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Abstract— Wireless technology for communication and
localization in train applications are widely used. Ultra wide
band appears as a very suitable technology for this kind of
application, due to its large bandwidth, also to its good
resistance to the interference and to multipath. In this paper, a
new system dedicated to railway transport, based on UWB
technology is presented. The originality of this study is
combination of the two main functionalities, localization and
communication providing a high data rate. The sensor, in order
to detect the position of vehicles, uses a matched digital
correlation receiver. To allow a multi user access and to
combine the two functionalities, two original multiplexing
techniques called SSS2 (Sequential Spreading Spectrum
technique) and CPM (Code Position M odulation) are performed,
in addition to other parameters like used waveform and
orthogonal codes.
Index Terms— Radar, Localization,
M ultiplexing, UWB, M ultiple Access

I.

Communication,

INT RODUCT ION

For a long time, a radio transmission between
infrastructure and trains has been non-existing, so the only
information which the driver on board his vehicle has at
his disposal was the ones provided by signaling. Today,
vast changes are afoot in the field of teleco mmunications
between fixed equip ment and trains, with the development
of GSM radio networks and satellite-aided localization of
vehicles [1], among others. Control, command and
communication trains applications are the major areas for
railway operators. But presently, no one of existing
systems for rail applications ensures localization and data
communication with a high data rate.
This paper, presents the implementation of an original
sensor using Ultra Wide band technology, allowing the
both functionalities in the same system. It aims to improve
reliability, safety and security on rails. The system is
based on the principle of cooperative radar using ultra
wide band technology and using a numerical correlation
receiver. To separate localizat ion signal fro m
communication one, different techniques has been
developed.
The advantages of this system are that it not only
provides not only a real time distance between train and
target, but also allows high data rate transmission between
Copyright © 2014 MECS

sensors, which could be helpful to develop many
applications among which exchange of informat ion such
as video records, in order to increase safety feeling and
quality of service inside train.
The first part of this paper, the proposed co-operative
radar is presented. The used codes for localization are
discussed in the second part. After that, the proposed
techniques of multiplexing are introduced in the third part.
Finally a performance comparison is performed in the last
part.

II.

PROPOSED SYST EM

The rail is in perpetual evolution, his research axes are
mainly mot ivated by a growing need in term of data rates,
quality of transmission, accuracy and reliability of the
localization. However, it remains slowed by a frequentiel
environment, which is more and more polluted (crowded
spectrum).
In particular, Ultra Wide Band technology with its
nature and its bandwidth represents a good resistance to
the noise as well as to the multipath, what makes it very
adapted to railroad applications. So, thanks to its low
spectral density, it is able to coexist with the already
existing systems.
In this context, the use of the UWB technology to
resolve problems related to railways seems a very
promising alternative [2]. The proposed system is UWB
co-operative radar which
provides
localization
functionalities and data communication features.
The principle of this system is to send a frame,
composed of two sub-frames: the first one contains a code
C1 dedicated to the localization, and the second one
contains the data bit coded with another code C2. In order
to ensure a regular renewal of the distance measurement,
the localization burst is sent periodically. In this paper two
coding techniques are presented: the simp le spreading
spectrum with 2 codes SSS2 and the code position
modulation CPM (inspired fro m PPM modulation [3]),
and will allow a multiuser access.
For this purpose, each user has its own associated
code.The coding is done by multip lying each code bit by
the UWB pulse as done in CDMA technique (Code
Division Multiple Access [4]).
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Fig. 1. the proposed bi-functionalities radar based on UWB technology

Fig. 2. general structure of transmitted signal

Another way to perform mult iple accesses could be
done to use waveforms based on orthogonal polynomials.
The best-known UWB orthogonal waveforms are
Gegenbauer and Hermite polynomials. Therefore, each
user has its own associated function order. These
orthogonal waveforms associated to codes ensure a double
orthogonality [5].
In our system, we use the first mult iuser technique
(CDMA) with a Gaussian waveform.
To calculate a distance between train and the target,a
correlation receiver is used[6]. The correlat ion result is

transferred to the processing unit, which will co mpare its
maximu m with a threshold to decide the presence or not
of a target in front of the radar [4]. If the target is detected,
so the distance is estimated using the following equation:

d

c.t
2

(1)

Where c represents the celerity and t the delay time.

Fig. 4. delay time between the emitted and received pulse

The performance of this localization system is depends
onthe choice of code, based on the criteria of
orthogonality, ease of generation and the number of codes
that compose the family of code, which will be
developped in the next part.
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III. CODES A ND W AVE FORMS CHOICE
A.

waveforms choice

In the follo wing paragraphs, different orders of Hermite
and Gegenbauer polynomials [7][8][13], which are
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defined respectively by equations 2 and 3 and represented
respectively in figures5 and 6:
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Fig. 7. dynamic definition
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The autocorrelation functions of the first four
Gegenbauer functions (G0 to G3, with β=1), first four
Hermite functions (h0 to h3), Gaussian pulse and
monocycle pulse have been computed and the results are
summarized in table 1.
The dynamics, peak width and the efficiency which is
defined by the following equation [9]:
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have been recapitulated therefore. The results are given
in table 1.
T able 1. efficiencies for the studied waveform
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Fig. 6. four first order of Gegenbauer function

After an initial co mparison between hermite and
Gegenbauer polynomials, the orders that give the best
performance for the radar detection functionality
according to the best ratio between the dynamics and peak
width are selected[4].
In the second stage, the autocorrelation function results,
obtained using the selected orders previously and other
waveforms, using the Gaussian and monocycle pulses
(first derivative of Gaussian function) is compared.

Copyright © 2014 MECS

Waveform

Dynamics

Peak width

G0

1
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1

150
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89

G3

0.63

62

H0

1
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1
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94

H3

0.58

74

Gaussian

1

142

Monocycle

1

115

Efficie ncy
−4
26.10
67.10 −4
79.10 −4
102.10 −4
43.10 −4
81.10 −4
65.10 −4
78.10 −4
70.10 −4
−4
87.10

Considering the relationship between the dynamic and
width of the correlation peak, these comparisons show that
the order 3 of Gegenbauer functions has that the highest
efficiency among Gegenbauer functions belongs to the
order 3 (G3). A mong Hermite functions, the order 1 (h1)
looks the best.
Finally, as seen in table 1, fro m efficiency point of view,
the third order Gegenbauer function seems to be the best,
followed by the monocycle pulse, the first order of
Hermite function and the Gaussian pulse.
B.

codes choice

The goal is to co mpare the performance of two codes,
Binary Pseudo-Random Sequences (BPRS) and Go ld
I.J. Intelligent Systems and Applications, 2014, 10, 27-33
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codes. To choose the code that gives the best performance
on the one hand, and different lengths for each code on the
second hand.
This comparison is based on the results of correlation
calculation.
For that, a chain of transmission to send [1 1 -1] is
realized, using an AWGN channel. The principle is to
encode data with the studied codes (GOLD and BPSR), in
the reception, the correlation of the received signal and the
codes is calculated.
Figure8 shows a result of the correlation Gold codes
and BPSR code of length 31.
Moreover, the binary pseudo-random sequences used,
combined with the correlation receiver, are very adapted
to the detection of signal over noisy communication
channel [10].

Fig. 8. comparison between Gold code and BPSR correlation

The number of code per family depends on the register
length used [7] (Table2).
T able 2. properties of Gold and BPSR codes
family

Code length N
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T able 3. number of orthogonal BPSR codes according to register length
Re gister length
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Code number

2
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6

6
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Indeed, the length of the first code 1023 is chosen due
to the important number of required codes (60) and in
order to increase the range of the system.
The length of the second code affects the
communication data rate. In fact, if the choice isa shorter
one, the rate will be higher but the robustness will
decrease significantly.
Multiple simulations have been done and the length of
31 bits seems to be a good compromise between data rate
and quality of transmission.

IV. M ULT IPLEXING TECHNIQUES
This part focuses on solutions proposed to develop an
original high data rate communication feature comb ined to
current localization functionality.
In the interest to perform this combination, two
different coding techniques, allowing a continuous
refreshing of the localization and ensuring a high data rate
for transmission with a suitable BER ( Binary Error Rate)
were tested. The proposed multiplexing method is inspired

fro m the DS-CDMA [11] and the PPM (pulse position
modulation), it uses families of orthogonal codes,
previously studied.
The two techniques differ in the method of coding the
data inside the communication sub-frame. These
techniques will be detailed and compared in the following
paragraphs.
A.

The UWB-SSS2 technique

The first coding technique, untitled SSS2 for Sequential
Spectrum Spreading using 2 codes, is inspired from the
CDMA technique.
The first spreading with localization code C1023
modulated using antipodal [12] modulation with the
appropriate UWB waveform is used to ensure the
localization function. The second one is used to code data
communication with communication code C31 (with the
same modulation) as in classical DS-CDMA. This
technique allows to send 33 bits of data between two
localization operations.

Fig. 9. structure of transmitted signal by the SSS2 method
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The figure 9 shows the structure of the transmitted
frame for this technique.
To calculate the distance, the correlation between the
received signal and the first reference signal (C1023
modulated) is computed. The correlation peaks allows the
synchronization process; then, to recover data, a second
correlation between the received signal and the second
reference signal (C31 modulated) is performed

This method consists in coding the data according to the
position of the code C31 inside the communication sub frame.
The localization process is the same as proposed in
SSS2, except that the data sub-frame will be divided into
several sub-frames of length N (figure 11). In each subframe, several bits (N bits) will be coded at the same time
using the C31.
This coding will be done in two steps for each subframe:
 The MSB (Most Significant Bit) will determinate the
polarity of C31 code to be sent.
 The N-1 LSBs (Lowest Sign ificant Bit), which
constitute the remainder of the block, will determinate
the position of the polarized code in the sub-frame.
To calculate the distance, the correlation between the
received signal and the first reference signal is computed.
The correlation peak allows the synchronization to the
beginning of the data sub-frames.
In order to detect the presence of data communication
frame, a correlation between the rest of the signal and the
second reference signal will be calculated for each subframe (we can calculate a circular or linear correlation).
The sign of the detected peak gives the MSB (positive for
the bit 1 and negative for 0). Furthermore, the position of
this peak gives the (N-1) LSBs.

Data peaks
Correlation peaks

Fig. 10. the two correlation results

B.

31

The UWB-CPM technique

The second technique is called CPM for Code Position
Modulation and is inspired from PPM modulation.

Fig. 11. structure of transmitted signal by the CPM method

However, the circular correlation function of two
signals x(n) and y(n) is defined by:
N 1

rxy   x(k  n). y (k )

(5)

k 0

So, its Fast Fourier Transform is:

Rxy  X (n).Y * (n)

(6)

Where X(n) and Y(n) is respectively the FFT of x(n)
and y(n).
Finally, to obtain rxy we calculate the Inverse Fast
Fourier Transform of

R xy

rxy  IFFT ( Rxy )

(7)

The Figure 12 shows the difference between the linear
correlation of a SBPR code C31, and the circular
correlation of a C31 code and the same C31 code with 10
rotations.
Copyright © 2014 MECS

Fig. 12. comparison between linear and circular correlation

Note that the circular correlation has just two values “0”
and the length of the correlated signal, what will be an
advantage in the reception and make the detection
operations easier.
I.J. Intelligent Systems and Applications, 2014, 10, 27-33
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In addition, the circular correlation will allow ext racting
the number of rotation applied in the emission process,
with another multiplexing technique called 2πM, which
will be developed.
C.

Comparison between the two techniques

As can be seen, the data rate can be affected by the
pulse width and the number of bit by block N

Data _ ratemax 

N bloc * N
( Lc1023  N bloc * Lc 31 ) * T pulse

(8)

With

N bloc
Where



Lc1023


N 1
 1
 Lc 31  2

Fig. 14. the BER obtained with SSS2 and CPM techniques

(9)

Lc1023 and Lc 31 are respectively the length of

the localization code C1023 and the communication code
C31, and

T pulse is the pulse width.

The preliminary simu lation results confirm that
communication performances of the two coding methods
are co mplementary: the first one, SSS2, offers a good
quality of transmission (low values of BER) and t
The second one, CPM, offers a high-speed information
exchange.

V.

Fig. 13. comparison between ESSS2 and CPM techniques data rate

In the case of CPM method, figure 13 shows that the
optimu m of data rate can be obtained with N=5. So, in our
simulation the value of N which optimizes the
performance of the system is used.
Concerning the localization characteristics, both
techniques give an identical resolution in distance which is
theoretically equal to 0.15m depending of the signal
frequency used (10GHz).
In order to evaluate the performances of the studied
coding techniques in term of data rate and BER, the two
methods have been simulated in an AWGN channel.
The figure 14 shows the simulated binary error rate,
given for several signal to noise ratio values using the two
techniques.
Moreover, a BER of
can be reached at SNR equal
to -7 d B (when the number of coded bit N=5) with the
CPM technique and -8.7 dB with the SSS2.
However, due to the 33 bit data sent, the SSS2 method
enables to offer a maximu m high data rate of about 32.25
Mbits/s (with
=0.5ns),while the CPM technique
allows a significant flow rate of about 108.10 Mbits/s with
the same value of the pulse width.
Copyright © 2014 MECS

CONCLUSION

In this paper, cooperative radar based on ultra wide
band technology was presented. To ensure localization
and communication functions different techniques of
mu ltiplexing were presented, such as SSS2 and CPM
methods, which are adapted for multi-user needs.
Different parameters were studied, like UWB
waveforms and different orthogonal codes. The simulation
results show the good performances of this system using
BPRS code in term of precision of localization, BER and
data rate, which can reach more than 108 Mbits/s.
The study of other techniques to develop this novel and
original system is now underway. To improve the
robustness to noise, other detection techniques and
channel will also be tested.
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