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Abstract:

The multi-path transmission is an appropriate transmission method for high data rate packets like video streaming.
To provide video streaming with high quality, the video packets are divided into different frames for transmitting
through various paths. Nevertheless, regarding the results of numerous inherent features of vehicular ad-hoc
networks (VANETS), designing an efficient and stable routing protocol is difficult for various applications of
VANETS. In particular, the dynamic nature of topology and intermittent connectivity make maintaining the quality
of service (QoS) task very difficult. To provide QoS to entertainment applications and traffic safety in VANET,
we offer a routing protocol based on the adaptive intersection with QoS support regarding delay, packet delivery
ratio (PDR), and connectivity probability. To establish the best QoS routes, we considered the equivalent routing
problem as the optimization problem and then proposed an algorithm based on ant colony optimization (ACO) for
solving it. Furthermore, a fuzzy logic-based algorithm was employed to select the best next-hop vehicle by
incorporating multiple metrics associated with the vehicle’s position, link quality, and vehicle mobility. According
to the simulation results, the proposed approach achieves the average PDR of more than 84.2%, the end-to-end
delay of less than 3.58 s, the overhead of less than 15.65%, and the peak signal to noise ratio (PSNR) of more than
20.82 dB. It is understandable from the result analysis that the performance of the proposed approach is excellent.

Keywords: VANETS, video streaming, QoS, multi-path routing, ACO, fuzzy logic
Received: 20 December 2020

Revised: 31 December 2020

Accepted: 24 January 2021

Corresponding Author: Dr. Ahmad Khademzadeh

Citation: M. Vafaei, A. Khademzadeh, M. A. Pourmina, "A new QoS-based routing protocol for video
streaming in VANETS using ACO algorithm and fuzzy logic", Journal of Intelligent Procedures in Electrical
Technology, vol. 12, no. 46, pp. 49-68, September 2021 (in Persian).



http://jipet.iaun.ac.ir/
https://dorl.net/dor/20.1001.1.23223871.1400.12.2.4.2

FA-PANT e el /s g Joz oyleds [003190 Jlo /5 Crin 40 Jiadign (sl g, 4 il

[2) 20.1001.1.23223871.1400.12.2.4.2

g5 Al

Sibwlye Glp g pw CotsS g (St duoe DU e SS9 S
SH el sleoliiwl b 295995y (69590 (LBASLL jo g1 9
S Ghiw 9 K g0

Shaiisls “L;.ﬁ.o)% ke doze Sliwl Fosljeols wesl (g TS (gemiiils ! Slig dexo

U‘)J‘ ‘u‘).e‘a s‘sn)l.w‘ é‘)] oKisls “_JLD.».CJU 9 [n9lc \.\>‘9 ‘)—’5—‘-&40[5 9 df s&u&n LS”)W oaScialy -
mohamad.vafaei@srbiau.ac.ir, pourmina@srbiau.ac.ir

Ol el s ol plore ildass 35 0 -Y
ahmad_khademzadeh@yahoo.com, zadeh@itrc.ac.ir

ssbeds Cewl mrang (lalz wle Vb ools Cas s b (pladins (sl cenlio JUT (Bg) G 0 0mne iz JUiil oS
L g oo il il sl 8 4 Dglitte (sl ne 5 JUEU) (T (g Slodinn b oS b g s3lopl >
@lr s sl 5 0ol (olyees US55 S ALk (255085 O 5950 SoaSed SIS Gl S 5l sk (Sl 2]
eSSl n bl glaoakad 5 Sidng shp Cudle (o> jsbas S oo e aSid (nl o s slas )8
O 8990 Sl (3 Sl O)l5e 5 (0,5 p SlB3 ) S )3 g pe CebeS el Sl WS (oo Jleds Jlene 1) g
Jlail Ll g dns hgos €55 3B )15 5l gy ColeS 0 2295 b @bl (e (2l omne SS90 S Lo (295095
Slotinge dltae ploieds ) abg o (ol e Altns gy CobS e b (20 e Sl jelateds mroges Sleidey
2 e wsSI Sl edle madged sliiny Ol U sl 0290 (5l (e pR sl G g 8,5 Sl 0
g S5 Joe g S SudS 9,095 SaaBge (38,5 Sl 50 b gum a5 Al alewy e Sl ol 658 Bhlate
Ll b wao o AFIY 51 e ais bood 55 oolpadin i ,sNl (silodncd ol a4 a9 b .ol ouls slpainy adss
23 oo Bl b aws Y/AY 51 oy i ay JUSew diion 55 9 0o )0 VOIFO 3l 1S )by sl Y/OA 51 eSS Ll &

el D93l 3ty P9, 9 Shes oS wa3 o0 (L @l Jelod g 425

SHS 10,985 0 yume diz (b s gy CotnS ey (S3lo b (295995 G (60,50 SlBaSl guals wlals
&6 Ghie ((Bs 90

VWA allie Jlw,l gu,b
VAN )Y allie 6,553 Fu b
VWA V-0 il b pdy gl

ool3pals daxl 2S5 1 Jghmo (GO g5 pb
) Sl Slai 35 - o 505 b el -5 ) s (G0N 98 LS

(9


https://dorl.net/dor/20.1001.1.23223871.1400.12.2.4.2

Lo )51 (edasms —oaljpals daxl = SBg dosrs [ o i (ol yunn JSSg SO

doddo -

§9550 S (55108 WS s (6 JUESI g B (sl g yos5 po 1) 055 (o 5l (i ol 8l 0395l 45 l 4y azgi
S g5 ol Sl a az i b S sl J&5 5 Joo s 5 (S5 CoteS Sguge ) (il 4 G Wl o (219,095 (e
5 o jlaslinl cogad b Yoamie VLI 108 e 1228 Jlu 40 o] slagaiejls 5 gy amws 51 Slain slp g
ST 95995 et slaaSed 5 s sal> po Slos Tosle LS i g b bag o9 bl sl 3 Wb sl
SS9 6350 w05 JaS5 T polaizl 050lisS bL3,1 gl b ool )l o luibinl cugai b oS > ol a5 o8
S sl Sopd Y 5 Pl o yind JyiS Y g5y p o] 35 ped 45wt IEEE 802.11p o bkl DSRC
5 05 o Sl A e oS > el j0 yiegleS Yoo b e su b lag 055 o] 4o 45 lalae 5| DSRC/WAVE
6330 SBASLE IS o wilp 4l 1o CelKe YV B Y o glodls # 5 b1y sze Ve e e B Yo e bl cinbs ey olSl
sl 1) Yool JLS" ol Sliazs b g)055 5 79,095 b g)055 slabl )| gl camol, glsal 5l oslitnl b (29,095 o
Dv] sl o

chliseo (glos IS diej ) (58L5 wilsd Wl e (29,055 2 52050 SRASD (59, 2 [F-Al M gs 5l Sl )13
50 Jlise lgreay aiS SS Sl g g ksl 8)lee jo ilgi co gidus Wosl>  cel 0jlge jo il il a4l g45 ol
Syge Sog3s> (sly 5 0ol s wimo )3 ;> (e 093 Lawgs Wl oo WSl Jore Sy (S, gl 59 pln
OBl S jo 1) 5 osie Skl oy Sl 7S )8 09h esliw B 89 £l )o (Slujolasl slag 093 wiile Hlas
057 s Ol Se B aS (oo pal b oasly Gl 1) p3¥ SlMbl S g e 5090 GLLS Sl gy S ms e )8
30 S M g o3 e ams o Ul e ply s Cond jieS ey po 1) (s i ledlbl a5 ol (pl sadig (S
ssboler & sla Slog)S o sy by o0 s nas gliles Jlulss ol ol g0 )ls (o) e sloo 1S
et B g Pl 8 ol b bl el o 51 £55 cppciz Lol el o 00l L (1) UK 40 o

£ \"\ct\\teS

Grov?P -

[V] MPEG & jlasticwl 30 ygbai 3l 09,5 S sLisbu (1) i
Figure (1): A GOP structure in the MPEG standard
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Figure (5): Fuzzy membership functions for input variables (a: DF, b: MF, and c: LQEF)

Table (1): The fuzzy if-then rules

3L olgd (1) Jgu

&3 iy 3p SO oS S 2 alols olgd
Se e ] Sy )
yes by Sy Soop \

Jse JB 28 & Sy Soo3 v
<8 < bgie S0y f

Jsd 6 bgie bgie S0 o
& ke g Sy 4

Joe3 JB 22 o & o3 \
& o & S5 A

& ks & & S0 )
e e ey | Lwgie [
Jsd 6 bsgie - bsgie )
&N &~ aiwal bgie \Y

Jod JB s bgie Lwgie W
Jod BB e Ly bgie Lwgie \f
& > bgte byl V0

% < & Lyt \$

& bgie & e v

% b & & bgte A
Jod BB e s sl 9% A
e Lugie ey 499 Y.

& sk & winal 93 T
& w5 by 9% vy

= bgie bgie 593 Yy

& b= & bgte 299 Y¥
% o & 29° A

% ke g & 90 Y#
% k> & G 598 Yy

)




FA-PANT e el /s g Joz oyleds [003190 Jlo /5 Crin 40 Jiadign (sl g, 4 il

1 VeryBad Bad Unacceptable Acceptable Good Perfect
\ , /’\\ \ i
\ } / \ /
\\ / \\ i
08 \ /’ \ 4 AN
\ / \ / 4
\ / \ /
\ X / \\ p \ %
06 r \\ / Ry 7 B
\ /’ \ J
7 A 7\
3 a /i 7
0.4 r % / iR 7 ) 1
/ /
\ / \ \ iy \
\ / \ /
\ 7 \ /
02 I \\ / \\ / )
/ /
) 7 A !
\ / / \ /
0 \ ; \,
0 0.2 04 0.6 0.8 1

295 Cogias @l () JSb
Figure (6): Output membership function

5 WS o S5 5 e S (Frh g 28 Wb ol 4 a5 e caz 50 g0 B Jiles & @i e 28 drinl
g se 48,5 Ha )3 V2 9 Vi L plpy i 5 4 b 90 cnl (sl 4l hlug See e

Packet delivering direction Westbound

V,
— I

Eastbound

235 Cogas b (Y) S
Figure (7): A two-lane road segment scenario

Jlail Jia| Judxi g @ i -V -0-)

s auS g0 S o e Sy j0 a5 Glagp0e5 L 1H)AT Slblal ailed g0 S i 4l Loy cad b 90 gy L G jo
ool 5l s G Jlas! izl oy sl Sz 90 2,0 &S o e po adi blug o aildb s 3 sl uled ol
O S wiile Dyge il jo el fate 95095 90 o bLI L ail ails (18 Slube go0game jo SG (] Job
ol bl @‘)’l’“ odgaze 5l 51,8 ST Jobo el ool ools ylis (V) JSK& j0 aS jeb e Vs g VI (65,045 g0
Jleiml 358 s a3 azgi b oy (e 51, SIS (pl alles o0 0l o0 &8 o e Sy j0 a5 adi blug 05
(6] Nl oo Cawsts b lj 5 li qbolis g0y ool 5l ise SO Jlas!

PC(ey;) = ¢ (V%)

Nt

g li ablis g0 s ools 5l Lide SO 50 aSd o] ,0 4 amo oo ylid 1) (g5lwand slaiolesl slaas Ne abal) ol o
el T Sloy o3k Jobo 5o (s jbwads sla ialejl JS slows N g 09y haaito SalS

b kot a8 Y-
alis Jilog 0515« lad JUisl slaJUIS bl 5 puitone o ooty Wl oo 1 pmg v SokeS Sl e slone S plyieas 53
lj gl ablds g0 oy ool 5l o SO 0 s SO L)l jo 3B aws las |y eols 5l ioe G 0 adss blug 2595 g

o] Wloo covsts pj 7 poa
D(ejj)k = tr(e)x — ts(ejk av)

V)



Lo )51 (edasms —oaljpals daxl = SBg dosrs [ o i (ol yunn JSSg SO

BUCE QLM.» |) |j blal.n.; O A LS ~l.)‘)o 64.]4:;" 9 i blol.a.» O Al JL..:) d‘d""‘. S S tr(eij)k 9 ts(ei,-)k A.L:J) Q..;.l o
D9 (o0 A Lo 25 T o (e LS;L"} o3b S5y U 1SSk
NRev
Y1 D(ejj)
D(ei]-) = Zk=1 7K :;\IReV i’k

o3l S o )ob obyly ool ogdhe wams co lid |y s Slej o3L SO o 8L o sleais slass Nrev alaly ool jo

\A)

o] 505 o ol i3 ©yp0ts eme S
TRREV (D (ej;)x-D(ejj))?

NRev

Dy(ey) = ()
Ay S92 & 5 Jodond g 4y —Y-0-Y
905 O (8930 A 0 bl bl (655 05lail (gl (gallS Jlre SO lsreds ay Jagm 25 5l i (ol o
sleains 5 a5 wloads cdl ;o Couddgn b duale 5,095 ;0 a5 pldaius Cod b plp ) aten hgod 75 oS o0 oolaul
Cossty 5 b | g i @bl 90 o oolr 5 (i Sy aey L1570 £ e g0 iy T 5,055 Lawgi oas L)l

fol W
PDR(e;;) = ~Rev (¥+)

Nsen

SLis 1y eme Sle 03l 5 4 abg e laablis 5 oo Jlo)l 5 28l 5 slaaiay Slas o s Nsen 5 Nrey alasl,y ol 5o

.M\)GA

S S dos (25,0 -F

NS- 5l soleiin JSS9n (silwdnnd sln dlis cnl )0 puilaiioo (b))l (S5l dlomgts | 00l &il)] Joo o 0l 5o
odd Jlo,l saas cotnS b5, sl iz e oS oo oolaul VanetMobiSim l lag o> S8l 5 (g5luanss gl 52
5 bagyoss e Condse @St olal ¢ JS5gy cloyiall Joli (65lodpnds oyl Cansl onds oslizal Evalvid I3l ;|
] AL goole Sl s

il (6,05 g1yl 5 (6 3looends 45 ol ik AY g ablis OA ol o oo Bv e xB+ ¢+ aSd Ky (g boends Laseo
Stz Job b analie ;5 9,095 Job g 039 yudtie 9,095 000 L) e e (o 00l s 10 (NV) Lag 095 slasi 095 o0
g,095 Jlal aisls el adl 5 o Ve oyl ce s iSTas g adll o e Vo Log 095 Caep J8las .ol 5zl ool
CS o a3 5,055 <5 > IDM_IM S o5 Joe 4o sl o 28,5 15,0 FIDM_IM Lag 355 55 > ke sl e YO+
goaiS Jlis adis blug ab Ghals 59,095 Cae e ST e (lsieds 0)ls (S iyl )18 o (oo j0 a5 olag 095
Py JruS wbli S pae p S Slader LSS hugi 5,093 OS5 > il oo (ol 1) 093 ey 55 o
39095 il o lesaly gl ST.0iS o elaii ) 995 Sy il 5lU 5 (ploial) Elz @ a2 g5 b 2l Jileg
ssbiie 4 9,097 BL jo B plesaly gl ST JgaiS (oo Lado ablis | jgue plin | 095 (ad Cacp g 005 j5ue @bl
Wi blug jpa> pac Oy )0 9 09h o0 Bigie Coml bl (3 b 5,095 12 IS (0 o 1) 355 i p @bl o A3y
Jie g plorea Bridge-far_cif siong o5l (b 2Lyl slr onl 2 ogdle )5 aales joie (LLS 5l o) ol )9
Jolsd 4 o) 5 gilwand ool (1Sl b3k gl cwsl 4 il VYA ol Ligy Hley Do aS oo Ll e
) 3twaned sla el by Slapdais «(V) Jouzr oS (o0 S5 L Y BVO o900 1) (gilaand jo (iu Sals) Lol
a2 o ylid

Y



FA-PANT e el /s g Joz oyleds [003190 Jlo /5 Crin 40 Jiadign (sl g, 4 il

Table (2): Parameters used in the simulation
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Figure (8): A comparison of the suggested algorithm with reference [5] for different numbers of vehicles: (a), (b), (), (d) and (h) represent
the result of end-to-end PDR, end-to-end delay, overhead, PSNR, and receiving data rate, respectively
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9. Group of pictures (GOP)

10. Simulated annealing (SA)

11. Genetic algorithm (GA)

12. Tabu search (TS)

13. Ant colony optimization (ACO)

14. Quality of Service (QoS)

15. Topology based routing

16. Position based routing

17. Efficient GSR

18. Transmission control protocol (TCP)

19. User datagram protocol (UDP)

20. Portable fuzzy constraint Q-learning protocol based on AODV
21. Reinforcement learning

22. Fuzzy Logic based Directional Geographic Routing
23. Intra-frame

24. Inter-frame

25. Source vehicle’s terminal intersection (TIS)

26. Destination vehicle’s terminal intersection (TID)
27. Global positioning system (GPS)

28. Navigation system

29. Road segment

30. Forward ants

31. Pheromone

32. Backward ants

33. Hello messages

34. Broadcast

35. Distance factor (DF)

36. Mobility Factor (MF)

37. Link quality estimation factor (LQEF)

38. Acknowledgement (ACK)

39. Center of gravity

40. Intelligent driver model with intersection management
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