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ABSTRACT  

In this paper hand-held dual sensor detector development requirements are considered dedicated to buried object 
detection. Design characteristics of such a system are categorized and listed. Hardware and software structures, 
ergonomics, user interface, environmental and EMC/EMI tests to be applied and performance test issues are studied. 
Main properties of the developed system (SEZER) are presented, which contains Metal Detector (MD) and Ground 
Penetrating Radar (GPR). The realized system has ergonomic structure and can detect both metallic and non-metallic 
buried objects. Moreover classification of target is possible if it was defined to the signal processing software in learning 
phase. 
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1. INTRODUCTION 
Buried object localization is a crucial issue especially when the target is to be found was mortally. Mines, UXOs, 
explosives and IEDs can be considered in this category. There are some multi sensor detectors which are at the market1 
or in test phase. HSTAMIDS2  took place in the market at the beginning of 2000’s. It contains both Metal Detector (MD) 
and stepped frequency Ground Penetrating Radar (GPR). MINEWHOUNDER3 is also similar type detector containing 
the same sensors except its GPR is impulse type. ALIS system4 contains MD and GPR sensors and additionally a visual 
band camera to track search head. 

TUBITAK MAM/UEKAE (TUBITAK is the Scientific and Technological Council of Turkey) has conducted a series of 
projects dedicated to buried object detection in past years.  GPR, MD, Infrared and Acoustic sensors were applied to 
buried object detection including Tomography system for both hand-held and vehicle mounted operations as laboratory 
prototypes. Mainly, COTS products were used in this first study. In the second phase, genuine GPR, MD and Mine 
Vapor sensors were developed for a hand-held system.  

Currently TUBITAK has been completed the design of new series hand-held detector named as SEZER. The design 
considerations and lessons learned during development stage will be discussed in the following sections. Section-2 gives 
design considerations of the system. Environmental tests, EMC/EMI compatibilities and performance tests including 
data collection facility are explained in section-3. Main properties of the developed system is presented in section-4 and  
the paper is completed with conclusion in section-5. 

2. DESIGN CONSIDERATIONS  
If the aim is to localize dangerous objects buried in the soil, one should consider main distinguishing features of the 
target. Most of the above mentioned targets contain at least small amount of metallic parts and explosive materials. 
Additionally they create a discontinuity in the soil with regard to electromagnetic waves.  

At the present time, the most popular sensor in mine detection is Metal Detector; all metallic mines can be detected 
including false alarms originated by some natural clutters or metallic debris. In real battlefield environment false alarms 
are considerably high  and  it must be decreased. 

Parallel to the technological advance in affordable radar technology, Ground Penetrating Radar took place in buried 
object detection applications2,3,4,5. If it is used properly, false alarm rates can be reduced without losing detection 
performance3. 
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In the other side, the molecular structure of explosive material is a discriminative feature for such kind of targets; it is 
possible to find molecules of explosives by specific laboratory systems or portable devices. But real time detection issue 
appears in this situation and cannot be solved by state of the art developed systems exactly. 

The detectors that will be used in this task should provide some criteria. In the following, requirements of hand held 
detector will be studied in general scope. 

2.1 General 

Most important issues in hand-held detectors dedicated to dangerous object detection are reliability and ergonomics. 
Reliability of the system should be high as much as possible. There is no tolerance to make error, because failures may 
cause fatal results. In this context, a reliable system should have the following properties, at least:  

• Built In Test  (BIT) in start up  

• Periodically Built In Test  during operation  

• Immediate warnings to the operator when an error is encountered  

• Additional warnings to the operator to prevent possible fatal errors, for example when the sensor height is not 
convenient. 

Use of detector has to be prevented if there is a problem in the system. This error can be originated by both hardware and 
software. For this reason, at least regulator voltages and main signals should be checked periodically and monitored 
when it is needed. Additionally software structure must have self checking and error finding properties. 

Due to usage in difficult conditions, user may require ergonomic detector systems containing at least the following 
properties: 

• Lightweight 

• Compact 

• User friendly 

• Adjustable  to the operator height 

• Suitable to both hand usage 

• Suitable to groveling on the ground  

• Invisible cables as much as possible. 

2.2 Hardware 

Properties of hardware can be examined in two main categories, mechanical and electronically. Mechanical structure has 
big importance, because it must not only be lightweight but also robust. This implies to use particular products, such as 
composites, special plastic materials and specific aluminum parts. 

On the other hand electronic hardware has also great importance; it should have low power consumption and high data 
acquisition and processing rates. In order to provide to work the system in high temperature range, genuine components 
should be selected and hot components should be cooled through metallic outer case. Thus, industrial range components 
will be enough for this kind of design, most of the time. 

Due to the very precise timing requirements, DSP or FPGA hardware must be used in GPR hardware. Additionally, 
impulse GPR system is needed timing in Pico-seconds more accurately.  

Sampling and hold circuit has also important effect in the noise of data. If jitter is occurred during sampling, it creates 
deviation in time and causes misplaced sampling. This situation creates high impulsive noise especially in the early time 
of A-scan signal, because antenna coupling is high in this region.  

A solution to this problem can be gating of early time of signal or to use time varying gain to compress early samples in 
a non linear fashion. This is feasible because the target signature obtained from shallow depths would have higher signal 
level than deeper one.  
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The best energy source for this kind of product is Li-Ion batteries. These batteries can be operated even in extremely low 
temperatures whilst commercial type of batteries cannot give high enough currents in that conditions.    

2.3 Software 

Software structure can be considered in two main categories; 

• Control software  

• Signal processing software.   

Control software manages all communication among internal hardware units and drives user interface. The role of the 
second software is to create immediate detection warning signals including classification results and data visualization 
processes.  

The most important part of signal processing is creation of instantaneous detection warning signal, because it may cause 
fatal error if the target is skipped by mistake. 

2.4 User Interface 

User interface of a classical metal detectors are only audio signal, most of the time. A sound signal modulated by 
metallic density of the inspected region is given to the user; this is the fast way of communication between detector and 
operator.   

However, visual representation of multi-sensor data may help to the operator specifically in the identification of buried 
objects. Hence, visual sensor data representation may be given to the user as a second option to be used when it is 
needed. Two sample detection event cases are shown in Fig.1 and Fig.2 respectively. Fig.1 contains a sample surrogate 
AP mine sensor data and Fig.2 contains a metallic clutter.  

In these figures the top window shows metal density and detection functions, if there is a considerable metal density in 
the environment, it increases up and its color changes to dark.  Darkness represents that there is   detection in   that area.  

Middle window gives GPR reflected target energy function and detection functions calculated from GPR background 
removed signal given in the bottom window. Its color also changes to the dark when there is a detection warning 
originated by GPR sensor.   

At the bottom window, GPR background removed data is presented, is useful when the operator needs to inspect spatial 
data in depth. This window also helps to the operator in the identification stage.  

As shown in Fig.1 and Fig.2, approximately the same sensor data can be obtained for two different category objects 
except the amplitudes of detection functions in MD and GPR. Detection regions of the both target approximately the 
same but their density functions are very different, in this example (metal detection is approximately between 50 and 
170, GPR detection is approximately between 80 and 150). If the operator only hears detection warning signal as binary 
(there is object or not), he cannot discriminate these targets. This example shows the importance of visual user interface 
in self decision of the operator, because visual data has more information than sound. 

This feature also has bigger importance in the detection of non metallic targets. Generally, operators are familiar with 
metal detection warnings but if there is no metal detection they cannot interpret the scene. Visual data representation of 
GPR provides useful information to the operator in these cases. 

3. TEST CONSIDERATIONS  
Qualification tests of explosive detectors must be considered carefully. Environmental aging tests, Electromagnetic 
compatibility / Electromagnetic Immunity tests and performance tests must be performed. Performance tests should be 
carried out in both controlled test sites and real terrain.  

3.1 Environmental conditions  

Due to the usage area of this kind of detectors is real terrain; it is needed to qualify products by applying standard aging 
tests. In this context, application of the following tests to the system is required. A suggested list of environmental tests 
is given in the following. 
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Figure 1 MD and GPR data representation of an surrogate AP mine   

 
Figure 2 MD and GPR data representation of a clutter object 

 

GPR Detection Region 

EMI Detection Region 
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• Low temperature (storing) 

• High temperature (storing) 

• Mechanical shock 

• Vibration 

• Humidty 

• Low pressure 

• Salting 

• Solar radiation 

• Dusting 

• Immersing 

• Rain 

• Low temperature (running) 

• High temperature (running) 

Since the used sensors are active, emission to the environment should be measured not to effect other electronically 
devices and operator. Additionally, it should not be affected from other electromagnetic sources such as electronic 
jamming and broadcasting.  For this purposes the following compatibility and immunity tests should be applied to the 
detectors. 

• Electromagnetic compatibility 

• Electromagnetic susceptibility 

3.2 Test site and procedures 

Due the importance of buried object detection, a series of tests are needed before usage of system. In the first step 
controlled site tests are needed for both detection and identification processes. Because, targets have different signatures 
in various soil types and depths, their signatures should be measured in different conditions as much as possible. They 
should be recorded in controlled environments and be considered for further signal processing methods, such as data 
visualization, detection and identification processes. Then the system should be tested over surrogate or real targets to 
obtain feedback from user in real terrain conditions.  

Data capturing should be performed at least four directions depicted in Fig.3, over buried objects.  Eight directions are 
better than four but it takes more time in the learning stages.  

3
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Fig.3 Data collection directions 
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Moreover scanning velocity and height of search head has important effects on detection and identification stages. In 
order to simulate the above mentioned parameters, robotic scanning systems are needed. Six degree of freedom robotic 
scanning system is shown in Fig.4 dedicated to this purpose, which were located in our facility.  

Additionally a portable robotic scanning system is used to collect buried object signatures during terrain tests. The view 
of this system is also shown in Fig.5. 

After the controlled tests are completed, an extensive plan is needed to test the detector for real terrain conditions. The 
parameters to be considered are: soil type, surface roughness, humidity of soil, homogeneity of soil, sensor height, 
scanning velocity (including non uniform scanning velocity), style of scanning path and distance between sequential 
scans. All the above mentioned factors affect the overall detection, false alarm and classification performances. 

 
Fig.4 The six degree of freedom robotic scanning system 

 
Fig.5 The portable robotic scanning system 
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4. THE DESIGNED SYSTEM (SEZER) 
In this section, main properties of the SEZER system developed by TUBITAK are presented. The view of detector is 
shown in Fig.6. It was designed for both-hand use and its length can be extended up to 160 cm. In spite of the search 
head contains both EMI coils and GPR antennas, dimensions are not so big especially in height. It was realized by 
designing an optimized search head containing metal detector coils and GPR antennas. 
 

 
 

Fig.6 The developed dual sensor hand-held detector (SEZER) 

 

• SENSORS  
- Electro Magnetic Induction  
- Ground Penetrating Radar 

• UNITS 
- Search head 
- Scanning arm 
- User interface 
- Electronic hardware 

• CAPABILITIES  
- Detection of metallic mines 
- Detection of non-metallic mines 
- Identification of (pre-defined) buried objects  
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- Precise target centering by  audio-visual warning 
- Self training capability to the operator  

• USER INTERFACE 
- LCD monitor  
- Tab based menu  
- Buttons for controlling 

• PHYSICAL PROPERTIES  
- Weight          < 5.5 kg 

• POWER SOURCE 
- Li-Ion battery 

• COMPATIBILTY TO THE STANDARTS 
- Compatible to MIL STD 810F   
- Compatible to MIL STD 461E  

5. CONCLUSIONS 
In this paper, design parameters of hand-held dual sensor detector (SEZER) are studied, which is developed by 
TUBITAK. Environmental test conditions are discussed including electromagnetic compatibility and electromagnetic 
immunity. Main properties of the SEZER system and test facility are addressed.  It is emphasized that user interface has 
high importance in such kind of detectors.  

6. REFERENCES  
[1] “Guidebook on Detection Technologies and Systems for Humanitarian Demining”, http://www.gichd.org/gichd-

publications/index-guidebook-on-detection-technologies-and-systems-for-humanitarian-demining-march-2006/, 
March 2006 

[2] Robert C. Doheny, “Handheld standoff mine detection system HSTAMIDS field evaluation in Thailand”, SPIE 
Defense and Security Symposium, Orlando-USA, 28 March – 1 April 2005. 

[3] David J Daniels, Paul Curtis, Rajan Amin, Nigel Hunt “MINEHOUND™ production development”, SPIE Defense 
and Security Symposium, Orlando-USA, 28 March – 1 April 2005 

[4] Motoyuki Sato, Jun Fujiwarab, Xuan Fengc, Zheng-Shu Zhouc. Takao Kobayashi, “Development of a hand held 
GPR MD sensor system (ALIS)”, SPIE Defense and Security Symposium, Orlando-USA, 28 March – 1 April 2005 

[5] D. J. Daniels, “Surface Penetrating Radar”, IEE Radar Sonar Navigation and Avionics Series 15, 2004. 
 

 

Proc. of SPIE Vol. 7664  76641Q-8

Downloaded from SPIE Digital Library on 15 Sep 2011 to 193.140.74.129. Terms of Use:  http://spiedl.org/terms


