DESCRIPTION MILLIMETER WAVE IMAGING APPARATUS
TECHNICAL FIELD [00011The 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 100021Conventionally, 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 | r]Flt,lg lgb I@ﬁhe captured image (see,
for example, Patent Docunié] 18 ﬁ%ﬁjoﬁlo ).
MILLIMETER WAVE IMAGING APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a millimeter
wave 1maging apparatus that receives millimeter
waves radiated from a subject such as a human

body thereby to image the subject.

BACKGROUND ART

[0002] Conventionally, 1t 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 image (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



I00031A 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 of
the millimeter wave sensor array.The millimeter wave imaging apparatus
is configured to receive signal levels of receiving signals from the

respec veg}lhmeter ve sensors constltutlng the millimeter wave

sensdrarr pl)?‘él1 £&fd subje?:t |Fhag tﬂ@r%y toagarp?lffe the The
subjegt {T1AgR- e'%%t‘?”tvPQW‘?%lx ?19 ”%—? baepmined Paighh figured

Application Publication No. 2006-2 nt Document 2: Japanese
PatentdPublicationeN®.12488319 @&5@!&0&1‘.)% OF ThiE INVEXNRKIN from
PROBLEMS TO BE SOLVED BY THE INVENTION
the respective millimeter wave sensors
constituting the millimeter wave sensor array as
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 1s 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 1maging apparatus as above is not suitable

for imaging the subject from below thereof, and



[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 thergotr)e, cannoé be.used, for exafnple to inspect

shoe 5BIe& Of BASserigbPsst hnPairpBit &fld the Tike BeDR! $helsrebBritP e ¢t
inventign, whigh bias e¢,made,p yiew 9 e problam, asap PRIRLIVE ke .

to provide a millimeter wave imaging apparatus that can image a subject

[0 trors below Thareas apd detect goads thidden wilaikdttdim gali @t them ade in
subject from the captured image. MEANS FOR SOLVING THE )
PROBLENMS 9061 millipterWavdifsging appdiatis ¥ecdr8ing 16 ¥ fle 2

aspect of fie lnvention made {0, accomplish the objeciive jpdudesian ., o
imaging device provi(%g' With'a p?ugalrl} of Mflifneler Wave 'Sehsofs that @ &
are ayanggq i3 plapap MANMES B reeeive Biimeter yavestadigted oo d s
from a subject to detect signal levels thereof; an image data generation
devich tldat generates intagetdata op the tsubject based wh panodutputofromt h e
each of the millimeter wave sensors constituting the imaging device; and a
case 7P hH< & Bldd@rfAdH 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

M RiliNgteFwaRre sadiargdNtamaHp eitarRieBaf RIsibject placed on the
placement surface of the case are received by the plurality of millimeter

[0 sensofs. millimeter wave imaging apparatus
according to a first aspect of the invention made to
accomplish the objective includes: an 1imaging
device provided with a plurality 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 1mage 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



00071 Amillimeterwaveimagingapparatus according to a second aspect of
the invention is constituted such that the case is provided with a
placement sensor which detects that the subject is placed on the
placement surface, and 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, in the millimeter wave

imagipg apparatus according to the first aspect. I0Q081 Next, a millimeter
wave ABing agbalA A& hcBdtdibg 98 a i ASPRACd e vaitibno D the
includes; a starage device tat stpreg inspegtion 1groet PRIEEH dA] by the
indicating a shape of an object to be the inspection target object; a

detegtibn deNiceythatfcamipaian thecinspectian tasget object data stored by
the storage device and the image data generated by the image data

[0§&hElation devicemmblany ¢6 BEtect #aNSpectibmtargeibjecthRiB@T Rt U s

the bottom p rt of thg subject; and an output d%vicefthcalt1 outPuts res%uts of .
CC% hn% 0,. & dSéCOD, asngxﬁac (0] e nvention 1s
detectiSH y the detection device, in the millimeter wave imaging

apparaiysaGqiding tasthe first Rasecond asped: EEFEEIS @R iHR ith a
INVENTION 100091The millimeter wave imaging apparatus in the first

aspect lof treenprasént imuersionvinelude s decase tehith has Alptacaniegrdct 1s
surface on which a subject can be placed and which permits_transmission

of milrafef adds. TReimBg R i fordhptiting-a Milithetdt tval@ age
Image i3 ArapgglReiQy JNe RGP AR OL G C888aging 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, 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 1inspection target object
hidden in the bottom part of the subject; and an

output device that outputs results of detection by



00101 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. 100111Accordingly, the millimeter wave imaging 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 inspectian target ghject is hidden in
oo Lifes BIOLEEEAGaTs: O1 S HiNma whS b aSprdtGs v ave
installed 98 Aplacepientiable onwhich Ragaage,istplaced..and ysed & on d
inspect whether or not an inspection target object is hidden in a bottom

part of shedaaiggage. As a result of using the millimeter wave imaging

apparatus of the invention, more effective functioning of security check
done at an airport and the like can be achieved. [00121Next, the millimeter

i [ pRak [ pect of the invention includes a
k %@?ﬁ%ﬁ ggrgor w |C$&%S§§ﬁﬁ$§u§iubject is placed on the
[ 0 Blaegment spr{ace,pf the fase. WReR the PIRGEMEeN: SERSORFeIeES in the
placement of the subject, the image data generation device makes the
imagifigr devicesqperdte tf retbive the ositput from treengachrof thecludes a
millimeter wave sensors, thereby to generate the image data. I00131Thus,
accordiyo Wo rméteswaeplacement surface on which a

subject can be placed and which permits
transmission of millimeter waves. The imaging
device for capturing a millimeter wave image 1is
arranged below the placement surface of the case.

[0010] In view of the above, the millimeter wave
imaging apparatus of the 1invention 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 1s 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



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,
thereby allowing reduction in consumption of electric power.

00141 Further,themillimeterwaveimaging apparatus in the third aspect of
the invention includes a storage device that stores inspection target object

data indicating a shape of an object to be an inspection.target object. The
et B RiES omATAs R fgection wrdet bojedt U Bl by M Ve

storagg, deyige and, the image data;generated py dhe image datd 1y cement

generation device, thereby to detect an inspection target object hidden in
a bottanbpart ofthewsbhijedt. The pytpytedevice pltputsdesudta df deteetibnt o
of the inspection target object by the detection device. 100151 Therefore,

accordirights te Tllipidtet iwave ralifglapperRas i the thitd gsdectbiect

the inveniion, when the inspection target ohject data indicating the shap,
of he S0 B e mBpatiion ek SRt L sred By he Bbiage s @

devicgethg JRspeptionfargetobjestcanfe pytpraatically dejeated.iaid ging
results of detection can be notified to an inspector. As a result, it can be
achiezedta improve usabilitytdf the millimetet voave imagimgeapparéfiesctive
when used as an_inspection apparatus that inspects a bottom part of the
subjett BRIERDESCRPTRON BETHE DRpGANGSN e at an airport

and the like can be achieved.

[0012] Next, the millimeter wave imaging apparatus
in the second aspect of the invention includes a
placement sensor which detects that the subject is
placed on the 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 1s placed on the placement surface of the
case. As a result, an imaging operation of the

millimeter wave imaging apparatus is minimized,



I00161FIG. 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 1001712... subject (shoe sole),

4...inspection target . : . :
%%ereq)ygallovvlng reduction 1in consumption of

electric power.

[0014] Further, the millimeter wave imaging
apparatus in the third aspect of the invention
includes a storage device that stores inspection
target object data 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 1inspection 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 1s stored by the storage
device, the 1inspection 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 1maging apparatus when wused as an

inspection apparatus that inspects a bottom part of



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. BEST MODE FOR CARRYING OUT THE INVENTION 100181 An
embodiment of the present invention will hereinafter be described.

Fig. ]t'hs]an e Iana&ory view showing an outer appearance of a millimeter
wave'i ggﬁn‘é pr)‘é atus 10 to which the invention is applied. Fig. 2 is a
block diagram showing a configuration of the millimeter wave imaging
apparatus 10. 100191 The millimeter wave imaging apparatus 10 of the

B bidséhtledSodiR et T5Iu3ed 10 ehekLKvwhefhRrAoWwhbNa(pdssenger hides a

dangerous object (an inspection target object 4) in shoe soles or a bottom
L0 Brifagage Bldn-aikpbit amd eerike mPHeommimétsrwabie fbgmg n outer

appagatuselg]gncrlludes a rfll%lt case %2 h%\{in% gtr%qgtg suff{ [ nrtnfgrttglg ave
passer%gr, {itAdlt ?aklng off their s%oes,ato Step on ana off the ¢asé 12/

The r_pﬁlli@gtpﬁ waye MM%NQ% 10 4ssenrfigmred to store various
functional components within the case 12. I00201An upper face (a
placement sliffdge on2vhiatsa persoib stepk on @1 haggage is placed)12a a

of the case 12 is constituted qof resin or glass which permits transmission

of mififtBEravayad IRMimading drike4 f6Mhking Shdd Soles beg  wave

imaging apparatus.

FIG. 3 1is 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 1imaging 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.



passengerasasubjectisprovidedona substantially entire area of an
opposite side of the placement surface 12a. At one end portion of the
opposite side, an indicator 16 is provided. When the inspection target
object 4 such as a knife hidden in a shoe sole has been detected, the
indicator 16 notifies that the inspection target object has been detected.
[0021]The imaging unit 14 includes a millimeter 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

B KISICIRIIAD AP ¥R 0L RIASET ¥ Plageeran heiageqont seiiges 2a,

based on receipt of a pressure from the placement surface 12a.

[ 0 [DD2F]Outpuinfrenmtbe thillimeter walvetdensprs d 8cnnstitutingihéon will
millimeter wave sensor array 20 and a detection signal from the pressure
senseéy opaira ’r’nﬁiﬁ?tédbcé a‘?‘\qm‘aﬁélb?dtessing unit 30 via an input unit 24.

[0023]As shqwn in FIG. 3, the milqmeter wave sensor ]ﬁ% includes: a
e %1% s an explanatory view showing an outer
receiving antenfa 42 for

appearance of a millimeter wave 1maging
apparatus 10 to which the invention 1s applied.
Fig. 2 is a block diagram showing a configuration of
the millimeter wave imaging apparatus 10.

[0019] The millimeter wave imaging apparatus 10 of
the present embodiment 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 the like. The
millimeter wave imaging apparatus 10 includes a
flat 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 1is constituted of resin or glass which
permits transmission of millimeter waves. An

imaging unit 14 for imaging shoe soles of a



receiving millimeter waves; a low noise amplifier (LNA) 44 that amplifies a
received signal from the receiving antenna 42; a band pass filter (BPI') 46
that selectively allows passage of a received signal of a predetermined
frequency band (for example, a 75-0Hz 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. 100241 Accordingly,
each of the millimeter wave sensors 18.constituting the millimeter wave

sensBraFRG 38 Slitputd & defected YlgSlin adforddhE8 Wit &%ignd™ 2
level of g milmeler vayesaegived 2F 8ach recalvipg, ?QJ R4 O&MAIS £ the
processing unit 30 sequentially receives detected voltages from the
respeclive millimetersvavéseasard 48 thrawgh the inpud upid 24iton of the
generate image data of a subject 2 on the placement surface 12a.
100251 RR6 id fmadE ProceBsihg GhR3T Ricoh8titltePBYY E6iButer When

having,an image processing function. The image processing unit 30 ngt .
only GehEraldSRE Qe dald BARG subA > as xpihdd abovelibut "¢

also pypgepses the geperalad inage data tpdeteypipg whethes of pat the h e
inspection target object 4 is hidden in a shoe sole as the subject 2.If the
inspectioh taagetr 16 notifies that the inspection target
object has been detected.
[0021] The imaging unit 14 includes a millimeter
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
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object 4 is hidden, the image processing unit 30 drives the indicator 16 via
a drive unit 26, thereby to notify to the surroundings that the inspection
target object 4 is hidden. 100261In the present embodiment, the indicator
16 is constituted of a plurality of light emitting diodes arranged
substantially in one line. The image processing unit 30 lights up the light
emitting 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

2.10027 reinafter, an inspection process executed by.the image

pr00d SNG40 | Phdeh 8 GIRLHAE o TrASH St i 1 Aogg om the
mannes 8BgAERRE i iRspaciion saret plieel 4wl bedesgioaddping 4 6
the flowchart shown in FIG. 5. As shown in FIG. 5, in this inspection
procests aftrst i Is determinechin 5119 (Saneansa step), based ord signal

detection signal from the pressure sensor 22, whether or not a pressure
greatef tiarPareahBArD R breibtdrifed HhesEuRaid dettlctad By i ple, a

pressjrlge_ﬁfllsgrz ,égntoﬁfzer vg%rgi%,% \gti%therfor not %%g%si r%%eﬁ (orO f the

baggage) is place placeme Sutface12a. en, when it is

determi@egée S0 thattbe prespyecgreates iﬁ%rh‘g qopabiPtBe signals
predetermined pressure has not been detected by the pressure sensor 22,
the peesepi pfoeaebshyotdeelsItANS1 20406 interdupt slipply of @tectiic power4 8
to the millimeter wave sensor array 20, thereby to stop an gperation of the

millinteliet wale 'Senkar hitdy 26 Christédhiet | B plestitifibodsd s Passed
procecqggt%%lﬂ’ofgag]hd 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 1image
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



1002910n the other hand, when it is determined in 5110 that the pressure
greater than or equal to the predetermined pressure has been detected by
the pressure sensor 22, it is 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 5130 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. 100301|n S140,
ete 8t Gorbe e 1aUBRAH Homeane raspebie milieiH: Wk arget

sensorf l8Ma e inpyluni o4, togeneraied égfp%t% nwhig thenit 30
respective detected voltages are used as pixel values. The image data
generhiad nsS1ARis usedein the stigsegue SllbOvanwatids t@ detednene b y
whether or not the inspection target object 4 is present. In addition, the

imagé atadd biifpuifedttd & ot SKEWekiehsal debiad (&g digptaection

dewcga%toreaggoggvg:ceﬁ CzP"ﬂB“E{’ deéce.)nc.onnected to the image
processm% unit 30.

[0026] In the present embodiment, the indicator 16 is
constituted of a plurality of light emitting diodes
arranged substantially in one line. The image
processing unit 30 lights up the light emitting
diodes i1in the indicator 16 via the drive unit 26,
thereby to notify that the inspection target object 4
1s 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. 5.

As shown in FIG. 5, 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.
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[0031]When the image data is generated as above, the process proceeds
to 5150. In 5150, it is determined whether or not an image having
substantially the same shape as any of the inspection target objects 4 is
present in the image captured this time by searching the image data
based on data of shapes 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

ther or net an imagge of the inspection target object 4 is,recognized to
[0 B et h 2 L ek WS & TRE b o inebodiohf et e
objech 50 feeoanized e preseph rgcessds tempasay termigated ¢ ¢
and the process proceeds to 5110 again. On the other hand, when an
image oktle tnspeciiare rget objedtrkis iecognisad, hkeeprocbssected by
proceeds to S170.In S170, the indicator 16 is lit for a certain period of

time Vi the RRUNR DS, s& 88ONOLIN2S the ShigoufifysaRdt th@ rocess
inspection tar den in the shoe sole of the pass
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the mijgeter Weye the millimeter wave sensor array 20,
thereby to stop an operation of the millimeter wave
sensor array 20. Thereafter, the present process
proceeds to S110 again.

[0029] On the other hand, when 1t 1s determined in
S110 that the pressure greater than or equal to the
predetermined pressure has been detected by the
pressure sensor 22, 1t 1s assumed that the
passenger (or the baggage) as an object to be
inspected 1s 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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imaging apparatus 10 of the present embodiment, the millimeter wave
sensor array 20 for capturing a millimeter wave image is arranged below
the placement surface 12a of the case 12. Thereby, it is possible 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 ptured
imaod 0 Morddber ARG RS S8 il AP 1 of s ¢
the prgsent pmbadiment, JheResswe SeNSY 24 is PiQVided bejow them in e
placement surface 12a of the case 12. When a pressure from a passenger
(or bagbhageh e therplacemethsuriace j2a ts applied tthe podspeices 4 is
sensor 22, the image processing unit 30 detects that the pressure has

beenRpBicRand tHeh AcdiddtbsaRe nhllifdtBr Wafe Sarsorigraypdp utted

I00351As abovtg, aﬁcordrlln%totthe mllile ter .wavez imaging a %eiratusdlo .

ofthet Breaser}l?er_n%ogivrﬁent,fflseplgt)rls% 1€ to'infilbit 80§s'ump]t|o ot electric ©©

poweg py nounally s&tting the @niirs @pRaatys .3 Waiing staie Alspobk h e
setting the entire apparatus to a normal operation state when a passenger

and thenlike stepsanethe plegement sAiface 12a of the case 12, it is
ossible to image the subject 2 and detect the inspection target object.

063 1More\§</gt‘?tﬁerﬁﬂiﬁ1elté?\ﬁa‘§/%irﬁa‘?gﬁfb is generated as above,
the process proceeds to S150. In S150, 1t 1is

determined whether or not an 1image having
substantially the same shape as any of the
inspection target objects 4 is present in the image
captured this time by searching the image data
based on data of shapes of the inspection target
objects 4 previously stored in a nonvolatile memory
(ROM, EEPROM, etc.) included in the image
processing unit 30.

032] 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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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 is the inspection
target object 4 while watching the captured image. Thus, an improved
usability of the apparatus 10 for the inspector can be achieved. 100371In

the present embodiment, illimeter wave, sensor array, 2Q correspaonds
to anﬁ&agtr}gg]cﬁvicg% th%]ﬁzgntio ) ﬂwelﬁ"rgclé:s%ith(bg inTéllbs-Shg 161 a
execyted by e J93ge Aroessingeunit 30iGpesPepd t an imege data s to
generation device of the invention; the pressure sensor 22 corresponds to

a placemertysensor ohtbe invention; theimonyolathearnennbry includedintion
the image processing unit 30 corresponds to a storage device of the

inventidm:&Ré prdebssihgd ini5190ishd e 60exédte B othe fifdge of the

processing unit 30 correspond to a,detection device of the invention; a
the LAt 16 ik the DIOEES g SEPCH e dhh 16 SR datatl - 5110

devicg gfthg invention. 00381 Although one embodiment of the present
invention has been described above, the invention should not be limited to

[0 tha 3ibove efbodimenta butecodn bé praeticachin VarousimBnners teithout a v e
departing from the scope of the invention. CLAIMS 1.

Amillﬂ%%ﬁ&%irﬁé@ﬂ’@ﬁﬁﬁé}ﬁtué() of the present embodiment,

the millimeter wave sensor array 20 for capturing a
millimeter wave 1image 1s arranged below the
placement surface 12a of the case 12. Thereby, it
1s possible 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, 1t 1s 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



[0 gibpd

[0

comprising: an imaging device including a plurality 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 %éelr&the ima grthdewce IS arranéqed below.

the pREGRERCIMRCHSY the tsel €5 fHak el filiduBriwdVbS $actdiga D 2 &
from g batiomprgat e SUAEE! piaGsl 0nLe PIRCEMERtUITAREIOi iR tcx

case are received by thé plurality of millimeter wave sensors.

Themﬂlunxaéerswawsadmagmga@ppamtus according to claim 1, whereln

the case is provided with a placement sensor which detects that the

ctis plced®dR @, according to the millimeter wave
imaging apparatus 10 of the present embodiment,
1t 1s possible to inhibit consumption of electric
power by normally setting the entire apparatus in a
wailting 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.

036] 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 i1nspection
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 1s the 1inspection 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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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.Amillimeterwaveimagingapparatus 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

o P LR i e byl s v e g
inspegtiog target,pbiert hiddenin éhe boglomanastaf e sthiegthandn aging
an output device that outputs results of detection by the detection device.

device of the 1nvention; the processings 1in
S110-S140 executed by the image processing unit
30 correspond to an image data generation device
of the 1invention; the pressure 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 1in various manners without

departing from the scope of the invention.
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CLAIMS

1. A millimeter wave imaging apparatus
comprising:

an 1maging device 1including a plurality 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 1maging apparatus
according to claim 1,
wherein the case 1s provided with a placement

sensor which detects that the subject is placed on the

18



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
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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