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) Vii Khanh Quy', Nguyén Pinh Han', Nguyén Tién Ban>

1 Truong Pai hoc Su pham Ky thudt Hung Yén

2 Hoc vién Cong nghé Buu chinh Vién thong

Ngay nhan: 02/5/2016
Ngay sura chira: 26/5/2016
Ngay xét duyét: 15/6/2016

Tom tat:

Cdc mang vo tuyén théng minh tity bién ngay cang déng vai tro quan trong trong truyén thong vz
chung sir dung tiét klem va hiéu qua tai nguyén phé. Ngodi nhimg kha nang clia mang vo tuyén truyén
thong, mang Vo tuyén théng minh tiy bién con c6 nhiing kha ndang ddc biét dé thich nghl vOi moi tru"ong va
mét s6 diéu kién rang bugc trong qud trinh hoat dong. Chdng han, kha ndang cam bién khe phé trong trong
maoi truong vo tuyen bién doi rat manh theo cd khéng gian va thoi gian, khd ning phéi hop hoat d‘ong cua
cde nit mang thiv cap dé giam thleu anh huong toi mang. chinh, v.v. theu kha ndng méi va nhdt la kha
nang ung dung cua - mang V6 tuyén thong minh tiy bién van dang dwoc tlep tuc nghién ciru. Gan ddy, cdc
giao thire dinh tuyén cho mang vé tuyén thong minh tity bién da duge dé xudt va khong ngung duwoc cal
tién. Trong bai bdo nay, ching téi khdo sdt va danh gid hiéu sudt hoat dong ciia mét sé giao thire dinh tuyén
dién hinh cho mang vé tuyén théng minh tiry bién. Ching téi ciing so sanh cdc giao thuc dwoc khao sat
thong qua nhu’ng thong $6 ky thudt co ban. Két qua thiec nghlem ciing véi phan tich chi tiét trong bai bao
€ cung cdp co s¢ dé hea chon va sir dung giao thirc dinh tuyén phiv hop véi ddc diém ciia mang vé tuyén
théng minh tity bién.

Tir khéa: CRAHN, AODYV, DSR.

1. Giéi thiéu

Cung v6i sy phat trién cua mang vo
tuyén, cic bio cdo méi nhat cia FCC (Federal
Communications Commission) [1] cho thdy chinh
sach dang ky va phan phdi pho cb dinh dang tré nén
khéng hi¢u qua trong hé thong thong tin vo tuyén
ngay nay. Pho tan c6 thé duoc sir dung hiéu qua hon
bang cach cho phép ngudi sir dung khong c6 gidy
phép SU (Secondary Users) truy cap va st dung
trong khoang thoi gian ngudi dung duge cap phép

Mang chinh
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PU (Primary Users) khong sir dung. Mang v tuyén
thong minh/nhan thirc tiy bién CRAHN (Cognitive
Radio Ad-Hoc Network) 1a mot tap hop cac thiét bi
¢6 kha niang hoat dong va chuyén doi trén cac kénh
(bang tan) khac nhau trong mdi truong truy cap phd
dong dua trén phuong phap cam nhan hoat dong céac
bang tan dugce cip phép. Dya trén cam nhan nay,
cac SU s@ tan dung co hdi su dung cac khe phé con
trong ma khong gay anh huong dén PU. Hinh 1, gi6i
thiéu kién trac mang vo tuyén thong minh tiy bién.

Mang v6 tuyén tay bién
théng minh (CRAHN)

Hinh 1. Kién triic mang CRAHN
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Mic du vu diém tai sir dung phd tan trong
mang CRAHN 14 rat rd rang va mang mot gia tri
to 16n ca trong thuc tién va 1y thuyét khi tai nguyén
phd tin ngay cang can kiét. Tuy nhién, viéc truyén
thong trong mang phai dam bao khong gdy anh
huong dén PU. Diéu nay yéu cau cac thiét bi trong
mang phai li€n tuc giam sat, cam nhan hoat dong
ctia pho tan.

Trong thuc té, mang CRAHN duogc thiét lap
va hoat dong bang cach sur dung cac khe phd tréng
dwa trén dai tin da dwoc ding ky va str dung boi cac
PU. Do d6, nhiém vu tim kiém, lya chon va thiét lap
tuyén dudng (kenh nat mang) thich hop dé truyén
dir liéu tir ntit ngudn dén nut dich trong moi truong
truy cap phd dong 1a mot thach thie can giai quyét.

Trong bai bao nay, chung toi thuc hién khao
sat cac giao thirc dinh tuyén duge dé xuat dp dung
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cho CRAHN. Phan con lai cta bai viét duoc to chite
nhu sau. Trong Muyc 2, chiing t6i phén tich van d&
dinh tuyén trong mang CRAHN. Muyc 3 thuc hién
danh gia va phan tich hiéu suat mot sé giao thirc
dinh tuyén. Muc 4 1a phan két luan.

2. Pinh tuyén trong mang CRAHN

Mang CRAHN khong chtra bat ky co so ha
tang cd dinh hodc cac thyc thé trung tim [2], do Vay,
cac SU phai hop tac véi nhau méot cach tiy bién dé
trao d6i va thu nhan cac thong tin can thiét nhu kién
tric mang va su hién dién cta cac PU phuc vu cho
qua trinh dinh tuyén. Nhu vay, cac giao thuc dinh
tuyén phai thoa mén yéu cau cua ca hai kiéu mang:
mang v6 tuyén thong minh va mang vo tuyén tiy
bién (Xem Hinh 2).

Tiéu chi dinh tuyén cho mang vé tuyén tiy bién
théng minh (CRAHN)

Tiéu chi'dinh tuyén cho mang

Tiéu chi dinh tuyén cho mang
vo tuyén tay bién

v6 tuyén théng minh

Tranh PU

Nut di Biéu khién Lién két
déng kénh mét chiéu

Hinh 2. Cdc tiéu chi ciia giao thire dinh tuyén trong mang CRAHN

Van dé chinh cia truyén thong trong mang
CRAHN la cac SU phdi tranh can tré qua trinh
truyén cua PU. Vi vay, can thiét lwa chon tuyén
duong thoa man ca hai van dé, tranh PU va thiét
lap giao tiép dau cudi giira cac SU. Trong [3], mot
lwge d6 tranh PU duoc xen vao trong thu tuc thiét
lap tuyén duong. C6 hai thoi diém quan trong khi
SU phai Iya chon kénh phu hop: tai thoi diém bat
dau truyén dit liéu va thoi diém thuc hién sira tuyén
duong. Thong tin vé kénh thu duoc tir co ché cam
bién ph6 dién ra ¢ 16p vat 1y hoic tai co sé dit liu
vé phé duge luu tra tai mdi nat SU. Pay 1a mot
thong tin quan trong dé xac dinh tuyén duong. Mot
s6 phuong phap cam bién phd thong minh tai 16p
vat ly da dugc nghién cuu trong [3-8].

Cac nut di dong trong mang CRAHN sur
dung ta1 nguyén phd (kénh/tan s6) bién doi theo ca
hai mién: thoi glan va khong gian, do dé, yéu cau
thong tin cam bién phd tra vé trong thoi gian thuc c6
thé 1a van dé day thach thirc. Nhu vay, thi tuc phd
ddng hiéu qua can dugc nghién ciru khi thiét ké cac
giao thirc dinh tuyén cho mang CRAHN.
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Trong méi truong CRAHN, tap céc bang tan
hd tro giita cac nut lién tuc thay ddi. Nhu vay, xac
dinh mét sb kénh lam kénh diéu khién chung 1a mot
doi hoi can thyc hién. Bén canh d6 phai giai quyét
van dé quan 1y kénh, thiét ké giao thic dinh tuyén
cho CRAHN khéng nén gia dinh lién két hai chiéu.
Céc lién két don hudng xay ra boi vi cac nut khac
nhau c6 thé c6 cac ving truyén khac nhau.

Ngoai cac van dé néu trén, mot giao thirc
dinh tuyén cho CRAHN van yéu cau cac tiéu chi
nhu giao thirc mang truyén thong. Cac yéu cau nay
bao gém hiéu suit nang luong, chét luong dich vu
(QoS) va dam bao an toan thong tin. Dac biét tai cac
nut di dong, van dé tiét kiém nang luong la dic biét
quan trong. Mot nd lyc dé giam tiéu thu ning hrong
céc nit sir dung co ché dinh tuyén theo yéu cau.

Trong mang tiy bién di dong, hai giao thic
dinh tuyén tiéu biéu 1a AODV va DSR, trong mot so
sanh higu suat, AODV phan phdi dugc trén 90% goi
tin, con hiéu nang cua DSR dat gia tri cao nhat v6i
sO lwgng ntit nho va giam dan khi kich thuéc mang
tang 1én [9]. Tuy nhién, cac giao thiic nay c6 hi¢u
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suét thap khi ap dung cho mang CRAHN do méi
truong mang ¢ tinh dong manh hon, xuat phat tir
c4c tinh hudng hoat déng/dirng cua PU.

Do d6, can d& xuét, nghién ctru cac giao
thirc nham thich hop cho viée dinh tuyén trong moéi
truong phé dong manh ciia mang CRAHN. Cac
giao thirc dugc chung t6i thong ké va danh gia trong

Bang 1.
Bang 1. Danh gia mot so giao thire dé xuat ap dung
trong mang CRAHN

Giao thire Muc tiéu

SOP[3]va |Cai thién tré tich Iy, tuy nhién

DORP[4] |hiéu suat thap do chua d¢ suat
phwong 4n giam anh huéng nhiéu
lén PU.

WHAT[5] |Lwa chon tuyén dudng tbi wu
chinh xac hon do dua thém cac
tham s0 dinh tuyén.

SEARCH[6] [ - La mét trong nhitng giao thic
dau tién tiém can giai quyct bai
toan dinh tuyén trong CRAHN.

- Dung phuong phap loc tién doan
Kalman tim tap hop tuyén duong,
kénh nham giam nhiéu dén PU.

CRP[7] |- Han ché gay nhidu Ién PU do
dua thong tin nhiéu vao chi phi
tim duong. Pam bao quéa trinh
truyén thong cia cac SU s& it gy
anh hudng nhét dén cac PU.

End-To-End
Protocol[8]

MO hinh hoa va xay dung cac thu
vién mé& rong dé c6 thé mo phong
hoat dong ciia CRAHN trén NS2.

3. Panh gia hiéu ning

Trong phan nay, ching toi tién hanh phan
tich va danh gia hiéu suét cia mot sb giao thic dinh
tuyén dién hinh, méi duoc dé xuat dp dung cho
mang CRAHN la SOP [5], CRP [9] va End-to-End
[10] trén phin mém mo phong mang NS2.
3.1. Kich ban mo6 phéng

Ching t6i st dung kién tric mang nhu
trong Hinh 3, hé thong dugc b tri trong ving
[1000mx1000m], mdi té bao co duong kinh 250m;
viing phat séng cia méi PU la 100m; ving phat
song ctia moi SU tir 50-100m. Tong cong 100 SU
dugc bd tri ngdu nhién trong toan ving va 20 nit
PU dugc b tri tai trung tam ctia mdi té bao. Chiing
t6i sir dung giao thirc 802.11b dé truyén dir ligu
v6i kich thude mdi goi tin 1a 1000 byte tai van toc
11Mbit/giay.

Hinh 3. Kién triic sir dung ddnh gid hiéu ning

Chuing t6i danh gia hiéu niang mdi giao thirc
dya trén thoi gian tré, thong lugng, do dai duong
di (sO chang) trung binh khi khoang cach gitra nut

62  Khoa hoc & Cong nghé - S5 10/Thang 6 - 2016

ngudn va dich thay déi. Cac tham s6 mo phong hé
thong dugc tom tat trong Bang 2.

Journal of Science and Technology



Bang 2. Cdc tham sé mé phong hé thong

Tham s6 Gia tri
Giao thtc SOP [5], CRP [9],
End-to-End [10]

Thoi gian mo phéng 600s

S6 nit PU 20

S6 nat SU 100

Vung mo6 phong 1000 m x 1000 m
Tdc d6 di chuyén Sm/s

Céac diém (khoang cach) 50, 100, 150, 200,
dung do 250, 300

Kiéu két ndi TCP

M0 hinh di dong Ngau nhién
Phan mém md phong NS 2.34

3.2. Két qua mé phéng va phén tich

Hinh 4 trinh bay cic két qua mo phong,
trong Hinh 4a, chtng t6i nhan thay tré ctia End-to-
End thap khi khoang cich giira nat ngudn va nit
dich ngan, khi khoang cach nay ting 1én dén 200m,
tré cia CRP ¢6 xu hudng thap hon so véi hai giao
thirc con lai.

5.5

5
L 45

4

3.5

TRE TRUNG BINH

3
25 /
2

50 100 150 200 250 300
KHOANG CACH (M)
——CRP-#-SOP —&—End to End

Hinh 4a. M6i quan hé giita Tré trung binh va
khoang cach giita cac nut
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50 100 150 200 250 300
KHOANG CACH (M)
——CRP-8-SOP—+End to End
Hinh 4b. M6i quan hé giita Théng heong va
khoang cach gitta cac nut
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Hinh 4b thé hién mdi quan hé giita thong
luong cta tuyén va khoang cach glua hai nat nguon
va dich trong mang CRAHN, két qua mo phong
cho thiy, SOP cho théng lugng cao nhat khi khoang
cach gitra nit ngudn va dich thip hon 150m, khi
khoang cach nay tang 1én, End-to-End c6 xu hudng
cho két qua thong lugng tét hon hai giao thirc con
lai.

SO CHANG (HOP)
»

50 100 150 200 250 300
KHOANG CACH (M)
—+—CRP-8-SOP—— End to End

Hinh 4c. Moi quan hé giita Tré trung binh va
khoang cach giita cac nut

Hinh 4c thé hién mdi quan hé gitra s6 ching
hay con goi 1a s& nut ma géi tin phai di qua tir nat
ngudn dén nat dich. Theo két qua mé phong, khi
khoang cach giita nut ngudn va nut dich cang tang
thi so nut trung gian goi tin phai di qua tur nit nguon
dén nut dich c6 xu hudng ting 1én. Didu nay 1a hoan
toan phit hop véi cac tinh toan 1y thuyét. Trong cac
giao thirc dugc danh gia, giao thirc End-to-End cho
két qua tot nhét véi s6 nut trung gian goi tin phai di
qua luén thap hon trong tat ca cac truong hop.

4. Két luan

Bai bao thuc hién khao sat mot sb giao thuc
dinh tuyén trén moéi truong mang vo tuyén thong
minh tiy bién. Céc giao thirc dinh tuyén theo yéu
cau nhu AODV va DSR 1a phit hop véi méi truong
mang di dong tiy bién nhung cé hiéu suat thip
trong mang CRAHN. Qua phan tich, chung to6i
nhan thdy AODV 1a phu hgp hon DSR trong méi
truong CRAHN. Thuc hién mo6 phong va danh gia
hiéu nang mot ) giao thirc cai tién dua trén AODV
gin day duogc dé xudt ap dung cho CRAHN, két qua
mo phong cho théy, giao thirc dinh tuyén End — to —
End [10] cho théng lugng va tré duoc cai thién tot
nhét. Trong hudng nghlen ctru tiép theo, chung toi
dé xuat su dung thong s tich Iy du kién thoi glan
truyen dé tim cac tuyén duong co théng lwong dau
cuoi cao trong mang CRAHN.
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PERFORMANCE EVALUATION OF POPULAR ROUTING PROTOCOLS
FOR COGNITIVE RADIO AD HOC NETWORKS

Abtracst:

Cognitive radio ad hoc networks play an important role in wireless communications as they can use

the existing wireless spectrum efficiently. Cognitive radio ad hoc networks possess all capabilities of the
traditional wireless ad hoc networks, and are equipped with intrinsic capabilities such as the sensing ability
to detect the time and location varying spectrum availability, and the cooperative working ability among
cognitive users to minimize the bad effects to primary users. However, the low achievable performance of
the networks may prevent them from being widely deployed. There are many works considering this issue.
As a consequence, some routing protocols for cognitive radio ad hoc networks have been established. In
this paper, we study some popular routing protocols proposed for cognitive radio ad hoc networks. We give
the simulation results and analyses on the performance of these routing protocols in a comparable manner.
1t is our main contribution in this work.

Keywords: CRAHN, AODV, DSR.
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