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Eugene N. Grant
Martin Marietta Orlando Aerospace
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ABSTRACT

The modern pulse code modulated (PCM) telemetry or data transmission system should
have its input data rates synchronized by its own, or an external clock. Either arrangement
allows all pulsed input data to arrive in a known clocked time sequence. Data transmission
is orderly, and all input and output gating occurs at required time intervals. Events in
nature do not always follow an ordered sequence, but data transmission requires the
pattern and order found in a synchronous system. Today’s missiles and aircraft do not
always have the nicety of synchronous systems.

In many systems today, the PCM will run at one clock rate, while the navigational
computer will be set to a second rate, the autopilot processor at a third and the weapons
handling system at a forth. In the slower data use systems such as “1553", data can be
stored, deleted, refreshed, and data buffers or memory used. Output data loss is not too
important, since output data use rates are well below input data rates. However, research
and development aircraft and missile test flight applications require real time or at least
time-tagged data. Transient responses cannot be lost because of clock skips or phase
differences between clocks.

This paper will review and explain data loss through clock skips or phase differences. The
paper will show causes and effects with real time flight systems that have flown recently.
Solutions such as direct synchronization, phase locked loops between separate clocked
systems, and sample and hold first-in, first-out buffers, will be discussed. The applications
and limitations of these solutions will be described. A development nonsynchronous
system for a flight missile will be reviewed, showing block diagrams, component
utilization, circuit schematics, and command application interfaces and software.

The intent of this paper is not to give ultimate solutions to the clock synchronization
problem, but to alert the telemetry system designer to this data problem. The paper will 



help define his solutions before he finds his data lost, missing or scrambled on flight test
records.

INTRODUCTION

Since computers carry most of the electronics systems work load, it becomes imperative
that telemetry and instrumentation systems interface easily and correctly with the host
computer. It is almost a computer-to-computer interface in most cases. Many of the
modern, sophisticated, telemetry or cable-transmitted data systems use a digital
microprocessor-based pulse code modulation system. Analog to digital interfaces are
already in place between measuring instruments and PCM encoders. In the ideal situation,
as a large system is designed, data, instrumentation, and telemetry requirements are
considered and a master clocking generator is installed. This generator will be used to
synchronize the on-board computer and the telemetry or data system, and provide a real-
time link between all on-board systems. Time and phase correlation are now ensured
between such systems as guidance, control, propulsion, and power systems.

If the incorporation of a master clock is impossible because of system idiosyncrasies or
requirements, a phase lock loop could be designed into the telemetry or data system to
capture the master clock repetition rate. System synchronization would be ensured by this
means. A third method uses a crystal clock as the synchronizer. The latter method is also a
workable system, but has the possibility of losing short bursts of encoder subframe data.
This loss can occur when clock phases shift into a phase region where subframe counts get
confused, causing the telemetry ground station to abort the lock. A subframe of data may
be lost in these cases.

The telemetry designer should use clock signals from the host computer in places where
the signals are available. If clock signals are not available, a first-in, first-out (FIFO) shift-
register or random access memory may be used. These devices will intake time-tagged
data and store it to be output into an existing PCM-bit stream at a later time. The
contribution of computer measurements to analog instrument measurements is a function of
system measurement requirements. With proper planning, all telemetry and computer
requirements can be met. This paper will describe a representative nonsynchronous
system. The telemetry system will be described, as well as the host computer’s output. A
description of one type of computer-to-telemetry interface board will be detailed. The
board’s design, components, and cost information will be discussed.

TELEMETRY SYSTEM

The telemetry system used as an example for this discussion is a state-of-the-art PCM
system. It is expandable by use of remote multiplexers. The basic non-remote multiplex



system will be discussed in this paper. This system uses one PCM multiplex running at a
rate of 544 kilobits per second. The host computer inputs 112 words of data into the
telemetry encoder, as shown in Table 1. The telemetry data format is described in
Figure 1. The frame length is 68 8-bit, words, with a 16-frames-deep subcomutation.
Although each telemetry word is only 8 bits long, the 16- and 32-bit computer words are
accepted by concatenating the 8-bit telemetry words. A double precision 32-bit computer
word will require four adjacent 8-bit telemetry words. An example explaining this
requirement is the computer word 4 taking telemetry words 11, 12, 13, 14, as shown in
Figure 1.

The standard Inter-Range Instrumentation Group (IRIG) 24-bit sync word and a 8-bit
frame identification word are used. The word format and sample rates for the computer
words were shown because information on computer words was available. No information
was available for the analog measurement words at this time. Some possibilities for an
analog measurement format are shown in Table 2. Sample rates and number of
measurements vary as an inverse function, and one trys for the best balance.

In Figure 1, the blank spaces under the computer words indicate a repeat of the
information above. Computer word 1 will appear in frames 1, 5, 9, and 13. Both Table 2
and Figure 1 indicate two 8-bit bi-level words as telemetry words 35 and 36. These are
event channels. Each bit is a separate measurement with less than one volt indicating a
zero. Any voltage greater than one to thirty-five volts indicates a one output. In the bi-level
words, a sample rate can also be traded for number of measurements. The analog and
computer words have been divided into two sections to allow supercommutation if
required. Supercommutation would extend sample rates to greater than 1000 samples per
second.

The remote multiplex philosophy is used to develop a modular concept for missile or
vehicle application. Figure 2 shows the remote multiplex concept for analog and computer
measurements. In Figure 2a, the present conventional single multiplex system is shown.
Computer and instrument interface from all stages are cabled separately into the single
system. This may present a wire or cable problem for highly instrumented systems. With
the multiple remote multiplex of Figure 2b, instruments are interfaced to a separate
multiplex in each section. A single-wire, combined measurement bit stream is routed back
to the main multiplexer. Inter-section cabling is cut markedly in highly instrumented
programs.

COMPUTER

The computer format as shown in Figure 1 outputs 112 telemetry-tagged data words onto
the main data bus. This output is done in 44 word segments, with each segment taking 66



microseconds for the complete transmission. In Figure 1, only 20 sixteen-bit words are
used in the first frame. So with 44 words in the FIFO, it takes a refresh once every two
milliseconds. This is shown by the timing diagram of Figure 3, which relates computer
output to telemetry clocking signals of the minor frame and telemetry word clocks. The
computer also outputs two clocking signals from the central processing unit (CPU). These
signals are the CPU enable and the transfer clock. It should be noted that the computer
data output bus is open to all peripherals. Accordingly, all addresses and address decoding
on all terminals are required.

TELEMETRY INTERFACE CARD:

The block diagram of Figure 4 is a good illustration of the interface card design
philosophy. The computer data bus is shown interfaced to the card in the upper left hand
corner of the drawing. All of the parallel sixteen-bit bus output is received by the card
driver amplifiers. Signals from the transfer clock, CPU enable and address decoder allow
only telemetry data into the buffers by enabling them at the proper time and code. The
FIFOs are also enabled at this time, and information is received and held there.

The central timer sequencer for the telemetry interface card is an PROM programmer and
counter. The PROM device receives bit clock, minor frame, and telemetry enable signals
from the pulse code modulation encoder. The sequencer, with its own clock generator,
establishes the timing sequence to clock out data from the FIFO synchronizer with the
encoder timing circuits. The FIFO is a parallel device, so the shift register is used to
convert the parallel format to a telemetry-usable serial form. The interface card does no
data word alignment. The computer is required to output the telemetry words in proper
sequence to align with the telemetry format, as shown in Figure 1.

An added feature of the interface card is a forbidden code generator. This circuit does not
allow the interface card to output all ones or all zeros to the PCM encoder, even if it is
receiving this information from the computer. There are times during system test when the
computer may be off while the telemetry is required to run. In the off state, the output of
the computer may appear as all zeros. If the PCM output this signal to some ground
stations, the decomutator of the ground station would assume it had lost lock and would
start an open loop search routine to re-establish lock. In order to stop this occurrence, the
forbidden code generator senses the false lost lock condition. Then the generator inserts
every other pulse of the encoder bit clock in the computer output wave form from the
telemetry interface card.



The host computer outputs three signals to the telemetry interface card. They are:

1 A burst of 44 data words with telemetry addresses

2 A transfer clock

3 An enable pulse.

The enable pulse is negative, going on the transfer clocks rise, as show in Figure 5.

The functional sequence of the interface card is outlined in Figure 6. The sequence listing
shown is for a single 68-word frame. Figure 6 also describes the functions of the counter
EPROM combination. A complete major frame would require the sequence to be repeated
sixteen times.

HARDWARE CONSIDERATIONS

The system described in Figure 6 used the same hardware as its host computer because
most of the parts were readily available at the time of fabrication. A list of parts used in the
interface card is shown in Table 3. Fairchild Fast Logic was used for this system in
Figure 6 because of its availability and other requirements imposed by the host computer.
Any functional generic logic may be substituted, as long as it is compatible with the
computer and the associated telemetry system. Using prices listed in Table 3, the interface
cards cost was approximately $525.00, with 56 percent of this cost in the FIFO register. If
one would substitute a random access memory for the FIFO, it may cause some redesign
and programming changes, but it may cut costs. A trade study should be instituted to
determine if a memory unit should replace the FIFO.

CONCLUSIONS

The ideal situation in a telemetry computer interface requires the use of a single master
closk for synchronizing the complete system. If this is not possible for any reason, there
are viable alternatives. One such alternative is the system described in this paper. It is
simple to build, reliable, and uses the same technology and hardware of the host computer
and telemetry system it is interfacing. It is costly in its present form, however. With usage
and design optimization, the system cost should be reduced. The alternative system could
be easily incorporated as an additional board of a PCM encoder.
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TABLE 1

Host Computer Word Input into
Telemetry Encoder

Number
of

Words

Samples per
Second
(SPS) Bits

8
8

64
32

250
500
125
125

16
16
16
32

Total

  112

Figure 1.  Telemetry Pulse Code Modulated (PCM) Format



TABLE 2

Multiplex Measurement Mix

Remote Telemetric Measurement

Number of
Measurements Description

Sample Rate
(samples

per second) Input Voltage

16
16
17
34
68

136

Low level words
Discrete words (bits)
High level words (or)
High level words (or)
High level words (or)
High level words (or)
A mix as needed

At 62.5
At 1000
At 1000
At 500
At 250
At 125

30 mVdc
5    Vdc
5    Vdc
5    Vdc
5    Vdc
5    Vdc

Figure 2.  Remote Multiplex Concept for Analog and Computer Measurements



Figure 3. Timing Relationships from Computer Output to Telemetry Clocking Signals

Figure 3.  (Continued)



Figure 4.  Block Diagram of Telemetry Interface



Figure 5.  Computer Timing Signals

Figure 6.  Sequence for Telemetry Interface Card



 TABLE 3

Parts List for Telemetry Interface Card

Part Number
Quantity
Required

Price
(Each Item)

Total
Item
Price

Reference
Designation Description

 54F00
 54F02
 54F04
 74F240

 54F374

I74F521S

 54FI09
IC57401AJS*

 74F161
 54F194

 93Z511
 54F244

IM55342/4-M1001FRR

IM55342/4-M1000FRR

ICWR06JAI55KR

 Subtotal
 Misc. hardware

 Total Cost

3
1
1
2

3

3
2
4

3
4

1
1

4

1

1

2.85
2.85
2.85
9.95

11.40

4.62
3.20

73.29

5.35
5.70

39.20
9.95

0.30

0.30

2.00

8.55
2.85
2.85

19.90

34.20

13.86
6.40

293.16

16.05
22.80

39.20
9.95

1.20

0.30

2.00

  ______
473.27
50.00

_______
$523.27

U1,U3,U5
U2
U4
U6,U7

U8,U11,U12

U9,U10,U13
U14,U15
U16,U17,U18,
    U19
 U20,U21,U27

   U25
U26
U28

R1,R2,R3,R4

R5

C1

Quad Nand Gate
Quad Nor Gate
Hex Inverter
Oct. Inv. Line
   Driver
Oct. D. Flip
    Flop
Oct. Comparator
J-K Flip Flop
FIFO (MMI)

Counter
Shift Register

PROM 2K
Oct. Non-Inv.Line
   Driver
Resistor, Fixed,
   Film, Chip
Resistor, Fixed,
   Film, Chip
CAPAC, Chip,
   Fixed, Tantalux

I Was ordered
* Will be substituted by FAST (74F413)


