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Abstract: A cluster-based data aggregation and transmission protocol (CDAT) for wireless sensor networks
(WSNs) is proposed. CDAT achieves a good performance in terms of lifetime by a clustering method of balancing
energy consumption and data prediction transmission strategy. In clustering phase, the initial probability of node for
cluster head election is derived from mathematical relation between application’s seamless coverage ratio and
numbers of required cluster heads, and residual energy and node degree are also employed to elect cluster head. In
data aggregation phase, Cluster heads broadcast message for node joining and aggregate sampling data after
clustering. According to the temporal correlation of sampling data, cluster heads send data to base station using
prediction transmission strategy while satisfying transmission precision in the data transmission phase, and the
lifetime of WSNs is prolonged with this strategy. Theoretical analysis and simulation results show that CDAT
outperforms LEACH (low-energy adaptive clustering hierarchy) and PEGASIS (power-efficient gathering in sensor
information systems) in terms of network lifetime by balancing energy consumption and decrease of transmission
while satisfying desired Qos (quality of service) of application.
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J& 3 3K ) B AT IR A AR BB AE E TN B A R 28 A2 B 1) B a4 K v AR Sk AR T R AR AR R 09 B R T R A B
EAH) IS R 1Z 25 H o BTG AUH], W LA RO Y T B A £ 4 R B 3L AT Ao il 52 B 25 R K WA CDAT
AL R RS R 2R T A HRRAE. IV SRR 2 RS AEAF M 25 £ & B4 T LEACH(low-energy
adaptive clustering hierarchy),PEGASIS(power-efficient gathering in sensor information systems)% #-X.

KR RABBBEPNL AT RO REE 2 F R R TN

FEES S TP393 SCERARIRAD: A

TCER AL s W 4% (wireless sensor networks, {7 FX WSNs)E A —Ff 45 145 B 3R BORN A 3L 5, My S0k A B
(AN BE AR AR ZE, 2 N FEBTE S ER A RN, 8@, By TAE. flElk. B
AR,

WSNs AT Fa— 28Rk 1M B 21 43 (ad-hoc) W 2%, HLAT LU R BT 1) 4% AR, 37 A% B e52) 19 IV g
L TFEAAEAERE SRS S IR 3) T A S R M A 4 G AR AR AL 4) T AT S8 AR IRLS) R S
A7 — AN I AR AR A — T T A B UK F B it v HE S AR TE A ST R B8R b 78 A ek R TR A, DA
U, B B A SO TIAE . TAER. AR5 0l . B B S A 1 ) — 7 T TG A B W 2% (R T
T 1va) ELAAR 2 P ), AN ] £ 152 A AN [) 307 28 10 il 95 it e B, o 0 8 o S 96 2% 8 I P ) I 2% it i ) I A2 SR ~F
R T SR AR R R RN B DA AR R AR D% P, S S Ao 5 R A IR ] R 1) S AT BE A7 AE TUAR Bl XA TR
FSA BE T TE 2 A IR P 4% 2% S ) — N T e

T3 AR B W R T VL 2 N P AR TE 28 A% It D9 45 1) 5% 1h B 130 L0 2 O (345 2 L S o I 4 R T 9
JEME R B T Se OB s Bl A O SE AR SO T — Bl 3 T o R 0 B HE I SR AL % 10 CDAT(a cluster-based data
aggregation and transmission protocol for wireless sensor networks),H3 4 I F 3 28 1) Ik 45 5 = ok vF S0 Sk H Af
FH 0 40 52 S TR 759 A Y A7 i e 00 A A2 308 VL 2 B0 ) A 226 OB 38— 2 AR AT 19 8% 1) A2 36 BB, 3 1K 9
7% (1) A fiw 241

ASCH 1A AAHR AR S 2 o0 W2 B AT A JF 4Rt T ) JBL 28 3 3745 Ll CDAT Wil i P40 et
B4 O IR BEREAE 40T B 5 W AT LI AIE . B JE 4 A L.

1 HxXIE

I3 1R R Ao R AR A WSNs 5 fUE R 4 24 T B TN MBS R B
SK A5 B T4 R e, A Y a5 3 g 7 Sk B Wi s K 2% $dis LEACH (low-energy adaptive clustering hierarchy)?!f
S AN BORL IR 43 152 P U8, 0 o A5 A A it LA A 1 96 152 ke g A 0 0% ) R 70 280850 147 b o T 81 A A SR A8
RN IR B B P 24 BEFE . LA W28 A A SR I B 1 (HJ2 LEACH WA 2 B LU R I8 1) Ak B PRty
77 6 N U ER 1) JIR 45 5 6 0 75 2) A 0 B AT 1X B B VR AR B 1A AK;3) 12 Sk o BE L6 B 1R), AS B ORIE 7 Sk 7
I 2% v [ 25 ) 43 A

HEED(a hybrid, energy-efficient, distributed clustering approach)! ISt 75 #% Sk ik % b % FE T 5 £ 11 3 4% i
P FENKRRGIANT DA RGEAEH T KWL P #2 HEED 7055 Sk b B b 2 i Sk 52 4 WLt B S
LEACH AN[A], 5580 45 SR W ,HEED 43 5% 5 50, RE A% 7 AL B4 A S 5T I AR Sk o B B ) D90 0 b B )
LEACH WM (k2 H ) PEGASIS(power-efficient gathering in sensor information systems)! 30 Ff 4 H 4% & %
RV AN AR T AR B A W B — 2R A AN AR ) B R R T B, T A R T AU AR 1 B R
Sk SR BT SRR BRAE JE 3T 45 S 4% 4 B L 55 TEEN (threshold sensitive energy efficient sensor network protocol)l
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BEAR, SCHR[ 7152 — AN ] MPEG-2 W 246 55035 1 FU000 A6 50 WA 28 W 03, SRR [8 142 — >k 1 XUl 4 H A
PR B SCHR[9, 10168 FH 04 58 B (18 T 5 Al B4 1A g 20 A S A, SR (111178 45 A5t P 00 6 s 4 9 ke 3R
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2.1 MLEIRE
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1) ToEk Ak A X 45 g A5 W9 4484 4328 5 AN TR 3.

2) TR F A SR ISR AT AR, L2 DR 2 R .

3) Pk (R BE S S AR DI A LAAMI ] 07 B L AT 9 K R R

4) 1 R R IR B AR R AR AR B, HLT RO TG 2R A S T 3l i,

5) I 19 AT R 4% o ek f B2 S, T L 3 T 4 O 45 (1) T 4 7 i R AR Ak 1 R 2 T TR

X 1. A 30 w5 A

TE TG 2 A B ) 45 11 M 000 DX PAY ,— B X3 ml A JL A1 s T B R, G 1 TR,

R Cy A B R IR Se, A1 AL Cy (B V8 o k2 T 5 X C IR S 19— B

S, =mr? —%SC (1)

TEX 2. SCHR[12UEW],FE I 2 BT BROAR AT k82 o 4 40 P, 25019 0 A4 P s i X0 — N K r IIEN
LT LTS o5 0 5% i AR R KR

SA=6><(;xr><\/2§xrj:3\2/§r2 2
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<%\

Overlap area C

y

Fig.1 Illustration of effective coverage area Fig.2 Illustration of maximal seamless coverage area
K1 AR i i A s B 2 de KTCEE B o 1 AR
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TH FE L PR 3 BRI 5 3) T S A T I 2% KIS g DA S, I AR AR 1 D SR I 95 R e T 1 4%
4) FEI AL R ZE LR K DU AR 8 A B0 A I () 25024 [R) - FK) AR DG R R AT D8 A, 9k 2 A 326 1 B, 3 Tl 2> A 326
AEAE. H 7,6 T JC 2 A Je i I 4 1 ST AT 9K 25 402 v A i 9 00, et J30H0E A% 8 1 AR B A/ I A 3
AL T P 205 55 o (A 6 7 st 2 s Ol A1 D0 FEE) PR T 8 AR S R s (10 I TR AR S, AR SR T — P T
T3 IR B SR AR K B XL
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3 CDAT #hiU&it

CDAT BSR4 43 BEPIMN —BE R4 503247 1O, A5 40 0 B3 AR HOUR B8 2 RIS A3 3 Ny
BB A e Sk B X B RIS P 3008 P TG o 2 5 7 0 S B 0 B 56 R BRI S Sk O B 2, L
SHE TS F A S, R TBE 2 T 2 1 780 4 R /M 8 SR K Sk 7 O B A Y BB A Sk 1 H 0 L e W A
BN AZ 52 B0 PR 1 150 AR i A A 0 7 8 s 7 R 30 W, PR MO0 0 5 S 7 9 A 32 6 1
R R T WL AT S A %
3.1 HERLE

1152 7 PR 101 0 406 T 40 2 9 Sy, M0 1, 0 o 0 46 7 0 ARk (I KUy o, i & A
e S T i 1 T 40 2 T o £ S 00T A2 L g . e 2 3 (2) T, A A Sk dik A T 4 T 26 11 TR
3322, W I A, A FAT R 1 aley) B BRI AT — 3k €1 <ish) B i FOU AR 2y

Prronered =1~ (oo /1| A1) =1-333r2/212 3)

R 72 I B A PR BRI & AN Sk AT 0 arp) 28 ML PR AN Sk 17 A 5 UM Py L300 S0

9% T ST 3 2, B

Pa-cavemd =n= 1- Pak-ncavered =13 (1 - 3\/5}’2/2[‘2 )k (4)
MR SR & h
A In(1-7)
k Ln(l—3\/§r2/2L2)—‘ ®)

32 BRIEFRMBENBERE
7 Sk FEML AR 23 A 2 B0 B2, A 1T R A M 3 il ) M 32 A5 F O 7 Sk O 1A E AR 2402 3 03 A 3
JICAT PR, e A Sk R R ey T Kk 4
k E, i-current i x Emin
Pi»Ch - [N ) Eorigin ' N Enrigin J (6)
bk i U HRE /N - ZHE N T BRI AR5 K 1K B cuprons 75 1 1 2B R RE R E g 22715 T RV UR K]
e B E i 27105 1T R RE LI S50/ B AR, 241 U BE /DN T B I, 11 AN 2 H LI SE S By 1 E 22
1%k 2 15— CHUI IR SR ANRIR BERE PRS2 AT IR T 5 LEACH B SUA (7] F) R 8 R 0ni s 2, R A% 4l
M 1A T 2 A5 B 303

B )= By g (14 By g (= | e T 5y (7)
e\ — Hix-elec tx-amp \""> - hEL,[L,L. + hgmp d4, d> do
Erx(h)=Erx-elec(h)=hEelec (8)

FoH E oo RN T EMUR WL BR BEFE, 55 Ml s, 73 12705 1 Pl 225 [ A 20 M 25 B S0 Y 20 PR TR 38 REAE o 2 W 5Lk
LR IE B B A B R B E i T e R AU 0H B

E...=hE,  (N/k-1)+hE, (N/k)+hE,, + hsmpd:)BS )
SCrp E gy N B S idie P A RERE 0T T AR T L, AR A S 8 B BERG BERAT W A B, A0 — BUIR AR
B A A RO R 1 w2 T BE R E e 7 9% T S LRI 7 1) 2% BE PG, 6 58 P W SR IO AR PR IR 2% 18 17710 R HY)
JE AL AR 6 P AT B/ EEIYT ) SOh Sk VA W 3 .

H AT SR, Y R SR I B B R R SRS 8 S AN Py, IR TT AR, i P I I
ShEBEE CH _set AT N7 A5 AN 0 I HE P2 it /I (9790 )R SR HESKR 14T R A © HSE i Sk KMo 1,
ST A I A ks T SR TE S K AR AN D 1, D Ay s g 7 Sk B SR I A Sk B 45 b %, HLSE 4 Sk (R R
9 LU O IR S Sk 15 0, 2 SR BB 8 PR B8OAS KT 5 4 A S (R M 3, DU RS I R 7 Sk A8 24 45 s 4
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TR BEAT R 75 S, FLIG IS e She B AN 2, DU I N DA s /N 1 e by 1 Sk (R 8, 45 A Ol 1 e e ) 3 H 2
A IE %k

GG I LA 7 Sk A A 7> TDMA U 52 I 50 R SR 47 1l A 1 P 10 K00 A8 A XA T B ) H 4 7
I A AT LA DR A% P9 48 B B3 TG o R 4t 36 M, O F L s A A Y AR R 026 I IR B S P RO DAY A fiE
B S ARSI R B B S o B AT SR, T 0 B R R A SR A M ] PR AR S

1. broadcast(my_id, E; current)

2. receive_msg (from neighbor in node i’s cluster range)
3. compute P;; , degree

4. Is final ch=FALSE

5. While (Picppre!=1){

6. If (Ch_set!=null){

7. My ch=mindegree(Ch_set)

8. If My_ch==my_id){

9 i (Pra==1){

10. Ch_msg(my_id final_ch,degree)
11. Is_final_ch=TRUE

12. Yelse Ch_msg(my_id,tmp_ch,degree)
13. }

14. }

15. else if (Pci==1){

16. Ch_msg(my_id final _ch,degree)

17. Is_final ch=TRUE

18. }

19. else if (random(0,1)<P;.c»)

20. Ch_msg(my_id,tmp_ch,degree)

21. PRy o8P cn

22. P,v_(;,:min(z ><P,-.L.h,1)

23. } //end of while

24. If (Is_final_ch==FALSE){

25 If (Ch_set!=null){

26. My_ch=mindegree(Ch_set)

2R Join_ch(Ch_id,my_id)

28. telse Ch_msg(my_id. final_ch,degree)

29. Ch_msg(my_id final_ch,degree)

30. +  //end of if

Fig.3 Pseudo-Code for the cluster formation algorithm
K3 RSSO

3.3 TR R ENLF

TR AT R B B AR 199 2% 1 45 00 2 LH IR e A8 Sk, 28 0k A 12 P 1) 00 2R 5 J S 0 Bk il AT 85080 A5 ,
T LA B A2 12 Bk Bl RERE 0 S B

TG e A TR T 190 2% v 71 P SR A0 SR A A A IR ] A 5 PR AR EL & 30 P S 7 S8 A AR S ot
S I 8] e S B R T I B A I 8] PR AR £ 30 AL 1% 22 45 F 1 A SCHE B30 A% 6 i BU Bt 1 T e 4 % 3%
L. AZ AL T £ 5 A S8 2, 408 T 5l 5 R B0 7 2, 2 ol MRl Dy 2 s At ST A R R R T S R R 2
AN 38 S BN A S 7 5 R ol O A5 P e R v 3 o I R L A B, IS T B R I K B SR A (AN KT R
PSSR V8 1R 22 1) B, 3t A LA AN A% 306 B4l T 2 A0 25 3l 2 T R0 T 2 7 3 2 S 6 048 0 A8 Ak A% 2 L1
A A A TR SR 0 £ AR A A 2l 2 B R R D A0 R E A I ot e I M 00k S T A 7 D SRR e R s A W AR
A, A T 1 3k A o B R it i A B A 8, FLAR AR T B0 M0 B0 5 AT AR B R B AR A AN K T 2
P AR AT BRI A 3 A s S ORI 2 B v SR BRI R B AR G 78 AL PR Rk i, 1 Sk HUHEAT BR7 54 T
DN bR o S50, AT AR K St 2D T 7Sk B v SR S BE R, B e 17 M2 O ZE A7 i
3.3.1 PRSI

P H) Bl U SR A AR 22,75 58 B A5 KT R RE A BRI 0 A I 1) A S 3 HELSR P 7R B Rt
6 DR AR AL FLABE 5 J i 500 1 410 2 S R iy B
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X, =¢X,_, +¢2Xt72+...+¢PXt7p +a, (10)
b X eR NFESER i RIS R A, o 2 TR R B (a2 IR N(0,07) BRdE 1E 25 20 A 14 I 75 17 51, 28
(10)R W, E ¢ IRBRENE A 28 A B T LLAT R p IXBUA M et 416 0 E—ANBEALIY (A e Sk R on . 4

Y= [Xp+l’Xp+2’ ?XN]
=40 8,1 )
[ p+l> p+29"'7aN]T
X, X, X,
x;ﬂ X, . X,
X = : , (12)
XN—I XN—Z Xpr
ARAD. AKX (12) 1,
Y=X¢te (13)
FH $pc 7> 33 T A9 F AU B A 7 2 B A TR B
d=(X"X)'X"Y (14)
8= o p)él“ R (15)
HET ¢ W20 00 125 0 i NAE K 7 %493 0K
X=X (1-1)+4X,(1-2)+..+4,X,(-p) (16)
Varle,(D)]=(1+ G’ + G +..+ G} ))o” (17
X, (), k=1 =t b k<p
Horp, X (k=110 6= j =12, =0T
i & {&%,kso G, =Y¢6,," i {Q k> p
k=1

P A, o PR TR 0 (6 TR, ST b i 2 AR T AN A R X, X XA A SR A 1
I B X, (1 =1,2,..) S it
332 B EERSE R

S T AR S TR A O AR Ak LR B B RE AR T A T U A A T A IR X A o R AR Sk
15 VA8 3K 56 B, RV AR 20 T 550 5 5000 T AH 43 8, o 5 ol 5 R 28 (10 1 S50 0 B AR L A B P 8 ) Bl 3R
TE AT AR T SR 4 1 ST a5 HH A% SRV a5 5 R BN 10 R R 22 L AR, AN T R e A R 36 TR A B A B
BrEG R BSR4, B 5 .

1 while (1){

2 wait for data from CH i;

3 if (no data received){

4. If (no_receiving data counts of CH_i>threshold )
5. continue; //No data sensed by CH i and do nothing;
6. else {

7. predict / step data using predict model;

8. continue;

9. }

10.

11. If (the ratio of number of incoming data>threshold f){
12. update model and send parameter to CH i;

13. continue;

14. }else save received data;

15. } //end of while

Fig.4 Pseudo-Code for the algorithm of computing and updating of model on BS
Bl 4 Rl IR o SR BT S0 D 1
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1 while (1){

2 wait for model’s parameters from BS;

3 if (model’s parameters received){

4. update model;

5. }

6 do{

7 gather sampling data and predict data;

8 ywhile (prediction error<threshold Erryeshoia);
9

1

. send data to BS;
0. } //end of while

Fig.5 Pseudo-Code for the algorithm of aggregation and comparison on CH

KSR 0 L S Dy
4 CDAT il gEFELLER 7

AT CDAT W iSUR A A 700 & 326 ML K — % 43 7% GCP(general clustering protocol) 30347 B & 1 FE
PO B8 A% A1 R0 AR ) SR T BB A B O I 0 S B — 0 2R A5 Tk LR i 5, B A6 & ks 1 s 2R m.

AT CDAT WIS, 55 S Al FH Tl A 3 LA I 55 B ik m S B 45 0k, i DA 080 P00 4% 326 i 0 B8 AR 48 56
3.3 WHI S A g AT =100

25(‘ & D= X [=Er o) (18)

1’ 20‘ — ¥ S =) 2 N = JEVIun ) N = 47 PN =)

%LEP,ﬁ(x)z{O i<0iﬂﬂ<’V%I%l§ﬁ,Errmmhold W24 45 o 4 E R 2 T IR IAE U S — e — AN R I e
THRE FARE DU R AR A — AN 2R R LR T i R Rk 5

R = f[[A|[Jkn =/ In(1= 3432 /212) [nIn(1 - 1) (19)
fe Hi 22 () TS R AT
d 2n R 3 _ L2
Eldi,)= [ [, priardo=—— (20)
VU7 RS B3 1 PR RE S AE B
LZ
Enan-vh = mh(EL‘[(fL‘ + g/A taLh) mh( elec + gfs an] (21)
F RS L RE R AR AR R SR T Bﬁ’ﬁ‘ziﬂéﬂ}: AN 36 K 4 vl B
=mhE,,, ( j + thda +mh(E,,,. + smpdeS) 22)
—AMEAE R N TR RE R
N N N ¥ T
Ecdar»cluster = Ech + (; - l)Enon-ch = mh[kEe/ev + ;Eda y gfs 2’75%) + Mh(Eelec + {;‘ d::BS (23)

JITLL, B RERIEAE A

2
Ecd(u-tozal = kEc/uster = k(Ech + (% - lenon»chJ = mhk [%Eelec + %Eda + g/s 2]1;](] + rﬁhk(Ee[ec + gmpdt‘ttBS) (24)

Heeh, k A 52 SEU A A 3% S AN B0 T GCP B, — 481615 m AN Bdit i fiE B FE N

L2
=mh {%Eelec + %Eda + gﬁ 2k ] + mh(Eelec + gmpd:)BS) (25)

general -clusering

BRI AN
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2
Egeneral-clu.ver = kE(/ustﬁn'ng = mh (NEelev + NEda + gfs ;,TEJ + mhk (Eelec + gmpdt‘(tBS (2 6)
HF & <k <m A5 Q24) 124 5 (26)H FL K T 7,
r k .
general-total — Ecdal-total =mh [NEelec + NEdzz + gls 21_[}[1 - kj + h(Eelec + gmpd::)BS )(mk - mk) >0 (27)

A AL BEFEAE WSNs (K BEARRERE T by BT AR O, DR AE P T AL A6 %) bl A% 1% 64T PL4L K CDAT By
VI BEREIZE /N T AR T A% 6 LA 1) — B2 e B30, 1 (3 S 6 A ) 13K — md

5 RRIYUKW

UL S 36 PSR I U DCIROR /N h 200mx200m, BEHL 855 B 20k 200,25 3% 1 A4 4R 24 (100,300), 1 90 DX 42
() JC R 5 2%k 95%. A T 56 T0E AR FOUI 4 3% £ A e 8 EOU 1 T D300 0 2 T 2 A B U R Dy Sk S 0 Jk o )
B 2 10min. BEAUSLIG Z A ILER 1.

Table 1 Simulation parameters

F1 B

Parameter Value
Network size 200mx200m
Node number 200

Sensing range (m) 10, 15,20
Transmission range (m) 25, 35,40
BS position (100,300)
Threshold distance (m) 75
Ejec (nJ/b) 50
& (pJ/b/m?) 10
&np (pI/b/m*) 0.001 3
Eg4q (nJ/b/m?) 5
Data pacet size (bits) 500
Broadcast packet size (bits) 200
Initial energy (J) 2
Qos (7,Errimreshota) (0.95,0.1)
Sampling interval (min.) 10
Total of samples 4 000

50 MRAMEMTEBERgSRIBUIXR

N T AR 24 2C(5) I TE A, X B Ve 40 M7 55 UL S 6 ) 45 REAT BB A 6 AT, H 23 3(5) v 5 R K % Sk
25 T 9T EE (1) T S 7T ol 4 1R O AR 4 55 AU S 36 I A5 4 SR LR ) 3K U WS T A SRR 1 20 M e I
T

1.0
g ¥
E 08}
o)
g 07}
2 06l —a— Analysis 7=10m
S : —a— Simulation
% 0.5} —4— Analysis r=15m
= 04l —¥— Simulation
s —— Analysis 7=20m
2 03F —*— Simulation

0.2

0 20 40 60 80 100 120 140
Number of selected CH

Fig.6 Relationship between numbers of CH and seamless coverage ratio: Analysis vs. simulation

Bl6 Ky Jo 4 ot A 0% A I BELVR O M RS b A
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5.2 MEE MM

T I DX 38T AR D 200mx<200m, 528 1) 715 s B0 2 200,71 58 s 5 2k (100,300), 450 X485 2 3Kk 95%
B, R ZE T TBRA 0.1, R SCHR[ 15T 6T 9 48 A= iy 1000 5 SR 48 BT AR IS AT B2 1 AN P8 T (8] (¥ i a] 4
J¥ FND(first node die), 7/ LEACH Pt &AL L3 T CDAT,
PEGASIS 1 DIRECT il 525 45 St 8 7 i 7. |

H 600//._,._._—%—-——»——#
MIEL 7 ATLUE H,CDAT Pl i M 45 2L A S EE. PEGASIS Al 500l
LEACH 4} B T 45%R1 260%,3% L 5Tk T AEFEL 1 (11 9 Aii 400 N

Number of round

SRS AU DB Rk 0 S ek ol 200 ——LEACH
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Table 2 Transmission efficiency and prediction precision: CDAT vs. GCP
2 CDAT H GCP {4126 35 3 RSN & L5

Algorithm Ertireshold Ertma Ris
GCP 0.05 0.000 73 0.58
CDAT 0.05 0.000 56 0.34
GCP 0.10 0.001 7 0.28
CDAT 0.10 0.001 3 0.17
GCP 0.15 0.002 7 0.22
CDAT 0.15 0.002 1 0.11
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