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Li Ke Ren
Beijing Research Institute of Telemetry

P.O. Box 9212, Beijing, China

INTRODUCTION

Generally, the data acquisition equipment used in space vehicles mainly consists of
logic program control, multiplexer-encoder, output driver, power supply for dc conversion
and so on. Today telemetry technology has been deeply concerned with computer science.
So how to make the telemetry system more flexible and versatile and how to design a
multiplexer-encoder (data collector or remote unit as is called in a programmable telemetry
system) with good compatibility and powerful function has become one of the most
important things of developing a new generation of telemetry system. In 1960s, most of the
telemetry systems were of typical coded time-division multiplexing. The sampling program
of this system is fixed and its bit rate and frame format are unvaried, so it is difficult for a
system to accommodate the requirements of various kinds of measurements, especially
when there are comparatively more parameters to be measured, and most of which are of
slow-changing. As the sampling rate is designed in accordance with the upper-limited
signal frequency that we need to measure, so the validity of the slow-changing data is very
low. And onced the telemetry equipment has been developed, it is very difficult to change
the sampling rate, the bit rate and the frame format.

With the development of electronic devices, more devices can be integrated in a small
chip, so the programmable telemetry had been pulled off in early 1970s. This article deals
with mainly a few programmable multiplexer-encoders and microprocessor-controlled
multiplexer-encoders used in our actual research work and applications.

MULTIPLEXER-ENCODER IN PROGRAMMABLE TELEMETRY SYSTEM

The multiplexer-encoder of a programmable telemetry system can be divided into two
categories, that is distributed type and centralized type, depending on the bulk of the
vehicle, the number of parameters to be measured and the requirements of the users.



DISTRIBUTED MULTIPLEXER-ENCODER

The distributed multiplexer-encoder can be adopted for telemetry systems on-board the
carrier rockets or aircrafts if the bulk of the vehicle is comparatively large and the numbers
of parameter to be measured are of multiple-parameters. The multiplexer-encoder should
be installed in close vicinity of the signal source, in order to reduce a large number of
cables and refrain from interfering. These multiplexer-encoders are all controlled by the
central unit, with only two cables in between (address buss and data buss) for connection.
The central unit continuously issues instructions to each multiplexer-encoder through the
address buss, whether a multiplexer-encoder is selected depends on if the preset unit
number conforms to the unit number in the address. Only the one which is selected can
immediately get into operation mode and conducts data acquisition, analog-to-digital
conversion and data output according to the channel number in the address. Then this data
code is sent back to the central unit via the data buss and is output in the light of the preset
frame, format.

The distributed multiplexer-encoder operates in a mastered manner. It is in
synchronization with the central unit and completely works in accordance with the address
in the central unit. The distributed multiplexer-encoder mainly consists of tile following:

Buss interface:  address buss and data buss, this design conforms to NIL-STD-1553.

Sampling and holding:  when the unit code of the address code (unit code, channel
code, and function code) transferred from the central unit conforms with the preset unit
number, channel code, and function code are sent to the register, then the sampling gate
opens and begins to sample the analog signals applied.

Programmable gain amplifier:  according to function code, control the gain of the
amplifier (there are three ranges of different amplitudes for high, intermediate, and low
analog levels).

A-D conversion:  after being sampled and amplified, the analog signals are A-D
converted, the process of A-D conversion is controlled by the time clock generated in
itself.

Parallel digital signal:  directly enter the input of the sampling gate of the multiplexer
and each input can be regarded as one of the parallel bits and is sent to the digital signal
register without A-D conversion after input, then enter the data buss. The output of both
analog signal and digital signal are controlled by function code.



Power converter:  convert dc voltage from 28v into the voltage required by the
equipment.

The principle of the distributed multiplexer-encoder is shown in Figure 1.

CENTRALIZED MULTIPLEXER-ENCODER

When the dimensions of the vehicle are limited, then the centralized multiplexer-
encoder can be adopted. This kind of multiplexer-encoder may work in a controller manner
(controlled by central unit) or may work as a stand-along unit. Here we discuss the self-
driven manner.

Adding a erasable programmable read-only memory (EPROM), a relevant clock
generator as well as some appropriate output circuits to the distributed multiplexer-encoder
forms a stand-alone multiplexer-encoder. The only requirement is that it is necessary to,
according to the demands of the users, write the address code, function code, and sync
code group corresponding to each channel of the multiplexer-encoder into the EPROM in a
certain frame format in advance before each flight test. When power is applied, the internal
clock continuously makes access to the EPROM, calls out the channel address, opens the
transmission gate corresponding to this address to collect analog data and adjust tile gain
according to the different input signal levels and simultaneously inserts a sync code in a
corresponding position of the frame and then constitutes a frame for output. This kind of
multiplexer-encoder can be manufactured as plug-in modules, thus making it a very
compact and flexible equipment, so the functions can be added or reduced at the user’s
will. The EPROM is able to store many frame formats, if the user wants to change the
frame format and the bit rate, then this can be done via the internal jumper wire or
switching by the internal controller in accordance with the user’s requirements.

If we remove the EPROM and the clock is applied externally, then the multiplexer-
encoder becomes a mastered equipment that is controlled externally. For this type of
multiplexer-encoder see Figure 2.

MICROPROCESSOR-CONTROLLED MULTIPLEXER-ENCODER

The programmable telemetry system gained its wide applications in early 1970s. At that
time, the most frequently used multiplexer-encoders are the distributed and centralized
ones mentioned previously. The microprocessor-controlled multiplexer-encoders are new
developments in recent years. With the developments of medium and large-scale integrated
circuits, we have developed several microprocessor-controlled multiplexer-encoders
according to the user’s requirements. Actually this kind of multiplexer-encoder can be
regarded as a stand-along PCM system.



To make the equipment compact and consume less power, we choose the medium and
large-scale CMOS chips to form the hardwares of the equipment. The equipment mainly
include the following:

Microprocessor CPU chip, with DMA.

Two erasable programmable read-only memory, EPROM (I) and EPROM (II), each
of which is 512x8 bit.

Multichannel switch:  device with 8 input channels transmission is used.

A-D converter:  CMOS hybrid integrated modules, 8 bit resolution.

Other control hardware.

It is necessary to write various kinds of master control programs into EPROM (I) and
set up several kinds of frame formats in EPROM (II), in order to make the format, gain
and bit rate changeable. The operation process is like this, when operation starts, the CPU
operates in accordance with the master control program stored in EPROM (1) calls out the
address of a certain frame format in EPROM (II) through the address buss. Then the
multichannel switch connects with the analog gate according to this address and begins to
gather various kinds of signals, and then through the process of sampling and holding, A-D
conversion and the insertion of sync code, a PCM frame is formed and sent to output. To
increase the bit rate, it is not necessary for the address readout by EPROM (II) to go
through the data buss and return to the CPU to be processed, instead, the data acquisition
process can be controlled directly. At the same time we have used the direct memory
access (DMA) method to improve the bit rate.

Now each address corresponding to a certain frame format and the frame sync code
group are stored in EPROM (II). If a dedicated frame format consists of a major frame
with M minor frames, each of which includes 3 subframes, in that case, the major frame
sync word should be the reciprocal of the minor frame sync word (the preset 16 bits or
24 bits optimum sync code). If the word number of each minor frame N, the word number
of each subframe N and the word number of subframe of each minor frame K all can be
preset, then, according to this frame format, draw up the program flowchart, compile the
relevant software and send to EPROM (II) for storage. Because N, n, K all can be preset,
so severaL frame formats are worked out.

The block diagram of this equipment is shown in Figure 3. The frame format is shown
in Figure 4.



This equipment has passed various kinds of hazardous environments and has been
proven to be satisfactory. The hardwares used in the multiplexer-encoder are all of CMOS
devices, so its power consumption is very low.

The above is a briefing on the development of a few programmable multiplexer-encoder
units. We are still in the initial stage in the field of Telemetry Computer System, but we
believe that with the popularity of computer technology and the progress of Large Scale
Integrated Circuits in China, this technology will get a faster and greater development in
the near future.





Figure 3. The block diagram of microprocessor-controlled multiplexer-encoder unit

Figure 4.  The chart of frame format


