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PHAM CHAT CUA GIAO THUC MAC HQP TAC XUYEN LOP

TRONG MANG VO TUYEN AD-HOC
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Truong Pai hoc Cong nghé Thong tin va Truyén thong — DH Thai Nguyén

TOM TAT

Bai bao ndy tap trung vao cic co ché hoat dong cua giao thirc diéu khién truy nhap moi trudng
trong mang vo tuyén hop tac Ad-hoc. Chung toi dé xuat cai tién giao thirc da duoc thiét ké boi
Hangguan Shan (2011) nhdm nang cao pham chit hé thong trong truong hop moi trudng cd nhiéu
node chuyen tiép hop tac. Giao thirc cai tlen giai quyét duoc van dé xung dot gilta cac node trung
gian toi wu c¢6 kha nang ho trg cung mot téc do hop tac, dong thoi van dam bao dugc yéu cau ve
thong luong va do tré truyén dan khi xét dén kha ning hd trg cac dich vu da phuong tién hay thoi
gian thyc. Bang cach m6 phong trén may tinh sir dung phan mém matlab, chung toi nhan duoc két
qua pham chét cua giao thire cai tién t6t hon han so véi giao thirc hop tac xuyén 16p trude d6 thong
qua cac tham s6 vé thong luong trung binh va d¢ tré truyén dan trung binh goi tin.

Key words: Truyen théng hop tdc, diéu khién truy nhdp méi truong, giao thirc hop tdac xuyén Ilop,
mang vé tuyén Ad-Hoc, ma héa khéng gian thoi gian phén tan kiéu Alamouti.

GIGI THIEU

Céc yéu cau duoc dit ra cho mang vo tuyén
Ad-Hoc ngay cang cao dé c6 thé dap ung
dugc nhiéu loai hinh dich vy. Piéu nay da
thiic dy cac nha nghién ctru huéng t6i cac ky
thuat, thuat toan, va cac cébng nghé mai. Mot
giai phéap hiéu qua cho véan dé nay do la thyc
hién truyén théng hop tac trong cac mang Ad-
Hoc. K§ thuat truyén théng hop tac dua trén
tinh chit quang ba séng vo tuyén két hop voi
cac duong phan tap khong gian doc 1ap nham
han ché suy hao kénh, cai thién thong lugng
mang va giam do tré do truyén dan lai [4].
Trong md hinh truyén théng hop tac, cac node
trong mang c6 kha nang hop tac véi cac node
Ngudn va node Dich tai I6p vat ly hoic l6p
MAC (Medium Access Control) dé cai thién
thong lugng, do tré va viing phua song.

Giao thirc MAC hop tac dugc dé xuit trong
[5] da giai quyét dugc van dé lwa chon node
Chuyén tiép ti wu trong tap cac node hd trg
(Helper) trung gian. D& giai quyét van dé
xung dot giira cac Helper ti wu, giao thirc
nay st dung co ché tranh chip lai mot lan
trong K khe thoi gian hep (minislot) sau khi
cac Helper nay phat géi tin RTH khéng thanh
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cong. Diéu ndy s& dan dén hai van dé: (1) néu
s6 luong Helper t6i wu 16n thi s6 khe thoi
gian hep can thiét s& ting 1én, dic biét khi
kich thudc tai tin 16n; (2) khi can thiét phai
chuyén tir ché do truyén dan hop tac sang
truyén dan tryc tiép thi thoi gian s dung cho
mao dau bao hiéu di tro 1én qua Ion, dan toi
giam do sir dung tuyén.

Trong bai viét nay, chung toi d& xuat cai tién
giao thiec MAC hop tac xuyén 16p trong [5]
bang cach thiét ké lai trat ty trao doi goi tin
bao hiéu RTH (Ready — To — Help) va dua ra
s6 khe thoi gian K dé giai quyét van dé xung
dot gitra cac Helper tbi wu c6 cung téc do hop
tac ma van dam bao yéu cau vé thong luong
va do tré truyén dan.

MO HINH HE THONG

Chung t6i thiét ké giao thirc hop tac dua trén
md hinh mang vo tuyén hop tic dang Ad-
Hoc. Hé théng bao gébm cip Ngudn — Dich
duogc dat ¢ khoang cach d voi cac node Trung
gian dugc phan bb ngiu nhién trong pham vi
hinh dia c6 duong kinh d. Gia dinh rang tit ca
cac node trong mang co thé truyén thong
dugc v6i nhau ¢ toc d6 2 Mbps va c6 cing
cong suét phat han ché. M6 hinh hé thdng cho
mang hop tac tong quat dwoc thé hién nhu
trong hinh 1. Trong d6 S va D tuong Ung la
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node Ngudn va node Pich, H . lanode Trung
gian thir n, c6 thé hop tac dé chuyén tiép dir
lidu tir Nguon dén Dich.
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Hinh 1. Minh hoa mang hop tac Ad-Hoc

Lop MAC

Giao thtc MAC hop tac ma ching téi quan
tam dén dugc thiét ké trén co so chic ning
diéu phéi phan tan cia tiéu chuidn IEEE
802.11. Céc tiéu chuan cii str dung co ché da
truy nhdp cadm nhan séng mang tranh xung
dot (CSMA/CA). Vi vay, chi c6 mot cap
truyén din trong mang chiém dung kénh sau
khi tranh chdp thanh cong. Dé nang cao thong
lwong mang, c6 hai cach tiép can kha thi: (1)
nang cao hiéu qua truy nhap kénh ddi véi
truong hop cac node trong mang tranh chip
gianh quyén st dung kénh trude khi tmyén dir
liéu; (2) nang cao hiéu qua sir dung tuyén dbi
voi truyen dan géi tin thyc té. O déy, ching
t6i tiép can theo ca hai cach trén. Do sir dung
tuyén duoc dinh nghia 1a téc d6 truyén dan tai
tin hiéu dung (ky hiéu: EPTR), c6 tinh dén ca
mao dau giao thirc bao hiéu 16p MAC. Chung
ta c6 thé dat W, T, va T, tuong Gng biéu
din cho dd dai tai tin, thoi gian truyén dan tai
tin va mao dau giao thire 16p MAC. Khi do6
do st dung tuyén dugc xac dinh thong qua
biéu thirc:

W
T +T, (1)

Nhu vay, dé nang cao d6 st dung tuyén,
chiing ta ¢6 thé tim cach giam T va T, bang
cach thiét ké mao dau bao hiéu tai 16p MAC
va str dung cac k¥ thuat truyén din mot cach
hiéu qua.
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EPTR =

Lép vatly

Qua trinh truyén dan hop tac duoc thiét ké dé
thuc hién trong hai khe thoi gian (timeslot)
lién tiép. Giao thire hop tac tai 16p vét 1y duoc
md ta nhu sau: Trong khe thoi gian thir nhat,
node Ngudn quang ba goi tin cia nd téi
Helper tdi wu va node Dich véi toc do truyén
danla Ry, eR= 1,01, ,6do Nlatap
cac toc do dugc tao ra bdi di€u cheé va ma h(’)a
thich ng tai 16p vét ly, trong do I, <T; néu
I < j. Trong khe thoi gian th{r hai, Helper t6i
vu thyc hién hop tac ciing voi node Ngudn dé
chuyén cac bit thong tin ma no da nhan dugc
tr Nguon toi Pich voi téc do truyén dan
R., € M. Qua trinh hop tac tai 16p vat Iy ma
chung t6i quan tim dén duoc xay dung dwa
trén so d0 mi hoa khong gian — thoi gian
phan tan kiéu Alamouti nhu trong [1] dé dé
dang thyc hién trong khe thoi gian thr 2. Nhu
vay, hai tbc @0 R, va R., dugc chon & gia
tri cuc dai sao cho Helper tdi wu va Pich ¢co
thé giai ma thanh cong dit liéu trong cac khe
thoi gian thtr nhit va thir 2 twong tng. Node
Pich c6 thé nhan duoc tbe do dir lidu cao
bang cach tich gdp cong sudt tin hiéu tur
Nguon va Helper trong sudt hai khe thoi gian.
Theo cach nay node Pich s& tiép nhan va két
hop giai mi goi tin & muc didu ché hodc ¢
mirc md héa c6 thé tr& nén d& dang hon. Dé
go6i tin duoc tiép nhan thanh cong, toc do
truyén din R can duoc lya chon dua trén
murc ty sb cong sudt tin hidu trén cong suit
tap am (SNR — signal-to-noise rate) t6i thiéu
dat duoc. Déng thoi, cling can gia thiét rﬁing
kénh truyén giita cic node trong mang bién
doi cham.

GIAO THUC MAC HOP TAC XUYEN LOP
CAI TIEN

Chung t6i dé& xuét cai tién giao thirc MAC
hop tac xuyén 16p trong [5]. Cac nghién ciru
bao gom: (1) thiét lap giao thic, & d6 chung
t6i dua ra trinh tu trao dbi cic ban tin bdo
hiéu va lwa chon Helper, cac tham sb giao
thirc 16p MAC; (2) phan tich thoi gian truyén
din mao diu bao hiéu va tai tin; (3) thiét lap
céc tham sb giao thirc.
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Thiét 13p giao thirc

Hinh 2 mé ta giao thirc cai tién dua trén giao
thire duoc thiét ké trong [5]. Dé phat hién va
lya chon Helper chuyen tlep, chung t6i quan
tam t6i co ché chuyén tiép co hoi nhu trong
[2] cung v&i cac tin hiéu thong bio cua
Helper. Sau khoang thoi gian chd ngau nhién
(backoff), node Ngudn khoi tao lién két voi
node Pich théng qua thu tyc bat tay RTS/CTS
(request-to-send/clear-to-send). Néu co hoi
hop tac gilta cac node trong mang khong co
duoc, sau khi nhan ban tin CTS va doi thém
khoang thoi gian SIFS (interframe space),
node Ngudn s& guri di goi dir liéu theo duong
tryc tiép t6i node Dich gidng nhu giao thuc
DCF trong mang tiéu chuin IEEE 802.11.
Trudng hop ¢ co hdi hop tac, node Ngudn va
node Pich trudc tién phai xac minh xem liéu
c¢6 ton tai mot Helper hd tro truyén dan hop
tac hiéu qua hay khong. Khi d6, node Ngudn
s& nhan biét Helper thong qua tin hiéu chi thi
HI (helper indication). Néu khoéng c6 tin
hi€¢u HI dugc phat hién ngay sau khoang thoi
gian SIFS khi qua trinh trao ddi ban tin
RTS/CRS két thiic, mang s& tu dong chuyén
sang ché do6 truyén dan truc tiép. Nguoc lai,
néu c6 mot tin hiéu HI duge nhan biét béi
Ngudn, mode truyén dan hop tac c6 thé duoc

khoi tao.

O day, chung ta dinh nghia tbc d6 truyén din
hop tac tuong duong 1aR, , dé biéu dién toc
d6 truyén dan tai tin tr Ngudn toi Dich. Vi
so d6 hop tac qua hai khe thoi gian lap lai, toc
d6 R, dugc xac dinh nhu sau:

W
R, =
W /R, +W /R, 2
=Rei-Reo/ Rep+Re,
Véi d6 dai tai tin W va téc do truyén dan truc
tiép R,, ching ta dat M biéu dién cho s6 toc

do truyén dan hop tac tuong duong Xudt hién
trong mang, va moi mot gia tri tde do trong s6

dolaR i,i=12,.,M.

Pé thuan tién cho viéc lua chon Helper, M
toc do nay dugc sap xep theo thu ty giam dan,
va dugc phan vao G nhém, mdi nhom gom
N, thanh vién nhu trong [5]. Khi d6 xuat hi¢n
hai loai tranh chép: tranh chap nhom va tranh
chap gilra cac thanh vién trong nhom. Voi
tranh chap nhom, Helper Gng vién thudc
nhém thir g chd hét khoang thoi gian Ty, ¢
trudc khi giri di tin hiéu chi dan nhém GI
(group indication), néu né6 khong tham do
dugc tin hiéu GI tir cdc nhoém toc do cao hon,
0do Ty, 9 = 0-1 -t,,1<9g<G,vat,
1a thoi gian khe backoff. Khi do, chi cac thanh
vién trong nhom toc d§ cao nhat gianh phan
tranh chap. Do6i voi tranh chap gitta cac thanh
vién trong nhém, néu mét Helper tng vién
(voi chi s60 nhom g va chi s6 thanh vién m)
khong tham do dugc tin hiéu MI, n6 s€ gui di
tin hi€u tin hi€u MI sau khoang thoi gian la
Tp, @M = m=1-t,,1<m<n,. Vi the,
Helper hd tro toc do R, cao nhét ¢6 thé dugc
lya chon trong phuong thirc phan tan.

Neudn NAV RTS Data Data I
Thai gian
@ n e}
Dich gl cTs |2 E ACK
Kminislots Thoi gian
1 GI MI| =
I-EEl:lper (;?—;) 1’7—H| ‘ ‘ ‘ RTH ; Data ;
woiuy M3 | oo eimimemeceeeeeee e ' Thoigian
Travhchap | = | Tranh chap giita
giita cac nhom 1 Medium cac thanh vién
NAV 0 NAV NAV
Cac Helper (RTS) max(MI) + K (RTH) ‘
g vién khac Thoi gian
AV By
HI) Medium
NAV NAV NAV
Cdac node (RTS) mas(GI + MDD + K (RTH) ‘
Kkhéng phai Helper Thoi gian

Hinh 2. Minh hoa giao thirc MAC hop tdc xuyén [6p cdi tién
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DPé giai quyét vin d& xung dot giita cac
Helper t6i wu, khi ma c6 hai goi RTH tré 1én
xung dot, chung toi sir dung giai phap dé cac
Helper t6i wu giri di goi tin RTH trong khe
thoi gian hep duoc lua chon ng?au nhién tr K
khe thoi gian hep xac dinh sau khi cac Helper
nay da giri di tin hiéu ML Dé so sanh giao
thirc ma chung t6i d& xut cai tién véi giao
thac trong [5], ching tbi lya chon gia tri
K =20 va tai tin c6 kich thirc nhé hon 200
bytes. Cac gia tri trén dugc dua ra dua trén két
qua kiém dinh bang mo phong trén may tinh.
Phén tich thoi gian truyén din mao diu va
tai tin

Truong hop 1: Sau khi node Ngudn nhéan
duge goi tin CTS, n6 gui di goi tin dir ligu
theo duong truc ti€p toi node Bich ma khong
qua truyén dan hop tac. Thoi gian truyén dan
tai tin va mao dau tuong tng la T, =W /R,

va Tl,O :TRTS +TCTS +TD,O +TACK +3TSIFS '

O ds,
ung la chu ky thoi gian cua cac goi tin RTS,
CTS, ACK, khoang tréng SIFS va tiéu dé
goi tin.

Truong hop 2: Khi do dugce tin hiéu HI tir cac
node lang giéng, node Nguén va node DPich
cho céc tin hiéu tranh chap (Gl va MI) va goi
tin RTH tr Helper t6i wu. Néu chi co mot
Helper t6i uu (5t nhat), khi d6 s& khong xay
ra xung dot. Vi vdy, thoi gian truyén dan tai

tinla T,, =W /R, +W /R, =W /R, va

thoi gian mao dau cho trudng hop Helper tdi
uu lua chon khe thoi gian hep thu k la

To g.mk =T +T, +Ty, g +Tg

Terss Terss Tacks Taps V@ Tp o tuong

+Te, O.M +T,, +K-t, +T;
To =T + 2Tgs
Tarns Toy» Ty tuong tng 1a thoi gian truyén
goi tin RTH, tin hiéu GI va MI. Véi K khe
thoi gian hep xac dinh trudc, xac sudt mot
Helper lya chon khe thoi gian the k la
P =1/K.

Truong hop 3: Khi c¢6 xung dot xdy ra trong
qua trinh tranh chap gitra cac thanh vién trong

Trong do +Tpo VA
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cing nhém tdc d6 hop tic, van dé nay s€
dugc giam bot vi ngay sau d6 cac Helper t61
uu phai ti€p tuc tranh chap trong K khe thoi
gian hep nira. Trong truong hop nay, thoi
gian truyén dan tai tin 1a T,, =T, va thoi
gian truyén dan mao dau déi véi Helper lya
chon khe thoi gian thir k van 1a T, =T, q;

tuy nhién, v6i K khe thoi gian hep cho trude,
Xac suat dé mot trong n Helper t6i wu gianh
chién thang boi tranh chap lua chon khe thoi
gian hep thu k 1a
n K-k "
P, nk =<7 kn
o, k=K

k=12,...K-1 (3)

Truong hop 4: Néu xdy ra xung dot giita cac
goi tin RTH, node Nguédn sé& tu dong giri goi
dir liéu theo dudng truc tiép t6i Dich. Vi véy,
thoi gian truyén dan tai tin va mao dau trong

T4,o = T3,o .

Véi n Helper tranh chép trong K khe thoi gian
hep, x4c suit tranh chip khong thanh cong do
c¢6 hon mot Helper cung lya chon khe thoi
gian hep thu k 1a

truong hop nay la T,, =T,

Thiét 1ap tham s6 giao thirc
Néu Helper ton tai, cAn xac 1ap cac tham sb
K, M va G theo diéu kién kénh, do dai tai tin
W , va sé Helper xung dot nhu thé nao dé co
duogc thong lugng tuyén cyc dai. Bai toan t6i
vu thong luong tuyén co thé duoc dién ta
thong qua biéu thic

G Ny
max > > J,. n/M ®)

g=1 m=1

Trongdo J, . n >p-W/ T, +T, ,

va
K .
> W-R , n=1
i e RenRe, +T,0 9,mMK
W-P, nk
Jgm N =

K Rei Rer +T0 9,mK
z 3P Cl1r'C2 3,0 ,n22

=) WP, nk
+
T,p R +T,0 g,mKk
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1a toc do truyén din hop tac hiéu dung khi cé
mot Helper ti wu hd tro toc do hop tac véi chi
s6 nhém g va thanh vién m; p >1 1a tham sé
diéu khién can bang hop tac va khong hop tac.
KET QUA MO PHONG

Trong md phong, ching t6i 4&p dung ma hoda
khong gian-thoi gian phan tan dya trén so do
giai ma va chuyén tiép; Iua chon p=1 va
W =1024. Cac tham s khac duoc dat gidng
nhu trong tiéu chuin IEEE 802.11a. Ching
t6i sir dung mo hinh kénh c6 ton hao log-
distance va fading Rice. Cac node trong mang
phan bd ngiu nhién trong dién tich hinh dia;
ludng luu lwong dén theo qué trinh Poisson
v6i téc do trung binh 10 goi tin trén gidy.
Thoi gian m6 phong 1a 50 giay.

e

Mean throughput (bps)

2
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Hinh 3. Théng luong theo kich thudc mang
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Mean delay (5)
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Hinh 4. Bé tré trung binh truyén g6i tin

Hinh 3 biéu dién théng luong trung binh theo
kich thuéc mang. Kich thudc mang cang lon

dan toi khoang cach gitta cic node 16n thi
thong lugng cang giam. Trong d6, thong
luwgng dat dugc khi st dung giao thuc cai tién
1a 16n nhat. Hinh 4 minh hoa d tré tmyén dan
goi tin trung binh theo kich thudc mang. O
d6, giao thuc cai tién cho d6 tré trung binh
thip hon nhiéu so véi giao thitc MAC hop tac
xuyén 16p cii va truyén dan tryc tiép.

KET LUAN

Trong bai viét ndy, ching t6i di dé xuét cai
tién giao thic MAC hop tac xuyén 16p di
dugc d& xuét trudéc d6 nham mang lai pham
chat hé thong tot hon. Trong d6, ching toi dic
biét quan tdm dén do tré truyén dan goi tin
trung binh, theo d6 1a thong luong tuyén. Két
qua mé phong da chimg minh dugc ring giao
thire cai tién ciia ching t6i co uu diém vuot
troi, c6 kha nang dap ung dugc yéu cau thyc
té. Trong cac nghién ctru tiép theo, chung toi
s& quan tdm dén van d¢ hiéu qua ning luong.
Ngoai ra dé giai quyét bai toan truyén thong
hop tac t6i wu, giao thire dinh tuyén hop tac
cling s€ dugc xem xét.
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SUMMARY
THE PERFORMANCE OF CROSS-LAYER COOPERATIVE
MAC PROTOCOL IN WIRELESS AD-HOC NETWORKS

Hoang Quang Trung’, Bui Thi Thanh Xuan
College of Information and Communication Technology - TNU

In this paper, we focus on medium access control protocol for cooperative wireless Ad-hoc
networks. We propose an enhanced cross-layer cooperative MAC protocol based on that is
designed in [5] for proving the performance of above networks, in case there exist more
cooperative relays in the transmitting environment. Our protocol is not only enable to overcome
collision problem but that is also available to supporting real time and multimedia services. By
simulating on the computer using matlab software, we proved that our protocol outperforms the
existing protocol in wireless Ad-hoc networks.

Key words: Cooperative communications, medium access control, cross-layer cooperative
protocol, Ad-Hoc wireless networks, Alamouti-type distributed space-time coding.
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