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Abstract—In this paper, we provide empirical evidence that
the inverse gamma distribution is an excellent alternative for
the lognormal and gamma distributions which are often used
to model shadowing. To illustrate this, we have used field
measurements obtained for wearable communication channels.
The goodness-of-fit is compared with two other distributions,
namely lognormal and gamma. It has been found that the inverse
gamma distribution is chosen as the best model in two out of
three cases considered in this study.

I. INTRODUCTION

The lognormal distribution has commonly been used in
wireless communications to describe the random fluctuation
of the received signal mean level caused by shadowing.
Despite its extensive use, one major limitation of using the
lognormal distribution is its algebraic representation, which is
usually inconvenient for analytic calculations and performance
evaluations of communication systems. This presents an even
greater challenge when considering composite fading models,
which encompass both multipath fading and shadowing.

To overcome the intractability of the lognormal distribution,
the gamma distribution has been proposed as an alternative
model to describe shadowing [1]. It has been shown that the
gamma distribution can provide an adequate description of
measurement data previously modeled using the lognormal
distribution. Additionally, the use of the gamma distribution
has facilitated closed-form expressions for probability density
functions (PDFs) of some composite fading models [2], [3].
Unfortunately though, it is not always possible to obtain
closed-form solutions. For example, new composite fading
models have been proposed using the gamma distribution with
the κ-µ and η-µ fading models, respectively [4], [5]; nonethe-
less, closed-form solutions for their PDFs remain elusive.

Recently, a few studies have proposed the use of the inverse
gamma distribution to describe shadowing since it can also
exhibit semi heavy-tailed characteristics similar to the gamma
distribution [6]. The authors of [6] have shown that the inverse
gamma distribution can be used to successfully model the
random variation of the mean signal power in composite fading
channels. However, to the best of the authors’ knowledge, there
are no experimental studies which consider the inverse gamma
distribution in isolation as a shadowing model. Therefore,
for the first time, we empirically validate the inverse gamma
distribution for modeling shadowing in this paper.

II. SHADOWING MODELS

1) Lognormal Distribution: Let P represent a random
fluctuation of the received signal level caused by shadowing.
Now considering the case the that P follows a lognormal
distribution with location parameter u and scale parameter σ,
the corresponding PDF can be expressed as

fP (p;u, σ) =
1

pσ
√

2π
exp

[
− (ln (p)− u)

2

2σ2

]
, p > 0 (1)

where ln(·) denotes the logarithm to the base e.
2) Gamma Distribution: Now considering the case that P

follows a gamma distribution with shape parameter a and scale
parameter b, the corresponding PDF can be obtained as

fP (p; a, b) =
pa−1

Γ (a) ba
exp

(
−p
b

)
, p > 0 (2)

where a > 0, b > 0 and Γ(·) is the gamma function.
3) Inverse Gamma Distribution: The PDF of the inverse

gamma distribution is closely related to the gamma PDF
since it follows that 1

P ∼ inverse gamma(a, b−1) when P ∼
gamma(a, b). By letting S = 1/P , α = a and β = b−1, this
can be expressed as follows:

fS(s;α, β) =
βα

Γ (α) sα+1
exp

(
−β
s

)
, s > 0 (3)

where α > 0 and β > 0 are the shape and scale parameters,
respectively.

III. WEARABLE CHANNEL MEASUREMENTS

The wearable channel measurements considered in this
study were conducted at 5.8 GHz in the seminar room (7.92 m
×12.58 m) located on the 1st floor of the ECIT Institute
at Queen’s University Belfast in the UK. The seminar room
contained a large number of chairs, desks, a projector and a
white board. It also featured an external facing boundary wall
constructed entirely from glass with some metallic supporting
pillars [Fig. 1(a)]. The seminar room was unoccupied for
the duration of the experiments, facilitating pedestrian free
wearable channel measurements.

The transmitter (TX) was positioned on the front-central
chest region at a height of 1.42 m of an adult male of height
183 m and weight 73 kg [Fig. 1 (b)]. The purposely developed
wearable node used for the TX consisted of an ML 5805 and
was configured to generate a continuous wave signal with an



TABLE I
PARAMETER ESTIMATES FOR THE LOGNORMAL, GAMMA AND INVERSE GAMMA DISTRIBUTIONS FOR ALL OF THE WEARABLE CHANNEL

MEASUREMENTS ALONG WITH THE NUMERICAL VALUES OF THE CORRESPONDING RAD.

Channels Lognormal Gamma Inverse Gamma
u σ RAD a b RAD α β RAD

F-Chest to F-Pocket 0.84 0.1 0.0006 108.11 0.02 0.0008 109.03 250.07 0.0006
F-Chest to B-Pocket -0.32 0.17 0.0012 35.69 0.02 0.0018 38.29 27.13 0.0009
F-Chest to B-Waist 0.13 0.16 0.0009 40.78 0.03 0.0006 40.56 46.55 0.0020
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Fig. 1. (a) Wearable measurement environment and (b) the locations of the
wireless TX and three different RX nodes.

output power of +17.6 dBm. The receiver (RX) was alternated
between three different body locations. These were the rear-
central waist region at a height of 1.15 m and both right front-
and back-pocket of his clothing at a height of 0.92 m. The
RX wearable node consisted of an ML5805 transceiver and
a PIC32MX which acted as a baseband controller. This con-
figuration allowed the analog received signal strength output
by the ML5805 to be sampled with a 10-bit resolution at a
sample rate of 1 KHz. The antennas used by both the TX
and RX were +2.3 dBi sleeve dipole antennas. During the
measurement, the test subject walked along in a straight line
within seminar room, covering a total distance of 9 m.

IV. RESULTS

The shadowing was extracted from the raw measurement
data using a moving average of 500 samples. Then, the
corresponding parameters for the lognormal and gamma dis-
tributions were estimated using maximum likelihood estima-
tion, whereas those for the inverse gamma distribution were
obtained using non-linear least squares routine. To provide a
quantitative measure of the goodness-of-fit for the lognormal,
gamma and inverse gamma distributions with the measurement
data, the resistor-average distance (RAD) between empirical
and theoretical distributions was calculated [7].

As an example of the results of the model fitting, Fig. 2
shows the received signal power with the superimposed shad-
owing and the CDFs of the lognormal, gamma and inverse
gamma distributions fitted to the measurement data for the
front-chest to front-pocket wearable link. As we can see from
Fig. 2(b), all three distributions were in excellent agreement
with the measurement data. Table I provides the parameter
estimates for all of the considered wearable channels to allow
the reader to reproduce their own simulated shadowing data.
As a further test of the goodness-of-fit, the numerical values
of RAD are also given in Table I. It is evident that the inverse
gamma distribution provided the smallest RAD for both the
front-chest to front-pocket and front-chest to back-pocket links
whereas the gamma distribution provided the smallest RAD
for the front-chest to back-waist link.

Fig. 2. Received signal power with a superimposed local mean along with the
empirical, lognormal, gamma and inverse gamma CDFs for the front-chest to
front-pocket wearable link.

V. CONCLUSION

In this paper, the inverse gamma distribution has been
considered as an alternative distribution to model shadowing.
Carrying out channel measurements for wearable communica-
tions, which are known to be prone to shadowing, it has been
found that the inverse gamma distribution outperformed the
lognormal and gamma distributions in two out of three cases
considered in this study.
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