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Tom tdt—Mang tiy bién di dong (MANET) dang
dugc nghién citu va ung dung rong rai trong giai
doan hién nay. Trong truong hgp mang MANET cé
Vung dién tich rong, mat do nut cao, cac hiéu ufng vat
Iy xay ra trén cac 19 trinh truyen dw liéu can phai
dugc quan tam, vi cac hiéu @ng nay anh hu’dng 16n
dén chat lugng truyen din (QoT), lam suy giam hiéu
nang mang. Trong bai bao nay, chung toi tap trung
phén tich cac hiéu u’ng xay ra 6 16p vat ly trong
mang MANET, déanh gia QoT cua mang MANET khi
st dung cac giao thitc dinh tuyen theo yéu cau aé
thay ro anh hudng ctia cac hiéu ing vat ly dén hiéu
nang mang. Tu’ do, ching toi tap trung khao sat ky
thuat dinh tuyen QoT, danh gla hiéu nang mang khi
sit dung cac glao thu‘c dlnh tuyen QoT so véi cac giao
thitc dinh tuyen truyen thong bang phuong phap mé
phong.

Keywords-MANET; Dinh tuyén QoT; SNR, BER;

I. GI161 THIEU

Cong nghé truyén thong khong diy dang ngay
cang phét trién, trd thanh gidi phap chi dao cho
cong nghé mang vién thong néi chung, mang truyén
dit liéu va mang may tinh néi riéng. C6 bén md
hinh mang khong diy da va dang dugc nhiéu nha
nghién cu quan tim trong thdi gian gan day, d6
12 mang tly bién di dong (MANET), mang cim
bién khong day (wireless sensor networks - WSN),
mang khong day hinh luéi (wireless mesh networks
- WMN) va mang khong diy hdén hop (hybrid
wireless networks) [1]. Trong d6, md hinh mang
MANET dang ngay cang dudc tng dung rong rai
trong nhiéu linh vuc, nhu quin su, y té, gido duc,
giao thong, hang khong, van tdi tau bién, nghién
cttu tham hiém [2].

O 16p vat 1y, nho su phat trién cta cic ky thudt
diéu ché tin hiéu ma tbc d6 dit liéu trén cac kénh
truyén ngay mot ting 1én, tir 2 Mbit/s d6i v6i chuin
IEEE 802.11 dau tién, st dung ky thuat diéu ché trai
phd truc tiép (Direct-Sequence Spread Spectrum

bvttu@hueuni.edu.vn; ‘nvtam@joit.ac.vn

- DSSS), dén nay téc do dit liéu trén mdi kénh
c6 thé ting lén dén 1.73 Gbit/s d6i véi chudn
IEEE 802.11ac, sit dung ky thuat diéu ché bién do
ciu phuong M trang thai (Quadrature Amplitude
Modulation - QAM) két hop véi ky thuat ghép
kénh phéan chia theo tan s6 truc giao (Orthogonal
Frequency Division Multiplexing - OFDM). Tuy
nhién, khi téc d6 dit liéu ting 1én thi cic hiéu ting
xdy ra § 16p vat ly nhu nhiéu tich lily trén dudng
truyén, nhiéu xuyén kénh ciing ting 1én, din dén ty
1¢ 16i bit (Bit Error Rate - BER) tiing, 1am cho chét
lugng truyén din (Quality of Transmission - QoT)
suy giam. D€ dam bao QoT, ty 1& tin hiéu trén nhiéu
(Signal to Noise Ratio - SNR) cin phéi ting 1én.
Nhu viy, tiy theo ky thuat diéu ché dudc st dung
trong mang MANET ma gid tri SNR phai dugc thiét
lap phl hgp d€ ddm bdo QoT trong mang. Trong
bao bao nay, tac gia di sau phan tich cac hiéu tGng
vat Iy xdy ra trong mang MANET, dé ti d6 lam
co s cho viéc xdc dinh cdc diéu kién rang buoc
vé QoT trén cic 19 trinh truyén di liéu ctia mang
MANET c6 vung dién tich rong, mat do nut cao.
Céc phan tiép theo ctia bai bao dugc bd cuc nhu
sau: Phan II phan tich chit luong truyén din ctia
mot 19 trinh da budc truyén. Phan II1 phan tich QoT
cia mang MANET khi st dung cic giao thic dinh
tuyén theo yéu cau va anh hudng clia né dén hiéu
ning mang. Phan IV trinh bay cic ky thuat dinh
tuyén QoT trong mang MANET dua trén cic cong
trinh nghién ctu da cong bd. Phan V 1a mot sb két
qua tinh todn, md phdéng va thao luan. Cudi cliing 1a
cdc két luan va du kién huéng phit trién tiép theo,
dugc trinh bay chi tiét trong phan VI.

II. QOT cUA MOT LO TRINH PA BUGC TRUYEN

Trén mot 16 trinh truyén dit liéu, QoT clia n6
dugc xic dinh bing SNR tai dau thu cta niit dich.
Khi dif liéu truyén qua mot 19 trinh da budc truyén,
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nhiéu tich liiy doc theo 16 trinh ting din, lam cho
SNR gidm din. Su suy giam ctia SNR phu thudc
vao nguyén 1y chuyén tiép dif liéu tai cdc nit trung
gian. Trong hé théng mang khong day, cic nit trung
gian c6 thé chuyén tiép dit liéu bang hai cach, d6 1a
khuéch dai va chuyén tiép (Amplify and Forward
- AF) hoic giai ma va chuyén tiép (Decode and
Forward - DF). SNR tai diu thu phu thudc vao cic
ky thuat chuyén tiép dit liéu nay, dudc xac dinh nhu
sau [3], [4]:

min(Bry, Bhys - Bh,_,) Néu st dung DF

Bn=19 (=1 |\ (1)
Z B— Ngudc lai
hi

=1
trong do, 3, la SNR tai nut dich cia 10 trinh va
Br, 1a SNR cta budc truyén thi i. DE thiy rd sy
suy giam ctia SNR theo tdng s6 budc truyén, chiing
t6i xét mot 16 trinh tir mit A dén nit I qua 7 niit
trung gian la B, C, D, E, F, G va H véi clu tric
nhu & Hinh 1. Céc con sb ghi trén cic két nbi 1a
khoang céch gilta cdc niit, dudc tinh bang mét. Xét
truong hop cong suat phat cta thiét bi 1a 17 dBm,
md hinh nhiéu 12 nhiéu nhiét tai nhiét d6 moi trudng
(300°K), stt dung chuin IEEE 802.11ac. SNR ctia
mdi budc truyén phu thudc vao tan sd séng mang
va bing thong kénh dugc st dung nhu cho thiy &
Bang 1. Ta thiy ring, bing thong clia kénh truyén
va tan sd séng mang cang 16n thi SNR cang gidm.
Cu thé, xét trudng hop séng mang c6 tan sb 2.4
GHz, néu st dung kénh truyén c6 bing thong 20
MHz thi SNR 16n nhét 1a 32.7 dB tuong tng vdi
budc truyén tit A dén B, SNR nhé nhit 1a 30.5 dB
tuong ng vdi bude truyén tir F dén G. Nhung néu
stt dung kénh véi d6 rong bang thong la 40 MHz
thi cdc gia tri ndy giam xubng con 29.7 va 27.5
dB. SNR tiép tuc giam khi bing thong kénh ting
1én 80 MHz. Pic biét, néu st dung kénh 160 MHz
thi SNR gidm rit nhiéu, gia tri 16n nhét chi 1a 23.6
dB, gi4 tri nho nhit 1 22.1 dB. Nguyén nhén cta

v
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Hinh 1: Mot 16 trinh truyén dit liéu qua 9 nut

su suy giam nay la do khi bang thong kénh cang
16n thi cong suit nhiéu nhiét phat sinh trén kénh
truyén cang 16n. Mit khac, SNR ty 1& nghich vé6i
cong suat nhiéu, nén khi cong suit nhifu cang ting
thi SNR cang suy giam.

Bang I: SNR trén cdc budc truyén ctia 16 trinh c6
ciu tric nhu & Hinh 1

SNR (dB)

Hop| 20 MHz 40 MHz 80 MHz 160 MHz
2.4GHz|5GHz|2.4GHz|5GHz|2.4GHz|5GHz(2.4GHz|5GHz
AB| 327 |263| 29.7 |233| 26.7 |202| 23.6 |17.3
BC| 322 [ 258 29.2 (228 262 |19.8| 232 |16.8
CD| 32.0 [25.6| 29.0 [22.6| 26.0 |19.6| 229 |16.6
DE| 313 [249| 283 [219| 253 |189| 223 | 159
EF| 32.6 [262| 29.6 [232| 26.6 |202| 225 |17.2
FG| 305 242 275 |21.2| 245 [ 182 21.1 |15.1
GH| 29.8 |23.4| 268 |204 | 238 |17.4| 20.8 | 144
HI| 31.1 |24.8| 28.1 |21.7| 25.1 |18.7| 22.1 |15.7

Tir cac két qua thu dudc trén Bang I, ta dé dang
x4c dinh dudc SNR ctia 19 trinh tif nit A dén niit I
theo (1). Két qua thu dugc trén Hinh 2 tuong ting
v6i trudng hop séng mang c6 tan s6 2.4 GHz. Ta
thdy ring, SNR giam dan theo tdng sd budc truyén
ma dif lidu di qua. Cu thé, xét trudng hop ky thuat
DF dugc st dung (Hinh 2a), trong trudng hgp bang
thong 20 MHz, khi méi truyén qua mot budc truyén
(dén niit B), SNR 1a 32.67 dB. Nhung néu truyén
qua 3 budc truyén (dén nidt D), SNR gidm xudng
31.97 dB. SNR tiép tuc gidm xubng con 29.8 dB
khi dit liéu truyén qua 8 budc truyén, nghia la dén
nit I. Két qua ciing hoan toan tuong tu cho cic
truong hgp bang thong kénh 40 MHz, 80 MHz va
160 MHz. Trong truong hgp cic nut trung gian st
dung ky thuat AF, SNR suy giam nhiéu hon so
véi trusng hop DF. Khi truyén dén nit dich (it
I), SNR chi con 22.39, 19.38, 16.37 va 13.36 dB

—4—20 MHz —&—20 MHz
15 40 MHz 40 MHz
—o—80 MHz —o—80 MHz
—8— 160 MHz

—8— 160 MHz,

B ¢ b E F G H I
Nut dén Nut dén
@ (b)
Hinh 2: Suy gidm SNR qua céc budc truyén trong trudng
hgp song mang c6 tan so 2.4 GHz, nit trung gian st dung
ky thuat (a) DF va (b) AF
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tuong ung véi cac truong hgp bang thong kénh 20,
40, 80 va 160 MHz (Hinh 2b).

Xét trudng hop ky thuat diéu ché 256-QAM dudc
st dung. Gia st ngudng BER cho phép la 1076,
Theo [5], SNR yéu ciu tot thiu d€ dat dugc BER
= 1079 1a 23.5 dB. Nhu vay, véi cac két qua phan
tich & Hinh 2, c6 mdt sb truong hop khong thoa
mian diéu kién rang budc vé QOT. Cu thé, trong
truong hgp cac nit trung gian st dung ky thuat DF
(két qua & Hinh 2a), néu st dung cic kénh c6 bing
thong 20, 40 hodc 80 MHz thi diéu kién rang budc
vé QOT ludn thoéa man, nghia 12 SNR luén 16n hon
SNR yéu cau tdi thiéu (23.5 dB). Tuy nhién, néu sit
dung kénh c6 bing thong 160 MHz, diéu kién rang
budc vé QoT chi thdéa man khi truyén dén niit F.
Néu truyén dén nit G, SNR gidm xubng con 21.5
dB, gid tri nay nhd hon SNR yéu cau tbi thi€u. Néu
truyén dén ndt H va I, SNR con giam nhiéu hon.
Phén tich tuong tu ta thiy ring, trong trudng hop
céc nit trung gian khong tai tao tin hiéu (két qua &
Hinh 2b), d€ thda man rang budc vé QoT, dit liéu
chi dugc phép truyén dén niit E, D hoidc B tuong
ting véi cac trudng hop kénh truyén cé bing thong
40, 80 hodc 160 MHz.

III. QOT cUA MANG MANET KHI SU DUNG CAC
GIAO THUC PINH TUYEN THEO YEU CAU

Theo nguyén ly kham pha 10 trinh cda cac giao
thic dinh tuyén theo yéu cau [6], [7], khi can kham
ph4 16 trinh m&i, nit ngudn gii quing ba géi RREQ
dén cic mit giéng ctia né. Tai mdi niit nhan dugc
g6i RREQ, néu nhu truéc d6 da nhian géi RREQ
nay thi nat d6 sé loai bé géi RREQ ma khong xiG
ly gi thém. Ngugc lai, néu trong bang dinh tuyén
clia nit dang xét c6 thong tin 1§ trinh kha thi dé
dén dich, né sé giii g6i RREP vé nit ngudn. Ngugc
lai, gé6i RREQ dudc tiép tuc giii quing ba dén cic
nit lang giéng ctia nit dang xét. Qua trinh lip lai
cho dén khi tim dudc 16 trinh dén nut dich, hoic
qua thoi gian chd cho phép.

V6i nguyén ly kham pha 10 trinh cia cac giao
thic dinh tuyén theo yéu cidu nhu md ti & trén,
trong s6 ctia cdc 16 trinh tim dudc 1a tong sb bude
truyén. Vi viy, trong mot s6 trudng hop, 16 trinh tim
dugc chua phéi 14 16 trinh c6 QoT tbt nhat. Tham
chi c6 mot sb truong hop 16 trinh tim dugc khong
thda man céc diéu kién rang budc ctia QoT. DE thiy
16 diéu nay, ching toi xét mot vi du nhu & Hinh 3
véi giao thic dinh tuyén AODV dugc sit dung, céc
con sb ghi trén cdc budc truyén 1a gia tri SNR cia
budc truyén d6. Xét trudng hop nit A mubn kham

ph4 1 trinh méi dén niit H. Gia st rang & thdi diém
hién tai, bang dinh tuyén cta tit ca cc nit 1a rdng.
Qua qua trinh phat quang ba géi RREQ va phan
hdi g6i RREP nhu ¢ Hinh 3, mit A nhan dugc 3
g6i RREP tuong ting véi 3 19 trinh c6 thé st dung
DPA—-E—-C—-HA—+B—=-D—=HvaA
— E — G — I — H. Theo nguyén ly cia AODV,
16 trinh c6 s6 budc truyén nhd nhit sé dudc chon
d€ truyén dit liéu. Trong trudng hop nay, AODV sé
chon 16 trinh A - E - C — Hhoaic A - B —
D — H.

Vé6i két qua khdm phd 16 trinh nhu trén, gia st
rang nguyén ly hoat dong ctia tit ca cic mit 1a AF,
theo phuong trinh (1) ta cd, SNR cia 16 trinh A
— E — C — H 1a 23.87 dB va SNR cda 19 trinh
A — B — D — H la 20.2 dB. Xét truong hop ky
thuat diéu ché 128-QAM dudc sit dung va BER yéu
cu 1a 107°. Theo [5], SNR yéu cau téi thi€u phai
la 24 dB. Nhu viy, ca hai 10 trinh tim dudc & trén
déu khong thda man diéu kién rang buodc vé QoT.
Véi topo ¢ Hinh 3, tit A dén H c6 thé st dung 16
trinh A - E — G — I — H. Mic du tng sd budc
truyén ctia 1o trinh nay 1a 4, nhung SNR la 24.1
dB. Gi4 tri nay théa min diéu kién rang budc cia
QoT, dong thai t6t hon SNR cda 16 trinh 3 budc
truyén ma A — E — C — H ma giao thiic AODV
da chon.

Cic két qua phan tich & trén cho ta thiy ring, véi
céc giao thiic dinh tuyén theo yéu cau, c6 mot sd
truong hgp 16 trinh duge chon khong thda man QoT
theo yéu cau. Vi viy, QoT ctia cic 19 trinh tim dugc
la diéu can phai dugc xem xét trong cac thuit toin
dinh tuyén. Dic biét 1a trong cic hé thdng mang
MANET véi vung dién tich rong, mat do nit cao.

2y
Sl

™
u%

—> RREQ duoc xir [y — >} RREQ bi loai bo

Hinh 3: Mot vi du khdm phéa 106 trinh trong mang
MANET st dung giao thiic dinh tuyén AODV
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IV. DINH TUYEN QOT TRONG MANG MANET

Dinh tuyén QoT la ky thuét dinh tuyén ma trong
d6 cac tham s6 v& QoT dugc xem xét trong qua
trinh kham pha 19 trinh, nhim dam bio QoT cua
céc 16 trinh truyén dif liéu. Trong thdi gian gan day,
ky thuat dinh tuyén QoT trong mang MANET da
dugc mot s6 nhom nghién citu trién khai. C6 hai
phuong phap hién dang dugc cac nhom nghién ciu
st dung d€ dua cac diéu kién rang buoc vé QoT
vao cic thuat toan dinh tuyén. Mot 13, rang budc
QoT thong qua ham trong s6 [8]. Hai 13, rang budc
QoT thong qua cdc goi diéu khién [9], [10], [11].

A. Rang buéc QoT thong qua ham trong sé

Vé6i phuong phap nay, ham trong s6 clia cac két
ndi trong mang dugc xay dung cé chiia cic tham sb
vé QoT, thuit todn dinh tuyén dua trén ham trong
s6 nay dé lya chon 16 trinh. Nhém tic gia trong
[8] da dé xuat mot ham trong sd phan anh ty 1€ tin
hiéu trén nhiéu trung binh WSA (Weighted Signal
to noise ratio Average) cho giao thic dinh tuyén
DSDV. Ham trong s6 WSA st dung thong tin vé
SNR dudc cung cip béi 16p vat Iy d€ xic dinh
chit luong ciia cdc két ndi trong mang. Két qua
mo phéng da cho thiy ring, véi viéc sit dung ham
trong s6 WSA, hiéu ning ctia mang MANET dugc
cai thién vé mit thong luong va do tré. Trong [12],
mot giao thic dinh tuyén dugc dé xuit cho mang
tly bién khong day st dung cic tham sb vé ning
luong con lai va chit lugng két nbi d€ lua chon 16
trinh. Nhém tac gia cia [12] da dé xuit mot ham
trong sb6 cho cdc két nbi (Cost Function - CF). CF
bao chifa hai thanh phan, chit luong két nbi (Link
Quality - LQ) va ning luong sin sang (Available
Energy - AE). LQ dudc xac dinh dya trén SNR cia
mdi két ndi. Bing phuong phap mo phong, céc tic
gia da cho thiy rang hiéu ning mang dudc cai thién
vé mit ty 1 truyén géi dit liéu thanh cong, chi phi
kham pha 16 trinh va nang lugng cla cdac nat.

Ciing véi phuong phdp xem xét diéu kién rang
budc QoT théng qua ham trong sb, nhém tic gia
trong [13] da nghién da d& xuit mot ham trong s
phan 4dnh nhiéu dugc dit tén IARM (Interference
Aware Routing Metric). Haim trong s6 IJARM gom
c6 hai thanh phan, chit lugng cac két ndi va ty 1&
ton thét géi dif liéu. Céc thanh phan nay dugc du
doén bang phuong phap thim do. Sau d6, ham trong
s6 IARM dugc tich hop véi giao thiic OSLR bing
cach chinh stta mdé dun tinh toan dinh tuyén cta
giao thic nay. Mic do cai thién hiéu ning mang
khi st dung ham trong sé6 IARM so véi ham trong

s6 mic dinh ctia giao thitlc OSLR dudc céc tic gia
ching minh bing phuong phdp mo phong trén NS-
2. Céc tham s6 hiéu ning dugc danh gia bao gdom
tré trung binh, ty 1& chuyén phét géi tin, ty 1& tén
that g6i tin va thong lugng trén toan mang. Két qua
mo phéng da ching minh ring, véi ham trong sb
IARM dugc dé xuit, hiéu ning mang cii thién mot
cach dang k€ so vdi giao thic OSLR.

B. Rang budc QoT théng qua cdc goi diéu khién

V6i cic giao thic dinh tuyén trong mang
MANET, viéc kham pha 10 trinh méi dudc thuc
hién bang cich phat quang ba géi RREQ va phan
hoi géi RREP. Vi vy, thong tin vé QoT trén céc
két ndi c6 thé trao ddi thong qua cic goi diéu khién
nay. Nhém tdc gia trong [9] di dé xudt mot giao
thic dinh tuyén cdi tién cia AODV st dung md
hinh xuyén 16p c6 xét dén QoT, dugc dit tén la
SDP (SNR, Delay and Power). Cu thé, céic tic gia
da thém mot truong c6 tén LC (Link Cost) vao goi
RREP. LC chiia ba thanh phan, ty 1& tin hiéu trén
nhiéu (SNR), do tré (Delay) va thdi gian ton tai
ctia niit (node lifetime). Thoi gian ton tai dugc xdc
dinh bang ngudn nudi cda nit. Dya trén gid tri LC
trong géi RREP, thuit toan dinh tuyén sé lua chon
16 trinh c6 gid tri LC tot nhit dé truyén di liéu.
Hiéu qua thyc thi cta giao thic SDP dugc danh
gia bang phuong phdp mé phdng, so sanh vdi giao
thic AODV. Két qua md phong da cho thiy ring,
giao thiic SDP mang lai ty 1& truyén géi di liéu
thanh cong cao hon, thong lugng cao hon va thdi
gian tré thap hon so vdi giao thiic AODV.

Trong [10], mot thuit toan dinh tuyén c6 xét dén
cic tham s& SNR va cong suit thu (RP - Received
Power) da dudc dé& xuit véi muc tiéu lwa chon 16
trinh truyén di liéu c6 SNR va RP t6t nhét. Thuat
toan dugc cai tién trén nén thuat todn DSR va
AODV biing cich tich hgp thém hai trudng vao géi
RREP, v6i do dai cia mdi trudng 1a 8 bits dé chita
thong tin SNR va RP. Sau d6, dya trén thong tin
ctia cdc trudng SNR va RP, thuat toan dinh tuyén sé&
lua chon 16 trinh ¢ chét lugng tin hidu truyén dan
t6t nhit. D€ ddnh gid hiéu qua thuc thi cta thuat
toan dugc dé xuit & trén, cac tac gia da thuc thi mo
phong trén phan mém OPNET Moduler 14.5. Cic
tham sd hiéu ning dudc danh gid 1a ty 1& truyén
g6i tin thanh cong, tré truyén ti trung binh va chi
phi hoat dong. Mot phuong phap khac da duge st
dung cho viéc nghién ciiu cac thut toan dinh tuyén
rang budc anh hudng cla cac hiéu ung vét ly trong
mang MANET la dua cic tham s6 vit Iy vao ham
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trong sd cla cic két ndi. Sau d6, thuit toan dinh
tuyén sé Iua chon 16 trinh c6 téng trong sb nhé nhét
theo nghia chiu anh huéng nhd nhét ctia cic hiéu
ung vat ly.

Nhém tic gia trong [11] ciing da dé xuit mot co
ché khdm pha 10 trinh cai tién cda giao thic AODV,
dudc dit tén 1a SNR based AODV. Nguyén ly cua
giao thitc SNR based AODV 1a lya chon 10 trinh
dua trén thong tin vé SNR & 16p vat ly thay cho
tong sd budc truyén clia giao thitc AODV. PE thuc
hién diéu nay, cdc tic gid trong [11] da st dung
trudng Reserved ctia géi RREQ d€ luu trit thong
tin vé SNR. Trudng nay c6 9 bits, gia tri ctia tit ca
cdc bit dugc thiét 1ap bang 0 trong giao thiic AODV.
V6i giao thic SNR based AODV, bit diu tién cla
trudng Reserved dugc st dung d€ nhin dién giao
thic dinh tuyén, 1 cho giao thiic SNR based AODV
va 0 cho giao thiic AODV. 8 bits con lai dugc st
dung d€ luu tri¥ gid tri SNR. Bing phuong phap
mo phéng trén phan mém OPNET Moduler, céc
tac gid cia [11] da chiing minh ring, giao thiic
SNR based AODV thuc thi hiéu qua hon giao thuc
AODV truyén thong.

Ngoai cac phuong phap da néu & trén, phuong
phap st dung ly thuyét logic mo dé€ nghién ciiu
cdc thuat toan dinh tuyén rang budc 4nh hudng
cua céac hiéu ung vat ly trong mang MANET ciing
da dugc trién khai. Nhém tic gia trong [14] da
st dung ly thuyét logic md dé dé xuit mot thuat
toan dinh tuyén c6 tén ERPN (Efficient Routing
Protocol under Noisy Environment). Cac hiéu tng
vat ly dugc xem xét thong qua cdc tham s cudng
dd tin hiéu va hé s6 nhiéu. Cic tic gid da chiing
minh ring, thuat toan dinh tuyén ERPN mang lai
ty 1& truyén géi tin thanh cong va thong lugng cao
hon, giam s6 két ndi bi 16i va giam ty 1& 15i bit so
v6i cédc thuat toan dinh tuyén truyén thong.

Trén co sS cic két qua nghién ctiu da dudce dé cip
& trén, chiing t6i nhan thiy rang, k§ thuat dinh tuyén
QoT trong mang MANET da dugc mot sé6 nhém
tac gia trién khai theo mot sb phuong phap khac
nhau. Nhém nghién citu clia ching toi da tiép tuc
phat trién huéng nghién ciiu nay. Ching toi da dé
xuét thuat toin QTA-DSR (Quality of Transmission
Aware DSR) sti dung mo hinh xuyén 16p két hop
vGi cong nghé tac tir [15]. Nguyén ly cda thuit toan
QTA-DSR 1a st dung cdc thong tin vé QoT nhu
SNR, BER va thoi gian tré dé lam cac diéu kién
rang budc trong qud trinh dinh tuyén. Cic thong
tin nay dudc thu thip va xt ly bdi mot tac ti tinh
(Stationary Agent - SA) ky sinh tai mdi nit c6

cAu tric theo md hinh xuyén 16p. Cac thong tin
QoT ciing dudc trao d6i gitta cdc nit thdong qua goi
RREQ, dudc mdi niit glii quing ba dén tit ci cic
niit lang giéng clia né trong qué trinh kham ph4 16
trinh. Mbi khi nhan dugc géi RREQ, dua trén cic
thong tin v& QoT ma SA thu thap dugc va thong tin
QoT trong g6i RREQ, SA c¢6 thé du dodn truéc QoT
cta cac 10 trinh, d€ tir d6 lua chon dugc 16 trinh
thda man diéu kién rang budc vé QoT cho trudc.
Két qua mo phong da ching minh rang, thuit toin
QTA-DSR lya chon dudc cac 16 trinh dam bao QoT.
Vi viy, SNR ciia cdc 16 trinh truyén dit liéu t6t hon,
din dén BER gidm so vdi thuat toan DSR. Diéu nay
cho phép gidm thiéu xac suit géi dif liéu bi hiy bd
so khong théa min diéu kién rang budc ctia chit
lugng truyén dan. chinh vi viy, thong lugng mang
tang.

V. KET QUA MO PHONG VA THAO LUAN

Pé danh gia 4nh hudng clia cdc hiéu tng vat ly
dén viéc truyén dit liéu qua mang MANET, chiing
t6i da tién hanh mo phéng dé phan tich SNR cida
cdc 19 trinh truyén dif lidu, xac sult géi dif lieu bi
hity bé va thong lugng mang. Md phdng dugc trién
khai trén OMNeT++ [16]. Céc gia thiét mo phong
dugc thiét 1ap nhu trong Bang II.

Bang II: Cac tham s6 md phdng

Tham s6 Thiét lap Tham s6 Thiét lap
Viung md phéng |1000 x 1000m | Vung phua song |25 m
Giao thitc MAC [802.11ac Dang diéu ché [256-QAM
Cong sudt phat  [19.5 dBm Do nhay thu  [-68 dBm
Ngudng BER 106 SNR yéu cau |23.5 dB
M0 hinh nhiu  |Nhiéu nhiét  |[Nhiét do 3009K
Toc do di chuyén |0 - 20 m/s Tong s6 ndt |20 - 50
Thoi gian mo Mo hinh truyén |Khong
phong 40m séng gian tu do
Tong s6 ngudn  |30% tong sbd

phat nit

A. Két qud mé phong giao thiic DSR

Céc d6 thi & Hinh 4a cho ta thiy gid tri SNR nho
nhét theo 6 kich ban md phong khac nhau, tong s
nit mang thay ddi tit 20 dén 50. Ta thiy ring, SNR
ting dan theo tong s6 mit mang. Khi tdng sb niit
mang nho hon 30, thi SNR luén dat gia tri SNR yéu
ciu dé€ ddm bao QoT (16n hon 23.5 dB). Nhung khi
tong s6 nit mang tir 30, SNR bat diu gidm xudng
dué6i gid tri tdi thi€u yéu ciu. Vi du nhu, trudng
hop 40 nit, gid tri SNR nhé nhét 1a 22.6 dB. Gia
tri nay khong théa min diéu kién rang budc vé QoT.
Vi SNR giam dan theo téng sd nit mang, nén BER
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ting dan nhu cho thdy trén Hinh 4b. Gia tri BER &
day 1a BER cda 16 trinh c6 QoT x4u nhét. Ta thiy
ring, v6i ngudng BER yéu ciu 1a 1079, hé thong
mang chi ddm b4o yéu cAu nay khi téng s6 niit nhd
hon 30. Con khi tdng sd nit ting tir 30 dén 50,
BER ting dan tir 2.5 x 1075 dén 2.6 x 107°. Céc
gid tri nay vugt ngudng BER yéu cau.

Tiép theo, chiing toi phan tich xic suét hity bd
g6i dit liéu (Blocking Probability of Data packet -
BPD) trén toan mang. Két qua thu dugc trén Hinh
5 cho ta thiy su thay d8i ctia BPD theo tai luu
luong trong trudng hop tong s6 nit mang 1a 50, toc
dd di chuyén trung binh 5 m/s, bing thong kénh
40 MHz. Ta thiy ring, BPD ting din theo tai luu
lugng. Khi tii Iuu luong ting tit 0.6 Erlang dén 1
Erlang, BPD ting ti 0.023 dén 0.041. Trong do,
BPD do khong thda man diéu kién rang budc cia
QoT tir 0.011 dén 0.013. Ta thiy rang, gia tri BPD
chiém gan 50% trong tdng s BPD cia toan mang
khi ti Iuu lugng thip, nho hon 0.75 Erlang. Khi tai
luu lugng ting cao, BPD do QoT gin nhu 6n dinh.
BPD toan mang ting la do nghén Iuu lugng.

Trong trudng hop thay ddi tbec do di chuyén va
tong sb6 nit mang, két qua thu dugc nhu & Hinh 6.
Khi téc do di chuyén trung binh ctia mdi niit ting
dan, BPD ciing ting din nhu cho thiy & Hinh 6a.
Trong trudng hop nay, tai luu lugng 1a 0.6 Erlang
va bang thong kénh 40 MHz. BPD tang tu 0.025
dén 0.05 khi téc do di chuyén ting tit 5 m/s dén
20 m/s. Trong d6, thanh phan PBD do khong dam
b4o QoT chiém tli 44% dén 47% trong téng s6 BPD
clia toan mang. Khi téng s6 nit mang ting thi BPD
ciing ting nhu cho thiy & Hinh 6b. Nguyén nhan
12 do khi tdng s6 nit mang ting thi anh huéng cta
cdc hiéu ting cling ting 1én, 1am cho thanh phan
BPD do khong dam bao QoT ting 1én. Cac do thi
trén Hinh 6b cho thAy BPD do QoT chiém gin 50%

~
3
m
by

— Gia tri ngudng|
—*-DSR

//*/

——Gia trj yéu cau
—*- DSR 1E3
1E-4
\  1ES
i
1E6
187 /

25 30 35 40 45 50 20 2‘5 I;O 1;5 4‘0 4‘5 50
Téng s6 nit mang Tdng sb nit mang
(a) (b)
Hinh 4: Sy thay d&i ctia (a) SNR va (b) BER theo tong
s6 nit mang khi st dung giao thiic dinh tuyén DSR

N
B3

N
R

SNR nhé nhét (dB)
N
8

N
N

~
m
3

~N
S

0.06

——BPD toan phan
0.05 1 |~ BPD do QoT

BPD
o
8

001 K He iy K K]

06 065 07 075 08 085 09 095 1
Tai lwu lwgng (Erlang)
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Hinh 6: Sy thay d6i ciia BPD theo (a) tc do di chuyén
va (b) tong s6 niit mang, sit dung giao thiic DSR

trong tong s6 BBP cia toan mang.

Qua cic két quiz mo phong & trén ta c6 thé két
luan rang, trong trudng hop hé théng mang MANET
¢6 vung dién tich rong, mat do nit cao, st dung
kénh c6 bang thong 16n, anh hudng cda cac hiéu
ting vat ly 1am ting BPD trén toan mang. Diéu nay
lam suy giam hi€u nang mang. Vi viy, viéc xem
xét cac diéu kién rang budc vé QoT trong cic thuat
toan dinh tuyén la diéu can thiét, nhim ddm bao
QOT ciia hé théng mang.
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Hinh 7: So sanh BPD theo (a) téc do di chuyén va (b)
tong s6 nit mang cla cic thuit toan DSR, DSR-SNR va
QTA-DSR
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B. M6 phong thudt todn QTA-DSR va DSR-SNR

Trong phan nay, ching tdi so sanh hiéu qua thuc
thi ctia thuit toan QTA-DSR ma chiing toi di dé
xuét trong [15] véi thuat toan DSR-SNR ctia nhém
tac gia trong [10]. Ngoai ra, cic thuit toan nay
cling dudc so sanh véi thuat toan DSR. Trong [10],
cac tac gia da mo phong thuit toan DSR-SNR trén
OPNET simulator 14.5. D€ ddm béo do tin cay clia
cic két qua so sanh, chiing toi cai dit thuat toin
DSR-SNR trén cling phan mém mo phdng véi céc
thuét toan QTA-DSR va DSR, d6 la OMNeT++,
dong thoi st dung cting bo tham sb dau vao nhu
da mo ta & Bang II.

Két qua md phdng trén Hinh 7 cho thdy 1o su
khdc biét vé BPD clia cdc thuit toan DSR, DSR-
SNR va QTA-DSR. Hinh 7a la trudng hop téc do
di chuyén ctia cac nit thay d6i, tong s6 nit mang 1a
50, bang thong kénh 40 MHz va tai luu lugng 0.6
Erlang. Ta thiy ring, d6i v6i ca ba thuit toan, BPD
cang cao khi téc do di chuyén clia cdc nit mang
cang 16n. Tuy nhién, trong cd 3 thuit toan, QTA-
DSR la thuét todn mang lai gid tri BPD nhd nhit.
Vi du, xét trusng hop tdc do di chuyén trung binh
cua cac nut la 15 m/s, BPD cua cac thuit toan DSR,
DSR-SNR va QTA-DSR lan lugt 1a 0.0429, 0.0341
va 0.0239. Nhu vy, néu so véi thuat toan DSR,
BPD cia thuat toan DSR-SNR giam 20.56%, thuat
toan QTA-DSR giam 44.24%. Khi thay déi tdng s
nit mang, thuat todin QTA-DSR ciing mang lai hiéu
qua cao nhét néu xét vé BPD, diéu nay cho thiy ro
& Hinh 7b. Trong trudng hop nay, téc do di chuyén
trung binh cia mdi niit 12 5 m/s, bing thong kénh
40 MHz va tii luu luong 0.7 Erlang. Cac do thi
trén Hinh 7b da cho thiy ring, néu so véi BPD ciia
thudt toan DSR, BPD cua cac thuat toan DSR-SNR
va QTA-DSR giam trung binh tuong ting la 33.34%
va 50.88%. Nhu vay, thuat todn QTA-DSR giam
nhiéu hon 17.54% so véi thuat toan DSR-SNR.

Tiép theo, ching t6i phan tich thong lugng cla
ca 3 thuat toan. Xét truong hgp tai luu lugng la
0.65 Erlang, tdng sb niit mang 1a 50, tbc do di
chuyén trung binh cla céc nit la 15m/s va bing
thong kénh 40MHz. Thong lugng nhidn dudc trung
binh tai mdi niit nhu cho thiy & Hinh 8. Thut todn
QTA-DSR cho thong lugng cao nhit, trung binh 1a
48.79 Mbit/s. Gia tri nay cia cac thudt toan DSR-
SNR va DSR tuong tng la 48.41 va 47.78 Mbit/s.
Nhu vy, thong lugng cia thuit toan QTA-DSR ting
trung binh 380 Kbit/s va 1.1 Mbit/s néu so véi cic
thuat toan DSR-SNR va DSR.

Tir céc két qua md phdéng & trén, ching t6i c6
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Hinh 8: So sdnh thong lugng cla céc thut todn DSR,
DSR-SNR va QTA-DSR

thé két luan rang, v6i ky thuat dinh tuyén c6 xét
dén diéu kién rang budc QoT (cic thuat toan DSR-
SNR va QTA-DSR), hiéu nang mang cai thién mot
cach dang k€& vé mit xdc sut nghén mang va thong
lugng. Trong d6, thuit toan QTA-DSR mang lai
hiéu qua cao nhét trong s6 3 thuit toin dugc phin
tich.

VI. KET LUAN

D€ ning cao QoT trong mang MANET c6 ving
dién tich rong, s dung cic kénh truyén cé bing
thong cao, viéc nghién ciiu anh hudng cia cic hiéu
ting vat Iy dén hiéu niing ctia hé théng 1a diéu can
thiét. Noi dung bai bdo da tip trung nghién cifu cic
hiéu dng vat Iy xdy ra trén 19 trinh truyén truyén
dit liéu, tap trung vio cic tham sb co ban phan anh
QOdT cta mot 1o trinh. Thong qua viéc phan tich
mot 10 trinh cu thé, nhém tac gia da cho thiy ring,
tiy theo chudn truyén thong khong day, ky thuat
diéu ché va do rong clia bing thong kénh dugc st
dung, ma céc diéu kién rang budc vé QoT cin phai
dudc xdc dinh phi hgp d€ dam bao hiéu ning clia
hé théng mang. Ngoai ra, anh hudng cta cic hiéu
ting vat ly dén hiéu ning mang khi st dung cic
giao thiic dinh tuyén theo yéu ciu ciing di dudc
phan tich. Két qud mo phéng ciing da chiing minh
rang, anh hudng cla cac hiéu ving lam ting BPD,
din dén suy giam hiéu niing ctia hé thbng mang. Vi
vily, d€ dam bao hiéu ning mang, cin phai xem xét
dén céc diéu kién rang budc vé QoT trong cac thuat
toan dinh tuyén. Trén co s d6, chiing toi cling da
so sanh, danh gia hiéu nang ciia mang MANET khi
st dung céac thuat toan dinh tuyén c6 xét dén QoT
so véi cdc thuit toan truyén thong. Thong qua mo
phéng, chiing t6i da chitng minh ring, ky thuat dinh
tuyén QoT cho phép ning cao hiéu ning mang vé
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mit xdc sudt hily bd géi dif liéu va thong luong.

Trong huéng nghién ctiu tiép theo, chiing t6i tiép
tuc phat trién k¥ thuat dinh tuyén QoT cho cic giao
thic dinh tuyén khic trong mang MANET, cu thé
la cic giao thic dinh tuyén theo bang ghi va giao
thifc dinh tuyén lai.
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