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�SCOPE

This document contains the specific requirements of the ICSat.  It provides experiment requirements in the following areas:  physical and functional interfaces, spacecraft integration and test, launch systems, and on-orbit flight operations.



EXPERIMENT OVERVIEW

Experiment Description

ICSat will demonstrate the feasibility of using TCP/IP for satellite data handling. Data files generated aboard the spacecraft will be packaged for transmission in TCP/IP formats and transferred to ground over the spacecraft’s standard communications link. Spacecraft command files will be transmitted to the spacecraft in similar manner. TCP/IP software will reside on the spacecraft’s command/data handling computer alongside standard command/control software and will be executed initially in experimental mode only. 



The ICSat experiment consists of file transfer at 1 Mbps through a dedicated experimental communications system installed in the spacecraft and operated in parallel with the spacecraft’s standard communications system. Experiment data files will be fetched from onboard memory, formatted appropriately and transmitted to the ground. Control files received from the ground via the experimental communications system will be delivered to appropriate file locations for use by the command/control system. Direct command/control will only take place through the standard spacecraft communications system; standard command/control will never be disabled. If experimental tests are satisfactory, realtime command/control of the spacecraft through this experiment can be attempted late in the spacecraft life. Data files will be compressed TAR archives consisting of stored files, spacecraft telemetry files, and/or onboard experiment data.



Experiment Objectives



Primary objective: Educate First Class Midshipmen in the Astronautics curriculum of the Aerospace Engineering major in spacecraft design, systems engineering, program management techniques, cost, scheduling, flight certification and safety procedures, and spacecraft testing.



Secondary objective: Successful transfer of data and command files at 1 Mbps using TCP/IP.



Operational Concept

Experiment will operate only during passes over Annapolis SGS. Spacecraft will be commanded to execute experiment software package. Software package will access data files aboard the spacecraft, compress them using BZIP-2 protocol, package them in TCP/IP formats and submit them to the communications link. Command files intended for later execution by the command/control system will be transmitted to the spacecraft and stored in designated locations, TCP/IP file transfer will be terminated prior to termination of the pass and the default communications link restored. Standard command/control will not be interrupted by this experiment.



Orbit Requirements

Standard orbit parameters

- Altitude at Apogee:  300-700 km

- Altitude at Perigee:  300-700 km

- Inclination:  >35 deg

- Right ascension of the ascending node – not applicable

- Argument of perigee – not applicable



Orbit parameters are extremely flexible.  The primary requirement is that ICSat orbit pass over the USNA Satellite Ground Station at Annapolis, MD.  This requires an orbital inclination >35 degrees.



Orbit must provide at least thirty minutes of coverage per day with an elevation greater than 10 degrees. 

Launch Window

No requirement

Desired Mission Life

1 year.



Success Criteria

100% - Successful transfer of data/command files at 1Mbps with TCP/IP using experimental Communications Block

75% - Successful transfer of data/command files with TCP/IP using satellite’s communication link

50% - Delivery of flight-ready midshipman designed and constructed experiment package to the spacecraft integrator.

PHYSICAL DESCRIPTION

Engineering Layout



Coordinate System

Not applicable

Dimensions

PCMCIA adaptor: 25cm x 20cm x 12cm

Amplifier:  Not to exceed 8cm x 8cm x 6.5cm

Antennas:  Two, not to exceed 12cm x 12cm x 15cm 

Communications block:  Not to exceed 30cm x 15cm x 8cm



Mechanical Interfaces

PCMCIA adaptor: rectangular four-bolt hole pattern

Amplifier:  rectangular four-bolt hole pattern

Antennas:  rectangular four-bolt hole pattern, on nadir pointing side (external)

Electrical Connections

Nine DB25 female connections.

Mass properties

Weight Summary

PCMCIA adaptor: 0.1 kg

Amplifier:  .25kg

Communications Block:  1kg

Center of Mass

Center of masses are located at geometric center of each component.

Moving parts

None.

Mounting and alignment

Antenna should be pointing towards Earth (nadir pointing).

Field of View Requirements: Spacecraft must be aligned so that Earth is within the hemispherical field of view of the antenna supporting the experiment. 

Experiment Models / Simulators

Supplied on request. Mass model will be available for flight if experiment is not delivered.



ELECTRICAL INTERFACE REQUIREMENTS

Electrical Power Requirements

Power Supply

5V DC +- 1V

Power Consumption 



Experiment Unit or Box Name�Standby Power (W)�Peak Power (W)�Average Power (W)��PCMCIA�.35�.35�.35��Amplifier�0�1�1��Communications

Block�.5�1.5�1.5��Table 4.1.2-1 Experiment Power Requirements





Experiment Ops Mode�Power (W)�Ops Time per Orbit (minutes or % of orbit)�Frequency of Operations��Data Transmission

(Communication Block)�2.85�11 min�Once per pass over SGS��Table 4.1.2-2 Experiment Operational Power Requirements 





Input/Output Signal Interfaces  (Diagrams or simple schematics are helpful.)

Bi-Directional Interfaces  (Command/Telemetry via spacecraft data bus)

Synchronous serial.

Experiment Inputs  (Discrete and Analog)

None.

Experiment Outputs (Discrete and Analog)

None.

COMMAND AND CONTROL

Command Interface

Synchronous serial.

Spacecraft Command and Data Handling

Experiment software execute command. 

Clock/Time reference requirements

No requirement.

TELEMETRY AND DATA HANDLING

Telemetry System

No requirement.

Experiment Data Collection & Storage

Embedded computer, PC-104 or equivalent, with Linux operating system required for data collection with 50MB of storage space for onboard experiment data and preloaded data files.



Experiment Data Transfer

Experiment will have its own transceiver and antenna. Spacecraft communications link must be available as backup.



Experiment Data Download Requirements

Fifty MB downloaded during normal pass operations. 

Data Transfer

Under normal operations, data will travel over experimental comm link at 1 Mb/s; when spacecraft comm link is being used as backup, data transfer rate will conform to spacecraft requirements.

Data Integrity

Bit-error rate no greater than 1 in 104

Spacecraft Data

Need no data from spacecraft

ENVIRONMENTAL REQUIREMENTS

Static Load Constraints

None.

Vibration Constraints

The experiment will be designed to meet the launch environment of a Delta 4 launch vehicle.

Shock Constraints

The experiment will be designed to meet the launch environment of a Delta 4 launch vehicle.

Radiation Constraints

No requirement. No radiation sources in experiment.

Electromagnetic Compatibility

Radiated Emissions from Experiment

None prior to deployment. After deployment, 1 W EIRP at 2.4 GHz only during passes over ground stations.

Conducted Emissions from Experiment

None.

Magnetic Fields Generated by Experiment

None.

Sensitivity of Experiment to Radiated Emissions

1 V/m.

Sensitivity of Experiment to Conducted Emissions

None.

Sensitivity of Experiment to Magnetic Fields

None.

Atmospheric Pressure Constraints

No requirement. Normal venting profile acceptable.

Cleanliness Constraints

Class 100,000.

No outgassing constraints.

Humidity Constraints



Standard industry practices are acceptable. Experiment needs sufficient humidity to minimize electrostatic discharge, but not enough to create condensation.



Thermal Interface Requirements

Thermal Isolation (watts)

No requirement.

Incident Thermal Flux (watts/ft2 )

No requirement.

INTEGRATION AND TEST

Spacecraft Integration and Test

Pre-spacecraft Integration Inspection & Test 

Ensure experiment functions as designed.

Post Spacecraft Integration Test Requirements

Ensure experiment functions as designed.



Ground Support Equipment (GSE) and Facilities

At least 1 m2 tabletop workspace with 110V AC power. All required test equipment and tools to be provided by experiment team.

Ground Handling Procedures

Keep-out/no-hands zone around external antenna.

Launch Vehicle (LV) Integration and Test

LV Integration Site Tests

Functionality verification.

LV Integration Site GSE and Facilities

Normal cleanroom environment is acceptable.

Launch Pad Tests

No requirement.

Launch Pad Environment

No requirement.

Experiment Access

No requirement.

Launch Go/No-Go Criteria

None.

Potentially Hazardous Materials & Equipment

Pressurized Systems (Liquid/Gas)

None

Ordnance Systems

None

Radiation Sources

No ionizing radiation sources. Non-ionizing radiation from transmitters, receivers and data processing equipment. Emissions will be kept within or shielded to Mil-Std-461.

High Voltage Source Locations

None

Experiment Safety During Integration and Test

No requirement.

ON-ORBIT OPERATIONS REQUIREMENTS

Launch Phase Requirements

No requirement.

On-Orbit Operations

Initialization

No requirement.

Check-Out

No requirement.

Experiment Ops

Experiment will operate only during passes over Annapolis SGS. Spacecraft will be commanded to execute experiment software package. Software package will access data files onboard the spacecraft, package them in TCP/IP formats and submit them to the communications link. The data files will be compressed using BZIP-2 protocol. Command files intended for later execution by the command/control system will be transmitted to the spacecraft and stored in designated locations. TCP/IP file transfer will be terminated prior to termination of the pass and the default communications link restored. Standart command/control will not be interrupted by this experiment.



Experiment Turn-On

Follow software install sequence. 

Operations Support

Pre-Flight Training and Simulation

No requirement.

Data Return, Processing, and Distribution

ICSat-generated files passed to principal investigator via Internet.

Meteorological Services

No requirement.

ON-ORBIT ORIENTATION AND STABILIZATION

Attitude Control

Nadir pointing +-90 deg.

Attitude Knowledge

No requirement.

EPHEMERIS DATA

Prediction/Real Time Knowledge

NORAD two-line elements sufficient.

Post Processed Knowledge

NORAD two-line elements sufficient.

SCHEDULE

PDR 24 Apr 03

CDR Oct 03

Experiment complete May 04.



SECURITY

Unclassified. 







LIST OF ACRONYMS

SGS 		Satellite Ground Station

SSP		Small Satellite Program

USNA 		United States Naval Academy
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