
D ESC RIP 1' 10 N MILL .TMFTFF WAVE M AGING APPARAT US
TECHNICAL FIELD [0001]The present invention release to
a millimeter wave imaging apparatus that receives
waves radiated from a subject such as a human body
thereby to image the subject. BACKGROUND ART
[00021Conventionally,has been proposed to receive
millimeter waves radiated from a subject such as a
human body thereby to image the subject and detect a
metallic or non-metallic weapon or smuggled goods
hidden in the subject from the captured image(see, for
example, Pa tent Documents 1, 2 and others), 



i00031A millimeter wave imaging apparatus used in the
above proposal usually includes: a millimeter wave
sensor array having a plurality of millimeter wave
sensors arranged on an identical plane, and a lens
that focuses millimeter waves radiated from a subject
such as a human body to form a millimeter wave image
on a millimeter wave receiving surface  of the
millimeter wave sensor array.The millimeter wave
imaging apparatus is configured to receive signal
levels of receiving signals from the respective
millimeter sensors constituting the millimeter wave
sensor array as pixel values of a subject image;
thereby to capture the subject image. Patent Document
1 Japanese Unexamined Patent Application Publication.
No, 2006-258496 Patent Document 2: Japanese Patent
Publication No, 2788519 DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION 



[0004] As above, the conventional millimeter wave
imaging apparatus is provided with the lens that forms
a millimeter wave image of a subject on the millimeter
wave receiving surface of the millimeter wave sensor
array. This is because, when the millimeter wave
imaging apparatus is installed away from the subject,
it. becomes possible to capture an image of the
subject from above or side thereof, However, the cony
entionai millimeter wave imaging apparatus as above is
not suitable for imaging the subject from below
thereof, and  therefore, cannot be usedfor example, to
inspect. shoe soles of passengers at an airport and
the like. [00051The present invention, which has been
made in           the problem; has an objective to
provide a millimeter wave imaging apparatus that can
image a subject from below thereof and detect goods
hidden in a bottom part of the subject from the
captured -image. MEANS FOR SOLVING THE PROBLEMS
[0000]Amillim eterwaveimagingapparatus according to a
first aspect of the invention made to accomplish the
objective includes: an imaging device provided with a
plurality of nuli.in.eter wave sensors that are
arranged in a planar manner and receive millimeter
waves radiated from a subject to detect signal levels
thereof; an image data generation device that
generates image data of the subject based on an output
from each of the millimeter wave sensors constituting
the imaging device; and a case that has a placement
surface on which the subject can be placed and which
permits transmission of millimeter waves. The imaging
device is arranged below the placement surface of the
case, so that the millimeter waves radiated 



from a bottom part of the subject placed on the
placement surface of the case are received by the
plurality of millimeter wave sensors.
[0007]Amzil.im.eterwaveimagingapparatus according to a
second aspect of the i IVE ti 0 El is constituted such
that the case is provided with a placement sensor
which detects that the subject is placed on the
placement surface, and the image data generation
device makes the imaging device operate, when the
placement sensor detects placement of the subject, to
receive the output from the each of the millimeter
wave sensors, thereby to generate the image data, in
the millimeter wave imaging apparatus according to the
first aspect. [oOOS] Next, a millimeter wave imaging
apparatus according to a third aspect of the invention
includes: a storage device that stores inspection
target object data indicating a shape of an object to
be the inspection target object; a detection device
that compares the inspection target object data stored
by the storage device and the image data generated by
the image data generation device, thereby to detect an
inspection target object hidden in the bottom part of
the 'Abject; and an output device tha.t outputs
results of detection by  the detection device, in the
millimeter wave imaging apparaLis according in to the
first or second aspect, EFFEGI,2 OF rp E I NVEN -ION
[0 0 0 91T he millimeter wave imaging a.t 3.3 3 in the



first aspect of the present invention includes a case
which has a placement surface on which a subject
canbeplacedandwhichpermits transmission of millimeter
waves. The imaging device for capturing a millimeter
wave image is arranged below the placement surface of
the case. [00101 In view of the above, the millimeter
wave imaging apparatus of the invention makes it
possible to image a bottom part of the subject by
using millimeter waves. Therefore, it becomes possible
to find an inspection target object hidden in the
bottom part of the subject from the captured image.
100111Accordingly, the millimeter wave imaging
apparatus of the invention is suitable for, for
example, the following use: the millimeter wave
imaging apparatus is installed on a floor at an
airport and the like, and used to inspect whether or
not an inspection target object is hidden in shoe
soles of passengers; or the millimeter Wave in3.aging
apparatus installed on a placement table on which
baggage is placed, and used to inspect whether or not
an inspection target object is hidden in a bottom part
of the baggage. As a result of using millimeter wave
maging 



apparatus of the in v e n t 10 n more effective
functioning of security check done at an airport and
the like can be achieved, [0012]Next, the millimeter
wave imaging apparatus in the second aspect of the
invention includes a placement sensor which detects
that the subject is placed on the placement surface of
the case, When the placement sensor detects placement
of the subject, the image data generation device makes
the imaging device operate to receive the output from
the each of the millimeter wave sensors, thereby to
generate the image data. [0013]Thus, according to the
millimeter wave imaging apparatus in the second aspect
of the invention, the imaging device and the image
data generation device can be operated only when the
subject is placed on the placement surface of the
case. As a result, an imaging operation of the milli 3
eter wa.ve imaging apparatus is minimized,  thereby
allowing reduction in consumption of electric power.
[0014]FUr t h er,them i ii m e t ciwavei n a gi
apparatus in the third aspect of the i nvention
includes a storage device that stores inspection
target object data indicating a shape of an object to
be an inspection target object. The detection device
compares the inspection target object data stored by
the storage device and the image data generated by the
image data generation device, thereby to detect an
inspection target object hidden in a bottom part of
the subject. The output device outputs results of
detection of the inspection target object by the
detection device. 



[0015]Therefore, according to the millimeter wave
imaging apparatus in the aspect of the invention, when
the inspection target object data indicating the shape
of the object to be the inspection target object is
stored by the storage device., the inspection target
object can be automatically detected, and results of
detection can be notified to a ii inspector. As a
result, it can be achieved to improve usability of the
millimeter wave imaging apparatus when used as an
inspection apparatus that inspects a Lotto  the
subject. BRIEF DESCRIPTION OF THE DRAWINGS l00161FIG.
1 is an explanatory view showing an outer appearance
and a use state of a millimeter wave rflaging
apparatus in an embodiment.        FIG. 2 is a block
diagram showing a configura.tion of the entire
millimeter wave imaging apparatus.        FIG, 3 is an
explanatory view showing a configuration of a
millimeter wave sensor. 



FIG. 4 is a flowchart showing an Inspection process
executed by an image processing unit. DESCRIPTION OF
REFERENCE NUMERALS [0017]2...subject (shoe sole),
4...inspec ion target object, 10,. millimeter wave
imaging apparatus, 12...case, 12a.,.placement surface,
l4. imaging unit, 16...indicator, 18 millimeter wave
sensor, 20...millimetnr wave sensor array,
22...pressure sensor. 24. input unit, 26.,. drive
unit, $0... Image processing unit, 42 .receiving
antenna, 44...LN.A (Low Noise Amplifier), 46...BPF
(Band Pass Filter), 48. detector circuit.  BEST MODE
FOR CARRYING OUT THE INVENTION [00181An embodiment of
the present invention will hereinafter be described. 



Fig. 1 is an explanatory view showing an outer
appearance of a millimeter wave imaging apparatus 10
to which the invention is applied. Fig. 2 is a block
diagram showing a. configuration of the millimeter
wave iniaging apparatus 10.  [00191 The millimeter
wave imaging apparatus 10 of the present embodiment is
used to check whether or not a passenger hides a
dangerous object (an inspection target object 4.) in
shoe soles or a bottom of baggage at an. airport and
the like. The millimeter wave imaging apparatus 10
includes a flat case 12 having strength sufficient for
the passenger, without taking off their shoes, to step
on and. off the case 12. The millimeter wave imaging
apparatus 10 is configured to store various functional
components within the case 12. [00201An upper
faceplacement surface on which a person steps on or
baggage is placed) 12a of the case 12 is constituted
of resin or glass which permits transmission of
millimeter waves. An imaging unit 14 for imaging shoe
soles of a  passengerasasubjectisprovidedona
substantially entire area of an opposite side of the
placement surface 12a. At one end portion of the
opposite side, an indicator 16 is provided. When the
inspection target object 4 such as a knife hidden in a
shoe sole has been detected, the indicator 16 notifies
that the inspection target object has been detected,
[0021]The imaging unit 14 includes a millimeter wave
sensor array 20 and a pressure sensor 22. The
millimeter wave sensor array 20 is constituted of a
plurality of millimeter wave sensors 18 arranged in a
planar manner along the placement surface 12a of the
case 12. The pressure sensor 22 detects that a person
or an object is placed on the placement surface 12a,
based on receipt of a pressure from the placement
surface 12a, 



[00221Outputs from the millimeter wave sensors 1,S
constituting the Millimeter wave sensor array 20 and a
detection signal from the pressure sensor 22 are
inputted to an image processing unit 30 via an input
unit 24, [00231As shown in FIG, 3, the millimeter wave
sensor 18 includes: a receiving antenna 42 for
receiving millimeter waves; a low noise amplifier
(I.IVA) 44, that amplifiesreceived signal from the
receiving antenna 42; a band pass filter (BPI?) 46
that selectively allows passage of a received signal
of a predetermined frequency band (for example, a
75GFtz hand) suitable for detection of the inspection
target object 4 among received signals amplified by
the LNA 44; and a detector circuit 48 that detects the
received signal which. has passed the BPF 46 and
detects a signal level thereof. [00241 Accordingly,
each. of the millimeter wave sensors 18 constituting
the millimeter wave sensor array 20 outputs a detected
voltage in accordance with a signal level of a
millimeter wave received at each receiving point. The
image processing unit 30 sequentially receives
detected voltages from the respective millimeter wave
sensors 18 through the input unit 24 to generate image
data of a subject 2 on the placement surface 12a. 



[0025]Also,theimageprocessingunit30is constituted by a
computer having an image processing function.The image
processing unit 30 not only generates the image data
of the subject     as explained above, hut also
processes the generated image data to determine
whether or not the inspection target object 4 is
hidden in a shoe  sole as the subject 2.If the
inspection target object 4 is hidden, the image
processing unit 30 drives the indicator 16 via a drive
unit 26, thereby to notify to the surroundings that
the inspection target object 4 is hidden, [00261In the
present embodiment, the indicator 16 is 



constituted of a plurality of light emitting diodes
arranged substantially in one line. The image
processing unit 30 lights up the light emitting diodes
in the indicator 16 via the drive unit 26, thereby to
notify that the inspection target object 4 is hidden
in the shoe sole as the subject 2, 0027) Hereinafter,
an inspection process executed by the image processing
unit 30 in order to generate the image data in the
above manner and detect the inspection target object
4, will be described using the flowchart shown in FIG.
4.       As shown in FIG.4, in this inspection
process, first it is determined in S110 (S means a
step), based on a detection signal from the pressure
sensor 22, whether or not a pressure greater than or
equal to a predetermined pressure is detected by the
pressure sensor 22, in other words, whether or not a
passenger (or baggage) is placed on the placement
surface 12a.  [0028].Then, when it is determined in
Si110 that the pressuregreater thanorequaltothe
predetermined pressure has not been detected by the
pressure sensor 22, the present process proceeds to
S1.20 to interrupt supply of electric power to the
millimeter wave sensor array 20, thereby to stop an
operation of the millimeter wave sensor array 20.
'Thereafter, the present process proceeds to S110
again. [002,]On the other hand., when it is determined
in 



Silo that the pressure greater than or equal to the
predetermined pressure has been detected by the
pressure sensor 22, it is assumed that the passenger
(or the baggage) as an object to be inspected is
placed on the placement surface 12a. Accordingly, the
present process proceeds to 8130 SO as to start supply
of electric power to the millimeter wave sensor array
20, thereby activating the respective millimeter wave
sensors 18 constituting the millimeter wave sensor
array 20. Then, the process proceeds to 8140. [00301in
5140, detected voltages are received from the
respective millimeter wave sensors 18 via the input
unit 24, to generate image data in which the
respective detected voltages are used as pixel
values. The image data generated in 8140 is used in
the subsequent 8150 onwards to determine whether or
not the insection target object 4, is present. In
addition, the image data is outputted. to a not 13 h 0
W ri external device (e.g.., display device, storage
device, computer, etc.) connected to the image
processing unit 30. [0031.1When the image data is
generated as above, the process proceeds to S150.In
8150, it is 



determined whether or not an image having
substantially the same shape as any of inspection
target objects 4 is present in the image captured this
time by searching the image data based on data of
shapes of the inspection target objects 4 previously
stored in a nonvolatile memory (ROM. EEPROM, etc.)
included in the image processing unit 30, [00 32In
subsequent Si 60, it is do termincd whether or not an
image of the inspection target object 4 is recognized
to be present. in the captured image. When an image of
the inspection target object 4 is not recognized, the
present process is temporarily terminated, and the
process proceeds to 8110 again. On the other hand,
when an image of the inspection target object 4 is
recognized, the process proceeds  to 8170.In 8170, the
indicator 16 is lit for a certain period of time via
the drive unit 26, so as to notify to the surroundings
that the inspection target object 4 is hidden in the
shoe sole of the passenger. Then, the process proceeds
to S1.1.0 again. [0033]As explained above, in the
millimeter wave imaging apparatus 1.0 of the present
embodiment, the millimeter wave sensor array 20 for
capturing a millimeter wave image is arranged below
the placement surface 12a of the case 12. Thereby, it
is possible to image shoe soles of a passenger on the
placement surface 12a by using the plurality of
millimeter wave sensors 18 constituting the millimeter
wave sensor array 20. Thus, according to the
millimeter wave imaging apparatus of the present
embodiment, it is possible to find the inspection
target object hidden in the passenger's shoe sole,
etc, from the captured image. 



(003 4 ]NI oreover, in the millimeter wave imaging
apparatus 10 of the present embodiment, the pressure
sensor 22 is provided below the placement surface 12a
of the case 12. When a pressure from a passenger (or
baggage) on the placement surface 1.2a is applied to
the pressure sensor 22, the image  orocessing unit 30
detects that the pressure has been applied, and then
activates the millimeter wave sensor array 20.
[00351As above, according to the millimeter wave
imaging apparatus 10 of the present embodiment, it is
possible to inhibit consumption of electric power by
normally setting the entire apparatus in a waiting
state. Also, by setting the entire apparatus to a
normal operation state when a passenger and the like
steps on the placement surface 12a. of the case 12, it
is possible to image the subject 2 and detect the
inspection target oct.
[00361Moreover,them.11-meterwaveimaging apparatus 1.0
of the present embodiment, not only images the subject
2 on the placement surface 12a of the case 12, hut
also detects the inspection target object 4 hidden in
the subject 2 from the captured image to notify
results of detection to the surroundings. Thereby,
becomes possible to assist an inspector who monitors
whether or not there is the inspection target object 4
while watching the captured image. Thus an improved
usability of the apparatus 10 for the inspector can be
achieved. 



[00371In the present embodiment, the millimeter wave
sensor array 20 corresponds to an imaging device of
the invention; the processings in S110-8140 executed
by the image processing unit 30 correspond to an image
data generation device of the invention; the pressure
sensor 22 corresponds to a placement sensor of the
invention; the nonvolatile memory included in the
image processing unit 30 corresponds to a storage
device of the invention; the processings in S150 and
S160 executed by the image processing unit 30
correspond to a detection device of the invention; and
the indicator 16 and the processing in Si.70
correspond to an output device of the invention.
[00381 Although one embodiment the present invention
has been described above, the invention should not be
limited to the above embodiment, out can be practiced
in various manners without departing from the scope of
the invention.  CLAIMS         1.
Amillimeterwaveimagingapparatus corn an imaging device
including aplurality of 



millimeter wave sensors that are arranged in a planar
manner and receive millimeter waves radiated from a
subject to detect signal levels thereof;        an
image data. generation device that generates image
data of the subject based on an output from each of
the millimeter wave sensors consti toting the imaging
device; and        a case that includes a placement
surface on which the subject can be placed and which
permits transmission of millimeter waves; and
wherein the imaging device is arranged below the
placement surface of the case, so that the millimeter
waves radiated from a bottom part of the su ject
placed on the placement surface of the case are
received by the plurality of millimeter wave sensors.
2. Themillimeter w a eimaging a ppa a t us according
to claim I         wherein the case is provided with a
placement sensor which detects that the subject is
placed on the  placement surface, and 



the image data generation device makes the imaging
device operate, when the placement sensor detects
placement of the subject, to receive the output from
the each of the millimeter wave sensors, thereby to
generate the image data.
3.A.millimeterwaveimagingapparatus according to claims
1 or , the apparatus comprising:        a storage
device that stores inspection target object data
indicating a shape of an object to be the inspection
target object;       a detection device that compares
the inspection target object data stored by the
storage device and the image data generated by the
image data generation device, thereby to detect an
inspection target object hidden in the bottom part of
the subject; and        an output device that outputs
results of detection by the detection device. 




