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摘要
此次承蒙校務基金(國科會計畫結餘款)補助至日本琉球參加7月29日至7月31日之2015第4屆亞太工程與自然科學國際會議。此次會議為工程、管理、財經與科學於產業發展及相關領域之應用為主題的國際研討會，個人獲益良多，會中除了與來自各國之參加學者學術交流外，亦可了解目前工程與管理科學領域的相關重要研究進展。
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目的
2015年第4屆亞太工程與自然科學國際會議 (2015 the 4th Asia-Pacific International Congress on Engineering & Natural Sciences, APICENS2015)提供來自世界各地之業界與產業界的科學家、學界、工程與學生，以面對面的方式交換研究與應用心得的機會，其目的在於加速學術界與產業界的研究關係。透過此會議之參與，使申請人能對資料處理、決策科學方法及人工智慧方法於決資訊共享系統與平台之運用與發展有更深一層的認識。

過程
2015年第4屆亞太工程與自然科學國際會議(2015 the 4th Asia-Pacific International Congress on Engineering & Natural Sciences, APICENS2015) 匯集會集世界各國的科家、學術界、工程師、學生及產業界共同探索資訊運用相關領域為主題的國際研討會，APICENS2015會議之目標之一是提供研究人員、、工程師、學者、以及來自世界各地的專業人士，針對他們於資訊與應用科學的研究成果和研發活動，進行討論與交流的一個學術發表平台。本次會議除提供與會者學者專家，以研討的方式交換彼此的新思維和應用心得與經驗的論壇平台外，亦提供與會人員，未來於資訊運用技術、研究關係，及其他研究之發展機會。
此次會議於日本琉球ロワジールホテル 那覇(Loisir Hotel Naha)舉行，由臺灣高等教育聯盟(Higher Education Forum)主辦，組織成員包括臺灣、印度、香港、澳洲、新加坡、韓國、馬來西亞、美國、埃及等國家的學者。參與此次會議的投稿國家包括美國、越南、韓國、菲律賓、緬甸、法國，日本、臺灣、馬來西亞等諸多國家，投稿篇數甚多。每一篇論文皆經由匿名審查員審稿，審稿員由委員之成組成。此次會議的議題包含7月30所安排的兩場專題演講外，亦包括7月29至31日的18場分組討論 (section)。
討論的議題相當廣泛，議題包括教育、土木、商業、經濟、財務、材料科學與工程，管理、電腦與資訊科學、基礎與運用科學、行銷、電子工程、法律、環境科學、機械工程、文化等領域及其他相關議題等口頭報告。會議依時段預設約為90分鐘，每一時段再細分2至3個相關議題同時進行研討。每個場次間有休息時間，供與會學者休息與增進彼此的學術交流。會議所探討的議題內容相當豐富，議程亦十分緊湊。研究會場中的討論逢氣慎佳，與會的各國學者除了熱絡的討論相關的研討議題外，亦彼此交換心得及研究成果。
心得及建議
2015年第4屆亞太工程與自然科學國際會議提供學術與產業界各領域之研究學者們，以工程與自然科學的方法(如人工智慧計算、數學規劃、數據分析等) 針對論壇的研究方向與議題，交換彼此之應用與研究心得。此次會議所發表的論文皆具有一定程度的學術品質與創見。透過此次學術研討會的參與，使本人對資料處理、決策科學方法及人工智慧方法於決資訊共享系統與平台之運用與發展有更深一層的認識。來自各地的研究學者可透過會議的報告、討論與研究方法，了解各研究領域於不同領域的發展及研究特色。此一會議有助於瞭解目前的研究趨勢及未來的研究方向。
筆者於此次會議中有機會與多位學者互動學習，並感受到第四屆亞太工程與自然科學國際會議的論文質量皆有一定的水準。此次會議中筆者獲益良多。獲益部份包括研究方法的運用技巧及新知識的學習。研究方法的運用技巧方面如Baba的產品分類之研究。消費者對商品的印象主要來自於廣場，Baba 首先以典型化的視覺和聽覺表現元素，運用聚群分析(cluster analysis)分類產品。接這，以不同價格區間分析表現元素和產品類別間是否有於任何關係存在。報告人未來將引用其對產品的分類方法於近年之蔬菜耕種問題中之需求分類問題上。新知識學習方面如，透過與Homma專案經理的面對面交談，使報告人認識何謂以人物實境模擬虛擬漫畫情境的浪漫驅動遊戲(Romance-driven game)。另外，透過學者Su的解釋，使筆者認識數位設計、雲端資源、IT 技術等的結合，建構旅遊產業資訊平台的概念。整體而言，參與此次的會議經驗是充實且豐富的。能於會場聆聽及互動學習是非常難得的機會。
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與部分與會人員合影
建議事項
感謝校務基金補助此次國際學術研討會，讓本人有機會與來自各國之產業與學界菁英進行學術交流，而且收穫豐碩。
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Abstract
Form error is important to the quality of objects. The rotation parts are the most widely used components in industrial production, and the form error is an important indicator to the product quality. In addition, form error is very important for the tools in machinery. There are various approaches to evaluate the form errors of objects. In this paper, we apply two artificial intelligence approaches, including Particle Swarm Optimization (PSO) and Genetic Algorithm (GA) to evaluate different form errors, including roundness error and cube error. In this paper, we apply these two heuristic algorithms for solving the two types of random form error problems. Numerical results show that the solutions by GA are superior to those by PSO, and GA is also faster than PSO for solving the test problems.
Keyword: Form Error, Particle Swarm Optimization, Genetic Algorithm 

1. Introduction

Roundness and cube are widely used in many engineering applications and they have a considerable effect in many machines. Any defects of form error in tools may result in a large amount of heat and then lead to wear and life reduction of machines. Therefore, it is very important to evaluate the form errors of parts in machines accurately and effectively. In the past, several researchers have proposed various approaches to solve the error form problems, e.g., Ventura and Yeralan (1989), Wang (1994), Carr and Ferrerira (1995), Chou and Sun (2000), Samuel and Shunmugam (2003), Wen and Song (2005). 

Recently, Genetic algorithm (GA), which was firstly introduced by Holland (1775), and PSO, which was firstly proposed by Kennedy and Eberhart (1995), have been widely studied and successfully applied to a variety of optimization problems. There have been numerous reports of successful applications, and GA and PSO have attracted more attention than most of the other metaheuristic methods. In this paper, we intend to apply these two heuristic algorithms for solving the form error problem. Numerical results of GA and PSO for random test problems of roundness error and cube error are provided and discussed, and they show that GA performs better than PSO, and GA is also faster than PSO for solving the problems.
2. Form Error Problem
2.1 Roundness Error Problem

Suppose that n pointes in a 3D sphere are sampled and measured by machines, namely, Pi(xi, yi, zi)，i=1, 2,…, n. The Roundness Error Problem (REP) wishes to find the center (a, b, c) of two 3D circles such that the gap of the two radii of two 3D circles is minimized with the following constraints that (i) the large 3D circle contains all n sample points, (ii) all n sample points are outside the smaller 3D circle, (iii) both 3D circles have the same center (a, b, c). 

The REP is illustrated in Fig. 1 and its mathematical programming is shown as follows.
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Fig. 1: The Roundness Error Problem (REP)
2.2 Cube Error Problem

Suppose that n pointes in a 3D sphere are sampled and measured by machines, namely, Pi(xi, yi, zi)，i=1, 2,…, n. The Cube Error Problem (CEP) wishes to find the center of two 3D cubes such that the gap of the rectilinear length of these two 3D cubes is minimized with the following constraints (i) the large 3D cube contains all n sample points, (ii) all n sample points are outside the small 3D cube, (iii) both 3D cubes have the same center (a, b, c). 

The CEP is illustrated in Fig. 2 and its mathematical programming is shown as follows.
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Rmax=the maximal rectilinear distance of Point i to center (a, b, c), i=1, 2,…, n
(5)

Rmin=the minimal rectilinear distance of Point i to center (a, b, c), i=1, 2,…, n
(6)
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Fig. 2: The Cube Error Problem (CEP)

3. Approaches

3.1 Genetic Algorithm (GA)

Genetic algorithm is an evolutionary computation technique developed by John Holland (1975). As known, GA generates a population of points at each iteration and the best point in the population approaches an optimal solution by using operators of crossover, mutation, and reproduction etc. The introduction of GA, its mechanism and main steps are referred to Holland (1975). 
3.2 Particle Swarm Optimization (PSO)

Particle Swarm Optimization (PSO) is an evolutionary computation technique developed by Kennedy and Eberhart (1995). As known, PSO optimizes a problem by a population of candidate solutions, or called particles, and moves these particles around in the search-space according to the particle's position and velocity. The introduction of PSO, its mechanism and main steps are referred to Kennedy and Eberhart (1995). 
4. Numerical Results and Discussion
4.1 Test Problems

The test problems are as follows.

(1)
Roundness Error Problem (REP): one test problem with n=100 random sample points.

(2)
Cube Error Problem (CEP): one test problem with n=100 random sample points.

Before testing the problems, we set the following values for parameters:

GA:
(crossover rate, mutation rate)=(PC, Pm)=(0.96, 0.02), (0.90, 0.01), Population size=150, maximal iteration number=10000.
PSO:
(self learning rate, social learning rate)=(c1, c2)=(2, 2), (5.1417, 3.1417), Population size=12, 16, maximal iteration number=10000.

4.2 Numerical Results and Discussions

All test problems are solved 100 times for each combination of parameters by GA and PSO, respectively, and numerical results are summarized in Table 1 and Table 2, respectively. From Table 1 and Table 2, we observe that:

(1) For the Roundness Error Problem:

(i) PSO and GA are reliable and stable for solving the error problem. For example, the best objective value is 0.000132 and the worst value is 0.000146 for PSO, while the best objective value is 0.000131 and the worst value is 0.000132 for GA. This further indicates that GA is superior to PSO.

(ii) The CPU time for PSO is about 11-16 seconds, while it is about 5-6 seconds for GA. This further indicates that GA is faster than PSO. 

(2) For the Cube Error Problem:

(i) PSO and GA are reliable and stable for solving these two error problems. For example, the best objective value is 0.000011 and the worst value is 0.000087 for PSO, while the best objective value is 0.000005 and the worst value is 0.000037 for GA. This further indicates that GA is superior to PSO.

(ii) The CPU time for PSO is about 28-38 seconds, while it is about 7-8 seconds for GA. This further indicates that GA is faster than PSO.

5. Colclusions

(1) In this paper, we have applied two artificial intelligence approaches, including Particle Swarm Optimization (PSO) and Genetic Algorithm (GA) to evaluate different form error problems, including roundness error problem and cube error problem. 

(2) Numerical results have shown that the solutions by GA are superior to those by PSO, and GA is faster than PSO for solving the problems.

(3) In the future, one may adopt the other artificial evolutionary algorithms to solve different types of form error problems, e.g., cylindricity error problem.

Table 1: Numerical results of Roundness Error Problem (REP) (100 experiments).


	Approach
	Parameter
	Objective Value
	CPU Time (s)

	
	
	μ*
	σ**
	Best f(a,b,c)
	(a,b,c)
	μ*
	σ**

	PSO
	Particle no.=12, (c1, c2)=(2,2)
	0.000641
	0.000421
	0.000146
	(-0.000024,0.000006,0.000013)
	11.890000
	0.108251

	
	Particle no.=12, (c1, c2)=(5.1417,3.1417)
	0.000233
	0.000118
	0.000136
	(-0.000001,0.000015,0.000008)
	11.607969
	0.067475

	
	Particle no.=16, (c1, c2)=(2,2)
	0.000616
	0.000371
	0.000145
	(-0.000006,-0.000010,-0.000004)
	15.128594
	0.053570

	
	Particle no.=16, (c1, c2)=(5.1417,3.1417)
	0.000223
	0.000108
	0.000132
	(-0.000003,0.000010,0.000007)
	15.296719
	0.037452

	GA
	(PC, Pm) =(0.9,0.01)
	0.000144
	0.000026
	0.000131
	(0.000000,0.000008,0.000004)
	5.215156
	0.013700

	
	(PC, Pm) =(0.96,0.02)
	0.000152
	0.000023
	0.000132
	(0.000000,0.000005,0.000002)
	5.523750
	0.022295


*μ denotes mean value of 100 experiments

**σ denotes standard deviation value of 100 experiments

Table 2: Numerical results of Cube Error Problem (CEP) (100 experiments)
	Approach
	Parameter
	Objective Value
	CPU Time (s)

	
	
	μ*
	σ**
	Best f(a,b,c)
	(a,b,c)
	μ*
	σ**

	PSO
	Particle no.=12, (c1, c2)=(2,2)
	0.000386
	0.000246
	0.000038
	(0.000019,0.000012,-0.000016)
	34.495000
	0.349766

	
	Particle no.=12, (c1, c2)=(5.1417,3.1417)
	0.001105
	0.000962
	0.000011
	(0.000042,0.000055,-0.000042)
	28.050781
	0.227540

	
	Particle no.=16, (c1, c2)=(2,2)
	0.000367
	0.000241
	0.000012
	(0.000010,-0.000004,-0.000006)
	36.599531
	0.179623

	
	Particle no.=16, (c1, c2)=(5.1417,3.1417)
	0.001223
	0.001173
	0.000087
	(0.000009,-0.000022,-0.000044)
	37.180625
	0.201024

	GA
	(PC, Pm) =(0.9,0.01)
	0.003920
	0.002942
	0.000037
	(0.000008,0.000009,0.000018)
	7.782621
	0.419464

	
	(PC, Pm) =(0.96,0.02)
	0.002143
	0.002886
	0.000005
	(0.000002,0.000002,0.000000)
	7.921094
	0.493858


*μ denotes mean value of 100 experiments

**σ denotes standard deviation value of 100 experiments
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