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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, tdlinf @nus.edu.sg,
elecbom@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.
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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 : tddngx@nus.edu.sg, kevinang@nus.edu.sg, tdlinf @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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MEMORANDUM OF UNDERSTANDING

between
NATIONAL UNIVERSITY OF SINGAPORE
and

NATIONAL CHI NAN UNIVERSITY

nd
This Memorandum of Understanding (‘MOU”) is made on the 4 day of

Ju Ig 2014 (“Effective Date”)

between

NATIONAL UNIVERSITY OF SINGAPORE, (Company Registration Number:
200604346E), a public company limited by guarantee incorporated in Singapore
under the Companies Act (Cap. 50) and having its registered office at 21 Lower
Kent Ridge Road, Singapore 119077, acting through its Temasek Laboratories at
NUS, (hereinafter referred to as “NUS”),

and

NATIONAL CHI NAN UNIVERSITY, (F #RE 84 £4 5 18 8 %X E 4 & (84) 5 x
017552 5%.%) and having its registered office at 1 University Road, Puli Township,

Nantou County, Taiwan 54561, Republic of China (hereinafter referred to as
“NCNU").

NUS and NCNU may hereinafter be referred to jointly as "Parties" and singularly
as “Party”.

RECITALS

WHEREAS,

A. NUS is a university of global standing, with distinctive strengths in
education and research with an entrepreneurial dimension.

B. NCNU is a university of international standing, with characteristic
strengths in education and research.

C. The Parties agree to explore joint research and collaboration of mutual
interest in various aspects of education and academic research in
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electrical engineering, and determine the basis of such cooperation, on
the following understanding.

3 This MOU sets out the understanding of the Parties in relation to such
cooperation.

Article 1
AREAS OF COOPERATION

The Parties agree to promote cooperation in education and academic research
between Temasek Laboratories at NUS (TL@NUS), and the Department of
Electrical Engineering at NCNU (EE@NCNU). The areas of cooperation include
electrical and electronic engineering, control systems and communication
technology. Specifically, the Parties agree:

(@)  to exchange students for non-credit granting and non-degree granting
activities between TL@NUS and EE@NCNU;

(b)  to facilitate mutual visits of faculties and research personnel between
TL@NUS and EE@NCNU;

(c) to provide a platform for the development of substantive collaborative
research programmes between TL@NUS and EE@NCNU.

Article 2
ARRANGEMENTS AND FUNDING

To implement the collaborative activities envisaged under this MOU,
representatives of the Parties may meet periodically to negotiate and conclude
specific programmes of cooperation, including their financing, with each other
and with other parties provided that none of the Parties shall have the power to
bind the other Party without such other Party’s consent in writing thereto.

The financial arrangement relating to each programme of cooperation will be in
accordance with the specific programme of cooperation. Subject to the
immediately foregoing and in the absence of any specific agreement to the
contrary, the Parties agree that all expenses relating to a programme shall be
borne by the Party which incurs such expenses.

Article 3
MANAGEMENT COMMITTEE

The Parties can appoint representatives to manage and oversee the activities of
the specific programme of cooperation. The representatives of the Parties can
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meet as and when necessary to review progress in the implementation of
activities related to the areas of cooperation, define new areas and programmes
of cooperation as well as discuss matters related to the MOU.

Article 4
INTELLECTUAL PROPERTY, INVENTIONS AND INNOVATIONS

All intellectual property held by a Party prior to entering into this MOU or
disclosed or introduced in connection with this MOU and all materials in which
such intellectual property is held, disclosed or introduced shall remain the
property of the Party introducing or disclosing it.  Subject thereto, the
arrangements in relation to intellectual property shall be agreed separately for
each programme of cooperation.

Article 5
PUBLICATION OF ARTICLES

The Parties may, with the written consent of the other Party, such consent not to
be unreasonably withheld, publish the findings of any collaborative activities of
the Parties in the form of an article in a journal, newspaper or other magazine, in
hardcopy and electronically, provided that where an application for registration of
a trademark, service mark or design or an application for any other form of
registrable intellectual property right will be made, such an article shall not be
published for a period of up to ninety (90) days for the said application to be
made, although the Party wishing to publish will not unreasonably refuse a
request from another Party for additional delay in the event that property rights
would otherwise be lost. A copy of the article shall be provided prior to
publication to the Party whose written consent is required hereunder for that
Party’s perusal and written consent.

This clause shall be without prejudice to any undertakings given by either Party
in relation to the approval or restriction of publications in favour of third parties
who are funding any collaborative activities or any research-being undertaken by
researchers of either Party.

Article 6
REPRESENTATION TO THE PUBLIC AND CONFIDENTIALITY

Neither Party shall use the name or logo of the other Party for any purpose,

whether in relation to any advertisement or other form of publicity, without
obtaining the prior written consent of the other Party.
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Notwithstanding the generality of the above, each Party, with the prior written
consent of the other Party, such consent not to be unreasonably withheld, may
notify third parties of the fact that this MOU is in effect.

All information furnished in relation to this MOU by one Party to the other, which
is clearly identified as proprietary or confidential at the time of disclosure, will be
kept confidential by the receiving Party and will not be disclosed to any third party
and shall not be used otherwise than to carry out the provisions of this MOU,
unless agreed in writing between the Parties.

The provisions of this Article will not apply to information in the public domain not
as a result of any breach by receiving Party of its obligations in the foregoing
paragraph; information in the possession of the receiving Party prior to the
disclosure of the information; information which is independently developed by
the receiving Party; information required to be released by law or court order; and
information which is rightfully received by receiving Party from third parties
without any breach of confidentiality obligations.

This Article will apply only to information disclosed while this MOU is in force, but
the restrictions contained herein shall survive the expiration or termination of this
MOU for three (3) years from the date of expiration or earlier termination of this
MOU.

Article 7
TERM OF MOU

This MOU shall become effective on and from the Effective Date and shall
remain in force for a period of three (3) years, unless one Party gives notice of
not less than three (3) months in advance that it wishes to terminate the MOU.

The Parties shall jointly review the collaboration envisaged by this MOU in the six
(6) months preceding the second anniversary of the Effective Date and may by
mutual agreement in writing extend this MOU for additional periods on the same
or varied understanding.

The termination of this MOU shall not affect the continued implementation of the
programmes established under it prior to such termination.

Article 8
DISPUTE RESOLUTION

Any disputes arising under or in connection with this MOU which cannot be
resolved by amicable discussions between the Parties shall be referred to the
Deputy President (Research and Technology) of NUS and the Director of
Research and Development of NCNU, or their respective nominees for resolution,
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or may be submitted to some alternative dispute resolution mechanism as may
be agreed in writing between the Parties.

Article 9
NON-BINDING NATURE OF THIS MOU

Despite the statements and obligations expressed herein and save for Articles 4,
5, 6, 7, 8 9 and 10, this MOU is a non-binding expression of the current
intentions of the Parties, and no Party will incur or be bound to any legal
obligations or expense hereunder to the other Party until and unless definitive
agreements have been negotiated, approved by the necessary management
levels of each Party and executed and delivered by authorised representatives of
the Parties. Articles 4, 5, 6, 7, 8, 9 and 10 shall survive the termination of this
MOU and shall be legally enforceable in accordance with their terms in any court
of competent jurisdiction.

Article 10
GOVERNING LAW

In the interpretation of this MOU, the laws of Hong Kong Special Administrative
Region shall govern. The governing law of the agreements in relation to each
programme of cooperation shall be decided on a case-by-case basis.

IN WITNESS whereof the Parties hereto have caused this MOU to be duly
executed on the Effective Date.

SIGNED by for and on behalf of SIGNED by for and on behalf of
NATIONAL UNIVERSITY OF NATIONAL CHI NAN UNIVERSITY
SINGAPORE

Professor Khoo Boo Cheong Aggbc. Professor Jung-Shan Lin
Director, Temasek Laboratories Chair, Dept. of Electrical Engineering
National University of Singapore National Chi Nan University
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