ETERIAENE R BLERS: 20250854466

FiF 1
AT TRITER ITAY T2
RHT S RPN ERH

Ha: HE
c = 22260113
IR TIEVERFR L 85 (ShlE) - 2B

AT TRRINER GRIXFEIRTHER) &

20255F05H27H



HHAR A

— AR AR IR B BOR BEE A KRNI AR
 FITEREEAR, HIERELHE,

— %ﬁﬁﬁ%@d@?%%ﬁ%’w&%, A] 5547 B o1 Bl 3
INTIEL, A44RIUEFTED .

=. R AL HLIHE . BOEKE, F
EXRRETE, AATLHTEIRE.

W FAT &N PRI R L% 5 B TR H S
, IS NN S Arahs + IR TARRIMERFR Ll S5 ()4

Pi+mAKS340, 1147,



(—) BAWER [BES% L TEMERE AL TRITER) TR FMHFRET
BITRAREHESHIEIR) , SE%T AT (T TEMRAIEHEAXRE, 2665851

L X AT BB R MR AR SR R E RS (R TF200%)

HAR TWi-

SINBEAMMBEXEERAR, TEAFAARNENRITSEERE . BUBEEAR. TLE
EREFHIE]. PHYRR & LSRR, E4B T ERO0ER GENTE, FES NEENE
METFHRIHEEMHE. XET IROBREETELIRENHE, HEME5RERE
o HAR T EMM LMK IR HE, M RBERENERE. RMLBREMEHE. ¥
7 ERABAIIQoSHR e A Bk, MR R . B RE ST, AL A HE
BASEE. 2 hnbse 0 R L% .

2. TRELBRIEZH (R0F2005)

TECKRERAEMAIDELN: 1. HWEVi-

SUNB SERRERY,  [R] B % FEPHY R R0 FELR 5 38 APLRAN I ST P i L A, AR /ML 3
Ui S A A B AR AT BB R RN T SE L R R . B SERRIOUE VA fE. 2. R
B8 et 240 T 6 A b s 2 R B R A A IR TR, ST TE AR E R R 2 A R4 R
FELARRRY, 7 o0 2% I B 7 K AL AU AR A T I B AU 2 RO Y S IR TR AR ik
¥, B A RS B8R ) BO A0 B AT QoS RSB R RE . Wit SEIRIAE Wik k.

3. LR LT RSB A EFMARRER TRIEHRS (RDF1000%)

TSR, FXTECN B it B8 R G T F # AW 00SerHE TSR, OB AR, 12
T BT EL A S R FE AR A0 A R

—E%r g%l{_

Shape BEHEXT BMLABTRE ST, RS REN LR SVREEBLIRLERL
B, FRAWFIN RGBT, MARKEHE. RN, %T RO KW b
BHEIR. REREAREPNRARROIESR, o6 ata/r5) 5 AT B A B
AR SIERAEM S ERE . KITHR N BIRA R F PR TahARRESRYLE], a7 LUE
79 it 4 76 TE AR A A BRACRBEIE, HRFEURMTE, &5 5 WA R H 00 TR 46
=, HERFESOFRE, 7T Hib A 55K A sead .

Hok, AR E R E ISR R AR TR, ESL T AR AN 44 S 24 35 303 R 16 I 4 9
BRI E S REY, BER-N2RESEMARB, E&EARIUE A TRER
fif. BIUR KBRS TEIE KM (B it AT 2 RAR R, RN RBRK, AT TS
B, RiEMHR, E64EEHE AT REXSETHEBENE 250 00, SREET
FERRSE PR G MRS 5 R G R A R0, BRIV RN B IR0 RS ” X, (R
(X 4% AR T . B T BT BRI A IR AR IO RS RS, SR R R R
i R 418 A AL A 7 SR LU AT R B, BRI B A . R TRT-

DWRRIA 1 VA FE S5, A5 B35 TR 1V A %1 1 8 A0 5008 9 19 BA B 0 1 408 & o 008 97 1) A 1) 8 S
DWRRH7%, DWRRFH i 7E FA 51 7S 77 7E A8 MUt 38 10 1 2 338 B T — ANBAB, @ e PAFIA T
PR ARN RETN, 18T REREFHE. RN, DWRRSEZES A KL 6T F—4
$WAM, T OREBNSI A AT B i DA VA RE 15 B 48 1 5008 il ) 35048 SR e ()
Sing e a],  XFF [ — AR AT 7 b B L, 0 S U RE B SRS 1) S T 0 B i,
T FE B AR BE AR Il 515530 S5 4 BE 3% 35 R T LA R v 1 R AR r st 4, ok
B IOPRE, 3EF T 1) U (FTWSN




Bja, @ AR TR EN L. () IR E 228 A BB 2 4> s it A2 AR AN
BREIRIC, A7 B ARMIERA A, KRR — AN TV

SUNPMU B LA R A . 45/ sk BRI 2 /1 s YL AA fE MR RO ROE, BLIERE
~ R, HIRAE SRR . L A AR B 20 IE L A A R MR N S LT AL A R
AR, IEW A 1 R i % b AT AR S FAG F, R e L A SRS i e
TABAT R R]. R4 REY, AT dib 5 bR 0T R M Sk e
AR R K IO L b i A R 0 5 R St b, (RS RAIE X ¢ AR ) 2 A S BRI




(2 BARNESE (REME) [RICH, FHRZEARA (BFERRM. HROFE 5

WS REED. BHETELTCHREAF. SERS) ik, FREFOHE—7])

1.
AFFRRARME [RXRE. EFRRE. WAFER. FEAEETRTESNE. FERS. M

BRRE. FARXE]

Cen e x| RO | T |
B R REEFBE) | wpE | RREE | /R N &
B . 1Rk FHA | ERE o 3 L
Al T A | g | e | S
FRERRAEEAE \ 2004501 | ERERE
SR 515 PR A 18H 1 /3 | RA
e TR \ 2024%F04 | FERE A _
Y P e BL I H18H i /3 | R

2. RAbARRRME [ERRSEHREFATNE . MERREMARARET . 2UEAEERRTR. B
EFFRE = RBRAEN. BARRE. BIHEK. TRETRRE . TAETRRE. AR
R. BITRARRE. TEER. BEREVIEH. #3HTLREFRENERRREHNSFEEH

%]




(Z) FERMAMRE, T KBRIIGRFAREITRXR

URAE LG 5L

HRBRE I RENTFIIRG: 88 7

Tk S B UI SR () 2%
gt (RA=FRkUE
TEZHAEER)

FitwtE. 1 4F (ERIFEERUL)
RS 88 &

FNKE

MANFEH: AN ERFTRBRHIARLAR, wHER, BAE—DRME

» HRROLFEEY !

RSS2 W 1




=, BERMELITFNRBRM B FRAARER 2 N

el Qs Oaw  Oow  OFfak B e
£ AN g ) p?
mE BN/ ERERE LERMYIEMEET (RE) -
8 7E 4z MR D %'ME\J%“@Q%

AEsE A B E SIRERIF . SE R A B PTE TAE

7S NNT
& Aﬁm%/}%
\

FH R L

B Z AT

N
IRE VP &, TRRIMSERE E A AT AR B (FAIRARST, Tl
SRR ] . RS0, REESREI) , FPERFE R K R R
e s AT AT TR, BARARERINT:

Ci@xd O7r@ld (BEEE: )
TR ERDAZEFRET (AF) . £ H H




W L K % B % & K
L6 3 e QA

45 22260113 WAL B a5 I'ﬁ’fli?n TR Lk BFER A 2. 54F
EelV I FAICRI3R: 26, 055y T3k 28. 054 ANZFEEH: 2022-09 VA A -
A VAN VRE N EVIERS: RTHAL:

2 2 I i) BRAR AR B || RS | BRI 2N [R) RIRATR AN RS | MR
2022-2023 % FAKFEFW] [HRHACeP EHF G4k & 3 IG5 9K 2.0 90 AFFAR (2022-2023 ¥ FEHFEFH [ Hawn 2.0 87 ik isiR
2022-2023F FE S | TIRBAR BT RIIA 1.5 89 BV MR |2022-2023 ¥ HFEFE (B A FEERI AL 1.0l 86 AFLEELR
2022-2023%F £ FFEW (MF(ES LR 2.0 89 FAEIEIR |2022-2023 ¥ E HERH | A RBHEEE IS Lol 93 pAE S A"
2022-2023 4 FK A ) | RAG B 2.0 87 NI |2022-2023 2FAFAFELE) | FE B TR R ik 8t 4% 7 PR 8 9 3.0 90 220
2022-2023"FA KA (DRSS S 1.0 81 LAl [2022-2023 541 KL T2 ) (W0 45 L de AR 5 N S ik 2.0 91 Bl AL
2022-2023 % LW PR RERTIA L5] 94 FALEAR [2022-2023 - FHFFH) | R TRENASIR 3.0| 81 R At
2022-2023F FERE 5 | PR AEHIE 2.0 84 NEELLR WA RS 2.0 @it
2022-2023 ¥ FHEFFW [FHE G RBIRIT 5 LA 2.0 84 Flbik iR

VWY 1P RGOk A E, Wi Gl ARl L Rgeh (. B Rl FRERGRNL 5
Bk RRHE . e YRS ¥ S

2. G %" FREIER. STERLI: 2025-08-03,
9, A

%,




Design and Simulation of Rate Adaptive Algorithm Based on Wireless

Sensor Network

Weng Xiaolong',Yu Guanding®’,He Yinghui?
(1.College of Engineers, Zhejiang University, Hangzhou Zhejiang 310015, China;
2 College of Information and Electronic Engineering, Zhejiang University, Hangzhou Zhejiang 310058, China)

Abstract: Multiple physical layer (PHY) modes have been provided by the protocol of Wi-SUN to meet different data transmission requirements, and
the PHY mode is adapted dynamically by rate adaptive algorithims based on the channe] quality to achieve optimization of delay and throughputin Wi
SUN wireless network. To address the issue of existing rate adaptation algorihms failing to accurately evaluate the impact of rate adjustment on the
performance of WSN , the impact of transmission rate on wireless channel transmission delay and competition delay is taken into account, and an
optimization problem is constructed with the goal of minimizing the average end-o-end sending delay in WSN and the constraint of the range of packet
loss rate (PLR) in the channel. Because this problem is a mixed shaping optimization problem, genetic algorithm is used to solve it to obtain adaptive
rates, which achieves overall delay optimization of WSN. At the same time, in order to reduce storage and computing costs, a rate adaptation algorithm
based on dynamic programming is proposed. Each node only exchanges information on the wireless charnel quality with neighboring nodes, and the
rate of the link transimiter is adapted based on the wireless channel quality through dynamic programming, The experimental results show that the two
proposed rate adaptive algorithms have lower delay and higher throughput in WSN compared to previous algorithims.
Key words: Wi-SUN; rate adaptation; transmission delay; competitive delay; genetic algorithm; dynamic programming
EEACC: 7230 doi:

TEAEBMEER HENFEIR R SR

Dl REET, (A[IE 2

LA TRAMAERE,  BUMN HL310015; 2H RS B S W TR0, UM #T310058)
% Z: WiSUN Utz (PHY) BEXCUw RN LR R, 3 A SRR R EE R 22
A PHY B DAL RINZE (WSND IRFE SR B e N T IR R s R ARtk
HHEONT WSN VERERAMAMIAIRE, - [ FEAEHTE AR ToA BB AR AEFITE AN G5, Mg LR IME WSN T
PR i RIAN A HbR, (FEEEAR (PLR) YUBEINZRIMLRE, PRz S S B, Fredres
TR AEFOARAMS I FE RS, S WSN IR AR . RN, S s AR T4, St — kT3
SHRIHR HIERENE, SRR SR SO EETT R G S, B oA S i Rl 3l
R TR HENL, SIREEAERN],  SRHHPIRMEeR B RGN RFAHE MR B SIS WSN I SEA 5 &
(1) WSN it
SRR WiSUN;: ORGSR, ABAINGE; SEPINE; L% SRR
HESKS: N9 SCRERAED: A CEHRS:



TN, (Wireless Sensor Network, WSN) )
LTSRN A REACE . (R T AR AT
WSN AT R TR, IR RS
{575, WiSUN &35 T IEEE 802.154g. IEEE 802 1 IETF
IPv6 AAEFOE, ez (Physical Layer, PHY)
JET TEEE 802.154g bR, SHF 24 BOCHUS 21U,
BAAKIAES ., RDFEREETERE, RIFHE2E WSN (1
fETTR 0, WisSUN st i PHY ACRAs EA
IR R SR, PHY Bl B 5,
PRAGHEARIHITEE. HR AR EE T DR S
AR PHY A5 PASEI WSN HEREDAL.

A 3R & N A SIS T PHY 45
AR, ST E—MERDTE, EEETTRL %
PRERIEER, [SEREENHRHMTRIEER. K5
SRS RINEEE Y NE RSP TS M5
B, RN R E R RS 5
{5k (SignakoNoise Ratio, SNR) BB 5 5%

(Received Signal Strength Indicator, RSSD PBRfiTE{F1E &,
HE SR EE T R R RS A . AR ETE
JiE A PHY A5 UA] DM HEIE 5% (Packet Loss Rate,
PLR) , 7ERRIEIE PLR FIZMF RERRIIRT R
Ve, Pk, RS AR SIE R =R PHY
BEUMURER, MEEER, PSR SNE
FEERND, F TG B R R Gt R
—BUNTRIAY PLR RTS8, ARF HHOEE
22 10MURIER, TR R4, S 2R
I, W) FRE—2], AARF HIHDRAHZNE
e FIRRUIRRE, 2 BIRREAAELR S5 AL,
AR R ORI, [FINEEE FIA IR
IXFRCOIEBE e T A IR, N TR
Minstrel /791 HA-RRAA BRI MG AR M
R R, FHRIEE TR HIER,

AR FENAE L, PLR /AR AR
b, RBEHERIT SRR WSN HTERER I, Sk
VERESZ R RESHOR BN, OSSPSR
R AR It PHY Bk, [N, BlAER

HIE NI AR AR LS TE TR, I
TR R 2 A EE R ) e e e, X
BRI R R4, AR RmE 1]
0, PRI, ARSCIRIN 5 R R A B A it
SERTZEFNHERITAN, FELATYIME WSN P
ROEIEA EFF, {518 PLR JEEDNZRINES IR
. S TR B ARSI R S 2 G R EE
R, SEHL WSN INSEREEAAL. ESEERHS,
XA AR F G N FFAEA TR F G
ITUIH. SRR, AR IR BN AT
I WSN PR i SEATEE 1) WSN P45,
BE—PARAL T WSN PERE.

1 WiSUN R4k
1.1 WiSUN B{EtRigsH

WiSUN S@EHFMAE 1 s, WisSUN ] DUt
Mesh NI N ZBRE(E . WiSUN 2% 5 Hifh
RSB % DR (Full Functional Device,
FFD) FfEAThAE R (Reduced Functional Device, RFD) .
RFD RAEIE/ 15 A, FFD AT A 15 ORI R e
FFD AJLARI RFD 8 FFD @5, RFD HEERT FFD (5.
A HAE—A FED A Ees 71 57 B A EE WSN.

@ s (LURERR
@ :sufsigs
O meEmiEks

1 WiSUN3E{EhRINE]
12 WiSUNPHY #55,

Wi-SUN i &t PHY 1K 1D 2114 8 o7,
HTX 4 WiSUN Jitf7 PHY #t. PHY #X ID BiPUAL
N PHYType 7BL € SC T ANAPIEHTT . WiSUN
WAESCHRF FSK A1 OFDM MR 2, HSR 2
FEEER . 3R 174 PHY Type “F-BONFRHE BT 28,
{EAER R,


https://so.csdn.net/so/search?q=%E4%BF%A1%E9%81%93&spm=1001.2101.3001.7020

21 WiSUN 4l PHY Type ZB5E X

1 WA
0 FSK A FEC
1 FSK i FEC
2 OFDM A 1
3 OFDM £ 2
4 OFDM 573X, 3
5 OFDM %, 4

615 {568

PHY #i:X ID JGPUA7 N PHYMode 75, € X T 144
SEMIEHRDT T SRR PHY K, % 2 4 FSK i
772 PHYMode ‘7Bt NFHEX M) PHY A5,

R 2 FSKiFHID70 T WiSUN A4 PHYMode FBSE X

i ik AR (<bps) iR
0 2FSK 50 05

1 2FSK 50 10

2 2FSK 100 05

3 2FSK 100 10

4 2FSK 150 05

5 2FSK 200 05

6 2FSK 200 10

7 2FSK 300 05
815 PRI

FSK #1720 50kbps 45 300kbps [KHEIEZE, 1
HIVEFE R 2FSK,  Highgsan R0

P =0 /%) - 0( ), 1)

b B LURERER, NS, L

] SNR, P AFWAESII%, R NEHIER, ML

T
QOC):E.L e 2dz .
% 3 OFDM #1730 N PHYMode 7B ANHMEXT
i PHY A5,
% 3 OFDM R WiSUN #r4+iil PHYMode FEGE XL
] o
1 ik g )
Bkl B2 B3 k4
0 BPSK 100 50 25 125
1 BPSK 200 100 50 25
2 QPSK 400 200 100 50
3 QPSK 800 400 200 100
4 QPSK 1200 600 300 150
5 16QAM 1600 800 400 200
6 16QAM 2400 1200 a0 300
715 1R

OFDM AT VUM, $4E 12.5kbps %5 2400 Kbps
ot SEMEHIEEE 7 Fh MCS 1420
MCS0 £ MCS1 &7~ BPSK ], MCS2. MCS3 A1 MC$4
FeF QPSK i, MCS5 A1 MCS6 3T 16QAM ifil,

XFF MCSO £ MCS4,  Hizhdi [0

P =0l 5 =020, ®

KT MCS5 FITMCS6,  Hizhidedr R

P =30( 52 =30 20 o

TEAHELVERSIIARAE R, BT R TR

UEREMYTCHAER A, AL PLR 1 Rt
PLR=1-(1-P)". @

A n NRETTHL
13 WiSUN i S5

ETT; &% B ¥ 7 ) W1 22 4% 4 i 4 ( Expected
Transmission Time, ETT) , 2 mhfEd— Ml B
I TN, I Rl A — AT TRt
S AN RIS TR 2:

1 L
T = X —.
/ l—PLR]. Rj ©)

efe ROVEER j HOMHREER, LW, WiSUN
WHHLE LN 127 545, PLR RS j 14 PLR,
T, FORBERS j RIS MR, &
FORHER j HE— MR,

WA KA PHY B8, R, 4Rt

K
R, = ;e/.,kRk ®

b, O B RIS kbl PHY Bfi/RAs
B, R, N kFh PHY B,

e PHY REOWANEERE ETT A5, X T[F—
PRI, SERAEAEA 2 FAR A MU It a],
{HESHER PLR, MIMBGINEAL S 4R SNR, LA
B PHY B ETT /.

14 WiSUN 44 TRz

Wi-SUN H CSMA/CA SHEI2nIE] 2 fis. NB Jyikie
UL MONEOGERE. BE JRBHEER, WHAELN b,
BNEA Bo WiSUN B BHICRORHRMR T/ AR
0~ 2% —1 AR IBERT B S FPAAT 2 RAE T VPG (Clear
Channel Assessment, CCA) , #{SEZH, IR AEEL
Pl BTN, MEEOREHEE, PN TR —
Bnfie], #IRERREOCT M, TUAIRRIN



NB=NB+1
BE=min(BE+1, B)

R

1 2 WiSUN H CSMA/CA 5%

BER AR, Sl e ROt
B PHY BAK, nIRUBE Gtk 58], Wikl 3
JFR, TPk ETT AHIE) PHY A, fIG#E%E PHY B2
B MRS S A EE R ) e a4, ek
NANH P TR B AR R MR o A Al . e
PHY M - 5 S B i 1] e e
P, RN EUREWERT BT CSMACA,  MIMTikES:
(ECHE AR KA S G TE R, 7525 2 (O
FRBEPRAHE T L S TE S Ta], BRI i
BERRAEI LSS, XU REE I Xk, DR-
CA S HAT R RIS A s A AR A E R —
FHE IR LRSI EIPTA RN ETT &
HMORERSE, ISR SELFERE . {H2, DR-CA 5%
TR TEIE OB,  BARMES I MEE A
BEH) ETT SAOREUHSE, Sk,

[1 [1 [ N
T T
L] [ ]
T T R PHY B 3 i3 RPHY # X,
T o5 R 5 T AT 1) T o5 5 e )
& 3 PHY S g

RIS TCEAFIE SR, AT
BT WiSUN HIFEFHIERIAY, o' s /B m )
WA, ENB) AHERE j A& MU IR A
KT o] (IR, ATLGERDRE CSMA/CA R MBI

IR o NP AR RS SRe, PR AT ARG 1Y
SEAORASR:
pmin{B.btm} |

2 ' @)

21 ¥
E(NB), = > +Y al x
m=1

ACDFRINFERS j PP FHN4E (Average Contention
Delay, ACD) , 2R j EISE I8l s LS
(IR, IR A — BT RR (1~
5 RIE AP EEH AR 2 :

ACD, = x E(NB), xt. @®)

1- PLR
soft: O ABASBIBRION K, E(VB), x 7 J7ta j
R MBI

i PHY fis 0N AR Stz ACD #VET
. KA AR PLR, MTEHA
ACD, {BFCATRE MG BNB), TG
B ACD. (I3 MEI S o PR R
RSP, AR Bk AR RO PR
A

2 FETBEEERER BENE
21 fRALEFFBT

BEXTIR TRIRRURN WSNG B, Dl IME WSN IR
TN H A TR BENEE R T WSN, R35%
FERRIN AT BRI S, SEFINAE, AR AE, AbEH
JERTHBNRSE TSR R PHY A Esm e
IFHEMIZEFNAE, BIVEERACRINGE, DRI, RILURHILL
FIbRBETy WON P83 i A S B

B WSN AT [ 26HdEIE, D, 7y WSN il
IAINE, PR AR

J

1 1
Dy =<2 DxW.. O
i=1

by, W ONER | SRR, AR A E AR
#H, DN | KBRS R R REE, BN,
FORE | AR RS, T Dy ATIEE A
FARAIL AR BRI K ETT Al ACD sRAHSE:

D, =Y (ETT,+ ACD)). (10)

jeN;

eIl En] AR



1Y
min. —> > (ETT;+ ACD;)xW,,

i=l jeN;
si. PLR, <o VjeN,, an
0., {01} VjeN,

J

X
K

Zﬁj,k =1 VjeN,.
=

k
K
Rofe PR 0, B AR, Y6, =1 R
k=1
BERR RS PHY B, o F0rBEBRR KA VF PLR.
22 EFBEHIEIRAIRR

A AD KRR WSN I HER 1) PHY 5
e, IR MNREBIVILIE, &SR
TRAAM, SRR 4.

IR FIE

TR A
A L

R b

IR E
HEAIK
Y

it e LA

] 4 LSRR
RSN AR R PSR WSN T E
B PHY RGP L 2t N ShE
PHY R wh i ey e sfep:
L=NxlogKk. (12
ISR D IR E RN, BOGELIREL, X
TR EEME, BRI R B 5,
FERPIEIRIF AR —Ff WSN ik PHY Bk,
FEEN T SOPTE, XA RN MA, TR
FEFITR. PHY #55 F ¥ WON “FAA Rt AL E,
IEBY NUEIZA RGN R, VERESEIL. 1E#%, &2
X, RN UG = PR R IR
FIEE, TGN R MAE E R BE RN R
— R AERSCHIRAP R ERE M MALL 2

RPGERTEN, EHZX, AR —BIEA )
BTN AR DI P R N MAEIE e iR
PUERMGARSE, FAS, BHUERE My ST,
VLS

ST B SNAR TR HIEN AT ASEEL WSN I3E
WAL, PRSI BRI MBI
T, HAERERGE WSN ISEPERE BF. (R, Z50E
PPN —RENERREANE WSN 2JRER,
TR R BT e AT
FORIERHLUERRIE A NS, AL
RAEFERER TR, X, ATPOEN e sy et

3 ETESRIRER B E N

BERHHE TG R TR G S AT TR
THRE KRS, 3R H— R T 2RI (& R
BE: AR TSR SSSREA SR EE R,
TSR RERE A AR O (S T A R BRI
JFERHMTIER FIEN, S WSN I ER AL AL
31 REfEEREIHE

TSGR R SNR Ry IIsises: ACD #ET45
AV, RIS T O (EIERY PLR AP

WSN i Ealcn A EHHUE S SNR e
TR, AAIMTSERINZE SNRAS SISt 1M
(OREAR, R RS R G HRERATER, /R Ll
BRI, FRIEAR (8) HHAAREZEERA) ACD,
FHHR, MTISERMZE ACD {5 2R AcH. SNR

ACD {5 BASHoR BB 5, {5 EATDLli o i i
.

$ERR2MISNR, $EE81H9ACD

) = )

$ERR1AISNR, $ERZ2H9ACD

& 5 SNR A ACD 5 B A B B
B R S AT I SRS 1 ACD [IEME,
VE NP IRIBEES ) P15 ACD. N T ARIFIE S IS )



ACD FIBHEREAGRITIISEEH T4 ACD, 75 2%
THRISARET KTl
32 R EENHE

HERR SNR AR AR I B b SRR B~ 1)
ACD PRI BRIES, WA EE R PR
AR, SRS FERALE. BRI CE VR SNR BL
PHOISEERR T2 ACD IESENIIHE. HERE SNR 42
MBI BB FE NSRS U] 6 . 47 SNRAIEK,
VHMEE TR RS, MR PLR B PHY

P 45 SNRE/DN, MUK PLR ST PHY A

EHREBRH %
FIPHY A3

FIPHY A

BTHIPHY AL e 2K
IR IE I ZE PRI

N
I8 A FRPHY B 3

L

6 % SNR A IR R PR TR
WIS EERRFY) ACD RIS BIER R G,
FHEWIE 7 FoR. #°F ACD BHEMR, EER
PRSI, SRR T Y PHY B 4
45 ACD BRI, S5 A AR PHY 5t

IR GE R
HJACDHIK

SRR —
IPHY R

SR R A —
L PHY B3

B HIPHY B R
REIT IE A

N N
JB Bl FPHY R, JB [a] FEPHY 5

sk
AR

7 MSRIBEERTES ACD 2R BRIERT IR BE RS
R PHY R0 AHE% ETT. ACD Aok
% ACD A5, RICEEREI LR PHY HBECRTE
PHY #A FABERS ETT. ACD AhoskEEH ACD FIin

BOIEIKTRE SR PHY At 55T PHY #ECE/N,
MIRSAEREr PHY B 255 PHY BEEE/, UER[R]
Ji PHY 5.

33 ET SRR E T

THEEER ACD T4t ap AT/ERERR R PHY
RISV YT A i SR A A L B R R 2 Y
PHY #53, NPTCHASRIAGERR 00T PHY B0
FIBEERE ACD HISAN. PRI, R e A AT
(Y1 PHY #CHT, R A RIS A 2 AT H R 1A
FARMEATHTR PHY #2328, 2570, AT AZAERTE
PHY Hi, JRERIoRISNGEES; A, B ER S
BEHTLAERR — Rt ) s Pl

SREIEH T ST AR, HRTREnE 8 Fs.
HERE ESEYEYILG SNR S fvIME EET EFRYIRER,
MFIEEA G BUARS, SRS FENAH.
BRECRIE RIS B PHY BEXAVRRERIT T,
PATHRLIEE A & W S DL AR PHY AR
WSN Fr 7 Bk — i TR B IE N E, W) LASEEl
WSN ISEFR AL L

HEBRRIARIL

A R IAE 5 48 s
ZEHSNRRIACD

I HUAESR Ji b ¢
IRTIE
OB PHY B

SNREZM FIRFE T
K ACDZEAL i L

Il 8 BTSRRI T
4 iR5EAHT
41 e

FEE RN BER A €81 RFD AN FED, 3
RS EARMIARA M Ao HESLEIB{EIAK) RFD A1 FFD,
FFD Al FFD H9<RJE . FEHIERN e Sia i, JIf



BEBIRIAROAER, BHRYE RIP PREha bt

#% SNR BEH1AER, HYEHEY 10~40dB.

(ISR :
RUMTESERE
4 SHA
RED#1H 10
FFD# B 10
ARG 4mdm
IR Im
IBEECEE 05m
SNR JiH 10~40dB
L 127 7
b 2
B 6
M 4
T 005ms
o 03
oGt 3s
SNR A4 A HA 0ls
ACD Ze# 1A 3s
LRI F AN 50
LRI AR 02
TRAEREIRT SR 095
TEE IR 40
42 HEBE S4BT

AR R R, B BN RIS &R
BEVEA) WN P i BT WSN ~FI5J R R A
SERE. XHFAIE WSN A RE RIS e EEr
AR NS, BUSHAUME bR i ME WSN -1y
IR AR IE, ARSI BRI 2%
FISAETR, HERsEr WSN IHEMERE EAL. %R
TERNEE B FER RS, S H ST PLR A
AR T BRI SIMERE, SR TR e L)
R EE N A MEREHEAT XTI, T A SR A
WSN I SEERE I RIZERR

WEBHREE A 24, SEEURIRR SR, HEL
SRR FIENENEERE, AR 9, 10 PR, [EE
BRI Iy 10 hits, B WSN HdiEiactd, Lo
B FIEN RS, AR 11, 12 TR,

o] ©
b . —
w © o =
T —

WSN V-4 i 59 3453 I %€ /ms
2]

BT AL S R 6 1 3 B9
HEF PLR BRI 1 52 %6 1 368 2 55 vk
BT ) AR K3 2 1 3 B 9

20 40 50

30
RALBA /W s

&l 9 WSNINRIR AT AN HERENA SE RS

— HETRME SRR R GRS
FETPLR B IR 3 38 | 38 50
T3l 25 BRI 1R 1 3 S

20 30 40 50
RALBE /W s

& 10 WSN NRIR AR T ANRRER @Rkt ERe

18
16
14 7
g 7
= 7
g2y 7
10 =
= 7
E 8 /
5\
e
Z —SET AL BRI R N
= ya ST PLR B 35 1 36 52 .9
S ST B BRI B 13 B
2 7
//y
0
0 20 40 60 80
&/ g E|

B 11 WSN NERSE T T NRER s R



500

450

400 -

@ q
2350)
N
15 300
= L
§250
'y
200 -
£
2 150+ TR AT SV (R B R 3 B
= = JETPLRERME ¥ B R 1 5 5
100 - BT 2 A R 1 R 1 3 R Bk
50 -
0 I
0 20 40 60 80
Bl ms H

B 12 WSN INFRSE it B T ANRRE R EER A R
AT AR R, FERIE SRS R EAt b, T
BRI PER FIEN AL AR T PLR BIH
IR G NAE,  BATHERA) WSN P it
AR ) WON PR, it BAe 17 WSN e,
RGP TR IR F SR R WSN -F
Yo ity AA AEPPAIEA IR WSN FRIPERERZN,
T TARE AR AR, [RS8 1AL,
TEEATE RN AT SE PSS, £ WIN Al
FEYREEIEAE H AU, TeEFIERA IR 1
DL, AEHINAEE WON IFEPERER) EEIE. FiiE WSN
AR AR H G, S IE S A,
ACD ZHHON WSN PEREFTHIHE, STl
PR S BRAIVA SR Ut ) 1L T e iSRGl b
R TEN R SR T IR A R E SN SRR
i, AHRTE R RAEREE SR R TER HERN,
KR 1T FEE AR

5 iR

AR LS T A4 A TCA S TE AR N LA
SURTIERCRA, HEE T DABIME WSN P %
IRFAE A FI bR, PLR JEREZIH KA IIRR, > HE Tt
B A LRI AT 5 R 58 MR B, Sel
WSN ISZERREEAAARAY, . T a R SRR B
VEREBEE WSN IIEPERE 7, (B T4 e
FEREMIHSERATEA PR, TTLUBI I oY Z B>
YRR R, ST ISR G AT LATE S
RGBS P ERE LA RIS R MRS AT ROTT

B STERSERER, LG TIUA R F G EE AL
S PIPRIER BN A RA TR WSN 4452
S AR ) WSN PHAAA, B T WSN
PERE.

SEHRReferences):

[ XA AV S5 WESUN LETCERAL B2 R FH (1T 7 )
FHERRTIE{,202022(19):88-89.

2] SIS 2 B S WESUN IS N FH A SR adA )
F ELE{E 2000(12)1821.

B] Bl AEFRPRE. —FPh T RBAR [sicis G R0 1)

TeR TR 2020,50(01): 1520,

2022,12.(09): 57-59.DOL10.166674is01.2095-130220209015,

5] RTYI T Mesh PSR TGRS 2 HUB EH
R 202046(03)293-299.

[6] KAMERMAN A, MONTEBAN L. Wavel AN®ME: a high-performence
wireless LAN for the unlicensed band [J], Bell Labs technical joumal, 1997, 23):
118133,

[71 XIY,KIMBS, WEL, etal. Adaptive mulirate auto rate fallback protocol for
[EEE 80211 WLANSCYMILCOM 20062006 IEEE  Miiliary
Communications conference. IEEE, 2006: 1-7.

[8] XiaD,HartJ, Fu Q. Evaluation of the Minstrel rate adaptation algorihm in [EEE

802.11 g WLANS[C}/2013 IEEE Intemational Conference on Communications

(ICC).IEEE, 2013: 2223-2208,
[9] Pefkianakis I, Wong SH'Y, Yang H, et al. Toward history-aware robust 802.11

rateadaptation]J]. IEEE Transactions on mobile computing, 2012, 12(3): 502-515.

[10] HEUSSE M, ROUSSEAU F, BERGER-SABBATEL G, et al. perfomance
anomaly of 802.11 bC/IEEE INFOCOM 2003, Twenty-second Annual Joint
Conference of the IEEE Computer and Communications Societies (IEEE Cat.
No.03CH37428). IEEE, 2003, 2: 836-843,

[11] FOWLER S, EBERHARD M, BLOW K, et al. Adaptive sending rate over
wireless mesh networks using SNRJ]. Intemetional Journal of Wircless Networks
and Broadband Technologies (JWWNBT), 2011, 1(3): 3048,

[12] B AT AR R CSMACA PEREAMIT ST L
TRES NI 20094507 108-110+118.



[13] NIRANJANN, PANDEY S, GANZ A. Design and evaluation of multichannel
muliate wircless networks{J] Mobile Networks and Applications, 2006, 11:697-
709.

[14] TR ENUEREFEEM SRR PR T HAR S
BFTRE2021Q4Y14-15.

[15] SCHBLE, IR, WA AR, 25 Sl MR S L 500 7 F (0] R
JA2022025)69:71 DOL10.19392.cnk. 16717341 202225023,

[16] iU, B 55 4 5l U RIP 4% FH WM SC 70 BT 2 A7 B A g vl

J1%.2021,37(02)20-23 DOL10.16707 cnkifipc2021.02.005.

BLEle Q000—) 5 5, 2002 FFHRGHT
FHER L2, TSR
0] ive SO B Sl WAL Vb wca-q L L
IERET LA, 222601 13@zueducny

REE (190—) , 5, @iffEE, 2006
AP RFAE L0, UHNTR
SHEL, WS, TN
SARBENBGERS, AR AL @
fERRE—ML, 1B SGBES, BPRE
W3 200 R, RitgIHETE 8000 £
% yuganding@zueducn.



mailto:22260113@zju.edu.cn
mailto:yuguanding@zju.edu.cn

CREW, FABR, BeR (o
SRR R




Flow Management of Wireless Sensor Network Based on Data
Anomaly Indicators

Xiaolong Weng !, Yinghui He %", Guanding Yu?

(1.College of Engineers, Zhejiang University, Hangzhou Zhejiang 310015, China;
2.College of Information and Electronic Engineering, Zhejiang University, Hangzhou Zhejiang 310058, China)

Abstract: Wireless Sensor Network (WSN) is widely used in data monitoring in various fields. Anomaly detection
delay can be shortened by dynamically adjusting the data sampling frequency based on data anomaly indicators.
For the flow requirements of data streams with different anomaly indicators, both transmission delay and
competition delay of the links are considered. A flow allocation model is established with the optimization goal of
minimizing the average end-to-end sending delay of the network and the constraint of utilization rate of the wireless
channels to achieve network load balance. When the network flow exceeds the flow constraint, congestion control
is carried out based on data anomaly indicators to improve the flow balance effect. Flow scheduling is carried out
between data streams based on data anomaly indicators, while it is carried out within data streams based on data
collection time, which further improves data real-time performance while ensuring fairness in flow scheduling. The
simulation results show that the flow management algorithm proposed can reduce the average end-to-end delay of
the network and improve the average throughput of the network while ensuring flow fairness.

Key words: wireless sensor network; data anomaly indicators; network route; congestion control; flow scheduling
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