SF 2900 Q(7:73)

SAND79-0185 «MAS TER

Unlimited Release

EvaLuaTtion oF THE Jounson AG 1007-7 (G-7)
Microwave Motion DETECTION S¥STEM

DeparTMENT 1730

- @‘Séndia labdratori_e's; |

LESTEIBUTION OF iy DUTCUMERT 25 UNEIIET TR

AN



SAND79-0185
Unlimited Release
Printed January 1979

EVALUATION OF THE JOHNSON AG-1807-7 (G-7) MICROWAVE
MOTION DETECTION SYSTEM

Information Systems Department 1730
Sandia Laboratories
Albuquerque, NM B7185

ABSTRACT

A series of tests was performed on the Johnson
Model AG-1007-7 motion detection system, The
primary objectives of these tests were to deter-
mine sensor detection patterns and to yuantitate
the effects of intruder velocity. System sus~
ceptibility to fluorescent lights, oscillatory
motion, and environmental factors was also
examined.
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EVALUATION OF THE JOHNSON AG-1007-7 (G-7) MICROWAVE
MOTION DETECTION SYSTEM

1. GENERAL DESCRIPTION

The Johnson Model AG-1007-7, alsc known as the Johnson G-7, is a 1onostatic
microwave motion detection system manufactured by Johnson Controls, 507 Zast
Michigan Street, Milwaukee, Wisconsin. It has an adjustable operating frequency
of 2.45 GHz + 8 MHz. The standard antenna has a pattern which is adjustable up to
a maximum area of 30.5 by 12 metres., Detection sensitivity is adjustable. There
is a fail-safe circuit, an anti-jam detector and line supervision, and a lighte
emitting diode (LED} alarm indicator for walk-testing. The power reguired is 60~
Hz, 24 volts ac, which is provided by a 120/24-volt ac transformer. There are
three different standby power supplies available as options.

The manufacturer's operation and installation manual is included as Attich-
ment 1 to this report.

7.8



2, INTRUDER DETECTION THEORY

2,1 EVALUATION APPRCACH

The Johnson Model AG-1007-7 is a monostatic (receiver and transmitter at the
same location) motion detector which detects the Doppler frequency shift produced
by reflections from moving intruders. This type of system can be used in rooms of
various types and sizes. Since detection is based on line-of-sight criteria, the
radar-range detection evaluation approach can be used.

The methods used for evaluating motion detection characteristics are mainly
walk-tests. These wzlk-tests are done in a large open room, approximately 16 by
16 by 3.6 metres, to determine detection patterns, velocity factors, and range
setting effects on the detection patterns, Radial detection patterns are also de-
termined by electrically measuring the transmitted power patterns. Temperature
effects are grossly determined at -15° C and 57° C by walk-tests. In order to allow
a more comprehensive evaluation of temperature effects to be obtained, an electronic
sirulation is used which simulates the intruder by injecting, at the receiver, an
electromagnetic signal which is proportional to the intruder's veloecity toward and
distance from the sensor. Results obtained at regular intervals, combined with
periodic walk-tests for verification, will be presented in a later report.

.
2.2 PRINCIPLES OF QOPERATION AND TEST PARAMETERS

The operational principle of a monostatic motion detector that uses a Boppler
shift to detect intruder movement is illustrated in Figure 1. These types of
detectors are similar to conventional radar systems in that radar-range equations
are applicable. However, motion detectors use continuous-wave signals and frequency-

modulation detectors to detect the Doppler shifts.

The Far-field transmitted power density, I’,[,, inp watts/metrez (N/mzl. of the
radiated signal measured at the intruder position (R,¢,0) at the center frequency
of the detector, fo, is given by

P,.(1,0,90)G,{2,0)
PT(R,@,UJ = ] for R > 1.0 metre 39

v

The transmitted power in a wave varies as 1/Rz referenced to the transmitter:
the wave is reflected from an intruder and this reflection varies as 1/R2 refercnced
to the intruder.

This section closely follows the corresponding section of SAND77-1218,
Evaluation of Three Multi-Transceiver Ultrasonic_Intrusion Detectors--Advisor VI,
Contronic MP440 and Detection Systems DSE00, June 1574. B
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where
{R,¢,8) = location of the intruder in spherical cqordinaces (see
Pigure 2), R iB in metres, ¢ and & are in degrees,
PT(l.U,BO) = reference power-dengsity measurement at 1 metre (w/mz),

Gp (9,81 = pawer gain associated with the transmitter transducer
referenced to the (0,90) location (see Figure 2), and

PT(R.@,O) = transmitted power density at the intruder location
w/m2)

i .
TRANSMITTER 1 fi " I
FREQUENCY = f, ___I<] ,f : i { il i i il il
b \ V!
RECEIVER \
FREQUENCY = f_ = af —%l \
o ) { \ i \ \
\\ \ \ o

Figure 1. The Principle of Monostatic
Doppler Motion Detectors

The transmitted power is reflected by the effective cross section of the
intruder and returned to the feceiver at a freguency of fo : 4f. The power density
of the reflected sigual is given hy

P,Pm,qa,G)AGRM,ﬁ).\Z
Pl0ig,8) = &2
{4=R)

where

effactive reflective area of the intruder {mz), assumed
constant over the bandwidth of a particular system,

&

GRW,E) = pouwer gain associated with the receiver referenced to
the (0,90) location, and

1 = wavelength of fo (metres; .

Hote that the Doppler shift and the radial velocity component of the intruder are
related by

< {31



where
¢ = wave proupagation velocity (3 x ].0S m/s microwave or 344 m/s
ultrasonic),
¥_ = radial velocity component of intruder (m/s), and

f_ = transmitter center frequency.
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Figure 2. Spherical Coordinate System Used in This Evaluation
Combining Egs. 1 and 2 yields

2
P (1,0,90)AG (:,%)G, {.,.)*
T T R
Pol0,4,0) = (€3]
RO (am 2%

There is a threshold value of Pg which, if cxceeded for a short tire, will
trigger the alarm of the detector. This threshold determines the maximum rad:us of
detection for a given set of intruder conditions (intruder arca A, location I(R,;,:),
and radial velocity Vr). Thus,

Yoy o FT(l,O,BO)AGT(m,.)GR(”«)- .
Papl0s4,6) = 3 (s3
(4m) Rp
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where

PRD(om,B) = detector power-density alarm threshold for a given Af;
Rpn is the radius of detection at the location of the
intruder where Py = Pppe

The radius of detection is

Al
a[p,ru,u,somsrw,a)sam.en ]
o 49 % (0,6,0) ]

16)



3. INTRUDER DETECTION CHARACTERISTICS

3.1 ELECTHONIC RADIAL DETECTION PATTERIS
The relative intrusion detection patterns, which were determined by elecctron-

ically measuring tha transmitted power patterns (G'I‘ of Section 2.2), arc shown in
Since the same antenna is used to receive the Doppler shifted freguency
Thus, the relative special detection patterns

Figure .
in a monostatic detector, Gq = Gp-
(with no electronic processing delays) are obtained by determining the sguare root
of GT after normalization. This procedure provides gross confirmation of the radial
walk~tests (Section 3.2) and provides vital information on proper tilt angles for

the sensor.

3.2 WALK-TEST PATTERNS

Walk-test patterns for the Johnson AG-1007-7 are illustrated in Figures 4
through 8. Figure 3 is a composite of the five walk-test patterns. Far the
campasite, intruder motion in any direction within the pattern would gencrate an

alarm,

Horazontal
Covarage

Figure 3. Electronic Detection Pratterns for Johnson AG-1007-7

13
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Figure 8. Johnson AG-1887-7, -45°, Figure %. Johnson AG-1007-7, Compousite
+135° pattern, Range of All Walk-Test Patterns
setting 2

All of the walk-test patterns were obt~ined by actual use of a B8-kg, l.73-
metre-tall human walking at a velocity of 0.5 metre per second. Each step was
synchronized to the heat of an electronic metranome; the metric 2-stance far each
step was marked on the floor. One minute was allowed between tests. All tests
were performed with a range setting of 0.5. The range setting was chosen to
restrict the detection patterns to lie within the walk-test area.

3.3 EFFECTS OF INTRUDEK VELOCITY AND RANGE SETTIKG

A curve which shows the effects of intruder velocity is illustrated in
Figure 10; the effects of range setting are shown in Figure 1l. The dashed curve
in Figure 11 was obtained with an absorbing (nonreflecting) floor; the other curve
was calculated from the dashed curve, The data in Figures 10 and 11 are used with
the walk-test patterns (Section 3.2) to expand the walk-test curves in the radial
direction. This expansion is accomplished in four steps:

l. Find the multiplication factor from Figure 1lo.

2, Finpd the multiplication Factor Erom Figure }1. Use the With Reflection
curve for metallic or earth floors and the Without Reflection curve for
wood or concrete floors.

3. Multiply both of the factors times the Maximum Range number given on the
appropriate Range Setting Multiplication Factor curve in Figure 11.

4. The resvltant number is then divided by the y-axis/pattern intersection
point from the radial walk-test patterns or the 0° walk-test pattern.
Both axes of all curves are now multiplied by this guotient.

15
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This procedure is necessary since these curves were obtained with radial (¢ = 0°)
walk-tests. As a result, all of the data are referenced to the intruder radial
velocity D « Thig prc small integration times on the order

of 1 second,

3.4 DETECTOR SENSITIVITY

The amplitude of the signal required to trigger the detector circuit can be
adjusted by means of a potentiometer. This adjustment changes the bias voltage
on the detector that must be overcome to cause an alarm. The detector sensitivity
test was performed by setting the senanr to detect at 10 metres with the sensitivity
on the factory setting. The sensitivity adjustment was then varied, and a walk-test
was performed at each new setting. The effects of these adjustments are shown in
Figure 12. ALl ather tests were performed with the sensitivity adjusted to the
factory setting.
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Figure 12, Jchnson AG~1007-7 Dctector
Sensitivity Cffects
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3.5 TUNABLE QSCILLATOR

The Johnson AG-1007-7 has a tunable oscillator.

This feature ig desirable

if more than one unit is used at an installation since it allows the operating

frequencies to be selected so that crass-talk between units is minimized,

13 shows the range over which the oscillator can he tuned.
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Figure 13. Johnson AG~1007-7 Preguency Setting
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4. FALSE ALARM TESTS

4.1 QSCILLATORY MOTION TEST

The oscillatory motion test was performed to determine the susceptibility of
the detector to oscillatory motion. The test was performed by a person standing
at a distance of 2 metres in front of the sensor and rocking back and forth at a
rate of once per second. The total distance rocked was approximately 5 to 7.6 cm,
The range was set to detect at approximately 14 metres, and the preset factory
setting was used for detector semsitivity, Under these conditions, the sensor
immediately alarmed. The same test was repeated at a distance of 8 matres and 12
metres from the sensor, At these two distances, the distance rocked had to be in-
creased slightly to initiate an alarm (approximately 15 to 20 cm at the 12-metre
distance). This result reflects the fact that a greater motion is necessary to
create a sufficient Doppler shift to overcome the detector bias voltage. There
appears to be no provision on the Johnson AG-1007-7 for rejecting oscillatory
motion; therefore, the unit would probably be quite susceptible to moving objects,
e.g., drapes, hanging lights, etc., and to mount vibration. However, the sensor
would be less susceptible to objects located some distance from the sensor.

4.2 FLUQGRESCENT LIGHT TEST

The detector was also tested for susceptihility to fluarescent tight inter-
ference. The fluorescent lignt test was perfaormed by placing the sensor at vari-
ous radii from a fixture which contained two 40-watt fluorescent bulbs. The ranye
of the sensor was set to detect at approximately 12 metres; the factory setting
was used for detection sensitivity. The light was turned on and off at a rate of
1 cycle per second to simulate flickering., At 1 metre, the sensor alarmed each
time the light came on; at 2 metres, the sensor alarmed after twe or three cycles;
while at 3 metres, the sensor only alarmed after two or thre~ cycles it the sensor
was pointed directiy at the light. If the sensot was positioned to point at an
area below the light, the flickering did not produce an alarm,

19,20



Environmental tests were performed at two temperature extremes, -15° C and
0.3 m/s, and V.

5. ENVIRONMENTAL TESTS

S7° ¢ and at three walk velocities:

The velocities were determined from the velocity effects curve (Figure 10).

standby battery was available for these tests. Table 1 shows the results of the

environmental tests.

Environmental Test Results

Power Saurce Temperature
(volts ac) (o)
93.5 57
~15
110 57
~13
120 57
~15

Vv, = 0.05 m/s,

1

TABLE 1

Change in Radius of Detecrion (%)

V2
-2
-6
-1
-1
/]
-7
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ATTACHMENT 1

Johnson AG-1007~7
Operation and Installation Manual
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e T
JOHNSON SERVICE COMPANY AG-1007-A

307 £AST MCHIGAN STREET » MILWAUREE, WISCONSIN 33201

JOHNSON AG-1007

Solid-State Intrusion Detector

SECTION I: DESCRIPTION

The Johnson AG-1007 Intrusion Defector is an
Underwriters’ Laberatonies, iac. listed, self-
contained solid-state interior space protectian
device. This unit detects the movement of an
intruder in the area of protection and causes aa
SPDT alarm relay contact transler when move-
ment occurs.

The AG-1007 performs ils funclion of inbuder
detection by transmitling a 2.45 GHz signal mip
Ihe protected area and comparing the frequency
of the tiansmilted sigaat with the fiequency of
the signal reflected back from the protected aiea.
When movement accurs i ihe protected area, lie
2.45 GH2 signal is reflected back to the umt at
2 slightly differenl frequency as a result of the
Doppler etfect which occurs when the microwave
eneigy is reflected oft a moving object.

The 2.45 GHz microwave requency, utilized by
the AG-1007, is readily contained within the
walls of the piotected srea. This makes afarm
instatialions possible that are free from aussance
atarms, whea prescribed insiatiation procedures
are followed.

Fig. 11 AG-1007-7 Fig. 1. AG-10u7.8

The AG-1007 atarm curcuilry discriminales against
small méving objects, so that alams ate na(
caused by mice, insects, etc. The alam circuitty
is of the non-integrating type, that s, an alamm
will be generaled when two cycles of frequency -
shitt oceur and a fairly targe amoun! nf frequenry
shitted energy is reflected hack to the receiver,
This allows the unit to alasm quickly when an
object the s:ze of 3 man moves in the profected
area and nct 1o alarm from a series gt small mass
movements. The AG-1007 will detect very slow
as well as very fast movements.

Specifications *
A [ 2cii00%7 | INTAUSION DE TECTOR M1TH STANDAKD AnTERNA (HET W1 11 (BS
. L RG 0018 | AGIORTI 1 KEY LOUKED 5 G4 f L AAAE INET W1 17085

RANGE :ADJUSTABLE |

N 407 AT STANGARD Antf fik
B0+ 40" ¥1TH OPTIDNAL SHDPT RANGE ANTENNA

CETECTION CAPABILITY

1ET SRC.TOIIFT.

TRANSMITTED FREQUENCY

2.45 Greg $+BAND: + 8 Mz ADJUSTMENT

SUPHLY VOLTAGE

74 QLTS 10 10 TQ - 05 1 50 60+ SLF T7-6001.7 BE LD

POWER CONSUMPT 10N

LESS ToAN 10 vA

3F SOWER OuTou"

Ag-ENT TEMPERATLRE L*175

327G 1207 0 7@ 4T+

5C--80%9 EVOLT PLUGeiw PEVGTE TEST “OLULE 1NE Y _J
AT 00717 12-90L™ P_tGeis RECTE "E3T “COILE HE |
AG-100711 24vOLT PLUG- (s PEOTE TEST MODULE MET AT, 4 LBoy |
ACCESSORIES AG-1087-6 §~0f T RANGE ANTENNA RET L85, _’J
(GRDER [ T SHAPED ANGLE COUNTING BRACKE T AET AT, 5 LBy
SEPARATELY) [E£G.1002-30R -3} BALL jOINT NET %T. 13 LBS.
VGe0D1~T 12-7A, STANGEY POAER SUBPLY HET AT, 10 LBS. T
VQe013 463 STANDBY POSER SUPPLY E T 4~ JC L@5. N
VQe00I-7 7613 STALDBY PGLES 5 PPLY NET ¢ o
TIECH 0 | 130 i v AC. PLLG o - RANSEGEVER !

TAHNET WT, listings are package smipping weighes.
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TECHNICAL
NANUAL

AG-1007-A

BOT EAST MICHIGAN STREET » MILWAUKEE, WISCONSIN 83207

SECTION f: (Cont'd)

The AG-1007 is self-supervising and contains a
patented fail-safe circoit which causes a fail-
safe relay to de-energize and cause an alarm if
the unit becomes incapable of detecting motion.
Operatinna! stability of the unit is uneffected
by a change in humidity, temperature, atmospheric
pressure or ofher environmental ‘condifions.

Remote testing of the AG-1007 is not required;
however, plug-in temole test modules are avzil-
able. A walk test light is provided on the face
of the unit for testing and adjustment purposes.

An anti-jam tircuit is included in the AG-1007
desngn Ihat causes fhe unit to go into alam if
source is into
!he pratected area in an efort to jam the unit, A
case tamper switch is also provided to prevent
tampering.
To meet government requirements or where speci-
fications demand, the AG-1007-8 unit is provided
with a 16 gage, key locking, steel enclosure.

Interaction

Tao explain inferaction and the reasen for the
tunable pscillator in the AG-1007, the Doppler
effect must first be understood.

The Doppler effect is the apparent shift in fre-
quency of sound or alternating electromagnetic
energy caused by refative motion between the re-
ceiver and the energy transmitter. If the energy
transmitter is moving toward the receiver, or the

seceiver foward the transmitter, the apparent fre-
quency of the receiver enetgy is increased. If
they are moving apart, the apparent frequency of
the receiver energy is decreased.

tn Ihe case of the AG-1007, the unit transmits
and receives from the same stationary point. The
Doppler effect takes place when the reflector in
front of the transmitied energy is maving, if the
ceflecting abject is moving away from the se-
ceiver, there is an apparent frequency decrease
in the receiver energy. M the reflecting object
is moving toward tfie receiver, the opposife ef-
fect fakes ptace. A stationary refiecting object
will cause no frequency shift. The Doppler effect
is used in any micrawave motion delectos as the
method of detecting a moving ohject.

In the case af two or mare microwave units that
are being operated near each other (within 500
feet), the units could interact if their operating
frequencies were less than 1 MHz apart. In a
practical situation, if two units were operated,
within the confines af an enclosed area, at 3
frequency of tess than ] MHz apart, the reflection
af ane unit’s transmitted frequency might very
well be received by the ather unit, causing thal
unit to alarm. The selution to the problem of in-
teraction is to maintain a separation between
operating frequencies of greater than 1 Wiz, The
AG-1007 is furnished with a tunable ascillator
which altows a 7 MHz frequency spacing to op-
erate up to nine units with a 500-foot diameter
area of separation.

SECTION Il: TREORY OF OPERATION

As discussed, the AG-1007 Intrusion Detectos
utilizes the Doppler effect to detect a moving
object.

Operation (Refer to Block Diagram Fig. 3}
D.C. power for the aperation of all circuits in
the AG-1007 is provided by an integral power
supply. The D.C. output of the pawer supply is
applied to two separtate regulators, one for the
transmiller and the olhet for the ceceiving cir-
cuits.

The outpul of the receiver regulator provides
power for all of the receiving and signal process-
ing circuits and for the modulator, The modu-
latar outpu! is appiied to the fransmiiter regu-
{atar to modulate it slightly at a 1400 Hz rate.

When the output voltage of the transmitter regu-
lalor is applied to the microwave source, it
produces an output frequency of 2.45 GHz. This
2.45 GHz signal is coupled into the fransmitling
antenna and fransmitled into the protected area.
The transmitter signal is continuous-wave, with
a very small amount of amplitude madulation -
caused hy the modulation of the voltage applied



Fig. 3

fo the microwave source. A small amount of ihe
signal generated by the microwave source is
coupled into the mixer for comparison with the
signat reflected back from the protected atea,

The 2.45GHz signal{rom the transmitting antenna
is somewhat divectional and in effect "“floods’
the area with 1 it energy.
Part of the transmitled signal is reflected back
from the protected area to the AG-1007, and is
picked up by the teceiving antenna.

The received signat and the sampfe of the frans-
mitted signal heterodyne or '‘beat’ together in
the mixer, a mictowave diode. Present in the
output of the mixer ase the fransmitted Signal
fiequency, the received signal frequency, the
sum of these two frequencies, and a frequency
whith is e difference beiween the frequency
of the transmitled and received signals.

The higher Wequencies {original 2nd sum fre-
quen:ies) ate filtered frgm the output of ihe
mixer, !eavmg the difference trequency. if motien
DCCUIS in the protected area, some 01 the signal
itted into the d area is reflect

back from the movmg abject al 3 sSigmty m!-
ferent . The

present in the mixer outpul. If there is no mo!xon
in the pratected area, the transmitled and ce-
ceived frequencies are {he same and there is no
output from the mixer. When a motion is detected,
the ditierence frequency from the mixer is amphi-
fied o a high encugh Jevei to cause the alarm
detectur circuit ta operate.

The atarm detector circuil holds the alamm relay
energized until a motion signal of sufficient
amplitude is appliedto trigger the alarm detector.
It then switches off the cusrent through the

alarm relay coil, causing the alarm telay to open
its contacts, resulting in the transmission of an
alarm indication,

The amplitude of the voltage required 10 trigger
the atasm detector can be adjusted by changing
the bias voltage on the alarm detector, thereby
providing one means of adjusting the area cover-
age of the unit, The alarm detector is of the
non-infegrating type so thal lwp cycies of the
difference frequency signal ate frequired to
trigger it. The amplitude of 1he triggering signal
must be great encugh to overcome the hias valt-
age, so that small signals from mice, insects,
background motion, elc. are effectively ignored
by ihe delector unless they are within inches
of the detector.

Because the voltage applied to the microwave
seuice iS modulated stightly, the conbinuous
wave oulput of the source contains a very small
amount of meaulation. This modulation appears
in the outpul of the mixer and is applied tg the
amplifier. Although it is autside the normas band-
pass of the ampiifiet, the 1408 Hz moduiation
signal is amplified somewhat. However, il is
not of sulficient amplitude to 2ffect the alam
detector.

The presence of this madulation, of fail-safe
signal, as it is normally catled, is detected by
the fail-safe detector circuit, As long as the
signal is present, the detecior hoids the faii-
safe relay enesgized. The signal is apphied to
the tail-safe detector onfy when the power supply
and regulators, microwave source, mixer, and
amplifier are operating. Failure of any of these
circuils sesults in loss of the signal, causing
the fail-safe relay to de-energize and give an
alatm indication,

To preclude any possibility of jamming the
AG-1007 by the iatroduction of an outside micr.-
wave sowce lo the prolected area, an anli-jam
detector is included in the equipment. The anti-
jam circuit detects the cise in the output of the
amplifier and de-energizes the alarm relay if
{his gutput exceeds {he notmal level,

Switching the power to the osciliatar is accam-
plished by means of a relay in the AG.1007.
The relay may be aperated by a swilch located
at the unit using the output of the D.C. power
supply ot by 2 remole swilch using 2 separate
power supply.
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SECTION 11): INSTALLATION
To successtully apply Ihe AG-1007 Inlrusion
Detector n a secunty area tt 15 necessary lo
understand the behavior of the energy radiated
from the umit and to recognize the advanlages
ad hmitations of the equipment.

Operating on the Doppler principle, the AG-1007
tfransmils a microwave signdl which 15 reffected
hack to the teceiver hy objects w the protected
area. The deteclion curcints 1n the umit sense
any requency shft in the refiected signal covsed
by mation i the protected area. The umit gives
an almm indication when motion 15 sensed.

The AG-1307 operates al a microwave frequency
of 2.45 GHz which »s i the *'S*' hand. Tke wave
length 1s about 11.3 centimelers o 4.8 inches.

Behavior of Microwave Energy
Generally. as the frequency of 1adie waves be-
comes higher their behavior hecomes mote like
thal of hight. They me more easly reflecled by
nlls nnd pathittons than energy of lawer fre-
c:zs. Arsorptien of the microwave energy
hy wall mnlemls fie. concrete block. plaster,
wood, efc.) s also generally greater al higher
Irequencies. Therefore, the 'S band energy 1S
usually easier to contain than [ower frequencies.

There 1s some rellection and absorption of the
microwave energy by walls and ofher barners.
The surface fimish (smoothress), compasition
and Ihickness of the barrier all have an effect
on the amount of energy which 1s reflected,
absorbed, or allowed to pass thzaceh the harrier.
Hetal 15 Righly reflective ane e woa ~flece
five barrser 1o the microwave wmergy, aliow:1g
none lo pass Ikrough even a very thm Lheo”
Wood, plastic. glass, o ' other nonmefaf..:
matetials allow radiaiion to pass. but they also
reflect and absarb some of the eneigy. A suffi-
crently thick wall aof noametallic material con-
fams the energy enough lo permit use of the
mictawave motion Oeteclor. Smooth walls are
more reflective than watls wilh rough fimshes.

Two ditferent antennas are available for Iwo
specific areas of coverage: short range and in-
termediate range. Figure 4 shows the two pai-
terns of coverage. Note: Underwrilers’ Labora-
tories listing applies only 1o the uyse of these
Iwo antennas.

The AG-1007 is normally monnted 8 1o 12 fect
abgve the lloor. The umt 15 mownted oa an
EG-1002 hrackel which lacthitates positiomng
the undl to ofilam the desired area of coverage.

N !
AG-1007-8 with i
Standard
Intermediate
Range Antenna

A »

Intermesiate Range
Antenna Pattern

AG-1007-7 with Optienal — ™
Short Range Antenna

Short Range Anteana Pattern
Fig. 4
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There are many siluations where this {ype of
i €an

of cwmge, shown in Fig, 4, is broadened by

motion detection
only 2 few of these applications will be covered.
The generai methads of instaitation and the ad-
justmen? tor the proper coverage 10 avoid nuis-
ance afaims are explained in the foliowing pages.

The number of AG-1007 units required and their
spetific location is determined by the size and
shape of the area to be pratected. Large fixtures
and obstruttions m the protected area must be

idered for their eifects.
The um!s must be slategically localed when
full coverage is desited, Refer to Fig. § for a
typical apphication of the AG-1807 unit in 2
shietded area,

Single Unit Installations

A typical roam, 50 ft. by 50 ft., can be covered
by 2 single AG-1007 unit with an optional short
range antenna as shown in Fig. 6. The paltemn

0
e |
Fig. & Single Unit Instalistion

tions from the walls in this area w provide
total 1oom caverage. In small areas, the unit is
instatied in the cenfer of the sharlest wall and
aimed at the opposite wafl. In Jarger areas, a
single unit can be used to cover the entire area
by using {he standard intermediate range antenna.
Refer to Fig, 7 for single unit wiring.

130N

ﬁifl m Bl

o ol 3

473
(4 mvmswm [Tl aianw
TOLoNOLIY MY ey
S aTen pire
MAXE CONWECTION TO
Ereldoe

Fig. 7: Single Uni¢ Wiring
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SECTION 111: (Cont’d) Nuisance Alarms

Multiple Unit Instalistions

Very large or odd-shaped areas may require more
than one AG-1007 unit to provide total room
coverage, see Fig. 8. Both the length and the
width of the area must be considered when
planaing multiple unit installations. Odd-shaped
aleas ate moie easily protected by selecting the
proper antenna to provide the pattern of coverage
necessary. In difficult areas, using an AG-1007
unit to check the atea prior to final ms!a”a!mn
of the is hetpful in i e-
sired coverage. Refer lo Fig. 9 tor mnlhple unit
wiring.

T

pd
p——— 7 ———f

Fig. 0: Multiple Unit Installatisn

In addition 1o effectively protecting the security
area, equipment —5{ be set up in such a manner
as to wevent nms:nce alams Basmally,'ﬂns
of re-
flecnvu objects inside the secured area during
the hours of protection and by adjusting the
range control fo prevent detection of moving ob-
jects ouiside the protected area.

Some objects capable of causing nuisance alarms

can be easily overlooked. The area should be

carefatly checked before the permanent instal-
lation is made. Listed here are several possible
sources of nuisance alarms:

1. Walls, ceitings or floois that would tend to
flex ar bow as a result of narmal enviranmental
conditions or heavy fraffic

2. Bats ar birds fiying immediatefy in front of
the antenna

3. Large animals, such as dags, in the piotect-
ed area

4. Venetian blinds moved by the wind

§. Exposed electric fans or moving machinery
(machines in metal cases cause no problems
because the case shields the moving parts
from radiation, unless of course, the case
moves or vibrates)

6. Logse-fitting roll-type doors

¢
“§

3] 4[ i 2]
—] =

080bbo
l"':‘
E)
}
coobbe

11}
T

Fiz. 9: Multiple Unit Wiring
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7. Hanging fixtures, such as large light fintutes,
swinging as a result of air motion

8. Moving ducl covers or dampes blades on the
outside of air conditioning or heating ducis

The AG-1007 should be located sa that it does
not point directly at glass or thin wooden doors,
These materials usually conlain the radiation
reflected from the room walls, but if the intrusion
detector 15 aimed directly al fhe doars or glass,
enough direct radiation may pass through to
cause alarms from oulside movemenls.

The range of the AG-1007 should be adjusted
no highes than necessaty fo cover the protected
area. In installations where there is doubt about
alarms resulting from movement outside the pro-
fected area, the AG-1007 should be lemporarily
set up in the plapned location and tested by
walking nu!snde the protected area. This can be

dwhile king the ge inside
the area of protection.

Mouating

The bottom of the AG-1007 unit is designed to
accepl the threaded stem of the EG-1002 mouni-
ing bracke?. Refer to Fig. 10 for bracket dimen-
sions and installation.

Power Wiring

The required aperating voltage for the AG-1007
is 24 volts a1 50/60 Hz. The AG-1007 can be
ordered with or without a T2-5001, 120/24 vait
A.C. plug-in transformer. The transformer is con-
nected to TB-2 of the AG-1007 unit at terminais
“E" and "'F** as shown in Fig. 11. It is recom-
mended that 2 standby power supply be used with
each AG-1007 unit instalfed and mounted near
the intrusion detector it supplies. Figute 12
shows the proper connections for wiring the

2; AG-I007 Wirlng to
D01} or =1 (sbeva) and 10
VQ4001-7 (below)

188 OF 48-%07

¥O-RDOT FEwumaL AT

T8-2 0F 2a0 29-007

pon

I8-2 0F 1ot a-i00?

l? l?je Do IQ 'Q

o

{;1 "t
r Tavac %ﬁu...,_,

Fig. 13: Oplluul VG-‘ODI Wiring to
Two AG-1007 Units

AG-1007 to VQ-600) Standby Power Supplies.
Note: The AG-1007 unit requires an earth ground
to terminat «4 of TB-1 (see Figs. 7 and 9).

Figute 13 shows an optional method of connect-
ing two AG-1007 units to 3 single VQ-6001 power
suppiy. A VQ400I-¢ adaptor must be ordered
separately for proper opetation. Note: The 24
volt A.C. transformer is connected directly to
the adaptor when this arrangement is used. All
power wiring mus! be in actordance with appli-
cable elecirical code requirements.
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SECTION ifl: (Cont'd)

Alarm Witing~Monitars Other Than Johnson
Because of the large nymber of secunty momtors
aad contral nstmenis presently available, ao
aftempl 1s made here to shaw interconnection
shawmgs for them all. Typicl comnechons ae
shown m Figs. 14 and [5, to 2id the mstalier in
making up s own divengs,

Central Station Moniters:  Figute 14 «llustrales
a tymeal wairing method wingh can be used tor
mast conveational double diop central statign
menitors. This methoy provides constan! super-
visaan al the witing fhrough the AG-1007 and
the tamper swilches. A bigak dngd C10SS OCCWS
when motign 15 sensed by the um!, Equipment
fadlure, which causes the supervisary telay con-
1acls 10 open, £aUsES 3 hieak mbcation,

Local Alarms and Palice Connection: Figute 19
tusirates o method which usvally can be used
with erther police connecled alams of iocal
Aanws.

AY 2l witiag Tas! be moaccordance with
apphicable electneal code tequitements.

Remote Testing

AG-1007-9, -12, and <13 Remale Test Maodules
ae solwdestate clecltomic circurt boards design-
ed Jor dynamic semote testig. They are equipped
with female conneclors that plug directly onto
specrfic lecranals on the delector alarm circurl

Fig. 15 Typical Local and Police Connccled
tarm Wiring

bomd as shows a Fig. 16, The AG-1G87-9 re-
quires a 6 voit D.C. mput, the AG-1007-17 re-
quires a 12 volt D.C. inpul and the AG-1007-13

requires 3 24 volt D.C. mput.
When the proper voltage (6, 12 or 24 volls D.C.
depending on the madel selected) 15 apphied fo
the test module wput fermmals, a signal s -
ecled o the detector cucuily. Thes sigaa!
tauses an alarm contact {ranster and resyllant
alarm,

When Ihe remote test contacts are located wn the
contrgl umit wa the protected area, the umt s
wired as shown m Fig. [7. The wire size used
for the npu! voltage «s 18 AWG. The inpu! pawer
signal caa be taken direclly from lerminals |
and § of TB-1 on the detectss. The dislance he-
tween the conlro! unit and hhe detecior shoyld
not exceed 50 feet. Shielded wire should he
used for these connections. Only the AG-10¢7-12
can be uhihzed ¢ tis apphcation.

Fig. 14 Typical Central Station Afarm Wiring

Fig, 16: Remot: Test Meduie Location
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It i3 necessary that the remote test conlacts
be lotaled gieates than 50 feet fiom the detestor,
i 13 necessyy [0 inCorporate 3 sepaiaie power
supply for the voltage inpul to the tes) module.
This 13 necessary 1o prevent stiay noise inler-
tetence from triggering an alarm. The wire size
15 dictated by the wire length and the isput volt-
age. Refer to Fig. 17 1ot a typical wirirg diagranm.
Note: o 3l) cases, proper polanty rwust be obs
served. At wiring must ge tn aciordance wilh
applicable electrical code reomrements.

conracts @
coerao. wmt

Fig. 17: Remote Test Module Wiring For
AG-3007-12 (above} and AG-1007-9 and -13 (below}
acucn vesr ]

oo,

sorca at
wow15a AL

SECTION 1V: ADJUSTMENTS

After the detector is installed and the wiring
compleled, it must be adjusted for the proper
taverage of ihe protected area as follows:

A Simpson 280 Mullimeter {or equivalen! 20,000
ahms ger valt meter) is used in making the ad-
Justments. Refer to Figs. 18 and 19 for locations
of test points and conlrols, The case cover can
be lifted off when the four screws in the botfom
corners are 1emoved.

OSCRLATOR TUNKG K40,

Crystat Biax:  With the delector in the “active”
mode of operatign, the multimetes is sel up as
follows; the negative lead fo common and the
positive lead plugged into the 50 microamp jack
with the seiector switch in the S0V {miccoamps}
position. Measwre the ciystal bias wyollage be-
tween TPL (on the amplifier case} ant ground.
Do not stand in front of the antenna while mak-
ing the adjustment. Body teflection affects the
meter reading. The mede; seading should be 70
15 av. if he ciystat bias vollage is ouiside
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SECTION t¥: (Cont'd)

1his mv. vange, loosen fhe lowes focknut on the
coaxial cable fitting {coupling adjustment) on
the seceiver cavity and push the coaxial cable
further into the cavity to increase the crystal
bias ot pull out the cable slightly to decrease
the crystal bias as iequired. When the correct
bias voltage is oblained, retighten the locknut.

Range Control:  Adjust the range contral to give
the desived toverage. The toverage can be de-
termined by walk lesting. As an 2id when walk
testing, a walk test light has been added 10 the
fiont of the AG-1007. 1t is also equipped wilh
an opaque lens cover ta conceal the light when
the unit is in operation. The walk tesh dight is
notmafly off, and is enetgized when the unit
defects molion. This light can be used to check
an area of coverage, and far periodic operation-
al checks by the subscriber, The range contrel
must be st to cover the wrex desired, »nd not
graater. Settings which are too high, incrmass the
powaibllity of nuizance alarms.

Tunabis Osciltater

fn myitiple unit instaliations, each AG-1007
unit should be adjusted to operate a minimum of
2 MHz apart from each other. This frequency
spacing should be the maxifum possible. Thus,
it you have lwo units in the same sina, one
setting should be fully clockwise, the other fully
counterclockwise, With a three unit installation,
gne ascillator selting shayld be fully clockwise,
one centered, and one fully counterclockwise.
The markings on the end of the osciflator are
about 2 MHZ apart.

As with any security device, the AG-1007 re-
quires periodic maintenance, It is recommended
that these adjustments and the coverage of the
unit be checked semi-annually, at 3 minimum,
{n exiremely dusly or hastile environments these
adjustments should be checked on a quarterly
hasis,

¥ith ait adjusiments made and the unit property
aimed, installstion is complefe,

SECTION V: TROUBLESHOOTING

Motion detector units and monitors siould be re-
turned to the Electronics Division in Dailas for
any major repairs. Mints sepairs which can be
accomplished quickly, such as fuses and tiys-
fals, can be performed in the field, If the unit
fails to operate properly, the fotlowing checks
willaid in delermining the condition of the equip-
ment and the location of troubles.

Crystat Mixer (Receiver)

Place the access-secure swilch in the access
position. Remove the amplifier plug Irom the
amplifier. Measyre the resistance across the
receiver oulput cable with the meler on the
R x 100 scale (See Fig. 18). Reverse meter leads
and repeal. Forwardresistance should be appsoxi-
mately 200 to 400 ohms. Back resistance should
be approa‘mately 50 to 100X ohms. If these read-
ings are ctose o the values given, the crys-
fat has a satisfactory front-lo-back ratio,

Crystals, even though they check out safisfac-
torily using the ohmmeter lest given, may be
whal is leumed ''noisy’. A noisy crystal can
cavse false ataims, particularly if the unif is
sel up far large area coverage or long range.
Another symplom af a naisy crystal may indicate
an excessively high supervisory signal level,
if all voltages check properly as cutlined above,
the crystal voltage is between 55 and 85 mv, and
false alaims of insensitivily aie obsewed wilh
(he unit, the crystal stould be repfaced. Any
time the crystal is replaced, readjustment of
the AG-1007 cenirels will probably be requited.
Also, before a final determination is mage to
ieplace the ciystal, the protected area shouid
be checked far any maving objects in the area,
such as fans, or for large vibrating objects,
such as air conditioning duct work, or possibiy
swaying light fixiures, doors and windows being
moved by wind, etc.
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To iemove the crysial for replacemen), remove
the two screws which secure the amplifier
(Fig. 18) to the unit, and lif1 the amplifier fron
the waveguide.

CAUTION: When temoving the ciystal, a pait
of insulated pliers should be used
of when removing by hand, ane hand
should be grounded fo the exlerior
of the case, If this is not complied
with, the electro-static charge de-
veloped in the body will be dis-
charged lhrough the crystal and
render the crystal useless,

Once the amglifier has heen remaved, the crys-
13l and integrat RF bypass capacitor ame re-
moveable. Separate the crystal from the RF by-
pass capacitor and replace in the reverse pider
of removal,

HOTE: Keep spare crysfals in their protective
foil containers. When handling crystals,
pitk up bothends Simultaneously. Crys-
tai can be destroyed dy siray efectro-
static charges.

When the equipment is propesly adjusted and in
the “Active’" condition, failure of the super-
visory refay to pull in indicates tiouble in (he
amplifier or deteclion Circuitry, 1t the resy of
the circuits check oot satisfactarily, Unifs with
troubles in the amplifier or detection circuits
should be retuined to the Electranics Division
tor repair.

NOTE: Very sfrong motion Signals can cause
the fail-safe relay to drop out, due to
the amplifier being satwated, This is
normal and should nat be considered
2 peablem.

Relays

Refay cantacss may require cieaning after a
year or more of operalion, A piece of slick paper
£an be ysed la clean the contacts,

It is @ goad practice to make sure all agjusi-
meais are properly set before contluding that
equipment is faulty.

35



36

DISTRIBUTION:

u.s. Department of Energy
office of Safeguards and Security

Attn:

George Weisz, Director (10)

Washington, DC 20545

de

P,
R.

Crane, Director, Safeguards and Security Division, AL (10 copies)
Smith, Director, Safeguards and Security Division, CH (5 copies)

Barry, Director, Personnel and Security Office, CJ (2 copies)

Argylc, Director, Safequards and Security Division, ID (5 copies)
Blankenship, Director, Safequards and Security, NV (3 copies)

Sergeant, Director, Safeguards and Security Division, OR (5 copies)
Von Grey, Director, Security Division, BPNR (5 copies)

March, Director, Materials Management & Safeguards Division, PNX (1 capy]
Jackson, Director, Safequards and Security Division, RL (4 copies)
Daley, Director, Safeguards and Security Division, SAN (7 copies)
Seebeck, Jr., Director, Safequards and Security Division, SR (5 copies)
Walsh, Director, Security and Safeguards Division, SNR (3 copies}

C. hyre

P. Madsen
H, Mauney
R. Julius
N. Caudel
D. Williams (25 )
P. Brigham
J. Sons
Burgardner
Miller

E. Stiegler
G. Waddoups

E. Olson
J. Eaton
Jacobs

A. Sellers
E. Hansen
J. Baremore
E. Hinde

L. Werner (S)
L. Garner (3}

for DOE/TIC {Unlimited Release)

P. Campbell (25}

for DOE/TIC

A, Aas



