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Common Terminology 
Abbreviations and definitions commonly used in the industry have been defined throughout the 
report. In addition, the following terms are defined for the purposes of this report.  Definitions 
defined herein are not to be considered legally definitive and have only been used for the 
purposes of this report.  

Clearance Toolbox is defined as the set of generic processes and associated equipment used in a 
mine action operation.  

End user is the individual who operates mine action technologies in the field.  

Equipment refers to all hardware and software used in mine action that does not contain a 
biological component. For instance, metal detectors are referred to as close-in detection 
equipment.  

Mine action operations is the set of processes, decisions, administration and technologies used 
by a humanitarian demining (HD) organization for the purpose of mine clearance.  It includes the 
actions, strategies and decisions undertaken by all personnel in the HD organization, from the 
head of the organization to the deminer. 

Technology can either function through a biological or non-biological component. For instance, 
both mine detection dogs and metal detectors are referred to as close-in detection technologies. 
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Executive Summary of Report  
When developing new technology for the humanitarian mine action1 (HMA) community, 

any research and development (R&D) organization should understand the social, economic, 
political, cultural and operational factors that impact technology and its usage.  A plethora of 
studies contribute to understanding the HMA community and existing mine action technology.  
However, in order to develop a clearer understanding, Benetech needed a study that went beyond 
the usual rhetoric of end-users' needs and defined technical and non-technical factors that could 
affect technology development and implementation.  After a comprehensive documentation 
review, researchers discovered that a gap still existed between available knowledge and the 
specific guidelines an R&D organization needed in order to understand current trends, 
characteristics of the HMA community and mine action operations.  Therefore, the primary 
objective of this report was to validate existing factors and to uncover new factors that could 
potentially affect the design, functionality, performance and implementation of close-in detection 
technology.  

The factors were divided into two categories: technical and non-technical. Technical 
factors were defined as characteristics of the mine action operation that may have an operational 
impact on technology. Non-technical factors were defined as cultural, economic, social and 
political influences that may directly or indirectly impact the operation of mine action 
technology, but generally impact the context of implementation.  The final analysis resulted in a 
reference point for the development and implementation of new technology.    

Part III served to broadly define the international HMA community in order to highlight 
social, political, cultural and economic factors which impact technology involved in mine and 
explosive remnants of war (ERW) clearance.  Part IV served to validate and identify new 
operational factors that impact the performance and functionality of close-in detection 
technology in the operational HMA field.   

The report was written and primarily intended for Benetech personnel.  The number of 
available technologies used in mine action is extremely large.  As the scope of the project to be 
undertaken became clearer, the Benetech target audience narrowed the scope of the research to 
be undertaken.  Since Benetech has been exclusively engaged in understanding close-in detection 
technology, the primary objective of this research was narrowed to factors that could affect the 
development and implementation of close-in detection technology.  

The research undertaken to provide Benetech with factors to consider was devised to 
triangulate data from a variety of primary and secondary sources.  Primary sources, such as 
structured, semi-structured and unstructured interviews were used in addition to secondary 
sources, such as reports.  Through documentation reviews, researchers were able to identify a 
number of factors and criteria that R&D organizations should properly consider when devising 
new technology.  Through the online structured survey, target respondents were asked to 
comment on and validate factors identified by the documentation review.  They were also asked 

                                                
1 Mine action is the entire set of activities, processes and tasks that reduces the social and economic impact of 

landmines and other explosive remnants of war on the indigenous population and the environment. 
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to provide data regarding functionality of current close-in detection technology and to identify 
any new factors that an R&D organization should consider.  

Although a comprehensive needs analysis was not undertaken, the author found that by 
closely examining existing information, it became possible to identify specific end user criteria 
that any new mine action technology should adhere to in order to better satisfy the needs of the 
HMA community. Also highlighted in this report are additional capability areas beyond close-in 
detection that were identified as needing improvement.  As a result, Benetech will be better able 
to evaluate which technology might best suit individual participants of the HMA community and 
direct its research dollars accordingly.  

This study had to be classified as a pilot due to resource limitations.  All primary and 
secondary research sources were obtained through telecommunications.  Internet searches were 
conducted to identify relevant reports and potential contact information for target respondents.  
Email and phone were used to contact target respondents.  A comprehensive study would 
necessarily include field research.  Resource limitations also contributed to a small sample size 
of respondents.  As contact information for target respondents was located through the Internet, 
and not through institutional partnerships, the researchers discovered that contact information 
was frequently out of date.  

The study revealed specifics regarding technical and non-technical factors an R&D 
organization should be aware of prior to devising new mine action technology.  For specifics, the 
author recommends consulting each section.  However, an overall analysis revealed: 

¥ a dearth of standardization for reporting and defining performance indicators that had 
been identified as of interest from an R&D perspective by Benetech; 

¥ the lack of a comprehensive database specifying permutations of mine action 
operational scenarios is currently hampering innovations in technology; 

¥ the impact of non-technical factors on a mine action operation's productivity level, 
clearance rates, false alarms and other performance indicators is not comprehensively 
understood; and 

¥ the gap between scientific and operational HMA communities is a major obstacle in 
determining specific end-users' needs and technology gaps to be addressed. 

I t was concluded that to overcome obstacles, an R& D organization should consider  
their  R& D methodology, and it is suggested that a participatory research method be 
pursued. 
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Part I - Purpose of the Study 
Through commissioning this report, Benetech identified an information gap between 

HMA end users and humanitarian R&D organizations.  Further, that information gap is 
responsible for newly developed technology not always meeting the expectations of the HMA 
community.  Therefore, to date, new detection technology has not significantly increased the 
clearance2 rate of ERW3 and landmines4.  Benetech sought to close that information gap in order 
to ensure new technology developed would better serve the needs of the HMA community.  
Since Benetech has worked almost exclusively on understanding close-in detection equipment, 
the focus of the research was narrowed to technical and non-technical factors that would affect 
close-in detection technologies.  Otherwise, the scope of the project was too large to complete in 
the designated time frame and with resources allocated for research.  

What criteria will an R&D organization use to develop new technology?  Benetech was 
interested in understanding how the characteristics of mine action operations affect the close-in 
detection technologies used in the field.  Benetech was also interested in uncovering factors 
beyond those illustrated in relevant documentation and specifically requested primary research 
be conducted in the form of interviews.  Therefore, the primary focus of this report will be to 
validate and elaborate on technical and non-technical factors that affect the development and 
implementation of new technology for the HMA community; thereby ensuring that a final 
product developed by Benetech would add value to the HMA community.  By pursuing this 
research objective, a corollary result was to further illuminate specifics beyond the usual rhetoric 
of end users' needs5.  As such, the secondary objective to understand end users' needs is included 
in the report but is not as extensively covered. 

                                                
2 Clearance is defined by the IMAS 04.10 Guidelines as the Òtasks or action to reduce or eliminate the Explosive 

Ordnance hazards from a specified areaÓ  
3 Explosive Remnants of War is defined by Protocol V of the CCW.   ERW encompasses both unexploded 

ordnance (UXO) and abandoned explosive ordnance (AXO).  
4 A landmine is Òan explosive or other material, normally encased, designed to destroy or damage vehicles, boats 

or aircraft, or designed to wound, kill, or otherwise incapacitate personnel. It may be detonated by the action of 
its target, by the passage of time or by controlled means. [NATO definition]Ó (King, 2002:10) 

5 The usual rhetoric of end users' needs is for mine action technology to be lower in cost, robust and low-tech.   



Technical and Non-technical considerations when developing and implementing new technology for the HMA community 11 
The Benetech Initiative  

Part II - Methodology  

Section II-1: Framework and Research Methods for Data Collection 

Factors that affect the accuracy of detection technology directly relate to the physical 
surroundings in which detection and demining occurs.  This conclusion is supported by evidence 
from Systematic Test & Evaluation of Metal Detectors: Interim Report Field Trials Mozambique 
where "the main factor influencing metal-detector performance...[is] the ground." (Guelle and 
Lewis, 2006).  This result for metal detectors was extrapolated to include all forms of close-in 
detection technologies.  By making the independent variable the physical surroundings, a 
comparative analysis of data collected can be made.  Characteristics of the physical surroundings 
that affect ground conditions have been identified as: physical scenario, climate, soil, vegetation 
and anticipated threat. The Mine Action Equipment: Study of Global Operational Needs (2002) 
by the Geneva International Centre for Humanitarian Demining  (GICHD) established 12 
different sub-divisions of physical scenarios that affect mine clearance and under which mine 
clearance6 technologies need to operate.  Sub-divisions of each additional category (climate, soil, 
vegetation, anticipated threat) were devised through direct consultation with experts in the HMA 
field and through extensive documentation review.   

The level of sub-division present was also deemed to have an impact.  For the physical 
scenario, the scale range included Dominant Scenario, Scenario Frequently Found, Scenario 
Occasionally found or Scenario Not Found. For other sub-divisions, the scale options were High, 
Medium, Low and None, and were applied as appropriate. The scale options were selected from 
GICHD's study (2002) in order to provide a basis for consistent analysis.  

Since data collection and analysis can be influenced by poorly defined terminology, 
considerable care was taken with the phrasing of the questions.  Recognizing the importance of 
collecting accurate and unbiased data, this research study used IMAS7 04.10, Glossary of mine 
action terms and abbreviations (2003) as its central source of definitions. 

Researchers used multiple research methods in order to triangulate data collected, thus 
gaining insight into field perspectives and acquiring anecdotal information.  Primary research 
was conducted through the use of structured8 online surveys,9 semi-structured10 phone interviews 

                                                
6 Mine clearance is clearing mines and other ERW from a specific region to a required clearance depth as 

established by the national mine action authority.  
7 International Mine Action Standards (IMAS) have been developed by the UN to establish requirements and 

standards for mine action.  
8 A structured interview is a quantitative research method used to present each interviewee with the exact same 

questions to ensure that answers can be compared and contrasted.  Open and close-ended questions were 
included in the online survey. 

9 Online survey software used was www.surveymonkey.com. 
10 Semi-structured interviews are a research method used when specific topics must be covered in an interview and 

a degree of f lexibility is needed to explore new topics as they emerge throughout the conversation.  This method 
allowed the researcher to ask target respondents about pre-determined topics while at the same time permitting 
exploration of previously unidentif ied topics that might conceivably provide information relevant to the research 
study. 
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and unstructured11 email interviews.  Members of the mine action community were consulted on 
phrasing and types of questions being asked.  Clearly, it is as important to ask the right questions 
as it is to find accurate answers.  

By using a structured interview format, data was collected regarding the impact of the 
physical surroundings on functionality of detection technologies.  For quality control purposes, 
background information on each respondent's technical expertise and length of experience was 
also collected by using the on-line survey.  The target respondent's expertise was then evaluated 
by researchers and Benetech personnel through consultation with respected HMA consultants.  
The online survey can be found in Appendix A. 

In terms of the semi-structured interview, a series of potential questions were formulated 
for the researchers to use at their discretion during the course of the interview.  It was not 
anticipated that all questions would be asked of each respondent because of time constraints.  
The objective of the interviewers was to initiate a dialog with the respondent and incorporate 
questions as appropriate.  The questions were formulated to collect the respondent's opinions on 
political, social, cultural and economic factors relating to the demining process.  All interviews 
were conducted by telephone.  The semi-structured interview can be found in Appendix B.  

Unstructured interviews were conducted either by telephone or email generally with 
respondents who had not completed the on-line survey.  In some instances, respondents who 
answered the on-line survey were too busy due to mine action obligations. In these situations, 
follow-up interviews were conducted through unstructured email discussions. By using this 
methodology, the author was able to collect a significant amount of qualitative data about the 
nature of the HMA community and current trends.  

Relevant documents provided by the International Test and Evaluation Programme 
(ITEP), GICHD and the larger HMA field were reviewed in order to ensure that sufficient 
background knowledge was acquired to provide a context for the final analysis.  Documentation 
resources were located by using the Internet.  Respondents were also asked for references to 
reports and documents.   

Section II-2: Defining the Target Respondent  

Researchers used a snowball sampling technique12 in order to locate and interview 
relevant specialists.  Due to time constraints and the limited financial resources at the 
researcher's disposal, it was unrealistic to consider an alternative sampling method to locate 
potential target respondents.  Researchers located potential target respondents through contact 
information in E-Mine, reports available online and by using the e-forums of Menschen gegen 
Minen (MgM), Intergalactic EOD and Demining Foundation (IGEOD) and Franco-mines.  

                                                
11 The unstructured interview is a free-f lowing dialog between respondent and interviewer.  
12 Snowball sampling is a sampling technique achieved through networking.  A target respondent identif ied will 

refer the researcher to another potential target respondent. I t is acknowledged that the snowball sampling 
technique results in an inherent bias of collecting a sample size of like-minded individuals. 
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Clearly, the quality of the respondent is crucial to obtain data that befits the level of 
technical detail, managerial decision and field experience required to aid the development of new 
technology.  The author would have liked to include indigenous deminers or field supervisors, 
but this was unrealistic without field visits. However, researchers were able to locate target 
respondents from nine different countries to obtain anecdotal information.  As a pilot study, this 
small sample size was deemed adequate for analysis.  However all conclusions based upon the 
anecdotal information should be taken with caution, as the sampling method does not reflect a 
good cross section of the population, and resource limitations did not allow a fair sample size to 
be achieved.  

The primary target respondent was the technical field manager (TFM). The TFM 
generally works in the operational HMA field, is usually an expatriate with military background 
and possesses technical expertise relevant for mine action.  TFMs integrate their expertise with 
other colleagues on the team to make decisions regarding the mine action operation.  Additional 
respondents identified include high-level managers and scientific personnel.  

Section II-3: Limitations of Research and Research Methods 

Data collection for this project was distinctly limited due to the use of 
telecommunications and primarily depended upon the cooperation and generosity of the target 
respondents in conducting the research.  Insufficient financial resources prevented researchers 
from conducting field research, thus limiting the number of target respondents identified during 
the time allocated.  To be considered a comprehensive study, two target respondents would be 
needed for each sub-division identified in each category (i.e. soil, vegetation). Since two target 
respondents were not identified for all subdivisions, information could not be cross-verified.  

Further, identifying the physical surroundings in any country was necessarily based upon 
the target respondent's perception. Even though all target respondents were very well informed, 
there was a degree of discrepancy in the data collected and as such, any conclusions made herein 
should be treated with caution.  If a larger study is to be conducted, it is strongly suggested that 
future researchers use an alternative method of sampling that produces less biased data.  To 
increase the sample size, additional resources are needed, more time should be allocated to 
achieve objectives and field research needs to be conducted within the context of strategic 
partnerships. 
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Part III – Non-Technical Factors: Defining the 
International Humanitarian Mine Action (HMA) 
Community  

Section III-1: Historical Overview of HMA 

Demining has occurred since the first landmine, but modern HD historically defines its 
origin with the mine clearance operations of Afghanistan and Cambodia in the 1980s (Guelle et 
al., 2003: 15).  In the first decade of HD, mine action operations were large, complex, occurred 
in post-conflict countries and prioritized clearing areas with the largest absolute number of 
landmines and ERW.  It soon became apparent that prioritizing mine clearance in this manner 
was not having the intended effect of alleviating the socio-economic impact on the indigenous 
population.  Hence, the HMA community changed strategies and prioritized areas that were 
deemed to have a greater socio-economic benefit for indigenous communities.   

The campaign to ban landmines commenced in the early 1990s and has had well-known 
advocates such as the late Princess Diana and the International Campaign to Ban Landmines 
(ICBL).  The Mine Ban Treaty13 prohibited the production and development of anti-personnel 
(AP) landmines, except for training and testing purposes. The Mine Ban Treaty also required 
states to clear all landmines within 10 years of becoming a treaty member. Treaty members who 
are not mine affected states are obliged to support clearance through financial aid. 

According to the ICBL website consulted on April 14, 2007, 153 states are party to the 
treaty; notable exceptions include United States, Russia and China. However, the campaign to 
end the use of indiscriminate weapons did not end with the adoption of the Mine Ban Treaty, but 
rather commenced.  According to the Cluster Munition Coalition (CMC) website, Protocol V of 
the Convention on Certain Conventional Weapons (CCW)14 was adopted in 2003 and entered 
into force in 2006.  Protocol V requires unexploded ordnance (UXO),15 such as cluster bombs, to 
be cleared in conjunction with landmines. The CMC represents a new movement to prohibit and 
ban the use of cluster munitions.16 

In 2006, the Landmine Monitor reported 78 countries remain affected by landmines. 
However, progress has been made.  Guatemala and Suriname declared their countries cleared of 
mines in 2005.  Also in 2005, 740 square kilometeres were demined; Òthe highest demining rate 
since the beginning of HDÓ (ICBL, 2006).  Current warfare practice is that predominantly non-

                                                
13 The original full title is the Convention on the Prohibition of the Use, Stockpiling, Production and Transfer of 

Anti-Personnel Mines and on Their Destruction. The Mine Ban Treaty also goes by the name of the Ottawa 
Convention or Ottawa Treaty as it was opened for signature in Ottawa, Canada. 

14 CCW is the abbreviation for Convention on Certain Conventional Weapons.  The formal title of the CCW is 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. 

15 Unexploded ordnance is "explosive ordnance that has been primed, fuzed, armed or otherwise prepared for use 
or used. It may have been f ired, dropped, launched or projected yet remains unexploded either through 
malfunction or design or for any other reason." (GICHD, 2002:92)  

16 A cluster munition is ÒA number of submunitions in one container that is aerially delivered.Ó (King, 2005:9) 
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state actors17 use landmines, as opposed to state governments (ICBL, 2006).  This is a promising 
trend, indicating that customary practice on a state government level does not support landmine 
usage18.  Unfortunately, this trend does not extend to other ERW such as cluster bombs.  The 
Landmine Monitor (2006) reported an increase in landmine and ERW casualties, highlighting 
civilian causalities that were caused solely by the usage and presence of ERW in post-conflict 
settings.  

Section III-2: Overview of Stakeholders in Humanitarian Mine Action 

The following quote demonstrates how stakeholders and actors in the HMA community 
are intrinsically connected.  Regardless of differing agendas, constraints and objectives, all in the 
HMA community are operating towards the same goal; to create a world free from the 
detrimental effects of landmines and other ERW.  The following section will highlight a few of 
the key actors within the HMA community.  

 

 

Section III-2.1 Deminers and Technical Field Managers 

Among the most important end users of current mine action technologies is the 
deminer.19  A deminer is defined by his job.  He will prepare the ground20 through flails,21 detect 
by using metal detectors or dogs, and prod the ground to determine the exact location of the 
landmine.  Essentially, he will use every possible tool or piece of equipment at his disposal to 

                                                
17 Non-state actors could be guerrilla groups, resistance f ighters, terrorists or insurgents.  
18 A notable exception is the demilitarized zone between North and South Korea. 
19  Women are also involved in demining and the HMA community, but to a much lesser extent.  Therefore, this 

report will generally refer to personnel operating in the HMA community with the pronoun "he." 
20 The IMAS 04.10 Glossary of mine action terms, definitions and abbreviations defines ground preparation as 

"preparing of ground in a minefield or hazardous area by mechanical means by reducing or removing obstacles 
to clearance e.g. tripwires, vegetation, metal contamination and hard soil to make subsequent clearance 
operations more eff icient. Ground preparation may or may not involve the detonation, destruction or removal of 
landmines." 

21 A flail is Òan arrangement of f lexible arms (normally made from steel chain) mounted on a rapidly rotating, 
shaft, that can be driven across a piece of ground to clear vegetation and/or minesÓ. (King, 2005:9) 

 

"At present, humanitarian demining in most affected areas begins 
with a UN-led emergency response, which is controlled by ex-pats, 
who usually have a military background and who are largely paid 
for by "ear-marked" donations from UN countries.  Those donations 
sometimes take the form of staff and goods. At the same time, as 
the UN arrives (and sometimes before), the specialist charitably 
funded [NGOs], which are funded by an individual government's 
aid budget or by trusts and donor charities, tend to move into the 
area.  Following the charitable groups come the commercial 
companies."  
 

- Andy Smith, Journal of Humanitarian Demining, (1998a) 
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ensure the ground and immediate area is cleared of hazardous threat.  In the process, the deminer 
is exposed to significant risk.  Deminers are generally from the indigenous community and may 
or may not have gained relevant knowledge through the recently ended conflict.  A deminerÕs 
salary is usually around $5 per day (Smith, 1998b).  

A TFM also generally has previous experience through serving in a military role.  
Alternatively, the TFM may have gained relevant experience through other activities, but is hired 
because of the specific technical expertise he brings to the mine action operation.  A TFM may 
have a position title such as Operational Officer, Technical Adviser or Operational Manager and 
is generally an expatriate who is paid at a higher salary than a deminer. The TFM may or may 
not engage directly in demining.  TFM's are generally more accessible to the international 
community and therefore often act as a focal point between deminers/operations and personnel 
external to the specific mine action operation. 

Section III-2.2 International Demining Non-Governmental Organizations 

Some examples of the most prominent demining non-governmental organizations 
(NGOs) include Hazardous Area Life-support Organization (HALO Trust), Mines Advisory 
Group (MAG) and Norwegian PeopleÕs Aid (NPA).  They are often engaged in clearance 
activities that offer social benefits to the indigenous community, such as clearing landmines 
around a school or water source. Their mandates differ as some NGOs are solely engaged in 
demining, while others are more involved in post-conflict reconstruction activities.  As a result of 
their primarily social and community oriented mandates, funding is derived from and depends 
upon the generosity of donors.  This is not a continual or stable source.  The limited sources of 
funding results in continual demands for "safer, cheaper, faster incremental improvements to 
existing equipmentÓ (GPC International, 2002:7). 

Section III-2.3 Commercial Companies 

Commercial companies involved in HMA have access to the same technologies, 
processes and advancements as NGOs.  Therefore, commercial companies generally have the 
exact same clearance toolbox as demining NGOs.  The primary difference is that commercial 
companies are engaged in humanitarian mine clearance for profit and thus have a larger 
operational budget.  This translates into a greater ability to purchase new technologies, use 
technologies deemed to be effective for a specific region or try new techniques without having to 
account to donors about possible costly mistakes.  The commercial company profit agenda 
allows a degree of flexibility and their larger operational budgets result in increased purchasing 
power in the demining technology market.  The consequence is that commercial companies are 
strong stakeholders in determining the technology needs of the HD community (GPC 
International, 2002:8) 

Section III-2.4 Military 

Demining originated with the military and, not surprisingly, militaries are a primary 
stakeholder in HMA.  It is often militaries who have previously laid landmines and distributed 
area weapons.  Expatriates with military backgrounds often lead mine action operations in the 
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field.   In some regions, such as Latin America, it is the military that dominates the HMA scene.  
It is this historic linkage between military and HD that could prove to be a challenge for R&D 
organizations attempting to develop new technology for HMA purposes.  The main problem is 
the military often has a large operational budget to conduct R&D.  The result is a strong 
purchasing power within the demining technology market and the ability to demand that R&D be 
conducted for military purposes. Typically, military objectives include finding the fastest path 
through mines from point A to point B.  Locations targeted for demining are chosen for strategic 
military purposes and military deminers are inevitably under pressure to work quickly. 
Generally, they only clear the immediate path (Guelle et al., 2003:15).  The military is often 
reluctant to report expenditures or share R&D for HMA purposes because it is often tied to 
military objectives and hence considered to be a security issue.  

Section III-3: Current Trends in Humanitarian Mine Action 

The Mine Ban Treaty requires state 
parties to clear all landmines within 10 years of 
becoming a signatory.  For many mine-affected 
state parties, this obligation translates into either 
a 2009 or 2010 deadline.  In conjunction with 
state parties' obligations, the US Clinton 
administration formed a Presidential Demining 
2010 Initiative.  The Initiative committed 
resources, staff and funds and encouraged 
international coordination towards the goal of a 
world safe from mines by 2010 (US Department 
of State, 1997). 

Although the deadline varies from 
country to country, there is a consensus from the HMA community that 2010 marks the end of 
the second decade of HD.  As the US is the largest financial contributor to HMA (ICBL, 2006), 
the US Demining Initiative indicates that donor countries do not expect to fund large scale, HD 
operations after the 2010 deadline.  The 2010 budgetary deadline will force a re-evaluation of the 
current landmine Òcrisis.Ó  Potential reforms within the HMA community will be considered; 
from technology to governance.  For example, one respondent believed that all future mine 
clearance will primarily occur for commercial benefit, rather than focusing on clearing land for 
social and community benefit.   

The 2010 deadline is the real issue for most of the HMA community. All respondents 
stated their countries would not be cleared by their respective deadlines. An extreme example is 
the respondent from Afghanistan reporting Òit took 17 years to clear 67% of the problem area 
with an additional 20 years needed to declare the country mine free.Ó22  Overall, reports from 
field respondents indicated their inability to meet their countriesÕ target deadlines.  This evidence 
directly contradicts donors' expectations.  The US Demining Initiative implies that increased 
levels of funding until 2010 will have resolved the world's landmine crisis and correspondingly 
                                                
22 The IMAS 04.10 defines mine free as "a term applied to an area that has been certif ied as clear of mines to a 

specified depth. Also applied to a country or an area that has not had a mine contamination problem." 

"The United States aims to greatly 
accelerate global humanitarian 

demining operations and assistance 
efforts to end the plague of landmines 

posing threats to civilians through a 
U.S.-led initiative to develop, marshal 

and commit the resources necessary to 
accomplish this goal in cooperation 

with other nations by the year 2010."  

- US Department of State, 
US Demining 2010 Initiative 

Nov. 13, 1997 
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have not made any new pledges of funds for after 2010.  Perhaps the growing trend in the HMA 
community towards accepting a certain level of risk from landmines is therefore a direct and 
realistic response to countries' inability to meet the mine free 2010 deadlines.  Authorities and 
stakeholders, such as personnel in the UN, reported considering a risk management approach that 
would set mine clearance priorities to achieving an impact free situation.  An impact free area is 
defined as having removed enough landmines and other ERW to eliminate the socio-economic 
impact on the indigenous population.  ÒThe benefit to the HMA community would be fewer 
resources, money and time would be spent on removing relatively small threats which have no 
direct impact on the indigenous community.  Instead, the HMA community would be able to 
move on and provide assistance to groups or projects that still experience a high level of impact 
from hazardous areas.Ó23   

In contrast to the decreasing focus and waning interest in funding mine clearance, there 
has been increasing international attention on cluster munitions and other indiscriminate area 
weapons.  The CMC is campaigning for an additional Protocol to be added to the CCW to 
prohibit or limit the use of cluster munitions.  The rationale behind prohibiting the use of cluster 
munitions is similar to prohibiting the use of landmines.  The CMC website reports a cluster 
munition is able to impact an area of one square mile and project shrapnel to a 50 meter radius.  
Because of the large radius, cluster munitions affect civilian areas located near military targets.  
The cluster munitionsÕ inability to solely aim for military targets has forced the international 
community to reconsider using indiscriminate area weapons.  A recent example of impact is the 
Israel-Lebanon crisis in 2006 that littered Lebanese land with cluster munitions and placed 
civilians directly in danger. 

At the present time, it is difficult to predict the final effect of mine-affected countries' 
inability to meet the 2009/2010 deadlines, the re-evaluation of HMA and the potential decrease 
in funding.  Whereas is seems improbable that the international community will completely 
abandon the idea of removing mines from the ground, there is the general sense of waning 
international interest and donor fatigue for funding mine clearance.  Regardless, it is very clear 
the HMA community will see drastic changes when the 2010 deadline arrives.  

Section III- 4: Impact of Current Trends for Mine Action Funding 

As the 2010 deadline approaches, the issue of funding becomes a crucial concern for 
mine action operations.  Several mine clearance operations have already reported funding 
shortfalls in 2006 resulting in personnel laid off and operations stopping.  Notable examples 
include United Nations Mine Action Centre for Afghanistan (UNMACA) laying off 1,130 
deminers and operations shutting down for the entire 2005 year in Mauritania.  Guinea-Bissau, 
Croatia and Tajikistan all reported an inability to meet target deadlines if long term funding was 
not secured (ICBL, 2006). The decrease in funding is not limited to specific countries, but is a 
global trend.   

What is the result?  It seems funders may instead be interested in investing in other 
priority areas for developing and post-conflict nations; priorities that have the potential to 
directly improve economic development and support the stabilization of the country.  One can 
                                                
23 Quote from anonymous respondent.  
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argue that removing obstacles such as landmines to improve access to water, land and buildings 
does provide a socio-economic benefit.  However, a combination of donor fatigue, the 2010 
deadlines and a simultaneous increasing trend to accept a level of risk, has resulted in a major 
change in level and strategic direction for HMA funding.  

In the face of this funding trend, and with no new initiatives for funding post 2010, it is 
suggested that the window of opportunity for funding new HMA technology may be slowly 
closing with the approach of the 2010 deadline.  The HMA market size is directly determined by 
the level of funding available.  A decrease in funds available to HMA directly reduces the size of 
the market.  Even the new international focus on cluster munitions does not require any new 
R&D funding to create new processes or technology.  Cluster munitions and other ERW are 
generally found through visual means, have a high metal content that is easy to detect and are 
cleared by the same teams and clearance toolbox used to conduct mine clearance.   

As indicated by the opposite quote, some mine action 
personnel have found the need to change industries because of 
funding decreases.  Other respondents believed they would 
continue in the mine action field, but the HMA community 
would extend to clearing cluster munitions and other ERW.  
Thus, funding and jobs would be ensured. While higher level 
officials are cautious of the possibility of mission creep it seems 
likely that mine action operations will receive some funding if 
cluster munitions are banned; hence requiring their immediate clearance.  However, the increase 
in funding to clear all ERW may or may not compensate for the potential decrease in HMA 
funding. 

Section III-5: Social, Political, Cultural and Other Economic Influences 
on Mine Action Operations 

The socio-economic impact of landmines has been well researched and documented.  The 
impact of ERW such as cluster munitions is documented and understood to a lesser extent, but it 
is clear that it also has a negative impact and dangerously affects the indigenous population 
(ICBL, 2006).  Even less understood is how political, social, cultural and economic realities 
(otherwise referred to as non-technical factors and/or influences) within a country can influence 
the productivity and implementation of mine action operations.  For an R&D organization 
attempting to develop new technology, non-technical factors can influence how technology is 
implemented and thus affect the utility of a new innovation or technique.   

The following points do not produce a comprehensive picture, but attempt to suggest 
several potential influences that could directly or indirectly impact an R&D organization's 
successful introduction of new technology to the HMA community.  Additional field research is 
needed to provide a comprehensive picture and to evaluate the impact of non-technical factors on 
the productivity of mine action operations.  

Political, Social, Economic and Cultural Influences within a Country Conducting Mine 
Action: 

"Personal evidence funding is drying 
up?  UK, Canada and Sweden have 
all dramatically reduced their HMA, 
R&D and T&E budgets and I am now 
working in the oil industry."  

 - Anonymous Respondent  
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¥ A national governmentÕs interference or support will impact productivity and clearance 
rates of operations. 

Most respondents listed their national government's interference or support of HMA as 
one of the primary factors that affected the productivity and clearance rate of operations. 
A national government can hamper productivity through corrupted use of donor funds or 
by prioritizing land that benefits one specific person rather than the community.  
However, the opposite also proves true.  The respondent from Tajikistan reported the 
governmentÕs strong support of HMA was a key factor that ensured smooth and 
productive operations.  

¥ Education levels affect productivity and ability to use high-tech equipment. 

Respondents often commented on the necessity for data output, signals and equipment 
panels to be user-friendly, thus enabling them to be used by deminers with low to no 
formal education.  The indigenous population provides the manpower to conduct manual 
demining.  Therefore, the educational level of the indigenous population is a general 
indication of the indigenous deminer's education level. Sri Lanka's indigenous deminer 
has an average of 10 years of education in school  (Cepolina et al., 2005a:29) versus 
indigenous deminers in Angola who have an average of three to four years of school 
education (Cepolina et al., 2005a:22).  A higher level of education generally results in a 
higher aptitude to use high-tech equipment.  

¥ Culture affects choices available to the clearance toolbox.  

If it has a biological component, the country's culture may prevent use of certain 
technologies.  For example, mine detection dogs24 (MDDs) are not easily used in 
predominantly Islamic countries as dogs are considered unclean.  Cultural influences also 
may exclude the use of effective bio-technologies such as honeybees, rats or plants.  An 
indigenous deminer may or may not feel comfortable cultivating bees or rats in his 
backyard, even if the bio-technology could increase productivity.   

¥ Bio-technologies introduced for the purposes of mine action could disrupt the indigenous 
environmental balance.  

Technology with a biological component has been experimented with, but with very little 
implementation success.  It is possible that a biological component could provide a 
quicker and more cost-effective way to clear mines, but introducing different biological 
components to a non-native habitat could be disastrous.  For instance, one respondent 
was convinced that it would be possible to increase productivity by using honeybees to 
detect explosives, thereby providing a quick way to conduct area reduction25 and pinpoint 
potential threats.  However, when a TFM was asked about the possibility of using 
honeybees, the respondent replied it was completely impractical because the possible 
disruption to the indigenous eco-system was extremely high, with potentially disastrous 

                                                
24 Dogs are used as a form of close-in detection technology. They are trained to detect the scent of explosives in 

landmines and other ERW.  Hence, they are often referred to as an explosive sensor.  
25 ÒThe act of narrowing down the suspect area, often by proving the surrounding area to be clear to a reasonable 

level of confidence.Ó (King, 2005:8).  The task is generally accomplished as part of a Landmine Impact Survey.  
The term Landmine Impact Survey was previously referred to as a Level Two Survey.  
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results.  National governments will not be receptive to technologies that could be 
productive for mine action but cause long-term environmental damage.  

¥ Mine-affected countries and NGOs want to 
provide economic benefit to the community 
through mine action operations.  

Ensuring national ownership and building 
national capacity is a priority for mine action 
operations.  New technology that increases 
productivity but decreases the need for 
indigenous manpower puts people out of jobs.  
Some respondents reported an interest in new, 
cheap technologies but reported an even greater 
interest in ensuring their operations provided an 
economic benefit to the community.  This 
influences the decision-making process of both 
mine clearing operations and mine-affected 
countries in selecting technology for the 
clearance toolbox.   

¥ Technologies need to be supported by the national capacity and infrastructure where mine 
clearance operations are occurring.  Mine clearance operations generally occur in a post-
conflict environment. 

R&D organizations need to consider the country's infrastructure and capacity to support 
high or low tech equipment.  Mine clearance operations generally occur in a post-conflict 
environment and are part of reconstruction activities.  Standard characteristics of a post-
conflict country are a collapsed economy, a population accustomed to fire 
arms/munitions/landmines and very few economic opportunities for internally displaced 
people or refugees.  The government has either collapsed or is very weak and therefore 
does not have the capability to support complex mine clearance operations with personnel 
or funds.  Infrastructure, such as roads, buildings, houses and schools, in a post-conflict 
country has generally been destroyed.  In addition, the rule of law system has generally 
collapsed.  Police and lawyers that implement the rule of law are also rare.  Thus, the 
issue of land ownership in a post-conflict environment becomes an extremely contentious 
issue and a potential reason to renew the conflict.  The clearing of landmines, which 
releases new land to be used for agriculture or other community purposes, can generate 
controversy as to who owns and is entitled to the newly released land.  While the 
characteristics of a post-conflict country do not directly impact implementation of 
technology, a post-conflict country does not have the same capacity as a high income 
country to support mine clearance activities or high-tech equipment.  

Political, Social, Economic and Cultural Influences on an International Level: 

¥ There can be intense competition for mine clearance contracts. 

Strong competition for contracts exists between organizations conducting HMA.  
Competing organizations are less likely to cooperate with one another and exchange best 

 
 "A humanitarian deminer in 
Chad receives approximately 
$300/month, a salary that allows 
him to feed his family and resolve 
many of the social ills he would 
otherwise be facing.  In an 
interview, a representative from 
Chad's mine action program 
indicated that the benefits of 
gainful employment for locally 
engaged deminers are a high 
priority for the program. In fact, 
this is why they do not invite NGOs 
to perform mine clearance, rather 
they ask the NGOs to train and 
supervise local deminers." 

 
- Assessment of the International 
Market for Humanitarian Equipment 
and Technologies, (2002:15). 
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practices information.  Nor are they likely to pool limited resources to fund R&D for 
HMA technology.   

¥ Mine action personnel may mistrust the intentions of outsiders if interaction does not 
occur within a strategic partnership.  

Following in a similar vein, personnel in mine action understandably may mistrust the 
intentions of outsiders.26  One of the most difficult aspects of conducting primary 
research for this report was not only locating research subjects, but convincing 
respondents that information was collected anonymously and would not be misused, thus 
potentially jeopardizing their jobs.  When attempting to evaluate technological needs, one 
is essentially asking "What is wrong with your current equipment/technology?" and 
ÒWhat functions inadequately in your mine-affected country?Ó  It forces respondents to 
comment negatively (or positively) on the conduct of current benefactors, national 
governments, or the technology in their clearance toolbox; perhaps jeopardizing their 
organization's relationship with donors, mine-affected countries, R&D partnerships and 
their jobs.  R&D organizations seeking the cooperation of an NGO may need to consider 
forming a strategic partnership at the outset of a project, thus ensuring confidentiality 
through a Memorandum of Understanding (MOU).  

¥ Mine action personnel are extremely busy, working long hours towards unrealistic 
deadlines, with very sparse resources allocated. 

One respondent reported he observed an organization cut their budget to the bare bones to 
gain a contract.  The operation should have had at least three or more TFMs for the scale 
of the project, but only had two full time staff.  Well-funded NGOs are able to operate at 
an appropriate level, but ill-funded NGOs cut in order to be competitive.  The 
competition and/or limited funding sources contribute to a tight budget, which in turn 
encourages staff to work long hours on limited resources.   

¥ All work conducted by mine action personnel must be beneficial and justify the cost.  

Because mine action personnel are so busy and work under tight budgets, personnel are 
generally not able to allocate time to respond to R&D organizationsÕ queries unless there 
is a strategic partnership in place that directly benefits their organization.  In essence, any 
work conducted by mine action personnel has to have a direct cost-benefit for their 
organization or mine clearance operation; otherwise their actions can not be justified.  
This observation does not apply to all mine action personnel, as quite a few were very 
cooperative and friendly.  However, it does partially explain the lower than anticipated 
sample size.  Without a strategic partnership in place, the same constraint will apply to 
any R&D organization attempting to gain data or identify technology gaps.   

¥ Security concerns: Will equipment fall into the wrong hands? 

Mine clearance and mine clearance technology began with the military; for both 
defensive and offensive purposes.  If an R&D organization is developing technology for 
the HMA community, it needs to understand that it is equally possible to convert 

                                                
26 The term 'Outsiders' is defined as individuals who are not directly involved in or engaged by the same demining 

organization.  
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humanitarian mine clearance technology to military purposes.  Existing guerrilla groups, 
national armies or new resistance groups can convert technology designed for the 
humanitarian community into military technology.  Conversion of technology can be 
achieved by any individual who finds himself in the midst of a renewal of conflict or a 
new conflict.  Thus, R&D organizations need to concern themselves with supporting the 
humanitarian community, while being aware that their new technology could fall into the 
wrong hands, to the detriment of all and thus, could contribute to the renewal of a 
conflict.  

¥ The Mine Ban Treaty has reduced the availability and appropriateness of landmines.  It 
has changed how warfare is conducted.   

The Mine Ban Treaty only applies to state signatories and does not really have any effect 
on prohibiting guerrilla, insurgent or resistant groups from misusing mine technology.  In 
contrast, the international community has now realized that the use of cluster munitions 
and indiscriminate area weapons also has a lasting, negative impact on the indigenous 
population. The potential addition to the CCW to include prohibitions on cluster 
munitions may again change the way warfare is conducted, and thus alter mine action 
operations.  When evaluating criteria and technology needs, R&D organizations have to 
also take into consideration changes made in the way warfare is conducted.  

¥ Secrecy and competition exists between R&D organizations.  

The R&D organization that can provide a technological solution that improves demining 
or greatly increases the rate of productivity in a cost-effective manner will gain a large 
portion of the international demining market.  The result is that there is not a strong 
incentive for R&D organizations to collaborate and it is most likely that each R&D 
organization holds a piece of the puzzle.    

¥ Introducing new technologies creates competition for existing technologies.  In addition, 
certain donors may place conditions on technologies to be used 

An R&D organization introducing new technology is not doing so in a vacuum.  It is 
creating competition for existing humanitarian and military mine action technologies.  
The international HD market is extremely small, and introduction of new technologies 
will increase the competition.  The consequence is mine action personnel may only 
consider new technologies when it has been developed by a benefactor or a partner 
organization of a benefactor.  For example, if a mine action operation is funded by a 
specific donor, the donor may require the use of a specific close-in detection technology 
developed by a partner organization.  The potential result could be that technologies are 
sometimes adapted by demining organizations27 as a result of political or strategic 
partnerships versus increase in productivity or cost-effectiveness.  

                                                
27 A demining organization is any commercial, non-profit, military or governmental organization that conducts 

mine action. 
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In summary, a responsible R&D organization should not blindly develop technology 
which may increase productivity in test and evaluation trials (T&E), 28 but faisl in 
implementation due to non-technical constraints.  

Section III-6: Cost  

Different organizations calculate and report costs of technology in extremely different 
ways.  Some organizations include maintenance in the total cost of a piece of technology, others 
simply list the one-off purchase price (Cepolina et al., 2005a). Thus, cost comparisons between 
organizations are extremely difficult to achieve.  Respondents were asked what would be the 
purchase cost at which they would consider new technology.  The answers ranged from $5,000-
$10,000 USD.  However, the response range does not provide a conclusion, as one respondent 
reported a preference to spend money on employing more deminers to increase productivity 
rather than buying another piece of equipment.  To gain an indication of how much a new close-
in detection technology should cost in order to be competitive in the HD market, anecdotal data 
was collected on costs of currently used close-in detection technologies for each mine action 
operation.  

 

In general, costs reported in Table 1 reflect a one time purchase and not costs associated 
with required maintenance.  The exception to this generalization are the different costs reported 
for MDDs.  When asked, a respondent clarified the variable costs of MDDs reported.  In general, 
MDDs cost $10,000 USD for a one time purchase. The reported $25,000 is the monthly cost for 
maintenance and operation of two dog handlers and four dogs.  

                                                
28 Testing and evaluation occurs on all software and hardware to be implemented in mine action operations. It is 

conducted in order to understand each piece of technology's capability, functionality and performance levels.  

 

Table 1: Cost of current close-in detection technology as reported by Respondents 
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The variance in calculating costs becomes a potential concern for any R&D organization. 
While costs are generally reported as one-off purchases, required maintenance, renewal of power 
supplies and spare parts also contribute to the overall cost of mine action technologies.  One 
could even consider the necessity to constantly buy new batteries or gas for a car to go get spare 
parts as hidden costs associated with a technology.  An R&D organization may be able to 
provide a very cheap metal detector, but associated hidden costs may contribute to a certain piece 
of technology not adding value to mine clearance operations.  

Unlike the military, most HD organizations have very limited budgets and are not able to 
support costly equipment.  If a piece of technology or equipment's associated hidden costs cannot 
be supported by the organization, they are useless to the HMA community, regardless of 
purchase price. "The Schiebel AN-19/2 mine detectors provide an excellent example of this 
situation. Defunct units of this model, which is uneconomic to repair, litter the African 
countryside" (Smith, 1998b).  

Close-in detection technology is not the only technology present in the clearance toolbox.  
Therefore, the following price list of all equipment is included to give an indication of costs for 
equipment used in mine clearance operations.  

Source: Equipment for Post-Conflict Demining, Working Paper No. 48 29 

Neither table reports on other equipment used in the clearance toolbox such as flails, 
vegetation cutters, etc.  However, both tables taken together give an overall range of one-time 
purchase costs for different equipment.  For any R&D organization developing HMA 

                                                
29 "Handicap International use "indigenously made" trowel, shears, sharpening stone, brush, tripwire feeler and 

mine markers." (Smith, 1996).  

Table 2: Cost of some equipment as reported by 
Handicap International 
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technology, the one-time purchase costs and additional hidden costs must be competitively 
priced.  

Section III-7: Measuring Cost-Effectiveness 

In order for a close-in detection or any new technology to be adapted, it must be 
competitively priced, or inexpensive, and thus accessible to demining organizations operating on 
a limited budget.   It must also prove it can increase productivity, improve safety for deminers or 
satisfy another end-user need.  In essence, any new technology must prove to be cost-effective.  
Cost-effectiveness is defined as the calculated cost (i.e. one-time purchase price, maintenance, 
etc.) in comparison to improved effectiveness or benefit gained.  

If reporting costs vary among organizations and are difficult to assess, calculations 
assessing benefits gained from technology vary even more widely (Cepolina et al., 2005b:14).  
How does one define cost-effectiveness for the HMA community?  A potential cost-effectiveness 
ratio could be to measure calculated cost against the rate of mine/ERW clearance.  

 
 

 
 

However, as discussed earlier in Section III-5, clearance rates are affected by political, 
social, economic and cultural factors. Furthermore, and as discussed in Part IV, clearance rates 
are operationally affected by the physical surroundings.   

An excellent example of the difficulty in calculating cost-effectiveness based upon the 
cost:clearance rate ratio is the rake.  The rake was reported by a respondent as the most effective 
and least costly piece of equipment used in Jordan.  The rake is as productive as other equipment 
such as metal detectors in clearing landmines and is produced much more cheaply than metal 
detectors.  Therefore, the rake could be rated as the most cost-effective piece of mine action 
technology. The respondent did not indicate that national political will or other non-technical 
factors hampered mine clearance.  However, the rake can only be utilized in mine action 
operations with physical surroundings and non-technical factors similar to Jordan.  Therefore, the 
rake may not be as cost-effective in a mine action operation with technical and non-technical 
factors similar to Tajikistan's.  The national political will in Tajikistan is strong, and therefore 
influences clearance rates to a degree that a more costly piece of equipment produces the exact 
same or higher clearance rate as the rake in Jordan.  Thus, declaring the rake as cost-effective is a 
legitimate statement for Jordan, but may not be legitimate for Tajikistan.  Cost-effectiveness of 
the rake for alternative mine action operations is brought into question. Further complicating 
cost-effectiveness calculations is the need to not only evaluate in terms of land cleared, but also 
in terms of beneficial change to the indigenous community. 

The challenge to an R&D organization introducing or developing new technology 
becomes immediately apparent.  Demining organizations that have had to severely cut budgets in 
order to gain contracts have very little room for error and little ability to try new equipment that 
does not immediately prove to be cost-effective.  At the same time, accurately evaluating cost or 
cost-effectiveness is an extremely challenging activity.  Nonetheless, any R&D organization 

Calculated Cost : Clearance Rate  
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introducing new technology must prove its cost-effectiveness to the end user, regardless of the 
difficulties in assessing cost or effectiveness.  Otherwise, a new technology that may add value 
and ultimately increase productivity will not be adapted. 

Section III-8: Current Mine Action Tasks and Related Technology 

 According to GICHD's study Mine Action Equipment: Study of Global Operational 
Needs, the process of HD is generally defined by the following tasks: visually checking for 
mines/UXO, checking for tripwires, vegetation clearance, marking hazardous areas, investigating 
false alarms/mines, excavating and exposing mines, and ensuring the area is mine/UXO safe.  
Table 3 below was also taken from GICHD's study.  The table highlights the different mine 
action tasks performed by a demining organization and the associated equipment employed.  The 
table also highlights equipment that is presently being considered for inclusion in the clearance 
toolbox and its level of development.  

Unfortunately, Table 3 provides a good indication of current equipment in use, but does 
not highlight other technologies employed such as MDDs, the use of Personal Protective 
equipment30 or information and communication equipment.  Mine action operations need access 
to mobile phones, the Internet and other communication technologies.  But, the most important 
tools in the clearance toolbox are not technologically based.  They are visual identification and 
common sense. Equipment or technology can increase productivity or safety, but to date no 
equipment can replace the common sense and eyes of the deminer.  

Interestingly, regardless of the interaction between factors that make each mine clearance 
operation unique, there is a global clearance toolbox currently in use. As such, the Table 3 does 
provide a fairly comprehensive picture of the global clearance toolbox and mine action tasks 
currently employed. 

                                                
30 Personal protective equipment (PPE) is body armor and shielding to be warn by the deminer.  Items such as 

visors, armor panels, helmets and boots are all classified as PPE.  Of primary concern is the issue of f lexibility 
and mobility for the deminer. PPE should provide protection but allow free movement.  
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Section III-9: The Gap Between Scientific and Operational 
Humanitarian Mine Action Communities  

An R&D organization seeking to identify and address technology gaps in the clearance 
toolbox faces an enormous challenge.  If any innovation in mine action technology is to occur, 
the disconnect between HMA operational and scientific communities must be aligned.  
Frequently commented upon, the gap between scientific and operational HMA communities is 
blamed for the lack of improvements in HMA technology.   

1. M ine Detection (close in)

2. M ine neutralization

4. Vegetation clearance

5. M ined area marking systems

6. M inefield survey

   Generic Area

                          

Category 'A'

Equipment systems and sub-

systems that have been fully 

developed and can be procured 

off-the-shelf without significant 

modifications or changes. 

Category 'B'

Technologies that have been 

prove in concept demonstrator 

programmes, but require further 

development prior to production.

Category 'C'

Technologies that may have an 

application to mine action, but 

have yet to mature and have not 

yet been formally demonstrated.

M ine prodders
M etal detectors
Hand tools
Video camera

Vibrating prodders
GPR (Ground penetrating radar)
M inimum-metal detectors
FLIR (Forward looking infrared
Sensor-processing
software
M ulti-sensor system

NQR (nuclear quadrupole 
resonance)

Plastic explosive
Shaped charges
Chemical foam
Thermitic attack
Signature duplicators
Explosively Formed
Projectile (EFP)
Ballistic disk attack

M etal projectile disruption
Liquid projectile disruption
Laser initiated burning Freezing 
Techniques
Local M echanical aggression
Seismic vibration

Non nuclear EM P 
Electric arc
High power micro-waves
Biological degradation Chemical 
degradation
Charged particle beam
Ultrasonics
Sonic shock waves

3. M echanical  ground 'processing' 
systems

Deep-cutting heavy flails
Light flail systems
Rollers
Ploughs
Harrows
Excavators with various buckets

Horizontal flails
Ground sifters
Ground milling systems
M odified turf cutters
M odified Peat harvesters
Open-cast mining technology

Robotic farming
technology
Robotic open cast mining 
technology

Defoliant spray
Hand tools
M ini flails
M PV mounted mowers
Heavy duty line trimmer excavator 
(with flail) Automated

defoliant sprayer
Global Positioning
Geometric information systems
Locally available materials pickets

Soil paints
Soil pigments
ÒirremovableÓ pickets/poles

Intruder warning systems and 
alarms

GIS
IM SM As (Information 
M anagement System for M ine 
Action)

Air-and space-borne system for 
identification of mine fields and 
provision of precise boundaries

Table 3: Mine Action tasks and respective equipment used Ð Part of the Global Clearance Toolbox 

Source: Mine Action Equipment: A Study of Global Operational Needs (2002) 
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At the core of the gap is the concept that information equals power (Lokey, 2000).  NGOs 
are not required to share the results of field T&E.  Similarly, R&D organizations do not share 
information gained from T&E trials because they do not want a competitor to capitalize on their 
own investment in T&E and R&D.  In fact, free-flowing information sharing regarding 
functionality or performance of technology rarely occurs between the different R&D, NGO and 
commercial or military organizations involved in mine action. ÒIt appears that there is a great 
amount of potentially useful information being generated, but it is treated as proprietary and not 
open for dissemination" (Carruthers and Littmann, 2001:15). 

Other constraints and considerations hamper information sharing.  A respondent recently 
attempted to host a meeting between field based technical staff and commercial R&D 
organizations with the purpose of identifying technology gaps and encouraging collaboration.  
He reported observing the commercial staff wishing to only listen because they feared revealing 
a commercial R&D secret.  The NGOs and national staff were also quiet.  The respondent 
believed it was because new technology that increases productivity is seen as a threat to the 
future of demining.  With the approaching 2010 deadline and the future of demining 
undetermined, this appears to be a valid concern.   

Given the lack of information sharing and resistance to collaboration, it is difficult to 
identify specific technology gaps in HMA operations.  A respondent involved in the scientific 
community reported frustration because a cohesive picture of end user needs and technology 
gaps has not emerged.  GICHD's study of Global Operational Needs (2002) provided an 
excellent reference point in identifying potential capability areas31 needing improvement.  But 
specific design features needed or operational constraints are not provided.  In conducting our 
research study, respondents were asked to describe their operational scenario, identify end-user 
needs or identify capability areas needing improvement. One respondent reported a desire for 
better area reduction strategies; another wanted to distinguish between metal and explosive 
material.  Respondents were extremely qualified to provide perspectives in relation to their 
operational areas, and therefore requested certain features that had potential to provide added 
value to their operations.  But value added for one unique mine action operation does not 
necessarily translate into value added for another mine action operation.  Further, from a 
scientific perspective, a respondent reported that a cohesive picture of the many permutations of 
the physical surroundings of mine action operations has not emerged.  These realities make it 
very difficult to develop technology for a specific mine action operation or mine action 
operations in general.  

Another factor contributing to the gap is logistical.  One respondent provided a concise 
summary of the issue. 

                                                
31 The study defines capability areas as the Ò[t]asks, activities and procedures that form part of mine action.Ó 

(2002:87). 

"....[V]ery few scientists and engineers have the time, resources and 
aptitude to gain the day to day experience of a demining Technical 
Field Manager (TFM), and even less TFM's have the time, resources 
and ability to get to grips with the complex and abstract concepts 
involved in creating demining equipment." - Anonymous Respondent  
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Mine-affected countries are generally located in the developing world or less 
economically developed countries (LEDCs).  As mine-affected countries are emerging from 
conflicts, they generally do not have the infrastructure to support R&D activities.  Therefore, 
R&D innovations are developed far away from the location of their intended implementation, 
generally in westernized or developed countries.  The result is experts who may be able to 
provide implementation or operational feedback are not easily accessible to R&D scientists.  

An unavoidable issue is the presence of certain stakeholders that dominate the 
international demining market.  For example, the US government considers military R&D an 
essential aspect of the military budget.  The US military R&D department designs equipment for 
offensive and defensive purposes with a large operational budget at its disposal.  In contrast, the 
HMA community and its purchasing power is defined by donors. As cost is an issue, the HMA 
community does not have sufficient purchasing power to control a portion of the international 
demining market and therefore cannot demand designs for their purposes.  The indirect result is 
the scientific R&D community can meet the needs of military or commercial demining as it is 
economically beneficial, but is unable to design for HMA needs.  In fact, very few R&D 
organizations specifically design and market for HMA.  This reality contributes to the gap 
between the scientific and operational HMA communities.  

As dire as the situation seems, there have been significant improvements to close the gap 
in the last five years, and these should not be overlooked.  Organizations such as the ITEP have 
attempted to provide a neutral, information-sharing arena.  The scientific community32 
acknowledges that technology must be designed for multiple and differing physical terrains 
instead of assuming one piece of equipment will increase productivity for all mine action 
operations.  Also acknowledged is that mine action equipment designed for the military is not 
necessarily beneficial or cost-effective for HMA.  

                                                
32 Caution as there were very few respondents from the scientif ic community.  
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Part IV – Technical Factors Affecting Close-in Detection 
and Other Mine Clearance Technology  

The technical factors highlighted in the following sections were identified as affecting the 
operation of close-in detection and other mine clearance technology.  The technical factors 
discussed in this report include: the physical scenario, the climate, the soil composition, the 
vegetation composition and the anticipated threats expected.  The pilot study was constructed to 
delve into the specifics of how technical and operational factors impact the functionality and 
performance of close-in detection technologies used by respondents.  Contrary to the original 
intent of the questions, it soon became apparent that respondents tended to report the impact of 
each factor on their entire clearance toolbox; only occasionally specifying when close-in 
detection technologies were impacted.  Therefore, the report was forced to consider the impact 
on all mine clearance technology in the clearance toolbox with a special focus on close-in 
detection technologies.  The terminology used throughout Part IV reflects this decision and often 
refers to the impact on mine action technologies in general, discussing close-in detection 
technologies when appropriate.   

Table 4 below identifies close-in detection technologies and additional technologies used 
by each respondent.   

Country Other Equipm ent and Generic processes used Other Equipm ent and processes in  Clearance Toolbox

CEIA MIL-D1 Schonstedt Bomb locator FEREX 4.032

Backhoes, Rotary cutter, 

Balkans region CEIA MIL-D1 Manual prodding

Cambodia MineLab  

Cyprus Minelab F3 Manual tool kit, prodder, trowel, Large loop ebinger

Jordan Machines: aardvark, mine cat, minewolf

Sri Lanka Minelab F3 Rakes, brush rake 

Tajikistan Ebinger 421 GC

Vietnam Ebinger 420 PBD

Close-in  detection 
technology in  use

Afghanistan - 
Respondent 1

Afghanistan Ð 
Respondent 2

CEIA MIL-D1, Ebinger 
EBEX 420 GC, EBEX-420 
H, Schiebel AN-19/2, and 
mine detection dogs

armored vegetation cutters, MDDs are used in area reduction role, 
normally in areas where bush and high vegetation have been cut by 
the machines beforehand. Manual deminers with detectors are 
primarily deployed in the suspected high-risk part of the suspected 
mine are. Also use mechanical clearance machines. 

Iraq, Kurdistan 
Region

Minelab, Schiebel and 
dogs

Technical survey teams gather information and reading terrain, 
visual search, flails, 

Burning vegetation, locally made flails, vegetation removal, ground 
preparation, softening soil by watering hoses, manual deminers 
conducting technical survey in support of flails and mine detection 
dogs, saws, pruning shears, magnets to remove iron fragments 
from surface to deduce disturbance, bayonets, tripwire feelers

MineLab F1A4, Vallon, 
CEIA MIL-D1

Rake method is used in jordan, mine lines are known so unless 
there is lot of erosion, mines are simply excavated

Handtools, blast resistant and gardening tools, mine flail for area 
preparation, machine and running costs gifted by Japanese gov't 
so purchase cost uncertain. 

 
Table 4: Close-in detection technologies and other technologies as reported by Respondents 
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Section IV-1: Defining the Physical Scenario  

The most challenging aspect undertaken by this study was attempting to categorize and 
identify the environmental conditions and terrain present at each unique mine clearance 
operation.  It is commonly understood in the mine action community that the local physical 
environment and terrain, herein defined as the physical scenario, has the greatest impact on mine 
clearance operations and functionality of technology.  In order for R&D organizations to 
evaluate and understand the impact of the physical scenario on the functionality of technology, it 
becomes essential to categorize the local environment for comparison purposes.  However, mine 
clearance operations occur worldwide and each location has a unique physical scenario.  It is 
precisely this categorization of global physical environments into distinct and comparable 
physical scenarios that proved to be a daunting task.   

As a preliminary attempt, this research study took as its point of reference GICHD's Mine 
Action Equipment: Study of Global Operational Needs.  The GICHD study classifies the global 
environmental characteristics into 12 distinct categories: Mountain, Hillside, Grassland, 
Woodland, Urban, Village, Routes, Infrastructure, Desert, Paddy Field, Semi-Arid Savannah and 
Bush.  In order to compare functionality of technology vis a vis the physical scenario and for 
continuity purposes, respondents were first asked to identify their operation's physical scenario 
according to the GICHD's 12 categories for demining scenarios.  Further, respondents were 
asked to identity the level present of each physical scenario also using the terminology of the 
GICHD study.  As such, respondents had to identify each of the 12 physical scenarios on a scale 
of: Dominant Scenario Found, Scenario Frequently Found, Scenario Occasionally found and 
Scenario not found.  Table 5 below records their responses.  

 
 


