A4 K H S5 o od UL K F R (BARFR 2019 4 5 A
Vol. 44 No. 5 Journal of Southwest China Normal University (Natural Science Edition) May. 2019

DOI:10. 13718/j. cnki. xsxb. 2019. 05. 021

ZEHTRENTENEERIF[HIL
B

R =R ABE HLA S T LA AR . HIK 404155

FEE: O T iR BE B 5L (Base station, BS)RIE (14 1% 8% 45 19 40 FH 2 Bl {5 17 BS 1% iy BUHE B 7™ Az OF 13 B 2t 6
AN 2 i S ) B, SR T — A 2 R BB URE A AL B4 % 4 (Energy Efficient Ant Colony Optimized Data
Transmission, EEACODT) Jo£k W 45 5 B a8 b L. X W SUTH Bk T B0 AT p 10 Al — 2 SR 1 A e o5, AR 9% BE 2 90 SR 7 4
PR R B R I 28 30 43 O 22 A B X, AR B DX D 0 R 3 TC R E 19 TR S B R, DAk SR R T AR I MR
WRE O A0 R AT A D A, A P Sk R B B T B BS 19 BE B R A RE i, R4k A R BRI F R BS (BB .
P A Be it FBAF K /N 3 ANk, L3R PSO B il FAMACROW #pisU#H L, 43¢ EACODT #p U7 RE#E .
O B AL A% i B 7 AR T A 7 i A Mg,

kB TR B LR MEALIREY; ZFF kS RARER

hES RS TP212 SERARAERD: A MEHE: 1000 -5471(2019)05 - 0126 - 06

ToLE AL SR AR P 45 (Wireless sensor networks, WSNs) 2 /G /AR T HARMWBHEER LG Z—, B
SERLF AT 550 T NAL L IS R R AL AR I R R O AL IR AR N 4 O 4 AR A B INRAT . T AL
% W28 35 T RS W . HARAS I . T R R A W AR A AR T #E WS R A ST Ak T 0 I TR
0 FL P DU s b e . 3 8 YA TS T L B S5 e S SRR B O L 23 A PR T B s LU i H U
2. BETOARHGERE . T RA] DADRE K B B AL B L T RIE R A, IR AR Y WSN 5 HA Pz
(] A P9 0. 7 ML 7R (Y 22 Bk A% S e I 24 1o P e R AT DA R AR JT rh 4k B T . s A A T U R X OF H S
— Ll P ] Ay S B 5 & LLBIE H AR T AL

T [F) AL 190 245 T A SR B FE A7 it o AL BE L A% RN A T ELA A IR) A T R . S 00 4% 40 B A AN [ B g
(L RS TR A IR W 485 1) 2 o R S A AL o 2 A 5K s R R M 1 A 0 R Bl Vi v
SR A i B AL Ak o B O EL 2 SR 1 B S A T TR 5 R g DAE S £ R 40 1 1) G WA R N A% e K . 2R BT
AL IR T AR RO A B e i . WU RERE 2 TE . BN SR A R am i ) P 1 P Ak B D2 S0 A% i AR
K T o D G A [ A DO AR 0 e R A e R

R AT BE #E & WSNs 7 S i P 19 SC 8 0] R, O 1 e PR B b B AR BB AE O S i nT 1 Ik, &AW
WSNs U aFSE. SCERET0 4 M T —F Z RIS A1 WSNs IR G ik, MEBITE T
S T 4R A% B A X 265 o FH R ) 22 GOBOHR IR R G FUR (MDA, %38 A 5801k T DU & 3R A 1 25 F1 A i T #E.
SCHRLTL B2 T 25 T RO FUBCRE DL AL 19 20 & MAC, B& 1 IR 55 B 4R J0 4R A% I 4% W) 2% %5 2% 0 i (FAMAC-
ROW), FAMACROW f{di FIRRA 2 55 Fl R 68 5 . AH B 5 00 500t LA R {5 i % 1) Jo Jt 1 Ry 7 Sk 2 B 1
AR, REAE IS BT RE AN N M 25 A A iy 5. SCERLT2 4 7 — b BE T SOk kL 3 00 10 3 12 ok 2 K X
YRIFAT R T AE R R TR B AR A T . RS IR T RE R SCR MR R , JF H

O WH B, 2018-06-15
HEWH . HERTHZERHEIE (KJ1603303).
EHERA: B W98 -, B, Wit YN, EENF LRGN mlES L 55 A s,



%58 B OB S EMST AR AR LA E 127

67 b 20 Y A5OR A 5 Sk W B AR L i R ISP IS B 4 0 43 A AR SR R A B AR R AT TR R
o0 255 1) £ FH 75 i

TEWFSE T A WSNs PR AL [, S 73— 2D 8 S 1 BB ROCR R EE K W 48 s A SCH 1 T — 8
WSNs i, R fE A % WL b 58 /£ % (Energy Efficient Ant Colony Optimized Data Transmission,
EEACODT) Pl F T A% S 37 s 78 A A8 5 0 S i o B0 1% i B 4 it F 9 T /DB R IH AR 1Y 32
3y /REAR I FE ). EEACODT R4 717 28 35 S0 B 29 0 I 26 R 23 S 24 3 X, 76 W 2% o i #67% 1 (Cluster
Head, CH) MR BIA Jy a2 BS MEE RS, M &b kA fPFEmE, e i CH af LUE S8 DLt & 4. EEA-
CODT 25 j& 4y % BS 3L+, BRI /NI 4% BE 5 ok G FE b 4k CHL i I 7 5 T O A 3 AR il 4 380y B
V> RE T TE AR . /b JE S I LA N A A% 26 HE R

1 EEACODT B 7 £ W 45 1& Bk 25 1%

EEACODT HpiSCHs #2975 25 70 58 17 o5 A0 B B0 W 45 ) 00 o 220 h (X MR B X2 B R 35 5 0 id e 2 1
WmahitE, IR SCB A i, EACODT f X FIE BN E 1 frs. EEACODT Wil sk 5 A~ 5, Bk
R WL 2.

[ ]

\
[ ]

Sector 3
[ ]
L ]

° L ]
[ ]
@
. L J
[ ]
Sector 2
@
» ®
' Sector 1

BS ® Cluster Heads

HFEEACODTEHE EMISINK T &
BE, RMES SR ER
v
. LRSS AEIBSHIIE . BA
AEE BILPERE A MO B2

. {

LRSS R EIBSHIIE B . WA

& A FIBAI A/ NEACOYE e
3SR

!

» Pk SR

+

[ BS iR

B 1 EACODT AKX % A M 2 EEACODT it 42 @
1.1 WRKEE

X 0k A IR 19 2% 1) R B R AT R AT AN R BE o N SR IR T SOCE A MM B R, BS
AL AR T AR MR e RS . BS WA BRI N . 3 U RGBT 9 26 U 1 B R TR 1R
SR, W LI R 2 R EE R, CH AT LDRHL SR B2 1% 25 BS, S50 B il 25 [ A e MZAR

VK ey T MGG ARG L . ik &5 F TR B A2 i B Y o MY RE R AR RS (D s .
Ert, ay = [EuetlEdd=d (D

T Ewt kewd' s d = d,

Horp IE e R8I Ibit I BT B AER . AT LA Ex (D 2R . do R BIEA R E . H AN

dy = /;I (2)

1.2 ZHEREEMEKXEE

25 XU ORI e B AT A3 5 ARy QB sl . CH B #: 5B M. 2 58 XOE i3 3 3h i
155 gLV R ERPAP RIS G

(1) A1 i A

0 265 #1919 50K %R Bl neighbor _dsevr % 21 B IR Y A B (ELER B A B 9 A Jl o 1] PR UK R
BN CACK) , Wr 298 B A 35 s 8O PR35 sl i QB Jm . I s 7E Wi 2 1 {RLBE 25 N 4B J 19 ACK 5 5 5 Bl g — 1>
Ack_list. HAZETE . HB R PR P TSR RE A HR B B AT A AT E.

(2) CH ML+ MHIE WL



128 B HFERFEFIROARAF RO http://xbbjb. swu. edu. cn % 44 H%

R A AR W R RRARBEAE B 2 e 2 i U5 s . R CH A] RUAE BB rb AT B8k 58 6 g Py 4k 2
DL/ 5 B AL i 3 BS 1 %d . AR RE Y SR B B2 IS 1 R HE AR IR B B AR R T AR OR AR
ST E form_cluster). [ 4% B form_cluster #5878 57 4 ID(Nodey) , # ID(Cluster,) , VR & fE
it (Node_energy) LM CH 2% A 51 19 e KBEEL Chops,.) » E] BS #9752 (dist_BS) FliH B 2] 3i5 n 40 &
WA MBI (TTE, 0.

W )3 AT 17 T 2 A &0 5 19 50K 5 T R BCH: Node_energy Hil dist_BS, QSR 4R J5 35 fi i A2 55—
AN B B 53 3 B AEhOPS s A WU BN PR Y f07% . W9 5 T LA B H S8, Wi Clustery Ml CH_ID. B A fem
Node_energy FlAE dist_BS B35 S A FE D Wk N iEE.

(3) 2 3 DX AN 3 2l i ] 53 P

AR IR SR . EEACODT #2840 73y 24> W X, B X A sink 2 & IR 46 . 78 EEA-
CODT w1, P, J& sink BYf7 & . Ry BILR W AR MEE . B TUHEER CHs 2R IX 1 &, b TiEsET
— B IX CH, EEACODT f¢42 [l i g (HBLE 0 R, » X TARMEE NI TA CH.R, fl R, JEAH X 2. &
ST AR E BT CH LR 46 b 48 30 B DAL . AR S 45 b 19 i X R 4, EEACODT 275 51043 L A 5] 19
15 Bl B[R]

MR B XA, BT A AT ST E] . BDAT weon = AT o > AT o = > AT ccormae » FoH AT FoR
= 51 R R e o T N R e L1 ) S o TV e W< O 10 = S I < 25 R R < S < WS R VA 9
H 1.

) F AU

FAF N B B B 55 K Ay =5 0 S K 0 B0 A & B sink WY Ll 5 8O B ERE (Data Aware
Anycast, DAA)WRETT R MG EEACODT 0] LUA& 4 54~ PF A Z2 A S0 2% rp 103 s A6 25 1 45 5
i 1) 1) B P9 & R B SR8, EEACODT H il 35 40 38 45 5 A2 20 R fr ik

B QR ML R R A BRI 0K ) CH AR AHSC U . A CH AT RLPUAT
B I W BT A BT — A X5 R

LA FAM . MWk AR, TSR BE R AL BT #0E . EEACODT 445 7 fie i {5 5 0 i =
PERR g, IBEIRE 240k, B TR B 2 F Z M 0 i 5 5 B 0k, AT DU 2 T 12 R 115 55
J&# (Receive event signal strength, RESS) 5 ¥:. B PFAF 0 RESS {HAZ G577 S 09 BAH dr. =5 (4 BA %) LU
5T R 3 U U HE S . T BRI rh S R R A, TE BT A2 R A B BA A T A A Y
A AR R AE AL B BA S e R 4 2 Ak B T A AT ] A A U RR 9R FE R BT 1 A BA
G,

) FHEE

HA CH LA EEACODT AT 8di R &, RE R % h B4 4F, B 5 EEACODT & & € R #%
LT e g CH AR 1 R B A O35 s WU R S 2 i 210 4 A /g CHL CH fE 5 4R h AT
B a, CH KRS B2 T — AR 5 X CH.

1.3 #HiEEHmal BS

TEM P RS E . EEACODT i I LT i #R £ A4 5 2) R — 5 X CHL

(1) A CH [ fir A Wi CH J7#1 Route_select 14 B ke 4% CH.

CH #5845 dist_ BS,node_ID,Node_energy Fll queue_size, UK Route_select 4R 5 CH ¥ {5 B A7 1%
B CH 1y s fetmah. MRy 8 s W R i 45 E &0 WCH L+ — P akCH, .

5; | Reneray (5;) > THR pergy 3
Jqueue(s‘j) > queue (s;) &
Pren (s;) =

queue (5;) > TH e 3 (3
diSt(S; ’ S]') < THdisl;
dist (s; s BS) < dist(s;s BS)

Horh Pren C+ )RR CH 5 SAZHT R s Renery C* VRIRBIRBE T » THR erey RN FIRBE = BB, queue( +)



%58 B OB S EMST AR AR LA E 129

FIRBNIN RN s TH guene R BRIV BE KN s TH o 8 BIEIE B, distC+ o BS)FRIRE] BS iy E.

ARGOPALE T 3N, Hrb s 1A S s BRI RE RIS T EF AR, 52 D&
PR HE BAAN I/ N £ — A h gk CH 5 i Z b gk CH 09 BA S K /NN IZ R 85 K T A4t ok B IR S0 £l
It HBAFIK BE B2 K T BB BA S R /N TH e 565 3 A S50 O BT 5 08 0 4k CH A7 T CH % 13 {8 BE &5
THy. W THy 8@ 550 CH gk CH P35 Z (8] 1Y e K AT REFE 2, Y FT CH ¥ Ak 26 04 B 82 & 3% 3 BS,
WUR AW RS — 5 gk CHs, B Pren ¥ 225 8. EEACODT 454 7 LR 3 A SR e B N 4 iy rh
Yk CH.

(2) FEREAS CH, i LA iy [ B 5 o DA a8 BS A A 1A 0 i i 4 1 =X (4) >k o2 rh 4k CHL

L () G ()P
P= SV () () “

SEP,,, CHG)
Forb, PhoE SCR IR e AT 5T s B s, AOMEAS . 2 & DI $E Prone, FIERS . 5 G
sORE R RBIEMEN o (ORI, o REFRRRELTRIHX 0, g n ZXEE . 7 UG RR
REQ,
REQ,

CH(sp)

Nij ()]

SEP

Horpr, el Ax A LB REQ J2& F 4% BB 1 571 s il BA B /N Z 8] 1 L 38 55 /0N 1) BA B /N R 88 K1) 8 4%
RE 21 T REQ %K. oy FRUE TR B b 4k CH J& . TS0 IR CH. i 6 4% i = R /N 19 43 4 BA 31 K
AN AR T 28 B 00O SR G osp) s TN AR RS e .

(3) W gk CH 43R5 CH, MIE CH e B A & A% fig i MUK BA S 25 & 9 R 4k CH.

P8 CH 0] LUTFEGi# 56 T B #l i b iy 1l i) i sk b 4k CH 945 5. B4k %) BS M i AE R # 42 . EEACODT
\E LR G) , HRE CH %#: 17 4t CH.

(4) 3k [ 5T 00 I a3 ak e R i P 4k CH Y Sl 48 B A2 15 B 3T I & AL i 2] BS.

£ EEACODT i, %5 k ANS IR S, BS JF UG K A B2 0080 09 806 . i sl & A i O e i i 12 2 S
{Sos Sis ==y S, bs HEE B A IE IO AR BB S{(S, s dist(sys 5005 =y (S, dist(s, s 5,00}, HJE
CHZ S, JFHHK BS & S,.

2 XBWEREHH

AT, & MATLAB 1 Network Simulator ®1 ZRSHY
version 2 b XF A SCHML EEACODT #4745 H, #2 % M W fH
AT —> 1 500 B JRRER T LR M 45, i B IX DI (0, 00~ (400, 400)
7 400 m>X 400 m [ X5, H AT 0. 0O (L3-S P 500
TR A, Was DOUE Y S 55 R B dlE. EEA- Bl e 0.51]
CODT Hyff S 1 iR, Eoe 50 nJ/b

TG B B8 SR B T 50 m T B € 10 pl/ b+ m®

fhkf 3 gy 200 kb/s, B 3 B AT FEEE 15 5 L BEHL oo 0-0018 pJ/(b = mD)
e AT BB 0 BB ALK 200 b, EAME @B 7 03399
JRALHT AT 0.5 1 BOWIRARE L. e 1 e,,, 40 B FEI0% 11 ph1 2 TRV RSE 00 il 22 8 0 56 D 80 oo 1) S0 A O 5 1 B

B 345 TACE Y . FAMACROW HpSFT PSO PR 4 fig & F €.

HG FT 1, ERERE T A AR AN 25 K . FAMACROW Pl Rl PSO Bl g i 1 #E 85 K, A S EEA-
CODT Bl [ fig 1 9 4E M T oAb 2 A, 332 8 EEACODT B 345 AF 20 HI ACO 45 %8 26 ¢ v 4k
T BB B A P A R P — 5 DR CHL R AR W . 70 b 43 A 76 190 26 v T AT 5 41+
FIRE S IHFE . EACODT Wiy & 25 tE ML BEAIR 1799 A A REAE . ik EACODT Hfii H PSO ) FAMAC-
ROW Bpifl AT 45 B 47

4 25t T RO (T 46 0 O AE I b 7T DL A SC B8 0 7 S ] 9 9 #5080 B IS/ T FAM-




130 B HFERFEFIROARAF RO http://xbbjb. swu. edu. cn % 44 H%

ACROW B A1 PSO PR B FE R . A SC EEACODT PpisCAY 1% % 42 BB L T B 2k, 302 O 5T R 7E i
FERIA sink 9 R BEARIE L A sinke TG B A BE /N RUHE DR B PR R ORI AR I 45 SE I

0.9 5r

0.8} —e=EEACODT
a0 0.7F 4 - =PSSO
gﬁ 0.6k =de=FAMACROW
AL 05 2z 3r
W 0.4 =#=FEACODT ,@
® 03 2r

0.2F “h=pe0 r //.-

0.1F e FAMACROW

1020 30 40 50 60 70 80 0 100 ° 10 20 30 40 50 60 70 80 90 100
TR TR
B3 FEHRR AT kL B4 W EHORR R A kA e

ALK LR PDR & O - (£ IR 15 5 A% 3 8008 A0 880 F R ey 95019 i 24 32 16 080 60 1) B B 22 18] 9 L
fH . Jf Hilid 2~ 6) 45 .
P rccivea X100

PDR = (6)
2 R

b, ph AT 0 43 4B KR U 2501
ARG S 2L IR Prciea B P R g0l e
FOREAR T S BB S Al TR R B R W 150L  =e=rFaMacrow
S B 8 % 1001

WAFEL 5 RO T LA O %5Wg$irp*ﬂ’(r‘ﬂ::::
EEACODT 33 1§t 4 3% F 41 PSO . "
il FAMACROW il (1 % 4 40 %% . 76 EEA- 13 5 7 9 1113151719 21 23 25
CODT Pyistofr. 3 I 58 14 545 T B3 T I 610 R BRI
o R TR N L XA B 24 i, EECA- B 5 AR RAEE RSk etk R

ODT 7] LI T H B 4y AL 2 B F — N XL 4k, EEACODT FlH ACO 8 575 3 b S P 1 W 2% v 1) Bl g
lig e
3 & #

=A

R T I 2% T i i e TE 2 A TR I 4 A RE AR L AR SCHR I T — AR S, B2 R Y B v A
FEOUAL A2 i (EEACODT) Bp . I T I Jf i 22 S F s AL . 22 b SO IR 39 s RS . EEA-
CODT H k4 2 %] 73 o 224> B DX 24 1 26w AR PRk ks 19 CH AT DU S 80l Ut L fir. EEACODT
FHICRE AL CACO) > 52 B )38 15 Al s 80 rh 4k CH . 6T ACO 4k CH 3 +% i 4 i CH ) i 4k
TR Z AR R L PR B0 BAB RN B R B R AR T R R R RE B IX 3 SRR E. SKERRE. 5
FAMAZROW H1 PSO WpAHEE » AR SCT7 L AE REREIHAE « JE I A G0 A% 288 R PR RE DT 308 T BUA J7 k. KRR
8 A S SR P 3 1% B30 02 DR (10 A 190 286 o e S A b 4 s ) e 9 R — 20 88 w8 O A TR T 245 1 P

B2 3k

[1] GAO H, FENG X L, LIJ Z, et al. Data Collection in Multi-Application Sharing Wireless Sensor Networks [J]. IEEE
Transactions on Parallel and Distributed Systems, 2015, 26(2): 403-412.

(2] A 2. x| 2, Bur#y. ILP BERIGESEEIEA R WSN B REEHF rg (1], FR i Rz CH KRB R .
2017, 42(11). 77-83.

[3] HUY L, DONG M X, OTA K, et al. Mobile Target Detection in Wireless Sensor Networks with Adjustable Sensing
Frequency [J]. IEEE Systems Journal, 2016, 10(3): 1160-1171.

[4] SRBINOVSKA M, GAVROVSKI C, DIMCEV V, et al. Environmental Parameters Monitoring in Precision Agriculture



%58 B OB S EMST AR AR LA E 131

Using Wireless Sensor Networks [J]. Journal of Cleaner Production, 2015, 88: 297-307.

[5] BHUIYAN M Z A, WANG G, VASILAKOS A V. Local Area Prediction-Based Mobile Target Tracking in Wireless
Sensor Networks [ J]. IEEE Transactions on Computers, 2015, 64(7): 1968-1982.

[6] ZHANG Z, WILLSON J, LU Z, et al. Approximating Maximum Lifetime k-Coverage Through Minimizing Weighted k-
Cover in Homogeneous Wireless Sensor Networks [J]. ACM Transactions on Networking, 2016, 24(6): 3620-3633.

[7] NARANJO P G V, SHOJAFAR M, MOSTAFAEI H, et al. P-SEP: A Prolong Stable Election Routing Algorithm for
Energy-Limited Heterogeneous Fog-Supported Wireless Sensor Networks [J]. The Journal of Supercomputing, 2017,
73(2) . 733-755.

(8] Mewed ., MK, ZET 51 98 REVE Y 500 T Lk A% JRAS 0 4% 6 ey 3 R G0 [0, 42 5ok, 2017, 32(3): 563-569.

[9] KUOT W, LINKC]J, TSAI M J. On the Construction of Data Aggregation Tree with Minimum Energy Cost in Wire-
less Sensor Networks: NP-Completeness and Approximation Algorithms [J]. IEEE Transactions on Computers, 2016,
65(10): 3109-3121.

[10] ABID B, NGUYEN T T, SEBA H. New Data Aggregation Approach for Time-Constrained Wireless Sensor Networks [J].
The Journal of Supercomputing, 2015, 71(5): 1678-1693.

[11] GAJJAR S, SARKAR M, DASGUPTA K. FAMACROW . Fuzzy and Ant Colony Optimization Based Combined Mac,
Routing, and Unequal Clustering Cross-Layer Protocol for Wireless Sensor Networks [J]. Applied Soft Computing,
2016, 43 235-247.

[12] ZHOU Y, WANG N, XIANG W. Clustering Hierarchy Protocol in Wireless Sensor Networks Using an Improved PSO
Algorithm [J]. TEEE Access, 2017, 5: 2241-2253.

Multi-Event Energy Efficient Wireless Network Sensor Protocol

RAN Yong

Department of Mechanical and Electrical Engineering, Chongqing Three Gorges Vocational College , Chongqging 404155, China

Abstract: In order to solve the problem of higher energy utilization and shorter service life when the sensor
nodes farther from the base station (BS) use multi-hop communication to transmit data to the BS, a multi-
event energy efficient ant colony optimized data transmission wireless network sensor protocol has been
proposed in this paper. The protocol eliminates some of the limitations and disadvantages of existing proto-
cols. It divides the network into multiple sectors based on the distance from the node of the sink node, and
allocates specific activity time to the node based on the sector location. In this way, energy efficiency is a-
chieved. The protocol uses ant colony optimization for inter-cluster communication. The selection of clus-
ter heads in each cluster depends on its distance from the BS and the remaining energy. The selection of re-
lay nodes is based on three conditions: distance to the BS, residual energy, and queue size. Experiments
show that compared with the PSO protocol and the FAMACROW protocol, the EEACODT protocol in
this paper is superior to the existing method performance in energy consumption, delay and packet trans-
mission rate.

Key words: energy efficient ant colony optimized data transmission; wireless network sensor; multi event;

cluster head selection; residual energy
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