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Section I
Customer Information

Mission Title:
Imager for Magnetopause-to-Aurora Global Exploration (IMAGE)



Category/Sponsor:
 FORMCHECKBOX 
  NASA
 FORMCHECKBOX 
  U.S. Commercial 

 FORMCHECKBOX 
 NASA Cooperative
 FORMCHECKBOX 
  Foreign Commercial

 FORMCHECKBOX 
  Non-NASA Government
 FORMCHECKBOX 
  Foreign Government

 FORMCHECKBOX 
  DOD
 FORMCHECKBOX 
  Other

(If Other, Describe]


Mission Objectives:
1. What are the dominant mechanisms for injecting plasma into the magnetosphere on substorm and magnetic storm time scales?

2. What is the directly driven response of the magnetosphere to solar winds changes?

3. How and where are magnetospheric plasmas energized, transported and subsequently lost during storms and substorms?



Launch/Flight Information:
 FORMCHECKBOX 
  Space Shuttle LV
 FORMCHECKBOX 
 Aircraft 
 FORMCHECKBOX 
 RLV

 FORMCHECKBOX 
 Expendable LV
 FORMCHECKBOX 
 Other

Specify:       Vehicle Delta 7326                       Upper Stage Star37 FM
Launch/Operations Site: Western Range (WR)
Trajectory Regime Description: Elliptical/Polar
Launch/Flight Date(s): March 25, 2000

Orbit/Flight Path Data::
 FORMCHECKBOX 
  Aeroflight
 FORMCHECKBOX 
 High-Earth Orbit 

 FORMCHECKBOX 
  Suborbital
 FORMCHECKBOX 
 Deep Space

 FORMCHECKBOX 
  Low-Earth Orbit
 FORMCHECKBOX 
 Other

Orbital Parameters as Applicable:    Specify

Apogee: 7.2 Re                 Perigee: 1000 km                     Inclination: 90o 
Other Trajectory Information: (See DSN) 360 o initial RAAN



Key Mission Events and Dates:

Approved Mission Start Date: 4/96       Phase C/D Start Date: 6/10/97

Present Phase of Development:  C

Requirements Maturity Assessment:
 FORMCHECKBOX 
 >80%
 FORMCHECKBOX 
 >50%
 FORMCHECKBOX 
 <50%

Funding Approval Status:  

Mission Duration: (mo/yr) Prime: Two years                            Extended: One year for science analysis 

Program Duration (mo/yr) - (mo/yr): 3/25/2000 – 5/25/2002
Other  

IMAGE facilities include the SMOC, located at GSFC in Mission Operations Building 3, plus remote co-Investigators from all over the world. The IMAGE SMOC will be a fully functional spacecraft control center.  The SMOC will provide all of the traditional control center services: planning and scheduling; command and control; flight dynamics, command management; Level-0 science data processing and trending.  The SMOC is equipped with an  Autonomous Operations (AutoOps) system which will be capable of performing routine operations including data acquisition and processing, generation of command load uplink, and notification of a designated Spacecraft Controller Team (SCT) member in the event that a non-nominal condition is detected.  These built-in functions will enable the mission goals to be achieved with a small SCT staffing the SMOC eight hours per day, five days per week during the normal mission mode.  The SMOC will engage in an extensive mission readiness testing phase.  Spectrum clearance is required.  No simulator will be built.



Section II
Customer Service Requirements

A.  Mission Services
A.1 Mission Planning

A.1.a Customer Requirements
The IMAGE team will maintain the ability to document and implement new mission requirements as required.

The team will also prepare plans for the mission’s end of life.

A.1.b  Catalog Services

No SOMO services required. 

A.2.  Mission Control

A.2.a  Customer Requirements

S/C Time Correlation (include accuracy)

Maintain spacecraft time to within 1.0 seconds of GMT.  Clock correlation is performed daily.

Mission Control 

Attitude control subsystem has heritage with Gravity Probe-B.  Spin-stabilization maintains spin rate stability within (0.01 rpm of target.  There is a single autonomous safe mode.

Instrument Control (include significant operations constraints, instrument autonomy design)

The instruments have no operational constraints and the control of the instruments is being done by the SMOC at GSFC.  Some instruments have autonomous voltage regulators.

Mission Planning (include number of instruments)

Seven instruments with stored command capability.  One DSN contact per orbit.

Sequence Engineering (include frequency of spacecraft loads

Instrument and spacecraft command loads are compiled in the SMOC and transmitted to the spacecraft once a week.

Spectrum Licensing  

We are currently in phase 4 regarding spectrum allocation.
A.2.b  Catalog Requirements

No SOMO services required.
For DSN Network Scheduling  -  See DATA SERVICES 2.3.2.07
A.3  Flight Dynamics

A.3.a  Customer Requirements

Tracking and Navigation (include orbit determination accuracy, use of GPS or other non-tracking data source, frequency and criticality of orbital maneuvers)

Tracking by DSN is required.  Orbit determination is being done by JPL/MMNav in the SMOC.  The Orbit accuracy is 50 km.  There are no thrusters on-board the spacecraft.  Orbit determination is performed weekly.

A.3.b  Catalog Services

No SOMO services required.

A.4  Spacecraft Analysis

A.4.a  Customer Requirements

Flight Engineering (include number of telemetry parameters analyzed)

The SMOC must de-packetize, engineer, limit-sense and trend approximately 20,000 telemetry parameters.

A.4.b  Catalog Services

No SOMO services required.
A.5  Payload Analysis  --   N/A

A.6  Science Data Processing

A.6.a  Customer Requirements

Experiment Data Products (include number of products and users)

The SMOC will produce the science Level-0, Level-0.5 and Level-1 science data products.  All science data products will be permanently archived by the NSSDC at GSFC.  

A.6.b  Catalog Services

No SOMO services required.

A.7  Data Storage

A.7.a  Customer Requirements

Level 1 products will be written to DVD and stored permanently at the NSSDC.

The SMOC will permanently archive all radiometric tracking data.

The SMOC will provide on and off-line data storage for archiving telemetry data and provide a mechanism by which it can be retrieved.

A.7.b  Catalog Services

No SOMO services required.
B.
Data Services

B.1.  Ground Network -  N/A

B.2.  Space Network -  N/A


B.3.  Deep Space Network

B.3.a  Customer Requirements

Interplanetary Data Service 

Telecommunications and Radio Metric Link Characteristics:

Uplink Frequency(s)  2092.59375 MHz         Bandwidth  1.5 kHz to 1.2 MHz
Downlink Frequency(s) 2272.500 MHz       Bandwidth   

Number of R.F. Links  Two – One Uplink and One Downlink
Spacecraft Xmit Power, Watts, EIRP, per Link  5.0 

Spacecraft Receiver G/T per Link 

Spacecraft Required Receive Power, dBm  -98
Radar EIRP and G/T Performance 

Insitu Telecomm Relay Required  NISN
Link Analysis Attached (If Available): 

Data Type Requirements:

Telemetry
Data
Format
Real

% Data
Duration/

Links
Rate Range
CCSDS
Other
Time
Recorded
Return
Period

Prime Science
2.29 Mbps
X

X
X
98
45 min/orbit

Engineering
44 kbps
X

X

98
as required










Command
Data
Format
Real
Store
Duration/

Links
Rates
CCSDS
Other
Time
Forward
Period

Single mode
2 kbps
X


X
45 min/orbit

Radio

Nav. or

1, 2, 3-Way
System
Duration/

Metrics

Science
Accuracy
Mode
Stability
Period

Range

NAV
1.5 m
2
1 in 10 13
TBD

Range Rate

NAV
3 mm/sec
2
1 in 10 13
TBD

Angle/VLBI







Other







Radio Science Data Handling Reqs
real-time






Coverage Requirements

Phase [Define Phase and Period]
L to L+30

IOC
Nominal






Passes/Month
90
 approx.53






Pass Length [hour]
6
0.75






Antenna Expected [11, 26, 34, 70M]
34
34






Max Angle Rate [Near Earth]








Deep Space/Lunar Trajectory Data for Pointing Information:

Geocentric Range, or Max Comm Range Max. Comm. Range: 7 Re

Declination/Right Ascension vs. Time (Submit Table) 
Applicable State Vector

Brief Narrative Description: 

Standard Services

Standard data transmission /reception services and tracking.  Instrument checkout operations require long contacts for several days at a time, while nominal operations will require one short contact per orbit.

Non/Standard Services: [if applicable]

B.3.b  Catalog Services

Service ID
Service Description

2.3.2.07
TDAC 34M 14 contacts/wk

B.4 Data Distribution Services 

B.4.a  Customer Requirements

Data Transport Facility Requirements:

Terminal Locations: DSN stations, Jet Propulsion Laboratory (JPL), Pasadena, California; Southwest Research Institute (SwRI), San Antonio, Texas; Lockheed Missile and Space Systems, Inc. (LMMS), Sunnyvale, California; Vandenberg Air Force Base, California; and Goddard Space Flight Center (GSFC).

NISN Requirements:     FORMCHECKBOX 
 VOICE       FORMCHECKBOX 
 DATA        FORMCHECKBOX 
 VIDEO       FORMCHECKBOX 
 Miscellaneous

Highest Data Rate:  2.29 Mbps
Standard Services

NISN will provide voice and data communication circuits from spacecraft Integration and Test (I&T) through launch and operations phases between and among all supporting elements of the IMAGE mission.  The operational phase of the mission required voice and data circuits between GSFC, JPL, and the DSN ground stations.
Non/Standard Services: [if applicable]

NISN will provide an Internet Protocol (IP) infrastructure, including circuits, routers, maintenance, and IP system coordination.

B.4.b  Catalog Services

See POP Spreadsheet for units and cost.

C.  Center Unique Services

C.1.  GSFC Unique Services

C.2.  JSC Unique Services

C.3.  KSC Unique Services

Section III  Customer Requirements and Non-Standard Services

A.  Non-CSOC SOMO Services

B.  Non-NASA Services

C.  PCD Requirements

Section IV  Service Price, Metrics and Schedule Summary

A. Service Price
Table A-1: 

Note 1:  Projected utilization of SOMO services and associated prices for FY2001 are based on the April 7, 2000 baseline. 

Note 2:   FY02 through FY05 units and prices are for planning purposes only.  They are estimates of the projected SOMO service requirements for future

years based on customer mission plans in the April 7, 2000 SOMO PSLA Baseline. Prices for these services are based on projected utilization of SOMO services across all projects in these years, and on the total cost of providing these services. SOMO will make every effort to maintain fixed unit prices for services in future years, and architecture improvements and other initiatives are expected to reduce prices for some services.

Table A-1. Service Requirements

(April 7, 2000 SOMO Baseline)

ServiceID
ServiceTitle
Unit Description
Units FY01
Units FY02
Units FY03
Units FY04
Units FY05
 Price FY01 
 Price FY02 
 Price FY03 
 Price FY04 
 Price FY05 

2.3.2.14
TDAC 34M 14 contacts/wk
Minute
60000
25000
0
0
0
1632000
680000
0
0
0

2.7.4.22
Mission Critical Routed Data n*1536 Kbps
Unit Month
12
12
12
12
12
28933.56
28933.56
28933.56
28933.56
28933.56

GSFC-033
GSFC Mission Services (UPN-31540) MIDEX/IMAGING
Lot
1
1
1
1
0
20427.27
14925.5
15325.76
19107.41
0

Total Price
1681360.83
723859.06
44259.32
48040.97
28933.56

Table A-2:

Note 1: This table summarizes any updates to the FY01 service requirements received since the April 2000 baseline. SOMO/Enterprise and Customer Project funding responsibilities are shown in Table A-3 for FY01. These were also based on the April 2000 baseline, and will generally not be affected by any

utilization changes shown in Table A-2.

Note 2: This table also summarizes any updates to anticipated FY02-FY06 service requirements received since the April 2000 baseline.

Table A-2. Service Requirements

(As Updated Since April 7, 2000 SOMO Baseline)

ServiceID
ServiceTitle
Unit Description
Units FY01
Units FY02
Units FY03
Units FY04
Units FY05
Units FY06

2.3.2.07
TDAC 34M 7 contactst/wk
Minute
82,000.00
82,000.00
41,000.00
0
0
0

2.7.5.01.IMAGE
Dedicated Data-IMAGE
Unit Month
12
7
0
0
0
0

GSFC-033
GSFC Mission Services (UPN-31540) MIDEX/IMAGING
Lot
1
1
1
1
0
0

Table A-3:

Table A-3.  SOMO vs Customer Funding Responsibility




FY01 Funding Commitments:
 FY01 

Customer Project Operations Funding
$0.00

SOMO/Enterprise Operations Funding
TBS (1)

Total FY01 Funding
TBS

Note: (1)


SOMO/Enterprise budgets - Additional funding will be allocated to augment Customer Project funding and meet the total FY01 price shown in Table A-1.  This final supplemental funding will be determined (or if shown, may change) when final NASA budget appropriations are established.

Table A-4:

Table A-4.  SOMO vs Customer Funding Responsibility FY02-FY06




Funding Commitments:
 FY02
FY03
FY04
FY05
FY06

Customer Project Operations Funding






SOMO/Enterprise Operations Funding 
(1)
(1)
(1)
(1)
(1)

Total Funding






Note: (1)


SOMO/Enterprise budgets - Additional funding will be allocated to augment Customer Project funding and meet the total FY01 price shown in Table A-1.  This final supplemental funding will be determined (or if shown, may change) when final NASA budget appropriations are established.

B.  Metrics 

The standard of performance for 26M DSN support is as follows:

Expected:   99% of scheduled data capture 

Standard of excellence:  99.5% of scheduled data capture

The standard of performance for 34M DSN support is as follows:
During non-critical periods:

Expected:   97.6% of scheduled data capture 

Standard of excellence:  99% of scheduled data capture

During critical periods:

Expected:   98.5% of scheduled data capture 

Standard of excellence:  99.8% of scheduled data capture
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