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Researches on role-based middleware in wireless sensor networks
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(School of Information Science and Engineering, Hunan University,Changsha 410082,China)

Abstract: According to the diversity and difference of the role played by nodes in WSN, the role mapping framework
model in WSN was proposed. A role-based middleware for wireless sensor networks(RobMSN) was designed based on
that model. From the view of the formal semantics and specifications of the middleware, the role mapping specifications
solve the problem of semantic conflicts in role mapping abstract, making the role mapping context fully reflected in the
role specifications of middleware. Applications will be mapped as the specific roles of node which played in the wireless

sensor networks using RobMSN, it can be cross-platform and implement dynamic application services. Finally, an appli-
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cation development example was used to illustrate the design and development process of RobMSN middleware.

Key words: wireless sensor networks; middleware; role mapping; formal methods

1 3]

TEE AR M 4 T RAT AT PR . A4l
G Ty B AN A T i A8 i A5 BB 22 1)
e BRI, DA To S e I 100 255 3 B KRB N T 3 A7
TE—ERIABEAE. oG, I RPN #R 2
BTIRIZ T, A6 2R, e

jilll

g HEA: 2010-06-18; &M@ HHA: 2010-11-20

FARBEAE- 6 8 T A i ST RE e A4 i ) B s
FARAMERE N T HABMRE P 5 0 FLK, ToZeAL K
2N T S AZALT, BEE s AT SR AN H
TR BN ARGS9 2% A B AN BE TN AR IR
G5 Iik F G N R RS 2R . R
TR IR 22 0], BR A J2 4045, 1)k
JRARMEGE R R 1, RS R s 0 A, IR

EEWE: FXARFARETRIIHE (60903019); I & RHGUHRIE RAE ST H  (2009GK2008); #H Ml midk
&8I H (200805321056); HUH #0201 B R )A 254 vt B 3

Foundation Items: The National Natural Science Foundation of China (60903019); Hunan Science and Technology Plans to Focus
the Project (2009GK2008); The Ph.D. Programs Foundation of Ministry of Education of China (200805321056); The Project

Sponsored by SRF for ROCS, SEM



.50 W ¥

32 4%

BAE ARG AN TR e (R S, ]I e
A N B AR, T8 BN AR 55 1) 57 ) P
Ko ToLeAt A 25 F) A ARORIT SRS o2 A I 0 45 1)
RIEFEREL,

A GE 1R TG e At Ik W 4 v 8] 41— i A RE Sl B
Tk QoS FfEHE BLAFMERE, W FIKzhh alfF
DSWare! | BELAT AR IR A, BERITRIEDN, B
AW RURE, SEREXERLORAIE . 53 Ah SR (A
DA N I B AS PERT I 4R 10484k, % S Pk
SRS o ST RERINLBE 5 20 R A Matg™!
BARES T MUk T R R, BN TR
7%, BERIJTHIRON, WABIRL HISCRF QoS H:T
Hods FER R R TingDBY!, A FI2EAL SQL (17 i
i BRI G IO, AR AL DL D R PRy
Pe, WL T RERITY, (RN TAEAR, HRA
7 RS A B R A B SE I S, AN RERS ST
QoS [FlINf AN AL A PEEER . 1T A & ML) ]
f Milan™ ph - F0 T ROGTE T 48 S04 5 BRI 38
ME,  HATEE SRR IR RE ST, RERUT b
SCFF QoS MR A WAR W, HREHARE
R R RETE s, IS MITEA L .

i KT B g e, FIABS)
AR Ak P AR b Y58 K Hh a2 1) AR AU A% i i o PR LA T
B, APRERAE B, AEROCHbR R A A
Agilla My 3585 20 A QAR R 51 30 G 25 A Sk o 2%
AR, T R TR 2R P o 2 e AL
a4, UMM sh AR R & e 71 1 5
Bo FET SR AT RS AR IS AT ST FH R 45 2
Ko R TR T WAL, REW N R
S5 B ZSVER R 28 R R 7 3K o (H 2 HZ QoS 11
SCFE, ARBIR S RIBTEAE, M ASER, XL
AT IR 2

A0 AE J0 2 A% I W 28 U SO 1Y A M 6
I 1% AR H R U BT BN AT 55, TR e A T 1A
2 A CU R IR RE S8 N T RE e 5 B RO R 55, P 2%
T I AR AR O (ST . T R ZR B A ) 2
TN H AR SRR B 5w ok gesg . B, s
Z 1 PR P 95 00 6 D3 A O, I ] BLKE
AR SR 2% P X0 A PR 23 4 A — S D 23 P
I BE R SR S A . R R R
PHBHNE B I 55 ot e (0 R SR i R 10
P IBHR IR A B s, A TR Y H R,
AR A €8 1 e A2 DR S BT 6 A% TR A 2% o 11 DR B 43¢

ARArorh 3 K.

1) FIF At se Bl 40 . W SPRING P41
e, BN Bl AR IS X 4% R AR AR R 5
PR AR AR A B 1 AU A TR S R, i
73705 SUFTARH ) A RE AR T A B B AR AL,
LRAIF JE Y B M X (1 200 R v A 5B I I 0 A 1 %
Pk, 3k B LK 48 2B A7 I H 1. SCHRI914:
PP A oy RS, T I U R 3 3
e R LM 45, T4 T S A i ok s P i 3
CRESK) Fig A e, JLA 0 s /R A I £
R )0 RS AR BE 2 18 T p B ANRE ), BRI
15 S AST I B ) 79 21 3 54

2) R At sSeI Bl 2 . a1 DFuse! R f (4
SO EARR S PAL T 2 M BhARIER (APD
A BOASEER . Rl AR Ao v/ p gl S N R P I
i, DR S A . M RoBib
R FH i 2 A0 1 £ €0 43 O SV B o Pl e S 380 1)
%4, FHEIERE A R AU UL BORLE S £ (.
BEAR T B RS TR TFRY, JE K T A4, 3¢
BRI DB VPG AR 1Y o b il A (e, 32
T ERENFN L R € o S SRAH A L T
fHELE W9 4 T AR SR TR B St d M o A3 o A e 5
HHATVPS, 1 s DABARMAN AT M BT

3) IR A BSR4 2 4 o SCHER[12] 7 SEBLAE
TR [ 2% T ) 22 4 RBASH,  HUFI T 19 4% =
RRPEA AT, S EE AR R 20 2 B 1y 5 s I
Z AR A,

IX 3 KI5 R] AU R A €53 I SE AR
KN, FRARMESTERY, S KA Mg 2B A7 . Tt
T A B AE 1 1) 8, Frank 25 AAESCHR[13] &
et T — R E A A ERERS, RVFR PR
AL A AT o AZHERLE ST 3 MZO IR,
JEPEH S, HT e X sae RS EG A
2y, AR OB —E R LT A R
W B E A Rl E . S B LR AR T
(A 5, AR GF MR T 5 R W91 S5 620 B2
), AEE WS B, T R R R 2
AR, IR Bl AE AL 1 0 2% T S A oAt B R Y
FEo SIS TE S AL, SCHR[14]32 AT
FH Bl AR B v S50 200 R it e I 4 A JoK ) 4% 7 Sk R
T T ) AR D) e () . () i R R
P D)3 R AR IR D) 4, 433 A ST PRI A ) ) £ 3R
15 7% N AN B AC B AL SOIR A IR 4R A (1



o513 DI BT MO ICLA R 5T 81
R, W RARE R SRR MR AN, B& YA AT PRAUEECRE VI WAL f S e, ST
c A LSS . Tl PR R G, SLh I T2 M SHE R IRE

A 2 T A0 G SEBLUUR R T AE Jo 2 AR K
WL (RS E N IAS B, AN RS PEAT T R A5 2L
Ko BBATL—FHRAKM P RSE, HEEA
Sk BEAL, BT EE T G SR AT 5 AR (LR
BRI LT AL 2 AN BE IS, AT s €
IIRCSEBLT AANGE—, BHIEA L . ARz
TG KRR BB RFE T T T e A& I I 45 7 )
P, G55 B RSEBR N IR RN ZAR M 45 R0 A
S HESEREA T, IR TR S G S
FAEILRRN, AEFFHTREVH b I RAT 78935
FF QoS+ FHtE. I AL

2 ETARTEERMLEHEH

2.1 HEHRRE

h T AR TC LA I W 2% vh R R T A A et
Titk, B TR Ee Ak i I 2% b [l 445 F P R RE AR
SR AR Z R SEIL, IR IARIE QoS, AT
BE T A1 £ 1 TG 28 A% J W9 245 o (] £ (RobMSN,  role-
based middleware in sensor networks)& & 4544, &
1 7. {E RobMSN H[al fFHEZESE A, W] JZ RS
ANFEIN ] APP R AR IR 55 H AR Objective &
%5 223K Requirements, ) QoS 753K i Wi/t 4
% ¥ Requirements B¢ o T H ) SN, FH il
%275 11 Roles MWL, Roles /T4 (task) FIEK
2] (specifications) 41}, Specifications A A] LAEL
FhE 2N I FLF Requirements, 1M H o] EAALFREZ
FEREAT s A AR S (Infg . W), EM
ZORAFNNY H 77 2K 1¥) Requirements 2 [B] A 17, ST
FRAE QoS &EK.,

B ! o
[ | NAE
App{Objective, Requirements} ; E i | £ E E
R
iz | U Role
' | [ 2
Roles{Task, Specifications} ' " QoS
: || %
= 1 H %
e [ |
4% 2 ! gif H
A0S sz || b
Cwae ] L
WSNH U ' WSNIAEREH:

RS RN ML i )

I R TR BRAT PR TR AT Ay H50 80 A R0 1 FH B4R 11
g, N TR R AEIE W R R 1

e E, NIRRT CAnsEfr . SAAsl
W, HARERERI RS HEaw I b a3 AL )
T, WU AN SRS AR, BRI A ()
Be Sy 571 B AHUCHC, e 20K BT 16 £ €0 43 L 45 1
SEAAFITT o T I R RS RS ER DX E)T RA)
Bes sl e, N ek iR E i a4, Y
AU ) 2 R A S s, bR T
JE)Z B SRR, SEEL T I BERE . T SR
RS R A A b ARSI [AAITE 45T
5.t AR R G5 R ] 23 A R A € SE IR E 2%
Je ) 245 v ) 2 () AR AN D RE A ER (1) AR ZE 3K

1) A Bl Af E R0 00 A e Bl £ €715 mit LS AL ol
LR AR A AT R, AR AR A o i AL 46
(VA DR 28 4T S5 RAT 25 BRAT B8 % I sz e 1 FH il
7T Ko

2) MEAT AR, ZAREA X A
FAERREIN > 59, R 3 Fh 22 A0 1 2 IR
TAFEGN A e, ST ET; S R
710 BHISTEMSE BRSO T adad A e ot A o
MR 23 PR X 48 4 05 o I I TG A% S IR 4% 1) 441
BIEAA RGN AR, SAE NS E] T 29
DRI ], SEI TS AL 26 22 S IR ) 22 4%

3) BT AR RN H M sh &S84, 15 s
AR TERE 2 O, IR T v A ) £ € BRI L
KRR AT, IAEUESTR HIN.

4) SRR P (1 R 55 BESRAS S BRAN 1Y p it e SK
I, PTRESSHEIII A AN I 7 BOER AN R 1Y R,
AP T b ) A4 P A €5 S A P R ) e ) A
SEHUTAS B R], BRAME AT LUAE I N 2 L HR i
OERTE W R, ORI A (AT 55 PR R R H

5) AR TS IR I RIS, S
TRk, WV FHZE. M ZER MAC 245 i
TRIUFE QoS, FARH G A T AT S 2R 1 AR
JE A

WX s e, rhiE 2y DLSELN R
IR Taok, e T e ARG Yy, FF m v
PR, AE T A BRI E T H .
22 FABEMRSTHIEZR RS

HT R ZE A AU SR, Bl ogitk



- W ¥

32 4%

B 268 LT PR A USRS R RS I T LA
RZIARER, W 2 P,

ARy YR
RiF AA s, NA Bt X5

=+ B
Application )
%%sfmn @ Session_Roles

B2 S i

IR 7 D8 T ARG, R R oR B H 3
P, T R RN R s A (02 P 5
T R N AR AE AT R T R EE BRI N A A
22X 2 K ER, B AN 2 25 1l ok ™
At SR A (BN HT A 70 e AA), AR5 I A
IIPCHUH, REOT R A €070 T 20 A Ja i 0 % 74 e (R
TWRAOSI NA). 75 mURH—ERMA AN, it
HA O AT R P AT SRR e Y A ) B U AR 4
T AR IR A, A1 () I B8 U8RI 56 BGAT N 1
HRBEAESS, W N RS 2K . 48R FH A ()
BCAIY A 0 03 B S B 21 3, 20 2 — 8
SIS I SO s A I S AL 3 £ R S 5/ P
Application_Sessions /il it — AN H = 2 A2
T, NS E LG A Session_Roles K &
K= HE AN T E R B A 1.

T G 26 A% I8 ) 5% 38 (1) A 20 B G A
A, HARN TR APP 575 5 B A& $H 18 41 (A2 [A]
PRI WY IR 3R 5 PRAIE Y F IR 55 55 £ G o6 B B AT .
I F TR A 2 s A ot B, et H e ) £ S
BB 3 o, SRR R I v e AT P
%5 Objective A Requirements %5 H[E] 44, 4]
4 IS Y WIS A 3 B i, i Bl A e A Y H
Objective WL A {145 Task, #2NH Requirements
SE G LR b f (a2 Specifications, T
[ AP AU A £ SR RS 2R R SR B SC AR R
RN, A0 T SO LR AFAE T I8 A% Ik 2%
A, AEUEAT A OB I S UL LA R . A
0 R0 I 7 S v ) 2 HE 24 e el e a2 4 A
HATRT e a4 54 55 TR L) 2 440 10
TN AR 5 WS R G sl ff £, 3 A (o AR B4 N 3]
W28 AT SRR, 27 AU MW 2 A o) I
BRI AT B A Y 2481 SRS R 9 B AR
T RBAT AR O AT 55 S Wi N N PR R, RO 4
N R o

APP

HET 6 B TC A A R 45 o ) A

Session AP|=sp B | |
. R Objective|

Requirements
A

ey i
Specitication CRE Task !

FRBE M \:;E?Hiﬂ]
WSN 1 WSN 2

B3 T At e S HE AL

1) Y B S AE SR AR AR, o AN (] 1 1 AR A
App{Objective, Requirements} , 1l i & 1 # [
Session{App, Roles} 3 B 5 55 A [A] (1) f £ Roles
{ Task, Specifications }, Z;HCZE M 2515 5. N HTRE
70 0 5t B ) A N 28 AT IR B 2
v, T TG Ze AR B 2 IR R I 5 AR A R
IR BEFEAH N Roles 56t Hbr . REHIET
AE55 o A SCRF IR SS it QoS AR NV H] &
48 B3R Requirements 1] QoS #8743 LA S AL 2% A AE
W0 265 3R AT IN R S N 19 28 ME RE TR K, BT QoS ISR AR
WL AW RS, B I E Roles 1
Specifications 1145 H B I Lo

TR J- 2877 ki, ERIAAL T OFF fith, H
A2 P 1R R e B A L PR A € 9 40 o 45 719
FUJFS R TR EAE, JRTE R A AR R
155 o AT S FL A )5 R4 T OFF ffiffy, BIARHR
RE 1 AU U S R WIIRIRAS I B o 2k
R 259800 T AL RESTHFE, KT AN
ZEIEAR), JRIAE) T BRI H R .

AN G N AR ) JBAR, 4T Specifications
A SR AR ARAT I A T IR A . i
WP AR, BOEAHN R, FER M
(1) 18 P 8 B I ALl e 3 4 50 BRAH AT 5% I AN
B U 10 . S U AR

3 Tt RM % A BRI LR

FEFET MR LAL I g T, T LR
(RISEINAR A, T RSS9 1A AR € Fe AR [ A A T
W SURRIRAN RIS, 0 1 A CO sy 13 T A B AT



&1

DI BT MO ICLA R 5T 83

WS, 5 AR F £ 0 B St T v o e % Jk ) 24 rh
F) A, DA Z0TE: SCAH 2 TG e A I 9 23 T A (LU )
HE SRR IR Fp )82 10, X A €0 Tl S5 R0 e ) 24 1)
vtk i Pt .
3.1 ERUEXFHEREHER

EX 1 MO ST 44 N A,
MAEER, TTREEN, SEES.

A={al Uapplicationi .application(S)e S,  i=12,---,n}
i=l1
(Applications, M H4E)

R={rl|Jrole,.role(S,)€ S,i=1,2,---,n} (Roles, ffit15E)
i=1

S={sl Usessioni,i =1,2,---,n} (Sessions, =iHitE)
i=1

N ={n1| Jnode,,node(S,)< $.i=1,2,---,n} (Nodes, 77

RAR)

EX 2 NACNxR J75 siffiasric, BRI 3]
I Z I 2K R . AACAXR AN A,
RN R R 20 2 KR

EX 3 AW HE SEA AR [R] I 43 fif 75 RS
N, BIAGTGRIERAE 2 AN sE .

0 ={o1| Jobject,,object(S,) € S.i=1,2,--,n} (Objects, 5

i=1

RER)

Opt ={opt | Uoperationsi,operation(Si)e S,i=1,2,---,n}

(Operationslz, HAELR)
EX 4 NGO TS5 T LA
TS

T, ={t, IUsubtaski,subtaski eT,,cT) (n A B
i=1

o AR )

TALSS A AL IS R S i — TR 55, I
4 0

subtaski cOXOpt, —NFAL5%, HlTiEH—
R R SR ERA ALK
32 RRULEXPEHHERFED

EX 5 BB B R AR Db n A
%X:

Vmap € Mapping —3i € Interface, map <i
Hrb, map <i RS map BE SO i

EX 6 2xif Session 1R —Fh SEARBL, # ¢
SCA— PS8 11, HORE A (Rt 1 T 23 S A
RS Ay T SE A

Vs (s € Session—s € Interface)

EX T N Application #4% 4255 4 JIj 45 2
>k Requirements F1fx %5 H #5 Objective:

Va (a € Application < (Requirements /\ Objective))

It 4k (Requirements /\ Objective) 3% 7= N F Hik 5%
%Ik Requirements FikS: H R Objective 343,
Requirements £445 3 H 44 1) QoS 223K & W H il 55
HIPE SE ity SR A%

EX 8 fith Role #a% N {155 Task MIFLLY
Specifications:

Y'r (r € Role < (Task/\ Specifications))

ME X T FIE X 8 Al Y, $E TR AA I,
LN FH ] Requirements 19 75 75 £f1 (4[] Specifications
o, 1y H. Specifications tH/EL & P4 FPIRAS(E B, LA
KT FFZ JZ KT QoS. B4k Specifications i& LY.
Z ST A OO RN, DASEI A (070 TE 10 5 B
o 55 BETRTIN AR 0 0 5) — TN RAT-55 Task W26 5 Y
K55 H#x Objective, LATERH ) 3 F S £t 7 75 1)
k55 -

33 AemERNsERILEE

AT RAUESE T A (1) TG 2 A% J3% W 2% 1) o ) £
REW L5 T 6 . Z N2, B A BT,
DABRAIE #1100 I S EE 7T £ € IS IS €8, 70 T )
PR, I S S RS, AR
JEE S e TR P 0 SR AT AR e W O, AT R A
FORAE

I IR 55 A b 2] 3244 (subject) AR B, 35 3))
At Cactive role) f&— Tl AA WL 15211
%é:

AR(su: subject)={the active role for subject su via AA}.

BT T LU G — AN A, BT
FR NA WL 7 e Jo 79 s NIsAT I . Mt
SYHCIN, A0 h TE SESRAT T A B U S AR

RR(N) = { roles run in a node meeting the resource
requirements via NA}

BEAS A1 E A5 T AR AE AT 55 DL S O Y 3= 44
IR 5515 3K -

TA(r: role) = { task T; contained in role r for service
Objective request}



Vg4 W ¥

32 4%

] AR IAT B AR S5 Hbs i, T2 40T
exec(s, DAR7NAEZHTIN A BEPAT I AR SS H bx
Obj A EL, & MA i

exec(su: subject, Obj: Objective) = true iff subject su
can execute service Objective Obj

RN AR AR AR B SCEAT R AT
S5 AT -
r€Role,t € Task( A na(r,t) ENA—
CC( na(r, t).context_ cond)— r ——>1)

CC( na(r, t).context_ cond)3% 7~ HHI ) 3T
LAY, r—— t REMOAEFRAT cc Fr[LL
PATAESS 10

R PR UE A €0 2 Bl 2 18 90 RS, A 2
SAFIE Y A BEAT M AT S5 o fldn, 0F T
AN T EERE AR, T BT B KR XA T
{55, M TEFEEMER VIR E, HAR
WA K I 25 NAG T8 N A e KX s/, B A
WA ZH A AT T PRI AS BN SCA M, A L AT
55 A REINAT

WOE A QoS MXHREEA Fur ML SE R n] ff
F AR Fys W00 SEBRIE 7 sk

F=F,NF,

DR Fa IR T ER SN B A (R R
IR QoS K. MBI NI T KBS, &y
R e N - e X ) S 1 U E LS =S N =)
FURZS . ALEAE, BT RIS n] A% s Y R
£ Fy, W HWASE F, 1335490 EAR 135 5)
O ECE R A PEI T AL BRERUE R 45 QoS by
TR, AL R 28 o

PEAMAOAATIE T L 3 AN HEAJZ

1) W FA44kAT (subject implementation) :
A2 W AR T A 00 RIS N, A BERAT HE—
MRSS

Vsu: subject, Obj : Objective,
(exec(su,0bj) = AR(s) # D)

JIT A N ] AR R AT L AT W Bl ) A
2) AISEfA fA{h (executable roles) : M3
A 5 L TR I T A €0 06 25005 A2 71 A €870 TR 1) 42
SR, A Y AT AH N PR 5 R AR AE Y BT
L.
V su: subject, (AR(s) C RR(N))

i 1), SR U ORAIE N ] AR AT B s
(A€, A3 24 15 R BRI AR R L A (5 TE, BPOR
E A €0 73 PC IS A7 35 A2 25 1 1 ROR ST B AT Y ]
EEEENS

3) fF4FUT (TASK execution) : RAFHEIM
s, OIS A R Bogs 15 /L TR
FE55 A BERANAT

Vr, 1 AR(su), t:task,
(exec(r,,t) = te€ TA(RR(s)))

I DD R IE I 26 A T i 19X 84 71 AT 55 T S it
WAZSUE T W B AR LB, TR T R BE R AR
() HSJ 8 FH 32 s 0 S0 0 4 A B AT R AR ek 5
JSCHT 75 IR 55 A 55

X3 AR S, ) ORUE AR N R Bl A
EPAT IS, T S v 1) A £ € R 45 AT I
L BRI AE A I G, A A v 0 v R A S e
ey ARAAR T 9 28 B It 0 K I s 1) R 4 4
FEIL G o b JCEe A% B 286 HL AT Ut & 3 . (1Y) g
D 265 PR S FH 2 IR . ) T RERE, B kY
25 B A7 I TR

MERR W IRAEE R R A RsDL(resource deadlock)

fictn 3r, € ARC(s) , I HA A i I HRAT 75 279
RPN G 0;€ 0, IMAEHIZIT T BN 4505
TR, B exec(r, O;) =true H. exec(r,,0,) =
O, € RsDL . T il RRIN)FIFLNI AT 41, RR(N)=D ,

HUR A0 2 96 KR, AR()=D, 54K
L OB RS, SR I, % UESE R
RAFHE.

4 ETAapERmagdiE4 RobMSN &Y
it 53

N T AE TG S A IR 258 rh 5 AR B 1 A
BRI, 78 TinyOS 1.x FIFRIET M
(¥ TG 2 Al 1o 2% v (] £ RobMSN. I HI# 3 £%
g RE BT AR, PR HE A BIE S ft
LT R, HREIRIE &% B SO Eh A
W28 0 RS o R R TR 5 1) T S R
B4 SRR N R 555 4 1) J J2 AP 20 1 2
WRSNS (03% B 4 0 58 i /= (AR 55 o 5 1 T T 4K
P AN S NI IF R e Bl LA AT 3R
7 £k A JE 45 9 2% K4 A 3R 40 RobMIS 1 i
Bk ui W], ik 4 Pros.



o5 139 DU JET A AR EAL RIS P i +85-

£

N T
RobMSN ] {2

\©
() \‘ \©ﬁ@

‘ HECIN [¢)
vy
00030
o Jo 20 WSN
o (o)
4 ToERARIE M 4 HE ) R 48 RobMIS

RobMIS H¥i AL BLAE WA 5 Fras, RobMIS
ZGUK N Objective Fl1 Requirements 5 77 [A] £
SRPEEREN LTS S = VA SR S AN
TR 9 288 SPRAL) A1 €00 ] 3 i 48 74 e 0
M, WEMESE, Ed AT A 5%
BEEAE T R SE R AR B, 1) A (3R AT A BIR A BCR:
RIS, MmOdHTEIRRS, KRSS 5 B A
B RGN, G T Bl A, B, 2
R B HPAEE I ESI, F1alf RobMSN 23 Ji it
0 i SR ORE IR 55 i 55 A A €4 Sensor AT A (L
Aggregator, KUk AN, Gl €05 B SR
X 2 A L5 B2 BT AT 4% N A PRI e 4
T RS BN A 8 Sensor AR SRR, ¥R
MWEALKIS N TAE, KREMEE R 47 S
Hic B fil A (0, Aggregator I, 1 Bk @l & 1K) 55
W5, DA B . Aggregator iRl AL FE S 1F)
INEEAS B34 RobMSN H a4, H fB] £ 3 S
i iy b 2, e I B o3 AT 2 JE S R
W EE Borgs P, IR by s i e AN B D .
N AR B A 8 A IR S5, TR 2 AR A ) i
%, ¥4 Anchor fitasrBiss BA e A DR i,
RS LART I A 00 PAT IRIBURHRAE 515 B A 2R

. Objective&
%y}g - Requirements | fEBE - ﬁ%
AN Task & —g

~

'Specificalions

Feedback >~ -
fatlE

/\% o
'Assignment
A RE 251
SBRAEALEE fE5E
Network

Status

K5 RobMIS ¥l A FL AL

LG N, R N ) S E R Ak At
TELE, WIS YERE LLRT A A AEAE, 7E M2 b 38 g
IS FH SRS (0 £ £

Kl 6 &A1 R N 753K, # R e 1A
MR, DLSE AR N TS o AT e Ao
A5 R A Anchor, 1 B DI RE )% 1 £A £ Router, %
KA Gateway, RS0 Follower, difh&
4 Aggregator, A MG A (4 Sensor, ALK
W 20 A= A7 T DR B3 2% FH (R #11 €4 Reserve 5. T
(I3 #f 4 Sensing- collaborator 5 A2 PN i
ZIARER, CLSEIMEEDAIT B . SR 17 i
A DUARSH Z AN RS B A e, IR A ). Y
LR LA R RE S T L R g 1) o

Sensor

. Reserve

Sensor

Anchor Aggregator

Sensing-
collaborator,

Sensor
Gateway

Follower

Anch
fiehor Anchor

6 MNTIRME

Kl 7 A H Tossim 1 E-F- 5 1) TinyViz T.H,
Fgdt 20m X 20m 2 B LAL K5I, B 25 4
W RAE T EX 5. P PowerTossim T H R0
TR BEFE. 8 TinyDB 1 b % 58 0 2 A% 1 4% v ]
A 1y SRS 5 R €8 T I 2 A I IR 24 o ) 42 1) 1Y
ST TP REREIEAT U EL LR . 1T ULAE X 4% 4 PRI
FET 1 0 TR P54 45 v ) RS HE 7 THIA LL %
A, ks, ST A R PR
PRI o 3 BTN PAT B A AR EE QoS FlIM 4%

4000,

-B-Traditional(idle)
3 500f | -&=Role-based(idle)
-&-Traditional(query)
3 000F | =% Role-based(query)

EZ 500F
§2 000F
gl 500F
1 000F
500F

0 20 40 60 80 100 120 140 160
B /s

K7 PRIRERELLEL



- 86 - b=

7Ok

32 4%

TN I P Ve s S i < R Y TSI 61
ARG RERTT A . BAME T ORI LA
T 2% ] LASR O 22 0 R 25 1) g, EAE AR T
[PE R EIANE 46 22 55 B D IR fE

5 #RiE

AR A AT B R ek, el —MaE A
3N 2y 28 PR AN 2847 D 1) T i () o A
S 25 A RobMSN . 2k T 55 50 25 87 W 1T i
5 A5 7 K A SR A 190 2% v EASE T B 4 BT #
BEVE T AT (O S HE SR, 7 03 B8 T
FEFP IO SRR 4R 2, A MAC J=. )R
N TJZAE 2 A 2w vE A AR QoS Pk A 3
M P 1) i 55 P9 JELARL, U v ) 1 LR ) 5 SR R
LT G B A T IR S5 L, RobMISN 104 &
SR P E R e T S SR P . 2D
e AU e AR )P 10 R R AR SEBLT BE . K
(¥ B gl SR AL A0 M PR S Sk, DUA SR 2 1
KH.

B3k

[11 LIS, SON S, STANKOVIC J. Event detection services using data
service middleware in distributed sensor networks[A]. IPSN 03[C].
Berlin, 2003.502-517.

[2] LEVIS P, CULLER D. Maté: a tiny virtual machine for sensor net-
works[A]. Proc of the 10th Int’l Conf on Architectural Support for
Programming Languages and Operating Systems (ASPLOSX)[C].New
York, 2002.85-95.

[3] MADDEN S R, FRANKLIN M J, HELLERSTEIN J M. TinyDB: an
acquisidonal query processing system for sensor networks[J]. ACM
Trans on Database Systems,2005,30(1):122-173.

[4] HEINZELMAN W B, MURPHY A L, CARVAHO H S, er al. Mid-
dleware to support sensor network applications[J]. IEEE Network,
2004, 18(1):6-14.

[5] CHEN M, KWON T, YUAN Y, et al. Mobile agent based wireless
sensor networks[J]. Journal of Computers, 2006, 1(1):14-21.

[6] BAI L,FERRESE FPLOSKINA K, e al. Performance analysis of
mobile agent-based wireless sensor network[A].Proc ICRMS 2009[C].
Chengdu,China,2009.16-19.

[71 FOK C L,ROMAN G C,LU C Y. Agilla: a mobile agent middleware
for self-adaptive wireless sensor networks[J.ACM Transactions on
Autonomous and Adaptive Systems,2009,4(3):1-26.

[81 DASGUPTA K, KUKREJA M, KALPAKIS K. Topology-aware place-
ment and role assignment for energy-efficient information gathering in
sensor networks[A]. Proceedings of the Eighth IEEE Symposium on
Computers and Communications[C]. Antalya, Turkey, 2003. 341-348.

[91 KOCHHAL M, SCHWIEBERT L, GUPTA S. Integrating sensing
perspectives for better self organization of ad hoc wireless sensor net-
works[J]. Journal of Information Science and Engineering, 2004,20(3):
449-475.

[10] KUMAR R, WOLENETZ M, AGARWALLA B, et al. Dfuse: A
framework for distributed data fusion[A]. Proc of the Int’l Conference
on Embedded Networked Sensor Systems[C]. Los Angeles, USA ,
2003. 114-125.

[11] BONFILS B, BONNET. Adaptive and decentralized operator place-
ment for in-network query processing[A] .Proc of the Information
Processing Sensor Networks[C]. Berkeley, USA, 2003.389-409.

[12] PANJA B, MADRIA S K, BHARGAVA B. A role based access in a
hierarchical sensor network architecture to provide multilevel secu-
rity[J]. Computer Communications, 2008, 31(4): 793-806.

[13] FRANK C, ROMER K. Algorithms for generic role assignment in
wireless sensor networks[A]. Proc of the Int’l Conference on Embed-
ded Networked Sensor Systems[C].San Diego, USA, 2005.230-242.

[14] HUA X,LEI B.A Mobile-agent-based role switching management
mechanism in WSN[A].Proc CiSE 2009[C].Wuhan,China,2009.1-4.

EEEIT:

F8 (1974-) , 2, WIFEHRMA, Wik
PN R C PR et LU WA P e X L2
2. LERIRANARG . L&l

Bty (1982-) , i, ZEUGHLAN, WA,
TS ) N T LAt M 4

(2K (1957-) , B, WIEEMINN, WM K2EEEZ
LA SN, FEITTT AN . ML, 4
SR,



