1 ¢@AVBI NED MOTI ON DETECTI ON AND SHOCK SENSI NG APPARATUS FI ELD OF THE
IYIVENTI ON 5 The present invention relates generally to the field of notion
detection and shock sensing devices, and in particular, to a notion
detect or which can al so detect shock or vibration. 10

BACKGROUND OF THE | NVENTI ON Mbti on detectorls and shock sensors are

generally well known to those skilled in the art. A nunber of approaches

are currently being used t@oMSINED2MOTIONDEPECTTORCIARD and shock
sensing function in various | SENSHIG tEPPﬂF(’ﬁTU‘SeS are enpl oyed in
mul titude of applications. Sone of the approaches and the applications can

be found in, anong others, U S. Patent No. 5,585,566, U S. Patent No.
5,571,969, U S. Patent No. 5, 510,{_@%@#%%@ 5,483, 225, U. S

Pat ent No. 5,445,007, U. S. Paten . 9, ) , U.oS. Patent No. 5,749, 366,
U S. Patent _No. 20 5,623,259, U S Patent No. 5,406,083, U S Patent No.
5, 391, 859, 6 S. Patent No. 5,383,014, U S. Patent No. 5,381,011, etc. One
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10 BACKGROUND OF THE INVENTION

Motion detectors and shock sensors are generally well known to
those skilled in the art. A number of approaches are currently being used
to facilitate the motion detection and shock sensing function in various

15 devices, and these devices are employed in multitude of applications.
Some of the approaches and the applications can be found in, among
others, U.S. Patent No. 5,585,566, U.S. Patent No. 5,571,969, U.S. Patent
No. 5,510,666, U.S. Patent No. 5,483,225, U.S. Patent No. 5,445,007, U.S.
Patent No. 5,424,749, U.S. Patent No. 5,749,366, U.S. Patent No.

20 5,623,259, U.S. Patent No. 5,406,083, U.S. Patent No. 5,391,859, U.S.
Patent No. 5,383,014, U.S. Patent No. 5,381,011, etc.

One common application for a motion detector and/or shock sensor
is in the field of security. Fdr instance, a motion detector may be placed in a
home or an office during the non-working hours to detect an intruder. A

25 shock sensor may be placed inside an automobile to detect a theft of the

car, or disturbances causes by vandals. In these applications, the motion



.2 détector and the shock sensor would typically be coupled to an alarm or
sone other type of security systemto alert the proper authority. For sone
of these applications, it would be useful, and hence desirable, to be able
to detect both notion and shock. For instance, in the 5 case of a security
system for an autonobile, many different types of intrusions can occur,
many of which can only be detected by either the notion detector or the

shock sensor, kdtetrot abdtthe StoickasenEbl doukd typicdllys bercoupléd a6 droakmieeni ng
of the hood or the trunk of the autonobile, or a breaking of the
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detector which usually only detects novenent inside the car.  On the other
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reaches in to steal an object, er detected the notion detector.
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10 the motion detector which usually only detects movement inside the car.

On the other hand, a thief who carefully enters the inside of the automobile

or simply reaches in to steal an object, is better detected by the motion

detector. |

Although it is possible to install both the motion detector and the

15 shock sensor separately, it can be easily appreciated that it would be ideal

to have a single device which can detect both motion and shock. For one,

it is more convenient to install one device rather than two. Moreover, it is

cheaper to produce a singie integrated device performing two functions

where some of the components can be shared, rather than producing two

20 separate devices performing the functions in isolation. An ideal combined

motion detector and shock sensor would share many of the same

components such that a motion detector can easily be modified to also

detect shock. Although a combined motion detector and shock sensor is

disclosed in at least one known source, U.S. Patent No. 4,358,750, the

25 device disclosed in this patent utilizes a complex circuitry and does not

disclose any circuitry or method for easily modifying existing motion



25 'device disclosed in this patent utilizes a conplex circuitry and does
not disclose any circuitry or nethod for easily nodifying existing notion
3 detectors to also detect shock. Hence, there is a desirability to have a
singl e device which can detect both notion and shock, and which can be

I npl ement ed easily and cheaply using existﬁ%g notion detectors. 5

OBJECT OF THE | NVENTI ON Therefore, it is the object of the present

i nvention to pryutbérs t& idlst detddtisHockNi I9EnésiNthers #l aeéikammzi R havd a
shock. It is another object of the invention to provide a nethod of

modi fying 10  egjhgibl d6it®WiHith ¢aheddteéisbdth mbich apdasHockhaRd whicN danbeon
I n a manner which i s unconplicated and cost effective to inplenent. SUWARY
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detection and sensi ng apparatus whi ch can be qui ckly 1 nplenmented
using currently- available notion detectors. The apparatus of the present
I nvention conprises a housi ng which houses a notion detector having the

necessary m%tion detecting circyhgiEcTOETHEWVENPION coil is attached to
20 the housing and pl aced such g@%—;{—q—@mﬂm nof it is wthin the
field of coverage of the notion detector. The notion detector operates in a
manner consistent with many notion detectors currently available. Wen a

shock or vibraton i g0gl ol 15 G Hhe bhseH! Hileron tb ralik8™s HEHES

the spring tension c
device which can detect both motion and shock.

It is another object of the invention to provide a method of modifying
10 existing motion detectors to also detect shock or vibration in a manner

which is uncomplicated and cost effective to implement.

SUMMARY OF THE INVENTION

15 The present invention is a combined motion detection and shock
sensing apparatus which can be quickly implemented using currently-
available motion detectors. The apparatus of the present invention
comprises a housing which houses a motion detector having the
necessary motion detecting circuitry. A spring tension coil is attached to

20 the housing and placed such that at least a portion of it is within the field of
coverage of the motion detector.

The motion detector operates in a manner consistent with many
motion detectors currently available. When a shock or vibration is felt by
the housing, the shock or vibration causes the spring tension coil to vibrate

25  within the motion detector’s field of coverage. The vibration motion of the



25 within the notion detector's field of coverage. The vibration notion of
the 4 spring tension coil, while very small, is detected by the notion
detector so long as the coil is placed relatively near the notion detector.
The notion detector can be virtually any standard notion detectors
currently avail able using mcrowave as the &ensing el enent, though other 5
types of notion detectors nay be enployed as well. The housi ng need not be
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pring coi | shdand asdneaan s st RltveBee mf meRi boeBii i on Getector.
Vi'brat i on woul d’ causEe MSURE: SetgtalRbrbe el A ReRag! B oS8Rl o
p o e oS SE TS RS S e e e AL B
depends on 85 YRBHOLEHEION eREs TRy e omAloap s WPk Th8 suisitg:nerdinpt
Tt oS oy e oo B o ot SpRERC S Al
replaced with a non-netal lic container_containing a liquid or other,
materials of sihRUsE thenspring epilstlhesspringncelk alsgwaeed mefike, of @nyi padigulago
m crowave reflectivity. The container is attached to the housing and Rl aced
wi thin the fielghage ohdirnensiengdiewevare agstated ahavec b deastya postiomef kher
spring coil should be within the field of coverage of the motion detector. In
10 addition, the spring coil should be of a type such that a shock or vibration
would cause the portion which is within the field of coverage to vibrate
enough to cause the motion detector to detect the motion. This can be
controlled by controlling the length, the weight, the shape, the material
and/or the thickness of the spring coil. The choice, of course, depends on
15 how sensitive one wishes the apparatus to be, which in turn, will depend
on the particular application of the apparatus.
In an alternative embodiment of the present invention, the spring coil
is replaced with a non-metallic container containing a liquid or other
materials of similar characteristics such as powder having sufficient
20 microwave reflectivity. The container is attached to the housing and placed
within the field of the coverage of the motion detector. When a shock or

vibration is felt by the housing, the shock or vibration causes perturbation

in the liquid which is detected by the motion detector.

25 BRIEF DESCRIPTION OF THE DRAWINGS



vibration is felt by the housing, the shock or vibration causes
perturbation in the liquid which is detected by the notion detector. 25
BRI EF DESCRI PTI ON OF THE DRAW NGS 5 FIG 1 is a schematic diagram
iltustrating the preferred enbodi nent of the present invention where a
spring coil is used to detect shock or vibrmation. 5 FIG 2is a
schematic diagramillustrating an alternative enbodi nent of the present

i nvention where a container containing a liquid is used to detect shock or
vi brati on. DETAI LED DESCRI PTION OF THE INVENTION 10 FIG 1 illustrates a

schemati c di agram of_the .preferred. enbodi mept .of. t he conbi ne tipn

det ection and shock Fs'bhgl'gé %‘g‘ﬁmaﬁ&ggﬂraw@“%{[ﬂ}maﬁ?spf?%fm@Pr”fg‘&“q%{'e"t
housi ng 3 which houses a nption detector 5 having the necessar tion
detecting circ®ftthe present Rygrtion Avisre aspring calhds Msedito dSPt?"Zt ‘glﬂ)(f%ﬁéd to
t he housing 3 and pl aced such that at |east a portion, here 7a, of the

tension coil 7 ViBrafiophin the fiel d of coverage (as illustrated as the |ines
9 protruding out of the nption detector 5) of the notion detector 5.
Currently, Bhere ar Flfadis@ sshanealic diageam dlusirating @angaitespative; embpdiment
motion detectors can be broad categorised by the types of sensing el ement
used to detect 9fdhedqresemdnvemtion w%em@ta @ﬁnéme;cwmiglmgawehwdanseused to

detect shock or vibration.

DETAILED DESCRIPTION OF THE INVENTION
10
FIG. 1 illustrates a schematic diagram of the preferred embodiment
of the combined motion detection and shock sensing apparatus 1. The
apparatus 1 comprises a housing 3 which houses a motion detector 5
having the necessary motion detecting circuitry (not shown). A spring
15 tension coil 7 is attached to the housing 3 and placed such that at least a
portion, here 7a, of the tension coil 7 is within the field of coverage (as
illustrated as the lines 9 protruding out of the. motion detector 5) of the
motion detector 5.
Currently, there are many different types of motion detectors. The
20 motion detectors can be broad categorised by the types of sensing element
used to detect motion. The types of motion detecting elements are
microwave, passive infra-red (PIR), ultrasonic, and active infra-red (AIR).
Although generally it may be possible to use all but the PIR type of motion
detectors, the following description will focus mainly on the microwave type
25 motion detectors. However, it should be understood that this is illustrative

only and should not be construed as a limitation on the current invention.



m crlowave, passive infra-red (PIR), ultrasonic, and active infra-red (AIR).
Al though generally it may be possible to use all but the PIR type of notion
detectors, the follow ng description will focus mainly on the m crowave
type 25 notion detectors. However, it should be understood that this is

il lustrative only and should not be construged as a limtation on the
current invention. 6 The notion detector 5 operates in a manner
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shock or vibration is felt.by the housing 3,.the shock or vibratjon causes
the spring tendnexemgnt wrth'rhﬁﬂ f'ﬁ§4 of &elvs%gf Phaefﬁshq- waver, dt sholdy be

wthin the notion detector's field of coverage 9. The vj bration tion of
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detector 5. This holds true so long as the 10 portion 7a qof the sBri ng
tension coi B 7 Magniteda ebithesaring wiktations| When; 3 shaek phvikiatior s detb by shener e
the free space path loss is relatively low Were this condition_is
general |y net, housing ¢hdhershoskveravibyatione cagsasothel spaag densigpurcail b and
sufficiently strong to detect the snall novenment of the coil 7. The notion
detector 5 can partioularlyatheypertion nia; rtovibeatergrithim the matior detectocs fielehtafy
avai l abl e. The housing 5 need not be of any particul ar dinension but
suffici ent rooncoveragel % eThe aibiratibre maetidmookthet $pringp ténsior @ioll 7, while tvery
mat eri al nust not bl ock the sensing elenent, in this case, the
small, is detected by the motion detector 5. This holds true so long as the
10 portion 7a of the spring tension coil 7 is located sufficiently close to the
motion detector 5 where the free space path loss is relatively low. Where
this condition is generally met, the sighal received by the motion detector
should be sufficiently strong to detect the small movement of the coil 7.
The motion detector § can be virtually any microwave motion
15 detectors currently available. The housing 5 need not be of any particular
dimension but sufficient room should be available to house the spring coil
7 and the material must not block the sensing element, in this case, the
microwave. It is commonly known that material such as metal can block
microwaves. The spring coil 7 also need not be of any particular shape or
20 dimension. However, as stated above, at least a portion of the spring coil 7
should be within the field of coverage of the motion detector, and it should
not unduly affect the normal functions of the motion detector. In addition,
the spring coil should be of a type such that a shock or vibration would
cause the portion which is within the field of coverage to vibrate enough to
25 cause the motion detector to detect the motion. This can be controlled by

controlling the length, the shape, the material and/or the thickness of the



m crrowave. |t is commonly known that naterial such as nmetal can bl ock

i crowaves. The spring coil 7 also need not be of any particul ar shape or
20 di nmension. However, as stated above, at |east a portion of the spring
coil 7 should be within the field of coverage of the notion detector, and
it should not unduly affect the normal fundtions of the notion detector. In
addition, the spring coil should be of a type such that a shock or
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how sensitive Q ] apparatus to be, which in turn, will depend on
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which can be placed within the field of coverage of the motion sensor;,
10 which, when the housing experiences shock or vibration, will cause a
vibration or other small motion by the object which would be detected by
the motion detector.
For instance, FIG. 2 illustrates an alternative embodiment of the
present invention. In this embodiment of the combined motion detection
15 and shock sensing apparatus 20, the spring coil 7 in FIG. 1, is essentially
replaced with a container 22 which is partially filled with a liquid 24 having
sufficient microwave reflectivity, e.g., water. The container 22 needs to be
of a material which is transparent to microwave such as plastic. Alternative
to the liquid, the liquid may be replaced with powder having sufficient
20 microwave reflectivity, or other material having similar characteristics as
liquid. The container 22 containing the liquid (or other material) should not
unduly affect the normal function of the motion detector.
Similar to the embodiment shown in FIG. 1, the liquid container 22 is
attached to the housing 28 and placed within the field of coverage 26 of the
25 motion detector 30. When a shock or vibration is experienced by the

apparatus 20, the shock or vibration causes perturbation in the liquid which



present invention. In this enbodi nent of the conbined notion detection 15
and shock sensing apparatus 20, the spring coil 7 in FIG 1, is essentially
replaced with a container 22 which is partially filled with a liquid 24 :
havi ng sufficient mcrowave reflectivity, e.g., water. The contai ner 22
needs to be of a material which is transpargnt to m crowave such as
plastic. Alternative to the liquid, the liquid my be replaced with powder

havi ng sufficient, 20 I crowave reflectiyity, or other erial havin
o ar " ehar acsdetected Bcther qanian Jeteston 3o, Aufing AHGHSR e OV Gl o
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moti on det ect orthe diasid may: be smalle AR Mmoo "@M&ﬁnd?tﬁcﬁ‘{ﬁo ong & th?dlﬂ”dg
container 22 is attached to the housing 28 and placed within the field of
coverage 26 of qamtaipsr 23ds plaseddelatively naar the aptionsggiertos 30y Hewtness the
experienced by the apparatus 20, the shock or vibration causes perturbation
in the |iquid weansainer hgs fabede the seunee of the microwavacdssanewihat daganded
al t hough the novenent of the liquid may be snmall, the notion nmay be
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noti on detector 30. How near the container has to be to the source of the
m crowave i s soshomichbedd jearliddd the wavelengimokiheryicnowave heing iransmitted.
General | y speaki ng, the distance should be at |east 1/4 the wavel ength of
the m crowave bei ng Theasensitivityd of Tihe apparitus \2Q jn dbtadliagashookaon vilitation
detecting shock or vibration can be controlled by the choice of liquid
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sensitive the apparatus 20 will be

Generally, the higher the viscosity, less sensitive the apparatus 20 will be
10 in sensing shock or vibration. For applications where the apparatus 20 will
be exposed to extreme cold, the liquid 24 should be of the type which has
correspondingly low freezing point. Also, where environmental factors are

at issue, the liquid 24 should be of the type which is environmentally safe.
The present invention may be embodied in other specific forms
15 without departing from the spirit or essential characteristics thereof. The
presently disclosed embodiments are, therefore, to be considered in all
respects as illustrative and not restrictive, the scope of the invention being
indicated by the appended claims and all changes which come within the

meaning and range of equivalency of the claims are, therefore, to be

20 embraced therein.



.10 "in sensing shock or vibration. For applications where the apparatus 20
will be exposed to extrene cold, the liquid 24 should be of the type which
has correspondingly |l ow freezing point. Al so, where environnental factors
are at issue, the liquid 24 should be of the type which is environnentally
safe. The present invention nmay be enbodieg in other specific fornms 15
W t hout departing fromthe spirit or essential characteristics thereof. The
presently disclosed enbodi nents are, therefore, to be considered in al
respects as illustrative and not restriGCkAIMSthe scope of ~t-he-i nvention- --
being indicated by the appended clainms and all changes wh
the nmeani ng and range of equival ency of the clains are, Hmu mﬂglmlws]t‘g“io
enbraced therein. 9 CLAIMS C L M SI daim 1 ned
moti on detecti h§laimd shock sensing apparatus 2 conprising: 3
notion detector; 4 a housi ng whi ch houses said notion detector
5 an object attached to said housing where at |east a portion of
said 6 object is within a field of coverage of said notion detector, 7
wher eby shdck dr vi Breombined xpelioredetedting andi shackissinsingapparatus 8  novenent
in said object which is detected by said notion detector.

2 comprising:

3 a motion detector;
4 a housing which houses said motion detector; and
5 an object attached to said housing where at least a portion of said

6 object is within a field of coverage of said motion detector,

7 whereby shock or vibration experienced by said housing causes a
8 movement in said object which is detected by said motion detector.

1 2 The combined motion detecting and shock sensing apparatus as
2 recited in Claim 1 wherein said object is a spring coil.

1 3 The combined motion detecting and shock sensing apparatus as
2 recited in Claim 1 wherein said object is a container 'cohtaining a liquid.
1 4. The combined motion detecting and shock sensing apparatus as
2 recited in Claim 1 wherein said motion detector is a microwave type motion
3 detector.

1 & A combined motion detecting and shock sensing apparatus

2 comprising:

3 a motion detector;
4 a housing which houses said motion detector; and
5 a spring coil attached to said housing where at least a portion of

6 said coil is within a field of coverage of said motion detector,



1 2. The conbi ned notion detecting and shock sensi ng appar at us_ as 2
recited in Claim1l wherein said object is a spring co

conbi ned notion detecting and shock sensing apparatus iﬂlll "E"I%lﬁml"l“l
Claim1 wherein said object is a container containing The
conbi ned notion detecting and shock sensi ngoapparat us as 2 reci

Claim1l wherein said notion detector is a mcrowave type notion 3

detector. 1 5. A conbi ned nption detecting and shock sensi ng ap arat us 2
conpri sing: 73 wherebyisheckar é/&rgplon@xperlencecb 88} heusing gﬁ

said notion detector; and 5 spring coil attached to said hou5| ng
where at |ed@st raopemenbef %ﬂld@m'éﬂ]l@“ &)dete dpy said motienedgtestoreover age of
said notion detector, 10 7 wher eby shock or vibration experienced
by said houdi ng.causthe gombinedometion sietecting and shegk sensirg appatatesiasy sai d
notion detector. 1 6. The conbi ned notion detecting and shock sensing
appar atus ag 2 nreetted aqumntSavherewmd@pnngmod hasra ggneral shape ohagener al
shape of an 3 inverted "L". 1 7. The conbi ned notion detecting and shock
sensi ng appar atingerdsd A" ecited in daim5 wherein said notion detector is a
m crowave type notion 3 detector. 1 8. A conbi ned notion detecting and
shock sensing appar afhes combined motion detecting and shock sensing apparatus as

2 recited in Claim 5 wherein said motion detector is a microwave type motion
3 detector.
1 8. A combined motion detecting and shock sensing apparatus

2  comprising:

3 a motion detector;
4 a housing which houses said motion detector;
5 a container attached to said housing where at least a portion of said

6 container is within a field of coverage of said motion detector; and

7 a material disposed within said container,

8 whereby shock or vibration experienced by said housing causes a
9 movement in said material which is detected by said motion detector.

1 9 The combined motion detecting and shock sensing apparatus as
2 recited in Claim 8 wherein said material is liquid.

1 10. The combined motion detecting and shock sensing apparatus as
2 recited in Claim 8 wherein said material is environmentally safe.

1 11. The combined motion detecting and shock sensing apparatus as
2 recited in Claim 9 wherein said liquid has relatively low freezing point.
1 12. The combined motion detecting and shock sensing apparatus as

2 recited in Claim 8 wherein said material is powder.



.2 Conprising: 3 . . .a motion detector; 4 a housi ng whi ch houses

'said notion detectpge contai ner attached to said housi ng where
at least a porti onmlll wuﬂuulmﬂHHIner is within a field of coverage of
sai d noti on detect Ok, w g W 3Ma material disposed within said

contai ner, 8 wher eby shock or vibrati on experienced by said housing
causes a 9 novenent in said material which is detected by said notion
detector. 1 9. The conbi ned notion detecting and shock sensi ng appar at us

as 2 recitdd i h30 aThegomhined matigndeteeting and sbock gansing appagatus gse

conbi ned notion detecting and shock sensing apparatus as 2 recited in Caim
8 wherei n <ai drevitedrin £}lains 8avheretmsaidtraotign defestoris ajmicrowave ypeHmedign
notion detecting and shock sensing apparatus as 2 recited in Claim?9
wherei n said | detgictbrnas rel atively low freezing point. 1 12. The conbi ned
notion detecting and shock sensing apparatus as 2 recited in Claim8
wherein said material is powder. 11 13. The conbined notion detecting
and shock sensing apparatus as recited in Caim8 wherein said notion
detector is a microwave type notion detector.



