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A SMALL TELEMETRY SYSTEM

Li Sanzhong  Li Xianliang and  Zhang Qishan

Division 202, Department of  Electronics
Engineering, Beijing University of Aero. & Astro.

ABSTRACT

A small PCM telemetry system designed for the flight test telemetry task of a new
rotorcraft is introduced in this paper. It can provide a flexible frame format which is
completely set up by user  in advance, to meet the requirements needed in different flight
testing phases. In this telemetry system, the data are low in rate and volume but very
valuable with stringent quality and transmission accuracy. Data encrypting and channel
encoding techniques are employed to guarantee the quality and security of the data. The
system architecture based on microprocessors is adopted in order to process the data
flexibly. Real-time data processing, monitoring and post-flight analysis are performed by
PC type computers. All key components of the system may be programmed. The cost of
the total system integration is relatively reduced.
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INTRODUCTION

The flight test experiment program of a new rotocraft is being conducted by the Beijing
University of Aero. & Astro. As an important part of the program, a small telemetry
system has been developed by Division 202, Beijing University of Aero. & Astro. The
system is responsible for collecting the different kinds of telemetry raw data used for the
checking and controlling of the craft. It will be utilized to support the development and
qualification test of the craft. The system is critical to the successful conduct of test and
evaluation in the experiment program.

The telemetry system is comprised of the airborne data acquisition system and the small
PCM ground station. It can provide a flexible frame format to meet the requirements
needed in the different flight testing phase. By the various data interfaces, the system can
collect flight testing data in real-time, and perform  the real-time & post-flight data



processing. In the system, most of its parts is under the control of microprocessors, which
will carry out the much work of data processing besides managing and monitoring other
parts, which means most of functions can be implemented by software instead of
hardware, thus the flexibility and adaptability of the system is enhanced. All of the system
parameters could be easily modified by software in advance and some software packages
used for different applications have been developed.

AIRBORNE SYSTEM

In the system, a microprocessor is the primary controller whose principal function is to
provide command and control of its data acquisition parts. It gathers the different data
from both analog and digital input sources, and merges the data into serial PCM outputs
after the data encrypting and channel encoding are accomplished. The PCM stream is fed
to a S-band transmitter for transmission to the ground. The system block diagram is
illustrated in Figure 1.

As shown in the Figure 1., the airborne system is by means of one analog interface and
two digital interfaces to gather the flight test data and information. The digital interface 1 is
connected to the flight control computer, from which the system could gather some
important flight parameters such as attitude, velocity and altitude, etc. These parameters
may be digital or on-off signals. The digital interface 2 is connected to the airborne
command system, through which each of instructions decoded by the command decoder
can be gathered and transmitted back to the ground, therefore, the ground operators can
realize whether each instruction is correctly send out and carried out, and high reliability of
the total command system is guaranteed. The primary function of analog interface is to
collect the various kinds of flighting-state data of the craft. The analog outputs from the
sensors are entered the interface to obtain amplification, level shifting, filtering, as needed
to provide a 0-5 Volt level for input to a microprocessor controlled A/D conversion device.
Under the control of the microprocessor and timing logic, according to a frame format,
each kinds of signals are collected in turn, and then  the microprocessor would perform the
functions of the data encrypting and channel encoding to generate the final PCM data
stream followed by signal translation, which is sent to the transmitter.

The frame format is actually realized by a special data table embedded in the software, it is
easily modified by users in advance to meet the different requirements of flight test. The
secret keys are stored in an EPROM, it can be generated by the means of some random
functions. The secret keys can be changed by only updating a different EPROM at any
time such that the encrypted telemetry data will not be deciphered in a limited period.

The airborne data acquisition system will provide the data gatherings of analog signals,
digital signals, on-off signals and command signals. The frame length can be changed from



16 to 128 words. All channels are allocated a 16 bit word size, initial digitizations are 4 to
8 bit, subsequent data merging, encrypting and channel encoding expand the useful data to
16 bits. The analog interface can provide the input configuration of 16 differential channel
or 32 single ended channel, and random channel addressing. The accuracy of A/D
conversion is 8 bit. The digital interface is bi-directional and programmable. The frame
pattern is 16 bits optimum pattern EB90 recommended by IRIG, bit rate is 9.6K, and the
PCM steam output is in randomized NRZ.

GROUND STATION

In fact, ground telemetry system is a personal computer telemetry station, which is
comprised of signal equalizer, bit synchronizer, frame synchronizer, data buffer and data
output parts. The decommutation of synchronous data stream, which is included channel
decoding and data deciphering, is completely implemented by a microprocessor. It extracts
correctly the raw data from the PCM data stream and sends them into a high speed dual-
port buffer, through which the computer could not only receive the data but also send
command parameters to instruct the microprocessor to change system operation. The
system block diagram is illustrated in Figure 2.

The downlink telemetry signal is demodulated by a S-band receiver baseband. Through the
signal equalizer, the baseband signal is amplified and translated to a standard TTL volt
level signal, from which the bit synchronizer employs an all-digital Phase-Locked Loop to
extract bit clock signal and a digital in-phase integrate and dump circuits followed by a
threshold hard decision to recover the desired bits. Utilizing the recovered data and the
related in-phase clock, the microprocessor can perform the functions of frame pattern
detecting, establishing of frame synchronization and word synchronization, the data stream
decommutating, channel decoding and data deciphering. The final processed data are sent
into a dual-port communication buffer, through which the computer will read out all
needed raw data and  implement a series of data processing functions, such as engineering
unit conversion, data analysis, storing, and real-time monitoring, etc.

Under the control of the microprocessor, data output parts can send out the special format
needed data in the form of parallel or serial, which is required by other related ground
support system. it has two primary functions as follows:

(1) The GPS data reflected the current position of the rotorcraft will be
continuously sent to the ground antenna tracking and controlling system in
order that the ground antenna can be collimated and directed toward the
rotorcraft, and thus, the ground radio system can work in the better conditions.



(2) The work state parameters of airborne radio instrument are provided to the
ground control room, so the operators could monitor their work state in any
time and take measures to control them in time.

In the ground telemetry system, the microprocessor act as a frame synchronizer, it can
establish and maintain the frame and word synchronization through employing changeable
error-bit dicision threshold and three-state synchronization protection. The frame format is
realized by a  data table, as well as one in airborne system. The parameters of three-state
protection and division thresholds in various states can be set by the computer. In addition,
a timer of the microprocessor is used to serve a simple time code generator, which may be
reset by a external timing signal or by the computer itself.

The bit synchronizer has a loop bandwidth of 120Hz, it can maintain synchronization even
in the case of occurring 64 continuous “0” or “1”. The frame pattern decision threshold
may be set from 0 to 3, the check and protect frame numbers of three-state protection may
changed from 0 to 7. The accuracy of time code generator is 0.1 ms, the maximum timing
length is up to 4 hours. The raw telemetry data is stored on the hard disk of the computer,
the maximum time of data storing is up to 4 hours. The computer can provide real-time
displaying of selected important data in raw or engineering units in the form of digit and
graph.

DATA ENCRYPTING AND CHANNEL ENCODING

In the system, a sequence encryption method of  the pseudo-random code is employed in
telemetry data encryption. The feature of the method is that the encryption speed is rapid
enough to be used in such the real-time case as telemetry, the error propagation and
ciphertext expansion will never happened in theory. The secret key synchronization
between the transmitting terminal and the receiving terminal is easily established and
maintained through the synchronization code inserted in the particular position in each
frame. The key quantity in an EPROM can provide a strength that the encrypted data will
not be deciphered by the enemy in a month at least.

Considered the simplicity of data processing, a linear block code is adopted in channel
encoding. Since the error bit rate of the data output from the receiver is 10-4, a (16,8) block
code which can correct two bits error, is selected to ensure the equivalent mean error bit
rate is less than 10-7. A method of fast finding table is employed to implement the data
encoding and decoding so that the large quantities of time previously spent by the
microprocessor is greatly reduced, and the microprocessor could perform the more
functions. Two data tables corresponding to encoding and decoding are all generated by
the computer simulation in advance.



CONCLUSION

The prototype has been accomplished, and the test to overall system has been done. The
results show that the design of system is reasonable and its performance is satisfiable. The
system reliability, flexibility and simplicity, and the transmission accuracy of the data were
significantly improved by the application of microprocessors. And this system will be
certainly put into practice.
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