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DISCUSSION







* NO OVERRUNS
- SUBMIT DELIVERABLES EARLY
- BE RESPONSIVE AND FLEXIBLE

- IDENTIFY REQUIREMENTS EARLY AND OFTEN

* CLOSE ACTIONS THOROUGHLY
* NO SURPRISES




INTRODUCTION

=
<
LUl
-
-
Ll
LUl
L
X
O
O
-




- " —

it

VASNCE cF?:l'(:IMAN
DIC%‘ SéANLAN

EXECUTIVE V.P.S

MISSILE SYSTEMS | ' SPACE SYSTEMS || LOCKHEED

DIVISION , DIVISON _ TECHNICAL
OPERATIONS CO.

L.D. MONTAGUE | 4 D.F. TANG, R.W. DESSLING
PRESIDENT ,_ | PRESIDENT PRESIDENT, GM

NASA AND FEDERAL SYSTEMS
A. GUASTAFERRO, V.P.

II ADv. ENVIR. PGMS
| wm.c wHITTEN



Dr. K. Hardy

Dr. K. Hutchison
Dr. Y. Chiu

Dr. T. Wilheit

Dr. P. Rosenkranz

ME
Adrngom

DMSP BLOCK 6/NOAA
CONVERGENCE
NPOESS

M. G. WHITTEN

SYSTEMS || SENSOR
ENGINEERING SYSTEMS

D.J. Paul P. Callary

SPACECRAFT
ENGINEERING

DATA AND USER
SYSTEMS




» C3 Design
and Developement

» Data Processing & Algorithm
Development : ! - « SES Design
‘ - Sensor Support

* Phenomenology
 Software Technology

* IDPS Segment Definition &

 Overall Program Mgmt Design
and Integration

* IWPTB Development

* Algorithm Development













. 20 Unique Designs: 2.1 to 377 kg
. 67 SBRC Sensors Launched: 260 Instrument Years in Space
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STATE & MODE TRANSITION DIAGRAMS
TIMELINES

INTERFACE N2 CHARTS

PERFORMANCE & ERROR BUDGETS
INTERACTION DIAGRAMS

ENG MEMO
DRIVERS

PAATHGR

EXTERNAL
SYSTEMS

DESIGN
DOCUMENT

TRADE
RANGES
& TREES

MISSION
ENVIRONMENT
LIFE CYCLE COST
SYSTEM EFFECTIVENESS
RISK

PRODUCIBILITY
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SUPPORTABILITY

REQUIREMENTS
DEVELOPMENT

e VERIFICATION PLAN
« TEST PLANS

e TEST CASES

» SCENARIOS

o ANALYSES
 SIMULATIONS

« AUDITS

« PERFORMANCE DEMOS
» PRODUCIBILITY DEMOS
o ALGORITHM TESTBEDS
« HWIL TESTBEDS

o DEVELOPMENT TESTS
e QUAL TESTS

e ACCEPTANCE TESTS

o INTEGRATED SYSTEM TESTS
o OPERATIONAL TESTS
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MAINTENANCE & SUPPORT

DEPLOY SYSTEM

* DRAWINGS
* ALGORITHMS
* SOFTWARE CODE

PLAN IMPLEMENTATION

e DEVELOPMENT

® RISK MITIGATION

* SPEC ENGINEERING
® SAFETY & SECURITY
* INTEGRATION

® MFG & QUALITY

EXISTING
DESIGNS

us

PROCEDURES
PLANS

SITE ACTIVATION
EQUIPMENT INSTALLATION
SYSTEM TURNOVER

® TRAINING
* DEPLOYMENT
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Generate Mission L., Deliver Mission | _ _..1 Receive & Store
Sensor & Telemetry | = Sensor & Telemetry | Sensor Data
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UPDATED RQMTS
FROM IPO

IMPACT OF EDR RQMTS
ON SENSING
REQUIREMENTS

EDR PERFORMANCE & | EDR PERFORMANCE &

IMPACTS FOR | IMPACTS FOR NEW SENSOR
ENHANCED BASELINE | : COMPLEMENT

EVALUATION OF REQUIREMENTS
NOAA, DOD, AND CONTRACTOR SCIENCE
TEAMS IN A JOINT FORUM

EDR & SENSING
REQUIREMENTS
ESTABLISHED?

DESIGN AND COST BASELINE
SYSTEM




Design Features/
Performance Measures

Prioritization of
Customer “Wants”

1. Severe Wx Forecast\\ Utility/Relationship 1. Cost

2. Cloud Imagery Matrix 2. Supportability

Measures how well
“Wants” are met. *

S—
N

Sensitivity to Design
Features
Prioritzation of relative
importance of changes
in design features
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COMMENT NUMBER: SYS-13
REFERENCE: Attachment 4, Vol. 1, Appendix B Section: 20.

QUESTION/CONCERN:

Part of the Data Availability requirement to the Centrals reads as follows: "95% of
time, data shall be provided to Centrals at min. once per orbital period, within
TBD period + 30 min. from time of observation". There are several issues
associated with this requirement.

DISCUSSION:

One issue refers to the phrase "once per orbital period". We have interpreted this

phrase to mean that 95% of the time, you want to be able to downlink the data in
question at least once each orbil. During the other 5% of the time, the system will
need to accommodate the notion that blind revs may occur between contacts with
the system's ground station network.

Another issue refers to how the requirement is trying to specify the age of the
oldest data to be delivered to the Centrals. We interpreted the requirement as
specifying the timeframe (t) from the data's time of observation (i.e., t = 0) until
all of the data is provided to the Centrals by the C3S. It seems to be the intention
of the requirement that this timeframe be no greater than the sum of the orbital
period which corresponds to a satellite's operational altitude and which currently
is TBD minutes in length plus an additional 30 minutes for data routing from the
satellite through the C3S to the Centrals.

RECOMMENDATION:

In accordance with our interpretation the requirement should read as follows
(unless otherwise directed): "95% of time, all data acquired by a satellite since its
last contact with a ground station shall be downlinked to the C3S at least once per
orbit such that the timeframe from the data's time of observation until it is
provided to the Centrals shall be no greater than an orbital period of TBD minutes
plus 30 minutes."
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EDRs Provided
* Cloud Top Data

« Cloud Imagery

« Visibility

- Land Srfc Temp

« Sea Srfc Temp
now/ice Cover
urface Albedo
ea lce
urface Type

* Cloud Proc Data




* REGIONAL SITES
PROCESSING
NETWORK

« INTERFACE DATA
PROCESSING

« CENTRAL SITES
- SHARED

CENTRAL
ELEMENT]




REAL TIME
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MARK IV & IVB

SMQ-11

SMQ-11

TESS(3

Surface Data
Collectors

CRX

+ AFGWC
« NESDIS « ERL

* FNMOC - EUMETSAT
« NAVOCEANO










3

i)




N
L
Q
<
-
-
o
LLI
7))
<
L
o

- E/O IMAGER

 MICROWAVE IMAGER

* PROFILERS

- SESS & CLIMATE







o




PARAMETER OASIS REQUIREMENT

- ALTITUDE 833 KM POLAR
- EQUATORIAL CROSSING 0530; 0930; 1330

- TOTAL SOLAR ANGLE RANGE 0 - 95 DEG
- SCAN ANGLE RANGE +/-55.5 DEG
- SENSOR CROSS-TRACK SCANNER
- ENVELOPE (IN) 52 x 33 x 25
(CM) 132 x 83.8 X 63.5

- ELECTRONICS (IN) 16 x 16 x 8
(CM) 40.6 x 40.6 x 20.3
- POWER (IN) 12x8x8
(CM) 30.5 x 20.3 x 20.3
- MASS LBS (KG) 304 (137.9)
- AVG POWER (W) 216.9; PEAK< 250
- SPATIAL RESOLUTION LLL
- NADIR 0.65 KM 3.25 KM
- SCAN END: 55.5 DEG 1.3 KM 6.5 KM
- BAND-TO-BAND REG 0.25 PIXEL (1/4)
- SYSTEM LINEARITY <TBD %
- POLARIZATION <5%
- RELIABILITY 5 YEARS _




SPECIFIED OMIS
(SYSTEM LEVEL
REQUIREMENTS) 1

SPECIFIED

VIR

R

OASIS CAPABILITY

CAL

SEN.

DERIVED CAI2

SENSITIVITY

12% @ 0.5 ALBEDO

1.7%

20

6%

9.6

0.88

12% @ 0.5 ALBEDO

1.7%

6%

9.6

1.75

15% @ 0.5% ALBEDO

1.7%

6%

9.6

3.9

0.85 K
(2.8-5.2% @ 340-260K

1.73%

3.95%

3.41% (0.56K)
(260)

113

0.3 K (0.55%) @ 270K
0.9 K (3.3%) @ 190 K

0.6%

1.16%

3.12% (0.84K)
(190K)

12.5

0.3 K (0.5%) @ 270K
0.9 K (3%) @ 190 K

0.53%

1.1%

2.78% (0.84K)

20%

N/A

(190K)
6

ASSUMED 0.85K
(1.2-3.2% @ 340 - 190

0.77%

3.75% (0.8K)










FUNCTION & FREQUENCY (GH2) HERITAGE DESIGN
CHANNEL # & POLARIZATION STATUS

IMAGING
19.35V&H FLIGHT

23.8 H FLIGHT*
370V & H FLIGHT
91.65V & H FLIGHT

MOISTURE
SOUNDING

8 150 BREADBOARD
9 170 BREADBOARD
10 183 +/-3 BREADBOARD
11 183 +/-7 BREADBOARD

TEMPERATURE
SOUNDING

37V &H sSsSM/I, TMI FLIGHT
many near 60 SSMIS STUDY | ANALYSIS ONLY







MICROWAVE
SOUNDERS

SOUNDERS




ENVIRONMENT
DATA RECORD

COMPONENTS/
HERITAGE

ATTRIBUTES

AURORAL
BOUNDARIES

FUV IMAGER /
DMSP BLOCKS,
HILAT, POLAR
BEAR

FUV REMOTE SENSING OF
AURORAL EMISSIONS PROVIDES
QUANTITATIVE INFORMATION ON
SPECTRAL PROPERTIES OF
AURORAL PARTICLE FLUXES.
DESIGN SIMILAR TO NADIS FOR
COST REDUCTION

GEOMAGNETIC

electronics

sensor/boom

BOOM-MOUNTED
VECTOR
MAGNETOMETER/
DMSP BLOCKS,
MAGSAT

PROVIDES INFORMATION ABOUT
AURORAL CURRENT SYSTEMS
TO SUPPORTS ELECTRODYNAMIC
MODELING AND AURORAL
BOUNDARY IDENTIFICATION

RADIATION

HEPS

UARS/PEM/NASA

STATE-OF-ART DESIGN PROVIDES
HIGH-ENERGY PARTICLE FLUXES
AND SPECTRA

ATMOSPHERE
MEASUREMENTS

FUV LIMB-
SCANNING
SPECTROMETER/
DMSP BLOCK 5,
ABIS

FUV REMOTE SENSING OF DAYTIME
NEUTRAL ATMOSPHERE EMISSIONS.
DESIGN SIMILAR TO ABIS, BUT
SCANS LIMB INSTEAD OF NADIR




ENVIRONMENT
DATA RECORD

COMPONENTS/
HERITAGE

ATTRIBUTES

DISCRIMINATION

IONOSPHERIC GPS RECEIVER AND | INNOVATIVE TECHNIQUE FOR IONO-
ELECTRON ANTENNA / TOPEX SPHERIC REMOTE SENSING USING
DENSITY GPS SIGNALS RECEIVED BY DMSP,
DAY & NIGHT GLOBAL IONOSPHERIC
SPECIFICATION INDEPENDENT
OF MODEL
6 Antennas
ground
IONOSPHERIC RPA-D plane RETARDING LOCAL ELECTRIC FIELD & ELECTRON
ELECTRIC POT. ANALYZER DENSITY MEASUREMENTS USED
FIELDS AND DRIFTMETER/ FOR ELECTRODYNAMIC MODELING
DMSP BLOCK 5 AND | AND IONOSPHERIC SPECIFICATION |
DYNAMICS EXPLORE
La:::gr:: il'electronics EER
PRECIPITATING MEPS HEMISPHERIC STATE-OF-THE-ART DESIGN USED
CHARGED ELECTROSTATIC SUCCESSFULLY ON THE CRRES
PARTICLES ANALYZER / DMSP SATELLITE; SIMULTANEOUS
BLOCK 5 & CRRES ENERGY AND PITCH ANGLE
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REQUIREMENTS DEVELOPMENT
« MISSION AND REQUIREMENTS ANALYSIS | | - PRIMARY EMPHASIS FOR ACQ SPT

« FUNCTIONAL FLOW ANALYSIS | + LIMITED TO KEY COST- - REQSL\I(IgEﬂéNTS

« PRELIMINARY REQUIREMENTS ©| PERFORMANCE DRIVERS B _
ALLOCATION | R PR REVIEW “SHALL"s |

* RELIABILITY ANALYSIS | ..

« SYSTEM INTERFACE STUDIES | vseemE— | * RISKIDENT AND

« GENERATION OF SPECIFICATION PROGRAMPLANNING | | RANKING.

- INTEGRATED TEST PLANNING | | REDUCTION &

« DATA MANAGEMENT PLANS «. 1 CONTROL
« CONFIGURATION .| » SIGNIFICANT TRADE-

BASELINE DEVELOPMENT MANAGEMENT PLANS il OFFS
« TRADE STUDIES (INCLUDING COS
TRADE ( T PRELIMINARY | * IDENTIFYING

* SYNTHESIS .| MANUFACTURING PLANS | COMPUTER

» LOGISTICS SPT ANALYSIS i : .1 RESOURCES &
. EMC .. | « MILESTONE SCHEDULES .| PARTITIONING INTO

URVIVABILITY/VULNERABILITY HWCis AND CSCls.
vy e « PRODUCIBILITY AND

« ENVIRONMENTAL CONSIDERATIONS pE _:;; o e et i s —~ ' MANUFACTURING
« HUMAN FACTORS ANALYSIS . | PROGRAMRISK | = CONSIDERATIONS

- MANPOWER REQUIREMENTS/ - ———| . SIGNIFICANT
PERSONNEL ANALYSIS . | ANALYSIS . HAZARD
CONSIDERATION




PRELIMINARY
RESULTS, ISSUES

AND CONCERNS

* PROGRAMMATIC

* SYSTEM PERFORMANCE
* EDRs / SENSORS
*C3-IDPS




CONGRESSIONAL * WILLINGNESS TO FUND DEPENDS ON
SUPPORT 1) PERCEIVED NEED

2) COST SAVINGS

3) COST CREDIBILITY

* TREAT LCC AS THRESHOLD AND OBJECTIVE

*IPO COMMITMENT TO TIMELINE

* PHASE ZERO DEVELOPS ALTERNATIVES

* STRONG DEM-VAL REDUCES SYSTEM RISK

* EUROPEAN COMMITMENT CAN DRIVE N PRIME
LAUNCH DATE

* SPATIAL RESOLUTION PLUS CALIBRATION
REQUIREMENTS GROWTH MEANS COST

* RQMTS RESOLUTION PROCESS NEEDED TO MEET
DEM-VAL AND EMD DATES

»IPO-CONTRACTOR TEAM COMMUNICATIONS
ESSENTIAL (VTC, PSR







O QUANTITY:

O QUALITY:

O COVERAGE:

O AVAILABILITY:

40 GB PER ORBIT
72 EDRS TO USERS

0.65KM RESOLUTION
-4 KM MAPPING ACCURACY

100% CONTIGUOUS
4 TO 6 HR REFRESH

5%




. DATA VOLUME (40 Gb PER ORBIT) MAY PRECLUDE S-BAND
DOWNLINK ALTERNATIVE

S TDRSS STILL AN OPTION?

DATA TO FIELD USERS WILL DRIVE NUMBER AND CONTENT
OF REALTIME DOWNLINKS

MAPPING ACCURACY GOALS NOT FEASIBLE

— 0.25 /1 km E/O; 1 km MICROWAVE; 10 m BATHYMETRY

. HOW WE DEFINE GLOBAL AVERAGE REFRESH CAN DRIVE
CONSTELLATION SIZE:

-~ 3SATS FOR 4 HRS VS 2 SATS FOR 6 HRS

« CLARIFICATION OF DATA AVAILABILITY REQUIREMENT
ESSENTIAL TO DETERMINE SYSTEM-WIDE DATA LOADING

« COMMON ELECTRICAL AND DATA INTERFACES FOR ALL
SENSORS

— MAY NOT BE APPROPRIATE FOR EXISTING / GFE SENSORS
— PRIME CONTRACTOR CAN TAILOR
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7.2x109

EDR STORAGE

SPECfp92

1.3x 1011

JUN 94 OCT 94
CBASELNE  MINIMUM

Lt AT
R i :

1 200MHz DEC Alpha CPU = 180 SPECfp92

QUANTITY AND
RESOLUTION OF
EDRS HAVE A
SIGNIFICANT IMPACT
ON STORAGE

AND PROCESSING




CURRENT MAPPING ACCURACY REQUIREMENT
APPLIES ACROSS THE SCAN NOT JUST AT NADIR

" HUBBLE SPACE
TELESCOPE .




- RELATIVE WEIGHTS / PRIORITIES OF EDRs
REQUIRED TO FOCUS TRADES

« MICROWAVE IMAGERY RESOLUTION
REQUIREMENTS (ICE AND SNOW) FOR LESS
THAN 50 km AT 19.5 GHz UNACHIEVABLE

WITHOUT SIGNIFICANT IMPACT ON ANTENNA
SIZE

 LAND AND SEA SURFACE TEMPERATURE
GOALS UNACHIEVABLE

« SES EDR AND INSTRUMENT ISSUES
IDENTIFIED
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Required Diameter (m)
S

- 100% Coverage
(69.8 deg Incidence) Altitude = 833 km
1 _ HIGHER RESOLUTION
_ ScanAngle =140 deg | | AN BE ACHIEVED
Taper =125 FOR THE SAME

| DIAMETER ANTENNA
BY REDUCING THE

] COVERAGE (AT THE

80% Coverage EXPENSE OF AVERAGE

. (62.7 deg incldence) REFRESH)

1 60% Coverage

i (53.4 deg Incidence)

1 Baseline MISS Dia

0 ' 1l0 2t0 ' 3'0 ' 4I0 ) 510 ’ 6]0 Y 7'0 ' 8'0 ' 9'0 ' 100

Resolution (km) @ 19.35 GHz



- 833 km Orbit -

Coverage Re




Nighttime Performance Parameterized by
3.7 micron Band 1-Sigma Accuracy (K)

Reported
AVHRR
MCSST

Capability

* NPOESS SYSTEM SPEC MINIMUM UNATTAINABLE USING E/O BANDS IN DAYTIME.
ACHIEVABLE WITH 1-s ERROR OF 0.1 K AT 3.7 microns AND 0.1 K AT 11 /12
microns AT NIGHT.

* GOAL OF 0.25 K IS UNATTAINABLE

* BASED ON RESULTS FROM McCLAIN, ET. AL., 1983




Auroral
Iimagery

Optical
Background

Cooled IR
Radlometer

Medlum

Electric Fleld

RPAD (upgrade)

Medlum

Electron
Density

GPSR + RPAD +
ABIS + NADIS

GPSR
= Low

Geomagnetic
Field

VECMAG

In-Situ
Measurements

RPAD (upgrade)

Scintillation

Multifrequency
Radio Beacon

Medium

Ground
Recvrs Reqd

Neutral Denslty

NADIS

High

None

Energetic
Particles

HEPS

High

None

Solar EUV

Whole Disk

WHITE BOXES HIGHLIGHT CRITICAL
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— MULTIPLE USER CONSTITUENCIES

— A COMPLICATION FOR OBP

— A COMPELLING NEED FOR DATA COMPRESSION
C3 /IDPS ARCHITECTURE ALTERNATIVES

— CAN SAVE 30 - 50 % OF C3 LCC

— CENTRALIZED PROCESSING AND TDRSS CAN SAVE
~ 80% C3 LCC

« C2 ALTERNATIVES CAN
— PROVIDE EUMETSAT | / F FOR O2 DRR
— RE-ALLOCATE FVSF FUNCTIONS WITHIN SOC
COTS USAGE CAN REDUCE SOC - RELATED COSTS







O SUPPORT CONVERGENCE, IT’S STILL A
NATIONAL GOAL

O INSURE PHASE ZERO TRACES LCC AND
DOCUMENTS CREDIBLE COST SAVINGS

O PREPARE NOW FOR A CONVERGED DEM-VAL
IN EARLY FY 96

O START OPERATIONS CONCEPT
DEVELOPMENT EARLY

O SUPPORT IN-DEPTH REQUIREMENTS
ANALYSIS AND END-TO-END SOLUTIONS




