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earth quake and also to get the information about the buried
objects in ground penetrating radar (GPR) systems [3] e.g.
land mines detection in military and defense system, snow
level detection etc. However, [4] has developed a chaotic
radar system for TWI, for the detection and ranging of targets.
Target detection and ranging have been achieved by crosscorrelating a copy of probe signal with the delayed return
waveform. In their work it has been proposed that though
chaotic radar has the advantages of high range resolution,
unambiguous correlation profile, and can be used for through
wall target detection and sensing but the overall system is
quite complex and time consuming too. Further [5] has
applied UWB frequency modulated continuous wave
(FMCW) in TWI system for the detection and the localization
of human beings in a building room. It has been observed that
FMCW radar in L band and S band UWB waveform provides
range resolution and wall transmission mitigation. An array of
antenna has been used for the work in real time .The system
responds good for range and resolution but seems not cost
effective as an array of antenna is required. The choice of
UWB radar in TWI system is an important aspect to be
considered because the ultimate goal is to gather the complete
information about the object kept on the other side of the wall
i.e. true location of the object and its correct image. So, it is
essential to select the operating parameters appropriately to
obtain the favorable results. The study of TWI system
constitutes preprocessing and post processing techniques. The
preprocessing techniques are an initial phase that composes of
detection of the target i.e. Estimation of its range [6], wall
parameters [7] and eliminating of unwanted signals also
termed as clutters. Many researchers with the deep critical
study and analysis apply statistical and non statistical methods
of clutter reduction [8-9].The post processing techniques is
basically formation of the image of the target object using
microwave imaging techniques like Omega –k[10] back
projection[11], delay and sum beam forming[12].It is
important to mention here that until or unless the target
location is not judged correctly i.e. if the range of the target is
not estimated measured accurately the image formation is
difficult. This paper is organized in such a way that the basic
theory of radar operating parameters have been mentioned in
section2 whereas the experimental set up for the sensitivity
analysis of TWI has been covered in section 3.The section 4
depicts the proposed method and analysis technique, the

Abstract
Through wall imaging (TWI) using microwave radar system
is an experimental approach in real time to collect the
information about the living/nonliving target object hidden
behind the wall made of any dielectric material and unknown
thickness. The true and exact information of the target object
is dependent not only on the wall parameters (thickness and
dielectric constant) but also on the operating parameters of the
radar system like radar antenna power, bandwidth, frequency
points etc .The incorrect information about the wall
parameters and inaccurate chosen operating parameters
results in wrong and false information about the target .In the
present paper an effort has been made through experimental
approach to check the sensitivity of TWI system operating at a
frequency of 1-3GHz considering the operating parameter like
frequency point. Different varying frequency points of the
signal operating frequency has been considered for analysis
and target range has been calculated by applying signal
processing techniques. It has been is observed that measured
range is not affected by varying frequency points. Brick and
cement concrete wall of known thickness has been taken into
the consideration and triangular metal sheet has been used as
target object. The real time data has been collected and
processed using MATLAB software and the entire
arrangements have been made in an indoor environment
Keywords: Dielectric constant, Downrange, Frequency
points, signal processing Ultra wide band.

INTRODUCTION
Hidden object and buried object detection in a short range is
an emerging field of radar technology which has grabbed the
attention of researchers, scientists and academician across the
world in short span of time to contribute their efforts with
deep study and research by new innovative ideas and thoughts
for continuous improvement and enhancement of TWI system
range using ultra wide band (UWB) object (living/non living)
detection and has gained huge popularity in few decades. The
UWB technology has been enormously implemented in TWI
system for the hidden objects detection and identification,
both living and non living, inside a room or a building [1] [2]
e.g. in emergency case like fire building or disaster due to
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results formulated in MATLAB have been elaborated in
section 5, section 6 highlights the observation and finally
section 7 concludes the entire work followed by the reference
used for the present work.

Where ∆f is step size and K is frequency points numbers of
SFCW operating frequency .it is to be noted here that the
desirable bandwidth must be larger than 1 GHz in order to
obtain range resolution for the detecting object size upto few
centimeters so Practically, the value is to be considered
greater than the theoretical value.

BASIC THEORY OF UWB RADAR

(b) Cross Range resolution [15]

The UWB due to it range and resolution and penetration and
propagation through the dielectric wall has been extensively
applicable in short range [13] object detection. However, the
UWB radar system by using stepped frequency continuous
wave radar (SFCW) at frequency (1-3 GHz) is always a better
choice as compared [14] to the other short range radars. As
mentioned in the previous section that detection of the target
is a preprocessing technique Following parameters of SFCW
are to be considered in TWI system designing.

It is the property radar to discriminate individual targets which
are close to each other in cross range as shown in Fig.1(b).it is
a function of wavelength at the lowest operating frequency,
the length of physical antenna aperture and distance from
th

antenna to target. For an antenna i aperture D, operating at
wavelength the cross range resolution is defined as [15]
λ

CR≈ 𝑅
𝐷

(a) Range resolution [15]:

Where R is the range to target, λ is wavelength, D is physical
aperture. For a real antenna, resolution degrades with
increasing target distance. Line of sight signal can be easily
picked for the narrow antenna beam width, i.e., resolution
enhancement with a narrower beam width.

It is the property of SFCW radar which discriminates two
targets placed vertically, so termed as range resolution or
down range resolution as shown in Fig.1, expressed by the
following equation [15]

z 

c
2 N f

(2)

(c) Maximum target extent [15]

(1)

The maximum extent of the target should be less than the
unambiguous range to avoid aliasing, [9]

Lt  zmax

∆R

(3)

It is desirable that the pulse width should be large enough to
encompass the entire target length

Lt  c / 2

R

(4)
Where τ being the step duration of a single frequency in
sweep of SFCW
Antenna

(d). Number of frequency points [15]
The consecutive train of number of frequencies is radiated by
SFCW to illuminate the target and processes it coherently
after receiving them. Thus the process gain will be high, if
numbers of frequency points are high. The choice of high
frequency points result in small frequency step size for better
resolution. If the numbers of points are chosen smaller then
data acquisition time is reduced.

(a) Range resolution
ΔCR

(e). Unambiguous range [15]

R

The unambiguous range that is maximum range in which
target without ambiguity can be detected is given by [13]

Ru 

Antenna

c
2f

(5)
From equation (5) if the frequency step is narrow then
ambiguous range will be greater. For a given bandwidth if

(b) Cross range Resolution [13]
Figure 1
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frequency points are more unambiguous range will be large .it
is to be noted that in this case the processing time increases.
The effect of frequency points on the target range in TWI
system has been deeply analyzed experimentally in next
section

basically is the scanning of wall by a static position of the
radar transceiver antenna whereas target is placed at the swath
of antenna on the other side of the wall. The data collected by
the VNA is in the frequency domain at frequency points

fn

which is converted to the time domain by inverse fast Fourier
transform (IFFT). Mathematically, a signal returned from a
target at a distance in the frequency domain is given by
equation [7]

EXPERIMENTAL SET UP
The experimental set up of the TWI system composed of
hardware supported by the MATLAB software to collect and
process real time data. A double ridged waveguide horn
antenna for the frequency range 1GHz to 18 GHz., RF cable,
data acquisition system, vectored network analyzer (VNA)
that generates frequencies in the range of 1 to 3 GHz and
(201-4001) frequency points and capable of giving out power
level of 3 dBm, brick and cement wall with the metal target
kept behind the wall .The Horn antenna is placed over a
wooden frame so that it can slide over it at different horizontal
positions. The entire arrangement is shown in fig.2

in the frequency domain[7] is given as

s( f n ) 

 

1

 max

 S (t ) exp( j 2f t )dt
n

 max

1
N f f

 max 
Where

(7)

N f 1

(8)

BW



(6)

0

is the time resolution possible with the stepped

frequency waveform of

Nf

uniform steps of f ,

maximum time possible and
system. For the present case,

 max is the

BW is the bandwidth of the

N f = 201 to 4001 and f =

0.5 MHz. The signal obtained in frequency domain is
converted into time domain by performing inverse Fourier
Transform. The time domain signal is represented as [7]:
Figure 2: TWI system

s(t ) 

N f 1

 S( f
n 0

n

) exp( j 2f n t )

(9)

Table 1: System parameters values
Sr. No Parameters

Mapping from time domain to spatial domain is done
according to following equation:

Value

1

Frequency range

1-3 GHz

2

Transmitted power

3 dBm

3

Number of frequency points 201-4001

4

Bandwidth

2 GHz

5

Antenna Type

Ridge Horn Antenna

6

Gain of Antenna

20 Db

7

Wall Type

Brick &cement concrete

8

Wall thickness

22cms

z

ct
2

(10)

The mapped spatial domain signal is represented as [7]:

s( z ) 

N f 1

 S( f
n 0

n


 2z  
) exp  j 2f n    (11)
 c 


The target range profile by A scan method is generated by
equation11.
.we have considered different cases by keeping the target at
different distances and accordingly the range profile has been
calculated for each case by varying the frequency point from
201 to 4001.In all cases antenna to first face of the wall
distance kept is 50cms constant, whereas target is placed from
the second face of the wall at distance of 20cms to 120cms
with the interval of 20cms For each position of the target

PROPOSED METHOD AND ANALYSIS TECHNIQUE
The proposed technique of sensitivity analysis of the TWI
system follow such a way that A scan [14] method is applied
for the detection [16-17] of the target object also range profile
is generated by applying inverse fast Fourier transform(IFFT)
signal processing technique as shown in Fig2. A scan method
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range profile is generated for the different values of the
frequency points (201 to 4001).

Table 2: Target placed at 20cms from the second face of the
wall.

RESULTS

Wall second interface to
target in cms

Frequency
points

Range of the target
in meters

20

201

0.9022

20

801

0.9022

20

1001

0.9022

20

2001

0.9022

20

4001

0.9022

As mentioned in the section4 that A scan method has been
applied for the range profile generation of the target keeping
the frequency point varied as per the below tables .we have
considered different cases for keeping the target at different
distances and accordingly the range profile has been
calculated and presented graphically. In all cases antenna to
wall distance kept is 50cms constant.
Case a: Antenna to first face of wall distance = 50cms, Wall
thickness = 22cms, Wall second face to target=20cms, Actual
distance of target from antenna=102cms.

(a) At Frequency points 201

(b) At Frequency points 801

(c) At Frequency points 1001

(d) At Frequency Point 2001
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(e) At frequency points 4001
Figure 3, (a),(b),(c),(d)&(e) A scan range profile generation

Table 3: Target placed at 40cms from the second face of the
wall.

It is clear from the fig. 3(a to e) that the target located at same
distance i.e. 0.902metrs
Case b: Antenna to first face of wall distance = 50cms, Wall
thickness = 22cms, Wall second face to target=40cms, Actual
distance of target from antenna=112cms

(a), at Frequency points 201

Wall second interface to
Target in cms

Frequency
points

Range of the target
in meters

40

201

1.052

40

801

1.052

40

1001

1.052

40

2001

1.052

40

4001

1.052

(b), at frequency points 801
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(c), At Frequency points 1001

(d), At Frequency points 2001

(e), at frequency points 4001
Figure 4, (a), (b), (c), (d) & (e) A scan range profile generation

It is clear from the fig. 4(a to e) that the target located at same
distance i.e.1.052meters

Table 4: Target placed at 60cms from the second face of the
wall.

Case c: Antenna to first face of wall distance = 50cms, Wall
thickness = 22cms, Wall second face to target=40cms, Actual
distance of target from antenna=130cms

Wall second interface to
Target in cms

Frequency
points

Range of the target
in meters

60

401

1.277

60

801

1.277

60

1001

1.277

60

2001

1.277

60

4001

1.277
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(a) at Frequency points 201

(b), at Frequency Points 801

(c), at frequency Points 1001

(d), at frequency points 2001

(e), at frequency points 4001
Figure 5, (a), (b), (c), (d) & (e) A scan range profile generation
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It is clear from the fig.5(a to e) that the target located at same
distance i.e.1.277metrs

Table 5: Target placed at 80cms from the second face of the
wall

Case d: Antenna to first face of wall distance = 50cms, Wall
thickness = 22cms,Wall second face to target=80cms ,Actual
distance of target from antenna=160cms

Wall second interface to
Target

Frequency
points

Range of the
target

80

401

1.502

80

801

1.502

80

1001

1.502

80

2001

1.502

80

4001

1.502

(a) at frequency 401

(b) at frequency 801

(c ),at frequency point 1001

(d) at frequency point 2001
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(e) at frequency point 4001
Figure 6, (a), (b), (c), (d) & (e) A scan range profile generation

It is clear from the fig.6(a to e) that the target located at same
distance i.e. approximately 1.502meters

Table 6: Target placed at 100cms from the second face of the
wall

Case e: Antenna to first face of wall distance = 50cms, Wall
thickness = 22cms, Wall second face to target=80cms, Actual
distance of target from antenna=170cms

(a) at frequency points 401

Wall second interface to
Target

Frequency
points

Range of the
target

100

401

1.652

100

801

1.652

100

1001

1.652

100

2001

1.652

100

4001

1.652

(b) at Frequency points 801
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( c) at frequency points 1001

(d) at frequency points 2001

(e) at frequency points 4001
Figure 7, (a), (b), (c), (d) & (e) A scan range profile generation
It is clear from the fig.7(a to e) that the target located at same
distance i.e. approximately 1.652meters

parameter of the UWB radar like frequency point has been
varied from 201 to 4001 by keeping the target at different
standoff distances and accordingly the range of the target has
been generated for each standoff distance by applying A scan
method. It has been concluded from the experimental results
that the change in frequency points do not affect the range of
the target estimation. Though the wall parameters like wall
thickness and dielectric constant [7] [11] play an important
role for collecting the true information about the target as
wrong estimation of these parameters leads to the dislocation
of the target. However, in the present work, analysis has been
made considering the operating parameter like frequency
point of the radar system for target range generation. The
present work sets a bench mark for the researchers to do
analysis considering the effect of frequency points on the
image of the target in TWI system.

OBSERVATION
It is observed from all the graphical results as mentioned in
section 5 that the range of the object marked in x-coordinate,
remains unaltered despite of the change in the frequency
points as mentioned in the tables (2 to 7). It is also to be noted
that the exact target range cannot be generated due to the
signal path loss as medium changes i.e. air to wall , within
wall and wall to air in both the directions (antenna to target
and vice versa)

CONCLUSION AND FUTURE WORK
This section concludes the entire work done for sensitivity
analysis of UWB radar system wherein the operating
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