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MO PAU
1. Ly do chon dé tai

Ngay nay, voi sy phat trién vuot bac cua khoa hoc k¥ thuét, cuc cach mang 4.0
va cac ing dung cong nghé IoT din dén s6 luong ngudi ding va thiét bi sir dung
két ndi vo tuyén ting nhanh, cing vé6i d6 1a luong dit liéu dugc luu thdng trén
moi truong vo tuyén ciing ting véi toc do dot bién. Didu nay gia ting cac thach
thirc cho mang truyén thong vo tuyén nhu: str dung hiéu qua ngudn ning luong,
st dung hiéu qua phé tan, tang dung lugng, cai thién tbe do dir lieu, giam do tré
va tang chét lugng cua dich vu. Mang vo tuyén hop tac hai chiéu c6 mot hodc
nhiéu chuyén tiép 1a mot trong cac giai phap c6 thé dap Gmg cac thach thirc nay
vi ¢6 do phén tap khong gian cao, giam anh hudng cua suy hao dudng truyén, cai
thién thong lugng diém truy cap mang, cai thién chat luong viing phi séng so véi
mang truyén truc tiép. Bén canh d6 cong nghé vo tuyén nhan thic gitp nang cao
hiéu qua sir dung phd vi cac thiét bi trong mang thir cap duge phép dung chung
dai phd d3 dugc cAp phép cua ngudi dung so cip. Gan day cong nghé hd tro
chuyén tiép thong tin méi, bé mat phan xa théng minh c¢é thé cau hinh lai, duoc
nghién ctru va mang lai loi ich nhu ting hiéu qua st dung phd, tiét kiém ning
luong va khong tén nhidu chi phi dau tu ban dau.
Vé6i myc dich nghién ctru nhimng giai phap dé dap ung cac yéu cau thyc té cua
mang vO tuyén, dé tai “Thiét ké va phan tich cAc giao thirc ning cao hiéu ning
mang hop tic hai chiéu” d4 duoc nghién ctru sinh lua chon dé thyc hién.

2. Muc tiéu va ngi dung nghién ciu
Thiét ké cac mo hinh va cac giao thirc méi dé nang cao hiéu nang mang hop tac
hai chiéu trong moi truong vo tuyén thong thuong va vo tuyén nhan thirc.
Phan tich cac tiéu chi danh gi4 hiéu nang cua céc giao thirc dugce dé xuét dudi
dang biéu thtrc todn hoc tudng minh chinh xéc, biéu thirc toan hoc xap xi hoic
biéu thuc tiém can.



Lu4n 4n xem xét cic md hinh trong diéu kién gia dinh thuc té hon so véi cac
cong bb da cé nhu: thong tin kénh truyén duoc thu thap khdng hoan hao; diéu
kién triét can nhiéu tuan tu khong hoan hao; con ton tai nhiéu vong lap sau khi
da duoc triét can nhidu ¢ anten thu trong truyén song cong; thu hoach ning luong
phi tuyén.

3. Péi twong va pham vi nghién ciru

Mang hop tac hai chiéu, mang vd tuyén nhan thac hai chiéu, cac tiéu chi danh

gia hiéu niang mang nhu xéc suat dirng, théng lugng.

Céc ky thuat nang cao hiéu ning mang hai chiéu: m4 héa mang sb; lua chon thiét
bi chuyén tiép; da truy cap phi truc giao; triét can nhiéu tuan ty; thu hoach ning
lwong vo tuyén; truyén song cong.

Str dung k¥ thuat hd trg truyén thdng tin méi 1a bé mat phan xa théng minh c6
thé cau hinh lai trong mang hai chiéu.

Cac diéu kién rang budc thuc té va cac kénh truyén fading Rayleigh c6 phan b
gidng nhau va doc 1ap nhau.

4. Y nghia khoa hoc va thuc tién cia dé tai nghién ciu

bé xuét giai phap két hop cac ky thuat ma héa mang s6, triét can nhiéu tuan tu
va cum thiét bi chuyén tiép gitp giam khe thoi gian truyén tin hiéu, ting kha ning
truyén tin hiéu thanh cong dan dén tang thong luong cho mang hop tac hai chiéu.
Pong thoi xem xét hé thng trong cac diéu kién gia dinh gan thuc té hon nhu

thong tin kénh truyén khong hoan hao va triét can nhiu khéng hoan hao.

Dé xuit giai phap mang vo tuyén nhan thic hop tac hai chiéu sir dung RIS hoat
dong & cac dai tan dudi 6GHz giup ting hiéu qua sir dung ning luong, tiét kiém
chi phi va cai thién higu qua sir dung pho tan vo tuyén. Phan tich hé thong trong
diéu kién thyc té clia truyén song cong 1a con ton tai nhiéu vong lip sau khi da
duoc triét can nhiéu ¢ anten thu va mang thir ce”ip bi gidi han cong suit boi nhidu

may thu so cap.



Dé xuit m6 hinh mang hai chiéu c6 thu hoach ning luong, st dung ngudn ning
luong sach tir song vo tuyén, hd trg cho cac mang vo tuyén hop téc hai chiéu chi
phi thap va han ché vé tai nguyén nhu mang cam bién khong day va mang IoT.
Dong thoi mo hinh ciing xem xét diéu kién thuc té 1a cac linh kién dién tir cia bo

thu ning luong cta thiét bi chuyén tiép c6 dic tinh phi tuyén.
CHUONG1 TONG QUAN

Trong chuong nay nghién ctru sinh phan tich, tong hop, so sanh cac cong bd lién
quan t6i mang vo tuyén hai chiéu va mang vo tuyén hop tac hai chiéu nhirng nim
gan day. Tir d6 rdt ra cac van d& con ton tai, ddng thoi xac dinh cac van dé con

c6 thé phat trién va dé xuit cac huéng nghién ciru cua ludn an.
CHUONG2 COSOLY THUYET

Trong chuong nay, co so 1y thuyét vé cac mé hinh mang vo tuyén hop tac hai
chiéu va cac mé hinh kénh truyén vo tuyén duoc trinh bay tom tit. Pong thoi
chuong nay ciing trinh bay céc Iy thuyét vé cac k¥ thuat ma héa mang, lya chon
thiét bi chuyén tiép, da truy cap phi truc giao, triét can nhiéu tuén tu, cong nghé
vO tuyén nhan thirc va thu hoach ning lugng vo tuyén cé sir dung trong Cac

chuong tiép theo.

CHUONG 3 MANG HQP TAC HAI CHIEU SU DUNG KY THUAT
TRIET CAN NHIEU TUAN TU' VA MA HOA MANG SO

3.1 Giéithiéu

Trong chuong nay, nghién ciru sinh dé xuét mé hinh mang hop tac hai chiéu gdm
hai ngudn va mot cum thiét bi chuyén tiép véi muyc tiéu ting thong lugng va giam
xac xuét dimg ctia hé thong. M6 hinh sir dung két hop ky thuat triét can nhiéu
tuan tu (SIC), mi hoa mang s6 (DNC) va lya chon chuyén tiép ban phan. Mo
hinh ¢6 hai khe thoi gian (TS) dé truyén tin hiéu va hoat dong & ché d6 ban song
cdng (goi 1a giao thirc SIC-2TS). Xéac xuét dimg va théng luong cia hé thong
duoc xem xét trong cac diéu kién triét can nhidu tudn ty hoan hao/ khdng hoan
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hao (pSIC/ipSIC) va théng tin trang thai kénh truyén hoan hao/ khéng hoan hao
(pCSl/ ipCsl).

Pong gop cia chwong 3 duge trinh bay tai céng trinh cong bo [P2].

3.2 M@ hinh nghién céu

Khe thdi gian thir nhit:
Khe thoi gian thirhai: - - - ———— -~ -

Hinh 3.1: M6 hinh mang SIC-2TS.

MG hinh mang hop tac hai chiéu nhu hinh 3.1 gdom hai nguon S, va S, va mot
cum N chuyén tiép R;, véi i {12,..N}.

3.3 Qua trinh truyén nhan tin hiéu va ti so tin hiéu trén nhiéu

Trong khe thoi gian dau, tin hiéu thu duoc tai R; la:

Yr = AP hsg X+, Pshs g X, +1g . (3.1)

Do c6 xem xét dén truong hop ipCSI nén ta c6 hé s6 udc lugng kénh truyén hy

dugc bicu dién theo hé s6 kénh truyén h, nhu sau:
hi =phy +(4/1—pf2)gf (3.2)

SINR dé giai ma tin hiéu X, tu ngudn gn S, tai thiét bi chuyén tiép nhu sau:



2

A
an h Sn RI

(3.6)

Vs, R—x,ld,<dy = T

ag(hs,r | +(ad, + gy )(1—p2)+p2/7/

Thiét bj chuyén tiép R, duogc chon tai giai doan thiét 1ap béi giao thirc 16p MAC
sao cho t6i da kha ning giai ma tin hiéu ctia ngudn gan hon:
R, =arg rrlao,g Os g - (3.7)
i=1... nth

SINR dé giai ma tin hiu X, tirnguon xa S, tai thiét bi chuyén tiép R, la:
2

A
hs,r,

Qy

(3.8)

Vs4R, —oxgld, <d, =

e‘th ‘2 P’ +(a Ay + gy )(1—p2)+p2 /7/.

Trong khe thoi gian thi hai, R, ding ham XOR dé tong hop tin hiéu X = X, ® X,

va truyén X vé hai nguon. SNR dé gii ma X tai nguon S, :
2
| p*

A
PR h Ro Sk

_ M7 9Rs, . (3.10)

) Py (1-02) 1 P2+ Ny iy (1= 92 )+ p?

7 s X

3.4 Phan tich hi¢u nang mang
3.4.1 Xéc sudt dirng cia giao thic SIC-2TS
Xac suét ding ctia nguon xa Sy :

N P(_1\PaPs! 4 _ 024 p2
OPSd d,<d, :1—(1—/1n Z—CN( he j(e 7‘((1 o) /%W))j. (3.16)

p=0 Ay + PP A

Xac suat ding cua nguon gan S, :



/’ide_%//ld

oP a (ﬂd +¢4Q)

S“ dnidd _% ﬂ/HZX/dC,\Pi (_1)pe—(p(¢3+¢5¢2)/1n+¢5/1d) (3 18)

20 (A0 + PhrA ) (Anda + 4%, + P o))
o (e—n ((z-02)+% (7)) j
Biéu thtrc tiém can cla cac xac suit dimg khi y — +o0
o N CP(_N\Pa Pl \ (i 2

OPS 4 =1-— 1_%zw e 7‘(1 P >, (3.19)

? <y p=0 Ayt P

ide’@/}ﬁ

op, |7 =1- (% +4:62) e (320

nld, <dg N inzldcr\‘]) (_1)pe—(P(¢e+¢7¢z)/in+¢7Md)

p=0 (An + Ph Ay )(ﬂn/ld +@,Q(4, + pd P Ay ))
3.4.2  X&c sudt dirng ciia cac giao thic SIC-3TS va SIC-4TS

Dé thay rd vu diém cua giao thirc dwoc dé xuit, nghién ctru sinh so sanh cac két
qué v6i hai giao thirc khac ciia mé hinh: Giao thirc truyén 3 khe thoi gian sir dung
k¥ thuat SIC nhung khong dung DNC (goi 1a giao thirc SIC-3TS); Giao truyén 4
khe thoi gian thong thuong (CONV) khong sir dung ky thuat SIC va DNC (goi
la giao thirc CONV-4TS).

Giao thirc SIC-3TS 6 xac suét dimg cta cac ngudn gidng nhu cua giao thic
SIC-2TS. Xac suit ding clia cic ngudn caa giao thire CONV-4TS nhu sau:

N
2 =0

N
1 =0

Biéu thuc tiém can cua cac xac suat dung khi y — 400

OP¢
S2

:1_[1- Y CP(-1Pe ™ (1"’2)]67‘ =) (3.23)
p=0

y+0
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OpP¢
S

y—>+0

=1—(1— i Crﬁ (—1)peP71(1p2)jeyt(lp2)_
p=0

3.4.3 Thong lwong cua ba giao thaic

1 1

TPSIC-ZTS|dn5dd 25(1_OPSH d, <d, )Rt +E(1_Opsd dy <dg )Rt
1 1

TPS|C'3TS|dn£dd =3 1-OP, . <q, R +§ 1-0Ps, d, <d, R;.

TPoonyars =%(1—0F>§)RI +%(1—OP§ )a.

3.5 M0 phéng va thao luan cac két qua

(3.24)

(3.25)
(3.26)

(3.27)

Gia sir S1 gan cum chuyén tiép hon S trong céc hinh 3.2 dén 3.5. Hinh 3.2 biéu
dién OP ctia hai nguon trong giao thirc SIC-2TS theo Pg / Ny(dB) véi pCSI va

hai truong hop pSIC/ipSIC. Xac suat dimg (OP) cta hai ngudén déu giam khi
Ps / Ng(dB) ting va dat dén gia trj bio hoa khi Ps / Ng(dB) dulon. Cac OP cua
ngudn S; trong hai truong hop pSIC va ipSIC bing nhau. Con cac OP ciia ngudn

S, trong truong hop ipSIC cao hon so vdi trudng hop ipSIC. Xac suét dimg ctia

hai ngudn giam khi sé lugng thiét bi chuyén tiép ting.

C (N=2)

L‘ ipSIC and ipCSI

Xac suét dimg

pSIC and pCSI

@ S,.SIC-2TS, pSIC-pCSI
m S, SIC-2TS, pSIC-pCSI
» S, SIC-2TS, ipSt

C-ipCSI

h E -5 5 10
35 40 P/
/

s

15 20
N, (dB)

Hinh 3.2: OPg va OP;  ciia SIC-

Hinh 3.2: OPg va OP;  ciia SIC-2TS

2TS khi pSIC- pCSls va ipSIC-



Hinh 3.3 biéu dién x4c sudt dimg cta hai ngudn trong giao thirc SIC-2TS theo
P, / No(dB) v6i hai trudmg hop pSIC- pCSls va ipSIC- ipCSls. Véi ¢4 hai ngudn,
xéc suat dimg trong truong hop pSIC-pCSIs tét hon nhiéu so vé6i trudng hop
ipSIC-ipCSls. Mot diém chu ¥ khi ipSIC xay ra s& anh hudng xau dén OP cua
ngudn Si nhiéu hon. Do d6 dé tao su cong bang hon giira cac ngudn, ta ¢ thé
thay d6i hé s6 cong suat phat cho phii hop dé OP ctia hai ngudn c6 thé xap xi
bang nhau.

ipCSIs

O S, SIC-2TS, pCSls
o S, SIC2TS, pCsls

[> S, CONV-4TS, pCSls

Xc suit dimg
Thong lugng

< S, CONV-4TS, pCSls

102 @ S, CSls

02
-10 5 0 5 10 15 20 25 30 35 5 ) 5 10 15
/N

Py /N, (dB) Pg/N, (dB)
Hinh 3.4: OPg va OPg ciia SIC-2TS  Hinh 3.5: TP cia SIC-2TS, CONV-4TS va
va CONV-4TS khi pCSls va ipCSls. SIC-3TS khi CSI va ipCsl.
Hinh 3.4 biéu dién x4c suit dung cia hai ngudn trong giao thic SIC-2TS va
CONV-4TS theo P, / N,(dB) vai pSIC va pCSls /ipCSls. Két qua cho thdy cho

thdy giao thie CONV-4TS c6 xac suat dirng thip hon giao thirc SIC-2TS trong
cd hai truong hop pCSI va ipCSI, do qua trinh truyén tumg tin hi¢u don gian hon.
Tuy nhién su chénh I&ch giita cac OP cua hai giao thiic giam xuong khi xem xét
trong di€u kién ipCSI.

Hinh 3.5 biéu dién thdng lwong hé théng cua cac giao thirc SIC-2TS, CONV-4TS
va SIC-3TS theo P, / N,(dB) trong hai truong hgp pCSI va ipCSI. Két qua cho
thay thong luong hé thong cua giao thirc SIC-2TS vuot trdi hon hai giao thirc con
lai trong ca diéu kién pCSI va ipCSI. Thong luong cua ca ba giao thiic trong
truong hop pCSI ludn tét hon so véi truong hop ipCSI va thong luong cac giao
thirc déu dat gia tri bdo hoa khi P / N, (dB) dat gia tri du 16n.



Hinh 3.6 biéu dién thong luong hé théng
cua SIC-2TS va CONV-4TS theo d,.
Két qua cho thiy thdng lugng cua giao
thirc SIC-2TS vuot trdi thong luong cla
CONV-4TS khi pCSls. Khi ipCSils,
théng lugng cua giao thirc SIC-2TS chi
cao hon thdong luong cua giao thic
CONV-4TS trong khoang gia tri cta d,
tr 0.3 dén 0.7. Thong luong cua giao
thirc SIC-2TS dat dugc gia tri cao nhét
tai cac vi tri d;={0.4,0.6} (trong

® SIC-2TS, pCSls
[ele}

pCS

Thong lugng

Hinh 3.6: TP cuia SIC-2TS va
CONV-4TS theo d,.

truong hop pCSIs) va d, ={0.45,0.55} (trong truong hop ipCSIs). Giao thic
CONV-4TS ¢ théng luong cao nhit khi thiét bi chuyén tiép cach déu hai ngudn.

Hinh 3.7 biéu dién thong lugng hé thng cia giao thiic SIC-2TS theo «, Va d,.
Két qua cho thiy thong luong cua giao thirc SIC-2TS dat cuc tri vao khoang
0.885 khi {c,d;}={0.4,05} va {e,d;}={0.6,0.5}. Néu phan b cong suat
phat hop 1y c¢6 thé dat duoc thong luong tot nhit cho giao thie SIC-2TS (Bang

3.1).

0.4 N 04

o 02
[e%% o o d

Hinh 3.7: TP cia giao thuc SIC-
2TS theo «; va dyi.

056
0o |

o.

_Thong luong

- 2 8 &

d ’ v )
Hinh 3.8: TP cua giao thirc SIC-2TS
theo d, va p.

Hinh 3.8 biéu dién thong lugng hé thong cua giao thirc SIC-2TS theo d, va p.
Quan st ta thay voi thay doi nho ciia p s& dan dén thay doi 16n ciia thong lugng.
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Bén canh d6 khoang cach tuong dbi gitra hai ngudn va cum thiét bi chuyén tiép
cling anh hudng khac nhau dén sy giam cta thong luong khi p giam. Va s6 lugng

thiét bi chuyén tiép tang thi thong lugng hé thong ting.

Bang 3.1: Cdc gid tri thong lwong I6m nhat twong g véi khodng cdch d, va hé s6

phan chia céng sudt a, .

dl 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0y 0.1 0.1 0.3 0.5 0.3 0.5 0.7 0.9 0.9
TPmax | 0.7839 | 0.8413 | 0.8715 | 0.8853 | 0.8754 | 0.8853 0.8715 0.8413 | 0.7839

Cubi cung 1a cac duong phan tich cia tat ca cic hinh déu trung khop véi cac
duong mo phong.

3.6 Kétluan

Dua trén phan tich xac suat dimg va théng lugng, mot s6 két luan chinh ciia md
hinh mang hop tac hai chiéu véi giao thic dugc dé xuat SIC-2TS nhu sau: Thong
luong hé thong cia giao thirc SIC-2TS vuot troi so v6i hai giao thirc bén khe thoi
gian CONV-4TS va ba khe thoi gian SIC-3TS. Hiéu nang mang trong cac truong
hop ipSIC/ipCSI ludn thip hon cac truong hop 1y twéng pSIC/pCSI. Khi s6 lugng
thiét bi chuyén tiép trong cum ting thi hiéu ning hé théng ting. Phuong phap lua
chon chuyén tiép duoc dé xuit di giam thiéu thoi gian thu thip cua cac ipCSI so
v6i phuong phap lua chon chuyén tiép khac, gidp giam thoi gian xir 1y tin hiéu
va tang toc d9 truyén tin. Giao thirc SIC-2TS c6 thé dat dugc hiéu suét tot nhat
tai cac vi tri toi wu cua thiét bi chuyén tiép va hé s6 phan chia cong suat thich hop
ctia hai ngudn.

CHUONG 4 MANG VO TUYEN NHAN THUC HAI CHIEU SU DUNG
BE MAT PHAN XA THONG MINH

4.1  Giéi thiéu

Trong chwong nay nghién ctru mé hinh mang vo tuyén nhan thirc hop tac hai
chiéu véi su hd trg ciia bé mit phan xa théng minh (RIS) dé truyén tin. RIS la
giai phap hd tro truyén thong méi, giup tiét kiém chi phi trién khai, tiét kiém ning
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lwong va cong nghé vo tuyén nhan thire gilp cai thién hiéu qua phd tin. M6 hinh
c6 xem xét diéu kién thyc té 1a con ton tai nhidu vong ldp & anten thu cta hai

ngudn thir cap do truyén song cong.
Pong gop ciia chuong 4 dwgc trinh bay tai cong trinh cong bé [P4].

4.2 M0 hinh nghién cau

&

Hinh 4.1: M6 hinh MPR-UTW-RIS

Hinh 4.1 12 m6 hinh mang vé tuyén nhén thtrc hai chiéu dang nén gdm: hai nguén
thir cap Sqvéi qe {L 2} , mot RIS ¢6 T phan tir phan xa MS, voi t= {1, 2,...,T}
vaK thiét bj thu so cap PR, véi i={12,...,K} . Hai nguon thir cip S, chiu giéi
han cong suét phat sao cho rang budc can nhiéu dén cac PR; phai nhé hon mtrc
ngudng cho trudc |, dé dam bao khéng anh hudng dén cac hoat dong ciia mang
SO cap.

43  Quatrinh truyén nhan tin higu va ti sé tin hiéu trén nhiéu

Tin hi€u tai nguon S, nhan dugc:

y1:\/P_zxz(ihzt'}htl)+\/slxl(irﬁt"thl)+L1+nl- (4.2)

Desired signal Self-inteference signal
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Gid str S, c6 thé tri¢t tiéu hoan toan tin hi¢u tu can nhicu va toi uu pha cia MS,

% :_(wlt +¢2t)'

o
Y1:\/52X2 [§|h2t|x|htl|j+l-1+nl' (4.3)
SINR dé giai ma tin hiéu nhéan tai S, :
. w?
71 =min(y,, Q ) . (4.5)
max g,;” (1+ )
SINR d giai ma tin hiéu nhan tai S, :
. y?
7, = min(p,—2—) . (4.8)

max gsi (1+ )
4.4 Phan tich hi¢u ning mang

Trong phan nay, c4c xac suit dirng cua hai ngudn tht cAp Sp va Sw, (p,W= {1, 2}
va p # W) duogc phan tich. Xac sudt dimg tai Sp ¢ hai dang tich phéan (4.22) va
tong vo han (4.23):

NN, N
OPSO:t=(a+ (r (a)+1?1 y°)(1—e“W+Z>Q’7°)K+K(a2/(2b (M,))( "

K-1 2 2 N
S Cn L (<1) (mey @Al _ (422
m=0

Tr;{azz/(‘tbzkwq ) (m+1))]

r(a+1(a, /b)Vx)

PR R e T )
(1—e fwam)K £ K Awa2) (1 e ) e f(asl) dx.
(a+1/2)
OPéJUt _ ]/(a+1, (1/ b)\,a’]_/}/o ) (1_e’ﬂ(w+2)Q/70 )K LK a, y
: r(a+1) 20 v

ay?

focg‘_l( )" (m+1)2 e [8b2’*w+2>(m”)]\N - (423

%(amz )‘7%‘(@2/(41:24( ws2) (m+l)])

(w+2) 0 (_1)“ K-1 m m -(W2)(a+1+n)+1)
Tah Sarirm 20 Grn(me2) x
<y (W1 2)(a+1+0)+1 4. (M+1) ).
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Dang téng v6 han trong (4.23) duoc danh gia do chinh x4c bang phép do sai sb
nhu sau:

&p = (‘Opgft (4.22) - OPg" (4-23)‘) /(opg" (4.22)). (4.24)

Biéu thirc tiém can khi y; — +oo::

(a+1/2)
OPgt70=* = ¢ =K [—“2 } <SGl (1) x
S, 1 b K-1

Fuws2 2 "0 (4.25)
(m+1) [a+5j [sbz&w;(ml) e o)
Biéu thire tiém can khi Q — +0:
OPgQ> =y (a+1(1/b)m) (F(a+1)). (4.26)

45 M6 phéng va thao luan cac két qua

Hinh 4.2 biéu dién gié trj sai s6 &, (%) theo sb s6 hang dau cua tong vo han (M)
v6is6 T €{7,10,15} . Két qud cho thdy so lugng phan ti phan xa T ting lén, thi
s& M trong (4.23) can thiét dé dat duoc gia tri gan gia tri chinh x4c s& giam xudng.
Tir Hinh 4.3 dén Hinh 4.6 chon d, =d, va d; =d, . Domd hinh c6 tinh déi xting,

nén cac xac suat dung ctia hai nguon thir cap S; va S, co gia tri bang nhau.

09r 4 T ' . -
08 1
07t 1 o'
06+ 1 .
R i R el -
= 05 3
g 2 =
o 04l S [0 s&T=9 T=7
wr g | o 8,8(T=7)
> 10°
03r 1 —-=-Phan tich dang tong vo han
—— Phin tich dang tich phén T=10
02r 1 = = Phan tich ti¢m cin \ E e
10° E|
____________ 3
T T *
¥ E— w0
0 10 20 30 40 50 25 20 -15 -10 5 0 5
M 0 (dB)
Ry . .7 . 4 0 N . Y
Hinh 4.2: Gia tri sai so fp ( /0) theo M Hinh 4.3: OpP, va OP, theo Q
R 22
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Hinh 4.3 biéu dién cac x4c suét dirng cia hai ngudn thtr cip theo ti 18 gia tri rang
budc can nhiu ciia cac ngudn thir cdp dén cac thiét bi thu so cip trén nhidu
Q=1/Ny (dB). O ving Q nhé (tir -25dB dén -10dB), x4c suit dirng ctia ca hai
ngudn giam khi Q ting. Ving gia tri Q 16n (trén —10dB) thi xac suit ding dat gia
tri bdo hoa. Xac suit dimg giam khi s6 luong phan tir phan xa T cua RIS ting.
Trong hinh 4.3, biéu thirc phén tich cua xac suat dimg dugc vé ¢ dang tong vo
han (str dung 25 s6 hang dau tién) va dang tich phan chinh xac. Khi T ting,

duong cua cong thirc tong vo han cang gan véi duong mo phong hon.

Hinh 4.4 biéu dién c4c x4c suit dimg ctia hai ngudn thir cap theo ti sé cong suét
phat tdi da ma phan cimg cac ngudn thir cip c6 thé dap tng trén cong suat nhidu
7o = Prax / No(dB) . Xac sudt ding ctia cac ngudn giam nhanh khi 7, tang trong
khoang -25dB dén —15dB, sau d6 roi vao gia tri bdo hoa. Vi cong suit phat phu

thudc vao bo hai tham sé nhu cong thirc (4.1).

® Si(K=5)

O S(K =5)

» Si(K =15)
D> Sy(K = 15)
m S (K =35)
O Sy(K = 35)
Phan tich dang tich phan
= = Phan tich tiém can

T
1
1
1
1
v
Xic sudt dimg

e S5(T=4)
O S(T=4)
> Si(T=T7)
> S(T=7)
n Sy (T =10) B
O ST=10) || e &
Phan tich dang tich phan|

__________ — — Phan tich ti¢m can —
T

25 20 -15 -10 5 0 5 25 20

7, (dB) % 0@’
Hinh 4.4: OP; va OP theoy, Hinh 4.5: Op; va OP;_ theo Q(dB)
khi K thay doi

Hinh 4.5 biéu dién cac xac suat dimg ctia hai ngudn thir cap theo ti 1¢ gié tri rang
budc can nhidu cua cic ngudn thir cip dén cac thiét bi thu so cip trén nhidu Q
(dB) khi s lugng may thu so cp K thay déi. Két qua cho thy trong viing Q nho

hon -10dB, ting sb luong may thu so cap thi xac sudt dimg cua cac ngudn thir
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cap tang. Khi Q 16n hon mot gia tri ngudng (-10dB), s6 lugng may thu so cip

khong con anh hudng dén hiéu nang cia mang thur cap.

Hinh 4.6 biéu dién c4c x4c suit dimg ctia hai ngudn thir cip theo Q (dB) khi gia
trj nhidu vong 1ap u khac nhau. Két qua cho thiy nhiéu vong lip ting s& lam
tang xac suat dimg cua cac ngudn thir cip. Va xac suit dimg cua hai ngudn thir
cap 1a t6t nhét ing voi truong hop loai bo nhiéu vong ldp hoan hao x#=0. Céc

xéc suat dimg ciing giam khi Q tang va dat gia tri bdo hoa khi Q du 16n.

104 e e
u o S0sD ® S1Q = —15d1)
Sile=1) [}
O S(k=1) o o
o > Si(u=03) w - (@~ ~15412)
[> Siu=05) o
a Si(u=0) P S — -~ 10dB)
, G — = n 03
10 O Siu=0) a7
£ —— Phin tich dang tich phan 06 s R (6 1048} 04
= = = Phan tich tiém cin | a7
s 0.5 4% A
403 . e @l I:lph;m tich dang tich phan | 03
z
o . -
2

-25 -20

Hinh 4.6: OPy va OP, theo Q  Hinh 4.7: OP, v OP, theo x Va v .
(dB) khi 4 thay doi

Hinh 4.7 biéu dién cac xac suat dimg ciia hai ngudn thir cap khi vi tri (X5, Yg)
ctia RIS thay d6i va cum may thu so cap van cach déu hai nguon. Két qua cho
thdy xac suat dimg cua hai nguon thir cap bang nhau khi RIS & céc vi tri ¢6 tong
khoang cach tir RIS dén hai ngudn bang nhau. Vi cing mot gia tri Vg, vitri RIS
cach déu hai ngudn s& cho xac sut dimg nho nhit. Bén canh dé, voi cing mot

gid tri Xg, xac suét dirng s& giam khi Y gidm tur -0.7 dén -0.3.

Hinh 4.8 biéu dién cic xac suit dimg cia hai nguon thi cip theo toa do
(Xor» Ypr) clia cum may thu so cip va RIS cich déu hai ngudn. Két qua cho thay

khi cum may thu so cap cach déu hai ngudn thi OP; va OPg_ bang nhau va cum
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may thu so cip cang xa cac ngudn thi cac xac suat dimg cang nhé va nguoc lai.
Khi cum may thu so cap khong cach déu hai ngudn thi nguén gan cum may thu

so cap hon co6 xac suat dirng nho hon va ngugc lai.

Hinh 4.9 biéu dién cac x4c suit dimg cta hai ngudn thir cAp trong hai mé hinh
mang hai chiéu song cong ding RIS va ding mét thiét bi chuyén tiép AF theo
Q(dB). Két qua cho thay hé théng c6 RIS hd tro truyén tin hiéu ¢ hiéu niang tot
hon nhiéu so voi hé théng sir dung thiét bi chuyén tiép AF ngay ca trong truong

hop RIS chi c6 mot phan tir phan xa.

[ ]
&l
[ ]

Dmm tich dang tich phin

0.5 -

Xac suét ding

Xée sudt dimg

—— Phan tich dang tich phan

Ypr 7 4 2 0 2 4 6 8 10 12 14
0 (dB)

Hinh 4.9: So sénh mé hinh dung

Hinh 4.8: OPy va OPy, theo Xy V2 Ypg RIS va ding chuyén tiép AF

46 Kétluan

Chuong 4 dé xuat m6 hinh mang hai chiéu sir dung bé mit phan xa thong minh
trong moi truong vo tuyén nhan thirc. Xac sut dimg cua hai ngudn thtr cip duoc
khao sat theo nhiéu thong sb mang va két qua cho thay: cac xac suat dimg dat gia
tri tot nhat khi bé mat phan xa thong minh cach déu hai ngudn; cac xac suét dimg
giam khi sé luong phan tir phan xa ting, khoang cach gitta cum may thu so cp
va hai ngudn thtr cAp ting, va khi nhidu vong lap giam; va cac xac suit dimg s&
roi vao trang thai bio hoa khi ngudng ti sé rang budc can nhidu cia cac ngudn

thir cap dén céc thiét bi thu so cp trén cong suat nhiéu hodc ti s cong suit phat
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t6i da ma phan cimg cac ngudn thir cap c6 thé dap tng trén cong suat nhidu du
16n. Hon nira hé théng hai chiéu dugc bé mit phan xa thong minh hd tro co xac
suat ding cua cac nguon thir cap nho hon rat nhiéu so véi hé thong duoc hd tro

boi thiét bi chuyén tiép AF tuong ting

CHUONG 5 THU HOACH NANG LUQNG PHI TUYEN TRONG
MANG VO TUYEN HQP TAC HAI CHIEU

51  Giéithigu

Trong chwong nay d& xuat md hinh thu hoach ning luong phi tuyén (NEH) trong
mang hop tac hai chiéu (TW). M6 hinh nay hoat dong truyén nhan thong tin trong
ba khe thoi gian va st dung phuong phap thu nang lugng phan chia theo cong
sut két hop k¥ thuat ma hoa mang sb (DNC), goi 1a giao thire NEH-TW-DNC.
Céc biéu thie xac suat dimg chinh xac va gan dung cua cac ngudn duge phan
tich dé danh gia hiéu suit hé thong. Bén canh d6, nghién ctru sinh c6 thuc hién
s0 sanh xac suét dimg clia cac ngudn khi thu hoach ning luong phi tuyén va thu
hoach ning luong tuyén tinh dé thiy dugc su khac nhau khi xem xét hé thong
thuc té va 1y tudng.

Pong gop cia chwong 4 duge trinh bay tai céng trinh cong bo [P5].

5.2 M6 hinh nghién cau

EH: Xps ]151}2’ dl EH, X5, hsz, d._,
Sy x, hy , d, R x, s 5 d S,
- J
x=x®x,
Khe thoi gian the nhat: — — — —>
Khe thoi gian thir hai: —-—-— —-—- -
Khe thoi gian thi ba:

Hinh 5.1: M6 hinh NEH-TW-DNC
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Hinh 5.1 14 m6 hinh hé thdng hai chiéu thu hoach ning lwong phi tuyén NEH-
TW-DNC. M6 hinh gém hai nguén S, va S, va mét thiét bi chuyén tiép R.

Cong suat phat P ciia hai ngudn bang nhau.
5.3  Quaé trinh truyén nhan tin higu va ti s6 tin higu trén nhiéu
Qua trinh hoat déng ctia md hinh NEH-TW-DNC duogc thé hién trén bang 5.1. Ti

18 tin hiéu trén nhiéu (SNR) dé gidi ma tin hi¢ux, va x, tai R trong hai khe thoi

gian dau la:

2 2
781R:(1_p)‘h81R‘ P/N0=(1—p)‘his‘ Yo+ (5.2)
2 2
}/SZR:(l_p)‘hSZR‘ P/Noz(l_P)‘hszR‘ Yo (5.5)
Tong nang luong c6 thé thu hoach tai R trong hai khe thoi gian dau nhu sau:
2 2
€, =0 P g + el )T (5.7)

S

Vi thu hoach ning lugng phi tuyén nén cong suét phét ctia thiét bi chuyén tiép l1a:

e P(hosf #hosl ). ki P{sal +|nsel )< P
P, = , , (5.9)
Shns khi P(‘his‘ +‘hSZR‘ )>Pth’

Bang 5.1: Giao thire truyén ba khe thoi gian ciia mé hinh NEH-TW-DN.

S —R S,—»>R R —S,.,S,
Thiét b chuyén tiép thu Thiét bj chuyén tiép thu
hoach nédng luong tir nguén | hoach nang lugng tir nguon X=X @D X,
Sy S, Thiét bi chuyén tiép

Thiét bi chuyén tiép giai ma | Thiét bi chuyén tiép giaima | truyén tin higu X

tin higu X, cta ngudnS; tin higu X, ctanguénS, v& hai nguon

Khe thoi gian 1 Khe thoi gian 2 Khe thoi gian 3
aT aT (1-2a)T
' T

SNR dé giai ma tin hiéu X = X, @ X, trong khe thoi gian thir 3 & cac ngudn la:
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‘hRsi‘zgP(‘his‘2+‘hszR‘2)/No, khi P(‘his‘2+‘hszR‘2)gpth,
VRs, =

2 2 2 (5.11)
s [ 5P / N, khi P(‘his‘ +|hgel )>Pth.

Tir (5.2), (5.5) va (5.11) suy ra SNR dé giai ma cac tin hiéu X,, X, taicéc ngudn
S, S, twong tmg nhu sau:
Vs, = min{?/szR’VRsl} Vs, = min{?”is’VRsz} : (5.12)
5.4  Phén tich hi¢u nang mang
Xac sut dimg ctia ngudn S; :
OPs =Pr 75 <7 |=Pr[ 75,0 <7 |+ Pr| Vs, < V5,0 > 7o |- (5.15)
Sau nhiéu tinh toan phuc tap ta dugc OPs 0 hai trudng hop:

- Truong hop 1: khi 4, =4,=4"

OPg

h=lo=2

k+1
+(—— (kj {r(—k—l,ﬁj—r(—k—l,ﬁ]} (5.20)
S kA4 A ksd
o (<D< K, kit Kk, K,
Z:é k! (MJ {Fﬂ_k’fj_r[_k’@ﬂ'

- Truong hop 2: khi 4, # 4,:

—1_ e (alArklda) | o-ki/A (e—k3m3 _ e (k) ) +

8

OP
Stljyza,

ot T )
(A =4 )iz Ao Z ks,
sz st ot (o)
(ﬂﬂ—@) i k! (A A Koy
Xac suit dimg cua ngudn S, ciing tim twong tu ng véi cong thic (5.22) va

(5.23) trong cubn bao co. Khi P, — o ta c6 thu hoach ning lugng tuyén tinh.

—1_ e klhatkalie) | akilds (e—ksme _ e ke/(k) ) n

(5.21)
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55 M® phéng va thao luan cac két qua

Trong cac hinh thong s6 dugc chon: 7=0.8 ¢ =1/3, d, =0.5, d, =1—d,. Hinh
5.2 biéu dién xac suat ding cta hai nguon theo P, / N, (dB) . Két qua cho thay
C4C X4c suat dimg clia hai ngudn giam khi P, / N, ting va bdo hoa khi P, / N, 16n
CAc gid tri xac suat ding bao hoa khac nhau va phu thudc vao gia tri Py,, Py,
cang 16n thi gia trj xac suat dimg bio hoa cang nho. Bén canh do, khi P,/ N, <
Ry thi OPs > OPs vakhi B /N, > Ry thi OPy <OP; . Khi P,/ N, <Ry, xac
sudt dimg ctia mdi ngudn trong hai truong hop thu hoach ning lugng phi tuyén
v6i thu hoach nang lugng tuyén tinh gan nhu bang nhau. Khi P,/ N, > P, , v6i
thu hoach ning luong phi tuyén cac xac sut ding s& bio hoa trong khi voi thu
hoach ning luong tuyén tinh cac xac sut dimg tiép tuc giam khi P, / N, tang.
Cubi ciing, cac duong cong xac sudt dimg ctia thu hoach ning luong phi tuyén s&

tiém can cac duong xac suat dimg cia thu hoach ning lugng tuyén tinh khi

P, > .
10 1 O d,=03 Mo phong
——d,= 0.3 Phan tich
10 % d,=07 Mo phong
P, =20dB e d,=0.7 Phan tich
102 A 0 d,=05Mo phong
——d,=0.5 Phin tich
B
2 10°
“F:V N
é 10 % S, Mo phong -
> O S, Mo phong A
5| | ——s, Phan tich _ <70
10 ! Pth = 40dB S F
——, Phan tich N \
N
0oL | = = S Témen | o
— _ S Tiémcin EH tuyén tinh N
>
107 I [ | |
-10 0 10 20 30 40 50 -10 0 10 20 30 40 50
PN (dB) Py, (@B)
3 . 2 3 .
Hinh 5.2: OP, va OP; theo P, / N, (dB) Hinh 5.3: OP; theo B, (dB)
S 5, ;

Hinh 5.3 biéu dién x4c sut ding cta nguon S, theo P, vdi hai gia tri P,/ N, va
ba gid trj d, . K&t qua cho thdy OPy giam khi B, va P,/ N,tang, OP; dat gi trj
bao hoa khi P, tang dén mot gid tri du 16m, va gia tri nay thay doi phu thude vao
gia trj cia P, /N, va d,. Bén canh do, ta thay khi P, <P, /N,khoang cich d,
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cang nho thi OP51 cang nho. Nguoc

o P,=20dB

lai khi B, > P,/ N, khoang cach d, % Po- 3008
o P”‘:40dB
Phén tich

cang 16n thi OP; cang nho.

Hinh 5.4 biéu dién xac suit ding
OP; theo p vai P,/N,=30(dB),
P, €{20,30,40}dB. Két qua cho
thdy OPg giam khi P, ting. Bén

Xac suét dimg
X

canh do, voi moi b thong so s€ ton 10

0.1 0.2 03 04 0.5 0.6 0.7 0.8 0.9

. A . r . A A , A P
tai mét gia tri o toi uu dé xac suat Hinh 5.4: OP.\', theo p

dimg nho nhét.

56 Kétluan

Chuong 5 dé xuat mang hop tac hai chiéu c¢6 thu hoach niang lugng phi tuyén tai
thiét bi chuyén tiép. Khi cong suat ngudng bdo hoa cua thiét bi thu hoach ning
lwong phi tuyén tai thiét bi chuyén tiép tang 1én, thi x4c sudt dimg ctia cac ngudn
s& giam xudng. Va xac suat ding dat dugc gia tri bdo hoa khi P,/ N, va P, du
16n. Véi mdi bo thong 36 s& ton tai mot hé sd phan bd cong suét tdi vu dé xac

sut dimng 14 nho nhat.
CHUONG 6 KET LUAN
6.1 Cac két qua cia luan an

Lu4n 4n di nghién ciru cac k¥ thuit va cac giao thirc nhdm nang cao hiéu ning
truyén théng cia mang hop tac hai chiéu trong hé thdng vo tuyén thong thuong
va vO tuyén nhan thic. Trong cic md hinh dugc dé xuit da xem xét cac diéu kién
ly tuong va rang budc thuc té dé co thé danh gia hé thdng mét cach toan dién

hon. Céc diém mai va két qua chinh cua luén &n nhu sau:

Dau tién, dé xut va phén tich thanh c6ng mé hinh mang hop tac hai chiéu c6 sir

dung Kkét hop cum thiét bi chuyén tiép, k¥ thuat triét can nhiéu tuan tu va k¥ thuat

mi hoa mang s6. M6 hinh duoc khao sat trong cac diéu kién Iy twéng va cac diéu
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kién thuc té nhu triét can nhidu tun tu khong hoan héo, thdng tin trang thai kénh
truyén khong hoan hao. Céac két qua nghién ctru cho thay thong lugng hé thong
clia giao thirc duge dé xut vuot troi so véi cac giao thirc khong str dung két hop
cac k¥ thuat trén. Bén canh d6 d¢ xuit phuong lya chon chuyén tiép ban phan
gilp giam thiéu thoi gian thu thap cta cac thong tin trang thai kénh truyén so véi
phwong phap luya chon chuyén tiép khac, do d6 giam thoi gian xtr 1y tin hidu va
tang toc do truyén tin. Hiéu qua phan tap khong gian ting va xac suat ding giam
khi s6 lugng chuyén tiép trong cum ting. Cac két qua nghién ctru ciing cho thay
su anh hudng 16n cua cac diéu kién khong 1y twong cia triét can nhidu tuan ty va
thong tin trang thai kénh truyén 1én hiéu ning cua hé théng. Hon nita khi c4c thiét
bi chuyén tiép duogc thiét 1ap & vi tri tdi wu va hé sb phan chia cong suét hop 1y,

hai nguén s€ dat dugc hi¢u nang tdt nhat.

Tiép theo dé xuat va phan tich thanh cong md hinh mang hai chiéu sir dung bé
mit phan xa thong minh trong mdi trudng vo tuyén nhan thirc. M6 hinh hoat
dong o ché do song cong va khao sat diéu kién thyc té 1a con tdn tai nhiéu vong
lap sau khi da dvoc triét can nhidu & anten thu va mang thir cap bi giéi han cong
sudt bai nhidu may thu so cap. Muc tiéu dat duoc ctia mé hinh 13 giam xac suit
dirng, tang hiéu qua str dung phd, hiéu qua sir dung nang luong va hiéu qua chi
phi ciia mang hai chidu. Xéc suat dimg ctia hai ngudn thir cip duoc khao sat theo
nhiéu thong s6 mang va két qua cho thay: dat gia tri tot nhat khi bé mit phan xa
thdng minh cach déu hai ngudn; giam khi sb lugng phan tir phan xa tang, khoang
cach giita cum may thu so cép va hai ngudn thir cip ting, va khi nhidu vong lap
giam; VA s& roi vao trang thai bdo hoa khi ngudng ti s6 rang budc can nhidu cia
cac ngudn thir cip dén cac thiét bi thu so cp trén cong suit nhiéu hodc ti s6 cong
suat phat toi da ma phan ctimg cac nguon thir cap c6 thé dap g trén cong suét
nhidu da 16n. Hon nita hé thong hai chiéu duoc bé mit phan xa thong minh hd
trg c6 xac suit ding ciia cac ngudn thtr cip nhé hon rat nhidu so v6i hé thong

duogc hd tro boi thiét bi chuyén tiép AF tuong ng.
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Chuong 5 dé xuit va phan tich mé hinh mang hop tac hai chidu c¢6 thu hoach
nang lugng phi tuyén tai thiét bi chuyén tiép DF. M6 hinh xem xét diéu kién thuc
té 12 bo thu ning luong cua thiét bi chuyén tiép duoc tao ra tir cac linh kién dién
ttr phi tuyén. Sir dung phuong phap thu hoach ning lugng phan chia theo cong
sudt va k¥ thuat ma hoa mang s6. Pong gop cua dé xuét 13 sir dung ngudn ning
luong sach tir song vo tuyén dé hd tro truyén tin hiéu cho cac mang vo tuyén hop
tac hai chiéu chi phi thap va han ché vé tai nguyén nhu mang cam bién khong
day va hé théng IoT. Cac két qua cho thiy vai mdi bo thong sb ciia hé thong co

thé xac dinh dugc hé so phan bo cong suat toi uvu d€ xac suat dung la nho nhat.

Tét ca cac thong sé danh gia hiéu ning cua cac d& xuit trong luan an déu duoc
dugc phan tich dudi dang cac biéu thirc tudng minh va cac két qua phan tich toan
déu duoc kiém ching bang phuong phap mé phong Monte Carlo. Cac két qua
ctia dé tai nghién ciru dong gop hiru ich cho cong ddng nghién ciru, cho cac cong
ty san xuét thiét bj vién thong dé hudng téi cung cap chat luong dich vu tot hon
cho khach hang. Cac mé hinh dé xuét cua dé tai co thé dugc dung trong mang
ToT, mang khong dong nhét, mang cam bién khong diy, mang robot trong cong
nghiép. Cac két qua nghién ctru trong luan an da dugc nghién ctru sinh cong bd

trén cac tap chi SCIE va hoi nghi qudc té uy tin.

6.2 Hwéng phat trién cia luan an

Lu4n an da dua ra cac dé xuat c6 cac két qua dat dwoc muyc tiéu dé ra. Tuy nhién
ngay nay khi cac img dung truyén thong vo tuyén ngay cang nhiéu va nhu cau vé
chat luong dich vu vo tuyén ngdy cang cao thi muc tiéu ning cao hiéu ning mang
trong cac tmg dung va diéu kién cu thé van luén 1a van d& can dugc quan tam.
Trong thoi gian téi, nghién ctru sinh tiép tuc nghién ctru vé nang cao hiéu ning
mang hai chiéu nhu ting hiéu qua sir dung phd, hiéu qua sir dung ning luong,
tang toc do truyén tin cho mang hop tac hai chiéu trong mang vo tuyén thong
thudng va mang vo tuyén nhén thirc. Pong thdi xem xét cac diéu kién van hanh

thuc té hon. Cu thé cac du dinh nghién ciru tiép theo cta dé tai nhu sau:
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Xem xét cac mang hai chidu da nghién ctu trong cac kénh truyén fading
khac nhu kénh Nakagami-m, Rician, double Rayleigh.

Khao sat md hinh mang hop tac hai chiéu thu hoach nang lwong phi tuyén
¢ dudng truyén tryuc tiép.

Panh gia hiéu ning dudi dang d6 tin ciy va do tré cac mang hai chiéu da
nghién ciu bang cach st dung goi tin ngén.

Thiét ké mang hoc sau tir cac dir liéu phan tich va md phong dé du doan higu
nang hé thong hai chiéu.

Nghién ctiru mang lai ghép gitra mang hai chiéu mat dat véi mang vé tinh.
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