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SUMMARY     Increased emphasis on the incorporation of additional safety features in
automobile designs has accelerated the adaptation of aerospace telemetry and data-
handling techniques to the field of automotive performance testing.

Described is a multiple link FM/FM telemetry ground station as used for acquisition of
data from an automotive test track. System inputs adhere to aerospace telemetry
standards, the output being a computer-compatible digital tape. Detailed attention is
given to the high-speed sampling, data conversion, and digital tape formatting
subsystem.

INTRODUCTION     With the advent of Federal Automobile-Safety Standards,
automobile manufacturers are finding it necessary to intensify their safety testing
programs. Ever-increasing quantities of analog data must be acquired at high rates and
converted rapidly to a form suitable for computer entry and detailed analysis.

In the past, carborne recorders or attached cables were the primary means of obtaining
data from a vehicle under test. These methods were not wholly practical as they placed
restrictions on the maneuverability of the automobile, added significant weight, and were
prone to failure under severe-shock conditions. The data acquired was analyzed
graphically, or manually converted for input to a computer.

The change to an FM/FM telemetry system for data transmission was an obvious
improvement. Multiplexed constant-bandwidth (CBW) subcarriers would ensure
economical use of each telemetry link. Now, only the transducers, subcarrier oscillators,



and transmitters need be mounted in the automobile. Test vehicles could perform on
high-speed tracks and in collision tests, unencumbered by carborne recorders or attached
cables.

The need still existed for a suitable ground station. In the interests of flexibility,
Volkswagen automotive engineers set forth the following criteria, for a system which
would meet the automotive-testing requirements of their company for several years:

1) All transmitted data must be recorded in real time.
2) The following off-line functions are to be provided:

a. The ability to select individual data channels for digitizing.
b. The selected channel or channels should be sampled and digitized to 12 bit

resolution in a predetermined sequence at the rate of 100, 000 samples-per-
second.

c. A means must be provided to insert additional digital data into the digital data
stream.

d. Provisions must be made for insertion of several bilevel data channels into the
digital data stream.

e. The digital multiplex thus formed must be recorded on magnetic tape in the
IBM Model 360-50 computer format. This format requires nine tracks of
NRZ-I information at 800 characters-per-inch.

f. Digital tape data records are to be 2,048 characters in length.

The following paragraphs present a description of the system developed by Defense
Electronics, Inc., (DEI) to meet these criteria.

SYSTEM DESCRIPTION    There are four FM/FM data links involved, each
consisting of a 10 subcarrier multiplex. Simultaneous reception of all four links allows
monitoring of up to 40 discrete data channels.

IRIG constant-bandwidth subcarriers are used to ensure equal signal delay through all
data channels and eliminate matching of data-bandwidth requirements to particular
subcarriers.

A block diagram of the overall system appears in figure 1. The data-flow paths are
indicated and the individual subsystems are identified.

Telemetry Receiver/Discriminator Subsystem     The DEI Model TRDS-1 Receiver-
Discriminator System is capable of accepting signals from an RF source or previously-
recorded magnetic tape. The RF signal processed can be an FM/FM signal in the 225
MHz to 260 MHz frequency range. A block diagram of this subsystem appears in
figure 3.



Incorporated within the system are a multicoupler, receivers, a reference oscillator,
mixing amplifiers, constant-bandwidth discriminators, detranslators, and tape-speed
compensation capabilities.

Through a flexible patching facility, the data to be de-multiplexed is selected from the
receiver output (real-time) or from a tape recorder (playback). The outputs of all 40 data
discriminators appear at the patch panel for monitoring by test equipment, and also at the
rear connector panel for connection to the ADRS-4 digitizing and formatting subsystem.

A preamplifier/multicoupler permits simultaneous reception of all four carriers using a
single antenna. Outputs to the four receivers are provided with four additional outputs,
allowing for future expansion of the system. 
The receivers are DEI model TR-711 solid-state modular units which may be tailored to
almost any desired application by selection of the proper plug-in tuner, IF filter, and
demodulator. In this case the 215 MHz to 315 MHz tuner, a 500 kHz filter, and an
intermediate bandwidth AM/FM demodulator are incorporated in each receiver.

A video mixing amplifier combines a data signal and reference signal for recording on
tape. The reference frequency is used on playback for tape-speed error compensation.

A total of 40 data discriminators are available. The DEI Model SCD-4 Discriminator is
all solid-state and employs a unique pulse-averaging detector which provides excellent
stability.

In addition to the data discriminators, one reference discriminator is used to compensate
for tape wow and flutter and also recover a 100 kHz signal to be used for detranslation of
the upper portion of each subcarrier multiplex on playback.

Video Recording and Playback Subsystem     The use of an Ampex Model FR-1800
Tape Transport with direct record electronics allows the four receiver video outputs to be
recorded in real time. This approach ensures that no data loss will occur.

Simple reprogramming of the video patch panel allows for off-line tape playback to the
discriminators, whose outputs in turn are directed to the ADRS-4 digitizer/formatter.

Analog to Digital Recording Subsystem     The DEI Model ADRS-4 high-speed Data
Acquisition and Recording System provides a logical interface between “raw analog
data” and a digital computer. Included are an analog multiplexer, analog-to-digital
converters, memory, and a digital tape transport. DEI silicon high-speed logic modules
form the level detectors, digital multiplexer, data-format translator, parity generator, and
special character generators, as well as all control logic. A block diagram is presented in
figure 5.



This subsystem may be considered as an input or data-sampling and conversion section
and an output or digital tape formatting section, with the 2048 x 8 memory serving as
interface between the two sections.

With the required digitizing rate of 100, 000 samples-per-second and a maximum digital
tape recording rate of 96,000 characters-per-second (800 characters-per-inch at 120
inches-per-second), it is apparent that a “burst” sampling technique is required. This
technique employs sampling, converting, and storing data in a buffer memory at the
100,000 samples-per-second rate. A few milliseconds after the data storage cycle
commences, unloading of the memory onto tape at 96,000 characters-per-second is
initiated. The timing is such that the last data character in the record is stored in memory
and almost immediately unloaded onto the digital tape. Storing of the next record of data
begins immediately. Compensation for the sampling discontinuity involved is
accomplished by recording time code on the analog tape and using tape-search
techniques to recover any critical data located within the discontinuity.

The data-acquisition and conversion section of this subsystem accepts inputs from up to
16 of the data discriminators and from several digital sources. Analog data is routed to a
16 channel analog multiplexer and two 50,000 conversion-per-second analog-to-digital
converters. The converters are operated in a push/pull configuration, resulting in a
100,000 sample-per-second data throughput rate. The digital data is 11 bits magnitude
plus sign. The binary code is “1’s” complement. The multiplexer addressing sequence is
selectable at the control panel.

Inputs are provided also for six bilevel data channels. The individual levels are sensed by
Schmitt triggers and each is converted to a “1” or a “0” depending on the level
adjustment of the individual trigger. The six channels form one six-bit data word.

Rear panel connectors are provided for input of two digital words of 12 bits each. These
inputs may be dynamic or static binary data from two sources, one or both of which may
be a time code to provide time correlation for computer processing.

Two internal 12 bit digital words are provided, one of which is all “1’s” , the other all
“0’s”. These channels are provided primarily as aids in tape identification and for system
troubleshooting.

Digital multiplexer logic commutates the converted analog data, the level-detector output
word and the direct digital inputs. The sequence of commutation is selectable at the
control panel.

Twelve-bit words from the digital multiplexer are routed to the format translator for
conversion to eight-bit characters.  The first character consists of the eight most-



significant data bits while the second word consists of the four least-significant data bits
plus four zero bits. The characters thus formed are stored in a magnetic-core memory.
Memory capacity is 2,048 characters, which constitutes one record of data.

The digital tape formatting section reads data from the memory at 96,000 characters-per-
second. This corresponds to the transfer rate required for writing 800 characters-per-inch
on a magnetic tape moving at 120 inches-per-second.

Unique memory input-output logic in conjunction with the 1.6 microsecond memory
cycle time allows writing and reading to be interlaced at nonsynchronous rates with no
interference.

Odd vertical parity is generated for each data character as it is read out of memory. The
resulting nine-bit character is delivered to the tape write electronics and the cyclic
redundancy check (CRC) character generator.

The CRC character generator ensures complete compatibility with the IBM nine-track
tape format. A special check character is generated during each record of data, and
inserted on tape at the end of the record. Four character periods later, a longitudinal
parity timing pulse causes generation of the LRC character.

The ADRS-4 control panel provides complete flexibility of system operation. Some of
the unique control features are as follows:

Data acquisition may be continuous, single record, or single scan for each start pulse.
Start pulses may be locally or remotely generated to examine desired phases of an
automobile test.

Each of the 16 analog channels has a sample and hold amplifier. This allows either
simultaneous (no time skew) or sequential sampling of all analog channels, as selected
by the operator. This is especially valuable in analysis of transient data in the automobile
tests.

For maximum sampling rates, resolution may be sacrificed for speed by recording only
the eight most-significant data bits at the operator’s discretion.

Test modes and display units are provided for the analog to digital converter and
memory diagnostic tests.

An illuminated indicator for vertical parity errors is provided.



Selector switches and indicators are provided for visual monitoring of any data channel.

Channel selector switches allow the digital multiplexer to sample up to 20 analog and
digital channels in any desired sequence.

A special recording mode is provided to allow short records of identification information
to be placed on the tape ahead of the desired data.

CONCLUSIONS     The system described provides a user with several distinct
advantages. The flexibility inherent in a true telemetry system allows both true
environmental testing, and simulation tests such as those on computer-controlled test
stands.

Perhaps an even greater advantage is the time and expense saved by use of multiple data
links and rapid conversion of data into a computer-compatible form.

Adherence to IRIG telemetry standards enables the purchase of off-the-shelf equipment
to meet the needs of future system expansion.

This particular system is designed for a specific application. Obviously the system
philosophy is adaptable to any situation in which high data-conversion rates are
necessary and a specific digital tape format is required.

Systems such as this are an example of the advantages which may be derived by adapting
aerospace technology to industrial needs.
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Figure 1.  Complete Telemetry System for Automobile Safety Testing

Figure 2.  TDRS-1 Receiver-Discriminator System



Figure 3. Receiver-Discriminator System, Block Diagram

Figure 4.  ADRS-4 Data Acquisition and Recording System



Figure 5. Data Acquisition and Recording System, Block Diagram




