[Type text]	[Type text]	[Type text]




[image: ]HUMANITARIAN INNOVATION FUND
Early Stage Innovation Final Report
- Please try not to exceed 5 pages (Arial, 12pts) excluding attachments –

	Organisation Name
	University of California Davis



	Project Title
	An Autonomous UXO Identification Platform

	Partner(s)
	Virginia Diodes Inc., Geneva International Centre for Humanitarian Demining

	Problem Addressed / Theme
	UXO/Mine Clearance

	Location
	Davis, CA

	Start Date
	01/01/2017

	End Date
	31/12/2017



	Total Funding
	£20,000

	Total Spent
	£20,000



	Innovation Stage
	Recognition Phase

	Type of Innovation
	Millimeter Wave UXO/Mine Detection System

	Project Impact Summary
	Demonstrated high resolution imaging capability of buried targets using a Millimeter Wave radar. This system demonstrated significant advancement to the state of the art in millimeter wave radar. This work will be submitted to the IEEE Transactions on Terahertz Science and Technology journal. The record breaking system performance will have significant impact on ground penetrating radar technology for mine/ UXO detection and presents proof of concept for developing an Autonomous UXO Identification Platform. 







ACTIVITIES CARRIED OUT
1. Describe all the activities carried out. Please attach a workplan or log frame, if these were used.

1. 01/01/2017-30/06/2017 Developed Millimeter Wave radar and scanning platform.
2. 01/01/2017-30/06/2017 Developed image generation algorithms to convert radar data into 3D images. 
3. 01/05/2017-31/07/2017 Tested the radar system through multiple scenarios: buried targets in sand up to 25cm deep; targets buried beneath grass and sand; targets buried in concrete; buried plastic targets; targets clustered together at varying depths.
4. 01/08/2017-31/12/2017 Summarized work in a technical paper. Submitted work to IEEE Transactions on THz Science and Technology Journal.
5. 01/08/2017-31/12/2017 Developed HEX copter drone and tested flight.
6. 01/08/2017-31/12/2017 Verified a payload of 1kg on the HEX copter drone to ensure that the drone can carry the radar (0.25kg).



2. If you have made changes or amendments to the planned activities and objectives that have not been detailed in an Agreement Amendment Form, please list them here.

Initially we planned to visit UXO Lao in Lao PDR to get a broader understanding of current techniques used to conduct mine detection. Unfortunately, permission was not granted by the Lao PDR ministry of foreign affairs. Our budget for this project had been significantly reduced due to the Sterling pound currency plummet and so we decided to cut this activity from our plans. In place of this, we reviewed a report from the Geneva International Centre for Humanitarian Demining which detailed the current practices of demining in Lao PDR and the technology used. 


ACHIEVEMENTS
3. Has the project demonstrated the success of the innovation or idea? 
By ‘success’ we mean that the innovation has achieved the planned positive impact/outcome, or that the idea has proven effective.
☒ Completely successful
☐ Significantly successful
☐ Partially successful
☐ Completely unsuccessful
Please explain further:
The Millimeter Wave radar has achieved record performance and we were able to generate images with high resolution for targets buried up to a depth of 25cm in sand and beneath 8cm of grass. UXO Lao has a requirement of detection of targets buried up to 25cm for use of any technology in the field. This work has achieved the requirement from UXO Lao and also demonstrates a significant improvement from the state of the art in millimeter wave radar which previously presented imaging of targets buried up to only 5cm. The main challenge of our project was achieving good imaging capability for identifying UXOs in practical scenarios. In addition, we have built and tested a HEX copter drone and verified that it is capable of bearing the weight of the radar while hovering 1 meter above the ground surface. This work conducted over the course of the recognition phase grant has demonstrated proof of concept for an Autonomous UXO Identification Platform. 

4. Please describe how the project achieved the planned objectives, and describe all of the results achieved through the activities indicated in Question 1. 

The scanning platform was developed by modifying a 2-dimensional X-Y laser cutting stage and mounting the millimeter wave radar in place of the laser head. The X-Y laser cutting stage was ideal as it was fast and had fine displacement resolution and good accuracy. The millimeter wave radar was planned out in collaboration with VDI (Virginia Diodes Inc.). VDI is a world leader in millimeter wave and THz test and measurement systems. Key components of the radar were loaned to UC Davis for the project and the radar system was assembled and tested at UC Davis. 
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Figure 1. X-Y Stage with mounted millimeter wave radar. 
Image generation algorithms were developed using MATLAB scripts at UC Davis to convert the generated radar data into 3D images. Experiments were conducted at UC Davis to verify the performance of the system including capturing images of targets buried up to 25cm in sand as well as targets buried beneath grass and targets buried in concrete. 
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Figure 2. Photo of Radar scanning several samples placed on top of grass and buried beneath grass and beneath sand. 
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Figure 3. Photo of 7.5cm X 7.5cm aluminium sample targets that were buried for testing the imaging capability of the radar.
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Figure 4. Generated Images of targets in figure 3 buried beneath a) 17.5cm, b) 22.5cm and c) 27.5cm of sand. The colour on the image shows the strength of the radar reflection. Stronger reflections shown are shown in red.
A HEX copter drone was developed at UC Davis and flight with a payload of 1kg was demonstrated. This payload is 4 times the weight of the radar and proves that sustained flight with the radar mounted to the drone is possible. 
[image: ]
Figure 5. Photo of the HEX copter drone carrying a 1 litre bottle of water while hovering.
The achievements of the millimeter wave radar have been documented in a technical paper and will be submitted to the IEEE Transactions on Terahertz Science and Technology journal. 




METHODOLOGY
5. Describe how the methodology used was or was not appropriate to carry out the planned activities or achieve the planned objectives.

Our objective for this Early Stage Innovation project was to demonstrate proof of concept for An Autonomous UXO Identification Platform. We took a systematic approach to developing and verifying the capability of a millimeter wave radar for imaging buried targets in multiple scenarios. We then verified the capability of a drone platform as a vehicle to bear the weight of the radar by verifying flight with a 1kg payload. Therefore, the methodology we used successfully enabled us to meet our objectives. 

MAJOR OBSTACLES
6. Please list the three most significant obstacles faced during the implementation of the project and describe how they affected the planned activities and results.

	Obstacle
	Impact of Obstacle

	1. Due to the plummet in the Sterling Pound currency, we had significantly less funding than our initial proposal once converted to USD currency.  


	Removed travel to LAO PDR from planned activities, budget for salary was covered by UC Davis funding.

	2. For testing the radar, we required a piece of equipment from the Davis Millimeter Wave Research Centre to be dedicated for our testing. Unfortunately, this was not possible at the time. We had to rent the equipment from an outside vendor. 


	This put some strain on our budget as the equipment was quite expensive to rent per month.

	3. We had logistic issues with attaining permission from the ministry of foreign affairs in Lao PDR to visit UXO Lao and see the demining procedures.


	Could not see demining procedures first hand conducted by UXO Lao. 



7. Please indicate what steps were taken to address these obstacles and whether the solutions were effective.

	Solution
	Effective?

	1. The salary for personnel was covered by UC Davis instead of the budget. We reviewed demining techniques in a technical report from the GICHD instead of travelling to Lao PDR. 


	This solved our budget issue.

	2. The piece of equipment was rented over several weeks and was required for testing the radar. We dedicated a significant amount of time to intensive testing within a short time frame to get the most out of the equipment. We developed automated testing so that the equipment could be run remotely during the night and weekends.  


	Yes. We were able to complete all testing within the time-frame and budget.

	3. We were able to review a technical report from the GICHD which had detailed descriptions of the demining procedures in Lao PDR as well as technology used and requirements for UXO detection.


	Yes we were able to get a firm understanding of the demining procedure at UXO Lao.



OPTIONAL:  BENEFICIARIES/HUMANITARIAN INTERVENTIONS IMPACTED
If your project was intended to impact upon beneficiaries, please answer question 8.
8. Indicate the affected population as well as the humanitarian interventions that have benefited from the project.

For this early stage innovation grant, we planned to develop a proof of concept for a novel UXO/mine identification platform which could improve current humanitarian demining techniques. As this is still in the recognition phase, we did not have direct beneficiaries. 
We have written a technical report from our findings and will submit it to the IEEE Transactions on Terahertz Science and Technology journal. Through this channel, this work could have a significant impact on developing future demining technology. 


OPTIONAL:  PARTNERSHIPS AND COLLABORATION
If you received HIF funding with partners or collaborators, please answer questions 9 and 10.
9. How and why did the partnership change during the course of the project?
NA
10. Are there plans to continue your partnership, either while continuing this innovation or on other projects?
☒ Yes, with this innovation
☐ Yes, with another project
☐ Maybe
☐ No
Please describe further:
Our plan is to continue the development of the Autonomous UXO Identification platform and conduct testing of a radar system mounted to the HEX copter drone. Virginia Diodes Inc. will be involved in planning the radar either through consultation or providing key components for the radar again. Once the testing is complete, we plan to consult further with the GICHD to discuss the next steps of validating the system for humanitarian demining.

DISSEMINATION
11. Please describe any steps taken to disseminate the outcomes of the project. 
Please include all completed and forthcoming, as well as all planned and unplanned products (for example, research and policy reports, journal articles, video blogs, evaluations).
	To disseminate the progress and development of the radar technology, we will submit a technical paper to the IEEE (Institute of Electrical and Electronic Engineering) Transactions on Terahertz Science and Technology journal. The IEEE is the largest professional organization in the world and published articles will have high visibility and impact factor for future development of millimeter wave ground penetrating radar in the engineering community. We have also submitted a video blog and images to the HIF website. 
NEXT STEPS
12. Will the project, idea or innovation be replicated, carried forward or scaled up?
☒ Yes
☐ No
☐ Maybe
Please describe further:
We plan for the project to be carried forward. The next step for us is to mount the radar on a drone and test the system at CROMAC (Croatian Mine Action Centre). This will validate the equipment as a fully qualified demining tool which can be scaled up and deployed. We then plan to consult further with the GICHD for deploying the systems in the field. 

13. If the project, idea or innovation could be carried forward, replicated or scaled up, please list the three most important issues or actions that will need to be considered (where 1 = most important and 3 = least important)

	Suggestion/issue
	1
	2
	3

	1 The radar system will need to be mounted onto the drone and tested. Testing can be accomplished by surveying a known area of land and testing the accuracy of identifying buried targets. 




	☒	☐	☐
	2 The system will need to be qualified at CROMAC as a UXO/Mine detection system for humanitarian purposes. At CROMAC, the system will be tested for detection accuracy for targets buried in different soil conditions as well as the efficiency/ productivity of the system.




	☐	☒	☐
	[bookmark: _GoBack]3 Further development of the system for quality control and cost reduction will need to be implemented. Consultation with the GICHD will be required for considering options on deployment of the systems in the field.




	☐	☐	☒
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