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CM – Conference Report News Headlines: Technologies to detect and neutralize mines advances range for clearance operations by the use of large mechanical equipment able to withstand explosions, and autonomous walking robots employing radar, metal and IR sensors.  However, still need to overcome problems such as: robot stability in rugged changing terrain, real-time control (onboard computers too slow), artificial intelligence still at low level, and effective walking mechanisms. These technologies could have mine detection/clearance appications in surf zone and on the beach.  

EXECUTIVE SUMMARY OF SCIENTIFIC / TECHNICAL RESULTS 

The HUDEM 2003 workshop included discussion on the worldwide demining problem and offered solutions to speed up the process using technology.  Technologies exist to automate such a process using a robotic system but the integration of the technologies to cover a rugged unpredictable outdoor environment is not yet mature.  There are systems, such as adapted agricultural machinery to clear out vegetation and allow remote mine detonation to assist the current method of manually clearing an area.  This workshop offered solutions to small parts of the problems, such as:

1. Algorithms to manage walking robots ability to plan a route, conduct a stable walk, and avoid obstacles.

2. Use of ground penetrating radar as an effective mine detector
3. Using robotics to assist in clearing very dense areas, or to inspect an area after mechanical clearance.
4. Cost benefit analysis of deploying different seismic, acoustic, electromagnetic, electro-optic, and explosive sensors and detectors.
5. Using small robots emulating lizards and worms to inspect areas in thick vegetation. 
SCIENTIFIC PROGRAM 

The Workshop included presentations, an excursion to an on scene demining operation, and mine exhibits and demonstrations by KFOR.  
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For more links about Kosovo:

http://www.unmikonline.org
http://www.nato.int/kfor/welcome
TRENDS AND HIGHLIGHTS 

The International Advanced Robotics Programme (IARP) held their second on-site workshop in Kosovo – where 120 people have been killed and 370 wounded by landmines and cluster bombs left over from the 1999 conflict.  27,000 landmines out of 45,000 located have been removed.  UN standards define a humanitarian mine clearance efficiency of  99.6%.  To date, no method other than manual clearance can reach that rate and in Kosovo, 7 years is required to become mine free.  The goal of this conference was to discuss possibilities to speed up the demining process.  

Unfortunately, many registrants for this workshop did not make the trip.  Their abstracts did make it into the Proceedings which were handed out to each attendee.

1.  There was a presentation from Hitachi-Furukawa on mine clearance equipments and systems.  One was a 15 ton Excavator that could withstand detonations up to 2 kilotons.  It could operate in water depths up to 1m.  See http://www.hitachi-furukawaloaderseurope.com/index2.htm
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Excavator working in a ditch

2.  Dr A Pajaziti (arbnorpajaziti@uni-pr.edu) from the Mechanical Engineering Faculty, University of Prishtina, presented a topic titled: “A Fuzzy-Genetic Algorithm and Obstacle Path Generation for Walking Robot with Manipulator”.  The abstract is presented below: 

“We present eight-legged walking robot Scorpion with manipulator that is controlled with a Fuzzy – Genetic algorithms basic approach.  The goal is to develop walking robots for outdoor environments for the use of landmine detection.  The eight-legged robot has to plan its path as well as gait simultaneously, while moving on flat terrain in presence of obstacles and ditches.  It is a complicated task and no single traditional approach is successful in handling this problem.  Due to the computational expenses, there is a need to develop a faster and efficient algorithm for generation of optimal paths and gaits.  The Fuzzy-Genetic algorithms approach developed in this paper enabled the tetrapod to do its job with minimum time of travel and with an optimum number of legs on the ground.  The effectiveness of the algorithm is tested through computer simulation.”
3.  Below is a good summary of the status of sensors being used for mine detection as presented by a member of the Belgian Royal Military Academy. 
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Flcctrography R&D__| Low to Medium | Low to Medium Unknown
T Visible OK__| Low to Medium | Medium_ Low’
Tofrarcd OK Tigh Medium Medium
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The first three categories of sensors are not able to discriminate between an explosive material and any material with the same electro-magnetic, thermal and/or optical properties but provide good localization capabilities.  The last two categories, considered explosive detectors, aim at detecting explosive material but offers poor localization capabilities.  See: http://www.sic.rma.ac.be/~acheroy/workshp_Ispra_2000/

4.  An overview of the HUDEM  http://www.sic.rma.ac.be/Research/HumDem/Hudem/index.html or (HUmanitarian DEMining) project was presented.  The AMRU series and Tridem series robots were described.  
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Tridem II robot

RELATED CONFERENCES
2003 IEEE International Conference on Robotics and Automation -  Sept 14 - 19, 2003  http://icra.ntu.edu.tw/icra/Demining.pdf.

http://icra.ntu.edu.tw/icra/c_e43.htm 

ASSESSMENT

Although the focus of the workshop was Humanitarian Demining, some points to consider in the possible application toward marine minesweeping:

1. Demining for military purposes often does not have such a high clearance efficiency (99.6%) as that mandated by UN for humanitarian demining.  Thus autonomous systems that fall short of this efficiency may be quite sufficient for military mine clearing.  For example, clearing a route through an area instead of clearing the entire area.

2. Vehicles or robots that do not perform well in rugged, dense land may be able to handle the more uniform water surface.  Of course the surf zone introduces it’s own set of problems.

3. Work needs to be done to standardize communication protocols between multiple robots or swarms.

4. The ground penetrating radar appears to be the sensor with the most capabilities in use in the near term.

5. As mentioned above, technology for movement of robots in a changing outdoor environment with obstacles is not mature. 
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