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�PURPOSE

The purpose of this Instrument Specification is to document the instrument developerÕs response to the technical and programmatic requirements of the spacecraft and mission in terms of compliance, detailed specification, and special requirements.

This document will be used as the basis for spacecraft/instrument interface requirements, for functional and performance specifications, and for verification; therefore, it is important that this document contain information that is as complete as possible.  Where final numerical values are not available, best estimates shall be given and so noted.  Items not applicable to an instrument shall be indicated by N/A.  Items not yet defined shall be indicated as TBD.

Documents shall be saved and distributed in either Word Perfect 6.1 or MS Word 6.0 format.  Drawings and other graphics shall be saved and distributed in .tif format.  When using e-mail as a method of distribution, all attachments and included files shall be MIME compatible.  File names and formats shall be clearly noted in the ASCII portion of the e-mail message and file names shall be limited to 8 characters with no embedded blanks.

This document contains and supersedes the contents of the EID (Experiment Interface Document) for RPI. Below is a list of  equivalent sections to EID sections.

Section 1.2		= EID Section 1.0

Section 3.2		= EID Appendix A

Section 3.3.1		= EID Section 2.1

Section 3.3.2		= EID Section 2.2

Section 3.3.3 		= EID Section 2.3

Section 3.3.4		= EID Section 3.0

Section 3.3.5		= EID Section 4.0

Section 3.4.6		= EID Section 5.0

Section 3.5		= EID Section 6.0

Section 3.7		= EID Section 7.0

�LIST OF ACRONYMS

CG			Center of Gravity

CIDP			Central Instrument Data Processor

CPU			Central Processor Unit

EE or E2PROM	Non-Volatile Memory used to store operating software and parameters

EGSE			Electrical Ground Support Equipment

EID			Experiment Interface Document

GSE			Ground Support Equipment

HOP			High Output Paraffin- Release Actuator 

IMAGE		Imager for Magnetopause-to-Aurora Global Exploration

MGSE			Mechanical Ground Support Equipment

MIME			Multipurpose Internet Mail Extensions

PA			Power Amplifier 

RPI			Radio Plasma Imager

SNR			Signal-to-Noise Voltage Ratio

TP			Twisted Pair
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�SCOPE, objectives, and description

Mission

The RPI instrument is expected to characterize plasma in the EarthÕs magnetosphere via imaging in the radio frequency range. 

General Description

Hardware Description

The RPI instrument is a low power radar which operates in the radio frequency bands which contain the plasma resonance frequencies characteristic of the EarthÕs magnetosphere.  The square of the plasma resonance frequency is proportional to the plasma density, therefore observing radar echos from the plasma that are reflected where the radio frequency is equal to the plasma frequency can locate regions of various plasma densities.  By stepping the frequency of the transmitted RF, features of various plasma densities can be observed, and by fitting contours and/or magnetospheric models to all observed features, a 3-D specification of the current shape of the magnetosphere can be created. Performance specifications of the RPI Instrument are listed in Section 3.2.

Referring to Figure 1, the RPI creates the transmitted signals in the Exciter block using coherent local oscillators (sine wave sources provided by the Oscillator and Synthesizer blocks) and gated by signals from the Timing block.  Sequencing of frequencies and measurement functions is controlled by the CPU.  Received echoes come in through the antennas into three very sensitive phase coherent receivers.  Received sample records containing the desired echoes are made at each receiver output by the multichannel Digitizer and processed independently in the CPU.  At the end of each frequency step the three (one for each antenna) processed records are placed in a buffer to be passed to the CIDP as independent two dimensional (in range and Doppler) complex number arrays.

Figure 2 shows the relative subsystem distribution of the RPI instrument. The RPI instrument is comprised of the RPI Electronics enclosure, four 250m wire deployers each with a T/R switch and coupler, and a Z-axis boom canister which contains two 10m lattice boom antennas and two preamplifiers. Figure 3 shows the signal distribution scheme for carrying the transmitted RF signals from the RPI electronics chassis to the wire antennas (the spin axis antennas are not used for transmission). Orientation of the RPI subsystems on the spacecraft instrument deckplate is shown in Figure 4.
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Figure 1. RPI Block Diagram
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Figure 2.  RPI Instrument Subsystem Definition
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Figure 3. RPI Electronics to Antenna Coupler Interface

� EMBED Word.Picture.6  ���

Figure 4. RPI Instrument S/C Instrument Deckplate Orientation







Software Description

The measurement sequences are derived from stored measurement parameter tables, specifying the desired measurement in terms of frequency steps, number of pulses to be integrated at each frequency step, pulse repetition rate, transmitted waveform, range resolution and number of range bins to be observed.

A schedule table is also stored which describes the start times of each measurement sequence and which of 7 parameter tables will describe each measurement.  Appendix B contains the format for these tables.  Furthermore, one of six schedules can be selected, based on orbital position (referenced to perigee and apogee), automatically switching as orbital position is updated.  Several of these parameter and schedule tables can be stored (in EEPROM with a backup copy in the CIDPÕs solid state disk memory) and updates can be made from the ground.  

The software also controls the data acquisition functions of sampling the received signals, processing the sampled echoes, formatting output records and transferring data to the CIDP via the RS-422 serial port, for formatting and downlinking via telemetry.  These output data records will vary in length according to the measurement parameters selected, but they will always begin with a 60 byte header, the data ÒprefaceÓ, which contains the time and all measurement parameters applicable during the measurement.  The maximum size record following this header will consist of a 32 point complex Doppler spectrum (64 bytes in polar coordinate format) for each of 128 sampled ranges and for each antenna 24.5 kbytes.  Several of these data records will be buffered, awaiting the arrival of a nadir pulse  (see para. 3.3.3.3) which signals the beginning of a transfer cycle to upload data to the CIDP.  

Upon power-up of the RPI, the RPI will load a bootstrap program from on-board EPROM, then load the operating software and measurement and schedule tables from on-board EEPROM.  If corrupted data is detected in the program or parameter tables, the bootstrap program will request a download of these items from the CIDP (see Command/Request Protocol in Section 3.3.3). 

In turn, the CIDP will control the operation of the instrument by updating the parameter and schedule tables which control the initiation and the definition of the measurement sequences.  Using the Command/Request Protocol, the CIDP will pass changes in parameter tables or updates of operating software, received via telemetry, on to the RPI.

Operational Modes

The RPI has many variations possible, depending on the parameters selected in the measurement parameter tables; however, all measurement modes result in a range profile with range, amplitude and Doppler (Note: single line Doppler spectra can be specified in the parameter tables, thus providing no Doppler information, with the advantage that the measurement progresses much faster) for observed echoes at each range on each antenna and at each frequency step.  By attaching a data preface (a header) to this record, all parameters pertaining to that measurement and that particular record can be associated with the signal data, and the data can then be output as packets for transmission to the ground without concern about loss of tagging data.  The data for each frequency step (a typical measurement at each frequency step spans 0.5 to 16 sec) will be formatted into a two dimensional array (range vs. Doppler) and copied to a buffer awaiting transfer to the CIDP.  The sequence of such an array for each frequency step comprises a ÒplasmagramÓ, enabling creation of the 3-dimensional plasma density image characterizing the structure of the magnetosphere at that instant.

The variations of measurement modes, shown in Table 1, mainly entail different transmitted waveforms, resulting in the standard output data format, discussed in the previous paragraph, for all operating modes.  Mode 6 provides a passive operational mode which allows useful science data to be gathered during periods of low S/C power.  Mode 7 is a standby mode which applies power to the RPI CPU only; no measurements are made in this mode, with the CPU awaiting a future command for activation of the rest of the instrument.  This mode is selected by the CIDP by giving RPI a maximum power limit of 5W (see the PL command in section 2.3).

Table 1.  RPI Measurement Modes 

MODE�REGIME�MEASUREMENT��1�Plasmasphere. Low Velocity�Complementary phase coded pulses*��Coded�Magnetopause, Ionosphere�100kHz - 3MHz (102/cc - 105/cc)��Pulse ��70 sec; 70 steps of 10% plasma density��2�Cavity, Cusp, Magnetopause�Chirp pulses (Linear FM)�� Chirp ��10kHz - 180kHz (1/cc - 400/cc)��Pulse��75 sec; 60 steps of 10% plasma density��3�Cusp, Magnetopause�Staggered pulse sequence (pseudo-randomly spaced 3.2 ms pulses)��Staggered Pulse��10kHz - 180kHz (1/cc - 400/cc)��Sequence��240 sec; 60 steps of 10% plasma density (with 32 Doppler lines)��4�Cusp, Magnetosphere�Single long pulse��Long��10kHz - 180kHz (1/cc - 400/cc)��Pulse��75 sec; 60 steps of 10% plasma density��5�Cavity�Single short (3.3msec) pulse��Relaxation��3 - 20kHz (0.1/cc - 5/cc)��Sounder��19 sec;  38 steps of 10% density��

Table 1.  RPI Measurement Modes (Continued)

MODE�REGIME�MEASUREMENT��6�Cavity�Receive only ��Thermal��3kHz - 400kHz (0.1/cc - 2000/cc)��Noise��2000 steps ½ sec = 1000 sec��7

Standby Mode�Primarily during solar eclipse passage to conserve power�RPI shut down except CPU��*	Single pair of phase-reversal modulated 16-chip pulses 

 	These can be run as multiple pulse coherent integrations at each frequency in which case Doppler information is produced.

Operational Concepts

Ground Operations

TBD

Integrated System Testing

TBD

On Orbit Operations and Testing

TBD

Organizational and Management Relationships

RPI will be designed and administered by the University of Massachusetts Lowell under the direction of Professor Bodo Reinisch.  Systems engineering responsibility will be at the University of Massachusetts Lowell.

�APPLICABLE DOCUMENTS

Parent Documents

This document shall be governed by the Image System Specification.  All requirements enumerated herein shall be traceable to the Image System Specification or to interface documents such as the Spacecraft to Payload Interface Control Document.

Government Furnished Property List

TBD

Other Applicable Documents

Other documents applicable to or partially referenced in this document are as follows:

NASA

NHB 1700.1		NASA Safety Policy and Requirements Document

NHB 5300.4(3A-2)	Requirements for Soldered Electrical Connections

NHB 5300.4(3G)	Requirements for Interconnecting Cables, Harnesses and Wiring

NHB 5300.4(3H)	Requirements for Crimping and Wire Wrap

NHB 5300.4(3I)	Requirements for Printed Wiring Boards

NHB 5300.4(3J)	Requirements for Conformal Coating and Staking of PrintedWiring 				Boards and Electronic Assemblies

NHB 5300.4(3K)	Design Requirements for Rigid Printed Wiring Boards and Assemblies

NHB 6000.1D		Requirements for Packaging, Handling, and Transportation for 					Aeronautical and Space Systems, Equipment, and Associated Components

SwRI Document

PAIP-96-15-8089	Image Performance Assurance Implementation Plan

15-8089-SYS-001	Image System Specification

Military

MIL-E-45782B	Electrical Wiring, Procedure for Amendment 1

MIL-H-6088F(1)	Heat Treatment of Aluminum Alloys

MIL-HDBK-5E	Metallic Materials and Elements For Aerospace Vehicle Structures

MIL-I-6870E		Inspection Program Requirements, Nondestructive For Aircraft and 				Missile Materials and Parts

MIL-T-7928		Terminals, Lug: Splices, Conductors: Crimp Style, Copper, Terminal 				Specification For

MIL-STD-129L	Marking for Shipment and Storage

MIL-STD-750C	Test Methods for Semiconductor Devices

MIL-STD-883D	Test methods and Procedures for Microelectronics

MIL-STD-981B	Design, Manufacturing, and Quality Standards for Custom 						Electromagnetic Devices for Space Applications

MIL-STD-975M	NASA Standard Electrical, Electronic, and Electromechanical (EEE) Parts 			List

MIL-STD-1686A	Electrostatic Discharge Control Program for Protection of Electrical and 				Electronic Parts, Assemblies, and Equipment (Excluding Electrically 				initiated Explosive Devices)

MIL-STD-810D-1	Environmental Testing Methods and Engineering Guidelines

MIL-STD-889B	Dissimilar Metals

MIL-STD-461D	EMI specs

Industry

ANSI/EIA-422	Interface Between Data Terminal Equipment and Data Circuit Terminating 			Equipment Employing Serial Binary Data Interchange

�REQUIREMENTS

Functional Requirements

The RPI Instrument shall image plasma in the radio frequency range.  The resolution, field of view, sensitivity, and other characteristics of the collected images shall be as described below and in accordance with the Imager for Magnetopause-to-Aurora Global Exploration (IMAGE) Level 1 Requirements Definition.  It shall interface to the IMAGE Central Instrument Data Processor for telemetry and commanding as defined below and in the CIDP specification.

Performance Requirements

RPI Electronics

Frequency Range

The frequency range for RPI shall be limited from 3kHz to 3MHz.

Transmitter Power

There shall be a 10W peak on each of two transmitters to drive orthogonal dipoles.

Pulse Repetition Rates

The pulse repetition rates shall be 0.5, 1, 2, or 4 Hz, or staggered 3.2msec pulses.

Pulse Widths

The pulse widths shall be 3.2msec, 25msec, 50msec or 125msec.

Detection Range

RPI shall detect pulses within 0.1Re (1800km) to 5Re (22,000km).

Range Resolution

The range resolution of RPI shall be 480km with a range accuracy of 240km or 480km depending on the sampling rate.

Receiver Bandwidth

The receiver bandwidth shall be 300Hz (as necessitated by 3.2.1.6).

Plasma Density Resolution

The plasma density resolution shall be 10% with an accuracy of 2%.

Frequency Accuracy

The Frequency Accuracy shall be 1% (as necessitated by 3.2.1.8.)

Frequency Stability

The Frequency Stability shall be 1 x 10-5 over 1sec interval

Angle of Arrival Accuracy

The Angle of Arrival Accuracy shall be 1¡ for echoes with SNR >40dB.

Receiver Sensitivity

The Receiver Sensitivity shall be 50nV RMS at receiver input across 20kW.

Signal Processing Gain

The Signal Processing Gain shall be nominally 20dB (e.g. from pulse compression and/or spectral coherent integration).

Amplitude Accuracy of Receiver Output

The Amplitude Accuracy of Receiver Output shall be +/-0.375 dB.

Phase Accuracy of Receiver Output

The Phase Accuracy of Receiver Output shall be +/-1.5¡.

Dynamic Range of Receiver:

The Dynamic Range of Receiver without Gain Control shall be 90dB or 140dB (signal levels of 50nV to 0.5VRMS) with Gain Control.

Receiver Gain Accuracy

Gain steps of 9dB shall be applied under computer control immediately before each range profile integration in order to avoid saturation of any stage in the receiver.  These steps shall be accurate to within 1.5dB from the nominal 9dB with a total cumulative deviation of less than 3.0dB.

Out-of-Band Interference Rejection

The system shall be able to operate with less than 10dB degradation of receiver sensitivity when signals more than 20% away from the received frequency are 120dB larger than the in-band signal.

3rd Order Intermodulation Rejection

The system shall be able to operate with less than 10dB degradation of receiver sensitivity when the sum of two out-of-band signals is 100 dB greater than the echo signal, and occur at frequencies which produce a 3rd Order Intermodulation Product at the operating frequency.

Receiver Recovery Time

The receiver shall recover to within 10 dB of maximum sensitivity after being non-destructively overloaded (such as occurs during the RPI transmission) within 15 msec after the interfering signal is removed.

Spin Plane Antenna/Deployer/Coupler

Antenna Length

The Antenna Length shall be 500m dipole when fully deployed.

E-field sensitivity

The E-field sensitivity shall be 100pV/m.

Spin Axis Antenna/Deployer/Low Voltage Coupler

Antenna Length

The Antenna Length shall be a 20m dipole when fully deployed.

E-field sensitivity

The E-field sensitivity shall be 2.5nV/m.

Interfaces

Mechanical

Mechanical Dimensions

The physical dimensions of the RPI electronics are shown in Figure 5.  The physical dimensions of the X/Y axis antenna deployer without the antenna coupler is shown in Figure 6.  The physical dimensions of each antenna coupler is shown in Figure 7. An isometric, undimensioned, drawing of the coupler/deployer interface is shown in Figure 8.  The physical dimensions of the Z axis cannister with preamplifiers is shown in Figure 9. 
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Figure 5. Preliminary Physical Dimensions for the RPI Electronics















































Figure 6. X/Y Axis Antenna Deployer Preliminary Dimensions















































Figure 7. X/Y Axis Antenna Coupler Preliminary Dimensions















































Figure 8. Isometric X/Y Axis Antenna Deployer-Coupler Mechanical Interface























































Figure 9. Z Axis Antenna/Preamplifier Preliminary Physical Dimensions

Mass Properties

The total mass of RPI shall not exceed 49.8 kg.  The mass properties associated with the RPI are presented in Table 2.

Table 2. RPI Mass Properties



Unit Name�Mass

(kg)��RPI Electronics & Housing�12��250m wire antenna with deployer and antenna coupler (Total for 4 antennas)�29��10m lattice boom with cannister and preamplifier (Total for 2 antennas)�5.8��RPI Cabling (Electronics-Spin Plane Antennas; Electronics-Spin Axis Antenna)�3.0 ��TOTAL�49.8��

Instrument Center of Mass

The RPI subsystem Center of Mass is shown in Table 3.  All dimensions are in cm ±10%.

Table 3.  RPI Center of Gravity

Subsystem�X�Y�Z��RPI Electronics Enclosure�5.80Ó�4.53Ó�3.75Ó��Spin Axis Antenna/Preamplifier�����Stowed�TBD�TBD�TBD��Deployed�����Spin Plane Antenna Deployer/Coupler�����





Table 3.  RPI Center of Gravity (Continued)

Subsystem�X�Y�Z��Stowed�TBD�TBD�TBD��Deployed�TBD�TBD�TBD��

Radiation Design

The mission radiation dose for the IMAGE mission is 30 krads behind 0.200" of aluminum. Radiation concerns primarily apply to the RPI Electronics Enclosure which will house all radiation sensitive electronics.  The RPI approach to component radiation protection will be the maximal use of the S/C and RPI structural elements, the careful placement of components and the use of packaging design to protect sensitive components from the radiation environment.  Where necessary and feasible, mass in structural elements or full-component shields will be added to provide protection for sensitive components which are otherwise overly exposed.  Partial shielding will not be included in any radiation analysis.  Procurement of extensively hardened devices will be kept to a minimum due to cost and schedule impacts.

The design of the RPI is being based on the S/C providing minimal equivalent shielding of 0.020" of aluminum from all sides.  Therefore, the RPI Electronics Enclosure housing walls shall require 0.23" of aluminum.

Deployables

Mechanical Properties of Instrument Deployables

RPI shall deploy two sets of antennas; one set of four wire antennas in the spin plane each with a length of 250m and two spin axis boom antennas each with a length of 10m.

The mass per unit length for each wire antenna is 0.74 kg/km (est). Total mass including wire and deployer is 5.05kg each (est.).  The antenna coupler units will be mounted directly to the antenna deployers adding 2.2kg each (est.).

The mass for each boom antenna, including tip plate mass, is 2.6kg (est.).  The weight for the complete Z axis preamplifier is 0.3 kg (est.).

Deployable Latches

The Z axis antenna shall utilize a high output paraffin (HOP) release actuator for the deployment of the two 10m coilable lattice booms.  The HOP actuator shall require 10 watts of power at +28VDC for approximately 3 minutes to initiate simultaneous release of both Z axis masts.

Impact of Deployable on Instrument or Spacecraft CG

The spin plane antennas, X and Y, are symmetric with respect to the S/C center of mass, therefore no change in CG is expected.  The Z-axis antennas and preamps (5.2kg) are offset in the +Z direction to keep the capacitance of the two elements identical.  Since they are symmetric about the same CG before and after deployment, their effect on the S/C total CG will not change.

Method of Deployment

250m Spin-Plane Wire Antennas - Each spin axis antenna shall be deployed by a rotating drum driven by a stepper motor.  The CIDP shall activate the deployer power (+28V) and enable the motor deployment one step at a time by sending a clock pulse train (TTL compatible drive levels).  The position of the deployer drum shall be sensed by microswitch contacts approximately each 90¡ of drum rotation.

10m Spin-Axis Lattice Booms (the Z-axis antenna is a thin wire threaded through the diagonal supports of the lattice booms) - The Lattice Booms shall be deployed by heating a High Output Paraffin (HOP) actuator for 3 minutes.  Once released, the deployment shall be controlled by a damping wheel, which pays out a kevlar tape, connected at the top of the boom from its storage drum mounted at the base of the boom.  A microswitch on the drum senses boom deployment sending approximately 10 pulses per meter to the CIDP.

Field-of-View

N/A

Alignment

The Z axis boom shall be aligned within <0.5¡ of Z-axis.  The opposing RPI radial antenna deployers shall be coplanar to within 0.25 cm.

Handling

	1. The flight RPI subassemblies shall be handled in a Class 100,000 clean room.

	2. Personnel shall use good clean room practice including anti-static garments, booties, caps, beard and mouth covers.

	3. All tools and fixtures shall be degreased prior to each use. If contacted by bare hands they shall be immediately recleaned.

	4.  All handling shall be with clean, lint-free gloves.

	5. Each X/Y Axis deployer/coupler subassembly shall maintain a purge as much as possible including while transporting.  If purge is not possible, the subassemblies shall be bagged and backfilled.

Remove-Before-Flight Items

A red-tag flow restrictor shall be removed from the exit port on each spin plane deployer.

Electrical

Power

RPI shall not consume more than 31.5 W of orbit average power.  Its peak power consumption shall not exceed 154 W.  Table 4 is a detailed power consumption breakdown by RPI subassembly, showing peak and average power, as well as the weights.  A summary of the power requirements by RPI subsystem is shown in Table 5 based on estimates from the current RPI prototype.



Table 4. RPI Subassembly Power/Weight Details

Subassembly/

Subsystem��Volts�Amps�Watts�Total (W)�lbs�kg��RPI Electronics Chassis���������1. Digital Card��5.00�0.24�1.20������15.00�0.05�0.75������-15.00�0.05�0.75�����Digital Total �����2.70�1.98�0. 9��2. Analog Card 1�5.00�0.07�0.35�������15.00�0.10�1.50�������-15.00�0.08�1.20�����Analog 2 Total����3.05�2.2�1.00��3. Analog Card 2�5.00�0.06�0.30�������15.00�0.12�1.80�������-15.00�0.10�1.50�����Analog 2 Total �����3.60�2.2�1.00��4. RF Power Amplifier��28.00�0.34��9.60�1.98�             0.9��Peak��28.00�3.43�96.00�����5. 'C30 Processor��5.00�1.00��5.00�2.2�1.00��6. Power Distribution Card�à  Loss shown in conversion efficiency after totals at bottom.��1.98�             0.9��7. RPI Chassis Housing ������13.89�6.3��RPI Chassis Total������26.43�12.0��Peak�����à110.35����Average����à 23.95����



Table 4. RPI Subassembly Power/Weight Details (Continued)

Subassembly/

Subsystem��Volts�Amps�Watts�Total (W)�lbs�kg��RPI Assoc. Interconnecting Cables������6.60�3.00��Spin Plane Deployer/Coupler Subsystem�������1. Antenna Couplers(x4)��+/- 15��.80�����Peak��28.00�0.26�7.20��19.36�8.80��Average��28.00�.004�0.10�0.90����2. X-Y Antenna Wire Deployers (x4)  including 1000m BeCu  wire and 4x tip masses ������44.44�20.20��Peak��28.00�0.54�15.0�15.0����Average�28.00�0.00�0.00�0.00����Spin Axis Antenna/Preamplifier�������1. Lattice Booms (x2)������11.44�5.20��2. High Output Parafin (HOP) Actuator (x2)��28.00�0.36�10.0�10.0 for 3 min total����3. Preamplifiers��+/- 15�0.13��0.40�1.32�0.60��Spin Axis  Antenna/

Preamplifier Total����0.40�12.76�5.80���RPI Instrument Totals���������Total Weight (lbs/kgs)����109.6�49.80��Total Power��Avg*���25.21����(Secondary)�Peak (<50ms)��111.65�����20% conversion loss�Avg�5.04������Peak�22.33�����Total�Avg�30.25��������Peak�133.98����

Table 5. RPI Subsystem Power Requirements (Estimated)

SUBSYSTEM�POWER (Watts)����AVERAGE�PEAK��RPI Electronics�30.25�133.98��



Table 5. RPI Subsystem Power Requirements (Estimated) (Continued)

SUBSYSTEM�POWER (Watts)���AVERAGE�PEAK��X/Y Antenna Couplers (Total for 4 couplers)�0.1�8.0��Z Axis Preamplifier (Total for 2 preamplifiers)�0.2�0.2��Z Axis HOP Actuator* ��10W for 3 minutes��Spin Plane Deployer Motors*�15W total only during antenna deployment phase���TOTAL�30.8�133.98��*Note: RPI electronics are powered down during deployment of antennas.  Deployers and HOP actuator operate only while the rest of the RPI system is powered down.  Also, the RPI transmitters are off during actuation of the antenna coupler latching switches.  Therefore, these items never add to exceed the peak power consumption of 133.98W shown above. Average power reflects maximum duty cycle.

The power distribution scheme is shown in Figure 10 (TBR).

Power Profile and Peak Power

During times of low solar panel output, the power consumption of the RPI instrument can be tailored to available power by using some combination of the following operating modes.  Selected measurement sequences will be stored in the measurement parameter tables (stored in EEPROM on the ÔC30 board), and will be ranked according to power consumption characteristics.  The lowest consumption active mode will be used until the CIDP gives a power limit command indicating that more power is available from the S/C power system, or drops down to standby power, or shuts RPI off completely.  The following list shows consumption in terms of primary S/C power, for RPIÕs various modes of operation:
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Figure 10 - RPI Power Distribution (TBR)



Passive Modes (not transmitting):

	a. Power Down Mode: (0W) - CIDP disconnects +28V main power to RPI.  Going into this mode necessitates later rebooting the RPI CPU and reinitializing time and position data as well as any command updates received in the interim and stored by the CIDP. Except in an emergency situation, the CIDP will issue a Òminutes to shutdownÓ command (see Section 3.3.3) before powering down the RPI.

	b. Standby Mode:  (5W) - All power to RPI circuits will be removed under control of the RPI CPU (the ÔC30 VME card) except what is necessary to run the CPU.  This mode would be ideal for the 5 minutes to 75 minute eclipse passages.

	c. Receive Only (Untuned): (18W) - The receiver will be operated to observe plasma density and temperature at the S/C location.  The antenna couplers will be bypassed and powered down.

Active Modes (Radar Waveforms for Remote Sensing):

	The following operating modes all assume a constant peak and average power consumption of 14W (of primary power) for the RPI electronics when not transmitting.  The power figures shown below are the sum of this 14W plus the power (again in terms of primary power) used by the RF Power Amplifier(s) (PAs). 

	a. Relaxation Sounder: (peak: 26W, avg: 20) -  NOTE: This is not a Òremote” sensing mode, but it is unarguably an active sensing mode.  At low frequencies (3-20kHz) the wire antennas have a very high impedance, so bypassing the antenna couplers, the PAs can apply 55 Volts RMS across the wire dipoles while very little current (and therefore very little power) flows into the antenna.  This voltage is enough to excite in-situ plasma resonances using only a single 3.2 msec pulse.

	b. Both the average and peak power shown for the following remote sensing modes could be cut in half by transmitting on only one long-wire dipole (e.g. only the X-axis and not the Y-axis) with limited loss in science data performance (non-isotropic radiation pattern, and 3dB S/N decrease). Since the RF PAs operate in saturation mode, they always consume the same peak power when used. All active mode waveforms (i.e. waveform 1, 2, 3 and 4) will be operated at 10% duty cycle.  Therefore the peak and short term average (over a few seconds) powers for one PA and peak and average for two PAs are the same for all four waveforms.  They are:

Two PAs (in terms of primary power, including RPI electronics): 

	peak: 133W

 	avg:  30W

One PA: 

	peak: 74W

	avg:   24W

NOTE: These average powers are the maximum possible.  By interspersing passive mode measurements with the active modes we plan to operate in active mode for only about 33% of the time, further reducing our long-term (over an entire orbit) average power to 20 to 22W.

During transmission the two RPI PAs draw 2.5 A each of primary power from the S/C power system.  This is added to the rest of the RPIÕs constant power consumption of 14 W resulting in 133 W peak.  The PAs share of this power is 115 W, but at a 10% duty cycle, it is only 11.5 W average.

Waveform 1:  The phase coded pulse waveform consists of a sequence of 8 16-bit phase coded pulses.  The duration of each phase code bit is 3.2 msec, or 50 msec for the 16-bit pulse.  This coded pulse is transmitted each 500 msec (2 Hz PRF), for a 10% duty cycle. 

Waveform 2:  The chirp waveform consists of a 125 msec pulse swept over 156.25 Hz.  The repetition period is 1.5 sec, resulting in slightly less than a 10% duty cycle factor. 

Waveform 3:  The staggered pulse sequence consists of many 3.2msec pulses with pre-determined interpulse periods (3.2 msec to 80 msec) at an average duty cycle of 10% (i.e. average of 30 pulses/sec).  The pulses are transmitted for 1.5 sec and the sequence could be repeated as quickly as each 2 sec. 

Waveform 4:  The long-pulse mode is an unmodulated 125 msec transmission at a single frequency followed by 800 msec of receiver listening time.  The single received pulse is Doppler analyzed to determine the line of sight velocity of the reflecting surfaces.

The above active waveforms are transmitted at each frequency step (5% frequency, or 10% plasma density steps) according to Table 1 (which details the measurement modes).  The measurement times in Table 1 are calculated using only one pulse per frequency step (except mode 3), however, in Waveform 1 and 2 from 1 to 64 pulses can be transmitted, under program control, to provide more signal integration.  The need to use coherent integration will be evaluated after initial science data is available, to determine if short integrations are providing sufficient signal to noise ratios.  Therefore, the entire measurement sequence may take anywhere from 36 seconds to nearly 10 minutes.  It is planned to initially integrate 4 pulses, making most of the active measurement sequences about 2.5 minutes, and to run two of these measurements per 15 minutes.  If maximum integration is required, only one active measurement will be made each 15 minutes.  The passive modes will be operated between the active measurements, thus reducing the long term average power to about 21 W.  

Keep-Alive Power

A keep-alive power of 5.0 watts shall be maintained to keep the RPI CPU (TMS320C30) powered.  The CPU can activate and deactivate the rest of the RPI payload.

Cables

See tabulated listing in Appendix A. 

Connectors

All spacecraft interface connectors are defined in Appendix A.

Grounding

All conducting surfaces within the RPI chassis will be treated as an equipotential ground plane.  Signals will be referenced to ground at the closest proximity to a conducting surface.  Power distributed from the CIDP will be isolated from the RPI chassis by DC/DC converters.  The output of these converters will be filtered (common-mode chokes and bypass capacitors) and grounded to the equipotential plane as close as possible to the DC/DC converter module.

Safety Connectors

Disarm pins on each antenna coupler to disable tuning (resets switches to coupler bypass setting) to limit antenna voltage to 35 VRMS. Safety connectors are only for instrument and payload testing. Connector will not be accessible after payload to spacecraft integration.

Synchronization

RPI shall be synchronized to the CIDP clock.  Since data may be buffered, RPI shall time tag all data.  RPI shall send a Send Time request to the CIDP (see Section 2.3).

Pyrotechnics and Actuators

The Z axis antenna shall utilize a high output paraffin (HOP) release actuator for the deployment of the two 10m coilable lattice booms.  The HOP actuator shall consume 10 watts of power at 28 VDC for approximately 3 minutes to initiate simultaneous release of both Z axis masts.

Timing Requirements

Spin phase pulses will be received on a differential pair (bundled with the CIDP/SI serial communications) from the CIDP on serial port #2 each 0.1¡ of rotation of the S/C.  A triple pulse will be received at sun crossings and a double pulse received at nadir crossings.  Immediately following the nadir crossing RPI will transmit a block of data as if a ÒSend Science DataÓ command had just been received (see Table 6 below).

Command and Data Handling

Command and Request Protocol for CIDP to RPI CPU Communications (TBR):

This protocol pertains to serial communications between the CIDP and RPI, using the RS-422 two-wire serial link.  It consists of a predetermined set of escape sequences, recognizable by both processors with predefined responses to be taken upon receipt of a command or request.  Requests are made by the RPI to the CIDP for services to be performed, commands are made by the CIDP for the RPI to respond.  All Commands and Requests are Asynchronous 8-bit ASCII with 1 start and 1 stop bit (10 bits /character). Commands and Requests are defined in Table 6.

Table 6a. RPI-CIDP Command/Request Interface Definition

Request�Code�Response (from CIDP) �Response Format�Message Size�Response Size�Time-Out��Time Check�<esc>TC�Send current time�yy,mm,dd, hh,mm,ss�3 chars�17chars�4sec��Reboot�<esc>RB�Drop both the RPI Electronics and the PA +28V lines  �Hold Low for 5 sec�3 chars�N/A�4 sec��Science Data Ready�<esc> RD�Send Command to Request Science Data�See Below�3 chars�3 chars�4sec��Position Report�<esc>PR�altitude and orbit phase (degrees)�km, degrees�5 chars, 3 chars�9 chars�4 sec��New Operating Program�<esc>NP�Send Command to Request Program Load (PL) to be followed by RPI sending a PD�See Below���4sec��Program Download (follows PL command)�<esc>PD�Binary Transfer of Executable DSP Program�machine code in bytes�3 chars�about 16kbytes�0.1 sec��New Msmt Parameters�<esc>NM�Send Command to Request Load of Msmt Tables�See Below�����Msmt Table  Download (follows ML command)�<esc>MD�Send Updated Measurement Parameters�ASCII Parameter Table�3 chars�20 table entries (??Bytes)�4 sec��One of the next 5 responses is required after receipt of a nadir pulse OR an "SD" command.��No Data�<esc> ND�No Data to be sent from RPI�N/A�3 chars�N/A�N/A��



�Table 6a. RPI-CIDP Command/Request Interface Definition (Continued)

Request�Code�Response (from CIDP) �Response Format�Message Size�Response Size�Time-Out��Diagnostic Mode Data�<esc>DM "count" data�Receive count bytes  of Diagnostic data  ��3 chars + 5 digits + data block�N/A���Status Mode Data�<esc>SM "count" data�Receive count bytes  of Status data  ��3 chars + 5 digits + data block�N/A���Passive Mode Data�<esc>PM"count" data�Receive count bytes  of passive mode data  ��3 chars + 5 decimal digits + data block�N/A�<1 Rev��Active Mode Data�<esc> AM "count" data�Receive count bytes  of active mode data  ��3 chars + 5 decimal digits + data block�N/A�<1 Rev��

Table 6b - CIDP Commands Recognized by RPI

Command�Code�Response from RPI �Response Format�Message Size�Response Size�Time-Out��Power Down�<esc>PD parameter�Disable Xmtr & DonÕt write EEPROM�parameter is minutes to shutdown�3 chars�N/A�4 sec��Max Power (Peak) Limit�<esc>MP parameter�Design Msmts to keep Power below ÒparameterÓ�parameter in Watts �3 chars & 3 integer digits �N/A�4 sec��Send Science Data�<esc>SD�Transmit 1 block of Science Data��3 chars�63bytes- 96kbytes�4sec��Send Status�<esc>SS�Transmit 1 block of Status Data��3 chars�80 bytes�4sec��Send Low Rate Science Data�<esc>LR�Transmit 1 plasmagram��3chars�4800

bytes�4sec���Table 6b - CIDP Commands Recognized by RPI

Command�Code�Response from RPI �Response Format�Message Size�Response Size�Time-Out��Request a Program Load�<esc>PL count�Prepare to Update Software, then request Program Download (PD)��3 chars + 5 digits�3 char�4sec��Request a  Msmt Table Load�<esc>ML count�Send Request MD to Download  Parameter Tables��3 chars + 5 digits�3 char�4sec��

Power On/Off Commands

The ÒPDÓ command covers the protocol surrounding shutdown of power.  Powering down to standby level can be commanded using the Max Power Limit (MP) command (e.g. <esc>MP005). RPI can be powered down safely with a 100msec warning.

Memory Load Commands

There is a deliberately careful handshake to follow when a memory load is being commanded.  The RPI must be in a state where changes can be made reliably (i.e. not transmitting and ignoring upcoming scheduled measurement sequences).  Then the RPI requests to be given a command to request the program download.  If either the CIDP or the RPI initiates the memory reload, both indicate readiness before any transfer takes place.  The NP, PD, PL and the NM, MD, ML commands form this handshaking protocol.  A byte count is sent with the CIDP's command (PL or ML), and a 24-bit checksum is added to the end of the transfer.

Serial Digital Data

The format of the preface and of the science data is given in Appendix B.  Upon receipt of the Nadir pulse from the spin phase port, the RPI shall download science data blocks as if it had been requested with the SD escape sequence command.

The format of this data is an escape sequence describing the data type, then a 5 digit decimal number specifying the number of bytes in the following block of data.  At the beginning of each block there shall be a 60 byte data preface describing the conditions at the time of measurement.  If more than one block is ready to send, additional blocks will be sent preceded by the escape sequence, the 5 digits, and a data preface until the RPI data buffer is empty.   

Health and Safety

Status data as derived from the RPI's built-in self test shall be transferred to the CIDP hourly or upon request.  An instrument status record is 1 kilobyte.

If no data is received by the CIDP within the 4sec specified time window, the CIDP shall cycle the RPI S/C +28VDC power, resetting RPI.

Central Instrument Data Processor

Data Transfer Rate

Maximum burst rates for dumping raw sample outputs through to the ground (i.e. an engineering diagnostic mode) can reach 25 kbytes/sec.  The expected average rates can be 1 kbyte/sec during measurement sequences.  To limit data throughout to the available 19.2 or 38.4 bps, only one second worth of engineering diagnostic mode will be recorded each revolution of the satellite, limiting the science data block to maximum of 128 bytes (66sec at 19.2 bps).  During any spacecraft orbit period, the total amount of data transfered shall be limited to 414,720 kbits at most.

CIDP Processing Requirements

The CIDP shall buffer large amounts of data which have been passed from the RPI one record at a time.  The CIDP shall do the data compression and format the data into telemetry frames.  The RPI shall zero out elements in each record (range/Doppler array), based on a dynamic threshold, to increase the efficiency of run-length encoding compression algorithms.  Compressed data then must be formatted by the CIDP for output to the telemetry system.  The CIDP shall store the operating program, and initial operating parameters (the measurement parameters describing measurement sequences and schedules) to be transferred to RPI upon receipt or upon request from the RPI using the Memory Load protocol in Table 6.  In summary, CIDP tasks shall include:  

1.  Data compression per CCSDS standard.

2.  Formatting of data for transmission by the IMAGE telemetry system.

3.  Receive software updates and pass them to RPI using the memory load protocol.

4. Store the operating program and operating parameter files and load these into RPI upon update from the ground or upon request from the RPI.

Processing Rate

Data compression is estimated to require less than 0.08 MIPS (i.e. 1kbyte/sec throughput).

Uncompressed Data Storage Requirements

The uncompressed data storage shall be less than 20 Mbytes per hour of operating time.

Instrument Control Functions

The RPI instrument shall be controlled by 4 types of commands as described below.

1. Deploy the spin-plane wire antennas and the spin axis coilable lattice booms by applying +28V power to the actuators and by sending TTL compatible gating pulses to the spin plane deployer electronics at about 80 (+/- 20%) pulses/sec.  Microswitch driven position sensing lines from each wire deployer and each boom deployer must be monitored to determine deployed length.  

2. Disable or boot RPI by controlling DC power to the entire instrument.

3. Transfer stored parameters, operating program and initial time into RPI memory upon receipt of updates or upon request from RPI.

4. Power will be distributed from the CIDP on twisted pairs, at +28 V primary power, and must be independently controlled to:  

a.  The RPI's electronics (2 pairs in parallel) 

b.  The PA power controlled by RPI (2 P.A.s in parallel)

c.  The Z axis HOP actuators (2 pairs)

Instrument Safe Requirements

The CIDP shall also interface with the RPI Electronics Enclosure for deployment of the spin plane antennas.  The CIDP shall provide power and clock pulses to the stepper motor controller in the CIDP Enclosure for deployment of the spin plane wire antennas.  The CIDP shall provide the HOP activation/release (3 min signal) to the spin axis deployers.

Preferred Protocol for Serial Interface

The Command/Request message protocol is outlined in Section 3.3.3.  It uses asynchronous 19.2 or 38.4 bps, 1 start bit, 1 stop bit, 8 data bits, no parity.

Thermal

Thermal Design Requirements

The RPI electronics cards shall dissipate their rated power (see Resource Table 4) through ground planes to thermally conductive card guides.

Thermal Design Concept

Heat shall be conducted to the edges of all electronic boards where positive contact, conductive card guides will sink heat to the chassis to maintain equilibrium with chassis housing.

RPI Electronics Enclosure

Specified enclosure is SwRI Space Station Furnace Facility CU Type assembly.  Refer to SwRI drawing #7384050.  The side panels and base plate offer conductive surfaces that can be directly coupled to the spacecraft payload deck.

The Analog cards PCB layer structure will provide a top layer ground plane acting as both a RF shield and thermal heatsink.  All IC's and RF parts will be thermally coupled to this layer and the layer will be thermally coupled to the VME board frame.  Board frame will be of the type used by SwRI in the CIDP chassis.  Refer to SwRI drawing #7384499.  Heat will be conducted through the board frame to enclosure side panels.

Digital card assemblies and Power Distribution card assembly will be thermally coupled to the VME board frame.  Board frame will be of type used by SwRI in the CIDP chassis. Heat will be conducted through the board frame to enclosure side panels.

The Dual Power Amplifier Module assembly consists partly of 2 DC to DC converters and the 2 Power MOSFETS which make up the major portion of the RPI thermal load.  These parts will be thermally coupled directly to the enclosure baseplate.  This offers direct thermal coupling to the largest conductive mass and the shortest thermal resistance path to payload deck.

Spin Plane Antenna/Coupler Electronics

The Deployer enclosure base plate shall be thermally coupled to the payload deckplate. Note: Deployer is only turned on during antenna deployment stage of the mission at which time RPI chassis is switched off.  ADM will not add to the RPI operational thermal load.

The Antenna coupler electronics PCB shall be thermally coupled to an aluminum chassis sides.  Heat will be conducted through the enclosure side panels.  Coupler enclosure will be mounted and thermally coupled to the deployer enclosure.

Z-Axis Antenna Assembly

The Deployer mechanism is of the melted wax actuator type and requires no thermal management considerations.  The actuator shall be able to consume 10W for approximately 3 minutes from the power provided by the CIDP.  The Z-Axis pre-amp electronics will be housed in an aluminum enclosure thermally coupled to the payload deck

Thermal Interfaces

The Antenna Preamplifier shall conductively output heat to the Antenna Canister.

Heaters

N/A

Thermal Blanket

N/A

Temperature Range

An operating temperature range of -20 (TBR) to +30¡C with a non-operating range of -30 to +50¡C is acceptable.  There are no spatial or temporal gradient requirements.  Exception Z Axis Preamp (TBD).

Temperature Monitoring

Temperature at the RPI Power Amplifier and inside the RPI antenna coupler shall be monitored by the RPI digitizer (on the Digital Card).  Operational adjustments shall be made if an over temperature condition is detected.

Thermal Analysis and Predictions

TBD

Other Design Requirements (TBD)

Environments

Life

Reliability

Maintainability and Storage

Safety

Transportation Safety

GSE Safety

The RPI Electronics Enclosure will require carrying handles.

Special Materials & Processes Constraints

Sensitive Components

Deployer mechanisms shall be kept free of particle contamination.  High voltage insulators shall be kept free of films or residue which might create conductive paths.

Limits

A Class 100,000 clean environment shall be used.

Protection

The RPI Electronics Enclosure, spin plane antenna couplers, spin plane antenna/deployers and the spin axis low voltage tuner shall be bagged between tests and during transport.

Purge Connector

A standard nitrogen purge connector shall be mounted to the exterior of each spin plane coupler subsystem. This purge connection shall be internally fed into the deployer unit with the vent through the wire antenna exit port.  The purge shall also be fed into the spin plane antenna coupler and exit through a purge port.

Purging

Nitrogen purging of the wire deployer/coupler boxes shall begin immediately after integration onto the payload deck, and continue throughout assembly and test until launch.  Prior to integration, the deployer and coupler shall be stored in a sealed bag, or exposed to air only in a Class 100,000 or better clean environment.

Special Ground Support Equipment (GSE)

Mechanical GSE

The RPI Electronics Enclosure shall have carrying handles.

TBD

Electrical GSE

GSE Controller - A laptop computer shall emulate the CIDP during development and ground testing, communicating with RPIÕs ÔC30 processor via a two pair RS-422 serial interface.  The software in the GSE controller shall contain raw data display features and human I/O features but shall otherwise emulate the functions of the CIDP as closely as possible.

Dummy Spin Plane Antenna - For full power testing without the assistance of a 500m antenna, an antenna simulator shall be provided in order to subject the flight unit and the instrument deck environment to conditions representing the EMI environment which will be experienced in space, with the antennas deployed, and RPI transmitting.

Dummy Spin Axis Antenna - To verify pre-amp tuning parameters vs frequency when one Z-axis element is deployed (the +Z and -Z are tuned independently) so only one needs to be deployed to test the tuning.  The Dummy Antenna can be supported by an insulating lanyard such that the lattice boom need not be deployed.

Operations Support and Training

Special Considerations

TBD

�VERIFICATION

General

All instrument-level verification activities for the RPI program will be the responsibility TBD.  Instrument level verification activities will take place at TBD.  

All payload-level verification activities will be the responsibility of TBD.  Payload-level verification activities will take place at TBD.

Relationship to Management Reviews

Relationship to Design Reviews 

Verification activities start during the functional testing of engineering units, before CDR. 

Verification Accomplishment

Verification will be reviewed at Instrument CDR, at Mission CDR, and at S/C pre-ship review.

Test/Equipment Failure

Test procedures shall specify requirements for test equipment calibration.  Should test equipment fail during the performance of a test, the test shall be halted.  A Failure Report describing the nature of the failure and requirements for failure analysis shall be prepared.  The failure analysis shall address these issues:

•	Status of the test procedure - whether to continue from the point of test equipment failure or to restart the test from beginning.  This determination shall be based upon whether the test equipment failure has the potential to compromise the test results gathered prior to the failure.

•	Whether, for purposes of this test, to repair or replace the failed test equipment.  If the test equipment is repaired, identify any actions that need to be taken to restore confidence in the integrity of the test equipment.

Verification Method Selection

The default verification method of choice is test.  Only those activities which cannot be verified by test or present a danger of damage to the instrument hardware will be performed by demonstration , analysis, inspection, or similarity assessment

Test

A test provides a quantitative method to verify conformance of functional characteristics with specified requirements.  The object being tested performs its required functions as a test engineer monitors and analyzes its performance to ensure it meets specified performance levels.  A test is associated with specific pass or fail criteria; a test is successful when the criteria are met (i.e., acceptance criteria).  Test is generally used to verify performance or functional requirements that can be measured using precision equipment.

Demonstration

A demonstration is a functional qualitative (test) verification method that evaluates functional characteristics without the need to evaluate detailed design performance.  A demonstration is generally used to verify functional requirements and generally does not require precision test equipment.

Analysis

An analysis is an engineering assessment or mathematical verification method that uses techniques and tools such as math models, prior test data, simulations, or analytical assessments to confirm compliance with specification requirements with appropriate margin.  Whenever possible, test data are used to validate the analytical techniques use for verification.  Analysis is mainly used to verify performance where a test is not practical or feasible.  Analysis also includes processing accumulated data, including data from lower levels and other verification methods, to conclude that a complex, integrated system meets its top-level performance requirements.

Inspection

Inspection is a verification method in which examination or measurement of product characteristics or the review of design, production, or test documentation determines compliance with specification requirements.  Inspection of design, production, or test documentation involves engineering review and buyoff and is not performed against test procedures.  Inspections are nondestructive and consist of visual observation or simple measurement.

Similarity Assessment

Similarity is employed where the design of hardware or software is identical to or sufficiently similar to proven hardware or software, so that further verification is unnecessary.

Phased Verification Requirements

Instrument Development, Qualification and Acceptance

The verification activities executed during instrument development and under the aegis of the instrument developer are shown in the “I” column of Table 7.

Payload Integration/Testing

The verification activities executed during payload integration and testing and under the aegis of Southwest Research Institute are shown in the “P” column of Table 7.

Observatory Integration/Testing

The verification activities executed during spacecraft to payload integration and during observatory testing and under the aegis of LMMS are shown in the “O” column of Table 7.

Flight/Mission Operations

No verification will be necessary during Flight/Mission operations.  Some calibration activities will be conducted on orbit, and tests of system operations such as the sun-warning pulse from the CIDP may be carried out, but primary verification that all specifications are met will be prior to launch.

Verification Cross Reference Index

Table 7 contains the verification matrix used to identify the level and method of requirement verification defined in this specification.  The codes used as required for delineating the verification matrix, are as follows:

Method:							Level:

	T	=	Test (4.2.1)				I = Instrument Level (4.3.1) 

	D	=	Demonstration (4.2.2)			P = Payload Integration Level (4.3.2)

	A	=	Analysis (4.2.3)			O = Observatory Level (4.3.3)

	I	=	Inspection (4.2.4)	

	S	=	Similarity Assessment (4.2.5)	



Table 7. RPI Verification Matrix

FUNCTION�TITLE�I�P�O��3�Critical Item Requirements�����3.1�Product Definition�����3.1.1�General�����3.2�Characteristics�����







Table 7. RPI Verification Matrix (Continued)

FUNCTION�TITLE�I�P�O��3.2.1�Performance�����3.2.1.1�General�����3.2.1.1.1�Subsystem Independence Test��D�D��3.2.1.2�Format�����3.2.1.2.1� RPI Output Format Verification�D�D���3.2.1.2.2�Data Format Decoding�D�D���3.2.1.3�Output�����3.2.1.3.1 a.�Frequency Verification�T�T���3.2.1.3.1 b.�Virtual Height Verification�T/A�T/A���3.2.1.3.1 c.�Wave Polarization Verification�D�D���3.2.1.3.1 d.�Update Rate Verification�T�T���3.2.1.3.1 e.�Measured Signal Verification�T�T���3.2.1.3.2�Angle of Arrival Accuracy Verification1�T�T���3.2.1.3.3�Angle of arrival Accuracy Verification2�T�T���3.2.1.3.4�RPI Output Verification�D�D�D��3.2.1.3.5�Plasmagram Dwell Verification�D�D�D��3.2.1.4�Frequency Control�����3.2.1.4.1�Integer Increment Verification�D�D�D��3.2.1.4.2�Frequency Resolution Verification�T�T���3.2.1.5�Signal Processing�����3.2.1.5.1�Processed S/N Verification�T�T���

�Table 7. RPI Verification Matrix (Continued)

FUNCTION�TITLE�I�P�O��3.2.1.5.2�Signal Level Resolution Verification�T�T���3.2.1.5.3�RFI Mitigation Verification�T�T���3.2.1.6�Noise and Interference�����3.2.1.6.1�Transmitter Emission Verification�T�T���3.2.1.7�Antennas�����3.2.1.7.1�Spin Plane Controller�D�D�D��3.2.1.7.2�Spin Plane Deployer�D�D���3.2.1.7.3�Spin Axis Deployer�D�D���3.2.1.7.4�Spin Axis HOP�D�D���3.2.1.8�Timing�����3.2.1.8.1�Derived S/C Timing Verification�D�D�D��3.2.1.8.2�Operation Upon Initialization Verification�D�D�D��3.2.1.8.3�Start Time Resolution�D�D�D��3.2.1.9�Processing Software�����3.2.1.9.1�Verification of Application Software�D�D�D��3.2.1.9.2�Software Defensive Structure Verification�D�D���3.2.1.9.3�Support Software Verification�D�D���3.2.1.9.4�Operating System Software Verification�D�D�D��3.2.1.9.5�Application Software Operation Verification�D�D�D��3.2.1.9.6�Software Error-resistance Verification�D�D���3.2.1.9.7�Non-volatile Storage Verification�D�D����Table 7. RPI Verification Matrix (Continued)

FUNCTION�TITLE�I�P�O��3.2.1.10�Processing Hardware�����3.2.1.10.1�Computer Sub-system Operation Verification�D�D�D��3.2.1.10.2�Restart Timer Verification�D�D�D��3.2.1.10.3�Processing Capacity Verification�T�T���3.2.1.10.4�Data Bus Loading Verification�T�T���3.2.1.10.5�Main Memory Size Verification�I/A�I/A���3.2.1.10.6�CIDP I/O Channel Verification�D�D�D��3.2.1.11�Diagnostic and Calibration�����3.2.1.11.1�Manual Diagnostic Testing Verification�D�D�D��3.2.1.11.2�Non-intrusive Self Test Verification�D�D�D��3.2.1.11.3�RPI Self Test Verification�D�D�D��3.2.1.11.4�Diagnostic Report Verification�D�D�D��3.2.1.12�Control�����3.2.1.12.1�CIDP Control Verification�D�D�D��3.2.1.13�Transmitter�����3.2.1.13.1�Transmitter Load Verification�T�T���3.2.1.13.2�Transmitter VSWR Verification1�T�T�T��3.2.1.13.4�Transmitter VSWR Verification2�T�T���3.2.1.14�Receiver�����3.2.1.14.1 �Noise/Spurii Verification�T�T�T��3.2.1.14.2�Out-of-band Interference Verification�T�T����Table 7. RPI Verification Matrix (Continued)

FUNCTION�TITLE�I�P�O��3.2.1.14.3�Receiver Gain Verification�T����3.2.1.14.4�Dynamic Range Verification�T����3.2.1.14.5�Output Digitization Verification�T����3.2.1.14.6�Spurii Average Amplitude Verification�T�T�T��3.2.1.14.7�Receiver Saturation Verification�T����3.2.1.14.8�Input VSWR Verification�T����3.2.1.14.9�Non Destructive Overload Verification�T����3.2.2�Reliability�����3.2.2.1�RPI MTBF Verification�A����3.2.2.2�Operational Endurance Verification�A����3.3�Design and Construction�����3.3.1�Materials and Processes and Parts�I/A�I/A���3.3.1.1�Materials�����3.3.1.1.1�Printed Wiring Board Verification��I���3.3.1.1.2�Conformal Coating Verification��I���3.3.1.2�Parts�����3.3.1.2.1�Parts Selection Verification��I���3.3.1.2.2�Parts Screening Verification��I���3.3.1.2.3�Reserved�����3.3.1.3�Processes�����3.3.1.3.1�Flight Process Verification��I���3.3.1.3.2�External Finish Verification��I���Table 7. RPI Verification Matrix (Continued)

FUNCTION�TITLE�I�P�O��3.3.1.3.3�Design Verification��I���3.3.2�Qualification Testing�����3.3.2.1�Electro Magnetic Radiation�����3.3.2.1.1�EMI/EMC Shielding Verification�T�T�T��3.3.2.1.2�E/H Emission Verification�T�T�T��3.3.2.2�Vibration Testing�����3.3.2.2.1�Sinusoidal�T�T���3.3.2.2.2�Random�T�T���3.3.2.3�Thermal Vacuum/Temperature Cycling�����3.3.2.3.1�Temperature Cycling�T�T���4.�QUALITY ASSURANCE PROVISIONS�����4.1�General�����5�PREPARATION FOR DELIVERY�����5.1�Packing, Handling and Storage��I���5.1.1�Dangerous and Hazardous Goods��I���5.1.2�Contamination Control��I���

Test Support Requirements

Facilities and Equipment

SwRI is responsible for all payload-level system verification testing.  Observatory-level verification activities will be carried out at LMMS by SwRI and LMMS jointly, with participation as needed by the instrument teams.  Some NASA facilities may be used by instrument teams for instrument-level verifications.

Utilization of Existing Facilities and Equipment

TBD

Establishment of Activation and Operations Plans

TBD

Qualification/Certification of Test Equipment

During the preparation of verification test procedures attention is given to the safety of the test article.  Procedures designed for use with critical end-item hardware always require verification of the safety of the test equipment used in the test.  In most cases this involves an independent measurement of interface conditions with the equipment disconnected from the end-item.  Precautions are taken to insure that overvoltage conditions from a failed item of test equipment cannot stress the interface to the end-item.  All test equipment requires calibration prior to use in verification testing, another step which helps reduce the possibility of improper operation.  Finally, test personnel are briefed on the use of test equipment and on the flow of activities in a pre-test briefing preceding all verification tests. Refer to the IMAGE Performance Assurance Plan, SwRI PAIP-96-15-8089.

Articles

TBD

Interfaces

TBD

�PREPARATION FOR DELIVERY

Final Assembly Site

Final assembly and integration of the RPI will be performed at Southwest Research Institute in San Antonio, Texas.

Transportation

Transportation Modes 

Cross country transportation will be provided by an environment controlled trailer/transporter which is compatible with the environmental conditioning requirements specified in Section 3.4.6.  Ground transportation to and from any location will be over paved surface roadways and ramps.

Transport Environment

During transport, an environmental enclosure shall be in place around the Spacecraft/Observatory.  During all transportation operations the RPI shall be maintained within TBR and TBR ¡C and within TBR and TBR % RH.  Impact  loads in all 3 S/C axes shall be as specified in Sect. 3.6.1.2 of the Spacecraft to Payload ICD.  Temperature and humidity at the Spacecraft/Observatory and impact loads to the Spacecraft/Observatory shall be recorded from the time the Spacecraft/Observatory leaves the final assembly site to the time it arrives at the launch pad.

�NOTES

Intended Use

The intended use of this specification is to document and disseminate Level 2 instrument design and verification requirements for the Radio Plasma Imager.

Meaning of Specific Words

Specific meanings are assigned to the use of words ÒshallÓ, shouldÓ, ÒisÓ, and ÒwillÓ as follows:

Shall

ÒShallÓ indicates a requirement to provide a function.  ÒShallÓ indicates that the requirement is mandatory and will be the subject of specific acceptance testing and compliance verification.

Should

ÒShouldÓ indicates a desired goal for which there is no objective test.  ÒShouldÓ indicates that there will be an attempt to achieve the desired goal to the maximum extent feasible while remaining cost effective.  Component or performance specified by statements using ÒshouldÓ may be subject to specific acceptance testing, but to only qualitatively assess the level of goal achievement against a specific set of test criteria.

Is or Will

ÒIsÓ or ÒwillÓ indicate a statement of fact or provides information.  Components or performance levels described by statements using ÒisÓ or ÒwillÓ must not, by definition, refer to a goal or requirement.
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APPENDIX A

Wire and Cable Specifications
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APPENDIX B

Data Formats





�Appendix B.  DATA FORMATS



Section 1.  PROGSCHD - Program & Scheduling Measurement Tables



The Measurement Tables consist of a program structure (measurement parameters), a schedule data structure and a control data structure.  These allow three levels of programmability of the automatic operation of the RPI instrument:

7 preprogrammed measurement parameter tables which specify the operating parameters to make the desired measurement.

6 tables of start times, modulo 1 hour, to one second resolution, at which to run any of the  preprogrammed measurements described by a.

A table of 6 pairs of switch times in terms of orbital phase (position relative to apogee or perigee) at which to switch to, and back from a different schedule, thus allowing scheduling of different measurements, or fewer measurements at various orbit positions.  For instance the pair of times Switch_time#1 = 0 and Switch_time#2 = 180 would put control of the instrument under Schedule 1 when the 0 o point (relative to Earth’s center and the ecliptic plane) is reached and would switch to Schedule 2 when the 180 o point is reached, swapping back and forth with each orbit.  0 o would be crossing the ecliptic plane on the way up from perigee, and 180o would be crossing the ecliptic plane on the way down toward perigee.  Another 6 times (in terms of month and day) can be associated with Switch_times 1&2, 3&4 .. 11&12 showing the start and stop time during which each pair of Switch_times is valid.  This allows us to choose Switch_times 1&2 to run a more intense measurement sequence when the solar angle is providing maximum solar panel power, Switch_times 5&6 during times of minimum power production, and Switch_times 3&4 for intermediate conditions, Switch_times 7&8 for initial measurements before full deployment (entirely passive programs).



When these tables are transferred to the RPI they will be preceded by a protocol specifying that RPI Measurement Tables are to follow (<esc>ML), then the byte count for the data transfer (should be 1250 bytes), followed by a 3 byte checksum.  The actual format of the data structure in memory is as follows:



1. SCHEDULE  TABLE

Six Sounding Measurement schedules are arranged as follows:



Byte Count�Schedule #�Minute�Content��1�1�min 0�start program (letter A-G) or blank space for null �����start second (range 0-59 = 30h - 6Bh = ASCII 0 - K)����min 1�start program �����start second�� ...��...�...����min 59�start program��Byte 120���start second���Schedule Table (Continued)

Byte Count�Schedule #�Minute�Content��2�2�min 30�start program �����start second�� ...��...�...����min 59�start program ��Byte 240���start second��ÖÖ.�ÖÖ.����6�6�min 59�start program ��Byte 720���start second��

2. PROGRAM PARAMETERS

Refer to Operators Manual for a detailed description of parameters.  The Measurement Table Memory array continues as follows (Note the continuing byte count):



Byte Count�Prog ram�ASCII chars�Parameter��721�A�6� L - First ionogram freq (Lowest freq unless sweeping backward)����4� C - Freq increment ( in %, positive or negative)��731��6� U - Last ionogram freq in kHz (Upper freq unless sweeping backward)����4� F - fine frequency increment (allows multiplexed integration)��741��3� S - (small steps) # of fine steps in a scan ����2� X - intra/inter pulse Phase codes, or Chirp waveform��746��3� A - Dual, or Single antenna transmission, O, X or linear polarization ����2� N - # of samples/doplines in and out of FFT ��751��4� R - .5, 1, 2, or 4  pulses/sec ��755��4� E - first height sample (in 1000km steps, i.e. Mm)��759��2� H - 250, 500km sample spacing ��761��4� M - # of complex height samples for each pulse (128 or 256)��765��4� D - Orbit Phase, degrees from perigee��769��2� G - Manual gain or range for automatic gain ��771��2� I - Frequency Search ��773��2� O - number of heights to store (e.g. focus only on plasmasphere)��775��4� B - bottom height stored (in 1000km, i.e. Mm)��779��4� T - top height stored in type��783��2�P1 - selects file format specification��785��2���786-850�B�76�... ��851-915�C�...�...��916-980�D�...�...��981-1045�E�...�...��1046-1110�F�...�...��1111-1175�G�...�...��

3. CONTROL SETTINGS AND SWITCH TIMES



Byte Count�Content��1176�Currently active or next scheduled program (A-G), 1 byte��1177�Currently active schedule (1-6), 1 byte��1178-1201�6 Switchover Days, a new schedule pair takes control (e.g. 0423 for 23 Apr), 4 bytes x 6 dates��1202-1249�12 switch times (6 pairs) in hours and minutes (e.g. 0830, for 8:30AM UT), 4 bytes x 12 times���Section 2.  Low Rate Science Data, a Single Byte Format (SBF) plasmagram 



	SBF is an Single byte-per-frequency format, consisting of a variable number of 4096 byte blocks, each block consisting of a header, followed by data, 128 or 256 bytes per frequency (referred to later as a frequency group.  SBT is an SBF plasmagram record thresholded for better data  compression (i.e. the random noise floor is replaced by zeros).  Each block of both file types contains a data Preface and a variable size data block.



	The SBF Header structure is described in the Table E-1.



Table E-1. The SBF Header



SBF HEADER���������Item�Description�Units�Range�Accuracy�Precision�Type�Format��RecordType�block identification�-�3 (1st msmt block)

2 (all other blocks)�exact�exact�char 

(1 byte)�unsigned

int��Header Length�total number of bytes  taken by Header�-�60, fixed�exact�exact�char 

(1 byte)�unsigned

int��Version Marker�Version control char�-�FF (hex), fixed�-�-�char 

(1 byte)�unsigned

int��General Purpose PREFACE�see Section 4��������

	Each Frequency group contains a 6-byte PRELUDE and a single A-scan of a variable length (either 128 or 256 bytes). The Table E-2 summarizes possible settings of Frequency Group lengths. 



Table E-2. Length of the SBF Frequency Groups depending on measurement settings.



Number of Heights (Preface Char #36-37)�Number of Frequency Groups in a block�Number of range bins stored in a Group�Length of a Frequency Group, bytes��128�30�128�134��256�15�256�262�������

	Each range bin takes 1 byte in an SBF Frequency Group (see Tables E-3a, E-3b )



			Table E-3a. Content of an individual range bin in SBF file.



MSB                                        LSB���8-bit Amplitude (3/8 to 96dB)�X km��

Table E-3b. Individual bit sections of the range bin.



Item�Units�Range�Accuracy�Precision�Type�Format��Amplitude�3 dB�0-31�1�1�5 bit unsigned integer�-��

	To obtain a calibrated signal amplitude in dBm units, use formulas for factoring in the variable gain and calibration data.



	SdBm	=     SNF   -   SdB  (Note:  SNF is in -dBm, typically -158dBm, while SdB is a positive value)

	where 

		SdBm 	- signal amplitude [dBm], 

		SNF 	- system noise floor [dBm], station constant

		SdB	- signal amplitude [dB]

	where

		SdB 	=      S5bit    +   Sbase   +  Sprelude   +   SHiRF 

	and 

			S8bit 	-	amplitude of the range bin; S8bit = 3/8 * Amplitude

			Sbase	-	base gain setting from PREFACE  (char G, byte 40)

			Sbase 	= 	G * (9), for G is 0 to 7.

                 			if G is 8 (automatic gain), Sbase must be 0. 

			Sprelude  -      auto gain setting from the PRELUDE (Table D-5, Gag) [dB].

					Sprelude = Gag

					If base gain in PREFACE, G, is set to 0-7, Gag  is undefined, and Sprelude is 0.

			SHiRF	-	extra 12 dB attenuation for high noise environment (as indicated by the PREFACE char #46).



Note:  SNF is a calibration measurement equating the 5-bit amplitude to some dBm level.  This value can be checked by an External Calibration (see Section 3 of Operator's Manual) using G=0.  Note the 6-bit amplitude x2, giving 1.5dB accuracy) displayed on the lower right of the DPS screen.  Multiply this by 1.5 and subtract from the known input signal amplitude (e.g. -96dBm - (1.5 x 40) = -156dBm) to get SNF.



	The 6-byte PRELUDE precedes each set of range bins in a Frequency Group (see the Table E-4). The PRELUDE uses a packed-BCD encoding scheme where each byte contains two 4-bit digits (0-9) each taking a nibble. 



	The frequency reading stored in PRELUDE is the actual sounding frequency. The offset from the nominal frequency is stored in byte #4. If offset was caused by forcing of sounding out of restricted frequency range, the actual frequency reading is given and the offset is set to E (hex) to indicate the case.



�Table E-4. PRELUDE Organization.



�Byte #�Description�Units�Range�Accuracy�Precision�Type�Format��1�high nibble�Polarization�-�3 (O) 

2 (X)�-�-�BCD nibble�1 digit���low nibble�Group size�encoded�1 (134),

2 (262)�-�-�BCD nibble�1 digit��23��Frequency Reading�1kHz�Any frequency in the operating range�1kHz�1kHz�packed BCD�4 digits��4�high nibble�Offset�encoded�0 (-1kHz)

1 (-500Hz)

2 (no offset)

3 (+500Hz)

4 (+1kHz)

E (forced)

F (no transmission)�-�-�nibble�Z1���low nibble�Auto Gain �3 dB�0-15�3 dB�3 dB�nibble�Z1��5��Seconds�sec�00-59�1�1�packed BCD�2 digits��6��Most Probable Amplitude�3 dB�0-31�3 dB�3 dB�packed BCD�2 digits��

	The last block of an SBF plamagram may be incomplete. To indicate END-OF-IONOGRAM (EOI), a 6-byte EOI marker consisting of EE(hex) is put in place of the PRELUDE after the last frequency group.



 Section 3 - Standard Science Data Format - (DFT Format)

	(Drift Record Format)



To fit the drift data into the 4K block space, the header information (PREFACE, etc.) is written serially into the least significant bits of the amplitude data. The serial bit sequence starts at LSB of the header bytes.



Byte Count�Data Description��1�Record Type 10 (hex) fixed��2-128�1st 128/2N 8-bit Amplitude spectra (as log-amplitudes in 3/8dB units) with least significant bit replaced by serially written header data��129-256�128 8-bit Phase values of Doppler lines stored in previous 128 bytes��257-4096�Repeat previous 256 bytes 15 more times.  Order of spectra is antenna 1-4, heights, frequencies, polarization��4096-...�Repeat 4096 byte blocks until end of data, placing 256 bytes of EE (hex) at end of data.  If not end of a 4096 byte block, then zero fill������Serially written parameters (bytes, LSB first)**��1-8�Record type (10 in hexadecimal form, 0x0a for Drift) -1 byte��9-16�# of bytes in header ��17-24�Preface Version Indicator FF (hex) fixed��25-480�General Purpose Preface (57 bytes)***���Subcase Header (Next 6 items)��481-488�Frequency Step # (get actual freq from preface: base_freq + fine_step*step#)��489-504�Height Bin # of Maximum Amplitude Signal for first Subcase (2 Bytes 4BCD digits)��505-512 �Automatic Gain Offset - 9dB of attenuation per unit (in addition to base gain # set in program) ��

Byte Count�Data Description��513-520�Frequency Search offset (0-4 for -1kHz to +1kHz in 500Hz steps)��521-528�Polarization (X=0, O=1)��529-2016�Repeat Subcase Headers for all heights (1st freq and polarization) 

then store another group of heights for all frequencies

then store another height/freq group for X polarization (if selected)�����*�N is # of Doppler lines in the stored spectra��**�The 60 to a maximum possible of 252 bytes of serially written data are stored  in the least significant bit of the 128 byte amplitude data blocks (lsb first), NOT in the phase blocks.  Therefore when reading header data only read the lsb from byte numbers which are an odd multiple of 128.��***�Frequency stored in preface will be actual rather than programmed frequency if auto-Drift mode is used��

Section 4 - System Status Output (BIT Format)

(Built in Test Report File)



	BIT is a system status report record with normal condition.  Both files have the same ASCII format consisting of a Header, Digital and Analog Sensor Readings, a Go/NoGo Matrix, and a Software Fault Message.



1. Three line HEADER contains:



	- 1 line of 4-char Version Indicator in the format V.NN, where NN is a number.

	- 1 line of date/time stamp in the format YYYY DDD MM dd HH mm SS, where

		YYYY is year

		DDD is day of year (1-365)

		MM is month (1-12)

		dd is day of month (1-31)

		HH is hour (0 to 23)

		mm is minute (0 to 59)

		SS is second (0 to 59)

	- 1 line of 3-char Station ID [receiver] (chars 9 to 11 of the Preface, see Appendix K).





2. DIGITAL SENSORS READINGS contains 4 status readings from digital I/O lines on BIT card arranged in 4 lines. Each status value is given in hexadecimal notation. Individual bit assignment is shown in the Table H-1.





Table H-1. Digital Sensors Readings 



�D7�D6�D5�D4�D3�D2�D1�D0��Line 1

(PA)�Over

Temp�-15V�+15V�12VD�-12V�+12V�-5V�+5V��

�D7�D6�D5�D4�D3�D2�D1�D0��Line 2

(PB)�PF-AL�-�-�ACCSW-*

ST�AC2-ST�AC1-ST�RO-ST�ED-ST��

�D7�D6�D5�D4�D3�D2�D1�D0��Line 3

(PC)�-�VAS1�-�-�-�-�SD-AL�BNE-AL��

�D7�D6�D5�D4�D3�D2�D1�D0��Line 4

(IP)�-�-�-�-�R�60 KHz�+18V �CP��



3. ANALOG SENSORS READINGS contains measurements from Analog Input Channels on BIT card as shown in the Table H-2. Each value is stored on a separate line in the file. 

 



Table H-2. Analog Measurement Table 



Pinout�Indicator�Type��Units�Range�Precision�Accuracy�Data type�Data

Format��Ch 00�RF1�B�Volts�0-5�0.1V�0.1V�real�F5.3��Ch 01�RF2�B�Volts�0-5�0.1V�0.1V�real�F5.3��Ch 02�Coupler Temp�B�Volts�0-5�0.1V�0.1V�real�F5.3��Ch 03�10.56MHz�B�Volts�0-5�0.1V�0.1V�real�F5.3��Ch 04�185kHz�B�Volts�0-5�0.1V�0.1V�real�F5.3��Ch 05�720kHz�B�Volts�0-5�0.1V�0.1V�real�F5.3��Ch 06�10MHz�B�Volts�0-500�20V�0.1V�real�F5.3��Ch 07�16MHz�B�Volts�0-500�20V�0.1V�real�F5.3��Ch 08�AmpTemp�B�Volts�0-5�0.1V�0.1V�real�F5.3��Ch 09�20.48MHz�S�Volts�0-5�0.1V�0.1V�real�F5.3��Ch 10�185kHz�S�Volts�0-5�0.1V�0.1V�real�F5.3��Ch 11�Xmtr1�S�Volts�0-5�0.1V�0.1V�real�F5.3��Ch 12�Xmtr2�S�Volts�0-5�0.1V�0.1V�real�F5.3��Ch 13�1st LO�S�Volts�0-5�0.1V�0.1V�real�F5.3��Ch 14�C140kHz�S�Volts�0-5�0.1V�0.1V�real�F5.3��Ch 15��S�Volts�0-5�0.1V�0.1V�real�F5.3��

�4. GO/NOGO MATRIX contains (see Table H-3):



>	Go/NoGo status of digital sensor signals 

>	Go/NoGo status of analog sensor signals 

>	Additional status conditions evaluated indirectly or by other means, including



>	No IRQ interrupt request (DPSCntl)

>	DSP card performance (FeedDSP8)

>	Digitizer card performance (FeedDSP8)

>	Software Fault Condition (all software components)

>	Performance Confidence Condition (ARTIST)

>	Transmitter Antenna status (BIT)

>	Receiver Antenna status (BIT)

>	Antenna Switch status (BIT)

>	Coupler status (BIT)

>	Data Gap Condition (Dispatcher AUX)



Each bit of the matrix may be set to 1 (Go) or 0 (NoGo) depending on settings of parameters 940, 951 and 952 in the system configuration file ARMENU.DPS which regulate tolerance of the measured conditions.





Table H-3. Go/NoGo Matrix 





Line Count�Category�D7�D6�D5�D4�D3�D2�D1�D0��0�Byte 1 digital�Over

Temp�-15V�+15V�12VD�-12V�+12V�-5V�+5V��1�Byte 2 digital�PF-AL�INT IRQ7�Rx Ant�ACCSW-ST�AC2-ST�AC1-ST�RO-ST�ED-ST��2�Byte 3 digital

�Tx Ant�VAS1�DSP�DIG�Soft ware�Perf confid�SD-AL�BNE-AL��3�Byte 4 digital�GPS�AntSw�Tuner�Data Gap�R�60 kHz�+18V �CP��4�Ch00-Ch07 analog�RF-2 OUT�RF-1 OUT�C20.48�LO�IFSMP�RFSMP�XMTR-2�XMTR-1��5�Ch08-Ch15 analog�20.48�TEMP�16 MHz�10 MHz�7.2 MHz�LO-3�LO-2�49.6 MHz��



5. SOFTWARE FAULT MESSAGE is a one line message created when a software fault is detected and reported in the Go-NoGo matrix. The message is formatted as follows:



SSSSS-C-NNN-message text

where 

SSSSS	is the name of the software component that generated the error, 

C 	may be: 

	F 	for a fatal error making further execution impossible, 

	E 	for other errors

	I 	for an information

	W 	for a warning

NNN	is the error code number



Applicable Error Codes:



131 Memory Read Error

133 Spawning Error <description>

134 Memory Write Error <name>

135 Download Failure: Requested File <name> Not Found

136 Download Failure: Size Mismatch: <NNN> informed, <MMM> actual

137 Upload Failure: Requested File <name> Not Found

138 Download Failure: File<name> could not be updated.

139 Dispatcher Update Failure <Description>





 Section 4 - General Purpose PREFACE 



Byte #�Description�Units�Range�Accuracy�Precision�Type�Format��1�Year�years�0-99�-�-�packed BCD�2 digits��2,3�Day of Year�days�1-366�-�-�packed BCD�4 digits��4�Month�months�1-12�-�-�packed BCD�2 digits��5�Day of Month�days�1-31�-�-�packed BCD�2 digits��6�Hour�hours�0-23�-�-�packed BCD�2 digits��7�Minute�minutes�0-59�-�-�packed BCD�2 digits��8�Second�seconds�0-59�-�-�packed BCD�2 digits��9,

10,

11�Altitude �100km�Altitude�-�-�char�3 chars��12,

13,

14�Orbital Position�deg�000-359�-�-�char�3 chars��

Byte #�Description�Units�Range�Accuracy�Precision�Type�Format��15�Schedule�-�1-6�-�-�packed BCD�2 digits��16�Program�-�1-7

(A-G)�-�-�packed BCD�2 digits��17,

18,

19�Start Frequency, LL�100 Hz�3-3000

(3kHz-3MHz)�100Hz�100 Hz�packed BCD�6 digits��20,

21�Coarse Frequency Step, C�Percent�1 to 20%

<0 for fixed freq step �1%

or

100Hz�1%

or

100Hz�packed BCD�4 digits��22,

23,

24�Stop Frequency, UU�100 Hz�3-3000�100Hz�100 Hz�packed BCD�6 digits��25,

26�Fine Frequency Step, F�1Hz�0 - 5000

(5kHz)�1Hz�1Hz�packed BCD�4 digits��27�Number of small steps in a scan, S�-�-15 to +15

negative value means no multiplexing�-�-�signed char�I3��28�Phase Code, X�-�1 (complim.)

2 (FM/CW)

3 (stag. Pulse)

4 (long pulse)

+8 (no phase switching)�-�-�packed BCD�2 digits��29�Transmitter antenna options, A�-�0= Radio Silent (no Tx) 1= X antenna Only

2= Y antenna Only

3= X+Y in  linear polariz

4= O polariz 5= X polariz 

(O or X with respect to +Z)�-�-�signed char�I3��

�

Byte #�Description�Units�Range�Accuracy�Precision�Type�Format��30�Number of samples for FFT, N�encoded, actual value is power of 2�3-7 (power of 2)�-�-�packed BCD�2 digits��31,

32�Pulse Repetition Rate, R�pps�1, 2,4 or 5.

5 = ½ pps 

4= 4 pps

2= 2 pps

1 = 1pps�-�-�packed BCD�1 + 3 digits��33,

34�Range Start, E�1 Mm�0 - 99�1 Mm�1 Mm�packed BCD�4 digits��35�Range Increment, H�encoded�2 (250 km)

5 (500 km)� -�-�packed BCD�2 digits�����������36.

37�Number of heights, M�units�128,

256�-�-�packed BCD�4 digits��38,

39�Delay, D�15 km�0 - 1500�15 km�15 km�packed BCD�4 digits��40�Base Gain, G�dB�0-7 (0-63 dB)

+8 (auto gain)���packed BCD�2 digits��41�Frequency Search Enabled, I�-�0 (no)

1 (yes)�-�-�packed BCD�2 digits��42�Operating Mode, Y�-�0 (Low Rate)

1 (Drift Std)

2 (Cal)

3  (Receive)�-�-�packed BCD�2 digits��43�Data Format, V�-�0 (no data)

1 (SBF)

2 (Drift)

3 (PGH)�-�-�packed BCD�2 digits��44�Printer Output, P2�-�N/A�-�-�packed BCD�2 digits��45�Threshold�3 dB over the MPA�0 - no threshold

�3 dB�dB�packed BCD�2 digits��46�High RF Noise Setting�-�0 - no

1 - yes

(extra 12dB attenuation)�-�-�packed BCD�2 digits��

Byte #�Description�Units�Range�Accuracy�Precision�Type�Format��47-48�spare��������49,

50�CIT Length�msec�0-40000�msec�msec�unsigned int�I5��51�Journal�-�bit0: new gain

bit1: new height

bit2: new freq.

bit3: new case�-�-�char�Z4��52,

53�Bottom of the height window, B�1 km�0-9999�1 km�1 km�packed BCD�4 digits��54,

55�Top of the height window, T�1 km�0-9999�1 km�1 km�packed BCD�4 digits��56,

57�Number of heights to store, O�units�1-512�-�-�packed BCD�4 digits��

�Section 5 - ARMENU.DPS - Site and System Configuration File/Data Block



ARMENU.DPS is an ASCII text file. Each line in the file may be one of the following:



	PARAMETER LINE (preceded with an asterisk * in column 1 followed by “<” )

	The ASCII parameter value is on the same line enclosed within <    > 

	

	INTERNAL COMMENT LINE (percent sign “%” in column 1 followed by a space)

	Comment line invisible to an operator using the configuration editor EDMENU.EXE



	EXTERNAL COMMENT LINE (no character in column 1)

	Instructions visible to an operator using the editor EDMENU.EXE 



	TABLE OF CONTENTS MARKER (percent sign “%” in column 1 followed by a digit)

	A marker indicating the beginning of a section



	TABLE OF CONTENTS ENTRY LINE

	(preceded with a percent sign “%” in column 1 and an asterisk)

	Marks section # as specified in Table of Contents, so EDMENU can jump to that section



Station specific and System specific setup parameters appear as detailed in the following table:



Section 1 - GEOPHYSICAL PARAMETERS AND SITE INFORMATION���������Parameter Name�Parame

ter No.�Units�Range�Accurcy�Precisn�Data Type�Format��Receiver Station ID�*942�assigned value����ASCII�3 chars��Delete high Dopplers ? �*077�Units�1 or 0 yes/no�1 unit�integer�int�free��Noise Threshold�*089�3dB units�0 - 4�1 unit�3dB�int�free��

Section 2 - Reserved for Post-Processing Options (e.g. Angle of Arrival)

�

Section 3 - DPS System Configuration ���������Parameter Name�Parameter No.�Units�Range�Accurcy�Precisn�Data Type�Format��High RF Interference�*082�Units�1 or 0 yes/no�1 unit�integer�int�free��Version # DPS1 or 4�*945�Units�1 or 4�1 unit�integer�int�free��DPS Config-uration�*950�Card

Revision

Modificn�Prompt Shows Options�1 unit�string�ASCII�free���Digitizer Delay�*944�1.25km units�0 - 16�2 units�2.5km�int�free��Analog BIT Tolerances�*951�volts�0 - 400�10%�0.1V�real

[2][16]�real-real6��Digital BIT Normal indications�*952�bits�0 or 1�binary�1 bit�4 char�4 8-bit bit fields��BIT bits to trigger .ERR  Report�*940�bits�0 or 1�binary�1 bit�6 char�6 8-bit bit fields��VME Address of P-bus �*805�-�-�-�-�hex�3 digit���

Section 4 - Data Storage and Communications Options ���������Parameter Name�Parame-ter No.�Units�Range�Acuracy�Precisn�Data Type�Format��Transfer Selection,

not compressed�*806�3 char extensions�SBF

SBT

RSF

ART

DFT

BIT

ERR�-�-�ASCII�string���Transfer Selection,

compressed�*807�3 char extensions�SBF

SBT

RSF

ART

DFT

BIT

ERR�-�-�ASCII�string7�����������Section 5 - Restricted Frequency Table��Restricted Bands��*946�kHz�1000 - 40000�1 unit�integer�Pair of integers�int - int6��Restr. Band Buffer�*943�kHz�0 - 100�1 kHz�integer�integer�free����Section 6 - Time Transfer and Timing Options��Timing

Options �*313�Alpha�specific�specific�specific�string�free3��







�ARMENU EXAMPLE 



% COMMENTS - Site-Specific Sounder Setup Parameters

%

% '%' in Col. 1 is a COMMENT LINE for the Programmer.

% '%#' (# is 1 to 9) is a Table of Contents Heading in EDMENU.

% '*' in Col. 1 is a PARAMETER LINE.  * is followed by 3 digit number.

%



TABLE OF CONTENTS

	1 GEOPHYSICAL PARAMETERS AND SITE INFORMATION

	2 ARTIST PROCESSING OPTIONS

	3 DPS CONFIGURATION

	4 DATA STORAGE OPTIONS AND COMMUNICATIONS OPTIONS

	5 RESTRICTED FREQUENCY

	6 TIME TRANSFER AND GPS

	7 MISCELLANEOUS



% %* is special format for TOC question

%* Type number of section you wish to edit < > followed by Enter key.



% Key for Table of Contents function is % sign followed immediately

% by a numeral.



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%



%1 GEOPHYSICAL PARAMETERS AND SITE INFORMATION



Station ID

*942 < RP1 >



Delete High Dopplers?

	1  Delete the O-echoes which have high doppler

	0  Keep all echoes

*077 < 0 >



Noise Threshold (0 to 4)

*089 < 2 >





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%



%3 RPI CONFIGURATION



Enter 1 for high local RF interference (>.1V from loop antennas)

This decreases gain in the front end of the receiver to avoid saturation.

*082 < 1 >



Version of DPS system

 1.x   DPS-1

 3.x   RPI, 3 Rcvr

 4.x   DPS-4

*945 < 1.00 >



CONFIGURATION AND REVISION NO OF ASSEMBLIES



CPU:   Main Processor 

	  - 0 Prototype DSP card (Pentek ‘C30)

	  - 1 SC-7 Processor

CPL:    Wire Antenna Tuning Unit        

PRE:    Z-axis Antenna Tuning/PreAmp 

PA:   Power Amplifier 

 

Digital Card:

TIM:    Timing card             

SYN:    Synthesizer 

	  - 0 Uses AD 9713 D/A converter

	  - 1 Uses AD568 D/A converter

DIG:    Digitizer card           (motherboard, Main Chassis)



Analog Card 1:

OSC:    Oscillators 

XMT:   Transmitter 

RCV:    Z-axis Receiver



Analog Card 2:

RCV:    2 Receivers (X and Y axis)

 

*950 < TIMb1 OSCc1 SYNd2 XMTd1 RCVd1 DIG@1 DSP@0 ASWc0 POLb0 PAc0 >



Delay Adustment to correct height sample delay in Digitizer

*944 < 0 >



THRESHOLD VALUES FOR BUILT-IN-SELF TEST



NOTE: The Sequence Of Parameters In the Next 2 Sets Determine

      How They Are Interpreted In The Program, Don't Change ItAnalog BIT Tolerances, Signal Detection Point shown in ( ).

Chan 00 - XMTR1, Peak Envelope Voltage of XMT card output (XMT) 

*951 < 0.2 - 3.2 >

Chan 01 - XMTR2, Peak Envelope Voltage of XMT card output (XMT)

*951 < 0.3 - 3.3 >

Chan 02 - RFSMP, Peak Envelope Voltage of Wideband RCV front end (RCV)

*951 < 0.4 - 3.4 >

Chan 03 - IFSMP, Peak Envelope Voltage of Filtered RCV IF (RCV)

*951 < 0.5 - 3.5 >

Chan 04 - LO, Envelope Voltage of 1st Local Oscillator (SYN)

*951 < 0.6 - 3.6 >

Chan 05 - C140kHz, Peak Envelope Voltage 2nd Xmtr IF (OSC)

*951 < 0.7 - 3.7 >

Chan 06 - RF1, Peak Envelope Voltage of RF Power Amp output (AMP)

*951 < 0.8 - 3.8 >

Chan 07 - RF2, Peak Envelope Voltage of RF Power Amp output (AMP)

*951 < 0.9 - 3.9 >

Chan 08 - 10.56MHz, Envelope Voltage of 2nd Xmtr LO (OSC)

*951 < 1.0 - 4.0 >

Chan 09 - 185kHz, Envelope Voltage of 2nd Rcvr LO (OSC)

*951 < 1.1 - 4.1 >

Chan 10 - 20.48MHz, Envelope Voltage of Synth Clock (OSC)

*951 < 1.2 - 4.2 >

Chan 11 - 7.2MHz, Envelope Voltage of Digitizer Clock (OSC)

*951 < 1.3 - 4.3 >

Chan 12 - 10MHz, Envelope Voltage of 10MHz Frequency Standard (TIM)

*951 < 1.4 - 4.4 >

Chan 13 - 16MHz, Envelope Voltage of 16MHz Master Oscillator (TIM)

*951 < 1.5 - 4.5 >

Chan 14 - AMPTEMP, Voltage from Thermistor circuit (AMP)

*951 < -1.0 - 4.6 >

Chan 15 - LO3, Envelope Voltage of Synthesizer Clock (SYN)

*951 < 1.7 - 4.7 >





Digital BIT Normal Indications (from POW card).  The Signls on the IP Port are dynamic and are analyzed for proper periods, duty cycles etc. No options for these signals are defined at this time

PA (Port A on BIT card)

*952 <10110100>

PB (Port B on BIT card)

*952 <11011111>

PC (Port C on BIT card)

*952 <10111111>

IP (Port IP on BIT card)

*952 <00000110>





BIT bits Which Should Generate an Error Report (.ERR file)

PA (Port A on BIT card)

*940 <11111111>

PB (Port B on BIT card)

*940 <11111111>

PC (Port C on BIT card)

*940 <11111111>

IP (Port IP on BIT card)

*940 <00001111>

First 8 Floating Point Channels (00 - 07)

*940 <11111111>

Second 8 Floating Point Channels (08 - 15)

*940 <11111111>



P-BUS Address (IO Port # in 486 Main Computer)

*805 <278>



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%



%4 DATA STORAGE OPTIONS AND COMMUNICATIONS OPTIONS

for ARTIST running on AUX Computer



Transfer-Compressed Selection

These files are pkzipped into DateTime.ZIP file(s) for transfer to the

FTP Data Server. More than one data file may be contained in a ZIP file.

ZIP files are not sent in the bottleneck condition.

*807 <SBF,RSF,DFT                           > Comma separated.



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%



%5 RESTRICTED FREQUENCY



Restricted Frequency Table.

Use format:  Beginning-End Freq, (pairs define restricted bands)

946 <  2065-2107,   2170-2194  >

946 <  4000-4438   >

946 <   6200-6525 >

946 <  9990-10010, 11166-11281  >

946 < 16360-17410  >

946 < 19990-20010 >

946 < 25550-25670, 26100-26175  



Restricted Frequency Buffer (kHz).

*943 < 3 >



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%



%6 TIME TRANSFER AND GPS



Time Transfer options:

 Option 1: RTC   to use internal PC hardware (Real Time ) Clock

 Option 2: Request time from Serial Port #1 



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%





1 Burst measurement (B) of a pulse signal must be done during sounding only.  Single measurement (S) of a continuous signal may be done anytime.

� Multiple entries are delimited by a space 

� Multiple element values delimited by commas

� Multiple entries are allowed with the same parameter number
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