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Abstract----A household tracking device helps users to find 

misplaced household and personal objects in home. In this paper we 

propose a Self-grounded Bow Tie antenna based Ultra wideband 

(UWB) model for in house device tracking based on RFID 

technology. The Self grounded Bow Tie antenna is a new type UWB 

small antenna which is simple, compact and has low profile and 

directional UWB radiation characteristics. Radio Frequency 

Identification (RFID) is an increasingly widespread and applied 

technology of automatic identification. Its advantage is non-contact 

data reading, and can be easily used to realize automatic data 

identification. The UWB radar is used in various fields for remote 

measuring the object’s motion at a shorter distance. The various 

applications of UWB are also explained, however these have certain 

drawback and does not provide accurate results. 
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I. INTRODUCTION 

N the recent years, there has been a great demand for the  

low profile directional Ultra-wideband (UWB) technology  

which finds many applications in the field of UWB radar and 

imaging systems, UWB sensor network, UWB short range 

communication systems and super sensitive UWB radio 

astronomy due to its unique properties.  Most of small UWB 

antennas are omnidirectional in radiation characteristics, for 

example, Bow-tie dipole. The most common directional UWB 

antennas are of the traveling-wave structure type, such as 

Vivaldi antennas and Lindgren horn. However, due to the 

high profile in the radiation direction of these antennas they 

cannot be used in many UWB applications. In order to 

overcome this drawback and to meet the growing demands, a 

new type of a UWB antenna is introduced called the self -

grounded bow tie (SGBT) antenna. 

The SGBT antenna has the following characteristics such 

as a good time-domain impulse response, compact size, low 

profile, frequency range of 2-15 GHz with about -10 dB 

reflection coefficient and stable radiation patterns, it has good 

penetration ability through a concrete wall [1,2]. It is 

compact, simple and has low profile and directional UWB 

radiation characteristics.  The test shows that the SGBT 

antennas are superior to Vivaldi antenna. Thus the SGBT 
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antenna can find many applications in different areas in UWB 

technology in the future. 

The idea of the SGBT antenna is obtained from the seagull 

bird. It is a tilted infinite bow-tie dipole located above the 

ground plane as shown in Figure 1. Due to this configuration, 

the antenna is considered as a frequency independent one with 

directional radiation characteristics. However, practically, the 

structure should be truncated. The truncation is done by 

connecting the radiating element to the ground at the outer 

end of the antenna. Therefore, it is referred as self-grounded 

bow tie antenna as shown in Figure 2.This truncation method 

is partly inspired by our other UWB antenna research 

activities [3]. 

 

Fig. 1 Seagull-over-sea configuration of Bow-tie. 

―Jian Yang, Ahmed Kishk, 2011‖ 

 

Fig. 2 A self-grounded bow tie antenna. 

ADVANTAGES OF SGBT ANTENNA 

i. low interference level 

ii. high penetration ability  

iii. compact geometrical configuration 

iv. good target recognition 

I 
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v. low cost and having a frequency range of 2-15GHz 

vi. By applying the Kalman tracking algorithm the 

SGBT antenna can be used for through wall 

detection. 

DISADVANTAGE OF SGBT ANTENNA 

i. Due to its small size it has low dynamic range  

ii. Cannot be used for long range applications 

II. THE RADAR SYSTEM 

    The time-domain response of the self-grounded Bow-Tie 

antenna was measured by an UWB radar system consisting of 

one NOVELDA UWB Radar kit R2A chip and two self-

grounded Bow-Ties (one is for transmitting, the other for 

receiving), when the two self-grounded Bow-Ties are 

separated by a distance of 250 mm in face-to-face 

configuration[4]. 

    The penetration ability has been also tested by using the 

same UWB radar system. For comparison, two Vivaldi 

antenna (size of 144 x 135 x 2 mm3, about 6 time larger than 

the self-grounded Bow-Tie in area) were also used in the test. 

The obstacle was a concrete wall of 515 millimeter thick and 

the targets were a metal cookie jar of 213 mm in diameter and 

a human being behind the wall, the transmitting and receiving 

antennas are in the same side of the wall [4]. 

The pulse signal is transmitted via the transmitting antenna, 

penetrates through the wall, hits the target, reflected, 

penetrates again through the wall and finally received by the 

receiving antenna. The self-grounded Bow-Tie system has 7 

dB and 5 dB higher received signal power than the Vivaldi 

system does for the small metal target and the man, 

respectively, which states the superiority of the self-grounded 

BOW-Tie to the Vivaldi antenna. 

 

FOUR PORT SELF GROUNDED BOW TIE ANTENNA 

 

1. The Chalmers University of Technology has recently 

developed a four port self- grounded bow-tie 

antenna. This is a compact UWB MIMO antenna and 

possesses unique features. 

2. It has a compact geometry; the antenna has ultra-

wideband frequency of operation, i.e. 0.5–16 GHz. 

The simulations show that the reflection coefficient 

is below -7 dB, the mutual coupling below -12.5 dB, 

and the total embedded radiation efficiency above -1 

dB[5]. 

3. The whole bandwidth is designed using Copper 

material in CST Microwave Studio and its 

performance is optimized using genetic algorithm. 

The antenna has a simple mechanical construction 

that is easy to manufacture. 

4. The improvement is seen over the whole wide 

bandwidth, which makes this antenna very useful for 

many practical applications.  

5. The antenna diversity gain is quite close to the ideal 

MRC-combined 2-port, 3-port, and 4-port diversity 

antennas i.e. 11.7 dB, 16.4 dB, and 19.1 dB 

respectively. This is due to very high embedded 

efficiencies and very low cross-correlation between 

the antenna-ports and there is a high mutual coupling 

between the antenna ports at 0.5GHz [5]. 

 

The SGBT have great demand in the UWB applications 
 

1. Compact UWB Radar for Indoor Ranging and 

Tracking 

2. Development of an UWB radar system for vehicle 

detection at railway crossing 

3. A new compact multiband SGBT antenna for stroke 

diagnosis system over 0.5 – 3GHz 

4. Patient monitoring radar system 

5. Imaging systems 

 

1. Compact  UWB  indoor and through- wall radar with 

precise ranging and tracking 

 

It is seen that the UWB technology has many advantages 

when compared to its narrowband counterpart in many 

applications. Here a new application called the compact low-

cost UWB radar for indoor tracking and through-wall is 

developed. This paper mainly focuses on the following 

considerations. It develops a signal processing algorithm for 

ranging and tracking by considering the properties of UWB 

CMOS transceiver and the radiation characteristics of the 

antennas.  

1. The SGBT antennas and a low cost Novelda 

transceiver are used in UWB radar system for indoor 

and through wall ranging and tracking of moving 

objects. 

2. The evaluation by measurements shows that the 

ranging resolution of this UWB system has achieved 

to 1.4 mm RMS accuracy for moving target in indoor 

environment over a short range and Kalman tracking 

algorithm works well for through- wall detection[4]. 

3. A fast and real-time tracking solution for through 

wall is obtained. 
 

The radar system consists of one Novelda transceiver and 

two SGBT antennas as shown in the Figure 3. The working of 

the antenna takes place such that one antenna transmits the 

pulses (TX antenna) which are then reflected by the target and 

the other antenna will receive the reflected pulses (Rx 

antenna). The Novelda transceiver is operated within a fixed 

time frame in which the user can define the off-set time delay. 

The transceiver than amplifies the received signals to a user-

defined values. The microcontroller than performs the data 
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processing on the signal sample data. The self-grounded bow 

tie antenna is used for this UWB radar system due to the 

following characteristics: (1) low profile and compact size; 

(2) very good time response; (3) UWB constant directional 

radiation beam; (4) good UWB reflection coefficient; (5) 

good penetration ability than other UWB antennas [4]. 

 
Fig. 3 Novelda transceiver and two SGBT antennas. 

―Yinan Yu, Jian Yang, Tomas McKelvey, and Borys Stoew, 2012‖ 

 

Three ranging techniques are used, the first two are sample 

based (Pulse Signature Matching and Pulse-Spectrum 

Signature Matching) which means the ranging is obtained by 

finding the sample index of the pulse front in the received 

target signal. The third technique is a fractional sample 

method (Subsample Delay Estimation) which is mainly used 

to get higher ranging resolution. In order to avoid the heating 

of the radar device which is caused due to long time 

continuous usage resulting into different delays of the 

transmitted pulses and the different conditions of the cables 

connecting the transceiver of the antennas such as the length 

and the bending shape which may also result into different 

time delays, an adaptive calibration using direct coupling 

between the pair of antennas are therefore introduced. Now 

the Kalman filter is applied and the pulse spectrum matching 

with the subsample delay estimation is used as a measurement 

in the tracking algorithm. Various algorithms have been 

developed for clutter mapping, ranging and tracking and they 

are evaluated by measurements.  

The major contributions of this UWB radar system are that 

the system is low cost and compact in size. Moreover as 

results of the ranging algorithm it provides very high time 

domain resolutions .Due to its penetration ability combined 

with its high resolution and the compact system size enables 

this system to be used for a wide variety of applications.  

However due to the small size of the system it can be used 

only for short range applications.  

 

2. Development of an UWB radar system for vehicle 

detection at railway crossing. 

An UWB radar system designed to detect motor vehicles 

such as cars and trucks when they are present in a railway 

crossing. Once it is fully developed, the detection 

performance of the system is to be compared against a video 

detection system in a test at a crossing in Maywood, Illinois. 

If the test proves to be successful then this system may be 

further developed and installed in a four-quadrant gate 

crossing to sense vehicles trapped in the crossing island.  It 

mainly describes the problem and gives details of the radar 

system development. With the current prototype, a pulse 

width of 3 ns has been achieved, which yields adequate range 

resolution for this application.  

It was observed by the Federal Railroad Administration in 

1994 that 50 percent of the crashes occurred at public crossing 

in spite of providing warning devices such as lights, bells and 

gates. The four quadrant gates can be used for the vehicles to 

exit conveniently in an island area; else a sensing system can 

be used to raise the gates on sensing a vehicle thereby 

providing an easy exit path. Other sensor such as video 

cameras, traditional radar and buried inductive loops can also 

be used in this application. However the video camera are 

expensive and does not provide video solutions in all weather 

conditions, the traditional radars are more expensive when 

compared to the ultra-wideband radar whereas the buried 

inductive loop consists the loops of wires buried under the 

pavement which when comes in contact with the magnetic 

materials such as steel the impedance changes and this change 

is sensed. In order to overcome this ultra-wideband radar is 

used which operates in all weather conditions, inexpensive 

and provides safe solutions. An ultra-wideband radar system 

is installed in the Chicago area and its performance as a motor 

vehicle detector is tested. One advantage of a radar sensor 

over a sensor operating at optical wavelengths is the ability to 

operate in all weather conditions. The pulse generator is the 

heart of the system, which generates a carrier- free short pulse 

of moderately high voltage [6]. 

The system is installed at the railway crossing as shown in 

the Figure 4. It operates in parallel with a video sensing 

system. The video system detections are compared with the 

vehicle detections sensed with the UWB radar system to 

determine if the performance of the UWB system is 

comparable to the video system. If this holds good then a 

UWB system can be established with a four quadrant gate 

installation. 
 

 

 
 

Fig. 4 Railway crossing in Maywood, Illinois. 

―Stephen P. Lohmeier, Raviprakash Rajaraman, Vijaya C. 

Ramasami, 2002‖ 

 

The system is to be installed at the railway crossing. A 

video sensing system is operated in parallel. The detections 

from the video system are to be compared with the vehicle 

detections sensed with the UWB radar system to determine 
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whether the performance of the UWB system is comparable to 

the video system. If so, then the UWB system may be 

deployed at a four quadrant gate installation [6]. However, it 

is not designed to detect the presence of trains, but they could 

certainly be sensed if desired, since their radar cross sections 

would be larger than those of motor vehicles. The system 

components are tested on bench top and the integration of 

components into a field able system is in progress. Once the 

components have been integrated this system will be installed 

and tested at a railway crossing in Maywood, Illinois to 

determine how the system performs compared to a video 

detection system.  
 

3. A new compact multiband SGBT antenna for stroke 

diagnosis system over 0.5 – 3GHz 

The brain is the third cause of death. The real time 

diagnosis is important because of different treatment; the 

ischemic stroke patients are given thrombolytic treatment 

which could be fatal for hemorrhagic patients. There are 

several diagnostic exams that can be used to know is someone 

has a stroke or is at a risk of having it: Computed 

Tomography (CT), Microwave Tomography, Magnetic 

resonance Imaging (MRI) and Angiography.  Recently, two 

stroke diagnosis techniques are in development such as 

statistical classification and image reconstruction of human 

brain. However, antennas with single or multi frequency 

ranges are used in microwave based techniques. A multi band 

operating system is preferred due to higher resolution and 

deeper penetration than narrow band counterparts. 

The radiation efficiency can be measured by first 

considering the reference antenna (disk-cone antenna) which 

is mounted on a PCV stand in order to perform the reference 

measurement. The load during the reference and efficiency 

measurements should be the same in the Reverberation 

Chamber (RC). Now, The AUT (Antenna under Test, i.e., 

measuring the phantom head withonly one antenna) is 

terminated and placed in the RC. When the reference 

measurement has been performed, the reference antenna is 

terminated and put on the floor of the chamber. The AUT is 

placed on the platform and connected to the port for 

efficiency measurement. The difference between power levels 

in dB of these two steps gives the radiation efficiency [7]. The 

efficiency measurement shown in figure 5. 

 

Fig. 5 Efficiency measurement in reverberation chamber. 

―Shirin Abtahi, Associate Professor Jian Yang, 2011‖ 

 

It develops a compact ultra-wide multi-band (UWMB) 

antenna for stroke diagnosis over 0.5 -5GHz — a small size of 

SGBT antenna is immersed in a compact water cylinder. The 

SGBT antenna is a compact directional ultra-wideband 

antenna. This antenna is immersed in a compact distilled 

water cylinder, the impedance matching between the antenna 

and the human head is improved, this reduces the radiation 

leakage-out and the size of the antenna is miniaturized 

significantly. These three characteristics are critical to 

antennas used in stroke diagnosis systems. However, the 

reflection coefficient can be improved by immersing the 

antenna in other liquids with different permittivity. The 

simulations and measurements can be further used in 

microwave tomography of breast cancer. The skull having a 

permittivity of 50 between distilled water and brain makes the 

performance of UWB’s reflection coefficient very difficult for 

the whole antenna system [7]. Therefore, an UWMB 

performance is proved to be more realistic for the antenna 

system in this work. 

4. Patient monitoring radar system  

The UWB radar finds various applications in remote 

measuring of object’s motion at a short distance. The UWB 

radar can also be used in medicine for remote measuring of 

patient’s heart activity and respiration. The measuring 

methods are described and the opportunity of radar 

applications in other area is also described. This type of radar 

can be used in rescue services to detect people buried under 

snow slips or building obstructions by their movements; if a 

person is motionless then the person’s heart and thorax beats 

can be detected [8].The UWB radars can also be useful in 

hospitals and at home where they can provide remote 

measuring heart and respiratory beats and other parameters of 

patient’s vital activity. UWB radars can perform non-

destructive control over building constructions, detect hidden 

communications in old buildings and so on. 

It mainly uses the property of electromagnetic waves and 

Doppler Effect. The UWB signals have durations of 0.2 to 1 

nanosecond and are chosen to transmit electromagnetic 

energy [8]. These signals permits the following  

1. Enlarge resolution ability of the radar so as to 

measure the heart and thorax motions separately. 

2. The device protection from outdoor interference is 

increased and provides enhanced reliability of 

measurements. 

3. Minimum distance is diminished so that 

measurements can be executed. 

4. The size of the device is reduced 

5. The spectral density of the signal radiated power and 

the electromagnetic radiation level, acting at the 

patient and hospital equipment is decreased. 

The UWB radar block diagram is as shown in the Figure 6. 
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Fig. 6 A simplified block scheme of UWB radar 

―Prof. Igor Y. Immoreev, P.G. Sergey V. Samkov, Ph.D. Teh-Ho 

Tao, 2004‖ 

The different units of the UWB radar are explained as follows 
 

The oscillator possesses a controlled pulse repetition 

frequency which produces rectangular pulses of frequency 

0.05- 30MHz. These pulses are then fed to the short pulse 

shaper in the transmitter and the delay line in the transmitter’s 

gating unit. The pulses from the shaper output are then 

delivered to the transmitting antenna and shock excitation of 

it is made. The percentage of modulation mainly depends on 

the velocity and the amplitude of the person’s thorax and 

heart motions. When the input signals are reflected from an 

object at a specified distance, opens the receiver which in turn 

eliminates the interfering pulses. In order to overcome this 

problem a time discriminator has being gated. It consists of 

fast-acting electronic switches with a switching time of about 

200-300 picoseconds [8]. The integrating amplifier will detect 

and amplify the received signals at different time slots and the 

signals carrying data about a person’s thorax and heart motion 

are selected at its output. The detected and the amplified low 

frequency signal which is proportional to the heart 

contractions as well as the respiration frequency is then fed 

into the analog to digital converter (ADC). The 

microprocessor-controlled unit will direct the radar operations 

based on the given algorithm keep a track of the state of major 

units and modules and also provide data output for the further 

digital processing in the computer. To avoid the interference 

of different modules the modules are provided with shields, 

connections of the antennas is carried out directly to the 

receiver and the transmitter. 

Thus, the review of fields of application for UWB radars 

confirms that UWB radars can be successfully applied in all 

cases when we need a high accuracy remote monitoring 

moving objects at short distances.  

5. Imaging systems 
 

A. UWB radar imaging system with two- elements 

receiving array antenna 

The UWB signals can propagate through opaque media and 

in cluttered environment that enables exploring hidden 

homogeneities through registering and processing 

backscattered signals.  One of such an application is UWB 

through-wall vision radar (UWBR), Sostanovsky (2004), 

Radar Vision (2005).  The UWBR sensor with a small 

receiving antenna array has a prototype such as low 

complexity, portability and low cost. Several key 

implementation issues are discussed including design of 

antennas and other electromagnetic-related aspects of signal 

processing algorithms for time-domain focusing and imaging. 

Simulated and measured radar images demonstrate radar 

operation to map out a person behind walls [9].  

B. UWB high- contrast robust Tomographic Imaging 

for Medical applications 

It presents a UWB circular Tomographic System robust to 

the high contrast or large objects that is applied to the Breast 

Tumor Detection. This paper mainly focuses on implementing 

a two degree of freedom imaging setup so as to deal with the 

non-symmetric objects as well as to demonstrate the 

functionality with realistic breast phantoms. 

An active UWB tomographic imaging technique based on 

Fourier imaging is developed. The tomographic imaging 

consists of sufficient number of microwave sensors 

(transmitter and receiver) placed in a circular region and 

surrounds the object which has to be examined. It 

alternatively activates each sensor as a transmitter and the 

signal that is received at the rest of the sensors is captured 

thereby enabling to use the complete information present in 

the reconstruction procedure. Initially the object is considered 

to be invariant in z-axis and a bi-dimensional geometry is 

assumed [10]. 

The experimental setup consists of two UWB antennas one 

of them on a rotary stage, and the other on a fixed immobile 

platform. The object under test is also rotating on an 

independent rotary stage as shown in the figure. 

 

 
 

Fig. 7 The experimental setup consists of two UWB antennas one of 

them on a rotary stage, and the other on a fixed immobile platform. 

The object under test is also rotating on an independent rotary stage. 

―M. Guardiola, S. Capdevila, S. Blanch, J. Romeu, L. Jofre, 2009‖ 

Three different results are obtained  
 

 Uncentered breast, uncentered tumor 

This scenario consists of a hollow PVC tube that represents 

the skin of the breast tissue which is placed in an uncentered 
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position with respect to the encircling geometry whereas at 

the same time a nylon cylinder, tumor phantom which is 

about 25mm off-center from the breast phantom. 

 Uncentered healthy breast 

This scenario consists of the same geometry as the previous 

only in this case the tumor phantom is removed. 

 Uncentered filled breast phantom, Simulation 

This scenario uses a FDTD simulator. Here the PVC tube is 

filled with Vaseline (εr=2.16) .So as to produce a more 

realistic approach [10].  
 

A complete UWB Tomographic system applied to image of 

high contrast large objects has been presented. A two degrees 

of freedom experimental setup, allows synthesizing two 

cylindrical virtual arrays for the transmitting and receiving 

antennas and thus adding capabilities to measure non axially-

symmetric scenarios as earlier shown. For its validation, a 2D 

breast phantom consisting of an uncentered nylon cylinder 

inserted into an empty PVC tube has been conceived, 

obtaining accurate results for both coherent and incoherent 

combination procedures. By filling the PVC tube with 

Vaseline, the phantom acts as an electrically large object, and 

thus only an incoherent combination approach is capable of 

obtaining an accurate image of the breast and tumoral tissue.  

 

III.CONCLUSION 
 

The RFID Is Mostly Used For Automatic Acquisition. It 

Consists Of Stored Data Thereby Enabling One To Find 

Things Easily. However There Are Many Tracking Devices 

That Are Introduced Till Date, We Have Introduced A 

Tracking Device Using SGBT Antenna For Better Precision 

That Uses RFID Technology. A Low- Profile, Small And 

Directional UWB Antenna- The Self-Grounded Bow- Tie 

Antenna Is Present In This Paper Which Can Be Used For 

Household Tacking Of Various Objects. The SGBT Antenna 

Finds Many Application In The Field Of Compact UWB 

Radar For Indoor Ranging And Tracking, Development Of 

UWB Radar System For Vehicle Detection At Railway 

Crossing, A New Compact Multiband SGBT Antenna For 

Stroke Diagnosis System Over 0.5- 3ghz, Patient Monitoring 

Radar System, Imaging System Etc. 
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