EHEAET 2020 4£ 5530 & 452 #.134 ~ 140

doi;10. 3772/]. issn. 1002-0470. 2020. 02. 004

£ FHE ARSI BN T TRA Y

A RO HEHF
(MLl k¥t TR¥B A 310023)

i B OLCRMBHBN(CTP) ZEMALERBNE(WSN) # ¥ AW BEXER H
Wi ERETHEARAK(ETX) R BB EH N, EXFRBENEE, HE2WN
ETX mEELERAANEEREERE, HEZB N RELE N REBE, AXRYT
ETREGWBER A F(PDR) MW CTP R #AB N , R EFHE RS RBENNLERE,
R R B E MR RN RA, RN EDR R E RN R E, B P HE
REFPHERE, XFETUFERE, RENELFHE, A, AXREAZHT

BRI AW R, TUARBD B HE E R0 BREK TETH.

Kt
%(WSN); s A HE

0 3

i3

TCELRAL 2% P 2% (wireless sensor network , WSN)
H HA R Bt b 2R A R R TE 4R (R T B 1%
JEART AL, B Iz N E B 5 PR M
EYERST AGEE M R HKFERZ TR, R
WREE AR TR, R R AT E RN A
IR, PR ok 2 iy BRe s A 285 ST R b SR B A SR AR B | I
KM% — BRI E M.

OB B % i y ( collection tree protocol ,
CTP) J2& 3 F A AR &5 4 BIC R U, i 3R H T
ZY, 78 CTP YMUT, AN A& B A8 1
PR R, B RIC IR BIAR Y A sink R T 2 T3
HALH R X (expected transmissions count, ETX) fY
BE B ) BB o Bk AR 4R 09 CTP MUT ETX™ 5
T FEpE R R, BRI LR, (HAE 2 Bk B A2
wh ETX (1] SR N A & 55 S o 4 % Jo B ™ 2 D
2. Xf CTP 3XFhZRLR b 1% 1 22 Bk I 46 32 4ty , T BA. Bk
I o R 1Y) TP B AR B 4 b R R R AR AR Y T

@ HERAAREERESE (61379124, 61871348) BB H .,
@

CRA B & (CTP) ; ZE F kB (ETX); 2|k £ (PDR); R&fARER

',

AR AT R BRSO R R B )
& # (packet delivery ratio, PDR) Jfeflif & f 48 i &
ASCH EZE TR T

(1) 8 THTFREFAEE PDR-CTP Ppi,
AT ERY, FEZEMET ETX 1 CTP
BORH L, T LA 3R o5 22 i 38 i 4040 1% 128 1) R 2
B, FHMERT LTS 1 SR BRI H SE i, 5
BRERE, PR L LE A ]

(2) 82 T hSERT R, EE W R,
I B ASIEIR , A BRI ST SR
PRt AR T, DD T BRI B BERE

1 MxIfE

fE WSN m, TR R B — H R E &
AU B AT R BB B A AR A ETX packet re-
ception ratio( PRR) '®" _four-bit (4B)!"" , request num-
ber of packets ( RNP)'®)  window mean with exponen-

tially weighted moving average ( WMEWMA )™’ ix &

93,1981 4 A PRI ST 07 6] - oLk A IERAR P 4K, YK I, IO £ ST s BE A E-mail : zhaocheng@ zjut. edu. cn

( We#5 H #.2019-03-02)
— 134 —



B IREE  ZET AR PR R B R A AR

BRI A, SCHR [ 10 ] XX Se48 hR AT T R4
FIATFT A AR . (HX AR ER R R T 2 ALY
MBBERR TR, N T 2Bk AR BUR, R BRI
SRPR AT AE R N, B AR X 5 S PR 22 Bk AR 1
B, Rt anfe) f & 2 Bk ik B RO A SO 9T
R H 5 Ao

Xf CTP B, HRTE A —LE M CH TS TAE, X
BRI RN SCHR(12 ] 23 3 XS 42 48 CTP By 250
BASPEREHEAT TP, o0 T IR . SCRR[13 ] 48
H T 2B TE TR ML, 7 55 0 AR L % e T 10 3
Rl B4R TC SRR AR E A, AT LA A B T 3R
Bt . R T ML sh AP, SCHR[ 14 ] 48
BERRBEVLBE RN i, BARBBAE —E BB LD
JTHEIT 8 (B B ARAE AR R R T 1 B e A A
Moo SCERL15 J4RH T # R HEpE BB fuzzy logic in-
dicator (FLI) 547, ‘£ ¥ PRR FIHzh A 07 22 ) B
B Rl 58— 16— 25 1R, A RN 2 18 1 i B 4k ok
TEFEHE H 1 i, SRR SR Ho R A UM T
SCHRL 16 Jdox B e B AR AR AT 1 Bk, H BT
REE T BB Gt &, SCE[17 K PDR #1
ETX Z5458K, #2111 QoF #8515, LR R ILF &
W TILRR R TT4E , IR T 3 B0 1 33K
B (H B AR BB R W AT sk, X
kL 18 ] Wil fE RGN EHEAT T 05T, 45 i I RERE L
WeliE AR PERE , R AE CTP PRl h i B S35 19 B B AR
BHHE, CHR[19]$£H T average transmission time
(ATT) F 5% 52 1% S o [B] SR AR & ETX, SE 00 T
17.7% WIEIR , SCER[20] 48 HY T —Fh & T B 49 31
B R 1) Z B AR A R UM, B P 2% rh A A
YA 2 FZEAMXEERILAT RN SOF HAGMIE R
B, IR T RHE SR R, (B EREEEA %
I8 22 Bk B Y R

25 BRSSO T B EE T B8 42 PDR FIshas)™
RN SR £ CTP PpsC0d 3 37 e 280710 B ) T SR AR
B B —E TR X

2 E T4 % PDR &y CTP #3)

2.1 f£4% CTP fZ&E &
TEZBbEEAh  ETX AR AN E & 5 5E0R

HERR R A 2, W 1 TR

R p=09

p=09
ETX,=10/9 ETX ~10/9
p=09 o
ETX,,=10/9
o
ETX, =5/3
p=09
ETX,=10/9
E1 CTP#HF

B, 95 5 S S 4% B9 AR T A, BREHEIC R Pl
B.C.D.E FHFT . P Do Pss Pa~ Ps FAHEBHY
SRR A 3 A L, X5 L B EEIR Y R
S APi%kRE , E->D—-B—-S fl E-C—S, fEAFHIR
RWCE AL RIETE T ,2 5% 3 NGB i fl i ) LR
PDR Jy

PDRppes = py X py X p, = 0.729

PDRs = p, xps =0.54
A48 PDRyyys > PDRyso

{HR 2 ZRBRAZHY ETX 2 IE AT «

ETX s = 10/9 +5/3 = 30/9

ETX g = 10/9 +10/9 +5/3 = 25/9
1% ETX s > ETX ges o

Al U, , 76 22 Bk i vh , ETX B4 187 240 IR BB 7R
Ui b 2 AR B ) SO B, IR A SR T B G A
J B R FEARIX —FE A, BB TE - b 20 1) 5 2% A% (AR
HY B .
2.2 PDR-CTP BH &R

[Af4t CTP Phill {81, A SCHR 1 2 F B 42
PDR #) CTP B, 78715 ;UM AL R 0, iR &
I A AR AR TR BIA R S B A R, e FE
PDR fmi B8 A2, RIS S 7 B S A I 0 ) 460z
W, ZEEA T, X PDR A A5 g AT RE R B 3
%, LA R PDR & 09 sl e Ak | 4%, Wb ) #8122
MJLEE, PDR-CTP #7424 F -

(1) sink 5 g % 2 2 37 0 2 W3l %0, 1) &) PRl 4
MU BER{ER, PDR_, =1,

— 135 —



FEORIER 2020 422 A 5530 % 2 2 1

(2) 19k WE) sink B BE SR, EH
H 2% sink T s B35 % PDR, ., R PDR,_,
BE—RIER Ty, 5, mEAEY S BASRFER
PDR, ...,

(3) Al R, 5 A5 B j & IR T 4%
55,718 A 5% sink 1A MBAEK PDR,_, =
PDR, ; x PDR, ., [RIF}K2E 245 E. 45 £3A sink 5 55
AR, 2 BB e R 507 PR B B A2 s
NILERMW . 5 E &AL, W BT IH PDR,_, K/,
48 PDR,_., BN, W BT #6158, &8 PDR,_.,
BOR, TSR ER A 501 5, 3686 j 160 B B AL
SEFMAILRR . HHRHE PDR,_, B —E LT
B Ty J5, 10 AT £ # A 2158 PDR,.,.

(4) BRI (3) HBIA W SHMATLRR

AYMOCHEAE T ik PDR #1158, Xf—4 5
PREERE iy, 5 PDR,_, TEALITF 2 &

(1)i 5 j ZR AR A58 BRI p, s

() EERER, Y 5) ZRIFEERPBKT r ik
I, Wk S B A B PR A 1

R 2 &, TR 5 A BEEA
FIEFRH

PDR,, =1-(1-p;)™ (1)
X B sink AR A BER A EIRR R
PDR,_, = PDR_ .,y X PDR; |, s X
x PDR, ,s_,, (2)

2.3 PDR-CTP B4 47

PDR-CTP {3 Bl 1A% PDR 5 F ¥ — 12 Bk
PR - B SR B AT 3R, T A5 48 CTP 2% £
AR A HE B T AT AN . IS B F, A5
B I R T T R A SR B AR B R RS o

X B3k FB R AL Y M 4%, BAA R A BE R
PDR YR ML R B2 M FEPn S B 4F — . RO TE
HEREBT R LA 2E I LLN M 25, 3% ] PDR 4845 %
B BARF ETX #5475

SR i, BB sink 15 BA A ETX
5+9A PDR_ \ETX_,, . HF%)iK% PDR )T F&, i
T RE B RIMEZE R A S LR TR, Rz
G, REEEH AR LS. XHTRIER
EE RIS, Ir i B S 3R

— 136 —

ETXT,_, (expected transmission count in total ) A] 5 ;
ETXT, ., = ETX, ,/PDR, (3)
XF— KR > (n-1)—>-—1,F:

ETX,, = > :‘ETX(MH (4)

ETX, ., = n:ETX(HI)—-i

n r+l
= 1_[‘(1 - (1 N (ETX(IM)_.‘-) PDR(M)—»;))
(5)
PDR,, = [ 'PDR.,
i > ETX 111y
] N r+l
1_[ ) [l - (l - (ETX(I(-H)_.‘-) PDR(HI)—»;')]
(6)

i EXATRVE T, ETXT, ., FR T LR iF3Y
BB RE, 5 ETX, ., FFEERKMZER . MESL
CTP B, ETXT,., = ETX,., Ut NEE E I
PRUEFEAE O R B SR 3 M B AR B 2

ETXT $84r AU & T 808815 50 @ 3] sink 75 5
Jv s B AR R OB, [R] IR B T - 1 B #E A1 K-
I EE A KN

RBL AL — B AL X 8] Ky Ty, AT A8 T,
=1, +1, +1,, i, o, BAEELEBE, ¢, AR
AL FRETR] , o, AR AR 2 T L ]

TR i 4 S F] sink W B4R 1 F 2 1 2E

T,. = ETXT,, x T, (7)

[ R T AR 8 4 Yk % — N B0 0 BT T ) - 1
FEA Ey (2B B R T RE S e R T S Y
RETTER) A% i 19 S F sink 1 AR 1) RERE
E,, %

E.. = ETXT. . xE, (8)

WARBRECH 1 B, ETX JEM 1545 5 L PR B1A
3R PDR | BMEBKE ETXT HIRF . B BRE0 3,
ETX P-4 48 ¥ 5 52 Fbx 2 35 % PDR, & £4 33 W #K
ETXT ¥ 7= 2= , R i FH 4% % 5. PDR AR R 36
AETH G Hb AR B0 SEBR A 0, XA OUTT LAUR & B A 5K
R, A] DL S A s B, T BERE

PIE 1 ], % p, = p, =p; =ps =0.5, ps =



B IREE  ZET AR PR R B R A AR

0.3,r=3,%:
ETX Ty = 10/5 +10/5 +10/5 = 6
ETXTys = 10/5 +10/3 = 80/15
A48 ETXTypgs > ETX Ty o
PDRypss = [1 - (1 -0.5)%]
x[1-(1-0.5)"]
x[1-(1-0.5)*] =0.8239
PDRy = [1-(1-0.5)*] x[1-(1-0.3)*]
= 0.7124
A48 PDRyyes > PDRys.
LAY 8 E A5 B RIAEE BIAR Y S iR, Br
T S BB B ETXT A -
ETXTgpss = ETXTypgs/ PDRypss = 6/0. 8239
= 7.282
ETXTg = ETXTy/PDRys = (80/15)/0.7142
=17.486
A% ETX Ty > ETX Ty, X FE R E>D—B—
S AMYF|3L# PDR {1 T4k E—~C—S, M B & fZ%
W ETXT B ZL T E-C—-S,
FHNTS 2 R BRAR AN SR I HE 53 T
Tepps = ETXTepps X Ty = 7.2827T,
Toes = ETXTges x Ty = 7. 4867,
Tepgs < Tyes, A ULEEH E—D—B—S S-HJit ZE
BT E—C—S,
REFE T, MR 1% A R 3% — N B0 A0 T 7 B2 1
FEH E,, [FIFET]E
Eppps = Egpps X Ty = 7.282E,
Epes = Epes x T, = 7. 486E,
Eppps < Eges, TT WLEEFE E—-D—B—S V¥ BEFE
WE/NTHE R E—-C—S,
2.4 BRIEEPIET ., HIEE
FERESIC R A2 b, PDR B/ BS54 AT
RESCHB @M Y 4815 B, 5 AT gk i R
B RZT RS LA SRR AL o T2 X 2y
MAZEWCE) PDR BRI s A Y ) B, X 4675
ST A STERT S I )T 1, IR &
HETTRRIZME . B, e ik PDR R 5617 1%
R — MR E A W],
A AR R SREUT —Fh 3 A TR R,

WA BRI B S BUR R —
BREQHERE TR B (ETX) , 857 — SR, Ty,
= K(ETX - 1) ,K St 7, Sl R3S
VT PDR BG4 AT 148 (L3R, LI
R R, 4 RERE

R F— 2 B 12> on, (B p, Wi
S 2 R AR R (AL | R
S 7, TR — A SR 25T b KA, T 5 1
RIDAETH 2 n R P, (BFE = k).,
P (FEfE = k)

= 2 (L=pp) x (377 (1= py)*)
Z;’_zjiw H
X 1 - -1y L,
( ZJ’.N-]:ZT-%’.E( P(n—])n) ) )

[T, Pa 9)
BRI T A1 23] n 1 B AL R K BCR
(n=1+k), "398 1 (23] n B EAZ BB m
BIMER P, (& =m) R
P_,(&=m)=P_ (FHE =m-n+1)
(10)
DI 1 R 6,5 8 EBRRHEREWE C &
B RRER, A H RN NS %, ST %z
Wi, PR TR R, T A E B D &
JRERE, BT %,
R E A FRRA r =3, B A5 Ak 2 A #—
B0, MR A e A B BOR T AR B IR
BRI PR E-D—B—S ER, X4 SAERRK
Bk m, B AERACN P (B = m), A
Prpgs (B = m) = P (HfE = m - 3), R4
K (7)HE, TH:
Pepes( & =3) = pypsps = 0.729
Pops (B =4) = [(1 -p)) +(1 =p;)
+ (1 = p,) lp,psps = 0.2187
Peoss (B = 5) = 0.04374
P (& = 6) = 0.005103
Props (B = loss) = 0.002997001
AR UM E-CHS ER, A
Pos (B = m) = Py (HfE = m - 2)
Pies (L =2) = p,ps = 0.54
P (B =3) =0.27
— 137 —



FEORIER 2020 422 A 5530 % 2 2 1

Pys(BB =4) =0.1134
Pps (B =5) =0.0108
Pyes (S = 6) = 0.000864
Py (B = loss)
= 0. 064936
M E Zed3) C @ (s B Z BU A7 1 T %R
* P, = P(ECS <EDBS) :
P(ECS < EDBS) = Pyes (8 = 2) Py (S > 2)
+ Pyes (& = 3) Pypgs (B > 3)
+ Pres (J = 4) Pppgs (& > 4)
+ Py (B = 5) P (B > 5)
+ Pyes (= 6) Pypgs (L > 6)
=0.6191
IMASHIER J5 , ) #E1Z R P R0
WK=2.50f,54:
P(ECS < EDBS, K = 2.5)
= Py (B = 2) P (B > 3)
+ Pres (B = 3) Prpus (S5 > 4)
+ Pog (BB = 4) Py (B2 > 5)
+ Pyos (& = 5) Ppys (B > 6)
+ Pees (B8 = 6) P (& > 7)
=0.13
(BRI A AR R AR I SR T 1. 117,
BK=580}4:
P(ECS < EDBS, K =5)
= Ppes(B = 2) P (B > 4)
+ P (B = 3) Prpgs (& > 5)
+ Ppes (S = 4) Prpgs (& > 6)
+ Pps (8 = 5) Prpps (i > 7)
+ P (B = 6) Prpgs (& > 8)
= 0. 0265
TR RH R B B R TN T 2. 22T, DA EZ5R
WnE1,

R1 PEMEEEER

K 0 2.5 5
P, 0.6191 0.13 0. 0265
R I SIE 0 I I S

— 138 —

B LA AR AT, Sh S IE R AL BB 4R
PDR K sU5EATHEAT ) 1 L, Y/ A 39 )
B REEOR, A BRI

Xof e 52 PR N 67 for 1 T A Y9 1, AR T RLig
BEAIEM T, , LTI BE BB R A2 R SR H
R P ARAT S, DASR T B 0 45 0 A A ]
REERB LM &, W/ T, , 7T LR S B
e e AT S HE SR R E 2 TS5, BERF
KRB S BRI T, , S8 5 05 B
T, BE kgt b, R AR WA & T BRI, e n]
DAFRAHAS 4R 1T 55

3 RN

I OMNET [ 46 0 FLAR 135 A Gt AT
TWEGFERE, M HIMGEHaE 2 Fis, 100
ARSI ATE 100 m x 100 m (KP4 b 3]
IEEES02. 15. 4 P, fe#id % K 1 ~ 35 kbps, {54
SRk 2 440 MHz,

e o o o 0o o o 0o o o
e o o o 0o o o 0o 0o o

° 0 L] ° L) o 0 °

B2 {AAmMEGR

PIhEET 2, AL B A — 1 SO AR 8L 4
5 F CTP 1 PDR-CTP % e AT de v, B 3422
Fofr 65 Eh EIMSLAEAR [ 3 55T 1 AR B R R T 38 4
SR Fl PDR-CTP &4 i}, #EIR S K =3, [ AL R
7R, PDR-CTP P iy) #E 45 2 W] B /NF CTP 3
WL, T EL S 2 A e ) K T 20%



B IREE  ZET AR PR R B R A AR

R2 EWTHY
7S CTP PDR-CTP
SRR ] (s) 43 55
SRR B 723 236

PHEEST S , BEIBURH [R] BB 55 A3, 233X 2 Firb
PO R A BIARTT A S BB IR Ik 2E A7 ik 3
TS FY. E3.E 48 S R EER, T,
FI i PDR-CTP BipiSCE 7 AR A SR AR , Hodim 2 3 - 25
F|ik# PDR, - SE AN it R E B B4 F CTP B
XTSI UL IARHE PDR-CTP B3 37 A A R A%
ARG T ETX /ME A B AR BE R o

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

== CTP
PDR-CTP

PDR

2 8 14 20 26 32
B AE (kbps)

B3 FEHimIimaikE

—_

IFEE (s)
O = MWk Ly 08D

== CTP
PDR-CTP

2 8 14 20 26 32
RALE (kbps)

B4 FHmR

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

—&— PDR-CTP

CTP

Fit 2 (kbps)

2 8 14 20 % 32
KA (kbps)

BS FHHEELR

4 % i

ASCHRH T —Fh R T B2 21K % PDR AI3h4
J R HE BT SR B b P . R R T ETX
TSR BN Y, 4= B30 Rl BE A 1 200 T 22 Bk B 42
SRR , A 20 e i ) i PO B 2K R 38 T ATE—
P U B B B A 13 B, TS I R, 5
AN A 0 285 S 3R SR T Al /D AR I 228 A A
B HHZ U, T R TT 6

BE W

[ 1] Gnawali O, Fonseca R, Jamieson K. Collection tree pro-
tocol[ C] // Proceedings of the 7th ACM Conference on
Embedded Networked Sensor Systems, New York, USA,
2009; 1-14

[ 2] Guodong S, Xinna S, Yan Z. La-CTP;loop-aware routing
for energy-harvesting wireless sensor networks[J]. Sen-
sors, 2018, 18(2) :434442

[ 3] Masoud M, Belkasim S. WSN-EVP: a novel special pur-
pose protocol for emergency vehicle preemption system
[J]. IEEE Transactions on Vehicular Technology, 2017,
67(4) : 3695-3700

[ 4] Couto D, Aguayo D, Bicket J, et al. A high-throughput
path metric for multihop wireless routing [ J]. Wireless
Networks, 2005, 11(4) : 419434

[ 5] Bhakok, e St (76, % ETHEES XS R AL
LA RER R[], WHEAER,2017, 27
(6) :530-536

[ 6] Jiang P, Huang Q, Wang J, et al. Research on wireless
sensor networks routing protocol for wetland water envi-
ronment monitoring| C] // International Conference on In-
novative Computing, Washington, USA, 2006; 251-254

[ 7] Fonseca R, Gnawali O, Jamieson K, et al. Four bit wire-
less link estimation[ C] // Proceedings of the 6th Work-
shop on Hot Topies in Networks, New York, USA, 2007 .
3642

[ 8] Cerpa A, Wong J L, Potkonjak M, et al. Temporal prop-
erties of low power wireless links: modeling and implica-
tions on multi-hop routing[ C] // Proceedings of the 6th
ACM International Symposium on Mobile AdhocNetwork-
ing and Computing, New York, USA, 2005 414425

— 139 —



FEORIER 2020 422 A 5530 % 2 2 1

[ 9] Woo A, Culler D. Evaluation of efficient link reliability 2012; 653-657
estimators for low-power wireless networks, technical re- [15] Guo Z Q, Wang Q, Li M H, et al. Fuzzy logic based
port UCB/CSD-03-1270 [ R]. Berkeley: University of multidimensional link quality estimation for multi-hop
California, 2003 wireless sensor networks[ ]]. IEEE Sensor Journal, 2013,
[10] Nouha B, Anis K, Maissa B, et al. A comparative simu- 13(10) : 3605-3615
lation study of link quality estimators in wireless sensor [16] k¥, Z=iT, XM=&, 2. LT CTP MY M B
networks[ C] // TEEE International Symposium on Model- AL T]. B FiEHE AR 2018, 41(16) ; 7-12
ing, London, UK, 2009. 1-10 [17] Jiliang W, Yunhao L, Yuan H, et al. QoF: towards
[11] Tao L, Kamthe A, Lun Jiang, et al. Performance evalua- comprehensive path quality measurement in wireless sen-
tion of link quality estimation metrics for static multihop- sor networks[ J]. IEEE Transactions on Parallel and Dis-
wireless sensor networks[ C] //IEEE Communications So- tributed Systems. 2014, 25(4) . 1003-1013
ciety Conference on Sensor, Rome, Italy, 2009; 1-9 [18] #hifEdk, WaFm, 4, %. oL E G MEN
[12] Jambli M, Azlina A, Farha A, et al. Performance evalu- e e B e (J]. W ARER, 2017, 27
ation of CTP routing protocol for mobile wireless sensor (4): 303-309

network [ C] // International Conference on Information [19] Tang Y, Bu C Q, Fan A H. A transmission time based

Technology in Asia, Kuching, Malaysia, 2013 . 97-101 routing protocol for clustered collection tree wireless sen-
[13] Buengbon C, Tanwongvarl C, Chantaraskul S. Multi- sor networks[ C] // International Conference on Computa-

channel collection tree protocol for wireless sensernet- tional & Information Sciences, Washington, USA, 2010,

works[ C] // International Conference on Electrical Engi- 21-24

neering/electronics, Krabi, Thailand, 2013, 1-5 [20] #%4m, BEmidy, FIEA, % T EARBEEEHR
[14] Li Y G, Chen H, RC He, et al. ICTP; an improved data FZ AN T]. YL T RS R, 2017, 53

collection protocol based on CTP[ C] // Wireless Commu- (11): 126-130

nications and Signal Processing, Huangshan, China,

A novel collection tree protocol depends on packet delivery ratio
with adaptive broadcast delay

Zhao Cheng, Pan Luping
( Information Engineering College, Zhejiang University of Technology, Hangzhou 310023 )
Abstract

Collection tree protocol (CTP) is a commonly used data collection routing protocol in wireless sensor networks
(WSNs). It is a tree routing protocol that depends on expected transmissions count( ETX). Measuring quality of a
multi-hop route by simply summing ETX up is not able to characterize the actual performance of a route and to find
the best route. This article proposes a novel CTP routing that depends on packet delivery ratio( PDR) which is able
to characterize the multi-hop route much better. The best route selected by this rule can create a better collection
tree, improve the end to end packet delivery ratio, reduce the average transmit number and average transmit time
which can save energy to increase network life. Meanwhile this work proposes an adaptive delayed broadcasting so-
lution which can effectively reduce broadcast times when creating the routing tree which save cost.

Key words: collection tree protocol (CTP), expected transmissions count ( ETX), packet delivery ratio

(PDR), wireless sensor network (WSN), adaptive delay
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