DESCRIP 1 10 NMLL . TMVTFF WAVE M AG NG APPARAT US
TECHNI CAL FI ELD [ 0001] The present invention release to
a mllinmeter wave i magi hg apparatus that receives
waves radiated froma subject such as a human body
thereby to image the subject. BACKGROUND ART

[ 00021Conventional | y, has been proposed to receive
mllinmeter waves radiated froma subject such as a
human body thereby to i mage the subject and detect a
metal lic or non-net & ESE REBPOO N snuggl ed goods

hi dden in the subject fromthe captured i mage(see, for
exanpl e, Pa tent Docunents 1, 2 and others),

MILLIMETER WAVE IMAGING APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a millimeter
wave imaging apparatus that receives millimeter
waves radiated from a subject such as a human

body thereby to image the subject.

BACKGROUND ART

[0002] Conventionally, it has been proposed to
receive millimeter waves radiated from a subject
such as a human body thereby to image the subject
and detect a metallic or non-metallic weapon or
smuggled goods hidden in the subject from the
captured 1image (see, for example, Patent
Documents 1, 2 and others).

[0003] A millimeter wave imaging apparatus used in
the above proposal usually includes: a millimeter
wave sensor array having a plurality of millimeter
wave sensors arranged on an identical plane, and a
lens that focuses millimeter waves radiated from a
subject such as a human body to form a millimeter

wave image on a millimeter wave receiving surface



1 00031A mllinmeter wave imagi ng apparatus used in the
above proposal usually includes: a mllineter wave
sensor array having a plurality of mllinmeter wave
sensors arranged on an identical plane, and a | ens
that focuses mllinmeter waves radi ated from a subject
such as a human body to forma millinmeter wave i mage
on a mllinmeter wave receiving surface of the
mllimeter wave sensor array.The mllinmeter wave
i magphg Bbpar atiddine teonf ivgared ©6 rsedei V'3 {nal 1 he
Ievels.?f receiving si.gnals fromthe respective

& Eoﬁgl

mi | | Pt b edéris JF 8 TEUR Pnd PRHe" i 1T 1 ot et G
sen i xel - - )
Sg%y?g%@YVQSSP%§EAeY§tEF§ Qf_raecsel'iml% diB0eTs from

t her capt ur j ect” i mage. Patent’ Docunent

1 Japanese Mnexapined PatgntliApptécati anaPublicaéhebrs
No, 2006-258496 Patent Docunent 2: Japanese Patent

Publ icoatsitdhu Non g27B85 191 IDh SCHESUREa@e  FldE 4 INVENTHON as
PROBLEMS TO BE SCOLVED BY THE | NVENTI ON
pixel values of a subject image, thereby to capture
the subject image.
Patent Document 1: Japanese Unexamined Patent
Application Publication No. 2006-258496

Patent Document 2: Japanese Patent Publication

No. 2788519

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] As above, the conventional millimeter wave
imaging apparatus is provided with the lens that
forms a millimeter wave image of a subject on the
millimeter wave receiving surface of the millimeter
wave sensor array. This is because, when the
millimeter wave imaging apparatus is installed
away from the subject, it becomes possible to
capture an image of the subject from above or side
thereof. However, the conventional millimeter
wave imaging apparatus as above is not suitable

for imaging the subject from below thereof, and



[ 0004] As above, the conventional mllinmeter wave

i magi ng apparatus is provided with the Iens that forns
amllinmeter wave i mage of a subject on the mllineter
wave receiving surface of the mllinmeter wave sensor
array. This is because, when the mllinmeter wave

i magi ng apparatus is installed away fromthe subject,
it. becomes possible to capture an i mage of the

subj ect from above or side thereof, However, the cony
ent i ohairedblrki net enowabe usmgi.nfo appas at ke .asoaboveeics
not suitable for_ inmaging the subject from bel ow )

t her 850 &Ade s tHepamEed g tanridt ABe2usRAF bra BLahpr .1 ke

i ct. oe sol es,of passengers, at, an_ai,rport_and .
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provide a mllineter wave i nmagl ng apparatus that can

i magen A 1$thy teat w4 v ibeh @wntshameof r ands det £Ctc ;goaddsage
hi dden in a bottom part of the subject fromthe
capt ar etubj emgef v WVBANBeFOR SCh Vi NG! THE PRABLEVG goods
[ 0000].Ami | I'i m et er wavei magi n aggarﬁtus QCOFd%ﬂ% to ﬁ
firstigdspottinfat RO AMRNPRSH Radéleo SacUsfdl ifER "t hbhe
obj ective jncl.udes: an inmagi ng device provided wth a
plurgﬁqﬁyﬁﬁ&ﬁﬁf?gfh.eter wave sensors that are
arranged in a planar manner and receive mllineter
waves radi ated froma subject to detect signal |evels
MtEhenesf F Odt $ oddgeél Nak al gleneP &tO B ddls ce t hat
generates image data of the subject based on an output
[FG@ eachAof WHélimeltemet ef aae SENSEAS contR B At RAY S

Lne, | maLng deyicei, and o, case L0 has 8, pLacemnt,
b TR APPSOl M SicHRES: T PR
case eSO clehptothg el Wit hEL S 1 VAN ES y 8di@iBd meter wave
sensors that are arranged in a planar manner and
receive millimeter waves radiated from a subject to
detect signal levels thereof; an 1image data
generation device that generates image data of the
subject based on an output from each of the
millimeter wave sensors constituting the imaging
device; and a case that has a placement surface on
which the subject can be placed and which permits
transmission of millimeter waves. The imaging

device is arranged below the placement surface of

the case, so that the millimeter waves radiated



froma bottompart of the subject placed on the

pl acement surface of the case are received by the
plurality of mlIlineter wave sensors.

[ 0007] Anzi | . i m et erwavei nagi ngapparatus according to a
second aspect of the i IVEti O El is constituted such
that the case is provided with a placenent sensor

whi ch detects that the subject is placed on the

pl acenent surface, and the inmage data generation

devi €eo makesbpheo e hy dévilee epédrarcé, rhass d Hen the
placegent sensor d?tects pl acenent of the subject, Eg
recePVa cenee Blit pUt [RFEnPf e @aths 2 the M 1Y HtRY the

nave SEISQTes IS ARNL A GeneLaLe heobgmge data, in

t he wave i hagi ng appar at us acéording to the
[fdd st aspect. n[i0QORE thext, wan ¢ | | iiehen nwave aigwmgi Agus
apparatus according to a third aspect of the invention
i ncl udes:rddngt arcage slevood tdwapest oo Bsthaspeegtindnon 1is

target object data indicating a shape of an object to
be tRenisidpeedon ucdy gera bhjleetease digt avtd ol devivéeh a

that conpares the inspect.ion target j ect, dat a, stored
byt RISCES B4 To0FEE S hd Shidde Bars gahat 2p by
the i d er.at.i ' e 0 t

nopbaeved r oIS e R A Lo o RO L. B 2
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results of detection by the detection device, in the
m | | ometrert avavev hamgi g eappatate g1 eactor gé ngoirn e ttetvd s
first or second aspect, EFFEA,2 OF rp E I NVEN -1 ON
[0 ordagemAg trrf Fﬁﬁe%bJs\ﬁt/etprﬁngea.tbeeﬁstswtnﬂt%
the each of the millimeter wave sensors, thereby to
generate the image data, in the millimeter wave
imaging apparatus according to the first aspect.
[0008] Next, a millimeter wave imaging apparatus
according to a third aspect of the invention
includes: a storage device that stores inspection
target object data indicating a shape of an object to
be the inspection target object; a detection device
that compares the inspection target object data
stored by the storage device and the image data
generated by the image data generation device,
thereby to detect an inspection target object

hidden in the bottom part of the subject; and an

output device that outputs results of detection by



first aspect of the present invention includes a case
whi ch has a pl acenent surface on which a subject
canbepl acedandwhi chpermts transm ssion of mllineter
waves. The imagi ng device for capturing a mllineter
wave i mage is arranged bel ow the placenent surface of
the case. [00101 In view of the above, the mllineter
wave i nmagi ng apparatus of the invention makes it
possible to image a bottompart of the subject by
usi nghrei | [diertetcdnonavés.vither effor éhd t theldomest possi bive
to find an i nspection target object hjdden in the
bot t Of Pat 8ot PPRE b é‘d’tcofrr‘g‘rﬂﬁ He &gﬁt E‘rréot Phagecond
100111Accordingly, the mllinmeter wave inmaging
apparatus of the invention is suitable for, for
exanple, the follow ng use: the mllineter wave
i magi ng apparatus is installed on a floor at an

E& ¥ parT Saod tThE B iIkéY aNd' Used to i nspect whet her or
not an inspection target object is hidden in shoe

[&Q98s of "p‘)g@séwdér@;et@rr PV ori i p geDEr 2 VAV 4 1183 dgi hil e
apparatus installe n a placenent table on which
604G T sapPaCad S Tadh SR BTd BACE: gt hAe G poe @

o R baoh Be b ABeL Boulie el R ey T e Ber iR
. . gm I reter wave
Mgl RGibject can be placed and which permits
transmission of millimeter waves. The imaging
device for capturing a millimeter wave image is
arranged below the placement surface of the case.

[0010] In view of the above, the millimeter wave
imaging apparatus of the invention makes it
possible to image a bottom part of the subject by
using millimeter waves. Therefore, it becomes
possible to find an inspection target object hidden
in the bottom part of the subject from the captured
image.

[0011] Accordingly, the millimeter wave 1imaging
apparatus of the invention is suitable for, for
example, the following use: the millimeter wave
imaging apparatus is installed on a floor at an
airport and the like, and used to inspect whether or

not an inspection target object is hidden in shoe



apparatus of the in v e nt 10 n nore effective
functioning of security check done at an airport and
the |i ke can be achieved, [0012] Next, the mllineter
wave i magi ng apparatus in the second aspect of the

i nvention includes a placenent sensor which detects
that the subject is placed on the placenent surface of
the case, Wien the placenent sensor detects placenent
of the subject, the inmage data generation device makes
t he srhgbngoflevih sesepareatse t 0rr etbevenmHél Bgttsut 7 ok
the each of the mllinmeter wave sensors, ther

n by to
genef Bt®21he AR At oout rhtied allordi RY2EE L RE

enet &t atd. oossyrhiis:
of t hATHE Y S R BRARPRLERKT A N6 REE T Rpest

dat a; geperat e devi cér Gady Ren ORey B &6 anlta Mhen e ct
subject is placed on the placenent surface of the
caseisAsiddreslt ,a atitagi pg raperfathenbafggdeem Ak 3
eter wa.ve inmagi ng apparatus i s mnimzed, thereby,
al | owieng ltedatt ibnin & cidhsunpilbrinefes] e¥Eric poweBing
[0014]FUr t h er,themi ii.me t .ciwavei n a giff £
appaf@RAT Fhufhe Ahi rid @spdBt CdttiHe i HI&Kti onttective
i ncl lfﬁ%scgqoﬁthltr%a%ef dseev l?leit_t)haéhég rﬁ%ﬂéqsi’ﬁec&gp%irport
target object data indicati'ng a shape of an object to
be apddspectiiRe ¢anget 9bheetedlhe detection device
conpares the inspection target object data stored by
[@ahe2$t or alje xdevilce andlime tiemages dat angenersatagup byathe
i mge data generation device, thereby to detect an
i nspédt iter® 1 et doBp@@c thiodddh & n e Yot tYin pastuees 2
the sybject. The output ,devi ce ,out.pu results of .
det egtl5t B Mnke FASRett M (et Toblédt thy THEIect is
det e‘i)tl'a%ré(fjg\'l' fRe placement surface of the case. When

the placement sensor detects placement of the
subject, the image data generation device makes
the imaging device operate to receive the output
from the each of the millimeter wave sensors,
thereby to generate the image data.

[0013] Thus, according to the millimeter wave
imaging apparatus in the second aspect of the
invention, the imaging device and the image data
generation device can be operated only when the
subject is placed on the placement surface of the
case. As a result, an imaging operation of the

millimeter wave imaging apparatus is minimized,



[ 0015] Therefore, according to the mlIlinmeter wave

i magi ng apparatus in the aspect of the invention, when
the inspection target object data indicating the shape
of the object to be the inspection target object is
stored by the storage device., the inspection target
obj ect can be automatically detected, and results of
detection can be notified to a ii inspector. As a
result, it can be achieved to inprove usability of the
m | | theteb ywavd 1o whgi hg rappas bitous Whencasedi mp tapn  of
i nspection apparatus that inspects a Lotto the

subj 8¢ ¢t Bm PP YDESCRI PTI ON OF THE DRAW NGS | 00161FI G

[ PL 0 SFRLEAZROTY MLEW SR 0. OULGE ADPeRLANgEn

use state of amllimeter wave rf

appanathis, 4 fudni@madi MeRtrd aspect! & Zhies @ PbAEKon
di agram show ng a configura.tion of the entire

m ||l ifetedewave §@gipg dpparcat uhat storedl GasBeicsian

expl anatory view showi ng a configuration of a )
m || itreeet wlavecsdrider indicating a shape of an object to

be an inspection target object. The detection
device compares the inspection target object data
stored by the storage device and the image data
generated by the image data generation device,
thereby to detect an inspection target object
hidden in a bottom part of the subject. The output
device outputs results of detection of the
inspection target object by the detection device.
[0015] Therefore, according to the millimeter wave
imaging apparatus in the third aspect of the
invention, when the inspection target object data
indicating the shape of the object to be the
inspection target object is stored by the storage
device, the inspection target object can be
automatically detected, and results of detection
can be notified to an inspector. As a result, it can
be achieved to improve usability of the millimeter
wave 1imaging apparatus when wused as an

inspection apparatus that inspects a bottom part of

|



FIG 4 is a flowhart show ng an Inspection process
executed by an i nage processing unit. DESCRI PTI ON OF
REFERENCE NUMERALS [ 0017] 2. .. subject (shoe sole),
4...inspec ion target object, 10,. mllinmeter wave

I magi ng apparatus, 12...case, 12a.,.placenent surface,
4. imaging unit, 16...indicator, 18 mllineter wave
sensor, 20...mllimetnr wave sensor array,
22...pressure sensor. 24. input unit, 26.,. drive

uni t th80subjkerhge processing unit, 42 .receiving
antenna, 44...LN A (Low Noise Anplifier), 46...BPF
(Band Pass Filter), 48. detector circuit. BEST MODE

B §7 EATRA MR QUF  THE WVENTLON 008345 serbodi rent of

e presen nvention Inafter be descri bed.
[0016] FIG. 1 is an explanatory view showing an outer

appearance and a use state of a millimeter wave
imaging apparatus in an embodiment.

FIG. 2 is a block diagram showing a
configuration of the entire millimeter wave
imaging apparatus.

FIG. 3 is an explanatory view showing a
configuration of a millimeter wave sensor.

FIG. 4 is a flowchart showing an inspection

process executed by an image processing unit.

DESCRIPTION OF REFERENCE NUMERALS

[0017] 2...subject (shoe sole), 4..inspection target
object, 10..millimeter wave imaging apparatus,
12...case, 12a...placement surface, 14..imaging
unit, 16...indicator, 18...millimeter wave sensor,
20...millimeter wave sensor array, 22..pressure
sensor, 24...input unit, 26...drive unit, 30... image
processing unit, 42...receiving antenna, 44..LNA
(Low Noise Amplifier), 46...BPF (Band Pass Filter),

48...detector circuit.



Fig. 1 is an explanatory view showi ng an outer
appearance of a mllinmeter wave inmagi ng apparatus 10
to which the invention is applied. Fig. 2 is a block
di agram showi ng a. configuration of the mllineter
wave iniaging apparatus 10. [00191 The mllineter
wave i magi ng apparatus 10 of the present enbodinent is
used to check whether or not a passenger hides a
dangerous object (an inspection target object 4.) in
shoe soles or a bottom of baggage at an. airport and

BT MG e aadths TalG g @‘H&éﬁ& ﬂﬁﬁﬁhﬁ‘éigﬁﬁ for

[GPPaRa s Ao bhhiftdnt A4 MO FrLRERE PROSR LG X8

daser 1
appahatys 11Fii.s 6@nfibguredle o store varlous functlona
conmponents within the case 12. [00201An upper
facepl acefegt sukface onlaviachra persahstvepg an onter
baggage is placed) 12a of the case 12 is constituted
of resinearagkass ohich pernild ntertgnsm g9iwh ofimaging

[ t t. 14 f
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SUbStFa I?'llsy %qtolcg_{zd‘?ﬁg?a% Ao @RA etc%ﬁf%qilﬁitltot}?of

pl acenmeént™ surt ace one end p rtlon 0

Opposhlensildem Ak i i €atiah a8 nigs apyyvi dleds Wen the
i nspection target object 4 such as a knife hidden in a

[shbe] sol el has nbidéinmdeteac tvedly et he a gnidi £ &t p 216 toot i1l @f
that the inspection target object has been_detected,

[ 0021hFher B AAGitngmun ¢ 1M 1 the$ wdeesd éomhﬁpkewélre%ﬁfe

sensor array 20 and a p e sure sansor 22.

mi || et e? iveS SBRSSr AR RE heur ey ot a(an
p| ur%h' ¥ Qb o Wgswijaac\%eﬁ%sgﬁ%el&m %Qggdodtﬂ:ecﬁn

pl anar nner a he 'pl acenment surface 12a of
caseot2.h, dhgapfeesayr ea sensip 2 detalt $hichatilée per sDhe

or an object is placed on the placement surface 12a,

based 0 i mected ptw efv ea ipr @sswugeabpmom 4 hies pl Bcenehtides a

surface 12a, ) o
lat case 12 having strength sufficient for the
passenger, without taking off their shoes, to step
on and off the case 12. The millimeter wave
imaging apparatus 10 is configured to store various
functional components within the case 12.

[0020] An upper face (a placement surface on which a

person steps on or baggage is placed) 12a of the
case 12 is constituted of resin or glass which

permits transmission of millimeter waves. An

imaging unit 14 for imaging shoe soles of a



[00221CQut puts fromthe mlIlinmeter wave sensors 1,S
constituting the MIlineter wave sensor array 20 and a
detection signal fromthe pressure sensor 22 are
inputted to an i mage processing unit 30 via an input
unit 24, [00231As shown in FIG 3, the mllineter wave
sensor 18 includes: a receiving antenna 42 for
receiving mllinmeter waves; a | ow noise anplifier
(1.1VA) 44, that anpllflesrecelved signal fromthe
recemmaﬁyQﬂWEnnaS42=ia bard egdss ifsi | tero(Bbed) 4@ 2

t hat t I |1 f d
of - SBEIGRY 1 H8d® P LRGHCYA BHing ™ P8I Cebifipt K1 ST the
75@@%&%@9& ugh%mef%adet ctt b% %fn&@g? %nle%tf' PRe

anong recei ve gnal's i ed by

the le%élﬁtea@qid@ dshepﬁeﬁcﬁwﬁuw A8 1§ ha i &I@aectwwﬁ
recei ved signal which. has passed the BPF 46 and

det echs aisi goatideveh righer eobje (10024% vAdcordi ngl knife
each. of the mllineter wave sensors 18 constltutlng
the miildidawet én wave sensoo lar r}a?SZGO@@ﬂplﬂ%t%lc%‘iec Bd

[t I
iR 1'@2 vl § oo bt o PRLR e ol by hg b tariet
|nag% eﬁglngeg?' e%gc§gguent|ally recei ves
ro

det ect tages mthe respective mllinmeter wave
[@ns$0rs 1’Bhtehr1q1dgfg1&1fge {1ARYt 1uni tn 2% 8@ sgenendt] éi rage

data of a subject 2 on the placenent surface 12a.
wave sensor array 20 and a pressure sensor 22.
The millimeter wave sensor array 20 is constituted
of a plurality of millimeter wave sensors 18
arranged in a planar manner along the placement
surface 12a of the case 12. The pressure sensor 22
detects that a person or an object is placed on the
placement surface 12a, based on receipt of a
pressure from the placement surface 12a.

[0022] Outputs from the millimeter wave sensors 18
constituting the millimeter wave sensor array 20
and a detection signal from the pressure sensor 22
are inputted to an image processing unit 30 via an
input unit 24.

[0023] As shown in FIG. 3, the millimeter wave

sensor 18 includes: a receiving antenna 42 for

receiving millimeter waves; a low noise amplifier

10



[ 0025] Al so, t hei magepr ocessi nguni t30is constituted by a
conput er having an i mage processing function. The i mage
processing unit 30 not only generates the i mage data
of the subject as expl ai ned above, hut also
processes the generated i mage data to determ ne

whet her or not the inspection target object 4 is

hi dden in a shoe sole as the subject 2.If the

i nspection target object 4 is hidden, the inmage
procé&kdN A 4itth 80 aimipdediahe iradiecaedr signailaf e mrike

unit 26, thereby to notify tao the surroyndi ngs _t
the FASBEEITBnaPdEgEtaobfect %2 p Hia(f(feg,llt[ed‘oz@é]ﬁstﬁé

pr es%ﬂtateggpéj(i:t%nél’y %ﬁ]?oév%d{)%%ts%rgelgfias received signal
of a predetermined frequency band (for example, a
75-GHz band) suitable for detection of the
inspection target object 4 among received signals
amplified by the LNA 44; and a detector circuit 48
that detects the received signal which has passed
the BPF 46 and detects a signal level thereof.

[0024] Accordingly, each of the millimeter wave
sensors 18 constituting the millimeter wave sensor
array 20 outputs a detected voltage in accordance
with a signal level of a millimeter wave received at
each receiving point. The image processing unit
30 sequentially receives detected voltages from the
respective millimeter wave sensors 18 through the
input unit 24 to generate image data of a subject 2
on the placement surface 12a.

[0025] Also, the 1image ©processing unit 30 1is
constituted by a computer having an image
processing function. The image processing unit
30 not only generates the image data of the subject
2 as explained above, but also processes the
generated image data to determine whether or not

the inspection target object 4 is hidden in a shoe

11



constituted of a plurality of light emtting di odes

arranged substantially in one line. The inmge

processing unit 30 lights up the light emtting di odes

in the indicator 16 via the drive unit 26, thereby to

notify that the inspection target object 4 is hidden

in the shoe sole as the subject 2, 0027) Hereinafter,

an inspection process executed by the i mage processing

unit 30 in order to generate the imge data in the

abo e n ie he in 1O r . 0hj

Pl L R e AR e A

4. objectAd sRoWMid@el Gthe i Mmidy e g@%&@ééﬁﬁ‘g unit 30

process, first it is determned in S110 (S neans a

st epyivdaseie oih aidateet 1@ Wiagrald fivemimhe F@stHereby

sensor 22, whether or not a pressure greater than or

equad thotafypr edetarem sedrprnasdung s stldet eched ilysphetion

pressure sensor 22, in other words, whether or not a

pastsenget qlbjebhghdgehiiddehaced on the pl acenent

surface 12a. [0028].Then, when it is determned in

k110 t hat e_Rr e : or. t .
100368 et of B HEa° B L P A LA G A e el © o

pressiseisansd 2.at PeuRdsent ofr 0LLSs phoOEEEAS tdiodes

S1.20 to interrupt supply of electric power to the

m |4t mehgle daveudbastsoti t eaflay 20, bvher elyneo sThp aimage

operation of the mllinmeter wave sensor array 20.

' Thereafaes ingheipiés&M probéss ppoddedslighlednitting

again. [002,]On the other hand., when it is determ ned

in diodes in the indicator 16 via the drive unit 26,

thereby to notify that the inspection target object 4

is hidden in the shoe sole as the subject 2.

[0027] Hereinafter, an inspection process executed by
the image processing unit 30 in order to generate
the image data in the above manner and detect the
inspection target object 4, will be described using

the flowchart shown in FIG. 4.

As shown in FIG.4, in this inspection process,
first it is determined in S110 (S means a step),
based on a detection signal from the pressure
sensor 22, whether or not a pressure greater than
or equal to a predetermined pressure is detected by
the pressure sensor 22, in other words, whether or
not a passenger (or baggage) is placed on the

placement surface 12a.

12



Silo that the pressure greater than or equal to the
predeterm ned pressure has been detected by the
pressure sensor 22, it is assunmed that the passenger
(or the baggage) as an object to be inspected is
pl aced on the placenent surface 12a. Accordingly, the
present process proceeds to 8130 SO as to start supply
of electric power to the mllineter wave sensor array
20, thereby activating the respective mllinmeter wave
[0dEh8brs 1Bheonswihtam i Hgithée bk miimetderi yevbl Betlsat the
array 20. Then, the process proceeds to 8140. LOOBO in
5140P '4éfddtted VA1ages arld #Rcei VBd ¢ BHAthe t0 the

respective mllineter wave sensor 8.via the inpu
ot ¢ 530 2 TP, BreRE SHES, Roloplieh (4R by

respegti v ydeiecied Mol fapesyare waed ase pixel process
val ues. The inmage data generated in 8140 is used in

t he subseguentt 8150 20nway disn tor dep er Bume Iwheitherleartric
not the insection target object 4, is present. In

addi pioonert he itﬂpagenuigﬂiarnieée@ut\paﬁfteedsenéoa rotr a3 R 00
Wri gégg%nal devi ce ( di spl device, storage

devi £8¢ ﬁlpaee%t,ore@e!)%'pge&ﬁn@gt%aft ¢ Rl et e Wave
oSN Y0 00l DR ANGR.LNS epe, BRig e
8150y rholceletls to S110 again.

[0029] On the other hand, when it is determined in
S110 that the pressure greater than or equal to the
predetermined pressure has been detected by the
pressure sensor 22, it 1is assumed that the
passenger (or the baggage) as an object to be
inspected is placed on the placement surface 12a.
Accordingly, the present process proceeds to S130
so as to start supply of electric power to the
millimeter wave sensor array 20, thereby
activating the respective millimeter wave sensors
18 constituting the millimeter wave sensor array
20. Then, the process proceeds to S140.

[0030] In S140, detected voltages are received from
the respective millimeter wave sensors 18 via the
input unit 24, to generate image data in which the

respective detected voltages are used as pixel
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det erm ned whether or not an inmage having
substantially the sane shape as any of inspection
target objects 4 is present in the inmage captured this
time by searching the image data based on data of
shapes of the inspection target objects 4 previously
stored in a nonvol atile nmenory (ROM EEPROM etc.)
included in the i mage processing unit 30, [00 32In
subsequent Si 60, it is do term ncd whether or not an
i mge adfuashe iTspdaeper tartges easiradte 4 ipsSrlddbdai yeed

to be present. in the captured i mage. Wenp an i nage. of
e THopERET Gt 7 GBE 0b] BBt PO ReT SPechynAE TR Age
pres e [ r , €4 ;
b occoec EPBECET. T TR0 BhLp Yt B BB P ana e i
when pale dorige afn biiel i1SRECEh ONi thal@e aaki estodthhtted
recogni zed, the process proceeds to 8170.In 8170, the
i ndi ¢at @rn d6 sitso Wint efkde ra aded e aii ne per.igod dofs ptliarye deivace,
the drive unit 26, so as to notify So t he surroundings
t hat SttRE2iges pbet i o t & HtU bbjecttcs) i §oRiRIEit d nte hehe
shoe .sol e of the passen er. hen, the process proceeds
o 51557 6 b e =FObBaT ALt kbl ai ned above. i n Lhe

[ i Tt ey e € hBRGLI BPRARAL S Lo ofatdie pLeasilve,
enbodi nent, the n1II|ne%er wave sensor array 20 for
capt Uhiengpao Bt kki netese m@yve tiomage 5i0s ar tangedsbel aw is
the placenent surface 12a of the case 12. Thereby, it
i s pogsdiehireinodi nagee thoe soresnot aapassermgee omatvheg
pl acenment surface 12a by using the plurality of
mi |1 St e lgendB8es” $8 2Bnst REBE ng St hé i | 19Tnet BE

Wave ; 380t 8h' @szg.'t (-)rguesctsac ?rsd}lé?gts%%tt Pg thet\ image
mllimeter wave |n§g|ng éppara us e presen

CTRCiond g PORBLOIp sbiut e VPSRl g0 aace

et c, bfaxd the daptauredd sheges of the inspection target
objects 4 previously stored in a nonvolatile memory
(ROM, EEPROM, etc.) included in the image
processing unit 30.

[0032] In subsequent S160, it is determined whether
or not an image of the inspection target object 4 is
recognized to be present in the captured image.
When an image of the inspection target object 4 is
not recognized, the present process is temporarily
terminated, and the process proceeds to S110 again.

On the other hand, when an image of the inspection

target object 4 is recognized, the process proceeds
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(003 4 I|NI oreover, in the mllineter wave imaging
apparatus 10 of the present enbodi nent, the pressure
sensor 22 is provided bel ow the placenent surface 12a
of the case 12. Wen a pressure froma passenger (or
baggage) on the placenent surface 1.2a is applied to
the pressure sensor 22, the inmage orocessing unit 30
detects that the pressure has been applied, and then
activates the mllinmeter wave sensor array 20.

[ 00332AS HbOve, lacéor P ngthe thdipptpirndtberisnwdye for a
i magi ng apparatus_ 10, of the. present .enbodi , It
possiclﬁlq"é“ﬂ‘t1 Pﬁﬁf‘bﬁitOch’n‘gﬁnﬁf&fﬁl% rél"@c‘thil%? aoi/%o
nor my| | et.tin he ' a [ L .

nor ol 3E1e, IO, PR R AR Ayacl 14f WAL G o
nor mal, r@REr atjjerR tsuatige When <n Passengeshard sthe bifkehe
steps on the placenent surface 12a. of the case 12, it
is possiddegto. | nHge: it het sabjpecic el sandr det edts tthe S110
I nspection target oct.

[ 00368ENMOrTeOvVer, t hem 11- et er wavei magi ng apparatus 1.0

e e TR IS, B RIS 5
oS04 )3 M5 L OREFTLOnG} ABe e o0 651yl iR

resulthe ofildpheaterof awe ey Sdif howAdi DOStorTBaneing a
beconmes possible to assist an inspector who nonitors

whet merllom etotr t kerneei simhed nspectiiionn gadgeb ebbjvect h4
whi | e matchin% the captured i mage. Thus an ingroved .
usabiPligcg Be nitheuzpparat 48 26 ¢ qae ilvspect BETEAN: bd

achi E13\s/eg'ossible to image shoe soles of a passenger on

the placement surface 12a by using the plurality of
millimeter wave sensors 18 constituting the
millimeter wave sensor array 20. Thus, according
to the millimeter wave imaging apparatus of the
present embodiment, it is possible to find the
inspection target object hidden in the passenger’s
shoe sole, etc, from the captured image.

[0034] Moreover, in the millimeter wave imaging
apparatus 10 of the present embodiment, the
pressure sensor 22 is provided below the placement
surface 12a of the case 12. When a pressure from
a passenger (or baggage) on the placement surface

12a is applied to the pressure sensor 22, the image

15



[00371In the present enbodinent, the mllineter wave
sensor array 20 corresponds to an inmagi ng device of
the invention; the processings in S110-8140 executed
by the i mage processing unit 30 correspond to an inage
data generation device of the invention; the pressure
sensor 22 corresponds to a placenent sensor of the

i nvention; the nonvolatile nenory included in the

I mge processing unit 30 corresponds to a storage

devi @& osfe ssh@ g vehtt i h; defhecpp obe8si hgs T eSIBOr anga s

S160.executed. by .the i e processing uniit 30 ....
cor 1 8&5ahd? b 1% Het B8 o HByRC 1 Bf tEhe kel bR ¢ 4Rd
the indicaton 16 anpd,the,processing in Si.70

correspond to an output device of the invention.

[d®9581 Al pAbough whe enbedd ieRt thhe hy esantimRYent ivoilve
has been descri bed above, the invention should not be
| i m tiedh ¢ on ¢ hepabowa wirbodli eerith e qute cant bempracimeed ,
in various manners w thout departing fromthe scope of
the ilhvéent PERSibEg Atpsinhibit consumption of electric

ATl | LITBL ST el Rgk NOARRAL LIS, SOL R A LIRS 10 8808
waiting state. Also, by setting the entire
apparatus to a normal operation state when a
passenger and the like steps on the placement
surface 12a of the case 12, it is possible to image
the subject 2 and detect the inspection target
object.

[0036] Moreover, the millimeter wave 1imaging
apparatus 10 of the present embodiment, not only
images the subject 2 on the placement surface 12a
of the case 12, but also detects the inspection
target object 4 hidden in the subject 2 from the
captured image to notify results of detection to the
surroundings. Thereby, it becomes possible to
assist an inspector who monitors whether or not
there 1is the inspection target object 4 while
watching the captured image. Thus, an improved
usability of the apparatus 10 for the inspector can

be achieved.
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mllinmeter wave sensors that are arranged in a planar
manner and receive mllinmeter waves radiated froma
subject to detect signal |evels thereof; an
i mage data. generation device that generates inmage
data of the subject based on an output from each of
the mllineter wave sensors consti toting the inmaging
devi ce; and a case that includes a placenent
surface on which the subject can be placed and which
[ #its thanshiessp oas oh tnid hbretion epdvedheanarillimeter
wherei n the i mging devigg IS arraqﬁg? bel ow t he .
pl ac&eht SGPPAe I the?las8T TES IHEL S t h A I'PheE LR s
Wave%iézrvq%leat %q' f Q0 a 191%419?3001%” fﬂi%tehﬁgéyejsg?ﬁgs in

pl aced on the placenent surtrace o se are
receigvedy by tibe epletndl d d Yb 9f t Al | s €1 p WaYes§EASOLS it
2. Themllimeter wa eimaging a ppa a t us according
to cl3d morrespond whesei nmtaee chsea i se peowitded dietvhca
pl acenent sensor which detects that the subject is

pl aced orthtthe 1pracememt surffacePrffcpure sensor 22

corresponds to a placement sensor of the invention;
the nonvolatile memory included in the image
processing unit 30 corresponds to a storage device
of the invention; the processings in S150 and S160
executed by the 1image processing unit 30
correspond to a detection device of the invention;
and the indicator 16 and the processing in S170
correspond to an output device of the invention.
[0038] Although one embodiment of the present
invention has been described above, the invention
should not be limited to the above embodiment, but
can be practiced in various manners without

departing from the scope of the invention.
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t he i mage data generation device nakes the imaging
devi ce operate, when the placenent sensor detects

pl acenment of the subject, to receive the output from
the each of the mllineter wave sensors, thereby to
generate the i mage dat a.

3. A mllinmeterwavei magi ngapparatus according to cl ains
1 or , the apparatus conprising: a storage
device that stores inspection target object data

i ndi cating a shape of &nL8djMét to be the inspection
target object; a detection device that conpares
the inspection target object data stored by the

stor age dﬁ\/i Cl%i‘rllf'iqn'élggri nag,ea‘g@t a igﬁg%riﬁtge‘j @bﬁgﬁatus

I mage data generation device, thereby to detect an
cd$Ractihen target object hidden in the bottom part of

t he subject; and an out put device that outputs

resubhs dfmdefegti arebice helmetetinon devirdeirality  of

millimeter wave sensors that are arranged in a planar
manner and receive millimeter waves radiated from a
subject to detect signal levels thereof;

an image data generation device that generates
image data of the subject based on an output from each of
the millimeter wave sensors constituting the imaging
device; and

a case that includes a placement surface on which
the subject can be placed and which permits
transmission of millimeter waves; and

wherein the imaging device is arranged below the
placement surface of the case, so that the millimeter
waves radiated from a bottom part of the subject placed
on the placement surface of the case are received by the

plurality of millimeter wave sensors.

2. The millimeter wave 1imaging apparatus
according to claim 1,
wherein the case is provided with a placement

sensor which detects that the subject is placed on the
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placement surface, and

wherein the image data generation device makes
the imaging device operate, when the placement sensor
detects placement of the subject, to receive the output
from the each of the millimeter wave sensors, thereby to

generate the image data.

3. A millimeter wave imaging apparatus
according to claims 1 or 2, the apparatus comprising :

a storage device that stores inspection target object
data indicating a shape of an object to be the inspection
target object;

a detection device that compares the inspection
target object data stored by the storage device and the
image data generated by the image data generation
device, thereby to detect an inspection target object
hidden in the bottom part of the subject; and

an output device that outputs results of detection

by the detection device.
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