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Multi-Viewpoint Human Tracking Based on Face Detection Using Haar-like Features and Mean-Shift
Yu Ito* (Shizuoka University), Atsushi Yamashita, Toru Kaneko (Shizuoka University)

Abstract

Visual surveillance systems using vision sensor increase in various environments by the rise of security needs. Hu-

man tracking is an important function for an automatic surveillance system using a vision sensor. However, it is

difficult to detect a human in an image with stability under general environments and to track a human exactly in an

image due to the variety of poses. This paper describes a method for automatic human tracking based on face detec-

tion using Haar-like features and mean-shift tracking. The method increases its trackability by using multi-viewpoint

images. Experimental results show the validity of the method.
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Fig.1. Example of Haar-like features

(a) A color histogram is
made as a tracking model.

(b) Similarity distribution
is caculated from (a) and
color histogramsin image.

(c) The position of a
tracking object is
searched by mean-shift.
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Fig.2. Mean-shift tracker
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Face detection
using Haar-like
features

Tracked human
exist ?

Process for all tracking
human that is not
detected

Process for
detected humans

Human tracking by
the mean-shift tracker

v

Face area update

Face area Face area
update registration

Multi-viewpoint human tracking process
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Fig.3. A human tracking process from a single

viewpoint
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| Viewpoint A | | Viewpoint B | | Viewpoint C |

| Specify the hair color of detected human |

Detect the back part of the head

Send the information of a position of a
front face area to another viewpoints

i

Search the back part of the head that
corresponds to a front face area by the
information of other viewpoints

| Track the back part of the head from next image

| Diminish false-correspondence |
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| Next image | | Next image | | Next image |
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Fig.4. A human tracking process from a multi-

viewpoint
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(a) Example of front
face detection

(b) Example of false detection

(¢) Hue histogram of
afront face area

(d) Hue histogram of a
false detection area
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Fig.5. Detected face region

00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000000000
000000000000000000000OMean-Shift
00000000000000000000000000
000000000000000

04130 0000000000 5000000000
0000000000000000300000 1000 2
00000000000000000000000000
00000000000000000000000000
00000000000000000000 p(t)00 (2)
0Oooooooo

pt) =pt—1)+v({t—1,t —2)At oo (2)

O000pt—1)0 1000000000000 300
Oo00O0Ov(t—1,t—2)0 100000000 20000
Ooooooos3stoooogoooooooboooggAat
gilb0ooboooobooobooooobooobooooobobogo
gooobooobooboboboobos3sgobooboooobooon
goooboboooooboboooobooboooogooboo
ooooboooboo

oo0DO0o0oo0ODbO00000OO0000nDOOMean-Shift
gboboboboboobobobobobobo200
U0b0O00000OMean-Shift 0000000 0O0O00OOO
goooboboooobooboboboooobooooooboo
oo0ooCooo0O0 pooooooooooooooo
0000000 p(t)D000O0O0DODOCODOO Mean-Shift
obobobobobobobobobobobbon

3/6



The center of the tracker at previous frame

(a) Movinginformation (b) In casewheremotion () In case where motion

and prediction position  information does not information exists

of tracker exist (largerange of (small range of similarity
similarity distribution) distribution)
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Fig.6. Making range of similarity distribution
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Extraction region of ahair color

A front faceregion

-
07 0000000

Fig.7. Extraction of a hair color
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(a) Posture of expected  (b) Hue histogram of the
back part of the head back part of the head
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Fig.8. Posture of evpected back part of the head and
its hue histogram
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Fig.9. The experimental environment

Viewpoint (A)
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Fig.10. The experimental result
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Fig.11. Trajectory of tracking humans
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Table 1. Object detection accuracy

Data number | Camera 0 | Camera 1 | Camera 2
1 99 100 96
2 100 100 70
3 100 100 100
4 100 100 100
5 86 100 100
6 100 100 100
7 100 100 100
8 100 78 100
9 100 100 100
(Unit : %)
02 0O0do
Table 2. False-detection rate
Data number | Camera 0 | Camera 1 | Camera 2
1 3 0 0
2 0 0 21
3 0 0 0
4 0 2 0
5 6 58 0
6 0 52 0
7 0 0 0
8 1 12 1
9 0 0 0
(Unit : %)
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