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ABSTRACT 

The object of the work performed was to develop a computer 

For ancontrolled data acquisition and data analysis capability 

uninterrupted 6,000 hour test to monitor the degradation of 

The testapproximately 250 infrared light emitting diodes (LED's). 

program comprised subjecting a sampling of 254 diodes to preselected 

constant currents and temperatures while periodically measuring the 

voltage drop and the light output of each of the diodes. To perform 

datathe data acquisition portion of this effort, an automated 

2100Aacquisition system was designed around a Hewlett-Packard 

access multicomputer. This system utilized a 1,000 point random 

voltmeter forplexer, a 16-bit Relay Output Register and a digital 

assembly languagedata acquisition and transmission. Special purpose 

BASIC Interinput/output routines were written for the computer's 

the computer.preter to make this special equipment accessible to 

The Control program handled data storage to meet the requirements 

specified for the project. 
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INTRODUCTION 

theThe objective of the LED test program was to monitor 

for an uninterdegradation of infrared light emitting diodes (LED'S) 

objective arupted operating period of 6,000 hours. To obtain the 

constant currentsampling of 254 diodes were subjected to predetermined 

verifying theand constant temperature conditions while periodically 

current and heat sink temperatures and measuring the voltage drop and 

data acquisitionthe light output of each of the LED's. An automatic 

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. 
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CHAPTER I 

OVERVIEW OF LED TEST COMPLEX 

5 differentThe test program was designed to monitor 48 each of 

types of coninercial 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 

heat sink racks.were mounted in these chambers on specially designed 

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 

sinceminimize any mechanical or electrical bias in the measurements 

no direct measurement within the chambers was possible. Each type LED 

was driven at one of four closely controlled currents by its own 

werecurrent regulator. Three of each type LED in each chamber 

cellsoperated at the same current level. Precision mercury 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-refere nce 
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digit autorelay were directly connected to the input of a 5-1/2 

the DMM was hardranging Digital Multimeter (DMM). The BCD output of 

wired to the computer through a 32-bit parallel data input port. The 

optic bundle tolight output of each LED was coupled through a fiber 

a specially designed optical scanner which accurately positioned a 

to measure thecalibrated photodetector (PD) in front of each bundle 

infrared radiation of each diode. The exact location of the photo 

detector was monitored by a potentiometer with its output connected to 

wasone channel of the multiplexer. The output of the photodetector 

to anotheramplified by a temperature compensated amplifier connected 

controlled themultiplexer channel. A 16-bit Relay Output Register 

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 

During thistook approximately 12 seconds to come up to full power, 

electronicstransition period, the LED's and their associated control 

Once the main power came back onwere powered by means of batteries, 

10 minutes toline the generator continued to run for a minimum of 

used for furnishinginsure a full charge on the 6 volt storage battery 

transition LED current during power failure, and for charging the 

diesel start batteries. 

An HP2100A computer was used as a controller for automatic data 

used in the testacquisition. A block diagram of the computer system 

is shown in Figure 2. This system had a Magnetic Tape Unit, high-speed 

CRT terminal, andpaper tape reader and punch units, a Tektronix 4010 
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of data, Ita teletype. Magnetic tape was used for the main storage 

Paper tapeprovided fairly rapid access to data for bulk processing. 

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 

were addedpurpose assembly language Input/Output (I/O) routines 

binary format.permitting data to be punched on paper tape in compact 

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. 

6 



CHAPTER II 

DESIGN OF COMPUTER SYSTEM 

1. Choice of Language for Controlling Program 

levelSoftware for the HP2100A computer included two high 

FORTRANprogramming languages: HP FORTRAN and HP BASIC. Relocatable 

under the BASICprograms were produced using the HP FORTRAN Compiler 

without comControl System, whereas all BASIC programming was done 

waspilation under the BASIC Interpreter. A compiled program 

into machinetranslated into assembly language and then was assembled 

FORTRANlanguage. Since this particular system had a two-pass 

Compiler, the intermediate results were output to paper tape and then 

each statereloaded. The BASIC Interpreter interpreted and executed 

ment without translation. As a general rule a compiled program can be 

version can becreated to operate within less memory and the final 

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. 

ease forThe advantage of using the BASIC Interpreter was its 

the need arose.developing programs and altering these programs as 

Using a compiler, the entire compilation procedure has to be repeated 

to incorporate changes or corrections. Thus, for this particular 
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system, BASIC was decided to be the better choice of high level 

language for the controlling program. 

Routines2. Framework of Special Purpose Assembly Language I/O 

be added toIn using BASIC, special purpose subroutines had to 

the BASIC Interpreter to handle the special devices required for 

gathering data. Each of the four devices added to the test facility 

select thehad a specialized purpose. The multiplexer was used to 

was usedchannel where data was to be taken. The Digital Multimeter 

thefor all measurements. The Relay Output Register controlled 

Scanner. Thereferencing of the DMM and the stepping of the Optical 

Optical Scanner positioned the photodetector which translated light 

output into a measurable voltage. Of these devices, only the Optical 

and thus didScanner had no direct connection with the minicomputer 

not need a special routine to handle it. 

aEach special purpose subroutine was designed to handle 

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 

Anothera number between 0 and 65,535 to the Relay Output Register. 

The third inputchanged the state of a single bit of the Register. 

last routine wasthe current state of the Relay Output Register. This 

used mainly for checking the first two. Finally, two other subroutines 

One subroutine output awere developed to handle the multiplexer, 

channel number to the multiplexer while the other input the present 
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channel setting. A complete listing of the subroutines appears in 

Appendix A. 

The controlling program transferred control to an assembly 

(subroutinelanguage subroutine with a statement of the form "CALL 

number, parameter list), The BASIC Interpreter accessed the "called 

information.subroutine through a subroutine table containing linkage 

were two words inEntries in the subroutine table, one per subroutine, 

contained thelength (16 bits per word). Bits 5-0 of the first word 

the number ofnumber identifying the subroutine. Bits 15-8 contained 

contained theparameters passed to the subroutine. The second word 

All entries inabsolute address of the entry point of the subroutine. 

subroutine entriesthe subroutine table had to be contiguous and, when 

the addresswere added, location 122g had to be redefined to contain 
The subroutinesof the last word + 1 of the subroutine linkage table. 

were added below the BASIC Interpreter in memory which is normally 

purposes, thefree space. To keep this area from being used for other 

address of the last word + 1 of the last subroutine was stored in 

[1]^.location llOg as the first word of available memory 
Prior to transferring control to the subroutine, BASIC 

the results. Uponevaluated the parameters and stacked the address of 

address of thisentering the subroutine, the A-register contained the 

stack. A subroutine called .ENTR" had previously been added to the 

addresses toInterpreter to transfer a maximum of four parameter an 

in1 
Numbers in brackets refer to similarly numbered references 

the List of References. 
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.ENTR" immediately afterallocated space of memory. By calling 

subroutine entry there was the twofold gain of freeing the A-register 

This method was usedand decreasing the depth of indirect addressing, 

in all of the subroutines for the special devices. 

remainingThe special devices are treated individually in the 

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 

This interfacevia a Microcircuit Interface card (Figures 3 and 4). 

card provided a 16-bit output register and a 16-bit input register for 

data transfers, A Device Command signal from the interface card 

The interfaceenabled the multiplexer to perform its I/O operation, 

card accepted a Device Flag signal from the multiplexer indicating a 

reset thenew channel was selected. The "standby" line was pulsed to 

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 

was returned whichclocked internally to the multiplexer and a signal 

cleared the Control FF and set the Flag FF. After an output operation 

to check thewas completed (Flag FF set), a readback input operation 

The input data waspresent channel number could follow if required, 

also in BCD format [2]. 

10 



MCI I/O CARD MUX 

Output Bits 0-11 New Channel 

Input Bits 0-11 Current Channel 

Output Bit 15 ■> Standby 

Control FF Go to New Channel # 

Flag .FF <■ MUX on Channel 

Figure 3. Block Diagram of MUX. 

I11 
Get Ready for New Channel I In

(Reset, Standby) I I 

I I 

Go to New Channel 

(Control FF) ,1I 

I I 
I I 

MUX on Channel 
I

I I 

I ( 

ITransition Complete (Flag FF) 1 I 
J 

I I 

_J0\ ISTC.C 
I 

Figure 4. Control Lines for MUX. 
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was toThe multiplexer was used to specify where a measurement 

be made by the DMM. By outputting a channel number, certain relays were 

channel number toclosed to connect an outside point designated by the 

one input line 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, 

could be usedfloating contact closures numbered K1 through K16 which 

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 

"1" bits andoutput by the computer. Relays were energized by logic 

de-energized by logic "0" bits output by the computer [3]. The 

in thecorrelation of the bits to the relays and their application 

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 

and thesingle-pole relays, the circuit between the power supply 

thus detercorresponding double pole relays was opened (or closed), 

mining their state. Relay K14 was energized for a certain length of 

activate and sendtime, controlled by the calling program, in order to 

a pulse of current through a high-current single-pole relay to the 

12 



TABLE 1 

CORRELATION AND FUNCTIONS OF REGISTER BITS 

Bit No. Reference Purpose TT^ 
State 

iryiT 

15 K16 Voltmeter Reference Common +7V 

14 K15 Direction of Mechanical 
Scanner Stepping Forward Backward 

13 K14 Step Scanner End 
Pulse 

Start 

Pulse 

13 



motor sectionOptical Scanner stepping motor (forward or reverse 

motor to move thedetermined by K15). This pulse caused the stepping 

scanner one position. Figure 5 is a simplified schematic of the 

Manualcircuitry of the operational relays when in computer mode, 

functions of K14,operation relays (not shown in Figure 5) parallel the 

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 

DigitalIn the LED test complex, the 5-1/2 digit auto-ranging 

mode.Multimeter was always used as a voltmeter in the auto-ranging 

the HP2100A through an HP DataThe Digital Multimeter was interfaced to 

32 bits into the HPSource Interface (DSI) card which transferred up to 

computer. The data lines from the DMM to the DSI card, as shown in 

reading wasFigure 6, remained unchanged until a request for another 

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 

The computercontrol lines during a request for an updated reading. 

the Flag FFinitiated a request by setting the Control FF and clearing 

which caused the Busy line to be set. The Busy line remained high 

had changeduntil a new reading was complete and the data lines 

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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DSI 

I/O CARD 
5Js DIGIT 

DMM 

Input (32 bits) 
Data Lines 

Data Output 

Control FF 
+ Encode 

■» Arm Input 

Flag FF 4r Busy 

Figure 6. Block Diagram of DMM Interface. 

I 
I 

+ Encode (Arm Input, 
Control FF) I 

J New Reading 
I Available 

Busy 
I 

Flag FF 

STC.C 

Figure 7. Control Lines for DMM. 
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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) [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 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 

code as wellchecked first because if it was logic "1," the range as 

Softwarethe sign and magnitude specified a meaningless reading. 

returned a range code of "7" to the controlling program to signal this 

condition. This occurred whenever a reading required a range larger 

to the nextthan the one last used. The DMM automatically stepped 

be taken. Torange but software had to command that a new reading 

controllingverify that the DMM had completed "auto-ranging," the 

same range codeprogram required two consecutive readings with the 

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 15° in a spiral fashion. After 24 steps 

17 
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Overload 

Figure 8. Format of Data from Digital Multimeter. 

TABLE 2 

RANGE CODES 

Range Code Range Maximum 

1 200MV .199999V 

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 bundles 

inch centerswere fitted to the fiber optic terminal strips on 0.4 

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 

were made, Thelevels of 24 steps as "blanks" where no measurements 

scanner bonnet was sealed so that no outside light 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 

of the firstometer. The potentiometer was set so that the position 

light reading registered zero volts. The span of the potentiometer 

was set before starting each computer run so that each step of the 

50 millivolts,scanner caused a change in potential of approximately 

normally varying from 45 to 55 millivolts during a single run. This 

fluctuation created an accumulative error if one tried to define a 

this reason thegiven position of the scanner as a set voltage. For 

diode measurements were taken in the order in which the diodes were 

fitted around the scanner. After each step only the change of 

potential was checked to insure that one and only one step had been 

taken. 

19 



CHAPTER III 

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 

and of information asofsystematic storage retrieval data. The type 

well as its source had to be identified and the data treated accord 

divided intoingly. For this purpose, the controlling program was 

three main sections. The first task of the controlling program, as 

shown in the generalized flow chart of Figure 9, was to position the 

whether aMagnetic Tape. The operator was required to specify new 

reel was to be used and to verify the position of the tape if not. 

dealt with theThe program then entered the first main section which 

of the diodes.measurement of items that affected all or a large portion 

check checkBriefly, this section included a preliminary system and a 

on the heat sink temperatures and potentials, Upon completion of this 

of thesection, the program proceeded to prepare for the measurement 

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 

forward toto take a background light reading and then was stepped 

the indithe position of the first diode. All information concerning 

the end of thisvidual diodes was gathered and stored in arrays. At 

and the sectionsection the operator again entered the RTM reading 

20 
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Figure 9. Generalized Flow Chart of Controlling Program. 

21 



of the diodes,ends by printing the total time used for the measurement 

the sum of their currents, and the total current drawn by the system. 

devices after allThe third section stored the data on the appropriate 

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 was listed on the teletype. The last task of the program 

The threewas to return the Optical Scanner to its starting position. 

material.main sections are discussed more fully in the following 

1. System Check 

The first measurements taken by the computer program composed a 

preliminary system check. Power supplies, back-up power supplies and 

total currentan auxiliary storage battery were checked. Then the 

scanner and thedrawn by the system, the span setting of the optical 

of 5% frompotential of the optical scanner were checked. A variation 

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 

via thermosinks. The temperature of each heat sink was measured 

couples in equivalent volts and then translated into degrees Celsius. 

Using a 150°F thermocouple reference caused an offset of -2,709x10 ^ 

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 
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Given VI as theconversion of volts to millivolts was necessary. 

was follows:measured voltage the conversion to degrees Celsius as 

V2 = 1000 * (VI + 2.709 * 10"^) 
T = 3.01361 * 10"^ * (V2^) - 5.62523*10"^ * (V2^) 

+ 6.48804*10"^ * (V2^) - 0.805664 * (V2^) 

+ 25.9697 * (V2) + 2.27051*10"^ 
curve fit [5]The latter equation was obtained by a least square 

on a millivolt-temperature conversion table, Great accuracy was not 

sink contributedneeded since the number of operating diodes on a heat 

a varying heat source, The measured temperature was used more as an 

indicator than as an absolute monitor for adjusting the chamber 

Thetemperature. The potentials of the heat sinks were then checked, 

the heat sink wasrelay register set the reference according to whether 

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 

of eachwas used in the final calculation of the voltage measurement 

where itdiode. The current to each diode was measured at the point 

nominalentered the chamber by measuring the voltage drop across a 
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resistance of each2 ohm sense resistor in series with the diode. The 

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 

all diodes on thatbe measured once and stored in an array indexed to 

heat sink. These measurements were completed before any measurements 

for afor individual diodes were begun. All further measurements 

This method tied thesingle diode were made in immediate sequence, 

voltage, current, and light output measurements of each diode closely 

in time. 

Since the setup for each diode was identical, the procedure for 

data was the same.taking data and making simple calculations with this 

10, wasThe potential of the heat sink (VI), as shown in Figure 

on themeasured and stored at the start of each run. The potential 

taken. Thisside of the sense resistor nearest the diode (V2) was 

wirepotential included the voltage drop due to the connecting 

resistance (R2), the diode, and the heat sink, The potential on the 

The differ-other side of the sense resistor (V3) was then measured. 

resistor, Thisence of V3-V2 was the potential drop due only to the 

resistor (Rl) todifference was divided by the resistance of the sense 

give the current passing through this diode, The voltage across the 

thediode could then be calculated by taking V2 and subtracting 

potential drop due to the connecting wire ((V3-V2) * (R2/R1) and the 
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heat sink (VI). The light output was measured, as described in 

Chapter II, Section 6, and the Optical Scanner was positioned for the 

next diode. 

all diodesThe only minor complication to the procedure was that 

were not common referenced. Thus the relay register had to be set 

Since all anode diodes were set in +7accordingly before proceeding, 

diode couldvolt referenced heat sinks, the reference for a particular 

The heatbe determined by the heat sink on which it was installed. 

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 

each diode, Thisscanned held the corresponding heat sink number for 

as well as toarray was used to index the array of heat sink voltages 

determine the reference of a particular diode. 

set toTo take each voltage measurement, the multiplexer was 

the corresponding channel. As seen before, only two voltage measure 

needed to determinements (in addition to the heat sink potential) were 

of allthe voltage and current for each diode. The light outputs 

with thediodes were measured through the same multiplexer channel 

the channelOptical Scanner providing diode selection. Thus, only 

for each diode.numbers for the two voltage measurements were determined 

the first channelAlthough these two channel numbers were consecutive, 

diodes werenumber of the pair was not in the same order as the 

first channelscanned. For this reason, another array stored the 

number for each diode to obtain proper ordering. 
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Overall, for the acquisition of diode data, only three data 

In review they containedarrays stored in the program were necessary, 

sense resistor.the heat sink number, the first channel number of the 

and resistance of the sense resistor for each diode. Another array 

for comparisonwas added containing the correct current of each diode 

with the measured value. As mentioned before each type of diode in 

Eachsettings,each chamber was operated at four different current 

current whichdiode was to be maintained within 0.5% of its set-point 

was stored in this As each diode was checked, if the currentarray, 

was out of tolerance, the variation was printed on the teletype, In 

Diodethis manner, manual adjustment of the current could take place, 

current due tocurrents which had dropped below 50% of the set-point 

Since thediode failure could not be adjusted back within tolerance. 

were omitted.teletype was fairly slow, the messages for these diodes 

Figure 11 is a flow chart of the section of the controlling 

diodes as explainedprogram which gathered the data from the individual 
the DMM subroutinepreviously. This section refers to two subroutines, 

and the scanner subroutine, whose flow charts appear in Figures 12 and 

13, respectively. Before entering this section of the controlling 

scanner 
program, a background reading of light output was taken and the 

was positioned for the first diode's light output measurement. 
rows ofAs mentioned in the text, the scanner skipped alternate 

24 steps. For this purpose, a counter, F3, was used to determine when 

the end of a row had been reached. R1 was the resistance of the wire 
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The variable,connecting each diode to its respective sense resistor. 

the dataI, is a counter for the diodes and was used for indexing 

arrays. By clearing the Relay Register at the beginning of each loop 

reference and thethrough this section, the DMM was set for negative 

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 VI. Before a measurement was considered accept 

scale and had toable, two consecutive readings were taken on the same 

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 

this subroutinein the direction determined by the main program. Before 

of the scanner waswas entered for the first time, the position voltage 

measured and stored in V3. Therefore, V3 was set to the last measured 

whether thevoltage by this subroutine. V3 was used to determine 

scanner failed toscanner had moved or had skipped a position. If the 

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 

With thisthe last measured voltage of a successful "move" command, 

information and an observation of the equipment, the operator could 
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The scannermake the proper adjustments for the program to continue, 

could be moved manually to either the position to which it was supposed 

"move" wasto be set or to the position at which the last successful 

made, The operator then entered a "0" or "1," respectively, indicating 

which correction had been made and the program continued. 

of movesThe program variable J was a counter for the number 

completed and K was a counter for the number of attempts per "move" 

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

3. Storage of Data 

All 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. 

9. Fiber optic data. 

wasWith the exceptions of 2, 4, and 8, all of this information 

printed at some point in the computer run. The printed form provided 

visual checking as the program ran with a complete printout of voltage, 

of the run.current, and light output for each diode at the end 
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the run.The magnetic tape was positioned at the beginning of 

If the operator designated that a new tape had been loaded, a filemark 

take data. Thewas placed on the tape and the program proceeded to 

If thedata was always written on tape followed by two filemarks. 

program was to find the last file on an existing data tape, it skipped 

until ita filemark and read a data point, repeating this process 

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. 

all measurementsData was written on magnetic tape and paper tape after 

were completed. Data was stored in a common block of memory before 

occurred onbeing stored on tape. If the program halted or an error 

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 

run. TheThe LED test successfully completed the 6,000 hour 

on the 254 diodestotal time required to take each set of measurements 

consumed inwas 33 minutes. The major portion of this time was 

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 

of time thancontrol, more information was attained in a given period 

could ever have been possible by manual means. This was an important 

asset to this test since LED's exhibited peculiar behavior during the 

conditionsfirst 200 hours of the test program. Under manual measuring 

observed. Bythese peculiarities in performance would not have been 

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 

in the formatwere first checked for acceptability and then placed 

suitable to the device, All parameters transferred from the devices 

doublewordto the calling program were placed in floating-point 

format. functionEach routine has a preface describing the routine's 

and its parameters. 
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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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