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Preface

2010 International Conference on Frontiers of Manufacturing and Design
Science (ICFMD2010) will be held in Chongging, China during December
11-12, 2010. The aim is to provide a platform for researchers, engineers,
academicians as well as industrial professionals from all over the world to
present their research results and development activities in Manufacturing
Technology and Design.

ICFMD 2010 will be the most comprehensive Conference focused on the
Frontiers of Manufacturing and Design Science. The conference will promote
the development of design and manufacturing science, strengthening the
int_c;mational academic cooperation and communications, and excﬁanging
research ideas.

In this conference, we had received more than 1800 submission from email and
electronic submission system, which were reviewed by international experts.
About 820 papers have been selected for presentation. We believe the
proceedings will provide the readers a broad overview of the latest advances in
the field of manufacturing and design science.

We would like to thank the conference chairs, organization staff, and the
members of International Technological Committees for their hard work.

Thanks are also given to Trans Tech Publications.



We look forward to seeing all of you next year at the ICFMD2011.

December, 2010

Ran Chen

Chongqing University of Technology, China--

Conference Chairman
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Conference Location
YIAN HOTEL

http:/fwww.cqyian.com.cn/

Hotel address: NO.188, Huangshan Strect, Beibu New District, ChongQing

How to reach YiAn Hotel ChongQing

One way: By TAX: 19%m, 30minutes ride
For non-Chinese Attendees,you can  tell the drives:
“Please take me to Yian Hotel Chongqing - (B iR 2l E)”

TE6 (23 BTERATAL

SRUE N T B

11



You can show it to the taxi drivers and they will take you to the hotel.

An other way: From Railway Station

If you get off From Chonqging North Station, By TAX:6km, 10 min ride.
If you get off from Chongqing Caiyuanba Station,By TAX:11 km, 20 min ride.

12




Introduction of Control Engineering and
- Information Science Research Association (CEIS)

The Control Engineering and Information Science Research Association (CEIS)
is a non-profit organization devoted to the improvement of control engineering and
information science. CEIS also provides a forum for engineers and scientists in
academia, university and industry to present their latest research findings in any
aspects of control engineering and information science. These goals are accomplished
through various activities, conferences, and publications. Established in 2009, CEIS
organizes multidisciplinary conferences for academics and professionals, mainly in
the fields of science, engineering, and education. CEIS holds conferences and
courses in both industrialized and developing nations.
All papers in CEIS conference proceedings will be published by the well known
press, such as IEEE, Trans Tech Publications, Academic Press, Springer, ASME,
World Scientific Press, American Scientific Publishers, Inderscience Enterprises
Limited, Atlantis Press and SPIE, and will be submitted to the major indexing (EI,
ISTP, SCI) services for indexing.

" Welcome the universities, Institutes and Scholars to contact us about the

collaboration on the sponsorship of the conferences.

EH LR 5E BRI A2 \E R ER S 280 TERFF AR, 2011 %
SWEETHCELEEE), YOEAER. BTRFEmAE2EE SRITILRZ
3 SCI/EI/ISTP MrRMEPAFASW, HHEEFZATTR. BESESUE
BRI NI R R

Chongqging Branch

Dr Chen  hkeeis@gmail.com; +86 13668073270; +86 023-60609355
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#2010 International Conference on Frontiers of Manufacturing and Design
Science (ICEMD2010) www.icfmd2010.com

@2011 International Conference on Intelligent Computing and Information
Science(ICICIS 2011) http://www.hk-ceis.com/icicis2011/

22011 International Conference on Mechatronics and Intelligent Materials
(MIM2011) http://www.mim2011.org/

#2011 International Conference on Frontiers of Manufacturing Science and
Measuring Technology (ICFMM2011) http:/www.icfmm.org/

22011 International Conference in Electrics, Communication and Automatic
Control (ECAC 2011) http://www.ecac2011.org/

#2011 International Conference on Frontiers of Mechanical Science and
Technology (ICFMST 2011) http://www.icfmst.org/

©2011 International Conference on Frontier of Nanoscience and Technology
(ICFNST 2011) http://www.icfnst.org/

22011 International Conference on Advanced in Control Engineering and
Information Science (CEIS 2011) http://www.hk-ceis.com/ceis2011/

©2011 International Conference on Frontier of Automatic, Control Engineering

and Information Science (ICFACI 2011)

;’/ﬂﬂiﬁﬂ%.

/QFP!Feof Mechanics  cnd Moderiols . Volumes qu=47
F;/?Ss-ﬁ-}?‘
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About the Journal of ICFMD 2010

w!/,ﬁm
Applied Mechanics and Materials

Special Issues for the High-level Journals

ISW JAMS

1537

E | s0 BE Ez.wTP

=54k

NVW
LIMRT
LIMMM
ASL Bk
Journal Index | Amount | Date
Noise and Vibration Worldwide (NVW) EL 13 Published
International Journal of Machining and Machinability of Materials | EI 15 2011.5
(ITMMM )

Journal of Advanced Manufacturing Systems (JAMS) EI 40 2011.6
International Journal of Materials and Product Technology (IJMRT) SCI/EL | 12 2011.6
journal of computer (JCP) ~ El i 2011.8
journal of software (JSW) El 15 2011.8
Advanced Science Letters (ASL) SCI 88 2011.4
Sensor letters  (SL) SCI/ET | 49 2011.10

15
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Conference Schedule

December 10,2010
Time Activity
10: 00-18: 00 Registration
Morning, December 11,2010

Time Activity
09:00 — 09:25 Open Ceremony
09:25 — 10:00 Keynote Speech 1
10:00 — 10:20 Coffee Break
10:20 — 10:50 Keynote Speech 2
10:50 — 11:20 Keynote Speech 3
11:20 — 11:45 Photo
12:00 — 13:30 Buffet Lunch

Afternoon, De

cember 11,2010

14:00 — 15:30 Oral Session 1,2,3
15:30 — 15:50 Coffee Break
15:50 — 17:30 Oral Session 1,2,3
18:00 — 19:00 Buffet Lunch
Morning, December 12,2010
Time Activity
09:00 — 10:20 Oral Session 1,23
10:20 — 10:45 Coffee Break
10:45 — 11:45 Qral Session 1,2,3
12:00 — 13:30 Buffet Lunch

Afternoon, December 12,2010

14:00 — 15:3 Oral Session 1,2,3
15:30 — 15:50 Coffee Break
15:50—17:30 Oral Session 1,2,3
18:00 — 19:00 Welcome Banquet
December 13,2010
Time Activity
8:30 — 16:00 One-day tour in Chongging

16




Keynote Speaker 1 : Yang Yongqiang 7K

Dr. Yang Yongqiang, Professor of Material Processing and
Mechatronic Engineering, got Doctor degree of Engineering in

April 1993, Master degree of Materials Science and Engineering in

June 1987 and Bachelor degree of Materials Science and
Engineering in July1982, Tianjin University , Tianjin, China. From
July 1987 to July 1996, he had been worked as lecture and associate professor in turn
in laser lab, department of mechanical engineering, Tianjin Industry University.
From August 1996, he has been working in South China University of Technology
(SCUT) as professor. He is the head of institute of welding science and technology
and director of Innovation Engineering Center, which is a jointed research enterprise
by SCUT and ISQ (from Portugal), President of Welding Association of Guangdong
Province, and head of South China Laser Welding Center.
His main research interests include Laser Processing and Rapid prototyping of
selective laser melting.
He had been completed more than 20 projects including the projects from Fund of
E state and Guangdong province, industry and Eureka iternational cooperation. 116
papers have been published, including international journals {Thin Solid Films}.
{Applied Surface Science}. ¢Surface Coatings and Technology) , {Chinese Optic
letters) , etc. He has applied more than 30 patents, and 15 authorized. He got more

achievements in selective laser melting rapid prototyping for direct manufacturing of

17



metal parts, laser material processing and laser welding, especially in industrial
applications, such as the direct manufacturing of metal surgery guides, lingual
brackets, mould and die, and complex parts with inner structures.

Tel: +862087111036; 13825041868

Email: meygyang@scut.edu.cn

Title of presentation:

Direct Manufacturing of Metal Parts by Selective Laser Melting and

Applications

Keynote Speaker 2 Hsiang-Chuan Liu 23 )1]

f. Hsiang-Chuan Liu received the Ph.D. degree in Statistics from National

" Taiwan University, Taiwan. He is a professor at the Department of
| Bioinformatics and Medical Informatics and Department of Psychology,

Asia University, Taiwan since August 2001, and a professor at the
Graduate Institute of Acupuncture Science, China Medical University, and also an
honored professor at the Graduate Institute of Educational Measurement and
Statistics, National Taichung University, Taiwan. He was the President of National
Taichung University, Taiwan from 1993 to 2000. Dr. Liu is a member of IEEE since
2007, and 1s the editor-in-chief of Psychological Testing (ISSN 1609-4905) (TSSCI
Journal). He has funded research and published articles in the areas of Biostatistics,

Bioinformatics, Fuzzy measure Theory, Measurement and statistics, and E-Learning.

18



Title of presentation:

Signed Extensional L- Measure Based on Signed Monotonicity

Keynote Speaker 3: Wen-Pei Sung R
Professor Wen-Pei Sung, Ph.D., P.E.
Current Position:

eProfessor, Department of Landscape Architecture

ﬁ ' eDean, Integrated Research Center for Green Living Techniques
eMember of Committee, Public Construction Commission,
Executive Yuan, Taiwan
eInvestigator, National Science Council, E‘,x‘ecutive Yuan, Taiwan
e Chair Professor, Zaozhuang University, Shandong, China
eMember of Academic Committee, “The Chinese Landscape Architecture Graduate
Design Exhibition”, Peking University, China
eProfessional Engineer of Structural Engineering, Taiwan
Academic Background:
oPh. D, Department of Civil Engineering, Natioﬁai Chung Hsing University, Taiwan.
eThe H onorary Doctorate of Manufacturing Technologies, The Yorker International
University, Ttaly
Professional Qualifications:
eCertification of Professional Engineer of Structural Engineering, Taiwan

Experience:

15
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eProfessor and Dean, College of Humanities and Social Science, National Chin-Yi
University of Technology

eProfessor and Department Head, Department of Landscape Design and
Management,

National Chin-Yi University of Technology

e Special Assistant of the President, National Chin-Yi University of Technology
eProfessor, Department of Landscape Design and Management, National Chin-Yi
Institute of Technology

® Associate Professor, Department of Landscape Design and Management, National
Chin-Yi Institute of Technology

e Specialist, Professional consultancy service for environmental landscape of
Government of Taichung County, Taiwan

e Specially Researcher, Section of research and development, Da-Yang Construction
Techniques Consultant, Ltd.

e Special Assistant of the President, National Chin-Yi Institute of Technology and
Commence

Photo

el ecture, General Education Center, National Chin-Y1 Institute of Technology and
Commence

e ccture and Section Chief, Section of General Affairs, Evening schocl, National
Chin-Yi Institute of Technology and Commence.

eStructural Engineer, Department of Structural Engineering, Sinotech Engineering

16
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Consultant, Ltd.

eResearch Assistant, Department of Civil Engineering, North Carolina State
University, U.S.A.

eTeaching Assistant, Department of Civil and Hydraulic Engineering, Chung Yuan
Christian University

Research Interests:

Techniques of Structural Control, Numerical Analysis, Integrated Research for Green
Living Techniques, Construction Management

E-mail:

wps@ncut.edu.tw

Phone:

+886-4-2392-4505 Ext. 8370 (Research Center)

+886-4-2392-4505 Ext. 8112 (Research Office)

Fax:

+886-4-2393-0737

Title of presentation: Developement of 2D and 3D Digital Image Correlation

. Method for Detecting Static Deformation and Structural Dynamic Response

17
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SESSION CHAIR 4321 2 i (three)
Session chair 1  Wang Zhenpo T =

Dr. Wang Zhenpo, born in 1976, is currently an associate professor in the School of Mechanical
Engineering at Beijing Institute of Technology, and is the Assistant Director of National
Engineering Laboratory for Electric Vehicles and serves concurrently as office administrator. He
received the B.S. degree in vehicle engineering from Tongji University in 2000, and the Ph.D
degree in vehicle engineering from Beijing Institute of Technology in 2005. He dedicates for a long
time to battery electric vehicle integration technology, power batlery in pack application, key
technology development and engineering application, etc. He is also in charge of 4 important
projects in three influential programs, which are respectively "863 Energy-economy and New
Energy Vehicle Program during 11" Five-year Plan”, "Beijing Scientific Planning Program” and
"Beijing Olympic EV Bus Program". He proposes the evaluation system of energy consumption in
battery electric vehicles for the first time globally and invents the power battery module package
system, which is implemented effectively in Beijing Olympic EV buses. Till now, he has received
the one second prize of National Prize for Progress in Science and Technology and one first prize of
Ministry of Education Prize for progress in Science and Technology. He has published more than 30
papers in the relevant academic core journals, among which 20 are indexed by EI. He has also
applied more than 10 patents for invention.

Title of presentation: Manufacturing and Design of Electric Vehicle

Session chair 2. Ma Hsiu-Lan EFH5

Hsiu-Lan Ma received her B. S. in Mathematics from National Taiwan Normal University, Taipei,
Taiwan in 1983, as well as M. S. and Ph. D. degrees in Mathematics, University of Northern
Colorado, Greeley, Colorado, USA in 1991 and 1994. respectively. Since 1996, she has been with
the Department of Business Administration, Ling Tung University, where she is currently a
Professor. Her current interests include Grey Theory, Fuzzy Algorithm, Mathematics Education,
reasoning, Problem solving, Educational Measurement, and Web-based Learning, etc.

Title of presentation: Analyzing the Test of Problem Solving Abilities by Using GM(0,N)

Session chair 3 Guo Yecai FBMA

Guo yecai received the Ph.D. degree in Northwestern Polytechnical University, xi’an, China, in
2003. And now he is a professor and tutor of Ph.D. student-in Nanjing University of Information
Science and Technology, Nanjing, China. His research interests lies in signal processing, system
simulation and higher order spectrum analysis, meteorology information technology and security.

18
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Gong xiuli received bachelor's degree from the Anhui University of Science and
Technology(AUST), Huainan, China, in 2008 and is the student of master's degree of AUST from
2008 to 2010. Now her research interests is signal processing.

Title of presentation : Wavelet Vector Machines Blind Equalization Algorithm Based on
Variable Segmentation Error Function.

19
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Oral 1:

No.4 Room, Time: 14:00-17:30, Dec 11
Session chair 1  Wang Zhenpo

D Paper Title Author
810 Manufacturing and Design of Electric Vehicle Wang Zhenpo
673 Thermal Analysis of Concentrated Photovoltaic System Haitao Zhang
E330 | Evaluation of Green Technology Innovation Capacity of Automobile Manufacture Industry Qiaoling Xu
485 The Force and Wear of Carbide Mill in Miling Glass Zhi Wei
636 Calculating Urban Storm Intensity Formula Using Genetic Algorithm Tao Shang
1132 Design of Remote Controller using Code Matching and Freguency Hopping Technology Gengsheng

Zheng
15:30 Coffee Break
1126 Road Surface |dentification Approach Based on Vehicle Dynamic Parameters Bo Wang
659 Process Planning and Tool Design of Magnetorehological Jet Finishing Haobo Cheng
410 Modeling and Simulation for Dual- Drive Transmission System of TBM Based on Bond Graph Xinhong Su
590 A New Numerical Approach for Adhesive Contacts of Real Engineering Surfaces Yuqi Zheng
517 Multi-lookup Table based Regenerative Braking Strategy of Plug-in Hybrid Electric Vehicle Qingsheng SHI
1003 | Predictions of Mechanical Properties of Single Crystal Copper Nanarod with Multiscale Simulation | Xinglei Hu
Method
528 Serial Communication and Temperature Monitoring of MSMA Actuator Based on DS18B20 Yongging Wen
450 Design of a new non-contact torque sensor for rotating stepped shaft by monitoring magnetic field. | Gang Shi :
Oral_2:
No.5 Room, Time: 14:00-17:30, Dec 11
Session chair 2. Ma Hsiu-Lan
1D Paper Titie Author
954 |Analyzing the Test of Problem Solving Abilites by Using GM(O.N} Hsiu-Lan Ma
293 Study on the Drawing and Trimming Springback Characteristics of Cylinder Shallow Shell of Tailor WeldedUang Yinfang
Blanks
1028 [The Characterization and Flow Behavior of 316L Stainiess Steel Feedstock for Micro Metal InjectionHaw Pei Li
Molding (ILLMIM)
333 Parameters Influences During Biodiesel Production IKRALJDAVORIN
338 Evaluating mechanical properties of cement materials by depth-sensing indentation method iufang Wang
935 IChoquet Integral with Respect to High Order Extensional L- Measure Der-Bang Wu
15:30 Coffee Break
1138 [Two dynamic propagation problems of symmetrical mode T crack Nian-chun L0
273 Nonlinear behavior in current mode research of Z-source DC/DC converter 'Yan Chen
604 Multi-Objective Optimization Design of the Helical Gear Transmission Based on Coalition CooperativeMeng Rui
Game Theory
315 Malecular Simulation on Modification of Structure and Thermodynamic Properties of Montmarillonite [Wei Dai
772 Estimation of Doppler Parameter for Formation-Flying Satellite SAR System iZhulin Zong
569 Solid State Synthesis and Characterization of Spintronics Material Cdyss Hgoes Te KhanAsghar.Hafiz
Muhammad Noor ul
Huda
183 [The Effect of Zirconium Incorporation on the Bransted Acidity of Zeolite: A DFT Study [Hailu Zhang
Oral_3:
20
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No.6 Room, Time: 14:00-17:30, Dec 11

Session chair 3 Guo Yecai

D Paper Title Author
471 avelet Vector Machines Blind Egualization Algorithm Based on Variable Segmentation Error FunctionlYecai Guo
468 Nonlinear Numerical Simulation of lced Conductor Galloping iZidong Hu
[E150 Risk Analysis of the Production Line Type Design based on the Lean Production iAnjiang Cai
240 Microstructures and mechanical properties of hot-rolled Mg-Zr-Ca alloys for biomedical applications|Ying-Long Zhou
482 Management of Knowledge Base of Expert System for Fault Diagnosis of Rotating Machinery |He Qing
537 Impacting Analysis on the Coupler and Buffer of a Subway Vehicle for the Shunting Operations |Pingman Zhang

15:30 Coffee Break
A Study on the Performance of Drinking Fountsin Using COZ Heat Pump under Differsnt System|

E1290 [|Pressures IYu-Lieh Wu
309 State Feedback Control to Track a Moving Object for a Non-holonomic Mobile Robot Yancui Hui
502 Delaunay Triangulation-based Hazard Area Avoidance for Spacecraft safe landing Simiac Fei
1083 Suppression of Maglev Track-Induced Self-Excited Vibration Using an Adaptive Cancellation Algorithm|Danfeng Zhou
1044 Higher eigenmades vibration cantilever's resonance frequency and cantilever spring constant Qi Hou
616/617 (Green Manufacturing: & Lever-wedge Self-locking Force Amplifying Clamping Device Driven by Linear
L/GZD Motor Qiang Song
[869 Objective Evaluation of Seam Pucker Using Complex Wavelet and Fractal Dimension of Textural Imag anging Song
Oral 1:
No.4 Room, Time: 9:00-11:50, Dec 12
Session chair1 ~ Wang Zhenpo

D Paper Title Author ?
Keynote |Material on green campus el Rizsm B M&lﬂ:’l;m'

Rahman
335 Preparation and Friction Feature of TiAl-based Wear-resisting Self-lubricating Composiie Haoran Geng
E1200 |A new formal method of anticorrosion design Pengfei Zhao
539 Study on wire breakage in WEDM by 3D technology Yong Xu
182 Energy-Saving Design for Hydraulic Cylinder Reciprocating Seal Based on QFD QinggingZhang
816 Profile Error Synthetic Analysis of One-Side Milling of the Inner Engaged Globoidal Cam Zihua Hu
10:20 Coffee Break

652 Micro CO2 Sensor Based on Li2CO3, Pt | Li3P0O4 | Pt, Li2Ti0O3-TiO2 Structure MNungiang Ren
284 [Technique of Heating Process of Stainless Steel Fangmin Quan
IASL-EQ JAnt colony algorithm with magnetic attractor and its application IZhanwei Du
F27=5
744 iApplication of Multivariable Grey Prediction Munjie Han
671 Kinematics and Strength Analysis on Variable Propeller Pitch Mechanism of a Wind Turbine GeneratorsiKun Jia
Oral 2:

No.5 Room, Time: 9:00-11:50, Dec 12

Session chair 2. Ma Hsiu-Lan

D Paper Title Author
E1225 [The Thermal Influence of Green Roofs on Air Temperature in Taipel City IChen-Yi Sun ‘/@
1038 [The Effects of Young’s Modulus of Materials on the Rolling Resistance Characteristics of Ball bearingHU Rui
27 Experiment and Simulation of Influence of Welding Parameters on Temperature in Friction Stir WeldinglLei Wang
626 Stress Calculation of Fillet Rolled Crankshaft in Bending Fatigue Tests Ke Bao
1145 Comparison of Motion Planning Methods in Vision based Mobile Robot Navigation ISALLEHUDDIN

MOHAMED
21
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HARIS

10:20 Coffee Break
375 Model Analysis of Micro-feed Tool Holder Based on Finite Element Simulation lie Mei
391 [Study on Banded Structure in Low Carbon Vessel Piate for Nuclear Power IZhifeng Luo
E139 [Evaluating the Effectiveness of Applying Phenolic Resin as Thermal Barrier in Buildings DuringTing—Yu Chen,
[Summer and Winter
E{1306 |Digital Imagine Correlation (DIC) Method for Detecting Crack Development in Construction MaterialsfYouguang Zhao
[Subject to loading
E1300 |Global Radiation for Solar Architecture Design of Taiwan W.S. Ou
Oral 3:
No.6 Room, Time: 9:00-11:50, Dec 12
Session chair 2. Guo Yecai
1D Paper Title Author
Design and Integrated Simulation of the Electro-hydraulic Servo System based on AMESim and
316 Matlab i Xiang Xu
Research on Product Development Rescurce Allocation Modeling Based on Hierarchical Colored|
497 Petri Net Liping Yang
878 IAnalysis of Bridge-type Nano-positioning Stage {Zhengfeng He
377 Inverse Classification Problem of Quantitative Attributes iguo Li
52 |A Novel Fusion Method for Multi-focus Images F. L. Chang
10:20 Coffee Break
370 Speed Prediction of ESPCP System Based on Neural Network Xuan Luo
244 Stiffness Matching and Ride Comfort Optimization of Heavy Vehicle's Suspension Based on ADAMSHuUi Pang
IAn Equilibrium Principle on the AON Network for Single-Machine Scheduling Problem with Time|
405 Lags [Chunyue Yu
1039 |An Efficient Hierarchical Clustering Algorithm and its application for Image Retrieval Wangming Xu
773 Simulation of electrolytic cleaning for cold rolled strip Xiaofang Jia
Oral_1:
No.4 Room, Time: 14:00-17:30, Dec 12
Session chair1  Wang Zhenpo
D Paper Title Author
459 Product and Vendor Development Programme in Encouraging Supply Chain Management: A CaseWan Hasrulnizzam
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Abstract. During the last decade, a large amount of research has been published in Taiwan on the
reduction of the urban heat island effect for different strategies. The most important strategy for
reducing ambient temperature and mitigating the heat island effect is to encourage citizens to build
green roofs on their buildings. For analyzing the effect of a green roof on the thermal environment,
this paper collects temperature and humidity data from two building roofs that have different
greening levels and tries to analyze the thermal influence of a green roof on air temperature in Taipei
City. The results of this research can give citizens an idea what kind of thermal environment they can
benefit from; moreover, it also can provide useful data to governments for calculating the
environmental benefit if they carry out a green roof policy.

Introduction

Taipei is the biggest metropolis of Taiwan, which has a population around 5,000,000 with a very
concentrated living density. The high concentration of buildings in the city has resulted in many
environmental issues, such as air pollution, traffic jams, urban warming, and the urban heat island
effect. To potentially address these problems, several studies have indicated that green roofs can be
used to mitigate some problems associated with storm water runoff, the urban heat island effect,
wildlife habitats, along with air quality and energy consumption (Liu and Baskaran, 2003;: Wong et
al., 2003; Takebayashi and Moriyama, 2007). In recent years, motivated by ecological concerns, the
government has promoted people to build sustainable architecture, to mitigate a building’s negative
impact on the urban environment, and to create harmony between human and inhabitants who live in
urban areas. Therefore, making more green roofs in the city could be the best ecological solution,
which can improve air quality, mitigate the heat island effect, beautify the environment, and
simultaneously make the city more sustainable.

Although green roofs can cool the ambient air through consuming the solar heat that is gained
from transpiration and photosynthesis, some quantitative data on its thermal benefits are desirable for
exploring the thermal impacts of green roofs in the Taipei metropolitan area. The objective of this
study is to find answers for the reduction of air temperature by examining two types of green roofs at
four different levels of height.

Method

1. Study area

Two study areas are located in Taipei City. Site A is the roof of an international company with an
abundance of vegetation on it; and Site B is the roof of an elementary school building with a large
area of grass on top. Both sites have a green roof covering, but with different vegetation (Fig. 1 and
Fig. 2).
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Fig. 1 The maps of study area Site Al
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Fig. 2 Pictures of study area Site A (left) and Site B (right)

2. Measurements

The temperature measurers were installed at four different levels of height (0.5, 2.5, 4.5, and 6.5
meter height) both on green roof (G) Site A and Site B to monitor and compare the temperature
influenced by vegetation on the roof (Fig. 3). The comparators were also installed on non-green roofs
(NG) near Site A and Site B to collate data for making comparative analyses.

B.5MT] B.5M ]
A sensor] sensor|
45M 4.5M
eror] sensar |
% 2.5M
i
sensor
0.5M
—
sensor
[ [ [ ]
Green Roof Non-Green Roof

Fig. 3 The instrument settings on the Green Roofs and the Non-Green Roofs in this study for
comparative analyses.
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3. Data analysis

In this research, the green coverage ratio of Site A and Site B are 24.42% and 35.05% by
calculating the greening area within a radius of 10 meters. This study not only made comparative
analyses of the data of four different level of height at two different study sites for figuring out the
thermal benefit of green roofs; but it also tried to analyze the relationship between the green coverage
ratio and air temperature at both sites.

Results

1. The temperature difference between Greening areas and Non-Greening areas

The objective of this study was to find answers for the reduction of air temperatures at four
different levels of height on two types of green roofs. To do this, we calculated the difference of
temperature between the greening area and the non-greening area at both sites. The results showed
that the thermal benefit of the greening of Site A and Site B were 0.438 and 0.202 in winter (Table 1),
0.527 and 0.436 in spring (Table 2), and 0.669 and 1.708 in summer (Table 3). The results also
verified that the greening roofs could decrease the ambient air temperature around 0.320 in winter,
0.482 in spring, and 1.189 in summer. The thermal influence of green roofs on air temperature will be
more significant when the weather becomes hot.

Table 1 The temperature difference (degree C) between the greening area and the non-greening area
at a height of 0.5 meters at two study sites during the winter.

Date 29 Dec. 2009 | 10Jan 2010 | 10 Feb. 2010 Average
Site A -0.363 -0.472 -0.477 -0.438

Site B -0.169 -0.148 -0.288 -0.202
Average -0.266 -0.310 -0.382 -0.320

Table 2 The temperature difference (degree C) between the greening area and the non-greening area
at a height of 0.5 meters at two study sites during the spring.

Date 26 Apr. 2010 | 5 May. 2010 | 16 May. 2010 Average

Site A -0.541 -0.820 -0.221 -0.527

Site B -0.355 -0.589 -0.364 -0.436
Average -0.448 -0.705 -0.293 -0.482

Table 3 The temperature difference (degree C) between the greening area and the non-greening arca
at a height of 0.5 meters at two study sites during the summer.

Date 30 Jul. 2010 | 3 Aug. 2010 | 10 Aug. 2010 Average

Site A -0.664 -0.677 -0.665 -0.669

Site B -0.993 -2.100 -2.032 -1.708
Average -0.829 -1.389 -1.349 -1.189

2. The temperature difference at four different levels of height

By analyzing the data of the two study sites, this research demonstrated that the vegetation of a
green roof could influence ambient air temperature at a height of 0.5 and 2.5 meters above the rooftop
(Table 4 and Table 3). The results also indicated that the green roof decreased air temperature more
significantly both at Site A and Site B at the height of 0.5 and 2.5 meters during the summer due to
abundant transpiration.
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Table 4 The temperature difference (degree C) between the greening area and the non-greening area
at four different levels of height at Site A on every measuring date. (*: n/a data)

Date Height 0.5m 2.5m 4.5m 6.5m
Greening area 15709 15,787 15939 15951
2009/12/29| Non-Greening Area | 16.073 15912 16.083 15.930
Temp. Difference -0.363 -0.125 -0.145 0.022
Greening area 18.527 18.671 18.848 18.822
2010/01/20| Non-Greening Area | 18.999 18.869 18.986 18.791
Temp, Difference -0.472 -0.198 -0.138 0.031
(Greening area 23.449 283515 23.613 23.621
2010/02/20| Non-Greening Area | 23.926 | 23.714 | 23.738 23.519
Temp. Difference 0477 -0.199 20124 0.102
Greening area 23291 23.009 23.019 22 868
2010/04/26] Non-Greening Area | 23.833 [ 23.538 23.351 22.997
Temp. Difference -0.541 -0.529 -0.332 -0.129
Greening area 28.375 28.000 | 27.940 %

2010/05/05] Non-Greening Area | 29.196 28.808 28,503 *
Temp. Difference -0.820 -0.808 -0.563 &
Greening area 25.874 25.436 25.362 5
2010/05/16| Non-Greening Area | 26.096 | 25752 | 25.532 x
Temp. Difference 0221 0316 -0.170 &

Greening area 29.391 29.283 | 29.363 29.2903

2010/07/30| Non-Greening Area | 30.055 | 29980 | 29.778 29.520
Temp. Difference -0.664 -0.697 -0.415 -0.227

Greening area 33.171 32.578 32.432 32.136
2010/08/03| Non-Greening Area | 33.849 | 33397 | 32.991] 32.460
Temp. Difference -0.677 -0.819 -0.559 -0.324

Greening area 32.457 32.005 31.90% 31.666
2010/08/10{ Non-Greening Area | 33.122 | 32,700 | 32354 | 31.886
Temp. Difference -0.665 -0.695 -0.448 -0.220

Table 5 The temperature difference (degree C) between the greening area and the non-greening area
at four different levels of height at Site B on every measuring date.

Date Height 0.5m 2.5m 4.5m 5.5m
Greening area 15.640 15.601 15.672 15.644
2009/12/29( Non-Greening Area | 15.809 15.816 15.702 15.640
Temp. Difference 0169 215 -0.029 0.004
Greening area 19.121 18.960 18.951 18.896
2010/01/20] Non-Greening Area | 19.269 19.205 19.029 18.967
Temp. Difference -0.148 -0.245 -0.079 -0.071
Greening area 23314 | 23.186 | 23.173 23.146
2010/02/20| Non-Greening Area | 23.602 23.537 | 23224 | 23.136
Temp. Difference -0.288 -0.350 -0.050 0.010
Greening area 23.095 22.894 | 22945 22.860
2010/04/26| Non-Greening Area | 23.450 23.472 | 23155 22.931
Temp. Difference -0.355 -0.577 -0.209 -0.071
Greening area 27.611 27.442 27514 27.407
2010/05/05| Non-Greening Area | 28.200 28.233 27.831 27.593
Temp. Difference -0.589 -0.790 -0.317 -0.185
(Greening area 25392 25.175 25.194 25.098
2010/05/16| Non-Greening Area | 25.756 25.748 25.413 25.206
Temp. Difference -0.364 -0.573 -0.219 -0.108
Greening area 28.888 20275 | 29354 | 29.192
2010/07/30| Non-Greening Area | 29.881 30.014 | 29539 [ 29415
Temp. Difference -0.993 -0.739 -0.186 224
2010/08/03 Greening area 31.532 [ 32527 | 32.633 32.524
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Non-Greening Area | 33.631 33 595 32997 32.742
Temp. Difference -2.100 -1.069 -0.364 -0.218
Greening area 30390 31.421 31.551 31.451
2010/08/10] Non-Greening Area | 32.423 32.418 31.867 | 31.645
Temp. Difference -2.032 -0.997 -0.316 -0.194

Conclusions

In this study, the thermal impact of green roofs in Taipei Citv was investigated through field
measurement. From this quantitative research, it has been shown that there is an important potential
for lowering urban temperatures when a building’s roof is covered with vegetation. The average
thermal benefits of the two green roof study sites are 0.320 during the winter, 0.482 during the spring
and 1.189 during the summer respectively. It can be concluded that planting vegetation on the rooftop
could not only beautify the environment but also decrease the temperature in urban areas.

Regarding the results of this study, we indicated that green roofs have a significant influence on
cooling ambient air at the height of 0.5 and 2.5 meters and the quality and quantity of a greening roof
played a significant role in lowering temperature in relation with the green coverage ratio. Therefore,
if governments intend to use green roofs to mitigate the urban heat island effect, making a policy to
stipulate the use of rooftop vegetation for every single building roof would be a very wise and
efficient policy.
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Abstraet. During the last decade, a large amount of research has been published in Taiwan on the
reduction of the urban heat island effect for different strategies. The most important strategy for
reducing ambient temperature and mitigatmg the heat sland effect is o encourage citizens to build
green roofs on their builldings. For analvzing the effect of a green roof on the thermal environment,
this paper collects temperature and humidity data from two building roofs that have different greening
fevels and tries to analyze the thermal influence of a green roof on air temperature in Taipe: City. The
results of this research can give citizens an idea what kind of themmal environment they can benefit
from; moreover, it also can provide useful data to govemments for caleulating the environmental
benefit if they camry out a green roof policy.

Introduction

Taipei is the biggest metropolis of Taiwan, which has a population around 5,000,000 with a very
concentrated fiving density. The high concentration of buildings m the eity has resulted in many
environmental issues, such as air pollution, traffic jams, urban warming, and the urban heat iskand
effect. To potentially address these problems, several studies have indicated that green roofs can be
used to mitigate some problems associated with storm water runoff, the urban heat island effect,
wildlife habitats, along with air quality and encrgy consumption (Liu and Baskaran, 2003; Wong et
al., 2003; Takebayashi and Moriyama, 2007). In recent years, motivated by ecological concerns, the
government has promoted people to build sustainable architecture, o mitigate a building’s negative
impact on the urban environment, and o create hanmony between human and inhabitants who live in
urban areas. Therefore, making more green roofs in the city could be the best ecological solution,
which can improve air quality, mitigate the heat island effect, beautify the environment, and
simultaneously make the city more sustainable.

Although green roofs can cool the ambient air through consuming the solar heat that is gained from
transpiration and photosynthesis, some guantitative data on its thermal benefits are desirable for
exploring the thermal impacts of green roofs in the Taiper metropolitan arca. The objective of this
study 1 to find answers for the reduction of air temperature by examining two types of green roofs at
four different levels of height.

Method

1. Study area

Two study arcas are oeated in Taipei City. Site A is the roof of an international company with an
abundance of vegetation on it; and Site B is the roof of an elementary school building with a large area
of grass on top. Both sites have a green roof covering, but with different vegetation (Fig. 1 and Fig. 2).
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