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TOM TAT: Viéc si dung FANET cho cac hoat dong tim kiém va citu nan dé thu hit dwoc sw chii y ding ké do kha nang
trién khai nhanh chéng cdc mang truyen théng ¢ cdc viing xa x6i va bi dnh hudng bdi thién tai. Cdc giao thirc dinh tuyén dong vai
tro quan trong trong viéc dam bado truyén dit liéu kjp thoi va tin cdy vé tram diéu khién mdt dat. Tuy nhién, ddc tinh di dong cao cua
cac UAV lam hiéu qud cua cdc giao thirc dinh tuyen kho dat dwoc nhu ky vong, phu thuéc nhiéu vdo lwa chon tham sé cho méi mé
hinh di dong va pham vi hoat dong cua UAV. Trong bai nghién ciru ndy, ching t6i khdo sdt cdc mau di dong cia 2 mé hinh di dong
Gauss-Markov va MaSSMOblllty, ciing véi viée dé xudt gidi phap trién khai FANET cho hoat déng tim kiém ciru nan. Theo gidi phap
nay, mét khu viee tim kiém dwoc chia thanh cdc ving cé dinh, cac UAV duoc chi dinh hoat déng trong timg viing cu thé, zat cd cdc
UAV hop tdc dé giri diF lidu dén tram diéu khlen mat dit. Két qud mo phong trén OMNeT++ cho thdy s thay déi tham sé ciia mé
hinh di dong tac dong dén hiéu qua dinh tuyen va sir dung chién hege trién khai dé xudt giup cdi thién hiéu nang ¢ cdac chi $6: i I¢
chuyén géi thanh cong, tré dau-cudi va théng leong trung binh.

Tir khéa: FANET, SAR, Gauss-Markov, MassMobility, Tim kiém czzu nan.

I. GIOI THIEU

Flying Ad-hoc NETwork (FANET) 1a mang thiét bi bay khong nguoi lai (Unmanned Aerial Vehicle: UAV),
dugc thiét 1ap boi cac niit mang 1a cac UAV theo co ché Ad-hoc. FANET la dang dic biét ctia mang tuy bién di dong
khong day MANET (Mobile Adhoc Network - MANET) [1, 2]. FANET c6 uu diém 1a kha ning hoat dong doc 1ap
khong phu thudc vao co s6 ha tang mang cd dinh, chi phi thap, trién khai nhanh, cac nut trong mang phdi hop voi nhau
dé truyén truyén dit liéu cho nhau ciing nhu truyén vé tram diéu khién mat dat (Ground Control Station: GCS). FANET
dugc ung dung trong nhleu linh vyc khac nhau ciia doi song xa hoi nhu tim kiém ctru nan, giam sat theo doi, trinh sat
quén sy, mang chuyén tiép, giam sat méi truong,... [3]. Tinh hiéu qua hoat dong tim kiém ciru nan phy thudc hi¢u qua
truyén thong va hi¢u qua thyc hién nhiém vu. Hiéu qua truyén thong phu thude vao giao thirc dinh tuyén, md hinh di
dong va chién lugc trién khai. Mo hinh di dong, tde do di chuyen, trién khai thua, pham vi rong 16n 1a cac yeu t6 lam
chu trac lién két mang thudng xuyén thay dbi, anh huéng dén hiéu qua truyén thong giita cac UAV v6i nhau va UAV
v6i GCS. Sy di dong cia UAV trén mot khu vuc rong 16n con gy ra van dé phan manh mang, noi cac UAV di chuyén
ddn vao cac khu vuc cach xa nhau, hodc cac UAV bi co lap [4]. Hiéu qua thyuc hién nhiém vu cling bi anh huong do
tinh di dong cua nat 1am cho c¢6 nhing diém quan sat dugc UAV quét nhiéu lan (du thira) va ciing c¢6 nhitng diém quan
sat ma UAV khong di chuyén téi (b6 sot), do vay can mot giai phap trién khai phu hop g dung.

Xét & khia canh hiéu qua dinh tuyén, khong c6 mot giao thirc dinh tuyén nao phi hop cho cac ing dung khac
nhau cua FANET, boi m6 hinh di dong khac nhau thi cach thic di chuyén ctia nut khac nhau, anh huong 16n dén hiéu
qué dinh tuyén. Trong khi mdi tmg dung cia FANET can mot mo hinh di dong phu 'hop [5, 6]. Véi quan sat cua minh,
ching t6i nhéan thy rang, ngay trong cung mot mo hinh di dong, hi¢u qua dinh tuyén con phuy thudc vao viée thiét lap
gia tri cho cac tham s6 ciia mo hinh do.

Nhiéu nghién ctru khac nhau da dugc thyc hién nhim tim ra md hinh, cai tién va xay dung méi mé hinh di dong
phu hop cho ting linh vyc tng dung cua FANET [3, 5, 7, 8]. Trong d6 mé hinh di d6ng Gauss-Markov dugc gigi thiéu
la mot trong cac mé hinh phu hop cho kich ban umg dung FANET cho hoat dong tim kiém va ciru nan (Search And
Rescue: SAR). Tuy thé mo hinh di dong nay dugc danh gid 1a chua mo phong t6t hanh vi di chuyén ciia UAV trong
thyc té (tinh ngau nhién, sy tang/giam toc va di chuyén trong khong gian 2 chiéu). MassMobity la mft md hinh di dong
dugc gidi thidu trén OMNeT++/INET [9], va duoc gi6i thiéu 1a phi hop cho di chuyén ciia UAV. Phan tich vé 2 mo
hinh di dong nay dugc chung t6i trinh bay tai Muc IlI.

FANET duoc g dung trong cac kich ban SAR nhu tim kiém ngudi mat tich, img phé thién tai, ciru nan noi
hoang da, tim kiém ctru nan hang hai, danh gia va lap ban dd tham hoa, tim kiém ctru nan d6 thi va phuc hoi thong tin
lién lac. Trong ngit canh nay, cac UAV thyc hién tim kiém, cam nhan cac muc tiéu trén mat dat trong mot khu vyc xac
dinh. FANET dugc str dung cho nhiém vu tim kiém ciru nan 1an dau tién trong con bao Katrina nim 2005, sau do 1a
tham hoa Fukushima nam 2011 va trong tran dong dat & Nepal vao thang 4 nam 2015. Viéc st dung FANET trong cac
nhiém vu SAR cai thién hiéu suét va hiéu qua cia cac hoat dong tim kiém, cudi cing gép phdn mang lai két qua ctru
nan thanh cong. Mic di méi quan tim ngay cang ting trong viéc st dung FANET cho cac hoat dong tim kiém va ctru
nan, van can co nhirng nghién ctru toan dién tap trung vao cac chién luge trién khai ti wu, giao thic truyén thong va
thuat toan dinh tuyén danh riéng cho linh vuc nay.
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Khéo sat anh huong cua viée thay déi gia tri cac tham $6 ctia 2 mé hinh di dong trén va tim kiém mot chién luoc
trién khai FANET, gi4 tri tham s6 phu hop cho bai toan tim kiém ctru nan 13 muc tiéu cua nghién cuu nay cua
ching toi.

Céc phan tiép theo ciia bai bao dwoc bd cuc nhu sau: Muyc II trinh bay cac nghién ctru lién quan, Muc 111 13
phuong phap va vat liéu nghién ciru, ching t6i trinh bay phén tich 2 mé hinh di dong (Gauss-Markov va Mass
Mobility), kich ban tng dung FANET cho hoat dong tim kiém ciru nan, mé ta chién luoc dé xuat Regioned FANET.
Muc IV trinh bay két qua dénh gia bing mo phong trén hé mo phong OMNeT++. Cudi cung 1a cac két luan va hudng
phat trién tiép theo dugc trinh bay & Muc V.

I1.MOQT SO NGHIEN CUU LIEN QUAN

Jun Li ccs. [10] gi6i thiéu 4 loai chinh ctia kién trac mang FANET: i) Centralized UAV Network (mang c6 mot
nat trung tam, tirc 1a tram mat dat, noi tat ca cac UAV duoc két ndi); ii) UAV Ad Hoc Network hay Single UAV Ad Hoc
Network (mang khong phu thudc vao mot co so ha tang c6 san va mdi UAV s& tham gia vao chuyén tiép dir liéu cho
cic UAV khéc ciia mang, str dung mot backbone UAV dé két ndi voi tram mat dat); iii) Multi-Group UAV Ad Hoc
Network (cac UAV dugce td chirc thanh cac nhom UAV, mdi nhom 1a mot Single UAV Ad Hoc Network, mdi nhom co
thé str dung giao thirc truyén thong va giao thirc dinh tuyén khac nhau tiy yéu cdu Gng dung, cic nhom duoc tao ra
gitp truyén thong tin cdy va hiéu qua giita cac UAV thyc hién chirc ning twong ty nhau hodc gitra cic UAV trong cing
moét khu vue, UAV & cac nhom khac nhau giao tiép v6i nhau thong qua tram mat dat); iv) Multi-Layer UAV Ad Hoc
Network (kiéu mang dugc t chirc theo theo cdu triic phan cap, cic UAV trong mdt nhom riéng 1é tao thanh timg Single
UAV Ad Hoc Network tuong tmg v6i cap thdp nhit cua kién tric ndy; Cac backbone UAV ciia cac nhom duoc két ndi
lai tao thanh mot single backbone UAV Ad-hoc Network cép cao nhat, hoat dong nhu mdt mang gateway két ndi UAV
& cac cap thip v6i nhau va véi tram mat dat. Giita cac cap khac nhau st dung giao thirc truyén théng va dinh tuyén
khac nhau. Trong 4 kién triic nay, kién tric Single UAV ad-hoc network 1a kién triic phang, don gian trién khai hon so
v6i kién trac nhiéu nhom va nhiéu tang. Tuy vy, trién khai mang theo kién tric nay gip phai cac thach thire vé chat
luong lién két va phan manh mang khi phai trién khai trén khu vuc rong. Kién trac phan nhom va phén tang gitip cai
thién van dé nay nhung viéc trién khai cac kién tric mang nay lai dat ra cac thach thirc lién quan dén viéc hinh thanh
nhém hodc tang, viéc truyén thong lién nhom, truyén thong lién tang, van dé dong bo hoa va kha niang mo rong.

Trong [11], Ahn va cong su da phén tich img dung ciia FANET trong hoat dong ctru trg thién tai, phén tich van
dé bio quang ba do co che phat ngap lut goi didu khlen cua cdc giao thuc dinh tuyén, va dé xuat giai phap phan cym
phén cép dé giai quyét van dé nay. FANET duoc t6 chirc theo céu trac phan cum, voi 2 16p gdm 16p cac nat chu cum
va 16p cac nut bién. Cac UAV trong mdi cum sir dung truyén thong unicast dé giao tiép v6i cum chu, khi nhan dugc
g0i tin cac nit chi cym thyc hién phat tran ngap dén cac nat cha cum khac theo mot khe thoi gian dugc xac dinh boi
giao thire dé xuat. Két qua thye nghiém trén hé mo phong tu xay dung dua trén NS3 cho thiy hiéu qua ciia giao thirc va
cAu tric mang dé xuét, cai thién hi¢u nang nho giam dugc lugng goi diéu khién ngép Iut trén toan mang. Tuy vay, Van
dé hinh thanh cum, hiéu qua truyén thong trong mdi cum, ciing nhu gitra cac nat chii cum chua duoc dé cap giai quyét
& giai phap nay, boi tinh di dong ctia cac nut trong cum ciing nhu cac cum chu anh huong dén cac van dé nay.

Nhim xéac dinh pham vi giao tiép ctia cac UAV ciing nhu s UAV can trién khai trén mot khu vuc tim kiém ctru
nan, D. A. Korneev [12] da thyc hién nghién cttu st dung mé hinh di dong Gauss-Markov. Vi viéc mé hinh hoa kich
ban umg dung cho hoat dong tim kiém ctru nan sir dung cac mini-UAV (cac Drone), quét trén toan b khu vuce tim kiém
dé thu thap dit liéu va truyen vé GCS dat tai trung tdm cua khu vyc tim kiém. Két qué danh gia dugc thuc hién thdng
qua md phong trén NS2 véi kich ban dién tich vang tim kiém 3600 x 1200 m2, pham vi giao tiép 100-1000 m, van téc
UAV 0-10 nvs, giao thire dinh tuyén AODV va OLSR. Céc tac gia két luan trién khai sé lugng 50 UAV, pham vi giao
tiép cua UAV 700 m, giao thirc dinh tuyén AODV cho hiéu qua chuyén goi thanh cong t6t, 1én t6i 95%. Tuy vy, pham
vi giao tiép 16n hon duong nhién kha nang dut lién ket giam, thém nita toc d6 di chuyén cham ciing lam ting chat
luong lién két, va do vay hi¢u qua dinh tuyen tat yeu s& t6t hon.

Trong bai nghién ciru danh gi4 hi¢u ning giao thirc dinh tuyén AODV va OLSR cho kich ban SAR, tac gia trong
[13] ciing sir dung mo hinh di dong Gauss-Markov cho ¢4 2 giao thirc, kich ban khong gian tim kiém 3600 x 1200 m?, 50
UAV, pham vi giao tiép 600 m, toc d¢ di chuyén 0-10 m/s, két qua thir nghiém qua mo phong cho thy trén mé hinh di
dong Gauss-Markov, ca hai giao thurc dinh myén AODV va OLSR c¢6 thé duoc ung dung cho hoat dong SAR.

Trong [14] céc tac gia trién khai va danh gia hiéu qua cia mé hinh di dong Gauss-Markov va Random Way
Point (RWP) khi str dung cho kich ban tim kiém va ctru nan, cac tac gia da trinh bay chi tiét 2 mé hinh di dong va thuc
hién danh gia qua mé phong véi hé mé phong NS3. Nghién ctru khao sat anh huong cua toc do va kich thude goi tin
dén cac tham s6 hiéu ning mang nhu ti 1& chuyén goi thanh cong, thong luong htru ich, tré dau cudi. Bang mo phong
v6i kich ban dién tich ving tim kiém 3600 x 2400 m2, pham vi giao tiép 300 m, van téc UAV 10-20 m/s, giao thirc
dinh tuyén AODV, 50UAV, mo6 hinh di dong Gauss-Markov cho hi¢u qua tdt hon so v6i RWP.

O céc nghién ciru lién quan trén, mo hinh di dong Gauss-Markov déu dugc sir dung, nhung chwa danh gia anh
hudng cia viée thiét 1ap gia tri tham s6 cac mo hinh, ngoai tham s6 vé van toc di chuyén. Chién lugce trién khai trén
FANET co ban theo kién triic Single UAV adhoc network, cac UAV di chuyén rdng trén toan khu vyc tim kiém rong
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16n, hiéu ning mang co thé dat dugc véi mat d6 UAV lon, pham vi giao tiép rong, tbc do di chuyén khong cao, GCS
dat ¢ trung tam vung tim kiém, nhung thyc té kho co thé dat GCS ¢ trung tim clia mot vung vira xay ra tham hoa.
Pham vi giao tiép phu thudc vao chuan cong nghé truyén thong khong day va cong suat phat duge st dung & UAV.

I1l. PHUONG PHAP VA VAT LIEU NGHIEN CUU

Céc mo hinh di dong dugc xay dung nham thé hién chuyén dong ctia cac nut di dong. Vai tro chinh ctia mé hinh
di dong 1a trién khai moi truong md phong gidng thyc t& va danh gia cac tham sé mang ciing nhu hi¢u quan ctia cac
giao thirc dinh tuyén khac nhau. Vi vy, viéc lya chon ciac mé hinh di dong 1a rat quan trong. Trong nhiéu cong trinh
nghién ctru, mo hinh di dong Gauss-Markov dugc danh gi 1a mo hinh phu hop cho kich ban g dung trong tim kiém
ctru nan. Nhung viéc tinh ngau nhién va hoat dong trong khong gian 2 chiéu trong mé hinh di dong nay duoc danh gia
1a chua phu hop véi thuc té trién khai [15-17]. Trong phan nay, ngoai viéc khao sat mo hinh di dong Gauss-Markov,
ching t6i mudn gidi thiéu méi mot khao sat trén mo hinh di dong MassMobiliy - mé hinh duge danh gia 1a phu hop
cho di chuyén cia UAV. Pdng thoi, dé xuit mot chién lugc trién khai FANET hiéu qua boi viéc giam van dé phan
manh mang va gia ting hiéu qua thyc hién nhiém vy tim kiém ctru nan. Két qua khao sat va danh gia hiéu niang dugc
trinh bay & Muc IV.

A. Mo hinh di dong MassMobility

MassMoblility 1a mot mé hinh di chuyén cho céc nit mang di dong dugc gidi thiéu trén INET [18]. INET la
mdt nén tang 16n nhat va dugc st dung nhidu nhit trén h¢ sinh thai cua hé m6 phong OMNeT++, gdm cac md hinh md
phong cho chdng giao thirc TCP/IP, cac giao thirc truyén thong hitu tuyén, vo tuyén va cac mé hinh di dong [19].
MassMoblility mé hinh héa chuyén dong cta nut trong d6 cac nit c6 dong lwong va do dé khong bét dau, dimg hodc
quay dot ngot. Theo d6 mdi nut di dong (Mobile host: MH) di chuyén theo quy luat sau:

MH di chuyén trong phong theo phuong thang trong mot khodng thoi gian changelnterval truge khi ré. Khi
ré, husng (goc) mai ma MH sé di chuyén la mot sé ngau nhién c6 phan phdi chuan véi gia tri trung binh bang vm
huéng trude d6 va do léch chuan 1a angleDelta d6. Téc d6 (Speed) cua MH ciing dwoc dit cb dinh hodc gia tri ngau
nhién ¢ phan phdi chuan, véi téc do trung binh va do léch chuan nhat dinh. Viéc di chuyén trong khong gian 3 chiéu
dugc thuc hién qua tham sb rotationAxisAngle.

MassMobility str dung Quaterion[20], mot khai niém toan hoc cho viéc biéu didn huéng di chuyén, va xoay cta
mot vat thé c6 trong luong trong khong gian 3 chiéu, khac phuc mét sb van dé ton tai (tranh tinh trang Gimbal Lock,
tich hop quay muot ma hon, 6n dinh s hoc tét hon va tinh toan hiéu qua trong ting dung thoi gian thuc) & goc Euler
thong thuong [21]. Quaterion gdm b 4 thanh phan: w, a, b va c

q=w+(axi+bx*xj+cxk)

v6i w 1a phan thuc cua g, biéu dién g6c quay; (a *i + b = j + ¢ * k) la phan a0 cua g, mot vector 3 chiéu, biéu dién
hudng (truc quay); a, b, ¢ 1a thanh phan thuc; i, j, k 1a vecto don vi cta 3 truc X, Y, Z.

~ Trong cai djt ciia mo hinh di dong nay trong INET, mot Quatertion dugc ma hoa bang mot ham vai 2 tham s6
gom truc quay va goc quay Quat(truc quay, goc quay) tuong ty nhu phép quay Euler, va thi tuc xac dinh vi tri méi
cua nut nhu sau:

Input: angleDelta, speed, changelnterval, rotationAxisAngle
Outut: P_new

(1) dQ =Quat(X, rotationAxisAngle ) * Quat(Z, angleDelta);
(2) q_new=g_old *dQ;

(3) direction = q_new.rotate(X);

(4) P_new=P_old+ direction * speed * changelnterval,

B. M6 hinh di dong Gauss-Markov

M6 hinh di d6ng Gauss-Markov [22], 1a mé hinh di déng trong d6 van téc ciia MH ¢6 twong quan theo thoi gian
& nhiéu muc do khac nhau, duoc hiéu chinh thong qua mot tham s6. Ban diu mdi MH dugc 4n dinh téc do va hudéng
nhit dinh. Tai nhitg khoang thdi diém cb dinh n, chuyén dong xay ra bang cach cip nhat téc do va hudng ciia mdi
MH. Cu thé, gia tri cua tbc d6 va hudng tai thoi diém n duoc tinh toan trén co s& gia tri cua toe dd va hudng tai thoi
diém thir n-1 va mot bién ngiu nhién theo phuong trinh:

Sp=asp1+ (1 —a)s"+ [(1—a)?sy, |

d,=ad,_;+ (1 —-a)d + ’(1 —a)?d

Xn—-1

(1)

(2)

3)
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V6i S, d,, 12 van toc (Speed) méi va huéng méi cia mdi MH sau mdi khoang thoi gian changelnterval; s’, d’ 1a van téc
va huéng trung binh; 0 < @ < 1 la tham s6 duoc sir dung dé tao ra tinh ngau nhién; gia tri ciia d’ anh huong boi tham
$0 d6 1éch chuén gdc (angleDelta). Toa d6 ctia nat di dong sau moi khoang changelnterval dugc tinh theo cong thirc:

4

{xn = Xp_q + Sp_1 *CcOSd,_q
Yn = Yn-1+ Sp_q *sind,_4
C. Chién lwoc trién khai FANET dé xudt

1. Kich ban urng dung FANET cho hoat dong SAR

Kich ban chinh dugc sir dung trong bai bao nay tap trung vao hoat dong tim kiém va ciru nan. Dé thuc hién
nhiém vu nay, hé théng FANET duoc trién khai, trong d6 cac UAV duogc str dung dé giam sat mot khu vuc cu thé. Cac
mini-UAV duogc trang bi camera va cam bién, chiu trach nhiém giam sat toan b khu vyc va tmyén thong tin vé tram
mit dat khi phat hién muyc tiéu [11, 12, 13].

Str dung nhleu UAYV trong viéc phit séng mot khu vue tim kiém 16n hon ¢6 thé mé rong pham vi mang FANET.
Hon nita, nhitng sy ¢6 xay ra véi mot UAV khong anh hudng dén toan bo mang FANET. Dleu nay c6 nghia 1a viéc su
dung nhidu UAV ddng thoi tang tinh du phong va do tin ciy cua FANET. Trong kich truyén thong tin nay, cac UAV
khac dong vai trd nhu cac nat lién lac truyén thong tin dén GCS. CAc giao thirc dinh tuyén phang cho FANET dugc st
dung dé truyén thong tin tir UAV dén GCS thong qua mot sé UAV khac. Cu thé trong kich ban nay, chung t6i thiét lap
cac diéu kién sau; GCS dat cd dinh & trén canh bién phai khu vyuc tim kiém; gia dinh réng su dung UAV déng nhét,
cung cao d9g.

2. Chién luoc trién khai FANET

Chién lugc trién khai FANET dé xuét la phan chia khu vuc SAR thanh cac vung ¢ dinh nham thu hep pham vi
hoat dong cia cac UAVS theo ca chiéu dai va chiéu rong, trong d6 moi ving duogc chi dinh cho mot s6 UAV cu thé dé
bao phu mot cach c6 hé théng. Bé‘mg cach chia khu vuc tim kiém thanh cac ving nho hon, va chi dinh cac UAV hoat
dong trong mot ving cu thé, giai phap dé xudt dat dwoc cac wu diém sau:

(i) Cac UAV nay tap trung vao viéc tim kiém ky ludng trong khu vire duge chi dinh, giam thiéu bo s6t manh
mdi tiém ning hodc muc tiéu, giam thoi gian can thiét dé tim klem trén toan bd khu vuc, gidm bot sy du
thira do giam sé luong UAV bay qua cting mot vi tri. Cach tiép can nay giup dam bao khong c6 khu vuc
nao bi bo méc, cho phép cac hoat dong tim kiém nhanh hon, dic biét 1a & cac khu vuc 16n hon hodc phirc
tap va c6 thé giup day nhanh qu4 trinh tim kiém va ctru nan tong thé.

(i) Giam dugc tinh trang phan manh mang trong FANET ¢ kién trac single UAV ad hoc ciing nhu cai thién
chét luong lién két do pham vi hoat dong cia UAV dugc quy dinh va nhé hon nhiéu so véi khong chia
vung, nh¢ @6 cai thién dugc hiéu ning mang FANET.

Hinh 1a minh hoa cach chia khu virc SAR thanh 4 ving nhé cing v6i mot mau chuyén dong cia 16 UAV sau
150 giay, Hinh 1b 1a trién khai theo phwong phap khong chia. Hinh 1b cho thiy cac UAV phai di chuyén trén mot khu
vuc rong 16n va sy phan manh mang di xay ra, cac UAV phan bd tép trung goc dudi phai ving hoat dong, mot sb con
lai thi bi c6 1ap ¢ khoang cach xa.

8T_MobilityTrails
e A =

(b)

Hinh 1. Minh hoa viéc chia ving hoat dong (a) so véi khdéng chia vung (b)
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IV. PANH GIA KET QUA QUA MO PHONG
A. Két qud khdo sdt mdu di dpng

Dé khao sat tryc quan cac mau di dong ctia 2 mo hinh di dong, ching toi thiét lap mot md phong véi
OMNeT++, voi 4 niit di dong trén mién dién tich 1500 m x1500 m. Dé cong bang trong so sanh va phu hop vdi trién
khai FANET cho hoat dong SAR, chiing t6i thiét 1ap dé cac UAV bay trén cing mot cao d6 (md hinh di dong Gauss-
Markov khong hd tro khong gian 3 chiéu). Viéc st dung 4 ndt nham thé hién tinh da dang trong chuyén dong cia mo
hinh.

1. M6 hinh MassMobility

Téng quan ta c6 thé thdy trén Bang 1, 10 trinh chuyen dong cua nat theo mo hinh di dong MassMobility kha
min, phtt hgp cho chuyén dong ctia cac UAVs Su thay dbi tham s6 d9 1éch chuan goc la yéu t6 anh hudng nhiéu dén
cach thie chuyén dong ciia UAV, khi gid tri ndy ting dan, neu ta xét & ciing mot van toc chuyén dong thi kha nang di
chuyén ra khoi mot khu vyc trong mot khoang thoi gian ngan giam dan.

Bang 1. M6t s6 miu di déng ciia mé hinh MassMobiliy theo tham s6 véan téc (Speed) va do 16ch chuén goc (angleDelta)
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2. Mau di déng ciia mé hinh Gauss-Markov

Bang 2. Mot $6 mau di dong cua mo hinh Gauss Markov theo tham 6 van tdc va do léch chudn goc
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Nhu dqqc thé hién trél} Bang 2, 16 tr’inh chuyén dong cua nit :[heo md hinh di dong Gauss-Markov 7khi s dupg
gia tri tham so angleDelta thap la twong d6i min, phu hop cho chuyén dong cua cic UAV. Tuy the c6 thé nhén thay,
véi cac mau di chuyén trén thi 10 trinh di chuyén UAV la “theo hudng” nhat dinh ngay ca khi thay doi cac gia tri
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angleDelta 1&n cao, khi gia tri nay ting dan, néu ta xét & cing mot van toc chuyén dong thi kha nang di chuyén ra khoi
mdt khu vuc trong mdt khoang thoi gian ngan giam dan.

B. Pdnh gid hi¢u qud chién lwgc trién khai FANET dé xuit
1. Kich ban va tham s6 mé phong

Hiéu ndng clia giai phap dé xuét theo tham sb mé hinh di dong duoc danh gia théng qua mé phong sir dung hé
mod phéong OMNeT-++ va INET. M6 phéng duoc cai dit trén dién tich 1500 x 1500 m? (md phong cho khu vuc tim
kiém ctru nan), cao do 100 m, sir dung 40 UAV, 8 ngudn phat (md phong cho trudng hop cac UAV phét hién dugc
muc tiéu, va thuc hién gui dir liéu vé GCS), 1 s6 ngudn thu (GCS). Véi mbi chién luge trién khai FANET (Normal
FANET: trién khai theo cach thong thuong, tit ca cac UAV di chuyén trén toan bo khu vuc tim kiém. Regioned
FANET: trién khai theo giai phap phan ving dé xuét), ching ti thay doi thay doi van toc di chuyén ciia UAV, md hinh
di dong, va dé 1éch chuin goc quay theo cac gia tri & Bang 3 dé tao ra cac mod phong cho dénh gia ciia minh.

Bang 3. Gia trj cac tham s cho kich ban mé phong

STT Tham sb Gia tri
1 |Khu vgc mé phong 1500 x 1500 m?, cao d¢o: 100 m
2 |S6 UAV trién khai 40
3 |Giao thtc MAC 802.11 g
4 |Cong suat phat 6 dBm
5  |Giao thirc dinh tuyén AODV
6  |Thoi gian m6 phong 1200s
7 |Chién lugc trién khai Normal FANET, Regioned FANET (4 ving)
8  |M® hinh di déng Mass Mobility, Gauss-Markov (a = 0)
9  |Téc d6 di chuyén caa UAV |15, 25, 35 m/s
10 |Po léch chudn goc quay 0, 30°
11 |Thoi gian thay d6i 1s
12 [S6 1an chay/mé phong 5

2. Két qua mé phong

a) Tilé chuyén géi thanh céng
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B Normal FANET: MassMobility B Regioned FANET: MassMobility

in (m/s
B Normal FANET: Gauss-Markov Regioned FANET: Gauss-Markov (m/s)

Hinh 2. Ti 1¢ chuyén goi thanh cong ctia gii phap dé xuét (Regioned-FANET) so véi trién khai binh thuong (Normal FANET) theo
d6 1éch chuan goc quay va toc d6 ¢ 2 mod hinh di dong MassMobility va Gauss-Markov

Biéu d6 hop Hinh 2 so sanh ti 1& chuyén goi thanh cong ciia giai phap trién khai dé xu?itﬂtrén 2 mo hinh di dong
khac nhau, toc d6 khac nhau va d6 1¢€ch chuén goc quay cua UAV khdc nhau. Dir liéu trén biéu do6 cho thay, ve tong
quan thi chién lugc trién khai dé xuat gitip cai thién ti 1€ chuyén gdéi thanh céng, khi 6 1éch chuan géc quay 16n (30
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d6) va van tdc di chuyén cao (35 m/s) thi muc cai thién gidm so voi cac truong hop con lai trén cd 2 md hinh di dong.
Trén cung mot téc d6 di chuyén, khi thay déi do 1éch chuin goc xoay tir 0 d6 Ién 30° thi hi¢u qua chuyén g0i tang & ca
2 chién lugc trién khai ca 2 mé hinh di dong. Viéc tang nay la hop 1y, boi khi tang do 1éch chuan goc xoay 16n kéo theo
bién thién goc quay 16n, va nhu két qua khao sat mau chuyén dong & trén Bang 1 va Bang 2 thi vi tri cia UAV s&
khong thay d6i qua 16n so v6i vi tri ban dau, 1am giam tinh trang dut lién két mang va do vay hiéu nang dugc cai thién.
Xét truong hop toc do di chuyén 25 m/s, khi UAV di chuyén tuyén tinh (46 1éch chuan goc quay bang 0°), giai phap dé
xuét gitp tang ti 1é chuyén goi thanh cong trung binh tir 64,8% Ién 68,1% & md hinh di dong MassMobility, tir 65,1%
Ién 67,5% & mo hinh di dong Gauss-Markov. Khi d6 léch chuan goc quay ting 1én 30 do, ti 1¢ nay 1a tir 65,8% lén
69,2% ¢ mo hinh di dong MassMobility, tir 67,2% Ién 68,6% & md hinh di dong Gauss-Markov. Bang 4 trinh bay két
qua thong ké trung binh 5 1an chay cho mdi mé phong.

Bang 4. Ti 1¢ chuyén goi thanh cong trung binh theo van tdc, do 1éch chudn goc quay va mé hinh di dong
trén 2 chién lugc trién khai FANET

Vantoc | Do 1éch chuin goc Mass Mobility Gauss-Markov
('m/s) * 'Xoay (@) Normal FANET Regioned FANET | Normal FANET Regioned FANET
: PDR (%) PDR (%) PDR (%) PDR (%)
15 0 69,5 72,8 69,0 72,1
15 30 71,2 74,6 70,2 73,7
25 0 64,8 68,1 65,1 67,5
25 30 65,8 69,2 67,2 68,6
35 0 61,1 64,4 61,5 64,8
35 30 62,6 64,8 64,7 65,5

b) Tré truyén théng dau-cudi

Cung vé6i viée ti 1& chuyén goi thanh cong duoc cai thién, chién luge dé xuat con gitp giam duoc tré truyén
thong ddu-cudi & tt ca cac dai toc do va trén ca 2 mo hinh di dong, diéu nay dwoc thé hién 5 trén biéu dd hop Hinh 2.
Co ban sy thay ddi d6 1éch chuin goc xoay & cing mot tbe do di chuyén khong anh hudng nhiéu dén viée thay ddi do
tré. Xem xét truong hop toc d6 di chuyén 35 m/s, khi UAV di chuyén tuyén tinh, do tr& giam rd rét khi sir dung chién
lugc Regioned FANET trén ca 2 m6 hinh di dong, va trén ca 5 lan chay mo phong & kich ban nay. Cu thé ¢ van tbc
ndy, giai phap dé xuat gitp giam tré dau-cudi tir 0,649 s xudng 0,556 s & md hinh di dong MassMobility, tir 0,663 s
xuong 0,573 s ¢ m6 hinh di dong Gauss-Markov. Khi d6 léch chudn goc quay ting 1én 30 d¢, lugng giam tir 0,633 s
xudng 0,529 s & md hinh di dong MassMobility, tir 0,644 s xudng 0,597 s & md hinh di dong Gauss-Markov.
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Hinh 3. Tr& dau-cubi cong cua giai phap dé xuat (Regioned-FANET) so v&i trién khai binh thuong (Normal FANET) theo d léch
chudn goc quay va tbe d6 & 2 mé hinh di dong MassMobility va Gauss-Markov

C) Thong luong trung binh

Tham s6 théng lugng trung binh dugc tinh 1a tich sb goi tin nhan thanh cong va kich thudc mdi goi trén tong
thoi gian thyuc hién mo phong, do vay khi ti 1é chuyén goi thanh cong ting 1én dan dén mirc thong lugng ciing dwoc cai
thién twong tng. Hinh 3 1a mot so sanh tong hop mic thong lugng trung binh theo thoi gian moé phong cua chién lugce
trién khai Regioned FANET v&i Normal FANET trén ca 2 md hinh di dong, UAV di chuyén véi van toe 25 m/s va do
léch chuan goc quay 1a 30°. O trudng hop nay, thong tin thé hién trén biéu do cho thiy, tong thé chién lugc Regioned
FANET v6i mé hinh di dong MassMobility cho mtc thong lugng t6t nhit, méi mirc trung binh 23043 b/s, trong khi d6
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Normal FANET v6i m6 hinh di dong MassMobility, Normal FANET va Regioned FANET v6i mo hinh di dong
Gauss-Markov c¢6 mitc thong lwgng trung binh 1an lwot 1a 21443 bfs, 22234 bfs, 2273 bls.

MassMobility véi GaussMarkov: speed=25mps, dé l1éch chuan géc =30deg

35000
—— Normal FANET-GaussMarkovMobility
Normal FANET-MassMability
—— Regioned FANET-GaussMarkovMobility
—— Regioned FANET-MassMobility
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Hinh 4. Thong lugng trung binh theo thoi gian mo phong

V.KET LUAN

Cai thién hiéu nang mang FANET la linh vyc da va dang duoc nhiéu nha nghién ctru quan tim bai tinh tmg
dung ctia né trong thuc tién cudc song, cing nhu mic do thinh hanh cua cac phuong tién bay khong nguoi lai. Cai
thién hiéu qua ciia giao thirc dinh tuyén hd trg giai quyét van dé nay. Tuy vay hiéu qua dinh tuyén lai bi anh hudng boi
mo hinh di dong ctia cac UAV, gia tri tham ) cua md hinh di dong va chién Iugc trién khai FANET. Bai bao nay
chung t6i da khao sat anh huong ciia tham s véan tdc va do 1éch chuan goc (huong) dén sy di chuyén cia UAV trén 2
mo hinh di dong Gauss-Markov va MaSSMObIIIty Két qua khao sat cac mau chuyén dong giup cung cap cac thong tin
cho viéc trién khai FANET ciing nhu gop phan cai thién hiéu qua dinh tuyen Chung t6i cting dé xuat giai phap trién
khai FANET (Regioned FANET) gitp cai thién hiéu qua truyen thong dau -cudi véi tram mat dat, mg dung cho kich
ban tim kiém ciru nan. Ket qua m6 phong cho thdy viéc thay ddi tham sb mé hinh di dong tac dong dén hiéu qua dinh
tuyen, va chién luge trién khai dé& xudt gitp cai thién hiéu ning mang, dong thoi theo so sanh véi mé hinh di dong
Gauss-Markov thi MassMobility 1a mé hinh di dong c6 thé duoc str dung dé trién khai cho cac kich ban nay.

Trong nghién ctru tiép theo clia minh, chung toi dy dinh két hop nhiéu md hinh di dong trong mot ing dung, st
dung cac tham s6 mo hinh di dong, mau di chuyén nhu 1a cac siéu dit li€u ho trg thiét ké giao thuc dinh tuyén hi¢u qua
st dung k¥ thuat hoc tang cudng, hoc sau tang cuong.
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IMPROVING FANET PERFORMANCE IN SEARCH SEARCH
APPLICATIONS: MOBILITY MODEL PARAMETERS AND
IMPLEMENTATION STRATEGY

Mai Cuong Tho, Nguyen Thi Huong Ly, Nguyen Quoc Cuong, Le Huu Binh, Vo Thanh Tu

ABSTRACT: The use of FANET for search and rescue operations has attracted considerable attention due to its ability to

rapidly deploy communication networks in remote and disaster-affected areas. Routing protocols play an important role in ensuring
timely and reliable data transmission to the ground control station. However, the high mobility of UAVs makes the efficiency of
routing protocols difficult to achieve as expected, depending heavily on the parameter selection for each mobility model and the
range of the UAV. In this study, we examined the mobility samples of two mobility models Gauss-Markov and MassMobility, and
proposed a solution to deploy FANET for search and rescue operations (named Regioned FANET). Under this solution, a search
and rescue area is divided into fixed zones, the UAVs are assigned to operate in each specific area, all the UAVs cooperate to send
data to the ground control station. Simulation results on OMNeT++ showed that changing the parameters of the mobility model
affects the routing efficiency, using the proposed deployment strategy improves performance in terms of successful packet delivery
rate, end-to-end latency and average throughput compared to normal deployment strategy.



