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Energy-efficient data query protocol for wireless sensor network

CUI Yan-rong, CAO Jia-heng, HE Ning, ZHU Fan
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Abstract: This paper proposed an energy-efficient data query (EEDQ) protocol for wireless sensor network, in which de-
signed a minimum spanning tree with the sink node as root, query task was flooding from the sink along the tree, and transmit-
ted query results from the leaves nodes toward the sink node, in the same time, aggregated data in the parents nodes. Experi-
mental results show that the EEDQ protocol algorithm can lead to the increase of sensor network lifetime compared with direct

transmission.

Key words:

PR B ML AR GE B0 288 A TC Lk 38 5 1A )
A B T RAT BURE SO IC AR IRAR M L5 1) A F A Jg . G
LA IR 2% P HA RO TS LA AR i R AR St
LA, BESIE IS N ORISR £ I 245 A DX I A )25 ol 00
XGAF B XX e BT A B, 518 25 75 2K LB 5 B
P AR IS R VR R AR B i B
AR HRAE T A LA GE R A LA B AR i
P Hh R 2 T AR B [ T SRR 7R , 1 TR I 46 v A 2
TS P SN I BEAE A M 3 A R RE FEAE R I 45 1) =
M HATCA KRBT MR A R R K A
SRS LS A 7T A SO DA R X 5 BN £
JEE H A 3R — b e e ) P s P 205 Kl A £

1 HEXIE

S T 4 L — L £ 5 T 0 1 e ey B i
L P AR i 24 2500 o TR R (sink ) 38 5 BB B A H
WESS R IZ J7 A R A D 3 DR N
BT LA o 4 SR F R A BT 55, ARIA M2

XS X A ) 8, 00 X3 At B2 B DG
MRAEIRIEAE B, X6 BRI R DM BSGE Bt 1 451
Al e s b ST R 1] g DA 1 38R T ) Kl A o
JEE (gradient) , f I 17 mH SR AR 2 00 0 1 26 16 5 7 1) A5 36
PR A, (ARSI AL e AL e e e e 1 IR
P56 AR il )™ B e 7 bl ST I 2 — D R H
Pz A4k, RE BRI ] T RS8R LU RO, JUHE K= MAC B

R EHE. 2006-10-24; fEEIHHA. 2007-01-19

data query; routing protocol ; data aggregation; direct diffusion( DD)

WOR FHRRAL] AT RS OB L A — 2L, 811 Rom T
DD PR i ph el 7R

sourceq
a) SR b) BRI
°© o
sourceo\
o 1e) sink

©) KT 5 (W AR AL
1 DD BMSrk th s A

A AR 2 AT B A s b el O X
3, QNSRRI ) O, T B A S A ARG R R
HESRHLHIA BErh 2 — AR AR A . PRI AE S S0 T
HP S M TN R R S FR L, Boulis S5 4R H T 18
LR (rumor routing) " 1 I TR LAY M LIRSS RIZE .

T 1 35 P A SRR, R DX P A SRR s 2 AR
I (agent) 8. , ACEEIE B UTREBLEAR [0 AT T4, IRl A 2R
SRR B AT S ULV BEHL B A TE X 2 FR AL 4% 5 AR BRI A
T B AR A AR — R B 2TE il — S 31 s 3
ORI TR AT, R 2 TN AL i b SRR

TE sink 17052 TG RE H AR W45 35 AR 2 1 A 10
T, rumor PR AL, (BANSREEHES £ |, didr S ik
% agent W ORIFEI SRR,

HEEMB . BR“8637 X 815 A (2002AA473450)

TEERIN . B (1968-) , %, MA@l 33z WML R A, TR R @ A & BAIEFE AR R MABEWB AR ENAHKESR

(eyanr@ tom. com) ; & A8 (1946-) |

WA A, BB T 6 h B B R AR RML(1976-)

B3 KA IR T ERTR T SN BRI SRR AT T (1960-) , 4, # db KA, &) #%
B XRA LT A, BRI 0 SR EHAR.



EHR F RTHANERAEMNERES ARG

+ 563

F event area
ea, ik
s agent path
—
a _‘:I'IS,. - Query path
& & Sink
e - normal sensor node
o «  sensor node in agent path

sensor node in query path

B2 i
2 BRgtEn

1) P2 A5

ARSCR HSCHR D8 T A IR 28 A58 . N AN AL SR 25 19 s AL
SIATAE— M E TR IR A N, ARG s B 5 A% 50
M P IEIRE A X A LAMR — AN [ e, I HLR S
WLE AT ZE R Al e 1 s BT AR Y fig g (b33
15) T HHA 45 5 75 550 2645 GPS, N AR i U 42 1)
AT BARNT B 2R PR AT BRI 0T DR I 2
VEEYE 1 BTSN N

2) TCE AR

TETCERAGHT T, S ) 38 1 s Dol B 1 i P 2 R T A
BHCEI, SCHR[ 9] FR T PR AL 1 R A 1] (free
space) FIZ FE A28 (multipath fading) . >4 A28 R4S £
Z IR BIRERS d AINTHRAME do B SR A i as R, & 5 )
AP N T WK 2 AR iR & B R e

3) JoZk e AR

ASCR S SR 10 TR e g i, =X (1) b & 5
k bit BARFERIIRETE , b & 5 L B FESI AN D S8 AR M 0 43
FARG . DIERORES MR IS 338 3 A = () A RE 15 43 2R
FH A 23 [N 22 AR i ABE Y . B, o 5 LB A FE 0
s e & SN PIRIME B DO TR Be i, 2(2)
Ak bit B A REFED [ Hh P ERFER S R
{ kX E g, +kxega®

4
EXE e + kX 8mpa

d<d,

Ey = (1

d=d,
Eg =k xE,., (2)
AR SRR TCER 5 TSR XRR, BRI 8w A5 0H B3 v T8
FERYRE ST T DA o ABRERIREATH 23 w IHFERY R

3 BRTHENEIEREE

ASCERH — MR BER AT th DML, P R
REUELL sink SRR AL A FT AT 35 500 sink 39 5009 5
MBI — R/ IMUOTAY . EEIME B sink A2 1A A9 )2 Uit
Z BN AL, ATTEE AR R 1 R RO AR F sink
T H) AT AR RSO AL A TR R A
3.1 &AM AR

ARSCHIR B 8RR N A7 i BEALE ) A £ 1
TG A i, OB A2 IR 288 PN B BT A 3 A5URI A% S5 30
PG A L T — A I P SRR T R
(RSN BRI, i L 122 38 3 PR DG 1) 1] B2 G ) 2 3 [
G=(VEL) H .V LIRS M 1 sl LB ik
PP SRR S, B AR AU, U R TS V
M — T A (u,0) B R EAR/IMUERIL,
welU,veV-UFFE—RREE N (u,v) B/, T
Prim 503 0] M e/ VA o B3 G = (V, L EL) ZEE
TE J& G Eay/NERM R IARES . AN U= fue t (IXH u,

i sink W) TE = | VR R ST FIRERIE AT ue U,
veV-UR(u,v) e E FR—FMAM R/ (uo,00) IFA
G TE; R v, A U, HEIU =V ik, M TE Hbhf n -
VA0 7= (V,{TE) R G it/ NE R,
3.2 #MEEHKE

Sink R AL SS , RITIEZ 1907 AL HE AT B M
PRSI P A A JEAR 1Y i, A58 M ORI AR T #3f0i )
i

Select room_no , average (light )

from sensors

group by room_no

having average (light) > 1

epoch duration 5 min

P M 2% b BT BN B M5 TR R Mo
sink 9 RUBZAT R AR SRR AREE 1, BTz A9 07
B FA Y EASSIHE  sink B9 5 008 B AE B, WSRAET
AMSCE Bt o TR P 5 R R ROR T2 A A % o 7
SR B e R, WU )RR R, ) RS RS S
TR B TR sink BT G0 B B AR TH B, SR A Hh i
Il 9 LY RV S0 CRAEAUE) |, I 1) H A 38 il
B IR A LA sink 5 RO SRR/ DA R, 18T 3 DA
W R, T R OR BT TR R I B A A AT AR
BRI AR R B /SRR A O 5 1 R RN SRS T B R
W1 L e 7 o BRAR A AR LN Kt B R AR BB SN sink
T ROCR BT A (5 B ETIEER

A sink 1A .ﬁl f(f(d,f(c,a,b)),e).r-t
AN ) Ve L. fdfcab) £ &
¥ i ""g_- “ "'.i .'i'
T b Sy f(c,ab).™ ;
= !'*' ::-"lr L 1_-?'-"'-\.__ . ATk -
oo e AT o | .FM“&..
. ;{/ : " [ -
' oy O fl i =
(QB/NMERBIIER ()AL R R (o) Erifaf R R AL

K3 it

4 ERESH

R I I ZR A AL 1) BRI 0100 A5 s0F- 3 43 A e
100 m x 100 m (ISR A 9, sink 5 SR IRAR XA 2
A, A TIER EEDQ AYPERE K H S direct transmission 4T EE
BT Co++ S8, 1B 4 Sy th BE A [m] s A [ IR 5L 1Y)
g . NE TR LI 3], EEDQ [ direct transmission *Kf
TR 26 ) A A TR = T 29 11 % (AR e — A 19 s5 3BT
HBRE) o 5 ~T7 J3 il R AL IR AR I 2 ) LR fE 1 0. 25
0.5.1 J BFE—AN45 S FET- (FND) ,—£45 538672 (HND) (%
Jr— M EAETZ(LND) FTE B, K5 ~7 sl LIFE i EEDQ
It direct transmission 2354615 JEs I £ ) FND (HND | LND 42
BT 293 .20 AL A,

3500 >
— 800
éj 2500 - ——EEng |2 600 5
21500 =00 |2 400 - 2]
e E] = —
500 — — 208 —
FND HND LND E=025 E=05 E=1
T RFET R PiR Gl

Kl 4 AEPCT B R4 br 5 AEJFARER T B —
JE AT RS B



. 564 B E R R %25 %
10 000 > 12 000 [3] YE Wei, HEIDENMANN J, ESTRIN D. An energry efficient MAC
_L'; zggg — ﬂ _r':gggo = protocol for wireless sensor networks [ C]//Proc of the IEEE INFO-
5 421888 —— - 5300 — e-LED COM. San Francisco:IEEE Computer Society,2002.

0 ] Eo02s Eoo5 E=1 [4] KULIK J, HEINZELMAN W R, BALAKRISHNAN H. Negotiation-
PAR LA S JFiAfE R based protocols for dissemination information in wireless sensor net-

K6 ARIFEEERETR—F B 7 RETFGERTFNES works[ J |. ACM Wireless Networks,2002,8(2) :169-185.
W EBET Y E A EIET IS O [5] HEINZELMAN W R,KULIK J, BALAKRISHNAN H. Adaptive pro-

5 HERIB

AT T — Tl B ki 280 1) A2 S i 00 265 5040 A 36 B
EEDQ, FHAT SR A7 L sink 5 15 A AR Y A5 A9 d5e /N6 e 2 il
B AT 5594 B sink 83 flooding 28 {88 X S (1 A4~ 45 I E 4
T de/IVE U A i) 4 SR v ) sink 9 A A 15 o
PR RN SRS AL A TIE SR  sink 19 X0 B —FE A if) 45
TR . B R R S BRI JUEAE , R4 1 1%
SRR R AR B, BRI TR R VARG, SEAC TR L SRR R 4 1Y
A
SE
[1] AKYILDIZ1F, SU W, SANKARASUBRAMANIAM Y, et al. Wire-

less sensor networks:a survey [ J |. Computer Networks, 2002, 38

(4):393-422.

[2] ESTRIN D, GOVINDAN R, HEIDEMANN J, et al. Next century

tocols for information dissemination in wireless sensor networks[ C]//
Proc of the 5th Annual ACM/IEEE International Conference on Mo-
bile Computing and Networking. New York: ACM Press:174-185.

[6] INTANAGONWIWAT C, GOVINDAN R, ESTRIN D. Directed diffu-
sion: a scalable and robust communication paradigm for sensor net-
works[ C ]//Proc of the 6th Annual ACM/IEEE Interational Confe-
rence on Mobile Computing and Networking. New York: ACM Press,
2000:56-67.

[7] BRAGINSKY D, ESTRIN D. Rumor routing algorithm for sensor net-
works[ C]//Proc of the 1st Workshop on Sensor Networks and Appli-
cations. Atlanta; ACM Press, 2002 .:22-31.

[8] YONIS O, FAHMY S. HEED: a hybrid, energy efficient distributed
clustering approach for Ad hoc sensor networks[ J]. IEEE Trans on
Mobile Computing,2004,3(4) :366 -379.

[9] RAPPAPORT T. Wireless communications: principles and practice
[M]. New Jersey:Prentice Hall Inc,1996.

challenges ; scalable coordination in sensor networks [ C]//KODESH [10] HEINZELMAN W R, CHANDRAKASAN A ,BALA KRISHNAN H.
H. Proc of the 5th Annual ACM/IEEE International Conference on An application specific protocol architecture for wireless microsensor
Mobile Computing and Networking. New York: ACM Press, 1999 :263- networks[ J]. IEEE Trans on Wireless Communications, 2002 ,1
270. (4) :660 -670.

(L% 561 1)
3) RE LR 4 LEWRIE

SHPEI 2% 3 h 22 A7 P A i3t 292 307 &R AT EST
BE ., BHUBEEERINGE 2 R,
F2 RETHER

RBAE LGN —%% (5 min) %% (30 min) =% (3 h)
FEF N 2 PR 1A A 5106 4 872 4% 153 4
S )2 UM (UDP/TCP) F2RAH 1 442 5% 245 % 43 %

2.3.4 RERZHEMBET

R I A 268 B SE PR AR B0, AR ST T = [
RERAY AR]85 BE 403K 3 Fran, ZSB ik B X Ffrin [a]
5 BE BT AN 23 K A2 MySQL FRLE S R 3 S5 A i) 2%
AT AYBLG , RIS AN 23 ph TN R] 85 88 2o/ i ) Bied 22 1
KO

3 mESHENR

TEARRZB L PR E SRS IS T, RGP  H
STt T e A B2 R IR e o, i R R i B
B AT R RIAT A 2 I BRI 4R BRI AE T A AT
o P 7 BRI R 45 5L A 1 HTTP PR O o i
PSRRI T DL A SRR A

£33 ZYERBRPEFM 15000000
PN il . 125 000 000 J H H r
5 i B 2 75000000 ( i lI |
-%{ 50000000 | k| *' 1 |||
—Z 5min  1month 33 ol i T M- W
’ 165 18NS 205 22
-y 30 min 1 year A :2006-04-16  00:03~2006-04-23  23:59

[—HTTP Bl i bkt |

K7 SRt

=% 3h 3 year

ARSCHET NetFlow 5, $HH 7 — 5038 H T i e
AT RE SSRGS, R EE S 2L RN
XUEER AL S, AR TR AR R A EEE . RAEM Jlh
MANATHR G DB PR G, I i & HA S A7 SR s i
FIAFREAA, i AR oA AL T Al S e, AR RGEAE S
PRI RIS T REFRCR . TP X RIEMZ PR S
fitf 7 AT e, DL R GT0 T EHLAEE B s gt
SIHTIIRE 4 R S e TR R o 3 AR S
Sk

[1] RFC 2722, Traffic flow measurement; architecture [ S].1999.

[2] YANG Bo, LI Yi,CHEN Yue-hei,et al. A flow-based network monito-
ring system used for CSCW in design [ C]//Proc of the 9th Interna-
tional Conference on Computer Supported Cooperative Work in
Design. 2005 :503-507.

[3] E4&. #AF 5L NetFlow i S A I8 L H KAk [1]. 3
ALITAL, 2004, 30 (3 ) :232-233.

(4] ZMTF. SXFESEBRALATRENEFHAAEE[]]. 29
IR P FIR L ITHR, 2006, 31(1):34-36.

[5] A, BhH. Sk MBI TF AT NetFlow 89 M 2% 150 £ 4%
RAF[J]. RESE FIRF IR, 2005, 26(2) :86-89.

[6] HMB#, K%, TEHT. ATREARMBREREEMNS 2 ZAT
oy Fit A AL )], AT AZ, 2003, 29(15) :58-59.

[7] 40, B, RE%H. BRHEMLLETNFTERLELFZHRR
MFFR[]]. AT EE, 2006, 32(16) :115-117.



