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Foreword

This CEN Workshop Agreement (CWA) has been drafted and approved by a Workshop of representatives of
interested parties on 6 May 2003, the constitution of which was supported by CEN following the public call for
participation made on 13 November 2001. The Chairmanship and Technical Secretariat for this CEN Workshop 7
were provided by the European Commission (EC) - Joint Research Centre (JRC) at Ispra (Italy). The professional
standardization support was provided by UNI (Italian CEN Member).

The following organisations have given a consistent and active support to the project:

« International Test and Evaluation Program for Humanitarian Demining (ITEP), based on a mandate issued by
the ITEP Board of Directors to EC JRC.

* United Nations Mine Action Service (UNMAS).

e Geneva International Centre for Humanitarian Demining (GICHD).

The development of this CWA has benefited from an:

- EC JRC significant financial support to the process.
- EC - EuropeAid Co-operation Office, financial contribution allocated in the context of the EC Mandate M/306.

A list of the individuals and organizations which supported the technical consensus represented by the CEN
Workshop Agreement is available to purchasers from the CEN Management Centre. These organizations were
drawn from the following economic sectors: metal detector manufacturers, R&D institutions with experience of
metal detector testing and development, demining engineers and demining Non Governmental Organisations using
metal detectors. Participants came from 14 different countries as well as from the European Commission and the
United Nations.

The endorsement round for this CWA was started on 9 December 2002 and was successfully closed on 6 May
2003. The final text of this CWA was submitted to CMC for publication on 7 May 2003.

It is to be noted that this CWA represents the current state of the art. However, the contents could be reviewed
after one year of implementation in order to input more refined information.

Comments or suggestions from the users of the CWA are welcome and should be addressed to the CEN
Management Centre.

This CWA is publicly available as a reference document from the National Members of CEN : AENOR, AFNOR,
BSI, COSMT, DIN, DS, ELOT, IBN/BIN, IPQ, IST, MSA, MSZT, NEN, NSAI, NSF, ON, SEE, SIS, SFS, SNV,
SUTN, UNIL.
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Introduction

Metal detectors are an essential part of the toolkit of a humanitarian deminer. Metal detection is one of the few
“non-contact” methods available to search for mines in most of the areas of the world where humanitarian mine
clearance operations are carried out. Despite the fact that metal detectors have been used for finding mines since
the Second World War, there is no universal specification for any performance standards.

Many trials of the capabilities of metal detectors have been performed in recent years, stimulated by the greater
international effort to combat the threat posed to civilian populations by mines and unexploded ordnance.
However, the lack of an agreed standard for comparing the performance of these instruments has limited the value
of this work to the end-users. Without a testing standard, it is difficult to make cross-comparison between
instruments to determine which is best-suited to any particular needs.

This CEN Workshop Agreement (CWA) has been prepared by CEN Workshop 7, "Humanitarian Mine Action - Test
and Evaluation - Metal Detectors" (CW07). CWO07 was established with the objective of developing and agreeing
on specifications for the testing and evaluation of metal detectors used in humanitarian mine clearance.

This CWA has been prepared under a mandate given to CEN by the European Commission (EC). In addition, the
International Test and Evaluation Program for Humanitarian Demining (ITEP) requested that the Joint Research
Centre of the EC initiate this CEN Workshop. Support has also been given by CEN BT/WG 126, by the United
Nations Mine Action Service (UNMAS) and by the Geneva International Centre for Humanitarian Demining
(GICHD), which is responsible for International Mine Action Standards (IMAS). Close co-operation has been
maintained with GICHD and UMAS, with the aim of including it in the IMAS system at a later stage.

CWO07 was launched on 8 November 2001 in Brussels, with the approval of the Business Plan. The Workshop
process has been chaired by the Joint Research Centre (JRC), which also acted as the Secretariat and financially
supported it. Full meetings of the Workshop took place at JRC, Ispra, Italy in December 2001, April 2002 and
December 2002. Between the April and December 2002 meetings, a small Drafting Working Group met twice - at
DRDC, Suffield in Canada in June 2002 and in Ispra in September 2002 - to make faster progress in writing the
CWA.

In formulating the standardized test procedures for this CWA, extensive use has been made of the test procedures
developed and followed during the International Pilot Project for Technology Co-operation (IPPTC) for commercial
off-the-shelf (COTS) metal detectors [1].

Previous standardization work on demining testing has also been useful in the preparation of this CWA, for
example the International Test Operations Procedures (ITOPs) [2], [3], [4]. Other previous work on design of
demining test targets has also been useful, for example the MIMEVA project [5].

Tests used in other previous metal detector trials [6], [7], in an existing US military Performance Specification for
metal detectors [8] and in a standard for metal detectors used for detection of concealed weapons and contraband
in the US penal system [9] were all considered in CWO07.

Different parts of the CWA are intended to be used by R&D laboratories, manufacturers, operators of test and
evaluation facilities, organizations needing to procure metal detectors, Mine Action Centres and metal detector
operators in the field.

The order of the testing followed in this CWA follows a logic that begins with tests of the basic operating
performance. These tests are in the most controlled conditions, for which targets are in air not soil. To achieve
such controlled conditions requires equipment and facilities that are usually not available in field environments so
many of these tests need to be performed by specialized laboratories. Analogous tests are however specified for
less-controlled conditions. Next the CWA describes tests on targets in soil — again as controlled as possible. Tests
then follow that may be feasibly performed in the field with a minimum of equipment.

Few users of this document will wish to, or be able to perform all of the tests specified. A user in the field under
MAC control for example, may perform the detection reliability test, some of the tests of operational performance
characteristics and some of the basic in-air and in-soil sensitivity measurements. However, the value of testing is
greatly increased if a laboratory has already performed controlled tests, for example to determine whether the
sensitivity of the detector under test varies with operating temperature.

Manufacturers form one group of users of this CWA. As well as performing tests according to this document,
manufacturers can also help others in their testing by provision of information on their product. CWO07

6
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recommendations for the minimum set of information that manufacturers supply to users for help in evaluation are
given in Annex C.

Users of this CWA who wish to conduct a trial of various metal detectors using the tests specified, may also wish to
conduct a pre-trial assessment to exclude detectors at the beginning that clearly do not meet their requirements.
Such a pre-trial assessment would include one or more of the tests specified in the CWA, with acceptance levels
set by the users according to their own requirements. The basic in-air sensitivity measurement as specified in 6.4
could be used for example, with a minimum acceptance level for the maximum detection height.

It is planned that the publication of this CEN Workshop Agreement will be supported by training sessions on how to
use and implement it and by an extensive experimental verification in which all users are encouraged to participate.

1 Scope
This CWA provides guidelines, principles and procedures for the testing and evaluation of metal detectors.

NOTE This CWA is to be used by manufacturers, test and R&D organizations and field demining groups including Mine
Action Centres. It is intended that the users will select the appropriate portions of this document.

This CWA applies to all hand-held types of metal detectors for use in humanitarian demining. The Agreement is

intended to be used for "commercial off-the-shelf" (COTS) detectors, but many of the tests specified within it could
be applied to instruments under development.

2 Normative References

This CWA incorporates by dated or undated reference, provisions from other publications. These normative
references are cited at the appropriate places in the text and the publications are listed hereafter. For dated
references, subsequent amendments to or revisions of any of these publications apply to this CWA only when
incorporated in it by amendment or revision. For undated references the latest edition of the publication referred to
applies. These and other, non-normative references are also given in the Bibliography at the end of the CWA.

IMAS 04.10, Glossary of mine action terms and abbreviations, First Edition, 01 October 2001, UNMAS, New York

IMAS 03.40, Test and evaluation of mine action equipment, Draft First edition, 01 October 2001, UNMAS, New
York

IEC 60068-2-27:1987 Basic environmental testing procedures. Part 2: tests — test Ea and guidance: shock
IEC 60068-2-29:1987 Basic environmental testing procedures. Part 2: tests — test Eb and guidance: bump

IEC 61000-4-2:1995 + A1:1998 + A2:2000, Electromagnetic compatibility (EMC), Part 4-2: Testing and
measurement techniques — Electrostatic discharge immunity test. (=EN 61000-4-2:1995 + A1:1998 + A2:2001)

IEC 61000-4-3:2002, Electromagnetic compatibility (EMC), Part 4-3: Testing and measurement techniques —
Radiated, radio-frequency, electromagnetic field immunity test. (=EN 61000-4-3:2002)

IEC 61000-4-8:1993 + A1:2000, Electromagnetic compatibility (EMC), Part 4-8: Testing and measurement
techniques — Power frequency magnetic field immunity test. (=EN 61000-4-8:1993 + A1:2001)

EN 61000-6-1:1997, Electromagnetic compatibility (EMC), Part 6-1: Generic standards — Immunity for residential,
commercial and light-industrial environments. (IEC 61000-6-1:1997, modified)

3 Terms and definitions

For the purposes of this CWA, the following terms and definitions apply. Definitions follow Draft IMAS 03.40 or
IMAS 04.10 or other references if terms are defined therein.

7
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3.1

alarm indication

A signal to warn of the detection of a metal object. The indication can be visual and/or auditory. A positive alarm
indication is repeatable under the same conditions and is not intermittent.

NOTE For metal detectors with auto-zero or other functions giving a dynamic mode response, relative motion between
target and detector is required to give an alarm indication.

3.2
alarm indicator
The device used to generate the alarm indication, often an acoustic device giving a characteristic sound.

3.3

blind test

A test in which the detector operator does not know details of the location or the depth or nature of the target(s)
being sought.

3.4

controlled laboratory tests

Tests performed in conditions where the external factors that may affect a detector are controlled. For example
constant or controlled temperature, movement of detector using motorized and even automated scanning
mechanisms to ensure control of detector position and sweep speed.

3.5
demining
Activities which lead to the removal of mine and UXO hazards, including clearance.

3.6

detection

The discovery or finding of a metallic object. The operator is made aware of the detection of a metallic object by
means of a true alarm indication on an alarm indicator.

3.7

detection halo

The circle around the actual location of a test target, within which an alarm indication is considered a true indication
of detection when performing blind detection tests.

3.8

detection reliability

Detection reliability is the degree to which the metal detector is capable of achieving its purpose, which is to have
maximum capability for giving true alarm indications without producing false alarm indications.

3.9

dynamic mode

Some detectors use an auto-zero or high-pass filtering mechanism so that unchanging signals do not cause an
alarm indication. This is a way of reducing noise signals from magnetic soils, for example. Only changes in signals
produce an alarm indication. In this document, this is defined as a dynamic mode of operation.

3.10
electrical conductivity
The ease with which an electrical current flows in a medium. Measured in Siemens per metre (S/m).

3.11
false alarm indication
Alarm indication not caused by the presence of a metal object.

3.12
field tests
Tests to determine the performance of a metal detector in conditions that are close to real operating conditions.
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3.13

forward direction

The direction perpendicular to the sweep direction for a metal detector in normal use. Typically the direction in
which the operator faces while using the detector.

3.14

ground compensation

An operating function of a metal detector, designed to reduce or eliminate alarm indications from noisy soil while
maintaining its detection capability for metal.

3.15

heterogeneous electromagnetic properties

A medium whose electrical conductivity and/or magnetic susceptibility are not the same at all points within the
volume of the medium interrogated by a metal detector and therefore whose effect on a metal detector can vary
with location is defined as heterogeneous within this document.

3.16

homogeneous electromagnetic properties

A medium whose electrical conductivity and magnetic susceptibility are the same at all points within the volume of
the medium interrogated by a metal detector and therefore whose effect on a metal detector does not vary with
location is defined as homogenous within this document.

3.17

immunity (to an electromagnetic disturbance)

The ability of a device, equipment or system to perform without degradation in the presence of an electromagnetic
disturbance (see [14]).

3.18
in-air tests
Tests to determine the characteristics and performance of a metal detector, without the influence of soil .

3.19
in-soil tests
Tests to determine the characteristics and performance of a metal detector for targets buried in soil .

3.20

less-controlled tests

Tests performed in conditions without the same degree of control over test variables as in controlled laboratory
tests. Such tests may be performed indoors without temperature control, or outdoors. The detector may be
manipulated manually, but usually with the assistance of jigs and timing devices to control position and sweep
speed.

3.21

magnetic susceptibility

The degree to which a medium becomes magnetized in an applied magnetic field. Measured in dimensionless Sl
units.

3.22

maximum detection height

The maximum height above a test target at which a metal detector at given settings produces a true alarm
indication due to that target.

3.23
metal detector
A device which uses the principles of electromagnetic induction to reveal the presence of metal in its vicinity.

3.24

mine

munition designed to be placed under, on or near the ground or other surface area and to be exploded by the
presence, proximity or contact of a person or a vehicle.
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3.25

noisy soil

Soil that by its composition and/or layering or structure, reduces the performance of metal detectors, to the extent
that the operator’s task is made more difficult. This performance reduction is most likely to be a reduced sensitivity
to metal and/or producing signals that are not easily distinguished from signals from metal.

3.26

open test (non-blind test)

A test in which the detector operator knows details of the location or the depth or nature of the target(s) being
sought.

3.27

realistic test target

A test target designed to simulate the geometry and material properties of mines or of the metal components
contained in mines. Realistic targets also include real mines, mines without explosive or otherwise rendered safe.

3.28

sensitivity

The sensitivity of a metal detector is the measure of its capability to detect metal objects. A detector having a high
sensitivity can detect small metal objects at a given distance that may be undetected by one having a low
sensitivity. The sensitivity of all detectors reduces with distance from the detector sensor head. In many detectors
the sensitivity may be adjusted. Within this document, sensitivity is measured in terms of the maximum height of
the detector head above a given metal test target at which the target can be detected. Sensitivity may also be
expressed as the minimum target (in terms of size, shape and material) that can be detected at a given height
above target.

3.29

sensitivity profile (footprint)

The sensitivity profile of a metal detector is a plot of the variation of detection sensitivity with location beneath the
detector sensor head along one axis of the sensor head or in two dimensions. The location and extent of the area
of maximum sensitivity is of particular interest when specifying the maximum step between detector sweeps to
ensure full coverage of an area.

3.30

sensor head

The part of the metal detector (usually a flat coil arrangement) that generates and receives alternating magnetic
fields in order to detect metal objects.

3.31
sensor plane
The plane of the detector sensor head (typically a coil) that is kept parallel to the ground in normal operation.

3.32

static mode

Some detectors do not perform auto-zero or high-pass filtering on their output. When an alarm indication is given
due to the proximity of a piece of metal, it continues for as long as the metal is there, even if the detector is held
motionless. In this document, this is defined as static mode of operation

3.33
soil
The medium in which mines may be buried in the ground

3.34

sweep direction

The direction in which the sensor head of a metal detector is moved over the ground in normal operation. This is
typically a side-to-side (transverse) direction in the plane of the sensor head, when the detector is held in its normal
position.

3.35

test
Determination of one or more characteristics (of a metal detector) according to a procedure
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3.36

test lane

A metal detector test area (usually long and narrow) that mimics the lanes into which minefields are divided for
clearance operations.

3.37

test target

An object that is used to test the detection performance of the metal detector. This is a metallic item that can be
intended to mimic the response of a mine or mine component, or it can be a simple metal object to be used in
sensitivity measurement.

3.38

trial

A series of tests organized in a systematic manner, the results of which lead to an overall evaluation of a
component, of equipment or of a system.

3.39
true alarm indication
Alarm indication caused by the presence of a metal object.

3.40

unexploded ordnance (UXO)

Explosive ordnance that has been primed, fuzed, armed or otherwise prepared for use or used. It may have been
fired, dropped, launched or projected yet remains unexploded, either through malfunction or design or for any other
reason.

4 Symbols and abbreviations

4.1

EMC

Electromagnetic compatibility. Considerations of the emission of electromagnetic fields and radiation from
equipment, or the immunity of the equipment to such electromagnetic fields and radiation.

4.2
GICHD
Geneva International Centre for Humanitarian Demining

4.3

COTS

Commercial off-the-shelf. A fully-developed product available on the market. Not a technology demonstrator or
prototype

4.4
IMAS
International Mine Action Standard

4.5
ITEP
International Test and Evaluation Program for Humanitarian Demining

4.6

ITOP

International Test Operations Procedure, a testing standard agreed between French, German, UK and US
government defence establishments.

4.7

MAC
Mine Action Centre

11
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4.8
NGO
Non-Governmental (non-profit) Organization, such as a charitable aid and development organization

4.9

R&D
Research and development.

5 General testing principles

5.1 Purpose of the specified tests

IMAS 03.40 gives categories of trials in which testing and evaluation of mine action equipment may take place. Of
the four categories given, this CWA applies to the "consumer report" and "acceptance trials" categories.

O A "consumer report" trial aims to test equipment against standard general tests, so that the results are of
general interest to metal detector users.

O An "acceptance trial" aims to test equipment against specific requirements of a customer, in order to make
purchasing decisions, for example.

CWO07 was established primarily because of a need for standardization in the consumer report category of testing
[1]. For example, it is useful to make a general comparison of detection capabilities using standard targets. Many
parts of this CWA are also designed be used to test against specific requirements or specific local conditions, which
may or may not form part of acceptance trials as defined above. For example, the detection capability of detectors
for a particular target of interest can be measured.

The tests of detection capability for targets in air and in soil are designed to provide comparative results of the
performance of metal detectors and are conducted under controlled conditions. The influence of various factors,
environmental conditions for example, can then be measured. These fundamental tests of detection capability are
very useful, even when performed in less-controlled conditions and are used as a reference throughout the CWA.
Tests that are more representative of actual humanitarian demining operations, are often conducted locally in
countries of intended use. This means that a metal detector can be tested in conditions similar to those that are
likely to be encountered during operation. By their nature, these field tests tend to be less controlled, although
appropriate measures are taken in an effort to ensure that the tests specified form a valid basis for comparison of
detector performance.

The following table gives a matrix of the tests of the CWA, showing how the tests fit into the different categories
above. For example; whether they are appropriate for a consumer report or acceptance trial, whether they are
intended as controlled (laboratory) or field tests and whether they are best performed open or blind.

Testing categories:

O trial type; consumer report trial (CRT) or acceptance trial (AT),

O open or blind testing

O test environment; well-controlled laboratory-type (lab) or less-controlled field-like environment (field)

O Test performed on target in-air (air) or in-soil (soil)

e in the table means that the test is intended principally for this category

o in the table means that the test may also be used in this category

Key tests are in bold type. These tests should normally be performed as a minimum in a trial.

12
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Clause | Test Testing category
CRT | AT | open | blind lab field air soil
6 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 ° o ° ° .
6.4.3 Sweep speed — manual movement ° o ° ° °
6.4.4 Repeatability of sensitivity on set-up ° o ° ° o °
6.4.5 Sensitivity drift ° o ° ° o °
6.5.2 Minimum target detection curves for ° ° ° ° ° °
steel balls
6.5.3 Minimum target detection curves for other ° o ° ° o .
metals
6.6 Detection capability for specific targets ° ° ° ° ° °
6.7.1 Sensitivity profile (footprint) measurement ° o ° ° °
- Method 1
6.7.2 Sensitivity profile (footprint) measurement ° o ° ° o .
— Method 2
7 Immunity to environment and operational
conditions
7.2 Sensor head orientation and shaft . o ° ° o .
extension
7.3 Moisture on sensor head ° o ° ° o .
7.4 Temperature extremes ° o ° ° o °
7.5 Temperature shock ° o ° . o .
7.6 Sensitivity during battery life ° ° ° ° o °
7.7 Effect of EM/RF interference ° ) ° . °
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 ° ° ° ° o °

in soil
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Clause | Test Testing category
CRT | AT | open | blind lab field air soil
8.4 Fixed-depth detection test ° . . o ° °
8.5 Detection reliability tests ° ° ° ° °
8.6 Additional detection reliability testing ) ) ° ° °
9 Operational performance characteristics
9.2 Target location accuracy o ) ° o ° ° o
9.3 Shape determination of targets o ) ° o ° o °
9.4 Resolution of adjacent targets o ) ° o ° °
9.5 The influence of specific media on ) ° o ° °
detection
9.6 Detection near large linear metal objects o ) ° o ° °
9.7 Effect of specific electromagnetic ) ° ° °
interference sources
9.8 Mutual interference between detectors o ) ) o ° °
10 Evaluation of ergonomic and operational
aspects

10.1.1 Shock and bump tests . o ° ° °

10.1.2 Drop tests ° ° ° ° °

10.3 Interchangeability of parts o ° ° o ° °
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5.2 Guidance for field evaluation and assessment

5.2.1 General

Many of the tests specified in this document are intended for use in the evaluation of metal detectors in field tests,
for example for selection of detectors prior to procurement. This testing would mainly fit into the "acceptance trial"
category as defined by IMAS 03.40.

The results of testing in a laboratory or another field situation, remote from the required clearance site, provide an
essential background for the pre-selection of suitable detectors for a particular user to test. The particular local
conditions where humanitarian mine clearance is required will however create specific requirements — perhaps
more demanding than those in previous trials. Field evaluation and assessment of metal detectors is therefore
normally required before any final selection of a metal-detector.

Field evaluation and assessment includes conducting tests that may confirm the results of previous testing that has
been done in more controlled environments. However, laboratory testing does not attempt to replicate the many
variables and conditions found in demining around the world. As a result, it is the responsibility of the end-user to
evaluate the relevance of the results in any particular local conditions. In this way, the field testing may be seen as
"confidence testing" but also provides the opportunity to achieve more than that.

Field-tests are intended to:

O assess detector performance in the potential user's field conditions;

O provide users with the opportunity to assess ergonomic preferences and ease of actual use;

O build confidence in the ability of any selected detector to meet the user's performance needs;

O allow evaluation of the field-relevance of the earlier test results;

O extend existing knowledge of detection capability for recorded detector/target/soil combinations.

5.2.2 Pre-selection of detectors

When an acceptance trial is to be performed with the aim of selecting the best detector or detectors to meet
particular user needs, previous results from laboratory tests and any field evaluations made by other user groups
may be used to create a list of the detectors to be tested. The main pre-selection criterion will often be the
capability for detection of relevant targets in appropriate conditions (for example, similar soil properties).

5.2.3 Repeatability of field testing

Field assessments are performed to determine how detectors perform in specific local conditions. Nevertheless,
these tests need to be done in a common, repeatable way so that the results are useful more generally. Results
may be then used by other groups for comparison, or by the same group at a later date. Following the testing and
reporting requirements of this document ensures that this comparison is possible.

5.2.4 Content of field testing

The tests to be performed in a trial for field assessment are defined in 5.1, in the "field" column of Table 1. In this
table the key tests are also identified that should normally be performed as a minimum in any trial.

5.3 Metal detector performance

The most important characteristic of metal detector performance is the capability for detection of metal objects at
distance. The smaller the metal object and the further it is from the detector sensor head, the lower is the
probability that the object will be detected. The relationship between the size (and shape, orientation and material)
of a metal object and the distance at which it can be detected is therefore used to determine detector performance.

Within this document, detection capability is measured in terms of the maximum height of the detector head above
a given metal test target at which the target can be detected. By implication, detection capability may also be
15
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expressed as the minimum target (in terms of size, shape and material) that can be detected at a given height
above target (and in a given orientation).

Maximizing the detection capability of a detector in order to detect small or distant objects is however not the only
consideration for optimizing detection performance in demining. All detectors suffer a certain amount of unwanted
noise; for example from external electromagnetic fields, from the electronics of the instrument itself and due to the
electromagnetic properties of the soil over which the detector is used. Evaluation of detector performance
therefore takes these effects into account, particularly the latter. The capability for detecting metal targets at a
controlled depth in soil is the key basis on which comparisons can be made between detectors.

5.4 Test geometry

In the tests specified, the convention for describing the geometric configuration of the detector, target and their
relative movement shall be based upon that for a detector in normal field use. The convention shall be that the
target be fixed and the detector swept from side to side (transversely) above the target, with the plane of the
detector sensor head kept horizontal — parallel to the soil where present. The use of terms in the test specifications
shall be understood as applying to this conventional configuration.

If the design of a detector means that its normal mode of use is different to the convention above, the tests shall be
changed accordingly. For example if a detector is swept forwards and backwards in normal use, then it shall be
used in this way in the tests.

It is possible for some of these tests that it is more convenient to use a different configuration, for example to keep
a detector fixed and move a target. Where such different configurations are used they shall be physically
equivalent to the conventional configuration. For example, the effect of sweeping a detector sensor head through
the earth's magnetic field should be considered.

The height of the sensor head above the target shall be measured between the underside of the sensor head and
the top of the target. Figure 1 shows the co-ordinate convention.

transverse sweep

sensor plane

/ \ forward

height above
target

target
O g

Figure 1 — Co-ordinate convention for metal detector tests

For detection tests in soil, the detector sweep height is measured between the underside of the sensor and the soil
level. The target depth is measured between the soil level and the top of the target (see Figure 2). The total
height of the sensor above the target is therefore the sweep height plus the target depth. For detection tests in air,
the height of the sensor above target is measured directly.
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NOTE When comparing tests in soil with those in air, the sweep height above soil shall be taken into account. It is
therefore possible for the "equivalent target depth” of a test in air to be negative.

air sensor sweep height

soil

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ " target depth
target |i|

Figure 2 — Geometry for metal detection tests

5.5 Criterion for determining detection

This document applies to hand held metal detectors of the types used in humanitarian mine action. Most of these
detectors are designed to be easy to use in difficult conditions, by operators without a high level of technical
education. The detection of metal is therefore usually indicated by a simple acoustic alarm. In the field it is up to
the trained operator to interpret whether the sound he hears is an alarm indication. As this is the actual situation in
the field, the tests specified in this document requiring detection of a target are also based on recognition of the
alarm by the operator.

Many of the tests specified in this document require the determination of the conditions in which the detector is just
detecting a target. At such low signal levels, the alarm indication may well be intermittent. Some judgement is
therefore required to determine whether a target has or has not been detected, for example when determining the
maximum distance from a target at which detection is possible.

The person performing the tests shall first become familiar with alarm indication for detection of each detector being
tested.

The criterion for detection as obtained from the manual or otherwise from the manufacturer shall be used for
guidance within the tests specified in this document, insofar as it is consistent with the criterion below.

The criterion for detection shall be that the detector gives a consistent, non-intermittent alarm indication, repeatable
under the same conditions and audible to a person with normal hearing (for acoustic alarms).

5.6 Test targets

Most manufacturers provide a metal test target to check the proper functioning of their detector. However the test
targets provided are not standardized. Some manufacturers use a metal ball, some a pin, others an aluminium
plate. It is well known that the distance at which a metal object can be detected by a metal detector depends on
the object’s size, shape, material and orientation - among other parameters. Thus the selection of a suitable
common set of targets is very important for the purpose of comparing performances of various detectors and
results of tests conducted at different times and by different agencies.
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Within this document, test targets are specified for each test. The targets used may include the following
categories:

1) Simple geometric targets.

2) Targets designed to simulate metal components of mines.

3) Test targets designed to simulate a whole mine (generic or specific).
4) Targets that are metal components of real mines or UXO

5) Targets that are real mines or UXO.

Within this document the most important distinction is between the first type and all the others. The first type are
not "realistic" insofar as they are not intended to give a response like that of a mine. Simple geometric shapes can
however be used for families of parametric test targets with the same shape but different size. Parametric test
targets can be used to measure the minimum detectable target size as a function of detector height above target —
larger targets being detected at greater height.

The other types of target may all be used in a common way. The maximum height at which the target is detected
can be measured, or it can be recorded whether an alarm indication occurs at a given detector height above target
or at a given depth in soil.

The details of targets to be used are found in Annex B.

5.7 Requirements for recording of test results

All relevant data relating to a test shall be recorded. This may include the following, depending on the test being
performed:

1) Detector make, model, serial number and operating program (software) version if known.

2) Detector settings (as appropriate).

3) Detector operator.

4) Date, start time and end time of test.

5) Target details, including dimensions, materials and drawings where appropriate.

6) Sweep speed.

7) Maximum in-air detection height.

8) Environmental conditions; temperature, humidity, meteorological conditions (as appropriate)
9) Soil type, condition and properties (see section 8.1.4).

10) Sweep height of sensor head above soil surface.

11) Target burial depths (top of target to soil surface).
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6 Detection capability testing in-air

6.1 General principles

The tests described below are to examine the metal detector’s capability to detect metal objects in air and assess
how this capability is affected by various parameters reflecting conditions that may be encountered during field use.
In a field environment and in particular when using the metal detector over soil, it is difficult or impossible to control
all of the variables that may affect a detector. In-air tests may however be conducted in a controlled environment,
so the effects of different variables can be separated. While a detector’s ability to detect objects in air does not
directly indicate its ability to detect objects buried in the ground, such controlled tests are essential for an objective
comparison of performance. In addition, such tests provide information needed to understand a detector’s
performance in the field.

The tests described within this section seek to measure the detection capability of the detector under controlled,
known conditions. The tests record whether detection is achieved or not in the conditions set. No tests of a
statistical nature are made in which detection probabilities are evaluated.

Test procedures are also specified for measuring the way that detection capability varies with height above a target
by using sets of similar targets with different size. The curves so produced can be used as a baseline
measurement for subsequent in-soil tests. This approach also allows the relative sensitivity to different metals to
be measured.

Test procedures are specified for the measurement of the sensitivity profile — the way the detection capability varies
with position under the sensor head.

As the maximum detection distance is used to measure detection capability, an operator needs to recognize an
alarm indication for this measurement (see 5.5). This principle is maintained throughout the tests.

Tests are described below for the preferred situation of a controlled laboratory environment. Many users without
access to such facilities may however wish to perform similar tests in less-controlled conditions, for example
without mechanized scanning or temperature control. Many of the tests described in this section also give valuable
information in less-controlled and even in field conditions. Simplified in-air tests are therefore described where
appropriate.

The tests described in section 9 "Operational performance characteristics” were principally intended for use in field-
like environments. However these some of these tests also provide useful information when performed in-air, in a
controlled laboratory environment such as that described below.

6.2 Equipment

6.2.1 Equipment for controlled laboratory testing

The laboratory tests require a useable test area within the laboratory with a width and length of at least 1 m.
Provision shall be made to allow the detector to be raised to a height of at least 1 m above the floor or ground.

The laboratory structure shall be such that no metal part of the structure is close to the detector sensor head. As a
guideline, any such metal should be kept beyond 2 m from the edge of the sensor head, or at least five sensor-
head diameters, at any time during testing. A laboratory constructed out of non-conducting material is preferred. If
it is not clear whether a metal object is far enough away, a simple test shall be performed to verify that the object
does not cause the metal detector to alarm when it is on its most sensitive setting.

When selecting materials with which to build equipment, consideration shall be given to the fact that some
insulating materials tend to retain a high static charge, which can interfere with metal detector operation. Tests
may be required to verify that the materials used do not cause such problems (see 7.7).

For all except the environmental tests, temperature shall be kept constant (to within +1,5 °C) between 18 and 25 °C
for the duration of each test. The actual temperature shall be recorded. Conditions with condensing humidity shall
be avoided.

Environmental tests have conditions specified in the relevant sections (7.4, 7.5). The temperature control of the
laboratory used for such tests shall provide a range of temperatures sufficient to meet the specified conditions.
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The in-air testing requires that the detector be passed over a variety of targets at various heights and scan rates.
For controlled laboratory testing, the detector under test shall be mounted on a mechanical system that provides bi-
directional linear or arc scans at least 1 m in length. If arc scans are used, the arc radius shall be at least 1,5 m. It
shall be possible to maintain a constant sweep speed (variation within +10% of speed), adjustable from 0,1 to 1
m/s. Additional capability to conduct two-dimensional scans is necessary to conduct the sensitivity profile scan. A
target holder with provision to vary detector height above target easily (in the range of 0 to 1 m) is required. The
target holder shall keep the target at least 0,3 m above the floor or ground as some apparently benign flooring
materials and soils can influence metal detectors. A example of a suitable scanning device is shown in Figure 3.

The equipment shall have the ability to measure the speed and position of the detector during the movement.

Electric motors or other electrical power devices shall be sited so as to comply with the minimum distances noted
above and shall not cause electrical or magnetic interference with the detectors under test. Tests may be required
to establish if electrical power devices are interfering with the detector and to determine specific distances that
these devices should be removed from the detector.

Figure 3 — An example of a scanning device

In one option for the sensitivity profile measurement described in 6.7.1, the (audio) alarm output from the detector
shall be recorded together with the horizontal position of the sensor head with respect to the target. Suitable
equipment (computer, interfaces and software) is required for this function.

Test targets shall be used from those listed in Annex B. In particular parametric test target sets - metal balls (B.1)
and test targets that simulate the metal components of typical mines (B.2) are used.

A spray bottle (approx. 1 litre) with a nozzle to vary droplet size is required to conduct the moisture test.

6.2.2 Equipment for less-controlled testing

For simplified tests, conducted under less controlled conditions, the laboratory mechanized scanner may be
replaced by a manual apparatus. The method used shall allow scans to be made that maintain a constant target to
detector height. Maximum detection height shall be measurable to the nearest 10mm.

One option is to use a jig that can be used to allow a manual pass of the target over the sensor head. Such a
device can be implemented by turning the sensor upside down, propping it up on non-metallic, low static material
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and laying a piece of wood over the centre of the sensor to allow bridging of the gaps in non-solid heads. The
sensor head shall be kept at least 1,5 m from any metal objects other than the test target.

An example of a target holder is a plastic or wooden ruler with double-sided tape fastened to one side to hold the
targets at a fixed distance while passing the ruler vertically over the horizontal sensor. The double-sided tape
allows easy adjustment of target height.

Larger or heavier targets may require a form of trolley to move the targets smoothly over the sensor head.
An example is shown in Figure 4 below of a simple non-metallic jig that allows the detector height above the target
to be varied — in this case in the conventional configuration of fixed target and moving detector. In this design, the

top of each target used can be set to zero before the measurement so that the height above target can be read
directly from a scale. The use of such a jig makes manual tests quite well controlled and easily reproducible.

detector \

| | height above

target height zero-
setting adjustment

target \\\ % arget
’7 “m_‘ _______ -
adjustable-height /| |
platform - height scale
\\\

Figure 4 — Jig for manual measurements of maximum detection height

The operator shall attempt to maintain a constant sweep rate for the test. Consistent and known sweep speeds are
difficult to produce using this method. However, variations in detector sensitivity due to sweep speed effects can
be observed. The use of a metronome or similar device is recommended to help the maintenance of a constant
given sweep rate.

When a workplace with a controlled temperature is not available, the temperature at which the test is performed

shall be noted. When it is not possible to perform the test indoors, a shaded area away from other activities shall
be used where possible.

6.3 General procedures

Detection capability tests in air are based upon the determination of the maximum detection height, from the bottom
of the detector sensor head to the top of a target (in the conventional configuration — see Section 5.4), at which a
target can be detected.
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The detector shall be passed over a target at the constant sweep speed selected. The detector height above the
target shall be varied until the maximum height that produces an alarm indication is determined. Section 5.5
defines the criterion that shall be used by the operator to decide what is an alarm indication. Some detectors have
a distinctive alarm/no alarm transition within 10 mm while other detectors have a 20 to 30 mm range where it may
be difficult to determine whether a detection has occurred or not. A practical increment with which to vary detector
height above target is therefore 10 mm. The height increment that shall be used in these tests shall be 10mm or
less.

During all tests, the detector operation shall be observed continuously to ensure proper operation, that no
electromagnetic interference is occurring due to telecommunications, power transmission etc. and that other
objects or the testing process are not causing alarm indications or other difficulties.

In the simplified tests, conducted in less controlled environments, an increased awareness must be given to
aspects such as presence of metal, electromagnetic and radio frequency interference sources including but not
limited to power lines and transformers, broadcast stations (radio and television) and radar sites.

The detector shall be set up according to the procedure described in the operating manual. The detector shall be
used according to the directions given by such manufacturer manual(s). The detector shall be set-up (if applicable)
in a suitable mode — the mode in which detection capability is to be measured. The sensitivity and other settings
(where applicable) shall be recorded.

A check shall first be conducted using the manufacturer’s test piece (if supplied) to confirm detection at the
specified distance to ensure proper operation. This check is only to ensure that the detector is working correctly
according to the manufacturer's requirements before testing — for example when the tests are being used to give
data on the performance of a particular model of detector.

6.3.1 Preparing and mounting the detector

Batteries of appropriate type and adequate condition shall be installed in the detector. Rechargeable batteries
shall have an adequate charge before starting each test. The detector shall not be switched on immediately, as
some tests require starting with a “cold” detector.

Fasten the detector on the mechanical scanner (where used) in a manner that allows maximum scan rates without
excessive stress on the detector. The cable routing should ensure that it does not catch or snag on any part of the
structure and cause undue stress to the cable. This also applies to other detector parts.

The sensor head plane shall be maintained parallel to the scan plane. The sensor head to handle/shaft angle shall
not change during the test.

6.3.2 Aligning target and detector

The target to be used shall be selected and placed on the target holder in the correct orientation. Adjust the
position of the target and detector sensor head to ensure that the required sweep path is followed and that the
sensor height above the target is maintained.

Detectors may have a simple circular single coil in the sensor head or more complex multi-coil and non-circular
shapes. The location of maximum sensitivity to a target varies with the design of the sensor head. The detector
sensitivity (maximum detection height) shall be measured with the most sensitive part of the sensor passing over
the target. Maximum sensitivity may occur at the geometric centre of the sensor, at the sensor edges or other
locations depending on the target and the sensor height above target. Therefore, some testing may be required to
determine where the appropriate target position should be. Section 6.7 gives details on how to measure the full
sensitivity profile or footprint. A simple manual trial at the required height is however sufficient to find the maximum
sensitivity location for the purpose of the following tests. It is recommended that manufacturers provide information
for the maximum sensitivity location of the sensor.

When target and detector alignment is complete, a specific part of the detector sensor can be scanned over the
target in both directions. The sensor height above the target shall be adjustable while keeping the sensor head
plane parallel to the scanning plane.

For manual tests, marking the relevant positions on the sensor head may help to maintain correct alignment.
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6.3.3 Measuring the maximum detection height
This procedure describes how to measure the maximum detection height for any target.

The detector shall be swept over the target and the sensor height above the target adjusted until an alarm
indication is obtained from its detection. Sweep the sensor over the target at least five (5) times to determine
whether detection is consistently indicated at this height (Section 5.5). Increase the sensor height above the target
in increments (of 10 mm max.) until detection is not consistently indicated for repeated sweeps. The previous
position is the maximum detection height. An example test form is given in Annex D.1.

An estimate shall be made of the accuracy to which the maximum detection height can be measured. This
estimate shall include the uncertainty arising from judging the detection limit and from making the measurement.
Report this accuracy estimate — it is expected to be within + 10 mm.

Some detector models have a “zero”, “audio reset”, or similar function that may need to be used during the conduct
of a test. These functions require only a few seconds to complete and do not normally require a sensitivity
confirmation check. If those functions meet these requirements (according to the manufacturer's instructions) and
require minimal operator effort, the function shall only be used while the sensor is stationary and not near the target
or other metal. Every time that this function is used shall be recorded.

6.4 Stability of detection capability

6.4.1 General

The following tests specify how variation in metal detector performance due to a range of operational and
environmental conditions shall be evaluated. In each test, the metal detector detection capability as measured in
6.3.3 above shall be used to quantify this performance.

The target used for these tests shall be a 10 mm-diameter chrome steel ball as specified in Annex B, section B.1.

In order to give data that may be compared with previous trials [1], the sensitivity measurements may also be made
using the "ITOP insert My" - a section of aluminium tube - as specified in B.2.

For each test the following shall be recorded: detector make, model, serial number, date, start time, end time,
temperature at which test was made, target, sweep speed, detector set-up procedure, each sensor height above
target that was evaluated and target "detected” or "not detected" as appropriate at each height.

Unless otherwise stated, the controlled laboratory tests shall be performed at constant temperature (18 to 25°C) as
specified in 6.2.1.

6.4.2 Sweep speed — mechanized movement

The speed at which a detector head is swept over a target may have an effect on the sensitivity as measured by
the maximum detection height. The purpose of the sweep speed test is to determine how this sensitivity changes
as a function of the speed with which the detector head is swept and to determine the optimum speed for best
sensitivity. The sweep speed shall be varied from 0,1 m/s to 1 m/s in 0,1 m/s increments. Consideration shall be
given to the acceleration/deceleration needed at each end of the scan so that the sweep speed is as required as it
passes over the target, without putting undue stress on the detector.

Set up according to 6.3.1 to 6.3.2 with minimum (0,1 m/s) sweep speed. Turn the detector on and allow a warm up
period of 3 minutes or other time as recommended by the manufacturer. Adjust the detector according to the
manufacturer’s directions. Do not make further adjustments that will affect the sensitivity of the detector. Obtain the
maximum detection height for the test target in accordance with 6.3.3. Increase the sweep speed by 0,1 m/s and
repeat the process of determining maximum detection height. Continue until maximum detection height at the
sweep speed of 1 m/s has been determined or at least until the maximum acceptable sweep speed has been
reached. For detectors that operate in static mode, also measure where possible the maximum detection height
with the detector stationary. An example test form is given in Annex D.2.

Any variation in the maximum detection height as sweep speed varies shall be reported using a graph as shown in
Figure 5. This figure has two curves showing schematically how static-mode and dynamic mode detectors might
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be expected to behave. The speed or range of speed at which the detector gives maximum sensitivity shall be
determined and recorded. This sweep speed shall be used in the subsequent tests 6.4.4 to 7.7.

static-mode dynamic-mode
_ detector detector
maximum
detection
height
(mm)
0 sweep speed m/s 1,0

Figure 5 — Variation of sensitivity with sweep speed

6.4.3 Sweep speed — manual movement

The objective of this test is to determine the variation of the detector sensitivity as a function of sweep speed and to
determine the optimum sweep speed by manual - or non-mechanized - movement of the detector. There are a
number of possible ways in which this can be achieved. Configurations in which the detector is fixed and the target
moved over it should be considered, as long as it can be ensured that this is physically equivalent to moving the
detector over a target. One method is to suspend the target on a simple pendulum and swing it over an up-turned
detector sensor head. The speed of the target can be varied by changing the maximum displacement and/or the
length of the pendulum.

Although it is not possible to achieve the accuracy in manual sweeping with an operator that is obtainable by
mechanized sweeping, it is possible to vary and control manual sweep rate with the aid of a metronome or other
timing device.

The measurement shall be made, recording the method used and reported as specified in 6.4.2 above.

6.4.4 Repeatability of sensitivity on set-up

For consistent results and safety, operators should avoid using detectors whose performance changes significantly
each time the detector is adjusted or set up for use. It is expected that detectors where the setting up process is
digital and the operator simply pushes a button to get the detector ready for search, consecutive settings should
essentially produce the same results. Repeated set-up may be performed while a deminer is working and this test
is intended to reveal any lack of repeatability that may occur in such a situation.

The purpose of the repeatability test is to determine the variation of the maximum target detection height in
successive pre-use adjustments and procedures. The complexity of these adjustments and procedures may vary
from adjusting a single control to adjusting a series of controls and switch selections conducted in a specific order
according to the manufacturer manuals and training where provided.

Set up detector according to 6.3.1 to 6.3.2 with the test target, an appropriate sweep speed and target to sensor
height. Turn the detector on and allow a warm up period of 3 minutes or other time as recommended by the
manufacturer. Adjust the detector according to the manufacturer’s directions. Do not make further adjustments that
will affect the sensitivity of the detector. Obtain the maximum detection height in accordance with 6.3.3.

24



CWA 14747:2003 (E)

Repeat the set-up procedure and sensitivity measurement. This cycle shall be repeated five times. Record the
maximum detection heights measured for the five successive set-up cycles. Report any variation observed and
compare it with the variation expected from the accuracy limits of the measurement process.

6.4.5 Sensitivity drift

This test determines how much the detection capability of a detector changes over a period of use. Practically, the
results are important because if a detector suffers significantly from such short-term drift, the operator will have to
adjust the detector frequently.

The objective of the drift test is to determine the variation of the maximum target detection height over a period of
three hours after the pre-use adjustments and procedures have been completed. The detector shall have been
turned off for at least three hours prior to starting this test.

Note that in controlled laboratory tests, the objective of this test is to determine drift in the absence of any change in
ambient temperature. For less controlled tests, the drift effects are combined with effects due to any changing
ambient temperature.

Set up according to 6.3.1 to 6.3.2 with an appropriate target, sweep speed and target to sensor height. Turn the
detector on and allow a warm up period of 3 minutes or other time as recommended by the manufacturer. Adjust
the detector according to the manufacturer's directions. Do not make further adjustments that will affect the
sensitivity of the detector. Obtain the maximum detection height in accordance with 6.3.3.

The process of determining maximum detection height shall be repeated continuously, or at least as frequently as
every three minutes, for thirty minutes and subsequently every 10 minutes for a total elapsed time of 3 hours. To
determine the maximum detection height at each prescribed time interval, each individual measurement process
may need to be started early. The sweep rate and number of consecutive detections will be the main factors to
determine how soon before the required time to start each measurement.

6.5 Minimum detectable target as a function of height

6.5.1 Objectives

The way that a signal response produced by a target varies with detector height above the target is different for
different detectors, depending on detector coil size and configuration. It is therefore better to characterize a
detector's sensitivity at a range of heights, rather than use a single maximum detection height with a single target
as a sensitivity measure.

The objective of this test is to measure the detection capability of a detector as it varies with height above a target.
The variation of maximum detection height with target size is therefore determined. To do this, a set of parametric
targets (of different sizes but the same shape and material) is used for which a sensitivity curve of maximum
detection distance versus target size is produced. Thus the detection capability at a given height can be quantified
in terms of a minimum detected target size.

Producing the minimum-target detection curves for different materials with the same target shape allows a
comparison to be made of the relative sensitivity of a detector to different materials.
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6.5.2 Minimum target detection curves for steel balls
The targets used shall be the chrome steel balls as specified in B.1.

To create the detection curve, at least eight (8) balls shall be used, covering the diameter range from 4 mm to 15
mm. The minimum set is:

4 mm, 5mm, 6 mm, 7 mm, 8 mm, 9 mm, 10 mm and 15 mm diameter.

If the maximum detection distances measured with these balls do not span the maximum required detection
distance for the user's application, then the target set shall be extended with larger or smaller balls as necessary
using other balls as specified by Annex B.1. Balls with diameters between those specified may also be used in
addition.

Successive scans shall be made at optimum sweep speed and the maximum detection height determined
according to 6.3.3. An example test form is given in Annex D.3.

The data are collected as maximum height as a function of ball size. However the results shall be plotted on a
graph with the maximum detection height on the horizontal (x) axis and the ball diameter on the vertical (y) axis. A
best-fit curve shall be plotted joining the points on this graph.

The fitted curve defines the detection capability at any height above target, in terms of the minimum detectable
metal ball at that height. A curve with the form of that shown in the Figure 6 below is expected. The estimated
uncertainty in the measurement of the maximum detection height is shown here with horizontal error bars.
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Figure 6 — Minimum detectable steel ball  vs. height above target

From this curve the detection capability at 100 mm is defined by a minimum detectable chrome steel ball target of
approximately 6,5 mm diameter.
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6.5.3 Minimum target detection curves for other metals

The targets used shall be the metal balls as specified in B.1.

For each metal, a minimum of four (4) ball diameters spanning the range of interest shall be used for this
comparative measurement of detection capability. Where possible, ball diameters approximately equal to those of

the chrome steel balls used in 6.5.2 should be used.

The ball diameter vs. maximum detection height shall be plotted as in 6.5.2 for the balls used and a curve fitted to
the points.

The graph is expected to have the form shown in the Figure 7 below, where detection-capability curves for balls of
three different metals are shown. For the sake of clarity, the data points have been omitted from this figure.
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Figure 7 — Detection capability for three metals

6.6 Detection capability for specific targets

The objective of this procedure is to determine the maximum detection height in air of any given target for the metal
detector and sensitivity setting being used. Such targets may include standard realistic targets (Annex B) mine
simulants or surrogates or real mines. At a given setting this makes it possible to rank targets in order of ease of
detection for that instrument. The sensitivity characteristics can often be changed by user-adjustable settings on
the metal detector. The instrument settings and set-up procedure used for this test shall therefore be recorded.

For many detectors the maximum-sensitivity instrument setting obtainable in-air is not obtainable above certain
soils without giving a constant alarm indication. The instrument setting has to be changed therefore, often reducing
the sensitivity. Ideally, the target characterization should be performed at a typical setting used for mine detection
activities. Unless the sensitivity characteristics at another specified setting are required, the metal detector shall be
set up for this test according to the operation manual, to give the maximum in-air sensitivity.

The maximum detection height shall be determined for each of the targets according to 6.3.3.
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To measure the detection capability of the detector for different types of realistic target, the maximum detection
height for each of the "ITOP" test targets [11] specified in B.2 shall be measured.

NOTE Do not make performance comparisons between detectors on the basis of their response to such targets in air
alone, as soils affect some detectors more than others.

6.7 Sensitivity profile (footprint) measurement

The response of a detector depends not only on the height above the target, but also the target's location on a
plane parallel to the detector sensor head. In other words, whether or not a target is detected can depend on what
part of the search head is swept over it. It is very important to characterize this aspect of sensitivity variation in
order to assess the field performance of a detector. This data can be used to define the overlap needed between
consecutive scans to ensure complete coverage at the required sensitivity. If a detector is capable of detecting the
targets being sought at the clearance depth only when the target is directly under the central part of the sensor
head, then the detector sweeps need to be highly overlapping.

The objective of this test is to determine the sensitivity profile of a detector. The sensitivity profile is the variation of
sensitivity with location in a plane parallel to the sensor head. The size and shape of this profile is dependent not
only on the detector but also on the target used to measure it; its size, orientation and sensor height above the
target.

Two methods are given for this test. The first requires a method of recording and displaying the alarm indication
signal graphically and gives the sensitivity profile as a two-dimensional plan. The second method maintains the
principle of using the maximum detection distance alone as the measure of sensitivity. This second method gives
the maximum detection distance when the detector is swept from side to side with the target under different parts
(from front to back) of the sensor head. This method therefore gives the sensitivity profile in one dimension.

6.7.1 Method 1

Set up the detector according to 6.3.1 and 6.3.2 using the target defined in 6.4 and optimum sweep speed. In
addition, the scanner shall be set up for a 1 m x 1 m square area scan with a 10 mm forward step between each
transverse sweep over the target. Ensure that the target is at the middle of the area scanned by the sensor head.

Determine the maximum detection height as in section 6.3.3. The area scan shall be conducted at a minimum of
three sensor heights above the target: at 20 mm from the sensor head, at 20 mm closer than the maximum
detection height, and at a position half-way between those two heights. Select the first target distance.

Start the data acquisition to record the alarm indication (audio) signal and sensor position. Begin the detector area
scan at one corner of the scan area. The resulting data can be displayed as false colour or grey-scale plots (or
similar) showing the alarm signal strength vs. target position for each sensor height above the target. Figure 8
below shows this way of presenting the data. From these data the location and extent of the maximum sensitivity
regions at each height can be determined. For example, the Figure shows that close to the sensor head, the most
sensitive region forms a ring following the coil windings, whereas at a greater height, the centre is the most
sensitive location.
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Figure 8 — Sensitivity profile measurement according to Method 1

6.7.2 Method 2

This method does not require an area scan positioning system. The sensitivity profile is built up from a series of
single sweeps in the normal detector sweep direction as performed in 6.5. On each sweep the maximum detection
height is determined for the target used. The sensitivity profile is therefore given in the fore-and aft direction of the
detector.

The aim of this test is to plot the sensitivity profile for t