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Abstract 

Microwave radar technology is a vital field of research these days to its numerous application in medical sciences, surveillance, 

defense, emergency, scientific etc. The short range applications of ULTRA WIDE BAND (UWB) signals e.g.  Through-the-Wall 

(TWI) Radar Imaging is an emerging technology, allowing to “seeing” through visually opaque material such as walls. UWB have 

the capability for greater penetration of obstacles such as walls than do conventional signals while achieving same resolution. The 

various radar e.g.  Stepped Frequency Continuous Wave (SFCW), Pulsed radar works as a source of microwave signal for short 

range applications like TWI. The present paper is an endeavor to study the applications of microwave UWB technology for short 

range hidden objects detection.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Microwave signals using UWB is an emerging technology, allowing to “seeing” through visually opaque material such as walls 

made of various materials. It has many applications like civilian, enforcement and defense applications making it a highly 

applicable tool in, for example, police and firefighter missions or search and rescue operations [1]. It allows security units to detect 

and locate hostages, hostage-takers and weapons in a hostage crisis before even entering the building and allows detecting and 

classifying concealed weapons and explosives in military actions or for security purposes. In all these applications, it is the ultimate 

aim to use radio frequency (RF) emission and reception to gain vision into scenes which otherwise are no accessible physically, 

optically, acoustically, or thermally [2]. 

One of the major challenges is to develop and apply real time through wall imaging systems which can work in a variety of RF 

environments and walls. SFCW based RADAR is widely used for TWI applications because of lower signal distortions, high 

dynamic range, low power consumption and high signal to clutter ratio. Oriented targets i.e. the targets making certain angle with 

plane of wall need to be detected using antenna in bistatic mode, as earlier; the shape detected by antenna in monostatic was 

distorted. Movement detection of the targets behind the wall is the recent area of research in TWI. Extensive research is going on 

for detection of human and its metabolic activities like heart beat and breathing. Most of these methods identify the movement of 

heart and thorax by using the range resolution provided by UWB pulse radar systems. However, Range Doppler based on SFCW 

radar is capable of providing information about both frequency and distance of heart beat from antenna. There is a considerable 

amount of scope for research work aiming at improvements. To meet the challenges, research in TWI is directed mainly in areas 

of signal processing, pattern analysis techniques, antennas and electromagnetic related issues. The paper is organized in such a 

way that section I depicts the basic TWI system. Section II elaborates the UWB technology  

II. HIDDEN OBJECT DETECTION USING TWI SYSTEM  

The basic TWI system is shown n in fig.1.,  It composes of a single VNA(Vector Network  analyzer), which acts a source of 

microwave signal, one directional(horn) antenna, which works as transceiver, a hidden target(living/nonliving) which is kept 

behind the dielectric wall  using UWB technology [3], [4], ]5], [6] is applied to locate the position of kidnapped people, lethal 

weapons, hostages and terrorists hidden behind the wall of non-metallic, people buried and got trapped in a fired building also 

persons got buried under damaged houses or buildings and wall after severe earthquakes, detection of illegal immigrants, to 

reconstruct the interior of a room full of smoke during fire, etc. Further, the important challenge is the choice of radar. 
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Fig. 1: Basic TWI system model 

III. CHOICE OF RADAR FOR HIDDEN OBJECT DETECTION  

The radar systems classified for this are, Stepped Frequency Continuous Wave radar (SFCW), Frequency Modulated Continuous 

Wave radar (FMCW) and pulse radar, keeping the challenge of object detection and imaging behind the dielectric wall (non-

metallic) into consideration. It is to be noted that due to the numerous advantages of SFCW [7], [8] like its accurately data 

processing capability, band width, high dynamic range, low signal distortion as compared over the other radar system makes it 

much applicable in TWI system. As, mentioned earlier in SFCW the signal waveform frequency increases linearly in fixed steps 

since as it operates on the frequency domain unlike the pulse radar which operates in time domain Nevertheless, other challenges 

like propagation environment, system power, resolution, range (Both down range and cross range), bandwidth are also major 

concern. The SFCW with ultra-wide band (UWB) solves both the purpose of range and high spatial resolution. It is known that an 

electromagnetic signal wave penetrates through or within the non-metallic dielectric walls made of any material with relatively 

little attenuation. The major concern in TWI system is imaging the object (living or non-living) behind the wall but it is essential 

to estimate the wall parameters like thickness of the wall and its dielectric constant which is an important parameter as an initial 

step to get the complete information about the target object and to identify it accurately. Many researchers have worked to estimate 

the wall thickness which is not known before and also unknown dielectric constant of the wall because incorrect information of 

these parameters lead to the dislocation and smearing image of the object. Also, the wall could be made up of any unknown material 

like cement & concrete, brick, wooden, plastic etc. So, it is essential that the correct value of its thickness and the dielectric constant 

to be well estimated for the correct image formation of the target object (living or non-living).  

IV. UWB TECHNOLOGY AND ITS ADVANTAGES  

Federal Communication Commission (FCC) [9] has defined that, UWB signal has a relative bandwidth (bandwidth divided by 

center frequency) not smaller than 0.25 or a bandwidth not smaller than 500 MHz at any time during transmission. 

Brelative = 2
fh−fl

fh+fl
=

W

fc
                (1) 

For UWB applications, any waveform that satisfies the definition of UWB signal can be used as an excitation pulse. To achieve 

high resolution, high bandwidth is required. Conventional narrowband signals must use higher carrier frequency in order to achieve 

higher bandwidth. But as frequency increases, propagation loss through wall increases as shown in Fig 1.1. On the other hand, 

UWB signals can achieve high resolution with lower center frequency. So, from eq. 1 

fc =
ω

Brel
                                        (2) 

 fc1 <  fc2  For  Brel1 >  Brel2        (3) 

It shows that UWB signals have the capability for greater penetration of obstacles such as walls than do conventional signals 

while achieving same resolution. Hence, they are effective in dealing with power-bandwidth tradeoff. Some of the advantages of 

UWB for through wall imaging applications are stated as following 

1) Improved measurement accuracy of target range. 

2) Identification of target class and type because a received signal carries the information not only about the target as a whole 

but also about its separate elements. 

3) Decrease in radar dead zone. 

4) Concealed radar operation due to radiation of signals which will be hard to detect. 

5) It possesses good immunity against multipath interference, which is very strong within buildings. 
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6) Good resolving power due to which multiple targets can be resolved. 

V. CONCLUSION  

The present paper is an effort to focus and highlight the application of microwave signals using UWB for hidden objects detection 

and the case study has been taken into consideration is TWI system, where the object is hidden behind the wall made of unknown 

wall material and hence the unknown dielectric constant also in real time the thickness of the wall is unknown. The radar system 

(SFCW, FMCW, pulsed radar) as a source of microwave signal has been discussed. Eventually, the UWB signals and its application 

has been discussed for short range application like TWI system. 
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