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ABSTRACT

The object of the work performed was to develop a computer
controlled data acquisition and data analysis capability For an
uninterrupted 6,000 hour test to monitor the degradation of
approximately 250 infrared light emitting diodes (LED's). The test
program comprised subjecting a sampling of 254 diodes to preselected
constant currents and temperatures while periodically measuring the
voltage drop and the 1ight output of each of the diodes. To perform
the data acquisition portion of this effort, an automated data
acquisition system was designed around a Hewlett-Packard 2100A
computer. This system utilized a 1,000 point random access multi-
plexer, a 16-bit Relay Output Register and a digital voltmeter for
data acquisition and transmission. Special purpose assembly language
input/output routines were written for the computer's BASIC Inter-
preter to make this special equipment accessible to the computer.
The Control program handled data storage to meét the requirements

specified for the project.
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INTRODUCTION

| The objective of the LED test program was to monitor the

degradation of infrared light emitting diodes (LED'S) for an uninter-
rupted operating period of 6,000 hours. To obtéin the objective a
sampling of 254 diodes were subjected to predetermined constant current
and constant temperature conditions while periodically verifying the
current and heat sink temperatures and measuring the voltage drop and
the 1ight output of each of the LED's. An automatic data acquisition
system was needed to obtain and process the resulting large volume of
data for the extended length of time involved. The following material

describes the design and performance of the system.




CHAPTER I

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°C, (b) 20°C, and (d) 120°C. Twelve of each of
the five types of diodes were contained within one 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 nearly identical as possible to
minimize any mechanical or electrical bias in the measurements since
no direct measurement within the chambers was possible. Each type LED
was driven at one of four closely controlled currents by its own
cukrent regulator. Three of each type LED in each 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 acquir-
ing 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,
1000-point multiplexer (MUX). (Schematic of the test complex is shown
in Figure 1.) The MUX was used in selecting the test parameter to be

measured. The output of the multiplexer and a measurement-reference
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relay were directly connected to the input of a 5-1/2 digit auto--

ranging 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 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 photo-
detector was monitored by a potentiometer with its output connected to
one channel of the multiplexer. The output of the photodetector was
amplified by a temperature compensated amplifier connected to another
multiplexer chahne]. 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
transition period, the LED's and their associated control electronics
were powered by means of batteries. Once the main power came back on
1ine the generator continued to run for a minimum of 10 minutes to
insure a full charge on the 6 volt storage battery used for furnishing
transition LED current during power failure, and for charging 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
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a teletype. Magnetic tape was used for the main storage of data. It

provided 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 was used by the client for
additional processing of the data for his requirements. Special
purpose assembly language Input/Output (1/0) 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
was used during the computer runs to relieve the operator from being
present at the terminal during the entire run of the program. The

teletype printer provided a hard-copy of each run's printout.



CHAPTER I1

DESIGN OF COMPUTER SYSTEM

1. Choice of Language for Controlling Program

Software 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 BASIC
Control System, whereas all BASIC programming was done without com-
pilation under the BASIC Interpreter. A compiled program was
translated intb assembly language and then was assembled into machine
language. Since this particular system had a two-pass FORTRAN
Compiler, the intermediate results were output to paper tape and then
reloaded. The BASIC Interpreter interpreted and executed each state-
ment without translation. As a general rule a compiled program can be
created to operate within less memory and the final version can be
executed more quickly. However, an extra 8K of core memory had been
previously added to the system so that the amount of memory was not a
critical factor in choosing a programming language. Speed, likewise,
was not a critical factor because 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 ease for
developing programs and altering these programs as the need arose.
Using a compiler, the entire compilation procedure has to be repeated

to incorporate changes or corrections. Thus, for this particular



system, BASIC was decided to be the better choice of high level

language for the controlling program.

2. Framework of Special Purpose Assembly Language I/0 Routines

In using BASIC, special purpose subroutines had to be added to
the BASIC Interpreter to handle the special devices required for
gathering data. Each of the four devices added to the test facility
had a specialized purpose. The multiplexer was used to select the
channel where data was to be taken. The Digital Multimeter was used
for all measurements. The Relay Output Register controlled the
referencing of the DMM and the stepping of the Optical Scanner. The
Optical Scanner positioned the photodetector wHich translated light
output into a measurable voltage. Of these devices, only the Optical
Scanner had no direct connection with the minicomputer and thus did
not need a special routine to handle it.

Each special purpose subroutine was designed to handle a
particular function of one of the devices. One subroutine input a
reading from the DMM to be returned to the controlling program.

Three subroutines were used for the Relay Output Register. One output
a number between 0 and 65,535 to the 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 routine was
used mainly for checking the first two. Finally, two other subroutines
were developed to handle the multiplexer. One subroutine output a

channel number to the multiplexer while the other input the present



channel setting. A complete listing of the subroutines appears in

Appendix A.

The controlling program transferred control to an assembly
language subroutine with a statement of the form "CALL (subroutine
number, parameter 1list)." 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 1228 had to be redefined to contain the address
of the last word + 1 of the subroutine linkage table. The subroutines
were added below the BASIC Interpreter in memory which is normally
free space. 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 ]108 as the first word of available memory [1]].

Prior to transferring control to the subroutine, BASIC
evaluated the parameters and stacked the address 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

]Numbers in brackets refer to similarly numbered references in
the List of References.



allocated space of memory. By calling ".ENTR" immediately after
subroutine entry there was the twofold gain of freeing the A-register
and decreasing the depth of indirect addressing. This method was used
in a1l of the subroutines for the special devices.

The special devices are treated individually in the remaining
portion of this chapter. This information was required in the develop-

ment of the assembly language subroutines and the controlling programs.

3. 1000-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 1/0 ope}ation. The interface
card accepted a Device Flag signal from the multiplexer indicating a
new channel was selected. 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 8421 BCD Format requiring 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 set), a readback input operation to check the
present channel number could follow if required. The input data was

also in BCD format [2].
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The multiplexer was used to specify where a measurement was to
be made by the DMM. By outputting a channel number, certain relays were
closed to connect an outside point designated by the channel number to
one input Tine of the Digital Multimeter. The other input line of the
DMM was connected to +7 volt, or common, reference as determined by the
Relay Output Register. The Multiplexer itself could be operated in

computer or manual mode.

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 [3]. The
correlation of the bits to the relays and their application in the
controlling computer program is shown in Table 1. Bits 0 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 deter-
minihg 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

12



TABLE 1
CORRELATION AND FUNCTIONS OF REGISTER BITS

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

13



Optical Scanner stepping motor (forward or reverse motor section
determined by K15). This pulse caused the stepping motor to move the
scanner one position. Figure 5 is a simplified schematic of the
circuitry of the operational relays when in computer mode. Manual
operation relays (not shown in Figure 5) parallel the functions of K14,
K15, and K16 when the system is in manual mode. When in computer mode,
all relays of the LED test complex could be controlled through a

single assembly language subroutine.

5. Digital Multimeter

In the LED test complex, the 5-1/2 digit auto-ranging 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 which transferred 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 reading was
made. The Control FF was used to signal a request and the Flag FF was
used to signal its completion. Figure 7 shows the states of the
control lines durfng a request for an updated reading. The computer
initiated a request by setting the Control FF and clearing the Flag FF
which caused the Busy line to be set. The Busy line remained high '
until a new reading was complete and the data lines had changed
accordingly. When the Busy line cleared, the Control FF was cleared
and the Flag FF was set signalling to the computer that the updated

data was ready to be input. The computer then loaded in 2 16-bit words.

14
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The first word transferred contained the least significant bits (0
through 15) and the second word contained the most significant bits
(16 through 31) [41.

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
Togic "1," the reading was negative. A range code was also 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 on an overload condition. This 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 the 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 that a new reading be taken. 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.

6. Optical Scanner

The Optical Scanner, also called mechanical scanner, operated
with a bidirectional stepping motor which positioned a photodetector
on the inside of the scanner bonnet to measure light output. Each

step moved the photodetector 150 in a spiral fashion. After 24 steps

17
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TABLE 2

RANGE CODES

Range Code Range Maximum
1 200Mv .199999vV
2 2V 1.99999V
3 20V 19.9999V
4 200V 199.999V
5 1200V 1199.999V
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the photodetector had been raised 0.2 inches. The fiber optic bundies
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 each level of fiber optic bundles
corresponded to one revolution of the photodetector with alternating
levels of 24 steps as "blanks" where no measurements were made. The
scanner bonnet was sealed so that no outside 1ight could enter and
reflect internally to interfere with the measurement by the photo-
detector. The reading of the photodetector was amplified before being
sent through the multiplexer to the digital voltmeter.

The position of the photodetector was measured using a potenti-
ometer. The potentiometer was set so that the position of the first
light reading registered zero volts. The span of the potentiometer
was set before starting each computer run so that each step of the
scanner caused a change in potential of approximately 50 miilivolts,
normally varying from 45 to 55 millivolts during a single run. This
fluctuation created an accumulative error if one tried to define a
given position of the scanner as a set voltage. For this reason the
diode measurements were taken in the order in which the diodes were
fitted around the scanner. After each step only the change of
potenfia] was checked to insure that one and only one‘step had been

taken,

19



CHAPTER 111

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 storage and retrieval of data. The type of information as
well as its source had to be identified and the data treated accord-
ingly. For this purpose, 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. The operator 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 dealt with the
measurement of ijtems that affected all or a large portion of the diodes.
Briefly, this section included a preliminary system check and a check
on the heat sink temperatures and potentials. Upon completion of this
section, the program proceeded to prepare for the measurement of the
diodes which was the second main section. The operator was required
to enter the time and date at the start of the diode measurements and
the reading of the Run Time Meter (RTM). The scanner was positioned
to take a background 1ight reading and then was stepped forward to

the position of the first diode. A1l information concerning the indi-
vidual diodes was gathered and stored in arrays. At the end of this

section the operator again entered the RTM reading and the section

20
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ends by printing the total time used for the measurement of the diodes,
the sum of their currents, and the total current drawn by the system.
The third section stored the data on the appropriate devices after all
measurements had been completed. A1l data was first stored on magnetic
tape and paper tape, and finally the voltage, current, and light output
of each diode was listed on the teletype. The last task of the program
was to return the Optical Scanner to its starting position. The three

main sections are discussed more fully in the following material.

1. System Check

The first measurements taken by the computer program composed a
preliminary system check. Power supplies, back-up power supplies and
an auxiliary storage battery were checked. Then the total current
drawn by the system, the span setting 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
sinks. The temperature of each heat sink was measured via thermo-
couples in equivalent volts and then translated into degrees Celsius.
Using a 150°F thermocouple reference caused an offset of -2,709x10'3
volts which must be subtracted before a conversion equation based on

zero temperature (Celsius) registering zero volts could be applied.

The conversion equation used millivolts so that a preliminary

22



conversion of volts to millivolts was necessary. Given V1 as the
measured voltage the conversion to degrees Celsius was as follows:
V2 = 1000 * (V1 + 2.709 * 1073)
T=3.01361 * 107 * (v2%) - 5.62523%107% * (v2*)
+ 6.48804%1072 * (v23) - 0.805664 * (v2°)
+ 25.9697 * (V2) + 2.27051*10'2
The latter equation was obtained by a least square curve fit [5]
on a millivolt-temperature conversion table. Great accuracy was not
needed since the number of operating diodes on a heat sink contributed
a varying heat source. The measured temperature was used more as an
indicator than as an absolute monitor for adjusting the chamber
temperature. The pbtentia]s of the heat sinks were then checked. The
relay kegister set the reference according to whether the heat sink was

anode or cathode (+7 volt or common) referenced. The purpose of the

heat sink potential will be discussed in the next section.

2. Diode Current and Voltage Measurement

Each diode sat in a heat sink and was sealed into one of four
environmental chambers. The heat sinks were made of a heavy bar of
copper so that all points on the heat sink would have essentially the
same potential. Each diode was connected to the outside with equal
lengths of 20 gauge stranded wire. The voltage drop due to the wire
was used in the final calculation of the voltage measurement 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
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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 and stored in the computer program to permit precise
current determination.

With this setup, the potential of each heat sink needed only to
be measured once and stored in an array indexed to all diodes on that
heat sink. These measurements were completed before any measurements
for individual diodes were begun. All further measurements for a
single diode were made in immediate sequence. This method tied the
voltage, current, and 1light output measurements of each diode closely
in time.

Since the setup for each diode was identical, the procedure for
taking data and making simple calculations with this data 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 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 differ-
ence of V3-V2 was the potential drop due only to the resistor. This
difference was divided by the resistance of the sense resistor (R1) to
give the current passing through this diode. The voltage across the
diode could then be calculated by taking V2 and subtracting the
potential drop due to the connecting wire ((V3-V2) * (R2/R1) and the
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heat sink (V1). The 1light output was measured, as described in
Chapter II, Section 6, and the Optical Scanner was positioned for the
next diode.

The only minor complication to the procedure was that all diodes
were not common referenced. Thus the relay register had to be set
accordingly béfore proceeding. Since all anode diodes were set in +7
volt referenced heat sinks, the reference for a particular diode could
be determined by the heat sink on which it was installed. The heat
sinks were numbered in the order in which their voltages were measured.
An array whose index corresponded to the diodes in the order they were
scanned held the corresponding heat sink number for each diode. This
array was used to index the array of heat sink voltages as well as to
determine the reference of a particular diode.

To take each voltage measurement, the multiplexer was set to
the corresponding channel. As seen before, only two voltage measure-
ments (in addition to the heat sink potential) were needed to determine
the voltage and current for each diode. The light outputs of all
diodes were measured through the same multiplexer channel with the
Optical Scanner providing diode éelection. Thus, only the channel
numbers for the two voltage measurements were determined for each diode.
Although these two channel numbers were consecutive, the first channel
number of the pair was not in the same order as the diodes were
scanned. For this reason, another array stored the first channel

number for each diode to obtain proper ordering.

26



Overall, for the acquisition of diode data, only three data

arrays stored in the program were necessary. In review they contained
the heat sink number, the first channel number of the sense resistor,
and resistance of the sense resistor for each diode. Another array
was added containing the correct current of each diode for comparison
with the measured value. As mentioned before each type of diode in
each chamber was opérated at four different current settings. Each
diode was to be maintained withih 0.5% of its set-point current which
was stored in this array. As each diode was checked, if the current
was out of tolerance, the variation was printed on the teletype. In
this manner, manual adjustment of the current could take place. Diode
currents which had dropped below 50% of the set-point current due to
diode failure could not be adjusted back within tolerance. Since the
teletype was fairly slow, the messages for these diodes were omitted.

Figure 11 is a flow chart of the section of the controlling
program which gathered the data from the individual diodes as explained
previously. This section refers to two subroutines, the DMM subroutine
and the scanner subroutine, whose flow charts appear in Figures 12 and
13, respectively. Before entering this section of the controlling
program, a background reading of light output was taken and the scanner
was positioned for the first diode's 1ight output measurement.

As mentioned in the text, the scanner skipped alternate rows of
24 steps. For this purpose, a counter, F3, was used to determine when

the end of a row had been reached. Rl was the resistance of the wire
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connecting each diode to its respective sense resistor. The variable,
I, is 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.

The DMM subroutine was used to acquire a stable DMM reading and
return the result in V1. Before a measurement was considered accept-
able, two consecutive readings were taken on the same scale and had to
have a difference of less than 0.1% of the second reading or less than
0.1 millivolt. If neither of these conditions was met, successive
measurements were made until one of the conditions was met or until
a nominal number of measurements had been made and operator interven-
tion was required. |

The scanner subroutine moved the Optical Scanner N2 positions
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. V3 was used 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 and an observation of the equipment, the operator could
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make the proper adjustments for the program to continue. The scanner
could be moved manually to either the position to which it was supposed
to be set or to the position at which the last successful "move" was
made. The operator then entered a "0" or "1," respectively, indicating
which correction had been made and the program continued.

The program variable J was a counter for the number of moves
completed and K was a counter for the number of attempts per "move"

command. The DMM subroutine returned the position voltage as VI.

3. Storage of Data

A11 data taken in the computer program was stored on magnetic
tape and paper tape. This information was:
1. Time and date at start of run.

2. Results of preliminary system check.

3. Temperature of heat sinks.

4. Voltages of heat sinks.

5. Voltage of each diode.

6. Light output of each diode.

7. Current of each diode.

8. Scanner position voltage for each diode.

Fiber optic data.
With the exceptions of 2, 4, and 8, all of this information was
printed at some point in the computer run. The printed form provided
visual checking as the program ran with a complete printout of voltage,

current, and light output for each diode at the end of the run.
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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 was always written on tape followed by two filemarks. If the
program was to find the last file on an existing data'tape, it skipped
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 was
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 paper tape after all measurements
were comp]eted.. Data was stored in a common block of memory before
being stored on tape. If the program 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.
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CHAPTER IV
CONCLUSIONS

The LED test successfully completed the 6,000 hour run. The
total time required to take each set of measurements on the 254 diodes
was 33 minutes. The major portion of this time was consumed in
positioning the Optical Scanner. Manual operation of the system
provided easy means for checking questionable data and maintaining
system reliability. By having all data acquisition under computer
control, more information was attained in a given period of time than
could ever have been possible by manual means. This was an important
asset to this test since LED's exhibited peculiar behavior during the
first 200 hours of the test program. Under manual measuring conditions
these peculiarities in performance would not have been observed. By
having the data stored in a form accessible by the computer, analysis

of the data was greatly facilitated.
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APPENDIX A
SPECIAL PURPOSE ASSEMBLY LANGUAGE ROUTINES

The following material is a listing of the special purpose
assembly 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. A1l 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.

38




_ 165 1202 39ud
ey 801 2eppS2 22191 6260
JINI® asrh eceyin 9211 - $L64
JON STIUD 0202328 SL1PT  £269
- %2269
£xX1463
FONTIIEN0 Mo«&\'mm
b _U
U/
n €221
i €32
h €2
N e
Ny €22

- RX2EED
SO SC0J =3NTd 2183

- 2000 TONEY THL ST ¥ GNY $X6L5D
¢ 2 = ¥ S1_SSTLNINGEY > £xe65D
NDIS HLIM SLTI0M NI ¥3LZWLION ZHL SI1 n == $X2C59

ONICSTY NSLTWLTON INGNI OL ENILNO¥ENS $X6559.
CACA 91T $XECE2

(IMeNV I
%

39



0l ©'e1 A9 20INIA
$170Nn 31YD3N
“dIXdS @ =1 + NOIS Jdl

(320> 62201 A8 ATILTINW

$118 3n1d 1S¥1 3157081
A3AINNGD €9

gzsn =8 0L

MNRINLIYE €04 2E0LS

€118 33N%Y 3WWT0Sl
° 1= = NIJIS I=S
¢ 8 = 119 NJIiS JI
$1 118 N3IS »3=70

T = €7 1138 31 =DNSEEEN0

AXTNIE "1d "171d OL Q08 1¥2nk02

3151CW0D LNCN]
AILNA AYT=0
01 ¥ELZULT0N
2- = NDIS =3

1174 nad
17ONIdY 8SC
NOIS 251

$170n Qvd

OHINL o4
(NDD €31
1€’ ONY
Ad09 €07
IINYY V1S
20 09
IONTY €3

12%3%d 180
471

3TNTY WLS
40 CN3

=

NIIS 31
$83°¢33
I

A20D ©LS
UZMDO&K

0oIun ¥I7

&8L7I0N 183
NNDD &30
oIkNn ¥I17

=% &4
OIkNn S-S
901N 218
NJIs &18

182518
892531
eber1t
Scesey
252718
€39S31
£22918
©bsS97
$PoP10
$$2019
$S213
6CTeLn
PR s
S0 |
$22231
€555 31
€21c01
€240
182813
€22123
ST
| Y rani
€212
$22129
et
| ASIADC
11E221
282719
esr>31
227 247)
116231
FASEASK
11883t
1125391
€5343

€z31
$231
£e91

<231

131
€531
€559
g5

2653
£683
CLeD

¥5E3
PRV
AN
1€£9
€s£3
e223
€233

2839

€359
€352
$E30
£555

2259
1859
€S53
6259
£2E3
2253
S2g3

40



*5c31

XX%Ce31
1NdlnNo Av=Y 0=d1s=0 S35 gNI1S *%mmww
INENT 204 8 ¥0 Y 'DI¥ SESN Xx2< 2
oz coleil0 TNz lious SZARINT 3ONEH NED *x1531
= FI1SI9S LNELND ABIZd 204 =NILNOY xoeal
¢ 290 ¥%5551
¢HNHN "8 > $hx el
%¥Sc31
163} 2223 3594
=000 103728 2LTHATION g1t noa 0oIikn 1128 £291
. PELELD $OEST
‘62231 0=0 CANL ©72433 22291 2231
T 81253 cozol
61 2=0 0117 €Z2283 192%1 1291
¢ 833 S\TlNn EZI7i3 48271 ecol
¥ SS3 KNIIS CIZiz3 £829»1 6131
1 838 IINTY eZziza €251 8131
SOYE01S SHEL €741 003 ALOD ¥2213 2191
12 TigHi3=a gbb2 NoZ 12 P22 9191
Z SNNIH 848y N3 FAY 2E¥ED %WMMM
1SS0 Wl €218271 $ES>1 £191
- $JTT31 £S2v1
1:e39se A0 C35551 €821 2191
BN . BZIc3T 18T» 1101
_¢0 ¥37 INEND 1ER529 €821 8181
197720 &l €21827 %Pl 8231
N £2233] S5Thi
1°78s94 180 €3>+01 E9Trl 8231
. §-% Ur 172530 pherl  Jodl
* 30938 1sfirdd SONTE 81 E52323 £€¥eSPT  SI31

41



(81> v e =
3003 1337=S FILSID=A ARI=d

LI ISWOD =9 0L AU §0d
SONOI=SITIIN S2°1 AY1=a
¢J=0) S52 SNNIW

A¥INT SNILNCY 1NdLND AV

SNILAROY 1NdLnNg AVE3

IANTNO "BIED AT¥3 DNIC

¢ §34'cZ > S1 134 A1

* EDNTY 20 MN0

¢ 2583 ¢ ST 1E¥ed A1

* SINYY Z0 100
¢ g > SI Toedd A1

‘SEESS
gic

170N07TS WO

=% Wl

1 251

eSSl €07

AUTEa Bl0
dON 1No07d

<l
€S L11N0
A1

PHzHJn«qu¢w¢
JIAGD U
6ILIad <01

NIESY &

920 WIKEH
N33 AV =

1871393
N0

JIWIT CId
) Ol SR
£Sd eSS
WIKTW €354
141833 &\
Uss
1019294 Q50
AINI " &3

e12527
B°2919
€313
| Fen-gea
€22531
$2n920)
043223
€31E01
£58s
| AT

Soebl
12223

SPEbT
boEbl
FA ¢
A
13234
ezl

222H1
20N 4 ¢
€2 ol
Pezrl
RN |
ety
12251
2221
28271
Se2vl

1€3 £223

ess513
€Z35291
e282]
12328
€52513
©z3o3]
eSSz
02oEo2
£25237
€32501
622519

<ON €790 €23zi3

eZ85]
YesPl
£28%1
AN g
12551
A
21551
S1E51
81551
$1S51
S1851
2IE1

$£3l
£€31
%2531
1621
€591
€231
&331
2€31
seal
¥ceal

£ea1
A}

1€31
£z31
6231
8231
2237
8291

€251
$291
£291

<201
1201
B207T

6531
&§531
4531

42



UNI ‘gSS $28209 22291 S211

7183 32528 122p1 G211

UNI ‘9SS $20289 2291 211

4 S3INA00 89 3o SN ‘B Yooeag Soeb1 Soii

1910y 304 ¥3LINNOJ SY 3ISn ‘ S2p]

Hot dW3l BaT S£BcsSg S9zZPT 1211
JONBY 40 1N0 11343 dur 262621 $ogbl ©211
¢t 61 < g d1 €84 ‘YsSS 128293 £92P1 6111

o1l w0y SHHoH8 2921 811%

dWidl ©ls 920229 19¢HT 2111

®Id 881€31 BSzhT 9111

* JONZd d0 h:o ITdE3 JdWr , 62621 Z€2PT G111
‘@ >49d PSS 826223 SSEPl Il

£2€291 SCEPHl

14188dd 010 . 092931 PEEPT €111

AdIN3° g8 BZBvI8 £C2PT 2111

dON 671190 ©B22822 2S2%T 1111

_ X011T

¥3XEn1T

* INISNTIONI ST ONY 8 N3I=MI=3 =3 18N 8 M%mwﬂm

X201

* 101907 01 135 S1 8 119 ¢ 3SIMI=ZHIO ¥¥SA3T1

@ 310071 01 135 81 118 8 =n 41 Mwmmmm

. *.-.

"Ga8d INdLlND AYI=2d NO D 3181S Ol AVI3Y g 1189 S813S M%mmwﬁ
X811

* A=Y muiho ANY DNISSLTY IN0OHLIIN £XI1811

»JJ«DDHDHGZH AUTIEY ANY 31EY¥32L0 0L ENILNO¥SNS 38811
¥38591

¢Cnh ‘8 ‘6 ) T1I¥ 2 *%ﬂa H

, . EERLE
»mmoﬁ

. 0ro0ed 1S
(SI)v 2= 83des J20 1INIT ecdara onorﬂ €591

-

eroaud L3EP]

O

43




Av3d ¥17 126221 e25p1 2611

R - @5v523 21vvl  SSI1
¥IN3® 8SF 026518 SIbbl SS11
JdON o18S ©22220 Sivbl PSII
%2511
. X532511
, | * N_NI _Q¥YD 1Ndino *XICLT
_ AUTSY THL 0 31U1S INSAN0 SHL SNEMLE ¥recil
CN‘BI>77182 Xi8p11
*kx2p11
XS]
gsy»> NO3  SIM Cyyea Sl
*pp1l
161780 JUr 2e8521 $IbPl  £b11
SNIANCY 1NALND AYTEY OL X IN0T €S¢ ANOY G3£919 £1vvl ghll
@ ¥01 162052 215yl 191l
ATE3 817 ¥0 1eSedl 1191 ell
1nDd & £15Se3 BIYYT 6211
€ G 162910 2o¥P1 8211
AT B1Y 125201 SovPl 2511
€440 @Z22E3 SI5¥1 SEIT
¥o &f 115520 $25¥1 C211
¥zs o R A
- eM3L E07 SIESS) eSvrl  £511
, ORI €0183] 16%PT 2211
" ALYIEN 1/UNIES €57 eyeril €avbl 1811
8 >N A1 Uss 622220 428b1 BEIT
. $IT3DT SIEHT
1-zoEvd 010 €3z701 SSp1 6211

163 SS9 =29y

949 b2S51 8211
mawmnmv“,umﬂﬁ

e-x &4

JdW3l 8l1s LoMNT
12€

a4



0322 1ndino
T 3XILILNW

HL 13S3d
01l =NIT

«AEONYLS, 2HL ZS57INd
118 NDIS 13S
"ON I=NNTHO HOLZ2A

¥  ONILLIZS TIZNNTHO IN=XXNO

II9¥%d 07a
OIXdNW 810
I-% dWr

UZS ‘UNI
AUTI=0 e01

OIXJdAd Bl0

9=ZNW a7

€32 eSr
dON TEXdH

SNYALEY (JeITID

e32+31 SvePl 31
818231 SPePl €31
EPeccd PHHPT  $81
86zl EbPP1 £81
EHrEc3 PPl

165 €223 339d

% 0 TEINNYHD OL ¥IKTWILTM SIIS ¢OT10TH0 26911

p  SENILNGY

B22222 = NI

1°@1ES

ETRIWILWA

1618 WM
1/18a9d 180

JINIT Q33
174

SN ONg
W

180
414
St
tSs

ASE

I710aEe
ASEN

- ezezel

912261 1p6HT 1811

@2+6S3 evHbPpT €811

€zeo108 28471 6211

633553 SZPPT 8211

¥2211

%8211

IE21Y

¥PL11

%2211

1211

8211

FoE911

*8211

CIPEZT CEPPT 2911
£L8231 $2HP1

ESPF0T £89PT  S911
GEEFIB CEPPl

623201 1SHPT €911

BS1C3T BEHPT  $O1Y

CSTaIf L2FPT €911

SIPSET Q2PPl 2911
£26831 CoiPl

BOPPET +SPPT  IST1

- B21E3T £2#PT BOTT

dePicd 2SvPl 6811

45


https://M-fo'.JO

- 91— 220 €5% (103 AYIEN T Z

€32221 120 €229 ND3 9N $23 2221
2000 10313 S=X3dILNN €31 Nd3 0IXcN 81223 *wmmw
) - P 83221 ¥S7»1 €311

£25281 £5591
_ 1855 5 $59570 18001 Jeit

4> A¥BNIE 01 O28 7P €3 3 S

< | 01X 81T S1E23T €35%1 S511
€28 &30 _ 888319 48591 €511
dON SUXH  E3TEEES SS5PT1  $511
¥S511
) B SIS S2PSITT CEHPT  ESI1
T-X Sup £83223 $SHST 1511
OIXIH 828 S1STDT £S9>1 €511
901X ALS 812591 23%»1 6311
01X €10 915531 I1SH>T 8311
G338 01 CLTd>AETNIS €5541 €30 €£S5J519 €S5P1 2811

| £2223T 25591

46



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 givén to the

operator during a run.
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