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NHUNG PONG GOP MOI CUA LUAN AN

Luan 4n dé xuat giao thire SCR nham tdi wu hoa viée truyén anh chat
luong cao qua mang vo tuyén chuyén tiép hop tac, dam bao dir liéu tin cay

va hiéu qué bing thong trong bdi canh phat trién WiFi 6, 5G, va 6G.

SCR két hgp mi hoa mang tuyén tinh ngiu nhién (RLNC) va k¥ thuat
siéu phan giai ISR dua trén hoc sau. Anh chét luong cao (HR) duoc giam
kich thanh anh chét luong thdp (LR), nhiing vao anh chuan va truyén qua
kénh vo tuyén. Dit lidu duoc xir 1y tai tram trung gian voi cac giao thic hop

tac va tai tao anh HR tai tram thu béng k¥ thuét hoc sau VDSR.

Giao thirc dugc kiém ching thong qua mé phong trén Matlab véi 20.000
anh chuén, sir dung cac kénh truyén AWGN va fading Rayleigh, dong thoi
xem xé€t cac yéu t6 nhu suy hao kénh, vi tri tram, va phan tap thu. Chét lugng
anh duoc danh gia dua trén cac chi s PSNR va SSIM. Két qua cho thy:
trong ving SNR thép, giao thire SRT hoat dong hiéu qua hon SDT, trong khi
o vung SNR cao, SDT lai vuot trdéi hon. Pac biét, giao thirc SCR ludn dat
hiéu suét cao nhét trong moi diéu kién, déng thoi kha nang bao mat cia SCR
dugc khing dinh khi cac tram nghe 1én khong thé tai tao dugc anh HR, dam

bao an toan dit liéu khi truyén.
Chwong 1. GIOI THIEU
1.1. LY DO CHON DE TAI

Truyén thong truc quan (VC) dong vai tro quan trong trong trao doi thong
tin va dugc ng dung rong rii trong nhiéu linh vyc nhu quang cdo, gido duc,
y khoa va thyc té 4o [1-4]. Pac biét, xir Iy va bao v¢ hinh anh trong kénh

bang thong gidi han 1a vin dé thu hat sy quan tdm 16n. Gan day, cac ky thuat



tang cuong do phan giai ISR [5] dua trén hoc sdu va ma hoa mang nhu RLNC
[6, 7] da cai thién hiéu qua truyén din va bao mat dir liéu. Mang v tuyén
chuyén tiép hop tac (CWRN) [8] [9] ciing dang duoc nghién ctru dé nang cao
hiéu suat. Luan 4n s& d¢ xuét giao thirc giai quyét cac thach thirc vé bang
thong va an toan dit liéu hinh anh truyén qua mang v tuyén chuyén tiép hop

tac.
1.2. MUC TIEU NGHIEN CUU
1.2.1 Muyc tiéu tdng quat

Luan 4n nay nghién ctru giao thirc truyén anh tin cay trong mang vo tuyén
chuyén tiép hop tac (CWRN), nham dam béo chét luong hinh anh cao va do
tin cdy trén kénh bang thong han ché. Giao thie duoc thiét ké dya trén cac
phuong trinh toan hoc va kiém ching qua mo phong Matlab, tich hop mo
hinh hoc séu (Deep Learning) dé t6i wu qua trinh truyén tai. Mang no-ron
nhan tao (Neural Network) duoc st dung dé nang cao chét luwgng anh va hiéu

qua xir 1y tin hiéu trong méi truong vo tuyén khic nghiét.
1.2.2 Muc tiéu cu thé

Luan an hudng dén ba muc tiéu chinh: xay dung giao thirc truyén tai tin
cay voi RLNC va ISR, phan tich tdc dong kénh fading va vi tri tram trung
gian, ddnh gia chit lugng anh qua PSNR, SSIM, va cai thién bang Deep
Learning, nhim nang cao chat luong truyén anh trong moi truong vo tuyén

han ché.
1.3. TONG QUAN TiNH HINH NGHIEN CUU
1.3.1 Truyén anh qua mang v tuyén

Hién nay, cic nghién ctru thuong sir dung k¥ thuat nén anh cam bién két
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hop mé hoa kénh JSCC [10], 4p dung trong cac md hinh hoc sau [11-15] dé

truyén anh qua kénh vo tuyén.
1.3.2 Truyén anh tin ciy

V& bao mat, cac thuat toan ma hoa phé bién nhu RSA [11-15], DES va
AES [16-19] dugc trién khai dé bao vé hinh anh. Tuy nhién, chiing yéu cau

tai nguyén tinh toan cao va cé thé khong phut hop voi cac thiét bi nang lugng

thap.
1.3.3 K§ thuat ting cwong dd phan gidi anh bang DL

K¥ thudt ting cuong do phan giai anh ISR hién dang dugc nghién ciu
v6i nhiéu kién tric mang hoc sdu khac nhau nhu SRCNN [20], VDSR [21],
DRCN [22], MDSR [23], MenNet [24], FSRCNN [25], SRDenseNet [26],
va RDN [27]. Trong d6, VDSR duoc danh gia cao nhd kha nang cai thién

chét luwgng anh vuot troi.
1.3.4 RLNC néng cao d9 tin ciy truyén thong

K§ thuat RLNC (Random Linear Network Coding) da dugc ung dung
hiéu qua trong cac hé théng phat truc tuyén video [28] va trong truyén thong

multicast trong mang khong day [29].
1.4. NOI DUNG VA PHUONG PHAP NGHIEN CUU
1.4.1 Noi dung nghién ciu

Nghién ctru tap trung phat trién giao thirc truyén anh tin cdy qua mang
vo tuyén chuyén tiép hop tac, hoat dong trén kénh AWGN va kénh fading
Rayleigh. Anh chit lwong cao (HR) duoc giam kich thudc, ma hoa RLNC,

va truyén qua cac khe thoi gian dé tang do tin cdy va bao mat trudc tram
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nghe 1én. K§ thuat ISR khéi phuc anh va hop nhét tir cac khe truyén, véi cac
yéu t6 nhu vi tri relay, k¥ thuat thu phan tap (MRC, EGC, SC), va anh huong
cua fading dugc phéan tich. Két qua danh gia dua trén PSNR, SSIM, trién
khai qua Matlab, huéng dén t6i wu hoa truyén anh trong méi trudong mang

thuc té.
1.4.2 Phwong phap nghién ciru

Luan an khao sat va phan tich cac nghién ctru lién quan, tong hop uu
nhugc diém dé dé xuat mo hinh giao thirc truyén théng va giai phap ky thuat
khic phuc han ché, phat huy uu diém. Giao thirc dugc xay dung dua trén cac
mo hinh toan hoc va kiém chimg bang mé phong trén Matlab dé danh gia

hiéu qua thuc tidn. Két qua duoc do ludng qua hai chi s6 PSNR va SSIM.

1.5. Y NGHIiA KHOA HQC VA THUC TIEN CUA PE TAI NGHIEN
cuu

Luan 4n d& xuit giao thic truyén tai hinh anh chat luong cao qua kénh
vo tuyén hop tac, két hgp ma héa RLNC va k¥ thuat ISR, dam bao d9 tin cay
trong diéu kién bang thong han ché. Giao thirc dugc kiém nghiém trén
Matlab, danh gia anh hudng cta cac yéu t6 kénh truyén va ap dung cac ky

thuat thu phan tap nhu MRC, EGC, SC.

Két qua nghién ciru di duge cong bd trén cac tap chi qudc té uy tin
(MDPI, EAI) va trinh bay tai hdi nghi ATC 2024, khrfmg dinh gia tri khoa hoc

va ing dung thyc tién cua giao thirc.
1.6. BO CUC LUAN AN

Chwong 2. COSO LY THUYET

2.1. HE THONG VO TUYEN CHUYEN TIEP HQP TAC
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Phan nay tip trung tim hiéu cac loai hinh truyén thong hop tac trong
mang CWRN, dac diém nbi bat cua chung, cung mot sb gidi phap k¥ thuat

nén tang dugc ap dung dé hd tro va toi wu hoa hidu qua cua CWRN.
2.1.1 Pic diém kénh truyén vo tuyén

2.1.2 Ky thuit cin bing

2.1.3 K§ thuiat ma héa kénh

2.1.4 K§ thuit phan tip

2.1.5 Ky thuit diéu ché s6

2.2. KY THUAT XU LY ANH

Phan nay trinh bay cac k¥ thuat xir Iy va phan tich anh c6 lién quan dén
giao thirc d& xuét trong ludn an, bao gdm biéu dién anh mau RGB, k¥ thuét
giam kich thudc va tang cuong do phan giai anh, bdo mat anh, xir 1y khur
nhiéu AWGN, va hgp nhat 4nh nham cai thién hiéu ning va chat lugng xur 1y

trong cac ing dung truyén thong.

2.2.1 Ky thuit nén anh (Image Compressor)

2.2.2 K§ thuit thay ddi kich thwéc anh (Image Resizing)
2.2.3 Bao v¢ anh (an toan anh)

2.2.4 Ky thuat khir nhiéu (Denoise)

2.2.5 Ky thuit hop nhit dnh

2.3. MA MANG NC (NETWORK CODING)
Phan nay s& tom tit cac biéu thirc lién quan dén ma mang [30], ma mang
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tuyén tinh LNC [31, 32], va RLNC [7, 33], cung v&i nguyén Iy téng quat ctua
ma RLNC cho mang P2P [34, 35].

2.3.1 Nguyén 1y hoat dong ctia NC
2.3.2 Biéu dién dai s6 NC
2.3.3 LNC va Ma tran chuyén doi
2.3.4 Ma mang tuyén tinh ngiu nhién RLNC
2.4. KY THUAT HQC SAU

Phan nay sé& cung cap tong quan vé cac khai niém co ban va quan trong
trong linh vyec tri tu¢ nhan tao (Al), hoc may (ML), va hoc sau (DL) [36-38].
Noi dung sé€ tap trung vao vi¢c giai thich sy khac biét va mdi lién hé gitra Al,
ML, va DL, déng thoi lam 18 vai tro cua mang hoc sau (DL) trong viéc gidi
quyét cac bai toan phirc tap. Ngoai ra, phin ndy ciing s& trinh bay chi tiét vé
mang hoc sdu theo cdu tric CNN (Convolutional Neural Networks), mot loai
mang phd bién va hiéu qué trong xtr 1y dit liéu hinh anh va tin hiéu.
2.4.1 Giéi thi¢u AI, ML, DL
2.4.2 Kién triic va nguyén Iy hoat dong ciia DL
2.4.3 Mang no-ron tich chip CNN

2.4.4 Cac buée trién khai mé hinh DL

Chuwong 3. GIAO THU'C TRUYEN ANH TIN CAY TRONG MANG
VO TUYEN CHUYEN TIEP HQP TAC

3.1. GIOI THIEU

Két qua nghién ciru trong chirong nay da dweoe céng bé trong an pham
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56 1.
3.2. GIAO THUC SCR QUA MANG CWRN VOI KENH AWGN

3.2.1 M hinh hé théng CWRN véi kénh AWGN (Hinh 3.1)

Tram trung gian

¥ Khe thoi gian thi | " Khe thoi gian the 2
A—->B R oon
—> I
A->R R D
I he R —E
A& | S .
A
a / II N ™
T — (L
Tram phat | Tram thu
(Alice) \ v {Bob)
&
z ——— Truyén truc tiép
Tram nghe lén — — & Truyén chuyén tiép

(Eve)
Hinh 3.1: M5 hinh truyén thong vé tuyén chuyén tiép hop tic CWRN

3.2.2 Giao thirc truyén anh tin ciy SCR qua kénh AWGN (chi tiét xem

trang sau)
3.3. PANH GIA GIAO THUC QUA KENH AWGN
3.3.1 Phuong phap danh gia

Trong ndi dung luan an nay, hai chi s6 PSNR va SSIM dé danh gia chat

luong hinh anh sau xtt 1y.
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3.3.2 Thuit toan mé phéng (Xem Hinh 3.3, 3.4, 3.5)
3.3.3 Théng s6 md phéng (Bang 3.1, Hinh 3.6)
3.3.4 Két qua md phéng giao thirc qua kénh AWGN

a. So sanh giita ba giao thirc SCR, SDT va SRT

e=4 - oo
Giao thire SCR vuot trdi véi mire tang PSNR lan luot 0.5 ?:f;‘g: ::e:ﬂ
dB va 2 dB so véi SRT va SDT —+ SAT (atEve)

RINC:[0.3,0.5]

-G SR (at Eve)

ot — o2 " O ving nhidu thép, tat ca giao thikc dat PSNR
£1 B.1? cao hon tai B khodng 8 dB so vdi tram nghe lén
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(a) PSNR versus noise variance of A-B link.

Chi sb SSIM phin “ TR

SCR (31 Bot)
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~+ SRT (al Eve)
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anh xu hudng tuong

(b) SSIM versus noise variance of A-B link.

Hinh 3.7 Danh gia PSNR va SSIM theo nhiéu véi SCR, SDT, SRT




b. Danh gia mirc bdo vé anh qua giao thirc
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(b) SSIM versus o, with incorrect 15 and 1°7).

Hinh 3.8 Danh gid PSNR va SSIM khi uéc lwong sai anh chuin

c. Ddnh gid dnh hwéng anh chudin
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(b) SSIM versus o , with different 1"/ and 1{7°/.

Hinh 3.9 Chi s6 PSNR va SSIM theo nhiu khi dung sai anh chuin
d. Anh hwéng ciia hé sé giam kich thuéc
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Hinh 3.10 Chi s6 PSNR va SSIM theo nhiéu va hé sé giam kich
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e. Anh huwéng ciia kénh truc tiép

~4-SOT (at Bob)

e SCR vugt troi hon SRT trén toan dai phidu va tdt hon &)
e=4 SDT khi & gia tri nhiéu cao. Tuy nhién, & gia trj nhidu rat =+ e
RINC:[0.3,0.5] = thap, SDT lai hoat déng tét hon ca SCR va SRT, phan |
» nh tinh hiéu qua cda tirng giao thirc tay theo mirc dé

‘7;1=0-2

nhiéu trén lién két tryc tiép.

‘7::1 = ‘7—"1 = ‘711;3 =0.1
Eve:

+ Chuén 20,11

E chon 9

_ PSNR[dB] _

RLNC

(a) PSNR versus o .

Chi s6 SSIM ¢o

xu hwéng twong G ScR (st Eve)
dong véi PSNR, Tuy
shién chi s niv
khong cho két qua
t6t khi anh bi anh
huéng  nhidu  boi
nhiéu lam phdl v&

tinh twong dong gitta

anh khoi phu v anh

gde.

(b) SSIM versus 0 ;.

Hinh 3.11 Chi s6 PSNR va SSIM theo nhiéu cta tuvén A — B

f. danh hwéng ciia kénh chuyén tiép (xem trang sau Hinh 3.12, 3.13)

e SDT: Chi dung kénh truc tiép, khong bi anh hudng bai nhidu kénh
chuyén tiép, phu hop khi kénh truc tiép t6t va kénh chuyén tiép
kém tin cdy.

e SCR: Vuot tréi & mirc nhiéu cao, cai thién PSNR 1-2 dB nho Kkét
hop hiéu qua kénh truc tiép va chuyén tiép.

e SRT: Hiéu suit giam manh khi nhiéu cao do phu thudc hoan toan
vao kénh chuyén tiép, nhéan manh loi ich cua su két hop kénh nhu
SCR.
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Hinh 3.14: Chi s6 PSNR va SSIM theo nhiéu cta tuyén A—E&
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g Anh hwéng kénh nghe lén (xem trang sau Hinh 3.14, 3.15)

Nhiéu trén kénh nghe 1én hau nhu khong anh huong dén hiéu suat cia
SCR, SDT, va SRT do kénh nay thu ddng, khong tac dong truc tiép va khong
truy cap dugc dit liéu quan trong. Ngay ca khi nhiéu giam, kha ning khoi
phuc hinh anh van khong cai thién. Két qua khang dinh tinh an toan, tin cay
cua cac giao thic, dac biét SCR vugt tréi nhd ma hda va chién luoc truyén

tai hi€u qua, bao v¢ dit liéu trudc nguy co nghe 1én.
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3.4. KET LUAN CHUONG 3

SCR 14 giao thirc truyén hinh anh an toan qua mang v6 tuyén AWGN,
két hop tram trung gian hi¢u qua. Nho hinh anh chuan, ma RLNC va ISR,
dit liéu dwoc truyén chinh xéc, trong khi tram nghe 1én khong thé giai ma do
thiéu thong tin. Giao thirc giam kich thudc anh tai ngudn, tiét kiém bang
thong, va khoi phuc anh chit luong cao tai dich bang k¥ thuat ISR dua trén

hoc sau.

SCR thich tmg linh hoat, kich hoat kénh chuyén tiép khi kénh truc tiép

suy giam, ddm bao hi¢u ning cao trong moi truong phuc tap.

Chuong 4. PHAN TiCH VA PANH GIA HEU NANG GIAO THUC
TRUYEN ANH TIN CAY QUA KENH TRUYEN FADING

4.1. GIOI THIEU

Két qua nghién civu trong chwong nay da dwoc cong bo trong dan pham

56 2,3.
4.2. GIAO THUC SCR QUA MANG CWRN VOI KENH FADING

4.2.1 Mb hinh h¢ théng CWRN véi kénh Fading

Mo hinh hé théng CWRN duoc xdy dung dira trén cdu tric trong chuong
3 nhung dugc mé rong dé xét dén cac yéu t6 thue té hon. Cu thé, md hinh bd
sung viéc xem xét vi tri khong gian cia cac tram trong hé théng, giup mo
phong chinh xac hon cac kich ban trién khai thuc té. Pong thoi, suy hao kénh
truyén va hién tuong fading Rayleigh ciing duoc dua vao dé phan 4anh anh
hudng cta mdi trudong truyén dan dén hiéu sudt ciia hé thong. Viéc mo rong
nay dam bao mo hinh tr¢ nén toan dién va phu hop hon trong viéc danh gia
hiéu ning hé thong trong cac diéu kién kénh truyén phirc tap.Giao thirc
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truyén anh tin cdy SCR qua kénh fading

Giao thirc SCR truyén anh qua kénh fading twong ty nhu trinh bay trong
Chuong 3, nhung bo sung thém cac phuong phép xir Iy tin hiéu dé phi hop
v6i kénh vo tuyén.

Tai phia phat, hinh &nh sau ma héa dugc chuyén thanh chudi bit nhi phan
qua khdi SP2Tx, chuén bi cho truyén qua kénh fading. Dir liéu duoc ma hoa
tich chap CC (ty 18 ', da thic [111, 101]) dé tang kha nang sira 13i, sau d6
diéu ché bang BPSK, tao tin hiéu sin sang truyén tai.

Tai phia thu, qua trinh xir 1y tin hiéu dién ra nguoc lai (thong qua khoi
RxSP). Sau khi qua b can bang, néu sir dung giao thirc két hop CC, bo can
béng ZF dugc ap dung; voi giao thiic DF, cac b thu phan tap MRC, EGC,
hoic SC duoc dung cho khe thoi gian tht hai. Tiép theo, tin hiéu dugc giai
diéu ché BPSK, giai mi tich chip bang thuit toan Viterbi, va khoi phuc lai
hinh anh nhu trudce khi xir Iy dé truyén qua kénh vé tuyén.

Céc budc xur 1y tiép theo duge thue hién tuong tu nhu trong Chuong 3.
4.3. DPANH GIA GIAO THUC QUA KENH FADING
4.3.1 Luwu d6 mé phong (xem hinh 4.3 va 4.4)

4.3.2 Thong s6 mé phéng giao thirc SCR qua kénh fading

Bén canh céac thong sé md phong trong Chuong 3, chuong nay bd sung

cac thong sd trong bang 4.1
4.3.3 Két qua md phéng giao thirc SCR qua kénh fading

Nhu Chuong 3, cac két qua md phong duoc danh gia dia trén PSNR va
SSIM, theo cong thic (3.20) va (3.21), dam bao tinh nhit quan va do tin cay.
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a.

fading

So sanh giita ba giao thirc SCR, SDT va SRT qua kénh truyén

Luew y: Khi chi s6 SSIM mang gid tri am, diéu nay thuong phdn dnh

sy tac dong manh mé cua nhiéu ngau nhién, gay ra mat mat dang ké

trong twong dong cdu triic gista anh goc va anh dwoc khéi phuc, dan

dén gid tri SSIM bi Gm.

Giao diém SRT va SDT & SNR khoang

28 dB, chia thanh ving SNR thap va

cao

+ SNR thap: SRT vwot SDT nhé kénh
trung gian va két hop tin hiéu, cai
thién khéi phuc dir liéu.

+ SNR cao: SDT vwot SRT do nhiéu
gigm va kénh trung gian kém hiéu
qua, loi thé nghiéng vé kénh trec
tidp_

So sanh SCR v&i SRTva SDT:

= SNR thép: SCR vuwot SDT nhér sir
dung t6t kénh trung gian va kj thuat
khéi phuc tin hiéu, nhwng chi nhinh
hon SRT

* SNR cao: Loi thé cla SCR giam
nhwng vén duy tri hiéu suat cao hon
ca SRT va SDT

Tac déng clia kénh fading va AWGN:
SNR rat thap: Nhiéu chi phéi lam
giam hiéu suét cta ca ba giao thirc.

+ SNR rat cao: Kénh fading va AWGN
khéng con anh hwéng, cac giao thire
hoat déng gén nhu twrong drong.

» SNR trung gian: Sw khac biét ré rét
gitka cac giao thirc do anh huwdng
manh tlr dac tinh kénh fading va
AWGN.

B4 tin cay:

Kha nang khoi phuc hinh anh cla tram

nghe lén kém xa tram thu, véi PSNR

thap hon 9 dB va SSIM giam 0.35-

0.55 & SNR cao, do thiéu anh chuan va

ma tran RLNC. Didu nay dam bao tinh

bao méat cao cua hé thdng, tuy nhién
cac giao thirc SCR, SRT, SDT chi hiéu
qua khi SNR khéng qua thép.

PSNR [dB)

SSIM

18 . . . .

¢ —%— 50T at Bob with Fading I. :
—#— SRT at Bob with Fading
—6— SCR at Bob with fading
- 50T at Bob AWGN Only

# - SRT al Bab AWGN Only

- SCR at Bob AWGN Only

A2
-
1o

SDT at Eve with Fading
SRT at Eve with Fading
SCR at Eve with Fading
SOT at Eve AWGHN Only
SRT at Eve AWGN Only |~
SCR at Eve AWGN Only

B e )
¥ y -5
=
s@r’h— e / . . A
0 5 10 15 20 25 30 35 40
SNR [dB]
a) PSNR vs SNR.
0.7 T T
—s7— SDT at Bob with Fading
#— SRT at Bob with Fading
0.6 | —&— SCR at Bob with fading 1
- SDT at Bob AWGN Only
# - SRT at Bob AWGN Only
05 - - SCR at Bob AWGN Only
7~ SDT at Eve with Fading
- - % - SRT at Eve with Fading
0.4 - & - SCR at Eve with Fading
SDT at Eve AWGN Only
SRT at Eve AWGN Only
0.3

SCR at Eve AWGN Only | 4

SNR [dB]

b) SSIM vs SNR

Hinh 4.2: So sanh SCR, SDT va SRT qua kénh truyén fading
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b. Anh hwéng ciia ky thudt thu phén tip

Ky thuat thu phan tap dwoc
ap dung:

Tai tram thu:

-SNR thép (< 28 dB):
MRC vuot tréi hon EGC va
SC, voi PSNR tang 0.2—
0.4 dB nh& téi wu trong s
theo SNR, giam tac dong
cda nhiéu.

*SNR cao: MRC tiép tuc
cho thdy wu thé véi SSIM
cai thién t&i 25%, dam bao
chét lvong anh khdi phuc

tét hon.
Tai tram nghe lén;

* PSNR va SSIM thap, kha
nang khéi phuc tin hiéu rat
han ché.

* Khéng co khac biét gilra
MRC, EGC va SC do thiéu
anh chudn va ma tran
RLNC.

Két qua khang dinh MRC
vuot tréi tai & ca SNR thap
va cao, trong khi duy tri do
tin cay cao, bat ké ki thuat
thu nao.

SSIM

18
—=%—SCR MRC at Bob y
——%— SCR EGC at Bob )
16 | —e—SCRSCatBob
--%- - SCR MRC at Eve
-~ % - SBCREGC at Eve
--©-- SCRSC at Eve
14 [1Z®~ SCRSCat
£ =10;Ref_im (17); RINC :[0.3.0.5]
12 (5027 )=(0,0), (52,52 )= (16,1),
(%630 ) =(3.0).(xe. 30 ) = (1.4,-1)
Eve:
101 E_refimage (13):Unknown RLNC
B e st DEUELS SEEel SCERTE J
o S—
8
P

15 20 30

0 5 10 25 35 40
Rayleigh Fading Channel SNR [dB]
a) PSNR vs SNR

07 T v '

—%—SCRMRC at Bob A A—
06 |—*—SCREGC at Bob

©—SCR SC at Bob

-~ - SCRMRC atEve

05 |--% - SCREGC at Eve

©- - SCR SC at Eve

04+ =
03}
02}
0.1
T gy ®
) S - - - - . -
0 5 10 15 20 25 30 35 40

Rayleigh Fading Channel SNR [dB]

b) SSIM vs SNR

Hinh 4.6: So sanh giao thirc SCR v6i cac ky thuat thu phan tap

c. Anh hwéng truyén théng hop tic DF va CC

18
Hé théng ap dung giao
thirc truyén théng hop
tdc DF va CC k&t hop
ky thuat thu phéan tap
MRC dé téi wu tin hiéu.

16

=

PSNR [dB]
s

DF vé&i MRC: Vuot tréi
hon CC nh& tdn dung
kha nang giai ma va két
hop tin hiéu tr nhiéu
kénh, dac biét hiéu qua

10

——x— SRT A&R Img-17

—5— SCR A&R Img-17 iV
% SRT Almg-17 &R Img-15
& SCR A Img-17 & R Img-15. BN

j::lO;A_ref_lm(U),RLNC :[03,0.5] |
(¥62.)=(0,0), (3.3 ) =(16,1),

(% ¥5)=(3.0). (xe.ve)
A_ref im (15)
Eve:E_ref image (13);Unknown RLNC

& vung SNR cao.

10 15 20 25 30 35
Rayleigh Fading Channel SNR [dB]

a) PSNR vs SNR

40



0.7 T T T 4 r
% SRT A&R Img-17
—&— SCR A&R Img-17
*— SRT AlImg-17 &R Img-15
»—SCR A Img-17 & R Img-15

«CC: Tai ma hoa tao
thém nhiéu, lam 06
gidm chét luong khéi
phuc tin hiéu.

Két qua nh&n manh
vai tro cla giao thirc
DF va ky thuat MRC
trong viéc dam bdo
hiéu sudt truyén
thong tdi wu.

SSIM

0 5 10 15 20 25 30 35 40
Rayleigh Fading Channel SNR [dB]

b) SSIM vs SNR
Hinh 4.7: So sanh giao thirc truyén thong két hgp DF va CC

d. Anh huéng ciia hé sé giam kich thuwéc anh qua kénh fading

- - B . 20 x T x
€=24.62810e=10;A_ref im (17); SCR at Bob Scale = 2 ! ! B
RINC -[03.05](x. v.)=(0.0). SCR at Bob Scale = 4

(03,05 (x,.3.,)=(0.0), 18 % SCR at Bob Scale =6
Xe, Vg ) =(1.6,1),(x,, 7, )=(30), £ SCR at Bob Scale =8
(s ) ( e 5)=(3.) % SCR at Bob Scale = 10
(%, ¥ )=(1.4.-1) 46 || ¥ SCRat Eve Scale =2
. SCR at Eve Scale =4 SCR at Bob
Eve:E refimage (13), & SCR at Eve Scale =6 Scale 10,8,6.4.2
Unknown RLNC @ 44 ||—F—SCR at Eve Scale =8 ”
= f>— SCR at Eve Scale = 10| / /
- £ « /
‘Vang SNR thap: =z »
2 = o [
PSNR va SSIM it
Fia L SCR at Eve
10
1 3
8

0 5 10 15 20 25 30 35 40
Fading Channel SNR [dB]

a) PSNR vs SNR

Viung SNR cao: Khi 98
hé §§ giam kich 07
thudc tdng tr 2 I1én
10, PSNR giam
khodng 2 dB va *°

—7—SCR at Bob Scale = 2

SCR at Bob Scale = 4

% SCR at Bob Scale =6

—&—SCR at Bob Scale =8

¢ SCR al Bob Scale = 10
--%- - SCR at Eve Scale =2
SCR at Eve Scale =4

-—% - SCR at Eve Scale =

0.6

SCR at Bob
Scale: 10,8,6,4,2

4

SSIM giam khodng 5 o412 SRIEESEE
10%. Viéc tang hé s6 &

giam kich thudc gidp
tiét kiém bang théng
nhwng lam giam chét
lwgng anh khdi phuc.

SCR atEve
Scale: 10,8,6,4,2

5 10 15 20 25 30 35 40
Rayleigh Fading Channel SNR [dB]

b) SSIM vs SNR

Hinh 4.8: Gao thir SCR qua kénh fading v61 hé ) giam kich
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e.

e=10;e=10;A_ref im (12,15,17,20);
RINC -[0.3,0.5]:(x,,y,)=(0,0),
(32270 ) = (16.1). (%035 )= (3.0),

(e2)=(14.-1)

Eve:E_ref image (13);
Unknown RLNC

Hinh anh k¥ thuat sé co
nhiéu dinh dang nhw
JPEG, PNG, méi dinh
dang c6 dac diém nén
va cau truc div liéu khac
nhau, anh huédng dén
hiéu suét cta giao thirc
SCR.

PSNR dB

PSNR chénh léch t&i 4.3
dB (anh chudn 17 soc vai
15). Anh chudn 12 cho
PSNR tét hon, nhung anh
chudn 15 lai vuot troi vé
SSIM.

SSIM: Danh gia chat lveng
duwa trén dé sang, tuong
phan va céu tric, nhay véi
chi tiét két céu, dc‘: phan
aiai va qua trinh giam kich,
thuwdc anh hwéng den cau
tric hinh anh dang ké.

Két qua nay cho tJJm\L viéc
lga chen anh chuan phu
hop v&i muc tiéu va tiéu
chi danh gia dé téi wu hiéu
suét hé théng.

SSIM

Anh hwéng ciia anh chudn va danh wéc lwong sai

18

16

—%— SCR Ref Image No.20
—&— SCR Ref Image No.17
£— SCR Ref Image No.15
SCR Ref Image No.12

0.8
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0.4

0.2

10 15 20 25 30 35 40

Rayleigh Fading Channel SNR [dB]
a) PSNR vs SNR

~——%— SCR Ref Image No.20
—&— SCR Ref Image No.17
SCR Ref Image No.15
SCR Ref Image No.12

10 15 20 25 30 35 40

Rayleigh Fading Channel SNR [dB]

b) SSIM vs SNR

Hinh 4.9: Anh hudng ciia anh chuan 1én giao thir SCR qua kénh fading
f. Anh hwéng ciia wéc lwgng sai tai Eve

e=10;e=10;A_ref im (17);
RINC :[0.3,0.5];(x,, ¥, )=(0,0),
/ :(1,5;1j];(,\'5 vg):(a;oj;
)= (14-1)
Eve:-E_refimage
(13,15,16,18,19,20);

Unknown RLNC

Y.

SNR dB

Kha nang khéi phuc tai E >
thay ddi dang k& tay vao
anh wéc lwong sai, voi
chénh léch téi da 1.7 dB
(PSNR) va 0.7% (SSIM).
Ngay ca truwong hop tét
nhét (anh sé 16), PSNR
van thdp hon khoang 8 dB
va SSIM khoang 60% so
v&i giao thire SCR tai B.

18

16

©—SCR at Bob
——*—SDT at Bob
—% —SRT atBob
SCR at Eve Est Image 20
SCR at Eve Est Image 19
SCR at Eve Est Image 18
-~ & - SCR at Eve Est Image 16

¢ - SCR at Eve Est Image 15
SCR at Eve Est Image 13 |

o

20 35 40

15
Fading Channel SNR [dB]
a) PSNR vs SNR

25 30
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Nguyé&n nhan chinh 1a E
khéng truy cap duwoc anh
chudn va uéc lwong sai
ma tran RLNC duoc st
dung tai A va R, dan dén
sai léch cdu truc tin hiéu.
Chi s6 PSNR va SSIM tai
E thdp khang dinh kha
nang dam bao do tin cay
manh mé cua giao thic
SCR, dam bao tin hiéu
chét lwong tai B va han
ché khéi phuc tai kénh
nghe lén.

SsiM

0.7 - : - - v
—&— SCR at Bob
—»—8DT at Bob
—%— SRT at Bob

+ SCR at Eve Est Image 20

0.6

0.5 ||~ - - SCR at Eve Est Image 19 1
SCR at Eve Est Image 18
0.4 ||~~~ SCR at Eve Est Image 16
-~ SCR at Eve Est Image 15

03 SCR at Eve Est Image 13 1

20 25 40

Fading Channel SNR [dB]

30 35

b) SSIM vs SNR

Hinh 4.10: Eve khoi phuc sai anh chuin

g Anh hwong ciia vi tri tram trung gian

e=10e=10;A_ref im (17);

RLNC :[0.3,0.5];(x,,,)=(0,0)

(x-¥x)=(161).(11).(22.1)
(55.3)= (300,
(xp.3%)=(14.-1)
Eve:E_refimage (13);
Unknown RLNC

trung gian dén hidu suét aiao
thire SRT, SDT va SCR, vai

ba vi i khao sat (1,1),
(161, va (221). SDT

khéng bi anh huwdng bdi vi tri
tram trung gian do khoang
céach truc tiép A-B khéng dbi.
Nguoc lai, hiéu suat SRT
phu thudc dang ké& vao vi tri
trung gian.

+ Gan A: SRT vuot tréi &
ving SNR thép, tan dung
kénh frung gian dé& giam
nhiéu. )

«+Gan B: SRT t6t hon &
vung SNR cao, khi dwong
truyén tryc tiép it nhiéu.
Két qua twong tu cling ap
dung cho SCR, nhan manh
vi tri trung gian anh hwéng
manh dén hiéu sudt va
dinh hinh ving SNR thép,
cao. Didu nay khang dinh
tdm quan trong ciia viéc t6i
wvu hoa theo vi tri tram
trung gian trong hé théng
truyén théng.

18 ¢ r r * T T v T
—&— SCR at Bob with R at (1,1)
#*— SDT at Bob with R at (1.1)
: —#— SRT at Bob with R at (1,1)
16 | --&- SCR at Bob with R at (1.6,1)
---#-— SDT at Bob with R at (1.6,1)
---%- - SRT at Bob with R at (1.6,1) Inéersecnon
14 | -~€-~ SCR at Bob with Rat (2.2,1) etween
-~ SDT at Bob with R at (2.2,1) | SDT & SRT
@ * — SRT at Bob with R at (2.2,1)
] ; 7
o i
12
&
o SDT at Bob
10 1
8 ]
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a) PSNR vs SNR
07 . : .
—&— SCR at Bob with R at (1,1)
»%—— SDT at Bob with R at (1,1)
0.6 f|—#— SRT at Bob with R at (1,1)
-~ SCR at Bob with R at (1.6,1)
0.5 L|-~* - SDT atBab with R at (1.6,1) | &
: —#— SRT at Bob with R at (1.6,1) [
-~ SCR at Bob with R at (2.2,1) |’
0.4 |~ * - SDT at Bab with R at (2.2,1)
%~ SRT at Bob with R at (2.2,1)
% 03 Intersection
@ SDT at BoB Between
SDT & SRT
&
04
039 R
—
0.38]
28 :{U
"o 5 10 15 20 25 30 35 40

Rayleigh Fading Rayleig SNR [dB]

b) SSIM vs SNR

Hinh 4.11: Anh hudng tram trung gian 1én giao that SCR qua
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4.4. KET LUAN CHUONG 4

Giao thirc SCR dam bao truyén tai hinh anh an toan trong mang v tuyén
hop tac nhd ma héa dya trén anh chuan va ma tran RLNC. Cac mo phong

cho thay:

e Vi tri tram trung gian: SRT hiéu qua hon SDT ¢ SNR thap nho
giam nhiéu, trong khi SDT t6t hon & SNR cao. SCR duy tri hiéu suat

cao trong moi di€u kién.

 Kich thwéc anh: O SNR thip, chét luong it thay ddi. O SNR cao,
tang hé sé giam kich thudc 1am giam PSNR (2 dB) va SSIM (10%).

e Anh chuan: Anh chi ti€t cai thién hiéu suat, sai 1éch anh chuan lam

giam kha nang nghe 1én (PSNR thap hon 8 dB, SSIM thap hon 60%).

SCR nbi bat nho hiéu qua truyén dan, chdng nghe 1én manh mé va kha

nang thich nghi tot, ddm bao chét lugng va an toan dir lidu.
Chuong 5. KET LUAN VA HUONG PHAT TRIEN
5.1. KET LUAN
Luan 4n nghién ctru xu hudng phat trién cua truyén thong thi giac, tap
trung giai quyét han ché cia mang CWRN trong cac tmg dung thuc té. Giao
thire SCR (Secure Cooperative Relay) duoc dé xuit v6i cac dic diém nbi bat:
e Truyén tai anh chit lwong cao: Giam kich thudc anh tai ngudn dé
tiét kiém bang thong va khéi phuc anh bing mang CNN tai dich.
e Hop nhit kénh truyén: Két hop SDT (truyén truc tiép) va SRT (qua
tram trung gian) dé tang hiéu suat khoi phuc.
e Bio mit cao: Mi héa anh bang RLNC va an trong anh chuan, ngin
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chin tram nghe 1én khéi phuc anh gbc.

Panh gia chat lwgng: PSNR va SSIM do hiéu suat khoi phuc trén
cac kénh AWGN va Rayleigh.

SCR thé hién wu diém vuot troi nho tdi wu vi tri tram trung gian, tan dung

anh chuan va chong nghe 1én hi¢u qua.

5.2. HUONG PHAT TRIEN

Dua trén két qua nghién ctru vé giao thirc SCR, mét s6 hudng phat trién

tiém ndng dugc dé xuat nham nang cao hi€u qua va mo rong tng dung:

Cii tién k¥ thuat ISR: Thir nghiém cac phuong phap ISR tién tién
nhu ESRGAN, SwinIR, hodc Transformer-based ISR dé t6i uu hoa

bang thong va cai thién chat luong anh khéi phuc.

Nang cap ky thuat hop nhit anh: Kham phé cac phuong phéap hop
nhét anh hién dai nhu phan tich tan sd, wavelet, hodc Deep Learning

dé nang cao chét luong anh trong giao thire SCR.

Tich hop hoc siu vao ma RLNC: Ung dung Deep Learning dé tbi
wu hda ma trin ma hoa, cai thién hiéu suit va bao mat trong xu 1y dit

liéu da chiéu.

Panh gia tac dong dinh dang va kich thwdc danh: Nghién ciu
tuong tac giita cac dinh dang nén va k¥ thuét thay doi kich thude anh
dé hiéu 15 tac dong dén cac chi s6 PSNR, SSIM va két qua khdi phuc

anh.

Nhiing hudng nghién clru nay khong chi cai thién hiéu qua giao thuc

SCR ma con mé ra nhiéu tmg dung méi trong truyén thong thi giac, bao mat

thong tin, va xtr Iy dir liéu trén mang vo tuyén.
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