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TOM TAT

Bai béo trinh bay phurong phép 14p tuyén
duong bay khép kin téi wu theo théi gian cda
vat thé bay khéng nguoi 1ai hang nhe di qua
céc diém cho truée cé tinh dén dnh hudng

cta gi6é trong vung bay, phan tich sw anh
hudéng cua gi6 téi tuyén duong va thoi gian
bay.

Terkhoa: V4t thé bay khéng ngudi lai hang nhe, tuyén duong bay khép kin, dnh huéng

clia gio téi tuyén duong bay.
1. PAT VAN PE

Ngay nay vt thé bay khong ngudi lai (UAV)
la mot trong s6 céc dang duoc phat trién phd bién
nhat cua ki thuat hang khong vi d& dang sir dung
va gia thanh ré. Chinh vi thé né dugc sir dung rong
rdi dé: 1ap ban @6 va khao sat khu vuc, gidm sat
duong 6ng, tuan tra bién gisi... Hon thé nita n6
con duoc sir dung trong méi truedng nguy hiém, de
doa dén tinh mang cua phi cong nhu: do ndng do
phéng xa tai cac khu vyc bi nhiém chét phong xa,
xéac dinh doc td tai cac khu vuc bi nhidm doc héa
hoc...Vi vay dé thuc hién dwoc cac nhiém vy trén
can phai giai quyét mot loat cac bai toan dic thu,
mot trong s6 chung 1a bai toan didu khién bay tu
dong va noi riéng 1a bai toan xac dinh tuyén duong
bay khép kin t5i uu theo thoi gian bay cua UAV
hang nhe c6 tinh dén tac dong cua gi6 trong ving

bay. Tai thoi diém hién tai ngoai nhitng thanh
cong da dat duoc caa céc tac gia khac khi nghién
ctru van dé néu trén con ton tai mot s6 van dé chua
duoc giai quyét, cu thé nhu: chua dé xuat phuong
phap tim tuyén duong bay khép kin nhanh nhét
qua cac diém trong diéu kién c6 su tac dong cua
gi6 trong vung bay. Viéc xac 1ap tuyén duong bay
gan dung hay khong t6i uu kéo theo viéc chuin bi
bay tré nén kho khan hon, sai 1éch cao, hiéu qua
st dung va khai thac UAV bi han ché. Chinh vi
vay, nghién ctru van dé chua dugc giai quyét néu
trén la cAp thiét va c6 gia tri thyc tién cao. Két qua
thu dugc c¢6 y nghia quan trong trong viéc nang
cao hiéu qua bay cua UAV.

Céac UAV hang nhe (bang 1) c6 ban kinh vong
luon rat nho so voi d6 dai cua toan bo tuyén
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duong bay. Vi du nhu Gatewing X100 ¢6 ban kinh 1), thi @6 sai léch thoi gian bay gitra duong bay
vong lugn la 15m [2]. dang gip khic va dang cong (bang 2) 1a 3,17%
tuong dwong véi 85 gidy so véi tong thoi gian bay

Néu bo qua ban kinh vong luon cia UAV va X e - R .
14 2700 gidy khi thyc hién 100 lan quay dau.

coi quy dao bay cua no 1a duong gip khuc (hinh
Bang 1. Cac dac trung k¥ thuat caa UAV hang nhe

Tén goi ciia UAV Th(‘y(ipgrjg?) bay | Ban kin(fll( rf:](;at dong Do zamO) bay Vér; rf/;bay Van t(;(r:‘ gri)é(rtf/is()ia cho
«Inspector-101» 30-40 15 500 8-20 10
Zala 421-08 87 10 4000 18-33 2
«Airboat» 30 12 250 14 10
«Gatewing X100» 45 20 100-750 20 18
«Flaiai» 120-240 30 4000 14-47 21
05 «Tibchak» 120 40-70 3000 25-55 18

Bang 2. Sai léch thoi gian bay gitta dwong bay dang gap khic va dang cong

S6 lan quay (doi Sa;::g:i:@i Téng thoi gian bay theo S Iécz;;di glan
hudng bay) Ay G3) duong gap khic(giay) %)
2 1,71 2700 0,06%
3 2,565 2700 0,10%
4 3,42 2700 0,13%
5 4,275 2700 0,16%
6 5,13 2700 0,19%
7 5,985 2700 0,22%
8 6,84 2700 0,25%
9 7,695 2700 0,29%
10 8,55 2700 0,32%
11 9,405 2700 0,35%
12 10,26 2700 0,38%
13 11,115 2700 0,41%
14 11,97 2700 0,44%
15 12,825 2700 0,48%
100 85,5 2700 3,17%
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Hinh 1. Dang dudng bay cua UAV hang nhe di qua 6 diém

Trén thuc té ddi voi tuyén duong cia UAV
hang nhe thudng di qua vai chuc diém, thi do léch
thoi gian bay khong vurot quéa 1% so véi tong thoi
gian bay. Chinh vi vy trong bai bao nay tuyén
dudng bay dugc xem xét co6 dang nhu hinh 1.

Mit khéc, két qua nghién ciu sy thay doi
huéng, van toc gié theo thoi gian, d6 cao va
khoang cach [7] trén co s& phan tich dir liéu thong
ké gi6 cua viing c6 dién tich khoang 1439 km? da
chi ra ring, gia tri ciia cac tham s gi6 thay ddi rat
nho. Vi du, khi van téc gi6 tir 11 d¢én 20m/s & do
cao nho hon 1000m sau khoang thoi gian mot gio
van toc gié thay d6i khong l6n hon 1,3m/s va
hudng gié thay déi khong qua 4°; sau khoang
thoi gian hai gio van toc gié thay ddi khong Ion
hon 2m/s va huéng gi¢ thay dbi khong qua 6°.
Tur két qua tinh toan d6 c6 thé dua ra két luan vé
viéc 6 thé bo qua su thay d6i nho gié tri cua cac
tham sé gi6 d6i véi viing bay nho cia UAV hang
nhe.

Trong khudn khd cua bai bao nay cing voi
tinh toan cac dic trung d6i vai UAV Vé thai gian,
kich thuéc viing bay va su ¢d mat cua thiét bi diéu
khién trén khoang dam bao bay theo huéng cho
truéc & do cao ¢b dinh cho trudc [1], [5], [6] véi
tu cach 12 yéu té co ban anh huéng dén dén tuyén
duong bay ti wu gia tri cua cac tham sb gié dugc
coi 1a khong ddi trong vuing bay [5]. Ngoai ra, van
téc bay cua UAV duoc gia thiét 1a khong ddi trong
toan b thoi gian bay.

2. PHAC THAO VAN PE VA THIET LAP KY
THUAT BAI TOAN LAP HANH TRINH BAY

Cung véi sy phét trién cia UAV viéc tao ra
cac modul va phuong phap nang cao hi¢u qua tng
dung cua chiing dugc goi la mot trong céc linh vuc
nghién ctru quan trong [8]. Mét trong cbng viéc
trude khi bay ¢6 ¥ nghia anh huong quyét dinh
dén hiéu qua sir dung UAV la xay dung chuong
trinh bay. Chuong trinh nay dugc dua Ién khoang
trudc khi cit canh va tinh toan trude theo so do
toa d6 hodc theo so db thoi gian-toa d6[8]. UAV
bay qua cac diém cho trudc, ma sy phan b cua
chiing trén mat d4t thoa méan yéu cau cua bai toan
dit ra. Tuyén duong bay kin hay ha phu thudc vao
yéu ciu cua tirng bai toan cu thé. Mot trong sé
nhiing truong hop thuong gap 1a tuyén duong bay
kin di qua mdi diém mot 1an duy nhét va bao gom
ca diém cat va ha canh [3]. Bai toan tim tuyén
duong bay nhu vay dugc dién giai nhu bai toan
ngudi ban hang [11]. Khi d6 tiéu chuan t6i vu goi
1 thoi gian bay ciia UAV qua cac diém cho trudc

[4].

3. THIET LAP TOAN HQC BAI TOAN LAP
HANH TRINH BAY

3.1. Tinh thei gian bay ci#a UAV trong méi
trwong gié khong doi di qua cdc diém cho trwéc
a- Tinh thei gian bay gifa hai diém bt kp

Xét doan duong bay giita hai diém I, J va tam
gi4c van toc tuong tng (hinh 2) khi ¢6 su hién
dién cua gié trong vung bay.

Vyuay - van téc bay so véi moi truong khong
khi ciia UAV (con goi la khong téc), Vg - van
toc gié trong ving bay, sao cho Vay >Vj.

¢ €[0,£180°] - géc giira \7” va truc OX

Trang 101



SCIENGE & TECHNOLOGY DEVELOPMENT, Vol 17, No.K3- 2014

cua hé truc toa do gan lién véi mat dat. Géc A
hudng gié trong hé truc toa d6 gan lién voi mat

dat.
0 X
Hinh 2. Poan duong bay gitra hai diém | va J
RG rang rang, Vi3 =Vay +Vp Va2 —V,2 +V,2c0s2 B o
Viy =Vuav 2 —Vp
VUAV

cos(180° — B) = 2_\,2 4V, %2 cos? B +V, cos
Tu hinh 2 ta ¢, ( A) WUAV 5 B fVpcosf

®)
H _— ,Nhu vay }h(‘yi gif';m. bay giira hai diém I va J duoc
Cos¢ = - \/(XJ " )2+(y3 ~ )2 ) tinh theo cdng thuc.\/
_ N (- X2+ (Y3- )
B=l¢-4 tU_V_u_ Muay?- V2 +V,2 cos?b +Vj cosb
a1:‘180°— ﬂ‘, £ <[0°,360°] (3) (6)

Tur (5) ta nhan thdy rang, gia tri V|j khéng phu

. Vy .
sina, =—2-sin 3.

thugc vao dau caa goc S, boi Vi
UAV

> cos(B) =cos(+f). Vi vay, biéu thuc (3)

v ching ta chi quan tam téi d6 16n gia tri caa géc
cosa, =[1-sin’a, = ’1—(\/—3sinﬂ)2 = B v ay
UAV :

\/1_ (VV—B)Z(l—cosz B) = \/VUAVZ V" +V,’ cos’ b- Tinh théi gian bay cia tuyén dwong bay khép

UAV Vuav? kin bat ky
) Xét tuyén duong bay khép kin bat ky trong
Thay (3) va (4) vao (1): diéu kién tac dung cua gi6 khong ddi (hinh 3)
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t= Ak +
2 2 2 2
\/VUAV =V +V;p"cos” B, +V C0s fy,
Ao
\/V 2 _V,2 4V, c0s? By +V, COS B
uav- V" +Vp 23 +Vp 2
Ain
\/V 2_V,2+V,2cos® B, +V, cos S,
UAV B B J1 B Jl

+..

+

2>

2 2 2 2
_ AiAZ\/VUAV —Vp" +Vp~cos® B, +

t
2 2
Vuav ™ —Vp

2 2 2 2
Hinh 3. Tuyén duong bay khép kin bét ky Ao P Miny _\QB +\£B COS" fos .
VUAV _VB

Bai toan s& khdng mat di tinh tong quét néu ta —
gia st rang, huéng gié tring voi huéng chiéu AjAMuav” —V5" +V" Cos ﬂfl)+___

) , \V/ 2 —V 2
dwong cua truc OX ; g6¢c By, Bozv-os Biy Bin uav B
) ) 1 V(A A, COS By, + Ay Ay COS By + ...+ A, A COS f3,1)
la goc gitra V|3 va Vg Vyay 2 = V52

. . 10
Theo tinh chat cua tuyén duong bay khép kin ta (10)

co: Thay (8) vao (10):

AA, +AA +..+ AN +AA =0 . (7) _ AAN -V, +V, cos’ B, N

‘ t V2 —V,2
Khi d6 hinh chiéu cua phuong trinh (7) trén truc UAV B
; : 2 2 2 2
OX ¢6 dang: A AN 2 =V, +V,2 0082 g .
> >
A A, €Os [y + Ay A3 COS Sz +... @®) Vo™ —Vs
+AA; €os Sy + AjA oS Sy =0 AA Non” =V,* +V,7 cos® B,
Thc‘yi’gian bay theo tuyén duong bay khép kin co VUAV2 _V32
tinh dén tac dong cua giod trong vung bay (hinh 3) (11)
dugc tinh theo cdng thirc sau: .
Nhu vay, thoi gian bay qua cac diém cho trudc
(= AA  AA AjA1 trong moi truong gié khong ddi dwoc tinh theo
- V. + V. ot Vv ' ©) cong thuc (11)
12 23 i1

3.2. Tha tuc gidi bai toan lgp hanh trinh bay
Thay (5) vao (9):
Trong phuong an tinh toan bai toan 14p hanh

trinh bay & dang bai toan ngudi ban hang dugc goi
la rat khé. That vay, dbi vai n diém sé luong tuyén
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dudng bay c6 thé 1a (n- 1)!. R6 rang rang, sb
luong cia ching tang 1én rat nhanh khi ting s
lwong cac diém n. Vi dy, khi n=10 sé lugng tuyén
duong bay c6 thé la (10- 1)!= 362880, con
khi n=11, thi con s nay la 3628800. Do do, viéc
giai bai toan néu trén bang phuong phap tha cong
hay bang phuong phap Iya tron timg tuyén duong
1a diéu rat kho khan. Dé giai quyét bai toan néu
trén c6 thé sir dung céc thuat toan ndi tiéng trong
[10] nhu: thuét toan “an tham”, Belman, “ngudi
hang x6m gan nhat”, “phan nhanh va gidi
han”...Trong d6 phuong phap “phan nhanh va
giéi han” trong nhiéu tai liéu dwoc goi la mang
dén két qua chinh xac nhat [9].

binh dang bai toan nguoi ban hang theo
dang bai toan tuyén tinh cua lap trinh sé nguyén
nhi phan [12] theo phuong phap “phan nhanh va
gi¢i han” dugc dua ra nhu sau:

Thoi gian bay nhé nhit qua cac diém cho trugc
duoc xéc dinh béi biéu thire sau:

n n
1=1J=1 (12)

n n
min Zzt(x| Y1 X3, Y3 !V./] ’VB)XIJ
1=1J=1

X,; =1, néu UAV bay tryc tiép tir diém | toi diém

J, trong @6 1,J =ﬁ

X,; =0, trong truong hgp nguoc lai

t| J dugce xdc dinh theo cong thuc (6)

Khi (12) théa man cac gigi han:

n —

> xy=1, J=Ln (13)
1=1

Y xy=1, I=1Ln (14)
J=1
x; =01, 1,J=1n (15)

Thé nhung nhitng giéi han trén khong loai
bo dugc cac chu trinh con (cac tuyén duong khong
di qua tat ca n diém). Bé giai quyét duoc van dé
nay can thiét phai thuc hién hoic 1a bat phuong
trinh (16) hoac la (17)

U|—UJ +X|J*nSn—1, |,J=l,2,...,n,|¢J

(16)

n- 12 s6 lugng cac diém bay qua, U, , Uy - 1a nhiing
s6 bat ky thoa man (16)

Do bét phuong trinh (16) mang dén nhiéu
kho khan trong viéc md phong, vi vay trong bai
bao nay tac gia d& xuit bat phwong trinh (17) rat
thuan loi khi loai bo cac chu trinh con néu trén;

z+1 z+1
> Xy<z,z=2,n-2. 17
I

S6 luong cac bat phwong trinh cua biéu thirc (17)
dugc xac dinh theo cdng thic:

; n!

" zli(n—z)!

Nhu vay, khi giai hé phuong trinh (12-16)
hoic (12-15) va (17) ta thu duoc tuyén dudng bay
khép khin nhanh nhat qua n diém cho trudc ddi
Vi 1 cap gia tri tham sb gi6 trong ving bay.

4. PHAN TICH KET QUA NHAN PUQC

Xem xét bai toan lap hanh trinh bay qua 15
diém, ma duoc phan bé nhu hinh 4.

Van téc bay cia UAV la 20m/s va toa do 15
diém dugc dua ra tai bang 3. Huong va van tic
gio dugc dua ra trong bang 4.
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Hinh 4. Phan b cac diém cua tuyén duong bay

Bang 3. Toa d6 cac diém cua tuyén duong bay (km)

nj1l 2 3 4 5 6 7 8 9 10 11 12 13 14 15
x| 0] -2 4 05 -9 -5,5 -8,5 -11 -15,5 -12 -15 -11 -10,5 -2,5 3
y| 0 4 15 4,5 11 -13,5 -13,5 -16 -3,5 11 9,5 14,5 8,5 35 3

Két qua tinh toan thu duoc tuyén duong bay toi
wu M, i=1,2 va 3 twong tng Véi 3 truong hop
gi6 va thoi gian bay (gidy) twong ung vai tiing
tuyén duong dugc thé hién trong bang 4. Tir két
qua thu dwoc déi véi truong hop cu thé (bang 4)
thoi gian bay theo tuyén dudng bay khong téi wu
ludn 16n hon tir 23 dén 33% so véi tuyén duong
bay t6i wu trong ciing mot diéu kién bay.

Pé thay sy anh huong cua gié téi tuyén duong
bay va thoi gian bay tac gia tién hanh so sanh gitra
c4c tuyén duong bay téi wu khi gia tri cia cac tham
s gio thay dbi. Khi so sanh m; va m, da dang

nhan thiy su khéc nhau vé tht ty bay cua cac

tuyén duong bay téi wu twong ng vai cac gia tri
gi6 khéc nhau. Sy thay déi nay dién ra tai cac diém
14,15,1,3,4va5, 7, 8, 6. Su khac nhau theo thoi
gian gitra chung la:

. |6907 — 5732|

Aty = =20,5%.
5732

Khi so sanh m; va m§ nhan thay rang, khi thay
doi gia tri gi6 dan t6i sy thay doi tuyén duong bay
t6i wu giira cac diém 11, 10, 12, 13 va 8, 5, 7, 6.
Su khac nhau theo thoi gian gitra ching la:

* |5732 — 7867|

Atty = =37,24%.
5732
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Bang 4. Tuyén duong bay ti wu va khong t6i wu dbi véi cac gia tri tham sb gié khac nhau

Gi4 tri cac L. , Chénh léch thoi gian bay giita tuyén
tham s gi6 Tuyen duong bay cua UAV dudng bay tdi wu va khéng téi vu
Gio hué * |
i6 hudng _ _
Tay véi van tl - 6907 tl - 9177
toc13m/s
. 9177-6907
» At =————=32,86%
=P 6907
mf m,
Téi vu Khéng tdi uu
Gi6 huéng *_ |
Tay - Nam t2 =9132 t2 =7350
vé6i van toc
1m/s
. 7350-5732
’ ’ AL =200 08 2006
m, m,
Téiwu Khéng t6i uu
Gi6 huéng *_ =
Nam véi van t2 - 7867 t3 9676
tbc
15m/s
* Att, = 96767867 _ 23%
— 7867
m, m,
Téiwu Khong téi uu

Khi so sanh cac truong hop cua tuyén duong

4 * * A - 7 -7 . 5
bay toi vu My va My doi véi cac gia tri ciia tham

s6 gi6 khac nhau sy khac nhau giita chiung dugc
phan &nh tai cac diém 11, 10, 12, 13 va 14, 1, 15,

Trany 106



TAP CHi PHAT TRIEN KH&CN, TAP 17, SO K3- 2014

3, 4, cing nhu 6, 7, 5, 8. Su khac nhau theo thoi
gian gitra ching la:

- |6907 — 7867|
=
6907
5. KET LUAN CO BAN

=14%.

Str dung tiéu chuan thoi gian nham nang cao tinh
linh hoat khi giai bai toan 1ap hanh trinh bay, lam
giam kha nang bi mat vat thé bay do khong du
nang luwong dy trir, ndng cao hiéu qua sir dung
UAV va dong thoi tiét kiem duoc sé lugng I6n
nang luong.

Tir két qua khao sat mét sé vi du tim nghiém cua
bai toan quy hoach bay trong diéu kién cd tinh téi
tac dong cua giod trong ving bay nhan thiy rang,
thoi gian bay theo tuyén duong bay khép kin ludn
nho hon tir 20 dén 56% so véi tuyén duong khac
trong ciing diéu kién bay.

Céc két qua nghién ctu nhan dugc ¢ y nghia
quan trong va la nén tang co ban dé lap tuyén
dudng bay trong diéu kién gié khong xac dinh va
gi6 bién ddi theo thoi gian.
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consideration of wind in flight area
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This article presents a method of
planning closed routes by optimum time of
unmanned light aerial vehicles passing
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