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Abstract In some wireless sensor networks(WSNs) applications, gateway nodes use WiFi to access
upper layer network. However, due to the instability of wireless link quality, it has a lot of work to
find a stable and reliable gateway disposition by using fixed gateways in traditional WSNs structure.
In this paper, we propose a novel method for dynamic WiFi link access and adaptive networking called
EasiARS, which is applicable to the scenarios where WiFi link quality is instable and all devices
including gateways and nodes are energy constrained. EasiARS is based on WiFi and ZigBee multi-
mode communication. It contains a low-overhead real-time WiFi coverage detection method, a roles
switching method and a clustering and neworking method in WiFi coverage area. EasiARS makes it
feasible to rapidly deploy WSNs systems in dynamic WiFi link environment. While system is working,
nodes adjust their roles and transmission strategy according to the WiFi link quality, which ensures
WSNs upload data stably and balance the energy consumption in WiFi coverage area. Experiments
verify that, EasiARS achieves the purpose that nodes can switch to suitable roles and transmit stably
in dynamic WiFi link environment. Compared with single fixed gateway method, EasiARS leads to a
reduction up to 90% in packet loss rate under different WiFi link quality, and an improvement of 67 %
in network lifetime compared with fixed multi-gateway method, meanwhile reduces the burden of

WiFi link quality testing and evaluation before deployment.

Key words wireless sensor networks(WSNs) ; multi-mode communication; WiFi detection; adaptive

networking; energy balance; roles switching
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Fig. 2 Muti-mode node architecture.
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T TCP 1% i Jir 5 o B 18 . 58 & 46 WiFi
PEAT B AIE 5 AN A S PR AR B WiFD RSSI R IL T A4 Hb
A 055 TE S A 2 S0 AR M WiFTD RSST B
R SEBREE. RZ UG WiFi AP B 008 BT A
Bl kB BB R 0 TG L B R A % X
BN WiFi 28 3515 00 %2 S HOE fE e BN
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. R B Ak R AR RE R AR A A
TE B RSB BB A 23 A7 4 R T R A A
Hb iy WAFT 5 I K B 55 A5 B R ik sk 2
i

Bk 2. A b WIFL B 5 2R 00 7 5505 B
T T

TEAE B R T B

O o, D Z P BEHLEL Prob;

@ IF Prob<ifHLBH T

©  IF 5 SR b i A b WiF 55 42 0008

B local WiFi RSSI ¥ E INT _
MIN 5% 5 F 15 5 1 B A
@ Ja 3 WiFi 54 R ICEL Y AP;
® IF B 2100 Wik {55 3008 B new_
WiFi RSSI /NTF local WiFi RSSI
® I #& WIFI _COVERAGE CHANGE _
MSG;

@ & WiFi_cover_changed_flag=1;

® END IF

©) B local WiFi RSSI {8 ¥ 85 N new _

WiFi RSSI;

@® END IF

@ ELSE

@  WHILE {5 B & By Be AT 45

® IF # It 8 WIFI _ COVERAGE _
CHANGE MSG 3 H WiFi _cover_
changed flag=0

@ ¥ )k WIFI _COVERAGE CHANGE
MSG;

® W H WiFi cover changed flag=1;

@® Jii gl Wikt 94 F 4R DL Y AP, B8

local WiFi RSSI;

() END IF

@® END WHILE

@ END IF

Q) & H WiFi cover changed flag=0, ¥

XS T.

ARSI % IR 51 WiF B R AR ik
MRZEA 2 M. Dl T WiFi AP 4 51505122
b, an WiFi (% dy & 0 R 520 sl 7 B # 252)
T PR 0 T 0o i [ e G Y L A T PR B AR Y
M. 33K 6 AR A A A S I 37 55 vh 2 A — S 1IN ) R
R, FAT AT LAPRAF B N Y Wil7 BE B R 2572
A B0, AR D s 5000 et H AR AR R X AT D SR
FH SN 32 20 i) SR 30— 2D BRI R GE i BEAE L 53X O
PN 28 AT AR S A SR R Y AF 5 T AE.

3.3 TRABRKHMESHESRE

TEAR WiFi 8 3505 B 2 )5 B A1 A7 2R
I B B i 7 1 0 28 B 55 R0 ) B IR S E A 2
AR, MR 2SI BE AN 1 FroR A 0 AR HE
AT R A R AT E 1Y

Table 1 Classification of Node’s Roles and Features

R 1 TRAEBSERMEMIEREIR

Role Responsibility

Non-gateway Cluster Sensor Data Collection. Data

Node Transmission

Non-gateway Cluster ~ Sensor Data Collection. Intra-cluster

Head Data Aggregation. Data Forwarding

Sensor Data Collection. Intra-cluster
and Inter-cluster Data Aggregation.
Associate with WiFi AP and Upload
Data

Gateway Cluster

Gateway Head

Gateway Cluster

Same as Non-gateway Cluster Head
Head

Gateway Cluster

Same as Non-gateway Cluster Node
Node

3.3. 1 AR SRHE A A R B E
TEBA Wikt B8 1 X3 i 2.2 95 & CRT
122 DX I A R 4 A 4 DA Al T S A A R DG A A R Sk
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Fig. 5 Data transmission between adjacent uneven

energy gateway-clusters.
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Fig. 6 EZ253 multi-mode communication node.
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Fig. 7 Comparison of energy consumption between WiFi and ZigBee.
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Fig. 8 System status syndronization method based on tick value.
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Fig. 9 Experiment deployment scenarios.
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Fig. 10 Comparison of packet loss rate in two

experiments.
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Fig. 11 Comparison of energy consumption in two

experiments.
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