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ABSTRACT 

A number of programs have been written for the Data 
Acquisition and Test System (DATS). These include both real 
t ime signal processing algorithms as well as data 
acquisition programs. 
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DATA ACQUISITION AND TEST SYSTEM SOFTWARE 

INTRODUCTION 

S a n d i a L a b o r a t o r i e s h a s been a s s i g n e d t h e t a s k by t h e Bas*> and 

I n s t a l l a t i o n S e c u r i t y Sys t ems (BISS) Program O f f i c e t o d e v e l o p v a r i o u s 

a s p e c t s o f p e r i m e t e r s e c u r i t y s y s t e m s . One p a r t o f t h i s e f f o r t i n v o l v e s 

t h e deve lopmen t of advanced s i g n a l p r o c e s s i n g t e c h n i q u e s t o r e d u c e t h e 

f a l s e and n u i s a n c e a l a r m s from s e n s o r s y s t e m s w h i l e i m p r o v i n g t h e 

p r o b a b i l i t y of i n t r u s i o n d e t e c t i o n . H e n c e , t h e need e x i s t e d for b o t h d a t a 

a c q u i s i t i o n h a r d w a r e and s o f t w a r e . A l s o , t h e h a r d w a r e i s used t o implement 

and t e s t t h e s i g n a l p r o c e s s i n g a l g o r i t h m s in r e a l t i m e . 

The h a r d w a r e d e v e l o p e d for t h i s s i g n a l p r o c e s s i n g t a s k i s t h e Data 

A c q u i s i t i o n and Tes t System ( D A T S ) . 7 D e s c r i p t i o n s o f t h e p r o g r a m s 

d e v e l o p e d for u s e on DATS a p p e a r in t h e f o l l o w i n g p a g e s . The d e s c r i p t i o n s 

a r e t a k e n d i r e c t l y from t h e d o c u m e n t a t i o n i n c l u d e d w i t h i n t h e s o u r c e 

p r o g r a m s t h e m s e l v e s . 

The RT-11 V02C f l o p p y d i s k m o n i t o r and h a n d l e r a s o b t a i n e d from 

D i g i t a l Equipment C o r p o r a t i o n (DEC) h a s been m o d i f i e d t o i n c r e a s e t h e 

maximum d a t a r a t e . 

DXMNSJ/DX: 24-S-sc tor F loppy Disk O p e r a t i n g System 

The o r i g i n a l d a t a a c q u i s i t i o n p rograms a r e w r i t t e n p a r t l y in FORTRAN 

and p a r t l y in a s s e m b l y l a n g u a g e . 

DEC i s a r e g i s t e r e d t r a d e m a r k o f D i g i t a l Equipment C o r p o r a t i o n , H a y n a r d , 
MA 0 1 7 4 . 



DATSl.FOR/ADACl.MAC: Single Channel Sampler 
DATS2.FOR/ADAC2.HAC: Dual Channel Sampler 

Those two data recording programs are wr i t t en e n t i r e l y in assembly 
language. They may be t r iggered e i t he r manually or au tomat ica l ly . Th** dual 
channel t rans ient recorder makes more e f f i c i en t use of the data disk than 
the dual channel sampler. 

TROSMP.MAC: Single Channel Transient Recorder 
TR1SMP.MAC: Dual Channel Transient Recorder 

The playback programs may be used to de l iver previously recorded data 
to another processor. Also, the s ingle channel program is ust-ful for 
visual d isp lay of such d a t a . 

BSDOUT.MAC: Data Playback Program 
DBSDOT.MAC: Dual Channel Data Playback Program 

The real time adaptive algorithms contain many be l l s and whis t les 
which may be enabled at assembly t ime. Diagnostic code and f i l e 
input/output are among these addi t ional features incorporated as 
condi t ional assembly code. 

WDWDAS.MAC: Real Time Widrow Adaptive F i l t e r 
TRNSFR.MAC: Real Time Adaptive Transfer F i l t e r 
AFMATD.MAC: Real Time Adaptive F i l t e r , Moving 

Average F i l t e r and Adaptive Threshold 
Detector 

Dual channel input s ignal and in te rna l s t a tus data of the Sensor 
Signal Processor Development Unit (SSPDU I I ) arc recorded in t r ans i en t 
recorder mode e i the r when SSPDU I I de tec t s an alarm or on manual command. 

SPDUVL.MAC: Real time SSPDU II Monitor 
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DXMNSJ/DX 
24-Sector Floppy Disk Operating System 

A requirement exis ted to do rea l t Line data a c q u i s i t i o n at a sample 
rate of 1024 Hz. The standard RT-11 floppy disk handler , DX.SYS, was 
unable to keep abreast of t h i s data r a t e . It required about 7.5 seconds to 
t r ans fe r 2 seconds of data from memory to d i sk . The data t r ans fe r between 
the disk and memory occurs in two s t eps , a memory-controller t r ansac t ion 
and a c o n t r o l l e r - d i s k t r a n s a c t i o n . When using the LSI-11* 0 computer the 
memory-controller t ransac t ion taken about twice as much time as the 
c o n t r o l l e r - d i s k t r a n s a c t i o n . Therefore, only one memory-disk t r ans f e r can 
be achieved during a s ingle r o t a t i o n of the d i sk . The modif icat ions 
described here allow up to six memory-disk t r ans f e r s per disk r evo lu t ion . 

Certain components of the floppy disk software within the RT-11 
operat ing system have been modified to permit a r ea l time thru-put in 
excess of 1024 Hz. This was accomplished by changing the sec tor 
in t e r l eave , track skew and sec tors per track parameters . 

In standard RT~H configurat ion a 2:1 sector in te r l eave is used on a 
s ingle t r ack , a 6-aector skew is used across t racks and each t rack 
contains 26 s e c t o r s . The modifications change these parameters to 4:1 
i n t e r l eave , 8-sector skew and 24 sectors per t r ack . This, reduces the 
capacity of the disk by about 8 percent . 

In order to implement the 24-sector floppy disk software, an RT-11 
operating system must have an RX01 as an aux i l i a ry device and a system 
device such as an RK05. A copy of the modified handler is i n s t a l l ed on 
th i s host machine via PATCH. The modified handler is then used to bui ld 
floppy disk copies which are bootable on an LSI-11 machine. 



The f o l l o w i n g RT-11 modu les have been m o d i f i e d and renamed a s shown. 

Al l m o d i f i c a t i o n s r e q u i r e t h e d e f i n i t i o n of a c o n d i t i o n a l a s s e m b l y s w i t c h . 

DXSYS.MAC D4SYS.MAC 
BSTRAP.MAC B4STRP.MAC 
KMON. MAC K4M0N .MAC 
RMONSJ.MAC R4MNSJ.MAC 
OX.MAC DA.MAC 

The D4SYS.MAC module contains the condi t ional switch d e f i n i t i o n s used 
by the MACRO assembler to se lec t the code for the floppy disk and the 
24-sector modificat ions contained in the other modules. 

The B4STRP.MAC module is the software boots t rap program. The hardware 
boot reads the f i r s t part of the software boot from block 0 sector 1 of 
the d isk . The software boots t rap program has been modified to continue 
reading i t s e l f into memory from absolute sec tors 5, 9, and 13 (block 0, 
logical sec tors 2, 3, and 4 ) , Reading then continues using a subroutine 
which has been modified for 4:1 sector in t e r l eave , B-sector skew and 24 
sec tors per t rack . 

K4M0N.MAC is the keyboard monitor. The 'HSIZE* MACRO calL has been 
modified to r e f l ec t the change in the s ize of the floppy handler , D4.MAC. 

RAMUSJ.MAC is the res ident monitor module. The 'DEVICE' MACRO c a l l 
has been modified to re f l ec t the reduced s ize of the d i sk . 

The D4.MAC module is the floppy disk handler . The read/wr i te rout ine 
has been modified for 4:1 sector in t e r l eave , 8-sector skew and 24 sec tors 
per t r ack . 

Deta i l s of these modifications are flagged in a l l source f i l e s . Batch 
streams are ava i lab le to controL the assembly and linking ope ra t i ons . 
Batch streams are also ava i lab le to control the building of operating 
systems for BASIC, FORTRAN, and MACRO. 
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DATS1.F0R/ADAC1.MAC 
S i n g l e Channe l Sample r 

The program c o n s i s t s of t h e ' f o l lowing m o d u l e s : 

DATS 1.FOR: User l e v e l FORTRAN prog ram t o a c q u i r e a 
sample s e t w i t h t h e ADAC-LSI-11 l * s y s t e m . 

ADAC1.MAC: FORTRAN c a l l a b l e a s s e m b l y l a n g u a g e d r i v e r 
t o r t h e ADAC-SLI-11 s y s t e m . 

DATS 1.FOR 

T h i s program w i l l o p e r a t e DATS? u n d e r 2 4 - s e e t o r RT-11^ t o o b t a i n 

s i n g l e c h a n n e l d a t a a t a maximum sample r a t e o f 1024 Hz. A f t e r 

i d e n t i f y i n g i t s e l f trie p rog ram s t a t e s t h e maximum sample r a t e and t h e d a t a 

r e c o r d s i z e . One d a t a r e c o r d c o n s i s t s o f 2048 s a m p l e s . I t t h e n a s k s t h e 

o p e r a t o r t o e n t e r t h e r e q u i r e d number of d a t a r e c o r d s , t h e name fo r t h e 

d a t a f i l e and t h e ADAC g a i n . The o p e r a t o r i s t h e n a s k e d t o command t h e 

s t a r t o f s a m p l i n g . The p rogram so i n d i c a t e s , when s a m p l i n g i s d o n e . A 

number of d i a g n o s t i c m e s s a g e s a r e a v a i l a b l e fo r o u t p u t s h o u l d t h e need 

a r i s e . An empty d i s k can h o l d a maximum of 55 d a t a r e c o r d s . T h i s 

c o r r e s p o n d s t o t h e f o l l o w i n g d a t a window t i m e s : 

Sample Rate Data Window 
Hz MIN:StC 
1024 1:50 
512 3 : 4 0 
256 7 :20 
128 1 4 : 4 0 

ADAC1.MAC 

T h i s r o u t i n e s t a r t s t h e ADAC d e c k e d s a m p l i n g and i n t e r r u p t d r i v e n 

d a t a t r a n s f e r s . I t a l s o w r i t e s t h e d a t a t o t h e f i l e in d o u b l e b u f f e r e d 

f a s h i o n w h i l e m a i n t a i n i n g s a m p l i n g a c t i v i t y . The c a l l i n g s e q u e n c e i s a s 

f o l l o w s : 



CALL ADACDR(NSMPLS,IDATA,IWQRD,ICHAN) 

Where NSMPLS number of r e c o r d s to be taken 
IDATA name o f the data array 
IWORD data record size 
ICHAN output channel number 

1 0 



DAIS 2.FOR/ADAC 2.MAC 
Dual Channel Sampler 

The program cons i s t s of the fo i l ing modules: 

DATS2.F0R: User level FORTRAN program to acquire two 
sample se t s with the ADAC-LSI-11^ system. 

ADAC2.MAC: FORTRAN ca l l ab l e assembly language d r ive r 
for the ADAC-SLI-11 system. 

This program wlLl operate DATS7 under 24-sector RT-11 8 to obtain dual 
channel data at a maximum sample r a t e of 512 H?.. After ident i fy ing 
i t s e l f , the program s t a t e s the maximum sample r a t e and the data record 
s i z e . One d j t a record cons i s t s of 2048 samples. I t then asks the operator 
to enter the required number of data records per channel, the names for 
the data f i l e s and the ADAC gain . The operator is then asked to command 
the s t a r t of sampling. The data is f i r s t recorded and packed into a s ingle 
temporary f i l e . The program indicates when sampling is done. Then the data 
is unpacked and put into separate permanent f iLes . A number of d iagnos t ic 

i-osfiages are ava i lab le for output should the need a r i s e . An empty disk can 
hold a maximum of t h i r t e e n data records per channel. This corresponds to 
the following data window times; 

Sample Rate Data Window 
Hz MIN:SEC 
512 0:52 
256 1:44 
128 3:28 

ADAC2.MAC 

This rout ine s t a r t s the ADAC clocked sampling and in te r rup t driven 
data transfers. It also writes the data to the temporary file in double 
buffered fashion while maintaining sampling activity. The calling sequence 
is as follows: 
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CALL ADACDRCNSMPLS,IDATA.IWORD,ICHANT) 

Whore NSMPLS number o f r e c o r d s to be taken 
1DATA name of the da ta array 
IWORD data record size 
ICHANT output channe l number 
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TROSMP.MAC 
S i n g l e Channe l T r a n s i e n t R e c o r d e r 

T h i s p rogram i s u sed t o a c q u i r e s i n g l e c h a n n e l d a t a b o t h p r e c e d i n g 

and f o l l o w i n g a t r i g g e r e v e n t u s i n g t h e Data A c q u i s i t i o n and T e s t Sys t em, 

Model 2 (DATS2) . ' The sy s t em c o n s i s t s o f a D i g i t a l Equipment C o r p o r a t i o n 

(DEC) tfodel PDP-11/03 o r L S I - 1 1 compu te r s y s t e m 1 0 wich 20K words of 

s e m i c o n d u c t o r memory, d u a l f l o p p y d i s k 3 , a p a r a l l e l I /O c a r d , a Texas 

I n s t r u m e n t s I n c o r p o r a t e d ( T I ) Model 745 p o r t a b l e t e r m i n a l , 1 2 and an ADAC 

C o r p o r a t i o n Model 6 0 0 - L S I - l l d a t a a c q u i s i t i o n and c o n t r o l s y s t e m . 1 1 The 

ADAC d e v i c * c o n t a i n s an a n a l o g - t o - d i g i t a l c o n v e r t e r (ADC) and a p a i r o f 

d i g i t a l - t o - a n a l o g c o n v e r t e r s (DAC). The sampled d a t a may be d i s p l a y e d on 
13 any c o n v e n i e n t X-Y d i s p l a y m o n i t o r . 

Data may be a c q u i r e d a t any of s i x s e l e c t a b l e sample r a t e s from 32 Hz 

t o 1024 Hz. T h i s p r o g r "Tn e x e c u t e s unde r DEC's RT-11 o p e r a t i n g sy s t em as 

m o d i f i e d t o u s e 24 s e c t o r s per t r a c k " on t h e f l o p p y d i s k . The program w i l l 

o p e r a t e s a t i s f a c t o r i l y a t o r be low a 256 Hz sample r a t e u n d e r t h e s t a n d a r d 

( 2 6 - s e c t o r ) RT-11 o p e r a t i n g s y s t e m . 1 4 An empty 2 4 - s e c t o r d i s k can h o l d a 

maximum o f 55 d a ^ a r e c o r d s . 

Data a r e t i k c n i n a t r a n s i e n t r e c o r d e r (TR) mode of o p e r a t i o n . At 

l e a s t one r e c o r d of d a t a i s a lways r e c o r d e d p r i o r t o t h e t r i g g e r i n g e v e n t . 

Both t h e t r i g g e r and t h e s a m p l i n g a r e i n t e r r u p t d r i v e n . Data t r a n s f e r s t o 

t h e d i s k a r e d o u b l e b u f f e r e d i n d a t a r e c o r d s o f "RCDLEN" l e n g t h . The . / a lue 

of "RCDLEN" i s g i v e n in t h e a s s i g n m e n t s s e c t i o n of t h e s o u r c e p r o g r a m . 

The o u t p u t f i l e name and l e n g t h a r e e n t e r e d from t h e t e r m i n a l 

k e y b o a r d f o l l o w i n g s u i t a b l e p r o m p t i n g m e s s a g e s . The g a i n fo r t h e ADAC i s 

a l s o e n t e r e d i n t h i s f a s h i o n . The t r i g g e r e v e n t i s announced w i t h a 

m e s s a g e a s i s t h e end o f s a m p l i n g . Numerous e r r o r m e s s a g e s a r e a l s o 

a v a i l a b l e s h o u l d t h e need a r i s e . 
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It is possible to reexecute the program without repeating the lengthy 
initial ID and general user information messages. The restart command 
syntax is different for the single job and the foreground/background 
monitors and is as follows: 

SJ START 1000 
FB REENTER 
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TR1SMP.MAC 
Dual Channel Transient Recorder 

This program i s used to acquire dual channel data both preceding and 
following a t r i gge r event using the Data Acquisi t ion and Test System, 
Model 2 (DATS2).7 The system cons i s t s of a Dig i t a l Equipment Corporation 
(DSC) Model PDP-11/03 or LSI-11 computer s y s t e m 1 0 with 20K words of 
semiconductor memory, dual floppy d i s k s , a p a r a l l e l I/O ca rd , a Texas 
Instruments Incorporated (TI) Model 745 por table t e rmina l , ^ and an ADAC 
Corporation Model 600-LSI-l l data acqu i s i t i on and cont ro l s y s t e m . 1 1 The 
ADAC device contains an a n a l o g - t o - d i g i t a l conver ter (ADC) and a pa i r of 
d i g i t a l - t o - a n a l o g conver ters (DAC). The sampled data may be displayed on 
any convenient X-Y d isp lay monitor. 

Data may be acquired at any '-.f s ix s e l ec t ab l e sample r a t e s from 16 Hz 
LO 512 Hz. This program executes under DEC's RT-11 operat ing system as 
modified to use 24 s ec to r s per t r a c k 8 on the floppy d i s k . The program wil l 
operate s a t i s f a c t o r i l y at or below a 128 Hz sample r a t e under the standard 
(26-sec tor) RT-11 operat ing s y s t e m . 1 4 An empty 24-sector disk can hold a 
maximum of 27 <^3ta r eco rds . 

Data are taken in a t r ans i en t recorder (TR) mode of ope ra t i on . At 
l eas t one record of data is always recorded for each channel pr ior to the 
t r igge r ing event . Both the t r i gge r and the sampling are in t e r rup t d r iven . 
Data t r ans fe r s to the d isk are double buffered in data records of "RCDLEN" 
length . The value of "RCDLEN" i s given in the assignments sec t ion of the 
source program. 

The output f i l e names and lengths are entered from the terminal 
keyboard following su i t ab le prompting messages. The gain for the ADAC is 
also entered in t h i s fashion. The t r igge r event i s announced wit a 
message as is the end of sampling. Numerous e r ro r messages are a l so 
ava i l ab le should the need a r i s e . 

15 



It is possible to reexecnte the orcgraa without repeating the Lengthy 
initial 10 and general user information messages. The restart command 
nyntax is different for the single job and the foreground/background 
monitor* and it* an follow*: 

SJ START 1000 
FB REENTER 
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BSDOUT.MAC 
BISS Data P l a y b a c k 

T h i s program r e a d s BISS d a t a f i l e s and o u t p u t s t h e d a t a i n r r a l time-

t o a d i g i t a l - t o - a n a l o g c o n v e r t e r (DAC) u s e d a s t h e Y - a x i s . A second DAC 

used a s t h e X - a x i s i s a l s o d r i v e n . Both DAC o u t p u t s r a n g e from +10V t o -

10V. The DAC o u t p u t s a r e d i s p l a y e d and a r e a l s o a v a i l a b l e fo r e x t e r n a l 

u s e . 

BISS d a t a f i l e s c o n s i s t o f an i n t e g e r number o f d a t a r e c o r d s . Each 

d a t a r e c o r d c o n t a i n s 2048 d a t a p o i n t s or s a m p l e s . Each sample i s in 1 2 - b i r 

t w o ' s complement form. 

P r o m p t i n g m e s s a g e s g u i d e t h e o p e r a t o r i n making t h e s e v e r a l k e y b o a r d 

r n t i i e s . The o p e r a t o r f i r s t e n t e r s t h e i n p u t f i l e s p e c i f i c a t i o n . O p e r a t o r 

s e l e c t a b l e g a i n s o f I , 2, 4 , o r 8 a r c a v a i l a b l e w i t h one b e i n g t h e d e f a u l t 

v a l u e . The o p e r a t o r t h e n c h o o s e s 2 5 6 , 5 1 2 , o r iG24 p o i n t s pe r frame w i t h a 

d e f a u l t o f 1024 p o i n t s pe r f r a m e . The c h o i c e of c o n t i n u o u s o u t p u t o r 

p a u s i n g a t t h e end of each frame i s a v a i l a b l e . C o n t i n u o u s r e a l t i m e o u t p u t 

i s t h e d e f a u l t . A p a n e l s w i t c h on t h e d a t a a c q u i s i t i o n and t e s t sy s t em 

(DATS) a l l o w s t h e c h o i c e of p l o t r a t e s . The a v a i l a b l e r a t e s a r e 3 2 , 6 4 , 

1 2 8 , 2 5 6 , 512 , o r 1024 p o i n t s p e r s e c o n d . The two h i g h e s t p l o t r a t e s 

r e q u i r e t h e u s e of t h e m o d i f i e d 2 4 - s e c t o r m o n i t o r and h a n d l e r . E x e c u t i o n 

of t h e program may be a b o r t e d by i s s u i n g two C o n t r o l - C ' s . 

The program i s d e s i g n e d t o e x e c u t e u n d e r t h e RT-11 o p e r a t i n g s y s t e m 

on a D i g i t a l Equipment C o r p o r a t i o n (DEC) Model PDP-11/03 ( L S I - 1 1 ) compu te r 

10 , 14 , 15 16 , 1 7 . 1 5 " 1 7 The two DAC's a r e p a r t of an ADAC C o r p o r a t i o n 

Model 6 0 0 - L S I - l l d a t a a c q u i s i t i o n and c o n t r o l s y s t e m . 1 1 The o u t p u t i s 
13 d i s p l a y e d on a T e k t r o n i x I n c o r p o r a t e d Model 603 s t o r a g e d i s p l a y monitor. 

The f o l l o w i n g i s t y p i c a l o f t h e t e r m i n a l i n p u t / o u t p u t when e x e c u t i n g 

t h i s p r o g r a m . The o p e r a t o r ' s t e r m i n a l i n p u t i s u n d e r l i n e d . 
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.R BSDOUT 

BSDOUT: BISS DATA OUT 
VERSION 78G10A 

ENTER THE INPUT FILE NAME IN THE FOLLOWING FORM: 
<OEV:FILNAM.EXT 

*<0X1:7F12C4 

ENTER THE GAIN: i , 2 , 4 , OR 8 

* 
ENTER THE POINTS PER FRAME: 256, 512, OR 1024 * 
ENTER CONTINUOUS OR PAUSE: C OR P 
*p 

PRESS RETURN TO PROCEED 
PRESS RETURN TO PROCEED 
PRESS RETURN TO PROCEED 
PRESS RETURN TO PROCEED 

BSDOUT: END OF DATA REACHED 



DBSDOT MAC 
Dual Channel BISS Data Playback 

This program reads BISS data f i l e s and outputs the data in real timr 
to a pair of d i g i t a l - t o - a n a l o g conver ters (DAC). Both DAC outputs range 
from + 1QV to -10V. The DAC outputs are ava i l ab le for external use , 

BISS data f i l e s cons is t of an integer number of data records . Each 
data record contains 2048 dcta points or samples. Each sample is in 12-bit 
two's complement form. 

Prompting messages guide the operator in making the several keyboard 
e n t r i e s . The operator f i r s t en te r s the input f i l e s p e c i f i c a t i o n . Operator 
se lec tab le gains of 1, 2, 4, or 8 arc ava i l ab le with one being the defaul t 
va lue . A panel switch on the Data Acquisit ion and Test System (DATS) 
allows the choice of pLot r a t e s . ' The ava i lab le r a t e s are 32, 64, 128, 
256, 512, or 1024 points per second. The three highest plot r a t e s requ i re 
the use of the modified 24-sector monitor and hand le r . " Execution of the 
program may be aborted by issuing two Contro l -C 's . 

The program is designed to execute under the RT-11 operat ing system 
on a Digi ta l Equipment Corporation (DEC) Model PDP-11/03 (LSI-11) computer 
10, 14, 15 16, 17. The two DAC's are part of an ABAC Corporation Model 600-
LS1-11 data acquis i t ion and control system. 

The following is typ ica l of the terminal input/output when executing 
th i s program. The o p e r t o r ' s terminal input is underl ined. The defaul t gain 
is enclosed in b racke t s . 
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.R BDSDOT 

DBSDOT: DUAL CHANNEL B I S S DATA PLAYBACK 
VERSION 78G31A 

ENTER THE INPUT F I L E NAMES IN THE FOLLOWING FORM: 
<DF.V:FILNAM.EXT,DEV:FILNAM.EXT 

* D X 1 : 7 K 1 2 C 4 , 7 K I 2 C 5 

ENTER THE G A I N : 1 0 2 , U, OR 8 

* 
DBSDOT: EKD OF DATA REACHED 



WDWDAS.KAC 
Real Time Widrow A d a p t i v e F i l t e r 

T h i s program f u n c t i o n s a s *. r e a l t i m e n o n r e c u r s i v e a d a p t i v e W-drov 

f i l t e r f o l l o w e d by an a v e r a g i n g d e t e c t o r . * ® The a l g o r i t h m implemented i« 

d e s c r i b e d by the f o l l o w i n g e q u a t i o n * and d i a g r a m 1 . 

L - l 
E(m) = 16 * ( [ 1 / L ] * Summation [ O(m-L) ] ) ** 2 

i - 0 

0(m) = h(m) - H(m) 

K 
H(m) = S-Jismat ton f B < n t a ) * SCm-J-n) ] 

n - 1 

Btn^m+l) = Q * [ B(n ,m) + [ V * 0(m) * S ( m - J - n ) ] ] 

where B(n,m) dynamic f t i t e r c o e f f i c i e n t s 
E(m) o u t p u t s from t h e d e t e c t o r 
O(m) o u t p u t s from t h e f i l t e r 
S(m) s i g n a l i n p u t s a m p l e s 
J number of s i g n a l t ime d e l a y s 
K number of f i l t e r s e c t i o n s 
L number o f d e t e c t o r e l e m e n t s 
m sample number 
n filter coefficient number 
Q Ahmed-Jackiin coefficient 
V control coefficient 

All mathematic operations are performed in fixed point arithmetic 

using the extended instruction set (BIS) integer instruct: ions. ® In the 

following tabulation the binary point is located to the left of the most 

significant " i M or to che left of the "v." The " I ' s " indicate significant 

information to the right of the binary point. The "m's" indicate possible 

significant Information to the left of the binary point. The "O's" 

indicate the absence of significant information. The ? ,vM indicates a 

virtual digit that carries no significant information. The sign bit is 

indicated hy an "s ." The "p's" and "q's 1 1 represent the number of bits to 

the left and to the right of the binary point, respectively. 
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V a r i a b l e Where B i t A s s i g n m e n t s p / q 
B Memory s mmm n i 111 11 I i n 4 / 1 2 
E R5 s mnim m in a I i n 4 / 1 2 
E D i s p l a y s 0mm mi l m n I i n 5 /11 
H RO s mmm 111 in n i i n 4 / 1 2 
0 R5 s mtnm 111 in n I i n 4 / 1 2 
S ADAC s 000 on in n I i n 5 / 1 1 
S Memory 9 111 111 in n o ooo 1/15 
Q Memory 9 111 111 i n n I i n 1/15 
V Memory v s 111 111 i n a l i n - 1 / 1 7 
B * S R4 s mnun 111 i n a l i n 4 / 1 2 
V * 0 RO s mml 111 in ii I i n 3 / 1 3 
V * 0 * S R4 s mmtn 111 111 U i i n 4 / 1 2 

When e x e c u t i n g on a D i g i t a l Equipment C o r p o r a t i o n (DEC) Model PDP-

1 1 / 0 3 ( L S I - 1 1 ) c o m p u t e r 1 0 t h e sample r a t e w i t h t h i s p rog ram i s 128 s a m p l e s 

per s e c o n d . The i n p u t s a m p l e s a r e o b t a i n e d from an ADAC C o r p o r a t i o n Model 

6 0 0 - L S I - l l d a t a a c q u i s i t i o n and c o n t r o l s y s t e m . * * The ADAC d e v i c e c o n t a i n s 

a 1 2 - b i t a n a l o g - t o - d i g i t a l c o n v e r t e r ana a p a i r o f 1 2 - b i t d i g i t a l - t o -

a n a l o g L o n v e r t e r s . The o u t p u t o f t h e d e t e c t o r i s d i s p l a y e d on a T e k t r o n i x 

" i n c o r p o r a t e d Model 603 s t o r a g e d i s p l a y m o n i t o r * - ' a t 4096 p o i n t s pe r f r a m e . 

An a n t i a l i a s i n g f i l t e r s h o u l d p r e c e d e t h e a n a l o g - t o - d i g i t a l c o n v e r t e r . The 

f i L t e r c h a r a c t e r i s t i c s s h o u l d be a s f o l l o w s : 

40 Hz c u t o f f f r e q u e n c y 
12 db per o c t a v e r o l l o f f . 

The f i l t e r c o e f f i c e l e n t H must be m o d i f i e d by t h e "Q" c o e f f i c i e n t t o 

p r e v e n t t h e a d a p t i v e f i l t e r from a d a p t i n g t o t h e low l e v e l q u a n t i z a t i o n 

no i s e t h a t i s a lways p r e s e n t on t h e i n p u t . 

The f o l l o w i n g p a r a g r a p h s d e s c r i b e t h e e f f e c t s of u s i n g t h e s e v e r a l 

c o n d i t i o n a l code s e t s c o n t a i n e d in t h i s p r o g r a m . The name of each of t h e 

c o n d i t i o n a l a s s e m b l y s w i t c h e s a p p e a r s a t t h e b e g i n n i n g of each p a r a g r a p h . 
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DIAG. The o u t p u t d i s p l a y i s changed t o 1024 p o i n t s p e r f r a m e . 

D i a g n o s t i c code i s i n s e r t e d to coun t t h e number o f i n p u t s i g n a l s a m p l e s , 

t o d e t e c t and coun t o v e r f l o w s and t o add t h r e s h o l d d e t e c t o r s and c o u n t e r s 

for a l l i n p u t s and o u t p u t s . A l s o , code e s t a b l i s h i n g t h e number o f p o i n t s 

p e r frame i s m o d i f i e d t o make t h i s v a l u e v a r i a b l e v i a PATCH o r ODT. A 100-

word b l o c k of memory i s r e s e r v e d f o r p a t c h i n g . 

FAKE. The r e a l t i m e r e a d r o u t i n e i s r e p l a c e d t o p e r m i t o p e r a t i o n from 

d a t a s t o r e d in memory. 

FILE. The r e a l t i m e r e a d r o u t i n e i s r e p l a c e d t o p e r m i t i npu t from a 

f i l e and o u t p u t t o a f i l e . The s i g n a l and o u t p u t f i l e names a r e e n t e r e d 

from t h e c o n s o l e keyboa rd d u r i n g in i t i a l i z i n g . 

RCRD. Code i s added t o r c o r d b o t h t h e i npu t t o t h e f i l t e r and t h e 

o u t p u t from t h e a v e r a g i n g d e t e c t o r . The f i l e names a r e e n t e r e d from t h e 

c o n s o l e k e y b o a r d d u r i n g i n i t i a l i z a t i o n . Minimum ana maximum f i l e l e n g t h s 

a r e a s f o l l o w s : 

Memory R e c o r d s B l o c k s Time 
12K 1 8 16 s e c o n d s 
16K 2 16 32 s e c o n d s 
20K 3 24 48 s e c o n d s 
24K 4 32 64 s e c o n d s 
28K 5 40 80 s e c o n d s 

NSCP. Code a d d r e s s i n g t h e d i s p l a y r e g i s t e r s i s d i s a b l e d u p e r m i t 

e x e c u t i o n on t h e PDP-11/34 which h a s no such d e v i c e . 

TIHE. An i n s t r u c t i o n t o c l e a r t h e X - a x i s DAC i s i s s u e d a t t h e end of 

each p e r t i n e n t module for e x e c u t i o n t ime m e a s u r i n g p u r p o s e s . T h i s 

i n s r r u c i t o n i s a l s o i s s u e d t w i c e a t t h e end of each p a s s t h r o u g h t h e 

p r o g r a m . 

SKVS. The c o d e i s m o d i f i e d t o r u n in a memory o n l y m a c h i n e w i t h no RT-

11 o p e r a t i n g sys tem and no t e r m i n a l . 
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WGHT, Code is added to record the filter weights or coefficients 
following the processing of each 64th sample. If the file space required 
exceeds the capacity of the floppy dink also use the conditional "NDSP=1_" 
This will permit execution an the PDP-11/34 with its larger disks. When 
using this "WGHT-l" conditional the number of filter sections must not 
exceed 64, This is specified when using the conditional "CNFG^l" with the 
label "SECTNS". The "TIME»1" conditional may not be used if both the 
"WCHT-l" and the MNBSP=1'* conditional a are used. 

JSSS. The adaptive filter requires the input of an impulse function 
once each "2*K" samples to prevent it from adapting to the low level 
quantization noise that is always present on the input. This is in lieu of 
the *'QM coefficient. 

PRTM. Code is included to cause the time of day to be printed an the 
console terminal for each alarm that is detected. The date is also printed 
with the first detected alarm following a midnight rollover. 
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Schematic Diagram 
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0(m) 
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y Y 
H(m) 

Diagram 1 
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TRNSFR.MAC 
Rea l Time A d a p t i v e T r a n s f e r F i l t e r 

T h i s program f u n c t i o n s a s a r e a l t i i s e n o n r e c u r s i v e a d a p t i v e t r a n s f e r 

f i l t e r . - * The f i l t e r w e i g h t s for t h e s i g n a l f i l t e r a r e c o p i e d from t h o s e of 

t h e r e f e r e n c e f i l t e : . The a l g o r i t h m implemented i s d e s c r i b e d by t h e 

f o l l o w i n g e q u a t i o n s and d i a g r a m 2 . 

0(m) = S(m-C) - K(m) 

K 
H(m) = Summation [ B(n ,m) * S ( m - C - J - n ) ) 

n=l 

B(n,m+1) » B(n ,m) + [ V * E(m) * R ( m - D - l - n ) ] 

E(m) = R(m-D) - G(m) 

K 
G(m) = Summation [ B(n ,m) * R ( m - D - I - n ) ) 

n= l 

B{n>ra) dynamic filter coe f f i c i en t s 
E(m) outputs from the p red ic te r 
0(m) outputs from the f i l t e r 
R(m) reference input samples 
S(m) s Ignal input samples 
C number of s ignal time delays 

outside the f i l t e r locp 
D number of reference time deLays 

outside the f i l t e r loop 
I number of reference time delays 

inaide the f i l t e r loop 
J lumber of signal time delays 

inside the f i l t e r loop 
K number of f i l t e r sect ions 
m sample number 
n f i l t e r coeff ic ient number 
V control coeff ic ient 

All roathemat ic operat ions are performed in fixed point arithmet ic 
using the extended Ins t ruc t ion set (EIS) integer ins t ruc t tons .*" In the 
following tabula t ion the binary point is located to the lef t of the most 
s ign i f i can t " 1 " or to the lef t of the "v . " The " I ' s " indicate s ign i f i can t 
information to the r ight of the binary poin t . The "tn's" ind ica te 
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s ign i f i can t information to the lef t of the binary po in t . The "O ' s" 
ind ica te the absence of s ign i f i can t information. The M v M i nd ica t e s a 
v i r t u a l d ig i t that c a r r i e s no s ign i f i can t information. The i ign b i t i s 
indicated by an " s . " The H p ' s M and " I J ' S " represent the number of b i t s to 
the l e f t and to the r ight of the binary po in t , r e s p e c t i v e l y . 

V a r i a b l e ' /here Bi t Ass ignments p /q 
B Memory s mmtn 111 111 111 i n 4 / 1 2 
E R5 s mmm 111 111 111 i n 4 / 1 2 
C St/vck s muiiu 111 111 111 i n 4 / 1 2 
H S'.ack s 1U11UU 1 1 1 111 111 i n 4 / 1 2 
0 D i s p l a y s Omm ml 1 111 111 i n 5/11 
0 R5 s mmm 111 11! 111 i n 4 / 1 2 
R ADAC s 000 Oil I l l 111 i n 5/11 
R Memory s 111 H I 111 no 000 1 /15 
S ADAC s 000 Oil 111 i n 111 5 /11 
S Memory s 111 111 111 110 000 1 /15 
V Memory v s 111 111 111 i n 111 - 1 / 1 7 
B * R R4 s mmm 111 111 i n 111 4 / 1 2 
B * S R4 s mmm 111 111 i n 111 4 / 1 2 
V * E Stack s mml 111 '.11 i n 111 3 / 1 3 
V * E * it R4 s mmm 111 I K ! ' l 111 4 / 1 2 
V * E * S R4 s mml 111 111 i n 111 3 / 1 3 

When executing on a Dig i ta l Equipment Corporation (DEC) Model PDP-
11/03* (LSI-11) computer1** the sample r a t e with th i s program i s 128 
sasiples per second. Since samples are taken on a l t e r n a t e clock pulses for 
the s ignal and the reference inpu ts , the clock must be set to run at twice 
the sample r a t e . The input samples are obtained from an ADAC Corporation 
Model 600-LSI-ll data acqu i s i t ion and control sy s t em. 1 ! The s ignal i s on 
channel one and the reference i s on channel two. The ADAC device contains 
a 12-bit a n a l o g - t o - d i g i t a l converter and a pair of 12-bit d i g i t a l - t c -
analog conve r t e r s . The output of the f i l t e r i s displayed on a Tektronix 
Incorporated Model 603 storage d i sp lay monitor 1-* at 4U96 points per frame. 

The following paragraphs describe the ef fec ts of using the several 
condi t ional code s e t s contained in t h i s progras . The name of each of the 
condi t ional assembly switches appears at the beginning of each paragraph. 
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DIAG. Diagnostic code i s inser ted to '•ount the number of input s ignal 
samples, to de tec t and count overflows, and to add threshold de tec to r s and 
counters for a l l inputs and ou tpu t s . Also, code e s t ab l i sh ing the d i sp l ay 
magnitude and the number of points per frame is modified to make t h i s 
values va r iab le via PATCH or ODT. A 100-word block of memory i s reserved 
for patching. The sample r a t e must be reduced below 128 Hz. 

FAKE. The real time read rout ines are replaced to permit opera t ion 
from data stored in memory. Separate uuffers of data are supplied for the 
signal and the reference . 

FILE. The real time read rout ines are replaced to permit input from 
f i l e s and output to a f i l e . The s i g n a l , reference and output f i l e names 
are entered from the console keyboard during i n i t i a l i z a t i o n . The output 
display is changed to 1024 points per frame. 
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Sctit:mat::.c Diagram 
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AFMATD.MAC 
Real 'Lime Adapt ive F i l t e r , 

Moving Average F i l t e r and 
A d a p t i v e Threshold D e t e c t o r 

This program f u n c t i o n s as a r e a l time n o n r e c u r s i v e a d a p t i v e f i l t e r 

(ADF) fo l lowed by a moving average f i l t e r (MAF) and an a d a p t i v e t h r e s h o l d 

d e t e c t o r (ATD). »^ The a l g o r i t h m implemented IB d e s c r i b e d by the f o l l o w i n g 

e x p r e s s i o n s and by d iagrams 3 , 4 , 5 and 6 . 

If P(m) Theta 
then E(m) -" 1 - 2 * * - l l 
e l s e E(m) " 0 

P(m) = [ WO * G(m- l ) ] + I Wl * C(m) ] 

G(m) = A(m) - C(m-D) 

F-l 
C(m> - I ( TK / F ) * Summation A(tn-i) ] 

i - 0 

L-l 
A(m) =• ( |1/L| * Summation I O'm-i) ] ) ** 2 

i-0 

(Km) - S(m) - ll(m) 

K 
H(m) » Summation ( B(n,m) * S(m-J-n) ] 

n-l 

B(n,m+1) - Q * [ B(n,m) + [ V * 0(m) * S(m-J-n) | 1 

where A(m) outputs from moving average filter 
B(n,m) ATD coefficients 
C(m) internal ATD value 
E(in) outputs from ATD 
0(m) outputs from ADF 
S(m) signal input samples 
Theta ATD offset 
TK ATD threshold constant 
WO, Wl ATD filter coefficients 
D number of ATD delays 
F number of ATD elements 
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J number of ADF d e l a y s 
K number of ADF s e c t i o n s 
L number of MAP and ATD e l e m e n t s 
m sample number 
n ADF c o e f f i c i e n t number 
Q A h m e d - J a c k l i n c o e f f i c i e n t 
V ADF f e e d b a c k c o n t r o l c o e f f i c i e n t 

A l l raathematic o p e r a t i o n s a r e p e r f o r m e d in f i x e d p o i n t a r i t h m e t i c 

u s i n g t h e e x t e n d e d i n s t r u c t i o n s e t ( E I S ) i n t e g e r i n s t r u c t i o n s .10 In t h e 

l o l l o w i n g t a b u l a t i o n t h e b i n a r y p o i n t i s l o c a t e d t o t h e l e f t of t h e most 

s i g n i f i c a n t " 1 " o r t o t h e l e f t of t h e " v . " The " 1 ' s " i n d i c a t e s i g n i f i c a n t 

i n f o r m a t i o n t o t h e r i g h t of t h e b i n a r y p o i n t . The " m ' s " i n d i c a t e p o s s i b l e 

s i g n i f i c a n t in format ion t o t h e l e f t of t h e b i n a r y p o i n t . The " 0 ' b " 

i n d i c a t e t h e a b s e n c e of s i g n i f i c a n t i n f o r m a t i o n . The " v " i n d i c a t e s a 

v i r t u a l d i g i t t h a t c a r r i e s no s i g n i f i c a n t i n f o r m a t i o n . The s i g n b i t i s 

i n d i c a t e d by an " s . " The " p ' s " and " q ' s " r e p r e s e n t t h e number o f b i t s t o 

t h e l e f t and to t h e r i g h t of t h e b i n a r y p o i n t , r e s p e c t i v e l y . ^ 

Bi t A s s i g n m e n t s p / q 
., mmm 111 111 111 111 4 / 1 2 
B mmm i l l I I I 1 1 1 1 1 1 4 / 1 2 
s mmm m i l H I 111 111 5 /11 
s mmm 111 111 111 111 4 / 1 2 
s mmm 111 111 111 111 4 / 1 2 
a 111 111 111 111 111 1/15 
s 000 011 111 111 111 3 / 1 1 
s U l 111 111 110 000 1/15 
s mmm 111 111 111 111 4 / 1 2 
s miran mi l 111 111 111 5 / 1 1 
s 111 111 111 111 111 1/15 

vs 111 111 U l 111 111 - 1 / 1 7 
s mmm 111 111 111 111 4 / 1 2 
s mml 111 111 111 111 3 / 1 3 
s mrnrn 111 111 111 111 4 / 1 2 

The " p ' s " and " q ' s " r e s u l t i n g from t h e a r i t h m e t i c i n s t r u c t i o n s in 

t h i s program a r e as shown be low . Foi a l l o p e r a t i o n s : 

p + q = p i + q l ° p2 + q2 = 16 . 

V a r i a b l e Where 
A Rl 
B 
E 

Meraor y 
R5 

H R0 
0 Memory 
Q 
S 

Memory 
ADAC 

S 
The tn 

Memory 
Memory 

TK 
UU, Wl 

Memory 
Memory 

V Memory 
B * S R4 
V * 0 R0 
V * 0 * S R4 
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Addition and Subtraction 

p = pi - P 2 
q - ql - q2 

Mult ip l ica t ion 

p = pi + p2 

<j = ql = q2 - 16 

Division 

p = pi - p2 
q = ql - q2 + 16. 

When executing on a Digi ta l Equipment Corporation (DEC) Model PDP-
11/03* (LSI-11) c o m p u t e r 1 0 * ^ , 1 7 the sample r a t e with t h i s program is 128 
samples per second. The input samples are obtained from an ADAC 
Corporation Model 600-LSI-ll data acquis i t ion and control system.** The 
ADAC device contains a 12-bit ana log - to -d ig i t a l converter and a pair of 12-
b i t d i g i t a l - t o - a n a l o g conver te r s . The input s ignal and the outputs of the 
ADF, MAF, and ATD are displayed on a Tektronix Incorporated Model 603 
storage d i sp lay monitor*^ at 102A points per t r a c e . An a n t i a l i a s i n g f i l t e r 
should precede the ana log - to -d ig i t a l conver ter . The f i l t e r c h a r a c t e r i s t i c s 
should be as follows: 

40 Hz cutoff frequency 
12 db per octave r o l l o f f . 

The following paragraphs describe the e f fec ts of using the several 
condi t ional code se t s contained in t h i s program. The name of each of the 
condi t ional assembly switches appears at the beginning of each paragraph. 

DIAG. Diagnostic code is inser ted to count the number of input s ignal 
samples and to detect and count overflows. A 100-word block of memory i s 
reserved for patching. 
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D1AG. D i a g n o s t i c c o d e i s i n s e r t e d t o c o u n t t h e number o f i n p u t s i g n a l 

s a m p l e s and t o d e t e c t and c o u n t o v e r f l o w s . A 100-word b l o c k o f memory i s 

r e s e r v e d for p a t c h i n g , 

FAKE. The r e a l t i m e r ? a d r o u t i n e i s r e p l a c e d t o p e r m i t o p e r a t i o n from 

d a t a s t o r e d in memory. 

FILE. The r e a l t ime r e a d r o u t i n e i s r e p l a c e d t o p e r m i t i npu t irom a 

f i l e and o u t p u t to a f i l e . The s . ^ n a i and o u t p u t f i l e names a r e e n t e r e d 

from t h e c o n s o l e keyboa rd d u r i n g i n i t i a l i s i n g . 

RCRD. Code i s added t o r c o r d b o t h t h e i n p u t t o t h e f i l t e r and t h e 

o u t p u t from t h e a v e r a g i n g d e t e c t o r . The f i l e names a r e e n t e r e d from t h e 

c o n s o l e keyboard d u r i n g i n i t i a l i z a t i o n . Minimum and maximum f i l e l e n g t h s 

a r e a s f o l l o w s : 

Memory R e c o r d s B locks Time 
12K 1 8 16 s e c o n d s 
16K 2 16 32 s e c o n d s 
20K 3 24 48 s e c o n d s 
24K 4 32 64 s e c o n d s 
28K 5 40 80 s e c o n d s 

NDSP. Code a d d r e s s i n g t h e d i s p l a y r e g i s t e r s i s d i s a b l e d t o p e r m i t 

e x e c u t i o n on rhe PDP-11/34 which h a s no such d e v i c e . 

TIME. An i n s t r u c t i o n t o c l e a r t h e X - a x i s DAC i s i s s u e d a t t h e end of 

each p e r t i n e n t module for e x e c u t i o n tLne m e a s u r i n g p u r p o s e s . T h i s 

i n s t r u c i t o n i s a l s o i s s u e d t w i c e a t t h e end of each p a s s t h r o u g h t h e 

p r o g r a m . 

SKVS. The c o d e i s m o d i f i e d t o run in a memory o n l y m a c h i n e w i t h no RT-

11 o p e r a t i n g sys tem and no t e r m i n a l . 

WGHT. Code i s added t o r e c o r d t h e f i l t e r w e i g h t s o r c o e f f i c i e n t s 

f o l l o w i n g t h e p r o c e s s i n g of each 6 4 t h s a m p l e . I f t h e f i l e s p a c e r e q u i r e d 

e x c e e d s t h e c a p a c i t y of t h e f l o p p y d i s k a l s o u s e t h e c o n d i t i o n a l " N D S P 3 ! " . 
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This will permit execution on the PDP-11/34 with i t s larger d i s k s . When 
using t h i s "WGHT-l1* condit ional the number of f i l t e r sec t ions oust not 
exceed 64. This is specif ied when using the condit ional "CNFG"1" with the 
label "KKKK." The "TIME-1" condi t ional may not be used if both the 
"WGHT-l" and the "NDSP-1" condi t iona ls are used. 

JSSS, The adaptive f i l t e r is given an impulse function once each 
"2*K" samples to prevent i t from adapting to the low level quant iza t ion 
noise that is always present . This is in l ieu of the "Q" coe f f i c i e . i t . 

PRTM. Code is included to cause the time of day to be printed on the 
console terminal for each alarm that is de tec ted . The date is also printed 
with the f i r s t detected alarm following s ta r tup and subsequent midnight 
r o l l o v e r B . 
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block Diagram 

S(m) 0(ra) A(m) E(m) 

Diagram 3 

ADF Schematic Diagram 

S(m) 

Jz J 1 Z]_ 

0(ra) 
o > 

H(m) 

Diagram 4 

MAF Schematic Uiagrarr 

s 0(M) 
zl Z2 / 
zl Z2 PI 

o o :„ \±™^ 

Diagram 5 
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ATD Schematic Diagram 

A(m) > 

C(m) 

P(m) 
Theta , 

Compare 
E(m) 

C(ra) 

Diagram 6 
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.SPDUVL.KAC 
Real Time SSPDU 11 Monitor 

This program is used to record the dual channel analog signal data 
be ing processed by the Dual Channel Sensor Signal Processor Development 
Unit (SSPDU I I ) 9 using the Data Acquisit ion and Test System, Model 2 
(DATS2)7- The program also records SSPDU I I s t a tus data e i t h e r on command 
from SSPDU II or from DATS2. The progrsm is terminated af te r record ing an 
operator-determined number of SSPDU I I and/or DATS2 i n i t i a t e d t r i g g e r s . It 
may also be aborted at any time by the operator without loss of any data 
by issuing double Control-C. The sampled signal data may be displayed on 
any convenient X-Y display monitor,^-* 

The program is wri t ten in Digi ta l Equipment Corporat i on ' s (DEC) PDP-

LL MACRO-ll assembly language.*0,15,17 T r j g jos i gnod to execute under the 

RT-11 V03 operat ing system using the forground/background monitor. » 

Ea<~h recording Command r e s u l t s in the recording of one signal data 
record and one s t a t u s data record. The channel 0 and 1 commands record 
signal and s t a tu s data for channels 0 and 1, r e s p e c t i v e l y . The snapshot 
command records s ignal and s t a tus data for both channels . The s ignal da ta 
are recorded in the standard DATS integer format. This format cons i s t s of 
records of 2048 samples where each sample i s a r ight j u s t i f i e d 12-bi t 
two's complement in t ege r . The signal data are recorded in t r ans i en t 
recorder mode such that the recording command or t r i gge r always occurs 
during the second half of the s i g n a l ' s data record. The s t a tu s data are 
recorded in records of 256 16-bit words. The contents of the s t a tu s data 
re given in Table I . 1 ' E=ich word of t h i s s ta tus data is made up as 
follows: 

Bits 15-4 Data, two's complement integer 
Bits 3-1 not used 
Bit 0 Val id i ty indicator 
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The data arc a l l recorded in f i l e s on floppy d i s k s . It is not 
necessary, although d e s i r a b l e , to s t a r t with an i n i t i a l i z e d (empty) d isk . 
However, the disk must be in a compressed or "SQUEEZEd" condi t ion . The 
f i l e names for the signal and s t a tu s data are the same for a given 
channel . The f i l e name extension for s ignal data is ".DAT" and for s t a tu s 
data Is M .STS." The output f i l e names and lengths are entered from the 
console keyboard following su i t ab le prompting messages. The gain for the 
ana log - to -d ig i t a l converter (ADAC) is a lso entered in t h i s fashion. 
Trigger events are indicated by pr in t ing the number of unrecorded records 
(alarms) remaining for each channel on the te rmina l . Program termination 
is ident i f ied with a message. Following program termination the data disk 
is "SQUEEZEd" and i t s d i r ec to ry is pr inted on the console t emr ina l . 
Numerous error messages are also ava i lab le sould the need a r i s e . A block 
diagram of the system appears in diagram 7. 
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0 SSPDU 
1-16 SSPDU 
17 SSPDU 
18 SSPDU 
19 SSPDU 
20 SSPDU 
21 SSPDU 
22 SSPDU 
23 SSPDL 
24 SSPDU 
25 SSPDU 
26 SSPDU 
27 SSPDU 
28 SSPDU 
2 9 - 3 1 SSPDU 
32 DATS 

TABLE I 

Status Data 

Descript ion 

ADF delays ( J ) 
ADF B coe f f i c i en t s 
ADF B coe f f i c i en t s scale factor 
ADF V coe f f i c i en t s 
ADF V coe f f i c i en t s scale factor 
ADF Q coe f f i c i en t s 
ADF Q coe f f i c i en t s scale factor 
MAF elements (L) 
ATD elements (F) 
ATD de lays (D) 
ATD offset (TK) 
ATD offse t scale factor 
ATD threshold (Theta) 
ATD threshold scale factor 
ATD not defined 
ATD Alarm Trigger date 

b i t s 14-10 month 
b i t s 9-5 day 
b i t s 4-0 year - 72. 

33-34 DATS Alarm t r igge r time 
high order word 33 
low order word 34 

Integer sample count from s t a r t of 
record to t r igge r 

Trigger source 0"SSPDU (alarm) 
1=DATS (snapshot) 

Integer sample r a t e in Hz 
Program s t a r t up date 

b i t s 14-10 month 
b i t s 9-5 day 
b i t s 4-0 year - 72. 

39-40 DATS Program s t a r t up time 
high order word 39 
low order word 40 

41-255 DATS not defined 

Note: RT-11 does not support month and year r o l l o v e r . 

35 DATS 

36 DATS 

37 DATS 
38 DATS 
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Analog 
Signals 
2 Ch i> ' 

k • — 1 - > SSPDU II 

Signal Status Alarm 
Data Data Trigger 
2 Ch 64 Wds 2Ch 

s / ^ N/ 

DATS 2 

Signal Status Remaining 
Data Data Records 
Files Files Counts 
2 Ch 2 Ch 2 Ch 

N ' N / s ' 

Floppy Terminal 
Disk 

Snapshot 
Trigger 
1 Ea 

Diagram 7 
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The f o l l o w i n g i s t y p i c a l o f the t e r m i n a l i n p u t / o u t p u t when e x e c u t i n g 

t h i s program. The o p e r a t o r ' s t e r m i n a l input i s u n d e r l i n e d . 

•R SPDUVL 

SPDUVL: SSPDU II DATA ACQUISITION 
VERSION 78G06A 

SAMPLE CLOCK TIME 
RATE RATE WINDOW 
Hz Hz MIN:SEC/RCD 
128 256 0:16 
64 128 0 :32 
32 64 1:04 
16 32 2 :08 
EACH RECORD CONTAINS 2 0 4 8 SAMPLES 

SET THE CLOCK AND ENTER THE SAMPLE RATE 
* 1 2 8 

ENTER THE 1 - 6 CHARACTER FILE NAME FOR CHANNEL 0 
* 8 G 0 6 A 0 

ENTER THE 1 - 6 CHARACTER FILE NAME FOR CHANNEL 1 
* 8 G 0 6 A 1 

ENTER THE NUMBER OF ALARMS: 1 , 2 2 5 OR 2 6 

*1 
ENTER THE ADAC GAIN: 1 , 2 , 5 OR 10 

*I 
DISK SPACE REMAINING 
CH0/CH1 
3 / 3 
3 / 2 
3 /1 
2 / 1 
2 /0 

SPDUVL: PROGRAM TERMINATING 
0 6 - J u l - 7 8 

8G06A0.DAT 8 0 6 - J u l - 7 8 8G06A1.DAT 24 0 6 - J u l - 7 8 
8G06A0.STS 1 0 6 - J u l - 7 8 8G06A1.STS 3 0 6 - J u l - 7 8 

<UNUSED> 444 
4 F i l e s , 36 B locks 
444 Free Blocks 
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