DESCRI PTION M LLI METRIC WAVE | 141.' A NG DEVI CE AND
CAPTURED | MAGE DI SPLAY DEVI CE TECHNI CAL FI ELD [ 00011
The present invention relates to a millinmetric wave

i magi ng device that receives mllinmetric wave

radi ated from an object such as human body to inmage
the object and a captured i mage di splay device that

di spl ays a captured i mage. BACKGROUND ART [ 0002.]
Conventionally, it has been suggested. that receiving

mllinmetric wave raqjﬁgyéliqunqggpbject such as

human body to i nage t obj ect an detecting a
netallic or non-netallic weapon or smuggl ed goods
hi dden in the object fromthe captured imge (for

exampi & LPMEMRPOCOFAVE IMAGWIXNG DORIIC I AN

type of mll netric wave i magi ng device, a planar

ant enna G A PANUCR E2Dpl M AlG Ey Dof S PAnAGNMAESY éQdit s are
arranged in a two-dinmensional formis used as an
antenna for receiving inillinmetric wave and an obj ect
image using the mllinmetric wave is forned on a

TESuHNd& Adf BhE LpDanar antenna through a | ens antenna,

[0(;581] The present invention relates to a millimetric
wave imaging device that receives millimetric wave
radiated from an object such as human body to
image the object and a captured image display

device that displays a captured image.

BACKGROUND ART

[0002] Conventionally, it has been suggested that
receiving millimetric wave radiated from an object
such as human body to image the object and
detecting a metallic or non-metallic weapon or
smuggled goods hidden in the object from the
captured image (for example, Patent Documents 1
and 2).

[0003] In this type of millimetric wave imaging
device, a planar antenna in which a plurality of
antenna elements are arranged in a
two-dimensional form is used as an antenna for

receiving millimetric wave and an object image



that the object inage is received fromeach antenna
el emrent of the planar antenna. Patent Docunent 1:
Japanese Unexam ned Patent Publication No. 09-197042
Pat ent Docunent 2: Japanese Unexam ned Pat ent
Publ i cati on No. 2003-177175 DI SCLOSURE OF THE

| NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON

[ 0004] However, when the planar antenna is used to
capture an object imge as the prior art, the

pluralify oheamh gk ETENLS: SO0 dhfEmATd apgeq g?face

d|
t he two-di nensi Oﬁg] %?orm at a recelving portion

the gu lthi dTB 14 A W2 \VEn t A H A h RoRIPR! EMORGU LS téAna, so
whi ch the receiving portion is enlarged and the cost

may thea t RH €3Ik c { 98PRE e The rir@siand d i fivemt baR Mastenna
been made to solve the above problem A purpose of

t he gireaaenit ofhvart ipdan srt ande@wmshze a recei ving
portion and to reduce costs in a mllinetric wave

i madf ageddvilzec utrtham tusks Jhaplaimes ei & maxa madieat elatent
froman object to inage the object. MEANS FOR,

SOLWE B 1TeiEt PROBINNNVS D0DBT M Bi | | inetric wave i magi ng
device according to a first aspect of the invention

to dcebapiti Jhoganent 2: Japanese Unexamined Patent

Publication No. 2003-177175

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] However, when the planar antenna i1is used to
capture an object image as the prior art, the
plurality of antenna elements should be arranged
in the two-dimensional form at a receiving portion
for the millimetric wave, so that a problem occurs
in which the receiving portion is enlarged and the
cost may be increased.

[0005] The present invention has been made to solve
the above problem. A purpose of the present
invention is to downsize a receiving portion and to
reduce costs in a millimetric wave imaging device
that uses millimetric wave radiated from an object

to image the object.



pur pose conprises a lens antenna that transmts
mllinmetric wave radiated froman object to form an
obj ect imge using the millinmetric wave at a
predeterm ned rear position; a polygon mrror that is
arranged in a proximty of an object imge formng
position of the |lens antenna, a side wall thereof
form ng a pol yhedron around an rotation axis and
being forned as a mrror surface reflecting the

M EAN SRR 984Sy TR @ 191 &P RY BILE M FRYE: 2

recelving portion that receives the millinetric wave

[Od%gem ed\ of i PE B 11iQF WU ACEN A ik PE AR NP M HEAing
to detect a signal |evel thereof; ~a Scanning unit

thatto @f Feess 4 Hpelitl bEnEt &iicn WanaioH t@aal Asipligh the
of the object image to the receiving portion by

rot giw Agolsfee QOMIPOTs ¢ r ol e@arOuNAtemen acehtartaltransmits
rotation axis 'aid around an axis perpendicular to

t he méhlimale tratawiaone axd ¢ia fied fno mi nag® Idatat to form an
generating unit that generates inmge data

r eprodsient i ngm g eobjusam § nddee bymi ébigheitngca wave at a
detection signal fromthe receiving portion while

dri vitrgydehe rpol pgoh reiat oo 3 Hriouyh at e lyeemi Wgrror that
unlit, [0007] A_second aspect, of the |nventiogn )
prO\}iSde%rFﬁélg‘?ﬁll lithefr | BT Q&0 1 higi ddyjgalect 1mage

in he. . .
accqfo%mgntgogoseltlon of the lens antenna, a side wall

thereof forming a polyhedron around an rotation
axis and being formed as a mirror surface
reflecting the millimetric wave forming the object
image; a receiving portion that receives the
millimetric wave reflected on the mirror surface of
the polygon mirror to detect a signal level thereof;
a scanning unit that reflects the millimetric wave
at each position of the object image to the receiving
portion by rotating the polygon mirror around the
central rotation axis and around an axis
perpendicular to the central rotation axis; and an
1mage data generating unit that generates image
data representing the object image by receiving a
detection signal from the receiving portion while
driving the polygon mirror through the scanning

unit.



first aspect wherein the receiving portion is
configured to be able to change a frequency of the
millimetric wave whose signal level is to be
detected, and the imge data generating unit changes
the frequency of the millinetric wave for which the

recei ving portion detects the signal level to
generate a plurality of types of inage data and
synt hesi zes the image data to generate final inage

[o6lgt3. [0008], cT@hHg.a L Epust _rt@épﬁggééﬁfiotrps%{'g\é?g'éiso@he

provi de an 1 nmage display device tha i spla

di Sphat 1up ¢ &t | Wagke q@ﬁta!giqﬂ%baetvh%emédédrﬁaih% to the
wave i magi ng device according to the first or second

aspefirs{ 003 e &b | waperdispl eedevbeeidaadf dip@riid@ is
third aspect of the invention conprises a storage

uni t cohifag ustead etso Shapeb tlat ®o afh am gd td clree g aeley of the
i nspected; an article recognizing unit that searches

t he mddem aatixc genavat edv by sehesimghldlnreieve wave to be
i mgi ng device based on the shape data stored in the

st or dgéegrietd t oaded erti me iwhetgiver devt motga heragnmig| ainit
is included in the captured i nage; and a display
contebanges that fremare neyi §fdghér M hddmpgtrhe wave for

article recognizing unit that the artjcle is )
which t%e re%e1v1ng portion (ietects the signal

level to generate a plurality of types of image data
and synthesizes the image data to generate final
image data.

[0008] Third and fourth aspects of the invention
provide an image display device that displays on a
display unit an image captured by the millimetric
wave 1imaging device according to the first or
second aspect.

[0009] An image display device according to a third
aspect of the invention comprises a storage unit
that stores shape data of an article to be inspected;
an article recognizing unit that searches the image
data generated by the millimetric wave imaging
device based on the shape data stored in the
storage unit to determine whether or not the
article is included in the captured image; and a

display control unit that, when it is determined by



included in the captured i mage, displays the captured
i mge on the display unit based on the inmage data
generated by the mllinmetric wave inaging device and
a synbol mark schematically representing the article
in the displayed image. and when it is not determ ned
by the article recognizing unit that the article is
included in the captured inmge, displays only the
captured imge on the display unit. [0010] An image

di sphay Q‘%“cﬁ%?e?“i‘e"é@éﬂ%ﬁﬁgga haurnt httlhé%pecq{eo‘caxtﬁl%le is

i nvention conprises a storage unit at stores

| deRtyidlic@é Honj fat anlor c%&?@&f}!ﬂngiﬁf‘agepj egispPfysanthe
article to be inspected from pixel values of 1nage

dat & genekatded iy gddreo fil ltlhidTed {1 §1aaven { B9hRES dHeyhCehe
based on thermal noises of the object and the
artiiehegea Aotid i @respeaitiyd nd sunithe t haillieasches thave
i mage data generated by the mllinmetric wave imging
deviioea ghasgeddenmitkee andent ifyoat obnndat k stedrechdatucally
the storage unit, to specify positions of the object
and rtefter @s eindlia g nt hlee a chiptler eich | hge;d il aydidspimy ge,
control unit that displays the captured inage on the
di sfmg ufilte npadedidn ok idmber Beittke genkey at'diebya t hcle
millinmetri ve i magi deyi ce and.. highlights t
recogngz\{\%g unitgtTlgat t\ile article 1% ing{]uﬁe eln the
captured image, displays only the captured image
on the display unit.

[0010] An image display device according to a fourth
aspect of the invention comprises a storage unit
that stores identification data for specifying an
object and an article to be inspected from pixel
values of image data generated by the millimetric
wave imaging device based on thermal noises of the
object and the article; a position specifying unit
that searches the image data generated by the
millimetric wave 1imaging device, based on the
identification data stored in the storage unit, to
specify positions of the object and the article in the
captured image; and a display control unit that
displays the captured image on the display unit
based on the 1image data generated by the

millimetric wave imaging device and highlights the

o



object and the article having the positions specified
by the position specifying unit in the displayed

i mge so as to distinguish the object and the article
fromthe other display areas. EFFECTS OF THE | NVENTI ON
[00111 In the mIlimetric wave imagi ng device
according the first aspect of the invention, the
polygon mrror is arranged in the proximty of the

obj ect imge form ng position. of the | ens antenna.

[Oo%bﬁeﬂc%ﬂid“g fRel NG Myqt | C}{‘avti'ﬁ%ougé"'hbhe ositions
scanning unit, the 1 nage data generatirfg unit ot at es

t he i KOr + RRO ent e 1ot at ion; axi
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in adfdpPayad $ndXg@xks)adi &I Min PRIPANELGULBelc® and
the central rotation axis of the polygon mrror and

thussh @ segleld ifalohy thel eehdiheligpldy neiens . waves of
the object inmage on the x-axis to the receiving
portion. (001$] In addition, through the scanning
unit, the inage data generating unit rotates the
E FgdEy@adrs Onbr flod FarloN Ydl tN1E I&kNs per pendi cul ar to the
central rotation axis to scan the object imge using |
[0@Rhd] ni| dimetthe wanellimgtadconavaxies (ymagieyg device

direction_ . parallel to the central trotatio,n axi s, of
t he 3p‘€)‘|39§éhng the first aspect of the i1nvention, the

polygon mirror is arranged in the proximity of the
object image forming position of the lens antenna.

[0012] According to the invention, through the
scanning unit, the i1mage data generating unit
rotates the polygon mirror around the central
rotation axis to scan the object image using the
millimetric wave in a first axis (x-axis) direction
perpendicular to the central rotation axis of the
polygon mirror and thus to sequentially reflect the
millimetric waves of the object image on the x-axis
to the receiving portion.

[0013] In addition, through the scanning unit, the
image data generating unit rotates the polygon
mirror around the axis perpendicular to the central
rotation axis to scan the object image using the
millimetric wave in a second axis (y-axis) direction

parallel to the central rotation axis of the polygon



mrror and thus to sequentially reflect the
mllinmetric waves of the object inmage on the y-axis

to the receiving portion. [0014] As a result,
detection signals are outputted fromthe receiving
portion, which represent signal [|evels of the
mllimetric waves of each part of the object imge
obt ai ned by scanning the object image in the r-y axis
directions. The inmage data, generating unit

Seql{ﬁ@%irg!rl y s{r?gei \§5y L hesdet galy l?ﬁntﬁngTglcf r.te‘hgé:_t the

generat e i mage dat a representing the obj ima

[ 001,511k WS ride tﬂ&@%f%ﬂ@%ﬁﬁéééﬁ%ai G ¥AEhe y-axis

I magl ng aevice O e I nvention,” | IS p

captiy @ hde Mddd 7tk ECp¥R¥eohmage by using the polygon
mrror and the one receiving portion. Further, since

[0D14i]s notAdegessaylt,0 USEedtPdANRI g PNl ENARel D WDpGRted

a plurality of antenna elenments are arranged in a

t wo-fdiomenshenalke cfedvimes p bheti@ni ok hardh rdpirsspassishigamal

to downsize the nmillinetric wave imaging device and

to reduxls tdfetbostmil]i0fe8ricnwtdreesi bfi erechi @ avavenf the

I magi ng device according to the second aspect of the

i nverijeont imhage phgea idue 4 lgEnee animign gnth echbhges itthage

frequenc of the mllimetric wave for which the

r ecdilvi ﬁéle x-y axis directions. The image data
generating unit sequentially receives the detection
signals to generate image data representing the
object image.

[0015] Thus, according to the millimetric wave
imaging device of the invention, it is possible to
capture a millimetric wave i1mage by using the
polygon mirror and the one receiving portion.
Further, since it is not necessary to use a planar
antenna in which a plurality of antenna elements
are arranged in a two-dimensional form as the
prior art, it is possible to downsize the millimetric
wave imaging device and to reduce the costs.

[0016] In the millimetric wave 1maging device
according to the second aspect of the invention, the
image data generating unit changes the frequency

of the millimetric wave for which the receiving

portion detects the signal level, thereby generating



portion detects the signal |evel, thereby generating
the plurality of types of imge data and synthesi zing
the generated plurality of inage data to generate
final imge data. [001 7] Due to this, according to
the mllinmetric wave inmaging device of the invention,
even when a nenber exists around the object, which
absorbs the mllinetric wave of a specific frequency,
the image data to be finally obtai ned becone inmage

021 A 0" SESPANAD, 01U N0 i, 1908 €0k

can be i re favora e i m

di Sgﬁﬂtﬁ%\’sii%ng%%q{éjié‘&nb(}ét'%ed ﬁmfgﬁgege&f i dgggegfata

i nveriti on, the orage unit storing t hape

an afd igd €e batlefinanesiafsei §aRhovi ded so as to
automatically determ ne V\%et her or not the article

[obidden i Dtbetobiket, £xéstdihomo the nibdentcapisredve
i mage) of the object captured by the mllinmetric wave

i magimg gideyi ckevite asfi che r enogm ziowy, urive searblas a
the imge data, based on the stored shape data,
t hermaleym Hetreexiisitisgawoetindrt lve mbje che vahichl abisorbs the
included in the captured i mage. [0019] Wen it is
det anid et ey ichw ay i ef @ seeobfiiczfngawe rcyhdthe Hanage
artufle IS inﬁludfd in the ) .
ata to be finally obtained become image data
corresponding to the object image and the object
can be imaged more favorably.

[0018] In the image display device according to the
third aspect of the invention, the storage unit
storing the shape data of an article to be inspected
is provided so as to automatically determine
whether or not the article hidden in the object
exists from the image (captured image) of the
object captured by the millimetric wave imaging
device. The article recognizing unit searches the
image data, based on the stored shape data,
thereby determining whether or not the article is
included in the captured image.

[0019] When it is determined by the article
recognizing unit that the article is included in the

captured image, the display control unit displays

the captured image on the display unit based on the

0o



captured i mage, the display control unit displays the
captured i nmage on the display unit based on the 8

i mage data generated by the mllinetric wave i maging
device and a synbol mark schematically representing
the article in the displayed inmage. In addition, when

it is not determined by the article recognizing unit
that the article is included in the captured image,
the display control unit displays only the captured

. h . | H . 0 . i .
acoarding 1o THE e il SOV Gk Co Tl Pl Eric wave

i nvenRh henn ghge viike ardicle dPnbsoli AsPekt @ H sy fdeq 1y

in the object, the fact is automatically detected, so

t hatr p sygb@ltime kKt B dPeicrd i chetban desglapleay etmeie.

the display screen of the captured i mage. Thus, from

t he Idi spldyedion jagehean inspectost cale teasimivnddndputhe

the article hidden in the object. [00211 In other

wor dsy tiad edescoigietzimgthaibbiolvet tieata ohedl Pasemcluded

Docunents 1 and. 2, the mllinetric wave inmaging )

devilge thpt wastumed | mgegof the obieplaby esnhgolhainit

mlljimetric wave radiated fromthe object such as .

hurmght SRRy sadly the captured image on the display
unit.

[0020] Due to this, according to the image display
device of the invention, when the article to be
inspected is hidden in the object, the fact 1is
automatically detected, so that a symbol mark of
the article can be displayed on the display screen
of the captured image. Thus, from the displayed
image, an inspector can easily find out the article
hidden in the object.

[0021] In other words, as described in the above
mentioned Patent Documents 1 and 2, the
millimetric wave 1imaging device captures the
image of the object by using the millimetric wave
radiated from the object such as human body, and
thereby a metallic or non-metallic weapon or
smuggled goods hidden in the clothes and the like

and thus unseen can be imaged. The device is

often used for a security check in an airport and so



thereby a netallic or non-netallic weapon or snuggled
goods hidden in the clothes and the Iike and thus
unseen can be inmaged. The device is often used for a
security check in an airport and so on. [0022]
However, the captured i mage (so-call ed projected

i mage) obtained by using the mllinetric wave is not
clear, as conpared to an optical imge. Thus, when it
is intended to find out an article to be inspected
fromfhe captured inmage, an inspector's experience is
required. Further, it is difficult for an

b oexperi ' ect to.hi t i cl T
L t he)]capt S?ggﬁ?zggg [tg%ezs] Cfﬁ%ﬁ%ggﬁg tEli%sa?éEacco(resélit rﬁ:gﬂled

to theo] swesdli Diva 8% olshapPBediathd; AfsAlgaf heChfil1onbetric

inspected is registered in advance and is used to

det ey miviee i swhetthete o, nod doha pad £ é dl €oappeapsichaltivage.
captured image. The determ nation result is displayed
as dl'hsyarbet hamr ktofs tiet can tlied & cofihide odispl ayawnitle to
together with the captured inmage, so that an

i nspgeet oineare ebsdl y firiomd outhe he captekredhi dimmge, an
the object, [0024] Thereby, according to the inmge
di spineiP eletPEes X PeHd ethi ¢ dl saspetiireide ddipedhiesr, it is

used, for a. segurity . : . :
d1f%1cu1t or a%{ inexperienced inspector to find out

the article from the captured image.

[0023] Regarding this, according to the invention, the
shape data of an article to be inspected 1is
registered in advance and is used to determine
whether or not the article appears in the captured
image. The determination result is displayed as a
symbol mark of the article on the display unit
together with the captured image, so that an
inspector can easily find out the article hidden in
the object.

[0024] Thereby, according to the image display device
of the third aspect, the device is used for a security
check in an airport and the like, so that it is
possible to detect an illegal article hidden in the
object easily and precisely, thereby improving the
safety of an airplane and the like.

[0025] In the image display device according to the

10



check in an airport and the like, so that it is
possible to detect an illegal article hidden in the
obj ect easily and precisely, thereby inproving the
safety of an airplane and the like. [002,5] in the

I mage di splay device according to the fourth aspect of
the invention, there is provided the storage unit
that stores identification data for specifying an.
object and an article to be inspected from pixel

val ygs, oy, | H@g)ee@@té‘fgﬁﬂﬁr%% Yidfe ¢hllld met rﬂxtc%\éided

wave i nmagl ng device, based on thermaf noises of

obj ggfe NG {80! Bhakh8 BRI § AR n SiATELAY LAY dUlid for
searches the Tnmage data based on the identification

dat gp d EfERYg SRACLhYieRG aRN$i 4 hoRS t@E16 heo abg eici s pBEte d
the article in the captured imge. [00261 The di spl ay

contfrolm upiik edi sl laysst b€ tapt geedatiaregener dted by the
di splay unit based on the inage data generated by the
m | Imiretinh e twaeewiamagi ing ademi ged eandehilghkieghtos ttheermal
object and the article having the positions specified
by thelposiaf drh epebj é gt ngnunitthe jar tidedi spl'hpegosition
i mge so as to distinguish the object and the article
fromihel Btieg dinsgl s arehss tho7mps, dadeohdi wgd on
to the image display device of the fourth aspect, as.
Cor‘rﬁg’r%d tlglqﬁélglacs%tmre data, tfhereby pspe01 ying

positions of the object and the article in the
captured image.

[0026] The display control unit displays the captured
image on the display unit based on the image data
generated by the millimetric wave imaging device
and highlights the object and the article having the
positions specified by the position specifying unit
in the displayed image so as to distinguish the
object and the article from the other display areas.

[0027] Thus, according to the image display device of
the fourth aspect, as compared to the case where
the image data generated by the millimetric wave
imaging device are used, without modification, to
display an image of the object (which is called as a
gradation display), it is possible to intelligibly
display an article hidden in the object. Hence, an

inspector can easily find out the article to be

11



the i mage data generated by the mllinetric wave

i magi ng device are used, w thout nodification, to

di splay an i mage of the object (which is called as a
gradation display), it is possible to intelligibly
di splay an article hidden. in the object. Hence, an
i nspector can easily find out the article to be

i nspected fromthe displayed i mage. [00281 Ther eby,
also in the image display device of the fourth

aqucrfsp“?@eqe‘f.ks Lt?hgsggﬁg?ﬁiy?e‘??%%‘i & check in an

airport” and the i ot ssible to

[oglgkdct amhbhkeddl antic!ig hi Hdennl Aglhali bl £6t dRaside of
and precisely, thereby inproving the safety of an

ai r plesef gt hhgshpider, BRIeER LEIERIBTUEN O olHE security
DRAW NGS [00291 FIG 1 is a block diagram showi ng a
strudieck iof amnseaurpioytchenld delvecdikecordlh nghtad ait is
enmbodinent. FIG 2 is a viewillustrating structures

of @opsifbentai dede canad ra diliegalg syistedm thiet deh. in the
FIG 3 is a block diagramshowng a structure of a
recaiviagt porsilon.amdGp e ¢ el .| dhecteaby showraygiag the
obj ect . inspecting process executed hy an inmage
proceskoly ofFem &iirlang and|thetlidieng an exanpl e

of a

BRIEF DESCRIPTION OF THE DRAWINGS
[0029] FIG. 1 is a block diagram showing a structure
of a security check device according to an
embodiment.
FIG. 2 is a view illustrating structures of a
polygon mirror and a driving system thereof.
FIG. 3 is a block diagram showing a structure
of a receiving portion.
FIG. 4 1is a flow chart showing an object
inspecting process executed by an image processor.
FIG. 5 is a view illustrating an example of a
captured image displayed on a display and a symbol
mark of an inspection object.
FIGS. 6A-6B illustrate a modification of a
method for displaying a captured image on a

display.
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captured i mage di splayed on a display and a synbol
mar k of an inspection object. FIGS. 6A-613 illustrate
a nodification, of a mnmethod for displaying a captured
i mge on a display. 1% DESCRI PTI ON OF REFERENCE
NUVERALS, [0030] 2: object, 4: inspection object, 10:
security check device, 12: lens antenna, 14: polygon
mrror, 15: base, 16: notor for adjusting an azi nuth,
17: notor for adjusting an el evation angle, 18:

D ERBEE] PYSL9050 2 E1PRS! M0 ORI R 2T, Gecel i ng

ant enna ying circuit, 2 route

0 GHDYCNi NG :SWE £lle t 244 : 291 hANG RASS o jd &, (BFF) secairit
[ detgctor circuf%? 30: ingge prd%essgr} 32: posiffgnrl Y

contopd b RN d e3Aicel,NPYL e ECEN t3Fin 8l SPhaYW o01¥Pon mirror,

di splay controller, 38: external storage device BEST
MODE #0R £4ABRYILBG @0t dHEfd NVENThQN 1] §034] aAimheh, 17:
foll owi ngs, an enbodi nent of the invention will be
desanilied. [fad32]a&jgsting s anbl edlke vdi tigrnam almagpieng a 8:
structure of a security check device 10 to which the
i nvertjeontivie leppsj €0 [16033]viihg pecdipmy EHeckeceiving
device 10 of this o ) )
antenna, 22! amplifying circuit, 23, 26: route
switching switch, 24, 25: band pass filter (BPF),
27: detector circuit, 30: 1mage processor, 32:
position controller, 34: input device, 35: display,

36: display controller, 38: external storage device

BEST MODE FOR CARRYING OUT THE INVENTION

[0031] In the followings, an embodiment of the
invention will be described.

[0032] Fig. 1 is a block diagram showing a structure
of a security check device 10 to which the invention
is applied.

[0033] The security check device 10 of this
embodiment is used to check whether or not a
passenger hides a dangerous article at an airport
and the like, and serves as an imaging device that
images a passenger as an object 2 and a display
device that displays an image of the captured

object 2 (captured image) on a display 35.
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enbodi nent is used to check whether or not a

passenger hides a dangerous article at an airport and
the |i ke, and serves as an inaging device that images
a passenger as an object 2 and a display device that
di spl ays an i mage of the captured object 2 (captured
i mage) on a display 35. 1;. [00341 Specifically, as
shown in Fig. 1, the security check device 10 of this
enbodi ment is provided wth a lens antenna 12 that

(0§ 8agives AL RIS, VRVS AR RLaR FEQ 1he Rl Bek Zricy

Inthe d nNs an objec nmage using t

m Bt ki  ¥RYEe ?iOPB'fyg;?ﬁsmé oddnt bak 1i$ provided
y o1 a r

arranged in a proximt n object 1 mage fo ng

posivioR af llhes | §nse PABENMR 4R ad3nG SOSEe Si #EMALIn d Bric
formed as a netallic mrror surface reflecting the

m | v gete irta d aved Febmh nghthebgkjcect iimmgde alevice and
receiving portion 20 that receives the mllinmetric

wav € orrafilseahedbgn c tt e ang ¢ rog i 1sgrflmeemafl 1i e tpaleyganve, a
mrror 14 and detects a signal |evel thereof, and an

obj gt iywgohemsir ¢ 8rt At tdud tdes taher amgleidvety ic wavrimity
reflected on the mrror surface of the polygon mrror

14 tof the et Vi hm peet ifor mdn g oposdsioperad the lens

polygon mrror, 14 is_configured . to be .
antenna 12 and whose sidewall is formed as a

metallic mirror surface reflecting the millimetric
wave forming the object image, a receiving portion
20 that receives the millimetric wave reflected on
the mirror surface of the polygon mirror 14 and
detects a signal level thereof, and an objective lens
18 that guides the millimetric wave reflected on
the mirror surface of the polygon mirror 14 to the
receiving portion 20.

[0035] Here, the polygon mirror 14 is configured to be
a regular polyhedron (a regular hexahedron in this
embodiment), seen from the top, by combining a
plurality of ©planar-plate-like sidewalls (six
sidewalls in this embodiment), each of which is
formed to be able to reflect the millimetric wave.
In Fig. 1, although the polygon mirror 14 seen from
the top is shown so as to easily understand a shape

of the mirror surface, the object 2 seen from the
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a regul ar pol yhedron (a regul ar hexahedron in this
enbodi nent), seen fromthe top, by conbining a
plurality of planar-plate -like sidewalls (six
sidewalls in this enbodinent), each of which is

formed to be able to reflect the mllinetric wave. 1In
Fig. 1, although the polygon mrror 14 seen from the
top is shown so as to easily understand a shape of
the mirror surface, the object 2 seen fromthe latera

d. . . H 1 1 5 g
S'hgam%tﬂiew gﬁrﬂze,zcoc?tﬁzd p(%*é?i?ibﬁ!%)al' alggewﬂonﬂ PO w3,

gon mrror is provided to

[odgeot at abl esREQUAD A qEE ral Retat) oy o4 SmYr o Al is
Is a center of the regular pol yhedron,” "with respect

to pbaseddd tbhecbass alta bbe PAOYiLdEd aVtERta aTOkBk akGon
for adjusting an azinmuth that rotates the polygon

mrraogid A wlohehdig ecticait e £ arft oWediregailion galyhgdron,

1) around the central rotation axis V. [003 ] The

centwathrotspeet txis BDass hbvertlilcalbaxiesl5 s gphosided

enbodi nent, the polygon mrror 14 is rotated around

the withi o1 t wough tlfe frororadpusdrngadinstd mgmarth that

azi muth, thereby scanning the mrror surface of the

pol yifora b6 ¢ r dh €14l ngensimaraort ht4 |ighs ogrgt edigertion

in gn x-axis_direction  per endicglar to the %Fntra

r ot taird'rp\gxignvegglon in 1ig. 1) aroun the central
rotation axis V.

[0037] The central rotation axis V is a vertical axis.
In this embodiment, the polygon mirror 14 is
rotated around the V axis through the motor 16 for
adjusting an azimuth, thereby scanning the mirror
surface of the polygon mirror 14 at the side of the
lens antenna 12 in an X-axis direction
perpendicular to the central rotation axis V to
enable the millimetric waves of the object image on
the horizontal axis (x-axis) to sequentially enter
the receiving portion 20.

[0038] In addition, the base 15 of the polygon mirror
14 is provided with a motor 17 for adjusting an
elevation angle that rotates the base 15 around a H
axis (horizontal axis) perpendicular to the central

rotation axis V of the polygon mirror 14.

[0039] Due to this, according to this embodiment, the
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enable the mllimetric waves of the object inmage on
the horizontal. axis (x-axis) to sequentially enter
the receiving portion 20, [0133] In addition, the base
15 of the polygon mirror 14 is provided wth a notor
17 for adjusting an elevation angle that rotates the
base 15 around a H axis (horizontal axis)

perpendi cular to the central rotation axis V of the
pol ygon mrror 14. [0039] Due to this, according to

thi %%gpogB”?QtroEQTf?lafaor A nld 04 alt-Ieg de t}pe Motor

axl s € notor justing an e eva

angl gy tﬂ?febé/djﬁ%%@ﬂ'%‘g 44e még%la%{f%ﬁ? Pt tht?hi gby

polygon mrror "14 at the side of the |ens nténna

in &daARihg HHECH I daral A cbOotheh 6€PbNdlgon mirror
rotation axis Vto enable the mllimetric waves on

the vergkcaheaxisle (Of aXi6)1&hst R PbhaE 19898 BOy-axis
sequentially enter the receiving portion 20. [00401

I n, ditresrtiwat dsaradéetdicglie ¢hhsradbedta®ibn adid & to
possi ble to adjust each of an incident azinmuth and an

el evatabdeandel mwfiltie ertirlilci veavies wavet et ve rtaspdctaxis
to the device 10, which is reflected on the mrror

sur flacaxofs & d pdiggobjeitromageatot ke gientiefllyhenter
| ens antenna 12 and then enters the receiving

por tiilgh . T ©pe L v gr PYirkgothe Grot or 16 for

[0040] In other words, according to this embodiment,
it 1s possible to adjust each of an incident azimuth
and an elevation angel of the millimetric wave with
respect to the device 10, which is reflected on the
mirror surface of the polygon mirror 14 at the side
of the lens antenna 12 and then enters the
receiving portion 20, by driving the motor 16 for
adjusting an azimuth and the motor 17 for
adjusting an elevation angle.

[0041] Each of the motor 16 for adjusting an azimuth
and the motor 17 for adjusting an elevation angle is
provided therein with a rotary encoder (not shown)
that detects a rotating position thereof. A
rotating position signal from each rotary encoder
of the motors 16, 17 is inputted to a position
controller 32 that controls the rotating position of

each of the motors 16, 17 to adjust a direction of
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adjusting an azinmuth and the notor 17 for adjusting
an el evation angle. [00411 Each of the notor 16 for
adjusting an azinuth and the nmotor 17 for adjusting
an elevation angle is provided therein with a rotary
encoder (not shown) that detects a rotating position
thereof. A rotating position, signal fromeach rotary
encoder of the notors 1.6, 17 is inputted to a
position controller 32 that controls the rotating

posiyty é)r}nqgrtr o‘?‘i‘%tﬁ Ko dd& LY ?)f%@'eg %Zl t&xﬁnaldé #Sf 42

direction o the mrror su e pol ygon

[oddbpnor 14, (9Q438)kibM adddh N, o Rasgde on ottrhetirrpé abiorgition

position signals inputted fromthe rotary encoders
and A g Al geinpastfd @nfebanak hienpd ¢ £eyf rae e raf tBhid a

nmentioned i mage processor 30, the position controller

32 aentgets tpesiatami Nng gasnhilonsiafp iteednot §¢6nd6, an

17 (further, the direction of the mrror surface of

t he goitlepgonem trircare d4)int aga 1predeteom B0, posét pasition

that is instructed by the target position signal from

t he ciamgpeo preces3oro 80role0dBE Théntiag hoswtiom Fiaf the

3, the receivin %{tion 20 conprises a receiving

ant aAR&0ZB, ldh dmpl(faatyercitbeaiidivoctian afpiheiwsrgor

recei ved signal frorﬂthe )
surface® of the polygon mirror 14) to a
predetermined position that is instructed by the
target position signal from the image processor 30.

[0043] Then, as shown in Fig. 3, the receiving portion

20 comprises a receiving antenna 21, an amplifying
circuit 22 that amplifies a received signal from the
receiving antenna 21, band pass filters (BPFs) 24,
25 of two types that selectively pass a received
signal of a first frequency band f1 (for example, 75
GHz) and a received signal of a second frequency
band f2 (for example, 50 GHz) from the received
signal amplified by the amplifying circuit 22,
respectively, route switching switches 23, 26 that
input the received signal from the amplifying
circuit 22 into one of the two BPFs 24, 25 and
extracts the received signal from the BPF 24 or 25

to which the received signal is inputted, and a

detector circuit 27 that detects the received signal
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recei ving antenna 21., band pass filters (BPFs) 24,

25 of two types that selectively pass a received
signal of a first frequency band fl (for exanple, 75
GHz) and a received. signal of a second frequency
band f2 (for exanple, 50 GHz) fromthe received

signal anplified by the anplifying circuit 22,
respectively, route switching switches 23, 26 that

i nput the received signal fromthe anplifying circuit

22 | : 2

22 1% 381 PPN, BES 0201 508 1 EXLLAEIG [ oncy
recej yRd $hopalyi g'w%?e%ldgh@qaﬁ; 96f @GL O Gl Glishignal
27 that detects the received signa 17 of the tirst

frequaney hand dd wira %&p@%ﬁf@%\%{mmwwa@ﬁv@Bgand

passed the BPF 24 or 25 on a signa route fornmed via

the doué et sV teiimaIsvé v 6 2A3eapdf, detects a signal
| evel thereof. [0044( In the receiving portion 20,

[oovbdtlher o déteeatecdiein gcpbvredon @l wohetthe f itiostdetect

frequency band f1 or to detect the received signal of

t he tdezoret e fredueiney ahantl thz fhr stighr eedveemayt dand f1 or

swtching switches 23, 26 is switched by a received

freqwenc,cgetgwt chhrg giegrealve dhi ehgingtli npui t éhé rosgecond

the image processor 30 shown in Figh 1. In addition, .

a frequency band f2 through e route switching
switches 23, 26 is switched by a received frequency
switching signal, which is inputted from the image
processor 30 shown in Fig. 1. In addition, a
detection signal outputted from the detector
circuit 27 is inputted to the image processor 30
through an input device 34 constituted by an A/D
converter and the like.

[0045] The image processor 30 is constituted by a
microcomputer. The image processor 30 receives
the detection signal from the receiving portion 20
through the input device 34 and generates image
data representing a two-dimensional image of the
object 2 while driving the polygon mirror 14
through the position controller 32 to change the
millimetric wave incident on the receiving portion

20 in the x-axis and y-axis directions of the object

image.
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detection signal outputted frown the detector <circuit
27 is inputted to the i mage processor 30 through an

i nput device 34 constituted by an A/AD converter and
the |ike. [00451 The i mage processor 30 is constituted
by a mcroconputer. The inmage processor 30 receives
the detection signal fromthe receiving portion 20

t hrough the i nput device 34 and generates inage data
representing a two-di nensional imge of the object 2

[o0M6le. driA’&HgtWﬁaﬁ‘?gygo@h'@ ”i%a]%:@e hpro%mwe 30 is

position controlle 2 to change t illimetric wave

i ncidenh Rt ot %8¢ Vi PPEH18Y 20 htrbDBeX-3%6S that
and y-axis directions of the object inage. 1S [00461

Addidiwpéw,ahh@nizﬁrgge(@ﬁgq;eﬁs@d B8 d Se) cONREd efbject 2
with a display controller 36 that displays an inmge

(captnr et el nbpep 1 0% 3% bhjsacd 8n ahéhgediephayd3image
based on the generated i nage data and an externa
st ordagta dewidc @ 188 xbeshiatlusédr alge al erenve y3 8acbarsdituted
disk and the like that stores the inmage data. [00471
Fi g.b¥ &smeemowy.chattasfiodiiag amdbfbet likaspbatti sgores
process that is executed by the inage

the image data.

[0047] Fig. 4 1is a flow chart showing an object
inspecting process that is executed by the image
processor 30.

[0048] When executing the object inspecting process,
it is assumed that pattern data (shape data) of an
image representing a weapon shape such as gun,
knife and the like, which is an inspection object 4
(see Fig. 1), is stored in the external storage device
38 serving as storage unit.

[0049] The object inspecting process is a process for
imaging the object 2 to inspect whether or not a
passenger who 1s the object 2 hides an article,
which is not allowed to bring in a plane (for
example, a weapon such as gun, knife and the like),
from the captured image, and displaying an
inspection result on the display 35 together with

the captured image, and 1s repeatedly executed

after turning on the image processor 30.
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processor 30. [00481 Wen executing the object

i nspecting process, it is assuned that pattern data
(shape data) of an image representing a weapon shape
such as gun, knife and the like, which is an

i nspection object 4 (see Fig. 1), is stored in the
external storage device 38 serving as storage unit.

[ 0049] The object inspecting process is a process for
i magi ng the object 2 to inspect whether or not a

[0 @Qéqengeﬁé"hghioﬁnhh%f’bf‘ﬁg. 4 higdes, ag;ard 1 erl'éeng Blect

Is not allowed to bring in a plane (for “exanp

weagais SHeRi A% Pudc &b faasiitive (K kaddicftomd hetep), a
captured i mage, and di splaying an inspection result

on tihecslivptay Bbe faget ber Wwhtcthiar gaptdirggal magg  be
and is repeatedly executed after turning on the inmge
proaessputd@.d :th ¢MHAbQe cAsiwihognpontbog. 24, iaccot dinde a
to the object inspecting process, in 5110 (S

i ndiloat e ae bt épy, eaamedei, veb efredguermyt shi hghithg route
signal to be outputted to the receiving portion 20 is
set swlbehang awrechles 203, ek@npd ethteh%rﬁﬁy Zhi schengnd
the route swtching switches 23, 26 to the BPF 24

si de edrfd 2 S th ¢ P ¢y ¢ el gBA sl ghaic task bot &l eyl atrpctor

detect or . i
CClI‘CUIt 27 to the first frequency band f1.

[0051] Then, in S120, driving process of the polygon
mirror 14 is started in which the target position
signals outputted to the position controller 32 are
sequentially changed to change an azimuth of the
mirror surface of the polygon mirror 14 to the
x-axis direction and thus to scan the object image
in the horizontal direction while an elevation angle
of the mirror surface of the polygon mirror 14 is
changed in the y-axis direction by a predetermined
angle every horizontal scanning to scan the object
image in the vertical direction.

[0052] In S130, a sampling process of receiving the
detection signal (detection voltage) inputted
through the input device 34 1is executed in
connection with the driving process of the polygon
mirror 14. In S140, it 1s determined whether or

not the sampling process has been executed for the
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circuit 27 to the first frequency band fl. [0031]

Then, in 5120, driving process of the polygon mrror
14 is started in which the target position signals
outputted to the position controller 32 are
sequentially changed to change an azinmuth of the
mrror surface of the polygon mrror 14 to the x-axis
direction and thus to scan the object image in the
hori zontal direction while an elevation angle of the

m 15 Seif f agg o eth?%iml ¥ MEFOEnl4 g ghapgedidn i

the y-axis direction by a predetermned angle every

hor i zopé Al SEAANI WG dtth §8am 1t hR oD @CE JIPPRiNE LHE the
vertical direction. [00521 In 5130, a, sanpling

proadsie ©f imeagicvifog bhe sdatachi RAsShIwh (6etErdi©a.
vol tage) inputted through the input device 34 is

[0@%8dutedWhearinecscanminn p ¢ hetldsi vbigcprianesse dor the
the polygon mrror 14, In 5140, it is determ ned
whetdee ercreran thres samdl i hgepr ocessp hasedeert hexepubed s s
for the 20 object image for one screen, so that it is
det ex & hadp wheelvats dro fot 3Phe Jomimiengoofttdey, obheat the
i mage for .one screen has been conpleted. [0053] Wen
t he S<cahpilng off the ebject 1maygeferr tilee wme sereen has

has ,not been c | et ed,. the process .
been comp réq:e , the process proceeds to S150 in

which first image data based on the millimetric
wave of the first frequency band fl is generated
from the detection voltage of the object image for
the one screen sampled in S130 and then
temporarily stored in the external storage device
38.

[0054] Like this, when the first image data 1is
generated and stored, the process proceeds to S160
in which the received frequency switching signal
outputted to the receiving portion 20 is changed to
a high level, for example, thereby switching the
route switching switches 23, 26 to the BPF 25 side
and changing the received signal detected by the
detector circuit 27 to a second frequency band f2.

[0055] Subsequently, in S170, the driving process of
the polygon mirror 14 1is started as in the

above-mentioned S120, and in S180, the sampling
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again proceeds to 5130. To the contrary, when the
scanni ng of the object imge for the one screen has
been conpl eted, the process proceeds to 5150 in which
first imge data based on the mllinmetric wave of the
first frequency band fl is generated fromthe
detection voltage of the object inmage for the one
screen sanpled in S130 and then tenporarily stored in
t he external storage device 38. [0054] Like this,

ty d t :
e f0EQLL" Shd TOE URR, S bR AR 08T s

frequepeytg tching signal. outputted to the
receiving portion 20 is changed to a high level, for

[o@38Pl e, Nbetehy B Hohi 1Y ikha e te@uh EnSW tv@ﬁ'eftgler or not
switches 23, 26 to the BPF 25 side and changi ng the

recejlvedsaigpdli nget peved oy hhe Kletactoxecrtadt f@¥ the
to a second frequency band f2. [0055] Subsequently, in
517G bjdet dm wigrgfprocasssofre etther pahy §dd @i reort hiat ii$ is
started as in the above-nentioned 5120, and in 5140,

t he datpt migne @1 wheddssrao 1 nnolte tdbeve campnnipned the
S130 is executed. [0056] Next, in S190, it is

det @i el inmhagkefobrt hetone screen has been completed.

When the scanning of the object image for the one
screen has not been completed, the process again
proceeds to S180. To the contrary, when the
scanning of the object image for the one screen has
been completed, the process proceeds to S200 in
which second image data based on the millimetric
wave of the second frequency band f2 is generated
from the detection voltage of the object image for
the one screen sampled in S180 and then
temporarily stored in the external storage device
38.

[0057] In S210, the first and second 1image data
temporarily stored in the external storage device
38 in S150 and S200 are synthesized to generate
final image data representing an image of the
object 2, which is then stored in the external
storage device 38. In addition, as exemplified in

Fig. 5, based on the generated final image data, the
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the sanpling process has been executed for the object
i mge for one screen as in 5140, so that it is

determ ned whet her or not the scanning of the object

i mge for the one screen has been conpleted. When the
scanni ng of the object image for the one screen has
not been conpl eted, the process again proceeds to
5180. To the contrary, when the scanning of the

obj ect imge for the one screen has been conpl eted,

e HESESED LGRS S200,bEy A S A0y AEOFave
frequengye Ran Ly i 559805 AleS t Hd ggsgﬂgdy%t&ﬁfemer 36.

vol tage of the object 1mage Tor t screen

[0sBRl ed WMhek80tBRd fiRen HRARY adhk¥ SkOrdnbRalth&l and
external storage device 38. [0957] In 5210, the first

and dsiegolwly bdege ddi @ dieppayasisl y stdredrimetih@bove, in
external storage device 38 in S150 and S200 are
synth28i0z eth t os yamear atzet a fd fhah el imge edattia 1t ey jesendi Ogun,
an image of the object 2, which is then stored in the
ext demafe snok agee dbiked B8.r¢adadditibmmashe external
exenplified in Fig. 5 based on the generated fina
i mge o ge dagice23Bnagn dob ased gbirelch e sl aayst Wrasr, the
i mage) is.displayed
%i%lal image )éata is searched to determine whether
or not an image identical or similar to the shape
data exists in the captured image.

[0059] Subsequently, in S230, it 1is determined
whether or not it is recognized that the image of
the inspection object 4 exists in the captured image
through the determination process of S220. When
the i1image of the 1inspection object 4 1is not
recognized, the object 1inspecting process 1is
terminated and the process again proceeds to S110.
To the contrary, when the image of the inspection
object 4 1is recognized, a symbol mark, which
schematically represents the recognized inspection
object 4, is overlapped on the captured image that
is being displayed on the display 35, as exemplified
in Fig. 5, and the process again proceeds to S110.

[0060] As described above, according to the security

check device 10 of this embodiment, the object 2 is
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on the display 35 through the display controller 36.
[ 0058] When the final inmage data is generated and

di spl ayed on the display 35 as described above, in
5220; the shape data of the inspection object 4 (gun,
knife and the like) is read out fromthe externa
storage device 38, and based on the shape data, the
final imge data is searched to deterni ne whether or
not an inmage identical or simlar to the shape data

o) gtlﬁ Ia'tg'?a d " 68P! Phed ﬁl\l;i\zgl?lﬁ 139301y RURS e‘ﬁéﬁ@tal%’d | from

523 I's determ ned er or not it

recogid zAd 4419, 1 He 1WRES 196 irhBg d MEPELLd PPhRPheGetted
exi sts in the captured inmage through the

det grmivhiat i ®RoPE OECES afh §22R s p\WEiod hebijerge lofddda in
i nspection object 4 is not recognized, tﬂe obj ect
i nspacsd i0lg throsess di shet Brloe naff eth ecand jlche Ardcgssnerated
again proceeds to 5110. To the contrary, when the
i magen df dt ke liaryspécd hoth eoldjieptl a4 iF5 r ecogni zed, a
symbol mark, which schematically represents the _
[00€ddgni z&W hierspeetri onatobigedth e, 1insa geerd appedtbr tHyject
captured inmage that is being displayed on the displiy,
35, iaBageedprinpdd by it dems apdenhrapt dcesss Gpned in
pr oceeds i?o 5110. [g06?] As _dﬁscri bgd above, cco(%?li ng.
tot se@PiiaP NEReck (Jedi¥dE’ 10 At dt hive & i ment | 2X18

the(Plbllee(g:’ctioznIsSthrough the polygon mirror 14, the

respective millimetric waves corresponding to the
respective pixels of the object image sequentially
enter the receiving portion 20 and the detection
signals outputted from the receiving portion 20 are
sequentially sampled, so that the image data 1is
generated.

[0062] Due to this, according to this embodiment,
while the planar antenna in which a plurality of
antenna elements are arranged in a
two-dimensional form as the prior art is not used,
the millimetric wave image can be captured. As a
result, i1t is possible to downsize the 1maging
portion and to reduce the costs.

[0063] In addition, according to the invention, the
receiving portion 20 is configured to be able to

change the frequency of the millimetric wave
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23 imaged fromthe nillinmetric wave radiated from the
object 2, so that the imge data of the projected

i mage projecting the inspection object hidden in the
clothes and the |ike of the object 2 is generated and
di spl ayed on the display 35. [0061] Wen generating
the i mage data, the object inmage fornmed by the | ens
antenna 12 is scanned in the horizontal (x-axis) and
vertical (y-axis) directions through the polygon

mrnledih o iNgn d GPPEELLYR TL! S LTBLYE ChWaYESet frequ ncy
t he S of ' the ‘object

correspondi ng to respecti ve pixe

| mage, aeayantiad | Vhee@te%roﬁﬂeffgﬁ%jevﬁgg B §0P220 §ffen
the detection signals outputted fromthe recelving

portipd 36n ake pe@uenddal! 3samiedalsy thahet®es the

t
image data is generated. [0062] Due to this,
accdmilbR@® tdathi,s t@rdotinené , p rwid Eséhe3m a@guentially
antenna in which a plurality of antenna elenents are
ar r aregedi v é1s at h e wd-ediergnsironalg i ot s as htikkdh priorolthined
is not used, the mllinetric wave i nage can be
capthy edlet dst an gr bl tre detiviesd possinblle vd thenseze adtdve
i magi ng portion and to reduce the costs. [0063] In
addiltriesny e acgor Biagdso the amdenid.onsot hthat the image

processor 30 generates the image data of two types
and synthesizes the respective image data to
generate the final image data for display.

[0064] Due to this, according to this embodiment,
even when a member exists around the object 2 or
in the clothes, which absorbs the millimetric wave
of a specific frequency, it is possible to prevent the
image data to be finally obtained from having a
negative effect on the detection of the inspection
object 4 due to the member.

[0065] In addition, according to this embodiment,
when the image processor 30 displays the captured
image of the object 2 based on the final image data
on the display 35, the final image data is searched
based on the shape data of the inspection object
stored in the external storage device 38, and
thereby it is determined whether or not an image

identical or similar to the shape data is included in
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receiving portion 20 is configured to be able to
change the frequency of the mllinetric wave received
and detected to one of the first frequency band fl
and the second frequency band f2. Wen the .inmage
processor 30 actually generates the inmage data, the
i mge processor 30 sequentially receives the
detection signals, which are obtained by detecting
the received signals of the respective frequency

banc{%%'fi%rhﬂleﬁl?nw%gg ggﬁaatheWHB%eaIPri%g% g;igfbhontical or

generates t of two fypes esl zes

t he gi@ﬁpﬁgiit\bethréagglo%géfadaea gNeaLmidik f iﬂ?&g%f@ﬂ%he

data for display. Due to this, according

thi Sﬁ@@@tﬂ@ﬁtobg’}@\é@MV@@E!haaré?@JQﬁ{, &% SfteS adf @Uile thigk e )
object 2 or in the clothes, which absorbs the
m | liismeitd ¢ lou dede  0f sgnspedi frhe flt egueicly, sichématically
possible to prevent the inmage data to be finally
obt aienerle feahshahiend nss p eegad nvebgbicecis ohidpeayed to be
detection of the inspection object 4 due to the
menvere r [ @p6%1d lom atlulet ¢ ap,t vacedrdmge o this
enbodi nent; when the inmage processor 30 displays the
[0@@6duredDnpage dthihe opferdingdsedtba slecuriy check

i mge data n_the display 35, the final imge data. is
seardc%éﬁcekfhgéé”&netnhboéifﬂdﬁé%t ¥ e ha 6§ RdeQt gnhides

obj Qc(ilte inspection object 4, the fact is automatically
detected, so that a symbol mark of the inspection
object 4 can be displayed on the display screen of
the captured image. Thus, from the displayed
image, an 1inspector can easily find out the
inspection object 4 hidden by the object 2.

[0067] In this embodiment, the base 15 of the polygon
mirror 14, the motor 16 for adjusting an azimuth,
the motor 17 for adjusting an elevation angle and
the position controller 32 correspond to the
scanning unit of the invention. Further, in this
embodiment, the processes of S110-S210 in the
object 1nspecting process executed by the image
processor 30 correspond to the 1mage data
generating unit of the invention, the process of
S220 corresponds to the article recognizing unit of

the invention, and the display controller 36 and the
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stored in the external storage device 38, and thereby
it is determ ned whether or not an inage identical or
simlar to the shape data is included in the fina

i mage data. When an image identical or simlar to the
shape data (for exanple, imge of the inspection
object 4 such as gun, knife and. the like) is

i ncl uded, a synbol mark which schematically

represents the inspection object is displayed to be

overd appedsan Liesaaphur €d JdaoRq [PRRL UEL P DY the

accarding to the securit device O

codt g . | devTce SIS
obj oo Y (REOFR R, B0 PEh ATy 4B el S g

a synhalg dmabk @f e iNSRersT O a R €Ebr4e&HbRPR to the

di spl ayed on the display screen of the captured

| magkis ghws, ¢ b hewolha ritsplraykd i hWaaesi @, | nspect or

can easily find out the inspection object 4 hidden by
[0068]obj edV hdle[ Gdbe ] el btohl smebpdbfrerthe t hevhasE okd has

of the polygon mrror 14, the notor 16 for adjusting

an dvé et de s dthiéd ebt @b o¥7 f ath edjiust ntgoan iel avwdt ilomited

angle and the position controller 32 correspond to

t he tosddnmi afowrd te wfb ¢ hem ewént bod. cBur ther p riare ttilgiesl in

enbodi nent, the processes of Si10-5210 in the object

i nspPett 1 hY Sphbe B BxeWdt B by dppairtages from the scope

of the invention.

[0069] For example, according to the above
embodiment, the shape data of the inspection
object 4 is stored in the external storage device 38
constituted by a memory, a hard disk and the like
and is used to determine whether or not an article
appears 1n the captured image. Then, the
determination result is displayed as a symbol mark
of the article on the display together with the
captured image. However, it may be possible to
notify an inspector of whether or not the inspection
object 4 exists without performing the process of
recognizing the inspection object 4 using the shape
data.

[0070] To be more specific, when the object 2 hides a
gun or knife that is the 1inspection object 4,

thermal noises of the gun or knife are different
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processor 30 correspond to the image data generating
unit of the invention, the process of 5220
corresponds to the article recognizing unit of the

i nvention, and the display controller 36 and the 2 6
processes of S210, S230 and 5240 executed by the

i mge processor 30 so as to display the captured

i mmge and the synbol mark correspond to the display
control unit of the invention. [00681 Wile the

nmb f ,
he 0Ent po h a7, BPIRES BT, PR, HEE AoDE b AR e he

but e b Prachi ead uréte\/@trﬂoqysvm@g@% %tarfOldtetermlne
departing fromthe scope of the invention. [00601 For

exanpi e 1 3GLI1a1 8k Ngf @ dHNg BbOVS f eABOLA FRRM e &hﬁn%rgaé)%re

data of the inspection object 4 is stored in the
external 8ipfawendeviace sIBowapnshi Futeed dx . a Fegwrcy, ahe
hard disk and. the Iike and is used to determ ne
whettiies rorahom s s t (Elee., appéacsiom theleagteur)edof the
i mge. Then, the determnation result is displayed as

a syaibpd ctraRk awnfl tdechr tingd peotiione abspthy 4t ogdiduer the
wth the captured inmage. However, it may be possible

to olord ey Zamiidepddton gD akst par obd esdt 4t ase measured

i nspection
in advance and stored as 1dentification data

thereof in the external storage device 38 that is a
storage unit.

[0071] Then, when the captured image is displayed
from the final image data in S210 of Fig. 4, the
identification data are used to execute a process as
the position specifying wunit which specifies
positions of the object 2 and each inspection object
4 in the captured image. In the image areas of the
specified object and each inspection object 4, the
captured image 1is displayed with colors for
identification display which is different from the
typical gradation display based on the detection
voltages.

[0072] By doing so, the images of the object 2 and the
inspection object 4 are highlighted on the display
35, as exemplified in Fig. 6B, and the inspector can

easily find out the inspection object 4 from the

28



object 4 exists without perform ng the process of
recogni zi ng the inspection object 4 using the shape
data. [00701 To be nore specific, when the object 2
hides a gun or knife that is the inspection object 4,
thermal. noises of the gun or knife are different from
thermal noi ses of the human body that is the object 2
and the detection voltages that determ ne pixel

val ues of each pixel of the captured i mage are also
di ff in Fig. &\, Hence, the thermal
noi§§%£§%?%§§ gg?e £ivon vol tages) of the object 2 and
each inspection object 4 when the object 2 hides the
i nspection object 4 are nmeasured in advance and
stored as identification data thereof in the externa
storage device 38 that is a storage unit. [0071]

Then, when the captured inage is displayed fromthe
final image data in 5210 of Fig. 4, the

identification data are used to execute a process as
the position specifying unit which specifies

positions of the object 2 and each inspection object

4 in, the captured image. In the inage areas of the
speci fied object and each inspection object 4, the
captured inmage is displayed with colors for

29



identification display which is different fromthe
typi cal gradation display based on the detection
voltages. [00 7 2] By doing so, the inmges of the
object 2 and the inspection object 4 are highlighted
on the display 35, as exenplified in Fig. GB, and the
i nspector can easily find out the inspection object 4
fromthe "3 displayed imges. 29 CLAIMS 1. A
mllimetric wave imagi ng device conprising: a lens
antenna that transmts aifl Aifpri ¢ wave radiated from
an object to form an objéct inmage using the
millinmetric wave at a predeterm ned rear position; a
pol ygon mrror that is arranged in a proximty of an

obj @Ct Al ABAi hdd {7 i vPRTlel iiﬁf‘a?ﬁntgh‘%lé@f@e Y P eisihg:
side wall thereof form ng a polyhedron around a

rotatilemsaxist@na bethg tf of MRAsafiasMmiblimtirace wave
reflecting the millinmetric wave form ng the object

radimged froaceinialg qor ttibofo t hata n edeje/ess inhege using the
mllimetric wave reflected on the mrror surface of

mit hienpdirygow anerabdra apdedettect s ia esd graf r| poelition;
thereof: a scanning unit that reflects the millinetric
wavé polygon mirror that is arranged in a proximity of

an object image forming position of the lens antenna, a

side wall thereof forming a polyhedron around a rotation

axis and being formed as a mirror surface reflecting the

millimetric wave forming the object image;

a receiving portion that receives the millimetric
wave reflected on the mirror surface of the polygon
mirror and detects a signal level thereof;

a scanning unit that reflects the millimetric wave
at each position of the object image to the receiving
portion by rotating the polygon mirror around the
central rotation axis and around an axis perpendicular
to the central rotation axis; and

an image data generating unit that generates image
data representing the object image by receiving a

detection signal from the receiving portion while driving

the polygon mirror through the scanning unit.

2. The millimetric wave imaging device according to
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at each position of the object image to the receiving
portion by rotating the polygon mrror around the
central rotation axis and around an axis perpendi cul ar
to the central rotation axis; and an i mage data
generating unit that generates inage data
representing the object imge by receiving a
detection signal fromthe receiving portion while
driving the polygon mrror through the scanning unit.

cleéib%rlzllfe.vohlf{lj&vﬁ{ertihce Y& iimgé &Ig%g?%(gﬁei sa%%ﬁfsﬂlgqgréa to be

aim reinthe rece ortion

abg]elnt{a QW £f geo ab?r%ﬁmeenﬁgi &P"%{}g([? Iﬁigrﬁﬂ%%gqgeaffaw%hose

Il metri wave ose gna evel 1s t

si%‘ﬁhQCtl%dvePant he, | RO ddale t dgnerat dNG Wei tikhanoedata
he frequency of the mllinetric wave for which the

g e heGel dMimg PaLti Nadeiestih é fﬁeﬁ%@@@ﬂcy lvehet @millimetric
generate a plurality of types of inmage data and

w asyntfasiwd ikche tiln@gee daiaihg ganeriaie demalctismage signal
data. 3. A captured inmage display device displaying on

lewel dic@eyeunitte an ¢ lmagel captaf e byst b€ imlagersiate and
wave imaging device according to claim1 or 2, the

sy saptafigd tihmgendigspldat geld cpe senmrisifgalaisiagagdata.
unit that stores shape data of an article to be
i nspected; an article recognizing unit that searches

the3i.ng(‘:"(a:aptured image display device displaying on a
display unit an image captured by the millimetric wave
imaging device according to claim 1 or 2, the captured
image display device comprising:

a storage unit that stores shape data of an article
to be inspected;

an article recognizing unit that searches the image
data generated by the millimetric wave imaging device
based on the shape data stored in the storage unit to
determine whether or not the article is included in the
captured image; and

a display control unit that, when it is determined
by the article recognizing unit that the article 1is
included in the captured image, displays the captured
image on the display unit based on the image data
generated by the millimetric wave imaging device and a

symbol mark schematically representing the article in
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data generated by the mlIlinetric wave i magi ng device
based on the shape data stored in the storage unit to
determ ne whether or not the article is included in
the captured inmage; and a display control unit that,
when it is determned by the article recognizing unit
that the article is included in the captured inage,

di spl ays the captured image on the display unit based

on the imge data generated by the niillinmetric wave
. . h
thégg?EEQaSreevd C&"H‘grtl Cfi?”’ﬁ;ghe%flﬁj% %rfgt][ 'ég@uﬁ‘mlned by

th@dr el ideds tﬁqtzﬁeg qamee@hax th%eaarrttll gbels included

recogni zi ng un e article 1s inclu

in GaPE WLt LTFRAE i nflh au&is?,rllaxyé hn BRREE e@ap%%d qrinage
the display unit. 4. A captured image di splay device

ondﬁﬁglaygpga@nualrﬁlsplay unit an i nage captured by the
mllinetric wave imaging device according to claim1l

or 2, the captured. inage display device conprising:
a storage unit that stores identification data for
spedi.f i ng petn1 nbjlecn agd dms adhiyclde Yic belisppagliag on a
from pixel values of image data generated by the
digw I 4 ymutritc a mave aigemgl ap tdevidd pasled onillharetric wave

. noises of the object_ and the article;
imaging device according to claim 1 or 2, the captured

image display device comprising:

a storage unit that stores identification data for
specifying an object and an article to be inspected from
pixel values of image data generated by the millimetric
wave 1maging device based on thermal noises of the
object and the article;

a position specifying unit that searches the image
data generated by the millimetric wave imaging device
based on the identification data stored in the storage
unit to specify positions of the object and the article in
the captured image; and

a display control unit that displays the captured
image on the display unit based on the i1image data
generated by the millimetric wave imaging device and
highlights the object and the article having the positions
specified by the position specifying unit in the displayed

image so as to distinguish the object and the article from

32



a position specifying unit that searches the inmage
data generated by the inillimatric wave i mging device
based on the identification data stored in the storage
unit to specify positions of the object and the
article in the captured image; and a di splay control
unit that displays the captured inmge on the display
unit based on the image data generated by the

inillimetric wave i magi ng device and highlights the
bj a ANNe having the positions specified
tﬂl%yéfﬁérpgglbﬁgﬁasﬁgcé ying unit in the displayed

i mge so as to distinguish the object and the article
fromthe other display areas.
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