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Table 1 Abbreviations

BT Technical Board (body of the CEN)

CCMAT Canadian Centre for Mine Action Technologies

CEN Comité Européen de Normalisation, European Citteerfor Standardization

COTS commercial off the shelf

CWA CEN Workshop Agreement

Cw continuous wave

EC European Commission

FAR false alarm rate

FFE free from explosive

FRY Federal Republic Yugoslavia

GC Ground Compensation

HD Humanitarian Demining

IMAS International Mine Action Standards

IPPTC International Pilot Project for Technology-Queration

JRC Joint Research Centre

MA Mine Action

MAC Mine Action Centre, (national) organ responsifidr MA in a country

MDD maximum detection distance

NDT Non destructive testing

NGO Non-governmental organisation

POD Probability of detection

UN MAC United Nations’ MAC

UN MAPA UN Mine Action Programme for Afghanistan

ROC Receiver Operating Characteristic

Uxo Unexploded Ordnance
Explosive ordnance that has been primed, fuseddyror otherwise prepared for use a
used in an armed conflict. It may have been fidedpped, launched, or projected and s
have exploded but failed to do so.

WG 126 Working Group 126 of CEN (dealing with HD)




1. Introduction

The report describes the field trial carried ouB#AM (Federal Institute for Materials Research dredting,
Berlin, Germany), in Benkovac, Croatia. The Cefarelesting Development and Training of the Craatia
Mine Action Centre (HCR-CTRO) supported the triegdgaration and execution with personnel, the test
facility, and logistics. The trial comprised a addility test, maximum detection distance measurésyen
pinpointing and the establishment of the footpriritis trial belongs to a series of lab and fiektdef the
ITEP (nternationall est andevaluationProgram) project 2.1.2.3 Systematic Test and Evilnaif Metal
Detectors (STEMD), a campaign to assess the citpbidf the available commercial-off-the-shelf (T8
metal detectors. In the STEMD campaign, a two-stagggoach had been followed. The first stage was
testing and evaluation under laboratory conditipesformed by the EC Joint Research Centre at thstir
facilities in Ispra. The second stage were in-flelsts in several mine-affected regions (South Eastpe,
Southern Africa, South East Asia), under realistioditions using the CEN Workshop Agreement CWA
14747:2003 protocol. Field trials had been caradetin Laos in autumn 2004. They focused on the
assessment of metal detectors with large searastieaUXO detection in comparison with normal nheta
detectors. In spring 2005 the Mozambican trial f&xlion the influence of soil on metal detector® f@sults
of those trials are laid out in reports availaliléhe ITEP and Joint Research Centre websites\(.itep.ws
andhttp://serac.jrc.it} the latter look Archive TETHUD).

2. Background

Metal detectors are the main tool for detectingllaimes in humanitarian demining (HD) and a correct
understanding of their capabilities and limitatigmsf great importance to people working in thedi Since
the end of the eighties, the start of first hunmedin mine clearance operations in Afghanistanpibtal
detector is still the only trusted sensor usedumanitarian demining. Since World War 2 the sewigjtand
the construction of metal detectors has been clibaige new features have been added, while the@ener
physical principle, the electromagnetic inducticemained the same. When mechanically supported
clearance operations, the use of dogs or othepeetek place — still the human being has to nowae
suspected area with a metal detector to find antalese the danger. The assessment of this sepstam —
the metal detector, the human being and other environmental factors — are to be investigated to give an
answer, which detector is appropriate to be use@muwhich circumstances. Clearance organisations
(deminer) care that their detectors are affordabt&long-lasting, that they can use them for sixrsavithout
straining their arms or changing batteries and afadly that they will find low-metal content minediably
enough that they can hand over land confidentathatines have really been removed. But the detésto
just a part of the system; the human being witlows capabilities and the environment are factoas thay
influence each other and in most cases reducattiesic capabilities of the metal detector. Irstheport, the
main factors influencing the performance of thaeysare investigated.

The United Nations Mine Action Centres began taarge metal detector trials from 1997. It was soon
recognised that resources would be wasted if gestas duplicated by every interested organisatiodune
2000 representatives of six donor governments l@@&€" signed the Memorandum of Understanding of the
International Test and Evaluation Program (ITER)hwhe remit of conducting joint test and evalaati
projects and exchanging the results.

The results from earlier tests were not compardbéeto different approaches and focus on specific
requirementsSimultaneously with the aspiration to unite theitgsefforts, steps were undertaken to
establish internationally recognised rules that iaysed for the test and evaluation of humanitaria
demining equipment. The CEN (Comité Européen dardtisation, European organisation for

HITEP currently has seven partners: Belgium, Can@danany, The Netherlands, Sweden, UK, USA. Disonssare ongoing for
enlargement and for the establishment of cooperatipeements with other governments and organisatio



standardisation) received the mandate from theE@opean Commission) and ITEP to establish standard
like rules for the main tool in HD, the metal detec Methods developed in trials were standardiseZEN
Workshop Agreement CWA 1474ifh 2003 and incorporated as a normative referenttee International
Mine Action Standards (IMAS). The CWA is compreheasdefining tests for all factors relevant to the
user,www.itep.wssearch standards (see summary ANNEX 1). Of kewpitapce are measurements of
detector sensitivity to targets under various com and the evaluation of the overall detectafgpmance.
Taken together, the information collected in adl thals demonstrates the changes and developrhent o
techniques, capabilities, and design of detectorsd this relatively short period. A summary offelrent
trials can be found insee ANNEX 2 (Table of the STEMD and other trials)

During the process of establishing and publishireg@WA for metal detectors, the preparation for the
STEMD project started. The JRC took over the leadHis project and purchased the available metal
detectors (COTS) to include them into the lab tastsfield trials. This project was also used Fa t
implementation of the CWA. One of the main aimshef STEMD project was to give the HD community an
overview of the commercially available detectoefland to keep that information updated. Unfortelyahe
foreseen reliability tridlin South East Europe in autumn 2005 could notapeed out by the JRC (SERAC
Unit) because of administrative reasons. Due tadaimeasons the detectors were not made avaitable
BAM, which took over the organisation and the execuof the trial in Croatia in 2006. This repantiudes
the missing STEMD reliability trial of the currethetector fleet.

Current mine situation in South-East Europe

At a meeting of the South-Eastern Europe Mine Actimordination Council (SEEMACC) on 13 October
2005, CROMAC's director suggested that Croatia,ftand Herzegovina, and Serbia and Montenegro
should jointly identify the mine situation on themmmon borders and send their demining priorttes
donors [3]

At the end of 2005, Bosnia and Herzegovina claitheti more than 2,146 square kilometres (4.14 péeafen
the country territory) was suspected to be contataoh[2]. The 2005-2009 mine action strategy pldrioe
clear 21 square kilometres of “priority 1” areéhighly impacted communities, to release 53 square
kilometres through technical survey, to conductegahsurvey on 510 square kilometres, and to aarty
systematic survey on 716 square kilometres of land.

Two years after the end of the armed conflict,987, 23% of the Croatian territory was consideréuem
suspected. By the year 2005 mine suspected areagedriced to 2.1% of the country’s area, which1sl7
square kilometres [2] . About 135 square kilometfthat area are known to be mined. In 2006, Gxoat
planned to spend approximately $50 million on @eae and technical survey, releasing a total cfce@re
kilometres of land [1].

In Serbia and in Montenegro, two areas of bordeitdey remain contaminated by landmines and expéos
remnants of war (ERW) [2]. Much larger contaminatisas caused by cluster bomblets and large aerial
bombs, especially in Kosovo. Cluster bomblets reedin Serbia affect approximately 24 square kilmese
while the mined areas occupy 4.3 square kilomelngglontenegro, an area of 1.5 square kilometres is
affected by cluster bomblets, while a smaller ésesdill mined.

3. Purpose and objectives of the trial
Thepurposeof the trial was to:

e Assess recent commercial off-the-shelf detectolis\mal to be appropriate to South East Europe
(SEE)and for humanitarian demining generally, and

% Today standard like CEN workshop agreements é&xishechanical mine clearance, personal protective
equipment, other are on their way.
® Blind or reliability trials are complex trials foihe assessment of the sensor in connection wéth th
user/operator and other influencing environmergeddrs including the working rules and conditiomet tare
to be followed.
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¢ Make the data available for the humanitarian demgi@ommunity.

The objectivesof the trial:
» Compare the reliability test results and other deteperformance data in different types of soils.
» Create a lane layout usable for metal detectos tesdl dual-sensor tests.
« Implement new knowledge concerning the reliabiiiils and measurement techniques
* Psychological approach to the investigation ofttheman factor and its influence on detector
performance
» Collect useful information on how to improve thé&eef of human factor on the testing process
and the safety of the end users.
« Measure sensitivity and accuracy of detectorstypigal local target of interest
» Train local staff in selected issues of the CWA.

4. Trial preparation
The participating detectors were, in alphabetieord

* AKA (Moscow, Russia) — Condor 7252*

e AKA (Moscow, Russia) —Vector 7260*

e CEIAS.pA —MiD1

* Inst. Dr. Foerster GmbH and Co. KG - MINEX 2FD 305
e Minelab Pty. Ltd — F3

e Minelab Pty. Ltd — F1A4

» Schiebel Elektronische Gerate GmbH — ATMID

* Vallon GmbH - VMC1*

* Vallon GmbH - VMH3CS*

The detector models marked with an asterisk (*)ewew in comparison to the STEMD trial performed in
Mozambique. Unfortunately, the JRC could not makeléetectors available to BAM as it was expectethfr
earlier contacts. The BAM trial management wasddro change the trial matrix according to new
circumstances due to a very short notice. The nuwiiggarticipating metal detector types was redufcech
12 to 9 (two types of Ebinger detectors and one tfpdetector produced by Beijing Geological Instemt
Factory, China, had to be omitted) and the overathber of detectors from 22 to 14. A quick reactibthe
manufacturers made the trial possible: they senhéw detector models or they were brought in gralh
luggage directly to the training.

In an optimized sensor system, such as detectingsiin humanitarian demining, there are three facto
interacting among each other, together influenoimghe results:1) intrinsic capability, in this easf the
metal detector; 2) application parameters (e.girtth@gences of the environment, training, noiseet
pressure, SOP, etc.); and 3) the human factor.udyaln factor we consider all possible factors withia
person and outside of the person which influenchismvork performance.

Although human factor influences in humanitariamiaeng had been recognized, not enough has been don
to quantify those factors and to find ways direttlynfluence on these factors. Most of the acdislen
occurring in demining are based upon human errbeoause of the violation of existing rules. Mine
clearance operations and reliability trials areiedrout by deminers and therewith highly affedtgdhe
human being. Most activities for improving the abliity of demining emphasized the improvementaféty,
management and techniques.
It was for the first that a decision was made &eas the human factor in more detail. Questionnaiael
been prepared for this purpose. The detector agerilled out a personality questionnaire (NEORD]-a
concentration test (d2) and a specially designestipnnaire (see ANNEX 3) that consisted of questio
about:

e personal data



e previous experience in demining and qualification
* experience with certain detectors and
* knowledge about the detectors.

The answers were used to establish groups of @petfatr an unbiased trial. The aim was to makgrmlups
of detector operators similar in their age, dengréxperiences and experience with the specificctimtéhey
are going to use. We ensured that none of the tueriaad any experience with the desired detedertried
to achieve that they were of different age and ey had different amount of experience in denginin this
way all groups of operators can be considered airiniltheir preconditions to be involved in thealtri

Due to the small number of operators it could reotbmpletely ensured. The first criteria was thaythad
no previous experience with the detector they appased to use, then the amount of demining expezie
general, and then their age. The assignment ohtgrsrin detector groups is presented in Tableh2.tdp
line shows the 5 groups and the manufacturers gelgrio one group. The left column lists the setect
criteria and the next the subdivision of thoseecigt The figures of the other columns give the benof
operators belonging to one of the sub-criteriahhis approach it can be expected that the groaps
deliver unbiased results.

Table 2. Placement of operators in detector groogsed on experience, qualification and age

Group 2 L
MANUFACTURER Efggg ; Schiebel, G\;Z;IJ(')O: JLC:(“E 4%(:;;; Total
Ceia
Less than a year 0 0 2 0 0 2
EXPERIENCE 1to 6 years 2 3 2 1 3 11
More than 6 year$ 2 0 1
Less than a month 1
QUALIFICATION 4 1 to 3 months 3 3 1 1 1 9
More than 3 months 0 1 1 3 2 7
25-34 1 2 2 3 3 11
AGE 35-44 3 1 0 1 1 6
45-54 0 1 2 0 0 3

The training of the operators was carried out lgyrttanufacturers. Four operators (one group) waneed to
use two detectors, for each detector going thr@days of training. An exception was the two Russia
detectors, Kondor and Vektor, where the ITEP sugpom Belgium carried out the training, after the
Russian manual had been translated into Englistasdto be mentioned that the training to the Rnssi
detectors was limited to the four preset factoggpams of the detectors. The operators were additio
allowed to change/use the ground compensationitisgssettings, and power output of the searchde
Further available features had not been includexitive training and trial.

The basic training for the use of the Leica TotaliSn was carried out for the BAM personnel inlBeand
additionally together with the training for the gpgpting personnel from ITEP during the traininghud
operators.

The Friday in both training weeks was used foryéag out the pinpointing test with the taught détes for
better understanding of the factors influencingedetr sensitivity; the sensitivity profile was dsished in
different soil types to different targets. Duritlgt time the operators learned how to perform stasis
described in the CWA. Their knowledge about me¢dédtors and their use was also tested. Surprysitigd
questions to the operators how to establish treesafeping advance to a target and factors inflagran
detection ability where only partially known. Treest part of the preparation was the instructiotnef
operators and supporting staff to the test proedand rules to be followed.

* One operator in the Vallon group did not stategialification



41. Personndl and Resources

« Data Gathering TeanD. Guelle (also trial team leader), M. Scharm&g¢hGaal, M. Pavlovic, — all

BAM,;
¢ Human factor investigatiom. Bertovic (BAM)

e ITEP & GICHD support:S. Dillien, M. Devroedt (Belgium Army), A. Schiderman, F. de Wolf

(both TNO NL)
» Local personnel:
The main team of HCR-CTRO: including N. PavkovicSteker, 24 operators, supervisors,
* Egquipment:2 Leica Total Stations 1x lent, another statioW&T-Sensor given by JRC

42 Technical details of the known and foreseen detectors

The data shown in Table 3 had been collected duh@@TEMD trial and are important to the userhef detectors.

Principal Features
Set-up o
5 Mod Coil E ﬁ E
3 oce | sensitiviey | Sround | 8 g 3
0 - Compen-
Detectors g Adjust-ment sation
Q o] £ Ué = o
AEIEI IR I R I 2
Sl a|o| 4|8 5|3 g|2| ¢ 3
Condor 7252 AKA x| x]I x| -1 - xI -1 x| -1 - - AV
Vector 7260 AKA x| x| x] - -1 x| -1 x| - - - AV
MIL-D1 CEIA x| -1 -1 x]-1-1xx] x| -1- Y A
EBEX® 421 GC | Ebinger -l x| x| - - -1 ox] -] x| - - A
EBEX® 420HS | Ebinger -l x ) x ] -1 -] - x| -] -] x - A
Minex 2FD 4.50( Foerster x| -1-1xx|-13] -| x| -1 - - A
Minex 2FD 4.51( Foerster x| -1-1xx!-13] -| x| -1 - \4 A
Minex 2FD 4.53( Foerster X - - X - x| -] x - - Y A
MD8+ Guartel - X - X - 3 - - - % - AL
F1A4 Minelab - x| - x| -1 -1 x| -] - A
F3 Minelab x| -1 x| -] x| -1 - -] - - A
ATMID ™ Schiebel -1 o x] x| - - -Iox] x| - - - A
M90 SHIRMT - X X - - - X - - X - A
VMC1 Vallon x| x| x| -1 -1 -I xI x| -1- Y A/LIV
VMH3 Vallon X x| x| - - -] x| - - Y A/LIV
VMH3CS Vallon x| x| x| - - - o< x| - - Y A/LIV
VMH3 (M) Vallon x| x| x| -1 -1 -1x]x] -1 - Y A/LIV

1 The sensitivity level is normally fixed but can tieanged

2 A large number of digitized levels are availalsie the adjustment is effectively continuous.

% Will be made available for this model.

4 The signal can be delivered to the operator amudio signal (A), LED-display (L), or a vibratiow'Y of the
handle.

5 The audio signal can be changed for differentetescgl he visual indication allows a differentiatioetween
magnetic and non-magnetic metals to a certain éegre

®The detectors may be updated to static mode simoengr 2006 but had been tested without this mode.

Table3: Detector capabilities with immediate importance

The “mode” may be either static, if the detectantonues to emit a sound when it is held statiormasr a

metal target or dynamic if it must be moved overtdrget to signal.



Some detectors have the receive coil divided wiphalves, the “double-D” design, which have a Zem®
in the middle where the signal stops or changesnkt@nce pinpointing. The manner and capability of
detection and pinpointing depend on both thes@facThe deminer should be aware of them and theyld
be emphasised during training. A detector with abdi®-D coil behaves very differently from one with
simple circular coil and it is dangerous to conftisetwo, because the shapes of the sensitive areas
different. Similarly, it is important to understatitht a dynamic mode detector can be silent, evena
metal object, when it is not moved.

Sensitivity adjustment in some detectors is madk aiswitch having a limited number of positionglsas
low, medium and high, with others it is made witboatinuously variable knob and others have fixed
sensitivity. Setting of the soil compensation, vehére detector has it, is usually made by invoking
automatic procedure which allows the detector ¢éarth” the soil properties. The Ebinger 421GC isahly
detector tested during the STEMD trials, which Aa®smpletely manual adjustment. The CEIA Mil D-1
makes its soil compensation adjustment automagidalit the manual-adjusted sensitivity setting ciffat.
The detailed procedures are different for eachoti@tend it is important to follow precisely thesiructions
of the manufacturer for the model in question. Soffrthe most recent detectors allow the user adoetbe
software via a communications port, for exampleaty be possible to download updates from the
manufacturer, or make special changes to adaplefieetor to particular conditions on the operatisiia.
All detectors have an audio indication when metaldtected and this is generally considered supterio
visual indication to avoid distracting the operdtom looking at the ground. The VMH3 and MD8+ do
provide also visual indication by LEDs on the handlallon have also recently introduced a vibratdhe
handle as a tertiary indication.

5. Methodology and procedures of the trial

51. Sdection of CWA tests

In this trial the focus was on the reliability aftdction as described in the CWA test 8.5. Thatisesalled
reliability test and it is a blind test, meaningtkhe operator of the detector does not know wiier¢argets
are and how many targets are in the search areaddta for analysing and establishing ROC (receiver
operating characteristics) and POD (probabilitgetiection) curves were collected during blind &rial six
lanes, in 3 types of soil. Other in-soil tests badn carried out during the preparation time ofdainer for
the next run. Only the reliability trial includesey 8300 data sets including more 96 000 singlermétion.
The main advantage of this approach was that mpied the testing of a greater number of detediatsat
the same time a quite large number of operators.
The trial site conditions allowed the simultaneass of six detectors in three different soil typgainst three
target groups at continuous depths. This amoudatsf gives an overview of the different factorsuancing
the detector performance. These include the huaeorf the technical solutions of the manufactubes,
targets and their position and finally the grounolerties, in particular magnetic susceptibility
The final selection of tests had been as follows:

CWA Test 8.5 Reliability trial

CWA Test 8.4 Fixed depth detection tests in soil

CWA Test 6.7.2 Footprint — sensitivity area ofdleéctors to different targets (variation) durirget

training

CWA Test 9.2 Target location accuracy during therafpr assessment

52. Human factor methodology
For the assessment of the human factor, the fallgwests have been uded

* NEO PI-R (Costa & McCrae, 1989) - a standardizealipslogical instrument used for an overall
assessment of personality

> Magnetic susceptibility is the degree to whichaterial can be magnetized in an external magnietit. fif
the ratio of the magnetization is expressed peruatiime, volume susceptibility is defined & M / H,
whereM is the volume magnetization induced in a matefiaugceptibility by the applied external figtd
® A more detailed description of these tests woaldjiven in the chapter about human factor invetitiga
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» Test of Attention (d2) (Brickenkamp, 1962) — thesttis used to examine attention and the ability to
concentrate

As earlier mentioned, an additional questionnaias aiso used to get basic information on the dexniguad
to set up the groups of the deminers.

The purpose of these tests was to investigate whitbrs have influence on the fact that demirresailts
differ. The use of these specific tests was chossed on assumptions that a) individual differeacesin
fact, personality differences; and b) attentiorigtis definitively important in demining.

53. Sdlection of targets

The selection of targets was based on the regimads and at the same time with the orientatiaretha
similar set of targets and the lay out will be ufmda further trial with dual sensors in 2007.€eThetal
content of the clutter was chosen with the aim thatmetal detector will find it at all used deptfihe
selected targets included:

Figurel: PMA-2 Figure 2: PMA-3
: % Gk The original PMA-2 and PMA-3 mines rendered
safe by replacing the percussion cap to an
aluminium cap with similar measures
* The clutter for the lanes has been selected
by HCR-CTRO and BAM for the
evaluation of discrimination, small clutter
has the size of 7.62mm bullets or mortar
grenade fragments in similar size.
Experiences from earlier tests have shown that
there are practical limitations to the accuracy of
targets used in tests Itis dlfflcult to find silaots for minimum metal mines if the original mepalt is not
available; the less metal is present the morecdiffit is to find one faithful simulant, common &di
detectors. It should also be borne in mind thatesieft in the ground will change over time, getigra
becoming more difficult to detect e.g. as steetgparst away, so the reality that is being simulditself
changes. In our case we have mainly aluminium pattse mine simulants that will reduce the chafoce
changes in their detectability by the used detsctor

54, Test matrix

The test included:

+ 20 operators, (they were split into two shifts; @e8 operators — the other @ 12operators —the 1
working with 4 types of detectors, th& ghift with five types; 4 operators belongs to gneup using
2 detector types

e 9 detector types

* 6 lanes on the site

e 2 copies of each type, excluding the Russian anmeldb models where only 1 copy of each type had
been available.

e Each operator works in 6 lanes with two types aéd®rs

« Two mine simulants (PMA-2, PMA-3 and a group ofitgb clutter for the region had been planted in
different depth

* The lanes have three different soil types (neutmratpoperative homogeneous and uncooperative
heterogeneous)

11



Table4: Test Matrix
Matrix cut out start 1 start 2 start 3 start 4 start 5 start 6
E| o| 8| E| 8| E| E| o| 8| E| 8| S| E| 8| 8| £| | §
885838/ 3[8/ 3845838 45[8 8584345
Lane 1 Alq i{B|2|2|C|2|2|D|1|2|E|3|12|F|4]2
Lane 2 DI 2|2|E|4|1|F|3|1|A|2|2|B|1|2|C|1]|2
Round 1 Lane 3 c|2|/1|D|1|1|E|3|2|F|4|1|A|1|1 | B|2]|2
Lane 4 F| 3|2|A|2(1|B|1|1|C|1|1|D|2|2|E|4]|1
Lane 5 E|3|1|F|4|2]|]A|1]|2|B|2|1|C|2|12|D|1]|1
Lane 6 B|1|2|C|1|2|D|2|1|E|4|2]|F|3|2]A|2]|1

The matrix demonstrates the exploitation of therajpes and metal detectors in the different laheshows
the manner in which the detectors are cycled thraligthe lanes, and used by different operators.

For example, operator A starts with detector laimelL1, after he has finished operator B works détector
2 in that lane. At the same time with operator 2,ta L6 will be occupied by the operators D, CEFB with
their detectors and so on. After the operator mishied the marking of the detected targets, tlvedinates
will be measured with two total stations. Thendeéctor will move to other lanes.

The process will be continued in accordance wighrttatrix so that every operator has been withwiee t
types of detectors in each lane 3 times (at alub8), with 1speciman of detectors 2 times and thi¢h
second one 1 time. It is the aim that every demivikticarry out this amount of starts during fivayd (the
full matrix, demonstrates just four days and maynberrupted at every place and then continued).

54. Target layout in lanes

Each lane contained 29 targets:
10 PMA-2 antipersonnel mines,
9 PMA-3 antipersonnel mines,
10 pieces of metal clutter.

The targets were buried to random
5o positions according to the prescriptions of
the CWA 14747:2003. The mutual
1 ; ; distance between the targets was at least
uod{ @ : : 60 cm and they will lie within the 1-m
1e00 D oe Feasto0en wide stripe in the lane with their entire
: : halo areas. The mines were buried to
depths between 1 and 14.5 cm, in steps of
1.5 cm. The depths of the clutter pieces
. : : were determined just before the burial of
: : the targets, in a way that all pieces are
: : easily detectable by most metal detectors
= in the test. The content of this section will
1207 pesoem be held confidential to the operators.
o ! sfﬂ - W;D - | Figure 3 presents a fraction of a standard
o0 ‘ lane. The red dots indicate the target
0 50 100 positions. This diagram is only an
example; the actual positions will be

Figure 3: Fragment of a target Land-igure 4: Fragment of a target| different.
Lane

1350 1 L 1350 : .

1300 1
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55. Lane preparation

The targets were placed in accordance with theorahdgenerated distribution. The original coordesabf
the targets’ placement were established with tte station during the process of burying the terge

Due to difficult weather conditions during the targlacement no lane check for removing unwantetime
fragments was possible. This check was carriecfoert the trial by comparing the placement of tregkars
with real targets. It was very obviously by thegalament of markers where still metal could be foubwaking
the check carried out after the trial more tham2@al pieces had been recovered from the lanestdihe
used computer program those “true alarms” couldlineinated and had not been counted as false alarms

Figure 5: Different stages of lane preparation —d&pth, b) buried, c) used for position & dept
measurements

The accuracy of the measurements achieved by #matops using the total stations was in averag8a 5
mm, the most accurate + 4.83 and the “less” acewehieved “only” £ 7.65 mm standard deviation. The
time for the measurements of one lane (30m x 1lmpgw@ed from the amount of markers laid by the dpgra
the weather (heavy wind), and the operator. Thesmrégy time was between 10 to 15 minutes when 2®to
markers had been placed. The use of two statitowed keeping up with the speed of 6 operator&in s
lanes. Experiences from the STEMD Laos trial hashbmonfirmed. Manual measurement would have taken
much more time and personnel (3 to 4 times). Fewude of two stations two different data transroissi

frequencies are to establish in advance to aveééifarence and data confusion. If possible théostatshould
be placed in a way that the reflectors are notsingseach other during measurements. If this i©sgjble
they should use different height levels of theewtibrs for measurements.

The settlement of ground was more than a monthregigion in planting depth of £5mm was achieved by
compacting the ground below the target, using swertically on top of the target, and carefulliirfg the
hole with the removed ground. The stick in Figur® Stayed at centre of the targets and was usdtddo
correct depth and position measurement after thengt had been made even. In this way correctico up
25mm for the greater depths had been made.

Figure 6 demonstrates the approach for establishing
the maximum detection depth for the PMA-2
surrogates (PMA-2S). The depths at which the
targets were buried were chosen based on previous
trial results (reliability trial in Croatia 2005 [ifler
etal, ITEP 2.1.1.8 Final Rep.] and STEMD
Mozambique trial 2005 [cite]). The targets for the
test of maximum detection depth were placed at the
required depth with fixed increments and wooden
boards placed on surface to avoid that the search
head distance can change to the target depth. ddre$will support the height level and hinder¢hange of
depth.

Figure 6: Target placement for fixed depth
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Four deminers with both detectors established tie@mum detection depth in soil for reducing theividlal
influence on the result. Only detectors with groenchpensation (GC) were used during the trial. The
detector operator carried out the ground compemsatfore entering the test lane and after he lesttald the
maximum detection depth to the PMA-2S. Where thpestisor was not sure about the detection sigral, h
instructs the operator to make a comparison wighstgnal from the previous depth. Only when botbrafor
and supervisor agreed the signal, it was accesteletection.

57. General limitations of detector sengtivity measurementsin thefield

This paragraph content concern not only the estafient of the maximum detection depth to the PMA-2
placed at fixed depth, Figure 6. Some aspectseoésitablishment of a signal had to be taken intowd by
the operator that is different during the reliapitrial. As the whole detection system was paithef
evaluation during the blind trial no consultatiarsamilar advice to the operators had been allodugthg the
blind trial.

Any measurement made in the field is likely to é&sslcontrolled than a laboratory measurement, as is
recognised in the CWA. We describe here some factdrich could have influence to signals being réed
incorrectly as detections, even after all the pugoas described above. Depending on the soil ¢omdi and
the efficiency of the ground compensation, it maypbssible to eliminate completely the soil nogsethe
only reaction of the detector is to metal. Soméhefdetectors still have background soil noiseeeith
continuously or in reaction to inhomogeneitieshia ground, i.e. parts with different electromagneti
properties to the surrounding area or “hot stomes’ neutral environment or the other way arourmn&
detectors may give background noise due to drifhefelectronics or the presence of electromagfietas
from external sources. A noise cancel functiorre/jgled in most of the detectors, typically actecgby
holding the detector in the air and pushing a utfdne detectors vary in the sophistication ofrtheise
cancellation: from simple zeroing to complex irigght processing. Particularly for the detectorhuéss
effective noise cancellation, there is always la oiselectromagnetic noise being falsely declaredetection.
It should also be remembered that ground compe@mseaiticuits might be subject to electronic drift.

To a certain extent, the deminer is able to regmhackground noise and distinguish it from a thetection.
But he is normally not able to distinguish betweaesignal from a test target and one from othercgsurf a
specific source of false alarms is located neartwst target, its signals could influence thelte®¥de cannot
be sure that every false alarm source will be readas such and investigated during the trial. Solovéous
signal sources had been eliminated other may cqgnaad will be explained as such. In particular,wile
highlight in the results cases where there are ntigarepancies between the same types of detectors

Not all operators were aware that some of the tiwtecould not be used on highest sensitivity beedle
background noise may overwhelm the signal streafiny target. Where this occurred, it is included
the individual assessment of the detectors.

An obvious possible source of error can be incoedpistment or handling of the detector. Although
precautions of training and supervision had beeavtid these errors, we cannot be absolutely cetttait
none occurred.

58. Egtimate of uncertainty

When trial data have to be used to judge whethaoba detector is able to achieve the sensitretyired
for a particular task, or to compare the meritditierent detectors, it is important to assessetkgerimental
uncertainties, which are inevitably present. If ti@sults differ by an amount less than the caledlat
uncertainty they should be regarded as esseniialigtinguishable. We attempt here to quantifykhewn
contributions of uncertainty in our measurementstarexplain how we combined the estimates to araiv
overall figures. The measurements of depth in fieldditions allow a £10mm error in accordance \liid
CWA,; other errors may be calculated by the achieesdlts and the amount of measurements.
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The maximum detection depth measurements (the G38t4, “fixed depth detection test”) were perfedn
with several operators. The measurements with datdctor model repeated at least twice with four
operators. It was expected that repeated measutemiiproduce different results. The uncertaiofythe
maximum detection depth was thus estimated.

The results of the reliability test (the CWA tedh)3are reported in form of ROC diagrams (probabdf
detection versus false alarm rate) and POD cupebébility of detection versus target depth). The
uncertainty of the probability of detection will lbstimated based on the assumption that the nuohber
detections is binomially distributed. The uncertyiof the false alarm rates will be estimated basethe
Poisson distribution of the number of false alariitee POD curves are estimated with a generaliseddi
model and a logistic regression. ROC diagrams &id Burves are generally described and the specific
results explained in the individual assessmenth®fetectors.

59. CWA test 6.7.2 Sengtivity profile (footprint))

The establishment of the detectors’ sensitivityfifgdo different targets was carried out by thegtors after
the training with both detectors they would usdrdythe trial. The sand boxes with neutral soil and
homogeneous uncooperative soil were used for thisgse. Almost all of the operators got for thetftime a
visual imépression about the sensitivity area (fdatpsensitivity cone/profile — other names useftheir
detector

" One of the operators had his normally used detedgth him and repeated the test again after tfieiaf
working time was finished.
15



6. Soil properties Benkovac trial site

This chapter contains the pedological descriptimhrmagnetic susceptibility of the natural soil adjat to the
test site of the Croatian Training and Testing @t CR-CTRO) in Benkovac, Croatiéhe results in this
chapter are from two investigations of the Leibinigtitute for Applied Geosciences (Preetz & Igel
2005, 2006)[22], additional remarks concerning hoitagian demining are by the authors.

The test site includes 6 test lanes for multiplgppaes. There are six test lanes with 3 typesibfvglbich are
later described with their properties.

6.1. Pedological description with estimated specificationsfor the adjacent area

Soil type (WRB 200%: Skeletic Chromic Cambisol

Soil depth: 35 cm (on average)

Texture: Clay to silty clay

Humus content: 1-2%

Soil colour: reddish brown and brownish grey

Lime content: 5%

Stone content: 60 - 80 % (limestone with slightynded angles)
Rock outcrop on surface: 80-90 %

Parent material: Tertiary limestone

Figure 7: View of the test area Figure 8: View oé tsoil surface Figure 9: Soil profile in a pit
X ; o g A j -y # B2 T -
i - ey

The red marker (stick) in the foreground represtrgscoordinate 0/0. The line of the sight is algraxis
(see. Figure 7 above).

6.2.  Geophysical field measurements

Among the amount of the magnetic susceptibilitg, $patial distribution of this parameter is oneéntant
factor which can adversely affect a metal detector.

As shown in the description and the pictures befthie soil has a very high content of limestone. kivew
from several laboratory measurements that the ptibdity of the fine grained material of this stylpe in
this region is pretty high whereas the one of imestone is very low (see end of the report). hik
combination a high variability of the parameter taabe expected.

8 World reference base for soil resources 2006amdéwork for international classification, corredatand
communication.- World soil resources reports: Witpvw.fao.org/ag/agl/agll/wrb/doc/wrb2006final.pdf
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On the test area shown in Figure 8, measuremeni® shagnetic susceptibility have been carrieddoetto
the determination of the spatial variability of¢iiarameter. Therefore an area of 100 m?2 has begeled
and measurements were conducted with the MS2DIskmop sensor from Bartington Instruménfhe
distance of the profiles is 1 m with measuring pspacing of 10 cm. The measuring grid is depiatete
following Figure 10 and a plot of the spatial disition is illustrated in Figure 11

Figure 10: Grid of the susceptibility measurement igufe 11: Spatial distribution of susceptibility)(
10HHH EEHHHHHHEHHHHHE R HE HHHE 10 . : ; : . . ' f :

HHHH o

Y direction [m]

o (T T T T
X direction [m] I I I I Y

It consists of 2222 measuring points. Figure lthésplot of the magnetic susceptibility showing sipatial
distribution of the parameter. There are surprigihigh changes of the magnetic susceptibility wittihe
10nt. The deminers have to be aware about those pessibhges and carefully check the set up of their
detectors; especially the detectors without grazordpensation and those that are sensitive to magnet
susceptibility. This fact also underlines to haveell capability for a rough soil assessment. @&y simple
way is the the measurement of the ground referkaight (GRH) that can be done by most of the metal
detectors. The detector should be set up to maxisemsitivity and will signal when brought closelte
ground if there is a soil problem connected with tagnetic susceptibility. The bigger the distaiodine soil
the more the sensitivity may be reduced. Thisiisfone detectors up to 60%. More details the recater
find in the STEMD report Mozambique and a detadedcription of the GRH measurement in the the

Figure 12: Susceptibility values in Y-directiot) ( | Figure 13: Susceptibility values in X-directiot)
Measuring in Y direction Measuring in X direction

80 — 80 —

~—~

60 —| 60 —|

40 —| 40 —

number of readings
number of readings

20 — 20 —

0 —
0 10 20 30 40 50 60 70 80

4 40 44 4
0O 4 8 12 16 20 24 28 32 36 40 8 52 56 60 64 susceptibility [1075 S

Susceptibility [10-5 SI]

® DEARING, J. (1999): Environmental magnetic susitélti - Using the Bartington MS2 system:
Kenilworth, England.
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The histogram Figure 12 shows the measured vatuéglirection. The mean average is 37.7 X $D units
for the magnetic susceptibility, the median is 86 the coefficient of variation is 53 %.

Figure 13 show the same measured in X directior.MBan average value is 39.4 * B) units for the
magnetic susceptibility, the median is 38 and teffecient of variation is 36 %.

Comparing the two measuring directions, the fitatistical approach shows that the mean valuesuas s
the median is nearly similar in both directions. &#as the variance in Y direction is much highantalong
X.

Further information about the spatial variabilgyillustrated by the variograms below:

Figure 14: Variogram in Y directionc] Figure 15: Variogram in X directionc]

Column C: Sl [10exp-5] Column C: Sl [10exp-5]
Direction: 90.0 Tolerance: 10.0 Direction: 0.0 Tolerance: 10.0
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The variograms in Figure 14 and 15 display diffesgratial distributions. The readings in Y direntido not
have a spatial correlation. The distribution id jasmdomly in the range of the variance and no rhoaie be
fitted to these values. A spatial correlation af theasurements in X direction is clearly visibleeT
correlation length is approx. 0.5 m; i.e. the dist&s within the readings are similar to each other.

The reasons for the distinct anisotropy may bé&éngattern of the fracture system of the limestase to
the soil surface. The weathering of the limestané highest in the fracture zone and the joliimdi of
these spaces consist of the fine grained soil mahtehich is protected against the erosion at ploisition.
The susceptibility is much higher in the soil metiethan the adjacent limestone.

Looking at this data from the mine clearance regu@nts it would make sense to approach the site te
Y-axis and have the clearance direction similah&X-axis if possible from the terrain configuaoati This
means also that the deminer will have a similatepatwith the soil properties concerning the maignet
susceptibility along the X-axis. The detector’sdircontact with the soil is reduced to few pladas to the
cover with limestone. There the deminer easily extberience difficulties in detection (signal frone soil) if
his detector does not have ground compensatiosarat set up to the soil.

6.3. Geophysical laboratory measurements

To give a review about the magnetic propertiehefgoil in Benkovac concerning the functionalitymodtal
detectors the results of the analysis of the fraquelependent complex magnetic susceptibility ebia
sample are appended. The measurement had beedaartiin 2005 and the object matter was a sammbe f
a test lane in Benkovac used for metal detectts.t&€his soil sample is from the same area andheasame
properties as those soils on our measuring field.

The real and imaginary part of the susceptibiltty 2 different frequencies (50 Hz - 10 kHz) wasedetined
with a Magnon VFSM susceptibility bridfe The magnetic field strength was 161 A/m.

1% www.magnon.de
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Figure 16: Benkovac Soil / Lane 7/ B Figure Evequency dependent comple:
Benkovac soil

Ber}t'ovalceslolﬂlLa)ne 7 Sample f[Hz] H [A/m] Realpart | Imaginary
= m ! "
4000 — 600 K [10exp-6 SI] | " [10expt
Benkov. L. 7/B 54 161 32313 229.0
b i ~ Benkov. L. 7/B 105 161 3163.1 2260
. 3000 —| ‘\‘\‘\N\N\‘N\‘ 1200 Benkov. L. 7/B 205 161 3082.0 229.0
0 o
e i L =) Benkov. L. 7/B 310 161 3012.3 2315
= | | g Benkov. L. 7/B 510 161 2952.3 238.8
& 2000 oo realpant F Benkov. L. 7/B 804 161 2882.7 2483
S —%—%  imaginary part =
7 B g Benkov. L. 7/B 1060 161 2846.8 256.2
® 1000 — w0 3 Benkov. L. 7/B 2020 161 2730.4 280.1
| NEVENIDIVIVE = | Benkov.L.7B | 3013 161 268L5 3013
Benkov. L. 7/B 4993 161 2613.8 330.2
0 L AL R 0 Benkov. L. 7/B 7991 161 25229 336.4
10 100 1000 10000 Benkov. L. 7/B 9991 161 2494 317.¢

frequency [Hz]

As shown in Figure 16 and 17 the soil has a frequelependence of 11 % over 10 decades which r®agst
evidence for the presence of a super paramagr@hpaund of the magnetic minerals. The absoluteagalu
of the frequency dependence can be read in taddewkell. Moreover, the susceptibility of the sa@ihyple
measured in the laboratory is nearly ten timesdrighan the mean of the field measurements. Thiedause
the sample consisted only of pure soil without Biimestone, which is reducing the susceptibilityttoe field
measurement significantly. As mentioned aboveithedtone content in the topsoil is up to 90 % (see
pedological description). Therefore the suscejityhdf the field measurement with the Bartingtoopo
MS2D is at about 10 % of the laboratory measurerogtiie pure soil. A further reason for the lowdeof
measurements is that the placement of the coibdo@ukly be done cases directly on soil. In mosesdhe
loop could only be placed at the neutral stonekisiy out of the ground.

For comparison with the other available soil typed the evaluation of the influence of the soilpemies on
detector performance the susceptibility measuresngfritoth other available soils on the Benkovatdits
are added below, Figure 18 to 21.

Figure 18: Obrovac soil Lane 1 & 2 Figure 1Brequency dependent complerf Obrov:
soil

Ob;ngli ;"Lﬁ:;e : Sample f[Hz] H[A/m] Realpart | Imaginary part

2500 — — 1000 ' [10exp-6 SI] | k" [10exp-6 1)
. . - Obrav, Lane 1 54 161 23439 160.3
2000 —| e, — 80 = Obrov, Lane 1 103 161 2235 165.5
5 - """*t_,_w— 2 Obrov. Lane | 205 161 2180.0 1616
% 1500 o E | ObrovLlael 310 161 21333 165.5
H 1 If::gr:::w ot L % Obrov. Lane 1 510 161 2076.5 167.0
% 1000 | |40 £ |Obrov.Lanel 804 161 20365 1717
2 i N % Obrov, Lane ] 1060 161 2003.2 180.3
500 | K% g0 B Obrov. Lane | 2020 161 1043.8 196.2
| KAy xR HHT i Obrov. Lane 1 3013 161 1903.5 2113
. o Obrov. Lane 1 4993 161 18344 2312
L L Obrov.Lane1 | 7991 161 1788.2 2363
*® requency (] - 10080 Obrov.Lae 1 | 9991 161 17626 232

When assessing the influencing parameter one sipayldttention to the frequency dependency of the
magnetic susceptibility and to the soil structlienestone is a magnetic neutral material and wehte for
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some detectors additional complications that ansigee to in-homogeneities in a soil with high matic
susceptibility.

Figure 20: Sisak soil Lang Figure 21: Frequency dependent comptenf
Sisak soll
51';;‘1-‘1‘;‘1 1;““ - Sample f[Hz] H[A/m] Realpart | Imaginary part
S (=LA 6 ' [10exp-6 S1] | " [10exp-6 1]
_ L Sisak Lane 3 54 161 203.0 239
_ -~ - - Sisak Lane 3 103 161 2079 151
200 \ A ] 80 = :v _ :
= - 4 et @ Sisak Lane 3 203 161 1913 18
“fg 155 — | & E Sisak Lane 3 310 161 197.7 9.6
= ~4—+  real part N 2 |Sisak Lane 3 510 161 1924 §.2
50— e | £ [SisakLane3 804 161 183.2 3.0
g B B E Sisak Lane 3 1060 161 184.7 102
o . & |SiskLae3 2020 161 1734 112
| . Kx———X'*"-kx’— Sisak Lane 3 3013 161 180.8 129
Sisak Lane 3 4993 161 183.5 154
o T TTII T TITI T T T 0 . s "
Sisak Lane 3 7991 161 177.2 15.6
2 L= T L 1000 Sisak Lane 3 9991 161 179.4 145

The soil properties presented in Figure 18 to 2fiatestrates a decreasing susceptibility. In a simaiksy the
influence of the soil on detection ability of thetelctors decreases from uncooperative to neutital so
depending on the frequency dependency of the soil.

The next chapter contains the trial results anit thecussion.
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7. Results: comparison of the detector and operator prmance

7.1. Introduction,
This chapter compiles the result of the trial conog the metal detector tests. First an overviboua the
results not belonging to the blind trial is giverdavhat was included to collect information abdt t
detector sensitivity to the main targets used éltliind trial. That will allow better to analyseethesults
achieved during the main test.
During the preparation and training we could eshtthat most of the demining organisations doimctide
simple tests of metal detectors into the trainihdeminers that will give them a clear picture dedter
understanding to the sensitivity of their main tedhe metal detector. Here a variation of the CWA
sensitivity profile test was used to explain fastimfluencing on the sensitivity of the metal dédec
The pinpointing test gives information with whictcaracy the operator can define the position afget not
visible to him. At the same time this informati@necessary to understand marking errors or fsms
occurring during the blind trial.

Tests of maximum detection depth were performetkasribed in Section 5.6. Surrogates of PMA-2 mines
(marked PMA-2S) were used in that test. Measuresngfimnaximum detection distance in air were
performed with the goal to investigate the diffexebetween the PMA-2 and the surrogate PMA-2S and t
investigate the variability among the specimenthefsame target type.

The main results of the trial are included into iad trial and its evaluation. The reader wilt g@
overview and a description how to understand tleel ggaphs and curves. The follow on text will foons
the explanations that are important for the congparof the data. We want also to demonstrate tirat o
approach is not comparable with the real resuligezed in mine clearance operations.

7.2. Results from other tests, not included into the blind trial

7.2.1.  Sensitivity profile CWA test 6.7.2 (variation)

The CWA Test 6.7.2 Method 2 for establishing thesgevity profile'* (footprint) — the CWA describes the
establishment of the footprint by a scanner anecarsd way manually to balls with different diamstdrhis
is foreseen to be done in the lab and will givedétiled picture of the footprint to those targ&tsr
international comparison this way was recommended.

For field use and more important for regional iagtris the easily repeatable version used durisgril
described in the “METAL DETECTOR HANDBOOK FOR HUMARARIAN DEMINING"[21]: The
detector is set up to the soil conditions, halfiediand will not be moved. The operator used thgetahat is
the object of his task and sees at which depthadtfiih which radius he can find it during the sdwaitc the
test lanes. This approach also allows comparingl¢bectors directly and with different targetsigid
conditions. This was of special interest to the idens.

T

! Sensitivity profile — defines the area below tearsh head within a target can be detected; odest u
names are footprint, sensitivity cone or area
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At the same time this profile was used to explhigearch advance dependent of the target and thkmogth.
A turn of the detector by 90° will demonstrate ghefile along the other axis. In this way the
operator/deminer receives a three-dimensional ig@bout the sensitivity area of his detector aagt aasily
confirm or check his clearance depth.

7.2.2. Pinpointing of targetsQWA Test 9.2 target location accuracy)

The pinpointing abilities of the detectors in @nditions are from 2mm to 14mm. The accuracy dépen
the detector type and on the ability of the demifibe conditions in the field do not allow this aacy. The
marking on the ground is often only done visuailyshrface characteristics. Additionally every origation
has its own experiences in marking and signal ityaison
so that different requirements to accuracy areiplesand
acceptable. In general the field accuracy shoutda@bove
the diameter of the smallest used mine in the redibe
achieved results in Table 3 are the average adhigyall
deminers using the same detector.

In our trial only one operator was in the areardfoal
accuracy with 70mm when pinpointing a PMA-2. To ¢mal
of the trial he achieved a much better accuracy.

The results in Table 5 demonstrate that the actiaverage
accuracy will provide that the deminer when invgesting
the signal will not miss the mine.

Table5: Pinpointing

Pinpointing Accuracy (cm)

A4

CEIAM1
Condor 7252
Minelab F3
Minelab F1
MINEX 2FD 4.530
Schieb AN19
Vektor 7260
VallonVMC1
VallonVMH3CS
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7.2.3. Maximum detection depth in soil

The maximum detection depth (MDD) measurements wertormed on PMA-2S, a surrogate of PMA-2, as
described in Section 5.6. The number of repeateaburements with each

) detector model was between 4 and 12. The origmahtion of the trial

l&%%%ozg?:sxj:n ples of an organisers was to consider the largest depth athathie target can be
detected as the MDD and to find the variabilityted MDD. However, the
depth CEIA | Condor | results of many measurements did not allow sudhtanpretation. It often
[cm] detected happened in a single MDD measurement that a targetdetected, for
[1=yes, 0=n0] example, at 4, 5, 6, ... 10 cm, not detected am,1detected at 12 cm and not

4 1 1 detected at 13, 14, 15 cm. It is not possible akwhether the signal at 12
5 1 0 cm depth is a false alarm or a true detection Tsdste 4). Such results
6 1 1 occurred in all soil types, but the results wergeeglly unclear in the
7 1 1 uncooperative soils (Benkovac soil and Obrovag.sbible 6presents two
8 1 0 examples of an ambiguous result produced by dete€iglIA MIL-D1 and
9 1 1 AKA Condor both in Benkovac soil. Most other detesthad similar results.
12 é 8 The main reason for such behaviour of metal deteds the local
12 1 1 electromagnetic properties of the soil where tihgetts are buried, including
13 0 0 the possible presence of s_maI_I metal clutter. O@mqns: are the l_Jncc_artainty
14 0 0 o_f the acoustic signal, supjectlvny of the operasensitivity changing in
15 0 0 time, and other unknown influences. For example dicision not to perform

5 sweeps with a clear signal over each targetidogiave the decision
whether the target is detected to the personahjpedd of the operator, certainly increased the it of
the results. However, this alone cannot explai&guikarities such as in the last columrTable 6 There the
knowledge in using the detector, the signal intetgiron, and ground compensation capability mayhav
influenced on the results.

The results point to the conclusion that the deé@iniof the maximum detection distance as the Etrdepth
at which a target is detected can not be useckiexperiment described in this report. Insteadteha
“maximum detection depth” is used in this reporntdfer to the measurements and the analysis dedadrib
this section. Since the MDD could not be estabtishea result of a single measurement, differetat da
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analysis was applied. The detections of each tavget treated as results of Bernoulli experimemith 1
(detected) or 0 (not detected) as an outcome atictiné probability of detection (POD) as a parametehe
Bernoulli distribution. A generalised linear moaéth a logistic regression was used to estimatéP@® in
dependence on depth for each detector-soil conmibmathe curves of POD versus depth are called POD
curves. The logistic transformation means thatalyestic function

1

POD = To e
defines the shape of the POD curve, whaeethe depth and andb parameters estimated by maximum
likelihood estimation. 95% confidence bounds aampced to these curves. The depth at which PODi®qua
0.5 is marked, s and it is equivalent to the average maximum dietectepth. That can be demonstrated on
the example of Minelab F1A4. In the results of thegector, there were no irregularities such aseho
described at the beginning of this section. Thugas possible to establish the MDD in a classiea},vas the
largest depth at which the target is detected.aMeeage MDD for this detector was 138 mm. The same
results were analysed with the generalised lineatah The value ofl, s was 139 mm, which is almost
identical to the “classical” MDD. For a more exagplanation, see [5]. The depths at which the demite
bounds of the POD curve cross the straight PODaf®3he confidence limits of s. The whole procedure is
illustrated in Table 7, Figure 25 and Figure 2@lomexample of Foerster MINEX in Obrovac soil. For
example, let us examine the depth 10 cm. From TAble read that the target buried to 10 cm depth wa
detected 6 times out of 8 attempts. The estima@d & that depth is therefore 6/8=0.75. This egtah&OD
is represented by a point on Figure 25. The curvEigure 26 is a result of a generalised linearaggjon
described above (and in more detail in [5]). Theagelised linear model was used also in the arsabfdihe
reliability test results, see Section 7.3.

Figure 25: MDD measurements, Foerster MINEX

in Obrovac soil, estimated POD for each depth
present in the test.

Table 7: MDD measurements, an example of
Foerster MINEX in Obrovac soil.

o

detected total number -~ o e -
depth [cm] [1=yes, 0=no of detections ! o N
4 11| af 1] 1] 2] 1] 1 8 ogl -
5 11| af 1] 1] 2] 1] 1 8 : . .
6 11 af 1| 1] 2] 1] 1 8 |
7 11 a| 1] 1] 1| 1] 1 8 o 06
8 1] 1] 0| 1| 1| 1] o 1 6 Q
9 111 1| 1| 1] 1 1 8 04 T - - « T
10 1| 1] 2| 1] 1] o] o 1 6 .
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Figure 26: MDD measurements, Foerster
MINEX in Obrovac soil, estimated POD curve
with 95% confidence bounds.
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An overview of the MDD results is iRigure 27 It presents the depth at which the POD falls.fo On Sisak
soil, detectors Minelab F3 and Vallon VMC1 detecédost all targets, while Vallon VMH3CS detectdid a
of them. For these detectors in Sisak soil, it matspossible to use the generalised linear modit@n
produce POD curves with 95% confidence bounds. Mesless, it is clear that the result of Minelabi$&, 5
=16 cm, while the results of the two Vallon modade higher than 17 cm, which is why these two rools!
are marked with a darker nuance of yellow.

16 4 E ] @ Obrovac soil

O Benkovac soil

dys [cm]
=
S

| —

O Sisak soil

Figure 27: MDD measurements, the depgh a which POD=0.5, comparison of soils and
detectors.

The diagram offrigure 27contains less information than the POD curves.H@® curves are given in
Annex 7. By looking only adly 5, we lose the information about how much sensitigitnetal detector loses at
smaller depths. To get that information, we nesd #te slope of the POD curve at POD=0.5. Thisevalu
carries the information about the stability of thetal detector: the larger the slope, the mordestatthe
detector. As an alternative with a more intuitiygeal, one can also look fdg, i.e. the depth at which POD
reaches 0.9. iy is closer taly 5, than the POD curve is steeper and the detectooiis stable. A
comparison of metal detectors should be based thrdpgandd, ¢ values. Thel, g values are not presented in
this report, but the reader can read them apprdgigncom the POD curves of the MDD measurements
given in Annex 7. Detector AKA Vector is a good ex#e: its POD falls to 0.5 at the highest depth parad
with other detectors (in other words, dks; is the highest), but a comparisondg$ values (which can be read
from the diagrams in Annex 7) reveals that the Ndibenodels and the Vallon models are more stabtgets
at smaller depths are more often missed by Vector.

The results of this trial (STEMD Croatia 2006) weueprisingly high, compared with the previousl&ia
During the MDD test three detectors detected adllorost all targets in Sisak soil. These deteciene:
Minelab F3, Vallon VMC1 and Vallon VMH3CS.

There is no statistically significant differenceveen the performance in Obrovac and Benkovad sed
Figure 27. The ranking in both of these sails is as follothe largest depths were achieved by AKA Vector,
both Minelab models and both Vallon models, withstatistically significant difference between thése
models. Detector AKA Condor achieved lower resudtg,the difference is not statistically signifitaAll

other detectors (CEIA, Foerster and Schiebel) &ekidower results, with a significant differencéer

ranking in Sisak soil is almost identical.

This ranking can be compared with the results efréliability test, which was performed with thenga
detectors, operators, soils and targets and igileddater in more detail in chapter 7.4. Theeelarge
differences between the MDD measurement resultseliability test results. This supports the cosain
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7.3

that the MDD measurements cannot predict the outanina reliability test. Reliability tests give are
reliable estimate of the performance of metal detedn real minefields, since these tests comgesiioto
representing the real field conditions in deminiAg.analysis ofi, ¢ values leads to the same conclusion.

The main cause of the difference between the rgrikiMDD results and in the reliability tests igth
following: In a reliability test, the operators dot know the positions of the targets. During ttseiarch for
the targets, they may receive many false alarmsy Sbmetimes reduce the sensitivity of their desjice
they decide to ignore smaller signals to reducdalse alarm rate. Thus they also reduce the pitityatio
find a target. During the MDD measurements, soraaad actually caused by the soil or by small metal
clutter are interpreted as a detection of a busdegket.

7.2.4. Maximum detection distance in air

As a part of this trial, some measurements of marindetection distance (MDD) in air were performEle
two goals of these measurements were: to investipatdifference between the PMA-2 and the sureogat
PMA-2S and to investigate the variability among shecimens of the same target type. Four speciofens
PMA-2 and four specimens of PMA-2S were used imtleasurements, so that the variability could be
estimated. The MDD for all eight targets was meadwvith 12 combinations operator-detector. For exch
these 12 combinations there were four pairs oftar(PMA-2 and PMA-2S). For each target the MDD was
measured and for each pair the MDD difference vaésutated. The average difference in detection betw
the PMA-2 and PMA-2S was (1.8+0.3) cm, where +0a88ka the 95% confidence limits. In average, thé rea
mine had a 1.8cm larger maximum detection distdmae the surrogate. In other words, it is easieletect

the real PMA-2 mine than its surrogate PMA-2S.

Reliability of detection

7.3.1. Introduction

This section gives an overview about the reliaptiital in Croatia, and the results achieved bydbtectors in
all lanes. The comparison of the results will destate different factors influencing on the detecto
performance and some limits in evaluation.

A target which can be found in the lab conditioresymevertheless be missed in the field if the dpetases
concentration, or does not sweep over the pointevitdies, or sweeps too fast or too slowly fae thetector
electronics, or misinterprets a weak mine signal asil signal. An operator may also incorrectbnsil the
presence of a mine when none is there if theresigral from a small area of magnetic soil minecala
small piece of metal clutter or electronic noiseciserrors are unpredictable but one may measare th
probability of their happening in statistically-leaisblind reliability trials, in which a team of apéors
attempts to find rendered safe mines or other tatgéried at locations unknown to them. The Prdibqluf
Detection (POD) for a given target in given corais and the False Alarm Rate (FAR) depend on the
detector design, the operator behaviour as waedhagsonmental factors mutually influencing eachesti his
complex of influencing factors is part of test avluation. Details of the method are now standartin
CWA 14747 Section 8.5 under the name “reliabildgts”.

At first glance, the results of all reliability tegperformed up to the present are surprisingly leawever,
reliability tests are purposely designed to bed@iff. The choice of depths in a trial does nqresent the
actual situation in a minefield, but rather a difit scenario. In reality, most mines are foundrniea ground
surface. In a trial, some mines have to be buréaspdr to bring the detectors to their limits. Saathoice of
depths makes the differences between detectorsappagent. For example, the targets used in ainviere
buried between 1cm and 14.5cm. The POD for lowptidean easily be taken from the ROC curves where
the POD is expressed in dependence of target depth.

The estimated POD for a particular choice of detsctsoils and targets is the ratio of the numibeietected
targets and the total number of opportunities teae target. For example, if two runs were mate tane
with 30 targets, and if 22 out of 30 targets weztedted in the first run and 26 targets in the sdean, than
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the estimated POD is (22+26)/(30+30)=0.8. The edtoh FAR is defined as the number of false alarms
counted on an area divided by the size of that, arethhe average number of false alarms per squatee.

The area is calculated as the area of the tesntémés the area of all detection halos. For exametaus
consider 30 antipersonnel mines PMA-2 buried tOrm Bng and 1 m wide lane. The halo radius of this
target is r=10cm, the total area of all halos i8r30= 0.9nf, so that the lane area needed for the calculation
of the FAR is 29.1f

POD and FAR are related in the sense that theydmttease if the operator reduces the sensitivitlyeo
instrument, or implicitly does so by requiring aaler sound before calling an indication. It igéifiere the

usual practice to quote POD and FAR together. TOB Bnd FAR are combined in a diagram called an ROC
diagram, where ROC stands for “receiver operathragacteristic”. An ideal detector would have PORmil
FAR=0 and it would be represented by a point inupger left corner of an ROC diagram. To each paint

an ROC diagram, 95% confidence limits are attriduidhey describe the uncertainty of the estimathef

POD and of the FAR. The difference between twodaets can be roughly estimated as statistically
significant if the confidence intervals of the tpoints representing those detectors do not overlap.

The used clutter had been distributed in depthasrine targets. The small clutter not deeper @tanm.
Minelab F3 detected the Clutter with POD 0.98; ¥ialMVMH3CS 0.9, and CEIA MIL-D1with a POD 0.86

7.3.2. Discussion of results

Overall detector performance

Figure 28andFigure 29demonstrate the overall results of the reliabiiitgl for all detectors in all lanes. All
curves presented in this section are describedthétlsame legend given liigure 29 In Figure 28the POD
in dependence of depth is demonstrated. Therelesaa difference between the detectors and théiavieur
to the change of the target depth. The probahifityetection drops to 0.5 at the depgl=<#.5¢cm for the
AKA Vector , for a group of detectors (Condor, CEBchiebel, Vallon) at the depth about 8 to 9.5acmh
for the Minelab and Foerster detectors about 1IHtan target depth.

o
© $ :
©o
= ) o i + o AKA Condor 7252
O o) e H — AKA Vector 7260
o o o g ---- CEIA MIL-D1
o} + ---- Foerster MINEX 2FD
- Minelab F1A4
= ---- Minelab F3
S ~— Schiebel ATMID
Vallon VMC1
~ Vallon VMH3CS
O O.
o : T . o " " ' .
0 5 10 15 0.0 0.5 1.0 21 5 2.0
depth [cm] FAR [m~]

Figure 28: POD in dependence of depth, all  Figure 29: ROC diagrams summarising detector
detectors in all lanes results in all lanes

Figure 29demonstrates the overall performance of the dat®ot a ROC diagram. Regarding POD, two
groups of detectors can be distinguished. The tweelb models and the Foerster MINEX 4.530 achieved
clearly better results concerning the POD. TheiDR@as about 0.8. The difference between these tesec
and other detectors is statistically highly sigrafit. All other detectors had a POD performanceden 0.4
and 0.6. If one looks at the false alarm rate¢iselts are much more different. There is nearlgmwping

but more a split along the x-axis with significalifferences between the detectors. The three desawsthich
achieved the highest POD are very different witiard to the FAR: the two Minelab models have a much
lower FAR than the Foerster MINEX.

26



Figure 30, Figure 32 and Figure 35 are ROC diagfamsach soil type separately. The results aresgsdrat
higher in Sisak soil because the frequency depdnmdagnetic susceptibility is in that soil lower thiaa the
other soil types present in the test. Figure 3dufé 33 and Figure 34 are POD curves (POD in deprerad
on depth) with the results of all detectors in ¢éhseil types separately. The 95% confidence boohtigese
curves can be found in Annex 7.

Sisak soil results

Figure 30 is an ROC diagram of the Sisak soil tssilihe two Minelab detectors had the highest P@®D a
the lowest FAR in the trial. Minelab F3 had a ser@fAR and the difference to Minelab F1A4 was at th
limit of statistical significance, while there was difference between their PODs. Regarding PO®, th
difference to AKA Vector 7260 was not statisticadignificant, and the difference to Foerster MINEXD
was at the limit of statistical significance. Ratjag FAR, the difference between AKA Vector 726@ an
Minelab F3 was at the limit of statistical sign#itce, in favour of the Minelab detector. Thereaher
detectors with a FAR smaller than the FAR of AKAcHar, but they all had low PODs. Figure 31 shows
POD curves for the same soil. It can be seen liegtall dropped to 0.5 at larger depths than inGbeovac
soil. That was expected, since the electromagpetigerties of Sisak soil were easier for metal dets. In

the depth range down to 5 cm depth, there weraffesehces between most of the detectors: theyctiede
more than 90% of the targets. There were two eiaegtSchiebel ATMID and Vallon VMHCS, with a POD
about 80%. The depth at which the POD droppedaa@pended on the detector: the weakest was Sthiebe
ATMID with 7 cm, and the best were Minelab F1A4 arakrster MINEX 2FD with about 18 cm depth.
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Figure 30: ROC diagram, Sisak soil Figure 31: POD curves, Sisak soil

Obrovac solil results

Figure 32is an ROC diagram of the Obrovac soil results. flleMinelab detectors and the Foerster detector
had a clearly higher POD than other detectors. Riggathe POD, the difference between the Minekais

the Foerster was not significant, while the differe to other detectors was highly significant. Heevethe

two Minelab models had a much lower FAR than ther&®r model. An obvious ideal choice for demining
operations in this soil type would be Minelab FaWvinelab F1A4 Figure 33shows POD curves for the same
soil type. The depth range between Ocm and 5cispsatally interesting, because mines are mostilyriaar
the surface. At those depths Minelab F3 and Faek$itdEX 2FD had the highest POD. They were closely
followed by Minelab F1A4, but it is not possibledee from this diagram whether the difference betwe
them is statistically significant. An intereste@dder should study ANNEX 7, where all POD curves are
published with their corresponding 95% confidencarius. The lowest POD in that depth range was
achieved by AKA Vector 7260. At the depth of abbdtm, the two Minelab models and the Foerster were
clearly above the other detectors: their POD wasdsen 0.7 and 0.9, while all other detectors weldew
POD=0.5. The depth at which the POD drops to 0.5 ateput 12cm for Minelab F1A4, Minelab F3 and
Foerster, while other detectors achieved weakeiteesqual to 0.5, and for Minelab F1A4 it wasischb.

27



10

@
o 1 L 2 A demnnnns
© !
a1 e AKA Condor 7252 8
O — AKA Vector 7260 a
o o ---- CEIA MIL-D1
S ---- Foerster MINEX 2FD
------- Minelab F1A4
~ ---- Minelab F3
S — Schiebel ATMID
Vallon VMC1
~ Vallon VMH3CS o
3 ‘ ‘ ‘ ‘ ° ‘ ‘ ‘
0.0 0.5 1.0 1.5 2.0 0 5 10 15
FAR [m2] depth [cm]

Figure 32: ROC diagram, Obrovac soil Figure 33: POD curves, Obrovac soil

Benkovac soil results

Figure 34is an ROC diagram from Benkovac soil. The diffeenbetween detectors were very similar to the
differences appearing in Obrovac soil, since the $nils were quite similar. Again the two Minelaloaels
would be the best choice for this type of sbiure 35shows POD curves for the same soil type. In the
range between Ocm and 5¢cm depth, the best detestoesMinelab F3 and CEIA MIL-D1, but very closely
followed by Minelab F1A4, Foerster MINEX 2FD ancathby other detectors. The depths at which the POD
reaches 0.5 were very different: from Ocm for AK&dtor to about 20cm for Minelab F1A4.
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Figure 34: ROC diagram, Benkovac soil. Figure 35: POD curves, Benkovac soil.

A comparison of MDD measurements with the reliabily test results

Annex 7 provides a comparison between the MDD tesuld the reliability test results for each detent
each soil separately. It should be born in mind tiha MDD measurements were performed on PMA-2S,
which is slightly more difficult to detect than tRMA-2 used in the reliability test (see Sectiod.Z). Here
we see once more that the two results differ.dutthbe emphasised again that the reliability tpstside a
more reliable comparison of metal detectors, siheg are performed in conditions closer to thosa iieal
minefield. In a reliability test, the false alarate is also evaluated. The operators often redwecednsitivity
of their detectors to reduce the false alarm rat@t also reduces the probability of detectiora MMD test,
the influence of false alarms is not evaluated. &ordications might as well be caused by the saih-event
that would be counted as a false alarm in a rédiiabést.

74. Operator groups evaluation in connection with detector useandtime
The chapter includes the assessment of the operataps concerning their results under the vietheir
time needed in the lanes for the different detsctdrich allows to a certain degree to evaluateetis® of use

of the detector and also the interaction of theidenwith the detector.
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Average in lanes (h)

Figure 36 and 37 demonstrates the overall timel¢tector had been in a lane in average used lgwdiners
and the time a single deminer needed in averatieifanes. The general time shows already serious
differences and indicates that there should beoressfor this. The operator groups have been chiosawoid
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Figure 36 & 37: Average time all detectors, demineand all lanes

biased data collection so we can assume that teetdes and their interaction with the operatoesthe
reason for time differences. The first shift (Grdupnd 2), 8 operators were divided into two grougiag
two detectors each. The first used the two Mindlad second the MIL-D1 and ATMID detectors. The
second shift, 12 operators, with Group 3 to 5 ukedoth Vallon’s, the AKA detectors (Condor, Veftand
the MINEX 4.530 only the last group. The secondtstéeded in general much more time than the dingt
The time variables within the first two groups apeeptable and indicate an easy understandingsanafu
the detectors. The time for the other groups irsgdassentially and indicates that there are prabie the
use and the interface between the detector angpirator. Outstanding is the time needed by theEBXN
4.530, 1:20h as average for all deminers in akt$att should be kept in mind that this time waaverage
needed to search an area of about®3@orpinpoint the readings (detector signals) anahark thertf. The
time difference between the fastest and slowesttqes is above one hour in a lane.

145 70 False alarms are a serious
problem in demining because
they considerably slow down
clearance operations and also
the work in the test lanes. In
this trial, the operators
achieved very different FARs,
mainly because they used
different detectors but also
within the groups using the
same detector. In most cases,
deminers with a higher FAR
needed more time to complete
_ _ _ _ _ their work in a lane. In

Figure 38: Time needed in connection with operaiod detector clearance operations deminers
spend a significant portion of their time investigg false alarms and excavating metal cluttethst false
alarms slow down their work even more than thejndmtest.
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The results are based on the individual time ofojmerators, Figure 37, and in more detail, theydaextly
connected with the TP and FP signals demonstrate@jure 38. The left y-axis shows the time (tuigao

12 A field evaluation in Mozambique showed that a gtencan achieve in a minefield a clearance rate of
about 25 to 30 square metres following the estiadisules of the local SOP within 30 minutes ifréhis no
vegetation to cut and no false alarm or mine sigmaivestigate.
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column) and the right y-axis the TP=detected m{gesen column) & FP=false alarms (red column). For
better overview we included only two operators aiufour in each group, the fastest and the slowkste
take a simple example about the practical effethetime needed to “clear” the area of 3@hen the
importance is very obviously. The operator E usimgF3 and V using the 4.530 have the same nunfiber o
TP =26, E has 5 FP and V 38. The investigatioe tiiha signal will differ from place to place dedarg on
vegetation, ground condition, time of the year €tte assumption is that the average is about 16 to
minutes for one signal investigation independeatniine or a fragment is later found, the vegetago
already cut down. E will need

26+5x10&15'= 310 to 465 minutes,

when V needs 26+38x10&15'= 640 to 960 minutes.

At the end it would be about one day (or 1.5 dayak in a minefield for E when V would need abowuibt
days (or 3 days). In short, the operator V needtetiire time due to the FAR.

Concerning the used time in lanes it has also tedbed that individual abilities of the operatoesé
influence on this factor. Some operators are slavdyking some faster and there is no pattern ti@astowly
working has the better results when

ﬁ using the same detector. On the other

1

0,94

hand there is no rule that the faster

e = —F § operator has the better results. Figure
07 %&%@E 39 shows the ROC diagrams of the

[ J; same operators as above in Figure 38.

0,6
—

8 05 | T There are no significant differences in
04 VT AYYYT. v e —r the POD between the operators using
B W- . ast A V- E slow @3 ector fast A ector slow H H H
031 T Condor fast Q Condorslow A P VMH3 slow u N VMH3 fast the same deteCtOI’.. ThIS IS Important
02 P VMC1 slow MVMCL1 fast A JATMID slow = K ATMID fast becaus',e the POD is much more .
01 ALMLDIslow olMLDIfast & EFIAdslow o HF1A4 fast essential than the FAR because it “costs
. A E F3 slow = H F3 fast just time” but not life due to a missed
o o2 oa 0s os 1 12 1w 15 1 2 22 2 26 28 s MiNe. There are significant differences
FAR in the FAR for two detectors, the
Vector and MINEX 4.530, bigger ROC
Figure 39: ROC diagrams of slowest and fastest ajoes points. The opposite results had been

achieved with the detectors. The operators kepsstally the same level of the POD but their FARS
significantly different. The slower Condor operat@ad a much lower FAR with a slightly higher PORrth
the faster operator. The slower operator of the EMNas a very significant higher FAR and a sligthohywer
POD. Here obviously the human being plays its role.

75 Operatorsand their performance with the detectors

This chapter will give the main results of the @gers achieved with their detectors as well astdifgund in
the evaluation of the results. The test resultcangpared only within the groups and there onlyinithe
operators using the same detector. The detecstiown with the same sign and the operator is shvarm
the same colour for both detectors.
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N Figure 40 demonstrates the result of the
09 © —— first two groups using the F3 & F1A4
s] T A Minelab, Gr.1 and Gr. 2 with the
N * ATMID and MIL-D1. The points with
' o — X error bars demonstrate cases where the
061 — g 0 results within the group using the same
§ 05 1 detector differ statistically significantly.
04 1 @I ATMID mJATMID slow BKATMID fast OL ATMID The error bars are placed In gccordance
with axis they belong to. Within the
031 XIMIL-DLfast ®JIMILD-DI  XKMIL-D1 xLMIL-DIslow | groups we find both cases of significant
21 ®EF3slow  OFF3 *GF3 o HF3 fast differences POD and FAR. Group 1
o1 | using the both Minelab have with the
. A EFLAdslow AFFIA4 AGFLAd AHFLAG fast increase of POD significant differences
0 02 04 06 08 . inthe FAR. They confirm the general

FAR rule that an increase of POD will be
connected with a higher false alarm
rate. The Group 2 used detectors of two
manufacturers. The ATMID kept the
level of POD but the FAR shows
essential differences when the MIL-D1 had signiftadifferences in POD (operator J & L). The oppesit
happened with the operators of the ATMID, operatmas significant lower FAR in comparison to L. Fbis
behaviour and result it can be assumed that thehdattor has its influence. In general the resadtdirm
the above mentioned assessment concerning thénticamnection with TP and FP.

Figure 41 shows the results of the second shif. dpproach of the demonstration is similar to #ecdption
for Figure 38 above. The detector has the same sigroperator has the same colour when using two
detectors and the 5% confidence bars are taken avese there are no significant differences inrdwaults.
Please note the different scale of the x-axis mgarison to Figure 40. The picture has changedfiigntly
there are more differences in POD and FAR.

There are two detectors without statistically digaint changes in POD the Vector, and the MINEX30.5
But all groups have within their performance dagaiicant changes in the false alarm rate. The \IMC
VMH3 and Condor have in addition significant chasxgePOD too.

Figure 40:Operator/detector results group 1 and 2
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Figure 41: Operator/detector results group 3to 5
It seems that the operators have a larger influendée detector performance when the detectoa teger

number of possibilities for the setup. The differes between the individual operators’ results msaich a
situation larger. The technical capabilities of tiéector, the targets and environment did not ghdor the

31



operators. The only change had been the operatwetfiso he created the very different results ftoen
POD to the FAR. This question will be dealt withte next chapter.

8. Human factor investigation
Overview

The following chapter is giving the descriptiontbé human factor investigation performed duringttted.
This investigation is an attempt to see which datef the personality characterisation and othetdrs
should be considered for establishing the humdunente on detection performance.

Theintroductiongives a short theoretical background about the fdethis research and what it is based on.
Themethodologydescribes the included tests for investigatinthefhuman factor, and in thesults and
discussiorsection we elaborate why we got these resultsudgsabout problems we encountered, and give
suggestions for future research.

8.1. Introduction

The idea for this research is based on the follgwissumption: the performance of the detectorérstime
conditions is normally always the same. When d#fiéipersons use the detector in those conditibas, t
results will differ. The determination of thesefdiences is the goal of the human factor investgat

The results demonstrated above (Chapter 7) shawhb@perators can influence on the results ofdbein a
way that the detector seems, under certain congitio be unusable in a minefield. The lack of prop
training and the knowledge about its use and aheironmental influences might also be the reasbins.
aim of this particular investigation was to estsiiolihe most important influencing factors of themgpors on
detector performance.

Among many possible influencing factors, the cheies to investigate the individual differences tesw
operators and the influence of these differencehemesults of the trial. The main focus was ded®n the
personality differences. A personality is definachastable set of individual characteristics thakenus
unique (http://allpsych.com/dictionary/p.html). Taere many personality theories, and the ondghat
currently most popular and very often used in peaity assessment was used here, and that isvhe Fi
Factor Model (FFM), more known as the Big Five tiyg@®@igman, 1990). The test which we used to
investigate the personality, NEO PI-R, is basedssumption that personality traits can be organiz&d
facets, which then group around five main domafr@eosonality — the five factors. The descriptiofishe
five main factors and the 30 facets which give loser and more thorough descriptions can be seen in
Table8.
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Table8. Description of the five personality factors (NPOR)

FACTOR| DEFINITION E.e"p'e il People with | -7 ceTg
igh results: low results:
Neuroticism (N) -prone to show negative _
emotions such as anger, -usually calm, | 1. anxiety,
represents a level of . .
; . guilt, fear, sorrow etc. | well-balanced, 2. angry hostility,
c adjustment or emotional - . :
. - have irrational ideas, | relaxed and | 3. depression,
0 stability of the person orn . . :
Q2 . poor impulse control, cope with 4. self-consciousness
= one side of the scale, an . ) )
o ) poor stress coping stress well. 5. impulsiveness
5 maladjustment or o "
D - abilities and poor 6. vulnerability
= neuroticism, on the othey :
tolerance to frustration.
-reserved,
Extraversion (E) is a - warm, sociable and Serious,
. \ distanced, 1. warmth,
measure of social assertive. They seek for _ . :
. . S ) L quiet and 2. gregariousness,
adjustment. Primarily, it | excitement, activity and| . . .
- . " : ; independent; | 3. assertiveness,
represents a desirable | positive emotions; they L
K=} . . : prefer to be | 4. activity,
7 guantity and intensity of | are full of energy, I . :
= . I one rather | 5. excitement-seeking
9 interpersonal optimistic, speak fast an " ;
= ; ) hen 6. positive emotions
£ relationships. are prone to be leaders
g surrounded by
L many people
-have a need for
diversity, are
independent in their
. -more 1. fantasy,
judgments and are " !
. , o S traditional, 2. aesthetics,
Openness (0) is defined| sensitive to their inner . )
. . conservative | 3. feelings,
as a need for gaining angfeelings .
e ) L I and prone to | 4. actions,
o questioning experience. | -have vivid imagination, have habits. | 5. ideas
o intellectual curiosity, ' ' ;
c : 6. values
c non-conventional
S attitudes and are very
o flexible.
@ Agreeableness (A) -humble, considerate, | -antagonistic, | 1. trust,
= represents quality of honest, well-intentioned, egocentric, 2. straightforwardness,
% social interactions from | willing to help and to mistrustful 3. altruism,
© compassion on one side| cooperate with others | and not 4. compliance,
o and antagonism, on the | having positive willing to 5. modesty,
g other side of the scale. | expectations from them| cooperate 6. tender-mindedness
w _ .
% Conscientiousness (C) ' W|th(_)ut goals, 1.competence,
c -well organized, unreliable, 2.order,
% relates to a degree of . .
S ) . determined, punctual andazy, 3. dutifulness,
K=} being organized, . - . . .
= . : reliable, ambitious, disorganized, | 4.achievement
< persistent, in control and ..”. . . L
Q . finishes his/her affairs | not careful, striving,
%) orientated to goal . . T
@ . and fulfils all duties. careless and | 5.self-discipline,
c achievement. o . .
8 hedonistic 6. deliberation
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Previous investigations have shown that a perdgriadis an influence on work performance:

* High conscientiousness and low neuroticism (or legiotional stability) for instance, is considered t
be significantly related to high work efficiencydiick, Mount & Judge, 2001).

» Investigations on US pilots have shown that higlotional stability is a very important predictor in
dangerous occupations (Salgado, 1998).

» Barrick and Mount (1993) discovered that consc@rgness and extraversion are significantly relaied
job performance.

Therefore, we can assume that personality might banvinfluence on deminers as well. Personalitg @m®
also widely used in organizational psychology sefection of workers, follow up of the career, adapto
new working conditions, creating better managingissletc. and this justifies the idea to inclutento
humanitarian demining area as well.

The attention (concentration) had been chosemfa@sitigation too as a very important predictor abdy
performance. It is defined as efficient, constart directed selection of stimuli; the ability oktmdividual
to dedicate himself to certain internal and extestienuli and to analyze them quickly and correetighout
interruptions and selectively (excluding irrelevatimuli) (Brickenkamp & Karl, 1986; according to
Brickenkamp, 1999). It is logical to assume thahiters need to have high attention abilities tdhagr job
quickly, completely and efficiently.

Previous metal detector trials have shown thatldminers who are currently working and who haveemor
experience in demining show better results (MugBaal, Scharmach, Ewert, Lewis, Bloodworth, Whir&
Guelle, 2004). These hypotheses will also be tastds trial, together with age and qualificati@raining
in demining).

The hypotheses were:

the results in trials should increase to a cerg®m and then start decreasing;

operators who are currently working in deminingudtddave better results;

more training in demining (qualification) shouldvieaa positive influence on the results;

more experienced operators should have bettertsesul

some personality traits increase and some dectiea$tOD and FAR (the task is to discover which
and what is the nature of their influence); and

operators with better concentration skills havéenbrg?OD and lower FAR

apwONE

o

82 Methodology
8.2.1. Sample

20 operators agreed to participate in the humaorfaevestigation by filling out the questionnairdsvo of
them, due to a lack of some detectors, did notqpaate in the actual trials so their data could m®
analysed. So the sample counts 18 operators (8l age 25 to 54; mean — 35; standard deviatio36)8

8.2.2. Instruments

SELECTION QUESTIONNAIRE

At the beginning of the training, all of the operatfilled out
a so-called “selection questionnaire” (see ANNEXT3)is
guestionnaire gives us information about their aggr;tal
status, education, current occupation and curieivity in
demining, other experience in working with metatiedéors
beside humanitarian demining, involvement in aatisiéor
having injuries in accidents), training to beconaeainer /
EOD specialist / supervisor or to be promoted (fjoation),
experience in demining / supervising / EOD / manggind,
finally, some data about their knowledge aboutdtectors.




The data on knowledge about the detectors weretosget an overview about the general knowledge
deminers have on detectors and on which questtamddthe attention, during the check after trajnime
concentrated.

Other data derived from this questionnaire wereal digethe analysis of the human factor. The aim teasee
whether age, current activity in demining, quaéfion and experience influence on the operatoiittyaio
detect a mine or, in other words, their probabityletection (POD) and false alarm rate (FAR).

This questionnaire also had an important role éngdlection of the operators for handling certa&iectors,
as mentioned in the introduction of this reporte Belection we did can be considered as reducebuman
factor influence to some extent (each detectorgotated by people of various characteristicsyefhad
more operators, their influence would have beemedesed even more.

Reducing the human factor influence can be vieweh two directions — one is reducing this influencéhe
reliability test, and the other is reducing it imactual mine field. Doing the selection of the rapers as we
have done it had been a step in the directiondfaiag the human influence in testing of the dengni
equipment which was indeed the aim of this trialtRker analyses of the age, experience, personality
attention etc. can be considered as investigatioheth directions. The difference between the @dield
work and metal detector trials held in controlleaditions will be discussed in the following chapte

NEO PI-R

NEO PI-R by Costa & McCrae (1989; adaptation intodfian by Naklada Slap, 2005) is a standardized
psychological instrument used for the overall agsest of a human’s personality. It is consiste@d4sy items
which measure five main factors or dimensions o$@asality (neuroticism (N), extraversion (E), opess
(0), agreeableness (A) and conscientiousnessE@gh of these scales has 6 facets which more tgblpu
and diversely describe each factor (see Tabléend are formed as sentences about oneself ataisthef
the operators was, for each of the 240 items ate $stow much they agree or disagree with the given
statements on a five point Likert scale (1 mestnengly disagree2 —disagree;3 —neutral(neither agree nor
disagree);/4 —agreeand 5 —gongly agreg. It is important to note that having high or logsults on any of
these scaledo notrepresent any disorder. A personality test ontysaiodescribea person in terms of
behaviour, thoughts, and feelings (Petz, 1992).

ATTENTION TEST

D2 is a short name for Brickenkamg'sst of Attention (1962). It is mainly focused on visual attention,
which is, besides auditory (listening to the soohthe detector), most important considering thiairge
amount of mines can be actually found just by sighe task of all participants in this test wasind certain
letters among other letters represent distraateasdetermined period of time. The operators westucted
to do the task as fast and as punctual as poss$itietest gives us data on level of concentraii@ow
average, average, above average for Croatian spardhe type of attention (for example — highly
concentrated, precise, impulsive, etc.). In thiegiigation only the level of concentration wasdiSehe test
is also sensitive to different ways of executing thsk. If a person did not behave according $trurction, it
might seem that his concentration is very low. Big test recognizes this and therefore makesekigtrnot
valid.

8.3. Resultsand discussion

The main objective of this investigation is to diger whether the proposed influencing factors aadipt
operators’ performance in this trial. Regressioalysis was used for this purpose

Influencing factors:

=  Age;
Current activity in demining (currently working asleminer/ not currently working as a deminer);
Qualification (low — less than 1 month; middle -3 nonths; high — more than 3 months);
Experiencan demining(low — less than a year; middle — 1 — 6 years, highore than 6 years);
Personality types (N, E, A, O, C); and
Concentration (below average, average, above agerag
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Performance measures:
= Probability of detection (POD);
= False alarm rate (FAR).

8.3.1.  Statistical analysis of data

To discover which factors have important influencaghe operators’ performance and what the nature
their influence is, we need tmmpare the operators’ performanand discover which factors might increase

or decrease it.

The problem we encountered was that only four apesaised the same detector. In this way a direct
comparison was impossible due to different deteaised. These results are shown in Figure 42. gtegir
the operators” anonymity in giving their persoratid instead of alphabetical letters which weregito
each operator during the trial, in the human facteestigation we randomly called them O1, O2, O%c..e
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Figure 42:POD and FAR for all operators and all detectors

Figure 42demonstrates the POD and the FAR, at y-axis, atiogiship to the operators, x-axis. The
performance of the four operators using two detedtoexpressed in comparable lines showing thizaeti

POD and FAR.

The figure shows several outcomes:
¢ individual performance of the operators within thggioup
< the difference in results of one operator using tietectors
« the direct comparison of the detectors and ideuatiibn of possible interactions between the detecto

and operator

To investigate which factors cause these differgnites operators should be directly comparableueixug
the detector performance. The POD and FAR valud$ban converted to coefficients according to these

formulas:

XFARoperatorzdetectors - X FAR2getectors
X FAdeetectors 36

XPODoperatoeretectors - X PODZdetectors
X PO D2detectors




The coefficients for each operator represent redaleviation of the POD and FAR of that operatoegmof
two detectors he used) from the average POD anddfAlRe two detectors he used. These coefficiamts a
shown in the Figure 43 (see ANNEX 5 the completedf coefficients)Operators who have an average
performance will have coefficients close to zef@a POD coefficient is above zero, than the resithis
operator is better than the results of other opesah his group and vice versa. FAR coefficierlbiaezero
represents a lower FAR than what is average fogittisp and vice versa. It is desirable to havegh ROD
and a low FAR coefficient.
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Figure 43. POD and FAR coefficients for all openatexcludiig the influence of the dete
13

The POD and FAR conversion into coefficients giueghe opportunity to compare the operators’ result
among each other regardless of the detector trey. églditionally, it gives us information which opéors
performed the best (016 — the highest POD coeffici@20; O9 — the lowest FAR coefficient, -0.68 O
combined best qualities - high POD and low FAR -Hést operator), or the worst (O11 — the lowest POD
the highest FAR)). Of course, this informationl stitludes the combined results of two differentahe
detectors. The problem with these coefficienthia they are based on means of POD and FAR vabues f
two detectors which might have completely differpatformance therefore making the results averabigh
might not give us exact picture of how the demimendormed. But since we needed only one datadoin e
operator, this approximation of two detectors wsesau

To examine whetheage current activity in demininggualification experiencepersonality typesand
concentratiorhave an influence on the operators” POD and FARear regression analysidhad been
performed. This model was used to examine wheltesetfactors can predict the POD and FAR, regardles
of the detector type and soil properties. Thisysial(see ANNEX 6 for full set of results) has shaivat the
proposed factors do not have a statistically sicgnilt effecton the performance of deminers (POD, FAR).

In the following chapter, possible reasons forgetting the expected effects will be discussedttuge
with some other problems we encountered duringithisstigation, followed by suggestions for future
research.

'3 Although the sample for the human factor invesiiga(the psychological analyses) contains the $amip
18 operators, the POD and FAR coefficients are adisted for two operators which participated inttiad
but not in the human factor investigation.
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8.3.2.  Problems and suggestions

a) Design

The trial was not specially designed for the hur@tor research. It was designed to give us the oseful
and reliable information about the detectors. Tinm#n factor investigation was added later and padd as
an attempt to see which factors might have infleemrt the results as a function of people who peréar it.
During the execution and analysis of the data we liaced some problems (e.g. use of two detecjoesbh
operator). Suggestion is to prepare the nextsdahat the needs of the human factor investigatéonbe met
in an efficient way too, for example, including thigerator as a separate factor. The best approagld Wwe
to design a separate trial only for investigatinig problem. It would enable the researchers toendifiterent
manipulations of the conditions, control undesirdgtlences and make various approaches to the grobl

b) Sample size
Small samples are a problem for all analyses coiggthe statistics. When having only 18 people
representing the population of about 650 demirdata(obtained from CROMAC) that are actively wogkin
in Croatid*, we can make two types of errors in making conchss One is concluding that there are
statistical differences when in population theyually don't exist (in statistics known as error ¢yp,alpha
error), or saying that there are no differences (fomg)e, between different levels of experience), wimen
population there are (error typeliata erro) (Petz, 2004). Both mistakes are dangerous. higy we
cannot say with certainty that not getting the exge differences in this investigation means that t
differences do not actually exist. Beta error hygliitpends on the sample size. Since we have wdmnale
of only 18 people representing the population ofadt 650 deminers (data obtained from CROMAC) énat
actively working in Croatia the beta error will laege. This is why we cannot say that non-signifidast
results in this investigation means that the eéfelct not actually exist. If the sample could beeased in the
next trials, using the same methodology (targetgsteent, types of soil, experimental design) it rlgh
possible to draw some conclusions and have statiistiand theoretically valid data.
Another problem we encounter is the problem wittv lee sample is obtained. When we talk about
representatives of the sample to the populatiages not only apply on the size of the samplealaat on
the way how the sample was chosen. To represepbindation of the deminers well, the sampling $thdne
made randomly out of the population of, for exam@leoatian deminers (if a trial is made in Croatia)
Therewith, the sample would consist of people wifferent knowledge, experience, age, social stdtam
different areas of the country, etc. and repregenpopulation in all its characteristics respestiv

¢) Choice of measurement
The personality assessment measures are neveratempkliable. The results of these kinds of tasts
often influenced by the motivation of the participg and their desire to give socially desirablenaars.
According to Petz (1992), socially desirable ansvee those answers which do not reflect reabatis of
the person but instead his desire to show hidates as socially desirable, which means acceptable
acknowledged and appreciated because of his ndedapproved and acknowledged by his social
surroundings. Some tests have a scale which cagmee this tendency in answering, but NEO PI-Rsdde
The authors of this test believe that the tendéngyve socially desirable answers also refleats th
personality of a person which makes it unreasoniele to exclude (Costa McCrae, 2005). The quesiioa
is not if the test should be sensitive to thisat; but did we choose a proper test for this ingason?
Although, NEO PI-R gives a quite thorough desooiptof a person’s personality, maybe a differerit tes
should have been chosen — one which would recogoizielly desirable answers or one which would be
shorter. The time needed to fill out this 240-iterst is about 45 minutes. This could decrease tpera
motivation and then resulting in random answeriagdency to give neutral answers (which causesgett
average profiles) etc. On the other hand, thisisestmmonly used and has proven to be very reiatbl
personality measuring. Its big quality is havinfpéets describing more thoroughly each of the finzgn
factors. If we had a bigger sample, and, with thetyally some variance in these results, it wied
interesting to find out more detailed qualitiesttimake us different and which might be interestmthis
investigation.

1 Not all operators participating in this trial wérem Croatia. A few were from Serbia and Montemegr
which makes the size of the population even biggerour sample even smaller in comparison to it.
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There is a strong possibility that this measurerépersonality is too wide and not all personaiiits
which this test measures are equally importanttigrinvestigation. Trials like this can give udeeper
insight at what else should be measured, or wh#ttecalready measured, is of greater importanberéfore
it is suggested that in future research a moreifspereasures are chosen, perhaps using only sd¢eves of
a bigger test, such as this. This way we can get mseful and specific information on the problemave
investigating, excluding the ones which are irratgv

The attention test we used is primarily designeghéasure visual attention. As already said, migdrtant
considering that in a real minefield a lot of mimas be spotted visually. But in trials like trasiditory
attention is of bigger importance; therefore theich of this measurement is also questionable.

d) Pre-selection
Another possible reason why we didn't get the etgebcesults is the pre-selection of deminers fer th
demining occupation. Although in most of the minéicted countries there are no special demands if
someone wants to work in demining, in Croatia,élee stringent criteria for all organizations whezay that
all applicants must have (Lardner, 2005):

« A high school education

e Completed military service

* No criminal record

e Good physical and mental healdnd

e Attended a special Police Academy training cougsam@nths) and successfully passed the final

examination.

The “mental health” examination is usually perfodi psychiatrists and psychologists, and it inekid
tests, one of which is often a personality test. diy are they pre-selected with the personadisy,tthey are
also pre-selected by their desire and motivatiathotthis job. It is assumed that a person who warnigork
in this rather dangerous and demanding occupatiairéady motivated, reliable, calm, deals witesstrwell,
and more of those qualities we think a good densheuld have.

e) Standard operating procedures (SOP)
There are very strict rules which must be obeyeal¢ontrolled situation, such as an operation ofemi
clearance. When behaving according to the SOP® ih@ot much space for individual differences] ant
much is given to the operator to do outside thédiproposed by the SOPs. Therefore, it is alssarable to
assume that in such a controlled situation, petggnior instance, would not play an importanteolt is
suggested, therefore, to focus on managementdtarice, which has an influence on how the SOPs are
performed and how well the operators follow them.

f) Detector influence
Although using the POD and FAR coefficients caveaome of our problems and make the comparison
between operators possible, we must take in coratide two things. First, by creating these coédfits,
statistics can give us a way to ignore the typghefdetector used to some extent; but it stilldrasmfluence
on these coefficients. If the detector is not fiordhg well or is not understandable to the operat@an
cause frustration to which not all people are dguakilient, and then cause poorer results in @nnspn to
others. Russian detectors (AKA Condor and AKA Vecteere, for instance, quite difficult for the opéors
to understand - mostly because of lack of traifimghe manufacturer, but also because of a totaily way
of presenting signals to the operators. Some aprsrate not open to new things, or this not-undedihg
could really be frustrating, therefore causing poaesults than they would be if a situation wag they
have had a proper training and better understarafittye equipment.
Next, some operators handled two different detectmut the coefficients shown in Figure 43 are the
approximation of the both which still decreasemoreases the operator’s performance with one of tw
detectors in order to give us data to comparelterst Because it was not possible to do the arsalygh
more than one data for POD and FAR for each operidue statistical analyses were performed ondéata.
Different results for each operator and each detece shown in Figure 44 and Figure 45.
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Figure 44 POD coefficients for all operators and Figure 45 FAR coefficients for all operators and |
detectors detectors

This is why it is suggested that, that for the pggs of the human factor investigation a sepatiatés made
where, ideally, all operators go through all sgilds with the same detector. This would give usag
opportunity to reliably compare the individual pgrhance and to see which factors might have inflaem
performance. Another suggestion is to take onlyréiselts with one detector to avoid problems likthw
operator O15 who has opposite results with twodlete which is then equalized and identified agaye if
we take the mean of the results with these botctimts. The problem is the researcher’s bias —twhic
detector result to use?

In praxis, having all operators going through lawéh one detector, just for the human factor irnigedion
often creates a problem, in money and time. Treoétén not enough time to train all operators twkwith
the same detector. Maybe, one detector that iadyrim use with the majority of operators can beduer
this investigation, for the desired quality in hunfactor investigation is not the detectors butpbeple who
use them. This option is good if the human factarat the main aim of the trial. If it was humantéa that is
of most interest, including the test of new tecbgas and the adaptation of people to this teclyyla
comprehensive trial should be made, with the opesats an additional factor, together with the, stitector
type, target type etc.

8.3.3.  Other possible human factor influences

During the trial, there was a chance to observeléiminers, and in this section we will discuss sother
possible influences on the results of the teste@lndetectors. It is not only important to recognizhat the
human factor influences are. It is also of grefttedo make some changes in the planning of théstim
order to give the operators a chance to do their be

a) Training

From the deminers” point of view, training to leaow to work with the detectors (two days for oegedtor)
was sometimes too long. Although it is unlikelytttfas can cause bad results, it can contributbeédoss of
motivation, and boredom. For some detectors theitigawas not done appropriately, by the manufasyr

which might have decreased the quality of trairdngd therefore their performance, as well.

The quality of training is also of big importandieshould be performed by properly trained peoplehe
manufacturers. In this trial we had problems wittaming the proper training for some detectorshaéligh,
the training for these detectors had been madebple with experience in demining, not having gpro
training might have affected the results. Fromitbman factor perspective — the emphasis shouldmigtbe
put on the operators — the performers of testalsat on the performers of the training. They mijfer in
the quantity of knowledge, but also in their aitiv transfer their knowledge well. These differemcould
have a big influence on the results as well, aatishould be considered in the selection of peapie will
perform the training. Therefore, it should be eaduhat the training is performed by specially eded
people with good communication skills with the adijnent of time needed for the training accordintheo
needs of the deminers.
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b) Motivation

Motivation should also be considered as an impoitdluence in trials like this. The atmospherdtie metal
detector trials significantly differs from the oimethe actual mine field — lack of danger, streksfu
surroundings, seriousness, etc. which may resplbarer performance in the test field. The goaldthbe to
simulate the atmosphere similar to the one in ¢élaéminefield, where operators are highly motivated
perform well for saving their life, and the life ofhers.

In trials, it is not the goal to create dangertoutaintain the motivation which is similar to anehe real
minefield. For example, it could be done in thédwing way: Huge motivators in all occupations are
achievement, recognition and money, or certainlpges. If we create a situation which involveslpub
recognition of achievement or a certain rewardtfoxe can increase the motivation of the operators
behave according to the instructions of the triedr example, at the beginning of the trial a relfar the
best operator can be announced. This reward ddesvetto be financial; it can also be in a fornpafileges
— a vacation, or similar. But in order for thiswiork, the competitiolt must be public; all the operators must
see the results of everyone; and the prize muattkactive to all the participants.

Feedback is often mentioned as a good motivattielbperator would be given instant feedback abisut
performance, after inspecting each lane, it migbtgase his motivation next time to do better. élidh this
idea is feasible and could easily improve the dpesaresults, it cannot be performed in a blindltike this.
The rules of a blind trial strictly prohibit givirgny suggestions to the operator how he shouldvedhaa
lane or give information on how many targets angdull By giving him information about his perfornzan
(for example, “you missed 10% of the targets”, youf made 5 false alarms”) we could risk that therafors
might calculate how many targets are buried theestompromising the whole idea of a blind trial.

The question on how to increase the motivationraliability trial still stays open, and an impartassue to
be further discussed.

c) Selection of operators

Although the selection of operators for each detegpe, in this trial, was carefully planned, viuch a

small group of deminers, not all desired solutioogld be achieved. It turned out that in all deiegroups,
except for Vallon detectors, we placed people wkperience, varying from 1 to more than 10 yeard,the
only two operators with a very few or no
experience were placed in the Vallon

1 detector group. The reason for this was

o that most of the deminers in Croatia have
B —** * already worked with different Vallon

' types.
* * + Figure 46 shows the results of operators

in the Vallon group of detectors. There is
o1 an obvious difference between the results
o2 of operators 09 (3 to 6 years of

POD

o1 ‘ #2009 8010 8011 8012 ‘ experience) and O11(less than one
b EiS s 5 8 7 3 o T . | year/no previous experience) which
FAR might be a result of difference in
experience. 012 shows good results in
Figure 46. Comparison of operators” performancéwmallon  Spite of his lack of experience (less than
detectors 1 year/no experience) which may be the

result of different factors which might
have greater influence on the results than expegidoes.

d) Management

If the assumption that the deminers are alreadyselected for this occupation is true, or that peadity has
no or just a small influence on the results on titigds, we need to look for other ideas for polssib
influencing factors.

!> Note that competition in the real minefield issigly discouraged and not desirable.
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A lot of work, in demining and other occupationastbeen done in investigating the influence of gament
on the performance (e.g. Lardner, 2005) which migglicate that this influence might be strongentttze
individual differences between the operators. Térgomance of operators under different conditicassed
by the management can be viewed from the psyclaabgspect, as well. So far, it has been noticad th
operators in trials behave differently if their seysor is present. Therefore, it is suggestediidher
research to focus on management and motivatiofiaéimces.

e) Cognitive processes

Personality is not the only measurement of indialdlifferences. There are many factors in whichdiffer,
and maybe the personality, as a measurementps@eneral approach to investigate these diffeeridest
of the work in psychology in this direction has be®ne in investigating the differences in cogmitiv
processes — human information processing, decisgiking, signal detection, etc. Making a researdhii
direction would give us useful and more reliabli@imation on the influencing factors we are seargtior.

Many human factor investigations in non-destructaating (e.g. the PISC IIl stutfy have shown that that
there are no clear correlations betwsgglehuman factors and inspection performance. Thighigthe
approach to human factors should be more exte(isivelving cognitive, perceptual, social, organiaagl
and technical influences).

8.3.4. Application of experimental results in “real life”

One of the biggest problems is the applicatiorhefknowledge gained from research (human factioes; t
results about the performance of the metal deteciato the “real life” situation. Different behawir of the
operators in reliability trial was already mentidr(e.g. poorer motivation). Sometimes, people terub
their best when knowing that they are being testedy also know that there are targets buried whiht
make them try harder to find all the targets. NpEmtors (manual ultrasonic inspection in nucleaver
plants) indicated that the way of inspection theg in experiments was unrelated to the way of ctspe
that they would use during an actual inspection€@lér et. al, 1986; according to Enkvist, 2003)tHer,
experiments are usually performed in a contexelatively low complexity. This leads to the condtusthat
generalizing from experiment to reality should &ken with great caution.

8.4 Conclusons

The investigation of the human factor, performedrduthe metal detector trials held in BenkovadQittober
2006, did not give us the answers we needed stmdér which factors cause different performance of
different operators. The analysis showed that egieent activity in demining, qualification, expenmice,
concentration and personality have no significafluénce on the results of this trial. This couéresult of
numerous factors: design of the trial, sample gikeice of measurement, problems with handling two
different detectors, pre-selection of the operat8@3Ps etc.

It is suggested to continue with this investigatjsame methodology, POD and FAR of metal detechurs;
with an increased sample) to be able to make nadigbte conclusions, for the influences we havesuezd.

This investigation has also given us ideas abddrgiossible factors which should be considerddtire
investigations — influence of training, managemanitivation and cognitive processes; and the way we
should perform the investigations (design of tied,tsample size, different instruments, etc). €baclearer
idea on the human factors, a separate trial sHmiltesigned, with a model describing the behawbur
operators from individual, social, technical andaorizational perspective.

8 pISC I1l. Human Reliability in Inspection, FinakRort on Action 7 in the PISC Il Program, PISC Bip
31. Nuclear Energy Agency. 1994.
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Conclusions and recommendations

* The used methodology is based on the CWA 147403 2@d approved itself by flexible reaction for
changes in the participation of detectors and persiovithout losing value concerning the statistics
The CWA approach was improved with statistical giesind the results presented with ROC
diagrams and curves. The used method of data @alieved the placement of targets in different
depth without grouping them in two or more fixegthe The stepped depth gives an accurate
understanding about the POD relationship in depsselef depth.

* The use of the two total stations made it posdibleep up with the operators speed in marking in
six lanes. The accuracy of coordinate measuremeagssignificantly improved in comparison to the
manual measurements. The standard error of thelicabe measurements was about + 6mm and
therewith more accurate as required by the standagkther with the time and personnel reduction
for this purpose we strongly recommend to usedhpjgoach in similar trials. Over 8300 data sets
with more than 96 000 single data had been colieatel could be transferred digitalised to the
computer for further evaluation.

» Concerning the soil investigation the demining aigations should be aware about the spatial
distribution of the magnetic susceptibility. Thigat again confirmed the essential reduction of the
sensitivity with increasing magnetic susceptibilityd its frequency dependence. Simple measuring
methods are known and described and must be eggl&inthe deminers that they will use it in their
daily work. The Ground Reference Height is a mearsent connected with the frequency
dependency of the magnetic susceptibility of theasal that is accurate enough for field use.
Additionally the in-homogeneities in the local Bernkc soil created an essential increase of false
alarms -for the metal detectors.

* The results of the questionnaires and the testbelonhging to the blind trial confirmed that the
operators have in general a reasonable knowledpé #ie taught detectors. But only few operators
were able to define the “safe search head adv&hoe'their detectors to the mines involved in the
trial. This might have influenced on the detectiesults and the relatively high differences in the
false alarm rate.

* The results of the test for establishing the maximadetection depth explains in a simple way the
connection of this test to a full reliability tgslind test) and the advantage of a blind test. The
reliability test is more close to the reality arideg much more possibilities for detection than the
establishment of the maximum detection depth. Ekalt is therefore more reliable.

» The results of the blind trial demonstrated that¢hare three detectors (Foerster MINEX 2FD 4.530;
Minelab F1A4 and F3) with the same POD level ofudtib8. The other detectors are grouped about a
POD level of 0.5. Five detectors have the FAR betw@ 2 and 0.4 false alarms pét (tmoth
Minelabs, CEIA, Schiebel, and AKA Vector). Althoubhving a good POD the Foerster detector has
with 1.2 the highest FAR.

0 The results of the detectors differ clearly in thieee available soil types where the local
Benkovac soil created the greatest problems wstinihomogeneities.

o0 The importance of the false alarm reduction isrtyeasible by the time the operators needed
to pinpoint and mark the detected targets. Twoadtlete with the same level of mine
detection — one would need about 1 day to searemesnof 30rhand to investigate the
marked signals, while the other would need two days

" Term used for defining the advance after the denfias made a sweep from the left to the right
in his lane. It is connected with the sensitivione to the target. At the edge of the cone Figdre 2
to 24 the advance may be less than the half sbawaxth for full cover of the lane area with the
sensitivity area of the detector at full depth.
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0 Looking at the performance of the operators thedarly the individual influence of the
operators on the results of the detectors visitie. speed of “clearance” does not have a
clear influence (good/bad) in one or the otherdliom on the detector performance. The
individual performance of the operators is moraudievisible when the detector gives more
choices to change sensitivity and other paramefdtse detector influencing on it.

In general the reliability trial is designed toryithe tested equipment to its limits and therettith
results demonstrate more clearly the advantagetigcting one or the other target. The approach of
analysing allows also the evaluation of the PODréad situation placement of targets. This cambe i
detail analysed by using the ANNEX 7 Test Reslieppendency of POD on Depth where each
detector result is shown.

The first attempt for a more detailed and professi@nalysis of the human influence on the results
of the metal detector trial did not give the expéatesults. This attempt will be continued by
extending the sample size but the idea is to maketrials using more directed approaches
describing the behaviour of operators from indigildgocial, technical and organizational
perspective.

With the reliability trial in Benkovac Croatia ti8TEMD project is formally finished. But there is no
follow on project that will keep the demining commity updated about new detectors and their
performance under different circumstances as labigrasoil and other environmental conditions.
Already now the authors had been contacted todectietectors from Germany, China, Japan,
Russia, into future evaluations. It is recommenithed ITEP should find an approach to make such
information further available. Some of the detestane with interesting characteristic worth to be
tested in detail in the field and in lab conditiomhis includes target learning and discriminatdn
different metals.
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CWA 14747:2003 Test Content

ANNEX 1 CWA14747 Test Content

Hame Objective and content Preferred to apply Type of test Info Remarks
" from
Locality manu-
Lab | Field | Inair | In soil | Cons- | Accep- | Blind | Open | factur-
umer | tance ers )
Stability/Drift of sensitivity
= After set-up 4] O | O E O O | O
- « During aperation E O | O E O O | |
5 Optimal sweep speed E O | O ] O O | O
e Maximum detection height
% » Standard targets | | | O E O O | |
= = Different metals | | | O E O O | |
- + Specific targets [ | | O E O O & O
Sensitivity profile (footprint) | O E O E O O | [0 |Defined standard test target
Miscellaneous may be included here | O E O E O O | OO |As consumer test
" Effect of sensor head orientation (| | & B E O O & &
i Moisture an sensor head | O | | O = O = |
= Temperature extremes/shock = O | O E O O & B
2 Effect on EM/RF interference ¥ ® | B | B | B | O|O0| @&
E Sensitivity during battery life 4| O ] O O [153] O | B |Time before alarm signal
o Shock and bump test | O H O O H O &= d
E Drop test | | & & O [ | | x|
@ Mutual interference of detectors & ] ] ] [ O O | B  |with other detectors
= Interchangeability of parts | O ] O o H | O4d B | B |where possible
Detection depth in different soils O E O E O O O | O  |Measurements of soil
N Standard targets O | O | O O O | O |as inair
E = Different metals O | O E O O O = O  |[As in air
E= | e specific targets O | O E O O = O O |chosen by end-user
2 Reliability tests O | O E O O = O O
™)
= Locating accuracy (pinpointing) H | O O O | & O E  [Mot above mines
% § Shape determination of targets H | O O O &= = O O  |Point, linear, polygon
= | £ |Resolution of adjacent targets H | O O O | = | O AP and AT mines
2 | Z | Influence of specific media | | O O = O O | O
= ; Detection near large linear metal H | O Od = O [ H O |Railway, fence
2 | Effect of EM/RF interference | = | O = O O | E | Power lines, radio
Mutual interference of detectars | | O O ] O O | [ |Recovery test
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CWA 14747:2003 Test Content

CRT - consumer report trial — aims to test equipmegatrest standard general standard tests, so that the
results are of general interest to metal detecters;

AT — acceptance test — aims to test equipment aggiestfic costumer requirements for purchase
decisions

Clause | Test Testing category
CRT | AT |open | blind | lab field air soil
&) Detection capability testing in-air
6.3.3 & | General test - . . . . . .
6.4.1
Measuring the maximum detection
height
6.4.2 Sweep speed — mechanized movement . . . .
6.4.3 Sweep speed — manual movement . . . .
6.4.4 Repeatability of sensitivity on set-up . . . .
6.4.5 Sensitivity drift . . . .
6.5.2 Minimum target detection curves for . . . . . .
steel balls
653 Minimum target detection curves for ather . . . o .
metals
6.6 Detection capability for specific targets . . . . . .
6.7.1 Sensitivity profile (footprint) measurement . . » .
- Method 1
672 Sensitivity profile (footprint) measurement . . . o .
— Method 2
7 Immunity to environment and aperational
conditions
72 Sensor head orientation and shaft . . . .
extension
73 Moisture on sensor head . . . .
74 Temperature extremes . o . . o .
7.5 Temperature shock . . » .
76 Sensitivity during battery life . . . . .
77 Effect of EM/RF interference . N . .
8 Detection capability for targets buried in
soil
8.2 Minimum detectable target as a . . . . o .
function of depth
8.3 Detection capability for specific targets . L . . .
in soil
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Clause | Test Testing category
CRT | AT | apen | blind | lab field air sail
84 Fixed-depth detection test L . . . .
8.5 Detection reliability tests . . . . .
8.6 Additional detection reliability testing . . . . .
9 Operational performance characteristics
9.2 Target location accuracy . . c . »
93 Shape determination of targets . . c . .
9.4 Resolution of adjacent targets o . . € . .
9.5 The influence of specific media on . . . .
detection
9.6 Detection near large linear metal objects . . c . .
97 Effect of specific electromagnetic . . . .
interference sources
9.8 Mutual interference between detectors . . . .
10 Evaluation of ergonomic and operational
aspects

10.1.1 Shock and bump tests . . . »

10.1.2 Drop tests . . . . .

103 Interchangeability of parts . . . .
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ANNEX 2 Table of Trials
Order of international test campaigns

Table 9: Trials under view

Date Location Organisation Comments
January 1997 Sarajevo, MostafN Mine Action Serv|16 detectors, 11 manufacturers;
(UNMAS) to provide dist of detectors acceptable for FRY
support decision for purchase
1998-2000 Cambodia, IPPTC, US, UK, 28 detectors, 13 manufacturers;

Croatia, Canada
Netherlands

,Netherlands, Canadz
— later ITEP member

to provide aCOTS overview of different capabili
fof metal detectors tested under lab and field
conditions, soil properties measured (conduct
susceptibility)

September 1999
march 2000

Peshawar, Jalal
and Kabul

MAPA

13 detectors, 8 manufacturers;
soil properties measured - Bartington &ipport
decision for purchase

Autumn 1999 & 2

Maputo, Gaza,

UNADP Mozambique

9 detectors, 6 manufacturers;

for Inhambane field trial in minefields and focus on soil influ=s,
5 months time in |provinces metal detectors (GRH3upport decision for purchg
summary
2001 Nicaragua US-Army 7 detectors, 5 manufacturers

support decision for purchase

small-scale trial
February 2002 Jalalabad, Kalgul MAPA, UNOPS, |7 detectors, 7 manufacturers;

ITEP (inv.) support decision for purchase

July 2003 Colombia Defence R&D Cana8aletectors, 5manufacturers;

First use of a Total Station
support for purchase armed forces

May — Nov 2003 | Germany, CrogtAM Germany 4 detectors, 4 manufacturers;
ITEP (inv.) Reliability trials based on non-destructive testi
and evaluation
August 2004 Cambodia CMAC, 5 detectors, 4 manufacturers;
ITEP (inv.) support decision for purchase
October 2004 Laos STEMD JRC, ITEP (i8 detectors (4 of them UXO), 6 manufacturers;

comparison of UXO and normal metal detecto
support decision for purchase

April 2005

Mozambique

STEMD JRC, ITEP (

12 detectors, 8 manufacturers;
overview about current COTS and the influeng
soil

Sep-Oct 2006

Croatia

STEMD BAM, ITEF

P 9 detectoreafiufacturerspewest knowledge abou

reliability trials
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ANNEX 3 The selection questionnaire

Name and surname

Age: Gender 1. male Marrital status: 1. married
2. female 2. not married

INSTRUCTION:

This questionnaire is designed to collect somerimé&tion about you, your education, your demining
experience, experience with certain metal detdgps and general knowledge in demining. Pleases
to all questions. If you have any questions, plesse

1. What is your level of education?Put a cross in the square above the correct answer
elementary 2 or 3 years 4 years of university
school secondary school secondary school which:

2. What is your profession?

3. What is your current occupation?

4. What is your current position?
a) Deminer

b) Supervisor

c) EOD specialist

d) Manager

5. Before humanitarian demining have you had any dier experience in demining?
If yes-where and how long”Put a cross in the square in front of the coraestver and write how many
months / years.

Military (How long: )

Police (How long: )

Other: (How long: )
6. Have you ever been involved in an accident? YES NO
7. Have you ever been injured during mine clearenée YES NO
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DEMINING QUALIFICATION

In the next section, we would like to know abouirymlucation in demining. If you have gone through
education in more than one field, please answealiasf them. Please, put a cross in the square alios
correct answer.

8. How long did your education last?

a) to become a deminer

less than 1-2 months 2-3 months 3 months

a month or more

b) to become a supervisor

less than 1-2 months 2-3 months 3 months

a month or more

c) to become an EOD specialist

1 month 3-6 months 6-12 months over 12 months

DEMINING EXPERIENCE

In this section we want to know about your demirrerience. If you have had experience in mone tha
one position, please answer for all of them.Plepséa cross in the square above the correct answer

9. How much experience do you have?

a) as a deminer

less than a year 1-3 years 3-6 years 6-10 years more than 10
years

b) as a supervisor

less than a year 1-5 years more than 5 years

c) as an EOD specialist

less than a year 1-3 years 3-6 years 6-10 years more than 10
years
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EXPERIENCE WITH THE DETECTORS

In front of you there is a table with a list of detors. Please, put a cross in a field next todéiectors
which you have used, stating how much experienedigee had in handeling that detector. For exam
you have had experience with CEIA's MIL-D1 of mbex two years, and Shiebel's ATMY®f 3 month

put crosses in both of those squares.

EXPERIENCE IN MONTHS/YEARS

No.Manufacturer Detector Less than 6-12 1-2 2-3 years| More thanf
' 6 months | months years y 3 years
1 CEIA MIL — D1
2 EBEX®421 GC
Ebinger
3 EBEX®420 HS
4 Minex 2FD 4.50(
Foerster
5 Minex 2FD 4.51(
6 F1A4
Minelab
7 F3
8 Schiebel ATMID™
9 SHRIMT M90
10 VMH3
Vallon
11 VMH3 (M)
12 Condor
AKA
13 Medusa
14| chinese Institute| GT 115-2
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KNOWLEDGE ABOUT DETECTORS

Finally, we have prepared 10 questions to examoe knowledge about handling the detectors.
There is always only one correct answer. Pleasswan on all questions.

1. What is not includedin the daily routine (control of the detector befoe entering the mine field)?

a) Checking the battery contact

b) Checking the maximum sensitivity of the detectoa tmine

c) Checking the connection between the search heatharelectronic unit
d) Using the test piece for the control of the set up

2. What does ground compensation mean?

a) Reducing the influence of the electromagnetic priogeeof the soil on detector performance
b) Reducing the sensitivity of the metal detectohi ground
¢) Reducing the loudness of the signal

3. Which are notthe working principles of the detector?

a) Electromagnetic induction
b) Pulse induction

¢) Continuous wave induction
d) Movement induction

4. What does the test piece of the manufacturer tgfou after you have switched on the detector?

a) The detector is at maximum sensitivity
b) The detector is usable in uncooperative ground
c) The detector is functioning as designed

5. What signal the detector_does ngbrovide?

a) Baterry low

b) Confidence click (control that the detector isl $tihctioning)
c) A permanent signal

d) Temperature warning

6. How do you establish the safe advance for thetdetor sweep?
a) By the size of the search head
b) By the sensitivity area of the detector to theearg

¢) By measuring the size of the mines
d) By assesing the surface conditions
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7. What does notinfluence the detector performance?

a) Eletromagnetic properties of the ground
b) The salt content of wet soil

c) Use of different batteries

d) Human factor

8. How do you pinpoint a target?Choose the type of the search head you have wevkbdand answer to
that question.
- If you have worked with a doubledearch head?

a) by searching crosswise above the signal
b) by approaching from at least 4 directions

- if you have worked with a single cegarch head?

a) by searching crosswise above the signal
b) by approaching from at least 4 directions

9. How do you establish the depth you can reliablglear to?

a) Using a rendered safe original target and plaoa different depths on the ground and establish
maximum detection height

b) By mesuring maximum detection height in air

c) Setting up the detector to the ground and measargnmm detection height with the detector set up
in the air

10. What is the minimum distance that should be beteen two metal detectors in a way so that they do
not interfere with each other?Write the name of the detector with which you @rerently working and
write the distance.

Name of the detector:

Minimum distance (in cm):

Please check that you have answered to all question
Thank you very much for participating.
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ANNEX 4. Questionnaire about the detectors

INSTRUCTION:

The reason we are giving you this questionnaite &llect valuable information about the detectors
from the people who used it — ydalease answer to these questions by circling ogdufagree (YES) or
disagree (NO) with the statement for each of treedatectors you handled.

Write down the NAMES OF THE DETECTORS here

detector 1 detector 2
| || |
1 | Is the user manual easy to use and to understand? | YES NO YES NO
2 | Is the field card easy to use and understand? YENO YES NO
3 | Is the detector easy to assemble and disassemble¢?| YES NO YES NO
4 | Is there a risk that you can assemble the detecto YES NO YES NO
wrongly?
5 | Are the controls easy to understand? ES NO YES NO
6 | Is the start up procedure simple? YES NO YES NO
7 | Is the detector easy to operate? ES NO YES NO
8 | Is the detector easy to adjust for comfort? ES NO YES NO
9 | Is the confidence tone easy to understand? YESNO YES NO
10| Are the alarm tones easy to distinguish and YES NO YES NO
understand?
11| Is it possible to set the sound level? YES NO YES NO
12| Are you comfortable with the weight of the dete@tor | YES NO YES NO
13| Do external cables get in the way? YES NO YES NO
14| Do you often need to adjust the search head and YES NO YES NO
telescope arm?
15| Is the ground compensating procedure easy to YES NO YES NO
understand?
16| Is it easy to pinpoint a target? YES NO YES NO
17| Is the detector robust? YES NO YES NO
18| After complete training would you feel confident YES NO YES NO
with this detector in a live minefield?
19. Do you think it is important to be able to et sound level? YES NO
20. Do you want to be able to choose between diftesensitivity levels? YES NO

21. What is your overall impression of this dete2t@escriptive answer):

DETECTOR 1: (write the name)

DETECTOR 2: (write the name)
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ANNEX 5 Comparable deminer coefficients

POD and FAR coefficients

operator | POD coeff. FAR coeff.
01 .01 .00
02 -.02 -.05
03 -.06 -.57
04 .06 .57
05 .06 -.58
06 .02 .00
o7 .02 -.08
08 -11 .69
09 19 -.65
010 -.07 .28
011 -.15 .62
012 .06 -.33
013 -.07 -.38
014 -.11 .82
015 -.04 13
016 .20 -.31
017 .02 .09
018 -.10 .70
019 -.01 -.55
020 .10 -.05




ANNEX 6 Full set of results of regression analysis for the human factor investigation

Regression Summary for Dependent Variable: POD
R=.70951763 R2= .50341527 Adjusted R2= -.32422596
F(10,6)=.60825 p<.76780 Std.Error of estimate: .10832

Beta Std.Err. B Std.Err. t(6) p-level

N=17 of Beta of B
Intercept -0.281753 0.685746 -0.41087 0.695438
current activity -0.075771 0.460113 -0.014060 0.085377 -0.16468 0.874604
age -0.704086 0.457544 -0.009340 0.006069 -1.53884 0.174766
concentration -0.110902 0.363125 -0.012055 0.039470 -0.30541 0.770372
gualification -0.241215 0.386943 -0.019468 0.031230 -0.62339 0.555972
experience 0.197926/ 0.419073 0.016472 0.034876 0.47230 0.653404
N 0.858480 0.537079 0.008363 0.005232 1.59843 0.161064
E 0.199755 0.686103 0.001978 0.006794 0.29114 0.780744
@) 0.329190) 0.539429 0.003844 0.006298 0.61026 0.564076
A 0.555877 0.720753 0.005344 0.006929 0.77124 0.469835
C -0.332531 0.609658 -0.004985 0.009139 -0.54544 0.605120

Regression Summary for Dependent Variable: FAR

R=.81491886 R2=.66409275 Adjusted R2=.10424734

F(10,6)=1.1862 p<.43529 Std.Error of estimate: .44102

Beta Std.Err. B Std.Err. t(6) p-level

N=17 of Beta of B
Intercept -0.255097 2.791875 -0.09137 0.930172
curent activity 0.58781 0.378423 0.539924 0.347596/ 1.55331 0.171340
age 0.57268 0.376310, 0.037603 0.024709 1.52182 0.178878
concentration 0.13960 0.298654) 0.075114 0.160694 0.46744 0.656682
gualification 0.10913 0.318244) 0.043600 0.127147 0.34291 0.743361
experience -0.29698 0.344669 -0.122343 0.141990 -0.86163 0.421985
N -0.74109 0.441724 -0.035737 0.021301 -1.67772 0.144411
E -0.99408 0.564290 -0.04873C 0.027661 -1.76164 0.128603
6] 0.61774 0.443657 0.035703 0.025642 1.39238 0.213221
A -1.01565 0.592788 -0.04833C 0.028208 -1.71335 0.137482
C 0.93931 0.501417 0.069701 0.037207 1.87332 0.110171




ANNEX 7 Test Results, Dependency of POD on Depth

The diagrams present the results of the maximum detection depth (M&d3urements and the reliability test for PMA-2 and PMA3 mines. The MEBurements were performed on PMA-2S, surrogates of PMA-2, while thelitgliaist
was performed with real PMA-2 mines rendered safe. The PMA-28gsties are slightly more difficult to detect than the real minesS@set®on 7.2.4).

AKA Condor 7252 in Sisak soil (lanes 3, 4)

AKA Vector 7260 in Sisak soil (lanes 3, 4)

CEIA MIL-D1 in Sisak soil (lanes 3, 4)

Foerster MINEX 2FD 4.530 in Sisak soil (lanes 3, 4)
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Minelab F1A4 in Sisak soll (lanes 3, 4)

Minelab F3 in Sisak soil (lanes 3, 4)

Schiebel ATMID in Sisak soil (lanes 3, 4)

Vallon VMCL1 in Sisak soil (lanes 3, 4)
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Vallon VMH3CS in Sisak soil (lanes 3, 4)

AKA Condor 7252 in Obrovac soil (lanes 1, 2)

AKA Vector 7260 in Obrovac soil (lanes 1, 2)

CEIA MIL-D1 in Obrovac soil (lanes 1, 2)
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Foerster MINEX 2FD 4.530 in Obrovac soil (lanes 1,

Minelab F1A4 in Obrovac soil (lanes 1, 2)

Minelab F3 in Obrovac soil (lanes 1, 2)

Schiebel ATMID in Obrovac soil (lanes 1, 2)
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Vallon VMC1 in Obrovac solil (lanes 1, 2)

Vallon VMH3CS in Obrovac soil (lanes 1, 2)

AKA Condor 7252 in Benkovac soil (lanes 5, 6)

AKA Vector 7260 in Benkovac soil (lanes 5, 6)

reliability test, POD curves
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. , Foerster MINEX 2FD 4.530 in Benkovac soil . . : . . .
CEIA MIL-D1 in Benkovac soil (lanes 5, 6) (lanes 5, 6) Minelab F1A4 in Benkovac soil (lanes 5, 6) Minelab F3 in Benkovac soil (lanes 5, 6)
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Schiebel ATMID in Benkovac soil (lanes 5, 6)

Vallon VMC1 in Benkovac soil (lanes 5, 6)

Vallon VMH3CS in Benkovac soil (lanes 5, 6)
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