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Abstract. Multipath interference is the main factor of wireless communication, especially in the dense
multipath channel. How to improve the performance of the tunnel wireless communication is a hot
issue. From the modulated carrier, spreading, multipath propagation, to de-spreading process gives
theoretical analysis and signal description, including OFDM system in frequency selective fading, chirp
spread spectrum signal after multipath channel produced frequency shift, and virtual time reversal
mirror technology of balancing mechanism. On the basis of this, the strategy of multipath interference
suppression in wireless communication is proposed. Simulation results show that the proposed
combination strategy has significant effect on improving the quality of communication and
transmission performance.

I. OVERVIEW

In the process of wireless signal propagation, due to the different signal radiation direction, the
different components of the signal will have a experience of different paths and different reflection
times before arriving at the receiving end. Therefore, the signal at the receiving end will be a
superposition of the same frequency non - phase signal components with different degrees of delay and
different degrees of fading. This phenomenon leads to the delay spread of the signal, the inter symbol
interference and frequency selective fading, which is the multipath effect!™).

Different paths lead to different time delay, which is the main factor of delay spread and inter
symbol interference. The superposition of the same frequency and different phase is the main reason
for the frequency selective fading. In shape as well as closed tunnels, culverts, mine roadway, a dense
multipath environment, propagation of spatial structure will enable suppress multipath interference
strategy more challenges and special, and this environment, the interference of multipath effect
sometimes severe enough to make the wireless communication can not be effectively achieved™.

In this paper, we mainly analyze the anti multipath interference characteristics of OFDM system,
the frequency shift characteristics of Chirp spread spectrum signal after multipath propagation®!, and
the multipath channel equalization mechanism of virtual time reversal technology!. On the basis of
this, the multipath interference suppression combination strategy is studied™.

I1. DELAY AND FREQUENCY SHIFT OF CHIRP SPREAD SPECTRUM SIGNAL IN MULTIPATH CHANNEL

Assuming that the traditional OFDM system has N sub carriers, the sub carrier frequency is B. A is a
series of data to be sent, through the serial to parallel conversion, and then be modulated to the N
system of OFDM sub carrier. Assuming that the OFDM symbol is T, the signal can be expressed as:

Nl
s(t)= Y d, &R, (t) (L
k=0

Where % is the data will be sent and which is modulated R on k" subcarries,  is the frequency of
k" subscarries. is a rectangular signal with a period of T. It is assumed that the signal can be
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transmitted in a closed tunnel, a signal with Nepath can reach the receiving end, and the channel
impulse response can be expressed as:

Ko = 3 a s -7, (2)

p=0

Where, 2 is the amplitude of path P", ¢ =%) and %, respectively corresponding to the waveform

and the time delay of path p" signal. After transmitted through the dense multipath channel,
the signal is reflected by the wall many times will arrive at the receiving end at different time
because of experience of the different distance and time delay. Received signal can be expressed as:

r(t) = s@) * bt) + n@t) = \f hs(t - z,) + n(t) (3)

Formula (3) is the convolution form of signal and channel impulse response, N(t) is the additive noise.The formula (1) and

(2) into (3), the received signal can be expressed as:
N,=1N, -

z Z/Y /‘77rtkr,d J2nft ( ) (t) (4)

p=0 k=0

Contrast formula (1) and (4), The influence of channel to The received signal is represented as p,
N, -1
Z }] —/Zm/Ar (5)

Accordmg to the formula (5), it is known that the different components of the same signal experienced
different time delay after the multipath channel. At the receiving end, the corresponding signal is
superimposed in the same frequency and phase, which is the essential cause of the frequency selective

fading. When the k™ carrier is in the deep fading, P« tends to 0, the data carried on the carrier will be
destroyed, and can not be compensated by the use of channel equalization technology.In order to make
up for the defects of fixed frequency carrier wireless communication, the carrier signal is processed by
linear spread spectrum, and the spread spectrum signal is adopted,
Gy (1) =™ Ry(1) (6)
where, & is the frequency modulation slope, after linear spread spectrum which is expressed as:
Ny -1
5.(1) = 5(t) ¢, (1) = D d, @2 IR (1)
k=0 (D
Time frequency characteristics of the multi carrier signal before and after the linear spread spectrum is
shown in figure 1. Figure (a) represents the
time-frequency characteristics of the original
multi carrier signal. And the Figure (b)
represents is after a linear spread spectrum.
After the multipath channel is represented by (2),
the signal expressed by the formula (6) is

: H (a) before linear spread spectrum  (b)After linear spread spectrum
?Olrl]verted to the Slgnal at the receving end. As Fig. 1 the schematic diagram before and after chirp spreading
ollows:

F

t t

vV, -1N, -1 o o . 2
_ Z Z hpdke—,/Zﬂ[AT‘,)+J27[/“1+,/7!0(I, A’T(t) n H(Z) (8)

p=0 k=0
On the receiving end, de-spreading signal is as follows:
Coonn () =€ R (t) (9)
the process of de- spreadlng of the received signal can be expressed as follows:

r(t) = £,0) - ¢, () + nlt) = Z st = 1,) e R(E) + ne)
(10)

V=14, -1 V=1, -1

_ z Zh d ez 7t (t=1,)+ jralt-1,) ~ jrat? R([) + n(t) _ z zh —Jj2xnfiT ‘]Zmr/‘rdké’/”/"zﬁr(w + ﬂ(l)

p=0 k=0 p=1 k=0

= 0,0 5@) + o)
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Where, F =
Np-1 . .y
pk (t) _ z hpeszﬁkrpﬂﬂarpfjbmrpt ( 11)

p=0

In the formula (11), e " is a function of time. It
shows that after de-spreading, the signal with ' t
different time delay gets a different frequency shift, (a) before de-spreading (b) after de-spreading
the size of the frequency shift is positive Fig. 2 the schematic diagram of Time-frequency

. . . . . characteristic of signal before and after de-spreading
proportional relationship with the chirp rate and
time delay of signal. shown in Figure 2
Thus, the different component of homologous
signal through the multipath channel arrived at the
receiving end is shifted to a different frequency
point. This characteristic, on the one hand, ensures
that the multipath component does not form a
superposition of the same frequency and different o etsecn ) e cseater i orend et
phase, thereby avoiding the frequency selective  Fig.3 the schematic diagram of Time-frequency characteristic of
fading. The observed signal frequency at the signal before andl after de-spreading
receiver is shown in Figure 3.

I1l.  VIRTUAL TIME REVERSAL EQUALIZATION TECHNIQUE FOR CSS SPREAD SPECTRUM
TRANSMISSION SYSTEM

Due to the multipath signal energy is not fully utilized, it is not conducive to improve the transmission
performance of the system. In order to improve the system transmission performance, VTRM (Time
Reversal Mirror Virtual) technology is introduced. VTRM achieves spatial focusing and channel
equalization, the delay spread of the multipath diversity is compressed, the multipath energy is focused,
and the SNR is effectively improved. In this paper, VTRM and CSS are combined to solve the problem
of interference suppression in dense multipath channel. the principle as shown in Figure 4.

First, a detection signal p(t) is transmitted, and then,

at the receiving end, the estimated value N'(t) of the
impulse response of the channel is obtained according

to the observed signal () 0" to do the time

: h (=t : '
reversal operatlon was ( ) , and then convolution Fig. 4 Schematic diagram of virtual time reversal
is done with "Y' and the received signal, ) ). e Q v
EXpreSSEd aS. ;T]L:ntinpealth F;izeiving { estimation J [Time reversalj
r(t) = 5,(6) % 1 (=) = [s(6) % he) + n(e) ] % ' (=t) = s(0) % [A(O) * B (=) ] + (o) * (h)’( £
! p(t 5, () r(t)
= s(t) % v(t) + 1 (1) @
(12) s

(o) = @)= (-0) in the formula, is called the _ _ _ _ -
. . . P " . . (a) The case of time reversal processing (b) After the time conversion processing situation
virtual time reversal channei. When the Impuise Fig. 5 Sketch map of time reversal processing effect
response of the estimated value, "® | approaching
the actual channel impulse response " | v js close to the impulse response function of the
autocorrelation. At this time, the peak will be significantly higher than the side. This process has the
effect of time and space focusing, and the energy of the multipath channel can be added. As shown in
Figure 5, (a) is the case without the time reversal processing, and (b) is the case after the time
conversion processing.
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IV. OFDM sYSTEM BASED ON CSS-VTRM
Virtual time reversal mirror algorithm is applied in css-ofdm system. At the receiving end, the OFDM
symbols as (13) (14) shown. ».) is the effect of multipath channel on signal. In order to obtain the

original transmission signal, do the time reversal processing for Pt and then with the formula (14) do
convolution operation. As shown below:

N-1 ( ].3 )

5@ = iPA ©) % p,(-0)d,e™™ k@) = 3 v, (O)d "™ R(e)

k=0

where,

O = p @O % p ) = S BT+
=0

Formula (14) is the virtual time reversal channel.
The virtual time reversal channel can be obtained by | parte
estimating the impulse response of the channel "

Vo~
.
=0 g=0

q#p

1N, ,
Z h e*J'Zm"k(r,,71",)t/’f[a(r,;r,,)‘ijna(r,,frj )3
D

(14
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SIMULATION
Fig. 6 Block diagram of CSS-VTRM-OFDM system

paper proposes a combination Combination

strategies include orthogonal frequency division multiplexing based

multicarrier transmission, linear spread spectrum and virtual time e eegeonga,
reversal technology. The theoretical analysis and Simulation of the «:@ *-\
proposed strategy is completed. The simulation results show that the “:\
CSS-VTRM-OFDM system has better BER performance, as shown in "/ . \
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Fig. 7 Sketch map of time reversal
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