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Abstract—In the field of smart environments, high data rate
wireless wireless communication can be reached with the unli-
censed 60 GHz RF Band. In this spectrum, Body Area Networks
channel modeling is required. In this paper, a 60 GHz Off-
Body channel modeling is presented using a simplified and fast
computation result of the scattering of plane waves by a human
body at 60 GHz and the IEEE 802.11ad indoor channel model.

I. INTRODUCTION

The fast development and progress in miniaturization and

in Ultra Wide Band (UWB) components and wireless systems

have driven the research to Body Area Network (BAN). Those

developments require accurate and fast computation channel

models to predict the received signal and allow to develop

sophisticated communication techniques.

In this abstract, a 2D solution of the scattering of a plane

wave by a dielectric cylinder modeling a human body will

be presented. A 2D transition operator to convert the IEEE

802.11ad indoor channel model [1] into a Off-Body channel

model is described.

In the full paper, experimental results and a 3D generalization

of the results will be presented.

II. SCATTERING MODELING

The scattering of a plane wave on a cylinder has been

widely studied by [2]. At 60 GHz, a formal development of

this problem at 60 GHz has been carried out to reach a fast

computation solution, which is completely suitable to the IEEE

802.11ad indoor channel model.

The geometry is presented in Fig. 1 where (ρ, φ) are the polar

coordinates where the total field is calculated, the cylinder has

a radius a, a principal axis ẑ, a relative permittivity εr, a free-

space permeability µr = 1 and sr is the travelled distance

of the reflected wave and ψ is the reflection angle. In the

following, k is the free-space wave number. The scattering

model is split into two regions: the lit and shadow regions.

A. Lit Region

The total field for a TM incident plane wave ETM
i =

eikr cos(φ)ẑ is given by Geometrical Optics :

ETM
tot = {eikρ cos(φ) −R× eika cos(ψ)

√

ρr
ρr + sr

e−iksr}ẑ (1)
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Fig. 1. Problem Geometry.

with the reflection coefficient is given by :

R =
sinψ − sinψt
sinψ + sinψt

(2)

where the refracted angle is defined as ψt = arcsin(
√
εr sinψ)

and ρr = cosψ/2.

B. Shadow Region

The creeping wave in the shadow region is obtained by

using Watson’s transformation :

ETM
Shadow ≃ 2πjυ+1 A′(τ)− qA(τ)

τW2(τ)− qW ′

2(τ)
W2(τ − h)e−jυφ (3)

where q = m
√
εr, m = (ka/2)1/3, υ = ka + mτ , h =

k
m (ρ− a) and τ is the first zero of:

W ′

2(τ)− qW2(τ) = 0. (4)

In those equations, A(x) is the Airy function and W2(x) is

the second kind Airy-Fock function defined in [3]. At 60 GHz,

using the electric properties of the human skin, it results that

τ = 1.14201 − 1.9717j. In [4], it is shown that the model

composed of (1) and (3) presented above fits with the exact

solution given by the solution of the boundary problem [5].

An experimental validation has also been done and shows

excellent agreement.



III. INDOOR OFF-BODY MODEL

The purpose is to develop an indoor Off-Body channel

model based on the scattering solution proposed above and

the IEEE indoor channel model at 60 GHz.

A. IEEE 802.11ad channel model

The IEEE 802.11ad 60 GHz indoor channel model gener-

ation is made of two steps [1]: the cluster simulation by ray

tracing and the statistical definition of the intra-cluster paths.

The output result of the model is a set of parameters :

α(i,k), τ (i,k), φ
(i,k)
tx and φ(i,k)rx (5)

where the indexes (i, k) denotes the kth ray of the ith cluster,

α is the ray magnitude, τ is the time of arrival of the wave,

φtx, φrx are the azimuth angle at the transmitter and receiver.

The elevation angle case is not presented in this abstract.

The angles at the transmitter are not modified by the introduc-

tion of a cylinder at the receiver and will not be considered in

the following. The angles defined in the following are defined

by the normal of the cylinder at the receiver position.

B. Transition Operator from indoor to Off-Body

The aim is to define an operator T which allows to make

the conversion of the (5) parameters from the IEEE indoor

channel model to an Off-Body modeling. It can be shown that

this operator T depends on three parameters (a, ρ, φ0) where

a is the cylinder radius and (ρ, φ0) are the coordinates of the

receiver around the cylinder.

The transition operator is also depending on the relative

position between the receiver and the direction of arrival of

the considered wave. The transition operator can be split into

two components: T lit (when |φ0 − φ
(i,k)
rx | < π/2) and T sha

(when |φ0 − φ
(i,k)
rx | ≥ π/2).
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Fig. 2. Schema of the cylindrical body introduction. The arrows represent
the indoor paths generated by the IEEE model.

C. Shadow transition Operator

The shadow transition operator is defined as the operator

which converts an incident plane wave in a creeping wave

denoted with a ′.






α(i,k)′

τ (i,k)
′

φ
(i,k)′

rx






= T sha

(a,ρ,φ0)





α(i,k)

τ (i,k)

φ
(i,k)
rx



 (6)

Using the creeping wave model (3), it can be shown that:

T sha
(a,ρ,φ0)





α(i,k)

τ (i,k)

φ
(i,k)
rx



 =









α(i,k)F (a, ρ)e−jυφ

τ (i,k) + ρ
|φ0 − φ

(i,k)
rx | − π/2

c
π/2









(7)

where c is the speed of light and

F (a, ρ) = 2πjυ+1 A′(τ)− qA(τ)

τW2(τ)− qW ′

2(τ)
W2(τ − h). (8)

D. Lit transition Operator

The transition operator in the lit region converts an incident

plane wave into a direct wave denotes by ′ and a reflected

wave denotes by ′′.

T lit
(a,ρ,φ0)





α(i,k)

τ (i,k)

φ
(i,k)
rx



 =







α(i,k)′

τ (i,k)
′

φ
(i,k)′

rx






⊕







α(i,k)′′

τ (i,k)
′′

φ
(i,k)′′

rx






(9)

where the symbol ⊕ denotes the adding of a new wave. It can

be shown that :






α(i,k)′

τ (i,k)
′

φ
(i,k)′

rx






=









α(i,k)

τ (i,k) − a cos(|φ0 − φ
(i,k)
rx |)

c
|φ0 − φ

(i,k)
rx |









(10)

and







α(i,k)′′

τ (i,k)
′′

φ
(i,k)′′

rx






=











−R× α(i,k)

√

ρr
ρr + sr

e−jksr

τ (i,k) − a cosψ − sr
c

π − ψ











. (11)

IV. CONCLUSION

In the full paper, an Off-Body model taking account of

the elevation angle will be presented for both TM and TE

polarization modes which will allow to develop a complete

Off-Body indoor channel modeling. Also experimental results

for both TM and TE polarization will be shown.
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