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ITEP Test Trials for

Detection Reliability Assessment of Metal Detectors

AlSsirac

The total detection reliabilicy of
a mine-searching system is governed
by the following three elements:

* Inwinsic capability, which
describes the basic physical-technical
capability of the method.

» Application factors, which

POD
(Detection Rate)

include those due to environmenr.

¢ Human facror, which is rhe
cffect of human operators on the
detection reliabiliry.

Some of these can be determined
in simple laboratory measurements
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under representative field condi-
tions. The trial scemarios ranged
from straighcforward detection of a

r POD large, metallic anti-tank mine

buried near the surface in a soil
that does not give meral-detector
signals to the most difficult chal-
lenge of detecting low-metal anti-
personnel mines deeply buried in
magnetic soil that affects detectors
strongly. Individual human fac-
tors, such as training and currency
of skills, were assessed. A full
report about the trial conditions
and results, including rules for

e Figure 1: Explanation for ROC and POD diagrams (FAR=
false alarms per m?#

capability of individual parameters is
measured. However, the human fac-
tor and some aspects of the effects of
environmental conditions on the system
need to be treated stadistically.

By far the most common “mine-search-
ing system” in usc today is the metal detec-
tor. The test and evaluation procedures for
meral derectors described in European
Commitree for Srandardization (CEN)
Workshop Agreement (CWA) 14747:
2003 include the above ideas. This is why,
in addition to patameter tests, they include
detection reliability or blind field tests
under local conditions with local person-
nel.

A series of three ficld trials was per-
formed in the International Test and
Evaluation Program for Humanitarian
Demining (ITEP} project 2.1.1.2,
“Reliability Model for Test and Evaluation
of Metal Detectors,” in order to specily the
optimal condizions to obtain reliable trial
results with affordable effort. Each set of
specific working conditions is character-
ized in terms of 2 combination of one mine
type in one soil with one detector handled
by local personnel. For each ser of condi-
tions, the searching system will deliver a
working performance, expressed as mine-
detection rates as a function of mine
depth, and a cerrain overal! false alarm
rate. During the ITEP wrials in Benkovac

and Oberjertenberg, the authors learned to
determine this funcrion separately for each
mine type in each soil. This is especially
important for low-metal mines in soil char
can influence metal detectors, as will be
illustrated for the case of the PMA-2. Two
discussion points still remain: how repre-
sentative the trials are of field conditions
and whar statistical setup is required if we
atc to distingunish between the capabilities
of individual detectors.

Introduc ﬁ"‘*_ and
BaCkgrour

The CEN Working Group 07 began
the pracess of standardizing test and evalu-
ation methods for metal detecrors in
humanirarian demining, including bath
labotatory measurements of detection
capability and blind field trials (reliabilicy
tests). In reliability tests, the probability of
detection (POD) and receiver operating
characteristics (ROC) curves help to sum-
marize the performance results. Under the
umbrelia of ITEP, a number of test trials
with meral detecrors have been condnered.
The aim was to specify the tial setup and
the statistical rules necessary to achieve
true, repeatable and reproducible resules

minimum number of targers, oper-
ators, and test repetitions necessary
te achieve true and reproducible
results, was published on the TTEP
website in the summer of 2004 (see
htep://www.itep.ws/reporues/
lasc_reports. php? projectid=293).

In order to ensure that the require-
ments of practical demining are mer and
thac the analysis is performed on a sound
scientific basis, the authors organized an

international workshop to discuss the
problems of reliabilicy rtesc trials in
December 2003.

; OR
clialbt 1=y Tests for
‘eru ]g

Abour 100 international experts in
demining met for the “Woarkshop on
Reliability Tests for Demining.” The pro-
ceedings  (published at  heoepi//www.,
kb.bam.de/ITEP-workshop-03/) contain
presentations of the oral sessions in which
the general national, European and inter-
national  concepts  tn demining are
described as well as the main activitics and
results of the [TEP trials. An up-to-date
series of lessons learned and problems ro be
solved was presented by international mine
action centres. In four focused sessions, the
authors and a number of competent inter-

Detection Rate

V Rate of Missed Mines

[

Metal Content

Detection Rate

' Rate of Missed Mines

k-

Mine Depth
Figure 2: Typical POD curves.

national experts discussed the following
specific topics: configuration of test lanes
and test target (mine) selection, soil influ-
ence and ground compensation, human
factors, and rules for test planning and sta-
tstical evaluation.

A highlight of the workshop was the
second session, which addressed the prob-
lem of seils that influence metal derec-
tors—such soils are described variously as
“noisy” (CWA 14747:2003), “uncoopera-
tive” ar “difficult.” These effects were due
principally to magneric properties of the
soil—both the magnitude of the magnetic
susceptibility and its frequency depend-
ence (see especially the presentation by S.
Billings, et al.l). The fundamenrtal mag-
netic properdes were related o the empir-
ical “ground reference height” measure-
ment, developed by D. Giille: the maxi-
mum distance above the ground at which
a calibrated, static-mode detector gives an
alarm due to that ground.

Further presentations dealt with con-
clusions fer future practical activities, such
as the Geneva Ineernational Centre for
Humanirarian  Demining  (GICHD}
Manual Demining Study (T Lardner) ora
worldwide accident database (A. L.
Smith}. Onc of the conclusions for future
research requirements was that there was
still a need to get a more comprehensive
understanding  of soil influences (8.
Billings, et al.). Finally, the workshop

assembly expressed “findings and recom-

Mines Human Faclor |

Devices Soil

2 pulse ume Types of soil: Types of mines: Working time

domain U, X, W °» Cooperanve (peutral)  (metal conteng: Training mode:

2 continous wave * Uncooperative * Biggest TM * Brief

Y. Z (Frequency dependent ¢ Extended
susceptibility) Sratus of
Metal contaminanon experience
of the soil Pre-experience
Homogeneous/ LT with one
heterogeneous * Styutliesr A 2 device type

Age

Curent activicy

Personal capabilicy

Denths of mines

Figure 3: Test parameters.

mendatiens” with recommendations for
how to deal further with the topic of relia-
bility and with modelling for the improve-
ment of demining techniques.

POD and ROC—
Ssuminary of Rates

LA

for :‘tﬁ-’acu““ and

!r—) ,y‘,« o

False Alarms

The ROC of a mine detection system?
shows the detection rate or probability of
detection versus the FAR or number of
false alarms per unit area (Figure 1), The
ROC shows how successtul the system is
in distinguishing berween 2 real signal
from a mine and a noise signal arising
from any other possible pertutbation
(from the soil, from ether buried artefacts,
from the electronics}. The closer to the
upper left corner the position of a ROC
point is, the berter the system.

In the case discussed here, the mine-
detection systems being tested are metal
detectors. Whether  derection  alarms
caused by metal pieces in the ground are
considered “true” or “false,” detection
depends upon the aims of the detection
reliability trial. An ideal mine detccrion
system would, in principle, be able to dis-
tinguish between a mine and a picee of
scrap metal. Unfortunately, metzl detec-
tors currently used in demining do not

have this capabiliry.

When land is cleared of mines where
minimum-meral mines are the main
threat, the “metal-free” procedure is some-
times used. This means that detectors are
used on maximum sensitivity and all
metallic pieces found are removed from
the ground. In trials for meral detecrors o
be used in this way, any metal picce found
should be considered a true detection, not
a false alarm.

In some mine/UXO clearance opera-
tions, relatively large metal objects are
sought. In this scenario, it is often possible
to reduce metal detector sensitivity to
avoid detecting all of the possible merallic
clurrer that may be present, while still hay-
ing the detecrion capability to find the tar-
gets. In trials designed for this type of
operaring procedure, it is possible to con-
sider detection of extraneous small pieces
of metal as a false call. However, the valid-
ity of this approach depends upon the sizes
of meral picces in the rest lanes. If meral
pieces are present that have an equivalent
response to the rargets, then the test
becomes rather meaningless because
reporting these derections as false calls
does not indicate that the detecror is nor
performing as required.

For a fixed amount of false alarms, the
ROC poinr or operating point of the sys-
tem for a fixed sensitiviry can be taken and
further analysed for its dependence on the
main influencing factors such as the mine
depth or the metal content of the mine
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(Figure 2). All thesc points and curves
need to be interpreted in connection with
the corresponding confidence bounds to
consider the scatter of results. The latter
scatter depends on the underlying statisti-
cal basis (the number of oppaortunities to
detecr the mine) and che natural variabili-
ry of the factors. The smooth POD or
detection rate curves, presented in Figure
2, were determined by an advanced logistic
regression model.? A simple way of obain-
ing the detection rare curves is by plotting
the mean values of the experimencally
measured detection rates for cach step of
burial depth.?. 5 & 8

The main aim of the trials was to inves-
rigate how the device performance mani-
fests itself in different application circum-
stances. The authors organized three sets
of trials for which the main paramecter
setup can be seen in Figure 3. The first and
third took place in Oberjetrenberg WD
52 on the testing ground of the German
army.

The condirions for the first trial in May
2003 were representative of poor circum-
stances likely to yield low performance:
inexperienced operators with a short train-
ing period and test lancs with significant
metal contamination. Three neutral soils
were used and a fourth lane was artificially
made “uncooperative” by adding a layer of
magnetic blast-furnace slag. {(With the

Figure 4: ROC dl;é;rams for different soil and human factor conditions. “
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benefit of hindsight, we would not recom-
mend this technique because the slag was
found to contain metallic particles, creat-
ing additional meral contamination). The
buried mines were characrerized by a
medium to large metal content, Some
generic International Test Operations
Procedure (ITOP) targers were also used,
irregulatly distributed over a predefined
depth range.

The second trial set was organized in
Benkavac, Croaria, with cight experienced
Croatian operatars, three of whom were
active deminers at the time of the wials. A
brief training period (half a day for cach
detector) was given. Therc were three types
of soil on eight lanes: neutral soil, homaoge-
neous uncooperative soil and hereroge-
neous uncooperative soil. The last two had
frequency-dependent susceptibility. The
mines had large, medium or small metal
content and were systematically distrib-
uted over a depth ranging berween zero
and 20 cm to allow statistical analysis. For
testing metal derecrors, the normal target
depch should be to the limits of the physi-
cal detecrion capability in the soil. The
depth of 20 cm was chosen because ic is the
required depth for mine clearance under
Croatian law. The lancs were “almost”
clean of metal pieces.

The lessons learned from the first two
trials were applied to the third trial sct in
Oberjettenberg in November 2003, with
the intention of creating conditions likely
ra yield bewcer performance. Three new
lanes were set up {in additdon to the ones
available from the previous ceial in May)
and carefully cleaned of any meral frag-

ROC (Oberjettenbery: Novembar 2003}
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ments. Mines with large to medium and
small metal content were sclected and dis-
tributed systemarically at a deprh ranging
from 7zero to 20 cm, The operators, who
were inexpetienced, were trained carefully
in open and hlind excreises until they were
confident concerning the reaction of cach
decector to each mine in each soil ar differ-
ent depths. To avoid confusion among the
different derector operating procedures,
the operators were assigned detectors
belonging to one class both during the
training and during the first weck of the
trial only (double-D coil, staric mode or
single coil, dynamic mode). In the second
weels, they changed to the second class of
detecrors.

Figurc 4 shows the overall results of
each trial set, in ROC diagrams. These dia-
grams illustrare the influence of rthe factors
{applicarion factor and human factor)
degrading the pesformance of all the detec-
tors, withour distinguishing among indi-
vidual detectors. The resule of inexperi-
enced operators with a short training on
metal-contaminared ground shows a mean
detection rate of 70 percent and 0.3 false
alarms per square meter. The arrificial

uncooperativencss reduces the perform-
ance to a GO-percent derection rare and
almost one false alarm per square meter,
which is surprisingly poor.

Even more surpeising are the total over-
all results for Benkovac in June 2003,
where the operators consisted of eight

https.//cor
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1

Soil Types in
Oberjettenberg Trials

Lane 1 aroficially uncooperative soil
- Lane 2 cement gravel

Lane 3 clay

Lane 4 concrete gravel

. Lane 5 mangnetite mixed with
coarse sand

Lane 7 cemenr gravel

Lane 8 concrete gravel

| Soil Types i
Benkovac Trials
L e L
Lanes 2, 6 (neutral) Clay from Sisac
Lanes 1, 5 {uncooperative)

Laterite soil from Obrovac

Lanes 3, 4, 7, 8 {(uncooperative
heterogeneous) local red Bauxire
from Benkovac
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Figure 6: This soil sample is neutral and very clean. It is the only mine PMA-2 wafha
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mean value of ROC {defection rate versus FAR) that exceeds 95-percent confidence limits

for the different devices.
The

detection rate of abour 65 percent in neu-

experienced Croatian deminers,

tral soil decreases to almost 50 percent in a
real, local, uncooperative soil with fre-
quency-dependent suscepribility, The false
alarm rate grows from 0.5 false alarms per
square metet to almost 0.6. Possible rea-
sons for this extremely poor result are as
follows:

1. Many of the targets were deeply
buried and in some cases beyond the phys-

ical capabiliry of some of the detectors,
Minimum metal mines, which are inher-
enty difficult to detect, were buried
according to a systemaric deprh distribu-
tion, ranging from zero 1o 20 c¢m in order
to evaluate the detection rate as a function
of depth, The maximum depth of 20 cm
was chosen because it is the requirement of
the Croatian clearance law. A more realis-
tic mean value of derecrion rate for the
region could be determined {if the real

Susceptibility at

Susceptibility aft

Susceptibility diflerence at
465 and 4650 Hz {107S])

6.1
-0.2
-0.5
-0.5
617

-(t1 0.2
-0.1 1 0.1

Susceptibility ditference at
465 and 4650 Hz (10°8I)

Figure 5 {above): Overview of magnet
ic properties of the soils,

Q.
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w
€ 51
x 8
83
2 =]
8w~
Q'«
3
= T T El T T T
0.0 2.2 0.4 0.6 o8 1.0
FAR
False Alarm Rate e

depth distribution of mines is known) by
using the POD as a function of deprh
measured in the wial. Usually, anti-person-
nel mincs are mainiy buried at a depth
ranging from zere to five cm, which is
muich shallower than the range used in the
trial and would be detected with a higher
average POD than measured in the trial,

2. Only three of the deminers are cur-
rently active.

3. It has been suggested that experi-
enced deminers may need a longer training
phase because they are generally accus-
tomed to using a particular detector model
and cannot handle too many differenc
device types at the same time.

4. In the wrial, the deminers arc not in
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danger and are less motivated to be careful
than they would be in a real minefield.

5. The test schedule required the dem-
iners to work more quickly and for longer
hours than they would normally.

6. The test lanes were contaminated
with metal.

Hererogeneous soil with strong fre-
quency-dependent magnetic susceptibility
is a challenge for all detectors, especially in
combination with minimum metal mines,
since the soil signals ofren mask the mine
signal.

The performance in the third trial is
much better than in the first two, as
expected from the condidions of the test
with respect to the human factors and
application factors. In Figure 4c, the upper
left corner of the ROC poinr is 90-percent
detection rate and false alarms below 0.1
per square meter. The “secrec” is in care-
fully conducted and longer training,
reduced workload, neucral and very clean
soil, and targers that are easicr to derect. If
we want o estimate a realiscic POD, it is
therefore necessary 1o ask “What is the
appropriate scenario of application and
human factors for the sicuarion we want to
investigarc?”

Full Process

Simulation

in Oberjetrenberg in November, one
additional test was conducted, on the
advice of Dieter Guelle.” The test simulat-
ed the full manual demining process,
including prodding and excavation. Since
the statistical basis was too small to be rep-
resentative, results of this test must be con-
sidered indicative only and any conclu-
sions provisional. The detection rate of the
manual clearance process appeared to be
higher than that of the detecrion process
withour excavation, probably due to
instances where a minimum-metal mine
was hidden by a larger false-alarm item.
Indications that could be assigned to iden-
tifiable metal fragments were excluded
{according to a “metal-free” approach), so
the false alarm rate is lower. The lateer is,
of course, a matier of definicion rather
than performance. A more detailed investi-
gation is planned within the GICHD pro-
gram for improvemenr of the manual dem-
ining methods mentioned above.
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Figure 7: This soil sample is heteragensous and hence, uncooperative. Being that it has
red bauxite with neutral stones it has frequency-dependent susceptibility. Its defection rate
as function of mine depth (PMA-2 only) has four different devices with 95-percent confi-

dence limits.
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Figure 5 gives an overview of all the
soils in the three trials.

In Figures 6 and 7, the individual
detector results are illustrated for the
PMA-2 minimum metal mine under ideal
condirions (Le., neutral soil without metal
contamination, well-trained operators and
optimized working hours.) Figures 6a—d
show the detection rates as functions of the
burial depth for each device separately and
Figure Ge shows the ROC points of all
devices together.

Figures 7a-d and Figure 7e present the
same results for the most difficult soil. The
anomalous result for detector Y is due to a
high FAR in the uncooperarive soil, up to
one falsc alarm per square metre and the
spuriously higher detection rave ar large
depth. The latter phenomenon can be
explained by the fact thar some of the

“true” posirive indications appear to be sig-
nals from ke soil that happened to fall
within the halo of a rarget, so that the
apparent POD does not approach zero at
large depth. To avoid this type of anomaly,
the soil compensation and sensitivity of
the detecror should be adjusted to produce
an acceptable low FAR prior to starting the
blind trial. CWA 14747: 2003 section
8.1.5 specifies a procedure for checking the
adjustment of 2 metal detector to rhe soil
under rtest. The test is only to be consid-
ered valid if the derecror can be adjusted in
a representative one-metre by one-metre
setup area so that no false alarms are given
when ir is placed on the soil surface and
then raised 30 mm above it. [t scems like-
ly that derector Y was not adjusted {or not
adjustable) according to this procedure.

continued on page 109, ITEP
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In the opinion of the authors, these
combinations of ROC curves provide the
informarion thar the end-user ought to
know abaut the device that he/she is going
to operate in the field. It is therefore rec-
ommended that receiver operating charac-
teristic curves, with appropriate explana-
ton and interpretation, be included in
device catalogues for the main categorics of
soils encountered in mine-affected arcas.

stons el

For derection reliability field tests, the
combined scenario of soil type, soil metal
contamination and the human factor has
to be set up with care and must be appro-
priate for the local field situation. The
characreristics of one detector should be
determined in terms of the detection rate
as a function of depth in each soil for each
mine type and completed widch the infor-
mation about the corresponding false
alarm rate. An expected mean value of the
performance of a detector in 2 certain

~ region can then be determined from these

basic curves, knowing the local mine dis-
wibution. . The full demining process
should be simulared to assess true clearance
performance and might be introduced as a
correction factor within 2 modular reliabil-
ity model.

* Figures clo author.
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