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1. BACKGROUND 
 
Decades of civil unrest from 1970 until 1998 in Cambodia, resulted to the use of deadly weapon such as 
landmine that continue to claim innocent civilian lives and hinder economic development for many years to 
come. To overcome this problem, Cambodian Mine Action Centre (hereinafter refer to as “CMAC”) under 
joint initiative between the royal government of Cambodia and United Nation Transitional Authority in 
Cambodia (UNTAC) was establish with the prime objective to help get rid of mine/UXO problem to save 
life and help development in Cambodia. 
 
So far, since its creation, great amount of effort had been made by CMAC to clear hundred millions square 
meters of contaminated land before given to local people for productive use.  Even though CMAC 
experience great success in its work, but there are numbers of constraint that CMAC encountered.  Some 
of which had been largely solved such as the elimination of vegetation (CMAC employed Japanese made 
brush cutters).  However, there are many more constraints that CMAC continue to deal with and those 
constraints could be addressed as follows: 

• The slowness of mine clearance: Up until the present, there are more than four thousand square 
kilometers had been classified either suspect, residual (had been utilized by the local people) 
and confirmed minefields.  By putting into account the current sized to be cleared and the current 
demining capacity by combining all the productivity of all demining operators in Cambodia, it 
takes approximately a hundred year more to ensure Cambodia is a mine-free country. 

• Dateline: The donor community and local politician had made it clear that mine/UXO problem 
shall be eliminated by 2015.  To achieve this vision, the only solution is to sharply increase its 
clearance capacity and mine/UXO clearance speed. 

• High density of fragmentation: Mine clearance operation is greatly disturbed by many factors.  
One of which is the number of fragment embed in the ground.  Due to the signature given by the 
fragment and by the mine is more or less the same, great amount of time and effort had been 
wasted to discover this unwanted object. Between 1992 and 2006, CMAC had cleared 
170,988,777 sq.m and found 353,308 Anti-Personnel and Anti-Tank mines.  The number of 
fragments discovered during this operation is 358,161,994 fragments.  This figure indicates that 
to find one landmine, 1,013.7 fragments had to be recovered. 

 
1.1. THE RELATIONSHIP BETWEEN FRAGMENT AND PRODUCTIVITY 

 
Table 1: CMAC clearance result since 1993 

YEAR 
CLEARED 

AREA AP AT 
TOTAL 
MINE FRAGMENT RATIO 

1993 5479850 19,433 132 19,565 22,085,279 1,129 
1994 7865242 12,126 121 12,247 52,334,579 4,273 
1995 10150014 22,115 93 22,208 23,670,218 1,066 
1996 10493654 7,126 190 7,316 64,352,250 8,796 
1997 15565421 17,035 266 17,301 12,110,064 700 

1993-97 49,554,181 77,835 802 78,637 174,552,390 2,220 
1998 12382541 13,536 245 13,781 19,583,367 1,421 
1999 10797705 14,322 649 14,971 17,480,591 1,168 
2000 8369635 15,733 628 16,361 20,894,845 1,277 
2001 9637455 16,916 465 17,381 14,069,870 809 
2002 11582239 32,688 493 33,181 19,767,069 596 

1998-2002 52,769,575 93,195 2,480 95,675 91,795,742 959 
2003 7708686 22,160 504 22,664 21,032,570 928 
2004 11157336 43,635 936 44,571 20,804,833 467 
2005 22086486 74,165 851 75,016 23,866,907 318 
2006 25712513 35,745 1,000 36,745 26,109,554 711 

2003 - 2006 66,665,021 175,705 3,291 178,996 91,813,864 513 
Source: CMAC database 
 



Cambodian Mine Action Centre (CMAC)  Page 2 of 48 
 

FINAL REPORT – ALIS (TOHOKU UNIVERSITY) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
According to the above table and graphs, it is clearly shown that the number of mine (both Anti-Personnel 
and Anti-Tank founds) and the total area cleared by CMAC are closely related to the number of fragment 
found in the ground.  The fewer fragments to be found on the ground enable the mine operation to clear 
faster and more effective. 
 

1.2. CONSTRAINT AND SOLUTIONS 
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There are 2 major constraints in mine/UXO operation: Vegetation and High fragments embed in the 
ground.  To counter this problem CMAC had deployed Brush Cutter to remove vegetation and employ 
Mine Detection Dog (MDD) to snift the explosive content of the mine (see figure 1).  This technique enable 
CMAC to eliminate the present of fragment under the ground.  However, the number of Mine Detection 
Dog is limited and large number of CMAC work force still use metal detector, whose technology originated 
since world war two, to detect and remove landmine.  Therefore, it is critical to push for the success of real 
mine detector that could point point the exact location of landmine by excluding false alarm produce by the 
present of fragment. 
 
 

1.3. THE ORIGIN OF THE PROJECT 
 
With the vision in mind to remove hazardous material and 
help rebuild Cambodia, Cambodian Mine Action Centre 
committed to increase the mine clearance operation rate so 
that land could be re-utilized and less and less people felt 
victim to mine/UXO accident.  In order to achieve this goal, 
CMAC has to come up with new effective and efficient 
technologies that enable mine clearance operation faster 
and cheaper by eliminating time and effort to recover 
fragment. 
 
On 17 March 2006, the Ambassador of Japan to the 
Kingdom of Cambodia, H.E Takahashi Fumiaki, and the 
Deputy Prime Minister and Minister of Foreign Affairs and 
International Cooperation, H.E Hor Namhong, signed an 
Exchange of Notes concerning the Japanese economic 
cooperation for the execution of the Project for Research and 
Development of Mine Clearance Related Equipment to be 
executed by CMAC. The aim of the project is to test and 
evaluate the performance and suitability of demining 
machines and mine detectors manufactured by Japanese 
companies and research institutions. 
 
Following the signature of the Exchange of Notes, a separate 
Memorandum of Understanding was signed on 25 March 
2006 between CMAC and JICS to lay out detailed project 
execution. A Selection Committee comprising of CMAC team, 
two officials from the Ministry of Foreign Affairs of Japan, two 
representatives from relevant institutes of Japan and a 
representative from UNMAS was formed to carry out the 
selection of test participants. The tasks of the Selection 
Committee included the review of the selection criteria and 
process, the assessment of the applicants' qualifications 
based on CMAC's Standard Operation Requirements (SOR), 
and the final selection of the participants.  The selection 
committee met in Tokyo on 18 – 25 May 2006 to select the 
systems to be tested in Cambodia.  Three manufacturers, 
namely Tohoku University, Mitsui Engineering & Shipbuilding 
Co., Ltd. and Tokyo Institute of Technology (TIT) participated 
in this project.   
 
This document presents the full project activities and results of the test & evaluation of mine detectors 
called Advanced Landmine Imaging System (hereinafter refer to as “ALIS”) which had been researched 
and its prototyped was produced by Tohoku University, Japan, conducted under this project. 
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1.4. SELECTION SCHEDULE  
 
On behalf of CMAC of the Royal Government of Cambodia, Japan International Cooperation System 
(hereinafter “JICS”), as a supervising agency, gave a public announcement on April 11, 2006 regarding the 
selection of developers of mine detectors to be tested in Cambodia. 
 
The Selection Committee was composed of members from CMAC, the Ministry of Foreign Affairs of Japan, 
relevant institutes, etc. and the Committee has conducted the selection of developers according to the 
schedule as shown below in table.2: 
Table.2 Selection Committee Schedule 
Date Schedule 
18-May-06 10:00-12:00 Kick off meeting, documents distribution, scoring explanation 
19-May-06 10:00-16:00 Presentation for Demining Machines 

20-May-06 ----- 

21-May-06 ----- 

22-May-06 14:00-17:00 Final Selection of Demining Machines 

23-May-06 10:00-16:00 Presentation for Mine Detectors 

24-May-06 14:00-17:00 Final Selection of Mine Detectors 
 

1.5. SELECTION RESULT  
 
The “mine detectors” means the equipment which is equipped with sensors (e.g., Ground Penetrating 
Radar (hereinafter “GPR”), infrared ray, etc.) under the Project. They cannot be detectors that utilize only 
the technology of general-purpose metal detectors now in use, but those that could replace metal 
detectors or provide superior functions and performance in Cambodia. (Conventional metal detectors 
which detect only metals are not included.) 
 
Five Japanese developers were invited to the test and evaluation of mine detectors appropriate for 
humanitarian mine clearance under the Project. Some of them had also participated in similar projects in 
Afghanistan under the Japanese Research Project 2005. All five developers submitted their own mine 
detectors for test and evaluation. The five (5) developers were selected to participate in the field test in 
Cambodia. But one of the developers, Kawasaki Heavy Industries Ltd. Mine Dog, has declined since 
December 2006. Four (4) developers of mine detectors tested were: 
 
Table 3: Successful candidates 
No. Manufacturer Detector Type Handling type 
1 Tohoku University Advanced Landmine 

Imaging System (ALIS) 
Hand Held 

2 Mitsui Engineering & Shipbuilding Co., Ltd. Mitsui Fusion Sensing 
A.P.Mine Detector 

Hand Held 

3 University of Electro Communications, TAU 
GIKEN Co., Ltd. Tokyo Institute of Technology  

Gryphon(Metal detector) 
+ Lamdar-3(GPR) 

Vehicle-mounted 
type detector 

4 Tokyo Institute of Technology               Gryphon with Dual-
Sensor (ALIS) 

Vehicle-mounted 
type detector 

 
1.6. AIM OF THE PROJECT 

 
The project aims to conduct the test and evaluation of mine detector called ALIS from Tohoku University in 
view to confirm the following characteristics of the machine: 

• to confirm “Simplicity” of operation of mine detectors, 
• to compare the performance against current use of metal detector Mine-Lab F1A4 in accordance 

with “Recognition & Identification system of Safety measures, Cost Efficiency and Productivity”,  
• to confirm “Durability of Natural Condition”, and  
• To study “Technological Advantage” of GPR sensor. 
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1.7. SCOPE OF THE PROJECT 

 
The evaluation of the Japanese research and development of mine clearance related equipment metal 
detector and GPR sensor will be done to identify the effective of the machine against bored object at 
different depth and different soil type conditions.  Management and supervision of personnel concerned in 
all aspects of the mine detector must be undertaken using the SOR, SOPs and field experience of CMAC. 
However, the final version of SOPs for such mine detector for the Project is still under consideration in 
Cambodia. JICS made a proposal of test plan referring to the international trial report from ITEP and 
Research Project in Afghanistan 2005. 
 
CMAC has experience of international metal detector trials conducted on August 2004. CMAC combined 
those experiences to utilize and execute the Project as the implementing agent. The management and 
supervision of personnel concerned in all aspects of test and evaluation activities on mine detector must 
be undertaken under the CMAC’s instruction. 
 
The technical performance of the detectors was originally to be evaluated in eight (8) tests conducted at 
the CMAC Regional Center in Siem Reap. The tests conducted are listed below.  

• In-Air test 
• Sensitivity Test (Open Test/Non-Blind test) 
• Target Location Accuracy Test in wet soil condition (Blind Detection Test) 
• Target Location Accuracy Test in dry soil condition (Blind detection test) 
• Proximity Test in various soil type and depth (Blind detection test) 
• Effect of Radio Frequency Interference Test 
• Power/Fuel consumption 
• Detection speed (Productivity) 

 
2. TEST LOCATION 
 
Performance test is conducted at Siem Reap province.  Please find more detail information in the following 
page: 

 
Figure 2: test location in Siem Reap province, Cambodia 

PHNOM PENH 

TEST LOCATION 
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GENERAL INFORMATION OF TEST LOCATION 

1. Province: Siem Reap province 
2. District: Prosat Bakong 
3. Distant from Siem Reap town: approximately 20km 
4. Distant from Phnom Penh city: approximately 295km 
5. Distant from National road: 1km 
6. Distant to nearest village: 1km 
7. Evaluation in case of emergency: ambulance, helicopter 
8. Test Size Compound: 114m x 140m 
9. Landscape: flat 
10. Land use: former farm area 
11. Soil type: Sandy clay 
12. Potential flooding: Average 
13. Potential mudding: High (in bulldozed area) 
14. Mine/UXO contamination within Test Site: NO 
15. Mine/UXO contamination surrounding test site: NO 
16. Mine/UXO explosion: N/A 
17. Mine/UXO accident (kill or injured): No 
18. Historical background during civil war: government control area 
19. Mobile phone connection: OK but disturb by strong wind during conversation 
20. Running water: NO 
21. Electricity: Generator 
22. Recommended footwear: Boot 
23. Rain coat recommended: Yes 
24. Vegetation within test site area: No. 
25. Malaria infected level: unknown 
26. Humidity: 55% - 80% (estimated) 
27. Temperature during wet season: 30 degrees – 40 degree (direct sun light) 
28. Recommendation: 

a. wear boot 
b. use anti-mosquitoes rappelling cream or spray 
c. use bottle water for drinking (can be bought at town) 
d. Report to superior or project staff in case of other issues arisen. 
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3. TEST PARTICIPANTS 
 

3.1. CAMBODIAN MINE ACTION CENTRE (CMAC) 
 
To implement this project, CMAC had set up a project management team consists of existing CMAC staff, 
pool of CMAC Special Service Agreement (SSA) and an independent consultant to come and evaluate the 
performance of the demining machine.  The structure of the project and the name of the staff could be 
shown bellows: 
 

 
CMAC Staff participated in the project 
No. Title Name 
1. Project Coordinator Oum Phumro 
2. Project Manager Mong Sokunthearath 
3. Project Assistant Hean Savy 
4. OM BC Lay Sarun 
5. Driver Chea Ratanak 
6. Team Leader (ALIS) Yim Sophal 
7. Deminer (ALIS) Thou Vanna 
8. Deminer (ALIS) Chum Sear 
9. Deminer (ALIS) Chhun Bora 

CMAC HQ Project 
Coordinator (1)

Finance/Admin. 
Office (1)

Technical 
Consultant (1)

Project Manager for 
Mine Detector (1)

Project Manager for 
Demining machine (1) 

Vehicle Mounted 
Mine Detector (3) 

Manual Mine 
Detector (2 types)

Assistant Project 
Manager (1)

Technicians (1x3) 

Operators (2x3) 

Deminer (1x3) 

Technicians (1x2)

Deminers (3x2) 

Assistant Project 
Manager (1)

Mechanical Mine 
Clearance Machine (5) 

Technicians (1x5)

Operators (2x5)

Deminers (7x2) 

Guards (x5) Figure 3: Project team structure 
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3.2. JAPAN INTERNATIONAL COOPERATION SYSTEM (JICS) 

 
JICS had designated one project staff Mr. Takeshi AJIOKA to come and cooperate with CMAC to 
implemented this research/test metal detector machine. 
JICS Staff who participated in the project 

No. Title Name 
1.  Project General Manager JICS Toru Kubo 
2.  Project Manager JICS Takashi Ajioka 
3.  Staff Ryuji Takeda 
4.  Staff  Nami Arakawa 

 
3.3. MANUFACTURER 

 
3.3.1.  PROJECT MEMBER 

 
Member from manufacturers are: 

• Professor: Motoyuki Sato 
• Research Associate: Kazunori Takahashi 
• Assistant: Ainhoa Gorriti  
• Assistant : Takayuki Ohyama  
• Assistant : Hiroshi Sakuma 

 
3.3.2.  PRE-LIMINARY SURVEY BY MANUFACTURER 

 
All manufacturers are invited to conduct preliminary survey. The preliminary survey aims to give an 
opportunity to improve mine detectors. All mine detectors’ developers are equally invited to conduct the 
preliminary survey in Cambodia before the test. 
 

3.3.3.  SCOPE OF THE PRELIMINARY SURVEY 
 
Though former original program in the project did not include preliminary survey, some developers 
submitted strong request for implementing the preliminary survey. CMAC has accepted preliminary survey 
of the developers on the conditions as mentioned below. The developers could decide whether to 
participate in it or not by themselves. 
 

3.3.4.  TERMS OF THE PERMISSION FOR THE PRELIMINARY SURVEY: 
 

• The developers must submit request of the preliminary survey to CMAC. 
• The developers should always follow CMAC’s guidance and supervision.  
• If the preliminary survey affects the lane preparation and which may cause it to delay, CMAC can 

suspend the preliminary survey at any time. 
• The developers should make a schedule of the preliminary survey by themselves. The preliminary 

survey should be executed by the end of September 2006. 
• The developers can not be allowed to step into the test lane and calibration box. 
• The developers can not carry the mine detector in CMAC regional centre (test site). 
• The developers can collect the sampling soil in CMAC regional centre. 
• The developers can collect data of the targets (mine without booster). 
• The developers can use their mine detector out of CMAC regional centre, but CMAC can not allow 

them to use the mine detector in the real mine field. 
• CMAC will not arrange study trip to the real mine field during the preliminary survey. 
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3.4. PARTICIPANTS OF PRELIMINARY SURVEY 
 

• Manufacturer: Tohoku University 
• Name of investigator: 

- Motoyuki Sato 
- Kaxunori Takahashi 

• Name of equipment: 
- Vector Network Analyzer (for soil conductivity measurement) 
- Antenna Unit (for soil conductivity measurement) 
- TDR (Time Domain Reflectometry: soil moisture meter) 
- Metal detector (MIL-D1) 

• Purpose: 
- Site observation 
- Investigation of physical properties of soil 
- Calibration test of the sensor 
- Investigation of the targets 

• Survey contents: 
- Dual sensor test in the site 
- Soil survey by electrical equipment 

• Survey period:  From 7 to 8 September, 2006 
 

3.5. FEATURES OF MINE DETECTORS – ALIS 
 

  
Figure 4: ALIS during test at CMAC regional Centre (Siem Reap Province) 

 
ALIS description: 
 

• GPR system: Stepped – frequency (100MHz – 4 GHz) Radar 
• Metal Detector: MIL – D1 (CIEA) 
• Methodology to detect mines: ALIS has dual sensor. One is metal sensor (MIL-D1 produced by 

CIEA) and the other is GPR sensor. First of all, deminer located plastic marker based on signals 
from the metal detector. After that, deminer scans that marker by GPR sensor. 
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4. PREPARATION PRIO TO THE TEST 
4.1. TRAINING 

 
All personnel related to mine detector received the proper training by developers. Deminers/operators 
were trained for about two weeks before the test and evaluation to operate the machine/detector and to 
analyze the sensor and the monitors’ performances, etc. The training provided by the manufacturer to 
CMAC operators to operate mine detectors was implemented in accordance with CMAC’s SOR 
“Simplicity”. 
 

 
Figure 5: CMAC deminer is being trained by manufacturer in temporary field office of the manufacturer 
 

4.2. TEST LANE PREPARATION 
4.2.1.  GENERAL LAYOUT OF THE TEST AREA 

 
Test lanes are newly constructed for the purpose of using for the first time for the test of this project.  The 
infrastructure of the test include:  

• Block number 1: Main communication centre/office where the main network is installed.  
Communication is made possible by newly install satellite disk. Electricity is provided by generator 
and the current is available from 7AM till 5PM. 

• Block number 2: is a field office converted from steel freight container.  This is where project 
manager and JICS staff are working.  This place has proximity close to the test site (10m away). 

• Block number 3: This is where all explosive items are stored. 
• Block number 4: This is a test lane area for Hand Held Mine Detector 
• Block number 5: This is a test lane area for Vehicle Mounted Mine Detector 
• Block number 6: Parking lot, and emergency rescue points (with ambulance and medics stand by), 

training zone and also temporary office centres for manufacturers. 
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Figure 6: Test zone in detail 
 
 

4.2.2.  TEST LANE 
 
Test lanes are divided into two separated locations between top of the figure (in reality it is located in the 
south side) and bottom of the above figure (in reality it is located in the north side).  However, their usage 
is divided into the following: 

• Test lane 1 to test lane 7: located on top of the above figure are to be used for Hand Held mine 
detector. Size: 1.5m x 25m (for test lane 1 – test lane 6) and 1.5m x 6m x 3 (test lane number 7) 

• Test lane number 8: located in the bottom of the above figure is to be used both for Hand Held 
mine detector and Vehicle Mounted.  Size 1.5m x 40m 

• Test lane number 1 to test lane number 7: located in the bottom of the above figure are to be used 
for Vehicle Mounted test. Size 1m x 25m (for test lane 1- test lane 6) and 1m x 6m x 3 (test lane 
number 7) 

 
Before the implementation of the main test, mine detector will be tested at calibration box: 

• Calibration box 1 to box 6 for Hand Held Type: 1.5m x 5m 
• Calibration box number 7 for Hand Held Type: 1m x 1m 
• Calibration box number 8 for both Hand Held Type and Vehicle Mounted Type: Not Available 
• Calibration box number 1 to number 6 for Vehicle Mounted Type: 1m x 5m 
• Calibration box number 7 for Vehicle Mounted Type: 1m x 1m 

 
The construction of all test lanes (except test lane number 8) and all calibration box is excavated up to 
1.9m and refill with designated soil type. 
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Figure 7: Test lane is dug up to 1.5m.  In case of present of water, water pump is used to 
dry the test lane before refilled with designated soil type. 
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Figure 8: soil is brought from original location by truck 
 
 
 
 
 

 
Figure 9: Test land and calibration box are ready for testing 
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4.2.3.  SOIL TYPE 
 
Soil to be used for the test represents larger percent of soil type conditions in Cambodia.  There are three 
soil types used in the test: 
 

• Sand: This type of soil is found to be abundant in northern part of Cambodia such as in Siem 
Reap, Kampong Thom, Preah Vihea and Oddar Meanchey provinces.  In this test, sand is used 
for the construction of test lane number 1 both for Hand Held and for Vehicle Mounted (for wet 
condition) and number 4 both for Hand Held and for Vehicle Mounted (for dry condition).  Sand is 
brought from Siem Reap province. 

• Laterite: This type of soil is found to be abundant in eastern part of Cambodia such as in, 
Kampong Thom, Kampong Cham, Pailin, Mundulkiri, Ratanakiri, Kratie and Stoeung Traeing 
provinces.  In this test, laterite is used for the construction of test lane number 3 both for Hand 
Held and for Vehicle Mounted (for wet condition) and number 6 both for Hand Held and for Vehicle 
Mounted (for dry condition).  Laterite is also brought from Siem Reap province. 

• Clay: This type of soil is found to be abundant in northern part of Cambodia such as in 
Battambang, Banteay Meanchey, Porsat provinces and the rest.  In this test, Clay is used for the 
construction of test lane number 2 both for Hand Held and for Vehicle Mounted (for wet condition) 
and number 5 both for Hand Held and for Vehicle Mounted (for dry condition).  Clay is brought 
from Banteay Meanchey province (Sisophon area). 

 
Table 4: Summary soil type and calibration box property 

Calibration Box  
No 

1 2 3 4 5 6 7 

Soil type Sand Clay laterite Sand  Clay laterite laterite 
Soil condition wet dry 

Soil gathering place CMAC R/C, 
Siem Reap 

Sisop
hon 

Siem 
Reap 

CMAC R/C, 
Siem Reap 

Sisoph
on 

Siem 
Reap 

Kampong 
Thom 

Length x width x depth 
(hand-held type) 

5m x 1.5m 
x 0m 

5m x 1.5m x 
1.9m 

5m x 1.5m 
x 0m 

5m x 1.5m x 
1.9m 

1m × 1m 
x 1.9m 

Length x width x depth 
(vehicle mounted type) 

5m × 1m x 
0m 

5m x 1m x 
1.9m 

5m × 1m x 
0m 

5m x 1m x 1.9m 1m × 1m 
x 1.9m 

 
Table 5: Summary soil type and test lane property 

Lane  No 1 2 3 4 5 6 
Soil type Sand Clay laterite Sand  Clay laterite 

Soil condition wet dry 
Soil gathering place CMAC R/C, 

Siem Reap 
Sisophon

Siem 
Reap 

CMAC R/C,  
Siem Reap 

Sisophon Siem Reap 

Length x width x depth 
(hand-held type) 

25m x 1.5m 
x 0m 

25m x 1.5m x 1.9m 
25m x 1.5m 

x 0m 
25m x 1.5m x 1.9m 

Length x width x depth 
(vehicle mounted type) 

25m × 1m x 
0m 

25m x 1m x 1.9m 
25m × 1m x 

0m 
25m x 1m x 1.9m 
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Table 6: Summary soil type and test lane property of lane number 7 
Description Property of test lane number 7 

Soil type Sand  Clay laterite 
Soil condition dry 
Soil gathering place CMAC R/C, Siem Reap Sisophon Kampong Thom 
Length x width x depth 
(for hand-held type) 

6m × 1.5m x 0m 6m × 1.5m x 1.9m 6m × 1.5m x 1.9m 

Length x width x depth 
(for vehicle mounted type) 

6m × 1m x 0m 6m × 1m x 1.9m 6m × 1m x 1.9m 

 
Table 7: Summary soil type and test lane property of lane number 8 

Description Property of test lane number 8 
Soil type Sand  
Soil condition dry 
Soil gathering place CMAC R/C,  Siem Reap 
Length x width x depth 
(Share lane for hand-held type and vehicle mounted type) 

40m ×1.5m x 0m 

 
the reason behind the use of original soil type which needs to be brought from its original location is to 
maximize the constraint which had been found at the original location. 
 

4.2.4. SOIL CONDITION (WET & DRY) 
 
Cambodia experience two type of seasons: Wet season and Dry season.  The present of moister in the 
ground is directly affected the performance of the metal detector and GPR system.  Therefore, in this test, 
wet and dry condition of soil is used to test the machine.   Calibration Box No.1, No.2 and No.3 are 
sprayed with water to be under wet condition. The day before using the Calibration Boxes, about 120 liters 
of water is sprinkled on the Calibration Boxes. 
 

4.2.5.  THE USE OF LANDMINE/UXO IN THE CALIBRATION BOX 
 
Neutralization of explosive object (calibration box) 
 
All explosive objects used in the test are obtained from CMAC field 
clearance operation.  These objects had been neutralized to 
ensure their safety for handling and testing. 
 
The purpose of using calibration box 
 
Calibration boxes are intended for use in adjustment of detector’s 
sensor, determination of the sensitivity of mine detectors in various 
soils, and to be used for training for deminers/operators by developers. 
 
The use of object in the calibration box 
 
There are 10 objects used in each calibration box.  All objects are horizontally buried.  Those objects are: 

• Wood: 1 piece (depth 5cm) 
• Metal: 1 piece (depth 10cm) 
• Anti-Tank TM- 46: 1 pieces (depth 30cm) 
• Anti-Personnel Landmine: 
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o Type – 72: 1 piece (depth 5cm) 
o MN-79: 1 piece (depth 5cm) 
o PMN: 1 piece (depth 5cm) 
o PMN-2: 1 piece (depth 5cm) 
o Type – 69: 1 piece (depth 5cm) 

• UXO: 
o Mortar 60mm: 1 piece (depth 10cm) 
o Mortar 82 mm: 1 piece (depth 20cm) 

 
The use of Data at calibration box 
 
All data of explosive and non-explosive objects used in the calibration box including its coordinate and 
depth are given to manufacturer for study, training and adjustment of their machine. 
 
Time for buried objects in calibration box 
 
All of mines and UXOs were buried one (1) month before the start of the test and evaluation in order to 
avoid the influence of disturbance of soil condition due to the burial of land mines (GPR is very sensitive to 
the subsurface cavity). Dates they buried of targets/mines were as described in table below: 
 
Table.8 Date of targets/mines buried for hand-held type 

Hand Held Type Vehicle Mounted Type Calibration 
Box No Date Started 

(date/month) 
Date Finished 
(date/month) 

Date Started 
(date/month) 

Date Finished 
(date/month) 

1 10/7 24/8* 12/9 13/9 
2 24/8 24/8 17/10 17/10 
3 29/8 29/8 12/9 13/9 
4 11/7 23/8 12/9 13/9 
5 11/7 23/8 4/10 4/10 
6 23/8 23/8 12/9 13/9 
7 17/8 29/8 17/10 17/10 

Note: *The delay of buried at calibration box number 1 due to the shortage of AP MD-82B.  Later it was 
replaced by AP MN-79. 
 
Pattern of buried object in calibration box 
 
The targets were buried in calibration boxes for hand held type or for vehicle mounted type exactly the 
same layout and the same burial angle (level).  
 
When the targets/mines were buried, their locations were recorded. It is necessary to compare the result 
of the test and evaluation with these locations. 
 
Numbers, types and buried depth of targets/mines and UXOs are as mentioned in table.9 and layout of 
buried targets in Calibration Box for hand held type detector is as described in Figure 10. Layout of buried 
targets in Calibration Box for vehicle mounted type detector is as described in Figure 11. 
 
Table.9 Buried targets in Calibration Box No.1-No.6 (for hand-held type & vehicle mounted type) 

Depth No. Object type 5 cm 10 cm 20 cm 30 cm 
Qty 
Total 

1 Type 72 1    1 
2 PMN 1    1 
3 PMN 2 1    1 
4 Type 69 1    1 
5 MN 79 1    1 
6 TM 46    1 1 
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Depth No. Object type 5 cm 10 cm 20 cm 30 cm 
Qty 
Total 

7 60 mm  1   1 
8 82 mm   1  1 
9 Metal  1   1 

10 Wood 1    1 
Qty Total 6 2 1 1 10 
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Figure 10: Location layout of buried targets in Calibration Box No.1 to No.6  for hand held type detector 
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Figure 11: Location layout of buried targets in Calibration Box No.1 to No.6  for vehicle-mounted type 

detector 
Table 10: Buried targets in Calibration Box No.7 (for hand-held type & vehicle mounted type detectors) 

Depth No. Target 5 cm 
1 Type 72 1 
2 TM46 1 

QTY Total 2 
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Figure 12: Location layout of buried targets in Calibration Boxes No.7  (hand-held & vehicle mounted) 
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4.2.6. THE USE OF LANDMINE/UXO IN THE TEST LANE 
 
Neutralization of explosive object in test lane 
 
All explosive objects used in the test are obtained from CMAC 
field clearance operation.  These objects had been neutralized 
to ensure their safety for handling and testing. 
 
The purpose of using test lane 
 
This is the prime location to conduct the test for Hand Held 
and Vehicle Mounted Type. 
 
The use of object in the test lane 
 
There are 33 objects used in each test box.  Some objects are horizontally buried (or level) and some are 
buried angle.  Those objects are: 

• Wood: 5 piece (depth 5cm, 10cm, 15cm, 20cm, 30cm) 
• Metal: 5 piece (depth 5cm, 10cm, 15cm, 20cm, 30cm) 
• Anti-Tank TM- 46: 2 pieces (depth 50cm, 80cm) 
• Anti-Personnel Landmine: 

o Type – 72: 3 pieces (depth 5cm, 10cm, 15cm) 
o MN-79: 4 pieces (depth 5cm, 10cm, 15cm, 20cm) 
o PMN: 4 pieces  (depth 5cm, 10cm, 15cm, 20cm) 
o PMN-2: 4 pieces (depth 5cm, 10cm, 15cm, 20cm) 
o Type – 69: 4 pieces (depth 5cm, 15cm, 20cm, 30cm) 

• Un-Exploded Ordnance Disposal (UXO) 
o Mortar 60mm: 1 piece (depth 30cm) 
o Mortar 82 mm: 1 piece (depth 30cm) 

 
Table 11: Date of targets/mines buried for hand-held type 

Hand Held Type Vehicle Mounted Type Test Lane 
No. Date Started 

(date/month) 
Date Finished 
(date/month) 

Date Started 
(date/month) 

Date Finished 
(date/month) 

1 12/7 24/8 14/9 14/9 
2 25/7 24/8 17/10 17/10 
3 29/8 31/8 13/9 13/9 
4 14/7 23/8 14/9 14/9 
5 18/7 23/8 4/10 4/10 
6 25/8 25/8 13/9 13/9 
7 17/7 29/8 17/10 17/10 
8 n/a n/a 14/10 14/10 

 
The use of Data at test lane 
 
All the data are confidential and only known to a small number of top management in CMAC and JICS.  
The operator who participated in the buried will be retired and replaced by new team.  This new team does 
not have any knowledge of the buried location/coordinate/depth of the object.  They will be trained by the 
manufacturer to used the machine, then conduct the training at calibration box.  After that they would 
conduct blind test at designated test lane. 
 
Pattern of buried object at test lane 
The targets of test lanes were buried in random manner concerned with location and burial angle due to 
the blind test.  Location layout both for Hand Held Type and Vehicle Mounted Type will not be provided in 
this report due to the nature of confidentiality. 
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Table 12: Buried targets in Test Lane No.1-No.6 for hand-held type detectors 

Depth No. Target 
type 5cm 10cm 15cm 20cm 30cm 50cm 80cm 

Quantity 
total 

1 Type 72 1 1 1     3 
2 PMN 1 1 1 1    4 
3 PMN-2 1 1 1 1    4 
4 Type 69 1  1 1 1   4 
5 MN 79 1 1 1 1    4 
6 TM 46      1 1 2 
7 60mm     1   1 
8 82mm     1   1 
9 Metal 1 1 1 1 1   5 
10 Wood 1 1 1 1 1   5 
Quantity total 7 6 7 6 5 1 1 33 
 
 
Table 13: Buried targets in Test Lane No.1-No.6 for vehicle mounted type detectors 

Depth Qty 
Total No. Target type 

5cm 10cm 15cm 20cm 30cm 50cm  
1 Type 72 1 1 1    3 
2 PMN 1 1 1 1   4 
3 PMN 2 1 1 1 1   4 
4 Type 69 1  1 1 1  4 
5 MN 79 1 1 1 1   4 
6 TM 46      1 1 
7 60 mm     1  1 
8 82 mm     1  1 
9 Metal  1 1 1   3 
10 Wood  1 1 1   3 

Qty Total 5 6 7 6 3 1 28 
 
Table 14: Buried targets in Test Lane No.7  (hand-held type & vehicle mounted type detectors) 

Depth Soil Type No. Target type 5cm 10cm 15cm 
Qty 
Total 

1 Type 72 3 3 3 9 Sand 2 TM 46 1 1 1 3 
1 Type 72 3 3 3 9 Clay 2 TM 46 1 1 1 3 
1 Type 72 3 3 3 9 Laterite 2 TM 46 1 1 1 3 

TOTAL 12 12 12 36 
 
 
Table 15: Buried targets in Test Lane No.8 

Depth No Target type 5cm 10cm 
Qty 
Total 

1 Type 72 1  1 
2 PMN  1 1 
3 PMN 2 1  1 
4 MD82B  1 1 

Qty Total 2 2 4 
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Table 16: Total quantity of buried targets prepared by CMAC 
Depth No. Target type 5cm 10cm 15cm 20cm 30cm 50cm 80cm 

Qty 
Total 

1 Type 72 45 30 30     105 
2 PMN 24 13 12 12    61 
3 PMN 2 25 12 12 12    61 
4 Type 69 24  12 12 12   60 
5 MN 79 24 12 12 12    60 
6 TM 46 8 6 6  12 12 6 50 
7 60 mm  12   12   24 
8 82 mm    12 12   24 
9 Metal 6 24 12 12 6   60 
10 Wood 18 12 12 12 6   60 
11 MD82B  1      1 

Qty Total 174 122 108 84 60 12 6 566 
 

4.2.7. DEFINITION OF DEPTH 
 
There are two types of burial angle and the targets were placed level burial or vertical burial. The depth of 
mines shall be measured in accordance with the drawing below. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 13: Definition of Depth for level burial 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14: Definition of Depth for vertical burial 
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5. TEST PROCEDURE 
 
The test lanes are composed of two categories: one category is for hand-held type mine detector’s lane 
and the other category is for vehicle mounted type detector’s lane. Both categories have seven lanes 
(No.1 to No.7). No.8 lane is shared by hand-held type and vehicle mounted type. 
 
During the test and evaluation of the mine detectors, the following procedures were applied. The detail of 
the Test and Evaluation is referred to in annex 2. Critical points of test procedure are as mentioned below. 

-"Safety First" is the key principle of conducting the test. 
-The test was conducted under CMAC supervision. 
-The detectors were operated by CMAC deminers/operators. 
-The test was conducted in a condition as close to the real minefields as possible. 

 
5.1. TEST SCHEDULE 

 
Table 17: Test schedule of ALIS 

Date Activity 
25/10/2006 – 
07/11/2006 

Tuning for mine detector by manufacturer/researcher & training for operators/ 
deminers 

08/11/2006 – 
13/11/2006 

Training and use of calibration box 1, 2, 3, 4, 5, 6, 7 

14-15/11/2006 Air test 
16/11/2006 Lane number 1 A (first operator) 
17/11/2006 Lane number 1 B (second operator) 
20/11/2006 Lane number 2 A (first operator) 
21/11/2006 Lane number 2 B (second operator) 
22/11/2006 Lane number 3 A (First operator) 
23/11/2006 Lane number 3 B (second operator) 
24/11/2006 Lane number 3 B (second operator), 7 A (first operator) 
27/11/2006 Lane number 7 A + B (first and second operators) 
28/11/2006 Lane number 8 A + B (first and second operators) 
29/11/2006 Lane number 4 A (first operator) 
30/11/2006 Lane number 4 B (second operator) 
01/12/2006 Lane number 5 A (first operator) 
04/12/2006 Lane number 5 B (second operator) 
05/12/2006 Lane number 6 A (first operator) 
06/12/2006 Raining – no work 
07/12/2006 Lane number 6 B (second operator) 
11/12/2006 Additional test lane number 3 (by manufacturer) 
13/12/2006 Additional test lane number 6 (by manufacturer) 

14/12/2006 Additional test lane number 7 (by manufacturer) 
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5.2. TEST ACTIVITY 
 
Table 18: List of Tests 

Test Title Purpose Test Area/Lane 
1 In-Air Test For metal detector only. 

Determine maximum detection capability against 
real mine without booster 
(Test for information purpose only) 

In-Air Test area 

2 Sensitivity Test  
(Open test/Non-
blind test) 

Sensitivity in various soil type and soil condition(wet 
& dry) 
Determine sensitivity of the mine detector in various 
soil type (sand, clay, laterite) and soil condition (wet 
& dry)  
(Test for information purpose only) 

Calibration Box  
No.1～No.7  
(for H.H & for V.M) 

3 Target Location 
Accuracy Test in 
wet soil condition 
(Blind detection 
test) 

Accuracy of location in various soil types (sand, clay, 
laterite,), wet soil condition and several depths. 
Determine capability of the mine detector operated 
by 2 (two) experienced  deminers (Hand-held type 
mine detector) or 2 (two) operators (Vehicle mounted 
type mine detector) to detect buried targets in 
various soil type(sand, clay, laterite), wet condition 
and several depth (5cm, 10cm, 15cm, 20cm, 30cm, 
etc). 
(Pass or Fail Test) 

Lane No.1～No.3 
(for H.H & for V.M) 

4 Target Location 
Accuracy Test in 
dry soil condition 
(Blind detection 
test) 

Accuracy of location in various soil types (sand, clay, 
laterite,), dry soil condition and several depths. 
Determine capability of the mine detector operated 
by 2 (two) experienced  deminers (Hand-held type 
mine detector) or 2 (two) operators (Vehicle mounted 
type mine detector) to detect buried targets in 
various soil type(sand, laterite, clay), dry condition 
and several depth (5cm, 10cm, 15cm, 20cm, 30cm, 
etc). 
(Pass or Fail Test) 

Lane No.4～No.6 
(for H.H & for V.M) 

5 Proximity Test in 
various soil type 
and depth 
(Blind detection 
test) 

Determine minimum distance(15cm) at which two 
small AP mines, a large AT mine and a small AP 
mine could be distinguished as separate targets 
(Pass or Fail Test) 

Lane No.7 
(for H.H & for V.M) 

6 Effect of Radio 
Frequency 
Interference Test 

Determine the impact of current communication 
systems to the mine detector 
(Pass or Fail Test) 

Lane No. 8 

7 Power/Fuel 
consumption 

A record of battery/fuel requirements of  detectors 
being used during test operations 
(Test for information purpose only) 

During test period 

8 Detection speed 
(Productivity) 

Detection speed (Productivity) is the most important 
issue for demining activity, detecting area per hour 
shall be recorded 
(Test for information purpose only) 

During test period 
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5.2.1. TEST 1: IN-AIR TEST 
 
The purpose of this test is to determine the maximum detection capability of the metal detectors against a 
range of surrogate mines (targets) in air. Since this test was conducted to measure the metal detector 
capability only, GPR sensor is left out in this test. This test provided baseline information only, against 
known and repeatable targets.  
 
A completely non-metallic test frame is used as a platform for the detector head and allowed a target to be 
placed at a measurable distance below the head. The detector (sensor head) shall be swept over the 
target and the sensor height above the target adjusted until an alarm indication is obtained from its 
detection.  
 
This test is conducted in dry condition and wet condition. In wet condition, using the spray bottle, a fine 
mist of clean water is sprayed on the sensor head and the maximum detection height from the top of 
targets is recorded. CMAC operator indicates if he could recognize the alarm from detector. Results of this 
test should only be taken as an indication of the in-air performance of metal detectors. 
  

5.2.2. TEST 2: SENSITIVITY TEST 
 
Sensitivity test is to determine sensitivity of the detectors in various soil types and soil conditions. The 
sensitivity of a mine detector is the measure of its capability to detect targets. A mine detector is operated 
in a calibration box. There are 10 buried targets buried in chips of wood in a calibration box. This test is an 
open test (non-blind test) in which deminers/operators know details of the location or the depth or nature 
of the targets being sought. Purpose of this test is to only gain knowledge of GPR sensor’s ability. CMAC 
operators monitor whether the detector can indicate/recognize the buried targets during training period. 
 

5.2.3. TEST 3 & 4: TARGET LOCATION ACCURACY TEST 
 
The purpose of this test is to determine the capability of mine detector to find buried targets.  
Several targets were buried in test lane at various depths, positions and angle. Each deminer/operator 
approaches the test lane and he indicates where he recognizes the centre of the test target located. This 
location is marked and recorded using the coordinate measurements. 
Test Lane No.1, No.2 and No.3 are sprayed water to be under wet condition in the same way as 
calibration boxes. The day before using the Test Lane, about 460 liters of water is sprinkled on the Test 
Lane. 
The test in test lanes is for both hand-held type and vehicle mounted type detectors. Details of Test Lanes 
are described in table 5. 

 
5.2.4.  TEST 5: PROXIMITY TEST (RESOLUTION OF ADJACENT TARGETS) 

 
This test is to determine the capability of the mine detectors to discriminate between targets that are 
buried close to each other. Both a pair of targets of the same size and a pair of different sizes are 
prepared. The purpose is to determine the minimum distance at which two mines/targets could be 
distinguished as separate targets. Targets used were Type-72(APM) and TM46 (ATM). The mines/targets 
were buried at a distance 15cm of between edges. 
 
The deminer/operator indicates where he recognizes the centre of the test target located. This location is 
marked and recorded using the coordinate measurements. If deminer/operator got “Pass” for evaluation of 
two mines/targets, it can be said that he could recognize separate targets/mines. Details of Test Lanes are 
described in table 6. 

 
5.2.5. TEST 6: EFFECT OF RADIO FREQUENCY INTERFERENCE TEST 

 
The object of this test is to determine the distance from any such specific source of interference at which 
the mine detectors can be used.  The mine detector (sensor head) is set on the place of buried targets. 
Radio transceiver and mobile telephone are switched on at some intervals of distances of 40m to 0m from 
the mine detector. CMAC operators determine whether the mine detector can function well using a radio 
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transceiver or a mobile telephone. 
 

5.2.6.   TEST 7: POWER/FUEL CONSUMPTION 
 
The purpose of the power consumption test is to ascertain the power requirement of the detector with a 
view to planning running cost. A record of battery or fuel requirements of detectors being used for testing 
will be kept and the average will be reported. The test should be based on data during the test period. 
 

5.2.7.   TEST 8: DETECTION SPEED (PRODUCTIVITY) 
 
CMAC’s SOP does not mention any standard regarding detection speed (m2/hour). Because it depends 
on density of buried mines. Though no body can make a standard of detection speed, the purpose of this 
test is to compare detection speeds between metal detector and mine detector (dual sensor, GPR and 
metal detector). CMAC should collect information of real detection speed of mine detectors. A record of 
detection speed of mine detector being used for testing will be kept and the average will be reported. 
 
6. EVALUATION PROCEDURE 
 
The tests are classified as “Pass or Fail Test” or “Test for information/confirmation purposes only”. Among 
eight tests, three are designated as “Pass or Fail Test” and five are for information / confirmation purpose 
only as detailed below. The tests were not only conducted sequentially, but in parallel. Thus, a complete 
evaluation of performance and suitability was only available at the end of all the individual tests. A mine 
detector has to pass at least two of three tests in the “Pass or Fail Tests” group to be considered 
technically acceptable. 
 

6.1. PASS OR FAIL DECISION BY DISTANCE 
 
CMAC has two categories of evaluation for location accuracy. Evaluation pattern A is essential 
requirement.  
 
Pattern A does not accept that detection point goes over the central point of buried target, because if 
deminer/operator goes over the central point of the buried mine, it brings about very dangerous situation 
for him/her. CMAC should avoid this situation to protect deminers’ / operators’ life. Then evaluation pattern 
B is included as a margin of permissible area. Therefore, it can say that evaluation pattern A is a normal 
criterion and evaluation pattern B is a loose criterion. 
 
Then criteria of APM and criteria of ATM/UXO are different. Because ATM/UXO is bigger than APM, 
criteria of ATM/UXO are wider than criteria of APM.  
 
And “Fail” is divided into “Positive Fail” and “Negative Fail”. “Positive Fail” indicates that the mine detector 
responds where there is a mine/target, but the detection point is out of pass zone, or the mine detector 
responds where there is no mine/target. “Negative Fail” means the mine detector makes no response 
where there is a mine/target.   
 
In addition, “Positive Fail” is divided into “Fail+” and “Fail-”. Though “Fail+” detector missed detection, it 
went over a little from the central point of target. On the other hand, “Fail-” was absolutely far from the 
target. 
  
Evaluation criteria are as indicated in Figure 12 and Figure 13 and “Pass or Fail” criteria are as mentioned 
in table 19, 20, 21, 22, 23 and Figure 14. 
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Figure 15: Evaluation criteria for APM 
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Figure 16: Evaluation criteria for ATM & UXO  
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Table 19: Pass or Fail criteria (Pattern A for APM) 

Test No. 3&4 5 
Lane No. No.1~No.6 Lane No.7 

Detection Point Detection Point Pass/Fail X Position Y position X Position Y position 
Yes or No  

Criteria 

Pass 

X position is more 
than -15cm and less 
than15cm from 
central point of 
buried mine 

Y position is 
more than-
15cm and less 
than 0cm from 
central point of 
buried mine 

X position is 
more than-
15cm and less 
than15cm from 
central point of 
buried mine 

Y position is 
more than-
15cm and less 
than 0cm from 
central point of 
buried mine 

Fail+  
(Position 
Fail,+/+) 

X position is more 
than-20cm and less 
than-15cm or more 
than 15cm and less 
than 20cm from 
central point of 
buried mine 

Y position is 
more than -
20cm and less 
than -15cm or 
more than 0cm 
and less than 
5cm from 
central point of 
buried mine 

X position is 
more than-
20cm and less 
than-15cm or 
more than 
15cm and less 
than 20cm 
from central 
point of buried 
mine 

Y position is 
more than -
20cm and less 
than -15cm or 
more than 0cm 
and less than 
5cm from 
central point of 
buried mine 

Fail+  
(Position 
Fail,+/-) 

X position is more 
than 20cm and less 
than-20cm from 
central point of 
buried mine 

Y position is 
more than 5cm 
and less than-
20cm from 
central point of 
buried mine 

X position is 
more than 
20cm and less 
than-20cm 
from central 
point of buried 
mine 

X position is 
more than 
20cm and less 
than-20cm 
from central 
point of buried 
mine 

When both 
targets are 
detected as 
pass, it will be 
Yes.(deterine
d as separate 
targets) 
If even on of 
targets is not 
dectected as 
pss,it will be 
No 

Negative 
Fail (-/+)  

(1)There is no response where there is a buried mine. 
(2) if deminer/operation mistook a mine for mated, wood and so on, this situation is also 
categorized as negative fail. 

Remarks +/+: There is a response (+) where there is a buried mine/target (+) 
         +/-: There is a response (+) where there is no buried mine/target (-) 
         -/+: There is no response (-) where there is a buried mine/target (+) 

 
Table 20: Pass or Fail criteria  (Pattern B for APM) 
Test No. 3&4 5 
Lane No. No.1~No.6 Lane No.7 

Detection Point Detection Point Pass/Fail X Position Y position X Position Y position 
Yes or No  

Criteria 

Pass 

Same as pattern A Y position is 
more than-
15cm and less 
than 5cm from 
central point of 
buried mine 

Same as 
pattern A 

Y position is 
more than-
15cm and less 
than 5cm from 
central point of 
buried mine 

Fail+  
(Position 
Fail,+/+) 

Same as pattern A Y position is 
more than -
20cm and less 
than -15cm or 
more than 5cm 
and less than 
10cm from 
central point of 
buried mine 

Same as 
pattern A 

Y position is 
more than -
20cm and less 
than -15cm or 
more than 5cm 
and less than 
10cm from 
central point of 
buried mine 

Fail+  Same as pattern A Y position is Same as Y position is 

Same as 
pattern A 
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Test No. 3&4 5 
Lane No. No.1~No.6 Lane No.7 
(Position 
Fail,+/-) 

more than 
10cm and less 
than-20cm 
from central 
point of buried 
mine 

pattern A more than 
10cm and less 
than-20cm 
from central 
point of buried 
mine 

Negative 
Fail (-/+)  

Same as pattern A 

 
Table.21 Pass or Fail criteria (Pattern A for ATM and UXO) 
Test No. 3&4 5 
Lane No. No.1~No.6 Lane No.7 

Detection Point Detection Point Pass/Fail X Position Y position X Position Y position 
Yes or No  

Criteria 

Pass 

X position is more 
than 30cm and less 
than 30cm from 
central point of 
buried mine 

Y position is 
more than -
30cm and less 
than 0cm from 
central point of 
buried mine 

X position is 
more than -
30cm and less 
than30cm from 
central point of 
buried mine 

Y position is 
more than -
30cm and less 
than 0cm from 
central point of 
buried mine 

Fail+  
(Position 
Fail,+/+) 

X position is more 
than -35cm and less 
than -30cm or more 
than 35cm and less 
than 30cm from 
central point of 
buried mine 

Y position is 
more than -
35cm and less 
than -30cm or 
more than 0cm 
and less than 
20cm from 
central point of 
buried mine 

X position is 
more than -
35cm and less 
than -30cm or 
more than 
35cm and less 
than 30cm 
from central 
point of buried 
mine 

Y position is 
more than -
35cm and less 
than -30cm or 
more than 0cm 
and less than 
20cm from 
central point of 
buried mine 

Fail+  
(Position 
Fail,+/-) 

X position is more 
than 35cm and less 
than -35cm from 
central point of 
buried mine 

Y position is 
more than 
20cm and less 
than -35cm 
from central 
point of buried 
mine 

X position is 
more than 
35cm and less 
than -35cm 
from central 
point of buried 
mine 

X position is 
more than 
20cm and less 
than -35cm 
from central 
point of buried 
mine 

Same as APM 
criteria(table 3 
-1) 

Negative 
Fail (-/+)  

Same as APM criteria(table 8-1) 

 
 

Table.22 Pass or Fail criteria (Pattern B for ATM and UXO) 
Test No. 3&4 5 
Lane No. No.1~No.6 Lane No.7 

Detection Point Detection Point Pass/Fail X Position Y position X Position Y position 
Yes or No  

Criteria 

Pass 

Same as 
pattern A 

Y position is more 
than -30cm and 
less than 20cm 
from central point of 
buried mine 

Same as 
pattern A 

Y position is more 
than -30cm and 
less than 20cm 
from central point of 
buried mine 

Fail+  
(Position 
Fail,+/+) 

Same as 
pattern A 

Y position is more 
than -35cm and 
less than -30cm or 
more than 20cm 

Same as 
pattern A 

Y position is more 
than -35cm and 
less than -30cm or 
more than 20cm 

Same as 
pattern A 
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Test No. 3&4 5 
Lane No. No.1~No.6 Lane No.7 

Detection Point Detection Point Pass/Fail X Position Y position X Position Y position 
Yes or No  

Criteria 
and less than 25cm 
from central point of 
buried mine 

and less than 25cm 
from central point of 
buried mine 

Fail+  
(Position 
Fail,+/-) 

Same as 
pattern A 

Y position is more 
than 25cm and less 
than-35cm from 
central point of 
buried mine 

Same as 
pattern A 

Y position is more 
than 25cm and less 
than-35cm from 
central point of 
buried mine 

Negative 
Fail (-/+)  

Same as pattern A 

 
 

Table 23: Evaluation criteria for APM 
 

 
 

 
 
 
 
 
 
 
 
 
 

 
Table 24: Evaluation criteria for ATM & UXO 

Pass Positive False Alarm
(Fail+)

Positive False Alarm
(Fail-)

Negative
False Alarm

X-position -30cm ≦ X ≦30cm -35cm≦ X ＜-30cm
30cm＜ X ≦35cm

 X ＜-35cm,
 35cm＜X

-35cm≦ Y ＜-30cm  Y ＜-35cm
0cm＜ Y ≦20cm 20cm＜Y

X-position -30cm ≦ X ≦30cm -35cm≦ X ＜-30cm
30cm＜ X ≦35cm

 X ＜-35cm,
 35cm＜X

-35cm≦ Y ＜-30cm
20cm＜ Y ≦25cm

-30cm ≦ Y ≦20cm  Y ＜-35cm,
 25cm＜Y

ATM & UXO

-30cm ≦ Y ≦0cm Negative detection: there is no
response though there is a mine

 X ＜-35cm,  35cm＜X
 Y ＜-35cm,  25cm＜Y

Evaluation pattern A

Evaluation pattern B
Y-position

Y-position

 
 

Y posiiton Pass Fail+ Fail-

X position Pass Fail+ Fail-

Final
Evaluation

Pass Fail+ Fail-
 

Figure 17: Flow chart of decisive method for Pass or Fail 
 
 

APM Pass Positive False Alarm
(Fail+)

Positive False Alarm
(Fail-)

Negative
False Alarm

X-position -15cm ≦ X ≦15cm -20cm≦ X ＜-15cm
15cm＜ X ≦20cm

 X ＜-20cm,
 20cm＜X

-20cm≦ Y ＜-15cm  Y ＜-20cm,
0cm＜ Y ≦5cm 5cm＜Y

X-position -15cm ≦ X ≦15cm -20cm≦ X ＜-15cm
15cm＜ X ≦20cm

 X ＜-20cm,
 20cm＜X

-20cm≦ Y ＜-15cm
5cm＜ Y ≦10cm

-15cm ≦ Y ≦0cm

-15cm ≦ Y ≦5cm  Y ＜-20cm,
 10cm＜Y

Negative detection: there is no
response though there is a mine

 X ＜-20cm,  20cm＜X
 Y ＜-20cm,  10cm＜Y

Evaluation pattern A
Y-position

Evaluation pattern B
Y-position
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6.2. PASS OR FAIL DECISION BY DETECTED OBJECT  
 
Evaluation of detected results should be considered not only location, but also detected object through 
GPR images.  In CMAC’ SOR, though metal detector (e.g. Minelab F1A4) is required to detect all metal, 
not required to distinguish between metal and mine. Therefore, evaluation of metal detector does not 
concern detected object. 
 
On the other hand, it is said that GPR sensor can show the images of the objects/targets under ground. 
Since this is one of the major characters of GPR sensor, GPR sensor should be required to distinguish 
between metal and mine. It assumes that evaluation criteria of GPR sensor and evaluation criteria of 
metal detector should be set differently. 
 
If the GPR images are not correct or are not clear, this function might mislead and confuse the 
deminers/operators. For this reason, it is a very important evaluation for GPR sensor. 
   
Pass or Fail decisive method by detected object for GPR sensor is shown in table 25. 
 
Table 25: Decisive method of Pass or Fail by detected object through GPR images 

Detected Object   APM ATM UXO Metal Wood/Rock/Stone No detection 

APM Pass Pass Pass Negative Fail 
 (Fail -) 

Negative Fail  
 (Fail -) 

Negative Fail   

ATM Pass Pass Pass Negative Fail 
 (Fail -) 

Negative Fail  
 (Fail -) 

Negative Fail   

UXO Pass Pass Pass Negative Fail 
 (Fail -) 

Negative Fail  
 (Fail -) 

Negative Fail   

Metal Fail - Fail - Fail - Pass Pass Negative Fail 

Buried 
True 

Targets 

Wood Fail - Fail - Fail - Uncountable Uncountable Uncountable 
 Nothing Fail - Fail - Fail - Fail - Uncountable - 

 
7. TEST RESULT 
 
In the CMAC’s SOR, alarm function of mine detector is stipulated as below.  “Accuracy of an alarm rate 
generated by combined technologies should be evaluated from quantitative as well as qualitative 
perspectives.” Required alarm function is as shown in table 26. 
Table 26: Alarm function 

Description Essential Desirable 
Probability of detection  
(+/+: there is a passed response where there is a 
mine(Pass)) 

99.9 % or above 100 % 

Positive False Alarm 
(+/-:there is a failed response where there is a mine(Fail+), 
or there is a response where there is no mine(Fail-)) 

(5 % or below) 
Under 
consideration 

(0.9 % or below) 
Under consideration 

Negative False Alarm 
(-/+ : there is no response where there is a mine, or there is 
a mine but GPR images indicate a metal(Negative False 
Alarm)) 

0.1 % or below 0.0 % 

 
In solicitation document which was issued on April 2006, eligible applicants were mentioned as below: 
“Mine detectors can replace metal detectors or provide superior functions and performance” 
Therefore, capability and/or performance of Minelab F1A4 are one of the fundamental indicators of 
evaluation. CMAC considers “Technological advantage” based on capability of Minelab F1A4. 
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7.1. PASS AND FAIL TEST 
7.1.1. TEST 3 & TEST 4: TARGET LOCATION ACCURACY TEST 

 
7.1.1.1.  PROBABILITY OF DETECTION 

 
Calculating formula=Qty of passed marker ÷ 28 (Qty of buried targets without wood/Lane) 
 

Minelab F1A4 ALIS  
Pattern A Pattern B Pattern A Pattern B 

Average of Test 3 47.6% 78.0% 28.0% 51.2% 
Average of Test 4 53.0% 79.2% 33.9% 54.2% 

 
7.1.1.2.  POSITIVE FALSE ALARM RATE 

 
Calculating formula=Qty of Failed marker ÷ 37.5 (Square meter (m2) of H.H test lane) 
 

Minelab F1A4 ALIS  
Pattern A Pattern B Pattern A Pattern B 

Average of Test 3 0.449 0.204 0.538 0.360 
Average of Test 4 0.493 0.289 0.405 0.254 

 
7.1.1.3.  NEGATIVE FALSE ALARM RATE 

  
a: Calculating formula= Qty of Negative False Alarm÷28(Qty of buried targets without wood /Lane) 
 b: Calculating formula= Qty of Negative False Alarm÷37.5(Square meter (m2) of H.H test lane) 
 

Minelab F1A4 ALIS  
a  
(%) 

b 
(times/m2) 

a  
(%) 

b 
(times/m2) 

Average of Test 3 12.5% 0.093 26.8% 0.200 
Average of Test 4 11.3% 0.084 32.1% 0.240 

 
7.1.1.4.  DISTINCTION RATIO BETWEEN METAL AND MINE 

 
It was said that merit of GPR sensor is the ability to distinguish between metal and mine. Metal detectors 
do not have function like this, because metal detectors respond to all metals regardless of whether they 
are mine’s metal content or not.  
 
For example, ALIS that is a hand-held type mine detector scan points marked by the metal detector. ALIS 
detect only the points the metal detectors have detected. If the metal detector could not detect small 
mines or deeper buried mines, ALIS also does not scan them. Then it seems that probability of detection 
for ALIS depends on capability of metal detector, not GPR sensor. GPR sensor of ALIS might only 
distinguish mines from what metal detectors have indicated.  Therefore, metal distinction ratio is important 
criteria to measure the reliability of GPR sensor, since it is calculated based on indicated metals through 
GPR images. 

 
Calculating formula=Qty of passed metal detection ÷ 5 (Qty of buried metal/Lane) 

Minelab F1A4 ALIS  
Pattern A Pattern B Pattern A Pattern B 

Average of Test 3 - - 3.3% 6.7% 
Average of Test 4 - - 13.3% 13.3% 
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7.1.1.5.  CONSIDERATION OF NO. 3 AND NO. 4 TEST RESULTS 
 
No.3 and No.4 test results of mine detectors are not what they have been expected to be. Their 
probabilities of detections are lower than Minelab F1A4, and their Negative False Alarms are more than 
Minelab F1A4. Even distinction ratio between metal and mine is not rewarded with the desired result. 
Based on these results, evaluation of test No.3 and No.4 is as mentioned below. 
  
 

 
Evaluation of Test No.3 and No.4 

 
Hand Held Type (ALIS): Fail 

 
 

7.1.2.  TEST 5: PROXIMITY TEST (RESOLUTION OF ADJACENT TARGETS) 
 

7.1.2.1.  PROBABILITY OF DETECTION FOR CLOSE-SET BURIED TWO TARGETS 
 
Calculating formula= Qty of passed recognition as one pair of targets ÷ 6 (Qty of pairs in each soil) 
 

Minelab F1A4 ALIS  
Pattern A Pattern B Pattern A Pattern B 

Average of Test 5 0.0% 5.6% 2.8% 19.5% 
 

7.1.2.2.   CONSIDERATION OF NO. 5 TEST RESULTS 
 
Although ALIS’s probability of proximity detection become higher than Minelab F1A4, it would have to be 
said that absolute value is very low. 
 
Results of ALIS are better than Minelab F1A4, but they are still in lower level. For this reason, GPR 
sensors are seemed to have weak credibility in this test. Based on this result, evaluation of test No.5 is as 
mentioned below. 
 

 
Evaluation of Test No.5 

Hand Held Type (ALIS):    Fail 
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7.1.3.  TEST 6:  EFFECT OF RADIO FREQUENCY INTERFERENCE TEST 
 
During the operation of the machine, hand held VHF (VERTEX) which is held by two operators: one stay 
put next to the machine and another operator walk from afar directly to the machine.  Both of them 
operate VHF (talk all the way).  The distant from the first VHF to second VHF (stay put next to the 
machine) is 40m.  This test is done at test lane number 8. 
 

7.1.3.1.  PROBABILITY OF EFFECT OF RADIO FREQUENCY INTEFERENCE TEST 
 
Table 27: Radio frequency interference test result of ALIS 

Radio Telephone Target True 
Y 
(cm) 

True 
(x) 
(cm) 

Depth 
(cm) Distant from 

detector (m) 
Distant from 
GPR (m) 

Distant from 
detector (m) 

Distant from 
GPR (m) 

Remarks 

Type 72 45 44 5 0 0 0 0  
PMN-2 45 105 5 0 0 0 0  
PMN 105 44 10 0 0 0 0  
MN82B 105 104 10 0 0 0 0  
 

7.1.3.2.  CONSIDERATION OF NO. 6 TEST RESULTS 
 
According to table 25 above, ALIS present excellence performance in overcoming interference from radio 
frequency (Radio and Telephone). 
 

 
Evaluation of Test No.6 

Hand Held Type (ALIS): PASS 
 

 
7.2. TEST FOR INFORMATION PURPOSE 

 
7.2.1.  TEST NUMBER 1: AIR-TEST 

 
ALIS employed two systems: metal detector and GPR.  In this test, ALIS only used metal detector to 
conduct the test.  GPR system is not applicable for such test. 
 
Table 28: Maximum depth of detection (cm) – bottom of detector to the top of target 

Maximum depth of detection (cm) Target Condition 
Operator A Operator B 

Dry 15 (cm) 15 (cm) T-72 
Wet 16 (cm) 15 (cm) 
Dry 41 (cm) 41 (cm) PMN 
Wet 41 (cm) 41 (cm) 
Dry 22 (cm) 23 (cm) PMN-2 
Wet 23 (cm) 23 (cm) 
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7.2.2. TEST NUMBER 2: CALIBRATION BOX 
 
Table 29: Test result of Calibration box number 1 – 7 by Minelab A1F4 

 
Table 30: Test result of Calibration box number 1 – 7 by ALIS 
 

 
7.2.3. TEST NUMBER 7: FUEL/POWER CONSUMPTION 

 
Because of ALIS is in the early stage of R&D, ALIS is run by one car battery (12V, 50A) (another one is 
spare).  According to the manufacturer, this system could be converted to use smaller battery. 
 

 ALIS 
Average of operation time (hours/day) 4.0 

Average of recharged time for battery (hours/day) 4.7 
 

7.2.4.  TEST NUMBER 8: DETECTION SPEED  
 
Table 31: Detection speed by ALIS 

Detection duration Test lane Size Operator A Speed sq.m/h Operator B Speed sq.m/h 
Test lane 1 1.5m x 25m 3h10mn 11.8 3h38mn 10.3
Test lane 2 1.5m x 25m 3h38mn 10.3 3h52mn 9.7
Test lane 3 1.5m x 25m 2h51mn 13.2 5h22mn 7.0
Test lane 4 1.5m x 25m 2h36mn 14.4 2h42mn 13.9

1 2 1 2 1 2 1 2 1 2 1 2 1 2
1 Type-72 5 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
2 MN79 5 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ - -
3 PMN2 5 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ - -
4 Type69 5 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ - -
5 PMN 5 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ - -
6 Metal 10 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ - -
7 Wood 5 × × × × × × × × × × × × - -
8 60mm(UXO) 10 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ - -
9 82mm(UXO) 20 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ - -
10 TM46 30 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

9/10 9/10 9/10 9/10 9/10 9/10 9/10 9/10 9/10 9/10 9/10 9/10 2/2 2/2

No. Target

Totals

Deminer No.
No.4No.3

Depth
(cm)

Calibration Box
No.1 No.2 No.7No.6No.5

1 2 1 2 1 2 1 2 1 2 1 2 1 2
1 Type-72 5 ○ ○ ○ ○ ○ ○ ○ ○ ○ × ○ ○ × ×
2 MN79 5 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ - -
3 PMN2 5 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ - -
4 Type69 5 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ - -
5 PMN 5 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ - -
6 Metal 10 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ - -
7 Wood 5 × × × × × × × × × × × × - -
8 60mm(UXO) 10 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ - -
9 82mm(UXO) 20 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ - -
10 TM46 30 ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

9/10 9/10 9/10 9/10 9/10 9/10 9/10 9/10 9/10 8/10 9/10 9/10 1/2 1/2

No. Target

Totals

Deminer No.
No.4No.3

Depth
(cm)

Calibration Box
No.1 No.2 No.7No.6No.5
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Detection duration Test lane Size Operator A Speed sq.m/h Operator B Speed sq.m/h 
Test lane 5 1.5m x 25m 2h36mn 14.4 2h59mn 12.6
Test lane 6 1.5m x 25m 2h18mn 16.3 2h31mn 14.9
Test lane 7 1.5m x 6m x 3 3h58mn 6.8 2h20mn 11.6
Test lane 8 1m x 1m 20mn n/a 17mn n/a
Note: Detection could not be made possible at test lane number 8 because the duration is actually the 
duration to wait for the radio/mobile phone frequency test.  It is not the duration from start to finish 
conducted by mine detector. 
 
8. CONCLUSION OF “PASS OR FAIL” TESTS 
 
CMAC concludes that it was fair and high level test and evaluation in one of the typical simulated 
Cambodian conditions.   The following is a table illustrating results of ALIS in the test and evaluation. 
 
Table 32:  Summary test result of ALIS 

Mine detector type Pass or Fail Tests Tests for information purposes only 
Test 3 Test 4 Test 5 Test 6 Test 1 Test 2 Test 7 Test 8 Hand-held  

type Fail Fail Fail PASS Data 
recorded

Data 
recorded 

Data 
recorded

Data 
recorded 

 
CMAC required that mine detector should pass at least three of the four “Pass or Fail tests” to be 
considered technically acceptable. Based on this requirement, the final integrated evaluation in the test 
was below: 
 
 

 
GENERAL EVALUATION 

Hand Held Type (ALIS):    Fail 
 

 
Although current mine detectors’ performance under the Project does not fulfill CMAC’s requirement and 
their system were too complicated for local operation system, CMAC believes that development of mine 
detector is getting better day by day and will achieve final goal in the future. 
 
Regarding full detail data of those test and evaluation, please refer to the Appendix. 7.  
 
9. RECOMMENDATIONS 
 
CMAC accommodated developers’ special needs, for example, “implementation of preliminary survey”, 
“permission to use Calibration Boxes before training to the deminers/operators”, “preparation of sample 
soil (Sand, Clay and Laterite)”, “and providing sample of all targets”, etc. 
 
Although developers may have some objection to this result or still have some positive comments for their 
detectors, CMAC is expecting that developers accept it with sincerity. CMAC wishes developers to 
understand that the first priority is safety of demining activity. CMAC has to undertake the full responsibility 
for deminer’s/operator’s safety, if an accident is caused by detector’s error. 
 
The images from GPR sensor confused mine and metal. CMAC is not satisfied with this results and 
CMAC assumes that it is yet too early to carry out the test for GPR sensor in the filed test lane or test area. 
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The results show that GPR sensors are still under development, further laboratory tests and improvement 
of image processing should be done in research institutes with domestic conditions. 
 
CMAC extends its deepest gratitude to all those who assisted in making the test and evaluation under the 
Project successful by providing sincere, helpful and timely advice and material. Without such assistance 
these tests might have been not so effective. Results of the test and evaluation should only be taken as an 
outcome of the various performances of mine detectors.  
 
CMAC deminers/operators have several opinions as for mine detectors through the test and evaluation. 
The following comments from CMAC operators are essential point of view regarding GPR sensor. 

- Although some images appeared on screen of mine detector, GPR images can not show which 
is mine, UXO or metal.  

- Almost all operators got the impression that the GPR image is very difficult to analyze whether 
the object is mine or metal. 

- It seems to operators that GPR system is very complicated. It dose not fit “Simplicity” and it is 
not suitable in light of CMAC’s SOR “Recognition & Identification System of Safety Measures”. 

 
With reference to the conclusions, the following recommendations are made: 
- Developers should know demining activities in field situation to develop the future model of 

mine detector.  
- GPR monitor screen should show correctly and clearly the target (mine) image. 
- Scanning speed (refer to Appendix 1) and precisely identifying system should be improved and 

established. 
 
Though some developers emphasized that GPR images are clear or scanning speed of GPR is high and 
so on in their presentations at the selection committee under the Project, developers should be more 
careful in their self evaluation. If developers wished to raise those points as strengths of their detectors, 
they should have mentioned valid definition of clearness, high speed and so on.  
        
Performance of GPR sensor may be limited to detect mines so that new technique and methodology of 
detection system are needed.  
 
10. ADDITIONAL TEST BY DEVELOPERS 
 
The above-mentioned results show the capability of GPR sensors as very low. However, it can not be 
decided whether this result is due to operators’/deminers’ capability or technical capability of GPR. 
 
To solve this issue, CMAC decided to examine the many facets of GPR sensors. Though CMAC did not 
have tests implemented by developers in original test plan, CMAC added the test by developers. CMAC 
chose four (4) lanes for additional test considering limitation of test time. 
 
Additional test for hand-held type used test lanes No.2, No.3, No.6 and No.7. Basically, the additional test 
was implemented for only developers interested in it. Applicants of additional tests were ALIS team, Mitsui 
team and Lamdar-3 team.  
 
CMAC does not evaluate results from the additional test, because this additional test is data collection 
purpose only. 
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10.1. PROBABILITY OF DETECTION 
 
 Pattern A Pattern B 
Average of Test Lane No.2, 3 and 6 23.8% 45.2% 
 

10.2. POSITIVE FALSE ALARM RATE 
 
 Pattern A Pattern B 
Average of Test Lane No.2, 3 and 6 0.445 0.284 
  

10.3. NEGATIVE FALSE ALARM RATE 
 
 A (%) B (times/sq.m) 
Average of Test Lane No.2, 3 and 6 30.9% 0.231 
 

10.4. DISTINCTION RATIO BETWEEN METAL AND MINE 
 
 Pattern A Pattern B 
Average of Test Lane No.2, 3 and 6 13.3% 26.7% 
  

10.5. PROBABILITY OF DETECTION FOR CLOSE-SET BURIED TWO TARGETS 
 

 Pattern A Pattern B 
Average of Test Lane No.7 0.0% 5.6% 
 
11. GENERAL COMMENTS FOR DEVELOPER / RESEARCHER 

 
1. The following is the general comments based on the results of test and evaluation: 

 
• To design the right tool for the right task, it is best if the developer of the GPR detector 

could come to various demining sites personally and collect numerous data such as soil 
type, weather condition, infrastructure condition, geography of minefield, the culture of the 
people...etc.  CMAC could provide assistance in collecting those samples. 

• The developer should fully understand the demining Standard Operating Procedure 
(SOP) well so that the technology, procedure and demining concept could be incorporated 
into the design concept of the detector. 

• During the detection, we observed the following points presented by the detector: 
i. The GPR detector shows data in the visual form. Thus led to many problems such 

as slow speed for processing data, imaging of buried targets are not clear, screen 
is not bright enough for viewer and high cost of the equipment.  

ii. Visualization is one concept of ideal solution for landmine detection. However 
based on the test results, we understand that development of real and accurate 
visualization will need so long time. And scan speed of visualization is very slow. 
If developer can make a choice an alarm sound system, some problems under 
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this test such as scan speed and misleading the deminer from imaging may be 
solved. Therefore, the alarm sound system by GPR detector should be 
considered an alternative method to solve the present problem. Example of alarm 
sound system shows below. 

 
 
 

 
 

iii. According to the information from the test field, if GPR detector works well, it 
could show even type of mine/UXO on the screen. So, visualization is also 
expected to continue development. The developer should improve software of 
data analysis to visualization. Actually, the developer should understand the most 
important information that most deminer/user would like to get them. These 
important requirements could be shown as follows: 

1. Mine or not? 
2. Depth of object 
3. Position (angle or flat) 
4. type of object 

 
2. The developer shall select the best metal detector that has already proved its capability in the field 

to corporate into its detection system.  In Cambodia environment, Minelab detector is 
recommended. 

 
12. ALL RIGHTS RESERVED 
 
It was requested that each developer/participant under the Project would be given reports that contain 
their information only. The contents of this report may not in any shape or form be reproduced without 
permission from the copyright owner. All contents on this report are under the copyright of CMAC unless 
stated otherwise. 
 
 
 
 
 
 
 
 
 
 

1st Detection 
(By metal detector) 

2nd Detection 
(By GPR detector) 

Continue 
Detection 

Metal 
(Negative) 

Mine 
(Negative) 

ALARM 
(SOUND)

ALARM 
(SOUND)

Metal 
(Positive) 

Mine 
(Positive)
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ANNEX 1: 
ALIS DURING TEST IN PICTURES 

 
 

  
The construction of test lane by machine The construction of test lane by manual (sand) 
 

  
Soil is brought from specific location to be used in 
this test 

The construction of test lane by manual (clay) 

 

  
Test lane is ready to be used for object buried Mines/UXO are neutralized then color before burial 
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All objects are buried according to designated 
depth and coordinate (location) 

Test lanes and calibration box ready to be used for the 
test (objects ree already buried) 

 

ALIS field office & training site Operator being trained before test 
 

Training at calibration box (listening to the 
instruction) 

Training at calibration box (operator is doing the job 
by themselves – instructor is in the background) 

 

 
Air-Test is being done by operators The beginning of the test at real test lane 
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ANNEX 2 
PROCEDURE TO BE APPLIED DURING TEST OF MINE DETECTOR 

 
 

During the test and evaluation of the mine detectors, the following procedures will be applied: 
 
1. General Conditions 

1.1. The purpose of the test is to check the performance of the mine detectors. 
1.2. "Safety First" is the key principle of conducting the test. 
1.3. The test will be conducted under CMAC supervision. 
1.4. Good preparations must be made prior to the test to ensure maximum safety and smooth 

proceedings of the test. 
1.5. CMAC, JICS, Manufacturers and Researchers (hereinafter referred to as “the Participants”) 

must ensure that the test will be conducted in a transparent and effective manner and that 
all procedures described herein are strictly adhered to. 

1.6. The test will be conducted in a condition as close to the real minefields as possible. 
 
2. Key Personnel 

2.1. The Project Manager is responsible for overall management and proceedings of the test 
and evaluation.  

2.2. The Project Assistant:  
• Provides general assistance to the Project Manager. 
• In charge of all logistics and supply issues. 
• Coordinates and manages the Demining Team deployed during the test. 
• Ensures that all safety and administrative signs are in place and a flag is raised at the 

test area. 
2.3. The Consultants (both JICS and local) are responsible for advising and assisting the test 

proceedings. 
2.4. The Participants must ensure that the mine detectors are in fit conditions and give excise to 

CMAC operators for the test. 
2.5. The Demining Team: consists of 1(one) team leader, 2(two) operators and 1(one) deminer 

and will be deployed during the test and evaluation.  
 
3. Pre-Test Preparations 

3.1. The Project Manager and Consultants must ensure that all surrogate mines are properly 
buried in the test lane. 

3.2. The Project Manager must give the briefing to the involved staff on their duties during the 
test. 

3.3. The Project Manager must check to make sure that the view area is safe and the test area 
is easily visible. 

3.4. The Project Assistant must check that all safety and administrative signs are in place. 
3.5. The Participants must check that their machine is in fit condition for test. 
3.6. The Participants must train CMAC operators who acquire ability to handle the mine 

detectors. 
3.7. The Project Manager must make sure that all visitors (if any) are fully briefed on the test 

proceedings and safety regulations. 
 
4. Calibration Box (for Hand-held type: 1.5m x 5m, for Vehicle-mounted type: 1m x 5m) 

4.1. Intended use for Calibration Box are 
・ to determine the sensitivity of mine detectors in various soils 
・ to train CMAC operators 
・ independent research by the Participants 

4.2. The Participants will be able to use “Calibration Box” for independent research by 
themselves until just before the training for CMAC operators.  

4.3. The Project Manager must coordinate the occupancy of “Calibration Box” for independent 
research by the Participants. 

4.4. At the time for training for CMAC operators by the Participants, occupancy schedule are 
based on “Test Plan”. 
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5. Safe Area 

5.1. Personnel associated with the detectors (the Participants) will only stay in the safe areas 
indicated by the Project Manager during test and evaluation. 

5.2. Visitors must stay within the safe areas indicated by a safety sign. 
5.3. The safe area is indicated by poles painted in red and white. 
5.4. Special Personnel: consist of the Project Management Team, Consultants, and appointed 

photographers. These personnel are allowed to perform their duties with reasonable 
proximity to the detectors during the test runs. 

 
 
6. Test Locations, Test Period (Test Schedule) and Time Table 

6.1. The test will be conducted at Test area for mine detectors in the Siem Reap Regional 
Centre. 

6.2. Test Period (Test Schedule) has been planed as below: (see appendix1 for more 
information) 
Hand-held Type: from 8th November to 20th December 2006 
Vehicle-mounted Type: from 22nd November to 11th January 2007 

6.3. Depending on the progress of mine detectors test, the Project Manager and the 
Consultants will consider adjustment of Test Schedule. In this case, the Project Manager or 
Consultants will inform the Participants. 

6.4. Time table has been planed as described below: 
AM8:00～PM12:00  Test for mine detectors by CMAC operators 
PM12:00～PM1:30  Lunch time 
PM1:30～PM4:30  
(PM1:30～PM3:30 The test is continued, if it does not finish in the morning.) 

   CMAC (including Team Leader and deminers of the Demining Team) and Consultants:  
Evaluation of test results 

   The Participants:  
Daily maintenance, re-training for CMAC operators, check the mine detectors, and so 
on. 

 
7. Test Methodology 

7.1. The detectors will be handled by CMAC operators.  
7.2. One CMAC operator will handle one mine detector (Method of the one man one lane 

operation) and the test will be conducted twice by one after the other.  
7.3. Test methodology adopts general rule of “Blind Test”.  
7.4. The operators must wear full PPE during test runs. 
7.5. Based on “Blind Test”, information for location, depth and quantity of buried test targets, etc 

in the test lane are undisclosed for not only the Participants but also CMAC operators. 
 
8. Outline of Test Lane            

8.1. Location test lane (Hand-held type: 1.5m x 25m, Vehicle-mounted type: 1m x 25m) 
8.1.1. Wet condition: 

No.1 Sand (Original soil at Regional Center) 
No.2 Clay (Soil carried from Sisophon) 
No.3 Laterite (Soil carried from Siem Reap) 

                        8.1.2. Dry condition: 
No.4 Sand (Original soil at Regional Center) 
No.5 Clay (Soil carried from Sisophon) 
No.6 Laterite (Soil carried from Siem Reap) 

8.2. Proximity test lane (Hand-held type: 1.5m x 18m, Vehicle-mounted type: 1m x 18m) 
No.7 Sand (Original soil at Regional Center), Clay (Soil carried from Sisophon), 

 Laterite (Soil carried from Kampong Thom) 
8.3. Radio frequency test lane  

(Shared lane for hand-held type and vehicle-mounted type: 1.5m x 40m) 
No.8 Sand (Original soil at Regional Centre) 
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9. Overview of Test  
9.1. In-Air Tests  

9.1.1. Test site is located at log house 
9.1.2. In-Air Tests are to determine the characteristics and performance of a metal detector, 

without the influence of soil. 
9.1.3. A target will be placed in the frame target holder and its height will be adjusted so that 

the reading is 0cm to the base of the detector head. CMAC operator must indicate if 
he could recognize the alarm from detector. 

9.2. Sensitivity test 
9.2.1. Test sites are located at Calibration Box. 
9.2.2. Sensitivity test is to determine sensitivity of the detectors in various soil type and soil 

condition. 
9.2.3. CMAC operators must monitor whether the detector can indicate the buried targets 

during training period. 
9.3. Target location accuracy test  

9.3.1. Test sites are located from No.1 lane to No.6 lane. 
9.3.2 The purpose of this test is to determine the capability of the mine detectors to 

accurately locate test targets in various soils. 
9.3.3 CMAC operator must indicate where he feels the centre of the test target located. 

This location is marked and recorded using the coordinate measurements. 
9.4. Resolution of adjacent targets test (Proximity  Test) 

9.4.1. Test site is located at No.7 lane. 
9.4.2. This test is to determine the capability of the mine detectors to discriminate between 

targets that are buried close to each other. Both pairs of targets of same sizes and 
pairs of different sizes are prepared. 

9.4.3. CMAC operator must indicate where he feels the centre of the test target is located. 
This location is marked and recorded using the coordinate measurements. 

9.5. Effect of radio frequency interference test 
9.5.1. Test site is located at No.8 lane. 
9.5.2. The object of this test is to determine the distance from any such specific source of 

interference at which the mine detectors can be used. 
9.5.3. The mine detector (sensor head) will be set on the place of buried targets. Radio 

transceiver will be switched on at intervals of 10m distance from the mine detector. 
CMAC operators must determine whether the mine detector can be function well 
under using the Radio transceiver.  

9.6. Power consumption test 
9.6.1. The purpose of the power consumption test is to ascertain the power requirement of 

the detector with a view for running cost planning 
9.6.2. The Participants must submit a record of fuel consumption or hours of use for battery 

and charging hours of the battery to the Project Manager. 
9.7. Monitoring of CMAC operators 

9.7.1. The purpose of the monitoring is the operator’s opportunity to provide feedback 
about the unit and system. Any comments made will be helpful in developing a 
system that will perform its mission safely and effectively, and without placing undue 
stress or hardship on the system operator. 

 9.7.2. The Project Manager will prepare the monitoring form to the operators. 
9.7.3. The operators must fill in the form and submit it to the team leader after test.  

 
10. Test Targets 
            10.1. Test targets will make use of surrogate mines. Although these targets are made by getting 

booster out of real mines, TNT (explosive) is still included. Test targets (surrogate mines) are 
as follows: 

10.1.1. No.1 ～ No.6 lane 
         Type-72, Type-69, PMN, PMN-2, MN79, TM46(ATM), 60mm(UXO), 82mm(UXO), 

metal fragment, splinter of wood, small rock 
                       10.1.2. No.7 lane 
                                 Type-72, TM46 
                       10.1.3. No.8 lane 
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                                 Type-72, PMN, PMN-2, MD82B 
                       10.1.4. Although detonating devise has been taken out from the mine and UXO (test target), 

explosive material (TNT) is included inside of the mine and UXO. 
 
11. Starting and ending test runs 

11.1. Before starting the test run, the operators must check the detectors. 
11.2. Recording time will be begun when the team leader will give a whistle as the signal of 

starting the test run. 
11.3. Ending the test run: The team leader will give a whistle as the signal of ending the test run. 

The ending time will be recorded at this moment. 
 
12. Refueling and Recharging 

12.1. The refueling and recharging must be done by individual participants under the observation 
of CMAC/evaluator. 

12.2. Each machine will be refueled after the completion of each test lane. 
12.3. The refueling will be recorded by CMAC. The amount of fuel used will be recorded for 

subsequent analysis. 
12.4. For those responsible for refueling, see Point on Duty Personnel. 
12.5. The fuel drums will be located at the test area for convenience. 

 
13. Post-Run Checks, Records and Evaluation 

13.1. The team members will check the processed lanes to verify the rate of detection of the 
targets. 

13.2. The Team Leader with Assistant (deminer) will collect the data and record on the Evaluation 
Sheet. 

13.3. The Project Manager will double-check the Evaluation Sheet to make sure it is completed 
properly. 

13.4. The Project Consultant (Local) will follow the maintenance of the detectors after test and 
complete a Maintenance Evaluation Sheet. 

13.5. The Project Consultant (Local) will collect and maintain all Evaluation Sheets for analysis. 
 
14.     Prohibited matter for the Participants and Visitors 

14.1. CMAC prohibits that the Participants and Visitors enter into the test lane during test and 
evaluation except in case of some trouble of the detector and/or operation for detector etc. 

14.2. The Project Manager can allow entering the Participants if there are some troubles of the 
detector. 

14.3. CMAC can not accept major remodeling of the detector (for example fully changes of 
sensor and so on) during test and evaluation because CMAC must carry on in consistency 
with test concept. 

14.4. CMAC will not accept to make a replacement of CMAC operator except in his bad health 
condition or unexpected occurrence. 

 
15.    The Participants 

15.1. Ensure that the detectors are in good operating conditions prior to the test. 
15.2. Conduct the after-test daily maintenance of detectors. 
15.3. Prepare daily and maintenance reports. 
15.4. Strictly observe the safety requirements and test schedule. 
15.5. Must follow the instruction of the Project Manager and “written oath” rule. 

 
16.    External Observers 

16.1. CMAC can bring in external observers to observe the test and evaluation process and     
provide advice on the process. 

16.2. If the Participants wish to bring visitors to observe the tests of their machines, they must 
inform the Project Manager in advance. These visitors will be under the guidance of the 
Project Manager. 

17. Security 
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17.1. The Project Manager and Project Assistant will make all necessary arrangements to ensure 
good security during the test days and security of all properties during the night times, both 
at parking area and the test lane area. 

17.2. In case there is a special requirement by the Participants to safeguard their properties, the 
concerned Participants must notify the Project Manager. 

 
18. Accidents and incidents 

18.1. In case there is an accident, the field medic will provide emergency treatment. 
18.2. The field medic will make the decision, depending on the seriousness of the injury, to keep 

the victim at CMAC accommodation, transport him/her to hospital, or call the helicopter to 
transport the victim to the Emergency hospital in Battambang. 

18.3. If the victim is required to be taken to Emergency Hospital in Battambang, the Project 
Manager will contact the Helicopter company. Please refer to the list of contacts attached. 

18.4. When there is an accident involving the area of test, the Project Manager will call off the 
test if necessary. The test will resume only when the Project Manager sees it fit. 

18.5. Team members must have full PPE and metal detector prepared for any emergency 
situation during test. 

 
19. Weather Condition 

19.1. In case the weather is not favorable for the test, such as raining, lightning, flooding, etc. the 
Project Manager will discuss with the Consultants whether to conduct or suspend the test. 

 
20. Medical Service 

20.1. The field medic will ensure that sufficient medical equipment is in place to ensure a good 
medical response in case of need. 

20.2. The ambulance must stand close to the test area in good working condition at all times 
during the test runs. 

 
21. Visitors 

21.1. All visitors must be accompanied by the Project Manager or appointed Officer at all times. 
21.2. During the test, the visitors will stay within the safe area indicated by the Project Manager. 
21.3. The Project Manager or appointed Officer will provide safety briefing to the visitors prior to 

visiting the test areas. 
21.4. The Visitors must wear the Visitor Pass at all times when on test site. 
21.5. The Project Assistant must ensure that some necessary personal gear is available for the 

visitors: boots, raincoats, PPE. 
21.6. Although it is at their own risk, Visitors (including the Participants) can use photo tower for 

better view. 
 

22. Breaks 
22.1. During the test days, lunch break for all team members will be allowed only after all the test 

runs are completed. 
22.2. The duration of the lunch break is one and half hour. After the break, work will resume to 

conduct checks on the processed lane. 
 
23. Damages 

23.1. If the test causes damages to the detectors but the detectors can still operate, the test will 
continue till the end of the test day. 

23.2. If the detectors cannot operate due to some serious damage or malfunctioning, the Project 
Manager will discuss with the Consultants what steps to be taken. 

 
24. Detectors Out Of Order 

24.1. If the detector cannot operate due to some serious damage or malfunctioning before the 
test begins, the Project Manager will discuss with the Consultants what steps to be taken. 

 
 
25. Chain of Command 

25.1. The whole test process will be under the command of the Project Manager. 
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25.2.   All requests, concerns or questions from CMAC staff must be directed to the Project 
Manager. 

25.3.   The Participants can communicate with the Project Manager directly or through the JICS 
Consultant. 

 
26. Duty Personnel 

26.1. Time keeper: 1 for each detector to be appointed by Project Manager. Equipment: 1 
stopwatch. 

26.2. Starting signal: Given by the Team Leader. Equipment: 1 whistle. 
26.3. Ending signal: Given by the Team Leader. Equipment: 1 whistle. 
26.4. Refueling assistants: 2 operators. 
26.5. Video Cameraman: 2 
26.6. Fixed photo cameraman: 2 
26.7. Security around the test area: security guards 
26.8. Temperature and humidity checker: The Project Assistant. Equipment: 1 thermo-hygrometer 

(Sato PC 5100). 
26.9. Evaluator: Roath Kanith (Consultant). Form: Test and Evaluation Sheet. 
26.10. Visitor handling: Project Manager. Equipment: safety signs, Visitor Pass. 
26.11. Safety distance manager: Project Manager. Equipment: safety signs. 
26.12. Request handling: Project Manager and JICS Consultant 
26.13. Medical service: Dr. Chea Rithy Equipment: 1 ambulance. 
26.14. General logistics: Project Assistant. Equipment: 1 pick up truck. 
26.15. Personnel or individual with no specific duty are not allowed in the test area. 
26.16. Team members both Khmer and Foreigner are not allowed to venture for interest or 

observation of another participant’s test area. 
 
27. Communication 

27.1. UHF 
All Participants (including Project Manager and JICS)      Channel 2 

27.2. VHF 
Tohoku University:  Channel 4 
 
Univ. of Electro Communications 
Tokyo Institute of Technology       Channel 5 

                           TAU GIKEN 
 
CMAC:    Channel 3 (including Project Manager) 

 
 
Helicopter Emergency Contact List 

 POSITION LOCATION PHONE 
DAVE  TAYLOR SENIOR  PILOT SIEM  REAP 012 584 103  
GLEN  WADSWORTH PILOT 

 
SIEM  REAP 012 333 752 

016 839 565 
KEVIN  TRELOR GENERAL  MANAGER PHNOM PENH 012 735 216 
MALEE  CHAN (KHMER) OFFICE  MANAGER PHNOM PENH 012 862 230 
NEN  NY          (KHMER) OFFICE  STAFF SIEM  REAP 012 791 724 
SOTHY CHHAY (KHMER) OFFICE  STAFF SIEM  REAP 012 625 324 
KUNTHEA SIM(KHMER) OFFICE  STAFF SIEM  REAP 012 798 211 

 
 

OFFICES 
 

 PHONE FAX 
PHNOM PENH HEAD OFFICE 023 213 706 023 213 706 
SIEM REAP OFFICE 012 814 500 063 963 316 
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ANNEX 3 
CMAC PROJECT MEMBERS IN PICTURE 

 
   

Name: Mr. Mong Sokunthearath 
Position: Project Manager 

Name: Mr. Hean Savy 
Position: Project Assistant 

 
   

Name: Mr. Chea Vannak 
Position: Driver 

Name: Mr. Duk Kong 
Position: Driver 

 
  

Name: Mr. Pum Phally 
Position: Brush Cutter Operator 

Name: n/a 
Position: Worker (part time) 

 
 

CMAC deminers and Interpreter with Japanese manufacturer 
 


