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TOM TAT

Bai bdo trinh bay vin dé gidi bai todn lwa chon ddc tinh thiét ké nhom thzét bi bay khong
nguoti ldi (UAV) da chitc nang. Trén co s phuong phap nén dong luc hoc tong quat (GDCM)
xdy dung thudt toan cua gzal quyét van dé phan bo nhiém vu muc tiéu gitta cdc logi UAV khac
nhau. Két qud mé phéng mé hinh nhoém UAV da néng téi wu phuc vu phan tich, danh gid, theo
doi, giam sat, dw bao tinh hinh an ninh, gidi quyét cdc van dé vé citu ho, cueu nan, cing nhw danh
gid hiéu qud thuc hién nhiém vu ting UAV riéng lé trong nhom UAV. Cung cdp géc nhin toan
canh cho ngu’m chi huy khi thuc thi nhiém vu ¢ bién Dong vung bién thém luc dia Viét Nam c6
tinh dén cdc yéu té tic dong nhiéu bén trong va bén ngoai, cdc gid thiét chap nhan duoc, cac
gidi han chire nang, diéu kién ban dau. Két qua cong trinh c6 thé sir dung dé gidi quyét van de
khoa hoc méi ddt ra khi thay doi nhiém vu, yéu cau ky-chién thudt nhom UAV ciing nhi s6
leong, ching loai UAV c6 trong bién ché.

Tir khoa: Thiét bi bay khong ngudi 14i; Nhdm da nang; Phuong phap nén dong luc hoc; Thuat toan; Theo ddi; Gidm
sat an ninh bién Dong.

1. MO PAU

Hién nay, trén thé gidi cac thiét bi bay khong ngudi 1ai (UAV) dugc phat trién va sir dung 1am
thiét bi mang cac bo thu thap di liéu (PSD) dac biét (hodc céc tai trong c6 ich) & mét khu vuc
nhat dinh trén dai dwong cung cép thong tin dé giai quyét cac van dé vé phan tich, danh gia, quan
trac, du bao tinh hinh an ninh, van chuyén cac tai trong déc biét dén bét ctr dau trong cac ving
bién cu thé. Cac bd thu thap dir liéu dac biét nay dong thoi dugc phéan bd ca trén mat nudc va
trén khong, dam bao thong tin vé tinh hinh an ninh tai cic diém khac nhau ciia ving tham do va
duoc déng bd hoa theo thoi gian thuc. Sy déng bd héa nham dam bao xay dyng mdt mo hinh
chung va chinh xac nhit vé& hudng di chuyén, mic do de doa an ninh qubc phong cua céc tau
thuyén trong khu vyc can theo ddi sat véi thoi gian thyc [1, 2].

Muc dich bai viét 1a trén co s¢ su dung phuong phap nén dong luc hoc tong quét [3, 4] xay
du’ng thuét toan thiét ké cau triic toi wu cia nhom UAV da ning trong nghién ctru phan tich, danh
gi4, quan tric, du bao tinh hinh an ninh, dua céc tai trong c6 ich dén vi tri can thlet trén nhiing ving
dai duong, cac vung bién thém luc dia rong 16n nudce ta co tinh dén cac yeu td tac dong nhiéu bén
trong va bén ngoai, cac gia thiét chap nhan duoc, cac giéi han chic ning, diéu kién ban dau [5-7].

2. NOI DUNG CAN GIAI QUYET
Dat bai toan lwa chon xiy dung dic tinh nhém UAV da nang

Hién nay, trong bién ché ciia chiing ta c6 rat nhidu chung loai UAV vdi cac dic diém két cau
(UAV canh bang, UAV kiéu canh quay, khinh khi ciu, cic dang tén lia,...) va tham s6 da dang
(kich thudc, khéi lugng, van tdc, cu ly, hé théng diéu khién, dan duong, d¢ chinh xac dan
duong,...). Bai toan lya chon dac diém két cau va tham sb ciia nhém UAV da nang duoc thiét lap
trén co s& mo hinh tinh toan gia thanh nhém UAV da nang sau:

C[W,D,E(a))] min EIQ)C[W,D,E(a))] 1)
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Trong do: C [W D, E(E))} - Gia thanh ctia nhom UAV da nang; W |a tdp hop nhiém vu muc
tiéu duoc xac dinh bdi vecto = {mPSD,go,l,h} eW; myy - Khdi lugng bo thu thdp dit lidu
(PSD) ( hodc cac tai trong co ich); ¢ - Vi d; A- Kinh dg, h - P cao ctia muc tiéu, E(E)) -
Ham phan b nhiém vy, dugc xac dinh bdi cac ham phéan bd co ban ¢; : e; =1néu nhiém vy i
dugc thyuc hign béi loai UAV jva g; =0 trong truong hop nguoc lai.

E(5)={e(l,l),e(1,2),...,e(i,j),...,e(n,m)};i =1n, j=1m

Véi n - Sb lwong nhiém vy muyc ti€u, m - Sé luong ching loai UAV, D- Tép hop cac
phuong an xay dung nhém UAV (khong gian Dirichlet).

Trong bai toan khong chi lya chon phan bd t6i uu cac nhiém vu muc tiéu theo loai UAV ma
con quyét dinh thiét ké tuong tmg a cho tung loai UAV riéng 1é. Giai bai toan (1) voi cac tham
sO giGi han trén cac giai phap thiét ké:

I:)Omin < PO < I:)Omax

HpcPmin S Hpee S HDCPmax
<m < mC max

<My <M

2
mC min

M Omax

Omin
Trong dé, véc to tham sé thiét ké xac dinh cac dic trung dong lyc hoc chinh cua UAV bao
gom cac thanh phan sau: az(PO, 'uDCP’mC’MO)’ voi PO- Luc day dong co phong (DCP),

- Trong lugng twong ddi ciia dong co phong, m . - Trong lugng canh, M 0 Trong luong

Hocp C
phéng ciia UAV. Ham gi6i han tham s thiét ké co dang:
m
g1=Di“Djzg;gzzj_!le =W (3)

Trong 6, D, :{éeW‘E(é):j}, j=1m - Khang gian Dirichlet.

Giai phap cho vén dé hoat dong cua nhom UAV da ning chinh 1a giai phap thiét ké kha thi dé
hoan thién UAV mang bo thu thép dir liéu dac biét (cac tai trong cé ich), duwoc xac dinh boi gidi
han vé tham s0 va churc nang sau [6]:

acAueU,a_. .<a<a___.i=lnu_. .<u.<u___ . j=1m,
D~ mini ~ i = “maxi minj = j~ “maxj 4)
gr(d)=0,r=1g.
Trong d6, A, U 1a giéi han cho phép clia tham s6 va tinh diéu khién.
a . .<a<a i=1nu_. .<u.<u .,j=1,_m, lan luot 13 gi6i han cac tham s
mini ~ i ~ “maxi minj = j~ maxj

thiét ké va cac chic ning diéu khién chuyén dong ciia UAV; g (d)=0,r =1,0.- Cac ham giéi

han; d = [a,U(t)]- Vecto giai phap thiét ké UAV; @ - Vecto dic trung cho nhiém vy muc tiéu
cua nhom UAV da nang.
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Gioi han chuc nang dau tién g 1 trong bai toan (1) 1a tdp hop nhiém vu muyc ti€u thuc hién bdi
UAV loai i khong thudc tdp hop cac nhiém vu muc tiéu thyc hién bai UAV loai | .

Gioi han chirc nang thu hai g ) trong bai toan (1) 14 ciu trac ctia nhém UAV phai dugc xdy
dung dac biét. Cu thé cho phep thay doi tap hop cac nhiém vy myc ti€u nhat dinh cho nhau theo

thoi gian sat thoi gian thyc. Dong thoi, t6i uu gia thanh ciia nhém UAV thu thap thong tin vién
tham can thiét véi tan suét yéu cau va day du.

BQI toan (1) thudc loai bai toap da tiéu Ch}, da tham sd x;,ic dinh céc chi tiéu, dac trung két géu
hé thong ky thuét phirc hop va toi uu hoa cau tric, tham s6 cua chung. Bai toan duoc giai bang
phuong phap nén dong luc hoc tong quat [4-6].

3. MO PHONG, TiNH TOAN, THAO LUAN
3.1. Thuit toan phwong phap nén dong luc hoc tong quat

Phuong phap nén dong luc hoc tong quat sir dung két hop phuong phap t6i wu trong khong

gian ham nguogc va phuong phap nén dong luc hoc. Trén co s6 phuong phap nen dong luc hoc

thiét 1ap mot s chirc ning nhat dinh cho phép dua ra mién gi6i han cua cac tham sb thiét ké cua
UAYV, tir 46 xac dinh phuong an cudi phan b6 nhiém vu muc tiéu gitra cac loai UAV khéac nhau.

Tuwong quan giita tap con A — A va dbi tuong y duoc dinh nghia nhu sau [4]:

D(Al,y)= > u(@)dHay)= T u(a)p’(ay) (5)
aeA acA
Trong do: A - Téap hgp cac mo-dun cung loai UAV: ,u( ) Hé s “trong s6” riéng bai toan
(1) 12 s0 luong md-dun can thiet dé sap xep tat ca cac loai UAV trong nhom da nang.
Ham biéu dién (lya chon) tham s6 UAV cho tap nhiém vy muyc ti€u ¢ ( P) =L gan dai dién |k

cho mdi nhém P, theo diéu kién:
L =0(P,)= {a eA‘m?xd(aJ y)} (6)

ajgp u(a;)p(0.;)

ajgpj (2]

Do d6, véi tu cach 1a dai dién cia cum lya chon dbi tugng Y nam gﬁn nhat véi trong tam cua
cum Pk . Quy tic chon dbi tugng Y lam dai dién méi K +1 cho nhém Pk 41 ©0 dang:

Véi ye RP- Trong tam ctia nhém B c6 dang: y =

1= {aj eA‘mkln r;nglggd( i | )} (7)
c6 nghia la tiéu chi dai dién Pk +1 lua chon d6i tugng Yy twong Ung véi cuc tiéu gidi han cia
nhom, hay dbi tugng & xa nhét trong ma tran p(a, y) .

Thuét toan phuong phap nén dong luc hoc tdng quat thé hién trong hinh 1 [5, 6].
Dé xé4c dinh thoi diém két thuc qua trinh lap, sir dung diéu kién:
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maXp(aj,Ik)Sg,PkcA (8)

ajeR

v6i € la 3 chinh xac ham muc tiéu da cho.

Dat
k=l.Pk=A

Y

Thuat toan nén dong luc
hoc véi k =const

|

Dung
magcp(aj.f})ﬁ s.BcA
Xac dinh ve 4
B L | _ k=k+1
fk_l_l—[aj EAnl}mﬁnElglld‘.ﬂj-f;” Sai P =
> k-
le=» =3
Dung
Paura
> K*<P;.L*>

Hinh 1. Thudt todn phirong phdp nén déng e hoc tong quit.
3.2. Giai bai toin hra chon dic tinh thiét ké nhém UAV da niing
Vi tai trong mang c6 ich sir dung UAV, 1ap miu thong ké giai phap dang sau [7]:

a CZi N

Trong do: N - Tong s6 mau thdng ké giai phap, a - Véc to tham sd thiét ké UAV, CZ' -
[

Gia thanh cta phuong an kha thi thir i xdy dung nhém UAV da nang.

Tir mau théng ké thu duoc, dbi vé6i tai trong mang c6 ich cia UAV xdy dung mdi quan hé
C, =Ci (d),i=18 va giai bai toan t&i wu hoa C, =arnilr5Ci (a),i =18 bing phuong phap nén

€

dong luc hoc téng quat. Tur d6, xac dinh dugc véc to tdi wu cia cac thong sb thiét ké Aopt 11 =18
gitip giam gi4 thanh két ciu cua nhdm UAV da ning.

Mo hinh nhém UAV da ning téi wu dugc xdy dung tir diéu kién dua 8 ’khfr)i tai trong co ich
tdi cac vi tri (muc tiéu) khac nhau trén Bién Dong. Goc toa d 1a diém xuat phat cia cac UAV
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gan thémh~ph6 Phan Rang - Thap Cham, tinh Ninh Thuan. Cac khoi tai trong c6 ich aé thu thap
dir liéu vien tham nham theo doi khu vuc bién, dua cac tai trong c6 ich can thiét d€n cac dieém co
toa do nhu bang 1 va hinh 2.
Bdng 1. Toa do muc tiéu trén bién Dong voi géc toa do chon truoc.
1. A (350 000; 50 000) 5. E (250 000; 40 000)
2. B (300 000; 80 000) 6. F (310 000; 10 000)
3. C (35 000; 20 000) 7. G (360 000; 90 000)
4. D (280 000; 70 000) 8. H (250 000; 10 000)

3.3. Két qua mé phong phén bd tdi wu chirc ning ctia nhém UAV
Tinh toan s6 lan phong Ny, Ny,..., Ng dugce thé hién trong bang 2.

Bing 2. Tinh todn sé lan phéng UAV.

P P, P, P, P, P, P, P,
0,6 07 0,65 05 08 0,75 08 08
n n, n, n, N, N n, Ny
4 3 3 5 2 3 2 2

Str dung nhom UAV da ning c¢6 ciu tric t6i wu bao gdm 3 loai:

- Loai UAV 1: van chuyén b¢ thiét bi thu thap dit liéu c6 khoi luong m,; =150+250 kg;
- Loai UAV 2: van chuyén b thiét bi thu thap dit liéu c6 khdi lugng m., = 200+350 kg;
- Loai UAV 3: van chuyén b thiét bi thu thap dit liéu c6 khdi lugng m, =350=500 kg.
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Hinh 2. Piém dt cdc bé thiét bi thu thdp diF liéu vién tham.
Két qua phan bd tdi uu chirc ning ctia nhém UAV thu dugc nhu bang 3:
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Bing 3. Két qud phdn bé t6i wu chire nang ciia nhém UAV.

Tham s Phéin b6 nhiém vu muc tiéu theo loai UAV
X(1) =1,367 | e(1,1) = 1- nhiém vy muyc ti€u 1 do UAV loai 1 thyc hién
X(2) = 2,892 | e(2,2) = 1- nhiém vy muc tiéu 2 do UAV loai 2 thuc hién
X(3) = 1,245 | e(3,1) = 1- nhiém vu muc tiéu 3 do UAV loai 1 thuc hién
X(4) = 2,080 | e(4,2) = 1- nhiém vy muc ti€u 4 do UAV loai 2 thyc hién
X(5) =2,591 | e(5,2) = 1- nhiém vy muc ti€u 5 do UAV loai 2 thyc hién
X(6) = 3,969 | e(6,3) = 1- nhiém vu muc tiéu 6 do UAV loai 3 thuc hién
X(7) = 3,003 | e(7,3) = 1- nhiém vu muc tiéu 7 do UAV loai 1 thuc hién
X(8) = 3,479 | e(8,3) = 1- nhiém vu muc tiéu 8 do UAV loai 3 thuc hién

Gid thanh céu tric cta nhém UAV t6i wu da chiic nang 1a: CoP' =0,86x10%dvt, thép hon 4-
5% so véi sir dung nhom cac UAV chuyén dung cung loai nham thu thap dit liéu vién tham.

4. KET LUAN

- Bai bao d& xuét biéu dién cac thong sb thiét ké cia UAV dudi dang ham nghich dao, chinh
xac hon 14 & dang x4p xi ctia chiing, giup giai bai toan da cuc mot cach hidu qua. Thuét toan lap
¢6 su hdi tu kha nhanh, tinh toan va du doan két qua cua dir liéu méi don gian, khong can dua ra
mo hinh vé& phéan phdi cua cac 16p. Nhuge diém chinh 1a khong xem xét day dui cac moi twong
quan cua khong gian thudc tinh va su can thiét phai chi dinh mot sé lugng hitu han cac 16p.

- Pi xay dyng thuat toan lya chon dic trung cau trac cia nhém UAV da niang. Thut toan cho
phép tim phan ving t6i wu tdp hop cac tham s6 cua UAV va tap hop cac nhiém vu cin giai quyét
thanh cac nhom phu hop voi do chinh xéc tinh toan ham muc ti€u cho truge. Viée van dung thuat
toan trong phuong phap nén dong luc hoc cho phép giai bai toan t6i wu tong quat hoa va lwa
chon cau tric cia nhom UAV da nang de phén bd cac nhiém vy muc tiéu theo dang UAV khi
cho trudc cac gidi han ddi vai cac tham s thiét ké cua ching.

- Str dung két qua dé giai quyét van dé khoa hoc méi dit ra khi cac yéu cau chién, k¥ thuat
cac nhom UAV thay dbi khong chi dap tmg van dé vién tham, dua tai trong c6 ich dén vi tri da
dinh ma con danh gia hiéu qua thuc hién nhiém vu cta cac UAV riéng 1é trong nhom UAV co
tinh dén cac yéu t tic dong bén trong va bén ngoai, cac gia thiét cho phép, cac gii han chic
nang, diéu kién ban dau.
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ABSTRACT

Building the optimal structural multi-purpose UAV group design algorithm
on the basis of the dynamic compression method

The article presents the problem of solving the problem of selecting the design
characteristics of a multi-purpose unmanned aerial vehicle (UAV) group. On the basis of
the general dynamics compression method (GMDS), the algorithm is developed to solve
the problem of target assignment distribution among different types of UAVs. Simulation
results of the optimal multi-purpose UAV system model for analysis, assessment,
monitoring, monitoring, forecasting security situations, solving problems of rescue and
rescue, as well as evaluation effectively perform the task of each individual UAV in the
UAV system. Provide a panoramic view for the commander when performing tasks in the
East Sea, the waters of the continental shelf of Vietnam, taking into account internal and
external disturbances, acceptable assumptions, functional limitations, initial conditions.
The results of the work can be used to solve new scientific problems posed when changing
missions, tactical and technical requirements of the UAV system, as well as the number
and types of UAVs on the payroll.

Keywords: Unmanned aerial vehicle; Multi-purpose group; General dynamics compression method; Algorithm;
Monitoring; Surveillance sercurity in East Sea.
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