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Dynamic transmission range-based multi-hop stable routing in
vehicular Ad—Hoc networks
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(College of Electronic Commerce, Beijing Open University, Beijing 100086, China)

Abstract: Data transmission is the basis of Vehicular Ad—=Hoc Networks(VANETS) for traffic safety.
The movement of vehicles, the attenuation of signal transmission and the interference between each other
have important effects on the reliability of the link. The Dynamic Transmission range-based Multi-hop
Stable(DTMS) routing is proposed, which takes into account the reduced transmission distance due to
attenuation when selecting the next-hop forwarding node. Firstly, the dynamic transmission distance of the
vehicle is estimated, and then the connection time and distance rate of the link are estimated based on the
dynamic transmission distance. The weight of the neighbor node is calculated. A timer is set based on the
weight information of the node to generate the next-hop forwarding node. Simulation results show that the
proposed DTMS routing can effectively improve the success rate of packet transmission.

Keywords: VANETs; multi-hop routing; transmission range; attenuation; next-hop forwarding node

VB Ry 8 755 30 e 28 A B AT R AR, BRI (VANETS) A EHE R 52 % 1) 2 M., VANETs A 2 2K f5
%M {5 (Vehicle-to-Vehicle, V2V). Z-J5LAl 15t 8] 38 5 (Vehicle-to—Infrastructure, V21). 44 i 42 48
JG(On-Board Units, OBUSs)-5 Hfth 4= 4 55 ¢ 00 20 1 A7 38 {5 2.

W VoV M V2l S, FWRARE G R, SR m AT RACR AL . BT R R R 8 LA K TE 2 A
MR, B H B VANETS B 5T #1k .

BUAF 1) 22 H00R0 0 % R 5 W T 8 R AR R B (5 B SR B H , R RIS E A R BT, EHOIFRA %
JBAE S RIRU . VRSN R . A A )RR A AR R e AR R AR ik 2 MBI T LR 3 Al
Bee 1) AR EEN {5 5 5R E (Received Signal Strength, RSS)fs T 1 19 BIME , W TA S mg 2 b 42 05 1 B4 40 4
2) ZERH A AE G R BE A s 3) AR B B A9 RSS B2 AH R Y .

SR, X B i 5L PRI EE I RS2 2 MAT . VANETs W45 R85 N7 7E B ) DA K G i RS sl ik, ik s i

R HER: 2019-12-20; f&EIHHA: 2020-01-06
HE&TIH: 2018 FHH M 225 VEUNRE A% B H (201802112002)
EE®IIY: BATIN961-), J5, Wit, FZERFEITm A3 TR . email:zhong_yanyan@21cn.com



621 PATINE . EENPEFISEHEESNSREERH 518 %

A BE S WM S A AL B . TR 5 S T RE ROk B R R A fL B AR . BFSE R, Nakagami 3 7% #R IO 5
VANETSs W45 7355 5] .
BEAN, R T A AV B A B, R R S PR A 300 m, AT 2 Bkt A RR R B L T =
Hi . b, anfare £ — T Bk & a5 2 al ok i) 2 22 Bk B i i) G
b, P S A AL R R 2 BB (DTMS) I o %dj*ﬁﬁfri%ﬁﬁu*ﬂﬁas FEAR LB JE T A AL
B, fJa, BT —Bi ka8, smm 2B e tEae. (S EERY, 81 DTMS Bl A sk
Hh AR TR A AR

1 DTMS ¥&H
1.1 E@SEHEBHMEIT

AT s A R RS, nT AR e A T BE RS E PE RO MERE . BT Nakagmai BT, I BUE B 49
ki R . & B3R B He WOk £ A AR

P(d< r):exp[—3(%J2](l+3(%T %GN (1)

AP d R R S TR B 5 A 0 £

W R TER B R RSN, I, 1 A5 BN ) B R B B 0 BB R B PR B B
d AR e, FIRERLAS B 2 B ARt (L)R d .

PR SCHR7-81E S, 45 05 FEHRE B R, 52 SUoh P 0 B B 1 49 (8 B[] -

R =E[]= [P (=< r)d: - I0+wexp(—3[§jzj(l+3(§Jz +%(§Tjdz @)

AR L BB 1 AR T BRI BB, Wi, RSN Q)RA R, 5 r KR
R=r(l-¢) (3)

0 o =1 [ enp(-x) et o b Fa Bzt BECE BT RIS BRI

1.2 #EREIIRERE

T v P AR E M, R B 00 R S I R YRR AT A T o B O R SR ORGSR B R,
W EY R EA S, AT FR A G S I B ek i ) il ), E NS (4) P

_ \/(“5 +ej )RS~ (ayd; ~byey) (b +eyd,) (4)
hr= a+c:
i Y

K. aq;=0,086,-v,0080, ; b;=x,—x,; c;=usiNG~v,;siNb,; d,=y,~y,; (x,.,yl.),(xj,yj)é}j%ljﬁ)jiimlglﬁﬂi
WG A E AR o, 0 5 RS S (AT B s 0., 0, 43 5 D AR 9 RN A 9, T Il £ .
MR SCHR[10] 09 /280, ) FH i K50 R B0t B i 37 i I ] A7 05—k

S, =1 exp[ ZE'j] (5)
e Tp

A T, F60R B A% 3 I 1]
2 BEEZXR

i % 110 372 30 ) LR B T R RS E R . Dk, B B R 2 A BR AR R, 3 T AR AR BN A i 1 B AR
4 D, RS B AR, HoE L= (6) s
_ Min(d, ;,R!)

M Mm(R; R;) ©)



55 430 AMERZSBEFEREFER 622

A d A58 AT RSS (E I R4S BV BS540 S T BE RS s R R/ AFHIRTT A0S W & A BGREIERS s Min(:)
Fm WU/ ME

3 TRANE

BRI EAE A Dara , AR A CMAE(E . FHKYE A © AU (B 38 9 8O X8R & Data 19T — B#e
RN BRI, BOE WA 9 T % 7B Data, , 8575 59, € N I HTEE B% ) 7 18 R FI I B AR A 2 1Y
&R

W,=axT, ;+(1-a)xD,; @
A NG B —BRAR R R o AL T

4 ETFCBFINT—BELZTRHT%

- F 3595 & (Contention-Based Forwarding, CBF)Mr=i: N —BkA: &35 5. 40 CBF 2 IE & T itk
HBEES AR . DTMS B R sh A MG R R . 45  Se T A L i s, e T —Bhis &y A, %
JEAS T A AL Y S

WA G T B AL Data, i, ABJE N 9 e N, — B BB, AS A C A SE MR R . [
Wb, 5059, Wi Data, 548 A5 0 B B BT 40 G (A7 R0 S BE RS O S 7E ) B B s i, B A C oA R i I R
WOAE T TR) o TS, T AL o e R

TR, == (8)

Kb RNV RS 1 R AR s R AE S,

MO BB R . AESEPRIEE T, R 5 R P IR A

| 9 555 ‘9/ 7] 4 B I AS X FR node #; sends a packet data,

neighbor node 6; receives the data

LA T R L AT RO (i
T L R R T4 B O
AR RS L 05X (9) T 4

T, = Towx(1- W, )<(1-TR)) (©)
R T, Fe I K %5 1 ]

discard this packet

node 6, determines whether

5 %I EI:E 'ﬁ? Eﬁi}zﬂi -*% it is the destination of data

transmission

>
WS TR, BT R BE A Data, o UL Y

set timer

TE@JDQWN A ACRENEMT S, H2ED according
L R SE R T R £ o

HHOREHOT S, T s RN T — B %
B SRR () BN Y, TR R R R, TR
7 A R R RO L — ELR I S A S R T
Data, , WK ER . BN, MK EHEE, —HER
52 EE R RRCRAL , AN 1 B

whether to listen for
packets relayed by
other nodes

6 'I‘i LFJ\!I?. ﬁ 1:)? transmit packets v
6.1 FEINE end
I NS-2.33 #fFAESL S0P A, 5147 DTMS B it Fig.1 Packet anefer process

v e ) . 1 Fs o & i e
fe. R SUMO B Pk 7=t A2 3 3 e BCHE . SUMO 4K 14 L



623 WATINGE . EEENFEFHISEHAESHNSRBAERH 518 %

THWATIOR A . B o) A A . BT OMNET++F & 40 M B0H0 15 i i 1 i o

2 B 1 4 T8 1 R el A BEAE MG B i, AR E N 10 km, ZE4E 100 #~900 #7481k . H N 5 %L
L 20% 00 R A R, XA R 5 MR, HAE KA K/NA 512 kB, P E BN
2000 s, HAR P ESENER 1 iR,

BeAh, T EEHLAYHT DTMS B heE, EHFETF *1EBH

T g ik k)T 3% U £ %K % (Contention-Based Forwarding ________Tablel Simulation parameters

o e e o simulation parameters value
Broadcast, CBFB), LASCHR[12]4& H} 1) JE T BOWT 2 ) #5 41 maximum
5 4 5K W& (Fuzzy Logic-based Broadcast Scheme, FLBS)HI 3 ,;‘.’S;‘Q?C‘eﬁﬂ?;}m 30
Bk [13] 42 i B BB H OIS N )T #E SR B (Intelligent-hybrid da;f;fa';:j%;’? o2
Adaptive Broadcast Scheme, IABS{ERZ M, i EA1H MACIPHY agreement o802l
ﬁ*ﬁ@%iﬂ"ﬁﬁiﬂ]i& f&*ﬁ@iﬁ?%%ﬂﬁﬂiﬁ‘ﬁﬁgo simulation time/s ’ ’20’00’ '
6.2 HiEHH
6.2.1 Hdh 1% 4 il 2h

/I G A A A RO KA B A% D ARG R, RO oo

100 $%~900 A8k, NI 2 "I, Bl AEREC B A BT 4R . 098

THECE LA S T A, (B Y RO I #) 600 WS . B fg © 096

i B T A BE A A B gk sk B, X R A g 094 ‘._&-"H
2092

o BRI, R AR T T R AR E . EY A 3T K
§0.90

ERINE —E %R, Bk S, v BE R B K T L £ g8 e=—gm—CBFB
T T 0 1L 1000 0 K A % oss e
Bk, AH LT B IR A F 3E N 5K I (Intelligent Hybrid Adaptive 0.84 DFMS
Scheme, IHAS)HI CBFB, $ifiy DTMS it it AY R0 € fckin i ) o6 100 I 200 I 300 I 500 I 700 I 900I
RAGF AR FETET: DTMS B % 58 717 s A& 5 i 2 1 number of vehicles
A5 Yo ) 32 3 I P S0 L KA R T R I e el 2 B e
0.45
040 |- -1
2 035
g 25
5 0.30 g
é 0.25_‘=A=*=@ o 20%
5 O'ZOﬁ"é.:t S 15
2 015 —4— CBFB g —§=—CBFB
3 —J—FLBS 3 1 f=FLBS
§ 0.10 +|HAS = 5 +|HAS
0.05 i DTS —=— DTMS
1 1 1 1 L 1 1 1 1 1 ]
0700 200 300 500 700 900 100 200 300 500 700 900
number of vehicles number of vehicles
Fig.3 Packet retransmission rate Fig.4 Throughput
& 3 Hdlafu d L & 4 Fnk

6.2.2 B4 AL %

¥ 3 W7~ T CBFB,FLBS,IHAS Hil DTMS % M 980 L A2 38 . DRI, A3 B30 A8 Ak 0 454 40 5 4% 28 11
IR AR K. HAT CBFB i 1 1 8048 0 5 A% R 44 i n =2 - Jha %, sbsh, M T 1ABS 1 CBFB 54 1%
B mS, FEH A DTMS [ i A9 B8 40 5 14 b J2 3 R T I 0.05%F1 0.1%. X FZREH M. 1ABS il CBFB i &
AN HIEAL . T FLBS B W E AL R m, HHBE AR R B R &Y. XU, FLBS Mt 2mEr
L 3R U 1 B B L B R T
6.2.3 77 It

HJA, 0 DTMS B ki vkng, DI PG H 7 BRI rkfE. K 4 W/R T CBFB,
FLBS,IHAS Fl DTMS B H B9 FF ki o AL 4RI, G240 85000 385 I Xor 45 Bt 1 5 ik 1 9 52 R R K . 78 2 AN
100 ##i~900 WA fL}WiE], CBFB,FLBS,IHAS 1 DTMS % 17k 8564 R ERE . T FLBS B WL
WAL T R, ERAE RN E T CBFB,IHAS fl DTMS.



55 430 AMERZSBEFEREFER 624

7 £t

BEOOF AT I 0 KON A TR R, AR R T S S AL R R i Z Bk AR E B% th DTMS. DTMS i 25 J& 2] [ B £
Yoo AR A AR R B AR, R AT S A O F R o R, e B A A S I A S IR, M
TSR, AR AR R AR T B A . D ERR Y, SR DTMS i i A A R = 1 8
ERESUE PRI € TR o 8

5% 30k

[ 1] B2 5k, M MR AF . EBM b V2R 38 {5 2 38 45 lic 5K W [J]. 2018,16(3):516-521. (HUANG Xuewen,WANG Guan,
ZHOU Shengyuan,et al. V2R communication power allocation scheme for VANETs[]]. Journal of Terahertz Science and
Electronic Information Technology, 2018,16(3):516-521.)

[2] SIRMEHNE. VANET 5 8%t BpU 3 #r[)). 815 244R, 2016,36(Z1):75-84. (WU Zhenhua,HU Peng. Analysis on VANET
routing protocols[]J]. Journal on Communications, 2016,36(Z1):75-84.)

[3] FBfR. T RSSI A ICL M 2% 52 v FRWEFE[D]. B 5 AR REE, 2015. (GUO Chen. Research on wireless network location
technology based on RSSI[D]. Nanjing,China:Southeast University, 2015.)

[4] Z=HLWN. Ad Hoc I 4% 452 3% £ v iz dh7H B wh 28 A B 55 (D). 90 FH -2k BE G %5 A K K 2. (LI Kaili. Research on flood
message conflict in Ad Hoc network path selection[D]. Shenyang,China:Shenyang University of Aeronautics and Astronautics.)

[5] e s 2, e, AN AT BPERE I T(I]. AIREIA, 2017,57(12):1363-1368. (CHENG Feng,ZHANG Guoan,
JIN Xilong. Performance analysis of spectrum sensing in cognitive vehicular networks[J]. Telecommunication Engineering,
2017,57(12):1363-1368.

[6] ZEF A2 S HH. LT W40 S R AT T R 45 SR D] THEAL A, 2017,34(8):23-31. (ZUO Yuxing,
GUO Aihuang, HUANG Bo. Power control algorithm based on network utility maximization in Internet of vehicles[J]. 2017,
34(8):23-31.)

[7] ABADA D,MASSAQ A,BOULOUZ A. An efficient next hop selection scheme for enhancing routing performance in VANETS[]].
Information Systems and Technologies to Support Learning, 2019,56(111):25-36.

[8] SABRIM H,MOHAMMED M K,WAN T C. On connectivity analysis of vehicular ad hoc networks in presence of channel
randomness|C]// The 4th International Conference on Internet Applications,Protocols and Services(NETAPPS2015). At Cyber]aya,
Malaysia:[s.n.], 2015:45-51.

[9] MRBI R =4 T HERH &N B A9 30 Ad Hoe FIZEEE 1], b [ L7 BL22 BF 78 B 4, 2019,14(2):178-181. (LIN
Yong,SONG Sanhua. Link expiration time-based routing protocol in mobile Ad Hoc networks[J]. Journal of China Academy of
Electronics and Information Technology, 2019,14(2):178-181.)

[10] BENSLIMANE A,BARGHI S,ASSI C. An efficient routing protocol for connecting vehicular networks to the internet|J]. Pervasive
and Mobile Computing Journal, 2010,45(8):123-128.

[11]  BRMUEE. 22k B W 2 405 BRSO IE 01 58 (D). BUIH W7 K 2%, 2017. (CHEN Shuqun. Congestion optimization
method for safety information in vehicular AD hoc networks[D]. Hangzhou,China:Zhejiang University, 2017.)

[12] LIMOUCHI E,MAHGOUB I,LALWAKEEL A. Fuzzy logic-based broadcast in vehicular ad hoc networks[C]// Proceeding
IEEE 84th Vehicle Technology Conference(VTC-Fall). Montreal,Canada:[s.n.], 2016:1-5.

[13] LIMOUCHI E,MAHGOUB I. Intelligent hybrid adaptive broadcast for VANET[C]// Proceeding IEEE 7th Annual Ubiquitous
Computing,Electron.Mobile Communication Conference(UEMCON). Warsaw,Poland:IEEE, 2016:1-7.



