1 SYSTEM AND METHOD FOR STANDOFF DETECTI ON OF HUVAN CARRI ED EXPLOSI VES 5
TECHNI CAL FI ELD The present invention relates to devices, systens and

nmet hods for renotely detecting conceal ed weapons, and particularly to
systens and nethods for renotely detecting human carried expl osives.
BACKGROUND ART 10 The U.S. mlitary and honel and security officials are
keenly interested in new technol ogi estthat renptely detect Human Carri ed
Expl osi ves (HCE). The archetype threat is the suicide bonber. For exanple,
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X-Tay;g person. Since September 2000, suicide bombers have killed over three hundred seventy-five

Israeli civilians in over ninety separate attacks.

U.S. military commanders believe similar attacks will be carried out against military
targets, and have placed a high priority on protecting forces from suicide bomber threats at
home and abroad. Civilian law enforcement and corrections authorities are also highly

20  interested in concealed weapons detection technologies. For example, the National Institute
of Justice (NIJ) has funded the development of hidden weapon detection technology that
works reasonably well when the subject is within fifteen meters of the detector. However,
this range is well within the lethal zone of an HCE device, making such technologies
ineffective for deployment for military force protection.

25 The ability to detect HCE devices concealed under clothing at distances up to one
hundred 1ﬁeters would be exiremely beneficial to military commanders concerned with
protecting forces from human suicide bombers. By design, these weapons are impossible to
detect visibly.

Many new technologies, including non-lethal suppression devices, are being

30 developed to siop threats as they enter the mitigation zone. In addition, a great deal of effort

is underway to improve existing technologies capable of identifying concealed threats at



magnet oneters, and i magi ng radars. However, infrared sensing is inpractical
due to very small tenperature contrasts between a hidden weapon and outer
| ayers of clothing. Utrasound is inexpensive and readily 5 avail abl e;
however, it is less effective at penetrating heavy clothing than radar.
X-ray and magnetic portal detectors ha¥e proven nuch nore effective at
detecting both netallic and non-netallic conceal ed weapons, but portal
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alone cannot reliably discriminate between humans, humans with body clutter (e.g., cell
phone, belt buckle, etc.), and humans catrying fragmentation and explosives.

In order to separate a potential detection from random materials in the background
environment of a potential threat and to localize a detection to a specific individual, a sensor -
25  is required having a small enough field of view so that it has enough resolution on a single
individual being interrogated as a potential threat that a positive detection can be associated
with the individual separate from his background and other individuals around him. Solving
this problem requires a sensor with a relatively narrow field of view (FOV) of approximately
a one-half to one degree visual arc at 100 meters if the sensor’s FOV is going to correspond
30  to one individual person. Such a narrow FOV requires some precise method for pointing the
sensor at potential threats.
To examine a useful field of regard (FOR), for example, 60° of visual arc, the sensor
must be moved sequentially to every potential individual who might be carrying an explosive

device. Returns from vehicles, buildings, signs, and other objects in the back‘ground must be



device. Returns fromvehicles, buildings, signs, and other objects in the
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capable of detecting HCE threats at standoff ranges.
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Direct methods for bomb detection exploit the fact that high explosives contain large
amounts of nitrogen and oxygen in their molecular composition. Both bulk and trace
25  detection methods use sampling methods designed to measure the chemical properties of the
material, and both require that the material be placed in close proximity to the sensor. The
main application of direct explosive detection methods is in portal systems.
Bulk detection methods measure the interaction between the sample under
investigation and a penetrating radiation wave, such as jonizing radiation or electromagnetic
30 radiation. Bulk detection methods can be used on sealed packages, including concealed
threats. However, methods that use iomizing radiation may not be suitable for use in
screening of human subjects.
Trace detection methods are based on direct interaction with the material and require

that some amount of the explosive be present on the outside of the package in the form of



threats. However, nethods that use ionizing radiation may not be suitable
for use in screening of human subjects. Trace detection nethods are based.
on direct interaction with the material and require that sone anmount of

t he expl osive be present on the outside of the package in the formof 4
particle residue or vapors. Both canings and gas chromat ography net hods
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det ecting .conceal ed non- net ¢ contraband, such as ceramc or plastic
weapons or“ﬁsﬁ% eﬁf‘ja%“ﬁ g{éﬁéaﬁhﬂgréa%uasi -coherent mllineter wave radiation.
The Huguenin Sksibendeviesimvabtindevélopegi anplyoyg Shecrhoueptingirdes. fLHB- RpsaENEI ng
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the Cg(r)l Veyc%rart?c t:rsoclalrrlsed%%j aegc;[msreﬁ)?%élt.tﬁ%. ?’a%@r?t%ds. 5,073,782 and 5,227,800, issued to
Huguenin et al. in December 1991 and July 1993, respectively, disclose a confraband
detection system suitable for detecting concealed non-metallic contraband, such as ceramic or
plastic weapons or illegal drugs using quasi-coherent millimeter wave radiation. The
Huguenin system is an active imaging system designed for detecting contraband on a
25  conveyor belt with a constant background at close range. Polarized returns are used by an
operator to adjust contrast with the background, and a skilled operator is required to interpret
the images as the conveyor scrolls objects past the sensor.
U.S. Patent No. 5,177,445, issued to T. Cross in January 1993, discloses a method by
which particular non-metallic materials are detected by recognizing the way in which their
30 electrical properties vary with the frequency of an applied alternating electric field. U.S.
Patent No. 5,592,170, issued to Price et al. in January 1997, discloses a frequency-agile,
narrow-instantaneous bandwidth radar system which detects objects and discriminates
between different types of objects from a safe stand-off distance. The field of regard,

however, is fixed and is dependent upon manual sweeping of an area under surveillance by a



U S. Patent No. 5,177,445, issued to T. Cross in January 1993, discloses a
met hod by which particular non-netallic materials are detected by

recogni zing the way in which their 30 electrical properties vary with the
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presence of a plurality of self-resonant frequencies in the backscattered signals of a target

between 4-15 yards. Although suitable for guns and similar devices, HCE devices must be
detected at a much greater stand-off distance.
The aforementioned devices have a fixed field of regard and require an operator to

25 direct the field of regard of the sensor upon the subject matter. U.S. Patent No. 6,507,366,
issued to H. Lee in January 2003, on the other hand, is a device that automatically fracks a
moving object using a camera having a zoom lens, an auto focus lens and a charge-coupled
device for converting an image into electrical signals. The disclosure, however, is silent on
how the device manipulates multiple moving targets.

30 Articles entitled “Radar-Based Intruder Detection for a Robotic Security System”,
Cory et al., SPIE Proc. 3525:Mobile Robots XIII and Intelligent Transportation Systems,
Boston, MA, 1-5 November 1998, pp. 62-72, “Mobile Robots for QOuidoor Security
Applications”, Pastore et al., American Nuclear Society 8" International Topical Meeting on.

Robotics and Remote Systems (ANS™99), Pittsburgh, PA, 25-29 April 1999, and “Robotic
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radar is 10 adde@ ¢fahé leve yiskaitonk and P6enteatientditber sigho vhiar copdtiration.ab

targets while the systemis tracking . an ipitial [ above
i nventi ongeeaﬁ‘dd‘i?a"t"éenig instagf ByFnEpR ﬁ%ﬁgalg}eﬁg :Tgusolfheisﬁét%%%ﬁé F\naelf}?gg?r%rtasnhggeen to
descri be thgetioR S ainah BMEE blosags of aienebentThusmtion belviny sheamnwnteredod for
standoff detection of human carried explosives of the present invention
sol vilsg t beeblemsriedasiied oned 15 problens is desired. DI SCLOSURE OF THE

| NVENTI ON The current i nvaisicosiaom OFSESE INVESIEON or st andoff detection
of human carried explosives (HCE) within an area under surveill ance. The

system conprises an active, radar ., systemw.th a.r r.tra itter. .a radar
receiver, at | CHstUHBIVEHRR CAMPEIRTA SATE rﬁfaﬂéﬁ?ggeﬁﬁ’nr@% 3?1 1eea

detectio _neﬁé{éﬁy‘%@‘(ﬁbﬁ?wﬁﬁ’iﬁ&hia%&sun@eﬁﬁ%(llabcﬁeacﬂiemgstaﬁmbmfisesymtaemd mdghysi cal
cooperation with the active radar system The fiel dd of Le aErH(Ijd é)ffieltdhoef active
radar syssystani gvith a radar transmitter, a radar Teceiver, at least one radar an ,
20  regard. The detection system also comprises a radar tracking control system in physical
cooperation with the active radar system. The field of regard of the active radar system is
targeted within the area under surveillance. The area of surveillance is greater than the radar
field of regard. The detection system further comprises a computer and a user interface with
a video display terminal and a data input means. The computer is in electrical
o5 communication with the radar system, the radar tracking control system, and the user
interface. The computer has a central processing unit, a memory, and computer readable
program code stored in the memory. The code includes a radar tracking instruction means for
targeting the radar system, and an HCE detection instruction means for detection of a human
carried explosive device.
30 The current invention also includes a method for the standoff detection of HCEs
within an area of observation using a plurality of HCE detection systems. Each HCE system
has a radar system, a radar field of regard, an imaging system, and a computer. The method

includes communicatively linking together the plurality of HCE detection systems and



targeted within the area under surveillance. The area of surveillance is
greater than the radar field of regard. The detection system further
conprises a conputer and a user interface with a video display ternina

and a data i nput neans. The conputer is in electrical 25 comunication with
the radar system the radar tracking centrol system and the user

interface. The conputer has a central processing unit, a nenory, and

conput er beREpHhE thePfaog ol @O eezasd of ad plmahﬂyeofrrhmm déﬁbﬁmmmjetemmclmdes a

radar tracking ipstruction ans for nd an
HCE det ecPu %I RS HPYEneRRs | %frfégnlaﬁlfesdgttg%?a\% P%fl 2 %ﬁ%"eg‘] 109§ ol osi ve
devi ce. 3@nhglhes Gleh lcRiAted laRY 8 WkicAMin@chds ifaed tgeding tmmapétamat ba sirgendof f

det ection o% HCEs. within an area_ of observatl on using a plurality of HCE

det ect i onbaspd peapghe Eabipefidpta of the phalityn of 3oy g8y st em a radar fiel d of
regard, an i mﬂie%n%%%ﬁv%ﬁ%mrﬁﬁﬁh@ n?@ﬁﬂ%k'%%etho]% d’é’%% xplddfk 4eaEes. The

communi catively |inking together the gr urality of H det ection systens and
e

7 over | apysthed indhesdes alﬂmmsftmmadcemﬂrdweg ef with P‘Pﬂémfﬁfi Jrdiptiany Aofirst Frdleffet
deLect s O ghe Mom e BhHBAL ikl BLTLILARECRe TRAGENRIGNAINESS 10 a | e

radar fief rom di fterent angles is then created and a
deternin apolenzatxen iediécal egtrdoige tﬂﬂmmndttrngaﬁdlptmne A isedond frefigcted regdigtionhas ed

ot on TR R loahdSuRItER! nhY ofond AfRle? LANRLIHESa plarkiioR UL ot

i nventi on a net for ect osi ve devi ces
met hqa i neithtfgeﬁal itd ihumfnl@d illnmiraticandiadat. eTHehvheate mvﬂterpo}aukarqnbm@b ndetiedt i on. A

first ref adi ati.o fromt e candidate threat is then collected. The
first ref LE\@’F 41%?6‘] Fto‘ﬁgﬁﬁgetﬁ CBol arization identical to that of the
i|lum nating raghciksinveftiGeadnidnglsf doaptiad ars@siératfdarmnﬂcsff dtthaion o6 HCEst ed
fromthe candi date threat, The Ta]gcond refl ect ed i ation

pol ar i zat MM ¥Fe KbgHHellancs ¢ tsye}fmt%@priﬁqswﬁ P8 EEY ?%{tﬁe%%“”ﬁlﬁe

change i nsgRginpAeairbZ 8t fupeilshed smd e desding byid trackinpn dindad eargdovemin ihs t hen
detected. The current invention additionally conpri SE E%I}/lst em for

standdf f aee eEsureilagee. AESysiGh a8 ROEPrIsEs %aadé"f“ UHE & N8y o m

conpr i ses ya et R eki-B0e PRAARARIE rdd@RBh hhd ¥ %'c%(sm%rﬁ@eﬁi@ !fdigufoﬂﬁtxadlﬁd“o@fsmﬁ
surveill ance and for detecting and trackin mantar%gt within the 15

area of sand ideeringcthe brae 0§ W%F@@t@%ﬁﬁvﬁ@e@’ He riEp@sipitier SRS Attleast af or
transmtt hé&gioﬁ O?a{erfgl\ﬁqanq (0 e gglvg,rthz Qbke&ln g%éaﬁmgnﬁaarcree.ﬁ%%deﬂz@s and a

focusi ng ans aut oma cusi ng triggering the beam of
pol ar i zedpertidi af e heamthat @drabgmlttﬁbb}t the rsled tranemitighens rafleqtedhBem ghe Iygrni on of

e S bl B BT A ol v
r ef | ect edstbragendeviee itintrget reference data stored thereon The target reference data includes
radar signatures corresponding to humans with and without explosives carried on their
person. The system includes a computing means for continuously comparing a reflected
beam received by the radaf receiver to the reference data to determine when the human target
25 is carrying explosives and for continuously assessing the target detection and tracking data to
determine the threat level. An alarm means is also included for alerting an operator of the
system when the threat level determined by the computing means exceeds a threshold.
The current invention further comprises a method for the standoff detection of HCEs
within an area of observation using a plurality of HCE detection systems. Bach HCE system
30 has a radar system, a radar field of regard, an imaging system, and a computer. The method
inclades communicatively linking together the plurality of HCE detection systems and
coordinating the radar field of regard of the plurality of HCE detection systems to encompass

a range of interest. A plurality of simultaneous radar signatures of the radar field of regard is



20 target and pol arized orthogonal to the transmtted beam The system
further includes a data storage device wth target reference data stored

t hereon. The target reference data includes radar signatures corresponding
to humans with and w thout explosives carried on their person. The system
i ncludes a conmputing neans for continuously conparing a reflected beam
received by the radar receiver to the Peference data to determnine when the
human t ar get P S, i i ang: i iing the
arget derCeteh S anEREhbonBIg REL HEBm AR B ma R B D larm
means i s aif s Grgenbhsed epbnfthe coalbéret!idatg ofithepbealty of radsit sighifuresy st em when t he

threat |evel determ ned by.the tin s eahel The
current invent &h‘?‘?efaﬂ?f) & gbé?)(’%?tﬁsee g 53%&@53:3)%%@@%%2&;%“%%@ %et%g? i on of
HCEs Wi t Hinfhed Revitheest 1 folbsiag watifiostionsind drasvingsur al i ty of HCE det ection
systens. Each HCE system 30 has a radar system a radar field of regard,

an i magi ng system and con i *H"iﬁﬁs communi catively

| i nki ng together the pl g}[%“ %m@gmgﬁﬁo%%ys ens and coordinating
the radar field of regard of the plurality of HCE detection systens to
enconpass a r &ipge iofn emiremestal viwpdiln aistetnyfopstandofi detestien gEhymaagagartied
signatures of .the radar fjeld of. regard.i I ed fromdifferent | ook
angl es and B OYEEEFHT ﬁgfoothe?rgseﬁgalageng%gtrlh|nr$§'a?ar%'élﬁﬁéireat potential of a
target based uppn2tihefloab: teditahastefs dfhenciodrfard using tofsystadaf Figi fnat ur es.
These and ot her_, obj.ects of the present_invention,w || i)

appar ent upon FiuPthat cffvg{?‘?%w?%fvmt“h%pq‘ Y5 Oﬁﬁgg%oéﬁg?t?cggﬁggﬁm{é%%hjﬁgw ngs.
5 BRI EfF DESFBLHPE! debbr@h THEe PBAWY iNGDtibh gvhich incsrammtarbeihradurent wleovi ew of a
system for standoff detection of human carri e%/f _ex&lg%?l ves agﬁorgl ng to the
present i nvent Fin4its Tovahar shosdug the pepent agpeghod Jos using Ue IRERSF t Sshiowi ng t he
steps of a net pgd 5195 viesk MBerhAGIEW SR MO fadk sted.anfipGintidg é@itrahdetail of a
environnmental view of a System for standoff detection of human carried 10

expl osi vesysiera epaprding todhe MeseprBEdR™ | nventi on whi ch i ncorporates both radar
and video. Fi g 6iiSa SpbhANCHRAAm A0QMD thel B Shieff iRtalRtioR hdeorllifead tdusi ng
the system of EI g. 3. Fig. 51s a block diagramillustrating the radar

syst ens andrpeitrinyentjosont rol detail of a systemaccording to the present

i nvention. Figg;6ni ggﬁgﬁ ' tlol AEadd@he iema

instal lation agl 'Fdsls%\%m?{g&}t e bﬁ%@éﬁ;?sg{sngﬂr{%&ﬁl\%g{%tt%%@i .7 %s agbl ock

di agram of a d&dd.Sihdma plodcdismamof thg radaeorgﬂ,yéqt@qﬁoaérﬁéﬁﬂu?ﬂég-tlo Fig. 3. Fig.

8A is a block %g&}%i}e}% Bt é}ggrgxﬁ‘gﬂhe DY Wi LRSS bR uSY SseM &Fif3g- 1.

Fig. 9 is a block diagram of a network of HCE detection systems according to the

20  present invention showing the use of multiple radar fields of regard for detection over a wide
area of surveillance. ,
Similar reference characters denote corresponding features consistently throughout

the attached drawings.
BEST MODES FOR CARRYING OUT THE INVENTION

25 The present invention is a Human Carried Explosive Detection system and method for
standoff detection of human carried explosives (HCE). The system and method
automatically detects HCE at ranges between 10m-200m, preferably about one hundred
meters, and within seconds alerts an operator to HCE threats. The system and method
employ a polarized radar system emitting a narrow beam, preferably between about 0.5° to 1°

30  to detect either fragmentation or nonfragmentation explosives by comparison of the energy

differential between co-polarized and cross-polarized reflections from a target to reference



.Fig. 811 is a block diagramof the radar with video detection system of
Fig. 3. Fig. 9 is a block diagramof a network of HCE detection systens
according to the 20 present invention showi ng the use of nultiple radar
fields of regard for detection over a wide area of surveillance. Simlar
reference characters denote corresponding features consistently throughout
the attached drawi ngs. BEST MODES FOR €ARRYI NG OUT THE | NVENTI ON 25 The
present invention i ik L 05 er et RbddiAthtSHs tsgskanaa et hod
for st anef%lf’l?s ?i#e)?neng?ri %%m&%%‘ﬁégﬁil ed expl osli ves (I]—ICE) : Thg system and
net hod  autetiodteinpidylrydad enlecdipsratd@in either asmge S108e puEsrk IO 2DOMCIINSRBR ab| v
about one hundred neters, and wi thi |0l LS. ANLQREeT ff 9fsedddd HCE

t hreat s. ?ﬂ‘gt&y‘g‘fo' Saﬁa”‘b tchgao eaﬁ%lfgrygsg&%%%grﬁztg% r%\egar systemsgm' tting a
narr ow beambodifnefie frliyyethanieethodnsut vBidh-theedlsen®0 colocated saih thg rafarto
fragmentatjon or nonfragnentation expl osives by conparison of the energy
di f f er®ent idétlec‘:t?éflﬁgésﬁt%g%qtg‘iﬂﬁtzed and cross-pol arized reflections froma

target to referghghich isVblRSIyObwSiost dndfor pataéd, and atay dasludd o guitcpinegi ves.

In a first enbodi nent, the systemﬁg(ged nyth d e lOY ﬁadalr gnl){1 Fl %rated
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“WTh

the radar attomafcailat étsctsarnd Hacke ol humang dn dhs Tiely sigg draghn dag to
pref elg bl %oht‘fsmgxgﬁ tcué‘%je! Rl W Lxgdaratﬂfja @ﬁ&jeﬂtr&" Mebeese thelIrhdar Seprardly

processor, an ator console, and a wi de-band wirel ess conmuni cati ons
link to a itemcHatls dueddibgeetsagroduring araltiipoleiygedar prge poblsrior @ebiNEwelPWeo f eed
from at Ieastt one canera and automatically detects and tracks all humans
inthe fi &'t of view Using track data to 10 continuously cue the narrow
beam radar to Rasgibpetiesodndi atsediaed feanires mredawtometisely dused oventting ygik es
cued objects, .producing a nmulti-polarit ) ' r h

it er ropact B b EaTPel RagRebluPRAES b haERtco BRARRNIpe 2 ORE

aut ompg i calebiyioh usesliepie systannaentspiedatorsthfdupica eirelessladdebedisayaccr ued to

support a threat/ non-threat decl arati on hypothesjs. psion is
made, the syst &l APERIRESERFERIRY t?ehq,ng a¥1§g A Sr%?’eaé“s‘%@ﬁaﬂé‘i‘%&&?‘gﬁ"?y. The
Vi si on- basedasyahe MM, RlRptmaBgieigedis e imaghndadapuipatiigué instead east  one
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HH (horizontal transmit-horizontal receive) and HV (horizontal transmit-vertical receive), or

20  VV (vertical transmit-horizontal receive) and VH (vertical transmit-horizontal receive),
alternating polarization (HH and HV alternating with VV and VH), fully polarimetric (HH,
VV, HV and VH), or may use either right or left circular polarization.

The differential between the co-polarized reflection and the cross-polarized reflection

may be a simple difference in energy levels, but is preferably calculated as a ratio referred fo
25  asan exiract RF discriminant.

Accordingly, the invention to provides a system and method for standoff detection of
human explosives that protects stationary and mobile positions from concealed human-
carried explosives from a range outside a blast zone of the explosives. The invention also
provides improved elements and arrangements thereof for the purposes described which is

30  inexpensive, dependable and fully effective in accomplishing its intended purposes. The
systern has several embodiments and is designed to automatically detect HCE out to a range
of between about ten meters to two hundred meters, preferably about one hundred meters,

and within seconds alerts an operator to HCE threats.



or in addition to a video output signal. The radar system nay be dual _

pol arized with either [-R (horizontal transmt-horizontal receive) and HV
(horizontal transmit-vertical receive), or 20 W (vertical
transmt-horizontal receive) and VH (vertical transmt-horizontal receive),
alternating polarization (HH and HV alternating with W and VH), fully
polarimetric (HI1, VW, HV and VH), or may use either right or |eft
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condudsi ve, si ri¥ken 3 hiddmittarieriglesics regacepied op PoReap e phest vall; F%B%’@Q?‘TC‘H‘*W ghar di ng
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of
chest wall return. The HCE Detection System detects the induced changes in the return RF

signature from the chest wall due to non radar-transparent objects, both reflective and non-
reflective.

The present inventors have conducted tests with 3-D geometric models of a six-foot

25  (1.829 meters) human using three dielectric layers that model the electrical properties of skin,

subcutaneous or fatty tissue, and muscle tissue. The tests were conducted on a model not

carrying explosives, a model equipped with a suicide bomber vest carrying fragmentation

explosives, and a suicide bomber vest carrying explosives only without fragments. When

illuminated with a 77 GHz radar beam, both the fragmentation explosives model and the

30  explosives only model showed a 30 dB energy gain over the bare torso in a cross-polarized

channel (VH) as compared to a bare torso. Similarly, the ratio of co=polarized energy to

cross-polarized energy for a bare torso was significantly higher than for the fragmentation

explosives and explosives only model over a wide range (about 60°) of look angles.

Consequently, humans carrying explosives, whether fragmentation explosives or explosives



t he chest wall can become obscured and there is the possibility of
collecting a radar return fromthe device, either directly or indirectly,
as in the case of an interaction between the chest wall and the device.
Obscuration of the chest induces changes in the expected chest wall
signature. Direct radar returns froma.threat device placed between the
chest wall and the 20 radar produce near-range returns that appear closer

to the rag %5; %%e%ﬁct@@wﬁﬁ@@fe@& %diuﬁl&;ﬂiﬁriz@@radﬁ*@ﬁémy@hb pfoblentf 18.to Tdvas HICE
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di el ectri end aymnss sHostta timedskiod me)ogaﬂbl@ttq ¢fegiuaigreyaraptiqngy myHgadiRp Feasures.
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vest carr )ll)mgf fhie diysremt a’he wtiapa}dplembﬂdnmsm 18R ot ghesyisieindie hlﬁb‘m?@ht westblsar ryi ng

expl osi ves W thout fra msnt When Mk} (Ghizgppadar
beam bot ﬁn‘gl‘i‘?é}( %Gﬁ@%‘f ﬁt?iﬁ né%?f}egs? %genrsmdé di%ﬁem%%xbu%ﬁl gsfs‘lg\%ls only
model ShO\b@ﬂm@te@Q)tﬁBraemngn,gﬁHlanopﬁatotd@asdkalm torso in a cross-polarized
channel (VH) as conpared to a bare. torso.

co=pol arized ehd B yste igeludes gy agr t&’&“@%‘ﬁ %S?tycauﬁg’ %%efl q?) hegﬂ

si gni {4 canhé Yadk SR@ha 1032 MTHeQAdat ﬂ@flstéla@@ﬂisaion@ﬂsede»fplmsmasr ;mmbmplaom ves
only nodel over a w de range (about 60) uen

humans careopivagPakpn e weel coiparierf 2 F@@W&ﬁ?fﬁ%&ﬁ?%&?‘fe@o R EFOSI ves

11 only, f&%eﬂ@r £Rta88 bathnd 108 naﬁsnhﬁ@ﬁémax HBal@ﬂ radh@kc&fdrds&ijﬁeiﬁdﬁfegﬁ'ﬁsn&m The
problemis to focus a narrow beam (between 0 4 El% pol ari

radi at i on themeby tilkungieatingi thei gukicdhi 410 fand| et ‘i"é‘&a tB"tBbFlﬁ‘ftFPn%aﬁF?tiGC| ent
| ook angl efgq](gﬁ) R f[y(ﬁﬁj Ghelddr thmSik %Bﬂ%ﬁ Sirst AAEREtaAVIRARKILE &k ith and

within as Shortl a period as possible to effectuate evacuation or
mtigasdi omghecasltﬁ ascuiaﬁp@tw@aﬁgn and the system bl ock diagram of Fig. 8A

Illustrate theac e?]%og%%lf/téx{n? T?P@nfﬁﬂ% 0]*9]8?11(9&%16 sﬂﬁd %Y@E)%rglmmﬁlm@q@{ than! y

enbodi ment 1000 emis port €, and includes a
radar systsepanfiitiotelion 1064 aensroputm X oam allmatlaaib’o@ﬁb\lﬁt dhe gositienel g
connect edé’ﬁﬁ(ﬁ? h? ‘Eadar system and an operator console 120. The radar
systemin A*radar transceiver 106 el ectrical | y connected to at |east
10 one radar amherompit®810ZThes nadarhitbeten sieilareto thaGof sommntprallseadadﬂblea

cont 180 | ereoBPgeT SEbABHES: 24 PRy Shapond f2n $BEToE ARTELRLE ekt 0,
108 trans rﬂc&esanﬁﬁfofpmm}aﬂmma@asm; andcdeapprbiesiod nof (ERYRBAR. 1T8; program
instruction code implementing the HCE detection and tracking algorithms is recorded onto
standard computer readable medium and loaded into memory using a compact disk (CD)
reader 806 or floppy disk drive 808. Alternatively, the program instruction code may be read
25  directly from another computer via a standard communication port 818 available on most
computers. The communication port 818 may be a network connection enabling real-time
collaboration between multiple HCE detection systems in the tracking and detection of
human carried explosives.
In addition to the standard computer interfaces, the computer 102 has a radar
30  controller 816, which under control of the program instruction code triggers the radar and
digitizes analog data teceived from the radar receiver portion of the radar transceiver.
Furthermore, the computer 102 contains an interface 820 to the pan/tilt two-axis gimbal 104

that controls the horizontal and vertical positioning of the sensor platform 124.



thereby illumnating the subject 110 and threat device 112 with

el ectromagnetic radiofrequency (RF) energy. The beamis pol arized, either
hori zontally, vertically, or with 15 right or left circular polarization.
The sensor platform 124 is nounted to a portable stand 114 by a ginbal 104
such that a pan/tilt controller 104 jpn conputer 102 may automatically

adj ust the position of the platforn1%g4. The conputer 102 has an
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20  console 120 may be a portable or notebook computer having a display, keyboard and pointing
device electrically connected to the computer 102 via a hardwired or wireless link. Finally,
notifications such as a warning and indication and associated video signal may be sent to a
remote field operator for viewing on a wireless handheld computer 122 over a wireless
broadband communication link.

25 Fig. 2 is a flowchart representing the processing performed by the radar-only
embodiment 100 of the System. Two modes of operation are available in the radar-only
embodiment 100: scan-mode 206 and track mode 204. An operator initiates the system by
selecting the desired operation mode 202. In scan mode 206, the operator defines a scan
pattern consisting of the azimuth and elevation extent of the radar field of regard, a sweep

30  tate and a radar pulse repetition frequency (PRF). The scan pattern generator software within
the processor 102 uses these parameters to generate a sequence of radar contro} signals that
drive the radar beam position control module 208 and triggers the radar transceiver 106.

Track mode 204 has two operator-selected modes: manual and automatic. Manual

mode allows the operator to steer the radar beam using a joystick, trackball, keyboard or



In operation, the radar assenbly is steered via conmands to the ginbal
controller. 104 sent fromthe processor 102 so that the nmin-|obe, of the
radar beam 118 intersects the subject 110 and threat device 112 at a

nom nal standoff range R of one hundred neters. Energy scattered off of
the subject 110 and threat device 112 .i,s collected at the antenna 108, sent
to 15 the transceiver 106, and convertéd to digital format by the processor
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operating at either a 77GHz or 94GHz center frequency, although a center frequency
anywhere in the range from about 10 GHz to 110 GHz may be used. A trigger pulse 504 is
sent from the radar controller 820. The trigger 504 initiates a voltage-controlled oscillator
(VCO) 602 that generates a frequency tone that is swept over a predefined range, fiin 10 frax-

25 In the preferred embodiment, the bandwidth, fiax-frmin, 15 at least 500 MHz and preferably
closer to 1 GHz.

In the preferred embodiment, the output of a MMW (millimeter wave) local oscillator

(LO) 604 is collocated with the VCO 6062 and both oscillators are protected 606 f{rom

temperature variations. The output of the LO 604 is split into two parts using a power divider

30  608. One half of the LO signal is sent through an isclator 610 and then mixed with the VCO

output to upconvert the VCO signal to the MMW frequency band. The resulting signal is

amplified by a high-gain MMW power amplifier 614 into a signal 506, which is then

transmitted through a Gaussian optic antenna 108. For a system operating at a 94 Gliz center



triggered, the antenna 108 | aunches RF energy at the heading set by the
beam position coordinates supplied by the scan-node 206 or track-node 204
controllers. After the radar 10 has been positioned, the conputer 102 sends
a trigger pulse 504 to the radar transmtter portion 502 of the radar
transcei ver 106. Upon receiving the trigger pulse 504, the radar
transmtter 502 generates a signal 506 that is upconverted to
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216. The first processing stage is detection 212, in which the return sxgnature is temporally

adaptively filiered using a constant false-alarm rate (CFAR) technique to extract range bins
where the scattered response energy exceeds the energy of spurioué returns caused by clutter
and receiver noise. Signals passing the CFAR test are then processed in a subsequent

25  sequential hypothesis testing stage 216 to determine if they are consistent with returns from a
threat device 112. Signals that do not pass the CFAR threshold test are discarded 214.

Three outcomes are possible at the output of the sequential hypothesis test 216: “Yes”
indicating a definite “threat”, “No™ indicating a definite “non-threat”, and “?” indicating more
information is needed. Inthe event that insufficient evidence is available to support either the

30  “threat” or “non-threat” hypotheses, the processor 102 can direct the operator, if in manual
track mode, to hold the radar beam 118 on target until a sufficiently large number of radar
samples has been collected to allow a reliable declaration of the threat status. In automatic
track mode or scan mode the processor 102 automatically positions the beam 118 until

sufficient data is received.



in a bi-static or nulti-static configuration. Furthernore, a nulti-elenent,
phased-array. antenna and space-tine adaptive processing nmay be depl oyed.
In the preferred enbodi ment, shown in Fig. 6, the reflected radar signal
is collected using a separate receive antenna 618. The receive antenna 618
is a single 12" (0.3048 neters) dianmeter round Gaussian optic 10 antenna
and sinul taneously collects both H and>V pol ari zations. Dual polarization

col l ection ac I | shed..by. I e
antenna 618 aﬁ% %‘%F;[Q %r?he e\# %ﬁ%@g’é@m@’%&[”% E@tﬂ{enh%tee?%r%r?rg}&nal into
two di ffelfrﬁﬂganfnemipmﬁmwntﬂ He2Bscusshd: ldtano Inﬁouhamnmmiabbsaféhteomw&d verted
t o baseband be| h. th O us, C

transmi tté*tf1 entelﬂt) V\%{hg “’5’5 ien 1ﬁ%dé ﬂ'ﬂgt% raﬁg &gth%{“ﬁeé {%hout put s
15 after ttt}e:tfraaﬁte PONE raddt ¥érde! 260818 tﬁcentnetdnmmghtha tBreaiowas qiﬂmd di w der

624, each of the two outputs js then sent through an |so at or 628
bef or & beiAtgitiepale dhafpaisistitie 4B ABCEIFEY VRite A s FYREPY l%rﬁoangn &égz The

resul ting d%tl%@hﬁmg tlghatd?é Sef@eL miph aldd béif]ﬂovv&éd5932theam&rataem ah auid e r adar
controller 8 where th ehare converted into digital format vi %%8}'?1
Tt

anal og-t o-ln‘féfp@htlﬁlfhec@m'e Zer As 2D CYHBPIE.cOE| HAECEdE coutigHag thegp
processed 4, égotiﬁhmte%% E%A}E]Hb Sfoaﬁr%%d@l@a}%% upthRs ofNgbsitioh Snd PHe@gigSSi Ny
et C In Ich the

stage is tion 21 return signature is tenporally
adapt i vel ynfbinjation emdft!@térdgh@at@élﬁst ant false-alarmrate (CFAR) technique to

extr (I& range {Pﬁé‘ o fMIP LR cgﬁeﬁqﬂéotrﬁ’nﬁ%a% gﬁ] %@?I\z}iﬂ%{ﬂ%}’a’t faseadSrahigit ener gy

of sp ious re gfeled &g y clutter noi se. Signals passing
the CFAR tpelatizaiioe antiem Igsooms sedve polrizative.cipuetit lea asdephdaterizsd FFISBY hesi s

testing st 216 t ter Lf. ey ar SigbAENgdrom a
t hr eat de\ffgvg 12 “%i S'ﬁgﬁ §mF (E‘fmdo 11Eo da §°st ‘thely%Aﬁg&t‘hr lie’hﬁol d test are

di scar ded palbdzed] bir @e I@'Ucbrﬂ‘iig’hiﬂarcﬂtae pptosmtltxt elnathe tveat ounpltiple pblatippsiossyeent i al
hypothe3|s tes

ndi ca i cating
a definitdP rPOfaﬁ‘r‘"‘aeﬁ‘f‘S Wslbﬁcaﬁam?an P‘%ﬁ}t?gg%a??)?tlr °rm'th§F°‘ ﬁo?%rgf-r&éﬁs%lﬁ%?sech@gded I'n
the eygnt pbiaaﬁatbmuffr Ci ent evi dence is avar | able to support erther the 30
"threat" or "non-threat" ot hese t he ess
operator, if i Rignaarflie. 8tPf raff e mg iy f%fd%%ﬁgg%& j%;te ar get
until a S%Htéh%@‘d}})ormes & 19t BhTEEo @c‘fmdi‘@ﬁbaﬁnpr@.@r’fmteﬂSdel?hﬁlﬁuﬂaﬁﬁnarﬁioﬂrzicémged to
allow a reliable declaration of the thre t status. In a”tgqﬁt'%} track node

or scan msdeebiliiies s dhe Sy 031 AEEARLP AP | SYSEHB STETRSALS R %Y unt i |

suf fi ci enty flakiaohS1008HE MR plud FideFYBRIEMEN B0 trlcludees fied, Wideedld of view
determ nation may t then be uSed to initiate one or nore mt%gﬁr on responses
p

220 t20be (WFE™MsEdep Famesn 306 ther Weaimeh 2hvhe Pap | @de: SHTHALBEE p HOT GF4H

resolution, a steerable narrow field of view (NFOV) video camera 304 may be mounted on

platform 124 and co-boresighted with the radar beam 118. As best Hlustrated in Fig. 8B, the

video outputs of the WFOV camera 306 and the NFOV camera 304, if present, are connected

to one of several frame-grabbing interface products 830 and 832 known and available to

25 those skilled in the art. Depending upon system requirements, the cameras 304, 306 may be

any combination of black and white, color, infrared, Ladar, Lidar, imaging radar,
hyperspectral, or multi-spectral cameras.

It is well within the abilities of one skilled in the art of methods for detecting and

tracking humans on foot in RBG (red-blue-green) color video data to extend the methods in

30  order to detect and track people with data from other types of imaging sensors having only

one intensity value at each pixel instead of the three intensity values provided by a color

video camera. For example, a static background viewed by a stationary camera can represent

the background as patterns of light and dark in black/white intensity data from a B/W video

camera, a LADAR/LIDAR sensor, or an imaging MMW radar sensor. Moving people in the



radar-only enbodi nrent 100 of the invention includes the estinmated range and
heading of the threat relative to the radar sensor, as well as the tine at
which the threat was detected. 5 Additional characteristics, such as

vel ocity vector, radar cross-section and other distinguishing signature
features m ght also be provided to the operator as an aid to intercepting
the threat 112. As an exanple, one mayl%onsider continuing the radar track
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in the “non-threat” status. In the event that there is not enough evidence to make one of those two

declarations, there is a feedback mechanism 708 by which the radar system continues to
request track information from the video system. When “non-threat” is declared, the track is
dropped from the list of objects being tracked. When “threat” is declared, on the other hand,

25  the detection event and track information is passed back to the video system for final tracking
and notification of an operator.

As previously disclosed, in the radar plus video embodiment 300, video signals from
the WFQOV video camera 306 are operated upon by a video-tracking algorithm stored in
program memory that is designed to detect and extract moving subjects from the WFOV

30  camera 306 field of regard 308. The heading of each detected moving subject is estimated,
and corresponding pan/tilt position commands are sent to the gimbal 104. Also at this time,
the processor 302 sends a trigger to the radar transceiver 106 to initiate the transmission of
one or more RF signals through the antenna 108 toward the subject 110 and any threat device

112 present on the subject 110. Energy scattered off of the device 112 and subject 110 is



16 scene can then be detected by subtracting an average view of the static
background intensities fromeach new franme of sensor data to find :
foreground pixels that represent a significant change fromthe background
and therefore potential inages of people noving in the foreground across

t he background. Foreground pixels can be grouped and detected as people 5
based on the size and shape of the grddp of pixels. A detected person can
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st ored inthbdfl@?@rsﬁfﬁﬁeﬁﬁeﬂ’ﬁ?@mc%?aqdéo%eaé’aned to detect and extract moving

subj ects from {he MEPY 30icarREah3 Mgl 18k dpBtest @garicB@R rallhepheaddeng of
each detected noving subject is estimated, and correspondin ee}nc{e%alﬂl t
posi t3®n eindimgst W aresle andperterms thfemfislsfernpationaF o4 dluslrriFs mtﬁ(%ﬁfg
the interaction between the video and radar sensors, as well as the HCE threat detection
process. The operation of the radar plus video embodiment 300 can be broken down into
four blocks A-D. Starting with Block A, at step 404, the WFOV camera 306 collects video
data and transmits the data to the processor 302 which applies motion detection and
25 segmentation software implemented algorithms 406 to separate moving objects from
stationary background. A two-sided composite hypothesis test 410 is then applied to classify
each detected moving object as being “human” or “other.” A database of constraints 408 on
human characteristics is utilized to classify the object type of each moving object detected.
This database 408 contains data elements including, but not limited to size, shape, thermal
30  profile (if applicable for Infrared or multi-spectral cameras) and color (if applicable, for color
cameras), and motion as an aid in classifying object type. Moving objects that are not
consistent with human motion are discarded from further consideration 414.
Detectéd moving objects that have been classified as human-like are then sent to the

motion tracker module 412 along with the video stream collected by the WFOV camera 306



t he processor 302 sends a trigger to the radar transceiver 106 to initiate
the transm ssion of one or nore RF.signals through the antenna 108 toward
the subject 110 and any threat device 112 present on the subject 110.
Energy scattered off of the device 112 and subject 110 is 17 collected at
t he antenna 108 and forwarded to the transceiver 106, which then transmts
the data to the processor 302 where t¥e data i s processed using signal

det ection and fication t
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is utili zeoflto ect type each novi ng obj ect ‘detected.
20  emerging threats in the presence of uncertainty by applying a sequential hypothesis test. A

sequential hypothesis test is a statistic based test known to those skilled in the art of statistics.

Unlike a normal hypothesis test which ouiputs a binary “yes/no” answet, a sequential

hypothesis test allows a third answer, "don't know, collect more data." The idea is that at

each point in time, you collect additional information until you have enough information to

25  make a decision about a given hypothesis. Preset or operator selected parameters within the

sequential hypothesis test enable one to incorporate the cost of collecting more data into the
optimization.

With “indeterminate” threats, the hypothesis test 416 is sequentially reapplied with

each new observation until a threat determination can be made or the subject has left the field

30  of view. Note that the definition of a threatening motion can vary depending on scenario.

Threatening motions could be defined as a subject with a motion vector toward the protected

area and/or motion velocities that are markedly different from the average velocity of other

subjects in the field of view 308.
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Module 412, there are several approaches for managing the handoff between video and radar.
In the current embodiment, the Position Control Module 442 is configured to scan over a
narrow sector of angles centered about the heading obtained from the Motion Tracker 412. A
25  sequence of radar returns is collected at step 444 over the sector 118. Each radar return is
collected, digitized and sent through a composite binary hypothesis test 448 to determine if

the return is consistent with clutter or a human subject.
In the preferred embodiment a two-parameter, constant false-alarm (CFARY} algorithm
is implemented in the software of processor 302 to test for human return versus clutter. Upon
30  a determination of “clutter”, the radar is commanded to the next position in the designated
sector. As previously disclosed, the CFAR test operates on a collected RF signature of a
target, the RF signature comprising a pair of complex-valued radar impulse response
measurements, the co-polarized response, VV and the cross-polarized response, VH. (Note

that VV = VV(k,r) and VH = VH(r) where k is the pulse number and r is the range along the



sequential hypothesis test enable one to incorporate the cost of collecting
nore data into the optimzation. Wth "indeterm nate" threats, the

hypot hesis test 416 is sequentially reapplied with each new observation
until a threat determ nation can be nade or the subject has left the field
30 of view. Note that the definition of a threatening notion can vary
dependi ng on scenario. Threateni ng not4%ns coul d be defined as a subj ect
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approaches ftor managi ng the handoff between video and radar. In the
curreil ensdelicient, the Position Control Mdule 442 is configured to scan
over a Previously we had disclosed how the presence of hidden threat devices on the human

body induces a change in the polarization state or radiofrequency energy scattered off of the
body. In the preferred embodiment, the Extract RF Discriminant Module 454 computes the
polarization energy ratio:

25 rho(k,r) = <|[VV (&> / <|[VHE,)>,
over peak regions detected by the CFAR algorithm. In the preferred embodiment we use a
local window that is the same size as the CFAR target window. The quantity rho(k,r) is then
forwarded to the Associate Track module 424 where it is associated with one or more of the
tracks in the Track History database 426.

30 The beamwidth of the radar and required accuracy required to hit a human-sized
object at one hundred meters is equal to the width of the radar beam, which is about 0.5
degrees. A typical video tracking system, however, can have a pointing error that is on the
order of 2-3 degrees. Thus, in the initial handoff from video to radar, the radar system will

need to “reacquire” the target by performing a fine search about the heading provided by the



narrow sector of angles centered about the headi ng obtained from.the Mtion
Tracker 412. A 25 sequence of radar returns is collected at step 444 over
the sector 118. Each radar return is collected, digitized -and sent through
a conposite binary hypothesis test 448 to determine if the returnis
consistent wwth clutter or a human subject. In the preferred enbodi nent a
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A sequential hypothesis test 430 is then applied to each track statistic:

tau(j) =-+1, phi(§) > T2, else
tau(j)= 0, T1<phi()<=T2
tau(j)=-1, phi{j) <=T1
25 Three outcomes are possible: “threat” (yes, or tau(j) = +1), “non-threat” (no, or tau(j)
= 1), “insufficient evidence” (2, or tau(j) = 0). Tracks declared “non-threat” are marked and
maintained in the track history database 426 to allow for eliminating conflicts in the case of
overlapping tracks or occlusions. Tracks for which there is insufficient evidence to declare
“threat” or “non-threat” are maintained and the evidence accrual process 428 is continued
30  until a definitive “threat” or “non-threat” declaration can be made 430, Tracks declared
“threat” are sent to the operator for intervention action as shown in Block D. As with the
CFAR test, thresholds T1 and T2 are pre-determined. In the preferred embodiment, these
thresholds are set by the operator and/or preset prior to deployment in order to achieve a

desired detection versus false-alarm rate and to incorporate the cost of waiting to collect



Previously we had discl osed how the presence of hidden threat devices on

the human body i nduces a change in the polarization state or
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HCE threat determination logic 430, the corresponding threat declaration and track
information is passed at step 432 to the operator console 120 or to an optional wireless
display device 122. The information displayed on the operator console 120 includes video
data and associated radar statistical evidence. Based upon this data, an interdiction response
25 can be initiated 434. Forms of response can vary from automated triggering of a mitigation
system, such as automated notification of first responders to more proactive activities, e.g.,
the aiming, arming and firing of a high-powered water cannon, 94 GHz. active denial radar,
or similar non-lethal weapon.
Additionally, video information can be forwarded to first responders in the field to
30  provide visual information to aid in identification and apprehension of the threat subject 119.
Fig. 9 illustrates an application in which a plurality of HCE Detection Systems 904A-
904C collaborate to protect a specific site 910. As shown, HCE Detection Systems 904A-
904C are networked together to.form a collaborative detection and tracking system in order

to achieve improved detection and false alarm rejection within an area under surveillance



In the preferred enbodi nent, the evidence accrual nodul e 428 conputes a
running sum of polarization ratios for each track. For the ju' track in.

t he database, this statistic is: 20 phi(j) = Sum{pulse k in track j}
rho(k, r) A sequential hypothesis test 430 is then applied to each track
statistic: tau(j) =+1, phi(j) > T2, else tau(j) =0, Tl < phi(j) <= T2
tau(j) = -1, phi(j) <= Ti 25 Three out’dones are possible: "threat" (yes, or

tau(j) = + 0 —— [, Cd ence
(?, or taaég) 5@ %*F%%égm% gwgﬁgﬁe" g%%?hrI%é%}%%%aﬁg%&ggbgﬁé E%%%I?ntalned
in the tragdeniovyy W&&&ﬁbm 426t bo calnecvd tcoa vetiéhahd\a:biwmgc @dhf IThotas i n t he
case of overl.a cks or occ)l usi ons

i nsuf fici @HEE EQ‘F@%‘H & 512 p omgpgicatiqn, W ta‘"“dé‘rn w cgﬁ&@ ?f"‘@?cﬁ‘%ﬁ teﬁeﬁeﬁflnrf ai ned
and the egy@aRCeeAfeioURlitdlize @R Bred2db6 BitlCH Waient@eoB6r aunilve kadar btafu 922t i ve

"threat" or "non-threat" declaration can be made 430. Tracks decl ared
"thredt” Abenewprk IBPmenbe phEwret orpgrelesHEYEnt i on action as shown in Bl ock

D. As with thecobARieeRdckink %@%@fébﬂ?ﬁ dah RNghplotnedte 1P sEvelB vyl Medne | N the

preferred enbodi nent, these thresholds are set by the operator .and/or
preset pr iroplementatiop) wiaveAmMPYter esmeBynieagon chprdpates theqdaisction 2ad ReNH AL ver sus

Fal se- al QB B AKbBOIIGRE BOK B Syl nPHle Al YRIA $1ck0 s5Lbeas 22

addltlona sanpl e te that” taua has an inplicit tinme variable,
"t" whi cheachepstes 89041 Thavesultgnrgguenseemetieof tha BR sighafurps trretondinsd &9 ment
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and ccoun th'me-varying statistics.
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extragt esgiddn®bgandhe LBLoSdbieaRhed XYy RiaBiag HOE rake SEtaiPiRABChaviegt | mat es
obtained fromthe NFOV canera 304 are conpared wth_ the naéﬁnalggﬁadlng

i nf or mat | BAP-PYEPPRIREINIS of Frgardi {1t PaVp o LTSy SEBECOmIUnicAROR Werk{ FRAT sensors

ar e deenmeeotRibfonill u8dki dﬂiﬂt@ﬁﬁ'«ﬁ Wb cdrR& explobivecdvepthetub®h bf thgazdem a
correction vector is generate and forwarded to_the Posjtion Control

Modul e 44¥idgrfieldnel et Tesruigbapedaracling svauidsasspripls supcentime) copifanafes @ad
antenna 108,800 N6 biects that move from one system field of regard to another system’s field

20  of regard. Decision processing and threat mitigation, performed centrally or decentralized at
the individual system level would detect and classify the nature of the threat, and as
heretofore disclosed, neutralize threat 936 as necessary.

The radar system is comprised of relatively low cost, commercially available
components. Furthermore, the specific radar system deployed is not limited to-the specific

25  embodiments heretofore disclosed. In the preferred embodiment, the radar system is similar
to radar-controlled automobile cruise control systems having a center frequency of about 77
GHz. and has a nominal range of approximately one hundred meters. Non-limiting, the radar
system may operate at different or multiple frequencies, including the Ka-band, the W-band,
UHF, and UWRB frequencies. Furthermore, the radar system need not be comprisé& of a

30  Frequency Modulated Continuous Wave (FMCW) real beam radar. An alternate radar
system may consist of a linear chirp waveform.

Furthermore, an alternative to the previous embodiments 100 and 300, in which the
radar transmitter is collocated with the radar receiver, would entail a multi-static system in

which one or more receivers is mounted apart from the one or more transmitters.



is 304 canera are aligned on the subject 110. Once alignnent is achieved,
radar discrimnants are extracted fromthe radar signature 454 and
conbined with estinmated pose information in the track history database
426. Evi dence accrual proceeds as before and three outconmes, "threat",
"non-threat"” and "insufficient evidence" are possible. Regardl ess of

whet her a single WFOV camera 306 is u®éd, or a conbination of 20 WFOV 306
and NFOV 304 cane ar epl.o i ) f Bt B S i 81 from
fhe THCE ¢ hr oot TSt B TORRPRR Ay S5 wlfablipfibi it irfuce/B e BRGNS

decl ar at i gscaRedl boag kut ehdvhrassas anyrni all pabsibdends withie the48opetad thetfell@pieg at or
console 120, or to an optional wireless display device 122. The information
displayedcﬁﬁn%he operat or console 120 includes video data and associ ated
radar statistical evidence. Based upon this data, an interdiction response
25 can be initiated 434. Forns of response can vary from aut onmat ed
triggering of a mtigation system such as automated notification of first
responders to nore proactive activities, e.g., the aimng, arm ng and
firing of a high-powered water cannon, 94 GHz. active denial radar, or
simlar non-lethal weapon. Additionally, video information can be forwarded
to first responders in the field to 30 provide visual information to aid
in identification and apprehension of the threat subject 110. Fig. 9
illustrates an application in which a plurality of HCE Detection Systens
904A 904C col | aborate to protect a specific site 910. As shown, HCE

Det ecti on Systens 904A- 904C are networked together to forma coll aborative
detection and tracking systemin order to achieve inproved detection and
false alarmrejection within an area under surveillance 23 902. In order
to coordinate surveillance between nmultiple HCE detection systens, each
Syst em 904A, 904B and 904C must be connected to a w deband network 930.
Threat mitigation devices 926 in communication with and under control of
the HCE Detection Systens operate to neutralize the threat 936 with a

wat er cannon or active radar beam 922. 5 The network 930 nay be a hardw red
or wireless network. Collaborative tracking and detection can be

i npl enented in several ways. In one inplenentation, inter-conputer

comuni cation coordi nates the detection and tracking of potential targets
932, 934, and 936 by overlapping the radar field of regard 914A-914B of
each system 904A-904B. The resulting neasurenents of the RF signatures are
conbined to 10 achi eve sinultaneous views of the field of regard from
different | ook directions to increase the validity of the resultant threat
determ nation. In multiple systemcollaborative node,



feature-based tracking has been inplenented to associate space-tine

coordi nates and subject appearances as the threat passes through crowds
havi ng occl uded regi ons. A second inplenentation of a collaborative network
of HCE detection systens can be 15 used to expand the area of surveillance
902 by |inking HCE radar systens 904A-904C having non-overl apping fields
of regards (not shown). Intersystem c&unication would coordinate the
detection and tracking of potentialéﬁﬁgﬁgicarried expl osi ves over the union
of the system wi de fields of regar ur e- based tracki ng woul d

associ ate space-tinme coordi nates and appearances of subjects that nove
fromone syaem field of regard to another systems field 20 of regard.

Deci si on proce sr ng, and treat t ] erfor d ce
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nat ur e of alrebjendehg@aéﬂrana@@oﬁpnszﬁger etofore discl osed neutral ize threat 936
as necessary. The radar systemra corrprkjsed of Iatré % | .ow cost
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depl oyed iRt rddafinitla, b DRcIERERAIC 25 enbodi ments heret of ore
di scl osed. In the preferred embodi ment, the radar systemijs simlar to
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frequenci es d AQLnAR nePr i sed of a 30
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claims. 25 CLAIMS | claim 1. A systemfor standoff detection of hunman
carried expl os#Q¥&85-(HCE) within an area under surveillance, conprising:
15
2. The system according to claim 1, wherein the radar tracking control system

further includes:
a support structure;
a sensor platform adjustably mounted to the support structure, the radar system
20 mounted to the sensor platform; and
a sensor platform adjusting means for controlling the pan/tilt orientation the sensor
platform, the sensor platform adjusting means being in electrical communication with the

computer.

3. The system according to claim 2, further comprising an imaging system in
25 electrical communication with the computer, the imaging system having a field of regard
spatially and temporally overlapping the radar system field of regard, the imaging system

having at least one video output signal electrically connected to the computer.

4. The system according to claim 3, wherein said computer readable program code

further comprises means for detecting and tracking a moving human target from the video



an active radar system the radar system having a radar transmtter, a
radar receiver, at |east one radar antenna, and a field of regard; 5 a
radar tracking control systemin physical cooperation with the active radar
system wherein the field of regard of the active radar systemis targeted
within the area under surveillance, the area of surveillance being greater
than the radar field of regard; a userkéi nterface having a video display

term nal and a, data input _neans; C ter in electrice ggrllﬁg' ion
with the P‘&B‘étrs'gélgls&éﬁi’ St‘?rﬁéorrsﬁaéciff?‘?t%?gg?ﬁ’é&erf@m@{)lﬁ’flg glle‘lﬁ}ss)é/}értcgo?n an%%q‘%e user
int erfaceiméglﬁﬁgbs?g&ﬁ%@ﬁmﬁ%&rga@;@mtnmﬁngpmﬁmmgm unit, a menory and
conput er readable program code stored in the nenory, the code including:

radar tracking instruction nmeans for targeting the radar system and HCE

det ection i nst§ upld OReABEdih Pl oHith 8CHhPén B illﬂﬂgﬁ&%:sﬁﬁfrﬁhﬁddeexpl osi ve
devices. 15 2. The Systemaccording to claim1, erein the radar tracking

control system wider fiéldrofiviesi (MBQY) Hideqippaee mAupGe o e SURPUE SRR YE f or m
adj ust.abl Wg%ng%? Wil Enc Bk SIbHENRE el disdiasiauslAm 20 mount ed

to the sensor orny” an sensor platform adjusting neans for
control |ing thevarahletzobm nempw dieklt dfoiewt GEOIB vidse cappabergpeh Telofseisbr

pl at f or m gdj | means.. bei ' | gt i cal &?JHEU | i bdebh
conput er. ﬁ1§J @Pgngﬁ%l?réaggeén&g%g‘fdﬁg ttgot%gl %P%?Z?I urfﬁgfﬁ:po(?r@pr%%s‘%eng%g%gi magi ng
syst em i nboRGgletewith theatdac ortenm wbeatbyothe fistd lof tdgerded thsWEOY cemeraioverdapag

system havi i el rd spatially and tenporally overl apping the
radar sysf}@:}?“f‘ﬁﬁrﬁg&&foﬁéﬁg? W& magi ng system having at | east one video
out putg signal electrically connected to the conputer. 4. The system
according to claim 3, wherei,n sai.d conput.er readable program | - further
conpri ses mean® FRsYeienE@etardige E’rﬁﬁa“f“‘r%ag’g?rﬁ‘b&é? “r?B\’/i%#gL‘“‘h‘ﬁ %‘“ °;gr“§%t“f‘lr0%m t he
video 26 jouttMtingheidl medd SosyadBmiiOhe Sirendoidtigeifactat@nbisad uber the
conprising means for controlling said inmaging systemto maintain the track
of the noWoHgn pikaREShr get. 5. The systemaccording to claim 3, wherein the

i magi ng systemincludes: a wde field of view (WOV) video camera nounted
to the support structure, the

15 7. The system according to claim 5, wherein the code further comprises sequential
hypothesis testing instruction means for fusing radar measurements over multiple

observations of the target.

8. The system according to claim 1, further comprising an imaging system producing
an output signal connected to said computer, the imaging system being selected from the
20 group consisting of Ladar, Lidar, infrared, multispectral, hyperspectral, imaging radar, and

visible light range video.

9. The system according to claim 8, wherein said computer readable program code
further comprises means for detecting and tracking a moving human target from the output
signal of said imaging system, the system for standoff detection further comprising means for

25  controlling said imaging system to maintain the track of the moving human target.

10. The system according to claim 1, wherein the radar system has at least one

transmit polarization and at least one receive polarization.

11. The system according to claim 10, wherein the radar system has an orthogonal

30  pair of transmit polarizations.



5 WFOV canera having a field of regard enconpassing the area of
surveillance; and a variable zoomnarrow field of view (NFOV) video canera
having a field of regard, the NFOV canera being nmounted to the sensor
platform the NFOV canera being boresighted with the radar system whereby
the field of regard of the WFOV canera overlaps the field of regard of the
NFOV canera. 10 6. The system accordi® to claim5, wherein the code
further conprises threat notion detection instruction nmeans for

determ ning the threat potential of a target based upon the notion of the
target. 15 7. fBhersystem @Reaaingite glako |6 velieraib thewhdar eystert hes godtogonal her
conpri ses sequential hypothesis testing instruction neans for fusing radar
measur eme REE OGSV RAAIZHIOBS. observations of the target. 8. The system
according to claim1, further conprising an inmagi ng system producing an

out put signal connected to said conputer, the j in st em bei sel ected
fromthe 20 gtbubecsren dedorlngip Ci_aéiﬁér‘,’"hEE?lag?e,ﬁ?ﬁ%ﬁ%@%g”ﬁﬁ“ﬂ?i’ﬁﬁ%@aI ,

hYDerSpeCthg}Jtﬁ ggﬁqggécg}g%ﬂ%rhuﬂ@@@m%}ssi ble light range video. 9. The system
according to ci&al m 8, erein sald conputer readable programcode further

conprises neans for detecting and tracking a noving human target fromthe

out put,, - Si gnal y plRal derh HEGIAH BYRAET) fulei OMPIIARE { PoreableANEASS neliaherat i on

furthet conprisi'ng controll1ng Said imaging systemto

mai nt ai n tchesoterimelkctaéal téremmpivatiog wWiliteecorgrget . 10. The system according to
claim1l1, wherein the radar system has at |east one transmt polarization
and at | east one receive polarization. 11. The system according to claim
10, wher ei n t hes.radaystay at@ndifpe ciim dr visogo Al codgutheri compfisasy ansmi t

polarizations. 27 _12. The, system.acgordi.ng.to clai.m 10 thg I, r adar
system has an SREHYGS AEFHCHRE Peagp ‘?‘e%%ﬁs%“%baca‘f"l ‘}’%f“%“ ot thp nﬁ‘f}ﬁe agri}gt em

I'ons.
accordi ng ckflositadkid 1, wherein the field of regard has a range between
about fifteen neters and two hupdred neters. 5 14, The system according to
clai M@, furt h8Heragipsmeiongneans iy restine (e alete §¢ilhdhel - consol e in
el ectrical comunication with the conputer. 15. The system according to
claim1, wherein the code further conpri 1ies: . . . .

16. The system for standoff detection of human carried explosives according to claim

1, further comprising a threat-mitigating device in communication with the computer.

17. The system for standoff detection of human carried explosives according to claim

1, farther comprising a threat interdiction system in communication with said computer.

15 18. The system for standoff detection of human carried explosives according to claim

17, wherein the threat interdiction system includes a water cannon controlled by said

computer.

19. The system for standoff detection of human carried explosives according to claim

18, wherein said threat interdiction system includes an active denial radar system controlled

20 by said computer.

20. The system according to claim 1, wherein the computer is communicatively

linked to a computer network.

21. The system according to claim 1, wherein the radar system operates with a center

frequency between about 10 GHz and 110 GHz.



classifying instruction neans for classifying the conposition of the human
carried explosive; and 10 filtering instruction neans for rejecting false
al arm events. 16. The system for standoff detection of human carried

expl osives according to claim 1, further conprising a threat-mtigating
device in comunication with the conputer. 17. The system for standoff
detection of human carried expl osives @mccording to claim 1, further
conprising a threat interdiction systemin conmunication with said
conputer. is 18. The system for standoff detection of human carried

expl osi ves accgs dinadQ Gl Al %ﬁd&ﬁ’ delBR el RurhdifoatrideaplodindsqHAES Withia agy st em

includes a water cannon controlled by said conputer. 19. The system for
st andof f cetaedpbswrvatién, hemprisingdha §tend o€xpl osi ves according to claim 18,

wherein said thr interdi chio S D6 4068 cBita@fll X GeadChictuntzadar
system contr ol ‘é%&t ﬁda%goga%gércsgsr%%%t%?ﬂé%. T%% s?ys?emtgaaccor ding to claim
1, wherei narkfte conputer is comunicatively |inked to a conputer network.

21. The system accor di to clai ' ar system operates with
a center freqﬁ&f’&ﬁ}“%%@bﬁﬁugg%ﬁf&% ggtg)h%m%t@%? 28 22. A nethod for
the standoff delceskib@nadif shusmr cangdsedseiqpdowitivabe (HHERtion bdiweenamdarar ea of
observation, conprising the steps of: cueing at |east o emat a
field of riigamesebiest %F%’iaﬂea]%mrag‘é%e"&ﬁ@ 2R, 1V3t68¥1§ee‘%a;"f‘%ebé{}ﬁ€%@ﬁ%ﬁ‘g‘{ew

si gnat ur e iialag thgyt; the at |east one human target; neasuring radar signature
changes associatéed with the interaction bet en rsdar . SI tures of the at
| east one humanrtafigicaldt cominingr2deigeirs C‘H%r\/‘?’m@t%p &8 W‘@HOTN%B G5t ¥t one
human, t ar ggl.ei- Stati stical |y conbining radar signatures over nultiple
observationsS 6f the at |east one 10 target; determ ning the threat status
of the target; dedninipe ditkesgtapief BetHe¥ o8 user interface. 23. The nethod

accordi ng ;%r@vi&ih?{h@d%tﬁto£H§e¥ﬂx?errfa?é?”pri sing the step of manually targeting
Wi

t he human ‘targe a narrow freld of view (NFOV) video canera
boresighted to

23. The method according to claim 22, further comprising the step of manually
targeting the human target with a narrow field of view (NFOV) video camera boresighted to

15  the radar field of regard.

24. A method for the standoff detection of human carried explosives (HCE) within an
area of observation using a plurality of HCE detection systems, each HCE system having a
radar system, a radar field of regard, an imaging system, and a computer, the method
comprising the steps of:
20 communicatively linking together the plurality of HCE detection systems;
overlapping the radar field of regard of the plurality of HCE detection systems;
creating a plurality of simultancous radar signatures of the radar field of regard from
different look angles;
determining the threat potential of a target based upon the combined data of the plurality of

25 radar signatures.

25. A method for detecting explosive devices, the method comprising the steps of:
illuminating a candidate threat with polarized radiation;
collecting a first reflected radiation from the candidate threat, the first reflected

30 radiation having a polarization identical to that of the illuminating radiation;



15 the radar field of regard. 24. A nethod for the standoff detection of
human carried explosives (HCE) within an area of observation using a ,
plurality of HCE detection systenms, each HCE system having a radar system
a radar field of regard, an inmaging system and a conputer, the nethod
conprising the steps of: 20 communi catively linking together the plurality
of HCE detection systens; overlappiné9the radar field of regard of the

plurality of i iatiof GBALthd ShndidRie Whradt] thy s@bnsiefbdtb@ineous
r adar signatuF%@E%@&?%%kggg§%§%?gﬁﬁmgf regard f?on1 differen? | ook angl es;

det er ni ni rgiatibehavimeeetolqisetemidriibeont] tathabeighe ilyadetingPeRteHE onbi ned dat a
of the plural !(%eYecPu]; hg‘g’harnad%r o?a'rigﬂﬁ}l'ﬂ{a%%ndtﬁéd bﬁh@@éﬂaﬂﬂteft&reatdef[ ecting

expl osi ve deviCes, %%e FeEho conprising the steps of. illumnating a
candidate threat with polarized radiation; collecting a first reflected

radiation fromthe candi date threat he first T agH, &k ON

havi ng a pol aﬁéa&#‘%r{n#ﬁﬁ%‘?cﬁew% ?’Wi‘?swgf aetvﬁcgs i {Ohcﬁ%?%go?ic%ggrigﬂi arta_lteon; 29
col I eati neo@prfsmgcmasté@f)f @6teedng adiialeimunasirenents bieretlentei rddinont takasanver @ he
second reflected radiati on having a polarization orthogonal to that of the
i || umi nat Pregeterabnedinetind OiRP- det ecting the change in polarization state

i nduced by the candidate threat. 26. The nethod for detecting expl osive
devi ces according to claim25, further, conprisj.ng the s of . processi ng
mul tipl e nmeasuffenBingelbed f%idpféﬁitﬂéﬁxpléﬁi’%ﬁ A taﬁcl?é%n%i?e"tlalﬁl 55;5@8@?&% ned
period of sibp OB detéefing TREHIRINA Bofafifatide @kt fultBoraxdhdes tieataperi gasugeaddi ng to
claim 25, erern tﬁe step of detecting the change jn learlzatlon state

further i ndbuiding arhtéo etwerndic mesiesd cpmglapizrd retum wEieR Avidsd BY coosi ROl % Edeen t he
received ¢Q-nal arl ﬂe‘qmr,ﬁ,t,, Ler b Mg edidbrah@ss- pol ari zed 10 return
ener gy’ acc‘:‘%‘r‘f’ﬁl"}é‘f‘ d“over the pr eget erm nedﬁper iod of time. 28. A systemfor
standoff detection of human carried explosives (HCE) within an area of
surveillance, conprising: (a) detecting nmeans for repetitively scanning the
area of surveillance and for detecting and tracking a human target within
the area of suz8ieidl dyatemefor UBndolff) detectianl af humameanied eiplosives {(HERsikRiaRg a
narrow beam o ol.?ri zed el.ectromagnetic radiation;

area Of surveillance, comprising:

(a) detecting means for repetitively scanning the area of surveillance and for detecting
and tracking a human target within the area of surveillance;

15 (b) a radar transmitter for transmitting a narrow beam of polarized electromagnetic
radiation;

(c) focusing means for automatically focusing and triggering the beam of polarized
radiation emitted by the transmitter onto at least a portion of the human target detected by the
detecting means;

20 (d) a radar receiver for receiving a portion of the beam transmitted by the radar
transmitter reflected from the human target and polarized orthogonal to the transmitted beam;

(e) a data storage device having target reference data stored thereon, including radar
signatures corresponding to humans with and without explosives carried on their person;

(f) computing means for continuously comparing a reflected beam received by the

25  radar receiver to the reference data to determine when the human target is carrying explosives
and for continuously assessing the target detection and tracking data to determine a threat
tevel; and

(g) alarm means for alerting an operator of the system when the threat level

determined by the computing means exceeds a threshold.



(c) focusing neans for automatically focusing and triggering the beam of
pol arized radiation emtted by the transmtter onto at |east a portion of
the human target detected by the detecting neans; 20 (d) a radar receiver
for receiving a portion of the beamtransmtted by the radar transmtter
reflected fromthe human target and p%IOari zed orthogonal to the transmtted
beam (e) a data storage device having target reference data stored
thereon, inclusy ngnd @k 6 GARLHTBRRCEH JcEGRAP® Blgint 28, FHERdiS sald tikicating

w t hout explosives carried on their person; (f) conputing nmeans for

cont i nuoulegnsempasIsEgeaningirtdabt ed beam received by the 25 radar receiver
to the reference data to determ ne when the human target is carrying

expl osives and for continuously assessing the target detection and

tracki ng data 3@ et esteinrfer sandaflalgtectioneageqrding el cleigy 2% vahrergim it detpebing

alerting an operat.or h - vyg%g hrgat level determ ned by the
conput i ngmr?éa%ncsomé)ilgees@g%a%oﬁ%ﬁég%glg%t. VH%g.C rl'?'{{e' system for standoff
detection according to claim 28, wherein said detecting nmeans conprises a

scanni ng radar . The stemf.or._ st andoff I : i | ai m
28, wherein sai”]daﬁﬁtség?rflﬁé S%aﬁgcgﬁ et%cglﬂ%?ﬁcglfedén gﬁ?%ﬁﬁ%é@%@%&%{aﬁ At;{?eeagﬁnght
range Vi degn&aeBhpriseda 3lde fElbofsiest @mefaomd stnande fitlddétvest daowraaccor di ng to

claim 30, wherein said at |east one canera conprises a wide field of view
canera and a narrow field of view canera. 32. The system for standoff

detection accossli Nge §yetet] Bt BRBLT dohRfigi dtcsding tolelait RB ngherdir aid detostipgi ses an
i magi ng system sel ected_fromthe grouF consi gti ng of Ladar ,f Li daﬁ,

i nfrared, TeaRY FARREET A1 IMpRjRs pYSiaL selected Eom 4R §ToRR §ansistng O \Fadsny Lian gnt
range Vi dggardndispebsl, BYretpoBihal imShdNHek fand 91004 h@ibrange oldeb.ng to claim

28, wherein sard focusing neans conprises a two-axis pan and tilt gi nbal
and a platformnounted on the ginbal, said detecting nmeans conprising an

| magi i Sensor ;41ynl ecfr HnRIPAGRGR o8Bl el Bliim ] STlshRI LaRHhgsal d
radar” recei ver 1ncluding an antenna system nounted on said platform and
co- bor esi givestconizhessaived-inirghngd §6 gighal ands plationTsowifed ehibe gk aadof 1

det ect i on BEaILG Qofihild &8 imiGE Seflob Aol 6F Hh BlaRANSaid ORBAL SES 2t
| east one canera, sai cusing neans conprising: a two-axis pan and tilt
gi mbal ; a tphatifterami sid rdedrecriver inelugingtan bytewmiststera copnted an s4id pledpred sai d

r r ' . ith said imagi
adar r ec%lo—\ﬁgrremghted with said imaging sensor.

15 34, The system for standoff detection according to claim 28, wherein said detecting
means comprises at least one camera, said focusing means comprising:
a two-axis pan and tilt gimbal;
a platform mounted on the gimbal, said radar transmitter and said radar receiver
including an antenna system mounted on said platform; and
20 a controller connected to the gimbal and to the detecting means, the controller being
programmed to pan and tilt the gimbal according to a time, frame, and location determined by

said detecting means.

35. The system for standoff detection according to claim 28, wherein said radar

transmitter transmits a beam of radiation baving a millimeter wavelength.

25 36. The system for standoff human detection according to claim 28, wherein said

radar transmitter and said radar receiver comprise separate modules.



i ncluding an antenna system nounted on said platform and 20 a controller
connected to the ginbal and to the detecting neans, the controller being
programmed to pan and tilt the ginbal according to a tinme, franme, and

| ocation determ ned by said detecting nmeans. 35. The system for standoff
detection according to claim28, wherein said radar transmtter transmts
a beam of radiation having a mllineté&l wavel ength. 25 36. The system for

st andof f human_det ecti on according, to, cl ai m 28, erejn_said radar
transnitter anﬁ-sgi“blSﬁ?&hlﬁ’_rrséaég?géjtete&t%ﬂ’i‘pq”f’%rgmgéﬁ%?gnﬁ"%ﬁﬁe@s?a@i&‘%ﬁ%7. The
syst em f OfshaRd ahd saflEh@f bdcBReti 6 06iling tb Rr@laditcdBer. wher ei n sai d radar
transmtter and said radar receiver are conbined to forma transceiver. 38.

The system for standoff detection according to claim 28, wherein said radar

transmtter an%k. Sghd s RARA o EHAD N UeteCRAPLLS8ind 16 cREH - BOhdkichLshi yabEM
having vertical 5 polarization in transmt and horizontal polarization in

recei ve. 8@snifte sylssadnridar rsecdvedofopdest ecupwrpoliciesst qrsgn t}@V’@Ea‘feﬁ"fCZh,
wher ein Sa(')lgri{aggr?{n t{aﬂnﬁﬁgﬁﬁ&ig ntﬁ.@ﬁaﬁ@éﬁﬁn [ ivel ECEI VET CONPrise a

cr oss-pol arrze system having horizontal polarization in transmt and
vertical polarization in receive. 40. The system for standoff detection

according to claim=28, wherein.said radar t 1 i adar
receiver corrpr%ggerﬂée Fiff%%ﬁoﬁtaélfl P@ea%tegtilosnt e rﬁ%%.t[)'?chrl}az@s%/éé?@ﬁ% o?ﬁgk%ﬁéoff
det ect i onyagedidi g &l edai rcder fampriben aompolasizaigsystoernhavidghodizonat di cti ng
t he human target when the threaf potenti.al exceeds the threshold. 42. A

met hod f oPOIREISH D HEGIRIt apdh R RP T AR FFEEFr i ed expl osi ves (HCE) within

an area of observation using a plurality of HCE detection systens, each

HCE system having a 15 radar system .a radar field of, regard, .an jmaging
system and a #bnp¢ &ysten %?5 FRIARY FeteEiiiPoPCRRg 1P 118t ‘égpé”ef%fe?n said Tadat

conmupy Ca&k%ﬁiiﬁfer|ah@l(§aiid1ﬁdér9%£v@ﬁéon§ﬂ?i@e d@ﬁm?@biaii%d@stéﬁE detection systens;

coordinating the radar field of regard of the plurality of HCE detection

systenms to enconpass a range of interest; 20 creating a plurality of
si mul t aneous rgdarysiORat ?{?}ﬁé?rﬁgfﬁ&%cfi@ﬂ%cpfd?@l? Qhint egatundrr @fprigths f er ent
g the

| ook angl es; determnin reat potential ‘of a tar{get based_ upon the
conbi ned dwams fof inteprcting therhaumian jarget whemte thepay pefentjabgxceeds the threshold.

42. A method for the standoff detection of human carried explosives (HCE) within an
area of observation using a plurality of HCE detection systems, each HCE system having a
15  radar system, a radar field of regard, an imaging system, and a computer, the method
comprising the steps of:
communicatively linking together the plurality of HCE detection systems;
coordinating the radar field of regard of the plurality of HCE detection systems to
encompass a range of interest;
20 creating a plurality of simultaneous radar signatures of the radar field of regard from
different look angles;
determining the threat potential of a target based upon the combined data of the

plurality of radar signatures.

43. The method for the standoff detection of human carried explosives (HCE)

25  according to claim 42, wherein said coordinating step further comprises overlapping at least
two of the HCE detection system radar fields of regard, said determining step further
comprising collating and contrasting views of the same radar field of regard taken from

different look angles.



43. The nethod for the standoff detection of human carried expl osives (HCE)
25 according to claim42, wherein said coordinating step further conprises
overlapping at least tw of the HCE detection systemradar fields of
regard, said determining step further conprising collating and contrasting
views of the sane radar field of regarg taken from different | ook angles.
32 44. The nethod for the standoff det'éction of human carried expl osives
(HCE) according to claim42, wherein said coordinating step further
conprises spacing at least two of the HCE detection systemradar_fields of
regard apart séfruehis apthgd farmihg sradell deirchien ot Bpman GiRE SXRIgHHKTS €f

col lating . A I : : i i aegitwior om 5
sequenti ala@?l{r@fi%éﬁ ‘?l%ﬁ{)‘{rd(’;gekrh M%e%@bﬁoag?gt%%g% %&gg&gﬁmeéﬁs ?%FI% ‘%_5: Thg met hod
for the stodioll€E deteetinni systerfradan fields efegire @pakpapaitiglls spiddetlermigigstsd ng t o
cl ai m 44, r.ei i i i r i d for

t he st andolﬁitf?heeagf) @E‘?iﬁfclﬁﬂcog}ggﬁgnﬁndngdg tar]:rlértlﬁggéeé@% p ()ﬂg‘t%)\}/géjrgf ?ﬂ%@?%gg&%{%ﬁ{gﬁt o]

cl ai m@4, sefpentdl ficklaimbrde dquentiag thd thedatmtentiel. spaced apart from each ot her
by an 10 interval.

45. The method for the standoff detection of human carried explosives (HCE)

according to claim 44, wherein said sequential fields are abutting.

46, The method for the standoff detection of human carried explosives (HCE)
according to claim 44, wherein said sequential fields are spaced apart from each other by an

10 interval.



