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SURVEILLANCE CAMERA SYSTEM AND
SURVEILLANCE CAMERA CONTROL

APPARATUS
BACKGROUND
[0001] 1. Field
[0002] Aspects of the present invention generally relate to a

surveillance camera system and a surveillance camera control
apparatus, and more particularly to a technology suitably
used for efficiently recognizing a specific person from an
image captured by photographing a surveillance region.
[0003] 2. Description of the Related Art

[0004] The surveillance camera system is a system that
includes a plurality of surveillance cameras, a server config-
ured to process a video of the surveillance camera, and a
viewer configured to check the video.

[0005] For the surveillance camera, a wide angle camera
for photographing a wide region, or a pan-tilt-zoom (PTZ)
camera for performing pan-tilt-zoom control by a user’s
operation is used.

[0006] Inthesurveillance camera system, thereisa demand
to capture a clear and detailed image by zooming a specific
portion or an object in the wide angle of view along with
continuous photographing of the wide region.

[0007] Japanese Patent Application Laid-Open No. 2008-
85832 discusses a surveillance camera system that performs
moving object detection, unmoving object detection, or sen-
sor input detection by a fixed camera and photographs an
abnormal region by the PTZ camera.

[0008] Japanese Patent Application Laid-Open No. 2007-
249298 discusses a face recognition apparatus that includes a
first camera for photographing an entire region and a second
camera for recognizing a face of one person selected as a
recognition target from an overall image captured by the first
camera through zooming.

[0009] In Japanese Patent Application Laid-Open No.
2008-85832, no consideration is given to execution of recog-
nition processing of a person when a plurality of abnormal
region is simultaneously present.

[0010] In Japanese Patent Application Laid-Open No.
2007-249298, a priority order of face recognition is deter-
mined from a face direction or brightness at the point of time
when the person is detected by an infrared sensor. However,
information obtained at only one point of time may not satisfy
a condition suited for face recognition. Consequently, effi-
cient face recognition is not always guaranteed.

SUMMARY

[0011] An aspect of the present is directed to efficient
execution of face recognition even when a plurality of abnor-
mal region is simultaneously present in a surveillance region.
[0012] According to an aspect of the present invention, a
surveillance system includes an acquisition unit configured to
acquire motion information of an object detected from an
image captured by an image capturing unit, an association
unit configured to associate a recognition processing result of
the object with the motion information, and a determination
unit configured to determine, from among a plurality of
objects detected from the image captured by the image cap-
turing unit, an object to be subjected to recognition process-
ing based on the recognition result associated with the motion
information.
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[0013] Further features and aspects of the present disclo-
sure will become apparent from the following detailed
description of exemplary embodiments with reference to the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
exemplary embodiments, and together with the description,
serve to explain the principles of the disclosure.

[0015] FIG. 1 is a diagram illustrating an example of a
surveillance camera system according to a first exemplary
embodiment.

[0016] FIG.2isablock diagram illustrating a configuration
example of the surveillance camera system according to the
first exemplary embodiment.

[0017] FIG. 3 is a diagram illustrating an example of track-
ing managing information according to the first exemplary
embodiment.

[0018] FIG. 4 is a diagram illustrating an example of a
method for determining a moving direction and a moving
speed according to the first exemplary embodiment.

[0019] FIG. 5A is a diagram illustrating a point example
with respect to the moving direction according to the first
exemplary embodiment.

[0020] FIG. 5B is a diagram illustrating a point example
with respect to the moving speed according to the first exem-
plary embodiment.

[0021] FIG. 6 is a flowchart illustrating a processing pro-
cedure performed in a wide angle camera according to the
first exemplary embodiment.

[0022] FIG. 7 is a flowchart illustrating an example of pro-
cessing performed in a PTZ camera according to the first
exemplary embodiment.

[0023] FIG. 8 is a flowchart illustrating a procedure of
setting a priority order in a server according to the first exem-
plary embodiment.

[0024] FIG. 9 is a diagram illustrating a surveillance cam-
era system of a single camera according to a second exem-
plary embodiment.

[0025] FIG. 10 is a block diagram illustrating a configura-
tion example of the surveillance camera system of the single
camera according to the second exemplary embodiment.
[0026] FIG. 11 is a diagram illustrating examples of track-
ing managing information and processing history informa-
tion according to the second exemplary embodiment.

[0027] FIG. 12 is a flowchart illustrating an example of
processing performed by a PTZ camera in the surveillance
camera system using the single camera according to the sec-
ond exemplary embodiment.

[0028] FIG. 13 is a flowchart illustrating a processing pro-
cedure of a server of the surveillance camera system using the
single camera according to the second exemplary embodi-
ment.

DESCRIPTION OF THE EMBODIMENTS

[0029] FIG. 1 is a diagram illustrating an example of a
surveillance camera system according to a first exemplary
embodiment. The surveillance camera system includes a
wide angle camera 101 for photographing a wide region, a
camera 103 (PTZ camera) 103 capable of performing pan-
tilt-zoom control, and a sever 105 for controlling the wide
angle camera 101 and the PTZ camera 103.
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[0030] A photographing region of the wide angle camera
101 is a wide angle camera photographing region 102, and a
photographing region of the PTZ camera 103 is a PTZ camera
photographing region 104. By subjecting the PTZ camera 103
to pan-tilt-zoom control, a part in the wide angle camera
photographing region 102 is magnified to be photographed.

[0031] FIG.2isablock diagram illustrating a configuration
example of the surveillance camera system according to the
present exemplary embodiment.

[0032] The wide angle camera 101 includes an image cap-
turing unit 201, a human body detection/tracking unit 202,
and a tracking information transmission unit 203.

[0033] The PTZ camera 103 includes an image capturing
unit 204, a face recognition database (DB) unit 205, a face
detection/recognition unit 206, a recognition information
transmission unit 207, a control information reception unit
208, a recognition processing control unit 209, and a camera
control unit 210.

[0034] The server 105 includes a tracking information
reception unit 211, a recognition information reception unit
212, a tracking information management unit 213, a priority
order determination unit 214, a PTZ camera management unit
215, and a control information transmission unit 216, and is
configured to control surveillance camera.

[0035] In the wide angle camera 101, the image capturing
unit 201 captures an image of a surveillance region to create
acontinuous region image, and adds image identification (ID)
for identifying each image to the created region image to
output the region image to the human body detection/tracking
unit 202.

[0036] The human body detection/tracking unit 202 per-
forms pattern matching processing to detect a human body
from the captured image of the surveillance region created by
the image capturing unit 201, and adds unique human body
tracking ID to a human body identified from a positional
relationship between frames to perform human body tracking
processing.

[0037] After completion of the processing, the human body
detection/tracking unit 202 outputs tracking information
including human body tracking ID unique to each human
body, center point coordinates in an image, a width/height and
a size of a bounding box, and a moving speed, for each
processing execution. The processing of the human body
detection/tracking unit 202 is not limited to the pattern match-
ing processing. Any processing may be performed as long as
the human body can be detected from the image, for example,
human body detection processing using a feature amount
based on a luminance gradient/intensity.

[0038] The tracking information transmission unit 203
transmits the tracking information output from the human
body detection/tracking unit 202 to the server 105 via a net-
work. Through the processing of the tracking information
transmission unit 203, the tracking information is transmitted
from the wide angle camera 101 to the server. The processing
is not limited to any specific communication method such as
local area network (LAN) or serial communication.

[0039] Inthe PTZ camera 103, the image capturing unit 204
captures an image of a part of the wide angle camera photo-
graphing region 102 to generate an image including a plural-
ity of frames. Image ID for identifying each image is added to
the generated image. The image ID does not need to be
synchronized with image ID added by the other camera, i.e.,
the image capturing unit 201 of the wide angle camera 101.
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[0040] The face recognition DB unit 205 is a database for
managing an individual feature amount necessary for recog-
nizing a face as a specific individual. The feature amount and
a name of a person corresponding to the feature amount are
acquired beforehand from the outside, for example, from the
server 105, and set.

[0041] The face detection/recognition unit 206 detects a
face from the image created by the image capturing unit 204
by pattern matching processing, extracts a feature amount of
the face. The face detection/recognition unit 206 compares
the feature amount with the feature amount owned by the face
recognition DB unit 205 to perform individual face detection
recognition processing, and outputs an authentication result.
Recognition information including person tracking ID, a
moving direction, a moving speed, and a result of a recogni-
tion success/failure, and in the case of a success, a position of
the face, a name of a recognized individual, and person ID are
output for each execution of processing.

[0042] The face detection recognition processing of the
face detection/recognition unit 206 is performed only when a
command to execute recognition processing is received from
the recognition processing control unit 209, and is not carried
out when there is no recognition processing execution com-
mand. No processing is performed during a period from
reception of a PTZ control start command from the camera
control unit 210 to reception of a PTZ control end command.

[0043] The processing of the face detection/recognition
unit 206, which detects and recognizes the face from the
image, is not limited to the pattern matching processing. A
high-speed detection method such as that using a Haar-like
feature amount can also be used.

[0044] The recognition information transmission unit 207
transmits the recognition information output from the face
detection/recognition unit 206 to the server 105 via the net-
work. The processing of the recognition information trans-
mission unit 207, which transmit s the recognition informa-
tion from the PTZ camera 103 to the server 105, is not limited
to any specific communication method such as LAN or serial
communication.

[0045] The control information reception unit 208 receives,
from the server 105, pan-tilt-zoom control information, an
execution command offace detection recognition processing,
processing target human body tracking ID, a moving direc-
tion, and a moving speed.

[0046] The recognition processing control unit 209 outputs
the recognition processing execution command to the face
detection/recognition unit 206 and the pan-tilt-zoom control
command to the camera control unit 210 based on the infor-
mation received by the control information reception unit
208.

[0047] The camera control unit 210 performs camera pan-
tilt-zoom control based on a pan-tilt-zoom control command
from the recognition processing control unit 209. At the time
of'starting the pan-tilt-zoom control, a PTZ control start com-
mand is transmitted to the face detection/recognition unit
206. At the time of ending the pan-tilt-zoom control, a PTZ
control end command is transmitted to the face detection/
recognition unit 206.

[0048] Intheserver 105, the tracking information reception
unit 211 receives tracking information from the wide angle
camera 101, and the recognition information reception unit
212 receives recognition information from the PTZ camera
103.
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[0049] The tracking information management unit 213
manages the tracking information received by the tracking
information reception unit 211 and the recognition informa-
tion received by the recognition information reception unit
212 in association with each other. The tracking information
management unit 213 generates authentication processing
history including motion information of a person when
authentication processing is performed and a result of the
authentication processing. Tracking management informa-
tion 301 illustrated in FIG. 3 is updated.

[0050] FIG. 3 illustrates an example of the tracking man-
agement information.

[0051] The tracking management information 301 man-
ages person tracking information 302 for each person track-
ing ID. The person tracking information 302 includes person
tracking ID, time when a person appears for the first time, a
name and person ID of the person, a current moving direction
and a moving speed, a moving direction and a moving speed
when recognition processing fails, and one or more pieces of
positional information 303. Other information such as accel-
eration speed, a moving pattern, and a moving amount can
also be used as motion information.

[0052] The positional information 303 includes a position
of'the person on the image captured by the wide angle camera
101, a width/height and a size of a bounding box, and time of
acquiring the information.

[0053] The tracking information management unit 213
updates the tracking management information 301 when
acquiring each tracking information from the tracking infor-
mation reception unit 211. Specifically, when tracking infor-
mation having person tracking ID not managed by the track-
ing management information 301 is present, new person
tracking information 302 is created, and the time of first
appearance, the moving direction and the moving speed of the
present time, and the positional information 303 are updated.
When tracking information having person tracking ID man-
aged by the tracking management information 301 is present,
the moving direction and the moving speed of the present
time and the positional information 303 are updated.

[0054] On the other hand, when no tracking information
having person tracking ID managed by the tracking manage-
ment information 301 is present, corresponding person track-
ing information 302 is deleted. The tracking information
management unit 213 updates the tracking management
information 301 when acquiring each recognition informa-
tion from the recognition information reception unit 212. In
this case, when recognition is successful, the name and the
person ID of the person are updated. When recognition is a
failure, the moving direction and the moving speed at the time
of a recognition failure are updated.

[0055] The priority order determination unit 214 deter-
mines a priority order of a person (Point*human) subjected to
face recognition processing in the PTZ camera 103. The
priority order is determined referring to the tracking manage-
ment information 301 and by a total score of points based on
amoving direction (direction) and a moving speed (speed) for
each person tracking ID, and a penalty based on failure his-
tory in history of authentication processing results. The fol-
lowing expression is a calculation formula for point determi-
nation. The higher a score, the higher a priority order.

POINt = PO g3y gign+ POINL ot POINL,

‘penalty
[0056] FIG. 4 illustrates an example of a method for deter-
mining a moving direction and a moving speed.

Nov. 20, 2014

[0057] A line segment connecting a past position 402 and a
current position 403 of a person 401 on an image is set as a
person moving vector 404 in a moving direction. In the
present exemplary embodiment, past positional information
Position (n-4) is positional information four frames before
current positional information Position (n). However, a frame
interval is not limited to five frames. A moving speed is
determined based on alength of the line segment on the image
and required time between two points.

[0058] FIG. 5A illustrates a point example with respect to a
moving direction, and a point is determined based on the
moving direction. In FIG. 5A, in a range of 45° to —45° of a
downward moving direction in the image, a point is 10. A
point is 8 in a range of 45° to 90° or -45° to -90°. A point is
6 in a range of 90° to 135° or -90° to =135°. A pointis 2 in a
range of 135° to 180° or —135° to —=180°.

[0059] FIG. 5B illustrates a point example with respectto a
moving speed, and a point is determined based on the moving
speed.

[0060] A penalty is =3 when a current moving direction is
within a range of +3 of a moving direction in failure history.
According to the score calculation result, a person unrecog-
nized and having a highest score is subjected to recognition
processing at the PTZ camera 103. Setting of a priority order
is performed once in a fixed period or after the recognition
processing is successful at the PTZ camera 103.

[0061] In the present exemplary embodiment, the priority
order setting is performed by setting the penalty based on the
failure history. However, the priority order setting is not lim-
ited to this method. The setting method of the priority order
only needs to take a result of last processing into account. A
method for setting a priority order based on stability of rec-
ognition information in a period where last authentication
processing has been executed can be employed.

[0062] Specifically, a low priority order is set to a person
when his recognition information has been acquired at a fixed
or higher than fixed rate among pieces of recognition infor-
mation acquired from frames in the period where last authen-
tication processing has been executed. On the other hand, a
high priority order is set to a person when his recognition
information has been acquired at the fixed or lower than fixed
rate. In other words, the high priority order us set to the person
showing varied results from each frame.

[0063] Inthe server 105, the PTZ camera management unit
215 manages person tracking ID of a recognition processing
target person determined by the priority order determination
unit 214, and current positional information. The PTZ camera
management unit 215 converts the current positional infor-
mation into pan-tilt-zoom control information of the PTZ
camera 103. The conversion processing into the control infor-
mation is performed by creating beforehand a conversion
table of a position on the image of the wide angle camera 101
and a pan angle, a tilt angle, and a zoom magnification of the
PTZ camera. Processing continuation time after outputting of
an execution command of recognition processing is measured
and managed.

[0064] The control information transmission unit 216
transmits the pan-tilt-zoom control information created by
the PTZ camera management unit 215, the command to
execute the face detection recognition processing, the human
body tracking ID of the processing target person, the moving
direction, and the moving speed, to the PTZ camera 103 to
perform surveillance camera control.
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[0065] FIG. 6 is a flowchart illustrating a processing pro-
cedure performed in the wide angle camera 101.

[0066] In step S601, the image capturing unit 201 captures
an image. Then, in step S602, the human body detection/
tracking unit 202 performs detection and tracking of a human
body based on the image.

[0067] In step S603, the tracking information transmission
unit 203 transmits tracking information that is a result of the
human body detection and tracking processing performed by
the human body detection/tracking unit 202. In step S604,
whether to continue the processing is determined. When the
processing is continued (YES in step S604), the processing
returns to step S601. When not continued (NO in step S604),
the processing is ended.

[0068] FIG. 7 is a flowchart illustrating a processing pro-
cedure performed in the PTZ camera 103. In step S701, the
recognition processing control unit 209 checks presence of a
recognition execution command. When the recognition
execution command is present (YES in step S701), in step
8702, the camera control unit 210 performs pan-tilt-zoom
control. In step S703, the image capturing unit 204 captures
an image. Then, in step S704, the face detection/recognition
unit 206 performs face detection and face authentication pro-
cessing. In step S705, the recognition information transmis-
sion unit 207 transmits a result of the face detection and face
authentication performed in step S704 to the server 105.
[0069] Lastly, in step S706, whether to continue the pro-
cessing is determined. When the processing is continued
(YES in step S706), the processing returns to step S701.
When not continued (NO in step S706), the processing is
ended.

[0070] FIG. 8 is a flowchart illustrating the priority order
setting procedure carried out in the server 105. In step S801,
the PTZ camera management unit 215 acquires information
as to whether the recognition processing is being performed
by the PTZ camera 103, whether the recognition processing
has been successful, and the continuation time of the recog-
nition processing, from the tracking information manage-
ment unit 213.

[0071] In step S802, when it is determined that the recog-
nition processing is being executed, the recognition process-
ing has not been successful, and the recognition processing
continuation time is shorter than elapsed time until the pro-
cessing ends (YES in step S802), the currently executed rec-
ognition processing is continued. When the processing is
continued, in step S803, the PTZ camera management unit
215 performs pan-tilt-zoom control of the PTZ camera 103
according to positional information of a current recognition
target of the PTZ camera 103.

[0072] On the other hand, in the case other than the afore-
mentioned condition, in step S804, the priority order deter-
mination unit 214 sets a priority order.

[0073] Then, in step S805, whether to execute recognition
processing is determined based on the priority order setting.
When it is determined that the recognition processing is
executed (YES in step S805), in step S806, the PTZ camera
management unit 215 issues a command to execute pan-tilt-
zoom control and face detection recognition processing in the
PTZ camera 103 according to positional information of a
recognition target. Lastly, in step S807, whether to continue
the processing is determined. When the processing is contin-
ued (YES in step S807), the processing returns to step S801.
When not continued (NO in step S807), the processing is
ended.

Nov. 20, 2014

[0074] In the present exemplary embodiment, the number
of PTZ cameras 103 is one. However, the number of PTZ
cameras is not limited to one. Even in a system including
more than one PTZ cameras, processing based on a similar
priority order can be performed. In the present exemplary
embodiment, the control of the PTZ camera 103 is performed
by way of the pan-tilt-zoom. However, the control method of
the camera is not limited to this. Digital pan-tilt-zoom control
based on rotation, vertical and horizontal movement, and
partial segmentation of an image can be performed.

[0075] FIG. 9 is a diagram illustrating an example of a
surveillance camera system of a single camera according to a
second exemplary embodiment. The surveillance camera sys-
tem of the present exemplary embodiment includes a camera
(PTZ camera) 901 capable of performing pan-tilt-zoom con-
trol, and a server 904 for controlling the PTZ camera 901.
[0076] A photographing region of the PTZ camera 901 at
the time of wide angle setting is a wide angle photographing
region 902, and a photographing region at the time of zoom
setting is a zoom photographing region 903. The PTZ camera
901 normally performs photographing at the wide angle set-
ting, and at the zoom setting when face detection recognition
processing is executed.

[0077] FIG. 10 is a block diagram illustrating a configura-
tion example of the surveillance camera system according to
the present exemplary embodiment.

[0078] The PTZ camera 901 includes an image capturing
unit 1001, a human body detection/tracking unit 1002, and a
tracking information transmission unit 1003. The PTZ cam-
era 901 further includes a face recognition DB unit 1004, a
face detection/recognition unit 105, a recognition informa-
tion transmission unit 1006, a control information reception
unit 1007, a recognition processing control unit 1008, and a
camera control unit 1009.

[0079] The server 904 includes a tracking information
reception unit 1010, a recognition information reception unit
1011, a tracking recognition information management unit
1012, a processing target determination unit 1013, a PTZ
camera management unit 1014, and a control information
transmission unit 1015.

[0080] In the PTZ camera 901, the image capturing unit
1001 captures an image of a surveillance region to create a
continuous region image, and adds image ID for identifying
each image to the created region image to output the region
image to the human body detection/tracking unit 1002 and the
face detection/recognition unit 1005.

[0081] The human body detection/tracking unit 1002 is
similar to the human body detection/tracking unit 202 of the
first exemplary embodiment.

[0082] However, human body detection/tracking by the
human body detection/tracking unit 1002 is performed only
when a command to execute human body processing is
received from the recognition processing control unit 1008.
The human body detection/tracking is not performed when no
command to execute the human body processing is received.
[0083] The tracking information transmission unit 1003 is
similar to the tracking information transmission unit 203 of
the first exemplary embodiment.

[0084] The face recognition DB unit 1004 is similar to the
face recognition DB unit 205 of the first exemplary embodi-
ment.

[0085] The face detection/recognition unit 1005 is similar
to the face detection/recognition unit 206 of the first exem-
plary embodiment.
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[0086] However, face detection recognition by the face
detection/recognition unit 1005 is performed only when a
demand to execute the face processing is received from the
recognition processing control unit 1008. The face detection
recognition is not performed when no face processing execu-
tion command is received. No processing is performed during
aperiod from reception of a PTZ control start command from
the camera control unit 1009 until reception of a PTZ control
end command.

[0087] The recognition information transmission unit 1006
transmits recognition information output from the face detec-
tion/recognition unit 1005 to the server 904 via a network.
The processing of the recognition information transmission
unit 1006, which transmits the recognition information from
the PTZ camera 901 to the server 904, is not limited to any
specific communication method such as LAN or serial com-
munication.

[0088] The control information reception unit 1007
receives PTZ control information, and a command to execute
human body processing or a command to execute face recog-
nition processing from the server 904.

[0089] The recognition processing control unit 1008 out-
puts the human body processing execution command to the
human body detection/tracking unit 1002 when the control
information reception unit 1007 receives the human body
processing execution command, and outputs a face process-
ing execution command to the face detection/recognition unit
1005 when the control information reception unit 1007
receives the face processing execution command. The recog-
nition processing control unit 1008 outputs the PTZ control
command to the camera control unit 1009 when the control
information reception unit 1007 acquires PTZ control infor-
mation.

[0090] The camera control unit 1009 is similar to the cam-
era control unit 210 of the first exemplary embodiment.

[0091] Inthe server 904, the tracking information reception
unit 1010 receives tracking information from the PTZ camera
901, and the recognition information reception unit 1011
receives recognition information from the PTZ camera 901.

[0092] The tracking recognition information management
unit 1012 manages tracking management information 1101
and processing history information 1111.

[0093] FIG. 11 illustrates an example of the tracking man-
agement information 1101 and the processing history infor-
mation 1111.

[0094] The tracking management information 1101 man-
ages person tracking information 1102 for each person track-
ing ID. The person tracking information 1102 includes person
tracking ID, time when a person appears for the first time, a
current moving direction and a moving speed, and one or
more pieces of positional information 1103 illustrated in FIG.
11. Other information such as acceleration speed, a moving
pattern, and a moving amount can also be used as motion
information. The positional information 1103 includes a posi-
tion of the person on the image captured by the PTZ camera
901 at the time of wide angle setting, a width/height and a size
of'a bounding box, and time of acquiring the information.

[0095] The tracking management information 1101 is
updated for each time tracking information is acquired from
the tracking information reception unit 1010. Specifically,
when tracking information having person tracking ID that is
not managed by the tracking management information 1101
is present, new person tracking information 1102 is created,
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and the time of first appearance, the current moving direction
and moving speed, and the positional information 1103 are
updated.

[0096] When tracking information having person tracking
ID that is managed by the tracking management information
1101 is present, the current moving direction and moving
speed, and the positional information 1103 are updated. On
the other hand, when no tracking information having person
tracking ID managed by the tracking management informa-
tion 1101 is present, corresponding person tracking informa-
tion 1102 is deleted. When a tracking information deletion
command is received from the PTZ camera management unit
1014, the tracking management information 1101 is deleted.
[0097] The processing history information 1111 includes
one or more pieces of processing information 1112. The
processing information 1112 includes the time of executing
face authentication processing, rectangular coordinates of a
processing region on the image captured at the wide angle
setting of the PTZ camera 901, a pan-tilt-zoom setting value,
and a success/failure of a face authentication. In the process-
ing history information 1111, processing information 1112 is
added each time face authentication processing is executed
under pan-tilt-zoom control of the PTZ camera 901. Accord-
ing to recognition information acquired from the recognition
information reception unit 1011, a success is set to the face
authentication result when the face detection recognition pro-
cessing is successful and a person is specified. On the other
hand, a failure is set to the face authentication result when a
person is not specified.

[0098] The processing target determination unit 1013
determines a target to be subjected to face detection recogni-
tion processing by controlling the pan-tilt-zoom operation of
the PTZ camera 901 after a point (Point*human) has been set
on each person managed by the tracking management infor-
mation 1101. The point on each person is set as follows. The
point is determined referring to the tracking management
information 1101 by a total score of points based on a moving
direction (direction) and a moving speed (speed) for each
person tracking ID, and a penalty based on the tracking man-
agement information 1101 and the processing history infor-
mation 1111. The following expression is a calculation for-
mula for point determination. In this case, a person of a
highest point is set as a processing target.

Pomthuman:P01ntdiremon+PomtSpee d+P01ntpEM,,y

[0099] A method for determining a moving direction and a
moving speed and a method for determining a point with
respect to the moving direction and the moving speed are
similar to those of the first exemplary embodiment.

[0100] A penalty is -5 when current center coordinates of a
human body are within a region where immediate face rec-
ognition processing has been performed. A penalty is -2
when the current center coordinates of the human body are
within a region where in the past, face recognition processing
has been performed two to five steps before. According to the
sore calculation result, the person of a highest total value is
subjected to face recognition processing under pan-tilt-zoom
control of the PTZ camera 901.

[0101] In the present exemplary embodiment, the process-
ing target is determined by setting the penalty based on the
processing history information. However, the processing tar-
get determination is not limited to this method. The process-
ing target determination method may be employed as long as
past processing target history is taken into account. As a
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method for determining a processing target, priority may be
given to a region where a probability of success is higher as a
result of past face recognition processing.

[0102] Inthe server 904, the PTZ camera management unit
1014 manages a processing state of the PTZ camera 901. In
the initial period of the present system, and when the process-
ing target determination unit 1013 is yet to determine a pro-
cessing target, a human body execution command and PTZ
control information where an image is captured at wide angle
setting are output to the control information transmission unit
1015.

[0103] On the other hand, after the processing target deter-
mination unit 1013 has determined a processing target, the
following is performed. The PTZ camera photographing
region 104 outputs PTZ control information and a face pro-
cessing execution command in which pan-tilt-zoom is con-
trolled such that a rectangle of a person can satisfy 80% of the
photographing region, to the control information transmis-
sion unit 1015 based on a position and a rectangle of the
positional information 1103 of the target person. Further,
processing continuation time after determination of the pro-
cessing target by the processing target determination unit
1013 is measured and managed.

[0104] Whenthe processing continuation time exceeds pre-
set end time, the PTZ camera photographing region 104 out-
puts a human body processing execution command and PTZ
control information where an image is captured at wide angle
setting, to the control information transmission unit 1015.
Further, the PTZ camera photographing region 104 outputs a
tracking information deletion command to the tracking rec-
ognition information management unit 1012.

[0105] In the present exemplary embodiment, the pan-tilt-
zoom control is performed so that the rectangle region of the
person when the target person is photographed can be 80% or
more of the photographing region. However, the control is not
limited to this. The pan-tilt-zoom control may be performed
s0 as to acquire resolution sufficient for execution of face
detection authentication processing.

[0106] The control information transmission unit 1015
transmits the PTZ control information created by the PTZ
camera management unit 1014, and the face processing
execution command, or the human body processing execu-
tion command to the PTZ camera 901.

[0107] FIG. 12 is a flowchart illustrating a processing pro-
cedure performed in the PTZ camera 901.

[0108] In step S1201, human body processing and face
processing are switched over according to a processing
execution command output from the recognition processing
control unit 1008. When the recognition processing control
unit 1008 outputs a human body processing execution com-
mand, in step S1202, an image is acquired from the image
capturing unit 1001.

[0109] Then, in step S1203, the human body detection/
tracking unit 1002 performs detection and tracking process-
ing of a human body based on the image.

[0110] In step S1204, the tracking information transmis-
sion unit 1003 transmits tracking information that is a track-
ing result of the human body detection and tracking process-
ing performed by the human body detection/tracking unit
1002. On the other hand, when the recognition processing
control unit 1008 outputs a face processing execution com-
mand, in step S1205, pan-tilt-zoom control is performed
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according to a PTZ control command. However, when no
PTZ control command has been received, pan-tilt-zoom con-
trol is not performed.

[0111] In step S1206, the face detection/recognition unit
1005 acquires an image from the image capturing unit 1001.
In step S1207, the face detection/recognition unit 1005 per-
forms face detection and face authentication processing.

[0112] In step S1208, the recognition information trans-
mission unit 1006 transmits a result of the face detection and
face authentication processing performed in step S1207.

[0113] Lastly, in step S1209, whether to continue the pro-
cessing is determined. When the processing is continued
(YES in step S1209), the processing returns to step S1201.
When not continued (NO in step S1209), the processing is
ended.

[0114] FIG. 13 is a flowchart illustrating the processing
procedure carried out in the server 904.

[0115] At the time of starting the processing, the PTZ cam-
era 901 performs video photographing at wide angle setting.

[0116] In step S1301, the PTZ camera management unit
1014 creates a human body processing execution command,
and the control information transmission unit 1015 transmits
the human body processing execution command to the PTZ
camera 901.

[0117] Then, in step S1302, the processing waits for recep-
tion of tracking information from the PTZ camera 901. When
the tracking information is received by the tracking informa-
tion reception unit 1010, the tracking recognition information
management unit 1012 updates the tracking management
information 1101.

[0118] In step S1303, the processing target determination
unit 1013 performs processing target determination. In step
S1304, whether a processing target has been determined in
step S1303 is decided. When it is determined that the pro-
cessing target has been determined (YES in step S1304), in
step S1305, the PTZ camera management unit 1014 creates a
PTZ control command to perform pan-tilt-zoom control to
zoom in on the processing target determined in the determi-
nation processing of step S1303.

[0119] Instep S1306, the control information transmission
unit 1015 transmits the PTZ control command to the PTZ
camera 901.

[0120] In step S1307, the PTZ camera management unit
1014 measures processing continuation time after the output-
ting of the face processing execution command, and deter-
mines whether to end the processing. When the processing is
continued (NO in step S1307), the processing proceeds to
step S1308, and the control information transmission unit
1015 transmits the face processing execution command to the
PTZ camera 901.

[0121] In step S1309, the processing waits for reception of
recognition information from the PTZ camera 901. When the
recognition information is received by the recognition infor-
mation reception unit 1011, the tracking recognition informa-
tion management unit 1012 updates the processing history
information 1111.

[0122] Then, in step S1310, whether to continue the pro-
cessing is determined. When the face detection processing is
successful and a person is specified according to the recog-
nition information, the processing proceeds to step S1311.
The PTZ camera 1014 creates PTZ control information for
photographing a video at wide angle setting.
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[0123] Instep S1312, the control information transmission
unit 1015 transmits the PTZ control command to the PTZ
camera 901.

[0124] In step S1313, whether to end the processing is
determined. When the processing is continued (NO in step
S1313), the processing returns to step S1301. When ended
(YES in step S1313), the processing is ended.

[0125] On the other hand, when it is determined that the
face detection recognition processing has failed according to
the recognition information, the processing returns to step
S1307, and the processing is continued.

[0126] Inthe present exemplary embodiment, the control of
the PTZ camera 901 is the pan-tilt-zoom control. However,
the control method ofthe camera is not limited to this method.
Digital pan-tilt-zoom control based on rotation, vertical and
horizontal movement, and partial segmentation of an image
can also be performed.

[0127] The exemplary embodiments have been described
in detail. In addition to the above-described exemplary
embodiments, other exemplary embodiments can be imple-
mented in forms such as a system, an apparatus, a method,
and a program or a recording medium (storage medium).
Specifically, the exemplary embodiments can be applied to a
system including a plurality of devices (e.g., host computer,
interface device, image capturing device, and web applica-
tion), and can also be applied to an apparatus including one
device.

Other Embodiments

[0128] Additional embodiments can also be realized by a
computer of a system or apparatus that reads out and executes
computer executable instructions recorded on a storage
medium (e.g., computer-readable storage medium) to per-
form the functions of one or more of the above-described
embodiment(s), and by a method performed by the computer
of the system or apparatus by, for example, reading out and
executing the computer executable instructions from the stor-
age medium to perform the functions of one or more of the
above-described embodiment(s). The computer may com-
prise one or more of a central processing unit (CPU), micro
processing unit (MPU), or other circuitry, and may include a
network of separate computers or separate computer proces-
sors. The computer executable instructions may be provided
to the computer, for example, from a network or the storage
medium. The storage medium may include, for example, one
or more of a hard disk, a random-access memory (RAM), a
read only memory (ROM), a storage of distributed computing
systems, an optical disk (such as a compact disc (CD), digital
versatile disc (DVD), or Blu-ray Disc (BD)™), a flash
memory device, a memory card, and the like.

[0129] While the present disclosure has been described
with reference to exemplary embodiments, it is to be under-
stood that these exemplary embodiments are not seen to be
limiting. The scope of the following claims is to be accorded
the broadest interpretation so as to encompass all such modi-
fications and equivalent structures and functions.

[0130] This application claims the benefit of Japanese
Patent Application No. 2013-105226 filed May 17, 2013 and
No.2014-032158 filed Feb. 21, 2014, which are hereby incor-
porated by reference herein in their entirety.
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What is claimed is:

1. A surveillance system comprising:

an acquisition unit configured to acquire motion informa-

tion of an object detected from an image captured by an
image capturing unit;

an association unit configured to associate a recognition

processing result of the object with the motion informa-
tion; and

a determination unit configured to determine, from among

a plurality of objects detected from the image captured
by the image capturing unit, an object to be subjected to
recognition processing based on the recognition result
associated with the motion information.

2. The surveillance system according to claim 1, wherein
the determination unit determines, from among the plurality
of objects, the object to be subjected to recognition process-
ing based on the motion information associated with the
plurality of objects.

3. The surveillance system according to claim 1, further
comprising a control unit configured to control an image
capturing direction of at least one image capturing unit in an
image capturing direction for recognizing the object deter-
mined by the determination unit.

4. The surveillance system according to claim 1, wherein:

the association unit associates a moving direction of the

object with information about a success/failure of the
recognition processing of the object, and

the determination unit determines, of a first object and a

second object detected from the captured image, the first
object corresponding to a moving direction in which a
failure frequency of the recognition processing is low to
be an object to be subjected to recognition processing.

5. The surveillance system according to claim 1, wherein
when a recognition result of an object detected from a first
captured image is different from a recognition result of an
object detected from a second captured image corresponding
to the object detected from the first captured image, the asso-
ciation unit associates the motion information of the object
with information about a failure of the recognition process-
ing, and

the determination unit determines, of first motion informa-

tion of a first object and second information of a second
object detected from the captured images, the first object
having the first motion information in which a failure
frequency is low to be an object to be subjected to
recognition processing.

6. The surveillance system according to claim 1, wherein
when a difference between moving directions indicated by
the motion information of a first object and a second object
detected from the captured image is within a predetermined
range, the determination unit determines the first object lower
in moving speed than the second object to be an object to be
subjected to recognition processing.

7. The surveillance system according to claim 1, further
comprising a notification unit configured to notify, from
among the plurality of objects detected from the captured
image, identification information of the object determined by
the determination unit to be subjected to recognition process-
ing to a recognition processing unit.

8. The surveillance system according to claim 1, wherein:

the association unit associates a moving direction of the

object with information about a success/failure of the
recognition processing of the object, and
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the determination unit determines, from among the plural-
ity of objects detected from the captured image, an
object to be subjected to recognition processing based
on a point, and
wherein, when the object makes a motion at a first speed,
the point is higher than in the case of a second speed
that is higher than the first speed, and

when the moving direction of the object is a direction
corresponding to a first failure frequency of the rec-
ognition processing, the point is higher than in the
case of the moving direction corresponding to a sec-
ond failure frequency that is higher than the first fail-
ure frequency of the recognition processing.

9. An information processing apparatus comprising:

an acquisition unit configured to acquire motion informa-
tion of an object detected from an image captured by an
image capturing unit;

a communication unit configured to communicate with an
association apparatus associates a recognition process-
ing result of the object with the motion information; and

a determination unit configured to determine, from among
a plurality of objects detected from the image captured
by the image capturing unit, an object to be subjected to
recognition processing based on the recognition result
associated with the motion information.

10. The information processing apparatus according to
claim 9, further comprising a control unit configured to con-
trol an image capturing direction of at least one image cap-
turing unit in an image capturing direction for recognizing the
object determined by the determination unit.

11. The information processing apparatus according to
claim 9, wherein:

the communication unit communicates the association
apparatus associates a moving direction of the object
with information about a success/failure of the recogni-
tion processing of the object and

the determination unit determines, of a first object and a
second object detected from the captured image, the first
object corresponding to a moving direction in which a
failure frequency of the recognition processing is low to
be an object to be subjected to recognition processing.

12. The information processing apparatus according to
claim 9, wherein:

when a recognition result of an object detected from a first
captured image is different from a recognition result of
an object detected from a second captured image corre-
sponding to the object detected from the first captured
image, the communication unit communicates with the
association apparatus associates the motion information
of the object with information about a failure of the
recognition processing, and

the determination unit determines, of first motion informa-
tion of a first object and second information of a second
object detected from the captured images, the first object
having the first motion information in which a failure
frequency is low to be an object to be subjected to
recognition processing.

13. The information processing apparatus according to
claim 9, wherein when a difference between moving direc-
tions indicated by the motion information of a first object and
a second object detected from the captured image is within a
predetermined range, the determination unit determines the
first object lower in moving speed than the second object to be
an object to be subjected to recognition processing.
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14. The information processing apparatus according to
claim 9, further comprising a notification unit configured to
notify, from among the plurality of objects detected from the
captured image, identification information ofthe object deter-
mined by the determination unit to be subjected to recogni-
tion processing, to a recognition processing unit.

15. The information processing apparatus according to
claim 9, wherein:

the communication unit communicates with the associa-

tion apparatus associates a moving direction of the
object with information about a success/failure of the
recognition processing of the object, and

the determination unit determines, from among the plural-

ity of objects detected from the captured image, an

object to be subjected to recognition processing, based

on a point, and

wherein, when motion of the object is made at a first
speed, the point is higher than in the case of a second
speed that is higher than the first speed, and

when the moving direction of the object is a direction
corresponding to a first failure frequency of the rec-
ognition processing, the point is higher than in the
case of a moving direction corresponding to a second
failure frequency that is higher than the first failure
frequency of the recognition processing.

16. A method for controlling a surveillance system, com-
prising:

acquiring motion information of an object detected from an

image captured by an image capturing unit;
associating a recognition processing result of the object
with the motion information; and

determining, from among a plurality of objects detected

from the image captured by the image capturing unit, an
object to be subjected to recognition processing, based
on the recognition result associated with the motion
information.

17. The method for controlling a surveillance system
according to claim 16, further comprising controlling an
image capturing direction of at least one image capturing unit
in an image capturing direction for recognizing the deter-
mined object.

18. The method for controlling a surveillance system
according to claim 16, wherein:

associating a moving direction of the object with informa-

tion about a success/failure of the recognition process-

ing of the object, and

determining, of a first object and a second object
detected from the captured image, that the first object
corresponding to a moving direction in which a failure
frequency of the recognition processing is low is to be
an object to be subjected to recognition processing.

19. A computer readable storage medium storing computer
executable instructions, the computer executable instructions
comprising:

acquiring motion information of an object detected from an

image captured by an image capturing unit;

communicating with an association apparatus associates a

recognition processing result of the object with the
motion information; and

determining, from among a plurality of objects detected
from the image captured by the image capturing unit, an
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object to be subjected to recognition processing, based
on the recognition result associated with the motion
information.



