Ky yéu Hoi nghi Quéc gia lan thir VIII vé Nghién ciru co ban va img dung Cong nghé thong tin (FAIR); Ha Néi, ngdy 9-10/7/2015

DANH GIA NANG LUC GIAO THU'C PINH TUYEN CUA MANG
KHONG DAY TRONG HE THONG GIAO THONG THONG MINH

Ths. Nguyén Tudn Anh', TS. Pinh Vin Diing', KS. Pd Thé Chuin', Ths. Ngé Manh Diing', Ths. L& Ngoc Hung’
"Vién Cong nghé Théng tin, Pai hoc Quoc gia Ha Nji
’Céng ty VKX, Tap doan VNPT

TOM TAT - Phwong phép dinh tuyén cua mang khong ddy trong hé théng giao théng théng minh (ITS) la vén dé dugc giGi
nghién ciru quan tdm trong nhimg nam gan ddy. Su han ché vé tdi nguyén cia mit mang la thach thir nham tim ra cdc gidi phap
nham giam thzeu sw tiéu hao nang hrong, yéu cau vé bg nhé va dg phire tap ciia chite ndng dinh tuyén. Nhiéu gidi phdp dinh tuyen
duwgc dé xudt cho mang truyén théng ddc thii ndy. Nhém nghién ciru da xdy dyng moi truong mé phong tich hop cdc phan mém mo
phéng nhu: NS-2, MOVE, SUMO dé danh gid ndng luc cdc giao thirc trén theo tiéu chi nhu théng heong goi tin va tré goi tin. Bai
bdo trinh bdy két qua danh gid mét sé giao thirc dinh tuyén nhuw AODV, DSR va DSDV bing phuong phédp mé phong theo 2 kich
ban: trong mang khéng ddy néi chung va dp dung trong hé thong giao théng théng minh. Két qua mé phéng da lam ro khd néng ciia
cdc giao thire dinh tuyén nay khi dwoc sit dung trong hé thong giao théng thong minh.

Tir khéa - AODV; DSDV; DSR; VANET; ITS.

I. MANG KHONG DAY VA HE THONG GIAO THONG THONG MINH

Vehicular Ad Hoc Network (VANET) 1a mang truyén thong trong hé thong giao thong théng minh, két ndi cac
dau cudi trén phuong tién giao thong qua mang khong day nhu IEEE 802.11, 3G va 4G [1]. Mang khong day duoc st
dung trong hé thong ITS nhu & Hinh 1. Vi VANET, ITS sir dung cong nghé cho phép thuc hién cic img dung lién
quan dén xe ¢, phuong tién giao thong, ngudi diéu khién, hanh khach tham gia giao thong va ca nguoi di bo. ITS véi
muc tiéu 1a diéu phdi, sap xép hoat dong ctia xe c¢d, phuong tién giao thong, cung cap va cac thong tin giao théng cho
ngudi diéu khién xe ¢d, ciing véi cac img dung thuén tién cho hanh khach.

Dé phuc vu toan bd cac ung dung cing nhu cac yéu cdu cua hé théng giao thong thong minh, c?}n c6 mot ha
tang mang khong day két nbi véi cac phuong tién giao thong ciing nhu cac giao thirc dinh tuyén [2]. Kién tric mang
VANET bao gdm céc thanh phéan sau:

— Thiét bi dau cudi dugc gin trén phuong tién giao théng (OBE);
— Tram thu phat 6 doc duong (RSE);

— Nut mang cung cap dich vu (SDN);

— Trung tdm diéu hanh (ENOC).

Ngoai ra con c6 ha tang vién thong dugc tich hop va sir dung cho cac tng dung cu thé.
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II. GIAO THUC PINH TUYEN
A. Giao thivc DSDV

DSDV (Destination-Sequenced Distance-Vector Routing) la dwa trén thuat toan Distance vector. Giao thirc nay
duoc xay dung dua theo ti€u chi gilt nguyén sy don gian cua giai thuat Bellman-Ford va loai bé van d¢ vong lap. [4]

Truyén thong tin dinh tuyén: Thong tin dinh tuyén dwoc gui quang ba (broadcast) toi tat ca cac nit llen ké no.
Thong tin cép nhat duge phat dinh ky hodc ngay khi c6 cac thay dbi xay ra trong mang. Dé tranh lap, dinh tuyén DSDV
gan so thu tu chin cho moi dudng. S thu tur dugc gin boi nit dich, dwoc gui trong goi tin cap nhép. S thtr tu nay cho
thay d¢0 mdi cua moi dudng, dudng nao co6 so thir tw cao hon dugce xem 1a tot hon.

S6 thir tu nay s€ tang 1én mot doq vi khi mdt nit mang phét’ hi§n duong di t6i dich co lién Kkét bi hc")ng’ khi n6
khong nhén dugc cép nhét dinh ky. Khi ay, trong goi tin cap nhét ke tiép, s€ quang ba dudng t6i dich nay c6 so chéng
bang v6 han (Metric ~ o) va tang thlr tu duong.

Khi mét nit nhén duoc thong tin méi vé mot tuyén duong, tuyén nay sé duoc chon néu né c6 sb thir ty 16n hon
chc s6 thir ty khac cua cung tuyén dé trong bang dinh tuyén. Néu n6 c6 cung sb thir tu, thi n6 s& duoc chon néu c6 sb
chang ot hon.

Dé lam giam kich thudc géi tin cap nhap, DSDV sir dung hai loai ban tin cap nhat la:

= Full dump: Cap nhét day du. Ban tin diép nay bao gdm toan bg thong tin dinh tuyén ma nut d6 biét dén thoi
diém do.

. - Incremental dump: cap nhat bd sung. Ban tin nay chi bao gdm cac thong tin vé nhing thay dbi tir 1an cap nhat
day du gan nhat.

_ Hai loai ban tin cAp nhat nay dugc luu vao hai bang khac nhau, mot bang dé chuyén tiép céc géi tin ddy dii, mot
d€ phat cac goi tin cap nhét. Goi tin cép nhét day du chi duoc phat thuong xuyén khi cac nat thuong xuyén di chuyén,
khi mang it thay doi, chi yéu chi ¢6 goéi tin cap nhat bo sung dugc gui di.

B. Giao thirc dinh tuyén duwa vio Vector khoing cdch theo yéu ciu AODV

. AODV (Ad Hoc On-Demand Distance Vector) la giao thirc dya vao thuat toan Vector khoang cach. AODV t6i
thi€u hod so ban tin quang ba cén thi€t bang cach tao ra cac tuyén trén co s¢ theo yéu cau, nguogc véi viée duy tri mot
danh sach hoan chinh cac tuyén nhu ¢ thuat toan DSDV (xem Hinh 2). [5]
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Hinh 2. Qué trinh kham pha tuyén trong AODV [6]

Khi mét nut nguén mudn goi mot ban tin dén mot nit dich nao d6 va khong biét rang da c6 mot tuyén dung dén
dich d6, né phai khoi ddu mot qua trinh kham pha duong truyen N6 phat quang ba mot goi yéu cau tuyén (RREQ) dén
cac nut 1an can. Cac nit 1an can nay sau do s& chuyén tiép géi yéu cau dén nut lan can khac cua chung. Qua trinh cir
tlep tuc nhu vay cho dén khi c6 mot nit trung gian nao d6 xac dinh dugc mét tuyen “du tuoi” dé dat dén dich. AODV
su dung sé thir tu dich dé dam bao ring tat ca cac tuyén khong ldp va chira hau hét thong tin tuyén hién tai. Mdi nut
duy tri s tudn ty ctia n6 cing voi mot ID quang ba. ID quang ba dugc tang lén mdi khi nut khoi dau mét RREQ, va
cung voi dia chi IP cta nit, xac dinh duy nhit moét RREQ. Cing v&i s tuan ty va ID quang b4, nit ngudn bao gdm
trong RREQ hau hét s tuan ty hién tai ciia dich ma n6 c6. Cac nut trung gian c6 thé tra 161 RREQ chi khi nao chung ¢
mot tuyén dén dich ma sb tudn tu dich twong tmg 16n hon hoic bang s6 tuan tu chira trong RREQ.

Trong subt qua trinh chuyén tiép RREQ, cac nit trung gian ghi vao Bang dinh tuyén cta ching dia chi cua cac
nut 1an c4n tir khi nhan dugc ban sao diu tién ciia goi quang ba, theo d6 thiét 1ap duoc mot dudng din theo thoi gian.
Néu cac ban sao ciia cing mot RREQ duoc nhan sau d6, cac gbi ndy s& bi huy bo. Mot khi RREQ da dat dén dich hay
mét nat trung gian voi tuyén “du twot”, nut dich (hodc nut trung gian) dap Gng lai bang cach phat don phuong mét goi
dap tng tuyen (RREP) ngugc vé nut 1an can ma tr d6 n6 thu duoc RREQ. Khi RREP dugc dinh tuyén nguoc theo
duong dan, cac nit trén duong dan do thiét 1ap cac thuc thé tuyén chuyen tlep trong Bang dinh tuyén cta chi nut ma n6
nhén dugc RREP. Cac thuc thé tuyén chuyén tiép nay chi thi tuyén chuyén tiép tich cuc. Cung véi mdi thuc thé tuyén
la mot bd dinh thoi tuyen ¢6 nhiém vu x0a cac thuc thé néu no khong duogc sir dung trong mot thoi han xac dinh. Do
mét RREP chuyén tiép trén duong dan duoc thiét 1ap boi mét RREQ nén AODV chi hd tro viée sir dung duong truyén
doi xung.
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Trong AODV, cac tuyen duoc duy tri dleu kién nhu sau: Néu mot nat ngudn chuyen dong, n6 phai khoi dong lai
giao thirc kham pha tuyen dé tim ra mot tuyen méi dén dich. Néu mot nat trén tuyén chuyén dong, nut 1an can ludng
1én ctia n6 chii ¥ dén chuyén dong do6 va truyén mot ban tin “Khai bao su ¢d duong thong” (mot RREP khong xac dinh)
dén mbi nit 1an can tich cue ludng 1én dé thong bao cho cac nut nay xo4 phan tuyén do. Cac niit nay thyuc chat truyén
mét “Théng bao su co duong thong” dén cac nat 1an can ludng 1én. Qua trinh cur tiép tuc nhu véy cho dén khi dat dén
nut nguén. Nut ngudn sau d6 ¢ thé chon khoi dong lai mot qué trinh kham pha tuyén cho dich d6 néu mét tuyén van
cén thiét.

Ngoai ra, giao thirc nay sir dung ban tin HELLO duoc phat quang ba dinh ky boi mot nut dé thong bao cho tat
ca cac nit khac vé nhirg nit 1an cén ciia nd. Céac ban tin HELLO c6 thé duogc st dung dé duy tri kha nang két ndi cuc
bd ciia mot nut. Tuy nhién, viéc sit dung ban tin HELLO 1a khong can thiét. Cac nit ling nghe viée truyén lai gbi dir
liéu dé dam bao réng van dat dén chang ké tiép. Néu khong nghe dugc viée truyén lai nhu thé, nat c6 thé su dung mot
trong s6 cac ky thuat, ké ca viéc tiép nhan ban tin HELLO. Céc ban tin HELLO ¢6 thé liét ké cac nat khac ma tir d6 nut
di dong da nghe tin bao, do d6 tao ra kha nang lién két 16n hon cho mang.

C. Giao thirc dinh tuyén nguon dong DSR

Giao thirc DSR (Dynamic Source Routing) la mét giao thirc dinh tuyén phan Ung tir nat ngudn. Trong do, cac
nut di dong can duy tri bd nh6 dém vé tuyén chira cac niit nguon ma nut di dong nhan biét duogc. Céc thuc thé trong bo
nhé dém vé tuyén duogc cap nhat lién tuc (xem Hinh 3). [7][8][9]
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Hinh 3. Dinh tuyén ngudn dong (DSR) [8]

Giao thirc ndy bao gom 2 giai doan chinh: a) Kham pha tuyén va b) Duy tri tuyén. Khi mot nat di dong goi mot
g6i dén mot nut dich nao do, truge hét n6 phai tham van bo nhé dém tuyén dé xac dinh la n6 da c6 mot tuyén dé den
dich chua. Néu no co6 mot tuyen chua hét hiéu Iyc dé dén dich, no sé& su dung tuyén nay dé goi goi di. Trai lai, neu
khong c6 mot tuyen nhu thé, n6 phai khoi dau mot qué trinh kham pha tuyén bang cach phat quang ba mot goi yéu cau
tuyén. Ban tin yéu ciu nay chira dia chi dich, cung v6i dia chi nut nguon va s6 nhan dang duy nhat. Mdi nat nhan dugc
g0i nay sé tién hanh kiém tra 12 n6 co biét mot tuyen nao dé dén dich khong. Néu khong, n6 thém dia chi cua n6 vao
Bang ghi dinh tuyen ctia goi va sau d6 chuyén tiép goi trén cac duong truyen ngo ra. bé gi61 han so yéu cau tuyen phat
trén cac dudng truyén ngd ra cua nit, mot nuat chi chuyen tiép yéu cu tuyen néu no6 chua biét yéu cau do va néu dia chi
cta nat di dong chua xut hién trong Bang dinh tuyén. Mot dap tmg tuyén duogc tao ra khi hodc 13 yéu ciu tuyén dat
dén dich hodc 1a khi n6 dat dén mot nat trung gian chra trong by nhd dém tuyén cua n6 mot tuyén dén dich chua hét
hiéu luc. Pén luc goi co thé dat dén dich hay dén mot nit trung gian nhu thé, né chira mot bang dinh tuyén cho biét s6
tuan ty ching da trai qua.

Néu nut tao ra dap ung tuyén la dich thi n6 dat bang dinh tuyén chtra trong yéu cau tuyén vao dap umg tuyén.
Néu niit tuong tng 1a mot nut trung gian, no gan thém tuyén trong bo nhé dém cta nd vao bang dinh tuyén va sau do
tao ra mot dép Gmg tuyén. Dé tra vé dap (ng tuyén, nit twong g phai c6 mot tuyen dé khoi dau. Neu n6 c6 mot tuyén
dé khoi dau trong by nh¢ dém tuyén ctia nd, nd co thé sir dung tuyén do6. Trai lai, néu cac dudong truyen dbi ximg duge
hd trg, nat co thé khoi diu mot qué trinh kham pha tuyén ciia no va tiép tuc goi di dap ung tuyén trén mot yéu cau
tuyén méi.

Viéc duy tri tuyén duoc hoan thanh thong qua str dung cac goi 16i tuyen va cdc ban tin xac nhan. Cac goi 16i
tuyen dugc tao ra ¢ mot nut khi 16p lién két dir liéu gap su ¢ duong truyen Nut ngudn ludn ludn bi dimg khi mot
tuyén bi cat dut (c6 mot lién két trén tuyen bi 16i). Khi nhan dugc mdt goi 15i tuyén, chang bi 13i s& bi loai bo khoi bd
nhd dém tuyén clia nat va tat ca cac tuyén chtra ching nay déu bi cit ¢ diém do. Ngoai cac ban tin 15i tuyén, cac ban tin
xéc nhén dugc sir dung dé xac minh sy hoat dong chinh xéc cia cac duong thong tuyén. Cac ban tin xac nhan nhu thé
bao gdm cé xac nhan thy dong (khi nit di dong c6 thé theo dbi viée chuyén tiép goi & ching ké tiép trén tuyén)
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III. PANH GIA GIAO THUC PINH TUYEN DSDV, AODV VA DSR BANG MO PHONG
A. Xdy dung moi trwong mo phong

i Nhom nghién ctru da xay dyng méi truong mé phong tich hop cac phan mém mo6 phong MOVE, SUMO va NS2
dé danh gia cac giao thuc dinh tuyen trong mang giao thong thong minh (xem Hinh 4).
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Hinh 4. Quy trinh m6 phong mang khéng day trong ITS.

« NS-2 (The Network Simulator): la phan mém mé phong mang duge phat trién tai LBNL (Lawrence Berkeley
National Laboratory). NS2 dung dé mo phong cac giao thirc mang. N6 cung cép hd tro dang ké cho md phong giao
thirc TCP/IP, dinh tuyén va cac giao thirc Multicast trén mang c6 day va khong day.[10]

. SUMO (Simulation of Urban Mobility): 14 phin mém chuyén mé phong giao thong duong bé trong thanh phd,
cho pheép xdy dung mot hé thdng giao théng tily chinh hodc nhap tir mot ban d6 thyc té. Phin mém s& dua ra cai nhin
tryc quan vé hé thong giao thong dugc mé phong. [11]

« MOVE (MObility model generator for VEhicular networks): la cong cu sir dung kha de dang dé nhanh chong
mod phong VANET. MOVE la phan mém chay trén nén Java va dugc xay dung trén mot ma nguén mé. Bang cach cung
cap mdt tap hop cac giao dién d6 hoa, MOVE cho phép ngudi dung nhanh chong tao ra cac kich ban mé phong thuc té.
Dau ra cia MOVE la mét tap tin dang TRACE chira thong tin v€ giao thong va kich ban giao thong xe. Tir tap tin
TRACE c6 thé truy xuat ra && mo phong bang phin mém NS-2 va SUMO. [12]

B. Ddnh gia giao thirc DSDV, AODV va DSR trong mang khong diy.

) Nghién cuu dudi day dua ra mét phan tich dinh luqng thue té S0 sanh hie::u sudt cua cac loai giao thl:l’C dinh
tuyén khong day khi ap dung cho thong tin lién lac. N6 cho thay hiéu suat twong doi cua ba giao thire dinh tuyén dugc
de xuat cho mang khong day la: DSDV, AODV va DSR.

Céc giao thirc nay duoc danh gia trong mang khong day va két qua mé phong duoc trinh bay ¢ Hinh 5 va Hinh
6. Két qua md phong cho thay, khi mang vao trang thai 6n dinh, giao thirc AODV c6 thong lwong cao nhit (ty 18 sb goi
tin nhan/ truyén) so v6i DSDV va DSR. So sanh vé thoi gian tré trung binh, giao thirc DSDV ¢6 thoi gian tré trung
binh nhé hon DSR va AODV.
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Hinh 6. Thoi gian tré trung binh cia DSDV/AODV/DSR

Kich ban s& mé phong sb luong 100 xe chay lién tiép nhau trén duong va danh gia kha ning truyén thong tin
gitra cac xe v&i nhau. Cac thong s va gia tri mo phong dugc miéu ta ¢ Bang 1.

Bang 1. Cau hinh md phong

Théng sb Gi4 tri
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Giao di¢n vat ly Physical Wireless
Giao thirc dinh tuyén AODV
Kich thuéc mé phong 1000 x 1000m”
Thoi gian m6 phéng 100 s
Giao thirc truyén TCP
S6 lan duong 1
Tbc do xe 40 m/s
Tiéu chuan mang khong day IEEE 802.11

700
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A of ticsiving peackits [No. of Packets

rouhpe

1) Két qua mé phong khi khéng cé cdc diém thu phdt bén dirong.

Thong luong trung binh khi cac xe cach nhau 300m 1a 550 go6i/TIL (TIL la don vi thoi gian mac dinh). Véi
khoang cach 500m, thong lwong trung binh x4p xi bang 500 g6i/TIL, song tai mot s thoi diém thong luong bi rét dot
ngot. Khi khoang cach 12 700m, thong lugng trung binh 1a 400 goi/TIL, song thong luong khong 6n dinh theo thoi gian
— day 1a tinh hudng rét duong truyén. (xem Hinh 7, Hinh 8 va Hinh 9)
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Hién tuong goi tin bi rét nhin chung kha it khi khoang cach giita 2 xe 1a 300m. Khi khoang cach 1a 500m, sd
lwong goi tin khong toi dich ting dang ké, khoang tir gidy 23 téi gidy 65, thong luong goi tin bi rét nhiéu nhat vao
khoang 400 goi /TIL. Khi khoang cach la 700m, luong goi tin khong dén dich tir gidy 23 toi gidy 70 tang dot ngot. Co
thoi diém thong lugng roi goi tin 1a 900 goéi /TIL, cao hon ca mirc luu luong ¢ thé lam gidn doan dudng truyén. (xem
Hinh 10, Hinh 11 va Hinh 12)

o ll Thiosglsei of dopping packoi = ime T | | P | TG O thopping packms X T ||

twoughput of dropping packets [No. of Packets/TIL

a0 o0 -
ik Ui {soo] T v (e

Hinh 10. Thong luong goi tin bi rét khi khoang cach Hinh 11. Thong luong goi tin bi rét khi khoang cach
1a 300m 1a 500m

| —— Throughput of dropping packets X:time TIL:1

@
-]
3

2 9 %
g g 2
8 & -]
T T
L I

ropping packets [No. of Packets/TIL |
@
&
3

l ‘ |
4 | |
it/ Y1
ol R

400 ’
I

o i A
I ‘ L LAon
£ 200 \ 4
2 J | J N
£ | | | | A
100 f\ | ‘ | l | AWAT 7
Il / V
old . L/ ’ I PN .\ el
10 20 30 10 50 60 70 80 90 100

simulation time [sec]
Hinh 12. Thong lugng g6i tin bi rét khi khoang cach 1a 700m
Khi khoang cach gilta cac phuong tién giao thong ngin, & mac 300m, sy gia tang thong lugng két ndi khong
anh huong nhi€u dén thoi gian tré. Tuy nhién khi khoang cach > 500 m, thoi gian tr€ kha 16n khi thong lugng ¢ mirc

trung binh, giam xudng va 6n dinh hon khi théng lugng ting vuot qua ngudng nay. (xem Hinh 13, Hinh 14 va Hinh
15)
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Hinh 13. Ti¢ giita hai diu cudi khi khodng céch 1a 300m, ~ Hinh 14. Tre gifia hai dau cudi khi khoang cich a 500m.
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Hinh 15. Tré giita hai dau cudi khi khoang cach 1a 700m.
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2) Két qua mé phong khi ¢6 cac tram thu phdt bén dwong.

bay 1a tinh hudng cac phuong tién giao thong cé thé lién lac véi nhau thong qua cac tram thu phat vo tuyén
duoc lap dat doc theo truc giao thong.

Thong luong trung binh khi cac xe cach nhau 700m la 600 goi/TIL va tang 1én mirc 1000 goi/TIL khi mang on
dinh. Khi khoang cach la 1000m, thong luong trung binh la 600 goi/TIL, song thong luong khong on dinh theo thoi
gian, tai mot sO thoi diém, c6 hién tuong rét dudng truyén. (xem Hinh 16 va Hinh 17)
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Hinh 16. Thong lugng v6i khoang cach 1a 700m Hinh 17. Thong lugng véi khoang cach 1 1000m
Khi khoang cach 1a 700-1000m, lic khoi dong mang khong day, tan suat rét goi tin xay ra thuong xuyén, nhiéu

thoi diém & muc 1000 goi/TIL. Tuy nhién, khi mang di vao trang thai én dinh, mic d6 géi tin bi rot da giam xudng chi
con < 200 g6i/TIL. (xem Hinh 18 va Hinh 19)
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Hinh 18. Thong lugng goi tin bi rét khi khoang cach 1a
700m

Hinh 19. Thong luong goi tin bi rét khi khoang cach la
1000m

Khi khoang cach la 500 m, thoi gian tré kha 16n va khong 6n dinh hon khi thong lgong tang. Khi khoang cach
tang lén 1000 m, thoi gian tre kha 16n khi thong lugng & muirc trung binh, gidm xudng va on dinh hon khi thong lugng
tang vugt qua ngudng nay. (xem Hinh 20 va Hinh 21)
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Hinh 20. Tré giira hai dau cudi khi khoang cach 1a 700m.
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Hinh 21. Tr& giita hai dau cudi khi khoang cach la

1000m.

IV. KET LUAN

Mai truong mé phong tich hop cac phan mém mé phong nhu: NS-2, MOVE, SUMO di thé hién kha ning danh
gia nang luc cac giao thie dinh tuyén trong hé théng giao thong thong minh. Déy la cong cu co thé duoc sir dung dé

phat trién cac giao thirc méi cung nhu danh gia nang lyc mang truyén thong VANET khi trién khai cac hé thong giao
thong théng minh trong thuc té.
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Két qua danh gia mot sé giao thirc dinh tuyén nhu AODV, DSR va DSDV dugc md phong theo 2 kich ban:
trong mang khong day noi chung va ap dung trong hé thong giao thong thong minh. Két qua mo phong da lam rd kha
nang cta cac giao thire dinh tuyén nay khi duoc sir dung trong hé thng giao thong thong minh. Khi sir dung giao thire
AODV trong mang giao thong thong minh, mang khong day c6 kha nang truyen thong tin t6t khi khoang cach gitra hai
xe 12 300m, van chip nhan duoc khi khoang cach ting 1én 700m nhung s& xau di khi tang 1én 1000m.

C6 thé phat trién tiép nghién ctru nay nhu sau:
~ —Hoan thién tiép moi truong mo6 phong dé danh gia nang lyc cac giao thirc dinh tuyén khong day trong hé
thong giao thong thong minh véi nhiéu lya chon két néi nhu IEEE 802.11, IEEE 802.16, 3G va 4G.
) —Pénh gia va thiét ké méi cac giao thirc dinh tuyén két ndi gitra cac phuong tién giao théng (V2V) dua theo
cau tric mang, vi tri va loai hinh dich vu.
—banh gia va thiét ké méi cac giao thirc dinh tuyén két ndi giita phuong tién giao thong voi ha tang mang (V2I)
dua theo cau tric mang khong day co dinh, mang thong tin di dong.

V. TAI LIEU THAM KHAO
[1] Saif Al-Sultan et. Al, “A comprehensive survey on vehicular AdHoc network, ” Journal of Network and Computer
Applications, Vol. 37, Jan., 2014, pp. 380-392.

[2] Baraa T. Sharef et. Al, “Vehicular communication adhoc routing protocols: A survey, ” Journal of Network and
Computer Applications, Vol. 40, April, 2014, pp. 363-396.

3] G. Karagiannis, O. Altintas, E. Ekici, G. Heijenk, B. Jarupan, K. Lin, and T. Weil, “Vehicular Networking: A
Survey and Tutorial on Requirements, Architectures, Challenges, Standards and Solutions, ” I[EEE Comm. Survey
& Tutorials, Vol. 13, No. 4, Fourth Quarter 2011.

[4] Charles E. Perkins and Pravin Bhagwat, “Highly Dynamic Destination-Sequenced Distance-Vector Routing
(DSDV) for Mobile Computers, “ In Proceedings of the SIGCOMM °’94 Conference on Communications
Architectures, Protocols and Applications, pp. 234-244, August 1994.

[5] Charles E. Perkins and Elizabeth M. Royer. Ad Hoc On Demand Distance Vector (AODV) Routing. Internet-Draft,
draft-ietf-manet-aodv-02.txt, November 1998.

[6] Charles E. Perkins and Elizabeth M. Royer, “Ad-hoc On-Demand Distance Vector Routing, “ In Proceedings of
the Second IEEE Workshop on Mobile Computing Systems and Applications (WMCSA’99), pp. 90-100, New
Orleans, LA, February 1999.

[71 David B. Johnson. Routing in Ad Hoc Networks of Mobile Hosts. In Proceedings of the IEEE Workshop on
Mobile Computing Systems and Applications, pages 158—163, December 1994.

(8] David B. Johnson and David A. Maltz. Dynamic Source Routing in Ad Hoc Wireless Networks. In Mobile
Computing, edited by Tomasz Imielinski and Hank Korth, Chapter 5, pp. 153—181. Kluwer Academic Publishers,
1996.

[9] Josh Broch, DavidB. Johnson, and David A.Maltz. The Dynamic Source Routing Protocol for Mobile Ad Hoc
Networks. Internet-Draft, draft-ietf-manet-dsr-03.txt, October 1999.

[10] The Network Simulator: NS-2. Available at http://www.isi.edu/nsnam/ns/.
[11] SUMO http://sumo.sourceforge.net/
[12] MOVE http://www.cs.unsw.edu.au/klan/move/.



