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Abstract: Classification of age and gender has been carried out through different approaches such as facial-based and
audio-based classifications. One of the limitations of facial-based methods is the reduced recognition rate over large
distances, while another is the prerequisite of the faces to be located in front of the camera. Similarly, in audio-based
methods, the recognition rate is reduced in a noisy environment. In contrast, gait-based methods are only required that a
target person is in the camera. In previous works, the view point of a camera is only available as a side view and gait
data sets consist of a standard gait, which is different from an ordinary gait in a real environment. We propose a feature
extraction method using skeleton models from an RGB-D sensor by considering characteristics of age and gender using
ordinary gait. Experimental results show that the proposed method could efficiently classify age and gender within a
target group of individuals in real-life environments.
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Fig. 1 Ordinary gait
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Table 1 Proposed features

Static feature Dynamic feature
Shoulder width Step length
Hip width Min/max of angle between knees 0,
Spine length Min/max of right hip joint angle 6,
Leg length Min/max of left hip joint angle 6;
Step width Min/max of right knee joint angle 6,
Min/max of left knee joint angle 05

3

o~
il el

)

L ofn
Ir
T

(i,
[
td
i)
fu
e T
o
o MmN

rr
0

o}3}™ Table
™, 6, 6= &
0= QLEZ,
o]714 A % (static feature)> A4 0|7
gulojm gho] WahA &=
E 4 (dynamic feature)> ZA-SZAo|7F 3ol
#tol Wshe 54S Zeith ¢k b
oA FAA AEAole e {A4
al

A=

o
i
=

i
I8
(o,
I

o,

R
i
L)

d
1

3|
S|

¥ ¥0 X J
Q @ H

5
o
=
b
>

4% o],

e
fi

= 1039

e}
iz
B
[e5

Shoulder width = ||xg — x4, V5 — Va4, 25 — Z4 |
Hip width = [[x16 — X12, Y16 — Y12, Z16 — Z12l
Spin length = ||x; — x4,y — y1,2, — z||
+ 110 — X0, Y1 — Yo, 21 — %ol
Leg length = {(|[X12 — X13,¥12 — Y13, Z12 — Zs|
+ 11X13 = X14, Y13 — Y14, Z13 — Z1all)
+ (I1X16 = X17, Y16 = Y17, Z16 — Z17 |l
+ 1X17 = X418, Y17 — Y18, Z17 — Z1sl1)}/2

Fig. 4 Calculation of static features
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Step length = {x14 — X158, Y14 — Y18:Z1a — Z1g} " E

Fig. 6 Calculation of step length
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Table 3 Features that appear significantly different

YBM.-(OBM.-|YBM.-|YBF. -
YBF. |OBF. |OBM. |OBF.

Shoulder width 3% @) @)
Hip width %

(M: male, F:female)

Spine length
Leg length @) O O O
Step width %
Step length O O O O

Cadence
(steps/min)

Max. of angle
between knees 61
Min. of angle

between knees 61 O O
Max. of right hip O
joint angle 62
Min. of right hip O
joint angle 62
Max. of left hip
joint angle 63
Min. of left hip
joint angle 63
Max. of right knee
joint angle 64
Min. of right knee
joint angle 64
Max. of left knee
joint angle 65
Min. of left knee
joint angle 05
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Table 4 Features for each classifier

o128 E 3}

p

Classifier Features

1-step approach using k- [Shoulder width, Leg length,
NN Step length, Step width, Min.
(7 features) of angle between knees 6
Max. of right hip joint angle
0, Max. of left hip joint angle
65

2-step 1  |Gender |Shoulder width, Leg length,
approach |step |(7) Step length, Step width, Min.
using of angle between knees 6
k-NN Max. of right hip joint angle
and 0, Max. of left hip joint angle
SVM 0,
2 |Age Leg length, Step length, Step
step |(Male) |width, Max. of right hip joint
6) angle 6, Max. of left hip joint
angle 0,
Age Leg length, Step length,
(Female) |Min. of angle between knees
G3) 6,

Table 5 Accuracy of each classifier

Classifier Accuracy | Accuracy | Accuracy
ofage | ofgender | ofall

111::12)1311)\11)1;0“11 73.40% | 77.22% 62.47%
i?ﬁlf’ﬁ‘ﬁ?“h 77.88% | 79.70% | 67.02%
ié?ﬁ?;@ﬂm 82.82% | 85.58% 72.74%

Table 6 Confusion matrix of SVM classifier (number of

frames)
Output—
vt YB male | OB male YB OB
Target | female | female
246 38 12 0
YBmale | 31100 |(12.84%) | (0.04%) | (0%)
OB male 48 212 22 48
(14.55%) | (64.24%) | (6.67%) |(14.54%)
32 16 218 10
YB female | 15900 | (5.80%) | (78.99%) | (3.62%)
13 31 59 202
OB female | ) 2606y |(10.16%) |(19.34%) |(66.23%)

43 AE 2o % 24
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Table 7 Comparisons with previous works

Items | Accuracy | View point | Data set

De o S Standard
Zhang(l 5 | Age 83.33% Side view gait

hiqi S

f(ut% Gender | 95.97% | Side view Stzgﬁ:lrd
AZh(l 12) Gender | 80.50% | Side view Standard
Sair gait
Koh: S

© .?118) Gender | 96.47% | Side view Standard
Arai gait
This Age 82.93% Omni Ordinary
study Age 85.58% | directional gait
AEE7F moldl Ao B u A wa A
& PReE 540 Aol &2 & £ glom,
WA BRI AW RR ARES 0% fol:
4ge Prin 2 4 otk o714 kNN BF]9
k#he Agxom dflom, E AFrE 15
AFE- 3

Table 6 ASt=7F 7H 2 SVM w517] ol A]
<=3 H(confusion matrix)S TS+ Z o]t} Target
& AA FEE orsta
ol AdS HA ﬁ} 4

e e
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