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Abstract

In the shipping industry, wireless communication systems
are desired for enabling digitalization and tracking ad-
vancements throughout the complete shipping process. In
this paper, we present an 868 MHz path loss model for out-
door industrial container terminal environments, based on
a measurement campaign using a spectrum analyzer-based
channel sounder. Due to the container layout, i.e., contain-
ers are stacked in rows with gaps in between, the path loss
exponent of the one-slope path loss model is very low. The
container stack attenuation equals 21 dB, which is much
higher than the penetration loss of objects in other indus-
trial environments.

1 Introduction

Wireless communication is critical for the digitalization of
the supply chain and logistics, e.g., to track goods in the
shipping process, and to do stock inventarization. In this
paper, we provide a radio channel model for propagation
at 868 MHz in industrial container terminals. This allows
for designing wireless communication systems that can be
used for scanning and tracking containers, which avoids
that containers are lost and that wrong containers are get-
ting shipped. Also, wireless communication systems allow
for better integration of planning and organization tools for
container environments. The 868 MHz industrial, scien-
tific, and medical (ISM) frequency band is used by existing
wireless technologies considered for industrial Internet-of-
Things, including LoRa, Z-Wave, and Dash-7.

Channel models for radio propagation in industrial envi-
ronments mainly focus on indoor industrial environments
[1, 2, 3]. However, a container terminal environment dif-
fers significantly from indoor environments, due to the open
environment and structured layout with large metallic ob-
jects. Existing research on container terminal environments
focuses on the planning aspects of containers [4, 5], as well
as scheduling [6, 7], localization [8, 9] and tracking [10].
Moreover, there is an increasing interest in deploying wire-
less connectivity throughout the complete shipping process,
e.g., inside a vessel [11, 12, 13, 14], in order to efficiently
track goods.

To the best of the authors’ knowledge, this is the first time
a path loss model for a container terminal is presented. The

outline of the paper is as follows. In Section 2, we present
the methodology and measurement campaign. The channel
model is provided in Section 3, and Section 4 concludes
this paper.

2 Methodology

2.1 Measurement setup

We perform path loss (PL) measurements using a spec-
trum analyzer-based channel sounder. An omnidirectional
Cobham antenna type XPO2V/1441 transmits a sine wave
at frequency 868 MHz with power 15 dBm, generated by
a R&S signal generator type SMB 100A. A R&S FSV30
spectrum analyzer captures the received signal via an iden-
tical Cobham antenna. The antennas have a gain of 2 dBi at
868 MHz, and the total cable losses are 3.3 dB. The Fraun-
hofer distance of the antennas for frequency 868 MHz is
0.068 m. The center frequency is set to 868 MHz. The
resolution bandwidth of 300 Hz results in a sweep time of
0.11s.

The transmit (TX) antenna location is fixed, and the receiv-
ing (RX) antenna is put on a mobile cart. Both antennas
are vertically polarized and mounted at a height of 2 m. A
tachometer connected to the cart records distance informa-
tion, which is stored on a laptop together with the RX power
information that is obtained from the spectrum analyzer.
By moving the cart away from the transmitter at a speed
of 0.1 m/s and continuously recording received power and
tachometer data, we obtain the received power as a func-
tion of distance. PL is found by subtracting received power
and cable losses from the sum of the TX power and antenna
gains.

2.2 Measurement environment

We performed measurements along different measurement
tracks, categorized into Line-of-Sight (LOS) and non-Line-
of-Sight (NLOS). The floorplan of the container terminal
is presented in Fig. 1. The tracks are represented by the
starting point (circle) and an arrow that indicates where the
cart is moved to. The containers are represented by rect-
angles, with a number indicating how many containers are
stacked vertically. The tank containers are built based on
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Figure 1. Container terminal floor plan.

the standards from the International Organisation for Stan-
dardization (ISO) and designed to carry liquids. The con-
tainer frame measures 20 feet (6.06 m) by 8 feet (2.44 m)
with a height of 8.6 feet (2.60 m), and the spacing between
containers is 1 to 1.5 m. Track 1 is a LOS track where the
cart moves parallel to the container stack. For NLOS tracks
2 and 3, up to two quadruple container stacks are in be-
tween the TX and RX antennas. Tracks 4 and 5 start with
a LOS scenario and end with an NLOS scenario. For each
measurement track, the minimum distance between the an-
tennas and the closest surrounding metal is 0.5 m, which
is larger than the far-field distance of the XPO2V/1441 an-
tennas. Figure 2 shows a picture of the container terminal
environment, as well as the measurement equipment.

3 Results

The captured PL samples are pooled and averaged over 10
wavelengths, with an average of 310 samples in one inter-
val. The averaged PL samples are fitted to the log-distance
model of (1) via a multiple linear regression analysis.

PL(d,p) :PLO+ 10n loglo(d)+pAstack+x (1)

In this equation, parameter PL is the path loss in dB at
a reference distance of 1 m, and n (-) is the PL exponent.
Variable d is the distance in meter between transmitter and
receiver, p € {0,1} indicates whether the LOS path crosses
a container stack, and Ag,ck i the stack attenuation in dB.
X is a zero-mean normally distributed shadowing factor in
dB. We also fit the LOS samples and NLOS samples to a
one-slope model, i.e., the model from (1) with p = 0.

The fitted parameters are summarized in Table 1. For the
LOS model, the LOS data samples from tracks 1, 4, and 5
is fitted to a one-slope model, i.e. the model from (1) with
p = 0. For the NLOS model, the NLOS data samples from
tracks 2 to 5 is fitted to a one-slope model, whereas the com-
bined model combines all tracks and uses parameter Agack.
Figure 3 shows the measured PL samples for the different
tracks, as well as the fitted LOS and NLOS models. For
all tracks, there is a periodic behavior, which is attributed
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Figure 2. Container terminal environment and measure-
ment equipment.

to the gaps in between the containers. For LOS track 1, re-
flected power is received, as the antenna moves parallel to
the metallic container. For NLOS track 2, there is a high at-
tenuation when the antenna is behind a container, and lower
attenuation when passing a gap, i.e., shadow fading. Even
though the received power is close to the noise floor of the
measurement equipment, the same amount of PL samples
as for track 1 is received. On the other hand, there are only
a limited number of PL samples for NLOS track 3, indi-
cated by red squares in Fig. 3. Even no PL samples were
recorded between 50 m and 53 m, between 65 m and 67 m,
and between 67 m and 72 m. As too many samples are
missing, we did not consider the data from this track for the
linear regression fit to the log-distance model. We conclude
that measured PL exceeds the dynamic range of the spec-



Table 1. Fitted path loss model parameters for Line-of-Sight data, non-Line-of-Sight data and combined data set.

Model PLpat1m PLexponentn  Agyk RMSE  p-value
LOS 53.2dB 1.2 - 35dB < 1.5e-5
NLOS 49.9 dB 2.8 - 29dB <6.7¢e-6
Combined 50.0 dB 1.4 20.8dB 3.7dB <8.7¢-19
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Figure 3. Measured path loss samples fitted to a one-slope model.

trum analyzer when more than one quadruple stack block
the direct path between the TX and RX antennas.

Fitting the combined data of all tracks results in a stack at-
tenuation of 20.8 dB. The distance dependence is very low,
given the fitted PL exponent of just 1.4, which is in line
with path loss models for indoor industrial environments
[13]. The reference PL at 1 m is 50 dB and the RMSE is
3.67 dB. The coefficient of determination is 0.93.

4 Conclusion

In this paper, we have presented an 868 MHz PL model for
a container terminal. The PL exponent is very low, which
indicates that there is a limited distance dependence. The
low dependence is caused by the specific environment lay-
out, i.e., big metallic containers that fully block the RF sig-
nal, and 1 to 1.5 m gaps in between where the RF signal gets
through. This results in a one-slope PL model with a high
stack attenuation value (20.8 dB), a low PL exponent (1.4),
and a reference PL value (50.0 dB) that is much higher than
free space PL. The PL model can be used for the design of
a wireless network for container environments, and for net-
work planning, i.e., where access points or gateways should
be placed to enable wireless communication.
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