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DESCRIPTION 

 

Title of the Invention 

        VIDEO ANALYSIS APPARATUS, PERSON RETRIEVAL SYSTEM, 

AND PERSON RETRIEVAL METHOD 

 

Technical Field 

[0001] 

        The present invention relates to a technique for 

retrieving or tracking a particular person in a video. 

 

Background Art 

[0002] 

        With spreading installation sites of security 

cameras, there has been a growing need to search for a 

particular person in a security camera video.  An example 

of the purpose of retrieval of a person is to check, in a 

case where a person of interest is discovered, past 

actions of the person or track and monitor the subsequent 

action of the person.  Patent Document 1 describes an 

example of a technique in which, even in a case where the 

front face of a person cannot always be detected, the 

person is accurately tracked to detect a character. 

[0003] 

        Patent Document 1 discloses a method of detecting 



2 

 

the amount of change in face size of a face image 

continuously detected in a video and in a case where the 

amount of change is continuous, determining the amount of 

change to indicate the identical person, saving a face 

image suitable for saving, in a storage medium as a best 

shot, and using the saved information as a search key to 

retrieve a person. 

 

Prior Art Document 

Patent Document 

[0004] 

        Patent Document 1: JP-2007-006324-A 

 

Summary of the Invention 

Problems to be Solved by the Invention 

[0005] 

        The technique in Patent Document 1 focuses only on 

the face as the best shot, and thus, in a case where no 

best shot is present that enables the person to be 

identified only on the basis of the face, person 

retrieval may be difficult.  Additionally, in a case where 

an attempt is made to track a person utilizing a 

plurality of cameras, other cameras may fail to capture 

images of the face, precluding tracking using the other 

cameras.  In addition, not only a person but also the 
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danger of baggage leads to the need to retrieve the 

person as in baggage inspection in airports, the 

technique in Patent Document 1 fails to perform tracking 

with the baggage also focused on. 

[0006] 

        Thus, an object of the present invention is to 

provide a technique for acquiring a large amount of 

information definitely representing the features of a 

person to allow the identical person to be retrieved. 

[0007] 

        Additionally, an object of the present invention is 

to provide a technique for allowing accurate execution of 

association of particular persons in videos from a 

plurality of cameras and retrieval, from the videos, of a 

person designated as a person on a blacklist. 

 

Means for Solving the Problems 

[0008] 

        To solve the above-described problems, as an 

example of a video analysis apparatus according to the 

present invention, the video analysis apparatus is 

connected to an image capturing apparatus including a 

plurality of cameras, and for a plurality of persons in 

images captured captured by the cameras, tracks at least 

one of the plurality of persons, detects a plurality of 
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parts of the tracked person, for the plurality of parts 

detected, on the basis of information defining scores 

used to determine a best shot of each of the parts, 

computes a score for each part for each of frames of 

videos from security cameras, compares, for each of the 

parts, the scores for each part computed for each of the 

frames to determine a best shot of each of the parts, 

stores, for each of the parts, a feature value in 

association with each part, and compares the feature 

values of each of the parts of the plurality of persons 

to determine identity of the persons. 

[0009] 

        Additionally, to solve the above-described 

problems, as an example of a person retrieval system 

according to the present invention, the person retrieval 

system is a person retrieval system including a video 

analysis apparatus connected to an image capturing 

apparatus with a plurality of cameras, and a workstation 

including a display section, and an input section, and 

the video analysis apparatus, for a plurality of persons 

in images captured captured by the cameras, tracks at 

least one of the plurality of persons, detects a 

plurality of parts of the tracked person, for the 

plurality of parts detected, on the basis of information 

defining scores used to determine a best shot of each of 
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the parts, computes a score for the part for each of 

frames of videos from security cameras, compares, for 

each of the parts, the scores for each part computed for 

each of the frames to determine a best shot of each of 

the parts, stores, for each of the parts, a feature value 

in association with each part, and compares the feature 

values of each of the parts of the plurality of persons 

to determine identity of the persons. 

 

Advantage of the Invention 

[0010] 

        According to the present invention, the best shots 

representing the features of the plurality of parts of 

the person can be selected from a plurality of frame 

images, and the feature values of the best shots can be 

determined.  Thus, the identical person can be retrieved 

and tracked with high accuracy. 

 

Brief Description of the Drawings 

[0011] 

        FIG. 1 is a configuration diagram illustrating an 

example of a person retrieval system. 

        FIG. 2 is a diagram illustrating an example of a 

configuration of a video analysis apparatus. 

        FIG. 3 is a diagram illustrating an example of a 
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best shot definition table. 

        FIG. 4 is a diagram illustrating an example of a 

best shot camera table. 

        FIG. 5 is a diagram illustrating an example of a 

best shot merge table. 

        FIG. 6 is a diagram illustrating an example of a 

parts DB. 

        FIG. 7 is a diagram illustrating an example of best 

shot acquisition. 

        FIG. 8 is a diagram illustrating an example of a 

frame image DB 216. 

        FIG. 9 is a diagram illustrating a method for 

identifying person positions on a two-dimensional plane 

in a video from a camera. 

        FIG. 10 is a diagram illustrating a template of 

parts. 

        FIG. 11 is a diagram illustrating an example of a 

configuration diagram of a workstation PC 4. 

        FIG. 12 is a flowchart illustrating an example of 

acquisition of best shot parts. 

        FIG. 13 is a diagram illustrating an example of 

processing for retrieving a video of a designated person. 

        FIG. 14 is a flowchart illustrating an example of 

processing for displaying latest information regarding an 

alert target person. 
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Mode for Carrying Out the Invention 

Example 1 

[0012] 

<General Configuration> 

        First, a first embodiment of the present invention 

will be described with reference to the drawings. 

        FIG. 1 is a configuration diagram illustrating an 

example of a person retrieval system.  In FIG. 1, the 

person retrieval system includes input devices 1 

including an image capturing device and a baggage 

retrieval apparatus, a network 2 such as the Internet or 

an intranet which connects the input devices 1 to PCs 

(personal computers), a video analysis apparatus 

(hereinafter referred to as a video analysis PC) 3 

analyzing the contents of input or accumulated videos, 

and a workstation PC 4 used for, for example, giving an 

instruction for person retrieval, displaying results of 

the person retrieval, and raising an alert.  The input 

devices 1 include a plurality of image capturing 

apparatuses (cameras) 11 such as security cameras which 

are installed to monitor the entireties of the respective 

locations, an X-ray baggage inspection apparatus 

(referred to as an X-ray inspection apparatus) 12 

inspecting whether a bag or a personal item contains a 
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hazardous material, and a baggage appearance image-

capturing camera (referred to as a baggage appearance 

camera) 13 capturing an image of the appearance of 

baggage at positions where the baggage is conveyed, such 

as the inside of the X-ray inspection apparatus 12 or the 

vicinity of the apparatus.  Additionally, these devices 

can be installed at a plurality of locations to share and 

utilize videos and the like among the plurality of 

locations.  In addition, for these input devices 1, not 

all the types of devices need to be installed at all the 

locations, and it is sufficient that required types of 

devices are installed. 

[0013] 

        The baggage appearance camera 13 is installed 

inside or around the X-ray inspection apparatus 12, and 

in a case where an X-ray image captured by the X-ray 

inspection apparatus 12 contains a hazardous material or 

a piece of inspection-needed baggage, an image of 

appearance of the piece of baggage is captured when the 

piece of baggage is automatically or manually designated.  

Additionally, the baggage appearance camera 13 can be 

installed in a place where no X-ray inspection apparatus 

is provided, such as at a turntable from which baggage 

checked at the airport is collected.  Note that any other 

means may be used for image capturing as long as an image 
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of the appearance of the baggage can be captured. 

[0014] 

        Now, the video analysis PC 3 will be described with 

reference to FIG. 2.  FIG. 2 is a diagram illustrating an 

example of a configuration of the video analysis PC. 

        The video analysis PC 3, which analyzes videos 

captured by the cameras 11 and acquires and stores best 

shots of persons for each of the cameras 11, includes a 

computer including a CPU 201, a main memory 202, an input 

section 203, a display section 204, a communication 

section 205, and a storage section 210.  The storage 

section 210 stores an OS 211, a best shot definition 

table 212, a best shot camera table 213, a best shot 

merge table 214, a parts DB 215, a frame image DB 216, a 

video acquisition program 217, a person tracking program 

218, a person position identification program 219, a 

parts region detection program 220, a best shot 

determination program 221, a camera table update program 

222, a merge table update program 223, and a person 

retrieval program 224. 

[0015] 

        The various programs (217 to 224) stored in the 

storage section 210 are loaded into the main memory 202 

and executed by the CPU 201 to implement various 

functions. 
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[0016] 

        FIG. 3 illustrates an example of the best shot 

definition table 212.  The best shot definition table 212 

contains registered information defining scores used to 

determine the best shot of each of the parts of a person 

such as a head, a face, a profile, a set of clothes, and 

a bag.  Item scores in the best shot definition table 

define scores for the respective items (31 to 35) such as 

an area S31, a frontal degree D32, and the number of 

geometric feature points N which are used for each type 

of the parts. 

[0017] 

        For example, in regard to the parts of the face, 

the score for the face is computed by using the area 31 

of the face, the frontal degree 32 of the parts 

indicating the frontal degree of the face, and a 

detection reliability 35 indicating the reliability of 

detection of a face, and adding the values of the scores 

(item scores) for the items used.  Such a score for the 

face is compared with a score for the face of the 

identical person in another image of a different time and 

is used as information for selecting the face with the 

higher score as the best shot.  Note that, for artificial 

items such as a set of clothes and a bag which are worn 

or brought by persons, a geometric feature 33 
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representing an individual feature such as a pattern, a 

luminance value 34 indicating clarity, and the like are 

major influence factors for determining the best shot of 

each part, and thus, these items may be included. 

[0018] 

        For example, in a case where the best shot of the 

head is determined, the score for the head is computed by 

calculating a score for each of three items including the 

area 31 of the region identified as the head region, the 

parts frontal degree 32 indicating the angle of the head, 

and the detection reliability 35, and adding these scores 

together.  The area refers to the area of the head region 

detected, that is, the number of pixels detected, and the 

angle of the head refers to the angle of the head as 

viewed from the camera, the angle being obtained from a 

traveling direction of the person or the result of face 

detection. 

[0019] 

        In a case where the best shot of the profile is 

determined, the score for the profile is computed by 

defining scores for the area 31 of the region identified 

as the profile, the parts frontal degree 32 indicating 

the direction of the face, and the detection reliability 

35.  Determination of whether the profile has been 

detected may be acquired from the traveling direction of 
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the person, or the direction may be estimated by a 

general technique such as deep learning using the feature 

of appearance of the entire body. 

[0020] 

        For the best shot of the set of clothes, the score 

for the clothes is computed by defining, for example, for 

the forward direction of the upper body, the backward 

direction of the upper body, the forward direction of the 

lower body, and the backward direction of the lower body, 

scores for the area 31 of the set of clothes, the parts 

frontal degree 32 indicating the frontal degree, the 

geometric feature point 33 indicating the feature of 

design of the set of clothes, the luminance value 34, and 

the detection reliability 35.  The frontal angle is 

acquired from the traveling direction of the person.  

Here, the number of geometric feature points 33 can be 

determined by using known SIFT feature values or the like 

to extract feature points.  Alternatively, edge components 

may be extracted by Hough transform, and scores may be 

defined on the basis of the sum of lengths of edges or 

the like. 

[0021] 

        The best shot of a hat is obtained by calculating 

the score as is the case with the set of clothes.  Note 

that a person with no hat does not have the corresponding 
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part and is thus excluded from computation targets. 

[0022] 

        The best shot of a watch relates to a small part 

and involves no standard direction, and thus, the score 

is computed using the area or the detection reliability.  

Note that a person with no watch does not have the 

corresponding part and is thus excluded from the 

computation targets. 

[0023] 

        As described above, the score for each part can be 

computed by using the area 31, the parts frontal degree 

32, the number of geometric feature points 33, the 

luminance value 34, the detection reliability 35, and the 

like to select items representing the feature of each 

part of the person and adding the scores together.  Note 

that, not only the simple addition of the scores for the 

items, but also an average value may be set by dividing 

the sum of the scores for the items by the number of the 

items.  Alternatively, the score for each part may be 

computed by weighting the score for each item depending 

on the part.  The items in the best shot definition table 

are not limited to those illustrated in FIG. 3, and items 

can be added to the best shot definition table depending 

on the feature of each part. 

[0024] 
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        The examples of the best shot definition table are 

illustrative, and another score definition method may be 

used as long as parts with a large amount of information 

can be selected as target parts.  Note that the best shots 

can also be registered in the best shot definition table 

by registering images of parts captured under conditions 

for obtaining the best shots, as images for the 

respective types of parts, and using a known similar-

image retrieval technique to acquire images among which 

similar images are determined as best shots. 

[0025] 

        FIG. 4 illustrates an example of the best shot 

camera table 213. 

        The following are registered in the best shot 

camera table 213: a person trajectory ID 41 identifying a 

person determined to be identical within the same camera, 

a merge table ID 42 used to reference a person trajectory 

registered in the best shot merge table 214 illustrated 

in FIG. 5, parts for the best shots such as a head 43, a 

face 44, a profile 45, a set of clothes (upper front) 46, 

a bag 47, a pair of shoes 48, and a hat 49, and 

information 410 regarding the date and time of the last 

update of the best shots.  For each part, the value of the 

parts ID illustrated in FIG. 6 is stored.  The parts ID is 

information managed in association with the feature value 
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and the score for the part and will be described below 

using FIG. 6.  Note that the parts illustrated in FIG. 4 

are illustrative and that, for example, besides the set 

of clothes (upper front) 46 indicating the front of a 

jacket, a set of clothes (upper back) indicating the back 

of the jacket, a set of clothes (lower front) in the 

front of clothes for the lower body, a set of clothes 

(lower back) in the back of the set of clothes for the 

lower body, or the like may be added. 

[0026] 

        The first two digits of the person trajectory ID 

correspond to a value used to identify the camera, and a 

camera ID and a camera identification ID may be managed 

in a table as different values.  Note that, with a 

plurality of cameras available, the best shot camera 

table 213 is created for each of the person trajectories 

from the respective cameras.  However, the best shot 

camera table 213 may be prepared on a camera-by-camera 

basis or the best shot camera tables 213 may be 

integrated into a single table. 

[0027] 

        FIG. 5 is a diagram illustrating an example of the 

best shot merge table 214.  As illustrated in FIG. 5 as an 

example, a person ID (which can be associated with the 

merge table ID 42 in FIG. 4) 51 identifying a person 
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determined to be identical within a plurality of cameras 

is registered, and a head 52, a face 53, a profile 54, a 

set of clothes 55, a bag 56, a pair of shoes 57, a hat 

58, a watch 59, and information regarding the date and 

time 510 of the last update of the best shots are 

registered as is the case with FIG. 4.  In the best shot 

merge table 214, the values of the parts IDs in the best 

shots are registered in association with the head 52, the 

face 53, the profile 54, the set of clothes 55, the bag 

56, the pair of shoes 57, the hat 58, and the watch 59 as 

is the case with FIG. 4.  The best shot camera table 213 

differs from the best shot merge table 214 in that the 

best shot camera table 213 includes the best shot of the 

person trajectory within the camera, whereas the best 

shot merge table 214 merges the best shots of the same 

person using person trajectories from a plurality of 

cameras.  In other words, updating the best shot camera 

table also updates the best shot merge table. 

[0028] 

        The merge table IDs in FIG. 4 include the same 

merge table ID 42 “200001” for the person trajectory IDs 

41 “10001” and “10003,” allowing the person trajectory 

IDs 41 “10001” and “10003” to be determined to indicate 

an identical person.  As a result of entry of the 

identical person into an image capturing range of one 
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camera at different times, this is managed as two person 

trajectories.  The person trajectory IDs 41 “10001” and 

“10003” indicate the identical person, and the parts IDs 

in FIG. 5 are identical to the values of the parts IDs of 

the parts of the person trajectory ID “10001” in FIG. 4.  

Thus, the person trajectory ID 41 “10001” corresponds to 

the best shots for all the parts. 

[0029] 

        In contrast, the head 52, the face 53, and the 

profile 54 of the person ID 51 “200002” in FIG. 5 

indicate the same parts IDs as those of the person 

trajectory “10002” in FIG. 4.  Thus, for the head 52, the 

face 53, and the profile 54, the best shots are present 

at the time of the person trajectory “10002,” and for the 

other parts such as the bag 56, the best shots are 

present on the person trajectories obtained by other 

cameras. 

[0030] 

        FIG. 6 illustrates an example of the parts DB 215.  

In association with a parts ID 61, the following are 

registered: a parts type 62, a feature value 63 such as 

vector data regarding a part, parts coordinates 64 

identifying a position in a frame image where the part 

appears, a frame ID 65 identifying a frame in the video 

containing the part, and a score 66 for the part used to 
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determine the best shot.  Accordingly, a parts ID in the 

best shot camera table in FIG. 4 and in the best shot 

merge table in FIG. 5 allow the feature value 63 and the 

score 66 for the part and the like to be determined. 

[0031] 

        The parts DB 215 illustrated in FIG. 6 can be 

loaded into each frame of the moving image to compute the 

score for each part and store only the information 

corresponding to the highest score.  For example, the 

parts ID “10318” indicates a feature value for the parts 

type 62 “face,” the score “5,” and the like.  In this 

state, as the parts ID 61 “10003,” an image of the parts 

type 62 “face” is newly input, and on the basis of the 

best shot definition table, the score is computed to be 

“3.”  Thus, the parts ID “10318” is determined to indicate 

the best shot.  The best shot is an image expressing the 

part best, and in a case where, on the basis of the 

corresponding feature value, a comparison is made with 

the feature value of the part of another person 

trajectory, the identity of the person can be accurately 

determined. 

[0032] 

        In other words, for the person trajectory of the 

identical person from entry into the image capturing 

range of one camera until exit from the image capturing 
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range, the best shot of each part is determined, and the 

feature value of the part in the best shot is stored.  For 

the other cameras, for the person trajectory of the 

identical person from entry into the image capturing 

range of one camera until exit from the image capturing 

range, the best shot of each part is determined, and the 

feature value of the part in the best shot is compared 

between the cameras on a part-by-part basis, and 

similarity is computed.  In a case where the sum of 

similarities of each part is equal to or larger than a 

given threshold value, the two person trajectories 

obtained by different cameras are determined to indicate 

the identical person (identity). 

[0033] 

        The parts DB in FIG. 6 is an example in which one 

table is provided for the identical person trajectory.  

However, for example, information such as person IDs in 

FIG. 5 which is used to identify persons can be added to 

allow a plurality of persons to be collectively managed 

in one table.  Note that the feature value can include a 

well-known edge pattern feature value or a feature value 

using a generally known intermediate feature value of 

deep learning.  The parts coordinates indicate a rectangle 

herein, but coordinates indicating a polygon, or the 

like, may be used.  Parts images can be stored in 
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association with the parts IDs to allow the best shot 

images to be checked later.  Note that the parts DB may be 

created on a camera-by-camera basis or for merged parts 

of a plurality of cameras.  Additionally, for prevention 

of an increase in the capacity of the parts DB, data 

other than the data regarding best shot parts may be 

deleted or data may be deleted after a given time 

elapses. 

[0034] 

        FIG. 7 is a diagram illustrating an example of best 

shot acquisition.  FIG. 7 illustrates a person trajectory 

indicating that a person enters an image capturing range 

71 of one camera at a point in time t = t0 and moves out 

of the frame at a point in time t = t3.  In the 

illustrated example, the person holds a bag on the right 

side, and at the timing of a point in time t = t1, the 

best shot of the bag, in other words, a frame (also 

referred to as an image, in some cases) with the highest 

score for the bag, computed on the basis of the best shot 

definition table, is obtained.  The feature value of the 

bag in this frame is stored along with the feature value 

63 and the score 66 in the parts DB 215 in FIG. 6, and 

the parts ID 61 is stored for the bag 47 in the best shot 

camera table 213 in FIG. 4.  The score for each part thus 

stored is compared with the scores for the best shots of 
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the bag in the person trajectory obtained by the other 

cameras.  As a result of the comparison, the feature value 

of the bag in the frame with the highest score is managed 

in the best shot merge table 214 in FIG. 6 via the parts 

ID, as the feature value of the bag of the person. 

[0035] 

        Additionally, at a point in time t = t2, the person 

is moving toward the camera, indicating that this frame 

corresponds to the best shot of the face (part) in the 

frame of this timing.  For the best shot of the face, the 

score for the face in each frame is computed, and the 

score is compared between the frames to determine the 

best shot, as is the case with the bag and the other 

parts.  Additionally, the feature value for the best shot 

of the face is stored in the parts DB in association with 

the parts ID, and the parts ID corresponds to the value 

of each part in the best shot camera table in FIG. 4 

managed on a person-trajectory-by-person-trajectory basis 

and the best shot merge table in FIG. 5. 

[0036] 

        FIG. 8 is a diagram illustrating an example of the 

frame image DB 216.  As illustrated in FIG. 8 as an 

example, the following are registered: a frame ID 81 

identifying each of frame images obtained by cutting 

images out from a video at intervals of designated times, 
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a frame image file 82, and the date and time of image 

capturing 83.  The frame image DB 216 may be created on a 

camera-by-camera basis or for a merged plurality of 

cameras.  Additionally, in a case where the capacity of 

the image file needs to be reduced, instead of frame 

images, moving images may be saved on the basis of a 

moving image compression scheme such as H.264, and at the 

time of referencing, the frame images may be cut out from 

the moving image on the basis of time information. 

[0037] 

        With reference back to FIG. 2, functions 

implemented by the respective programs will be described. 

        The video acquisition program 217 acquires a video 

or an image from the camera 11 or the baggage appearance 

camera 13 and registers the video or the image in the 

frame image DB 216.  Note that a method for receiving the 

video in real time or a method for receiving a 

temporarily accumulated video may be used. 

[0038] 

        The person tracking program 218 utilizes a well-

known technique for using an optical flow or the like to 

calculate information regarding the difference between 

temporally consecutive frames from the video acquired 

from the video acquisition program 217, calculating, on a 

frame-by-frame basis, a set of adjacent pixels changing 
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in the identical direction, and identifying, as a region 

of the identical person, a region continuously changing 

in the identical direction.  The person tracking program 

218 imparts an identical person ID to the identical 

person.  Besides, any method may be used as long as the 

person tracking can be achieved, for example, a method 

for using a background difference method or the like to 

detect a person region and tracking, as the identical 

person, a person region in a preceding or succeeding 

frame in the video which is positionally close to the 

above-described person region.  Additionally, as long as 

the person can be tracked, information from a 3D sensor 

such as a stereo camera may be used for person tracking. 

[0039] 

        Furthermore, the person tracking program 218 has a 

function for associating baggage with a person when the 

baggage is collected in an area where the baggage 

conveyed out from an X-ray inspection apparatus or the 

like is collected, an area such as a turntable from which 

the baggage checked at the airport is collected, or the 

like.  The person and the baggage are associated with each 

other by detecting the timing of collection of the 

baggage and identifying a person being closest to the 

baggage at the timing.  Any other method may be used as 

long as the baggage can be associated with the person.  



24 

 

Implementing the association of the baggage with the 

person is effective for more clearly obtaining the best 

shot of the baggage. 

[0040] 

        FIG. 9 is a diagram illustrating a method that is 

executed by the person position identification program 

219 and in which person positions on a two-dimensional 

plane are identified on the basis of the person positions 

detected in the video from the camera. 

        The person position identification program 219 uses 

coordinates in the frame image and information related to 

positions on the two-dimensional plane, prepared on a 

camera-by-camera basis, to identify the person positions 

on the basis of the positions of feet of the persons.  For 

example, as illustrated in an upper figure in FIG. 9, the 

camera video is divided into pieces on grids, and a 

correspondence relation is pre-registered that indicates 

which position in the lower diagram in FIG. 9 each of the 

grids corresponds.  Thus, a position in the two-

dimensional plane is identified on the basis of the 

position of the feet in a checkered pattern in the upper 

figure in FIG. 9.  Note that any other technique may be 

used for identification as long as the position of the 

person can be identified in the camera video. 

[0041] 
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        The parts region detection program 220 in FIG. 2 

detects a parts region from information regarding the 

position of the person acquired from the frame image, and 

registers the parts region in the parts DB 215.  For 

example, whether the person is moving in a forward 

direction, a backward direction, or a sideward direction 

can be estimated from the traveling direction of the 

person estimated on the basis of the person position, and 

cutting-out of an image can be performed using a template 

of parts illustrated in FIG. 10 as an example.  Note that, 

for the presence of each part, a well-known similar-image 

retrieval technique is used for a cut-out image to 

compute similarity to an image of a general part, and 

high similarity allows the part to be determined to be 

present.  For parts region detection using no template, 

the generally available library Fully Convolutional 

Instance-aware Semantic Segmentation can be used to learn 

the feature of each part and to detect the region of the 

part by segmentation of deep learning.  In a case where a 

parts region is detected in the image using machine 

learning, a value indicative of reliability of detection 

is obtained together and can thus be used as a detection 

reliability used to determine the best shot part. 

[0042] 

        The best shot determination program 221 acquires 
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the best shot of each part from among frame images 

(person trajectories) in which the identical person is 

tracked using a single camera, as described with 

reference to FIG. 7.  The score for a part acquired from 

the frame image using the parts region detection program 

220 is compared with the score for the same part acquired 

from another frame image for the identical person 

trajectory, and the frame with the higher score is 

determined to be the best shot.  With the same score, the 

best shot is determined on the basis of the value of a 

predefined item, for example, the frame with the larger 

area is determined to be the best shot. 

[0043] 

        The camera table update program 222 performs 

updating at a timing when the person trajectory is 

interrupted (timing when one person trajectory is ended), 

for example, the person is displayed outside the angle of 

view of the camera.  At this time, information such as the 

feature value of the person forming the person trajectory 

is acquired from the parts DB 215.  The best shot 

determination program 221 stores the parts type 62, the 

feature value 63, the frame ID 65, and the score 66 for 

the best shot acquired from within the person trajectory 

in the parts DB 215 in association with the parts ID 61, 

and the parts ID is registered in the best shot camera 
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table for the corresponding part.  When the registration 

is completed, the person retrieval program is used to 

determine whether any latest person trajectory depicting 

the same person is present, and in a case where the same, 

latest person trajectory is present, the person 

trajectory is merged, and  best shot parts with higher 

scores are employed on a part-by-part basis. 

[0044] 

        Note that, whether different person trajectories 

indicate the identical person (identity of the person) is 

determined by comparing the feature values of each part 

for similarity.  In other words, the best shot of each 

part is determined, and the feature value of the part in 

the best shot is used for comparison on a part-by-part 

basis, and similarity is computed.  In a case where the 

sum of similarities of the parts is equal to or larger 

than a given threshold, the two person trajectories 

obtained by different cameras are determined to indicate 

the identical person (identity of the person). 

[0045] 

        The merge table update program 223 compares the 

scores (based on the best shot definition table) for each 

part in one person trajectory registered in the best shot 

camera table 213, and determines the higher score to 

correspond to the best shot of each part.  In other words, 
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the merge table update program 223 registers parts IDs 

corresponding to high scores as parts IDs read for the 

parts such as the head 43 and the face 43 in the best 

shot camera table 213 in FIG. 4.  The parts IDs registered 

in the best shot camera table 213 are referred to as best 

short parts. 

[0046] 

        The person retrieval program 224 acquires a person 

ID in the best shot merge table 214 which corresponds to 

the registered person trajectory.  Furthermore, the best 

shot determination program 221 compares the newly 

registered best shot part with the best shot part 

registered in the best shot merge table 214, and in a 

case where the newly registered best shot part has a 

higher score, updates the ID of the best shot part 

registered in the best shot merge table 214. 

[0047] 

        Specifically, the score 66 computed on the basis of 

the best shot definition table 212 in association with 

the best shot part (parts ID) is registered in the parts 

DB 215, and the score stored in association with the 

newly registered best shot part is compared with the 

score stored in association with the best shot part 

registered in the best shot merge table 214 to determine 

the best shot.  Note that it is assumed that the best shot 
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part to be compared is the person trajectory indicating 

the identical person.  Determination of the identity of 

the person is based on the similarity between the feature 

values of each part. 

[0048] 

        The person retrieval program 224 uses the feature 

values registered in the parts DB 215 to perform 

comparison of the appearance of the best shot part (best 

shot of each part) between the person trajectories for 

similarity, and acquires, as the person trajectory of the 

same person, the person trajectory for which the sum of 

the similarities of the parts is equal to or larger than 

the threshold.  The computation of the similarity is 

performed on a best-shot-part-by-best-shot-part basis, 

and in a case where the sum of the similarity between the 

heads, the similarity between the faces, the similarity 

between the profiles, the similarity between the set of 

clothes, the similarity between the bags, the similarity 

between the pair of shoes, the similarity between the 

hats, and the similarity between the watches is equal to 

or larger than the threshold, the identity of the person 

is determined.  Here, in a case where the part to be 

compared is not present, for example, no watch is 

present, that item is excluded from the computation.  

Additionally, the degree of particular contribution of 
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the person varies with the part and may thus be obtained 

by multiplying each item by a predefined weight when the 

sum of the similarities is obtained.  The computation of 

similarity of each part can use the similar-image 

retrieval technique or the like.  However, any other 

method may be used as long as the method allows the 

similarity to be computed.  Note that, instead of the sum 

of the similarities, the average value of the 

similarities may be used, and in that case, the sum of 

the similarities may be divided by the number of the 

parts. 

[0049] 

        FIG. 11 is a diagram illustrating an example of a 

configuration diagram of the workstation PC 4.  The 

workstation PC 4, which designates the person to be 

retrieved and tracks the owner of a piece of inspection-

needed baggage to alert-display the piece of baggage, 

includes a computer including a CPU 111, a main memory 

112, an input section 113, a display section 114, a 

communication section 115, and a storage section 116, as 

illustrated in FIG. 11 as an example.  The storage section 

116 stores an OS 1161, a person retrieval screen display 

program 1162, and an alert screen display program 1163.  

These various programs are read into the main memory 112 

and executed by the CPU 111 to implement various 
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functions. 

[0050] 

        The person retrieval screen display program 1162 

displays the video from the camera 11 in real time, or 

when a condition such as a date and time requested by a 

user or a camera installation position is input from the 

input section 113, displays, among the videos accumulated 

in the frame image DB 216 of the video analysis PC 3, a 

video requested by the user according to the input.  

Additionally, in a case where the user finds a person to 

be checked, the person retrieval screen display program 

1162 receives a designation of a region from the input 

section 113 such as a mouse, uses the best shot parts of 

the person for which the designation of the region has 

been received to perform retrieval in accordance with the 

person retrieval program 224 of the video analysis PC 3, 

and retrieves and displays the video of the identical 

person from the other cameras or displays the moving 

trajectory of the person on a map. 

[0051] 

        In a case where a check-needed person is detected, 

for example, baggage is detected by the X-ray inspection 

apparatus, the alert screen display program 1163 displays 

the person with the person ID indicating the person 

region at the identified position, along with the results 
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of tracking by the other cameras 11, and causes the 

latest information used to check where the person is, to 

be displayed on a screen of the display section 114 such 

as the display of the workstation PC 4. 

[0052] 

<Acquisition of Best Shot Parts> 

        FIG. 12 is a flowchart illustrating an example of 

acquisition of the best shot parts for each of the person 

trajectories of the same person from the video data 

acquired from the camera 11. 

        First, the video acquisition program 217 acquires a 

video from the camera 11, acquires frame images from the 

video, and stores the frame images in the frame image DB 

216 (S1201).  Here, in a case where the video is 

compressed by MotionJpeg or MPEG encode, the video is 

divided into frame images in such a way as to allow for 

image processing. 

[0053] 

        Then, the person tracking program 218 reads the 

video data from the camera 11 or the frame image DB 216, 

detects, in each frame image, the region where a person 

is present, and uses a scheme such as an optical flow to 

acquire the region and the moving trajectory of the 

person (S1202).  Note that, in a case where a plurality of 

persons appears in the same frame image, the person 
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trajectory ID is saved in the best shot camera table 213 

on a person-by-person basis. 

[0054] 

        Then, the person position identification program 

219 acquires, by the method described with reference to 

FIG. 9, a person position on the two-dimensional plane 

from the person region information acquired in step S1202 

(S1203).  Identification of the person position on the 

two-dimensional plane determines the moving direction of 

the person, and this is effective for facilitating 

acquisition of best shot parts to which the direction the 

person faces is related. 

[0055] 

        Then, the parts region detection program 220 

detects the parts regions and the parts types 

corresponding to the head, the face, the profile, the set 

of clothes, the bag, the pair of shoes, the hat, and the 

watch (S1204).  In a case where the parts region is not 

detected, the image is determined not to contain the part 

and not to contain the detection target.  Note that, in 

this step, the template of the parts in FIG. 10 is used 

to detect the region of each part.  Each parts region can 

be detected by using segmentation processing of deep 

learning. 

[0056] 
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        The video analysis PC 2 continues steps S1201 to 

S1204 described above until the person trajectory is 

interrupted, and stores the acquired data in a buffer or 

the parts DB 215 (S1205).  In other words, the data is 

stored in the parts DB 215 after a person enters the 

image capturing range of one camera and before the person 

exits the image capturing range.  Note that, in a case 

where a plurality of persons appears in the frame of the 

same camera, the above-described processing is executed 

on a person-by-person basis.  Here, for facilitation of 

understanding, the case of one person trajectory will be 

described. 

[0057] 

        The best shot determination program 221 creates 

entries in the parts DB 215 and registers information in 

the parts DB 215 (S1205).  In this step, when the best 

shot determination program 221 receives the parts region 

and the parts type from the parts region detection 

program 220, the best shot determination program 221 

imparts the parts ID to the parts region and the parts 

type and stores the parts region and the parts type with 

the parts ID, in the parts DB 215 for the parts type 62.  

Additionally, when the parts ID is imparted to the parts 

region, the best shot determination program 221 receives 

the parts coordinates from the person position 
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identification program 219 and stores the parts 

coordinates 64 for the corresponding parts ID.  

Furthermore, the best shot determination program 221 

computes the feature value 63 for each part, and stores 

the feature value 63 in the parts DB 215. 

[0058] 

        Additionally, the best shot determination program 

221 computes the score for each part on the basis of the 

best shot definition table 212, and stores the score in 

the parts DB 215.  Thus, the best shot determination 

program 221 acquires, for one person trajectory, 

information included in the parts DB 215, such as the 

parts ID 61, the parts type 62, and the feature value 63 

on a video-frame-by-video-frame basis, and stores the 

information in the parts DB 215.  

[0059] 

        Note that the best shot determination program 221 

stores the feature value 63 and the score 66 for each 

part in the parts DB 215 on a video-frame-by-video-frame 

basis and that, for the same parts type, with entries 

with lower scores deleted and with only entries with 

higher scores left, the information regarding the best 

shots of the parts can be constantly stored in the parts 

DB 215, enabling a reduction in the capacity of the parts 

DB 215. 
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[0060] 

        Then, when the person trajectory is interrupted 

(S1206), the camera table update program 222 registers, 

in the best shot camera table 213, the value of the parts 

ID 61 registered in the parts DB 215 (S1207).  Note that, 

within the same camera, the same person may disappear 

from the video and then appear again in the same camera 

and thus that, in a case where the person trajectories 

are periodically checked against one another and any 

person trajectories are found to indicate the same 

person, those person trajectories are merged.  The 

determination of the identical person is based on the 

similarity between the feature values of each part as 

described above. 

[0061] 

        Note that, for the person trajectories of the 

identical person, the scores for each part are compared 

with each other, and the higher score is determined to 

indicate the best shot part of the part. 

[0062] 

        Then, the merge table update program 223 receives 

an update event of the best shot camera table 213, and in 

a case where the best shot camera table 213 is updated, 

compares the score for the new best shot part registered 

in the best shot camera table with the score for a past 
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best shot part registered in the best shot merge table 

214.  In a case where the score for the new part is 

higher, the merge table update program 223 performs 

updating to the best shot part (value of the parts ID) 

registered in the best shot merge table 214 (S1208). 

[0063] 

        Then, in a case where input of the video is 

completed, the processing is ended.  The processing from 

step S1201 to step S1207 described above is executed on 

the videos from all the camera 11 to allow best shot 

parts acquired from different times to be acquired on a 

person-trajectory-by-person-trajectory basis, that is, on 

a person-trajectory-ID-by-person-trajectory-ID basis.  

This is effective for enabling maximum acquisition of the 

feature values indicating the features of the appearance 

of the person. 

[0064] 

        Note that the processing from step S1203 to step 

S1208 described above is executed on a person-trajectory-

by-person-trajectory basis and asynchronously on a 

person-trajectory-by-person-trajectory basis to prevent 

the acquisition, during acquisition of best shot parts of 

a first person, of best shot parts of another person. 

[0065] 

<Person Retrieval> 
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        FIG. 13 illustrates an example of video retrieval 

processing for a designated person for a video displayed 

on the workstation PC 4. 

        First, the person retrieval screen display program 

1162 displays, on the display section 114 such as the 

display, the real-time videos from the cameras 11 or the 

video saved in the frame image DB 216 of the video 

analysis PC 3 (S1301).  Here, the real-time videos may be 

displayed by arranging videos from designated cameras 11 

on the screen or switching among the cameras 11 in a 

predetermined order for display, and it is sufficient 

that the videos from the cameras 11 can be checked.  

Additionally, for the display of the accumulated videos, 

videos are displayed that are acquired by receiving 

designated times and camera IDs from the user and making 

a request for acquisition of video data to the video 

analysis PC 3. 

[0066] 

        Then, the person retrieval screen display program 

1162 receives, via the input section 114 such as a 

keyboard or a mouse, a designation of a person to be 

retrieved, and acquires information enabling 

identification of the person to be searched for, such as 

camera IDs, frame image IDs, dates and times, and 

designated coordinates (S1302).  For example, an arrow 
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portion indicates the position of a mouse cursor, and the 

person at the position where the mouse is clicked is 

identified as a person to be retrieved.  Note that, in the 

displayed image, a rectangle or the like indicating a 

person region may be superimposed on a person region 

portion detected by the video analysis PC. 

[0067] 

        Then, the person retrieval program 224 performs 

person retrieval by using the information acquired in 

step S1302 described above and enabling identification of 

the person to be searched for, to acquire information 

regarding the best shot parts of the designated person 

from the best shot merge table 214, comparing the feature 

values of the best shot parts to calculate the similarity 

between the person trajectories, and identifying the 

person trajectory with high similarity as the identical 

person (S1303).  In a case where the person trajectory 

corresponding to the selected frame image is already 

registered in the best shot merge table 214, a retrieval 

result for the identical person can be acquired simply by 

acquiring the corresponding person trajectory ID.  In a 

case where a newly uploaded video is retrieved as a 

query, the best shot parts are detected in the video, and 

the person retrieval program 224 uses the information 

regarding the parts to identify the person trajectory of 
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the identical person from the best shot merge table, as 

is the case with the contents of the processing for the 

best shot parts.  Note that, in a case where a person is 

designated in an image not containing a plurality of 

frame images, parts detected in the image for which a 

person is designated are directly used as best shot 

parts. 

[0068] 

        Then, the person retrieval screen display program 

1162 displays, on a display apparatus such as a display, 

the retrieval result acquired in step S1303 for the 

person retrieval (S1304).  As long as the action history 

of the person can be checked, any display method for 

display of the retrieval result may be used, for example, 

videos from the cameras containing person trajectories 

corresponding to retrieval results may be arranged for 

display, the moving trajectory of the person may be 

displayed on the two-dimensional map, or the best shot 

parts may be arranged on a trajectory-by-trajectory basis 

for display. 

[0069] 

        Then, the video to be displayed is ended, the 

processing is ended (S1305). 

[0070] 

<Person Alert> 
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        FIG. 14 is a flowchart illustrating an example of 

processing for displaying the latest information 

regarding an alert target person received by the 

workstation PC 4. 

        First, the alert screen display program 1163 

receives an alert signal in a baggage inspection executed 

by the X-ray inspection apparatus 12 and receives 

information including alert contents, along with a 

baggage appearance video captured by the baggage 

appearance camera 13 (S1401). 

[0071] 

        Then, based on information regarding a position 

such as a baggage claim area of the inspection apparatus 

where a piece of predefined baggage merges with the 

person and information such as the speed of a belt 

conveyor of the X-ray inspection apparatus 12, the person 

tracking program 218 identifies and acquires a person 

region including the person corresponding to the owner of 

the bag and the baggage at the time of collection of the 

above-described baggage (S1402).  

[0072] 

        Then, the alert screen display program 1163 tracks 

the above-described person and acquires the best shot 

parts in the person trajectory as is the case with the 

procedure of acquisition of the best shot parts (S1403). 
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[0073] 

        Then, in a case where the tracking of the alert 

target person within the identical camera is completed, 

the person retrieval program 224 compares the feature 

values of the best shot parts to calculate whether any 

alert target person is present within the other cameras, 

as is the case with the procedure of the person 

retrieval, identifies, as an alert target, a person with 

a trajectory including many similar best shot parts or 

having high similarity, and the person is tracked using 

other cameras (S1404).  The alert screen display program 

1163 causes the display apparatus to display live videos 

from the cameras 11 including the latest video containing 

the identified person (S1405). 

[0074] 

        Then, in a case where none of the cameras 11 

include the trajectory of the alert target person for a 

given period of time, the tracking is determined to be 

completed and is ended (S1406). 

[0075] 

        As described above, the person retrieval can be 

achieved with high accuracy on the basis of the 

information regarding a plurality of parts of the person 

in images captured by the camera 11.  Furthermore, the 

person can be retrieved, searched for, or tracked on the 
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basis of the feature values of the parts in the frame of 

the video representing the features of the parts best.  

[0076] 

        Additionally, the person tracking among different 

cameras can be accurately performed. 

        In addition, the information regarding the best 

shot parts is stored to allow retrieval between the parts 

to be performed when the bag or clothes are designated 

for retrieval. 

 

Reference Signs List 

[0077] 

1: Input device 

2: Network 

3: Video analysis PC 

4: Workstation PC 

11: Camera 

12: X-ray baggage inspection apparatus 

13: Baggage appearance camera 

201: CPU 

202: Main memory 

203: Input section 

204: Display section 

205: Communication section 

210: Storage section 
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212: Best shot definition table 

213: Best shot camera table 

214: Best shot merge table 

215: Parts DB 

220: Parts region detection program 

221: Best shot determination program 

222: Camera table update program 

223: Merge table update program 

1162: Person retrieval screen display program 

1163: Alert screen display program 
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CLAIMS 

 

        1.  A video analysis apparatus connected to an 

image capturing apparatus including a plurality of 

cameras, wherein 

        the video analysis apparatus, 

        for a plurality of persons in images captured 

captured by the cameras, 

                tracks at least one of the plurality of 

persons, 

                detects a plurality of parts of the tracked 

person, 

                for the plurality of parts detected, on a 

basis of information defining scores used to determine a 

best shot of each of the parts, computes a score for each 

part for each of frames of videos from the cameras, 

                compares, for each of the parts, the scores 

for each part computed for each of the frames to 

determine a best shot of each of the parts, 

                stores, for each of the parts, a feature 

value in association with each part, and 

                compares the feature values of each of the 

parts of the plurality of persons to determine identity 

of the persons. 

        2.  The video analysis apparatus according to claim 
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1, wherein 

        the video analysis apparatus detects at least two 

types of a head, a face, a set of clothes, a bag, a pair 

of shoes, a hat, and a watch of each of the persons as 

the plurality of parts. 

        3.  The video analysis apparatus according to claim 

1, wherein 

        the video analysis apparatus selects, for each of 

the plurality of parts, items of an area, a frontal 

degree, a geometric feature, a luminance value, and a 

detection reliability, and uses an item score defined for 

each of the selected items to compute a score for each of 

the parts. 

        4.  The video analysis apparatus according to claim 

1, wherein 

        the video analysis apparatus includes a storage 

section, 

        the storage section stores a parts DB in which each 

of the parts is associated with a feature value of each 

part, and 

        the parts DB stores, for one of the plurality of 

parts, a parts type representing a type of the part, the 

feature value of the part, and the score for the part in 

association with a parts ID of the part. 

        5.  The video analysis apparatus according to claim 
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4, wherein 

        the storage section, for one person trajectory of 

the person in an image captured by one of the plurality 

of cameras, stores a best shot camera table in which a 

person trajectory ID corresponding to the person 

trajectory is associated with the parts IDs of a 

plurality of parts in the person trajectory. 

        6.  The video analysis apparatus according to claim 

5, wherein 

        the storage section stores a best shot merge table 

managing, for each part, the parts ID with a high score 

in a case where person trajectories of the plurality of 

persons in images captured by the plurality of cameras 

indicate an identical person. 

        7.  A person retrieval system comprising: 

        an image capturing apparatus including a plurality 

of cameras; and 

        a video analysis apparatus, wherein 

        the video analysis apparatus, 

        for a plurality of persons in images captured 

captured by the cameras, 

                tracks at least one of the plurality of 

persons, 

                detects a plurality of parts of the tracked 

person, 
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                for the plurality of parts detected, on a 

basis of information defining scores used to determine a 

best shot of each of the parts, computes a score for the 

part for each of frames of videos from the cameras, 

                compares, for each of the parts, the scores 

for each part computed for each of the frames to 

determine a best shot of each of the parts, 

                stores, for each of the parts, a feature 

value in association with each part in a storage section, 

and 

                compares the feature values of each of the 

parts of the plurality of persons to determine identity 

of the persons. 

        8.  The person retrieval system according to claim 

7, comprising: 

        a workstation connected to the video analysis 

apparatus, wherein 

        the workstation includes 

                a display section displaying a video 

captured by the image capturing apparatus, and 

                an input section receiving input information 

used to identify a person in the video displayed on the 

display section, and 

        the video analysis apparatus 

                computes feature values of a plurality of 
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parts of the person identified by the input section of 

the workstation, and 

                retrieves the person identified by the input 

section on a basis of a best shot merge table stored in 

the storage section and allowing the feature value of 

each of the parts to be referenced. 

        9.  The person retrieval system according to claim 

7, wherein 

        the video analysis apparatus identifies a region 

including an owner of baggage in a video from a baggage 

inspection apparatus, tracks a person trajectory of the 

identified person, acquires a best shot of each of the 

parts of the tracked person trajectory, compares the 

feature value of the acquired best shot of each of the 

parts with the feature value of each part stored in a 

corresponding parts DB of the best shot merge table 

stored in the storage section, and retrieves a person 

identical to the owner of the baggage. 

        10.  A person retrieval method of performing 

analysis using a video analysis apparatus connected to an 

image capturing apparatus including a plurality of 

cameras, wherein 

        the video analysis apparatus, 

        for a plurality of persons in images captured 

captured by the cameras, 
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                tracks at least one of the plurality of 

persons, 

                detects a plurality of parts of the tracked 

person, 

                for the plurality of parts detected, on a 

basis of information defining scores used to determine a 

best shot of each of the parts, computes a score for the 

part for each of frames of videos from the cameras, 

                compares, for each of the parts, the scores 

for each part to determine a best shot of each of the 

parts, 

                stores, for each of the parts, a feature 

value in association with each part in a storage section, 

and 

                compares the feature values of each of the 

parts of the plurality of persons to determine identity 

of the persons. 

        11.  The person retrieval method according to claim 

10, wherein 

        the video analysis apparatus selects, for each of 

the plurality of parts, items of an area, a frontal 

degree, a geometric feature, a luminance value, and a 

detection reliability, and uses an item score defined for 

each of the selected items to compute a score for each of 

the parts. 
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        12.  The person retrieval method according to claim 

11, wherein 

        the video analysis apparatus, for one of the 

plurality of parts, causes a parts type representing a 

type of the part, a feature value of the part, and the 

score for the part to be stored in the storage section in 

association with a parts ID of the part. 

        13.  The person retrieval method according to claim 

12, wherein 

        the video analysis apparatus, in a case where 

person trajectories of a plurality of persons in images 

captured by the plurality of cameras indicate an 

identical person, selects, for each part, the parts ID 

with a high score, and manages a best shot merge table 

collectively including best shots of the parts of the 

identical person. 

        14.  The person retrieval method according to claim 

10, wherein 

        the video analysis apparatus 

                displays a video captured by the image 

capturing apparatus, and when information used to 

identify the person in the displayed video is input to 

the video analysis apparatus, computes feature values of 

a plurality of parts of the identified person, and 

                retrieves the identified person on a basis 
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of a best shot merge table stored in the storage section 

and allowing the feature value of each of the parts to be 

referenced. 

        15.  The person retrieval method according to claim 

10, wherein 

        on a basis of an alert signal and a baggage video 

from a baggage inspection apparatus, the video analysis 

apparatus identifies a region including an owner of 

baggage, tracks a person trajectory of the owner, 

acquires a best shot of each of the parts of the tracked 

person trajectory, compares the feature value of the 

acquired best shot of each of the parts with the feature 

value of each of the parts in the best shot stored in a 

corresponding parts DB of the best shot merge table 

stored in the storage section, and retrieves a person 

identical to the owner of the baggage. 

  


