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Abstract Y§)
Maritime wireless communication is different from terrestrl | WI ireless ¢ cation, due
to difference of environments. Nevertheless technologles n W| 802.16j) for

ship to ship maritime communication promised to dellver s r large distances
and deliver multimedia services and are expecte |g W system. This paper
focuses to simulate on IEEE 802.16j for ship to sh rltlm C cation under various
sea states. We describe BER level accordlng to tates under an fadlng channel model.

BER patterns are designed using MATLAB.
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1. Introduction

Recently, the maritime co unication b n ship to ship/shore is technically limited to
a high cost. In this respec us res out how to reduce a high cost is in progress. To
solve this problem WiM E 802.16j) over the maritime environment. The
IEEE 802.16 [1, 2] prow high transmission rate and wide coverage for wireless
communications

Current ma ¢ wireless<som unlcatlon systems are based on MF, HF, VHF radios for
ship to shore communical ffshore, and satellite communications for long range ship to
ship and ship to shore nications. These maritime radio technologies cannot support the
e-Navigation servic o0 the lack of bandwidth. And using satellite is too expensive for
commercial servi To solve these problems, improved maritime communication
technology is\néeded to transmit large multimedia data.

We pre iIMAX (IEEE 802.16j) technology and existing maritime wireless
} technology in Section 2. In Section 3, we introduce system description for our
~In Section 4, we present simulation results using MATLAB. Finally in Section 5,

2. WIiMAX and Maritime Wireless Communications

2.1. WiMAX (IEEE 802.16j)

The relevant standards include IEEE 802.16d, 802.16e, 802.16j, etc. The 802.16d targets at
the fixed wireless access while the 802.16e counterpart is designed to support the mobile
applications. It is known that the single hop communication is often of limited geographical
size. In this respect, a relay approach by introducing the low-cost relay station (RS) into the
802.16e network to increase range and enhance transmission capacity between a base station
(BS) and mobile station (MS) in a cost-effective manner is highly desirable[3]. Such RS-
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enabled multi-hop networks have been the focus of the recently established IEEE 802.16j
standard working group [4-6]. Specifically, this standard is based on the legacy 802.16e but
extends it to support the mobile multi-hop relay (MMR) operation. Due to its high
transmission rate, wide coverage, mobility and flexible deployment, the 802.16j MMR
network are regarded as a promising alternative for broadband wireless access in a wide area,
especially in a maritime environment. An IEEE 802.16j network includes three types of
stations, i.e., BS, RS and MS. The MS is also called as the end user station, while all the other
stations are called as the RSs. The station to which an RS transmits in the uplink is its
superordinate station while transmits in the downlink is its subordinate station. In such a
mobile multi-hop transmission network, the RS plays a critical role in forwarding traffic

between BS and MS[3].
2.2. Maritime Wireless Communications E
Conventional maritime wireless communication is ba v.oice nication, which
is using radio devices of MF, HF, VHF and satellite s . The 4@dio,dévices loaded to a
vessel are decided according to the size and saili of vegsels. WMO and ITU defined
these radio types for sailing vessels[7]. »\
Table 1. IMO def@% of s a[7]
A
Sea Area Technology J%“ .\@ Communication Coverage
Al VHF @\ @ Coast (50~100Km)
A2 MQ Offshore (200~400Km)
A3 INMARSAT/HF \% North Latitude 70°-South Latitude 70°
Ad o , HF Worldwide
A A\’Y \J
IMO defined theymariti ireless communication according to technology and
communication erage as in tabte 1. Al and A2 are massive complex areas of each country
where small ships-are saillng<AB and A4 areas are ocean where large ships are sailing [7].
mesh network for maritime communication using a ship,

TRITON [8] imple
lighthouse, buoys as %unication nodes based on IEEE 802.16 and IEEE 802.16e. Current
satellite systems 9&5 the INMARSAT GAN system provides only up to 64 kbps of data
bandwidth persdata”link. And that bandwidth is shared among the nodes, so the real

bandwidth s lower [8].

ESA @ean Space Agency) [9] introduced Wired Ocean Project. They suggest low
oS adband IP based TV, internet and communication services using hybrid satellite
ano‘l% (Digital Video Broadcast) systems in the ocean. But the cost is still expensive due
to Wired Ocean needed TVRO (TV Receive Only) antenna for implementation.

3. System Description

In MIMO systems, a transmitter sends multiple streams by multiple transmit antennas. The
transmit streams go through a matrix channel which consists of all nn, paths between the n,
transmit antennas at the transmitter and n, receive antennas at the receiver. Then, the receiver
gets the received signal vectors by the multiple receive antennas and decodes the received
signal vectors into the original information [10].
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Figure 1. MIMO Sy@ del\})

The MIMO system model can be described aQ
e

r=sH

where r is n" received signal vector, tra vector, H is n, * n, channel matrix

and n is the Gaussian noise vector %
The relation between the tr ter and receivelis given by:
31h11% .+ 8, 2
r2 = Slhgl 22 .t Sn n (3)

The channel ma can be essed as nt * nr, with nt inputs and nr outputs. The
transmitted dafa™® g fully re r@s by expressing the channel in matrix form. Thus the
channel matri %o repz s@ed as:

hll h12 hlm

6&‘— hor hao o om @
%” hnl hn2 hnm

r@m is the attenuation and phase shift between the n™ transmit and m™ receive
an

The WiMAX multiple antenna technique is often categorized as either open loop or closed
loop. Most common open loop MIMO techniques include STC (Space Time Coding) and
Spatial Multiplexing. Considering open loop system, the WiMAX standard includes two
versions of open loop MIMO techniques known as Matrix A and Matrix B, referring to STBC
technique and SM (Spatial Multiplexing) MIMO technique respectively.

In MIMO Matrix A, the data stream is replicated and transmitted over multiple antennas.
Mathematical algorithms are used to encode each redundant data streams known as STBC
(Space Time Block Codes). This multiple transmission of the coded data streams, raises the
opportunity for the receiver to identify the signal.
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In MIMO Matrix B, the signal to be transmitted is split into multiple data streams, where
each data stream is transmitted from a different base station transmit antenna.

In a maritime wireless communication environment, the channel state or quality over a
communication link is affected by three attenuation factors, i.e., path loss, path shadowing
and multipath fading [1, 11]. Path loss is due to the propagation distance between the
transmitter and receiver station although the communication link between them is in the line
of sight (LOS) of the transmitter. Path shadowing is caused by the large obstacles between the
transmitter and receiver station and may cause more attenuation than path loss. Multipath
fading is caused by the multiple receptions of the original signal due to the sea surface
reflection[3]. o

Two stations A and B are placed over the sea surface. Let A denote a transpittelstation
and B represent a receiver station. According to the typical sine wave move e;%kern [11]
of the sea surface, each station goes up and down along sea surface in a peripdi anner.

To determine the signal propagation manner betwee ot A a should first
determine their positions. As for the coordinate system %cy 0O(0, 0) denotes

Fig, 2
the selected coordinate origin. X;(t) and Y;(t) (i = enote leontal and vertical
coordinate of the station respectively. The vertlcal coordinate & ation B is determined

according to the sea surface wave movement as
Y1) = a sin[2r*mod(Xs), @:2R*mb@)/T] 5)
Where parameters a, A and T denot &% ave a@de wave length and wave cycle of

the sea surface movement|[3]. 4 &

¥
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Figure Qree types of signal propagation manners, i.e., LOS, shadowing and
reflection propagation [3]

Ocean waves are dependent upon the wind. These ocean waves relate to the motion of a
ship in the sea. Ships tend to have some form of rocking motion, which affects the
communication link between the ship and the shore. The ocean wave is often depicted as a
typical sine wave movement pattern; however, by experiments the wave shape is described as
a Trochoid, whose properties are known to be similar to that of sea waves. The roughness of
the sea surface are measured by so called sea states, which is characterized by parameters of
significant sea wave height, average sea wave length, and average sea wave period. In this
paper, since we do not have any real data, we use the sea state data from Pierson-Moskowitz
sea spectrum [12].
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Table 2. Sea State Parameters[12]

Sea State Wind Speed Average wave Significant wave Average wave
(knots) period (sec) height (m) length (m)
4 18 5 1.83 24.1
5 21 55 2.4 32
6 27 7.5 4.3 56.1
7 37 10 7.62 100.13
8 49 13 13.72 180.1
On the other hand, due to the reflective nature of sea surface, the reflected com .t of

(sea state 1 through 4) the signal offset is negligible. However, as the signif ve heights
increase the severity of the sea conditions also change and signal o e receiver is
probable to worsen, since the incoming wavefronts WN scatter e to rough sea
conditions [13]. Q
4. Simulation and Results ‘\\)

In this section, we present the simujati@ vironm and results, with underlying
assumptions for the proposed techniques prove system performance of a ship to ship

based maritime communication system. for ahggt) evaluated, in terms of BER with
respect to Eb/No. Maritime vj\ggz%mmun% is different from terrestrial wireless

the signal is influenced by the sea state conditions. It is expected that in calm s ditions
ﬁ' a:aj

communication, due to sea surface\refiction, fadig, time delay, Doppler shift, sea state and
rocking motion of ships. Our simtiation @was applied to that condition under Rician

fading channel. For our si tion, w sea state data from Pierson-Moscowitz sea
spectrum. Figure 3 shew, mulatio:&d%el. In our simulation model, we assume that the
base station is on the%{&, elay stations and mobile stations are sailing near the port.
O o -
& 27 _B7
& / h t I‘

O Bz b
@ TTM.S. B T i e
Figure 3. Simulation model

We simulated performance of two transmit, single receive system without power loss, time
delay and Doppler shift under sea state conditions at Rician fading channel, with K=0, 5.
Figure 4 and 5 shows simulation results respectively.
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Figure 4. Performance of two transmit, single vaa s;@»’thout power

loss, time delay and Doppler shift unde te condlitions, with K=0

Figure 5. Perf@nce of two transmit, single receive system without power
loss, t'nq%ge ay and Doppler shift under sea state conditions, with K=5

show the performance of the enhancement achieved with two transmit, single
ms. It is evident that the performance of the system improves drastically with the
. The slope of the BER graph indicates the degree of diversity achieved, this is
characterized by the performance improvement in BER. Moreover, the figures above also
show the performance of the system with different channel parameters. Hence, it is apparent
from the results that sea states 4, 5 and 6 are appropriate for communication and performance
can be improved in these conditions, however, at sea states 7 and 8 communication becomes
unfeasible.

5. Conclusion

In this paper, we introduce ship to ship maritime wireless communication based on
IEEE 802.16j for e-Navigation service. Current ship to ship communication systems are
based on MF, HF, VHF radios. These maritime radio technologies cannot support the e-
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Navigation service due to lack of bandwidth. To solve this problem, we propose to
adopt IEEE 802.16j based maritime ship to ship communication for e-Navigation.

This paper is aimed to improve the performance of IEEE 802.16j based maritime ship
to ship communication for e-Navigation. Performance is evaluated, in terms of BER
under various sea states. From the results obtained; it can be concluded that IEEE
802.16j technique is feasible in maritime communication for e-Navigation.
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