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Abstract: Non-linear junction detectors NROOEK3M andNR-2000, and acontrol wireline detector
NR-12C are demonstrated and testleaing four daysby the Croatian Mine Action Centrie Centre for
Testing, Development and Training (HER'RO)in Croatig in Cerova¢in May 2016.Several changes of
conditions enabledstimationof the operationaperformance®f considerecequipment The detectors are
approvedo beefficient meandor detection ofsimulatedimprovised explosive devices (IED) and control
wire-line, their application isimple and they areser friendly. Selectedmulated IEDs were detected in
natural open area, othe ground or elevated, behind or inside abstacles.The calibrationof NR-
900EK3M was done by halvavdengthdipoles with diodeand ranges greatéhan76 m were obtained
TheNR-2000detectorshowed its usefulness if IEDs were behind the obstathesNR-12C detectorwas
approved in complex realistic situations.
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STT GROUP (Specighurpose Equipment & Technologies) is a registered tradeaifauio
Russian firmg EngineeringCommercial Multiprofile Centrd Ltd., andProtectionGroup-
UTTA JSC.

STT GROUP has been developing and serially manufactspegialpurpose equipment,
such as Noikinear Junction Detectors (NLJD) for various missions and command wire
detectors. STT GROURas askedthe Croatian Mine Action Centrie Centre for Testing,
Development and TrainingHCR-CTRO) to test their three detectb?d*:

NR-900EK3M EAGLE, NonT linear junction detecto(STT Group 2015, p. 8/29)
NR-2000,Noni linear junction detecto(STT Growp 2015, p. 15/29).
NR-12C, Handheld contrekire-line detectoy (STT Group2015 p. 9/29)

a b C

Figure 11: a) NLJD NR-900EK3M EAGLE. b) NLJIDNR-200Q c) Handheld contralire-line detector NR
12C.

NLJD devices NROOOEK3M EAGLEandNR-2000 are designed for search and detection of
different types of covert listening devices, various electronic appliances and electromagnetic
waves produced by passive Alamear junctions being illumiated by electromagnetic waves.
They are aimed for detection of mines and explosive devices with electronic fuses (activation
system) concealed on the ground surface, slightly in the ground (snow), under the road
pavementand within various facilities. Tlyeenabledetection oimines and explosive devices

with tightening or pusibutton fuses, communicational transmitters & receivasswell as

ISTT Group (2015). Speci@urpose equipment &chnologies. PDF. Mission: design, manufacture, use,

original equipment against technical reconnaissance terrorist explosion acts. 13/05/2015, STT group of

companies: Engineering and Commercial Mutiprofile Centte_td. (ECMG1), JUTTA Protection Grqu

JSC. 29. pages.

2STT Group (2011). NR2C Handheld Command Line Detector. Accessed 30.05.2016,
http://sttgroup.com/publications/at2c _handheld/

3 Vladimir Tkach, Igor Parfentsev, &tislav Zvezhinsky (2015). Mobile detection systems withlivaar

radardetectors. Accessed 30.05.20ktp://sttgroup.com/publications/mobile detection_systems/

4NATO (2006). 2006 NATO CountetED Advanced research demonstration conference report, The

International institute for homeland security, defence and restoration in cooperation with NATO and Spanish

Ministry of Defence, N417566-06-D-55841 SR SI-2615, pp. 5468.
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alarm and remoteontrol system facilities, electronic and electromechanical timers, acoustic,
magnetic,optoelectronic sensors and midget TV cameras, -louithetalware as well as
hidden machinery and appliances.

Handheld detector NR2C enables detection of improvised explosive device (IED) via
survey of their contreWire-line. This detector is aimed fohe following applications: roads,
terrain and various objects inspection for IED, cortvok-lines concealed in the ground,
current underground line pass definition, roads and terrain combat engineering
reconnaissance, mass public actions-tantorid and security support.

HCR-CTRO hasderivedan Acceptance trial plan and programme for trials of-NEC, NR
900EK 3M EAGLE and NR-2000 detectors, starting from general requirements given in
three documents provided by STT GROUP:

[ 1] NR 900 E K, NRMOOEMSENERROB®E STT Group Demonstration
Program, received 06/05/201% pages,

[2] NR-12C, STT Group Demonstration Prograeteived 06/05/201@ pages,

[ 3] Test Field Requirements for HAEagled NR
Request fo demonstration testing, received 06/05/2016, 2 pages.

Three additional references have been used in developm#mtetting plan, (Hong 2014),
(Fernandez Gonzalez 2012) and (Steinshléig@4) and for comparative analysis of achieved
performances.

The testingwas conductedbetween 23.05.2016 and 27.05.8Cdt a HCR-CTRO test site
Cerovac(near Karlovac, Croatia), results are givethafollowing chapters.

2 4%34) . " /1,3 1V .$ ["*%#4) 6 %3

The goals of theéestingwere:

demonstrate and approtechnical and basic operational performanuiethe NLJ
detectors NFROOOEK3M EAGLE, NR2000 and handheld controtwire-line
detector NR200O,

test range of detection for several targets, examples of selected IED in several
conditions and orientations ofrtget towards NLJD,

provide and apply dipoles with diode for reference measurements of NLJD,
provide NLJD testing in environment without electromagnetic interference,
testhandheld contreWwire-line detectoin several environmeat situatiors,

compare acleived technical and operational performances with published results
from (Hong 2014), (Fernandez Gonzalez 2012).

The objectives of thdesting were to provide relevant and reliable data which enable
assessment of the technical and basic operational parices.

Due to the basic nature of the NLfie following actions have begrerformed

1 Mitigation of harmful data which lead to wrong conclusions about operational
performances
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The harmful data collected in testing can lead to wrong conclusion abouttiompsra
parameters of NLJD. HCR CTRO provided controlled testing and measurement conditions to
mitigate this event.

1 Open space conditions
The considered NLJDs belong to the harmonic radar for targets detectable on second or on
third harmonic, thereforeéh t est i ng shall provide Afll,deal 6 <c
[3]. This means negligible level of interfering radio fieldsoa2f, 3f, where § is frequency
of transmitter of tested NLJD. HGRTRO provided and verified required conditions by
measurements of strengths of external radio fields.

1 Dependence of target ndimear response on range from NLJD and a target
Another aspect is more demanding. Testing of NLJD shall take into acopardtional
features of the harmonic radar transmittingoarfd receiving at 3fand 3% where the value
of target 6s si gn didearlyadepemds anhaspatiar ppwee densiyr (\W/m o n
produced by transmitter at target (Steinshleiger 1984 28).(Kalabuhov, Tkachev 2001),
(Vernigorov 1998), (Vernigorov, Kuznecov 2002).

The received power in NLJD depends on range R from it to target as folldWer Rfp and
R® for 3fy, whereas ordinary radar has dependenite Rhese facts make the quitative
testing of NLJD extremely complex.

1 Minima of received signals
The operatompositionsNLJID, Fig. 3.3, at height Habove ground. fie @rget lies on the
ground or at height #Fig. 3.2, (on the soil surfaceH0, onthe plastic chair H= 0.5 m on
the dielectricwoodenstandH. = 1.2 m). Horizontal distance betwetre operatoand the
target is D (inthe test this will change), Fig.3.5. Due to this geometing propagation of
electromagnetic waves og, 2f,, 3o has well known behaviour, maxima and minima (even
zeros) appear at certain ranges D. The data at the location of minima & even zeros can derive
wrong conclusions about NLJD operational performances, Fig. 3.6.

1 Soil conductivity
Electromagnetic parametes§the soil atthetest site hava significant impact ortheresults.
Therefore the conductivity of soil samples will be analysed and addetieset of testing
results.

34%34)."' %.6)2/.-%. 4 Q !58),)1209

The testing was performed in formafrial at a HCR-CTRO test sité€Cerovac

Two separatéest areabave beemprepared, several required field conditidtvase been

fulfilled and necessary measurements taken in order to objectify meaningful and relevant trial
data.

The testing wasinitially planned to taketen days, but representative othe DOKING
companyshortened it to four working days and one reserve day. The testing was done as
follows:

23.05.2016Testingof NRO 0 0 EK3 M i EhAsGillwasdry,
24.05.2016TestingofNR-9 0 0 EK 3 M i EhASGilwaswet,
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25.05.2016Testing of NR12C,
27.05.2016Testing of NR2000.

The qerator of detectors was Igor Parfentsev. He demonstrated the full prqociedare
checking the quality of environment for NLID analysis, searchLdDNoy second harmonic
response, discrimination of third harmonics, manual scanning in direction of potEbtiad |
different heights, behind or inside of the obstacles. Also, he performed deiestion
operations with NRL2C in different environment aaditions and scenarios.

As part of the demonstration, the Croatian team was taught to operate the detectors
themselvesMi | a n - BRA9DOEK3M EAGLE, Tamara Ivelja NR-9O0EK3M EAGLE,
NR-2000, NR12Ca nd | v aNR-980&K3M EAGLE, NR2000.

Figure 3.0 Detectors in action: a) NROOEK3M EAGLE, b) NR2000, ¢) NR12C

Five il samplesveretaken on24" of May along the test area (Fig. 3d) verticalcentral
axis atthedistance of 7m, 13.5m, 16m, 18.3m and 20m.

The electric specific conductivity of the deg soil samplesisvasin range from 0.1054 to
0.1061 S/m(13.1).

3.1 NLJ Detectors NROOOEK3M EAGLE and NRR00O

For NLJ detector&éNR-900EK3MEAGLE andNR-2000arectangular area (50x15 m) free
from possible interference sourcgasprovided Fig. 3.1), Fig. 3.1b) as well as requested
obstacles, Fig.3d.
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Figure 3.1 NR 900EK3MEAGLE and NR 2000 test lane 50x15 m at @erovadestsite. a) Polygon position
marked ora satelitte mapThe red arrow indicatabedirection of b) a view from the ground. c) A view of the
test lane with different obctacles.

A ceratain number of targetgaschoosen for detection testing. Detection was conducted with
respect to a different target orientation and position. Orientata@changed ithe
clockwisedirectionin increments 09 0 Rositions of targets were diverse; adielectric

stand 120 cm highgn aplastic chair 50 cm high, dine ground and concealed behind

different obstacles, Fig. 3.2 a), b), ¢), d), e), ).

a)H2=1.20 m b) H2=0.50 m
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a) b) c) d)
Figure 3.3 A search fotargets combines approachiaguspected aresith differenttypesof scanning. For

NR-900EK3M EAGLEthe followingtypical heightavere useda) minimum H1=1.1 m, b) maximum H1=1.7
m. Examples of scanningith NR 2000 and targets behittte objects are shown t) and d).

The esults ofthetesting of NLJ detector NlROOEK3M are given in chapter 44nd the
results fordetector NR200O in chapter 4.2.

3.1.1 NLJ Detector NRO9OOEK3M EAGLE

1 Levels of interfering electromagnetic fieldsla¢test area fothe testing oNLJID
NR-900EK3M EAGLE demonstration testing

The level of possible interefering electromagnetisc fields was checkbe &tstarea Fig.

3.1 a), the results for frequencies of NLIJD RBOEK3M EAGLE are showmn Fig. 3.4.
Radio interferences are negligible at NR 900EK 3M EAGLE transmitter frequency, they are
weak and will not excite nelmearity at metal surfaces. Athe location A at frequencies of
second harmonic, interference level-i&3 dBm, at frequencies of third harmontbge
interference level is87 dBm.
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A 8
Transmitter| Second Third
MHz/dBm | harmonic | harmonic
MHz/dBm | MHz/dBm
A | 846/-63 1851/-73 | 2419/-87
B | clean clean clean
C | 845.4/-85 | clean clean
D | clean clean clean
E | 845/-90 clean clean
@ Clean means signal level30 dBm

Figure 3.4 Levels of interfering electromagnetic fieldstiretest lane 50x15 m for NR 900E¥V EAGLE at
locations A, B, C, D and E. Thed arrow indicates direction tifetest area in Fig 3.1.

Besides the electromagnetic fields from active transmitters, the junctions of disimilar metal
surfaces can produce electromagnetic waves on third harm@gaency of the NLJD.
Thefeore the area for testing of NLJD was checked and cleared from any metal objects
which can cause the third harmonic. This was verifigaalibrating search made with NLJD
beforethe measurements. Althoughe areaclearof nonlinear metal junctiongvas provided

one daya testingof a demining machinevas under wayat a distance > 150 m frorthe test

lane. Besides the second harmonics causetdiectronics otheremote control system of

the machine, strong third hraonics were detected when NR 900EK 3M EAGLE was
directed in the direction of the machine.

1 Non monotonic decrease of electric fields medelsed by interference of direct and
reflected waves
The behaviour of electromagnetic fields in the consideredDNiake is very complex
(Steinshleiger 1984), thus we consider only a simplified model of interference, Fig. 3.5.

Antenna
NLJID pattern
diagram
IED
f
0 O A\ Direct wave
— R —
2fo
3fo
Reflected
H1 R1 wave

r coefficient of

< D >
Figure 3.5. Basic geometry of NLJD testing titeareain Fig. 3.1. D is horizontal distance, Hheight of
NLJD, H21i height of IED, §1 frequency of NLJD transmitter, Zf frequency of second harmonic generated
by IED, 3f, i frequency of third harmonic generated at contact surfaces of different metals.
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If the main lobe of the antenna pattern diagram of NLJD covers ground surface, which has
coefficient of reflection r, then the result is interference of direct anécteti waves,

Fig. 3.5. If the variation®H of the ground surface satisBH <| D/(8(H1+H2)), wherd are
wavelengths of NLJD transmitter (0.356 m),tbé second harmonic (0.178m), tife third
harmonic (0.118m) the surface is electrically smooth.tReccase ofa smooth surface and
reflection coefficient r ~ 1, dependence of electric field is analysealdistance D, fothe

set of H1, H2 parameters and showifrig. 3.6.
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Figure 3.6 The appearance of local maxima and minima of relative electric (E) field for basic geometry applied
in thetesting of NLJID NROOOEK3M EAGLE, for case r~1, and electrically smooth surface.

The change of relative strength of tectric field |E(§)| of NLID in direction towards IED
and of electric field othe second harmonic |E(f2)| in direction from IED towards NLJD is
analysed fora case of electrically smooth surface. Note that for flat, smooth aredsltasp
roads, macadamoads and dirtoads this phenomenon can shasignificant impact.
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The diagrams irfrig.3.6 show locations of field minima in direction from NLJD towards IED
andthe opposite from IED towards NLJD for selected combinations of H1 and H2. Note
thatthe operator can decreasee number of minima from 5 to 3 for fO and from 10 to 6 for

f2 by sweeping irthe verticalplane, Fig. 3.6a, Fig. 3.6b. Anslar effect appears Fig. 3.6¢

and Fig. 3.6d. Note thalhe described topics are onigtendedfor undersanding of spatial |E|

f

el ds 6

behavi

our

and

not

for

c al

cul ati

Due tothe decreased duratimf the testing frominitially planned10 to 4 working days,

further analysis ofhe impact of the interference @gheresults was notonduced

Spectrum analyser FSH8 and passive antenna, Fig. 3.7.

1 Spectrum of NLIJD NROOEK3M EAGLE
The spectrum of NLIJD NROO EK3M EAGLE transmitter was measured by Rohde Schwarz

Measurement Setup
Name : Sweep
Date 1257572016
Time :13:49:16
Instrument :FSHB-115242/018
Firmware Version :V2.61
Instrument Mode : Spectrum
Meas Mode : Spectrum
Uplink e
Downlink L=
Channel (uplink) i
Center Frequency 841 MH:z
Frequency Offset £ 0 Hz
Span 1400 MH:z
Ref Level : 10,0dBm
Ref Offset . 0.0dB
Range 1100 dB
RF Attenuation : Manual
RF Aftenuator : 20 dB
Preamplifier . Off
RF Input :50 Ohm
RBW 1 MHz
VBW 1 MHz
SWT 1700 ms
Trigger Mode :Free Run
Trigger Level S
Trigger Delay o=
Trace Mode : Max Hold
Trace Math . Off
Trace Detector : Max Peak
LimitLine 1 -—=
LimitLine 2 =
Primary Transducer m==
Secondary Transducer :---
Gated Trigger . Off
Gate Mode :Edge
Gate Delay 0 s
Gate Length 400 us
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b)
Figure 3.7 a) The pectrum of NROOOEK3MEAGLE transmitter was measured) by Rohde Schwarz
Spectrum Analyser FSHS.

3.1.2 NLJ Detector NR-2000

NR-2000 is a multipurpose ndmear junction detector (NLJD) used for searching for
various electronic devices that contain seemductor components, suels mobile phone

and SIM card detection, electronic components of remote control improvised explosive
device (RC IED) investigation in urban environment under strong interference cogdition
eavesdropping device and other unauthorised electronic apptlatexstion and localization.

This detector works at higher frequencies, has higher spatial resolution and positioning
acuraccy and detection ranges are smaller if compared to detection rangef0dEHIM
EAGLE. STT GROUP Requirements for demonstration, [[§] do not define different
procedures regarding NEOOOand NR9OOEK3M EAGLE. The same test area was used for
both detectors, although smaller ranges were used fe200R. The results for NROOO are

given in chapter 4.2.

3.2 Handheld control -wire -line detector NR-12C

For controlwire-line detector NRL2C several environment test settings were prepared in
order to inspect detection possibilities of the devitlee main goals of the trial were to
determinepossible depth of detection, boundaries of detectmul, thefirst and last wire
signal's response.

The NR-12C deviceis used in 2 different operational configurations regarding its signal
generator and antena. First configuration, Fig. 3.8a), is fier eMdtection while scanning the
area of interest, wte the second configuration, Fig. 3.8b), is for "fmlving" the wire signal
after detection.
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