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CROSS REFERENCE TO RELATED APPLICATION

[0001] The present international application claims the
benefit of Japanese Patent Application No. 2009-284080
filed on December 15, 2009 at Japanese Patent Office,
and the entire disclosure of the Japanese Patent
Application No. 2009-284080 is incorporated herein by
reference.
TECHNICAL FIELD

[0002] The present invention is related to a millimeter
wave imaging apparatus that receives millimeter waves

emitted from a subject and takes an image of the subject.

BACKGROUND ART

[0003] Recently, it has been proposed to receive millimeter
waves emitted from a subject such as a human body,
thereby to image the subject and detect
metallic/non-metallic weapons or smuggled goods hidden
in the subject from the captured image (see Patent
Documents 1, 2).

[0004] In this type of technique, a subject image is

generated by using the circumstance, wherein signal



waves emtted froma subject such as a human body, thereby to inmage the
subj ect and detect netallic/non-netallic weapons or snuggl ed goods hi dden
in the subject fromthe captured i mage (see Patent Docunments 1, 2),
[0004] In this type of technique, a subject inage is generated by using the
circunstance, wherein signal levels of the emtted mllineter waves are
different between in the area of the human body, designated as the subject,
and in the other area, so as to arrange pixels shown according to conmponent
val ues (such as hue, intensity, saturation and so on) obtai ned
corresponding to the signal levels. PRIOR ART DOCUMENTS PATENT DOCUVMENTS

[ 0005] Pat ent Dodewelt df tbwexemitted Japdimsterravenes are different

between in the area of the human body, designated as
the subject, and in the other area, so as to arrange pixels
shown according to component values (such as hue,
intensity, saturation and so on) obtained corresponding

to the signal levels.

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0005] Patent Document 1: Unexamined Japanese Patent
Publication No. 2006-258496
Patent Document 2: Japanese Patent No. 2788519

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] In a millimeter wave imaging apparatus in which a
subject image is generated by using a plurality of
millimeter wave sensors as described above, when the
temperature in the viewing area designated as the
viewing target changes, the contrast between the pixels
in the image cannot be appropriately maintained, and a
clear image cannot to be obtained in some cases.

[0007] For example, in a case wherein the temperature in
the viewing area increases, the signal levels of the

millimeter waves, emitted in the form of thermal noise,



Publ i cati on No, 2006-258496 Patent Docunment 2: Japanese Patent No. 2788519
SUMMARY COF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON [0006] In
a mllimeter wave i magi ng apparatus in which a subject inage is generated
by using a plurality of mllineter wave sensors as descri bed above, when
the tenperature in the viewi ng area designated as the view ng target
changes, the contrast between the pixels in the i nage cannot be
appropriately nmaintained, and a clear imge cannot to be obtained in sone
cases. [0007] For exanple, in a ease wherein the tenperature in the
viewi ng area increases, the signal levels of the mllinmeter waves, emtted

et orm of DGR | RS, e STBeh 8t B SRR | B V1
case, when the I'@ér%t‘%é”%ilﬁ%@ﬁﬁ'eswEQes%%s%¥§e@ﬁmﬂmPIdeJe%%trﬁé)n val ues

fromthe respective mllinmeter wave sensors also becone large, and the
respective pi xelaggnpohenirds defegrwhaadtie cimdpag hiord hese dekees i on

val ues, all becone the maxi mum (or m ni nun) val ues, Therefore, the contrast
bet ween t he pi xe¢twei extheti rtdige dedneidpnheadaent fiomedthe respective
millimeter wave sensors also become large, and the
respective pixel components, determined according to
these detection values, all become the maximum (or
minimum) values. Therefore, the contrast between the
pixels in the image cannot be maintained.
[0008] The present invention is made so as to solve such
problem. The purpose of the invention is to provide a
technique so as to generate a subject image in which the
contrast between pixels is appropriately maintained,

irrespective of the temperature change in the viewing

area.

MEANS FOR SOLVING THE PROBLEM

[0009] A first aspect of the present invention for solving
the above-described problem provides a millimeter wave
imaging apparatus including: a lens antenna that
captures millimeter waves and forms a subject image,
the millimeter waves being emitted from an viewing area
in regard to the viewing area, which is designated as a
viewing target, and includes an emitter disposed in one

portion thereof so as to emit the millimeter waves to be



[ 0008] The present invention is nmade so as to solve such problem The
purpose of the invention is to provide a technique so as to generate a
subj ect image in which the contrast between pixels is appropriately
mai nt ai ned, irrespective of the tenperature change in the view ng rea,
MEANS FOR SOLVI NG THE PROBLEM [ 0009] A first aspect of the present invention
-for solving the above-described problemprovides a mllinmeter wave i mging
apparatus including: a lens antenna that captures mllinmeter waves and
forns a subject image, the mllinmeter waves being emtted froman view ng
area in regard to the viewing area, which is designated as a view ng
target, and incldedésnatecdnmist er réfeposed ian ronldimetelt onavhersesBoso as to
emt the mllineter waves to he _designated as a reference;.,a mllineter
wave sensor gr o@FoPRathat igswarsititnted wilth mere thiagh oBRemillimetefer wave
sensors, disposed in an inmage,t .area in whi CM h%aén' "EQEF r waves
the m

captured by the WEhs SHtEHRa fib%ﬂngte e '‘Sustect™PrEge’ a i met er
wave sensors each, Qul Pl Sy A1HRLRGE %%@e%%d{%lﬁ%ﬂrﬁlﬂﬁ'édﬂerﬁ% s Rténshgnal |evel

of the mlIlineter wave received thereby; an i1 nmage form ng device that

generates the sybj@Cthé mRAFect OmIBE, omd hdebasllimefet hea detseatsoon val ue
outputted fromeach of the nore than one mllineter wave sensors, and by
arrangi ng pi xel sachachtiaid ngdateadnponeduecernrespondimg troa t+igndet ecti on
val ue; a correction value setting device that sets a correction value for
the respective APYE} Rbtidie Wpild RehfdoPave Receiye e&‘? Wattie!™@fhg an error

bet ween a det ect. on.val ue,. det.ected_b refer 1.1 | 1 et yaye sensor
desi gnat ed anon O{Wénﬁnﬁal%v’tcﬁa h%tn eﬁl’leﬁ’llense'?{elre ﬁn%gc?ellr%% S g(% as to receive

the mllinmeter waves.em disedr ih@mit N8 tdflue 80GpatRIeIRS Al Bhoed
reference detection value; and a detection value correcting device that

corrects the detogcth®nmyat uch et @cé edillymeaeh whve heemsrre, tduad one
mllineter wave sensors by the correction value set by the correction val ue
setting, devicearpanging@iketheddnhevinga somnoctentnigfeepepReimed by t he
i mage form ng devi che. ) . : .

to the detection value; a correction value setting device

that sets a correction value for the respective millimeter

wave sensors, the correction value being an error

between a detection value, detected by a reference
millimeter wave sensor designated among the more than

one millimeter wave sensors so as to receive the
millimeter waves emitted from the emitter, and a
predetermined reference detection value; and a detection

value correcting device that corrects the detection value

detected by each of the more than one millimeter wave

sensors by the correction value set by the correction

value setting device, prior to formation of the subject

image performed by the image forming device.

[0010] In this configuration, in order to correct respective



In this configuration, in order to correct respective detection values of
the nore than one mllinmeter wave sensors, since the correction value is
the error between the detection value of the reference mllineter wave
sensor and the reference detection value, the correction value is added to
or subtracted fromthe detection values so that the error is cancel ed out.
00i Moreover, "the reference detection valuethis configuration is preferably
a detection value of the reference mllinmeter wave sensor which is set
while thermai noise is sufficiently small. In this case, the detection

val ue, obtained in a state while the contrast between pixels is

appropri at el . ned, th f det ect lu
[00121Furthe¥nga%ﬂ“%ﬁ?§ Vg %%$8 CQh%é§8£$| %ggﬁﬁéﬁnﬁg Ioge%X€%Y%e set in

attor case, o LoRTuran o RRar 3‘3"%%‘3"%‘%%?%%%’%2*‘”’* e for
pect may
exanpl e, adopt e%e[@@ﬂ&]ﬂ_@ﬁ %Ilherratefhyvameh:eﬁ@é Néh iANRRE Rlrl Sy /L€ OF dl ng to
sensor and the reference detection value, the correction
value is added to or subtracted from the detection values
so that the error is canceled out.

f0011] Moreover, “the reference detection value” in this
configuration is preferably a detection value of the
reference millimeter wave sensor which is set while
thermal noise is sufficiently small. In this case, the
detection value, obtained in a state while the contrast
between pixels is appropriately maintained, becomes
“the reference detection value”.

[0012] Furthermore, this “reference detection value” may
be a value set in advance, or alternatively be a value
which 1is voluntarily set. For the latter case, a
configuration according to a second aspect may be, for
example, adopted.

[0013] The millimeter wave imaging apparatus according to
a second aspect of the present invention further includes
a reference setting device that sets the detection value,
detected by the reference millimeter wave sensor at a
predetermined timing, as the reference detection value.
The correction value setting device sets the error

between the detection value detected by the reference



a second aspect of the present invention further includes a reference
setting device that sets the detection value, detected by the reference
mllimeter wave sensor at a predetermned timng, as the reference
detection value. The correction value setting device sets the error between
the detection value detected by the reference mllineter wave sensor and
the re e.nce detection value, set by the reference setting device, as the
correction value for the respective mllinmeter wave sensors. [0014]"The
predeterm ned” in this configuration any timng. For exanple,
timng when a user perforns a specific operation, or timng when the

ter wave i magi ngndppaettuwdve senseredndnthé mafineqcesdetdction edlney be

adopt ed. [0015] Moreover, i neaghof theabave- %re%(cri bed C%nfi gurations, the
mllimeter wave S§én§é§r theotipteheyche SEEHEl idF¥ies: v dheeREBFECHPRY i n whi ch
a plurality of the mJdlineter wave sensor re disposed in a matrix state.
Al ternati vgl Y, é’aﬁnuﬁ i°fet er r%\%?/eeCt Y%énizg]rﬁ%%r PRy pﬁecrhsoénspl urality of

mllimetenoyaus sensqns iprdliciReafdcdn tPRenk? N Y REnRIARLEN
may be at any timing. For example, timing when a user
performs a specific operation, or timing when the
millimeter wave imaging apparatus is started and
imaging is initiated may be adopted.

[0015] Moreover, in each of the above-described
configurations, the millimeter wave sensor group may be
a millimeter wave sensor alley in which a plurality of
the millimeter wave sensors are disposed in a matrix
state. Alternatively, a millimeter wave line sensor, in
which a plurality of millimeter wave sensors is disposed
in one line, may be adopted.

[00186] In order to adopt the line sensor as the millimeter
wave sensor group, the each of the above-described
configurations may be arranged according to a third
configuration (third aspect).

The millimeter wave sensor group provided in the
millimeter wave imaging apparatus according to a third
aspect of the present invention is constituted as a line
sensor in which a plurality of millimeter wave sensors is
disposed in one line in the image forming area, and which

outputs the detection values for forming one line of the



[0016] I n order to adopt the line sensor as the mllinmeter wave sensor
group, the each of the above-described configurations may be arranged
according to a third configuration (third aspect). The mllineter
wave sensor gioup provided in the mllineter wave inmagi ng apparatus
according to a third aspect of the present invention is constituted as a
line sensor in which a plurality of mllinmeter wave sensors is disposed in
one line in the imge form ng area, and which outputs the detection val ues
for formng one line of the subject Emage detected fromthe mllineter
waves received by the mllinmeter wave sensors. [0017] Moreover, the

mllimeter vave luaglng appar of s aceordhog 1ot heshbhidepsnogt of the

. . 1
present inventi oLrPJFu t her eés!"are or having aref 1 on surface

that reflects the.mdd HTRHL AYESe CAPHWAVRIsdYsdfde | ens antenna so as to
guide the mllinmeter waves to the mllineter wave sensor group; and a

reflecti opp@ngl e changicdyedewihee rhiidimeonseeuttvemhy gthangepaaated | ecti on
angle of the reflection surface and displaces the inmage form ng area of the
subj ect image, tochslihgr redtlby tHhedniekbeaetdr thavesesedt cavedtn t he
reflection surffce of the reflector alogg a direction jntersecting a
direction in whierherelmlvdesetaralbrrd ot haping gr deliesiaedurdacs hat the

mllimeter wave,sensor., group sequentially out t, of ,de i on val ues
for a line of pﬁ%agﬁﬁ&eg’fsiﬁﬁegénﬂ ll%ﬁa%:ro%f ‘é?o%%%g’tﬁgéghbeyrt_eh% té%?% on angle
of the reflectigp;synfacs, »3s tdel:8GHEORheV A HESMEMr OPGvebi Be Phethe

subj ect image. [0018] Every tine when the set of detection values is

millimeter wave sensor group; and a reflection angle
changing device that consecutively changes a reflection
angle of the reflection surface and displaces the image
forming area of the subject image, to be formed by the
millimeter waves reflected by the reflection surface of
the reflector, along a direction intersecting a direction in
which the millimeter wave sensors are disposed, so that
the millimeter wave sensor group sequentially outputs a
set of detection values for a line of the subject image
which corresponds to the reflection angle of the
reflection surface, as detection values for one line of the
subject image.

[0018] Every time when the set of detection values is
outputted from the millimeter wave sensor group, the
image forming device generates one line of the subject
image, in which pixels, having parameters corresponding
to the respective detection values in the set of detection

values, are arranged in one line,



outputted fromthe mllinmeter wave sensor group, the inmage form ng device
generates one |line of the subject imgo, in which pixels, having paraneters
corresponding to the respective detection values in the set of detection
val ues, are arranged in one line, [0019]In addition, a fourth aspect of
t he present inventinn for solving the above-descri bed probl em provides a
mllimeter wave i magi ng systemincluding an emtter disposed in an area
designated as a viewing target (viewing area), and emts a mllinmeter wave,
to be designated as a reference, in one portion of the view ng area; and
the mllinmeter wave i magi ng apparatus according to one of the
above- des¢f0bed aspdat sdd{t0620pMrwedhhen spedteofhe treresienttimventcomt i gur ati on
may preferably nmade by, as set forth in a fifth aspect of the present
i nvention, a thé??ralsoi:‘ﬂinge slotir adovieategibeat @@E%mnapr%ﬁ@é td he
designated as a rﬁierence, or q%%a wave absor Furthernore, in
ct i eds

b .
order to solve th %%W Proot it lg{cb‘b‘#]at}ﬁ:t Rat P \'}f"]ﬂes.
i nstructions for eigsﬂge;élﬂb&gnﬁsaﬁ' 'a{taeagicgefs}\ggme&qugpaedvﬂeoﬁhge thegRecti ve

configurations ed above aspect of the preSent rnvention)
nmay be provided(viQ@Pdld | rd:H),t anie aptiegd dhaiillikeerdroueadescid bed program

' designated as a reference, in one portion of the viewing
area; and the millimeter wave 1maging apparatus
according to one of the above-described aspects.

[0020] Moreover, the emitter in this configuration may
preferably made by, as set forth in a fifth aspect of the
present invention, a thermal noise source that generates
thermal noise to be designated as a reference, or by a
wave absorber.

Furthermore, in order to solve the above-described
problem, a program that provides 1instructions for
working as all the devices equipped in the respective
configurations described above (a sixth aspect of the
present invention) may be provided.

[0021] It is to be noted that the above-described program is
constituted with sequences of instructions in which
instructions suitable for processing by a computer
system are arranged in orders, and is provided to the
millimeter imaging apparatus or users thereof via

various recording media or communication lines.



constituted wth sequences of instructions in which instructions suitable
for processing by a conputer systemare arranged in orders, and is provided
to the mllinmeter inmaging apparatus or users thereof via various recording
medi a or communi cation |ines, EFFECT OF THE | NVENTI ON In the
mllimeter wave inmagi ng apparatus according to each of the above-described
configurations, mllineter waves emtted fromthe emtter are received by
the reference mllinmeter wave sensor, and the error between the detection
value of this reference mllinmeter wave sensor and the reference detection
value is designated as the correction value so as to correct the detection

values of the r ctiv ] i Ve sensors. Since the emtter is

di sposed in thﬁé%%hﬁg%ﬁimNMt mllimeter waves desi ghated as
t he referﬁﬂf%z if, r.,ex l. the tenperature of the view ng. are

i ncreases: é ther%gﬁh%oﬁgglgﬁﬂfféﬁggg]‘ & H%iﬁ%g%%%?us Veg ASo becones

l'arge, which, ip LUER oMBKESHR-HELEGHIEAN Yl rQfidie 4 B Bhepee
mllimeter wave sensor becones |arge, [0023] In. other words, the error

bet ween t he det eatviean evaityed ofrdhe thef enehcer makti met&vedas; sgnsor and the
reference detection value fluctuates according to the change of the
tenperature in t¢fergheqimglameser Pheyefsoneor indhtheetract it wedues of the

respective titer wave sensor re corrected by using this error as
the correction {f udetachirn nY?%@é&%eﬁe epRe MEhPStEtedr & &Hange in the
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the correction value so as to correct the detection values
of the respective millimeter wave sensors. Since the
emitter is disposed in the viewing area so as to emit
millimeter waves designated as the reference, if, for
example, the temperature of the viewing are increases,
the thermal noise emitted as the millimeter waves also
becomes large, which, in turn, makes the detection value
of the reference millimeter wave sensor becomes large.

[0023] In other words, the error between the detection
value of the reference millimeter wave sensor and the
reference detection value fluctuates according to the
change of the temperature in the viewing area.
Therefore, if the detection values of the respective
millimeter wave sensors are corrected by using this error
as the correction value, the influence caused by the
temperature change in the viewing area can be removed

from the respective detection values.

[0024] Even in a case, for example, wherein the



tenperature in the viewing area increases and the pixel conponents, which
are determ ned according to the detection values of the respective
mllimeter wave sensors, all indicate the maxi num val ues (or the mninmm
val ues), since the error, obtained according to the tenperature change, is
subtracted from (or added to) these conponents, the conponents therefore

i ndi cate normal detection values. [0026]1f the subject imge is generated
based on the detection values corrected as above, irrespective of the
tenperature change in the view ng area, the contrast between the pixels can
he appropriately maintained and a clear subject inage can be obtai ned.

[ 0026] Mor eover, tempdratabevier drscvicvwead gsecondnaspasts amhethefmmxehce
detection value designated as a reference for setting the correction val ue
may be set at amosviEemerpsedetkich nate t deteynimedr ecepeding thetBet ection
val ue of the reference mlljnet e sensor is set.ngs t.he reference

det ection val ue.‘iﬁI‘iPF@OPhe"il . (rarﬁf\llj\? e FESRECHVEW Y .Fbezfeirs_"gﬁy?i ciently
| ow, the detect |S%_gsxgé ue IObf@digggeW”c%%t ede}itirg,gl%ﬁal Vm%gt i tigd as the

) . 1 h
mllinmter waves i's snal fl can Set as erence ction val ue.

BRI EF DESCRI PTI QN {30 JHE vREAVENGI n c2 0024 Wrir@r, dbtSird dlaeekrdinggtam show ng

an entire
the temperature change, is subtracted from (or added to)

these components, the components therefore indicate
normal detection values.

[0025] If the subject image is generated based on the
detection values corrected as above, irrespective of the
temperature change in the viewing area, the contrast
between the pixels can be appropriately maintained and
a clear subject image can be obtained.

10026] Moreover, in the above-described second aspect, the
reference detection value designated as a reference for
setting the correction value may be set at an every
predetermined timing. Therefore, if the detection value
of the reference millimeter wave sensor is set as the
reference detection value while the temperature in the
viewing area is sufficiently low, the detection value,
obtained when the thermal noise emitted as the
millimeter waves is small, can be set as the reference

detection value.

BRIEF DESCRIPTION OF THE DRAWINGS
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structure of a mllineter wave inmagi ng appar at us; Fig. 2 is a block

di agram showi ng a structure of a mllineter wave sensor constituting a line
sensor; Fig, 3 is a flowhart explaining an inagi ng process accordi ng
to a first enbodi nent; Fig. 4 is a viewshowng a state according to

t he enbodi nent, wherein mllineter waves, emtted froma mllineter wave
emtting portion, are reflected at a reflector; Fig, 5is a flowhart

expl ai ni ngi magi ng process according to a second enbodi nent; and Fig, 6
is a view showing a state according to the second enbodi nent, wherein
mllinmeter waves emtted froma mllinmeter wave emtting portion are

reflect ed[(%z’?] refl %(lzé.or EXPLANA I qc\l %:Jag'?a':%RENﬁEwng an entlre

structure of a millimeter wave imaging apparatus;

Fig. 2 is a block diagram showing a structure of a
millimeter wave sensor constituting a line sensor;

Fig. 3 is a flowchart explaining an imaging process
according to a first embodiment;

Fig. 4 is a view showing a state according to the first
embodiment, wherein millimeter waves, emitted from a
millimeter wave emitting portion, are reflected at a
reflector;

Fig. 5 is a flowchart explaining an imaging process
according to a second embodiment; and

Fig. 6 is a view showing a state according to the
second embodiment, wherein millimeter waves emitted
from a millimeter wave emitting portion are reflected at

a reflector.

EXPLANATION OF REFERENCE NUMERALS
[0028] 1***millimeter wave imaging system, 2::millimeter
wave imaging apparatus, 3***emitter, 4---millimeter wave
imaging system, 5---millimeter wave imaging apparatus,
0---lens antenna, 20--millimeter wave sensor alley,
22+ millimeter wave sensor, 22-<---reference millimeter
wave sensor, 30-reflector, 382---reflection surface,

34---displacement mechanism, 50'+-controller,
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[0028jlc-m|linmeter wave inmaging system 2-mllineter wave imaging
apparatus, 3-emtter, 4-mllineter wave i maging system 5-mllineter wave
i mgi ng apparatus, 10-lens antenna, 20-mllineter wave sensor all ey,
22-mllinmeter wave sensor, 22---reference mllinmeter wave sensor,
30--reflector, 32-reflection surface, 34-displacement mechani sm 50-
-controller, GO mllinmeter wave |line sensor, 100"'view ng area,
102-reception antenna, 104-1ow noise anplifier, 108-wave detector MODE FOR
CARRYI NG QUT THE | NVENTI ON 100291Enbodi nents of the present invention are
descri bed below with reference to the drawings. (1) First Enbodi nent
60---millimeter wave line sensor, 100--*viewing area,

102--'reception antenna, 104:---low mnoise amplifier,

108--wave detector

MODE FOR CARRYING OUT THE INVENTION
[0029] Embodiments of the present invention are described
below with reference to the drawings.
(1) First Embodiment
(1-1) Entire Structure
As shown in Fig. 1, a millimeter wave imaging
system 1 is constituted with a millimeter wave imaging
device 2 and an emitter 3 that emits a millimeter waves
in an imaging area 100 designated as an imaging target.
[0030] The millimeter wave imaging apparatus 2 includes:
a lens antenna 10 that captures millimeter waves
emitted from the viewing area 100, and forms an image
of a subject; a millimeter wave sensor alley 20, disposed
in an image forming area, wherein the millimeter waves,
captured by the lens antenna 10, form the image of the
subject; and a controller 50 that controls an entire
operation of the millimeter wave imaging apparatus 2.
It is to be noted that the millimeter wave sensor alley 20
is an example of the millimeter wave sensor group.
[0031] Among the above-described constituents, the

millimeter wave sensor alley 20 is constructed in the
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(1-1) Entire Structure As shown in Fig. 1, a mllinmeter wave inmagi ng
system1l is constituted with a mllineter wave imaging device 2 and an
emtter 3 that emits a mllinmeter waves in an inmaging area 100 designated
as an imaging target 100301 The m|lineter wave i magi ng apparatus 2
includes: a lens antenna 10 that captures mllineter waves emtted fromthe
viewi ng area 100, and forns an inage of a subject; a mllineter wave sensor
alley 20, disposed in an imge form ng area, wherein the mllinmeter waves,
captured by the I ens antenna 10, formthe i nage of the subject; and a
controller 50 that controls an entire operation of the mllinmeter wave

i magi ng apparatus 2. is to be noted that | 1'inmeter. wave sensor
alley 20 is an ERAHS éo’b?‘”f‘ﬁeaﬁﬁlﬁl}él Afa P ug%ﬁé g‘fo‘%lh 6387 1) Anmong

t he above- descrlbed ﬁﬁgg%l%g@gtsﬁ“nnganll“hpshl g%qﬁge ngo fakhgy 20 is

constructed in t'He fimng ar such rarities of 'mllimeter

wave sensors 22p ﬁ%é‘&raafd\fé%orﬂfégrgbﬁggﬁ'v@m QilSF)B@O(!lnllrJ MRl Sfripaves, are
respectively dlsposed In a matrix state along a plane intersecting the

i ncom ng directkentofalbhg M planetien ewayesngatie sebrtihgt difectivohl i meter
wave sensors 22 respectively output detection values which correspond to
signal |evels obftHe muillimeter waves, that suvd rhiblati tee emillawetsensors 22

respectively receive. The detection val ues, outputted fromthe respective
mllimeter wave Weeisot&RrPrs l?é’corr?épﬁici’é’le VPO REL &ﬁt?‘?fﬁophé( F&gent

enbodi nent, inf or}{ ﬁé‘l é)(ﬁrgjeggl{)% t| ng elt%}(ra‘;a Oefl ue, of: fﬁh x‘?ﬁéésr egar di ng

sone pOI’tI ons O]w entire pOI’ |on O e sub ect
i mge to be for Pfﬁgt'tlﬁetHﬁmﬁ?&%rf@a%%@o@é eregpé@m@% lr\é@é%eqorrespond

to the positions of the mllinmeter wave sensors 22 As shown in Fig.
2, the mllinet@hevadetseiedr $alles, outputted from the respective
millimeter wave sensors 22, become pixel information (in
the present embodiment, information indicating the gray
value of the pixels) regarding some portions of the
subject image in the entire portion of the subject image
to be formed in the image forming area which
respectively correspond to the positions of the millimeter
wave sensors 22,

[0032] As shown in Fig. 2, the millimeter wave sensors 22
are each constituted with: a reception antenna 102 that
receives millimeter waves; a low-noise amplifier (LNA)
104 that amplifies signals received from the reception
antenna 102; and a wave detector 108 that detects the
signals received and amplified by the LNA 104, and
detects a levels of the signals.

[0033] The emitter 3 is disposed in one portion of the

viewing area 100, and emits millimeter waves, to be
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are each constituted with; a reception antenna 102 that receives mllineter
waves; a | ow noise anplifier (LNA) 104 that anplifies signals received from
the reception antenna 102; and a wave detector 108 that detects the signals
received and anplified by the LNA 104, and detects a |levels of the signals.
[ 0033] The emtter 3 is disposed in one portion of the viewng area 100, and
emts mllineter waves, to be designated as a reference, fromwhere. the
emtter 3 is disposed toward the | ens antenna 10. The m | linmeter waves,
emtted fromthe emtter 3, are received by. one of the mllineter wave
sensors 22 predetermned in the mllinmeter wave sensor alley 20 (to be
referred to as aesefensentendna lrefateercepafrensemsore )the @adtiét 4 3sto be
noted that, in the present enbodinent, the emtter 3 is constituted with a
t hermal noi se sddppesehaovgerkridtedenhepprbtnnagi §8. t oL he wdbliigwdeed as a

reference, or with a wav r ber 1- | ing Pr nt.r ol |
waves, em?tt%%sprotr)g the(em%ztern?,gar recgfveesfb?ryor%o% ol er 50

the millimeter wave sensors 22 predetermined in the
millimeter wave sensor alley 20 (to be referred to as a
“reference millimeter wave sensor”).

[0034] It is to be noted that, in the present embodiment,
the emitter 3 is constituted with a thermal noise source
that generates thermal noise to be designated as a
reference, or with a wave absorber.

(1-2) Imaging Process by Controller 50

The following describes steps of an imaging process,
executed by the controller 50 according to a program
stored in an internal memory, with reference to Fig. 3.

[0035] In the imaging process, first, among the millimeter
wave sensors 22 of the millimeter wave sensor alley 20,
the detection value of the reference millimeter wave
sensor 22, that is, the detection value indicating the
signal level of the millimeter wave emitted from the
emitter 3, is obtained (S120). In this step, if the
emitter 8 1s constituted with a wave absorber, the
amount of the millimeter wave emitted from the wave
absorber is extremely small. Therefore, a value close to
“0” is obtained here as the detection value.

[0036] Subsequently, based on the detection value obtained

14



The foll ow ng describes steps of an imagi ng process, executed by the
controller 50 according to a programstored in an internal nenory, wth
reference to Fig. 3. [0035] 1In the imaging process, first, anong the

mllimeter wave sensors 22 of the mllineter wave sensor alley 20, the
detection value of the reference mllineter wave sensor 22, that is, the
detection value indicating the signal level of the mllineter wave emtted

fromthe emtter 3, is obtained (S120). In this step, if the emtter 3 is
constituted with a wave absorber, the anount of the mllineter wave emtted
fromthe wave absorber is extrenely small. Therefore, a value close to "0"
is obtained here as the detectign val ue. [0036] Subsequently, hased on the
det ection val uedBt&i ﬁ@ﬂ"eﬁlecsﬁéﬁ%ﬁd%%elﬁé)d SrEsp ets g?%"r%h‘&% det'éct i on

val ue, to he degi ghat e% as_al g,for calculatin
Q é)e te
(S13

carrectl v, e jn alater
step, is deternne f)')g,nai A% ni's gtelff trﬁggae&ré’éticc?r%ggg tﬁég obtained in

the above-describged 3120 +s0etigr o nethd QBF, tibeqeelshaNGe @stxption val ue.
[ 0037] Next, based on the reference detectie | val ue
In this step, the detection value, obtained in the
above-described 8120, is determined to be the reference
detection value.

[0037] Next, based on the reference detection value
determined in the above-described s130, a correction
value for correcting detection values is determined
(s140). In this step, the error between the reference
detection value r, determined in the above-described
s130, and the detection value d, which has been detected
at this point by the reference millimeter wave sensor, is
calculated (r—d), and the error is determined as the
correction value for the respective millimeter wave
sensors 22.

[0038] When s140 is performed for the first time since the
imaging process is initiated, although the error between
the reference detection value, determined in the
above-described 8130, and the detection value, obtained
in the above-described 120, is determined as the
correction value, since these detection values are
identical, “0” is determined to be the correction value.

[0039] Subsequently, the correction value, determined in

the above-described s140, is set as the correction value
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determned in the above-described s150, a correction value for correcting
detection values is determned (s140), in this step, the error between the
ref erence detection value r, determned in the above-described s130, and

t he detection value d, which has been detected at this point by the
reference mllinmeter wave sensor, is calculated (r-11), and the error is
determ ned, as the correction value for the respective mllineter wave
sensors 22, [0038] Wien s140 is perfornmed for the first time since the

i magi ng process is initiated, although the error between the reference
detection value, determned in the above-described al30, and the detection
val ue, obtainedfon the abtaricesenilhes 802(he iscseiceivd nadllametbe
correction value, since these detection values are identical, "0" is
determined to bavatescoseeclldis 1wA)ue. [ 0039] Subsequently, the correction

value.  determ ned i gbaueideect) ber SLA0. o 56 ThaLISREREASC LT
22,150 o 1 TRy E0E) DTS MR o otgd Mgt g of e
exterraLly b it s || ol emmyiomasmaniaitidosse o, v oh
i magi ng shoul d ®avki ninsheichg t hatices,2 t be asagbndisisbul thenotmheixpnt i nued.
(including operation by a user), it is determined that the
imaging should be finished, that is, the imaging should
not be continued.
[0040] In s170, if it is determined that the imaging should
be continued (s170:YES), detection values detected by
the millimeter wave sensors 22 provided in the
millimeter wave sensor alley 20 are respectively
obtained (s180).
Subsequently, the respective detection values,
obtained in the above-described s180, are corrected based
on the correction value which has been set at this point
(s190). In this step, if the correction value, which has
been set, is a positive value, the absolute value of the
correction value 1s subtracted from the vrespective
detection values obtained in the above-described s180.
If the correction value is a negative value, the absolute
value of the correction value is added to the respective

detection values obtained in the above-described s180.

[0041] Next, pixel information indicated according to each
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[0040] In s170, if it is determ ned that the imgi ng should be continued

(s170: YES), detection values detected by the mllinmeter wave sensors 22
provided in the mllinmeter wave sensor alley 20 are respectively obtained
s 1.80), Subsequently, the respective detection values, obtained in

t he above-descri bed 8180, are corrected based on the correction val ue which
has been set at this point (s190). In this step, if the correction val ue,
whi ch has been set, is a positive value, the absolute value of the
correction value is subtracted fromthe respective detection val ues
obtained in the above-described s180. If the correction value is a negative

val ue, the absol uyte value of the correction value is,added to,th

espective det bl tBR VatarEonBrAad CPﬁrﬁtfﬁ@da%wg-edeéevﬁw&owﬁbﬁaﬁ) .

[ 004Next, pixel _i#hf ot i indi gated . I t f. etection
val ues, _correctse%jg(!f]’nli hé?gg%égg%ggeggng&gﬁgbﬁg}§9d£§§gﬁ$?%%5?%“ﬁe

i nformation of @oﬂle@bn@iﬁg%sdtﬁer LeSRePHi BY tRet AEI1INASLtdrOnNy Hfe t he
mllimeter wave sensor 22 that has detected the detection value, An inmage
of the subject ssngeneldtigchtyhas rdstgictgd pikxel éeeathoshomhieaccandi ng to the
pi xel information (pixels having conponents indicated according to the

pi xel informatiboAprges20dhe THebisabj ectgeneagéedeher areenaabioweld s stored
in an i mage nennré%so as to be shown on a di.s Lay devi ce. 042] Subsequent

to s200, a det efFBnSHAVHe FCEOBBIET ned oMLK lrnef%wé%ﬂ[ ehet er wave
22 210) i h ) i t ve-d i . 0. Then,
sensor 22 (s210), L1, & NG SRR IBANCSY, A3alda t R BPONE: IRSCELROG 420 Then

the process goes back : Ih thi's eas e erro ween t he
detection val ue;,@Rbhaified) i o0, apdet BebiRfteionee deheehton yal ue,

determ ned in the above-described s130, is determned to be the correction
val ue, above is stored in an image memory so as to be shown on
a display device.

[0042] Subsequent to 8200, a detection value is obtained
from the reference millimeter wave sensor 22 (s210) in
the same manner as in the above-described s120. Then,
the process goes back to s140. In s140 in this case, the
error between the detection value, obtained in s210, and
the reference detection value, determined in the
above-described s130, is determined to be the correction
value.

[0043] Thereafter, the steps s140-s210 are repeated while
it is determined that the imaging should be continued
(s170:YES). When it is determined in the
above-described s170 that the imaging should be finished
(s170:NO), the present imaging process is over.

[0044] As described above, in the imaging process, based on

the initially set detection wvalue (reference detection
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[ 004Thereafter, the steps s140-s210 are repeated while it is determ ned
that the imagi ng should be continued (s170:YES). Wien it is determned in

t he above-described s170 that the i magi ng should be finished (3170: NO), the
present inmaging process is over. 100441As descri bed above, in the imging
process, based on e initially set detection value (reference detection

val ue) (s130), the differences with the detection values of the reference-
mllineter wave sensor are determned as the correction values so as to
correct the detection values of the respective mllineter wave sensors 22
(s190), and. the inmage of the subject is generated (s200), (2) Second

Embodi ment (2. 1) qfak) (8180, WHlAEfferenceA\withaWe dételckibn 4al@edrok| i meter
wave i nmagi ng system4 according to the present enbodinent is constituted

with a mllinetehenwesferemagi mgllapedentwsvs,scarrdrt hee elvtererin8dt hat enits
mllinmeter waves in the imging area, designated as an imaging.target. It
is to he noted that corpe¢tienpr@dBas ERLEE nentCoTEBMst treRAEL R ar to the

constituents in the first nbodineq} are provided with the same,feference
numeral s as in t'Re“ffr é’? ERBo 4P iR ,lv‘émﬁ"ﬁét“é?'ieéfd UaLer PEEFON tHer eof is

not repeated her(3190), and the image of the subject is generated (s200).

(2) Second Embodiment
(2-1) Entire Structure

As shown in Fig. 4, a millimeter wave imaging
system 4 according to the present embodiment is
constituted with a millimeter wave imaging apparatus 5,
and the emitter 3 that emits millimeter waves in the
imaging area, designated as an imaging target. It is to
be noted that, in the present embodiment, constituents
similar to the constituents in the first embodiment are
provided with the same reference numerals as in the first
embodiment, and detailed description thereof is not
repeated here.

[0045] The millimeter wave imaging apparatus 5 includes:
the lens antenna 10; a millimeter wave line sensor 60,
constituted with a plurality of millimeter wave sensors
22 disposed in one line; a reflector 30 having a reflection
surface 32 that reflects millimeter waves captured by the
lens antenna 10, and guides the millimeter waves to the
millimeter wave line sensor 60; and the controller 50

that controls the entire operation of the millimeter wave
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[ 0045] The m | linmeter wave imagi ng apparatus 5 includes: the | ens antenna

10; a mllinmeter wave |line sensor 60, constituted with a plurality of
mllinmeter wave sensors 22 disposed in one line; a reflector 30 having a
reflection surface 32 that reflects mllineter waves captured by the | ens
antenna 10, and guides the mllineter waves to the mllineter wave |ine
sensor 60; and the controller 50 that controls the entire operation of the
mllinmeter wave inaging apparatus Ois to be noted that the mllinmeter wave
line sensor 60 corresponds to the mlli neter wave sensor group according

to the present in [6046] Anong these constituents, the mllineter wave |ine
sensor 60 is constructed in the inmage Eorningbahea sucH%tH?t tgf
pluralities of HPRBIM®t 8PDREPE"Sersor s 0218 15 ARG dH oty tiF ection of
amllinmeter wave,,.are respectively disposed. n one. s'r ctjon ong a
pl ane, intersecf?hBHVﬁ@rin %H?nélﬁgréng n %P tﬂ%“%FP ngté% wggés,_and
such that the MihjifRier Yaue SERSOESedif SRRECHINE! to QUePyiodeheCt | On
val ues which correspond to signal levels of the mTlinmeter waves that the
millinmeter wavei sensabs. 22 respectively receive. [0047] The reflector 30 is
provided with a displacenent ] .
[0046] Among these constituents, the millimeter wave line
sensor 60 is constructed in the image forming area such
that the pluralities of millimeter wave sensors 22, facing
an incoming direction of a millimeter wave, are
respectively disposed in one direction along a plane,
intersecting the incoming direction of the millimeter
waves, and such that the millimeter wave sensors 22
respectively output detection values which correspond to
signal levels of the millimeter waves that the millimeter
wave sensors 22 respectively receive.
[0047] The reflector 30 is provided with a displacement
mechanism 34 that changes a reflection angle of a
millimeter wave, reflected by the reflection surface 32,
along a direction intersecting the direction in which the
millimeter wave sensors 22 are disposed.
(2-2) Imaging Process by Controller 50
The following describes steps of an imaging process
executed by the controller 50 according to a program
stored in an internal memory with reference to Fig. 5.

[0048] In this imaging process, first, the reflection angle of
the reflection surface 32 of the reflector 30 is changed
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mechani sm 34 that changes a reflection angle of a mllinmeter wave,
reflected by the reflection surface 32, along a direction intersecting the
direction in which the mllinmeter wave sensors 22 are disposed. (2-2)

| magi ng Process by Controller 50 The foll ow ng describes steps of an
i magi ng process executed by the controller 50 according to a program stored
in an internal nmenory with reference to Fig, 5, [0048]1n this imaging
process, first, the reflection angle of the reflection surface 32 of the
reflector 30 is changed wuntil an area, in which an inmage is forned by a
mllimeter wave emtted fromthe emtter 3, coincides with an area in which
the mllimeter wamel seAsA®a22 iar ewHi@posad ipsdde O)s FormbHs st ep, an
instruction is provided to the displacenent nmechanism 34 of the reflector
30 so as to chamgdlirheterefwzce i onitiegl dron the aidiktertdsr cokncddesf | ect ed by

the reflection surface 32 to a predetermined initial angle Q' . Upon
recei ving this i"idbraRiarea, in plgnsiardhEte RECHARE SIANSATE HendES t he

reflection angle.of th il 1ljmeter wave reflected by.the refl ection surface
32 to the initi 315%?1%?%@{@0 t HatthY és%gpegni H iué%ma{hlfrpgﬁgllesafor nmed by

R R R s Tt SE S A WA
the reflection argte® chenghatged-eftedthen idtigleadf the millimeter wave
reflected by the reflection surface 32 to a predetermined
initial angle ©’. Upon receiving this instruction, the
displacement mechanism 34 changes the reflection angle
of the millimeter wave reflected by the reflection surface
32 to the 1initial angle 6’ so that the area in which an
image is formed by the millimeter wave emitted from the
emitter 3 coincides with the area in which the millimeter
wave sensors 22 are disposed (see Fig. 6).
f0049] When the reflection angle is changed to the initial
angle in the above-described s110, among the millimeter
wave sensors 22 disposed in the millimeter wave line
sensor 60, a detection value of the reference millimeter
wave sensor, that is, a detection value indicating a
signal level of the millimeter wave emitted from the
emitter 3 is obtained (s120).
[0050] Subsequently, based on the detection value obtained
in the above-described 8120, a reference detection value,

to be designated as a reference for calculating a

correction value in a later step, is determined (s130).
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angle in the above-described si.10, anong the mllinmeter wave sensors 22

di sposed in the mllineter wave |ine sensor 60, a detection value of the
reference mllinmeter wave sensor, that is, a detection value indicating a
signal level of the miIlineter wave emtted fromthe emtter 3 is obtained
(s120). [0050] Subsequently, based on the detection value obtained in the
above-descri bed s120. a reference detection value, to be designated as a
reference for calculating a correction value in a later step, is determ ned
(s130). Then, based on the reference detection value determned in
t he abevedescritied s130, a correction, value for correcting detection
values is determ ned (sl.40), and thig@valu is set_as the coriection val ue

(s150). [0051] Sub nt P§Sed hn t@6nt FHICTPECP ni44tELER T MhERLTR t he
reflection angl getogrnli't}:needr elfrl egﬁé Ogbgwf(ﬁcﬁ%ﬁ?ge@r SYisgedai @g%r ectﬁt%' ector 30

is repeatedly and continuously ¢changed Wi thin a constant gl'e range 0"

(8160). in thi sv§1t1€e0foIaeoff&ttw%tdeqech%npwvw@ds Wetthaidbgnkaggyent
mechani sm 34 of the reflector 30 so as to continuously change the

reflection angl enéfthi heratuklisnaites s wavecdrekkeetedabye (hie56)ef | ection surface
32. Upon receiving this instruction, the displacenment nmechanism 34 starts
cont i nuousP95ahd r ePedisedinendhangisngnt ten tref liecnivatadgreenfin hlee mi | 1§ met er
wave reflected by the reflectio urface 32 within t const.ant . angl e range
0". Therefore, &eHRARMRG PW§$9N§aFa©3%§i ci168 Byriage HEIPTQﬁﬂﬁga Wave |ine

sensor 60,15 petfor g kQOGL! 180 400G Raked, Ak, K6y Angl g cgnoe O

within which the re‘%cilon angle I's"« . I's step i s set in advance,
so that the imaggthf W fthM6R m§wk§ﬂg5@’ (e, of [ rarsibheGd, 4.8 formed by

the mllinmeter waves captured by the | ens antenna 10 coincides with the

area in which thestmickioretier ppavielsknsotie2digylecdhspasedechanism
34 of the reflector 30 so as to continuously change the
reflection angle of the millimeter wave reflected by the
reflection surface 32. Upon receiving this instruction,
the displacement mechanism 34 starts continuously and
repeatedly changing the reflection angle of the
millimeter wave reflected by the reflection surface 32
within the constant angle range 6”. Therefore, scanning
the viewing area 100 by the millimeter wave line sensor
60 is performed.

[0052] It is to be noted that the angle range 6” within
which the refection angle is changed in this step is set in
advance, so that the image forming area in which the
image of a subject is formed by the millimeter waves
captured by the lens antenna 10 coincides with the area

in which the millimeter wave sensors 22 are disposed.

[0053] Subsequently, it is determined whether or not the
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[ 0053] Subsequently, it is determ ned whether or not the aging of the

ubj ect should be continued ($170). If it he i magi ng
shoul d be continued (8170: YES), detection values detected by the mllineter
wave sensors 22 of the mllineter wave |line sensor 60 are respectively

obtai ned (s180). [0054] Then, the detection values, obtained in the
above-descri bed s180, are respectively corrected based on the correction
val ue which has been set at this point: (s190). Pixel information indicated
according to each of the corrected detection values is designated to be
information of a pixel disposed corresponding to the position of the
mllimeter waveigensag @2thbajukiast dgicqderle tdatdetegtisenoyal ugit One |ine
of the subject inmage I's generated by arrangi ng pi xels each shown according
to pixel informitidatéphnketd hhuinghdenwiagies shdutdt bd zovdimied to the

pi xel infornationg¥ 32003. The subject imge generated as above is stored

in a menory are&s b 00HES) ndgtedidan 12inandetestsdedyaphe nigeiBeteh
iate line. Sub 2 t.he det i | i bt ai ned
P om Ehe r of er o SracPRREt et vk 4 GeROLR et E S R6F 1Y RERetiet Canner o

in s120, and th r (ﬁﬁgg Le $3146y. When it is determne( in
t he above-descr?ﬁgdgg?§gt§ﬁ§? the Pnad?ng %hould he finished (sl1.70: NO,
t he [0054] Then, the detection values, obtained in the

above-described s180, are respectively corrected based on
the correction value which has been set at this point
(s190). Pixel information indicated according to each of
the corrected detection values is designated to be
information of a pixel disposed corresponding to the
position of the millimeter wave sensor 22 that has
detected the detection value. Omne line of the subject
image is generated by arranging pixels each shown
according to pixel information (pixels having densities
indicated according to the pixel information) (s200).
The subject image generated as above is stored in a
memory areca of the image memory that stores an image
of an appropriate line.

[0055] Subsequent to s200, the detection value is obtained
from the reference millimeter wave sensor 22 (s210) in
the same manner as in s120, and the process goes back
to s140.

When it is determined in the above-described s170

that the imaging should be finished (s170:NO), the
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present imagixig process is over. (3) Effects, Advantages In the

above-described mllineter wave i nmagi ng apparatuses 2, 5 mllineter waves
emtted fromthe emtter 3 are received by the reference mllineter wave
sensor 22, and the error between the detection value, detected by the
reference mllinmeter wave sensor 22, and the reference detection value is
determ ned as a correction value so as to correct detection val ues detected
by the respective mllinmeter wave sensors (s120-s210 in Fig. 3, Fig, 5).

[ 0056) Since the emtter 3 is disposed in the viewing area 100 so as to emt
a mllimeter wave designated as a reference, if, :ler exanple, the

tenperature in the view ng. area 100 {ncreases, the thermal noise generated
as mllimeter RAESSTHIBABYS RFHEFSS TheVEfore, the detection val ue detected
by the reference mllLi er ve sensor. 22 al so beconmes |arger. [0057]In

ot her words, since 4héﬁ§??%§’ enwﬁﬁﬁ?é%%edetection val ue, detected by the

reference mllinmeteq WayR SENGHL. decrdl thS1gfRbenGe et RghkpRg val i se
fluctuates corresponding to the change in the tenperature of the view ng

area 100, by usdmg@atdtivssesr rgr 5as nailbion¢eat ivwavval umistedasfrom cthie ect t he
detection val ues detected by the respective mllineter wave sensors 22,
emitter 3 are received by the reference millimeter wave
sensor 22, and the error between the detection wvalue,
detected by the reference millimeter wave sensor 22, and
the reference detection value is determined as a
correction value so as to correct detection values detected
by the respective millimeter wave sensors (s120-s210 in
Fig. 3, Fig. 5).

[0056] Since the emitter 3 is disposed in the viewing area
100 so as to emit a millimeter wave designated as a
reference, if, for example, the temperature in the
viewing area 100 increases, the thermal noise generated
as millimeter waves becomes larger. Therefore, the
detection value detected by the reference millimeter
wave sensor 22 also becomes larger.

[0057] In other words, since the error between the
detection value, detected by the reference millimeter
wave sensor 22, and the reference detection value
fluctuates corresponding to the change in the
temperature of the viewing area 100, by using this error

as a correction value so as to correct the detection values

detected by the respective millimeter wave sensors 22,
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t he influence by the tenperature change in the view ng area 100 can be
renmoved fromthe respective detection val ues. [0058] For exanple, in a case
wherein the tenperature in the viewi ng area 100 increases, and the
conponents of the pixels, which are determ ned according to the detection
val ues detected by the respective mllinmeter wave sensors 22, all indicate
t he maxi mum val ues (or mni mum val ues), the error, determ ned,
corresponding to the tenperature change, is subtracted from (or added to)
these values. As a result, these values are corrected so as to he proper
detection values. [0059]1f a subject inmage is generated based on the

det ection val uegheoinf@Gtade asy ah@Vee mpheasubd etlarigmye an vhewehgar and the
contrast between the pixels is appropriately nmaintained, irrespective of

t he tenper at ur e arkand60i nathke vieambngd afrean 1106 rk6p60fiNbr dotemtionn t he
above-descri bed enbodi nents, the reference detection val ue, designated as a
reference for sé@ﬂpﬁg-the correction value, can be set every tine when the

i form is_initiated (s120 in Fi.g. Fig. 5). Therefore, if
the i mage IPBRATng. pRcELeE P lon i 4 4G 18t 1 e seP R (1475 Th ne vi ewi ng
area 100 is suf gl Fﬁ%&%ée%eat ri%o@"?ﬁ@féﬁ%{éﬂ%%%hed%%&%m e thermal

noi se emtted as m r waves iIs snma
the pixels, which are determined according to the

detection values detected by the respective millimeter
wave sensors 22, all indicate the maximum values (or
minimum values), the error, determined corresponding to
the temperature change, is subtracted from (or added to)
these values. As a result, these values are corrected so
as to be proper detection values.

[0059] If a subject image is generated based on the
detection values corrected as above, the subject image
can be clear and the contrast between the pixels is
appropriately maintained, irrespective of the
temperature change in the viewing area 100.

[0060] Moreover, in the above-described embodiments, the
reference detection value, designated as a reference for
setting the correction value, can be set every time when
the image forming process is initiated (s120 in Fig. 3,
Fig. 5). Therefore, if the image forming process is
initiated while the temperature of the viewing area 100
is sufficiently low, the detection value, detected while

thermal noise emitted as millimeter waves is small, can
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be set as the reference detection value, (4) Variation The above has
expl ai ned the enbodi nents according to the present invention. However, the
present invention is not limted to the above-described enbodi nents, and
may be carried out in various ways within the technical scope of the
present invention. 100611 For exanple, in the above-described enbodi nents,
the configuration is such that "the reference detection value" is set in
the image form ng process. Alternatively, a detection value, detected in a
state wherein the contrast between pixels is appropriately maintai ned, may
be set as a fixed "reference detection value", [0062] Moreover, in the
above- descri bed enbodi nents, the configuration is such that 'the reference
det ecti on val uebeisgtsey thenrederame datedion v ligage forning process is
initiated (el120 in E% V'3i ?i%} 5). However, the timng to set "the
reference detection' glﬁ§ 248 ot limited to this timng, but may

al ternatively be, faf exBaDb e, ISRIAHINEELBELH D MRn@ntRoRichE&isAPer at i on,

(5) Correspondence ations to sent Il nvention
to the present invention. However, the present

invention is mnot limited to the above-described
embodiments, and may be carried out in various ways
within the technical scope of the present invention.

[0061] For example, in the above-described embodiments,
the configuration is such that “the reference detection
value” is set in the image forming process.
Alternatively, a detection value, detected in a state
wherein the contrast between pixels is appropriately
maintained, may be set as a fixed “reference detection
value”.

[0062] Moreover, in the above-described embodiments, the
configuration is such that “the reference detection value”
1s set immediately after the image forming process is
initiated (s120 in Fig. 3, Fig. 5). However, the timing to
set “the reference detection value” is not limited to this
timing, but may alternatively be, for example, when a
user performs a specific operation.

(5) Correspondence Relations to Present Invention
In the above-described embodiments, s200 in Fig. 3,
Fig. 5 corresponds to an example of the image forming

step performed by the image forming device; s140 and
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In the above-descri bed enbodi nents, s200 in Fig. 3, Fig. 5 corresponds to
an exanple of the inmage form ng step perfornmed by the image form ng device;
s140 and s150 in these drawi ngs respectively correspond to exanples of the
correction value determ nation step and the correction value setting step
performed by the correction value setting device; st90 in these draw ngs
corresponds to one exanple of the correction step perforned by the
detection val ue correction device; s120, slat in these draw ngs
respectively correspond to exanples ol the detection val ue obtaining step
and the reference detection value determ ning step perforned by the
reference settigpsgevincethassl rb@wingk60rédpddt@vely CObFRSPOMG t 0o ONE
exanple of the reflection angle changing step perfornmed by the reflection
angl e changi ng eexvingdes «GLhd/Borréctinhl vabtedetavainabimgtappandt us

conpri si ng: a lens antenna that captures mllineter waves and forns a
subj ect image, e APIT§GHReRr ViddVEs LEERE ehten e@erfuiman NYewthy area in

regard to the view ng. area,, which.i s desi gnat as vi ewi,ng_target, and
ot udes an e (0ot B o2y R bR FFI S ¢ REh BBy oS-G PBAR e
milimeter waves,9 Bendssi 4nabad Asdnbel CofNGtic correclidh | kigpter vave
sensor group that s constituted with nore than one n1ﬁllneter wave sensors,
di sposed in an psR@endal MyngharRaettionhiyahud kerméddibied @ricepwe 20apt ured by
the Il ens antenna forns the subject inmage, and the mllineter wave sensors
each out puts a glef@ctinontiesaie dramiegpontdspctovelysi goresipewel o t he

mllinmeter wave received { hereby;
examples of t]ene Bgﬁection value obtaining step and the

reference detection value determining step performed by
the reference setting device; and 110, s160 in Fig. b
correspond to one example of the reflection angle
changing step performed by the reflection angle changing

device.
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art inmage form ng device that generates the sub forned on the basis of the
detection value outputted fromeach of the nore than one mllineter wave
sensors, and by arrangi ng pixels, each having a conponent corresponding to
t he detection val ue; a correction value setting device that sets a
correction value for the respective mllineter wave sensors, the correction
val ue being an error between a detection value, detected by a reference
mllimeter ave sensor designated anong the nore than one mllinmeter wave
sensors so as to receive the mllineter wave emtted fromthe emtter, and
a predeterm ned reference detection val ue; and a detection val ue
correcting device that corrects the detection value detected by each of the
nore than one mllinmeter wave sensors by the correction value set by the
correction val ue setting device, RﬁLRiN@? formati on of the subject inmge
performed by the inmage formng device, 2, The mllinmeter wave i nmagi ng
apparatus according to claiml further conprising a reference setting
device that sets the detection value, detected by the reference mllineter
wave sensor at A mpilétacesimwnecc imaigigy Ao d e usei@nentdndet ecti on val ue,

a lens antenna that captures millimeter waves and forms
a subject image, the millimeter waves being emitted from an
viewing area in regard to the viewing area, which is designated
as a viewing target, and includes an emitter disposed in one
portion thereof so as to emit the millimeter waves to be
designated as a reference;

a millimeter wave sensor group that is constituted with
more than one millimeter wave sensors, disposed in an image
forming area in which the millimeter wave captured by the lens
antenna forms the subject image, and the millimeter wave
sensors each outputs a detection value corresponding to a
signal level of the millimeter wave received thereby;

an image forming device that generates the subject image,
formed on the basis of the detection value outputted from each
of the more than one millimeter wave sensors, and by arranging
pixels, each having a component corresponding to the detection
value;

a correction value setting device that sets a correction
value for the respective millimeter wave sensors, the correction
value being an error between a detection value, detected by a

reference millimeter wave sensor designated among the more
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wherein the correction value setting device sets the error between the
detection value detected by the reference mllineter wave sensor and the
reference detection value, set by the reference setting device, as the
correction value for the respective mllinmeter wave sensors. 3. The
mllinmeter wave inmagi ng apparatus according to claim1 or claim2,

wherein the millinmeter wave sensor group is constituted as a line sensor in
which a plurality of mllineter wave sensors is disposed in one line in the
i mage form ng area, and which outputs the detection values for form ng one
line of the subject inmage detected fromthe mllineter wave received by the
mllineterhwaveosenseidimeter wdwe Behkoret eo weveto magcagrapplasat us fu
rther conprising: a reflector having a reflection surface that
reflects thdlimetémetasre penidted dpewr bl pynitiher,| end amredsbewsinedt o gui de

the mllineter mavgs to.the mllinmeter wave sensor group; and
reference detection value; an

a detection value correcting device that corrects the
detection value detected by each of the more than one
millimeter wave sensors by the correction value set by the
correction value setting device, prior to formation of the subject

image performed by the image forming device.

2. The millimeter wave imaging apparatus according to
claim 1 further comprising a reference setting device that sets
the detection value, detected by the reference millimeter wave
sensor at a predetermined timing, as the reference detection
value,

wherein the correction value setting device sets the error
between the detection value detected by the reference
millimeter wave sensor and the reference detection value, set
by the reference setting device, as the correction value for the

respective millimeter wave sensors.

3. The millimeter wave imaging apparatus according to
claim 1 or claim 2,

wherein the millimeter wave sensor group is constituted
as a line sensor in which a plurality of millimeter wave sensors

is disposed in one line in the image forming area, and which
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a reflection angle changing device that consecutively changes a reflection
angle of the reflection surface and displaces the image formng area of the
subj ect image, to be fornmed by the mllinmeter waves reflected by the
reflection surface of the reflector, along a direction intersecting a
direction in which the mllineter wave sensors are di sposed, so that the
mllinmeter wave sensor group sequentially outputs a set of detection val ues
for a line of the subject image which corresponds to the reflection angle
of the reflection surface, as detection values for one line of the subject

i mage, wherein, every tine when the set of detection values is

tputted f ] t he i far. d
gentr at sOBRBUH HECoF tah ShATEE o\ g Hh iR En e S HUTRG. para 3. 11
& Lars cobheanoliged O g eaPeplilNm gt G On Y?:}éi@%d' b henget of

det ecti on valtues, are arrang e I'n one met er ‘'wave i magi ng
systen1cngmh§hqgr‘NaveSeﬁyargnltter di sposed in an area designated as a

viewing target (viewng area), and emts mllinmeter waves, to be designated
as a reference,then ongllpardtieon ofatde vinewing arsggjararid st heﬂﬂlrthtaer wave

i magii 4, apparatus according to one of claims 1. to 3. The

m | 1§ nmet efOWaVéSiEEgi ng system according to claim4, wherein the emtter is

ade by 8 her TRl 0P e, SpULCe, LhaL gencrat e er R, AR A°ukS
millimeter waves captured by the lens antenna so as to guide
the millimeter waves to the millimeter wave sensor group; and
a reflection angle changing device that consecutively
changes a reflection angle of the reflection surface and
displaces the image forming area of the subject image, to be
formed by the millimeter waves reflected by the reflection
surface of the reflector, along a direction intersecting a
direction in which the millimeter wave sensors are disposed, so
that the millimeter wave sensor group sequentially outputs a
set of detection values for a line of the subject image which
corresponds to the reflection angle of the reflection surface, as
detection values for one line of the subject image,
wherein, every time when the set of detection values is
outputted from the millimeter wave sensor group, the image
forming device generates one line of the subject image, in which
pixels, having parameters corresponding to the respective
detection values in the set of detection values, are arranged in

one line.
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6. A programthat nmakes a conputer work as all the devices according to one
of the clains 1 to 3.

4, A millimeter wave imaging system comprising:

an emitter disposed in an area designated as a viewing
target (viewing area), and emits millimeter waves, to be
designated as a reference, in one portion of the viewing area;
and

the millimeter wave imaging apparatus according to one

of claims 1 to 3.

5. The millimeter wave imaging system according to claim 4,
wherein the emitter is made by a thermal noise source that
generates thermal noise to be designated as a reference, or by a

wave absorber.

6. A program that makes a computer work as all the devices

according to one of the claims 1 to 3.
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