands. Calibration curves and algorithms shall also be provided.

5.1.7 Limits Program

The contractor shall provide and maintain software to monitor all command states, as well as selected voltages,
currents, temperatures, and other parameters of the MODIS-N on a real-time basis. Certain functions which are

determined to be critical shall be monitored and the software shall be designed to alarm if a critical fault wurs,
and then automatically shut down the instrument if appropriate operator action is not taken. This software shall be
desi~ed to verify all operational modes of the MODIS-N and print out any out-of-tolerance items as they occur.
This-program shall be used any time the instrument is being operated from the System Test Equipment (SW).

All automatic sequences resident in the instrument or in any computer shall be capable of being bypassed
commands.

5.1.8 Controlled Documents

by

The MODIS-N Verification Plan, the MODIS-N Calibration Management Plan, and all individual test and
calibration specifications and procedures shall be controlled documents. Each shall bear a wver sheet which will
indicate all changes made after it has been approved and placed under configuration control. Each subsequent
change, whether originated by GSFC or the contractor, shall be effected by Configuration Change Request
procedurti.
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5.2 ENVIRONMENTAL TEST REQUIREMENTS

52.1 General

The MODIS-N protoflight and flight models shall b subjected to verification level and acceptance level
environmental tests -~tively. The utita shall meet all specified performance criteria during these tests. The

units are to be operated during these tests in a manner simulating actual operation during the various flight stag~.

Ay subsystem testing shall include the effect of the instrument itself, as determined by the contractor’s analyses,

on the environment for that subsystem,

The use of any environmental facility other than those at the contractor’s own plant requires prior approval in
writing from the Twhnical Officer.

T~ting of ~11 spectral bands shall be performed both in ambient (non-vacuum) and vacuum I

conditions.

Environmental test and analysis requirement and conditions for MODIS-N are contained in the PAR, GEVS, and
the GIIS.

5.3 SYSTEM FUNCTIONAL AND PERFORMANCE TEST REQUIREMEN=

5.3.1 General

Tests shall be performed in aardance with the verification and calibration requirements of this specification and
the PAR, to demonstrate that the instrument satisfies all functional and performance requirements of this
specification.

5.4 SYSTEM CALIBRATION

5.4.1 Responslbillty For Calibration

The calibration of the MODIS-N shall be the responsibility of the instrument contractor. Acceptanm of the
instrument is predicated upon its sumessful calibration. Sinm calibration is of highest priority, calibration shall

be closely coordinated with the Technical Officer. Through the Technical Officer, representatives of the MODIS

Facility Team whom he designates shali review the contractor’s test procedures, shall be invited to witness the

calibration process and shall be allowed to bring other calibration devices which may be of assistance during the
calibration activity.

The calibration pudures shall produce the information needed for processing the data gathered in orbit. The
calibration shall be conducted to 1) demonstrate system and subsystem pcrformanm, and 2) provide the data from

which the instrument s~trsl radiance to digital output transfer function can be determined.

Ail tests which will be conducted to verify integration with the platform shall be conducted beforehand at the
contractor’s facility to establish an output data baseline.

5.42 Calibration of System Response

The contractor shaii calibrate and test the instmment to determine its r~ponse to bown stimuli and to determine
all significant corrections to this response for the full expected range of instrument temperatures. The expected
orbital thermal environment shali be simulated, using heaters or cooiers as necessary, and the instrument shall be
tested with its full complement of shields and thermal insulation. The definitive calibrations shall be carried out

in thermal vacuum renditions.

5.4.2.1 Soumes

For instrument rsdiometnc calibration the contractor shali use sources of spectral radiance or irradiance traceable
to NIST. The contractor shall provide a plan for maintaining the relationship between worting sources and the
MST standards through the life of the contract.
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5.4.2.2 Radlometric Calibration Temperature Plateaus

Radiometnc response calibration measurements shall be made for at least three instrument temperature plateaus
for the relevant modes of operation. The mntractor shall determine the predicted peak-to-peak temperature

excursion in orbit about the typical instrument temprsture To. Calibration shall be performed at To, at the

maximum and minimum predicted temperatures, and at any intermediate temperatures the contractor determines
to be necessary in order to meet the instmment mlibration accuracy requirements. me temperatures shall be well
stabilized prior to conducting tests or measurements. Calibration data shall also k taken during the temperature

transitions.

Additional analyses and dynamic temperature measurements shall be performed as nemssary to permit the
determination of radian-to the specified accuracies when instrument temperature is changing in orbit, e.g, when
the instrument goes from night to day.

5.4.2.3 Linearity Calibration

Measurement of spectml radiance versus instrument Output signal in all spectral bands shall be provided in
sufficient detail to fully characterize instrument linearity.

5.4.2.4 Diffuser Calibration

The contractor shall provide a spectral calibration of the on-board diffuser deployed to its operating position. This
=Iibration shall extend beyond the total angular range of the sun expected to be encountered in orbit. The
contractor shall also measum the angles between the on-board diffiser normal and the instrument’s X, Y, and Z
axes to an accuracy of 0.1 de-e.

5.4.2.5 instrument Calibration Aigorhhms & Software

5.4.2.5.1 Radiometric

The mntractor shall provide and maintain all realtime and off-line software necessary to generate a complete
radiometric calibration of the instrument for the mission modes and calibration modes defined in this
specification.

5.4.2.5.2 S~ctrai

The contractor shall provide and maintain all realtime and off-line software necessary to generate a complete
wavelength calibration of the instrument in all spectral bands.

5.4.2.6 Formatted Reaitime Date Dump

The contractor shall provide and maintiin software to record and print a contiguous ~ real-time -Ilv a

fiw Wtes or less) decimal data dump which shall print out selected data just as it comes from the instmment for

any mode of operation. ~is listing shall contain band and detector element identification for each radiometric

data word.

5.4.3 Calibration Fixtures

The contractor shall provide and maintain test fixtures which shall be used for instrument test and calibration.
The contractor shall provide a sufficient number of fixtures as required by the schedule. These fixtures shall be

appropriate for both vacuum and ambient testing, as required, Fixtures for testing and calibration during

spacecraft integration, using the contractor’s stimuli, shall also be provided. The design shall minimize fixture
dependent effects that may introduce errors during instrument test and calibration. D6ign of fixtures is subject to
government review and approval.
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5.4.4 Calibration of Temperature and Voltage Monitors

Temperature and voltage monitoring circuits shall be provided where appropriate and shall be sufficiently

accurate to permit performance requirements to be achieved. Calibration curves in terms of munts versus volts or

temperature shall be provided.

5.5 SPECIAL DATA REQUIREMENTS

5.5.1 History Storage Media

Whenever the instrument is operated from the System Test Equipment (STE) or Bench Check Unit (BCU) the
contractor shall generate a digital history record, which will be stored on some form of mutually agreed upon
media and shall contain all MODIS-N output data plus all ancillary data necessary for the use of the instrument
data. All media shall be provided by the contractor.

5.5.2 Special Data History

The contractor shall provide copies of selected portions of the recorded data as requested by the Technical Officer.
~is will include all or part of the calibration data plus other selected acceptance test data. These records shall be
identified by date, test particular and location on the storage media.

6.0 GROUND SUPPORT EQUIPMENT REQUIREMENTS

6.1 GENERAL

The contractor shall provide and maintain the MODIS-N Ground Support Equipment (GSE) throughout the
duration of the contract. The GSE consists of the Bench Check Unit, the System Test Equipment including image
procmsors and reproducers, the GSE software, calibration equipment, shipping containem, expendable materials
and other necessary equipment and fixturing required to operate, test, calibrate, maintain the MODIS-N in a
contamination-free environment and to support instrument-to-spacecraft integration and cross-calibration during

spacecraft system level testing. The contractor shall perform tests necessary to demonstmte that all GSE is

functioning properly and within specification. Some GSE will also be used by the contractor to support in-flight

performance verification activities.

6.2 BENCH CHECK UNIT

6.2.1 General

The contractor shall provide a portable, relative] y simple, Bench Check Unit (BCU) which is able to perform
instrument aliveness testing. The BCU will normally reside at the contractor’s facility, but may be transported
elsewhere as needed.

6.2.2 BCU Requirements

(1) The BCU shall be able to perform functional, electrical, and gross performance checks of MODIS-N when the
instrument is not on the spacecraft.

(2) The BCU shall monitor the safety and health of the instrument to the degree necessary to preclude instrument

damage. Fuses may be employed.

(3) The BCU may include commoxdy available external equipment, e.g., a voltmeter or a personal mmputer, to
provide capability beyond that specially fabricated for the BCU. (4) The BCU shall be compatible with the

cabling provided with the STE.

(5) me BCU shall be able to process and display a time seriw for the output of at least one detector element at a

time. The BCU need not processor store the full instrument data stream.

(6) The contractor shall maintain the BCU until the end of the contract including any storage periods.
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6.3 SYSTEM TEST EQUIPMENT

6.3.1 General

me System Test Equipment (STE) Shall be able to operate the MODIS-N during all t=ting at the instrument
~ntractor’s facility. The STE shall be capable of interfacing with the DS platform GSE. The STE shall be
capable of re~rding all instrument data received from the MODIS-N and of performing performance analyses of
the data. It shall also perform off-line analyses of MODIS-N data contained on history “tapes”.

There shall be two fictionally identiml copies of the STE. One copy, STE1, shall be delivered to the spacecraft
contractor’s facility at the time the first flight instrument is delivered. The STEl will follow the spacecraft to the
WSMC prior to launch, then be returned to the spacecraft contractor’s facility for the next platform. STE1 will be
used to perform functional and operational checks of a MODIS-N when it is either on the bench or on the
spacecraft. It will also support instrument cross-calibration activitia on the spatirsft. The other copy, STE2,
shall remain at the contractor’s facility throughout the program. Calibration sources shall also be delivered with

STE1 for MODIS-N tests and calibrations at the spacecraft contractor’s facility.

6.3.2 STE Rqulrements

(1) The STE shall be designed to duplicate as closely as possible all interfaces normally supplied by the
spacecraft. The mntrsctor shall provide the spacecraft electrical interfaw hardware in accordance with design

information provided by the spacecraft contractor. The contractor shall provide test points for monitoring all

spacecraft related signals.

(2) The STE shall include automatic data processing equipment. The equipment shall, as a minimum, be capable

of generating selftest prugrams, execute command verification and sending programs, prevent instrument damage,

monitor mmplete instmment command status, pcrform limit checks, record special data, and perform engineering
analyses (e.g., band signal-to-noise analyses) of the MODIS-N rsdiometnc data. Any recorded data shall be
appropriately formatted and annotated so that it is readily accessible when nwded either at the wntractor’s facility
or elsewhere. me STE shall maintain a record of total ruining time on each instrument model in each mode of

operation.

The recording media and format shall be mutually agreed upon by the contractor and the Technical Officer.

(3) STE operation shall be generally transparent to whether the instrument is alone or mounted on the spacecraft.

(4) The STE shall include all cabling necessary to carry out the required activities with MODIS-N. Breakout

boxes shall be provided to check out each electrical interface.

(5) The STE shall have the apability of producing multispectral (false color) images on a monitor screen of any
one, two, or three spectral bands, and of producing hard copy monochmme images of any one band.

(6) The STE shall have the capability of making a paper hard copy of instrument raw data, specially formatted

instrument dati and all other information which can be written on a storage medium.

(7) The STE shall provide a means of decornmutating any word in the MODIS-N output data stream and
displaying the total decimal count and its identification in Arabic numerals as a continuous print. Status

indicators and status bits shall be decommutated in real time and clearly displayed on the STE console.

(8) The STE shall interface with all ancillary test equipment including the standard radiance and irradiance
sources. All essential data from this external equipment shall be automatically integrated with the instrument data
for mrrelation with instmment radiometric data.

(9) The STE shall provide test points for all significant MODIS-N and STE voltages and signals that are required
to assess the operational health of each system.

(10) The STE shall include instrument data simulation for self-testing.

(11) The contractor shall maintain each STE, including the automatic data system and software, until the end of
the contract, including any storage periods.
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(12) Performance and ground calibration data shall be analymd and displayed in ~eal time and in a quickly I
understandable form. ~Is form shall generally be plots in engineering units.

6.3.3 Calibration Equipment and GSE Software

The calibration equipment and GSE sotiare requirements are addressed elsewhere in this specification.

6.3.4 Shipping Container

The contractor shall provide environmentally ~ntmlled shipping containers and necessary anciIlary equipmen~ in
quantities to permit safe transport or storage of each instrument model.

Each shipping container shall be a suitable storage container and carrying case for each instrument. me container
shall be capable of being pwurimd with dry nitrogen and shall include shock protection, shock recorders, and
temperature and humidity raordem. The container shall be designed to protect the instrument (a) in storage and

(b) in transit via air freight and truck. The quantity of shipping containers required shall be determined by the

contractor.

6.4 EQUIPMENT FOR AMBIENT OPERATION

~uipment as needed shall be provided to permit ambient (in-air) operation of the instrument with any cooled

zones at their proper operating temperature. Provision shall be made to prevent water, ice or contamination from
forming on the instrument during such tests.

6.5 ANCIMRY EQUIPMENT

6.5.1 Drill Templates

The contractor shall provide identical drill templates and use them for drilling the mounting holes in all physical
models of MODIS-N. These templat~ will also be used for drilling the spacecraft mounting plate.

6.5.2 Handling and Lifting Fixtures

The contractor shall provide removable handling and lifting fixtures for the MODIS-N instruments, in accordance
with NHB 6000.lC. These fixtures shall be designed to permit handling during assembly, t~t, shipment, and

spacecraft integration operatiom. An appropriate set of these fixtures shall be shipped with the instrument as

required for supporting tests and spacecraft integration at the spacecraft contractor’s facility. The quantity of such
fixtures shall be sufficient to permit necessary activities of all MODIS-N models to proceed without delay. The
contractor shall provide additional handling equipment as necessary.
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APPENDIX A

A.1 Measurements

A.1.1 Precision

In this specification the use of the term “measurement precision “ is defined as the standard deviation of a

statistically meaningful number of samples of that measumment.

A.1.2 Repeatablllty

In this specification the use of the term “repeatability” is defined as the allowable difference between sumssive
measurements of the same parameter, or successive occurrence of the same event.

A.1 .3 ACCUrSCY

In this specification the use of the term “accuracy” or “measurement accuracy” is defined as the error (estimated
uncertain y) in the measurement. This intimate shall include boths ystematic and random errors.

A.1.4 Tolerance

Tolerance is the allowable range for a specified parameter.

A.2 Tests

Verification by test consists of any or all of the following activities.

A.2.1 Functional Test

A functional test demonstratesan event or condition with a small discrete number of possible outmmes, e.g., a
golno-go or yeslno type event.

A.2.2 Performance Test

A performance test provides a measurement of an event or condition with a continuum of possible outcomes; this
test measurement is then compared with the acceptable range of measurements for that parameter.

A.2.3 Design Qualification Environmental Tests

Design qualification environmental tests prove the flight-worthiness of the design and method of manufacture.
Qualification is amomplished by imposing environmental levels more severe than those expected during ground,
launch, and orbital operations. Emironmental levels and durations imposed shall be in accordana with the

GEVS document. Additional flight aweptance environmental tests are not required when design qualification
environmental tests are performed on flight hardware.

A.2.4 Fiight Acceptance Environmental Tests

Flight acceptan= environmental tests are intended to demonstrate adequate workmanship and the absence of
defects in flight hardware. This testing is amomplished by imposing environmental loads no more severe than the

limit levels (i.e., those expected in actual use). Exposure times are not to exceed the durations defined for limit
levels.

A.2.5 Anaiyticai Modei Validation Tests

Analytical model validation tests are tests intended to validate the mathematical models used in the analytical
predictions. Applicable tests include, but are not limited to, modal surveys, static deflection, static load and
thermal balance tests. The analytical model validation tests may be conducted on either engineering model
hardware or flight hardware and not necessarily at the hardware level of assembly the model rep=nts.
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A.3 Analysis

Analysis is used in lieu of or in addition to @ting to verify complianu with specification requirements. Where
applicable, environmental levels used in analyses to qualify the design shall be determined by applying the dmign
qualifimtion factom of Section 3 of the PAR to the limit levels of the environment.

A.4 Assessments

Verification by assessment consists of any of the following activities.

A.4.1 Similarity Assessment

Similarity assessmentis the process of assessing, by review of prior test data or hardware configuration and
application, that the article under consideration is sufficiently similar or identical in design and manufacturing
process to another article that has previously been qualified to equivalent or more stringent specifications.

A.4.2 Inspection Assessment

Inspection assessment is the process which maybe used in lieu of, or in conjunction with, testing to verify design
features (e.g., physical verification of compliance with drawings, wire coding, material compliance).

A.4.3 Demonstration Assessment

Demonstration assessment is the process by which demonstration techniquw (e.g., service amess, transportability,
hardware interfaces, replacement provisions) are used in lieu of or in conjunction with test to verify compliance
with the requirements.

A.4.4 Validation of Records Assessment

Validation of records assessment is the process
features and processes for flight hardware.

A.5 Environmental Limit Levels

by which manufacturing records are used to verify constmction

Environmental limit levels are those which are expected in actual use in ground, launch, and orbital operations.

Limit levels of environments for the Titan IV are specified in the documents referenced in the PAR. However, in
determining appropriate structural load limit levels for MODIS-N and ita elements, dynamic amplification by the

EOS platform and within the MODIS-N instrument shall be considered. Thermal limit levels shall be determined,
including the effects of the S/C.

A.6 Design Qualification Factors

Design qualification factom are used to modify the limit levels in order to amomplish the purpose of the
verification activity or design qualification. These factors modify the limit level magnitudes but not the duration
of exposure of the hardware to the environment.

A.7 Levels of Assembly for Verification

The hardware assembly levels used to identify discrete verification activities are defined as follows:

a.

b.

c.

component - a finctional subdivision of a subsystem, generally a self-contained mmbination of

assemblies (a box) performing a finction necessary for operation of a subsystem

subs ystem - a grouping of one or more components, including intercomecting cables, which performs a
particular operation

system - a grouping of subsystems
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d. instmment - the entire (MODIS-N) flight assembly. A system often becomes a subsystem of a larger

assembly.

A.8 Calibration

A procedure carried out to provide data which enable assembly outputs to be Elated to assembly inputs. The
assembly may be the instrument or a subsystem of the instrument.
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