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* This paper is based upon work performed at COMSAT Laboratories under the sponsorship of
the International Telecommunications Satellite Organization (INTELSAT). Views expressed in
this paper are not necessarily those of INTELSAT.

A MICROPROCESSOR-BASED COMPUTER DEVELOPMENTAL
SYSTEM FOR SATELLITE APPLICATION*

PAUL C. REDMAN
COMSAT Laboratories
Clarksburg, Maryland

Summary.  This paper describes the hardware and software requirements for a
microprocessor-based onboard computer developmental system. In particular, it describes
the use of standardized modules which may be assembled in flight form to permit the
microprocessor to become a viable alternative to dedicated hard-wired logic
implementation in satellite electronic control applications. In addition, it addresses the
problem of using electronic control hardware which is common to a majority of
applications, with the uniqueness contained in the software.

The processor development system includes the basic characteristics of the onboard
processor as well as those of the ground-based software development system. The use of
these two components to realize a finished onboard processor system is described, and the
efficiency advantages of the developmental system are indicated.

Introduction.  In the past, INTELSAT satellites have relied on essentially dedicated hard-
wired logic for a variety of unique monitor and control applications. It is envisioned that
future generation communications satellites will require a significantly larger amount of
more complex control functions so that conventional special-purpose hardware will prove
to be an unattractive and unreliable method of implementation. Accordingly, the use of
large-scale integration (LSI) to provide a standardized onboard processor will significantly
enhance reliability and permit the accommodation of diverse tasks. This approach, in
which the software is customized to fit the particular application, will prove to be a most
effective way of dealing with future changing requirements.

This paper describes a proposed microprocessor-based onboard computer system being
investigated for INTELSAT. At this time the microprocessor and family of support
integrated circuits that will actually be used is still being investigated. It is expected that
the microprocessor will be selected from standard 8-, 12-, or 16-bit devices that are either
flight qualified or likely to be flight qualified at a later date.



System Requirements.  The onboard processor presently being developed is based on a
commercially available microprocessor which, together with selected compatible
hardware, comprises a viable microcomputer system. The processor system is capable of
modular expansion up to 32 K memory locations and 256 input/output (I/O)ports.
However, the initial system, which will be packaged as an engineering model of an actual
flight system unit, will have 8 K of memory and three input/output ports.

The engineering model onboard processor will be equipped with a mixture of read-only
and random access memories which contain the programmed instructions necessary for the
unit to be utilized in a dedicated application. A rack-mounted equivalent processor is also
available for software development work. The equivalent processor, which is very similar
to the general-purpose minicomputer, is equipped with an operator’s control front panel
and teleprinter input/output capabilities to be used in the required program development
work. Accordingly, an entire applications program can be checked to ensure correct
operation by utilizing the equivalent processor prior to loading the final program into the
engineering model. The onboard processor memories are loaded by using a separate
memory programming device. This device will enable the actual memories utilized in the
onboard processor to be directly programmed by the system programmer.

Onboard Processor.  The primary segments and capabilities of the reliable onboard
processor are as follows:

a. LSI processor,
b. control and timing,
c. 4 K nonvolatile program memory locations,
d. 4 K data memory locations,
e. two bidirectional parallel I/O ports,
f. direct memory access (DMA) controller,
g. programmable real-time clock interval counter facility,
h. multilevel external interrupt capability, and
i. one synchronous serial I/O integral port.

The engineering model makes extensive use of commercially available MOS/LSI-type
components and common signaling paths. Although it is not required to pass flight
qualification environmental testing, it includes no material or part which will preclude its
future use as a prototype onboard processor. In addition, the engineering model is
packaged so that repairs are feasible. It is specified to operate off a nominal 35-VDC
unregulated power bus, and its physical design objectives are as follows:

size: 13 x 15 x 8 cm
weight: 700 9



power: 1 W max at 35 VDC
operating temperature: -20EC to 100EC

The processor system configuration allows for ease of memory expansion in 1 K and 4 K
increments to a system total of 32 K locations. The architecture will allow for an I/O
expansion of 256 parallel bidirectional ports. It is capable of accommodating a minimum of
eight external interrupts. All expansion requirements are met by adding modular segments,
memory or otherwise, to a predefined system bus and control structure. The engineering
model has the necessary addressing and drive capabilities to accommodate the expanded
version with an attendant increase in packaging size and power specifications. The
developmental engineering model is provided with automatic power fail restart circuitry
and a nonvolatile bootstrap loader. In addition, it contains parallel transfer error detection
features and automatic restart for use during program malfunction. The overall
configuration is shown in Fig. 1.

The instructions which can be executed by the onboard processor are generally similar to
those which are available in standard commercial 8/12/16-bit microprocessors or
traditional minicomputers. Instruction execution times will vary between 2 and 12 µs
depending on the particular instruction being executed and the number of times the
processor must access its memory to complete the instruction.

The developmental onboard processor will be equipped with only one integral serial I/O
port. The external serial information format that is sent/received by this port is shown in
Fig. 2. It should be noted that, through its external serial bus structure, this serial port is
capable of communicating with as many as 16 similar remote devices. The onboard
processor’s system architecture permits more than one integral serial I/O port to be
incorporated into the system. If it is desired to adhere to the existing serial information
format, an additional external serial bus facility will be required for each serial I/O port
installed.

Input/Output Capabilities.  The bidirectional parallel I/O ports are individually
addressable from the processor software. Each port has a word width equal to that of the
processor’s internal accumulator and data registers so that it is capable of transferring a
processor data word to/from a peripheral device. Address decoding of a particular port is
achieved by means of built-in hard-wired decoding on the processor’s data, address, and
control bus structure.

Integral to the onboard processor, but connected and operated by one of the parallel I/O
ports, is a serial I/O facility. The operation of this facility is semiautonomous in that data
for remote destinations are output in parallel by the processor using a parallel I/O port to
the serial port. Once information from the processor is received by this device, it will be



shifted out serially with a sync word to an external serial bus structure for routing to
remote destinations. The information received from the computer will contain operational
and remote address data. Similarly, the incoming data from the external serial bus are
checked for sync and address information and, if verified, the subsequent data are
accumulated and loaded in parallel into the onboard processor.

The external serial bus structure essentially comprises transmit data, receive data, and
clock serial lines. Transmit clock generation of 24 kHz is provided by the integral serial
port facility. The data on the external serial bus structure can be transmitted to or received
from remote control and monitor points in the spacecraft or they can be utilized to receive
incoming program instructions from the ground by means of the satellite’s TT&C
command link. Accordingly, it is envisioned that some in-flight software changes can be
initiated from the ground, particularly in the case of changed parameters. It is understood
that software changes will be implemented in the random access area of the onboard
processor memory.

Direct Memory Access Controller.  A DMA controller, available for operation with a
parallel I/O port, may be software deployed to handle parallel block transfers of data
to/from memory. It is capable of receiving start and end address information from a
resident program. When initialized, the DMA controller will transfer data to/from memory
on a cycle-stealing basis until the last addressed memory location has been transferred or
filled. Upon completion of the memory transfer, it will interrupt the processor using an
available external interrupt line of the processor to notify the program. The DMA
controller is software assignable and does not inhibit the assigned parallel I/O port from
operating under direct software control if desired.

Real-Time Clock and Interrupts.  The real-time clock (RTC) provides flexible time
orientation that can be used for time of day accumulation and as an interval timer, and
generates known periods of time for program sequencing. A free-running counter that can
be initialized and read under program control is also available.

It is anticipated that the main program shall be periodically interrupted by the real-time
clock to initiate subroutines which accomplish the desired real-time function. The real-time
clock achieves these objectives by generating two types of interrupts. The first is a time-
based signal that increments a specific memory address when recognized by the processor.
The second type of interrupt occurs when the incremented memory address reaches a
specified count. The real-time clock facility can be software initialized and inhibited.

The interrupt structure is hardware vectored so that subroutines can be serviced at
maximum speed. The basic design allows for additions to the interrupt structure. Built into 



the interrupt structure is a hardware priority facility which further reduces software
overhead requirements.

External Serial Bus Facility.  Built into the engineering model onboard processor and the
development equivalent processor is the serial integral .I/O port facility. By means of this
facility the processor can serially generate a fixed sync pattern, a variable address pattern,
and eight bits of variable data to remote destinations. Alternatively, the serial port facility
can respond to a fixed sync and address bit pattern and thereby transfer the incoming
variable eight bits of data together with address and sync to the processor.

By means of the external serial bus facility and a single serial port, up to 16 different
remote points can be individually addressed by the processor. Since the processor serial
port occupies an address on the bus, these remote points may also communicate with the
processor on the external bus facility.

The variable data bits transmitted by the processor provide a capability of 256 switching
points to a particular addressed remote peripheral. In addition, the processor can monitor a
similar number of switching points from the same addressable remote peripheral.

Through the use of the external serial bus structure, a processor utilizing a single serial
integral port is capable of controlling and monitoring a considerable number of remote
points within a spacecraft. This is achieved with a simplified harness wiring requirement
that inherently provides a minimum weight penalty.

It is envisaged that remote peripheral points will be equipped with hardware logic similar
to that of the integral serial I/O port operating with special-purpose hardware that will
include either dedicated logic or a field programmable logic array (FPLA) to minimize the
parts count at the remote point. The use of remote serial I/O controllers and FPLAs will
also provide a measure of standardization of the hardware involved at the remote monitor
and/or control points within the spacecraft.

Equivalent Processor.  The equivalent processor has the same operational characteristics,
memory, and I/O capabilities as the engineering model. In addition, it has a teleprinter
interface facility for 110-baud operation. It is equipped with an operator control panel
capable of performing the following functions:

a. display of current address and related memory or input port contents in the halt
mode,

b. manual deposit of selected data to memory or output ports in the halt mode

c program single-step instruction sequence,



d. program execution from the last halted position,

e. program start-up and run,

f. manual generation of interrupts for the processor in the run mode, and

g. operation of the data deposit and data display facility of the front panel as a
program addressable I/O port in the run mode.

The memories employed within the equivalent processor may be identical to that which
exists in the engineering model. Alternatively, they may be provided with any combination
of RAM and ROM in 1 K or 4 K increments to a total of 8 K to allow for ease of program
development.

The equipment is fabricated for rack mounting in a standard RETMA 19-inch rack. Power
for the equivalent processor is derived from the 120-V 60-Hz AC line.

Peripheral Test Set.  A peripheral hardware item for use with the equivalent processor is
the I/O test set. The test set is not restricted to use with the equivalent processor,but may
also be utilized with the engineering model onboard processor. Its function is to provide
the system development personnel with a means of manually generating data to the
processor’s parallel or serial I/O ports. Accordingly, the program may input simulated
processing data to the equivalent processor, and the reaction of the program to these data
may be observed. It is envisaged that this feature will prove to be a valuable aid in the
debugging of real-time software applications.

In addition to transferring data to/from the processor, the test set provides the system
development personnel with a means of generating interrupts to the processor at will.
Hence, the programmer will more readily verify the real-time capabilities of the program.

Development Software.  The software provided for development work with the onboard
processor system includes a stand-alone symbolic language assembler, a binary loader, and
a dynamic debug and monitor program to aid in the generation of source programs. It is
anticipated that a cross assembler operating in BASIC, FORTRAN, or PL/I subsets will be
available in an external IBM 360/65 host computer.

System Verification.  As described previously, the equivalent processor allows the
programmer to develop the operating software required by the engineering model onboard
processor. The programs can usually be debugged to completion by using this processor.
Once the software appears to be operating satisfactorily, it can be permanently installed in 



the engineering model. A further level of testing in the development system is provided at
this point.

Due to the compatible mechanical I/O connection facilities between the onboard processor
and the equivalent unit, the programmer may write a spacecraft simulation program for the
equivalent unit. The processors may then be run together, and the performance of the
onboard processor in its dedicated application verified by the equivalent processor to
which it is connected. This in effect assigns different roles to the two computer systems.
Hence, the final version of the software can be guaranteed to operate satisfactorily in a
system simulation environment. This capability will have the overall effect of reducing the
interaction requirements between the programmer of the onboard processor and personnel
operating on hardware segments in other areas of the spacecraft system, thereby providing
for a smooth transition in the system integration phase of the assembled spacecraft.

Conclusion.  Due to the modular aspect of the system design, it will be relatively simple to
configure a processor-based system as a replacement for a direct hard-wired logic
application in various segments of the spacecraft. The processor-based control units may
be used in areas such as spacecraft telemetry and command, attitude control,
interconnectivity matrices, and other possible signal processing and switching applications.
It will then be possible for systems personnel to define the memory, I/O, power, and
physical requirements of the particular application. The modular construction of these units
also ensures expansion and compatibility for satisfactory operation. Use of the bench
equivalent processor allows software development work to proceed concurrently with the
fabrication of the application-oriented onboard processor hardware. Hence, a wide variety
of changes can be made and tested out at a late stage in the development cycle of a
finished processor system without adversely affecting the final hardware requirements.



Fig. 1-Onboard Processor System Configuration

Fig. 2-Onboard Processor System Serial Bit Format
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