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Abstract This paper presents a novel method for gait-based person identification robust to changes in appear-
ance. Gait is sensitive to appearance changes, such as variations of clothes and carrying conditions, so the correct
classification rate is reduced in case target’s appearance condition is different from that in the database. To deal
with this problem, a part-based gait identification method has been proposed. In this method the human body
is divided into eight parts, and the discrimination capability of each part, which is trained with training datasets
including various types of clothes, is controlled to correspond to different changes of clothes. However, the correct
classification rate would be reduced in case target’s clothes are not included in the training datasets. So we propose a
new part-based person identification method, where the discrimination capability at each part is directly controlled
based on gait features between gallery datasets and probe dataset. Experiments using a gait database CASIA show
the effectiveness of the proposed method.
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Fig.1 (a) An example of gallery datasets, (b) a probe dataset

(carrying a shoulder bag).
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Fig.2 The first affine moment invariant I at each frame.
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Fig.3 Examples of images with noise and holes.

01 0000000 CASIA-NMOOOOOOO [%].
Table 1 The correct classification rate with CASIA-NM by the
proposed method [%].

61.8|82.5|80.5 | 84.6 | 87.8 | 85.4 | 86.2 | 83.7 | 82.9
67.9 [ 85.0|87.4|89.4]91.5|91.5|89.4| 89.0 | 87.8
69.5]86.6 | 91.5 | 91.1 | 91.5 | 92.3 | 93.1 | 91.9 | 91.9
72.0|87.4191.9]92.3]|93.1|92.3|92.3| 92.3 | 93.5
72.4185.8(91.1|93.1]92.7(93.1|93.1] 93.9 |93.5
74.0 | 87.4191.1]93.9|93.1]93.9|93.5| 93.5 | 94.3
76.0 | 87.8 190.2 | 92.7|93.5 | 93.5 | 94.3 | 93.1 | 94.7
76.0 | 88.2191.192.3|93.1|94.3|93.1| 93.1 | 94.3
76.4189.4191.9|91.9|93.5|94.7|93.1 | 93.5 | 93.5
76.0 | 89.0 | 92.7 | 92.3193.5]95.1 | 93.1 | 95.5 | 93.9
76.0 | 88.2191.9|91.9 | 93.1|94.7 | 92.3 | 94.7 | 93.5
75.2188.2190.7|91.9]93.9|94.3 |91.9 | 94.3 | 94.7
75.2188.2(90.7|91.5]|93.1|94.3|93.1| 95.1 | 94.3
74.4|87.4191.9|91.5|93.5|94.3|93.9| 94.7 | 93.9
74.8 | 87.0(92.3|90.7|94.793.5|93.5| 93.5 | 93.5
74.8 1 86.6 | 92.7 | 90.7 | 93.5 | 93.5 | 93.9 | 93.1 | 93.5
75.6 | 87.4192.7|91.193.9]93.1|93.1] 93.9 | 94.3
76.4 | 87.4193.1|90.7]93.5|93.1|92.3| 94.3 | 93.9
76.4 | 87.8193.5|90.793.9|93.1|92.3 | 93.9 | 93.5
76.0 | 88.2193.5|91.1 |93.1|93.9|92.7| 94.7 | 93.5
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02 0000000 CASIAA-NMOOOO0O0O0O [5] [%].
Table 2 The correct classification rate with CASIA-NM by the

conventional method [5] [%)].

J
2 4 6 8 10 12 14 16 18
77.6 | 87.8|86.2 | 87.4 | 84.6 | 85.0 | 83.7 | 79.7 | 79.7
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03 CASIA-BGO 4000000000 [%).
Table 3 The correct classification rate with CASIA-BG with re-
spect to 4 groups [%)].

The proposed | The conventional
method method [5]
(i) handbag 57.9 21.1
(ii) shoulder bag 71.2 20.0
(iii) backpack 86.7 63.3
(iv) others 75.0 37.5
Total 71.1 26.0

3.3 CASIA-CLOOOOOOOO

OO0O0OO0CASIA-CLODODOOOOOODOOOOOoOoooo
O0000000000OCASIA-CLOOO0OOOOOooooO
gboobooooboooboobooobobobooobobboooDooboo
goooooboooooboooboooooboooboDog
gobooooboooooooboooooooboboOoboos8snod
gooobooboo 120012008003 005003100
12008000000000OCO0OO0OO0O0ODOOObOOOOn
0000 40000000000000000BJO0O00O
0000000000 57.7%0272% 00000

04 CASIA-CLO 8000000000 [%].
Table 4 The correct classification rate with CASTIA-CL with re-
spect to 9 groups [%)].

The proposed | The conventional
method method [5]

(i) thin coat with 54.2 16.7
a hood

(ii) coat 41.7 25.0

(iii) coat with a hood 37.5 25.0

(vi) jacket 67.1 40.0

(v) hooded jacket 80.0 50.0

(vi) down jacket 61.3 22.6

(vii) hooded down 58.3 16.7
jacket

(viii) down coat 37.5 12.5

with a hood
Total 57.7 27.2
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Table 5 Comaprison of the proposed method with the conven-
tional method [6][%].

The proposed | The conventional
method method [6]
CASIA-NM 97.6 100.0
CASIA-BG 85.4 78.3
CASIA-CL 63.8 44.0

4. O 0O O

gbobobobobobooboooobobobooboo
gooboooooboooooooboboooooooooboooooboo
gbobobooboooooooooboooooobobobo
goobooooobooooooooboooooobooooDooo
O0000000oooooono CASIA0O0O0oooooo
booooboobobooobbooobOoobOooonooon
gboboboboboboboboobooboobobobo
gboboboooboboboboooooobobobo
OU-ISIR Gait DataBase 000 0000000000000
gboboobod

O O

[1] M. Nixon, T. Tan, R. Chellappa, “Human Identification
Based on Gait,” Springer, 2006.

(2] J. Han, and B. Bhanu, “Individual Recognition Using Gait
Energy Image,” IEEE Trans. PAMI, vol. 28, no. 2, pp. 316-
322, 2006.

[3] J. Acquah, M. Nixon, and J. Carter, “Automatic gait recog-
nition by symmetry analysis,” Pattern Recognition Letters,
24, pp.2175-2183, 2003.

[4] K. Sugiura, Y. Makihara, and Y. Yagi, “Gait Identifica-
tion based on Multi-view Observations using Omnidirec-
tional Camera,” Asian Conf. on Computer Vision, Vol.1,
pp-452-461, 2007.

[5] Y. Iwashita and R. Kurazume, “Person identification from
human walking sequences using affine moment invariants,”
Proc. IEEE Int. Conf. Robotics and Automation, pp.436-
441, 2009.

[6] K. Bashir , T. Xiang, and S. Gong, “Gait recognition with-
out subject cooperation,” Pattern Recognition Letters, vol.

31, no. 13, pp. 2052-2060, 2010.

[7] M.D. Hossain, Y. Makihara, J. Wang, and Y. Yagi,
“Clothing-invariant gait identification using part-based
clothing categorization and adaptive weight control ,” Pat-
tern Recognition, vol. 43, no. 6, pp. 2281-2291, 2010.

[8] J. Flusser, and T. Suk, “Pattern recognition by affine mo-
ment invariants,” Pattern Recognition, vol.26, no.1, pp.167—
174, 1993.

[9] J. Flusser, T. Suk, and B. Zitova, “Moments and Moment
Invariants in Pattern Recognition,” Wiley & Sons Ltd.,
2009.

[10] CASIA Gait Database, http://www.sinobiometrics.com.

g g

gbobooboobooobo oboobooooboooboo
goboooooboooboboooooobbooboooooboboooo
gbobobooboobooo



