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Tém tir: Trong bai bao ndy, ching toi dé xuit mo
hinh chuyen tlep da chang st dung truyen thdng cong tac
tai moi chang de nang cao hiéu nang cho mang truyén
thong goi tin ngan. Ching t6i ciing nghién ciu ky thuat
truyén thong cong tac tang cudong don gian tai moi chang,
¢ day néu ty so tin hi¢u trén nhiéu tic thoi cia duong
truyen truc tiép nho hon mot ngudng cho trudce thi duong
chuyén tiép s& duoc st dung de truyen dir ligu. Chung toi
dua ra cac biéu thirc danh gia ty 1¢ 15i khdi cho md hinh
dé xuat trén kénh fading Rayleﬂlgh»Cuol cung, md phong
Monte-Carlo dugc thyc hién dé kiem chirng su chinh xac
cua két qua phan tich, cung nhu dé so sanh hi¢u nang cua
mo hinh d& xuit véi mé hinh chuyén tiép da ching thong
thuong.

Tir kh6a: Chuyén tiép da chang, truyén thong cong
tac, truyén thong goi tin ngin, ty 18 16i khoi.
l. MO PAU

Ngay nay, cac hé théng mang tu cdu hinh nhu mang
cam bién vo tuyén (WSNs: Wireless Sensor Networks)
[1]-[5], véi cac thi€t bi c6 wu diém ve kich thuéc, higu qua
st dung nang luong va gia thanh thap, dang cung Cap rat
nhiéu dich vu tién loi cho nguol ding va ngay cang tro
nén pho bién. Ciing boi su don gian trong kich thudc, cac
thiét bi mang thuong bi gi¢i han vé& mat cong suat, kha
nang luu trir va tinh toan. Do 6, d&é mo rong vang phu
cho céc hé théng mang nay, ky thuat chuyen tlep duoc
xem la glal phap hiéu qua nhat. That vay, chuyen tlep glup
cac nut c6 cong suat phét thap c6 thé gui dir liéu dén cac
nlt & xa, dong thoi cling nang cao do tin cay (do truyén
thong & khOang cach ngan), tiét kiém ning luong (kh| S0
sanh véi viéc truyen truc tiép dén cac ndt ¢ xa voi cong
Suét phat I6n) va sir dung_hi¢u qua tai nguyen mang (st
dung céc nut [Mang dang rdi). Tuy thugc vao khoang cach
glua ndt ngudn va nat dich ma sy Chuyen tlep can dén su
gitp d& ciia mot hogc nhiéu nat chuyen tlep trung gian.
Céac nat trung gian nay con dugc goi la cac nat Chuyen
tiép (relay) va ching co thé sir dung ky thuat khuéch dai
chuyen tiecp (AF: Amplify-and-Forward) [6]-[7] hodc giai
mé va chuyen tiép (DF: Decode-and-Forward) [8]-[9] dé
van chuyén di liéu cua ngu0n Mac du ky thuat AF don
gian hon nhung nhiéu tai mdi ching s& tich lity tai nut
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dich do su khuéch dai tin hiéu caa nGt chuyén tiép. Nguoc
lai, k¥ thuat DF c6 kha néng khtr nhiéu tai tirng chang nén
dat duoc do tin cay truyén tin cao hon. Trong chuyén tiép
da ching (Multi-hop Relaying) thong thuong, dir ligu
ngudn s& duoc truyén theo ting chang mot dé dén dich.
Tuy nhién, sy anh hudng cua nhled va fading kénh truyén
Iam cho hiéu nang cta mang chuyén tiép da chang bi suy
giam nghiém trong. Day la dong luc dé chang t6i nghién
ciu va ap dung truyen thong cong tac (Cooperative
Communication) [10] dé nang cao hiéu nang cho mang
chuyén tiép da chang.

Nguyén Iy co ban cua truyén théng cong tac la cac nat
don anten s& chia sé anten cia chung dé tao thanh chudi
anten ag Nho vay, mang dat dugc do loi phan tap khong
gian giong nhu cic h¢ thong truyén thong da dau vao da
dau ra (MIMO). Trong céc cong trinh [11]-[15], céac tac
gia da dé xuat nhitng md hinh chuyen tiép da chang cong
tac, trong d6 cdc nut chuyén tiép ¢ phia sau s& nhan tin
hleu tir tat ca cac nat ¢ phia truéc. Sau do, cac nat chuyén
tlep su dung cac k¥ thuat két hop (combining techniques)
dé giai ma dir liéu. Didu nay lam nang cao d¢ tin cdy cua
vigc giai ma dir liu tai cac nat chuyén tiép va cung nhu
tai nat dich. Tuy nhién, nhugc diém chinh cua cac mo
hinh nay do6 1a su ddng bo cao giita tit ca cac nat. Hon
nira, su phuc tap trong xa ly dfrnliéu & cé&c nat chuyeén tiép
cling 1a thach thuc Ion khi trien khai cac mo hinh nay
trong thuc té. Trong cac cong trinh [16]-[18], cac tac gia
d& xuat mo hinh chuyen tiép da ching dang cum (cluster),
trong d6 su chuyén tiép dir liéu gita nguon va dich dugc
thuc hién théng qua nhitng cum trung gian. Hon nta, cac
tac gid cua [16]-[18] ciing dé xuat phuorng phap chon lya
nGt nhan tot nhat tai mai cum, nhdm néng cao do tin cay
cua su truyen dir liéu & méi chang. Khac véi [11] [18],
cac tac gia trong cac tai lieu [19]-[20] dé xuat mo hinh
chuyen tiép sur dung truyén thdng cong tac tai mol chang.
Céc mb hinh nay dé dang trién khai trong thuc té hon, khi
so sanh véi cac mo hinh trong [11]- [18] Cu thé, trong
[19], tai mol chang trén tuyén giira nguon va dich, mot nat
chuyen tiép bén ngoal s& duoc chon dé hd trg. Khac véi
[19], cong trinh [20] &p dung k§y thuat truyén théng cong
tac tang cuong (Incremental Cooperative Communication)
tai moi chang, nham nang cao hi¢u qua str dung phd tan.
That vay, cac nat chuyén tiép trong truyén thdng cong tac
tang cuong chi dugc dung khi duong truyén truc tiép c6
chat luong Xau.

Gan day, truyén thong goi tin ngén (SPC: Short Packet
Communications) [21]-[22] nhan duoc nhicu sy quan tdm
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cia c4c nha nghién ciru trong va ngoai nudc. Truyén
thong géi tin ngan hién dang 1a mot mg vién day tiém
nang, va sé la mot ky thuat hi¢u qua trong cac tng dung
thoi gian thuc, véi yeu cau do tré cyc thap va do tin cay
cuc cao. Trong cac cong trinh [23]-[26], cac tac gia da de
XUét nhung mo hinh chuyén tiép da chang sir dung truyen
thdng goi tin ngan. Tai liéu [23] phan tich ty I¢ 15i khoi
(BLER: Block Error Rate) toan trinh cho mang chuyén
tiép da chang DF st dung SPC. Céc tac gla trong [23]
cing danh gia sy anh huong cta cac tham so hé thong nhu
cong suat phat va sb chang Ién hi¢u nang ctia mo hinh.
Trong [24], m6 hinh chuyén tlep da chang dang nén st
dung SPC d3 duogc dé xuat va phan tich. Cu thé, cac tac
gid cua cong trinh [24] danh gia BLER toan trinh cho
mang da chang thi cap, sir dung phuong thic chia s¢ pho
tan dang nén (underlay spectrum sharlng) Cac tac gia
trong cac tai liéu [25]-[26] d& xuat mo hinh chuyén glep da
chang dang cum sir dung SPC va lya chon nat chuyén tiép
tot nhat tai méi chang. Ngoai ra, nhiing nt phat trong céc
mo hinh nay phai thu thap nang lugng vO tuyen tir cac
tram phat dé st dung cho viéc truyen dix ligu.

_Trong bai bao nay, ching t6i dé xuat mo hinh chuyén
tiép da chang su dung truyen thong cong tic ting cuong
tai moi chang de nang cao hiéu nang cho mang truyén
thdng goi tin ngan. Nhimg diém méi, diém khac biét so
véi cac cong trinh lién quan va dong gép chinh cua bai
bao nay sé duoc tdm tat nhu bén dudi:

- Khac véi cac cong trinh [23]-[24], truyén thong coéng
tac tang cuong duoc str dung tai moi ching dé nang cao
hiéu nang cho mang chuyen tiép da chang trong mang
SPC. Pay ciing chinh 1a diém khac cua bai béo nay vai
cac cong trinh [25]-[26], khi ma cac tac gia trong [25]-
[26] xem xét mé hinh chuyén tiép da chang dang cum
va su lua chon nat nhan tét nhat tai mai cum.

- Khéc véi cac mé hinh chuyén tiép da chang st dung
truyén thﬁng cong tac tai moi chang dugc de Xuat trong
[19]-[20] va [27], ky thuat truyén thong cong tac ting
cuong trong bai bdo nay don gian hon. That vay, & moi
chang, néu ty sé tin hiéu trén nhidu (SNR: Signal-to-
Noise Ratio) tuc thoi cua duong truyén truc tiép nho
hon mét ngudng quyet dinh cho trude thi duong
chuyén tiép méi dugc sir dung dé truyén dir liéu.

- Pé danh gia hiéu ning cua mo hinh dé xuét, ching
toi dua ra cac cong thirc toan hoc tinh BLER toan trinh
trén kénh fading Rayleigh. Chung to6i cling thyc hién
mé phong Monte-Carlo dé kiém ching tinh chinh xéac
cua cac cong thirc dua ra.

- Cac két qua dat dugc trong bai bao cho thiy mo hinh
dé xuit c6 thé dat hi¢u nang t6t hon khi so sanh véi md
hinh Chuyen tlep da chang thong thuorng [23]-[24], ¢
cac muc cong suit phat trung binh va Ién. Hon nira, dé
t6i uu hiéu ning cho mo hinh dé xuat, ching toi khao
sat ky gid tri cua ngudng quyét dinh.

Phan con lai ctia bai bao dwoc cau tric nhu sau: phan
Il trinh bay nguyén Iy hoat dong caa md hinh dé xuat.
Phan 111 phan tich hiéu ning BLER toan trinh trén kénh
fading Raylelgh Phan IV dua ra cac két qua mo phong dé
kiém chung céc phan tich ly thuyet Cudi cang, phan \%
dua ra cac két luan, giai phép thiét ké va huong phat trién
cua bai béo.

Il. MO HINH HE THONG
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Hinh 1. M6 hinh dé xuéat (MH-CC).

Hinh 1 md t4 md hinh chuyén tiép da chéng st dung
SPC va truyén thong cong tac ting cuong tai mdi ching.
M& hinh nay dugc dat tén la MH-CC (Multi-Hop
relaying with Cooperative Communication). Trong Hinh
1, nt nguon T, muon giri dit liéu dén ndt dich T, , su
dung SPC. Do khoang céach 16n gilta ngudn va dich nén
nut nguon T, khong thé truyén dir liéu tryc ti€p dén nut
dich T, . Vi vay, nat ngudn T, can thiét lap mot tuyén
dén dich fié gui dir liéu. Nhu trong Hinh 1, ta ky hi¢u cac
nat chuyén tiép trén tuyén gitra nguon va dich, theo thur
tu nhu sau: T, T,,..., T, ;. D& nang cao d¢ tin cdy khi
truyén dir lidu tai cic ching, truyén thong cong tic tang
cuong s¢ duoc ap dung, ¢ day mot nut ngoai tuyén s&
duoc yéu cau hd trg. Gia sir rang mat do cac nit mang la
16n; do d&6 mdi ching déu c6 thé tim duoc 01 nat chuyen
tiép bén ngoai san sang gitp d&. Ky hiéu R, 1a nit cong
tic & ching tht k, voi k=12,...,
mang déu c6 01 anten va hoa‘g dong o ché do ban song
codng (half-duplex), va sy truyén dir liéu duoc thuc hién
trén cac khe thoi gian tryc giao.

K. Gia st tAt ca cac nut

Dé thay duoc vu diém ciia mo hinh dé xuit, bai bao
nay sé so sanh hiéu nang cia MH-CC véi md hinh
chuyén tiép da ching thong thuong [23]-[24] (duoc dat
ttn la MH-DT: Multi- -Hop relaying  with Direct
Transmission). Nhu ta co thé thay trong Hinh 2, ¢ moi
ching trong mé hinh MH-DT, su truyén tryc tiép gitra
cac nut s€ dugc thuc hién.

Hinh 2. M6 hinh da chdng théng thuwong (MH-DT).

Ta cing luu y rang, trong chuyen tiép da chang, thoi
gian tré s& ting theo s6 ching boi tong thoi gian truyén
va thoi gian xu ly tai cac nat chuyén tiép s& ting. Hon
nira, boi vi mé hinh dé xudt MH-CC su dung truyén
thong cong tac tai moi chang nén viée trién khai mo hinh
nay s& phire tap hon mé hinh truyén thong MH-DT. Ciing
viy, vi€c st dung cac nit chuyén tiép cong tac tai moi
chang ciling gia ting thoi gian tré dén tir cac hoat dong
dong bg, Iuu trit va xu ly tin higu.

Trong SPC, mdi khéi c6 chiéu dai 1a m CU (Channel
Use), v6i m>100. Trong mdé hinh MH-DT, khi nut
ngudn T, truyén & bit thong tin t6i nat dich T, thi téc
d6 ma héa la ry; =K /m [23]-[24].

Trong md hinh MH-CC, xét sy truyén dit liéu & ching
thir k gitra T, va T, v6i sy giop d& cua R, , ¢ day
k=12,..,
T, s& truc tiép truyén dir liéu dén T, véi toc d6 ma hoa

K. Néu chat lugng kénh giita T, , va T, 1a tot,

la 1y, =SK/m. Néu chit lugng kénh gitta T, , va T,
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khong dam bao; nut T, , s& nho R, chuyén tiép dit li¢u
dén T, , s dung k¥ thuat giai ma va chuyén tiép (DF).
Trong truong hop nay, téc d6 ma hoéa trén cac lién két
TR, va R, »T, s€la: r,. =26K/m [29].

Ta ky hi¢u g,g l1a d0 loi kénh gifra niit phat A va nit
thu B, véi Ae{T,, T,R,} va Be{T,,R,, T} . Béi vi
kénh truyén la fading Rayleigh, g,z 12 mot bién ngiu
nhién c6 phan phdi mil véi ham phéan phdi tich liiy (CDF:
Cumulative Distribution Function) va ham mat do xac
suat (PDF: Probability Density Function) lan luot la:

R (%) =1—exp(—QABx),
fo,o (X) = Qg XP(-QupX),

V6i Q5 =(dys) [10], [28] , 6 ddy d,g la khoing cich
giita A va B, va f 1a hé s6 suy hao duong truyén.

1)

Hon nfra, ty s6 SNR tirc thoi dat dugce tai nut B dé giai
ma dir liéu ma A gui dugc viét ra nhu sau:

P9
g =22, @
Og
v6i P, lacong sut phat ciia A, va o} 1a phuong sai cia
nhiéu Gauss cong tinh tai B.
Dé thuén tién trong viéc trinh bay, cling nhu dé c¢6 su

so sanh cong bang glua MH-DT va MH-CC; ta gia sir tat
ca nhidu Gauss tai cac nit thu B déu co gia tri trung binh

bang 0 va phuong sai bang &?, cu thé ol=0? ,
vBe{T,,R,, T} . Tiép theo, gia sir cong sudt phat cua
nat nguoén T, VA tit ca cac nit chuyén tiép T, trong mo
hinh. MH-DT déu bang nhau va biang P, cu thé:
P. =P =P(Vk). Cubi cung, xét sy truyén dir liéu &
chang thtr k trong md hinh MH-CC; néu nat T, tryc
tiép truyén dir liéu dén T, thi cong suat phat caa T, , s&
la P. Trong truong hop, nut chuyén tiép R, duoc si
dung thi coéng suat phat cia T,, va R, s& la
R, =P =P/2(Vk). Muc dich cua viéc phan bo cong

k
suat nay la de o sy so sanh cong béang giira truyén truc
tiép va truyén chuyén tiép.

Tiép dén, chiing t6i trinh bay nguyen ly hoat dong cua
ky thuat truyen thong cong tac ting cuong tai ching thir k
trong mod hinh MH-CC. Tir cong thic (2), ta viét lai ty sb
SNR tirc thoi trén kénh truc tiép T, ; — T, nhu sau:

Pg
Vi m = % = AgTH,Tk ) (3)

0
v6i A=P/o?.

Néu Wi 1 > Wy thi kénh truyén truc tiép duoc ding,
vanéu Wi 1 SWp, kénh chuyén tiép s& dugc sir dung. O
day, ta luu y rang boi vi cacnat T, va T, & trong tam
truyen cua nhau nén cdc nit nay s€ thuong xuyén trao doi
cac thong di¢p dé bao tri mang (nhu dinh ky trao dbi cac
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goi HELLO trong giao thitc AODV [30]). Do do, ta co
thé gia st T, va T, biét thong tin trang thai kénh
truyén 9y, - Ngoai ra, ta cling c6 thé giasir T, , va T,
biét thong tin g, , thong qua hoat dong bét tay giita
T,, va T, & pha thiét 1ap trudc khi su truyén dit ligu bat
dau [31]. Do @6, T,, c6 thé quyét dinh sir dung kénh
tryc tiép hodc kénh chuyén tiép bang cach so sanh
Wy 5, VOi gid tri y, .

Mot khi kénh chuyén tiép duoc st dung, ty s SNR tirc
thoi cua cac kénh T, | > R, va R, > T, lan lugt la:
ng,l,Rk 'l//RH,Tk

A
ViR = E = E Or, e 4

Ta luu ¥ ring hé sé % trong phuong trinh (4) 1a do cac
nat T, , va T, , phat véi cong suat P/2.

lIl. DANH GIA HIEU NANG

Muc nay s& dua ra cac cong thirc toan hoc danh gid
BLER toan trinh ciia mé hinh dé xuat. Trudc tién, ta xét
BLER toan trinh ctia mé hinh MH-DT [23]-[24].

A. Mo hinh MH-DT
Khi céc nut chuyén tiép T, sir dung ky thuat giai ma
va chuyén tiép c¢6 lya chon (SDF: Selective Decode-and-

Forward) [32], str dung [23, cong thirc (10)], ta viét cong
thirc tinh BLER toan trinh ciia mé hinh MH-DT nhu sau:

BLERY™®T = BLER)"™"
5
+Z{BLERM“DT><H(1 BLERM”DT)} ©
u=l

véi BLER)™®" 1a BLER & ching thir k trong MH-DT.
Str dung cong thirc (6) trong tai liéu [23], BLER}"™®T

duogc viét dudi dang sau:

BLERMHOT ~ J’O“’Q[%J f'//Tk . (X)dX, (6)

¢ day, Q(.) 1a ham Gaussian Q [33], va

_1
(1+ x)2

Trong cong thirc (6) & trén, ham PDF f,_

V(x):[l— J(Iogz(e))z,c(x)zlogz(h x). (7)

(x) dugc

tinh, dua vao cac cong thirc (1) va (3), nhu sau:

Q
fop g (X) =2 exp(— QTA xj. ®)

Thay (8) vao (6), ta cé:

BLER!™®T ~

3 Q[JDVT (()x>/r0n?]92‘8 oo -l ©
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Dé tinh tich phén trong cong thirc (9), ta co thé sur
dung cac phan mém nhu Matlab hodc Mathematica. Sau
do6, ta thay BLERM™®T vao cong thic (5) dé c6 duoc
BLER toan trinh cho mé hinh MH-DT.

B. M0 hinh MH-CC

Gia sir tat ca cac nit T, va R, trong MH-CC déu str
dung k¥ thuat SDF; tuong tu cong thic (5), BLER toan
trinh ctia mé hinh MH-CC cling dugc viét nhu sau:

BLER MH-CC BLER MH-CC

e2e

+kZZJ[BLER MHCC g(l— BLERMcC )}

véi BLER™® 1a BLER & ching thi k trong MH-CC.

(10)

Véi truyén thong cong tac ting cudng duge sir dung &
ching thir k, BLER® duoc tinh nhu sau:
BLER}"™C = BLER}'E + BLER}¢°. (11)

Trong cong thie (11), BLERYSTC 1a BLER trong
truong hop duong truyén truc tiép duoc sir dung, va
BLER'@’}E"CCC la BLER trong truong hop duong truyén

chuyén tiép dwoc st dung. Xét BLER'HC, ta co:

BLERC ~

o r
I (ﬁ} f‘/’ml,rk Wy i >Ven (X) dx,

(x) 1a ham PDF cua y;_; trong diéu

(12)

voi
[ R UZ o 7

kién w1 1 >y, .

Pé tim f trude hét ta cAn tim ham

X)
|2 N 2 e e 7 ( ’

CDF ¢6 diéu kién F

RN 2 7

(x) . That vay, ta co:

FI//Tk,l,Tk Vs T >V (X) = Pr(l//kaka <X l//Tk—lek > l//th)
0, X<y, (13)

= Q Qp X
em(——“l; ro J— eXp(——TkA“Tk j x>y

Tién hanh iy dao ham cho ham CDF trong (13), ta c6

dugc ham PDF ¢ diéukign f, _ (x) nhu sau:
k-1 Tk k-1 Tk =
0, x<wy,
f X)=1Q; X Q; X 14
iamW TV ( ) TkZTk exp {_ TkKTk j, X>y, ( )

Thay cong thic (14) vao cong thirc (12), ta duoc
BLER ¢ ching tht k khi duong truc tiép duge su dung:

BLER)'"<C ~

+ Q CDT (X) —Ior QTk—lka X exp (_ Qkaerk X j dx. (15)
Vin WDT (X)/ m A A

Xét BLER trong truong hop kénh chuyén tiép & ching
thir k duoc st dung, ta cd:
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BLER e~ = Pr(‘/’Tk T W )
’ . (16)
x| BLER}™ + (1~ BLERY™C° ) BLERY® |
Trong cong thie (16), BLERY™C" 1a BLER trén kénh
lién két gitta T, va R,, va BLERR"™ la BLER trén
kénh lién két giita R, va T, .

Dau tién, ta tinh dugc Pr(l,z/TH‘Tk < ‘/’m) trong (16) nhu:
Q
Pr(l//Tk—th < !//lh ) =l_exp(_%%] (17)

Xét BLERY™:", tuong tu cong thic (6), ta co:

MH-CC e (X) —fec
BLER —_— |f dx. 18
TR ~ IO Q( ‘ ,(X)/m Vi1 Rk (X) X ( )

Két hop (1) va (4), ta dat duoe f,  (X) nhu sau:

2Q 2Q
f X) = —tle gy Ty | 19
i (X) =4 p[ A (19)

Thay cong thirc (19) vao cong thic (18), ta co:
BLER MH-CC _,

Tkle

J-+oo rCC 2(2THRk exp _ZQTHRk y
A A

Tuong ty, BLERY™™ duoc tinh bing biéu thic sau:
Rk Tk

Q rCC 2Qm o ngx (21)
I A PTTa '

Két hop cac cong thue (10), (11), (15), (16), (17), (20)
va (21), ta dat dugc biéu thirc tinh BLER toan trinh cho
mo6 hinh dé xuit MH-CC.

j (20)

BLERMH -CC ~

IV. KET QUA

Chiing t6i thyc hién md phéng Monte Carlo dé kiém
chimg céac phan tich 1y thuyét trong muc III. Trong céc
mo phong, gia st khodng cach gilta cac nut trén moi
chang déu bang nhau va bang L: d; . =L, Vk. Hon
nita, niit chuyén tiép cong tic R, cach déu cic nat T,

va T, : dTkle =dg, 1 =L/2. Ciing trong cic mo phong,

ching t6i ¢d dinh cac tham s0 hé thong nhur sau: sO bit
thong tin =256 va hé sé suy hao duong truyén B =3.

Chung t6i cling Iuu y rang viéc chon vi tri ciia cac nut
R, nhu trén chi voi myc dich don gidn héa mdi truong
md phong, dé tap trung vao danh gia xu hudng hi¢u nang
ctia cac mo hinh. That vy, cac biéu thirc dat duogc trong
bai bao nay la cac biéu thtrc dang chit, cho nén ching c6
thé ap dung cho moi gi4 tri tham sb cua hé thong cling
nhu vi tri va khoang cach ctia cac nut trong thuc te.

Hinh 3 v& BLER toan trinh cia m6 hinh MH-CC va
mod hinh MH-DT theo gia tri cia A (dB) khi s ching

TAP CHI KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 69



Pham Minh Quang, Trén Trung Duy, L& Chu Khén

bang 4 (K =4), sb CU bang 256 (m=256) va khoang
cach giira cac nat & cac chiang bang 0.5 (L =0. 5) Quan
sat hinh vé&, ta thdy BLER toan trinh cta ca hai mé hinh
deu giam khi tang A, bdi vi ting A cling la ting cong
suit phat ctia cac nit phat. Hinh 3 ciing cho ta thiy BLER
ciia md hinh MH-DT 1én hon mé hinh MH-CC khi A ¢6
gia tri trung binh va 16n. Ta cung thdy rang gia tri cua
¥, anh hudng 1én dén hiéu nang ciia mo6 hinh MH-CC.
That vay, khi w,, =2 thi BLER ctia MH-CC thap hon cac
tredong hop con lai khi gid tri A thap. Nhu ta thay, khi A
6 gia tri trung binh thi BLER ctia MH-CC vdi y,, =6 la
thdp nhat, va khi A 16n, thi BLER ciia MH-CC vi
¥,, =12 lai co gia tri thap nhat. Nhu vay, viéc thict ke gia
tri y,, thich hop s& nang cao dang ké higu ning cia mo
hinh MH-CC. Ta théy rang khi ngudng w,, qua thap thi
hau nhu duong truyen tryc tiép s& ludn dugc sir dung &
chc ching, va vi thé mang khong tan dung duoc uu diém
ciia kénh chuyén tiép. Vi du, Hinh 3 cho ta thdy khi
¥, =2 thi BLER ciia MH-CC gan nhu song song voi
BLER cua MH-DT va sy chénh 1éch gla tri BLER cua hai
mo hinh nay la thap nhat trong tat ca cac truong hop cua
Vi - Tiép dén, néu ta thiét ké gia tri W, qua lon thi hau
nhu kénh chuyén tiép s& duoc st dung khi gia tri A nho
va trung binh. Hon nira, khi A nho va trung binh thi sy
truyen dir liéu trén kénh chuyén tiép s& khong hi¢u qua
boi cong sudt phat cia T, vad R, chi bing mot nira
(P/2) khi so véi truong hop T, truyén truc tiép dén T, .
bay 1a nguyén nhan tai sao khi y, =12 va A nho thi
BLER ciia mé hinh MH-CC 1a cao nhat khi so véi cac
truong hop khac, va khi A 16n thi BLER lai dat gia tri
thip nhat va giam nhanh nhit. Cudi cung, nhu ta c6 thé
quan sat, cic két qua mo phong (Sim) va ly thuyét
(Theory) tring v6i nhau. Piéu nay kiém ching tinh chinh
xac cua cac cong thirc toan hoc dua ra trong Muc 3.

-

*  MH-DT (Sim)
MH-DT (Theory)
® MH-CC (Sim,y, =2)

4 m MH-CC (Sim,z/;(h =6)
v MH-CC (Sim,z/;(h =12)
MH-CC (Theory)

10°® : ' : ' '
0 5 10 15 20 25 30
A (dB)
Hinh 3. BLER vé theo A (dB) voi K =4, m=256,
L=0.5.

Hinh 4 v& BLER toan trinh cia mé hinh MH-CC va
MH-DT theo A (dB) khi K=5, m=200 va L=0.3.
Tuong ty nhu Hinh 3, mé hinh MH-CC chi dat dugc hi¢u
ndng tot hon moé hinh MH-DT khi A dat gia tri trung
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binh va cao. Hon nita, viéc thiét ké gia tri ngudng Vi
phu hop cling s& t6i vu dwoc hiéu niang BLER toan trinh
cho mé hinh MH-CC. Trong Hinh 4, ta c6 thé quan sat
rang khi y, =90 thi BLER ctia mé hinh MH-CC dat gi4

trj thip nhat trong tat ca cac truong hop. Hon nita, khi
v, =90 va y,, =120 thi BLER ciia md hinh MH-CC
giam nhanh hon khi so sanh véi truong hop y,, =30. Ta
cling luu y rang khi thay doi thong sé hé thong thi gia tri
ngudng y,, trong Hinh 4 1a 16n hon khi so véi y,, trong

Hinh 3. Mot lan nita, cac két qua md phong da kiém
chimg sy chinh xac ctia cac phén tich 1y thuyét.

10°

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

1078 ® MH-CC (Sim,y = 30)
B MH-CC (Sim, = 90)
¥ MH-CC (Sim,3 = 120)
MH-CC (Theory)
107 ‘ ‘ ' ' ‘
5 10 15 20 25 30 35
A (dB)

Hinh 4. BLER vé theo A(dB)véi K =5, m=200,

L=0.3.
10°
107!
102
h'd
L
- %  MH-DT (Sim)
m . MH-DT (Theory)
10 ® MH-CC (Simy, =15)
m  MH-CC (Simy, =30)
v MH-CC (Sim,4, =50)
10 MH-CC (Theory)
10°° 1 1 . 1 L
0.1 0.2 0.3 0.4 0.5 0.6 0.7
L

Hinh 5. BLER vé theo Lvéi K=6, m=300,
A=20(dB).

Hinh 5 v& BLER toan trinh cia m6é hinh MH-CC va
mo hinh MH-DT theo khoang cach giita cac nut T, va
T, 6 mdi ching (L). Cac thong s6 hé thong khac dugc c¢b
dinh nhu sau: K=6, m=300 vd A=20 dB. Nhu ta c6

thé thay, khi ting khoang cach ¢ cac chang thi BLER cua
ca hai mo hinh s& 16n hon. Mot lan nita, viéc chon
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ngudng y,, s& dnh hudng lén dén hiéu ning BLER cua
mo hinh d& xuat. Nhu quan sat tir Hinh 5, BLER cua mo
hinh MH-CC dat gia tri BLER thap nhat khi gia tri y,,
16n va khi gia tri L nho. Do 1a vi voi A=20 dB thi sy
truyén dir lidu thong qua chuyen tiép sé dat dugc hidu qua
cao. Hon thé nira, khi gi4 tri khoang cach L nho thi sy
truyén dir liéu thong qua chuyén tiép lai cang phat huy
boi lac nay khoang cach giira niit chuyén tiép R, dén cac

nat T, va T, chilaL/2.

Hinh 6 v& BLER toan trinh cia mé hinh MH-CC va
moé hinh MH-DT theo ngudng w, khi L=03 ,
m=200, A=225 (dB). Boi vi gia tri cia A 16n, nén
Hinh 6 cho ta thiy mé hinh dé xuat MH-CC dat gia tri
BLER thap hon mo hinh MH-DT & tat ca cac gi tri cta
Wy, - Ta cling luu y rfmg khi w,, =0 thi MH-CC s& tr&
thanh MH-DT vi sy truyén trén tat ca cac ching déu su
dung k¥ thuat truyen tryc tiép. Hinh 6 ciing cho ta thay
BLER cua ca hai mé hinh tang khi sb ching tang. Bdi vi
khi khoang cach giira cac chang dugc co dinh bang 0.3
thi s0 chang tang s€ lam tdng khoang céach gilra nguon va
dich, va vi thé BLER cung tang. Cudi cung, diéu chung ta
quan tAm nhat d6 1a ton tai gia tri toi wu cta y,, dé ma
BLER ctia mé hinh MH-CC dat gia tri thip nhat. That
vay, khi K=4 va K=5 thi gia tri tdi uu cta w,, lan luot 1a

vy, =40 va y, =85. Két qua nay c6 y nghia quan trong
trong viéc thiét ké ngudng y,, dé toi wu hiéu ning cho
mé hinh MH-CC.

107
102 1
b
e
L
—
m
103 ¢ - 1
%  MH-DT (Sim, K=4)
® MH-CC (Sim, K=4)
*  MH-DT (Sim, K=5)
MH-DT (Theory)
B MH-CC (Sim, K=5)
MH-CC (Theory)
107 . . . L .
0 20 40 60 80 100 120

wth

Hinh 6. BLER vé theo y, véi L=0.3, m=200,
A=225(dB).

V. KET LUAN

Trong cong trinh nay, chung toi da dé xuat mo hinh
chuyén tiép da chang str dung truyen thong cong tac ting
cudng tai moéi chang trong truyén thong g0| tin ngan. Hiéu
nang cua mo hinh dé xuét da dugc danh gia thong qua mo
phong va phan tich toan hoc. Cac két qua cho thay rang
mo hinh dé xuat dat hiéu ning tot hon mé hinh chuyén
tiép da chang thong thuong & cac khoang gia tri trung
binh va cao cta cdng suat phat. Hon nira, phuong phap
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truyén thdng cong tic ting cuong trong bai bao ciing dé
dang duoc thuc hién trong thyc té, va dat duoc hiéu qua
st dung phé tét hon k¥ thuat truyen thong cong tac thong
thuong. Céc két qua ciing cho thiy rang viéc thiét ké gia
tri ngudng v, dong vai tro then chét trong viéc nang cao

hiéu nang cho mé hinh dé xut.

 Trong tuong lai, chiing t6i s& phét trién mo hinh dé
XUat Véi cac ky thuat lya chon nat chuyén tiép don phan
va toan phan tai moi Chang Hon nita, hiéu ning cta cac
mo hinh phat trién nay sé dugc danh gia trén cac kénh
truyén tong quat nhu Nakagami-m, Rician, v.v.
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PERFORMANCE ANALYSIS FOR SHORT-
PACKET COMMUNICATIONS IN MULTI-HOP
COOPERATIVE NETWORKS WITH
INCREMENTAL RELAYING PROTOCOL

Abstract: In this paper, we propose a multi-hop
relaying scheme using cooperative communication at
each hop to enhance performance for short packet
communication networks. We also study a simple
incremental cooperation approach at each hop, where if
instantaneous signal-to-noise ratio of the direct link is
below a pre-determined threshold, the relaying link is
used to transmit the data. We derive expressions of block
error rate of the proposed protocol over the Rayleigh
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fading channel. Finally, Monte-Carlo simulation is
performed to verify the theoretical results, as well as to
compare the performance of the proposed protocol with
the conventional multi-hop relaying one.

Keywords: multi-hop relaying, cooperative
communication, short-packet communication, block error
rate.
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