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PREFACE
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1.0 INTRODUCTION

The objective of the LED test program was to monitor the degradation of
infrared light emitting diodes (LED'S) for an uninterrupted operating period of
6,000 hours. To obtain the objective a sampling of 254 diodes was subjected to
predetermined constant current and  constunt  temperature conditions while
the current and heat sink temperatures were periodically verified and the voltage
drop and the light output of each of the LED's was measured. An automatic data
acquisition system was needed to obtain and process the resulting large volume of
dara for the extended length of time involved. The present report describes the
software that was developed as well as the software design philosophy and the
performance of the system.

2.0 OVERVIEW OF LED TEST COMPLEX

The test program was designed to monitor 48 each of 5 different types of
commercial LED's. The diodes were equally divided among 4 environmental chambers
maintained at the following nominal operating temperatures: {a) -65, (b) 20. (¢) 90,
and (d) 120°C. Twelve of cach of the five tvpes of diodes were contained within
each chamber. The LED’s were mounted in these chambers on specially designed
heat sink racks. The heat sink and electrical connections to each of the diodes in
all four chambers were designed to be as ncarly identical as possible to minimize
any mechanical or electrical bias in the measurcments since no direct mecasurements
within the chambers were possible. Each type LED was driven at onc of four
closcly controlled currents by its own current regulator. Three of each type LED in
cach chamber were operated at the same current level. Precision mercury cells were
used as references for the individual current regulators to maintain better than 0.5%
current regulation throughout the test.

In order to keep the number of instruments required for acquiring data in the
LED test complex to a minimum. a Hewlett-Packard 2100A computer was
hard-wired from a 16-bit input/output port through a computer/manual control panel
to a random access, reed-relay operated, 1,000-point multiplexer (MUX). (Schematic
of the test complex is shown in Figure 1). The MUX was used in sclecting the test
parameter to be measured. The output of the multiplexer and a
measurement-refercnce relay were directly connccted to the input of a 5-1/2 digit
autoranging Digital Multimeter (DMM). The BCD output of the DMM was
hard-wired to the computer through a 32-bit parallel data input port. The light
output of each LED was coupled through a fiber optic bundle to a specially
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Figure 1. Simplified schematic of test facility.
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designed optical scanner which accurately positioned a calibrated photodetector (PD)
in front of each bundle to measure the infrared radiation of each diode. The exact
location of the photodetector was monitored by a potentiometer whose output was
connected to one channel of the multiplexer. The output of the photodetector was
amplified by a temperature compensated amplifier whose output was connected to
another multiplexer channel by a coaxial cable. A 16-bit Relay Output Register
controlled the scanner as well as the measurement-referencing relay.

The entire electrical system was protected against power failure by the
automatic starting of a 20KVA diesel auxiliary generator which took approximately
12 seconds to come up to full power. During this power transition period, the
LED's and their associated control electronics were powered by means of batteries
connected in parallel with 5, 7, and 12-volt power supplies. Once the main power
came back on line, the generator ran for a minimum of 10 minutes to insure a full
charge of the 6 volt storage battery used to furnish transition LED current during
power failure, and to charge the diesel start batteries.

An HP2100A computer was used as a controller for automatic data acquisition.
. A block diagram of the computer system used in the test is shown in Figure 2.
This system had a Magnetic Tape Unit, high-speed paper tape reader and punch
units, a Tektronix 4010 CRT terminal, and a teletype. Magnetic tape was used for
the main storage of date, since it provides fairly rapid access to data for bulk
processing. Paper tape was used for the back-up storage of data to safeguard against
accidental erasure of the magnetic tape and is used by the client for additional
processing of the data for his requirements. Special purpose assembly language
Input/Output (I/O) routines were added permitting data to be punched on paper
tape in compact binary format. The CRT terminal was used mainly for program
development. The teletype printout of each computer run was used principally for
trouble shooting diagnostics.

The following chapters discuss the design philosophy and details of the software
program, including operational performance.

3.0 DESIGN OF COMPUTER SYSTEM
3.1 CHOICE OF LANGUAGE FOR CONTROLLING PROGRAM

Software developed for the HP2100A computer included two high level
programming languages: HP FORTRAN and HP BASIC. Relocatable FORTRAN
programs were produced using the HP FORTRAN Compiler under the HP BASIC
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Control System, whereus all BASIC progrumming was done under the BASIC
Interpreter. A compiled program was translated into assembly language and then was
assembled into machine language. Since this particular system had a two-pass
FORTRAN Compiler. the intermediate results werc punched on paper tape and
reloaded. The BASIC Interpreter interprets and cxccutes cach statement without
trunslation. As a general rule a compiled program can be created to operate with
less memory; therefore, the final version can be executed more quickly. However.
since an extra 8K of core memory had been previously added to the system.
memory was not a critical factor in choosing a programming language. Neither was
speed a critical factor, becausc the devices added to the system to acquire data
were relatively slow. For example. the DMM through which all data passed required
a quarter of a second to obtain a reading. The advantage of using the BASIC
Interpreter was its casc for developing programs and altering these programs as the
need arosc. When a compiler is used, the entire compilation procedure has to be
repcated to incorporate changes or corrections. Thus, for this particular system,
BASIC was a better choice of high level language for the controlling program.

3.2 FRAMEWORK OF SPECIAL PURPOSE ASSEMBLY LANGUAGE
1/0 ROUTINES

In using BASIC, special purpose subroutines were added to the BASIC Interpreter to
handle the special devices required for gathering data. Each of the four devices used in
the measurements had a specialized purpose. The multiplexer was used to select the
channel, and the Digital Multimeter was used for making all measurcments. The Relay
Output Register controlled the referencing of the DMM and the stepping of the Optical
Scanner. The Optical Scanner positioned the photodetector to translate light output into
a mcasurable voltage. The Optical Scanner had no direct connection with the
minicomputer and thus did not need a special software routine.

Each special purpose subroutine controlled a particular function of each of the
devices. One subroutine input a reading from thc DMM to be returncd to the controlling
programs. Three subroutines were used for the Relay Output Register. Onc subroutine
sent a number between O and 65, 535 to thc Relay Output Register. Another changed
the state of a single bit of the Register. The third input the current state of the Relay
Output Register. This last routinc was used mainly for checking the first two. Finally,
two other subroutines were developed to control the multiplexer operation. One
subroutine output a channel number to the multiplexer while the other input the
previously selected channel setting. Complete listings of the subroutines appear in
Appendix A.
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The controlling program transferred control to the assembly language subroutine
with a statement of the form "CALL" (subroutine number, parameter list). The BASIC
Interpreter accessed the "called” subroutine through a subroutine table containing linkage
information. Entries in the subroutine table, one per subroutine, were two words in
length (16 bits per word). Bits 5-0 of the first word contained the number identifying the
subroutine. Bits 15-8 contained the number of parameters passed to the subroutine. The
second word contained the absolute address of the entry point of the subroutine. All
entries in the subroutine table had to be contiguous, and, when subroutine entries were
added, location 122g had to be redefined to contain the address of the last word + 1 of
the subroutine linkage table. The subroutines were added in normally free space below
the BASIC Interpreter in memory. To keep this area from being used for other purposes,
the address of the last word + 1 of the last subroutine was stored in location 110g to
indicate the first word of available memory (Ref. 1).

Prior to transferring control to the subroutine, BASIC evaluated the parameters and
stacked the addresses of the results. Upon entering the subroutine, the A-register
contained the address of this stack. A subroutine called ".ENTR" had previously been
added to the Interpreter to transfer a maximum of four parameter addresses to
an allocated space of memory. Calling ".ENTR" immediately after subroutine entry
produced the twofold gain of freeing the A-register and decreasing the depth of indirect
addressing. This method was used in all of the subroutines for the special devices.

3.3 1,000-POINT MULTIPLEXER

The random access multiplexer was interfaced to the HP computer via a Microcircuit
Interface card (Figures 3 and 4). This interface card provided a 16-bit output register and
a 16-bit input register for data transfers. A Device Command signal from the interface
card enabled the multiplexer to perform its 1/O operation. The interface card accepted a
Device Flag signal from the multiplexer for a new channel, and the "standby" line was
pulsed to reset the multiplexer. This line was connected to bit 15 of the output register
of the interface card. The channel number (0-999) was output in packed 1248 BCD
Format requiring only 12 bits. The Control Flip-Flop (FF) was set and the Flag FF was
cleared. The reed relay settling time was clocked internally to the multiplexer, and a
signal was returned which cleared the Control FF and set the Flag FF. After an output
operation was completed (Flag FF was set), a readback input operation to check the
present channel number could follow without further preparation. The input data was
also in BCD format (Ref. 2).

10
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MCI 1/0 CARD MU

Output Bits §-11 > New Channel

Input Bits §-11 < Current Channel
Output Bit 15 —»{ Standby

Control FF > Go to New Channel #
Flag FF e MUX on Channel

Figure 3. Block diagram of MUX.
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3.4 HEWLETT-PACKARD 16-BIT RELAY OUTPUT REGISTER

The Relay Output Register provided 16 low-current, single-pole, floating contact
closures numbered K1 through K16 which could be used in combination or separately to
control 1 to 16 devices. The Register had a maximum relay settling time of one
millisecond. The 16 relays corresponded to 16 bits of the A- or B-register used for input
or output by the computer. Relays were energized by logic "1" bits and de-energized by
logic "0" bits output by the computer (Ref. 3). The correlation of the bits to the relays
and their application in the controlling computer program is shown in Table 1. Bits O
through 12 were unused.

Relays K16 and K15 were used to control high-current double-pole relays in the
LED test complex. By energizing {or de-energizing) the single-pole relays, the circuit
between the power supply and the corresponding double pole relays was opened (or
closed), thus determining their state. Relay K14 was energized for a certain length of
time, controlled by the calling program, in order to activate and send a pulse of current
through a high-current single-pole relay to the Optical Scanner stepping motor ( forward
or reverse motor action) selected by K15. This pulse caused the stepping motor to move
the scanner one position (15 deg). Figure 5 is a simplified schematic of the circuitry of
the operational relays when in computer mode. Manually operated switches (not shown
in Figure 5) controlled the functions of K14, K15, and K16 when the system was in
manual mode. When the system was in computer mode, all relays of the LED test
complex were controlled through a single assembly language subroutine.

Table 1. Correlation and Functions of Register Bits

State
Bit No. Reference Purpose
15 K16 Voltmeter Reference Common +7V
14 K15 Direction of Mechanical
Scanner Stepping Forward Backward
13 K14 Step Scanner End Start
Pulse Pulse
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3.5 DIGITAL MULTIMETER

In the LED test complex, the 5-1/2 digit Digital Multimeter was always used as a
voltmeter in the auto-ranging mode. The Digital Multimeter was interfaced to the
HP2100A through an HP Data Source Interface (DSI) card to transfer up to 32 bits into
the HP computer. The data lines from the DMM to the DSI card, as shown in Figure 6,
remained unchanged until a request for another rcading was made. The Control FF was
used to signal a request, and the Flag FF was used to signal its complction. The states of
the Control FF during a request for an updated reading were as shown in Figure 7. The
computer initiated a request by setting the Control FF and clearing the Flag FF, causing
the Busy line to be sct. The Busy line remained high until a new reading was completed
and the data lines had been changed accordingly. When the Busy line was cleared, the
Control FF was cleared and the Flag FF was set, signalling to the computer that the
updated data were ready to be input. The computer then loaded in the data words of 16
bits each. The first word transferred contained the least significant bits (0 through 15),
and the second word contained the most significant bits (16 through 31) (Ref. 4).

The DMM presented the magnitude of the measurement in integer BCD format with
a sign bit as shown in Figure 8. If the sign bit was logic "1." the reading was negative. A
range code was included in the data to determine the proper placement of the decimal
point (see Table 2). Adjustment of the decimal point was done in the assembly language
subroutine before returning to the calling program. The overrange bit was set as a result
of an overload condition. This bit was always checked first because if it was logic "1,"
the range code as well as the sign and magnitude specified a meaningless reading.
Software returned a range code of "7" to thec controlling program to signal this
condition. This occurred whenever a reading required a range larger than the one last
used. The DMM automatically stepped to the next range, but software had to command a
new reading. To verify that the DMM had completed "auto-ranging,” the controlling
program required two consecutive readings with the same range code before checking the
stability of the readings.

DSl 8% DIGIT
170 CARD DMM
Data Lines
Input (32 bits) <L Data Output
+ Encode
Control FF > Arm Input
Flag FF g Busy

Figure 6. Block diagram of DMM interface.
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+ Encode (Arm Input, l
Control FF) I
I New Reading
] Available

Busy :
|
FlgFF === —-=- L N
"""" i
STC,C el
Figure 7. Control lines for DMM.
Thousands Hundreds Tens Ones
- v L] L T T L] —- L4 L) — ri' Tﬁ
tstword | ¢ i | ;] i it i
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A L v I -~ o - 2 4 -
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Figure 8. Format of data from digital multimeter.
Table 2. Range Codes.
Range Code Range Maximum
1 200MV . 199999y
2 2V 1.99999Y
3 20V 19.9999V
4 200V 199.999Y
5 1200V 1199.999y

15
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3.6 OPTICAL SCANNER

The Optical Scanner. also called mechanical scanner, operated with a bidircctional
stepping motor which positioned a photodetector on the inside of the scanner bonnet to
measure light output. Each step moved the photodetector 15 deg in a spiral fashion.
After 24 steps the photodetoctor had been raised 0.2 inches. The fiber optic bundles
were fitted to the fiber optic terminal strips on 0.4-inch centers attached vertically
around the scanner bonnet. These terminal strips were aligned in such a way that cach
level of fiber optic bundles corresponded to one revolution of the photodetector. This
left alternating levels of 24 steps as "blanks," where no measurements were made. The
scanner bonnet was scaled so that no outside light could enter and reflect internally to
interferc with the measurement by the photodetector. The photodetector output was
amplificd before being sent through a multiplexer channel to the digital voltmeter.

The position of the photodetector was measured using a potentiometer operated by
the scanner stepping motors. The potentiometer was set so that the position of the first
light reading registered zero volts. The span of the potentiometer was set before each
computer run so that cach step of the scanner caused a change in potential of
approximately 50 millivolts: normally variation was from 45 to 55 millivolts during a
single run. This fluctuation would create an accumulative error if one tried to define a
given position of the scanner as a set voltage. To avoid this accumulative error. the diode
measurements were taken in the order in which the diodes were fitted around the
scanncr. After cach step, the change of potential was checked to insure that onc and only
one step had been taken. and that the voltage reading was within an acceptable tolerance
level.

4.0 MEASUREMENT OF DATA

The main purpose of the controlling program was, of course, to automate the
acquisition of data; however, for this test the program had a second purpose which is
equally important: that is, the systematic retrieval of data. The type of information as
well as its source had to be identified and treated accordingly. For this purposc. the
controlling program was divided into three main sections. The first task of the controlling
program, as shown in the generalized flow chart of Figure 9, was to position the
Magnetic Tape. Operator intervention was required to specify whether a new reel was to
be used and to verify the position of the tape if not. The program then entered the first
main section. which measured the parameters affecting ull or a large portion of the
diodes. Briefly, the procedure included a preliminary system check and a check of the
heat sink temperatures and potentials. The program then proceeded to prepare for the

16
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Figure 9. Generalized flow chart of controlling program.
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diode parameter mcasurcments, which constituted the second main section. Operator
intervention was required to enter the time and date at the start of the diode
measurcments and the rcading of the Run Time Meter (RTM). The scanner was
positioned backward to take a background light reading before being stepped forward to
tuke all diode data. The information concerning the individual diodes was gathered and
stored in arrays. At the close of this section operator intervention was again required to
enter the RTM, and the section ended with the printing of the total time required to
measure the diode parameters, the sum of their currents, and the total current drawn by
the system. The third section of the program stored the data on the appropriate devices
after all measurements had been completed. All data was first stored on magnetic tape
and paper tape, and finally the voltage. current, and light output of each diode were
printed out on the Teletype. The program then returncd the Optical Scanner to its
starting position, in preparation for anothcr run. The three main sections of the program
arc discussed more fully below.

4.1 SYSTEM CHECK

The first measurements taken by the computer program comprised a preliminary
system check. Power supplies, back-up power supplies, and an auxiliary storage battery
were checked. The total current drawn by the system. the span sctting of the optical
scanner, and the potential of the optical scanner were checked. A variation of *5% from
the expected values. or 1 millivolt in the case of the optical scanner potential, caused an
error message to be printed. The program could then be halted if the situation warranted.

The next step in measurement dealt with the individual heat sink temperatures.
Thermocouples were used to measure the temperature of each heat sink in proportional
volts which were then translated into degrees Celsius. A 150°F thermocouple reference
was used, resulting in an offsct of -2.709x10-3 volts which had to be subtracted before a
conversion equation based on zero temperature (Celsius) registering zero volts could be
applied. The conversion equation required millivolts as a paramcter. and thus a
preliminary conversion of volts to millivolts was neccssary. Given V1 as the measured
voltage the conversion to degrees Celsius was as follows:

V3 = 1.000 x (V1 - 2.709 x 1079)
T = 3.01361 x 10~} x (V25) — 5.62523 » 10~% » (V2}
+ 6.48804 x 1072 x (V23) — 0.8035664 x (V22

- 259697 x (V2) + 2.27051 x 1072
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The latter equation was obtained by a least square curve fit (Ref. S) on a
millivolt-temperature conversion table. Great accuracy was not needed since there were a
number of operating diodes on a heat sink rack that resulted in a varying heat source.
The measured temperature was used more as an indicator than as an absolute monitor for
adjusting the chamber temperature. The potentials of the heat sinks were then checked.
The relay register set the reference according to whether the heat sink was anode or
cathode common.

4.2 DIODE CURRENT AND VOLTAGE MEASUREMENT

Each diode was located in a heat sink bar containing a maximum of 17 positions.
The heat sinks were made of a heavy bar of copper so that each heat sink portion would
have essentially the same temperature equivalent potential. Each diode was connected to a
terminal strip outside its environmental chamber with a 20-inch length of 20 gauge
stranded wire. The voltage drop due to the wire resistance was used in the final
calculation of the forward voltage of each diode. The current to each diode was measured
at the point where it entered the chamber by measuring the voltage drop across a
nominal 2-ohm sense resistor in series with the diode. The resistance of each sense
resistor was measured to an accuracy of three decimal places prior to the test. These
values were stored in the computer memory to permit precise current determination.

The potential of each heat sink bar was measured during each data run and indexed
to all diodes mounted on that particular bar. These measurements were completed before
any diode data measurements were begun. Data for each diode were then taken
sequentially to relate the voltage, current, and light output measurements of the diodes
closely in time.

Since the setup for each diode was identical, the procedure for taking data and
performing the necessary calculations was the same. The potential of the heat sink (V1),
as shown in Figure 10, was measured and stored at the start of each run. The potential
on the side of the sense resistor nearest the diode (V2) was then taken. This potential
included the voltage drop due to the connecting wire resistance (R2), the diode, and the
heat sink. The potential on the other side of the sense resistor (V3) was then measured.
The difference of V3 - V2 was the resistor potential drop. This difference, divided by the
resistance of the sense resistor (R1), gave the current passing through the diode. The
voltage across the diode (E;) was then calculated by taking V2 and subtracting the
potential drop caused by the connecting wire [(V3 - V2)x (R2/R1)] plus the heat sink
potential (V1). The light output was then measured, as described in Chapter II, Section
6, and the Optical Scanner was positioned for the next diode.
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o e i ~ Diodes 3
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vl
P Heat Sink
Tt !
(S (RGN (U -4 Cathode-Common Y
Diodes
[ R BN ]

V1, V2, and V3 = Voltages Read Through the Multiplexer

Figure 10. Setup of LED's.
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All diodes were not common referenced; therefore, the relay register has to be reset
before proceeding to an anode common heat sink bar. The heat sink bars were numbered
in the order in which their voltages were measured. A data array indexed the array of
heat sink voltages and stored the reference voltage lor each diode.

Only two voltage measurements (in addition to the heat sink potential) were needed
to determine the voltage and current for each diode. The light output of each diode was
measurcd through a common multiplexer channcl which connected the output of the
light amplifier to the DMM. Thus, only the MUX channel numbers for the two voltage
measurements, the scanner position, and the light amplifier were required for each diode
data point. Although the two voltage channcl numbers were consecutive, the first channel
number of the pair was not in the same order as thc diodes were scanned. For this
reason, another array stored the first channel number for each diode to obtain proper
ordering.

Overall. for the acquisition of diode data, only three data arrays stored in the
program were nccessary. These were 1) the heat sink number, 2) the first channel number
of the sense resistor, and 3) resistance of the sense resistor for each diode. Another array
was added which contained the required current of cach diode for comparison with the
measured value. Each diode was to be maintained within 0.5% of its required currcent. As
the diodes were checked, any current variations out of tolerance werc printed on the
teletype so that manual adjustment of the current could take place at the end of the data
run. Since diode currents which had dropped below 50% of the sct-point could not be
adjusted back within tolerance. the current values of these diodes werc printed out only
at the end of the run.

Figure 11 is a flow chart of the section of thc controlling program which gathered
the data from the individual diodes. This section refers to two subroutines, the DMM
subroutine and the scanner subroutine, whose flow charts appear in Figures 12 and 13,
respectively. Before this section of the controlling program was entered. a background
reading of light output had becen taken and the scanner had been positioned for the first
diode's light output measurement.

As previously mentioned, the scanner skipped alternatc rows of 24 steps. For this
purpose. a counter (F3) determined when the end of a row had been reached. R1 was
the resistance of the wire connecting each diode to its respective sense resistor. The
variable 1 was a counter for the diodes and was used for indexing the data arrays. By
clearing the Relay Register at the beginning of each loop through this section, the DMM
was set for negative reference and the scanner 'was set for forward motion. Alterations to
the Relay Register were made one bit at a time when necessary.
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Flow chart of scanner subroutine.
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The DMM subroutine was used to acquire a stable DMM reading and return the
result in V1. Before a measurement was acceptable, the difference between two
consecutive readings had to be less than 0.1% or less than 0.1 millivolt. If either of these
conditions was not met, successive measurements were made until the conditions were
met or until a nominal number of measurements had been made and operator
intervention was required.

The scanner subroutine moved the Optical Scanner into position in the direction
determined by the main program. Before this subroutine was entered for the first time,
the position voltage of the scanner was measured and stored in V3. Therefore, V3 was set
to the last measured voltage by this subroutine, to determine whether the scanner had
moved or had skipped a position. If the scanner failed to move after five attempts or if
the scanner skipped a position, an error message was printed noting the type of error, the
present voltage, and the last measured voltage of a successful "move" command. With
this information, the operator could make the proper adjustments for the program to
continue.

The program variable J was used as a counter for the number of moves completed,
and K was used as a counter for the number of attempts per "'move" command. The
DMM subroutine returned the position voltage as V1.

4.3 STORAGE OF DATA

All data taken in the computer program was stored on magnetic tape and paper
tape, as follows:

1. Time and date at start of run.

2.  Results of preliminary system check.

3. Temperature of heat sinks.

4. Voltages of heat sinks.

S. Voltage of each diode.

6. Light output of each diode.

7. Current of each diode.

8. Scanner position voltage for each diode.

9. Fiber optic data.
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With the exceptions of 2, 4, and 8, all of this information was printed at some point
in the computer run. Thus, visual checking could be accomplished as the program
progressed. A complete printout of voltage, current, and light output for each diode with
the corresponding diode numbers was provided at the end of the run.

The magnetic tape was positioned at the beginning of the run. If the operator
designated that a new tape had been loaded, a filemark was placed on the tape and the
program proceeded to take data. The data written on tape was followed by two
filemarks. If the program objective was to find the last file on an existing data tape, it
proceeded to skip a filemark and read a data point, repeating this process until it
encountered a filemark instead of a data point. As a check, the program moved the tape
to the last written file, read the first record, and printed the time and date of the last
run so that the operator could be sure that the last file had been found. The tape was
then positioned so that the second of the double filemarks would be written over. Data
was written on magnetic tape and punched on paper tape after all measurements were
completed. Data was stored in a common block of memory until being stored on tape. If
the program was halted or an error occurred on both the magnetic tape and paper tape
punch unit, data could still be recovered since the location of this memory block was
known.

5.0 CONCLUSIONS

The LED test program successfully completed the 6,000 hour run with few minor
complications. The total time required to take each set of measurements on 254 diodes
was approximately 33 minutes. The major portion of this time was consumed in
positioning the Optical Scanner. The data acquisition time could have been shortened,
but since the computer-controlled system operated smoothly as the program existed, altera-
tions were not deemed necessary. Manual operation of the system provided an easy means for
checking computer-controlled data and for evaluating system reliability. Having all data
acquisition under computer control made it possible to obtain more information in a
given period of time than could ever have been possible by manual means. This was a
necessary criterion since some LED's exhibited peculiar behavior during the first 200
hours of the test program. Under normal manual measuring conditions these peculiarities
in performance would not have been observed. Having the data stored in a form
accessible by the computer greatly facilitated analysis of the data.
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APPENDIX A
SPECIAL PURPOSE ASSEMBLY LANGUAGE ROUTINES

The following material is a listing of the special purpose assémbly language "CALL"
routines added to the BASIC Interpreter to handle the Digital Multimeter (voltmeter), the
16-bit Relay Output Register, and the multiplexer. Parameters being sent to the devices
were first checked for acceptability and then placed in the format suitable to the device.
All parameters transferred from the devices to the calling program were placed in
floating-point doubleword format. Each routine has a preface describing the routine's
function and its parameters.
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333 14215 ezt €SA,RSS IF SICN BIT = O ,
6553 igg%g EE??E% éﬁ? SICN ST SIGN = ~1 .
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APPENDIX B
SAMPLE COMPUTER RUN

The following material is a partial printout from a typical run. This example shows
the normal interaction between the operator and the computer. The prompts and error
messages shown in this sample typify the completeness of the information which was
given to the operator during a run.
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IF STORING DATA ON NEW REEL OF MAG TRPE, INRUT 1.
OEH:RNISE INPUT © C(ZEROD .

LARST DATE WRS 9 18 6 720 7 1977
ggPUT @ IF DATE IS CURRECT AND PROGRRM IS TO CONTINUE.

PUNCH FEED FRAMES ON PUNCH UNIT AND CHEZCK RMOUNT OF TRPE .

UOLTAGE REARD ON CHANNEL 825 IS —.25854 UOLTS.
ACTUAL VALUE IS OFF BY 4.136832-82 VOLTS .
VOLTAGE READ ON CHANNZL 807 IS -.25898 VOL.TS.
ACTUAL VALUE IS OFF BY 4.10283E~82 VOLTS .

HEAT SINK & TEMP. (DEG. ©
Al -56.3317
A2 ~57.6339
A3 —-61.0896
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R4
RSJ
B 1
B2
B3
B4
BS
ci1
cea
c3
c4
CS
D1
D2
03
D4
DS

A 5%

-53.2414

-53.211
35.8959
34.9593
22.5252
34.2375
35.3678
$9.6363
$9.5793
97.3929
s8.7013
98.8582
124.398
124.026
122.515
124.315
124.253

-56.7854
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Dt~ 123.798

SHYER HOUR. MINUTES. DAY, MONTH, AND YEAR IN THAT ORDER.

LEFGRATE ERCH WITH A COMMA.  <ALL ENTRIES NUMZRICAL)
T12.42.24.86,1977

: 48 6 s 24 7 1977

EHTEF. RTM FOR STARRT OF DATA RUN.

72927.9

4]

TTAL TEST TIKZ AT START GF DATA RUN IS 4461.8 KRS.

IHTTIAL PHROTOCURRENT QFFSZT IS 1.13C87E-G3
INPUT 016 RERDING
“.0985

RATIO OF Jie TO F.O0. &1 IS 7.71763E+85

CIURRENT DIFFERS FROM SET-POINT ON LED'S RS FOLLOWS:
HUMBER CURRENT D=VIATION  %XERROR

363 1.30287 .520349

356 2.51443 2.01156

TOTAL TEST TIMZ AT END OF DATR RUN IS 4462.33 HRS.
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TOTAL RUN TIME IS .533203 HRS,

Si¥ OF DIODE CURRENTS IS 33,3408 AMPS. THE CURRENT

CALCULATED USING THE SHUNT RESISTOR WAS 34.28 RMNPS
?;ETgENBEGINNING OF THE RUN AND 34.28 AMPS RT THz END OF

DIFFERENCE BETWZEN TNOVNERSUREKENTS FOR SHUNT R=SISTOR IS

%) RS .
FIRST RERDING MINUS SUM OF CURRENTS IS .93943 RMPS,
SECOND RERDING MINUS SUM OF CURRENTS IS .93943 RIPS.

NUMBER CURRENT YOLTACGE LICHT QUTPUT
1 $9'.S55 1.65554 1.235752-25
2 $3.753 1.81825 1.25C453-¢5
3 53.9101 1.81154 9.825555-07
4 159, ¢4 1.91€34 1.535333-C3
5 1296 1.89325 1.686253-83
6 18587 1.91583 1.527462-3
101 939655 1.425 4.5435C3-07
102 180,04 1.46119 45384507
163 $9.8749 1.4816 5.265352-07
104 199.519 1.60812 §.24211E-07
165 13527 1.54451 9.823555-07
106 209.38 1.50127 8.65326=-97
201 99.97 1.48974 2.827165-07
202 180055 1.458153 2.574583-07
203 109.12 1.4118 3.2756C2-0¢
204 269.28 1.76222 3.630752-07
205 269,19 1.49593 S 21501E~07
285 5.05445 5.55265 -1.70131E-29
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