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Abstract: With the advancement of modern communication and information technology, intelligent transportation
systems(ITS) have emerged as a prominent area of research. The vehicular ad hoc network(VANET), serving as its pivotal
technology, plays a crucial role in facilitating real-time road information sharing and inter-vehicle communication. Howev-
er, existing clustering algorithms for VANET are plagued by issues such as low stability and high overhead. To address
these challenges, this paper proposes a VANET clustering algorithm that leverages end-cloud collaboration. In the end-
cloud collaboration phase, vehicles upload their feature data to the cloud via road side units(RSU), where the cloud per-
forms dynamic stability classification based on changes in vehicle features. Nodes exhibiting stable behavior demonstrate
higher reliability and longer connection durations. In the end-to-end coordination phase, factors including relative node mo-
bility and cluster coverage are taken into account during cluster-head election to streamline the process while enhancing
cluster stability. Furthermore, this paper introduces a neighbor discovery and update mechanism aimed at restricting HEL-
LO message forwarding operations to reduce overhead and optimize resource utilization. Experimental results demonstrate
that the proposed algorithm surpasses baseline algorithms across key performance metrics such as cluster stability, quantity
of clusters formed, and clustering costs—highlighting its potential applicability in real-world traffic scenarios.
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FEVLADFE T S E R, 75 B A B AR JE 51 3 B
ST T £ Bk 4B Ji 41 %6 STALINK, & i 8] 22 4 3 159 {4
VoTanNe U] I\ Z2 Bk S e 4B JE A R RS BRAH OGS H .

4.2 HEHBEZE

AR 8 T R 4 AR 2 R T A (0, 4
T AT AR 3 R A ke R AR P i A o, B A
FEAT ] g AR s b T o —FlefR A

(1) 01 tH 4k (Initialization , IN )RS

W ACGE B A0 Z A AL T R 2 4R & 26 R IR
HELLO M & DA Sl (5 7 82 . RS, i i
K2R R 513 NBHD, 33 i RSU [ 2 A% 4R 1E
o MK X BERRAE 26 A 2 258, TR s AR T s i
SEARRR AR T AN . RS S I RSU KB 45 44

(2) 12 (Election , EL IR ZS

ELAR A2 — Rl PR A, 5 s 78 IR S PR 1 2k
R e fm Bk g R — R

(3)% 3 (Cluster Head , CH ) IR 2

b T CHARZS 1) B30 /R M R i R 49 o5, B ST 45 B
AN A

(4)5% B 51 (Cluster Member, CM )R 75

AR AT R CAFTERE 1) —FR 5.
4.2.1 BRETEANEHEEZ

b F INCRZS A 4 e IS 31 RSU IR 7] g g 1 iR
BIEE RGN ELARAS . 25 RN 25 5 fae s
R VB RO R . ek A 2 R
7E 4B JE 51 3% STALINK HR AR Sk 1 s . WA AR AR
A AR R DL S GO A T e, AR e e
BB/ MRSk A BOEOR [R] , e T X RS s AR )
ek (2~1647). BTG, 19 MM 3 A
BUIRZS (31~3277). 4 STALINK HJCHE L5 5, A 17 1
TEAR F BRSNSk 45 (18~251T). AT A,
W A CHARZS (26~29 17 ) , 75 U E i AT 325 1.

P T R AE R A F O A5 R LR R Sk Y AR
1 o I (=7 7

() s

R T s I B 50T oS B T AR S a5 B
e kR AR R B B | 22 kAR A TR Y R B A
LT S B IR R RN FEE 4 v B
SRR A o DA T L R s s,
W AR AR R e T, BAEE 10N R E T L S
SR ~n . Bk FORBRBEOC R I ANARE T s, R
BEE A n, g ny. 26 1 JER T BB 215, K 4 th 4
ANTRRE T A B 22 B4 T A 3 IR B 2 R LA R T T
SRR L RS A B B T DA o LR
e Ja , Wt o A T SN, P DAPPAS AR R T
JITRERS 4 A A FUARE . 226 7 25 T N B E IR Z R
FE T S5 R Sk BRSO IR, Ul /D Sk B, DT 4
5 VANET 25 HIR0F

(2) AFXF T BRI 257 1) - 349 3 i

TR 1 SR IR Bt 57 ) S 1y ek i e e 5 LR
it 5 3 B R P ) EE B bR, R Y A5 A T R B
HF R BT R Ch

V= DY (2)
l fn, - max {(pi}

Horb o, FR e T S i IR B s @, KR i 5
AT PR R A B 22 RS, WK (3) s I3 —fkH
R R ONIER
q):{‘v[—ijjeNBHD(i)/\j—)i} (3)

i

FERE R 1 A B R B O RS E T R 2 RN
HESEANTRAE , HE 03 5 T 4 90T RE MR FR SR B C &, A
11T A ARG A2 10 R A . R AT B ) P 42 3 A /N T IR
A FRE T i 5 R BE R 2 8] B A 7 B AR A/, AT
iAo i b BRI OC 28 B AT RE IR . e PR ) BR B &
F14 - 247 3 8 /N B A 19 A D AR S, AT LA AR
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HiEl REDRNEMERR

BNFRETRESS

B EHE WEE T RER S

1. for each s in S do

2. min_hop2me=MAX_ HOP+1

3. min_AVGREL =INFINITY

4. tmp_ch=-

5. for each v in s.STALINK do

6. if v.state==CH then

7 if v.hop2me <min_hop2me then

8 min _hop2me =v.hop2me

9 tmp_ch=v.id

10. min AVGREL =v.AVGREL

11. else if v.hop2me ==min_hop2me and v.AVGREL <
min_AVGREL then

12. min_AVGREL =v.AVGREL
13. tmp_ch=v.id

14. end if

15.  endif

16. end for

17. iftmp _ch==-1 then
18.  beCH=true
19.  for each v in s.STALINK do

20. if v.cover_number > s.cover number then

21. beCH =false

22. else if v.cover_number ==s.cover_number and
v.AVGREL <s5.AVGREL

23. beCH = false

24, end if

25.  end for

26.  if beCH then
217. s.CH id=id

28. s.state =CH

29.  else

30. Call Algorithm 1
31.  endif

32. else

33.  s.CH_id=tmp_ch
34.  s.state=CM

35. endif

36. end for

1 A S A R A A UK e R SRR AR, A
17T M iR AR R

(3) AR T et &0 J 1 ~F- 243 2

RS T A2 408 S 1) 2 B S — A SRR R A, T
T A E Y R I 2 MR E A A A B AR
P AU T A AT AR E A 1Y A P S R A
W)

K4 g B R B

R1 BENTAHSHRAEIIR REEHE BEETAHE

[V ER DS ZERBImAIR | R |
sy KPN 3 11
s, Sp, 8y 3 14
S5 S, 8y 2 14
Sy S5, 83 2 10
S
l'S = (4)
|STALINK, | - max {¥,}
ot | STALINK, |37 95 55 7 (0 22 Bl R e 40t 91 22 3

SORCRE 3 AL ¥, B A (. 3 15 25 1 15
JT AT Z2 B ee S0 R B 22 A /D
%zHW—W‘MGSTAUNK* (5)

M ANFRRE T SN R Sk B, 22 AR e 4 4]
RS 1T a5 DA B s S T A ) R B A R B
NAZIE . B8ORS & 114 S X80 3 B A /N AR T
RAE A KRB S TR A e M . DA /N1 34 3
B R A R e 1 a5 200 = R B A7 AR AN X
Pl & 2 T AT BEFFLL B I B] . o B B R A AR Yy
SRS mT DA/ r B AR, BRI N B AR
MR B RN AR MR Y A5 2 (B B AS BE AT HE RN
o Hbm 5 FEME .

Fe 2 7 AT #E 1 HELLO 31 B A 45 7 35 % sh v
(AVGREL) I % 75 717 55 %0 & (cover_number). F- 3
Bl PE SR AR T T R B R X R e 2 1 2
T, BB L R [0, 2] oo 49 i ok PB4 J 49 A X
PN FE AR R BE B AR S, W 2 LA N SRR B R 1 S mT L
B R 5 S« HEBE 567 S B N AN /N T AR AR R
B w5 1 AR I BRI R s AN R T BAT AR (R
P55 AR ) AL AR e SR S X RSk A RS
B4 R A RS I 1 i AR e 1
4.2.2 FREDRMNEHREE

b T ELAR S B AR R 19 i 2% 1008 i R i o Bk
LB JE B RRE T RUMA A 7, Ak 2 s . AR R
I SR AR AL F EL R (R W S AE ik BR
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Bl . Rl AR T IR 2, B T AR IR
Z B MAX_FOLLOWER. S5 B R 2 s, A £ L
PRBEE BRI — A2 T BRI (2~747). 368, A fasE
T 1 A B v kB T A S BR B ) R Y 0 (8~94T).
PERRIRBE AR E TS E T T =N E.

Eif2 FREVRMNKEBREE
BWNARREN RES S
B HORS B AERRE Y R
1. for each s" € S" do

2. STA={}

3. foreach vin s"NBHD do

EES’

4. if v.isStable and v.state ! =EL and v.follow_number+ 1 <
MAX_FOLLOWER then

5 STA.add(v)

6 end if

7. end for

8. iflen(STA)!=0 then

9 Choose s € STA according to stable node following strategy
10. else

11.  Choose v € s"NBHD with the smallest [RelM_, |

12. Set v.myStable as s to follow

13. endif

14. if FOLLOW g €nds then

15.  Send FOLLOW_REQ

16, Start a FOLLOW 0

17.  Wait for FOLLOW_RESP

18. endif

19. if FOLLOW_RESP is received and FOLLOW ;. does not
expire then

20.  s'myStable=s.id

21.  s'"CH_id=s.CH_id

22, s'state=CM

23, End the FOLLOW 0

24. endif

25. end for

() AR sl
ASCRH T Nhop B3k ik 9 777 , il HELLO
T B AL R E R AT AR R sl 1 B
PktDelay "

- (6)
PktDelay '

Horr, PktDelayy #l PktDelay 'S 43 il #2715 19 a5 x H2 i 5]
S A A5y B 45 42 HELLO 14 BV AEIR . A X RS 3
PR A, R AT 7R A B By, 75 0 7R P
AT RAEA B .

(2) 211 BRBE 5 At

TG ] T R A A 2 R BE A A R T AL
2 (7) 7R x PEREERBE Y 5y I, T BB B

RelM, =101g

¥ :3i 2 DI I) 140 2 480 ) AL I O3 361
FRLVER
fi
benefit;, = i (7)

fn,

i e NBHD(x) AisStable I
Hor, i e NBHD(x) AisStable 2878 9 & 7 2715 A5 x Ay B4
BT R AR 1 A5 i, BN A Y BR B R
G sLIHEFR
TG 1) T R - R Dy ot U i R (R R Y
A XA B TR R AR E I L A BRI A5y 3RS
HOPIE RV EYSNEOE T Ll g W)
0.8, CH}"=CH;" A CH}"#null
benifit,, =10.2, CH}*#CH;" A CH"#null (8)
0, CH"™=null
Horr, CHY 7R s x b — I 2R3k s CH™ R 19 s
yARTAYREL . RUE T RLy HATRT IR B AR 5 s x
I 2 T AR I U0 R x BRI A y AR AR LT
Dy AR B AR B
MR ok = AP EE B RE T i R S I T LA 3K
e a3 18 PR 19 A A o R F A, 359 50
F,= argmin RelM_,

yeSTA(x)

X (1 - sgn(RelMX’y) ~beneﬁtfnm_) (9)
X (l - sgn(RelMx‘y) : beneﬁtCH“_)

Hop  F 1 5 x BE PR BURRE T 4 5 sgn (RelMX_y)%%/%
FAXT RS B PE 455, P A B AE T A9 5 RS0 AT e
FRE—ANFEH . SRk SE N 3R ARFRUE 75 AU RE IS TE Y Ak
Hb VEREA i A AR Y R

XoF AR 1 a5 A BB A0 S ) 2 e D R T
HYAE L, 15 s AT DA BR SR Bk 4R JE b 5 B AT RS 3l P
BN ARG E T A, 5z ARRR S T AR BE AR [R) 19 £
B (11~1247 ), IR RE S AL AR E T .

VEFE ¢ A IR B AR 1 RS A AR E T
I A T S5 o LA RS 59 SRy [0 5, )2 ik B i T
KB FOLLOW_REQ, %31 B AL 7 & 3% 77 i AR 22
B A T CRP 20T 50 19 1D, IR 03 8 — 4> 3 I 4
FOLLOW pe KEFFEIR (9~1347). Z57EFOLLOW 1y
SEPRHTICE] WA, W HERRE Y 208 A B Y HE 1D 58
AR E T R K ID, B AR O N BUIRAS T 2k
FOLLOW 1y (14~18 47 ). #5 FOLLOW ppy e 45 A0 SR
W B 15, D)5 ASOKE Ak 22 OR FF EL R ZS . FOLLOW_
RESP 1 8 A% % 12675 i SR 2T 5 9 7 i (B
R ID.

FOLLOW e FITTRE N
2R  Size, +Size,,
FOLLOW = "= + % (10)

r
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Horp R FRTH B KAG L C RN LA 5 1% Bkl BRREFEE
i P ;5 Size,,, il Size,, 43 9 3 7R FOLLOW_REQ Al NI T M
FOLLOW_RESP i & /) K /N ; C, 278 DSRC 11 5 55 8 K1 A B S M
fLt % 1. for each m € M do
4.3 %E;‘F‘ﬁﬁiﬁ 2. found =false
fEVANET P i PR s s st ooy 0 et
W R U R A . O T RIS R e e e e e e
UGB 5 1 F RHE B BURBE S b EAWE ek
S5O B B L IS A3 ¢ Boadeast HELLO Message
A SR I RIS S A ST R 7. else
4.3.1 HERREHEZE 8. for each v in m.STALINK do
BB EHEETFEHTHESR R G EN 9. if v.id==m.CH_id and v.state! = EL then
B AN AR R, B 3 R . o FAE TR 10 found = true
FORAS IR 5 4 A R SR RIS T (e 1 enddf
B A W0 . A A S A S B oy B 12 endler
AR JFAE AT U HELLO WL il g e
J TAT S HAR IKUE 5 4 (4~617). 5 et
RGBT T RE S — Ly
G i Bk ARSI STALINK FE B A S5 0 wai
KA 4 H (8~129T). AT SHEIARM & H LB 15 aee
T R E A SRS W T iR, N T T e 19.  for each v in m.NBHD do
P [RIREMD , 2 A A S RRIR S B AR S ELR S, %81 20. if v.id == m.myStable and v.state! = EL then
SRS JC IR ARG IERE S, IR T A 21 found=tme
B R PR INE (L R AR SRR SR e 22 enddf
I 2R Y AR BB M R, D EL RS OF 2 et
Eﬁﬁﬁ{flﬁ%ﬁm@%ﬁ(l3~l6;ﬁ‘) 24. if not found then
MTATFHRRE R 8 T TR
TR W A BRI R NBHD R S
e PR B 52 7 40 (19~2315). ZAMEAE, MBS o .y
R A2 A R D 2T, B E I ELR 29, end for

A GAETE R AE T SRS ELARAS R m
S W . R, RS S St S kY
ST R, T 0] ELIRES , PG EE 2 A
HEAHE(24~2747).
4.3.2 FHELEFEX

9% Sk BT A 95 A L A 06 BRI i R 3 26 B 1)
Sk, AR 4 B L MK SR A B R IR T
T P 55 s T ), 8 Sk B RS W ol EL RS (1~347).
BUIsE, B 7R ARG — K HELLO 14 8., 3 2 AL 51
RS B 447) . IXFERERL 5L W] LAST RIS Sl vE 26 i
TR, JOT SRR S 5 58 4 S RORER B ARG ek /D 7% Sk
RBP4 e i T ) s )

7 7 S VLA A I 1) A AR TV ) s it — E A A

TSR Y S R R A L R Rk

L 5 H At 2 53 W T 3 4 , AN e Sk AR B Sk 23 V)

Hik4 BAEHEE

BWNFRLES C
B EHE SRS C
1. for each ¢ € C do
2. if hardware abnormality detected or battery power below the
threshold then
c.state=EL
Broadcast HELLO Message

else

3

4

5

6. if c.cover_number==1 then
7 c.state=EL

8 end if

9. endif

10. end for
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2 ELARZS DABH LR 0 28 i 7258 1 (6~817 ). 5.1.2 MR

5 ELWHERSHWH

AT XA SCHE Y VANET 22 Bk 4355 5 vk A7 5
Y 5 4 M, B A SE I A A R T R AR AR E Y
S | A R I | A B K L o R T R
I3 .
5.1 XWiFE

A FE T AE VANET 46 38 3 ] 7 32 ) SUMO
(Simulation of Urban MObility )" 54 25 B 1) % 578 %5 4
R B UEAR SCHE 19 5 58 L A /N1 A A 8 R 4 1) B AR
BT E TR .
5.1.1 #HiEE

AR SCBETE B VANET £ Bk 43 7 57 328 17 76 NS3
(ns-3.38)F 5 1, SUMO F T A= s 4= s Bl , 14
T SN 2 s . ZE LS IR b I T 54
ANTE] R FR 3#E (15 m/s .20 m/s .25 m/s .30 m/s F135 m/s) ,
PAPPAL A SCHE Hh 1 3 e R AN R S B A B S 8RR
B P . R B EOR R R 300 5, IR AR ] 15 E
H1400 s, UBERSE I 45 A St w5k

x2 HESHY
280 {H

5 ELI [R] 400 s

EHKE 10 082.25 m

TH P R 15~35 m/s

KR E§i 300

i R 100~300 m

el 27 Mbit/s

iG] Two-ray ground model

(BRI MAC/802.11p

HELLO 1 & & 3% 31 250 ms

B e 2% SR Is

TR B K AL i Rl B R 100 m 200 m A1300 m,
B S AILE RS AT R . A
VANET H1 792 )37 Y MAC/802.1 1p VE WA B PMIL %
W BB A 5 R A 3~27 Mibiv/s. 2R S0 St
1 T R TE SN 27 Mbit/s, LA Sz 5 R A AL . [
Iif, Two-ray ground model f& #5151 e 7% 15 3| H g
YER LS VANET H 424050 15 155 ARG ek

HELLO 1 B & 2% JA W B 15 2 0 250 ms, X — 5 5E
237 AH O SCHR v T RGBT (200~300 ms) , LA
B PR 05 RS SIS AR BCSR J A5 B . Bie 0 & 32 JE 0 oy
s, ZSEBEM Y T VANET I B LG H 218 30
R, 1 s A B 30T BOE B V9 A2 2 A 22 ) ) B A T
SRV Sl b G A0 B A5 i X 19X 46 W U s R K
I

Xof T S 56 el A7 S A= i J 40 L ok D A i S A L
B SRS AT EL A SO X AR bR . kg
Fe bR T AR Bl DAk o W B M e U LR AR B AR 3R
BRI M 28 e M RSOR LT T B A 2R TR T
Bragtr.

(1) FESk A= A Jo 19

7 S A i ) R 48 1 T IR CHUIR S 21 % 460 oy
JE CHORZAS MR A i R Sk AR M . FEAR SCHR
14 3 A v, e Sk A i SRS 4 2R DA CHUAR S i 4
HELARA S CMCARZAS B . P27 3k A v JR 13145
XN

iAngTimeCH( i)

AvgLTime = = p, (11)

Forbr, n 7R 76 70 1 B Be b il B A 3 Sk 9 08U
AvgLTime ., 3278 15 U A i J 1

(2)#  53 Ae i Jo 40

32 G 7 A A J S S T DA — A 21 B T
PRI B MR A PR E L S R BT L
TR AR S A A AR I 2 2 B8 % 4G S e Sk e, R
SRR IR A A TR A AR S B R B A A TR
07 AT 275 S A i T ) 11507 5

(3) ki

BB TR R R 1 a3 5 RSU Z Ja) 3k 19 A
Z 1) (s A S A 4 R A FIF A AR AR A S T ok
iR TT DM DA T £ I e S A 5, DRIl A R 4 R
A AR ARG 428 1) £ 2 S 4 A A3 R A7 41, AT ik 2> [0
2RI E TTE .

(4) 71T

SIREFTREAE T B R SR SR A5 R L N R ()
R FIE B A BT 7 A B BE IR FE . A SO 2T 8 58
SCRAE 73 F A A v A B 42 1 B 5 55 10 2% v BT A
PEBCE I HE " T
E‘PacketSizectl
EPacketSizeaH

ASCHE B FEAA D P AL AL E HELLO T & |
PRBE R TH SN ERBE R A2 E R

(5)4b T ELARZS Y m it

ELRZS 2 — N PR, YRR 51 5 H BT s iy 7%
T O 32 e A Sk 15 G BT A 8 AR T R AT e
BB ELARZ . AT ELRERY T SRR TR, 7 2
HOHT SR BFEINAEL A SOk A R TR R
Ab T EL AR ZS 899 a5, 2R o0 1 B0k 1 R AR E
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overhead = x 100% (12)
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5.1.3 XftbEix

ARSCHE I VANET 2 8k 43 7 81k 5 DUF LR 3
LA PATRTHL.

(1)Nhop 3 "), Nhop 5% & —Fh 3 TR sh M (1
LW R R T A 2 R B0 £ 1) 4% 9 HiE R
Z LR R 2 R A RS Bl

(2)VMaSC B3, VMaSC 8 i B X £ BhAR fi
R P /N S R R S R IR LA A A
B st ) 44 k) 3 21 ] — A v

(3) FCM-PMC (Fuzzy C-Means-Power Minimization
Clustering) .32/, FCM-PMC %4 ¥ & — Fh 3 T R8¢
YIE M 5 Ut/ IME A2 #E R B bR . FCM-PMC
RREEA T R INECRS st AR X7 8 26 3k

(4)HHOCNET % #:'*". HHOCNET %4 1 £ 1] HHO
SR, 3 e A Iy FEL T A B AR A S AT R Ak A 7
ghER

(5)GACCH . GACC H L4 A B A ZE S, H
FH AL A 2 A 540 LA Tl 2 A% i 4iE 38 24 3 A4 iy
P R AR .

5.1.4 HESHIEE

A SCHE N ) VANET 43 5800 i ) S 40UE 1
F3PR . ASCHE Y 3 A s B KRB Ry 3,7 3
Bk L P, 005 (U A (4 RIS 2 8K, DA D2 7 A
T PR Sk 22 18] B30 2552 1, B TH I 45 0 8 BRAIOR
R, ik 3 k2t 2 B AR Y s 1k, I A HELLO 1M
JTE T BB B AL I, IR, S B E R b
FHRS 2 (A A HE T KT

*3 EESHRE

24 18
MAX_HOP 3
Size,, 8 Bytes
Size 8 Bytes
HELLO K /)N 64 Bytes
LTI NN 1 024 Bytes

FOLLOW_REQ ii4 & #l FOLLOW_RESP ¥ B f1 X
/N R 8 Bytes, £l 7 A% 45 S AT 45 ID. HELLO
T4 8 A0 K /IN TE H 64 Bytes , 1% K/ R VAL & A SO
Oy RS T HELLO Y BT 75 9 F B . [RIRE , B ok
/NEE R 1024 Bytes , B PR 7 2k 75 1 2 08

LT A B K B EL CHELLO T B A A/ BdE £
KANGASCBEE— 2, UABIEL T B SE 50 % L . FEgk
BB FCM-PMC A998 INAES sl FRE X7 2 A8 A i [
ForAoh 0.4.0.4.0.2. FEAEHIVE R 100 m 200 m 1
300 m B}, BE2R 357 HHOCNET i S A5 i i B 28
A3 HIREA 30,35 .40, LA PR IR Sk 7R R 1) 7 25 1 PR 9 2%
N 22 51, AR 4 B A PR 45 51 . e LR Bk

GACCH, Jhy bk G Bt A SR B A SR B B L ik , G (o R
I IR/INBEE A 1500, [R]85 eR A0 R B F R
JESCH R SEBRE R 121, DABRAR B I 52 50 45
5.2 LK SIFE
5.2.1 T RAENRS T

T VAL BT AR R RS E Y AR B bk B A AL
P, S8R I B A8 0 R MIKTT 35, 23 K RF AR 2R DT
31 (Naive Bayes, NB) FISZ 8§l HL(Support Vector Ma-
chine, SVM)7E A [ 18 % FRE T 19 FS E 19 5 70 2E PEREOE
Frxt b . Fefs B R o R e AR AR AR AR AL B8 N 1
ALK, 2 O3 T 1 AR AR A T RS Y R T, 5
SRR R A TN 501 5 SRR . SR ST or 26
v BOERR R ORSHBE A7 IR F -score DL P 2 HfE BRI
], SEER A5 RN 4 P

®a FEERILE

L ) s | WMERE | KRR | A F- ffﬁlﬁﬁﬁ#
o R% | % | Fi% |score/% | [Al/ms

RF | 8833 | 90.28 | 88.71 | 88.25 | 1.6050

35 NB | 56.67 | 62.89 | 57.73 | 52.38 | 0.2229
SVM | 70.00 | 72.53 | 70.52 | 69.46 | 0.3457

RF | 83.33 | 83.33 | 83.94 | 8326 | 1.5604

30 NB | 73.33 | 7875 | 76.02 | 73.06 | 02125
SVM | 70.00 | 70.63 | 67.65 | 67.70 | 0.3377

RF | 88.33 | 8833 | 88.38 | 88.33 | 1.5896

25 NB | 73.33 | 77.66 | 73.97 | 72.57 | 0.2517
SVM | 76.67 | 81.51 | 77.31 | 76.00 | 0.2675

RF | 88.33 | 88.38 | 88.33 | 8833 | 1.6180

20 NB | 76.67 | 77.14 | 76.42 | 76.43 | 0.2187
SVM | 80.00 | 8230 | 80.00 | 79.64 | 0.2359

RF | 91.67 | 91.74 | 91.60 | 91.65 | 1.5780

15 NB | 8833 | 88.39 | 88.26 | 88.30 | 0.2237
SVM | 90.00 | 90.24 | 89.88 | 89.86 | 0.2470

SCUGZE LI, RF A5 T A 38 BB T 2 R b
FEARE (15 m/s) AEE T, HAfER 2235 5] 91.67% , 16 5
(35 m/s) FEE A4 88.33% 1 /e MER %, B9l T B
U B R M LA A3 25 88 RF R AS TE A S50 1l 42
AR Z IR A O 22 00 & 3 W AN ) 3 B2 A B T 1Y A

FEAG PR (15~30 m/s) FR8E 1, NB (1) 1 1 2% 0] 35
73.33%~88.33% , {H7E =53 (35 m/s ) M8, HfERf R 2
JEIT B 22 56.67% , 2% WIZ AR R X 1o 3 47 53 W PR AR 2
X AT BE S P A NBBSE 4 AE 22 ) A B0 Sy 1 7 e R 3
T ZER R in s B AR T AR SRR AE 2 18] B A DG
PRI T T NB B, S8 26 MR F .

SVM 7E 15~25 m/s 1Y PR3 FR 58 T 19 43 25 P fig AH X
R, HEHRAE 76.67%~90%. X1 , £ 30~35 m/s PR &
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¥ 3 2 BRI 4 4 1 I R S 365

T, R R R B 2 70%. 3% ] RE S KR 78 B ER BT
TR iz AT 38— , e MRS 19 SRR AE
ZEREAE /N R ESVM ME LR B A3 1 YL 1 5, AT R
T4y kRE.

A 347 4 B ) e 6, NB (%) 5 B e e, 29K
0.21~0.25 ms, SVM BYHEHLET [E] 41 T 0.23~0.34 ms, Ifif RF
PR B [T 55, M 1.56~1.62 ms. 45 NB i1 485 %
I B A R BRI T B 4 2 I (IR F R, 520 T
S FH 8 AT S

SCYG LSRRI, RF 76U 18 B BR T 3 e e
TERR 2R 83.33%~91.67% , HEFRINH 145 I 7F 2 ms L)
386 VANET BSER R . AR SCH S A AR e 19 AR
SR I A B IR AR, 7005 IR R o R
PR, A RRE 1 S TR AN [A]3E B A T YRR B AR 1)
AH EE NB A1 SVM, 1258 1 7 1 B PR 8% T A1 PR 55 A

JEUEW] T RS IV . MR AR Y s R R S LA
BEE T LA AR s R M, DD N AT L AR
AUk P, B 2T VANET Y38 (5 A 1k .
5.2.2 MEREENKSITME

(1) P47 3 2 i e B0 38 5 DA

P 5 o 11380755 Sk A i S S R i PR A S 5%
H K 5(a)~ 8 5(c) 53 59 3 7n A% i Fl 2 100 m 200 m
F1300 m (425 5 . Bl % T8 BB A 3G, A SRk
(ours) . VMaSC #.7% . Nhop F.1% . FMC-PMC 5.7k (GACC
SR P A0 S AR A R 5 R R R A IR Ay T i R
FA 3800 2 T B4 T RE BG4 22 R) ) % 4 T T
e D N TR = TS PR e AR VY (= f e e
M3, HHOCNET 53 1 7 Sk A= i ] S0 i g PR e 78
LB o), W HIE T HHO 5 Sk 356 5 5w ufe LA &
I A 1 AR

[—o— ours HHOCNET —*—— VMaSC & Nhop GACC FCM-PMC |
130 140 140
120 13 130}
110 120 1204
© 100} © 110 « 110}
% ,—k——ﬁ—\ % % L
b 9({\’\*\‘\+ % 100 & 100}
% so L& 90 & o0
70 80 80}
60 70 3 70[
50 60 60
15 20 25 30 35 15 20 25 30 35 15 20 25 30 35

JEPEPRE / (mes!)

(a) LA FE S 100 m P37 Sk A i ] )

TEREPRE / (mes™")

(b) ALHHEFE 7 200 m (1 T35 5% S A= A Jal 1

JEPEPRIE / (mes™!)

(c) A4 A 300 m - 1497 3k A i SR 4

5 S Hfk Sk A i A K 4%

XFHIE 5 (a) ~E S () T AR H AR SCHTE . VMaSC |
Nhop .FMC-PMC , GACC 5332 (1 5 3 A= i Jiil 101 I 5 A%
T L4 485 o i B4, 58 BH R 1% i 31 A B
Y A R A S R A B =2 [ ) L DA R T A Sk 1Y
Fae M. HHOCNET 53k (4 7% 3k A iy JR) 0 Al i % iy 71
FEL B fin s 4 T, (EL i Bh AR oK B ., 3% I (384 A% iy
Pl LA T SR W AR S [ 3 i R o e AT A AR A2

H LS TN, A OB R HLA g R Sk A A A
A A e AR SRR A oy IO R Y
AURERRRE Y 8 e W B AR 2 Aok, H
ARGENT A HA TR s L e R
JE T 5 Sk ARG T R Bt 2 RRR S A AR AR G RS Bl
e S 55 R I A R e A0S S A 7 AR A A /N DT 4

VMaSC 51l Nhop 572 189 - 359 1 3k A= i Jo] 109 422
T, PR A IS e 3 A T 22 Bk 416 i A Bl v A /DN Y a5

MRSk . VMaSC 83 Hl Nhop B9 A - 4 75 3k A= i J&)
WIS AK T AR SOk 1 - 38 A A TR, SRR 7E T VMaSC
A Nhop 53325 1 Sk WA 201 22 B 410 J v 6 B 1 o/ N )
S-SR RS sh M | R Sk A o R S PR A T R ] AR
XAGAF ST AR FRIME . FEASCRE e F Sk e v R
e T R S PR E A DA KRR A JE AR X RS Bl A
M Tk i E et

FMC-PMC B % 0 7% 3k 4 4w J& 3 % F VMaSC
Nhop #3 , 2R HAef ks Pt B v | A T i
FURS Bl RRR X7 B = AN IR 7, 3 22 R R i
A T Hb A Sk MO A E T . B A R &t &
Il S8 Sk B R A . IEAh , FMC-PMC B35
TES RIS, B AR I K 1004k I 4% T 6 i A T 72 B s 2
PHAE RIS, AR R0 R A L, 6 75 22400 6 REFE I
/MK B T RETE R AR D9 265 BEAE 7 T FR R 4, (H
KA REPRUE R Sk BRI e e



366 H, T

EE 2025 4F

GACC 1 A 3k A ARG, F2 28 ol T H 0%
DN B N Sl s 15y <R U8 S 7 S TR U B UK (RES
A5 N BT A T SR RO 2R RO R R A P IR R
JIN R NSO A B S SR RN A 5 A0 R R 25 . AU
AL BAR T, SR S 28 BT KRR (14 7 L 312 T f
ROW . SR, i T M 28 A b PR AR A, HLAE Sk R W Rr O
AU, A O B e SR Sl A R AL T B Sk A
Oy R (RS R 3008 . GACC AR 2 Hon &
T MR BE R L (B RE 5870 TR Sk IO RRE E .

HHOCNET 5532 ) S A i A 5 E L sh o
TR AE T HEET Harris Hawk (AL 0000 Z8h 7%

PR AR B R O T s s MR A A A D 1 R R R
Sk B0 7 B D3 B B X R A M AT ERT AL, R L Sk
W B AR AR R SR R e e, 3
YRR E AT AL S B BT X RS
R s i Sk A A L0 %) e 3

(2) VIR R 53 A= A JE 00 3 5 A

S $5) 5 J  A A JEL AR 2 SR A R 6 I . X T
A SCHE VL VMaSC 75 Nhop 515\ FMC-PMC 5.9 |
GACC B3k , 7 103 A= i i) 10 I o T s RISk 445 o o 3 v
FEAG . X5 F HHOCNET 557k | 7 il 0t A i i) BA A2 AS [R] B
TR ARG AR AER AR A Sk P AU E AL

[—o— ours HHOCNET ———— VMaSC 5 Nhop GACC FCM-PMC |
130 130 130
12 12 120
110 110 110
2 100 2 =
B S 100 = 100.
E 90 = =
£ & 90 i
£ ™ = =
= 30 = g
® 7 & 8 ;
60 i 70 70 \
50 60 60 J
40 50 50
1 20 25 30 35 15 20 25 30 35 15 20 25 30 35
BRI / (mes ) BRI/ (mes™) RBSIRE / (mes™)

(a) EHITEEE M 100 m A3 0 61 AE A R0 (b) AZ5VE RN 200 m B9 IFE R AL A I (c) AZHTE Rl R 300 m P45 A 5% A i J 38
Fl6 TR AR A i JE S 45 AR

XTI 6 (a)~E 6(c) AT LAE HY | AR SCR L A 1 A Dt
Az iy JE 09 Bt A% S DA B8 i 2 3 2 T, Nhop .
VMaSC ,FMC-PMC , GACC 57 76 3 K A& iy B T 7 1l
B A A T A 58 FE T, T HHOCNET 5% 1 % i b3 2F
iy JE I A% i 9 L A e, B T A 3 FLARR e e A

FH P 6 T 0, AR SO TR AR L oAl DU R L 2R 38 1 HLAT
R T A B D3 A A R AT L IR IR T AR SRR M A R T
PR SR (1) A A . B RS Y TR PR AR v ik
P — AR S IR BE I 5 LR R — N AR T SR
Bl SRS % S8 T A XS RS S, (A AR R T e S
PR R R E T R . A, R T L IR
W36 2% R T 0T AR A B B S R BE R E Y
ST 2 1, 7 R T 1 BRI ) B e YT L, e
J8 5 22 i R — AN R R

VMaSC 551 Fll Nhop 532 19 - X5 1 B 03 A= i Ji) 14
ARARL, MK T A SCREL | X PRI Ak 8 G T S AR X
22 BRI R (RSP R Bl B . AR, 7 2 A s v 1 XY
IR, R S 22 Bk Sk IR AR W T AN A
5, R L% B 53 S5 7 S Wi P 1 B A B DL A B k. 24
e 1 7% 5 A Sk T O 37 42 L BT AR AN AEAE B, 7

AT A R T H OO Sk L FEAR SR
Berp AN R AR R T e, ) TR B S R
Y FRE 9 AL Z (] A B BT, A4 8 5 L R B 7
FooE 9 AU IRl 0 Bk N A Ty A TR R R E
T D) R R LA Sk 2 a] ) 2 kAR JE O R R
AT RS T A A R AR AN, D I R AR T S 2 ]
NEAY SIS E B

FMC-PMC 537k (1 7 B 03 A= iy ) B 55 F VMaaSC Al
Nhop B3 , 32225 | A FINALES 24 PR A4~ 48 4%
S0 A7 et R 0 D) 2 A e M A e 2 W A A B AR A 8K
N5 INARS Bl P s B4R J 748 15 L , sk 2 e A A B X6 7
S5 P R ) 2 T RE A R DR A A S L SR, FMC-
PMC 5335 A9 7 B D3 A i R BRI AR SOk, B
KRR C H{E R 2 FCM B33k 3 T 31 Jg Ji E A7 R
25, FEUE R T AR SS H ARE ME . fEBhAE
IRBETT , SCPISOR M 1 5 1 D 728 S A, AT 4 et G
A A .

GACC H7: A HHOCNET 532k i 7% il 63 A i R 49 %
%, ELIE T EN LA B AR 0y BRAE . 33X PR B AR )
PO SANA R R . SR, e DR %



o2 M o

¥ 3 2 BRI 4 4 1 I R S 367

JEA R S L M S S ME AR . AESCBRR A,
8 KA X 3 B2 0 8 S 5 e R 2 ) 1 T A E T R
HOE YRR RS B, R ] R W T,
O AR TR . AN, i TR A R R
] REIASAE S PRz A T P I S 2 AR 1R 5

5.2.3 HHENX5ITEMH

PR E B BRI 25 R A T s . BEE S
LITREN BN = s X N =t N SR S O S o)
TR A i LA 2 2 ) B 2% ) O 2 42, DA ik 2D
TR .

| — o ours HHOCNET

VMaSC

= Nhop GACC FCM-PMC ‘

1 \x/’/"‘\—)

< <
] i
= 12 =
i

15 20 25 30 35
TEREHGE / (mes™)

(a) FEHRIEE 2 100 m YRR

AR SCEIE W RO AR > RIS TEFT A 1
fE VU PN, A R 8 7 B A KR R R = 2 T
Ho— AR SCR L A S B2 SR W 5 B T 7 B SRR
X —HE AR, P 2 e 6 A 7 A B3 22 4T s A i Sk s
T FEAR SO AR Y B RR Y R B S T S E R
TR A O 2B S, R A Lk
A0 e e Y SRR, BRI AR 055 . RE T
ST R G A5 S AR ) AR L U D T IS
I

Nhop 5532 [ 72 H0 it /N T VMaSC 3505 i e i
JE R E T Nhop B35 715 22 B9 Bk B0 L 9 T R R, 1
SRR A OB N S A L SR, 7E VMaSC
Bk RS B OB SRR LA X
ARG AE T o0 3 1) ) R ISR s 1T BB 3 U R/ T
T ffj 5. 22 Bk 5 19 Nhop LK.

FCM-PMC 83k B HIXT B £ (B & BEE 4240
R ) 1 1T 2 R L L X R T S T R
A R 25 BEAE T AL AL IS B Y . FCM-PMC 531 1 3 4k ik B
T % S S8 T T O . R A R B B A A A
TR FR BN Sk A B A A L [RIR RE LAk I 45 1) R
IR HR BT, InEE T CPU T g AAEIR . (R, Bk
T 3 9 D RS SR AT Sk B BRI S A

GACC FHHOCNET B35 B iR B 3 /0 , 28
F ek BAaMaErliligit . GACC B kit it
PR AR IS AT RO AN 801 pR 0 (R 7 KN

JEHRE/ (ms™)

(b) AEHTE Bl 200 m (5% K
7 FRECR AL g

5 20 25 30 35
TERERGE / (mes™)

(c) TEHTEIE 300 m SRR

TR R BRI FERE 4R S AHE , DO AR f 557k
A RS B R A 75 AU /D ) B . HHOCNET 5035 10
i 3 HHO B3k 4 il 72 WG 5% (4 20 A, B S8 T #R3k 11
5D Y ARE & WIS U BUR RIS I ARE& € SUMER N
B, B4 T 2 B 2 R . PR B R T R T
NTTES S 726 e S U
5.2.4 SEFHEUKSIEMK

I8 JEIR 1715 mi A% 1 10 il R 200 m Y5 B F 45 Fh
BV ITES . i T HHOCNET 1 GACC B A #F M
ZEAR 2 T) A A o T B AR B, S A I R L A SO
7% . VMaSC 5%  Nhop 5.1k \FMC-PMC 515 1) 73 # I
By . R 8 WA, BE T 5 B E A BE, 4E 4 B
ZHEIN . IO R R e G, 5 R AR M T R
T EHI AR A R AN B TR . e Ah , AR SO R
0 T 55 I 5 T S5 Pk 114 398 Jn A A B 4 B o R P 4%
VB T A SCRE BA 3w e

IR ASCEIR I RN . S —
JER PR AR SOk pr A A 40 2 BB L K s> T HELLO
BB . AR T TR R B
fir A HELLO 4 8 DA 43 2 Bk 2 Ji 5 3%, 1 il K= 1
HELLO /4 87 M2 &g . SRif  ZEA SCRAE b AR e
S JCTE ik HELLO 1 8., HUJ2 5 5Lk 4 Jm 15 mi sc i
HELLO Bl (0 LAEREEIFE . R 7 5% Kok A HAth R e
1A HELLO 3 8., U807 2 B4 4% 1 HELLO 14 844
B TN R R A SRR AR T T RBE L, AR



368 H, T

EE 2025 4F

I ETFHI%
w W oa
S & 3
\\
\
\
\
\
|
\
\
\
\
\
\
\
\
\
\
\
\
\

15 20 25 30 35
TERRPRE / (m-s™")

l ours VMaSC &
518 3 T AH 2

A A B8 R A ARE 1Y BRI , AR 2 Bk
PR . R n BN R 5 T ARSI 98 19 R
FHTMARRAGUE, N TFEAR T 0T
5.2.5 ELRETRHMLSITME

T A R L L ORI IR S X — A2

Nhop ——+— FCM-PMC ]

T, SCEG AR AN X FE Nhop 5292 . VMaSC 59 A CHE
PR R AL T ELRAS AT i g . B9JRR T =
Fh A7 T8 B BRI N 15 m/s F135 m/s AL T ELIR A6
T B B ATUL S (R A AR . pR AL 9 TR T B RS
R AT ELRAES T R L . X R NS
T RN, Y 05 22 8] ) 2 R A R A i, 3
2075 5 T I T I O 3 SO B A

XFHEIE 9 (a) ~ P9 () A AT, 76 AN [) 38 B PR T, A
SCE ) ELAR ST 5805/ T VMaSC #l Nhop H3% 1
ELARZS ST A8, 3% 8 A SCR LRI o0 10 7 A T s 1)
FasE e, 9T AR S ST . X535 T AR SCHE H AR
E T AR B R W A a5 DA BB A8 S P R A IS
PR Y SR T BB, 9T A S R Y R ) A
WGk Z B 4 22 Bk H T R AR . AN, AR S
AR ARAG I S B4 95 1l 5% 50 TR T 2 TRk Y A i 5 B
L RS SN G 5 A R B R R Sk T
FARD B ELARE

| 15ms - 35 ms |
40 40 40
35 35F 35
o 30 < 30 © 30
= = =
-‘-E[ 25 -‘-D' 25r J-E[: 25
i P P
= £ 201 = 20
$ £ 8
= =L X 15
= B 107 - = 10,
5 5

0 0
150 200 250 300 350 150 200
AL /s

(a) Nhop FiLiZAb T ELARZAS 1Y s i

0
250 300 350 150 200 250 300 350
BN /s

(b) VMaSCF A T ELARZSAY T S 80

AP [6)/s
(¢) ASCHEAL T ELARZS 1YY s i

9 AbT ELARZS AT S0 S

A5 B 2, % VMaSC #1 Nhop 53, AR SCHA
AR T PR ARG A0 T Ab T ELARZS 19 i 8 5 8
B PR A 1 0T b T ELARZS 797 s8R 22 BR8N
X FE AR SO R AE A [R) 4 90 5 B A A5G PP R ] L3R4
B E v, Ak B —E B

6 it

EEXTBUAT VANET 23 5 e Aa R PR A L 0 i T4
R IRV, A SCHR T — b 2 B[R] (9 VANET 23 7 55
% H e PR S MR E Y R R B, e
RSU ¥t A SRt e 2=, m X 4t 7 de o
PEIP2E, TFRG I 2R AE R 0 . AR SORF Sk 19 R
PR RGRE T A Y R P, DA FRT AR Sk B 2% I e O 4 iy
FRARENE . TEMEAE I R b, 58 T AE 19 B AR X B2 2

PEFVE 350 O SRR R 2P R T AR I O
T DR 72 Sk B8 A A0S BB R BT PR A L LR, AR S
P T —FoEr 948 R & BURE E LS, AR g T SR
Z: 5 HELLO {4 B % K AU e 17 i 5 BL6 2 ok B
g e 7 5 ) HELLO 714 )8, . SE86 8 0« A SCHRE A o
= DA VANET 23 S A e feoe 1 R 2 LA M oy
FETF RS S5 S e br b 0 3 i IR T Bk A sk
IE IR T HAE SR A 3 5w 14 1 7 .

S% 30k

[1] MILES J C, BT . B REACiE R g WM. £ A0 L
AU NRAZH HAEE, 2007: 201-203.
MILES J C, CHEN G. Intelligent Transportation Systems
Handbook[M]. WANG X J, trans. Beijing: China Commu-



2 4

¥ 3 2 BRI 4 4 1 I R S

369

—
O
[

[10]

[15]

nications Press, 2007: 201-203. (in Chinese)
LIMBASIYA T, DAS D. Secure message transmission al-
gorithm for Vehicle to Vehicle (V,V) communication[C]//
2016 IEEE Region 10 Conference (TENCON). Piscat-
away: IEEE, 2016: 2507-2512.
ALI KARABULUT M, SHAH A F M S, ILHAN H, et al.
Inspecting VANET with various critical aspects - A sys-
tematic review[J]. Ad Hoc Networks, 2023, 150: 103281.
ZANJIREH M M, LARIJANI H. A survey on centralised
and distributed clustering routing algorithms for WSNs[C]//
2015 IEEE 81st Vehicular Technology Conference (VTC
Spring). Piscataway: IEEE, 2015: 1-6.
CAMPOLO C, MOLINARO A. On vehicle-to-roadside
communications in 802.11p/WAVE VANETSs[C]//2011
IEEE Wireless Communications and Networking Confer-
ence. Piscataway: IEEE, 2011: 1010-1015.
ANWER M S, GUY C. A survey of VANET technologies[J].
Journal of Emerging Trends in Computing and Information
Sciences, 2014, 5(9): 661-671.
MUKHTARUZZAMAN M, ATIQUZZAMAN M. Clustering
in vehicular ad hoc network: Algorithms and challenges[J].
Computers & Electrical Engineering, 2020, 88: 106851.
AYYUB M, ORACEVIC A, HUSSAIN R, et al. A com-
prehensive survey on clustering in vehicular networks: Cur-
rent solutions and future challenges[J]. Ad Hoc Networks,
2022, 124: 102729.
KATIYAR A, SINGH D, YADAYV R S. State-of-the-art ap-
proach to clustering protocols in VANET: A survey[J].
Wireless Networks, 2020, 26(7): 5307-5336.
JABBAR M K, TRABELSI H. A review on clustering in
VANET: Algorithms, phases, and comparisons[C]//2022
19th International Multi-Conference on Systems, Signals
& Devices (SSD). Piscataway: IEEE, 2022: 444-451.
LATIF S, MAHFOOZ S, JAN B, et al. A comparative study
of scenario-driven multi-hop broadcast protocols for
VANETSs[J]. Vehicular Communications, 2018, 12: 88-109.
GERLA M, TZU-CHIEH TSAI J. Multicluster, mobile,
multimedia radio network[J]. Wireless Networks, 1995, 1(3):
255-265.
CHEN G, NOCETTI F G, GONZALEZ J S, et al. Con-
nectivity based k-hop clustering in wireless networks[C]//
Proceedings of the 35th Annual Hawaii International Con-
ference on System Sciences. Piscataway: IEEE, 2002: 2450-
24509.
BASU P, KHAN N, LITTLE T D C. A mobility based metric
for clustering in mobile ad hoc networks[C]// Proceedings of
the 21st International Conference on Distributed Computing
Systems Workshops. Piscataway: IEEE, 2001: 413-418.
ZHANG Z X, BOUKERCHE A, PAZZI R. A novel multi-
hop clustering scheme for vehicular ad-hoc networks[C]//
Proceedings of the 9th ACM International Symposium on
Mobility Management and Wireless Access. New York:

[16]

[21

[

[22]

(28]

ACM, 2011: 19-26.

UCAR S, ERGEN S C, OZKASAP O. VMaSC: Vehicu-
lar multi-hop algorithm for stable clustering in vehicular
ad hoc networks[C]//2013 IEEE Wireless Communica-
tions and Networking Conference (WCNC). Piscataway:
IEEE, 2013: 2381-2386.

BASAGNI S. Distributed clustering for ad hoc net-
works[C]//Proceedings of the 4th International Sympo-
sium on Parallel Architectures, Algorithms, and Networks
(I-SPAN’99). Piscataway: IEEE, 2002: 310-315.
WOLNY G. Moditfied DMAC clustering algorithm for
VANETSs[C]//Proceedings of the 3rd International Confer-
ence on Systems and Networks Communications. Piscat-
away: IEEE, 2008: 268-273.

CHATTERIEE M, DAS S K, TURGUT D. An on-de-
mand weighted clustering algorithm (WCA) for ad hoc
networks[C]//Global Telecommunications Conference (Glo-
becom’00 - IEEE). Piscataway: IEEE, 2002: 1697-1701.
DHURANDHER S K, SINGH G V. Weight based adaptive
clustering in wireless ad hoc networks[C]//2005 IEEE In-
ternational Conference on Personal Wireless Communica-
tions (ICPWC 2005). Piscataway: IEEE, 2005: 95-100.
SENOUCI O, HAROUS S, ALIOUAT Z. An efficient
weight-based clustering algorithm using mobility report for
IoV[C]//Proceedings of the 9th IEEE Annual Ubiquitous
Computing, Electronics & Mobile Communication Con-
ference (UEMCON). Piscataway: IEEE, 2018: 614-620.
ZHAO H T, TANG J W, ADEBISI B, et al. An adaptive
vehicle clustering algorithm based on power minimiza-
tion in vehicular ad-hoc networks[J]. IEEE Transactions
on Vehicular Technology, 2022, 71(3): 2939-2948.
KENNEDY J, EBERHART R. Particle swarm optimization[C]//
Proceedings of ICNN’95 - International Conference on
Neural Networks. Piscataway: IEEE, 1995: 1942-1948.
HEIDARI A A, MIRJALILI S, FARIS H, et al. Harris
Hawks optimization: Algorithm and applications[J]. Fu-
ture Generation Computer Systems, 2019, 97: 849-872.
MIRJALILI S, MIRJALILI S M, LEWIS A. Grey wolf opti-
mizer[J]. Advances in Engineering Software, 2014, 69: 46-61.
GOLBERG D E. Genetic algorithms in search, optimization,
and machine learning[J]. Machine Learning, 1988, 3: 95-99.
SHAHZAD W, KHAN F A, SIDDIQUI A B. Clustering
in mobile ad hoc networks using comprehensive learning
particle swarm optimization (CLPSO) [M]//Communica-
tion and Networking. Berlin: Springer, 2009: 342-349.
FAHAD M, AADIL F, REHMAN Z U, et al. Grey wolf
optimization based clustering algorithm for vehicular ad-
hoc networks[J]. Computers & Electrical Engineering,
2018, 70: 853-870.

ALI A, AADIL F, KHAN M F, et al. Harris hawks opti-
mization-based clustering algorithm for vehicular ad-hoc
networks[J]. IEEE Transactions on Intelligent Transporta-



370 FH, I % 7 2025 4F
tion Systems, 2023, 24(6): 5822-5841. [37] CHEUNG E, BERA A, KUBIN E, et al. Identifying driv-

[30] CHAROENCHALI S, SIRIPONGWUTIKORN P. Genetic er behaviors using trajectory features for vehicle naviga-
algorithm for multi-hop VANET clustering based on co- tion[C]//2018 IEEE/RSJ International Conference on In-
alitional game[J]. Journal of Network and Systems Man- telligent Robots and Systems (IROS). Piscataway: IEEE,
agement, 2024, 32(1): 9. 2018: 3445-3452.

[31] MYERSON R B. Graphs and cooperation in games[J]. [38] SU Z Z, WOODMAN R, SMYTH J, et al. The relation-
Mathematics of Operations Research, 1977, 2(3): 225-229. ship between aggressive driving and driver performance:

[32] QIGQ,DU Y M, WU J P, et al. Leveraging longitudinal A systematic review with meta-analysis[J]. Accident
driving behaviour data with data mining techniques for Analysis & Prevention, 2023, 183: 106972.
driving style analysis[J]. IET Intelligent Transport Sys- [39] VAIANA R, IUELE T, ASTARITA V, et al. Driving be-
tems, 2015, 9(8): 792-801. havior and traffic safety: An acceleration-based safety

[33] ZHANG L R, LAKAS A, EL-SAYED H, et al. Mobility evaluation procedure for smartphones[J]. Modern Ap-
analysis in vehicular ad hoc network (VANET)[J]. Journal of plied Science, 2013, 8(1): 88-96.

Network and Computer Applications, 2013, 36(3): 1050-1056. [40] BREIMAN L. Random forests[J]. Machine Learning,

[34] ZHENG J, TONG H, WU Y Y. A cluster-based delay tol- 2001, 45(1): 5-32.
erant routing algorithm for vehicular ad hoc networks[C]// [41] CAMPANILE L, GRIBAUDO M, IACONO M, et al.
2017 IEEE 85th Vehicular Technology Conference (VTC Computer network simulation with ns-3: A systematic lit-
Spring). Piscataway: IEEE, 2017: 1-5. erature review[J]. Electronics, 2020, 9(2): 272.

[35] WENZEL T P, ROSS M. The effects of vehicle model [42] UCAR S, ERGEN S C, OZKASAP O. Multihop-cluster-
and driver behavior on risk[J]. Accident Analysis & Pre- based IEEE 802.11p and LTE hybrid architecture for
vention, 2005, 37(3): 479-494. VANET safety message dissemination[J]. IEEE Transac-

[36] LIZ P, ZHANG R, XU S Z, et al. Study on the effects of tions on Vehicular Technology, 2016, 65(4): 2621-2636.
driver’s lane-changing aggressiveness on traffic stability [43] CHEN Y Z, FANG M Y, SHI S, et al. Distributed multi-

from an extended two-lane lattice model[J]. Communica-
tions in Nonlinear Science and Numerical Simulation,
2015, 24(1/2/3): 52-63.

1EEEIT

5 ® L, 199943 HA TR . 8
RARACR A HURL 2 5 TR 2 e L 5T
A RS 5 ) S JCERGE [ £ TR
E-mail: 2410822@stu.neu.edu.cn

WRE @, 973 FESAMETUTS. 3
RFRACK BN TR B2 A
W F RS T ) S RS A BRI A
Bl B H SRRV I R S R
HL 2422 D45 - E1900358 15M.

E-mail: yangxc@mail.neu.edu.cn

E & BOONRFEIHABETITY.
R AR AL K 2E T LR 5 TR 2 e Rz Tl
I wAch = [ o8 1| Sl [ = RER 5 1 T
T A AR AL B 3 RS

E-mail: binwang@mail.neu.edu.cn

hop clustering algorithm for VANETSs based on neighbor-
hood follow[J]. EURASIP Journal on Wireless Communi-
cations and Networking, 2015, 2015(1): 98.

REEEF P, 19834E 12 A HAETFILTH.
PR AR AR AT RALRL 2 5 TR 2 g B B2
T A S0 . RS )5 1) 2 5G e BSG Ikl
15 0 28 T2 B 22 A7 W 45 . D2D JC Lk A5 ¥
2% INHITCZ W24 JCZR I M 245 . L T2
22 RS E190158661M.

E-mail: songxiaoshi@cse.neu.edu.cn

R P, 19884F 1 A AT BRI .
BUAZRAL R 2T BB 2 5 TR B Pkl . 3
RS DT 10 BAEE B R BE A

E-mail: lifaming@mail.neu.edu.cn



