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CHUONG 1: LY THUYET TONG QUAN

1.1. Giéi thiéu vé mang vé tuyén chuyén tiép
1.1.1. Khai niém vé mang chuyén tiép

Nhu chiing ta d biét, truyén dan trong théng tin vo tuyén thudng bi anh hudng
bdi nhiéu 1y do khach quan nhu thoi tiét hay dia hinh, ... 1am suy giam chat lugng tin
hiéu. Do tin hiéu dugc truyén tir may phat dén may thu theo nhiéu dudng nén giy ra
hién twong Fading dan dén chét luong bi giam di 1a khong thé tranh khoi. Vi vay k¥
thuat chuyén tiép da duoc ra doi voi muc dich giai quyét cac van dé dé bang cach

ding cac nit trung gian & giita dé chuyén tiép tin hiéu.

Mang chuyén tiép [1] 1a su két hop ciia cac lién két ngan voi nhau dé c6 thé
phu séng duge mot khu vyc rong 16n bang cach st dung thiét bi chuyén tiép trung

gian (Relay) giita tram goc (Base Station: BS) va may thu (Mobile Station: MS).

Mot mang chuyén tiép co ban thuong bao gém ba thanh phan chinh, d6 14 nat
ngudn (Source), nut chuyén tiép (Relay) va nat dich (Destination). Mdi nut s& c6 mot
vai tro khac nhau. Nut nguén la nat gui dir ligu dén nut dich, va mudn c6 thé dén duogc
nut dich thi nut ngudn phai gui dit liéu thong qua cac nat chuyén tiép. Cac niit chuyén
tiép luc nay s& co nhiém vu chuyén tiép dir lidu tir nit ngudn giri dén. Nut chuyén tiép
c6 thé sir dung k¥ thuat khuéch dai va chuyén tiép (Amplify-and-Forward - AF) [2]
hoic k¥ thuat giai ma chuyén tiép (Decode-and-Forward - DF) [2]. Trong k¥ thuat
chuyén tiép DF, nat chuyén tiép s& giai ma dir liéu nhan duoc tir nat ngudn, sau do
tién hanh ma hoéa lai va giri dén nut dich. Nguoc lai, nat chuyén tiép trong phuong
phap AF chi don gian khuéch dai tin hi¢u nhan dugc tir ngudn va chuyén tiép tin hicu
di. Mac du phuong phép DF phitrc tap hon phuong phap AF, tuy nhién, phuong phap
DF loai bé dugc nhidu tai nit chuyén tiép, va do d6 tranh dugc su tich liy nhidu ¢
nut dich. Cudi ciing, nut dich s& giai ma tin hiéu nhan dugc tir nat chuyén tiép (trong
mét s6 truong hop, nut dich con cod thé nhan duoc tin hiéu tir nat nguén va cling c6

the sir dung tin hi¢u tir nguon dé giai ma di licu).



1.1.2. Ky thudt khuéch dai chuyén tiép
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Hinh 1. 1: K§ thuit khuéch dai va chuyén tiép AF.

Khuéch dai va chuyén tiép hay con goi chuyén tiép twong tu (analog relaying)
[2]-[3] 14 mot phuwong thirc chuyén tiép tin hiéu don gian. Nhu tén goi, nat chuyén
tiép trong phuong thirc khuéch dai va chuyén tiép chi don gian khuéch dai tin hi¢u

ma nhan dugc trude khi chuyén tiép vé nut tiép theo.

Mo hinh hé théng khuéch dai va chuyén tiép bao gdm mot nat ngudn (S), mot
nut chuyén tiép (R) va mot nat dich (D) nhu trinh bay & Hinh 1.1. Qua4 trinh truyén
tin tir nt S vé nat D sé& dién ra trong hai khe thoi gian truc giao, khe thoi gian dau s&

danh cho ching 1 tir S dén R va khe thir 2 s& danh cho ching 2 tir R dén D.
Goi hg, va hy, lan luot 13 hé sé kénh truyén fading cua ching 1 va ching 2,

tin hiéu nhén tai nat chuyén tiép nhu sau:
yR:\jf%hSRxS_l_nR’ (1.1)
trong do x; la tin hi¢u diéu ché tai ntit ngudn S, P, 1a cong suat phat ctia ngudn S; va
My 1a nhidu Gauss tring cong tinh (Additive White Gaussian Noise - AWGN) tai niit
chuyén tiép R. 7y 1a bién ngau nhién c6 phan phéi Gauss voi gia tri trung binh bang
\ "
0 va phuong sai Oy .

Tiép dén, nut chuyén tiép R s& thuc hién khuéch dai tin hiéu nhan duge, va
chuyén tiép tin hi€u nay vé nat dich D. Tin hiéu nhan dugc tai nut dich D dugc viét

nhu sau:



Vo =Gyh, + 1y, (1.2)
trong d6, G 1a h¢ s6 khuéch dai, va 7, 14 AWGN tai nt dich D c¢6 gié trj trung binh
bang 0 va phuong sai o.-

Goi B, 1a cong suat phat ctia ntit chuyén tiép R, va dé dam bao nit chuyén tiép

phat v&i mirc cong suit nay, ta co:
2
B :E{| Gyy |2} = GzE{b’R‘ }
, . (1.3)
=G (B[ +07)

Vi vay, hé s6 khuéch dai G duoc thiét 1ap nhu sau:

G- B »
PS|hSR| +0,

Str dung cong thuc (1.4), ty s6 SNR (Signal-to-Noise Ratio) toan ching
(S— R — D) dugc tinh nhu sau (xem trong cac tai liéu [2]-[3])

e2e __ 7/17/2 15
A 71+72+1. (1>

Trong cong thirc (1.5), 7, va 7, lan lugt 1a SNR ciia ching thir nhat (giira S va

R) va chang thtr hai (giita R va D), cu thé:

Pl [ Pl I
%=—S‘ ‘ZR‘ 7y = d Z‘D‘ . (1.6)
0, 0,

Uu diém cua ky thuat AF 1a don gian, dé trién khai, nat chuyén tiép xu ly
nhanh. Nhugc diém cua ky thuat AF la phén nhiéu ciing s& duoc khuéch dai tai nat
chuyén tiép dan dén 1a s& phirc tap trong viéc giai diéu ché tai nut dich. Néu thyc hién
viéc chuyén tiép qua nhiéu ching mirc thi nhidu s& tich liy tai nit dich, 1am giam

SNR nhan duoc tai nut dich.



Do d6, luan vin nghién ciru 4p dung k¥ thuat giai ma va chuyén tiép (DF) cho

cac niit chuyén tiép dé tranh sy tich liiy nhiéu trong qué trinh chuyén tiép dir lidu.

1.1.3. Ky thudt gidi ma chuyén tiép

K¥ thuat giai ma va chuyén tiép DF con goi 1a chuyén tiép sb (Digital
Relaying) [2], [4]. Tuwong ty nhu Hinh 1.1, ta xem xét hé thong gdm hai ching nhu
trong Hinh 1.2. Thuat todn giai ma va chuyén tiép dugc mo ta ngin gon nhu sau:
trong khoang thoi gian thir nhét, nat ngudn phét tin hi¢u ciia né dén nut dich va nut
chuyén tiép. Trong khoang thoi gian thir hai, nut chuyén tiép thyc hién giai diéu ché
va giai ma tin hi¢u nhan duoc tir nut ngu@)n, sau d6 ma hoa lai va phat lai tin hi€u téi

nut dich.

Hinh 1. 2: K¥ thuit giai ma va chuyén tiép DF.

Vé mat k¥ thuat, kiéu AF don gian hon nhung doi hoi nat chuyén tiép co du
b6 nhd dé luu trir cic mAu tin hiéu thu trude khi thuc hién khuéch dai va chuyén tiép.
Trong khi d6, kiéu DF lai ¢6 vu diém 14 thich hop cho cac hé thong s6 c6 s dung ma
hoa. Tuy nhién, tai ving ty s6 tin hi¢u trén nhiéu cao tai may thu dau cudi thi hi¢u

nang cta hé théng dung hai kiéu xur 1y tin hi¢u nay 1a hoan toan nhu nhau.

Vé6i k¥ thuat DF, hiéu ning cta toan hé théng sé& anh hudng bdi ching yéu
nhat trong mang. Do d6, ty s6 SNR toan ching cia k¥ thuat nay duoc tinh nhu sau:

(xem [2], [4])

e2e

7 br :min(71a72)> (1.7)

trong do, y, va y, dugc dua ra trong cong thurc (1.6).



Uu diém cta k¥ thuat DF 1a dé dang tich hop vao hé thong sd, nhiu duoc loai
b6 tai nut chuyén tiép. Tir cac cong thirc (1.5) va (1.7), ta co thé ching minh duoc
rang ty s6 SNR toan ching ctia md hinh chuyén tiép DF ludn tot hon mo hinh chuyén

tiép AF. That vay,

e2e Ny Ny Ny
A2F: V2 o Nl 172

: 2e
=min(y,,7, )= Vo - (1.8)
ntr+l y+y, max(y,.7,) (ro72) =75

O chiéu nguoc lai, nhuge diém cua ky thuat DF 13 d6 tré 16n do k¥ thuat nay
s& phirc tap hon so voi ki thuat AF vi nat chuyén tiép phai thyc hién cac bude xir Iy
tin hiéu phic tap hon. Quaé trinh giai diéu ché c6 thé bi sai va niit chuyén tiép co thé

chuyén tiép tin hiéu sai dén nut dich.
1.2. Gi6i thiéu vé truyén thong cong tic

Mo hinh truyén thong cong tac (cooperative communication) thong thuong
cling c¢6 ba nat: mot nut ngudn, mot nat chuyén tiép va mot nat dich. Piém khac biét
chinh giita m6 hinh truyén thong cong tac va mo hinh chuyén tiép thong thuong &
chd: mo hinh truyén thong cong tac khai thac dudng lién két truc tiép gitra ngudn va
dich [5].

S

Hinh 1. 3: M6 hinh truyén thong cong tac.

Hoat dong ctia md hinh truyén thong cong tac ciing bao gdm hai pha. Trong
pha dau tién, ngudn gui dit liéu dén nat chuyén tiép va dich D. Sau d6, nat chuyén
tiép s& xir 1y dit liéu nhan dugc, va chuyén tiép dit liéu nay dén dich trong pha thir hai
theo phuong phap DF hodc AF. Sau hai khe thoi gian, niit dich c6 thé nhan duoc hai

phién ban khac nhau cua tin hi€u nguon. D€ nang cao kha nang giai ma dir li¢u, nut



dich D ¢6 thé sir dung cac ky thuat két hop nhu két hop chon Iya SC (Selection
Combining) [6], két hop ty 1& t6i da MRC (Maximal Ratio Combining) [6] hay két
hop can bang d6 loi EGC (Equal Gain Combining) [7].

Tuy nhién, ta c6 thé thdy rang truyén thong cong tac thong thuong khong dat
duogc hiéu qua phd boi hé thdng phai mat hai khe thoi gian dé truyén dan chi mot goi
dir liéu dén dich. Do d6, dé nang cao hiéu qua pho cho viéc trién khai mo hinh truyén
thong cong tac, giao thirc truyén thong cong tac ting cudng (incremental relaying
protocol) da duoc dé xuat. Qua trinh hoat dong cta giao thirc ndy dién ra nhu sau:
dau tién, ngudn S quang ba dit liéu dén dich va nat chuyén tiép. Sau khi nhan dugc
dir liéu tir nguon, ca dich va nit chuyén tiép tién hanh giai ma dir liéu. Néu dich co
thé giai ma thanh cong dir liéu, dich s& giri mot thong diép ACK dé thong bao, va
trong trudng hop nay, nat chuyén tiép s& khong can giri dir liéu dén dich nira (xem
Hinh v& 1.4). Do d6, truyén thong cong tac ting cuong chi can sir dung mot khe thoi
gian truyén dit liéu khi kénh truyén giita ngudn S va dich D t6t. Hon nira, ki thuat
truyén thong cong tac ting cudng ciing khong yéu cau sir dung ky thuat MRC tai nat
dich do kénh truyén giita ngudn va dich khong tbt khi nit chuyén tiép R duoc yéu
cau hop tac.

—_ — —_

Hinh 1. 4: M6 hinh truyén thong cong tic ting cwong: dich gidi ma thanh cong dir

liéu & khe thoi gian dau tién va phan héi bang thong diép ACK.



Trong trudng hop nut dich khong thé giai ma thanh cong dir liéu ngudn, nut
dich s& giri mot thong diép NACK dé thong béo tinh trang, va trong trudng hop nay,

nut chuyén tiép R s& duoc sir dung dé guri dir liéu dén dich D (xem Hinh v& 1.5).

Hinh 1. 5: M6 hinh truyén théng cong tic ting cwong: dich khong giii ma thanh cong
dir liéu & khe thoi gian diu tién va phan hdi bang thong diép NACK dé yéu ciu sy
gitip do tir mit chuyén tiép.

Tom lai, trong truyén thong cong tac ting cudng, néu kénh truyén giita nguon
va dich du tot thi hé thong s& hoat dong nhu mé hinh truyén tryc tiép va khong can
su tham gia cia nat chuyén tiép nita. Nguoc lai, khi kénh lién két truc tiép khong tt,
nut chuyén tiép s& dugc str dung dé gui dit liéu ngudn dén dich. V& mat hiéu qua pho,
r& rang rang mo hinh truyén thong cong tac ting cudong nang cao hidu qua st dung
pho tan khi so sanh véi truyén thong cong tac ting cuong.

1.3. Chuyén tiép da ching
1.3.1. Gidi thiéu vé ky thudt chuyén tiép da ching

Dua vao sé chang (Hop) gitta nit ngudn va nit dich ta ¢ thé phan loai k¥
thuat chuyén tiép: chuyén tiép hai chang (Two-hop relaying hay dual-hop relaying)
[2]-[5], va chuyén tiép da ching (Multi-hop relaying) [8]-[10]. Ngoai ra, ta c6 thé
phan loai mang chuyén tiép thanh: chuyén tiép don hudng (one — way relay) va
chuyén tiép song hudng (two — way relay). Cudi cung, dua vao k¥ thuat xir Iy ¢ nut
chuyén tiép ma ta phan loai mang giai ma va chuyén tiép (DF: Decode and Forward)

hay khuéch dai va chuyén tiép (AF: Amplify and Forward).



Trong k¥ thuat AF da duoc nhic dén trong muc 1.1.2, nat chuyén tiép nhan
tin hiéu tir ngudn s& khuéch dai tin hiéu nhan dugc va guri dén nut ké tiép. Trong k¥
thuat AF nay, nuat chuyén tiép s€ khong giai ma tin hi¢u nhan duoc va nhu vay, khi

khuéch dai tin hiéu nhan dugc s& khuéch dai ludn nhidu chira trong tin hi¢u [2].

Trong k¥ thuat DF [2] d4 dugc nhac dén trong muc 1.1.3, nit chuyén tiép sau
khi nhan tin hiéu ngudn sé& giai ma dén tin hiéu gdc, réi ma hoa lai trudc khi chuyén
dén nut ké tiép.

1.3.2. Mang chuyén tiép da ching

Mo rong chuyén tiép hai ching v&i nhiéu nat chuyén tiép, ta s& c6 mo hinh
chuyén tiép da ching nhu trong Hinh 1.6. Twong ty nhu chuyén tiép hai ching, cac
nat chuyén tiép c6 thé sir dung ky thuat AF va DF dé chuyén tiép dit liéu dén ching
ké tiép hodc chuyén tiép dén dich. Tuy nhién, sy chuyén tiép da ching sé& gia ting
thoi gian tré va c6 thé nang cao do phire tap khi xtr Iy dit liéu tai cac nut chuyén tiép
trung gian. Mt khac, chuyén tiép da ching sé& thich hop cho cac nut ty quan bdi cong

suét phat han ché cua thiét bi, khodng cach xa gitra nguén va dich.

s (®)—(®)—(®)—p

Hinh 1. 6: Mang chuyén tiép da ching: sir dung nhiéu niit chuyén tiép trung gian.

1.4. Gi6i thiéu vé k¥ thuit thu thap ning lwong séng vo tuyén
1.4.1. Thu thap nang lugng la gi?

Ngay nay do su gia ting nhanh chong cua céc thiét bi vo tuyén, xuat phat tir
nhu ciu ngay cang ting cua nguoi dung, van dé nang luong s& tro nén cap thiét khi
xét dén céc thiét bi nhé nhu dién thoai di dong, cac thiét bi cam bién,...B6i vi su han
ché vé nguodn ning luong, cling nhu viéc hoat dong thudng xuyén lam ning luong
clia cac thiét bi ndy suy giam mot cach nhanh chéng, do d6 rat ngan thoi gian song

cua cac mang hoat dong dua trén cac thiét bi nay. Khi sb lugng cac thiét bi rat 16n, va



duoc trién khai ¢ nhitng khu vyc c6 dién tich rong, viéc nap nang lugng cho cac thiét
bi 1a mot bai toan can duoc giai quyét. Néu st dung ngudn dién luéi di duoc chinh
lru va ha ap thi ntit cam bién s& dugc cAp ngudn 6n dinh, nhung lai mét di tinh “khong
day”. Hon nita, khi trién khai cac thiét bi & khu vuc héo lanh hodc ¢ dia hinh khic
nghiét, viéc lép dat mot co sé ha tﬁng dé cép nguén cho cac thiét bi s& khong kha thi.
Mot giai phap khac duge xem xét d6 14 cac thiét bi co thé duoc cap nang luong bang
pin, tuy nhién viéc thay pin dinh ky cho mot sé luong 16n céc thiét bi ciing 1a mot bai
toan nan giai. DA c6 rat nhiéu nghién ciru ca vé phan ctmg 1an phin mém nham ting
hiéu qua str dung ning luong cua cac nit khéng day nhung di c6 giam cong suat st
dung di bao nhiéu, ting thoi gian sir dung pin 1én bao lau di nira thi dén mét lac nao

d6 ning luong du trit cuia pin van can kiét va nit cam bién s& ngimg hoat dong.

Pé giai quyét bai toan nang luong, ngoai cac phuong phap hiéu qua nang lugng
nhu céc thiét ké hiéu qua ning lugng & 16p MAC, thiét ké cac ché do hoat dong hop
1y (nhu active, sleep, stand by),...mot giai phap hiéu qua khac dé duy tri ngudn ning
luong cho céac thiét bj d6 1a thu thap ning luong tir bén ngoai (Energy Harvesting).
Vi¢c thu thdp nang lugng co thé dén tur nang lugng mat troi, ndng lugng gid, nhiét
dién, tiéng 6n 4m thanh...Tuy nhién, ciing can luu ¥ rang, can c6 sy hop tac giira cac
thiét ké hiéu qua nang luong va cac ki thuat thu thap ning lugng. N6i cach khac, viéc
t61 wu nang lugng phai dugc thyc hién & ca cip d6 phan ctng va phan mém, két hop
nhiéu phuong phap va giai phap khac nhau. Hé théng thu thap nang luong cho phép
cac thiét bi thu thap nang lugng tr mat troi, dd rung, gio, hi€u ung nhiét di¢n va moi
truong vo tuyén dién va chuyén ching thanh ning luong dién. Cac anten trong thiét
bi cling c6 thé thu thap ning luong tir ning luong tan sb vo tuyén, nang luong nay s&

chuyén thanh niang lugng mot chiéu cung cap cho thiét bi.

1.4.2. Thu thap ning hrong séng vo tuyén (Radio Frequency Energy
Harvesting)
Khac v6i ngudn ning luong tir mit troi, gié phu thudc rat nhidu vao moi

truong, thu thap nang lugng tan s6 vo tuyén (RF) c6 thé dat dugc sy 6n dinh cao hon
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(khong phu thudc nhiéu vao mdi truong xung quanh). That vay, thu thap ning luong
song vo tuyén [11]-[14] chi yéu ciu mot hodc nhiéu ngudn phét séng vo tuyén on
dinh. Hon nita, viéc tich hop gitta truyén thong tin va thu thap ning lugng c6 thé duoc
thuc hién dong thoi qua viée phat song vo tuyén. Pay chinh 1a vu diém cua thu thap

nang luong séng vo tuyén cho cac thiét bi truyén thong vo tuyén.

s 4 &S

-;)) information energy

Hinh 1. 7: Thu thap ning lwong séng vo tuyén.

Ta xét mo hinh thu thap nang luong séng vo tuyén nhu sau: mot thiét bi vo
tuyén B thu thap ning luong tir mot thiét bi vo tuyén A. Trong thyc té, A c6 thé 1a
mot tram géc co nguén nang lugng 6n dinh, trong khi A 1a mét thiét bi vo tuyén co
ngu@)n nang lugng hitu han nhu dién thoai di dong, thiét bj cam bién, v.v. Ngu@)n A
s& phat tin hiéu v6 tuyén dé B c6 thé thu thap nang lugng tir séng vo tuyén nhan dugc
tir A. Gia sir thoi gian thu thap nang luong 1a T, thi nang lvong ma B ¢ thé thu thap
duoc s€ 1a (xem [11]-[14])

O, =nTP, | hy, I, (1.9)

trong do, n(0<n<1) 13 hiéu suat chuyén dbi nang luong, P, 1acong sudt phat cua

nit A, h,, 1a hé sé kénh fading gitta hai nat A va B, va | &, , |* 12 d6 loi kénh.

1.5. Cac nghién ciru lién quan va 1y do chon dé tai
1.5.1. Ly do chon dé tai

Nhu d3 trinh bay ¢ phan trén, chuyén tiép 13 k¥ thuat hiéu qua duoc st dung
trong cic mang truyén thong vo tuyén nham mé rong ving phi séng cho mang, nang

cao do tin cay cua viéc truyén dir li€u (khi so sanh véi viéc truyén truc ti€p ¢ khoang
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cach xa), giam cong suat phat ctia cac nat phat (do truyén dit liéu & khoang cach
ngan), chong lai fading kénh truyén va suy hao duong truyén, ... Pic biét trong cac
hé thdng mang khong c6 co s& ha ting phuc vu (non-infrastructure networks) nhu
mang cam bién khong day (Wireless sensor networks) [15], mang adhoc di dong [8]
(Mobile adhoc networks),... cdc nit mang bi gidi han vé nang lugng, kich thudc, kha
nang luu trit va tinh toan. Do d6, chuyén tiép duong nhu 13 phuong tién khong thé
thiéu trong céc loai hinh mang nay. Thong thudng, mot tuyén giira nguén va dich s&
duoc thiét 1ap, va dir liéu ngudn sé& duoc guri dén dich theo timg ching trén tuyén da
chon. Tuy nhién, dudi sy 4nh huéng ctia nhiéu, dic biét 1a fading kénh truyén, hiéu
ning ctia mang chuyén tiép da ching s& bi suy giam nghiém trong. Pé nang cao hiéu
ning cho mang chuyén tiép da ching, cac k¥ thuat chuyén tiép da ching st dung
truyén thong cong tac da duoc dé xuat. Trong cc cong trinh [16]-[17], cac tac gia dé
xudt cic md hinh truyén hop tac hiéu qua, trong d6 cac nat ¢ phia sau ¢d gang nhan
dir liéu tir cac nat phét ¢ phia trude dé nang cao kha nang giai ma dit liéu dudi su tac
dong cua fading kénh truyén. Tuy nhién, cic k¥ thuat dé xuét trong [16]-[17] c6 do
phtc tap rat 16n do yéu cau sy dong b cao gitta tat ca cac nit trén tuyén. Cac tac gia
clia cac cong bd [18]-[19] dua ra md hinh chuyén tiép cong tac don gian hon, trong
do truyén thong cong tac duogc sir dung tai moi ching dé nang cao dg tin cay cua viéc

truyén dir liu tai moi chang.

Ning lugng ciing 1a mot van dé then chdt cho cac mang khong c6 co sé ha
tang phuc vu khi sd lugng nit trong mang ngdy cang 1én trong khi thiét bi lai bi gi6i
han vé nang luong. Hon thé nita, khi sb lugng nat mang qua 16n, viéc cung cép nang
luong theo cac phuong phap truyén thong nhu thay pin, dung ngudn dién ¢ dinh dé
sac pin, v.v. 1a khong hiéu qua. Gan day, thu thap ning lugng séng vo tuyén (Radio
Frequency Energy Harvesting (RF-EH)) [20]-[21] da nhan dugc sy quan tdm dac biét
ctua cac nha nghién ctru trong va ngoai nudc. Khac véi cdc phuong phéap thu thap
nang luong khac, k¥ thuat RF-EH c6 thé vuot qua dugc mét sb diéu kién khach quan
ctia moi trudng nhu ngay va dém, diéu kién thoi tiét. Hon nita, k§ thuat RF-EH chi

can yéu cau mot hodc nhiéu ngudn phat séng vo tuyén 6n dinh. Viéc tich hop gitta
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truyén thong tin va thu thap niang luong c6 thé duoc thuc hién ddng thoi qua viéc phat

song vo tuyén ciing 1a mot vu diém cia ki thuat RF-EH.

Trong luan vin nay, hoc vién nghién ctru mang chuyén tiép da ching sir dung
ky thuat RF-EH tr mot tram phat song vo tuyén trong mang. Hon nita, mé hinh
chuyén tiép da ching st dung truyén thong cong tic ting cuong (incremental
cooperative communication) tai mdi ching ciing duoc 4p dung dé nang cao hiéu qua

truyén dir liéu tir ngudn dén dich.

1.5.2. Cac nghién cvru lién quan
Theo sy hiéu biét tot nhat cua Hoc vién, chua co cong bd nao nghién ciru vé
mang chuyén tiép da ching st dung truyén thong cong tac ting cuong tai mdi ching

trong hé thong thu thap niang luong séng vo tuyén.

Trong bai bao [8], [19] va ludn van [22], cac tac gia sir dung truyén thong cong
tac tai mdi chiang dé nang cao hiéu ning cho mang truyén théng vo tuyén thong
thuong. Tuy nhién, cac tai li€u nay khong nghién ctu k¥ thuat thu thap ning luong
song vo tuyén, cu thé cac thiét bj phat c6 thé str dung mirc cong suat ti da dé truyén
dir liéu. Khac véi cac cong trinh [8], [19] va luan vin [22], dé tai nghién ctru k¥ thuat
thu thap ning lugng ma trong d6 cac niit phat phai thu thap ning luong mot nguon

v0 tuyén co dinh, va st dung nang lugng nay dé truyén dir licu.

Céc cong trinh [21] va [23] nghién ctru mang chuyén tiép da ching sir dung
RF-EH tir tram phat song (Power Beacon). Tuy nhién, cac tac gia cua cac cong trinh
nay chwa dé xut mo hinh chuyén tiép cong tic dé nang cao hiéu niang cho hé thong.
Cu thé hon, cac md hinh trong [21] va [23] xem xét sy truyén dir lidu truc tiép trén
moi chang. Tuy nhién, khi sy truyén dir liéu trén mot chang nao d6 khong thanh cong
thi dir liéu ctia ngudn khong thé dén dich duoc. Do do, dé tai nay dé xuat ap dung k¥
thuat truyén thong cong tac ting cuong tai mdi ching dé nang cao dJ tin cay cua viéc
chuyén tiép dit liéu trén mdi ching, va vi thé cling nang cao xac suét dit liéu dat dén

dich thanh cong.
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Cong trinh [17] va luan van [24] dé xuat md hinh chuyén tiép da ching cong
tac cho cac mang chuyén tiép st dung k¥ thuat RF-EH tir tram phat song. Khac véi
cac dé tai nay, cac cong trinh [17] va [24] nghién ctru k¥ thuat chuyén tiép cong tac
giita cac nat trén mot tuyén gitra ngudn va dich. Tuy nhién, mé hinh chuyén tiép cong
tac nay rat phic tap do cac nit trén tuyén phai ddng bd chit ché véi nhau. Do d6, mo
hinh duoc dé xuat trong ludn vin s& dé dang thuc thi trong thuc té boi chi yéu cau sy

ddng bo trong viéc phdi hop truyén dit liéu trén mdi ching.



14

CHUONG 2: MO HINH HE THONG

2.1. Mb hinh chuyén tiép da ching thong thuong (MH-DT)

B

Hinh 2. 1: M6 hinh chuyén tiép da ching thong thwong sir dung ngudn ning lwong

séng vo tuyén.

Hinh 2.1 m6 ta mo hinh chuyén tiép da ching thong thuong (MH-DT: Multi-
Hop scheme using Direct Transmission), trong d6 ngudn T, giri dit liéu ctia minh dén
dich T, thong qua sy gitip 4o cua cac nut chuyén tiép trung gian, ky hiéu: T,, T,,
o T . Sy thiét lap tuyén gitta nguén va dich dugc thuc hién tai 16p mang theo cac
giao thic pho bién chang han nhu AODV (Ad-Hoc On-Demand Distance Vector)
[25], DSR (Dynamic Source Routing) [26]. Gia st rang K >1, bdi vi nit ngudn T,
khong thé truc tiép giri tiép gui dit liéu dén dich T, do khoang cach xa va do boi gioi
han cong suat phat. TAt ca cac nit trong mang déu chi c6 mot anten va hoat dong &
ché do6 ban song cong (half-duplex). Do d6, viéc truyén dir liéu gitta ngudn va dich
dugc thuc hién thong qua K khe thoi gian truc giao, theo ky thuat da truy nhap phan

chia theo thoi gian (TDMA).

Béi vi cac nut trong mang bi gidi han vé mat nang luong, hé théng trién khai
mot tram phét vo tuyén B trong mang dé cung cip ning lugng vo tuyén cho cac nut
mang. Dé tranh nhidu dong kénh giira viéc truyén dir lidu va truyén nang luong, tin
sO str dung cho viéc thu thap nang lugng song vo tuyén s& khac voi cac tan s truyén

d@r liéu dugc str dung trong hé théng.
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Gia st tong thoi gian cho viée truyén mot dit liéu giita ngudn va dich 1a L. Vi
vay, thoi gian duoc phan bod cho mdi khe thoi gian 13 -~ — 7/ &. Xét viée truyén dir
liéu ¢ khe thoi gian thir £ (k =1,2,...,K ) nhu duge mo ta trong Hinh 2.2, trong d6 nat
T, _, thu thap nang luong vo tuyén tir nut B, va st dung ngudn ning luong nay dé

phét dit li¢u cia ngudn dén nat T, .

Hinh 2. 2: Sy truyén dir liéu & khe thoi gian thir k& trong md hinh MH-DT.

Do tong thoi gian duoc phan bd trong khe thoi gian thi & 14 7, mot phan thoi
gian ar duoc dung dé T, , thu thap ning luong tr tram B, va khoang thoi gian con
lai (1—a)7z dugc dung dé nat T, | g dit liéu dén nat T, (xem Hinh 2.3 bén dudi).
Tuong ty nhu cong thirc (1.9), nang lwong ma nat T, | thu thap dugc trong khoang

thoi gian a7 dugc tinh nhu sau:

Oy =narh | hy [, 2.1
trong d6, 7 1a hiéu suét chuyén doi nang lugng, a(0<a<1)lahé s6 phan bo thoi
gian (1a mot thong s6 hé thdng duoc thiét ké trude), P, 1a cong suat phat ctia ngudn
nang luong B, 7, 1ahé s0 kénh fading gitta hai ntt B va T,_,, va | hyr ? 1a do

lgi kénh tuong Gng.
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Pha 1 Pha 2
ar (1 — 0()2'
B—>T, T.,—>T,

Hinh 2. 3: Hai pha trong khe thoi gian thir k£ trong mé hinh MH-DT: (Pha 1) T, , thu
thip ning lwgng tir B; va (Pha 2) T, | giri dir li¢u dén T,.
Gia srnat T, | st dung toan bo nang lugng thu thap duoc dé truyén dit liéu dén

T, cong sudt phat trung binh ctia nut T, , duoc tinh nhu sau:

O nathy|hy [

P = =
o(l-a)r (1-a)r (2.2)
= ub, Prr, >
v6i @y =By " va
o
py =1 (23)
-

Xét pha 2 (pha truyén dit li¢u), tin hi¢u nhan dugc tai ntit T, 1a:

yTA - \ QTk—l th—lTk xTo + nTk > (24)
voi Xy 1a dit liéu ctia nat ngudn, by x la hé s kénh fading giira hai nit T, ,vaT,

va n, la nhiéu AWGN véi gid tri trung binh bang 0 va phuong sai o, (giasu tat ca
céc nhidu AWGN trong luan van déu c6 gia trj trung binh bang 0 va phuong sai o)

Tur cong thirc (2.4), ty s6 SNR dat duoc 1a:

2
— QTk-l th-lTk _ QTk—l ¢Tk—lTk o)
7/Tk—lTk - 02 - 62 > ( 5)
0 0

2
» | 1.6 li kénh.
1%k

Vol wTk—lTk - th
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Thay cong thirc (2.2) vao cong thuce (2.5), ta dat cong thirc (2.6) nhu sau:

ka—lTk -

,UPB¢BTH P11,
2
)

= /ulA(pBTA,1 Pr, 1> (2.6)
véi A=PR,/o}. laty s6 gilta cong suat phat ciia ngudn B va cong suat ciia nhidu
AWGN, con duge goi 13 ty s6 SNR phat (transmit SNR).

Hon nita, dung luong kénh gitta hai nat T, | va T, s€ la:

DT

Cr'r, (1-a)rlog, (1 + ¥y 1 )

2.7)

(1 - a)Tlogz (1 + lulAqoBT,H Pr 1, )

2.2.  Mb hinh chuyén tiép da ching sir dung truyén thong cong tac (MH-
CO)

Hinh 2. 4: M6 hinh MH-CC.
Pé nang cao hiéu qua chuyén tiép dit lidu tai tirng ching, truyén thong cong tac
duoc st dung tai mdi ching. M6 hinh nay c6 tén la MH-CC (Multi-Hop relaying

using Cooperative Communication).
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Hinh 2. 5: Sy truyén dit liéu & ching thi k trong md hinh MH-CC.

Hinh 2.4 v& mé hinh MH-CC, trong d6 nguén T, mubn giri dit liéu dén dich
T, sirdung tuyén da duoc thiét lap, voi (K-1) nut trung gianla T, T, , ..., T, ,. Mo
hinh MH-CC sir dung cac nut chuyén tiép bén ngoai tuyén giita ngudn va dich dé
nang cao do tin cay cua viéc chuyén tiép dir liéu tai mdi ching. Gia sir rﬁng mat do
nat mang 16n (nhu mang cam bién v tuyén, mang adhoc, ...) @ mdi chang trén tuyén
gitta ngudn va dich luén cé nit chuyén tiép sin sang hd tro viéc truyén dir licu.

Xét viée truyen dit lidu ¢ khe thoi gian thtr k(& =1,2,..., K ) nhu duge md ta
trong Hinh 2.5, trong d6 nut T, | gui di¥ liéu cua ngudn dén nat T, v6i sy cong tac
ctia nat chuyén tiép R .- Nut chuyén tiép R , cling thu thap nang lugng tir tram B va
sir dung niang luong nay dé chuyén tiép dir liéu giup nat T, ,. Hon nita, nat T, co

thé sir dung k¥ thuat MRC dé két hop céc dit liéu nhan dugc tir T, va T, .

Pha 1 Pha 2 Pha 3

ar |(1-a)r/2|(1-a)r/2
B->T , T,—->T R, =T,
B—>R, T.,—R,

Hinh 2. 6: Ba pha trong khe thoi gian thir £ trong mo hinh MH-CC.

Tuong ty nhu MH-DT, thoi gian dugc phan bo cho mdi khe thoi gian 1a

r = L/ K. Tuy nhién, téng thoi gian 7 s& duoc phan bd vao ba pha nhu trong Hinh



19

2.6. Cu thé, trong pha 1 (v6i thoi gian a7 ), cac nat T, | va R, thu thip ning luong
tir tram B. Trong pha 2 (v61 thoi gian (1— )7z /2), nat T, s dung nang lugng thu
thap trong pha 1 dé giri dit liéu dén cac nut T, vaR,. Cudi cung, néu nut chuyén tiép
R, co thé giai ma thanh cong dir li¢u nhan dugc, nat nay s€ chuyén tiép dit liéu dén
T, trong pha 3 (v6i thoi gian (1—a)z/2). Thém vao do, T, s€ sir dung ky thuat
MRC dé két hop céc tin hi¢u nhén dugc tircacnut T, |, va R . Chay réng dé so sanh
cong bang gilta mo hinh MH-DT va MH-CC, thoi gian thu thap nang luong trong hai
mo hinh ndy can gidng nhau (ar), tiché sO o trong hai mo hinh nay 1a bang nhau.

Tuong tu cong thirc (2.1), ndng luong ma cac nat T, , va R, thu thap duoc

trong pha 1 lan lugt la:
2 2
QTk—] =nark, ‘hBka1 | aQRk =nark, ‘hBRk 5 (2.8)
trong do, 4, lah¢ s kénh fading giita hai nat Bva R, va | N, I” 1a do loi kénh.

Do d6, cong suat phat trung binh cua cac nut T, , va R, trong pha 2 va 3 s€

la:
o
P =——" _—yPop 2.9
Ty (1 _ 0{)2’ / o) :uz B(DBT,H ( )
O,
B, =————=,Rpy , (2.10)
(1-a)r/2
2
VOl Py, =|fi, | 18 40 1o kenh, va
nar _ 2na @.11)

02 1-a

Tiép dén pha 2, tin hiéu nhan duogc tai cac nit T, va R, lan luot 1a:

ZTk - \’QTk—l th—lTk xTo + nTk ’ (2 12)
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Z, =JOr, T X, e, (2.13)
Vo1 by 12 hé s6 kénh fading gilta hainit T, , va R,, va My, 1a nhiéu AWGN tai
R, 6 gia tri trung binh bang 0 va phuong sai o
Két hop cac cong thic (2.9)-(2.13), céc ty s6 SNR trén cac lien két T,_, — T,

va T, — R, s& lan luot la:

_ Hy PB ¢BTk—I ¢Tk—lTk

7/Tk—lTk - 2 = luquDBT,H ¢Tk—]Tk ) (2 14)
Oy

B Qs Or g,
2

7Tk—1Rk o

= APy Pr & - (2.15)
)

Tur cac cong thuc (2.14) va (2.15), cac dung lugng kénh ture thoi cua cac lién

két T, , > T, va T_, — R, dugc tinh nhu sau:

e (I-a)r

CTk—lTk = > log, (1 TV, )

(2.16)
(I-a)r
- 5 log, (1 + /JQA(PBT,H Pr. 1w, )’
l-a)r
C%fle = ( 7 ) 10g2 (1 + ka—le )
(2.17)

(I-a)r

2

logz (1 + ﬂ2A¢BTk,1 ¢Tk—1Rk )

Néu nit chuyén tiép R, c6 thé giai ma thanh cong dit liéu x,_ , nit ndy s&
chuyén tiép dit liéu dén nut T, trong khe thoi gian thir ba. Tin hiéu nhan duoc tai nat
T, trong khe thoi gian nay s€ la:

*

zp =4Ok, Ir 5 Xr, + 107, (2.18)

VOi k. 12 hé s0 kénh fading gitta hai nat R, va T,.
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Thay cong thuc (2.10) vao cong thirc (2.18), ty s6 SNR ciia lién két R, — T,

duoc tinh nhu sau:

P
M B¢BI§k¢Rka = 1Ay Prr - (2.19)

yRka
0

Boi vi nit T, stir dung k§ thuat MRC nén dung luong kénh tirc thoi dat dugc

tai T, dugc viét nhu sau:

l-a)r
C;“\ffgﬂk = %logz (1 TV 1 TR, )

l-a)r
— %10g2 (1 + :u2A¢)BTk_1 ¢Tk—lTk + /JZA(DBR" (oRka )

(2.20)

Tuy nhién, trong truong hop ma R, khong thé giai mi thanh cong dir liéu cta
nguon, thi R , s€ khong gui dir liéu dén T, trong pha 3. Trong trudng hop nay, nat T,
s€ su dung tin hi¢éu nhan dugc tir T, | dé giai ma dir liéu ngudn (xem céc cong thic
(2.12) va (2.16)).

Nhan xét: Nhu da dé cap, mo hinh MH-CC sir dung truyén thong cong tac dé
nang cao do tin cdy cua viéc chuyén tiép dit liéu tai mdi ching. Tuy nhién, viéc thuc
hién moé hinh MH-CC s& phirc tap hon nhiéu khi so véi mé hinh MH-DT boi vi k¥
thuat truyén thong cong tac yéu cau su déng bo cao giita cac nat, cling nhu can nhiéu
thoi gian va nang lugng cho viéc thiét lap va déng bo.

2.3.  Mb hinh chuyén tiép da ching sir dung truyén thong cong tic ting
cuwong (MH-IR)

Luan van ciing dé xuat ap dung k¥ thuat truyén thong cong tac ting cuong tai
mdi ching dé 1am giam d6 phirc tap. Mo hinh dé xuét nay duoc dat tén 1a MH-IR

(Multi-hop relaying using Incremental Cooperation).
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Hinh 2. 7: M6 hinh MH-IR.

Hinh 2.7 mé ta mé hinh MH-IR, va ta c6 thé thiy mé hinh MH-IR giéng mo
hinh MH-CC khi sir dung céc nat chuyén tiép R dé thuc hién k¥ thuat truyén thong
cong tac trén timg ching. Piém khéc biét chinh gitta MH-IR va MH-CC 14 khi chét
lugng kénh gitta hainat T,  va T, t6t thi nat R , khong can phai chuyén tiép dit liéu
vé nut T, nira. Trong Hinh 2.7, duong dirt nét dugc sir dung dé dién dat ¥ rang cac
nut chuyén tiép R ¢o thé dugc str dung hoic khong.

Hinh 2.8 mé ta nguyén 1y hoat dong ctia k§ thuat truyén thong cong tac tang
cudng & ching thir k. Tuwong tu nhu mé hinh MH-CC, thdi gian dugce phan bo cho
mdi khe thoi gian 1a 7= L/ K, va khoang thoi gian ar duge st dung dé cac nit T,
va R, thu thap ning luong. Tuy nhién, khac vé1 MH-CC, thoi gian phan bd cho pha
2 va pha 3 dugc thiét ké nhu trong Hinh 2.9. That vay, thoi gian truyén dir liéu & pha
2 1a fr, va thoi gian danh cho viéc truyén dit liéu 6 pha 3 1a (1—a — B)z. B ciing
1a mot thong s6 hé thong duoc thiét ké trude, voi 0< B <1—a . D& thay rang néu

[ =1-a, thi m6 hinh MH-IR tr& thanh mé hinh MH-DT.
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Hinh 2. 8: Sy truyén dir liéu & ching thit & trong mé hinh MH-IR.

Pha 1 Pha 2 Pha 3

or [t (I—a—-p)r
B->T., T_,->T R, > T,
B—->R, T_,—>R,

Hinh 2. 9: Ba pha trong khe thoi gian thi & trong mé hinh MH-IR.
St dung lai cong thirc (2.8), nang lugng ma cac nut T, | va R, thu thip duoc

trong pha 1 la:

O, =nath,|hy, .0y =nath|hy I, 2.21)

Do d6, cong suét phat ctia T, ,va R, trong pha2va3 lan luot 1a:

0

P, === Ry (2.22)
Yoz

O,

B, == By, » (2.23)
(1-a-p)z
Vo1
o a

R (2.24)

gl e g
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Tuong tu cac cong thire (2.12) - (2.15), cac ty s6 SNR trén cac lién két

T, > T, va T, , — R, lan luot la:
Vi1, = APy P s (2.25)

V1, R, = MDDy Pr g - (2.26)

Do d6, dung lugng kénh tirc thoi trén cac lignkét T, —T, va T, - R,

la
C® . =prlog,(1+y
T, Ty 2 ( T, T, ) (227)
= prlog, (1 + :u3A(DBT,H Pr 1, )a
= prlog, 1+
T,\ 1Ry 2( T, Ry ) (228)
= prlog, (1 + /'lsA(DBTk,l ?r, g, )
Trong MH-IR, néu nit T, co thé giai ma thanh cong dir li¢u nhan dugc tir nut
T, ,, nat T, s€ gui thong diép ACK dén cac nut T, , va R, dé thong bao. Trong

truong hop nay, nat T, s€ ma hoa lai dir liéu va guri dir liéu dén chang Kké tiép ma
khoéng can sy tro gitp tir nit R L
Trong trudng hop nut T, khong thé giai ma duoc dir liéu tir nat T, , trong pha
2, nut T, s€ phan hoi bang thong diép NACK dé yéu cau su gitp d tir nat chuyén
tiép R , - Trong trudng hop nay, néu nat R , 141 ma thanh cong dir liéu nhén dugc tur
nut T, | trong pha 2, nut R, s&€ ma hoa lai dir li€u va gui dén T, trong pha 3. Str dung
cong thirc (2.23), trong tu cac cong thire (2.18)-(2.19), ty s SNR dat duoc 1a
Tr,1, = /u4A¢BRk Pr,1, - (2.29)

Va dung luong kénh tirc thoi trén lién két R, — T, la:

CII{RTk (1 —a— ﬂ)z‘log2 (1 + Vr,1, )

(2.30)
(1 —o — ﬂ)Tlogz (1 + ﬂ4A¢BRk¢Rka )
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Nhén xét: M6 hinh MH-IR van dat duogc do loi phan tap tir viée thuc hién ki
thuat truyén thong cong tac tai mdi chang. Tuy nhién, mé hinh MH-IR don gian hon
mo hinh MH-CC. Hon nita, truyén théng cong tac ting cuong ciing tiét kiém cong
suat phat cho nat chuyén tiép, cling nhu giam do phirc tap khi st dung k¥ thuat két
hop MRC nhu trong MH-CC.
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CHUONG 3: PHAN TiCH HIEU NANG

Chuong 3 dénh gia hiéu ning xac suat dimg OP (Outage Probability) cua cac
mo hinh nghién cau MH-DT, MH-IR va MH-CC. Trudc tién, luan van gioi thiéu vé

mo hinh kénh truyén dugc st dung.
3.1. Mb hinh kénh truyén
Gia st rang, kénh truyén giita hai nut bat ky 1a kénh fading Rayleigh nén cac
d6 loi kénh truyén @yy €0 phan phéi mil (exponential distribution), véi
UV e{T,,R,,B}(k=0,1...,K). Do d6, ham CDF (Cummulative Distribution

Function) cua ¢, duoc viet nhu sau:

F, (x)=1-exp(-Qux), x>0 (3.1)

%
voi Q 1a cac thong sO dic trung cia Oy -

Nhu dugc dé cap trong cac tai liéu [17]-[20], tham s6 Q. duoc biéu dién
bang mot ham theo khoang cach gitta hai nat U va V nhu sau:

PL

Quy =(dwy) s (3.2)
véi d,, 1a khoang cach vat ly gifra U va V, PL 1a hé s6 suy hao duong truyén co
gi tri tir 2 dén 8 tuy thudc vao tinh chat moi truong truyén.

Twr cong thirc (3.1), ham PDF (Probability Density Function) dugc dua ra
nhu trong cong thue (3.3):

o, ()= Quy exp(—Qy ). (3.3)
3.2. Dinh nghia xic suit dirng

Xéc suét dimg dugc dinh nghia 14 xac suat ma dung lwong kénh tirc thoi dat

duoc gitra nat phat U va nit thu V nho hon mét ngudng xéc dinh trudce, cu thé:

Cuy <C,, v6i C, >0 1a nguong dimg, U,V €{T,,R,,B}.
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Nguoc lai, néu Cy 2C,,tacod thé gia su ré“tng nat thu V ¢6 thé giai ma
thanh cong dit li€éu nhan duogc tr nut phat U.

Tiép theo, x4c suat ma sy truyén dir liéu trong mo hinh MH-Z thanh cong

duoc dua ra bang cong thure sau:

Success Success,k *

K
PMH—Z — H PMH—Z (34)
k=1

- . pMH-Z \ X \ A ~ 1AL 2 « , |
v6i Z e {DT,IR,CC}, va Py oo 18 XAC suat ma sy truyeén dit liéu ¢ ching thir k thanh
cong. Cong thuc (3.4) co nghia rang dé dir liéu ctia nit ngudn dén dich thanh cong

thi sy truyén trén tit ca cac chang déu phai thanh cong.

Do d6, x4c suat dimg cia MH-Z duoc dua ra biang cong thic sau:

Success Success,k

K
OPyy, =1-Poi, =1-] [ Pos

! (3.5)
=1-

K
(1 _ OPkMH-Z )’
k=

1

voi OPM la xé4c suat dimg o ching th k trong mé hinh MH-Z.
3.3. OP cia mo6 hinh MH-DT

Str dung cong thire (2.7), xac suat dimg & ching thir & trong mo hinh MH-DT

duoc tinh nhu sau:

OP/lVIH Pl = Pr(CTD,:Tk <G ) = Pr(@BTk_l Pr_ 1, < Pim )s (3.6)
voi
Cin
2(17a)r -1
Pim = T (3.7)

Twr cong thic (3.6), ta co:
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_ 400 pl’ h
OP;V[H DT _ Jo F(PBTk,l ( xt )/%{mi (x)dx. (3.8)
Str dung cdc ham CDF va PDF da dua ra trong cac cong thtrc (3.1) va (3.3),
ta co:
F(pBT (pl,th j =1- exp(_QBT @], (39)
k-l X oy
f‘/’kalTk (X) - QTk—]Tk eXp(_QTHTkx)' (3 10)

Thay cac cong thic (3.9) va (3.10) vao cong thue (3.8), ta duoc:

: +o0 P
OP;\/[H DT _ .[o {1 - exp[—QBTk1 %j}zﬂﬂk eXp(—QTHTkx ) dx

=1- J:w exp (—QBTH %}Qn_ln exp (—QTk_lTk x) dx.

Str dung cong thirc (3.324.1) trong tai lidu [27] dé tinh tich phan trong cong

(3.11)

thire (3.11), ta dat duoc:

MH-DT
OP, =1- 2\/ QBT,H QT,HTk P K, (2\/ QBT,H QTHTk Prin )’ (3.12)
v6i K, (.) 1a ham Bessel bién doi loai 2, bac 1 [27].

Thay cong thirc (3.12) vao cong thirc (3.5), ta c6 dugc cong thirc tinh chinh

xac xac suat dung cia mo6 hinh MH-DT nhu sau:

K
OPyypr =1— H |:2\/QBT“ QTHT,‘, Pk, (2\/QBTH QTHTk Prin ):| (3.13)
=

1
3.4. OP cua mo hinh MH-IR

Xéc suét dimg & ching thir k trong MH-IR dugc dua ra nhu sau:
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MH-IR __ IR IR
OPM™™ =Pr(C} <Gy, Cif i, <Cy)

MH-IR
Bk

IR IR IR
+Pr(C 4 <CyoCrf g, 2 Cn Gy, <Gy ),

MH-IR
Bk

(3.14)

Iy MH-R ., , £ \ 9 . \ A A R e a1y A ~
v6i B, 1a x4c suat ma cd hai nt T, va R, déu khong thé gidi ma thanh cong dit

N A N ~ A ~ 1A < s « pMHR .. , A \
liéu nhén duoc tr nat T, | nén sy truyen dir liéu bi dung, va Pz,k la xac suat ma
nat T, khong thé gidi ma thanh cong dit liéu nhan duge tir ntit T,_, va nlit chuyén tiép
R, lai gidi ma thanh c6ng, nhung su truyén dir liu tir R . vé T, lai khong thanh cong

nén sy truyén dit liéu trong truong hop nay ciing bi ding.
A i re s J4 MH-R , A , \
Dau tién, ta xét xac suat R,k , st dung cac cong thirc (2.27) va (2.28), ta

4o . pMHIR . .
victlai B, duéi dang sau:

MH-IR
Ry = Pr(goBT,H Pr 1 < L3> Poer, Pr g, < Psm )’ 3.15)
v6i
C{h
27— 1
= 3.16
P3.th iA (3.16)

Tiép tuc thyc hién bién d6i cong thire (3.15), ta co:

RT\/ZIH_IR - J-O-*—OO FgDTk—]Tk (pj:h jF‘pTIHRk [ pj:h jngBTlm ()C) dx’ (3 ) 17)

Str dung cac ham CDF va PDF da dua ra trong cac cong thuce (3.1) va (3.3),

cac ham CDF va PDF trong cong thtc (3.17) dugc dua ra nhu sau:

p P
F, [ 2 j =1- exp[—QT“Tk —;th j, (3.18)

X

P P
F, [Aj —1- exp(—QTAIRk - j (3.19)

X
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f(/’BTk71 ()C) = QBTk_l eXp(—QBTk_IX), (320)

Thay cac cong thirc (3.18)-(3.20) vao cong thic (3.17), ta dat duoc:

MH-IR
P

1- exp[ Qp r pj:h J— exp(—QTkle %j

+exp (—(QT“Tk +Qp ) p;’th j
(

=1- J. exp[ QTk 1Tk T,JKZBT“ CXp{—
_I exp( QTA R, '03’th}’2
X

+ j exp (QTHTk +Qp g )%}QB% exp(—QBTkilx)dx.

400
J.O

Qg exXp (—Q BT, | x) dx

(3.21)

Str dung cong thire (3.324.1) trong tai liéu [27] dé tinh cac tich phan trong
cong thuce (3.21), ta dat dugc cong thirc (3.22) nhu sau:

Plf\lfH_IR =1- 2\/QT T QBT,, P K, (2\/QT ,lTkQBTH P )
2\/Q ,RkQBT P (2\/Q R, BTk P ) (3.22)

+ 2\/(QTlek + QTHRk )QBTH Psa K, (2\/(QTlek + QTHRk )QBTH Ps.n )

Tiép theo, ta xét xac suit P;Y,I{H'IR, st dung céc cong thuce (2.27), (2.28) va
(2.30), ta viét lai P;/,l{H'IR dudi dang sau:

B = Pr(CR <€, CR 2 C, ) Pr(CR, <)

(3.23)
= Pr(@BTk_1 Or 1, < P> Por Pr v, = Pan ) X Pr(¢BRk Pr,1, < Pamn )a

vii



31

Pogp = ——. (3.24)

Tuong ty nhu phép bién ddi trong cong thirc (3.17), ta c6 thé viét:

MH-IR o P Ps.m
})Z,k - .[0 F(/’Tk—lTk ( xt j{l _F‘/’Tk—le ( xt j:|f(pBTk-1 (x)dx

5 E [ 222, (0

= j0+w|:exp(—QTk_le 'D;,th j — exp(—(QTk_lTk + QTk_le )%j}?mk_l eXp(—QBTk_lx)dx
>< 1 exp[ Qp ;. pjc,th HQBR’“ exp(—QBka)dx

TA R, BTk P (2\/Q R, BT,( P )
_2\/ T T, Tk R, )QBT,Hthh Kl (2\/ QTHTk + QT,HRk )QBT,H P, )

1 2\/QRTQBR Pk (ZJQRTQBRAPM )J

(3.25)

Thay cac cong thic (3.22) va (3.25) vao (3.14), ta dugc cong thirc tinh chinh

X4c X4c suat OP""®, va sau do, thay OP"'™® vao cong thurc (3.5), ta dugc biéu

thire tinh chinh x4c xac suat dimg ctia mod hinh MH-IR.

OP cua mo hinh MH-CC

Tuong ty nhu cong thirc (3.14), x4c suat dimg ¢ chiang thi k trong mo hinh

MH-CC duoc viét dudi dang sau:

e (3.26)
#Pr(Cila, 2C)<Pr{Cs <Co)

T R, T,
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Trong cong thirc (3.26), Qllt/,I{H'CC (gidng nhur Pl}\,fH'lR trong cong thic (3.14)-
(3.15)), la x4c sudt ma ca hai nat T, vd R, déu khong gidi ma thanh cong dit licu
nhén dugc tir T, | trong pha 2. Str dung cac cong thuc (2.16) - (2.17), ta viét lai

MH-CC
.«  nhusau:

Qll\iH “=Pr (¢BTk Pr. 1 < Prw>Per,  Pr v, < P )9 (3.27)
vii
2C‘th
2(1—a)r 1
Pon == (3.28)

. . MH-IR . o Tt A s AR LN A ,
Tuong ty nhu cach tinh £ nhu trong cac bude bien doi tir cong thie (3.17)

dén cong thire (3.22), ta ciing co:

A B 2\/QT 1751, Po 1(2\/QTk71TkQBTk—1p2’th)

_2\/QTk_1RkQBTk PrwK (2\/Q R, BTk1p2 th) (3.29)

+ 2\/(QT“Tk + QTHRk )QBT,H Prw kK, (2\/ QT,HTk + QTHRk )QBka1 Pa )

Trong cong thirc (3.26), Pr(CTCCR >C, ) 14 x4c sudt ma nit chuyén tiép R,

c6 thé gidi ma thanh cong dir liéu nhan dugc tir nat T, ,. Str dung cong thuc (2.17),

ta tinh duoc xac suét Pr(C;jc v, 2C, ) nhu sau:

Pr(CrCy, 2 Cy ) =Pr(@uy, @1 x, 2 Pow)
P,
= {1 F, ( 2 Hj"’ (x)dx

= 2\/QBTk QTA R, P2 (2\/QBTk 22T R, P2t )

(3.30)
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CMRC

Cudi cung, ta xét dén xac suat Pr( T R,T,

< Cth) trong cong thuc (3.26); st
dung cong thue (3.20), ta dat duoc:

Pr(Cy"s 1 <Cy ) =Pr(@s @1 1 + Por, Per, < Pour)
=Pr(T+7, < p,,) (3.31)

= JAOpM Fr1 (p2,th _x)frz (x)dxa

Vo1 7] = Pgr, Pr, 1, VO T, = PR, Pr,71, *

Pé tinh x4c suat trong cong thirc (3.31), ta dau tién can tim ham CDF cua bién
ngiu nhién 7, va ham PDF cua bién ngau nhién 7,. That vay, ham CDF cuia bién ngau

nhién 7] dugc tinh nhu sau:

FTl (X) = Pl‘(("]ﬁﬂ,{,l Pr,1, < x)

+o X
Lo (2
- J.(:w|:1 B exp[—QBT“ iﬂﬂnm eXp(—QTHTky)dy (3.32)

=1- J.O+DO Qp o, exp[_QBTk_l %j CXp (_QTk_lTk y ) dy

Do do, ta dat dwgc ham CDF F;. ( Loy — x) trong cong thirc (3.31) nhu sau:

Fy (/Oz,th - x) =1- 2\/QBT,(,IQTk,,Tk (p2,th - X)Kl (2\/QBTk1 Qp (IDZ,th - x)) (3.33)

Twong tu nhu (3.32), ham CDF cuia bién ngiu nhién 7, sé la:

FT2 (x) = Pr((”BRk(PRka < x)

(3.34)
=1-2,JQu O 1 7K, (20, Q%)

Lay dao ham theo x, ta duoc ham PDF cua bién ngau nhién T, nhu sau:



fT2 QBR,QRT, (Ko '\/QBRAQR,TA"X) +K, (2\/QBRkQR T, X ))

(3.35)
/ BR, RTkK BR, RT,'x)

Thay céac cong thirc (3.33) va (3.35) vao cong thuac (3.31), ta dat dugc cong

thirc tinh chinh xac Pr(C;“Rg 5 < Cth) nhu sau:

Pr(CY" s <Cy )=
2\/ QBTHQT,HTk (p2,th - x)Kl (2\/ QBTA,,IQTk,lTk (p2,th - x))
)| Qo (KO (200 Q)+ Ko (24, O ¥ )) - (3.36)

‘ X
-, /%K (2, Q4 1. %)

Béi vi tich phan trong cong thirc (3.36) khong tim ra dugc dang tudong minh

nén luan vin s& sir dung phan mém MATLAB dé tinh toan s6 hoc tich phan nay.
Thay céc cong thure (3.29), (3.30) va (3.36) vao cong thuc (3.26), ta dugc cong
thire tinh chinh xdc xac suat OP"“¢. Sau do, thay OP"““ vao cong thirc (3.5), ta

dugc biéu thirc tinh chinh xac x4c suit dimg ctia mé hinh MH-CC.
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CHUONG 4: KET QUA MO PHONG VA LY THUYET

Chuong 4 thuc hién cac két qua md phong Monte Carlo dé kiém ching céc
két qua phan tich dua ra trong Chuong 3, cling nhu so sanh hiéu ning xac suat dimg
ctia cac md hinh MH-DT, MH-IR va MH-CC. Céc két qua mo phéong (ky hiéu Sim)
va cac két qua 1y thuyét (ky hiéu Theory) déu duoc thuc hién trén phan mém
MATLAB.

Trong mdi trudng mo phong, ta dit cac nit nam trong mit phang hai chiéu
Oxy, trong d6 cac nat T, c6 toa do la (k /K ,0), cac nut chuyén tiép R, cotoaddla
((2u —1) / (ZK),O), va tram phat ning luong B duoc ¢b dinh & vi tri (0.5,0.5), voi
k=0,1,.,K,u=1,..,K. Véi cac vi tri ndy, nat nguon T, luén c6 dinh & gdc toa do
(0,0), va nut dich T, duoc ¢ dinh & vj tri (1,0). Cho nén, khoang cach gitra nguén
va dich ludn bang 1 trong tit ca cic md phong. Pdi v6i cac nit chuyén R ,» N0t nay

duoc dat chinh gitta gitta hainat T, | va T,. Cling trong cdc m6 phong, ta co dinh hé
sd suy hao duong truyén bang 3 (PL = 3), tong thoi gian bang 1 (L=1), hiéu suat

chuyén doi cong suét béng 1 (77 = 1), va ngudng dung béng 1 (Cth = 1).

*  MH-DT (Sim)
MH-DT (Theory)

® MH-IR (Sim,3=0.4)
4  MH-IR (Sim,3=0.6)

1073 MH-IR (Theory)
%X MH-CC (Sim)
MH-CC (Theory)
107

-5 0 5 10 15 20 25 30 35
A (dB)

Hinh 4. 1: Xac suit dirng vé theo A (dB)khi K =3 va ¢ =0.2.
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Hinh 4.1 biéu dién xac suat dimg OP cta cic md hinh MH-DT, MH-IR va
MH-CC theo ty s6 SNR phat A (dB) khi sb ching giira ngudn va dich bang 3 (k=3
) va hé s6 phan chia thoi gian cho pha thu thap ning lugng bang 0.2 (¢ = 0.2 ). Hinh
4.1 cho thay OP ciia mo hinh MH-IR va MH-CC cao hon mé hinh MH-DT khi gia trj
A thap. Piéu nay cho thay viéc st dung k¥ thuat truyén thong cong tac sé khong hiéu
qua khi 2 thap. Khi gié tri cia 2 du 16n, cac md hinh MH-IR va MH-CC dat gié tri
OP thap hon md hinh MH-DT. Ta ciing thay rang OP ctia md hinh MH-IR va MH-
CC giam nhanh hon m6 hinh MH-DT khi A tang. Piéu niy ching té rang cac mo
hinh MH-IR va MH-CC dat dugc d6 loi phan tap cao hon do st dung truyén thong
cong tac tai mdi chang. Hinh 4.1 ciing cho ta thdy gia tri cua hé sd p trong MH-IR
ciing 4nh hudng déng ké 1én gia tri OP. Khi p=04=(1-a)/ 2, tirc 12 hai md hinh
MH-CC va MH-IR phén bb thoi gian déu cho hai pha truyén dit liéu, nén MH-CC dat
duogc gia tri OP thép hon mé hinh MH-IR béi ky thuat MRC dugc st dung tai moi
chang. Tuy nhién, sy chéch 1éch gia tri OP trong trudng hop nay 1a khong dang ké.
Trong truong hop p=06 , ta quan sat rang mo hinh MH-IR dat duoc gia tri OP thap
hon mé hinh MH-CC khi 2 16n hon 27 dB. Cuéi clng, ta quan sat duoc riang cac
két qua mo phong (Sim) va 1y thuyét (Theory) trung véi nhau, diéu nay kiém chimg
su chinh x4c ciia cac cong thirc tinh x4c suat dimg dugc dua ra trong Chuong 3.

Hinh 4.2 v& x4c suat dimg OP ciia cic mo hinh MH-DT, MH-IR va MH-CC
theo ty s6 SNR phat A (dB) khi sb ching giita ngudn va dich bang 4 (K =4) va hé
sO phan chia thoi gian cho pha thu thap ning luong bang 0.1 (« = 0.1). Tuong ty nhu
Hinh 4.1, ta ciing thdy ring cac mo hinh sir dung truyén thong cong tac s& dat dugc
hiéu ning xéc suét dimng tot hon mo hinh MH-DT khi A di 16n. Trong Hinh 4.2, OP
ctia mo hinh MH-IR va MH-CC thap hon mo hinh MH-DT khi gia tri cia A vio
khoang 20 dB véi f=0.45= (1—0[)/2. Khi gia tri f=0.55, ta quan sat rang OP
ctia mo hinh MH-IR sé& thap hon MH-CC. Diéu nay cho thiy rang viéc thiét ké gia tri
f phu hop sé nang cao dang ké hiéu nang ctia mé hinh MH-IR. Mgt lan nita, Hinh

4.2 cho thay duoc cac két qua mo phong va Iy thuyét kiém chimg 13n nhau.
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Hinh 4. 2: Xac suit dirng vé theo A (dB)khi K =4 va o =0.1.
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Hinh 4. 3: X4c suit dirng vé theo K khi A =25 dBva « =0.15.
Hinh 4.3 v& x4c suat dimg OP ciia cic mo hinh MH-DT, MH-IR va MH-CC
theo s6 ching (K) giita ngudn va dich khi A =25 dB va « =0.15. Quan sat tir Hinh

4.3, ta thiy rang gia tri OP ctia tat ca cic mo hinh déu cao khi s6 chang 16n. Nguyén
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nhan 13 vi khi s6 ching cang 16n thi thoi gian truyén trong mdi khe thoi gian s& giam,
dan dén xac suat dimg tai mdi ching ting, va do d6 s& lam ting x4c suat ding cta cac
mo hinh. Hinh 4.3 ciing cho thdy mé hinh MH-IR va MH-CC trong truong hop
f= (1 — 0() /2=0.425 dat dugc gia tri OP thip hon mé hinh MH-DT khi sé ching
K ¢6 gia tri tir 1 dén 4. Diéu nay c6 thé duoc giai thich nhu sau: khi s6 ching 1a qua
16n thi thoi gian truyén ¢ cac pha 2 va 3 & mdi ching trong cac mo hinh MH-IR va
MH-CC s& rat thap. Do d6, truyén thong cong tic & mdi ching s& khong hiéu qua.
Trong Hinh 4.3, khi gi4 tri £ 16n (B =0.8), ta thiy rang OP ctia m6 hinh MH-IR 1a
cao, tham chi cao hon ca mo hinh MH-DT vi tat ca gia tri ciia s6 chang. D6 1a vi khi

S =0.8 thi thoi gian truyén cho pha 3 & mdi ching trong mé hinh MH-IR 14 rat thap

(I-a = =0.05), va do d6 khong phét huy duoc loi thé ciia viée truyén lai dit ligu

tir cac nat chuyén tiép R.

10°
107§
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O v %  MH-DT (Sim, a = 0.05)
¥ MH-DT (Sim, a = 0.25)
10_21_ MH-DT (Theory)
® MH-IR (Sim, a = 0.05)
¢  MH-IR (Sim, a = 0.25)
MH-IR (Theory)
%X MH-CC (Sim, o = 0.05)
O  MH-CC (Sim, o = 0.25)
MH-CC (Theory)
107 : ‘
1 2 3 4 5 6 7 8

K

Hinh 4. 4: Xac suit dirng vé theo K khi A =25 dBva f=0.5.

Hinh 4.4 v& x4c suat dimg OP ciia cic mo hinh MH-DT, MH-IR va MH-CC
theo s6 ching (K) khi A =25 dB va f#=0.5. Tuong tw nhu Hinh 4.3, x4c suat dirng

clia tit ca cac mo hinh ting nhanh khi sé ching ting. Ta ciing thay rang khi = 0.05
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, OP ciia tit ca cac mo hinh déu 16n hon khi so sanh véi trudng hop o = 0.25 . Nguyén
nhan 14 vi khi gié tri a qua nhd thi nang lugng thu thap duoc tai cdc nut phat s€ bi
han ché, diéu nay din dén xac suat dimg ctia cic md hinh ting. Trong Hinh 4.4, hé s6
f dugc cb dinh bang 0.5, va nhu ta c6 thé thdy mo hinh MH-IR dat gia tri OP thap
hon mé hinh MH-CC.

10°

%  MH-DT (Sim)
MH-DT (Theory)
® MH-IR (Sim)
MH-IR (Theory)

X MH-CC (Sim)
MH-CC (Theory)

0.1 0.2 0.3 0.4 0.5
(0

Hinh 4. 5: Xéc sudt dimg vé theo o khi A=20 dB, & =3 va f=(1-a)/2.

Hinh 4.5 v& x4c suat dimg OP ciia cic mo hinh MH-DT, MH-IR va MH-CC
theo gid tri & khi A=20 dB va K =3. Hon nita, hé¢ s6 £ trong mé hinh MH-IR
duoc thiét ké boi ,B = (1 -a ) /2. Quan sat tir Hinh 4.5, ta thdy rang hé sé a co tac
dong dang ké 1én gia tri OP cua cac mo6 hinh MH-DT, MH-IR va MH-CC. That vay,
khi gia tri @ qua nho thi ning luong thu thap dugc tai cac nit phat thap, dan dén cong
sudt phat ctia cac nut thdp va xac suat ding ciia cic mé hinh 16n. Tuy nhién, khi gia
trj ciia & qué 16n thi thoi gian danh cho viée truyén dir liéu sé thap, va ciing dan dén
xac suat dimg ctia cic mo hinh 16n. Nhu dugc quan sat trong Hinh 4.5, ta thay rang

tdn tai gia tri cia « dé OP ctia mé hinh MH-DT, MH-IR va MH-CC dat gia tri thép



40

nhét. Cu thé, OP ctia m6 hinh MH-DT nhé nhéit khi « = 0.35, OP ciia mé hinh MH-
IR nhé nhat khi o = 0.2 va OP ciia md hinh MH-CC nhé nhat khi o =0.2. Ta ciing
théy rﬁng cac mo hinh MH-CC va MH-IR dat duoc gia tri OP thép hon MH-DT khi

gia tri ciia o nho hon 0.35. Cubi cung, nhu da dé cip trong cac hinh vé bén trén, khi

B =(1-a)/2, OP cia MH-CC luén thép hon OP ctia md hinh MH-DT.

¥ MH-DT (Sim)

MH-DT (Theory)
® MH-IR (Sim, 3=0.4)
¢  MH-IR (Sim, 3=0.5)

0.01F MH-IR (Theory)
%X MH-CC (Sim)
MH-CC (Theory)
0.1 0.15 0.2 0.25 0.3

(0%

Hinh 4. 6: XAc suit dirng vé theo o khi A=25 dBva K =4,

Hinh 4.6 v& x4c suat dimg OP ciia cic mo hinh MH-DT, MH-IR va MH-CC
theo gia tri @ khi A =25 dB va K = 4. Tuong tu nhu Hinh 4.5, ta thdy rang ton tai
gia tri ciia o dé xac sut dimg cua cac mo hinh MH-DT, MH-IR va MH-CC dat gia
tri nhé nhat. Trong Hinh 4.6, gi4 tri f trong mé hinh MH-IR dugc ¢6 dinh bang 0.4
va 0.5. Mot 1an nita, ta c6 thé thiy rang viéc thiét ké gia tri £ 1a rat quan trong. That
vay, khi f#=0.4, OP ciia MH-IR 1a rat 1én va 16n hon OP cia MH-DT. Nguoc lai,
khi #=0.5, OP cia MH-IR la thap nhat trong tit ca cic md hinh. Hon nita, khi thay
d6i gia tri 1, ta cling thay gia tri toi vu cia o dé OP ctia mo6 hinh MH-IR ciing thay
d6i. Piéu nay c6 nghia rang ta can thiét ké dong thoi cac gia tri @ va f dé mé hinh

MH-IR dat hi€¢u nang tdt nhat.
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Hinh 4. 7: Xac sut dirng vé theo f khi A=25dB, K =3 va a=0.1.

Hinh 4.7 v& x4c suat dimg OP ciia cic mo hinh MH-DT, MH-IR va MH-CC
theo gia tri f khi A=25 dB, K =3 va « =0.1. Béi vi OP ctia cic md hinh MH-DT
va MH-CC khéng phu thudc vao gia tri f nén ta c6 thé quan sat trén hinh vé OP cua
cac mo hinh nay 1a cac duong thang. Quan sat OP ctia mo hinh MH-IR, ta c6 thé thay
rang viéc thiét ké gia tri ctia f phu hop s& giup mo hinh MH-IR dat duoc gia tri x4c
suat dirng toi wru. That vay, trong Hinh 4.7, khi f=0.6 thi OP cia md hinh MH-IR

dat gi tri thap nhat.
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KET LUAN
Cac két qua dat dwoc

Luan van da nghién ctru cdc md hinh chuyén tiép da ching sir dung ngudn
ning luong song vo tuyén tir mot tram phat dit trong mang. Pé ning cao hiéu ning
xac suat dimg, luan van ciing da dé xuét trién khai k¥ thuat truyén thong cong tac tai
mdi ching dé nang cao su 6n dinh cua viéc chuyén tiép dit liéu. Hon thé nita, truyén
thong cong tac ting cudng ciing duoc dé xuat dé lam giam do phic tap trong viéc xir
Iy tin hiéu, dong thoi ciing nang cao hidu ning cho mang. Luan vin ciing d3 danh gia
chinh x4c x4c suét dimg (OP) ctia cac md hinh MH-DT, MH-CC va MH-IR bang toan
hoc va mé phong Monte Carlo. Céc két qua thu duoc trong luan vin va nhitng dé xuét

thiét ké mang duoc tom tit nhu sau:

- Trong diéu kién gidi han vé thoi gian tré, cac mo hinh chuyén tiép da chiang
chi hoat dong t6t khi s6 ching khong qua 16n. Hon nira, cic mo6 hinh MH-IR
va MH-CC dat duogc hi¢u nang OP t6t hon mo hinh MH-DT véi s6 chang nho
va cong sudt phat du 16n.

- Khi thoi gian phan b trong céc pha trén mdi ching la giong nhau, mé hinh
MH-CC dat duoc gié trj OP thdp hon mé hinh MH-IR. Tuy nhién, do chénh
léch gia tri OP ctia hai mo hinh nay 1a khong 16n. Hon nita, néu hé s6 f duoc
thiét ké phu hop, mo hinh MH-IR s& dat duoc gia tri OP thip hon mo hinh
MH-CC.

- Hé s6 phan chia thoi gian cho pha thu thap nang luong ¢« anh huéng dang ké
dén hiéu ning xac suat dimg. Cac két qua ciing cho thay rang gid tri cua «
can duoc thiét ké mot cach tdi vu dé dat duoc hiéu nang OP thép nhét cho céc

md hinh MH-DT, MH-CC va MH-IR.

- Trong mé hinh MH-IR, cic hé sb phan chia thoi gian @ va p can dugc thiét

ke dong thoi dé to1 wu hiéu nang xac suat dung cho moé hinh.
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Hwéng phat trién dé tai
Luan vin c6 thé phat trién theo cac hudng sau:

- Xem xét cac kénh truyén téng quat hon nhu kénh fading Nakagami-m hay
kénh fading Rician, v.v.

- Xem xét moi trudng vo tuyén nhan thirc, trong d6 cong suit phat cia cic nit
phat bi rang budc theo mirc giao thoa téi da quy dinh bai cac niit so cap.

- Xem xét mo hinh chuyén tiép da ching véi cac nat chuyén tiép c6 nhiéu anten,
su dung cac ky thuat phan tap phat va thu.

Cong bb khoa hoc

Trong qua trinh thyc hién luén van, Hoc vién da cong bo cac cong trinh khoa

hoc nhu sau:
TT Tén cong trinh Thé loai Nam Noi cong bd
cong bod

1 Performance Bai bao Hoi nghi | 2019 IEEE/ACM 23rd
Comparison Between Quéc Té, International
NOMA and OMA https://iceexplore.i Symposium on
Relaying Protocols in eee.ore/document/ Distributed
Multi-Hop Networks 8958678 Simulation and
over Nakagami-m Real Time
Fading Channels under Applications
Impact of Hardware
Impairments

2 Nghién ctu hi¢u nang | Béo céo tap chi 2020 | Journal of
bao mat mang vo tuyén | quic gia Science and
nhan thirc dang nén Technology on
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cong tac st dung ma

Fountain

http://jstic.ptit.edu

.vn/index.php/jstic

/article/view/371

Information and

Communications




45

TAI LIEU THAM KHAO

[1]Y. Yang, H. Hu, J. Xu and G. Mao, "Relay technologies for WiMax and LTE-
advanced mobile systems," IEEE Communications Magazine, vol. 47, no. 10, pp.

100-105, Oct. 2009.

[2] T. T. Duy, P. T. D. Ngoc, T. T. Phuong, "Performance Enhancement for Multihop
Cognitive DF and AF Relaying Protocols under Joint Impact of Interference and
Hardware Noises: NOMA for Primary Network and Best-Path Selection for
Secondary Network," Wireless Communications and Mobile Computing, vol. 2021,

ID 8861725, pp. 1-15, Apr. 2021.

[3] S. Chu, "Performance of Amplify-and-Forward Cooperative Diversity Networks
with Generalized Selection Combining over Nakagami-m Fading Channels," IEEE

Communications Letters, vol. 16, no. 5, pp. 634-637, May 2012.

[4] M. D. Selvaraj and S. R, "Performance of Hybrid Selection and Switch-and-Stay
Combining With Decode-and-Forward Relaying," IEEE Communications Letters,
vol. 18, no. 12, pp. 2233-2236, Dec. 2014.

[5] J. N. Laneman, D. N. C. Tse and G. W. Wornell, "Cooperative diversity in
wireless networks: Efficient protocols and outage behavior," IEEE Transactions on

Information Theory, vol. 50, no. 12, pp. 3062-3080, Dec. 2004.

[6] D. T. Hung, T. T. Duy, T. T. Phuong, D. Q. Trinh, T. Hanh, "Performance
Comparison between Fountain Codes-Based Secure MIMO Protocols with and
without Using Non-Orthogonal Multiple Access," Entropy MDPI, vol. 21, no. 10,
(928), Oct. 2019.

[7] T. T. Duy, H. N. Vu, T. T. Truc, H. Y. Kong, "Minimum-Energy Cooperative
Routing with Equal Gain Combining in Static Wireless Networks," KICS Winter
Conference, Korea, pp. 206-207, 01/2011.

[8] B. An, T. T. Duy and H.Y. Kong, "A Cooperative Transmission Strategy using
Entropy-based Relay Selection in Mobile Ad-hoc Wireless Sensor Networks with



46

Rayleigh Fading Environments," KSII Transactions on Internet and Information

Systems, vol. 3, no. 2, pp.147-162, Feb. 2009.

[9] N. T. Anh, T. T. Duy, H. D. Hung, H. D. Hai, N. C. Minh, "Reliability-Security
Analysis for Harvest-to-Jam based Multi-hop LEACH Networks under Impact of
Hardware Noises," The 2019 International Conference on Advanced Technologies

for Communications (ATC 2019) , Hanoi, Viet Nam, pp. 174-178 , Oct. 2019.

[10] P. T. Tin, D. T. Hung, N. N. Tan, T. T. Duy, M. Voznak, "Secrecy Performance
Enhancement for Underlay Cognitive Radio Networks Employing Cooperative

Multi-hop Transmission With and Without Presence of Hardware Impairments,"

Entropy MDPI, vol. 21, no. 2, (217), Feb. 2019.

[11] X. Jiang, C. Zhong, Z. Zhang and G. K. Karagiannidis, "Power Beacon Assisted
Wiretap Channels With Jamming," IEEE Transactions on Wireless Communications,

vol. 15, no. 12, pp. 8353-8367, Dec. 2016.

[12] N. P. Le, "Throughput Analysis of Power-Beacon-Assisted Energy Harvesting
Wireless Systems Over Non-Identical Nakagami-{m} Fading Channels," in IEEE
Communications Letters, vol. 22, no. 4, pp. 840-843, April 2018.

[13] T. -H. Vu and S. Kim, "Performance Evaluation of Power-Beacon-Assisted
Wireless-Powered NOMA IoT-Based Systems," in IEEE Internet of Things Journal,
vol. 8, no. 14, pp. 11655-11665, July 2021.

[14] W. Xu, W. Chen, Y. Fan, Z. Zhang and X. Shi, "Spectrum efficiency
maximization for cooperative power beacon-enabled wireless powered

communication networks," China Communications, vol. 18, no. 12, pp. 230-251,

Dec. 2021.

[15] I. F. Akyildiz, W. Su, Y. Sankarasubramanian, and E. Cayici, “A survey on
sensor networks,” IEEE Commun. Magazine, vol. 40, no. 8, pp. 102—114, 2002.

[16] P. T. Tin, D. T. Hung, N. N. Tan, T. T. Duy, M. Voznak, "Secrecy Performance

Enhancement for Underlay Cognitive Radio Networks Employing Cooperative



47

Multi-hop Transmission With and Without Presence of Hardware Impairments,"

Entropy MDPI, vol. 21, no. 2, (217), Feb. 2019.

[17] P. M. Nam, T. T. Duy, P. V. Ca, P. N. Son, N. H. An, "Outage Performance of
Power Beacon-Aided Multi-Hop Cooperative Cognitive Radio Protocol Under

Constraint of Interference and Hardware Noises," Electronics MDPI, vol. 9, no. 6,

pp- 1-19, Jun. 2020.

[18] T. T. Duy, T.V. Hieu, T.L. Thanh, P.T.D. Ngoc, V.N.Q. Bao, "M& hinh truyén
da ching str dung truyén thong cong tac ting cuong trong vo tuyén nhan thirc dang

n

nén," Hoi thao Quéc gia 2014 vé dién tir, Truyén thong va Coéng nghé Thong tin

(ECIT2014), pp. 238-243, Nha Trang, Viet Nam, 09/2014.

[19] T. T. Duy and V.N.Q. Bao, "Performance Analysis of Cooperative-based Multi-
hop Transmission Protocols in Underlay Cognitive Radio with Hardware

Impairment," VNU Journal of Computer Science and Communication Engineering,

vol. 31, no. 2, pp. 15-28, 2015.

[20] P. M. Quang, T. T. Duy and V. N. Q. Bao, "Energy Harvesting-based Spectrum
Access Model in Overlay Cognitive Radio," Proc. of ATC 2015, Ho Chi Minh city,
Viet Nam, pp. 231 - 236, Oct. 2015.

[21] C. Xu, M. Zheng, W. Liang, H. Yu and Y. C. Liang, “Outage Performance of
Underlay Multihop Cognitive Relay Networks With Energy Harvesting,” IEEE
Communications Letters, vol. 20, no. 6, pp. 1148 — 1151, 2016.

[22] Tran Vian Hiéu "Panh gia hiéu ning cua giao thirc truyén da ching cong tac trong
vO tuyén nhan thic dang nén," Luan Vian Cao Hoc, Hoc vién Cong nghé¢ BCVT co
so tai TP. HCM, 2014.

[23] D. T. Hung, T. T. Duy, D. Q. Trinh, V. N. Q. Bao and T. Hanh "Security-
Reliability Analysis of Power Beacon-Assisted Multi-hop Relaying Networks

Exploiting Fountain Codes with Hardware Imperfection," The 2018 International



48

Conference on Advanced Technologies for Communications (ATC 2018) , HCM
city, Viet Nam, pp. 354 - 359, Oct. 2018.

[24] Nguyén Quang Khai, “"Nang Cao Hiéu Ning Toan Trinh Cho Mang Chuyén
Tiép Pa Ching Thu Thap Ning Luong Séng V6 Tuyén Bang Giai Phap Dinh Tuyén
Cong Tac,” Luan Van Cao Hoc, Hoc vién Cong nghé BCVT co s¢ tai TP. HCM,
2018.

[25] C. E. Perkins and E. M. Royer, “Ad-Hoc On-Demand Distance Vector Routing,”
in Proc. of WMCSA99, pp. 90-100, Feb. 1999.

[26] B. Johnson and D. A. Maltz, “Dynamic Source Routing in Ad Hoc Wireless
Networks,” Mobile Computing, vol. 353, pp.153-181, Kluwer Academic Publishers,
1996.

[27] L. Gradshteyn, 1. Ryzhik, Table of integrals, series, and products, New York,
USA, 2007 (Academic Press (7th ed.)).



49

BAN CAM DOAN

Tbi cam doan di thuc hién viéc kiém tra mac do tuong déng ndi dung luan
van thong qua phan mém DolT mot cach trung thuc va dat két qua muac do tuong
déng 8% toan bd ndi dung luan van. Ban luan van kiém tra qua phén mém DolT la
ban ctrng luan van da ndp dé bao vé trude hoi d@)ng. Néu sai toi xin chiu cac hinh thic
ky luat theo quy dinh hién hanh cua Hoc vién.

Tp. HCM, ngay 10 thang 12 nam 2021

HOC VIEN CAO HOC

NGUYEN VAN HIEN



50

[7DolT (oVNUX

Vietnam National University, Hanoi

Hé théng hd trg nang cao chét lwong tai liéu

KET QUA KIEM TRA TRUNG LAP TAI LIEU

THONG TIN TAI LIEU

Tac gia Nguyén Van Hlén
Tén tai lidu PHAN TICH HIEU NANG MANG CHUYEN TIEP DA CHANG SU

DUNG NGUON NANG LUONG SONG VO TUYEN VA KY THUAT
TRUYEN THONG CONG TAC TANG CUONG TREN MOI CHANG

Thoi gian kiém tra 10-12-2021, 04:41:48

Thoi gian tao béo céo 10-12-2021, 04:42:47

KET QUA KIEM TRA TRUNG LAP

0%
0%-7

8%—"

92%

Cau (doan) ngudi dung phan hoi
Phan tram cau (doan) hé théng khéng kiém tra
Phan tram cau (doan) khéng trung lap

OEEn

Phan tram cau (doan) trung lap

Diém 8
Ngudn triing I3p tiéu biéu [text.123doc.org]

HOC VIEN NGUOI HUONG DAN KHOA HOC

NGUYEN VAN HIEN TS. TRAN TRUNG DUY



