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Tém tit: Trong bai bdo nay, tic gia trinh bay phuong phép xdc dinh tuyén duong bay ti uu clia
vat thé bay khong ngudi 1di hang nhe khi ¢6 dit liéu thong ké vé gié trong viing bay. Day 1a co s¢
khoa hoc dé xay dung chuong trinh bay trén khoang ctia UAV khi diéu kién thoi tiét phirc tap. Két
qué tinh todn phit hop véi nhitng 15 giai cua cdc cong trinh da dugc cong bod.

Tir khéa: Bai todn nguoi ban hang, quy hoach hanh trinh bay, tim nghiém trong diéu kién bat dinh,

dir liéu thong ké vé gi6.

1. Mé dau

Trong giai doan phat trién hién nay cua vat
thé bay khong nguoi ldi (UAV), mét trong
nhitng linh vuc quan trong la xay dung cdc mo6
hinh va phuwong phdp tng dung ctia UAV [1].
Viéc xay dung chuong trinh bay 1a mot trong
nhitng budc chuan bi anh huéng 16n dén tmg
dung ctia UAV. Chuong trinh bay dugc cai dat
vao thiét bi trén khoang trudc khi bay va khao
sdt viéc thyc hién so dd bay theo toa dd hoac
toa d6 - thoi gian [2]. bé hiéu chinh chuong
trinh bay can tinh dén dic trung k¥ thuat va tmg
dung ctia UAV. Trong s6 cic UAV hién c6, bai
bdo nay chi khao sat cic UAV hang nhe voi dic
trung k¥ thuat bay 1a ban kinh hoat dong nho va
trung binh, van tdc bay khoang 65 km/h, thoi
gian bay tir 1 gid dén mot vai gio. Vi du
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“Gatewing X100” van téc bay trung binh
khoang 75 km/h, thoi gian bay khong qué 1 gio,
tam xa hoat dong trong gi6i han 40 km. Diém
dac biét cua UAV nay, tha nhét 1a van tdc bay
rdt gan véi van toc gié kha di trong viing bay,
cu thé “Gatewing X100” c¢6 thé van hanh khi
van toc gié dat dén 65 km/h. Thi hai, tam xa va
thoi gian bay twong ddi nho, theo nhiing dic
trung néi trén hoan toan c¢6 thé bo qua su bién
d6i vé thoi gian va khong gian ciia gid tri tham
s6 cdc thanh phan gi6 [3]. Khi c6 gi6 khong dbi
cho trudc trong [1] da nghién cuu, UAV hang
nhe dugc s dung nham thu duoc canh quay
video ctia cac muc ti€u trén mat dét véi cdc gdc
phuong vi xédc dinh voi mdy quay ¢b dinh, ciing
nhu thu dugc mo hinh tuyén duong bay khi c6
su hién dién cua gi6 nhiéu loan ngiu nhién.
Quy dao bay [2] cua UAV hang nhe dugc
nghién ctru tap trung trong viéc x4c dinh gi6 tdi
wu dé chup anh cdc myc tiéu trén mat dat. Két
qua tinh toan trong [4] thu dugc thoi gian bay
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t6i thiéu cua hanh trinh bay tdi wu vé6i véan toc
khong dbi ciia UAV & do cao khong ddi trong
diéu kién gié phan bd déu va 6n dinh. Nhan
thy rang, van toc va hudng gié c6 thé duoc xic
dinh theo v¢ tinh khi tuong hodc tram khi tugng
trén miat dat... Tuy nhién, do nhiéu nguyén
nhin du bdo vé gi6 trong viing bay khong phai
lic nao ciing c6, vi du trong céc diéu kién
khong c6 internet, khong c6 tin hiéu vo tuyén,
khong c6 cic lien két khac vé thong tin gi6,
khong c6 thiét bi thu thong tin vé gi6... Khi d6,
xay dung hanh trinh bay hop 1y ciia UAV c6
tinh dén gi6 1a rit khé khan va tham chi Ia
khong thé thuc hién dugc. Trong khi d6, nhiéu
khu vuc dd c6 duoc dit lidu thdng ké vé gid tri
tham s6 gié va duoc gidi thiéu trong cdc sich
tra ctru vé khi hau [5]. Viéc st dung dir li¢u
thong ké vé gié dé tinh todn quy dao ciing nhu
thoi gian bay cua UAV duogc trinh bay trong
[6]. Bén canh d6 van con t6n tai bai todn chua
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duoc giai quyét lién quan ti viée xdc dinh thu tu
bay tdi wu qua cdc diém xdc dinh theo thoi gian
cua UAYV trong vung gié voi dir liéu théng ké da
biét. Vi vay, xdy dung phuong phap thiét lap
hanh trinh bay khép kin cua UAV khi c6 dir liéu
thong ké vé gié trong viing bay 1a mot bai todn
thyc té cap bach va rt quan trong.

2. Théng tin théng ké vé tham sb gi6

Trong sich tra ctru thong tin thong ké vé
tham sé gi6 [5] thuong dugc biéu dién dudi
dang bang, trong d6 chi ra xdc sudt tham sd gi6
nhin gia tri trong khoang xac dinh. Dit liéu
trong cdc bang nay ludn phu thudc vao thoi
gian x4c dinh cua ngay, mia va dia diém (Bang
1). Vi vay dang tong quit ciia cdc bang nay
duogc dua ra trong bang 2.

Bang 1. Xdc suat thong ké vé gi6 (%) tai thanh phd Twigda, thang 3, 13h00

Huéng gié

(dd) 45 90 135 180 225 270 315
Vy (mfs)
[0:1] 1.0 0.8 1.1 0.8 1.1 1.4 1.7 2.1
[2:5] 12 7.9 4.0 3.3 2.1 5.5 5.4 13.5
[6:9] 5.0 1.4 1.1 2.1 1.9 1.1 2.1 11.2
[10;13] 1.0 1.0 0.2 1.0 0.5 0.3 1.0 2.5
[14:17] 0.2 0.2 0.2 0.5 0.2 0.0 0.5 1.1

Bang 2. Xdc suat thong ké vé gi6 (%)
A <A<A 2 A <A< Z; AL <A< Al

1, VBAI/ SVB SVBB; P(Ql,l) P(Ql,z) P(Ql,z)

k; VBJZ SVB SVBi P(Qk,l) P(Qk:) P(ka)

K; V) <V, <VE  P(Qg) P(Qy ) P(Qy ;)

O day, z - s6 khoang huéng gié; k - sb
khodng van toc gié. Q, .- vung con gi6 trong

«kz» vung con va ¢ - vung gid; P(Q, ) - xac
k,z

suat xuat hién gié trong vung €, va khi dé

xéc suat gié toan phan trong viing ¢ c¢6 dang:
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P=Y P,)=100%

m=lM_
k=LK

3. Thiét 1ap bai toan quy hoach hanh trinh
bay Kkhi c6 thong tin thong ké ve tham so gio
Thiét 14p bai ton 13p hanh trinh bay gidng
nhu bai todn toi_ uu ngau nhién khi sur dung
phuong phdp ngau nhién [7]. Khi d6, yéu to
nhiéu loan la tham s gi6 (\TB ) trong vung €,
v6i xdc suat thong ké gi6 cho trudc
P(,.)=F,__. Trong d6 m la hanh trinh bay
trong [8- 12] tu: tap hop m [13]. Khi d6 ham muc
tiéu so cap cua thoi glan bay qua céc diém cua
mdi hanh trinh #(m, V ) 12 dai luong ngau nhién

c6 tinh khong xéc dinh c6 thé bo qua bang cich
chuyén tir ham muc tiéu so cip cua thoi gian

bay t(m,VB) dén mot dic trung thong ké nao

d6 ctia n6 ma duoc xem nhu la ham muc tiéu
thtr cap. Khi d6 déc trung nay c6 thé la ky vong
toan hoc:

1(m)= MO t(m,V) ] (1)

O day ky hi¢u MO thé hién phép toan thong

ké trung binh theo tdp hgp vector gié ngau
nhién \73 trong vung €2, .. Va di nhién ky vong
toan hoc theo tap vector gié ngau nhién \73
trong ving Q, _c6 thé dugc viét lai & dang sau:

1(m.Q, )= MO| 1(m.V;) | 2

Vi tu cach 1a yéu t6 nhidu loan, vector gi6
\7- dugc hiéu nhu 1a yéu t6 khong xic dinh va
chi biét dwoc gi6i han gid tri cia ching (bang

2). Tinh bat dinh ctia ham muyc tiéu so cap duoc
loai trlr bang cdch chuyén sang ham muc tiéu

thir cap. Tuy nhién, vi ring vector \7; hoan
toan khong biét, ngoai viing cho phép Q, .nén
rd rang trong vai trd 1am tht cép ddnh gid thoi
gian bay 1"“'(m,Q, ) tiép nhan gia tri xAu nhat
theo tat ca céc yéu to khong xac dinh cho phép

cua ham so céap trong vung €, _, nghia 1a ham
cuc tri:

(" (m, Q, ) = max t(m,V,)

3)

Tuy nhién ddnh gid thoi gian bay cua UAV
theo (3) 1a khong thé vi tinh lién tuc ctia thong
sO gi6 va cua vector \7; trong vung €, .. Vi
vy dé danh gid thoi gian bay 16n nhét theo (3)
can phai st dung gid tri roi rac da bict cua
thong sb gié trong mdi ving Q, . [13] véi xéc
suat 1a:

P(Qk,z) = Pk,z (4)

Khi bai todn tim hanh trinh bay tdi wu m"
c6 dang ky vong todn hoc nhé nhét cta thoi
gian bay, nghia 12 thiét 1ap bai toan t&i vu ngiu
nhién c6 dang sau:

i agmino[ 2] )
M 9 ’

4. Thi tuc gidi bai toan quy hoach hanh
trinh bay

4.1. Bdnh gid thoi gian bay ciia méi hanh trinh
bay theo cdc ving gi6 €2, .

Theo cong thtc (3) c6 thé Iya chon duoc
gid tri cua thoi gian bay 16n nhét khi cdc dleu
kién gié xau nhat cua viing da cho voi xdc sut
P(Q, ). Danh gia vé thoi gian theo tat ca cdc

gid tri roi rac trong vung Q,_ cling rit khé
khin vi phu thudc vao su phin b cua cic gid
tri nay[13]. Piéu nay c6 nghia 1a két qua thu
duoc phu thudc 16n vao viéc lya chon gid tri
ciing nhu s6 lugng cua ching. Lwa chon ngau
nhién cic gia tri roi rac nay c6 thé khong dua ra
duoc gia tri cyc tri hodc gia tri c6 do 1&ch 16n so
véi gid tri cuc tri. Con néu nhu Ira chon $6
lugng 16n cua ching theo vung Q, _, thi két
qué c6 thé s& khong thu duoc vi mdi gia tri cua
tham s gi6 dugc goi la dir liéu ban dau ctia mot
bai todn thiét 1ap hanh trinh bay [11], viéc tim
nghiém cua bai todn 1a rat khé vi khéi luong
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tinh todn 16n, dac biét khi cé $6 Iuwgng 16n céc
diém thudc hanh trinh [13]. Mat khac theo hinh
1 khoéng khé dé thiy rang thoi gian bay phu
thudc rat 16n vao gié va it phu thudc vao hudng
gi6. Ngoai ra, gid tri cyc tri cia thoi gian theo
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Hinh 1. Su phu thugc cua thoi gian bay vao cac gid tri cia tham $6 gi6 [13].

Vi vay, dé nhan duoc gia tri cyc tri theo
cong thuc (3) chi can xem xét gid tri 16n nhat
ctia van tbc gi6 V,;“ theo tat ca cdc hudng cua
gio trong vung Q, . gin céc gid tri bén canh.
Nghia la, 4 =4, +AA, AA- la dai luong rat
nho cta (A7 - A!), vidy AA=2; khi d6
cong thic (3) c¢6 thé duge viét lai dudi dang
sau:

" (m,Q, )= max t(m,Vy,4) (6)

Vi =VpeQy
A<a <A
O day, 1(m,V;,,A) la thoi gian bay qua cic
diém cua mdi hanh trinh bay khép kin khi c6
thong tin vé gid, ching dugc tinh theo cong
thure trong [2], [4].

4.2. Chi s6 hiéu qua ciia méi hanh trinh bay
theo ving ¢

Ky vong toan hoc ctia danh gid thoi gian
bay ctia moéi hanh trinh theo viung gié ¢ dugc
tinh theo cong thirc (7):

1" (m,Q, P, )

=LK

=1,Z

MO[1(m)] = MO[1(m)] =

o~

(7)

O day, gid tri ™ (m,Q, ) dugc tinh theo

cong thirc (6) va P(Q,.) duogc xédc dinh theo
cac dit liéu da cho trong bang 3.

4.3. Lya chon hanh trinh bay 16t nhat

Xdc dinh m" theo cong thuc (5) gip phai
khé khén 16n va tham chi 1a khong thé xdc dinh
duogc, dic biét khi s lugng diém thudc hanh
trinh 16n vi s6 i 16n [13]. Vi vay, dé giai quyét
bai to4n dit ra theo cong thirc (5) can phai tiép
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nhan tdp hop hanh trinh bay ti wu tiém ning
M) [13], vi $6 Iuwgng hanh trinh trong tap M rat
nho so v6i s6 lugng trong %, nghia Ia
Ny <N—. Ngoai ra, trong [13] da chi ra rang

hanh trinh bay khép kin nhanh nhit tim duoc

trong tép M’ hodac M hodc m la nhu nhau. Khi
d6 c6 the viét lai cong thirc (5) dudi dang sau:

m’ =argmin MO[t(m)] (®)

Vi vdy, sir dung cic cong thic (6-8) cho
phép thu dugc hanh trinh bay khép kin nhanh
nhat khi chi c¢6 dit liéu thong ké vé gi6 trong
vung bay.

5. Két luan

Bai bdo di phan tich va dé& xuét viéc su
dung phuong 4n gidi quyét bai toin lap hanh
trinh bay cua UAV khi chi c6 dir liéu thong ké
vé gi6 trong vung bay trén co s su dung ham
muc ti€u thir cap. Van dé tinh todn khé khin
xudt hién khi giai bai todn thiét 1ap hanh trinh
bay trong diéu kién khoang gid tri tham sb gi6
1a Iya chon tuyén dudng bay tbi wu tir tip hop
rat 16n s6 lugng hanh trinh bay c6 thé. Khé
khan nay da dugc khac phuc nho st dung tap
hop hanh trinh bay téi wu tiém ning. Két qua
nhén dugc cho phép xdy dung chuong trinh bay
tw dong trén khoang ctia UAV hang nhe gitp
t6i vu thoi gian bay tir 23% dén 33%.
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Setting Closed Flight Route for Lightweight Unmanned Aerial
Vehicle with Statistical Data of the Wind in the Flight Area

Pham Xuén Quyén

Military Technical Academy, 236 Hoang Quéc Vieét, Cau Gidy, Hanoi, Vietnam

Abstract: In this paper, the authors present methods for determining the optimal route for
lightweight unmanned aerial vehicle with statistical data of the wind in the flight area. This is the
scientific basis for the setting program on the board of UAV with weather conditions. The results
calculated in accordance with the interpretation of the works have been published.

Keywords: Salesman problem, planning on the flight route, search results in uncertain conditions,
statistical data on wind.
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