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A NUCLEAR INSTRUMENTATION MODULE (NIM) 

STANDARD LOGIC PROCESSOR AS A PORTAL SIGNAL ANALYZER 

George P. Minges 

Abstract. A general purpose electronic logic 
processor has been designed into a 2 wide NIM 
(Nuclear Instrumentation Module) bin module. 
The unit utilizes a microprocessor to achieve 
necessary versatility. 

The processor's first use is as a new generation 
signal analyzer 'for use in radiometric personnel 
and vehicle portal monitors. Significant improve- 
ments have been obtained in sensitivity and stability 
uver exisling analog dlscrlmlnarors. The new 
analyzer is presently being used to update 
personnel and vehicle portal monitoring systems. 

INTRODUCTION 

At Rocky Flats, NIM (Nuclear Instrumentation 
Module) bin electronic devices are in widespread 
use. A need was realized for a general purpose, NIM 
bin, mountable logic processor for radiometric 
equipment. With this t h o ~ @ ~ t  in mind, and with 
high.priority for an improved version of the analog 
portal discrirnifiator, work was started toward 
developing a fully digital portal signal analyzer. 

A portal signal analyzer'has bee~i lalr i~alecl  a11d 
successfully tested. This report describes the signal 
analyzer. . 

DESCRIPTION 

The portal signal analyzer is an instrument designed 
to accept a pulse count from extemal detectors and 
suitable pulse height andyzers. It also is fed a 
signal indicating the presence of a person or object 
in the active area of the portal monitor. 

The instrument functions by averaging and display- 
ing the background count rate continuously until 
directed by a presence detector to switch to an 

active mode. In the active mode, the latest average 
background count is stored and a new count begun. 
This latter or active count average is then compared 
to the stored background count to determine if the 
two counts are "statistically different." If there is 
nu significant difference between the active count 
and the background count, the instrument will 
return to its background averaging mode. If a 
significant difference is noted, the analyzer will 
alarm remotely, visually, and audibly. It also will 
display the count rate that produced the alarm 
until this condition is acknowledged. The back- , 

ground count average and the active count average 
are both accumulated by a sliding scale (first in, 
first out) technique. Alarni points are calculated 
using a standard probability theory during the 
background averaging mode. ' 

The portal signal analyzkr consists of four major 
parts: microprocessor, counter, display and 
electronic support, and software. The details of 
each will be described. Figure 1 shows a block 
diagram of the instrument; Figures 2 and 3 are 
photographs of the inside of the unit and of con- 
struction details. 

Microproeessor 

The microprocessor used is a commercially available, 
Pro-Log single card MPS 880 system* costing 

approximately three hundred dollars. It was chosen 
for its size, cost, and use of second-sourced standard 
electronic components. . The microprocessor has a 
crystal controlled clock, 16 input gates, 24 latched 
output lines, and measures only 11.4 X 16.5 cm. It 
has the capability of 4 k bytes of PROM (Program- 
mable Read Only Memory) and 1 k bytes of RAM 
(Random Access Memory) memory. 

i ~ r o - ~ o g  Corporation, 241 1 A.  Garden Road, Monterey, 
California 934940. 



FIGURE 1 .  Block Diagram of Portal Signal Analyzer 
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FIGURE 4. Counter Board Schematic of Portal Signal Analyzer 

Counter binary counters in tandem. The input to the counter 
is through a 2-input NAND Schmitt trigger perform- 

The counter card contains a 12 bit binary counter, ing the input and hold function. Output from the 
the necessary input and output gating, and is under counter is fed parallel to the microprocessor. One 
microprocessor control. A card schematic is shown output line from the microporcessor controls the 
in Figure 4. The counter card consists of three quad counter reset. 



FIGURE 5. Display Board of Portal Signal Analyzer 

The counter card also contains miscellaneous com- status indicators. This section also covers the power 
poncnts necessary for pulst: shaping, current limiting, supplies and cabinet. See Figure 5 for display ' 

and the alarm relay for interface to the Plant details. For simplicity, the count rate display con- 
+ supervised alarm system. sists of three individual BCD input numeric 

indicators. Each digit has its own decoder driver 

b 

" 

Display and Electronic Support 

, 5  

12 

. 6  

16 

11 
OC 

.' " W 

- 1  5 
3 

00 
z 
X 
U . .  

14 - 

. 

.. u .. . - 

\ 
J 

\ 
J - ,  '. . 

and latches with an enable input. The three digits 
share a common four-bit data line from the micro- 

\ 
J 

\ 

J 

\ I 

\ 
J 

I 

The display and support provide operator interface processor output with each digit having its own 
such as decimal numeric count displays and alarm strobe line. 

\ 
a 

\ 

' realp 390 
-H : m 1 5  

low . 

-bI" 
300 

t 
highp , ' 390, 4 

-N 13 . 
n :. 

. . 

. .  . 

.< ' 

.' 
a =. 
o..:. 

" . 
. V) 

3 
. m  - 

* 4  

3 

2 



Alarm indications are given by three light-emitting 
diodes and an audible device. The green light 
indicates an abnormally low count being received 
by the counters. This condition would normally be 
indicative of external equipment failure. The yellow 
light indicates that the probability of detection of 
a source in the active area of the radiometric monitor 
has fallen to  below 50%. This condition would be 
indicative of abnormally high background radiation. 
One such cause of this condition could be a ship- 
ment of radioactive material. 

The red light and audible signal indicate true alarm 
conditions, i.e., radioactive material within the 
active zone of the portal monitor. For this condition, 
a normally closed relay contact has been provided. 
To fully utilize existing equipment, the analyzer is 
fabricated in a standard 2 wide NIM bin module. 
The +12 and the k5 volt power required for this 
instrument is derived from the standard NIM bin. 
The NIM bin provides +12 and +-6 volts as a standard; 
therefore, dropping resistors and Zener diodes are 
used to  convert the +6 volt supplies to the necessary 
+5 volts. 

Software 

The heart of any microprocessor system is in the 
program. In this instrument, the main program 
resides in a 1 k byte PROM. A 1 k byte RAM is 
used as scratch pad memory and temporary data 
storage location. PROM memory is located at 
hexadecimal locations 0000 through 03FF with 
RAM at 1000 through 13FF. For a complete PROM 
listing, see Appendix A, "Complete PROM listing 
of Operating System." 

Various test and diagnostic programs have been 
written. These programs reside on PROM and are 
utilized by inserting them in place of the normal 

operating PROM. One such routine for false-alarm 
testing automatically cycles between the background 
accumulation mode and the active mode. This 
routine keeps track of the false alarm rate and 
displays this rate in decimal upon demand. For a 
complete PROM loading including this test routine, 
see Appendix B, "Complete PROM Listing of 
Operating System Plus Test Routine." 

To minimize operator tampering and cost, the unit 
has no operator selectable controls other than the 
alarm acknowledge push button. The sensitivity 
and the upper and lower operating limits of the unit 
resides in PROM. To cha~~gt: the uyel.atiilg 
parameten of this instrument, the operating PROM 
must be replpced in a socket in the microprocessor. 
Thc ncw PROM would contain new numerical con- 
stants to alter operating characteristics of the 
instrument. ,This becolnes the outstanding feature 
of this instrument as its versatility of operation is 
limited only,by the imagination of the person 
programming the analyzer. With no hardware or 
wiring changes, this unit can become an entirely 
different instrument through reprogramming. 

i 
CONCLUSIONS 

i 
The portal signal analyzer version.of the 2 wide 
NIM bin logic processor has heen installed in 
several portal monitoring systems. Increased 
sensitivity and reliability have been obtained. 
There have been no failures in 36 unit-months 
exposure to'field conditions. At present, it appears 
that all future portal monitoring systems will use 
this or a similar version of the portal signal analyzer. . . 

Based on successful operativn of t l is  unit, several 
other 2 wide NIM bili logic processors havc been 
prototyped for use. One is a multiple channel 
portal analyzer for individual zone indentification; 
another is a coincidence unit for an effluent monitor. 



APPENDIX A 

Complete PROM Listing of Operating System 
' .  : 

ASSM 0 0 0 0  

01 
L X I  H r  l 0 3 0 H  
MQV AaH . 

STA l 0 8 0 H  
f'!OV AIL . ' 

STA l 0 0 1 H  
STA i 0 0 2 ~  
L X I  H i  l 0 3 8 H  
MOV A;H 
STA 1003H 
MOV AIL 
STA 1004H:  , .  

STA 1005H 
 ST^ L H i D  1 8 4 4 ~  

MOV A I H  . . 
? CMA 

., 

MOV BIA 
MOV A'0L 
C M'A 
MOV CIA ' 

LHLD 03FCH 
XRA A ' 

DAD B . . 

J C  ALARMLUW 
M V I  A001  
OUT 0 1  
JMP UPPER'LIMIT 

ST2  M V I  ~ 1 0 1 '  
OUT 0 1  
MVI .  A 0 0 2  
OUT 01 

.ST3  LHLD l 0 1 0 H  
XCMG 
LHLO 1.012H 
DAD D . . 

' XCHG 
LHLD 1014H 
DAD D 
XCH G 

.LHLD 1016H 
DAD D , . 

XCHG 
LHLD 1.818H 
DAD D 
XCHG 
LHLD 101.AH 
DAD D 
XCHG 
LHLD 1.01CH 



DAD D 
XCHG 
L H L D  1 0 1  EH 
DAD D 
XCHG 
L H L D  1 0 2 0 H  
DAD D 
XCHG 
LHLI) 1 0 2 2 H .  
DAD D 
XCHG 
LHLD 1 0 2 4 H  . 

DAD D, 
XCHG 
L H L f i  1 0 2 6 H  
DAD D 
XCHG 
LHLO 1 W B H  
DAD D 
XCHG 
LHLD 102AH 
DAD D 
XCHG 
LHLD 102CH 
DAD D 
XCHG 
LHLD 102EH 
DAD D 
SHLD 1 0 4 0 H  
STC 
'CMC , . , .  . . 

LDA 1 0 4 0 H  '.  

KXC 
RRC 
RRC 
RRC 
AN1 0 F H  
STA 1 0 4 3 H  
STC 
CMC 
LDA 1 0 4 1 H  
RRC 
RRC 
RRC 
RRC 
AN1 0 F H  
STA 1 0 4 5 H  
LDA 1 0 4 i H  
RLC 
RLC 
RLC 
RLC 

. , 



AN1 BFBH 
MOV BaA 
LDA 1043H 
ORA B 
STA 1044H 
. L X I  Spa 1300H 
LHLD 1044H 
MOV C a L  
MOV B0H 
CALL BINARYBCD 
MOV AIB 
STA 1850H 
MOV AaC 
STA 1051H 
LDA i05OH 
AN1 P)FH 
ST,A 1853H 
LDA i 0 s . i ~  
RRC 
RRC 
RRC . 

RRC 
AN1 BFH 
STA 1054H 
LDA l 0 5 1 H  . 
AN1 0FH 
STA 1055H 
CMA 
AN1 I F H  
OUT 00 
AN1 0FH 
OUT BB 
LDA 1054H 
CMA 
AN1 2FH 
OUT 00 
AN1 0FH . 
OUT B 0  
LDA 1053H 
CMA 
AN1 4FH 
OUT 00 
AN1 0FH 
OUT 80 
LHLD 1044H 
MOV CaL  
MOV B a H  
CALL SQRT 
XRA A 
MOV HaA 



SHLD 1 0 6 0 H  . 
XCH G 
L H L b .  l 0 6 0 H  
LDA 0 3 F F H  
DCR . A  
J Z  S + 4  
DAD D 
JMP S - 5  
MOV A S H  
RRC . 
RRC 
AN1 BClbH 
MOV B r A  
MOV .AIL 
RRC ' : 

RRC 
AN1 3PH 
ORA B 
STA i ~ 6 2 ~ .  
LDA i 0 4 4 ~  
RRC . 
RRC 
AN1 .3FH 
MOV B s A  
LDA . -1845H 
RLC 
RLC . ' . 

RLC 
RLC 
RLC 
RLC 
AN1 0C0H 
ORA B 
STA 1 0 4 7 H  
LDA i 0 4 5 ~  
RRC 
RRC 
AN1 3 F H  
STA 1 0 4 8 H  
L H L D  1 0 4 7 H  
SHLD 1 0 3 0 H  
L H L U  1L14.7H . 
SHLD l 0 3 2 H  
L H L D  1 0 4 7 H  
SHLD 1 0 3 4 H  
L H L D  i 0 4 7 H  
SHLD 1 0 3 6 H  

WAIT M V I  ESBFFH 
M V I  D10B0h 
DCR D 



2 0 1 0  NOP 
2338 NOP - .  

.l. I.. 

2 0 4 0  NOP 
2 0 5 0  NOP 
2 0 6 0  NOP 
2 0 7 0  NOP 
2 0 8 0  JNZ WAIT+4 
2 0 9 8  XRA A 
e l Q 0  I N  8 1  
2 1 1 8  AN1 80H  
2 i20 JNZ S ~ M A T  
2 1 3 0  O G R E  
2 1 4 0  JNZ bdAIT+2. 
2 1 5 0  M V I  A J ~ ~ H  
2 1 6 0  BUT 0 i  
2 1  7 0  LDA 1000H . 

2 1 @ @  GO M8V O a A  
2 1 9 0  LDA 1001H 
2 2 0 0  DCR A 
2 2 1 0  S f A  l B 0 l H  
2220 M V I  E J  10H 
2 2 3 0  CmP E 
2 2 4 0  JC, I N 1  
2 2 5 0  MOV CIA 
2 2 6 0  I N  0 1  
2 2 7 0  CMA 
2280 AN1 0FH 
2 2 9 0  STAX B 
2 3 0 0  LDA l 0 0 l H  
2 3 1 0  DCR A 
2 3 2 0  STA l 0 0 l H  
2 3 3 0  MOV CJA 
2340 I N  OOH 
2 3 5 0  CMA 
2 3 6 0  STAX 8 
2 3 7 0  JMP ST1 
2380 INI'LDA 1002H 
2 3 9 0  STA i m i ~  
2 4 0 0  JMP GO 
2 4 1 0  ALARMLdW M V I  A ~ 0 5  
2 4 2 0  O U T ' 0 1  
2 4 3 0  MWI A 1 0 6  
2 4 4 0  OUT 0 1  
2 4 5 0  JMP ST3 
2 4 6 0  UPPER LHLG B3FAH 
2 4 7 0  MOV A0H 
2 4 8 0  CMA 
2 4 9 0  MOV B J A  
2 5 0 0  MOV AIL 



2510 CMA 
2520 . MOV CIA . 

2530 INX B 
2540 LHLD 1044H 
2558 XRA A 
2560 DAD B 
2570 J C  HIGH 
2580 M V I  A101 
2598 OUT 01  
2 A W I  JMP ST2 
2610 HIGH M V I  As09H 
2620 OUT 01  
2430 f i V I  AIBAH 
2640 OU1' la1 
2650 JMP ST3 
26.60 SP EQU 6 



BINARYBCD M V I  DJ  6 4 H  
CALL U D I V  
MOV HJC 
MOV C J B  
CALL 8CD1 
MOV L J A  
MI)V .CJH 
CALL B C D ~  
MOV B0A 
MOW CIL 
RET 

B C D l  M V I  8100 .. . 

M V I  D J ~ A H  
CALL lJUIV 
MOV AJC 
RLC 
RLC 
RLC 
RLC 
ORA B 
RET 

U D I V  M V I  E 4 8 9 H  
MOV' A J B  

U D V l  MOV B J A  
MOV AIC 
RAL 
MOV C*A 
DCR E 
J Z  UDV2 
MOV A J B  
R A L  
JNC UDVQ 
SUB D 
ORA A 
JMP UDVI  

UDV0 SUB D 
JNC U D V l  
ADD D 
JMP UDVl  

UDV2 MOV AJC 
CMA 
MOV CIA 
RET 



8 4 3 0  SQRT XRA A 
0 4 4 0  MOV LIA 
8 4 5 0  MVI  Da01 
0 4 6 0  MVI  Es09H 
0 4 7 0  SQRl  CALL SHIFT  
0 4 8 0  CALL SHIFT 
0 4 9 0  DCR E 
0 5 0 0  RZ 
a510 SUB D 
0 5 2 0  JNC SQR3 
0 5 3 0  ADD D 
@348 SBR3 PUSH PSW 
0 5 5 0  MOV AIL 
0 5 6 0  CMC 
0 5 7 0  RAL 
0 5 8 0  MOV L a A  
0 5 9 0  RLC 
0 6 0 0  RLC 
0 6 1 0  MOV DIA 
0 6 2 0  IE3R D 
0 6 3 0  POP PSlJ 
0 6 4 0  JMP SQRl  
0 6 5 0  SHIFT  MUV HIA 
0668) MOV'AIC 
0 6 6 1  RAL 
0 6 7 0  MOV C r A  
0 6 8 0  MOV A I ~  
0 6 9 0  RAL 
0 7 0 0  MOV BIA 
0 7 0 1  LUK)V ASH 
0 7 1 0  RAL 
0 7 2 0  RET 
0 7 3 0  PSW EQU 6 



ASSM 0300 

0300 3E 01 
0302 D3 0 1  
0304 3E 0 2  
0306 D3 01  
0308 2A 30 10 
0388 EB 
030C 2A 32 10 
030F 19 
0310 EB 
0311 2A 34  10 
0314 19 
0315 EB 
0316 2A 36 10 
0319 19 
031A 22 39 10 
031D 31 0 0  13 
91388 24 39 10 
0323 4D 
0324 44 
0325 CU 0 0  00  
0328 78 
0329 32 3C 10 
032C 79 
032D 32 3D 10 
0330 3A 3C 10 
0333 E6 0F 
0335 32 SC 10 
0338 3A 3 0  10 
033B E6 0F 
033D 32 5E 10 
8340 3A 3D 10 
0343 0F 
0344 0F 
0345 0F 
0346 BF 
0347 E6 0F 
0349 32 5D 10 
034C 2F 
034D E6 2F 
034F 03 0 0  
0351 E6 BF 
0353 D3 i3Gl 
0355 3A 5E 10 
0358 2F 
0359 E6 1F 
0358 03 00  
03SD E6 0F 
03SF D3 0 0  
0361 3A 5C 10 
0364 2F 
0365 E6 4F 

SkMAT M V I  A101 
OUT 01 
M V I  A002 
OUT 0 1  
LHLD 1030H 
XCHG 
LHLD 1032H 
DAD D 
XCHG 
LHLD 1034H 
DAD D 
XCHG 
LHLD 1036H 
DAD D 
SHLD 1039H 
L X I  Spa 1300H 
LHLU 11639H 
MOV C1L 
MOV B0H 
CALL BINARYBCD 
MOV A1B 
STA 103CH 
MOV A1C 
STA 103DH 
LDA 103CH 
AN1 0FH 
STA 105Ct-i 
LDA 103DH 
AN1 0FH 
STA 10SEH 
LDA Ilb3DH 
RRC 
RRC 
RRC 
RRC 
AN1 0FH 
STA 10SDH 
CM A 
AN1 2FH 
OUT 00 
AN1 0FH 
OUT 00 
LDA 105EH 
CMA 
AN1 IFM 
OUT 00 
AN1 0FH 
OUT 00 
LDA 105CH 
CMA 
AN1 4FH 



0 3 6 7  D3 00 
0369  E 6  0F 
0 3 6 8  D3 00 
0 3 6 0  3A 6 2  1 0  
0 3 7 0  4 F  
0 3 7 1  AF 
0 3 7 2  4 7  
0 3 7 3  2A 4 4  1 0  
8 3 7 6  ' 0 9  
0 3 7 7  7C 
0?78 2F 
0 3 7 9  47 
03'IA 7b 
0 3 7 8  2F 
037C 4 F  
s37D li3 
0 3 7 E  2A 3 9  1 0  
0 3 8 1  3 7  
0 3 8 2  3 F  
0 3 8 3  0 9  
0 3 8 4  DA D2 03 
0 3 8 7  2 2  6 8  1 0  
038A  1E F0 
038C 1 6  8 0  
0 3 8 E  1 5  
0 3 8 F  CA 8 E  03 
0 3 9 2  10 
0 3 9 3  CA 8 C  03 
0 3 9 6  3 E  03 
0 3 9 8  Q3 01 . 

039A 3A 03 lid 
039D 4 7 '  
0 3 9 E  3 A  0.4 1 0  
03A1  3 0  
0 3 A 2 3 2 0 4 1 0  , 

03A5 1E 38 
03A7  BB 
03A8 DA, C9 03 
03AB 4 F  
03AC DB 0 1  
B3AE 2F 
03AF E 6  0 F  . . 
0 3 8 1  02 
0 3 8 2  3A 0 4  1 0  
0 3 8 5  3D 
0 3 8 6  32 0 4  1P1 
0 3 8 9  4F 
03BA DB 0 0  
03BC 2 F  
03BD 0 2  

OUT. 00 
AN1 0FH 
OUT 00 
LDA 1062H . 
MOV CIA 
XRA A 
MOV B0A 
LHLD 1044H 
DAD B -  
MOV.A#H . . . 

CMA . 
MOV BIB 
MOV A a L  
CM A 
MOV C0A 
I N X  B 
LHLO 1839H ' 

STC 
CMC 

' DAD B 
JC REAL 
SHLD 1068H 

DELAY M V I  E00F0H 
MVI  D080H 
DCR D 
JZ  .DELAY+4 
DCR E 
J Z  DELAY+2 
MVI  A003H 
OUT 0 1  
LDA 1083H . - 
MOV BIA 

RET LDA 1004H 
DCR A . . . , 
STA lQBkH 
MVI  E13fiH 
CMP L 
J C  RESTORE . ' 

MUV C0A 
i i \ i  

CMA ' 

AN1 OFH 
STAX B 
LDA 1004H ' . + 

DCR A 
STA 1004H ' .  . . 

MOV C a A  . 

I N  0 0  - ' 

CM A 
STAX B 



XRA A 
I N  0 1  
AN1 80H 
J N Z  ShMAT 
J M P  S T 1  

RESTORE LDA 1 0 0 5 H  
STA 1 0 0 4 H  
JMP RET 

REAL M V I  As80M 
OUT 00 
JMP REAL 

SP EQU 6 





APPENDIX I3 
Complete PROM Listing of Operating System Test Routine 

163D6 C3 00 04 1 1 1 0  JMP I E S T *  

MVI A a 0 9 H  ' 

S T A  1 C 8 0 H  
S T A  l C 8 1 H  
MWI A a 0 4 H  
S T A  1 C 8 2 H  
S T A  1 C 8 3 H  
XRA A 
S T A  l F 0 l H  
SFA i F 0 2 H '  
S T A  l F 0 3 H  
STA i ~ 0 4 1 - 1  
L X I  Spa l F 0 0 H  

GO L X I  ' h r  l C 8 1 H  
DCR M 
J N Z  S T 1  
L D A  1 C 8 0 H  
S T A  i C 8 1 H  
L X I  H o l C 8 3 H  
-DCR M 
J N Z  SWMAT 
L D A  1 6 8 2 H  
S T A  i C 8 3 H  
J M P  GO 
MVI A a 8 F H  
O U T  08 
MVI A s 0 F F H  
OUT 00 
H V I  E a 0 F F H  

RELOAD M V 1  D s B F F H  
WAIT DCR D 

J N Z  WAX T 
DCR E 
J N Z  RELOAD 
P O P  PSW 
P O P  PSW 
I N R  A 
DAA 
P U S H  PSW 
P U S H  PSW 
L D A  1 F 0 3 H  
A N 1  0 F H  
O R 1  0 E 0 H  
OUT 00 
O R 1  0 F 0 H  
OUT 08 
L D A  0 3 1 F H  
RKC 

TO UTILIZE TEST, THIS CHANGE MUST BE MADE TO THE MAIN PROGRAM 



RRC 
RRC 
RRC 
AN1 0 F H  
OR1 B D 0 H  
OUT 00 
OR1 0 F 0 H  
OUT 00 
MV I  E*@FFH 

DONE MVI Da6FFH 
DELAY DCR D 

J N Z  DELAY 
DCR E 
J N Z  DONE 
J M P  GO 

SP EQU 6 
PSW EQU 6 




