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TECHNICAL FIELD

[0002] The present invention relates to a millimeter wave
imaging apparatus that images a subject by receiving
millimeter waveband thermal noise radiated from the

subject.

BACKGROUND ART

[0003] Conventionally, it has been proposed to image a
subject such as a human body by receiving millimeter
waveband thermal noise radiated from the subject, and
detect weapons, smuggled goods, and others concealed in
the subject from the captured image (see, for example,

Patent Documents 1 and 2).
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PRI OR ART DOCUMENTS PATENT DOCUMENTS -2- [0004] Pat ent Docunment 1: Japanese
Unexam ned Patent Application Publication No. 2003-177175 Pat ent
Docunent 2: Japanese Unexam ned Patent Application Publication No.

2008- 241352 SUMVARY OF THE | NVENTI ONPROBLEMS TO BE SOLVED BY THE | NVENTI ON
[ 0005] Because the proposed apparatusis a so-called passive inmaging
apparatus that inmages a subject by receiving mllineter waveband thernal

noi se radi ated fromthe subject, the apparatus configuration can be
sinplified as conpared with an active imgi ng apparatus that irradi ates
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Application Publication No. 2008-241352

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] Because the proposed apparatus is a so-called
passive imaging apparatus that images a subject by
receiving millimeter waveband thermal noise radiated
from the subject, the apparatus configuration can be
simplified as compared with an active imaging apparatus
that irradiates millimeter waves to a subject and images
the subject from the reflected waves.

[0006] However, such passive imaging apparatus receives
weak thermal noise (millimeter waves) radiated from a
subject and then generates a captured image of the
subject based on the received weak signals. Thus, when
external thermal noise enters a subject location region in
which the subject to be 1maged i1s located, the passive
imaging apparatus is influenced by the external thermal
noise, and is unable to successfully image the subject.

[0007] The present invention was made in view of the
above problem. One object of the present invention 1is,

in a millimeter wave imaging apparatus that images a



[ 0006] However, such passive imgi ng apparatus receives weak thermal noise
(mllimeter waves) radi ated froma subject and then generates a captured

i mge of the subject based on the received weak signals. Thus, when
external thermal noise enters a subjgﬁt | ocation region in which the
subject to be imaged is |ocated, the“passive inmaging apparatus is

i nfluenced by the external thermal noise, and is unable to successfully

i mge the subject. [0007] The present invention was nade in view of the
above problem One object of the present inventionis, inamllineter wave
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external thermal nolse that enters a location region of the subject. MEANS
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whi ch was made to achi eve the above Object provides a mllineter wave

i magi ng appar atingl €OnPEd SiHYY: externaP kRBSnadY €ABBd hehatr istdrks a _
mllimeter waveband thernmal noise radiated froma subject to forma subject

i mage gener at edobaskth eagitwe dihgiewubjecse at a predeterm ned i mage form ng
position; and
MEANS FOR SOLVING THE PROBLEMS
[0008] A first aspect of the present invention which was
made to achieve the above object provides a millimeter
wave imaging apparatus comprising:
a lens antenna that transmits millimeter waveband
thermal noise radiated from a subject to form a subject
image generated based on the thermal noise at a
predetermined image forming position; and
an 1mage data generating unit that includes a
receiving antenna for receiving the thermal noise of each
portion of the subject image formed by the lens antenna,
and generates image data of the subject based on a level
of the thermal noise received by the receiving antenna,
wherein a blocking plate that blocks passage of the
thermal noise at least in an image capturable range in
which the subject 1mage can be captured by the antenna
elements as viewed from the lens antenna 1s provided on

a side opposite to the lens antenna across a subject



an image data generating unit that includes a receiving antenna for
receiving the thernmal noi se of each portion of the subject inage fornmed by
the | ens antenna, and generates imge data of the subject based on a | evel
of the thermal noise received by the jeceiving antenna, wherein a

bl ocki ng pl ate that bl ocks passage of the thermal noise at |east in an

i mage capturable range in which the subject inmage can be captured by the
antenna el enents as viewed fromthe | ens antenna is provided on a side
opposite to the I ens antenna across a subject -4- location region in which

the subject is d i i ng,:t.he ' ., [:0009 r.di a
second gspect %¢g%ﬁé?br§%§%?l?ﬁgeﬁgP%g;1ﬁﬁp{§gbh%4ﬁi%%%%ﬁ%%ggeqﬂ%%ging
apparatus in thg fdist tRSREFSecthe bl ocking plate is nmade of metal which

can reflect the ther F n0|sé[ According to a third aspect of the

present i[pwewfion, ARcbhging! l{gTeler swayad MagpedtappRr ahds bRekBRtfirst
aspect, the blocking plate is nade of wave absorber which can absorb the

mllimeter wavebanshtibar i thel $€illirh00dH]wAseordiapdnkoappfadaitud aspect of
the present invention, in the mllinmeter wave imaging apparatus in the
third aspect, ahenfiestitaspeed) dhtel ndochihgi plptevisethavdd cof keejpal a
tenperature of the wave absorber constituting the blocking plate at
constant tenperwhicke.cqrodeileascdraithgrimmlanbise.h aspect of the present
| nvention, According to a third aspect of the present invention,

in the millimeter wave imaging apparatus in the first

aspect, the blocking plate is made of wave absorber which

can absorb the millimeter waveband thermal noise.

[0010] According to a fourth aspect of the present
invention, in the millimeter wave imaging apparatus in
the third aspect, a temperature adjusting unit is
provided which keeps a temperature of the wave
absorber constituting the blocking plate at constant
temperature.

[0011] According to a fifth aspect of the present invention,
in the millimeter wave imaging apparatus in one of the
first to fourth aspects of the present invention, a bent
portion that is bent such that a plate surface of the
blocking plate faces the lens antenna is formed at an
upper portion of the blocking plate.

[0012] According to a sixth aspect of the present invention,

in the millimeter wave imaging apparatus in one of the

first to fifth aspect, at least part of a floor between the



in the mllinmeter wave i magi ng apparatus in one of the first to fourth
aspects of the present invention, a bent portion that is bent such that a
pl ate surface of the blocking plate faces the lens antenna is fornmed at an
upper portion of the blocking plate. 0012] According to a sixth aspect of
the present invention, in the mllineter wave imagi ng apparatus in one of
the first to fifth aspect, at |east part of a floor between the -5-

bl ocki ng plate and the | ens antenna has a corrugated shape. [0013] Accordi ng
to a seventh aspect of the present invention, in the mllinmeter wave

| magi ng appar atﬂi%ck?ngr‘EJ:lecetQﬁdf thg! 1E8tsor %gﬁﬁi’%é& tQSr Jﬂg&f’e@ata

generating unit inc refl ec spos vicinity
of the image fqj ##gﬂg position of the subject imge forned by the | ens
antenna, and re ts the thermal noise form ng the subject inmge toward

the antenpgigfenentAccording to a seventh aspect of the present
invention, in the millimeter wave imaging apparatus in
one of the first to sixth aspects, the 1mage data
generating unit includes:

a reflector that is disposed in a vicinity of the image
forming position of the subject image formed by the lens
antenna, and reflects the thermal noise forming the
subject image toward the antenna elements;

a scanning unit that, by oscillating the reflector,
makes the thermal noise at each position of the subject
image enter the antenna elements; and

a control unit that, while oscillating the reflector
via the scanning unit, captures received signals from the
antenna elements and generates the image data

representing the subject image.

EFFECT OF THE INVENTION

[0014] In the millimeter wave imaging apparatus of the
first aspect, the blocking plate that blocks passage of the
thermal noise is provided on the side opposite to the lens
antenna across the subject location region in which the

subject is located upon imaging the subject.



a scanning unit that, by oscillating the reflector, makes the thermal noise
at each position of the subject imge enter the antenna el enents; and

a control unit that, while oscillating the reflector via the scanning unit,
captures received signals fromthe antenna el enents and generates the inmge
data representing the subject image. EFFECT OF THE | NVENTI ON [ 0014]In the
mllimeter wave inmagi ng apparatus of the first aspect, the bl ocking plate

t hat bl ocks passage of the thermal noise is provided on the side opposite
to the |l ens antenna across the subject |ocation region in which the subject
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lens antenna. Thus, it 1s possible to control entrance,
to the antenna elements via the lens antenna, of external
thermal noise (millimeter waves) which enters the
subject location region.

[0016] Therefore, according to the millimeter wave imaging
apparatus of the present invention, it becomes possible
to shut off unnecessary thermal noise which enters the
image capturable range from the rear of the subject by
the blocking plate. Without influence of unnecessary
thermal noise, the subject can be imaged.

[0017] Therefore, if a subject is imaged by means of a
millimeter wave imaging apparatus of the present
invention, a clear subject i1mage can be obtained.
Further, detection accuracy upon detecting weapons and
smuggled goods, and others concealed in the subject from
the captured image can be increased.

[0018] Here, the blocking plate should be able to block
unwanted thermal noise (millimeter waves). The
blocking plate, as in the invention‘of the second aspect,
may be made of metal which can reflect the thermal

noise, or, as the invention of the third aspect, may be



apparatus of the present invention, it becones possible to shut off
unnecessary thermal noise which enters the i mage capturabl e range f
rear of the subject by the blocking plate. Wthout influence of unnecessary
t he subject can be i ed. [0017] Therefore, if a subject is
i mmged by means of a millimeter wave i magi ng apparatus of the present

I nvention, a clear subject imge can be obtained. Further, detection

t her mal noi se,

accuracy upon detecting weapons and snuggl ed goods,

the subject fromthe captured i mage can be increased. [0018] Here, t

bl ocki ng plate
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[0020]
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The wave absorber has low transmittance and
reflectance and high emissivity of thermal noise.
Moreover, the higher the ambient temperature is, the
stronger the radiation of the thermal noise (millimeter
waves) is. Thus, when the blocking plate is made of
wave absorber, 1t 1s necessary to limit use conditions of
the millimeter wave imaging apparatus, for example, to
use under conditions of low ambient temperature and
small temperature change.

Therefore, when the blocking plate is made of wave
absorber, as in the invention of the fourth aspect, 1t is
desirable to provide a temperature adjusting unit that
keeps a temperature of the wave absorber constituting
the blocking plate at constant temperature. Moreover,
it is desirable to adjust the temperature to be set to a
temperature that 1s largely different from human body
temperature.

On the other hand, a metal plate has high
reflectivity and low transmittance and emissivity of
thermal noise. Moreover, a metal plate 1s hardly
affected by temperature. Thus, when the blocking plate
is made of metal, the millimeter wave imaging apparatus

can he used without limitation of use conditions.



made of wave absorber which can absorb the thermal noise. [0019] The wave
absorber has low transmttance and refl ectance and high em ssivity of

t hermal noi se. Moreover, the higher the anbient tenperature is, the
stronger the radiation of the thermal, noise (mllineter waves) is. Thus,
when the blocking plate is made of wave absorber, it is necessary to limt
use conditions of the mllinmeter wave inmagi ng apparatus, for exanple, to
use under conditions of | ow anbient tenperature and snmall tenperature
change. [0020] Therefore, when the bl ocking plate is nade of mave absor ber,

as 1t hgohoyent oAl {6, RYELD; BRRSy, 1 5a 055 pARg o mraide 2
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desirable to a st t terrperature to be set to a tenperature that is
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metal plate has high reflectivity and low transmittance and em ssivity of

thermal noi se. JlakeONBEs RotBidde Nty iBatarel bl esbesl Rlatenperature.
Thus, when the blocking plate is made of netal, the m|lineter wave i magi ng

appar atus can heetskd metshouindy miiat e df meth@ndblmatlﬂ:g Hatp0022] When
the blocking plate is nmade of netal, it is only

Alternatively, a conductive film produced by making a

metal foil or a metal mesh adhere to a synthetic resin

film may be used as the blocking plate.

[0023] On the other hand, as in the fifth aspect of the
invention, a bent portion that is bent such that a plate
surface of the blocking plate faces the lens antenna may
be formed at an upper portion of the blocking plate.

In this case, if a blockable range of the thermal
noise (millimeter waves) by the blocking plate 1s not
varied, it is possible to lower a height of the blocking
plate.

[0024] Accordingly, the fifth aspect of the invention is very
effective when the blocking plate 1is installed in a
location where there 1s a height limit.

In the meantime, when the image capturable range
contains a floor, it is conceivable that the captured image
may be distorted by the thermal noise (millimeter waves)
reflected from the floor.

[0025] In such cases, as in the sixth aspect of the invention,

at least part of the floor between the blocking plate and



necessary to block mllinmeter waveband thermal noi se received by the
antenna el enents. Thus, the bl ocking plate does not necessarily have to be
a netal plate. A netal nesh may be used as the bl ocking plate.
Alternatively, a conductive filmprogquced by making a netal foil or a netal
mesh adhere to a synthetic resin filmmy be used as the bl ocking plate.
[0023] On the other hand, as in the fifth aspect of the invention, a bent
portion that is bent such that a plate surface of the bl ocking plate faces
the |l ens antenna nay be formed at an upper portion of the blocking plate.

 ens_ant e on of the bl o
by the bl ocki nd s MaS iRt § ARG, L, (i daRAB, » A8l BARLE, 1 “or "

the bl ocking plrek eroih PORENERERNTIATLYsu il b bR 2RRES i ohBRoTIBYENT i ON i s

very effective en t Ing plate 1's insta in a location where

there is a heighiq! itFalsparency NofhaHEaRhePhmaheBisbe (nTAYEmeaRPEUr abl e
range contains a floor, it is conceivable that the captured i mage nay be
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[0025] I n such cases, as in the sixth aspect of the invention, at |east part
of the floor bankabntdde rbhockn twriplgtth camdceBring antenna from the

lens antenna.

[0026] In this way, a sharper captured image can be
obtained without being affected by the reflected waves
from the floor.

The image data generating unit may
two-dimensionally arrange a plurality of antenna
elements in an image region of the subject image to be
formed by the lens antenna, and sequentially capture an
output from each antenna element thereby to generate
image data.

[0027] However, for this purpose, a planar antenna having
a plurality of two-dimensionally arranged antenna
elements that can receive millimeter waveband thermal
noise, and a plurality of signal processing circuits to
process each received signal from each antenna element,
are required. Thereby, there 1s an increase in cost of
the millimeter wave imaging apparatus.

[0028] Therefore, as 1n the seventh aspect of the present
invention, the image data generating unit may be

constituted by a reflector, a scanning unit, and a control



the |l ens antenna may be formed into a corrugated shape. Thereby, reflection
at a surface of the floor is controlled, and transparency of the thernal
noise (mllimeter waves) is inproved so that the refl ected waves are
inhibited fromentering the receivingsantenna fromthe | ens antenna.
[0026]In this way, a sharper captured image can be obtai ned w thout being
affected by the reflected waves fromthe floor.

Thei magedat agener ati nguni t may two-di mensionally arrange a plurality of
antenna elenments in an i mage region of the subject imge to be formed by
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sevent h aspect of the present i nvention, the I mge data generating unit may
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circuit and an amplifier circuit described later) can be

reduced in number, as compared with use of a planar

antenna. Thereby, costs of the millimeter wave 1maging

apparatus can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030] FIG. 1 is a schematic diagram showing an overall

configuration of a millimeter wave imaging apparatus of
an embodiment.

FIG. 2 1is an explanatory diagram showing a
configuration of the imaging apparatus shown in FIG. 1.

FIG. 3 is a cross-sectional view showing a variation
of a floor of the millimeter wave imaging apparatus.

FIG. 4 is an explanatory view showing a
configuration example of a blocking plate using a wave

absocrber.

EXPLANATION OF REFERENCE NUMERALS
[0031] 2...subject, 4...blocking plate, 6...sheet material
(wave absorber), 8...floor material, 10...imaging

apparatus body, 12...lens antenna, 14...reflector,



-10- unit. The control unit, while oscillating the reflector via the
scanning unit, may capture the received signals fromthe antenna el enents,
and generate inage data. [0029] In other words, in this way, the antenna
el enents and the signal processing q;ﬁpuits (such as a detection circuit
and an anplifier circuit described later) can be reduced in nunber, as
conpared with use of a planar antenna. Thereby, costs of the mllineter
wave i nmagi ng apparatus can be reduced. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0030]FIG 1 is a schematic diagram showi ng an overall configuration of a

mllimeter wave §maglg, @apar ahyis koA FIDOdIIRILL  20a Pl il s an

expl anat ory di agram show ng a configurati the T magl ng apparatus shown
in FIG 1. FIG.3nignf CHOSSIASC! (PRAL WeWiAjaW NiAc¥ar katl opphea 1 oor
of the mllinmeter wave imagli ng appar at us.
device, 30...image processing apparatus, 32...face plate,
34...back plate, 35, 36...inner space, 38...blocking portion,
39...floor, 40...blocking plate body, 42...air conditioner,

44...circulation pipe.

MODE FOR CARRYING OUT THE INVENTION
[0032] Hereinafter, an embodiment of the present invention
will be described with reference to the drawings.

FIG. 1 is a schematic diagram showing a
configuration of an entire millimeter wave 1maging
apparatus to which the present invention is applied.

The millimeter wave imaging apparatus of the
present embodiment is used to check whether or not a
passenger carries hazardous materials in a concealed
manner, for example, at an airport. A passenger located
in an inspection target region, that is a target region to
dispose a subject, is referred to as a subject 2. The
millimeter wave 1maging apparatus of the present
embodiment has an imaging apparatus body 10 and a
blocking plate 4.

[0033] The imaging apparatus body 10 images the subject 2
by receiving millimeter waveband thermal noise radiated

from the subject 2.



FIG 4 is an explanatory view showi ng a configuration exanple of a bl ocking
pl ate using a wave absorber. EXPLANATI ON OF REFERENCE NUMERALS [ 0031] 2. ..
subj ect, 4...blocking plate, 6... sheet material (waveabsorber),8...
floormaterial,10... inaging apparatuigody 12. ..l ensantenna, 14... reflector,
16...actuator, 20...receivingportion, antenna el enent, 22...drive
unit, 24...input device, 26...output devi ce, 30...inage processing
apparatus, 32...face plate . back plate, 35, 36...inner space,

38. .. Dbl ocking portlon roor 40. . . bIocking pl ate body, 42. .. air

condi 1 oner A1 gyicwaik e e, NEREFOREARRLNG T THEJ MENTI
10

[ 0032] Her ei nafter, an e the p Feésent “F'nveén
to the imaging apparatus body 10 across the inspection

target region.

[0034] As shown in FIG. 2, the imaging apparatus body 10
18 provided with a lens antenna 12, a reflector 14, a
receiving portion 20 and an actuator 186,

The lens antenna 12 captures millimeter waveband
thermal noise radiated from the subject 2 located in the
inspection target region into the épparatus and forms a
subject image generated based on the thermal noise.

[0035] The reflector 14 is disposed near an image forming
position of the subject image formed by the lens antenna
12.

The receiving portion 20 receives the millimeter
waveband thermal noise reflected by the reflector 14 and
detects a signal level of the thermal noise.

[0036] The actuator 16 bidirectionally oscillates the
reflector 14 on its central axis, so that the thermal noise
in each position of the subject image enters the receiving
portion 20.

The receiving portion 20 is constituted as a line
gsensor. The line sensor is configured by arranging in a
horizontal direction a plurality of antenna elements 20a

which can receive millimeter waveband thermal noise.



wi |l be described with reference to the draw ngs. FIG 1is a
schemati c di agram showi ng a configuration of an entire mllinmeter wave

I magi ng apparatus to which the present invention is applied. The
mllimeter wave inmagi ng apparatus of.qghe present enbodinent is used to
check whet her or not a passenger carries hazardous materials in a conceal ed
manner, for exanple, at an airport. A passenger |ocated in an inspection
target region, that is a target region to dispose a subject, is referred to
as a subject 2. The mllineter wave i magi ng apparatus of the present
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[ 0033] The i magi ng apparatus body 10 i mages the subject 2 by receiving
mllimeter wavebspdseteinathadicdzoadnhtddettion tthersbly ectscin inl2-

The bl ocking plate 4 is provided on a side opposite to the imaging

appar at us body vi@rtacabgbirekéidmspecimeget fogeedr byi the [OO84]Msershawn i n
FIG 2, the imani ng appar at us b0d¥1 10 is provided with a |lens antenna 12, a
refl ector 14, al?e@aiq/imgksorthieothzgmal rrisac{wdllimaer waves) for

one horizontal line enter the line sensor in sequence.
[0038] In addition, a plurality of amplifier circuits (not
shown) and a plurality of detection circuits (diodes for
detection; not shown) are included in the receiving
portion 20. The plurality of amplifier -circuits
respectively amplify received signals from the plurality
of antenna elements 20a. The plurality of detection
circuits respectively detect the received signals from the
plurality of antenna elements 20a. The detection
signals for one line detected by the respective detection
circuits are outputted from the receiving portion 20.
[0039] Then, the detection signals are inputted to an image
processing apparatus 30 via an input device 24.
The image processing apparatus 30 is configured by
a microcomputer or the like. The image processing
apparatus 30, while driving the actuator 16 via a drive
22 to oscillate the reflector 14 and vertically scanning
the image formed by the lens antenna 12, outputs a
synchronization signal periodically to the receiving
portion 20. In addition, the image processing apparatus

30, by outputting the detection signals for one horizontal



The | ens antenna 12 captures mllinmeter waveband thermal noi se radiated
fromthe subject 2 located in the inspection target region into the
apparatus and fornms a subject inmage generated based on the thermal noise.
[0035] The reflector 14 is disposed fgar an inmage form ng position of the
subj ect image fornmed by the | ens antenna 12. The receiving portion 20
receives the mllineter waveband thermal noise reflected by the reflector
14 and detects a signal |evel of the thermal noise. [0036] The actuator 16
bidirectionally oscillates the reflector 14 on its central axis, so that

the thermal noilael 5f edehfPOmicd Pale ogualigtly FrREGCtRBL & &ilviRe
receiving portion 20. The receiving portion 20 is constituted as a

line sensor. Thgottiba sBBsoanids swanfégtindly by aatuai@inghien detvytigant al
direction a plurality of antenna el enents 20a which can receive mllineter
waveband t her nedigmailse for- 3¢ [[DQSZpTtel r bifdectgemdrhtesciibl g esdabaut t he
central axis disposed in the horizontal direction thereby to scan in a
vertical directé¢orreapondige tortimed{dynedeithags. ant enna 12, and nmake the
thermal ngise (mlljnmeter waves) for one harizontal |ine enter the line
sensor i n994&lence. Then, the image processing apparatus 30 outputs
the generated image data to an external display or
storage device via the output device 26. Thereby, the
captured 1mage which images the inspection target
region is displayed on the display, or the image data is
stored in the storage device.

[0041] Therefore, a user of the millimeter wave imaging
apparatus according to the present embodiment, by
looking at the captured image displayed on the display,
can detect that there is a person to be the subject 2 in
the inspection target region, or detect from the displayed
image that the person who is the subject 2 carries a
weapon in a concealed manner.

[0042] Further, by displaying the captured image on the
display using the image data stored in the storage device,
the user can confirm the person who has been in the
inspection target region or verify an object the person
carries.

[0043] The blocking plate 4 1is intended to inhibit

millimeter waveband thermal noise that can be received

by the receiving portion 20 of the imaging apparatus



[0038] In addition, a plurality of anplifier circuits (not shown) and a
plurality of detection circuits (diodes for detection; not shown) are
included in the receiving portion 20. The plurality of anplifier circuits
respectively anplify received signalgstromthe plurality of antenna

el ements 20a. The plurality of detection circuits respectively detect the
received signals fromthe plurality of antenna el enents 20a. The detection
signals for one Iine detected by the respective detection circuits are
outputted fromthe receiving portion 20. [0039] Then, the detection signals

are inputted toh@dyi TOUe ol ASEESIiRG 8RRAIRd MSct3OnViar 28k IrRRYbnOMd BE 24.
The i nage processing apparatus 30 is configured by a m croconputer or the
li ke. The i mageoptgidessihig Appecaioa Idrgehi regilohyi agdt HalAagivathe 16 via
a drive 22 to oscillate the reflector 14 and vertically scanning the inmage
formed by the |Ernsmal enmizellromueptesiree shechnagingt Appasiagnal body
periodically to the receiving portion 20. In addition, the inmage processing
apparatus 30, blOoutlputhengrementistroboidomerigntlhe blocking pbatechtial - 14-
line of the fornmed i mage sequentially fromthe receiving portion 20, and
sequential |y capeds iy t memphiedcmilafie sndrighs clagy tafdepbribntheriade,
generates image data corresponding to the forned i mage. [0040] Then, the

i mage processi MyPEdparatus 30 outputs the generated i mage data to an

external 98, oy OTBRRLIRY S5yt NeiQU L ey £ 20y Tnerchy, Lhe
TR At TR R Sl M
capturable range (region indicated by a dashed line in
FIG. 1) in which the subject image can be captured by
the receiving portion 20.

[0045] In addition, in the millimeter wave imaging
apparatus of the present embodiment, a distance L1
between the imaging apparatus body 10 and the blocking
plate 4 (i.e., a width of the inspection target region) is
set to be a few meters (for example, about 2.4 m).

When imaging the subject 2 by the imaging
apparatus body 10, the user makes the person who is the
subject 2 either stand near the blocking plate 4 or walk
in a vicinity of the blocking plate 4, in order to inhibit
the millimeter waveband thermal noise radiated from the
subject 2 toward the blocking plate 4 from being
reflected from the blocking plate 4 and entering the

imaging apparatus body 10.



apparatus according to the present enbodi nent, by |ooking at the captured

i mage di spl ayed on the display, can detect that there is a person to be the
subject 2 in the inspection target region, or detect fromthe displayed

i mage that the person who is the subjiygct 2 carries a weapon in a conceal ed
manner. [0042] Further, by displaying the captured i mage on the display
using the imge data stored in the storage device, the user can confirmthe
person who has been in the inspection target region or verify an object the
person carries. [0043] The blocking plate 4 is intended to inhibit

mi |1 met g0owamjeband Atshabisle, nid coar dti Aat t6 dhdenilehmiered WY vihEmhgeREVi Ng
portion 20 of the inmaging apparatus -15- body 10 fromentering the

i nspection targeppaegion §ff oheoptesiaet ehehodbpeatt, ahd dlgekinegilane and
inhibit the thermal noise fromentering the imgi ng apparatus body 10. In
the present enbbdinmelet byt henbdtedkphgtelthtes dansrafldetbyha mellamgtleat e whi ch
can reflect the thermal noise. {0044]The bl ocking plate 4, when viewed from
t he | ens waveband thermal noise is provided on the side opposite

to the imaging apparatus body 10 across the inspection

target region,

[0047] The blocking plate 4, as viewed from the lens
antenna 12 (in other words, imaging apparatus body 10),
is large enough to cover the image capturable range
(region indicated by a dashed line in FIG. 1) in which the
millimeter waveband thermal noise can be received by
the receiving portion 20. Thus, it is possible to inhibit
unnecessary thermal noise that enters the inspection
target region from outside the inspection target region
from entering the receiving portion 20 via the lens
antenna 12.

[0048] Therefore, according to the present embodiment, the
person {subject 2) in the inspection target region can be
1maged without being affected by the thermal noise that
enters from outside the inspection target region, in the
imaging apparatus body 10. A clear captured image can
be obtained.

[0049] Then, since the captured image is either displayed

on the display or stored in the storage device, the user

can accurately detect weapons, smuggled goods and



antenna 12, is set to be |arge enough to cover an inmage capturabl e range
(region indicated by a dashed line in FIG 1) in which the subject imge
can be captured by the receiving portion 20. [0045]1n addition, in the
mllimeter wave inmagi ng apparatus of_qtzhe present enbodi ment, a di stance Li
bet ween the i magi ng apparatus body 10 and the bl ocking plate 4 (i.e., a
width of the inspection target region) is set to be a few neters (for
exanpl e, about 2.4 nm. When i magi ng the subject 2 by the imging
apparatus body 10, the user makes the person who is the subject 2 either

stand near the §ilosd Bgnkbaled 4rothwekkbjde2Vigadid biPfthleheaBkaekiing pl ate
4, in order to inhibit the mllineter waveband thernal noise radiated from

the subject 2 towapd divglaledkbngtpratie 4 frombeing reflected fromthe

bl ocking plate 4 and entering the inmagi ng apparatus body 10. -16- [0046] As
above, ado0b6dilng t oHdre, micolrr expendeave ibwgregn apher aewsn©f wile peesent
enbodi nent, the blocking plate 4 nade by a netal plate that can reflect the
mllineter wavebeswribedr nal howsweeirs pt owibdaddonbehenstad diwdsi tketo the

i magi ng apparatus_body 10 across,  the inspection target region. [0047] The

bl ocki ng pl at e 9llawiygekasdribtiathe is emwianietiddd (tion biokdr emels,

i magi ng apparatus body 10), is |arge enough to cover the jnage capturable
range (region iTRPANERth0a ad4PREHICi fRNTIEEragion) | fnwhhenPErreeRt! | i met er
waveband thermal noise can be recejved by the recejving .portion 20. Thus,

it is possibIe‘FB%PﬁHFH??huHﬁﬁ%egg ¥ 9t qhe haﬁ* i d8et {h §nﬂ§?§3t£%

i nspection target. . region fromoutside the.inspection.target. . regipon from
entering the rgccoel}r\?gﬁgn@orttol S 2574 plendf| GRE ShplRiRE amit of thle

present invention. The image processing apparatus 30
corresponds to an example of the control unit of the
present invention.

[0051] An embodiment of the present invention has been
described in the above. However, the present invention
is not limited to the above embodiment, and can take
various modes within the scope not departing from the
gist of the present invention,

For example, as shown in dotted lines in FIG. 1 and
the reference numeral 4a, the blocking plate 4 may
include a bent portion 4a. The bent portion 4a is
formed by bending a plate surface at an upper portion of
the blocking plate 4 toward the subject 2.

[0052] In such cases, if a blockable range of the thermal
noise (millimeter waves) is not varied, it is possible to
lower the height of the blocking plate 4 (the height can
be as low as H1 in FIG. 1).



[ 0048] Therefore, according to the present enbodi ment, the person (subject
2) in the inspection target region can be inaged w thout being affected by
the thermal noise that enters fromoutside the inspection target region, in
the imagi ng apparatus body 10. A cl egg.captured i mage can be obtai ned.

[ 0049] Then, since the captured inmage is either displayed on the display or
stored in the storage device, the user can accurately detect weapons,
snmuggl ed goods and -17- others concealed in the subject 2, based on the
captured i mage di splayed or stored. [0050] Here, correspondence between the

terms will be descrifpathefbPURUNic bablPel 1 KR ROttt hidle tHBEAOLROW N

description is not intended to limt each conponent to a specific

configuration. blhdkiagoptsents éatieditadnid ihhe RebuadRrwh@ranthére idrive
unit 22 correspond to an exanple of the scanning unit of the present

i nvention. The ardegeghgrbeedsi ng apparatus 30 corresponds to an exanpl e of
the control unit of the present invention.

[0053] Further, in the above embodiment, the blocking
plate 4 has been described as being a metal plate.
However, since the blocking plate has to be able to block
thermal noise (millimeter waves) that enters from
outside of the inspection target region, the blocking
plate 4 may be configured using a wave absorber which
can absorb thermal noise. For example, the blocking
plate 4 may be configured by a metal mesh.
Alternatively, the blocking plate 4 may be configured by
a conductive film.

[0054)] Also, if the image capturable range by the imaging
apparatus body 10 includes a floor, it is conceivable that
the captured image may be distorted by the thermal
noise (millimeter waves) reflected from the floor.

Therefore, as shown in FIG. 3, on the floor where
the subject 2 is disposed during imaging of the subject 2,
a sheet material 6 obtained by mixing ferrite or the like,
which is a wave absorber, may be laid, and a floor
member 8 for reinforcement may be provided thereon.

[0055] The floor member 8 may be made of synthetic resin

which can transmit thermal noise (millimeter waves).

Nevertheless, it 1s desirable that a surface of the floor



[ 0051] An enbodi ment of the present invention has been described in the
above. However, the present invention is not limted to the above

enbodi ment, and can take various nodes within the scope not departing from
the gist of the present invention. _qg9. For exanple, as shown in dotted
lines in FIG 1 and the reference nuneral 4a, the blocking plate 4 may

i nclude a bent portion 4a. The bent portion 4a is fornmed by bending a plate
surface at an upper portion of the blocking plate 4 toward the subject 2.
[0052] In such cases, if a blockable range of the thermal noise (mllineter

waves) is not v@cieBerid hsh BOSAIPfod %ﬂ%né@@ fb@hﬂm b3f s haupb@cki ng
plate 4 (the height can be as low as Hl in Ther ef or e,

this feature i scoreniggfibacpryasiag.t he bIocklng plate 4 is installed in a
| ocation where there is a height imt. [0053]Further, in the above

enbodi mej0056he bl obiki tlyiplahg, binae hefheadsar bbethasthermglanwtal plate.
However, since the blocking plate has to be able to bl ock thermal noise
(nllllneter waviesillimateerwerss) rionmouidsi derface e thepobromeabget
region, the blocking plate 4 may be configured u5|n% a wave absorber which
can absorb therfals nmsimieolizgd, dtampl ossiulepltockindgbpt atlee 4reflgched
configured by a netal nesh. Alternatively, the blocking plate_4 nmay be
configured by ava¥RAudFPPe gnteRing the imaging apparatus body 10,

Such floor can also serve as a slip resistance for the
subject.

[0057] When a radio wave absorber is used for the floor
and the blocking plate, it is desirable to maintain
constant temperature and humidity, because the radio
wave absorber changes its characteristics depending on
temperature and humidity.

Therefore, as shown in FIG. 4, upon forming the
floor and the blocking plate using a radio wave absorber,
it 1s preferable to constitute a blocking plate body 40
having an internal space 36 created by a face plate 32,
and a back plate 34, the face plate 32 having stacked
sheet materials 6 made of radio wave absorber on a rear
surface, so that conditioned air having constant
temperature and constant humidity is sent from an air
conditioner 42 to the internal space 36.

[0058] In that case, it is preferable that a temperature of
the conditioned air is set to be a temperature that is

largely different from body temperature.



[ 0054] Al so, if the inage capturable range by the imagi ng apparatus body 10
i ncludes a floor, it is conceivable that the captured i mage nay be
distorted by the thermal noise (mllinmeter waves) reflected fromthe floor.
Therefore, as shown in FIG 3, on thegtl oor where the subject 2 is disposed
during imging of the subject 2, a sheet material 6 obtained by m xing
ferrite or the like, which is a wave absorber, nmay be laid, and a fl oor
menber 8 for reinforcenent may be provided thereon. [0055] The fl oor
menber 8 nmay be made of synthetic resin which can transmt thermal noise

(millimeter waves). iNeverieldssking pratdebbagbhe ihatidassHbt anyoh the
floor -19- nenber 8 has corrugated unevenness forned by so-calléd

corrugation probkeding pod@5Hl | 88t Hispowwd 0 née rebiresti gite afukfigtt her nal
noise (mllinmeter waves) fromthe surface of the floor nenber 8 is
controlled, it butpoddobt gpdrtibnhBBi bnt wehichf thet edbyestess fdpoanridri ng t he
| mgi ng apparatus body 10. Such floor can also serve as a slip resistance
for the subj ectth§adarhwwmeaar belva padecaisos betioins agsdo war 11 HEIG oor

4. The air conditioner 42 is placed on a floor on which

the blocking plate body 40 is installed, and supplies

conditioned air to inside the blocking plate body 40 from

a rear lower end of the blocking plate body 40.

Accordingly, conditioned air 1s supplied to an internal

space 35 of the floor portion 39 and the internal space 36

of the blocking portion 38 of the blocking plate body 40

at the same time.

[G059] Then, conditioned air supplied to the blocking

portion 38 of the blocking plate body 40 is returned to

the air conditioner 42 via a circulation pipe 44 from an

upper end side of the blocking portion 38. After

temperature and humidity are readjusted by the air

conditioner 42, the returned conditioned air is again sent

to the blocking plate body 40.

[0060] In this manner, by constituting the blocking plate

by the blocking plate body 40 having the internal space

36 and the air conditioner 42 which supplies conditioned

air to the internal space 36, temperature and humidity of

the sheet material 6 made of wave absorber and provided

in the blocking plate body 40 can be kept constant. As a



and the blocking plate, it is desirable to maintain constant tenperature
and hum dity, because the radi o wave absorber changes its characteristics
dependi ng on tenperature and hum dity. Therefore, as shown in FIG 4,
upon formng the floor and the bl ockipag pl ate using a radi o wave absorber,
it is preferable to constitute a bl ocking plate body 40 having an internal
space 36 created by a face plate 32, and a back plate 34, the face plate 32
havi ng stacked sheet materials 6 nade of radi o wave absorber on a rear
surface, so that conditioned air having constant tenperature and constant

hum dity is senteddleMadnigidg€eagituiredehy 4hd PridBnignhepRdla tsRAGEIFO-
[0058]In that case, It is preferable that a tenperature of the conditioned

air is set to be0aarehpesktaired hata issabdé gahyndid f erent from body
tenperature. -20- Here, the bl ocking plate body 40 includes not only
a bl ocki n§0editi on BB diddptiwed ib ishereéeralolfe tthe usebjaeplabathavihgor
portion 39 on which the subject is disposed, thereby having a L-shaped
cross section deighdwansmAt@nce ofheidlimetewiwavaefort 2hies hibakedgon a

fl oor on which the blocking plate body 40 is installed, and supplies

condi ti oned ai rP@F1pAsP At hs betke pdape at% obddye fl@ofrr partionedP. | ower end
of the bl ocking plake bgdy 40.. A cordiq&%y conditioned air is supplied to
an internal space 3BUdtheRe if|Goregbrak thgtaﬁ@et%ﬂ¥ﬁ%ﬂﬁepﬁdﬂ“%§a§@ 36 of

t he bl ocki ng porti,on of .t he bl acki ng pl at.e bo 40 at the sane tine.

[ 0059] Then, coﬂH@ﬁFongg alt éﬁﬁ%lﬂiﬂoYolﬁ 18Poc%¥nggaﬁorPP5ﬁu§Bt% t he
bl ocki ng pl ate i etfurned tq thenaiyr conditioner 42 via a
circul ation pi p@‘g%eﬁ%}g%@aﬁoﬁéﬁg %é/néms"f%llelegf CORLUBREEGR n%r(b%ffstsilﬁlﬁ’?)&
After tenperatu e aRd,hyy ey are readjusted by the air conditioner 42,
t he returned condftig%egﬁggng;ﬁagain sent to the bl ocking plate body 40.

[ 0060] I n[bbe2]ManneFurbd e8ONSt Y 141+ Y2 A9e I @iment, it is
described that the receiving portion 20 which receives
thermal noise is configured as a line sensor having
antenna elements arranged in a row, and the reflector 14
1s vertically oscillated (scanned) via the actuator 16,
thereby to capture an image of the subject 2. However,
for example, if the actuator 16 is configured to be able to
oscillate the reflector 14 (scan) both horizontally and
vertically, the receiving portion 20 can be configured by
a single antenna element.

[0063] If the receiving portion 20 is configured as, for
example, a two-dimensional sensor (plane antenna, in
other words) having a plurality of antenna elements
arranged on a flat surface, an image of the subject 2 can
be captured without using the reflector 14 and the

actuator 16 for scanning.



by the bl ocking plate body 40 having the internal space 36 and the air
condi ti oner 42 which supplies conditioned air to the internal space 36,
tenperature and hum dity of the sheet material 6 nmade of wave absorber and
provided in the blocking plate body 49.can be kept constant. As a -21-
result, an imge captured by the imgi ng apparatus body 10 can be obtai ned
in a stable manner. [0061]1In addition, it is preferable to use a plate
havi ng high transmttance of mllinmeter wave for the bl ocking portion 38
and the face plate 32 of the floor portion 39. Further, it is
desirabl qooigat] the awrfage ge t hpdace dihBbaidk R, the fdaliqal tiggn 39 has
corrugat ed unevenness fornmed by so-called corrugation processing, as shown
in FIG 3. [006g}dwirding .the Bhekibheverldescu bed ioH106i MBAheckekshey
described that the receiving portion 20 which receives thermal noise is
configured as atHémmadensdse havimmgeantenna ghenentenaar abgeckr vy £orow, and
the reflector 14 is vertically oscillated (scanned) via the actuator 16,
thereby to capttlrermanli magee ofletdtisubjcaat 1 #Hopkieal tof ar dotnyilien if the
actuator 16 is configured to be able to oscillate the reflector 14 (scan)
bot h hori zont al2§pandtyedpirdanman wedecétmivi ng portion 20 can be
configured by a single antenna elenent. [0063]If the receiving portion 20
is configured as, for



exanpl e, a two-dinensional sensor (plane antenna, in other words) having a
plurality of antenna el enents arranged on a flat surface, an imge of the
subj ect 2 can be captured without using the reflector 14 and the actuator
16 for scanning. -22- [0064]As in thg. above enbodi nent, a techni que of
providing the blocking plate 4 to inhibit unnecessary thermal noise from
entering the antenna el enents for thermal noise detection can be applied to
a detection apparatus for human detection. -23- CLAIM 1. A
mllinmeter wave i magi ng apparatus conpri sing: a |l ens antenna that
transmts mllinmeter waveband theraAreise radiated froma subject to form
a subj ect inmage generated based on the thermal noise at a predeterm ned

i mage form ng position; and

1. A millimeter wave imaging apparatus comprising:

a lens antenna that transmits millimeter waveband
thermal noise radiated from a subject to form a subject image
generated based on the thermal noise at a predetermined image
forming position; and

an 1image data generating unit that includes a receiving
antenna for receiving the thermal noise of each portion of the
subject image formed by the lens antenna, and generates image
data of the subject based on a level of the thermal noise
received by the receiving antenna,

wherein a blocking plate that blocks passage of the
thermal noise at least in an image capturable range in which
the subject image can be captured by the antenna elements as
viewed from the lens antenna is provided on a side opposite to
the lens antenna across a subject location region in which the

subject 1s located upon 1maging the subject.

2. The millimeter wave imaging apparatus according to
claim 1, wherein the blocking plate 1s made of metal which can

reflect the thermal noise.

3. The millimeter wave imaging apparatus according to

claim 1, wherein the blocking plate is made of wave absorber



an image data generating unit that includes a receiving antenna for
receiving the thernmal noi se of each portion of the subject inage fornmed by
the | ens antenna, and generates imge data of the subject based on a | evel
of the thermal noise received by theagecei ving antenna, wherein a
bl ocki ng pl ate that bl ocks passage of the thermal noise at |east in an

i mage capturable range in which the subject inmage can be captured by the
antenna el enents as viewed fromthe | ens antenna is provided on a side
opposite to the I ens antenna across a subject |ocation region in which the
subj ect iwhideataed abporbi the@imillifetsubyeetband therm&l dbisgn | i meter wave
i magi ng apparatus according to claiml, wherein the blocking plate is nade
of metal which can reflect the thermal noise. 3. The mllineter
wave imagi ng apparatus according to claim1l, wherein the blocking plate is
made of wave abisor Bére mdimeherhwasn abagibgt Ap pairkltiises ecovdnghand

t hermal nqi se. 4. The mllineter wave imagi ng apparatus according
to cl ai mB3alphe? ei Wheredhpay stampegatuzei mgliusting s upridviidep ranidhdkeeps a
tenperaturg. f the wave absorber conﬁtituting t he bl ocking plate at
constant ¥ h‘gér]é?%l?’%.a temperagurengl pthe  wayer ahgpabieragpngtidpsingt us
accor di ng tobis)nel?.of clains 1 to 4, wherein a bent portion that is bent such
that a plattePiF i Pipte i 6P RRIE MY LAPR '3 WS the | ens antenna is forned
at an upper portion of the blocking plate. 6. The mllineter wave

i magi ng apparatus according to one of clains 1 to 5, wherein at |east part

of a floor bet yeenrifie bhifkbpg: RkaLE ARG AGDR-rARhEnDAMAfing 597 Tugat ed

shape.
one of claims 1 to 4, wherein a bent portion that is bent such

that a plate surface of the blocking plate faces the lens antenna

1s formed at an upper portion of the blocking plate.

6. The millimeter wave imaging apparatus according to
one of claims 1 to 5, wherein at least part of a floor between the

blocking plate and the lens antenna has a corrugated shape.

7. The millimeter wave imaging apparatus according to
one of claims 1 to 6,
wherein the image data generating unit includes:

a reflector that is disposed in a vicinity of the
image forming position of the subject image formed by the lens
antenna, and reflects the thermal noise forming the subject
image toward the antenna elements;

a scanning unit that, by oscillating the reflector,

makes thermal noise at each position of the subject image enter



7. The mllinmeter wave inmagi ng apparatus according to one of clains 1 to 6,
wherein the i mage data generating unit includes: a reflector
that is disposed in a vicinity of the inage form ng position of the subject
i mge forned by the | ens antenna, angsceflects the thermal noise formng
the subject imge toward the antenna el enents; a scanning
unit that, by oscillating the reflector, makes thermal noise at each
position of the subject inage enter -25- the antenna el enents; and
a control unit that, while oscillating the reflector via the scanning unit,
capt ur es theceintednsi ghahenftsomridie antenna el ements and generates the inage
data representing the subject inage.

a control unit that, while oscillating the reflector

via the scanning_unit, captures received signals from the
antenna elements and generates the image data representing

the subject image.



