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Crosslink Channel Path Simulator

Development Requirements / Statement of Work

Introduction of Project
The NASA Goddard Space Flight Center (GSFC) Microwave and Communication Systems Branch (Code 567) is in the 2nd year of an ongoing research effort into the application of software defined radio (SDR) technologies to inter-satellite and inter-spacecraft communication and navigation crosslinks.  This project, the Crosslink Integrated Development Effort (CLIDE), aims to implement a reconfigurable laboratory based on existing industry standard hardware, software and techniques that will enable Code 567 to develop mission capable crosslink technologies and operations scenarios.  To accomplish this goal, Code 567 has obtained three “commercial off the shelf” (COTS) software reconfigurable computer and signal processing systems, the necessary tools to develop applications for this hardware, and several pieces of traditional communication and signal processing test equipment.

This set up has provided Code 567 with the ability to develop and implement communication algorithms and constellation network level protocols in a fixed motion frame of reference.  It does not provide the ability to simulate performance of the communication channels in a fading environment, nor does it provide the ability to simulate effects of a variable motion frame of reference including Doppler and time-of-flight propagation delays.  It is necessary to provide these capabilities to support further investigation into the performance of crosslink technologies in an operational scenario.
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GSFC Code 567 Crosslink Technology Demonstrator Architecture
In order to provide motion based simulation capabilities, Code 567 has determined that it is necessary to obtain a Channel Path Simulator (CCPS).  The CCPS will accept input signals from the SDR platforms and will manipulate them in such a way that the resulting return signal to each simulated satellite (as represented by an SDR) will replicate the combined signal that would be observed by that satellite if the constellation were in actual flight.  The development and test of the CCPS by the contractor will comprise the scope of this effort.

Description of the Crosslink Channel Path Simulator

This section describes a reference design for the CCPS as it is envisioned by the project team.  This description does not preclude any other design or architecture from consideration.  Code 567 is interested in considering new independent contractor development, cost-sharing development partnerships in which NASA assumes a role, and simple purchasing of existing COTS hardware that meets the required specifications.

The reference design is included at the end of this document.  This configuration shown should in no way be considered a required architecture or preclude the contractor from proposing a different architecture.

Definition of Terms

	Signal Source

Signal Destination

Simulation Space

Signal Launch Angle

Signal Receive Angle


	A signal source in this context is defined as any transmitter, either real or modeled in the simulation model space.  This will usually be one of the real input signals from either an SDR simulating a spacecraft or from a physical transceiver under test.

A signal destination in this context is defined as any receiver, either real or modeled in the simulation model space.  This will usually be one of the real output signals to either an SDR simulating a spacecraft or to a physical transceiver under test.

The simulation space defines the scope of the simulation.  It includes each conceptual transmitter and receiver, each conceptual spacecraft mass, and each interfering body such as a planet in the line of sight.  The simulation space includes the physical hardware in the lab that is generating real world signals, as well as software models representing orbital motion and communication network traffic running on computers.

The vector in three dimensional space from a source to a destination.

The vector in three dimensional space to a destination from a source.


Minimum Functional Requirements

1. Accept information from a real time orbital dynamics simulator in the form of position, attitude and velocity state vectors.  Direct compatibility with a COTS simulator such as Analytical Graphics’ STK is encouraged.

2. Compute the look angle from each signal source in the simulation space to each signal destination in the simulation space

3. Compute the source transmit gain based on known three axis antenna patterns and the computed signal launch angle for each signal source to each signal destination in the simulation space

4. Compute the destination receive gain based on known three axis antenna patterns and the computed signal receive angle at each signal destination from each signal source in the simulation space.

5. Compute the propagation path length between each signal source and destination pair in the simulation space

6. Compute the propagation attenuation due to free space loss between each signal source and signal destination pair in the simulation space.

7. Compute the total path loss for a signal traveling between each signal source and destination pair in the simulation space.

8. Compute the relative velocity between each source and destination pair in the simulation space.

9. Compute the Doppler effects on a signal transmitted between each source and destination pair in the simulation space.

10. Accept as input a minimum of four analog, continuous time signals with a bandwidth from 1 MHz to 80 MHz.

11. Provide as output a minimum of four analog, continuous time signals with a bandwidth from 1 MHz to 80 MHz.

12. Each output signal will be a combination of all individual input signals where the signal component resulting from each input signal is that signal with attenuation, delay, and Doppler effects applied.  The effects are based on the calculated results from functions 1-9 above.  Delays may include system processing delay if said delay is deterministic.  Attenuation may be provided using analog, digital or mixed means

13. Doppler effects introduced into the channel will model both carrier and data Doppler effects

14. Provide a means for internal self calibration and adjustment of gains with respect to frequency and by channel pair

15. Artifacts in the analog output due to mixing, DAC signal reconstruction, and other signal processing must be greater than 72 dB below the strongest desired signal component. 

Minimum Performance Requirements

1. Provide a minimum acceptable source to destination range resolution of 1 cm.  

2. Provide a minimum acceptable source to destination range of 0 meters. 

3. Provide a maximum source to destination range of not less than 1e8 (100,000 km)

4. Provide a node to node relative Doppler resolution less than 0.01 Hz

5. Provide a node to node relative Doppler range of greater than 120 kHz

6. Provide a minimum node to node Doppler of 0 Hz (no Doppler)

7. Provide a variable source to destination attenuation of at least 120 dB.

8. Provide a minimum source to destination attenuation resolution of 0.1 dB

Contractor Statement of Work

1. Develop a system architecture capable of achieving the technical hardware and performance requirements

2. Develop a hardware and software design to implement the envisioned system architecture

3. Build and deliver one Crosslink Channel Path Simulator

4. Verify that fundamental hardware performance levels are achieved

5. Support integration of delivered hardware with Code 567’s crosslink development laboratory equipment

Contractor Work Breakdown

1. Systems Engineering

1. Develop and refine the system architecture concept

2. Select appropriate hardware components to meet system performance and cost requirements

3. Develop a low-level software architecture concept to support simulator application functions and to interface to Code 567’s existing laboratory systems

4. Support Code 567 test and evaluation of delivered hardware

5. Support Code 567’s integration of delivered CCPS into existing laboratory environment

2. Hardware Engineering

1. Create schematics

2. Perform PCB layout

3. Perform signal integrity analysis on resulting PCB design to ensure timing and performance specifications are achieved

4. Create PCB CAM manufacturing documents

5. Support Code 567 test and evaluation of delivered hardware

3. Software Engineering

1. Refine system software architecture concept

2. Create low-level board support package

3. Create operating system hardware drivers

4. Create test applications to verify performance of software architecture

5. Support Code 567 test and evaluation of delivered hardware

4. Manufacturing

1. Procure PCBs

2. Procure BOM parts

3. Assemble PCBs

4. Integration of PCBs to host platform

5. Test and verification of proper operation and specification compliance 

Required Deliverables

The required deliverables as outlined below may consist of formal reviews in the form of a scheduled meeting and presentation, reports, documents, hardware, or software as appropriate.  All documents, source code and drawings will be delivered in electronic form.

Initial Development Phase:

1. Initial system architecture concept document

2. Preliminary design review – PDR documentation package and meeting is considered the deliverable.

3. System test plan document – Code 567 must approve the proposed test plan to proceed to CDR

4. Critical design review – CDR documentation package and meeting is considered the deliverable. – Code 567 must approve the CDR package.

5. Final system architecture and design concept – Documentation package is considered the deliverable.  The final documentation package must include enough detail that to build an actual system, including PCBs, chassis, and software specifications.

Construction Option (to be exercised following the final system architecture concept):

1. Two (or more) completed Crosslink Channel Path Simulators – Code 567 must verify performance according to the approved test plan prior to acceptance of the CCPS.  Quantity depends on whether the option exercised was for one or two units.

2. Electrical schematics

3. Bills of materials

4. Mechanical drawings including PCB layouts, chassis and enclosure drawings, assembly and fabrication drawings

5. Software and firmware for any processor or programmable logic involved in the system.  Software and firmware will be delivered in binary form as well as documented source code.
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