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Abstract Wireless Sensor Networks is widely used in various types of data gathering systems, such as residential wire-
less meter reading (including water, electricity and gas meters) systems. The correctness and rationality of the designing
of data gathering protocol are the key factors affecting the normal operation of the network. We proposed the method of
modeling and analyzing of WSNs data gathering protocol based on UPPAAL towards the demand of real-time feature.
Considering the input model of UPPAAL is more complex than the general terms of automata model, we established the
general terms of time automata model of data gathering protocol at first,and then transfered it to the input model of
UPPAAL. The effectiveness of the method is illustrated by modeling and analyzing for an actual wireless meter reading
data gathering protocol WM2RP, The result shows some properties which are related to the safety and reliability can be
satisfied on the protocol. The exception model and energy consumption model of WM2RP are further established to ana-
lyze the protocol from the multiple angle,
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FAVH AR R B B AR — E R RERL .

FEFAERIRY A9 JER L AN AY 5 AR AR G B9 2R R R
14 fi7R

const int ENERGY_INIT
int enexgyInit[NC];

= 10000; V21t
/184 T R 15 R TR

M RE—PackRANTIER
/G —Pack RERN TR

const int MIN_SND_RE_ENERGY = 10;
const int MIN_RCV_RE_ENERGY = §;
const int WIN_SND_DATA ENERGY = 30, //REKENBNIRENIR PR
const int MIN_RCV_DATA_ENERGY = 15; /BEREENERROIR R
const int NIN_RECV_COMM_ENERGY = 10; //BU#SREIIRH6EE
const int MIN_SND_COMM_ENERGY = 20,  //HE#¢RENIR/ R

const int ECSR = 1,

J/EBMIERT  RiXackysE BN HE X M-ENERCY_COST_SEND_REPLY_TYPE
const int ECSN = §;

/EERMIERY  REBEBO NIRRT

const int ECRN = 6;

IERMERT  RUBENHENEROXY

const int ECRR = 2;

/ERMFERD RS S fack 8756 B ¥ #E 4 B -ENERGY_COST_RECV_REPLY_TYPE
const int ECRD = 3;

[/SERMFERL a6 B YK ZI-ENERGY_COST_RECV_DATA_TYFE
const int ECSD = 4;

//EERMIEXRY Rk a8 MM XK -ENERCY_COST_SEND_DATA_TYPE

14 REFEACHY )RR R

FEFEAE AR RY ) JER_E TS0 645 RE AR S F) 42 ) R kN 1]
15 Ffi7R .

coid EnergyCost(int node, 1nt type)
{

if (ECSR == type) // W AR EFHackS, HEME
{
if (enexgyInit[node] >=NIN_SND_RE_ENERGY)
enexrgyInit[node]=energyInit[node]-MIN_SND_RE_ENERGY;

}
if (ECRR == type) //H.A W Hack/S, HHME
{
if (energyInit [node] >=MIN_RCV_RE_ENERGY)
energylInit[node]=energyInit[node]-MIN_RCV_RE_ENERGY;
}

boo! EgyEgh(int node, int type)
{

if (ECSR == type)
(//BE T Hnodeb15E B 2 T E B R i¥ack
if (energyInit [node] <=KIN_SND_RE_ENERGY)
return false;
else
return true;

15 REFEAHGHY 4R PR EK

AEFEREL b ) 2 5 i 32 B R AR 1 AL SRS B LA
oA L B BhVE TG BT AR RE I ) 22 /0, 2 JR) e B AR B 19 LB
A8 H J AR ST R AR AR . B A A REAEAR AL
16 fii7R .

recvin]?

1 douli? vl
4 SR S S0
s/ SIGmEE  s9 "N gen e
- umdmi<=WRT gy PR
timeln}<=WRT+1

P 16 e fE] 9 s i REFEAR R

AR S1—S9 X 9 MRAEMS KA R A2 A B LIS
REATH PR LR B 20 S13,

FIF UPPAAL T.H p9A5 101 o 88 , BLHL1 6] i 2 H.AT
Sk 5E R — F BRI AT AR SR B — R SR IR S &
AN S RYRERL T RETE I . IRBEE AR 2 A RUHFER AER
i MAX_SING_COST, R J5 & FH %1 46 it & ENERGY_
INIT kAT L35 ) B0 W SR $6 N = ENERGY_INIT /
MAX_SING_COST, UPPAAL %§ 4% it £ 5 48 i 3 72 an &
17 Fi7R X 2 8 AT S A B isLe%

€ 17 UPPAAL S4B Rl 2

GEHIE  ASCHH T 3T UPPAAL 52 R UK 75 2% 1
WSNs K08 Y5 PSR B S 0 vk . 1 58 BT R B SO
SERE T T B A 1] [ ALY, FR HdE— 2 B Ak R T LAAE
7 UPPAAL T.H# A9 UPPAAL #5%, Sk T I 8% )7 i
BIA RE M, e T — 4> S bR B9 TG 2k 5 3R B s i 4 i
WM2RP &4 6 F#E 47 T 84, 3R H UPPAAL 434 T —2¢
S el SEMEASC R . S T 2 A BEXS UG T 2
Mrodt—2 8 T WM2RP B sl il 55 SR R B AE ALY, OF
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#E—2 TAE . %F WM2RP il i UPPAAL R 35471
1. BRTIZHEERRRAS 25 AR K, —Fh oy 222 A R X 1] B
SAL I £ AR G 7 e i /IR 2 2 18] 5 55— Fh oy S8 % H AT
ZHM A UPPAAL B2 R o (bR 725 HE AT KG Ak o DA T 328 3 45 9ok
RAEZEEM BB, 55—, o °] LA AR E 3 sh oLt
WM2RP HMSGHATEAE . A ZE (U A B ] B s LA 2L 56 E
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AT REM: R — N BEHLE X AT LA KE SR 9 £ BE AT Bl
BEATH R AT B TEAR

« 129



[

(2]

(3]

(4]

te]

Al

2 % x &

Zhang F J,Peng Z,Qi Y F. Research progress on Wireless. Sen-
sor Networks(J]. Modern Agricultural Science and Technology,
2010,1:16-17(in Chinese)

AR B, FUE TRAEBRBNEFITHRLI] BARL
Fl$%,2010,1:16-17

Ren F Y, Huang H N, Lin C, Wireless Sensor Networks[J].
Journal of Software,2003,14(7):1282-1291(in Chinese)
R, BT, RE. TEARIENET]. Bik2EH, 2003, 14
(7):1282-1291

Xie H P, Zhou H Y, Zuo D C, et al. Energy optimization and
modeling in Wireless Sensor Networks: a survey[ ]J]. Computer
Science,2012,39(10) ; 15-20(in Chinese)

WA, FEE, £ BK, % REABRERERERL SRS
AREGRIT] HEYIBIE,2012,39(10): 15-20

Li L,Li J. Research of compressed sensing theory in WSN data
fusion[C] / Fourth International Symposium on Computational
Intelligence and Design. Hangzhou, China: IEEE, 2011, 2. 125-
128

Akkaya K, Younis M. A survey on routing protocols for Wire-
less Sensor Networks[J1. Ad Hoc Networks, 2005, 3(3), 325-
349

Ma C M, Wang W L, Hong Z. Improced Energy Efficient Data
Gathering Protocol in Wireless Sensor Network[ J]. Computer
Science, 2015,42(2) :65-69(in Chinese)

LR, TR R, B TRE S P % T — oot B RE SR
R, BB, 2015,42(2) . 65-69

Imran M, Said A M, Hasbullah H. A survey of simulators, emu-
lators and testbeds for Wireless Sensor Networks[ ]J]. Informa-
tion Technology,Bandar Seri Iskandar, Malaysia; IEEE, 2010, 6
(2):897-902

£l

f9]

(1o]

{113

[12]

[13]

(14]

[15]

Elleuch M, Hasan O, Tahar S, et al. Formal analysis of a schedu-
ling algorithm for Wireless Sensor Networks[ C]//13th Interna-
tional Conference on Formal Engineering Methods, ICFEM
2011. Durham, UK, 2011, 388-403

Zhou Q L, Zhang B, Xi L. System survivability analysis based on
model checking[J]. Computer Engineering, 2012, 38(17) . 38-41
(in Chinese)

FWE,KE, FH ETHRARNWRAER SR HHE
PLIT,2012,38(17),38-41

Behrmann G,David A, Larsen K G. A tutorial on Uppaal[M]/
Formal Methods for the Design of Real-Time Systems: Lecture
Notes in Computer Science. 2004 ; 200-236

Guo Z L,Gao C H,Ma L C, et al. Formal Verification of Safety
Computer Platform Based on Timed Automata Model{J]. Jour-
nal of the China Railway Society, 2011, 33(6): 69-73 (in Chi-~
nese)

WER,BEG, DE), % BTE B SERNEZ2 RN
F& A BAE]]. $kiE%4],2011,33(6):69-73

Saghar K, Henderson W, Kendall D, et al. Applying formal mo-
delling to detect DoS attacks in wireless medium{ C] // CSNDSP.
2010

Wu N. Modelling and analysis of Wireless Sensor Networks with
energy harvesting capabilities[ C] // Informatics and Mathemati-
cal Modelling. 2012

Heinzelman W, Chandrakasan A, Balakrishnan H. Energy-Effi-
cient cornrnunication protocol for wireless micro sensor net-
works{ C] // Proe. of the 33rd Annual Hawaii Int’ 1 Conf. on
System Sciences. Maui: IEEE, 2000;3005-3014

Bengtsson J, Wang Y. Timed automata: semantics, algorithms
and tools| M] / Lectures on Concurrency and Petri Nets; Ad-
vances in Petri Nets, 2004;87-124

(&% 110 7D

(9]

[10]

fn]

(12]

[13]

Gavilanes G, Quercia R D, Jaimes A. Cultural dimensions in
twitter: Time, individualism and power[ C] // Proceedings of the
7th International Conference on Weblogs and Social Media. Bos-
ton; AAAI, 2013:195-204

Bakhshi S,Kanuparthy P,Gilbert E. Demographics, weather and
online reviews: A study of restaurant recommendations[ C] /
Proceedings of the 23rd International World Wide Web Confe-
rence. New York: ACM, 2014 ;443-454

Hu Ya-hui, Yu Wei, Li Shi-jun, et al. CFM; A fast rating predic-
ting method based on the culture and factorization machine [JJ.
Journal of Nanjing University, 2015, 51 (4);: 826-833 (in Chi-
nese)

HATR, &6H. 268 ,%. CFM: —M&4 LM E TRy
PR A T B[], B, 2015,51(4) . 826-833
Meng Xiao-feng, Li Yong, Zhu Jian-hua. Social computing in the
era of big data: Opportunities and challenges [J]. Journal of
Computer Research and Development, 2013,50(12) ; 2483-2491
(in Chinese)

FANE,EE PEE TR RBEERRAPUE S BRI ]
HEHWR S KR, 2013,50(12) : 2483-2491

Yu Wei, Li Shi-jun, Yang Sha, et al. Automatically discovering of

« 130 -

[14]

[15]

[16]

[17]

(18]

inconsistency among cross-source data based on Web big data
[J]. Journal of Computer Research and Development, 2015, 52
(2):295-308(in Chinese)

5,268, B0, %, Web KEUHEFE T 0948 — B0 W 4UE
RILT] HEYFFR S5 KRR, 2015,52(2):295-308

Hu Ya-hui, Li Shi-jun, Yu wei, et al. Recognizing the same com-
modity entities in big data[ ], Journal of Computer Research
and Development,2015,52 (8):1794-1805(in Chinese)

PEE E0H, /15, % ABERETHRFESRALEE
—HRBILT] HEYFRS KR ,2015,52(8):1794-1805

Tsai Chihfong, Hung Chihli. Cluster ensembles in collaborative
filtering recommendation[ ] ]. Applied Soft Computing, 2012, 12
(4):1417-1425

Srebro N, Rennie ], Jaakola T. Maximum-margin matrix factori-
zation[J]. Advances in Neural Information Processing Systems,
2005,17.1329-1336

Kolda T G,Bader B W. Tensor decompositions and applications
[J]. Society for Industrial and Applied Mathematics, 2009, 51
(3):455-500

Rendle S, Factorization Machines with ibFM[J]. ACM Trans-
actions on Intelligent Systems and Technology,2012,3(3):219-
224



