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Abstract Small sensors have been widely used for various purposes in defense and commercial areas due
to their portability and affordability. However, their limited battery-based energy resources restrict
long-range and high-speed data transmission. Fortunately, this problem can be solved by cooperative
beamforming, which can form a high-gain directional beam in the desired direction of a receiver or data
hub by data sharing and phase synchronization with surrounding sensors. Furthermore, this technique
can overcome the long-distance and high-speed communication limitations of small sensors and
improve their usability. Nevertheless, no domestic study has addressed the topic of collaborative
beamforming. This study explores the potential of collaborative beamforming in defense applications
and reviews its current synchronization methods, such as closed or open loops. In addition, it provides

research targets and outlines the need to develop collaborative beamforming.
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Table 1. Types and causes of the phase offsets

Type Cause

Phase * By wireless channel fading

(AW) * By inaccurate reference position of the
¢ target or master nodes

Frequency

(Af) * By oscillator offsets among sensor nodes
i

Time

( Ati) By inaccurate reference time
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Table 2. Procedure of the ‘1BF synchronization

Procedure Content

* Bach sensor node defaults the

@ Perturb o
synchronization parameter.

* The sensor nodes send a test signal to the

@ Send
target node

® Analyze * The target node analyzes RSS.

* The target node broadcast back a decision

@ Broadcast .
bit.

* Each sensor node adjust its synchronization

® Adjust
parameter.

* Repeat from @ to ® until satisfying the

© Repeat predetermined RSS.
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