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Use of Demining Machines in Reduction of Suspected Area

Oto Jungwirth1, Director of CROMAC

Introduction

In line with rules and regulations that regulate 
humanitarian demining problem area (Law 
on Humanitarian Demining, a number of sub-
acts passed by proper authorities), demining 
operations in the Republic of Croatia are con-
ducted following the market principle. In prac-
tice, it means that demining is executed by ac-
credited demining companies, that the works 
are awarded by conducting various forms of 
procurement in which public procurement is 
dominant but also that project documentation 
development, quality control over the opera-
tions in progress and after the completion of 
operations are executed by the institution des-
ignated by Law – Croatian Mine Action Centre. 
Apart from 28 currently accredited commercial 
companies, out of which one is state-owned 
and others are private, demining operations 
are also conducted by non-governmental orga-
nization Norwegian People’s Aid which does 
not take part in the market but is financed by 
donor funds they secure themselves. In order 
to make sure that demining companies ensure 
the fulfilment of basic requirements the mar-
ket sets for them, relating primarily to efficacy, 
economical quality and safety-quality, consid-
erable capital is invested into procurement of 
basic means and training of people conducting 
the operations. It is estimated that ca. 30 mil-
lion euros have been invested into equipping 
the companies with means and equipment 
required. Biggest part of funds invested is re-
lated to the procurement of modern demining 
machines as the engagement of good-quality 
demining machines in particular increases the 
efficacy and economical quality of demining 
process.

1.  Available capacities and demining 
machine capabilities 

Modern mechanical demining method in the 
Republic of Croatia is conducted by demining 
machines of different types (Table 1) equipped 
by different working tools (Figure 1).

Table 1.Type and number of accredited demining machines

What we can see from the Table 1 is that the ac-
credited demining companies currently dispose 
of 54 demining machines including the excava-
tors, out of which the biggest number accounts for 
light demining machines. Lately, there has been a 
trend of procurement of medium and heavy de-
mining machines whose efficacy is considerably 
bigger than the efficacy of light machines.
From the aspect of working tool, demining ma-
chines dispose of flails characteristic for light 
demining machines, tillers and combination of 
flails and tillers characteristic for medium and 
light demining machines. (Figure 1)
All the machines used in demining process in 
the Republic of Croatia are subject to detailed 
testing and their characteristics are verified each 
year. In the process of annual verification of de-
mining machine characteristics (what is the sub-
ject of separate work at the symposium), among 
other things, the existence of required quality of 
soil treatment (soil treatment depth and densi-
ty) and the capacity of each machine presented 
through m2/h are established.1  Croatian Mine Action Centre, Ante Kovačića 10, 44 000 Sisak, 

Croatia, E-mail: oto.jungwirth@hcr.hr
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Average soil treatment depth for heavy, medium 
and light machines reached during the annual 
verification of characteristics, average capac-
ity of separate machine categories and average 
daily efficiency on the basis of 5 hour of work 
are given in the Table 2. What we can see is that 
in the conditions of full engagement of demin-
ing machines and with required quality of their 
work, stated machines can cover 285.300 m2 on 
the basis of 5 hour work.

Figure 1. Type and appearance of working tool the machines dispose of

Table 2.Average soil treatment depths and capacities of each machine category

2. Methods of suspected area reduction 

Mine suspected area in the Republic of Croatia is re-
duced by applying three methods. These are: gen-
eral survey, mine search and demining (Figure 2).

2.1. General survey

General survey in the Republic of Croatia is con-
ducted by CROMAC following precisely defined 
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Figure 2 Mine suspected area in DOF-2

Figure 3 Mine suspected area defined by general survey in DOF-2



8

INTERNATIONAL SYMPOSIUM “HUMANITARIAN DEMINING 2007”

procedures. Goals to be reached by general sur-
vey are:
• Precise definition of boundaries of mine sus-

pected area 
• Categorization of mine suspected area on the 

area to be searched and area to be demined 
• Marking of mine suspected area
Mine suspected area is classified as the one to 
be searched i.e. demined on the basis of rel-
evant data collected. The area for which there 
are certain mine contamination data available 
(minefield record, reliable information on mine 
contamination etc.) is categorized as the area to 
be demined. The area for which there are certain 
indicators of being mine suspected but has no re-
liable information on mine contamination is cat-
egorized as the area to be searched. (Figure 3)

2.2. Mine search

Mine search is a procedure for the establishment 
of accuracy of data collected by general and tech-
nical survey and it establishes the existence of 
contamination - non-contamination with mines 
and UXO of the entire MSA and/or building de-
fined by the project.
Authorised legal entities or tradesmen can per-
form mine search operations at the worksite us-
ing the following methods:
• Manual mine detection or, 
• Combination of demining machine reaching 

the depth defined by the project and manual 
method on the part of the area searched by 
the machine, or

• Combination of demining machine which 
does not reach the depth defined by the proj-
ect and manual mine detection, or

• Combination of demining machine which 
does not reach the depth defined by the proj-
ect and mine and UXO detection dogs after 
the machine, or

• Combination of mine and UXO detection 
dogs and manual mine detection.

Which of the above-mentioned methods will be 
applied depends on a number of factors such as 
soil conditions which define the soil composi-
tion, slope, vegetation density and diameter of 
trees i.e. limitations in the project in relation to 
the limitations of each of the methods.
Methods applied have to ensure required clear-
ance level i.e. establish the contamination or 
non-contamination of areas or buildings. The 
way of applying methods at the worksite is de-

scribed in detail in the execution projects made 
by authorised legal entity or tradesman and ver-
ified by CROMAC prior to the commencement 
of operations.
The biggest level of economical quality and ef-
ficacy in relation to the soil conditions while 
applying mine search process at the worksite is 
ensured by the method ‘’Combination of demi-
ning machine reaching the specified depth and 
manual mine detection on the part of the area 
searched by the machine’’. The same method 
will be elaborated a bit later according to phases 
of execution at the worksite. 

Phase I

In the fi rst phase, the entire area to be searched (Figure 
4) is treated with demining machine reaching the depth 
defi ned by the project (depths specifi ed in the project are 
defi ned by the Enclosure 1 to the Rules and Regulations 
on the Method of Project Documentation Development in 
Humanitarian Demining).

Phase II

After the entire area is treated with demining 
machine reaching the depth defined by the proj-
ect, CROMAC – Quality Assurance and Quality 
Control Department, according to SOP 04-02, 
performs sampling of mechanically treated area 
abiding by ISO 2859-1. If the medium value of all 
samples in the lot meets the acceptance condi-
tions, manual mine detection can be applied on 
the part of mechanically treated area.

Phase III

Deminers of the authorised legal entity or trades-
man search mechanically treated area using 
manual mine detection (metal detectors) every 
15 m in a way that they search working lanes 1 
m wide horisontally and vertically i.e. following 
the grid system. They also perform internal con-
trol on minimum 5% of searched area. (Figure 
5)
At the same time, Quality Assurance and Quality 
Control Department conducts quality assurance 
during the execution of operations and estab-
lishment of quality of searched area (sampling) 
according to SOP 04-03 (Sampling for Inspection 
and Control of the Area Searched by Metal De-
tector). If the incorrectnesses or non-conformi-
ties are established, manually searched area is 
returned in order to be searched all over again.
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Figure 4. Mechanically treated project area – DOF 2

Figure 5 Manual mine detection using the grid system and internal control – DOF 2
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Phase IV

Mine search by manual detection is conducted 
using the grid system on the entire mechani-
cally treated area in order to search minimum 
15% of mechanically treated area. In addition, 
authorised legal entity or tradesman is obliged 
to carry out internal control on minimum 5% of 
searched area.
Quality Assurance and Quality Control Depart-
ment continuously conducts quality assurance 
and samplings during mine search operations in 
progress covering 2-3% of searched area. At the 
end, upon completion of mine search operations 
at the worksite and submission of Statement of 
the authorised legal entity or tradesman and rel-
evant documentation on executed mine search 
operations, quality control is conducted over 
completed mine search operations on minimum 
3% of searched area (1% upon entry into force 
of the Rules and Regulations on Method of Con-
ducting Humanitarian Demining) (Figure 6).

Recapitulation of treated area

a) Authorised legal entity or tradesman:
• 100 % with demining machine reaching the 

depth specified by the project,

Figure 6  Project area treated by the authorised legal entity and QA and QC Department

• Minimum 15 % of mechanically treated area  
with manual mine detection (grid system), 

• Minimum 5 % internal control

b)  CROMAC, Quality Assurance and Quality 
Control Department:

• 2 – 3 % quality assurance during the execu-
tion of mine search operations 

• 3 % ( 1 % ) quality assurance over completed 
mine search operations 

Application of stated method resulted in treating 
the entire area with demining machine reaching 
projected depth and ca. 25% of the area by man-
ual mine detection.

If, during the application of stated method, the 
machine activates mines or UXO, or usage of 
manual detection in the working lane i.e. visual 
observation in the field results in detection of 
mines, UXO or their fragments, it is mandatory 
to inspect the area in the radius of 20 m from 
activated mines or UXO and establish systematic 
contamination based on which demining proj-
ect is made for the part of systematically con-
taminated area.
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2.3. Demining

Demining operations in the Republic of Croatia 
are conducted according to regulations that are 
compliant with the international standards and 
passed by proper authorities.

3.  Reduction of mine suspected area in 
2006

During 2006, total mine suspected area of 1.147 km2 
was reduced for 102.775.024 m2 by applying differ-
ent methods. With general survey method, mine 
suspected area was reduced for 78.000 000 m2, with 
mine search method for 15.318.174 m2 and with 
method of demining for 9.456.850 m2 (Figure 7.)

Figure 7  The diagram of reduction of mine suspected area 
by applying different methods (2006)

During 2006, there were 143 mine search proj-
ects realized out of which 97 were smaller than 
100.000 m2, 36 projects were between 100.000 m2 
and 500.000 m2, and 10 projects were bigger than 
500.000 m2 out of which 6 were realized using 
demining machines and the other 4 by manual 
method due to the configuration and character-
istics of soil that made the use of demining ma-
chines impossible. (Table 3)
The reason for relatively big number of projects 
smaller than 100.000 m2 is in the fact that certain 
investors requested demining of the areas neces-
sary for conducting their business.

Table 3 Size and number of mine search projects realized 
during 2006

Bearing in mind the fact that the advantages of 
demining machines in relation to other means 
used become apparent on bigger areas, for the 
purpose of this paper we will analyze mine 
search projects bigger than 500 000 m2 on which 
mostly demining machines were used (6 proj-
ects). There were 4.904.024 m2 searched on the 
analyzed projects out of which 350.644m2 were 
searched by manual method and the rest was 
searched mechanically.(Figure 8)

Figure 8 The diagram of the share of demining machines in 
mine search operations during 2006

From the aspect of the machines used, 47% of 
the area was searched by heavy machines, 36% 
by medium machines, 16% by light machines 
and 1% with excavators.(Figure 9)

Figure 9 The diagram of the share of each machine type on 
mine search projects

3.1. Economical quality

Analyzed projects were contracted based on 
public tenders carried out for the total amount 
of 4.809.246,77 EUR what gives the average price 
of 0,97 EUR/m2. If the analyzed project were re-
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alized using the manual mine detection method 
as per average price of 1,50 EUR/m2, what is the 
average price for this method in the Republic 
of Croatia, the amount required for their real-
ization would be 7.356.036 EUR i.e. 2.546.790,03 
EUR more than it was contracted. (Figure 10) 
Stated financial indicators undoubtedly indicate 
the economical quality demining machines have 
in relation to other methods.

Figure 10 The diagram of financial indicators – economical 
quality

3.2. Efficacy

Efficacy demining machines reach is more than 
clearly illustrated by the fact that the average 
demining machine and three deminers required 
for internal control reach the performance that 
would be realized by 62 deminers working with-
out the demining machine. (Figure 11).

Figure 11  The scheme of efficacy of demining machines in 
relation to the deminers

Conclusion

1. The advantage of demining machines in re-
lation to other means used in humanitarian 
demining operations become especially ap-
parent on bigger areas with favourable soil 
conditions scheduled for mine search. 

2. Financial indicators shown undoubtedly in-
dicate the economical quality demining ma-

chines have in relation to other methods. 
3. The biggest economical quality and efficacy 

in relation to soil conditions in applying mine 
search process at the worksite are ensured by 
combined method of demining machine and 
manual detection. 

4. Apart from the impact on the increase of ef-
ficacy and economical quality that demining 
machines have in the process of conducting 
demining operations, they also influence a 
great deal the considerable increase of safety 
during the operation what influences, along 
with prescribed measures of control, the in-
crease of quality of the work done.

5. Bibliography
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Abstract

Digging the soil using flail or tiller in front of the wheels or tracks creates a new loose layer of soil, and a machine has to 
move over it. Due to the higher level of soil moisture, mobility of the machine is limited, and its work efficiency decreases. 
Mobility of the machine depends on soil trafficability and working speed of movement of the machine. In the Theory of the 
machine movement, the soil trafficability has not been researched and explained, yet. Hence, the use of the machine on dry, 
wet, and extremely wet soil has not been sufficiently defined, so the use of the machine strictly depends on the experience of 
the evaluating person. It often occurs that the machine, in real mine field situation, does not hold the lane well, that it does not 
have satisfactory working speed of movement, that it does not have sufficient controllability, so it sways, or skids off the tracks 
or even rolls over. Occasionally in such conditions, the mine is pressed even deeper into soil. Such sort of machine demining 
is of poor quality, and thus it is unacceptable. Idea is to evaluate the use of demining machines in relation to actual state of 
soil, and not according to request, or own will of the demining company. The use of the demining machines in hard conditions 
should not be unauthorized, since the necessary quality and quality control are not secured, which then decreases efficiency, 
and increases total cost.  
In the paper, the methodology of future research project execution is presented, the project which will offer an analytical model 
of demining machine usage estimation in relation to state of soil. The model will define acceptable conditions for the use of any 
demining machines, based on technical characteristics of the machine and soil conditions, be it on dry, wet, or extremely wet 
soil – the soil trafficability.

1. Introduction

Demining machines treat mine suspected soil 
mechanically and, in so doing, neutralize buried 
mines (by crushing them or activating). Demining 
machine usage depends on condition of soil that 
needs to be demined. Machine mobility evalua-
tion, from the viewpoint of thier demining usage 
possibilities, is based on soil trafficability analysis. 
Soil trafficability is the criterion of possible ma-
chine usage in demining. The machine that 
treats the soil with a flail or tiller digs deep to 
20 cm or less, and by that formes a new loose 
layer of certain thickness in front of the tracks 
or wheels, through which the machine further 
drives, Fig. 1 and Fig. 2.
Therefore, it is necessary for the machine to 

have the required technical parameters of tracks 
and wheels for work in such hard conditions, 
particularly on that new moist layer of soil. The 
machine needs to keep up its working speed 
and controllability, without slipping and course 
violation. The new loose layer of soil („banana 
layer“) on which the track or wheel proceeds, 
has very low soil capacity, thereby a problem oc-
cures with trafficability of such a soil layer.
Currently in practice, in accordance with SOP 
CROMAC, demining machines are not used in 
the following cases:
• When the soil is frozen and/or covered in 

snow,
• In case of rain or thick fog,
• When operation of demining machine is lim-

ited for the reasons of inadequate soil and cli-
mate conditions,

• When it is not possible to ensure machine op-
erating from a supporting vehicle at the safe 
distance (at least 50 m), or from the machine 
cockpit

2 Polytechnic College Velika Gorica, E-mail: dinko.mikulic@vvg.hr
3  Polytechnic College Velika Gorica E-mail: vjekoslav.stojkovic@

vvg.hr
4 Brodarski institute d.o.o., E-mail: koroman@hrbi.hr
5 HCR-CTRO d.o.o., E-mail: ivan.steker@crto.hr

Evaluation of Using Demining Machines in Relation to Soil 
Trafficability 

Dinko Mikulic2 Vjekoslav Stojkovic3 Vladimir Koroman4 Ivan Steker5
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Problems:

1. Machine usage on moist coherent soil is not 
sufficiently determined

2. Unsafe hold of machine trace on loose layer 
of soil  (depth, direction, turn) 

3. Mines being pressed deeper in the soft soil 
4. Machine usage is dependent on implementer’s  

experience (deminer, demining company)

2. New loose soil layer - „banana layer“

In the domain of terramechanics and machine 
mobility on coherent soil, soil trafficability of 
very moist loose soil hasn’t yet been explored. 
In this paper, methodology of machine usage re-
search in these conditions is set. Machine usage 
limitations can come from the side of soil mois-
ture, which utmostly influences the machine 
usage possibility, and also the impossibility of 
activating mines on soft soil. This problem exists 
also for the supporting vehicle, which is usually 
on wheels. The task is to explore this field of ma-
chine use possibility and set out the models of 
anticipating ‘’banana layer’’ trafficability under 
the machine.
Mechanical parameters of soil need to be re-
searched, which include soil cohesion and in-
ternal friction as functions of moisture content, 
compaction and depth of loose soil layer. Soil co-
hesion and soil shearing strees can be assessed 
in advance, showing that they are not constant 
with different soil categories. According to some 
studies, the soil compaction reduces the cohe-
sion. The soil cohesion and the soil shearing 
stress decrease as a function of the moisture 
content. Also, it can be assumed that the trac-
tion force which occurs during the tyre/track – 
soil interface is more precise if the soil cohesion 
would be a function of the soil moisture content 
and the soil depth. 

Goals of R&D machine usage on soft 
soil

1. Examine the problem of loose soil layer traf-
ficability at which the machine moves (soil 
load capacity, machine pressure on soil, sink-
age, normal stress, shearing stress, soil cohe-
sion, soil adhesion, …)

2. Determine the machine usage acceptability 
model in humanitarian demining

3. Define the machine usage evaluation proce-
dure 

Assumption:
Machine usage criterion is its mobility on soft 
ground. Mobility of the machine, encompasses:

1. Soil trafficability
2. Working machine soil treatment speed (flat 

ground, climb, inclination)
3. Keeping the trace (line, digging depth, ma-

noeuvre)

Fig.1. MV-4 Demining machine with flails

Fig.2. Forming of new loose layer of soil under the tracks

3. Soil conditions and categories

Conditions defined by soil type and category, 
terrain configuration and vegetation are referred 
to as soil conditions. Soil categorization and veg-
etation are given in SOP (CROMAC 04.09.). In 
relation to probing and demining there are:

Favorable soil conditions,a) 
Aggravated soil conditions,b) 
Difficult soil conditions,c) 
Specific conditions.d) 
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According to the level of soil moisture there is:

a) Dry soil,
b) Soil with increased level of moisture,
c) Swampy soil.

As reflected in machine category and working 
conditions, light machines can accomplish the 
working effect of 500-1000 m2/h, medium ma-
chines 1000-2000 m2/h, and heavy machines 1500-
2500 m2/h. With regard to difficult treatment of 
soil with manual tool and demining machines, 
soil categorization is provided in table 1. 

Table 1. Soil categorization

Soil 
category

Soil features Method used Depth

Category 
I

Medium and hard 
soil, 
covered with 
vegetation, 
humus, loam, 
compact sand

Manual tool,
probes, shovel,
use of machine.

20 cm

Category 
II

Dirt mixed with rocks, 
dirt prevails with rare 
low and medium 
vegetation. Stone 
is limestone-schist, 
soft, easily crushed 
by machine working 
tool.

Probe used with 
difficulties. 
Use of machine. 

10 cm

Category 
III

Stony soil, stone 
sheets with dirt 
between them, low 
vegetation. 
Swampy soil.

Probe used 
on surface. 
Possible use of 
machine.  

10 cm

Category 
IV

Specific conditions, 
very hard soil, 
other categories not 
applicable. 

Not possible to 
use probes.
Machine is used 
with difficulties. 

-

4.  Soil trafficability in the domain of 
terramechanics

In theory of evaluating machine movement, a 
couple of approaches are used in researching 
soil trafficability: 
- on the basis of nominal pressure on soil - NGP 

(Nominal Ground Pressure), 
- on the basis of calculating the normal stress 

and soil shearing stress (σ, T) under track or 
tyre,

- on the basis of calculating mean maximum 
pressure on soil - MMP (Mean Maximum Pres-
sure), 

- on the basis of calculating the cone indeks of 
soil - CI (Cone index) and CIL (Limiting Cone in-
deks), 

- on the basis of cone index of the vehicle - VCI 
(Vehicle Cone Index), 

- on the basis of Bekker theory of soil con-
straint, 

- on the basis of wheel and soil slippage analy-
sis, 

- on the basis of the equation of the traction 
force in the tyre – soil interaction.

Nominal pressure on soil - NGP is the mar-
ginal tangetial pressure of wheel on soil, which 
doesn’t provide us with relevant comparison be-
tween two different wheels because of neglect-
ing the tyre deformation influence of the laden 
wheel whilst in movement. Similarly, it can be 
applied to tracks (different shapes and param-
eters of tracks). Relevant indicators of terrain 
vehicle mobility assessment, both on tracks and 
wheels, are based on the brittish model of MMP 
pressure and the american model of VCI pres-
sure which was adopted as the referent NATO 
model of evaluating military machine mobility, 
on wheels and tracks - NRMM - NATO Reference 
Mobility. However, practically there still doesn’t 
exist an explained and defined machine move-
ment on loose soil of high moisture.

4.1.  Demining machine’s mass 
complying to trafficability 
requirements

Machine categorization is known: light ma-
chines, weighing up to 5 tons, medium machines, 
5-20 tons, and heavy machines, with a mass of 
over 20 tons. Machine mass influence is very sig-
nificant in trafficability indicators of MMP and 
VCI. Machine mass needs to be adjusted to soil 
capacity. Cone index for very soft soil is CI < 
300 kPa. The capacity of such soil depends on 
soil moisture (w %). For soft soils, the capacity 
ranges from 50 (100) kPa to 300 kPa. That means 
all machines (light, medium or heavy) can have 
mean maximum pressure on soil to, at most, 300 
kPa. 
According to above mentioned, the greatest al-
lowable demining machine mass, on soft terrain, 
can be determined. Depending on the cone in-
dex, machines can be fastly evaluated. However, 
there always exists the problem of measuring 
low soil capacity in high moisture conditions.
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4.2. Soil Trafficability

Soil trafficability analysis, because of machine 
usage evaluation, is conducted on the basis 
of comparison between soil load capacity and 
mean maximum machine pressure on soil.
Interaction between soil and wheels and tracks, 
includes: 

Soil consistency1. 
Wheels and tracks2. 
Machine pressure on soil3. 
Deformation of soil under the wheel4. 
Soil trafficability simulation (as function of 5. 
the moisture content, compaction and depth 
of the loose soil layer)
Model of machine usage acceptability 6. 

Soil consistency according to moisture, 4 state 
types:

Firm state �
Half-firm state �
Plastic state �
Liquid state �

Note

Simulation and testing of soil trafficability re-
search of loose soil layer under wheels and 
tracks, can be seen on Fig.3.

 Simulation model:
  1. Normal stress, σ
  2. Tangential – shearing stress, T
  3. The equation of the traction force
  4. Machine testing in real conditions

All three indicators of soild trafficability (MMP, 
VCI i Z) can be calculated for each machine. This 
provides machine usage evaluation on soft soil 
(CIL) and  machine comparison, Fig. 4, Fig. 5 and 
Fig. 6.

5. Conclusion 

Soil trafficability needs to be estimated on de-
mining projects, on demining machine usage 
guidelines in various conditions and seasons. 

Fig. 3.  Progress of soil trafficability research, CROMAC-CTDT
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Fig. 4. Soil trafficability testing on moist soil

Fig. 5. Soil trafficability testing on very moist soil
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Therefore, soil trafficabiltiy has to be distin-
guished and evaluated in all categories of ma-
chines and supporting vehicles. Models for cal-
culating machine mobility need to be compiled. 
Maps of machine movability on certain terrain 
have to be created, in accordance with their us-
age assessment in mine-suspected area. 

Guidelines 
1. Soil load capacity and soil moisture measure-

ment
2. Determining machine features in the tyre/

track – soil interaction
3. Determining machine usage acceptability
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Advantages of Use of the Hand-Held Magnets and Rakes in 
Combined Demining Method

Ivica Raguž6

1. INTRODUCTION

During demining by manual detection (as the 
first method, or as the second method upon 
mechanical area treatment) except for standard 
equipment, metal detectors and prodders, vari-
ous auxiliary tools are also used. These are usually 
excavation tools, rakes and hand-held magnets.
Different types of rakes are used from the very 
beginning of mine clearance in Croatia while 
hand-held magnets are being used more recent-
ly and their usage is insufficient i.e. very limited. 
Magnets placed on demining machines are still 
not used in the Republic of Croatia.
Usage of magnets is very simple and does not 
require any additional training of deminers but 
the method of work with magnets should nev-
ertheless be described in the SOP’s. For now, not 
one company has a described method of work-
ing with auxiliary tools and hand-held magnets 
in their SOP.
Advantages of the application of magnets are 
obvious such as acceleration of work and in re-
liability. The advantage is especially observable 
in metal-free projects and projects characterised 
by high metal contamination. In our country, 
the best example is Town of Vukovar where we 
have ca. 50 detections per square meter. An ad-
ditional problem in Dalmatia is that clutters un-
der the impact of corrosion take the colour of the 
ground. Smaller clutters become almost impos-
sible to be visually observed upon detection.  
In mid-2006, I was occupied with various meth-
ods of increasing the confidence on the demi-
ning projects in Vukovar. Then I started with 
testing i.e. proving the advantages of hand-held 
magnets usage at the worksites in Slavonia. 
At the same time, I have realized that ITEP and 
TNO (The Netherlands Organization of Ap-
plied Scientific Research) are conducting re-
search «Magnetic clutter reduction efficiency» 
in Cambodia in cooperation with CMAC. I have 

not knowledge of whether or not the research 
was carried out in the first place. The aim was to 
prove that usage of hand-held magnets can in-
crease productivity for 50%. Testing should have 
been carried out in a real minefield. I have col-
lected all these information from the Question-
naire I received from TNO. The Questionnaire 
was relating to the type and frequency of hand-
held magnets applications in Croatia.   I sent 
them information on magnets of the company 
Dok-Ing with which I carried out my testing.

Rakes:
Different types of rakes are used from the very 
beginning of mine clearance in Croatia. From 
1995 they have been used very frequently, then 
accident happened and usage of the rakes rap-
idly decreased. Mine was activated pulling the 
tripwire by rakes. With increasing mechanically 
treated areas (from year 2000) rakes were back 
on worksites again. The reason is very simple, 
machines eliminate tripwires. Productivity with 
usage of the rakes is   higher.

Hand-held magnets:
Hand-held magnets usage in demining is insuffi-
cient in the Republic of Croatia. Magnets placed 
on demining machines are still not used. It is few 
reasons because of that. Main reason is reliance 
on mechanical preparation of the ground, which 
is really good in Croatia.  Second reason is that 
nobody took serious consideration about advan-
tages of usage of the hand-held magnets. Most 
far went company Dok-Ing but even they did 
not capitalized investment in very quality mag-
nets what they own. 
With observation on the field and comparison 
of the work in first and combined method, with 
and without hand-held magnets, productivity 
increase is so obvious in magnets favour. Pro-
ductivity difference is higher with high metal 
contamination. With minimal contamination 
productivity is the same but in areas with very 
high metal contamination (especially with small 
clutters) difference is over 50%.6 CROMAC, QUALITY CONTROL OFFICER , ivica.ragus@hcr.hr
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Description of the Dok-Ing hand-held magnets:
-  working width, diameter - 25 mm, wider di-

ameters of the magnet increase his weight
and handling is more difficult  

 - weight - 250 g 
 -  nonmagnetic casing assure easy of the re-

moval of clutters from the magnet 
 -  strength – on 50 mm distance attract 1 g, 10 

g  and 100 g, hold 4 kg metal piece
 -  different lengths of the handles assure 

standing and kneeling working position

2. TEST

Testing is done on working sites in Slavonia. One 
part of the test should be done in Dalmatia but it 
was not possible because of organization prob-
lem. Anyway, this does not have some influence 
for test results.
All test samples were in real minefields and ac-
tual working sites. We did not targeting record-
ed minefields but also we did not choose areas 
without mines. Samples were chosen randomly, 
depending of work progress on the worksite.
Testing was carried out from October 2006 till 
March 2007. Whole testing procedures could be 
done faster but it was performed during normal 
working time, on actual working sites and was de-
pended of the many others circumstances. Accord-
ing to this, we did not require any extra spends. 
At first, we started with work in lanes. Very soon 
I realized that deminers equipped with magnets 
advance much faster. I could not supervise all of 
them in same time. After that I organized work in 
boxes. With few test probes we find out optimal 
box size. Most ideal size was 25 m2,  5 x 5 m. On this 
way we could cleared few boxes in one day, ad-
vance together and work in same site conditions.
My idea was that we clear 4 to 5 samples on me-
dium size working site (200.000 m2). One sample 
is three boxes, which mean five samples are fif-
teen boxes.
One sample consist three boxes in dimensions 5 
x 5 m, just few boxes were in dimensions 1 x 25 
m. Different kind of working tools were used on 
different boxes.
On each box all of the deminers use same kind of 
the metal detector adjusted on same sensitivity.
With metal detector additional tools were:
- Box No 1 – prodder
- Box No 2 – prodder and rakes
- Box No 3 – prodder, rakes and magnet
Each signal was checked with prodder, at first. 
If mine identification is negative, it is allowed to 
use rakes and magnet. 

After each sample deminers change their posi-
tions and working tools. On this way we try to 
avoid subjective influence on test results.
Recorded parameters are time (minutes) and con-
fidence (percentage). During the work I super-
vised deminers working procedure (prodder at 
first) and recorded clearance time for every box. 
Confidence had to be as at metal-free projects.
Each box was checked twice (clearance and qual-
ity assurance).
All results are recorded in written form and in 
photographs, for each box and sample. On the 
end we have some average values for compari-
son. In total it was done 18 samples on 4 work-
sites, what are 54 boxes.

3. RESULTS

Total values, Σ 18 samples

Box No. t - minutes
Metal pieces, 
clearance

Metal pieces, 
QA 

1 808 253 8
2 669 250 3
3 453 257 0

Average values, Σ 18 samples

Box No. t - minutes
Metal pieces, 
clearance

Metal pieces, 
QA

1 45 14 0,5
2 37 14 0,2
3 25 14 0

Diagram of the average values
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Relation between time and confidence

Confidence = 100 – (qa / mp) x 100

qa – metal pieces found in quality assurance
mp – metal pieces found in clearance

4. CONCLUSIONS

Advantages of use of the hand-held magnets 
are increased productivity and confidence. Dif-
ferent test results will be for different kind and 
strength of the magnets. Most advantage affront 
of standard tools is in high metal contaminated 
areas. Demining companies in The Republic of 
Croatia should include working procedure with 
magnets and other auxiliary tools in their SOPs 
and Execution projects
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Abstract

The risks a deminer is exposed to are different to those that military personnel encounter. The working situations are 
significantly different and this leads to different requirements for protective equipment. Many manufacturers of Personal 
Protective Equipment (PPE) have developed PPE focussing on the needs of the Humanitarian Mine Action Sector.
The test methodologies so far used to test these equipments has been NATO STANAG 2920. The STANAG is a well accepted 
methodology but designed to test the level of protection against fragments.  This does not give all the information that is 
needed for PPE for HMA.
The CEN Workshop 26 proposes a three step test methodology for PPE for HMA. The first step will cover protection against 
secondary fragments (i.e. soil debris) by using NATO STANAG 2920 but with steel projectiles replaced by a material with a 
density and brittleness similar to stone. The second step is a blast test where the integrity of the whole system is tested when 
exposed to blast and blast ejecta. These two first tests are laboratory test. The last and third step is an ergonomic suitability 
test to be carried out in the field by any demining organisation.

Personal Protective Equipment for use in Humanitarian Mine Action
Standardised Test and Evaluation Methodologies 

(CEN Workshop Agreement)

Kaj Hörberg7, Tim Lardner8

Background

The European Commission has granted a man-
date to the European Standardization Bodies to 
proceed with standardization for humanitarian 
demining. Such standardization includes the 
test and evaluation of any tool in support to hu-
manitarian demining.

The Committee for European Standards (CEN) 
has, through their Working Group 126 (CEN BT/
WG 126) “Humanitarian Mine Action”, deliv-
ered in March 2002 as an action plan, the CEN 
response to the EC “Mandate to the European 
Standardization Bodies on Technologies for 
Humanitarian Demining” (M/306)9, interpreted 
to cover humanitarian mine action. In this re-
sponse, a particular action was identified on 
“PPE for HMA”.

Methodology and timeframes

The work has followed the standard procedure 
for the CEN Workshop Agreement (CWA) which 
is open for all and is a way to formalise “best prac-

7 Swedish Standard Institute, SE-118 80 Stockholm, Sweden
8 GICHD, PO Box 1300, CH-1211 Geneva, Switzerland
9  Mandate to the European Standardization Bodies on 

Technologies for Humanitarian Demining, EC Joint Research 
Centre and Research Directorate-General, M306 EN, Brussels, 25 
August 2000.

tice” and where the participants, based on the 
knowledge available, agree on a test procedure 
for PPE. The decisions are taken in consensus. To 
develop a full CEN standard is time consuming 
and expensive and could only be done among 
CEN members which does not fit well to global 
HMA. The CEN workshop agreement proce-
dure has been proven to be an effective and cost 
-effective way to formalise available knowledge 
into well accepted “standards”.
The Kick-off meeting was held in June 2006. The 
first technical meeting was held in September 
2006, the second in December 2006. The third and 
final meeting was held in March 2007. The par-
ticipants agreed on a methodology for PPE test 
procedures for use in HMA. There still remain 
some final data to be verified but it is planned to 
submit the results to the CEN authorities for final 
formalities - including a 60 days public consulta-
tion period. In early autumn this year we believe 
we will have a CEN Workshop Agreement that 
is formally approved by CEN.  It is ultimately ex-
pected to have the CWA integrated into the Inter-
national Mine Action Standards (IMAS) but deci-
sion will be taken by the IMAS review board.

Scope

The scope for the workshop was to specify 
methods for testing, evaluation, and acceptance 
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of PPE for mine action against anti-personnel 
blast mines. 
Only critical, life threatening and vision affect-
ing injures are addressed.
Anti-personnel fragmentation mines are exclud-
ed from the process.10

Risks, protection and test scenarios

The PPE provided for the deminer shall mini-
mise the risk of fatal and critical injuries, as well 
as those affecting the vision.
All PPE will cause the deminer some degrada-
tion in performance due to increased weight, 
reduced opportunity for body cooling, reduced 
mobility/flexibility and so on. It is important 
that the level of protection is balanced against 
the need for protection and the operating en-
vironment. If this balance is not achieved, the 
degradation in performance can be counter-pro-
ductive and may be a contributory factor in an 
accident.
With that in mind we agreed that the torso (ex-
cluding the back) shall be protected in addition 
to the shoulders/armpits, neck, and groin. Full 
face protection shall extending to the full height 
of the head. The face is defined as the frontal 
part of the head extending to just in front of the 
ears, just below the chin and extending to the 
top of the head.
An exploding anti-personnel blast mine will 
normally form a blast cone. If the operator is 
too close to a exploding mine (depending on a 
number of factors including size of charge, dis-
tance and burial depth), the blast impact will be 
so significant that no viable PPE will protect the 
deminer.
The deminer’s working position, as well as dis-
tance11, are essential to ensure effective PPE 
functioning. The impact from blast and the blast 
ejecta decrease quickly with distance. The fur-
ther away from the centre of the blast cone, the 
safer the deminer will be. It is likely, for example, 
to be safer for the deminer to be close to the seat 
of the explosion at ground level as opposed to 
the same distance in the centre of the blast cone 
over the mine.
Based on empirical data, it appears that the 
kneeling and squatting positions present the 
highest threat to the deminer in the event of an 
explosion and these positions are therefore as-
sumed to be the most dangerous. 

To set the level of hazard, the PMN anti-person-
nel blast mine was chosen. It is one of the most 
widespread anti-personnel blast mines and has 
an explosive content of 240 grams of cast TNT. 
While there are anti-personnel blast mines with 
higher explosive content, the PMN has been 
chosen as most representative for this category 
of mines. Most other anti-personnel blast mines 
have a lower content of explosive.

Ballistic test

We focus on the anti-personnel blast mine as the 
threat and therefore the ballistic test will mea-
sure the level of protection a certain material 
used in PPE has against secondary fragments, 
which mostly contains soil debris. NATO STAN-
AG 2920 is a widely used standard for testing the 
protection level against primary fragments. The 
Canadian Centre for Mine Action Technology 
Found the behaviour of secondary fragments 
to be significantly different to that of primary 
fragmentation12. The test methodology in NATO 
STANAG 2920 has been adapted to account for 
these differences.  The Simulant Formed Projec-
tile (SFP) formed of steel has properties that are 
far from the properties of an average stone. The 
average density in a stone is about 2700kg/m3 

compared with the density of steel that is about 
7800kg/ m3. Aluminium has a density compara-
ble to stone. Stones are usually brittle and that is, 
to some extent, copied by chosing an aluminium 
alloy that is hard and brittle. In the event of an 
accident the deminer will be close to the explod-
ing mine and the secondary fragment will have 
a very high velocity. We propose that the same 
test shall be applied to eye, face and body pro-
tection. 
Test parameters
- The projectile shall be a right circular cylinder 

(RCC) 4 mm long and 4 mm (+- 0.05 mm) di-
ameter.

- The projectile shall be made of an aluminium 
alloy with a yield strength of xxx MPa (+- 5 
MPa) and a mass of 0.14g (+- 0.003g).

- The V50 of the PPE shall be 1000 m/s.
The exact aluminium alloy and its strength is 
still under investigation and the result will come 
soon but is currently not available to be included 
in this paper.
The V50 value mentioned above is valid for wo-
ven type materials such as Aramid. Other ar-
mour components involving different materials 
may result in a different V50 value for the same 
level of protection.

10  It is recognised that hazards from AP fragmentation mines 
do occur and that it may be desirable to assess this specific 
requirement as part of a separate process.

11  Nerenberg J et al, Enhancing deminer Safety Through 
Consideration of Position, joint paper with Med-Eng Systems 
Inc, US Army CECOM and Defence R&D Canada

12  Damage caused by soil debris ejected from buried Anti 
Personnel Mines, Jennifer Mah, Benoit Antcil, Matthew Keown 
for Canadian Centre for Mine Action Technologies, 2006
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Blast test

The purpose of the blast test is to demonstrate 
that different parts of PPE work together as a 
system for the protection of the deminer and 
show the integrity of PPE when exposed to the 
forces from a blast. 
Blunt trauma from a blast has not been demon-
strated to be a significant contributing factor to 
deminers injuries13. A number of simplifications 
have, therefore, been made to ensure more ef-
fective application for the mine action environ-
ment. The threat increases with proximity to 
the charge and the assumption is made that a 
reasonable distance is maintained between the 
deminer and the hazard.
For the test, a simulated mine will be used. It is 
made of a plastic container with an explosive 
content that is equivalent to 240 grams of cast 
TNT. The simulant mine is put in the centre of 
a box filled with dry medium grain sand. The 
simulant mine has an overburden of 20 mm of 
sand
The PPE to be tested is put on a pedestrian ver-
sion 50th percentile male Hybrid III anthropo-
morphic dummy (more commonly known as a 
crash test dummy).  The PPE shall fit the dummy 
correctly. Kneeling and squatting positions have 
been identified as being the most hazardous and 
as such, the workshop agreed that a kneeling 
position, with the tip of the dummy’s nose 550 
mm and at 70°− from horizontal to top centre, of 
the simulated mine.
Underneath the PPE, the dummy is wrapped in 
a witness sheet of woven cotton cloth. The out-
er edges of the PPE are marked on the witness 
sheet. After the blast the witness sheet is visually 
inspected and there should be no penetration 
within the protected zone.
The test shall be carried out twice with a new set 
of PPE. If either test is a failure, the test shall be 
undertaken once more. If this additional test is 
a failure, the PPE has failed the test. Sand that is 
affected by the blast shall be replaced after each 
test. Quality control of each blast will be made 
by measurement of the pressure in free air close 
to the head of the dummy.

Ergonomic suitability test

The ergonomic suitability test is a field test that is 
designed to be made by any demining organisa-
tion without the need of expensive equipment. 
The aim of the test is to ensure that the end users 
of the PPE shall be comfortable with the protec-
tive capacity of the PPE. It may also be used as a 
part of a procurement process. 
The PPE shall be supplied by the manufactur-
er complete with labels, or copies of the pro-
posed labels, and the information Supplied by 
the Manufacturer that will be supplied with the 
products. The sizes should be suitable for the 
body size of the deminer in the environment to 
be operated in.
The testing organisation selects a test panel that 
are habitual wearers of PPE (deminers). They 
shall be selected to represent the typical user 
of the PPE. They shall be medically fit. At least 
three deminers shall be available as test panel 
members for the practical ergonomic tests. 
Before PPE is put on by test panel members it 
shall be inspected for sharp edges, rough sur-
faces, protruding wire ends or any other feature 
that might cause harm to a deminer. If serious 
faults are found no user trials shall be carried 
out. The results of the examination shall be re-
corded in the test report.
Before the wearer trial, the PPE shall be fitted 
and adjusted according to the instructions sup-
plied by the manufacturer. The deminers shall 
wear clothing with the working clothes that are 
normally worn in field operations.
The assessor and deminer shall agree whether 
the fit is adequate or not. 

Ergonomic assessment by wearer trial

The deminers in the test panel shall complete 
seven different types of movements and exercis-
es such as standing up and laying down, walk-
ing 500 metres etc. After each activity they shall 
complete the questionnaire. The movements 
shall be carried out both while wearing the PPE 
and without it. Around half the movements are 
to be carried out without the PPE first. The de-
miners shall answer the questions by comparing 
their comfort, their sense of impediment, their 
sense of effort, the accuracy of their accomplish-
ment of the movement, and their fatigue, when 

13  Effectiveness of Personal Protective Equipment (PPE) for Use in 
Demining AP Landmines (:c Chichester – U.S. Army CECOM, 
C.R. Bogess, M. Davis _ University of Virginia, D.M. Bergeron 
_ Defence R&D Canada – CCMAT, E Sanderson, G. Di Marco – 
U.S. Army Aberdeen Test Center). Proceedings of the 2001 UXO 
Conference, New Orleans, USA, April 2001
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wearing the PPE and when not wearing it. The 
scores given shall be based on the summary be-
low taking into account the differences between 
carrying out the movements with and without 
PPE.
The questionnaire gives the test panel the pos-
sibility to select among five levels
Score 0 - No problems;
Score 1 - A slight problem of comfort or impedi-
ment;
Score 2 - Problems of comfort or impediment 
and of fatigue or accuracy of movement;
Score 3 - More severe problems of comfort and 
fatigue that would limit the duration of tolerable 
use of the PPE;
Score 4 - A severe problem that makes the PPE 
unsafe, or hazardous to wear because of severe 
impediment to movements, or gross shifts of 
the armour on the body that interfere with the 
wearer’s ability to complete further movements, 
or because it obstructs vision. 
No armour would normally be acceptable that 
scores 4 except in movements that would not be 
undertaken wearing such armour.
The question scores of all panel members are 
added together and calculated to give an aver-
age score of the three test panel members. The 
PPE shall be considered satisfactory ergonomi-
cally if the score is below a certain level. The re-
sult from the ergonomic suitability test shall be 
evaluated by assessor taking the local condition 
into consideration.

Findings for the future

The current IMAS requires the level of protec-
tion such that the PPE shall protect against blast 
from a PMN AP-mine at a distance of 60 cm. In-
vestigations made as part of the workshop show 
that a realistic average working distance is closer 
to 45 cm than to 60 cm. We propose a reduction 
in the test distance to 55 cm It is recommended 
that further research is made to improve test 
methodologies to meet a more realistic deminer 
operating distance. Such a methodology will in-
crease the possibility to develop more effective 
PPE in the future.
The IMAS do not give any requirement on the 
optical quality of the eye protection. The out-
come of some accidents has been worse because 
the eye/face protection has not been worn cor-
rectly and it is often suggested that one of the 
contributory factors may be poor visual proper-
ties. There is an EN standard that specifies three 
optical classes where class 1 is the best and class 
3 the worst.  It is recommended that class 2 or 
better shall be used. There may be some techni-
cal problems caused by thickness and curves of 
the protective material but we still believe that 
a deminer needs as minimum the same optical 
class of his eye protection as a fire fighter. 
The current V50 value is linked to the extant 
qualities of Aramid.  In the future, as materi-
als develop, this V50 figure may require to be 
adapted.
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Abstract: 
A new participatory approach that makes use of and improves local end-users knowledge has been used to design a new 
portable mechatronic system for humanitarian demining applications in Sri Lanka, using power tillers as core module. They 
are very simple and versatile machines with large scale diffusion in developing countries, where they are commonly used for 
agriculture and transportation purposes.
The system, composed by a tractor unit, a ground processing tool and a vegetation cutting tool is firstly introduced. The paper 
then focuses on the portable control unit allowing to control the machine from remote distance, in case unexploded ordnance or 
other fragmentation weapons are known to be present. The module allows forward motion by acting on the clutch, differential 
and acceleration of the power tiller; steering is controlled by additional brakes, mounted on the driving axle. Two wheels 
supporting the ground processing tool on the front of the machine are connected to the rear driving ones through tracks. The 
module can be fit to every kind of power tiller actuated by levers, using differential gear, after only little adjustments. The 
control is pneumatic and it is powered by the engine of the power tiller itself. The unit, like the others modules, responds to the 
requirements of safety, low-cost and simpleffectiveness. 

Keywords: mechatronic demining system, modularity, remote control, pneumatic actuation, low-cost design.

1. Introduction

There is increasing consensus on the fact that 
landmines heavily affect the development of 
contaminated countries and that mine action ac-
tivities need to be integrated into general devel-
opment initiatives.
There is also general acknowledgment that ma-
chines have fallen short of expectations: only 
few are actually employed in the field and are 
often down for maintenance waiting for spare 
parts or experienced technicians able to fix them 
coming from abroad [1].
These reasons are at the base of the idea of 
adapting commercially available power tillers 
to demining applications by designing different 
modules attachable to the main tractor unit in 
a participatory way together with deminers. In 
fact we believe that involving deminers into the 
whole design process would allow them to get 
familiar with the innovation process, which is a 
key component of the development process, and 
would help realizing a machine nearer to real 
needs, sustainable because made of materials 
available locally and therefore more efficient.

Portable Mechatronic System for Demining Applications: Control 
Unit Design and Development

Szymon Kostrzewski14, Rusiru Dasantha Apputhanthri14, Jawad Masood14, Emanuela Elisa Cepolina14

14  PMARlab, Department of Mechanics and Machine Design 
(DIMEC), University of Genova, Italy
Contact E-mail: emacepo@dimec.unige.it

The project presented here therefore regards the 
participatory design and development of a new 
small machine for helping removing landmines 
in the Vanni region in Sri Lanka.
This paper focuses on the control unit, which al-
lows forward motion and steering, leaving gear 
change to be done manually, at the beginning of 
the working lane. 

2. Requirements and system design

A one-month trip to northeast Sri Lanka was or-
ganized, at the beginning of the project. Demin-
ers asked for their preferences during group in-
terviews, expressed a strong desire for new small, 
light and cheap machines. They want machines 
to help in the most boring/difficult parts of their 
job, particularly cutting vegetation and process-
ing the ground, specially the hardest one, cur-
rently scarified using a simple rake called heavy 
rake, to remove the soil hiding mines [2].
Therefore, the target of the project is to develop 
a modular system using as core module a power 
tiller and equipping it with modules specialised 
for ground processing and vegetation cutting. A 
special end-effector to process the soil and bring 
mines up to the soil surface is being designed. Each 
machine can be considered a semi-autonomous 
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system, helping a single deminer in his work, and 
a certain number of machines can be controlled 
automatically to perform area-reduction opera-
tions, working as a multi-agent system.
Deminers will always assist machines: once a mine 
is found and lifted up on the soil surface by the spe-
cial end-effector, a deminer can remove the mine 
manually. Manual mine removal has been intro-
duced in order to lower the complexity and cost of 
the machines, as well as to allow a quicker integra-
tion of machines in operational procedures.
A modular top-down design approach was cho-
sen. Starting from the task, defined by demin-
ers, the mechanical modules able to accomplish 
the work were conceived. The machine exhibits 
modular structure, as two end-effectors compat-
ible one to each other can be attached to the trac-
tor unit: one is dedicated to ground processing 
and the other to vegetation cutting. 
Therefore, the project involves the mechanical 
design of three modules: tractor unit, ground 
processing tool and vegetation cutting tool. The 
project includes also the implementation of the 
remote control that needs to be used when Unex-
ploded Ordnance (UXO) and fragmentation Anti 
Personnel (AP) mines are known to be present.

The tractor unit is the power tiller, opportunely 
modified to be adapted to remote control and 
equipped with tracks to provide sufficient trac-
tion [3], while the ground processing tool is the 
means by which landmines are lift up on soil 
surface to facilitate later hand removal by de-
miners. The ground processing tool is placed on 
the front of the machine, to allow landmines to 
be removed before the tractor unit passes over 
them. The vegetation cutting module can be at-
tached on the front of the machine when vegeta-
tion is too thick for the machine to pass through; 
it is powered by the power tiller engine and is 
supported by the same supporting frame of the 
ground processing tool. 
The overall essential requirements the machine 
has to satisfy are:

reliability: 100% clearance -
safety of operator: 100% -
depth of demining: 100 mm -
width of clearance: 1200 mm -
speed of clearance: higher than manual -
types of mines: small plastic blast-type AP  -
mines
cost: 20.000  -
remote control distance: 20 m -

Considered mines are small because they are be-
tween the less harmful existing ones, containing 
up to 50g of explosive only. UXO and fragmenta-
tion mines are also present, especially Claymore 
types, but only in certain known minefields. 
The machine is specifically designed to be proof 
against AP blast mines and to resist damages 
caused by fragmentation devices.
Cost is one of the main points of the project. 
The cheapest machine for humanitarian demi-
ning applications available on the international 
market, the Tempest which is classified as mini-
flail, is used for cutting vegetation and costs 
US$120,000 [4]. Although entirely produced in 
Cambodia, it is entirely specifically designed for 
demining purposes and therefore is inherently 
expensive. 
Cost has to be contained as much as possible be-
ing one of the major causes of poor adoption of 
machines into demining programmes. The price 
of 20.000 does not include the research and de-
veloping cost and is equally divided between 
the modules and the control. 
Attention is being paid to keep the machine ex-
tremely simple, avoiding adding complex modi-
fications or tools to a very simple basic unit such 

Fig 1. Power tiller and digital mock ups of the system 
designed, composed by three modules: tractor unit, ground 

processing tool and vegetation cutting tool.
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as the power tiller. Therefore, parameters have 
been identified that contribute to achieve ex-
treme simplicity and effectiveness, referred to as 
Simpleffectiveness.
The features the machine has to present in order 
to be Simpleffective are shown in the box beside.

3. Control unit

The control system has to allow to operate the 
tractor unit remotely in forward motion with 
steering acting on the semi-axles. In fact, even 
most basic power tillers, with no differential 
gear, present two semi axles and turning can be 
achieved by acting on them separately. 
Generally power tillers are controlled manually 
by an operator walking behind them. Speed and 
direction of movement are influenced by using:

gearbox – to choose one of the gears defining • 
speed and reduction (torque on wheels),
forward/backward lever – to choose between • 
forward and backward movement; neutral 
position is also allowed,

differential – mechanism allowing for cou-• 
pling and decoupling synchronous move-
ment of wheels,

Tab. 1. Power tiller actuated features

clutch – coupling/decoupling actuation on • 
wheels,
acceleration – angular speed of engine.• 

• 
After having started the machine manually, 
while keeping clutch pressed, the gear is shifted 
and forward/backward motion selected. After 
this, the clutch can be released causing wheel 
to decouple and motion starts. The operator fol-
lows the machine adjusting the acceleration ac-
cording to working needs. When direction needs 
to be changed, firstly the differential is actuated 
to allow non-synchronized movement of the 
wheels. Direction is manually changed acting 
on handles. When the power tiller is moving in 
proper direction the differential can be switched 
off to preserve the direction.
After having analysed manual operations, the 
features to be actuated by the control system 
need to be selected. All existing levers can be au-
tomated but changing direction, which is usually 
performed by the operator, rises up a problem. 
As a solution, external braking system was con-
sidered. The system consists of two disk brakes 
attached to each wheels and works in the follow-
ing way. When direction is not relevant the dif-
ferential firstly is actuated. Then, when wheels 
can be moved in not coordinated way, one of the 
brakes can be applied decreasing the speed of 
the wheel. This causes the direction to change 
proportionally to the difference in wheels speed. 
After reaching the proper direction, the brake 
should be released and differential switched off 
forcing synchronous motion. 
According to previous considerations, the fea-
tures selected for actuation are shown in table 
1. Motion type analysis indicates that linear mo-
tion is needed mainly. In some cases actuation is 
needed in both movement directions in others 
one direction is passive. Deadlocks possibility 
should be regarded as source of further possible 
actuation problems. 
Control system actuation can be realized in three 
ways: electrically, hydraulically and pneumati-
cally. Advantages of the electric control system 
are:

all parts of electric system i.e. DC motors, re-• 
lays, sensors etc. are easy available,
accurate position control (with usage of exter-• 
nal sensors),
easy to assembly, small and shock resistant • 
wiring system,
low cost of most commonly used parts.• 
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State equations:      Output equations:• 

The logic equations presented before can be im-
plemented in different ways: as relay circuit (lad-
der diagram), digital logic circuit (using available 
electronic stuff), microchip program and pre-
defined controller available in stock. For this ap-
plication we have chosen Siemens Logo control-
ler which is cheap and robust, allows for software 
based programming, conventional switches are 
not needed and extended communication fea-
tures can be used. This selection fulfils require-
ments as well as provides some additional ad-
vantages which can be useful in the future.

4. Conclusions and further work

The control unit of a small cheap machine to 
help demining operations in the Vanni region of 
Sri Lanka has been presented. The overall work 
to finish the project encompasses the finalization 
of ground processing  and vegetation cutting 
modules design, the manufacturing of parts and 
the general assembly. The control unit design is 
complete, only fixtures need to be finalised and 
sent to the workshop for manufacturing. 
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Electric system drawbacks are mainly:
difficult (in case of this project timing) remote • 
control — microchip circuit board is needed,
difficult and not resistant to deadlocks reali-• 
sation of linear motion,
actuators are not resistant to vibrations and • 
contamination.
Instead, advantages of hydraulic system are:• 
slow motions and big forces,• 
angular and linear motion,• 
is resistant for vibrations and contamination,• 
 has biggest available power/mass ratio.• 

And drawbacks are:
pumps, valves and actuators are expensive,• 
additional equipment i.e. oil sump and oil ac-• 
cumulator is needed,
wiring system is very extended and can be • 
easily damaged.

Pneumatic system was chosen having the fol-
lowing significant advantages in this applica-
tion:

natural linear motion,• 
resistance to deadlocks,• 
resistance to vibrations and contamination,• 
very big variety of actuators available,• 
can be integrated with hydraulic system• 
(brakes) with usage of pneumo–hydraulic • 
amplifiers.

While electric system needs power generator 
and hydraulic one needs a pump the pneumatic 
system needs an air-compressor.

Control system was designed accordingly to dig-
ital control system design Moore approach. The 
state flow diagram is shown on figure 1. Cor-
responding to this and concerning Karnough 
tables as a result the following control laws can 
be obtained:

Fig. 1. State flow diagram for logics design
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MAIC Survivor Assistance Projects
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Three survivor-assistance projects of the JMU 
Mine Action Information Center were highlight-
ed during a presentation at the demining sympo-
sium. They are: 
1. Casualty-data best-practices guidebook
2. Survivor-assistance training
3. Adaptive Technology Catalog
All three projects being conducted at the request 
of the U.S. Department of State Office of Weapons 
Removal and Abatement Bureau of Political-Mili-
tary Affairs. The survivor-assistance training is be-
ing conducted under the leadership of The Polus 
Center for Social and Economic Development.

Casualty-data “Guidebook” Project

Many in the mine-action/unexploded-ordnance 
community have trouble effectively gathering, 
managing and interpreting casualty data, although 
some mine-affected countries have created good 
casualty-data systems and planning procedures. In 
our research at MAIC, we have found that while 
there is a significant amount of casualty data col-
lected by various entities around the world, it is 
often not effectively used to inform the decision-
making and planning processes in mine action. It is 
the use of the data that is really driving this guide-
book, which will be published in September 2007. 
Some countries and programs are challenged to 
effectively collect needed landmine/UXO casualty 
data; others collect the data and then seem to do 
little with it. Many programs collect and use land-
mine/UXO “accident” data to inform their mine-
risk education and clearance projects. For instance, 
if the data shows that there has been one or more 
casualties in a particular location, the country’s 
mine-action authority will assume there is a pock-
et of landmines or unexploded ordnance located 
there and consequently choose to mark and clear 
the area. More recently, with the increased focus on 
developing mine-victim assistance plans, national 
authorities are more interested in obtaining addi-
tional information about accident survivors in or-

der to plan and deliver rehabilitative services. The 
guidebook will research what is actually being done 
in selected mine-affected countries and assess their 
effectiveness, drawing conclusions regarding which 
approaches should be considered “best” practices.
The guidebook will be comprised of lessons 
learned and identified “best practices,” instruc-
tive, detailed case studies, and a set of recom-
mendations to guide planners, which will be 
short and broadly applicable to most situations.

Survivor-assistance Training

In a recent survey conducted by the MAIC (as a 
follow-up to the Senior Managers Courses MAIC 
has presented for the United Nations Develop-
ment Programme), more than half of the mine-
action centers responded that landmine survivor 
assistance was a “top” or “high” priority, yet an 
even greater number 
reported that “no one [in their mine-action cen-
ter/agency] had received any training” in survi-
vor assistance. Consequently, the MAIC and The 
Polus Center for Social and Economic Develop-
ment are working together to create a series of 
training workshops for national mine-action and 
survivor-assistance staff to aid them in develop-
ing and implementing programs that effectively 
meet the needs of landmine survivors and other 
people with disabilities in their countries.
The Polus Center assists people with disabilities in 
developing countries to become valued members 
within their communities. Its programs emphasize 
community-based rehabilitation, self-advocacy 
and community inclusion. It has extensive experi-
ence in working with local partners to create and 
implement projects to assist people with disabili-
ties, particularly landmine survivors, in several 
countries. The Polus Center takes a social approach 
to landmine survivor assistance. It is focused on 
developing sustainable, person-centered projects 
for full social integration of landmine survivors.
Polus began working internationally in 1997 in Ni-
caragua and later expanded to Ethiopia, Honduras, 
Guatemala, El Salvador and Mexico. These collabor-
ative efforts have resulted in two community-based 
prosthetic outreach projects, an accessibility project, 
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a disabilities leadership center, a regional wheelchair-
manufacturing project, and a series of capacity-build-
ing mini-grants to local organizations and individu-
als. The Polus Center uses a locally based, holistic 
approach to ensure that project beneficiaries are the 
ones driving services forward, and broad support is 
created in the community where they live.
The MAIC staff and JMU’s faculty consist of sub-
ject-matter experts in survivor assistance, mine ac-
tion and management; we are also experienced in 
developing and delivering curricula for a variety 
of constituencies, including program planners and 
project implementers, such as those for whom this 
survivor-assistance training program is designed.
These workshops will provide tools to understand 
and apply current best practices and integrate 
a social approach into planning and programs. 
Workshops can be delivered individually (one day 
each) or as a series spread over five days.

Adaptive Technology Catalog 

The project goals for the Adaptive Technology 
Catalog are to assist communities and nations re-
covering from conflicts in providing economic se-
curity for individuals who have become disabled 
by landmines and other explosive remnants of 
war. We will do this by finding and compiling 
into a catalog a variety of tools to help survivors 
get back to work and gain independence.

ture, construction, kitchen, mobility, recreation, etc.—
there are ideas for overcoming many disabilities.

This is a preliminary sample page for the Adaptive 
Technology Catalog. It shows a simple rolling seat, 

originally designed for gardening use, that can be adapted 
to many different jobs.

[IMAGE COURTESY OF MAIC]

It is expected that the Adaptive Technology Cat-
alog will be an excellent resource for survivor-
assistance personnel, governments and organi-
zations planning rehabilitation projects, donors 
and physical trauma survivors. 
There are many benefits to a catalog of this type, 
including that it:
• Allows people to get back to work
• Gives donors something specific to fund
• Creates survivor independence
The Mine Action Information Center staff enjoys 
providing useful, needed products to the mine-
action community as well as partnering with like-
minded organizations to develop and deliver the 
projects. For more information about any of these 
projects, please Lois Carter Fay at editormaic@
gmail.com. 
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as Project Manager of the 
Adaptive Technology Cata-
log project. Her project man-
agement, writing, publishing 
and editing skills have been 

a solid addition to the MAIC’s staff. Lois is an ac-
credited public relations professional (APR) and 
holds a B.A. in psychology from the University 
of Wisconsin-Milwaukee.

The Adaptive Technology Catalog will be available as a 
DVD/CD or PDF in September 2007.

[IMAGE COURTESY OF MAIC]

The Catalog was researched with the help of the Ca-
nadian firm, Project Assistance, and will be published 
in September 2007. It will incorporate low-cost, low-
technology products that can either be used directly 
off-the-shelf or can be easily modified by local ven-
dors. It focuses primarily on the agricultural and me-
chanical sectors, and is designed to help landmine/
ERW survivors become gainfully employed using 
simple, inexpensive technology. There are also sev-
eral products related to kitchen work, computers, 
personal hygiene or grooming and transportation. 
Many items are under &S$10. Most of the tools are 
under US$500; a few are about $1,500. With over 600 
tools listed, organized by tool function—auto, agricul-
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During October 2006, the remote-controlled medi-
um size demining machine “Mini MineWolf“ un-
derwent mandatory testing and accreditation by 
the Croatian Mine Action Centre for Testing (HCR-
CTRO) for operation in Croatia against anti-per-
sonnel (AP) mines. Testing was carried out during 
16-18 Oct. 2006 at the Cerovac test site for demining 
machines near Karlovac. The goal of the test, which 
was successfully achieved, was to determine:

• Clearance Quality: 
 -  Effectiveness, endurance and survivability 

against multiple live AP mines (PMA-1(A), 
PMA-2(A), PMA-3, PMR-2A, PROM-1)

 -  Soil processing depth over different types of soil 
• Clearance Capacity:
 - Output in terms of square meters per hour
 -  Possibilities of clearance in different types of 

soil, terrain gradients (horizontal and verti-
cal slope), as well as for vegetation clearing

• Running Costs:
 -  Necessary machine logistics, servicing and 

maintenance requirements
 - Tool running costs

AP Mine activation and survivability 
results

On 26 October 2006 testing was conducted with 
a variety of antipersonnel mines at the test site 
for demining machines. The following results 
were achieved:
1) PMA-1A: 5 mines were placed at the planned 

depth (5, 10, 10, 15 and 20 cm) at 4 m distance 
and armed with appropriate fuses. Result: 
The machine activated all mines. Neither the 
working tool nor the machine was damaged 

2) PMA-2: 5 mines were placed at the planned 
depth (5, 10, 10, 15 and 20 cm) at 4 m distance 
and armed with appropriate fuses. Result: 
The machine activated all mines. Neither the 
working tool nor the machine was damaged

HCR-CTRO Evaluates Mini MineWolf for 
Humanitarian Demining Operations in Croatia

Operational capabilities, endurance and quality of results tested and verified

Christoph Frehsee16

Mini MineWolf in 20 Foot Container

Mini MineWolf in Operation

16  MineWolf Systems AG, Senior Technical Advisor, 
c.frehsee@minewolf.com

AP mines PMA-1A and PMA-2 prepared for testing of the 
“Mini MineWolf“
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3) PMA-3: 5 mines were placed at the planned 
depth (5, 10, 10, 15 and 20 cm) at 4 m distance 
and armed with appropriate fuses. Result: 
The machine activated all mines. Neither the 
working tool nor the machine was damaged

AP mines PMA-3 and PMR-2A prepared for testing of the 
“Mini MineWolf“

4) PMR-2A:  
• First mine – was placed in front of the machine at 

around 8 m distance and armed with appropriate 
fuse. Result: the tiller activated the mine leaving 
shrapnel marks on the machine and work tool, 
but not affecting operation of the machine. 

• Second mine – was placed in the same manner. 
Result: The tiller activated the mine. Neither the 
working tool nor the machine was damaged. 

5) PROM-1: 
• The PROM-1 bounding fragmentation mine 

has killed or injured more clearance personnel 
in the Balkans than all other mines combined. 
Effectiveness against PROM-1 is therefore a 
high priority. The first PROM-1 was placed 
and prepared for tripwire activation. Result: 
the tiller activated the mine leaving shrap-
nel marks on the machine and work tool, but 
not affecting operation of the machine.  

• Second PROM-1 was placed and prepared 
for pressure activation. Result: The mine was 
activated by the machine. Neither the work-
ing tool nor the machine was damaged. 

PROM-1 prepared for testing of “Mini MineWolf“ 

Summary of performance against AP mines: 
the machine activated or destroyed all 19 mines 
in the test with only superficial damage. Mini-
mum 20cm clearance depth achieved, and effec-
tive remote controlled operation over a variety 
of terrain, vegetation and gradients was demon-
strated. 

Other performance aspects

The value of a small remote controlled machine 
for a demining program has to be measured in 
various dimensions in addition to mine-acti-
vation and blast survivability. Clearing results 
must also be evaluated in terms of quality, quan-
tity and costs:

• Clearance Quality:
- minimum 20 cm constant ground penetration 

(achieved)
- effective clearing of dense vegetation 

(achieved)
- easy manoeuvring around buildings, trench-

es and trees (achieved)
- ability to climb steep gradients (proven)
- low ground pressure in muddy terrain to 

avoid getting stuck (proven)
• Clearance capacity:Shrapnel marks of PMR-2A on the “Mini MineWolf“
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- Based on the Mini MineWolf ’s track record 
in Bosnia-Herzegovina in 2006, more than 
500,000 m2 on various terrains was achieved 
within 91 days of operations (average perfor-
mance between 600 – 1500 m2/h)

- Low Running Costs: Although costs for oil, 
filters and service of the Mini MineWolf are 
comparable with other comparable machines, 
90% of the running costs are determined by 
the running costs of the working unit: flail or 
tiller! After clearing the first 500,000 m2 (op-
erated by Norwegian People’s Aid, NPA) it 
became clear that the tiller of the Mini-Min-
eWolf can be operated at less than 20% of the 
running costs of a flail system in comparable 
size and output.

- Minimum downtime: the Mini MineWolf is 
based on a stable, mature technology result-
ing in minimum downtime due to design 
flaws or technical problem (the machine de-
sign is based on a stable, proven larger ver-
sion).

HCR-CTRO recom-
mendation: Based on 
the testing results as 
well as on the criteria 
of the “Programme of 
Testing and Usability 
Evaluation of Machines 
used in Humanitarian 
Demining Operations”, 

the machine may be used, with its tiller, for per-
forming humanitarian demining tasks in the Re-
public of Croatia. 
To date MineWolf Systems has its demining ma-
chines operating in the Balkans, Jordan and Su-
dan, with multiple Mini MineWolfs operating 
in Croatia and Bosnia-Herzegovina. Each Mini 
MineWolf has exceeded expectations regarding 
performance and no faults have been identified 
in the design. The depth control has been tested 
on both dry and wet terrain and is functioning 
perfectly to ensure a continuous ground pen-
etration of more than 20 cm.
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Abstract: 

Humanitarian demining operations are often conducted in extremely aggravated and specific conditions and are accompanied 
by lots of risk and threat to people’s lives and health. These specifics in particular direct the constructors and machine 
manufacturers towards identification of optimum solutions for technical requirements demining machines should fulfil. Based 
on these technical requirements and compatibility assessment one can establish whether the machines are capable of performing 
the task they are designed for, determine their efficiency, endurance in terms of impact of antipersonnel and antitank mines, 
whether they are safe for the machine operator and acceptable for specific conditions and environment.
As per Rules and Regulations on Technical Requirements and Compatibility Assessment of the Machines Used in Humanitarian 
Demining Operations, verification of machine characteristics is performed once a year in order to establish the status of the 
machine in relation to the status established by compatibility assessment procedure.
Annual verification of characteristics is carried out in order to verify the machine acceptability, soil treatment depth, soil 
treatment density and machine efficiency on a prepared lane with compacted soil of local composition.
The paper presents and analyzes annual verifications of characteristics of the machines and excavators carried out during 
2006 that established functional dependences of machine performance, soil treatment density and depth on maintenance and 
renewal of vital parts for the operation of working tool and the tool itself as well as trainability, experience and preparedness 
of the machine operator.
Key words: technical characteristics and compatibility assessment, demining machines, annual verification, 
efficiency, soil treatment depth, characteristic of soil treatment density 

Annual Verification of Demining Machine Characteristics Used in 
Humanitarian Demining Operations

Nikola Gambiroža17, Ivan Šteker18

17  Croatian Mine Action Centre, Assistant Director, A. Kovačića 10, 
44000 Sisak, Croatia, nikola.gambiroza@hcr.hr

18 HCR-CTRO d.o.o., ivan.steker@crto.hr

Introduction

Demining machines are required to search and 
demine the biggest areas possible in the short-
est period possible i.e. to reach required perfor-
mance. While doing so, the machines need to 
meet the requirements set, primarily the safety 
of machine operator, quality of soil treatment as 
well as meet the requirements for protection of 
people’s health and environment.
Machine testing serves for checking up pre-
scribed performances that will guarantee that 
the demining machine is capable of performing 
the tasks it is designed for with adequate accept-
ability.
All machines used in humanitarian demining 
operations are subject to compatibility assess-
ment and verification of machine characteristics. 
Compatibility assessment is based on exact test-

ings and verifications on polygons or worksites 
prepared for that purpose.
Verification of machine characteristics (regular-
annual and/or additional) identifies the status of 
the machine in relation to the status established 
by compatibility assessment procedure.
Annual verification of characteristics runs a 
check on soil treatment depth, machine move-
ment speed, soil treatment depth and machine 
performance on a prepared lane with com-
pressed soil of local composition (according to 
CWA 15044).
The penetration profile of working tool printed 
on the fiber boards placed in the lane (Point 2.6 
– Working tool penetration profile, CWA 150449) 
is assessed and measured.
Depth of a strike (print) of a flail digger or a mill 
tooth on fiber board barriers along the entire 
length of working tool is measured. Medium 
value of 20 separate measurements is calculated 
(measurements are patterned along the entire 
length of a print and start with the first damage 
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on any side of the fiber board) for each test bar-
rier.
Medium value for all three test barriers in the 
test lane is taken into account while making the 
final assessment of soil treatment depth for one 
test lane.
Soil treatment density is not satisfactory if there 
are one or more «blank spaces» on the test board 
(blank space - place with no print-undamaged 
barrier) in the length bigger than the diameter 
of the smallest antipersonnel mine.
If medium value of soil digging depth measured 
on the polygon test lanes in the first soil category 
is bigger than 17 cm and smaller than 19,5 cm, de-
mining machine can be assessed as successful in 
treating the first category soil to the depth of 20 cm 

under the condition that neither one separate mea-
surement on the test lane is smaller than 12 cm.

2.  Compatibility Assessment Procedure 
and Annual Verification of Demining 
Machine Characteristics

Book of Rules and Regulations on Technical Re-
quirements and Establishment of Compatibil-
ity Assessment of Demining Machines Used in 
Humanitarian Demining Operations (Narodne 
novine (National Gazette), 153/05) prescribes the 
requirements demining machine system should 
meet. Basic procedure of testing and annual ver-
ification of characteristics is presented schemati-
cally - see Figure 1.

Figure 1 The scheme of procedure of compatibility assessment and annual verification of demining machine characteristics 

Figure 2 The diagram of technical requirements for annual verification of machines and compatibility assessment procedure 
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Based on annual verification of demining ma-
chine characteristics, accredited institution issues 
a certificate of compatibility. For the diagram of 
verified characteristics see Figure 2.
Verification is performed in one lane under the 
controlled conditions with homogenous soil of 
local composition as prescribed by CWA 15044. 
The penetration profile of working tool printed 

Figure 3 The apparatus for measurement of compressibility and the diagram showing subsiding of the soil in the period passed 
at certain exertion

on fiber boards buried into the lane are assessed 
and measured.
Lane preparation – compactness controlled by 
instrument for measurement of compressibility: 
type “STO’’-M (HRN U.B1.046), Figure 3. For the 
scheme of the test lane in Cerovac test site (Croa-
tia) see Figure 4.
Annual verification and establishment of opti-

Figure 4 Test lane scheme
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mum performance of the excavator with flail as 
working tool, soil treatment density and depth 
are measured in specially prepared test lanes 
with local soil. Lanes are in form of an arc de-
fined by the size of an excavator crane and work-
ing tool width. For the sketch of a test lane with 
fiber boards see Figure 5.  
Excavator performance calculation procedure:

Treated area, m2:  P = ((r2
2 – r1

2) x 3.14) / 180  
Excavator performance, m2 / h : U =  (P / t) x k 

where: 
P –  area treated in a particular time interval at con-

stant speed of working tool (flail or mill) arc 
moves,

t –  time during which the area A has been treated
k –  coefficient of excavator move (for excavator 

movement in a straight line k is 0.35)
By determining the compressibility module Cm, 
there was the estimate of compactness of soil in 
the test lane performed and assessed the appro-
priateness of lane preparedness for annual veri-
fication of each machine type as per diagrams 
presented in Figure 6. 

Figure 5: Test lane scheme for excavator with test stripes and fixed position of the excavator with extended crane in working position 

Figure 6: Diagram of appropriateness of soil compactness for 
annual verification of characteristics

3.  Analysis of Annual Verification of 
Demining Machine Characteristics

3.1.  The change of performance in 
relation to soil treatment depth

Analysis of testing results for the first usability 
assessment of the new light machine no. 4 estab-
lished functional dependence between machine 
performance and soil treatment depth. Soil and 
weather conditions were pretty much the same 
and machine operator was experienced and skil-
ful in machine operating. Results given are pre-
sented in the Figure 7.
It can be seen from the diagram that the perfor-
mance of stated light machine in the Ist category 
of soil while reaching acceptable soil treatment 
depth between 19 and 20 cm was ca. 1100 m2 /h. 
On the demining project with low and medium 
vegetation present and acceptable compactness 
of the Ist category soil, performance in real con-
ditions is 20 to 35% lower.

3.2.  The Impact of Trainability, 
Experience and Skilfulness of 
the Machine Operator on Soil 
Treatment Depth

In order to achieve good quality mechanical 
demining, technological machine movement 
speed and working tool speed must be coordi-
nated and that results in soil treatment density 
controlled by annual verification of characteris-
tics on the annual basis.
On the basis of regular performing of annual ver-
ifications for light machine with flail of the code 
4/04-01 operated by machine operators with dif-
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Figure 7 The diagram showing the change of performance in relation to soil treatment depth

ferent level of trainability and experience, it was 
established that the trainability, experience and 
skilfulness of the machine operator influence 
the soil treatment depth result up to 40%. The 
results obtained are presented in the Figure 8.
Table 1 represents the impact of machine operator 
on the results achieved. In the column ‘’Remarks’’ 
there are the situations for each case described.
Table 2 represents the results of annual verifi-
cation for the same type of light machine with 
flail (No. 4). All the machines were well-main-
tained and well-prepared. Soil conditions were 

Figure 8 Soil treatment depth and density for the same machine with different machine operators  

pretty much the same with the appropriate soil 
compactness, as per diagram given in the Fig-
ure 6. The results are related to the experience 
of machine operator (number of working hours 
worked off on a particular machine: over 100 hrs, 
over 50 hrs, up to 50 hrs and less than 10 hrs) and 
machine operator’s skilfulness (machine operat-
ing skills were evaluated from 1 to 5).
Table 3 represents the results of annual verifica-
tion of the same contents as the Table 2 with one 
difference – table 3 is relating to the light ma-
chine with flail (No. 89).
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Table 1:Impact of machine operator on the results achieved (treatment depth and machine capacity) – light machine 
with flail no. 04/04-07

Testing/
Annual verification

Medium soil 
treatment depth-soil 

(cm)

Machine 
performance

m2/h

Remark

First testing –new machine 24 944 Excellent machine operating. Machine 
operator – manufacturer’s test operator

First verification 14 1302 Unstandardized machine operating. Operator 
insufficiently trained. 

Second verification 13 827 Bad machine operating. Frequent corrections 
during the drive. 

Repeated second 
verification 24 1098 Excellent machine operating. Machine 

operator – manufacturer’s test operator

Table 2:  Impact of experience and operator’s skills – the same machine type (No. 04),
 machine well-prepared and technically correct

No./Machine code Medium soil treatment 
depth-soil (cm)

Machine performance
m2/h

Experience (hours)/
operator skills (grades: 

1-5)
1.    /04-12 26 885 Over 100 hours/4
2.    /04-08 25 947 Over 100 hours/4
3.   /04-13 24 1203 Over 100 hours/5
4.    /04-07 24 1098 Over 100 hours/5
5.    /04-04 23 734 Over 100 hours/4
6.    /04-10 23 612 Over 50 hours/3
7.    /04-02 22 918 Over 50 hours/4
8.    /04-06 21 885 Over 50 hour/4
9.    /04-15 21 529 Over 50 hours/3
10.   /04-05 20 653 Up to 50 hours/3
11.   /04-08 16 1019 Up to 50 hours/3
12.   /04-02 14 1557 Up to 50 hours/4
13.   /04-07 13 827 Less than 10 hours/3
14.   /04-05 14 941 Less than 10 hours/3
15.   /04-12 14 742 Less than 10 hours/2

Table 3:  Impact of experience and operator’s skills – the same machine type (No. 08), 
machine well-prepared and technically correct

No./Machine code
Medium soil treatment 

depth
(cm)

Machine performance
m2/h

Experience (hours)/ operator 
skills (grades:1-5)

1.      /08-04 23 1000 Over 100 hours / 5

2.       /08-04 20 1159 Over 100 hours / 5

3.      / 08-02 21 847 Over 100 hours / 4

4.      /08-03 18 416 Over 50 hours / 3

5.      /08-03 16 1263 Over 50 hours / 4

6.      /08-01   16 698 Up to 50 hours/ 3

7.      /08-04 15 960 Up to 50 hours / 3

8.      /08-02 15 758 Less than 10 hours / 3

9.     /08-02 13 1006 Less than 10 hours /2
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3.2.  The Impact of Technical Correctness, 
Maintenance and Working 
Tool Modifications on Machine 
Performance and Soil Treatment Depth

Regular maintenance of demining machine, 
replacement of motor, hydraulics and working 
tool worn out i.e. prompt replacement of dam-
aged working tool parts are the second most 
important factor for good quality soil treatment: 
treatment density, treatment depth reached and 
machine performance.
Table 4 represents the results of annual verifica-
tion of light machines with flail no. 04 and 08 
with some technical imperfections (replacement 
of chain length, no. of chains and diggers on the 

working tool, motor and pumps worn out, in-
adequate maintenance etc. Machine operating 
is often aggravated as well as placing the rollers 
behind the tool, loosing the power on the tool, 
halt on the test lane, unstandardized operation 
etc.
Figure 9 represents the results of annual verifica-
tion for the machine with flail (no. 13/04-01). The 
operator was the same during all verifications 
with the experience over 100 hours on the stated 
machine. Apart from results achieved (treatment 
depth and performance) Figure 9 also presents 
the appearance of fiber strip upon verification.
Figures 10 and 11 represent the results of veri-
fication for the medium machine no. 14-01 and 
machine no. 29-01 with comments.

Table 4: Impact of technical correctness, maintenance and modifications on the flail – light machines 
with flail (No. 04 and 08)

Machine 
code

Working 
tool

Medium soil 
treatment depth 

(cm)

Machine 
performance

m2/h

Remark

04-18 fl ail 9 521 Aggravated machine operating
04-18 fl ail 17 440 2 wheels behind working tool
08-02 fl ail 13 1006 Aggravated machine operating, machine acceleration
04-19 fl ail 7 1610 Smaller no. of chains and hammers, bigger hammer area
04-07 fl ail 13 827 Roller placed behind the working tool
04-01 fl ail 23 740 Stopping on the lane-aggravated operating
04-13 fl ail 16 1019 Roller placed behind the working tool
08-04 fl ail 15 960 Loosing power on the tool, unstandardized operation

Figure 10   Medium machine with flail no. 14/04-01
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Figure 11  Medium machine with flail no. 29-01

Figure 12.  Heavy machines with mill
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Figures 12 and 13 show the verification results of 
heavy machines with flail and mill. Due to their 
size, weight and transport costs, annual verifica-
tion is performed on demining worksites them-
selves. Considering the fact that heavy machines 
easily reach the depth required and good soil 
treatment density, figures only show their aver-
age results and working tool print appearance 
on fiber boards.

CONCLUSIONS

1. Analysis of annual verification results 
achieved by demining machines, especially 
of light machines with flail, established direct 
dependence between performance, soil treat-
ment density, level of trainability and experi-
ence of machine operator.

2. Level of trainability, experience and skilful-
ness of machine operator influence the result 
of soil treatment depth up to 40%.

3.  Regular maintenance of demining machine, 
replacement of motor, hydraulics and work-
ing tool worn out i.e. prompt replacement 
of damaged working tool parts are the sec-
ond most important factor for good quality 
soil treatment: treatment density, treatment 
depth reached and machine performance.

4. Apart from high quality construction solutions, 
training of machine operator will result in 

complete coordination of technological speed 
of machine movement and working tool spin-
ning speed. This will, on the other hand, result 
in good quality of soil treatment i.e. complete 
clearance of mine suspected area.

LITERATURE

(1) Rules and Regulations on Technical Require-
ments and Establishment of Compatibility of 
Machines Used in Humanitarian Demining 
Operations, Narodne novine (National Ga-
zette) no. 53/2007, Zagreb, 2007.

(2) ITEP, CEN, Workshop Agreements / CWA 
15044:2004

(3) Dinko Mikulić: Demining Technics: mod-
ern methods and equipment, demining ma-
chines, Zagreb, 1999

Figure 13   Heavy machines with flail
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Abstract

Machines have been used in humanitarian mine action since the earliest days, but their use, and in particular their benefit, has 
remained contentious. Machines are expensive and managers operating on restricted budgets might face the difficult question 
of laying off manual deminers in order to have the necessary funds to purchase the machines. Demining managers also face the 
difficult question of choosing between machine types. Whilst the demining community has developed objective regimes to test 
the technical effectiveness of machines, there is no comparable method in general use to determine the productivity of machines 
in terms of square metres per hour. Furthermore, even once the productivity of machines is established, it is necessary to take 
several other factors into consideration before a true estimate of their cost-effectiveness can be determined. This paper sets out 
the steps necessary for demining managers to determine the potential improvement to the cost-effectiveness of their programs 
offered by a new machine.

Measuring Productivity and Cost Effectiveness of Machines for 
Humanitarian Demining

Dr Robert Keeley19

19 RK Consulting Ltd, www.rk-consulting.net
20  “The History of Landmines” by Mike Croll, published by Leo 

Cooper, 1998
21  Churchill’s Secret Weapons” by Patrick Delaforce published by 

Hale, 1998
22  Robert Keeley: “Added value: the requirements of mine clearers 

and donors from new mine detection technologies”(1996); 
Proceedings of EUREL International Conference on the 
Detection of Abandoned Landmines, IEE Conference 
Publication 431, London, pp. 21-5

Introduction

History of machines in mine action
The history of machines in mine action parallels 
the development of the mine (and indeed the 
tank). The first demining machines were intro-
duced in the Second World War, and their history 
is laid out in a number of commendable publica-
tions, including those by Croll20 and De la Force21. 
No more need be said about their history except 
to note that these machines were introduced to 
improve the speed of demining rather than their 
effectiveness, and the balance between “faster, 
cheaper or safer” has been an issue that demin-
ing managers have faced for a decade or more22. 
This paper makes the assumption that all ma-
chines under consideration are technically fit for 
purpose. The question remains: even if it is faster, 
will it actually turn out to be cost effective?

Machine purchases as an irreversible decision
Machines are expensive to purchase. Even the 
cheapest machine has a purchase price of around 

$100,000, and this does not include the cost of 
spares packs, training or running costs. Further-
more, due to the small market for such machines, 
their purchase must be considered an ‘irrevers-
ible decision’ for mine action program managers. 
In effect, once a machine has been purchased it 
remains the property of the purchaser and can-
not be sold on. In other words, a poor procure-
ment decision cannot be easily reversed. Hence 
the need to ensure that the purchase of a ma-
chine takes its cost-effectiveness into account

Relevant Definitions
At this point it may be helpful to confirm a few 
definitions of what is being discussed in this pa-
per. These definitions are all easily obtained on 
the internet, and their source is included in the 
footnotes for ease of reference:

• Cost effective(ness): economically worth-
while in terms of what is achieved for the 
amount of money spent23

• Cost effectiveness analysis (CEA) A system-
atic quantitative method for comparing the 
costs of alternative means of achieving the 
same stream of benefits or a given objective24

• cost allocation is the use of program budget-
ing and accounting practices to allow manag-
ers to determine the true cost of providing a 

23 Micosoft Encarta online encyclopedia, accessed 3 March 2007
24 www.nps.navy.mil/drmi/definition.htm 
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given unit of service25. Sometimes called ‘cost 
capture’.

• Productivity Also known as “labor productiv-
ity” or “worker productivity”; value of goods 
and services produced in a period of time, di-
vided by the hours of labor used to produce 
them26.

• Opportunity Cost The cost of passing up the 
next best choice when making a decision27. 

Two Problems: the productivity problem and the cost-
effectiveness problem

Given the definitions set out above, demining 
managers face two questions. 

• How do I determine the productivity of the 
machine?

• How can I use information about a machine’s 
productivity to determine whether it is cost 
effective?

These questions are addressed below.

CEN and the Productivity Problem

Current Status

The CEN workshop agreement (CWA) on the 
testing of demining machines28 set out an objec-
tive means by which the technical effectiveness 
of a demining machine could be determined. 
However, as was determined during its devel-
opment, the CWA did not address questions of 
productivity, nor did it address how to test ma-
chines used in vegetation clearance and ground 
preparation. Thus, the existing CWA does not – 
in itself - provide the answers to the two prob-
lems faced by the demining manager, though 
one would of course want to know that the ma-
chine could do the job in question, and the CWA 
does provide a basis for determining this.

Measuring Productivity in Test Environments

Any test of productivity must, in accordance 
with the above definitions, consider the time 
taken to process a measurable piece of ground. 
This may be based on either (a) the time tak-
en to process a fixed area, or (b) by measuring 

25 http://ag.arizona.edu/fcs/cyfernet/cyfar/Costben2.htm
26 http://www.moneychimp.com/glossary/productivity.htm
27 http://www.investorwords.com/3470/opportunity_cost.html
28 CEN Workshop Agreement CWA 15044:2004

the area cleared in a set period of time. Either 
method provides a calculation in terms of m2/
hr. Testing authorities may also want to control 
for effectiveness by including a number of mine 
targets in the test area, and control for varying 
ground conditions by repeating tests in differ-
ent conditions of hardness, undulation or slope. 
Ground targets should also be of the same size 
and shape in order to control for issues of access 
and manoeuvrability. A hectare is certainly large 
enough for each test plot, and it may be possible 
to justify smaller plots providing – especially in 
comparative tests – equal conditions are given to 
all machines. It is therefore comparatively simple 
to formulate an objective test for productivity. 

Intrinsic Capability and Actual Productivity

A manufacturer states that their machine can 
process “nearly 1,000m2 of land in one hour”. 
Is this statistic sufficient? The principles of non-
destructive testing set out by Dr Christine Mu-
eller during the development of the CWA pro-
vide an insight into this question. As Dr Mueller 
explained, a machine’s intrinsic capability is the 
maximum one can expect. So therefore if a ma-
chine has a forward speed (whilst working) of 5 
linear metre per minute and is 3 metres wide, its 
intrinsic capability over one hour is 3x5x60 = 900 
minutes, so the manufacturers claims would be 
broadly accurate in terms of intrinsic capability. 
However, as Dr Mueller continues, environmen-
tal factors  and human factors detract from this 
capability to produce the actual productivity. 

Hence: AP = Ic – Ef- Hf (where AP = actual pro-
ductivity, Ef = environmental factors and Hf = 
human factors)

Setting aside human factors such as working 
hours, environmental factors – such as the dis-
tance to be tracked between working areas, and 
even the amount of time taken to reverse out of 
working lanes and line up to the next – must be 
taken into account when measuring actual pro-
ductivity. This will, almost certainly, be far less 
than the intrinsic capability. Eventually, a ma-
chine working in the field will produce the best 
data, as it will be possible to determine average 
performance over longer work periods, but by 
then it will be too late, as the purchase of the 
machine is an irreversible decision. Hence there 
is a need for a more informative test than the 
current CWA process. Once an accurate esti-
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mate of actual productivity, in terms of square 
metres per hour of operation, is determined, it 
is then possible to use this data to estimate the 
cost effectiveness of the machine. However, this 
can only be done once another series of calcula-
tions is carried out. This is the ‘cost effectiveness’ 
problem and it is addressed in the following sec-
tion.

The Cost Effectiveness Problem

Determining cost-effectiveness in terms of op-
portunity cost

Cost-effectiveness is a term that is used in a non-
specific manner in everyday language, but as 
defined above it has a specific meaning, which is 
particularly relevant in the context of demining 
machines. It is useful to interpret cost-effective-
ness in terms of opportunity cost because, given 
that it is a large piece of any demining organisa-
tions budget, the purchase of a machine repre-
sents two choices. 

• Do I spend this amount of money on this ma-
chine or another machine, given that once I 
spend it I will not be able to get it back?

• Do I spend this amount of money on this ma-
chine or on more manual deminers?

Cost-effectiveness is a relative issue

Cost-effectiveness analysis assumes that a cer-
tain benefit or outcome is desired, and that there 
are several alternative ways to achieve it. The 
basic question asked is, “Which of these alterna-
tives is the cheapest or most efficient way to get 
this benefit?” By definition, cost-effectiveness 
analysis is comparative29. In the context of a de-
mining machine, we hope to be able to say that 
“Machine X is more cost effective than Machine 
Y” or “manual deminers are less cost-effective 
than Machine X”. In order to do this, it is best to 
establish a baseline, and it is recommended that 
manual demining processes, which are com-
paratively standard and well understood30 are 
used as the benchmark. However, as the GICHD 
study showed, there are significant variations, 
certainly between different countries, and one 
should therefore bear this in mind when mak-
ing broad comparisons. For example, a machine 
that is cost effective in a program where labour 
29 University of Arizona, Ibid
30 “A Study of Manual Mine Clearance” GICHD, August 2005

costs are high may not perform so well in a 
country where manual demining is compara-
tively cheap. 

Comparing machines with manual

Comparing a machine with manual demining can 
be considered in two ways, though, as will be ex-
plained, in practice the calculations are the same. 
Firstly, one might consider whether the machine 
is used to augment the productivity of manual 
deminers. In this case, one would take the cost of 
the program, identify the cost of the manual de-
mining component, and add the cost of the ma-
chines. One would then identify the additional 
productivity produced by the machines and cal-
culate the resulting cost per square metre. It is 
a comparatively simple exercise to use the same 
calculations to determine what would have hap-
pened if the alternative (in this case, more man-
ual demining teams) had been funded. Where 
machines might be used to replace deminers, the 
calculation process would be the same, however 
the cost of the deminers being removed from the 
program would be subtracted31.  This process 
is a practical type of cost effectiveness analysis 
(CEA). The MMAC budgetary analysis model, 
developed by the author and referred to in the 
GICHD study, provides a quantitative structure 
for making these calculations. 

Comparing machine types 

Once the above calculations are completed, one 
need only repeat the process to compare another 
machine with the benchmark of manual demin-
ing. One will then be able to make a statement 
like the following:

• Cost/m2 of manual process 
at existing budget:    $2.00/m2

• Cost/m2 using Machine X to 
augment the manual process $1.82/m2

• Cost/m2 using Machine Y to 
augment the manual process˝ $1.87/m2

• Therefore, in this program, Machine X is 
more cost-effective than Machine Y

31 Whilst this process will identify the financial benefit (or 
otherwise) of a particular machine, it does not take the full 
economic costs into account, in terms of the numbers of deminers 
being employed. This is significant because in most mine action 
programs the machines are imported whilst the manual deminers 
are recruited locally, and thus re-invest their salaries into the local 
economy. It is therefore suggested that a machine must show 
significant rather than incremental benefits if it is to be regarded 
as worthwhile.
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One would then repeat the CEA calculations to 
determine the impact of the equivalent amount 
of funds on increasing the number of manual 
deminers.

Cost Allocation and the Attribution of overheads

“Cost allocation is a simpler concept than cost-
effectiveness analysis. At the program or agency 
level, it basically means setting up budgeting 
and accounting systems in a way that allows pro-
gram managers to determine a unit cost or cost 
per unit of service. This information is primar-
ily a management tool. However, cost allocation 
provides some of the basic information needed 
to conduct more ambitious cost analyses such as 
cost-benefit analysis or cost-effectiveness analy-
sis32”. In the demining context, this primarily in-
volves the attribution of overheads (i.e. costs not 
directly attributable to a unit of output). This has 
been covered in a previous paper by the author33 
and so is not repeated here.

Through life costs

The second level of complication, particularly 
in the case of machines, is the need to take ac-
count of through life costs. This will involve 
the costs of fuel, replacement parts and mainte-
nance, plus the time lost to production through 
downtime for planned maintenance or repair. 
The through life costs should be factored into 
the calculations, whilst the downtime counts as 
an environmental factor in assessing the actual 
productivity of the machine. The MMAC model 
provides a means to incorporate these costs into 
the calculations.

The fungibility issue of donations

There is one final factor that must be considered 
in this process, which is the fungibility of dona-
tions. Some donors are happy to make cash do-
nations to programs, either bilaterally or through 
some multilateral structure such as a UN-man-
aged trust fund. Some donors may wish to ear-
mark these funds for particular machines (usu-
ally made in their own country) or even provide 
the machines as an in-kind contributions. These 
three vectors for funding a machine are clearly 
very different in terms of their fungibility (i.e. 

32 University of Arizona, Ibid
33  The Cost Capture Issue in Humanitarian Mine Action by Robert 

Keeley.  maic.jmu.edu/journal/7.3/index.htm

the ability of the manager to use the funds for 
other purposes). However, it is still equally valid 
for a demining manager faced with a ‘take it or 
leave it’ donation of a machine to carry out the 
above calculations. It may be that the machine is 
actually a net drain on program resources, and 
these calculations will help determine this be-
fore the machine is brought into the country. It 
might be better to politely decline the offer!

Conclusions

In conclusion, there is no doubt that there is a 
role for machines in humanitarian mine action, 
and that the CWA has helped demining manag-
ers establish their technical effectiveness. How-
ever, the purchase of a machine is in expensive, 
up-front decision, and is irreversible. Given that 
some machines are not cost-effective, program 
managers need more information about ma-
chines to assist in purchase decisions, a develop-
ment of the CWA to measure actual productivity 
would help in this regard to help establish the 
actual productivity of machines.
Program managers should consider how they set 
out their own accounts, and use CEA as a tool to 
determine whether any particular machine is a 
potential benefit, taking all costs and overheads 
into account.
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Effectiveness of the DEMICHAIN Concept

René JOECKLE34 and Bernard GAUTIER34

Abstract

DEMICHAIN is a new concept of mechanical demining, in which an horizontal web of heavy chains is hanged several meters 
above a surface to be cleared. The release of the heavy chains web in a free fall delivers a mechanical impulse over the whole 
surface hit by the chains and a pressure wave is generated, which triggers the active landmines. As compared to flails and 
rollers, this concept affords several advantages, as for instance efficiency on uneven grounds, capability of triggering deep buried 
landmines, low cost and homely construction of the tool, which can be adapted to machines already in use on demining sites.
The Association of Research of Innovative Techniques in humanitarian Demining studies this technique by measuring the 
pressure delivered in the ground with buried pressure detectors which react when the pressure is high enough to trigger 
landmines. The resuls obtained until yet show that this tool is able to clear many types of grounds. It could be efficient for area 
reduction, as a complementary tool of other techniques like the flails for clearing the uneven grounds, as well as a cheap tool 
for small organizations or for small surfaces to be cleared.

34  ARTID, 8 rue des Roses, 68300 SAINT-LOUIS (France), 
e-mail: association@artid.org

Introduction

Two types of action can be exerted by demining 
machines: 
• The rollers and the flails exert forces at the 

surface of the ground and generate stresses 
in-depth. These stresses trigger active land-
mines, which explode and are destroyed.

• The tools of many other devices penetrate in-
depth, trigger, crunch or extract the landmin-
es, as well as other exploding devices, in the 
ground. Flails can also work in a similar way.

The first type of action offers many advantages: it 
is generally more economical in terms of energy; 
it respects the structure of the upper ground and 
can be used for area reduction.  However, these 
techniques are ineffective on explosive items 
that are insensitive to pressure. Another draw-
back results from the fast decrease with depth of 
the generated stress1. A landmine with a small 
pressure plate can therefore remain dangerous 
if deeply buried. We propose another concept, 
named DEMICHAIN2.
This concept is not yet in use in minefields, and 
careful tests are needed before using such tools 
on live ground.  However, its many advantages 
motivate a study of its expected effectiveness.
After a description of the concept and of its the-
oretical effectiveness, the investigations carried 
out by our association will be described. Tests on 

real landmines are now required before using 
the DEMICHAIN tool for demining.

Description of DEMICHAIN

DEMICHAIN means “DEMIning with CHAINs”. 
This idea has been discovered by Jacques DEMI-
CHELIS and developed in the framework of the 
ARTID3.
The DEMICHAIN concept consists in a free fall 
of an horizontal chains web with an area of sev-
eral square meters. A large area is simultaneous-
ly under stress and the resulting forces decrease 
slowly with depth.

Fig.1: principle of DEMICHAIN

The main characteristic of this concept, as com-
pared to rollers and flails, is that the forces are 
vertical and evenly (uniformly) distributed over 
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a large surface. The dimensions of this area are 
more than ten times larger than the depth to be 
considered (20 cm). Therefore it is assumed that 
the phenomenon is one-dimensional.
A theoretical description can be made4, assum-
ing that the soil is elastic and is hit by a uni-
formly distributed mass, with a velocity V0 of 
about 8 m/s. After a few microseconds, it can be 
assumed that the surface of the soil moves with 
a velocity of V0 and is compressed. This elastic 
strain generates a vertical stress and results in a 
pressure wave which propagates in depth at the 
velocity of sound. The theoretical value of this 
stress on the surface (at the very beginning of 
the impact) is given by the Timoshenko expres-
sion: 

σ0 = ρ c V0

where ρ the mass density and c is the velocity of 
sound in the soil. 
This varies strongly with the water content of 
the soil, between 160 m/s and 1000 m/s. Even 
with the lowest value, the stress for an initial ve-
locity of about 8 m/s generates a vertical pressure 
(4.106 Pa) which is much higher than the pressure 
which triggers a landmine. Other theoretical 
considerations yield the following conclusions:
• The initial stress depends only on the velocity 

of the chains when they hit the ground
• The duration of the pressure pulse is propor-

tional to the weight per unit area (in the ms 
range).

APL Area of the 
pressure plate

Triggering 
force 

Triggering 
pressure

Type 72 44 cm2 5-10 kg 2,3 . 104 Pa
MI AP DV 59 3 cm2 5 kg 17 . 104 Pa
VS-50 19 cm2 10 kg 5 . 104 Pa
PMN 80 cm2 8 – 25 kg 3 . 104 Pa
M14 18 cm2 9 – 16 kg 9 . 104 Pa
PMA-1 42 cm2 > 3 kg 3 . 104 Pa

Table 1: set-off pressure of several APL

How will it work?

The demining process occurs during a fraction 
of second over an area of several square meters. 
However, it must be followed by a change of the 
positioning of the chain web. This occurs in a 
cycle of 3 to 4 phases:
1. The chain web is released to fall freely, impact 

the ground, and detonate any mines present
2. (Optional) The crane recovers the chain web
3. The chain web is lifted to the required height
4. Movement to the next place to be demined

Fig. 3 : a succession of cycles

The demining operation consists in a succession 
of cycles, either just in front of the machine (as 
for flails and rollers) or by covering a broader 
zone by combination of linear movement and 
the rotation of the crane.
For security the surface must be impacted sever-
al times. Movement must therefore be adjusted 
as a function of this requirement and the dimen-
sions of the chain web. 
Two types of lifting devices can be used:
• A conventional hydraulic arm, with which 

the second phase requires a skilled opera-
tor and a certain amount of time. This type 
of machine is widely used in mine-affected 
countries and on many demining sites. The 
DEMICHAIN device then consists simply of 
the chain web.

• A crane equipped with a free fall winch (as 
for instance a dragline); in this case the sec-
ond phase disappears and the device can 
therefore easily be controlled remotely. 

If this latter accessory is not available, the DEMI-
CHAIN device has to be made up of the chain 
web and free fall winch, to be adapted either to 
a conventional hydraulic arm or to remote-con-
trolled machines.

Fig. 2:the four phases of a cycle
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Comparison with other mechanical 
demining concepts

In comparison with the flails and the rollers, DE-
MICHAIN affords several advantages:
The developed forces are vertical and can work 
on uneven ground. Ground which is obstruct-
ed, for instance by stones, small rocks, banks, 
ditches, small fences or barbed wire, cannot be 
cleared by flails or rollers but could be demined 
with DEMICHAIN.
The chain web is cheap and rugged; it could be 
built locally. Its geometry could be adapted to 
the place to be demined (for instance a road or a 
trail, with ditches and banks). It is a tool which 
could be adapted to many lifting machines. This 
concept is within the reach of small or poor de-
mining organizations, which cannot afford spe-
cialized machines. On another side, it is also 
well-adapted to dealing with problems such as 
small areas or uneven parts of large areas.

Our study
Methodology

DEMICHAIN being a new concept, it must be 
well understood before being used on live areas. 
Taking advantage of the characteristics of DE-
MICHAIN (one-dimensional effect), ARTID is 
performing a study of the forces developed by 
the free fall of a web of chains on buried force 
detectors.
If the results of this study show that these forces 
will trigger any buried landmines, and if the re-
quired parameters for obtaining these forces can 
be specified for the landmines likely to be found 
and the ground to be demined, then a second 
phase can be undertaken: tests on real landmines.

Fig. 5: the “heavy” device

Prototypes

So far, we have built two prototypes:
• The “light” or “agricultural” device, with 400 

kg of chains on a web of 2 X 1.75 m2. It is han-
dled by the hydraulic arm of a conventional 
tractor and adapted to performing measure-
ments (fig. 3).

• The “heavy” device, with 1300 kg of chains 
and a surface of 2.5 X 2.8 m2, handled by a 
wheeled industrial excavator equipped with a 
multi-tine grapple, may be used on live areas 
provided the excavator has to  be armoured 
(fig. 4).

Force measurement

Fig. 6: the pressure detector

We have built rugged detectors in which springs 
are compressed as a piston moves and closes 
a micro switch as soon as the force exerted on 
the pressure plate exceeds 15 kgf (150 N). The 
diameter of the pressure plate ranges from 4 to 9 
cm. An electronic unit collects data from up to 10 
detectors and records the transient signals from 
the micro-switches. These detectors are gener-
ally buried at depths of about 20 cm.

Results

Very positive results have been obtained, show-
ing that the detectors buried 20 cm deep react Fig. 4: the “light” prototype
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positively to both prototypes, with a height of 
free fall of more than 2.5 m. Different soils have 
been tested: agricultural soil (meadow), gravel, 
sand and sandy soil (rubble); this last was very 
dry and firm whereas the others were water-
logged. No differences of behaviour have been 
observed. One test, with detectors buried 45 
cm deep in sandy soil, was also positive with a 
height of free fall of 3 m. 
A further test was made by putting stones (more 
than 10 cm in diameter) among the buried detec-
tors. Most of the detectors react positively; those 
that did not were located at the edge of the im-
pacted zone. A careful investigation of the use-
ful area will be made, because the propagation 
of the pressure wave at the edge is no longer one 
dimensional.

Where could this tool be useful?

The toolbox of the deminer can be completed by 
a DEMICHAIN tool for dealing with following 
problems:
• Area reduction (the DEMICHAIN tool is very 

versatile and does not destroy the surface of 
the ground).

• Demining of road sides and of difficult ground 
(maquis for instance)

• As an accessory of other mechanical demin-
ing techniques, for operating at the sides of 
the main surface

• As a ground preparation tool for small tasks 
or for small organizations 

Another potentially interesting application (not 
yet investigated) consists in the ability to gener-
ate the required forces at great depths. This is 
an interesting feature for sandy areas like des-
erts, where the burial depth can vary due to the 
movement of the sand.

Conclusions - tests with real landmines

As soon as the current study can be positively 
completed, tests on real landmines will be re-
quired before the device can be used on live 
ground. The CTRO is specially adapted for such 
tests. The problem today is to obtain the neces-
sary funding.
In fact, the purpose of our Association ARTID is 
to perform research into new ways to help erad-
icate AP mines. Other organizations can take 
our results and develop, test and use the DE-
MICHAIN tool in order to eradicate AP mines 
faster. The DEMICHAIN idea, the results of the 
study are published and not patented.
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International Trust Fund For Demining and 
Mine Victims Assistance

Roman Turšić35

ITEMS:

1.  Short overwiev of achievements of 
International Trust Fund for Demining 
and Mine Victims Assistance (ITF)

International Trust Fund For Demining and Mine 
Victims Assistance is a humanitarian, non-profit 
organization devoted to eradication of the land-
mines from the ground in the region of South 
East Europe and the world.
When first established by the Slovenian govern-
ment in March 1998, ITF was to assist Bosnia 
and Herzegovina in solving its landmine prob-
lem, and help surviving landmine victims with 
physical and social rehabilitation/reintegration. 
However, as BiH was not the only country in the 
region affected by landmines it was only fair to 
spread its operations to all other mine-affected 
countries in SE Europe as well. Presently, ITF is 
working in Albania, Bosnia and Herzegovina, 
Croatia, Macedonia, Montenegro and Serbia. 
The ITF headquarters is located in Ig, Slovenia 
where twelve people are employed. In addition 
to its main office, the ITF also opened an imple-
mentation office in Sarajevo for activities con-
ducted in Bosnia–Herzegovina that employs a 
further five people. ITF also opened an office in 
Croatia where 1 person is currently employed. 
The ITF finances demining and mine victims’ 
assistance activities in the region of South-East 
Europe from donations raised for this purpose. 
One of the reasons for the ITF’s success and very 
positive results in the field of mine clearance in 
the SEE region is the “matching fund” mecha-
nism provided by the United States govern-
ment. The “matching fund” mechanism means 
that every dollar contributed to the ITF triggers 
an additional dollar from the United States. This 
means that the effect of the original donation is 

in fact doubled as the matching funds are also 
used for mine action activities in the SEE region. 
By April 2007, the ITF has managed to raise more 
than 225.43 million USD from the 28 donor coun-
tries, EU and UNDP and over 100 donor organi-
zations, companies and individuals. 
The matching fund is not the only reason behind 
the ITF’s success. The main advantages contrib-
uting to the ITF’s evolution into one of the most 
important players in mine action in South-East 
Europe are: the ITF’s close cooperation with the 
responsible authorities in the countries where it 
conducts its operations, cost-effectiveness, trans-
parency and low cost of its operations. The ITF 
retains only three (3) percent of contributions to 
support its administrative and project costs.   
By June 2007, more than 76,44 million square 
meters of mine and UXO contaminated land 
in South-East Europe was cleaned through 
programs managed by ITF. In the field of mine 
victims assistance, 928 mine victims were reha-
bilitated at the Slovenian Institute for Rehabilita-
tion and in rehabilitation centers in Bosnia and 
Herzegovina.

2.  Experience in the field of mechanical 
ground preparation

Mechanical ground preparation is a part of ITF 
activities in the field of humanitarian demining 
and is significant espeacially for Bosnia nad Her-
zegovina. Mechanical ground preparation was 
carried out within the demining and technical 
survey activities of Norwegian Peoples Aid and 
Army of Bosnia and Herzegovina.
There were two Community based integrated 
mine action plans (CIMAP) financed by Ger-
many and implemented by Norwegian Peoples 
Aid in Year 2006. CIMAP was carried out in com-
munity Grebnice Ogradice in Posavska County, 
where 959.463 square meters were cleared with 
125 mines and 108 UXO mostly through opera-
tions of technical survey. Another CIMAP was 
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implemented in community Omerbegovača 
in Brčko District where 481.789 square meters 
were cleared with 239 mines and 25 UXO mostly 
through operations of technical survey. MGP 
was done by demining machine Mine wolf and 
followed up by NPA deminers and NPA Mine 
Detection Dog Teams (MDD). 
Army of Bosnia and Herzegovina played signifi-
cant role in the field of demining in BiH in 2006. 
Out of 10,2 mio square meters cleared in Bosnia 
and Herzegovina in 2005, Army of Bosnia and 
Herzegovina managed to clear 2,02 mio square 
meters of land (20 % of all cleared land in 2006). 
In demining activities were engaged 300 Army 
deminers organized in 32 demining teams.
Additional 3 tenders in total surface of 270.000 

square meters were issued in 2006 for MGP and 
were performed by Commercial companies/
NGOs and then followed up by Army deminers.
The most important and significant result of 
MGP was the cleared land turned over to local 
population for their use. Due to the fact that 
Army of Bosnia and Herzegovina does not have 
enough capacities on the field, MGP is very im-
portant phase for them, since the demining and 
TS activities are much easier and safer for Army 
deminers.
ITF will continue with the support of MGP for 
the NPA projects and projects, where Army de-
miners are involved due to its significance for 
humanitarian demining results in Bosnia and 
Herzegovina.
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Machine Demonstration Analysis and Preliminary Results 

Geoff Coley36

36  Defence R&D Canada –Suffield Ralston, AB, T0J 2N0 Canada, 
e: geoff.coley@drdc-rddc.gc.ca

In support of the HCR-CTRO symposium in April 
2007, a machine demonstration was conducted.  
In this event 10 parallel test/demonstration lanes 
were prepared in the Skradin-area demonstra-
tion field.  In each lane three fibreboards were 
placed in the manner described by CWA15044.  
Three additional decoy areas, or strips, were 
prepared so that the machine operators could 
not tell where the three boards were located.  
The manufacturers/operators were given an in-
struction about how to use their machines (see 
attachment below). The machines were timed 
on the outbound 50m lane, and they were timed 
on their turnaround.  The fibreboards were set 
to be able to capture the outbound lane plus the 
intended 30cm overlap.  In the end only nine 
machines were present to run the course.
Using this information plus the manufacturers’ 
published working width, it was possible to pres-
ent a snapshot of the digging capability of each 
machine and to extrapolate the time required to 
process a 100m x 100m area including working 
time and turnaround time.  Of course it is pos-
sible that each of the machines could have been 
operated faster in order to improve the 1 ha pro-
cessing time.  It is also possible that slower opera-
tion might have resulted in better depth results.
The MV-4 suffered some kind of breakdown part 
way through the run. The Hydrema MFV2500 
working head was driven hard enough to bog 
down a couple times.  The Samson 300 created 
such a cloud of dust that the operator could not 
see and had to stop briefly, and the machine had 
apparently been mistakenly set for a depth of 
15cm instead of 20cm. The Minewolf was oper-
ated at a very high speed but the working head 
porpoised up and down throughout the run.  
Clearly each of the machines might have been 
able to achieve different or possibly better re-

sults had they been operated in a different man-
ner.  The limitation of this demonstration is that 
it provides just a single snapshot into the perfor-
mance of each machine.  There are many other 
important factors in the evaluation of a machine, 
including fuel consumption, spares needed, 
training, transportability, and maintenance.
Although most of the machines looked impres-
sive from the viewing area, inspection of the 
lanes showed that some of them did not dig as 
deeply as they were capable.  None of the depths 
achieved was very deep.  This was not a func-
tion of the soil conditions as test team members 
have seen some of these machines dig deeper in 
harder soils.  It appeared that some of the ma-
chine owners or the operators might not have 
taken the soil working portion of the day very 
seriously, with some of the test  team wondering 
if some of them would have done a better job if 
they had been working a real minefield.

For the purposes of this discussion, the follow-
ing definitions and conditions apply:

• Target Overlap:  Machines were to create an 
outbound lane, turn around and then create 
a return lane having a 0.3m overlap with the 
outbound lane.

• 1 ha Processing Time: Using the time to pro-
cess the 50m outbound lane, the time to turn 
around, the published working width of the 
machine and the 0.3m overlap, a time was 
calculated for the machine to complete a hy-
pothetical 100m x 100m area.

• Centre Band: Assuming that lanes were to 
have a 0.3m overlap, the centre portion of the 
working width was calculated for each ma-
chine.  For example, the Bozena-4 has a pub-
lished width of 2.22m.  With a 0.3m overlap 
shoulder on each side, this amounts to a cen-
tre band of 1.62m (2.22-0.3-0.3), or 73% over 
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the published working width.  ROI, or Re-
gion of Interest is the same as Centre Band.

• Target mine: While no mines were used in the 
demonstration, a hypothetical round mine of 
diameter 5cm (similar to a PMA-2) was used 
for the purposes of calculations.

• Maximum Effective Depth:  Based on the 
three fibreboards, this is the minimum depth 
at which a target mine might have been able 
to hide without being contacted by the ma-
chine.  In this calculation the two 0.3m wide 
shoulder areas are disregarded and only the 
remaining centre band is considered since it is 
assumed that poor performance in the shoul-
ders would be erased when the next lane is 
overlapped.  MED for the full width is also 

available.
• Penetration Efficiency (PE(20)): Based on the 

three fibreboards, this is the percentage of 
the lane that was successfully processed to 
the indicated depth (in this case, 20cm).  For 
example, if PE(20)=92%, it suggests that the 
machine was able to process 92% of the lane 
to a depth of 20cm.  Similar values are given 
for depths other than 20cm.  Like MED, this 
considers only the centre band, although the 
full width data is available.

The summary of performance assuming a goal 
of 20cm depth is shown in Tables A1,A2 and A3. 
The results are presented in more detail in the 
appendices that follow.

Table A1 – Performance Summary – Light Machines

Machine Lane 1ha Processing MED
(centre band)

PE(20cm)
(centre band)

  Time (hours) (cm) (%)

Bozena-4 L1 23.14 16 20%

MV-4 L2 13.82 0 18%

Table A2 – Performance Summary – Heavy Machine

Machine Lane 1ha Processing MED
(centre band)

PE(20cm)
(centre band)

  Time (hours) (cm) (%)

Minewolf T2 3.60 10 18%

Table A3 – Performance Summary – Medium Machines

Machine Lane 1ha Processing MED
(centre band)

PE(20cm)
(centre band)

  Time (hours) (cm) (%)

RM-KA-02 S1 7.28 1 17%

Samson-300 S2 9.07 8 0%

Mini-Minewolf S3 10.77 19 90%

Bozena-5 S4 11.31 11 85%

HydremaMFV2500 S5 12.27 7 0%

MV-10 S6 8.28 9 25%
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Appendix 10 – Instructions issued to Machine Operators 
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Summary Remarks37

This is the 4th Symposium in a series of meetings 
hosted by Croatia. The first concentrated on the 
achievements of CROMAC and HCR-CTRO and 
the second concentrated on machines. The third 
focused on metal detectors and we have returned 
to machines for this Symposium. 
This time we reached the highest attendance and 
had excellent representation from the field (176 at-
tendees from 35 different countries.) 
The aim was to provide a forum for the use and 
management of machines in mine action to be dis-
cussed and to share experiences.

Did we achieve the aim?

The Symposium followed a two day meeting of 
the CEN Working Group on follow-on procedures 
behind machines in mine action and gave those 
attending an excellent chance to realize the issues 
involved and to start the exchange of information. 
We have heard some valuable experiences of both 
CROMAC and CTRO and ways by which to evalu-
ate cost effectiveness of machines. We have had 
some stimulating and informative discussions in 
plenary and certainly a great deal of side meetings 
and exchanges in the corridors.
We discussed the necessity of management input 
and requirements to make sure that machines are 
used to the best advantage and we had an excel-
lent field demonstration of some machines in re-
alistic circumstances. Here, special thanks must go 
to the manufacturers for putting their machines on 
test and to the staff of CROMAC and CTRO for the 
organization of a demonstration which does not 
happen easily.
The demonstration gave us a good opportunity to 
see the machines closed up and to ask questions of 
the manufacturers and operators. What you may 
have not seen was the huge line up of logistical 
support vehicles in the adjoining field and which 
gave an indication of the broader consequences 
and considerations of using machines. 
On the final day we had the results of the dem-
onstration very clearly explained as well as some 
interesting thoughts on the US System of Systems 
approach which is aimed at proving that machines 

can achieve confidence even when used in the 
clearance role. We also heard some interesting 
approaches on innovation and the production of 
cheap solutions which will be particularly relevant 
to smaller programmes. Finally we were reminded 
of the medium of the Journal of Mine Action, from 
The James Madison University, which can help us 
spread information about technology and experi-
ences.
However, there are some general thoughts we 
should take a way with us:
Machines are not perfect. They are good but still 
need some follow-on procedures to confirm qual-
ity control.
Machine operators are a large influence on the 
performance of machines.
Tillers are certainly good for some conditions and 
threats but flails can be better in other conditions 
and perhaps the ideal is to consider the availability 
or interchangeability of both.
A machine is not the answer to all problems.
A huge change in management thinking and plan-
ning is required in order to avoid the purchase of 
machines which simply stand and rust.
However, the introduction of machines, if prop-
erly managed, will save time and money in most 
programmes.
If a programme is interested in using machines 
they should seek advice and assistance from those 
who have experience – perhaps even considering 
hosting advisory exchange vists.
So, in summary, we hope that you have enjoyed 
your visit to Croatia.  We hope that you have 
learned something new and that you have made 
contacts that will help you in the future. And fi-
nally, we hope that we will see more machine use 
in the future of mine action.
The next Symposium, if you agree that we should 
have one, will try to build on this one and be even 
better. Current thinking is that we could concen-
trate on the issues of a National Mine Action Au-
thority and responsibilities and have a shorter 
period directly on the use of machines, as well as 
retaining the demonstration in the field. 
Please fill in your comment sheets and let us know 
what you would like. This Symposium is for your 
benefit and so your constructive input is essential. 
Thank you all for coming and we wish you a safe 
return to your home locations.

37  Summary remarks made by the International Program 
Committee at the end of the Symposium, presented by Mr. Noel 
Mulliner (UNMAS)
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