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Software Development of a Standardized

User Interface for the HAFB Telemetry Ground Station

Otto P. Seebold, Jr.
Physical Science Laboratory

P.O. Box 30002
Las Cruces, New Mexico

The Systems Development (SD) group at the Physical Science Laboratory (PSL) has
developed and integrated many telemetry data acquisition systems for both
government and non-government customers. PSL/SD normally only develops
telemetry hardware when there is no commercially viable equipment available within
the cost restraints of the contract. Over the years, PSL/SD has chosen the best
commercially available hardware that fulfilled the requirements of the specific project.
Each project presented a unique set of requirements that necessitated a custom
designed user interface for the setup of each vendor’s telemetry hardware. PSL found
that it was redeveloping the telemetry definition user interface for each vendor’s
product and this was consuming a larger percentage of the development budget.
Therefore, in the development of the user interface for Holloman Air Force Base
(HAFB) Telemetry Processing System (TPS), PSL decided to develop a user interface
that could be easily modified to support new telemetry hardware with a minimum
effort and present a common user feel to all future telemetry systems.

HAFB TPS Description

The HAFB TPS incorporated requirements for multiple streams of multiple format at
very high data recording rates. This single telemetry ground station would accept input
for 4 PCM (Pulse Code Modulation) streams at up to 10 Mbits/second, 1 PAM (Pulse
Amplitude Modulation) stream, 3 MAD (Multichannel Analog Demultiplexer)
streams, 1 A/D (Analog-to-Digital) stream sampling up to 10 channels with an
aggregate sampling rate up to 3.2 Msamples/sec, 2 simultaneous time sources from a
selection of three time formats, and up to 8 independent discrete-event recording
streams. The aggregate data storage rate for all the data streams was over 16 Mbytes
of raw data/second. The contract required that the system be capable of storing on
temporary disk up to 5 minutes of data with all streams active at the maximum input
data rates.



The contract specified that for the PCM data stream, both hardware and software,
should meet or exceed all requirements in IRIG 106-86 in both Class I and II input
stream formats. The contract required that for the PAM data stream, both hardware
and software meet or exceed all requirements in IRIG Standard 106-86. The contract
required that the MAD streams meet or exceed IRIG Standard 106-86. The A/D
stream was to be composed of any combination of one to ten input channels with an
aggregate data input rate up to 3.2 Msamples/sec and any channel being capable of
sampling at the full sampling rate of 3.2 Msamples/second. The TPS would be capable
of handling 3 different time source formats with two input time sources active during
any mission. These three time formats were IRIG-A, IRIG-B, and a HAFB specific
time format specified as GTC (General Time Code, a T ! to T+ launch time format) .
In addition to the collection, generation, and/or storage of the three time formats, the
system was designed to have time stamping of data with 10 microsecond accuracy.

In addition to the telemetry front end (TFE) equipment, the TGS was to support three
graphics workstations for user interface and display of both real-time and post-mission
data. The host computer was to be supplied with the capability of printing 30
pages/minute of graphics, and archiving a minimum of 60 Gbytes of on-line data.
Many additional requirements were specified in the contract that are to numerous to
be listed in this paper.

To allow the HAFB track personnel control and setup of this complex set of hardware,
the contract required a user interface that was menu driven, of consistent form, and
with on-line help at all menu levels. The contract implied that the user interface be
designed to allow quick manipulation of large data formats up to the maximum
allowed size as specified by the appropriate telemetry standard. As can be seen by the
complex requirements for so many different data streams and formats, a user friendly,
easy to use user interface had to be designed and developed for the HAFB TPS.

Early Decisions

HAFB TPS presented a perfect opportunity to design this generalized user setup
interface from scratch. The hardware by Acroamatics came with a very rudimentary
user interface which did not fulfill the contract requirements for the user setup
interface. Therefore, PSL was required to design and develop the user interface.

Early in the design, a strategy was accepted that was based upon three compelling
goals for this software development which were:

1) Fulfill the contract requirements for the HAFB TPS
2) Minimize the cost impact of any decision for standardization upon the

development of the HAFB TPS user interface



3) Maximize standardization of the user interface so that the interface could
easily be adapted for future project

To fulfill both the contract requirements and the desire to standardize the user
interface, decisions had to be made at the outset of the project that would guide the
development of the user interface.

 The following guidelines were the requirements of the HAFB TPS contract and for
conformity to the goals of designing a generalized user interface:

" Incorporation of software standards
" Incorporation of telemetry standards
" Isolation of the user interface software from vendor hardware dependence

wherever possible
" Isolation of contract specific requirements

Software Coding Standards

Software coding standards are important. The trend by both government and
nongovernment contracts is to require software coding standards for all developed
software systems. The software coding standards applied to this development effort
were divided into three categories:

1) Programming language standards
2) Graphics language standards
3) Presentation standards

To complete the project, a particular standard for each of the three categories had to be
chosen.

Programming Language Standard

The contracts for new systems appear to stress that the software be developed in one
of the accepted high-level languages. To meet these future government and
nongovernment requests for proposals, three standard software coding languages were
considered by development team. These three high-level languages were considered
by the development team to be the generally most universally accepted programming
languages for telemetry specific contracts. The three languages are ADA, “C”, and
FORTRAN.



After reviewing previous experience, future trends, and user acceptance, FORTRAN
was chosen to be the base programming language for this software development.
FORTRAN is a mature language which is supported by most if not all computer
platforms. There is a large pool of experienced FORTRAN development personnel.
Finally, FORTRAN appears to be acceptable in most requests for proposal except
where the DoD is promoting ADA for mission critical systems. FORTRAN appeared
to the development team to be the most acceptable high-level language when both
government and non-government agencies requirements are considered.

Graphics Language Standard

Integrated within the user interface, the HAFB TPS contract required graphical
support for realtime strip charts and bar graphs, and a graphical post-test editing
capability. To satisfy these requirements, a graphics language had to be selected.
There are many high level graphics packages such as DISPPLA, PV-WAVE,
TEMPLATE, and others that supply complete packages for such data manipulation.
However, in keeping with the desire to use recognized standards whenever feasible, it
was decided that the graphic portion of the user interface would be selected from the
available graphics standards. Two possible standards were considered. These
standards were GKS (Graphic Kernel System, ISO IS 7942 and ANSI X3.124-1985)
and PHIGS (Programmers's Hierarchical Interactive Graphics Systems, ISO/ANSI
PHIGS standard). GKS was designed to be a standard two-dimensional device-
independent graphics system. PHIGS was designed to be a sophisticated three
dimensional graphics support system. Since the contract required only two-
dimensional graphical data presentation, GKS was chosen as the graphical standard.

Presentation Standard

The software world of presentation standards is one of the hottest and most contested
arenas of debate in todays software universe. Currently, many user presentation
systems such as “X”, “OPENLOOK”, “DECwindows”, “MOTIF”, “MICROSOFT
WINDOWS”, and others are competing to be recognized as the user presentation
standard. However, when a decision was made upon the presentation standard to be
used in HAFB, “X” appeared to be the top runner in the presentation standard race and
was supported by most of the computer platforms that were considered. Therefore,
“X” was chosen to be the presentation standard for the HAFB TPS.

As the project proceeded, the development staff realized that to develop the extensive
user interface in native “X” would be to costly and time consuming for the HAFB
TPS contract. Therefore, for the first version of the user interface, many of the
displays were developed using the “DECwindows” tool kit. The development staff



will attempt with time and later versions of this standard user interface to convert the
software to native “X” or whatever presentation format becomes the defacto standard
for the industry.

Telemetry Standards/Hardware Isolation

The HAFB TPS contract was very explicit in its requirements that the hardware and
software must be capable of handling input data streams that comply with the
accepted standards for that input data stream format. Below is a table of the input data
streams and the guiding standards specified by the contract for the HAFB TPS
hardware and software:

Data Stream Type HAFB TPS Contract Specified Standard

PCM IRIG Standard 106-86, Chap. 4
All Class I and most Class II

PAM IRIG Standard 106-86, Chap. 5
MAD IRIG Standard 106-86, Chap. 3

Class I, Class II available manually
ADS IRIG Standard 106-86 Class II analog data
TIME IRIG-A, IRIG-B, IRIG Standard 200-70

For briefness, to illustrate the handling of the telemetry standards by the user interface
and the isolation of the vendor hardware dependencies, only the PCM portion of the
user interface will be discussed further.

PCM User Interface

The contract specified that the PCM input hardware and software comply with IRIG
Standard 106-86 both Class I and II input data formats. The hardware purchased from
ACROAMATICS to handle the four PCM streams was capable of handling all the
IRIG Standard 106-86 requirements if properly setup by the user.

The goal of the development team in the design of the user interface for the PCM was
many fold, but, the major objectives are listed below:

" Meet requirement for compliance with IRIG Standard 106-86 Class I and
II support

" Isolate hardware dependence from user setup software
" Minimize cost of the first version of the user interface



Compliance with IRIG Standard 106-86

The version of the user interface for the HAFB TPS was designed to allow the user
the widest ability to define information both at the parameter and stream level. All
IRIG Standard specified capabilities are available to the user with the proper
definition of the parameter list, basic map attributes, and decommutation map layout.
Due to time and cost limitation, the first version of the user interface does not have
extensive error checking and allows the user to define PCM formats that would be
unacceptable to the IRIG Standard. However, this lack of error checking is both a
benefit and a problem. The benefit is that the user can define a setup that is not strictly
IRIG Standard. The problem lies in the fact that the user is not guaranteed that the
proposed format is in the compliance with the IRIG Standard. The next version of the
standard interface will incorporate more extensive error checking but will allow the
user to override any error check when required.

Isolation of Hardware Dependence

To isolate the user interface and its associated database from hardware dependence, a
structured information file format was developed that retained all the user definition
information. This structured file system supported all the necessary information for
the definition of the standard input data streams and their processing. No hardware
dependence was incorporated into these structures. To generate the device specific
download information required for the hardware, the structured files were input to a
hardware dependent interpreter that generates the necessary device specific download
modules.

This interpretation method allowed for the isolation of any hardware dependence from
the user interface and its associated file system. If new hardware is incorporated in the
next delivered TFE, only the interpreter software need be modified.

PCM User Interface Screens

To support the implementation of the IRIG standard for PCM, three user interface
screens had to be developed.

PCM Parameter Definition Screen

The first screen (Figure 1, top) allowed for the input of information specific to
parameters in a PCM data stream where a parameter is a logical grouping of data
normally associated with a physical measurement, for example, a pressure or
temperature.



For those information fields that IRIG specified a known range, for example, data
word bit length (4 to 64 bits), a table of possible values was established and the user
need only toggle through the list until the desired value was displayed.

For those information fields that were more site specific or hardware dependent, for
example, archive format, a comprehensive list of possible states was establish with an
associated truth table indicating system support for that state. To illustrate, the archive
format state/truth table is shown below:

State Truth Table

Unsigned Byte Not Supported
Unsigned Word Not Supported
Unsigned Longword Not Supported
Unsigned Quadword Not Supported
Signed Byte Supported
Signed Word Supported
Signed Longword Supported
Signed Quadword Supported
Discrete Bit Supported
Discrete Bit Cluster Supported
4 Byte Floating Point Supported
8 Byte Floating Point Not Supported
etc.

Again the user need only toggle through the list until the desired state was displayed.
This establishment of IRIG Standard 106-86 specifications and state tables allowed
the definition of a parameter to be expandable, hardware-independent, easy for the
user definition, and easily modifiable in future versions to meet changing
requirements.

PCM Map Basic Definition Screen

The second screen (Figure 1, middle) defines the basic structure of the PCM map.
Most of the information fields in this screen has value ranges that were dictated by
requirements in the IRIG Standard 106-86. Again, each the user need only toggle
through the list of acceptable IRIG Standard 106-86 values until the desired value is
displayed.



PCM Map Decommutation Screen

The final screen (Figure 1, bottom) is used to allocate parameter fields to the word
positions in the major/minor frame map. The user is presented with the list of
parameters defined in the parameter definition screen and by choosing a parameter
from the list and clicking on the brick wall word position, the data content of the PCM
map is defined.

Conclusion

The PSL development team has developed an initial version of a standard user
interface that will allow minimization of the cost of implementing a user interface to
any telemetry front-end equipment included in a telemetry data handling system. This
development was accomplished by 1) incorporating software standard; 2)
conformance to telemetry standard; 3) software independence from hardware and 4)
isolation of contact specific requirements.



 


