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Abstract — An automatic object tracking technology is
developed for a digital camera. We have developed a new
modified object tracking algorithm based on K-means Tracker
algorithm that is adaptive to the change of the object shape and
appearance. Several modifications for higher tracking
performance and lower computation cost are introduced for the
digital camera application.

I. INTRODUCTION

Advanced camera control technologies such as face
detection have been developed to improve usability of a
digital camera. An object tracking capability is a next
promising technology. This enables a user to shoot a photo
containing a moving object only by indicating the position on
a monitor at the beginning. The camera automatically tracks

the object and the user shoots the photo at an arbitrary timing.

This paper describes the details of the tracking capability.

II. PREVIOUS WORK

Template matching[ 1], Mean-shift[2], Particle filter[3] and
K-means tracker[4] are representative object tracking
algorithms. Among them, the template matching method is
the most conventional and often used for a high precision
positioning of electric and mechanical parts. However, the
algorithm doesn’t achieve sufficient performance for the
digital camera application.

On the other hand, Mean-shift, Particle filter and K-means
tracker are known to have high performance for scenes taken
by a digital camera. However, Mean-shift is not robust
enough for scale and appearance changes of an object. The
computation cost of Particle filter is high so that it is difficult
to apply for a digital camera.

We selected K-means tracker as the object tracking
algorithm because the algorithm is applicable for wide
variation of scale and appearance change with reasonable
computation cost.

III. K-MEANS TRACKER ALGORITHM

K-means tracker detects a region having the similar color
information along sequential frames using the color
information of a target area that corresponds to the moving
object. The main features of the algorithm are as follows:

978-1-4244-4316-1/10/$25.00 ©2010 IEEE

A. 5D uniform feature space

Pixels in a target area are clustered to K classes. Color
information (R, G, B) and a position (x, y) of a pixel are
treated equally as feature values in the 5 dimensional
coordinate. A distance between two pixels in the space is
defined as a Euclidean norm.
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Fig.1 5D feature space

B. K-means clustering

When clustering the pixels in the target area, K-means
clustering algorithm is used. K clusters are created and a
representative color is assigned for each cluster. In each
cluster, the mean color and center position of each cluster are
calculated and renewed continuously.

C. Concept of background colors

To detect target object correctly, a background color near
the target object is used. This is because not only the target
color but also the background color is important for the
object detection.

D. Elliptical target and search area

Both of the target area and the search area are defined as
elliptical areas. Pixel values on the elliptical contour of the
search area are treated as background colors.

E. Coarse and fine sample points

Not all points in the search area are checked for the
clustering. Only sample points of them are checked. The
sample points are dense around the center of the search area
and sparse at the periphery of the area in the original K-
means tracker algorithm.

IV. NEw MODIFIED OBJECT TRACKING METHOD

Although original K-means tracker algorithm has high
performance to detect a target object, it needs high
computation costs. We modified several items to improve the
tracking performance with limitation of CPU’s processing
ability on a digital camera as follows:



A. Representative color

One or plural representative colors are selected in the
original method. However, it is not easy for a user to select
multiple colors on a monitor of a digital camera. Therefore,
we limited the number to only one.

B. Color distance

A Euclidean norm is used to measure a distance between
two color pixels in the original method. The method with
norm is not robust for luminance variation of an object. To
solve the problem, we use a color angle between the pixels.

C. Shape of search and target area

The shape of a search area and a target area were ellipses in
the original algorithm. The shapes of them were changed to
rectangles to reduce the computation cost.

D. Distribution of sample points

The original method generates sample points from the
center of the target area ellipse in a radial pattern. The
density of the sample points becomes higher at the center of
the ellipse. As shown in Fig.2, the distribution was changed
to be uniform in the search area.
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(a) Original method (b) Modified method
Fig.2 Shape of search areas (outside red lines) and sampling points (small
white dots).

The modified method was implemented into a prototype
digital camera and verified to track objects correctly.

V.EVALUATION OF TRACKING PERFORMANCE

To measure objective performance of the modified method
on the prototype camera, we prepared several computer
generated movies. They were designed to simulate real
scenes by considering practical and critical conditions that
have higher possibility of failure in object tracking. Those
shooting scenes were classified to six representative scenes
as follows.

1. Hue and luminance of an object change, such as when
the object moves from the shade to sunlight.

2. Luminance of the background changes, such as when
the object moves and the background changes.

3. Size of an object changes, such as when the object
moves forward or backward.

4. Occlusion of an object occurs, such as when the
object moves behind a blocking item.

5. Large uniform plane of an object appears, such as
when the object is bigger than the possible tracking
region.

6. Quick lateral movement of an object happens, such as
when the object moves rapidly in the screen.

All evaluation results showed that the performance of the
modified method has sufficient performance for the practical
use.

(a) Real scene (walking person)

U

(b) Computer-generated movie for evaluation

Fig.3 Example in the case of the representative scene, No.3

TABLE 1
Example of results of the performance evaluation
Representative Conditions(extracte | Object Tracking
scenes d from real scenes) | Results
1. Hue and | Hue change from | Success within

luminance change | 180-degree to 150- | all degrees

of an object degree
3. Size change of | Object size | Success within
an object reduction from | 100% to 40%

100% to 10%

VI. CONCLUSION

We proposed a new modified object tracking algorithm
based on K-means tracker and implemented it on a prototype
digital camera. The tracking performance was evaluated by
using six computer-generated movie sequences simulating
critical conditions of real scenes. Consequently, we
confirmed that the performance of the modified method was
high enough for the practical use.

ACKNOWLEDGMENT

The authors would like to express appreciation to Prof.
Wada of Wakayama University for his valuable comment.

REFERENCES

[1] YS. Chen, YP. Hung, CS. Fuh, “Fast block matching algorithm based on
the winner-update strategy”, IEEE Transactions on Image Processing,
2001:pp.1212-1222.

[2] B. Georgescu, I. Shimshoni, P. Meer, “Mean shift based clustering in
high dimensions: a texture classification example”, Ninth IEEE
International conference on Computer Vision, 2003:pp.456-463.

[3] MS. Arulampalam, S. Maskell, N. Gordon, t. Clapp, “A tutorial on
particle filteres for online nonlinear/non-GaussianBayesian tracking”,
IEEFE Transactions on signal processing, 2002:pp.174-188.

[4] C.Hua, HWu, Q.Chen, T.Wada, “Object Tracking with Target and
Background Sample”, IEICE Transactions on Information and Systems,
2007 E90-D(4):pp.766-774.




	Index
	ICCE 2010 Home
	Conference Info
	Welcome to ICCE 2010
	Intro. to Technical Program Committee
	Committees
	ICCE 2010 Tutorials
	ICCE 2010 Keynotes
	ICCE 2010 Awards

	Sessions
	Saturday, 9 January 2010
	1.2-Invited Session -Emerging CE Technology A Preview o ...

	Monday, 11 January 2010
	1.1-Personal Health Monitoring
	1.3-Emerging Issues on Digital HDTV
	1.4-Image Scaling and Super-Resolution
	2.1-Recyling and Smart Energy Techniques for CE
	2.2-Camera Technologies
	2.3-Display Systems &amp; Driving Technologies
	2.4-TV Architectures
	2.5 - P-1-Streaming and Media
	3.1-Energy Management for Green CE
	3.2-Networking: Applications
	3.3-OFDM-Systems
	3.4-3D Video in the Home

	Tuesday, 12 January 2010
	4.1-Metadata for Consumer Electronics
	4.2-Network Infrastructure
	4.3-DTV-Receivers
	4.4-Frame Rate Up-Conversion and 3D Processing
	4.5 - P-2-Security, Healthcare and HCI
	5.1-Novel Input Devices &amp; Methods
	5.2-Emerging Trends in Consumer Electronics
	5.3-Channel Equalization and Decoding
	5.4-Video Coding Algorithms - I
	6.1-User Interface and Sensors
	6.2-Home Media Server and Recording
	6.3-Secure CE Devices
	6.4-Video Coding Algorithms - II
	6.5 - P-3-RF
	7.1-Automotive Communication and Control
	7.2-Applications Using Video Content Analysis and Class ...
	7.3-Secure CE Mechanism and Algorithm
	7.4-Video Coding Algorithms - III

	Wednesday, 13 January 2010
	8.1-Multi Channel Audio Processing
	8.2-Video On Demand and Other Technologies
	8.3-Wireless Network Management
	8.4-Image Quality Measures
	8.5 - P-4-Imaging and Video Coding
	9.1-Audio Signal Processing
	9.2-Image and Video Quality Enhancement
	9.3-Wireless Networks and Devices 1
	9.4-Hardware Implementations of Video Codecs
	10.2-Mobile TV Streaming and Rate Control
	10.3-Wireless Networks and Devices II
	10.4-Fast Encoding Algorithms for AVC/H.264
	10.5 - P-5-Networking
	11.1-Home Building Control &amp; Application
	11.2-Handheld Video Projection and Display Devices
	11.3-Game Technology


	Authors
	All Authors
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Papers
	All Papers
	Papers by Session
	Papers by Topics

	Topics
	1. Image/Video Signal Processing (General/Other)
	1.1 Noise/Artifact Reduction
	1.2 Quality, Sharpness Enhancements
	1.3 Format Conversion, Frame-Rate/Size Conversion
	1.4 Error Concealment
	2. Image/Video Codecs (General/Other)
	2.1 Encoding Techniques/Algorithms
	2.2 Decoding Algorithms, Scalable Decoding
	2.3 Codec Implementation, DSPs, ICs
	2.4 Image/Video Standards
	2.5 Video Analysis for Coding
	3. Image/Video Distribution (General/Other)
	3.1 Transcoding Algorithm/Architecture
	3.2 Transmission and QoS Techniques
	3.3 Distribution, Video Streaming
	3.4 Applications
	4. Audio (General/Other)
	4.1 Audio Receiver Processing
	4.2 Audio Coding Techniques/Algorithms
	4.3 Audio Transmission and QoS
	4.5 Audio Applications
	5. A/V Recording (General/Other)
	5.2 Still and Video Cameras
	5.3 Personal Video Recorders
	5.4 Home Media Server
	6. Human-Computer Interaction (General/Other)
	6.1 User Interface Design
	6.3 Interactive Technology
	6.4 Device Usability/Complexity
	7. Display Devices (General/Other)
	7.1 Display Enhancement, techniques
	7.3 Display improvement algorithms
	7.4 Display driver components
	8. RF &amp; Wireless (General/Other)
	8.1 Antennas
	8.2 Acquisition
	8.3 Equalization
	8.4 Spectrum Usage
	8.5 Software Radio
	8.6 Wireless LAN
	8.7 Wireless Standards
	8.8 DTV receiver, set-top box, video handheld
	9. Networking (General/Other)
	9.1 Home Networking; Control, Applications
	9.2 Network Bridges
	9.3 Network Architectures
	9.4 Network Algorithms
	9.5 Networking Standards
	10. Security &amp; Rights Management (General/Other)
	10.1 Copy and Redistribution Protection
	10.2 Trusted Computing, Transactions
	10.3 Parental Control
	10.4 Biometrics for Consumer Use
	10.6 Security &amp; Rights Standards
	11. Other Consumer Technology/Applications
	11.1 Personal healthcare
	11.2 Automotive AV &amp; networking
	11.3 Home building Control, Applications
	11.4 Gaming &amp; Processing Architectures
	-- Help me decide --
	5.5 Video On Demand (VOD) Architecture
	5.7 NRT (Non-Real Time Service) Standards
	9.6 Power and Networking
	11.5 Green Technologies
	Special Session - 3D
	Special Session - Recycling Issues in CE Product Design
	Special Session - Internet-TV
	Special Session - IPTV

	Search
	Help
	Browsing the Conference Content
	The Search Functionality
	Acrobat Query Language
	Using Acrobat Reader
	Configurations and Limitations

	About
	Current paper
	Presentation session
	Abstract
	Authors
	Kan-ichi Koyama
	Yasuhachi Hamamoto
	Hiroshi Kano
	Haiyuan Wu



