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摘要
2013年9/11-9/13在日本札幌舉行的EASEC-13 (The Thirteenth East Asia-Pacific Conference on Structural Engineering and Construction)研討會係由北海道大學(Hokkaido University)主辦，為二年一次之亞太地區結構工程及營建學界盛會。此會議有來自二十餘國的三百多位代表參加，在三天議程中發表了涵蓋多個課題的三百餘篇論文。本人得到國科會本年度研究計畫之獎助，前往參加並發表論文一篇，題目為「根據專案屬性與情況來估計專案進度曲線」(Estimating project S-curve based on project attributes and conditions)。該文主要內容為提出使用S曲線反曲點位置和斜率為輸出因子並增加二個專案情況為輸入因子的改良式專案進度估計模式，其進度預測準確度將與使用三次多項式參數為輸出因子和專案屬性為輸入因子的原模式相比。
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本文
1、 目的
2013年9/11-9/13在日本札幌(Sapporo)舉行的EASEC-13 (The Thirteenth East Asia-Pacific Conference on Structural Engineering and Construction)研討會係由北海道大學工學院(Faculty of Engineering, Hokkaido University)主辦。首屆EASEC於1986年在亞洲理工學院舉行，後陸續在亞太地區各國家舉辦，為二年一次之結構工程及營建學界盛會。本屆自2012年7月起即廣為宣導。此會議有來自二十七國的三百多位代表參加，在三天議程中發表了涵蓋多個課題的三百餘篇論文，所有論文皆需經同儕審查(peer review)才接受發表。
本人得到國科會本(102)年度研究計畫(NSC102-2221-E-327-036)之補助，前往參加並發表論文一篇，是執行該計畫的核定項目之一。論文題目為「根據專案屬性與情況來估計專案進度曲線」(Estimating project S-curve based on project attributes and conditions)，論文編號為0032，主要內容為提出工程專案進度曲線(即S曲線)的改良式預估模式。該模式以S曲線反曲點位置和斜率為輸出因子，輸入因子則除了四個專案屬性外並增加二個專案情況，建模將使用模糊群聚(fuzzy clustering)法。其進度預測準確度將與以三次多項式參數為輸出因子和僅使用專案屬性為輸入因子的原模式相比。
2、 過程
2.1 研討會議題與議程
本研討會課題涵蓋結構工程及營建下的地震分析(seismic analysis)、橋樑工程(bridge engineering)、營建管理(construction management)、鋼結構(steel structure)、混凝土材料(concrete material)、防災(disaster prevention) 、複合結構(composite structure)等。發表之三百餘篇論文包括學術界以及業界之研究成果，全文收錄於研討會論文集。會場在北海道大學工學院內，校區位於札幌市中心，離札幌車站步行可達。
本研討會議程共計三天(9/11-9/13)。第一日(9/11)上午首先舉行開幕式(opening ceremony)，由北海道大學工學部的Tamon Ueda教授主持，並頒發EASEC創始人獎章(Nishino Medal)，本次得獎人為東京大學的一位資深(最近退休)教授。然後就是首日的全體會議(plenary sessions)，由來自香港的Y.L. Xu教授做一場有關橋樑疲勞(fatique)評估的主要演講(keynote lecture)，其題目為”Wind-vehicle-bridge interaction: fatigue assessment and reliability”，其研究係使用香港青馬大橋之量測數據。次場演講由澳洲的Y. C. Loo透過即時視訊(Skype)發表有關橋樑維護系統所需之劣化(deterioration)預測方法，其題目為”An integrated deterioration method for predicting long-term performance of bridge components: case studies”，其研究係以澳洲新南威爾斯州的多座橋樑為對象。
在三天議程中，每日上午都首先有二場主要演講，接下來就是各課題下的平行論文發表議程(parallel sessions)。由於本研討會為國際大型會議，發表論文篇數眾多(達三百餘篇)，故在三天議程中，上下午都區分共六個議場同時舉行口頭發表(oral presentation)，每篇十五分鐘。這些論文題目涵蓋範圍遍及結構工程及營建各相關領域，涉及許多專業如前述。
除了以上議程外，大會有安排交流活動(social program)，促進與會者間之互動與瞭解，包括會前(9/10)晚間的歡迎會(Welcome Reception)和9/12的大會晚宴(gala dinner)，但參加者需另外付費。大會並提供北海道大學及札幌地區的一些史蹟資訊，包括北海道大學前身札幌農學校之創始者W. S. Clark塑像、北海道大學博物館、和保存為文化財的札幌農學校農場建築與穀倉。主辦單位也特別介紹鄰近的小樽市港口仍有北海道大學工學部第二屆畢業生Hiroi Isame所設計之日本最早的混凝土防波堤，至今仍在使用。
2.2 個人發表內容概述
本人發表的論文題目為「根據專案屬性與情況來估計專案進度曲線」(Estimating project S-curve based on project attributes and conditions)，編號0032，歸屬於營建管理(Construction Management)課題。全文收錄於研討會論文集(隨身碟)。此論文係依照初稿之審查意見經修改後始獲得接受發表，論文摘要如下述(從英文翻譯而來)。
營建工程專案之管控常使用代表整體累計進度的S曲線，因此得出合理的S曲線預估一直受到重視。由於從專案排程來產生S曲線估計常涉及許多不確定因素，依據多數歷史案例資料來預估進度的經驗作法，並藉數學式表達時間與進度之函數關係以簡化資料處理，是務實的替代途徑。之前研究已提出含二參數的三次多項式將S曲線一般化，並發展使用合約金額、工期、類型、位置等四個專案屬性來估計該多項式參數以產生S曲線之類神經網路模式。本研究將藉改變輸入及輸出因子來發展改善模式以提高進度預測之準確度。由於反曲點為S曲線之關鍵幾何特徵，而反曲點位置及斜率可與該多項式的二參數互相轉換，故將以它們為模式輸出，而首先確定它們適用於專案進度預測的數值範圍與意義。其次由於S曲線反曲點位置表示專案進度高峰之所在，而其斜率表示專案進度的集中程度，二者理應與專案進度績效有關，因而它們也應會受到專案情況的影響。因此，除前述之四個專案屬性外，將增加二個專案情況因子，即困難程度和執行團隊能力，作為模式輸入。然後將蒐集近年完工案例之實際進度、專案屬性及專案情況資料，用來發展使用模糊群聚法搭配混和式訓練以建立輸入與輸出關係之模糊推理系統。新模式之進度預測準確度將經測試並和原模式做比較，預期將有較佳結果。
本人的論文發表被大會排在9/12下午的E-3場次(session)，為該場次六篇之第一篇。預先製作的Powerpoint簡報檔有投影片12張，其內容如下圖所示。在15分鐘簡報後，本人並當場回答來自泰國的學者對所建構模型優點之提問。參加研討會所攝的相片見於附錄。
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1. Introduction

• The S-curve shows a project’s cumulative progress and its 

slope indicates the progress per unit of time, which increases 

to the maximum at the inflection point, and then decreases to 

the end.

• The S-curve is simple and has long been widely used in 

construction as a tool for project control.

• The traditional approach for S-curve estimation is based on 

planned activity times, which involve much uncertainty. 

• As an empirical approach, a previous model produces an S-

curve by deriving the parameters of a formula, a cubic 

polynomial function of time, based on past similar projects.

• The present study aims to develop an improved model by 

changing inputs and outputs so as to increase prediction 

accuracy. 
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2. Polynomial formula and previous model

• Chao and Chien (2009) proposed the following S-curve 

formula with two parameters a, b: 

y = ax

3

+ bx

2

+ (1 – a – b)x

where y = percent progress; x= percent time. 

• Fitting the formula to project progress data is achieved by 

using the least squared error method for solving a, b.

• Root of mean squared error (RMSE) is used to measure its 

accuracy in fitting and for model performance evaluation:

where   = calculated progress for x
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2. Polynomial formula and previous model

• Chao and Chien (2009) fitted the formula to the actual 

progress data of 101 projects for the second freeway of 

Taiwan and an average RMSE of less than 0.025 was 

achieved in fitting.

• A neural network model was developed from the 101 projects 

using contract amount, duration, type of work, and location as 

inputs for estimating a, b as outputs for producing S-curves, 

which achieved an average RMSE of around 0.055 in 

progress prediction. 

• Therefore, there is room for improvement in the model for 

better performance.  
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3. Proposed changes in S-curve model

3.1 Model outputs

The position of the inflection point, p, and the slope at it, s, 

can be derived from a, b of y = ax

3

+ bx

2

+ (1 – a – b)x : 

The first derivative 

with respect to x is the slope of the S-curve. 

To solve p, let

Reversely,
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3. Proposed changes in S-curve model

• Basic requirements for the range of suitable p, s:

(i) 0

≦

p

≦

1 (

∵

0

≦

x

≦

1); (ii) s>1 (to avoid having a straight 

line or the opposite of the S-curve); (iii) s has upper limits (to 

avoid y<0 or y>1), e.g. max s=1.85 for p=0.5

• Of the projects in Chao and Chien (2009), average p=0.554, 

s=1.412 (translated into a=-1.592, b=2.644), while average 

a=-1.488, b=2.372 (translated into p=0.531, s=1.376).
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3. Proposed changes in S-curve model

• The meanings of p (where progress peaks), s (the extent of 

work concentration) can be seen from their relations to 

progress tending to be ahead of or behind schedule.

• For example, the values of y at x=0.8 from the polynomial for 

different pairs of p, s are:

• Progress tends to be ahead of schedule most if p=0.3, s=1.5, 

behind schedule most if p=0.7, s=1.5, and to be ahead of or 

behind schedule moderately if s=1.2 or p=0.5, so presumably 

of p, s are connected with schedule performance.

• It is planned to change the model outputs from a, b of the 

polynomial to an S-curve’s key geometric features p, s.
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3.2 Model inputs

• The original four model inputs, i.e. contract amount, duration, 

type of work, and location, are essential to a construction 

project and hence are to be retained as model inputs.

• Previous studies show that variables relating to project 

conditions, namely degree of project difficulty and 

competence of project participants, have significant influences 

on schedule performance. Since they are also likely relevant 

to an S-curve’s key features p, s, it is proposed that they are 

added as model inputs.

• The two new inputs will each be defined by a set of variables, 

e.g. complexity, familiarity, social environments; experience, 

managerial ability, resources sufficiency, communication.

9
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• It is planed to build fuzzy inference systems (FIS) instead of 

neural networks for establishing the input-output relationships, 

because how FIS obtains outputs from inputs is explainable. 

• The fuzzy clustering method of Chiu (1994) will be used to 

generate structurally more concise FIS automatically from 

collected case data.

• The hybrid training method of Jang (1993) will be used to 

optimize the parameters of FIS by training. The trained FIS 

will then give estimates of p, s for producing S-curves.

10

3. Proposed changes in S-curve model
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• Data on the actual progress, project attributes, and project 

conditions for recently completed projects in Taiwan will be 

collected for training and testing FIS.

• For each project, the polynomial will be fitted to the 

standardized progress data for solving a, b, which is then 

translated into p, s to be used as the target outputs.

• Four attributes and two conditions will be used as inputs. On 

the latter, questionnaire surveys will be conducted for 

collecting assessments.

• Accuracy of the new model will be compared with that of the 

previous model. 
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• It has been shown that the position of the inflection point 

of an S-curve and its slope are likely connected with 

project schedule performance, and hence they are 

proposed as the outputs an improved S-curve model.

• It is hopeful that the six-input FIS built using the fuzzy 

clustering method along with hybrid training can achieve 

better accuracy in progress prediction.

• The empirical model developed from real project data 

would be helpful for setting reasonable targets for 

effective project control. 
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3、 心得及建議
就日本札幌市整體而言，除城市規劃及交通建設(含機場、鐵路、地鐵)頗佳外，目前經濟發展也很重視觀光、教育、醫療等服務業，商業亦很繁榮。北海道大學雖以農學院起家，在工、醫領域亦頗為先進，而且由於在北海道開拓史佔有重要地位，校內設有博物館蒐藏當地生態、環境、地理、文物等資料和樣本頗豐，參訪者絡繹不絕，相當發揮教育功能。對以上所見留下了深刻印象。此行本人論文發表一如預期，而聆聽別人發表則大致同於以往所參加的大型國際研討會，由於課題廣泛，須選擇場次參加始對專業較有幫助。
茲建議國內大學就所在區域的自然和文化經濟史蹟加以調查和整理後，對公眾展示，提昇學生、本地公民及訪客對在地事宜的認識和珍惜，以善盡大學之地區性社教功能。
附錄
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