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ABSTRACT 

In the past three years, the High Speed Oata Acquisit ion Group of the Nevada 
Automated Diagnostics System has acquired several hundred d ig i t a l instruments of 
various types of gathering data on single transient waveforms. These instruments 
for the most part are high density CAKAC modules used typ ica l ly for measuring peak 
amplitudes of high voltage pulses, making time interval measurements to subnanosecond 
accuracy, and performing high speed analog-to-digi tal conversion. Because of the 
high r e l i a b i l i t y and accuracy requirements o f the Test Program, the checkout and 
cal ibrat ions required before f ie ld ing a module became very time consuming. To solve 
th is problem a computer control led ca l ib ra t ion system was developed to automate as 
much of the test ing as possible. 

INTRODUCTION 
In the past three years, the High 

Speed Oata Acquisit ion Group of the 
Nevada Automated Diagnostics System (NADS) 
has acquired over one hundered d i g i t a l 
instruments of various types for gather
ing data on single transient waveforms. 
Fof.the most par t , these instruments 3re 
high density CAKAC1'2 modules used t y p i 
ca l l y f o r measurinq peak amplitudes of 
high voltage pulses, making t ime-interval 
measurements to sub-nanosecond precision, 
and performing high speed analog-to-
d ig i t a l conversion. The high r e l i a b i l i t y 
and accuracy requirements of the Field 
Test Program mandates extensive checkout 
and cal ibrat ion of each module before use. 
The computer control led ca l ib ra t ion sys
tem was developed to automate the test ing 
where possible, to increase the accuracy 
and repeatabi l i ty of each tes t , and 
decrease the time required for tes t ing . 

This automatic ca l ibra t ion system 
uses for the most part o f f - the-shel f 
hardware and a standard software operating 
system supplied by the manufacturer. Much 
of the appl icat ion programming has been 
done in FORTRAN. The f l e x i b i l i t y of the 
systeo also enables rapid evaluation of 
new equipment for Field Test appl icat ions. 

SYSTEM DESCRIPTION • 

The Automatic Cal ibrat ion System is 
an attempt to give engineers a f l e x i b l e , 
e f f i c ien t and easy to use f a c i l i t y for 
evaluating and maintaining d i g i t a l equip
ment. The system allows f l e x i b i l i t y in 
system organization by using the CAKAC 
bus to provide a standard I/O interface 
medium. A l l associated cal ibrat ion 
equipment as well as the unit-under-test 
are interfaced through CAMAC equipment. 
This vers i ta le bus structure and ava i l 
a b i l i t y of function diagnostic modules 
permits the system to be readi ly configured 
to meet the test ing requirements of a 
specif ic piece of equipment. Operator 
Interact ion with the system is f ac i l i t a t ed 
by a storage-tube display terminal wi th 
a hard copy device, allowing rapid 
operator interact ion without the bulk of 
teletype paper. A communication l ink 
provides the operator access to a PDP-10 
and centralized data base used for main
taining cal ibrat ion data. The system has 
been designed to permit anyone, fami l iar 
wi th ca l ibra t ion of the equipment and 
FORTRAN, the capabi l i ty of rapidly tes t 
ing a piece of equipment. The disk 
operating system has extensive f i l e 
management f a c i l i t i e s f o r use in creating 
new tests , updating old ones, and l ink ing 
to ex is t ing ones. . An extensive l ib ra ry 
Of instrument control sub-routines has 
been developed and 1s being expanded wi th 
system use. 

•This work was performed under the auspices of the United States Atomic Energy 
Comnission 

" M i l i t a r y Research Associate 
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HARDWARE SOFTWARE 

The Automatic Calibration System 
consists of a computer* several standard 
peripherals, two CAHAC interface modules, 
and a wide selection of programmable 
Instruments. Figure 1 shows a block 
diagram of the system and Table 1 lists 
the programmable equipment currently being 
used with some ?f the important character
istics of each. The computer is a 16-bit 
minicomputer with 32 kilowords of 800 
nanosecond core storage, hardware multipiy-
dlvlde, a real time clock, power fail/auto 
restart, and a communications interface. 
A storage tube display terminal with hard 
copier, high-speed paper tape reader/ 
punch, and a 1.2 megaword moving head 
disk are the I/O peripherals. At pre
sent there are two CAHAC CRATE controllers 
interfaced to the system, however, addi
tional CAMAC CRATES can be added as needed 
Since most of the equipment to be calib
rated is CAMAC compatible, the CAMAC 
Dataway was chosen as the interface bus, 
and this allows us to reconfigure the 
system quickly and easily. 

Using CAMAC to interface all pro
grammable equipment also reduced the 
interface to simply cables connecting 
the instrument at CAMAC input and output 
registers rather .-.iian a sneniali^pd com
puter resident interface for each piece 
of front end equipment. The CAMAC CRATES 
are currently assigned such that one is 
used for input signals to the computer 
wh1l<; the other is for output signals 
from the computer. (Fig. 2 £ 3). In 
some cases a specialized interface may 
be desirable where the outputs are not 
parallel digital words but serial bit 
streams. This is not necessary, however, 
if the bit stream is less than approxi
mately 10 kHz or the clocking frequency 
can be controlled by the computer. This 
last requirement comes from our front 
end equipment being designed to work irto 
a serial bit stream data interface. 

The communications interface is RS232 
compatible and drives a standard acoustic 
coupler using dial up lines to the PDP-10 
centra! computer facility. It is capable 
of operating up to 9600 baud, but 
currently operates at 110 baud. 

Software development and mainten
ance for the system is currently being 
done in FORTRAN with the disk operating 
system. FORTRAN as a high level lan
guage provides easy access to the front 
end hardware through the standard CAMAC 
driver that is callable from the appli
cation program level. Only a few time 
critical or bit manipulative routines 
have been necessary to write in assembly 
language. The operating system used for 
all applications is the real time disk 
operating system supplied by the computer 
manufacturer. 

The choice of CAMAC as a hardware 
interface specification considerably 
simplified the software interface drivers. 
An assembly language driver, written as 
a FORTRAN callable subroutine, is used to 
control the CAMAC interface. The drivers 
for the other pieces of equipment are 
then written in FORTRAN. This permits a 
designer to write his own driver without 
having to learn the assembly language of 
the machine or the interface control 
requirements. The FORTRAN interface 
driver is named and defined according 
to the CAMAC FORTRAN SUBROUTINE Standards 
thereby making all routines using it 
transDortable to other manrrinp* with a 
FORTRAN capability. 

As a further asset to the user an 
initialization routine is available which 
allows the applications software to be 
designed independent of actual module 
location. The CAMAC system thus becomes 
transparent to the user who describes 
the function he wants performed as a 
FORTRAN call to a device along with the 
desired parameter or data. 

Example: CALL DAC (IUN,X) parses 
the value X to a digital to analog 
converter number IUM which outputs 
a voltage representative of the 
variable. 
In addition to the various routines 

used to control instruments, there is an 
extensive plotting library, a section of 
the disk operating system for generat
ing graphic displays, a routine for 
transferring data over the communication 
link, and several routines for data 
reduction and display. 
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SYSTEM APPLICATION 
TYPICAL APPLICATIOH 

The testing of a high speed Pheonix 
Data A/0 converter is a typicj-1 appli
cation. Figures 4 8 5 show the hardware 
layout, software flow diagram, and 
Appendix 1 shows program questions and 
responses. This type of test has demon
strated the usefulness of an automatic 
calibration system by reducing calibration 
time from days to minutes and providing 
automatic documentation of the results. 

CONCLUSION 
With the Automatic Calibration System, 

engineers can easily check out, calibrate, 
and maintain records of high speed diag
nostic equipment. The system flexibility 
will enable them to rapidly evaluate new 
equipment being considered for use in the 
Field Test Program. The system has proved 
that it can produce more repeatable com
prehensive tests, and automatic 
documentation of the results as well as 
reducing technician checkout time by an 
order of magnitude over manual methods. 
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TABLE 1: PROGRAMMABLE EQUIPMENT 

Available Equipment 
Multimeter. Dana 4800 

Pulse Generator 

Strobing Voltmeter 

Counter/Timer 

Voltage/Currant Calibrator 

Waveform Generator 

Coaxial Switches 

D/A Converter 

A/0 Converter 

Digital Delay Generator 

Attenuator 

Characteristics 

Programmable ranges 5 d i g i t s t 100v to » .1v 
dc or ac, lOmn to I n , (General Purpose 
Programmable Multimeter). 

HP 1900 Pulse/Generator with option 001 pro
grammable rates from 25 Hz to 25 MHz, 
t rans i t ion times from 7ns to lOOifi, widths 
from 15ns to 40ms, and delays from 15ns to 
10ms. 

EH Modal 153-44. A one shot sample and hold 
strobing voltmeter wi th an input range of ± l v 
and IX accuracy. The programmable function 
Is the delay from the t r igger time to the 
measurement point . 

Dana Model 8030B Electronic counter capable 
of frequency measurements to 550 MHz.and time 
measurement to 150 PSEC. 

Fluke Model 33308 progratimable constant voltage 
or constant current power supply capable of 
-999.9V to +999.9v in IOOJJV stops in voltage 
and % to lOOma in lOna steps in current. 

Uavetek Model 154 programmable waveform gen
erator wi th programmable frequency, amplitude, 
o f f se t , and waveshape capab i l i t ies . Waveshape 
selections are s i n , Square, and Triangular 
and amplitude and of fset ranges are ± 7.5v 
In to 5011. The frequency, ranges from .001 Hz 
to 10 MHz. 

A progt-anmable array of 24 coaxial relays 
used for steering signals and switching 
delays. 

CAMAC module that outputs a voltage level 
from a specified dig i ta l - to-analog converter 
(DAC). Four DAC's are avai lab le: two 
Joerger 12-bit and two Joerger 10-bi t . 

The Jorway Model 30A 12-bit Analog-to-Oigital 
Converter. There are four units to select 
from; each uni t is set up externally to mea
sure a speci f ic voltage range. 

Berkeley Nucleonics Model 7040 provides a 
programnable delay of Ins to lOOws in l.ns 
steps with an output j i t t e r of less than 100 
PSec. 

A programmable CAMAC module to provide attenua
t ion over the range of 0 to 31 dB in 1-dB 
steps 
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FIGURE 5 
SOFTWARE FLOW DIAGRAK 
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APPENDIX 1 
PHAD'-
PURPOSE: To test and calibrate Phoenix 

ADC. 
CAHAC MOWi.ES: GEC - Elliot Pulser 

OAC - Joeger 10-bit OAC. 
INPUT REGISTER: Physically connected to 

the ADC 
Exact crate locations villi be established 
when the program is executed during the 
Initialization period. 
EXECUTION: Begin execution by typing on 

the TTV console: 
PHADGO 
•"OPERATION (TYPE HELP FOR ASSISTANCE) 

There are 6 operations available for use, 
see Operations Section for exact explana-
tion. 

OUTPUT: The resultant output wi l l be 
recorded in data f i l e 

PHAOOUT 

The output data consists of: 
1. DAC characteristics 
2. ADC being tested • S/N, voltage 

ranges 
3. Test Parameters 
4. Actual data as follows: 

(A) - output voltage, voltage outputed 
by DAC 

(B) - counts as read and averaged a 
specified number of times from 
ADC 

(C) - counts converted to voltage 
(0) - standard deviation calculated 

frcn voltage 
(E) - measurement error, calculaled 

by output voltage - voltage 
read 

OPERATIONS: 
Mnemonic BELT 

EX 

DAC 
OUTPUT 
VOLTAGE 
(A) 

STANDARD 
DEVIATION 

<D) 

AOC 
COUNTS 
(B) 

ADC 
VOLTAGE 
READINGS 

(C) 

TV 

MEASUREMENT 
ERROR 

(E) 

RE 

Function. 
HELP-THIS MESSAGE. 
Types out on the TTV con
sole a l isting of the 
available operations with 
a brief description of 
each operation. The 
brief description being 
the capital ized portion 
Of the function describing 
the memonic. 

INITIALIZE AND BEGIN 
PROGRAM EXECUTION. 

Calls an I n i t i a l i z i n g 
routine tnat allows the 
operator to set up al l 
the CAMAC and testing 
parameters. When this 
routine is complete, the 
actual test takes place. 

OUTPUT TO TTV (VES OR NO). 
Initial state allows out
put data to go directly 
to desk output file, if 
TV 1s used as an operation 
and is Yes, the output 
goes to the TTY console 
as well as the desk file. 
To initiate the TTY out
put, TY is reissued and 
answered No. 
REPEAT PROGRAM EXECUTiON 
WITH SAME PARAMETERS 
Program repeats execution 
the.previous test para
meters that were set. 

1«4 



Mnemonic Function Mnemonic Function 
CH CHANGE PARAMETERS, THEN INPUT: on TTY console ty 

RE-EXECUTE. PHDATA (or whatever the 
Calls the initializing file name is that 
routine and allows the contains the DATA operator to change any 
parameters that are 

Information) 
desired. When completed. SC SAVE Alt CAMAC PARAMETERS the actual test takes 
place with the new para

ON SPECIFIED FILE. 
meters. After all initial CAMAC 

parasaters have been 
TE TERMINATE PROGRAM established. Sove in an 

EXECUTION. Indicated file. 

PR 

Stop execution of the 
program, closes the data 
output file. The resultant 
test data may then be 
copied to a hardcopy unit. 
PROGRAM DESCRIPTION. 
A briaf description of the 
program. 

INPUT: 

INITIALIZATION/DATA: 
Mnemonic 
HELP 

UD 

Function and Input 
HELP-THIS MESSAGE. 

Types a br ie f l i s t i n g of 
a l l Ihe I n i t i a l i z a t i o n / 
Data mnemonics available 
to the operator with a 
shnrt description of the 
raefflonlcs. 

USE SPECIFIED FILE FOR 
CAMAC PARAMETERS. 

Thts mnemonic allows the 
operator to specify a f i l e 
name that contains a l l o f 
the necessary CAMAC input 
parameters for the tes t . 

USE SPECIFIED FILE FOR 
OATA PARAMETERS. 

This mnemonic allows the 
operator to specify a f i l e 
name that contains a l l of 
the necessary OATA para
meters for the tes t . 

SD 

TC 

TO 

on TTY console 
type 

SC 
Filename 
SAVE ALL DATA PARAMETERS 
ON SPECIFIED FILE. 
After oil initial DATA 
parameters have been 
established, save in an 
Indicated file. 
INPUT: on TTY console 

type 
SO 
Filename 
TYPE CAMAC PARAMETERS. 
Output to the TTY console 
and initialize from a 
specified file name all 
of the CAMAC parameters 
needed for a test. 
INPUT: on TTY console 

type 
TC 
Filename 
TYPE OATA PARAMETERS. 
Output to the TTY console 
and Initialize from a 
specified file name all 
Of the DATA parameters 
needed for a test. 
INPUT: 
TD 
Filename 

on TTY console 
type 
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Mnemonic 
FIN 

EL 

Function and Input 
FINISHED INITIALIZATION, 
EXECUTE TEST. 

All parameters have been 
Init ial ized or established 
by various means, return 
to the main program and 
begin the i?st using the 
specified parameters. 

INPUT: on TTY console 
type 

FIN 
No parameters needed 

Establish the exact 
parameters needed for the 
Digir,al-to-Analog converter 
being used. Unit #2 is 
used vor the DAC, ±5 volt 
range. 

INPUT: on TTY console 
type 

Crate Number 

Slot LocaM'pn 

Branch I wi l l be 
G at th is time 

Establish the exact CAMAC 
parameters needed for the 
F.lliott Pulse Generator. 
INPUT: on TTY console 

type 
EL 
CRATE * 
(--) Crate Number 
SLOT # 
1—) Slot Location 
BRANCH 
T O Branch # will 

be 0 at this 
time 

Mnemonic 
IN 

EV 

Function and Inpuc 
Establish the exact CAMAC 
parameters needed for 
the .Input Register that 
the.ADC is connected to. 
INPUT: on TTY console 

type 
IN CRATE 
SLOT 

Crate Number 

BRANCH 
Slot Location 

t 0 Branch * will be 
0 at this tine 

BEGINNING VOLTAGE. 
The beginning voltage for 
the test. 
NOTE: 

INPUT: 

BV 

positive direc
tion 0 to 5 v-)Us 
BV • 0.0 
bipolar direct-on 
± 2 . 5 volts 
BV = + 2.5 
negative direction 
0 to -5 volts 
BV = 0.0 

on TTY console 
type 

actual beginning 
voltage 

ENDING VOLTAGE. 

The ending voltage for 
the test. 

NOTE: 

INPUT: 

positive direction 
0 to 5 volts 
EV = 5.0 
bipol?r direction 
± 2.5 volts 
EV = -2.5 
negative direc
tion 0 to -5 volts 
EV = -5.0 
on TTY console 
type 
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Function awl Input 
VOLTAGE nEKEHSffif. 

The increments (In vo l t s ) 
t h a t t he t e s t shoti-d be 
conducted. 

Example: 10 m i l l i v o l t s • 
o.m 

INPUT: on TTY console 
type 

VI 
actual Increment 

Mnemonic Function and input 
EFTEoift.) WtiT: on m console 

type 
ER 

... ac tual ending 
range 

ITOT IK/MSER OF REAOINGS PER 
TOWAGE IWCRERENT. 

The total number of 
readings for each voltage 
increment. 
IHPUT: 

HOT 

on TTY console 
type 

BR BEGINNING RANGE OF ADC. 

The actual beginning 
voltage range sf the M>C 
versus the testing beginn
ing voltage. 

TE: positive direc
tion 0 - 5 volts 
BR « 0.0 
bipolar direc
tion i 2.56 
negative direc
tion 0 to -5 volts 
BR * 0.0 

ER 

SNPUT: on TTV console 
type 

BR 
. actual beginning 

range 
EtIMNfi RANBE OF AOC. 

The ac tual ending vol tage 
range of the ADC versus 

NOTE: positive direction 
0 to 5 volts 
ER * +5.16 
bipolar direction 
i 2.5 volts 
Eft « « .5« 
Negative direction 
0 to -5 volts 
ER • -5.16 
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