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TOM TAT LUAN AN

Ngay nay, truyén théng truc quan di trd thanh mét xu huéng tat yéu, dong vai
trd quan trong trong viéc trao d6i thong tin & nhiéu linh vuc nhu hoi nghi truyén hinh,
hop truc tuyén, tiép thi sd va truyén thong hinh anh. Dic biét, truyén tai hinh anh
dugc tng dung rong rai trong y té, quan sy, mang xa hoi, va kinh doanh. Cung véi sy
phat trién cta cac thé hé mang khong ddy nhu WiFi 6, WiFi 7, 5G va su xuét hién
trong twong lai ciia mang 6G v&i cau triic da dang va phire tap, viéc truyén hinh anh
chat luong cao (HR- High Resolution) qua kénh vo tuyén v6i bang thong han ché va
d6 an toan thap dit ra nhitng thach thtrc 16n. Trong bdi canh d6, luan an nay dé xuét
giao thirc truyén anh tin cdy SCR (Secure Cooperative Relay) nham t6i wu héa viée

truyén thong hinh anh qua mang chuyén tiép khong day.

Giao thitc SCR duoc thiét ké dé dam bao an toan va chét luong anh truyén tai tir
tram phat (Alice - A) dén tram thu (Bob - B), voi su hd trg cua tram chuyén tiép
(Relay) va bao vé khoi su truy cép trai phép cua tram nghe 1én (Eve). Anh chat luong
cao s€ dugc giam kich thudc tai tram phat dé tiét kiém bang thong va an giéu trong
mot anh chuan tir co so dir lidu chung. Giao thuc sir dung ma mang tuyén tinh ngau
nhién RLNC (Random Linear Network Coding) dé ma hoa va bao vé anh trong qua
trinh truyén, dong thoi dam bao tinh toan ven va do tin cdy nho k¥ thuat siéu phan

giai ISR (Image Super-Resolution) dua trén may hoc sau.

Pé t6i wu hoa bing thong trong truyén din qua kénh vo tuyén, anh chat luong
cao (HR) tir tram phét s& duoc giam kich thuéc thanh anh chat lugng thap (LR — Low
Resolution). Anh LR nay sau d6 dugc nhing vao mot anh chuan (c6 cung kich thuée),
duoc chon tir co s¢ dir liéu anh da duogc chia sé vadi cac tram thu hop phap. Qua trinh
nhing st dung cac hé sb ngﬁu nhién cia ma tran RLNC, dam bao an toan dur liéu
trong sudt qua trinh truyén.

Tai tram thu, anh LR duoc tai tao béng cach str dung anh chuan va ma tran ngau
nhién RLNC duoc truyén qua trudng quan 1y goi (package header). Tiép theo, anh

nay dugc loai bo nhiu bang mang no-ron DnCNN (Denoising Convolutional Neural



Networks), sau d6 khoi phuc lai thanh anh HR bang k¥ thuat hoc sdu VDSR (Very
Deep Super Resolution).

Giao thitc SCR duoc trién khai trong mang chuyén tiép hop tac, 4p dung phuong
phap giai mi va chuyén tiép (Decode-and-Forward). Két qua truyén anh HR tir kénh
tryc tiép (SDT - Secure Direct Transmission) va kénh chuyén tiép (SRT - Secure
Relay Transmission) dugc hop nhit, tao ra anh chét luong cao cudi cing. Giao thirc
khong chi tdi wu bang thong ma con ting cuong do tin cdy va dam bao chét luong

anh, d4p tmg yéu cau truyén thong hinh anh hién dai.

Giao thirc duoc dé xuit da duoc kiém ching théng qua moé phong bang Matlab,
st dung bo dir li¢u chuin gém 20.000 anh dé huin luyén va kiém tra. Chat lugng anh
khoi phuc dugce danh gia bang hai chi s6 quan trong: PSNR (Peak Signal-to-Noise
Ratio) va SSIM (Structural SIMilarity Index). Qua trinh m6é phdng dugc thuc hién
trén hai loai kénh truyén: AWGN (Additive White Gaussian Noise) va fading
Rayleigh. Cac yéu t6 nhu suy hao kénh truyén, vi tri ciia cac tram trong mang, va tac
dong cua phan tap thu déu dugc xem xét k§ ludng.

Két qua cho théiy giao thic SRT va SDT phan dinh hai ving hoat dong 10 rét:

« Trong ving SNR thap, giao thirc SRT hoat dong hiéu qua hon SDT.

e Nguoc lai, & vung SNR cao, giao thirc SDT vuot trdi hon.

Giao thitc SCR, so v&i ca SRT va SDT, ludn dat hiéu suit cao nhat trong moi
diéu kién thtr nghiém. Dic biét, kha ning an toan dit liéu cta giao thuc ciing duoc
chtrng minh khi cac tram nghe 1én hau nhu khong thé khoi phuc anh HR truyén qua
mang, dam bao dir liéu duoc truyén dan mot cach dang tin cay.

Ngoai ra, nghién ctru cho thay su danh d6i giita bang thong va chit luong khéi
phuc anh: khi hé sé giam kich thudc anh ting 1én (dé tiét kiém bang thong), chat
lugng anh khoi phuc sé giam di, va nguoc lai. Piéu nay cho phép can bang giita viéc
tiét kiém bang thong kénh truyén va dam bao chét luong dich vu mong mudn, duoc

danh gia qua cac chi s6 PSNR va SSIM.
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ABSTRACT

Nowadays, visual communication has become an inevitable trend, playing a
crucial role in information exchange across various fields, such as video
conferencing, online meetings, digital marketing, and image communication. Image
transmission is particularly prevalent in medicine, military, social networks, and
business. With advancements in wireless technologies like WiFi 6, WiFi 7, 5G, and
the upcoming 6G networks with complex structures, transmitting high-resolution
(HR) images over wireless channels with limited bandwidth and low security poses
significant challenges. Addressing these challenges, this dissertation proposes the
Secure Cooperative Relay (SCR) protocol to optimize image transmission in wireless

relay networks.

The SCR protocol is designed to ensure the reliability and quality of image
transmission from the sender (Alice - A ) to the receiver (Bob - B), with assistance
from a relay station and protection against eavesdropping (Eve). High-resolution
images are downscaled at the sender to save bandwidth and embedded within a
reference image from a shared datastore. The protocol employs Random Linear
Network Coding (RLNC) for encoding and security, while image integrity and

reliability are maintained using deep-learning-based Image Super-Resolution (IRS).

To optimize bandwidth in wireless transmission, high-resolution (HR) images
from the transmitter are downscaled to low-resolution (LR) images. These LR images
are then embedded into a standard image of the same size, selected from a shared
databstore accessible to authorized receivers. The embedding process uses random

coefficients from the RLNC matrix, ensuring data reliability during transmission.

At the receiver, the LR image is reconstructed using the standard image and
RLNC matrix transmitted via the package header. The image is denoised with a
DnCNN (Denoising Convolutional Neural Network) and then upscaled to HR quality
using deep learning-based VDSR (Very Deep Super Resolution).

The SCR (Secure Cooperative Relay) protocol operates in cooperative relay

vil



networks using the Decode-and-Forward method. It combines HR images received
from both direct transmission (SDT) and relay transmission (SRT) to produce a final
high-quality image. This protocol optimizes bandwidth, enhances reliability, and

ensures image quality, meeting modern visual communication demands.

The proposed protocol was validated through simulations conducted on Matlab,
using a benchmark dataset of 20,000 images for training and testing. The quality of
the restored images was assessed using two key metrics: PSNR (Peak Signal-to-Noise
Ratio) and SSIM (Structural SIMilarity Index). The simulations were performed over
two types of transmission channels: AWGN (Additive White Gaussian Noise) and
Rayleigh fading. Critical factors such as channel attenuation, the positions of network

nodes, and the effects of receive diversity were meticulously considered.

The results revealed a clear distinction between the operating regions of the SRT

and SDT protocols:

* In low- Signal to Noise Ratio (SNR) regions, the SRT protocol demonstrated

superior performance compared to SDT.
* Conversely, in high-SNR regions, SDT outperformed SRT.

The SCR protocol consistently outperformed both SRT and SDT under all test
conditions. Moreover, the data security of the protocol was confirmed, as
eavesdropping stations were almost entirely unable to recover the transmitted HR

images, ensuring reliable data transmission.

Additionally, the study highlighted a trade-off between bandwidth efficiency and
image recovery quality: increasing the image size reduction factor (to save
bandwidth) led to a decrease in recovery quality, and vice versa. This trade-off allows
for a balance between saving channel bandwidth and achieving the desired quality of

service, as measured by PSNR and SSIM metrics.
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CHUONG 1. GIOI THIEU
Trong chuong nay, luan 4n trinh bay tong quan vé dé tai nghién ciru, bao goém 1y
do chon d8 tai, muc tiéu va nhiém vu nghién ctru, d6i twong va pham vi nghién ctru.
Ngoai ra, chuong ciing diém qua tinh hinh nghién ctru lién quan nhu truyén anh qua
mang vo tuyén, truyén anh an toan, k¥ thuat ting cudng d6 phan giai anh bing hoc
siu va mi mang tuyén tinh ngiu nhién nhim ning cao do tin cdy. Cudi chuong, tac
gia trinh bay huéng tiép can, phuwong phap nghién ctru cling nhu y nghia khoa hoc va

thue tién cia dé tai.
1.1. LY DO CHON PE TAI

Hién nay, truyén thong truc quan VC (Virtual Communications) giir vai tro then
chét trong trao doi thong tin, dac biét sau dai dich COVID-19 [1-4]. VC dugc tng
dung rong rai trong quang cdo, gido duc, y té, quan su va thuc té a0 (VR). Trong ky
nguyén s6, VC xuat hién dudi nhiéu dang nhu ky hiéu, hinh anh, d6 thi va video,
trong d6 hinh anh 1 pho bién nhat. Do d6, cac van dé xir 1y, phan tich, khoi phuc va
bao v¢ hinh anh thu hat sy quan tdm nghién ctru [5, 6]. Hinh 1.1 cho théy du bao chi
phi truyén anh qua mang vo tuyén giai doan 2023-2032 v&i muc ting truong kép hang

nim CAGR (Compound Annual Growth Rate) trung binh 11,2%/nam. Viéc truyén

Thi trwérng truyén dnh vé

3.2
tuyén dén 2032 ty USD
1'5 I I I I

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Hinh 1.1: Mc ting trudong kép hang nim CAGR ctia truyén anh vo tuyén [4]



anh chit luong cao, d6 tin cdy 16n ludn 1a yéu cau cap thiét trong nghién ctiru hién

nay.

Mang truyén théng vo tuyén chuyén tiép hop tic CWRN (Cooperative Wireless
Relay Network) [7] 12 mét kién tric mang hiéu qua, giup ting cuong do tin cdy, hiéu
suat truyén dir liéu, mo rong ving pha séng va giam cong suét tidu thu nhd sy hop
tac giita cac tram chuyén tiép [8]. CWRN duoc ap dung trong nhiéu loai mang [9],
nhu mang vo tuyén nhan thirc CRN (Cognitive Radio Network), mang cam bién WSN
(Wireless Sensor Network) va IoT (Internet of Things), dap tmg yéu cau két ndi trong
moi truong dong. Tuy nhién, mang nay dbi mat véi cac thach thirc vé bao mat, khi
thong tin dé bi nghe 1én, va giéi han bang thong, suy hao tin hiéu va yéu t6 méi
truong. Hién nay, CWRN dugc nghién ciru cho cac tmg dung trong 5G va phat trién
cho mang thé hé thir sau 6G, ti vu hoa bang thong, giam do tré va cai thién hiéu qua

trong khu vuc mat do thiét bi cao [10, 11].

Tir nhitng thach thirc dd néu, viéce truyén anh chit luong cao qua mang CWRN 1a
yéu cau cap thiét, doi hoi vira dam bao do tin cdy, chat luong, vira toi vu bang thong
trong diéu kién tai nguyén han ché. Do d6, thiét ké giao thirc hiéu qu4, cAn bang gitra
cac yéu td ndy va thich tng linh hoat véi méi trudng mang, 13 muc tiéu trong tim cia

luan an, hudng ti giai phap cho cac hé thong truyén thong thé hé méi.
1.2. MUC TIEU NGHIEN CUU

Muc tiéu nghién ctru ctia luan 4n nay 1a dé xuat, xay dung va danh gia mot giao
thire truyén tai hinh anh c6 do6 tin cay cao dugc thiét ké dic biét cho moi truong mang
v6 tuyén chuyén tiép hop tac CWRN véi nhiing rang budc vé bang thong. Nghién
clru nay hudng dén viée kién tao mot giai phap hiéu qua, dam bao kha ning truyén
dan hinh anh chét lugng cao mot cach tin cdy thong qua kénh truyén vo tuyén, dap
g nhu ciu ngdy cang cao vé chat luong dich vy trong cic mg dung truyén thong

hinh anh.
1.3. NHIEM VU NGHIEN CUU

D¢ hién thuc hdéa muc tiéu nghién ctru da dé ra, nghién clru sinh s& trién khai cac



nhiém vu trong tam nhu sau:

Tién hanh tong hop va hé théng hoa cac co so 1y thuyét lién quan dén truyén thong
v6 tuyén hop tac, cac k¥ thudt xtr Iy anh nham giam kich thudc va nang cao do phan
giai, cic phuong phap bao vé anh an toan, tiéu chi danh gia chét luong anh, ky thuat
mi mang ngau nhién tuyén tinh RLNC (Random Linear Network Coding), cing véi

cac phuong phép hoc sau hién dai.

Pé xuit va phat trién mot giao thirc truyén anh chat lugng cao véi do tin cay 16m
trén nén tang mang truyén thong vo tuyén hop tic CWRN trong diéu kién kénh truyén
AWGN. Dong thoi, danh gia hiéu ning cua giao thirc dé xuat thong qua mo phong
trén cac mo hinh kénh fading sir dung phan mém chuyén dung MATLAB, két hop
cac k¥ thuat thu phan tap va phan tich toan dién cac yéu t6 anh huong dén hiéu qua

truyén anh cua hé thong.
1.4. POI TUQNG VA PHAM VI NGHIEN CUU
1.4.1 Pdi twong nghién ciru

Doi tugng nghién ctru ctia ludn 4n 1a giao thirc truyén anh chat lugng cao c6 do

tin cdy cao trong moi trudng mang truyén thong vo tuyén hop tic CWRN.
Trong do, trong tam dugc dat vao viéc tich hop cac k¥ thuat tién tién nhu:

e Xirly anh: Cac phuong phéap gidm kich thude dir li¢u (giam kich thudc anh), ting
cuong do phan giai anh, va bao v¢ tinh toan ven/bao mat cua dir li¢u anh trong
qua trinh truyén dan.

e M3 mang tuyén tinh ngiu nhién RLNC: Ung dung RLNC nhu mét k§ thuat c6t
16i dé cai thién hiéu qua st dung bang thong, ting cuong do tin cdy va tiém ning
bao mat trong méi trudng truyén thong hop tac.

e Hoc sau DL: Khai thac cdc mo hinh hoc sau, déc biét 1a cac kién trtc mang no-
ron tich chap CNN (Convolutional Neural Networks), cho cac tac vu lién quan
dén phuc hoi va nang cao chit luong anh sau khi truyén qua cac kénh truyén bi

suy hao.



e Mang truyén théng vé tuyén hop tic CWRN.
1.4.2 Pham vi nghién ctru

Dé dam bdo tinh tap trung, tinh kha thi va chi€u sau cua nghién ctru, pham vi cta

luan an dugc gidi han mot cach cu thé nhu sau:

Vé ndi dung Ky thuat: Luan an tip trung vao nghién ctru, phat trién va dénh gia
mot giao thire truyén tai anh tich hop k¥ thuat ma mang RLNC, cac phuong phap xu
Iy anh (thay dbi kich thudc anh, ting cudng do phan giai anh, bao vé anh), cling cac
mé hinh hoc sau dugc thiét ké cho muc dich phuc hoi va nang cao chét luong anh sau

qua trinh truyén dan.

Vé kénh truyén va mé hinh mang: Luan an sé& tién hanh mé hinh hoa va danh
gia hiéu suit ctia hé thong truyén dan trong moi truong kénh AWGN va cac mo hinh
kénh fading tiéu biéu thuong gip trong truyén thong vo tuyén 1a kénh Rayleigh. Kién
tric mang truyén thong vo tuyén hop tac CWRN dugc gidi han ¢ cac cau trac hop
tac gdm bon nut tham gia vao qua trinh truyén nhan dir liéu (ngudn, dich, chuyén tiép
va nghe 1én). Céc kién trac CWRN phtic tap hon véi s6 luong 16n nut hodc tinh di
dong cao khong thudc pham vi nghién ctru hién tai.

Vé cong cu va phwong phap danh gia: Cac thuat toan va giao thirc dugc dé xuét
s& dugc mo phong va danh gia hiéu suat thong qua viée sir dung phan mém mo phong
chuyén dung MATLAB. Cac két qua danh gia s& dua trén cac chi tiéu danh gia
(metric) dinh luong vé chat lugng hinh anh (vi du: PSNR, SSIM).

Vé dir liéu: Nghién ctru s& ap dung va danh gia giao thuc trén cac bo dir liéu anh
tinh tiéu chuan RGB (anh mau) IAPR TC-12 [12] duoc cong khai thudong dugc st
dung trong Iinh vyc xtr Iy anh va hoc sau.

Luan an khong xem xét dén viée truyén tai dir liéu video hodc cac loai anh chuyén
biét c6 dac thu riéng nhu anh y té hodc anh vién tham.

1.5. TONG QUAN TiNH HINH NGHIEN CUU

Dé truyén anh chat lwgng cao qua mang vo tuyén c bang thong han ché va do an



toan thip, can giai quyét cac yéu cau ky thuat sau:

> Giam dung lwong anh: giam kich thuéc hodc nén anh dé tiét kiém bang thong.
> Bao vé dir liéu: ma hoa anh dé chong nghe 1én va ting do tin cay.

> Khdi phuc anh: xir 1y tin hiéu suy hao va nhidu dé cai thién chit luvong anh nhan.
> Can bang hiéu suit: t6i wu hoa giita chat lwong anh va bang thong st dung.
Sau déy s& trinh bay mot s6 nghién ctru lién quan dén noi dung cta ludn an.

1.5.1 Truyén anh qua mang vé tuyén

Trong boi canh mang truyén thong khong diy c¢6 bang théng han ché va dic tinh
kénh truyén khong 6n dinh, nhiéu nghién ctru di dé xuit cac giai phap t6i vu hoa
truyén tai anh nham nang cao hiéu suat va chit luong ti tao. Cac hudng tiép can bao
g6m nén anh theo khdi va chi truyén cac phan cé thay doi [13, 14], 4p dung k¥ thuat
nén cam bién két hop ma hoa kénh JSCC (Joint Source—Channel Coding) dé giam dir
liéu va ting do tin cdy truyén dan [15, 16] dé truyén anh qua mang LoRa (Long
Range) va LPWAN (Low Power Wide Area Network). Dang chu y, cac mo6 hinh hoc
sdu tich hop di duoc phat trién [17-21], cho phép thuc hién dong thdi ma hoa ngudn
va kénh ma khong can thong tin chi tiét vé dic tinh kénh, dong thoi ¢6 thé tan dung
phan hdi tir phia thu dé nang cao chit lwong anh trong diéu kién kénh truyén thay doi
dong. Bén canh dé, cac nghién ciru [22, 23] khai thac hiéu qua cac k¥ thuat tién tién
nhu MC-CDMA (Multi-Carrier Code Division Multiple Access), OFDMA
(Orthogonal Frequency Division Multiplexing) cing vé&i cac phép bién doi DFT
(Discrete Fourier Transform), DCT (Discrete Cosine Transform), DST (Discrete Sine
Transform) dé giam nhiéu, t6i uvu bang thong va cai thién kha ning chéng lai fading
va giao thoa trong méi trudng truyén da duong. Nhitng hudng tiép can nay gop phan
quan trong vao viéc xay dung hé thong truyén anh thong minh, thich tmg va hiéu qua
cho cac g dung giam st va IoT hién dai. Cac giai phap nay cha yéu img dung trong
giam sat nong nghiép, méi truong va IoT, noi can truyén anh dung luong thip qua

mang khong day tiét kiém ning luong.



1.5.2 Truyén anh an toan

Nhim dam bao an toan cho hinh anh va dit liéu truyén qua mang, nhiéu k¥ thuat
d3 dugc nghién ctru va phat trién dé dap Gmg cac yéu cau vé tinh xac thuc, bao mat
va toan ven thong tin [24, 25]. Céac giai phap phd bién bao gdm ma hoa, thiy an va
ky thudt gidu thong tin, nham ddi phod véi cac nguy co nhu truy cap trai phép, tin
cong tir chdi dich vu (DoS), hodc can thiép bat hop phap vao dit liéu. Cac thuat toan
nhu RSA (Rivest-Shamir—Adleman) [26, 27], ban d6 hon loan Henon (Henon Map)
[36], ma hoéa anh dua trén cong thic "Brahmagupta Bhaskara" [28], DES (Data
Encryption Standard) va AES (Advanced Encryption Standard) [29-32] da duogc ap
dung hiéu qua trong cac hé théng mang cam bién khong day (WSN), LTE va {ng
dung IoT, dic biét trong linh vuc y té va qudc phong. Ngoai ra, cac nghién ciru con
dé xuat k¥ thuat thity an dé nhung ma xéac thue hodc théng tin bénh nhan vao anh y
khoa nhu CT (Computed Tomography), MRI (Magnetic Resonance Imaging) va
MRA (Magnetic Resonance Angiography), gitp ting do tin cay va duy tri lién két dix
lidu [33, 34]. V6i dit lidu sinh trac, phuong phap steganography dugc sir dung dé an
thong tin vao anh binh thudng, nng cao tinh bao mat va hiéu qua truyén dir liéu trong
cac mang WSN co tai nguyén han ché [35, 36]. Ma hoa bao v¢ thong tin mot cach
hiéu qua, nhung doi hdi cac thudt toan phuce tap va quy trinh quan 1y khoa chét ché.
Thuy an cha yéu duge st dung dé xac minh ngudn goc va bao vé ban quyén, trong
khi phuong phap an thong tin (steganography) c6 gii han vé luong dir liéu co thé
gidu. Mdi phuong phap déu co nhirng wu diém va han ché riéng, phu hop véi timg

yéu cau bao mat khac nhau.
1.5.3 K¥ thuit ting cwong do phan giai anh bang hoc sau

K¥ thuat ting cuong d6 phan giai anh ISR (Image Super-Resolution) nham tai tao
anh do phan giai cao tir anh déu vao do phan giai thap, voi tmg dung rong rii trong y
té, giam sat, anh vé tinh va thi gidc may tinh. Cac phuong phap truyén thong nhu noi
suy tuyén tinh, ndi suy bac ba va ndi suy gan nhat c¢6 uu diém don gian, nhanh nhung

thuong khong bao toan chi tiét anh. Gan day, cac m6 hinh ISR hoc sau dua trén ba



kién trac: CNN, Mang D6i Khang Tao Sinh GAN (Generative Adversarial Network)
va mang Transformer. ISR dung kién traic CNN ¢6 wu diém nhanh, d& huin luyén,
phu hop véi tmg dung thoi gian thyc gém cac hé théng nhu SRCNN (Super-
Resolution Convolutional Neural Network) [37], FSRCNN (Super-Resolution
Convolutional Neural Network) [38], DRCN (Deeply-Recursive Convolutional
Network) [39], VDSR (Very Deep Super Resolution) [40], MDSR (Multi-scale Deep
Super-Resolution system) [41], SRDenseNet (Super-Resolution in DenseNet) [42],
va RDN (Residual Dense Network for Image Super-Resolution) [43]. ISR sur dung
kién tric GAN cho phép tii tao chi tiét anh sic nét, phii hop céc anh ty nhién tng
dung trong viéc chinh sira va nang cip anh gém cac hé théng nhu SRGAN (Super-
Resolution Generative Adversarial Network) [44], ESRGAN (Enhanced Super-
Resolution Generative Adversarial Networks) [45]. ISR vé&i kién trac mang
Transformer c6 nhiéu vu diém trong mé hinh héa mdi quan hé toan cuc, giir dugc chi
tiét va cdu tric anh phirc tap nhung thudng ning va can nhiéu tai nguyén va gdm mot
s6 hé thong tiéu biéu nhu SwinIR (Image Restoration Using Swin Transformer) [46],
TTSR (Texture Transformer Network for Image Super-Resolution) [47]. Trong céc
mo hinh ISR hoc sau, VDSR thuong dugc chon do sir dung mang no-ron tich chap
sau vaéi 20 16p trong sb, hoc phén du va tdc do hoc cao dé tang chat luong anh va tbe
dd hoi tu. Cac két qua thyc nghiém cho théy mo hinh nay vuot trdi so vé1 phuong
phap truyén théng, dic biét vé do chinh xac va chi tiét anh phuc hoi va khong yéu cau
kién trac phtrc tap nhu GAN hay Transformer, dé& cai dat va huan luyén.
1.5.4 Ma mang tuyén tinh ngiu nhién ning cao d9 tin cdy truyén thong

RLNC [48] 1a phuong phap ma hoa mang két hop tuyén tinh ngau nhién cac goi
dir liéu tai cac tram mang trude khi truyén dén dich. K¥ thuat nay cai thién hi¢u suét
truyén tai, t6i vu bang thong va tang do tin cay. Pong thoi, RLNC ma héa ngiu nhién
gitip bao mat dit liéu, chi cho phép tram thu hop 18 giai ma va tai tao dir liéu gbc.

RLNC d3 duoc nghién ctru trong [49] dugc coi nhu mot co ché ma hoa tu nhién,

noi ma qua trinh tron dir liéu ngau nhién trén cac tram phat lam tang cuong tinh bao



mit cta hé théng han ché kha ning trich xuit théng tin cua cc tram nghe 1én khi
thong tin thu dugc han ché. RLNC trong [50] duoc tich hop trong cac hé théng phat
truc tuyén video nham tdi vu hoa viéc mi hoa va bao toan chét lugng ndi dung. N6
dic biét hitu ich trong cac mang LTE/4G va cac hé thdng truyén phat video di dong,
noi c6 su han ché vé bang thong va su b tré mang. Do tin cdy cia RLNC trong truyén
thong da hudng (multicast) trong mang khong day thong qua viéc xay dung cac ma
tran ma hoa véi tinh chét tuyén tinh ngiu nhién duoc nghién ctru trong [51]. Viéc ap
dung va trién khai md mang RLNC duoc trinh bay ca 1y thuyét co ban va tmg dung
thuc té [52], nhu viéc st dung RLNC cho truyén tai dir liu hi¢u qua va dang tin cay
qua cic mang truyén thong khong day, luu trir phan tan va truyén tai da phuong tién.
Nghién ciru ciing chi ra raing RLNC ¢6 thé ting cudng d6 tin ciy cia dir lidu, giam

viéc truyén lai va tdi wu hoa bang thong, dac bi¢t trong giao tiép da diém.
1.6. HUONG TIEP CAN VA PHUONG PHAP NGHIEN CUU

Trong phan ndy, nghién ctru sinh trinh bay cu thé vé hudng tiép can va phuong

phap nhién ctru cua luan an cu thé nhu sau:
1.6.1 Huwéng tiép can

Luan an nay trién khai huéng tiép can nghién ctru da nganh, két hop kién thirc tir
cac linh vyc truyén thong vo tuyén hop tac, xir 1y anh s6, ma hoa mang tuyén tinh
ngau nhién RLNC va k¥ thuat hoc siu DL. Hudng tiép can ndy gitp t6i uvu hoa toan
dién qua trinh truyén anh qua méi trudng mang khong day co dic tinh thay doi, khong
on dinh va nhiéu da dang. Trong do, anh dau vao duoc xir Iy nham giam kich thude
trude khi truyén, gop phan tdi uvu hoa bang thong va giam dung lugng dit liéu can
truyén tai. K§ thuit m3 mang tuyén tinh ngdu nhién RLNC duoc 4p dung dé ting
cudng do tin cdy cla qua trinh truyén va giam thiéu ton that dir liéu do anh huong
cua moi truong kénh. Tai phia thu, mé hinh hoc sau dugc str dung dé phuc hoi anh
va nang cao chit lwong hinh anh da bi suy giam trong qua trinh truyén dan qua kénh

v6 tuyén nhiéu loan va bién thién.



1.6.2 Phwong phap nghién ctru
Luan 4n str dung mot t6 hop cac phuong phap nghién ctru khoa hoc, bao gom:

Nghién ciru Iy thuyét: Tong hop, phan tich va hé thong hoa tai liéu khoa hoc vé

xtr Iy anh, RLNC, mang v6 tuyén va hoc sdu dé xdy dung co s6 1y thuyét.

M6 hinh héa va thiét ké hé thong: Xay dyng mo hinh toan hoc md ta qué trinh

truyén anh va thiét ké kién truc giao thuc tich hop cho mang CWRN.

M6 phéng thwe nghiém s6: Trién khai mo hinh va giao thic trén MATLAB, thyc
hién mo phong véi bo dir lieu anh chuan IAPR TC-12 [12] va cac md hinh kénh
truyén thuc té (AWGN, Rayleigh) dé danh gia hiéu ning.

Panh gia va phan tich két qua: Sir dung céc chi s6 dinh lwong khach quan PSNR
(Peak Signal-to-Noise Ratio), SSIM (Structural Similarity Index Measure) va phuong
phap thong ké dé phan tich hiéu qua giao thie dé xuét.

1.7. Y NGHIA KHOA HQC VA THUC TIEN CUA PE TAI NGHIEN CUU

Luan 4n gop phan mo rong co so 1y thuyét vé truyén thong vo tuyén hop tac
CWRN thong qua viéc dé xuat mot giao thirc truyén anh méi, két hop hiéu qua cac
linh vyc: xtr 1y anh s6, md héa mang tuyén tinh ngiu nhién (RLNC) va ting cudng
d6 phan giai bang hoc sau ISR. Viéc tich hop cac k¥ thuat nay khong chi tao nén mot
mo hinh truyén anh c6 kha nang thich tng v&i diéu kién kénh truyén bién dong ma
con 1am rd vai tro cta cac thanh phan trong viéc dam bao chat lugng va do tin ciy
truyén dir liéu anh. Cac mé hinh toan hoc, biéu thtc 1y thuyét va két qua mo phong
trong lun an gitup cang cd 1y luan vé hiéu suat truyén anh qua kénh AWGN va fading,
tir 46 dong gop vao kho tang tri thirc khoa hoc trong cac linh vuc truyén thong khong

day va hoc may tng dung

Két qua nghién ctru c6 thé ap dung truc tiép vao cac hé thong truyén anh trong
moi trudng khong day c6 tinh chat bat 6n dinh nhu: truyén anh tir UAV (Unmanned
Aerial Vehicle), camera giam sat tir xa, mang cam bién anh khéng diy WISN

(Wireless Image Sensor Network), hé thong canh bao sém trong nong nghiép thong



minh hodc cac tng dung IoT (Internet of Things) yéu cau truyén tai hinh anh chét
luong cao véi bang thong gidi han ciing nhu cac img dung trong y té va quén su.
Cong bd khoa hoc tir nghién ciru: Két qua nghién ctru cia luén an di dugc cong
bb trén cac tap chi qudc té uy tin:
o Journal of Electronics (MDPI): Mot tap chi thudc danh muc SCIE (Q2).

« EAI Endorsed Transactions on Industrial Networks and Intelligent

Systems: Thudc danh myc SCOPUS (Q3).

Ngoai ra, nghién ctru ciing dugc trinh bay tai hoi nghi qudc té 2024 International
Conference on Advanced Technologies for Communications (ATC), gbp phan
khang dinh chat lwong va tinh tng dung cua giao thirc dé xuat trong cong dong khoa

hoc qubc té.
1.8. BO CUC LUAN AN

Luan 4n gém 5 chuong, trinh bay vé giao thirc truyén anh tin cdy trong mang vo

tuyén chuyén tiép hop téc.

Chwong 1: Mé dau, néu 1y do chon dé tai, tinh cap thiét, van dé can giai quyét,

muc tiéu, nhiém vu, d6i twong va phuong phap nghién ctru.
Chuong 2: Co s¢ ly thuyét vé mang CWRN, xur ly anh, ma mang va hoc sau.

Chwong 3: B¢ xuét giao thirc truyén anh tin cay (SCR) cho mé hinh CWRN c¢6
nghe 1én, mo6 phong va danh gia do tin cdy trong kénh AWGN, phén tich anh hudng
cua cac kénh.

Chwong 4: M6 rong danh gid hi¢u nang SCR trong kénh fading Rayleigh, xét &nh
huong cia vi tri tram chuyén tiép, ton hao kénh va k¥ thuat thu phéan tap.

Chuong 5: Két luan, té)ng hop két qua, khéng dinh gia tri khoa hoc va ting dung,
dong thoi dé xuat huéng phat trién tiép theo.

Noi dung luan an dugc thiét ké logic, lién két chit ch& va dam bao tinh khoa hoc,

hé thng.
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CHUONG 2. COSO LY THUYET

Chuong ndy tom tit nén tang 1y thuyét cho dé tai. Trude hét 1a cac kién thirc vé
hé théng truyén thong vo tuyén chuyén tiép hop tac, dac diém kénh truyén, k¥ thuat
can bang va phan tap. Tiép theo 13 cac k¥ thuat xtr 1y anh nhu nén anh, thay di kich
thude, khir nhidu, hop nhat anh va bao vé anh. Phén tiép theo trinh bay tong quan vé
ma mang, dac biét 1a ma mang tuyén tinh ngau nhién (RLNC) va biéu dién dai sb cua
mi mang tuyén tinh. Cudi cting, chuong gi6i thiéu cac k§ thuat hoc sau, tip trung vao
mang no-ron tich chap (CNN) va quy trinh trién khai mé hinh hoc sau trong xir Iy

anh.
2.1. HE THONG VO TUYEN CHUYEN TIEP HQP TAC

K¥ thuét truyén théng vo tuyén hop tic CWRN duoc quan tim nhd kha ning
nang cao hiéu sut, giam cong suat phat, mo rong pham vi va ting cudng bao mat 16p
vat 1y bang cach han ché nghe 1én qua cac tram chuyén tiép [9, 53]. Dua vao cach xtr
1y tin hiéu tai tram chuyén tiép, cac giao thitc hop tic duoc phan thanh co ché chuyén

tiép cd dinh va thich nghi nhw Hinh 2.1 [9, 53].

CWRN
|
Cb dinh Tram chuyén tiép
tram chuyén tieép thich nghi
> AF (Khuéch dai > Chon Iya tram
va chuyén tiep) chuyén tiép
—> DF (Gidi ma va —> Ting din tram
chuyén tiép) chuyén tiep
—> CF (Nép va
chuyén tiep)

— CC (M4 hoéa va
chuyén tiep)

Hinh 2.1: Phan loai cac giao thtc CWRN
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Giao thurc tram chuyén tiép ¢ dinh hoat dong lién tuc, trong khi giao thirc chuyén
tiép thich nghi diéu chinh, chon Iya tram chuyén tiép theo tinh trang kénh, SNR hay
xéac sudt dirng dé t4i vu hiéu suit. Viéc phan loai nay giup chon giao thirc phu hop,
can bang giira hiéu ning va chi phi. Cac phuong phap hop tac nhu khuéch dai va
truyén tiép AF (Amplify and Forward), giai ma va truyén tiép DF (Decode and
Forward), Nén va chuyén tiép CF (Compress and Forward) va Mi hoa va hop tac CC
(Coded Cooperation) thuong dung hai pha truc giao, t6 chirc theo phan chia thoi gian
TDMA (Time Division Multiple Access) hodc phan chia tin s6 FDMA (Frequency

Division Multiple Access) dé tranh giao thoa va nhiéu.
Truyén thong vo tuyén hop tic CWRN dugc thuc hién qua hai pha:

Pha 1: Ngué)n phat tin hi¢u dén dich va tram chuyén tiép, noi tin hiéu duoc xu
Iy theo cac phuong phap: AF, DF, CF, hodc CC. Qué trinh niy chuan bi cho pha sau,

gitip nang cao hiéu suét va duy tri chat luong tin higu.
rop = N Phgys +ng, 2.1)
Fap = N Phys + ng, (2.2)
trong d6 s tin hiéu dugc phat tir tram ngudn véi cong sudt phat P, truyén dong thoi
dén tram dich va tram chuyén tiép; ep» T 12 tin hi¢u nhén tai tram dich va tram
chuyén tiép; hy,, hyg 1a hé s6 fading giita tram ngudn — tram dich va tram ngudn -
tram chuyén tiép; Ny, Ng, 12 nhiéu AWGN tai tram dich va tram chuyén tiép.
Pha 2: Tram chuyén tiép xir 1y tin hiéu nhan tr nguén va truyén dén dich. Cach

xur Iy phu thude giao thuc (AF, DF, CF, CC), giup t8i wu hiéu suit va chéng fading,

nhiéu.
Tep = hRDQ(rSR>+nRD (2-3)

Trong d6, O(r,)ham xir Iy tiy theo giao thuec, hy,, n,, 1a hé s6 kénh va nhiéu

tai dich dugc xé&c dinh theo giao thuc. Vi dy, voi AF, tin hiéu duoc khuéch dai theo

hé s6 khuéch dai cong sudt 8. Cong thire (2.3) tré thanh
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Tap = hRD\/grSR +np, (2.4)
Tom tit dic diém cac giao thuc:
« AF: Don gian, tiét kiém bang thong nhung dé nhiéu.
« DF: Giam nhiéu, tin cdy hon nhung tinh toan ning.
« CF: Téi vu bang théng, giam nhifu nhung phirc tap va tré.
« CC: Nang cao d¢ tin cdy, tdi vu bang thong nhung yéu cau dong bo cao..

Khi tram chuyén tiép cb dinh, méi truong co thé gay gian doan két ndi va giam
chat luong tin hiéu, lam giam hiéu qua phén tap. Giai phap chon tram chuyén tiép
thich nghi (adaptive relaying) giup cai thién tinh hinh. Tiéu chi chon tram chuyén tiép
c6 thé dya trén ty s6 SNR tirc thoi, nhu trong cac nghién ctru [54, 55], hodc yéu cau
SNR vuot qua ngudng nhét dinh [56]. Tram chuyén tiép cling co thé duge chon dua
trén yéu cau phuc vu khi kénh tryc tiép tr tram nguén dén tram dich kém chat luong.

Néu tin hiéu pha 1 da dugc khoi phuc tdt, tram chuyén tiép s€ khong tham gia pha 2.
2.1.1 Pic diém kénh truyén vé tuyén

Kénh truyén vo tuyén dong vai trd quan trong trong cac hé thdng thong tin khong
day va c6 nhiéu dic diém ky thuat can dugc hiéu rd dé thiét ké cac hé théng hiéu qua.
Dudi day 14 tom tat chi tiét cac dac diém chinh cta kénh truyén vo tuyén:
> Fading da dwdng khi ké dén ton hao: Xay ra khi tin hiéu dén may thu qua nhiéu

duong (N duong) khac nhau biéu thtrc tin hiéu nhan tai tram thu duoc mé ta nhu

sau [57, 58]:

N
r(t)=Y_h(t)yPL(d,)s(t—7,)+n(t) (2.5)
im1
trong d6: 7(t) 1a tin hiéu nhan duge, h (t)=he’1a dap tng kénh truyén cia

duong thtr i voi h, 1a bién do tin hiu va ¢, 1a pha tin hiéu, PL(d l.) thé hién sy

suy gidm bién do cua tin hi¢u do khoang cach gitra by phat va bg thu cua duong

13



d,, PL(d,)=10"“" 13 suy hao dugc mé hinh héa st dung md hinh tén hao
trong khong gian tu do (Free-Space) [58, 59] voi su anh huéng cua dia hinh, tan
s6 va méi trudng xung quanh, 7, 13 tré thoi gian trén dudng tha i, n(t) 1a nhidu
cong AWGN. Khi tin hiéu truyén trong mdi truong phuc tap, truyén da duong
NLOS (Non-Line-of-Sight) thi 4 c6 phan bd Rayleigh va dugc goi 14 fading
Rayleigh [58].
> Fading phiang: Kénh truyén giita tram phat va tram thu chi bao gdm mét tia duy
nhat khong con hién tuong tré tin hiéu do d6 phép tich chap giira tin hiéu phat va
dap tmg kénh truyén fading dugc don gian hoa thanh phép nhan. Biéu thirc (2.5)
duoc viét thanh:
r(1)=h(t)JPL(d)s (1) +n(7) (2.6)
2.1.2 K¥ thuit cin bang
Kénh v6 tuyén duge mé hinh héa nhu bo loc tuyén tinh voi biang thong gidi han,
ddc trung béi dép ung xung h(t) va dép ung tan sd H(f)= ‘H(f)‘ejﬁ'm . bé dam
bao tin hiéu truyén qua kénh khong bi méo, cac diéu kién 1y tudng can thoa mi yéu
cAu dap ng bién do hang sd va pha tuyén tinh dé tranh méo tin hiéu. Trong thuc té,
khong dat duoc hai diéu kién ndy gay ra méo bién do, méo pha va nhidu xuyén ky tu
ISI (Inter-Symbol Interference), 1am giam kha nang giai ma. Bo can bang, nhu can
bang tuyén tinh 1y tudng ZF (Zero Forcing) nhu cong thire (2.7), duoc dung dé giam
ISI va cai thién chat lugng tin hiéu.

1

H,(f) :m Vf € dai thong cua tin hiéu (2.7)
S, s o
—> H(z) —> + —— H,(?) —>

T n,

Hinh 2.2: So d6 nguyén 1y bo can bang
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Vi tin hiéu dudi dang chudi roi rac, bién d6i Z duoc dung dé phan tich. B can
bang tuyén tinh 1y tudng trong khong gian Z dugc xac dinh qua dap ng tan sb cia

hé thong va dugc biéu dién nhu sau:

H, (Z)=—= (2.8)

Bo can bang tuyén tinh 1y tudng loai bo hoan toan ISI trong diéu kién 1y tudng,
nhung khong giam dugc nhiéu AWGN. K§ thuat MMSE (Minimum Mean Square
Error) [57, 58] khic phuc nhugce diém nay bang cach tdi wu hoa dé triét tiéu ISI va
giam thiéu nhidu AWGN, cai thién hiéu suat hé thong trong diéu kién thyc té. Nguyén
tac co ban ctia k¥ thuat nay 13 tim céc hé s6 cia bo can bang sao cho gia tri trung binh
cua binh phuong sai biét gitra tin hi¢u nhan dugc va tin hi¢u mong mudn tai dau ra
dugc i thiéu héa.

min (MSE ) = min E(g,f) = min E((Sk -5, )2) (2.9)

hMMSE hMMSE hMNISE

Ngoai cac phuong phap can bang tuyén tinh truyén thong, cac k¥ thuat nhu can
bang hoi tiép DFE (Decision Feedback Equalizer) [58] va cin bang thich nghi [60]
gilip cai thién chat luong hé thong vo tuyén trong kénh truyén phtc tap. DFE dung
b loc tuyén tinh va hoi tiép dé triét tiéu ISI, trong khi can bang thich nghi [60] tu
diéu chinh tham s dua trén kénh truyén bang thuat toan LMS (Least Mean Square)
hoac RLS (Recursive Least Squares).

2.1.3 K§ thuit phan tap

Phén tip trong truyén théng vo tuyén [57-59] gilp cai thién hiéu sut trong
kénh suy hao hoidc fading bang cach truyén tin hiéu qua nhiéu dudng doc 1ap, ting
kha ning khéi phuc tin hiéu. C6 nhiéu phuong phép phan tap khac nhau nhu: phan
tap tan sd, thoi gian, phan cuc mdi loai ¢6 wu diém riéng, trong do phé bién nhét 1a

phan tap khong gian.

o Phin tip khong gian: Phét tin hiéu qua nhiéu anten phat/thu, giam fading va
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nang cao do tin cdy, duoc ing dung rong rai nho hi¢u qua cao.

e Thu phéan tap: Két hop tin hi¢u tur nhiéu anten bﬁng k¥ thuat nhu chon nhanh
SC (selection combining) hodc két hop ty 1é (ratio combining), tdi wu hoa tin

hi¢u thu va giam nhiéu.

h,  z ~CN(O,N,)

Combiner

Hinh 2.3: So d6 bo thu phan tap

M6 hinh bo thu phan tap bao gém L nhéanh tin hi¢u, nhu dugc minh hoa trong
Hinh 2.3. Tin hiéu thu dugc sau khi két hop tir cac nhanh tin hiéu ndy c6 thé dugc

biéu dién theo cong thirc tong quat sau:
L L
r=(2wl*h,]x+2w,*z, (2.10)
Ty s6 SNR & ngd ra cta bo két hop 1a
L . 2
121 wh, E

lezl Mo

y = (2.11)

Céc tin hiéu tir cic nhanh s& dugc két hop theo cac phuong phap nhur chon nhanh
SC, két hop dong pha EGC (Equal Gain Combining), hodc két hop cuc dai ty s6 SNR
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MRC (Maximum Ratio Combining), tiiy thudc vao phuong phéap cu thé dugc st dung
trong hé thong.

Véi k¥ thuat thu két hop cuc dai ty sé SNR, MRC, méy thu mubn cua dai ty s6
SNR. Ta c6 theo bit dang thirc Cauchy-Schwarz,

2

L L
2 2
Es <IZ_1:|WZ| IZI:|WZ| E

L *
2wk, Cs
=1 = —~ dau bang xay ra khi va chi khi thoa cong

L 2 N0 L 2 N0
2w 2wl
I=1 I=1

thire (2.12), trong d6 € 1a hang s6. Pé ti da hoa ty s tin hiéu trén nhiéu SNR trong

7/:

k¥ thuat thu phan tap MRC. Cac hé s6 ctia bo két hop nay co thé duoc xac dinh theo
cong thtrc (2.12).

w=ch, [=12,.,L (2.12)
Trong k§ thuat thu EGC, may thu két hop céc tin hiéu v6i hé sé dong déu, khong
phan biét trong sb giira cac nhanh, theo cong thic (2.13).

w =2h, [=12,.,L

. (2.13)
wh = |h/|

Trong k¥ thuat thu SC, may thu chon nhanh c6 SNR 16n nhat dé phuc hdi tin hiéu,
cac nhanh khac khong tham gia xtr 1y. Hé sb két hop ctia nhanh dugc chon 1a 1, cac
nhanh con lai bang 0, theo cong thuc (2.14).

w,={1 i =max{y} (2.14)

0 otherwise

Thong qua viéc p dung cac k¥ thuat phan tap, cac hé théng vo tuyén ¢ thé giam
thiéu hiéu qua cac hién tugng suy hao va fading, giup duy tri chat lugng tin hiéu 6n

dinh trong mai truong truyén thong phirc tap.
2.2. KY THUAT XU LY ANH

Anh mau s6 ngay cang phd bién va quan trong trong cac linh vuc nhu y khoa,

quan sy, cong ngh¢ robot, anh v¢ tinh va truyén thong mang xa hoi [6, 61, 62]. Cac
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mg dung nay doi hoi hinh anh chit luong cao, nén dir liéu hiéu qua va bao mat tét dé
dam bao luu trit, truyén tai nhanh chong va bao vé thong tin nhay cam.

Anh sb dugc biéu dién nhu mot ham hai chiéu f(x,y), trong d6 mdi diém anh
(pixel) xac dinh bang cip chi s6 hang x va chi sd cot ,, mang gia tri cuong do hoic

thanh phan mau, thé hién qua ma trdn nhu céng thic (2.15).

f(xy)= : ) : (2.15)
f(M-10) f(M-11) - f(M-1N-1)
Anh sb duoc chia thanh cac diém anh, biéu dién bang ma trin M x N chira gia

tr1 cuong dd hoac do sang tai tirng vi tri. PO phan gidi cang cao, s6 di€ém anh cang

16m, tai tao anh chi tiét hon.

ooooo

Component image 3 (Blue)

Component image 2 (Green)

Component image 1 (Red)

Hinh 2.4: M6 hinh anh mau RGB
V6i anh mau, mdi diém anh gdm ba gia tri cudng do ciia ba mau co ban: do (Red),
xanh 14 (Green) va xanh duong (Blue) theo mé hinh RGB. M&i gi4 tri tir 0 dén 255,
tao hon 16 triéu mau sic cho anh kiéu Uint8 hodc c6 gi tri trong khoang [0,1] cho
anh kiéu thuc (double). Anh mau duoc biéu dién dudi dang ma tran ba chiéu (cong
thire (2.16)), mdi chiéu twong tmg véi mot thanh phan mau. Moi mau sic c6 thé duoc
tao ra tr ba mau co ban (do, xanh 14, xanh duong) véi cac ty 1€ phu hop, va nho vao

su két hop nay, anh mau c6 thé duoc biéu dién dudi dang ma tran ba chiéu, trong d6
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moi chiéu tuong ing vo1 mot thanh phan mau.

2| [ AGY) | | fe(xp)
z=|z, |=| (%) |=] fo(x0) (2.16)
Z3 f3(x,y) fB(x’y)

2.2.1 Ky thuat nén dnh (Image Compressor)

Nén anh 13 qua trinh giam kich thudc tép anh dé tiét kiém khong gian luu trix va

bang thong ma van duy tri chat lwong chp nhan dugc. C6 hai loai chinh:

« Nén khong mit dir liéu (lossless): Khoi phuc hoan toan dit liéu ban dau sau
gidl nén, st dung ciac phuong phidp nhu RLE (Run-Length Encoding),
Huffman Coding va LZW (Lempel-Ziv-Welch).

« Nén mat dir liéu (lossy): Loai bo cac bit it thong tin, giam kich thudc tép
nhung c6 thé anh huong dén chat lwong anh, v6i cac ki thuat noi bat nhu JPEG

va ma chuyén dang (Transform Coding).

Céc dinh dang anh pho bién nhu GIF, PNG, BMP, JBIG2 va JPEG dugc phat
trién dua trén cac k¥ thuat nén nay. Nén anh c6 ing dung rong rii trong truyén tai,
lwu triv dit liéu va xa 1y hinh anh, véi méi phuong phap phu hop tiy theo yéu cu vé
chét luong va dung luong.

2.2.2 K¥ thuit thay déi kich thwéc anh (Image Resizing)

Hinh anh ngdy nay duoc hién thi trén nhiéu thiét bi voi kich thuéc va do phan
giai da dang nhu mdy tinh, dién thoai, hay may chiéu. Piéu chinh d6 phan giai phu
hop khong chi dam bao chit lwong hién thi téi vu ma con nang cao trai nghiém ngudi
dung trén moi nén tang.

a. Giam kich thwoc anh (Downscale Image)

K¥ thuat giam kich thudce anh [6, 63] gitip thu nhé d phan giai va kich thudc tép
anh trong khi van duy tri thong tin thi gidc quan trong. Qua trinh nay c6 ung dung
rong rai trong nén anh, truyén tai dit liéu, va toi uu hoa hién thi. Mot s6 phuong phap

pho bién bao gom:
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> Lay miu truc tiép (Decimation): Chon cac diém anh cach déu dé giam kich
thude, nhung dé gay hién tuong aliasing. Bo loc thong thap thudng dugc ding
trwde khi 14y mau dé giam méo tin hiéu.

> Trung binh khéi (Pixel Averaging): Chia anh thanh cac khéi nho va tinh gid tri
trung binh, gitp giam nhidu va hién twong metricmetric (aliasing) nhung cé thé
lam mo chi tiét anh.

> Noi suy tuyén tinh (Bilinear Interpolation): Dung gia tri trung binh trong s6
cta 4 diém lan can dé udc luong diém anh mdi, tao anh muot nhung dé mét chi

ti€t & cac canh sac nét.

Hinh 2.5: Vi du giam kich anh thudc hé s6 2

> Noi suy béc ba (Bicubic Interpolation): Tinh to4n gia tri diém anh méi tir ma

tran 4x4 1an cn, bao toan chi tiét t6t hon noi suy tuyén tinh nhung phtre tap hon.

> Giam kich thwéc trong mién tan so: Stir dung cac phép bién d6i nhu DCT, DFT
hodc Wavelet dé giir lai cac thanh phan tan s6 thap va loai bo tan sb cao, t6i uu

chat luong anh sau khi giam kich thuéc.

MJi phuong phap pht hop véi yéu cau cu thé vé chat lwgng va hiéu qua tinh toan

trong cac ung dung luu trit, truyén tai, va xir 1y hinh anh.
b. Tang kich thwdc danh

Tang kich thudc anh [6, 63] (image upscaling) 1a mot tdc vu quan trong trong xur
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1y anh sd, gitip cai thién do phan giai va chit lugng hinh anh cho cac tmg dung nhu
phuc hodi 4nh, thi gidc may tinh, va d6 hoa. Qua trinh ndy cai thién trai nghiém hinh
anh trén man hinh 16n hodc nang cao chat luong dit liéu dau vao.
> N@i suy tuyén tinh (Bilinear Interpolation):
o U6c lugng gia tri diém anh maoi dua trén trung binh trong sb cua bon diém
14n can trong anh gdc.
o Tao anh phong to mugt hon, han ché hiéu tng ring cua so v6i phuong
phap 14y mau gan nhét.
o Han ché: C6 thé 1am mét chi tiét tai cic vung bién rd nét hoic két cAu phirc
tap, khién anh trong mo hon.
o Thudng duge dung trong xtr 1y 6 hoa va hién thi hinh anh trén man hinh

c6 do phan giai khac nhau.

ofe * ' [::i::> i - (::>"1I;'m“<:> ..............

Hinh 2.6: Vi du ting kich thuéc anh dung ndi suy tuyén tinh bac 2
Noi suy tuyén tinh bac hai dya trén méi quan hé gitta bon diém anh 1an can dé
uéc tinh diém anh méi.
1

Soy)=2. 2 ax'y’ (2.17)

=0 i=0
Gia str qua bdn diém /(0,0), £(1,0), f(1,0), £(1,1) s€ tim dugc cac hé $6 a, va

sau do theé vao cac toa d0 can ndi suy dé€ c6 dugc cac gia tri twong ting. Hinh (2.6) md

ta k¥ thuat ndi suy tuyén tinh bac hai.
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Tang kich thude anh bang cac phwong phap ndi suy ndy gitip nang cao chét luvong

hién thi nhung can can nhéic dé tbi wu giita do chi tiét va hiéu qua tinh toan.
» Noi suy bac ba (Bicubic Interpolation)

Noi suy béc ba (Bicubic Interpolation) 13 k¥ thuat xt Iy anh tién tién, st dung
thong tin tir 16 diém anh xung quanh dé tinh gia tri diém anh méi, dya trén cac ham
béc ba. Phuwong phap nay tao hinh anh muot ma, rd nét hon so véi ndi suy tuyén tinh,
giam hién tuong mo nhoe va bao toan chi tiét, dic biét tai cac vung bién va duong
nét phtrc tap. Tuy nhién, viéc xtr Iy phirc tap hon khién né tiéu tén nhiéu tai nguyén

tinh toan.
3 3 o
f(xy)=2 2 a;x'y (2.18)

Béng cach thay thé 16 diém anh da biét vao phuong trinh (2.18), ta xac dinh dugc
céc hé sb lién quan. Sau do, st dung cac h¢ sb nay cung toa do diém can noi suy dé

tinh gid tri diém anh mdi, gitip ndng cao dJ chinh xac va chat lugng ndi suy.

, of (x,

-2
]g(x,y)zaf((,;’y) (2.19)
, o> f(x,

fxy(xay)=%yy)

MOt cai tién noi suy Splise bac ba (Bicubic Spline Interpolation) b sung thong
tin dao ham riéng dé danh gia su thay doi giira cac diém anh (cong thirc (2.19)). Ky
thuat ndy mang lai két qua muot ma hon, pht hop véi cac ing dung doi hoi do chinh

xéc cao nhu xir 1y anh y khoa, d0 hoa va phong to anh.
c. Ky thudt tang dé phan gidi anh bing hoc siu

Hién nay, hoc sdu DL 13 cong nghé hiéu qua dé ning cao d6 phan giai anh ISR
bang cach diung mang no-ron sau phuc hoi anh d¢ phan giai cao HR tir anh c6 do

phan giai thap LR, von bi suy giam do nhiu hay méi truong. Qua trinh nay dua vao
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ham chuyén d6i HR = F(LR, ), trong d6 F 1 ham chuyén d6i va y 1a tham s6 diéu
chinh. Vi ham F khong 1o rang, DL dugc ting dung dé hoc va khoi phuc chi tiét anh,
nang cao chat lugng cho nhiéu linh vyc nhu y hoc, truyén thong, va giai tri. Theo

[64] ISR bang hoc sdu theo ciu trac mang CNN c¢6 mot sé phuong phap sau:

Phwong phap 1: Tang kich thude anh LR ngay tir dau roi dang CNN hoc dic
trung dé tao anh SR sic nét.

Phwong phap 2: CNN hoc dic trung tir anh LR gdc, sau d6 mdéi ting dd phan
gidi, gitp tai tao chi tiét tot hon.

Phwong phap 3: Lip nhiéu lan qua trinh hoc va nang cip d6 phan giai, giup anh
SR dan dat chit lugng cao.

Phwong phap 4: Két hop ting/giam kich thudc anh trong qua trinh hoc, khai

thac mdi lién hé LR-SR dé cai thién do chinh xac.

Hinh 2.7: Kién triic mo6 hinh VDSR

Pé nang cao chat lwong anh SR sau khoi phuc, Tac gia trong [40] dé xuat mo
hinh VDSR (Very Deep Super Resolution) nhu trong Hinh 2.7 1a mét giai phap hiéu
qua nham nang cao chat luvong dnh SR. M6 hinh nay st dung kién triic mang no-ron
tich chap sau gébm khoang 20 tang, trong d6 mdi tdng tich chip bao gém 64 b loc
kich thudc 3x3 két hop v6i ham kich hoat ReLU, gitip mang hoc dugc cac dac trung
da cép do va phi tuyén manh m¢. Pac biét, VDSR é&p dung chién lugc hoc phﬁn du
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(residual learning), trong d6 mang khéng hoc truc tiép anh do phan giai cao (HR) ma
hoc phan chénh 1éch (residual) giira anh HR va anh d6 phén giai thap (LR) da duoc
nodi suy. Cach tiép can nay khong nhitng giup ting téc do hoi tu ma con cai thién do
chinh x4c cia mé hinh. Bén canh d6, k§ thuét cit ngudng gradient (gradient clipping)
dugc sir dung trong qua trinh huin luyén dé 6n dinh do déc, gitp tranh hién tuong do
dbc bung nd, tir d6 nang cao do 6n dinh va hiéu suit huin luyén. Quy trinh xir 1y cta
VDSR gdm ba budc chinh: noi suy anh LR, du doan phan du thong qua mang CNN
sdu, va cong phan du ndy véi anh ndi suy dé tai tao anh SR. Nho cdc cai tién trén,
VDSR dat hiéu suét cao, c6 kha ning phuc hi chi tiét tinh vi va cai thién dang ké

chat lugng anh SR so véi cac phuong phap truyén thong.
2.2.3 Bao v¢€ anh (an toan anh)

Béo vé thong tin, bao gdm hinh anh, 12 vin dé quan trong trong thoi dai Internet

phat trién. Nhiéu k¥ thuat di dugc dé xuat, chia thanh ba nhém chinh [65, 66]:
a. Ma hoa anh (Cryphtography)

Phuong phap ma hoa hinh anh sir dung khéa ngau nhién 1a k§ thuat bao mat hiéu
qua, dam bao dit liéu an toan bang cach chuyén doi hinh anh thanh dang ngau nhién.
Khoa c6 thé 1a khoa riéng tu (private key) hoic khoa cong khai (public key), véi bén
phat va nhan chia sé khoa phi hop dé ma hoa va giai ma. Du doi hoi tinh toan phic
tap, phuong phap nay cung cip mirc bao mat cao, ngin chin truy cap trai phép.

Céc thuat toan pho bién gom DES (Data Encryption Standard), AES (Advanced
Encryption Standard), RSA (Rivest, Shamir va Adleman), ECC (Elliptic Curve
Cryptography) va tao khoa ngau nhién. Tuy nhién, thach thitc chinh nam & do phirc
tap, thoi gian xtr 1y va viéc quan 1y khoa, vi bt ky sai s6t nao ciing c6 thé 1am suy

giam tinh bao mat hé thong.
b. Ky thugt thiiy an dnh (Image Watermarking)

Khi anh duoc truyén qua mang, nguy co sao chép va phat tan trai phép co thé

xdm pham ban quyén. Pé bao vé quyén tac gia, ky thuat thiy an anh (Image
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Watermarking) [67] dugc ap dung bang cach chén thong tin ban quyén, phét hién sta
dbi trai phép va gan thong tin giam sat. Thong tin nay ¢ thé 1a chit ky anh thiy dugc

hodc an, giup nhan dién va bao vé quyén sd hiru hi¢u qua. Hinh 2.8 minh hoa viéc

Hinh 2.8: Vi du thiy an anh nhin thay

chén chit ky anh 13 rang, cho phép nguoi xem nhan biét truc tiép trén anh.

Phuong phép nay duoc md ta trong mién khong gian nhu biéu thirc sau:

I, (xy)=1(x,)+{IW(x,y) (2.20)

Trong d6: IW (x,y) chitky anh, I(x,y) la anh gdc, hé s6 ¢ diéu chinh cudng do
(d0 manh ctia chir ky dnh) c6 gia tri tir 0 dén 1. Khi hé s6 ¢ bang 0, chit ky anh khong
thdy duoc; khi ¢ bang 1, chit ky hién rd hoan toan, I,(x,y) la anh da nhing chir ky
anh. Diéu chinh hé s gitip bao vé ban quyén ma khong anh huéng nhiéu dén chit
lugng anh.
c. Ky thugt “an théng tin” (Steganography)

K¥ thuat an thong tin [68, 69] dugc ing dung rong rii, dic biét trong xir 1y hinh
anh. Phuong phap nay gidu dit liéu vao anh bia CI (Cover Image) dé truyén tai ma
kho bi phat hién, va chi c6 thé giai mi khi c6 thuat toan khoi phuc. Anh sau khi nhiing

goi 1a anh nhung SI (Stego Image), tir d6 thong tin 4n dwogc trich xuit qua qua trinh
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gidi ma. Nguyén ly dugc minh hoa tai Hinh 2.9.

K¥ thuét "an thong tin" trong hinh anh gom hai loai chinh:

An trong mién khong gian: Nhiing thong tin vao céc bit clia diém anh bia CI,
phd bién nhét 13 st dung bit trong s6 nhé nhit LSB (Least Signification Bit). Phuong
phép nay don gian nhung dé bi phat hién va anh huong béi nén hodc xir 1y anh, lam

gidm tinh bado mat.

Xi ly tin hiéu riéng
‘ An théng tin

I
[ 1 ] riéng véo anh l Téach théng tin lfhéi }.’f‘".lc I‘;’i
== géc, anhding | I riéng ra tir anh anh riéng t‘,’
L [ } che gidu Anh géc sau khi dwoc I thu duoe théng tin tach
Secret &n anh neng vao duorc
. Prcproccssmg,
Anh Riéng
Network @]
Stego | RevSec
Hldmg, B | Extraction
Network | Network
Cover |
Anh diing che gidu
Hinh 2.9: Nguyén 1y an thong tin hinh dnh
Biéu thirc mo ta k¥ thuat an thong tin LSB duoc thé hién nhu sau:
b
Iy (x,y)=15(x.») —([C, (x,y)—mod2 )+[S(x,y) (2.21)

Trong do: I, (x,y) gia tri pixel ctia anh gbc, bsb bit duoc sir dung dé nhung,
IS (x, y)bit cia thong diép bi mat, 7, (x, y) gia tri pixel cia 4nh sau khi nhiing thong
diép (stego-image).
ta co thé biéu dién k¥ an thong tin tong qua

Vi thuat toan an theo tham sd K

Stegano

nhu sau:
Iy (x,y)= Stegano(]a (x,y),]S(x,y),KSteguna) (2.22)

> An trong mién tin s6: Str dung cac phép bién d6i nhu DCT hodc DWT dé nhing
thong tin vao ving tan sb thip hoic trung binh, giup ting d6 bén vitng trudc nén

va xtr Iy anh. Tuy nhién, can diéu chinh dé khong vuot dung lugng anh géc.
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2.2.4 K§ thuat khir nhiéu (Denoise)

Khi truyén anh qua méi trudng nhidu, chit lvgng va kha ning khoi phuc anh bi
suy giam. K¥ thuat khir nhidu giup giam tac dong cta cac loai nhiéu phd bién [6] nhu
Gauss, Rayleigh, Gamma va nhiéu xung, trong d6 nhidu Gauss la thuong gip nhat.
Anh nhiéu dugc mé hinh hoéa 13 anh gbc cong véi nhidu ngu nhién. Ap dung cac
phuong phéap khir nhidu hiéu qua gitp phuc hoi anh gan véi ban gdc, ning cao chit

lugng rd rét. Mo hinh tic dong ctia nhiéu [6] duoc minh hoa tai Hinh 2.10.
g(xy)=r(xy)+n(xy) (2.23)
Trong mién tan s6

G(u,v)=F(u,v)+N(u,v) (2.24)

(’5’ (“ .“)

Mach loc f(x,y)

flr,y) =>

n(x,y)
Hinh 2.10: M6 hinh khir nhiéu (cong) vao anh
K§ thuat khir nhidu co ban thudng ding cac phuong phap loc trong mién khong
gian va tan sd, trong d6 pho bién 1a loc tuyén tinh trén cac ving nho cua anh. Gia st
vung anh c6 kich thuéc mxn, gia thiét m=2a+1, n=2b+1 tin hidu dau ra sau khi
loc duogc tinh theo cong thic:

f(x,y) = Za: Zb:w(s,t)g(x+s,y+t) (2.25)

s=—at=—b

trong do W(s,l) 1a cac trong sb cua bo loc

Trong xu Iy anh, k¥ thuat hoc sau dua trén mang no-ron tich chdp (CNN) ngay
cang tré nén pho bién, dic biét 1a trong khir nhidu anh. Téac gia tron 70] da dé xuét
g p g g g

mo hinh DnCNN (Denoising Convolutional Neural Network) Hinh 2.11, st dung kién
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truc mang CNN dé loai bo nhiéu anh, dic biét hiéu qua voi nhiéu Gauss. M6 hinh nay
ap dung phuong phap hoc phan du, gitip mang hoc su chénh 1éch giita anh bi nhiu
va anh sach, cai thién kha ndng khoi phuc anh va tang tdc do hoi tu. DnCNN khong
can tinh chinh cho ting loai nhiéu va c6 thé tu dong hoc cac dic trung nhiéu, giam
thiéu cac budc tién xu 1y phic tap. K§ thuat ndy mang lai chat lwong anh phyc hdi
vuot troi, gitr lai cac chi tiét quan trong va cé thé ap dung linh hoat cho nhiéu bai toan
xtr 1y anh. M6 hinh nay dugc huan luyén sin va c6 kha nang khir nhidu Gauss mot

cach nhanh chong va hiéu qua.

Noisy Image Residual Image

Conv + RelLU
Conv + BN + RelLU
Conv + BN + ReLU

I
Conv + BN + RelLU
Conv

Hinh 2.11: Kién tric khtr nhiéu DnCNN
2.2.5 K¥ thuat hop nhét anh

Hop nhét anh [71, 72] 1a k¥ thuat két hop thong tin tir nhiéu hinh 4nh dé tao ra
mot anh duy nhét ¢ chat luong va do chi tiét cao hon, duogc ung dung rong rai trong
y té, quan sy, giam sat va anh vé tinh. Muc tiéu cua k¥ thuat nay 14 tich hop di lidu
tir nhiéu ngudn, gitip ting cudng chi tiét va cai thién kha ning phén tich. Qu4 trinh
hop nhat co thé thuc hién & ba cap do: (i) mién khong gian, bang cac phép toan truc
tiép trén diém anh nhu léy trung binh hodc gia tri cyc dai; (i1) mién tan so, sir dung
cac bién d6i nhw DWT hodc DCT dé giit chat luong trong cac thao tac nén va xir 1y;
(iii) mién dic trung, bang cach trich xuat va két hop cac dic trung nhu bién hoic két
cAu tir cac anh dau vao.

Kénh Alpha, dugc gidi thi¢u trong [73], bd sung thém mot kénh vao anh bén canh
cac kénh RGB, cho phép kiém soat do trong sudt va hiéu Gmg chong 16p. Bang cach
diéu chinh hé s6 alpha (tir O - hoan toan trong suét dén 1 - hoan toan mo duc), k¥
thuat nay hd trg két hop anh muot ma thong qua cac phép toan nhu chong 16p, 1am

sang hodc loai bo vung ldp. Pay 1a co sd cho nhiéu ung dung hién dai trong dd hoa,
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hiéu tmg hinh anh va xt 1y anh s6. Qua trinh hop nhét hai anh theo [73] duoc thuc

hién trong mién khong gian, trén ting diém anh, va dugc mo ta bang cong thirc sau:

Im_

result

=v, Im,+v, Im, (2.26)

Trong d6 v, v, 1a hé sb tron giita hai anh (con goi 14 hé sb tron alpha), thong

thuong v, = 1—v, , Im,, Im, I3 hai hinh anh dwgc hop nhét thanh anh Im,, . Hé
sb tron s& xac dinh ty 1€ tham giam cua hai anh vao tac dong vao anh ra. Hé $6 nay
thuong dugc tinh toan dya trén cudng do cua diém éanh, do tuong phan (muc do 1éch
khoi cudng do trung binh cta diém anh) va luong thong tin (entropy) ctia hai anh vao

dé xac dinh hé sd tron.
2.3. MA MANG (NETWORK CODING)

Ma hoa mang NC (Network Coding ) ra doi tir nghién ctru [74] vugt qua gidi han
nguyén 1y ludng cuc dai — lat cat cuc ticu (Max-flow Min-cut) bang cach ma hoa dir
lidu tai ca ngudn va tram chuyén tiép, t6i wu dung lrgng mang, bang thong, va bao
mat. NC nang cao hiéu qua truyén dan trong cac kénh phirc tap (quang ba, da diém,
chuyén tiép), tr¢ thanh cong cu quan trong cho hé théng mang hi¢n dai. hi¢u suat va
an toan cho cac hé théng mang hién dai.

2.3.1 Nguyén ly hoat dong ciua NC

NC tbi uu héa truyén dir liéu bang cach cho phép cac tram mang ma hoa va két
hop dit liéu tir nhiéu ngudn, thay vi chi chuyén tiép, tao goi tin hiéu qua hon.

Vi du ma héa mang trong mang canh buém (Hinh 2.12) minh hoa cach cai thién
truyén dir lidu:

 Khong sir dung mi héa mang (Hinh 2.12a): Lién két giita cac tram rvar,
1a diém nghén, chi truyén mot go1 x, hodc x, tai mot thoi diém. Két qua,
khong thé dong thoi giri ca hai goi dén cac tram dich.

« Sir dung ma héa mang (Hinh 2.1b): Tai tram chuyén tiép 7 va r,, cac goi

x, va x, dugc ma hoa thanh x; = x, + x, . Goi tin nay sau d6 duoc truyén dén
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ca hai tram dich. Tram d, khéi phuc x, bang cach trir x, khéi x,, va tram d,
khoi phuc x, bang cach trir x, khoi x,.
Nho d6, dung lugng mang tang tir 1 1én 2, t6i wu hoa tai nguyén va cai thién hiéu

qua truyén tai. NC tuy hiéu qua nhung ting do phtic tap do yéu ciu tinh todn ma

hoa/giai ma. Hiéu suét phu thudc vao thiét ké thuat toan toi wu.

S1 59 S1 S2
T T T T
'y Iy
L1 L1 i) I T3 =1+ T2 X2
I'o I'9
YV x4 x1 Y Y2 x3 Y
d; d d; ds
a) Mé hinh truyén théng b) Mé hinh c6 NC

Hinh 2.12: Vi du NC cho mang canh buém
2.3.2 Biéu dién dai s6 NC

Mo hinh ma héa mang (NC) c6 thé duge mo ta mot cach chi tiét bang cach st

dung 1y thuyét do thi c6 hudng [74-76]. Trong mo hinh nay:

o« Tap diém (nodes): Ky hiéu 1a 7, dai dién cho cac nut trong mang.

o Tap canh (edges): Ky hidu 1a E, E <V xV xZ, dai dién cho cac két nbi giita
cac nut, Gid tri trén mdi canh duoc xem 1a dung luong cua canh va mic dinh
bé.ng I,nén e=(vu)e EcVxV.

Dua trén do, tap cac canh co thé dugc chia thanh:

« Canh di vao nut v: Ky hiéula I, (v), bao gdm tat ca cac canh c6 v 1a diém
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dau v=head e), {vl,vz,...,vN}gV.
T, (v):{eeE:head(e):v} (2.27)

« Canh di ra nat v: Ky hiéula I, (v), bao gdm tét ca cac canh co v 1a diém

cudi (dudi) v =tail (e), {vl,vz,...,vN} V.
r, (v)z{eeE:tail(e)zv} (2.28)

Mot mang NC dugce goi 1a ¢o chu ky néu ton tai mot chuoi cac canh sao cho di€m
dau ctua canh nay la diém du6i cta canh tiép theo, va canh cudi cung noi lai di€ém duodi

dau tién (Vo1 ) (Vs 3 ) seees (V) - Néu khong ton tai chudi nay, mang dugc goi la
khong chu ky (acyclic).
> Qud trinh ngau nhién r0i rac ngé vao ,u(v) tai diém v.

Diat X'(v) 1a tép ciia qué trinh ngdu nhién rdi rac tai diém v. Lic ndy ¢ 1a dudng
két nbi giita diém ngudn v (source) va diém dich v' (sink) ta ky hiéu
c= (v,v',X(v,v')) SV xVx Py, trong do X (v,v')cX(v) va Pt la tap lay thura

(power set) ciia X (v), ludn gid thiét 1a source(c)#sink(c)

X(v)= {X(v,l),X(v,2),...,X(v,,u(v))} (2.29)
> Qua trinh ngau nhién trén canh.

Tai diém v c6 thé truyén tin hiéu qua canh e = (v,u), qua trinh truyén ngau nhién
qua canh e dugc goi 1a qua trinh ngau nhién trén canh e va ky hiéu 1a Y(e). Cung
v6i qua trinh ngu nhién tai ngd vao tai v 1a X (v) nén diém v co thé quan sat qua
trinh ngdu nhién trén canh Y(e') v6i e'eT, (v). Do d6 qué trinh ngdu nhién trén canh
y(e) VOl e= (v,u) el, (v) 1a ham Cﬁa/'\f'(v) va y(e') Vol e'eT, (v) .

V(e)= Z:)K,,GX(V,I)+ > V() (2.30)

=1 e“head(e")=tail(e)
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Trong d6 hé s6 «,,, 4,, la hé s6 thugc truong T, .

> Qua trinh ngau nhién ngd ra.

Néu v 1a diém dich thi tdp hop tt ca qud trinh ngdu nhién roi rac ngé ra n(v)
tai v ky hi¢u la Z(v) dugc goi qua trinh ngau nhién ngd ra tai v. Nhu vy duong két
ndi ¢ = (v,v',Z(v,v')) hoan thanh thi Z(v,v')c Z(v').

Z(v)={Z(v,l),Z(v,2),...,Z(v,n(v))} (2.31)

Cic gia thiét co ban trong md hinh ma héa mang:
> Dung luong cd dinh: Mdi lién két c6 dung luong 1, don vi bit/s.
> Thoi gian tré khong dang ké: Cac lién két gia dinh co tré bang 0.
> Doc 1ap qua trinh ngiu nhién: Qua trinh ngau nhién tai mdi nit doc 1ap véi cac

nut khac.

Cac qué trinh ngau nhién X (v,v'),Y(e),Z(v,v'") s€la qud trinh ngau nhién roi
rac trong truong hitu han F,, c6 2" phan tr. Va cic hoat dong ma hoa tai cac diém
1a tuyén tinh.

Két qua tai ngd ra Z (v,0) tai diém v chinh 13 ham cta qua trinh ngdu nhién trén
canh Y(e) trongdd eeT, (v) lasy két hop tuyén tinh cta qua trinh ngiu nhién trén

canh Y (e) dugc biéu dién nhu sau:

Zw)= Y x.Y(e) (2.32)

e':head(e'):v
Trong do .., 1a hé s6 thudc truong [F,, . Cong thirc nay mo ta sy két hop cac tin

hi€u tr cac canh di vao di€m v, tao thanh tin hi¢u dau ra dua trén trong so twong tng

cua tirng canh.
2.3.3 LNC va Ma tran chuyén doi

Mai mang tuyén tinh LNC (Linear Network Coding) [77, 78] 14 k¥ thuat ma hoa
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mang tién tién, két hop dir liéu tuyén tinh tai nut phat bang hé sb tir trudng hiru han
dé tao goi tin tong hop, t6i wu hoa truyén tai. Dit lidu gbc dugce khoi phuc tai dich
bang cach giai hé phuong trinh tuyén tinh tir cic goi ma hoa.

Quan hé giira dau vao va dau ra qua mang duoc biéu dién boi ma tran chuyén ddi

M véi kich thudc mxn, vor:

m : S6 lwong ludng dir lidu dau ra tir mang (s6 lién két tai cac nut dich).

o 1n: S0 lugng luong dir li¢u dau vao vao mang (so lién két tai cac ngudn).

z : Vecto dit lidu tai cac dau ra (nut dich), co6 kich thudec mx1.

x: Vecto dir liéu tai cac dau vao (nat nguodn), co kich thude nx1.
z=Mx (2.33)
M, biéu dién hé s6 két hop tuyén tinh giira ludng dit liu X, tai nguon va ludng
z. tai dich.
Vi du: LNC va ma tran chuyén doi. Cho mang nhu hinh bén duéi

Theo cong thirc (2.30), qua trinh x1r 1y trén canh s¢€ 1a:

y(el)zicle LKy, X,

y(ez)zicle X, +x,, X,

V(e)=4,.(e) (239
y(e4)=ﬂ,e] 84))(6)

V(es)=4,.V(e)+ 2, . V(e)

Qua trinh ngd ra theo cong thure (2.32) sé la:

Z :Ze4,1y(e4)+7(e5,1y(e5)

(2.35)
22 = ][e4’2y(e4)+le5,2y(e5)

Néu biéu dién & dang ma tran ta co:
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Zl — Ze“’l ZeS’l }“@1,@4 O Kl,el Kl,ez Xl
Z ] N ts s | A |0 m | X0] 330

\ J \ J \

B G A

bat ma tran M =BGA , va theo cong thuce (2.33) M dugc goi 1a ma tran chuyén

d6i (Transfer matrix).

Hinh 2.13: Vi du vé ma h6a mang LNC

M3 héa mang tuyén tinh tong quat dugc minh hoa nhu trén Hinh 2.14. Trong do,

x 13 véc-to tin hiéu dau vao (Cong thirc (2.37)) véi kich thudc ux1,véi u= > u(v,)

va z 13 véc-to tin hiéu dau ra (Cong thire (2.38)) duoc xit 1y, ¢o kich thude nx1, véi

nsz‘,n(v,-)

[X L }T _X(vl,1),X(v1,2),.--aX(V1’:“(Vl))’ ' (2.37)
X = Ay A, | = -
_X(vz,l),---,X(VV"u(vV))
:[Z . ]T:_Z(vl,l),Z(VI,Z),--»Z(VUU(VI))’ ' (2.38)
1Lyl _Z(vz,l),...,Z(vV,n(vV)) :

Dé mo td modi quan hé gitra dau vao va dau ra, ta dinh nghia cac ma tran sau:

1

Kies X :X(tail(ej),l)

Aeux|E (2.39)

0, otherwise

,,u=z,u(vl.) véi Al.j:{
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1= Sn(o) vii 8= Frr =2 {head(c,)1) (2.40)

i 0, otherwise

A . head(ej) = tail(el.)

F c|E|x|E| véi F,j:{
0, otherwise

(2.41)

X(vl,l) Z(vl,l)

\
’
’
’
’

X (sl

Z(”W”("l))

Mang Tuyén Tinh

X(Vz»l)
Z(Vz’l)

2(spen (o))

X (yosu(y)

Hinh 2.14: M6 hinh ma hoa mang LNC Téng quat

Ma trdn A va B biéu thi cac qua trinh két hop tuyén tinh tai dau vao va dau ra,
khong tryc tiép anh huéng dén ma tran chuyén doi M. Thay vao do, su thay doi cia
M phu thudc vao ma tran G, dai dién cho qua trinh truyén tin hi€u qua cac canh

mang.

Céu triic ma train M duogc quyét dinh boi téng hop cac canh tir ddu vao dén dau
ra, nhu mo ta trong cong thirc (2.43). Mdi phan tir trong ma tran dai dién cho mot méi
quan hé tuyén tinh giira cac yéu td dau vao va dau ra. Cach tong hop céc canh va dinh
nghia ciu trac phu thudce truc tiép vao mo hinh toan hoc hoac ing dung thuc té ma

ma tran dugc st dung.
G=1+F+F +F +..=(I-F)" (2.42)

Nhu vi du bén trén ta co:
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Fos (2.43)

1 €3,€5
0 10
0 01 |

-
1]

c o o o -

S O O = O

Do d6 ma tran chuyén doi M c6 thé dugc viét lai dudi dang tong quat nhu sau:
M=BGA=B(I-F) A (2.44)
Nhu vay véc to tin hi¢u ngd ra nhan dugc z co thé biéu dién thong qua ma tran
chuyén d6i M va véc to tin hiéu vao x vi mdi quan hé sau:
z=Mx (2.45)
2.3.4 Ma mang tuyén tinh ngiu nhién

Mi mang tuyén tinh ngiu nhién [48, 79] RLNC (Random Linear Network
Coding) 13 bién thé ciia ma hoa mang tuyén tinh, st dung hé sb két hop tuyén tinh
chon ngiu nhién tir trudng hitu han dé ting hiéu qua truyén dit liéu. Khi RLNC duoc
tmg dung trong hé thong truyén dir liéu ngang hang (P2P) [80, 81], dit liéu ngudn
duoc chia thanh nhiéu g6i tin hodc mau tin, 13 cac phﬁn tir thuoc mot trudng hiru han
GF(27).

Qua trinh ma héa RLNC: RLNC tao ra cac goi tin ma hoa bang cach két hop
tuyén tinh ngau nhién cac goi tin ngudn. Sy két hop nay sir dung cac vecto hé s6 ngiu
nhién m, =[m,,,m,,,..,m,, |, v6i mdi phan tir m,_, duoc chon ngdu nhién fir trudng
hiru han GF (Zq) . Két qua 1a goi tin sau ma hoa thir i dugc mé ta trong cong thirc

(2.46), thé hién moi quan hé gitra dir li¢u goc va cac tham s6 ma héa. Tong quat hoa
cho toan bg qué trinh ma hoéa, véc to chira cac goi tin sau ma hoa dugc biéu dién trong

cong thuc (2.48):
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X
2
z,= [ml.’] S, m,.’n] : (2.46)
Xﬂ
A m, m, m, || X
Z m m e M X
2 2,1 2.2 2 2
S : . : ) (2.47)
Zm mm,l mm,Z mm,n Xn

RLNC c6 thé tao sb luong go6i tin ma héa m 16n hon sb goi tin ngudn n, gitp linh
hoat dap ung nhu cau mang, nén dugc xem nhu mot dang ma hda vo cép RLC
(Rateless Coding). Ma tran M trong cong thirc (2.47) la ma tran ma hoa toan cuc
GEM (Global Encoding Matrix), voi cac véc-to dong 1a cac véc-to ma hoda toan cuc
GEV (Global Encoding Vector). K¥ thuit ndy ting cudng chéng mat mat goi tin, toi
uu héa biang thong va nang cao do tin cdy trong truyén thong hién dai.

Qua trinh giai md RLNC: Qua trinh ndy gém cac budc sau:

Budérc 1: Kiém tra hang clia ma trin mi héa M: Tinh hang ciia ma tran M néu
rank (M) =n, tiép tuc, néu khong yéu cau thém géi tin méi.

Buwéc 2: Bién d6i ma tran: Pua ma train M vé dang bac thang hang (row-echelon
form) bang cach thyc hién khir Gauss trén truong hiru han GF (2") . Qua trinh nay
bao toan tinh chat tuyén tinh va khong 1am mét thong tin.

Buéc 3: Giai hé phwong trinh: Sir dung phuong phap thé nguoc dé giai tim

X,,X,,..X,, tU z,,2,,...,Z,, .

o Truong hop m=n lic nay.

- -1
Xl ml 1 m1,2 ml,}’l Zl
X m m e m z
2 2,1 2,2 2,n 2
o P e I B T I (2.48)
X, _mm,] mm,z mm,n _ z,
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Trong thuc té, véc-to ma hoa toan cuc GEV thudng duoc chén vao phan thong tin
quan 1y [52, 82-84] (header) ctia goi tin, dam bao thong tin can thiét dé giai ma dwoc
truyén kém theo. Piéu nay giup hé thong tai tao dit liéu ngudn chinh xac, ngay ca khi
g6i tin qua nhiéu nut chuyén tiép. Hinh 2.15 minh hoa ciu tric géi tin sau khi ma hoa

RLNC, thé hién cach t6 chtic va truyén dir liéu trong mang.

. T 1
Z=m| 1| +m,| 2
- B T T
X5 | X5 | e 2
| L
i T T T
header (my,,m,) |z, =mX,+m,X, | Z,=mX,+m,x, |  ...... 3
L L L

Hinh 2.15: Ciu tric truyén géi tin sau ma hoa RLNC

Khi str dung ma hoa mang tuyén tinh ngau nhién RLNC trén truong sd thuc, mot
s6 loi thé noi bat bao gém kha nang biéu dién dir liéu lién tuc, d6 chinh xac cao, va
tinh thuc tién vuot troi [85]. Piéu nay xuit phat tir viéc kich thude truong ma hoa 1on
gilip ting x4c suat tao ra cic goi tin ma hoa doc lap, tir d6 cai thién hiéu qua ma hoa
va giam thiéu nguy co phu thudc tuyén tinh gitta cc goi tin truyén trong mang. Tuy
nhién, viéc a4p dung RLNC trén truong s6 thuc cling dat ra mdt s6 thach thurc. Cac ma
tran duogc tao ra trong qua trinh ma hoa co thé chua cac gia tri rt 16n, dan dén cac
van dé mét on dinh s6 hoc [86]. Diéu nay chi yéu do 161 lam tron trong cc phép toan
nhu nhan, trr, va tinh nghich dao, dac biét khi hoat dong trén cac trudong kich thudc
16n, 1am ting do phuc tap cta qua trinh tinh toan. Pay 13 van dé dang dugc quan tim
nghién ctru hién tai va sé tiép tuc 1a quan tim trong tuong lai.
2.4. KY THUAT HQC SAU

Hoc sau DL [87-89] 1a m{t nhanh cua tri tu¢ nhan tao Al (Artificial Intelligence)
va hoc mdy ML (Machine Learning), st dung cdc mang no-ron nhan tao NN (Neural

Networks) c6 nhiéu 16p an dé ty dong hoc dac trung va thyuc hién cac tac vu iing dung

khéac nhau nhu phan loai, nhan dang, dy doan.
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2.4.1 Kién tric va nguyén 1y hoat dong ciia hoc siu

DL st dung céc mang no-ron nhan tao nhiéu 16p (Deep Neural Networks - DNN's)

de hoc va xtr ly dir li€u phtre tap. Kién tric mang no-ron sdu gom nhiéu 16p, bao gom:

Lép dau vao (Input Layer): nhan dit liéu ddu vao (pixel hinh anh, gia trj 4m
thanh, tur trong van ban) va khong thuc hién tinh toan.

Lép 4n (Hidden Layers): thuc hién phép tinh trén dir liéu bang trong sb va
ham kich hoat dé trich xuét dic trung, véi cac 16p sau xir Iy mau phirc tap hon.
S6 lugng 16p tiry vao bai toan.

Lép dau ra (Output Layer): dua ra két qua du doan hodc phén loai, sé no-

ron tuong mg v&1 muc tiéu bai toan, nhu hoi quy hodc phan loai nhiéu nhan.

Cac mang DL c6 thé str dung nhiéu loai kién tric khac nhau [87], mot s6 kién

truc pho bién nhu sau:

Mang no-ron tich chap (Convolutional Neural Networks - CNNs): Chuyén
dung cho nhéan dang hinh anh, video [90].

Mang no-ron hdi tiép (Recurrent Neural Networks - RNNs): Phu hop véi

dit liéu tudn ty nhu vin ban, Am thanh.

Mang no-ron bién ap (Transformer Networks): Pugc st dung rong rai

trong xu Iy ngdn ngit ty nhién, thi giac may tinh.

2.4.2 Mang no-ron tich chap CNN

Mang no-ron tich chap [90] (CNN) la mét loai mang no-ron nhan tao chuyén xt

Iy dir liéu c6 cau trac ludi, nhu hinh anh hodc chudi dit liéu. CNN tu dong trich xuat

dac trung ma khong can thiét ké thu cong, dac biét hi€u qua trong cac bai toan thi

gidc may tinh. Cau triic cia CNN gdm cac thanh phan chinh dugc minh hoa chi tiét

trong Hinh 2.16. CNN thuong bao gdm céc 16p sau:

» Lép tich chap (Convolutional Layer): Ldp tich chap (Convolutional Layer):

Trich xuét dac trung khong gian nhu canh, géc, va hinh dang tr dir licu dau vao
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bang cach st dung cac bo loc (kernel). Bo loc quét qua dit liéu, thuc hién phép
tich chap dé tao ra cac ban dd dic trung (feature map), cung cap thong tin cho cac

16p tiép theo.

~

Xe dap

-Xe o to
— - Xe bus
- Xe tai
O O

= o 5 s - B 2 e o - L&D két Tinh x6
Di¥ liéu Ltz'p tn:lh chdp va Lép gép Lqp t1c'h chap va Lop gép Cllt.lye_n 3 ""’d“ 0 mi xdc
ddu vao ham kich hoat ham kich hoat doi dir liéu néidaydu  suat
HOC CAC PAC TINH PHAN LOAI

Hinh 2.16: C4u triic mang CNN
> Ham kich hoat (Activation Function): Ham kich hoat tao sy khong tuyén tinh
trong mang, cho phép hoc cac mdi quan hé phuec tap tur dit 1i€u. Tin hi¢u dau vao
dugce xtt ly thong qua phép anh xa tuyén tinh f:R* —R va ham kich hoat o (s)
, tir 6 x4c dinh mirc d6 anh huong ciia mdi té bao no-ron 1én cac 16p tiép theo.

Hinh 2.17 minh hoa cach hoat dong cua mot té bao no-ron trong mang.

a
BN Ham kich hoat
a,—2> (2) e — >
. + olz a '\\:Z _IT»',
I Trong s6 b‘
Do léch

Hinh 2.17: M6 hinh mét phan tir No Ron
Z=aw +a,w, +..+a,w, +b (2.49)
trong d6 w, 14 trong s6 dung diéu chinh mic d6 anh huéng cia timg dic trung dau
vao 1én dau ra, nhat trong qua trinh huan luyén dé mo hinh nhén biét cac mau dir lidu.

Do léch b 1a gia tri gitp diéu chinh ngudng kich hoat ctia no-ron, ciing duoc tbi uu
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cung trong s6 nhdm giam ham mét mat (loss function). Mot s6 ham kich hoat phd

e’ —e

bién gom: tuyén tinh, Sigmoid o (z) :1%, Tanh o(z)=———,ReLU (Rectified
+e

e’ —e

Z.

e i

<
>

J=1

Linear Unit) o(z)=max(0,z), Leaky ReLU, Softmax o(z,)=

> Lép gop (Pooling Layer): Lop gop trong CNN giam kich thude dau ra tir 16p tich
chép, giit théng tin quan trong, giam tham sb, ting hiéu qua tinh toan va han ché
rang cwa (Overfitting). Cac phuong phap phd bién gdm: gia tri 16n nhat (Max
Pooling), gia tri trung binh (Average Pooling), trén toan bd ban do dic trung
(Global Pooling), va tong binh phuong cac gia tri (L2-Norm Pooling).

> Lép chuyén ddi dir liéu (Flatten): Lép chuyén doi dit lidu ¢ cudi khdi trich xuat
dic trung trong CNN chuyén dit liéu tir dang khong gian nhiéu chiéu sang vector
mot chiéu trude khi vao tang két ndi ddy du. Lop nay don gian, khong tham sb va
phtt hop véi hau hét cac bai toan CNN.

> Lop két noi day di (Fully Connected Layer - FC): Lop két ndi day da nam
cudi mang CNN, két hop cac dic trung trich xudt tir 16p trude dé thuc hién nhiém
vu nhu phan loai, hoi quy hoic du doan. Mdi no-ron trong 16p nay két ndi voi tat

ca no-ron cua 1op trudce, gitp xur Iy va tong hop toan bo thong tin dic trung.
2.4.3 Cac buée trién khai mé hinh hoc sau

Qua trinh xay dung mot mé hinh hoc sau (DL) thudng gdm nim bude co ban [87,

91], duoc trinh bay chi tiét va minh hoa qua so do trong Hinh 2.18.
Budc 1: Xac dinh va thu thap dir liéu

e Chon ngu@)n dit liéu chat luong, uu tién tap dit liéu chuan hodc tu thu thap dam

bao tinh da dang, day du.

Buéc 2: Tién xit Iy dir liéu

« Chia dit liéu thanh tap huan luyén, kiém tra, va danh gié (ty 1¢ khoang 70-80%,
10-15%, 10-15%).
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Thuc hién cic budc chuin hoa nhu dinh dang lai, bd sung thong tin thiéu, giam

kich thudc, hoac chuan hoa dir liéu.

Tép di¥ liéu chud@n (benchmark Dataset)

Tép hudn luyén Tép kiém tra
D@ ligu hudn luyén ] Tap ddnh gid

O'Huéh luyén

& ddnh gid

v
w5 2

w w
5& 7 "ﬁ W

W ‘
"' fl ".i' " ‘

‘i" "H‘ "'o“"
o“ ﬁ..-.n iy

Vm. "’”‘V

Hinh 2.18: Nguyén ly chung mé hinh DL
Budc 3: Xay dung mo hinh hgc sau (Deep Learning Model Design)

« Chon kién trac pht hop nhu CNN cho anh, RNN hoic Transformer cho chudi
dir ligu.

« Thiét lap sd 16p, no-ron, va ham kich hoat nhu ReLU, Sigmoid.

Buéc 4: Huén luyén va kiém tra mé hinh

« Huéan luyén dit liéu bang céac thuat toan t6i wu (SGD, Adam).

o Dicu chinh si€u tham so (learning rate, epochs, batch size) va ki€m tra hi¢u

suat qua timg vong lap.
Budc 5: Kiém tra va danh gia mé hinh sau huin luyén

o Surdung tap kiém tra doc 1ap dé danh giad hi¢u suét, dam bao kha nang du doan

va trién khai thuc te.
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CHUONG 3. GIAO THUC TRUYEN ANH TIN CAY TRONG MANG VO
TUYEN CHUYEN TIEP HQP TAC

Chuong nay dé xuit giao thirc truyén anh tin cdy SCR trong mang vo tuyén chuyén
tiép hop tac (CWRN) voi kénh AWGN. M6 hinh hé thong dugc xay dung véi boén
thue thé: ngudn, dich, chuyén tiép va nghe 1én thu dong. Giao thirc dé xuét tich hop
mi mang tuyén tinh ngdu nhién (RLNC) va mé hinh hoc sau nhdm giam thiéu nhu
cau bang thong truyén dan, nang cao chit luong anh tai dung va ting cuong do tin
ciy trong méi trudong truyén khong diy. Phan cudi chuong tap trung danh gia giao
thirc thong qua mé phong, voi cac chi sé dinh luong khach quan nhu PSNR va SSIM,
d6ng thoi phan tich két qua dé chimg minh hiéu qua cua phuong phap trong diéu kién

kénh AWGN.

Két qua nghién citu trong chirong ndy di dwoc cong bo trong dn pham sé #1. Céc
két qua nghién citu dwoc trinh bay trong cdc cong bé #4, #5 va #6 la san pham ciia
qua trinh thuc hién nhiém vu nghién cuu khoa hoc tai don vi cong tac, co ngi dung
lién quan chdt ché dén dé tai lugn dn. Cy thé, cdc cong bé nay tdp trung vdo cdc khia
canh ciia mé hinh truyén théng vé tuyén chuyén tiép hop tic va ddc tinh cia kénh
truyén fading Rayleigh — nhitng ndi dung nén tang trong nghién ciru dwoc trinh bay

trong lugn dan.
3.1. GIOI HIEU

Nhu d3 trinh bay trong Muc 1.5.1, hinh anh khi dugc truyén qua kénh vo tuyén
thuong ap dung két hop hai 16p ma héa: ma héa ngudn (ching han nhu JPEG, BPG)
nham giam dung luong anh, va ma hoa kénh (vi du LDPC, Polar Code) dé bao vé dir
lidu khoi sai 16i do nhidu kénh. Gan day, phuong phap ma hoa két hop ngudn va kénh
(JSCC) tich hop v6i k¥ thuat hoc sau dang duoc nghién ctiru dé truyén anh qua mang
vo tuyén chuyén tiép hop tac, nhu dugce dé cap trong [20, 92, 93]. Tuy nhién, cac
nghién ctru ndy chua quan tim day du dén van dé bao mat thong tin va hiéu qua st

dung bang thong.

D¢ bao v¢ hinh anh khoi cac nguy co ro ri trong moi trudong vo tuyén mé, mot so
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thuat toan ma hoa truyén théng nhu RSA, DES, AES... di duoc gidi thiéu trong Muc
1.5.2. Mot s6 nghién ctru gan day két hop ma héa anh bang hoc siu va ban d6 hdn
loan [94, 95], tuy mang lai d0 an toan cao, nhung lai yéu cau tinh toan 16n va thoi

gian xir 1y dai, dic biét khi truyén anh co kich thudce 16n.

Trong khi d6, k¥ thuat md mang tuyén tinh ngau nhién (RLNC) da duoc 4p dung
nhim nang cao do tin cdy trong truyén thong da ching, véi do phire tap tinh toan &
murc vira phai [50, 96]. Tuy nhién, cic nghién ctru ndy chwa xir 1y van dé nén dit lidu
nén chua hiéu qua vé mit bang thong. Mit khéc, cac k¥ thuat ting cudng do phan
gidi anh dya trén mang no-ron tich chdp (CNN), GAN, hoac Transformer nhu da trinh
bay trong Muc 1.5.3 hién chu yéu dugc nghién ctiru doc 1ap, chua két hop hiéu qua

v6i cac giao thirc truyén thong vo tuyén.

Thuec té, truyén tai hinh anh qua mang vo tuyén dbi mit v6i nhiéu thach thie: anh
huong ciia moi truong gy suy giam chat lugng va mat mat dir lidu, dong thoi tiém
an nguy co bi tdn cong va danh cip thong tin tir cac ddi twong nghe 1én [97]. Piéu
nay dit ra yéu cau cap thiét vé bao mat thong tin, trd thanh mot chu dé duoc quan
tam trong nhiéu nghién ctru gan day [98]. Mot sb giai phap bao vé truyén anh da dugc
dé cap trong Muc 2.2.3 [65, 66]. Bén canh do, truyén thong vo tuyén hop tac di duoc
chtng minh 13 giai phap hiéu qua gitp cai thién do tin cdy trong truyén dit liéu [9,
53]. Trong md hinh nay, dit liéu khong chi truyén qua tuyén chinh gitta nguon va dich,
ma con thong qua cac tram chuyén tiép (relay) — dong vai trd mé rong ving phu song,
cai thién dung luong hé thong va tang chat lugng tin hiéu thong qua phan tap khong
gian. Ngoai chtic ning chuyén tiép don thuan, cic tram nay con ¢ thé thuc hién cac
tac vu xir Iy tin hiéu trung gian nham t6i wu héa qua trinh truyén tai. Mot trong nhiing
ky thuat quan trong dugc Gng dung tai tram chuyén tiép 1a ma mang (Network
Coding) [74], gitp nang cao hi¢u suat hé théng. Dic biét, bién thé ma mang tuyén
tinh ngau nhién (RLNC) [48] d4 chirmg minh hiéu qua vuot troi trong nhiéu mé hinh
kénh nhu kénh song cong, kénh quang ba, va kénh phat da hudng, gitp téi vu hoa

hiéu qua truyeén dir ligu.
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Trong bdi canh nhu cau truyén tai hinh anh ngdy cang cao, Chuong nay dé xuét
mot giao thirc truyén anh tin ciy qua mang vo tuyén chuyén tiép hop tac, tich hop k¥
thuat RLNC va m6 hinh ting cudng do phan giai anh bang hoc sau (CNN). Giao thtic
nhim giam dung luong truyén tai, ting do tin cdy, va thich ung hiéu qua véi méi
truong vo tuyén mo. Giao thirc dugc dé xuét trong nghién ctru nay dugc thiét ké va
danh gia dwa trén mé hinh kénh AWGN, vdn don gian, phd bién va cung cip co sé
tham chiéu phu hop dé danh gia hiéu suat ban dau cua hé théng. Sau khi kiém ching
hiéu qua trong méi trudng nhidu co ban, mé hinh ¢ thé dugc mé rong sang cac diéu

kién kénh phtrc tap hon.
3.2. GIAO THU'C SCR QUA MANG CWRN VOI KENH AWGN
3.2.1 Mo hinh hé thong CWRN véi kénh AWGN

Mo hinh hé théng mang truyén thong vo tuyén hop tic CWRN véi kénh AWGN
dugc minh hoa trong Hinh 3.1. Pay 1a mo hinh truyén thong don ching gom tram
phat (ky hiéu A -Alice), tram thu (ky hiéu 1a B-Bob), tram chuyén tiép (ky hiéu la
R - Relay) va tram nghe 1én (ky hiéu 1a € - Eve). M6 hinh nay duoc lya chon dé ap
dung cho giao thirc dé xuat vi ¢6 cdu truc don gian nhung van thé hién day du cac
yéu t6 then chdt ctia mot hé théng truyén thong vo tuyén hop tac c6 yéu td bao mat
(ro i thong tin). Pong thoi, mé hinh ciing dat dugc su can bang gitta muc d6 chi tiét
va kha nang kiém soét do phtrc tap, tao thuan loi cho viéc phan tich, danh gia va xay
dung co s& 1y thuyét virng chic. Ngoai ra, mé hinh nay c6 thé dé dang mé rong dé ap
dung trong nhiéu kich ban thuc té, chéng han nhu mo6 hinh mang nhiéu tram chuyén

tiép (multi-relay) hoic mang nhiéu ching (multi-hop).

Trong md hinh ndy, A mong mudn truyén mot hinh anh riéng tu (yéu cau do tin
cdy cao va chét lugng tét) dén B, v6i su hd tro tir mot tram chuyén tiép R vaco su

hién dién cua tram nghe 1én £ mudn danh cép hinh anh riéng tu ctia A .
Hé thong bao gém cac kénh truyén:

e Kénh truyén truc tiép tir A dén B.

45



e Kénh truyén gian tiép tr A dén B, dugc hd trg boi R.

Tram nghe 1én £ 1a mot trong nhiing mbi de doa bao mat phé bién nhét do dic
tinh phat song vo tuyén dé bi thu nhan ngoai ¥ mudn. Cac tram nghe 1én c6 thé duoc
phan loai thanh hai loai chinh: thu dong (passive) va chu dong (active), voi hanh vi

va murc d6 nguy hiém khac nhau.
e Tram nghe 1én thy dong:

La thue thé chi nghe tin hiéu truyén giita cac nut trong hé thdng ma khéng gy bat
ky su can thi€p nao. Tram nay khong phat song, khong guri gobi tin gid va hoat dong
an danh hoan toan. Muc tiéu chinh 1a thu thap thong tin bi mat ma khong dé 10 su
hién dién. Pay 1a kiéu tan cong pho bién nhét trong thyc té do tinh kho phat hién va

dé& thuc hién, dic biét trong moi truong khong day mo [99].
e Tram nghe 1én chu dong:

La thuc thé khong chi nghe ma con tham gia phat séng hodc can thiép vao ludng
truyén thong, vi du nhu chén nhiéu, gia mao goéi tin, phan hoi sai 1éch dé gay nhidu
loan hodc 1am suy yéu qua trinh truyén dir liéu. Mic du nguy hiém hon, cic tram chu
dong lai d& bi phat hién hon vi tao ra tin hiéu can thiép va can nang lugng phat song

cao hon [100].

Trong nghién clru nay, tram nghe [én thu dong duoc lya chon vi phu hop véi thuc
té trién khai va thuan loi cho phan tich Iy thuyét. Cu thé, day 1a mo hinh phan anh sat
thue té phd bién hién nay, khi phan 16n cac cudc tan cong trong mang khong day déu
mang tinh thu dong do kha nang an danh cao va kho bi phat hién. Bén canh do, viéc
st dung tram nghe 1én thu dong rat phu hop voi hudng tiép can an toan dit lidu 16p
vat 1y, trong d6 gia dinh rang ké tin cong chi quan sat cac tin hiéu truyén ma khong
c6 hanh vi can thi¢p chu dong. Diéu nay tao diéu kién thuan loi dé xay dung va phan
tich cac k¥ thuat ma hoa, thu phan tap. Ngoai ra, mo6 hinh thy dong gitip don gian hoa
hé thong toan hoc khi khéng can mé phong cac hanh vi nhu chén nhiéu, gia mao hodc

phan hoi sai 1éch, tir d6 gidm s6 lugng tham s6 va bién trang thai can xét dén trong
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phan tich. M6 hinh nay ciing déng vai trd nhu mot bude khoi dau hop Iy dé phat trién
cac nghién ctru mé rdng trong twong lai, bao gdm céc kich ban c6 tram nghe 1én chit
dong, tram chuyén tiép doc hai (malicious relay) hodc hinh thuc tAn cong két hop

(hybrid attack).

Tram nghe 1én € c6 kha ning nghe 1én ca hai kénh: kénh tir A truyén dén B va
kénh tr R truyén dén B. Tram nghe 1én £ trong mod hinh nay dugc chon 1a mgt tram
nghe 1én cyc bd va thy dong nghia 1a £ nam trong pham vi truyén dan tryc tiép cua
céc thiét bi dang lién lac va chi theo ddi cac kénh truyén dé cb gang thu thap thong
tin duoc truyén, ma khong can thiép vao hé théng nhu chén cac goi tin gay nhidu

hoic thay d6i noi dung goi tin.

Chi tiét qua trinh hoat dong cta giao thirc duoc trinh bay trong ndi dung tiép theo

(Muc 3.2.2). N
Tram chuyeén tiép

-

N
l ~
~
| S
A | N B
| w,
| e
g
i I Tram thu
Tram phat 1

——+» Khe thei gian thir 1

=
“ — —i1+ Khe theoi gian thor 2

Tram nghe lén
Hinh 3.1: M6 hinh truyén théng vo tuyén chuyén tiép hop tac CWRN
3.2.2 Giao thitc truyén anh tin cdy SCR qua kénh AWGN
Giao thirc truyén anh tin cdy qua mang v tuyén chuyén tiép hop tac SCR duoc
minh hoa trong Hinh 3.2, 1a mot giai phép ting do tin cdy va hiéu qua cho viéc truyén

hinh anh qua mang vo tuyén hop tac. Giao thirc hoat dong trong hai khe thoi gian (hai
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pha) cu thé nhu sau:
> Khe thoi gian thir nhat: Tin hiéu hinh anh tir tram phat A duoc xtr 1y va
truyén dén ca tram chuyén tiép R va tram thu B.
> Khe thoi gian thir hai: Tram chuyén tiép R xu Iy tin hiéu thu duoc tir tram
phat A trong pha thir nhat va tiép tuc truyén dén tram thu 3.
Quy trinh hoat ddng chi tiét nhw sau:
» Xir ly tin hi¢u tai tram phat (Tram giri):
o Gidm do phan giai:
bat 17® 1a anh riéng tu RGB ctia tram phat A c6 d0 phan giai cao HR vdi kich
thudc M x Nx3. Anh nay duoc giam kich thudc bang phuong phap ndi suy bac ba
(bicubic interpolation trinh bay trong muc 2.2.2) véi hé sd giam kich thudc e, tao ra

anh c6 do phan giai thap LR duoc ky hiéu 1a 197, kich thuéc M'x N'x3, trong do:

M':(KL N'z(ﬂ. e>1 3.1

€ €
Véi [e] 1a ham ldy phan nguyén 16n hon ciia e.

Pay 1a mot bién phap nham giam yéu cau bang thong trén kénh truyén.

Chil y: Néu hé sé giam kich thude la e thi s6 heong bit ciia anh can truyén sé giam
¢ diéu ndy c6 nghia yéu cau bang thong cia kénh truyén sé giam tiwong irng € so
VéGi yéu cau bang théng dé truyén anh khéng giam kich thuée. Ddy la hé s6 ding dé
danh gid mirc dg hiéu qua bang théng ciia kénh truyén.

« An dir liéu anh bing RLNC:

Hinh anh LR I® s& duoc tron (4n) voi mot hinh anh chuan 19 duge chon ngau
nhién tir kho luu trit dit liéu hinh anh chung va chuyén d6i kich thudc dung bang kich
thuéc ctia anh 140, Kho dit liéu nay duoc chia sé va truy cap béi tit ca tram thu hop

phap thong qua co ché kiém soat bao mat duoc quan 1y chia s& bai hé théng quan 1y
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uy tin va tin cdy TRM (Trust and Reputation Management) [101].
Qua trinh tron thyc hién theo phuong phap ma mang ngau nhién tuyén tinh RLNC
v61 cong thire (cong thire (3.2) duge xem nhu truong hop riéng cua (2.22)):

I =M, oI + M, oIG" (3.2)
trong do:
14" Anh sau khi ma héa RLNC, kich thudc M'xN'x3.
(): Phép nhan tirng phan tir (Hadamard product).

M, .k e{1,2}: Ma trdn h¢ s6 ma héa RLNC, kich thuéc M'x N'x3. Céc hé sb
ngau nhién trong ma tran M, .ke{l,2} duogcky hi¢ula aff) , ,vOi me{l,2,---,M"}
s NE {1727"'9N’} » D€ {1a2>3} .

Pé dam bao cac gia tri cua cac diém anh khong vuot qua gidi han, cac hé sd
al) . e[01] va o +a? =1.Hé sé ma trin ngdu nhién M, ke {2} s&
dugc truyén trong phan thong tin quan 1y goi (package header) dén cac tram thu hop
phép nhu dugc trinh bay trong Hinh 2.15.

Qud trinh ndy giip bdo vé hinh anh riéng tw trwée tram nghe lén € bang cdch
lam cho ndi dung hinh dnh muén truyén dwoc an vao trong anh nhing SI (Stego
Image).

« Truyén tin hi¢u:

Anh 19 sau khi dugc ma héa RLNC s& dugc chuyén doi thanh dang tin hiéu
thich hop (¢ diy Anh I —>x, chuyén doi thanh dang anh thuc — double) dé truyén
qua kénh vo tuyén c6 nhidu AWGN dén tram thu B va tram chuyén tiép R . Trong
qua trinh truyén, anh nay ciing c6 thé bi nghe 1én bai tram nghe 1én £ . Tuy nhién, do
anh 1< da dugc tron ngau nhién véi anh chuan 147’ thong qua RLNC, thong tin
thuc sy cta anh I3% duge 4n di mot cach hiéu qua, dam bao tinh an toan, tin cy

trong hé thong.
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Hinh 3.2: Giao thirc SCR qua CWRN véi kénh AWGN
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> Xir Iy tin hiéu tai tram chuyén tiép va tram thu trong khe thoi gian thi 1:

Trong pha truyén dau tién, tin hiéu nhan duoc tai tram chuyén tiép R va tram thu

B dugc mo ta theo phuong trinh:
ry) =x,+nY (3.3)
trong d6 x ,: Tin hiéu anh truyén di tir tram phat A, X  {R.B}, n{ 1a véc to nhiéu
trang cong Gauss (AWGN) tai X' véi ky vong bang khong va phuong sai oy,
Tin hiéu nhan dugc tir A s€ trdi qua cac budc sau:
 Khir nhiéu (denoise):

Tai X, X e{R,B}, tin hiéu nhan dugc r)’ dugc dua qua mang hoc siu DnCNN
[70] dé loai bo nhidu. DnCNN 1a mang no-ron dugc huin luyén dac biét dé khir nhiéu
trong cac tin hiéu anh. K§ thuat khtr nhidu bang hoc siu DnCNN duoc huan luyén

sdn nén khong can huin luyén lai. Tin hiéu sau khi khir nhiéu duoc ky hiéu la:
I+ = DnCNN () (3.4)
o Giai ma RLNC:
Sau khi loai bo nhiéu, tram chuyén tiép R va tram thu B sir dung dnh chuan 177

duoc chia sé boi A, cung v&i ma tran hé s6 mi héa RLNC M anke{l2}, dé gial ma

RLNC va khéi phuc anh LR ban dau. Qua4 trinh giai ma thuc hién nhu sau:

i =(I% M, o157 oM, (3.3)

Al (=
Is = (12) —M, 014 >)@MA,1 (3.6)

trong d6: @ 1a phép chia phan tir boi phan tir gitta hai ma tran con goi 13 phép chia
Hadamard. M,k € {1,2} ma trin ngiu nhién RLNC duoc truyén dén cac tram hop
phép trong thong tin quan 1y (Package Header) va 1’ duoc chia sé& tir kho luu trit

thong qua hé thong TRM [101].
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o Tang cwong do phan gidi anh tai tram thu:
Anh LR khéi phuc tai tram thu B dugc dua qua mang hoc sau VDSR [40] dé tang
~(HR,))

cudng do phan giai anh ISR bang hoc siu, tao thanh anh I

~(HRI) ~(1)
Is  =VDSR(s ,e) (3.7)

trong 46 VDSR(I**,k) 1a qua trinh ting cuong do phan giai bang mang hoc sau
(Muc 2.2.2) dé khéi phuc anh gbc c6 do phan giai cao duoc thuc hién voi thong sb
du vao 1a anh LR I"" va h¢ sb tang kich thuée & phia thu (hé s6 nay bang hé sb
giam kich thudc phia phat, k£ =¢).

Anh HR duoc tai tao tir tin hiéu truc tiép nhan tai B dugc goi la giao thuc truyén
danh tin cdy truc tiép SDT (Secure Direct Transmission Protocol).

> Xirly tin hi¢u tai tram chuyén tiép va tram thu trong khe thoi gian thir 2:

o Tai tram chuyén tiép

Trong pha dau tién, tram chuyén tiép R nhéan anh duoc truyén tir A . Sau khi giai
ma RLNC 1% , anh nay dugc tron voi mot anh chuan 197 dugc chon ngiu nhién tir
kho Iuu trit dnh tai R. Anh chuan 17’ ¢6 thé dwgc chon tring véi anh chuan 197
tai A. Anh chuan nay cling duoc quan 1y va chia sé& cho tram thu hop phap qua giao

thirc quan 1y cap cao TRM [101]. Qua trinh tron va mi héa dugc thuc hién biang ma

hoa mang tuyén tinh ngau nhién (RLNC), véi két qua dugc biéu dién nhu sau:
(enc) _ T (ref) 3.8
IR =My, olr + My, oIy (3.8)

trong d6: M, ,, k e{1,2}1a ma tran h¢ s6 ma héa RLNC tai tram chuyén tiép, kich
thudc M'x N'x3. Cac hé sO ngau nhién trong ma trdn M, dugc ky hiéula o .
vol me{l,2,---,M"}, ne{l,2,---,N'}, pe{l,2,3}. Pé dam bao cac gia tri cua cac diém
anh khong vurot qua gidi han, caché sé 0<al® <lvaal 4+ ag), ., =1.Matran

RN R.,m,n,p

My, ke{l,2} nay cling duoc truyén trong phan thong tin quan 1y goéi (package
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header) dén céc tram thu B nhu dugc trinh bay nhu trong Hinh 2.15.

Anh duge ma hoa 14" sau d6 dugc chuyén déi thanh dang tin hiéu thich hop (&
day Anh I —>x, chuyén dbi thanh dang anh thuc — double) dé truyén dén B, ky
hiéu la x .

Chu y: Anh chudn 189 tai R chon trung véi anh chudn Ifff') tai A, Ma tran ma
héa RLNC My, tai Rcing la ma tran RLNC tai A thi mo hinh truyén théng hop
tdc DF, va ngwoc lai la mé hinh truyén théng hop tic CC.

o Tai tram thu

Trong khe thoi gian thir hai, B nhan tin hiéu tir tram chuyén tiép R, biéu dién

nhu:
ry =x, +n} (3.9)
trong d6: n{’ 1a nhiéu AWGN tai B véi ky vong bang khong va phuong sai o2, .
Tuong tu qua trinh xur 1y tin hiéu trong khe thoi gian tht nhat, B khir nhiéu tin
hiéu nhan duogc r{” bang mang no-ron DnCNN [70] dé thu dugc tin hiu da khu

x =) , , . 2 ) N LA A~
nhiéu I = DnCNN (r,‘;’ ) Sau d6, B st dung anh chuan 19? va ma tran hé so ma

hoa RLNC M, dé giai ma RLNC, khoi phuc anh LR I nhu sau:

~(2) - .
Is = (Iif) Y S (1) ))®MRJ (3.10)

Anh LR khéi phuc tir tin hiu truyén qua tram chuyén tiép duoc ting cuong do
phan giai baing mang VDSR [40], tao thanh anh HR s (twong ty nhu trong khe
thoi gian thir nhat)

~(HR,2) ~(2)
Is = VDSR(IB ,6) (311)

Anh HR nay duogc goi 13 anh tai tao théng qua giao thire truyén anh tin cdy qua

tram chuyén tiép SRT (Secure Relay Transmission).
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Tram thu B s€ thyc hién hop nhét hai anh HR nhéan dugc tir hai giao thirc dé tai
tao anh HR géc. Cu thé, anh HR ii;HR’l) dugc nhan tor A qua gioa thirc SDT trong
khe thoi gian thir nhat va anh HR s dugc nhan tir tram chuyén tiép qua giao thirc
SRT trong khe thoi gian thir hai s& dugc két hgp theo cong thirc:

~(HR) ~(HR,1) ~(HR,2)

IB =VIIB +V215 (312)

trong d6 v,,i € {1,2} 1a hé s6 tron (ty 18), thé hién muc do dong gop ctia mdi kénh
truyén véo viéc tai tao anh HR cubi cung. Hé ) nay, con dugc goi la h¢ s6 tron Alpha
(Alpha Blending) trong k¥ thuat hop nhat anh [73] (trinh bay trong Muc 2.2.5), dong
vai trd quan trong trong viéc két hop cac tin hiéu anh. Trong giao thirc nay ta dung
ham hop nhat anh duoc viét san trong Matlab v&i hé s6 tron 1a v,=0,5 ie{l,2},tic
1a muc d6 dong gop cua hai anh vao anh khéi phuc 14 ngang nhau, mdi anh chiém
50%, hé sd nay dugc thay doi tu dong trén timg diém anh tily theo cudong do diém
anh, d¢ twong phan va lugng tin cia hai anh vao.

Két qua khoi phuc tir cong thire (3.12) chinh 14 sy hién thuc hoa cua giao thirc
truyén anh tin cdy hop tic SCR (Secure Cooperative Transmission).

» Xir ly tin hi¢u tai tram nghe lén:

Trong qua trinh truyén trén kénh vé tuyén, tin hiéu hinh anh c6 thé bi nghe 1én boi
cac tac nhan khong mong mudn. Tram nghe 1én £ s& ¢ gang udc lwong va khoi phuc
hinh anh tir tin hi¢u nhan dugc trong ca hai khe thoi gian: khe thoi gian thir nhat nhan
tin hiéu tir A , va khe thoi gian thtr hai nhan tin hiéu tir tram chuyén tiép R . Tin hiéu
nhan dugc tai £ trong ting khe thoi gian duogc biéu dién nhu sau:

r”=x,+n¥ (3.13)

r® —x_+n® (3.14)
trong d6: n,i  {1,2} nhidu AWGN tai tram nghe 1én £ trong khe thoi gian thir nhat

va thir hai, 6 trung binh bang khong va phuong sai o, .
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Tram nghe 1én &€ thyuc hién qua trinh trich xuét dit liéu tr tin hiéu ma tram thu

duoc r”

va r®bang cach ap dung cac phuwong phap twong tu nhu dugc st dung tai
tram thu hop phap (tram thu B). Cu thé, £ cb ging khir nhiu DnCNN [70], giai ma
tin hiéu RLNC va phuc hoi dit liéu gbc bang ISR VDSR [40]. Tuy nhién, tram nghe
1én khong cé quyén truy cap vao cac thong tin quan trong nhu ma tran ma héa RLNC
va anh chuan (cac thong sb chinh xac ma hoa va anh chuin duoc st dung trong hé
thong).

Viéc thiéu cac thong tin quan trong nay gy ra nhiéu kho khin cho tram nghe 1én
trong qua trinh tai tao dit liéu. € phai dua vao cic udc lugng hodc gia dinh, dan dén
kha ning sai 1éch trong viéc khoi phuc tin hiéu gbc. Do d6, ngay ca khi str dung cac
cong cu va ky thuat hién dai, dit liéu ma ho thu dugc thuong khong dam bao tinh

chinh x4c va dy du so vai thong tin gbe duoc truyén giita cc thiét bi hop phép.

Ky hiéu I.' =DnCNN(r") va I = DnCNN(r ) biéu thi cac hinh anh duoe tii tao
boi tram nghe 1én sau khi ap dung mang no-ron DnCNN [70] dé khtr nhiéu. Cac hinh
anh tham chiéu ifff) va i%ﬁef’ duoc chon ngﬁu nhién tr co s¢ dir li€u luu trit, dong vai
tro lam hinh anh chuan cho qua trinh trich dit liéu. Trong khi d6, {M.,,M..} va

{Mz,,Mz.} la cdc ma tran do tram nghe 1én udc lugng trong qua trinh gidi ma thong

tin vdi gia thiét cac h¢ s6 cia ma tran la:

5 ) )]

aX,m,n,p - aX,m,n,p i gX,m,n,p (3. 1 5)
5 (2) _ ~ (1)
6Z/’l’,m,rl,p - l_aX,m,n,p (316)

trong d0: X e {A, R}, me{l,2,---,M"}, ne{l,2,---,N'}, pef{l,2,3} va &, la sai

m,n,p

s0 udc luong cua &), , , tai tram nghe Ién &.

Qua trinh tach tin hiéu hinh anh duoc truyén tir ngudn phat trong khe thoi gian
thir nhat va tir tram chuyén tiép trong khe thoi gian thtr hai dwoc mé ta nhu sau.
~(ref)

/\() _
i :(1;” Mol )@MA,I (3.17)
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~(2) - ~(ref)
I 2(1(52) —Mnrolr )@MR,I (3.18)

Tiép d6, tram nghe 1én ciing ap dung k¥ thuit ting cudng do phan giai ISR VDSR
[40] dé tai tao lai hinh anh gdc twong tng v&i khe thoi gian thi i, i e {1,2}.

~(HR,i)

0]
I:  =VDSR(Is ,¢) (3.19)
Tuong tu quy trinh tai B, hinh anh phuc hdi cudi cung duoc tao ra bang cach hop
nhat anh [73] cac két qua tai tao anh tir ca hai khe thoi gian.

~(HR) ~ ~(HR) ~ ~(HR2)

I =viI: +v,I¢ (3.19)
trong do: v,,i €{1,2} lahé sb tron duoc udc lugng, biéu thi mdi quan hé gitra hai hinh
anh tuong trng vai hai khe thoi gian.

3.3. PANH GIA GIAO THUC QUA KENH AWGN
3.3.1 Phwong phap danh gia

Trong linh vuc phan tich va xir 1y anh, chét lugng hinh anh thuong dugc dénh gia
theo hai phuong phap chinh: danh gid cam quan [102] (HVS - Human Visual System)
va danh gia khach quan [103].
> Danh gia caAm quan

Phuong phap nay dua trén cam nhan truc tiép ctia con ngudi, phan anh trai nghiém
thi giac va su nhan thirc chi quan ctia ngudi quan vé chat luong hinh anh. Mic du
danh gia cam quan mang lai cai nhin thyc té vé cach ngudi dung cam nhan, nhung nd
ton tai nhirng han ché 16n:

o Tinh chi quan: Cam nhén khac nhau giita cac c4 nhan din dén két qua
khong dong nhat.
o Yéu cau ngudn lye 16m: Can khao sat nhiéu nguoi va thyc hién phan tich

thong ké dé dat duoc két qua dang tin cay.

o Chi phi va thoi gian: Qua trinh thu thap dit liéu va xir 1y doi héi nhiéu
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thot gian va chi phi.

> Danh gia khach quan

Danh gia khach quan dya trén cac chi sb toan hoc va thuét toan dé do luong chét

lwong hinh anh, dam bao tinh chinh x4c, khach quan va kha ning l3p lai cao. Pidu

nay gitp khac phuc nhitng han ché cua danh gia cam quan, dong thoi phut hop véi cac

ung dung tu dong hoa va phan tich quy mo 16n.

Cic tiéu chi pho bién trong danh gia khich quan:

MSE (Mean Squared Error): Chi s do ludng sai s6 trung binh binh phuong

gifra cac di€m anh cta hai hinh anh (trude va sau khi xuir 1y).

PSNR (Peak Signal-to-Noise Ratio): Do ludng ty s6 giita tin hiéu téi da (peak
signal) va nhidu (noise) gay ra boi sy khac biét gitta anh goc va anh sau xtr 1y.

PSNR cao cho thay chét luong hinh anh tét hon

SSIM (Structural Similarity Index): Po ludng mirc d6 gidng nhau giita cau
trac va dic tinh cta anh gde va anh sau xir Iy. SSIM gitp danh gia su twong
dong vé cau tric, do sang va do twong phan.

FSIM (Feature Similarity Indexing Method): Po luong su twong dong giita
cac dic tinh (features) va cdu truc (structural) cta hai anh. Day 1a chi s6 phirc
tap hon SSIM va PSNR, gitip danh gia chi tiét hon cac dic tinh hinh anh.
VIF (Visual Information Fidelity): Do luong d§ trung thuc ctia thong tin thi
giac khi anh bi nén hodc thay doi.

Trong cac nghién ctru hi¢n dai, ddnh gia khach quan ngay cang dugc wa chudng

nho tinh chinh xac va hi€u qua cao. Trong ndi dung luan an nay, hai chi s6 PSNR va

SSIM s& duoc trinh bay chi tiét dé minh hoa qué trinh danh gia chat lugng hinh dnh

sau xu ly, tr d6 cung cap cai nhin tong quan va sau sac v€ hiéu qué cua cac phuong

phép xtr Iy hinh anh dugc ap dung.

> Ty s6 tin hi¢u trén nhiéu dinh PSNR
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PSNR [64, 104] 12 m6t thude do phd bién trong linh vue xtr Iy anh va nén dir liéu,
duogc stir dung dé danh gia chit lwong ctia hinh anh sau khi xir 1y, so v6i hinh anh gdc
(4nh tham chiéu). Chi sb nay thé hién ty 1¢ gitta gia tri cwong do tin hiéu t6i da cua
anh va nhifu anh, dugc biéu dién trén thang do logarit véi don vi 1a decibel (dB). Vi
du PSNR cuia 4nh khoi phuc tai B 1a Is  va anh HR tai A 1a 19 1a anh mau RGB

voi kich thude M x N x3. Theo thang do dB s€ dugc tinh nhu sau:

| M N3 R ’
MSE=M;;;(U(L%@_]B(X,yaz)) (320)
MAX? MAX
PSNR =101 —L =201 —L 3.21
ng( MSE ] ng[\/M—SEj ( )

trong d6 MAX, 1a gia tr1 d§ sang t6i da c6 thé cua diém anh (pixel) trong anh gdc, gia
tri nay phu thudc vao so bit biéu dién mdi diém anh, di voi anh 8-bit (gia tri pixel tir
0 dén 255), MAX, =255, MSE (Mean Squared Error) 14 sai s6 trung binh binh phwong
gittaanh Is  va 19 MSE duoc tinh riéng cho tirng kénh mau (R, G, B) va sau d6
trung binh cong. MSE cang nho (su sai biét giita anh sau xtr Iy va anh chuan cang it)
thi PSNR cang 16n, cho thay chat lugng anh khoi phuc cang cao. PSNR nhay cam véi
sai sO tuyét d6i trén cac diém anh nhiéu sai s nho ¢ thé dan dén chi sé PSNR thap
va khong thich hop cho cac anh c6 dac trung phtc tap.

> Chi s6 twong dong cau tric SSIM

Chi s6 SSIM [104, 105] duoc st dung dé danh gia muc dg tuong déng gilia hai
hinh anh, tdp trung vao ba khia canh chinh: do chéi (luminance), twvong phan
(contrast) va cau tric (structure). Pay 13 mot tidu chi quan trong trong danh gia chat

lwgng hinh anh, dac biét trong cac ing dung xt 1y anh va nén dir liu.

SSIM giita anh khéi phuc tai B 1a Is ~ va anh HR tai A 1a 1U® s& 1a
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$SIM =373 [ 1 (6] [Canto ) [S.0aen) ] (3.22)

e
trong do6: L, 5(x,y) la do chéi dugc tinh thong qua mirc do twong ddng cua do choi
trung binh cta ctra s6 (x,y) (C6 thé 1a diém anh) cta hai anh (ham cua tich cta hai
trung binh d¢ choi), C, 4(x,y) d0 twong phan dugc tinh thong qua mirc d6 twong

dong cua do 1éch chuan cua ctra s6 (x,y) cua hai anh (ham cua tich cia hai dg 1éch

2 p P , , , cn o . ~(HR)
chuan), S, ;(x,») do tinh trong quan vé cau truc cta cira (x, ) gitra anh I''® va I

(ham ctia ham hiép phuong sai) hé s6 nay c6 thé mang gia tri &m néu cau tric lam
cho ham tuong quan cé gia tri am. H& s6 /,c,s 1a cac hé s6 mii diéu chinh tim quan
trong twong d6i cia timg thanh phan thudng duoc chon 14 /=c=s=1 dé don gian

hoa tinh toan.

Chi s nay rat nhay khi cu triic ciia anh b thay d6i nhu anh bi thay d6i kich thuéc,
xoay, hodc bién dang. Chi sb danh gia nay ciing khong hoan toan tbt vi doi khi anh
sau xtr Iy c6 mot sai biét nho so voi anh gdc thi hai anh gan nhu hoan toan giéng nhau
nhung chi s6 SSIM thi rat bé. Do d6 viéc dua ra chi tiéu danh gia hinh anh mot cach
chinh xac va hi¢u qua van 1a mot van 13 mot van dé mé cho cdc nha nhién ctru.

3.3.2 Thuat toan m6 phéng

Hinh 3.3 trong phan nay cung cAp mot luu d6 chi tiét, minh hoa toan b quy trinh
giai thuat mo phong dya trén mo hinh dugc giéi thiéu ¢ Hinh 3.1, dong thoi 1am rd
cac budc trién khai giao thirc dé xuit duoc mo ta trong Hinh 3.2. Sau day 1a cac bude
trong tam, duogc trinh bay chi tiét, trong quy trinh thyc hién thuat toan mé phong.

Bwéc 1: Huan luyén mé hinh ting cudng do phan giai anh VDSR [40] bang
phuong phap hoc sdu DL, str dung tap dit liéu anh chuan IAPR TC-12 [12]. Quy trinh
huan luyén, dugc minh hoa trong Hinh 3.4, bao gdm cac budc cu thé sau:
> Tai dir liéu: Thu thap tap anh chuan IAPR TC-12 [12] tir Internet bao gdm 20.000

hinh anh, dam bao dir li¢u dau vao dap rng yéu cau cua mo hinh.
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Hinh 3.3: Giai thuat mo6 phong giao thuc SCR qua kénh AWGN




> Xir 1y va chuin bi dit liéu: Phan chia dit liéu thanh cac tap phuc vu muc dich
huan luyén, kiém tra va danh gia, dong thoi thyc hién tién xir Iy dé phu hop véi
mo hinh VDSR.

> Céhu hinh tham s6 mé hinh (nhw bang 3.1): C4u hinh mé hinh CNN VDSR véi
kién tric mang, cac si€éu tham s6 nhu s6 16p, sb6 1an hoc (epochs), tbc dd hoc
(learning rate), kich thuéc nhom dit liéu (batch size), thuit toan tdi uu,... va hé sb
giam kich thudc anh dé dam bao hiéu qua huan luyén.

> Huin luyén mé hinh: Tién hanh qua trinh huén luyén, t8i wu hoa cac tham s
mang dé dat két qua tot nhat.
Luwu trit mé hinh: Luu lai mé hinh VDSR d3 duoc huan luyén dé sir dung trong

cac bude tiép theo hoic trién khai (mg dung.

Ny
I.f’ Bit dau huén luyén

\ VDSR )
o /
 J
Tap anh chuan Tai bé dit liéu hinh anh
I !
IAPR TC-12 chuan

Chuén bi dit liéu cho qua trinh
huén luyén, kiém tra, danh gia
theo mo6 hinh VDSR

l

Thiét lap thong s DL
VDSR véi hé s6 giam kich
thuée anh 2, 4. 6. 8. 20

l

Tién hanh huén luyén DL
VDSR

{ Luu trit mé hinh VDSR

da duoc huin luyén /
AN /

Hinh 3.4: Luu d6 huan luyén VDSR
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Bang 3.1 Bang cac thong s6 huin luyén VDSR

Mé Ta Thong S6 Huan Luyén Gia Tri
Tap anh chuin dung huan luyén va kiém tra | 20.000 anh chuan IAPR TC-12
Kién trac mang NN CNN
Ham kich hoat RelLU
S6 16p 20
Kich thudce bo loc (kernel) / channel 3x3
Kich thuéc mdi nhom dir liéu (Batch Size) 64
Kich thudc miéng anh dau vao (Patch Size) 41 x 41
Hé s6 hoc (Learning Rate) ban dau 0.1
Giam hé s6 hoc sau mdi 20 vong 1ap 1/10
S6 vong lap (Epoches) 100

Ham mat (loss function)

MSE (Mean Squared Error)

B toi vu

SGD (Stochastic Gradient Descent)

“Pa” trong hoc sdu (Momentum) 0.9
Chinh quy hoa (Regularization) L2 regularization: 0.0001
Hé s6 giam kich thude anh 2,4,6,8,10

Buwéc 2: Chuan bi dir liéu dé mo phong. Tap anh st dung trong mo phong bao

gdm 20 hinh anh duoc 13y tir cong cu xtt Iy anh ctia Matlab. Céc hinh anh nay, dwoc

trinh bay trong Hinh 3.5 va Bang 3.2, dong vai tro nhu sau:

« Anh riéng tu tai tram phat can bao vé.

« Anh chuan dung tai tram phét va tram chuyén tiép.

« Anh udc luong sai tai tram nghe 1én.

Bang 3.2: Thong s6 20 anh dung trong mo phong

STT Tén File Dinh dang Kich thudc
1 sherlock.jpg JPG 640 | 960 3
2 tissue.png PNG 506 | 800 3
3 office 4.jpg JPG 600 | 903 3
4 strawberries.jpg JPG 683 | 1024 3
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5 toysnoflash.png PNG 684 | 912 3
6 indiancorn.jpg JPG 768 | 1024 3
7 peacock.jpg JPG 792 | 1056 3
8 llama.jpg JPG 876 | 1314 3
9 sevilla.jpg JPG 900 | 1600 3
10 flamingos.jpg JPG 972 | 1296 3
11 wagon.jpg JPG 1024 | 768 3
12 micromarket.jpg JPG 2236 | 3504 3
13 concordaerial.png PNG 2036 | 3060 3
14 foosball.jpg JPG 2236 | 3504 3
15 yellowlily.jpg JPG 1632 | 1224 3
16 carl.jpg JPG 2336 | 3504 3
17 saturn.png PNG 1500 | 1200 3
18 parkavenue.jpg JPG 1536 | 2048 3
19 hallway.jpg JPG 2336 | 3504 3
20 foggysfl.jpg JPG 2336 | 3504 3

Buéc 3: Chon ngau nhién mot anh gdc tir tip anh chuan da chuan bi & Budc 2 dé
phat tai tram phat. Anh nay dugc luu lai va st dung dé so sanh, danh gia vo1 anh khoi

phuc dugc thong qua giao thirc mo phong.

Buéc 4: Chon anh chuan dé chia sé cho tram thu hop phap. Anh chuin nay duoc
chon ngiu nhién tir tap anh di chuén bji & Budc 2, dam bao khong tring véi anh gbe
da chon & Budc 3. Anh chuan duoc st dung dé hd tro tram thu hop phap trong viéc
khéi phuc anh theo giao thtrc. Dong thoi, trong budc nay, hé sé giam kich thude anh

cling duoc thiét 1ap dé phuc vu qua trinh xir Iy va danh gia.
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Hinh 3.5: 20 anh ding dé mé phong

Buéc 5: Anh géc s€ dugc giam kich thudc theo mot hé $6 giam kich thude €,
trong 40 M'xN'x3 vadd M'=[M /€], N'=[N/¢€], voi [e] 12 phan nguyén 16n nhat
cta kich thuge (o). Hé s6 giam kich thude e duoc xac dinh trude va ap dung dé diéu
chinh kich thudc anh.

Budéc 6: Anh sau khi giam kich thudc két hop véi anh chuin di chon tir Bude 4
s€ dugc ma hoda st dung phuong phiap RLNC. Qua trinh ma héa RLNC dugc mo ta
chi tiét trong Hinh 3.6 va bao gdm cac budc chinh nhu sau:

Dit liéu dau vao ctia bd md hoa RLNC bao gdém anh riéng cAn ma hoa va anh

chuan, nham két hop thong tin tir 4nh riéng vao qué trinh ma héa.
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e Xac dinh kich thudc cua anh riéng sau khi da giam kich thuoc.

e Diéu chinh kich thudc cua anh chuin dé dong bo véi kich thude cua anh
riéng da giam.

e Tao ma trin md hoéa RLNC véi cac hé s6 ngdu nhién nam trong khoang
[0.3, 0.5], c6 kich thudc phu hgp véi anh chuan. Ma tran nay s€ dugc quan
1y va chia sé véi tram thu hop phap dé giai ma. Hé s6 dugc chon trong
khoang [0.3, 0.5] dam bao anh thong tin s& duoc 4n vao trong anh chuin

dé truyén di.

Tron anh riéng véi anh chuan thong qua ma trdn ma hoa RLNC, nham tao ra anh

nhung SI (Stego Image).

N VN
[ MahsaRLNC | [ GiaimaRLNC |
‘\‘_ // ‘\R _//‘
. énh riéng tr cin bi_iq v rrivate . A.nh thu gugc "
o Anh chuan dung dé in dnh riéng tw o Anh chuan dilng bél} mi hoa 1"
vio [°7 e Ma trin ¢6 hé s6 ngdu nhién M

l

Ly kich thude inh riéng tw ci .
' b;ig V;dimlf:-u ‘_([1{111‘:?(%) ean o Lay kich thude cia anh thu
} o duoc dim = size(1™)

5 5 3

» Dieu chinh kich thwde anh chuan » :
cing kich thudc véi anh riéng « Dicu chinh kich thirde anh chuén
T = imresize(I™,dim) cing kich thudc voi énh riéng

1" = imresize(I1°" ,dim)

\
e Ta0 ma trin vdi cic hé s6 ngiu
nhién co kich thudc dim
M = rand(dim) o Giai md RLNC bing hinh thu duge,
I°", Hinh chudn I°*", v ma trin M ¢6
hé s& ngdu nhién duge ding khi ma

Y

¥

R — ho

® Tron anh riéng va agh chuan thong qua 1.103 = (17 MO ) = M
nf(m-m Cf hiiﬂ ngau :'h‘.lﬁ?,. + la phép chia hadamard (phin i chia
I"=M°IF +M°T ph""mifr)

Nhén hadamard (phén tir nhén phin ti) e e _

Trong d6 M = (1-M,) Trong dé My = (1-M,)

Y
Y ™ G
| Dir li¢u sau ma hoa I/ Dik lidu sau gidl ma
\ RLNC I™ / RLNC 1% /
. / /

Luu dé mi hoa RLNC Luu d& gial mi RLNC

Hinh 3.6: Luu d6 mi hoa va giai md RLNC
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Buéc 7: Anh sau khi dugec md héa RLNC s& duoc truyén qua kénh truyén co

nhidu AWGN, nham mé phéong cac yéu td nhidu trong qua trinh truyén tai dir licu.
Buéc 8: Anh nhin duoc tai cic tram thu {B,R,&} s& dugc khu nhidu bing

phuong phap DnCNN [70], mdt mo hinh khtr nhiu AWGN di duoc huén luyén sin
trén nén tang Matlab, gitip cai thién chat luong tin hiéu.

Buéce 9: Cac tram thu hop phap {B,R} sir dung giao thirc quan Iy 16p cao TRM
[101] két hop véi viée t chirc giri kém céac vecto md hoéa RLNC trong trudng thong
tin quan 1y [52, 82-84] dé trich xuat ma trin ma hoa RLNC va anh chuin (#8a, b).
Céc thong tin nay s& duogc sir dung & bude tiép theo nham phuc vu qué trinh giai ma
RLNC. Péi véi tram nghe 1én £, cac thong so trén khong duoc cung cap truc tiép ma

phai dya vao cac ky thuat udc luong (#8c).

Buéc 10: Giai ma RLNC. Sau khi thu thap ddy du ma tran ma héa RLNC, anh
nhan duoc va anh chuin, cac tram s& thuc hién gidi ma RLNC dé khoi phuc lai anh
riéng da dugc an va truyén qua kénh. Qua trinh giai ma RLNC, nhu minh hoa trong

Hinh 3.6, bao gdm céc budc chinh sau:

e Xac dinh kich thudc cua anh riéng nhan dugc tu dau vao bd gidi ma.

e Piéu chinh kich thudc cta anh chuin dé dong bo véi kich thudc cta anh
riéng da giam.

e Giai ma RLNC bang cach giai phuong trinh tuyén tinh sir dung dit liéu thu
dugc, ma trin ma hoa RLNC va anh chuan dé khai phuc anh riéng.

Sau khi gidi ma RLNC, anh thu dugc s€ dugc xur 1y qua bd tang cuong do phan
giai nham khoi phuc lai anh gdc. Tuy nhién, tai cic tram chuyén tiép, anh nay sé& tiép
tuc duoc xir Iy va truyén dén tram thu cudi cung trong khe thoi gian thit hai.

Budée 11: Sau khi hoan tat giai ma RLNC, anh thu dugc s& dugc xir Iy qua mo
hinh hoc sdu VDSR dé ting cuong d6 phan giai, tai tao anh gbc véi chét luong cao

nhét ¢6 thé.

Buéc 12: Anh gbc da duogc tai tao s& duoc ddi chiéu v6i anh gbe tham chiéu tir
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budc 3. Chét luong anh dugc danh gid dua trén cac chi s6 PSNR va SSIM, nham do

luong mure do tai tao chinh xac va sy tuong dong vdoi anh gde ban dau.

Budc 13, 14, 15: DBay la qua trinh xtr 1y tin hiu tai tram chuyén tiép dé tiép nhan
dir liéu hinh anh trong khe thoi gian thir nhit va chuyén tiép dén tram thu trong khe
thot gian thtr hai. Cac budc nay dugce thyc hién tuong tu nhu cac budce 4, 6 va 7 da

trinh bay & phan trudec.

Budc 16, 17, 18, 19, 20: Day la qua trinh xtr 1y tin hi¢u tai tram thu va tram nghe
1én khi nhan dugc tin hiéu tir tram chuyén tiép trong khe thoi gian thir hai. Cac budce
xtr 1y nay tuan theo quy trinh tuong tu cac budce 8, 9, 10, 11, va 12 d3 mé ta & phan

trudc, khi tin hiéu duoc xur ly tai cac tram {B,€} trong khe thoi gian thi nhit.

Buwdéc 21: Thuc hién hop nhét cac anh chat lugng cao duoc tai tao tir ca kénh
truyén truc tiép va kénh truyén gian tiép trong khe thoi gian thir nhat va thir hai. Qua
trinh nay nham t6i vu hoa chét lugng anh tai tao, ddm bao su chinh xac va nhét quan
ctia két qua cudi cung. Ham hop nhat dugc dung 1a ham cé san trong Matlab vai hé
s6 tron Alpha 1 0.5 dam bao murc 46 dong gop cua anh vao 1a ngang nhau. Qua trinh
tron cac hé so s& dugc tinh toan tiy theo anh vao va dugc mé ta trong phan hop nhat

anh cta muc 3.2.2.
3.3.3 Thong s6 mé phéng

Toan bd qua trinh mo phong trong nghién ciru nay dugc trién khai trén nén tang
phﬁn mém Matlab phién ban R2022b. Viéc lya chon Matlab giup dam bao tinh linh
hoat trong viéc thiét 1ap mo hinh, ciing nhu kha nang xir 1y cac phép tinh toan ma tran
va md phong tin hiéu mot cach hiéu qua. Cac thong sb ky thuat chi tiét phuc vu cho
qua trinh mé phong duoc trinh bay cu thé trong Bang 3.3 dudi ddy. Dé phuc vu qua
trinh d4nh gia va so sanh hiéu qua cta giao thtc truyén anh duoc dé xuit, nghién ctu
d3 lya chon mot tap gdm hai muoi (20) hinh anh tiéu biéu, dai dién cho cac dic trung
khac nhau vé noi dung, do phuc tap va cAu tric. Viée chon loc nay dugc thyc hién
thong qua cac cong cu xir Iy anh tich hop trong phan mém Matlab, gitp dam bao tinh

khach quan va da dang cia dit liéu dau vao. Tap hop hinh anh di chon duoc minh
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hoa trong Hinh 3.5, dong vai trd lam co s& dé tién hanh cac phép phén tich, danh gia

dinh lugng va dinh tinh trong cac budc tiép theo ctia nghién curu.

Bang 3.3: Thong s6 mo phong kénh truyén AWGN

Mé Ta Thong S6 M6 Phong Gia Tri
Tap anh trong Hinh 3.5 va Bang 3.2 20 anh
Anh chat luong cao phéi phat (HR Image) Anh 1-10 trong Hinh 3.5
Trung binh trong mo phong 8 anh va 10 vong lap
Anh chuan tai ngudn phat (A ) Anh trong 10-20 trong Hinh 3.5
Anh chuén tai tram chuyén tiép (R) Anh trong 10-20 trong Hinh 3.5

Anh trong 1-20 trong Hinh 3.5

Anh chuan udc lugng tai tram nghe 1én khéc anh chuan tai A va R

Kénh truyén AWGN
Hé s6 giam kich thudc anh € =2,4,6,8,10
Hé s6 ngau nhién ciia ma train RLNC [0.3,0.5]
K§ thuat khir nhiéu anh DnCNN [70]
K¥ thuat tang cuong do phan gidi anh ISR VDSR [40]

3.3.4 Két qua md phéng giao thirc qua kénh AWGN

Trong md phong nay, dé danh gia tic dong ctua nhiéu AWGN 1én giao thic truyén
anh, nghién ctru sir dung phuong sai nhiéu 1am tham s6 diéu khién murc d¢ nhiéu thay
vi chuan hoa theo ty s6 tin hiéu trén nhidu (SNR). Ly do cua su liwa chon nay 1a vi cac
anh khac nhau thuong c6 cong suét tin hiéu trung binh khac nhau, nén néu st dung
cung mot gia tri SNR cho cac anh nay, mitc do nhiéu thuc té tic dong 1én ting anh s&
khac nhau. Diéu d6 dan dén viéc so sanh két qua mo phong tré nén khong nhit quan
va thiéu khach quan. Do vay, viéc phan tich dwa vao phuong sai nhiéu trong céac kich
ban mo phong gitp dam bao mtrc do anh hudng cia nhidu 13 twong dong ddi véi tat
cd cac anh, tr d6 nang cao do tin cdy va tinh chat ché trong phan tich danh gia hi¢u

ning tac dong ctia nhiéu AWGN 1én giao thic.

a. So sanh giita ba giao thirc SCR, SDT va SRT
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Dé danh gia hiéu qua cua giao thirc truyén anh tin cdy duoc dé xuit trong muc
3.2.2, Hinh 3.7 trinh bay mdi quan hé giita cic chi s6 PSNR va SSIM véi phuong sai
nhiéu trén dudng truyén tryc tiép gitra A va B trong khe thoi gian dau tién, ky hiéu

la o, . Ba giao thirc truyén anh an toan dugc dua vao so sanh gom SDT, SRT va

SCR.

28
-¢SDT (at Bob)
—+SRT (at Bob)
26 -©-SCR (at Bob)
-% SDT (at Eve)
=+ SRT (at Eve)
-3 SCR (at Eve)

PSNR [dB]

0 0.02 0.04 0.06 0.08 0.4 012 0.14 0.16 0.18 0.2

(a) PSNR versus noise variance of A-B link.

0.9
- SDT (at Bob)
—+—SRT (at Bob)
: -©-SCR (at Bob)
08 -% SDT (at Eve)|
—+ SRT (at Eve)
-0 SCR (at Eve)

0.6

SSIM
+

0.2

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

Hinh 3.7: Danh gia PSNR va SSIM theo nhiéu véi SCR, SDT, SRT
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Gia thiét ring R nam giita A va B, trong do cac tuyén truyén tir A dén R va
tir R dén B chiu cung muc nhiéu, bang mot nira phwong sai nhidu cia duong truyén
truc tiep A-B, cu thé 1a o2, =0c2, =02, /2. Dong thoi, phuong sai nhiu cla céc
tuyén nghe 1én A-€ va R-E duoc gia dinh bang voi phuong sai nhidu cua céac
tuyén A-B va R—B,lanlugtla o2, =o2, va o7, =02, . Gid thiét nhiéu tac dong
cac tuyén gian tiép bang mot nira (nhidu tac dong hai 1an vao qua trinh truyén anh)
nhiéu tic dong vao tuyén truc tiép. Cac anh dung mé phong co kich thudc nhu trong
Bang 3.2 va c6 trung binh cudng d6 sang khac nhau tuy theo mau sic cta anh. Khi
biéu dién anh kiéu thuc (double), néu anh c6 mau t6i thi c6 trung binh cong suét diém
anh trong khoang (0,1;0,3), anh mau sic binh thuong ¢ trung binh cong suat diém
trong khoang (0,4;0,6) va ddi v6i anh c6 mau sic sang thi ¢6 trung binh cong suat
diém trong khoang (0,7;0,9). Trung binh cong suat diém trong khoang ctia cac anh

khéc nhau 1a khac nhau nén mo phong danh gia theo phuong sai nhiéu.

Hinh anh goc c6 d phan giai cao (HR) tai A duoc giam kich thudc xudng 4 1an
(trc 14 € = 4) trude khi truyén. Cac thong sd khac duge mé ta trong Bang 3.3. Dé so
sanh hiéu qua giita cac giao thirc truyén anh an toan, trong phan nay gia dinh rang &

biét trude cac hinh anh tham chiéu dugc sir dung trong ma hda RLNC.

Nhu thé hién trong Hinh 3.7a va 3.7b, & viing nhiéu bé tit ca cac giao thirc déu
dat duoc hiéu sudt PSNR cao hon tai B, véi muc tang 1én dén 8 dB so v&i PSNR tai
£, do € khong biét ma tran hé s6 RLNC duoc sir dung tai A va B. Dic biét, giao
thirc SCR vuot troi hon so vai cac giao thirc SRT va SDT, véi muc tang lan luot 1a
0.5 dB va 2 dB. Piéu nay duoc giai thich bdi vi trong giao thitc SCR, R hd tro truyén
anh thong qua cac tuyén truyén gian tiép bén canh dudng truyén tryc tiép gitra A va
B. Trong khi d6, giao thirc SDT chi sir dung duong truyén truc tiép A — B, va giao
thire SRT chi str dung cac tuyén truyén gian tiép A-R va R —B. Khi nim trong
ving ¢6 muc nhiéu cao, chat lugng khoi phyc hinh anh ctia cac giao thirc tai B tro
nén kém hiéu qua va khong cé su khac biét dang ké so voi kha ning khoi phuc cia

tram nghe Ién. biéu nay cho théy murc dd bao vé anh khong thyuc su hiéu qua khi &
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khong c6 thong tin vé& ma train RLNC nhung biét hinh anh chuén.

Chi s6 SSIM phan anh xu hudng twong dong voi PSNR, thé hién két qua nhat
quan gitra hai thuéc do. Tuy nhién & ving nhidu cao anh huong 16n dén tinh twong
quan giita anh gbc va anh khoi phuc nén chi s6 SSIM ¢6 khuynh huéng giam nhanh

hon.
b. Danh gida mirc bdo vé danh qua giao thuc

30| 1
-%-SDT (at Bob’)
—+SRT (at Bob’)
-©-SCR (at Bob)
-% SDT (at Eve)
—+ SRT (at Eve)
25 -0 SCR (atEve) |

N
S

PSNR [dB]

-%-SDT (at Bob) ‘
—+SRT (at Bob)
-©-SCR (at Bob)
0.8 -% SDT (at Eve) |
—+ SRT (at Eve)
-3 SCR (at Eve)

(b) SSIM versus (727;/] with incorrect igcf ) and i%ﬁf ).

Hinh 3.8: Danh gid PSNR va SSIM khi uéc lugng sai anh chuan
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Hi¢u qua cua giao thirc SCR duoc dé xuét duge minh hoa rd hon trong Hinh 3.8,
noi cac chi sd PSNR va SSIM cua céc giao thirc truyén anh an toan khac nhau dugc
biéu dién theo phuong sai nhiéu op, trén duong truyén tryc tiép A — B, trong trudng

, e, Ly AU A 2 ,
hop £ udc lugng sai hinh anh tham chiéu, ticc 13 Ix va Iz . Cu thé, £ st dung

hinh anh tham chiéu tht 9 trong Hinh 3.5 va Bang 3.2 dé giai ma dir liéu nhan duoc
trong ca hai khe thoi gian, trong khi cac hinh anh tham chiéu chinh x4c tai A va R
lan luot 14 hinh thr 20 va thir 11. Cac thong sb khac dugce thiét l1ap tuong tu nhu cac
thong s duoc ding mé phong trong Hinh 3.7.

Két qua tir Hinh 3.8a va Hinh 3.8b cho thiy ¢ ving nhiéu thap hiéu suét tai B
vuot trdi hon dang ké so véi tai € do & sir dung sai hinh 4nh tham chiéu va khong
biét ma tran ma hoa RLNC. Pang chu ¥, chi s6 PSNR tai B trong giao thitc SCR cao
hon t&i 16 dB so véi tai €. Trong ving nhiéu cao, anh hudng cta nhiéu trd nén qua
16m, khién hinh anh bj sai 1éch nghiém trong va lam giam dang ké hiéu qua hoat dong
ctia cac giao thirc. Chi s6 SSIM thé hién su suy giam nhanh hon so véi PSNR trong

vung nay.

Ngoai ra, giao thirc SCR v6i su hd tro tir tram chuyén tiép R da ching minh kha
nang vuot trdi hon so véi ca hai giao thie SRT va SDT. Piéu nay khang dinh rang
giao thirc SCR khong chi cai thién hiéu suét truyén thong ma con dam bao mirc do
an toan cao hon trong qué trinh truyén anh gitta A va B trong mang khong day
CWRN.

c. Ddnh gid anh hwéng ciia kho dnh chudn

Céc thong sb danh gia va mo phong trong trudng hop nay twong tu nhu & phan
trude, nhung voi diém khac biét1a € su dung sai mdt s6 hinh anh tham chiéu dé khoi
phuc dir li€u. Cu thé, & thay thé cac hinh anh tham chiéu chinh xac béng cac hinh
thr 9, 10, 14 va 15 trong Hinh 3.5. Viéc lya chon céc hinh tham chiéu sai nay dan dén
su khac biét nhat dinh trong két qua khoi phuc cua €, nhung chat lwong hinh anh ma

& tai tao duoc ludn thap hon rat nhiéu so véi B.
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Két qua trong Hinh 3.9a va Hinh 3.9b cho thiy ring viéc sir dung hinh tham chiéu
khong chinh x4c gy ra tac dong tiéu cuc nghiém trong dén hiéu suit cua €. Vi du,
ngay cé trong diéu kién kénh truyén khong nhidu, PSNR cao nhat ma € dat duoc véi
hinh tham chiéu thir 14 van thap hon t&i 15 dB so v6i B. Khi st dung cac hinh tham
chiéu sai khac, hiéu suat ciia € con giam sit hon nita. Twong tu phan trude, giao thirc
hoat dong kém hiéu qua trong diéu kién nhiéu 16n. Ngoai ra, chi s6 PSNR va SSIM
phu thudc vao hinh anh duoc chon. Cu thé, £ dat PSNR tbt hon véi hinh 14, trong
khi hinh 9 lai cho chi s SSIM cao hon.

-»-SDT (at Bob)
——SRT (at Bob)
-©-SCR (at Bob)
—+ SCR (at Eve) - 9th image

- SCR (at Eve) - 10th image
-O SCR (at Eve) - 14th image
-3 SCR (at Eve) -

15th image|

PSNR [dB]

(a) PSNR versus 03 | with different 1{{"/ and 17"/,

09
- SDT (at Bob)
—+SRT (at Bob)
-©-SCR (at Bob)
¢ —+ SCR (at Eve) - 9th image
-% SCR (at Eve) - 10th image
-O SCR (at Eve) - 14th image
0.7 -3 SCR (at Eve) - 15th image

SSIM

(b) SSIM versus (7,23,1 with different ig"f ) and i%ef ),

Hinh 3.9: Chi s6 PSNR va SSIM theo nhiéu khi E dung sai nhiéu anh chuén
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Mot nguyén nhan khac 1am suy giam hiéu suét ctia £ 1a do £ khong co thong tin
vé cac ma tran hé s RLNC duoc sir dung tai A va R . Nhiing két qua nay mot lan
nira khéng dinh tinh hiéu qua vuot trdi cua giao thirc SCR dugc dé xuit trong viéc
tang cuong do tin cdy truyén thong anh trong mang khong ddy CWRN. Giao thtic nay
dam béo rang cac tram nghe 1én, du cb ging khoi phuc hinh anh, chi ¢ thé tai tao
dugc nhitng phién ban véi chat lugng thap kém, khong dap tmg yéu cau. Nho do,
giao thirc SCR doéng vai tro quan trong trong viéc dam bao do tin cdy cho qua trinh

truyén thong anh gitra cac thuc thé hop phap.
d. Anh hwéng ciia hé so giam kich thwdc

--SCR (at Bob) - ¢ = 4
» SCR (at Eve) -c =4
2 —~SCR (at Bob) - ¢ = 6
. |~ SCR (at Eve) -c =6
-©-SCR (at Bob) -« =8

2\ o SCR (at Eve) -« = 8
-8-SCR (at Bob) - ¢ = 10
|- SCR (al Eve) -c = 10

PSNR [dB]

ﬁg.l
(a) PSNR versus (71231 with different €.

~SCR (at Bob) - ¢= 4
* SCR (at Eve) -¢ = 4
~+SCR (at Bob) - < = 6
~ SCR (at Eve) -¢ = 6
08 -©-SCR (at Bob) - < = 8
- SCR (at Eve) -¢ =8
5-SCR (at Bob) - € = 10,
- SCR (at Eve) -¢ = 10

78,1

(b) SSIM versus cré/1 with different €.

Hinh 3.10: Chi s6 PSNR va SSIM theo nhidu va hé sb giam kich thuéc
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Dé danh gia tac dong cua cac hé sd giam kich thudce 1én hiéu suét truyén thong
anh tin cdy trong mang vo tuyén CWRNs, Hinh 3.10 trinh bay su bién ddi ctia cac chi
s6 PSNR va SSIM trong giao thirc SCR d¢ xuat, dya trén phuong sai nhidu oy, cla
tuyén truc tiép gitta A va B. Cac hé sé giam kich thudc dugce xem xét bao gdm [4,
6, 8, 10]. Trong khi d6, £ sir dung mot anh tham chiéu sai dé gial ma, va cac tham sb

mé phong duge gilt nguyén giéng nhu mé phong trong Hinh 3.8.

Két qua minh hoa trong Hinh 3.10a va Hinh 3.10b cho thiy, trong méi trudng
nhiéu thap, khi hé sé giam kich thuéc ting, ca PSNR va SSIM tai B déu suy giam rd
rét. Tuy nhi€n, & moi trudong nhiéu cao, tac dong cua viéc tang hé sb giam kich thudce
1én chat luong anh hau nhu khong dang ké. Cu thé, khi hé sé giam kich thude tang tir
41én 10, PSNR tai B giam tdi da khoang 4 dB khi o4, <0.04, nhung chi gidm dudi
1 dB khi o, >0.14. Piéu nay chimg t6 rang, giao thirc SCR c¢6 kha ning ti wu hoa
bang thong truyén dan thong qua viée ting hé sé giam kich thudc, dong thoi gitt muc
anh huong toi thiéu dén chat lugng anh phuc hdi, dic biét trong cac moi truong nhiéu

cao.

Thém vao do, viéc tang hé s6 giam kich thuédce hau nhu khong anh huong dén hiéu
suat cia £ . Ly do 1a du hé sb giam kich thudc thay d6i, £ van khong thé giai ma anh
néu khong c6 thong tin vé cic ma tran hé s6 RLNC va anh tham chiéu duoc st dung
tai A va tram chuyén tiép R dé ma hoa. Diéu nay khang dinh d¢ tin cdy cua giao

thire SCR trude cac cudc tan cong nghe 1én tir €.
e. Anh hwéng ciia kénh truc tiép

Trong cac phﬁn trude, cac mo phong dugc thuc hién dya trén gia dinh réng cong
suét nhiéu cla tat ca cac tuyén thay doi d@)ng thoi theo mot mire ¢d dinh. Tuy nhién,
trong phan nay, chi s6 PSNR va SSIM duoc danh gia riéng biét dya trén su thay ddi
cong suat nhiéu ctia tuyén tryc tiép A — B, trong khi cac thong sé cua cac tuyén khac
dugc giit ¢6 dinh. Cu thé, hé s6 giam kich thudc anh duge cb dinh tai gia tri € = 4.

CAc gi tri nhiéu trén cc tuyén con lai dugc gia dinh nhu sau: nhiéu trén tuyén A - R
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bang vdi nhicu trén tuyén R-B 1a o, ,=0,,=0.1, nhicu trén tuyen A-E la
o7, =05,=0.1, va nhiéu trén tuyén R—-& 1a o7, =0.1. Cac thong so con lai dugc

chon tuong tuy nhu trong trong Bang 3.3.

—¢SDT (at Bob)
—SRT (at Bob)
2 -©-SCR (at Bob)
-» SDT (at Eve)
—+ SRT (at Eve)
-3 SCR (at Eve)

(a) PSNR versus créll.

—-5DT (at Bob)
—SRT (at Bob)
-©-SCR (at Bob)
08 =% SDT (at Eve)
—+ SRT (at Eve)
-O SCR (at Eve)

(b) SSIM versus 0'123’1.

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

Hinh 3.11 minh hoa méi quan h¢ giira chi s6 PSNR, SSIM va cong suét nhiéu Op,

ctia tuyén truc tiép A —B. Cac két qua duoc so sanh giira ba giao thirc khac nhau 1a
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SCR, SDT, va SRT. Qua do, su khac biét trong hi€u nang cua tung giao thiurc trong
diéu kién nhiéu thay ddi dugc thé hién rd rang, cung cap thong tin quan trong dé danh

gia va lya chon giao thuc t6i uu.

Két qua thir Hinh 3.11 cho thiy ring giao thirc SCR dé xuit dat hiéu suit tot hon
so v&i giao thirc SRT trén toan bo dai phwong sai nhiéu op, - Ngoai ra, SCR ciing thé
hién hiéu suét vuot troi hon so v6i SDT khi op, ¢ vung gia tri cao. Tuy nhién, & cac
gia tri oy, thip, SDT lai hoat dong t6t hon ca SCR va SRT. Piéu nay phan anh mot
kich ban thuc té, trong d6 tram R tréd nén hi€u qua khi tuyén truc tiép A — B chiu
anh huéng ctia nhiéu 16n. Nguoc lai, viéc str dung tram R khong luon can thiét, dic

biét khi tuyén truc tiép A — B di c6 chat lugng tot.
f. danh hwéng ciia kénh chuyén tiép

Trong phan nay, trong tu cac thong sé duge sir dung trong phan trude, chung ta
tiép tuc phan tich cac chi sd PSNR va SSIM dé danh gia hiéu ning ciia cac giao thirc
truyén thong anh tin cay khi mrc d6 nhiéu trén céc kénh truyén A-R va R —B thay
d6i, trong khi cac tuyén khac dugc gia dinh c6 nhiéu ¢ dinh véi cac gia tri nhu sau:

aé,l =0.2, aé,l =0.2, 0'52,2 =0.1.

Khi xem xét tac dong ctia nhidu trén kénh AR, gia thiét raing muac nhidu trén
kénh R —B duoc giir ¢b dinh tai o;, =0.1. Trong truong hop nay, cac chi s6 PSNR
va SSIM dugc tinh toan va trinh bay trén biéu d6 trong Hinh 3.12. Két qua cho thay
tac dong cta nhidu trén kénh A -R chu yéu anh huong dén hiéu suit cia cac giao
thire st dung truyén chuyén tiép, trong khi giao thitc SDT hoan toan khong bi anh

huong vi chi dua vao kénh truc tiép A —B.

Tuong tu, khi phan tich tic dong ctia nhiéu trén kénh R - B, gia thiét mac nhiéu
trén kénh A-TR dugc giit cd dinh tai o2, =0.1. Cc chi s6 PSNR va SSIM dugc tinh
toan va biéu dién trén biéu dd trong Hinh 3.13 tiép theo. Két qua minh hoa rang mirc
nhiéu trén kénh R —B anh huong manh dén giao thirc SRT do giao thirc nay phu

thudc hoan toan vao hi¢u qua cia kénh truyén chuyén tiép.
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—¢SDT (at Bob)
—+SAT (at Bob)
-©-SCR (at Bob)
- SDT (at Eve)
—+ SRT (at Eve)
-G SCR (at Eve)
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2
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(a) PSNR versus o7, ;.
r
035 T [ .
- SDT (at Bob)
—+SRT (at Bob)
-5-SCR (at Bob)

-% SDT (at Eve)
—+ SRT (at Eve) |
-G SCR (at Eve)

SSIM

o

0.1

0.02 0.04 0.06 0.08 '.‘0;1.1 0.12 0.14 0.16 0.18 02
(b) SSIM versus a%.{ 1

Hinh 3.12: Chi s6 PSNR va SSIM theo nhiéu cua tuyén A-R

Tur hai truong hop trén, ching ta cé thé rit ra nhitng két luan nhu sau:

Giao thirc SDT khong phu thudc vao kénh chuyén tiép: Do dic diém chi sir

dung kénh tryc tiép A - B, giao thirc SDT khong bi anh hudéng béi sy thay doi

nhiéu trén cac kénh truyén chuyén tiép (A-7R hoic R—B). Diéu nay lam cho

SDT tr& thanh mot lya chon ti wu trong céc trudong hop kénh truc tiép co chat

lwong tot va cac kénh chuyén tiép khong dang tin cay.
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> Giao thitc SCR vuot trdi ¢ méi trwong nhiéu cao: O cac mirc nhifu 16n, giao

thirc SCR thé hién hiéu sudt tot hon giao thirc SRT, v&i muc cai thién tir 1 dB dén
2 dB trong chi sé PSNR. Piéu nay phan 4nh kha ning vuot troi cia SCR trong
viéc khai thac su hop tac hiéu qua giita kénh truc tiép va kénh chuyén tiép, dic

biét khi kénh tryc tiép van duy tri mot mirc hd trg déng ké.

14— - T —
=% SDT (at Bob)
—+SRT (at Bob)
-©-SCR (at Bob)
- SDT (at Eve)
—+ SRT (at Eve)
-O SCR (at Eve),

12
! *
z *
1o
z
[
Q10
L R R B R ©-------- S O-mmmnn- B e o
9
P R R Kemmmmmm e K === R Hmmmmmmm R N === S e SR x
L e s e R TR —“+--mmm- Fommmmme- - S ade Ll Foemanis o +
70 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
2
782
(a) PSNR versus 073 ,.
T4
028

-%-SDT (at Bob)
—+SRT (at Bob)
-©-SCR (at Bob)| |
-% SDT (at Eve)
—+ SRT (at Eve)
-O SCR (atEve)||

B2

(b) SSIM versus ‘7123’,2-

Hinh 3.13: Chi s6 PSNR va SSIM theo nhiéu cua tuyén R - B
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> SRT khéng t6i wu trong méi treong nhiéu cao: Trong mdi trudng nhidu 16m,
hiéu suat cua SRT giam 13 rét do sy phu thudc hoan toan vao kénh chuyén tiép.
biéu nay cho théy vai tro quan trong cua vi¢c két hop cé hai kénh, nhu dugc thuc
hién trong SCR, dé cai thién hiéu ning truyén thong trong cac diéu kién phirc tap.
Nhin chung, két qua trén khong chi nhan manh vai tro ciia kénh truc tiép trong

viée hd tro giao thirc hop tac ma con khiang dinh rang viée st dung tram chuyén tiép

R khong ludn can thiét, dic biét khi tuyén tryc tiép A —B di c6 chat luong du tot.

g. Anh hwong kénh nghe lén
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b) SSIM Z
versus UE 1+
’

Hinh 3.14: Chi s6 PSNR va SSIM theo nhiéu cua tuyén A—&
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Gidng nhu hai phan trude, phan nay tiép tuc khao sat anh hudng cua nhifu kénh
nghe 1én A-€ va R—& dén cac chi s6 PSNR va SSIM. Cac phuong sai nhiéu cua
cac kénh con lai dwoc ¢6 dinh 1an luot & céc gid tri o2, =0.2, o2, =0.1, o2, =0.1.
Céc tham s6 lién quan dén hé s6 ma RLNC va hé s6 giam kich thuéc anh duoc gitr

nguyén nhu da thiét l14p trong cic phan trude dé dam bao tinh nhat quan cua cc két

5
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Hinh 3.15: Chi s6 PSNR va SSIM theo nhiéu cua tuyén R—&
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> Khi xét kénh A-¢: Gia thiét phuong sai nhidu cia kénh R-£ 1 62, =0.1. Céc
chi s6 PSNR va SSIM duoc biéu dién trong Hinh 3.14.

> Khi xét kénh R -£: Gia thiét phuong sai nhiéu cioa kénh A-¢ 1a oz, =02. Két
qua tuong ing dugc minh hoa trong Hinh 3.15.

Hinh 3.14 va Hinh 3.15 cho thiy rang su thay d6i mrc nhiéu trén cac kénh nghe
1én hau nhu khong anh huong dang ké dén hiéu suit cua cac giao thirc SCR, SDT, va
SRT. Piéu nay c6 thé duoc Iy giai boi thuc té rang € 1a kénh nghe 1én thy dong, moi
su thay d6i ciia kénh nay khong anh huéng dén cac kénh thudc cac giao thirc. Bén
canh d6 € khong thé biét trudc cac yéu té quan trong nhu hinh anh chuan va cac ma
tran hé s6 ma RLNC dugc st dung tai A va tram chuyén tiép R . Do do, ngay ca khi
chat luong cua kénh nghe 1én dugc cai thién (trc 12 mic nhidu giam), diéu nay van
khong hd tro dang ké cho € trong viéc khéi phuc hinh anh. Két qua nay tiép tuc
khang dinh tinh an toan va do tin cdy manh mé cia cac giao thirc trong viéc ngin

chin sy xdm pham tir cac bén thir ba khong duoc Gy quyén.

Dic biét, giao thitc SCR van duy tri tinh an toan, tin cdy vuot troéi nhd su phéi hop
giita cac thanh phan ma hoa RLNC va chién lugc truyén tai dit liéu. Piéu nay nhin
manh vai tro cua thiét ké giao thirc trong viéc bao vé dit liéu trudce cac cudce tin cong

nghe 1én, ngay ca khi ké tan cong cai thién diéu kién ciia cac kénh nghe 1én.
3.4. KET LUAN CHUONG 3

Giao thic SCR duoc thiét ké dé cung cap mot giai phap truyén tai hinh anh an
toan va tin cdy qua mang vo tuyén chuyén tiép hop tac v6i kénh AWGN. Véi sy hd
trg tir hinh anh chuan trong kho dir liéu va ma RLNC, tram phat (tram gudn) A co
thé truyén hinh anh dén tram thu (tram dich) B véi mue d0 an toan, tin cay va chinh
xac cao, nho su hop tac hiéu qua tir tram chuyén tiép R . Pac biét, cac tram nghe 1én
& khong thé giai ma hodc khoi phuc hinh anh di truyén, do khong nam dugc thong
tin vé hinh anh chuan va cdc ma tran ma RLNC, ngay ca khi kénh nghe 1én c6 chat

luong tot va it bi anh huéng boi nhidu.

82



Mot diém noi bat cia giao thirc SCR 13 kha ning giam kich thuée hinh anh gbe
c6 d6 phan giai cao (HR) tai ngudn phat, gitp toi wu hoéa bang thong truyén tai tiy
theo hé s6 giam kich thudc anh thi biang thong kénh truyén yéu cu sé& giam theo ty
1¢ binh phuong cua hé sé nay. Tai phia dich nhan, cac k¥ thuat ting cuong do phan
giai anh (ISR) dua trén mé hinh hoc sau duoc ap dung dé khoi phuc hinh anh véi chat
lrong gan nhu trong dwong anh gdc ban dau, duoc danh gia thong qua cac chi sd
PSNR va SSIM. Diéu nay khong chi dam bao chat luong anh duoc khoi phuc ma con
tiét kiém dang ké bang thong truyén tai, t6i vu héa hiu qua sir dung tai nguyén mang

(4nh giam kich thuéc ¢ 1an thi bang thong tiét kiém € 1an).

Ngoai ra, giao thirc SCR ciing thé hién kha ning thich Gng linh hoat v&i cac diéu
kién kénh truyén khic nhau. Kénh chuyén tiép R chi thuc su phat huy vai tro khi
kénh truc tiép A —B bi suy giam chit luong nghiém trong do nhiéu. Trong nhiing
truong hop nay, R s& phdi hop voi kénh truc tiép dé cai thién hiéu suit truyén tai
tong thé. Nho co ché hop tac giita cac kénh, SCR dam bao hiéu ning vuot troi ngay
ca trong nhitng moi truong truyén thong phirc tap, cing ¢b vai trd clia nd nhu mot

giai phap hang dau trong truyén thong hinh anh an toan, tin cay.
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CHUONG 4. PHAN TiCH VA PANH GIA HIEU NANG GIAO THUC
TRUYEN ANH TIN CAY QUA KENH TRUYEN FADING

Chuong nay tap trung mé rong qué trinh danh gia hi€u nang cia giao thiuc SCR
trong moi trudng truyén dan thuc té hon, cu thé 1a kénh fading nhu Rayleigh. M6
hinh hé théng duoc hiéu chinh dé phan anh chinh xac cac dic diém cta kénh fading,
bao dam tinh thyc tién trong moé phong. Tuong tuy nhu chuong trudce, giao thirc SCR
dugc mod phong va phan tich dya trén céc chi sé dénh gia chat lugng anh (nhu PSNR,
SSIM), qua d6 phan 4nh hiéu quéa khoi phuc va an toan dit liéu cta hé thdng. Ngoai
ra, Chuong ciing xem xét anh hudng cua cac yéu té hé théng quan trong nhu vi tri
tuong d6i ciia tram chuyén tiép, mirc do suy hao ctia kénh truyén va hanh vi ciia tram
nghe 1én thy dong. Cac két qua thu dugc cho thay giao thirc SCR c6 kha ning thich
nghi tot va duy tri hiéu nang 6n dinh ngay ca trong cac diéu kién kénh truyén khong

1y tuong, qua d6 khang dinh tinh kha thi ciia giao thirc trong cac ung dung thuc té.
Két qua nghién ciru trong chirong nay da dwoc cong bo trong dn pham sé 2, 3.
4.1. GIOI THIEU

Trong Chuong 3, NCS di x4y dyng mé hinh truyén anh tin cdy qua mang v tuyén
chuyén tiép hop taic CWRN vdi cau trac bén diém, trong d6 sir dung k¥ thuat ma
mang ngau nhién tuyén tinh RLNC tai tram nguén A va tram chuyén tiép R dé ting
cuong do bao mat cho hé théng. Tuy nhién, nghién ciru nay chi giéi han trong moi

truong kénh truyén AWGN.

Chuong 4 m¢é rong nghién ctiru vé1 mot cach tiép can toan dién hon, dua yéu to
khoang céach giita cac diém, bao gdm tram phat A , tram thu B (dich nhén), va tram
chuyén tiép R vao mé hinh phén tich. Méi trudng truyén dan duoc mé phong voi
kénh fading nham phan anh chinh xac su bién d6i tin hiéu do anh hudéng ciia moi
truong thuc té, két hop véi ton hao kénh do khoang cach va nhifu AWGN dé danh
gia toan dién tac dong cia suy giam tin hiéu va nhidu nén dén hiéu suat hé thong.
Viéc tich hop mé hinh kénh truyén phirc tap nay [106, 107] cho phép phan tich chinh

xac hon cac y€u to ti€ém cén thyc te, tir d6 nang cao dod tin cay cua két qua nghién ciu.
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Hon nita, chwong nay tan dung loi thé cua sy phdi hop giita kénh truyén tryc tiép
A—B vakénh chuyén tiép A —R — B dé khai thac tdi da tinh phan tap khong gian.
Céc k¥ thuat thu két hop [57-59] hién dai nhu két hop cuc dai ty s6 SNR (MRC), két
hop d6 loi dong déu (EGC), va bo thu lya chon tbt nhat (SC) dwogc 4p dung, tir d6
phan tich sau sdc vai tro cua ching trong vi¢c cai thién chét lugng tin hi¢u nhan va
hiéu suit hoat dong cta giao thirc truyén anh tin cdy SCR.

Nhitng bd sung nay khéng chi lam sang to tac dong cta khoang cich va mo hinh
kénh truyén dén hiéu qua hé théng, ma con khing dinh kha ning cta giao thirc SCR
trong viéc thich tmg véi cac méi trudng truyén dan thuc té day bién dong. Nghién
ctru trong chuong ndy mang dén mot goc nhin toan dién va chuyén sau, gép phan
nang cao tinh tng dung ctia SCR trong cac hé thong thong tin hién dai va phirc tap.

4.2. GIAO THU'C SCR QUA MANG CWRN VOI KEENH FADING

4.2.1 Md hinh hé thong CWRN véi kénh Fading

Tram chuyén tiép

(@ l))) R

Xns Ve )\ -
d | ~ Irs
II N N B
da 1% > 0
Il Tram thu

(%5575

¢
& 5 ———+» Khe thoi gian thir 1

— —Ili% Khe th¢i gian thir 2

Tram nghe lén
(x£ ’ y £ )
Hinh 4.1: M6 hinh truyén thong CWRN véi toa do cac tram

Mo hinh mé rong duge dé xuat trong Chuwong 3 dugc trinh bay chi tiét trong Hinh
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4.1, mo ta toan bd hé thong va cac dac diém chinh cia n6. Trong mé hinh nay, vi tri

ctia cac diém duge xac dinh thong qua cac toa do khong gian (x, y) cu thé, dam béo

tinh chinh x4c trong viéc tinh toan khoang cach va mé phong hé thong.

Khodng céch gilra hai diém 24,V bt ky, ky higu 1a d,, = /(x,—x,) +(3,-7,)

dugc tinh toan tir toa do cua chiing bé‘lng coéng thire O-clit (Euclid). Tén hao tin hiéu

do khoang cach dugc mo ta [58, 59] thong qua ham suy hao PL(d, )=Kd,”, trong

d6 K 1a hé s suy hao cb dinh phu thudc vao mai truong (don gian chon x =1), va
£ la hé s6 suy hao kénh truyén thuong dugc xac dinh dua trén dac tinh vat Iy cta
moi trudng truyén dan (vi du: khong gian ty do, moi truong do thi, hodc trong nha).
Cong thirc ndy phan anh sy suy giam cudng do tin hiéu theo khoang cach, mot yéu tb

quan trong anh huong dén chat lugng lién lac.

Mo hinh kénh truyén giita hai diém duoc gia dinh 1a kénh fading Rayleigh phang,
ky hiéu 14 4. Gia dinh nay nghia 1a kénh truyén chi bao gdbm mot tia duy nhat (single
tap), tirc 1a khong c6 hién tuwong tré tin hiéu dang ké trong mdi trudng truyén dan.
Trong trudng hop ndy, phép toan tich chap tin hiéu truyén véi dap ng kénh fading
(cong thire (2.5) muc 2.1.1) dugc don gian hoa thanh phép nhan. Tham s h, 1a mot
s6 phurc, trong d6 phan thuc va phan a0 déu tuan theo phan phdi Gaussian véi trung
binh biang 0. Phuong sai cia phan thuc va phan 4o dugc gia dinh bang

1 5 5 M A A A 3 5 A \ A \
o, ) = ajn{ =7 dam bdo rang tong cong suat trung binh cia kénh 1a 1. Diéu nay

phtt hop voi mé hinh kénh fading Rayleigh pho bién trong cac hé thong truyén thong
khong day.

Tai cac diém thu, tin hiéu thu nhan duoc 1a két qua cta nhiéu yéu t6 anh hudng
dé)ng thoi. Tha nhat, tin hiéu chiu su suy giam do khoang cach truyén dan, mé ta boi
ham ton hao PL(d,,)=d;” . Thir hai, kénh truyén bi anh huéng béi fading Rayleigh,

gay ra cac bién d6i ngau nhién vé bién do va pha cta tin hidu. Thir ba, tin hiéu thu

con chiu tac dong ciia nhidu tring cong Gaussian (AWGN), dugc md hinh hoa nhu
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mot qua trinh ngau nhién v6i mat d6 phd cong suat khong doi trén toan bo bang thong
hé thong. Nhidu nay co dic tinh Gaussian véi trung binh bang 0 va phuong sai 62,
, dai dién cho mutrc d6 nhiéu trong hé théng.

Tong hop céc yéu t6 trén, theo cong thirc (2.6) muc 2.1.1 tin hiéu thu tai v c6 thé

dugc biéu dién dudi dang:
PL(d,) s, +n, (4.1)
trong do:

e s,:tin higu truyén tir nguon ¢/,

e h, :hé s fading Rayleigh giira hai diém ¢y,

e PL(d,,): ton hao cong suat do khoang cach giita hai diém 1,y

« n:nhiéu trang cong Gauss (AWGN) tai diém thu v .

Mo hinh nay khong chi cung cip mot cai nhin tong quan chi tiét vé cac yéu to anh
huong dén tin hiéu thu ma con lam nén tang cho viéc phan tich va t6i vu hoa hiéu
suat hé thong truyén thong khong day.

Trong mo hinh nay, qua trinh truyén anh riéng tu tir nguén A dén dich B duoc
thue hién twong ty nhu da trinh bay trong mé hinh di dé cap trong Chuong 3. Qua
trinh truyén dién ra theo hai cach: truc tiép trong khe thoi gian thir nhét hoic thong
qua tram chuyén tiép R . Trong trudng hop tht hai, R s& thu va xir 1y tin hiéu trong
khe thoi gian thir nhét, sau d6 phat chuyén tiép dén B trong khe thoi gian thir hai.

Tai dich B, tin hi€u nhan duogc truc tiép tur nguén A trong khe thoi gian thir nhat
s& duoc xir 1y dé tai tao anh gdc. Ngoai ra, néu str dung hai khe thoi gian, B ¢6 thé
ap dung cac k¥ thuat thu két hop dé tan dung loi thé phan tap tin hiéu. Diéu nay cho
phép B ddng thoi xir Iy tin hidu nhan tryc tiép trong khe thoi gian thir nhat va tin hiéu

dugc chuyén tiép tir R trong khe thoi gian thir hai, tir d6 nang cao d6 chinh xé4c trong

viéc khéi phuc anh gbc tir A .
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Tram nghe 1én &, hoat dong dudi dang thu dong, s& cd gang nghe 1én tin hiéu &
c4 hai khe thoi gian. Trong khe thoi gian thir nhat, £ thu tin hiéu truyén truc tiép tir
A . Trong khe thoi gian tht hai, & tiép tuc thu tin hiéu phat tir tram chuyén tiép R .
Muc tiéu cua € 1a tin dung tAt ca cac tin hiéu thu duoc dé tai tao hinh anh riéng tu,

tao ra thach thurc dang ké vé bao mat cho hé théng.
4.2.2 Giao thirc truyén anh tin cdy SCR qua kénh fading

Giao thirc truyén anh tin cdy SCR qua mang vo tuyén chuyén tiép hop tac
(CWRN) trong diéu kién kénh fading dugc mé ta chi tiét trong Hinh 4.2. Tuong tu
nhu giao thirc SCR duogc trinh bay & Chuong 3, anh riéng tu c6 do phan giai cao (HR)
tir ngudn A s& duogc xir Iy dé giam kich thude thanh anh c¢6 @ phan giai thap (LR).
Viéc giam d6 phan giai nay nham giam yéu cau bang thong truyén dan, tir d6 toi wu
hoa hiéu qua truyén thong trong mdi trudng vo tuyén. Anh LR sau d6 duoc tron véi
mot anh chuan duoc chon tir kho luu trit thong qua k¥ thuat md mang ngau nhién
tuyén tinh RLNC. Phuong phap nay khong chi gitp nén dit liéu ma con déng vai trd
quan trong trong viéc che gidu anh riéng tu cia ngudn A khoi sy giam sat ctia tram
nghe 1én €. Cu thé, quy trinh xr Iy 4nh nay, dugc mo ta chi tiét trong Muc 3.2.2, bao
gb6m viéc ma hoa anh LR bang RLNC théng qua ma tran hé s6 ma héa M sk el 2}

, theo cong thtrc (3.2).

Pé dam bao do tin cdy cao trong truyén théng qua kénh vo tuyén, hinh anh sau
ma héa I dugc dua vao khéi xir 1y tin hiéu phat (SP2Tx - Signal Processing to
Transmit). Tai day, hinh anh dugc chuyén ddi thanh chudi bit nhi phan, chuén bi cho
cac bude xir 1y tin hiéu tiép theo trudc khi truyén qua kénh vo tuyén c6 fading. Chudi
bit nhi phan nay dwoc ma héa kénh bang ky thuat ma hoa tich chap véi ty 16 ma 14 va
da thtrc tao ma [111, 101]. K§ thust ma hoa tich chap ting cuong kha ning sira 16i
trong moi trudng nhidu, cai thién dang ké hiéu qua truyén thong. Sau khi mi hoa,
chudi bit dugc diéu ché bang ki thuat BPSK, mot phuong phap don gian nhung hiéu
qua trong kénh vo tuyén. Ky thudt ma héa kénh va diéu ché la hai thanh phan co ban,

khéng thé thiéu trong cdc hé thong truyén thong vé tuyén, va da dwoc nghién ciru
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réng rdi trong nhiéu nam. Trong pham vi ludn dn nay, hai ky thudt trén khéng phdi
la trong tam danh gid anh hwéng dén giao thire dé xudt. Tuy nhién, ching van dwoc
dp dung ¢ dang don gian nhdt dé xday dung mé hinh hé thong hoan chinh, phuc vu
kiém nghiém giao thirc va thudn tién cho mé phong véi cong sudt tin hiéu dwoc chudn
héa bang mét. Tin hiéu sau diéu ché ky hiéu s 4 (cong sudt duoc chudn hoa bang mot)
s& truyén tai qua kénh vo tuyén fading.

Trong khe thdi gian thtr nhét, tin hiéu s . duoc ngudn A truyén dén tram chuyén
tiép R va dich B. Béng thoi, tram nghe 1én £ hoat dong & ché do thu dong, s€ )
ging thu thap tin hiéu truyén truc tiép nay.

a. Xir Iy tin hiéu trong khe thoi gian thir nhit.

Trong khe thoi gian thir nhat, tin hiéu thu dugc tai B va R va € theo mo ta trong

cong thirc (4.1) duge biéu dién cu thé nhu sau:

a1y _ hABSA (1) (42)

ty =—"—+n
B P B
d s

h,.s
1 _ "PARP A 1)
RS + 1y (4.3)

AR

h,.s
(€9) AES A (€]
”:’S T/2+ng (4.4)
aAE

trong d6 #,1a hé so kénh fading phang Rayleigh gitta hai diém Uy} veoi
U={A} vaVe{R,B,E}, PL(d,)=d; la suy hao kénh truyén gifra hai diém {U,V}

) 1a nhiéu AWGN tai {/'} trong khe thoi

\4

c6 khoang cach d,, va h¢ so suy hao g, n

gian thr nhat véi cong suat nhiéu o2, .

e Taitram thu B

Tin hiéu thu dugc (cong thic 4.2) s& duoc chuyén vao khéi xir 1y tin hiéu thu

RxSP (Received Signal Processing). Tai day, tin hi¢u sé duogc xu ly thong qua b can
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bang ZF (Zero Forcing Equalizer), cho ra tin hiéu di dwgc hiéu chinh.

RO = B (4.5)

A B

Nhu da trinh bay trong Muc 2.1.2, bd can bé‘lng dugc st dung dé dao nguoc tac
dong cua kénh truyén fading, qua d6 loai bé hién twong nhifu xuyén ky tu ISI (Inter-
Symbol Interference) gdy ra béi hiéu tng da dudng. Ddi véi trudng hop fading phang,
bd can bang ZF thuc hién bang cach 1y nghich dao dap tmg kénh truyén (xem cong
thire (4.5)), voi gia thiét 1a thong tin trang thai kénh CSI (Channel State Information)
duoc biét chinh xac. Trong diéu kién nay, ZF c6 thé tri¢t tiéu anh hudng cua fading,
tuy nhién lai khong xét dén nhiu ngau nhién. Do d6, ZF chi hoat dong hiéu qua khi
d6 loi kénh du 16n va nhiu thap, tirc 13 trong mdi trudng cé ty sb tin hiéu trén nhidu
SNR (Signal to Noise Ratio) cao. SNR duoc dinh nghia 1a ty s giita cong suit cia
tin hiéu chia cho cong suat nhiéu va khong xét dén ton hao kénh truyén. Theo cong
thirc (4.2) bo qua anh hudéng cta suy hao kénh truyén ta cé biéu thirc SNR duoc biéu

dién nhu sau:

a SNR = EDhABSA |2:| 3 E|:|hAB|2:|R (46)
S T R

Trong d6 E[e] 1 ham tinh gi4 tri trung binh, P = EUSA H 1a cong suét tin hiéu
(diéu ché BPSK c6 cong suit bang mot P =1), oy, la cong suat nhiéu AWGN

(phuong sai nhiéu) tai B trong khe thoi gian thir nhat, & D Py |2] 1a d6 1gi kénh truyén,

v6i fading Rayleigh ta co ]EDhABF] ~1.Tacé SNR=— khi sir dung diéu ché BPSK
05,1

va kénh truyén fading phing Rayleigh. Trong mo phong khi cho SNR ta c6 thé tao

. o _ SNRyg
nguon nhiéu tuvong ung la &}, =10 1 .

Khi xay ra fading sau, viéc dao kénh 1am khuéch dai nhidu, dan dén suy giam
dang ké SNR tai dau thu. Vi vay, ZF 14 lya chon phu hop khi kénh c6 chat luong tét,

nhung khong 1y twdng trong méi trudng nhidu manh hoic fading nghiém trong.
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Hinh 4.2: Giao thitc SCR qua CWRN véi kénh truyén fading
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Tin hiéu nhan dugc s& duoc xtr Iy qua bude giai diéu ché sir dung phuong phap
BPSK, tiép d6 1a giai ma kénh bang thuat toan Viterbi dé khoi phuc chudi nhi phan
dau ra tir bd RxSP. Chudi nhi phan nay dugc chuyén doi thanh mot anh twong tng,
ky hiéu 1{**" (ngd ra cua bd RxSP), anh nay dugc xur Iy qua mang no-ron hoc siu
DnCNN [70] dé khir nhiéu, loai bo cac nhiu khong mong mudn. Két qua thu dugc

1 anh d& khir nhidu, ky hiéu 13 15 = DnCNN (16,

. =) . . S A

Anh Is e ndy s€ duge két hop v6i anh tham chiéu 147, dugc chia sé trude do tur
tram phat A, cung v6i ma tran hé s ma héa RLNC M A va M, Két hop nhimng
thong tin c6 dugc nay, tram thu B sé& tién hanh gidi ma dé tai tao lai anh géc c6 do

c2s .1 A ;1 aa 1a 2D X \ A ,
phan giai thap, ky hiu 1a Is e, dugc trinh bay trong cong thire (4.7).
T (70 (ref)
Is.jaa =\1s.aa —M 4, o L,7" |OM 4| (4-7)

Anh gdc c6 d6 phan giai thap iy .., duoc ude luong tai B trong khe thoi gian dau
tién, s€ dugc tang cuong do phan giai anh ISR dya trén phuong phap VDSR [40].
A~(HR,])

Anh gbc c6 do phan giai cao Is.m , duge ting cudng do phan giai bang ky thuat

VDSR tai B trong khe thoi gian dau tién, sé trd thanh:
~(HR.1) ()
15,500 =VDSR(15.ud ,€) (4.8)

Két qua thu duoc tir qua trinh khoi phuc theo cong thirc (4.7) chinh 14 giao thirc
SDT.

e Tai tram chuyén tiép R

Tin hiéu nhan dugc, dugc mo ta bdi cong thire (4.3), s€ duoc dua vao bo xur 1y tin
hiéu thu RxSP. Tai day, tin hi¢u trai qua budc xur ly 1a can béng ZF, nham loai b6 anh

huong cua kénh truyén fading, tao ra tin hiéu duoc biéu dién b?lng:
PO =h ) (4.9)
Tin hiéu nay sau d6 dugc giai diéu ché BPSK, tiép tuc duoc giai ma kénh thong
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qua thuét toan Viterbi dé tai tao chudi nhi phan. Chudi nhi phan nay dugc chuyén d6i
thanh anh twong ting, ky hiéu 1" dau ra ctia bd RxSP. Anh nay sau d6 duoc xir 1y
qua mang no-ron hoc siu DnCNN dé khir nhiéu, loai bo cic nhiéu khong mong mudn.

Két qua thu dugc 1a dnh da khir nhidu, ky hiéu Txju = DnCNN (1¢0).

A \ () I e 2 vofy 2 . ~ .,
Tiép theo, anh Iz duge két hop voi anh chuan 197’ anh nay da dugce chia sé

tr tram phat A, cuing v6i cac ma tran ma héa RLNC M, va M, R s¢ thuc hi¢n
coe m~ 2R s ) A yoan oA eas i 20 SR g%
gidi ma dé tai tao anh gbc c6 do phan giai thap Iz.u, dugce bi€u dién nhu sau:

~(1) _
IR jaa = (I;lz?fad -M,, 01&:@”)®MA1 (4.10)

Anh i;lz).fad sau khi giai ma RLNC s& dugc tron voi anh chuan luu trit trong kho
chia sé ctia hé thong. Néu anh chuan tai tram chuyén tiép R tring voi anh chuén chia
sé tur tram phat, va st dung cung mot ma tradn ma héa RLNC, tai B co thé ap dung
cac k¥ thuat thu két hop nhu: bd thu MRC, bd thu EGC, hoac b thu SC trong khe
thoi gian thr hai (trinh bay trong Muc 2.1.3). Pay chinh hoat dong cia bd thu phan
tap trong hé thong vo tuyén hop tac theo giao thitc DF. Néu anh chuan I%ef) tai tram
chuyén tiép R khac biét v6i anh chuan chia sé tir tram phat, va st dung khac ma tran
ma héa RLNC M, ,, k {1,2} thi m6 hinh truyén thong nay 1a hé thong vo tuyén hop
tac theo giao thirc CC (ma hoa va két hop).

Anh sau khi duvgc ma hoa RLNC tai tram chuyén tiép duoc biéu dién khac nhau
tiy thudc vao phuong thirc truyén thong. Doi véi truyén thong hop tac DF (Decode-
and-Forward), anh nay dugc mo ta boi cong thuc (4.11). Trong khi d6, ddi véi truyén

thong hop tac CC (Coded Cooperation), anh dugc mo ta boi cong thuce (4.12):

A(1) ,

I%{;}e = MA,JR-W + MA,z ° I(ff) (4.11)
N A1)

Iggéjgd =M Iz + Mg, 0 1 (4.12)
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trong d6, M, , k € {1,2} 1a cdc ma tran h¢ s6 mad hoa RLNC tai tram chuyén tiép, voi

kich thudc phu hop v6i cAu hinh hé thng.

Anh d3 qua ma hoa RLNC tir R 1a 1"y va I, s& duoc chuyén déi thanh chudi
nhi phan. Chudi nhj phan nay sau d6 duoc dwa vao khéi xir Iy tin hiéu phat SP2Tx dé
thue hién cac bude ma hoa kénh tich chap va diéu ché BPSK. Két qua xir 1y tin hiéu
cudi cing s& dugc phat dén B trong khi bi £ nghe 1én trong khe thoi gian thi hai.
Tin hiéu d3 diéu ché ¢ budc nay sé duoc truyén qua kénh truyén vo tuyén va duoc ky

hiéu la s, .
b. Xuwr Iy tin hiéu trong khe thoi gian thw hai.

Tin hiéu phat tai tram chuyén tiép R s& thu duoc tai B va £ trong khe thoi gian

thi hai 1an luot duoc biéu dién boi cac cong thiec:

NS
2y _ ""RB°R (2)
VB _W+n8 (413)
RB
hy.s
2 R R 2
ré):—;;/; +nd (4.14)
RE

Trong d6 #, 1a hé s kénh fading phang Rayleigh giita hai diém {U,v} véi
U={R} va Ve{B,E}, PLd,)=d,” 1a suy hao kénh truyén gitta hai diém {U,v}
v6i hé s6 suy hao g, n® 1a nhiéu AWGN tai diém V' trong khe thoi gian thir hai véi
cong suét nhidu ol,.

e Taitram thu B

Néu tram chuyén tiép hoat dong theo giao thirc truyén thong hop tac DF tuc 1a
tram chuyén tiép dung chung anh chuan va bd ma hoa RLNC véi tram phat, thi tai
tram thu s€ &p dung céac ky thuat thu phan tdp nhu MRC, EGC va SC. Tin hi¢u sau

khi qua bd thu phan tap dugc bicu dién nhu sau:
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~(2) — 7,5 .0 *(2)
Tsare = Magls +hrphs (4.15)

~(2) _ —j4h Q)] —JjZhgp .(2)
Tgege =€ g te Ty (4.16)

Blem e 05 02)
22) { wls U Vs > 4.17)

e i

trong d6 ), » laty s6 SNR cua tin hiéu twong Gng v6i hai kénh A—B va R-B
dugc xac dinh theo cong thirc (4.6). Céc tin hi¢u thu dugce tir cac bo thu phan tap s€
duogc xir Iy qua bude giai didu ché BPSK, tiép d6 1a giai ma kénh st dung thuat toan
Viterbi dé khéi phuc chudi bit nhi phan. Chudi bit ndy sau d6 dugc chuyén doi thanh
anh 1{%2> voi DR e {MRC,EGC,SC} .

Néu tram chuyén tiép R hoat dong theo giao thirc truyén thong hop tac CC, tic
12 tram chuyén tiép dung khac anh chuan va bo ma héa RLNC véi tram phat A , thi
tai tram thu B s€ ap dung cac k¥ thuat thu véi bo can bé“tng ZF. Tin hi¢u sau khi qua
b6 thu duge biéu dién nhu sau:

P = hr? (4.18)

Tin hiéu tir bo thu nay s& duoc giai diéu ché BPSK va giai ma kénh véi thuat giai
Viterbi. Chudi bit nay sau d6 dugc chuyén doi thanh anh 1¢2 | 142 (ng ra coa
RxSP) tuy theo giao thirc DF hay CC sur dung.

Céac anh udce lugng 1§52 192 thu duge sau khi qua xir Iy RxSP, s& duoc khu
nhidu bang DnCNN [70], két qua 13 cic anh sau khir nhidu, ky hiéu lan luot 1a
= (dec2)\ TP _ (dec2) L. \ , Ce
Is.or = DnCNN (Is‘m ) , Iswopr = DnCNN (IB‘Wom ) Céc anh nay sau do6 duogc giai
ma RLNC béng ma tran hé s6 md RLNC tai tram chuyén tiép R, My, , hodc tram
phat A, M, , k e {1,2} tiy thudc vao giao thirc truyén thong hop tac duge st dung.

Két qua anh LR véi do phan giai thap, tai tao sau khi giai ma RLNC tai tram thu

trong khe thoi gian th hai, duoc biéu dién nhu sau:
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~(2) =(2) of
T om = (Im M, o1 >)@MA,1 (4.19)

T T (ref)
Isworr =|Isworr =My, o177 JO My | (4.20)
Sau khi tai tao thanh cong anh gbc LR duoc truyén tir tram chuyén tiép theo cong
thirc (4.19) va (4.20), anh gbc c6 d6 phan giai cao HR tai B s& duoc ting cuong do
phan giai thong qua k¥ thuat VDSR [40] trong khe thoi gian tht hai, duoc biéu dién

nhu sau:
~(HR,2) ~(2)
Isor =VDSR(1s1r ,€) (4.21)
~(HR,2) ~(2)
Iswopr = VDSR(Iswopr ,€) (4.22)

Két qua thu duoc tir qua trinh khoi phuc theo cong thic (4.21) hodc (4.22) chinh
1a giao thitc SRT cho truyén thong hop tac DF hoic CC.

Tai B qua trinh hop nhét dugc thuc hién béng cach két hop anh HR nhan duoc tir

tr A trong khe thoi gian dau tién, ky hiu la iﬁfif vo1 anh HR nhan duogc tir tram

~(HR,2)  ~(HR,2)

chuyén tiép trong khe thoi gian thir hai, ky hiéu 1a Ispr , Isweor d€ tai tao anh HR

goc. Qua trinh nay dugc bi€u dién nhu sau:

~(HR) ~(HR.1) ~(HR.2)
Isor =v 15 ma +Vv,I5Dr (423)

~(HR) ~(HR,1) ~(HR,2)

Iswopr =V 15 faa + Vv, WoDR (424)

trong d6 v,,i € {1,2} 1a hé s6 ty 1é cta anh HR nhan dugc tir A va tram chuyén tiép,
con duoc goi 1a hé s6 tron Alpha (Alpha Blending) trong k¥ thuat hop nhét anh [73].
Hé s6 nay dugc trinh bay trong Myc 2.2.5 va phan hop nhat anh trong Muc 3.2.2. Két
qua khoi phuc dua trén cong thuce (4.23) va (4.24) chinh 1a giao thic SCR.

b. Xir ly tin hi€u tai tram nghe 1én.

Tin hiéu ma tram thu £ nhan duoc trong khe thoi gian thir nhét va thr hai duoc

biéu dién 1an luot qua cac cong thirc (4.4) va (4.14). Qua trinh xur 1y tin hiéu tai £
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tuong tu nhu tai R va B. Cu thé, tin hiéu thu duoc sé duoc dua vao khdi xu 1y tin
hiéu thu RxSP, noi tin hiéu duoc can bang (equalizer), giai diéu ché BPSK, va giai
mi kénh bang thuat toan Viterbi. Ludng tin hiéu nhi phan sau khi giai ma s& duoc
chuyén d6i thanh anh 1D [l e Anh nay tiép tuc duoc khir nhidu bang

mang no-ron DnCNN [70], tao ra cac anh sau khu nhiéu cho khe thoi gian tho nhét
va thir hai, ky hi¢u lan luot 1a 1:jw = DaCNN (1), Tepr = DnCNN (1852)) va
Teworr = DnCNN (I(g’w%72 ) Tiép d6, € cb ging khoi phuc anh bang cach giai ma
RLNC.

Tuy nhién, tram nghe 1én £ khong biét dugc anh chuan 19 va 1% trong kho
lvu trit dwoc chon tai A va tram chuyén tiép R, cling nhu cac ma tran hé s6 ma
RLNC (M, ,,M,} tai A va {M,,,M,} tai R. Do do, £ s& phai udc luong cac
ma tran hé s6 md RLNC nay, voi ma tran udc luong tai A 1a {M.,M..} vatai R

1a {Mx,;,Mz.}.Cac h¢ sO trong ma tran wdc lugng dugc xac dinh nhu sau:

5 (1) M

a)(,m,n,p = a/’\.’,m,n,p s gX,m,n,P (425)
~(2) _ (1)
X == Ao (4.26)

Trong 46 X € {A, R}, me{1,2,--,M"}, ne{l,2,,N'}, peil,2,3} vd &, lasai

s6 ude luong cia ay,,, taitram nghe lén €. Vatram nghe lén ciing tim trong kho

N ., 2 . . . « atef)  A(e) .
luu trlr va udc luong hai anh chuan dugc dungtai A va R 1la 1., Iz . Qua trinh

cd gang tach anh dugc truyén tir tram phat A trong khe thoi gian thi nhét va truyén

tir tram chuyén tiép R trong khe thoi gian thtr hai dugc thuc hién nhu sau:

(1) - ~(ref)
Ie jua = (I(fl.)ﬁzd —Muzola )@ M. (4.27)
N ~(ref)
Ieor = (I(a‘z.;m —Mgzolz )@ M=z (4.28)
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i (i‘ﬁ}m ~Mraoin | oMz, (4.29)
Tiép theo, tram nghe 1én ciing 4p dung k¥ thuit ting cudng d6 phan giai ISR dé
c¢d gang khoi phuc anh gdc ban dau ctia A cho khe thoi gian thir nhét va thir hai duoc

mo ta nhu sau:

~(HR,1) A
Le.ia =VDSR(15.fad ,€) (4.30)
~(HR,2) ~(2)
ILeor =VDSR(Iepr,€) (4.31)
~(HR,2) ~(2)
Lewopr = VDSR(1ewopr ,€) (4.32)

Tuong tu nhu qua trinh tai B, anh cudi cung duoc khoi phuc boi tram nghe 1én

sau khi hop nhét cac anh tir ca hai khe thoi gian s& dugc biéu dién nhu:

A(HR) . A(HR)) . ~(HR2)
ILeor =vIepa +v,lenr (4.33)

~(HR) A(HRI) . A(HR2)

Leworr =V Ie fua +V,Lemopr (4.34)

Trong giao thirc dé xuat tram nghe Ién £ 1a tram cuc bd va thu dong, cic qua trinh
¢ gang khoi phuc anh nghe 1én ciia tram & gidng v&i qua trinh giai tin hiéu ctia tram
thu chi khac tram & khong khoi phuc duge thong clia ma tran ngau nhién RLNC
duogc truyén trong trong thong tin quan 1y goéi ciing nhu chia s& anh chuan cho cac

tram dugc quan 1y boi hé thong quan 1y TRM.
4.3. PANH GIA GIAO THUC QUA KENH FADING
4.3.1 Lwu d0 mo phong

Hinh 4.3 minh hoa luu d6 chi tiét quy trinh thuc hién thuat toan mé phong, duoc
xdy dyung dya trén mo hinh tong quat di gidi thiéu & Hinh 4.1. Dong thoi, hinh nay
1am 13 cac bude trién khai giao thirc truyén anh tin cdy, vén duoc mo ta khai quat
trong Hinh 4.2. Duéi day la cac budc trong tdm trong quy trinh, dugc trinh bay rod

rang va 16-gic (logic) dé dé theo ddi va 4p dung.
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Hinh 4.3: Luu d6 md phong giao thirc qua kénh fading




Cac buére 1, 2 va 3: trong luu dd nay duoc thuc hién hoan toan tuong tu nhu céac

budc 1, 2 va 3 da dugc mo ta trong Hinh 3.3 muc 3.3.2.

Budc 4: Ngoai viéc nhap cac thong tin twong tu nhu budc 4 dugc mo ta trong
Muc 3.3.2, budc 4 trong luu dd ndy con bd sung thém cac thong tin hé thong quan
trong, bao gém vi tri ctia céc tram, hé sb suy hao kénh truyén, k¥ thuat ma hoa kénh,

cling nhu phwong phap diéu ché duoc sir dung.

Budec 5, 6: trong luu dd nay duoc thuc hién hoan toan tuong ty nhu cac bude 1,

2 va 3 da dugc mo ta trong Hinh 3.3 muc 3.3.2.
Buwéc 7: Xir Iy tin hiéu dé truyén qua kénh vé tuyén
Quy trinh chi tiét cia budc nay bao gdm cac giai doan sau:
> Chuyén d6i thanh chudi bit nhi phan:

o Anh dau vio sau khi ma héa RLNC duoc xir Iy dé chuyén d6i thanh
chudi bit nhi phan. Viéc nay gitip biéu dién dit liéu anh dudi dang dong
bit phtt hop cho cac budc xir 1y tin hiéu tiép theo.

> Ma héa kénh bang ky thuit ma tich chép:

o Chudi bit nhi phan dugc ma hoa béng ma tich chap CC, mot k¥ thuat
ma hoa kénh tién tién nham ting d6 bén virng cua dit liéu trude tac dong
ctia nhiu va mét mat thong tin trén kénh truyén.

> Diéu ché tin hiéu bang phwong phap BPSK:

o Chudi bit d3 qua mi héa kénh duoc diéu ché bang k¥ thuat BPSK tao
thanh chudi ky hiéu (symbol) dam bdo tin hiéu truyén dat qua kénh vo
tuyén c6 kha ning chong lai nhidu co ban.

Két qua ctia bude ndy 1a tin hiéu da diéu ché s& truyén qua kénh vo tuyén dén cac
tram thu, chuan bi cho qua trinh xur 1y tin hi¢u ¢ phia nhan.
Buéc 8, 9: Truyén qua kénh vo tuyén: Tin hiéu da diéu ché duoc dinh dang thanh

song dién tir va phat qua kénh v6 tuyén. Kénh v tuyén trong mé hinh nay 1a kénh
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fading Rayleigh va c6 suy hao duong truyén va nhiéu AWGN.

Budce 10: Xur 1y tin hi€u thu RxSP (Received Signal Processing)

Tin hi€u nhan dugc tr kénh vo tuyén s€ dugc xtr Iy qua cac budc cu thé dé khoi

phuc lai anh da duoc truyén di. Qua trinh x1r Iy nay phu thude vao tin hiéu nhan duoc

va giao thirc truyén thong hop tac (Cooperative Communication) dugc st dung. Budce
10 dugc minh hoa chi tiét trong Hinh 4.4
Tin hi€u nhén dwgc tir kénh
truyén vé tuyén
Tin hiéu khe thoi gian 1? Sai
Hoic tin hi¢u khe thoi gian thir 2
va giao thirc hop tac CC ?
bi Tinh toin SNR cua tin hi¢u thu
ung duoc trong khe gian thi 1 & 2
B cin bing ZF l
Chon lya ky thuat
‘ MRC, EGC, SC
\i
Gidi déu ché BPSK
B can bing B¢ cin bing Bo chon lya

A MRC EGC SC

Gidi ma kénh CC

(Viterbi)
\/
\d
X Tin hi¢ kéth
Chuyén dbi chudi bit B
thanh hinh dnh

\i

Anh khéi phuc duoc tir
Tin hi¢u thu dugc

Hinh 4.4: Luu d6 qua trinh xir Iy tin hiéu thu RxSP

Chi tiét cac buwéc thuwe hién:

» Truong hgp giao thirc hop tac CC (Cooperative Communication):
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Néu tin hiéu thu duoc trong khe thoi gian thi nhat hodc khe thoi gian thir hai

thudc giao thirc CC, qua trinh x1r 1y bao gdm:

(o]

Cén bang ZF: Loai b6 cac anh hudng cta kénh truyén dé tii tao tin
hiéu gbc.

Giai diéu ché BPSK: Chuyén doi tin hi¢u diéu ché vé dang nhi phan.
Giai mi kénh tich chip: Phyc hdi chudi bit tir tin hiéu d3 ma héa kénh.
Chuyén ddi chudi bit nhi phan thanh hinh anh: St dung chudi bit

thu dugc dé tai tao lai anh ban dau.

» Truong hgp giao thirc hop tic DF (Decode-and-Forward):

Néu tin hiéu thu dugc trong khe thoi gian thtr hai 1a tin hi¢u thudc giao thuc DF,

qua trinh xtr 1y két hop tin hiéu thu duoc trong khe thoi gian thi hai véi tin hiéu tir

khe thoi gian thir nhat bang cac k¥ thuat thu két hop nhu:

O

(o]

MRC: Ting cuong chat lugng tin hiéu bang cach két hop céc tin hiéu

thu dugc theo trong sb t6i wu / cuc dai ty s6 SNR.
EGC: Két hop tin hiéu thu v6i ciing muc d6 1oi.

SC: Chon tin hiéu t6t nhét tir cac ngudn khac nhau dé xir 1y.

Sau khi két hop, tin hiéu s& duoc xir Iy qua cac budc:

O

Giai diéu ché BPSK: Chuyén doi tin hiéu vé dang nhi phan.

Giai ma kénh tich chap: Phuc hoi chudi bit nhi phan tir tin hiéu dd ma
hoa.

Chuyén ddi chudi bit nhi phan thanh hinh anh: Tai tao anh tir chudi

bit da giai ma.

Két qua cua budc nay la anh da dugc tai tao, twong ung véi tin hiéu dugc truyén

di tir cac khe thoi gian trong hé thong truyén thong hop tac.

Buéce 11, 12, 13, 14, 15, 16, 17 va 18: trong luu do nay duoc thyc hién hoan toan
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tuong tu nhu cac bude 8, 9, 10, 11, 13, 14 va 15 da dugc mo ta trong Hinh 3.3 muc

3.3.2.

Buée 19, 20 va 21: Thyc hién truyén tin hiéu qua kénh vo tuyén trong khe thoi
gian thr hai va xtr 1y tin hi€u thu. Quy trinh nay duogc thuc hién tuong tu nhu céac

budc 8, 9 va 10 trong luu dd nay.

Budc 22, 23, 24, 25, 26, va 27: trong luu dd nay duoc thuc hién hoan toan tuong
tu nhu cac bude 16, 17, 18, 19, 20, va 21 da dugc mo ta trong Hinh 3.3 muc 3.3.2.

4.3.2 Thong s6 md phéng giao thirc SCR qua kénh fading

Qua trinh mo phong duoc thuc hién bang phan mém Matlab, twong tu nhu trong
Chuong 3, nham dam bao tinh nhat quan va kha ning so sanh két qua. Céac thong sb
mo phong duge thiét 1ap cu thé nhu trong Bang 4.1, bao gém anh chuan, anh dung
mo phong, vi tri cac tram, mo hinh kénh truyén, ty 1€ ma hoa, mirc do nhiéu, ky thuat
thu phan tap, phuong phap ting cudng do phan giai anh va cac tham sé xir 1y tin hiéu.
Két qua mé phong s& dugc phan tich dé danh gia hiéu qua va t6i uu hoa cac phuong

phap dugc dé xuat trong diéu kién tiém can thuc té.

Hai muoi (20) hinh anh tiéu biéu, dugc trinh bay trong Hinh 3.5 va chon loc bang
cong cu xtr 1y anh ctia Matlab, da duogc sir dung trong Chuong 3 dé danh gia va so
sanh hiéu qua cua giao thirc dé xuat. Trong chwong nay, tip anh noi trén tiép tuc duoc

stt dung nham dam bao tinh nhat quan trong viéc phan tich va so sanh két qua mo

phong.
Bang 4.1: Thong s6 mo phong giao thirc SCR qua kénh fading

Mb Ta Thong S6 Mo Phong Gia Tri
Tap anh trong Hinh 3.5 va Bang 3.2 20 anh
Anh chat luong cao phai phat (HR Image) Anh 1-10 trong hinh 3.5, Bang 3.2
Trung binh trong mo6 phéng 3 anh va 3 vong lap
Anh chuan tai ngudn phat (A ) Anh trong 10-20 trong hinh 3.5
Anh chuén tai tram chuyén tiép (R ) Anh trong 10-20 trong hinh 3.5
Anh chuén uéc luong tai tram nghe 1én () Anh trong 1-20 trong hinh 3.5
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khac anh chuan tai A va R
Vi tri tram phat (0.0)
Vi tri tram thu (3,0)
Vi tri tram chuyén tiép (1.6,1)
V1 tri tram nghe 1én (1.4,-1)
Kénh truyén AWGN & Rayleigh Fading
Hé s6 suy hao kénh truyén B=2
Hé s6 giam kich thudc anh € =2.4,6,8,10
Hé s6 ngdu nhién ctia ma trin RLNC [0.3,0.5]
K¥ thuat diéu ché BPSK
K¥ thuat ma hoa kénh Ma tich chap 1/2
K¥ thuat thu phan tap MRC, EGC, SC
B6 cin bang ZF
K§ thuat khir nhiéu anh DnCNN [70]
K¥ thuat tang cuong anh ISR VDSR [40]

Dua trén mo hinh hé théng dugc xay dung, tin hi€u thu tai dau thu chiu anh huong
dong thoi boi ba yéu td chinh: hién tuong fading, nhidu nén (chu yéu dugc mé hinh
hoa dudi dang AWGN), va ton hao cong suat do khoang cach truyén dan giita cac nit.
Su két hop cua cac yéu to nay tao nén moéi trudng truyén dan thuc té va dugc biéu
dién thong qua biéu thirc (4.1). Trong d6, thanh phan ton hao theo khoang cach dugc
mo hinh hda bang mot ham nghich dao ctia khoang cach vai hé s6 8 phan anh muc

dd suy hao cua moi trudong truyen.

Trong thuc té trién khai, dé bu dap cho t6n hao cong suat do khoang cach gay ra,
nguoi ta thudng str dung cac bién phap nhu ting cong suat phat tai nguon, diéu chinh
do nhay thu tai dau thu, hodc tich hop cac anten c6 d9 loi cao nham cai thién kha nang
thu nhan tin hiéu. Tuy nhién, trong bdi canh ctia cic mang cam bién khong day
(Wireless Sensor Networks — WSN), do gidi han nghiém ngit vé niang luong va kich
thude thiét bi, viée ting cong sudt phat khong phai luc nao ciing kha thi. Theo cac
nghién ctru di duoc cong bd trong [108, 109], khoang cach trung binh gitta cac nut

cam bién trong WSN thuong dao dong trong khoang tir 10 dén 30 mét, nham dat dwoc
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su can bang giita hiéu qua truyén thong va tiéu thu ning luong. Dé phuc vu cho viée
mo phong va danh gia anh hudng ciia ton hao khoang cach dén hiéu qua cua giao
thire truyén anh duoc dé xuét, nghién ctru nay lya chon cach tiép can don gian hoa
m6 hinh khéng gian: cac khoang cach giita cac nat duge thu nhé xubng con 1/10 so
v6i gi tri thuc té. Cu thé, vi tri cic nit duge bd tri nhu mo ta trong Bang 4.1, nham
duy tri tinh dai dién vé mit mo hinh nhung van dam bao thuan loi cho viéc mé phong
trén nén tang Matlab. Mic du di rit ngan khoang cach, cac gia tri nay van duogc gii
16n hon mét don vi & dam bao rang anh hudng cta ton hao cong suit theo khoang
cach van con rd rét trong qua trinh phan tich. Pang luu y, trong qua trinh mo phong
nay, khong ap dung thém cac k¥ thuat bu cong suat, nham muc tiéu danh gia truc tiép

mirc do anh hudng cua tén hao kénh truyén dén giao thirc truyén anh.
4.3.3 Két qua md phéng giao thirc SCR qua kénh fading

Nhu da thuc hién trong chuong 3, cac két qua md phong trong chuong nay duoc
danh gia dya trén hai tiéu chi khach quan phd dung trong phan tich va xtr 1y hinh anh
1a ty s6 PSNR va chi s6 SSIM duoc trinh bay trong Muc 3.3.1. Hai tiéu chi nay, vén
d3 duoc trinh bay chi tiét thong qua cong thirc (3.20) va (3.21) trong chuong 3, tiép

tuc duoc ap dung dé dam bao tinh nhat quan va dg tin cay trong qua trinh danh gia.
a. So sdnh giita ba giao thirc SCR, SDT va SRT qua kénh truyén fading

Trong phﬁn nay, hiéu suét cua cac giao thirc SCR, SDT, va SRT dugc gidi thi¢u
tai Muc 4.2 s€ dugc danh gia dya trén hai tiéu chi chinh: PSNR va SSIM theo cac
mirc SNR khac nhau (SNR 1a ty s6 tin hiéu trén nhiéu bé qua ton hao theo khoang
cach dugc trinh bay trong cong thiic (4.6)). Vi tri cua cac diém A, R,B,E nhu trong
Béng 4.3. Anh chuan dugc chia sé tai A va R 1a 17 (xét truyén thong hop tac DF),

A(ref)
duoc chon tir anh thir 17 trong Hinh 3.5, trong khi anh udc luong sai tai € 1a L4,

dugc lay tir anh thir 13 trong Hinh 3.5. Hé s6 giam kich thudc anh 14 bang mudi (10).

Dé danh gia hiéu qua ctia giao thirc, cac két qua mo phong ciia SRT va SCR duoc

thuc hién véi k¥ thuat thu két hop MRC, dam bao ti uu hoa hiéu suét thu tin hiéu.
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Hiéu suit duogc tinh trung binh trén 3 hinh anh (anh 1,2,3) va qua 3 vong lip, nham

dam bao do chinh xac va tinh khach quan trong két qua phan tich.
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Hinh 4.5 cung cdp mot cai nhin toan dién vé hiéu suit cia cac giao thic SRT,
SDT, va SCR khi d6i mat v6i cac diéu kién kénh truyén khac nhau, dugc phan tich
dua trén ty s tin higu trén nhidu (SNR). Giao diém gifta hai giao thirc SRT va SDT
xudt hién & mic SNR khoang 28 dB, chia thanh hai ving hoat dong chinh: ving SNR
thap va ving SNR cao.

> Phan tich theo tirng vung SNR:

o Vung SNR thép: Trong ving nay, giao thirc SRT thé hién wu thé rd rét so
v6i SDT. Diéu nay xuat phat tir viéc ving SNR thip bi anh huéng nghiém
trong boi nhiéu, khién chat lugng tin hi¢u truyén truc tiép qua kénh chinh
giam dang ké. Giao thire SRT, nho tan dung kénh chuyén tiép, c6 kha ning
cai thién chat lugng tin hiéu thong qua k§ thuat két hop tin hiéu, gitp khoi

phuc thong tin hi¢u qua hon.

o Vung SNR cao: Khi SNR tang cao, SDT lai vuot trdi hon SRT. Ly do 1a
trong diéu kién SNR cao, nhidu khong con 13 yéu t6 chinh chi phdi chat
luong tin hi¢u trén kénh truyén truc tiép. Do d6, loi thé cua viéc str dung
kénh chuyén tiép trong giao thirc SRT tré nén kém hiéu qua hon, va SDT
v6i dudng truyén truc tiép khong qua chuyén tiép trd thanh lya chon tdi wu

hon.
> Hiéu suit ciia SCR so véi SRT va SDT:

Giao thitc SCR, trong ca hai ving SNR, déu cho thay hiéu suit tt hon so v6i SRT
va SDT.
« Vung SNR th:?'lp: SCR vuot trdi hon SDT dang ké, nho kha nang tan dung tbt
ca kénh chuyén tiép va cac k¥ thuat khoi phuc tin hiéu tién tién. Tuy nhién,
SCR chi vuot SRT mot chut trong ving nay, do ca hai giao thirc déu sir dung
kénh chuyén tiép dé cai thién hiéu suat.
« Vung SNR cao: Khi SNR ting, loi thé ciia SCR so v6i SRT va SDT giam dan,

nhung SCR van duy tri hiéu suat nhinh hon. Piéu nay ching minh rang giao
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thirc SCR c6 tinh linh hoat va kha nang hoat dong 6n dinh hon trong cac diéu

kién kénh truyén khac nhau.
> Tac dong cia kénh fading va AWGN:

Trong cac vung SNR cuc doan (rit thip hodc rat cao), tac dong cua kénh fading

va kénh AWGN 1én cac giao thtc 1 trong dong:

o Vung SNR thip: Nhidu chi phéi 1am giam dang ké kha ning khoi phuc
tin hiéu, khién cac giao thirc hoat dong ¢ muc hi¢u suét thép, bat ké loai

kénh truyén.

o Viung SNR cao: Tac dong ctia kénh fading tr& nén khong dang ké, va cac
giao thirc déu c6 kha nang khoi phuc tin hi¢u gﬁn nhu tuong ty nhau, bat

ké kénh truyén c6 fading hay khong.

o Vung SNR chuyén tiép: Su khac biét 15 rét giita cac giao thirc chi xut
hién trong viing SNR chuyén tiép. Pay 1a ving ma cac dic tinh cia kénh
fading va kénh AWGN anh huong manh mé dén hiéu suat khoi phuc tin
hi€u, tao ra sy chénh léch dang ké gilta cac giao thuc nhu SDT, SRT va
SCR.

Toém lai, Hinh 4.5 khong chi minh hoa sy giao thoa gitra cac giao thirc ma con
cung cAp mot cai nhin sau sic vé hiéu suat hoat dong cua chiing trong cac diéu kién
kénh truyén khac nhau. Giao thirc SCR chimg to tinh wu viét nho kha nang két hop
hi¢u qua gitra ky thuat thu phan tap va khoéi phuc tin hi€u, vuot trdi hon cad SRT va
SDT & moi ving SNR.

Khi danh gia kha nang khoi phuc ctua € d6i véi cac giao thirc SCR, SRT va SDT,
6 thé théy ro réng hiéu suét tai £ kém xa so véi tai B. Cu thé, chi s6 PSNR tai €
thap hon khoang 9 dB, trong khi chi s6 SSIM giam tir 0.35 dén 0.55 so véi B.

Két qua nay nhin manh rang viéc £ tai tao hinh anh nghe 1én tir hé thng 1a vo
cung han ché. Diéu nay chi yéu do £ khéng dugc cung cdp anh chuan ciing nhu ma

tran RLNC, dan dén viéc khoi phuc gﬁn nhu khong hi¢u qua & moi mirc SNR. Bat ké
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giao thtc nao duoc str dung, kha nang khoi phuc cia £ déu duy tri & mire thap, khang
dinh tinh bao mét cao ctia hé thong trudc nguy co nghe 1én.

Lueu y: Khi chi s6 SSIM mang gid tri ém, diéu nay thuwong phdn dnh sw tac dong
manh mé ciia nhiéu ngau nhién, gdy ra mat mdt dang ké trong tuwong dong cdu triic
gilta dnh goc va anh dwoc khéi phuc. Su khdc biét 1o nay lam giam kha ndng tdi
hién cdc dac diém cdu tric chung, dan dén gia tri SSIM bi am.

b. Anh hwéng ciia ky thudt thu phén tip

Khi A va tram chuyén tiép sir dung chung anh chuan ciing nhu ma trdn ma hoa
RLNC (mé hinh 4 diém st dung giao thic truyén théng hop tac DF), viéc ap dung
cac k¥ thuat thu phan tdp nhu MRC, EGC va SC tai B trong khe thoi gian tha hai
gitip cai thién hiéu qua truyén thong. Hinh 4.6 trinh bay so sanh chi tiét tic dong ciia

ba k¥ thuat nay vdi cac thong s6 mo phong duoc gilt nguyén nhu trong Hinh 4.5.
Hiéu qua cua cac ky thuat thu phan tap tai 5:
> Véi chi s6 PSNR:

o K¥ thuat MRC mang lai hi€u qua vuot troi hon so voi EGC va SC. Sy cai
thién nay duoc thé hién qua murc ting PSNR tir 0.2 d¢én 0.4 dB.

o MRC tan dung ti da cac tin hiéu thu duge tir nhiéu kénh béng cach tdi wu
hoa trong sd theo ti 1¢ tin hiéu trén nhidu (SNR), tir d6 giam thiéu tac dong

ctia nhiéu 16n trong méi truong truyén thong bi suy hao.
> Véi chi s6 SSIM:

o Dbi vai vung SNR cao, MRC tiép tuc thé hién wu thé 1o rét, vi mire cai
thién 1én dén 25% so v&i hai ki thuat EGC va SC. Piéu nay cho thiy MRC
khong chi cai thién chat lugng anh tai tao ma con duy tri dugc su tuong

ddng céu truc gitra anh khoi phuc va anh goc t6t hon.
Hiéu qua tai £:

o & chi dat duoc cac gia tri PSNR va SSIM tuong d6i thap, cho thdy kha ning
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« Dang chu ¥, khong c6 su khac biét dang ké giira cac ky thuat thu phan tap
(MRC, EGC, va SC) khi 4p dung tai €. Diéu nay xuit phat tir viéc £ khong
duoc chia sé anh chuin va ma tran m3 hoa RLNC, dan dén tin hiéu thu dugc

mang tinh ngau nhién cao va kho khoi phuc.

Nhu vy, k¥ thudt MRC chtrng minh sy vuot troi & ca ving SNR thap va cao khi
ap dung tai B, trong khi kha ning nghe 1én ctia £ bi han ché dang ké, bat ké st dung
k¥ thuat thu ndo. Piéu nay khang dinh hiéu qua bao mat va cai thién chat luong cia

giao thuc SCR.
c. Anh hwéng truyén théng hop tic DF va CC

Khi tram chuyén tiép R st dung anh chuin va ma tran ma hoa RLNC giéng voi
tram phéat A, hé théng ap dung giao thirc truyén thong hop tac DF, két hop véi ki
thuat thu phan tdp MRC dé t6i wu hoa chit luong tin hiéu. Nguoc lai, néu R va A
sir dung cac anh chudn va ma tran ma hdéa RLNC khéc nhau, giao thirc truyén thong
hop tac duoc ap dung 1a CC. Trong giao thirc CC, tram chuyén tiép giai ma tin hiéu
thu dugc, tai ma hoa voi mot cau tric ma hoa méi, va ap dung ki thuat can bang ZF
dé xtr Iy tin hiéu.

Hinh 4.7 trinh bay két qua mé phong cho hai truong hop:

> Sir dung chung anh chuin: A va R cung st dung anh chuan thar 17 tir Hinh
3.5.

> Sir dung anh chuin khac nhau: A st dung anh chuan thir 17, trong khi R
st dung anh chuén thir 15 tir Hinh 3.5.

Két qua so sanh cho thay:

o Giao thuc DF vo6i k¥ thudt thu phan tdp MRC vuot trdi so voi CC. Ly do 1a
giao thirc DF tan dung kha ning giai ma tai tram chuyén tiép, cho phép két
hop tin hi¢u tir nhidu kénh truyén dé ting cudng chat luong va do tin cdy cua

qua trinh truyén dén.

o Nguoc lai, trong giao thirc CC, sy tdi ma hoa tai ‘R tao thém nguén nhiéu va
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cao. bi¢u nay nhan manh vai tro ctia vi€c lua chon giao thirc va ky thuat xu 1y tin

hiéu phu hop dé dam bao hiéu suat tdi wu trong hé thong truyén thong hop tac.

d. Anh hwéng ciia hé so giam kich thwdc anh qua kénh fading
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Hinh 4.8 minh hoa tac dong ctia hé ) gidm kich thudc anh ¢ dén hiéu suét ciia hé
thdng, dong thoi phan tich méi quan hé giira tiét kiém bang thong va chat luong khoi
phuc hinh anh. Hé s6 € anh huong truc tiép dén bang thong, véi mirc tiét kiém bang
thong ty 1& thuan va6i €2. Cac mo phong duge thuc hién véi cac gia tri khac nhau, st

dung cac théng sd twong ty nhu trong Hinh 4.5.

> Vung SNR thip: O ving nay, cic chi s6 PSNR va SSIM it thay d6i bat ké gia tri
ctia 7. Didu nay 1a do tac dong ctia nhiéu 16n trong ving SNR thap, 1am giam kha
nang khoi phuc hinh anh cua hé thdng, khién su khac biét giira cac hé sb giam

kich thudc khong dang ké.

> Vung SNR cao: Khi SNR ting, sy khac biét giita cac gia tri hé sé giam kich thudc
anh € tro nén rd rét hon. Chi sé PSNR giam khoang 2 dB (tir 19 dB xudng 17 dB),
va chi s6 SSIM giam khoang 10% (tir 0.74 xudng 0.63) khi hé sé giam kich thudc
tang tir 2 1én 10. Day 1a két qua cua sy danh doi: viéc tang hé sb € gitip tiét kiém

bang thong nhung 1am giam chét luong khoi phuc anh.
e. Anh hwéng ciia anh chudn

Hinh anh k¥ thuat sb thuong dugc luu trit & nhiéu dinh dang khac nhau nhu JPEG,
PNG, BMP, v.v., mdi dinh dang mang céc dic diém riéng biét vé cau trac dit liéu va
phuong phép nén. Piéu nay din dén viéc lya chon anh chuan tro thanh yéu t6 quan

trong, tac dong 16n dén hiéu sut cta cac giao thirc, bao gom giao thirc SCR.

Hinh 4.9 minh hoa két qua mé phong khi sir dung cac anh chuan khac nhau véi
cac thong s6 mo phong Bang 4.1. Két qua chi ra sy khac biét dang ké giira cac anh
chuan, véi d6 chénh 1éch 1én t&i 4.3 dB vé chi sé PSNR giita anh chuan thir 17 va tht
15 trong tap anh Hinh 3.5 va Bang 3.2. Piéu nay chimg t6 ndi dung cta anh chuan co

vai tro quyét dinh dén kha niang khoéi phuc tin hiéu.

Cu thé, dbi véi PSNR, anh chuan thir 12 mang lai hiéu suét tot hon anh chuén thi
15. Tuy nhién, v&i SSIM, anh chuan thr 15 lai vuot tréi hon anh thr 12. Su khac biét

nay phan anh cach do ludong cua timg chi sb:
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« PSNR do d9 trung thuc cua tin hiéu, nhay cam véi nhiéu & cap diém anh nhung

khong phan anh diy du chat lwong cam nhan.

o SSIM dénh gia chit lugng cam nhan dya trén do sang, do tuong phan, va ciu

truc, nhay cam hon véi nhitng thay doi ¢ canh va két cau.

Ngoai ndi dung anh, dinh dang va kich thudc anh ciing anh huéng dang ké
dén PSNR va SSIM:

o Dinh dang anh: Cac dinh dang nhu JPEG (nén mat dit liéu), PNG hoac BMP
(nén khong mat dir liéu) lam thay d6i gia tri PSNR va SSIM.

« Kich thwéce anh: Viéc giam kich thude (downscaling) c6 thé 1am thay doi méi
quan hé giita cac diém anh, dan dén giam PSNR va SSIM, dic biét khi cac chi

ti€t cau trac bi mat.

Két qua cho thiy dinh dang va kich thudc anh chuan anh huéng dang ké dén
hiéu suat giao thirc. Sy twong thich gitta 4nh chuan va anh géc cuing hé sé giam
kich thudc tac dong truc tiép dén chit lwong anh khéi phuc. Méi quan hé nay can

dugc phén tich sau hon trong cac nghién ctru tiép theo.
. Anh hwéng ciia wéc lwong sai anh chudn tai tram nghe lén

Hinh 4.10 trinh bay chi tiét két qua mo phong danh gia kha nang khoi phuc anh
nghe 1én tai &€ trong trudng hop anh chuin duoc udce luong sai. Cac théng s mo
phong khac dugc giit ¢b dinh, trong tu nhu cac thong sé di st dung trong Hinh 3.5.
Cu thé, € st dung cc anh chuan udc lugng sai bao gom anh s 13, 15, 16, 18, 19,

va 20, trong khi A va R st dung anh chuén 14 anh s6 17 tir tap anh trong Hinh 3.5.

Két qua phan tich chi ra ring, kha nang khoi phuc anh tai € thay d6i dang ké tuy
thudc vao anh chuan wéc luong sai, voi su khac biét tdi da 1én dén 1.7 dB vé chi sb
PSNR va 0.7% vé chi s6 SSIM gifra cac truong hop. Pac biét, anh udc lugng sai
mang lai két qua tot nhat tai € (anh sd 16) van khong thé dat duoc hiéu sut twong
duong voi giao thirc SCR, véi mire chénh 1éch 16n, khoang 8 dB d6i véi chi sé PSNR
va 60% vé chi s6 SSIM.
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Diéu nay cho thiy, sy khong khdp vé anh chuén giita cac thanh phan trong hé
théng, dac biét 1a tai £, lam giam manh kha nang khoi phuc tin hiéu va chét luong
anh nghe 1én. Nguyén nhan chinh 1a € khong c6 quyén truy cdp vao anh chuan thyc
té va ma tran RLNC duoc st dung boi A va R, dan dén sai 1éch ciu trac va thong

tin trong qua trinh khoi phuc tin hiéu.

Hon nita, cac chi s6 PSNR va SSIM cho thdy mirc d6 tin cdy manh mé cua giao
thirc SCR trudc cac cudc tan cong nghe 1én. Chi sé PSNR thap cho thdy nhidu 16n
trong tin hi€u khoi phuc, trong khi chi s6 SSIM thép nhan manh su khéac biét rd rét

veé cau triic va ndi dung giira anh khoi phuc tai € va anh goc.

Két qua ndy nhdn manh rang giao thirc SCR khéng chi dam bao chit luong tin
hiéu tai \A ma con giam thiéu kha ning khoi phuc tin hiéu tai cac kénh nghe 1én nhu

&, qua d6 ting cuong hiéu qua bao mat ciia hé thong.
g. Anh hwéng ciia vi tri tram chuyén tiép

Hinh 4.11 trinh bay tac dong cia vi tri tram chuyén tiép R dén hiéu qua hoat
dong cua céac giao thirc SRT, SDT, va SCR, trong d6 truc SNR duogc chia thanh hai
ving chinh: ving SNR théap va viing SNR cao, giéng nhu nhan xét di néu trong Hinh
4.5.Bavi tri ciia tram R duogc khao sat 1an lugt 1a (1,1), (1.6,1), va (2.2,1). Cac thong

s6 md phong khéac dugc gilt nguyén nhu trong Hinh 4.6.

Két qua mo phong cho thay hiéu suit cta giao thirc SDT khong bi anh hudng boi
vi tri ctia tram R, vi khoang cach truc tiép giita A va B khong thay doi. Tuy nhién,
hiéu suét cua giao thirc SRT thay doi dang ké, phan anh sy phu thudc vao vi tri cta
tram chuyén tiép. Sy thay d6i nay dan dén su phan chia truc SNR thanh hai ving 1&
rét, tuy thudc vao cach bd tri vitri R.

Cu thé, khi tram chuyén tiép gan A hon, giao thirc SRT hoat dong vuot trdi trong
ving SNR thap do kha ning tan dung kénh chuyén tiép dé giam thiéu tac dong cua
nhiu. Nguoc lai, néu tram chuyén tiép gan B, giao thirc SRT dat hi¢u suat tot hon &

ving SNR cao, noi dudng truyén truc tiép chiu it nhidu hon. Két qua tuong tu ciing
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dugc quan sat ddi vai giao thuc SCR, nhan manh réng viéc bd tri tram R khong chi
anh huong dén hiéu suit tong thé ma con diéu chinh cach cac ving SNR thip va cao

duoc dinh hinh.
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Nhitng két qua nay cho thdy tdm quan trong cta viéc toi uu theo vi tri cia tram
chuyén tiép trong hé thng truyén thong. Khong chi anh hudng dén hiéu suét, vi tri
R con gitp khai thac hi€u qua cac dac tinh cua ting ving SNR, dam bao giao thirc

phu hop véi cac diéu kién truyén thong thuc té.
h. Anh hwéng ciia chon lwa tram chuyén tiép

Dé cai thién hiéu suit truyén thong trong hé théng, mot chién luge lua chon tram
chuyén tiép t6i vu duoc 4p dung, nhim dam bao rang tram duoc chon sé mang lai
hiéu nang tong thé cao nhat cho giao thirc dé xuét. Trong phan niy, cac tham sé mo
phong dugc gitr twong ty nhu tham sé moé phong trong Hinh 4.5. Tuy nhién, két qua
dugc trinh bay 13 trung binh ctia qué trinh mé phong véi hai anh dau vao va thyc hién

qua hai vong lap doc 1ap, giup phan anh rd rang hon xu hudng hiéu ning tong thé.

Céc tram chuyén tiép duoc gia dinh 1a b tri gin nhau va tao thanh mot cum tdi
vu nhu mo hinh trong nghién ctru [110], v6i gia thiét rang sy khac biét vé khoang
cach gifta cac tram chuyén tiép dén ngudn va dich 1a khong dang ké, tir d6 giam thiéu
sai 1éch vé anh huong ton hao do khoang cach. Thong tin kénh truyén tirc thoi CSI
(Channel State Information) duoc gia thiét 13 hoan toan kha dung tai bo diéu khién

trung tam hodc tai cac nut lién quan. Viéc lya chon tram chuyén tiép tuan theo ti€u

chi t6i da hoa chat lugng duong truyén toan tuyén, R, = arg max {min (7 AR, VR B )}

tic 12 chon tram sao cho hiéu qua truyén dan tir nguoén dén dich qua tram d6 1a tét

nhat [54, 55].

Hinh 4.12 minh hoa su phu thudc ctia hi€u nang giao thirc vao chién lugc lya chon
tram chuyén tiép trong s6 M tram tiém nang. Khi ) luong tram tang, co hdi chon
duoc mot tram c6 diéu kién kénh truyén thuan 191 cling tang theo, tir 46 nang cao hi¢u
suét hé théng. Cu thé, khi sb lugng tram chuyén tiép duogc tang tir 1 1én 5 va sau do
1én 9, chi s6 PSNR ting lan luot khoang 0,2 dB va 0,4 dB, trong khi chi sé SSIM
cling cai thién dang ké, tuong tng khoang 2,5% va 5%. Piéu nay khang dinh vai tro

tich cuc cua lya chon tram chuyén tiép trong viéc nang cao hi¢u nang giao thuec.
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Mit khéc, can luu ¥ rang viée lya chon tram chuyén tiép toi vu khong lam anh
hudéng dén kha ning khoi phuc tin hiéu tai phia nghe 1én. Piéu nay cho thiy chién
luoc Iva chon tram chuyén tiép chi tac dong dén duong truyén chinh, khong lam thay
d6i diéu kién bét loi ma kénh nghe 1én phai di mit, tir d6 dam bao tinh bao mat dwoc

duy tri 6n dinh.
4.4. KET LUAN CHUONG 4

Giao thirc SCR dugc phat trién nham dam bao truyén tai hinh anh an toan trong
mang v6 tuyén hop tac, voi kha ning chdng lai cac tram nghe 1én nho viéc mi héa
anh géc dua trén anh chuén va ma trin ma héa RLNC. Giao thirc nay da dugc danh
gia chi tiét thong qua cac mo phong trén kénh truyén fading, voi anh huong cia vi tri

tram chuyén tiép va cac bién doi vé kich thude anh, dinh dang anh chuan.
> Anh hwéng ciia vi tri tram chuyén tiép

Khi tram chuyén tiép thay doi vi tri gitra A va B, cac giao thirc SRT va SDT cho
thay hiéu suat khac biét.

o Viung SNR thip: O ving nay, tic dong ctia nhidu 16n lam giam hiéu qua
truyén truc tiép cua SDT, nhung giao thitc SRT tan dung tram chuyén tiép
dé cai thién chét luong, cho théy hiéu suét vuot troi hon SDT.

o Viung SNR cao: Khi nhidu giam, duong truyén truc tiép ctia SDT it bi suy
giam, din dén hiéu qua cao hon so voi SRT.

o Giao thirc SCR: Vi viéc két hop cac tin hi€u nhan dugc tir hai kénh
truyén, SCR khong chi dat hiéu qua cao trong ca hai ving SNR ma con
khéc phuc duogc cac diém yéu cua SRT va SDT, dac biét khi tram chuyén
tiép gan nguodn hoic dich.

> Anh huéng ciia giam Kich thwée anh goc
Viéc giam kich thudc anh gbc giup tiét kiém bang thong truyén tai, nhung dong

thoi anh hudng dén chét luong khoi phuc anh:
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« Vung SNR thip: Du giam kich thuée, chat lugng khoéi phuc anh twong ddi

khong d6i vi giao thirc SCR van chiu anh huéng chinh tir nhidu 1én.

« Viung SNR cao: Anh huéng ciia hé sé giam kich thudc tré nén rd rang hon,
v6i sy giam chit luong khoi phuc (giam PSNR khoang 2 dB va giam SSIM
khoang 10% khi h¢ s giam kich thudc ting tir 2 1én 10). Diéu niy minh hoa

su danh d6i gitra tiét kiém bang thong va chit luvong anh gbc.
> Anh huwéng ciia anh chuin

Anh chuan dugc st dung tai A va tram chuyén tiép dong vai trd quyét dinh trong

hiéu suat cta giao thire SCR. Cac yéu td quan trong bao gom:

« NOoi dung va dinh dang anh: Anh chuan c6 chi tiét cdu trac phirc tap giup
tang cuong hiéu qua ma héa va khoi phuc tin hiéu. Nguoc lai, anh c6 it chi tiét

hozc bi nén mét dit liéu c6 thé 1am giam chi s6 PSNR va SSIM.

« Anh huéng tir sai 1éch anh chuin: Khi £ udc luong sai anh chuan (vi du:
anh thir 13, 15, 16 trong mo phong), két qua khoi phuc anh nghe 1én khac biét
khong dang ké (chénh léch PSNR chi khoang 1.7 dB va SSIM khoang 0.7%).
Tuy nhién, ngay cé khi anh udc lugng tot nhat, kha nang khoi phuc ctia € van
thap hon dang ké so véi giao thirc SCR (PSNR thap hon khoang 8 dB va SSIM
thap hon 60%).

> Tam quan trong ciia giao thirc SCR

Giao thitc SCR khong chi dam bao an toan cho ndi dung truyén tai ma con cung

cap hi¢u suat cao nho:

e Khai thac hiéu qua cac kénh truyén hop tac: SCR st dung ca duong truyén
tryc tiép va qua tram chuyén tiép, dong thoi toi vu hoa thong qua k thuat hop
nhét tin hiéu.

e Kha niing chong nghe 1én manh mé: Két hop anh chuan va ma RLNC khién
tram nghe 1én khong thé khoi phuc anh duoc truyén.

e Thich nghi tét véi cac bién doi vé ndi dung anh va vi tri tram chuyén tiép,
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tao diéu kién linh hoat trong cac ung dung thuc té.

Két luan, giao thirc SCR thé hién uvu thé vuot troi trong viéc bao v¢ an toan dir
liu va duy tri chét lwong khoi phuc cao ngay ca trong cac diéu kién truyén dan bat

loi.
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CHUONG 5. KET LUAN VA HUONG PHAT TRIEN
Chuong ndy tom tit cac két qua chinh dat duoc trong qua trinh nghién ctru, qua
d6 1am ndi bat cac dong gop co ¥ nghia vé ca mat 1y thuyét 13n thyc tién trong linh
vuc truyén thong vo tuyén hop tac. Chuong 5 ciing trinh bay cac dinh huéng nghién
clru trong lai, nhim mé rong pham vi tmg dung va nang cao hiéu qua giao thirc trong

céc boi canh phc tap hon.
5.1. KET LUAN

Luan 4n di nghién ctru vé xu hudng phat trién cua truyén thong thi giac, dic biét
1a cac han ché ctia mang v tuyén chuyén tiép hop tic (CWRN), nham dap tng yéu
cAu ngay cang cao vé chit lugng va d tin cdy trong cac Gmg dung thyc té nhu tiép
thi s6, mang x hoi, y té truc tuyén, quan sy va gido duc. Nghién ctru di dé xuit giao
thirc SCR (Secure Cooperative Relay), mot giai phap tién tién cho phép truyén anh

tin cay chat luong cao qua mang CWRN véi cac dic diém ndi bat nhu sau:

Giao thirc SCR (Secure and Cooperative Reconstruction) dugc thiét ké nham dam
bao truyén anh chat luong cao qua kénh vo tuyén c6 bing théng gidi han, dong thoi
tang cuong do tin cay dit lidu hinh anh. Mot trong nhiing dic diém ndi bat cia giao
thire 1a kha ning truyén tai anh hiéu qua: tai tram phat, anh gbc c6 do phan giai cao
(HR) duoc giam kich thudce bang hé s ¢, giap tiét kiém dén 1én dén €2 1an so véi
bang thong yéu cau khi truyén ma khong giam kich thudc. Sau khi truyén dén tram
dich, anh dugc khoi phuc béng mo hinh hoc sau st dung mang no-ron tich chap

(CNN), gitip cai thién do phan giai va chat lugng hinh anh tai tao (ISR).

Giao thire SCR con két hop hai con duong truyén anh: kénh truc tiép gitta nguon
phat va tram thu (SDT), va kénh gian tiép thong qua tram chuyén tiép (SRT), khai
thac lo1 ich cua k¥ thuat phan tap tin hi¢u. Anh thu duogc tir ca hai kénh sau d6 duoc
hop nhat nham nang cao do chinh xac va do tin cdy cua anh phuc hdi, vuot troi hon
so v6i khi sir dung tirng kénh riéng 1é. Ngoai ra, giao thirc con tich hop co ché bao
mat chong nghe 1én thong qua ky thuat an thong tin. Anh gdc sau khi giam kich thudc

dugc ma héa bang ma mang tuyén tinh ngiu nhién (RLNC) va dugc gidu trong mot
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anh chuan trude khi truyén. Do khong biét anh chudn ciing nhu ma tran hé s RLNC,
tram nghe 1én khong thé tai dung anh gbc hodc chi thu dwgc anh c6 chat luong rat

thap, tir 46 dam béo tinh riéng tu va an toan cua dit liéu truyén.

Chat luong anh tai dung tai tram dich duoc danh gid thong qua céac chi s6 dinh
lwong khach quan PSNR va SSIM, phan anh kha ning bao toan chi tiét va cau triic
anh gbc. Tinh hiéu qua cua giao thic dugc kiém chimg bang mé phong trén hai loai
kénh truyén thuc té 13 AWGN (Additive White Gaussian Noise) va kénh fading
Rayleigh, str dung phin mém MATLAB.

Hiéu ning cua giao thirc SCR c¢on chiu anh huéng béi mot sé yéu td quan trong.
Vi trf ctia tram chuyén tiép dong vai tro quyét dinh dén chét luong truyén: khi tram
nay gan ngudn phat, kénh SRT cho hiéu qua cao hon trong diéu kién SNR thap do
khai thac duoc k¥ thuat phan tdp nhu MRC, EGC hay SC. Nguoc lai, khi tram chuyén
tiép gan tram dich, kénh SDT hoat dong hiéu qua hon trong ving SNR cao. Nho co
ché két hop ca hai kénh, giao thirc SCR c6 thé thich Gmg t6t voi nhiéu diéu kién kénh
khac nhau. Bén canh d6, anh chuén tai tram phat 1a thanh phan quan trong anh huong
dén hiéu suét khoi phuc anh. Néu anh chun bj sai 1éch hodc bj tram nghe 1én udc
luong khong chinh xac, chit lwong anh thu duoc s& suy giam nghiém trong, tir d6
tang cuong kha nang bao vé dir li¢u, ddm bdo tinh riéng tu va an toan thong tin trong

qua trinh truyén dén.

Trong bdi canh céc cong nghé mang vo tuyén dang phét trién nhanh chong nhu
5G, 6G, WiFi, mang cam bién khong day (WSN), mang vo tuyén nhan thitc (CRN),
cung voi su xuat hién cia cac kién triic mang tién tién nhu mang da cap (HetNet),
mang di dong ngang hang (MANET) va mang thong tin gitra cdc phuong tién giao
thong (VANET), truyén thong qua tram chuyén tiép ngay cang trd thanh mot giai
phap then chét dé cai thién do phu song, do tin cay va hiéu suat truyén dan. Trong xu
thé d6, giao thirc SCR duogc dé xuit trong luan an cho thiy tiém ning 16n trong viéc
nang cao hi¢u qua truyén tai hinh anh chat lugng cao ciing nhur dam bao an toan thong

tin trong cac moi trudng mang khong day phirc tap va dé bi ton thuong.
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V& mat hoc thuét va thuc tién, luan an khong chi dé xuit mot giao thirc hi¢u qua
trong truyén anh ma con gop phan vao viéc nang cao do tin cy cta hé théng truyén
thong vo tuyén. Giao thirc SCR 1a minh ching cho su tich hop thanh céng giira cac
cong nghé hién dai nhu hoc sau (Deep Learning), md mang tuyén tinh ngu nhién
(RLNC) va k¥ thuat phén tap tin hiéu, tir d6 mé ra nhiéu huéng nghién ctru va g
dung méi trong linh vuc truyén thong thi giac, bao mat dit li¢u, va thiét ké cac hé

thong truyén thong thong minh thé hé moi.
5.2. HUONG PHAT TRIEN

Dua trén két qua nghién ctru vé giao thirc SCR trong chuong 3 va chuong 4 cua
lun an, cac két qua dat dugc phu thude vao nhiéu k¥ thuat cong ngh¢ trong xur Iy va
phan tich anh. M6t sé huéng nghién ctru tiém ning trong twong lai nhim mé rong va

nang cao hiéu qua cta giao thirc bao gom:
» Nghién ciru va danh gia cac phuwong phap ISR

K¥ thuat ting cuong d6 phan giai anh ISR ¢6 vai trd quan trong trong viéc ti uu
hoa bang thong truyén din va nang cao chét lugng hinh anh khoi phuc. Trong nghién
cuu hién tai, luan an da st dung phuong phap VDSR [40] dua trén mang CNN va hoc
sau. Tuy nhién, day chi 1a mot trong nhiéu phuong phap ISR kha dung. Huéng phat
trién tiép theo 1a thir nghiém va so sanh cac k¥ thuat ISR tién tién khac nhu: Theo
kién trac mang GAN 1a SRGAN (Super-Resolution GAN) [44], ESRGAN (Enhanced
SRGAN) [45] hodc Real-ESRGAN [111]. Theo kién triic mang “transformer” ¢ céac
phuong phap SwinIR (Swin Transformer for Image Restoration) [46], TTSR (Texture
Transformer Super-Resolution) [112], IPT (Image Processing Transformer) [113].
Viéc 4p dung da dang cac phuong phdp nay vao giao thirc SCR s€ gitp danh gid toan

dién hon vé hiéu qua cia giao thirc
> Nghién ciru k§ thuit hop nhit anh:

Giao thic SCR dua trén vi¢e hop nhét anh tir hai giao thuc SRT va SDT, do do,
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ky thuat hop nhét anh quyét dinh chét luong hinh anh khéi phuc. Trong lun an, k¥
thuat hop nhat don gian [73]. dua trén phuong phap chong va tron duoc sit dung. Tuy
nhién, c6 nhiéu phuong phap hop nhat anh khac d duoc nghién ctru, nhu cac ky thuat
dua trén phan tich tan sb, wavelet, hoic Deep Learning, duoc gi6i thiéu trong [114-
116]. Viéc nghién ctru va thir nghiém cac k¥ thuat hop nhét tién tién nay trong giao

thirc SCR s€ mo ra co hoi cdi thién dang ké chat luong anh khoi phuc.
> Ung dung hoc sau (DL) vao mi mang ngiu nhién tuyén tinh (RLNC):

Hoc sau (DL) da duoc tng dung rong rii trong nhiéu linh vuce nhu xtr Iy ngén ngir
tu nhién, thi giac may tinh, y khoa, va cac h¢ théng thong minh khac. Trong bdi canh
ma RLNC, vi¢c tich hgp DL c6 thé cai thién hiéu qua ma hoa va bao mat, dic biét
khi xtr 1y cac dir li€u da chiéu hodc phtrc tap. DL c6 thé duoc str dung dé t6i vu hoa
ma tran ma hda hodc phat trién cac chién lugc mé hoa thich ung dya trén dac tinh
kénh truyén. Viéc két hgp RLNC va DL trong giao thirc SCR 12 mot hudng nghién
ctru day trién vong, gitp cai thién ca hiéu suit khoi phuc anh va bao mat dit liéu trén

mang v tuyén.
> Dinh dang va kich thuéc dnh tac dong lén giao thirc

Anh huéng cta dinh dang anh va kich thudc anh dén cac chi s6 danh gia chat
lugng nhu PSNR va SSIM 1a mét huéng nghién ctru quan trong trong linh vyc truyén
thong thi gidc va xur ly anh. Tuong tac gitra dinh dang va kich thudc anh khi anh bi
nén trude hodc sau khi thay doi kich thudc, PSNR va SSIM c6 thé thay d6i khéac biét.
Céc nghién ctru vé danh gia su két hop giita cac dinh dang nén va cac ky thuat giam
kich thuéc anh. Nghién ctru phan tich cach cac dinh dang nén anh hudng dén két qua
cua céc thuat toan khoi phuc (restoration) nhu ting cuong do phan giai (Super-
Resolution).

Anh huéng cta dinh dang va kich thudc anh dén cac chi s6 danh gia chat luong
nhu PSNR va SSIM 1a mot chu dé nghién ciru quan trong trong linh vuc truyén thong
thi giac va xir 1y anh. Khi két hop dinh dang nén va ky thuat thay d6i kich thudc anh
PSNR va SSIM c6 thé bién d6i dang ké. Viéc nén anh trudc hodc sau khi thay doi

128



kich thudc tao ra su khac biét 16n trong két qua khoi phuc hinh anh. Diéu nay 1am ndi
bat tAim quan trong ctia cic nghién ctru danh gia sy két hop giita cac dinh dang nén
va cac phuong phap xu ly kich thudc anh. Hodc phan tich d4nh hwéng cia dinh
dang nén ddi véi cac thuat toan khdi phuc nhu ting cudng do phéan giai (SR). Cac
dinh dang khac nhau c6 thé tac dong dén kha nang tai tao chi tiét va do trung thuc
ctia hinh anh, tir 46 4anh hudéng dén chit luong tong thé duge do bang PSNR va SSIM.
Nhitng nghién ctru nay khong chi gitp cai thién hiéu suét cta cac giao thirc truyén
thong thi gidc ma con hd tro phat trién cac thuit toan toi wu héa dé ung dung trong

nhiéu linh vuc, tir y khoa dén giam sat an ninh va giai tri.
» Mirc d§ phirc tap cua giao thirc

Danh gid do phutc tap cta giao thuc cung vai hiéu suat truyén céc thong tin dicu
khién, bao gobm ma tran/véc-to ma hoa toan cuc va thong tin quan 1y chia sé anh chuan

giita cac tram hop phap, 1a mot huéng nghién ciru mé rong tiém ning trong tuong lai.

Nhitng huéng nghién ctru trén khong chi gop phan nang cao hiéu qua cua giao
thizc SCR ma con mé ra nhiéu co hoi tng dung trong cac linh vuc khac nhu truyén

thong thi gidc, bao mat thong tin va xir 1y dit liéu trén cac mang vo tuyén phtc tap.
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