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Recognition of Moving People using Hierarchical Matching of Face Images

Masashi NISHIYAMAT®  Mayumi YUASAT, Tomoyuki SHIBATAT, Tomokazu
WAKASUGI', and Osamu YAMAGUCHI'

gooobo ooooooooooooOoOOOOOOOOOOOCOOOOOOOOOOOCOOOODOOOOO
goobooooboooooooooooboobooboobooooooooboooooobbo0oOobobODbObOOooOooOoOooo
gooooooobooobbooobooOobooooooooooooooobooOoOobbOoOoOobOoOoOoDbDboOooon
gooooooboooooboobooooooobobooobooobooooobooobbOo0ooboooDboDbOoboooo
gooooooooooooooooooboooooooOooOoOoOboOOOOOOOOOOOOOODOODOOO
gbobooboooooooooooooboOoooboOooOobOoOoboOooOoobobOOooOoOobOoOoboOoobooboOoon
gooooooobooobbooobooOobooooooooooooooobooOoOobbOoOoOobOoOoOoDbDboOooon
goooooobobooobboooboooboooobooos4DoooooobooobooobbooooboooD

goooooooooooooooooooboo

goootd O0oooooooooooooobooooooooooo

1. 0D OO0

gboooboooboobobooboooooooboo
0000000O0O0OooOOoOooooboboooooo
gbooooooboobooobooooboboobobooon
goboboooboooboooobobooooobobooo
gooooooooooooobooooooobod
goooooooooooooboOoooooobooo
gooooobooo

oooooocbo1o0oo0o0ooooO0oocobooboooo
goooooooooooooboooooooboo
gboooboooobooboobooooboboobobooon
gboooooobooboobooooboboobooon
ooooooooo10000o0o000000000
gboooooooboobooooboobooon
gooooooooooooooooooooooa
01000000000000C0000000000

f(D)DD JO000oDoo0 0 212-8820000000000O
1
Corporate Research & Development, Toshiba Corporation,
1, Komukai-toshiba-cho, Saiwai-ku, Kawasaki, 212-8582,
JAPAN

a) E-mail: masashi.nishiyama@toshiba.co.jp

000000 2() 0000000000000000
000000000000000000000000
000000000000000000000000
0000000000000D0D0000 10000
000000D00000000000D0000000
000000D0D0000000000D0000000
000000D000000000000000000
00000000 (O[5 000000000010
00000000000000000000000
000000000000000000000000
06011 0000000000000000000
000000D000000000000000000
000000D000000000000000000
00000 23G)0000000000000000
000000D000000000000000000
000000D000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
ooooo

00000000000 300000000000

Doooooooooo X Vol Jxx=X No.xx pp.1-11 xxxx 0 xx O 1



0000D00D0D0OD xxxx/xx Vol. Jxx—X No. xx

Face image

- Corridor
Camera 3

01 0oobO0o0o0ooooooooboooboooo
Fig.1 Face identification for moving people using
multiple cameras.
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Fig.2 Comparison two identification methods; (i)using

a single face image from a single camera, (ii)
using a set of face images integrated from mul-
tiple cameras.
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Layer 1:
Generates fragmentary sets of each individual Individual 1
by matching face images from a single camera

«» B8

Layer 2:
1
Camera m Generates connected

sets by matching

é m fragmentary sets
between cameras

- - - Layer 3:
! Identifies individuals
Camera 3 _ =
i=d h=d Training data

03 00ooO0oOooooooopooooooooo
Fig.3 Generation of a set of face images for each in-
dividual by hierarchical matching.
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Fig.4 Influence of variation in matching of face im-
ages
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Fig.5 Example of a structure of hierarchical match-
ing.
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Fig.6 Generation of a normalized face image.
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Fig.7 Facial feature points for facial pose normaliza-
tion.
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Fig.8 Examples of detecting an inner corner

points of an eyebrow. (a)Searching area,
(b)Separability map, (c)Binarization, (d)Detection
of eyebrow region, (e)Detection of corner
points, (f)Separability filter.
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Fig.9 Setting for collecting a database for the eval-
uation.
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Fig.10 Sample images of a database for the evalua-

tion.
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Table 1 Recognition performance in the case

that face images are matched correctly.
(A)Without matchings, (B)Matching face
images within a camera, (C)Hierarchical
matching.

Condition | CMR(%) EER(%)

(A) 80.3 8.7
(B) 93.7 5.6
(C) 98.6 2.0
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viduals moving simultaneously.
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Table 2 Average of self and other similarities.

Condition | Similarity
Self Other

(i) 0.60 0.20

(ii) 0.56  0.20

(iii) 0.37 0.13
(iv) 0.70 0.22
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Fig. 13 False matching rate with changing threshold.
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Fig.16 Examples of detected facial feature points.
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Fig. 15 Example of a video sequence captured from moving people with occlusion.

The pair of upper and lower images represent the same frame acquired
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