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PCT/ US97/ 16944 CONCEALED WEAPONS
DETECTI ON SYSTEM CROSS- REFERENCE TO RELATED
APPLI CATI ONS This application clains the benefit of the

filing of U S. Pwmassagsymal Patent Application Serial 5 No. HINUBH16944!,
entitled Conceal ed Wapons Detection System_,filed on Septenber 18, 1996,
and the specification thereof is i ncorporat ed herein by reference.
BACKGROUND OF THE | NVENTI ON Field of the Invention (Technical

Field): 10 The present invention relates to apparatuses and

nmet hods for renotely detecting conceal ed weapons. Backgr ound

Art: There are nq &\1 W?ﬁm}ﬁlsﬁfé cﬂf? YHEWETS on the
mar ket” t oday t hat can detect a % conceal ed weapon Trom a distance of

nore than three feet. Virtually every device in operation is an

el ectromagneti c device that regui res th f C AN, eddy current
fl ows through the portal ' gat e a change
in the magnetic fl Ufmghdpidbd aﬁh@ﬁeaemmmagm au% pmﬁa.bﬁm Patent Applichtif sefial
system cannot di scrim nate between conceal ed weapons and other netallic

obj ects sucl adNo. 80/026 Mﬂeﬂn&ﬂddlﬁ?kmlgd Weenaos Pgtection Sysiem, filgd omBeplember 18, 1896, and
cal cul at ors. f n of South Deerfield,
Massachusetts, 2‘99' B'rcaclonmfmf' gpc%ge(sagmgﬂbg%f%hg I meter system The
system apparently woul d require the use of a portal a floor plate, a video
camera and a cathode ray tube to yi Ie arched. MIlitech
has clainmed it was devel opf e anera for fixed
entrance-way S Ugise bf the e gedneglelgiat € their 25 technol ogy. The conpany
clainms its asswe mlllrreter wavelmagers will not require the subject to

be exposed th any nEbf RAeAgat iaveaton Mﬁ%&jﬂé?ﬂa&"“fs?%?’ﬁé“W%‘PH@W‘P'&GF‘&‘E‘F‘@WW?M
an i magi ng syst ns Li kewi se, Demmma et al. utilizes
mllimeter-wave efforts but has not been able to detect non-

metal l i'c objects successfully. They also have limted rangi ng, being

ef fective onl yéol 2 E&}E%rs.

There are no known weapons delection systems on the market teday that can detect a
15  concealed weapon from a distance of more fhan three feet. Virtually every device in operation is an
electromagnetic device that requires the use of a portal. An eddy current flows through the portal
and when metallic objects create a change in the magnetic flux, it activates a waming signal. This
type of system cannot discriminate between concealed weapons and other metallic objects such as
belt buckies, jewelry, coins, waiches, or calculators.
20
Miliitech Corporation of South Deerfield, Massachusefts, may be developing a passive
millimeter systern. The system apparently would require the use of a portal, a floor plate, a video
camera and a cathode ray tube to view the area being searched. Millitech has claimed it was
developing a 300 rnm aperture camera for fixed entrance-way surveiliance to demonstrate their
25 technology. The company claims its passive millimeter wave imagers will not require the subject to

be exposed to any man-made electromagnetic fields or other radiation from an imaging system.

Likewise, Dernma et al. utitizes millimeter-wave efforts but has not been able to detect non-

metallic objects successfully. They also have limited ranging, being effective only to 2 meters.



- 2- I nfrared technol ogi es, covered extensive in Denma et al

., have
great difficulty penetrating | ayers of clothing. In addition, in
warmer climates, a gun carried on the body will take on the sane
tenperatures as the body, nmaking infrared virtually usel ess. 5
The Raytheon Cywmiys?9f Portsnouth, Rhode Island, bases its weapsss16944
detecti on system on | ow frequency e£ ectromagnetic radiation. Their
concept is based on illumnating the subject with alowintensity

el ect ronagnet g Qileafhols O o R SRRSOt %awemmrylp@&liahayus,leg%f

decay of rera energy fromnetal objects carried
person. The i cbthingi h pdditivd, i0 ivarmer ¢limatée.cacapn odried on the bogihwill tske omiiesame adi at i on

can be char anéerl 2@%F§€€,§L% n%g r&qgfg.[ m'ugﬁ}g#sged as a gun or non- 10

t hr eat eni ng 0 National Engineering
Laboratory uses technol ogy based on passive sanpling of the earth's
magnetic field. Local aberrations in the nmagnetic field are produced by

ferromagnedic The Rayttfjear Eamaany. pf Pogsmavtfs R%Hﬁ’a Igiand.Rases ts weapars dSlEGlioNsYReR| on
system bei ng geyg k@aﬁﬁcy%draﬁéaﬁeuw%taﬁ&aImew'l&ncepﬁg BasaE 68 mmmlﬁap%aa@écvwnﬁ he

magnetlc aberrations or anonalies were to be sensed and neasured
magnet i ¢ gr ada owattensity eléttremagnetiopuist kirewh agja Heavisiga ovise and measugegithe t»mu Qeqag ofa

mul ti pl e nmagngt St h
like an air poﬁ'fa Jﬁiﬁeﬁ”‘?i’/g?'gﬁ*gdr‘ﬁ? s@g‘ﬁ%‘g‘g’%ﬁh%ﬁ aThe '&&g%a P She%“e deﬁ';m of
el ectronical | shebumadwra@amlc@h stehaaiiaized dnatre swaath:ds iaenmei dsQCdu&dr non-

si mul taneously from al | sensors in the systemproviding a lop to
bot t om madhet Y"@afﬁ“m Metal ejecthe targeted person.” 20  Reasonabl e suspi ci on
about the presence of a conceal ed weapon woul d be dictated by the | ocation
and magni tude of magnetic anonalies. O her attenpts to
provi de a usef ul MQUW@"@!&"@&WM@VS‘P@W‘F&@%Wéas§6ﬁ%P%HYﬁ#amﬂ'W%/"f "'e

rel ated detec v/
"Non- Qost r usi %Aere\'%éﬁayﬁg%kﬁ% t&%eyge%tu%osﬁﬂg @rgh&cadgg’ a'(i?rﬁéﬁe %ﬁeg %I‘I m nat i ng
Bet ween. a Conoawaﬁcr\/!segnwarmmdvﬁ ivethe gamtdalection system be@ojdewmdfb)ddaﬁemaﬁmal uU. S

Patent No. 5,519,400, entitled "Phase Coded, o Pov;/eh? rrF) Radar
Mbti on Se8or Ergiesringlatoratory, hemagastic gberraligns °58'5°f? 'Wfre 2Rt FYPH I'—'I}?ﬁﬁ'(ﬁpﬁ’é
| Moul se Radar- mighsttl€gradiometers. THel weielplahifiigb Génsiruct Hsdikdersing alhuftipienigaslomblar
5,457,394, entitled "Inpul se Radar Studfinder,"” to

-design that could be a standalone unit, much like an airport scanner system. The scanner would be

triggered electronically by a threshold detector. Data would be collected simultaneously from all

sensors in the system providing a top to bottom magnetic profile of the targeted person,

20 Reasonable suspicion about the presence of a concealed weapon would be dictated by the location

and magnitude of magnelic anomalies.

Other attempts to provide a useful weapons detection system (or solve some marginally

related detection problem) include U.S. Patent No. 5,552,705, entitied "Non-Obstrusive Weapon

25  Detection System and Method for Discriminating Between a Concealed Weapon and Other metal
Objects,” to Keller; U.S. Patent No. 5,519,400, entitied “Phase Coded, Micro-Power impulse Radar
Motion Sensor.” o McEwan; U.S. Patent No. 5,512,834, entitled "Homodyne IMpulse Radar Hidden
Object Locator,” to McEwan; U.S. Patent No. 5,457,394, entitied “Impuise Radar Studfinder,” to
McEwan; U.S. Patent No. 5,381,153, entitled "Portable FM-CW Radar Device with Frequency

30 Conversion by First and Second Frequencies,” to Saito et al.; U.S. Patent No. 5,365,237, entitled
*Microwave Camera,” to Johnson et al.; U.S. Patent No. 5,345,240, entitied "Handheld Obstacle



McEwan; U.S. Patent No. 5,381,153, entitled "Portable FM CW Radar Device
w th Frequency 30 Conversion by First and Second Frequencies,"” to Saito

et al.; US. Patent No. 5,365,237, entitled "M crowave Canera," to
Johnson et al.; U S. Patent No. 5,345,240, entitled "Handhel d Cbstacl e

- 3- Penet watgsngs7dbt i on Det ecting Radar, to Frazier; U SPCRAISETII69MD.
5,337,053, entitled Method and Apparaus for O assifying Targets,"”

to Dwer, U S. Patent No. 5,334,981, entitled "Airborne Metal
Det ecting Radarpg, eIeréﬂi\:ﬂJﬂ Cétec Radzy”§ Fri2th. 016, P¥nt Ko. 8387 £3Bentifsif Melh8dland

"Radar Type Undergroun ear ching Apparatus,” tao Kawano et al.; U. S
Patent No. 3, 70Kppa&ft@for@lﬂssﬂvinemarﬂamapbmqbéi S.Ratent No. 6,334, Qﬁhmﬂﬁ?ﬁg‘m Wetsls ed

Vi ler ot al - BHEPEAE i St o o s iRl Sapbon GRASY RackP ik RRSoroutd’

Det ection by El smmgag;mdms: to Kawano etlamags rRaptehieiddl 3j7Q1) 652 ‘entitled "Weapon Detector
MIler and Kell er netic field. s ors an not _det ect._ guns
made of non-% 1\‘5""2'“%6 ﬁé‘??"c‘g Teshrigyedo g‘ﬂ%"ﬁ%ﬁp"&fsﬂ?ﬁ Pﬁ‘s ?Slyg??"saﬂﬁk@%dg
McEwan * 400 enpypyet B BRGNS et al, entiedTRéEBR mé@rwmpcmwsormmmmwe@c

bet ween obj ect types. MEwan ' 834 and ' 394 enpl oy | mpul se radars to
| ocat e | arge obimaging Térbhinued"di el ectric nedia and do not attenpt to identify
obj ect s detected. Saito et al. enploys Doppler radar to determ ne
exi stence and notion of an object, but not the nature of the object.
Johnson et al. is ewsendnd&elies edploy mgnmmeldlséutsmaswsndwiﬂ mat detect gurd rbre of nohd
not neasure, or exanine backscatter., Frazier ventional novi target
i ndi cat or (i ) Mpggligmatenals such gs3lumin ’Ho‘t‘;@ssaﬁ?ﬂf’wgr ﬁ‘&%ﬁ'ﬁ“ thgﬁ@@?ﬁst"é" 8° but

does so wi th reppasd rald ahd'sARd biscintdetRiwREd SbjecliPhes, McEwan 63V A 08 dmpiRGS
Smith et al. uses radar cross polarization scattering for canouflaged netal

detection, but puise sedars fodqopte dagesabisets penind disipcisp Medig angdogiobatteqypt tojdentify abiegts e
radar syst em f OfueRaKs0R ot at empioy@Bbgblel Bufito AAUHR S SERL WA Yr an cbiber, put

The pr esent invention solves I cl encl es of e prior art
illum nates a sm}heoatuwome abject. Johnsoh eiw! isreseantially ¢ nsmwatve pmwencrialamrand does

hj ect s made, of _petal or _high .di.e const ant. ng
ot or | a1 " ar £ neO e bt sapBif P S S RA AR iRy Bl flogr e e
spectral si gnat pwyRr édes analyze mdsmacsmdmg DiPOEH SoIwith re3pett 10 @nfbisBtetiobjécts, not
| ear ned by a conputer enploying artificial intelligence
- concealed ones. Smith et al uses radar cross polarization scaftering for camoufiaged metal
detection, but does not rely on spectral content. Kawano et al. is a simple radar system for seeking
objects or pockets below ground.
20
The present invention solves the deficiencies of the prior arl. 1t illuminates a subject with a
low inlensity short pulse radar. Objects made of metal or high dielectric constant non-conductive
material are nearly all backscatiered. If @ handgun is present, a unique spectral signature is
received. Signatures can be prestored or learned by a computer employing artificial intelligence

25 lechniques.

The invention has an operating dislance of at least between four yards to 20 yards. The
invention, in iis poﬂgble. hand-heid form, is useful by law enforcement agencies, correctional
facilities, the milita_ry and private securilty companies in the United States and throughout the world,

30  The door-mounted embodiment is useful by federal, state and local govemments, as well as

financial institutions, convenience stores and other retail businesses, airports, schools and owners of



25 techniques. The invention has an operating distance of

at | east between four yards to 20 yards. The I nvention, inits
portabl e, hand-held form is useful by |aw enforcenment agenci es,
correctional facilities, the mlitary and private security corrpanl es

in the United W?@nd t hfoughout the world. 30 The doorpdPushRebas

enbodi nent is usefu y federal, state and |ocal governnents, as well as
financial Institutions, convenience stores*and other retail businesses,

ai rports, schaqals y

4. D rpf]ﬂ? gf?%ﬁa}ng égar{gn a&uﬂdmg[s Ea h%thefe dentmes ha cr itical Pet{d}{%rsaeo\fé ¢ lt't i es
has a criti calghfyesentiste ﬁeabﬂWdéleaton system. Thehslu@bd: MK!@panﬁfbb&oe aneFipams
detecti.on system The Bureau of Al cohol. Tobacco and Fir

estimates t heptimatesshaseamdetwernBomillip 19,200 illiog freaims in e ”P\“?"e*é?‘ﬁ%‘“?ﬁ# Mgee than
United State | firearns
in the Unit e?sé?tg?éggle t%)%{e\?\%fgﬂ %% andh%%{%ggta;&?g‘geemgam ﬁgﬁﬁg ?gggs wer e

t he seconé | dwaniiciigs !w:eume sefong lohdingdausecad jobaeiated fataliiesiimthe Heited)§latesdfoBwingconly
foll owi ng onl h

| vest! gt | omemamacdery MY, BEELHETGrad i Estianch Mol Ebertl] bal

Uni t ed St at egobbefesun the DgitedStates| resuitingfin £B8s @ $89.3 inillon. Thenewere wetst 38/00®artmed

35, 000 ar ned robberi es to conveni ence stores w gnl ted States,
account i ng fd?bbﬁ"°§i$°°f'v?ﬁ‘qnf’? %iores ig dne Unjiteg States, acw&ﬂ@?l“?’Bﬁ ?H‘ HoRARSF-oRal

Educati on AssggiéH ine @:aﬁo?.aﬁéduéanarw@s&amP&dnsl&%ﬁ%eﬂde@@@s@ueﬁarcs.yy Fguayy to

10 school . Gunshots now cause one in every four deaths anong Amerlcan
t eenager S0 Qshieol. (Runsiols now cause one ingyesy foycdeatys ginprig Amenganipénansss. Qher countrigs nt

ey S oA e BT B R Al e sostng s
present invention is directed to a weapons det ection system The preferred
weapons 15 detector tr &S&}Mﬂﬁﬁ%ﬁm put of
frequenci es of a set éﬁﬂ@mm nry; an
antenna directi ngTReWeskitdivelioh istire@ed 1B diwebSoneadledior SbteMN InPRLRAED vdabins
havi ng meaponrﬁ and coll ecting backscattered signals; a receiver receiving

the backsi®at tdelegtar comprises: g frasaytier WRBIOWISIOE AR PRI BF feeauancies, ol FeselAt seifyesonant
sel f-r esonantma&eeﬁefwesaafm@ﬂgar@enﬁs SRRlingRE LR SAREr oLt toward uocau%tp%ewmg

presence of a plurality o sel f-resonant frequencies in
backscatt er echaxingwedpgnry ak{collecting backscattered sjgingis; ragecefvprrfewv-ﬂgéhq#aexseat&tﬁdy used

for normali Z's%alg Qﬁd 49:%1%&( r? v tenI nraﬁ“él oﬂtg@al‘fesonzﬁ%eaaeﬂg§@am &lignat processor for

detecting presence of a plurality of the self-resonant frequencies in the backscattered signals,

20
A range finder is preferably used for normalizing the backscattered signals. The transmitter
preferably produces an output of frequencies between approximately 1 GHz and approximately 10
Ghz. The time resolution of the receiver is preferably less than approximately 10 nanoseconds.
The minimum signal detection capability of the receiver is preferably less than approximately 1
25  millivolt.

The weapons detector makes a prediction about presence of weaponry on a human body.
The accuracy is beiter than or equal to approximalely 76%, preferably better than or equal to
approximately 95%, and most preferably better than or equal 1o approximately 98%. Accuracles of
30  99.75% have been obtained.



preferably produces an output of frequencies between approximately 1 Giz
and approximately 10 Ghz. The tinme resolution of the receiver is
preferably |ess than approxi mately 10 nanoseconds. The m ni num
signal detection capability of the receiver is preferably Iess than
approxi mately 1 w@9s/uzszs||ivolt. The weapons dePETUSIVIA%HKeS
a prediction about presence of weaponry on g human body. The
accuracy is better than or equal to approxinmately 75% preferably better

than or equal to ype weaﬁd?a?ﬁ&éétm? be/ponabte, h@ﬁHjherH) &Buri?é’d%%rvﬁb bdin Q@B&»ﬁﬁy t han

or equal to approximately 98% Accuracies of 99. 75% have been

obt ai ned. Weaponm is delected preferably between 3-20 yards and maost preferably between 4-15 yards.

- 5- apons  det ted
on awall or in 98"8 \R% epd%omaycouﬁ&égél X(e%s,tool(a%kzcte ms{ge ergl%gpug&t)emen
3-20 yards and wesikpdet.ef erabl y between 4- 15 yards. Upon det ection,

t he doorway could be activated (e.g., to lock) or a canera could take a

pi cture of S t he suspect. A neural network is

preferably utilizeds sy Rétwsk B HererdbiyARiR2E H thé Sgnd ﬁodefhoﬂSEﬁGﬁde%%uonTh‘ﬁe &2l
network is trained to recogni ze backscattered signals fromweaponry prior

to field use. neiworkistrained 1o recogRzebaskseifieged sighals (neraeansnrylprostoifigld use.ovi des a
result within approxi mately one second of 10 transmtter output. The
weapons detector can Indicate presence and absence of weaponry.

Possi bl e i ndi cat or spxare&biyatndwéﬂpmssetgaalpmwdssé wnmmgrapdrmmataszbnel secandgnal s,
vi sual signals, nal s, and di s% ed rres a es. The

weapons det®ct dP"?‘E‘“?Ié’E‘PEH The,yeagyys 86'?‘??{@‘%@8{5%‘?1?’?"5 égsence ap°1’ﬁ§*n dguns,

rifles, shotgunspssiBe fhaiestt§ aleO BRfote sﬂﬂﬁs.wgﬁﬁlsd@&wms 'v%uﬁlsﬁﬁ‘aly%w:mﬁlor
di scerni ng weaponry from obj ects such as belt buckles, bracelets,

wri st wat ches, tsigpelsrand displayed messeges. Thel wﬁamﬂyectorisalsefuldmmwmeaﬁemwsmhses

l'i pstick hol der b ey
P! e e R e i
cl ot hing or- acmmm @ﬁndssas\ apuﬂms!;ies bracelets, wiisbyaiches, tapé ecedas, spmdrlrtk cans,

bri ef cases,, _coats and

present i nv@nt i B é’F’é“‘?‘B’s d'@?‘@'&‘f“’m(?@niaécéﬂag’& MHHbWﬁeuﬁ'a +'§ ofes”key'rngs,

keys and the like. Weaponry can be detected in or under clothing or accessories such as purses,

belts, holsters, panis, briefcases, coats and shirts.

Principal objects of the present invention are to detect concealed weapons with a high
20  accuracy (i.e., 98%), a one second response lime or better, portability, an effective operating range
(e.0., fourto 15 yards, equivalent to the distance of a typical traffic stop, or more {(up to fifty yards)),

limited operational complexity, and high durability.

Ancther object of the invention is 10 provide a door model able 1o cover an area

25  approximately three yards by five yards or better around an entrance.

Other objects, advantages and novel features, and further scope of applicability of the
present invention will be set forth in par in the detailed description to follow, taken in conjunclion
with the accompanying drawings, and in parl will become apparent to those skilled in the art upon

30  examination of the following, or may be Jeamed by praclice of the invention. The objecls and .



20 accuracy (i.e., 98%, a one second response tinme or better,

portability, an effective operating range (e.g., four to 15 yards,
equi valent to the distance of a typical traffic stop, or nore (up to fifty
yards)), limted operational conplexity, and high durability.

Anot her obj ect vyahodid8ssi Nvention is to provide a door nodel abpErii@rfigMer an
area 25 approximately three yards by five yards or better around an
entrance. CIher obj ect's, “&dvant ages and novel features
and further s | ven n be
set forth in %g\gﬁla?es °? ﬁg '"H e’;d‘}{a g%%ér%]ag‘f' fa'c‘)ar'\nef" 5y ?‘o?q%%ﬂ% ¥ me"Ia"' fies aV\a

conj unction combmawustpbmtdmly:pcimedmmmyhmpéhdamuﬂgs, and in part vm || becone
apparent to those skilled in the art upon 30 exam nation of the
following, or may be learned by practice of the invention. The objects and
- 6- advant ages of the igpyeHdcein Be HedHAvRdgand attai ned by
means of the instrumentalities and CoMDI Nat I ons - particul arly pointed
out in thesappenddte adcampamying drawings, which are incorporated into and form a part of the spéifichtion,

are. ncor por a VAP PR SRR Ba sy Py lcn AR RL e Ssbfhc Sana's

illustrate sewvgidi inepitRigiesBkeSnhtidnh Thddr@iRgstard da.wemmémrp%wof ifuegidhgier W th
the description, serve to explain the principles of the invention.

The drawi ngs W@“&?\FWWW"&%@‘%&P’H’B& @ndgire pat F%F@FP‘&E’PWQ“&'“"‘“Q the inventien.ointheg
embodi ment. of gffpqd-nvention and are not to be construed as limting the

i nvention. In the drawi ngs: 10 Figure 1 depicts the
operati ont®f one enbodi nent of the hand-hel d enbodi nent of the

I nvention In use w_epnforcenent of f rv t andi ng
outside of a st op at%ﬂl%pwtgﬂxe gﬁer%ogottonef%tbofmen gfthse% 'y?éek?eribogp g{,&ﬁ

il lustrates theerianp-ubebyh 160 ef6rodnth oifRP0ORGvELCE iSjedrstanling Qitside v aRiopsya Of
Fig. 1, Figure 3 is a block diagramof the system conponents
of the vveapon§3'ﬂé& ector of the

15 : Figures 2A and 2B illustrates the hand-held concealed weapons detector of the invention of
Fig. 1;

Figure 3 is a block diagram of the systern components of the weapons delector of the

Invention;
20
Figures 4A and 4B are graphical comparisons of the time-domain signatures of a human
body with and without a firearm;
Figure 5 provides the graphical difference of the time-domain signatures in Figures 4A and
25 4B;

Figures 5A and 6B are graphical comparisons of the Fourier transform of the time-domain

signatures of a human body with and without a firearm in Figures 4A and 48;

a8 Figure 7 is a top-level block dizgram of the invention;



I nvention; 20 Figures 4A and 4B are graphical conparisons of
the tinme-donai n signatures of a human body with and wi thout a
firearm Figure 5 provides the graphical difference of the
ti me-domain signatures in Figures 4A and 25 4B; Fi gures
6A and 6B are owemkie®s cornparisons of the Fourier transform afCIiEs7/16944

ti me-domain signatures of a human body with and without a firearmin
Fi gures 4A and 4B; 30 Figure 7°'s a top-level block diagram of
the invention: Figure 8 is a ockdia ram of the raglar section of the invention;

-7- 'ﬁlgureg 1010 hkc“a ramo‘rh e radar section of the
i nventi on; Fi gure 9is a second bl ock di agram of the radar
section of the i nventl 9 di agram of the
preferred rangefi nbiOWg 94t stbmckd'agmm of the ragarsﬁ‘f"&ﬁ?hﬁel'f"?"% an outline

di agram of the preferred radar m crowave section of the invention;

Figure 12 is a left |l ower rear perspective exploded view of the preferred
enbodi ment ff the Figde 1P isflowidjagam of the preferred rangefindingangtheds 13 is an ri ght
upper front perspective exploded view of Fig. 12 enbodi nent;

Figure 14 is a left |lower rear perspective partial section view of the Fig.
12 enbodi nent;  15Figure 11 is an outline diagrangefitee phéferred! radar miphiwavepgeetionfof tha invention;
perspective partial section view of Fig. 12 enbodi nent;

Figure 16 is a plot of a test of the artificial neural network of the

i nvention; Figure 12 is a left fower rear perspective exploded view of the preferred embodiment of the

10 invention;
Figure 13 is an right upper front perspeclive exploded view of Fig. 12 embodiment;

Figure 14 is a left iower rear perspective partial section view of the Fig. 12 embodiment;

- Figure 15 fs a right upper front perspective partial section view of Fig.. 12 embodiment;
Figure 18 is a plot of a test of the artificial neural network of the invention;
20 Figure 17 is a chart of the raw data of the test of Figure 18;
Figure 18 is a plot showing the spectral difference and normalized difference (frontside)
between a man with a weapon under the arm and a man without a weapon;
25 Figura 19 is a plot showing the spactral difference and normalized difference (backside)

belween a man with a weapon under the arm and a man without a weapon;

Figure 20 is a plot of test results employing @ 3 GHz hom antenna; and

30 Figure 21 is a plot of trial averages employing 2 3 GHz patch antenna verticatly polarized.



20 Figure 17 is a chart of the raw data of the test of Figure 16;
Figure 18 is a plot show ng the spectral difference and normalized

di fference (frontside) between a man with a weapon under the arm and
a man w thout a weapon; 25 Figure 19 is a plot show ng the
spectr al diff%@% d nornelized difference (backside) PCTUBEIIGEAN a
man wi th a weapon under the armand a man w t hout a weapon;

Figure 20 is a plot of test results enpl qu ng a3 GHz horn antenna; and

30 Figure 21 is I, Al ge 9 a 3 Giz pat ch
antenna vertically polariz
- 8- ] B~ [od] 3
( BEST MODES FOR CARRYI NG O THE | NVENTI ON) ons

det ection system Fhe winponsideisetion sxsweqﬁfne@rﬁ%@ge'W%Vﬁ?fﬂmpgl@e% PRB®Y 0ach
that is steppgg .QMEJpeé‘ofs%h&i%s HrrebicRELE AR Sitem PAeraMs bomPriys gl bitser,
conprises a trigger broad band antenna, anplifier and signal
processor .5 Thiroacishad aritennaianmﬂtl%am signe! pragesger- The cadarfi b enters the range findegimpderifi ne
Lhe & Stance: | Qednive rsdislote B R YhHEY R byed! e EARORIOU! BB cd retafid 1O

set the gain put 1S Nor Mal Ze

range. This ngfiR@dmpiifiérise thai8é Bltubis hbrhalldd &f gl This normallzetion pererits irremvtfhm
target to be anal yzed independent of range. The use of the range g

elininates  relumediigmiten tagpido be enalyeqd "Eﬂep%‘é%ﬁ' plgpnoe, dhR Y56 atipe fi‘f‘?ﬁgga%%'"‘r"@feﬁr n
fromthe targgly J&Lﬁ ﬁn?(a'to?@awér%m%vérﬁmﬁg S returmiin} tRER |1$@E e‘?n &E@E’Hﬁﬁ‘ a
series of nicrowave pulses transmtted on a conpact, broad

antenna. The vdlhbemsedto\ammemﬁsgf m@townvmisﬁsrwmﬂed Q'bﬂf‘l}é’lpaq‘ H?’Q%kj’ﬁ"cl he
sanme antenna. _The s ry,ed to an
| F signal . Th@"tgq"&nahe ele ?\‘“% i t%féfpe%?th%gﬁﬂr%&%aﬁﬁg T@ t hen
envel op- det ectegivedlsifpaldeiangel gatkd 3hgcvaleres |otalnemgmp|11né Blellhl Isamalified thetbe IF
anplifier nd wi dened in tinme usin

stretched si ga@pnﬁssanemwvﬂg»%cﬁﬁamgde%mz%w@?‘aehar AFpIRE 8 aidef Bpined | o

digitized out ghf wiBdned MNireUSG Ega MR8 Sircal Thé sirbtened sigiadls sprifIGEBysaN analog-
preferably by a neural network he signal processor nakes a detection
deci si on Basetp-digitatconverter. The dagmzed output of the sampler is processed by the signal processor,

preferably by a neural network. The signal processor makes a detection decision based upon -
whether the waveform it has received is similar to waveforms it has been trained on when a weapon
is present and when there is no weapon present. If the output of the logic processor results ina
positive detection decision, indicating a high probability that 2 weapon is present, a signal, such as a
20  red-colored light emitting diode (LED) is illuminated on the system’s display panel and a series of
audible tones are also engaged (or other appropriale alarmy(s)). If the output of the signal processor
reaches a negative decision, indicating a high probability that no weapon is present, a signal, such
as a green-colored LED is illuminated on the system's display panel (or other signal(s) given). If
neither decision is reached, a signal, such as a yellow-colored LED is illuminated on the system’s
25 display panel (or other signal(s)), indicating the operator should use caution and ask the subject to

turn (e.g., at a series of 90-degree angles) until a detection decision is achieved.

The present invention provides for the deteclion of concealed weapons on the human body,
under clothing or garments, and inside handbags. The invention provides for the discrimination of
30 firearms from other metallic scatterers, such as belt buckies, jewelry, watches, metal buttons, and

coins. In one embodiment, the system design is optimized for the requirements of a hand-held



whet her the waveformit has received is simlar to waveforns it has been
trained on when a weapon IS present and when there is no weapon
present. If the output of the logic processor results in a positive
detection decision, indicating a high probability that a weapon is present,
a signal, such awomsn®@s reéd-colored light emitting diode (LEBLTUSI/16944
illum nated on the systents display panel arbd a series of audi bl e
tones are al so engaged (or other appropriate alarm(s)). If the output of
the signal pr Oc?eiﬁ;cgrused by law enfof BRER G écmgo?ﬁﬁltq@&bé h%ealmaﬁak'apﬁnﬁesh' gh
probability that no weapon Is present, a signal, such
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det ecti on deXi sF‘@FF’P%"'%'PFF‘% ssing unit implementsyg,detection.algofthmHat i ysghto
provides for thg,gdet ﬁGB&&f&aﬁ&e&%ﬂﬁ?@&&qm\?ﬁ@EWﬁer@ the B EER a RREMN or a large

under clothing or garments, and inside handbags. The invention provides for
t he di scri m nat knifa biafie agaipst lhﬁdﬂﬂ@fé)ﬂﬁfomm@ﬁ?@thhmn brdy anid 4 randogcassasimentsof smalt h
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hand- hel d deV| ce used by Iaw enforcerrent and security
personnel to detect_conceal ed weapons at rang

appr oxi mat el three WB@'%\HW"T"F’PF?‘DWP%“ ‘@ﬁ@t?f‘\"i"é%ﬁe [Fgureg ﬂ'é’) §>9§’I'¥‘ﬁ9 ¥ gn

includes 1 ow  ponweight. AR EbI npfols $d’u¥néd§§§i l@-c&ftﬂﬁ'&ﬁ% a@utgfb&feP%¥ Pl se
that is transmtted on a conpact, broad ant enna e sane

ant enna recei vegergblp a@kogmtwwwswﬁm LED MLPH@'SBIBYS\f@y*é infarmptipe putauld Abaekit
S clutter enylg g H‘g:@ﬁ d;s&%y%'vﬂd’é%'aﬂe‘?%&?rﬁ&ﬁxb%ﬂ H&{)d?ngks R Qf Whidlfioh 2Aa Q%ﬁ&zt% on

al gorlthmthat 'S rocess the ered si

di scri m nat e andrgetasmiel fswieche dedisipnabsiseenafada firearmor a | arge

kni fe bl adetﬁagai nst the clutter background of the hunman body and a random
assort nment smal |, nmetallic scattering objects such as jewelry,

bel t buckl es, coi nsan Qiefnative embodirhéht is a door unit using!SrefRRbIY PRbRd aMaitd-an8)slo survey
embodi nent of the invention (see Figures 1-2) is designed to be

| i ght wei ght . | tingjyidyaisrag ey arPRIFLAA0ontam erpFasimally tyee tofiveyad awapall e Bpndawyis as -
i ts power Suppl yetecld€; bamier can actival YubdYl 4h efé@m%ltggc .cl{@)(ctﬂ@t\é@loh@&ﬁhﬁ Bfnebs ED

and LCD di spl ays for 1ts I nformation out put CD panel
can display a wedigduabiraneenjeriod an méaanemrimrsonnebttandlsmge ajatenwgugheldmneiemmw\d
di stance t 020 system or by an audible or visua! or vibrating alarm. A camera (optional) can aiso be installed to

take photas or videos of individuals who are detected camrying concealed weapons.

For a clearer understanding of the operation of the portable embodiment of the present
invention, attention is initially directed to Figure 1. Specifically, the law enforcement officer 11
25  points the concealed weapons detector (CWD) 12 at the suspect 13. The CWD emits microwave
.energy 14 at the suspect. The backscattered signal 15 that contains the information about the
suspect! is then received by the CWD. The CWO then notifies the law enforcement officer as to the

presence or absence of a concezaled weapon 16 on the body of the suspect.

30 Figures 2A and 2B include a handle-grip 17, trigger 18, transmit and receive antenna 19, and

a light-emitting diode display 20, which indicates the presence 21, absence 22, or indeterminale



target as well as when a decision has been nade. 15 An
alternative enbodi nent is a door unit using, preferably, phased antenna

arrays to survey i ndi vidual s as they approach a door from
approximately three to five yards away. |If a handgun is det ect ed,
a barrier can dgaé@, such as an electronic |ock which is apérussmdedso
keep the arned I ndi vi dual from eg&_eri ng an area. Securi ty
personnel can al so be alerted through a di'SCrete paging system or

by an audi bl € ,4g it} §t43eeRlin 25, Bl i€odb6lE e huEALBOGer SO Qg%)nage@ al so be

installed to e pho os o vi deos 0

det ect ed car r ychgysaQReashl aa AirarrAiRPEftent adapter 24 or off a motor vehicR@IpowerGl st dapter 25.
under st andi ng of the operation of the portabl e enbodi nrent of the present

i nvention, attention is initially directed to Figure 1. Specifically, the
| 'aw enforcenent Ofhg sﬁ{euﬂ.;\cxuues%ansmﬁetma. st raBeR leRélgy) BRRa the stGeRGs B
(COWD) 12 at the suspect 13. The OAD emits m crowave energy 14 at
t he suspech. smemcm@nmmamemmnesm fraguencies ptveiohanetdh parisiof a fireat \wilh self-
about the 8 @/Ri

notifies t he en f@??@%&?ﬁ"g grfeH}%gcl[s&%@ey Eﬁ?QXUML d tﬂ_ehgbé grg'ou%dmg it

absence of a ma@maﬂmmaoa mMmubmlM)heGéceﬁrhﬁssgmsamhme wheth&@r not a
Figures 2A and 2B include a hand| e: tri transmt and

recei ve ant enfligaris PIgsyt on the suspect. Th I°f‘ ﬂ‘i’e"é?ﬁ‘t"f ggﬂ"’ﬁ‘?’?ﬂcﬁ@"ﬁ' ingluds @ relgfiye c 1
i ndi cat es t hejRfe@seir BEereate indRpROGLand Snindih phaddl 8 Efuﬂhﬂﬁhﬁrequen The system

- 10- detection of a weapon 23. The unit is portabl %’ he i nternal
power supf?®y b’&wﬁwfm?fib‘ehmh determingsahialipicps W‘t"l‘ﬁ@éfgﬁe@hcsaﬁ therfmtvrehggl@mf# ent
adapter 24 or r r system adapter 25.

The system i ng? tggtvgﬂ?rﬁé é/sgmteterﬁ'{%gmﬁh sends m crowave energy toward the
suspect to be 5 surveyed. The transmtter out put |ncI udes the
frequencies at which netal parts of a firearmw |

The ni crowave energfeudeREY ?'@’r’é‘ﬁf‘“ﬁ&@?ﬂé"ﬁ‘fﬂ?ﬁ?ﬁyﬁﬁd?"zﬁ‘hd“teh@“%'ﬂﬁ‘%&"g“t ey’
surroundi ng |be§eppedo,gv§mt@ﬁ,§yd\1,e@gqb¢hcyhe receiver. The characteristics of

the received signal determ ne whether or not a firearmis present on
t he suspe(‘f The characteristics of the received signal nmay include a
relative TRk GaARGRF o.ﬁﬁ%s@a@mm baﬁtpu it Hgﬁo@smm%mo&;:ﬁe tafg ﬁ%ﬁ&m@s a
function of frequency. The system 10 I ncl udes a processor

det er m nes wheesheant feaquensies.t Similgrlyatheccever ey be wigé bankor mey be smdt mogmab seliof

possible resonant frequencies. The transmilter and receiver cannot bg broad band in the same
system because this precludes distinguishing among the various resonant frequencies. If both

20 transmitter and receiver are being swept, they must be operated in synchronism.

Figure 3 is a block diagram of the system components of the preferred embodiment. The
CWD includes a power supply 26 which provides power to the other system components. The
transmitter includes a pulser 27 that is coupled to a broad band antenna 23. Typically, the output
25  pulse is 2pproximately 10 nanoseconds wide and has rise and fall times on the order of
nanosecond. The receiver 29 is preferably a conventional superheterodyne receiver with a very
wide IF bandwidth, in the order of 400 MHZ. This is to preserve the pulse rise time. The output of

the receiver is preferably connected to a signal processor 30.

30 In the preferred embodiment, the output from the range finder 31 is used 10 normalize the

amplitude of the received signal. The range finder may be implemented as an acoustic, optical or



consistent wwth the presence of a firearm Vari ous
transmtter and receiver configurations may be utilized. The transmtter
out put may be stepped or swept-chirped in frequency. 15 The
transmtter output may be broad band, or it may be swept across the range
of possible woBsSBnant ' frequencies. Simlarly, the recei VRETUR]/16944

wi de band or may be swept across the set of_44. possi bl e resonant
frequencies. The transmitter and receiver cannot be broad band in the sane
system because diblowavelsGslsishe STHiobtbit Qi thd Vailie de? RBy bélGsed & deDIHE i SRRGIMear
frequencies. If both 20 transmtter and receiver are being swe t hey
must be oper at ampiger §§,§q(§tpﬁr5qﬁvg§nmtematwely. the automatic gain ‘@GV@ may pe r%ghz[gp By;kdjustmg

di agram of the gy mf%mﬁiﬁgﬁgd V\E%I &Wusﬂ{gﬁﬁe@ﬂnﬁ%&@&qb S&Rthe dulit of the

QWD i ncl udes a power supply provi des power to the other system
conponent s. Thaeceiver. transmtter includes a pulser 27 that is coupled to
a broad band antenna 28. Typically, the output 25 pul se is approximtely
10 nanosecorids wi de and has rise and fall tinmes on the order of 1

nanosecond. The reCwie¥Rfial dfdcéssor iad LS onb biyboth o BidVRELINION &hods fdr SreltRlebiicn dy # ©
receiver with a very wi de | F bandw dth, in the order of 400 MHZ.
This is to pr es@?’i?@'e‘i WRAPRR | W fifst ethed uiizes the spesiyaTRapksgatter from firearms jpgatpdendhe e r

is preferably gﬂms&?d nlifls Rethdd) gba&n;&ﬁéémgnaﬁp?.gner RGm n:uaewhenarlegnﬁ g€

preferred enbodi nent e output fromthe range ftI nder IS use

normal i ze the present. Thessepdndimethed otftizdshiee seif-casonaetscatiegngiram fﬁhmetaavvge ofthtnder
may be |rrpl1<3mer}t ed as an acoustic, optical or

-11- mi o Nayv e subsystem The output fromthe range finder may be
used to set the gain of the linear anplifier 32 in the receiver.
Alternatively, the autonati cplgal n control may be realized by adjusting

the power of the t raff8HfiaP@BPEPHRBPUIPULY 'Wa@Q'Pﬂﬁd?%dé'P Gups 45y 3 48 s Blaureg,dA

scal e the out pighd @8 akeA@raphical compaﬁﬁﬁ%h‘ﬁ@{lme-domam signature of a humar Bddy Wit Ehl without
processor may use one or both of two possible nethods for the detection of

conc b rsesenge gha firearma dhe limesdomain wayelfoun in|FigueestBrdapicts p bigheraagnitude
b ackscatt er f r %@mfdu ?o%ﬁreseggeaotf ﬁ% fi Pe'amﬁ rﬁgure 5 is the graphical difference of the time-domain

_signatures in Figures 4A and 4B.

Figures 6A and 6B are a graphical comparison of the fourier transform of {he time-domain
waveforms of Figures 4A and 4B. The metallic parls of a firearm resonate at approxirnately one-
20  half waveiength of the physical dimensions, independent of the orientation to the incident -
microwave energy. When 2 fireann is present, the backscatlered wavefonn has higher frequency
content. A comparison of Figures 6A and 6B show that a successiul discrimination of the presence
of firearms can be based upon the presence of the high'er frequency content in the backscattered
signat,
25
The signal processing unit may reach decisions using either or both of the detection
approaches described abovs. in the preferred embodiment, a multilayer artificial neural network
performs {he signal processing task. The frequencyodomaih data from the receiver (which may be
processed by fast Fourier transform) is presented to the input layer of the artificial neural network.
30  The output layer of the artificial neural network drives the processor /O circuitry which is connected

to the fight emitting diode display. The antificial neural network is trained to distinguish belween the



human body. In this nethod, the backscattered signal is higher in anplitude
when a firearmis present. The second nethod utilizes the

sel f-resonant scattering fromthe netal parts of the 10 firearm

A specific exanple of the output of the sanpler is depicted in Figures 4A

and 4B. Fi gur 6go%éi2s73 and 4B are a graphical conpari sonp@fubdifieoss
ti me-domai n signature of a hunman body with_and w t hout t he presence

of a firearm The time-domain waveform i r'€i gure 4B depicts a higher

or aphi cal. i 1B Rae S ol fusP b RER ffbaes b Sechd Bl iyl oy 2

and 4B. artificial neural netwdrigmByete sifuldétcbnGRofeRtional ii@fidcastor suBsyBRmi oron of t he
fourier transformof the tine-domain wavef orns of Figures 4A and 4B.
The netal | i c ipalemgnted in spaciafized intgorated st orderdnprp ereief™l y one- 20  hal f
wavel engt h of the physical dinmensions, independent of the orientation to

t he incident m crowave energy. Wien a firearmis present, the
backscatt éred wavBéfering thahe tbp Igvedblodkdiagaeeo fFigure 7, the centralrcontrel for the systepreis Inson

of Figures 6A . and. 6B shoyw that uccessfuyl discrimnation, of resence
of f1rearms uhnan spsst i fuet HPaSER oot it sebiien P BubiiEs RagRe on
i n the backsceftieaiedice. Upon initiatidhibg fieluser by pressing the trigger, the proddiSor bbgimthe
processing unit nmay reach decisions using either or both of the detection

appr oaches deBeaSPBEAMRPGERS. While ink{alizing. dredrqcessordint Humingias all the LR ipdiaigrepn the

artificial negicply, PHS WAl as a check thRGHe dRpEY isloB&atil BRBEryP SRGHRSHeF e dfdheckd e
frequency-domain data fromthe receiver (which nay be processed by
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may be sinulated on a conventional mcroprocessor subsystem or

i npl ement Bd | FpPpied foAhgse legmps byctiradificig newrplngiwedk peycessenanta Pecisipn denedeasdn s .

whether or niot a weapon is present in the field of interest. The entire process can be completed in

less than one second.

Industrial Applicabllity:
20 "~ The invention is further illustrated by the following non-limiting examples.

Rangefinder. The following is an example of the preferred operation of the present

invention. Rangefinding accomplished by the method of the present invention (see Figures 8 and 9,

which are allernative embodiments). The transmitter and local oscillators are tuned to the center of
25  thetest band and are normally held there for the duration of this process. A puise (e.g., 10

nanoseconds) is then transmitted and the transmit/receive (T/R) and range gate switches are

commanded to receive a pulse in the first range bin. Each range bin is one yard. The first range

bin is the minimum distance at which the CWD is to operate {e.qg., 4 yards). For the rangefinder

function each range bin is set to a width {e.g., 2 yards) which comresponds to a receive pulse width
30 (e.g.. 12 nanoseconds). The first range bin is set to the distance (e.g., 4 yards}, which requires a

delay (e.g., 24 nanoseconds) between the transmit pulse and the range gate pulse. Radar range is



5 Referring to the top | evel block diagramon Figure 7, the
central control for the systemis in the main processor/controller.
That processor determnes the actions required to fulfill the function

of the device. Upon initiation by the user by pressing the trigger, the
processor begi neotoam2573 ' measur enent process. Wil e initiafCAUSg710#e
processor first illumnates all the LED indjscators on the di spl ay.
This serves as a check that the display is operating properly. Shortly
after internal gghHecdesnds ptyard. tThEs, Y Bis@Rarmm, Etesrahémsitiqianye si10 deroseaotids, widgend
this node, the distance to the target is neasur te"
i s positioned ﬁ’@ﬁﬂﬂi’éﬂg%ﬂﬂef@‘&' pulsedy %"?Fc@ﬁsa'f‘d? %{Hdse&ieéaiy%d bY2dd nanosago%?m%‘
Ref | ecti ons at '\% ranges are ignored, thereby dimnishing
returnps fromo er gbj ect's, called clutter. After deciding on t he
range to the target, a test sequence is initiated which neasures the radar
returns froma tar returns f uency,
which are r®ad as g"%f?@’é’f ‘Fﬁ'ﬂ“’f)"ﬁta{'gf‘tf’fea 'f'r‘?a'f'e"b"é)[a]f’ %rt'ﬁn |AsJ Eé{{d%gls%{fdc og'gnpar ed
to those | ear ngglisedond ixnedyit irdns@itiad bud fsi¥ bk deigi MAh&rapyeqriedsiocreasad (eg. @ si on
is made as to whet her or not a wea onis renrJ'Jhernthefle

of
interest. The emosqcendﬁ} thereRy sliding the gange, A3le BIck gng fhge b CRHON 1S MER RS nd
second. gHﬁé ﬁéxﬂxjn rﬁlﬁ'f? lob£iBR| Triid process?Orepeated until alt twe-%@adgé v haveibeérd
illustr at e f l e

further low ng non-limting exanple
Rangefi nder. Timeasucddl crws tages aypanrr@mn@Irm*hasﬁmtﬂheThslf@ff\QWﬂ@aﬂQﬂ'ﬁéieaﬂ’?%ﬁd rsee ffe
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pr esent are alternative

embodi ment s) . Téb@alédﬁﬁ\ﬁﬁréﬁrﬂéssﬁlﬂdtémmabf prefeiably, B0 oressimeEentsinae teenanadbe cent er
of 25 the test band and are normally held there for the duration of this
process. A pulse (e.g., 10 nanoseconds) is then transmtted and the

transmt/receive (T Eﬁer?n@‘i'irsf GO RG] £ 1ReVahdel RS, tRér€is no signal above IERKIEDI] the
receive a pulse in 't rst  range bin. Each range bin is one yard. The

first range transm:ttebfrmuelmy ismcrmw PR Wéﬁ'ﬁﬁ@é‘ r passifi reppatetelf E'MB i giling
operate (e, 1?() 5‘9(}&{ a‘f"ﬁ esho, etét%ugn ?ﬁ, V\;{? by 100 MHz andglsé'?fsrt b&9 isGaseBtel ANRE

bin is set corresponds to a receive pul se
width 30 (e pgppseb?tha ammends'}s to AEQae themﬁtclsrt!imy@mh panpejlationiwhich Is igkely

di stance (e.g. qu éd htreqwres a delay (e.g., 24
nanoseconds) béf‘(ﬁé insyfficign ?H%'rrrf?mpul se and the range gate pul se. Radar
range is

- 13- 6 nanoseconds per yard. Thus, for this exanglg, t he transgntted
pu| se is 10 nanosemtﬁssw%fg %g,d've passes has been made (repfesentl 60 measurements and d

20  recordings), the range bins are polled. The time required for the passes (e.g., five passes) is
preferably less than 100 milliseconds or 0.1 seconds. The polling process determines how many
over threshold hits occurred in each range bin. The closest range bin with al least three hits is then
selected as the range 1o target and an LED is illuminated to indicate that target lock has been
achieved. The display then indicates the range to the selected target. This serves as a check for

25  the operator that the desired target is being examined.
In this example, the processor then performs the following functions:
1. The range gate is reduced in width (e.g., 6 nanoseconds). This timits the range of

30 measurement to one yard. One yard is considered sufficient to contain a person and yet narrow

enough to reject clutler in other range bins.



the T/R'range gate control pulse is 12 nanoseconds w de and is del ayed by
24 nanoseconds from the transmt pul se. 5 The return
is digitized and stored in a nenory |ocation. A second pulse (e.g., one

mllisecond later) is transmtted but now the delay for the range gate is

i ncreased (e.g.wolyifzr " nanoseconds), thereby sliding thecrasgeiesst e
back one range bin. The return is neasured %nd stored in the next
menory | ocation. This process is repeated dktil all twelve range bins have

been measur gd.. Thi { re0xd LV wd2. i L PR Y
| ocations are checg'ed t'@ei@éﬁﬁ §dj%8£ faé*%eggg %tgntg@ ﬁgstke;ﬁgs?'g a d{ggpaggt er
than a predet efestrededint Date findhedookirf taldois detaenimexd by calcuation @slempisical testing during the
repeat ed four mor e times so that a total of, preferably, 60 neasurenents
has been nmade Manufacluingprocess. ¢ * after the first pass through all the
range bins, there is no signal above the threshold, the transmtter
frequency is decreased by 50 MHz and the first pass is repeated. If there
is still n® 15 3.sj gnkle range pate ggiaydnest tor the pelecleddange®i®y i s i ncreased by 100
MHz and the first pass is repeated. The pur pose of the frequency
shifts is to negate the effects of nultipath cancellation which Is a |likely
cause for insufficéent Thadatsmitahdilotel oscillators are set to their respédties startimgefraqasncias.,
e.g., five passes has been nade (representing 60 neasurenents and data 20
recordings), the range bins are polled. The time required for the passes
(e.g., five passess. i S The weapon dRE&bfprabdsyislimited! han 100 m | liseconds or 0.1
seconds. The polling process determ nes how many over threshold
hits occurt®ed in each range bin. The closest range bin with at |east three
hits is then’ : I . %:@a‘

illum nated tqueﬁmséﬁghe?%‘?g‘ta gdrégt]ﬂee[b% 1s%gﬁtgﬁ'gﬁsgoqgggrtlgﬁ'a@gqn££ahé I evge Penlgﬁ'e

di spl ay then Tl sequemse ¢dnsists efnge to the sel ected target. This serves as a
check for 25 the operator that the desired target is being exam ned.

In this exanple, the processor then perfornms the follow ng functions:

1. The range gal.e i sogefthearnsnitter wiotddistor(i€tréhsmit 8 pited @IS A0 RaIdeconds).S |inmits
the range of 30 measurenment to one yard. One yard is considered
sufficient’™o contain a person and yet narrow enough to reject

clutter in other rgnge dyyRSsown to the time corresponding to the delay for the selected range gate.

3. 8wilch the T/R swilch into the receive mode.
20 4, Simultaneously open the range gate switch.
5. Count down to the delay time for the analog to digital converter (/D) timing.
8. Trigger the A/D to digitize the return signal and store the resuits in memory.
25
7. Command the oscillators 1o proceed to the next frequency in the test sequence.
8. Check and incremeni a counter.
30 9, If the counter value is less than a predetermined number {e.g., 50), wait for a period

of time (e.g., one millisecond) and repeat the above steps 1 through 8.



-14- 2. The IF gain is adjusted for the range by "I ooking

up" the bias required to achieve the desired gain. Data for the

| ookup table is determ ned by cal culation and enpirical testing during the
manuf act uri ng process. 5 3. The range gate delay is set
for the sel ect edwbag@s7di n. ’ 4. The transm t PEIUSY7(16944
oscillators are set to their respective Stal’%_l ng frequenci es.

5. The weapon detection process is initiated. 10 The processor

then commands the pyse gndod, nmm:el?sqﬁéﬂg#e?eﬁnﬂé&ﬁﬁb@t@.g.r.r?tﬁ,sr%e?fﬁ%glg}]orsilﬁe

sequence. That sequénce consi
transmtter noduéipdt@tingtiRqbdneiesant repaat thel eptire 6equence. 10 nanoseconds). 15

2. Count down to the tine corresponding to the delay for the sel ected
range gate. 3. Switch the T/TRswitch into the receive
node. 20 11.4.  Atter ik BabubiRD ROsHRbIYd R Mvé fifesy, agyeqid resutatealh of the

5. Count down to the delay tinme for the analog to digital converter
(A/D) tinind frequencies {e.g. 50 fregencies). Trj gger the AID to digitize the return
signal and store the results in nmenory. 25 7. Command t he
oscillators to proceed to the next frequency In the test sequence.

8. - Check and i nctznerrdeeathe@ausidges data to thOneural net processodfor pattednfmdtdhingcount er

value is less than a predeterm ned nunber (e.g., 50), wait for a period
of time (e.g., one mllisecond) and repeat the above steps 1 through 8.

13. Depending on whether or not a patter is recognized, and its degree of certainty,

10  Muminate the appropriate LED.

14. Keep repesting the measurement process as long as the trigger swilch is depressed

or otherwise activated.

15 15. Each time the frequency sweep is completed, the new dala is placed in a shift
. register so that the newest data replaces the ofdest data. This results in a continuous running

average for a group of five frequency sweeps.

16. The new averaged pattern is fed to the neural net after each frequency sweep for

20  pattern matching.
17. At any point where the pattern match decision changes, a new LED s illuminated.

Each time a new subject is to be scanned, the trigger or other activation mechanism should be
25 released and re-depressed or deactivated and reactivated so that the rangefinder measurement is

repeated, assuring that the new subject will be scanned.

iv i
The invention preferably operates by using a short pulse radar as the sensor to safely
30  examine a subjecl. It generates a radar return paltern where the frequency of the interrogation

signal is the independent variable. There are a variely of techniques which can be used to oblain



- 15- 10. If the counter value is the predeterm ned nunber
(e.g., 50), reset the oscillators to their starting frequencies and
repeat the entire sequence. 11. After the sequence S
repealed (e.g., five tines), average the results at each of the

frequencies (e. %?ﬁgiﬁrequehm es). 12. Feed,,&)gsﬁ){%ged
né

data to the neura processor for pattern matching.
Dependi ng on whether or not a pattern is relﬁ)gnl zed, and its degree of
certainty, 10 illumnate the ap ropri Keep

repeating the RuddUPERAT ASAgReERed 2aRvey ‘B?l@fe'ﬁg""( ‘ﬁﬁ‘"’f’?‘? g aeyee awiepred f’eg"e"c’
depr essed mea8lirertin) ©ndi i§ fheArfehiiehy e of intdr@st is dxvsded (e.g., M- 50 po:ﬁgﬁhdta' me the

frequency sweep is conpl | eted, the new data is placed in a shif

regi ster so thaeasinementisaste aleach of thelpaintes Theriatags then assembled fOVKW@ patigrabt s in
a continuous runni’t&v sy erage for a group of five frequency sweeps.
16. The new V&85 aftf?qern is fed to the neural net after each
frequency sseep for 20 pattern matching. 17. At any
poi nt where the pattern match decision changes, new LED i s | I | um nat ed.
Each tinme a new suffjteRE{methgds thatgan keampipued in é"e[s?‘f‘{jﬁﬁ?‘m%?" 58?‘1‘(&’ eF8MBvat i on
mechani sm shoulifoRBtiondr: '€l eased and re-depressed or deactivated and
reactivated so that the rangefinder nmeasurenent is r epeat ed,
assuring that the new subject will be scanned. Al ternative

Short pul e radar ds t n@sapi XEUEREfe R € Rl esRBIA B o 8 oo

gener at es aor adw freeenty fanp B t@ﬁmouﬂmmgidgmeffreaﬁpue;rmynmrmMnnméaeh pagmatSime
signal is the independent variable. There are a variety of techpiques which
can be used to t&ﬂ Epshrequsred for this application are very narrow, there are orly a small number of rf or carrier

cycles occurring during the pulse, and thus accurate measurement is critical.

2. EM-CW radar. A FM-CW radar technique is commonly employed for radar
15 altimeters where precise distance measurements are desired. n this type of sensor the signal
frequency is continuously varied in a linear fashion and the frequency change at the time of refum is
measured. A variation of this can be employed in the present invention where two signals are
tracked at a frequency separalion corresponding {o the range 1o target but the amplitude variations
of the return are sampled and measured.
20
i Impulse radar. Impulse radar generates a very narrow pulse in the order or tens or
sometimes hundreds of picaseconds {e.g., 1072 seconds). Such narrow puises contain energy over
a large portion of the frequency spectrum. The spectral content for a reclangular pulse is a sin(xy/x
pattern and the first null is at a frequency corresponding to 1/1. Therefore, if it is desired to have
25  significant energy existing at a frequency of 3 GHz, then a pulse width of less than, ¢.g., 300
picoseconds is required. This means that all the data collection must eccur in under, e.g., 300
picoseconds because the signal only lasts that long. This requires a system that is very expensive

and difficult to realize.



-16- such information. As described above, the preferred technique

IS to use a stepped frequency measurenent. That is, the frequency
band of interest is divided (e.g., into 50 points) and a measur enent
I's made at each of the points. The data is then assenbled to offer a
pattern of woanpdnst ude' versus frequency. 5 PCrAISPA6944
nmet hods that can be enpl oyed in the present ;nvention to acquire the sane

i nformation are: 1. Chi rﬁéd signal. A chirped signal is

one where each pul co r | f . he frequency band by
conti nuously changisﬁg t%‘f@%%%%b;SI&C?F&%'IhrLe&E3ér?jru|seermgﬁerr?rﬁ§"egﬁ'crﬁ '?)Eﬁrieé. Si nce
t he pul ses reqmodasted eith 4 inicowayrsEubaater io theaee, 3/@Hyrangel THY\naih BEFiEr cah Be Biywere
smal | nunber of rf o carw‘ er c)ycl es occurring during the pulse, and
thus accurate %Qétﬂﬁ'érﬁ%ﬁt gictop wpyelegpthy through an X-ray range forclothing pepetealipt adar . A
FM CWradar technique is comonly enployed for radar 15 altinmeters where
preci se distance neasurenents are desired. In this type of sensor the

si gnal S fr eqRepision MakingGritera, Shesneyralnat progessan ofthe inyentien makes b decismchstde
frequency chan ' f LS . I A.var ation of
this can be errpqﬁ%t;a/éé’aP'Fbﬁatwﬁi&B% srfiras% Wﬁo\;ﬁ@%mgc}ﬁe%%%ﬁ%‘e%?"%éq! eéﬁnga ve
tracked at a fe@RGHZI seguipanérmD A wapsrodprndliongsohade inlte 2108 BHzitRqieAEsEhd i
t he anplitude ){('ari ats'rons wm t g{e th rg,t urn_are sanpl ed and neasured. 20
5. rpulse PRASR SRS PYE g e spalrioBieds The diege e & BT Wi he
order or tens @featerin amplitsd@ARn tHEDAcALBORY Sl Smalier RALPSMEBE B %cﬂrwﬂéﬂr?rr]

seconds). Such narrow pul ses contain energy over a |l arge portion of
t he frequeﬁ?:y spectrum The spectral content for a rectangular pulse is a
sin(x)/x pa&i&@'ﬁ%“ | S at equency.correspondi ng
to [err]. Thereforé, It IC IS és?éogh’aﬁgé %1%%/%‘0%2%90%%cgﬁ?r?’fscé{r'lfméoﬁrg 5{’ na

exi sting at a venelmeveretodf wdysCidne of the simplef ilestedse thiiluntiatd £@sual ildidatorEsugh as
must “occur |- Anda, ey S 8 o isle FEETR 0opsEa e VLS g USRI y
| asts that | ongherdimitserioemesersgmalfis psrogiatel Mthose $adts a)sigHXREMNEE tYfhsmitted e.g., over
15 the air, via fiber optics, on electrical conductors, etc. Those signals can be used to activate a
remote pager or receiver with e.g., an audible, visual or a3 mechanical movement. This can be used
to alert selected individuals or to automatically energize 2 barrier (e.g., locking or other protective

mechanism), or activale a camera to take a close-up photograph of the subject.

20 Different versions of the CWD can be produced to suit a variety of applications. For
example, the hand held unit allows a police officer to examine a subject at a traffic stop, from a safe
distance. Another embodiment is a unit that is fixed or mounted on a wall or above a portal. This
embodiment is generally set to a continuous scan mode at a fixed range so that ali individuals
approaching the portat are screened. In a light traffic area, a passive detector, such as infra-red,

25  can be used to trigger the CWD when someone approaches it.

In this situation, where a pager is aclivated, the screened individual does not know that he or
she is suspected of having a concealed weapon. A guard who has been alerted by a pager can then
assume a strategic position to prevent the detected individual from conducling any criminal

30  activities. If an ervoneous reading is obtained or if the individual has no intent‘of committing a .

criminal act, there is no harm done and no one has been accused of any activity. This type of



and difficult to reali ze.

-17- 4. Subcacarrier radar. Subcarrier radar can use a
hi gher frequency main carrier nodul ated with a m crowave
subcarrier in the e.g., 3 Gz range. The main carrier can be anywhere
fromthe IR (e. cron‘wavel ength) through an X-ray ranq,e_.‘ﬂ%%,

cl ot hi ng penet rg‘[l%sg]lw 5 Deci sion Making Criteria e,mr%"é‘ural
net processor of the invention makes a deci-¥ron as to whet her or
not a weapon |sp£resent by conparing the pattern of signal returns in the

band above ratio is nosbusedupin ingtitdioss sugh aliapics, fce ‘mﬂ%ﬁﬁﬁlﬁ“\/ﬁsi 9r PlageRvhets
resonate in th@mgmu&sggsﬁgregu%g,mngnm create a stronger
return than other smaller objects. The criteria is that a signal exists
which is greater in arrplltude t han the background but smaller than
a calibrated larg e 1 e Qut put d

| ndi cators. Upon n‘éq(&ﬁed sa&:ag@& eE?r\"m "f'??g'or&\'/\'ﬁd'%agﬂ" ? Pesirehine af’?’%“ﬁ?f?%?ﬁﬁf‘ibﬁ)n in
a VEI'Y idcikeddh auaible @layn (ithekadttrded Brayifiesikdtorore Bibuesl) caRiddnd]3r & fght €an

illumnate a visual indicator, such as an LED. Equally sinple are
audi bl e or t aciPieelf-ntVSA¥RESH Esponsr,mayhe mashdasigblgiferi24 Rour rerveniance siares. SHeoMs,

where neither @hyiHiGss, bghg,gg,[sfsaﬂ,a%"@,,glpertpprl ate. In those cases, a signal can

be transmitted e.g., over he air, via fiber optics, on electrical
conductors, etc. Those si gnal S can be used to activate a renot e
pager or receiver L. 'P venpent
This can be used "?’gerf%qg{g ec #ﬁa%k{?%l}g“g&%%{a 8&%5’ 48 H'gall
ener gi ze atdar mimowayeragar,settionki ng or other protective rrechanl sn,
or activate a canera to take a cl ose-up photograph of the subject. 20

Different versions of the CWD can be produced to suit a variety of

applications. For Irj_rg.mlgg_[ XS TRkRissibl FanBAOGer&] ke x %ﬁt&%&%ntﬁ"éﬂshﬁﬁor
a Su e

of ficer to exam ne ct at atraffic stop, froma sa
di stance. Anot W)e%omamw i$ fod tp amedulatdn terchange fhie C¥weyelomD inte: cesgries ol aulops |

or above a por ﬁ }Qﬁ&econds% Thg h&{;ﬂ?@ %R%J Ins aspagg PQK ﬁlL |¥ tuﬁ&tovg &ng” ﬁ rgnaguous

scan node at a range
portal areitg§cr éegna@d01d 311-’6§ﬂz) gite puisasioteut ate €@, 1 !@zpﬂismd\xl@ fdaatmc! lslsgeppnc!(ah as

infra-red, 25’ nerefraht opg g u§ ﬁqz o(r)eacFl ggeerﬁa%h r%ea%men cohsiztd OF darBQ 38 easnevlvt '

frequency (incremented 5 MHz from the previous one). Thus, a complete measurement spans a

range of e.g. 250 MHz. The processor averages a group of €.g., 50 measurements to make a

decision. The tuning voilage to O1 is generated in the timing circuit and is a staircase waveaform.
20  This is adjustable in amplilude, offset and linearity. Each step occurs righl after each reading 1o

provide maximum time for O1 1o lune and stabilize at the next frequency.

The transmission signal 1s modulated In switch, S1. The signal from O1 is CW and the
modulation signal is generated in the timing circuit. The modulator is followed by a high pass filter,
25 F1, to block the videc modulating signal energy that will leak oul of the modulator output connector
from arriving at the output power amplifier. The pulse (10 nanoseconds) modulated signal is then
amplified to e.g., about +23 dBm and is applied 10 the transmitireceive (T/R) switch, $2. This switch
is normally held in the transmit position and is swilched to the receive position at a precisely delayed
time after the modulation pulse is applied to 81. This delay is in the range of e.g., 24 to 90
30 nanoseconds. it is held in the receive position for a duration of either e.g., 6 or 12 nanoseconds

thereby providing some range gating function. S2 is followed by a second range gate switch, $3,



In this situation, where a pager is activated, the screened individual does
not know that he or she is suspected of having a conceal ed weapon. A
guard who has been alerted by a pager can then assume a strategic

position to prevent the detected individual from conducting any crimnal 30
activities. |f ayoegmaeneous’'reading is obtained or if the indipcriusinbms no

I ntent of conmtting a crimnal act,_there is no harm done and no

one has been accused of any activity. This 'E%_pe of )

- 18- . ORh Bher LS ih BnidBR Hith gi%ﬁay’ﬂle‘liﬂﬁlﬁ&& HFJfﬁ’dﬂﬁtt R41513n 25 Mlhi@v%drdfi’lcsnz
tracks, jewelry stores, or places ere arge anmounts of cash or

val uabl es are aonrdegetzeattiad leakage to an acceptable level. 1S3 aod 82 will passasiongisthe loworose an
intentional indication is. desired, e appr.qache oor .can_he 5 | ocked,
an audi bl e al ar'th ¥iPen}2. f"é@SFU@‘&i’"(‘}{tﬁ%W‘?ﬁ@‘éﬁ 'i%?i?g?f’gf’éeée%?a 8’33'28‘}‘5"' can

sound, or a light can flash, etc. This type of response may be nost

desirable for 24 hour convenience stores, airports, court houses,
bars, touri$t attradeicemmon eariof the T/R switch, S2, is connecligd ¢¢ BRAVRIMRANAr A PRESIRGOT o

the bl ock diag Feftér. F{ %s%'}]i\.rcgd iillgnis 6391. q’ﬁﬁiﬁﬁér allawgggg%ﬁéu?ggﬁ ek rﬂgrrno;ln%s created Wthe

m crowave/ r adar Séc e transm ssi o
signal is deri tadsrits osdiianohxduatdrbagifierccombinaioh esll pewwnts loattadband extraneous(Signéds

01. That signal_is fed to a nodyl afor. to change the wavef orm.j nt.o
series of pul sd enlering the PESPS %l'Tg't'"r‘?é'F‘f‘é?&goa 955%8%/}/&%%453%@&2&'9%% is
a pul se train tdaRhnd ponisdasiAeMale doniedtdrai N range 15 (e.g. 2.90 to 3.15
Ghz). The pul ses occur at a e.g., 1 Khz rate and the frequency |Is stepped

an i"ﬁcrement_of e.g., 5 Mz for each pul se. Each nmeasurenent
consists of 51 rea%ﬁ%ﬁ@_{ ﬁ%@hpgstsﬁ@er W cutoff of e.g, SEFGRSYY § b &¢5 STRGAIdRE 10mddkiZ
fromthe previous one). Thus, a conplete neasurenent spans a range

of e.g. 250 MHaided hdsedeakegedmorthaV/BraadjBanga Gglecwitches fram gpachirgOheaieaseiseenent s t o
make a decision. .The tuni vol } age_1 0 i eperated in t i i ng
circuit and is ag'pkifeé%atggeerewégpg mp"}f%q" Rér ﬂ?@%?rsﬁ%(g}aggisﬁkﬂag of ﬁ‘gaggf'é‘t e,

of fset and | i neplified sighdBhedtb @ BoudRMaNafcet inplet, Maf t er each reading to
provide maximumtime for OL to |lune and stabilize at the next frequency.
The transni'8sion si gnal is nodulated In switch, S1. The signal fromOL is

Cwand the The local oscillator for the mixer is derived from a second VCO, O2. This oscillator is offset
- from O1 by e.g., 700 MHz, Thal is, it tunes from e.g., 2.20 to 2.45 GHz. It is synchronously funed
. with O1 to maintain an IF output centered at e.g., 700 MHz. O2 is stepped in e.g., § MHz
increments along with O1. It's tuning voltage is also generated in the timing circuitry. The IF signat
20 . Ts filtered in a bandpass filter, F4, centered at e.g., 700 MHz and has a bandwidth of e.g., 400 MMz,
its passband Is e.g., 500 10 900 MHz. This bandwidth was selected in order to maintain the quality
of the fast rise, nammow pulses required 0 retain range resolution. The filtered IF sighal is then
amplified in a variable gain IF amplifier, A3. The gain control is an analog €.9., 0 to 5 volt signal
with maximum gain occurring at e.g., 0 voits. The gain control is generated by the processor and is
25  derived from the range to target information. That is, as the range gate delay is increased, the IF
gain is increased. This provides radar sensitivily lime control (STC) and compensates for the fact
that 2 target at longer range will result in a weaker return. The gain of the IF amplifier can be varied
from e.g., about 15 10 65 dB. A change in relumn due 10 & range change of e.g., 4 to 15 meters, for a
target of constant radar cross seclion, is e.g., 23 dB. The change over e.g., 3 to 15 metersis

30  e.. 28dB. Thus, arange of e.g.. 50 dB has sufficient margin to accommodate a wide range of



nodul ation signal is generated in the timng circuit. The nodul ator is
foll owed by a high pass filter, 25 Fl1 to block the video nodul ating
signal energy that will |eak out of the nodul ator output connector
fromarriving at the output power anplifier. The pul se (10 nanoseconds)

nodul at ed signal i n ! anplified to e.g., about +23 i
applied to theavpaﬁ’éif?f/ receive (T/R) switch, S2. This switch Pmﬁ%i@fg
normally held in the transmt position and-2s switched to the receive

position at a precisely del ayed time after the nodul ation pulse is
appl i ed to Si.calibrrtiongandpt pathp fojipgfapigrieachiaving ihg desined range. giis magmin may be

nanoseconds. | fealcad R‘ﬁ'c&é%&xﬁg@%aﬁfe%éu%‘d. position for a duration of either

e.g., 6 or 12 nanosecon her eby providi ng some range gating
function. S2 is followed by a second range gate switch, S3,

-19- t hat erates i.n nlsonvm . S3 be elimnm nated i
sufficient isolati 8&" '%&H'Sﬁ%s'%ﬁlaée\f’&f%ﬂ "§2h?g%' speed JZP%‘(?" ﬁé‘djmg m’&%wf

| eakage t0 |n agkeaBhdkididde bfieh corfinatititlorTdtevtbr, lowpasJitter it fhahing Sadl TRe bQl¥étor
noi se RF anplifier, A2, for the duration of the tinme that it is

desired to rec@5seEbliy citae Bt 4 sqaypney betweag e.g., 300 and 500 Wiz 1 glieAvate e IFicagier fene

T/ R switch, S2 t
(i ltor Fo. i oedvong ARARalBbhe! dnk Bicediblliiat AN dmonfedih 580 fichfer, g, oo videg

and har noni cs smplfiedts byam bte.g., 40 dB 10 bringdiresdetected video signal which typically has a peak

oxi rangous o1 GRS some B of e (T Rrdp T e o Bra oS- VPl (Eresipsessre

e.g., 1 dBipassmehsartthed anGsy,chr3no‘3555nﬁble3arﬂiol€bhcwt'ﬂ”iﬁcrease their pulstiWi®RfiomRQY 1101 S
an SMA femal e connector. eceive. A hlogh _ﬁass filter
with a cutoff Bﬁ‘""%ﬁcg"ds‘%?Pﬁ%%laﬁé‘tsé?l'vc'ise?°'ﬁﬂz“ua§°‘f‘ A MIFERSECORTS WP e jpulse, the

video pul se | eé@bﬁ%(aﬁéleéﬁo%ﬁbﬁaluﬂeﬂé}ﬂregﬁﬂﬂﬁle@%rﬁi &%E&Q%at&ﬁ%s&ﬂé\%ﬁ'oﬂﬁet he

| ow noi se . The return signal is anplified in
anplifier, A2, sinnemmmwea‘r@amwis accogpial copecia lo fapititate the use of aempldecl r@uz ﬂ’negbnal

s fed tO a dOHBHe%mFﬂaéx? ;?e%us;a X ari d\“’%efror;i?nﬂuencmﬂd\e\r}ﬁésur@em ﬁl !soggln ] at or

oscillator for xer roma Seco
is offset 15 fromOl by e.g., 700 MHz. That is, it tunes frome.g., 2.20

o 2t e LY Lo A BSO0 R LR on o T o |
i ncrement s al oBfboinigtike dkbuit drfer iBisiritgated iM6 b oAfiedessthb. TRUBENbAM ishebhe-
tim ng circuitry. The IF signal
impossible once the connectors are eliminaled and the components connected via printed
. transmission lines. The test points are derived from directional couplers placed at strategic points in
20  the circuit. The first point, TP1, is placed at the output of O1. This will permit observation of the
base oscillator CW signal, prior to any applied modulation. Such observations will permit easy
measurements of the frequency of each slep, the power level and the Tx signal stability. The
second test point, TP2, is placed afier the Tx output amplifies. This location will permil observation
of the modulation timing, the transmitted signal waveshape, output peak power and pulse width.
25  The third test point, TP3, is placed at the output of the T/R switch. Signals will only be observable
at this test point when the targel is very close to the radar. i will however, serve as an accurate
{iming reference for a base line range gate from which other ranges can be calibrated. ii wiil also
permit observation of all reflected signals from mismatches and close in clutter, The forth test point,
TP4 is at the output of the local oscillator. This will permit observation of the cutput of OZ for
30  checking linearity and tracking to O1, along with the mixer drive levels. The fifth test point, TPS, is

placed at the output of the IF amplifier. This location will provide information on the conversion loss



20 Is filtered in a bandpass filter, F4, centered at e.g., 700 MHz and
has a bandw dth of e.g., 400 MHz. Its passband Is e.g., 500 to 900
MHz. This bandwidth was sel ected in order to maintain the quality

of the fast rise, narrow pulses required to retain range resolution. The

filtered IF si 'hﬁathen ‘ anplified inavariable g@CPUsH7I16944
anplifier, A3. e galn control is an analfg e.g., 0to 5 volt signal
wi th maxi mum gain occurring at e.g., O vol The gain control is generated

by the processor and is v 0, r

That is, as t9bthf %&arﬁa\lﬂeegaﬁ'eqig'ﬁ' "%?'F'\ecrlrioe%gée@% "[\ %?gﬁgwa&@mﬁémwef’ Aiise"

i ncr eased. Thigpe.pI P8/dEiE Bhos@tiar thera pointi caitiers mmmmemembmc(rem)ofmd device.
conpensates for the fact that a target at |longer range will result
in a weaker return. The gain of the IF anplifier can be varied from
e.g., about 15 to ﬁ;_’&ﬂﬁm Arne BARBF i plefirbd MicRWavel Bsemblyadgowe RFRUR Bl TRe 0. ,
4 to 15 neters, for target of constant radar cross section, is
e.g., 23 dB. 'stal:bmkﬁye prs{asablydil iglo a faptarint of 2. grefixB jnghes nd ifpss than, g.0., 130 high.
Thus. 8" AnG° 3L aftafha port pribedtan Sl bk Bhonilie Bhdls iR R HREIRR opt. W C°

- 20- C Holwovenlit @mmamumtto eve tlieenllenrm ulmmgalé ammr unit apfirtal @seérmidy. t e
desired range. This marg

oot T oad 9% nigh spsed Somndetors WhEN it fyg mogyietoR SHHETE sgpai e DRteR AL SiEPa

speed det ect Orgyddl mhdfi téy hérRake frél& bty WA femaleD The 1% B8quand)driptits dhREiMciadne S a
conbi nati on of etector, low pass filter and matchi ng pad. The detector

assenbly ciBt s Tofahd kO tuaing centyals Aes, the & geingenteo! gre. p’%@"’dﬁ@@&b‘"\%ﬁ”‘l"@'“at t enuat e
the IF carrier_f Srof iRy SuppiV UE gse envel ope is
then anpl |f|ed° r%ctor Asg%ndérgﬁipﬂ\f@o&ngﬁo 3 Gfof 0 E%%P ppi} Binp oplifior has a
gain of e.g., 40 dB to bring the detect ed vi deo signal whi ch typ| cally has
a peak val ue of sone ten ol t e, 40- 50 . to a

| evel ‘of e.g., 4 oPMEDING 4 WM 'ﬁﬁ%‘if@eﬁ{ﬁq‘l’s@gs el"g“%?m(descﬁ%éednhe?f"r'se?h(%'dHllQen an
asychronous sagiwhg@ddeshol d circuit to increase their pulse width from
e.g., 10 nanoseconds to approxi mately 50 m croseconds. At about 15
m croseconts into the pulse, the digitizer (analog to digital
converter) reads the 'EVE'Ta%laqar%uﬁﬂHﬁﬁo?pefé?fwb},almoﬁﬁeb@cﬁemoa;Ion of the
signal anplitude. That output 1s coaxial _conne acilitate the use
of a shielded ¥a ) |
from i nfl uencif ,_M_______________M . ____________Tod]

points are shdwn and ar 0 be_included for ’W’Q‘gb? é%@nd troubl e

ransmlss%n requency Range

Peak Power Output (to antenna) +20 dBm
20 ?ulse Width 10 nanoseconds nominal E
Pulse Rise/Fall Times 1 nanosecond
Pulse Repetition Frequency 1 kHz, capable of 10 kHz
Spurious Outpuls | -30 dBc
eceiver Noise Figure 6 dB max
25 3rd Order Intercept +20 dBm

IF Gain Voltage variable from 15 to 60 dB

Preselection 2.8 to 3.4 GHz, 6 section Butterworth

IF Frequency and Bandwidih 700 MHz center, 400 MHz bandwidth

E Receiver Noise Floor -83dBm

30 Size Approx 8x8x1 inches, exact TEBD




shooting the circuit after it is integrated into a one-piece assenbly.

Tr oubl eshooting is near | npossi bl e once the connectors are

el im nated and the conponents connected via printed transm ssi on
i nes. The test points are derived fromdirectional couplers placed at
strategic points in 20 thé circuit. The first point, TP1, is _placed at

the output of OCIWOHI2E7i || pernit observation of the PaLUS97/16944
oscillator CWsignal, priorto any applied nagul ati on. Such observations
will permt easy . neasurenents of the frequency of each step, the
power |evel andfthe Tx signal stability. The second test point,
TP2, is placed jpit BP ¢ ho QUL anp ;! Mt
observation Antenn@ bednt\Giagodul at fon tim ng, he b apsedst t ed si gnal

TP3, is placed jinteine frequeginytrangé the TIR sw tch 2B0andBECHE | | only be

observabl e at this test point when the tar et .1s very close to the
radar. It wll AmﬂﬂpﬂﬂamQQLue as _an.accurate 16dE /min 4 ng reference faor a

base |ine range g@g&agﬁpm whi ch other ranges c: 1%9,:3,(,5@&,,1%;‘@;@%&5; Wil |
al so p R RS e SRR o e e T I L e S e E N gl

and close in clutter. The forth test poi nt, TP4 S at t he output of
the local oscillator. This will permt observation of the output of 02 for
30 checking linearity and tracking to OL, along with the m xer drive

| evel s. The fifth test point, TP5, is 1‘me’b'MP§ced at the output of the

| F anplifier. Trs=Focatrrom i r—ProvraerTonm O O e C o e TS oo 55—
-21- of tlhe m xer andpﬁhmegal n of the I i arrpl |f|er Specaragaﬁt ain
| i near perfor
for the | esto po
Mechani cal . The
Figure 11. The
e.g., 8x8 incheg
port is prefer
i nput .
to the RF unit
i nput the nodul
SMCs. The five

V\BVEShape out IEI iS{z L MEVIvAYS IO » SR
P
f
i

Rhngeoatelnelas to mininize the ||*slert¢9mrran¢samdsaf each devi ce.

gutline of the preferred mcrdgwave assenbly 1s shown I n
Range Gate Wigth package preferably Spar 12 pagospeonds ¢ print_aof

"Raftgdsbdaseﬁreuhneg, €.9., 1 inqhyRidibseconds The ant enna

Yy eCtoTr—ang— TS cabtedtotheanterma

o at:onandlﬁsnmmqom@vml e tjdThave the antenna blind mate

{rﬁ’"&qr@{*ﬂ?g /s\g%l énatrg ear e pr ett] Iq %gﬁrfs"ggg‘gﬁfé? E'Pecg it “ﬁbe&%ee"p’ and 8

. est ports are preferably SMA fiegm.e. The | ow frequency
i nputs which i nfTude the 10 TX and CO tunifg contrors and the TF garm
control aretref FGaN Gonlrelt eqrated into_a nul tij@fitwSvoltsdc  connector. A

second mul tipi rg&%@&%‘“ 's used for the powiy AURRI dhaKande uld: Smc temale

Oscillator Tuning and IF Gain: Multipin, TBS

Table 1c. Cutputs

20 E Parameler Specification

Pulse Output 1o Digitizer Stretched pulses, 50useconds

Output Level 5 volts peak for -45 dBm input at antenna port
with IF Gain=20 dB

Oulput impedance <50Q

Antenna Porl Impedance 500, VSWR 2:1 max,




Summary. A summary of the preferred specifications described herein is

shown in the followng tables. 15 Tabl e
la. Summary of Preferred Operational Specifications
Par anet er Speci fication
Transm ssi on Fr &Ny Range 2.90 to 3.25 GHz perusymiesieak
Power Qutput (to antenna) +20 dBm 20 Pul se Wdth
10 nanoseconds nomi nal Pul se Rise/®all Tines
1 nanosecond —Rul-se—Repet-Hor—reguefey t
kHz, capabl e of clindetess Spur i ous Qut pyijasitenna Port: SMA female
-30 dBc Recei ver Noi se Figure 6 dB max
25 3rd Ordir Intercept - | Pulse Output: SMG fealgp
Recei ver Noi sefFl oor Test POrs: SRR Yemale | F Gain
Vol t age var i abfe—em35—+o—66—dB PresetectTon
2.8 to 3.4 GHzj zeroSTartié LeaRag8lededr Wort h | <5 millvoliguency and Bandwi dt h
700 MHz center%’ﬁf’ﬁﬁfm 30 St ze o
Approx 8x8x1 inches, exact TBD
-22- Vi ght 1 1b max.
Ant enna beam wi dth . éaﬁ . ’g grees
Ant enna frefuency range Table 1d. Environment : é”%’(z)'e §30 Gz
Ant enna gain : 11 B '
si ze
Tabl e 1b. | npufs - ] ]

General Rugged Handling, Field Use

Operating Temp Range <20 to +450C

Storage Temp -40 to +700C

10 Shock 50 g, 11 millisec half sine

Vibration 2 ta 2000 Hz, .05 displacement

Humidity | | 0to 98% RH

Altitude 0 to 15K feet ====H

15
The preferred casing for the portable embodiment of the invention is illustrated in
Figures 12-15. Components comprise transmitter/receiver, RF module 108, antenna 107, display
control board 114, CPU and logic control board. 109, display panel 112, screws 130,131,132,133, /O
connector 110, trigger switch assembly 128, trigger switch, switch frames, interface conneclor 120,
20  display window 113, grip vibrator 116, “C" batteries 119, interface conneclor cover 105, power
supply cover 104, dispiay beze! 103, case 102, rear grip 118. front bezel 101, indicator LED 115,
and ceramic buzzer 114.

This invention is particularly useful for detecting firearms and other weaponry, including but

25 not limited to the following: .22 caliber revolver, .38 caliber revolver, .357 caliber revolver, .22
caiiber sawed-oft rifle, .380 automatic, .9 mm automalic, .22 caliber automatic. and pipe bombs or
other cylinders. The invention is capable of disceming weaponry from clutter abjects, including but

not limited to: belt buckles, bracelets, wristwatches, 1ape recorders, soft drink cans, coins,



Par anet er Speci fication 10 Range

Gat e Del ay 18 to 90 nanoseconds Range
Gate Wdth 6 or 12 nanoseconds Range
Gate Rise/Fall Tinmes <1.5 nanoseconds Modul ati on
and Range Gate Level’s TTL Tuni ng Vol tage to YekRisor16944
approx 3 vol ts‘gﬁ%,& JR’centered between 3 and 8

volts. 15 |F Gain Control -24- 0 to 5 volts dc

%Prglegt ors caleulations, lipstick hoiders, campaign bulions, cellul\z{Pgl'épt%tngs kg'nncrjxgs ‘tﬁggF’sti % r SMC

Tuni ng and | F heaintion idvhisd dapétile of BBScting the weaponry under various clothing or inside the foliowing
Tabl e 1c. CQutputs 20 Par anet er
Speci fi cat i on (including but pejligiedig): pyrsest keiteyfrgptt fidechack), shoulder holsters, ankie holster under

Stretched pul Sgags, gggf%réé le3 86 ARlRing teather, ovefddh %ndlb?e‘éﬁérs and polo shirts),

5 volts peak for m I nput at antenhna port

with | F Gaisn=20 dB Qut put | npedance _
252[ anra:(] APheefq mavmg(g(atmp les'are C1ests 5 the present invention, S0ferr], V_S\2A§_
Connectors Antenna Port: SMA fenul e

Pul se Qutput: SMC fema
Test Ports: SMA fefigure 16 is a plot of azép@clqilnpﬂgalmélégséggd Figyra (17 shows the raw data for the

<5 M I 1ivolts yes 1 shows five weapons being tested (.9mm automatic, .380 abiofat:., 36 revEi0Y! § QBEN Al
Requi renent s Par anet er

Specific at10on revolver and a .22 caliber starter pistol ) from data taken from a system according to the present

invention. Each of the 19 plots was averaged over 50 points over 250 MHz of bandwidth at 2.2 Ghz,
On the left of the plot are numbers ranging from 0 to 1. When a weapon is present, 1 is the target
number. When a weapon is not present, 0 is the target number. For actual operation, a resuit of
greater than .8 would cause the weapons detector to turn on a red light to indicate a weapon is

18 preseni. A result of less than .2 would cause the weapons detector to tum on a green light indicating
no weapon is present, Any resull between .2 and .8 would cause the yellow light to the illuminated,
indicating that a second test should .be iaken .as me-suspect is turning (allowing better resolution on
a potential weapon). The white bar represents the target output. The black bar represents the actual
outpul. The first three tests involved a .9mm handgun. The first test was for 8 .8mm under a man's

20  arm. The second test was a .9mm placed barrel down in 2 holster along the man's side. The suspect
had his hands up. The third test was a man with a .9mm placed in a belt in the man's back. The
fourth test was a .380 caliber automatic in the man’s front belt. The fifth test was a .380 automatic
handgun on the side with the suspect's arms up. The sixth lest was a .380 in the belt at the man's
back. The seventh tesl was a .38 caliber revolver located in the belt at the suspect's side with his

25  arms down. The eight test was a .38 caliber revoived placed in the belt at the man's back. The ninth
1est was a .9mm automatic placed in a suspect's front belt in a cluttered environment (a large
westem-slyle beltbuckle, a large key ring in the suspect's pocket, a calculator on the suspect's belt,
a calculator in the front shirt pocket, and a large number of coins in the suspect's pockef). The tenth
tesl was a .9mm automatic on the man's left side with his arms down in a similar cluttered

30 environment. The eleventh test was a .9mm automatic located in the back belt on a cluttered man,

The twelfth test was a .357 caliber handgun located in a holster on the suspect's side with his arms



Gener al Rugged Handling, Field Use

Operating Tenp Range -20 to +450C

St orage Tenp -40 to +700C 10

Shock 509, 11 mllisec half sine
Vi bration woosn2sTs 2 to 2000 Hz,PCHEL97/16944

di spl acenent Hum dity 0Oto
98% RH Al'titude 25 0 to 15K

RS ot an 9 et B RS, 56 SR st

ures rrponent S conprise
transmi tter/r eckiwans bRkt nmdadk wmi(as sarmmmn glutted anvirdrirmqm aye fourteenth tesbyas B8

board 111, CPU and | ogic control board 109

130, 131, 132, 133@"!’9'&'9"%9“" in a helgier,oa theside vtpe 53('1”#’6’88%%‘@[?“8%” sseﬁ%ﬁc'rﬂ%%%tw
trigger sw tCh,wa?s"! 5@&!15«!?%%1‘ uhd¥h § MRS SR RRGLME typ2 ol clutt?ran:rdﬁtnSﬂi!l’ﬂ;e

w ndow 113, grip vibrator 116 C' batteries 119, interface connector cover

105, power §  sixteentidest yam@@pahmnevolm@wa'p ajbel en) 8 mays sidedn pclyttpred enWgmnment;
118. front bez e‘}'tgels%\]féln eerrﬂg gr 4ak g t%nlr?volve located b%ﬂm SusPatE< Bdck hldH

This invention |cu y use etecting firearns and ot her
weaponry, incl uclmwdbumronra&t Thaa‘gméanmtesedasta) 22 talibdr slalte\pistoly(sp P2halegd)ildeated in

revol ver, .38 caliber revolver, 357 cali ber

sawed- of f rif | ethe fras Beltofihe suspeet In @ Ghtigred 5’&‘6 8%‘%’4/ 3Le “'Qeée"(?él‘?%‘@?s 3 sd?“aeﬁﬁ‘?g'é" M&d
pi pe bonbs or  pack bet iRk BiBkerddenliRARER. In AN sésNING Bhihdielis! retRREbR tofuccessfully

di scerni ng weaponry fromclutter objects, |nclud|ng but not limted

to: belt butkl edeteching prepeneaof theriaadayit ches, tape recorders, soft drink cans,
coi ns,

- 24- cal cul ations, lipstick holders canpai gn buttons, cellular

t el ephones, key ri ngsuranﬁisﬂowyme sfieloteal difference andipe perinelized differprrg béla's%{bﬁ mamyith a

(i nol udi g bt HEPoF PHE epp 8y h i sten b 8 weieel e e S cfisbt e rorepce
hol sters, ankl emhﬂl/éf&rﬁf whidi 8 @Bapon is preser's hraxthedotted line EIBRs the nomailzed(dirtemhcajwmg a
| eat her, OV? 5r COStteaspon s\émprne(sjen? ro? ggrﬁfr csanw?sntﬂe ﬁglle?regorllllmui xsn)the 2 tog GHz range. This represents
the standard phenomena we discovered from the ringing of the retum from the weapon al
approximately 3 GHz. This is repeated consistently no matter what weapon is tested. Note also the
.002 volt difference in waveforms at 2 GHz. This is the frontside of the weapon, which in this case
was a .8mm automatic.
20
Figure 19 again this shows the spectral difference and the normalized difference between a
man with a weapon and a man without a weapon with the gun located in the belt on the back of the
man. The solid lines represent the difference when a weapon is present and the dotted line shows
the normalized difference when a weapon is present. At 1.5 GHz the difference is approximately
26  .0025 volls and at 3 GHz it is about .0015 volts. The waveform here shows the same phenomena of

an increased resolution at both 1.5 GHz and at 3 GHz. These differences are easily discemible with

a neural net pattern recognition program,

The tests of Figure 21 used a .38 caliber revoiver located on the side of a man. The dotted
30 lines show the return from a man without a weapon, The heavy dotted iine is the average of 50

calculations of a man without a weapon. The solid lines are the waveforms from a man with a



The foll ow ng exanples are tests of the present invention.
Figure 16 is a plot of an artificial neural net test, and Figure 17 shows
the raw data for the test. It shows five weapons being tested (.9mm
automatic, .380 automatic, .38 revolver, a .357 10 revol ver and a .22
cal i ber starteropd ) frofm data taken froma system accor dli;tgl.,;J .,;1@34

pr esent |nven |on Each of the 19 plots was averaged over points
over 250 MHz of bandwi dth at 2.2 Ghz -2-0n the left of the pI ot are
nunbers ranging fromO to 1. [ pr.es is the t

When is

number . \Wen a™fRPepdite Peavigsksolstlioe Q?ﬁa'edﬂ é"'f"ﬁ@ df”&r"g‘ﬂ't’h‘?lmws) iHhe a‘é\%?‘!faﬂf al
operation, a rgghikuiflibns of a man with 8 ¥eson 1 1he Qiffe@nokaniing waddisis IsiR aVEHagOd Snore
detector to turn on a red light to indicate a weapon is 15 present. A
result of |essthend47%v2 woul d cause the weapons detector to turn on a green
l'i ght indicating no weapon is present. Any result between .2 and .8
woul d cause the yellow light to the illum nated, - Indicating that a
second t ests shoul d Figeretzalsaows tiee dvbregesios Wculatton’s witna mgn (caftdddine)rend heidnavith a
resol uti on on tenti al apon)nﬁ The resents the

a
target output. 9%@°"ﬂl"&"épﬁ‘5§}‘" VS F- @r?f'tg eA%ad'i‘ﬂ%\F'%e'e"“ is s"g'ﬂ'f’ﬁﬁfab‘“‘\*h@“f’rq”st
three tests i nypineoshjoRty-oPmechiamnmensy. The first test was for a .9mm under a

man's 20 arm The second test was a 9mm pl aced barrel down in a hol ster
al ong the man's si de The suspect had his hands up. The third test
was a man with a . 6 a g,y fourth
test was a .380 call ewg'gtﬁ'gﬁ‘%g?gasﬁgég%ég&ﬁ'%nﬁsg?ﬁgﬁﬁtagfep ”?ﬁgcﬁ“ﬂheﬁetest

was a .3801mut pretemed embodiments habres gmbodinmentstan schibee thie séme fesults U Varitibtisandr s up.
The sixth test was a .380 in the belt the man's back.. . The seventh
Lost was a . 3aeaRses of Do aeast myuar vl by SPvHEl Dioes Kl e SRS enBH
With his 25  covedlinfifie dppoiiied cldids 5 Qb mbmdanmsweqmaaemlmbemué 8QbsuRAE of all
placed in the belt at the man's back. The nin test was a . 9mm

aut omati c pl acERIerEHees arnieatiaes: palents, 8 publigations ﬁ“ea aE?VGtafee'P&?Y BRUPYRRIRRt (a

| arge WastefceStyl e beltbuckle, a large key ring in the suspect's
pocket, a calculator on the suspect's belt, a calculator in the
front shir85pocket, and a | arge nunber of coins in the suspect's pocket).
The tenth test was a .9nm automatic on the man's left side with his
arnms down in a simlar cluttered 30 environment. The el eventh test was a
.9mm automatic |located in the back belt on a cluttered man. The
twelfth test was a .357 caliber handgun | ocated in a holster on the
suspect's side with his arns

- 25- up and with the sane type of clutter environnent. The
thirteenth test was a . 357 caliber handgun in



_—

the man's belt at the back wt of clutter environnent. The
fourteenth test was a .38 I“"Qﬂl"ﬂﬁm"wﬁﬁﬂ nin a holster on the side
in the sane type of clutter envivomnentl.u fteenth test was a
.38 cal i ber revolver under a man's armwith the sane type of clutter
environment. Theygemzs7$i Xt €enth test was a .38 caliber revol veerakspigodsn a

belt on a man's side 1n a cluttered environnpent. The seventeenth
test was a .38 caliber revolved |ocated in Bfe bell on the suspect's back
in a cluttered environment. The ei Mth test was a .22 caliber

starter pistol (spin the log) located in the front belt of the
suspect In a cluttered environnent. The nineteenth test was a starter
pistol in the . back belt in a cluttered environment. In all cases,
the trained nedVaatiselimedds able to successfully 10 detect the presence
of the handgun. Figure 18 shows the spectral difference and
the normalized difference between a man with a weapon under his arm
and the same man w t-houtA weapensdetactortompssingi d | i nes represent the difference

i n wavef or m when a weapon is aw%ﬁs%%‘bs\éogglg%&mﬁg "‘g?&e‘é‘g gftfl.'eiqlgﬁgxcﬁ?&\%ss?{&@elf-resonam

normal i zed di fference when a Si g I cance 1S

t he hi gher resaleyddncios ¢sfvebgvary? t0 3 GHz range. This represents t he
standard phenomena we di scovered fromthe ri ngi ng of the return fromthe

weapon at appr oxi mat ef2§ aniennadirecisq saiditea %‘%é&‘f‘%‘ﬂ tugRdecations potentigly

matt er what m%ﬂﬂg&&ﬁ&fﬁ?é%ﬂé&iﬁg@a%@ﬂdﬁ@ nals: . 002 volt difference in

waveforns at 2 GHz. This is the frontside of the weapon, which in this case
was a .9mm automatic. 20  areceiver receiving sgifl hapkecatisned-signpia andRpsratitanver 4 igege of

spectral di ffert%%ﬁ_re@ggn{pet(;‘ﬁ&%{emk&zed di fference between a man
nd a man w thout

with a weapon a a weapon with the gun located in the belt
on the back of the masignal pecessdrifat dbteclieg presspeecsf @plurdiityf the Séifresunge
when a weapon is tPre:se,nt .and the dotted |ine shows the nornalized
difference whefeHaREE}BRAIY Rackicalesdisiondls. 1 5 Gz the difference is

approxi mately 25 .0025 volts and at 3 GHz it is about .0015 volts. The
wavef orm here shows the sane phenonena of an i ncreased resolution at
both 1.5 GHz and at2 3 Gipe weapeasdstecior ef clsife baddifiopatly gamanigingla ees Fidpifer wit h

a neural net p%fn%iiﬂngrtﬁf ggcgﬁe%spggg'ram The tests of

Figure 21 used a .38 caliber revolver |ocated on the side of a man. The
dotted 30 | i nes show the return froma nman w t hout a weapon. The heavy
dottedlineisthef\ver e of

>0 | at | f. i th
weapon. The solid ITnes ‘af 8%4PR% W%f?fﬁﬁﬁ"ai Yg}t'j?fr?a't éa??&?f’"gﬂ“ft% péfE%Uce‘é“aE Otpth of'

frequenciss between approximately 1 GHz and approximately 10 GHz.

4. The weapons detector of claim 1 wherein a time resolution of sald recelver Is less

than approximately 10 nanoseconds.

5. The weapons detector of claim 1 wherein a minimum signal detection capability of

said receiver is less than approximately 1 miliivolt .

6. The weapons detector of claim 1 wherein said signal processor makes a prediclion

sbout presence of weaponry on a human body.

7. ° The weapons detector of ciaim 6 wherein an accuracy of said prediction is better
than or equal to approximately 75%.
B -
This Sheet Has Been Replaced

i




- 26- weapon. The heavi est ted right in the mddle of
all the solid lines) is the aver H ,‘ m the cal cul ations of a man
wi th a weapon. The difference |n an average of nore

than 1.475v. 5 Fi gure 21 shows the averages of 50 cal cul ations
with a man (dotygdshdsse) and’ a man with a gun (solid I#@gﬁsg.,;[gﬁ‘gun
was a . 9mm automatic. Again the difference_is significant (about .5 to 1.0v
for the majority of the calculations). -28- Al t hough t he

i nvention has been_described in_ de articular ref hese
10 preferred emb¥di netlE&eaRsN; cﬁ?%&@l"ﬁ%}“{?‘ge'?ﬁrﬁac&ﬁrﬂ?y@vea"f'?fgé]‘g'ﬁmf%é‘guI ts.
Vari ati ons ankhan orequa;mgg,rt,*.,ﬁggwm of the present invention wll be

obvious to those skilled in the art and it is intended to cover in
t he appended clains all such nodifications and equival ents. The entire

disclosures of allg 44 vfesgoﬁtet%eﬁmam whidbih gn%wa@to%t.@m@qn is better

publications cited above are reby I ncorporate rence.

- 27 - thilhaxrtequasto@pgrpximately $8%. . A weapon detection system
including a transmitter operable to transmt signals at a plurality
of different frequencies; a receiver operable to receive backscattered
signal s at 1 ac hrneiwebpvas dete1dn 6ficiain® ol wheréin) seid @bitedtor is pOAhbRI D0 ASILHRE.
means operable to conpare the received signals to a stored

signature representative of backscattered signals froma 5 weapon and
to determ ne the PifSenfg yaboos MRARPE HIFfwhdiin heAEHY R oSk iringes of upto
substantially match the stored signature. . A weapon detection
syst em accor di spgroxigately:20iyards. wherein t he processing neans is

operable to conpare the received signals to a plurality of stored
signatures representative 10 of backscattered signals froma plurality of
di fferent weapons @nd tTheGebmhsdenetor fielaim 1 whenglii @cpONe isdbteQled\Bages spro t he
recei ved signals substantially march one of the stored si gnat ur es.

3. A weapon defmmﬁys‘ﬁé'?@?n according to claim1 or 2, wherein the
transmtter is 15 operable to transmt signals at frequenC| es i ncluding

frequencies at which netal parts of a
13. The weapons detector of claim 12 wherein weaponry is detected at ranges of at least

4 yards.

14, The weapons detector of claim 1 wherein said signa! processor comptises a neural

network.

15. The weapons detector of claim 14 wherein said neural network is trained to recognize

backscattered signals from weaponry prior to field use.

18. The weapons detector of claim 1 wherein sald detector provides a result within

approximately one second of transmitier output.

17. The weapons detector of claim 1 additionally comprising indicators of presence and

absence of weaponry.

N
—
—
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firearmsel f-resonate. 4. A weapon detection systemaccording to
claim1, 2 or 3, wherein the tr operable to transmt a
plurality of frequencies withi jﬂﬁﬁﬂl@ 20 5. A weapon
detection system according to im wherein the

transmtter is qﬂ%ﬁg totransmt a pI urallty of frequenci espbruseraced
and 10 GHz. A weapon detection s%stem according to any preceding
claim wherein the 25 transmter is opera%e to transmit lowintensity
short pulse radar s gnal‘.ﬁ% eapons de eeroféaWW{émﬁir%aﬁﬁﬁda&[brss%%ﬁ@rﬁé‘aﬁ?géﬂéc&g
to any precedi ng cl'g :{ar oty tn rocessing neans 1S operable.to
detect an anpl igomdse ghpeassisting df bmmmmcﬂemfstgaalwmﬂemgnaks visual signals, mechanical

- 28 - and to conpare said anplitude change to one or nore stored
si gnatures of &iopa's. eoftlisplayed messagssinge representative of one or nore
weapons. 8 . A weapon detection system according to claim?7,

wherein the processing is 5 operable to detect specul ar backscatter in
the received signalt®. The weaponsgietedprmmhwmn@gq:q @ﬁtpcpyt;mwla@ymrm fieprway.-
any preceding claim wherein the processing neans is operable to
detect a phase shift in the received signals in the presence of a
weapon and to conpape Sahélwgdpassiekbtof df clan taeRidiionalipcaenpsising reebns foy p@vidings  of
10 phase shift representative of one or nore weapons. 10. A
weapon det ect i GAMELIS i doopey HeRFGIeEion f WEAPHY- wherein the processing means
IS operabl e to detect self-resonant scattering fromnetal parts of a

weapon in the received signal s. 11. A weapon detection
syst em accor di ng t ®lany Tpe ﬂé@é?sn’g‘eé‘P%ﬂfﬁP'%éqdéPPP“vﬁ‘é'“p“s'“g mea’ﬁr‘?fc?é"é’é’f"ﬁ@
e oo ot e Rhiiet B AR B 1A EHAGE u 3 UBBRn LRkl anCe, 12.
A weapon detectTon sy Stem to any preceding claim wherein the
recei ver 20 i's operable to recelve signals only after a tine delay

foll owi ng transm ssion

det ection system acor df'ﬁ@‘”?‘t?"%ﬁﬂ?‘eﬁif’%‘if@ﬁﬁ’hb”??F”é@ﬁf’etﬁﬁq@‘%ﬁaﬁ""{%"ée’we%pmm the

processi ng NMeangoub SolRiRfilg@Phiabuds 5L Horgahg) Bd gipg BORIbESENt at i ve of a
predet er m ned di stance 5 range fromthe transmtter. 14. A

weapon detection system according to any preceding claim wherein the

transmitter is operabl e 149 whdpaidlebiofor Slafi Lseifoy bisd@ iy Webpbnflfoim/objddts
frequency. 30 15. A weapon detection s(;éstem according to any one of

clains 1 to 13,selatiedfeinthe broup consisting pfhelt huckies bracalelsyaistygiches; 9re ‘Yea?f%?ﬁ {softgrink

signals of different fGAUIRREY npstick hotders, calculators, campaign bultons, cellular felephones, key

rings and keys.

24. The weapons detector of claim 1 useful for detecling weaponry in or under the
clothing/accessories selected from the group consisting of purses, belts, holsters, pants, briefcases,

coats and shirts.
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- 29 - 16. A weapon detectionm system according to any preceding

claim wherein the proH 0l rlmm iy operable to obtain an average
of the received signals and tio8 R i f"”ﬂ‘the average to one or nore
stored signatures representative of “batkstattered signals from 5 one or

nore weapons. 17. A weapon detection system accordin

precedi ng cl ai rWOHﬂWFﬂJ one or nore of the foll ow ngs QC&R’SSW%S“
characteristics: | i ght wei ght 33040 conpact ;

hand hel d; . portable; connectable to a personal
conput er; 25. [amelbedofdelncting weapbfs comprising (hfollgwingstepdef: of det ecti ng

a weapon, including the ste - ) b L ' g ity
of different frequencies; r2%3%?'&1%%@@%%&%@5%%@%gﬁgfsseﬂé?soréaé'éﬁec@%&[egg*
transmtted frv@dpenmci es; conparing the received signals to a stored
signature representatijve of backscattered signals froma weapon; and
determi ning the presence of déf“i"@““%(é’!fﬁ’dﬁ’%‘%ﬂ@"&é@é?%ﬂ"§'1"§ﬁﬂ1’% aponry
substantial |y fiataidcting Backbb&ida Shdapat ure. 19. A method according to
claim17, wherein the conparing Sstep conpares the received signals to
a plurality of stored signatregedingthehackseattered sigesispind joperiling aver @ range of togeelfs
froma plurali ' e weapons; the determning step determ nes the
presence of a r%én%\’\?gé{%gcﬁés\‘/\gedn the received signals substantially match one
of the stored signatures. detecting piiSencé\ohmiiiraltly of tecelirasgnahidreqlenkies ihdheor 19,

wherein the signals are transmtted at frequenci es incl udi ng
frequenci es at Rredsead’S-parts of a firearm sel f-resonate. 30 21. A
met hod according to claim 18, 19 or 20, wherein the signals are transmtted
at a plurality of frequencies within a 250 MHz band.

-30 - 22. 26\ nethedeptred obelelinz§ additionpily cemerising the|siep gtnomgslizioe the,

wherein the si : transmtted at a plurality of frequencies
bet ween 1 and %@@g%%mm’

21. The method of clairmn 25 wherein the step of producing an output of frequencies
comprises producing an output of frequencies belween approximately 1 GHz and approximately 10
GHz.

28. The method of claim 25 wherein the step of receiving backscatiered signals

comprises a time resolution of less than approximately 10 nanoseconds.

29. The method of claim 25 wherein the step of detecting presence of a plurality of the
self-resonant frequences in the backscattered signals comprises making prediction aboul presence

of weaponry on a human body.

30, The method of clairn 29 wherein the slep of making a prediction comprises an

accuracy of prediction better than or equal to approximately 75%.

31. The method of ciaim 30 wherein the step of making a prediction comprises an

accuracy of prediction betler than or equat to approximately 95%.
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5 23. A nethod according to Eﬁ"one of claims 18 to 22, V\,herel n the

signal s are transmtted HH'”J uﬂ"m, short pul se radar signals.
to 23, including the step of

24. A method according to any
detecting an anplitude change in he recei ved signals in the presence

of a weapon and Wpoghosys conparing step conpares said anplitudecrhasgfsio
one or nore stored signatures of anpl i tude change representative of
one or nore weapons. 25. A method acdor di ng to claim 24, wherein
the detecting step tec

Signal s. 15 262 5 s R Bl vnre B0 053 g dprkdified SRR 30

i ncludi ng the statqurad§ of(iﬁﬁdmdrib&gera\anorequalp&lmaxmimefytga%n t he recei ved signals
in the presence of a weapon and the conparing step conpares said
phase shift to one or nore stored signatures of phase shift representative

of one or nbre weap@As. 2k method of dim 28 cBRMbRAY peforihglaighpk M ddoRbEIR &A1 hand-held

wherein the detecting step detects self-resonant scattering from
metal parts of &Wiweepeh in the received signals. 28. A nethod
according to any one of clainms 18 to 27, including the step of 25

normal i sing received signals for distance. 29. A nmethod according
to any one of clai n$418 Tiee @&hod ancihimdisiegmprising Sétegtingieapacyealvanges of up 10
signals only after a tine delay follow ng transm ssion. 30 30. A

met hod accor di n@p’f'?)’“%?}y%ﬂf@'ﬁf claims 18 to 29, including the step of

sel ecting signals representative of a predeterm ned di stance range.
- 31 - 31. A nethod according to any one of clains 18 to 30,

wherein a signal var§i ngThe methodaheigim GE@P’?’"QW’?"F'@Q}U’E?P@WP’S’*’E@&H@'M‘Ned

5 32. A et hog oTeyotal any one of clains 18 to 30, wherein 50
signal s of di ffe?ent Q;Mkﬁequency are transmtted. 33. A nethod
according to any one of clains 18 to 32, including the step of obtaining

f th d
more Stored 10 si gt ute LRt e DuSa T e e 4l P

one or nore weapons.

37. The method of claim 25 wherein the slep of detecting comprises utilizing a neural

network.

38, The method of claim 37 further comprising the step of training the neural network to

recopgnize backscattered signals from weaponry prior to field use.

39, The method of claim 25 wherein the detecting step comprises providing a result

within approximately one second of transmitter output,

40, The method of claim 25 further comprising the step of indicating presence and

absence of weaponry.

41. The method of claim 40 wherelin the step of indicating comprises providing a signal
selected from the group consisting of audible signals, silent signals, tactile signals, visual signals,

mechanical signals, and displayed messages.
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- 32- 42. The met hod of cl ai m25 wherei n the—step of detecting

conprises detecting within a doorway e nethod of claim
42 further conprising the step of actlvkmu% ’HLH mlj” o the doorway upon
detection of vveaponry m 25 additionally
conpri si ng meaRgebffzspy OVvi dihg a canera which actives and tak@-g(, So7RsalsUr €
upon detection o? weaponry. 45. - The nmethod of claim V\,ﬁerel n
the detecting step conprises detecting vvea%nry sel ected fromthe group
consi sting of handguns,_rifle ho ns, .an i.pe bonmbs. .46,

The method of ¢l aith 25 TRAEELRRA R 2EVistn i Sef udeedPe R sisctnagifin

di scerni ng wepsaay.Y from obj ects selected fromthe group consisting of

belt buckles, bracelets, wistwatches, tape recorders, soft drink cans,

coins, calculators, lipstick holders, cal cul ators, canpai gn buttons,
cel lul ar tel eDhon% K&fe MefhBFofiafh Wﬁhermmpnsmglhe%pofadW&@ndﬁMt&ﬁe claim
25 wherein the detecting step conprises detecting weaponry in under the

cl ot hi ng/ acceskowerepos détedibreof weamnryt he gr oup consi sting of purses,. bel ts,
hol sters, pants, briefcases, coats and shirts.
44, The method of claim 25 additionally comprising means for providing a camera which

aclives and takes a piclure upon detection of weaponry.

45, The method of claim 25 wherein the detacting step comprises detecting weaponry

selected from the group consisling of handguns, rifies, shotguns, and pipe bombs,

45. The methed of ¢laim 25 wherein the delecting step furlher comprises discemning
weaponry from objects selected from the group consisting of belt buckies, bracelets, wristwatches,
tape recorders, soft drink cans, coins, calculators, lipstick holders, calculators, campaign buttons,

cellular telephones, key rings and keys.

47, The method of claim 25 wherein the detecling step comprises detecting weaponry in
or under the clothing/accessories selected from the group consisting of purses, bells, holsters,

pants, briefcases, coats and shins.



