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The impact of human body on the wireless communication systems is very required recently in indoor environments. The prediction of accurate and efficient coverage is more and more needed in the presence of various obstacles. This paper will present electromagnetic indoor propagation modeling with integration of human body, taking into account the nature of materials existing in the environment, based on 3D-Finite-Difference Time-Domain method. Numerical results obtained by this method are presented.

INTRODUCTION

Planning efficiently the communicating devices becomes essential in indoor environments. The presence of obstacles influences the coverage by their geometrical and material characteristics.

A code developed with FORTRAN and based on the 3D -FDTD method allowing to obtain interesting results in agreement with measurements with presence of various obstacles in the environment [START_REF] Sayegh | Antenna Radiation in Typical Office Environment: Theoretical Modeling and Measurements[END_REF] - [START_REF] Sayegh | Modélisation de la Propagation Electromagnétique dans un Environnement de Type Bureau à 2.4 GHz[END_REF], has been enhanced to take into account the presence of human body to get more accuracy.

The code provides the electromagnetic fields in time domain for each position of the receiving antenna in the environment, which allows us to calculate the corresponding power through the calculation of the Poynting vector [START_REF] Neeakanta | Antennas for Information Super Skyways: An Exposition on Outdoor and Indoor Wireless Antennas[END_REF].

In this paper we are looking to integrate the human body in the FDTD code and to predict the radiation of omnidirectional monopole antenna (λ/4) at 2.4 GHz placed in typical office environment in presence of various obstacles as presented in Fig. 1.

II. SCENARIO

A typical office measuring 34 λ x 27 λ x 24 λ is used for this study [START_REF] Sayegh | Antenna Radiation in Typical Office Environment: Theoretical Modeling and Measurements[END_REF] featuring several types of obstacles such a brick enclosure walls, one metal heater, two metal wardrobes, two metal desks, two computers, two screens, four glass windows and one wooden door. We used monopole omnidirectional antennas with the physical size of λ/4 and resonate at 2.4 GHz.

III. INTEGRATION OF HUMAN BODY IN THE FDTD CODE

The scenario was created by the FDTD code by defining the geometries and the materials of the environment.

The current version of the FDTD code allows us to integrate a human body in the environment (height: 169 cm as shown in Fig. 2) including the properties of all existing materials inside. We need to specify the coordinates (x, y) of the point where we want it to be placed; this point corresponds to the center of the body. We can also specify the orientation of the body according to the office geometry.

In our study we choose to place the human body in the middle of the office (Fig. 3). Fig. 3 -Obstacles cut plan at z = 85 cm Fig. 3 shows the obstacles existing in the plan (x,y) at z = 85 cm. We can see the body in the middle of the office with a part of two hands, the wardrobes, the door, the walls, the computer and the screens.

In our study the frequency is 2.4 GHz, we used as source an omnidirectional antenna placed 85 cm above the floor level.

The spatial step is λ/10, or λ is the wavelength, chosen to be small to get a perfect continuity of space and time and to minimize the errors introduced by the numerical dispersions. The choice of the spatial step is a compromise between the minimization of inaccuracy and storage space in memory.

The code has a capability to produce the electric field and the magnetic field in time domain at any locations in the FDTD space taking into account the presence of the human body in the middle of the office.

The calculation is done for 2000 time steps or the time step is 2.4 e-02 ns.

We specify the output points or plan where we need to get the fields values ('txt' files) or we can choose 'PPM' files to see how electromagnetic waves propagate inside the room for each time step (Fig. 4). For this study we defined horizontal output plan as the same level of the source antenna. 

IV. USING MULTIPLE SOURCES

The code has been developed to taking into account the presence of multiple sources in the environment. Fig. 5 shows how electromagnetic waves propagate in the office in the presence of multiple sources and the human body in the office, taking into account all the significant physical phenomena influencing the wave's propagation like signal reflection, absorption, penetration and also diffuse scattering. The impact of human body on the antenna radiation in the environment can be seen by comparison between simulations in presence and absence of human body in the office.

The repartition of power loss computed with FDTD code for 143 points separate by 2.5 λ chosen at the same height of the source is represented in Fig. 6. The difference between these simulations is represented in Fig. 7. We can see how the in-room coverage becomes poor in the area between the body and the heater and how it becomes better in the other areas. The FDTD code was enhanced to use all processors for simulation to reduce the computation time.

For this study, we used one computer which has 8 processors and 32 GB of RAM. The computation time for each study was about 37 minutes, using 8 processors and 2.25 GB of RAM. The storage space on the hard disk is about 20 MB. Table I. shows the difference between the performance of computation using one processor and 8 processors. 

VII. CONCLUSION

An accurate and efficient electromagnetic indoor propagation modeling based on the 3D FDTD method is developed and presented in this paper. This code takes into account the presence of obstacles, multiple sources and human body in the environment to provide results with accuracy.

Numerical results obtained by the FDTD code are presented. The important influence of human body on the indoor coverage is shown by comparison between the simulations in presence and absence of human body.

The performance of the FDTD code shows a great ability in modeling electromagnetic propagation.

To get more accuracy, we need to compare between numerical results using FDTD code and measurements results. The characteristics of antenna should also be integrated in the FDTD code.
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 21 Fig. 2 -Model of human body (height: 169 cm)
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 44 Fig. 4 shows how electromagnetic waves propagate inside the office at z = 85 cm.
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 5 Fig. 5 -Electromagnetic waves propagation in presence of multiple sources and human body in time domain
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 6 Fig. 6 (a) shows the repartition of power loss computed without human body. The influence of wardrobes, heater, computers and screens can be seen by the dark blue areas.
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 66 Fig. 6 (b) shows the repartition of power loss computed with presence of human body in the middle of the office. An important influence on the in-room coverage is noticed.
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 7 Fig. 7 -Difference of Power Loss (dB) between simulations in presence and absence of human body
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		.	FDTD CODE PERFORMANCE
	Method	Number of processors	Computation time	Memory (RAM)
	FDTD code	1		9h11	2.25 GB
	FDTD code	8		37 minutes	2.25 GB