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摘要 

繼 101 年度暨大電機系團隊前往新加坡兩家大學參訪後，本次赴新加坡國立大

學之淡馬錫研究中心進一步落實學術合作關係，活動包括帶領兩名暨大研究生

到淡馬錫進行為期 6 週的研究實習, 代表暨南國際大學電機系與淡馬錫研究中

心簽署合作備忘錄，以及為執行中合作計畫作定期討論。 



一、 目的 

此出國行程完成四個主要任務： 

1. 帶領兩名研究生前往參訪機關開始為期 6 週的研究實習。(附件一、二) 

2. 代表暨南國際大學與參訪機關簽署合作備忘錄。(附件三) 

3. 為執行中合作計畫作定期討論。 

4. 討論接下來的合作方向。 

二、 背景 

1. 新加坡國立大學（NUS）新加坡著名的高等學府並擁有歷史悠久的學術

傳承；而淡馬錫研究中心為新加坡國防部在新加坡國立大學設立的校

級研究單位。101 年度暨大電機系率領四人團隊曾參訪新加坡國立大

學電機與電腦工程學及淡馬錫研究中心，而且筆者與淡馬錫研究中心

有長期的合作關係，促成了本次學生赴新加坡實習的機會，並為簽署

合作備忘錄建立了有利條件。 

2. 第十一屆 IEEE International Conference on Control & Automation 

(ICCA 2014) 今年 6 月 18 至 20 日由 IEEE Control Systems Society 

新加坡分會及國立中興大學主辦，大會刊錄了 260 余篇國際論文，吸

引了 220 余位台灣與國外學者前來參與，園滿結束。筆者是 ICCA 2014 

台灣主辦方的總議程主席 (Program Chair)，負責大會主要籌備與執

行任務，也是國際與國內與會學者的聯絡窗口。此行順道會見 IEEE 



Control Systems Society 新加坡分會的常委，討論大會的會後事務 

三、 參與人員 

林繼耀教授：專長為飛控與導航技術、流動感應技術、非線性動態控制、

錯誤檢測、系統辨識。 

莊皓學：電機系碩士一年級學生 

劉存皓：電機系學士四年級學生(下學年升電機系碩士一年級) 

四、 行程及紀要 

日期 行程 工作記要 

6/30 埔里→新加坡 路程，安頓兩名實習生入住新大學生宿舍 

7/1 

新加坡 

新加坡國立大學淡馬錫研究中心： 

實習、研究專案專案討論 

7/2 
新加坡國立大學淡馬錫研究中心：簽署備忘

錄，研究專案討論 

7/3 
新加坡國立大學電機與電腦工程學系：討論

國際研討會 ICCA 2014 的會後事務 

7/4 
IEEE Control Systems Society Singapore 

Chapter: 交流 

7/5 假日 

7/6 新加坡→埔里 路程 

 

1. 6 月 30 日(晚)：抵達新加坡，並帶領兩名實習生到新加坡國立大學

入住由合作單位安排好的學生宿舍。 

2. 7 月 1 日(上午)： 

會見淡馬錫研究中心控制組組長 LIN Feng 博士，討論兩名實習生的

專題內容、實質工作及目標，專題詳文請見附錄。 



3. 7 月 1 日(下午)： 

會見淡馬錫研究中心流體計算組組長 LAI Kwok Leung 博士，針對

執行中合作計畫 Nonlinear Reduced-Order Modeling and Adaptive 

Control Design for Aeroservo-Elastic Systems 進行定期進度報

告及規劃討論。 

4. 7 月 2 日(上午)： 

會見淡馬錫研究中心主任 KHOO Boo Cheong 教授，簽署合作備忘

錄，討論將來合作方式。附雙方簽名的備忘錄影本請見附錄。出席

者包括淡馬錫副主任 Joseph TING，Ben M. CHEN 教授(新大電機電

腦系教授、淡馬錫顧問)，及 LAI Kwok Leung 博士。 

5. 7 月 2 日(下午)： 

會見淡馬錫研究中心控制組組長 LIN Feng 博士，討論無人機導航技

術的合作機會、方向。過後連同控制組組員與暨大實習生進行無人

機飛行實驗。 

6. 7 月 3 日(下午)： 

新加坡國立大學電機與電腦工程學系及 IEEE Control Systems 

Society 新加坡分會常任委員陳本美、向程、李崇興及王慶國教授

們，討論了 ICCA 2014 會後事務。 

7. 7 月 4 日(下午)： 



與 IEEE Control Systems Society 新加坡分會成員出席 ICCA 2014

的慶功餐會。 

8. 7 月 6 日：返回台灣。 

 

五、 建議與心得 

本次暨大電機系與淡馬錫研究中心簽署的合作備忘錄有效期 3年，合作範

圍涵蓋數個電機領域，包括通訊、電子和控制系統，因此呼籲暨大電機系

有興趣的同仁參與，合作方式包括學生暑假實習、學術參訪和實質合作研

究專案。 



 

Photo 1. 新加坡國立大學淡馬錫研究中心(右至左: Khoo Boo Cheong 教授兼中心主任、林繼耀

副教授、Joseph Ting 中心副主任)。 

 

Photo 2. 新加坡國立大學淡馬錫研究中心(Khoo Boo Cheong 教授兼中心主任、林繼耀副教授)。 



 

Photo 3. 無人機飛行實驗 (著白襯衫者：林繼耀副教授)。 

 

Photo 4. 無人機實驗 (前方：劉存皓同學、林繼耀副教授、崔敬強組員；後方：董祥旭組員)。 



附件一 

ANNEX A 
Research Projects for Internship Students 

 

Host Organization:  Temasek Laboratories, National University of Singapore 

Contact Person : Dr. Dong Xiangxu, Mr. Ang Zong Yao Kevin, Dr. Lin Feng,  
Prof. Ben M. Chen 

Contact Tel : 91693886 Fax :  

Contact Email : tsldngx@nus.edu.sg, kevinang@nus.edu.sg, tsllinf@nus.edu.sg, 
elecbm@nus.edu.sg  

Industry Partner : Department of Electrical Engineering, National Chi Nan University 

Contact Person : A/Prof. Kai-Yew Lum  (+886-49-2910960 ext. 4725, kylum@ncnu.edu.tw) 

Title of Project : Development of the Vision-aided Navigation Technologies for the UAVs 

Synopsis of Proposed Project  

Relative sensing in unknown 3D environments is a challenging and exciting research topic in the society of 
unmanned aircraft systems. The most reliable and promising solutions for small-scale UAVs are the 2D 
scanning laser and the stereo vision. The 2D scanning laser can directly provide very accurate and reliable 
displacement measurements in the scanning plan. But the quantity of information encapsulated is not 
sufficient enough for crucial and demanding tasks, such as obstacle detection in cluttered environments. Its 
measurements are also affected by the attitude of the carrying platform and the property of the surrounding 
objects. On the other hand, the stereo vision can generate dense 3D representation of dynamic environments 
but at the trade-off of accuracy, and the computation cost. The depth estimation is also vulnerable to the 
environment noise and disturbance, e.g. the textures of environments and varying of lighting conditions.   
 
Thus, it is reasonable to fuse the outputs of the stereo vision and 2D scanning laser. Many methods have been 
proposed for the data fusion of these two kinds of sensors. However, most of them process the data 
separately and simply combine the results together, or do the data fusion based on the strong assumption of 
the artificial structure environment that a flat horizontal floor surrounded by vertical planar wall. Therefore, in 
this project, we are going to study the fundamental issues of the laser-aided stereo vision, e.g. modelling of the 
error of stereo vision, observability of the errors, and how to estimate and minimize the errors with different 
laser-camera configurations. The fused system is expected to achieve more robust and accurate relative sensing 
than using each of sensors separately.  
 
Pre-requisites:  Knowledge of computer vision, image processing, control theory, and C++ 
Nature of the project:  Computational, navigation theories, programming 
 
No. of Student for this Project : 2 
Project Period:  July 1 – August 12, 2014 (6 weeks) 

Tasks for Student 1 of 2: 
1. Stereo vision uses the geometry of triangulation to compute the location of points in the 3D 

environment. The uncertainty of location estimation is caused by many factors, e.g. the image 
quantization, camera calibration errors. Such uncertainty cannot be described using a linear scalar 
function, which needs to be modelled by using nonlinear functions and probability distribution.  
 

2. We will conduct extensive data collection and analysis to understand the above problems and quantify 
the errors. We will also analyse the observability of the errors when fusing laser with the stereo vision 
in different cases. 

 



附件二 

ANNEX A 
Research Projects for Internship Students 

 

Industry Partner : National Chi Nan University, Department of Electrical Engineering 

Contact Person : Dr. Dong Xiangxu, Mr. Ang Zong Yao Kevin, Dr. Lin Feng,  
Prof. Ben M. Chen 

Contact Tel : 91693886 Fax :  

Contact Email : tsldngx@nus.edu.sg, kevinang@nus.edu.sg, tsllinf@nus.edu.sg, 
elecbm@nus.edu.sg  

Industry Partner : Department of Electrical Engineering, National Chi Nan University 

Contact Person : A/Prof. Kai-Yew Lum  (+886-49-2910960 ext. 4725, kylum@ncnu.edu.tw) 

Title of Project : Development of the Vision-aided Navigation Technologies for the UAVs 

Synopsis of Proposed Project  

Relative sensing in unknown 3D environments is a challenging and exciting research topic in the society of 
unmanned aircraft systems. The most reliable and promising solutions for small-scale UAVs are the 2D 
scanning laser and the stereo vision. The 2D scanning laser can directly provide very accurate and reliable 
displacement measurements in the scanning plan. But the quantity of information encapsulated is not 
sufficient enough for crucial and demanding tasks, such as obstacle detection in cluttered environments. Its 
measurements are also affected by the attitude of the carrying platform and the property of the surrounding 
objects. On the other hand, the stereo vision can generate dense 3D representation of dynamic environments 
but at the trade-off of accuracy, and the computation cost. The depth estimation is also vulnerable to the 
environment noise and disturbance, e.g. the textures of environments and varying of lighting conditions.   
 
Thus, it is reasonable to fuse the outputs of the stereo vision and 2D scanning laser. Many methods have been 
proposed for the data fusion of these two kinds of sensors. However, most of them process the data 
separately and simply combine the results together, or do the data fusion based on the strong assumption of 
the artificial structure environment that a flat horizontal floor surrounded by vertical planar wall. Therefore, in 
this project, we are going to study the fundamental issues of the laser-aided stereo vision, e.g. modelling of the 
error of stereo vision, observability of the errors, and how to estimate and minimize the errors with different 
laser-camera configurations. The fused system is expected to achieve more robust and accurate relative sensing 
than using each of sensors separately.  
 
Pre-requisites:  Knowledge of computer vision, image processing, control theory, and C++ 
Nature of the project:  Computational, navigation theories, programming 
 
No. of Student for this Project : 2 
Project Period:  July 1 – August 12, 2014 (6 weeks) 

Tasks for Student 2 of 2: 
1. Real-time vision-aided navigation can impose significant computation load on the on-board system. 

As such, it is important to select an optimal platform and software environment. We will investigate 
real-time issues of vision-aided navigation, including the selection and effects of stereo-vision frame 
rate, frame and/or data drop-out problems, and problems of synchronicity among the different 
sensors  
  

2. Implement and test in real time the proposed algorithms based on the existing embedded vision-aided 
navigation platform composed of a quadrotor, a stereo vision camera, a 2D lidar and an IMU.  
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