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USE OF COMPUTERS AND PROGRAMMABLE TELEMETRY
SYSTEMS ON SCIENTIFIC SATELLITES

PAUL FEINBERG, MARVIN MAXWELL, and JOSEPH R. SILVERMAN
Goddard Space Flight Center.

Summary    Satellite data handling and telemetry systems in the past have been tailored
to a particular mission or a predetermined set of spacecraft requirements. New systems
are being developed and built at Goddard Space Flight Center whose design concepts
allow a more general or multi-mission use. Several of these GSFC systems will be
surveyed in synopsis form in this paper.

Introduction    The major items to be covered in this presentation include a brief
description of the major design features of each system appended to which will be a table
outlining the application, capabilities and the system and physical characteristics of each
unit.

There will also be a comparison of characteristics, relative advantages and disadvantages
along with comments on specific potential problem areas such as system checkout,
experiment and spacecraft integration, software and ground data processing.

I.   Versatile Information Processor (VIP)    The Versatile Information Processor (VIP)
using a unique programming concept is a large capacity, general purpose telemetry
processor which will first be used on the Nimbus D spacecraft data handling system. The
VIP will time multiplex, digitize and format data with sampling rates for any input and
frame format variable before and after launch. (See Table 1)

II.   Data Processing System (DPS)    The Data Processing System (DPS) has been
designed as a centralized telemetry data handling system for the Small Scientific Satellite
(S3), a small, versatile spacecraft capable of conducting a large variety of missions. The
DPS using memory stored programs acquires data from detector outputs, produces
control signals for detectors, formats data into a standard skeleton format and outputs the
formatted data to a tape recorder or transmitter. (See Table 2)

III.   Telemetry Remote Modules (RM)    The Remote Module development is a
decentralized telemetry system with a basic objective of reducing total system weight
and maximizing telemetry gathering capabilities through the employment of distributed
multiplexer input gates. Each remote module is a small low power independent unit



accepting information from up to 32 analog and/or digital points and communicating this
data back to a central control core for inclusion in the telemetry bit stream.
Interconnecting wires between each RM and the central core are kept to a minimum
thereby significantly reducing the harness requirements on complex spacecraft. The
design of the remote modules is such that they can be controlled through either a
hardwired sequence in the central core or through a programmable (e.g. VIP) type of
system. (See Table 3)

Parallel Ultra Low Power Processor (PULPP)    The Parallel Ultra Low Power
Processor (PULPP) is a developmental effort being undertaken to produce a small
flexible, low power processor for individual experiments. Several general purpose large
scale integration (LSI) arrays utilizing complementary MOS technology will constitute
the building blocks for this decentralized processor. (See Table 4)

V.   Spacecraft Data Processor (SDP-3)    The SDP-3 is a small, slow, low powered,
general purpose, stored program computer designed to provide the data system
requirements of a small scientific spacecraft. The computer is in a serial, two’s
complement, 16 bit word configuration and has one hardware index register and one
level of indirect addressing. There is 4 K of memory structured into 16 pages of 256
words each. Time sharing operations are facilitated through a 16 level priority interrupt
system and a real time clock. Initial operation of the computer will be as an engineering
experiment on the IMP-I spacecraft where it will handle control and data compression
for 4 scientific experiments. (See Table 5)

VI.   On-Board Processor (OBP-3)    The OBP is a fast, complex, medium DC power,
general purpose stored program computer designed to provide the data system and
computational requirements of various types of larger spacecraft. The computer is an
18 bit, two’s complement parallel machine with one full length index register and
hardware multiply and divide. The basic memory is a 4 K word module with the
capability of adding up to 16 modules. The machine provides a sophisticated I/O
capability and 15 levels of external interrupts. Extensive software has been developed for
the system to allow independent user programming and debugging. Initial use of the
system will be on the OAO-C. (See Table 6)

Ground Processing    The use of variable format telemetry systems and computers on
spacecraft may significantly complicate the ground processing of the data acquired
through such systems. It must be possible to easily and efficiently recover the desired
information when the system is operating properly.



One approach to aid in the data recovery is to require that the memory contents be
subcommutated and placed in the data stream such that the data acquired during any
“normal” interrogation will be sufficient to completely establish the memory contents. In
addition, if the processing or communtation sequence is adaptive, or varies depending
upon the data, the flags in the data which specify the sequence performed, etc., must be
redundant and distributed in time so that no short loss of data can make a large block of
data which follows impossible or excessively difficult to interpret.

The control or flag information must be in well defined locations independent of the
format or processing used so that they may be easily located and extracted to effect the
proper ground processing of the data.

The system must be configured such that as many malfunctions as feasible can be
detected in the spacecraft control center wit out 00 g at or attempting to interpret the data
itself. This is a requirement since the control center will not generally have an expert in
the specific sensor who can establish that the data has been processed properly in the
spacecraft. The data is generally not available or processed by the experimenter for many
weeks or months so that if the failure can only be established by a detailed look at the
data, much valuable information will be lost before the trouble is detected and hopefully
corrected.

Programmable sequence generators can be verified by occasionally outputting the
sequence of gate addresses generated, rather than the data measured through these gates.
Memory contents may be verified by error detecting codes, such as a parity check, or by
having a sum check made over the fixed portions of memory. The system must put into
the data a changing flag, such as a counting sequence, which indicates that the tests are
being performed and the result is proper so that the spacecraft operations centers can get
a quick indication of umlfunctions. Computers must incorporate a minimum program to
verify the proper operation of the system. This should be run automatically, periodically
and a varying confidence flag put in the data.

The ground decomutator and processing system to effectively process variable format
data will probably be quite different than the conventional ground system. A general
purpose decommutation system should have the capability of operating on a list which
defines the memory contents of the sequence generator and by simulation, or Emulation
of the spacecraft system, generate a list of the gate addresses running in synchronism
with the received data stream. The data sent from this element will process the data with
the gate addresses attached to the data, so that if you wish to look at a specific data point,
you would ask for it by its gate address rather than as a specific row and column in a
matrix. This, in concept, is an easier and more natural method of looking at data for
display on charts, but will require associative memories which will allow rapid
association of a memory location with a gate address for extensive computer processing



of the data. These difficulties indicate that it may be desirable to constrain the variability
of the housekeeping data sequences since this is generally a small percentage of the total
telemetry system capacity and the savings to be gained in this area may not be worth the
added complexities in the following processing. To minimize the complexities of the
simulator or emulator which establishes the commutation sequence it may be necessary
to limit the spacecraft designers to only those sequence generators which can be
efficiently simulated or emulated in a well designed ground system.

Spacecraft computer should have some special characteristics to aid in the operation,
integration and checkout of the system. Spacecraft computers should have an output plug
which would contain the information and some console switch equivalents that would
normally be displayed on the console of a similar ground computer. It should contain
information as to the status of the instruction counter, arithmetic registers, index
registers, interrupts inhibited, etc. During spacecraft integration this could be connected
to a remote console with lights, monitor systems, etc. When the system is in operation,
these points could be scanned at a low rate by the housekeeping telemetry system so that
if the system stops, the internal condition can be established to aid in locating the
difficulty. For example, the contents of the instruction counter is needed to establish
which program was being executed when the system halted. This data should be
converted to serial form in the flight system so as to minimize the number of lines bo be
outputted or scanned by telemetry. A program transfer and interupt tracer system in
hardware which would store in a protected area of memory the last few addresses which
caused a program transfer or interupts which were detected would be of considerable
help in locating the source of problems in the software, hardware, or the system.

Conclusion    A variety of programmable telemetry systems and computers for
spacecraft application are being developed at Goddard Space Flight Center. The mission
requirements that these systems must support are sufficiently different that different
designs are necessary. The major constraint on the flexibility or variability that will
actually be used on the flight systems will be established by ground system designs and
operational constraints rather than by the spacecraft system.
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TABLE 1
VERSATILE INFORMATION PROCESSOR (VIP)

General purpose, modular design, centralized programmable telemetry system of
large input channel capacity and medium data rate.

Application
Nimbus D spacecraft telemetry system for 10 experiments (sampling rates 1 to 80
samples/sec.) and 950 housekeeping points (sampling rates 1/16 to I sample/sec.).
Proto and flight models built, early 1970 launch.
Nimbus E and F

Capabilities
Sampling rates for each input variable
Frame formats and sequences variable
Reprogrammable before and after launch.

System Characteristics
Input channel capacity: 576 analog (expandable)

320 single bit digital
16 serial digital

Output data rates: 400, 800 and 1250 word/sec.
(10 bits/word)

Programs, commandable:  4
Major frame length:  maximum of 256 minor frames
Reprogramming:  RF and BTE link
Memory: Size - 512 words (10 bits/word)

376 RO, NDRO)
Type - Biax
Power - 0.41 W

Physical Characteristics
Weight:  39.2 lbs.
Size:  1247 cu. in.
Power:  10.72 W
Redundancy:  cross-strappable, block redundant



TABLE 2
DATA PROCESSING SYSTEM (DPS) FOR THE SMALL

SCIENTIFIC SATELLITE

Specialized purpose modular design, centralized programmable data handler of
low data rate.

Application
Small Scientific Satellite (S3) data handling system
Flight model scheduled February 1970, late 1970 launch

Capabilities
Sampling rates for each input variable
Frame formats and sequences variable
Reprogrammable before and after launch
Two time basis to collect data
Variable word lengths
Spin synchronized sectioning of data

System Characteristics
Input Channel Capacity:

Programmable: 37 analog
  2 serial digital (12 bits/word)
80 single bit digital

Hard Wired: 128 analog or digital
Output data rate 440 bits/sec. (4, 8 or 12 bits/word)
Reprogramming: RF link
Memory: Program memory

Size - 256 words (14 bits/word)
Type - Biax, random access, NDRO
Read access rate - 50 KC burst
Write - 50 word/sec.
Power - 250 mw
Buffer memory
Size - 4096 words (4 bits/word)
Type - Core, random access, DRO

Physical Characteristics
Weight: 8 lbs  Power: 5-6 watts
Size: 8" delta pack Redundancy: none



TABLE 3
TELEMETRY REMOTE MODULES (RM)

Development of small, efficient modules to decentralize multiplexer input gates.
Design is a general purpose modular system of remote modules with small
individual, large total capacity and medium data rate.

Application
Standardize multiplexer input gates for use on multi-mission functions.
Proposed initial use on future Nimbus spacecraft
Development of RM breadboard in 1969

Capabilities
Standardized Configuration for RM
Vary number of input gates as function of mission
Simply harness (interface wiring) requirements
Using programmable address generator/central core (not part of development),
sampling rates, frame formats and sequences can be made variable

System Characteristics
Input channel capacity (per RM)
32 data points in 4 combinations of analog and digital

1.  32 analog   0 digital
2.  14 analog 16 digital
3.    5 analog 24 digital
4.    0 analog 32 digital

Data Rate 0 to 32 KBPS
Programmable or Hardwired

Address generator/central core
Initial design hardwired

5 Interface wires between RM and Central Core
Central (control) core with initially up to 32 RM

 
Physical Characteristics

Remote Modules (each)
Weight:   .27 lbs.
Size:   6 cu. in.
Power:  1.34 w interrogate

      58 mw standby
        4 mw off

System weight and power of 32 RM and central core (excluding address
generator)



Weight:  8.5 lbs.
Power:   3.5 w

Redundancy
Can be achieved through employing two RM’s.

 
TABLE 4

PARALLEL ULTRA LOW POWER PROCESSOR (PULPP)

General purpose, modular design, decentralized programmable data handler of
very low power and slow data rate, dedicated to a single experiment.

Application
System being developed for use in mid 1970’s.

Capabilities
Data compression, date formatting and experiment control.

Characteristics
Input channel capacity:  16 digital
Memory chips: Complimentary MOS

Read only - 256 words (16 bits/word)
Scratch pad - 256 word (16 bits/word)
Interrupt - execute cycle time - 16 Fs

Priority interrupts - 16
Power - 250 mw

TABLE 5
SPACECRAFT DATA PROCESSOR (SDP-3)

A small, slow, low DC power general purpose computer system capable of being
reprogrammed via the RF link

Application
Initial use is on IMP-I (1970 Launch)

Capabilities
Progamming (i.e. controlling) scientific experiments
Data acquisition (controlling sampling rates)
Data compression



System Characteristics
Data Flow

16 bit serial
Number of Instructions

54 currently implemented
Addressing

Single address instructions
One 8 bit hardware index register
Indirect addressing capability

Computing Time
77 Fs all instructions
4.4 ms multiply (subroutine)
Memory
Type-Core
Capcity-maximum of 256 pages of 256 words

(16 bit words) - initial system has 16 pages of memory
Cycle Time - 8 Fs (actual)

Physical Characteristics
Weight (including 2 memory boxes at 2 lbs. each): 8 lbs.
Size:  500 cu. in (see comments)
Power:  5 w normal operating
Redundancy:   none

Comments
Size of system could be reduced significantly by repackaging “off the shelf”
memory.

 TABLE 6
ON-BOARD PROCESSOR (OBP)

A large, fast, complex, medium DC power general purpose computer capable of
being reprogrammed via the RF link.

Application
Designed to have multi-mission capabilities
Initial use is on OAO-C (1971 launch)
Breadboard built-flight units under construction

Capabilities
Control sampling and formatting of spacecraft telemetry data
Flag out of tolerance data



Storage for delayed execution spacecraft commands
Experiment data processing capability (not used initially)
Data storage
Attitude control - experimental capability

System Characteristics
Data Flow - 18 bit parallel
Number of instructions - 50
Addressing - Single address instructions

  Index register
  Direct data address with indirect branching

Computing time 7.5 Fs add
      50 Fs multiply
    100 Fs divide

Memory - Type Core (plated wire to be developed)
       Capacity - Modular in blocks of 4K each

   (18 bit words) - expandable up to 16 blocks (64 K total 
    capacity)

       Cycle Time - 2 s
 
Physical Characteristics

Weight (including 4 memory blocks at 6 lbs. each):  42 lbs.
Size:  1000 cu. in.
Power:  40 w
Redundancy:  Initially none

Comments
Multi-mission capability provides much larger capacity than required for initial
use on OAO-C.




