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A ZigBee-based Sensor Network System for Tracking of People’s Locations

Futoshi Naya™1™2 Satoshi Takahashi™
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.
Tsutomu Terada™™

Michita Tmai™2

Abstract — We have developed a new battery-operated sensor node based on ZigBee
wireless network in order to track people’s location even with a poor electrical infras-
tructure. For a sensor network consisting of such kind of sensor nodes, we have designed
a flexible sleep control protocol which fulfills low-battery consumption as well as high-
accuracy time synchronization between these nodes. We have deployed a sensor network
system composed of more than 40 sensor nodes in a hospital floor for tracking more than
fifteen nurses simultaneously. Experimental results show that the system can operate
around 27 days using four AA size NiMH batteries and can achieve 90% accuracy in the

location estimation.
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Fig.1 System configuration
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Fig.5 Sensor network system deployed in a hospital floor
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Table 2 Error of each sensor node’s timer

%R | Node A | Node B | Node C | Node D

24 ¥R | +22[ms -33|ms] | +20[ms -49/ms

48 BFR | +27[ms] | -132[ms +0[ms| | -109|ms
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241 RS L TER L.
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DR &, BEDMLIDNEFNCEEN AT % 2
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Table 3 Location detection result

E&fm 1D Nsl | Ns2 | Ns3|[Ns4| Nsbh
e (EfD 86 | 101 98 78 91
TR AR 86 88 94 70 70
R (%] 100 | 87.1 | 959 | 89.7 | 76.9

¢ f
WEET § mHEET

BE HE RE BE ERE 5%4? AEHEE  MEE RE BEERE

6 FREISOTEEERE
Fig.6 Region definition of the map

7 FROVERAER & R LT RRT

Fig.7 IR Transmitter worn by a nurse
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DERPIFEENTED, ThE O EEMOBEME
ZHEET . FRHMVRID &3PS 40Hz TEEI NS 2
O, EEFFICEE NS —ED/ Ty PRV LT,
500[ms] LA DER U 7z X% B8l Uz, &K
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5 £ DEFERNIC DV TEREZ ORRICE D < @iEk
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RBrEIIORT. 2K LT F590.0% OMtiRE
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FELTWAEN, ThiE 1) FIMREEHEE BIERD 5
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TE, BHEBEORBRICED S EMRT —Z DRI & DR

F£4 FBIDREEL - 1 HY72 D ID M0 -
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Table 4 Total number of ID reception, mean
number of ID reception per day,

mean sleep time, mean awake time

RELFT Nid [ﬂﬁ} Hid [ﬂﬂ] usls] | pals]
NsStn - JLEZE | 1,247,036 | 95,926 | 25.0 [ 11.8
JRE 19(4) 93,824 | 7,217 | B1.1| 135
JRE 16(4) 120,181 | 9,245 | 79.3 | 21.4
JRE 11(1) 50,753 | 3,904 | 111.2 | 23.7

MZEE 5 BURNICINE > TWe, $hbb, 5—&D
FEERITIE H o TERHIRNIEENA WV EHIRITE
5. Lieh-> THRAERNEWI NG 1) ORI
BRI TORMIATH S LHERINS.
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hofz. Fie, EERFZDOMETIREL, HEiad
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ADODHENDE | BRI TRIMERAE 23RBS %
R TEEL, ZR=ZF—ILDL S ITERDZ
BERAWSRE, DLV CREEEZA T 500
BRHA9. £z, MHOTERT BHEOXMLE LT
13, EERANC LED ZEEE O FU TIERE 5%
LAJRETEDY, REEFIRYT 574 & L TEN=5FNcH
BRMMHBRIELRNEIICT B TRELE LTS,
—%, MBI TETCWENSET—ZD PCADF]
BIOBIEDNELTWATEDD, 3 DT T4y ID
BERE—EEEZBNS. THUCDWTIE, EEK
DOREFEEEZERT S LR, BEEL TREEINS
ID F—2 L2 TEETHD TR L, BEBHBRER X
UHBHTROBRDT—REEELT NI T v I
ZHIRS 275 EOFEDNEZ BN, SHBOFETH5.
5.3 HESOFM

K<, HEIT HiEET — ZEBDENIC X 5 BHHE
BICDOWT, 3EMORE U AFE 2 E2BLUCHEZE
18) DALOBXLY, F—AZX7—¥ 3 (NsStn)
VB EEFUCERE UTzat 4 BFT ZE OEHFRE % FHl
Uiz, 2 41 13 BREIICBIF %% ZE DO# ID fE1E
nig[Mll], —H¥M7z DK ID BFOE g [8], FHIERA
U — T RERE s8], SR R R R Hals] Y. W
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Fig.8 Remaining battery level vs. working
days
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Fig.9 Hospital Viewer Application
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Fig.10 Temporal transition of total number
of data at each receiver
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