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ABSTRACT 

Utilization of electromagnetic wave (EMW) in underwater wireless communication 

systems is being investigated as the alternative to the conventional acoustic-based 

system, in order to provide higher data rate. However, underwater EMW systems has 

the drawback of the high signal attenuation, effecting the signal quality and data rate. 

In underwater environment, conventional antennas will perform poorly since they have 

reduced efficiency and poor near-field radiation properties. Hence, a proper optimized 

antenna design is required to enhance the antenna performances underwater. Existing 

works on the development of the underwater antennas mostly focus on the development 

on narrowband antennas operating at low frequencies. Moreover, most studies on EMW 

propagation in underwater investigate only the propagation of narrowband signal. While 

utilization of wider signal bandwidth permits a higher data rate, there are minimal study 

to investigate the wideband antenna design and propagation characteristics. The main 

aim of this study is to develop a wideband patch antenna, integrated with buffer layer 

configuration for enhanced underwater transmission. Accordingly, the present study 

investigates the parameters of a buffer layer in enhancing the proposed wideband 

underwater antenna performance, with experimental validation. For the buffer layer, 

this study proposes the utilization of a material with relative permittivity between the 

atmosphere and water, to enhance the antenna performance. Furthermore, the present 

study also analyses the wideband electromagnetic wave path loss in the underwater 

environment through measurement and validation with numerical evaluation. Two 

prototypes of underwater antenna were presented in this study which is presented as 

Antenna Design 1 and Antenna Design 2. Antenna Design 1 is the initial design consist 

of a circular patch antenna integrated with buffer layer structure. The buffer layer 

structure was design using  the proposed solution consist of (7:1) of a mixture between 

methyl acetate and distilled water.The improvements of the antenna in term of its 

bandwidth, gain and S11 was presented by Antenna Design 2 due to its fully optimized 

antenna parameters such as the optimization on the antenna size and buffer material.   

Hence, Antenna Design 2 was chosen as the final proposed underwater antenna design 

due to its beneficial of achieving Ultra-Wideband (UWB) frequency ,minimized in size, 

better gain and S11. From the results, it is demonstrated that the proposed antenna 

yielded a good return loss performance when operating underwater, nearly -10 dB from 

380 MHz to 1000 MHz, occupying approximately 600 MHz bandwidth. This indicates 

the effectiveness of using the proposed buffer layer in the underwater antenna design to 

retain a good performance over a wide bandwidth. Next, the proposed antenna was used 

in the analysis of wideband path loss in underwater. The measurement results indicated 

that the wideband path loss at 2m distance underwater was approximately 65 dB, which 

is lower than its narrowband counterpart, marking 70 dB at the same distance. The result 

is verified by numerical simulations, with approximately 3 dB modelling error over the 

wide bandwidth. This reduction of path loss per distance is attributed to the frequency 

diversity effects brought by the wide frequency bandwidth. Overall, this study 

successfully proved that the proposed antenna design integrated with buffer layer 

structure was able to enhance the antenna performances in underwater environment over 

a wide signal bandwidth. In addition, the results presented from the wideband path loss 

measurement may facilitate improvements in wireless underwater communications 

using electromagnetic waves. 
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