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1.0 THEORY OF OPERATION

,~ General

Figures 1 and 2 are simplified block diagrams of the Passiye Infrared

Motion Sensor (PIMS) , Figure 3 shows the location of the 17 beams of coverage

within the 20 ft~ x 30 ft. specified area when the optics are mounted at 7 ft. 4

inches. The system Is a m otion detector using transient changes in the infrared

background , within specified velocities, to generate alarms. A long term Infrared

source would eventually blend into the overall noise background and not be

detected indefinitely. A filter is used to prevent vis~b1e light from generating

alarms .

Since infrared detection Is passive any number of units can be placed

In a particular location without interference,

Infrared detection becomes less sensitive when the background temperature

approa--hes that of the target (human intruder).

Some care must be taken upon installation that clutter such as

rapidly heating pipes, windows or air ducts are not located within one or more beams.
1~

Due to the long time constants involved in processing frequencies around

.1 Hz, it is necessary to allow a 5 minute warmup before alarms can be considered

genuine.
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2.0 CIRCUIT/OPTICS DESCRIPTION -

See enclosed schematics for the receiver , signal processor and

J—SIIDS adapter box.

2.1 Receiver Card: Assembly 490—2101

• The receiver assembly may be mounted up to 500 ft. away from the

signal processor. Up to six heads may be tied into each processor card.

The receiver is made up of a +16 Vdc and +8 Vdc regulator. The input

voltage is between +18 Vdc and +22 Vdc. Typical steady state current drain for

the entire card Is 1.5 ins.

The infrared to voltage converter consists of a deal thin thermistor flake

mounted on top of a transistor case. This case is mounted in a tubular holder which

in turn mounts to the printed circuit board. A +8 vdc reference is supplied to the

thermistor as shown below.

••> 1 -/- 8v

p T, 7 ~a 9OOt’Z 
_ _ _

The junction of the two matched thermistors is applied to one side

• of a differential amplifier. This amplifier has a +4 Vdc reference and can

respond in a bipolar manner depending on whether Ti or T2 increases in temperature.

The front end of the differential amplifier is made up of a matched pair of field

effect transistors, having very high input impedance C) 10 meg). The operating

point for the fets is set by selecting R5 at the time of factory test. The voltages

at El and E2 are set to 6.7 vdc.
I 
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The drains of Qi are connected to the inputs of a low power , low

noise operational amplifier. The total gain of the fets and operational amplifier

is 23 db (EofEIn = 14). The aperational amplifier is operated from +16 vdc

and ground. It is biased for +8 vdc output . A +8v bias allows bipolar operation

and .also provides a Ov bias across the two tantalum coupling capacitors (+8 v

3 from the signal processor is on the other side of the capacitors.) Low bias means the •

DC leakage through the capacitors will be minimal.

The head Is connected to the processor through two coax wires.

(See below).

>~~cvP~ OuTPOT

> GR~~~D

- Q > ~~~~~~~~~
1

The tamper line only goes as far as a terminal strip mounted

inside the head assembly. The tamper line then runs to a load resistor via the

tamper switch. The load resistor is mounted to the terminal strip. In the case

of multiple heads the tamper line is daisy chained and the load resistor appears

only at the last head. Conditions for a tamper alarm are discussed under the

next section. The optics which focus the 17 beams on to the thermistors will b~

also discussed in a future section.

I
V
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2.’2 • Signal Processor — Assembly 490—2100

2.2,1 General

The signal processor is mounted on a 6 inch x 8 inch printed circuit b~ard,

Actually the card consists of two separate processing channels each of which can
•1 -L

accommodate ü~ to 3 receivers, Each channel has a separate gain control for the

summation of heads used , The f inal intrusion alarm can originate from any

receiver input , There are several options that will be discussed as far as the

wiring of jumpers ~n the board ,

In addition to the two processing channels which contain gain and

bandpass filters the processor also contains tamper detection circuits, a +16 V/+8V

regulator, a DC to DC converter when 1-1OV is the prime DC power and alarm logic.

2.2,2 Input Amplifier AR1 or AR6

The input stage has a gain adjustment from 28 to 41 DB, The three

130K Input resistors form a summing junction in conjunction with the operational

amplifier. (DO NOT GROUND UNUSED INPUTS) . The DC bias at the output is set to +8V

for maximum bipolar operation. The ,Ol uf capacitors (C4 or C45) lower the bandpass
4 -

so as to only allow the frequencies inside the two following active bandpass filters

to pass. This particularly lowers any 60 Hz pickup from power cables In the area.

Clockwise rotation of either potentiometer will increase the gain of the corresponding

channel~

• 2.2.3 Bandpass filters AR2/AR3 and AR7/AR8

• Following the variable gain amplifiers is a parallel channel each

with a gain of 42 db (in the passband). These amplifiers are also active bandPass

filters with roll offs of 12 DB/octave. The center frequency of the High Bandpass

is 2 Hz. The center frequency of the Low Bandpass is .13 Hz. (See enclosed

plots Fig. 4). Two filters are used in order to improve the signal to noise
I

ratio. Both amplifiers are offset by the regulated +8’~. Test points are provided

at the top edge of the card in order to monitor the outputs of all four bandpass

filters.

— — ~~~~~~~~~~~~~~~~~
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, 2 .2 ,4 Threshold ~~~~~~i :~~ AR 9 and AR1O

In order ~~ ~~L~~~ne whether a par t icular  inf rared  transient constitutes

an alarm , a thresholt ~~~ must be set, False alarm rates from real installations

are not available y~~ ~~ ensive lab tests indicate a threshold of greater

than +9 ‘Ide or less • —
~ ~dc shall cause an alarm (in conjunction with other

~~~~~~~ 

• logic criterion desc~~~~~_~~er) , If the threshold need be changed in the fu tu re ,

16 resistors on the ~~-n~~~ r card may be changed .

The thresb~~ ~~~~~or is made up of resistors to obtain the desired

± 1V range and a quaf ~~~~±~nal amplifier (LM29O1N) specifically designed as

a threshold detector. ~a~ ruad amplifier only draws .8 ma (4 ~w unit) , The

output stage has an ~~~ =L~ctor and therefore R35 and R76 are pull up resistors.

The outputs are “wirei ~± ‘ so that an alarm is 0 Vdc and no alarm is +5 Vdc

(at E20 and E22) ,

2.2.5 DC Regulatc~~—~~--~iV

The specifi~a f~r the P1145 system states that the input DC

J. power supply may yar~- fr~~—~~V dc to +22 Vdc, In the FIDS configuration the input

~~~ is from +9V to +11 V& ~~~h case the DC to DC co;verter Al is wired

• into use, The DC to ~~ n~ -~~~er has a gain of two, Several portions of the

processor require a v:~~z.’- :-ss than +22V (exam~le~~JA776 max. +l8V) and a

regulated yotage (exa~~~~ ~~eshold voltage, DC offset to op—amps and

+5V for logic),

The regulate: ~~ e resistor (R45) which must be selected at initial

test. A 1% resistor j 5  ~~~~ that adjusts the +8’! supply as close as possib’e 
-

to +8.0 Vdc, Fet Q3 ac:s ~ a constant current source so that if the +16 V

tries to change then 4-~7 i~intained at the positive input to AR5 and AR4 .

Q2 is a part of the fe~~ ._ — :oop for AR4 . The gain of AR4 is + (1 + R44/R42) or 2.

The output at E18 is z~: :~~~ +8 or +l6Vdc.

a 

--
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• 2 . 2 . 6  Tamper Threshold Detector

The Tamper threshold Detector is designed to generate a 1 sec.

alarm at pin 17 of the signal processor. The level will be 0 Vdc for an

alarm and +5 Vdc for no alarm. The drive capability shall be a T
2L fan out of 4 max.

When pin 16 is loaded with a 10K, 1% resistor, the tamper alarm

L I will occur if either condition below happens.

1) . The tamper line opens (cut or via tamper switch)

2) The tamper line is tied to the +20V at the heads.

• I The tamper line is tied to ground.

4) The tamper line has a parallel resistor tied across which is less

than 7.5K ohms .

The tamper line will be daisy chained through from 1 to 6 heads.

Each head has a tamper switch. The last head In the chain has the 10K resistor to

ground. The normal no alarm condition produces approximately + .72 Vdc on the

tamper line.

A logic transition from 1 to 0 at the output of AR11 will trigger
4

the 1 second multivibrator (U7).

• 2.2.7 Normal Alarm Logic

See Figure 2 for block diagram.

There are several choices as to what logic is employed. This is

accomplished by the use of soldered jumpers. A summary of these jumpers appears

on the processor schematic. Some of the jumpers do not affect the logic. Also

see the section on installation instructions regarding jumper usage.

If the RCVR 1—3 channel is to be enabled then jumper E22 to •E23 is used and

E23 to E24 is not used. If RCVR 1—3 channel is not to be used E22 to E23 is not used and

E23 to E24 is used. (The same applies to RCVR 4—6 channel with its corresponding

E20 to E2l and E25 to E26 jumpers). E23 to E24 and E~5 to E26 are used to

simulate an artificial alarm during the self test mode if there is no head connected

to that channel. Ui pin 4 is OV the test mode.
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Assuming there is at least one head connected to each channel the alarm

logic is such: If either channel generates an alarm ~OV at either E20 or E22)

then either U3/E or U3/F produces a logic 1. Ui/A is a nor gate (a logic 1 at

either input produces a logic 0 at Ui pin 5, If there is no logic 1 at

(Test Signal) pin 28 , then Ul pin 6 is at Logic 0. Two logic 0’ s at Ui/B

produces a logic 1 at U2 pin 3. Since U2 pins 4 and 5 are normally logic 1 (except

for 30 seconds af ter  test mode drops out) the output  at U2 pin 6 is logic 0 for

the alarm condition ,

~- I

At this point , depending on customer usage, the logic has two possible

paths. The f i rs t  is a normal route throug hEl to E2 j umper with E2 to E32

removed. This bypasses the two step logic. Bypassing the two step logic normally

is for conditions of high security or very low clutter, In this condition , U2 pin 11

is held to logic 1 because the test signal is at logic 0. U2 pin 13 is at logic 1

becaus~ the normal condition of U5 pin 11 and AR11 pin 14 is a logic 1. In order

for U2 pin 13 to be a logic 0 , Ui pin 10 must be a logic 1. Ul pin 10 can only

be a logic 1 if both Ul pins 8 and 9 are logic 0. The 5 second delay at AR11 pin 14 insures
4

U2 pin 13 will be a logic 1 when the f i r s t  alarm occurs. So with U2 pins 11 and 13 at

logic 1 and U2 pin 12 going from logic 1 to logic Q (alarm) , U2 pin 10 goes from

logic 0 to logic 1 and triggers the 1 second alarm multivibrator 116.

I
V

•~~~~~~~~~~ z :~ _ i—~~~~ _ : _ i~~ • • 
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The second possible logic path previously ment io~ied for the f i r s t

] 
alarm at U2 pin 6 is to init iate the two step logic.

The following requirements are necessary in order to generate the

I - intrusion &.ariu when the two step logic is not bypassed ; i .e.,  j umper El to E2

J removed , j umper E2 to E32 used , -

1) The 0 logic alarm at U2 pin 6 remains for greater than the 5 second

delay period at AR11 pin 14.

] 2) During the period of the U5 mult iv ibrator  (Sel~ ct 1 minute or 5 minutes)

and after  the S second delay is over , a second alarm (Log ic 1 to Logic 0) at

U2 pin 6 occurs,

] 
The two step logic prevents noise spikes or one time clut ter

occurances from generating alarms . In high c lut ter  environments the 1 minute

J jum per E3 to E4 would be used. If E3 to E4 is not used the second threshold

1 alarm can occur within 5 minutes of the f i rs t  (af ter  the 5 second delay is over) .

2 .2 .8  Test Mode Logic 4

] 
See Figure 2 for block diagram .

The test mode is a special situation . An infrared source in placed

J in one of the beams of either RCVR 1, 2 or 3 and in either RCVR 4 , 5 , or 6.

1 The infrared devices are controlled by t he  console operator.

In a situation where only one channel is being used (RCVR 1, 2 or 3)

• for example and nothing is tied to pins 5, 6 or 7 of the processor card , the

- following jumper arrangement is required :

E22 to E23 (IN) -

I 

E23 to E24 (OUT)

E20 to E21. (OUT) 
I

I • E25 to E26 (IN) 
V
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If only (RCVR 4 , 5 or 6) channel is used and there is nothing

tied to pins 2 , 3 ot 4 then the following jumper arrangement is required :

- 

E22 to E23 (OUT )

E23 to E24 (IN)

• . E20 to E2l (IN)
- 

E25 to E26 (OUT )

The use of the E23 to E24 and the E25 to E26 jumper is an ar t i f ic ia l

way to generate a “test ” alarm when that channel is not connected.

An ar t i f ic ia l  alarm must be generated because for  the test mode

to work , 112/A acts as a nand gate (alarms in ~~~~ channels and being in the test

mode) make U2 pin 11 at logic 0 and thereby bypass the no rmal route or

2 step logic route. When in the test mode pin 28 is at log ic 1.

• U2 pin 2 and Ui pin 6 becomes log ic 1 in less than 1 millisecond a f t e r

pin 28 is logic 1. A logic 1 on 112 p in 2 enables U2/A and awaits the log ic 1

alarms at pins 1 and 8.

The infrared test source takes greater than a millisecond to turn on —

so 111 pin 6 does not have a race condition to inhibit 111/B. Ui/ B must be inhibited

during test mode or else an alarm will be generated at U2 pin 6 during the test

mode (which is not desired) .

In order to get from the test mode back to the normal mode some addit ional

• log ic is required.  Since there is a rather long recovery time in the processor

before the circuits have stabilized from the test infrared soLrce , it is neces%ary 
-

to temporarily inhibit normal operation for a 30 second period a fL e r  the test

signal (Pin 28) has gone back to logic 0. This is accomplished by forcing 112/B

to a logic 1 (no alarm condition) as long as U4 is in its 30 second period .

I
V

• 2 - - — - -
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1 
The R94/C21 time constant ( 3145) is used to prevent a race condition .

This time constant insures that Ui/B is forced to a logic 0 for a short extended

periQd necessary to get 114 pin 11 to logic 0.

: ,

— -

4

a
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- - 2.2.9 Optics

See Fig~tres 5 and 3.,

The optics consist of a mult i—faceted mirror assembly which ha6

:1 17 fields oJ~ view as shown in Figure 3. The mirrors reflect the infrared energy

on to a parablic mirror which in turn focuses the energy on to the dual thermist~

discussed earlier. The mirror assembly has a hard cover with windows to allow ti

• IR energy to enter,  The windows are covered with a translucent polyethelene mat€

I that only slightly attenuates the infrared e~iergy . The mirror surfaces are coat~

with chrome .

A pair of set screws lock the thermistor mount at a designated distance

to optimize the focus. The focus is done with an Alan Head screw through the

back of the wall plate holding the mirror assembly . The adjustment screw is

removed at the factory afte r  the set screws are tightened.

4

]
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3,0 INSTALLATION INSTRUCTIONS

See Figures 6 and 7 
-

3 1  General Comments

The PIMS Signal Processor has been designed to operate with both

4 FIDS and J—SflDS systems. Interconnections for either system are shown in Figures

6 and 7. In addition , J—SIIDS has a low current mode and a normal mode. General

comments for all systems will be given in addition to special instructions for each

system. The signal processor card has 12 soldered jumpers (see schematic , logic

section and installation instructions). Wrong usage of these jumpers can

-
• cause circuit malfunction or permanent damage to electrical components.

3.2 General instructions (all systems)

3.2.1 Location and Wiring of RCVR. Assembly ;

The metal plate that supports the RCVR mirror and preamplifier has three

holes for screw mounting to a flat vertical wall. Normally the center of the

optics are at 7’4” (to obtain beams patterns in Figure 3). The height could be

varied from 6ft. to 8 ft. if there are obstructions on the wall, etc.
- 4

The Receiver head shall be connected to the FIDS system or J—SIIDS

adapter box with two RG—58 coax cables which are under 500 ft. in length. The

daisy chain loop shown also uses RG—58 coax. The coax wire shall have Flag

lugs (KULKA 600 FL) fabricated to the ends for connection to TB1 of the RCVR

and TB1 of the J—SIIDS adapter box. The coax location inside the assembly is shown

on Figure 5 (490—2103).

The 10K resistor and the metal jumper come mounted on every head. -

At the time of installation the metal jumper is retained ONLY on the terminal

strip of the last receiver. This ties the 10K to ground at the end of the tamper

loop.

I
V
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The plastic cap that is placed over the thermistor mount should not

be removed until just before the cover is to be put in place.

It is suggested that the coax wires be run in metal conduit to provide

protection and shielding.

3 2.2 Gain Settings

The signal processor has a gain adjustment for each of its two

channels (R8 for RCVR 1, 2 & 3 combo) and (R5 5 f or RCVR 4 , 5 & 6 combo).

The criteria for setting these pots is based on many factors such as clutter ,

H whether the two step logic is used , level of security and tol.~rable false alarm

rates. Test points E27, E28 , E29 and E30 are brought out to the edge of the card

— 
• 

in addition to E3l (GROUND). E27 and E29 are low frequency channels. E28 and

E30 are high frequency channels, These points can be monitored with a scope

(DC input) or a chart recorder (such as a GOULD 156327 57). Peak variations in noise

exceeding ± lV around the +8V bias will cause alarms (except under some conditions

when the two step logic is used).

- If it is not clear where to set the gain initially it is suggested

to set it at mid range. If after one week there are no false alarms the gain

could probably be raised to 3/4 full range. (clockwise rotation for increasing gain).

3.3 Special Instructions for FIDS operation

3.3.1 Signal processor solder jumpers: -

The following jumpers shall be used or removed as listed before power

Is applied.
a

E5 to E 8 OFF
Eô to E7 OFF
E9 to ElO OFF -

ElO to Eli ON
El2 to El3 - ON
REMAINING

JUMPERS Optional (see schematic)
• I

• V 

~~~~~~~~~ 

~~~:. 
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3.3.2 Power Supply

J 
Insure that the DC voltage that will be connected to pin 9 of the

1! signal processor is #lOVdc ± 1 Vdc.

3.3.3 Test Signal Input

Unless the test mode is desired , insure the voltage to be connected

to pin 28 of the signal processor is between 0 and +.SVdc.

Special Instructions for Normal J—SIIDS operation

3.4.1 Signal processor solder jumpers:

The fol1owIn~ jumpers shall be used or removed ~s listed ~~f ore
power is applied .

E5 to E8 ON

E6 to E 7  ON

E9 to E]~O ON

ElO to Ell OFF

E12 to El3 OFF

Remain ing

Jumpers Optional (see schematic)

3.4.2 • Power Supply

Insure that t~~e DC voltage that will be connected to pin 9 of the

• signal processor is +207 + 2 Vdc. 
-

3.4.3 Adapter Box S~ itch

Insure that thie slide switch (Si) on the J—SIIDS adapter box is

in the NORMAL Position.

I
V

- ~~~~~~~~~~~~~~~~~~ -~~~ ~ ---•~~~~-- - --
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- 
3,5 Special Instructions for Low Current i—Su DS operation

3.5.1 Signal Processor solder jumpers ;

The following jumpers shall be used or removed as listed before power

is applied.

E5 to E8 OFF

E6 to E 7  OFF

E9 to ElO ON

ElO to Ell OFF

El2 to El3 OFF

Remaining j umpers optional (see schematic)

3.5.2 Power Supply

J Insure that the DC voltage that will be connected to pin 9 of the signal

processor is +20V ± 2 Vdc ,

3.5.3 Adapter Box switch

Insure that the slide switch (Sl) on the J—SIIDS adapter box is

in the LOW CURRENT position .

IJ

I
V

I

-L 
~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ • • - • ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
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4.0 TROUBLESHOOTING

4.1 General

- 
Familiarity with the enclosed optics and circuit descriptions is required

in order to properly troubleshoot the PIMS system. In the case of optional jumpers

oil the signal processor , the intended logic condi tions should be understood.

Some of the important points to monitor if walk tests do not produce

• alarms is given below. In the case of the FIDS system an extender board will be

necessary to reach various points on the signal processor. Place the plastic cap

over the thermistor mount except for Walk tests.

4.2 DC VOLTAGES AFTER 5 MIN WARM UP:

RCVR Board (Schematic 490—3101)

Ei(+ 6 .7v ± .2V dc)

E2(+ 6.7v ± .2V dc)

E8~~- 20v ± 2V dc)
E3(+8v ± .2Vdc)
E5eI6V ± .4Vdc)
terminal c (+4V ± .2 Vdc~

• Negative side C9(+8 Vdc ± .4 Vdc)

4.3 DC Voltages After  5 Mm Warmup

Signal Processor (schematic 490—3100) (Not in test mode),

Refer’ence reading to E31

E27 , E28 , E29 , E30 +8V ± .4Vdc withup to .5V p—p low frequency’tioise

ElO +20V ± 2Vdc
El8 +l6V ± .4Vdc

El9 +8V ± .2Vdc

E2l , E23 +5V ± .5Vdc ‘V

E6 +5.5 ± .3Vdc

+Side C7 and C47 +8V ± .4Vdc 

• - ~~~~~
---••- -- •------•--
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- El +5V ± .SVdc

E32 +5V ± .5Vdc

+side C60 +5 ± .5Vdc (give a 10 mm warmup)

Pin 17 +5V ± .5Vdc

PIn 16 f5V ± .5Vdc

- 
. Pin 26 +.72 ± .2Vdc (if t amper loop is not opened)

Ul pin 6 0 to +2Vdc

Ul pin 8 +5V ± .5Vdc

~J 
+side Cl6 +5V ± .5Vdc

4.4 Troubleshooting J—SIIDS Adapter Box
— 2

F

J 
The 3—Su DS adapter box consists mainly of two identical T L

to relay converters used only in the Normal J—SIIDS mode.

A simple check would be to place an ohmmeter across TB1 pins 6 to 5 a f te r

removing the wires to the outside units. If a OV is present on pin2 of TB1

(by forcing an alarm) then the ohmmeter shall read4lOO ohms ± 10 ohms for a
minimum of 1 second.

Now after removing the outside wires to TB1 pins 3 and 4 and cheating

IIIIJ both S3 and S2 tamper switches an ohmmeter across pins 3 and 4 shall read 100 ohms

~~~ ± 10 ohms for ONE second if a tamper condition is forced (such as removing cover

to RCVR assembly). -
•

When the Si switch is in the LOW CURRENT mode the relay drivers

are not used. The Alarms are just routed to TB1 pins 1 and 2 as T
2L levels

1J (+5V , OV).

—

Ii 

‘V

~1 

i4
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5,0 FOR~tkL DRAWINGS ENCLOSED

I

A or B size prints enclosed in this preliminary manual are listed

below ;

I-
Sc~hematic PIllS (Receiver) 490—3101

Circuit Card Artwork (Receiver) 490—2106

Circuit Card Parts List (Receiver) PL490—210l

J Schematic PIllS (Signal Processor) ~9O—3l00

Circuit Card Artwork (Signal Processor) 490—1109

Circuit card parts list (Signal Processor PL490—2lOO

Sensor Assy (ALL MAJOR PARTS OF RCVR) 490-2103

J • 
Infra—red System (Beam coverage) 4907002

1 
4
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