DESCRI PTI ON TI TLE OF THE | NVENTI ON: M LLI METER WAVE | MAG NG APPARATUS AND
PROGRAM TECHNI CAL FI ELD [ 00011The invention relates to a mllinmeter wave

i magi ng apparatus that receives mllinmeter waves radiated froma subject
thereby to image the subject. BACKGROUND ART [ 00021Conventionally, in a
mllimeter wave inmagi ng

DESCRIPTION

TITLE OF THE INVENTION:
MILLIMETER WAVE IMAGING APPARATUS AND
PROGRAM

TECHNICAL FIELD
[0001] The invention relates to a millimeter wave imaging
apparatus that receives millimeter waves radiated from

a subject thereby to image the subject.

BACKGROUND ART

[0002] Conventionally, in a millimeter wave imaging
apparatus, it has been proposed to receive millimeter
waves radiated from a subject such as a human body
thereby to generate a subject image from the received
millimeter waves and detect a metallic or non-metallic
weapon or smuggled goods hidden in the subject through
visual inspection or image recognition based on the

subject image (see Patent Documents 1 and 2).
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apparatus, it has been proposed to receive mllineter waves radiated froma
subj ect such as a human body thereby to generate a subject inmage fromthe
received mllineter waves and detect a netallic or non-netallic weapon or
snmuggl ed goods hidden in the subject through visual inspection or inmage
recognition based on the subject imge (see Patent Docunments | and 2):

PRI OR ART DOCUMENTS PATENT DOCUMENTS [ 0003] Pat ent Docunent 1: Japanese
Unexam ned Patent Application Publication No. 2006-258496 Pat ent
Docunent 2: Japanese Patent Publication No. 2788519 SUMVARY OF THE

I NVENTI ON Patent Document 2: Japanese Patent Publication

No. 2788519

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] By the way, as in a conventional manner, there is a
concern that in a millimeter wave imaging apparatus
which uses a line sensor including a plurality of
millimeter wave sensors to generate a captured image of
a subject, there is variation in properties of each of the
millimeter wave sensors. For example, there is a
possibility that a clear image cannot be obtained due to
variation in properties of each of the millimeter wave
Sensors. As a result, accuracy in detecting an
inspection target object from the captured image may be
deteriorated.

[0005] More specifically, the millimeter wave sensor
includes a millimeter wave antenna and signal
processing circuits (an amplifier circuit, a filter circuit,
a wave detector circuit, etc.) which process the received
signals from the millimeter wave antenna. Accordingly,
there may be caused variation in outputs from each of
the millimeter wave sensors due to properties inherent
to these millimeter wave antenna and signal processing

circuits. The wvariation causes the finally obtained



PROBLEMS TO BE SOLVED BY THE | NVENTION [0004] By the way, as in a
conventional manner, there is a concern that in a mllinmeter wave i nmagi ng
apparatus which uses a line sensor including a plurality of mllineter wave
sensors to generate a captured image of a subject, there is variation in
properties of each of the mllineter wave sensors. For exanple, there is a
possibility that a clear imge cannot be obtained due to variation in
properties of each of the mllineter wave sensors. As a result, accuracy in
detecting an inspection target object fromthe captured i mage may be
deteriorated. [0005] More specifically, the mllinmeter wave sensor includes

a mllinmeter weitgagottenbacend Sn@Nédr,PiRE S HWetbéGidnt Scé@FhdBki fier
circuit, a filter circuit, a wave detector circuit, etc.) which process the

recei ved si gnalthd imspedteéoni tdrgettdrjenhdetantoranas. Accordingly, there may
be caused variation in outputs fromeach of the mlIlineter wave sensors due
to propertQ¥li nherBhe iy arder, whichbasrbepiyanade emaiempfssgelal

processing circuits. The variation causes the finall btai ned , i mage to
become uncl ear , PEHe *hu aosetae'bt?m’t’cgbv&rté’cwr&f‘”@ﬁeai %%%&?a]io(gﬂ £8F get obj ect

deteriorates. [ n-lil?ﬁgieﬂ'%/%r&%irp?ﬂrem%?%g%ﬁo*ﬁeﬁgi%:}&cilgayi e (f) such

probl em has an objecti ovi de ‘a chnol'ogy Tor ‘preventing the
captured inage J4€ahen Nich Y RaitidHeft ea¥Rr bALIHN h1RLePss th gee Of each of
the mllimeter wave sensors in the mllinmeter wave imagi ng apparatus which
sensors in the millimeter wave imaging apparatus which
images the subject using the plurality of millimeter wave

sensors.

MEANS FOR SOLVING THE PROBLEMS
[0007] A millimeter wave imaging apparatus according to a

first aspect of the invention made to solve the above
problem includes:

a lens antenna that captures millimeter waves
radiated from a subject thereby to form a subject image;

a line sensor configured such that a plurality of
millimeter wave sensors are aligned in a line in an image
forming region where the millimeter waves captured by
the lens antenna form the subject image, the line sensor
capturing a subject image for one line which is a part of
a whole subject, by millimeter waves received by each of
the millimeter wave sensors;

a reflector having a reflecting surface that reflects

the millimeter waves ‘captured by the lens antenna



t he subject using the plurality of mllinmeter wave sensors. MEANS F' OR
SOLVI NG THE PROBLEMS [0007]A m | lineter wave inagi ng apparatus according to
a first aspect of the invention nade to solve the above probl em i ncl udes;

a lens antenna that captures mllineter waves radiated froma subject
thereby to forma subject inmage; a line sensor configured such that a
plurality of mllinmeter wave sensors are aligned in a line in an inmage

form ng region where the mllineter waves captured by the | ens antenna form
the subject imge, the |ine sensor capturing a subject inage for one |ine

soich 1 2 PaGheoind U0LE AURLECtyn by, 1 1L ek er weves, fecet xed by cach o
t hat reflectslhngsghgb;peter waves 'captured by the | ens antenna

a reflection angle change device that, in order to
displace the image forming region of the subject image
by the millimeter waves reflected by the reflecting
surface of the reflector, along a crossing direction with a
direction where the millimeter wave sensors are placed,
changes an angle of the reflecting surface thereby to
sequentially change a reflection angle of the millimeter
waves by the reflecting surface, so that the line sensor
sequentially captures the subject images for one line;

an image generation device that generates, as an
image of the whole subject, an image including the
respective subject images for one line sequentially
captured by the line sensor; and

a millimeter wave radiation unit which is placed
outside a path where the millimeter waves captured by
the lens antenna reach the reflecting surface of the
reflector from the lens antenna, and radiates a reference
millimeter wave used as a reference, from a position
where the millimeter wave radiation unit is located,
toward the reflector,

wherein the reflection angle change device proceeds
to a preparatory stage in which the reflection angle is

changed until the image forming region of the subject



thereby to guide the reflected mllineter waves to the |ine sensor; a
refl ection angle change device that, in order to displace the inmge form ng
region of the subject image by the mllineter waves reflected by the
reflecting surface of the reflector, along a crossing direction with a
direction where the mllineter wave sensors are placed, changes an angl e of
the reflecting surface thereby to sequentially change a reflection angle of
the mllinmeter waves by the reflecting surface, so that the. |ine sensor
sequentially captures the subject inmages for one |ine; an i mage
generation device that generates, as an imge of the whol e subject, an
i mage includin resp i Ubj i S i N e tially
captured by thg"H]%ee Singfci)%; }égirllgHRét?e‘iI dégﬁ?ﬁ f%‘g{]'le%ﬁe r?%l%i%tqfé;n uni t
which is placedphsifle @dat hotheogekhs Nthlel MRPbLIoaREeE@Ptileed by the
| ens antenna reach the reflecting surface of the reflector fromthe |ens
antenna, and radildimster rneheeesmesonsl hiraeloentedvendsa aregberefias, from a
position where the mllineter wave radiation unit is |ocated, toward the
reflector, imggredformeadhdyr theermilldmetsyl waypartdiated Eomridieeds to a
preparatory stage.in which the reflection angle is , changed until the inmage
form ng regi on BHIPRETE] B BES raﬁl‘rﬁb‘@“b?“ﬂh@&rfﬁﬂ%ﬁ&“%é%é” St ured by
the lens ant enry edoﬁﬁli(}%et%\fe.rhraagret hgeﬁg&lsonar@erlg Qggd,m hl‘i‘(ﬂEt% Wwave
sensors are |ocated and a regi on of an 1 nage or red y the mllineter wave
radiated from tdigturing of tt¥e WANSetRdndd O b MHe 0Med | RS okNQEYI Oon where
the mllinmeter wave sensors are |ocated, prior to capturing of the subject
i mge by the |itierspnsosedand dhémggiogesded n avhidmghegefteagmr n whi ch
the reflection angle by the reflecting surface is sequentially changed in
order to di spl aegkenbyithegeefleehing snetpenis seaupatialhe chiapgedelisor
sequentially ca(Ptdures t he Ubjee(i:f i.mages for .one |line

rder to the 1

isplac mage forming region, so that the
line sensor sequentially captures the subject images for
one line,

the millimeter wave imaging apparatus further
including:

a correction value setting device that, in the
preparatory stage, determines, as a reference detected
value, an average value based on all of detected values
detected by the respective millimeter wave sensors, or
one of the detected values, and then sets, as correction
values with respect to the each of the millimeter wave
sensors, errors between each of the detected values
detected by the respective millimeter wave sensors and
the reference detected value; and

a detected value correction device that, in the

imaging stage, each time the subject image for one line



the mllinmeter wave inmagi ng apparatus further in correction val ue
setting device that, in the preparatory stage, determ nes, as a reference
detected val ue, an average val ue based on all of detected val ues detected
by the respective mllineter wave sensors, or one of the detected val ues,
and then sets, as correction values with respect to the each of the

mllinmter wave sensors, errors between each of the detected val ues
detected by the respective mllineter wave sensors and the reference
det ected val ue; and a detected value correction device that, in the

i i t g h, ti h bject i f l'] i t d by th

[ine sansor . 48r PERraH T bUetBE LS, R i eEins Y defacfll o0 Y 1

corr espondi ng yayhbech ni RIS 2Rck ¥l ol 2p8r A8 Bedict Bpidia [imapect i ve
t on val ues, eacn o

mllineter wave sensors, w the correcti ich is set

by the correctimih walitle sebtide@eelidd Clgy asha €0§pazivONMaEli ueetWirt h respect
to the corresponding mllineter wave sensor. [0008]In a second aspect of

the inventi onwahe semisiors metigh tavecaraditibnomalmes,” edels oofi bddchbove may
i ncl ude a wave absorgg;, or a thermal noise source which generates thernma
noi se used as 8 rP&fedhctre FGPEFRGADR e ValReor@éFing deyige the above

correction value with respect to the corresponding
millimeter wave sensor.

[0008] In a second aspect of the invention, the “millimeter
wave radiation unit” described above may include a wave
absorber, or a thermal noise source which generates
thermal noise used as a reference.

Furthermore, in order to solve the above problem,
the invention according to a third aspect may be a
program which allows a computer to execute a variety of
processing procedures so as to function as all the devices
according to the first and second aspects. In other
words, the invention according to the third aspect may
be a program which allows a computer to function as the
reflection angle change device, the image generation
device, the correction value setting device, and the
detected value correction device.

[0009] The program described above is a group of
instructions in which instructions suitable for computer
processing are sequentially arranged. The program is

provided to the millimeter wave 1imaging apparatus



the invention according to a third aspect nmay be programwhich allows a
conputer to execute a variety of processing procedures so as to function as
all the devices according to the first and second aspects,|In other words,
the invention according to the third aspect may be a program which allows a
conputer to function as the reflection angle change device, the inmge
generation device, the correction value setting device, and the detected
val ue correction device. [0009] The program descri bed above is a group of
instructions in which instructions suitable for conputer processing are
sequentially arranged. The programis provided to the mllineter wave

I magi ng appar atyygy o gt OUGH VAL OUELYPESOlofr GG BEdI 3 dia  or
communication lines. Alternatively, the above program
may be provided to a user or the like who utilizes the
millimeter wave 1imaging apparatus, through various

types of recording media or communication lines.

EFFECTS OF THE INVENTION

[0010] In the millimeter wave imaging apparatus described
above, the preparatory stage, in which the millimeter
wave from the millimeter wave radiation unit is received,
is proceeded, prior to the imaging stage in which
capturing of a subject image is performed by the line
sensor. The millimeter wave radiation unit radiates a
reference millimeter wave used as a reference. Then,
the process proceeds to the imaging stage in which the
subject image is actually captured.

[0011] In the preparatory stage, the correction values are
set with respect to the detected values from the
respective millimeter wave sensors, based on the
reference millimeter wave, used as a reference, from the
millimeter wave radiation unit. Once the capturing of
the subject image is started in the imaging stage, when
the subject image is captured, the detected value
detected by each of the millimeter wave sensors is

corrected with the correction value which has been set



comuni cation lines. Alternatively, the above program may be provided to a
user or the like who utilizes the er wave inmagi ng appar at us,

t hrough various types of recording nedia or comrunication |ines. EFFECTS OF
THE INVENTION O O]In the mlIlineter wave inmagi ng apparatus descri bed above,
the preparatory stage, in which the mllinmeter wave fromthe mllineter
wave radiation unit is received, is proceeded, prior to the i mging stage
in which capturing of a subject inmage is perforned by the |ine sensor. The
mllimeter waveradi ation unit radiates a reference mllineter wave used as

a reference. Then, the.process proceeds to . the i i stage ,in which the
subj ect i mage qogrg%?%ﬁiflﬁ/g c tﬁg(élg. 0?05}1‘:1] flﬁ??%té;%?‘é%g‘lﬁét 68}/ tb{‘eage, t he
correction values, 3% tstWsEh respect to the detected values fromthe
respective nillingtgroﬁgveggehsors, based on the reference mllineter wave,

used as [@0nefler encBhefdéfome! heen 11 tN@ELIs Waeatiddi Al ip@BpUPiies dnce the
capturing of the subject image is started in the imging stage, when the

subj ect i mage dschcapttivecaniliheetiet scted sealsues débhecd ok cbyd eaclneof t he
mllinmeter wave sensors is corrected with the correction value which has
been set of each of the millimeter wave sensors is corrected with

the correction value based on the reference millimeter

wave used as a reference. Thus, the final output values

are less influenced by the variation. For this reason,

the captured image can be inhibited from becoming

unclear due to the variation in properties of the

millimeter wave sensors.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] Fig. 1 is a block diagram showing an overall

configuration of a millimeter wave imaging apparatus.
Fig. 2 is a block diagram showing a configuration

of a millimeter wave sensor constituting a line sensor.
Fig. 3 1s a flowchart showing an imaging process.
Fig. 4 1s a diagram showing that a millimeter wave

radiated from a millimeter wave radiation unit is

reflected by a reflector.

DESCRIPTION OF REFERENCE NUMERALS
[0014] 1...millimeter wave 1imaging apparatus, 10...lens

antenna, 20...line sensor, 22...millimeter wave sensor,



corresponding to each of the detected values in the preparatory stage. [00
12] Therefore, even if there is variation in properties of each of the

mllinmter wave sensors,

the detected value of each of the mllineter wave

sensors is corrected with the correction value based on the reference
mllinmeter wave used as a reference. Thus, the final output values are |ess
i nfluenced by the variation. For this reason, the captured inmage can be

i nhi bited from becom ng uncl ear due to the variation properties of the

mllimeter wave sensors. BRI EF DESCRI PTION OF THE DRAWNGS [0013]Fig. 1 is
a bl ock diagram showi ng an overall configuration of a mlilinmeter wave
i magi ng appar at3s..reflectofl B2 .2 rie$lextbh@cludtagy,ard4hdispigicancanf | gur ati on
of a mllineter wave sensor constituting a |ine sensor.

mechanism, 40...millimeter wave radiation unit,

[0015]

[0016]

50...controller, 102...receiving antenna, 104...Low Noise

Amplifier, 108...wave detector circuit.

MODE FOR CARRYING OUT THE INVENTION

An embodiment of the invention will be described
below with reference to the drawings.
(1) Overall Configuration
A millimeter wave imaging apparatus 1 includes, as
shown in Fig. 1, a lens antenna 10, a line sensor 20, a
reflector 30, a millimeter wave radiation unit 40, and a
controller 50. The lens antenna 10 captures millimeter
waves radiated from a subject and forms a subject image.
The line sensor 20 is configured such that a plurality of
millimeter wave sensors 22 are aligned in a line. The
reflector 30 has a reflecting surface 32 which reflects the
millimeter waves captured by the lens antenna 10 and
guides the reflected millimeter waves to the line sensor
20. The millimeter wave radiation unit 40 is placed
outside a path in which the millimeter waves captured
by the lens antenna 10 reach the reflecting surface 32 of
the reflector 30. The controller 50 controls operation of
the whole millimeter wave imaging apparatus 1.

The line sensor 20 1is configured such that a



Fig. 3is a flowhart showi ng an inmagi ng process. Fig. 4 is a diagram

showing that a mllineter wave radiated froma mllinmeter wave radi ation
unit is reflected by a reflector. DESCRI PTI ON OF REFERENCE NUMERALS
[0014]1... mIlimeter wave imagi ng apparatus, .10...lens antenna, 20...line
sensor, 22...mllineter wave sensor, 30-.reflector, 32.,..reflecting
surface, 34... displacenent nmechanism 40... mllinmeter wave radiation

unit, 50."controller, 102...receiving antenna, 104."Low Noi se Anplifier,
108... wave detector circuit. ODE FOR CARRYI NG QUT THE | NVENTI ON

plurality of millimeter wave sensors 22 are aligned in a
line in an image forming region where the millimeter
waves captured by the lens antenna 10 form the subject
image. Then, the line sensor 20 captures the subject
image based on the millimeter waves received by each of
the millimeter wave sensors 22. More specifically, the
line sensor 20 captures a divided subject image for one
line in multiple times (an image of a region for one line
1s sequentially captured in multiple times thereby to
capture an image of the whole subject).

[0017] Each of the millimeter wave sensors 22 includes, as
shown in Fig. 2, a receiving antenna 102, a Low Noise
Amplifier (LNA) 104 and a wave detector 108. The
receiving antenna 102 is an antenna for receiving
millimeter waves. The LNA 104 amplifies received
signals from the receiving antenna 102. The wave
detector 108 detects the received signals amplified by
the LNA 104 and subsequently signal levels of the
signals. Accordingly, detected values corresponding to
the signal levels of the millimeter waves received at each
receiving point are acquired from each of the millimeter
wave sensors 22, The detected values from each of the
millimeter wave sensors 22 are sequentially inputted
into the controller 50 (see Fig. 1), so that the controller

50 generates image data.

10



[ 00115] An enbodi nent of the invention will be described below with
reference to the drawings. (1) Overall Configuration A mllinmeter wave

i mgi ng apparatus 1 includes, as shown in Fig. 1, a lens antenna 10, a line
sensor 20, a reflector 30, a mllineter wave radiation unit 40, and a
controller 50. The lens antenna 10 captures mllinmeter waves radiated -from
a subject and forns a subject inmage. The |line sensor 20 is configured such
that a plurality of mlIlinmeter wave sensors 22 are aligned in a line. The
reflector 30 has a reflecting surface 32 which reflects the mllineter
waves captured by the |l ens antenna 10 and guides the reflected mllineter

waves torpbesline sensghowd. ihheryp.! hi meker ré@¥etdr@d3 @t i9¢ludRkt 240 is

pl aced outside a path in which the mllineter waves captured by the |ens
antenna 10 readisphecareéhechiaehasiistrackt Idroflishmciagl ectrefle8tionThe
control ler 60 controls operation of the whole m|limeter wave imaging
apparatus |. 160u8ieThé millemesesovwazesiky ddf irgilecdingctnnipge 32, plurality

of Ll et er e Sensers 22 MEMONSd, D ST An S formng |
il 6t 1 mac. {00l BE 40655008 (A0 FPRLHA 4 e v ot | el based on
More speqpbiied! |y, The hilgmi8Rs0wa2Q ¢aRiMiIes andtVvided FuhRed | mage for
one linein miltiple times (an image of a region for one line is
sequential |y capttsiéd 4 panl twipbee tthresmil heseteyr waveaptapeuesd ibyage of t he
whol e subject). [0017] Each of the mllineter wave sensors 22 includes, as

the lens antenna 10 reach the reflecting surface 32 of the

reflector 30, and radiates a reference millimeter wave

used as a reference toward the reflector 30 from a

position of the millimeter wave radiation unit 40 located

as described above. In the present embodiment, the

millimeter wave radiation unit 40 includes a wave

absorber, or a thermal noise source which generates

thermal noise used as a reference.

(2) Imaging Process by Controller 50

A processing procedure of imaging process executed by

the controller 50 in accordance with a program stored in

a memory included in the controller 50 will be described

below with reference to Fig. 3.

[0020] In this imaging process, firstly, the reflection angle
by the reflecting surface 32 of the reflector 30 is changed
until a region of an image formed by the millimeter wave

radiated from the millimeter wave radiation unit 40

overlaps a region where the millimeter wave sensors 22

11



shown in Fig. 2, a receiving antenna 102, a Low Noise Amplifier (LNA) 104
and a wave detector 108. The receiving antenna 102 is an antenna for
receiving mllimeter waves. The LNA 104 anplifies received s fromthe

recei ving antenna 102. The wave detector 108 detects the received sign.als
anplified by the LNA 104 and subsequently signal |evels of the signals_
Accordi ngly, detected val ues corresponding to the signal |evels of the
mllimeter waves received at each receiving point are acquired from each of
the mllimeter wave sensors 22. The detected val ues fromeach of the

Ensiai-:-l et er WavgrS9BeRicy 21307 SEAURNT L | spIRHILRA:! AR nGREs KONt rol Ter 50

g_ 1), so that the controller 0 generates I nmage data.
34 of the reflector 30 is instructed to displace the
reflection angle of the millimeter waves by the reflecting
surface 32 to a predetermined evacuation angle 8’. The
instructed displacement mechanism 34 changes an angle
of the reflecting surface 32 until the region of an image
formed by the millimeter wave radiated from the
millimeter wave radiation unit 40 overlaps the region
where the millimeter wave sensors 22 are located,
thereby to change the reflection angle of the millimeter
wave by the reflecting surface 32 to the evacuation angle
0’ (see Fig. 4).

[0021] Since the millimeter wave radiation unit 40 is
disposed outside a path in which the millimeter waves
captured by the lens antenna 10 reach the reflecting
surface 32 of the reflector 30, when the reflection angle
is changed in the processing of s110, the image forming
region of the subject image by the millimeter waves from
the subject captured by the lens antenna 10 does not
overlap the region where the millimeter wave sensors 22
are located.

[0022] Next, when the reflection angle is changed to the
evacuation angle in the processing of s110, each of the
detected values by each of the millimeter wave sensors

22 constituting the line sensor 20 is obtained (s120).

12



[ 0018] As shown in Fig, 1, the reflector 30 includes a displacenent
mechani sm 34 for displacing a reflection angle of mllinmeter waves by the
reflecting surface 32, along a crossing direction with a direction in which
the mllinmeter wave sensors 22 are disposed. [0019] The m|lineter wave
radiation unit 40 is disposed outside a path where the mllineter waves
captured by the I ens antenna 10 reach the reflecting surface 32 of the
reflector 30, and radiates a reference mllineter wave used as a reference
toward the reflector 30 froma position of the mllineter wave radiation
unit 40 | ocated as described above. In the present enbodi nent, the

m i metgoogdle radHatepbhonddtedOed nelludesare vaveirshbasberesait af t her mal

noi se source which generates thernmal noise used as a reference. (2) |maging
Process by Contthy |farct50hAtptbeessilhignptearcedare ohdiatasd niyopr otless execut ed
by the controller 50 in accordance with a program stored in_a nenory

"ncl uded in t hemeHAEESEF o age kAAKaBenGadtir| K3 HaP6RYAdh FBf Bhence to

913, L0020 5 AT 0%, DRSS U0k OB AGHh SR 0 P e

reflecting sur f4¢E “of 30 iI's ange ntil—da region of an
i mage formed by fhgqas!d iWRYEray@seradhat ﬁﬁlefiw:e}h\%a%”ddﬁtt%nv"ave

radi ati on unit 40 overlaps a region where th i meter wave sensors 22
unit 40 emits a millimeter wave having an extremely low
radiant quantity, and detected values near “0” are
obtained.

[0024] Next, based on at least one of the detected values
obtained in the processing of s120, a reference detected
value, which is used as a reference in calculating errors
with respect to each of the detected values, is
determined (s130). Here, an average value based on all
the detected values obtained in the processing of s120, or
one of the obtained detected values (a maximum value or
a minimum value) is determined as the reference
detected value.

[0025] Next, based on the reference detected value
determined in the processing of s130, correction values
for correcting the detected wvalues by each of the
millimeter wave sensors 22 are determined (s140). Here,
errors between the detected values detected by each of
the millimeter wave sensors 22 and the reference

detected value determined in the processing of s130 are

calculated. The errors are determined as the correction

13



are located (s110). Here, the displacenent necha 34 of the reflector 50 is
instructed to displace the reflection angle of the mllinmeter waves by the
reflecting surface 32 to a predeterm ned evacuation angle 0. The instructed
di spl acenent nmechani sm 34 changes an angle of the reflecting surface 32
until the region of an inmage forned by the mllineter wave radi ated from
the mllinmeter wave radiation unit 40 overlaps the region where the
mllimeter wave sensors 22 are |ocated, thereby to change the reflection
angle of the mllimeter wave by the reflecting surface 32 to the evacuation

angle 0" (see v%ilﬁes@f,tﬂé)gggﬂegipﬁﬁ‘%lﬁg%ﬁ%nﬂlﬂnie%} S a¥@¥enkaflioation unit 40 is

di sposed outside a path in which t I meter waves captured by the |ens

ant enna [2026¢ach tNext,ekhent bhgssirdoreectidnokalies r@édedaiiared3Qn When the
reflection angle is changed in the processing of s110, the inage formng
regi on of thetdgbpeecesisingeohy ldReisridelti avteconsnmesohr omtdevishbj ect
captured by the | ens antenna 10 does not over|lap the region where the
mllimeter wav&SBEREoLS FBeardetestatedralpsosk| , CopRaP omelipgf | ect i on

onol e 1S chenagiiacL I SIE NN, 001640 LR, SESRE LB ng) ) o
constituting tceréét18nSeARAs 2Pe 152t AlcBEFA4RdZWith the imaging
processing (for example, the stage from s110 to s150)
corresponds to an example of a preparatory stage
according to the invention.
[0027] Next, scan control is started (s160). Scan control is
a control in which the reflection angle made by the
reflecting surface 32 of the reflector 30 is repeatedly and
continuously changed within an angle range 0” which is
less than the evacuation angle 6. Here, the
displacement mechanism 34 of the reflector 30 is
instructed to continuously change the reflection angle of
the millimeter waves by the reflecting surface 32. The
instructed displacement mechanism 34 controls changing
of the angle of the reflecting surface 32 thereby to
continuously and repeatedly change the reflection angle
of the millimeter waves by the reflecting surface 32
within the predetermined angle range 6”. Accordingly,
scanning of an imaging region by the line sensor 20 is
performed.

[0028] A value of the angle range 6” is previously set so

14



[ 0023] Here, the detected values are obtained as a result of the fact that

the mllineter wave radiated fromthe mllinmeter wave radiation unit 40 is
received. In the case where the mllineter wave radi ati on unit 40 incl udes
a wave absorber, the millineter wave radiation unit 40 emts a mllineter

wave having an extrenely |ow radi ant quantity, and detected val ues near "O0O"
are obtained. [0024] Next, based on at |east one of the detected val ues
obtained in the processing of s120, a reference detected value, which is
used as a reference in calculating errors with respect to each of the
detected values, is determ ned (s130). Here, an average val ue based on al
the detected values obtained jn the processi of s120, or one.of the

obt ai ned det ectBdtvirgdangge n%&?lnh’lﬂﬁ \f&lgﬁgnoPpghrﬁ ﬁ?“}?ﬂ?ﬁt\/ém?eg)e Py det er ni ned

as the ref erenge delagled xalue, . 002351 NEN b DERETLAN LG heenENCe

det ected val ue ‘determned i'n e’ pr ssi'ng , correction values for

correcting the deteched @l desoRYwhreh Ohe LRGN dibiBWEKeVBYRsGRNSOrS 22
are determ ned (s140), Here, errors between the detected val ues detected by

each of the m 139 geedocibad sensors 22 and the reference detected val ue
determned in the processing of s130 are calculated. The errors are
det er ni nd80891t he dexbcteberminstion df mhdecorneeypondi whehheridreter wave

sensor 22. . .
not imaging of the subject image should be continued

(s170). For example, if operation for terminating
imaging is performed with respect to the millimeter wave
imaging apparatus 1, determination is made that
imaging should be terminated (s170: NO). In other
words, determination is made that imaging should not be
continued.

[0030] When determination is made in the processing of

s170 that imaging should be continued (s170: YES), each
of the detected values by the millimeter wave sensors 22
of the line sensor 20 is obtained (s180).
Next, each of the detected values obtained in the
processing of s180 is corrected based on the correction
value set with respect to the corresponding millimeter
wave sensor 22 (s190).

[0031] Next, based on each of the detected values after
correction, which have been corrected in the processing
of s190, the subject image for one line is generated
(s200). The generated subject image for one line is

stored in a memory (s210). More specifically, the
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10026] Next, each of the correction values determ ned, in the processing of
s140 is set as a correction value with respect to the detected value of the
corresponding mllineter wave sensor 22 (s150). The stage until the
correction values are set in accordance with the imaging processing (for
exanple, the stage fromsl11l0 to s150) corresponds to an exanple of a
preparatory stage according to the invention. [0027] Next, scan control is
started (s160). Scan control is a control in which the reflection angle
made by the reflecting surface $2 of the reflector 30 is repeatedly and
continuously changed within an angle range 0" which is less than the
evacuati on angiudject ikergs fohendi bpleagemertetethdhiespr@essingvd ref | ect or
30 is instructed to continuously change the reflectign angle of the
mllimeter wavedOhys dederarmes PA@ER UM aER od2a grRen; Haer whiel idi spl acenent
mechani sm 34 control.s changi of the ,angle.of .the reflectin urface 32
Cheraby ro comtiEBUDEST SR PRIER dh SRERLTIECHRE  PBRledIbelyl o of che
mllimeter wavgs (ay wﬁen:%}ea—‘d'ﬂg_tﬁerﬁ@@ oF2 Wbl B e, Rlogdeter m ned
angl e range 0".” Accordi ngly, scanning of an |§ag|ng region by the |ine
sensor 20 is pdukralitydof[13828] balitietialy the ahgle swhiget Gmage previously
set so that the inmage form ng region of the subject image by the
mllineter wavElse captiecédibpgehdetamimed eamahk0 imagre afsa tdioemegi on where
the mllinmeter wave sensors 22 are | ocated. [0029]hbx&, determnation is
made concer ni HgRGht HEOTEFA ABt i FARTHRE oFT ¢he WiBFReEd g $H6ul d be

cont i nued (170 PO gxafpl oy o1 b, GRELAL LA ST Lerm paLi Ny amaing i
performed wit respec? to the m Mimeter wave i maglng apparatus’ 1,

det erm nation jis; pde that imaging should be termnated (s170: NO. in
ot her words, determnation is nmade that inmagi ng should not be conti nued.

[0032] After the processing of s210 has been performed, the
process proceeds to the processing of s170. Thereafter,
as long as determination is made that imaging should be
continued, the processing from s170 through s210 1is
repeated. Thus, a stage in which the processing from
s170 through s210 is repeated i1s an example of an
imaging stage according to the invention.

[0033] Then, when determination is made in the processing
of 8170 that imaging should be terminated (s170: NO),
the imaging process terminates.

(3) Operation and Effects

In the millimeter wave imaging apparatus 1 configured
as above, the preparatory stage, in which the millimeter
wave is received from the millimeter wave radiation unit
40 radiating the reference millimeter wave used as a

reference (s110 through s150 in Fig. 3), i1s proceeded,
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[ 0030] When determ nation is nmade in the processing of s170 that inmaging
shoul d be continued (s170: YES), each of the detected values by the
mllimeter wave sensors 22 of the line sensor 20 is obtained (s180). Next,
each of the detected val ues obtained in the processing of s180 is corrected
based on the correction value set with respect to the correspondi ng
mllimeter wave sensor 22 (s190). [0031] Next, based, on each of the
detected val ues after correction, which have been corrected in the
processi ng of s190, the subject inmage for one line is generated (s200). The
generated subject imge for one line is stored in a nenory (s210). Mre

specifically, the r Séjbjt%cé iimn? gleé S%rtagrgeihi %ﬂﬁn%\rﬁ&ggiég (;dé;ech%r ocessing

of s200 is det &fdthed as an™

grven |1 ne

termned in

relation to theuiabbeshin AGLetarRUHaS ik e salicchor Shai, the time

of generation, anbng a plurality o

ines constituting the whol e subj ect

i mage. The subjthet pkoegss gebessiined aket haaigimgestafgeaigi which ithe i s st ored

in a storage area corresponding to the given line,

in the nmenory which

stores the subjsedtectrageagd 0632¢tAfaldy c¢detyeskéstiQpnd HWEreaftsr been
performed, the,

[0034]

[0035]

in Fig. 3).

In the preparatory stage, the correction values are
set with respect to the detected values of each of the
millimeter wave sensors 22, based on the millimeter
wave from the millimeter wave radiation unit 40 (s150 in
Fig. 8). Once the capturing of the subject image 1s
started in the imaging stage, when the subject image is
captured, the detected values detected by the millimeter
wave sensors 22 are corrected with the correction values
each of which has been set corresponding to each of the
detected values in the preparatory stage (s190 in Fig. 3).

Therefore, even if there is variation in properties of
each of the millimeter wave sensors, the detected values
of each of the millimeter wave sensors are corrected with
the correction values based on the reference millimeter
wave used as a reference. Thus, the final output values
are less influenced by the variation. For this reason,
the captured image can be inhibited from becoming
unclear due to the wvariation in properties of the
millimeter wave sensors.

(4) Correspondence Relation to the invention
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process proceeds to the processing of s170. Thereafter, as |long as

determ nation is nade that inmaging should be continued, the processing from
s170 through s210 is repeated. Thus, a stage in which the processing from
s170 through s210 is repeated is an exanple of an imagi ng stage accordi ng
to the invention. [00 33] Then, when determ nation is nmade in the processing
of s170 that imaging should be termnated (s170: NO, the imaging process

term nates, (3) Operation and Effects In the mllineter wave i magi ng
apparatus 1 configured as above, the preparatory stage, in which the
mllinmeter wave is received fromthe mllinmeter wave radiation unit 40

radi ati ng t he Inetbeeandaiim ¢mietdascuphad ey eastine refaresaeg 3110 t hr ough

s150 in Flg. 3), is proceeded,,. prior to the inagi sta in which
capturing of tHé0OsaB e%lcg‘gglé‘ Fégpérﬁﬁ?ﬁéﬂeﬁﬁ‘@lr‘% P? SERSBFL98. Then, the

o ess ProCesingho AR AR AS RSN 0 FBTER T 12 oy
stage, the corggckbothydfUSS@ i Fig. 3 is an example of the image

generation device according to the invention, the

processings of s130 through s150 in Fig. 3 are an

example of the correction value setting device according

to the invention, and the processing of s190 in Fig. 3 is

an example of the detected value correction device

according to the invention.
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set with respect to the detected values of each of the mllinmeter wave
sensors 22, based on the mllineter wave fromthe mllinmeter wave radi ation
unit 40 (s1 Fig. 3). Once the capturing of the subject imge is started in
the i magi ng stage, when the subject image is captured, the detected val ues
detected by the mlIlineter wave sensors 22 are corrected with the
correction val ues each of which has been set. corresponding to each of the
detected values in the preparatory stage (s190 in Fig. 3). [0035]
Therefore, even if there is variation in properties of each of the
mllinmeter wave sensors, the detected values of each of the mllineter wave

sensors r e j e correction val ues based on the reference
mllimet %%@Ji@dgégéﬂrg‘er ence. Thus, the final output values are |ess
i nfluenced by the variation. For this reason, the captured i nage can be

i nhi bited from becom ng uncl ear due to the variation in properties of the

mllinmeter wavq senNsQiRimefer G ESRRNERRCE Rt Al LB D iBad:nvention In
t he enbodi nent descri bed above, the processings of s110 and s160 in Fig. 3

are an exanpl e aoflehfeaiefdectthoit aagterehanijédimeveceavaceondidigtdd t he
invention, the processing of s200 3 is an exanple of the inmage generation
devi ce adgordiangubisctHdanebantd Sexmt hsubieckesmiaggs of s130 through s150 in

Fig. 3 are an exanple of the correction val ye setting device accprding to
t he invention, Zan I’t%e%’?éﬁ’és@ﬁé‘%”%‘{l}%“?ﬁ FRAt 38 spglffagkté’npf’g of the

det ect ed ¥GHUR RE GAlOs IRYIEE AECR AR 1 LPCLAV SR 1A im SHAT 1S
forming region where the millimeter waves captured by the lens
antenna form the subject image, the line sensor capturing a
subject image for one line which 1s a unit of a whole subject, by
millimeter waves received by each of the millimeter wave
Sensors;

a reflector having a reflecting surface that reflects the
millimeter waves captured by the lens antenna thereby to guide
the reflected millimeter waves to the line sensor;

a reflection angle change device that, in order to displace
the image forming region of the subject image by the millimeter
waves reflected by the reflecting surface of the reflector, along
a crossing direction with a direction where the millimeter wave
sensors are disposed, changes an angle of the reflecting surface
thereby to sequentially change a reflection angle of the
millimeter waves by the reflecting surface, so that the line
sensor sequentially captures the subject images for one line;

an image generation device ’that generates, as an image

of the whole subject, an image including the respective subject
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. Amllineter -aye imagi ng apparatus conprising: a |l ens antenna

that captures mllinmeter waves radiated froma subject thereby to forma
subj ect i mage; a line sensor configured such that a plurality of
mllinmeter wave sensors are aligned in a line in an inage form ng region

where the mllineter waves captured by the |l ens antenna formthe subject

i mage, the line sensor capturing a subject imge for one line which is a
unit of a whole subject, by mlIlinmeter waves received by each of the
mllineter wave sensors; a reflector having a reflecting surface
that reflects the mllinmeter waves captured by the | ens antenna thereby to
gui de t hmagdd doredneai linieneeenentisddy tenntvreld he shasbine sensor; g
reflection angl e change device that, in order to displace the imge form ng
regi on 24 he subj ect image by the mllinmeter waves reflected by the

reflecting surf ageuei e GPLIEC 8 dhend &y Craspln il egldan i th 2

direction where m er wave sensors are anges an angl e

of the rafde@biN U fdeee iy %Ylih?et%@qwa%isadd;ﬁhﬁlagn?ﬁ thel Rfdection angle

of the mlIlineter waves by the reflecting surface, s at the line sensor
sequent it ienicapiaicds thbersfibdalg smafes: fodr tloneaeflevepr from thean i mage
generation device that generates, as an imge_ of the whole subject, an

i mage i nengdhngenha, pesbesdiatessaybjederengmanillimeter wave used as

a reference, from a position where the millimeter wave
radiation unit is located, toward the reflector,

wherein the reflection angle change device proceeds to a
preparatory stage in which the reflection angle is changed until
the image forming region of the subject image by the millimeter
waves captured by the lens antenna does not overlap the region
where the millimeter wave sensors are located and a region of
an image formed by the millimeter wave radiated from the
millimeter wave radiation unit overlaps the region where the
millimeter wave sensors are located, prior to capturing of the
subject image by the line sensor, and then proceeds to an
imaging stage in which the reflection angle by the reflecting
surface is sequentially changed in order to displace the image
forming region, so that the line sensor sequentially captures
the subject images for one line,

the millimeter wave 1imaging apparatus further
comprising:

a correction value setting device that, in the preparatory

stage, determines, as a reference detected value, an average
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a mllimeter wave radi ation unit which is disposed outside a path where the

mllimeter waves captured by the | ens antenna reach the reflecting surface
of the reflector fromthe |lens antenna, and radiates a reference millinmeter
wave used as a reference, froma position where the mllineter wave
radiation unit is |ocated, toward the reflector, wherein the

refl ection angl e change device proceeds to a preparatory stage in which the
reflection angle is changed until the image form ng region of the subject

image by the mllineter waves captured by the | ens antenna does not overl ap
the region where the mllineter wave sensors are |located and a region of an

i f d h BRY di f h RN
DA AN BT e I A NN S T
l'ocat ed, pfyifhet& GARIIELATRS, thsnautfg ‘?ﬁé td'ﬁ%g@ed%w@s,l 4R8 t3&Rsor, and

then proceeds to an 1 nmaging stage In e reflection angle by the

refl ecti p@gtsuakacrrestivedvantédwithchediond td eacHest tive dhHpiraetert he i mage
formng region, so that the |ine sensor sequentially captures the subject

i mages fovaveesknrers, errors thedwrenl i emtler ofavbei wegentedppahatus fuit her
conpri si 2& a correctjon val ue.setti.ng device thatthe preparatqry stage,
det er m neketegted PBf Ehensespettdve emif Bmetery Wayer :RRSOLFa bdsed on all

of detect e(ii val ueé get eeﬁiteedlb%- the respective mllinmeter wave sensors, or
one of tHEGETRCT 861 04Ifed? YWha?PRen sets, as correction values with

respect to each gfetw&dﬁdaim@%@frmy&ls&mresthsf,r ofSehetiegsiach of the

detected val ues detected by the respective mllineter wave sensors and the
ref erencetdgeecdth tahmeethanshisjedetieched foal bRechiheend captdeyd dgy t hat, t he

$Rgtng the line sensor, corrects the detected values which constitute
the corresponding subject image and which are detected by the
respective millimeter wave sensors, with the correction values,
each of which is set by the correction value setting device as a

correction value with respect to the corresponding millimeter

wave sensor.

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

wherein the millimeter wave radiation unit comprises a
wave absorber, or a thermal noise source which generates

thermal noise used as a reference.

3. A program which is used with a system comprising:
a lens antenna that captures millimeter waves radiated
from a subject thereby to form a subject image;

a line sensor configured such that a plurality of
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stage, each tine the subject image for one line is captured by the |ine
sensor, corrects the detected val ues which constitute the correspondi ng
subj ect image and which are detected by the respective mllineter wave
sensors, with the correction values, each of which is set by the correction
val ue setting device as a correction value with respect to the

corresponding mllinmeter wave sensor. 2. The mllinmeter wave

i magi ng apparatus according to claim wherein the mllineter wave
radi ation unit conprises a wave absorber, or a thernmal noise source which
generates thermal noise used as a reference. 3. A program which is used

with a spstlemeserpyiagiengengorensransigngdt Hat acdphar 88 anl LMms@eer waves
radi ated, fraom a subject thereby to forma subject inage; | j ne sensor

conf | gu(rjfé?a“é‘&@hrwé‘ﬁl Fhaer thé t“gl/llg’fme"rﬁrl PoTER e RS Sl dBeslehte al gned in
aline i ' on .egj o r he. m I ]| e ptured by
the | enseplzlin e%%gt%ié ng%&q}%?gcﬁn%gggh%t Elerf% igﬁélrggéné%ﬁ@‘x‘gg’@ﬁ% ng a

subj ect dymi@et figla@Neot IohR WML High asPRardf ofa WRbE: sHBj&RL bydy
mllinmeter waves received by each of the mllinmeter wave sensors; a
refl ect omilawmiengr awsfdsectdadegvedr bacedchat off efHeecinilliletor | Wavet er waves
captured by the I ens antenna thereby to guide the reflected mllineter
waves t oSqIRPIS; ne sensor;

a reflector having a reflecting surface that reflects the
millimeter waves captured by the lens antenna thereby to guide
the reflected millimeter waves to the line sensor;

a reflection angle change device that, in order to displace
the image forming region of the subject image by the millimeter
waves reflected by the reflecting surface of the reflector, along
a crossing direction with a direction where the millimeter wave
sensors are disposed, changes an angle of the reflecting surface
thereby to sequentially change a reflection angle of the
millimeter waves by the reflecting surface, so that the line
sensor sequentially captures the subject images for one line;

an image generation device that generates, as an image
of the whole subject, an image including the respective subject
images for one line sequentially captured by the line sensor;
and

a millimeter wave radiation unit which is disposed
outside a path where the millimeter waves captured by the lens
antenna reach the reflecting surface of the reflector from the

lens antenna, and radiates a reference millimeter wave used as
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a reflection angle change device that, in order to displace the imge
formng region of the subject image by the mllinmeter waves refl ected by
the reflecting surface of the reflector, along a crossing direction with a
direction where the mllineter wave sensors are di sposed, changes an angle
of the reflecting surface thereby to sequentially change a reflection angle
of the mllineter waves by the reflecting surface, so that the |line sensor
sequentially captures the subject imges for one |ine; an i mage.
generation device that generates, as an imge of the whol e subject, an

i mge including the respective subject inages for one |line sequentially
captured by the line sensor; and.,. a nL#Iinete{.M@ge radiati on unit
whi ch i s adi 5pETEGEut YR 2% REITer TRHE nihei RBILIMGETs Y&t ured by
the lens anigong La2ERs 1BEaf&d, f‘o%éf‘& tﬁg.rrlfef}‘li:@ct%fr, the reflector fromthe

| ens ant énna, and radi ates a reference m neter wave used as a

reference, fropieRes {hORetRLeoR N glel bhaAREEI ddECe pasicidsotounit is
| ocated, toward the reflector, wherein the reflection angl e change

devi ce pregedatboy atppgepar athocy stageflentivhi emglhdasradfdmged amtahgle is
changed until the inmage form ng region of the subject inmage by the

mi |1 met dhenwhwegectoymuimsg rpgiahef |thgss abtestiangse dshohe pElimptehe regi on
where the mllineter \Eelal}/e\kzl\e?nlsors are Ioc(gted ar,gd a rlsrgi%{l of an inmage
formed by"#Kes faptugededy e st rat &R A Q0T RO YT ARt B FBFY T adi at i on
uni t over t i h 1] SENEQr I cat ed,
prior to ‘légg?%rt:ﬂ%gﬁlgglﬁ%\@gu j%g%t%&ngndgljg g*;é ?ﬁgx\ﬁﬁrﬁe se%sg?éoglngpt hen

proceeds 4,0 flaizRBhPG At 352 tHe WAidimkher r ebhectradiatag! &oly the
reflecting surface is sequentially changed in order to displace the imge
form ng negilometso what rhdidtine sensarvesdgpentliealdegicapwihees tihe subject
imges for one line, the systemfurther conprising: . correction
val ue setmilimgder ceavhasensors Beeplessieds d?ry°§tfefgé‘?l’déf€%3ﬁq€}e§}}e as a

ref erence detected val ye, tahrr:‘iallv.er age value b sgg on al | O(L deot ect ed val ues
det ect ed HPIE FRSEEAX et | PG &P S #RLNERFY, PEPCRTE of° tHE det ect ed

val ues, ai@lqaé{fg stage in which the reflection angle by the reflecting
surface is sequentially changed in order to displace the image
forming region, so that the line sensor sequentially captures
the subject images for one line,
the system further comprising:

a correction value setting device that, in the preparatory
stage, determines, as a reference detected value, an average
value based on all of detected values detected by the respective
millimeter wave sensors, or one of the detected values, and then
sets, as correction values with respect to each of the millimeter
wave sensors, errors between each of the detected values
detected by the respective millimeter wave sensors and the
reference detected value; and

a detected value correction device that, in the imaging

23



sets, wave detected by the respective mllineter reference detected val ue;
and a detected value correction device that, stage, each tinme the subject
imge for one line is captured by the |ine sensor, corrects the detected
val ues which constitute the correspondi ng subject i mage and which are
detected by the respective mllineter wave sensors, wth the correction
val ues, each of which is set by the correction value setting device as a
correction value with respect to the corresponding mllineter wave sensor,
the programall owing a conputer .to functiop as th?.retlecti n aﬁgte change
devi ce, B¥8¢megshg h@¥h$b8n38g0e€ﬁlpﬁ%§%r‘Ebﬁ?ﬁh 3¢ & QQP?Pﬁﬁ d&Vi ce and

t he detected,.value correction deyjce. ; 5
the line sensor, corrects ¥11e detected values which constitute

the corresponding subject image and which are detected by the
respective millimeter wave sensors, with the correction values,
each of which is set by the correction value setting device as a
correction value with respect to the corresponding millimeter
wave sensor,

the program allowing a computer to function as the
reflection angle change device, the image generation device, the
correction value setting device and the detected value

correction device.
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