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TOM TAT

OLSR la giao thitc st dung pho bién trong dinh tuyén trén MANET, viéc tng dung
truc ti€p OLSR cho FANET khong mang lai hiéu qua dinh tuyén cao do tinh di
dodng cao cua cac UAV. Gid tri cac tham s6 thoi gian hiéu luc cta lién két lang
giéng (Neighb_Hold_Time) va thoi gian hiéu luc cta thong tin cdu truc lién két
mang (Top_Hold_Time) méc dinh va ¢6 dinh ctia OLSR chua phu hop khi ting
dung vao FANET. Bai bdo nay chung t6i danh gid anh huong cta hai tham s6 trén
dén hiéu nang mang va ttr d6 thte nghiém ky thudt diéu chinh dong cac tham s do6
theo dai van tdc chuyén dong ctia cac UAV. Két qua thit nghiém trén hé mo6 phong
OMNET++ cho thay ky thuat diéu chinh dong dé xuat cai thién duoc hiéu nang 6
chi s8 chuyén géi thanh cong, tré dau-cudi trung binh va thong luong khi tng
dung vao FANET.

Ttwt khoa: FANET, Hold Time, Multipoint relay, OLSR, Routing

1. MO PAU

Hién nay, phuong tién bay khong nguoi ldi (UAV- Unmanned Aerial Vehicle)
véi kich thude nho va kha nang bay dwoc khai thac rong rai va day hia hen trong cac
tng dung quan su va dan s, bao gom trinh sat quan sy, tim kiém va cttu hg, quan ly
giao thong duong bo, an ninh do thi,...[1-5]. So véi viéc st dung mot UAV don 1€, cac
hé thong nhiéu UAV hiéu qua hon nhiéu véi kha nang da nhiém nhanh hon, thoi gian
stt dung mang lau hon va kha nang mo rong cao hon. O nhing hé théng nhiéu nay,
cac UAV giao tiép va cong tac v6i nhau dé€ tu td chirc thanh mot mang, duoc goi la
UAVNet (UAV Ad-hoc Network) hay FANET (Flying Ad-hoc Network). FANET thuc
t€ 1a truong hop dac biét cia mang MANET (Mobile Ad-hoc Network, trong dé
MANET la mot mang tuy bién di dong khong day, vdi vu diém la kha nang hoat dong
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doc lap khong phu thudc vao co sd ha ting mang c6 dinh, chi phi thdp, trién khai
nhanh va tinh di dong cao. Cac nit trong mang MANET phéi hop véi nhau dé truyén
thong nén vira la mot host, vira ddm nhan chitc nang ctia b dinh tuyén.
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Hinh 1. MANET, VANET va FANET [16]

Mot giao thic dinh tuyén la can thiét d€ truyén cac gdi gitta cac nat UAV. Tuy
nhién ¢ nhitng thach thic lién quan dén viéc phat trién nd. Mot trong s6 d6 la cau truc
lién két dong cao ctia mang UAV, cé nghia la cac lién két UAV ¢ thé thuong xuyén bi
ngat két ndi. Mot thach thikc khéc 1a gisi han tdm hoat dong gitra cdc UAV va tram gdc.
Do d6 tinh di dong cao, cdu truc lién két dong va su phan b6 UAV khong dong déu
khién viéc phat trién giao thitc dinh tuyén dam bao thong tin lién lac dang tin cay
trong mang UAV tro nén kho khan [2]. Gidi phap ¢ng dung truc ti€p cic giao thic
dinh tuyén cuia MANET vao FANET thuec t€ khong dat hiéu qua khi ma muc di dong
ctia cic UAV cao dan dén lién két nhanh chéng bi dit gay. Vi vay nhiéu nghién ctru vé
cai tién cac giao thitc cia MANET d€ tting dung vao ngit canh FANET cling nhu xay
dung cac giao thirc dinh tuyén riéng cho FANET dang duoc nhiéu nha nghién cttu
quan tam [6-9].

Hudng cai tién cac giao thitc cia MANET d€ tng dung vao FANET duoc
ching t6i khai thac ¢ bai bao nay, cu thé 1a danh gia anh huong ciia mot sd bién s6 thoi
gian hiéu lyc cta lién két 1ang giéng (NEIGHB_HOLD_TIME) va thoi gian hiéu luc cua
thong tin topo (TOP_HOLD_TIME) trong giao thitc OSLR dén hiéu ndng mang khi ma
cac UAV di chuyén véi tdc d9 khac nhau, tir d6 thtt nghiém ky thuét diéu chinh dong
gia tri cac tham s6 nay theo t6c d6 ciia mdi UAV dé€ cai thién hiéu nang ctia OLSR khi
tng dung vao FANET.

2. PHUONG PHAP NGHIEN CcUU
2.1. Giao thirc OLSR

OLSR (Optimized Link State Routing Protocol) [10], 1a mot giao thirc ké thira
viéc st dung thuat toan trang thai lién két, n6 trao doi thong tin cdu trac lién két voi
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cac nut mang khac mot cach dinh ky va mdi ntt duy tri cau trac lién két ctia toan bo
mang. Y tuwdng chinh ctia OLSR 1a t8i wu héa viéc phét ngap lut thong tin cau trac
mang bang viéc chi chon cc nat MPR (Multi Point Relay) d€ quang b4 tiép. OLSR hoat
dong v6i hai thu tuc chinh 1a “Neighbor sensing” va “Topology Discovery”:

Giai doan “Neighbor sensing”, mdi nit phai xay dung tap lang giéng mot ching
va hai ching thong qua viéc quang b4 dinh ky géi tin Hello sau mdi khoang thoi gian
Hello_Interval, chira tap cac lang giéng da biét cung voi trang thai lién két twong tng.
Thong tin vé lang giéng mot chang va hai chang ¢ gia trj trong mot khoang thoi gian
Neighb_Hold_Time nhat dinh, sau thoi diém nay thong tin khong con hiéu lyc ntra va bi
gd bd. Dua trén nhiing thong tin co ban nay, mdi ntt chon mot tap cac ntit MPR sao
cho c6 thé bao phu dén tat ca cac lang giéng hai chdang. Hinh 2 mo ta tap cac nut MPR
cia nut S, tip MPR nay duoc tinh lai mdi khi nat phét hién thdy cé sw thay d6i lang
giéng mot chdng hodc hai chdng ctia no.

Q MPR node
@ Source node

o e @ 1-hop neighbor
© 2-hop ncighbor

Hinh 2. Hinh minh hoa co ché ctia qud trinh dinh tuyén trong OLSR

Giai doan “Topology Discovery”, mdi ntt duy tri thong tin cau tric lién két mang
théng qua goi diéu khién TC (Topology Control), mbi ntit m da duoc chon lam MPR sé
quang ba goéi TC sau mdi khoang thoi gian TC_Interval. Cac thong tin cau trac lién két
mang da thu thap & mdi nut cé gia tri trong mot khoang thoi gian Top_Hold_Time nhat
dinh, sau thoi diém nay thong tin khong con hiéu luc.

Thong tin lang giéng va thong tin ciu tric lién két mang dwoc lam moi dinh ky,
va né cho phép cac nut tinh toan 16 trinh dén cac nut dich da biét. Lo trinh dwoc xay
dung dua trén thuat toan duong di ngan nhat.
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Bang 1. Gia tri mot sd tham s6 cua OLSR

Tham s& Gia trj chuan (RFC 3625) Mién gia tri
Hello_Interval 20s [2.0s, 15.0 5]
Tc_Interval 5.0s [4.0's, 35.0 s]
Neighb_Hold_Time 3 x Hello_Interval [6.5s,45.0 s]
Top_Hold_Time 3 x Tc_Interval [10.5s,90.0 s]

2.2.Nghién cttu lién quan va giai phap

Trong [11], nhdm tac gia phan tich va thuc hién danh gid hiéu nang bon giao
thirc dinh tuyén duya trén cau truc lién két (DSR, AODV, GRP va OLSR) va dé xuat mot
cai tién ctia OLSR ting dung cho FANET (giao thitc E-OLSR) bang viéc diéu chinh giam
bién s6 Neighb_Hold_Time =2 va Top_Hold_Time = 6 va tham s& vé d0 s&n sang chuyén
d@ liéu cua nut lang giéng 1én mic cao nhat (Willingness_Always). Ky thuat diéu chinh
dong tan sd phat goi Hello (1/Hello_Interval) dugc thuc hién ¢ giao thitc EE-Hello ap
dung vao giao thitc AODV va OLSR [12], trén giao thitc AODV [13]. Nhom tac gia
trong [14] dé xuat thuat toan t6i wu hoa thoi gian gri géi Hello va gdi TC cta giao thitc
va thuc nghiém danh gid. Két qua thuc nghiém trén cac hé moé phong ¢ mot s6 nghién
ctu lién quan trén déu thé hién duoc muc cai thién hiéu nang nhat dinh so véi OLSR
goc.

Tuy nhién, ta c6 thé thay réng khi cac UAV ¢é mirc d6 di dong nhanh hon cac
ky thuat thich tng thoi gian Hello_Interval sé khién gia tri nay giam dan va do vay tan
s6 phét géi Hello ting lén dan dén van dé tiéu ton bang thong va nang lwong ctia ntt
do phéat gdéi cing nhu xt ly gdéi. Dong thoi viéc lwa chon ¢4 dinh gid tri
Neighb_Hold_Time va Top_Hold_Time nhu trong [11] ¢6 thé chi phu hop véi mot tdc do
nhat dinh ctia UAV, boi trong thuc t€ moi UAV trong FANET c6 thé di chuyén véi toc
dd khac nhau, viéc UAV di chuyén véi tdoc do cao hon lam cho lién két nhanh chéng bi
dut gay hon.

St dung hé mo6 phong OMNET++, ching t6i tién hanh xay dung mo6 hinh mang
mo6 phong gom 40 UAV trong khu vuc 1km? cao d6 120m, mo6 hinh di dong
RandomWayPoint3D va tién hanh tht nghiém véi cac t6 hop { Neighb_Hold_Time -
Top_Hold_Time } khac nhau, dua trén mdc ban dau la gid tri chon nhuw [11] (t6 hop 2 -
6), nham danh gia anh hudng cua tham s6 Neighb_Hold_Time va Top_Hold_Time dén
hiéu nang mang theo tdc do di chuyén cua UAV, tit d6 xac dinh cac t6 hgp phu hop
theo tdc doc di chuyén UAV.
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Hinh 3. Két qua ti 1é chuyén gdi thanh cong theo cac td hop Neighb_Hold_Time,
Top_Hold_Time theo dai tdc d6 di chuyén cua UAV.

Két qua, theo Hinh 3 ta c6 thé thdy ¢ td hop (3-9) thi OLSR dat ti 1é chuyén goi
tot hon so voi cac td hop khac ¢ dai téc d6 [0-5] m/s. Vi t6 hop (3-6), ti 1€ chuyén goi
cua OLSR t6t, 6n dinh hon ¢ cac giai t6c d¢ va [5-10] m/s, [5-15] m/s, [5-20] m/s va [25-
30] m/s.

Véi két qua trén, chung toi dé xudt thay déi thoi gian hiéu lyc thong tin lang
giéng (Neighb_Hold_Time) va thoi gian hiéu luc thong tin cau tric lién két mang
(Top_Hold_Time) theo t6c d9, trong khi gitt Hello_Interval = 2 s khong d6i. Luat thay doi
nhu sau:

+ Neéu (van toc UAV < 5) { Neighb_Hold_Time =3; Top_Hold_Time =9}

+ Nguwoc lai: { Neighb_Hold_Time =3; Top_Hold_Time =6 }
2.3.Tham s8 va kich ban mé phong

Bdng 2. Gia tri cac tham s6 mo6 phong

Tham s& Gia tri

Moi treong 1000m x 1000m x 120m
S6 lwong UAV 40
Toc do UAV [0-5] m/s, [5-10] m/s, [5—15] m/s, [5 —20] m/s, [5 —25] m/s va [25-30] m/s
M6 hinh di dong Random Way Point 3D
Pham vi truyén dan 250 m
Giao thtrc OLSR, OLSR_2_6, OLSR-Vr
Thoi gian m6 phdéng 500 s
Kich thwdc géi 512 Byte
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Trong FANET, cac UAV c¢6 thé di chuyén vdi toc d6 di chuyén va md hinh di
chuyén khac nhau tuy thudc muc dinh ¢ng dung [5], [15]. Trong bai bao, chung toi st
dung kich ban cidc UAV nano, di chuyén véi t8c d0 ngau nhién trong khoang tdc do
khac nhau: [0-5] m/s, [5 —10] m/s, [5 —15] m/s, [5 —20] m/s, [5 —25] m/s, va [25-30] m/s.
M5 hinh di d6ng RWP (Random Way Point 3D), viing hoat d6ng 1 km?2 & cao db tir 100
m dén 120 m.

Chung t6i thue hién danh gia so sanh voéi giao thitc OLSR goc, OLSR cai tién
theo [11] (chon ¢d dinh Neighb_Hold_Time =2 va Top_Hold_Time =6, goi la OLSR_2_6) va
giao thirc dé xudt thay doi gia tri 2 tham s6 theo ngudng dai toc d6 di chuyén UAV cta
chiing t6i (goi la OLSR-Vr: OLSR Velocity range) .

3. KET QUA VA THAO LUAN
3.1. Ti 1¢ chuyén g6i thanh cong

Ti 1é chuyén goéi thanh cong la tham s hiéu nang quan trong ctia hé thong
mang, duoc xac dinh 1a ti 1¢ gitra tong s6 gdi nhan dwoc boi cac nut dich trén tong sd
goi tin da giri di tir cac nat ngudn. O Hinh 4, chiing t6i so sanh hiéu nang ctia giao thitc
cai tién OLSR-Vr v6éi OLSR_2_6 [11] , OLSR ¢ tham s0 ti 1€ chuyén goi thanh cong khi
cac ntat UAV di chuyén véi t6c dd ngau nhién trong khoang [a-b].
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Hinh 4. Biéu do ti 1é chuyén gdéi thanh cong theo dai toc d6 di chuyén UAV

Chiing ta c6 thé thdy rang giao thic cai tién OLSR_Vr dat dwgc mikc chuyén géi
cai thién dang ké so v4i OLSR, khi UAV di chuyén ¢ cac dai tdc do cao [5-10] m/s, [5-
15] m/s, [5-20] m/s va [25-30] m/s thi mtrc hiéu qua cang thé hién r6. Diéu nay do OLSR
goc st dung gia tri mdc dinh (Neigb_Hold_Time = 6 s, Top_Hold_Time = 15 s). Khi
UAV di chuyén vdi tdc dd nhanh hon thi tdp lang giéng va thong tin cdu trac lién két
mang ciing bi thay d6i nhanh, do vay khi 2 tham s6 thoi gian hiéu luc trén 16n thi UAV
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dé st dung thong tin khong con ding & thoi diém hién tai, két qua la truyén tin that
bai. So véi OLSR_2_6, OLSR- Vr dat duoc mttc chuyén gdi t6t hon khi ¢ dai toc do thap
([0-5] m/s va [5-10] m/s). O treong hop nay, OLSR_2_6 st dung Neigb_Hold_Time =2
s lai kha nho, diéu nay lam cho thong tin lang giéng nhanh hét hiéu luc. Két qua la
thong tin lang giéng bi x6a bo khoi tap lién két lang giéng va tap cac lang giéng, UAV
khong con c6 san thong tin dinh tuyén dé€ chuyén gdi, ma phai thuc hién tién trinh cap
nhat tuyén. Khi ¢ dai toc d cao ([5-15] m/s, [5-20] m/s, [5-25] m/s va [25-30] m/s), hiéu
qua chuyén géi cia OLSR_Vr va OLSR_2_6 c6 luc thdp hon, c6 lic cao hon. Diéu nay
do dai bién dong vé tdc do ciia UAV rong hon, toc do cao cung voi tinh ngﬁu nhién cta
md hinh di déng.

3.2. Tré dau - cudi trung binh

Mot tham s hiéu nang khéc 1a tré dau — cudi trung binh, 14 thoi gian trung binh
can thiét d€ mot goi tin dwgc truyén tai qua mang tir nit nguén dén nut dich cua nd.
Biéu d6 Hinh 5 cho ta thdy, OLSR-Vr gy tré it hon OLSR khi UAV di chuyén & cac dai
toc do thap ([0-5] m/s, [5-10] m/s) va nguoc lai ¢ dai t6c do cao ( [5-20] m/s va [5-25]
m/s, [25-30] m/s ). V6i hai giao thitc OLSR-Vr va OLSR_2_6, theo trén Hinh 4 du dat
duoc hiéu qua chuyén géi thanh cong tdt hon OLSR, nhung déu gay tré nhiéu hon.
Giao thitc OLSR_Vr ¢6 duoc muic tré hiéu qua hon so v6i OLSR_2_6 trén cac dai toc do
cao. Van dé tré cao hon OLSR ¢ dai tdc dd cao, nguyén nhan do UAV mat thoi gian
trong viéc phai ¢8 gang truyén lai cac goi tin dén lang giéng ké tiép trong 16 trinh dén
dich do lién két bi dit gay, cung véi d6 la thoi gian cho viéc cap nhat bang dinh tuyén.
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Hinh 5. Biéu d0 tré dau-cudi theo dai téc d di chuyén ctia UAV
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3.3. Thong lugng
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Hinh 6. Biéu d6 thong luong theo dai tdc d¢ di chuyén ctia cac UAV

Mot tham s6 hiéu ndng khac ma ching t6i danh gia ¢ day la thong luong, thé
hién luong di liéu thue s duoc truyén dén dich trong mot don vi thoi gian. Quan sat
trén Hinh 6 ta thdy OLSR-Vr dat duwgc mutc thong luwong t6t hon dang ké so véi OLSR o
tat ca cac giai tdc do UAV. Co6 duoc két qua nay boi theo trén Hinh 4, 6 tat ca cac dai
toc d¢ thi OLSR_Vr ¢6 luong gdi dugce chuyén dén dich nhiéu hon OLSR, do vay ma
dat dwoc mtrc thong long cao hon. Tuy nhién so véi OLSR_2_6, giao thitc OLSR-Vr
dat mtc thong lwong cao hon khong nhiéu.

4. KET LUAN

Vi viéc nghién cttu anh hwdng ctia cac gia tri thoi gian hiéu lyc ctia thong tin
lang giéng va thong tin cau truc lién két mang (Neighb_Hold_Time va Top_Hold_Time )
trong giao thitc OLSR va cac nghién cttu lién quan, ching t6i da danh gia dwoc anh
huong cua 2 tham s6 trén va dé xudt mot phuong phép diéu chinh déng cac tham sd
do6 dé€ nang cao hiéu nang FANET. Két qua thi nghiém véi tham s6 va kich ban dé ra,
trén hé mo6 phong cho thdy giao thirc cai dat ky thuat dé xuat (OLSR_Vr) dat duwoc mic
hiéu nang tét hon khi tng dung vao FANET v6i md hinh di dong UAV la
RandomWayPoint.

Viéc thay doi cac gia tri theo tdc d¢ trong dé xudt ctia chung toi ¢ bai bao nay
dang la cac phat biéu diéu khién don gian, va danh gia trén mot moé hinh di dong nhat
dinh, do vay viéc nghién ctru chi tiét anh huong caa vi tri, van tdc, hwéng di chuyén,
md hinh di dong va st dung ting dung hoc may va tri tué nhan tao vao tinh toan gia tri
thich tng cho Hello_Interval, Neighb_Hold_Time va Top_Hold_Time la hudng nghién ctru
ma ching t6i ¢ thé tiép tuc nghién cttu va phat trién trong thoi gian téi.
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CHANGING HOLDING TIME PARAMETERS IN OLSR PROTOCOL
FOR FANET PERFORMANCE ENHANCEMENT

Mai Cuong Tho'*, Nguyen Thi Huong Ly? Vo Thanh Tu!
1 Faculty of Information Technology, University of Sciences, Hue University
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ABSTRACT

OLSR is a popular used protocol in routing on MANET. The direct application of
OLSR to FANET does not achieve high routing efficiency due to the high mobility
of UAVs. The fixed and predefined value of Neighbor Hold Time and Topology
Hold Time of OLSR are not suitable when applying to FANET. In this paper, we
evaluate the affect of the above two parameters on the network performance and
then test the technique of dynamically adjusting those parameters according to the
speed range of the UAVs. The test results on the OMNET++ simulation system
show that our dynamic adjustment technique improves performance in term of
packet transfer success, average end-to-end delay and throughput when applying
to FANET.

Keywords: FANET, Hold Time, Multipoint relay, OLSR, routing.
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