
Modular PCM System with Wireless Interconnect

Item Type text; Proceedings

Authors Troth, William B.

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © International Foundation for Telemetering

Download date 19/05/2023 15:14:05

Link to Item http://hdl.handle.net/10150/614696

http://hdl.handle.net/10150/614696


MODULAR PCM SYSTEM WITH WIRELESS INTERCONNECT

William B. Troth
Systems Engineer

MICROCOM Corporation
Warminster,PA

ABSTRACT

Versatility is the keyword in modern airborne telemetry
systems. Only a system with an inherent ability to be
changed can be cost effective in an environment where
requirements change as often and as rapidly as in todays
missile and aircraft test instrumentation.

This paper will describe a totally wireless, modular, PCM
telemetry system. Using stored program format control (user
programmable) and implemented with low power programmable
logic devices, this new system can be altered with minimal
effort and cost. Functional modules can be added or changed
as program requirements evolve. Elastomeric connectors are
used to achieve high density , wireless, high reliability
interconnection between modules. This connection technique
allows easy access to individual modules for repair or
replacement without damaging substrates or components.

MODEL 325 DEVELOPMENT GOALS

The decision to invest R&D money in a new product is never
an easy one, especially for a small company. In this case,
the difficulty was compounded by the fact that the Company
already had a very successful product covering essentially
the same requirements.

PCM Telemetry Encoders are a necessary component of all PCM
Telemetry Data Acquisition Systems and the Model 225 Encoder
developed by MICROCOM almost ten (10) years ago has been
constantly upgraded and is still an excellent and cost
effective solution. The unit is very small, uses minimal
power, is user programmable via an external connector, and
is extremely reliable. This is a tough combination of
features and performance to improve on.



Doing more for less is the name of the game and we set out
to try it again. Two (2) major goals were established for
this development. The first goal given was to eliminate, to
the greatest extent possible, all wiring within the unit.
The second goal was to reduce the parts count while
simultaneously increasing the utility of the Encoder. The
successful fulfillment of either or both of these goals was
bound to provide a smaller, less costly, and more reliable
product.

WIRELESS INTERCONNECT

The development of a Wireless Interconnection Technique
involves more than just a way of connecting Point A to
Point B. The design of the Model 325 Encoder is, above all,
a modular design, allowing the Telemetry Systems Designer
the flexibility to configure his system as program
requirements dictate. This means that modules must be
capable of being introduced into the system almost randomly.
Module X need not be attached to Module Y in order to
function properly but may be added into the next available
position in the system. This requirement necessitates the
implementation of a bus architecture in which each module
can be addressed independently and data can be transferred
to and from each module as required, regardless of its
physical position within the system.

Once the system architecture has been established, each
module must be physically connected to it. The most common
method of accomplishing this connection, is to provide a
backplane or AMotherboard@ into which the functional modules
can be plugged. The most important drawback in this approach
is that the backplane must be physically capable of
accepting the maximum number of modules permitted in the
largest system. Obviously, this can make for quite a large
AMotherboard@ even if the required system uses a minimum of
modules. This problem can be reduced by designing a minimum
size backplane and providing for add-on backplanes if
required, but even this approach will result in wasted area
in most cases. The addition of a AMotherboard@ or boards
also complicates the design and increases the parts count
thus reducing reliability and increasing cost.

The simplest interconnection solution is to wire the modules
together directly letting the wires take the place of the
backplane. This is exactly what we are trying to avoid,
since wiring is the single most costly and error prone part



of almost any system, not to mention the difficulty
encountered when adding or replacing a module in the field.

The most effective solution is to provide a connector system
that allows all data, address and control lines to pass
through and therefore be available to each module in the
system. This system would allow modules to be plugged
together directly without the use of a backplane and to be
positioned independent as well. This is the solution chosen
for the Model 325 Encoder.

The next decision to be made is what type of connector to
use to implement the chosen interconnection scheme. Since
each module must be capable of being plugged into another
module and in turn having another module plugged into it,
there are actually three (3) connections to be made. First a
connector must be available to plug into another module,
second a connector must be supplied into which another
module can be plugged, and third a connection must be made
between the two connectors. A Hermaphroditic Connector would
certainly eliminate the requirement for the connection
between connectors. This solution sounds good until several
drawbacks are considered. First the connector must still be
connected internally to the module electronics. This
involves wiring which is precisely the problem we are trying
to avoid. Next, the size of the connector pin must be
extremely small in order to fit enough of them
(approximately sixty) to handle all the required signals.
Finally, the cost of this type of connector with its
associated housing is quite high. The module designed for
use in the Model 325 is shown in some detail in Figure 1.

Metal-on-elastomer Connectors or MOE’s were chosen for use
in the Model 325 Encoder. Figure 2 illustrates the connector
design used. This connection technique provides a totally
wireless, gas tight, zero insertion force connection that is
immune to hazardous environments such as shock, vibration,
and corrosive atmospheres. As a ZIF (zero insertion force)
device, an Elastomeric System allows repeated mating and
unmating of the connected module without damage to
components. No solder, pins or sockets are needed.

MOE’s consist of metallic conducting paths laminated to an
electrically insulating elastomer. The conductive paths are
gold on nickel on copper giving very low contact resistance.



Each Model 325 Module contains a double-sided multilayer
substrate with a row of contact pads on three edges of both
sides. Three MOEs are used to connect each module to the
next module. The connection between the two sides of the
substrate is made via a plated-through hole in each contact
pad connecting the pad to the one directly opposite it on
the other side of the substrate, thus extending the signal
path through the module. A typical substrate is illustrated
in Figure 3

The choice of an Elastomeric connection system satisfies the
goal of a totally wireless module interconnection method and
the chosen bus architecture allows functional modules to be
added or replaced wherever and whenever they are required.
This capability simplifies the telemetry system designers
task by allowing changes that may be required during program
development to be easily and inexpensively implemented. This
can have a significant impact on the program schedule and
budget.

MORE WITH LESS

A PCM Encoder is basically a Commutator with a built-in
digitizer. Aside from these basic functions, the number of
requirements imposed on this device can be mind-boggling.
The variety of inputs alone requires the unit to be
extremely flexible. Analog inputs include single-ended,
differential and quasi-differential inputs ranging from
millivolts to +/- 30 volts depending on the type of sensor
being monitored. Digital inputs range from single bit
discretes through a multitude of serial bus interfaces to
parallel computer data ports. All of these various inputs
must then be normalized, digitized with varying resolution
requirements, and finally multiplexed into a single serial
data stream. The format into which the data is multiplexed
is probably the largest single variable in the whole system.
Synchronization patterns are added to the multiplexed data
so that the data can be decommutated when it arrives at its
final destination. Multiple levels of commutation are
permitted so that data sampling rates can be varied
according to need without wasting bandwidth. The formatted,
multiplexed data can then be further processed by adding
parity, suppressing forbidden codes or undergoing code
conversion. Finally, the output can be randomized and/or
filtered before being output. Additional outputs may be
required with different processing than the primary output.



Designing an Encoder that can accommodate the known possible
variations, without even considering new possibilities, is
an improbable task. The cost and size of such a unit would
make it unmarketable. The answer to this dilemma is to
design an Encoder that can handle most standard inputs and
format variations and in addition can be easily modified to
provide for those requirements that are outside of its
normal constraints. In the past these modifications have
been very costly because any functional design change also
required packaging changes, wiring changes, etcetera.

The Model 325 Encoder circumvents many of these expenses
because of its unique electrical and mechanical designs. The
ability to add a new functional module by simply plugging it
into any other module greatly simplifies packaging and
eliminates wiring changes. The electrical design of the
Encoder logic is implemented entirely with programmable
logic devices. This approach yields a minimal parts count,
increasing reliability, and in addition allows most design
changes to be made without the expense of creating a new
substrate or generating any wiring changes. The
programmability of PLD’s allows the designer to customize
every device in a number of ways to implement unique logic
requirements. Using PLD’s allows the designer to customize
every device in a number of ways to implement unique logic
requirements. Using PLD’s in place of SSI or MSI components,
results in more effective utilization of real estate,
reduced cost and increased reliability. The flexibility
afforded by these devices allows the designer to quickly and
effectively implement a number of logic functions ranging
from random logic gate replacement to complex combinatorial
logic functions. Simulation software is available which can
further reduce costs when implementing changes.

Finally, the Model 325 Encoder is a stored program device.
This means that the system contains a memory and this memory
contains instructions for each data word in the format.
These instructions select the input data source and prove
gain and offset parameters for normalizing the data. They
also select the word length for each word in the format
which can vary from word to word within a frame. Discrete
bi-level event bits can be organized independently within
each bi-level word. Memory data, including synchronization
patterns, SFID counter words, date codes, flight numbers,
etcetera, can be added wherever needed. This stored program
memory is user programmable and is accessed via an external 



connector. Non-volatile memory is used for this function so
that memory need not be reloaded unless changes are desired.

SUMMARY

The decision to invest in a new PCM Encoder was a wise one.
All the initial design goals have been met, wiring has been
eliminated, parts count has been reduced, and in the
process, some vary interesting new capabilities have
emerged. A secondary side effect of the totally modular
approach has been to significantly reduce the complexity of
the documentation requirements of the Encoder System. Each
module is independently documented and the interconnection
between modules is simple and uniform requiring minimum
documentation to create each new system.

FIGURE 1
PCM325 MODULE ASSEMBLY



FIGURE 3
SUBSTRATE ASSEMBLY


