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ABSTRACT

As the repetitive processes in the manufacturing community
are being automated to reduce operating cost, the satellite
tracking station (being for the nost part a repetitive
operation) can al so reduce operating cost by automation.

A conventional satellite tracking station requires personnel
to setup, nonitor, and adjust a variety of equipnent,

coordi nate data collection, and archive coll ected data. By
automati ng, the above duties in addition to managi ng the
station can be done through a single-point user interface.
Thi s paper presents the nethods used to design the
user-interface software including graphical user interface
(QJI) types of hardware |1/O for data acquisition and
control, and renote control.

| NTRODUCTI ON

Al t hough there are no shortages of data-acquisition hardware
and software for both nultitasking and sequenti al

(Von- Neumann architecture) conputers, this paper discuses
one cost effective approach that has been inpl enmented on
NASA's Transportable Obital Tracking Station (TOTS).?

Early desi gn decisions based on progranm ng cost, software
mai nt enance cost, and operational sinplicity, led to the
follow ng system design. (figure #1)

A 80486 PC running at 33mhz with nulti serial ports (RS-232)
and nmulti parallel ports was selected to be the platform
fromwhich the user-interface software would run. This
master or control conputer would comuni cate through the



MAST

m
)

o
(]

p
pd)

MPUTER

CHL

To SERIAL .
DEVICES "

TO IEEE/439
RSZSZ/XEEE—ﬂu S22

Devxct: STRTUS 22 811 1,0

;gﬁ
ahes

64 CH. MUX.
CONTROL
a2 BII 10

NASA 36
MODULATED
TIME CODE

ealenle=e=

HRARDWARE 1/0

figure #1

serial and parallel ports with the test and operati onal

equi pnent and ot her conputers in the tracking system The
software would be witten in “C using w ndows and nenus to
exerci se various station systens and equi pnent. In addition
a graphics display or GUI for system operational status
woul d be used to centralize information on station

per f or mance.

Al t hough there are many conponents that contribute to a user
friendly interface, this paper will concentrate on the
design of the application SHELL programused in the above
configuration.

DESI GN GOALS

The design goals of the user-interface software were to
provide a single point in the entire tracking station where
a user could interface with all equipnents and sub-systens.
This point would allow the operator to :
1. Exercise all equipnment froma set-up or operationa
node.
2. Monitor all equipnent and systens through a GU
during the operational (tracking) node.
3. Provide a conmmuni cations port for other conputers in
the system
4. Provide station status to a renote user.



DESI G\

The user-interface software would consist of a user friendly
menu driven main program (SHELL) that would orchestrate both
the RF and data system In particular it would provide:
1. A nechanismfor running all device or equipnent
drivers. (figure #2)
2. A nmethod to automatically control prepass, pass, and
post pass operati ons.
3. A nethod for viewing systemstatus froma renote
site and renote control.

figure #2

Device drivers are functions or conplete prograns that

I nteract with each instrunent or piece of equi pnent

(device). Device drivers can be purchased fromthe device
manuf acture or custom nade for each application or device.
These device drivers acconplish too purposes, one is to
control the interface weather it be | EEE-488, RS232, or sone



ot her type. The other function is to provide a nethod to
setup and receive status fromthe device.? Even thought
device drivers are an inportant part of the user-interface
t he enphasis here is how these drivers are integrated into
t he shell.

The approach taken was to nake all device drivers executable
prograns. This would make the driver maintenance | ess costly
by not being apart of the main program (SHELL) and nake the
SHELL nore independent by not having to be reconpiled it
each tine a driver was changed or updated. By using process
control functions such as “spawn” and “systeni a child
program (in this case a device driver) can be executed

W thout term nating the parent (the SHELL). The parent then
resunes execution where it left off before the spawn or
system call was nmade. The di sadvantage to this approach is
menory limtations. But in nost cases device drivers are
relativity small (30 to 60K bytes) and if the parent program
Is less than 640K bytes m nus driver size and DOS over head,
no extended nenory managi ng prograns will be needed. By
using this technique (wth argunents) and running al
progranms (SHELL and drivers) fromvirtual disk, nultiple
device drivers are accessible by parent/child swtching.

Prepass, pass, and postpass operations are handl ed by both
ti me based sequences and physical events. By using the
station clock (NASA 36) and tinme events (received fromthe
Ant enna Control Conputer) the tinme of occurrence and
duration of all operations can be controlled. In addition to
the automatic operation, events can be initiated by the
station operator with all results |ogged to disk.

During the operational node the SHELL woul d provide a
graphics display (GUJ) that would be updated by polling al
pertinent parallel and serial lines. (figure #3) The GU is
di splayed in two phases. All background or static
information are displayed first. Then the indicators are
updated as their respective I1/0O device are polled. To keep
t he update or polling sequence efficient (have sufficient
sanpl es) the two sl owest operations screen updates and
reading the serial interface are designed such that the
screen indicators are serviced only when a change in status
occurred (i.e. lock to loss or loss to lock) and the 19.2 K
BAUD serial link serviced only when a command i s being

recei ved. By using these techniques and filtering the anount
of data that is logged to disk satisfactory perfornmance can
be achi eved.



figure #3

Many GUI's are available but only a few are oriented toward
I nstrunmentation. The GUI's cone with packaged indicators,
such as gages, slide bars annunciators and seven segment

di splays. Wth these functions there is still a fair anount
of special design to create a customdisplay. Al graphics
in figure #3 was done by a fairly low level GUJ, neaning all
figures were made from basic geonetric figures.

The third major function was to provide a nethod for view ng
system status off site (a renpte |ocation) with the sane
detail and control as when operating the station |ocally.
Several commerci al packages are avail abl e that provide
renote control and file transfer functions. The one chosen
adverti sed graphics capability but early testing reveal ed
that trying to renote the graphics screen (figure #3) at
2400 BAUD (about the best you can expect from commerci al

| i nes) was unacceptable. A second status screen (figure#4)
usi ng character based graphics was designed to do all renote
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figure #4

This nmethod al though restrictive to the type of
i nformation that can be put on a screen proved to be
satisfactory allowing a renote operator conplete contro
W t hout disrupting or interfering wth any functions or

operations on site.

oper ati ons.

CONCLUSI ON
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system This one program (the SHELL) will determ ne,
friendliness, performance and acceptability of the system
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