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1. Introduction  

1.1 Problem Statement 

Landmines and unexploded ordnances are tragic and severely dangerous fallouts of war.  The 

exact number of forgotten landmines in the world is unknown; however, estimates claim that 

there are approximately 70 million landmines and unexploded ordnances buried in more than 80 

countries around the world.  These devices can remain active for more than 50 years after they 

have been planted. Every 22 minutes someone is killed or maimed from a landmine or 

unexploded ordnance. As a result of landmines, there are 26,000 casualties a year. For every 

mine that is cleared, there are about twenty to fifty new mines planted. The most dangerous 

aspect of this tragedy is that these landmines are located in developing countries near indigenous 

cultures that are not educated or aware of the danger that these mines pose [1]. 

1.2 Motivation 

Over the past couple of years, there has been an   increased effort world-wide between 

government agencies and non-government agencies to rid the world of landmines. The 

International Campaign to Ban Landmines (ICBL) is a network of more than 1,200 non-

governmental organizations (NGO) in 60 countries working for a global ban on landmines and 

cluster munitions. In 2006-2007, great progress was made towards the elimination of 

antipersonnel mines.  The use of antipersonnel mines continues to decline, ongoing use by two 

states was confirmed in May 2006 (Myanmar/Burma and Russia).  In the ninth edition of the 

Landmine Monitor Report, six State Parties completed destruction of their stockpile of 

antipersonnel mines with only 10 States still having stockpiled landmines.  In 2006, over 500 

square kilometers of contaminated land was cleared and several mine action programs adopted 

new methods to increase future productivity.  One of the most interesting facts is that landmine 

risk education reached 7.3 million people to protect them from the dangers of mines and 

unexploded ordnances. Casualties continued to fall to 5,571 in 2006 (16% less than in 2005) as a 

result of such effort [1]. 

1.3 Literature Survey 

In order to decrease the number of casualties, the International Campaign to Ban Landmines 

monitors regimes for the Mine Ban Treaty, which has been included in Appendix A. The Mine 

Ban Treaty consists of 22 articles, and the countries that have joined it vowed to follow. The 
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treaty was put in place as a means to end the casualties and death due to anti-personnel 

landmines. The general concept is to have all the countries agree on never using, develops, or 

encouraging the use of anti-personnel landmines. It also states that in a certain amount of time, 

the countries that had acceded to the Treaty have to destroy the landmines that remain within 

their land [2]. 39 countries have refused to sign the treaty; out of these 39 countries 13 are known 

to reserve the right to reproduce anti-personnel landmines. These 13 countries are: China, Cuba, 

India, Iran, Myanmar, Nepal, North Korea, Pakistan, Russia, Singapore, South Korea, the United 

States and Vietnam. All this information can be found in the Landmine 2008 Global Release 

Presentation, presented by the ICBL [3]. Following, is a brief description of the 13 countries 

background and history with landmines. A brief picture and description of the different type of 

anti-personnel landmines that were developed or originated in these 13 countries can be found in 

Appendix B, followed by the specifications of each anti-personnel landmine in Appendix C. 

1.3.1 Russia 

There is no formal, civilian mine action program in Russia. It is heavily contaminated with mines 

and explosive remnants of war (ERW), left over from World War II as well as conflicts in the 

north Caucasus since the 1990s. There also is Unexploded Ordnance (UXO) in Russia 

comprising of bombs, mortars, grenades, missiles and other devices that fail to detonate on 

impact but remain volatile and can kill if touched or moved. 

Chechnya is heavily contaminated by mines and ERW. In 2008, Chechen officials estimated 24.5 

square kilometers of land is affectedðincluding 7.3 square kilometers of forest and 16.5 square 

kilometers of farmland. The total area in Russia needing clearance is 540,000 hectares. Mines 

continue killing and maiming people more than half a century after WWII ended. In the last 

seven years, eighty-four cases of mine/UXO incidents have been registered, with 167 people 

injured, and seventy-nine children killed in Russia and CIS. According to other data, between 

1992 and 1998 there were eighty-four accidents within the territories of former Second World 

War battlefields. Thirty-nine people died and sixty-seven were wounded (50% of the casualties 

were children). There have been a significant number of mine casualties in other parts of the 

Russian Federation, particularly in Chechnya [4, 5]. 

1.3.2 China 

China is one of the worldôs largest producers of anti personnel mines. China has placed 

antipersonnel mines on its borders with India, the Russian Federation, and Vietnam; which is 
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comprised of about 10 million mines. China has not laid new minefields in many years because 

there was no need, since there were no security problems with neighboring countries in the 

recent years. The total number of mine/ERW casualties in China between 1979 and 2000 was 

5,707 (4,208 survivors). The third largest cause of amputation in China result from landmines 

[5].  

1.3.3 USA 

The United States comes third in landmine stockpile after Russia, and China. It has 

approximately 10.4 million anti-personnel mines and 7.5 million anti-vehicle mines. Out of the 

10.4 million anti-personnel, 1.16 million are M14 and M16 anti-personnel mines, which are non-

self-destructing antipersonnel mines. The USA is allowed to use the M14 and the M16 for future 

wars against North Korea only, until 2010. Out of the 1.16 million, 580,000 are stored inside the 

country. USA also keeps a certain number in South Korea. The USA does not comply with the 

Mine Ban Treaty. The countryôs reason for not complying is stated as ñThe United States will not 

join the Ottawa Convention because its terms would have required us to give up a needed 

military capability.ò In 2007, the USA spent $84.23 million in mine action funding and $10 

million in war victim funds [5]. 

1.3.4 Cuba 

The United States and Cuba have both laid landmines around the U.S. Guantanamo Naval Base 

occupying Cubaôs southeast corner. Approximately 70,000 anti-personnel and anti-tank mines 

were planted at the beginning of 1961. According to the U.S. Department of Defense, Cuba has 

produced at least five different kinds of landmines, including three anti-personnel mines. 

Twenty-three people have been killed in Guantanamoôs mine fields since 1961, including 18 

U.S. servicemen and five Cuban asylum seekers. There were no known casualties in 1999 or 

2000. 

Cuba stated in the June 29, 1999 Caribbean Update that it will not remove its mines around 

Guantanamo to maintain their defense against foreigners [5, 6]. 

1.3.5 India 

India is contaminated with mines, mainly as a result of mine-laying by government forces on and 

near the northwestern border with Pakistan during the 2000-2001 stand-off between the two 

countries. The majority of minefields are located along the border where military operations take 

place. The locations of the minefields directly affect more than 6,000 families across 21 villages. 
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The mines were laid on cultivated land and pasture, and around infrastructure and a number of 

villages.  

India has no civilian mine action program and no structured mechanism to address the problem 

of mine clearance. Therefore, mines continue to pose a threat for civilians. Casualties continue to 

rise as people carry out day to day activities, such as collecting firewood, shepherding and 

farming [5]. 

1.3.6 Iran 

In 2006, Iran expressed that due to their need for protection they couldnôt join the Mine Ban 

Treaty. ñDue to our expansive borders and problems resulting from narcotics and terrorist 

trafficking, our defense institutions are considering the use of landmines as a defensive 

mechanism.ò Iran had 40 casualties in 2007 of which 18 out of 22 end up in deaths. The 

casualties did not come from landmines developed by the country; rather it comes from other 

countries. Iran stated that since 1988, after the end of the Iran-Iraq war, it didnôt develop any new 

landmines. Iran has requested landmine maps to remove Iraqôs landmines from their soil [5]. 

1.3.7 North Korea 

North Korean mines have been found in Angola and Sudan, but there are no reports of recent 

transfers. North Korea admitted in 1998 that it had laid landmines in the Demilitarized Zone 

(DMZ) between the North and the South of the peninsula. The affected areas are reported to be 

marked and fenced- which allows civilians to be aware and warned of the locations of mines in 

an effort to avoid casualties. Removing mines planted on the Korean Peninsula is potentially a 

less laborious process than mine-clearing operations compared to other countries since, the exact 

location of the mines are known [5, 7]. 

1.3.8 South Korea 

In the 1950s, the US military and the military of the Republic of Korea setup a barrier system 

separating North and South Korea, this barrier includes about 2 million antipersonnel landmines 

in the 2.5 mile Demilitarized Zone (DMZ) and about 1 million landmines in the six mile long 

Military Control Zone.  Landmines in this barrier do not affect the U.S joining the Ottawa Treaty 

banning landmines, if South Korea were to join this treaty the landmines would remain 

underground for up to 20 years.  Antipersonnel mines are relatively cheap to produce and easy to 

plant but hazardous, costly and time-consuming to remove.  According to a United Nations 
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report, with present day technology it would take almost 1,000 years to rid the world of all 

landmines [8]. 

South Korea has provided details on its stockpile of antipersonnel mines stating a figure of 

407,800 antipersonnel mines including 382,900 non-self-destructing mines and 24,900 self-

destructing mines. The U.S stockpiles about 1.1 million non-self-destructing mines for use in any 

future war in Korea.  South Korea has done limited demining in the Demilitarized Zone but has 

concentrated on demining military bases in remote areas. In 2007 South Korea reported spending 

over half a million dollars on demining, using 50,000 soldiers to clear 169 squared kilometers 

[5]. 

1.3.9 Myanmar / Burma 

Landmines in Myanmar are concentrated on its borders with Bangladesh, India and Thailand, 

and in eastern parts of the country marked by decades-old struggles for autonomy by ethnic 

minorities. [9] The Thai-Myanmar border has nine provinces affected by landmines, with 542 

victims. The total surface area affected is 400 square kilometers encompassing 240 mined areas. 

[10] No humanitarian mine clearance programs exist in Myanmar/Burma. Some sporadic 

military clearance and village demining has been reported in previous years, but not in the 

current reporting period. [5] Myanmar/Burma is one of only 17 countries that abstained from 

voting on a United Nations resolution in 2005 to ban the use of landmines [11]. 

1.3.10 Nepal 

Nepal is affected by landmines, almost all antipersonnel, as well as by explosive remnants of war 

(ERW). The decade of civil war that ended in November 2006 left Nepal widely contaminated 

by Improvised Explosive Devices (IEDs). The Security Forces, which include both the Nepal 

Army and the Armed Police Force, laid 53 antipersonnel minefields and a further 300 or so areas 

are protected with command-detonated devices (including IEDs), as defensive perimeters around 

military installations, police posts, and infrastructure. The typical size of each minefield was 

between 10 and 20 square kilometers. As of June 2008, five of the minefields had been fully 

cleared, and three partially cleared. The Nepali Campaign to Ban Landmines have reported that 

there were at least 731 (196 people killed and 535 injured) new anti-personnel mine related 

incidents in 2003 [5, 12]. 
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1.3.11 Pakistan 

The Islamic Republic of Pakistan has not joined the Mine Ban Treaty; however, Pakistan 

continues to strictly adhere to a policy that ensures that no mine in its inventory will ever become 

the cause for civilian casualty. That is the nature of the Mine Ban Treaty. Since Pakistan has very 

long borders and is not protected by natural obstacles such as mountains, the use of landmines 

provides an important part of Pakistanôs self-defense strategy. This is why it is not possible for 

Pakistan to agree to the demands for the complete prohibition of landmines until another 

alternative is available.  Pakistan is one of a few countries that still produce landmines, since 

1997 Pakistan Ordnance Factories have produced detectable versions of hand-emplaced mines in 

order to comply with the Amended Protocol II.  In 2007 Pakistan said it had ñmet the deadlines 

to improve the specifications on delectability of mines ñ. The nine-year deadline for Pakistan to 

destroy all low-metal-content (non-detectable) mines was December 2007; it did not provide 

details as to how or when it met these requirements.  According to Landmine Monitor it is 

estimated that Pakistan has 6 million landmines in stockpile. In 2007 there were 271 casualties as 

a result of landmines, 177 of them being civilian and 94 were security forces.  

1.3.12 Singapore 

According to the United Nations Mine Action Service, landmines affect 60 countries and kill or 

injure about 15,000-20,000 people every year.  The United Nations has condemned the use of 

landmines as being un-humanitarian and pushed for a worldwide ban on the use of them.  In 

1997 the Mine Ban Treaty was passed which is an international agreement that bans 

antipersonnel landmines and has been ratified by 149 states, Singapore is not one of them.  As of 

2004 Land Mine Monitor report Singapore, was one of 15 countries that produce mines globally, 

which it did declare an indefinite export on landmines as of 1998.  A Singapore government 

representative stated ñlegitimate security concerns and the right to self-defense of statesò as the 

reason the country has not joined the Mine Ban Treaty (AKA Ottawa Treaty). [13, 14] 

1.3.13 Vietnam 

The Vietnam War ended over 25 years ago and to this day, people still see the effects of the war. 

Over 40,000 Vietnamese have been killed or injured by landmines since then.  Every 22 minutes 

someone around the world is killed or maimed by a landmine. Unexploded ordnance and buried 

landmines pose a daily threat to the people of Vietnam, particularly in the Demilitarized Zone or 

ñDMZò which is the area that separated North and South Vietnam. The problem facing the 
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government is that while it only costs $3.00 to lay a landmine it costs as much as $1,000 to 

remove one.  When landmines are removed they leave deposits of Agent Orange, a deadly toxic 

chemical that makes its way through the soil and into the water. 

The U.S Department of State provided Vietnam with $1 million worth of technically advanced 

equipment to clear unexploded ordnance and landmines in December 2006.  The equipment 

includes mine detectors, bomb locaters and personal protective equipment. Vietnam has received 

more than $30 million in U.S. assistance since 2000 for de-mining, mine education, and ongoing 

landmine impact survey.  Vietnam has had to deal with serious landmine problems from wars 

and conflicts between 1945 and 1991, which include the French-Indochina War and the Vietnam 

War. There is about 350,000-800,000 tons of unexploded ordnance and landmines that affect all 

provinces in Vietnam. The U.S. Agency for International Development helps provide long-term 

support to victims that have suffered injuries from landmines. With the help of the U.S. and non-

governmental organizations it is possible for the country to be free of landmines and unexploded 

ordnance by 2014 [15]. 
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2. Conceptual Design 

2.1 Overview 

The intention of this endeavor is to provide a safe and economical way to detect landmines in 

underdeveloped countries. Current efforts for locating land mines place a humanôs life at risk. 

With this platform the operator can stand at a safe distance while the platform scavenges the 

terrain for mines with the use of a remote control.   

2.2 Project Objectives 

¶ Scan terrain for landmines 

¶ Pinpoint location where landmine exists 

¶ Avoid Landmines once found 

2.3 Conceptual Designs  

Three conceptual designs were considered before moving forward with construction. The first 

concept consisted of a metal detector, a Ground Penetrating Radar (GPR), two electric motors, 

four spur gears, and the go-kart platform. A prototype metal detector was constructed in order to 

understand how a metal detector works and if it can be applied on a full scale on the go-kart. In 

Figure 1 below shows the circuit built for the prototype metal detector, to the left is the coil 

constructed to produce the inductance. The coil produced an inductance of 1424 µH, as seen in 

equation 1 below. 

ὒ=  
(0.752×7002)

(18×0.75 +40×4.5)
= 1424.42µH.    

The amount of inductance is proportional to the distance at which a metal detector will be able to 

detect metal. In order to determine if the metal detector is working an ammeter was connected to 

the circuit, if a metal object approached the coil the current in the circuit will decrease. The 

circuit was powered by 11 V at a constant current of 8.98 mA, when a metal object approached 

the coil the current dropped to 8.78 mA. 
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Figure 1: Prototype Metal Detector 

2.3.1 Conceptual Design 1 

In Figure 2 below is the first design chosen for the prototype. The battery which is located 

behind the metal detectors and in front of the motors powers the entire system which consists of 

the circuit, the metal detectors, and the electric motors. This concept was not executed due to the 

fact that the GPRôs price was out of the scope of this prototype.  

 

Figure 2: Conceptual Design 1 
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2.3.2 Conceptual Design 2 

The next concept that was analyzed as a potential prototype was the one shown in the figures 3 

and 4. For this concept the GPR was eliminated as were the standard metal detectors. In place of 

the standard metal detectors is a PVC pipe that surrounds the go-kart and wrapped around the 

PVC pipe is a coil which produces an inductance. In the center of the platform is the circuit 

which the coil is connected to and contains the microchip which detects metal.  This conceptual 

design was not chosen due to time constraints. The testing of a metal detector of this magnitude 

and size would take months and in order to isolate the metal frame from the metal detector. 

Insulation would have to be used in order for the metal detector to produce proper readings 

without detecting the frame it is mounted on.  

 

Figure 3: Conceptual Design 2 

 

Figure 4: Solid Work Drawing of Concept Design 2 
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In the rear of the platform there are two electric motors which will power the platform, these 

motors each produce 1/3 hp at 1800 rpm and the torque produced can be seen in the equation 

below  

Ὕ=
0.33 × 5252

1800
= 1 ὰὦ·Ὢὸ 

Since the torque that the motors produce is too small a set of four spur gears are implemented to 

increase the torque output, Figure 5 below shows a schematic of the setup of the gears. In order 

for the platform to successfully move the two motors must produce a total of 10 lb · ft  of torque, 

to achieve this amount of torque the gear set must have a gear ratio of 5:1. The driving gear 

which is attached to the motors has 12 teeth and the driven gear has 60 teeth giving us a ratio of 

5:1 and decreasing the engines speed from 1800 rpm to 350rpm. The calculations for 

determining this value can be seen in the following equation.  

ɤ=  
12

60 
× 1750 = 350 rpά. 

 

Figure 5: Spur Gear Design 

This concept was not executed due to the spur gears complexity. The spur gears would not mesh, 

due to the distance between shafts. In order to continue with this concept an idler gear would 

have to be installed to connect the two gears and a shaft would have to be constructed to connect 

the idler gear. All these extra parts would increase the weight of the platform, thus putting more 

loads on the motors. 
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2.3.3 Conceptual Design 3 

The third conceptual design considered, is similar to the second conceptual design in how the 

metal detector will be assemble. It featured a polyvinyl chloride (PVC) pipe embedding a 

transmitter and receiver coil within the pipe, and ground penetrating radar to view what the PVC 

pipe detected. The PVC pipe would surround the platform and a copper coil would be wrapped 

around the PVC pipe, producing an inductance. The difference between the second conceptual 

design and the third is the use of one motor to control the platform instead of two. The second 

motor would be used to control the steering of the platform. This concept had a link made by the 

1 inch by ¼ inch metal plate. This metal plate was bended to be screw with the steering links, as 

seen in figure 6. The plate is push in place by a hollow ñCò shape metal tube, positioned by the 

key in the key path (not shown in the figure). In front of the metal plate, is hold in position by a 

smaller metal plate attach to the electric motor shaft and the metal plate through the middle, as 

seen in figure 7.  

 

Figure 6: Metal Plate Link for Turning Motor  
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Figure 7: Metal Plate Link for Turning Motor Secured in Place 

2.4 Plastic Detector 

Not all landmines are made of metal; in fact most modern landmines are made out of plastic or 

wood. For this reason it was considered as part of the conceptual design to incorporate plastic 

detector into the platform. Two types of plastic detectors were considered for this platform, 

capacitive sensors and a seismic-wave system.  

The capacitive sensor is currently commercially available to the public. This sensor consists of 

two metallic electrodes place as an open capacitor in a feedback loop of high frequency. This 

layout creates a uniform field that shapes as an arc from positive electrode to the negative 

electrode. This uniform field is interrupted if a conductive material is placed in front of the 

sensor; attracting the field toward itself as seen in Figure 8. If a non-conductive material is place 

in front of the sensor not disturbance will be created on the field, but the non-conductive material 

will create an insulator between the places, and base on this property the sensor can detect which 

kind of non-conductive material is in front of it, as seen in Figure 9 [16].  
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Figure 8: Conductive Material in front of Plastic Sensor [16] 

 

Figure 9: Non-Conductive Material in front of Plastic Sensor [16] 

This plastic sensor is ideal for the platform due to its simplicity. Still it canôt be used in the 

platform because these sensors are for close range detection, such as manufacturing lines. The 

landmines are eight to 12 inches below the surface of the ground. 

The Georgia Institute of Technology developed a seismic-waves system that is a more efficient 

and complex method to detecting plastic with the purpose of detecting plastic landmines [17]. 

This technology s emits seismic wave that are capable of detecting and distinguishing plastic 

mines from the ground. As of 2003, the researchers have tested the technology in eight different 

government testing facilities. To mention a couple of testing facilities, the technology has been 

tested in frozen and template climates and proves to work efficiently [18]. Still this detector canôt 

be used in the platform both because is still in research and developing stages, and is not 

commercially available.  

2.5 GPR Detector 

The GPR was develop in 1972 and one of the many purpose developed for was precisely for the 

landmine detection [19]. The GPR system was considered to confirm the readings from the metal 

detector and the plastic detector. The GPR system sends pulses of radio-frequency 

electromagnetic energy through a transmitter towards the ground. These pulses will keep moving 

deeper into the ground unless the pulses bounce against an object, which will be reflected back to 

a receiving antenna. The reflected signal is then amplified and display in the screen through the 
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GPRôs software [20]. This system is very efficient, especially when it works along other 

detectors like a metal or plastic detector. But due to its complexity it is an expensive system. For 

a configuration of a GPR that will detect objects eight to 12 inches below the surface of the 

ground the quote given for the cost is nearly $21,000. Incorporating this system into the platform 

means that the final product of the platform will increase a lot more than expected. Therefore, 

third world countries will not be willing to do the investment. 

2.5 Constraints and Other Considerations  

Since this project was focused on efforts of locating mines in underdeveloped countries, factors 

such as price, mobility and ease of operation were the main concerns for the overall construction 

of the platform. The price of the platform was kept at a minimum so that not just government 

agencies or international organizations were the only ones able to obtain this platform.  Due to 

the placement of a large percentage of these landmines the mobility of the platform was a major 

factor in the design of the prototype. Since most of the landmines in the world are located in 

remote barren areas this platform must have the ability to traverse the rugged landscape. The last 

driving factor that was taken into consideration for this prototype was the ease of operation of the 

platform.  It was designed so that a person with minimal instructions and limited technical 

knowledge would be able to operate the platform. 
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3. Design Alternatives 

3.1 Overview of Conceptual Design Developed 

In this section, a review of three projects will be observed that are similar to and relate to the 

current project.  The technology and components used to create each project presented in this 

section will be reviewed in order to explain the approach and methods used to create such a 

project. While describing the system used for each design, block diagrams and pictures are 

shown to give a more complete idea of the possible approaches to the overall team project.   

3.2 Development of Robot Mine Detection System 

This project was developed by the Advanced Robotic Systems International. It was started in 

September 2003 and was completed in March 2006 [21]. Their reason for developing such a 

robot was the same as our own in which there has been a growing need for the removal of mines 

left over from previous wars all over the world. The robot was capable of overcoming rough 

terrain due to its enormous size. 

As previously stated, the growing need for the detection of mines in rough terrain was the main 

purpose for construction of this robot.  The design has a very unique approach in actually 

detecting mines by having two arms operated by remote control.  The first arm has a sensor for 

the actual detection of mines, while the second is to confirm the mines existence with tools that 

probe the ground without detonating the mine [21].   The arms are completely remote controlled.  

The robot body was developed in order to overcome virtually any rough terrain.  The robotôs 

body is box-shaped and is as large as a human being. The robot mobilizes by the use of wheels 

set up as a caterpillar track, similar to those used on tanks. The tracks are able to rotate up and 

down allowing the robot to keep moving forward while never allowing the body to tilt to its 

sides. 

As stated above, two robot arms were developed in order to sense the mines and confirm its 

existence.  The sensing arm used was a type of robotic arm known as a Selective Compliant 

Articulated Robot Arm (SCARA).  This type of arm allows a larger range of motion that enables 

a large area to be scanned at once and reduces the amount of vibrations being detected from the 

arm itself.   The sensors at the end of this arm use a unique method for mine detection: one 

sensor detects the distance from the robotic arm to the ground while the secondary sensor adjusts 

to the distance for detecting the mines in the ground. 
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This robot has certain key features that allow for overall and successful operation of detecting 

the mines shown in Figure 10.  The two robotic arms have their own robot controller which 

controls the overall movements of both arms.  The Robot Controller also monitors the distance 

sensor constantly with adjustments as needed by the user.  The same controller transmits data to 

what is known as a Search Display PC.  From the Search Display PC, there are two joysticks, 

each controlling their respective arm and sending the information back to the Robot Controller.  

Each arm is attached to a Crash Sensor, which makes sure the arms do not collide into anything 

while being controlled by the user.  The Mine Sensors and added GPS are connected to another 

terminal known as the Mine Sensor PC.  This terminal is where the location of the mines are 

detected and located. 

 

Figure 10: System Diagram [21] 

Figure 11 below shows the robot that was created to detect mines.  Its large size eliminates the 

need to move around sizable obstacles. 
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Figure 11: Robot Mine Detection System [21] 

3.3 Autonomous Mine Detection Robot for Humanitarian Demining 

This project was developed by Kenzo Nonami, a professor of the Department of Electronics and 

Mechanical Engineering of Chiba University located in Japan [22].  The purpose of the robot 

was to develop a method using robotics to demine areas currently using human analogs as a 

means for demining.  The demining system in most countries consists of humans locating the 

mines themselves; although the robot is currently intended for research purposes, it will serve as 

a form of demining in the near future. The use of this robot will then prevent the risk of putting 

human lives in danger for the detection and removal of landmines. 

The initial idea of the robot was proposed as one of three methods currently used for mine 

detection and removal.  The other two methods indicated were the human removal of mines and 

a mechanical method of removing mines.  The robotic approach is the third, which is mostly in a 

research point of view.  The robot had several versions with nicknames such as COMET-I, 

COMET-II, and COMET-III, with the latest being fully autonomous.  The body of the robot 

consists of six robotic arms set up in a shape of spider legs. 

While the overall function of the six robotic arms is to maintain stability, there are two arms in 

the front that also serve as mine detectors. The two arms use sensors that consist of a metal 

detector and a Ground Penetrating Radar (GPR).  The GPR used in the sensor is for clear 

imaging of the mines after the metal detector catches it.  Once a mine is detected, one of the two 
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arms spray paints the spot where the mine is located. The wheels attached to the bottom of the 

robot are caterpillar tracks; the robotic arms were used for balance in case the body tilts while 

traversing rough terrain.  The COMET-III was developed as a large robot which was gasoline 

powered in order to increase movement speed of the large robot.  

The overall control system of the robot consists of various miniature control systems working 

together in order to manage the movement, stability, and mine detection capabilities of the robot.  

Each control system, after determining its data, sends it to the Multitask Cooperative Control, 

which then transmits the data to a host computer thus revealing the image of the mine.  The 

systems seem to be independent of each other according to the hierarchy shown in Figure 3.  

 

Figure 12: System Control Hierarchy [22] 

 

Figure 12 shows the hierarchy representation of the various controls systems that are then 

transmitted to the Multitask Cooperative Control. Figure 13 shows the six-legged COMET III 

platform with all the sensor equipment.  
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Figure 13: COMET III Mine Detection Robot  [22] 

3.4 An Integrated Robotic System for Antipersonnel Mine System 

This project was a collaboration by research groups from various universities led by Eric Colon 

from the Robotics Centre at the Royal Military Academy in Brussels, Belgium [23].  The 

projectôs main purpose was to create a robot that could detect mines without the need of human 

intervention.  As stated in the other projects listed above, the need for such a robot was another 

purpose for the creation of this robot.  

With the purpose of eliminating the human need to locate and remove mines, this robot was 

developed for this task using similar methods as the other two projects mentioned above.  The 

approach of using Ground Penetrating Radar (GPR) and metal detectors as a means of 

determining the location of a buried mine is similar to the approach of the Comet III project. The 

difference with this robot, shown in Figure 14, is mainly the body, which uses a three-wheel 

system to move in all directions, making it an Omni directional platform.  In addition, the mine 

detection system was implemented into two other robots in order to test out how efficient each 

body would be in locating mines. 

Similar to other projects, the use for Ground Penetrating Radar and metal detectors to locate 

mines were the components chosen for the detection system.  The metal detector would be used 

to identify a spot where a mine is buried while the GPR would give a complete image of what 

the mine looks like.  The body varies in three forms, all of which are a three-wheel system.  The 
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wheels are similar to those found on small bicycles while the arms attached to them are SCARA 

robotic arms.  The positioning of the wheels allows for a full 360 degree rotation. 

 

Figure 14: Three-Wheel Robot [23] 

The robotôs system is setup as a hierarchy where the systems are processed with what is known 

as the HMI PC or also considered the Master PC.  Movement of the robot itself is operated via 

joystick, which is attached to the HMI PC.  The other two control systems known as the Location 

System and the Vehicle System delivers the data to the HMI PC.   

The Location System creates a map of an area and marks the location of mines found on this 

map.  Separate from the robot itself, it uses a camera that is able to see a colored ball that is 

mounted on the robot itself thus being able to create the map as the robot moves.  With each 

frame the camera sees, the image of the ball is extracted giving a calculated position of the robot 

itself. 

The Vehicle System is the actual robotic platform and mine detection system. The movement of 

the system is done by a microcontroller while the sensor answers to an Embedded PC on the 

robot.  The Embedded PC answers to the HMI PC. 
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4. Project Management 

4.1 Overview 

The first and most influential constraint is determined to be the time while the project is 

developed. The goal is to design a feasible prototype that can identify the location of landmines 

within two academic semesters. Up to the end of the first semester, all the progress has been 

limited to the literature survey and brainstorming of the desired project. A prototype using a 

BoeBot platform has already been achieved to have a scaled down simulation of the stated goals. 

The assembly and testing portion of the project has been addressed in the second semester. In 

which, each member will have several major tasks but will also support the other members with 

other tasks. 

4.2 Breakdown of Work into Specific Tasks 

The main tasks are the following: research, purchase, solid work design, assembly, 

programming, testing, and report. Ideally, each task will be completed before the next one is 

started and the team has been organized to follow such pattern, unless a deadline is not met. In 

such cases, the team then multi-tasks until caught up with the milestones. Within each task, each 

member has several subtasks that will be its major focus, but is not limited to only accomplishing 

that subtask. A detail project management display can be found in Appendix C. 

Research 

The research was divided into two main groups as shown below. The first group was the research 

done on the materials, item, devices, and services needed to fabricate the platform. The second 

group consisted of the survey done on previous work or countries affected by landmines.  

 

  



1. Research  

¶ Previous work done 

¶ Electric motor that will give a torque of 5 pounds-feet. 

¶ Best choice of battery 

¶ Motor controller 

¶ Metal detector 

¶ Ground Penetrating Radar 

¶ Plastic detectors 

¶ Terrain friendly tires 

¶ Platform remote control 

 

 2. Survey 

¶ Anti-Personnel Landmine in: 

o Russia 

o Myanmar 

o USA 

o China 

o India 

o Cuba 

o Iran 

o North Korea 

o South Korea 

o Viet Nam 

o Singapore 

o Nepal 

o Pakistan 
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Purchases 

The purchases depended on the research subtasks done on each item, device, and technology to 

be completed in order to be able to move on to the next step. 

Solid Work Design 

This task was subjected to many changes during the designing stages due to the fact that each 

subtask consisted of each component that needed to be added to the platform.  

Assembly 

This task is where all the ñhands-onò work was performed. The assembly task started from 

obtaining the desired platform to installing all the required sensors and components. 

Subtasks 

¶ Obtaining a Go-Kart 

¶ Removing the gas engine 

¶ Cutting the steering column and seat 

¶ Welding in needed supports 

¶ Installation of new electric motor 

¶ Assembling the metal detector 

¶ Installation of detectors and sensors 

¶ Installation of new tires for different terrains 

Programming 

The subtask consisted on preparing the program to: 

¶ Move the platform in Drive and Reverse 

¶ Turn the platform while moving in Drive or Reverse 

¶ The interface of the metal detector 

¶ The interface of the cameras 
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Testing 

The platform and the metal detector were tested in different types of soils, with the purpose of 

understanding how the system as a whole will behave in such terrains. 

¶ Test the program on the platform 

o Move forward and back 

o Turning commands  

¶ Test the platform in the sand 

¶ Test the platform in a rocky field 

¶ Test the platform in compressed soil 

4.3 Organization of Work and Timeline 

The original Gantt chart proposed at the beginning of this project can be seen in the figure below. 

This Gantt chart was oversimplified; it consisted of only 12 general tasks. The Gantt chart did 

not take into consideration any delays in shipping, conference attendances, or complications in 

the design. After many complications in almost all tasks, a new approach to the proposed time-

line was given. This new timeline can be seen in Appendix C. This new task includes the six 

tasks and the respective subtasks mentioned in section, 4.2. It also included the conferences 

members of team attended to gain a visual understanding of the days each member was absent.  

4.4 Breakdown of Responsibilities among Team Members 

The team is divided in two groups, the mechanical and electrical engineering students. The 

mechanical group is composed of Ramon Colon, Marco Hernandez, and Erin Silva. The 

electrical group is composed of Kenneth Berry and Michael Pinero. Even though the groups are 

well defined, both groups work together in all of the assembling tasks. As previously stated, each 

member has its major focus tasks, but assisted in others as well. A breakdown of the general 

tasks that each member performed is shown below. 

Ramon Colon: 

¶ Created and kept track of the project Gantt Chart 

¶ Searched an affordable GPR and plastic detector 

¶ Conducted research of the countries affected by landmines 

o USA, China, India, Cuba, Iran, and North Korea 

¶ Designed the sprocket 
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¶ Put together the 50% project completion report 

¶ Acquisition of braking motor 

¶ Installation of electric motor 

Marco Hernandez: 

¶ Located an efficient electric motor 

¶ Identified new terrain tires 

¶ Weld new pieces to frame 

¶ Concluded research of the countries affected by landmines 

o South Korea, Vietnam, Singapore 

¶ Removed all unnecessary parts of go-kart platform 

¶ Acquisition and installation of turning motor 

¶ Put together the 100% project completion report 

¶ Installation of PVC pipes for metal detectors 

Erin Silva: 

¶ SolidWorks drawings and Simulations 

¶ SolidWorks Structural Analysis 

¶ Weld new pieces to frame 

¶ Design of Spur Gears 

¶ Conducted research of the countries affected by landmines 

o Russia, Myanmar, Nepal, and Pakistan 

¶ Put together the 75% project completion 

¶ Installation of braking motor 

¶ Installation of PVC pipes for metal detectors 

Kenneth Berry: 

¶ Programming of the platform 

¶ Purchases 

¶ Design and Fabrication of Remote Control 

¶ Motor control circuit design 

¶ Installation of electric motor 

Michael Pinero: 
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¶ Design of metal detector 

¶ Calculations of electrical components 

¶ Helped with Conceptual Design for current Prototype 

¶ Designed Power and Control System 

4.5 Discussion 

As the project kept on developing, the team learned and realized many reasons for complications 

that were encountered. The complications that occurred could not be predicted based on our 

knowledge, which is one of the reasons the Gantt chart was modified several times. Some of the 

tasks appointed on the Gantt chart will not be seen in the end product because once the 

calculations were completed, it proved the system will work efficiently, but will still be taken 

into account as a result of the time spent during the project development. 
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5. Engineering Design and Analysis 

5.1 Static Analysis 

A static load analysis was implemented on the structure using COSMOS Works once the 

material was applied to the platform. Figure 15 shows the platform and the forces and restraints 

the platform will be under.  The static analysis will demonstrate the displacement deformation, 

design check, and the stress analysis of the platform.  

 

 

Figure 15: Static Load Design 

5.2 Force Analysis 

The forces on the outside perimeter of the platform are caused by the metal detector. The forces 

acting on the metal plate at the rear part of the platform is caused by the scooter motor which is a 

20 pound force. The forces acting in the middle plate is a 25 pound force which comes from the 

42 Volt battery, and the last force acting on the platform is towards the front, which is caused by 

the microcontroller, windshield wiper motor, power window motor, and the controller board 

amounting to 20 pounds of force. The restraints are placed at the front of the platform, which is 

where the front tires are located. The platform does not have any restraints in the back due to the 

fact that the shaft in the back, connecting the rear wheels, rotates and is not welded onto the 

platform compared to the front axle.  

Figure 16 below demonstrates the displacement the platform will go under when all the loads are 

applied onto it. As we can see, the maximum displacement will occur at the rear of the platform, 

where the highest amount of force is applied.  
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Figure 16: Displacement Deformation on Structure 

 

5.3 Stress Analysis 

The stress analysis provided the yield strength of the material, shown in Figure 17.  

 

Figure 17: Stress Analysis Results 

 



36 

 

The maximum value of the von Misses strength is at 6.367 1z07 N/m
2
 which is lower than the 

yield strength. This value can be seen in Table 1.  

Table 1: Material Properties 

Property Name Value Units Value Type 

Elastic modulus 2e+011 N/m^2 Constant 

Poisson's ratio 0.29 NA Constant 

Shear modulus 7.7e+010 N/m^2 Constant 

Mass density 7900 kg/m^3 Constant 

Tensile strength 4.2051e+008 N/m^2 Constant 

Yield strength 3.5157e+008 N/m^2 Constant 

Thermal expansion 

coefficient 

1.5e-005 /Kelvin Constant 

Thermal conductivity 47 W/(m.K) Constant 

Specific heat 420 J/(kg.K) Constant 

 

The stress analysis confirmed that the platform will not fail or be deformed since the von Mises 

value is less than the yield strength. Table 2 demonstrates the values of the study results once the 

stress analysis was complete. 

Table 2: Results from Stress Analysis Study 

Name Type Min  Location Max Location 

Stress1 
VON: von 

Misses Stress 

0.17921 

N/m^2 

(25.9163 in, -

0.25 in, -

5.56699 in) 

8.07346e+007 

N/m^2 

 

(-0.17101 

in, 

Node: 

36609  
Node: 35171 0.469846 in, 

   
-6.2105 in) 

Displacement1 

URES: 

Resultant 

Displacement 

0 m (26.25 in, 
0.0106869 m 

 
(8 in, 

Node: 661 0.433013 in, Node: 28108 3.5 in, 

 
-6.25 in) 

 
-60.288 in) 
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5.4 Material Selection 

The material of the go-kart was not known at the time it was purchased. Therefore, the 

assumptions the team took was to choose plain carbon steel. During the construction process, 

additional parts needed to be added to the platform performed by welding. Since metal can only 

weld with metal, the material selected for the additional plate added to hold up the motor was 

galvanized steel. No other material selections were needed as far as construction or structural 

design goes. 

5.5 Structural Design 

The engine chosen to power the platform is a 36 V electric motor that produces 1000 W 

(1.34HP) of power at 3000 rpm. The torque that the engine produces can be seen in equation 

below 

 T =
1.34 ×5252

3000
= 2.34 lb · ft .  

 Due to the weight that the platform is going to be subjected to, the initial torque of the engine is 

not going to be sufficient to move.  In order to increase the electric motors output of torque a set 

of sprockets and a chain are installed, the sprocket that is attached to the shaft of the engine has 

11 teeth and the mating sprocket has 44 teeth yielding a ratio of 4:1 and reducing the rpm to  

ɤ=  
11

44 
× 3000 = 750 rpm   

and increasing the torque to 

  T =
1.34 ×5252

750
=  9.38 lb · ft .  

Figure 18 and 19 shown below demonstrates a schematic of the prototype and a schematic of the 

sprocket with the chain that is used on the prototype. 
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Figure 18: Prototype Schematic 

 

Figure 19: Schematic of sprockets with chain 

The engine setup chosen for this design is made up of an electric motor, three 12 volt batteries, a 

motor controller, and a microcontroller.  In essence, the microcontroller is used to control the 

speed and direction of the electric motors but by itself this take cannot be accomplished.  The 

motor controller, which is the medium between the microcontroller and electric motors, helps in 

solving the power issues that would arise if the motors were directly connected to the 

microcontroller.  The electric motors need a voltage value of 36 volts in order to operate at full 
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capacity but since the microcontroller output voltage is only 5 volts, the motor controller helps in 

relieving this issue.  With the set of three batteries connected together to make 36 volts, the 

motor controller takes the input of the microcontroller and then amplifies it with the power 

coming from the batteries, giving the motors enough power to run properly. The electric motor is 

shown in Figure 20. 

 

Figure 20: Electric Motor  

5.6 Design Based on Static and Fatigue Failure Design Theories 

The factory of safety the analysis provided was at 4.7. This value represents the ratio failure load 

versus the design load. The minimum factor of safety is higher than expected because material 

was added to the original frame to place any extra parts necessary for the platform to run. The 

final prototype design entailed less amount of parts anticipated, therefore less forces are applied 

to the structure leaving the design with excess material. The design check can be seen in figure 

21 shown below. 

 

Figure 21: Results of Design Check  



6. Prototype Construction 

6.1 Description of Prototype 

For the assembly and construction of the prototype vehicle, much thought was put into which 

platform was going to be used. One of the doubts encountered was regarding the platform; will it 

be fabricated from scratch or will it be an existing platform to be modified into the standards 

needed? As stated previously, the platform chosen for our prototype is a go-kart. This platform 

was chosen based on factors such as money, time available to modify it, and knowledge as well 

as experience from the past working with this type of platform.   

6.2 Prototype Design  

The final prototype design chosen for the project was a platform that can move along rocky and 

dry land terrains. It is capable of detecting landmines using metal detectors made purchased from 

a local toy store. The metal detectors are mounted on polyvinyl chloride (PVC) pipe 2 feet from 

the chassis so that the metal from the frame does not interfere with the metal detectors. There are 

3 metal detectors mounted on the front of the platform and 2 are mounted on the left and right 

sides for a total of 5 metal detectors.  

The original platform, as shown in Figure 22, required alterations to reach the final design. The 

platform consisted of an internal combustion engine, a steering column and steering wheel, a 

chair, and four tires.  

 

Figure 22: Original Go Kart Frame  

Figure 23 shows the platform at the beginning of the alterations. The chair, steering wheel, and 

steering column were removed since the project goal is to locate landmines remotely and did not 

require an individual driving the platform. This procedure provided additional space for future 

components that may be needed for the project. 
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Figure 23: Platform Frame 

The next modification to the platform was the removal of the internal combustion engine. The 

metal plate on which the engine was bolted to was also removed given that the plate was too 

small for the conceptual ideas. A new plate was welded onto the structure supplying additional 

area that was not covered by the previous plate. Subsequently, the metal plate that originally held 

the engine was then welded onto the structure in order to hold the 36 volt battery needed to 

supply power to the new motor. The final chassis structure can be seen in Figure 24. 

 

Figure 24: Platform Frame after Welding 

One of the earlier design ideas consisted of an impact absorbing cushion placed underneath the 

platform. This idea, however, was not chosen because it is not a feasible option due to financial 
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restrictions and would not be completed under the timeline required. Figure 25 below shows a 

schematic of what the prototype looks like. 

 

Figure 25: Platform with Components 

This prototype design is a system that will contribute to the current world-wide efforts between 

government agencies and non-government agencies to remove landmines. It is an inexpensive 

design that will be remote controlled to survey the areas of interest. This prototype was designed 

specifically with third world countries in mind as a financially feasible alternative where human 

lives are not in harmôs way.  
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6.3 Part List 

Table 3: Part List of Prototype 

Description Vendor Purpose 

Go-Kart  Bought Used Frame 

Propeller Ed Kit -Propstick USB Parallax Circuit 

PropStick USB Parallax Circuit 

32K EEPROM DIP - LIF 32K EEPROM DIP 

24LC256 -I/P- ND 

Parallax Circuit 

LM2937ET-3.3-LF LM2937ET -3.3-LF Voltage 

Reg-LF 

Parallax Circuit 

XTAL HC -49US, 5MHz, 20pF - LF ECS-50-20-4 Parallax Circuit 

5V LDO Voltage Regulator-LF LM2940CT - 5.0 

Regulator 

Parallax Circuit 

Propeller DIP Plus Kit - LF Parallax Circuit 

2 axis joystick Parallax Circuit 

Propeller Plug Adapter pcb/cable Parallax Circuit 

IC Proximity Detector 8 Minidip  Digi-Key Circuit 

Conduct Tite 10 Gauge Red Primary Wire, 8 ft AutoZone Circuit 

AutoZone 16 Gauge Black Primary Wire, 30 ft AutoZone Circuit 

Scotch 3/4" Electrical Tape, 22 YD AutoZone Circuit 

Conduct Tite GM Internal Regulator Socket, EA AutoZone Circuit 

Conduct Tite Electrical Connectors, 20 CT AutoZone Circuit 

Conduct Tite Gold Plated Copper Female 

Terminal, 10CT 

AutoZone Circuit 

36 Volt 1000 Watt Motor with Mounting Bracket 

and 11 Tooth 8 mm 05T Chain Sprocket 

(MY1020)  

Monster Scooter Parts Driving 

Motor 

8mm 05T Chain Sprocket - 44 Tooth - 1-3/8" 

Mounting Hole Circle (x3 Holes)    

Monster Scooter Parts Driving 

Motor 

8mm 05B Open Loop Chain - 3 Feet with Master 

Link  

Monster Scooter Parts Driving 

Motor 

Dorman Window Lift Motor  AutoZone Brake Motor 

Brake 1in Bore Northern Tool 

+Equipment 

Brake Motor 

Nissan 300ZX Twin Turbo's Dorman Wind 

Shield Wiper Motor  

www.car-stuff.com Turning 

Motor 

Digital Metaldetector  ToysRus Detectors 

3/4 PVC CPLG Home Depot Detectors 

PVC Run Trap Home Depot Detectors 

PVC40 Pipe Home Depot Detectors 

EMT Strap  Home Depot Detectors 

Ball Bearing 1in Bore Northern Tool 

+Equipment 

Shaft 

Bearings 

http://store.monsterscooterparts.com/35chsp44to1m.html
http://store.monsterscooterparts.com/35chsp44to1m.html
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Tire Hubs 6in Bore Northern Tool 

+Equipment 

Tires 

Screws, Wachers, and Nuts Home Depot N/A 

 

6.4 Construction 

The go-kart purchased used an internal combustion engine. Since the engine cannot be controlled 

autonomously or remotely, it was removed and replaced by an electric motor. So the first step in 

our construction was to remove this engine and replace it with an electric motor. With the 

internal combustion motor removed the available space was analyzed to determine the placement 

of the circuits and sensors. One part of the go-kart that needed to be removed was the steering 

column, since this vehicle is not going to be operated by a person but rather remotely the space 

that the steering column was taking up was valuable so the steering column was cut off. The next 

step was to test fit the electric motor, there wouldnôt be sufficient space mounting the motor due 

to the chair being in the way and the steel plate where the old gas powered motor used to be was 

too small for the electric motor and sprocket setup. The chair was then cut off the vehicle to 

provide further space and the steel plate in the rear of the go-kart was removed to find a bigger 

replacement so both the electric motor and sprocket setup can fit. The current tires on the 

platform have excess wear and are slick tires with no tread so new all terrain tires where 

purchased. 

Before purchasing a new sprocket the existing gear needed to be removed. With the help of Mr. 

Zicarelli the mechanical brake was removed as was the gear attached to the driveshaft.  Due to 

the old grease the bearing, sprocket gear and drum brake were stuck in the shaft and special tool 

was needed. To remove the old grease sand paper and the solvent tank was used. The bearings 

where removed with a model 110 gear / bearing puller. The drum brake was spot welded into 

place. It was removed by using a manual lathe to shave down it in 10 mm to 50 mm steps, using 

a carbonate tool. The drum brake was also place with negative pressure, so after shaving off the 

drum brake the key and any excess weld was remove with a Mill Machine and a 0.25 in carbine 

end-mill.  With the old brake, bearing and sprocket removed the new parts can now be installed, 

Figure 27 below shows the driveshaft with the new bearings, sprocket and behind the sprocket 

the hub that was machined to mate the sprocket to the shaft. 
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Figure 26: Driveshaft with new parts 

After the new parts were installed on the driveshaft the electric motor was installed. As one can 

see from the calculations in step 3 a chain pitch of 0.315 inch. is needed and the length of the 

chain is 2 feet, due to this restriction the placement of the motor needed to be elevated. In order 

elevate the motor blocks of wood were used. Figure 28 shows the block of wood with the holes 

drilled for the screws that are used to secure the motor in place. From the displacement 

deformation analysis, the maximum displacement shows that it occurs at the rear section of the 

platform, where the block will be located. This block will help dampen the vibrations the motor 

generates to the structure, further reducing the displacement the analysis study showed. In figure 

29 one can see the electric motor setup on the blocks of wood with the chain and sprocket.  

 
Figure 27: Engine Block 
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Figure 28: Engine and Sprocket Setup 

With the drive train installed we now needed a way to be able to control the direction of the 

platform. In order for this to be accomplished we opted for using a windshield wiper motor from 

a Nissan.  The windshield wiper motor was mounted to the frame using an L-bracket. A shaft 

needed to be machined so the motor can be connected to the tie rods to be able to turn. A shaft 

was honed so the existing shaft of the motor can fit inside while the other end of the shaft was 

made smaller so it can fit inside the links of the tie rods and a screw was placed on the end of the 

tie rods to hold the connection in place.  When the wiper motor is in the neutral position (i.e. 

Front tires straight) it needs to rotate about 90
o
 left to turn left and 90

o
 right to turn right. This 

wiper motor is controlled remotely with a circuit designed specifically to handle this task, and 

connected to this circuit are two buttons which act as the interface with the turning motor turning 

the wheels left and right.  In Figure 30 below the circuit built to control the turning motor with 

the buttons can be seen. The circuit consists of a microprocessor, for this application a Propeller 

Education Kit from Parallax Inc. was used, a transceiver was used to send the signal from the 

buttons to the circuit connected to the turning motor.  
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Figure 29: Turning Motor Circuit  

In Figure 31 below is a schematic of the circuit for control the platform, metal detectors, and for 

braking and turning the platform.  The top circuit diagram is for controlling the platform, in the 

middle of the diagram is the Propeller microprocessor. The circuit diagram on bottom left is the 

circuit for controlling the turning motor and the braking motor. Finally, the circuit on the bottom 

right is the diagram for the metal detectors.  

 
Figure 30: Control Schematic 
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Controller 

The voltage regulator is operating at 5 volts, and then it turns on the lights. The capacitors 

separate the input/output from the ground. 

Antenna system: pin 0 sends and receives. The data is passing through pins 1,2,3,4 and sent to 

the antenna, while each pin has a pulse at a different width.  When the antenna receives input, it 

turns on the light emitting diode. 

The buttons connected to the microcontroller send a pulse at a pin while set at high, and when 

the pin is set at low the circuit is open. 

 The 10 K ohm resistors are serving as protection between the circuit and the ground.  

Braking and turning (Basic Stamp Unit) 

When a pulse is received from the antenna, the width of this pulse determines which 

preprogrammed turning motor will turn on. The ñHP25ôsò use the servoôs input and changes 

them into DC and turns the platform. 

Metal Detection 

Detection is accomplished through basic stamp which sends a signal at different widths assigned 

to each metal detector. The signal goes from the detector to the antenna and finally to the 

controller unit. 

Given Parameters: 

ὕὈὩὰὩὧὸὶὭὧ άέὸέὶ ίὬὥὪὸ= 0.625Ὥὲ ὕὈὈὶὭὺὩὛὬὥὪὸ= 1.0 Ὥὲ 

ὔὩὰὩὧὸὶὭὧ άέὸέὶ = 11 ὸὩὩὸὬ ὔὈὶὭὺὩ ὛὬὥὪὸ= 44 ὸὩὩὸὬ 

ὙὥὸὭέ= 4: 1 

=‫ὩὰὩὧὸὶὭὧ άέὸέὶ =‫Ὥὲ 3000 ὶὴά 

ὌὖὩὰὩὧὸὶὭὧ άέὸέὶ= ὌὖὩά = 1.34 Ὤὴ 

New Design Calculations: 

=‫έόὸ
ὔὩὰὩὧὸὶὭὧ άέὸέὶ 

ὔὈὶὭὺὩ ὛὬὥὪὸ
‫Ὥὲ =  

11

44
3000 ὶὴά = 750 ὶὴά 

ὝὩὥὧὬ=
5252 (ὌὖὩά)

‫έόὸ
=

5252 (1.34Ὤὴ)

750 ὶὴά
= 9.38 ὰὦz Ὢὸ 

The team concluded that since the platform does not need to move at high speeds this particular 

electric motor with the sprocket setup will be sufficient to achieve our desired speed.  

Sprocket Gear and Chain Calculations: 

Step 1: Service Factor 
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The service factor is used to compensate for the force on the chain created by the type of input 

power and the type of driven load. For the purposes of this project the input power is supply by 

an electric motor and the type of driven load is heavy shock. With this in consideration the 

service factor value taken from Table 13 Roller Chain Driven Service Factor, from the 

Machineryôs Handbook [24], is 1.5. Heavy shock is chosen because the drive shaft is not 

uniform. This was notice while the drive shaft was turning in the manual lathe while the brake 

drum was been shave down.  

ὛὊὛὩὶὺὭὧὩ Ὂὥὧὸέὶ= 1.5 

Step 2: Horsepower Designed 

ὌὖὈὩίὭὫὲ = ὌὖὝὶὥὲίάὭὸὸὩὨ ὛzὊ=  1.34 Ὤὴz 1.5 = 2.01 Ὤὴ 

Step 3: Chain Pitch and Small Sprocket Size for Single-Strand Drive 

By selecting horsepower rating higher than the horsepower designed, and within the input 

revolutions per minute, from Table 14 Horsepower Rating for Roller Chain Drives, from the 

Machineryôs Handbook, the following design can be consider a small sprocket gear with a roller 

chain pitch of 0.315 inch, a horsepower rating of 1.34 hp and 11 teeth.  

ὅὖὅὬὥὭὲ ὖὭὸὧὬ= 0.315 ὭὲὧὬ 

ὌὖὶὥὸὭὲὫ = 1.34 Ὤὴ 

ὔὩὰὩὧὸὶὭὧ άέὸέὶ= 11 

Step 4: Check Pitch and Small Sprocket Selection 

At this point of the calculations the maximum bore diameter is found for the design from Table 8 

Recommended Roller Chain Sprocket Maximum Bore and Hub Diameters, from the 

Machineryôs Handbook. With the chain pitch obtains from step 3 and Table 8 from the 

Machineryôs Handbook a bore diameter option should be choose. The mention table do not 

supply bore diameters for roller chain pitch less than 0.375 inch. Still this is not a problem, 

because the bore diameter for this design depends on the shaft of the electric motor which is 

0.625 inch. In the mentioned table there is only one option that has a max bore diameter equal to 

0.625 inches which is a sprocket gear of 12 teeth at a chain pitch of 0.375 inch.  

ὄὈ= 0.625 ὭὲὧὬ 

ὔὩὰὩὧὸὶὭὧ άέὸέὶ= 11 

ὅὖὅὬὥὭὲ ὖὭὸὧὬ= 0.315 ὭὲὧὬ 
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Since the chain pitch increase step 3 has to be repeated to make sure that the horsepower rating is 

still higher than the horsepower design. From table 14 of the Machineryôs Handbook with a 

chain pith of 0.375 gives a value of 2.47 hp for the horsepower rating, which is higher than 0.73 

hp. 

ὌὖὶὥὸὭὲὫ = 2.47 Ὤὴ 

The horsepower rating is the maximum horsepower that the sprockets can take before failing. 

The new value of horsepower rating gives a factor of safety of 4.94. 

ὊὕὛ=
Ὄὖὓὃὢ
Ὄὖὃὒὒὕὡ

=
2.47

0.5
= 4.94 

It is suggested to stay within the range of 1.2 and 1.4 for the factor of safety. If the factor of 

safety goes above 1.4 it means that more material than needed was used. This will be neglected 

since the only sprocket that doesnôt required customizing is the one selected. And the 

calculations will be continued. 

Step 5: Selection of Large Sprocket 

The torque desired is still 9.38 ὰὦ·Ὢὸ and the number of teeth for the electric motor sprocket is 

still 11 so the revolutions per minute of the drive shaft will remain at 750 rpm. This means that 

the ratio remains 1:4. The number of teeth of the large sprocket is just the multiplication of the 

ratio times the number of teeth of the small sprocket. 

ὔὈὶὭὺὩ ὛὬὥὪὸ=
‫Ὥὲ
‫έόὸ

ὔὩὰὩὧὸὶὭὧ άέὸέὶ =
3000

750
1z1 = 44 

6.5 Prototype Cost Analysis 

This report will cover the cost analysis for the first prototype and the next prototype to be built. 

Each cost analysis will cover the material cost and the labor work of the team members. 

During the period in which the first prototype was built the team had several lessons learned. For 

example, two motors were not used do to their lack of power and the company didnôt allow the 

team to return them, in addition, several materials were broken and had to be replaced. This had 

an impact in the final cost of building the prototype. Taking into account all the materials 

purchased, including those that were broken and replaced, the total cost for the prototype 

material was $1,844.93. The actual cost for the materials required for this prototype comes down 

to $1,246.00 when the broken and replaced materials are not included. The cost also decreases 

because the turning motor was donated. A detail break-down of the price of each item can be 

found in Appendix C.  
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The cost analysis of the payroll was based on the assumption that all five members of the team 

have a salary of $12.00 per hour. The team also received aid from two volunteers and two 

machinists from Florida International University. The machinists guided the team in the design 

of the sprocket hub and the turning motor shaft. Their salaries are $25.00 per hour, for the 

machinist assistant and $30.00 per hour for the main machinist. These salaries were also taken 

into account for the labor cost analysis of the project. Overall, the labor cost analysis calculated 

by Microsoft Project resulted in $15,770. Below in Table 2 a brief overview of the total time in 

hours and total payroll per main task is displayed. A detail version of this overview can be found 

in Appendix D. 

Table 4: Time and Cost Invested in First Prototype 

First Prototype 

Main Tasks Total     Time (hrs) Total   Payroll 

Meetings 20 $912.00 

Research 216 $2,592.00 

Purchases 6 $72.00 

Solid Work Design 180 $2,160.00 

Assembly 168 $2,016.00 

Machinery 38 $542.67 

Programming & 

Circuit 

76 $912.00 

Testing 23 $1,380.00 

50% Progress Report 88 $1,056.00 

75% Progress Report 136 $1,632.00 

100% Progress Report 48 $2,496.00 

 999 Hrs $15,770.67 

 42 Days  

 

6.6 Discussion 

The estimated cost of materials to repeat the same prototype comes down to $996.18. This is 

because a new electric motor go-kart was found. With this new go-kart the only new components 

are the turning motor and its attachment to the platform, as well as the metal detectors.  

The next prototype will not require time invested in advising and brainstorming meetings, 

research, machinery, and progress report, therefore, the cost of labor will decrease significantly. 

Also assembling and testing time will decrease. The only two main tasks that will increase are 
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the solid work design simulations and programming. This is due to the next generation prototype 

where the GPR will be implemented. See Table 3, for a brief overview of the labor cost analysis.  

With the electric go-kart and not taking into account the price of the GPR, the next prototype will 

cost 31% less than the first prototype. It will also be completed in 46% less time.  

Table 5: Estimated Time and Cost Invested for the Next Prototype 

Next Prototypes (Estimated) 

Main Tasks Total Time (Hrs) Total Payroll  

Meetings 0 $0.00 

Research 0 $0.00 

Purchases 3 $24.00 

Solid Work 

Design 

280 $3,072.00 

Assembly 40 $240.00 

Machinery 0 $0.00 

Programming & 

Circuit  

114 $504.00 

Testing 15 $900.00 

50% Progress 

Report 

0 $0.00 

75% Progress 

Report 

0 $0.00 

100% Progress 

Report 

0 $0.00 

 452 Hrs $4,740.00 

 19 Days   
 

The total cost of the next prototype, without taking into account the $20,935.00 GPR system, is 

estimated to be $5,736.18. This includes materials and labor work. Taking into account the GPR 

into the cost analysis, the next improved prototype will be $26,671.18. The cost overview of both 

the first and the next prototype can be found in Table 4 and a quote for the GPR can be obtained 

from Appendix E. 

Table 6: Cost Overview 

 

Current 
Prototype Next Prototypes 

Materials $1,246.00 $996.18 

Labor $15,770.67 $4,740.00 

Sub Total $17,016.67 $5,736.18 

GPR N/A $20,935.00 

Total $17,016.67 $26,671.18 
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7. Conclusion 

7.1 Conclusion 

The motivation for selecting this particular prototype was to have an uncomplicated, yet feasible 

innovative approach to locate landmines in third-world countries. The prototype comprises of 

all-terrain tires which helped the platform traverse rocky, sandy, muddy, and flat terrain. The all-

terrain tires will simplify one of the factors that were a driving force in designing the final 

platform.   

The prototype designed is powered by a scooter engine that controls the forward and backwards 

movement of the platform.  To control the direction of the platform a windshield wiper motor 

was used and in order to control the braking of the platform, a power window motor was utilized. 

Before the three motors were integrated onto the platform, each one was tested for accuracy and 

control.  

The assembly and disassembly of the final prototype is straightforward. Using basic hand tools 

such as adjustable wrenches, ratchets, and screwdrivers are sufficient to remove or replace each 

component. The prototype detects harmful devices, which can at any moment detonate. The 

prototype will have a positive impact on the environment because it will locate these devices and 

will further improve the lives of people that are located near or around a landmine field.  

Further improvements on this type of project would include a GPR system, a more sophisticated 

metal detector or a plastic detector, and the use an electric motor go-kart. On the current platform 

design, the improvements are to remove as much material necessary. 
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Appendix A. Mine Ban Treaty 

Convention on the Prohibition of the Use, Stockpiling, Production and Transfer of Anti-

Personnel Mines and on Their Destruction 

Preamble 

The States Parties,  

Determined to put an end to the suffering and casualties caused by anti-personnel mines, that 

kill or maim hundreds of people every week, mostly innocent and defenseless civilians and 

especially children, obstruct economic development and reconstruction, inhibit the repatriation of 

refugees and internally displaced persons, and have other severe consequences for years after 

emplacement,  

Believing it necessary to do their utmost to contribute in an efficient and coordinated manner to 

face the challenge of removing anti-personnel mines placed throughout the world, and to assure 

their destruction,  

Wishing to do their utmost in providing assistance for the care and rehabilitation, including the 

social and economic reintegration of mine victims,  

Recognizing that a total ban of anti-personnel mines would also be an important confidence-

building measure,  

Welcoming the adoption of the Protocol on Prohibitions or Restrictions on the Use of Mines, 

Booby-Traps and Other Devices, as amended on 3 May 1996, annexed to the Convention on 

Prohibitions or Restrictions on the Use of Certain Conventional Weapons Which May Be 

Deemed to Be Excessively Injurious or to Have Indiscriminate Effects, and calling for the early 

ratification of this Protocol by all States which have not yet done so,  

Welcoming also United Nations General Assembly Resolution 51/45 S of 10  

December 1996 urging all States to pursue vigorously an effective, legally-binding international 

agreement to ban the use, stockpiling, production and transfer of anti-personnel landmines,  

Welcoming furthermore the measures taken over the past years, both unilaterally and 

multilaterally, aiming at prohibiting, restricting or suspending the use, stockpiling, production 

and transfer of anti-personnel mines,  

Stressing the role of public conscience in furthering the principles of humanity as evidenced by 

the call for a total ban of anti-personnel mines and recognizing the efforts to that end undertaken 
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by the International Red Cross and Red Crescent Movement, the International Campaign to Ban 

Landmines and numerous other non-governmental organizations around the world,  

Recalling the Ottawa Declaration of 5 October 1996 and the Brussels Declaration of 27 June 

1997 urging the international community to negotiate an international and legally binding 

agreement prohibiting the use, stockpiling, production and transfer of anti-personnel mines,  

Emphasizing the desirability of attracting the adherence of all States to this Convention, and 

determined to work strenuously towards the promotion of its universalization in all relevant fora 

including, inter alia, the United Nations, the Conference on Disarmament, regional organizations, 

and groupings, and review conferences of the Convention on Prohibitions or Restrictions on the 

Use of Certain Conventional Weapons Which May Be Deemed to Be Excessively Injurious or to 

Have Indiscriminate Effects,  

Basing themselves on the principle of international humanitarian law that the right of the parties 

to an armed conflict to choose methods or means of warfare is not unlimited, on the principle 

that prohibits the employment in armed conflicts of weapons, projectiles and materials and 

methods of warfare of a nature to cause superfluous injury or unnecessary suffering and on the 

principle that a distinction must be made between civilians and combatants,  

Have agreed as follows:  

Article 1 

General obligations 

Each State Party undertakes never under any circumstances:  

To use anti-personnel mines; 

To develop, produce, otherwise acquire, stockpile, retain or transfer to anyone, directly or 

indirectly, anti-personnel mines; 

To assist, encourage or induce, in any way, anyone to engage in any activity prohibited to a State 

Party under this Convention. 

Each State Party undertakes to destroy or ensure the destruction of all anti-personnel mines in 

accordance with the provisions of this Convention. 

Article 2 

Definitions 

"Anti -personnel mine" means a mine designed to be exploded by the presence, proximity or 

contact of a person and that will incapacitate injure or kill one or more persons. Mines designed 
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to be detonated by the presence, proximity or contact of a vehicle as opposed to a person that are 

equipped with anti-handling devices, are not considered anti-personnel mines as a result of being 

so equipped. 

"Mine" means munitions designed to be placed under, on or near the ground or other surface area 

and to be exploded by the presence, proximity or contact of a person or a vehicle. 

"Anti -handling device" means a device intended to protect a mine and which is part of, linked to, 

attached to or placed under the mine and which activates when an attempt is made to tamper with 

or otherwise intentionally disturb the mine. 

"Transfer" involves, in addition to the physical movement of anti-personnel mines into or from 

national territory, the transfer of title to and control over the mines, but does not involve the 

transfer of territory containing emplaced anti-personnel mines. 

"Mined area" means an area which is dangerous due to the presence or suspected presence of 

mines. 

Article 3 

Exceptions 

Notwithstanding the general obligations under Article 1, the retention or transfer of a number of 

anti-personnel mines for the development of and training in mine detection, mine clearance, or 

mine destruction techniques is permitted. The amount of such mines shall not exceed the 

minimum number absolutely necessary for the above-mentioned purposes. 

The transfer of anti-personnel mines for the purpose of destruction is permitted. 

Article 4 

Destruction of stockpiled anti-personnel mines 

Except as provided for in Article 3, each State Party undertakes to destroy or ensure the 

destruction of all stockpiled anti-personnel mines it owns or possesses, or that are under its 

jurisdiction or control, as soon as possible but not later than four years after the entry into force 

of this Convention for that State Party.  

Article 5 

Destruction of anti-personnel mines in mined areas 

Each State Party undertakes to destroy or ensure the destruction of all anti-personnel mines in 

mined areas under its jurisdiction or control, as soon as possible but not later than ten years after 

the entry into force of this Convention for that State Party. 
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Each State Party shall make every effort to identify all areas under its jurisdiction or control in 

which anti-personnel mines are known or suspected to be emplaced and shall ensure as soon as 

possible that all anti-personnel mines in mined areas under its jurisdiction or control are 

perimeter-marked, monitored and protected by fencing or other means, to ensure the effective 

exclusion of civilians, until all anti-personnel mines contained therein have been destroyed. The 

marking shall at least be to the standards set out in the Protocol on Prohibitions or Restrictions 

on the Use of Mines, Booby-Traps and Other Devices, as amended on 3 May 1996, annexed to 

the Convention on Prohibitions or Restrictions on the Use of Certain Conventional Weapons 

Which May Be Deemed to Be Excessively Injurious or to Have Indiscriminate Effects. 

If a State Party believes that it will be unable to destroy or ensure the destruction of all anti-

personnel mines referred to in paragraph 1 within that time period, it may submit a request to a 

Meeting of the States Parties or a Review Conference for an extension of the deadline for 

completing the destruction of such anti-personnel mines, for a period of up to ten years. 

Each request shall contain:  

The duration of the proposed extension; 

A detailed explanation of the reasons for the proposed extension, including:  

The preparation and status of work conducted under national demining programs; 

The financial and technical means available to the State Party for the destruction of all the anti-

personnel mines; and 

Circumstances which impede the ability of the State Party to destroy all the anti-personnel mines 

in mined areas; 

The humanitarian, social, economic, and environmental implications of the extension; and 

Any other information relevant to the request for the proposed extension. 

The Meeting of the States Parties or the Review Conference shall, taking into consideration the 

factors contained in paragraph 4, assess the request and decide by a majority of votes of States 

Parties present and voting whether to grant the request for an extension period. 

Such an extension may be renewed upon the submission of a new request in accordance with 

paragraphs 3, 4 and 5 of this Article. In requesting a further extension period a State Party shall 

submit relevant additional information on what has been undertaken in the previous extension 

period pursuant to this Article. 

Article 6 
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International cooperation and assistance 

In fulfilling its obligations under this Convention each State Party has the right to seek and 

receive assistance, where feasible, from other States Parties to the extent possible. 

Each State Party undertakes to facilitate and shall have the right to participate in the fullest 

possible exchange of equipment, material and scientific and technological information 

concerning the implementation of this Convention. The States Parties shall not impose undue 

restrictions on the provision of mine clearance equipment and related technological information 

for humanitarian purposes. 

Each State Party in a position to do so shall provide assistance for the care and rehabilitation, and 

social and economic reintegration, of mine victims and for mine awareness programs. Such 

assistance may be provided, inter alia, through the United Nations system, international, regional 

or national organizations or institutions, the International Committee of the Red Cross, national 

Red Cross and Red Crescent societies and their International Federation, non-governmental 

organizations, or on a bilateral basis. 

Each State Party in a position to do so shall provide assistance for mine clearance and related 

activities. Such assistance may be provided, inter alia, through the United Nations system, 

international or regional organizations or institutions, non-governmental organizations or 

institutions, or on a bilateral basis, or by contributing to the United Nations Voluntary Trust 

Fund for Assistance in Mine Clearance, or other regional funds that deal with demining. 

Each State Party in a position to do so shall provide assistance for the destruction of stockpiled 

anti-personnel mines. 

Each State Party undertakes to provide information to the database on mine clearance established 

within the United Nations system, especially information concerning various means and 

technologies of mine clearance, and lists of experts, expert agencies or national points of contact 

on mine clearance. 

States Parties may request the United Nations, regional organizations, other States Parties or 

other competent intergovernmental or non-governmental fora to assist its authorities in the 

elaboration of a national demining program to determine, inter alia:  

The extent and scope of the anti-personnel mine problem; 

The financial, technological and human resources that are required for the implementation of the 

program; 
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The estimated number of years necessary to destroy all anti-personnel mines in mined areas 

under the jurisdiction or control of the concerned State Party; 

Mine awareness activities to reduce the incidence of mine-related injuries or deaths; 

Assistance to mine victims; 

The relationship between the Government of the concerned State Party and the relevant 

governmental, inter-governmental or non-governmental entities that will work in the 

implementation of the program. 

Each State Party giving and receiving assistance under the provisions of this Article shall 

cooperate with a view to ensuring the full and prompt implementation of agreed assistance 

programs. 

Article 7 

Transparency measures 

Each State Party shall report to the Secretary-General of the United Nations as soon as 

practicable, and in any event not later than 180 days after the entry into force of this Convention 

for that State Party on:  

The national implementation measures referred to in Article 9; 

The total of all stockpiled anti-personnel mines owned or possessed by it, or under its jurisdiction 

or control, to include a breakdown of the type, quantity and, if possible, lot numbers of each type 

of anti-personnel mine stockpiled; 

To the extent possible, the location of all mined areas that contain, or are suspected to contain, 

anti-personnel mines under its jurisdiction or control, to include as much detail as possible 

regarding the type and quantity of each type of anti-personnel mine in each mined area and when 

they were emplaced; 

The types, quantities and, if possible, lot numbers of all anti-personnel mines retained or 

transferred for the development of and training in mine detection, mine clearance or mine 

destruction techniques, or transferred for the purpose of destruction, as well as the institutions 

authorized by a State Party to retain or transfer anti-personnel mines, in accordance with Article 

3; 

The status of programs for the conversion or de-commissioning of anti-personnel mine 

production facilities; 
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The status of programs for the destruction of anti-personnel mines in accordance with Articles 4 

and 5, including details of the methods which will be used in destruction, the location of all 

destruction sites and the applicable safety and environmental standards to be observed; 

The types and quantities of all anti-personnel mines destroyed after the entry into force of this 

Convention for that State Party, to include a breakdown of the quantity of each type of anti-

personnel mine destroyed, in accordance with Articles 4 and 5, respectively, along with, if 

possible, the lot numbers of each type of anti-personnel mine in the case of destruction in 

accordance with Article 4; 

The technical characteristics of each type of anti-personnel mine produced, to the extent known, 

and those currently owned or possessed by a State Party, giving, where reasonably possible, such 

categories of information as may facilitate identification and clearance of anti-personnel mines; 

at a minimum, this information shall include the dimensions, fusing, explosive content, metallic 

content, colour photographs and other information which may facilitate mine clearance; and 

The measures taken to provide an immediate and effective warning to the population in relation 

to all areas identified under paragraph 2 of Article 5. 

The information provided in accordance with this Article shall be updated by the States Parties 

annually, covering the last calendar year, and reported to the Secretary-General of the United 

Nations not later than 30 April of each year. 

The Secretary-General of the United Nations shall transmit all such reports received to the States 

Parties. 

Article 8 

Facilitation and clarification of compliance 

The States Parties agree to consult and cooperate with each other regarding the implementation 

of the provisions of this Convention, and to work together in a spirit of cooperation to facilitate 

compliance by States rties with their obligations under this Convention. 

If one or more States Parties wish to clarify and seek to resolve questions relating to compliance 

with the provisions of this Convention by another State Party, it may submit, through the 

Secretary-General of the United Nations, a Request for Clarification of that matter to that State 

Party. Such a request shall be accompanied by all appropriate information. Each State Party shall 

refrain from unfounded Requests for Clarification, care being taken to avoid abuse. A State Party 

that receives a Request for Clarification shall provide, through the Secretary-General of the 
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United Nations, within 28 days to the requesting State Party all information which would assist 

in clarifying this matter. 

If the requesting State Party does not receive a response through the Secretary-General of the 

United Nations within that time period, or deems the response to the Request for Clarification to 

be unsatisfactory, it may submit the matter through the Secretary-General of the United Nations 

to the next Meeting of the States Parties. The Secretary-General of the United Nations shall 

transmit the submission, accompanied by all appropriate information pertaining to the Request 

for Clarification, to all States Parties. All such information shall be presented to the requested 

State Party which shall have the right to respond. 

Pending the convening of any meeting of the States Parties, any of the States Parties concerned 

may request the Secretary-General of the United Nations to exercise his or her good offices to 

facilitate the clarification requested. 

The requesting State Party may propose through the Secretary-General of the United Nations the 

convening of a Special Meeting of the States Parties to consider the matter. The Secretary-

General of the United Nations shall thereupon communicate this proposal and all information 

submitted by the States Parties concerned, to all States Parties with a request that they indicate 

whether they favour a Special Meeting of the States Parties, for the purpose of considering the 

matter. In the event that within 14 days from the date of such communication, at least one-third 

of the States Parties favours such a Special Meeting, the Secretary-General of the United Nations 

shall convene this Special Meeting of the States Parties within a further 14 days. A quorum for 

this Meeting shall consist of a majority of States Parties. 

The Meeting of the States Parties or the Special Meeting of the States Parties, as the case may be, 

shall first determine whether to consider the matter further, taking into account all information 

submitted by the States Parties concerned. The Meeting of the States Parties or the Special 

Meeting of the States Parties shall make every effort to reach a decision by consensus. If despite 

all efforts to that end no agreement has been reached, it shall take this decision by a majority of 

States Parties present and voting. 

All States Parties shall cooperate fully with the Meeting of the States Parties or the Special 

Meeting of the States Parties in the fulfilment of its review of the matter, including any fact-

finding missions that are authorized in accordance with paragraph 8. 
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If further clarification is required, the Meeting of the States Parties or the Special Meeting of the 

States Parties shall authorize a fact-finding mission and decide on its mandate by a majority of 

States Parties present and voting. At any time the requested State Party may invite a fact-finding 

mission to its territory. Such a mission shall take place without a decision by a Meeting of the 

States Parties or a Special Meeting of the States Parties to authorize such a mission. The mission, 

consisting of up to 9 experts, designated and approved in accordance with paragraphs 9 and 10, 

may collect additional information on the spot or in other places directly related to the alleged 

compliance issue under the jurisdiction or control of the requested State Party. 

The Secretary-General of the United Nations shall prepare and update a list of the names, 

nationalities and other relevant data of qualified experts provided by States Parties and 

communicate it to all States Parties. Any expert included on this list shall be regarded as 

designated for all fact-finding missions unless a State Party declares its non-acceptance in 

writing. In the event of non-acceptance, the expert shall not participate in fact-finding missions 

on the territory or any other place under the jurisdiction or control of the objecting State Party, if 

the non-acceptance was declared prior to the appointment of the expert to such missions. 

Upon receiving a request from the Meeting of the States Parties or a Special Meeting of the 

States Parties, the Secretary-General of the United Nations shall, after consultations with the 

requested State Party, appoint the members of the mission, including its leader. Nationals of 

States Parties requesting the fact-finding mission or directly affected by it shall not be appointed 

to the mission. The members of the fact-finding mission shall enjoy privileges and immunities 

under Article VI of the Convention on the Privileges and Immunities of the United Nations, 

adopted on 13 February 1946. 

Upon at least 72 hours notice, the members of the fact-finding mission shall arrive in the territory 

of the requested State Party at the earliest opportunity. The requested State Party shall take the 

necessary administrative measures to receive, transport and accommodate the mission, and shall 

be responsible for ensuring the security of the mission to the maximum extent possible while 

they are on territory under its control. 

Without prejudice to the sovereignty of the requested State Party, the fact-finding mission may 

bring into the territory of the requested State Party the necessary equipment which shall be used 

exclusively for gathering information on the alleged compliance issue. Prior to its arrival, the 



65 

 

mission will advise the requested State Party of the equipment that it intends to utilize in the 

course of its fact-finding mission. 

The requested State Party shall make all efforts to ensure that the fact-finding mission is given 

the opportunity to speak with all relevant persons who may be able to provide information 

related to the alleged compliance issue. 

The requested State Party shall grant access for the fact-finding mission to all areas and 

installations under its control where facts relevant to the compliance issue could be expected to 

be collected. This shall be subject to any arrangements that the requested State Party considers 

necessary for:  

The protection of sensitive equipment, information and areas; 

The protection of any constitutional obligations the requested State Party may have with regard 

to proprietary rights, searches and seizures, or other constitutional rights; or 

The physical protection and safety of the members of the fact-finding mission. 

In the event that the requested State Party makes such arrangements, it shall make every 

reasonable effort to demonstrate through alternative means its compliance with this Convention. 

The fact-finding mission may remain in the territory of the State Party concerned for no more 

than 14 days, and at any particular site no more than 7 days, unless otherwise agreed. 

All information provided in confidence and not related to the subject matter of the fact-finding 

mission shall be treated on a confidential basis. 

The fact-finding mission shall report, through the Secretary-General of the United Nations, to the 

Meeting of the States Parties or the Special Meeting of the States Parties the results of its 

findings. 

The Meeting of the States Parties or the Special Meeting of the States Parties shall consider all 

relevant information, including the report submitted by the fact-finding mission, and may request 

the requested State Party to take measures to address the compliance issue within a specified 

period of time. The requested State Party shall report on all measures taken in response to this 

request. 

The Meeting of the States Parties or the Special Meeting of the States Parties may suggest to the 

States Parties concerned ways and means to further clarify or resolve the matter under 

consideration, including the initiation of appropriate procedures in conformity with international 

law. In circumstances where the issue at hand is determined to be due to circumstances beyond 
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the control of the requested State Party, the Meeting of the States Parties or the Special Meeting 

of the States Parties may recommend appropriate measures, including the use of cooperative 

measures referred to in Article 6. 

The Meeting of the States Parties or the Special Meeting of the States Parties shall make every 

effort to reach its decisions referred to in paragraphs 18 and 19 by consensus, otherwise by a 

two-thirds majority of States Parties present and voting. 

Article 9 

National implementation measures 

Each State Party shall take all appropriate legal, administrative and other measures, including the 

imposition of penal sanctions, to prevent and suppress any activity prohibited to a State Party 

under this Convention undertaken by persons or on territory under its jurisdiction or control.  

Article 10 

Settlement of disputes 

The States Parties shall consult and cooperate with each other to settle any dispute that may arise 

with regard to the application or the interpretation of this Convention. Each State Party may 

bring any such dispute before the Meeting of the States Parties. 

The Meeting of the States Parties may contribute to the settlement of the dispute by whatever 

means it deems appropriate, including offering its good offices, calling upon the States parties to 

a dispute to start the settlement procedure of their choice and recommending a time-limit for any 

agreed procedure. 

This Article is without prejudice to the provisions of this Convention on facilitation and 

clarification of compliance. 

 

 

Article 11 

Meetings of the States Parties 

The States Parties shall meet regularly in order to consider any matter with regard to the 

application or implementation of this Convention, including:  

The operation and status of this Convention; 

Matters arising from the reports submitted under the provisions of this Convention; 

International cooperation and assistance in accordance with Article 6; 
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The development of technologies to clear anti-personnel mines; 

Submissions of States Parties under Article 8; and 

Decisions relating to submissions of States Parties as provided for in Article 5. 

The First Meeting of the States Parties shall be convened by the Secretary-General of the United 

Nations within one year after the entry into force of this Convention. The subsequent meetings 

shall be convened by the Secretary-General of the United Nations annually until the first Review 

Conference. 

Under the conditions set out in Article 8, the Secretary-General of the United Nations shall 

convene a Special Meeting of the States Parties. 

States not parties to this Convention, as well as the United Nations, other relevant international 

organizations or institutions, regional organizations, the International Committee of the Red 

Cross and relevant non-governmental organizations may be invited to attend these meetings as 

observers in accordance with the agreed Rules of Procedure. 

Article 12 

Review Conferences 

A Review Conference shall be convened by the Secretary-General of the United Nations five 

years after the entry into force of this Convention. Further Review Conferences shall be 

convened by the Secretary-General of the United Nations if so requested by one or more States 

Parties, provided that the interval between Review Conferences shall in no case be less than five 

years. All States Parties to this Convention shall be invited to each Review Conference. 

The purpose of the Review Conference shall be:  

To review the operation and status of this Convention; 

To consider the need for and the interval between further Meetings of the States Parties referred 

to in paragraph 2 of Article 11; 

To take decisions on submissions of States Parties as provided for in Article 5; and 

To adopt, if necessary, in its final report conclusions related to the implementation of this 

Convention. 

States not parties to this Convention, as well as the United Nations, other relevant international 

organizations or institutions, regional organizations, the International Committee of the Red 

Cross and relevant non-governmental organizations may be invited to attend each Review 

Conference as observers in accordance with the agreed Rules of Procedure. 
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Article 13 

Amendments 

At any time after the entry into force of this Convention any State Party may propose 

amendments to this Convention. Any proposal for an amendment shall be communicated to the 

Depositary, who shall circulate it to all States Parties and shall seek their views on whether an 

Amendment Conference should be convened to consider the proposal. If a majority of the States 

Parties notify the Depositary no later than 30 days after its circulation that they support further 

consideration of the proposal, the Depositary shall convene an Amendment Conference to which 

all States Parties shall be invited. 

States not parties to this Convention, as well as the United Nations, other relevant international 

organizations or institutions, regional organizations, the International Committee of the Red 

Cross and relevant non-governmental organizations may be invited to attend each Amendment 

Conference as observers in accordance with the agreed Rules of Procedure. 

The Amendment Conference shall be held immediately following a Meeting of the States Parties 

or a Review Conference unless a majority of the States Parties request that it be held earlier. 

Any amendment to this Convention shall be adopted by a majority of two-thirds of the States 

Parties present and voting at the Amendment Conference. The Depositary shall communicate 

any amendment so adopted to the States Parties. 

An amendment to this Convention shall enter into force for all States Parties to this Convention 

which have accepted it, upon the deposit with the Depositary of instruments of acceptance by a 

majority of States Parties. Thereafter it shall enter into force for any remaining State Party on the 

date of deposit of its instrument of acceptance. 

 

 

Article 14 

Costs 

The costs of the Meetings of the States Parties, the Special Meetings of the States Parties, the 

Review Conferences and the Amendment Conferences shall be borne by the States Parties and 

States not parties to this Convention participating therein, in accordance with the United Nations 

scale of assessment adjusted appropriately. 
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The costs incurred by the Secretary-General of the United Nations under Articles 7 and 8 and the 

costs of any fact-finding mission shall be borne by the States Parties in accordance with the 

United Nations scale of assessment adjusted appropriately. 

Article 15 

Signature 

This Convention, done at Oslo, Norway, on 18 September 1997, shall be open for signature at 

Ottawa, Canada, by all States from 3 December 1997 until 4 December 1997, and at the United 

Nations Headquarters in New York from 5 December 1997 until its entry into force.  

Article 16 

Ratification, acceptance, approval or accession 

This Convention is subject to ratification, acceptance or approval of the Signatories. 

It shall be open for accession by any State which has not signed the Convention. 

The instruments of ratification, acceptance, approval or accession shall be deposited with the 

Depositary. 

Article 17 

Entry into force 

This Convention shall enter into force on the first day of the sixth month after the month in 

which the 40th instrument of ratification, acceptance, approval or accession has been deposited. 

For any State which deposits its instrument of ratification, acceptance, approval or accession 

after the date of the deposit of the 40th instrument of ratification, acceptance, approval or 

accession, this Convention shall enter into force on the first day of the sixth month after the date 

on which that State has deposited its instrument of ratification, acceptance, approval or 

accession. 

 

Article 18 

Provisional application 

Any State may at the time of its ratification, acceptance, approval or accession, declare that it 

will apply provisionally paragraph 1 of Article 1 of this Convention pending its entry into force.  

Article 19 

Reservations 

The Articles of this Convention shall not be subject to reservations.  
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Article 20 

Duration and withdrawal  

This Convention shall be of unlimited duration. 

Each State Party shall, in exercising its national sovereignty, have the right to withdraw from this 

Convention. It shall give notice of such withdrawal to all other States Parties, to the Depositary 

and to the United Nations Security Council. Such instrument of withdrawal shall include a full 

explanation of the reasons motivating this withdrawal. 

Such withdrawal shall only take effect six months after the receipt of the instrument of 

withdrawal by the Depositary. If, however, on the expiry of that six- month period, the 

withdrawing State Party is engaged in an armed conflict, the withdrawal shall not take effect 

before the end of the armed conflict. 

The withdrawal of a State Party from this Convention shall not in any way affect the duty of 

States to continue fulfilling the obligations assumed under any relevant rules of international law. 

Article 21 

Depositary 

The Secretary-General of the United Nations is hereby designated as the Depositary of this 

Convention.  

Article 22 

Authentic texts 

The original of this Convention, of which the Arabic, Chinese, English, French, Russian and 

Spanish texts are equally authentic, shall be deposited with the Secretary-General of the United 

Nations.  



Appendix B. Landmine Descriptions 
Table 7: Russia Anti-Personnel Landmine Description 

RUSSIA - Anti -Personnel Landmine 

  Markings:  Outline Description: Picture: 

PMN 

The mine may 

be black, 

green, or 

brown. The 

black and 

green mines 

have no 

markings. 

Markings may 

be found on 

the bottom 

side of the 

brown mine.  

The initiator assembly has a booster charge and a percussion fired 

primer-detonator. The mine contains a cocked firing pin. This is a 

delay-armed, pressure-fired, high explosive (blast) antipersonnel (apers) 

landmine.  
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MON-50   

The MON-50 is a copy based upon the US M18A1 claymore mine 

designed by the former Soviet Union. The MON-50 has a plastic body 

with rows of imbedded fragments on the side facing the target. Two 

variants exist, one with 540 steel ball bearing fragments, and the other 

with 485 cylindrical chopped steel wire fragments. The mine rests on 

two pairs of folding scissors-like legs. Because the mine can be 

articulated at the leg joints, the height of the fragment pattern can be 

adjusted. On the top center of the mine is a peep sight with a fuze well 

on either side. These fuze wells will accommodate a variety of fuzes, 

including tripwire, breakwire, and command detonation.  

 

IGS-50   

The IGS-50 is used to simulate patterns and rates of contamination for 

various CW agents. The munition is taped together. Personnel are 

required to be at least 50 meters from the mine when it is detonated, 

which implies an explosive dissemination of sorts. Another mine, IF, is 

larger (180 mm in diameter and 140 mm high).  
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IMPROVISED 

OZM  

The mine is 

OD green.  

During World War II, the former Soviets employed the improvised 

OZM bounding fragmentation mine with several mortar and artillery 

shells. These included the 120-mm mortar shell and the 122- and 152-

mm artillery shells. The shells were buried in the ground nose down. 

Under the nose was a UVK-1 pyrotechnic delay propelling charge with 

a flash tube leading to the ground surface. Initiation was accomplished 

by remote electrical firing, pressure, or tripwire activation. This 

initiation continued along the flash tube, which, in turn, ignited the 

propellant and delay element. The shell was ejected from the ground, 

and simultaneously the delay element burned. Detonation normally 

occurred 1.5 to 2.4 meters above ground, and the target was either 

personnel or a vehicle.  

 

KHF -2 

CHEMICAL  

The mine is 

OD green. The 

mine is 245 

mm high.  

The mine has an integral fuze well and an external power source. 

Externally, the KHF-1 resembles a bounding fragmentation mine. It 

consists of a cylindrical sheet-metal container containing a smaller 

cylindrical sheet-metal explosive unit. The external shell has a carrying 

handle and single groove through which the electrical detonating wire 

passes. A threaded metal plug closes the chemical filler hole on the top 

of the inner cylinder. Electrical initiation ignites the black powder 

propellant and a timed safety fuze. The safety fuze serves as a delay and 

ignites a second detonator, which explodes the chemical canister at a 

height of 4 to 8 meters. The area of contaminant coverage is 250 to 300 
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square meters (10 meter diameter).  

MON-90 

The mine is 

OD green or 

brown.  

The MON-50 and MON-90 are complementary antipersonnel weapons 

that project steel fragments within a 40/60 degree area of coverage. The 

MON-90 contains 2000 cylindrical steel fragments embedded in a 

plastic matrix in front of the explosive.  

 

MZ  

The case is 

painted olive 

drab.  

Although this mine is primarily a tripwire activated fragmentation mine, 

it can also be fuzed to operate as a pressure-actuated blast mine. In both 

instances, an antiremoval capability is possible. 
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OZM -160 

The case is 

painted olive 

drab .  

A subsequent development, the OZM with UVK-1, utilized any of a 

variety of artillery or mortar shells as the main charge. The OZM-160 

mine is a complete package with a standardized charge, an integral fuze, 

and a munition that is contained in a cylinder for simplified logistics and 

employment. Employment should not differ substantially from the 

techniques used with other bounding fragmentation mines. The OZM-

160 is one of the original OZM bounding fragmentation mines.  

 

OZM -4 
The mine case 

is OD green.  

The mine does have a fuze well but does not use a power source. The 

cylindrical OZM-4 bounding antipersonnel mine is the successor to the 

OZM-3. The OZM-4 is larger than the OZM-3 and does not have a 

secondary electrical fuze well as does the OZM-3. The mine consist of a 

cast-iron body, which is propelled into the air by the detonation of a 

small charge in the base of the mine. Detonation is normally 

accomplished from a tripwire fuze, but command-detonated (electrical), 

tension-release, or simple pressure fuzes could also be used. The height 

of explosion is determined by a lanyard attached to a base plate, which 

remains in the ground. This anchor wire functions the main explosive 

charge 0.6 to 0.8 meter above the ground. The ensuing fragmentation of 

the mine body results in a lethal radius of 15 meters.  
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OZM -72 

The case is 

OD green. The 

mine has one 

fuze well and 

can use an 

external power 

source.  

The mine is 171.45 mm high. The OZM-72 is the successor to the 

OZM-4 mine. Other than size, the primary difference found in the 

OZM-72 is a prefragmented sleeve contained in an outer body. 

Interestingly, the fragments are exactly the same as the chopped wire 

used in the former Soviet MON-50 directed fragmentation mine. 

Detonation is normally accomplished from a tripwire fuze, but 

command-detonated, tension-release, or simple pressure fuzes could 

also be used. Height of burst is determined by a lanyard packed in the 

base of the mine as in the OZM-4, but a secondary initiation system 

using a delay charge has been added. The ensuing fragmentation of the 

mine body results in the lethal radius of 25 meters - a former Soviet 

design standard. This mine is considerably larger than the M16A1 

which has a clamed lethal radius of 27 meters.  

 

PMD-57 
Painted Olive 

drab.  

The lid section is hinged to the lower box at one end and is designed to 

close over the lower box. In the armed position, the lid rests on a striker 

retaining pin at the end of the fuze. When pressure is applied, the lid 

removes the pin, beginning the initiation process. Probing for small 

"shu" type mines with their low pressure thresholds is a very hazardous 

operation. The PMD-57 is a wooden version of a box or "shu" mine 

with a two-piece case. The lower section is a rectangular wooden box 

housing the main TNT charge, the MUV-type fuze, and the detonator.  
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PMD-6 

The case color 

is natural 

wood.  

The lid section is hinged to the lower box at one end and is designed to 

close over the lower box. In the armed position, the lid rests on a striker 

retaining pin at the end of the fuze. When pressure is applied, the lid 

removes the pin, beginning the initiation process. Probing for small 

"shu" type mines with their low pressure thresholds is a very hazardous 

operation. This is a antipersonnel mine. The PMD-6 is a wooden 

version of a box or "shu" mine with a two-piece case. The lower section 

is a rectangular wooden box housing the main TNT charge, the MUV-

type fuze, and the detonator.  

 

PMD-6M   

The lid section is hinged to the lower box at one end and is designed to 

close over the lower box. In the armed position, the lid rests on a striker 

retaining pin at the end of the fuze. When pressure is applied, the lid 

removes the pin, beginning the initiation process. Probing for small 

"shu" type mines with their low pressure thresholds is a very hazardous 

operation. The PMD-6M is a wooden version of a box or "shu" mine 

with a two-piece case. In the PMD-6M mines a metal clip has been 

added to the interior of the box to prevent direct pressure loading of the 

"T" pin on the fuze until it is stepped upon.  
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PMD-7 
The case is 

natural wood.  

Some of these mines are equipped with a metal safety rod, which, when 

inserted into the lower wooden box, prevents the lid from contacting the 

striker retaining pin. The retaining pin may be wired to the ground as an 

antilift device. The box mine consists of a two-piece case. The lower 

section is a rectangular wooden box that houses the main TNT charge 

and the fuze-detonator assembly. The lid section is hinged to the lower 

box at one end and is designed to close over the lower box. In the armed 

position, the lid rests on the winged striker retaining pin of the MUV 

fuze.  

 

PMD-7TS 
The mine is 

natural wood.  

The mine functions the same as the PMD-6. The lid section is hinged to 

the lower box at one end and is designed to close over the lower box. In 

the armed position, the lid rests on a striker retaining pin at the end of 

the fuze. When pressure is applied, the lid removes the pin, beginning 

the initiation process. Probing for small "shu" type mines with low 

pressure thresholds is a very hazardous operation. The PMD-7ts is a 

variant of the PMD-6 wooden box mine.  
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PMM -3 

The mine is 

painted OD 

green.  

This metallic mine consists of a main charge container (bottom) and a 

pressure plate lid (top). An oval carrying handle is affixed to the center 

of the lid. A safety pin projects through a hole in the side of the lid and 

charge container and into the fuze assembly. This pin separates the 

striker and the percussion detonator. The fuze, which is screwed into the 

center of the main charge container, consists of an inverted U-shaped 

metal leaf spring, a striker, and a percussion detonator.  

 

PMM -5 

The mine is 

painted olive-

drab green. 

This box mine is divided into two compartments. One compartment 

houses a built-in spring-loaded striker pin and the other a 200-gram 

block of TNT. One end of the metallic case is open so that the main 

charge and percussion detonator can be inserted. The top and side 

surfaces of the main charge compartment are covered with a serrated 

fragmentation jacket. Pressure on the U-shaped pressure bar releases the 

spring-loaded striker and allows it to impinge on the MD-type 

detonator.  

 

PMN-2 
The mine is 

green or black.  

The former Soviet PMN-2 is a pressure activated antipersonnel blast 

mine and the successor to the PMN mine. The main improvement over 

the PMN is the incorporation of a blast resistant pressure fuze in the 

PMN-2. Additionally, the mine appears to be capable of mechanical 

emplacement. Due to several factors, including the small surface of the 

rubber cover X-shaped pressure plate and an integral baffle 

configuration, the mine is not susceptible to traditional explosive mine 
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countermeasures.  

POMZ-2 
The mine is 

OD green. 

The mine has one fuze well but no power source. The POMZ-2 is a 

fragmentation stake mine consisting of a serrated cylindrical cast-iron 

sleeve, a 75-gram TNT charge, a MUV-type tripwire fuze, and a 

wooden stake. This mine is normally employed in covering vegetation 

with the top of the mine approximately 30 cm above the ground with the 

tripwire attached to a fixed object. More than one mine can be attached 

to several tripwires, or several tripwires may be attached to one mine. 

Copies of this mine have been produced in China, former East 

Germany, and North Korea. The POMZ-2 differs from its successor, the 

POMZ-2M, in that it is heavier, has more serrations, and has a non-

threaded fuze well.  
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POMZ-2M 

The mine is 

OD green and 

is 107 mm 

high.  

The mine has one fuze well and no power source. The POMZ-2M is a 

fragmentation stake mine consisting of a serrated cylindrical cast-iron 

fragmentation sleeve, a 75-gram TNT charge, an MUV-type tripwire 

fuze, and a wooden stake. This mine is normally employed in covering 

vegetation with the top of the mine approximately 30 cm above ground 

with the tripwire attached to a fixed object. More than one mine can be 

attached to several tripwires, or several tripwires may be attached to one 

mine. Copies of this mine have been produced by numerous countries 

including China, former East Germany, and North Korea. The POMZ-

2M differs from the POMZ-2, its predecessor, in that it is lighter, has 

fewer serrations, and the fuze well is threaded to increase water 

resistively.  

 

PMK -40 

Painting and 

Markings are 

unknown.  

This is a pressure-actuated antipersonnel (apers) landmine.  
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OZM -3 

The painting is 

unknown, the 

mine is 

marked as 

shown.  

This is a high-explosive, fragmentation bounding antipersonnel (apers) 

landmine.  

 

PMP 

The mine may 

be olive drab 

with black 

markings.  

This is a pressure-actuated antipersonnel (apers) landmine.  

 

 

Table 8: China Anti -Personnel Landmine Description 

 

 

 

CHINA - Anti -Personnel Landmine 

  Markings:  Outline Description: Picture: 



83 

 

MODEL GLD 

112 

SCATTERABLE  

The case is light green 

This pressure-fuzed mine is pyrotechnically delay 

armed and inflicts nonlethal, lower limb injuries. 

The largest ground dispenser of GLD112 AP mines 

is the Type 1 modular pack dispenser (GBL330). 

This backpack system is loaded with five 

canister/launch tubes containing 80 Model 

GLD112 AP mines. The other man-portable 

dispenser for the GLD112 is the Type 2 (GBL331). 

This system contains a single canister/launch tube 

loaded with 30 Model GLD112 AP mines. The 

GLD112 AP mines can also be loaded within a 

number of different 122-mm minelaying rockets. In 

all rockets, the GLD112 mines are contained within 

parachute delivered canisters of 16 mines. The first 

minelaying rocket, Model GBL212BY, contains 

eight delivery canisters loaded with a total of 128 

GLD112 AP mines. A 15-km range minelaying 

rocket contains six delivery canisters loaded with 

96 GLD112 AP mines. The GLD112 is a 

scatterable AP mine that is dispensed from a 

number of man-portable and rocket dispensers.  
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Type 58 

Two noticeable 

differences from the 

original former Soviet 

version include the all 

black color and a 

slightly modified cover 

on the delay-arming 

device of the Chinese 

version. Any remaining 

features are identical to 

the original.  

Former Soviet manuals describing the PMN forbid 

troops to disarm this mine. They recommend that 

the mine be blown in place or exploded by 

mechanical means. This guidance has been 

demonstrated as sound by the number of fatalities 

associated with removal of the Type 58, and a 

variant produced by Iraq, from Iraqi minefields in 

Kuwait. Most fatalities occurred upon continued 

handling of mines with sand jamming the 

detonator/booster assemblies within the mine body. 

The Chinese variant of the former Soviet designed 

PMN antipersonnel mine is the Type 58.  

 

Type 59 

The mine is a natural 

color. The mine is 90 

mm wide and 65 mm 

high. 

The mine does not have a fuze well or power 

source. The Type 59 is a Chinese-produced 

wooden box mine. This mine is similar to the 

former Soviet-produced PMD-6 wooden box 

antipersonnel mine, except the entire fuze is 

contained in the box. The mine functions when a 

downward pressure on the raised lid of the box 

forces the lid down and a notch inside the lid pulls 

the release pin from the fuze.  
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Type 59 Stake The mine is OD green.  

A tripwire pull fuze/detonator assembly, Type 59 is 

copied directly from the basic MUV fuze, is 

threaded into the top of the body. The entire unit is 

set upon a wood-mounted stake. Stakemines, using 

an interconnected matrix of tripwires, are 

commonly encountered at AP minefields protecting 

fixed facilities such as airfields, depots, and troop 

locations. The mine produces approximately 200 

fragments of 1.0 gram or more in weight. The 

Chinese Type 59 antipersonnel mine is closely 

patterned after the former Soviet POMZ-2M.  

 

Type 66   

The Chinese Type 66 antipersonnel mine is closely 

patterned after the US M18A1 Claymore. This type 

of directed fragmentation mine is used for 

defensive and ambush purposes. In the front part 

are 600 steel spheres embedded in a matrix, with a 

plasticized explosive behind the spheres. The 

fragmentation face is convex horizontally to direct 

the fragments and concave vertically to control 

vertical dispersion. This type mine is normally 

command detonated with an electrically controlled 

detonator. However, it can be activated by a pull or 
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tripwire. 

Type 72B The case color is green. 

The Type 72 antipersonnel mine is a small, plastic-

bodied device that has seen widespread use in 

Afghanistan, Cambodia, Kuwait, and increasingly 

throughout Africa. While not expected to be 

encountered, there are two antidisturbance variants 

of the Type 72. The Type 72B uses a ball-in-cage 

mechanism to function solely as an antipersonnel 

mine and a boobytrap device. There have been 

reports that the Type 72C is very sensitive and can 

be detonated in the presents of magnetic mine 

detectors. The South African Non-Metallic 

Antipersonnel Mine, indigenously produced, is a 

direct copy of the Chinese Type 72.  
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Type 72C 

The green color is 

characteristic of other 

Chinese devices 

manufactured out of 

plastic 

The danger involved in minefield clearance where 

these mines are present is augmented by two 

related antipersonnel mines. China manufactures 

two devices, the Type 72B and Type 72C, which 

are externally identical to the Type 72 which is a 

simple pressure fuzed antipersonnel mine. The 

Type 72B has an electronic fuze, delay arms, has a 

functioning pressure fuze, detonates if moved, and 

has three selectable self-destruct settings. The Type 

72C has a mechanical fuze, delay arms, has a 

functioning pressure fuze, and detonates if moved. 

The Type 72C AP mine is a second "look-a-like" 

version of the Type 72 AP mine. It is intended to 

function both as an AP mine and as a boobytrap 

device.  
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Type 69 

The mine and fuze are 

olive drab. The mine 

may have Chinese 

character markings with 

an Arabic model 

number or may have no 

markings.  

This is a high-explosive, bounding, fragmentation, 

antipersonnel (apers) landmine using a 

pull/pressure-actuated fuze containing a spring-

loaded, cocked firing pin (cocked striker). It may 

be used as a nonbounding mine by installation of a 

fuze in lieu of the detonator retainer.  

 

CLAYMORE, 

TYPE 66 
  

This is a claymore type antipersonnel command-

detonated landmine.  

 

 

Table 9: USA Anti -Personnel Landmine Description 

 

 

US - Anti -Personnel Landmine 

  Markings:  Outline Description: Picture: 
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BLU-

92/B 

(GATOR) 

The aeroballistic 

adapter and mine 

case are olive 

drab. Each cover 

has a 51-MM 

(2.00-inch) yellow 

dot at its center.  

The mine is a metal cylinder which 

houses the electronic and warhead 

components. The cylinder is encased by a 

plastic aeroballistic adapter to enhance 

mine dispersion at release and reduce 

ground impact force by slowing free fall. 

A bore rider pin/housing is located 

slightly off-center on only one cover. The 

pin is retained in the compressed position 

by a bore rider retaining clip until 

release. The opposite cover is blank. 

Both covers have four tripline ports, 

located 90 degrees apart. The BLU-92/B 

(Gator) is an air-delivered, free-fall, bi-

directional electromechanically armed 

antipersonnel (apers) landmine. It is fired 

by tripline sensors or self-destruct timers. 

However, some units have an additional 

antidisturbance feature. This mine is used 

for rapid large-scale mining, with the 

potential of being delivered deep behind 

enemy lines. It is designed to disrupt and 

 



90 

 

disorganize troops, deny utilization of 

key areas, and thwart mine clearance 

operations.  

M14 

The M14 series 

mines are olive 

drab with 

identifying 

markings 

embossed in black 

on the base. The 

indicating arrow 

on the pressure 

plate and the 

M14 is a small minimum-metal 

antipersonnel blast mine. A modified 

version, M14E1, differs from the M14 

only in minor structural detail.  
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letters "A" and the 

"S" are yellow. 

M16 

The mine and fuze 

is painted olive 

green with 

markings 

stenciled in 

yellow. Inert 

mines and fuze 

are painted blue or 

olive green with 

markings 

stenciled in white.  

The M16 is a steel-cased bounding 

fragmentation anti-personnel mine, 

initiated by tripwire or pressure. The 

mine is externally identical to the 

M16A1, other than markings. M16A2 is 

similar, but has an offset fuze well. 

 

M16A2 

The mine and fuze 

is painted olive 

green with 

markings 

stenciled in 

yellow. Inert 

The M16A2 is a steel-cased bounding 

fragmentation anti-personnel mine, 

initiated by tripwire or pressure. The 

mine is externally similar to the M16 and 

M16A1, but has an offset fuze well. The 

main internal revision is the use of a 
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mines and fuze 

are painted blue or 

olive green with 

markings 

stenciled in white.  

single detonator and booster in place of 

the two used in earlier versions.  

M18 

The M18 mine is 

camouflaged 

green and brown.  

The figure shows the appearance and 

dimensions of the M18 landmine and 

accessories. These are directional, 

fragmentation, high explosive (HE) 

antipersonnel (apers) landmines which 

may be electrically or non-electrically 

initiated. They may be used as 

controlled-fired mines in offensive or 

defensive situations.  
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M2 

The mine and the 

firing device are 

painted olive drab, 

lusterless, except 

for the flange of 

the mine base, 

which is painted 

yellow and 

embossed with the 

type and model of 

mine, the lot 

number, 

manufacturers 

symbol, and date 

of loading.  

The mine consists of a base plate to 

which a short length of thin-walled 

tubing is welded, and to which a pipe 

nipple is threaded. The cavity in the base 

plate contains the propelling charge, 

which consists of 20 grains of black 

powder assembled in a small bag. The 

mortar tube, containing the fuzed shell, is 

sealed with a metal cap. Attached to the 

pipe nipple is a coupling into which is 

fitted the primer and igniter assembly 

(standard firing device base with a black 

powder igniter crimped in place). The 

primer is protected during handling and 

shipment by a metal cap. The firing pin 

assembly of the firing device is shipped 

separately in a tube, in the same box with 

the mine. The firing device used with this 

mine is Combination Firing Device M1. 

M2 is similar to a small mortar, and 

projects a shell about 6 feet in the air, 

where it explodes. Designed for use 
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against personnel, it has an effective 

radius of about 30 feet.  

M25 

The mine is OD 

green or sand 

beige.  

This mine is a copy of the Canadian 

C3A1, or ELSIE, antipersonnel mine. 

The mines pointed end is pushed into the 

ground so as only to expose the top 

portion of the mine. The shipping plug is 

removed and the charge assembly with 

safety clip is inserted into mine the body 

assembly. Once emplaced into the 

ground, the safety collar of the mine is 

removed to arm the mine. Mine will 

actuate when 7-12 kg force is applied. 
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Upon activation, an explosive charge will 

detonate sending an explosively formed 

penetrator upward. The M25 is an 

antipersonnel blast/shape-charge mine 

that was produced by the United States.  

M26 

The M26 mine 

body is anodized 

green with 

identifying 

markings 

stenciled in 

yellow on the 

upper part of the 

body.  

The figure shows the appearance and 

dimensions of the M26 landmine. The 

M26 landmine is a high-explosive (HE), 

bounding, fragmentation (frag), 

antipersonnel (apers) landmine with 

integral fuzing.  
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M3 

The mine body 

and the firing 

device are painted 

olive drab with 

the exception of 

the closing disc, 

which is yellow. 

The mine body is 

stenciled in black 

with type and 

model, lot 

number, and date 

of loading . 

The MINE, antipersonnel, M3 is a 

fragmentation type of land mine intended 

primarily for use against personnel. It 

consists of a cast iron block containing 

TNT and a firing device. It has an 

effective radius against personnel of 10 

yards when fired at the surface of the 

ground. The effective radius is slightly 

increased when the mine is used several 

feet above ground level, and is decreased 

when the mine is buried in the ground. 

Fragments of the mine may be thrown 

more than 100 yards and suitable 

protection should be provided for 

friendly personnel within this radius . 

 

M74 

The mine is olive-

drab. The lot 

number is 

stenciled in black 

on the mine case.  

Both covers have four tripline ports, 90 

degrees apart. This is a scatterable, bi-

directional, electromechanically armed 

antipersonnel (apers) landmine. It is fired 

by tripline sensors or self-destruct timers. 

However, some mines contain an 

additional antidisturbance feature. It is 
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designed to disrupt and disorganize 

troops, deny utilization of key areas, and 

thwart mine clearance operations. It is 

used for rapid, large-scale mining in 

support of barrier and obstacle planning.  

MLU -54E 

The fragmentor, 

explosive tube, 

and launch tube 

are painted olive 

drab. The 

explosive tube has 

a yellow band. 

The inert training 

unit explosive 

tube is painted 

blue. The launch 

tube, fragmentor, 

and explosive tube 

each have a decal 

near the upper end 

giving identifying 

The MLU-54E is a remotely-controlled, 

concealed (buried), pop-up, high-

explosive, fragmenting, antipersonnel 

landmine.  
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information.  

XM54   

This is an anti-personnel, pop up mine. 

The figure shows the appearance and 

dimensions of the XM54 landmine.  

 

 

Table 10: Cuba Anti -Personnel Landmine Description 

 

CUBA - Anti -Personnel Landmine 

  Markings:  Outline Description: Picture: 
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PMFC-1 
The mine body is 

gray.  

The main charge is 75 grams of TNT and is 

tripwire initiated. The PMFC-1 appears to be 

a direct copy of the PP Mi-Sb former 

Czechoslovakian concrete stake mine. This 

stake mine is mounted on a wooden stake 

with an MUV-type fuze placed on top of the 

concrete fragmentation sleeve.  

 

PMFH-1 

The mine is painted 

olive green, but may 

be rusty 

The PMFH-1 is an antipersonnel 

fragmentation mine known in Spanish as 

Mina Antipersonnel de Fragmentation de 

Hierro. This Cuban stake mine consists of a 

grooved cast-iron body containing 75 grams 

of TNT, an MUV-type tripwire fuze, and 

wooden stake. This mine appears to be a 

direct copy of the PP Mi-Sk former 

Czechoslovakian fragmentation stake mine. 

Tripwire deployment of the PMFH-1 

includes extending a single tripwire or 

placing tripwires in two directions 

approximately 4 meters apart from the top of 

the mine.  
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PMM -1 

The mine has a 

natural wood color. It 

is 103 mm wide and 

54 mm high.  

The mine has one fuse well but no power 

source. The PMM-1 is a small antipersonnel 

mine commonly referred to as a "shu" mine. 

The lower section is a rectangular wooden 

box containing a 200 gram block of TNT, an 

MUV-type fuse, and a detonator. In the 

armed position, the lid rests on a striker 

retaining pin at the end of the fuse. When 

pressure is applied, the lid removes the pin, 

beginning the initiation process. Probing for 

"shu" mines with their low pressure 

thresholds is hazardous.  

 

  

Table 11: India Anti -Personnel Landmine Description 

INDIA - Anti -Personnel Landmine 

 

Markings:  Outline Description: Picture: 
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NM M -

14 
  

The Indian AP NM M-14 is a copy of the US M14 

pressure initiated, blast antipersonnel mine. When 

pressure is applied to the top of the mine, a Belleville 

spring is inverted, snapping the striker into the 

detonator and setting off the mine.  
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Table 12: North Korea Anti -Personnel Landmine Description 

NORTH KOREA - Anti -Personnel Landmine 

  Markings:  Outline Description: Picture: 

SCHU-

TYPE 
  

Figure shows the appearance and dimensions of 

the landmine. This is a high-explosive (HE), 

blast, antipersonnel (apers) landmine with a 

pressure-actuated firing mechanism. The mine 

is painted olive green and has black markings 

on the bottom of the body. The body and cover 

are wood. The firing mechanism is aluminum 

and the detonator is copper. The weight of the 

mine is unknown. The cover is secured to the 

body by the nail hinges. The back of the cover 

is cut away to permit full opening of the cover. 

The explosive is wrapped in wax paper.  

 

Mine 6   
This is a antipersonnel mine. Figure shows the 

appearance and dimensions of the landmine.  
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OZM -

3 

The mine is olive 

drab with black 

markings.  

Figure shows the appearance and dimensions of 

the landmine. The mine weight is 3.00 

kilograms (6.61 pounds) and contains 75 grams 

(2.6 ounces) of TNT. The mine is a smaller 

version of the U.S.S.R. OZM-3.  
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Table 13: Pakistan Anti -Personnel Landmine Description 

PAKISTAN - Anti -Personnel Landmine 

  

Markings:  Outline Description: Picture: 

P2 

MK2  

The mine case is 

brown.  

This antipersonnel mine can also be used as the 

fuse for the Pakistani antitank mines such as P2 

Mk 3, or the P3 Mk 1.  

 

P4 

MK1  

The case is 

brown.  

The exterior of the P4 Mk1 has knurled edges 

along the lower portion of the mine body. The 

P4 Mk1 is a conventional blast antitank mine 

which can be used as an antipersonnel mine or 

as the fuse to the PZ Mk2 and PZ Mk3 antitank 

mines.  
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P5 

MK2  

The mine is olive 

drab.  

The P5 Mk 2 antipersonnel mine appears to be 

an evolutionary change from the P5 Mk 1 

claymore type mine. The P5 Mk 2 is larger 

than its predecessor, and its legs are set wider 

apart, presumably for increased stability. 

Although the exact lethal range of this mine is 

not known, other similar mines have lethal 

ranges of up to 50 meters.  

 

P3 MK 

2 

Markings are 

shown in figure. 

Painting is 

unknown.  

Figure shows the appearance of the P3 Mk 2 

landmine. This is a bounding antipersonnel 

(apers) landmine. The mine is initiated with a 

pull/pressure fuze. The mine and fuze are very 

similar to the U.S. M26 apers landmine and the 

U.S. M605 landmine fuze. The mine contains a 

black powder expelling charge of unknown 

weight, and a modified ARGES 69 hand 

grenade containing a PETN main charge of 

unknown weight.  
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Table 14: Viet Nam Anti -Personnel Landmine Description 

VIET NAM - Anti -Personnel Landmine 

  Markings:  Outline Description: Picture: 

CEMENT, 

TURTLE -

SHAPED, 

SERRATED 

The mine is 

painted gray.  
This is an antimaterial, antipersonnel landmine.  

 

CEMENT, 

TURTLE -

SHAPED, 

SMOOTH 

  
This landmine has a smooth outer surface. This is 

an antipersonnel, antimaterial landmine.  

CYLINDERICL, 

ELONGATED  

Paintings and 

markings are 

unknown.  

This is a cylindrical elongated anti-personnel, anti-

material landmine.  
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SHEETMETAL, 

TURTLE -

SHAPED 

  

A hinged pressure bar extends across the top of 

the mine, with a firing pin protruding downward 

through a guide located above the filler plug then 

into the filler plug and in line with the detonator, 

which is threaded into the center of the filler plug. 

The mine can be rounded or in an A-frame shape. 

This is an antimaterial, antipersonnel landmine.  

 

CEMENT, 

BETEL -BOX 
The body is gray.  This is an antipersonnel, anti-material landmine.  

 

VCONG   This is an antipersonnel, antimaterial landmine.  

 

MDH -10 
The mine is 

painted OD green 

The Vietnamese MDH-10 is a large directed 

fragmentation mine. The mine can be used against 

both light skinned vehicles in an antipersonnel 

role. The mine is mounted on a stand which can be 

set in the ground or attached to a tree or similar 

item. Although the mine is designed to be initiated 

 






























































































