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Tém tit: Bai todn t6i wu héa quy dao an toan cho UAV trong méi trwong phirc tap,
noi ton tai cac chuong ngai va cdc rang bugc an toan. Muc tiéu then chot la xdc dinh quy
dao toi wu, toi thiéu héa thoi gian bay, nang lwong tiéu thu hodc d¢ dai dwong di, dong
thoi dam bao UAV di chuyén mét cach an toan tir diém xudt phat dén diém dich, trénh moi
va cham va tudn thi nghiém ngdt cdc gidi han vé van toc, gia toc, do cao. Ung dung ba
phirong phdp t6i wu héa dwa trén quan thé: Thudt todn téi wu bay dan (PSO), thudt todn di
truyen (GA), va mét thudt todn lai PSO va GA (PSO-GA-UAV). Diém méi ciia nghién curu
la viéc dé xudt va phat trién thudt toan lai PSO - GA - UAV, ky vong tdn dung khd ndng
kham pha khong gian rong lon cua GA va t6c do héi tu nhanh chong cua PSO dé dat dwoc
hiéu sudt toi vu héa vieot tréi. Cudi cung, hiéu sudt ciia ca ba thudt toan sé dwoc danh gia
va so sanh dva trén quy dao, kha nang dap wrng rang bugc, téc do hoi tu va tinh on dinh,
hira hen mang lai mét phwong phép hiéu qua cho viéc lap quy dao an toan va téi wu cho
UAV trong nhiéu ig dung thye té.

Tir khéa: UAV, t6i wu héa, thudt todn bay dan POS, thudt todn di truyén GA, thudt todn lai két
hop POS va GA

I. Dit van dé giao thong van tai. Cac UAV khong chi
Trong nhimg nim gin day, sy la cong cu thu thap dir liéu ma con co
o ) L R kha nang thyc hién cac nhiém vy tu ty
phat trién nhanh chéng cua cong nghé . A ] , )
. dong hoa dén tinh toan phtrc tap. Do do,
Internet of Things (IoT) va Unmanned

. t6i vu hoa quy dao cho UAV trong mdi
Aerial Vehicle (UAV) da tao ra nhiéu

truong thuc té, noi ton tai cac chudng
co hdi ing dung mdi trong céc linh vue ngai vat va rang budc an toan da dang,

nhu ndng nghiép thong minh, ctru hg, va la mot thach thirc. Muc ti€u la tim ra

' Truong Pai hoc Mé Ha Noi



quy dao ti vu, giam thiéu thoi gian bay,
nang lugng hodc d¢ dai duong di, d@)ng
thoi dam bao UAV di chuyén an toan,
tranh va cham va tuan thi nghiém ngat
cac gidi han vé van tdc, gia tdc, do cao.
Nghién ctru nay tap trung vao viéc Gng
dung ba thuat toan tdi uu dua trén thuat
toan toi wu hoa bay dan (PSO), thuat
toan di truyén (GA) va thuat toan lai
PSO-GA-UAV. Tir d6 so sénh hi¢u suat
cua cac thuat toan nay trong viéc tim
kiém quy dao an toan va téi wu, dong
thoi danh gia kha nang dap ting cac rang
budc va téc do hoi tu cua ching, nham
cung cip mot phuong phap hiéu qua cho
viéc 1ap quy dao UAV trong thuc té.
II. Co s& Iy thuyét

T6i wu héa quy dao an toan cho
UAV trong mdi trudong phuc tap 1a mot
bai toan da muc ti€u thach thuc. Cac
thuat toan t6i uvu hoa quan thé, dic biét
1a thudt toan bay dan (PSO), thuat toan di
truyén (GA) va thuat toan lai PSO-GA,
dugc ung dung dé tim kiém giai phap t6i
vu trong khong gian tim kiém da chiéu.
PSO nbi bat véi wu diém dé trién khai,
hoi tu nhanh va it yéu cau thong sé dau
vao, mo phong tim kiém trong khong
gian nhiéu chiéu (Marini & Walczak,
2015). GA duya trén nguyén Iy tién hoa tu
nhién cua Charles Darwin, mo6 phong qua

167

trinh chon loc tu nhién thong qua cac co
ché chon loc, lai ghép va dot bién dé tim
kiém giai phap kha thi (Lambora, Gupta
& Chopra, 2019; Mirjalili & Mirjalili,
2019; Alhijawi & Awajan, 2024). Thuat
toan lai PSO-GA dugc dé xuit nhiam cai
thién hiéu suit tim kiém quy dao tdi wu
bang cach két hop kha nang kham pha
khong gian rong 16n cua GA véi toc do
héi tu nhanh ctia PSO.

II1. Phwong phap nghién ciru

3.1. Xdy dung bai todn

Xay dung mot kich ban hoat dong
hiéu qua cho hai UAV nham thyc hién
nhiém vu trong mdt modi truong phic
tap. Cac UAV nay duoc thiét ké dé dong
thoi di chuyén qua khong gian, chi dong
tranh cac chudng ngai vat tinh va dong,
tranh va cham gitta cdc UAV vo6i nhau.
UAV sé& xuét phat tur vi tri xac dinh dén
mot vi tri dich cho trude. UAV bat dau
hanh trinh v&i van toc bang khong, sau
do van tdc cia UAV sé& duoc diéu chinh
mot cach linh hoat theo thoi gian dua
trén cac thudt toan diéu khién duogc ap
dung. Muc ti€u chinh 1a tim ra mot biéu
d6 van tdc toi vu theo thoi gian, sao cho
UAV c6 thé dén diém dich mot cach higu
qua, tbi thiéu hoa thoi gian bay, tiéu thy
nang lugng, hodc dap ung céc ti€u chi
hiéu suét khac.

Béng 1. Thong s6 hé thong

Tham sb Gia tri
S6 lugng UAV 2
Kich thudc ban do 100x100 don vi
S6 luong chudng ngai vat 10

Chudng ngai vat co dinh

1 (Toa do (50, 50))

Chué6ng ngai vat ngau nhién

9 (Ban kinh ngau nhién)

Diém xuat phat UAV 1 (START)

(5,0)
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Tham sb Gia tri
Diém xuét phat UAV 2 (START2) (0, 5)
Diém dich dén UAV 1 (GOAL) (99, 94)
Diém dich dén UAV 2 (GOAL2) (94, 99)
S6 luong diém trung gian/UAV 5
Tong s6 diém quy dao/UAV 7

Bai toan dat ra 1a tim kiém dong
thoi hai quy dao t6i wu cho hai UAVs, ky
hi¢u UAV, va UAV,, hoat dong trong mot
khong gian lam viéc hai chiéu W < R2.

Khong gian nay sé& chaa tap hop cac
chuéng ngai vat tinh O = {0,, O,, ...,
O }. UAV, cén di chuyén tir diém xuat phat
S, € me dén diém dich G, e MG
UAV, can di chuyén tir diém xuét phat
S, € W, déndiém dich G, € W, , noi

f ree’
W, .= W\ lakhong gian tu do.

Muc tiéu toi wu hoa

va

ree’®

Tim hai quy dao P () = (x,(1), y,(?))
vaP,(7) = (x,(1), y,()) chot e [0, T], voi
T'1a thoi gian két thac chung (hodc c6 thé
khac nhau va can duoc t6i uu hoa), sao
cho cuyc tiéu hoa ham chi phi tong J:

J=wt(T1+ T2) + wol(Jobstacle,1 +
Jobstacle,2) + weJcollision

(1)
trong do: T, va T, 1a thoi gian bay
cua UAV, va UAV, tuong ung. J, ... 1a
chi phi lién quan dén d6 gan cua UA 4 dén
cac chuong ngai vat, vi du:
T;
Jobstacte,i = . f obstacle(d(Pi(t),O))dt# (2)

voi d(P (1), O) la khoang cach tur vi
tri cua UAV, tai thoi diém ¢ dén chuéng
ngai vat gﬁn nhét, va L e 1@ MOt ham
phat ting khi khoang cach giam xubng
dudi mdt ngudng an toan.

J 1a chi phi lién quan dén kha

collision

nang va cham gitta hai UAV:

T
Jeoutision = J;) fcollision(d(P1(t):(Pz(t))))dt# 3)

V61 d(P (1), P,(t) la khoang cach
gilta hai UAV tai thoi diém ¢, vaf
la mot ham phat ting manh khi khoang
cach gitta chiing nho hon mot ngudng

an toan va cham 6 w, w, w_la

collision”
cac trong sd duong diéu chinh tam quan
trong twong ddi cua thoi gian bay, tranh
chudng ngai vat va tranh va cham gitra
cac UAV.
~ Cac rang bujc vé diéem dau va
diém cuoi:
P©)=S§,P(T)=G, 4)
P,0)=S,P/(T) =G, (5)
Rang budc vé khéng gian tw do:
P@ew, Vtel0,T] (6)

P W, Vte[0,T] (7)
Rang buoc vé dong hoc (tuy chon):
Gi6i han vé van tde: ||P i(9)]] < Vs
Gi6i han vé gia toc: ||P i(#)|| < Ao

Rang bugc tranh va cham gitta UAV:

d(PI(t), P2(1)) > ocollision, (®)
Vte [0, T]

Quy dao ciia mdi UAV duogc biéu
dién bang mot chudi cac diém trung gian
(checkpoints) Qi = qi,0, qi,1, ..., qi,ki, v&i
qi,0 = Si va qi,ki = Gi. Puong di gitra cac
diém trung gian c6 thé 1a cac doan thing
hodc cac duong cong dugc tham sd hoa.
Van tdc tai mdi doan dudng ciing c6 thé 1a
mot bién can tbi vu hoa.



Céc thong s6 co ban dugc md ta
trong Bang 1.

3.2. Thudt todn bay dan (PSO)

Thuat toan bao gém mot quén thé
(swarm) ma mdi c4 thé (particle) dai dién
cho mdt gidi phap trong khong gian tim
kiém. Cac ca thé di chuyén trong khong
gian tim kiém va cap nhat vi tri cia ching
dya trén dinh hudng 1a vi tri tdt nhat ma
mdi ca thé di tim thay (Pbest) va vi tri
t6t nhat ma quan thé da tim thay (Gbest).
Vi tri tot nhat & day 1a vi tri thoa man tot
nhat diéu kién duoc dua ra dé ti vu (Jain,
Saihjpal, Singh, & Singh, 2022). Thuat
toan PSO dugc mo ta dudi day:

(i) Xac 1ap ham muc tiéu va cac diéu
kién rang budc (Wang, Adenutsi, Zhang,
Lai & Wang, 2021). Tao ra mét quﬁn thé
bao gdbm mot sb lwong céc ca thé nhat dinh
voi vi tri va tde do ngau nhién.

X(t+1) =X@0+V(+1) 9

V(t+ 1) = wV(0) + c,r,(Pbest(t) -
X (1) + c,r(Gbest(t) — X (1))

Trong do, X, V; 1a vi tri va van toc

(10)

clia cac ca thé thu i ¢, vac, la cac h¢ )
gia toc duong (thuong goi 1a hé s6 nhan
thirc va hé s6 xa hoi); 7, va r, 1a céc tri
s6 ngau nhién duoc lay tir phan bd déu
trong khoang [0, 1]; w 12 hé s quan tinh;
Pbest(#) 1a vi tri tot nhat ma c4 thé i da dat
dugc cho dén thoi diém £; va Gbest(z) 1a vi
tri tot nhat ma bt ky c4 thé nao trong quan
thé da dat dugc cho dén thoi diem .

(11)) Danh gid gia tri myc tiéu cho
timg cé thé trong quan thé.

(ii1) Panh gia Pbest va Gbest.

(iv) Cép nhat van téc va vi tri
ciia mdi ca thé. Piéu nay thic day su
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hoi tu cua quﬁn thé dén cac vi tri tdi wu
(Meng, 2022)

(v) Thyc hién cac budc tir (i) dén
(ii1) cho dén khi thoa man diéu ki¢n dung
thuat toan.

(vi) Két thic.

3.3. Thudt todn di truyén GA

GA mo6 phdéng qua trinh chon loc
tu nhién, cac ca thé c6 do thich nghi cao
hon s& c6 kha nang duoc lua chon dé sinh
san, thong qua cac co ché nhu lai ghép va
dot bién. Lai ghép tao ra thé hé moi, trong
khi dot bién thuc hién cac thay d6i ngiu
nhién nham duy tri sy da dang di truyén
trong quan thé. Qua trinh nay lap di lap
lai qua nhiéu thé hé, cho phép GA kham
phé khong gian giai phap mot cach hi¢u
qua va cai thién dan chét lugng cua céac
giai phap (Eshelman, 2018), giup tim ra
céc giai phap tdi wu trong nhiéu linh vyc
khéac nhau, tr k¥ thuat dén khoa hoc may
tinh (Lingaraj, 2016).

Trong bai todn nay, chung ta xay
dung 1 ham nhu sau:

1
Fitness=a .=+

T y - e#t (11)

"Etotal

Trong d6, T 1a tong thoi gian bay
cia UAV; nghich dao ciia tong thoi gian,
nghich dao cua tong ning luong tiéu thy;
e 1a sai sb giita quy dao thuc té va quy dao
muctiéu; a, B, ylacéc trong s6 diéu chinh
tam quan trong cla tung yéu td trong ham
muc tiéu.

Ham Fitness nay s& gitip t6i uvu hoa
gitra viéc nhan duoc nhiéu ca thé nhit va
dit liéu 16n nhét thu duoc. Thuat toan GA
6 thé duge mo ta nhu sau:

(i)  Khoi tao cac tham s (ty 1¢ lai
ghép, ty 1¢ dot bién, sb luong ca thé ban
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dau trong quén thé, sb thé hé, sd lugng ca
thé dé xay dung quan thé tiép theo).

(i) Tao ngau nhién ca thé ban dau
cho quén thé.

(ii1)) Tinh todn muc d¢ thich nghi
ctia ca thé thong qua ham Fitness.

(iv) Chon nhiing cé thé phu hop tir
budce 3.

(v) Luachon ngiu giira cac cip ca
thé cha me dua trén ty 1¢ lai ghép da dinh
tir budce (i) va thuc hién qua trinh lai ghép
dé tao ra ca thé con méi.

(vi) Lua chon ngau nhién cac ca
thé cha me dua trén ty 1¢ dot bién da dinh
tir bude (i) va thue hién qua trinh dot bién
trén cac ca thé nay.

(vii) Thyc hién cac budc tur (iii)
dén (vi) cho dén khi thoa man diéu kién
dung cua thuat toan.

(viii) Két thac.

3.4. Thudt todn két hgp PSO-GA

Su két hop gitra thuat toan tdi uu
hoa bay dan (PSO) va thuét toan di truyén
(GA) mang lai nhiéu uu diém trong t6i uu
hoéa. GA tang cuong kha nang kham pha
khong gian nghi¢ém va duy tri sy da dang
quén thé, trong khi PSO day nhanh tc do
hoéi tu va khai thac hi€u qua cac vung htra
hen. Dic biét, toan tir dot bién ctia GA
gitup thudt toan lai tranh roi vao cac cuc

tri cuc bo, dan dén hiéu suét téng thé dugc
cai thién va kha niang tim kiém giai phap
t61 vu nhanh hon so véi viée st dung timg
thuat toan riéng 1¢.

Quy trinh cua thuat toan lai PSO-
GA bao gdm cac budc sau:

1. Khéi tao ngau nhién cic ca thé
(hat) v&i vi tri va van toc ban dau.

2. Tinh todn gia tri ham muc tiéu
cho mdi hat.

3. Luu trit vi tri tot nhat c4 nhan (pi)
va vi tri tt nhat toan cuc (g).

4. Bat dau qua trinh 13p t6i vu hoa:

a. Cap nhat van tdc va vi tri cua hat
theo co ché PSO.

b. Thuc hi¢én chon lgc, lai ghép va
dot bién theo co ché GA dé tao ra cac hat
con mdi.

c. Tinh todn lai do thich nghi cho
cac hat moi.

d. Cap nhatpi va g néu c6 hat méi
¢6 do thich nghi tot hon.

e. Kiém tra diéu kién dirng.

5. Két thuc.

IV. M phéng va két qua

- Tdi wu hoa quy dao st dung PSO

Céac tham s6 chi tiét cua thudt toan
PSO duoc mb ta chi tiét dudi Bang 2.

Béng 2. Cac tham s6 ctia thuat toan PSO

Tham sb Gia tri
S6 luong hat (particles) 30
S6 luong vong lap t6i da 420
Hé s6 nhan thic (PHIP) 2.0
Hé s6 xd hoi (PHIG) 2.0
Hé $0 quan tinh 0,8-0,3

Kién nhan Ding sém

50 vong 1ap khong cdi thi¢n

Nguong dung sém

4 vong lap khong céi thién (dirmg han thuat toan)

Van toc t0i da cho moi chiéu

12




PSO - Iteration 130
0 20 40 60 a0

(a)

Trong do, hinh 1(a) voi cdc duwong
da mau sdc, moi mau tiwong g véi mot
1o trinh bay cua UAV.

Hinh 1(a) biéu dién két qua tai vong
1ap tht 130 cua thuat toan PSO, hinh anh
cho thay trang thai kham pha tich cuc cua
quan thé 30 hat. Cac quy dao da dang vé
hinh dang hién sy thim do rdng rai trong
khong gian tim kiém dudng di tranh cac
vat can mau tring. S6 hat bat dau co xu
huéng di chuyén theo cic hanh lang an
toan, tranh xa céc chudng ngai vat. Su
phan tan ciia cac quy dao cho thiy thuat
toan van dang trong giai doan tim kiém
cac vung htra hen, chiu anh hudng boi ca
kinh nghiém c4 nhan cua timg hat (PHIP =
2,0) va sy tuong tac xa hdi, hoc hai tir cac
hat khac (PHIG = 2,0).

- T6i wu hoa quy dao sir dung GA
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Fastest path
0 20 40 60 80

(b)
Hinh 1. Két qua mé phong quy dao cia UAV khi st dung thuét toan PSO

Hinh 1(b) biéu dién két qua tdi wu ma
thuat toan PSO da tim dugc sau qua trinh
hoi ty. Hai duong di cho hai UAV ndi bat,
dam bdo an toan gilra cac vat can, két nbi
diém bat dau va diém két thic. Thuat toan
da t6i thiéu hoa mot tidu chi lién quan dén
tbc do hodc khoang cach di chuyén, thé
hién qua mét quy dao truc quan khong céd
nhimg doan di chuyén thira. Sy hinh thanh
13 rang cua 2 duong di ndy cho thay hiéu
qua cia co ché cap nhat vi tri cua cac hat,
chiu anh hudng boi hé sé quan tinh giam
dan (0,8-0,3) giup chuyén tir kham pha
sang khai thac cuc bg. Két qua nay cho thay
thuat toan PSO da thanh cong trong viéc
tim ra mot giai phap kha thi va c6 tinh tdi
uu cho bai todn tim duong di tranh vat can,
c6 thé sau khi dat dén vong lap ti da hodc
thoa man diéu kién dimng som.

Bang 3. Céc tham s ctia thuat toan GA

Tham s0 Gia tri
Kich thudc quan thé GA 20
Ty 1€ lai ghép 0,9
Ty 1¢ dot bién 0,1
S6 vong lap t6i da ciia GA 280
Kich thudc ca thé fitness t6t 50

S6 vong ldp khong cai thién (ding sém) 40
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GA - Iteration 70
0 20 40 60 80

Fastest path
0 20 40 60 80

(a)

(b)

Hinh 2. Két qua mé phong quy dao cua UAV khi st dung thuét toan GA

Trong d6, hinh 2(a) voi cac duong
da mau sic, mdi mau twong ing vi mot
10 trinh bay cua UAV.

V&1 hinh 2(a) tai vong lap thu 70
cua thuat toan GA, hinh anh cho théy
su da dang cua quan thé cac ca thé dang
duoc danh gia. Véi nhiéu duong di khac
nhau, nhung phan 16n trong sé d6 van
con cit ngang hodc di rat gan cac ving
mau trang biéu thi vat can. Diéu nay
phan anh giai doan ban dau cta thuat
toan, noi cac giai phap tiém ning van
dang dugc kham phd va danh gid dva
trén ham fitness. Ty 1¢ lai ghép cao (0,9)
cho thay su két hop manh mé giita cac
dac diém cua céc ca thé tot dé tao ra thé
hé mai, trong khi ty 18 dot bién thap hon
(0,1) dam bao su duy tri cac dic diém tot
da duoc chon loc.

Hinh 2(b) biéu dién quy dao tbi wu
nhat ma thuét toan GA da tim duoc sau
qué trinh tién hoéa. Hai duong cam, xanh
thé hién mot duong di téi vu cia 2 UAV
an toan, tranh dugc tit ca cac vat can
trén duong di tir diém bat dau dén diém

két thic, dam bao an toan va hiéu qua di
chuyén trong méi truong c6 vat can.Viéc
thuat toan dung lai sau 40 vong 1ap khong
cai thién (dimg som) cho thay ring sau
mot sd lugng 16n cac thé hé ma khong cé
su cai thién dang ké nao vé fitness cua cé
thé tot nhat, thuat toan da hoi tu vé mot
giai phap ti wu cuc bo.

- Téi wu héa quy dao s dung
PSO-GA

Hinh 3(a) minh hoa trang thai cua
quan thé cac hat trong giai doan PSO cuia
thuat toén lai tai vong lap thu 210. Sy da
dang cua cac quy dao ¢ giai doan nay cho
thdy thuét toan dang tich cyc kham pha
khong gian giai phap da chiéu, tim kiém
dong thoi cac 16 trinh kha thi cho cé hai
phuong tién. Giai doan PSO nay dong vai
tro quan trong trong viéc nhanh choéng
tim ra cdc vung hta hen trong khong
gian giai phap phic tap, trude khi co thé
chuyén sang giai doan GA va tdi vu hoa
dong thoi dudng di cho ca hai UAV, dan
dén két qua l1a hai duong di t6i vu riéng
biét dugc thé hi¢n.



Hinh 3(b) thé hién két qua cudi cung
ctia qua trinh toi wu héa dudng di cho hai
UAV bang thuat toan lai PSO-GA. Ca hai
duong di déu thé hién quy dao an toan,
hoan toan tranh duoc cac ving mau trang
biéu thi vat can trong méi trudong lam viéc,
dam bao an toan va hiéu suat di chuyén

Hybrid (PSO Phase) - Iteration 210
40 60 80

0 20
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cao nhét trong ciing moi truong. Su ton tai
ctia hai dudng di t6i wu riéng biét cho thay
thuat toan lai da thanh cong trong viéc
dong thoi tim kiém va xac dinh cac giai
phap tot nhat cho ca hai phuong tién, dap
mg duoc yéu cau vé quy hoach duong di
da tac nhan.

Fastest path
0 20 40 60 80

(b)

Hinh 3. Két qua mo phong quy dao ctia UAV khi str dung két hop thuat toan lai PSO-GA

Trong do, hinh 3(a) voi cdac duwong
da mau sdc, moi mau tiwong g véi mot
o trinh bay cua UAV.

V. Két luén

Nghién ctru nay giai quyét bai toan
t6i ru hoa quy dao an toan cho nhiéu UAV
trong moi truong phirc tap, mot thach thirc
then chét cho hoat dong tu chu. Chung toi
so sanh hiéu suit cta ba thuat toan dua
trén quc;?m thé: PSO, GA va dé xuit mot
thuat toan lai PSO - GA - UAV nham tan
dung uwu diém cuta ca hai. Muc tiéu 1a tbi
thiéu hoa chi phi quy dao (thoi gian, ning
luong, do dai) dong thoi dam bao tranh
chudng ngai vat va tuan thu cac rang budc
an toan vé dong hoc va khong gian. Két
qua md phong ban dau voi hai UAV thu
thap dir li€u trong moi trudng cd vat can

cho thiy su khac biét vé téc do hoi tu va
kha nang kham pha gitta cac thuat toan.
PSO cho théy hoi tu nhanh nhung c6 thé
mic ket cuc bo, GA kham pha khong gian
rong hon nhung hoi tu cham hon, trong
khi PSO - GA - UAV budc dau hira hen sy
can bang hiéu qua. Tir d6 phat trién nghién
ctru bao gdm mé rong cho nhiéu UAV hon
nira, xtr Iy moéi truong dong, tich hop dir
liéu cam bién, t6i uu hoa da muc tiéu va
mg dung cac k§ thuat hoc may ML dé cai
thién tinh manh mé& va hi¢u qua cua viéc
lap ké hoach quy dao an toan cho UAV
trong cac tmg dung thyc té.
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TRAJECTORY OPTIMIZATION
UNDER SAFETY CONSTRAINTS USING PS0 AND GA

Dao Thi Nga?, Hoang Trong Nghia®>', Nguyen Thi Thuong’, Dang Hoang Anh?,
Do Phuong Nhung?, Quach Thi Hanh?

Abstract: This study addresses the problem of optimizing safe UAV trajectories in
complex environments with obstacles and safety constraints. The primary objective is to
determine an optimal trajectory that minimizes flight time, energy consumption, or path
length while ensuring the UAV navigates safely from the starting point to the destination,
avoiding collisions and strictly adhering to constraints on velocity, acceleration, and altitude.
Three population-based optimization methods are applied: Particle Swarm Optimization
(PSO), Genetic Algorithm (GA), and a hybrid PSO-GA algorithm (PSO-GA-UAV). A key
contribution of this research is the proposal and development of the PSO-GA-UAV hybrid
algorithm, which is expected to combine GA's ability to explore a vast solution space with
PSO’s rapid convergence to achieve superior optimization performance. The performance
of the three algorithms is evaluated and compared based on trajectory quality, constraint
satisfaction, convergence speed, and stability, offering a promising approach for safe and
optimal UAV trajectory planning in various real-world applications.

Keywords: UAV, optimization, Particle Swarm Optimization (PSO), Genetic Algorithm (GA),
Hybrid PSO-GA Algorithm
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