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On-Line Detection and Temporal Segmentation of Actions in
Video Based Human-Computer Interaction

SHEN Qing BAN Xiao-Juan CHANG Zheng GUO Jing

(School of Computer and Communication Engineering , University of Science and Technology Beijing . Beijing 100083)

Abstract Temporal segmentation is a long-standing issue in computer vision. Particularly, in
the vision based human-computer interaction, the on-line implementation and real-time performance
is required. In this paper, a template based approach is proposed. Given a continuous video
sequence, a completed action can be detected and segmented on-line, based on the previous movement
information. In this approach, characteristic frames are extracted firstly by a martingale
framework, followed by the back tracking along the characteristic frames, and then the motion
history images are built to represent the motion information, which are used in the final segmentation
via the calculation of the action inclusion rate and the likelihood of the seven invariant moments
with the templates. The experiment on the IXMAS database got an average action detection rate
at 88% and an accuracy at 75. 9%. In the experiment on the on-line depth data, the detection rate
reached to 84.8%.
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M 1 ] LUE 3 — A S fE check watch
FEREMERE O3, WA EARASZ R Z 0 H
ANHE B B 52 W T 2 05 1 B AR A0 cross arms Al
scratch head 4 AL BE Fb 55 v 0 AR 4R . 5 30 H A
Z A0 B ) AT 5 BRI R B (IRF 8024).
M2 J5 /) turn around.,walk FFE#H HRKF K
BAR(100%0) , F 25 A Al fe e H Al IR R,
HoAth 4 58 A 2 # A iCA 55 e WY J i X)L 52
6 1) BT 349 & R 20 88 5.

£1 FAEAGELTEONELAE
HAER ko gkl Ek2 k3 FH

check watch 0. 82 0. 91 1 1 0.93
Cross arms 0.82 0.91 0.55 0.55 0.7
scratch head 0.73 0.91 0.82 0. 64 0.77
sit down 0. 82 0. 82 0.91 1 0. 89
get up 1 0. 82 0.82 1 0.91
turn around 1 1 1 1 1
walk 1 1 1 1 1
wave 1 1 0.73 0.73 0. 86
punch 0. 82 0.82 1 0.82 0. 86
kick 1 1 1 1 1
point 1 0.91 0.91 0.82 0.91
pick up 0.82 0.91 1 0.82  0.89
throw 0.55 0. 64 0.73 0.73 0. 66
S 0. 87 0.9 0. 88 0. 85 0.88

TR — DRI S B A 2 e
T B 730 T 0 R SO0 HIRUA 4 E B R
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R = e a6

Bl 6w AR AT AR M Sl A Hh R A 2 B PR 1Y
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Check watch 0.01 [ 0.00 | 0.00 | 0.00 ] 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 | 0.17

Cross arms 0.01 ] 0.00 ] 0.00 [ 0.00 ] 0.00 { 0.00 | 0.00 ] 0.00 [ 0.00 | 0.00 | 0.15

Scratch head| 0.00 | 0.02 0.00 [ 0.00 | 0.00 | 0.00 ] 0.00 | 0.00 { 0.00 [ 0.00 | 0.00 ] 0.09

Sit down| 0.00 | 0.00 | 0.01 0.00 ] 0.00 { 0.00 | 0.00 ] 0.00 [ 0.00 | 0.00 | 0.05

Get up| 0.00 ] 0.00 | 0.00 [ 0.08 0.00 | 0.00 ] 0.00 | 0.00 ] 0.00 | 0.00 [ 0.00 | 0.14

Turn around | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00 ] 0.00 ] 0.00 [ 0.01 ] 0.00 | 0.13

Walk [ 0.00 | 0.00 ] 0.00 | 0.01 | 0.00 [ 0.00 0.00 { 0.00 | 0.01 | 0.02 ] 0.00 | 0.31

Wave| 0.00 | 0.00 [ 0.00 ] 0.00 [ 0.00 ] 0.00 [ 0.01 0.00 { 0.00 [ 0.00 | 0.00 ] 0.18

Punch| 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 | 0.00 b
Kick| 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 [ 0.00
Point [ 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00
Pick up| 0.00 | 0.00 ] 0.00 ] 0.00 | 0.00 | 0.00 | 0.00
Throw | 0.00 | 0.00 | 0.00 ] 0.00 | 0.00 | 0.00 | 0.00
Nothing & Others| 0.05 | 0.02 | 0.01 | 0.04 ]| 0.03 [ 0.05 | 0.01
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Weinland et al. (7] B2 E sh 1 — — — — _ 93.3
Lv and Nevatial?’ &L EE 81.5 82.1 80. 1 81.3 78. 4 80. 6
Yan et al. [13] B2 Esh 1 72.0 53.0 68.0 63.0 — 64.0
Junejo et al, [14] B4 E 76. 4 77.6 73.6 68.8 66. 1 72.5
Liu and Shah(!%] R AEIEE 76.7 73.3 72.0 73.0 — 73.8
Ramadan and Davist!6’ oo B 85.7 87.3 82. 4 86. 8 — 85. 6
Lu et al. % S 77.6 79.3 78.8 83. 1 83.6 80.5
AT &S E 75.5 77.1 74.9 76. 1 — 75.9
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wave right hand
to the left

wave right hand
forward

applaud

K7 RS T s SR R R

FORE TRz ah (5 8. 2 T AR Bk . 2458
R B Sl VR R B 2 . HL 2K O A W 4 R R 2 B
VIR,
7.2 HEEHERAHLR

SR R G 10 D FIMS AT TS A
JHRLAS [ B9 W0 i 5 28 3 4R 5 3 LSS B g —
BEH P HEAT 10 REE 5. ShE A3 R BRI 3.

R3 ELEIBEPHERABR

HER® A/l Az A3 Arsd Ars FY
T4 1.0 0.9 0.9 1.0 0.9 0.94
Vi Yk 0.9 1.0 1.0 0.7 1.0 0.92
& i % 0.8 0.8 0.6 0.8 0.7 0.74
EFIEH 0.7 0.7 0.7 0.7 0.6 0.68
HTAE 1.0 0.9 0.8 1.0 0.9 0.92
T 1.0 1.0 0.7 0.9 0.9 0. 90
g 0.9 0.6 0.7 0.8 0.8 0.76
HTE#E 0.7 0.8 0.6 0.7 0.8 0.72

m+ Lo 10 0.9 1.0 1.0 0.98
ERE: Lo 0.9 0.8 0.9 1.0 0.92
T4y 0.9 0.8 0.77 0.85 0.8  0.848
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Background

Temporal Segmentation of actions has been the topic of
discussion in computer vision for a long time. Most Previous
work of action analysis focused on action recognition and
classification. During recent years, especially after the
emergence a series of novel devices, the problems of the
application in human-computer interaction has become more
and more concerned. Temporal segmentation is one of those
problems which restricts the understanding to human’s
behavior in HCI system. Currently, there was no standard
method and theory to resolve or explain most problems in this
area, although many approaches have been proposed, which
performed with satisfied results in different experimental
constraints. Most of experiments with action recognition
technique were conducted under the well-controlled conditions,
and the subjects of the study were the actions pre-segmented
by human. However, without automatical segmentation,
action recognition can not be widely used. Since HCI has
been a popular application field of the computer vision, the
more rigorous demands to the action analysis have attracted
many attentions: a series of task should be complished imme-
diately without the follow-up information, including action
detection, segmentation, recognition and feedback. Most of

recent HIC systems based on gesture, recognize the user’s

input through the position or angle of some part of body like
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hands or legs. These systems are unable to understand the
complex actions.

Our work orients the particular requirements of segmen-
tation in the continuous video of HCI system, proposes a
optimization on characteristic frame selection and backtracking
detection, which solves the problems of timeliness and
realtimeness of on-line segmentation.

Our work belongs to the research project of “Multidi-
mensional Virtual Sense Oriented Action Modeling and
Behavior Understanding”, which is supported by the National
Natural Science Foundation of China (No. 61272357). The
target of this project is to solve the difficulties listed above in
multidimensional virtual sense system research and production.
It can advance the experience of the system users, realize the
practical natural human-computer interaction. Furthermore,
it can provide the theoretical and technical support to the
related industrial development.

Our group has achieved the phased objectives in 3D
human movement modeling, action recognition invariant to
background influence, depth data collection and so forth.
Besides, action recognition based on the Extreme Learning
Machine is also an important topic of our group in this

research project.



