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Abstract: In order to improve the data transmission convergence ability of Wireless Sensor Networks
(WSNs), a data transmission and aggregation algorithm based on sparse dense array transmission
mechanism is proposed. A new transmission matrix is designed by introducing the kernel generation
function to quantify the connectivity and load between cluster head node and sink node for improving the
evaluation ability of cluster head node transmission effect. And the eigenvectors are sorted by column and
convolution algorithm to reduce the transmission value of cluster head nodes for effectively reducing the
load of cluster head nodes. The tree decomposition mode is utilized to search available Hamiltonian
circuits, and a convergence stability method based on path decomposition optimization mechanism is
constructed. The Hamiltonian addressing mode is adopted to optimize the data link between leaf node and
root node one by one so as to enhance the coverage ability of cluster head nodes and improve the stability
performance of data transmission process. The simulation results show that, compared with the current
common algorithm of a stable clustering for WSN data based on threshold filtering and fuzzy clustering,
and the energy-saving and reliable multi-path data transmission in wireless sensor networks for medical
applications, the proposed algorithm has higher concentration of message transmission, stronger control
ability on transmission link jitter, and higher network bandwidth.
Keywords: Wireless Sensor Network; data aggregation; sparse dense array transmission; kernel

generation function; tree decomposition; Hamilton loop

WimEH: 2019-12-11: fEEIEM: 2020-03-11

BEWHE: HEARRAIEERIIH(61370229); J7AE FARHE LIUIL AT H (2016B010109008); | A4 H 4AFH-F# I & BT BT H

(S2013010015178)
EEEN: TEH1966-), B, Wit mlEdZ, FEHFR T INEES . BRMNEERE . IHENNHEAR . email:wangxq1966gky@aliyun.com




1104 KMZMESEFEEFR %18 %

TG 2 A% S (W SN) AR T B 7 — 5 3t 00 ] PN ¥4 38 ] R 8 0008 1) 3 00 T B ) AL 8L &4, DA T 52 0 65 4 5
BPRAE . LR . ki AL, Seikrh A ARl sink 99 04 2 00 4615 A1 0 58 RUECH AR 1. WSN I 2% R
A HE AT RO I R R A DA A R R B (e L. i T WSN R4 08 IR AT 2 A, AR R IR E
I RS TSR, FWRE TR S A S ZE T, SRR BZ RIS, gl
13/ 4538 17 BV RAG I B A s RN, iR CL AL R M2 17, 75 2R J1 a0 & AL HL
AFEHLH S 2 A0 A S A O AL f T TSR R, DU B I R A AR R o I, SROA B X 1
F¥ AL 452 ro T2 A SR 90 A B T SR PE R L R M W BT 52 1 R L

METHE N TS Mk TR, fE—ERE LRE T WSN FZHICRMERR. Hao 44 HH T —Fh 3 TR & 7L
i WSN B AL IE Rk, SR 38 4 % 07 008 I % i o U AR BE 9 AT RCHE 4 SO i 0 A ik BEAT
HE BRI K Re t NG, TAE 2R AR PR HERR PP AG WSN BRI R i, HL A AR R A X s T P RE . HIR S
VEAET AUB IS T AR UAR B i S I, B 5 R L PR E , FRARM 5 (L e 710 Zhang AR 4R T
— Pl L TR AR B ALE A WSN ROl A2 i R 07 Bk, J2 BRI O XU 46 i % i BE R S, IR IE AL
B AL U R TR RE , ATAE 2 FP IR SE B WSN Edn PR, H O BAIE R R R R A (HZ S
T A7 T8 R S i v o R DA ik 23 A1 D7 SR AT BEMILRAE , 5 30 M 7 1 I 0 veg Ik 2 o B™ A T 2 I R, B
P 465 B th AR R O T AL 4, M DAAE S B P A AT RO . Liut™ A5 51 AR SUE LA, B T — b
T ST E T R WSN BRI R S, R R e R X A T RE R T R T, S
B I 3R B Sk 1 il B BT, T S BRSNS SIS B S o ANad, Rk I A R R R B
BEAR BAFICAE R T N, IR R RS sink I R HEAT SEIMPRORT o B R T PR REEOR LR, ARSI —LeE T
TR BRI 3 B 46 B AU R Be O B R o D9 el WSN RYBEIL R BE Ty, AR SCH I — O A9 35 T #i
WAL AL B0 WSN B AL 410 AL o 1 ST R A% A i e RO A 2 Sk 19 R R AL B R, R T R PIL R
6K i R A 0T 7 P P L, ) RO S W T B, MRSk Y AR R BE T o RS, BIANEREL, f
i 5 3 ) DA e T 0 O A KR A, I B Y SR AR L T RE T

1 W RRBLRIR
TE LR A% %I 190 24615 1t ORI Y 50 T 5G5S 2R &, F 5 I H 0y 28 IE s, (55 &4 2 g

VEH 128 4§ 5 # A1 5 45 (Amplitude Phase Shift Keying, APSK)&JE!Y, ¥ sink 7 & 514 B 5 4% BB HL T =
PEAT XIS, W XSO AETE o sink 9 8 SAE BT SN EEE BACH, MM EEBALHEG, W2

G=(V,E) )]
Krf: VERGETN, ERRGRBATRRINBIICRCR. VL
V ={V1,Va, -V} (2
KPP Ve FoREALR T . BEGV P ILAL AT SV IV fAEBHRIE R OC R, M2 N X &R
(Vx,Vy)EE (3)

A IR ASURT D3 Sk R 2 A R S 6 B e S, A R A 52 B R LYY SRS B B iR SC, W B % AR
JEAT AL F AR AR A o Ak, AR SR JC 2 A% J8% ) 38 28 3k 2 A0 Un T B A

1) sink 7 5 B AR T s R o0 HE R R AL TR IR A, AR B A SR T R S 2 SR N B ek 2
B AL T AR IR B S, MK 2 A% B S S AR, B B G = (V,E) H AR I 0 6 8 A ol B Bl Ik
Z (Jitter State, JS).

2) A& IR 5 44 B 7% Sk (Cluster Head, CH) T A AL N (Cluster, C)15 S #7402 E , C W ACRELE 5 #
JAKEARIL R E CH AN, B CH WAL ERE sink 175, b, C 7 &0 DIAYE W45 3 & sink 39 05454
e ARHRAR A (Dormancy State, DS), #f A DS JIRAEM C 45 SALRRE T — B &5 A WS shat, h CH 588k
sink 17 s 3H T 48 4 8.

3) WAHESEE, it CH WAl 2E C WA EAMFEMGER, AES A sink 9 8008 i 0L Lk AT
#hFE, TE sink RS ShRE R AN TG A HT, AT AURE S IH AR L Q0 ALY .

E(@)=(E,, +E,, +PxI")xB (i) 4)
A EG) R MBERIEFE; E R sl T BRI A EFERE s E,, R s T B A3k Y
EEAERE; PR/ WAIIR,; | FRoRWAMER,; B, Fm W finGhmifsn, xRnrnEERE, —Winsg., &
VN | EE SRR RZNA, x B2, i AEEREAR, xH4,



55 6 FTEFE: ETHRZEREHNHN WSN BiREMCEE X 1105

FAE Tt — 2 b, A SO R E X

EX 1. KK G K7 55 7 f# (Quadratic Cover Decomposition, QCD), X FR (DAL E G, 1
Phidi it QCD i TARW T, IR0 2 P ok

1) GUJsZEIXT ek

G(V,E)2 ) Ti(Vm)U {VmneV} 3)

K TiRBRATE R Vo FRBETi B35 5.
2) ¥ TR T(E)eG(V,E), /&R .
VxVy) e EV(Vx,Vy) € G (6)
KL WAV BRIEEMT S, E Rl
ESL 2. PABENL A o G e R RIS 5 o, AR TNT € S, WIFRIZ S A S D BEAL 43 A1 .

2

Afexp(ux)} < exp(\/’é—nj @)

Abe ARIRGHIAME; x RO EIEF B

M T TRLAL N L 38 F THOE S B TAERE, B ANIREE | R BREE | KR4, — BB 58 Bl
ARAEREAT T RSB, DN R — @ A, (019 A 7 AL 07 N[5 PA T 4% M R R S B R AR . S P T
X R SRR HEAT FE A AL 3, SR R Oy SRR A AT A, AT S A R T R UYL S R R S bR
ARG TN ER, B AT HNERE NS, SEE DR DR R HE, WE 1(b),
DRI 75 B R P — 72 1 7 2 MR ARSI o 235 2 0 0 R 2R 3R, 43R TE A A SRR P A T SR v 1

/ link break
O

@ CHnode <> sinknode (O sensor node @ Clinode <> sinknode (O sensor node
(a) link normal (b) link jitter

Fig.1 Process of data aggregation

CRE AR Thi
2 A WSN #HiECEBRE %

HY B SCRTAL, o R A% 2% I B0 A% o R b A7 A — BB B RE SRR, B A, dly T PR A T Y ARCR AR Y
SO AT v R O RBLPE L RT ab T LRe A A AR X S R AT B A AL B R, AR SR T — RN I T AR B
WAL R AL B9 WSN B & d I Rk o L RSl PR M R e B TR R K e L A B B A AR E
BT AR > g D0 AR BIL ) A B SR AR E <

21 ETHRREZEERBNHINBFEERHRE cHl

BAT5 58— RR /NS A ffe | B R A 6 26 Ty XS B
B s, B R MR A, BT B R e DA CcH2
Mo ﬁTfﬁEla?%F%ﬁHEEﬁ%ﬁ{t%ﬁ, LRSI TN DS N
% RS SRR N A, B A ok Rt vl e 5 R A o 7 Y
%mX’EU;&ﬂXﬂZ Pk 9 4 BT o 4n s B L As Al ol T A7 AE —

0.1 0.3 0.5 0.56
CH7

WP RE L STBLR R B T A I S G 4 @ cine > ke
W, AXRBE T —METFHRESERBILE IR EHRET Fig.2 Transmission cbagram of cluster head node

Pl 2 ek sl
7, HdBIE 2.

TE PR rp AR A A A P A A I R R AT B0 IR A o 2 B B AR AR R A AR B A R, X (D) P AE
BV VY T, B0 A R (Vi Vy) AR 56 P 3 [ 00 A B R A



1106 KMZMESEFEEFR 518 %

A
FViVy)=e V@ ®)
AP (V) B AV Iy ZIE IR s o Ron {5 & &SRR 22, ml i A B S i AT il U b 3, S 3T ME
A b A = oA o
W Ah ARG B a1V Vy) BIRT S R EHE AR AL PE PR A, B B ISR R . A R A R
5P AETE n AT AR, AT Y OB RO AR LR R

I IVIV1) Cn 1(V2V1) _ln_I(Vn,Vl)
e 2no e \/ﬂﬂ' e 2no
In 1(V1V2) “In 1(V2V2) 7ln7|(Vn,V2)
" Vano - V2o 2no
H=|¢ c .. € (9)
I 1(V1Vn) i 1(V2Vn) 71n7I(Vn,Vn)
e 2no e 2no .. e 2no

M O)VAT AL, A B BAT X FR AR, PO SR B B n ADNARAE [ B FV(n) o SO0 R EYRAAE(E N F(n) o AR AR
LM A, Sy Ar HE— B3 A AN

H=KIK" (10)
K ©RRPALR AR KRR RHAE W] 5 4% 5 HE P T2 B 56 B
K=(Fv(l) FV(2) ... FV(n)) (11)
A 2R PEARBC IR T, I LA IR AR, BT R A AR AE 5 FV(x) F1 FV(y) $1IEAC
FV(x)*FV(y)=0 (12)

oA FE 43 I R AE 1) B M EAT B0 TE SRR, AR A R R O AL e B AR B S R e, R S (DA D R A
TR, A 1(0) PR iR P sl 5.l 1(b) AT A, AL T 1o A e i, AT e A 4 DX i AR
JER B RO E AT R AUAR B, (EE AR AT R I, RS U™ EE R R LR o R TR R TR A R
e DI PN T T R B Y BRI A, R R X ) % CHY AT SR A B R AT rh Ak A

RSB R A e T ik, AR AE

Step 1: A ABERA SN FA5 8L, HAIREHIC RS CH Wi, HEEHAQD#ETEIRR S, I k%
Ji] S0 HE AT KA s A R

Step 2: A I 0 CH 1 5, #Za(O)RBOZ T L ks H , F4& X0 #EATX Mk, 5% Step 35

Step 3: M HALIHFE S «

1 -0
0 1
s=|: oo (13)
0 --- 0
WAL H O
H'=H®S (14)

Step 4: FrHifMibE H #AT RO A3, AL 2 FIoc R 17 2c#)a, FREVLIEI 2 oo R T4,
— L AT 2n WACHe , 15 B0 B AL iR BE M
Step 5: T M B n ANFEAEE, AHRL B RRAE 0] 5 MV (n) ;
Step 6: % (9 n ANFHAE 17 B AL SV HE Y, ARA9 87 W L AL i AR P M
M'=(MV(1) MV(2) - MV(n)) (15)
Step 7: ¥ (15 HAXAD)FATHRAH, FREEME N, IR%0 PR AL S B b v 5 R M, Ak
i,
N=MQ®K (16)
FEARRE MR N AR v, 20(105) 55K (113 AT 1 4258 o FR A ) dt AR B, SR v 4 D R N 1) A U
FEFESEAT AN]SR ¢(z) . Horh oz i SEUE . Step 4 hACHR BN B L, BRI A8 BN
#(2°), EERH CH WA RBCRE TR B AN T E00E, WL —LBRE 2, DA &SN
(R E.



N FREE: ETHRABEEEHEISN WSN BiEEwCREX 1107

22 ETHRESBAUNHNBFELCREE

A5 (160) 7] LR UL R BE N, AT 9 08 | N | BV el o SRR AR S R e, &
BN CH W S T8 — K Eee s, @ GmmrE N Kk 2 M R L m R . i, 1858 — &R
FesE MG i at 1%, n W B M S B G T, SR S ARy R, Il 2 BiR, RRAEERM P CH Y R
%y 8, 4% CH T & MR HE N %R (1977 91 3018 | V| -

| N = {0.1,0.2,0.3,0.4,0.55,0.6,0.7,0.76} (17)

(1 7)AT B AE an

CH1-CH2-CH3—-CH4 - CH5 - CH6—CH7 - CH8 (18)

i 358 20 (18) T 1B B — 2% A% i 0 Fh K 30 /3 AL B 5 I . CH 9 S 2 A1 T AR AEAE 2 46 M SR BE I, T — LM N
% CH Wi ML mRE N ol RE & B2k, I SBUE I E & A 0E . W ESHIR A AL, 2 0] 88 T 8 R I 5% IR 15
[ i f) B LA S S P R . i TR M CH WA A A R, DA SCHR Y — i T B AR A A
FEALEI I R R E vk, PRI T .

Step 1: FREM 4% h 43 CH 45 S AL JE i K G = (V,E) ;

Step 2: sink 7 38 i & 2% Hello 0454 SCHY 7 30, #20(13)~(16)M 45 CH 47 S AH B (& 5 fE . CH 35 &%
4 {5 LA Re_ Hello $04f 4% SC A9 77 28R 5] sink 45 45,5

Step 3: 7E G=(V,E) P& MM BR CH 5 i, I B 58 4 fn (8 2171 AU (e, 5 3] G =(V,E) % 7 fff
Tree=(T,i), #EH~Nn;

Step 4: EFXF AR Tree=(T,i) , ZEA T E AR 75 25 AL B G =(V,E) 0 0 25 R 05 [l 8, I 4 F ol ) —
AR AR B AR, TT A sink W AR, FILAR,

BT AR O AR AL ML 0 BT R R i R, R H — A A% (R A MK Y AR VR O B AR AL R AR, BLRT AR AR

= 2t Bl BT S R B
WA, IR 2 B M S R R 1 s

Tablel Simulation parameters

3 ;)I'IJ] iit gﬁ % '—:j ﬁ *ﬁ parameter numerical value
network node density/(nodes/m?) =10
iy R 0 N 2
7’\] @ F Xd— I ZIK b'e % {25 EI(J ‘lﬁ ﬁE , & = network deployment area/m ' lp 24%0><10 249 '
k 16 . R \ node layout mode random distribution, one-time forming
Matlab ’fﬁ E ;Q %’:ﬁ ﬂ: iﬁ[ ! ° { 5 % 1}5‘[ ﬁ;"] ﬁ :T:t j’\j low channel noise environment standard Gaussian white noise
RO SIS e L pt B N high channel noise environment Les noise
IE S R 20, A A R AR R I 128- relay node energy/J =10
APSK & J H %{3 KX iﬂi MNEETE X iﬂji , j( /J\ whether sink node is powered yes
N « . b 7 FH Y b minimum transmission bandwidth of node/Mbps =10
jﬂ 8 400 m>8 400 m; 17 & Eﬂg % M FH x E‘Z signal center frequency/MHz 1024

B, fEAE, HRGFESHILE 1. K
28 AT SR L IO 3, 5 24 R WSN I SR A% S ok v o P 110 35 T (30 0 05 B AR 20 6 19 WSN B9 e 0 R s 1Y)
(Threshold Filtering And Fuzzy Clustering, TFFC)IT ] £ 7 i 9 J6 28 1% 25 I 4% 47 B 1] 4 79 22 42 $0 8 % g U™
(Energy Efficient Reliable Multi-Path, EER-MP)SvEAE R xF B4 o I 0HG A ok BA% i 4 SC B vp B L A% B i 5 1 o
W LR T .

3.1 fEEMBRXEFE

Bt it By 500 4, mTEE AR, sink 50258 G0 TR B KON SO I e AR 4 SO
AR o DR 18] 3(a)~(c) WA SCH YL . TFFC 5312 Fl EER-MP 5505 75 A% i 4t SCMR 5 rhoe SR B i I 5 2%

160 160 T 160
@ « 150 1 g 150}
£ 150¢ E 0! 5 140}
§ 140 b ] g 130 F % 130F
= e 120 F g 120f
£ 130} 210k Z 110}
3 55 3
g 120} g 100 f 8 100}
= 5 90 e petta g i 590 2 % :
< 110} @ S osofr L LY e L] % sof ?f‘" %,
g prn g b e Y % A ) .
£ 100} Rt 1 g T0B. ARSRR Tt N g TOre A Y
5 Py RN S R R It T 5 bt B i
= C A = L e e ] 60f7% ,-'.-'g'-' s e Ym
90 L P LN LS 1 50 L L s . . ' 5 T L L L L i
512 768 1024 1280 1536 512 768 1024 1280 1536 912 768 1024 1280 1536
signal center frequency/MHz signal center frequency/MHz signal center frequency/MHz
(a) this algorithm (b) TFFC algorithm (c) EER-MP algorithm

Fig.3 Transmission message concentration

3 R SCR



1108 KMZMESEFEEFR 518 %

P 3R A S o A A R A 0 ) LA R 0 £ 00
RSS2 KR A Bl AR S o 7 £ AR SO it
TFFC %35l EER-MP 3% 1 5L BUEEA B O MR o 0 th T wo| T TFEC lgriinn

°* " EER-MP algorithm

AR AR R L AR A PR AL 4 CH W AR i i i, JF AT
Y ENBL % SR ] B ok F — 25 32 15 4% S B B U SRR B, A% R SC R
B FEAFRREFIG S HIER ORI, FHEAREN
Rt SCE E . TFFC 8k R BRI ALEI 16 CH 5 4553
fi, R BEMEVLHE L CH WAL REE, fTZRREREIE

transmission link jitter frequency/time

CH 7 45 (0] B B S S ml B8, e LLPE AL AL 645, R AZ SR SC o O T ST T S e T T 000

ME AL . RHIEEM S, ik S CE PRI, EER-MP 5k £ % mmﬂﬁﬁgﬁﬁmmS
R BB F o KA Z R AL AL R BUs L s i, i Tz 3 0007 T -
IR CH W S AL Mt RE HEAT Ok, 4 0 1 B3 B 4l R FH 1 2 2000E_ his algorithm
A 2R 45 11 Jr XU f A I O 328 T i, ) 4% B DR 4 o R Ak 2200f - = TFFC algorithm
Bt B AL K R B B, DRI AL i 4 S R B AR AR SO

** EER-MP algorithm
3.2 Rk R P Eh IR

4 4350 ok i W T e s RS IS TE e R IR T, AR S
TFFC #3¥:Ml EER-MP %5 5k 0915 iy 55 i L sh AR i Ml il 45 31 . K
tF' AR EOR E N 1000 5, B 5T B8h WBOR T

1 800f
1 400f
1.000f
600f
200f

transmission link jitter frequency/time

100 200 300 400 500 600 700 800 900 1000

Mo HE 4 A, A SCEEAE EWE MRS RS B S 0 I S number of%{a);aLtransmlsswn rounds
WEEN, ¥ BAT A% 5 i B i R BRI RE aL, BoR T R AR EE Fig.4 Transmission hllk_]lftel‘ freguency
B B 0 R P TR SO Ik R B TR 8 £ IR o T B 4 feimiebarisnsbn

T, SRR 2 e L 57 22 2% AT B AR AL S (e i T SR B I, B S 9 D R AT D0 B e 3 5 [ S R 1, T O
PEAT LI 300, DRI A i B R SR B, A R A A i B B A ) BE ) o TFFC B33k BRUAR R T & 1 fEL 7
AP DI P 7 A e, (H TR BEXS CH 1y A 18] % i 6 5 BEAT DAL, 5y RS 98 O o 28T A A 4 e i )
LG, DA 8w 1% i 0 % 4} S R . EER-MP %/ii%?”ﬂﬁﬁkﬁﬁfﬁcﬂ: CH ﬁéﬁﬁ EJE%%&ZT%E’\J CH

5 U B B R TU AR A7 6 T 2 e R B 1 A 5 000
BT, BUE S U CH W R IR IS, B B S B éﬁx__mwwm
G KRR R B TA SO k. %3500- T TR algortm
£ 3000f
33 Még'll:mrhh §2soo-
Pl S 3 5 Shy o 0 455 100 0 5 RS (35 0 MR P BR B R, AR SO £ 20008
5 TFFC LA EER-MP S5 ) [ 4630 JHF S8 45 5. KO o |

Hde B 1 000 48, B S T4 B OO . A% S ol
B S B (L3, o AR B AT CHH 41 A

?00 200 300 400 500 600 700 800 900 1000

i tiAt, RPN ME IR FEAIL CH W i gk, Rl A “umbe”g)dg;g:;;“;;;j;g“munds

;%;b*ﬁéﬁﬁ%%*%fﬁﬁlﬂﬂ%ﬁt%ﬁﬂf T CH 7 [a) B i fa e M 1 000 ey ;
T R S R L DR LA i 1 90 23 5 o — s atgoritm

Hé%/li%%fmhm TFFC B3k i 35 2R F B (B 4% i XA 1k 4y 200l _-:;g;?ggg;ggghm

DA R BB, FEAR CH Y A A 2m Hh BURE e i e 5, Holy T

600

convergence bandwidth/Mbps

R AR B CH W SR TERE, CH 1 sl &5 55 % 2 30 S00¢

PREIBG DT R A TR0 ISR A L R Y 24 I SR A ol

EER-MP 1 35 f1 8 ph 32 213 (1 )7 20 B U M) CH 45 38 77 14— ool

EMVERITIARBG , T ARIE BRI, BB E CH T T

SZPRBLA DALk I ARl S AR A SR ik 05305 300 300 500 600 700 500 900 T 000
number of data transmission rounds

4 i Fig.5 Network (cgl%\ygr%%lﬁ%e bandwidth

K5 28I T
Sy TC AL N AR BE Ty, A SCHR T TR g R LU A WSN BRI R k. R



N IERFBE: ETHRTEEEHIGER WSN BiEfEwCRE X 1109

P 2 0 0 B T B ML A 1) A B RS R Dk L R T AR 0 R DL AR ML AR BT R AR E T ik R e M . O, SR
A o8 BRI RBOR A1 85 R S T AR i R ) A R o o A e R R AR R Sk Y R R AR, MR T RS AL R RE ) <
BE e, R PR 8 K 00 A 48 3 0 W R B v A i BE OB RE O, R AR AL B B AR SRR, B T B AL B R R E
PERE. SCHBHRRIE T TR FIE S B S 0% . T — 2, KRB X AR SO ME LU B A2 3 o2 AR R AN A2
WEIARZ BT ML , o — 0 5 AR SO R IO R K W s AR IR BE 7, (R b AS SCOR kX 22 M 0 2 3R 858 103

S E 3k

[1] REE T M. — R L AL A M 45 (0], RBF 2% Bt 5 715 B2 4, 2018,16(2):90-94. (JIANG
Qiangian,WANG Lei,ZHEN Guiping. An energy-saving wireless sensor network[J]. Journal of Terahertz Science and
Electronic Information Technology, 2018,16(2):90-94.)

[2] HAN Y F,BAIG G,ZHANG G X. Power allocation algorithm based on mixed integer nonlinear programming in WSNJ[J].
Cluster Computing, 2019,22(2):4519-4525.

[3] fRME, FEEZFAM. T2 RENT 1L TCLAA RS MG EMBIED]. BFIWES S5, 2018,32(9):63-71.
(XU Heng,WANG Jianping,LI Qiyue. Mine wireless sensor network location algorithm based on multi-dimensional scale[]].
Journal of Electronic Measurement and Instrument, 2018,32(9):63-71.)

[4] DAVID A T. Low-latency and energy-balanced data transmission over cognitive small world WSN[J]. Information Technology
Newsweekly, 2018,1(18):1127-1139.

(51 Sk, s, e T 05 8 vhadi R F O R AL E i WSN B SR AR B 0], IRl R 22 4k (A R B R), 2019,
40(3):56-61. (WENG Yelin,ZHOU Hong. WSN big data acquisition algorithm based on adaptive mechanism of channel
impact molding[J]. Journal of Jinggangshan University(Natural Science Edition), 2019,40(3):56-61.)

[6] HAO X C,RU X Y. Joint game algorithm of power control and channel allocation considering channel interval and relay
transmission obstacle for WSN[J]. Wireless Personal Communications, 2016,86(2):521-548.

[7] ZHANG D G,SONG X D,WANG X. Extended AODV routing method based on distributed minimum transmission(DMT) for
WSNI[J]. AEUE-International Journal of Electronics and Communications, 2015,69(1):371-381.

[8] LIU F,ZHANG Z J. Research on the transmission diversity characteristics of a quadrifilar helix antenna and its
application in the industrial WSN[J]. Journal of Convergence Information Technology, 2013,8(8):1175-1186.

(9] Kk ] D, KL T 1E A5 B 5 1K 5 i <7 0 5 AL ) 9 DI 46 A% g 0 2% 15 5 S8 (62 B30 125 (0. O i K2 27 i (A AR BE 24 i),
2018,151(3):85-91. (MI Hong,YANG Xibei. Signal location algorithm of wireless sensor network based on orthogonal
matrix and joint independent filtering mechanism[J]. Journal of Xinjiang University(Natural Sicnece Edition), 2018,
151(3):85-91.)

[10] 48, APSK ﬁlﬁﬁﬂﬁ?lﬁ]ﬁ/iﬂ?f[D] VY22l R KA, 2019:18-109. (YU Daizhong. Research on APSK modulation
and demodulation method[D]. Xi'an,China:Xidian University, 2019:18-19.)

[11] DEVESH P S,GOUADR R H. Energy efficient clearance routing in WSN[J]. International Journal of System Assurance
Engineering and Management, 2017,8(2):555-575.

[12] SOUMYA B,CHANDREYEE C,SAMIRAN C. Two phased routing protocol incorporating distributed genetic algorithm and
gradient based heuristic in clustered WSN[J]. Wireless Personal Communications, 2017,97(4):5401-5425.

[13] GU X,WANG J. Self-recommendation mechanism in trust calculation among nodes in WSN[J]. Wireless Personal
Communications, 2017,97(3):3705-3723.

[14] SLAVICA T,RADUSINOVIC I. Mapping application requirements to virtualization-enabled software defined WSN[J].
Wireless Personal Communications, 2017,97(2):1693-1709.

[15] WAHIBA L M. Minimum perimeter coverage set based on points of tangency and strong barrier for an extended WSN
lifetime[J]. Wireless Personal Communications, 2017,97(2):2339-2358.

[16] DEBANIAN S,SEELA V R. Effect of clock skew in event driven, delay constrained heterogeneous WSN with anycast[]].
Wireless Personal Communications, 2017,97(4):4967-4980.

[17] AN 45, 3T B A 0 7 /9 WSN Bl 8 e D R EA . AN TR 5% 11, 2016,37(9):2315-
2320. (GU Chuan,ZHANG Zhiyan,KAI Jinyu. A stable clustering algorithm for WSN data based on threshold filtering and
fuzzy clustering[J]. Computer Engineering and Design, 2016,37(9):2315-2320.)

[18] PRABHUDUTTA M,MANAS R K. Energy efficient reliable multi-path data transmission in WSN for healthcare

application[]]. International Journal of Wireless Information Networks, 2016,23(2):177-186.



