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ABSTRACT

The Telenetry Test Station has been devel oped at the Digital
Systens Division, |ISRO Satellite Centre, to test House
Keepi ng Tel enetry Packages which will be flown onboard
satellites. The main feature of the Test Staion is its
configurability, since it is intended to be used with
different types of (low bit rate) telenetry packages. O her
features include automati on of test procedure, and reduction
in testing tine/increase in repeatability due to

m ni m sati on of manual interaction.

Since the test station conprises GPIB controlled equi pnent,
har dware and software, thf configurability should be built
in at all levels and stages, fromdesign to inplenentation.
Thus since the specification is subject to change, the
configuration for structure of the systemis traosferred
fromthe designer to the user. This results in a large part
of the system being devoted to user interface design, since
the conputer which is an integral part of the setup nust be
‘invisible’ to the user. Due to specialised requirenents the
user and the systemare treated at peer level i.e, at any
time during the entire test session, the user can override
system process and verify/correct it and equally, the system
must al so verify/correct user input especially wth regard
to critical test procedures.

The test tession itself (after configuration) is divided
into three equally inportant sections: preprocessing, test
and analysis. Al the data required during the test run
shoul d be nade ready before the actual test. Since it has
been found by experience that this is not always convenient,
the preprocessing software is integrated in to the test
session so that the user can performthis at any tine.
Simlarly, the results of the test can al so be anal ysed



I mredi ately or even during the test to inprove subsequent
procedur es.

Thi s paper describes the prototype telenetry test station
whi ch has been built and tested over the past two years.
This perfornmance has been satisfactory. The system

I ntegration features and design problens and solution are
hi gh 1i ght ed.
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| NTRODUCTI ON

A setup to test Satellite Telenetry Systens, the Telenetry
Test Station, is described here. The aimof the test session
I's the exhaustive and efficient testing of all electrical
specifications of the systemunder test. The test equi pnent
has to provide all inputs to and neasure all outputs of the
system under test. The specification of the test session
must al so include all procedures, paraneters, controls,
signal s and environnents under which the systemis to be
tested. The test setup nust be nodified quickly and easily
to suit the systemunder test and nust provide especially
robust and failsafe interfaces so that the satellite system
IS in no circunstance jeopardi sed or over stressed under
faulty conditions.

The aimin designing the Telenetry Test Station is to be
able to test any low bit rate telenetry system The

Tel emetry (TM systens designed by | SRO Satellite Centre
fall into three broad categories, i.e., those designed for
Experinental Satellites, Low earth, operational satellites,
and Ceostationary, operational satellites.

Mor eover the TM systens designed for different satellites
W thin each category may differ from one another. Thus
configurability is the main feature of any test setup that
Is to be capable of test any or all TM systens.

After study of a nunber of telenetry systens in each
category, the comon features and differences can be |isted



with reference to the testing aspect (not design criteria).
Every system can be deconposed in to the follow ng m ni num
set of building blocks, with any specific requirenents, such
as payload interface, being added on as another bl ock. The
vari able features of each block and the nmethod of test are
also listed in Table 1.

Section-1 of the paper decribes the interfaces of the test
station which performall the required tests outlines above.
Next the configurability of the systemis exam ned. Since
the specification of the test session (its procedures,
paraneters and environnents) is to be made changeabl e, the
‘configuration’ is to be acheived by the user (section-3).
The design structure to achieve this is briefly touched on
in section-4 with a exanple taken froman area with rea
time constraints.

_____________________________________________ TABLE-1
Bui | di ng bl ock Features which vary Method of Test at
and function fromsystemto package | evel

. SyStem

1. Formatter to Nunmber, types and Exam ne PROM
define the contents of PROVMS contents.
out put for mat whi ch define the

f or mat

2. Miltiplexer Nunber, types and Supply inputs and
array to conbine structure of the check appropriate
all the signals nultiplexer array. outputs
noni t ored
onboard the
satellite

3. ADC to convert Resol uti on, Supply every anal og
anal og signals accuracy type of | nput over the
into digital ADC entire input range,

noni t or the out put
SO as to prepare an
accurate input Vs
out put graph



Bui | di ng bl ock
and function

4. Onboard timer
generating the
onboard cl ock
ref erence

5. Command
I nterface bl ock
to receive the
t el econmands and
act on them

6. Control signal
to generate
specific
I nterface pul ses

7. Modulator to
convert the PCM
streamto the
required
subcarri er
nodul at ed anal og
wavef or m

Feat ures which vary
fromsystemto

system
Nunmber of bits
al l oted, clock

speed and sanpli ng
rate

Nunmber and type of
conmand

Nunmber and type of
pul se, period and

pul se wi dth of the
pul ses.

Type of nodul ati on
filter
characteristics.

Met hod of Test at
package | evel

Monitor a cl ock

si gnal over

ext ended peri ods of
time to neasure the
drift.

Sinmul ate all
commands and

combi nati ons of and
check the action by
noni toring system
st at us.

Measur enent of each
wave form

Measur enent of each
wavef or m

TEST STATI ON | NTERFACES

The structure of the test station is shown in fig.l.
conposed of a nunber of GPIB controlled equi pnent,

It is
a set of

har dware nodules to interface the system under test and
software utilities in the controlling PC.

The test station provides the following interfaces to

measur e and/ or
under test:

1. Digital

PCM I nterface

2. Analog Interface

3. Contro

Pul ses I nterfaces

nonitor the signals output by the system



The Digital PCMinterface to acquire the basic TM out put

t hrough decommutation. This is used in all the tests
described in Table 1 except 6 and 7. This is done by
designing a plug in card to the PC and witing the
decommut ati on software. The card can work to an absol ute
maxi mum 60 Kbps and deconmutation features are fully
programmabl e. These features are described in detail in the
conpani on paper (Ref.3). The hardware is fully transparent
to all (lowbit rate) TM systens so that only the software
needs to be configured during run tine.

Anal og waveforminterface: This basically denodul ates the
subcarrier nodul ated output of the TM and provi des the
digital interface for decomrutati on. The appropriate

denodul ator and bit sync. equi pnent sinply convert the
anal og signal into the digital data and cl ock stream The
digital data and clock are then used for decommutation. In
t he absence of GPIB control |l ed denodul ator and bit
synchroni zer a change in subcarrier frequencies could entail
t he physical replacenent of these equi pnent.

Control pulse interface: This is achieved by using a GPIB
equi pnent |ike a frequency counter or oscilloscope which
nmeasures the waveform characteristics under software
control. Sone equi pnent nmay need different nethods of
configuration.

The followng interfaces are provided to sinulate all inputs
to the system under test.

1. Analog and Digital Channel Interface
2. Tel ecommand I nterface
3. Power Interface

Anal og and Digital channel interface: Satellite health
nonitoring paraneters are sinulated here. The sinulation is
done by hardware denultiplexer arrays distributing the
speci fi ed anal og and digital value under software control.
The nunber of channel s handl ed can vary between 50 to 1500.

Tel ecommand interface: This is a set of digital |ines
(programmabl e t hrough software) which sinulate the pul ses
and data lines as defined by the user.



Power supply interface: The system under test may possess
Its own regulation unit within the package or receive

regul ated power. A GPIB controll ed power supply generates
the required voltage and automatical ly provides overcurrent,
overvol tage and al arm safe shutdown features.

VWHAT TO CONFI GURE

G ven a test setup and a new systemto be tested, the system
under test and the test session must be clearly specified.
This is done in three stages: abstract, paraneterw se and
physi cal definitions and descri ptions.

The abstract description is the witeup of the telenetry
systemi.e its input and output interfaces and its nodes of
operation. This may be defined especially with reference to
tabl e-1. The paraneter w se description specifies the
characteristics of each physical input/output wire that is
to be sinulated or nonitored. The physical ‘description’ is
to physically connect each input/output to the correspondi ng
ouput/input of the test station and to nmake sure that the
actual connection supports the paraneter w se description.

The requirenents of the test paraneters and procedures,
controls, environnments etc nust be specified to suit the
system under test. The first effect of this specification
may be to change the equi pnents which conpose the test
station. A sinple exanple could be systens with 12 bit ADC
may not be tested with the sane voltage calibrator as that
used for a systemwth 8 bit ADC (the accuracy and
resolution of the output is obviously far higher in the
first case). Simlarly, systens with wi dely varying
subcarrier frequencies wll need different denoudl ator
nodul es to be used.

Thus the configurable sections of the test station nay be
di vided as foll ows:

The GPIB Control |l ed Equi pnents

The Hardware interface between the controller and
the system under test

3. The controlling software routines and procedures

1.
2.



4. The data files and structures which define the
I nputs and out puts of the system under test

The maj or physical change in the test station is the actual
hardware i nterface between the system under test and the
test controller. i.e different types and nunbers of hardware
cards are needed to interface to the physical wiring. This
consi sts of

1. Sets of denultiplexers to generate the anal og and
di gital channel inputs

2. Sets of nultiplexers to route the control pulses to
t he neasuring equi pnent one at a tine

3. Sets of Telecommand Sinulation |ines

4. Sets of nmultiplexers to route the TM out put |ines
for decommut ati on.

Since the user of the test station would Iike to configure
the test procedure to suit the systemunder test, the nunber
and type of test procedures nust be under user control at
run time. This affects preprocessing, test and anal ysis
stages. Different data files will be offered to the test
station for use during the test run, different operations
(tests) perforned using this data and finally different

ki nds of anal yses perfornmed on the results. This kind of
configuration may be required even if the system under test
does not change i.e at different stages of qualification of
a single TM system

VWHEN AND HOW TO CONFI GURE

The configurable features of the test station are:
Equi pnments and hardware cards/ nodul es and their
correspondi ng software nodul es.

The physi cal change of a conponent equi pnment nust be
reflected ‘automatically’ in the test station software. This
“automation’ neans that (1) user input for defining the
change is mnimsed as far as possible and this is required
only during the ‘configuration’ stage as distinct fromthe
test session stages. (2) The equi pnent features are
noni t ored and taken care of throughout the test session. Al
types of alarns, failsafe conditions, protection features



etc of the equipnents will be transparent to user, i.e
provi ded whatever the equi pnent chosen.

This can be done in two ways: Any software related to the
automat ed control of equi pnent can be divided into (a)
Initialisation (b) Normal working and © Error/ Exception
handl i ng procedures. Gven a limted set of equipnent types
to choose from each software stage can process each

equi pnent by a series of itf ‘equip 1" then ‘proc 1', if
‘equip 2' then ‘proc 2° etc. Any change (addition,

nodi fication or deletion of equiprment) would be reflected in
each division. This is not recommended generally for
nodul ati ng systens built wth object oriented nethods, but
Is easy to inplenent as far |ess overhead when the equi pnent
types are few.

The other way is to link in a set of nodul es correspondi ng
to the configured equi pnents. The advantage here is that
only those nodul es needed for the session are used thus
avi ng, code tine and space. However, the ‘configuration’
phase is now distinct fromthe ‘test session’ phase wth an
internediate linking to be perfornmed so that configuration
during the run itself is difficult. If this is sinple and
short, eg. chaining in the required nodules into the work
area, it is transparent to the user and results in well
structured extensible code. Also, if the operation of
equip-1, is widely different fromthat of equip-2 this
nmethod is far neater to inplenent.

The change in the hardware nodul es conposing the test
station is easy to inplenent since configuration constraints
are builtin to the hardware design itself. The
“configuration’ therfore consists in specifying the nunber
and types of each specifying the nunber and type of each
nodul e/ card descri bed above. The software then checks for

t he actual presence of the nodule and its performance as far
as possible and prepares a list of input addresses and
values. This is used during the test session. The
‘changeabl e’ feature is therfore a data set. This can be
dynam cally shared between nodul es during run tinme (RAM
areas) or created as files if configuration is not done
often. Dynam c sharing saves tinme but increases code space.
File structures need overhead intinme of access but are



sinple and easy to use. Both types are used in the test
stati on.

Apart from designing reliable hardware and software nodul es,
two features to help ensure safe sessions are built in. At
every stage, the system checks the user input semantically
and logically. Help features such as overall and specific
status nonitoring are available for the user at any tinme, to
assess the correct working. Thus the user and the test
systemare treated at peer level, each verifying the other.
However, the user is always given priority in commandi ng the
system

EXAMPLE: THE ADC CHECK ROUTI NE

As described above the test station session consists of

t hree phases, preprocessing, testing and anal ysis. Each of

t hese stages performcertain operations on certain data.
Errors in data entry should be renoved as far as possible
before its activation and is therefore checked mainly during
preprocessing. The integration of a configurable systemis
to put all the operations together and ascertain that al
nodes of operation will operate reliabily and automatically
I ndependent to the data content.

The routine to check the charcteristics of the ADCin a TM
systemis one of the nost conplex and invol ves nost parts of
tje test station. The function is to obtain a graph of the

I nput (Analog) vs output (Digital) of the ADC which w ||
conpletely describe its characteristics. Note that the test
Is perforned at package | evel where neither the input nor
the omtput of the ADC is directly accessi bl e.

The input to the ADC will be routed as any one (chosen by
user) of the analog nonitoring channels. The out put of ADC
wi Il be nonitored through the formatted TM output. To

scrutinise the behaviour qf the ADC cl osely, at |arge nunber
of sanples nust be examned to verify the analog to digital
conversion characteristic over the range of interest. To
save tine, the TM system can be commanded to repeatedly
sanple only the selected chennels to nmaxi m se the

I nformati on content of the frame. Thus the program nust

| nput the anal og value nonitor the output cal culate the next



requi red anal og val ue based on the output pattern and stop
when the stopping criterion is reached.

The various options and the features of error checking by
the system and the user are sunmmari sed in Table 2.

Tabl e 2.

Dat abase file
cont ai ning in-
formati on about
all nonitoring
channels. This
IS needed so

t hat user can
sel ect any ana-
| og channel at
run time and the
appropriate in-
put si nmul at ed

out put nonitored
automatical ly.
Overal | par-

aneters such as
ADC Specs. G°PI B
specs. (address)
log file nanes

Command i nf or -
mat i on regar di ng
i nput and out put
swi t ches and
nodes of opera-
tion of the

Tel enetry
system The run
time software
uses the command
output file to
perform the
command si nmul a-
tion.

At preprocessing
stage the struc-
ture and content
of the database
nmust be clearly
specified to

m ni m se channel
i nformati on
access tine
during act ual
testing.

Bef or e act ual
run, paraneters
stored as a file

At preprocessing

stage the comand

no. an type to
perform each
action nmust be
speci fied and

stored as a file.

The pre-
processi ng
sof t war e checks
the entire file
for validity of
structure and
content. The
file needed by
the run tine
software is
created auto-
matically from
t he data base.

User entry is
only checked
for typing
errors

User can check
t he confi gu-
rati on of the
dat a base and
can nodify data
whi ch has been
signal | ed
erroneous by

t he pre-
processi ng
sof t war e

User has com
pl ete control

Speci fication
of the format
etc is com
pl etely under
user control



3. The sel ected At run tinme the The channel is Channel address
anal og channel user can sinply verified from an format all o-
whi ch can be identify a chan- the data base cation can be
used for check- nel by nunber file and its checked by
ing the ADC fromthe given contents used user
characteristics. |ist for runtine.

4. Sel ection of At run tinme the Software checks User can check
type test run file is created whether all whet her the

i.e how closely to describe the anal og val ues anal og value is
to characterise analog values andlie within the «correctly
t he ADC their step sizes. safe ADC range transmtted
and al so en- fromthe
ables the GPIB equipnent to
communi cat i on the system
for instrunen- input
tation errors

5. Stopping Before or at run S/Wchecks if User can read
criteria time, user can spec. criteria back the trans-
specify whether is safe (within lation in term
stop on anyone ADC specs). of final value
1. No. of values step sizes etc.
acquired

2. Particul ar
file size is

reached
3. ADC maxi nmum
i s reached
4. Time of run
i s reached
6. Anal ysis of Anal ysi s of Nor mal software User can check
out put out put can be checks Iike file nanmes etc
specified after type checking, at operating
the run to give dinensioning system | eve
t he user short gr aphi cs posi -

formor detailed tioning display
results in text nodes etc.
or graphi c node.

CONCLUSI ON

The test station conprises at nunber of GPIB equi pnents,
har dwar e nodul es and software utilities. The test session
consi sts of preprocessing, testing and anal ysis phases. To



make this set up configurable, all features (equi pnent

har dwar e nodul es and software for preprocessing, testing and
anal ysis) nmust be changeable i.e can be added, deleted or
specified in different ways by the user. The physical change
of a conponent (equi pment or hardware nodule) is imediately
reflected in procedure especially of the test utilities is
changeabl e. The data structures and val ues on which each

sof tware procedure works at any phase is al so changeabl e.

A practical systemwith all these features has been briefly
outlined. The system has been working for over two years and
has perforned satisfactorily wwth 4 types of TM packages.
Its adaptability to suit future TM systens with unknown
features and limtations remains to be seen.
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