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Abstract

Wireless Sensor Network (WSNs) has been widely used in civil and military, such as in Automatic
Meter Reading System (water meter, electric meter and gas meter). The main function of Wireless
Sensor Network is gathering data of sensor nodes. WM2RP protocol is a data gathering protocol in
automatic meter reading application. MATLAB and UPPAAL both have the function of simulation,
but they have their advantages and disadvantages. This paper compares MATLAB and UPPAAL
through the simulation of WM2RP protocol. The result of simulation shows that MATLAB is good at
the simulation of energy consumption and the number of data collection rounds. The result is
usually displayed in the form of a graph. However, UPPAAL tends to emulate the protocol which
has a timestamp and the communication process can be showed through image sequence dia-
grams.
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Figure 1. The architecture of automatic meters reading
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Table 1. The fields of WM2RP protocol
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Figure 2. The MATLAB simulation results of WM2RP protocol
2. WM2RP 11 #J MATLAB fHE£5R



R, am

23G(n)

S0 oplylpNodefn]]

?g’.\dé‘llw(wgmuh N S
5230(n) 534G (n)&&time|
time[n]<=SCT]

reply[n]?
S45U(n)

RGN wRT

S68G(n)&&
time[n]==WTime(n)
- ;]

5812G(n)

rp_data[n]?
s912U(n)

S§1 S912G(n)&&
time[n]<=WRT

ey

time[n]<=WRT+1

Figure 3. The UPPAAL model of intermediate nodes
3. HE]T5 MAT UPPAAL 125!

4) R RGBSRy A IA B S4: AL USRI T SR IR ACK, JF HAEN B S4 %
£ WRT WAl 78 WRT BFIE[ N, rp a5 Sl ®) ACK Ja, BEE3I6IE S5, Wik A US| ACK, ey
MBI E S3. TEMNLE S4 Bki% FI S3 A7 B I ARYE B I U BOR 5 119 5 nNode[n] . 4n SR I 8
N 3%, WU nNode[n]hn 1, RPEEH M ETT AU R — N AT, 75 D) B At ik e R

5) AR AT B S5: AT R AEAT B S5 S5 WTime(n)if (] 7 WTime(n) B [ A, H ] 5 A
R Sk B0 E ST, A R sk B 67 E S8,

6) [1]-F77 55 nDNode[n] &% ACK iz & S7: 7555 nDNode[n]/& 451 i n KIEEIR MRS . (B S7
e MEANE, I ERAER, HiEA A L RIE ack, FFBkERIALE S8.

7) RIEHHEAE S8 HET AU oA B A SR RS B N, RO, AT AR
G, B RIALE S9. W ALY SR (A1 st 2 Bk B A7 E S12,

8) RPN SRR SR B AL B S9: HP AT s EAL B S9 454F WRT B[R], Wi7E WRT
IHEI P, A la) T s3] ACK Bt AALE S12, WA WLE] ACK, Bk 2IfLE S8, @ ¥, Wi
FEES BN 3, RUIMFTT AR, M A G A, EH RO E B QRIS RN ST
A2 R

9) ¥Rl n FIWCEEBWE A R A B S12: 7 i n BRELBIALE S12 I, RIFERMN RIS T, WA
n SERHE SR TS .

4.3.2. WM2RP iy g i3 12

7E R S A REFER AL AL B ST, S2, S3, S4, S5, S7, S8, S9, S10, S11, S12 WAt E S L
AR HAT N, X AIAE SX13G() AT SXYG(n) k¥, dn A feat Wb 267 & S13, s HAT
HFEREEALE SXYU() &, Horh X={1,2,3,4,5,7,8,9}.

TEREFERAL SR [, (FFH UPPAAL MIBLRLTNAE, RIS sS2E HMAT N, SERL— IRER AL,
SR G U RT LALEE B — OB AR T FERE SR 2 IR ANT 2, HFSRIHHFEM BE 15 MAX_SING_COST, %A
JE VI G Be B ENERGY_INIT 5t n] LA3k 15 2045 e &£ %6 % N=ENERGY_INIT/MAX_SING_COST .
UPPAAL U AR B FE DL ] 4, 31X 2 12 A5 s ik



RO, L

bhase InterMode{1) InterMode{2) InterMode(3) InterMode{4) InterMode{5) InterMode{6) InterHode{7} InterMode{8) Interdode{9) InterHode{10) InterMode({11) tail

E
send[nModq[0]]
EJRNEN
(s2)
reply[pHaode[1]]
53
send[nMode[1

Figure 4. The data gathering process of WM2RP protocol
[ 4. WM2RP il BB sE i3 72

5. MATETRIEER

1EXT WM2RP P SEAT MATLAB 1/ Bl , J&iliid MATLAB 4w, 1 MATLAB f — 4k 2% i ] %
H plot(), K& RERF BRI G RERRE WS AR, £1XH, MATLAB AHER, K&
gatd, BT RBUR IR BB, AR AR AR IR L A BT R LA BT R

TEXT WM2RP #p30iEAT UPPAAL fij BLET, 5B el Ay, SRS HDIS TR, 7l LR 215415 A
ZIRHIAS B, FF By DU AR IX —Fe 1 M BE E R AR5 0L, UPPAAL Hg BRI, BRI LA B4
— .

MATLAB 7] LM 2 BRI RIS #E, JF B R R B e 5 1 SRR fe . 1 UPPAAL HiE
7 LTG0 e A% IR 2% X 4% o 5 AN AT — R BRI IS AR, JF B R B S S T RUR R R
MATLAB 7] LLidit EIER FTE AR MATLAB F bR 0K I B (1) e 11 Sl R B &, 11 UPPAAL R REB?
TR R N IR AR, WA BRI R AT MATLAB WA I 7 IS, 1 UPPAAL Vi
HEF T, EH UPPAAL H 4 I DhRe st il LUE BN 1 mZ [MB ALE B A BB Ol MATLAB fi
HEEd MATLAB ZifesiBili), R4S IS, E47RIA] . 1 UPPAAL 17 H& 7 Z A B .

6. &

ACAEH MATLAB [14]F1 UPPAAL T E % WM2RP #hSGH AT 3L, i fy 20 FEfIf L5 51, 4
MATLAB f}j 51 UPPAAL i ST LU, 2T R L & R B F1 5% . MATLAB 8K T 5 A & 1)7H
FEREHR IR B KR, 8 AR B 23T B T UPPAAL i ] 10 A B [R] B R B SGEEAT 47
o, JF AT DL R B R R B A AR . JE 0 A [ S B T R S B s SR ok ik A
MATLAB f{jj Hif /& UPPAAL 1/i K.

PR TAEA . X5 WM2RP Pt i Ho by AT 3, b Rk 5%, MHAR 7 4248
MATLAB fjj 5L A UPPAAL /i ELIIX A, JFE 25 ke 5N H A MATLAB RES5E R, UPPAAL A
RESER; WRLLIhAE S MATLAB RRE(H E 1M UPPAAL AEfS 1 E I .

SEVHL (References)

[1] Rahman, K.C. (2010) A Survey on Sensor Network. JCIT, 1, 76-87.
[2] HEF, Wi, w5, AL MR TR D], TR S KR, 2005, 42(1): 163-174.



oo, M

(3]
(4]
(5]

(6]

(7]

(8]

(9]

[10]
[11]

[12]

[13]
[14]

EFEJR, FET, WRE LB RIEME[I]. AR, 2003, 14(7): 1282-1291

VR, TolAl B W 28 B AR s I A8 5 23 AT [D]: [ L2 A ] Jbat: e TlkoR2%, 2014,

Tk, ML, M, SRR, M. TR ) B ALY () 0 2R A R3S ) 4 AR WO B I 49 AR ]
HHEHLNH, 2015, 35(4): 1164-1168.

He, K., Yang, H.L., Qiu, Z.Y., et al. (2011) An Approach of Modeling and Analyzing Data Gathering Protocol. 4th In-
ternational Conference on Mathematical Aspects of Computer and Information Sciences, Beijing, 19-21 October 2001,
76-92.

He, K., Yang, H.L., Feng, Y.C., et al. (2012) Performance Analysis of Data Gathering Protocol Using PRISM. The
Proceedings of 17th IEEE International Conference on Engineering of Complex Computer Systems, Ecole Normale
Supérieure, Paris, 18-20 July 2012, 96-105.

BURE. H: T WSN [I$b3E & G BB 7T [D]: [l L2008 3], dbat: dba Tk K%, 2012.

Imran, M., Said, A.M. and Hasbullah, H. (2010) A Survey of Simulators, Emulators and Testbeds for Wireless Sensor
Networks. Information Technology (ITSim), 6, 897-902. http://dx.doi.org/10.1109/1TSIM.2010.5561571

BEAS, 25 MATLAB FH[M]. db3T: 7 T BRAt, 2011

Kwiatkowska, M., Norman, G. and Parker, D. (2010) Assume-Guarantee Verification for Probabilistic Systems. LNCS,
6015, 23-37.

Zeng, X., Bagrodia, R. and Gerla, M. (1998) GloMoSim: A Library for Parallel Simulation of Large-Scale Wireless
Networks. Workshop on Parallel and Distributed Simulation, Banff, 26-29 May 1998.
http://dx.doi.org/10.1145/278009.278027

Pratap, C., Vyas, O.P. and Singh, M.K.T. (2008) A Survey of Simulation in Sensor Networks. CIMCA, 170, 867-872.

W, BURE, MILLIN, A, — b0 2 AR B I 2 AU AR T LT T S AL [D]. AR IR EOR 4R, 2014(3):
355-360.



http://dx.doi.org/10.1109/ITSIM.2010.5561571
http://dx.doi.org/10.1145/278009.278027

	The Simulation Comparison of Data Gathering Protocol between MATLAB and UPPAAL
	Abstract
	Keywords
	MATLAB和UPPAAL对数据收集协议的仿真比较
	摘  要
	关键词
	1. 引言
	2. 相关工作分析
	2.1. 无线传感器网络及数据收集协议
	2.1.1. 无线传感器网络
	2.1.2. WSN路由协议
	2.1.3. 数据收集协议

	2.2. 协议仿真

	3. WM2RP协议
	3.1. 协议的使用场景
	3.2. WM2RP协议数据收集过程
	3.3. 小结

	4. WM2RP协议仿真
	4.1. 仿真准备
	4.2. WM2RP协议的MATLAB仿真
	4.3. WM2RP协议的UPPAAL仿真
	4.3.1. WM2RP协议的UPPAAL模型
	4.3.2. WM2RP协议数据收集过程


	5. 两种仿真工具比较
	6. 结语
	参考文献 (References)

