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Acceleration Technique of Radio Propagation Simulator Basethe
Ray Tracing for the Prediction of MIMO Channels in Dynamical Ray
Environment

Siham HAIROUD, Pierre COMBEAU, Jean-Francois CAILBAULYannis POUSSET,
Yann Cocheril, Marion Berbineau

Abstract—The 3D ray tracing method requires a detailed complete environment modeling, but in a fewer computation
description of the environment and antenna characteristis. Thus, time.
it allows us to consider all the paths between receivers and  Tpig grticle is composed of several sections. In Section 2,
transmitters for a fixed number of electromagnetic interacions. . - . . .
However, the computational complexity of this method is diectly we present our radio propggatlon S'mUIator'_ The section 3 is
connected to the number of scatterers and the electromagriet composed of four sub sections. In sub section 3.A we recall
environment interactions. Thus we proposed an optimizatin our objectives. The sub section 3.B is dedicated to present
method allowing reducing the computation time of a railway the considered scenario and the parameters of the simulator
tunnel simulation. It consists in modifying the modeling ewi- In the sub section 3.C we define the approach used to meet

ronment, by eliminating non-significant faces. The aim of ou biecti d finallv. in th b tion 3.D i
method is, in this case, to provide estimated results close those Ul ODJECUVES and Tinally, in theé sub section 5. we presen

obtained with a complete environment modeling, but in fewer OUr results. In the section 4, we show the impact of the
computation time. o modification of the description of the considered environtne
Index Terms—radio wave propagation simulator, channel mod- on the narrow band parameters. Finally, Section 5 is a brief

eling, computation time optimization conclusion where we announce the prospects for this work.

Il. PROPAGATION CHANNEL SIMULATION
|. INTRODUCTION ) . .
During the propagation between the transmitter and the

Since some years wireless communications systems fouadeiver the transmitted signal undergoes some pertarisat
their place in the railway transport. Various solutions é1av.5,seq by the electromagnetic interactions. These ones hav
been proposed in order to enhance the safety of raiWgyyirect consequence on the received signal as decreasing th

traffic as the use of the transmission of data to locate traips | power received, and on the intrinsic parameters of the
and transmit the information of speed and stop in real timg. e s phase ano’l the polarization.

However, there remain some obstacles to overcome in CONyy jiterature, there are several ways to modelize a complex
fined environments as tunnels and metros-stations. Thas,

: o e o HFopagation channel as the statistical, the empirical otth
propagat_lon _channel mo‘?'e"”g IS essential in a digitalv@l 5§ the deterministic one [6]. In our case, the determmisti
commu_nlc_atpn. Indeed, it contr_lbutes to _the deVGIOpm'_adt_aapproach seems very interesting because it uses the cemplet
the optimization of new techniques which allow aCh'ev'ngescription of the environment and the antenna charatiberis
train-floor high rate transmission systems, robust and Séfgagive a detailed description of the received signal.

in radioelectric resources, for confined propagation emir |0 Jider to predict [7], [8] the wireless radio communi-
ments, which present a high variability due to the circolti .aton channel performances, the XLIM-SIC laboratory has
of trains. Thus, it is fundamental to take into account thge|oned a radio propagation simulator whom the synoptic
dynamical featurgs of such gnwron_ments not only for ”1@ presented on figure 1. This simulator is based on a 3D ray
systems conception but also in the final network deploymetp‘licing associated to the geometrical optics laws (GO) and

step. . the Uniform Theory of Diffraction (UTD). Input data are the

In the ANR project PREDIT MOCAMIMODYN, we pro- gironment description in 3D, the maximum combination of
POSE an _opt|m|zat|on. method aIIovymg r.educmg th? Co,r%]ectromagneticinteractions, in addition with antenmadifres
putation time of a railway tunnel simulation. It consists It transmitters and receivers, carrier frequency etc. Thpud
analyzing the impact of the different faces constituting thOnes are complex impulse responses, received power and

environment on the wave propagation. The first step of Ol wide-band characteristic parameters. The 3D ray tracin

St_‘édy consr:sts in identifying the faﬁes that zlgnlflcanmnf: method allows us to consider all the paths between receivers
tribute to the wave propagation. The second step CONSIStSjiy e transmitter for a fixed number of electromagnetic

lightly modifying the environment modeling, by eliminain ;o ractions. However, the computational complexity o th

non-S|g_nd|f|cant_ facesoi The almlof our m:thod 'E’ n tfgs C_a;r%’ethod directly lies on the number of environment scatterer
to provide estimated power close to those obtained with 44 electromagnetic interactions. Figure 2 gives a schegns

of the radio propagation simulator. Zone 1 allows configgirin
1 MOdeles de CAnaux MIMO DYNamique the transmitter and receivers antennas features likeitogat




Outputs:

'Geom?trical dnta.. i Ray tracing: ‘2D/3!) visualization.
*Electrical properties of materials. tracing search *Received power.
*Positions : transmitters, receivers. *Coverage prediction.
*Antennas : polarization,directivity. +Visibility. +Complexe impulse
*Carrier frequency. Refl d resp
*Maximum number of interactions «Diffracted. *DoD, DoA.

«Refracted. *Wide-band parameters.

«Combination. *Doppler effect.

Pr tion :
*Geometrical optic.

Y

*Uniform theory of diffraction.

Fig. 1. Synoptic of the radio propagation simulator

(b) lllustration of the folding technic

Fig. 3. Research methods of the reflected and the diffracetispexist
between transmitter and receiver

IIl. OPTIMIZATION

A. Obijective

- Recall that the aim of this study is to degrade progressively
the geometric description of the environment considered by
removing all the faces in the shadows areas and do not con-
tribute enough to the energy balance, without compromising
the accuracy of simulation results.

In order to determine the impact of each faces of the
orientation, radiation pattern and so on. In zone 2, we statavironment on the waves propagations, we are interested
the frequency and the number of electromagnetic intenagtio primarily in the received power. However, other charastars
Zone 3 allows us going through the details of each path (parameters such as delay spread and Doppler effect will
the coordinates of each interaction point, the nature of the studied in the near future. In addition, we found more
interaction and the power associated to this path). Finadige appropriate, initially, just focus on the moving elemerttse(

4 is a 3D view of the environment in which appear all the patliaces of the moving train) rather than those of fixed elements
between the transmitter and the receiver. Especially, the context of our work considers the study of
This tool is based on a research technique using the methodh& waves propagations in dynamic environment. Thus, we
sources / images based on Snell's formalism (see figure 3(8@) the reference power denotBg.; to the power associated

to determine the rays reflected on flat surfaces in additibm the packet of paths interact with the moving train (see
to the method of folding [4] (see figure 3(b)) based on thigure 4). We then compare the reference power to the
generalized Fermat's principle and allows to determine tip@wer associated to the packet of paths interact with ores fac
diffracted rays on the edges. This technique is fast andlsimdenotedPs,... If the difference exceeds a threshold we fix
to implement. in the subsection 3.C, we can consider this face as a non-
However, its computation time increases exponentialhlhwitontributory because the energy provided by the paths that
the number of obstacles and the number of electromagneticiimeract with this face is negligible. The difference bedwe
teractions considered. Thus, the following paragraphipes/ P,..; and Py,.. is calculated for each position of the train

a method for reducing the computing time by simplifying thand for each pair of transmitting and receiving antennas in
geometric modeling environment. the tunnel. We can then identify all the positions for whikhb t

Fig. 2. Radio propagation simulator interface



power associated with a face is considered insignificarthén C. Method of identifying influential faces
remainder of this paper, the faces are numbered to faeilitat For each position, denoted i, to the train and the receivers

the reading of this document. antennas (network of mobile antennas) in the tunnel, we
calculate the instantaneous gap (1), nated,,s; ; (see figure
5) such as:

B. Scenario and configuration of the simulator

ETTinst,i — Pref,i - Pface,i (1)
The study was conducted in the case of a dynamic en- _
vironment associated with a 4x4 MIMO channel. We hav&/nere : _ o
modeled a bi-ways concrete tunnel% 10 Fm ! ando = Prace,s - the power only constituted by paths having hit the

0.1 Sm~1) that contains two metallics traing € 1 Fm ™! corresponding facet in i , _ ,
ando = 56 000Sm~1!). One is fixed and placed below thePTefzi : the_ power only constituted by paths having hit the
network of transmitting antennas (see figure 4) and the otBPVING train in'i

is mobile and placed below the network of receiving antennas

(see figure 4). The mobile train moves with a step sev &,

ie every 1.7 cm with a frequency of 5.8 GHz. We have chos - =

a small sampling step in order to take into account all tr @

variations of the received power can appear from one positi Z

to another. The transmit power is 1 mW, the dimensions & . LTI ot TR

the tunnel are 500 x 4.5 x 4.5 m 3. The two trains have tt 3 ['* e, et e,
same size, 120 x 3 x 4 m 3. The emitters antennas are pla § | _....... Mt I.errinst,i ".’ . Pres
at a height of 4.3 m (depending on the z axis) from the flo(< - : ..._“,."'""' ", "." o Proce
of the tunnel either at 30 cm from the roof of the train, th @ Tenns?

four transmitters are spaced by 50 cm. The receivers anden <= i
used here are dipoles that radiate evenly in the azimuthal p The position of the train and receivers in tunnel
(omnidirectional). The receivers are placed at a height.of 4

m (depending on the Z axis) of the tunnel floor either at 10 Fig. 5. The computation of the gap betwesh.; and P
cm from the roof of the moving train and spaced by 50 cm.

According to several previous studies carried out in rajlwa . L . .
environment [9], we have limited the number of reflexions angI With a thre;hold that we arb|.trar|Iy fixed, we can identify
diffractions to six and one respectively which is suffici¢mt three categories of faces. Thus:

garanty the power convergence. Obviously no transmission'ihc €rTinst,; 1S less than or equal to 10 dB, the face belongs

) to the category of contributory Faces (CF);
ded due th dth of t I walls.
needed due the wi of funnet watls - Otherwise, iferr;,s; is between 10 dB (excluded) and 20

dB (inclusive), the face belongs to the category of Medium

T =3 Contributory Faces (MCF);
Face 2 . . . .
A | i g 0 - Finally, if erry,s.; is strictly greater than 20 dB, then
ame mobile & -1,2.29,4.1)m ’ .
e = — the face belongs to the category of Non-Contributory Faces
Face 1 IlllIlllIllllllllllllllllllllFlaclelgll T TECERAE) (NCF)
4(500,8.8,4.3) m?
Les dimensions de : Face 6 Rame fixe /
- Tunnel (500,9,4.5) m3 Face 10 . . . .
 Rame (1205 mP ’ Face® To quantify the impact of each face on the wave propagation

Face 7

in tunnel, we take the maximun of three values obtained by
counting the number of positions, where a face is classified

Fig. 4. Studied environment as FC, FMC and finally FNCmax(sum(FC), sum(FMC),
sum(FNC))

The sixteen faces of our environment are numbered frome consider a threshold of 10 dB which is very pessimistic
0 to 15 (see Figure 4) as: because an error of 10 dB is relatively consistent. Thus, we
- The face 0 corresponds to the floor of the moving train  ayoid to discriminate faces whose can be important to the
- The face 11 corresponds to the floor of the fixed train  waves propagations. Although crude, this arbitrary valae, c

- The face 12 corresponds to the tunnel floor however, to lay the foundations of our optimization method.
- The face 13 corresponds to the tunnel ceiling Consequently , a further study will be conducted to refine the
- The face 14 corresponds to the tunnel wall side the movifigreshold.

train

- The face 15 corresponds to the side wall of the tunnel the Results

fixed train In this subsection, we propose to apply the method men-

tioned in sub section 3.C, taking as reference power, theepow



P,.¢. This will allow us to initially identify the faces of the those percentages values for the 16 sub-channels MIMO. For
mobile train were hit by the rays do not contribute suffidignt each face we have three bars. Each bar bears a label to refer
to P..r. Thus, we can count the number of times a fad® the category to which this face belongs, and the number of
belongs to the category CF, MCF and NCF. We then classtfynes a face belongs to a category. We can notice that each
these faces of the more energetic to the least energy. bar contains several pads which we have assigned by differen
colors. Each color represents a link. The height of each pad

TABLE | I .
THE DISTRIBUTION OF VALUES (POWERS BY CATEGORY will increase or decrease according to the percentage oépow

Coss EIRT—FC W ENC recelved_ by the corresponding face. W_hen the percentage of
Face 0 0.190% | 0,010% | 99.80% the received power tends to zero, the higher of the assdciate

Face 1 28,30% | 22,86% | 48,83% pad tends to a thread. With this representation, we fountd tha

Face 2 0597% | 1527% | 78,75% regardless of the association considered the face 4 is still

0, 0, 0, . . .
Egggi ?g’ggoﬁ ii’ggoﬁ géogéoﬁ; the highest contribution followed by the face 3, face 1, face

Face 5 20.64% | 08,47% | 70,90% 5, face 2 and finally face 0. This conclusion is supported
by the geometric description of our environment as cargfull
watching our scenario (see figure 4), we can see that the body
of the moving train is behind the network of receiving ant&sn
except for the face 4 that is in the same plane as the receivers
antennas. Knowing that the number of diffractions is limite

to one and the number of reflection to six, we can imagine
that the number of rays that interact with the face 0, face 1,
face 2 and finally the face 5 are very few and non-energitics.
This suggests to us that we can start the degradation of the
geometry of our environment by removing some faces of the
moving train, ie the faces 0, 1, 2 and 5.

IV. VALIDATION RESULTS

The removal of certain faces of the environment aims
to save us considerable time. To validate our findings and
[— mvc —rmc. — ke | ensure that the degradation of the geometric description of
Fig. 6. Identification of contributory faces , medium cobdtiory faces and our _envwonment does _nOt affect the _accuracy of O_ur results
non-contributory faces for the link ELR1 obtained from a full environment (see figure 4), we will laanc
a new campaign of simulations where we model only the face
and 4 of the moving train. We define the second scenario
see figure 8) where the faces (0, 1, 2 and 5) will not be
odeled. This is almost similar to the first scenario.
rI§Sigures 9, illustrates the evolution of received power ac-

Facel Face Face2 Faced Faced Faces
Numératation des faces

We first present some results obtained for the link E1R
Table 11I-D allows us to classify the six faces of the movin
train by category of importance. We observe that the face 4 |
the most contributory because 79.60 % of the received powe
represent a gap less than 10 dB compare®to ;. This is
followed by the face 3 (66.98%), face 1 (28.30%), face 5 ~
(20.64%), face 2 (5.97%) and finally the face 0 ( 0.19%) (S€€ *  ramemaic 5/ "
figure 6). B

SN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEER
Face 9
Emetteurs

Face 6 Rame fixe /
Face 10 Face 8

Face 7

Fig. 8. Modeling a part of the train moving (face 4, face 3)

e [B I Zi:l L e = ] cording to this new environment representation, in consari
- . :%l N -8 with a complete one (train with 6 faces). Here, we notice that
: obtained curves are very similar.
Fig. 7. ldentification of contributory faces , medium cobutory faces and TABLE Il
non-contributory faces THE COMPARISON OF THE SIMULATIONS TIMES
Scenarii 6 faces dynamics| 2 faces dynamics Gain 6f/2f
Simulations times (s)] 40 d 12 h 38 min| 8 d 1 h 13 min 5

To generalize those observations to the overall results, we
have plotted a diagram (see figure 7) which represents all
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Fig. 9. Evolution of total received power for different emoiments modeling

V. CONCLUSION

This investigation allowed us to reduce the simulation time
of a dynamic environment associated with a 4x4 MIMO
channel at a frequency of 5.8 GHz. The results are potentiall
interesting. We have shown that it was possible to degrade
the geometric description of the environment without com-
promising the accuracy the total power obtained with thé ful
environment description. However, we would verify this by
taking other characteristics parameters as the delaydjpreh
Doppler effect. In addition, we would refine the thresholdtth
we set ourselves in the subsection 3.C by adopting threshold
of 5 dB or 3 dB. With this parametric study related to this
thresholding technique we can make a gradual degradation of
our environment. We will launch other simulations to valela
our results.
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