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A SIMPLE DECOMMUTATION SCHEME FOR THE TELEMETRY
TEST STATION

Kamalini Martin, M.Vanitha & P.C.Manjunath

ABSTRACT

The Telemetry Test Station has been developed at the Digital
Systems Division, ISRO Satellite Centre, to test the
housekeeping telemetry packages which will be flown onboard
satellites. The heart of the test procedure is the
decommutation, display and processing of the telemetry
output format. The decommutation has been achieved by
designing a simple plug in card to an IBM PC/XT compatible
computer and writing the related assembly language software.

The card and the software have been extensively tested and
found to work satisfactorily upto 60 Kbps PCM data rate.

To make the hardware and software flexible and truly general
purpose, the acquisition should be independent of the modes
of operation and data formats. All the parameters which
define acquisition display and processing are therefore
programmable and can be changed at any time. The parameters
which influence acquisition are bit rate, word rate, frame
rate, length of word, length of frame and frame synchronous
code. The bit rate is transparent, i.e., need not be set by
the user. The word length is assumed to be 8 bits or
multiples of 8 bits. The other parameters are programmable
at any time during the test session. Similarly, the
parameters which affect display are the display rate, and
positioning of the format including highlighting, alarm
signals, related information etc. This gives a user the
facility to tailor the display to his liking. The storage is
also flexible and independent of display. All these modes
are in real time and have therefore been coded in assembly.

It has been found that a large part of the software is
needed for user interface alone and user requirement is far
more changeable than expected. The software is therefore



designed for change. The problems and solutions in achieving
these features are discussed in this paper.
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INTRODUCTION

The Telemetry Test Station is a setup to test any low bit
rate satellite telemetry system. Any test session involves
simulating inputs to the system under test and monitoring
relevant outputs. In the case of telemetry packages, the PCM
formatted data output of the system carries almost all the
information about the inputs and the states of the system
under test. The acquisition, display and postprocessing of
this single data stream, therefore forms a part of most
tests to qualify a telemetry system. This function, called
“Decommutation”, has been achieved by designing a simple
plug in card on an IBM PC/XT compatible computer and writing
the related realtime software.

The relevant parameters needed for decommutation are related
to data speed and content. Once the system is capable of
handling different types of data (speeds and values), the
versatility of the system depends on the user interface and
the facilities offered to the user.

The hardware design to achieve high speed decommutation
using the simple 8088 based PC-bus is described in
Section-1. Section-2 describes the software and programmable
parameters. User interfaces and methods to handle varying
requirements are discussed in Section-3. An example to show
how the decommutation is used in another test feature of the
test station is described in Section-4.

HARDWARE DESIGN

The hardware required for the decommutation was designed as
a simple plug in card on the IBM PC/XT compatible machine.
The card design utilised the available, unused DMA channel
and Interrupt facility of the PC, thus minimising the number
of chips mounted on the card. The card also uses the



prototype card address space as recommended in the Technical
Reference Manual [2].

The details of the design are shown in Fig.1

The hardware mainly utilises the features of two chips, an
8251A USART chip which is mounted on the plugin card, and
the 8237 DMA chip available within the PC. The 8251A
receives serial data and clock and essentially performs the
frame synchronizing function. It is programmed in the
synchronous mode to detect a two byte sync. pattern. As soon
as the programmed sync pattern appears in the serial bit
stream, the ‘Sync Detect’ status is set in the register. The
status is immediately recognised by the software which then
reprograms the 8251 into the normal mode. From now on, the
8251 acts as a serial to parallel converter, raising the ‘Rx
Rdy’ flag on reception of each byte of data. Thus both word
and frame synchronization is achieved. The checking for the
Frame Sync. code is now taken over by the software. By
utilising the 8251, an important parameter of decommutation,
the clock or bit rate is made transparent to the system. The
PCM stream could therefore be accepted upto the maximum rate
of the 8251 specification (sync. mode), i.e 64 Kbps. However
software limitations have shown that the absolute maximum is
about 60 Kbps, with long frame lengths.

Since low bit rate Telemetry systems operate well within 20
Kbps, this limit is quite comfortable and therefore the user
need not specify the speed i.e the bit rate for the
decommutation.

The other important chip used is the 8237 DMA controller
within the PC. On the PC/XT one channel of the 8237 is free
for the user. This channel is programmed to operate in the
single transfer modes by using the ‘Rx Rdy’ signal of the
8251 as the DMA request (Fig.1). The DMA acknowledge is
ANDed with the memory read signal to extract the received
word from the 8251 into the programmed memory (RAM) address
space. At the end of a convenient block of transfers
(generally the block is the frame length), the DMA chip
interrupts the PC (using the terminal count signal to
generate a free interrupt, the IRQ2). The interrupt handler
software thus is handed a block (frame) of bytes for further



processing. Since the DMA action is ‘transparent’ to the
program, the fresh frame thus acquired can be read and
processed while the newly acquired data is being written
into the specified RAM address through DMA action. Two
blocks of address are alternately used for read and write to
avoid clash of simultaneous read/write signals. To keep the
interrupt handler to a minimum, this routine only checks for
the Frame Synchronous Code (FSC) in the correct slot and
sets the pointer to the correct read address block. In case
of error, the interrupt and DMA channels are reset and
reinitialisation takes place.

Since the acquisition of data is done by DMA action, the
decommutation software (apart from the interrupt handler)
mainly does the processing, display and storage of data,
ensuring efficient code.

REALTIME SOFTWARE

The main timing constraint on the software is the interrupt
rate. Since it is easy to visualize, analyse and process the
data in terms of the Telemetry frame, the interrupt rate is
programmed to be the frame rate. Thus all processing must be
completed within the time to acquire one frame. It is
obviously more advantageous, therefore to have larger frames
at higher bit rates. However this may cause loss of data
when the PCM bit stream is faulty i.e when the frame sync.
is ‘lost’ frequently.

On interupt, the interupt handler first switches the
addresses of the read/write blocks. Then the Frame Sync.
Code is checked by comparing the value of the words in the
approriate positions in the newly received frame. Whenever
the software discovers that the FSC is not present in its
proper slot, the 8251 is again programmed to hunt for the
sync in the synchronous mode i.e reinitialisation takes
place. Generally, the frame obtained immediately after
detection of the FSC is not utilised for processing since at
least two consecutive frames must be verified before
accepting data as synchronized. Thus, for every loss of
synchronisation, at least two frames are lost. Larger frames
would then mean more loss of data, and more delay. This may
not be of consequence in some types of tests.



The software was developed in the 8086 assembly language,
and was greatly simplified by the use of DOS utilities
especially for file I/O. The minimum set of parameters
needed for the display and storage of the frame are as
follows:

1) Frame length in bytes
2) FSC length in bytes
3) FSC value for each byte
4) Display parameters (position of each byte on the

screen)
5) Log file name
6) Log rate in terms of frames
7) Starting and Stopping criteria for logging the

frames

These parameters may be defined by the user at any time
prior to the decommutation. The separation of the
specification of these parameters enhances the modularity of
the software. The user interface which defines them can then
be adapted for changing requirements while the realtime
software remains the same. The criterion here is to minimise
the time taken by the (real time) procedure while also
minimising the space required to completly specify a fully
configured system. If simple decommutation is all that is
required, a file containing this information is created
beforehand. However most test routines performed by the
Telemetry Test Station use decommutation as a part of their
procedures. Thus, other software routines, which are
normally also realtime and in assembly language, will need
to input the parameters and extract the acquired frames. In
these cases, simple common data areas serve for the
communication since the activation of each routine is
strictly sequential.

Once the stand alone decommutation routine itself is
started, the user can stop the routine by pressing the Fl
key. No other keys affect the normal working except the ‘F3'
key which has been programed to act a ‘Freeze’ control in
the toggle mode. (Pressing F3 first stops and pressing F3
again reactivates decommutation automatically)



Apart from acquisition, the processing, display and storage
of data can be done in various ways. This is left almost
entirely to the user. it has been found that in practical
use, the user demands a very great variety of formats and
fully utilises the flexibility offered by the software.

USER INTERFACE

The hardware and the realtime software have been optimised
so that any low bit rate telemetry output can be
decommutated with ease. Display and storage each have a
limitation. The human user cannot perceive very fast
changing values even if they are faithfully reproduced on
the screen, and whatever the size of the storage some
limitation must be put on the sizes of files and/or data
content. Apart from these two constraints, the user is
therfore completely at liberty to select, examine or process
any feature of the output.

It should be recollected that as long as the telemetry
system is powered, data is always available for
decommutation and is never interrupted except due to link
problems. Therfore, an important input from the user is the
‘stopping criterion’, i.e., the conditions under which the
display, storage and the decommutation mode itself stops.

DISPLAY

As explained, it is convenient to acquire data in blocks,
where the block is generally equal to the frame length. The
display is also therefore in terms of frames. Decommutation
display parameters may be specified in three levels.

At the first level, the bytes composing the frame are
displayed in Ascii-Hex characters on the screen. Decimal
values can also be chosen but will occupy one extra space
per byte. At this level, all the user has to specify is the
display rate (in terms of frames) and position of display.
Usually the display is centred on the screen by default.
This mode can continue indefinitely and is stopped only
under user control (by pressing the ‘F1' key). There is thus
no stopping criteria to be specified by the user to stop the
display/mode.



At the second level, some interpretation can be given to the
words of the frame generally, the user likes to
differentiate between analog and digital channels, onboard
time, main and subcommutated words, FSC etc. Unused words
are usually not displayed. The differentiation is
conveniently done by alloting different colours to the
different kinds of channels. This is chosen by the user
before the test run. Thus although the position and value
(ascii hex) of the bytes are the same as in the first level,
the information content to the user is higher.

At the third level, the entire frame is not displayed. The
user selects only required words (upto 20 in number due to
screen size limitations). These words are processed and
displayed in engineering units eg. an analog channel value
received in binary codewithin the format is converted back
into voltage or any appropriate units by using the
appropriate equations. This level contains the most
information about the selected channels. Obviously, this
level may not be required in every test run but only when
time is not a critical factor. During normal test sessions
where decommutation is done to check the Telemetry system,
only the first or second levels are used.

STORAGE

The display can continue indefinitely since every frame
displayed on the screen is overwritten with the next. For
storage, physical (memory) limitations dictate that stopping
criteria must be specified. When the data rate is low (less
than 2Kbps), the data can be stored directly in the hard
disk, using the DOS utilities for opening, writing and
closing files. When the data rate is higher, a part of the
RAM is used as a disk, with the same routines, with the
changed drive specification in the file names. Since the RAM
access is far faster than the hard disk, data rates upto 60
Kbps can be supported. However, the size of files is
obviously severely affected. With the PC/XT, a RAM disk of
size greater than 448 kbytes cannot be used, whereas in the
hard disk, very large file sizes (up to 2 M bytes was tried)
can be conveniently accommodated.



The parameters which affect storage are therefore rate and
total length of data. Since it was assumed that storage is
essential, large amounts of data would be required to be
stored and online print of stored data is not essential, the
decommutated data hs been stored in binary form. This
minimisers the storage space. Conversion to ascii takes
place at the time of printing when a variety of post
processing formats are available to the user.

The data rate is simple to specify: Either specify 1 in n
frames to be logged where n is any number upto 256, OR Log a
frame whenever specified data contents matches/does not
match. The main facility afforded to the user is in stopping
criteria. Logging can be stopped by specifying any one or
more of the following:

1. Absolute number of frames logged
2. Stop when a specified value appears in a specified

location
3. Stop when a specified value does not appear in a

specified location
4. Stop when DOS time reaches specified value (starting

time can also be specified.
5. Stop when logged file size reaches specified value.

These facilities are offered to the user in menu form and
have been utilised effectively in a variety of environments.

When the ‘user’ is another program, all these parameters
must be conveyed to the decommutation program, bypassing the
menu structure but keeping all interfaces common. Under this
condition, the display and storage of the decommutated data
is ‘invisible’ to the human user who is interested in some
other facility of the test station. This is explained with
the help of an example below.

EXAMPLE : TO CHECK A CHANNEL

One of the facilities offered by the telemetry test station
is automated testing of all monitoring channels (Ref. 1).
Here, let us assume that single channel, say, digital of the
telemetry package is to be checked. To simulate the input
for this channel, the user must specify (identify in a



convenient way) the channel and the chosen values to be
input to it. The test station then loads the value and
routes it on to the corresponding input of the system under
test. Once the input is supplied, the output of the system
under test must be monitored to check for correct behaviour.
The output which contains the information about the input is
the formatted telemetry output.

Thus the simulation procedure “calls” the decommutation
routine to acquire one (or more if the user needs repetitive
checking) frame and to load this acquired data into a
specified communication area. This data is then checked for
the chosen value appearing in the chosen slot of the format.
Further action is taken by the simulation procedure
depending on the user’s requirement.

The decommutation procedure is thus to acquire n frames, at
log rate (i.e every frame to be logged). The display of
decommutated data is at first level only and is switched to
another page so as to avoid discontinuities in the viewing.
Thus the user can ‘see’ the operation of the simulation
procedure, but can switch the active page of the display to
verify the decommutation data, if so required. Similarly,
the storage mechanism remains the same, but ‘file name’
specified (by the calling procedure) refers to a RAM data
area. The first stopping criterion is used (stop when n
frames are logged). One more facility is offered which
relates more to the link/acquisition conditions. In case of
loss of synchronisation, the user can choose whether to log
erroneous frames or not (to verify, later, the type of
disturbance which caused the loss). In case of simulation,
it is usually required that the n acquired frames be
consecutive and error free.

CONCLUSION

The hardware and software for decommutation has been
extensively used for the past 3 years, in both the
standalone and integrated modes. The system has worked very
satisfactorily and has proved to be the basic building block
of the telemetry test station, which has been composed of a
series of software utilities based on this routine.



The hardware has been rigorously tested on the PC/XT. It can
also be used with the PC/AT with very minor alterations due
to the higher frequency of the operating clock. The real
time software has also been proved to be modular. Many user
interface routines which can themselves be adapted easily
for future change have been conveniently used with the real
time software to the satisfaction of the designer and the
users.
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