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—Positive and Negative Effects of Narrow-beam Creation

MASAAKI YAMANAKAY®)  SHINICHI MIYAMOTO? SEIICHI SAMPEI?

Received: March 16, 2013, Accepted: September 13, 2013

Abstract: The authors have proposed a secure wireless link creation scheme based on a distributed trans-
mission by providing multiple numbers of separated propagation routes to a destination. In the proposed
scheme, at first, narrow-beam antenna directivities are created with an array antenna installed at the trans-
mitter. Then, the transmitted information is divided into multiple numbers of “shared information” by a
secret sharing method and sent to a destination separately through the propagation routes created with the
individually controlled antenna-beam directivities. In this paper, we will clarify the positive and negative
effects of the narrow-beam creation. By creating a narrow beam at the transmitter, as a positive effect, each
shared piece of information is concentrated along the selected paths which will enhance the dispersibility
of the distributed transmission. On the other hand, as a negative effect, the transmitted power of each
shared piece of information is increased due to the deterioration of the propagation gain. Computer simu-
lations clarify that the transmission routes are formed in a separated manner along the selected path with
the narrow-beam creation, so that the secrecy of the transmitted information is greatly improved with the
distributed transmission. On the other hand, the transmission power should be increased to maintain a
wireless link as the antenna-beam width got narrowed with the narrow-beam creation.
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(a) Multi-path routing in ad-hoc network (previous work)

path #1

(b) Distributed transmission in wireless space (proposed)
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Fig. 2 Difference in the distributed transmission between the

proposed method and the previous work.
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Fig. 6 Propagation model.
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Table 3 Propagation gain and AOD of the effective path.

Path number 1 2 3 4 5 6
Gain (dB) 0 —-9.5| —-11.0 | —16.1 | —19.1 | —20.5
AOD (deg.) | 327.3 | 56.3 | 199.1 | 141.2 | 24.5 | 289.7
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Fig. 8 Spatial distribution change of the signal-demodulation
area in accordance with changes of the number of an-

tenna elements.
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Fig. 9 Spatial distribution of the signal-demodulation area.
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Fig. 10 Information-leaked area of the original information.

F 4 THERREETY) 7R T IS E 0 5 E G

Table 4 Spatial ratio of the information-leaked area.

Number of elements 4 8 16 32 48
Spatial ratio (%) 222 | 17.6 | 176 | 3.7 | 1.4
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Fig. 11 Transmit power change against the number of antenna

elements.
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