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MO PAU

1. Ly do chon dé tai

Su phat trién cua ITS (Intelligent Transportation Systems) lam gia tang
nhu cau truyén video thoi gian thyc trong VANET (Vehicular Ad-hoc
Networks), trong khi dic tinh di dong va cdu tric mang bién déi khlen viéc
bao dam QoS/QoE (Quality of Service/ Quality of Experience) van 1a thach
thire. Cac giai phap hién nay chu yéu dua vao RSU (Roadside Unit) con boc
16 han ché, do d6 can céc co ché luu trit - phan phéi linh hoat hon. Mic du
luu trit 14 huéng tiép can hiéu qua, cac nghién ciru hién c6 con thiéu mot
khung t6i wu thong nhat. Viée tich hgp UAV (Unmanned Aerial Vehicles)
mo ra kha ning bo sung 16p luu trir trén khong, nhung dong thoi dat ra bai
toan t6i wu phirc tap. Tir d6, ludn an tip trung nghién ctru tbi wu luu trir va
phan phéi video trong UAV-VANET nham nang cao hiéu ning hé thong.
2. Muc tiéu, doi twgng, pham vi va phwong phap nghién ciru

2.1. Muc tiéu nghién ciru

Muc tiéu téng quat cua luén 4n 1a xay dung va t6i vu héa co ché luwu trit
va phéan phdi ndi dung trong mang VANET c6 UAV hd trg nham giam thiéu
thoi gian truyén video dén nguoi dung phuong tién (VU — Vehicular User),
ddng thoi str dung hiéu qua tai nguyén mang va tai nguyén luu trix.

2.2. Déi twong nghién ciru
e Phuong tién/ nguoi dung trong VANET: VU, RSU, UAV;
e NOoi dung Video dugc phan phdi trong mang;
e VU v¢i nhu céu truy c@p noi dung trong moéi trudng giao thong dong;
Luén 4n tap trung vao moi quan hé twong tac gilra cac thanh phan trén trong
bdi canh truyén video hudng dén thoi gian thuec.

2.3. Pham vi nghién ciru
e Xem xét dich vu truyén video trong mang VANET c6 UAV hd tro;
e  Téap trung vao bai toan luu trit va phan phdi ndi dung ddng thoi sir dung

hiéu qua tai nguyén nham giam thoi gian phuc vy;
e Xay dung mé hinh toan hoc cho hé théng UAV-VANET trong mdi

truong ba chidu c6 tinh di dong;
o D¢ xuét cac giai thuat luu trit, phan phdi va giai thuat toi uu.

2.4. Phuong phdp nghién ciru

Luén én sir dung bbn phuong phap nghién ctru chinh gdém: phén tich,
tong hop tai ligu dé xac dinh khoang trong nghién ctru; m6 hinh héa toan hoc
dé xay dung bai toan ti wu; tbi uu bang giai thuat di truyén (GA — Genetic
Algorithms) nham tim nghiém t4i vu hodc gan t6i wu; va mo phong danh gia
hiéu ning dé kiém ching hiéu qua cta cic mo hinh dé xuat thong qua cac
chi tiéu nhu thoi gian phuc vy, hi¢u sut luu trir va muc cai thién QoS/QoE.
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3. Nhiém vu nghién ciru va két qua dat duge

3.1. Nhiém vu nghién ciru
Luén 4n trién khai bén nhiém vu chinh: (i) khdo sat cac mé hinh luu trit
va phan phdi video trong VANET dé xac dinh khoang trong nghién ciru; (ii)
xay dung mé hinh toan, t&i wru luu trit tai RSU va phuong tién bang GA nham
giam thoi gian phuc vu; (iii) mo rong sang UAV-VANET véi t6i uu dong
thoi luu trit va vi tri UAV; va (iv) xdy dung khung tdi wu théng nhat, danh
gi4 hi¢u ning qua mo phong va so sanh vdi cic phuong phép tham chiéu.
3.2. Két qua dat dwoc
Trong qua trinh thyc hién luan an, NCS da cong bd 01 bai bao ISI va 02
bai bao tap chi trong nudc, voi hai két qua chinh gom:

e Két qua 1: D& xuit moé hinh DPC (Deterministic and Probabilistic
Caching) nham t&i wu luu trir két hop gitta RSU va phuong tién trong
VANET. M5 hinh tich hop truyén dan R2V va V2V, tbi thiéu hoa thoi
gian phyc vu thong qua t6i uu ban kinh luu trir va xac suat luu trit, dugc
giai bang GA cho bai toan bién hdn hop.

e Két qua 2: DPé xuit md hinh CAHO (CAching and Hovering
Optimization) cho UAV-VANET, t6i uvu ddng thoi luu trir tai RSU, UAV
va vi tri dig ciia UAV nhim bu dip khoang tréng luu trit. M6 hinh tich
hop R2V va U2V, dugc giai bang GA két hop ham phat dé nang cao higu
ning truyén video trong mdi trudng dong.

4. B6 cuc luin an

Mo dau

Chuong 1: Téng quan vé luu trit trong UAV-VANET

Chuong 2: Két hop luu trit tai vi tri xac dinh va luu trit theo x4c suit trong

VANET.

Chuong 3: Két hop luu trit va xac dinh vi tri phuc vu tdi uu trong truyén

video hop tac qua UAV-VANET.

Két luan ) ‘

CHUONG 1. TONG QUAN VE LUU TRU TRONG UAV-VANET

1.1. GIOI THIEU MANG UAV-VANET

1.1.1. Gioi thiéu UAV-VANET
UAV-VANET (hinh 1.1) 12 mé hinh m¢ rong cia VANET nham cai

thién ving phu va kha ning két ndi, dic biét trong méi truong do thi phirc

tap. Trong d6, UAV dong vai trd 16p mang trén khong, hd tro két ndi gitra
phwong tién, ha ting mat dat va mang 15i, qua d6 nang cao hiéu qua truyén
thong nho tinh co dong va kha nang trién khai linh hoat. UAV-VANET c¢6
vu diém ndi bat 1a thiét 14p cac lién két LoS thuan loi, gitip giam anh hudng
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Hinh 1.1. M6 hinh mang UAV-VANET

ctia che khuat va nang cao chat lugng truyén thong, dong thoi mo rong ving
phi va duy tri két ndi trong cac kich ban dong hoic khan cap. Xu hudng phat
trién hién nay hudng t6i tich hop tinh toan bién va luu trit trén UAV nhiam
giam do tré va tai cho mang 13i. Tuy nhién, viéc khai thac hiéu qua mo hinh
nay doi hoi giai quyét cac bai toan nhu tdi wu quy dao bay, quan 1y ning
luong va didu phdi UAV.
1.1.2. Cac ing dung ctiia UAV-VANET

UAV-VANET c6 tiém ning g dung rong trong nhiéu linh vyc nhu an
toan giao thong, dich vu thong tin giai tri trén xe va quan ly d6 thi thong
minh (hinh 1.2). M6 hinh nay hd trg gidm sat giao thong theo thoi gian thuc,
canh bao khan cip, chia sé thong tin cho phuong tién, dong thoi tao diéu kién
trién khai cac dich vu da phuong tién chat lugng cao nho kha néng két ndi
linh hoat va vang phi mé rong. Ngoai ra, UAV-VANET con ¢ gia tri trong
cong tac giam sat, diéu phdi va hd tro lién lac trong cac tinh hudng khén cap.
Nho d6, sy két hop gitta UAV va VANET khong chi nang cao hiéu qua
truyén thong ma con mé rong dang ké pham vi ing dung cua mang giao
thong thong minh trong tuong lai.
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Hinh 1.1: Ung dung va dich vu ciia mang UAV-VANET
1.2. CAC NGHIEN CUU LIEN QUAN PEN LUU TRU TRONG
UAV-VANET
Su phat trién ctia dich vu da phuong tién trong ITS d thiic dy nghién

ctru vé truyén video va QoS/QoE trong VANET. Céc k¥ thuat luu trit hién
nay gom luu trif tai bién, luu trir hop tac, luwu trit x4c sut va luu trit c6 UAV
hd trg. Tuy nhién, phan 16n cic nghién ctru con xem xét rdi rac ting thanh
phan va chua khai thac day du khong gian 3D ciia UAV. Do d6, can xay
dung mot khung ti wu tich hgp cho UAV-VANET nham khai thac hiéu qua
tai nguyén luu trir va truyén thong da ting, ddng thoi dap ing yéu cau vé do
tré va chat luong dich vu ctia truyen video thoi gian thuc.
1.3. GIOI THIEU VE CAC KY THUAT TOI UU
1.3.1. Cac k¥ thuit t6i wu

Trong bdi canh dich vu truyén video, bai toan tdi wu trd nén dic biét
thach thtrc do dic tinh nhay cam véi do tré va su bién thién manh theo khong
gian va thoi gian ctia ca nhu cau ndi dung 1an trang thai mang. Cac quyét
dinh tdi uu, chéng han nhu vi tri luu trit ndi dung, co ché phan phéi hay vi
tri trién khai cac niit hd trg, déu c6 moi quan hé chat ch& va anh huong 1an
nhau. Vi vay, viéc tdi uu timg thanh phan mot cach doc lap thuong khong
mang lai hi¢u qua toan cuc, ma doi hoi mot khung t6i wu hoa tong thé, trong
d6 cac quyét dinh duoc xem x¢ét ddng thoi va phdi hop mot cach nhit quan.
Hon nita, bai toan tdi wu trong UAV-VANET thuong mang tinh phi tuyén,
khong 16i va co khong gian tim klem lon. Cac phuong phap t6i wu trong
UAV-VANET c6 thé ké dén gdm: t8i wu 151, tdi wu dya trén cac k¥ thuat
heuristic, tdi uvu hoa dua trén hoc may va tri tu€ nhéan tao.



1.3.2. So sanh cac giai phap véi GA

Céc phuong phap ti uu trong UAV-VANET gbm t5i wu 161, heuristic
va hoc may. Do bai toan c6 tinh khong 16i va khong gian nghiém 16n, luan
an lya chon GA nhu mot phuong phap heuristic phu hgp. GA cho phép xur
ly dong thoi nhiéu loai bién va tich hop linh hoat cac rang budc, qua d6 bao
dam tinh kha thi va hiéu qua trong viéc t6i thiéu hoa thoi gian phuc vu video.
Day ciing 14 co s phuong phéap luan xuyén subt cho cac md hinh trong luin
an. Nhu vy, lya chon GA trong luan an khong chi xuat phat tir yéu cau giai
quyét bai toan khong 16i ma con tir tinh linh hoat, kha ning mé rong va mirc
dd phu hop v6i m6 hinh UAV-VANET da xay dung. Day la co s¢ phuong
phép luén quan trong dé phét trién cac thuat toan téi wu cu thé trong cac
chuong tiép theo, ddng thoi bao dam sy nhit quan giita mé hinh toan hoc,
phuong phap gidi va muc ti€u nghién ctru cua luén an.

1.4. LO TRINH NGHIEN CUU
1.4.1. Bai toan ciia luén an

Mic du d3 c6 nhiéu nghién ctru vé luwu trit ndi dung trong VANET va
UAV-VANET, céc cong trinh ndy van con han ché do chu yéu xem xét riéng
1¢ tirng tang luu trit va chua phan anh tryc tiép chat lugng phuc vu video. Tir
do, luén an xay dung 16 trinh nghién ctru tir luu trir tai RSU, mé rong sang
DPC (RSU va phuong tién), va tlep tuc dén CAHO (RSU va UAV), qua do6
hinh thanh mét khung t6i uru thong nhat nham giam thoi gian phuc vu.

Mo hinh hé théng (hinh 1.3) duge xdy dung theo kién tric phan téng
gom MBS, UAV, RSU va phuong tién, cho phép khai thac dong thoi ha ting
¢b dinh, nat di dong va 16p trén khong dé nang cao hiéu qua phan phdi video.
Trong do, DPC phu hop véi moi truong mat do phuong tién cao, con CAHO
thich hop véi cac kich ban ha ting han ché; hai mé hinh nay b6 sung cho
nhau trong cung mot khung luu trit hop tac.

1.4.2. Cac khai ni¢ém va mé hinh nén ting

- Thoi gian phyc vy: Luan an lya chon thoi gian phyc vy lam tiéu chi
ti wu chinh vi dai luong nay phan anh tryc tiép chét lvong cung cap dich vu
video tir goc d6 ca hé thong 1an nguoi dung. Khac voi ti 1€ truy suét noi dung
hay thong luong, thoi gian phuc vu thé hién rd mirc d6 dap tng thuc té cua
moi yéu cdu dich vu. Trén co s& d6, cac md hinh déu hudng to1 giam thoi
gian phuc vu, qua dé cai thién truc tiép QoS/QoE cua hé thong.
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L Hinh 1.3: M6 hinh nghién citu
.- Dé naoi tiéng ciia video: DY pho bién cua video i duge mo hinh hoa
bang phan bo Zipf [46], cho boi:

i« (1.1)
Pi=5r -a
r l=1 r 2 r
véi 020 1a tham so déc trung cho mitc d6 1éch cla phﬁn bo do pho bién.
- Mo hinh dwong di: NCS ap dung m6 hinh truyén R2V pham vi phu
song d ciia mot RSU dugc chia thanh K ving. Céac tham so6 cua vung k, voi
k=1,2,..,KvaK =7, dugc liét ké trong bang 1.1.
Bang 1.1: Vung phu cia mot RSU

Ving 1 2 3 4 5 6 7
dy (m) 25 | 30 | 40 | 60 | 40 | 30 | 25

R, (Mbps) | 1 2 | 55| 2| 55| 2 1

Viéc lwa chon chiéu dai tuyén khao sat du 16n cung dai toc do phu hop
voi1 moi tmong d6 thi cho thay cac kich ban m6 phong dugc xay dung theo
hudéng gan voi dleu kién van hanh thyc té. Didu nay gop phan khang dinh
tinh kha thi va tiém ning ung dung cta mo hinh trong cac hé thong giao
thong théng minh va UAV-VANET d6 thi.
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- Luwu tri# tgi cde RSU: Luu trit video phd bién tai RSU ¢6 vai tro nén
tang trong viéc giam thoi gian phuc vu trong mang VANET. Déy cling la co
SO de cac md hinh nhu DPC va CAHO tlep tuc mo rong theo huong luu trix
da ting nhdm nang cao higu ning cung cip dich vu. Ddi v6i luu trit tai RSU,
ban kinh lwu trit h; ciia video i dugc xac dinh rang video nay s& dugc luu trit
sau moi h; RSUs. Khi d6, cac RSUs luu trit video i dugc xac dinh boi:

ni,j = hl(] - 1) + 1,] = 1,2, ...,]L',
trong do J; 1a $6 RSU luu trit video i, duoc tinh boi:
N-1
Ji=| h [+1
trong do6 toan tu L] dwoc st dung dé lay phan nguyén 16n nhit khong vuot
qua mot sb thuc cho trudc, va h; 1a ban kinh luu trit video 7 tinh bang sé hop.

(1.2)

CHUONG 2. KET HQP LUU TRU TAI VI TRi XAC PINH VA LUU
TRU THEO XAC SUAT TRONG VANET
2.1. GIOI THIEU
Chuong 2 nghién ctru m hinh luu trit két hop DPC cho dich vu truyén video

trong VANET nhiam giam thoi gian phuc vu théng qua khai thac dong thoi luu
trit tai RSU va phuong tién. Trén co s& mo hinh hé thong va rang budc huu tri,
bai toan t6i wu duge giai bing GA két hop ham phat. Két qua mé phong cho
thdy DPC giam thiéu thoi gian phuc vu va str dung hiéu qua tai nguyén luu tri.
2.2. MO HINH HE THONG

Mo hinh h¢ théng gom N RSU va I video, trong d6 céc phuong tién nguoi
dung dugc phan bd theo qué trinh Poisson mét chiéu v6i mat do A va di
chuyén qua cac doan dudng vé6i van tdc trung binh s,. M&i RSU bao phu
mot doan duong dai d, duge chia thanh Kving, va video c6 thé dugc luu trit
tai ca RSU 14n phurong tién (hinh 2.1). Hé thong c6 hai loai phuong tién gom
xe luu trit CV (Caching Vehicle) va xe yéu cau RV (Requesting Vehicle). Do
tai nguyén Iuu trir tai RSU va phuong tién déu hitu han, mé hinh dit ra cac
rang budc luu trit nhim bao dam viée st dung tai nguyén hiéu qua.

Trong mo6 hinh nay, bai toan tdi wu DPC dugc x4y dung nhim xac
dinh luu trit video tbi wu tai RSU theo phuong phap xac dinh (DC) va tai
cac CV theo phuong phap xac suat (PC). Muc tiéu 1a tdi thiéu hoa thoi
gian phuc vu dong thoi sir dung hiéu qua tai nguyén luu trit ciia hé thong.
Cac thong sé hé théng dugc moé ta trong bang 2.2. Thoi gian phuc vu
duoc dinh nghia 14 khoang thoi gian trung binh dé cac RV nhan dugc cac
video da yéu cau tir cac RSU va cac CV trong khi dang di chuyén.
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Hinh 2.1: M6 hinh DPC cho truyén video trong VANETS
Bdng 2.1: Bang théng sé hé thong mé hinh DPC
Ky hiéu Théng so ky thuit
N S6 lwong RSU
K S luong ving duoc phu boi RSU
1 S luong videos
d 'Vung phi cia mot RSU
d D0 dai cia vung k trong mot doan duong, k=1,2,..., K
Ry Tdc dd truyén trong zone k
S Kich thudc video i do béng bits,i=1,2,...,1
pi Tdc do truy cap (46 phd bién) cua video i
pi Xac suat luu trit video i
o Toc d6 xe dén trung binh 9RSU n, n=1, 2,...,N
Lo Tdc dd phuc vu bai RSU n
Sn Tc do trung binh cua xe trong ving phu caa RSU
2.2.1. Qua4 trinh Poissons dong nhét cho cic VU
Nghién ctru 4p dung qua trinh Poisson déng nhit mot chidu doc lap
(T1D-PPP) dé mé hinh héa phan b khong gian cua cac CV phuc vu truyén

dir liéu va cac RV thyc hién truy xudt trén cac tuyén duorng mot chiéu. 7 va
p; 1an luot 13 ty 18 cac xe dong vai tro 1 CV va xac sudt luu trit video i, khi

d6 phan b
cac mat do

ctia cac CV va RV ciing tudn theo cac TID-PPPs ®F£Y va ®RV v6i
A8V va ARV dugc biéu dién nhu sau:
AV =1p2, 2.1
ARV =1 -1p)A (2.2)



2.2.2.DCva PC

Trong DC, doc theo tuyén duong gdm N tram phét, vi tri luu trit ciia
video i dugc xac dinh thong qua ban kinh Iuu trit h;, duwoc do theo $6 chang
(hop) va ti 1& nghich v6i mat do luu trit. Trong khi d6, di voi PC, xac suat
p; dé xac dinh kha nang luu trit video i tai cac CV. Trong qué trinh di chuyén,
cac RV duogc phuc vu béi ca cac RSU va cac CV thdng qua phwong phap luu
trit két hop DPC, trong d6 xét dén mo hinh phd bién cua video i, tuan theo
phan bd kiéu Zipf dugc biéu dién nhu cong thire (1.1).
2.2.3. Kénh truyén V2V
1) Dung luong V2V

Neu video i dwgc mot RV bét ky yéu cAu, trong trudng hop x4u nhét,
RV d6 cin mot khoang thoi gian di chuyén dé di qua h; — 1 ching dé dén
dugc RSU luu trir video i. Trong khoang thoi gian di chuyén nay, RV dugc
phuc vu béi cac CV. Xac suat dé mot CV Iuu trir va mot RV dién hinh yéu
cau video i trong pham vi r;, ta1 doan duong n 1an luot dugce cho boi:

p. —1—¢ Zrn/’lcv (2,3)
in ’
‘ pfr‘{ =1- e‘”"l?v- @4

Kénh truyén V2V giita cac CV va RV dugc mo6 hinh suy hao ngau nhién
quy md nho c6 thanh phan LoS dua trén phan bd Rician. Dung luong kénh
gittamot CV a (v6i a € ®FV) vamot RV b (véi b € ®RV) dugc tinh boi:

C.p = Wlog, (1+P|h| dab)’ (2.5)
0

trong d6, W 1a bang thong hé thong, 1 1a hé sé suy hao duong truyén, dgpla
khoang cach tir CV a dén RV b, va h 1a hé s kénh dugc tinh nhu sau:

\’ 1+k \I 1+k

trong d6 x 1a hé sé Rician, 6 13 bién ngiu nhién phan bd déu trong [0, 27],
va w 12 bién ngiu nhién Gauss phuc theo CNV'(0,1).

Trong pham vi r;, da cho, chi c6 mot CV luu trit video i chiu trach nhiém
phuc vu RV tuong trng thong qua cac két ndi tir thiét bi dén thiét bi. Dya trén
cong thire (2.5) va trong truong hop x4u nhét, dung luong truyén video i dén
mot RV bat ky trong pham vi truyén cyc dai d ab = Ty duoc xac dinh boi:

Plhl?T, 2.7
n= pi,n lerYWlOgZ (1+ u ) 2.7)

()
2)  Thoi gian truyén V2V
S6 luong cac RSU luu trit video i duge xéac dinh theo cong thic (1.2).
Nhu vy, video iduoc luu trir tai RSU n;; =h;(j—1)+ 1, voi j =
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1,2, ..., J;. Khi cac RV di chuyén ra khéi ving pht cia RSU n; j, thoi gian dé
nhén video i tir cac CV trong doan duong m; ;, véi m; j =n; j + 1,n;; +
2,..,n;j + h; — 1, duogc xac dinh boi:

d (2.8)

tim;; = %

NCS dinh rang khong ton tai khoang tréng truyén dan giita hai RSU lién
ké. Tuy nhién, néu ban kinh luu trix h;>1,s€ ton tai mot khoang tréng lvu
trir gitta hai RSU lién ké cling luu trit video i.

2.2.4. Kénh truyén R2V
1) Dung luong R2V

Dé xé4c dinh dung luong R2V, NCS 4p dung mé hinh truyén R2V duoc
trinh bay trong 1.4.2. Dung luong R2V cho mét RV yéu cau video i tai ving
k va dugc phuc vu boi RSU n, dugc xac dinh nhu sau:

0, néu n + Tli_j,
R =1 (1 —p&) bRV Ry
Vik
trong do p}?,y va Vg lan lugt 12 x4c sudt dé mot RV tai ving k yéu cau video
i tir RSU n, va s lugng RV yéu cau video i trong vung k, dugc tinh béi:
plg,a]\c/ -1— e—dkag“” (2.10)

Vi = dp ARV, (2.11)

(2.9)

, heun= ni,j'

2) Thoi gian truyén R2V
Thoi gian truyén cia RSU n dé phuc vu cac RV tai ving , tirc 13 thoi
gian trung binh dé di chuyén xuyén subt ving & duoc bao phu béi RSU n,
duoc tinh nhu sau:

ty = i_: (2.12)

2.2.5. Thoi gian phuc vu trung binh

Thoi gian phuc vu trung binh tong thé d6i véi I video, dy ciing chinh
Ia ham muc tiéu duoc cuc tiéu br:ing cach tim h; va p;, dugc xac dinh:

T=Yi-ipiti (2.13)
trong do, t; 1a thoi gian trung binh d€ nhéan video i mot cach hop tac tir cac
CV va cac RSU nhu dugc trinh bay trong thuat toan 2.1.
Thuét toan 2.1: Phan phdi video DPC
Input: S;
ti =0

Output: ¢;
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1: forj = 1:J;do

2: Tll,jzhl(]—l)+1

3. fork=1:Kdo

4. if §; > 0 then

5: Si = 8 —tym,; (Cim,;+ Ri(_]:l)i'j)
6: ti=¢t + tni,j.k

7. else

8: break

9:  endif

10: end for

11: formi,j=ni_j+1: ni,j+ hi_ldO
12: if §; > 0andm;; < N then
13: Si = Si — ti'mi,j Ci’mi,j
14: ti = ti + ti:mi,j
15: else
16: break
17:  endif
18: end for
19: end for
2.3. THIET KE TOI UU DPC
2.3.1. Bai toan tdi uu
Duya trén ham muyc tiéu (2.13) va dong thoi xét thém rang budc vé tai
nguyén luu trlt cia RSU va CV, bai toan t6i wu DPC duge xay dung nhu sau:

min T
(2.14a)
hi, p;
1<h;<N-1,Vi (2.14b)
SR+ SV < 6NYI_.S; (2.14¢)

trong d6, (2.14c¢) duoc sir dung nhim gi6i han tong muc tiéu thy tai nguyén
cho viéc luu trir tai cd RSUva CV,v6i 0 < § < 1.

O day, SCR va SCV 1an luot 1a lugng tai nguyén luu trit dugc tidu thu boi
cac RSU va CV, duoc tinh lan luot nhu sau:

1
SR = YIS (2.15)
i=1
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SV =1Ad(N - 1) Z p;iS;. (2.16)

2.3.2. Giai bai toan voi GA

GA chi hd trg cac rang budc don gian dudi dang cén trén va can dudi
nhu (2.14b), ma khong thé tryc tiép xur 1y cac rang budc phtre tap hon nhu
(2.14c). Bai toan tbi wu co rang budc (2.14) duoc chuyén dbi thanh bai toan
t6i wu khong rang budc bang cach bién d6i rang budc (2.14c) thanh:

AS = 51\/2 S; — (SR+s<Y) > 0. (2.17)
. i=1
Ti€p theo, ham phat dugc xdy dung nhu sau:
F = p(min{0,AS})?, (2.18)

trong do, p 1a hé s6 mure d6 vi pham rang budc, duoc sir dung dé diéu chinh
murc d6 phat d6i vai cac ca thé trong GA khi chung vi pham céc rang budc.

Cuodi cung, GA c6 kha nang giai bai toan toi uu DPC khong rang budc
sau day:

;lrlnprgTF—T+F (2.19)

Giai thuat di truyén chi tiét duoc s dung dé giai bai toan (2.19) dugc
trinh bay trong thudt toan 2.2. Trong thut toan 2.2, hai bién tdi vu dang sO
nguyén va sb thue khong thé duoc biéu dién bang cing mot nhidm sic thé
(chudi) trong mot ca thé, ciing nhu khong thé dwgc xir Iy bang cing mét co
ché lai ghép va dot bién. Do do, chiung dugc xir 1y riéng biét thong qua hai
chudi con Xl(z)vé ng) cua ca thé z. Cu thé, ddi véi Xl(z), mot phép toan co sb
(N—1) duoc sir dung dé sinh ra céc gia tri s6 nguyén trong khoang tir 0 dén
(N—2), sau d6 cong thém 1 dé théa man rang budc (2.15b). Ngoai ra, dbi
v6i X, chudi nay duoc chuyén ddi thanh céc bién t6i wu dang thuc
X 2( g thong qua phép toan b2r (binary-to-real).

Thuét toan 2.2: GA cho DPC

Piu vao: Thong sb trong bang 2.4, Gen = 1
Pau ra: T3 (h], p})

1. Khéi tao ngau nhién

*  Np chubi con {Xl(z)}, z=1,2, ... Np, mdi chudi gom / bién ti wu
nguyén {h;}
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s Np chubi con {XZ(Z)}, mdi chudi gdbm (I x Pg) bit d& biéu dién bién
tbi wu thue {p;},
trong do6 Py 12 sb bit dung dé biéu dién d6 chinh x4c ciia mot bién tdi
wu thue, voi gia tri duge lugng tir hoa thanh 2P7 mire. v

2. Tinh gia tri ham thich nghi (fitness) theo cong thuc (2.20) d€ co

{12}, tire 1a: T = T, (X, X{2)
F -1IF Fldg »42R

3. Khi diéu kién dimg TC chua thda mén, thuc hién:
bat {X (Z)} = [{X 1(2)} {X 2(213}] cung gia tri ham phat TISZ) vao tap xép
hang d¢ lai tao. o ) )

5. Luachon Npg = Np X Ng ca thé tot nhét c6 gia tri fitness nho nhat
bang toan tur lay mau pho qua ngéu nhién [18] d¢€ lai ghép, duoc tap:

{X(t)} [{X(”}{ng;}] t=1,2, ..., Npg

Chon mét cap cé thé b me dé tao c4 thé con bang lai ghép mot diém

v6i cac XAc suét P; va P,,, lan luot ap dung cho X1( ) va Xz(?(,.

7. Thyc hién dot bién cac ca thé con {X (t)} va {X Z(t;} tuong ung voi
cac x4c suat P va Py bang phép dao bit, nham khéi phuc cac dic
trung di truyén tich cuc c6 thé da bi mat trong cac budc trude dé thu

duge {xO} = [{X (&)~ } {X z(t,% }]
Lap lai budc 2 dé c6 T(t) *(X(t) * X(t) ).
9. Chén {X (t)'*} va T,S )* vao quan thé hién tai dé c6 quan thé méi
(x@}var?.
10. Cap nhét Gen = Gen +1
11. Ket thic vong lap
12. Tim gia tri ham phat tot nhat T3 (h], p;) € {T(Z) (X(Z),X(IZI%)}
24. })ANI:I GIA HIEU ,SUAT )
2.4.1. Thiét 1ap thong so h¢ thong ]
Théng s6 hé thong va GA duoc liét ké trong Bang 2.3. B¢ danh gia hi¢u
nang, DPC dugc so sanh véi cac phuong phap OCV, OCR, DAV va DWO.
Trong d6, OCV va OCR lén luot trién khai riéng lé luu trir xdc suat tai VU
va luu trir x4c dinh tai RSU, két hop voi truyén thong hop tac; con DAV va
DWO str dung GA nhung danh gia nghiém dua trén gia tri trung binh va kém
nhat thay vi ca the tot nhat. D& bao dam tinh cong bang, tat ca cac phuong
phap déu duoc thiét 1ap véi cuing muc tai nguyén luu trit nhu DPC.
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Bdng 2.3: Thiét ldp théng s6 cho DPC

Ky hiéu Gia tri Pon vi
A 0.025 phuong tién/m
N 25 RSU
/ 10 video
K 7 vung/RSU
Sp Ngau nhién trong khoang 30 d’én 60 km/h
r Ngau nhién trong khoang 50 d@n 200 m
S; Ngau nhién trong khoang 10 dén 200 Mbits
dy [25,30,40,60,40,30,25] m
d 250 m
Ry [1,2,5.5,11,5.5,2,1] Mbps
o 1
n
T 0.2
0 0.5
K 4
P 0.1 W
p 1072
N, 10712 W
w 10 W
Np 3000 ca thé
Ng 100 thé h¢
Pg 0.9
P 5 (str dung 2° bits dé luong tir hoa bién thuc bits
R p; trong khoang [0,1]
P, Py 0.6, 0.8
P Pr 1072, 1071°

2.4.2. Danh gia sy hdi tu ciia GA

Hinh 2.2 cho thay GA hi tu tir khoang thé h¢ thir 45, khi gia tri Mean
tring v&i Best va Penalty giam vé 0, chimg t6 nghiém thu duoc vira t6i wu
vira théa man cac rang budc. Hinh 2.3 tiép tuc xac nhén tinh 6n dinh va do
chinh x4c cua GA qua 100 14n thyc hién véi cac kich thude quan thé khac
nhau. Khi Np ting, GA cho két qua 6n dinh hon va cic gia tri trung binh, cuc
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dai duoc cai thién rd rét. Trén co sé do, luan an chon Np = 3000 tai diém
“khuyu” dé can bang giita 6 chinh xac, tinh 6n dinh va chi phi tinh toan.
2.4.3. Panh gia hiéu suit ciia DPC

T hO’l gian phuc vu

N, = 3000

N, = sono‘

o pest |
—%— Mean
+— Penalty |

10 20 30 40 50 60 70 80 90 100
a) Try sequence

[T o I Ave [ Vi \

iy 500 1000 2000 3000 4000 5000
= b) N,

0 10 20 30 40 50 60 70 80 90 100

3

Generation Hinh 2.3: Bé (3711 dlnh va chinh
" Hinh 2.1: Su hoi tu cia GA - DPC xdc cua GA - DPC
Hinh 2.4 cho thay hleu [—8—DPC —+—0CV —&— DAV —%— DWO —%— OCR

nang cua DPC phuy thudc
ro vao hé sb sai léch mtrc
d6 phé bién a. Khi a ting,
mot s6 it video trd nén
phd bién hon, nho d6 hé
thdng c6 thé tap trung tai
nguyén luu trit vao cac
ndi dung nay dé rit ngin
thoi gian phuc vu.

Service time (s}

L L L L
0 0.5 1 1.5 2 25 3

Hinh 2.4: Thoi gian phuc vu theo o

Khi @ 16n, DPC phat huy hiéu qua nhd phdi hop luu trix gitta RSU
va phuong tién. Nguoc lai, khi a nho, vai troé cua luu trit tai phuong tién
tré nén chii dao va loi thé ciia co ché két hop giam di. Nhin chung, wu
diém ctia DPC nam & kha ning phén bé linh hoat tai nguyén luu trit theo
dac tinh truy cap ndi dung.

Hinh 2.5 cho thiy hiéu ning cua DPC thay dbi rd theo mat d6 phuong
tién A. Khi A tdng, thoi gian phuc vu cua cac phuong phap co khai thac
hru trit xac suat nhu DPC, OCV, DAV va DWO gidm dan do xéc suét xuat
hién cac xe luu trir tang 1én, giup ndi dung duge truy xudt nhanh hon tir
céc nit gan phuong tién yéu cau.
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Nguoc lai, vdi OCR, thoi gian phuc vu lai tang theo 4 do bang thong
phai chia sé cho nhiéu phuong tién hon. Bang chi y, DPC phat huy hiéu
qua rd nhat trong cac kich ban c6 mat d§ phuong tién trung binh va cao,

65
[—e—opc ——ocv

:
DAV —%— DWO —%— OCR|

60 [

Service time (s)

D

15 . . . . . . .
001 0015 002 0025 003 0035 004 0045 0.05

A
Hinh 2.5: Thoi gian phuc vu theo 1

tién tham gia luu trit 7.
Trong khi OCR gin
nhu khoéng thay dbi
theo 7, cac phuong
phép dua trén luu triv
x4c sudt nhu DPC,
OCV, DAV va DWO
déu t6n tai mot khoang
gia tri t tdi wu dé dat
thoi gian phuc vu nhé
nhat. Dc bit, khi t di
16n, DPC cho hiéu
ning tot nhat nho khai
thac hiéu qua dong thoi
lvu tritr tai RSU va
phuong tién.

50

45

40 1

Service time (s)

n
&)1
T

khi 16p luu trir tai phuong
tién co thé phdi hop hiéu
qua voi luu trir tai RSU.
Két qua nay cho thiy uu
diém ctia DPC nam & kha
ning tan dung dong thoi
ha ting ¢ dinh va tai
nguyén luu trit phan tan
trong mang dé giam thoi
gian phuc vu.

Hinh 2.6 cho thdy thoi
gian phuc vy phu thude
dang ké vao ty 16 phuong

©w
3]
T

[&]
o
T

[—©—DPGC —+—0CV —&— DAV —— DWO —%— OCR

L L
0.1 0.2

L
0.3

L L L L L L
04 05 06 07 08 09 1

Hinh 2.6: Thoi gian phuc vu theo ©

Uu diém ctia DPC nam ¢ kha nang thich nghi véi mirc d tham gia luu
trir cua cac phuong tién, tor d6 phan bd hi¢u qua tai nguyén luu trlr phéan tan
va cdi thién ro rét hiéu nang phan phdi video trong mang VANET.
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1)  Dung luong luu trir

Dé bao dam tinh cong bang, cac phuong phap dbi chimg duoc thiét 1ap
v6i téng dung luong luu trit twong dwong DPC, bao gdm ca tai RSU va
phuong tién. Do DAV va DWO ké thira tir DPC, co cau phan bd luu trit cia
hai phwong phdp ndy ciing dugc duy tri twong tu. Hinh 2.7 cho thdy cac
phuong phap dugc so sanh trong didu kién tong dung luong luu trir twong
duong nhau. Vi vdy, wu thé cua DPC khong nim & viée st dung nhiéu tai
nguyén luu trir hon, ma & kha ning phan b6 dung lugng luu trit hop 1y giita
RSU va phuong tién. Két qua nay khang dinh hiéu qua caa DPC dén tir chién
Iuroc luu triv tbi uu, qua do6 cai thién thoi gian phuc vu ma van bao dam tinh
cong bang vé tai nguyén.
_ ' [ orcov B oo on Eloov mmmocs]  Hinh 2.8 cho thdy céc
§ phuong phap duoc so sanh
g, trong cung diéu kién tong
s dung lugng luu trit twong
0 Ji L iEiLL duong. Piém khac biét 1a
' @a - DPC duy tri mét ty 1¢ phan
b6 luu trit toi wu va on dinh
gitta RSU va phuong tién
khi mat do xe thay dbi,
trong khi DAV va DWO
diéu chinh phan bd luu trit
mot cach thy dong hon.

[ I ov-cv [ DAV-CR [ owo-cv [ DWO-CR |

Storage (Gbits)

0.2 0.6 1 1.4 1.8 2.2 2.6 3
(b) «

Hinh 2.7: Dung luong heu triz theo o
Nhu Vay uu the cua DPC [ | I oPc-Cv [ DPC-CR ] OCV -ocnl
nim ¢ kha ning chi dong
xac dinh cdu hinh luwu trix
hop 1y dé duy tri thoi gian
phuc vu thap nhét trong cac
diéu kién khac nhau.

001 0015 002 0025 003 0035 004 0045 0.05
@A

| N ov-cv [ DAV-CR [ owo-Cv [ DWO-CR|

Hinh 2.9 cho thiy DPC
¢6 kha ning diéu chinh phan
bd luu trit gitta RSU va
phuong tién theo ty 1€ T ctia
cac xe tham gia luu trir.

Storage (Gbits)

001 0015 002 0025 003 0035 004 0045 0.05
() A

Hinh 2. 8: Dung luong lwu trit theo 4
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| (B 0P - N oPC-CR [ oV I OCR | Khi 7 nho, DPC dya

nhiéu hon vao RSU;
1o khi T tang, hé théng
khai thac hiéu qua
hon 16p luu trix tai
® 006 008 01 02 03 04 05 07 09 cac phuong tién.
@r Nho do, DPC duy tri
duoc sy linh hoat

T

( I DAv-Cv [ DAV-CR [ DWO-CV [N DWO-CR | . FE
B 15] i trong phan bo tai

0
3 nguyén va gop phan
> giam on dinh thoi
S
(]

5 | gian phuc vu video
trong cac diéu kién
0.06 0.08 0.1 0.2 0.3 0.4 0.5 0.7 0.9 khac nhau

(b) 7 ’

Hinh 2.9: Dung luong luu trie theo t
2.4.4. D) phirc tap cia DPC

Do phtic tap tinh toan trong DPC phuy thudc chii yéu vao s6 lugng RSU
va video trong h¢ thong. Néu giai bang vét can, chi phi tinh toan s& ting rat
16n va kho kha thi khi quy m6é mang mé rong. Vi vay, luan an st dung GA
dé tim nghiém gan ti wu véi chi phi chip nhan duoc. Vi cach tiép can nay,
dd phtic tap cta thuat toan tang theo kich thudc quﬁn thé, s6 thé hé va chi phi
tinh ham muc tiéu C,, xap xi O(Np X N; X Cp). GA vin bao dam kha ning
mo rong va phu hop voi cac hé thong VANET quy mb 16n.
2.5. KET LUAN CHUONG 2

Chuong 2 da dé xuét mo hinh luu triv két hop DPC cho dich vu video
trong VANET, trong d6 RSU thyc hién luu trit x4c dinh va phuong tién thuc
hién luu trit xac suét M6 hinh nay cho phép khai thac déng thoi hai 16p luu
trir dé hd trg truyen video hop tac, qua do gidm thoi gian phuc vu cho cac
phuong tién yéu céu. Trén co so xét dén cac dic trung cua RSU, phuong
tién, ndi dung video va co ché truyén hop tac, chuong 2 da xay dung bai toan
t6i vu nham xéac dinh ban kinh luwu trir va xac suat luu trit phi hop dudi rang
budc dung lugng chung cua h¢ thong. Dé gidi bai toan nay, GA duoc st dung
nhu cong cu tdi wu hiéu qua cho céac bién hon hop nguyén-thue. Két qua mo
phong cho thay DPC c6 kha nang hoi ty tét, sir dung hidu qua tai nguyén luu
trir va cai thién ro rét hiéu nang phuc vu video trong VANET.
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CHUONG 3. KET HQP LUU TRU VA XAC PINH VI TRi PHUC VU
TOI UU TRONG TRUYEN VIDEO HQP TAC QUA UAV-VANET

3.1. GIOI THIEU

Trong chuong 3, hudng nghién ctru dugc mé rong tr mé hinh DPC sang
mo hinh CAHO trong mang UAV-VANET, bang cach két hop tdi wu luu trix
v6i vi tri dimg cua UAV cho dich vu truyén video hop tac. Néu DPC tap
trung vao luu trir tai RSU va phuong tié€n, thi CAHO khai thac 16p khong
gian trén khong, trong d6, UAV nhu cac niit luu trit va truyén dan linh hoat.
M6 hinh CAHO xem x¢t ddng thoi ba bién tdi wu gdm luu trit video tai RSU,
quyet dinh luu trir tat UAV va vi tri dung cia UAV nham bu dép cac khoang
tréng luu trir gitra cac RSU. Cach tiép can nay cho phép mé rong kha nang
phuc vu cia hé thong trong cac kich ban mang dong va han ché ciia RSU.
3.2. MO HINH HE THONG

Mo hinh CAHO duoc xay dung cho dich vu truyén video hop tac trong
UAV-VANET v6i muyc tiéu toi wu dong thoi luu trit tai RSU, luu trit tai UAV
va vi tri ding cia UAV nhu Hinh 3.1. Trén co s& d6, bai toan hudng tdi cuc
tiéu hoa thoi gian phuc vu trung binh va st dung hi€u qua tai nguyén luu trit
trong h¢ théng. Nho sy ph01 hop gitta 16p luu trir mat dat va trén khong,
CAHO c6 kha nang bu dap cac khoang trong luu trit cia RSU va hd trg
truyén video lién tuc cho cic phuong tién trong méi trudng mang dong.

Vi vz Vi VI Cached videos e T\ 1T | R —— - BV liik
> pos =
T 3 .’_;!l = S
/) w
.. ey W D = e ) S
‘ ol o ‘-._‘l ; =
T S
- o
e =l vow | —l— '
. = [ ; =1
RSU 1 'zl zz‘ RSUn,; | I 3 RSEN ‘
d Lt | 7

;c - " ' 4 ! Yy .
8 Sn Sx

Hinh 3.1: M6 hinh CAHO cho truyen video trong UAV- VANET s
3.3. TINH TOAN CAC THONG SO HE THONG
3.3.1. M6 hinh T1D-PPP cho RV

Xét m6 hinh TID-PPP mo ta phan bd khong gian cua cac VU trén cac
tuyén dudng mot chidu véi p; 13 xac sudt yéu cau video 7, khi d6 phan bd cua
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céc phuong tién yéu cau (RV) ddi vé6i video i ciing tudn theo mot qua trinh
Poisson mét chicu doc lap, ky hiu la CDfV, voi mat do /l’iwduqc tinh bai:

A = pa (3.1)
Do phd bién cta video i duge mod hinh héa bang phan bd Zipf, nhu cong
thue (1.1).
3.3.2. Luu trir tai RSU va UAV
1) Luu trir tai RSU

Dbi véi luu trit tai RSUs, ban kinh lwu trit h; cta video i duoc xac dinh
theo cong thirc (1.2).
2) Luu triv tai UAV

Céac RSU khong luu trir video i tao thanh cac khoang trong luu trir véi
s6 lugng N — J;. Do sb lugng UAV 1a hitu han, khong thé bd tri UAV cho
moi khoang tréng. Vi vay, mdi UAV can duoc t6i wu dé vira Iva chon luu tri
mot tip con video, vira ding tai cac RSU phit hop nham bu dip hiéu qua cac
khoang tréng luu trit va duy tri truyén video (Hinh 3.2 v6i ;= 5). Mot UAV
dung phia trén RSU n (véin # n; ;) s€ truyén video i &n cac RV néu Cni =
1, nguoc lai, néu Cpn,i = 0 thi UAV khong luu trir video i.

r Cppand .[1,7 T rcm- and 5, T

RU, RU; RUs; RU, RUs RUs RU; RUs RUs RUj RU;, RUy,

_‘r iy \ ;"Y.f b x ' 2 "(_‘ “_{'T?: ,-’|T-<
Sy 1 R
n— 7 4T
n—ng T hi—1 n—ny+th—1
A= 5 hops T _M=5hops 7

Hinh 3.2: Vi du vé luu trit va hover véi h; = 5

3.3.3. Dung lwong truyén tir RSU dén phuong tién (R2V)

Dé xac dinh dung lwong truyén R2V, doan dudng do mot RSU bao phu
duoc chia thanh K vung (zones), voi cac tham s6 chi tiét duoc liét ké trong
bang 1.1. Dung lugng truyén cho mdi RV yéu cau video i tai ving k, do RSU
n phuc vy, dugc x4c dinh nhu sau:

plf,‘i/Rk
Crii =19 Vii
0, ifn # Tli’j,

Trong do:

. p,’f"{lé x4c suat ton tai it nhit mot RV yéu cau video i trong ving k;

o Viila sO lugng RVs yéu cau video i trong ving k.

=y (3.2)
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Hai gi4 tri nay dugc xéac dinh lan lugt nhu sau:
Ry = 1— e dH, (3.3)
Vk,i == dkllsv (34)
v6i dy 12 chidu dai cia ving k.
3.3.4. Dung lwong truyén tir RSU dén phuong tién (R2V)
Tai cac RSU khong luu trit - Y-~
video i (n #n;j;), UAV e /il
dung phia trén truc gilra dny "/
cua doan duong & do6 cao P
h, va truyén video i dén o
cac RVs thong qua mod T

hinh kénh khong—ddi-dat
nhu trong hinh 3.3. Mo
hinh nay bao gom hai loai

lien két: duong truyén R |

> Fi=d/2 I
nhin thang (LoS) va khong fmmmmmmmmmmoe ‘
nhin thang (NLoS). d

Hinh 3.3: M6 hinh ving phi cua UAV
trong doan duwong n

~ Suy hao duong truyén cho lién két LoS hodc NLoS giita UAV va RV
dién hinh trong vung k thudc doan duong n dugc xac dinh boi:
2
i = (L) 5 A € {LoS,NLoS}, (3.5)

c
Trong do:
e f.1atan s song mang,
c la van tdc anh sang,
nA 12 hé sb suy hao d6i véi lién két LoS hodc NLoS,
d x 1a khodng cach 16n nhat tir UAV dén RV trong ving k.

Két hop xac suat cua duong truyén LoS (P,I;,%S) va x4ac suat cua dudong

truyén NLoS (P,?f,%os =1- P,I;,%S), suy hao duong truyén trung binh 1a:
Uni = YR Pas + Vi PRk®s (3.6)

4'nfcdnk 2
= (f) (anloS P,f_‘,’f + plLos Pg}goS)’
trong d6, xac suat xay ra dudng truyén LoS duoc tinh béi:
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1
1+ knpexp[—vu(Enk — Kn)| (3.7)

trong d0, K, va v,1a cac tham s6 phu thudc moi trudng truyén dan ctia doan

dudng n (Bang 3.2), va:
£ . = 180 ) (hn)
’n,k— ——arctan ) '

Gia sir UAV dugce cap phat tai nguyén pho tan xu6ng (downlink) va
khéng c6 nhiéu, ty so tin hiéu trén nhicu (SNR) cua kénh truyén tr UAV dén
RV trong vung k dugc xac dinh béi:

— -1
bnCni(Wni) P (3.8)

o2 ’

LoS _
nk —

Ynki =

_ bncn,i(‘j’n,k) _1P
)/n,k,i - o2

)

trong do, by, 1a chi sé dimg dwoc sir dung dé xac dinh UAV c¢6 dimg tai RSU
n # n; j hay khong, v6i b, = 1 néu UAV dimng va b,, = 0 néu khong dimg.
Diéu kién YN_ 1,n#n;; b, = M cho biét c6 tong cong M UAV dugc trién
khai, trong do 1 < M < N. Ky hi€u P la cong suét phat caa UAV.
Tir biu thire (3.8), ta thu duoc dung lugng truyén tuong tmg, duoc xac
dinh nhu sau:
RVivio (1 +v -), ifn = n;;,
CUZV pk,L g2 nk,i ,J (3.7)
nki O, ifn # ni,j;
v6i W 12 bang thong hé thong.
Bdng 3.1: Théng s6 méi truong

Thong s6 s i
) Kn Vi nna Mn i 67‘1
Mo1 trrdm

Ngoa1 & 4.88 0.43 0.1 21 20.24°
D6 thy 9.61 0.16 1 20 42.44¢°

Do thi day dac 12.08 0.11 1.6 23 54.62°
D6 thi cao ting 2723 0.08 2:3 34 75.52¢0

3.3.5. Thoi gian phuc vu trung binh
Thoi gian can thiét d¢ phuc vu cac RV trong vung k dugc xac dinh la
thoi gian phuong tién di chuyén qua vung d6, dugc tinh béi:
di
thk = — (3.10)

Sn
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Dua trén (3.10), thoi gian phuc vuy trung binh cta h¢ théng dbi voi I
video, déng thoi 12 ham muc tiéu cua bai toan tdi wu, duge xac dinh béi:
T_ Zl 1pl i» (311)
trong do t; 1a tong thoi gian can thiét de truyén video i thong qua su phdi hop
itra RSUs va UAVs, duoc tinh chi tiét trong thuét toan 3.1.
Thuit toan 3.1: Phan phoi video CAHO
Input: S;
ti = 0
Output: ¢;
l:forj=1:Jido
2: ni; = hl(] - 1) +1
fork=1:Kdo
if S; > 0 then
Si = Si = tny kCipoke
ti = ti + tni,j’k
else
break
end if
10: end for
11: forn=mn;;+1: n;;+ h; —1do
12:  ifn < N then
13: fork=1:Kdo

N A

14: ifS; >0 then

15: Si = Si CTIIJ]ZC‘{
16: ti = ti + tn,k

17: else

18: break

19: end if

20: end for

21: end if

22: end for

23: end for

3.4. THIET KE TOI UU CAHO
3.4.1. Bai toan t6i vu CAHO

Dua trén ham muc ti€u dugc xac dinh trong (3.11), déng thoi xét dén
cac rang budc vé tai nguyén luu trit tai RSU va UAV, bai toan téi wu CAHO
dugc phat biéu nhu sau:
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min T (3.120)
12a
hir bnr Cn,i
Vi cac rang budc:
1<h;<N-1,Vi, (3.12b)
SRSU 4 SUAI‘V’ <SNYI_,S;, (3.12¢)
b, <M
anl n = (3.124d)

trong do, rang budc (3.12¢) giéi han tdng dung lwong luu trir duoc sit dung
boi cac RSU va UAV. Hai dai luong SRSU va SYAY 1an luot bidu thi tai
nguyén luu trir ti€u thu tai RSU va tai UAV, duogc xac dinh nhu sau:

SRSU — §=1]i5i, (3.13)

SUAV — Z Zcmb .. (3.14)

n=1i=

3.4.2. Giai bai toin biang GA

Trong nghién ctru ndy, GA dugc ap dung dé giai bai toan t6i vu CAHO
trong (3.12). Tuy nhién, GA chi hd tro truc tiép cac rang budc dang can trén-
can dudi don gian nhu rang budc (3.12b), trong khi cac rang budc phuc tap
hon, ching han (3.12¢) va (3.12d), can duoc xtr 1y gian tiép thong qua
phwong phap ham phat. Theo d6, bai toan tdi wu c6 rang budc duoc chuyén
d6i thanh mot bai toan khong rang budc bang cach tai biéu dién cac rang
budc (3.12¢) va (3.12d) nhu sau:

1

AS = 6N25i — SRSU _ gUAV >,
: (3.15)
AM = M — an, >0

Twr d6, ham phat dugc ;(ﬁy dung dudi dang:

F = p;(min{0,AS})? + p,(min{0,AM})?, (3.16)
trong do, p; va p, 1a cac hé sé diéu chinh muc do phat khi nghiém vi pham
cac rang budc tuong Gng.

Céc hé sb phat p;va p, duoc diéu chinh ting dan trong qua trinh tdi wu
dé bao dam nghi¢m tim duoc théa man cac rang budec. Ban dﬁu, hai hé $6
nay duogc dit & mic nho, sau d6 chi ting khi rang budc twong ing ctia nd van
con bi vi pham; nguoc lai, néu rang budc di duoc thoa mén thi hé s phat
dugc giit nguyén dé tranh anh hudng khong can thiét dén ham muc tiéu. Qua
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trinh nay duoc 1ap lai cho dén khi cac hang tir vi pham trong ham phat tién
vé 0. O giai doan cudi, budc ting cua p1va p, duge giam xudng aé tranh bién
dong 16n va gitp qua trinh hoi tu on dinh hon. Cudi cung, bai toan téi wu
CAHO dugc chuyén thanh bai toan t6i uru khong rang budc nhur sau:

min Tp=T+F (3.17)

hi,bn,Cn i

3.4.3. Thuat toan GA cho bai toan CAHO

Chi tiét viéc ap dung GA dé giai bai toan (3.17) duogc trinh bay trong
thuat toan 3.2. Do bai toan dong thoi chira bién nguyén h;va cac bién nhi
phén ¢, ;, by, mdi ca thé dugc biéu dién boi hai chudi con riéng: Xl( )ma hoa
céc bién nguyén hy, va X?'ma héa cc bién nhi phan c,, ;, b,,. Cach biéu dién
nay cho phép ap dung phii hop cac toan tir di truyén cho tirng nhoém bién. GA
dugc thuc hién thong qua cac bude chon loc, lai ghép va dot bién, 1ap lai cho
dén khi thoa man diéu kién dung. Qua trinh t8i wu két thuc khi gia tri ham
phat trung binh nhé hon 10~ 3trong 10 thé hé lién tiép, hodc khi sb thé hé dat
dén gidi han cyuc dai Ng = 100.
Thuét todn 3.2: GA cho CAHO
DPAu vao: Thong s6 trong bang 3.3, Gen = 1
Pau ra: T;(h], ¢ Cnirbn)
1. Khdi tao ngau nhién

e Np chudi con {Xl(z)} v6iz =1, 2, ..., Np, mdi chudi bao gdm I bién
nguyén toi wu {h;}.

e Np chudi con {XZ(Z)}, mdi chudi gdm (NxI + N) bit dé bidu didn mot
tap gdm Nx/ bién tdi wu nhi phan cho {c,;} va N bién téi uu nhi phan

cho {b,,}.
2. Tinh gia tri ham thich nghi (fitness) theo cong thuc (3.17) duogc tap

{1} tie 1a {12 (%, x57)},
3. Trong khi diéu kién dimg TC chwa théa mén, thyc hién:
bit {x@} = {[Xl(z)][Xéz)]} cung gia tri ham phat T(Z) twong tng

vao tap xép hang dé lai tao.
5. LuachonNpg = Np x Ng ca thé tot nhit ¢ gia tri ham thich nhé nhét
bang toan tir lay mau phd quéat ngéu nhién [18] dé lai ghép, dugc tap:

(x®} = {Xl(t)][xz(t)]}, t=1,2, ..., Npg
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10.
1.
12.

Chon mot cap ca thé b me dé tao ca thé con bang phép lai ghép mot
diém voi xac sudt Pe; va Py, 1an lugt ap dung cho Xl(t) va Xz(t).

Thuc hién dot bién cac ca thé con {X (t)} va {X (t)} tuong tng véi cac
x4c sudt Py va P, twong Umg, bang phép dao bit nham khéi phuc
cac dic trung di truyén tich cuc c6 thé di bi mit trong cac budc trude,

dé thu dugc: {(x©+} = { x O xior ]}

Lap lai budc 2 dé c6 TP (Xl(t)’*,XZ(t)’*)

Chén {X (t)'*} va {Tlgt)’*} vao quén thé hién tai dé thu duogc tap moi
{x®}va {1},

Cap nhat Gen = Gen +1.

Két thiic vong lap.
Tim gi4 ti ham thich nghi &t nhdt Ti(hi,c;by) €

@) (y(2) y(2)
{r” (2.5

Trong thuc té, CAHO phu hop vdi trién khai tap trung tai mot MBS dé

diéu phdi cac RSU, UAV va ndi dung phé bién trong mot doan dudng giGi
han. Tuy nhién, khi quy mo hé thdng ting, viéc thu thép thong tin trang thai
va chi phi tinh toan trd nén kho khin. Do d6, can lIwa chon hop 1y s6 lugng
RSU, UAV va video do mbi MBS quan 1y dé bao dam tinh kha thi.

3.5. DANH GIA KET QUA

3.5.1. Thiét 1ap thong s

Trong phan danh gia hiéu nang, cac thong sd hé thong va cua GA duogc

thiét 14p nhu trong Bang 3.4. Pdng thoi, cac thong s6 moi truong truyén dan
¢ nhimg doan duong khac nhau dugc chon ngau nhién va tong hop trong
Béng 3.3 nhim phan anh tinh khong dong nhat cia diéu kién truyén trong
cac kich ban VANET thuc té.

Bdng 3.2: Théng s6 hé thong CAHO

Ky hi¢u Gia tri Pon vi
M, N 5,25 UAV, RSU

/ 10 video
K 7 vung/RSU
S; Ngiu nhién trong khoang 0.25 dén 2.5 Gbit
Sn Ngau nhién trong khoang 30 dén 60 km/h
d 250 m
A 0.025 VUs/m
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o 1
0 0.5
w 10 MHz
P 5 W
o’ 10-12 W
c 3x108 m/s
£ 2 GHz
P1,P2 107°,1

Np 3000 ca thé
Ng 100 thé hé
Pg 0.9

P, Py, 0.9,0.6

Proi, Py 10712,10712

Dé danh gia hidu qua cua CAHO, nghién ctru so sanh phuong phap dé
xut voi bdn phuong phap d6i sanh gébm RAHO, RACR, RACU va NUAV,
tuong (mg voi cac truong hop t6i wu khong day du hoic khong trién khai
UAV. Cic phuong phéap nay khac nhau & thanh phan duoc t6i wu, bao gdbm
vi tri dimg ciia UAV, luu trit tai RSU va luu trir tai UAV (Béang 3.4). Dé bao
dam tinh cong bang, cic phuong phap ddi sanh déu duoc thiét lap véi dung
lwong luu trit bang hodc xip xi CAHO. Vi vay, su khac biét vé& hiéu ning
chu yéu phan 4nh hiéu qua cta chién luoc tdi uu dé xuit.

Bdng 3.3: Gid tri t0i wu ciia cdc phieong phdp so sanh

Gi4 tri t6i uru
Phuong h; (15 b,
phép
RAHO Y Y N
RACR N Y Y
RACU Y N Y
NUAV Y N N
CAHO Y Y Y

3.5.2. banh gia GA

Hiéu qua ciia GA duoc thé hién qua qua trinh hoi tu va tinh 6n dinh cua
nghiém. Hinh 3.4 cho thiy & giai doan dau khodng céch gitra Best va Mean
16n, phan anh kha nang kham pha t6t; vé sau hai gia tri nay hoi tu dan, dong
thoi Penalty giam vé 0, cho thay thuét toan dat nghiém t61 wu va théa man
céc rang budc.
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450 —#— Mean )
—penaty| 2
400 =
’t
350 %\ S 140t
300 1 i |
2 % 10 2 3 40 50 60 70 8 9 100
2250 * a) Try sequence
T !
20 Lé“’w:\w‘\ 200 [ [N _A\e CMin
w z Elbow
150 S 5 180
=
100 & 1 g0
50 &3 g 140
0 ‘\“"w““ﬁ'm ok | — ; ’
0 10 20 30 40 50 60 70 80 90 10 1000 2000 ”4000 5000
Generation b} N
Hinh 3.4: Toc do hoi tu cia GA Hinh 3.5: B on dinh va chinh xac
trong phwong phap CAHO cuia GA trong phuwong phap CAHO

Tinh 6n dinh va d6 chinh x4ac cia GA tiép tuc dugc kiém chimg qua
nhiéu lan chay doc lap voi cac kich thudc quﬁn thé khac nhau. Két qua &
Hinh 3.5 cho thiy khi kich thudc quén thé nho, nghiém thu duoc dao dong
nhiéu hon va thoi gian phuc vu thudng cao hon. Nguoc lai, v6i quan thé 1on
hon, dic biét tir Np = 3000 trd 1én, thudt toan cho két qua 6n dinh hon va
dat dugc gia tri thoi gian phuc vu thap hon. Diéu nay khang dinh GA c6 kha
nang hoi tu tot va du tin cay dé giai bai toan CAHO.

3.5.3. Panh gia hi¢u suit CAHO

1) Hiéu nang theo tham s6 a

Hinh 3.6 cho thdy khi % ' ‘ ‘ ‘ pm——
tham s6 ating, thoi 3501 B
gian phuc vu ciia tat ca
cac phuong phap déu
giam, do hé thong c6 thé
tap trung tai nguyén luu
trit vao cac video phd
bién hon. Trong céac
phuong phap duoc so
sanh, CAHO lu6n dat
thoi gian phuc vu thp
nhit nho tdi wu dong o5 : - . s .
thoi luu trir tai RSU va o

UAV ciing nhu vi tri Hinh 3.6: Thoi gian phuc vu theo o
dung cua UAV.

300¢

Service time (s)
- N N
(4] o ()]
o = o

o
S

3]
=]

o

o
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Két qua nay khang dinh hiéu qua néi bat cia CAHO trong viéc phdi
hop tdi wu giira 16p luu trit mat dat va trén khong. Pong thoi, cac két qua so
sanh ciing cho thiy UAV giit vai trd quan trong trong viéc cai thién hiéu ning
hé thdng, nhung dé khai thac hiéu qua 16p luu trit nay, can phai toi uu dong
thoi ca vi tri UAV va chién luge luu triv ndi dung.

250 - 250

EERsUEEUAY|

~
S
3

200 -

o
3

150

3
8

100 -

Caching storage (Gbit)

o
3

50

CAHO RAHO RACR RACU NUAV
(a) a=0

»
&
3 o
»
X
g

" [mERRrsU EEUAV]

CAHO RAHO(SACR RACU NUAV
a=

[ERsU B UAY |

Caching storage (Gbit)
3 o B
g8 8 8

@
3

CAHO RAHO( F}ACRZRACU NUAV/
€) a=

N RsU I UAV

CAHO RAHO(GI?ACR RACU NUAV
a=

Hinh 3.4: Dung luong luu trit theo o
Két qua nay cho thay uu thé cia CAHO khong nam & viée str dung nhiéu
dung luong luu trir hon, ma ¢ kha néng khai thac va phan b6 hidu qua tai
nguyén luu trir phan tan. Déng thoi, viée tbi wu vi tri dung cua UAV ciing
g6p phin quan trong dé ning cao hiéu ning va giam nhu cau luu trit du thira.
2) Hiéu nang theo sé lwong UAV M

Hinh 3.8 cho thdy
khi sé luwong UAV
Mtang, thoi gian phuc
vu cua cac phuong phap
c6 trién khai UAV déu
gidm, nhung muc cai
thién s& dan bio hoa khi
s6 UAV du 16n. Trong
do6, CAHO luon dat thoi
gian phuc vy thap nhat
nho t6i wu dong thoi vi
tri dung ctia UAV va
chién luge luu trit noi
dung.

400

Hinh 3.7 cho thiy téng dung
luong luu trit cua cac
phuong phap 13 gan tuong
duong, nhung cach phan bd
gitta RSU va UAV c¢o6 su
khac biét 16 rét. Trong do,
CAHO sur dung tai nguyén
lwru trit hiéu qua nhat nho tdi
vu dong thoi chién luoc luu
trir va vi tri dung cia UAV,
qua d6 phan bd nodi dung
hop 1y gitita cac 16p luu trix
trong hé thong.

Service time (s)

100

Hinh 3.8: Thoi gian phuc vu theo M
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Két qua nay khing dinh CAHO khai thac hiéu qua 16p ha tang trén
khong, gitip bu dap cac khoang trong luu trir giira cac RSU va nang cao 1d
rét hiéu nang phuc vu video trong h¢ thong

250 - 250

S — Két qua cho thdy RAHO
| 20 bao hoa sém do vi tri dung
| ciia UAV khéng duoc toi
uu, trong khi RACR khai
thac UAV hi¢u qua hon
v e O ooy MO tO1 wu vi tri nay. Doi
— ey U s vOi NUAV, do khong trién
khai UAV nén hi€u nang
khong thay doi theo M.
Trong toan b dai gié tri M,
CAHO luén dat thoi gian
CAHO NG FAGR FACU WAV GAHO FAHG AR RACU RUAY phuc vu thip nhét, cho thdy

Hinh 3.9: Dung lwong luu triz theo M
kha nang tan dung $6 luong UAV hi¢u qua nhét; déng thoi, s6 UAV can
dugc lia chon hop 1y theo ting kich ban, 1y twdng tai diém “khuyu béo hoa”.

Hinh 3.9 tiép tuc khing dinh vai trd ctia UAV nhu mot 16p luu trit bo
sung linh hoat trong UAV-VANET. Khi M tang, h¢ thdng c6 thém cac diém
Iwru trit va truyén dit lidu trong khong gian ba chleu giip mo rong vung phu
va cai thién kha ning phan phdi noi dung. Nho ti uu dong thoi vi tri dimng
va chién lugc Iuu trit, CAHO khai thac hiéu qua hon tai nguyén luu trir phan
tan, tir d6 giam thoi gian phuc vu video tot hon cac phuong phap con lai.

3) Hiéu nang theo mdt do phuong tién A

Hinh 3.10 cho thay khi mat 6 phuong tién A ting, thoi gian phuc vu
ctia cac phuong phép c6 hd trg UAV déu giam, trong khi NUAV lai ¢6 xu
huéng ting do dung luong lién két R2V phai chia sé cho nhiéu phuong tién
hon. Két qua nay cho thay lgi thé ciia 16p ha tang UAV ngay cang rd rét trong
cac kich ban mat @6 phuong tién cao, khi cac lién két U2V c6 thé duoc khai
thdc hi€u qua hon. Xu hudéng nay cling phu hgp véi Hinh 3.11, trong do,
dung lugng luu trir tai UAV tang theo A.

UAV c¢6 vai tro quan trong trong viéc nang cao hi¢u ning hé thong, dic
biét khi luu lwong truy cap 16n. Trong mé hinh CAHO, viée t6i wu dong thoi
vi tri ding cia UAV va chién lugce lvu trir ndi dung cho phép tan dung hi¢u
qué céc lién két U2V, tir d6 giam déng ké thoi gian phuc vu. Cac danh gia
theo a, M va A déu cho thdy xu huéng nhit quan ring CAHO lu6n dat thoi
gian phuc vu thip nhét va st dung tai nguyén luu trit hiéu qua. Tir d6 gidm
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dang ké thoi gian
phuc vu. Cac danh
gia theo a, Mva
Adéu cho thdy xu
huéng nhat quan
rang CAHO luén
dat thoi gian phuc
vu thip nhét va st
dung tai nguyén
Iuu trir hiéu qua.
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Hinh 3.10: Thoi gian phuc vu theo A

[ERsUEE AV

CAHO RAHO(bI§A0R1RACU NUAV
a=

" [EmRsuEmUAY]

CAHO RAHO RACR_RACU NUAV
d a=3

Hinh 3.11: Dung lwong luu trit theo A

3.5.4. D¢ phirc tap ciia mé6 hinh CAHO
So vi mo hinh DPC, CAHO c6 chi phi tinh toan ham muc ti€u tuong
duong, nhung khong gian tim kiém 16n hon do bd sung 16p UAV va thém
céc bién quyét dinh. Tuy nhién, véi Np = 3000va Ng = 100, GA van bao
dam d6 &n dinh va do chinh xac cho bai toan CAHO. Vi vay, tuong tu DPC,
d6 phirc tap téng thé ciia GA trong md hinh CAHO dugc xap xi boi
O(Np x Ng X Cg), va md hinh ndy van c6 kha ning 4p dung cho cac hé thong
UAV-VANET quy mé 16n.

Két qua cho thiy
UAV giup céi thién
r0 rét hiéu nang hé
thong, dic biét khi
mat d0 phuong ti€n
cao. Nho tdi vu vi tri
dimg va chién lugc
luu trit, CAHO khai
thac hi€u qua céc
lién két U2V, qua d6
giam thoi gian phuc
vu va thich nghi t6t
véi diéu kién mang
thay doi.
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3.6. KET LUAN CHUONG 3

Chuong 3 da dé xu4t mé hinh t6i wu két hop lwu trit va vi tri dimg ciia UAV,
goi 1a CAHO, cho dich vy truyén video hop téc trong UAV-VANET. M6 hinh
nay t6i uu dong thoi luu trit tai RSU, luu trit tai UAV va vi tri dimg cia UAV
nham cuyc tiéu hoa thoi gian phuc vu trung binh trong diéu kién tai nguyén luu
trit va sb lwong UAYV c6 han. Bai toan dugc xay dung trén co s¢ mé hinh hoa hé¢
thdng va dugc giai bing GA di didu chinh dé xtr Iy cac bién nguyén va nhj phén.
Két qua mo phong cho thdy CAHO ludn dat thoi gian phuc vu thap hon va st
dung tai nguyén luu trir hidu qua hon so vdi cic phuong phap ddi sanh trong
nhiéu kich ban khéc nhau. Nhiitng két qua nay khing dinh vai trd ciia UAV trong
viéc bu dap khoang tréng luu trit va nang cao hiéu ning truyén video trong
UAV-VANET. )

KET LUAN
1. Két qua dat dwgc

Luén an xdy dung mot khung nghién ctru thong nhét cho bai toan luu trit
va phan phéi video trong UAV-VANET v&i muc tiéu xuyén subt 1a ti thiéu hoa
thoi gian phuc vu. Trén co sé ké thira cac nghién ciru vé kién tric UAV-VANET,
mo hinh kénh truyén va cac chién luge lwu trit noi dung, luan an chuyén trong
tAm tir cac chi tiéu gian tiép sang thoi gian phuc vu nhu mot dai luong phan dnh
true tiép ca QoS va QoE.

Trén nén tang d6, luan an dé xuat hai mo hinh tiéu biéu 1a DPC va CAHO.
Mb hinh DPC xay dung khung t6i wu chung cho huu trit tai RSU va phuong tién
trong mang VANET, con mé hinh CAHO m¢ rdng bai toan sang khong gian ba
chiéu bang cach tich hop thém luu trit tai UAV va t6i uu vi tri dimg cua UAV.
Ca hai m6 hinh déu duoc gial bang giai thuat di truyén dwoc diéu chinh phi hop
voi khong gian nghiém hdn hop va hé rang budc phiic tap ciia bai toan.

Diém ndi bt cta ludn 4n 1a d3 hinh thanh dugc mot 16 trinh phat trién c6
tinh hé thong, tir m6 hinh VANET hai chiéu dén UAV-VANET ba chiéu, trong
do tiéu chi thoi gian phuc vu va khung tél wu meta-heuristic dugc duy tri nhat
quan. Két qua cho thay cac mo6 hinh dé xuét gitip cai thién 13 rét thoi gian phuc
vu, dong thoi khang dinh tiém ning img dung ciia hudng tiép can nay ddi véi
cac hé thong giao thong thong minh va mang 5G/6G trong tuong lai.

2. Huong nghién ciru trong twong lai

Méc du luan an da dat duoc nhiing két qua tich cuc, nghién ctru hién tai
van dua trén mot s gia dinh ly tuong va con nhiéu huéng mo rong trong tuong
lai. Cac huéng nay bao gom x4y dung mé hinh c6 xét dén do tin cdy ctia RSU
va UAV, phat trién co ché Iuu trir dong thich nghi theo trang thai giao thong va
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diéu kién kénh truyén, ciing nhu mé rong mé hinh phé bién noi dung va truyén
thong theo cac diéu kién thuc té hon.

Bén canh do, cac nghién ciru tiép theo c6 thé tich hop thém yéu t6 ning
luong, phat trién cac mé hinh t6i vu da muc tiéu va khai thac cac thuat toan tdi
uu lai hodc hoc ting cuong sau dé giam d6 phire tap tinh toan va ting kha ning
thich nghi. Mot hudng quan trong khéac 14 t6i uu héa tich hop gitta luu trit noi
dung, vi trf UAV va quy dao bay trong cing mot khung théng nhit. Nhing
huéng mé rong nay cho thay luan 4n 1a nén tang cho cac nghién ctru sau hon,
hudng t6i cac hé théng UAV-VANET thuc té, linh hoat va c6 kha ning trién
khai & quy mo lon.



