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ABSTRACT

This paper will discuss the needs and requirenents of a PCM
encoder data sinulator.

The 9000SE PCM encoder data sinmulator allows for the
sinmulation of flight PCMdata as well as bit error rate
(BER) test patterns designed for link stress analysis. In
addition, the open architecture of the 9000SE as an | SA bus
device allows for the incorporation of the sinmulator into
application specific realtinme systens.

| NTRODUCTI ON

The requirenents for sinulated PCM data are generated from
many sources. For exanple, pre-flight operational testing of
ground based telenetry systens require PCM data sinul ators
to test the functions and behavi or of the ground based

tel enmetry hardware and software under various data
conditions. These tests also verify that proper data
continuity exists fromthe PCMstreamall the way to the
user’s display console.

To insure that various links within the telenetry systens
possess adequate signal to noise ratios (SNRs) these |inks
are tested with known bit patterns and verified under
controll ed conditions designed to test the link’s SNR



Anot her application of a PCM data sinmulator is during the
devel opnent phase of custom airborne PCM encoder equi pnent.
To insure a program agai nst the risks to schedul e and cost,
a PCM sinmulator may be used to test the nunerous interfaces
of the airborne encoder, particularly special hardware and
software systens designed for that system

In addition to the primary requirenments of comrerci al

avai lability and ease of use, the functional requirenents of
a commercial PCM data simulator can be generalized by
stating that systemreliability of ground based telenetry
equi pnent i s enhanced by perform ng an end-to-end test from
the PCM streamto each of the ground based telenetry’s

di splay consoles. Systemreliability goals are not net when
performance is denonstrated only under nom nal data
conditions. It is only under abnormal or disastrous
conditions that the integrity of data becones critical. And
it is under these conditions when the fog lifts that
surrounds the raison d etre of telenetry. Thus, telenetry
engi neers have the responsibility to test for and elimnate
potential problens fromthe telenetry system before they
happen by subjecting that systemto unexpected or non-
characteristic PCM dat a.

FUNCTI ONAL DESCRI PTI ON OF THE 9000SE

The scope of these tests have been curtailed on the one hand
by the built-in limtations of utilizing the existing

ai rborne encoders for source PCM data, and on the other by
the static data content of existing PCM data sinulators. The
limtations of utilizing the airborne encoder instrunent are
built-in since the encoder was designed to function within
it’s operational environnent. To utilize the encoder as a
PCM data sinul ator obligates the provision of actual (or
simul ated) interfaces to the encoder, and thus pushes the
probl em down to the next |level of the system w thout solving
it. The limted scope inherent in this test nethodology is
obvi ous and thus many data conditions are |eft untested,
resulting in endless tine being spent to rationalize system
integrity fromlimted test results. Even when these

I nterfaces to the encoder can be provided, all to often the
costs cannot be anortized since the interface has a high
degree of probability of being customto the encoder. As



menti oned above, to often PCM data sinulators only provide
static data wthin the output frame. The programmability of
these sinulators is generally limted to frame, word and bit
oriented paraneters, and the data content of the sinulator

I s about as exciting as the diagnostic test pattern used by
t el evi si on repairnen.

However, with the advent of the 9000SE PCM si nul at or,
extensive end-to-end testing of hundreds of neasurenents may
be sinply perfornmed by telenetry users. The 9000SE system
represents the right conbination of hardware and software
designed for the PC-AT platformto provide a PCM dat a
simulator neeting all IRIG 106.86 requirenents (including
the class Il requirenents of variable word | engths,
asynchronous subfranes, format changes, etc.) as well as
providing the user control over the tinme dynam cs and data
content of any PCMword. G ven the wide variety of off-the-
shel f PC- AT conpati bl e data acquisition boards (M L-STD
1553, analog I/O networks, etc.) it is now possible to
provide PCM data sinmulation with virtually any type of data
acquisition interface. To understand the ability of the
9000SE to provide dynam c data sinulation, various classes
of 9000SE data devices are addressed in this paper. Al
devices that are presented are supported by the 9000SE
system The PCM data devices are:

® FORMAT UNIQUE This device consists of those words
within the PCM frane that are
I ndividually specified as to their
content and | ocation and are uni que and
time i ndependent within the format.

= UNI QUE This defines those words within the PCM
frame that are individually specified as
to their content and | ocation and are
alterable in real tine wthout
i nterruption of the PCM stream
Uilization of this device in a tinme and
data content controlled fashion allows
for the creation of calibration | oops for
PCM data. In addition, a unique PCM
device may be designated as a destination



= WAVEFORM

® SUBFRANME

® SUBFRAME SYNC

= VAl NFRAME SYNC

= COVMON WORD

of a conponent of an application specific
real tinme system

The 9000SE wavef or m desi gn envi r onnent
defines those words within the PCM frane
that are to be output by this device. The
environnent allows the introduction of
peri odi c waveform data to PCM wor ds
within the format. The entire wavef orm or
I ndi vi dual data points are dynam cally
controllable in real-tinme wthout the

i nterruption of the PCM stream

The 9000SE subfrane design environnent
defines those words within the PCM frane
that are to be output by this device. The
environnent allows the introduction of
vari ous subfranmes (see below) to PCM
words within the format. The entire
subfranme or individual words within the
subfranme are dynamcally controllable in
real -tinme without the interruption of the
PCM stream

Thi s device provides for the
synchroni zati on of subfranes that are
dependent on the mai nfrane. Frane code
conpl enent (FCC), uni que recycle code
(URC) and subfrane identification (SFID)
are the types provided.

This provides for the synchronization of
t he mai nfrane.

This provides for the definition of all
PCM def aul t words.

As nentioned in the above device description, the 9000SE
system appears as five (5) design environnents to the user.
These environnents are organi zed to define and contr ol
vari ous aspects of the simulator. They are descri bed bel ow.



= MAI NFRAMVE DESI GN

® SUBFRAME DESI GN

= WAVEFORM DESI GN

Thi s provides the user an environnment

i n which the user’s frane, word and
bit oriented specifications of the

mai nfrane are made. I n addition, the
user assigns PCM devices to words
wthin the PCMfranme. Up to 256

I nstanti ations of PCM devices within a
mai nf rane design nmay be made and up to
si xteen mai nfrane format designs nmay
reside within the sinulator. Format

swi tches may be nmade wi t hout

i nterruption of the PCM stream

This furnishes the user an environnent
I n which the subfranme, and subfrane
word oriented specifications are nade.
The subfranme may be of one of four
type as defined in the IR G 106. 86
specification. These are:

® Dependent Subfrane

®m | ndependent Subfrane

® Asynchronous Enbedded For mat

m Packet Data Format

I n addition, the commobn and uni que PCM
devices may be instantiated within any
subfranme. An unlimted nunber of
subfranmes nmay created in advance of the
realtime run of the sinulator and
called for output in the PCMstreamin
accordance with the realtinme schedul e
of the sinul ator.

This presents the user a software
wavef orm generator. The environnment
extracts nuneric data that is created
by the user inputs to the generator.
An unlimted nunber of waveforns may
created in advance of the realtine run
of the sinmulator and called for output
in the PCM streamin accordance with
the realtinme schedule of the

si mul at or.



m REALTI ME SCHEDULE This provides the user the neans to
specify the dynamics of tinme and data
content, so as to cause the 9000SE
sinmulator to output a PCM stream t hat
realistically sinmulates m ssion
conditions.

m BER TEST DESI GN Thi s design environnment is quite
different fromthe previously
di scussed applications in that the
si mul at or does not output the
traditional IRIG structured data. In
this design an algorithmis selected
t hat generates a known bit pattern of
fixed length. This pattern is
transmtted by the sinulator in a
conti nuous fashi on.

The systemtest engineer then is

al | oned vari ous neans to degrade the
SNR of this bit stream The end
receiver of the systemthen is tested
to insure that no errors occurred in
the bit stream pattern. This process
may be repeated until the nmargins of
performance for link of the systemare
di scover ed.

CONCLUSI ONS

The 9000SE systemis defined by a single PC-AT full size
board and the 9000SE user interface software. The trade-offs
bet ween hardware and software have been optim zed such that
host processor resources are utilized solely to control the
real tinme procedures. No processor exists in the sinulator
hardware, and as a result, once the sinmulator is progranmed
by the user interface, it will output a continuous PCM
stream during and after a host software re-boot. G ven the
w de variety of off the-shelf AT conpatible boards it is now
possible to configure a PCM sinulator wiwth virtually any
type of data acquisition interface. The 9000SE t hus provi des
the first instrunent fully capable of sinulating mssion
conditions in a cost effective manner.



