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Abstract—Intelligent Transport Systems (ITS) are becoming a
reality, driven by navigation safety requirements and by the
investments of car manufacturers and Public Transport Authorities
all around the world. ITS make it possible to imagine a future
in which cars will be able to foresee and avoid collisions, navigate
the quickest route to their destination, making use of up-to-the
minute traffic reports, identify the nearest available parking slot and
minimize their carbon emissions. Also demand for voice, data and
multimedia services, while moving in car increase the importance of
broadband wireless systems [1]. Efforts are being imparted towards
the convergence of mobile communications, computing and remote
sensing. Spread spectrum based digital RADAR can be utilized as
a remote sensing device in ITS. This motivates us in development
of DSSS (Direct Sequence Spread Spectrum) based digital RADAR
at our institute. It is quite capable of detecting target in the open
field. The experiment was carried out for different standard target like
flat plates, spheres etc. The operational digital RADAR is capable of
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rejecting interference, but fails in a strong multipath scenario. Again
RAKE processing is established in communication. Our approach is
implementing RAKE processing at the RADAR receiver to exploit
multipath.

1. INTRODUCTION

RADAR technology has been investigated for use on automobiles since
the 1970s and has been employed for various functions on automobiles
since the early 1980s [2, 3]. Initial usage of microwave RADAR was
for collision warning applications on commercial vehicles, such as
ambulances, buses, and trucks. The advantage of RADAR sensors, is
that they perform equally well during the day, the night, and in most
weather conditions. RADAR can also be used for target identification
and for detecting road conditions by making use of scattering signature
information. Most likely the RADAR sensors will be an integral part
of any multiple sensor system, or sensor fusion, used to achieve a true
autonomous vehicle.

Multipath environments and electromagnetic interference are
very common in RADAR measurement set-up and give rise to
severe problem in accuracy of measurement [4]. The challenges for
conventional outdoor target detection in the low frequency region of
RADAR operation the problems of clutter, multipath & interference
are more severe [5]. A targets RCS represents the amount of energy
reflected from the target toward the receiver as a function of the target
aspect with respect to the transmitter receiver pair. It is well known
that this function is rapidly changing as a function of the target aspect
[6]. Some latest technological methods like DSSS, OFDM (Orthogonal
Frequency Division Multiplexing), MIMO (multiple-input multiple-
output) can be utilized in the open range measurement set-up [7, 8].

1.1. Spread Spectrum RADAR and Its Advances over
Conventional RADAR

The baseband signal d(t), having bit rate of fb (= 1/Tb), is first
modulated in PSK modulator. The modulated signal is defined as

s(t) =
√

2Psd(t) cos ωt,

where ω is the carrier frequency and Ps is the corresponding power.
Now this signal is spreaded (modulated again) by pseudonoise (PN)
signal having chip rate fc (= 1/Tc). The spread spectrum signal is
given by

V (t) = g(t)s(t) =
√

2Psg(t)d(t) cos ωt.
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This signal now can be upconverted and transmitted. At the receiver
end the signal can be downconverted, de-spreaded and demodulated.
The de-spreading is done through correlation process. Autocorrelation,
Ra(τ), is defined by the integral

Ra(τ) =
∫

f(t)f(t − τ)dt

It is a measure of a similarity between a signal f(t) and time sifted
replica of itself. Cross-correlation Rc(τ), is defined as the correlation
between two different signals f(t) and g(t) and is defined by

Rc(τ) =
∫

f(t)g(t − τ)dt

Spread spectrum communication systems employ waveform similar to
those of pulse compression RADAR. The purpose of such waveform
in communication is to allow multiple simultaneous use of the same
frequency spectrum.

Patented RADAR technologies are now available that has major
advantages eliminating the most of the disadvantages of either pulse
or continuous wave approaches. Those are based on the use of a
digital pseudo-random binary code, similar to the spread spectrum
technology in wireless mobile communications. The technology uses
DSSS signals to create noise like modulation, making the transmitted
signal virtually undetectable. Spread spectrum radio has long been
used in military communications because of this advantage [9]. Thus
the waveform of choice will be phase coded pulse compression using
digital techniques instead of Linear Frequency Modulation (LFM)
based analog techniques. Sometimes pulse compression RADARs have
been called spread spectrum RADARs [10, 11]. The pulse compression
nature of this signal processing provides significant protection against
normal Interference. Therefore, a DSSS RADAR will be aimed for the
development.

The design & development of Instrumentation RADAR at the low
frequency band should be aimed for the following additional benefits:

i) Local suppression of interference due to coded RADAR waveform
and correlation of the received code.

ii) High level of multipath rejection
iii) Higher reliability/efficiency and low power consumption due to

coding of the baseband pulses.

In phase coded pulse compression, a long pulse of duration T is divided
into N sub pulses each of width w. The phase of each sub pulse is
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chosen to be either 0 or π radian. If the selection of the 0, π phase is
made at random, the waveform approximates a noise modulated signal
with a thumbtack ambiguity function, the output of the matched filter
will be a spike of width w with an amplitude N times greater than that
of the long pulse. The pulse compression ratio is N = T/w = BT ,
where B = 1/w. The output waveform extends a distance T to either
side of the peak response, or central spike. The portions of the output
waveform other than the spike is called the time sidelobes.

2. HARDWARE SET-UP OF OPERATIONAL DSSS
RADAR

A DSSS bi-static RADAR transmitter made up of WiFi b PCI adapter
fitted inside a PC with a horn antenna as shown in Fig. 1 is operational
at SMIT using 2.4 GHz radio carrier [12]. The block diagram of such
RADAR is shown in Fig. 2. The RADAR setup was conducted in a
bi-static mode and the position of two dish antennas is placed side
by side with a distance of 15 ft. A transmitting horn is connected to
WiFi b adapter fitted inside a PC after removal of the helical omni

 

Figure 1. DSSS RADAR system.
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Figure 2. Block diagram of DSSS RADAR.
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directional antenna. The radio wave is finally radiated through a dish
antenna of diameter 6 ft with the transmitting horn at its focus. At
the receiver another USB WiFi b adapter is connected to a second
horn with another dish. The receiving dish antenna was kept at an
angle of 17.5 degrees and the transmitting dish antenna was kept at an
angle of 3.37 degrees from the reference angle and the receiving horn
antenna was kept at a height of 5 feet 7 inches and the transmitting
horn antenna was kept at a height of 4 feet 6 inches. To avoid direct
coupling between two dish antennas, the horn antennas were aligned
at the offset position of the dish antennas and the WiFi cards were
covered by the metallic boxes to avoid direct leakage.

The system is able to detect the nearby targets like a person, tree
leaves, thin rod etc. The RADAR is also able to differentiate different
flat plates of different cross sections, different spherical objects having
different radii. The DSSS RADAR so developed can be very much
useful for open field target detection. This motivates us at SMIT to
extend the experiment further.

3. FIELD STUDY OF ENVIRONMENTAL EFFECTS

The digital RADAR is working fine in the open field. We extended the
experiment to measure it’s performance in a multipath environment.
Artificially we created the multipath environment by putting multiple
targets on the operational zone of the roof top. We putted different
number of target at different position as shown in the Fig. 3. The
signal strength varies with the number of scatterers. The variation of
signal strength with different number of scatterers are shown in the
Table 1. The Signal strength was additive or subtractive depending on
the positions of the scatterers.

The additive or subtractive nature of signal strength is due to
multipath signals. Multipath signals act as same or other phases (may
be opposite) which is reducing the main signal.

The operational DSSS RADAR can detects the objects in open
field. Due to it’s codded waveform in the transmitter end and
correlation at the received end, it can reject interference. But
in a multipath scenario it’s performance is not quite satisfactorily.
Effectively, instead of multiple targets resolution, they may be treated
as multi path targets and presence of one target will influence to the
other in additive and subtractive way. The RADAR is not able to
resolve the multi path. This is, therefore, the limitation of WiFi
RADAR.
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Table 1. Different signal strength for multipath effect.

Coordinates

of Desired

Target

(ft)

Signal

strength

of single

object (ft)

Coordinates

of second

object

(ft)

Combined

signal

strength

(dBm)

Remarks

0.9 −63 3.12 −58 Additive

−3.6 −59 3.12 −57 Additive

−3.6 −59 0.9 −64 Subtractive

0.9 −63 −3.6 −54 Additive

4. MATLAB SIMULATION OF DIGITAL RADAR

The SS technology is well known for its antijamming and security
features [13–20] in communication system. The conventional Wi-Fi
‘b’ system based on SS technology is capable of resolving the problem
of interference but it has no solution to the undesired multi-path effect
caused due to the presence of multiple scatterers in the environment.
So, the inspiration behind implementing RAKE receiver is to exploit
these multi-paths in a positive manner so as to construct a signal of
greater strength which matches the transmitted signal in all aspects.
RAKE receiver is well established in WCDMA [21]. The block diagram
of the RAKE receiver is shown in the Fig. 4. The different fingers of
the arriving signals are treated at different correlators. The correlator
first de-spreads the incoming signal with a factor equal to that by

 

Figure 3. Multipath effects using 2 targets.
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Figure 4. Matlab block of rake receiver.

Table 2. BER (%) for different number of fingers.

No. Of Fingers Bit Error Rate (in %)
1 4.34
2 3.412
3 0
4 0

which it was spreaded (the PN sequence used for this purpose exactly
matches with the PN sequence in the transmitter section). It estimates
the channel which gives us the phase and amplitude corrections to be
made in the signal. The RAKE receiver has number of correlators
(individual correlators take care of the individual multi-paths also
called as fingers). The different correlators are time synchronised to
extract the valid information out of the different fingers which reach
the receiver with some inter-finger delays.

The signals out of each correlator are then combined and the
combined signal is normalized with a normalization factor to obtain
the desired output signal [12, 22].

We have studied the BER(%) w.r.t. number of fingers as shown
in the Table 2. It is clear from the table that the BER is lower for 4
fingers.
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Figure 5. Received (Rx signal).

 

Figure 6. Derotated signal.
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Figure 7. Combined signal.

Table 3. Comparison between different channels.

Channel
Type

AWGN
Multipath

Case 1
Multipath

Case 2
Rx area 0.558 0.051 0.9589

Combined area 11.37 10.78 11.05
Fading Depth 3 dB 4.5 dB 7.3 dB

Rotation 0 degree 39 degree 35 degree
Number of fingers 1 2 4

The simulation result is shown in Table 2. It is clear from the table
that the BER is lower for 4 fingers. The simulation result is shown in
Table 2. The constellation plots of received signal, derotated signal
and the combined signals are shown in the Fig. 5, Fig. 6, and Fig. 7
respectively. Table 3 is showing the relative comparison between the
AWGN and Multipath channel with different number of fingers. The
SNR remains constant at the output of RAKE receiver, though the
fading level is different for different cases. RAKE with four fingers
stabilizes the system with a fade depth of 7.3 dB.
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Thus limitation of hardware experiment of DSSS RADAR in
deferent outdoor condition can be solved with the use of RAKE
processing at the receiver of the digital RADAR. Again RAKE
processing can be used to combat clutter problem of outdoor RADAR
measurement with proper tuning of the RADAR system.

5. CONCLUSION

From our past experience of development of a RADAR system clutter
problem in the open field, is more serious and should not be allowed
to repeat. The operational DSSS RADAR is able to detect the nearby
targets. We have also measured different target parameters. The
design & development RADAR at the low frequency band should be
aimed for the benefits, like local suppression of Interference due to
coded radar waveform and correlation of the received code, high level
of multipath rejection and also low power consumption due to coding
of the baseband pulses. The hardware experiment was conducted in
different environmental as well as different weather condition. In a
foggy multipath environment, the RADAR performance was not so
good. Software simulation including RAKE processing at the receive
end solves the multipath problem and targets have been detected
successfully. Thus problem in hardware experiment has been solved
in software simulation.
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