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1. bat van dé

Nhiéu bai toan trong khoa hoc va kj thuat yéu
cau tim phwong an tbi wu trong sé cac phwong an
kha thi. V& mat Toan hoc, day la cac bai toan thudc
linh vuc tdi wu, trong doé bai toan téi wu dwong bay
la mot van dé quan trong va thach thire trong hang
khéng. Bai toan nham xac dinh quy dao tét nhat cta
vat thé bay trong khéng gian ba chiéu, dwa trén mot
ham muc tiéu nhét dinh.

Bai toan tdi wu tdng quat dwoc mé tad nhu mot
bai toan chuyén dong trong truwdng khong gian
thwe, chiu tac déng clia cac lyc nhu lyc hép dan,
lwc day va lwc khi dong. Chuyén dong cta vat thé
duwoc biéu dién bang hé phwong trinh vi phan véi
cac bién trang thai nhw vi tri, van téc, goc bay va
céac bién diéu khién nhw luc day, géc nghiéng.

Do tinh phitrc tap clia hé phwong trinh, viéc tim
nghiém giai tich thwong rat khé hodc khdng kha thi,
vi vay cac phwong phap sé dwoc st dung phé bién.
Cac phuwong phap chinh gém: quy hoach déng
(DP), phwong phap gian tiép dwa trén nguyén ly
Pontryagin, va phwong phap truc tiép chuyén bai
toan vé dang téi wu phi tuyén (NLP). Mi phuong
phap c6 wu diém riéng nhwng cling gap nhitng
thach thire, déc biét 1a vé kich thwéc va dod phirc
tap tinh toan.

Trong gidng day, sw phirc tap cla bai toan lam
tang tinh han 1am, gay kho khan cho ngwoi hoc. Vi
vay, viéc két hop ly thuyét véi mé phéng sb va truc
quan gitp nang cao kha néng tiép thu va hiéu ban
chét bai toan. Nghién clru bai toan diéu khién téi wu
va ng dung cho thiét bi bay khéng nguwdi lai (UAV)
c6 y nghia quan trong, gép phan phat trién tw duy
md hinh hoa, téang tinh thwc tién va nang cao hiéu
qua dao tao trong linh vyc hang khong.

2. NGi dung nghién ctru

2.1. Xay dwng md hinh tinh toan cho bai toan
diéu khién téi vu

Bai toan didu khién téi wu (OCP) 1a bai toan vo

han chiéu theo bién thoi gian, nén khong thé giai
truc tiép bang cac phwong phap tdi wu hiru han
chiéu. Do d6, can roi rac héa bai toan thanh dang
hiru han chiéu théng qua cac nut, khi sé nat tang,
nghiém sb sé tiém can nghiém thyc ctia OCP.

C6 hai hwéng tiép can chinh: phwong phap gian
tiép va phwong phap truc tiép. Phwong phap gian
tiép st dung phép bién phan hodc nguyén Iy cuc
dai Pontryagin dé thiét lap diéu kién can téi wu,
tr d6 chuyén thanh bai toan bién hai diém (BVP).
Sau khi r&i rac héa, nghiém dwoc tim bang cac
phwong phap gidi phwong trinh vi phan thwong.
Tuy nhién, phwong phap nay phtrc tap va mang
tinh ly thuyét cao.

Phuwong phap truc tiép roi rac hoa truc tiép
bai toan OCP va cac rang budc, dwa vé bai toan
quy hoach phi tuyén (NLP) dé giai bang cac ky
thuat tdi wu htvu han chiéu. M6t sé phwong phap
phé bién gdm phwong phap ban va phwong phap
trung khép.

Trong d6, phwong phap béan tham sb hda bién
diéu khién va roi rac hoa bién trang thai. Bién diéu
khién duwoc xép xi theo tirng doan, con bién trang
thai dwoc xac dinh tai cac nut. Muc tiéu la tim cac
tham sd sao cho quy dao thu dwoc lién tuc trén
toan mién.

2.2. Mt s6 mé hinh diéu khién téi wu

2.2.1. Bai toén diéu huong

Trong linh vwc hang khéng (khéng quéan), mot
bai toan dwoc dit ra 1a xac dinh xac dinh van téc
(velocity) V, goc dwong bay (path angle) y va
goéc dao lai (heading angle) g nham diéu khién
mot vat thé bay (may bay, truc thang, rocket,...)
chuyén dong t vi tri (ban dau) A=P, dén vi tri
cuoi (muc tiéu) B=P_. Vi tri tlrc thoi cua vét trong
khéng gian dwoc xac dinh b&i ba thanh phan: do
cao h=h(t), kinh dé 8=06(t) va vi dé ¢=¢(t), nghia la
s(t)=(h(t),6(t),4(t)). ]

Xét mé hinh cla vat thé bay trong khéng gian
thda man hé phwong trinh chuyén déng dang:
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trong do, h la d cao (so v&i myc nwéc bién), 0
va ¢ 1an lwot 1a kinh d6 va vi d8, RE 1a ban kinh trai
dat, V Ia van toc, y la géc duong bay, g la géc déo
lai, u, la gia tbc cla vat (toc dd bién thién cha van
tbc V) u, va u, lan lwot 14 tbc dd bién thién twong
(rng cua goc dwcmg bay y va géc dao lai w. Trong
mé hinh nay, cac bién trang thai gdm

X=X, X, XX, X, X )j—(h 0,0,V,y,0)" (2.2)

va bién dieu khien u=(u,u,u, ). Vi tri tkc
thoi cla vat thé duwoc xac dlnh bO’I ham véc to
s(t)=(h(t),8(t),(t)) voi t la bién thoi gian, , t=tst(t
la thoi giam bat dau va t la thoi gian cudi). Ham f
dwoc cho bdi
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Khi d6, hé phwong trinh chuyén déng (2.1) dwoc

viét gon duwdi dang phwong trinh déng luc:
x=f(x,u). (2.4)

2.2.2. Bai toén t6i wu thoi gian bay

Bai toan la xac dinh quy dao ctia vat thé bay tw vi
tri ban dau dén muc tiéu sao cho thdi gian bay doc
theo quy dao la it nhat. Bai toan co thé duoc thiét
lap b&i ham muc tiéu co6 dang:

J@u) = f dt. (2.5)

Ham muc tiéu nay co thé duwoc viét gon bdi
J (u)=t:t, trong do t la thoi gian déu da xac dinh,
trong kh| thoi gian cubi t.chua biét va can cuc tiéu dai
lwong nay.

2.2.3. Téi wu do cao

Vat thé bay can tiép can diing muc tiéu, tuy nhién
nham gidm thiéu tiép xuc véi hé thong phong khong
hoac tranh cac dia hinh phuc tap. Diéu nay dan dén
vat thé bay cang thap cang tét, nhwng phai dam bao
an toan hodc cé trwdng hop khi bay thoi gian dau
can 6n dinh dd cao, nhung thoi gian cudi can dat do
cao nhat dinh (hwéng 1&n) dé thuc hién dong tac bd
nhao (hwéng xudng) vao muc tiéu. Pai lwong duoc
cwe tiéu & day la tich phan d6 cao, cu thé ham muc
tiéu co6 dang:

G0 = [ reoae (2.6)

Luong cwc tiéu nay co tinh dén cac yéu to dong
lwe hoc cuia vat thé bay, rang budc ve kha nang co
dong cla vat, cac théng sb yéu cau tai thoi diém
cudi va cac gi¢i han cta bién diéu khién.

236 < (Gido chuc Viet Nam

2.2.4. Bai toan téi wvu myc tiéu

Nhom tac gid dé xuét bai toan téi wu muc tiéu
nhw sau: Trong hoat déng bay néi chung va tac
chién khéng quan ndi riéng, mét yéu cau duwoc dat
ra 1a vat thé bay tiép can khéng chéch muc tiéu.
Trong trwéng hop nay, bai toan cé thé duwoc thiét
lap bang cach xét ham muc tiéu:

Jan =I5 — GO, @7

trong d6 s(t,) 1 vi tri clia vat thé bay tai thoi diém
cudi t= t.va P 1a vi tri (muyc tiéu) mong muén, Q la
mot ma tran 60| xtrng xac dinh dwong (duoc chon
phu hgp sao cho thuat toan hdi tu) [5, 12].

Piéu kién bién:

VO, Vb=, (28a)
V(t)=V, V)=V (2.8b)
h(t)=h, h(t)=h,, (2.8¢c)
Rang budc dudng
{Vmi_" =V = ymex, (2.9a)
pmin = 4 = jymax (2.9b)

Rang budc diéu khién

uPin < < e, =1,2,3. (2.10)

2.3. Tinh toén t6i wu cho thiét bj bay khéng nguoi
lai (UAV)

2.3.1. Thiét 1ap mé hinh

Trong phan nay, nhdm tac gia trinh bay cu thé
bai toan cho thiét bi bay khéng nguwdi lai (UAV). Hon
nira, bai toan diéu hwéng dwoc nghién ctru véi diéu
kién chat hon, xuét phat tlr yéu ciu thyc té. Cu thé,
trong huan luyén (v&i so dd bay) hodc tac chién
(tranh phat hién, do dia hinh, ho&c b4t ky ly do nao),
yéu cau diéu khién UAV phai qua mot sé tram (vi tri)
duwoc xac dinh P, P, ... P, trwdc khi dén muc tiéu
cudi P,.

Thong thudng bai toan dwoc nghién ctru khong
c6 yéu tb thdi gian dén tai cac tram P, nghia la vi tri
cac tram dwoc cho béi 3 thanh phan (h,,e ,0) tvong
&ng la d6 cao, kinh do va vi do, ta viét P. (h.6,0).
Khi do, bai toan dwoc goi la bai toan diéu huwéng 3
chiéu (khodng cé yéu td thoi gian).

Trong tinh toan, diéu kién di qua cac tram P,
dwoc ndi 16ng bai didu kién.

ls(t) —Pll <e,i=12,..M, (2.11)

trong dd, e, 2 0 |a sai s6 cho phép tai tram thi .

Trong muc nay, nhém tac gid nghién ctu bai
toan diéu huéng co yéu té thoi gian dén cac tram
P, nghia la tai cac tram nay ngoai ba thanh phén
xac dinh vi tri nhw d6 cao h, kinh dé 6, vi d6 ¢,
con gan thém thoi gian t yéu cau dén tram P, nghia
la P, (h,0,0,t), i= (1,M). Khi do, goi la bai toan diéu
hwo’ng bon chiéu (c6 tinh dén yéu tb thai gian). Hon
nira, chung ta quan tédm la UAV bay khéng chéch
khéi muc tiéu, nghia la ham ti wu dwoc bdi cong
thirc (2.5).

Tém lai, mé hinh bai toan diéu khién téi wu co



dang: minjao = (B —s(t))" @, (P — s(5). (2.12)
véi cac rang budc
e e (2.132)
ls(t) — Pl < ei = 1.2... M. (2130)
ymin < 7 < pmax (2.13¢)
W <y < R = 1,2,3, (2.13d)
yuin <y < pmax, (2.13e)

Bai toan (2.12) - (2.13) la mét dang cla bai toan
didu khién téi wu lién tuc (OCP). Bai toan can giai
la tbi wu quy dao t&i muc tiéu cudi P, Cac rang
budc bao gbm phwong trinh dong lwc (2.13a) md
ta chuyén dong cia UAV va cac rang budc duwdng
duwoi dang bat dang thirc (2.13b) - (2.13e). Céc
rang budc bat dang thirc trong (2.13b) da dwoc ndi
I6ng (khi tinh toan) nhdm dam bao UAV bay qua cac
tram P, véi sai s6 cho phép.

2.3.2. Phuong phap giai

Dé giai bai toan lién tuc vé han chiéu (2.12) -
(2.13), ching ta sé& roi rac hoa bai toan va chuyén
ching vé bai toan hiru han chiéu. Goi N=1 14 mot sé
tw nhién bat ky va {t.} N(i -ol@ day cac nut Chebychey,

-1=t<t <t <<t <t=1. (2.14)

S¢ dung phwo’ng phap (Global CoIIocation
Method - GCM) chuyén bai toan (2.12) - (2.13) vé
bai toan tbi wu hiru han chiéu dang:

minJ(y) = [ (). 0(e). #(t)) = (hy. 07 973
vOi cac rang budc

(2.15)

Cy = %F(yl (2.16a)
ls(t) - Pl < eni = T M. (2-160)
ymin < V( ) < max j = ON, (2.16c)
™t <u() <uPti=123,j=0N, (2.16d)

)

ymm<.y( ) <y =,

~ trong do y=(X,U)T5(y1,y2,...,yg(N+1))eR9(N+1) la bién
t0i wu, cac ma tran C va F dwoc xac dinh:

Cy= F( ). (2.17)

Trong 66 C = diag(C,C,..,C,0,0,...,0,0,0,0) va
T

F(y) = [F 0.0,..,0,0.0 0] (2.18)

Chu y rang, bai toan (2.15) - (2.16) la mét chwong
trinh phi tuyén NLP c& I&n, phu thudc vao sb nit luwdi
Chebychev N. Rang buéc (2.16a) la rang budc dang
thirc dai s phi tuyén, trong khi (2.16b) 1a rang budc
bat dang thirc. Cac bat dang thirc (2.16¢) - (2.16e) 1a
diéu kién bién. D& don gian, ky hiéu Q 1a tap hop cac
phwong an yeR*™" théa méan cac rang budc (2.16).
Twre 1a Q={yeR™ | y théa man diéu kién (2.16)}.

Tap Q dwoc goi la tap cac rang budc cla bai
toan NLP (2. 15) Khi do, bai toan (2.15) - (2.16)
c6 thé duwoc viét dwdi dang toan hoc ngan gon,
min{J :yeQ}.

Bal toan (2.20) la bai toan téi wu c& lén, gdm
nhiéu rang budc phirc tap, trong d6 cé 6(N+1) rang
budc dang thire (phi tuyén), M rang budc bat dang
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thire (phi tuyén) va cac diéu kién bién dwoc mo ta
trong (2.16). D& giai chwong trinh phi tuyén NLP
(2.15) - (2.16), dac biét khi c& bai toan 1&n, van la
mot thach thirc d6i v&i cac nha khoa hoc. Thach
thirc nay khéng phai & phwong phap giai, ma chu
yéu dén tlr tinh nang (kha ndng) gi¢i han cua cac
phadn mém tinh toan bd tro hién c6 va hé théng
may tinh tc do cao. Trong dé tai nay, dé md phéng
két qua sé cho bai toan NLP (2.20), ching téi st
dung phwong phap (thuat toan) dao ham quan tinh
(Inertial Gradient Method - IGM) dwoc dé xuét trong
[4]. Thuat toan IGM trong [4] dwoc thiét ké cho bai
toan can bang (EP). Tuy nhién, bai toan NLP 1& mét
trdng hop dac biét cta bai toan EP, vi vay dé tién
theo doi, thuat toan IGM cho bai toan NLP (2.20)
dwoc mo ta lai nhw sau:

Thuit toan IGM [4]

Buéc 1: Chon y° y* € R°®+V saj s6 Err > 0. Ly hai day {&}ees © [Oi)
{AYk=1 = (0, +0). Patk = 1.
Budc 2: Dat wk = y* + & (y* — y* ). Tinh

1
¥*** = argmin {](y) + m\ly —w¥||Z:y e ﬂ}.

Buéc 3: Néu I > k”y “l =< Err thi dimg.

Ngwoc lai, dit k :== k + 1, quay lai Buéc 2.

Sv héi tu clia Thuat toan IGM dwoc phan tich va
chng minh chi tiét trong cong trinh khoa hoc s6 [4].
Bwéc 1 ctia Thuat toan IGM chil yéu tap trung vao
viéc cai dat cac tham sb dau vao va sai sb tinh toan
Err. Nhiém vu chinh tap trung trong Buwéc 2 nham
tinh xap xi tiép theo y**'), & d ching ta can giai bai
toan t6i wu c& I&n cho phiém ham téi wu 16i manh
trén tap rang budc Q (v&i cac rang budc phi tuyén,
bat dang thirc va diéu kién bién). S& hang wkdwoc
goi la dai lwgng (nhan tb) quan tinh, cho phép cai
thién tinh chat hoi tu cla thuat toan. Bwéc 3 kiém
tra diéu kién dirng clia thuat toan, trong do sai s6
twong G‘O| cho xap xi nghiém dwoc dung dé so sanh
Vi sai s6 yéu cau Err.Duéi day la so db thuat toan
giai bai toan NLP.

2.3.3. Tinh toan thtr nghiém cho UAV BIRD EYE
650D

Hinh 1. So dé thuét toan giai bai toan NLP
Trong phan nay, chung téi ap dung mé hinh tinh
toan cho thiét bj bay khéng nguwoi lai BIRD EYE
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650D (BE650D), mét loai UAV c¢& nhd, dwgc phat
trién bdi bo phan Malat cia IAl (Israel Aerospace
Industries) [3]. UAV BE650D dworc thiét ké cho cac
nhiém vu tinh bao, giam sat, trinh sat quan sy hoac
ban quan sw, nhan dang, xac dinh cac théng sbé cta
muc tiéu trén dat lién, trén bién hodc trén khong.
Ngoai ra, BE650D con phuc vu cac cbéng tac tim
kiém ctu nan, bdo vé bién gidi, chdng buén lau,
vwot bién, phan tich va xay dwng di¥ liéu ban dé.
Thiét ké ctia BE650D két hop than may bay hé tro
cac canh va mang déng co hai pit-téng, déng co’ dbt
trong danh Ilra dién tt bdn thi, hé thdng dién tor va
cac tai trong.

Té hop UAV BEG50D c6 nhiéu tinh nang hoat
dong, cé thé bay ty dong, ban tw dong, hiéu chinh
quy dao trong khi bay hodc diéu khién bang tay.
Dan duwdng bang GPS, quan tinh INS hodc ndi suy
tr tram diéu khién. Mot vai thong sbé kj thuat dwoc
thdng ké trong Bang 1. Cac théng sé khac co thé
dwoc tim trong [3].

Bang 1. Théng sé6 ky thuéat ciia UAV BE650D

STT Mé ta Ponvi | Gidtri
1 |T6c d6 nho nhat km/h 78
2 |Tbc do lon nhat km/h 138.9
3 [Thoi gian bay lién tuc t6i da gio 16
4 |Tran bay (h) mét 4572

Gia str mot ké hoach bay clia BE650D tir tram
dau tién & San bay Cam Ranh t&i tram cudi la Hon
Cha La (Ninh Van), yéu cau di qua 3 tram trung
gian. Vi tri cac tram dwgc xac dinh véi kinh d6 6, vi
do ¢, dd cao h va thdi gian dén tram duoc cho trong
Bang 2.

Béang 2. Vj tri cac tram

STT|  Vido Kinhdo |20 ThO | i cha
[m] |gian [h]

1 12°00'6,0942"N |109°13'8,7460°E | 400 | 0 ga"g Cam

anh

2 112°02'9,9501"N |109°1927,008”E | 450 | 0.1219 |Bai Bién doi

3 [12°09'40,207"N [109°23'38,.215”E | 500 |0.2234

4 [12°16'16,144"N [109°21'39,767"E | 500 | 0.3548 |Hon Dung

5 [12°21'35,402"N [109°22'37,366"E | 450 | 0.4470 |Hon Cha la

Dé tinh toan mé phéng sb, chung téi s dung
Thuattoan IGM véi cac tham sé Err=10-° (tiéu chuan
dirng), diém xuét phat ban dau y°=y' la gbc toa do
trong R, tham sO quén tinh §=0.1 va c& budc
A=1 v&i moi k. DBoi voi phwong phap trung khép
dia phwong (LCM), khodng th&i gian dwoc chia véi
N=21 nGt, bao gébm cac méc thdi gian dén cac tram,
trong khi cac nut ctia phwong phap trung khép toan
cuc (GCM) la cuyec tri cua da thirc Chebychev T, (t)
trén doan [-1,1]. Phép dich chuyén khoang thoi gian
tor [t,t] vé doan [-1,1] dwoc xac dinh bdi cong thirc

tr+ty tr—t;
—_— + —_
2 2

t — T.
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Chuwong trinh dwoc viét trong MATLAB 2017b
v&i goi hd tro Optimization Toolbox.

Cac két qua tinh toan cho kinh do 8, vy do ¢, do
cao h theo thoi gian va so sanh hai phwong phap
trung khép GCM, LCM v&i toa dd cac tram yéu cau
khi l1ap ké hoach, cac gia tri ctia van téc V chi ra
rang, vé co ban, ching |a hang sb va thay déi khong
nhiéu theo thoi gian. Piéu nay co thé dén t ly do,
khi xay dwng ké hoach bay, ching ta &n dinh thoi
gian dén céac tram twong &ng véi khoang cach gitra
cac tram. C6 sy twong ddng clia géc duwdng bay y
gitra hai phwong phap GCM va LCM

Nghiém tbi wu tinh b&i méi phwong phap dwoc
minh hoa trong Hinh 2. Két qua minh hoa trong
khong gian 3D vé&i vi tri cac tram duoc yéu cau UAV
bay qua. Cac dbd thi sinh b&i phuwong phap GCM
dwoc thay la min (tron) hon so véi phwong phap
LCM, mé&c du v&i cung sd nut ndi suy. Diéu nay la
do chung ta dung néi suy da thirc bac cao trong
phwong phap GCM, trong khi dé LCM chi str dung
ndi suy tuyén tinh (bac 1).

0.35
03 - L
1.91
0216 g 215 1.909
215 0.214
0213 0212 g 35 021 9308 1o07 1908

Latitude & [rad] Longitude @ [rad]

Hinh 2. Mé phéng két qué trong khéng gian 3D

2.3. Phuong phép giéi va két qua mé phéng bai
toan diéu khién toi wu

Trén co s& md hinh bai toan diéu khién t6i wu da
dwoc thiét 1ap, viéc lwa chon phwong phap gidi va
trién khai tinh toan déng vai trd quyét dinh dén hiéu
qua cla toan bd qua trinh nghién ctru. Nhw da trinh
bay, bai toan diéu khién t6i wu lién tuc cé ban chat
I bai toan vé han chiéu v&i hé phuwong trinh ddng
lwe phi tuyén phirc tap, do d6 viéc chuyén déi sang
dang bai toan hiru han chiéu théng qua cac kj thuat
rdi rac héa l1a budc di tat yéu. Phwong phap trung
khép toan cuc (Global Collocation Method - GCM)
duwoc lwa chon khong chi vi kha nang xt ly tét cac
hé phwong trinh phi tuyén ma con bai tinh én dinh
va do6 chinh xac cao khi str dung cac nut Chebyshev
trong qua trinh ndi suy.

Viéc chuyén bai toan diéu khién téi wu sang bai
toan quy hoach phi tuyén (NLP) cho phép tan dung
cac cong cu cua téi wu hoéa hién dai dé giai quyét
van dé&. Tuy nhién, do kich thwéc bai toan NLP
thwong rat I6n va chira nhiéu rang budc phi tuyén
phtrc tap, viéc lwa chon thuat toan giai phu hop la
yéu ciu quan trong. Trong nghién clru nay, thuat
toan gradient quan tinh (Inertial Gradient Method -



IGM) dwoc str dung nham cai thién tbc do hoi tu va
nang cao hiéu qua tinh toan. Co ché quan tinh gidp
thuat toan khoéng chi dwa vao théng tin hién tai ma
con khai thac xu hwéng bién ddi cia nghiém qua
cac buwoc lap trwde do, tw dé gidm thiéu dao déng
va tang tinh 6n dinh cGa qua trinh tim kiém nghiém.

Két qua mo phéng sé dbi vai thiét bi bay khong
ngudi lai BIRD EYE 650D cho thdy phwong phap
dé xuét cé kha ndng mé ta quj dao bay moét cach
chinh xac va lién tuc trong khéng gian ba chiéu.
So sanh gilra phwong phap trung khép toan cuc
(GCM) va trung khép dia phwong (LCM) cho thay
GCM cho nghiém min hon va phan anh t6t hon dac
tinh dong lwc hoc cha hé thdng, dac biét khi sd nat
ndi suy khong I&n. Diéu nay cé y nghia quan trong
trong viéc 1ap ké hoach bay tw dong, noi yéu cau
quy dao phai ddm bao tinh lién tuc, on dinh va phu
hop véi cac rang budc thuc té.

Bén canh d9, viéc tich hop cac yéu té thuc tién
nhw rang budc vé vi tri, thoi gian dén cac tram trung
gian va céc gi¢i han diéu khién da lam cho mé hinh
tré nén sat thuc té hon. Diéu nay khong chi nang
cao gia tri 'ng dung cla nghién clru ma con gop
phan tao cau ndi gitra ly thuyét va thyc tién trong
dao tao. Thong qua viéc mé phoéng va tric quan
héa quy dao bay, nguwdi hoc co thé dé dang hinh
dung va hiéu sau hon vé ban chat cla bai toan, tiy
ddé nang cao kha nang tw duy mo hinh héa va gidi
quyét van dé trong linh vwc hang khéng.

3. Két luan

Trong bai bdo nay, chung téi trinh bay bai toan
diéu hwong (lién tuc, vo han chiéu) trong hoat déng
bay va mét s6 mé hinh diéu khién téi wu. Thiét lap
bai toan diéu hwdng cho UAV va xay dwng phuong
phap trung kho’p toan cuc (GCM) chuyén bai toan
v6 han chiéu vé bai toan quy hoach phi tuyen (NLP
- Nonlinear Programming) hi*u han chiéu c& lén.
Dé xuét thuat toan téi wu quan tinh (IGM) giai bai
toan phan ra thu dwoc. Th&r nghiém dwoc thwe hién

NGHIEN CUU UNG DUNG KINH NGHIEM

cho mét loai UAV c& nhd (BIRD EYE 650D). Két
qua sb cho thay, phwong phap trung khédp GCM va
thuat toan dé xuat IGM chay hiéu qua, cé nhirtng wu
diém khi so sanh v&i phwong phap trung khép dia
phuong (LCM). Phuwong phap cé thé cung cép bo
di¥ liéu khi lap trinh ché do bay tw dong ctua UAV voi
ké hoach bay dwoc dinh sén.

Két qua nghién ctru c6 thé phuc vu truc tiép cho
hoat déng nghién ctru, dao tao, day va hoc cac hoc
phan thudéc Khoa Co ban (Toan hoc, Vat ly) ciing
nhw cac mén hoc lién quan nhw Co ly thuyét, Khi
dong lwc hoc - Nguyén ly bay, v.v... tai Trwdng si
quan Khéng quan =
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Abstract: This paper first reviews some fundamental concepts and results of optimal control theory, notable numerical methods
for solving the optimal control problem, and applications to flight equations of motion in three-dimensional space. We also
present a model of realistic navigation problem based on 4Dwaypoints. A global collocation method is used to solve the navigation
problem for Unmanned Aerial Vehicles (UAV). The numerical results for application examples have shown the effectiveness of the

proposed scheme and the accuracy of solution.
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