) o

Internet
(Cellular phone
,Wireless LAN)

Ry
2 %
Sy
/c.&&
CO,)]
< Termmal 2 >
Receive

Terminal ID
Electric field intensity
W1reless com. Personal Data

Termlnall/ ~—Server '\\
\MalnTermln@ )

N4
< >
PTA

ZigBee
Fig.1 Image of battery-less wireless
communication system

2.2
Fig.2 Fig.3
ZigBee
SW  off
Vmax(ZigBee
) on
. ZigBee
2.1 Fig.3

Ton/(Ton+Toff)

(Figl ) Figl

32g317

Terminal 1 2
Server(Main Terminal)

Server Terminal ID SV . _

Terminal

Server 0
Toff Ton Time[s]

PC
Fig.3 Voltage profile supplied for Wireless System

A Study on Ubiquitous Wireless Communications with Battery-less Terminals
Powered by Piezo/Solar Hybrid System

Hidenori TOBINAI, Masayoshi TANAKA



2.3 ZigBee 3.2

Fig.4
ZigBee 2.5V Vh  Fig.5
3.6V 50ms
ZigBee
70m
( ID ) 13Byte
OByte 111Byte 1
1 Fig.5 HPS output voltage is expressed by
superposition of Piezo and Solar outputs
44Byte 44Byte
30ms 40ms Fig.5 Vh
3. ~
Vh=Vp+Vs Q)
_t _t
(Toff) =(Vs, -Vd)1-e ) +(Vg -Vd)l-e )
Vs,, Vs,
ZigBee 70m vd
1 Vh  Vmax Toff (1)
V
T. ~CR-log (——— 2
off ge(VSh —Vmax ) ( )
( ) Vsh (=Vs, +Vs,—2vd)
R (=(r,+19)/2)
C
3.1 .
Fig.4 v=v_ -e®% (3)
R =V,/I, Ri1 (ZigBee)
Vi
S '®) o
Diode vh V  Vmin(Zigbee
Ton 3)
\Y Vs fud s
p c——
HPS: -T-
p HPS @ Hybrid Power Source
P:Piezo \Yj
S:Solar Ton — CR| . loge(vmax ) (4)

{
min

Fig.4 Configuration of Hybrid Power System (HPS)



3.3

Fig.7
(Vh)
(Vp)
(Vs)
3V
Table 1
VI[v]
6 T
5 M

/ —-Vh(
it

-I-Vp
Vs

=<Vh(

0 4 8 12 16 20 24 28 32 36 40 44 48 T[sec]
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Table 1 Charging characteristics of hybrid system

Vmax Required time [sec]
Y Vs | Vp | Vh
3 30 22 8
8[sec]
1/3
32 (2 Vmax=3[V]
Toff=7.93[sec]
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Fig.8 Configuration of Parallel Hybrid power
sources for Zigbee terminal
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Table 2 Transmission characteristics of hybrid system

Power | Charge Time | Transemission | Ton/(Ton+Tof¥)
Sorce Toff [s] Time Ton [s] [%]
Piezo 22 0.72
Solar 30 0.16 0.53
Hybrid 8 1.96

Fig.9 Battery-less wireless System installed in a

shoe
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Table 3 Transmission ability of hybrid system
Power Trfansmlssmn Bytes
Source req}lency /minute
/minute
Piezo 2.71 477
Solar 1.99 350
Hybrid 7.35 1294
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Fig.10 Distance versus received electric field
intensity
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