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Abstract — May bay khong nguoi lai duge sy quan tam lon
trong cac Ung dung nong nghiép thong minh, gidm sat chét
lwong cong trinh, hd tro tim kiém ctru hd ciru nan... va dic biét
la ing dung trong quéan su. Trong bai bao cao nay, ching t6i
tAp trung nghién ctru vin dé 1ap ké hoach bay cho UAV trong
khong gian 3-D biét trudc. Chung t6i sir dung giai thuat 1a i
uu bay dan (PSO) cai tién dé t&i vu qui dao chuyén dong cua
UAV, dbng thoi, so sanh véi gidi thuat PSO truyén théng va
gidi thuat di truyén GA dé thiy duoc tinh vu viét cua PSO cai
tién. Quy dao tdi wu cia UAV co canh ¢b dinh duoc dinh
nghia nhu mét ham da muyc tiéu bao gdm cac doan thing,
duong cong va d§ cao. Céac giai thuat dugc phat trién va so
sanh thong qua ban dd thuc t& ctia mot sb tinh & Viét Nam.
Két qua ban déu cho thiy tiém ning ap dung céc gidi thuat nay
trong viéc tdi uu quy dao bay cho UAV. V& tuong lai, cac giai
thudt nay s& tiép tuc duoc cai tién nhim giam thoi gian t6i wu
huéng dén bai toan 1ap qui dao bay thoi gian thyc cho UAV.

Keywords - PSO; GA; UAV; Gidi thugt di truyén; Toi wu hod
bay dan; Ldp quy dao bay.

L. GIOI THIEU

Phuong tién bay khong nguoi 1ai (UAV) khong ngung gia
ting kha ning ng dung trong cudc song thuc, vi ching c6 do
tién 101 cao, trong lugng va do rui ro th?ip, tiét kiém chi phi,
khi so sanh véi may bay c6 ngudi lai. Viéc lap quy dao bay
cua UAV la mét trong nhling bai todn dat ra trong qué trinh
trién khai UAV tu hanh va 1a mot thanh phin quan trong trong
toan bo hé théng cdu thanh mot UAV hoan chinh. Muc dich
cua bai toan 1dp quy dao bay cho UAV Ia tao ra mot duong
dan thoi gian thyc tét nhat t&i vi tri dich cho trudc dap tng cac
rang budc vé& do dap tng, tai nguyén, khong gian va thoi gian
cu thé [1].

Céc thuat toan tdi vu quy dao bay cho UAV trong khong
gian 2- D da dugc nhiéu tic gia nghién ciru va dat dugc nhléu
thanh tyu. Tuy nhién, cdc thuét todn nay khong the giai quyét
duogc cac vin dé phuc tap trong khong gian 3-D gan v6i moi
trudng thuce, noi c6 rit nhiéu cac rang budc va rii ro ma UAV
phai déi mat. Do d6, dua ra dugc thuat toan t6i wu quy dao
bay cho UAV trong moi truong 3-D phirc tap 1a rt can thiét
hién nay, dac biét la trong cac moéi truong phire tap nhu rung
nui, hang dong hay trong cac do thi nhu trong Hinh 1.
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Hinh 1. Vi du v& cdc méi truong 3D phirc tap trong thuc té

Buong dan t6t nhat trudc day cia UAV thuong tuong
tmg véi chiu dai ngén nhat. Tuy nhién, khi cac tiéu chi nhu
lam giam chiéu dai qu¥ dao, gidi han do cao trung binh, mic
tiéu thy nhién liéu hay tranh ving hoat dong cta radar, ..., dat
ra thi bai toan lap quy dao bay tt nhat cho UAV phuc tap
hon rat nhleu Mot vai phuong phap da duoc cong bd dé giai
quyét cac van dé vé 1ap quy dao bay nhu : 3D Voronoi [2],
Probabilistic Roadmap Method [3]; cac thuat toan tim kiém tbi
uu nhu A*[4], D* [5] hay Harmony Search [6]. Cac phuong
phap 14y cam hung tir tap tinh sinh hoc nhu giai thudt ACO
(Ant Colony Optimization - Ti uru héa Pan Kién), téi uu hoé
by dan phan tir (PSO - Particle Swarm Optimization) [8] v
gidi thuat di truyén (GA - Genetic Algorithm) [9].., 1a nhung
thuat toan c6 tinh higu qua rat cao trong viéc tim giai phap tbi
uu cua bai toan

Trong bai bdo nay, Chung t6i st dung giai thuat 1a téi wu
biy dan (PSO) cai tién dé t5i wu quy dao chuyén dong cia
UAV, dbng thoi, so sanh véi giai thuat PSO truyén théng va
giai thuat di truyén dé thay dugc tinh wu viét ciia PSO ci tién.

Bai bao dugc td chirc nhu sau: trong phan II, nhém tac gia
miéu td moi trudng va quy dao bay cia UAV. Phén III, xay
dung ham chi phi cho bai toan. Phin IV va V, cung cap cac ly
thuyet co s& vé hai giai thuat t6i wu 1a di truyen va tdi uu hoa
bdy dan. Trong phin VI, chung t6i cung cdp cac két qua mo
phong chay thir nghiém trén mi sé dia hinh & Viét Nam. Phin
VI so sanh hi¢u nang cua hai giai thuat GA, PSO va cai tién
giai thuat PSO trong bai toan lép lich trinh bay cho UAV...

II. BIEU DIEN MOI TRUONG VA QUY PAO BAY

Bai toan 1ap quy dao bay cho UAV dugc xac dinh trong
mdi truong khong gian 3 chidu. Viée xdy dung méi truong
hoat déng ctia UAV 4 budc diu tién trong bai toan thiét lap
quy dao bay. Mot luéi 2D duoc sir dung trong d6 mdi gia tri



cua ma tran thé hién do cao ctia mat dat. Moi truong va quy
dao bay ctia UAV duogc biéu dién & Hinh 2.

Hinh 2. Quy dao bay ctia UAV trong khong gian 3 chiéu.

Trong Hinh 2, cdc chdm d6 1a cac diém tham chibu trén quy
dao bay cua UAV. Puong mau den ndi cic diém tham chiéu
tao thanh quy dao bay ciia UAV. Cac d6i tuong hinh try mau
xanh dwong biéu dién cac khu vuc nguy hiém ma UAV phai
tranh.

Céc khu vue nguy hiém ciing dugc dinh nghia dudi dang cac
ma tran nh6, mdi dong biéu didn toa d6 (x;, ¥;) va duong
kinh d; ctia ving nguy hiém thir { dugc biéu dién trong bidu
thire (1):

X1 Y1 dg
danger zones = xz }’z d2 (1)
xn yn d"

Quy dao bay duogc tao ra sau khi sit dung cac giai thuat tdi
uu duoc bidu dién dusi dang ma tran noi mdi dong biéu dién
toa d6 (x;, V;, Z;) cua diém tham chiéu thw [ dwoc thé hién
trong (2). Quy dao bay hoan chinh duoc hinh thanh bing cach
ndi cac diém tham chiéu 1n luot lai v6i nhau.

X1 V1 Z
X z

trajectory = 2 J/z 2 2)
xn yn Zn

[1I. HAM CHI PHI

Dé tinh toan v&i cc dic tinh cia dudng bay thoa min yéu
cdu cuia nguoi thiét 1ap duong dan, ta sir dung mot ham chi phi
v6i muc dich dé t6i vu duong bay bang cach giam thiéu ham
chi phi sau khi sir dung céc giai thuat t6i wu s& dugc dé cap &
phan sau. Gia tri ciia ham chi phi cang nhé thi duong dén cang
t6i wu v6i cac rang budc mong mubn. Cac rang budc bao gdm:
chidu dai kha thi cia duong din, gioi han d6 cao trung binh
cua UAV, tranh cac khu vuc nguy hiém va su va cham véi
mit dat.

Ham chi phi dugc dinh nghia nhu sau:

Fcost = Clength + Caltitude + Ccollision + Cdangerzones (3)

trong d6 Cjengepn chi phi cho cac duong dan qua dai, Coupiruae
chi phi cho cac dudng din c6 dd cao 16n hon gidi han d6 cao
trung binh ctia UAV, C,opiision chi phi cho cac duong dan va
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cham v6i mat dit, va cubi cing Cdanger sones chi phi cho cac
dudng dan di qua cac khu vyc nguy hiém. Cac khu vyc nguy
hiém duoc biéu dién duéi dang hinh try tron.

Trong céc tl?u chi tren, Clengthacqltitudw va Cdanger zones 12
cac ti€u chi toi wu dé cai thién chat lugng cua quy dao bay.
MBJi gia tri chi phi trén cé gid tri xac dinh trong khoang [0,1].
Duy nhét C,,y;s0n 12 tiéu chi kha thi bt budc phai thoa man
cho quy dao bay hop 1&. Gia tri chi phi nay bang 0 khi thoa
man khong va cham véi mat dét, hodc ¢ gia tri trong khoang
[P, P+ 1] khi ¢6 va cham. Bang c4ch thém mét chi phi phat P,
& day ching ta xac dinh gia tri P 14 3, ta ¢6 thé dam bao ring
cic duong dan khong kha thi ludn b gia tri ctia ham chi phi
16m hon céc quy dao khong kha thi.

Ham chi phi lién quan dén chidu dai quy dao bay duogc xéac
dinh bang cong thuc :
Clength =1- (M)

Ltraj

“
do do
Clenyth S [0:1] (5)

trong d6, Lpqp, 14 d6 dai cta duong thing ndi truc tiép vi tri
xuét phat Py va vi tri dich P, ctia quy dao bay, Liyrq jla chiéu
dai thyc té coa quy dao bay UAV.

Ham chi phi lién quan dén do cao cua quy dao bay dugc
dinh nghia nhu sau:

C Atraj_zmin
altitude —

(6)

Zmax—Zmin

do d6

Caltitude € [0'1] (7)
trong d6 Z,,4, 12 gidi han trén cia d cao trong khong gian tim
kiém, Zyy;n 1 giéi han dudi va Agrqj 12 dd cao trung binh cta
quy dao bay thuc té. Zqy va Zynjn €0 gia tri twong ung la do
cao clia diém cao nhit va thip nhat ciia dia hinh.

~Ham chi phi li€n quan dén sy xdm pham vao ving nguy
hiém cta UAV dugc xac dinh nhu sau:

L. .
C — Linsidedz 8
danger zones Z?:l d; ( )
voi
Cdanger zones € [011] (9)

trong do: 7 1a sé lwong khu vuc nguy hiém, L, g, 4., 12 tong
chiéu dai cta quy dao bay di vao ving nguy hiém va d;la
dudng kinh ciia khu vue nguy hiém i .

Ham chi phi nay dam béo rang dudng di xuyén qua mdi
khu vyc nguy hiém s& bi phat v6i chi phi 16n véi khong gian
tim kiém c6 it vung nguy hiém va bj phat véi chi phi thip néu
khéng gian c6 nhidu ving nguy hiém. C6 thé co truong hop
Linside a.z €0 gid tri 16n hon téng dudng kinh cua cac khu vuc
nguy hiém Y™, d; (do dudng bay cia UAV c6 dang cong ), ta
dat gid tri cta Cyanger zones 12 1.

Ham chi phi va cham véi mat dét duoc xac dinh:



0 ’ Lunder terrain = 0
Cooo = L ; 10
collision P+ (7undztrrt:}rram) s Lunder terrain > 0 (19)
do do
Ccollision AV [P'P + 1] (1 1)

trong d6: Lyyger terrain 12 tong chiéu dai ciia phin quy dao bay
nam ¢ dudi mat dat
Liyqj 12 téng chidu dai cia qu§ dao bay thyc té.

O day ching t0i st dung gidi thudt Bresenham v& doan
thang [10] dé tinh xdp xi gan dung khoang cach giita 2 diém
dé so sanh dd cao cua quy dao bay va dg cao cua mat dat.

Sau khi thiét 1ap dwoc ham chi phi, giai thuat téi vu s& duoc
sit dung dé tim dugc dudng dan t6i wu cho UAV bing cich
tim gia trj nho nhat cia ham chi phi. Quy dao bay téi wu s&
dap tng ca 4 tiéu chi ndm trong ham chi phi di dugc dinh
nghia bén trén. Trong bai toan cua chung ta, ham chi phi da
duoc xay dung kha phirc tap va s&€ tdi wu cho mot kich ban véi
duong din cén tim dap Gmg dudng di ngén nhét, quy dao bay
c6 d6 cao gidi han, tranh va cham va xam pham vao cac vung
nguy hiém. Ngoai ra, ham chi phi c6 thé duoc sira ddi va thém
vio céc tidu chi tdi wu khac nhu cdc dic tinh cia UAV vé
ning luong, nhién lidu tiéu thu... dé ap dung cho cac kich ban
khac.

IV. GIAI THUAT DI TRUYEN

Giai thuat di truyén GA (Genetic Algorithm) 1a mot giai
thuat t6i wu di dugc phat trién va cong bd 1an ddu bai John
Holland vao nam 1975. GA 1a mét giai thuat ngiu nhién dua
trén nguyén 1y cia di truyén trong ty nhién. O d6, mot quin
thé ban dau gdm mot chudi cac nhidm sic thé co kich thudc
xac dinh phat trién qua mot sé thé he theo nguyen tic chon 1oc
va co mot gia tri thich nghi. Bang céch su dung cac toan tur lai
ghép va dot bién, céc ca thé (nhidm séc the) trong quan thé
tién hoa qua cac thé hé va tao thanh mét quan thé méi. Dé tao
thanh dugc mot quan thé mai, thong thuong mot ti 1€ cac
nhidm sic thé s& duoc sao chép truc tiép sang thé hé tiép theo.
Cac nhiém sic thé con lai s& duoc tao ra qua cac toan tur lai
ghép va dot bién. Toan tir lai ghép chéo s& chon ngiu nhién
hai ca thé cha va me dé tao ra nhidm séc thé méi bing cach
ghép mot doan trén nhlem sac thé cha — me V01 nhau. Dot bién
1a hién tuong nhlem sdc thé con mang mot s6 dic tinh khong
¢6 trong ma di truyén cua nhidm sic thé cha — me. Toan tur dot
bién s& chon ngiu nhién mot nhidm sic thé me trong quén thé
va bién déi mot phém ctia chung. Nhiém séc thé mai lai duoc
dua vao quan thé dé tham gia qu4 trinh tlen hoa. Ti 18 dot bién
dugc kiém soat cho sy hoi tu téi gia tri ti thiéu dia phuong
hodc toan cuc. Diéu kién dung cua giai thuat thuong 1a khi
khéng c6 su tién bd qua nhidu thé hé, hodc ti 16 hoi tu 16n hon
mot ti 18 xac dinh nao d6. Trong nhitng nim gin diy, GA di
duogc sur dung cho nhiéu ung dung, chéng han nhu cac bai toan
lap ké hoach, vén tai hay t61 wu hoa cho qua trinh mai bé mit

[11]
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[Khoi tao quan
the

Tim gia tri
thich nghi

Piéu kién
dirng

Hinh 3. So db giai thudt di truyén

V6i bai toan UAV, mdi nhidm sic thé dai dién mot giai
phép cua quy dao bay thich tng v6i ham chi phi da dugc xac
dinh & phén trudc. Quy dao bay cia UAV duoc dit ngau nhién
gi6i han khong gian tim kiém 3-D. Thong sé s& duoc thay dbi
lién tuc trong mdi thé hé bang cac hoat dong di tmyén (cheo
dot blen chon, chén, x6a); cac yéu td thay dbi (nhidm sic the)
ctia quan thé s& duoc lya chon theo ham muyc tidu. Chu ki tién
hod s€ duoc lap di lap lai dén khi diéu kién dung néu ¢ trén
duoc thod mén. Myc tiéu cla qua trinh ndy 1a giam thiéu ham
muyc tiéu theo yéu cau hodc tim ra nh1em sic thé co gia tri
muc tiéu toi thleu gan gidng nhat. Nhidm sic thé nay dugc goi
1a giai phap gan ti vu

V.GIAI THUAT TOI UU HOA BAY PAN

Giai thuat t5i wu hod by dan (PSO) 1a mot ky thuat t6i
uu hoa ngiu nhién dua trén mot quan thé gdm nhidu c4 thé dé
tim ra nghiém t&i wu bing cach cép nhat cac thé hé giéng nhu
GA, dugc dé xuét boi Eberhart va Kenedy. Giai thudt nay mo
phong hanh vi tim kiém thirc an cta dan ca hodc by chim.
Trong giai thuat PSO, mdi phan tir cua bdy dan duoc dic trung
b6i hai tham s6 13 vi tri hién tai ciia phin tir va va van tbc. Mot
phan tir luén tim kiém trong khong gian tim kiém cua chinh n6
dé thay thé vi tri cii bang vi tri méi tot nhét.

PSO truyén théng gdm ba budc dugc mé td nhu sau:

1. Khéi tao: Tao mot quin thé va danh gia ham muc tiéu (ham
thich nghi).
2. Cap nhat t6t nhat cuc bé (personal best) va 16t nhat toan
cuc (global best): Xét mdi phan tir d& xac dinh vi tri tot nhit
cuc bd méi. Néu vi tri hién tai t6t hon tdt nhét cuc b, tdt nhat
cuc bd s& 1a vi trf hién tai. Néu khong, tdt nhét cuc bd van
du’orc glu' nguyén. Neu bét ki phan tr ndo trong biy dan co vi
tri t&t nhét cuc bd tdt hon vi tri tbt nhat toan cuc, ca thé do sé
tré thanh phan tr dAu dan va vi trf tot nhat cuc b cua no sé& trd
thanh t6t nhat toan cuc.
3. Cdp nhdt van téc va vi tri ciia tat cd cdc phcfn tie: Vi tri va
van toc & thé hé tht r dugc cép nhat boi cac phuong trinh:
vty = wyit — D+ aqug(pit — 1) — x;t — 1)
+ aUa(gt—1) —x(—-1)) (12)

x;(t) = x;t — 1) + v;(HAL (13)



trong do v; 14 van tc cta phén tir thr i; x; 12 vi tri ciia phan tir
trong khong gian tim kiém; p; 13 vi tri tt nhit cuc bé ma phan
tir d6 chiém giir; g 1a vi tri ot nhat toan cuc cia mot ca thé
nao do trong biy dan; uy va Uy ¢ gia tri ngiu nhién trong
khoang [0,1]; w, a4, a, lan luot 1a cac tham sb gia tdc, anh
hudng ca nhan va anh hudng xa hoi.

4. Chdm dirt qud trinh tim kiém hodc tiép tuc tim kiém: Qua
trinh tim kiém dugc ding lai néu: i) budc hién tai twong
dwong v&i bude gin nhit hogc ii) biy dan da hoi tu (ban kinh
ctia by dan nho hon 1073% ciia khéng gian tim kiém). Néu
khong, quay tro lai budc 2.

PSO cai tién: gdm 5 bude: sau khi thyc hién cac bude tir 1 dén
3, b6 xung thém budc 4:

4. Dt bién thich nghi (Adaptive mutation): Nhim gitip cic ca
thé khong bi dung khi gap cuc tri cuc bg, vi tri cua x; s€ bi
dot bién mot cach nglu nhién va ting dan ty 1& theo s6 vong
lap nhu sau: Chon ngu nhién ca thé i, va sb chiéu j tai vong
lap ¢ va thuc hién:

x* () =m*x; ;(t) » rand () (14)
[x i Onaf (27 (0) < f(x(D)
x;;(t) = { x; j () néu khic (4>

Trong d6, x*;(t) 1a c4 thé sau dot bién, m 13 hé sb thich nghi
tang din theo sé vong lap, rand() 1a ham ngdu nhién trong dai
1% ctia ving tim kiém.

5. Chdm dirt qud trinh tim kiém hodc tiép tuc tim kiém (nhu
PSO truyén théng)

VI.  KET QUA

Trong phin nay, ching toi thyc hién ciac mé phong dé lap
duong dan trén mot sb dia hinh ¢ Viét Nam dé so sanh hiéu
ning cia ba giai thuat tdi vu GA, PSO, PSO cai tién d duogc
dé cap ¢ phin IV va V. Nhim so sanh hiéu qua giita cic giai
thuat, 03 kich ban véi ba khu vuc Déc-lic, DPakrong va Lang
C6 duge lya chon dé danh gia. Dé ting d6 kho cua ban dd, mot
s6 viing cim bay duoc thiét 1ap.

a) PSO Daklak
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b) PSO cai tién Daklak

Hinh 4. Quy dao bay cho UAV st dyng thuft toan PSO, PSO cai
tién cho dia hinh Daklak

a) GA Lang Co

b) PSO Lang Cé

Hinh 4. Quy dao bay cho UAV sur dung thuét toan PSO, PSO cai
tién cho dia hinh Lang C6




a) PSO Dakrong

b)

PSO cai tién Dakrong

Hinh 5. Quy dao bay cho UAV str dung thuat toan PSO, PSO cai

tién cho dia hinh Dakrong
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b) PSO cai tién Ling C6

Hinh 7. Biéu dd gié tri ham chi phi cta thuat toan
PSO va PSO cai tién cho dia hinh Lang Co

Chiing t6i so sanh hi¢u nang cuia cac giai thuat trong ba
dia hinh khac nhau. Trong timg dia hinh, mdi giai thuat duoc
chay 10 1in va gi4 tri trung binh ctia ham chi phi va do léch
chudn dugc lwu lai trong Bang 1. Mot giai thuat tét hon 1a giai
thuat co gia tri ham chi phi nho hon. Giai thuat dugc coi la én

dinh khi c6 d6 1éch chudn khéng qua 16n.

Béng 1. So sanh giai thuat GA, PSO va PSO Cai tién
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a) PSO Dakrong

Dia hinh Cost trung binh + d6 1éch chuan

GA PSO PSO Cii tién
Daklak | 0.3381+0.0007 | 0.35624+0.0012 | 0.2948+0.0001
Dakrong | 1.5707+3.4002 | 1.3245+2.2532 | 0.7319+1.5576
Lang Co6 | 0.3856+0.0015 | 0.3964+0.0021 | 0.3695+0.0007




Theo Bang 1, gia tri chi phi trung binh va gia tri 1éch
chuin khi sit dung PSO khéong tét bang khi sit dung GA,
nhung giai thuat PSO cai tién cho thdy hiéu qua ting hon dang
ké, chung to d6 tin cay cua giai thudt nay khi 4p dung vao cac
bai toan thyc tidn. Diéu nay co thé duogc giai thich do thanh
phén dot bién thém vao da giup thuat toan vugt duge cac cuc
tiéu dia phuong t6t hon.

VII. KET LUAN

Trong bao cdo ndy, nhom tac gia da giai quyét vin d& lap
quy dao bay ngoai tuyén cho may bay khong ngudi lai trong
moi trudng 3-D v6i cac vat can biét truée. Ba phuong phap tdi
vu hod duoc sir dung 1a GA, PSO va PSO cai tién duoc sit
dung dé t6i wu quy dao bay cho UAV. Chung t6i thuc nghiém
mo phong mdi giai thuat nhidu lan trén ba khu vuc véi 3 dia
hinh. Két qua cho thiy PSO cai tién thé hién t6t hon PSO va
GA & phin 16n cac dia hinh. Vi két qua nay, chung t6i hi
vong céc gidi thuat t6i wu 4p dung cho UAV nhu PSO hay GA
ciing c6 thé ap dung tét cho van dé lap quy dao bay thoi gian
thuc cho UAV ciing nhu 4p dung cho bai toan nhiéu UAV
cung thuc hién bay trong khong gian thuc 3D.
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