United States Patent 119

Williams et al.

(11 3,919,704
[45] Nov. 11, 1975

[54] SYSTEM AND METHOD FOR DETECTING
UNAUTHORIZED REMOVAL OF GOODS
FROM PROTECTED PREMISES, AND
MAGNET DETECTING APPARATUS
SUITABLE FOR USE THEREIN

[75] Inventors: Allan L. Williams, Mt. Penn: Lyle D.
Heck, Reading, both of Pa.

{73] Assignee: Check Mate Systems, Inc., King of
Prussia, Pa.

(22] Filed: Dec. 4, 1972
(21] Appl. No.: 311,767

[52) US.CL..... 340/280; 340/258 D; 343/6.5 SS;

343/872; 324/34 D
[51] Imt. CL2.. GO8B 21/00
[58] Field of Search............ 340/280, 258 R, 258 C,

340/258 D, 224; 325/367, 369, 371;
343/866, 872, 893, 6.5 SS; 324/34 R,
324/34 D, 41

[56] References Cited
UNITED STATES PATENTS

2.280.461 471942 Whisk ... 325/371 X
31,292,080 12/1966  Trikilis...... 324/41
31423.674 1/1969  Goldsmith et al.............. 324/41 UX
3,665,448 5/1972 McGlinchey 340/280
3.665.449 5/1972 Elder etal ... ... 340/280
3,696,379 10/1972  Minasy............ 340/280
3,697972 10/1972  Brown...............cce.e 340/258 C X
3,706,027 12/1972  Grice ... 324/34 R
3,711.848 171973 MaArens .ooocovieniieeniiennennnnn 340/280
3,718,922 2/1973  Williams et al. ... ... 340/280
3,747,086 7/1973  Peterson ... ... 340/280
3,754,226 8/1973  Fearon.......cccoccovnviiiiiinnnins 3140/280
3,763,424 10/1973  Bennett..............cccnns 324/41

Primary Examiner—John W. Caldwell
Assistant Examiner—William M. Wannisky
Attornev, Agent, or Firm—Howson and Howson

[57] ABSTRACT

An improvement in systems in which a clip containing
a magnet is secured to goods in a store, and in which
magnet-sensing means are provided at an exit from the
stare to give an alarm if one attempts to remove the
goods through the exit with the magnet-containing clip
still attached; in an authorized removal of the goods,
e.g. pursuant to a purchase, the goods with clip at-
tached are taken to a check-out counter where the at-
tendant removes the clip and magnet so the goods can
be removed through the exit without sounding the
alarm. The improvement comprises a mat-like array of
loops of conductor coils disposed flat along a surface
of the counter adjacent the attendant, over which
array the goods are moved by the attendant in the
course of the check-out procedure. If a magnet-
containing clip is still attached to the goods, the mo-
tion of the magnet will induce currents in the coils to
operate an indicator telling the attendant of this fact.
If the attendant has failed to find and remove a clip
from goods during the check-out procedure, the latter
indications will so warn the attendant; upon observing
the indication, the attendant then finds and removes
the clip and magnet. This eliminates the possibility
that the innocent purchaser may be embarassed by
causing an alarm when he attempts to remove his pur-
chases through the store exit. Preferably the coil array
comprises at least two separate conductor loops of
similar configuration, overlapping each other but spa-
cially displaced in a horizontal plane, so that the mov-
ing magnet will induce currents in the loops; however
the effects of simultaneous similar changes in mag-
netic flux through the two coils such as may be pro-
duced by changes in stray magnetic fields are can-
celled out, and do not operate the indicator.

1 Claim, 4 Drawing Figures
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SYSTEM AND METHOD FOR DETECTING
UNAUTHORIZED REMOVAL OF GOODS FROM
PROTECTED PREMISES, AND MAGNET
DETECTING APPARATLUS SUITABLE FOR USE
THEREIN

BACKGROUND OF THE INVENTION

Various systems have previously been  proposed
which use electrical and magnetic means for detecting
the unauthorized removal of goods from protected
premises. such as a retail store, as part of an cffort to
reduce serious financial losses due to theft. In certain of
such systems, a magnet is sccured to the goods in the
store and a magnet-sensing device placed at the exit to

the store to detect the presence of the magnet on the .

goods. Thus, an alarm is sounded when one attempts to
conceal goods on or about his person and to remove
them from the exit, so long as the magnet is still secured
to the goods. When an authorized removal of goods
(for example pursuant to a purchase) is to be made, the
magnet member is normally removed as part of the pur-
chase procedure, and the goods may be removed from
the premises without causing the alarm to operate at
the exit.

Such systems, and clectrically releasable magnet-
containing clips to be secured to the goods, are dis-
closed and claimed in copending application Ser. No.
112,355 of A. L. Williams and L. D. Heck, filed Feb. 3,
1971 and now U.S. Pat. No. 3,718,922 issued Feb. 27,
1973; and in copending application Ser. No. 299,058,
of A. L. Williams and T. A. Keifer, filed Oct. 19, 1972
now U.S. Pat. No. 3,806,910, issued Apr. 23, 1974. In
such system, a hinged clip containing a permanent
magnet is secured to the goods in a locked condition,
and contains a bimetallic element which can be oper-
ated to open the clip only in response to an electrified
key provided at the check-out counter and applied to
the clip by the check-out attendant. Suitable magne-
tometer or like apparatus adjacent the store exit will
detect the removal of unpurchased goods having the
magnet-containing clip still secured thereto, and will
sound an alarm indicating a theft.

One difficulty which can arise in such a system is that
the check-out attendant may overlook removal of a
clip, and an innocent purchaser carrying purchased
goods through the exit may then cause an alarm to be
given, which would not only require returning the
goods to the check-out counter to remove the clip. but
would also be embarassing to the customer. Failure to
remove the clip can result from complete negligence by
the attendant in forgetting to locate the clip on each
piece of purchased merchandise, or can arise in situa-
tions in which not all goods are always provided with
clips and the attendant believes that a particular piece
of merchandise is of a type not provided with a clip and
hence does not search for the clip.

Accordingly, it is an object of the invention to pro-
vide a new and useful system and method for prevent-
ing false indications of unauthorized removal of objects
from protected premises.

Another object is to provide such method and appa-
ratus which will permit detection of unauthorized re-
moval of objects from protected premises by operating
an appropriate alarm, but will prevent operation of
such an alarm when such goods are removed with au-
thorization, as after purchase for example.
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It is also an object to provide a method and system of
the type in which magnet means are secured to objects
within protected premises and their removal through
an exit in the premises is detected by sensing the pres-
ence of the magnet. in which assurance is provided that
the magnet means has been removed from those goods
which have been purchased, prior to their removal
through the exit.

Another object is to provide a convenient, inconspic-
uous magnet detector at the check-out station which
will sense movement near it of 4 magnet associated
with goods and produce an indication of the presence
of the magnet.

A further object is to provide such magnet-detecting
apparatus which is sensitive to the magnet on the goods
but insensitive to the effects of usual stray magnetic
fields.

It is also an object to provide such a magnet detector
which is simple, safe, cconomical, reliable and does not
interfere with usual check-out procedures.

SUMMARY OF THE INVENTION

In accordance with the invention, there is provided a
method and system in accordance with which magnet-
detecting means is provided along the path of autho-
rized removal of goods from protected premises at a
position prior to the location of the magnet-sensing
means used to detect unauthorized removal of goods
from the premises. Preferably the first-mentioned mag-
net-detecting means is located at the check-out posi-
tion for purchased goods, and is such that when any
goods having a magnet associated therewith are moved
near the magnet-detecting means, an indication is pro-
vided to warn that the magnet means should be found
and removed before their passage through the exit
causes a false alarm. Preferably, the magnet-detecting
means at the check-out position is in the form of a mat-
like structure lying horizontally along the check-out
countertop, where movement of the goods by the
check-out attendant adjacent the magnet detector will
provide indications to the attendant if a magnet is still
present on the goods. Preferably also, the magnet de-
tector comprises at least two separate conductive loops
so positioned and configured as to cause a net current
in response to motion near them of a magnet, but so as
to produce little or no net currents in response to
changes in stray magnetic fields. In a preferred embodi-
ment, the at-least-two separate coils are of similar or
the same configuration but displaced from each other
horizontally, preferably in an overlapping but non-con-
gruent position.

Should the attendant fail to remove a magnet from
the goods, the motion of the goods over the mat-like
magnet detector on the countertop will produce a
warning indication and alert him to the failure to re-
move the magnet. In this way it is assured that the cus-
tomer will not be embarassed by a false alarm at the
exit due to the presence of a magnet on properly pur-
chased goods.

BRIEF DESCRIPTION OF FIGURES

These and other objects and features of the invention
will be more readily understood from a consideration
of the following detailed description, taken with the ac-
companying drawings in which:

FIG. 1 is a plan view of protected premises using the
apparatus and system of the invention;
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FIG. 2 is a perspective view of a mat-like magnet-
detecting coil array in accordance with the invention:

FIG. 3 is a perspective view of the electronics unit for
the magnet detector, including the indicator therefor:
and

FIG. 4 is an clectrical schemutic drawing for the mag-
net-detector apparatus of the invention.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

Referring now to the embodiment of the invention
illustrated in the figures, therce are represented protec-
tive premises within building walls 10 provided with a
customer entrance 12 and a customer exit 14, Entrance
12 leads to a goods storage area 16 for goods and mer-
chandise on sale or display. On cither side of the path
leading to the exit are located magnetometer devices or
the like which will sense the presence of a magnet adja-
cent to them and provide an alarm, typically an audible
alarm. Secured to the goods on sale in the store are
magnet-containing clips such as 24, which may be of
one of the types disclosed and claimed in the above-
identified copending applications. Each such clip con-
tains a magnet, generally a permanent magnet, and the
clip is secured to the goods in a locked condition. The
clip is provided with hinged jaws which can only be
opened when the clip is supplied with an electrical cur-
rent from an clectrified releasing wand such as 26. The
releasing wand 26 is in this example positioned at the
check-out stations such as 28, the check-out stations
being positioned along the path taken by customers on
their way to the cxit 14. At cach check-out station
there is normally an attendant such as 30, and a cash
register 32, in addition to the electric wand 26.

As described in the above-identified copending appli-
cations, if a customer attempts to leave the premises by
way of exit 14 with goods from which the magnet-con-
taining clip has not been removed, the magnet detect-
ing system 20 will sound an alarm indicating a theft. In
the course of a normal purchase, the customer or the
attendant will bring the goods to one of the check-out
stations, the clip will be removed by means of the clec-
trified wand, the financial transaction involved in the
purchase will be completed and the goods without the
clip are removed by the customer through the exit with-
out any alarm being given, as desired.

However, should an innocent purchaser carry to the
magnet-detecting apparatus 20 goods to which a mag-
net-containing clip is still attached, a false alarm will be
given, with considerable embarassment to all parties.

In accordance with the invention in this embodiment,
failure to remove a magnet-containing clip during the
purchase procedure at the check-out station is detected
and indicated to the attendant by means of a mat-like
magnet detector 40 positioned adjacent the check-out
station, in this example lying flat on the top of the
check-out counter 41. The mat-like detector 40 is elec-
trically connected to an associated electronics unit 42,
which may be housed in the same cabinet as the elec-
tronics for the release wand. The electronics unit may
be placed on top of, beneath, or in any convenient loca-
tion with respect to, the check-out counter.

When goods to which a magnet-containing clip is se-
cured arc brought to the check-out station and moved
adjucent the detector mat 40, currents induced by such
motion produce an indication on the electronics unit
42 of the presence of the magnet. This indication con-
stitutes a warning to the attendant that the magnet-con-
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taining clip is still present. so that he may remove it by
use of the clectrified wand. Preferably the mat-like de-
tector is pliced within casy reach of the attendant, so
that the above-mentioned motion of the magnet with
respect to the mat is produced during the ordinary
course of purchase and packaging, or the attendant can
consciously move the goods, either before or after
packaging, through the region above the mat-like de-
tector as assurance that the clips have all been properly
removed. Of course if an indication is obtained in this
procedure, the attendant then scarches for clips on the
goods and removes them with the wand, until motion of
the goods near the mat-like detector no longer pro-
duces an indication of the presence of a magnet. In this
way it is assured that all magnet-containing clips have
been removed before the innocent purchaser removes
the goods to the exit 14, and hence false alarms by the
magnet detector apparatus 20 are prevented.

The detector 40 contains at least one electrical con-
ductor, and preferably a plurality of separate coils of
conductors, each comprising one or more loops. FIG. 2
illustrates one preferred form of the mat-like detector.
A flat rectangular base 48, suitably of a hard plastic
material, is machined to provide the various grooves
such as 50 in the upper surface of the base, the grooves
being sufficiently deep to accomodate the two-multi-
turn coils 52 and 54 which overlap each other and lie
substantially in the same plane. A printed-circuit termi-
nal strip 56 is cemented to the bottom of a recess in the
base 48, the four leads from the two coils being con-
nected to four corresponding tabs of the terminal strip.
The terminal strip connects these found leads to three
output leads from the coil array as shown in FIG. 2 and
in the electrical diagram of FIG. 4.

As an example only, each coil may be in the form of
a generally rectangular loop about 12 inches long and 8
inches across, each loop overlapping the other to about
the center line of the other loop, the loops also being
slightly displaced from each other in their lengthwise
direction. A top cover 57 of plastic material similar to
base 48 may be cemented over the top of the base to
seal the coils in position and to protect them from dam-
age or deterioration. The complete detector unit may
typically be about 1% feet long and 14 inches in width
and about 1 inch in height.

FIG. 3 illustrates a typical form of the electronics unit
for the detector, to which the three leads from the mat-
like detector are connected by the cable 59. On its
front, facing the attendant, are mounted a line fuse 60,
key-operated on/off power switch 62, and a pilot lamp
64 2 buzzer alarm providing the indication of the pres-
ence of the magnet near the detector mat is contained
within the cabinet of the electronics unit. Line power
for operating the unit is supplied over line 65.

Referring now to FIG. 4 showing the electronic cir-
cuitry of the magnet detector apparatus, as shown the
two coil terminal leads 66 and 67 from the left-hand
sides of the two coils 54 and 52 are connected together
and to a common ground. The lead 70 from the right-
hand side of coil 54 is connected through a resistor 72
to the non-inverting input terminal 3 of the solid-state
differential amplifier 74, while the lead 75 from the
right-hand side of coil 52 is connected through resistor
76 to the inverting input terminal 2 of the differential
amplifier.

Differcntial amplifier 74 may comprise, for example,
the industry type-number 301 differential amplifier
which produces at its output connection 6 an amplified



3,919,704

5

version of the difference between the signals supplied
to its inverting and non-inverting input terminals. Re-
sistors 76, 82 und 84 constitute the gain-determining
resistors for the inverting input 2, while resistors 72, 86
and 88 determine in puart the guin for signals supplied to
the non-inverting input terminal 3; preferably resistors
72, 86 and 88 arc respectively cqual in value to resis-
tors 76, 82 and 84. In addition, the connection from
junction point 8% between resistors 82 and 84, to the
junction point 90 between resistors 86 and 88, by way
of the variable resistance 92, provides additional feed-
back for increasing the gain of the amplifier. Resistor
92 is normally sct to provide the maximum feedback
and muximum gain possible without rendering the am-
plifier inoperative by causing it to be held in one of its
extreme conduction states. A conventional bandwidth
control circuit comprising capacitor 94 and resistor 96
limits the bandwidth of the amplitier to a few cycles per
second, thereby reducing sensitivity to high-frequency
noise or interference. including stray 60-cycle fields. In
addition, the connection of resistor 98 to ground
through the variable resistance 99 constitutes a con-
ventional offsct node adjustment to balance the ampli-
fier so that it produces zero output when the input sig-
nals to its inverting and non-inverting terminals are ¢x-
actly equal. The amplifier output connection 6 is con-
nected to the remainder of the circuit through the AC
coupling capacitor 100, to avoid drift problems some-
times encountered when DC coupling is utilized.

The signal passed through capacitor 100 is supplied
to input terminals 3 and 2, respectively of amplifying
comparators 101 and 102, which again may be stan-
dard solid-state devices, such as the industry type-num-
ber 741. Each of these devices has the property that its
output signal begins to exceed zero in the positive di-
rection only when the voltage applied to its terminal 3
first exceeds the voltage applied to its input terminal 2.
The output terminals 6 of comparators 101 and 102 are
supplied, respectively, through diode rectifier 104 and
resistor 106, and through diode rectifier 108 and resis-
tor 110, to the base 112 of an NPN transistor 114, The
polarity of connection of the two diode rectifiers 104
and 108 is such that each passes a positive signal to
transistor base 112 to turn on transistor 114 only when
the output of its corresponding comparator is positive.

Input terminal 2 of comparator 101 is biased posi-
tively by the bias voltage supplied thereto through fixed
resistor 115 and adjustable divider 115A; input termi-
nal 3 of comparator 102 is biased negatively by the bias
supplied thereto through fixed resistor 116 and divider
116A. Accordingly, when the signal through capacitor
100 is zero or small, neither comparator produces a
positive output; when the signal through capacitor 100
becomes more positive than a value established by the
position of the tap on divider 115A, comparator 101
produces a positive output; and. when the signal
through capacitor 100 becomes more negative than a
value cstablished by the position of the tap on divider
116A, comparator 102 produces a positive output.
Small signals due to noise or interference are thus pre-
vented from turning on transistor 114,

The emitter of transistor 114 is grounded and its col-
lector is connected through relay coil 118 and resistor
120 to positive supply potential. A conventional tran-
sient-suppressing diode rectifier 122 is connected in
parallel with the relay coil. Relay coil 118 operates
upon its associated contact arms 124 and 126, and
causes them to move from the normal positions thereof
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shown in the drawing to their opposite positions when
a current is passed through the relay coil. In the ab-
sence of signal from the comparators 101, 102, the
buse of transistor 114 is open-circuited and the transis-
tor substantially cut off, so that no current flows
through relay coil 118 and the contact arms 124 and
126 remain in the positions shown.

In the normal condition shown, the contact arm 126
connects a resistor 130 in parallel with o timing capaci-
tor 132, the opposite upper end of resistor 130 being
connected to the positive supply potential; resistor 130
then serves to maintain capacitor 132 normally dis-
charged. However, when reluy contact arm 126 is
changed to its opposite position, it connects to capaci-
tor 132 in scries between the positive supply voltage
and the base 112 of transistor 114, by way of the series
resistor 136. This causes a positive voltage to be ap-
plied to transistor basc 112, holding the transistor in
conduction. until capacitor 132 becomes charged up
by the positive supply. Thus if cither of the comparu-
tors 101 and 102 supplics only a momentary positive
voltage to transistor 114, turning it on for only a short
interval, the action of relay contact arm 126 and capac-
itor 132 is to maintain the transistor 114 conductive for
a predetermined interval, typically a few seconds, cven
though the positive signal from the comparator has al-
ready disappeared. Accordingly, even a momentary
output from one of the comparators will cause the tran-
sistor 114 to remain turned on for at least a few scc-
onds. Also, when current flows through relay coil 118
contact arm 124 is operated to its opposite position,
and an alarm 140 such as a buzzer is connected in cir-
cuit with an alternating voltage source supplied over
lines 144 and 146. Therefore, whenever a positive sig-
nal is applied to the base 112 of transistor 114 the
buzzer will be sounded which will persist for the time
required for capacitor 132 to charge.

To provide operating supply voltages for the circuit,
an alternating-voltage supply source 148, such as a
standard 110-volt AC wall socket, is provided, one side
of the line from source 148 being connected through
the fuse 60 and the on/off power switch 62; pilot lamp
64 is connected between the opposite sides of the alter-
nating voltage supply line, following the fuse and on/off
switch, to provide an indication that the switch has
been closed. The alternating supply voltage is then sup-
plied to a conventional direct-current power supply
160, the output of which provides the direct voltages
required for operating the circuit. In this example, the
DC supply voltages are ground, +15 volts, —15 volts,
430 volts and —30 volts.

In the operation of the circuitry shown, when there is
no magnet moving near the sensing coils 52, 54 there
will be no input voltage to, or output voltage from, the
differential amplifier 74; transistor 114 will be noncon-
ductive; there will be no current through rclay coil 1185
and the relay contacts 124 and 126 will be in the nor-
mal position shown. Accordingly, the alarm 140 will
not receive operating voltage and the buzzer will not be
operated. [f there should be a simultaneous change in
the magnetic field affecting both sensing coils equally.
for cxample due to changes in the carth’s magnetic
field or due to changes in other stray magnetic fields,
the same current will be induced in both coils, there
will be no difference in the inputs supplied to the differ-
ential amplifier, and accordingly there will be no out-
put therefrom and the alarm again will not be operated.
However. if a magnet-containing clip is moved over the
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sensing coils, for example within about onc foot
thereof, the motion of the magnet relative to the con-
ductors in the coils will induce currents in the coils
which, in general, will be unequal in strength. For cx-
ample, if the magnet is moved from left to right across
the sensing coils, first a pulse of current of a given po-
larity will occur in lcads 70, then a pulse of current of
the same polarity will occur in lead 75, next a pulse of
current of opposite polarity will occur in lead 70, and
then a pulse of opposite polarity will occur in fead 75.
Each of these pulses represent an unbalanced input to
the differential amplifier which will at least momen-
tarily turn on transistor 114, and timing cupacitor 132
will hold that transistor on for at least a few seconds,
during which time the alarm is given to the attendant,
indicating a magnet-containing clip is near the detector
mat. The attendant then searches for and removes the
clip so that the customer may leave with the goods
without sounding the alarm at the exit of the premises.
Of course, the magnet nced not be moved from left to
right as described above, any substantial motion of the
magnet near the coils generally producing an unbal-
anced signal to the differential amplifier.

Although the form of coils shown is preferred, other
arrangements thereof may also be utilized. As examples
only, more loops (such as 4, 6 or 8 loops) may be em-
ployed if desired, half of them being connected in par-
allel with each other and the other half being separately
connected in parallel with each other; each coil may
itself be formed into several displaced loops if desired.
Furthermore, although it is preferred to utilize coils
having the sume configuration, but spacially displaced
from each other, it is possible to use two loops which
are of different configurations but which respond in the
same way to changes in uniform fields by selecting the
number of turns of wire in each to produce the same
output in response to the same flux changes. Also, the
connections to the two coils may be reversed from that
shown so that, instead of producing equal outputs in re-
sponse to equal changes in uniform fields through
them, they produce outputs of the same magnitude but
opposite polarity. In this event, the electronic circuitry
may be arranged to add algebraically the effects of the
currents in the two loops, instead of effectively sub-
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tructing them. The coils may also be completely sepa-
rated from cach other, ruther than overlapping, al-
though this requires more space and has been found
less effective.

While one preferred location for the detector mat is
lying flat on the top of the counter, it may be mounted
in the counter top, or below it if the counter top is of
non-magnetic material such as wood or plastic. It may
also, for example, be mounted vertically rather than
horizontally, along one side of the counter where the
attendant normally carries the goods, so that she may
conveniently move the goods across the detector pad to
determine if any clips are still on the goods. Also, while
it is preferred to utilize an arrangement of coils and as-
sociated circuitry which cancels or nulls out the effects
of similar simultaneous currents in the two coils, it is
possible to use a single coil, or theoretically even a sin-
gle straight conductor, although in the first case suscep-
tibility to interference and false indications would be
increased, and in the second case the sensitivity of the
system would be greatly decreased.

Thus while the invention has been shown and de-
scribed with particular reference to specific embodi-
ments thereof in the interest of definiteness, it may be
embodied in a variety of forms diverse from those spe-
cifically shown and described, without departing from
the spirit and scope of the invention as defined by the
appended claims.

What is claimed is:

1. Apparatus for detecting the presence of a magnet
secured to goods adjacent a counter, comprising a mat-
like housing adapted to lie flat on said counter, at least
a pair of similar partially-overlapping electrical con-
ductor coils lying flat within said housing and con-
nected so that current is induced in any of said conduc-
tors by said magnet only when said magnet is adjacent
said conductors and in motion relative to said conduc-
tors, and indicator means connected to said at least pair
of conductor coils for producing indications in re-
sponse to currents induced in said conductors by adja-
cent movement of said magnet and non-responsive to
the effects on said coils of extraneous magnetic fields

from remote sources.
* * * * *



