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HOACH PINH PUONG BAY CHO UAV CO CANH CO PINH,
UNG DUNG PHUONG PHAP CAY NGAU NHIEN
VA GIAI THUAT DI TRUYEN CAI TIEN

Nguyén Piing Minh!”
YWién Hang khong Vil tru Viettel

Tém tit

Bai bao trinh bay két qua nghién ctru phuong phap hoach dinh dudng bay cho cac UAV c6
cénh cb dinh hoat dong trong moi truong mod phong. Phuong phap hoach dinh duong bay
dwa trén tng dung cdy ngiu nhién thong minh va giai thuat di truyén cai tién. Trong do,
phuong phép ciy ngau nhién két hop vdi cac diéu kién phi tuyén dwoc img dung dé khoi
tao nhitng duong bay kha thi, cic toan tir giai thuat di truyén cai tién dwoc ap dung dé tim
kiém dudng bay t6i wu. Két qua md phong cho thiy hiéu qua va tinh kha thi cua phuong
phap dé xuit, 1a co s& dé phat trién cac hé théng hoach dinh duong bay cho cac UAV hoat

dong trong mdi truong thuc.

Tir khéa: Hoach dinh dwong bay; UAV cé canh cé dinh; cdy ngdu nhién; gidi thudt di truyén cdi tién.

1. Pit van dé

Hoach dinh duong di (path planning/route planning) nhim tim kiém mat tuyén
duong kha thi tir vi tri xuat phat dén dich trong mot méi truong nhat dinh [1]. Van dé
hoach dinh duong di c6 tng dung da dang trong nhiéu linh virc ca quan sy va dan su nhu:
hoach dinh duong di cho ré bét ty hanh UAVs (unmanned aerial vehicles), UGVs
(unmanned ground vehicles), AUVs (autonomous underwater vehicles), ASVs
(autonomous surface vehicles) va rd bét cdng nghiép; tng dung trong viéc lap ké hoach
va dan duong trong nganh hang khdng, hang hai va duong bo. Khao séat vé cac phuong
phép hoach dinh dudng di cho rd bét tw hanh, cac tng dung, cling nhu nhitng danh gia vé
vy, nhuoc diém cua ching c6 thé tim thiy trong [2]-[5], tuy nhién s& khong duoc thao
luan & day. Trong bai bdo nay, tac gia tap trung chu yéu vao van dé hoach dinh duong
bay cho méy bay khong ngudi lai (UAV) c6 canh cb dinh tng dung trong linh vuc quan
su dé thyc hién nhiém vu tin cdng muc tiéu trén bién.

Dé giai quyét van dé hoach dinh duong bay cho UAVs, mot loat cac phuong phap
tiép can da duoc nghién cau, ¢ thé ké dén nhu: phuong phap t6i wu hoa do thi (Graph
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optimization) bao gém Visibility Graphs [6], Voronoi diagrams [7], [8], Rapidly
Exploring Random Trees [9], [10], Probabilistic Roadmap [11]; cac phuong phap tim
kiém (Heuristic/Metaheuristic) bao gdm A* [12]-[17], Theta" [18]-[20], Evolutionary
Algorithms [21]-[28]; phuong phép Potential Field [1], [29]. Ngoai ra, khao sét vé cac
phuong phap hoach dinh dudng bay cho UAVSs va cac van dé con ton tai c6 thé tim thay
trong [2], [4].

So véi bai todn hoach dinh duong bay trong cac tng dung khac, hoach dinh
dudng bay cho UAVs tin cong ¢6 nhimg diém khac biét [30]: (1) UAVs bay ¢ d6 cao
thap dé giam thiéu kha ning bi ra da d6i phuong phat hién; (2) duong bay khong vuot
qua giGi han vat ly cia UAVs nhu ban kinh luon t6i thiéu, quing duong bay I6n nhit,
khoang cach ti thiéu giita hai diém diéu hudng; (3) duong bay phai tranh vat can va
tranh viing nguy hiém (no-fly zones); (4) duong bay phai dap ang mét s6 yéu cau nhu
goc lugn tdi da, hudng tiép can muc tiéu dé dam bao xé&c suat thanh cong caa nhiém vu.
Két hop nhitng diéu kién rang budc (2)-(4) ké trén lam cho van dé hoach dinh dudng
bay t6i wu tré thanh van dé t6i wu phi tuyén da tiéu chuan phuc tap vé mat tinh toan.
Céac phuong phap tiép can trén co so thuat toan A” va Genetic Algorithm (GA) da duoc
chang minh 1a c6 kha niang giai quyét van dé nay [12], [17], [21], [22], [24], [28].
Trong [12], so sanh két qua thuc nghiém cua tac gia cho thay mac du thuat toan A™ c6
kha ning xtr Iy nhanh hon, tuy nhién thuat toan GA lai cho két qua tét hon, bén canh d6
thuat toan GA con c6 nhiéu tiém ning dé cai tién ciing nhu ap dung céc ky thuat khac
gitp giam thoi gian tinh todn, vi du nhu k¥ thuat tinh toan song song.

Tir viéc nghién ctru cac cong trinh da dugc cdng b trude ddy, nham &p dung vao
bai toan thyc té 1a phat trién hé thong lap ké hoach cho UAVS chién dau trén méi trudng
bién, tac gia nhan thay rang thuat todn GA I1a mot lya chon tét. Tuy nhién, mot s6 k¥
thuat st dung trong cac cong bd trude day co thé phi hop va hiéu qua véi bai toan cua
ho, nhung con c6 thé cai tién hoic thay thé dé hiéu qua hon véi tng dung cu thé da néu
trén. Co thé ké dén nhur:

(1) Hau hét cac cach tiép can déu duoc phét trién véi ban d6 c6 cau tric (grid-
based hoic graph-based). Theo d6, mot khong gian (C-space) duoc tinh toan cau hinh
hoan chinh truéc khi tim kiém duong di trén d6 [31]. Viéc xay dung C-space dé biéu
dién mai truong hoat dong thuc té cua UAVS 1a van dé phic tap vé mat tinh toan, khdng
nhiing thé, kich thudc ving hoat dong, mirc d6 chi tiét va sb chiéu cua C-space anh
hudng 16n toi thoi gian ciing nhu hiéu qua tim kiém cua thuat todn hoach dinh duong
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bay. Ngoai ra, trong tng dung thuc té, théng tin méi trudng thuong xuyén thay doi nén
khong gian C-space ciling phai dugc cap nhat, qua trinh nay doi hoi khéng it thoi gian.

(2) Viéc khai tao duong bay ngau nhién chua biét c6 kha thi (feasible) hay khéng
(duong bay kha thi 12 mot duong bay an toan va UAV c6 thé bay duoc), sau do tim
kiém duong bay kha thi nho cac toan tir GA to ra kha ton kém va khé ap dung nhiing k§
thuat bo tro dé tang chét luong cac toan tir GA giup thiic day qua trinh tién hoa.

(3) Viéc xay dung ham danh gia duong bay duya trén téng khoang céch gita cac
diém diéu hudng 1 chua day du, vi quy dao bay cua UAVS bao gom cac doan thang va
cac doan quy dao cong khi déi huéng. Diéu nay c6 thé dan dén nhitng danh gia sai 1am
khi trén thuc té duong bay c6 tong khoang céch gitta cac diém diéu huéng 16n hon
nhung lai c6 quy dao bay ngan hon, hozc mot duong bay kha thi lai tro thanh khdng kha
thi vi vi pham diéu kién quing duong bay I6n nhat. Ngoai ra, cac cong bd trude day
cling khong danh gia sé lwong diém diéu hudng va tong dai s6 goc luon trén mot duong
bay trong khi nhitng tham sé nay anh huéng dén qua trinh diéu khién va kha nang bam
quy dao duoc lap trinh sin cia UAVs, dic biét 1a khi méi trudong hoat dong bi ché ap
khong thé sir dung cac hé thong dinh vi vé tinh c¢6 do chinh xéc cao, bat buoc UAV phai
str dung céc hé thong dinh vi quén tinh két hop véi do cao vo tuyén.

(4) Ngoai ra, viéc thiét ké cau tric dir liéu duong bay chua hop 1y 1am ting khdi
lwong tinh toan khdng can thiét, vi du diém diéu huéng (waypoint) chi ¢é thng tin toa
d0, cac thong tin khac nhu khoang cach véi waypoint lién trude, goc luon... phai tinh
toan lai mdi khi can danh gia duong bay (Trong bai bao nay, thuat ngir “diém diéu
hudng” va thuat ngit “waypoint” duoc dung thay thé cho nhau).

Cai tién nhitng diém han ché ké trén 1a nhiing dong goép chinh ciia bai bao nay.
Nhitng phan con lai ciia bai bao s& dugc trinh bay nhu sau: Phan 2 trinh bay phuong
phép xay dung ban d6 khu vuc hoat dong cua UAV tir thong tin méi trudng thuc té, ¢o
tinh t6i cac yéu tb nham giam thiéu nguy co rii ro mit an toan cho UAVs ciing nhu
nguy co bi d6i phuong phat hién canh bao sém trén hanh trinh bay. Phan 3 trinh bay vé
cac rang buoc cua dudng bay cho UAVs hoat dong trén bién. Phan 4 trinh bay vé
phuong phap thiét 1ap va téi wu dudng bay trong d6 dé xuat mot sé ki thuat nham cai
tién chat luong thuat toan; dé xuit ham danh gia duong bay véi cac yéu té lién quan toi
d6 dai quy dao bay, tong dai s6 goc lugn va sb diém diéu hudng trén duong bay; trinh
bay mot phuong phap cho phép dua cac diéu kién rang budc phi tuyén tinh vao qua
trinh thiét 1ap duong bay kha thi; mot sé ky thuat b tro nang cao chat lwong cua cac
toan tir GA nham thiic day qué trinh tién hoa ciing duoc trinh bay trong phan nay. Két
qua thuc nghiém duogc trinh bay & Phan 5, phan tong hop va thao luan cua tac gia duoc
trinh bay ¢ Phan 6.
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2. Ban d6 khdng gian hoat déng ciia UAVs

Nhu di trinh bay & trén, nghién ctu nay tap trung giai quyét van dé& hoach dinh
duong bay tng dung trong hé thdng 1ap ké hoach cho UAVSs tan cdng muc tiéu trén bién,
phan tich yéu cau cho thiy cac UAVs phai duoc Iap trinh bay st mat bién nhiam han ché
kha ning bi phat hién boi ra da canh giGi caa dbi phuong, khi d6 dé dam bao an toan
UAVs phai bay vong tranh céc vat can, viing cAm bay c6 sén trong méi truong hoat dong.
Tir nhitng dic diém trén, dé giam d6 phuc tap, ban dd khu vuc hoat dong cua UAVS s&
dwoc xay dung trong khong gian hai chiéu (Trong bai béo nay, thuat ngir “ban dd tim
kiém” va “ban d6 khéng gian hoat dong” dung thay thé cho nhau, trong mot sé truong
hop goi tat 1a “ban d6”). Nghién cau nay khdng xem xét hoach dinh dwdng bay truc
tuyén, dé han ché rui ro tiém an, tac gia ¢ géng dua cac yéu td khdng chic chin va cac
yéu t6 dong cua moi truong trong sudt thoi gian hoat dong cua UAVS vao qué trinh xay
dung ban db.

Hinh 1a 1a mot vi du vé& ban d6 khu vuc hoat dong cia UAVs, trong d6 cac vat
can dia hinh nhu dao noi, cac dai dat hoac cac cong trinh trén bién duoc biéu dién bang
céc da giac. Khu vuc 6 ra da trinh sat cua ddi phuong hodc ving hoa lyc phong khdng
c6 kha ning gy sat thuong bé tri ¢ dinh hoic trén tau duoc biéu dién bang cac vong
tron d6. Khu vuc hoat dong cua céc luc luong dong minh hoic trung lap duoc biéu dién
bang cé4c hinh tron mau xam hoic ciing c6 thé biéu dién bang cac hinh da giac tuy tinh
hudng thyc té.
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Hinh 1. Vi du vé bdn do khu vic hoat déng ciia UAVS.
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2.1. M6 hinh vt cdn dja hinh

Vit can dia hinh c6 thé 1a cac dao néi, dai dat ven bién hoic cac cong trinh xay
dung trén bién, cac vat can loai nay c¢b dinh trong méi truong hoat dong caa UAV. Do sai
s6 cua cac hé thdng dinh vi, duong bay can phai duoc thiét 1ap cach cac vat can mot
khoang Ad dé dam bao an toan.

Sai s6 trung binh binh phwong vi tri cia UAV sau khoang thoi gian bay t, gidy tinh

tir I0c cét canh duge xac dinh bai biéu thic:

of = [0, ) +(ot) ®

trong d6: o, - sai s6 trung binh binh phuong vi tri cia UAV sau khoang thoi gian t,

gidy; o - sai s6 trung binh binh phuong vi tri xuat phat.

Trong bai bao nay, tic gia xem xét cac yéu t6 ngau nhién tuan theo luat phan b
chuan. Theo quy tic “ba sigma”, Ad =3c 1a khoang cach an toan dé tranh va cham véi
cac vat can, trén ly thuyét, xac suit UAVs va vao dudng bién cua vat can 1a 0,994.
DPé mo rong céc vat can dang da giac, mot thuat toan da duoc phét trién dya trén nguyén
tic cac canh da gidc méi song song Véi canh da gidc can mé rong, thuat toan sé duyét va
loai bo bot cac dinh du thira dong thoi cit bét cac dinh ¢ goc nhon dé dam bao da giac
ma rong khdng chiém qué nhiéu khdng gian. Hinh 1b thé hién vat can 1a da gidc mau xam
va da giac vat can ao dugc mo rong nho thuat toan, da giac vat can ao nay sé€ dugc su
dung dé kiém tra tranh va cham trong qué trinh hoach dinh dudng bay.

Tuong tu, ddi véi nhitng viing nguy hiém cb dinh dang hinh tron, dé dam bao an
toan ciing cAn mé rong mot khoang téi thiéu bang 30,”, diéu nay chi don gian 1a mg rong
ban kinh viing nguy hiém thém mot luong twong duong.

2.2. M6 hinh viing cém bay di déng

Ving nguy hiém c6 tinh chit di dong nhu ving ra da trinh sat hoic ving hoa luc
duoc bd tri trén tau caa dbi phuong. Su dich chuyén caa cac ving nay ciing chinh 13 su
dich chuyén cua tau, van téc dich chuyén nam trong dai [0,v,, | phu thudc vao loai tau.
Do sy khdng chic chan vé huéng va van toc dich chuyén cia tau d6i phuong trong thoi
gian hoat dong cia UAV nén khdng thé biét chac chan vi tri caa nd. Tuy nhién, c6 thé
chic chan rang d6i phuong phai di chuyén trong mot khu vic hinh tron c6 tam tring véi
vi tri tai thoi diém 1an cudi ctng nhan dugc thong tin vé déi phuong va ban kinh r¢ dugc
tinh bang cong thic (2):
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rte = Vmax (Atdelay + Atoper ) (2)

trong do: V,,,. - van téc cuc dai cla tau doi phuong; At - khoang thoi gian tir 1an cudi
nhan duoc thdng tin vé vi tri cua dbi phuong dén thoi diém UAV bat dau nhiém vu;
At,,, - khoang thoi gian mong doi tinh tir thoi diém bét dau cho t6i khi két thic nhiém vy
cua UAV.

Ngoai ra, gia dinh ring vi tri ngau nhién cua dbi phuong tuan theo luit phan b
chuan véi sai s trung binh binh phuong bang &”. Két hop véi sai s6 ngau nhién cua hé
thdng dinh vi trén UAV, sai s6 xac dinh vi tri xuat phét, sai s6 trung binh binh phuong

téng hop ciia UAV so Vi vi tri mong doi cua ddi phuong xéac dinh theo cong thirc (3):

of =0, ) +(o2) +(o2) ©

trong d6: o - sai s trung binh binh phuong tong hop vi tri cia UAV; o - sai b trung

nav,

binh binh phuong vi tri cia UAV sau thoi gian t.

Nhu vay, ban kinh caa ving nguy hiém r”_ khi da tong hop cac yéu t6 ké trén co

thé x4c dinh theo cong thc:
+r°+30? 4)

rp

threat — r

radar

trong do - ban kinh phat hi¢n cua ra da.

H rradar

Luu ¥ rang tam phat hién cta ra da luon 16n hon tam ban cua hoa luc, do d6 trong
nghién ciu ndy bo qua tam ban cua hoa hc.

Déi véi cac dbi tugng ving cam bay 1a khu vuc hoat dong cia luc Iwgng dong minh
hozc trung lap, ¢ thé sir dung cong thirc (3) va (4) dé xac dinh ban kinh khu vuc cam
bay. Tuy nhién, & cong thic (4) c6 thé bo qua tham sb vé ban kinh phat hién cua ra da.
2.3. Hé toa dé sir dung

Nhu da trinh bay ¢ trén, trong nghién ctiru nay tac gia xem xét hoach dinh duong
bay trong khong gian hai chiéu, qua trinh thuc hién s& sir dung hé toa d6 Dé-cac OXY co
goc toa do tai vi tri xuit phat, truc OX theo hudng Bic, truc OY theo hudng Pong.
Puong bay duoc lra chon sau khi di hoach dinh trong hé toa d6 Pé-cac s& dugc chuyén
d6i vé hé toa do dia ly WGS-84 dé tao nhiém vu cho UAV.

3. Piéu kién han ché caa dwong bay

Hai muc tiéu quan trong nhat trong viéc hoach dinh duong bay cho UAV la phai an
toan va c6 thé thyc thi duoc (c6 thé bay duoc). Su an toan cua thiét bi bay dat duoc bang
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cach tranh chuéng ngai vat, duong bay c6 thuc thi duoc khi théa man cac han ché dong
hoc va kha ning co dong cua thiét bi. Trong céng b [22] trudc ddy cua tac gia di trinh
bay chi tiét cac diéu kién han ché trong qué trinh thiét 1ap va téi wu duong bay trén co sé
nhimg dic tinh k§ thuat caa UAVs cd cénh ¢ dinh. Cac diéu kién han ché bao gom:

Han ché vé goc luon o, tai diém diéu hudng tha i phai théa min o, <a,,, , Voi
a,,, 1 goc lugn 16n nhit.

Han ché vé ban kinh lugn, ban kinh lugn R phai théa man diéu kién R>R_. , Véi
R... 1a ban kinh luon t6i thiéu (trong nghién ctru nay khong xem xét sy thay doi gia tri
cia R trong qué trinh 1ap ké hoach bay).

Han ché & diém waypoint thir nhét, goc phuong vi ciia diém waypoint thir nhét so
VGi Vi tri xuat phat bang huéng xuat phat y, va khoang cach d, tir vi tri xuat phat toi

diém waypoint thir nhat phai thoa mén biéu thic:
d, >l +R-tan(|ey|/2) (5)
v6i |, 12 quang bay thang t6i thiéu dé thiét bi bay 6n dinh sau khi cat canh.

Diéu kién han ché ¢ céc diém diéu husng thar i (v6i i=2,...,(n—1); n 1aso diém
diéu hudng trén duong bay), ngoai diéu kién goc lugn «, <« , khoang cach d, tir diém
i—1 dén i phai thoa man diéu kien:

d > R-[tan(|aifl|/2)+tan(|ai|/2)] (6)

Biéu thirc (6) dam bao cho UAV c6 thé két thuc qua trinh luon & diém diéu hudng
thir i —1 trudc khi bat ddu qua trinh lugn & diém diéu huéng thir i .

Piéu kién han ché bd sung & diém diéu hudng thir n—1, do diém diéu huéng thir n
tring voi diém muc tiéu 1a ¢6 dinh, khoang cach d_ tir diém n—1 dén n phai thoa man:

d, >d, +R-tan(|e;_,|/2) (1)
voi d, - khoang cach bat cam bién trinh sat.

Diéu kién (7) giup cho cam bién trinh st trang bi trén UAV phét hién va dan
dudng tan cdng muc tidu.
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Diéu kién vé tong quang duong bay Af phai thoa man Af <Af_, trong d6, Af_ la
quing duong bay 16n nhat ma UAV c6 thé thuc hién duoc; tong quing dudng bay duoc
tinh theo cbng thuec:

Af =Zdi +R-?Z_ll[|ai|—2-tan(|ai|/2)] ®)

V6i n - s6 diém diéu huéng trén duong bay; o, - géc lugn tai diém diéu huong tha i;
d, - khoang cach tir diém lién trudc t6i diém th i (néu i=1 diém lién trudc cua nd 1a
diém xuit phat).

Cong thuc (8) chi ding néu diéu kién rang budc tai cac diém diéu hudng (5)-(7)
& trén duoc thoa man, khi d6 duong bay cua UAV dong thoi théa méan duong bay
Dubins [32] cho may bay c6 canh ¢ dinh.

4. Phwong phap thiét 1ap va téi wu hoéa dwong bay

O phan nay, tac gia trinh bay cac phuong phap dé thiét 1ap va ti wu duong bay cho
UAV c6 cénh cb dinh hoat dong trén moi truong bién. Qué trinh thiét 1ap va téi uvu duong
bay dugc thuc hién trén co sé phuong phép cay ngau nhién (RT - Random Tree) két hop
VGi cac rang budc phi tuyén va giai thuat di truyén cai tién. Phuong phap RT sira d6i cho
phép thiét 1ap cac diém diéu huong kha di ma khong can kiém tra cac didu kién vé goc
luon va khoang cach, diéu kién (7) va (8) dugc dung dé kiém tra tinh kha thi va két thic
qué trinh khai tao duong bay. Cac cai tién trén cac toan tir GA &p dung cho duong bay
kha thi giup thic day qua trinh tim kiém duong bay téi wu mét cach nhanh chdng, hiéu
quéa. Qua trinh thiét lap dudng bay thuc hién nhu sau:

Buoc 1: Khaoi tao tap hgp duong bay kha thi.

Buéc 2: Lya chon cac duong bay tham gia vao qué trinh tim kiém téi uu.

Buée 3: Tao dudng bay méi bang phuong phap lai ghép va dot bién.

Buéc 4: Tong hop, danh gia duong bay méi.

Buéc 5: Kiém tra diéu kien dung tim kiém.

Dé tim kiém duong bay téi wu, can l3p lai tir budc 2 dén budc 5 cho t6i khi dat
duoc diéu kién dirng tim kiém t6i wu.

Dudi day, tac gia trinh bay cac ky thuat va phuong phap str dung trong nghién cau nay.
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4.1. Céu trac dir liéu dwong bay
Lua chon phuong phap biéu dién cau trdc di liéu phi hop rat quan trong trong viéc
xay dung va thyc thi giai thuat di truyén. Trong nghién ciu nay, tac gia dé xuat st dung

so do cau trac nhu sau:

pk:{{wlk,w‘;,...,wk Wk},Al:k};k:l,...,npl 9

n-17 "'n

trong d6: p, - duong bay thar K trong tap hop gom n, dudng bay; AF, - gia tri ham

Muc tiéu, danh gia muc do t6i wu clia dudng bay; w* - diém waypoint thar i cua duong

bay k, voi i=1...,n.
M&i diém w* bao gom mét tap hop cac gia trj sau:

W = {Xik SN azik} (10)
trong do: x*,y* - toa do cua diém WK trong hé toa do Pé-cac OXY:; af - goc lugn tai
diém w’, trong truong hop i=n, gid tri o mic dinh bang 0; d* - khoing céch tur
waypoint lién truéc toi waypoint w¥; azf - goc phuong vi tao béi waypoint lién trudc
voi diem w.

Trong trudong hop i =1, df 1a khoang cach tir diém xuat phat téi diém w), az’ la
gbc phuong vi tao béi diém xuat phat va diem w .
4.2. Phwong phdp kiém tra giao cdt vt can

Tinh an toan cua dudng bay duoc bao dam dya trén nguyén tic cac doan thang ndi
cac diém diéu hudng lién ké w*, va w* khong cat cc vat can, ving cim bay (sau ddy goi
chung 1a vat can). Tac gia da thuc hién thanh cong thuat toan kiém tra su giao cat cua
duong bay vai cac vat can, nhu ¢ thé thay trong cac hinh tir 2 dén 6. Nhung vi khuon
kh6 ciia bai bao c6 han va day 1a bai toan twong ddi doc 1ap nén tac gia s& trinh bay chi
tiét & bai bao khac.
4.3. Phuwong phap danh gia dwong bay

Thiét ké ham muc tiéu c6 vai trd quyét dinh téi chat lugng ky vong cia dudng bay.
Tiéu chuan dé lya chon dudng bay tbi wu dya trén gia tri ham muc tiéu AF , muc nay s&
trinh bay phuong phap xay dung ham muc tiéu dé danh gia duong bay.

Céc tiéu chi duoc lya chon dé xay dung ham muc tiéu bao gom: tong do dai quéng
duong bay, tong dai s6 goc lugn (tong mic co dong) va tong s diém didu hudng.
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Téng d6 dai quiang duong bay 1a tidu chi quan trong nhat khi thyc hién danh gia mac do
t6i uu cua duong bay kha thi, day 1a tiéu chi chung ctia moi bai toan Iap ké hoach tuyén
duong. Téng mirc co dong trén duong bay Ia tiéu chi quan trong tha hai, tham sé nay anh
huéng t6i higu qua didu khién cua UAV, nhin chung khi thuc hién mét hanh trinh dai,
moi loai may bay déu khong mong mudn mic co dong qua Ion vi né lam ting sai sd
khién may bay kho c6 thé bam theo quy dao duoc lap trinh trudc. Tiéu chi tha ba dua trén
téng s6 diém diéu hudng trén duong bay, mot dudng bay c6 cang it didu hudng trung gian
cang tét do UAV c6 cénh ¢ dinh thuong bi han ché vé kha ning co dong, viéc doi hudng
lién tuc la khéng mong muén vi co thé gy sai léch 16n khi bam theo duong bay. Trén co
SO C4C tiéu chi néu trén, trong nghién ctru nay d& xuat ham muyc tiéu nhu sau:

AF =1-Q, (MJ_QZ Mo * O = D || _Qw(nmaxn—n+2J 1)

Afm - Dt Nax " Pmax max

trong d6: Q, - hé s6 quy dinh mirc d quan trong cua tong quang duong bay; Q, - hé sb
quy dinh mic d6 quan trong cta tong mirc co dong; Q,, - hé sé quy dinh mic d6 quan
trong cua so diém diéu husng; D, - khoang cach tir diém xudt phéat téi muc tiéu;
Af_ - quing duong 16n nhét thiét bi bay c6 thé thuc hién; n_ - s6 diém diéu husng toi
da; a,,, - goc luon Ion nhat.

Giatricaché sé Q,, Q,, Q, duogc lya chon sao cho thoa man diéu kien:

Q +Q, +Q, =1
Q; 2Q,2Q,>0

Ham muc tiéu (11) duoc xay dung dya trén nguyén tic: Thir nhat, tong quang
duong bay phai nho hon hoic bang quang duong bay I6n nhét c6 thé caa UAV; thir hai,
t6ng muc co dong khong 16n hon tong mic co dong 16n nhat; thir ba, duong bay kha thi
lubn phai c6 tdi thiéu hai diém diéu hudng d6 1a diém tha nhat va diém dich. C6 thé thay,

(12)

AF nhan gié tri trong khoang [0,1], gia tri ham muyc tiéu cang nho, duong bay cang tot.
Puong bay t6t nhat khi AF =0, khi d6 tong quang duong bay Af =D,, tong mirc co
dong bang 0, s6 diém diéu hudng trén duong bay n= 2.

4.4, Phuwong phdp khai tao dwong bay

Khai tao duong bay 1a bude dau tién trong qué trinh hoach dinh dudng bay, chat
lwong dudng bay duoc khoi tao anh huong 16n t6i thoi gian xar 1y dé tim kiém duong bay

77



Journal of Science and Technique - Vol. 20, No. 01 (Feb. 2025)

t6i wu. Trong nghién ciru ndy, & budc khoi tao s& st dung phuong phap cay ngiu nhién
két hop voi cac diéu kién phi tuyén dé thiét 1ap nhitng duong bay kha thi. Theo d6, diém
diéu hudng hién tai 1a diém géc, cac diém ngon cua nhanh cay la cac tng cir vién cho
diém diéu hudng tiép theo. Cac nhanh cly ngau nhién s& duoc thiét ké sao cho goc lugn
tai diém goc ndm trong KNOANG [~ ey, Aey | » 40 dai nhanh cay dam bao ludn théa man
diéu kién & biéu thirc (6). Diéu kién tranh giao cit vat can s& duoc kiém tra dé loai bo
nhitng nhanh khéng thoa man. Piém diéu hudng tiép theo s& dugc chon ngau nhién trong
s6 cac (ng vién thoa man. Céc diéu kién ¢ biéu thuc (7) va (8) s& ludn duoc kiém tra dé
két thuc chu trinh khoi tao mot dudng bay kha di. Cac budc chinh caa thuat toan khai tao
duong bay duogc trinh bay trong thuat toan 1 dudi day:

Thuat toan 1: Khdi tao duong bay kha thi

1:  Tao diém diéu hudng thir nhat théa man diéu kién theo biéu thirc (5)

2: 1=

3:  While diém tht i chwa thoa man diéu kién diém diéu hudng trung gian cudi do
4

Tao tap hop m diém w! véi j=1,..,m; m= floor(2-c,, /B)+1

5; o) =%—amax +B(j-1) véi B - 6 phan giai goc

6: az) =az,_, —o

7: o =az) —az_,

8: d’ =R-[rand(0,1) +tan |ez 4| /2) + tan (et /2) |

0: X! =x,_,+d}-cos(az’)

10: y! =y, +d]-sin(az’)

11: Kiém tra giao cit vat can clia timg doan w,_,w/

12: Loai bo cac diém w) néu vi pham diéu kién giao cit vat can

13: Chon ngau nhién diém diéu hudng thir i trong sb m’ diém w/ thoa man diéu

kién khong ct vat can: w, =w/ véi j = randi (Lm’)

14: Kiém tra diéu kién diém diéu huéng trung gian cubi ciing ddi véi W,

15: If W, thoa mén diéu kién diém diéu hudng th n—1 and doan thang tir W,
t6i muc tiéu khong cit vat can then
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16: If Af <Af_ then

17: Thiét lap diém muc tiéu 1a diém diéu hudng cudi trén tuyén duong bay
18: Tinh gia tri AF cua duong bay kha thi

19: end if

20: else i=1+1

21: end if

22: end while

4.5. Lwa chon cdc dwong bay tham gia vao qua trinh tim kiém téi wu

Viéc lya chon cac dudng bay dé tham gia vao qua trinh tim kiém t6i wu anh huong
truc tiép ti chat lugng ciia nhimg duong bay méi dugc hinh thanh qua qua trinh giao
phdi (crossover) va dot bién, qua d6 anh huong téi toc do tim kiém duong bay téi vu.
Trong nghién ctu ndy st dung phuong phap quay banh xe s6 [33] dua trén gia tri ham
muc tiéu AF cua cac dudng bay da khoi tao ¢ budc 1, tién hanh chon mot danh sach
gom n_ cip duong bay chuan bi cho qua trinh crossover va n_ duong bay chuan bi cho
qua trinh dot bién. Theo d6, nhitng dudng bay c6 gia tri AF nho s& c6 xac suat duoc
chon cao hon, diéu nay thuc day tim kiém téi wu dua trén nhimg duong bay c6 chat
luong tt, nhung ciing khong bo qua nhitng dudng bay cé chat lugng thap dam bao tinh
da dang va kha nang gay dot bién dong thoi cho phép kiém soat tt toe do hoi tu cua qua
trinh tién hoa.

4.6. Tao dwong bay méi bang phwong phdp giao phéi

Qué trinh tao duong bay méi bang phuong phap crossover dugc thyc hién tuan ty
d6i véi ting cap duong bay bé me da duoc lya chon tir trude. Toan tir crossover hoat
dong nhu sau: Budc 1, chon ngau nhién hai diém diéu huéng trung gian trén duong bay
bé me dé tach bé me thanh bon doan; Budc 2, tao dudng bay con thir nhat bang cach lay
doan thtr nhat tir dudng bay b6 ghép véi doan thir hai cia duong bay me, duong bay con
thir hai duoc tao tir doan thir nhét cia dudng bay me ghép véi doan thir hai ciia duong bay
bd; Budc 3, lan luot kiém tra diéu kién cat vat can tai doan ghép ndi, diéu kién goc luon
va diéu kién vé khoang céch tai cac diém ghép ndi, néu khong c6 diéu kién nao bi vi
pham thi tién hanh kiém tra diéu kién quang duong bay, néu khdng co bat ki didu kién
nao bi vi pham thi dudng bay con méi duoc chap nhan va tién hanh tinh toan gia tri ham
muc tiéu AF cta dudng bay d6; Budc 4, kiém tra diéu kién dirng, néu cé it nhat mot
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duong bay con méi duoc chap nhan hoic bién dém sb 1an giao phéi dat dén gia tri gioi
han thi ding toan tir crossover véi cap bd me hién tai, néu khéng thoa man diéu kién dirng
thi tang bién dém va quay lai budc 1.

Y tuong sira ddi thuat toan giao phdi ¢ day chi chip nhan duong bay kha di d¢é dam
bao quan thé méi khong c6 dudng bay di dang, hon nira do cac dudng bay bé me di 1a
duong bay kha di nén qué trinh kiém tra tinh kha di cua duong bay con khong can phai
kiém tra toan bo ma chi can kiém tra ¢ nhimg doan ghép néi, diéu nay gidp giam khoi
lwong tinh todn so vai toadn tir crossover truyén thdng. Voi mdi cap bd me, toan tir
crossover s& ¢ gang tim kiém it nhat mot duong bay con kha di dé tan dung co hoi da
dang hoa duong bay kha di sau mot chu ky tién hoa.

Thuét todn 2 thé hién cac budc chinh caa thuat todn crossover.

Thuat toan 2: Crossover

1: stop = false; counter =0

2: LAy hai duong bay p,, vVa p, trong danh sach dd chon dé thuc hién lai ghép
3: while stop #true or counter <const do
4: Chon nghu nhién céc gié tri: ¢, =randi(2,n, 1) va ¢, =randi(2,n, —1)
5: Tao duong bay méi tir cip dudng bay bd me:
6: pl’={{Wlkl,---,wﬁj,wck;,---,w,ﬁj},{AF=inf}}
7 Cap nhat cac tham s6 o, dé‘f , azé1 tai Wfij va afj , dck; , azé2 tai Wf;
8 p;={{Wlkz,---,WE;,WQ,---,W,?},{AF=inf}}
0: Cap nhat cac tham s6 af;,dck;,azck: tai Wl‘; va a('fll,dg,azl‘ll tai W‘c‘f
10: Kiém tra diéu kién thoéa man duong bay kha thi voi duong bay p; va p,
11: if ton tai duong bay méi sinh kha thi then
12: Tinh gia tr1 AF cua duong bay kha thi
13: stop =true
14: else counter =counter +1
15: end if
16: end while
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4.7. Tao dwong bay méi bang phwong phdp dét bién mat gen

Déi vé6i bai toan tim kiém duong bay tbi wu, dot bién mat gen s& gilp loai bo bét
cac waypoint du thira va néu thanh cong chac chin no s& tao ra mot duong bay méi cé
quy dao bay ngin hon. Cac budc chinh cia qua trinh dot bién mat gen ddi véi duong bay
p, dé tao duong bay méi p, thuc hién theo thuat toan 3.

Thuit toan 3: Dot bién mat gen

1: stop = false; counter =0

while stop = false or counter <const do
Chon ngau nhién diém tha m = randi(2,n, —1)

Tao duong bay méi p, tir duong bay p,

DL={{W{‘,---,WK w"+1,---,w,'jk},AF=inf}

m-17 "'m

~

Kiém tra cac diéu kién kha thi véi duong bay p;,

8: if duong bay p; kha thi then

9. Tinh gid tri AF cua duong bay p,
10: stop =true
11: else counter = counter +1
12: end if
13: end while

Dot bién méat gen duoc thuc hién nhu sau: Chon ngau nhién trén duong bay p,
diém diéu huéng thir m (khéc cac diém thir nhat va diém cudi), tao duong bay p, tir cac
diém diéu huong thuoe duong bay p, ngoai trir diém wY , kiém tra lai cac diéu ki¢n
duong bay kha thi d6i véi py, qua trinh kiém tra chi thuc hién voi diem wé_ va wk
néu thoa mén cac diéu kién dimg qua trinh dot bién ¢ duong bay p, . Néu duong bay moi
p, khong kha thi, tiép tuc thir chon va x6a mot diém ngau nhién trén dudng bay gbc, sau
mét s6 hiru han 1an tha, néu tao dugce duong bay méi tir duong bay gc, qua trinh dot bién
ddi voi p, s& ding lai ma khong co duong bay kha thi mai nao dugc tao thanh.

4.8. Tao dwong bay méi bang phwong phdp dét bién dic tinh gen

Khéc véi crossover va dot bién mat gen, toan tir ndy tao bién déi dic tinh gen lam

thay doi toa d mot waypoint trén dudng bay géc bang mét vi tri 1an can tir 6 1am thay
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d6i dac tinh cua duong bay, s6 luong diém diéu hudng trén duong bay méi khong thay
d6i so v6i duong bay ci.

O day, tac gia dé& xuat phuong phap dot bién gen thich tng dwa trén dix liéu qua khi

ctia duong bay gdc, theo d6 phuong vi va khoang cach diém 1an can s& thich tng véi dau
va d6 16n goc luon tai waypoint duoc chon dé tao dot bién. Ky thuat nay sé dam bao xu
huéng 1am giam tong goc luon va giam tong quing duong bay cua dudng bay méi so
vé6i duong bay gbc. Loi thé cua phuong phap dé xuat 1a kha ning thanh cong cao, cé tac
dung timg buéc 1am min dudng bay. Cac budc co ban cua qua trinh dot bién dic tinh gen
trén duong bay p, theo thuat toan 4.

Thuit toin 4: Dot bién dic tinh gen

1:

2
3:
4

10:

11:
12:
13:
14:
15:
16:
17:
18:

stop = false; counter =0
while stop # false or counter <const do

Chon ngu nhién trén dudng bay p, diém w) véi m=randi(2,n, —1)

Chon gi4 tri ngau nhién goc az* sao cho ‘ar‘;‘ <az"<r&

| 1—cos(‘am/2)
oo

Tinh toan toa d6 mé&i ciia diém w¥ trén duong bay p,

r=R

k k * H H k *
Xoy =X + T ’Sln(SIgn(am)-aZ )
k k * - k *
yE =y gr -cos(SIgn(am)-az )
Cap nhat gié tri o , cua W¥
Céap nhat céc gia tri a:],d:],azﬁ] cua Wr‘;
Tinh todn céc gid tri o, dX  ,azk  cua Wt ,
Kiém tra cac diéu kién kha thi voi duong bay méi
if duong bay mai kha thi then
Cap nhat gia tri AF cua duong bay p,
stop =true
else counter = counter +1
end if
end while
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4.9. Téng hop, danh gid tap hop dwong bay mdi

O budc ndy, thuc hién téng hop cac duong bay cii va méi duoc hinh thanh do qué
trinh lai ghép, dot bién, dua vao gia tri AF cia mdi duong bay, loai bo bét nhimg duong
bay chét luong thap, duy tri s6 lugng duong bay trong tap hop & muc ¢é dinh dé dam bao
hiéu ning va toc d6 hoi tu cua thuat toan.
4.10. Kiém tra diéu kién dieng tim kiém

Qua trinh tim kiém dudng bay téi vu dung lai khi dat mét s6 hitu han chu trinh tim
kiém tir bude 2 dén budc 5 hoic gia tri caa ham muc tiéu déi véi duong bay tét nhat
khong thay doi sau mot sé hiru han vong lap tim kiém tuy diéu kién nao dén truéc. Sau
khi dung tim kiém, duong bay c6 gia tri AF nho nhat s& dugc chon 1a duong bay tdi uu.
5. Két qua md phéng

Chuong trinh phan mém hoach dinh duong bay duoc thuc hién trén méi truong
MATLAB. Dé dua ra danh gia thoi gian thyc thi ciia chuong trinh, trong bai bao nay st
dung may tinh c& nhan vai bo xu ly trung thm CPU c6 téc d6 3,7 GHz, bé nhé RAM ¢
dung lugng 8Gb. Puong bay duoc thiét 1ap trong méi truong gia lap, cac hinh da giac thé
hién 1a cc vat can cd dinh, dudng tron mau do 1a cac viing tac chién c6 hoa luc manh cua
d6i phuong. Céac tham s6 diéu Kién dau vao cta bai toan duoc cho trong Bang 1.

Bang 1. Tham sé diéu kién dé thiét lap dwong bay

STT Tham sb Gia tri
1 | Vidd diém xuat phat (d6) 19,1393
2 | Kinh d6 diém xut phat (d¢) 106,1533
3 | Hudng xut phat (d6) -25
4 | Vidd muc tiéu (do) 20,2503
5 | Kinh d6 muc tiéu (d6) 106,4620
6 Quiéng dudng bay thing ti thiéu dé 6n dinh (mét) 4000
7 Cu ly bat cam bién trinh sat (mét) 20000
8 | Ban kinh luon (mét) 10000
9 | D, (mét) 120236

Sau thoi gian 2,25 gidy tinh toan, phan mém hoan thanh khai tao 20 tuyén duong
bay kha thi. Hinh 2 thé hién qua trinh khai tao tuyén duong bay va tap hop duong bay kha
thi duoc khaoi tao.

Qua trinh tim kiém duong bay t6i wu duoc thyc thi trén co sé cac thuat toan 2, thuat
toan 3 va thuat toan 4. Cac tham sé cau hinh thuat toan GA cho trong Bang 2.
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Bang 2. Tham sé cdu hinh thudt todn GA

STT Tham s6 Gia tri
1 Q¢ 0,6
2 | Q 0,1
3 | Qu 0,3
4 | Sb luong dudng bay 6n dinh sau mdi chu ky 40
5 | Ti 1€ dudng bay tham gia crossover 1
6 | Tilé duong bay tham gia dot bién mat gen 0,5
7 | Ti1é duong bay tham gia dot bién dic tinh gen 0,7
8 | Af, (mét) 300000
9 | am (radian) 7|2
10 | Npax 20

Hinh 3, 4 thé hién duong bay kha thi tao thanh nho dot bién mat gen, dot bién dic

a)
Hinh 2. Qua trinh khai tao dwong bay (a) va tap hop dirong bay kha thi (b).

+
target

start point | /

tinh gen va qua trinh crossover.

Qué trinh tim kiém ti vu dirng sau 30 chu ky tién héa, thoi gian thuc thi trong 1,22
gidy vé6i didu kién mai truong trén ban dd, cac tham sé dau vao nhu trong Bang 1 va cac
tham sé cau hinh thuat toan GA cho trong Bang 2. Hinh 5 thé hién do thi thong ké gia tri
ham muc tiéu AF qua tung chu ky, trong d6 max AF, min AF va mean AF tuong ung la

gia tri 16n nhat, nho nhat va gié tri trung binh sau mdi chu ky tién hoa.
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Hiéu qua cua céc toan tir GA cai tién thé hién qua do thi théng ké gia tri ham muc
tiéu (Hinh 5), thdng ké cho thay gi4 tri trung binh ciia ham muc tiéu giam nhanh trong 10
chu ky dau, dat gié tri gan t6i uu sau 5 chu ky tiép theo va gan hoi tu sau 25 chu ky (luu ¥
rang GA 1a phuong phéap chi cho ra két qua gan téi uu).

start point / /
{

a) b)
Hinh 3. Purong bay méi tao thanh nho: dét bién mdt gen (a) va dét bién déc tinh gen (b).

start point

Hinh 4. Puwong bay mai hinh thanh nho toan ti crossover.
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09 r

max AF
08 - mfaan AF
min AF

0.7

0.6

0.5

04 r

03

0.2

0.1 ' ' 3 ' !
0 & 10 15 20 25 30
Hinh 5. Gia tri ham muyc tiéu qua tng chu ky tién hoa.

Hinh 6 thé hién duong bay tét nhat sau qué trinh tinh toan quy hoach tuyén duong
bay trong hé toa d6 dia ly WGS-84.

Bang 3 va 4 trinh bay cac tham s danh gia duong bay tot nhét va két qua tinh toan

tham sé tai cac diém diéu hudng trén duong bay do.

» larget
202 -

20~ \)
198 ' ({_
19.6 //// | (\
| < /]

V ./ ““\/

|

\/ f
194 g‘\\

\ o~ T
19.2 ( //
: v
start point \/
| | | - 1 1
105.4 1056 105.8 106 106.2 106.4 1066 106.8

Hinh 6. Puong bay dirot chon sau qué trinh tim kiém toi wu.
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Bang 3. Thong ké cac tham s¢ ddanh gid dwrong bay tot nhat

STT Tham sb Gia tri
1 Tong quang dudng bay (mét) 142275,0
2 | Téng muc co dong (d9) 129,9
3 | Sb diém diéu hudng 6
4 AF 0,127
5 Thoi gian thiét 1ap dudng bay (gidy) 3,47

Bang 4 thng ké tham s cac diém diéu hudng trén duong bay tét nhit bao gdom toa

do (X, y) , kinh d9, vi d9, cac goc lugn «;, goc phuong vi az; tai diém diéu hudng tuong

ting va khoang cach d, tir diém lién trudc téi no.

Bang 4. Tham sé cdc diém diéu hwéng trén dwong bay toi weu

Piém

Géc

o A . A Phwong vi | Khoiang cach
quétiimhét 0 0 19,1393 | 106,1533 NA NA NA
A 4261,4 -1987,1 19,1778 | 106,1344 -10,6 -25,0 4701,9
p 25649,3 | -17318,2 | 19,3709 | 105,9885 32,0 -35,6 26315,0
W, 33179,2 | -17794,5 | 19,4390 | 105,9838 42,9 -3,6 75449
W, 53099,6 -1488,3 19,6190 | 106,1391 -26,4 39,3 25743,2
W; 74867,3 3497,9 19,8156 | 106,1867 17,9 12,9 223315
Wy 123012,8 | 32261,6 20,2503 | 106,4620 NA 30,8 56083,3

6. Két luan

Trén co s& nghién cau nhitng yéu cau cua bai toan hoach dinh duong bay cho
UAVs c6 canh cb dinh hoat dong trén méi truong bién, bai bio da dé xuat phuong phap
hoach dinh dudng bay tdi uu trong diéu kién méi trudng hoat dong phic tap. Trong do st
dung cdy ngau nhién thdng minh két hop véi cac didu kién phi tuyén & budc khoi tao
duong bay kha thi va ¢ buéc tim kiém duong bay tbi wu, bai bao dé xuat cac cai tién ¢
toan tir crossover, dot bién co dinh hudng gitp day nhanh téc do tim kiém.

Ngoai ra, trong bai bao ciing dé xuat mot phuong phap xay dung ban d6 khdng gian
hoat dong phuc vu cho quéa trinh hoach dinh duong bay cua UAV, céc yéu té dong trong
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khoang thoi gian téc chién ciing dugc xem xét dwa vao qué trinh xay dung ban d6 nham
han ché nhiing rai ro ¢6 thé du doan truéc. Phuong phap nay cho phép cap nhat nhing
thay d6i ciia méi trudng ngay tai thoi diém hoach dinh duong bay.

Két qua md phong véi moéi trudng gia 1ap va cac tham sb dau vao nhu trong Phan 5
cho thdy thoi gian xt Iy caa phuong phap dé xuit 1a 3,47 gidy cho toan bo qua trinh bao
gom chuyén d6i ban d6 khdng gian hoat dong, khai tao tap hop cac duong bay kha thi va
tim kiém duong bay téi uu.

Mot s6 diém han ché cua phuong phap hoach dinh dudng bay trong nghién ctiu nay
c6 thé ké dén: That nhdt, 6 phirc tap tinh toan s& tang ti 1& véi do phic tap cia méi truong
hoat dong, trong mot nghién ciu khac cua tac gia cho thiy xap xi 90% khéi luong tinh
toan danh cho viéc kiém tra giao cat vat can, diéu nay khién cho qué trinh khai tao duong
bay tro nén tn kém, tuy nhién né co thé dugc cai tién bang mot sé ky thuat nhu tinh toan
song song. Thi# hai, chién luoc sir dung cé4c todn tir GA con c6 thé hiéu qua hon, vi du
nhu thiét ké mot bo didu phdi thich tmg dé diéu chinh ti 1& duong bay tham gia crossover
va dot bién ¢ timg giai doan, rd rang ¢ nhiing chu ky sau toan tur crossover khdng hiéu
qua va ton kém. Thiz ba, phuong phéap thuc hién trong khdng gian hai chiéu kho @ng dung
dé 1ap ké hoach cho thiét bi bay hoat dong trén dat lién véi do cao dia hinh thay doi phirc
tap, tuy nhién viéc nghién ciu bd sung cac diéu kién han ché dé thuat toan hoat dong
trong khdng gian ba chiéu 1a kha thi. Thi# s, mac du loi ich caa viéc sir dung hé toa do
OXY rét 16n nho cac thuat todn xuar 1y don gian, o phuc tap tinh toan thap, tuy nhién
phuong phéap chuyén doi giita hé toa do dia Iy WGS-84 va hé toa d6 OXY chi phd hop
cho khu vuc hoat dong c6 ban kinh khéng qua 600 km.
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FLIGHT PATH PLANNING FOR FIXED-WING
UNMANNED AERIAL VEHICLES, USING RANDOM TREE
AND IMPROVED GENETIC ALGORITHM METHODS

Abstract: This article presents the results of the research on flight path planning method
for fixed-wing UAVs operating at sea in complex environments. A method of mapping the
operational space of UAVs and the constraints on a feasible flight path are studied. On the
basis of the constraints, the article presents a flight path planning method using intelligent
random trees and improved genetic algorithm. In particular, the random tree method combined
with nonlinear constraints is applied to initiate feasible flight paths, and improved genetic
algorithm operators are applied to find the optimal flight path. The simulation results show the

effectiveness and feasibility of the proposed method, which is the basis for application to
planning systems, creating tasks for UAVs to operate in complex environments.

Keywords: Flight path planning; fixed-wing UAVs; random tree; improved genetic algorithm.
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