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THE IMPACT OF LSI ON TELEMETRY SYSTEMS

W.J. Finn and R.J. Karwoski
TRW LSI Products

P.O. Box 1125
Redondo Beach, California 90278

INTRODUCTION

Any system which measures, transmits over a distance, receives, and processes signals can
be defined as a telemetry system. Video transmission systems, satellite communications
systems wideband data links, and TDM/FDM transmultiplexers all have one thing in
common: an increasing need for high-speed digital signal processing. This paper is
intended to serve as an introduction to the application of LSI to telemetric signal
processors.

Five items to be considered in the design of an efficient signal processing system are:

• Size
• Speed
• Power
• Reliability
• Cost.

Present LSI technology in microprocessors, memories, A/D and D/A converters have
helped telemetry systems attain higher speed with good reliability while maintaining lower
power and cost per function than conventional MSI designs.

A relatively new addition to the LSI group is a family of monolithic multipliers and
multiplier/accumulators for digital signal processing. The first units introduced can handle
two 8 bit operands to provide a 16 bit product. Now, units which perform 16 x 16
multiply-accumulation functions and 24 x 24 bit multiplications are available.

The introduction of LSI multipliers has changed the outlook on digital signal processing
dramatically. As there are frequently a large number of multiplications required in signal
processing and previous schemes generally took a lot of computer time, considerable effort
was spent on reducing the number of multiplications required for certain tasks. This
generally increases programming costs and system complexity. The designer is no longer



forced to spend a large portion of his time dealing with the limitations and complexities of
the hardware. The design task can now be dominated by its original intent:  namely, to
solve or describe the mathematical problem at hand.

A functional block diagram of a 16 x 16 bit multiplier is shown in Figure 1. This single
chip is capable of performing a complete 16 x 16 multiply in 100 ns, while consuming only
3 watts of power.

Figure 1.  Multiplier Block Diagram

The addition of a double precision adder to the multiplier enhances its performance. In
digital filter and spectrum analysis systems most multiplication cycles are followed by an
addition to the previous product. Figure 2 illustrates a 16 x 16 multiplier accumulator
which has this capability. It has a 35 bit accumulation register so that seven additions can
be performed without danger of overflow. A 16 x 16 multiply followed by an addition or
subtraction can be performed in 115 ns.

IMPLEMENTING DIGITAL FILTERS WITH LSI FUNCTIONS

The utilization of LSI functions can greatly simplify implementation of various types of
digital filters. A particularly useful filter for telemetry is the finite impulse response filter.
A standard finite impulse response filter can be used for general data filtering or predictive
coding. Predictive coding is especially important in applications where enormous amounts
of data are transmitted over a channel and channel capacity is limited. Picture and multi-
channel voice information are prime examples. In both examples the data received from
the source is generally full of redundancy; that is, the amount of information required to
reproduce the signal at the receiver with good integrity is significantly less than the source
produces. Digital filters are used to decorrelate or remove this redundancy from the source, 



Figure 2.  Multiplier/Accumulator Block Diagram

thereby enabling the transmission of a stripped down or low entropy version of the signal.
Thus, a lower information rate (i.e., bits per second) is required to the channel.
Equivalently less channel and system bandwidth is necessary. A typical digitized image
may be quantized to 6 bits per picture element (pixel), but the proper predictive algorithms
may successfully reduce this number to between 1 and 2 bits per pixel prior to
transmission.

A one-dimensional Nth order predictive mechanization is illustrated in Figure 3.

The predicted value of xn is based on past values of x (i.e., xn-1, xn-2 ...). If the prediction is
good the difference xn - Dn will be smaller in magnitude than xn in general, and less
information is transmitted. The statistics of the source determine the coefficients of
prediction, ao through an-1. For an Nth order predictor N multiplications and N + 1
additions are necessary.



Figure 3.  Nth Order Predictive Mechanization

The architecture in Figure 4 gives a clear indication of the ease in which even the most
complicated finite impulse response filters can be implemented using LSI. The main data
memory may contain a complete image worth of data before batch computation starts, or it
may be dynamic in that filtering could be a real time rather than a batch operation. All
computations are done right in the multiplier/accumulator. Controlling the process may be
accomplished with presently available bit slice microprocessor elements.

Figure 4.  FIR Filter Architecture



When the filtering requirement stems from frequency spectra criteria and flexibility
provided by finite impulse response configurations is still preferable, the signal architecture
shown in Figure 5 is indicated.

Figure 5.  FIR Signal Architecture

F1(z) through Fn(z) are second-order filters whose natural frequencies correspond directly
to the individual spectra of the required frequency response. These filters can be adjusted
independently making frequency response modifications relatively easy.

A DSP arithmetic unit architecture which provides speedy computation for all digital filter
configurations including the FIR mechanization of Figure 5 is given in Figure 6. A small
scratch memory with an adder has been included in the architecture so that a number of
filter outputs can be combined without tying up the multiplier. Various pipelined data
transfers may be set up in the computations via the second data bus. These additions
usually result in a significant savings in program execution time and provide great filter
structure flexibility.

Future LSI developments in the areas of arithmetic and control will have great impact on
filter architecture design. Devices may include complete micro-program controllers for
digital filters, and scratch pad memories with accumulation capability. The design of the
machine itself will most likely become a trivial task so the designer can efficiently expend
his time and energy on the complexities of the filter itself.

LSI FFTs FOR SPECTRUM ANALYSIS

The constant need for spectrum analysis and data reduction in the communications field
has spawned the development of a number of fast transform algorithms. Probably the most
popular of these is the FFT. Present LSI technology has allowed the implementation of a
complete dedicated FFT processor which is small, inexpensive, and easy for use. Previous 



Figure 6.  DSP Arithmetic Unit Architecture

implementations required complex programming of large, fast and expensive general
computers.

A block diagram for one commercially available FFT processor is shown in Figure 7. The
basic decimation algorithm performed requires a sequence of two-point Discrete Fourier
Transform (DFT) computations. The arithmetic involves many complex multiplications and
additions. The basic two-point butterfly shown in Figure 8 is implemented with two 16 x
16 multipliers, three 16 x 16 adders, and seven local storage registers performing a 128
point FFT in 250 µs.



Figure 7. FFT Processor Block Diagram

Figure 8.  FFT Butterfly Arithmetic Unit



AVAILABLE FUNCTIONS

A sample of the LSI marketplace is presented. These examples will serve to indicate
typical applications and performance characteristics of LSI circuits.

MULTIPLIERS: These devices are high-speed elements useful in FFT, digital filter,
and general purpose multiplier applications.

INPUT WORD SIZE 8 12 16 24

OUTPUT
PRODUCT SIZE

16 24 32 48

MPY TIME (NS) 70 80 100 200

POWER (WATTS) 1.0 2.0 3.0 3.5

MULTIPLIER-ACCUMULATORS: These devices can be directly utilized as central
building blocks for digital filters, FFTs, complex
multipliers, and transmultiplexing elements.

INPUT WORD SIZE 8 12 16

OUTPUT
PRODUCT SIZE

19 27 35

SPEED (NS) 70 90 115

POWER (WATTS) 1.2 2.5 3.5

A/D and D/A CONVERTERS: These units fulfill the requirements of video data
conversion and high-speed data acquisition systems.

A/D D/A

WORD SIZE 6 8 8 8 10 8 10

CONV TIME (NS) 35 35 400 1000 1000 35 50

POWER (WATTS) 0.75 2.0 0.4 0.4 0.6 0.8 0.8



SHIFT REGISTERS: LSI shift registers are useful in high-speed data acquisition
systems as first in first out data buffers and digital delay lines.
They are of particular interest because of their high speed.

WORD SIZE 2 X 64 1 X 256

CLK SPEED (MHz) 40 40

POWER (WATTS) 0.35 0.45

CORRELATORS: Digital correlators are used in many telemetry systems for key word
recognition, transmission error correction coding, and pulse
compression.

WORD SIZE 64

CORR. SPEED (MHz) 15

POWER (WATTS) 0.20

FUTURE TRENDS

Thus far, we have discussed the general characteristics of LSI and their increasing
importance to the field of telemetry. We have shown examples of LST implementation in a
basic digital filter and a dedicated FFT, and a sample of existing LSI functions in today’s
marketplace. What about the future? Since many telemetry systems are long-range design
tasks, an aware designer of such a system should have a knowledge of what to expect from
the LSI marketplace in the next few years.

The missing link in FFT implementation is the controller. It is a complex network of
adders, counters, comparators and registers, and is a prime candidate for monolithic LSI.
Complete FFT configurations will consist of memory, one or two multiplier/accumulators,
and a single chip FFT controller. Preliminary estimates indicate that the controller would
enable implementation of a 3 msec 1024 point FFT on a 3 x 5 card. Other candidates for
LSI implementation may include an exponent handler which in combination with a
multiplier would result in two chip floating point multiplier, a high speed sine/cosine
lookup table, higher speed and density memory chips, and complete digital filter
controllers.



CONCLUSION

The information presented herein was intended to give the reader an overview of the role
of LSI in telemetric digital signal processors. The advantages, some basic implementation
schemes, the functions presently available, and future trends have been presented. As the
demand for increased data rates, smaller components, less power, and lower costs
continues to grow in the telemetering systems, monolithic large-scale integrated circuits
will be there to help meet those demands.


