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TOM TAT

Bai bdo trinh bay mgt phwong phap 16i wu quy dao thiét bi bay khéng nguoi lai trong giai
doan bay tw ldp voi chi tiéu toi thiéu hod ndang lwong dong thoi dam bam diéu kién bién tai thoi
diém chuyén sang tw dan. Két qua da hinh thanh dwoc quy dao téi wu ciia thiét bi bay khong
nguoi lai trong giai doan ty ldp va chirg minh dwoc tinh wu viét ciia phuong phdp dan két hop
so voi phwong phap dan tiep can ti Ié.
Tir khéa: Phuong phap dan két hop; Téi uu quy dao; Thiét bj bay khéng ngudi 1ai.

1. PAT VAN PE

Thiét bi bay khong ngudi l4i (TBB) hién dugc ing dung rong rai trén thé gidi ndi chung va
Viét Nam noi riéng v6i myc dich dua tir cac thiét bi phong dén cac vi tri trén mat dat, mat nudc
nhu: nha ctra, cau cong, céc cum cong trinh trong yéu ¢ gié tri cao vé& mit chién thuat,... Thiét bi
bay khong nguoi lai thé hé cii thuong st dung cac phuong phap dan nhu: tir xa, ty dan, tu lap dé
tiép can cac muc tiéu. Phuong phap didu khién tir xa co uu diém: cy ly hoat dong xa tuy nhién,
nhuoc diém 1a phai c6 thiét bi diéu khién c6 cong suét phat 16n tr do dé bi 16 vi tri diéu khién.
Phuong phap diéu khién ty dan, vu diém c6 dd chinh xac cao nhung cu ly hoat dong han ché do
phu thudc vao kha ning lam viéc ctia dau tu dan trén thiét bi bay khong nguoi l4i. Vi phuong
phap diéu khién ty 1ap, wu diém cy ly hoat dong ctia TBB xa nhung d6 chinh xac khong cao.

Yéu ciu dit ra cAn c6 mot phuong phap dan két hop duoc cac wu diém cua cac phuong phép
dan néu trén va khic phuc duoc nhimg nhuoc diém. Xu hudng hién nay 1a sir dung cac phuong
phap dan ket hop trong d6 phuong phap dan két hop tu lap-ty dan (TL-TD) dugc trong nudc va
thé gidi rat quan tam. Phuong phap dan nay chia qua trinh dan TBB lam hai giai doan: giai doan
1 1a giai doan tu lap, giai doan 2 1a giai doan tu dan. P9 chinh xac dua dén muc tiéu & giai doan
2 dwoc quyét dinh boi kha ning co dong dén vi tri mong mudn cia TBB & cudi giai doan mot
dam bao cho dau tu dan hoat dong.

Cac nghién ctu vé t6i vu quy dao giai doan bay tu 1ap [5- 7] tap trung v6i mo hinh toan da
dugc tuyén tinh hoa, voi cac md hinh phi tuyén it duoc cong bd. Vi vay, nghién ctru xay dung
phuong phap dan két hop TL-TD cho TBB 1a m6t nhiém vu quan trong, can thiét nham hoan
thién mot phuong phap dan moi dam bao md rong tam bay, c6 do chinh xac cao gop phan nang
cao hiéu qua st dung trong cuia thiét bi bay khong ngudi l4i.

2. NOI DUNG CAN GIAI QUYET
Xay dung mo hinh toan
a) Mé hinh dong hoc thiét bi bay khong nguwoi ldi

Viéc diéu khién TBB trong khdng gian cé thé dugc thuc hién théng qua viéc diéu khién trong
hai mat phang vudng goc. Bai toan diéu khién trong khéng gian cé thé quy vé bai toan diéu khién
trong hai mat phang. Khéng mat tinh tong quat, cé thé coi TBB la chét diém trong giai doan bay

tu 1ap véi m6 hinh toén duoc trinh bay trong (1) [1- 3]. Trong do: n,,n, - Qua tai tiép tuyén va

qué tai phap tuyén, phu thudc vao luc déy, luc can, dd cao...; V - Van téc TBB; - Géc chic
ngoc toc do cua TBB; x, y - Toa do theo thoi gian cua TBB theo phuong dung.
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V =g.(n,-sind)
6=3.(n,-cosH)
v 1)
X=V cosd
y=Vsing
Theo yéu cAu bai toan, giai doan 1 dua TBB dén vi tri x4c dinh dam bao cac yéu tb:
r(t;)=r,; q(t,)=0(r(t,) la khodng cach thiét bi bay-muc tiéu (TBB-MT) tai thoi diém t, ;
q(t; )- Goc don TBB tai thoi diém t, ).
Xét diéu kién 1 véi yéu cau khoang cach TL-MT tai thoi diém két thuc giai doan 1 bang
khoang cach bat duoc cia dau tu dan. Di€u kién thir nhat tuong dwong véi:

JOCE) =X (€))7 +(Y(E) ~ Y (£,))* =1, =0 )

A Yo

Xibbo, Yoo

T~ Xibb(tf), Y'tbb(th)
~.
~ _——

= ~
- ~a
d ; £=0, N
N\

// \\
/ \
L * —
0 Xo
tho,ym:o
Hinh 1. Méi lién hé dong hinh hoc gitra TBB-MT.
Xét didu kién 2: Diéu kién dé TBB bit dugc muc tiéu khi két thuc giai doan 1 la

q(tf )S FOV /2 véi yéu cau nang cao do chinh xac din trong giai doan 2 ta liy q(t,)=0. Tt

hinh 1 ¢6: tai thoi diém chuyén t; véc to van tbc TBB trung véi duong ngam TBB-MT. Do d6,
ta c6 goc chic ngéc TBB tai thoi diém chuyén 0(tf )(g(’)c hop giita véc to van téc TBB véi truc
ngang OXg) tinh theo cong thrc:

Y(t)—Vu(t) Hay cosét,) sind(t,)
tan(O(t,)) ==, +—2m e Hay o i

( ( f)) X(tf)_xmt(tf) X(tf)_xmt(tf) y(tf)_ymt(tf)
Tur cac phan tich nhu trén ta co:

{(X(tf ) — Xt (tf ))2 + (y(tf ) Yt (tf ))2 - rzd =0 3)
cosO(t; )-(Y(t;) — Y (t;)) —sinO(t, ).(X(t,) — X, (t;)) =0
voi X, Z,, . toa do muc tiéu trong phuong dimg, dugc cap nhat lién tuc theo thoi gian.

b) Ung dung ly thuyér diéu khién toi wu xdy dung bai toan téi wu theo chi tiéu nang lirong
Ham chi tiéu chat lugng theo Bol-za tai thoi diém t, (gia tri cac tham s dugc tinh tai thoi
diém t, ) v6i ham chi tiéu t6i thiéu hoa niang luong két hop véi dicu kién bién tai thoi diém két

thic giai doan bay tu lap [4, 9]:
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J= (Xt ) = X (€))7 + (Y () = Vi (8))2 = 1) + py(COS AL ).(Y(E: ) — Vi (1)
tl
—sind(t, ).(x(t,) - x,, (tf)))% { (u" k2) —>min )

trong do: p,p, la cac trong s tuong mg yéu cau do chinh xac vé toa do hay goc;
k? =diag(k?,k?) - Hé s6; X, Yo - Toa do ban dau myc tiéu; ¢ ¢, - Thoi diém dau va thoi
diém cudi; | = [n,n T - Tin hiéu diéu khién.
Bién ddi J ta duoc:
J = pu((X(t) = X (t ))2+(Y(t) Y (t:))? = 1)+ P2 (COS Ot ).(Y(t ) = Yo (E))--
—=sind(t,).(x(t,) - x, t ) +5 {(ki2 nZ+k;2.nZ) —min ©)

Ham Hamilton v6i P, =1, theo nguyén 1y cuc dai Potryagin dugc viét nhu sau (P: 12 cac
bién dong trang théi)'

g n,+PV.cosd-P,V.singd

H ()V

M:

SIPf =3 ] (k2nz+k,2n2)+ R.gn, -
r[ 9.

I
o

Diéu kién dimg (phuong trinh Euler-Lagarange) c6 dang:
dP, _ oH.dR, _ oH.dP,_ oH.dP, _ oH.dn, _ aH dn, _ oH

W0 d T VAt axdt . ey dt o dt on,

Tuong duong véi hé phuong trinh sau:

dr,
dt ~ Fo- Vz
dpr,

W——P .g.(—cos)-P, fsméuPVsmH P,V.cosé

dp, _ (6)
dt —
dP

y
it =0

.(n, —cos#) - P,.cos&—P,.sing

Gié trj n,,n, t0i wu dugce tim theo diéu kién:

oH
a9 [(k2n+R.g=0 [n =-PR.gk’
%:0 k,? n§—PH§:0© n, =Pkt )

Tur (1) va (6) ta c6 hé phuong trinh mé rong:

V =g.(n, -sino)

0:\%.(ny—0059)

X=V cos@

2=Vsin9

dr, 6)-P,.cos0—P,.sin6 (8)
o "VZ .(n, —cos@)-P,.cos .sin

ddit’ —R,.g.(-cosé) - "V sm6’+PVsm0 P,V.cosd
dp, _

dt 0

dp,

@ 0
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D¢ dam bao diéu kién (3) ta xac dinh diéu kién bién. Do cac bién va thoi gian khong cé dinh,
ta di xac dinh diéu kién chuyén doi cua cac bién dong trang thai P, tai t, theo diéu kién

=03G/ ox,(t; ) d€ thay thé diéu kién bién. Ham Terminant dugc xac dinh theo bicu thic:

G = ((X(t ) =X (€ + (Y(t ) = Y (8))* 1) + 2, (COSOE, ). (Y(t, ) — Yime (1)) —SIN O, ). (X(t; ) — X (1))

Ta c6 diéu kién bién chuyén doi: R (t))= a\?g y’ R(t)= agg )

Px(tf):W;Py(tf):W

Pv (tf ) =0
Py (t) = p,(=sind(t,).(y(t;) - Y (t;)) —cOSOL, ). (X(t; ) — X (t;))) ©)
Px (tf ) = pl(z(x(tf ) — Xt (tf ))) +0, (-sin e(tf ))

P, (t) = p(2(y(t) = Y (t:))) + P2 (cos O(t,))
Ta thiy hé phu0’ng trinh (8) 1a h¢ phuong trinh vi phan béac nhét phi tuyén, néu biét trudc bién
trang thai [V () 6(t) x(t ](cho trudc) va bién dong trang thai [P.(t) P,(t) P.(t,) P ('[0)}T giai

hé phuong trinh vi phan bang cac phuong phap s6 nhu phuong phap Euler, Runge-Kutta, ... ta
tim duogc ho cac quy dao tdi vu cia tén lra. Ung véi mdi bd bién dong trang thai khac nhau tai
thoi diém t,, ta co mot quy dao t6i wru khac nhau, tuy nhién, chi mot hodc vai quy dao tdi wu thoa

min diéu kién chuyén ddi (9). Muc dich cua bai toan tim bd bién ddng trang thai
[P, (t,) P.(t,) P.(t,) P, ('[O)JT tai thoi diém t,théa man diéu kién chuyén dbi (9).
¢) Phwong phdp lién tuc gidi theo tham sé [8]

Phuong phap lién tuc giai theo tham sé‘ 1a mgt trong nhitng phuong phap hiéu qua dé giai bai
toan to1 wru voi mo hinh phi tuyén trong di€u khién thi€t bi bay. Tu h¢ phuong trinh F(X)=0, ta

dua vé hé phuong trinh K(X,7), voi X 1a véc to tham s6 trang thai. Trong phuong phap nay ta sir
dung tham s6 7, voi 7 nam trong khoang [0,1].
Khi 7=0 taco h¢ K(X,7)=0, giai h¢ phuong trinh tim dugc Xo;
Khi 7 =1 ta c6 he K(X,1)=0, gidi h¢ phuong trinh tim dugc X;
Ham K (X,7) lién tuc theo 7, cho 7 thay ddi tir 0 dén 1, giai lan lugt véi mdi he K(X,z,)=0,
vi du theo phuong phap Newton ta cé‘ thé tim duoc cés: gia tri Xg, Xy, ..., X lién tiép. Do tim duoc
Xo tai 7 =0, ta ludn tim dugc 7, du gan 7, véi cac diéu kién hoi tu dugc thoa man. Tuong ty c6
thé tim duoc diéu kién hdi tu theo phuong phap Newton cho 15, 13,..., T=1.
Ham véc toK(X,7), cO thé dugc lua chon nhu sau:
K(X,7)=F(X)+(z-)*F(X,)=0, v6i X =X(r);0<r<1
F(X)=(1-7)*F(X,) (10)
Ta thay (10) thoa man céc diéu kién:
Khi =0, ta nhin dugc F(X,)-F(X,)=0;
Khi 7=1, taco F(x*)+(1—1)|:(x0)= F(X")=0;
Ham K (X,z)lién tuc theo 7.
Vi phan 2 vé phuong trinh (10) v6i tham s lién tuc 7 ta nhan duoc:

0k (x,) (11)
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Tir (11) 1y tich phan 2 vé ta du’OC‘

J 2 dr = J(—ﬁF(X)) F(X,)dr
x<1>=x<o)—f(%)*.F(xo)dr (12)
a1 e
Véis 8F(X): 6').(.1 6.).(.n
2O
oX1 7 &Xn

Y tudng cta phuong phap: dat 7, =Ar gidi hé K(X,7) cho X, di chon nhén dugc X, tiép
theo léy X, nhu mot Xép xi ban dau, voi 7, =7, + A7 méi, gidi h¢ K(X,z,)=0 nhan duoc X,

Tiép tuc dén khi dat dén d¢ chinh xac cho trudc. Cac bude thuc hién thuat todn nhu sau: Bude 1:
Xay dung hé¢ K(X,z); Budc 2: Lya chon xap xi ban dau X, va d6 chinh xdc ¢ ; Bude 3: Dt
i=1; Bu6c 4: Tinh 7; =7, ;, + Az ; Buée 5: Giai h¢ phuong trinh K(X,7;)=0 nhén duogc X,
tinh s6 lan lap lai m. Néu m> 10 phuong phap Newton khong hoi tu vi X, va X, cach nhau
qua xa. Gidam Ar tro vé budc 4. Gia st XTi tim duoc; Bude 6: Xac dinh sai s tim duoc thoa
man diéu kién dau: ‘ X, — xu‘ < ¢,néu khong thoa mén trd vé budce 4.

Bai toan tr& thanh: Tim bd tham sd cla céac i bién ddéng trang thai
X =[P, (t,) P,(t,) P.(t,) P,(t,)] thoa man h¢ phuong trinh (8) véi di€u kién bién (9).

3. KET QUA MO PHONG

3.1. S6 liéu dau vao
Céac tham sd ban diu QHa vao khao sat voi mot loai TBB gid dinh: Van tbc TBB:
V,,=300Mm/s; Toa do ban dau cua TBB: (x,,,2,)=(0,5000)m; Goc nghiéng quy dao TBB:

6,(t,)=5"; Cu ly hoat dong cta dau tu dan: r,=10000 m; Van tdc muc tiéu: V.., =0m/s; Toa do
ban dau cta muc tiéu: (Xo» Yoo ) = (40000, 0) 0; Hé sb: k,=0.08;k,=0.1.
3.2. Két qua mé phong giai doan bay tw lap

x10% Quy dao TBB-MT a5 210 Khoang cach TBB-MT
= + —QuydaoTBB
2L — — —Vong tron mo dau tudan | |
Muc tieu
1.5
g
=
1t B e T
i ~
WH 4 N
ot ’ A
0.5 Ty N
! \
0 . . ! 1
0 1 2 3 4 5 0.6 ' .
0 (<) 10 15 20 25 30 35
x,m < 10* thol gian s

Hinh 2. Quy dao TBB-MT. Hinh 3. Khodng cdach TBB-MT.

Nhan xét: Hinh 2 cho ta thiy két thuc giai doan bay tu 1ap diém dén mong mudn cua TBB
nam trén vong tron c6 ban kinh bang cu ly hoat dong cia dau tw din (PTD). Hinh 3 cho thiy
khoang cach TL-MT giam déan theo thoi gian tir khoang cach ban dau theo truc Ox 1a 40000m
xudng con 10000m khoang cach nay dung bang cu ly hoat dong ciia dau ty dan.
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Két qua khao sat trén hinh 2, 3 c6 toa d TBB tai thoi diém két thuc giai doan bay ty lap la
(x,y)=(31005.7672,4076.3502) ta tinh dugc r=10000m<r,. Nhu vdy, khoang cich TL-MT
dap mng yéu cau dit ra d6i v6i diém két thuc mong mudn cua giai doan bay ty lap trudc khi
chuyén sang giai doan ty din.

— Toc do goc quay ducong ngam Do truot tuc thoi

-0.4 )
nnnnn

TOGQDN do's

0.8

10 15 20 25 30
Thei gian.s

15 20
Thoi gian.s

Hinh 4. Toc d6 goc quay dwong ngam. Hinh 5. B¢ truot tirc thoi.

Nhén xét: Hinh 4 cho thay toc do goc quay duong ngam thot diém cudi tién vé 0, nhur vay goc
quay duong ngam & cuoi giai doan bay tu 1ap c6 xu hudng 6n dinh. Theo cong thirc tinh d¢ truot
2 -
tic thoi h, = ~— thi khi téc do goc quay duong ngam tién vé 0 khi d6 do trugt tuc thoi cling
tc
tién vé 0 va TBB ¢6 xu hudng gap myc tiéu. Két qua trén hinh 5 cho thay két thiic giai doan bay
tur 1ap do truot tirc thoi tién vé 0, tuong mg voi viée téc do goc quay duong ngam tién vé 0, diéu
nay phu hop voi két qua khao sat toc do goc quay duong ngdm trén hinh 4.

Nhan xét: Géc ngdm xac dinh theo cong thic q=&—6 (do a=0). Hinh 6 cho thiy cubi giai
doan bay ty 1ap g — 0, didu nay xay ra khi £=0 tic 14 truc doc TBB tring v6i dudng ngdm. Nhu
vay, két thiic giai doan bay tu 1ap goc ngam dap ung yéu cau dit ra d6i voi diém két thiic mong mudn

cua giai doan bay tu 1ap truge khi chuyen sang giai doan tu dan Hinh 7 cho thay goc nghiéng quy
dao ctia TBB thoi diém dau tang theo chiéu duong sau do6 tién vé 0 va tiép tuc tang theo chiéu am.

Goc nghiéng quy dao ban dau ciia TBB 6, =5° TBB sé& bay Ién sau d6 b6 nhao tiép can muc tiéu.

Goc ngam i ’ ___Goc nghieng quy dac

Goc ngam.do
Goc nghieng quy dao.do

! | | ) |
s 10 15 20 25 30 as
thoi gian.s

—zo b

15 20 25
thoi gian,s

Hinh 6. Géc ngam. Hinh 7. Géc nghiéng quy dao tén lika.

L ony® . - Goe nghieng dusng ngam ten lua-muec tieu

Goc nghieng duang ngam do

3 10 15 20 285 ) as o 5 10 15 20 25
t.s thoi gian,s

Hinh 8. Quad tai cua TBBtheo truc Oy. Hinh 9. Géc nghiéng dwong ngdm.

Nhan xét: Trong miat phang dimg qué tai n, 1a tin hi¢u diéu khién lam thay d6i quy dao
chuyén dong ciia TBB. Giai doan dau TBB bay véi qua tai n, ngugc chiéu véi gia tdc trong

truong tirc 1a TBB phong hudng 1én trén (hinh 8). Goc nghiéng dudng ngam cudi giai doan bay tyr
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1ap giir n dinh, didu nay twong Gmg vai viée téc do goc quay duong ngam tién vé 0 (hinh 9).

|||||||| T i) ™ ™ ™ ™ ™ () ™

Wil mis
)
@ N u b U @ N B O

o 5 10 15 20 25 E as | o 5 10 15 20 25 30 a5
L s R

Hinh 10. Téc¢ dé TBB. Hinh 11. Qua tdi ciia TBB theo truc Ox.

Nhan xét: Tde do cua TBB duoc tao ra do luc déy cua dong co, luc déy nay duoc tao ra do
qué trinh dt chdy nhién lidu & budng dét. Hinh 10 mo ta toc do cua TBB phu hop voi thyc t&
hoat dong cta dong co, cuoi giai doan bay tu lap toc d6 cua TBB tang cham va cé xu hudng
khong ting. Qua tai n, phu thudc vao su thay dbi ciia toc d6 TBB theo truc Ox, hinh 11 cho thiy
n, giam dan va tién dan vé 0 phan anh vé cudi giai doan bay tu lap khong co su thay doi toe do
ctia TBB theo truc Ox. Phut hop véi két qua khao sat toc 6 caa TBB nhu hinh 10.

Nhén xét: Két qua mo phong cho thay, cac tham s6 quy dao dap tmg duogc cac yéu cau dat ra
do6i voi diém dén mong mudn tai thoi diém chuyen sang giai doan tu dan nhu: khodng cach TBB-
MT nam trong cu ly hoat dong cua dau tu dan, goc ngam q=0. Nhu vay, dua vao mbi lién hé
dong hinh hoc TBB-MT, dicu kién rang budc tai thoi diém chuyén sang giai doan tu din va img
dung ly thuyét dieu khién toi vu ma cu thé 1a bai toan bién voi thoi gian khong co dinh da toi uu
hoé dugc quy dao bay cua TBB trong giai doan bay tu lap.

3.3. So sanh danh gia phwong phap din két hop véi phwong phap din tiép can ti 18

Gia sir dau ty dan trén TBB c6 thé dam bao bit muc tiéu voi tham s6 nhu myc 3.1. Tién hanh

so sanh chit luong phuong phap dan két hop va phuong phap dén tiép can ti 18.

15000 - a5 x10% Khoang cach I"BB MT
—Quydao TBB 2 gia doan

Déan theo 2 giai doan

4

— Muc tieu = = =Dén tiép can ti 1&

w
o
T

10000 - == =Quydao TBB TCTL o — £ 3l
£ =====Vlong fron mo dau tu dan ,-"‘ " g 25

5000 \,‘ ..l
\ N
i 0.5
1

¢ : , % 5 10 15 20 25 a0 as 40 45
10t thei gian,s
Hinh 12. Quy dao TBB-MT. Hinh 13. Khodng cach TBB-MT.

Tt hinh 12, hinh 13 nhan thdy, khoang cach TBB-MT trong ca hai phuong phap giam dén
“0”, dam bao dua TBB dén muc tiéu.

Toc do goc quay duong ngam

0.2 Do truot tuc thoi
Dén 2 giai doan

16000

Ddn 2 giai doan
— — —Dn tidp can ti 1&

14000

or — — —D&n tidp can i 1&

- 12000
02F N T m e e m == 10000

8000
0.4

TDGQDN,dols

6000
S | 4000

2000
0.8

o

=

o 5 10 15 20 25 30 35 40 45 -ZUUOD 5 1ID 1Ir EID 2Ir (]‘D Z]Ir ‘1ID a5
Thoi gian,s - b Thoi gian; - N
Hinh 14. Toc dé goc quay dwong ngam. Hinh 15. Khodng cach TBB-MT.

Téc d6 goc quay duong ngim (hinh 14) va do trugt tirc thoi (hinh 15) tai giai doan 2 phwong
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Diéu khién — Tw dpng héa

phap dan két hop giai doan c6 chat lwong tét hon.
Cu ly hoat dong cua dai Ra da trong khéng gian tu do [10]:

. P.G*A*on. 77I
o (4r)?

tmln

D (13)

Gia st ca hai phuong phap ’da:m st dung sir dung cung mot loai Ra da trén khoang cia TBB,
xét hai truong hop TBB dua dén muc ti€u tir cu ly 40.000m v61 hai phuong phap PPD TCTL va
PPD két hop TL-TD. Theo cong thirc (13) c6 cong suat dai Ra da trén TBB st dung PPD TCTL
gap 256 lan so voi TBB sur dung PPD ket hop TL-TD.

4. KET LUAN

.....

giai doan bay tu 1ap véi mo6 hinh ph1 tuyén, dam bao  yéu cau thuan lgi cho md dau tu dan Két
qua khao sat chimg minh uu diém ctia phuong phap dan két hop so voi phuong phap din tlep can
ti 1€ dac biét cong suét cta dai Ra da trén TBB sir dung PPD két hop TL-TD nho hon nhiéu so
v6i TBB str dung phuong phap dan TCTL. Phuong phap dan két hop TL-TD hoan toan c6 tinh
kha thi 4p dung trén thyc té nho may tinh trén khoang nho gon dugc trang bi trén khoang TBB.
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ABSTRACT
Optimizing unmanned aerial vehicle flight trajectory

This paper presents a method to optimize the trajectory of an unmanned aerial vehicle in
the autonomous flight phase with the aim of minimizing energy and ensuring boundary
conditions at the time of switching to self-guided flight. The results have formed the optimal
trajectory of the unmanned aerial vehicle in the autonomous phase and demonstrated the
superiority of the combined guidance method over the proportional approach.

Keywords: Combined guidance method; Trajectory optimization; Unmanned aerial vehicle.
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