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TOM TAT: Bai béo nay trinh bay két qua nghién ciru vé img dung ciia hoc tang cuong cho cdc giao thirc dinh tuyén trong
mang FANET. Mot thudt todn dinh tuyén dya trén vi tri (VAQR) dugc dé xudt véi y twong xdy dung mét ham phan thuong sir dung
hai do do vin toc twong doi va gée, bang dinh tuyén ciia moi it dwoc cdp nhdt sir dung thudt toan Q-learning voi ham phan thuong
duwegc dé xudt. Két quad mo phong trén OMNeT++ cho thay rang thudt todn duwoc dé xuat dat dwoc hiéu nang cao vé mat 1 1é chuyen
g6i thanh céng va thong hrong so véi giao thirc GPSR, véi tré truyén tdi trung binh cao hon trong pham vi chdp nhdn dwgc.

Tir khéa: FANET routing, Q-routing, GPSR.

I. GIOI THIEU

Trong thoi gian gan day phuong tién bay khong nguoi 1ai (UAV- Unmanned Aerial Vehicle) véi kich thude nho
va kha nang bay da ndi lén nhu mét ky thuét day htra hen trong cac mg dung quan su va dan su, bao gom trinh sat
quén sy, tim kiém va ctru ho, gidm sét thién tai, an ninh d6 thi,... [1-3]. So véi viéc sit dung mot UAV don 1€, cac hé
thong nhiéu UAV hiéu qua hon nhiéu v6i kha ning da nhiém nhanh hon, thoi gian sir dung mang 1au hon va kha ning
moé rong cao hon. Tuy nhién ching ciing mang lai nhidu van dé thach thirc do cac dic tinh riéng biét cia UAV (vi du:
van toc di chuyén cao va trién khai thua thét).

Mot trong nhimg véAn dé co ban quan trong nhét 1a lién lac hop tac gitra cac UAV. Mot giao thire lién lac hodc
dinh tuyen hiéu qua gitra cac UAV dong mot vai tro quan trong trong viée truyén dir liéu va cac ‘ung dung thuc té khac
nhau. Dé truyén cac goi mot cach hiéu qua, mot nhom UAV giao tiép va cong tac v6i nhau dé tu td chic thanh mot
mang, dugc goi 1a UAVNet (UAV ad-hoc Network) hay FANET (Flying Ad-hoc NETwork). FANET thyc té 1a truong
hop dédc biét cia VANET, con VANET la truong hop ddc biét cia MANET. Trong d6 mang tuy bién di dong (Mobile
Adhoc Network - MANET) 1a mot mang khong day dic biét, véi wu diém 1a kha niang hoat dong doc lap khong phu
thudc vao co s ha tang mang cb dinh, chi phi thip, trién khai nhanh va tinh di dong cao. Cac niit trong mang MANET
phdi hop v&i nhau dé truyén thong nén vira 1a mot host, vira dam nhan chirc nang cta bo dinh tuyén.

.mn:D @‘ - .l'-'i -é""__—.ex
0" w2 =X
- & 3

MANET | VAMET FAMET

Hinh 1. M hinh FANET va mdi quan hé véi VANET, MANET

Trong vai nim qua, s6 luong nghién ctru vé giao thirc dinh tuyén trong mang Ad-hoc ngdy cang tang nhanh
chong, nhung co ban ching khong thé duge sir dung trye tiep cho FANET. Vi€e phat trién mot giao thirc dinh tuyén
hiéu qua cho tinh di dong, dac biét 1a cac UAV toc do cao d6 la mot nhiém vu day thach thirc [4].

Céc giao thirc dinh tuyén cho UAV thudng sir dung dinh tuyén da ching, cac goi tin dugc chuyén tiép timng
chéng mot, tirc 1a mot nhom UAV cong tac v6i nhau aé chuyen cac goi thong qua cac duong dan dinh tuyén da chéang.
Do do, trong dinh tuyén da chang, viéc lua chon mot UAV tiép theo phtt hop 1a budc cdt 16i. Dua trén cac chlen lugc
khac nhau dé liwa chon chang tlep theo, dinh tuyen da chang co thé duoc phén loai thém thanh cac loai: dinh tuyen dua
trén cu trac lién két (Topology-based) va dinh tuyén duya trén vi tri (Position-based), dinh tuyén két hop topo-vi tri,
dinh tuyén ldy cam hung tir sinh hoc st dung tri théng minh bay dan (Bio-Inspired), dinh tuyén dua trén hoc ting
cuong (Reinforcement Learning Approach). Vé tong quan céc giao thirc dé xuat cho FANET duoc danh gid véi mo
hinh di dong chua thién hudéng ng dung va di chuyén trong khong gian 2 chiéu, diéu nay chua phi hop véi FANET.

Mbi loai dinh tuyén c6 nhing uu diém riéng va phu hop voi bbi canh tmg dung nhat dinh. Tuy vdy qua nghién
clru cac cong trinh da cong bb gan déy lién quan dén dinh tuyén FANET, chung t6i nhan thay hudng tmg dung hoc
tang cudng trong dinh tuyén cho mang khong day néi chung, MANET/VANET/FANET noi riéng da dem lai nhiing
két qua tich cuc. Pay ciing chinh 14 dong co nghién ciru ciia chiing t6i trong bai bao nay.
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Céc phan tiép theo cua bai bdo dugc bd cuc nhu sau. Phan II trinh bay phwong phap hoc ting cuong va tng
dung ciia n6 trong bai toan dinh tuyén. Phan III khao sat cdc cong trinh nghién ciru lién quan dén dinh tuyén trong
mang FANET sir dung hoc ting cudng. Phan IV trinh bay thuat toan dé xudt cua chiing t6i va cac két qua thir nghiém
béng md phong trén OMNeT++. Cudi cing 14 céc két ludn va huéng pht trién tiép theo, dugc trinh bay chi tiét trong
phan V.

II. HOC TANG CUONG VA UNG DUNG TRONG BAI TOAN PINH TUYEN
A. Hoc ting cuong

Hoc tang cuong 1a mét hinh thiic hoc may, & d6 hé théng hoc tir cac hanh dong trudc do cua nod dé chon hanh
dong t6t hon trong twong lai. Hinh 2 mé ta nguyén 1y 1am viéc cua hoc ting cuong, & d6 cac tac nhan hoat dong nhu 1a
mot thuc thé hoc tap twong tac voi moi truong dé Iya chon mot hanh dong sao cho nhan dugc phén thuong tdt nhét.
Téac nhén kham pha moi truong va quyét dinh hanh dong nao can thyc hién bang cach st dung quy trinh quyét dinh
Markov (MDP) [5]. MDP duoc biéu dién boi bd 4 tham sb (S, A, p, r). Trong do: S la tap cac trang thai (states) Ala
tap cac hanh dong (act10ns) p 1a phan bd xé4c suét khi chuyén dbi tir trang thdi s sang trang thai ké tiép s~ sau khi thuc
hién hanh dong a, va r 1a phan thuong (reward) nhan duoc tic thi khi chuyén trang thai tir s sang s .

Reward, r¢

Policy s S
Controller
Agent
State St Next State, s¢+1

Hinh 2. Nguyén ly lam viéc cua hoc tang cuong
Theo Hinh 2 trén, & thoi diém t, tc nhan quan sat trang thai hién tai S; ciia né trong méi trudng rdi thuc hién
hanh dong a;, sau d6 tac nhan nay nhan dugc phin thudng r; va trang thai moi Sw tir moi trudng. Muc tiéu chinh cia
tac nhan la xac dinh chinh sach = dé tich lay phén thuong t6i da c6 thé tir mdi truong. VE lau dai, tac nhan ciing cb
gang t6i da hoa tong phan thuong chiét khau dy kién dugc xac dinh bang max[¥1_, 8. 7.(s., w(s.))], V6i y €]0, 1]1a h¢
sO chiét khau. Sir dung phan thudng chiét khau, mot phuong trinh Bellman c¢6 tén la Q-function dugc xay dung dé thuc

hl‘@n hanh dong tlep theo a; sit dung MDP khi xac sudt chuyen doi trang thai dugc biét trude. Q-function duoc biéu thi
bang cong thuc sau:

Q(spay) = (1 — ) * Q(sp, ap) + afr + y(max Q(s¢41,ar))], Voi a la tde do hoc. y 14 hé sb chiét khau.

Hoc tang cuong véi Q-function dugce goi la Q-learning (QL).‘Ban dau, thyc thé hoc tap kham pha moi trang thai
ciia moi trudng thye hién cac hanh dong khac nhau va tao Q-table bang cach sir dung QL cho ting cap “trang thai-hanh
dong”. Sau do téc tir bat dau khai thac moi truong bang cach lay cac hanh dong véi Q-value tot nhat tir Q-table. Chinh
sach nay duoc goi la chinh sach e-greedy, trong do tac nhén bat dau kham pha hodc khai thac méi truong tiy thude vao
gia tri cta xac suat €.

B. M6 hinh héa bai todn dinh tuyén sir dung hoc ting cwong
Trong bai toan dinh tuyén cho FANET noi riéng, MANET noi chung, thuc thé hoc tap la cac nat tuong tac voi
modi treong chinh 1a hé thong mang, hanh ddng thuc hién 1a chon nut lang giéng dé chuyén tiep goi tin toi dich.
- Tap céc trang thai: S € {s,,(t),i = (1,2, ...U)} biéu thi cho vi tri cta nut U; ¢ thoi diemt, u; € U
- Téap cac hanh dong: A € Ay, biéu dién cho viéc lya chon nit chuyén tiép U;j tir cac lang giéng clia Uj
- 1,; 1a gid tri thuong ma Ui nhan dugc tir uj khi u; chon u; 1a nut chuyén tiép. Gia tri ry;; duoc tinh toan thong qua
mot ham thudng duoc xay dung trudc dé danh gia chat lugng ciia hanh dong.
- Gia tri Q-value duoc cap nhét 1dp di 1dp lai tai moi ntait UAV theo phuong trinh sau:

Q (Sui' auij) <Q (Sui'auij) toax [ruij Ty g’li)](Q (S’ui’ a’uij) -q (Sui: auij)] @

max ( ( up @y ) biéu dién cho Q-value wéc tinh c¢6 dugc trong tuong lai & trang thai s’ w; sau khi thyc hién
a’ u;
ij

hanh dong tot nhat Aoy Y nghia cia o thé hién mirc doc hoc nhanh thuat toan QL va gia tri cia n6 xac dinh mirc do
thdng tin méi thu dwoc ghi dé thong tin cii va tham sé nay kiém soét sy hoi tu cua thi tuc hoc, con hé sb ¥ xac dinh
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murc do ma thuat todn Q-Learning hoc duoc tir sai 14m cta nd do vira thuc hién hanh dong Xau va gia tri cia nd kiém
soat tam quan trong cta phan thudng tuong lai.

~ Phén tiép theo ddy ching t6i trinh bay mot s nghién ctru lién quan dén loai giao thirc dinh tuyén sir dung co ché
chuyén tiép dua trén vi tri st dung hoc ting cuong dé ra quyet dinh chon dudng iing dung cho FANET.

III. CAC NGHIEN CU'U PINH TUYEN TRONG FANET SU DUNG HQC TANG CUONG

Giao thitc QGeo [6](] duoc Jung va cong su d& xuat dé ing dung cho FANET. Khéng nhu giao thirc dinh tuyén
theo vi tri, thay vi chi tién hanh tim kiém trong pham vi truyén dan vé phia nut dich, QGeo dwa vao van tdc goi tin dé
chon nut chuyén tiép. Ham thuong dugc thiét ké dwa trén tham sd van toc g01 trén lién két cua cap nit lang giéng giri-
nhan. Gid tri thuong 4m dugc s dung khi thiét ké ham thudng cua QGeo giup co thé tranh ti wu cuc bo. QGeo khong
xem xét van dé tiéu thu nang luong, do vy khong thé dong thoi cung cap viéc dam cai thién ddng thoi cac tham sb
hiéu ndng. QGeo st dung tdc do hoc ¢b dinh va chua xem xét su can bang gitta chién lugce tham do va khai thac dé
kham pha cac UAV chuyén tiép t6t hon.

Khic phuc mét sé yéu diém & QGeo, cac tac gia [7] xdy dung giao thitc RFL-QGeo st dung ham thudng méi
cho QGeo gitip it phai truyén lai hon, tré dau cudi trung binh thap hon, va ti 1& chuyén gbi cao hon. RFL-QGeo st dung
ky thuét “hoc ting cudng ngugc” dé thiét ké quyét dinh chon tuyén bang cach trao doi goi “hello”. Viée nay gitp ting
téc qua trinh hoc tap vdi it chi phi truyén théng hon. Cac goéi “hello” giup cac UAV chia sé vi tri, tinh trang lién két,
mirc nang luong con lai, 16i lién két, 18i vi tri va Q-value véi cac UAV lang giéng. Viéc cap nhat Q-value su dung ham
thuong méi d& xudt co xem xét dén khoang cach giita hai UAV hudng vé nut dich va gia tri thoi gian truyén goi. Tuy
véy, viéc bd sung nhiéu thong tin vao goi “hello” lam gia ting kich thudc goi, khi tan suét trao ddi 16n s& gdy ton bing
thong mang, 1am gidm hi¢u nang.

Giai quyét van dé can t6i vu hoa dong thoi viée tiéu hao ning luong va tré déu cubi khi ra quyét dinh chon
tuyén, Jianmin Liu [8] d3 tmg dung hoc ting cudng trong xay dung giao thirc dinh tuyen da muyc tiéu (QMR). QMR
ap dung phuong phéap diéu chinh thirc g cac tham s6 hoc tang cuong va mot co ché khai thac va kham pha méi. Bé
lam cho qua trinh hoc tap hi¢u qua va on dinh hon, QMR thyc hién cép nhat Q-value bang cach cap nhat mot cach
thich ing tde d6 hoc tap va h¢ sb chiét khau, st dung ham mil ctia do tré mot ching chuén hoa va su thay déi trong tap
lang giéng ¢ hai thoi diém khac nhau mot cach tuong tmg. Trong qué trinh khai thac, QMR gitp dua ra quyét dinh tot
hon vi Q-value dugc trong sb hoa theo chat lugng lién két, véi chat lugng lién két duoc ude tinh béng cach su dung
phuong phap ETX[9]. QMR xem xét chinh sach thuong nho nhét khi xdy ra vong lap dinh tuyén, murc toi thiéu cuc bd
va trang thai 15i ctia niit xay ra trong qué trinh lwa chon nit chuyén tiép. Tuy nhién, QMR khong kiém soat tinh di dong
va khoang thoi gian quang ba goi “hello”. Q-value dugc cap nhat ma khong xem xét dén mirc SINR cua céc lién két.

Trong dinh tuyén hoc tang cuong dién hinh, gia tri Q-value dugc cap nhét dua vao phﬁn thuéng nhan duogc tir
c4c tap gan nhit, giao thirc Q- FANET[lO] khai thac thém yéu té ¢ ting thap bang cach két hop hai mé dun QMR va Q-
noise+[11] de ra quyét dinh chon tuyén. Q- -FANET cép nhét Q-value chinh xac hon bang cach xem xét phan thudong
theo trong s6 trén mot luong hitu han céc tap cubi cing va muc SINR cua lién két da chon. Médun QMR duoc sir dung
dé chon nait chuyén tiép theo van tdc goi 16n nhat. Khi van dé hd dinh tuyén xay ra, Q-FANET st dung co ché phat cia
QMR va phan bd phan thuéng nhé nhit cho nit chuyén tiép d6. Trong trudng hop khong gip hd dinh tuyén, giao thirc
nay thyc hién chién lugc can bang giita tham do va khai thac sir dung chinh sach tham lam €-greedy.

_Giao thirc QTAR [12] ¢6 thé dwa ra quyét dinh chon tuyén t6t hon bang cach mg rong ché do quan sat cuc bo
ctia moi UAV bang cach st dung thong tin lang giéng hai ching. QTAR da cép nhat cac Q-value bang cach diéu chinh
thich mg téc d6 hoc duya trén hé SO chiét khau va do tre hai chang chuin hoa theo ham mi dua trén tap twong tu lang
giéng mot chang hién tai va lang giéng truge do cua mdi nit UAV lang giéng. Thong qua tién trinh nay, QTAR tao ra
Q-value 6n dinh hon cho viéc tham do tot hon. Ham thuong da muc tiéu sir dung thong tin lang giéng hai chéng t6i vu
hoa do tré va tao ra su can bang tai thich hop trong mirc tiéu hao ning lwong trong qua trinh dinh tuyén da chiang. Co
ché phat trong ham thudng dam bao tranh cac vong 1ap dinh tuyén, 15 héng dinh tuyén va toi wu cuc bo.

IV. PE XUAT GIAO THUC VAQR

Phan nay ching toi trinh bay d& xuit ciia minh trong thiét ké va cai dat mot giao thire dinh tuyén cho FANET
st dung hoc tang cuong véi ham thudng 2 bién: van toc tuwong doi, goc.

A. Y tuwong thugt todn

Dic diém cua cac nat UAV trong FANET la mirc 6 di dong cao, & thoi diém hién tai chung co thé 1a lang
giéng ctia nhau nhung nhanh chéng ching c6 thé roi xa khoi pham vi truyén thong ciia nhau, gay dut lién két néu dang
truyén dir liéu. Mirc d6 “nhanh chong roi xa khoi nhau” hay mure d6 “cung chiéu” ¢6 thé dugc danh gia qua vector van
toc tuong dbi gilta 2 nit, lién két gitra 2 niit s& bén vimg hon néu van tbc tuong dbi gitra chiing nho hon. Nhu véy trong

hoc tang cuong, néu mot nit thyc hién hanh dong chuyén gbi cho mot niit lang giéng co6 mirc do “cing chiéu” cao s&
nhan duoc phan thudng cao.

Tuy nhién, thuc hién chién lugc trén moi dam bao kha néng nang cao dugc viéc chon nut chuyén t@ép co do lf{én
lién két, khai thac y tuong chuyén tiép tham lam cia GPSR[13], ching tbi st dung thém d¢ do mirc ¢ gan dich nham
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cai thién tham sé hiéu ning tré truyén déu-cuéi; Néu chuyén goi cho nut gan dich hon thi s& nhan dugc mirc thuong
cao hon. Tham s6 goc dugc ching toi sir dung dé danh gid murc d6 gan dich thay vi khoang cach euclid.

Viéc hoc ciia mot niit s€ dwgce thyc hién qua viéc nhan duge phﬁn thudng Kkét hop hai d6 do (van tde tuong ddi
va goc) tir nat duge chon chuyén tiép goi dir 1iéu theo mét trong s6 nhat dinh.
B. Thiét ké ham thuéng
1. Van toc tuong dbi

Yéu t6 van toc tuong ddi duge xét dén nhim gitip danh gia do 6n dinh cua lién két. Nhu minh hoa & Hinh 3, u;
va uy, 1a lang giéng cua u;, cac vector vén toc twong tng 1a v,V vav, van tdc trong dbi cua cac lang giéng uj VA Uy

voiu; lan luot 1a U, Va vy,,. V6i 7, =0, — 1, Va7, = 7, — 7.
Van toc twong doi cang nho cho thay ching cang chuyén dong “cung phuong” va do vay kha nang durt lién két
cang it. Nhu tai Hinh 3, nlt w; nén trd thuéng cho u; nhiéu hon w; vi mic cung phuong cta n6 v6i nit giri cao hon.

Vk,i

5

Hinh 3. Minh hoa vector vén tdc va vector van tuong ddi giira cac lang giéng uj Va uy, voi u;
2. Goc
Mot nitt lang giéng u; hodc uy, khi nhan dugc goi tir u; s€ danh gia mirc d6 xa hay gan dich cia n6 dé tra vé
cho u; mot mt’rg thudng nwhét dinh. Ky hiéu u’; , u'y , u;, u'p tuwong Ung 1a hinh S:hiéu cua uy, Uy, Uj, Up (up la nat
dich) 1én mat dat (mdt phang Oxy), khi d6 do 16n ctia cac goc a,p, a,zp s€ cho biét mic d6 gan dich cua cac nut w;,
Uy, twong tng. Minh hoa tai Hinh 4 nhu sau:

z

XY
Hinh 4. Minh hoa géc tao bi hinh chiéu cac lang giéng U, Uy VOi u; vaup
Nhu trinh bay trén Hinh 4, nt u; nén thudng cho u; nhiéu hon uy, vi rang agp > Agp-
3. Ham thudng dé xuét

Khai théc ¥ tuong thiét ké ham thuong tir Q-FANET, véi nhitng phan tich trén, ching toi dé xuét tinh toan gia
tri thuong nho vao két hop danh gia goc va van tde twong ddi dé thuong dwa trén d6 6n dinh lién két va mic d6 gan
dich. Nhu vay gia trj thuéng ma u; nhan dugc tlr u; sau khi thuc hién hanh déng chon nit chuyén tiép 1a u; duoc tinh
nhu ham thudng sau:

100, néu u;,, lanit dich
reward(u;,w;) ={ —100, néu u; la cyc dai dia phwong )
w*(1- Rv(ui,uj)) +(1-w)*Ag(u, uj,uD) cho trueong hop con lai

Véi Rv(ug,up) = |ﬁ)|/2 * Uy ax 12 van toe twong dbi
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va Ag(w;, uj,uD) = a,5p/180 la goc dugc chuén hoa vé mién gia tri [0, 1]

Theo cong thirc tinh thudng trén, gia tri thuong cho u; 1a cuc dai (100) néu u; la lang giéng ctia nut dich.
Trudng hop u; khong tim duge mét lang giéng nao khac u; dé chuyén goi (day 1a truong hop gap hd dinh tuyén, tirc ;
la cyc dai dia phuong) thi gia tri thuéng (-100) ¢ day dugc chon mang tinh “phat” u; cho hanh dong da chon nham U;
Ié}m nut chuyén tiép. Cho truong hop con lai, tham s6 @ duoc st dung dé dinh mac do tham gia cta 2 tham sb 1a van
toc tuong doi va goc trong tinh toan gia tri thuong.

|7,,] cho biét d¢ 16 van téc twong ddi ctia nat UAV w; véi u;, vyay 12 van toc di chuyén cuc dai cia cac UAV
trong qua trinh mé phong. Do Rv(u;,w;) nhé thi mie thusng lén hon va vi vay (1- Rv(u;,w;)) cang 16n thi mic
thudng cang 1on theo.

a;p cho biét goc rong tai la u; duge tao boi la u, 1a w; va 1a upe,. agp cling duoc chuan héa thanh Ag (ui, uj)
nham cung két hop véi van toc twong doi trong ham thudng.

Viéc dua vé mién gia tri [0, 1] gitp kiém soat gia tri thuong trong pham vi nho va khong vuot qua gia tri thudng
toi da khi goi tin t6i dugc dich.

4. Luu dd thuat todn xir 1y géi tin va hoc tir g6i ACK tai nut u;

Uj nhén goi tin P tir Ui

Cap nhit bang dinh tuyén Q-table
véi Q-value tuong ing voi nut g
ACK theo cong thirc (1)

Uk = nut c6 Q-value 16n nhét
trong Q-table

Uk = nit ngau nhién
trong Q-table

v

Tinh reward(u,—,uj) theo cong thirc (2)

va giri tra nguoc géi ACK vé cho Ui

4

Hinh 5. Luu d khéi thuét toan xtr 1y goi tin va hoc tir goi phan hdi ACK tai nut uj

So d6 khéi Hinh 5 13 so d@d chung co ban cho dinh tuyén sir dung hoc may ting cuong hoc tir goi phan hdi [14].
DPong gop cua chung t6i & bai bao nay tap trung & thiét ké ham thuéng (nhu da dé xuét & cong thie 2). Cau trac goi
ACK nho va don gian, 1a goi UDP véi payload 1a gia tri thuong tinh dwoc qua ham thuong. Bang dinh tuyén Q-table
v6i mdi ban ghi 13 bd ba <nut dich, ching ké tiép, Q-value>.

C. Ddnh gid két qua bang mé phong

O phan nay, ching t6i trinh bay thiét k& kich ban mé phong va phan tich két qua mé phong cua giao thirc dé
xuit VAQR (relative Velocity and Angle aware Q-Routing). Cac tham s6 hiéu ning duoc so sénh véi GPSR [13] - mot
giao thirc dinh tuyén theo vi tri dién hinh cho MANET sir dung hai ché do chuyén tiép chuyén tiép tham lam (chon nut
lang giéng gan dich nhat 1am nat chuyén tiép) va chuyén tiép theo chu vi khi chuyén tiép tham lam thit bai (khi khéng
ton tai lang giéng nao gan dich hon no).

1. Thong sb va kich ban mé phong

) O céac nghién cttu lién quan chi ra ¢ trén, kich b,éln mo phong chi thyc hién trs%n dién ‘gich 500 m?, k}l()ng’ dé cap
dén cao d9, v6i lugng nit 25 UAV va pham vi giao tiép 180 m thi mat d6 twong doi day, toc do di chuyén thap 0-15
m/s, md hinh di dong RandomWayPoint hodc Gaussian Markov.

Nhim t6i muc dich ing dung FANET cho hoat dong tim kiém ctru nan [15], véi sy hd tro ciia INET/OMNet
[16], ching t6i thuc hién md phong trén khong gian dia 1y rong hon véi dién tich 5 km? va cao d6 800 m. Cac UAV di
chuyen theo md hinh di dong MassMobility [17], cdc nit di chuyén thing theo huéng ngiu nhién va thyc hién thay d6i
sau mdi thoi gian 5 gidy, goc thay d6i theo miat phiang ndm va cao do thay dbi ngdu nhién nhiéu trong khoang -30 d6
dén 30 do.
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. Nat gui S va nit dich SINK. O day SINK déng vai tro nhu 1a mot tram mat dét. Cac UAV ban dau dugc phan
bo déu trén ludi cach nhau gan 1 km, ang-ten dang hudng, kénh truyén leee80211ScalarRadio vdi mo hinh lan truyén
khoéng day 1a mo hinh khong gian tu do.

Do dac tinh di dong cua md hinh chuyén dong cac nit UAV nén mdi chung t6i thuc viée lp lai md phong 5 lan
& céc toc d6 di déng 30 m/s, 25 m/s, 20 m/s, 15 m/s, 10 m/s, 5 m/s @€ danh gia hiéu qua.
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Hinh 6. Phan b6 cac UAV nhin theo phwong truc Z (trai) va phéi canh 3 chiéu (phai)
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Bang 1. Gia tri mot s tham sb trong mé phong

Théng s6 Gid tri

Khu vyc dia ly 5 km x 5 km x 800 m (cao do)
Tdng s nit UAV 16

Cbong suét phat 100 mwW

Tdc do di chuyén 0, 5, 10, 15, 20, 25, 30 m/s
M5 hinh chuyén dong Mass mobility

Ngudn phat + thu 1+1

Kich thudc goi 512 bytes

Bitrate 2 Mbps

Thoi gian mo6 phong 220s

Thoi diém bt dau truyén 20's

Hello interval 5s

Tbc d6 hoc 0,7

Ha s6 chiét khau 0,2

Trong sb van toc twong dbi: w | 0,4

Trong s6 goc: 1-w 0,6

Theo Bang 1 trén, chung t6i danh 20 s md phong dau tién cho cac nut trao d6i thong diép “hello” dé xay dung
bang lang giéng truge khi thyc hién truyén dir liéu. Téc d hoc va hé sb chiét khau tham khao tir cac bai nghién ctru
lién quan, trong sé vén toc twong ddi va goc tham gia & ham thudng dugc chung toi chon tir thuc nghiém.

2. Két qua md phong va dénh gia

a) Tilé chuyén géi thanh cong

K80
1o}
5,60 B GPSR
(8]
40 EVAQR
20 I
0

10 15 20 25
Toc do6 di chuyén (m/s)

Ti 1é chuyén go6i thanh

Hinh 7. Ti 18 chuyén goi thanh cong theo tdc do di chuyén
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Nhu két qua trinh bay trén Hinh 7, giao thire dinh tuyén dé7 Xudt (VAQR) luén dat duoc muic chuyén goi thanh
cong cao hon déng ke so voi giao thirc GPSR. Khi UAV di chuyén ¢ toc d6 cao 25 m/s va 30 m/s GPSR the hién ro
yéu diém khi chi dat mirc chuyén géi & mirc 43 % va 40 %, trong khi d6 VAQR dat dugc mirc dd chuyén goi gap doi.

b) Théng luong

Tuong Umg v&i mirc chuyén goi thanh cong, Hinh 8 ciing cho thdy v& mat théng luong VAQR cling dat dugc
muc thong lugng tot hon so véi GPSR & hau hét cac toc dg di chuyén cua cac UAV, dac biét khi di chuyén ¢ toc do
cao 25 m/s va 30 m/s.

4500
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3000
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2000 mGPSR
1500 =VAQR
1000
50
0
0 5 25 30

Tdc dd di chuyén (m/s)

Thoéng lwong (b/s)
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Hinh 8. Mirc thong luong theo tdc do di chuyén
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Hinh 9. Tré diu-cudi theo téc d6 di chuyén

Trén Hinh 9 cho thiy, VAQR c¢ tré dau-cudi nhiéu hon khi so sanh voi GPSR. Tuy viy mic tré dd giam dan &
cac kich ban c6 UAV chuyén dong theo toc d¢ cao hon. Nhur trén hinh ta thay giao thirc d€ xuat gdy tré dang ké ¢ cac
kich ban UAV chuyén dong v6i toc d6 nho (0 m/s, 5 m/s, 10 m/s) so véi GPSR, nhung ¢ toc d6 25 m/s, 30 m/s muc tré
da dugc cai thién giam dang keé.

V.KET LUAN

Qua viéc nghién ctru vé dinh tuyén trong FANET sir dung hoc ting cuong, st dung hé mé phong OMNET++
chung t6i da thuc hién cai dat va danh gia duoc hiéu qua giao thirc d& xuit VAQR so v6i giao thirc dinh tuyén theo vi
tri GPSR. Két qua mo phong cho thay VAQR da dat dugc hiéu nang dinh tuyen cao & chi s6 vé ti 16 chuyén géi thanh
cong va thong lugng. O chi sé tré dau- -cuoi VAQR gy tré hon so v6i GPSR, diéu nay do thiét ké ham thudng yéu cau
nhiéu xir ly hon tai mdi nat, ciing nhu van dé giao thirc thyuc hién ca phai phap tham do thay vi chi khai thac. Thiét ké
ham thuong tt hon, sir dung phu hop ti 16 thim do va khai thac, thay ddi thich ing hé sé chiét khau, sir dung mé hinh
di dong phu hop cho kich ban FANET ting dung trong tim kiém ciru nan 1 dinh huéng ma chung t6i s& tiép tuc nghién
ctru trong thoi gian toi.
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VAQR: A REINFORCEMENT LEARNING APPROACH FOR ROUTING IN FANET
Mai Cuong Tho, Nguyen Thi Huong Ly, Le Huu Binh, Vo Thanh Tu

ABSTRACT: This paper presents research results on the application of reinforcement learning for routing protocols in

FANET. A position-based routing algorithm (VAQR) is proposed with the idea of constructing a reward function using two metric of
relative velocity and angle. The routing table in each node is updated using the Q-learning algorithm with the proposed reward
function. Simulation results on OMNet++ show that the proposed algorithm achieves high performance in terms of successful
packet transfer rate and throughput compared to GPSR protocol, with the average transmission delay is higher than that of the
GPSR protocol within an acceptable range.



