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AGREEMENT NO. DSOCL06XXX
BETWEEN

DSO NATIONAL LABORATORIES

AND

NATIONAL UNIVERSITY OF SINGAPORE
FORPRIVATE 

LOCAS – Development of Humanoid’s Virtual Model and Simulation of Advanced Locomotion
AND

TDP – Design of Bipedal Robot
PROJECT AGREEMENT 

This Project Agreement is made on the ________ day of ____________ 2007 between DSO NATIONAL LABORATORIES, a company limited by guarantee incorporated in Singapore under the Companies Act (Cap. 50) and having its registered office at 20, Science Park Drive, Singapore 118230 (hereinafter referred to as "DSO") of the one part and the NATIONAL UNIVERSITY OF SINGAPORE, a 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 (hereinafter referred to as "NUS") of the other part, and is made subject to the terms and conditions of Agreement No. DSOCL06031 dated 23rd May 2006 (hereinafter referred to as "the Master Agreement").

NOW IT IS HEREBY AGREED as follows:-

1.
SCOPE

1.1
This Project Agreement is supplemental to the Master Agreement and shall be construed and read together with the Master Agreement.

1.2
In consideration of DSO providing NUS the funding hereinafter specified, NUS agrees to undertake to perform the Project as specified in Schedule 1 to this Project Agreement and subject to the terms of the Master Agreement.

1.3
All terms and references used in the Master Agreement and which are defined in the Master Agreement but are not defined in this Project Agreement shall, unless the context otherwise requires, have the same meaning and construction when used in this Project Agreement.

2.
PERIOD OF PERFORMANCE

This Project Agreement shall come into force on the date first above written and shall carry on in force for a period of twenty-four (24) months unless sooner terminated in accordance with the terms of the Master Agreement.

3.
CONDUCT OF PROJECT

The Project shall be supervised and coordinated by the Principal Investigator and Co-Investigator where:
a) 
The Principal Investigator (PI) shall be A/P Chew Chee Meng from Department of Mechanical Engineering of NUS; and 

b) 
The Co-Investigator shall be New Ai Peng of DSO.

4.
CONTRIBUTIONS AND PAYMENTS

4.1
The total price for the Project under this Project Agreement to be paid by DSO to NUS shall be Singapore Dollars One Hundred and Ninety Five Thousand Dollars (S$195,000) (hereinafter referred to as "the Agreed Price").  A breakdown of the Agreed Price is set out in Part I of Schedule 2.

4.2
The Agreed Price shall be exclusive of Singapore Goods and Services Tax which shall be paid in addition by DSO.

4.3
Payment of the Agreed Price shall be made in accordance with the payment milestones specified in Part II of Schedule 2.

4.4
The Parties shall make the contributions to the Project in accordance with Schedule 2.

4.5
NUS shall submit to DSO a report once every six (6) months or such other period as the Parties may agree under this Project Agreement, detailing the actual expenses for the previous six (6) months and projected expenses for the current six (6) months period. 
5.
REVIEW MEETINGS 
The Parties agree to hold monthly project review meetings to review the implementation of the Project.

6.
IMPLEMENTATION TIME SCHEDULE

NUS shall perform the Project in accordance with the implementation time schedule as set out in Schedule 3.

7.
DELIVERABLES

NUS shall upon completion of the Project provide the following deliverables to DSO:

	Deliverable No.
	Description of Deliverables

	1
	TDP:  Report on bipedal robot design

	2
	LOCAS: Report on humanoid advanced locomotion and simulation design



	3
	Preliminary report on the humanoid virtual model and advanced locomotion implementation

	4
	Report and demonstrate advanced locomotion in simulation.
Source code of the advanced locomotion algorithms.


8.
NOT APPLICABLE
9.
SECURITY VETTING 
NUS shall within one (1) week of execution of this Project Agreement submit to DSO for security vetting, the names and particulars such as National Registration Identity card and previous security clearance reference, of all personnel, including the personnel of its sub-contractor who will be involved in the performance of the Project in this Project Agreement.

10.
NOT APPLICABLE
11.
NOT APPLICABLE
12.
NOTICES
Any notice to be given by either Party under this Project Agreement shall be in writing and shall be deemed properly sent if it is sent under registered mail cover or facsimile to:

NUS:

For technical matters relating to the Project:

Department of Mechanical Engineering
Faculty of Engineering
9 Engineering Drive 1
Singapore 117576
Attn: A/P Chew Chee Meng
Facsimile: (+65) 6779 1459
For Intellectual Property and legal matters relating to this Project Agreement:

Industry Liaison Office
National University of Singapore

Blk E3A, Level 6

10 Kent Ridge Crescent

Singapore 119260
Attn: Director
Facsimile: (+65) 777 6990
DSO:

For technical matters relating to the Project:

DSO National Laboratories

20 Science Park Drive
Singapore 118230

Attn: New Ai Peng
Facsimile: (+65) 6775 9011
For contractual issues relating to this Project Agreement:



DSO National Laboratories



Contracts Department 



20 Science Park Drive



Singapore 118230



Attention: Senior Manager (Contracts)



Fax: (+65) 6775 9011

13.
SCHEDULES


Schedule 1
-
Scope of Work


Schedule 2
-
Agreed Price/Payment Milestones

Schedule 3
-
Implementation Time Schedule
IN WITNESS WHEREOF the Parties hereto have hereunto set their hands the day and year first above written.

SIGNED by Senior Manager 
)

(Contracts Department) 
)

for and on behalf of
)


DSO NATIONAL LABORATORIES
)



in the presence of:-
)

)

)

)

)

)


)

_____________________________
)

________________________
Ms Julia Wee 
)

Lim Teck Kwee

Manager 
)

Senior Manager

Contracts Department
)

Contracts Department

SIGNED by
)

for and on behalf
)

THE NATIONAL UNIVERSITY OF
)


SINGAPORE in the
)


presence of:-
)



)


)

)

)

)

)
_____________________________
)

_______________________
Ms Jan Ho
)

Dr Lily Chan
Assistant Manager
)

Director

Industry Liaison Office
)

Industry Liaison Office
SCOPE OF WORK
1) 
TITLE
LOCAS: Development of Humanoid’s Virtual Model and Simulation of Advanced Locomotion
TDP: Design and Development of Bipedal Robot
2)
SCOPE OF WORK AND DELIVERABLES

LOCAS:  The aim of this project is to develop a virtual humanoid robot (based on hardware design developed in parallel in project LOCH by NTU) in a simulated 3D virtual space, which could enable a human operator to validate: a) kinematics-based motion-planning algorithms, and b) dynamics-based behavior-control algorithms, under various scenarios of applications.  The advanced locomotion requirements are as follows:
2.1. Purpose.  The purpose of the virtual model and simulation is to provide a tool for humanoid intelligence development and to develop algorithms for complex tasks.

2.2. Virtual Robot.  The virtual robot shall be modelled after humanoid robot being developed in parallel by NTU in project LOCH.  The model shall be good enough to facilitate algorithm development to perform the complex tasks listed below.  The robot shall plan its motion with known environment to determine the feasibility before translating the plan into motion commands for the actual robot to execute.
2.3. Walking.  The robot shall be able to walk up and down slopes that human can walk up/down (15 – 30 degrees slope) without the use of its hands.  The robot shall be able to walk with variable speed of 1 –  4 km/h along flat ground.
2.4. Running/Jumping.  The robot shall be able to execute running motion at about 8-10 km/h.  It shall be able to jump vertically off the ground with both legs to achieve a height of 30cm.  It shall be able to execute standing board jumps to achieve a minimum distance of 1.0 m.
2.5. Staircase Climbing.  The robot shall be able to perform staircase climbing (with the vision sub-system, the robot will know when the staircase starts and ends).  The steps can be assumed to be uniformly sized and desirably no assumption on the size of the steps is made.

2.6. Climb over low wall.  The robot shall be able to climb over low wall of at least 0.5m (0.8m is desirable) in height.  The robot is allowed to use its hands and to sit on the wall but not to stand on the wall.
2.7. Crawling.  The robot shall be able to crawl under structures of typical table height (about 0.8 – 1m in height) for short distance of approximately 5m.

2.8. Getting in and out of a land rover.  The robot shall be capable of getting in and out of a SAF land rover, both in the front passage seat and in the back of the L/R.  The robot shall be able to sit on the chair/bench.
2.9. "Falling" requirement.  The robot shall be capable of the following:

2.9.1. If "push or pull" by external force, it shall be able to prevent itself from falling.

2.9.2. If it falls, robot shall be able to break fall with its hands and prevent damage.

2.9.3. If it has fallen (e.g. on its butt, face down, sideways or on its back), it shall be able to stand up from these positions.
TDP:
2.10
The objectives of this work are as follows:

2.10.1
Improvement of the physical structure and actuator subsystem for an existing physical bipedal robot, NUSBIP-II.  New legs’ structure design and driving mechanism improvement for their joints will be carried out;

2.10.2
Sensory systems required for walking algorithms will be incorporated into the bipedal robot;

2.10.3
Implementation of three walking behaviours (walking on constant gradient ground, walking over a low obstacle, walking on stairs) for the modified robot (will be named NUSBIP-III).

2.11
Target specifications of NUSBIP-III:
2.11.1
NUSBIP-III is a bipedal robot modeled after the lower extremities of a child.  It will have a trunk with two legs.  It is estimated to weigh approximately 50kg and hip height is around 0.8m tall when the robot is standing.  The maximum walking speed is targeted to be 0.7 m/s (essential) and 1m/s (desirable).

2.11.2
The robot will have six degrees of freedom in each leg:  three at the hip, one at the knee, and two at the ankle.  The DOFs at the hip allow the leg to twist and adduct/abduct, as well as swing forward and aft.  The DOF at the knee allows the leg to flex.  The DOFs at the ankle allow the foot to pitch and roll. All the joints will be driven by DC servo-motors with appropriate gear transmissions.     

2.11.3
Three-axis rate gyro and three-axis accelerometer will be mounted on the trunk to measure and provide inertia data of the body.  Digital encoders mounted on the motors will be used to indirectly measure the joint positions.  Each foot will be equipped with four force sensors to provide the center of pressure location.

2.11.4
The existing controller and the motor driver electronics will be mounted on-board.  The power supply will be off-board and if resource allows, on-board battery option will be explored.
2.12
Target specifications for Walking Behaviours:  Three walking behaviours for NUSBIP-III will be implemented:
2.12.1
Walking.  The robot shall be able to walk up and down slopes that human can walk up/down (15 – 20 degrees slope) without the use of its hands.  The robot shall be able to walk with variable speed of 1 – 2.5 km/h along flat ground.
2.12.2
Staircase Climbing.  The robot shall be able to perform staircase climbing (with the vision sub-system, the robot will know when the staircase starts and ends).  The steps can be assumed to be uniformly sized and desirably no assumption on the size of the steps is made.

2.12.2
Crossing over low obstacle.  The robot shall be able to cross over low obstacle of 0.2m (essential) and 0.3m (desirable) in height.  

Part I – BREAKDOWN OF AGREED PRICE

Total Costs

	Manpower Costs, Materials, Consumables, Overseas Travel, etc
	195,000 + 165, 000

	Grand Total of Agreed Price
	360,000


The Agreed price set out above will be exclusive of the prevalent GST amount.

Part II - PAYMENT SCHEDULE
DSO shall make payment to NUS within thirty (30) days from the occurrence of the Event and presentation of invoices and Documents specified in the Payment Schedule below to 20, Science Park Drive, Singapore 118230. NUS is to state the Payment Event S/No. in the invoice.

	S/No
	Details of the Payment
	Schedule Date of Completion of Payment Event
	Amount payable to be paid (S$ and exclusive of GST)
	Documents to be presented as a Condition precedent for Payment: Original Invoice plus the following Documents

	1.
	Advance payment 
	Upon signing of Project Agreement
	58,500
	-

	2
	Upon receipt and acceptance of deliverable D1
	T0 + 2 months
	41,500
	Certificate of Completion of Delivery of D1 duly endorsed by DSO.

	3.
	Upon receipt and acceptance of deliverable D2
	T0 + 6 months
	46,250 + 99,000
	Certificate of Completion of Delivery of D2 duly endorsed by DSO.

	4.
	Upon receipt and acceptance of deliverable D3
	T0 + 12 months
	29,250 + 41,250
	Certificate of Completion of Delivery of D3 duly endorsed by DSO.

	5.
	Upon receipt and acceptance of deliverable D4
	T0 + 18 months
	19,500 + 24,750
	Certificate of Completion of Delivery of D4 duly endorsed by DSO.

	Agreed Price (exclusive of GST)
	360,000
	


· T0 denotes the start date of this Agreement.

· Certificate of Completion shall be in substantially the form as set out in Appendix 1 to Schedule 2.

CERTIFICATE OF COMPLETION (FORMAT)

This is to certify that NUS has completed Deliverable No. D____, “___________________”<<to insert description of Deliverable>> as stated in the Implementation Time Schedule at Schedule 3 of Project Agreement No. ____________ dated _________.

	Authorised Signatory of NUS
	
	Authorised Signatory of DSO

	
	
	

	
	
	

	
	
	

	
	
	

	________________________
	
	________________________

	Name:
	
	Name:

	Designation:
	
	Designation:

	
	
	

	Date:
	
	Date:


IMPLEMENTATION TIME SCHEDULE

	Deliverable
	Description
	Schedule 

	D1
	TDP:  Report on bipedal robot design

	T0 + 2 months



	D2
	LOCAS: Report on humanoid advanced locomotion and simulation design


	T0 + 6 months



	D3
	Preliminary report on the humanoid virtual model and advanced locomotion implementation
	T0 + 12 months



	D4
	Report and demonstrate advanced locomotion in simulation.

Source code of the advanced locomotion algorithms.
	T0 + 18 months




T0 denotes the start date of this Agreement.
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