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PHAN CHIA TOI UU NHOM UAVs PA CHUC NANG THEO CAC CHI
SO AN TOAN BANG PHUONG PHAP TONG HQP
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Tém tit: Bai bdo xem xét vin dé xdy dyng mot nhom cac phirong tién bay khong nguoi

ldi (UAVs) ¢6 thanh phdn chitc néng toi wu theo cdc chi sé an toan bang phuong phdp nén
dong luc hoc mo rong voi cac rang bugc chirc nang, xdy dung bai toan toi wu héa viéc
phdn chia mét tdp hop cdc nguyén tir dong nhdt thanh sé lrong cum 161 wu, ciing nhir hiéu
chinh phwong phdp nén dong lwc hoc. Trinh bay qud trinh toi thiéu héa trinh ti thiét ké
cho cdc phirong dn cé thé cau hinh hé thong UAVs theo tiéu chi e ddy déng co va chi phi
ciia ching. Trinh bay t6 hop phan mém va phwong phdp ludn dé xdy dung mét hé thong
UAVs dang toi wu.

Tir khoa: Mdy bay khong nguoi lai (UAVs); He théng da chirc ndng; Thanh phan chirc ning t8i wu; Tdng hop céu

trdc-tham s6; Phuong phap nén dong luc hoc; Toi wu hoa; Thong ké mau.

1. PAT VAN DE

Tinh chét da chirc népg cua nhom UAVs duogc xac d;nh béi td hop da dang cég nhiém
vu can thuc hién, cac di@u kiézn hoat dong cua nhém nham cung cap thong tir} chat lugng
cao cho nguoi dung cudi. BE sir dung hiéu qua va an toan UAVs trong di€u kién moi
truong, thoi tiét khac nghiét can giai quyét cac van dé vé to1 uu hoa cau trac lya chon
(hoac tong hop) cac thanh phan chirc nang cua UAV thong qua viée xac dinh chirc nang
cua tirng thanh phan trong nhoém.

2. DPAT BAI TOAN TOI UU HOA PHAN CHIA CHUC NANG NHOM UAVs

THEO CAC CHI SO AN TOAN

Viéc thiét ké mot nhom UAVs da chirc nang la bai toan phan b6 hop 1y mot nhoém
nhiém vu muc ti€u X nhat dinh gifra cac UAVS riéng 1¢ cia nhom theo cac dac trung tinh
toan cua chung. Ham phan phoi E (X) 1a tong quat "cac dac trung tinh toan" trong bai
toan phan chia cac nhiém vy muc ti€u cho cac UAVs riéng I¢, giup danh gia tong thé két

quéa clia nhom, theo toan bd cac nhiém vy cua nhom. Dé xay dung no, can thiét lap cac
quy luét cho phép tim ham phan phéi theo tiéu chi hiéu qua va an toan [4].

Tap hop A céc loai UAVs duoc viét dudi dang:
A:{ajil’ajiz’""ajik} (@D
Trong d6, a;, - Vecto chién lugc thiét ké UAVs loai thit j, kich thude loai thir k véi
thanh phan i lya chon t6 hgp nhém (UAVs dang th j).
Tap hop bién s6 X 1a dai dién cho tip hop tham sb thiét ké
{Xl, X2, e XM }jik . Trong khong gian cac tham sb thiét ké, khoang cach Euclide

m 212 , . o
13 p(x,y) = {z \xi - yi\ } va chi sb tuong ddng d(x, ) =%. Chi sb day du giita
=1 p=(XY)

tap hop con A' A va dbi twong y duoc viét dudi dang [1] :

12 N. T. Long, N. B. Thanh, “Phdn chia tbi wu nhém UAVs ... toxng hop cdu trivc-tham sé.”
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D(A.y)= T p@dl@y)= T p@p’@y) )
acA acA

Trong d6, p(a)- Hé sd trong luong, twong tmg véi sé loai UAVs can thiét dé hinh
thanh mot nhom UAVs. Dé phu kin khong gian S chon cu tric 1a tap hop P, phén
vung thanh K 16p. Khong gian trong tdm cua chién luoc 12 mot tap con cua khong gian
doi tugng badi gia thiét tAm cua 16p phai trung véi mot trong cac dang UAVs.

Ham trung tam g(P) = L s& dit tuong tmg v6i mdi cum P, tdm | ctia né theo diéu kién:
Ik:g(Pk):(aj ePk‘mj':IX(aj,Y)] (3)

oday, ye RP - Trong tdm cum P, .

)p(0,a-
ajgpku(aj)p( aJ)
y= 4)
2 M(aj)

Theo céch ndy, di tuong gan trong tAm nhat ciia cum dugc chon 1am trong tim cia cum.

Ham phan phdi f(L)=P nhan gi4 tri nguyén 1,2,...,K va phéan chia cac ddi twong
thanh cc cum Pi:{aeA‘d(a,li)>d(a,lj)}, hi d(al;)=d(al;), i acR voi
I<j.

Tiéu chuéan tdi wu dé phan chia tdp hop A thanh cic cum P, A= {Pk};Piij =0

co dang:
~ K K 1
3(P, L)=i§1D(Pi,Ii)=i§la€ZPid (al; k(a) (5)
trong do, |.- Trung tam cum thtr i, dugc chon dua trén sy tiém can vdi trong tdm cla cum
nay. Luu y rang, tiéu chi 3 thé hién phuong sai trung binh cum ciia phan ving P .
Bai toan tdi uru hoa viée phan chia tap hop cac kiéu dong nhat A thanh mot sé cum tdi
uu c6 dang [2]:
Tim mot cap (P*, L*) , hinh thanh tir nhiéu phéan ving P" va tap hop cac trung tam
tuong ung L*, sao cho:
3P, L) = min % » p(a)d_l(a, i) ©)
k izlaePi I

Véc to tham sb thiét ké a, xac dinh cac dic trung hinh dang cia UAVs c¢6 thanh phan
nhu sau:

az(PO,udC,mc,MO) (7
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trong do: R, - Luc day dong co; My - Khéi luong twong ddi cua dong co; m, - Khbi
luong canh; M- Khdi lugng ban dau cua UAVs.

Viéc lua chon véc to cac tham so thi€t k€ twong ing v6i giai doan lya chon tham so
va ¢ giai doan nay xac dinh sua doi doi voi tng UAVs riéng 1é. Ti€u chuan toi wu dé

phan chia cac tdp hop ban dau A thanh cic cum Pk,Az{Pk};Piij = cb dang:
K
W(P,L)= Y D(P d a 8
P0=E0(34)- 5 5 o b ®

trong do, |, - bai dién cho cum thur i, dugc chon dua trén danh gia tiém cén voi trong tdm
cua cum nay.
Viéc ti uu hoa phan chia ciia mot tap hop cic nguyén mau dong nhat A thanh tbi wu

’ N * %
s0 luong cac cum dugc xac dinh bang cach tim mot cdp <P L >, tic 1a tap hop cac

phan vung va tap céc dai dién tuong trng sao cho:

w (P, )ZD-, 3 5 aYakh(a ©)
( I ) i 1aeP ( ) ( )

Thuét toan tim phan chia t6i wu bao gdm céc budc sau:

1. Tim phén chia t&i uu khi k = const;

2. Lya chon dbi tugng a € A - C6 thé dai dién cho cum thir (k +1) X

3. Kiém tra tinh chinh xac cta luya chon.

Quy tic lya chon dbi tuong lam dai dién cho cum méi thir (k +1):

|,y = {a eA‘mlnngFrJd(a I ); (10)

nghia 13, lya chon dai dién 1 d6i twong c6 chi s6 tuong dong t6i thiéu véi cum cia no,
hay noi cach khac, doéi tuong khac biét nhat.
Dé danh gia thoi diém két thuc vong lap, can sir dung diéu kién sau:

_max p( i |k)<s, R A (11)
J k
Phuong phap nén dong lyc hoc mo rong bao gém sy két hop cua phuong phap tdi vu
hoa trong khong gian ham nghich dao va phuong phap nen dong luc hoc. Trong truong
hop nay, phuong phap nén dong luc hoc ¢6 chirc nang 1a ham kiém tra [1]. Ham nay Xac
dinh khoang cach giita cac tham sé thiét ké, duoc xay dung 1én tir sy phan chia cudi
nhiém vu muyc tiéu gifra cac loai UAVs riéng 1é.

3. HIEU CHINH PHUONG PHAP NEN PONG LUC HQC TRONG BAI TOAN

TOI UU HOA HAM PHAN CHIA NHOM UAVs THEO CAC CHI SO AN TOAN
Phuong phap nén dong luc hoc kha phd bién va hiéu qua dé phan loai cac quan sat da

chiéu thanh mot so6 16p xac dinh trudc trong di€u ki€n toi thiéu thong tin vé trung tam

14 N. T. Long, N. B. Thanh, “Phdn chia téi wu nhém UAVs ... téng hop ciu triic-tham s6.”
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ban dau cua cac 16p, 1a mot tng dung cta phuong phap k-1an cén.

Khoang cach gilta cac tham s6 thiét ké cia UAVs dugc xac dinh theo hé mét:
p(X,y) =|x—y|. Do chinh x4c tdi wu thiét ké hé thong UAVs da ning cé thé dat duoc
muc do chinh xac nhu tinh toan, néu loai trir yéu t6 chi quan khi xay dung nhom UAVs.
Trude day, doi vai cac gia tri khac nhau cua do chinh xac g viég thiét ke nhom UAVs quyét
dinh chi phi trong (g ctia nhom UAVs va xay dung dugc mau thong ké hua chon c6 dang [3]:

€ J

& J;
) J,
en Jy

Theo c4c mau thong ké lya chon nay xay dung duoc méi lién hé dang:
o
J =C180(1+028 2 +...+Cn8an (12)

Tham s6 tuyén tinh va phi tuyén €)1 Copeen Cpy O Ol Oy X&C dinh tir didu kién cuc
tiéu tiéu chuan déu, con do chinh xac t6i wu duge xac dinh tir diéu kién:
8—J =0= gopt
oe
Xem xét truong hop dac biét caa viéc xay dung mot nhom UAVS, khi nhiém vu muc
tiéu j dugc dic trung boi tai trong mang M v6i tan suat phong n,, j=1n. Tiéu

(13)

chuan an toan ctia nhém Cy déng vai tro 14 tiéu chuan t6i vu. Gid thiét ring, néu phuong
an thiét ké cho phép dua tai trong mang m i 1én mot do cao nhét dinh, thi UAVs cing
loai c6 thé dua tai trong nhé hon dén cung do cao. Goi P(mnHj) la lyc day cua dong co
day can thiét dé dua tai trong mang L. Ién d6 cao H, khi d6 1én cung mot do cao ¢

thé dua nhiing vat c6 trong lugng nho hon: mnHj—l’ mnHj—Z U || Fp—

Céc phuong an cho phép hinh thanh nhém UAVs c¢6 thé xé4c dinh dugc khong chi
bang giai phap thiét ké, ma co thé bang luc day cua dong co P(m,,;), nhu dugc trinh
bay trong mau thdng ké cua bang 1.

O day: P(m,,), =P(m,,), j=[Ln],i=[1N] dbi véi cot 1;

P(m,,), =P(m,,), j=[Ln],i=[1N] dbi vsi cot 2;

P(m,,), = P(m,), j=[Ln],i =[1 N] ddi véi cot thix n.

nHj
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Bing 1. Cdc phirong dn cho phép hinh thanh nhém UAVs theo lyc ddy dong co.

M M2 M,y L Cy
P(m,D: | P | - | P, | - | PM.: | Cw
P2 | PN, Pz |~ | P, | Cw
P(mnHl) P(mnHZ) P(mnH]) » P(nl;,l,”,,),- é;i
P, D | P(T, ), PMdy |~ | PM.)y | Con

Hon nitra, ap dung phép toan rat gon cho mau théng ké tir bang 1, chiing ta nhan dugc
cac mau mot chiéu dugc trinh bay trong bang 2.
Bdng 2. Ca4c mau mét chiéu phwong dn hinh thanh nhém UAVs theo lic day déng co.

mnnl C mnHZ C mmm C
(vaz,---’xn)il) Csi (Xl,xz,...,xn)iz) (G (Xllxz’m’xn)in) C,
()(1’X2""’Xn)(21) Cro (Xl,Xz,...,Xn)gz) Cso | = (Xi’Xz,--.,Xn)(gn) Cso
()<1’X2’--"Xn)i(l) Csi (Xl,Xz,...,Xn)i(z) Csi | - (Xl,Xz,...,xn)i(n) Cyi
(Xi’XZ""’Xn)S) Con (Xl,Xz,...,Xn)LZ) Con | = (Xi,Xz,...,Xn)S) Cen

Dua trén cac mau thong ké tir bang 2 ddi véi mdi bai toan muyc tiéu tir tip hop ngoai
da cho cua bai toan muyc tiéu xay dung lai céc da thirc trong 16p ham Iy thira:

(1) (1)
Cl(l)xl1 +C§1)x§2 +..+COxe

_ @y (2) o8 (2) ol
CZ_C1 xl1 +02 Xy 4.+ C7X) (14)

(n) () )
C,=CUx* +C{"x;* +..+4COx¥
Trong d6, X, X,,...,X, la véc to cua giai phuong an thiét ké, C,,C,,....C, 1a céc chi 5O

an toan cua UAVs khi dua tai trong mang tuong tmg m_,,m m.. dén d6 cao nhat

nul? " pn21
dinh. Tir h¢ (14), c6 thé x4c dinh dugc cac tham s thiét ké toi wu X, X;, ..., X, va cac chi
s6 an toan twong ung C;,C,,...,C". Céc chi s6 an toan thu dugc dbi véi cac trong tai
mang riéng 1¢ 1a dit liéu can thiét dé tinh toan tong céc chi s6 an toan Cy cho cac
phuong an nhom UAVs [5].

Céc chi s an toan cua hé théng UAVs c6 thé duoc biéu thi bang tong cac chi sb an
toan cia UAVs, ma n6 két hop phuong 4n nhom va chi phi cho nghién ctru, phat trien va
thir nghiém trong dy an phat trién UAVs tuong ng.

16 N. T. Long, N. B. Thanh, “Phdn chia tbi wu nhém UAVs ... tozng hop cdu trivc-tham sé.”
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4. CAU HINH PHAN MEM - PHUONG PHAP pE PHAN CHIA TOI UU CHUC
NANG CHO MQT NHOM UAVs

CAu trac cta td hop phan mém - phuong phap duoc thé hién trong hinh 1.

T hop phan mém va phuong phap bao gdm céc khéi chirc ning sau:

- Modul lya chon cAu trac.

- Modul tinh toan céc bién tham sd khi chon cau trac.

- Modul tinh toan cac tham s thay d6i khi chon hinh dang cia UAVs.

- M6 hinh tinh toan dic tinh kich thudc, khdi lugng, quy dao va chi phi dac trung.
- Modul t6i wu hoa tham sb.

- Cac Modul phuc vu hoat dong ctia khdi t6i wu hoa tham sd:

+ DECOMP, SOLVE - Giai hé¢ phuong trinh dai s6 tuyén tinh khong thuan nhat.
+ PM - Khéi lya chon quy mo cua budc tim kiém.

+ random - B0 tao cac s6 ngau nhién duoc phan phdi theo quy luat théng nhat.

+ pnorm - Bo tao cac sd ngau nhién c6 phan phdi theo luat chun.

Budc tim kiém trong khoi to1 vu hoa tham s6 dugce xay dung theo quy luat:

X =X +M; (Scori +2’;i)mxi,i:1,_n (15)

Trong d6: n - S6 bién tham sb, X; - Bién tham sé thir i,i=1n: X’ - Gia tri cudi, gia
tri t6t nhat cia bién tham sb tha i; M .- Ti 1¢ budc tim kiém duogc tinh toan trong khéi
PM; S, - Thanh phan gradient ctia budc tim kiém.

S _aJ/axi i_Th r
Cori_”gradJH'I_ N ( )

voi 0d / 8Xi dao ham riéng duoc tinh todn trong cac khéi DECOMP, SOLVE,

cori

gradJ| -
Ty 1é gradient. & - Thanh phan ngiu nhién cta budc tim kiém, dugc tinh toan trong
khéi random, pnorm; m, - CAc ti 1é riéng bién thién ctia cac bién tham sb, c6 tinh dén thir
nguyén cua cac tham s6 da chon.

Két qud phén bé téi wu chirc ning ciia nhém UAVs

Tinh toan s lan phong n.,n,,...,Ng duge thé hién trong bang 3.

Bing 3. Tinh todn sé lan phéng UAVs.

P, P, P, P, P, P, P, P,
0,6 0,7 0,65 0,5 0,8 0,75 0,8 0,8
n n, n, n, ng N, n, Ny
4 3 3 5 2 3 2 2
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~ Khditao _
thiet 1ap dir li¢éu ban dau
nSUM1,nSUM 2,nk,nz, at,

np(i) ,anl (i),bwl (1’), an2 (i),be(f),
mk1(),n01( )02 j) eraki( ) apr( ) bor (/)

l

Khéi t8i wu hoa e(i, ) :
: dinh vi > Téi wu hoa C;
(Lya chon cdu tric) ‘C— tham so
system ‘ ‘% g, MO
l Mb hinh khéi lurgng,

Khdi uéc lugng kich thude

khoang cach giita #
cac tham so

Mo hinh
quy dao bay
Khéng df.ﬂ Mo hinh
an toan bay
Dat *
Két thiic Mo high
ap!(i ;)J—Ir?z;—lar khi @éng luc

%’ﬂdc*mc’MO

Hinh 1. Cdu triic ciia té hop phan mém - phirong phap.
5.KET LUAN

- Bai toan phan b6 tdi wu chirc nang cia mot nhom UAVs ve co ban la da cyc, boi d6i
v6i mdi cau tric riéng 1¢ cua nhom UAVs, mdi Iya chon tham s6 dan dén muc t01 thiéu
cuc bo twong tng. Dé giai quyét van dé nay, bai bao dé xuat biéu dién cac thong sb thiét
ké cia UAVs duéi dang ham nghich dao, chinh xac hon 1a & dang x4p xi ctia chung, gitp
giai quyét van dé da cuc mot cach hiéu qua.

- Dé giai quyét vin dé phan chia t6i wu tip hop cac loai UAVs ddng nhét thanh s
luong cum tdi wu, bai bao sir dung tiéu chi vé do t6i uu cta phan chia, biéu thi do phan
tan trung binh trong noi bo ciia phan ving. Theo tidu chi nay, cac diém twong ung voi
toa d6 cua timg loai UAVs déu thudc mot khong gian chung duy nhat.

- Nho viée hiéu chinh phuong phap nén dong luc hoc, st dung céac to hop phuong
phap ti uu hoa trong khong gian ham nghich dao va phuong phap nén dong luc hoc véi
chtrc nang xac minh, ddi chimg. Ddi véi chirc ning nay, danh gia khoang cach giira cac
tham sb thiét ké duoc udc tinh va td chirc phan chia cudi cung nhi¢ém vu muc ti€u gitra

18 N. T. Long, N. B. Thanh, “Phdn chia tbi wu nhém UAVs ... toxng hop cdu trivc-tham sé.”
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cac loai UAVs riéng 1€.

- Thuat toan lap c6 su hoi tu kha nhanh, tinh toan va dy doan két qua cua dir liéu méi

don gian, khong can dua ra ‘mo6 hinh vé phan phdi cua cac 16p. Nhuoc dlem chinh 1a
khong xem xét day du cac méi twong quan cua khong gian thudc tinh va su can thiét phai
chi dinh mot sé lwong hiru han cac 16p.

[1].
[2].
[3].

[4].

[5].

TAI LIEU THAM KHAO

AiiBassa C.A. Metonpl aHanu3a gaHHbIX. I10aX04, OCHOBAaHHBIM Ha METOIE AUHAMHUYECKHUX
crymenuii. M.: Hayka, 1985.

Baneik B.M. “Cmamucmuyecxuii cunmes npoexmuvix peuieHuil npu pazpadomie C10HCHbIX
cucmem”. M.: MAU. 2011. 278 c.

baneik B.M., Kynmakosa P.JI., Xecun JLb. “Cmamucmuueckuii cunmes cucmemoi
JIeMamenbHulX annapamos ONMUMAaiIbHO20 MURANCA MemoOOM NOKoopouHamuozo cnycka”. Il
[Monet. 2010. Ne 9. C. 32-41.

Bonkos C.H., babummn B./1., Kymumr H.C., FOpkesua E.B., Kpusomanos J[.M. [Ipsmoit meTox
ONTUMAJIFHOTO YIPABICHUS HAJACKHOCTHIO CIIOKHBIX TEXHHYECKAX CHCTEM Ha JTare
pa3paboTKU B YCIIOBHSIX JUHAMHYECKOTO HarpykeHus. "Haodexcnocmv u Kawecmeo CIONCHBIX
cucmem". Tlensenckuii rocynapcrBennbiii yausepcuret (Ilensa). Homep 4(24), 2018r., ¢.5-18.
Husee A.W., Imansko E.FO. MeTos CHHTE3UPOBAaHHOTO OINTHUMAJIBLHOTO YIIpABICHUS IS

rpymmsl  pob6otoB. "Hadescnocms  u  kauecmeo  crogichvix  cucmem”.  [leH3eHCKUH
rocynapctBenHblit yausepcureT (Ilensa). Homep 4(24), 2018r., c.40-47.
ABSTRACT

OPTIMAL DISTRIBUTION OF UAVs GROUPING ACCORDING

TO SAFETY INDICATORS BY THE METHOD OF STRUCTURAL-PARAMETRIC

SYNTHESIS OF A MULTI-PURPOSE SYSTEM

The article deals with the problem of constructing a grouping of unmanned
aerial vehicles (UAVs) of optimal functional composition according to safety
indicators by the generalized method of dynamic condensations with functional
limitations, the optimization problem of dividing the set of homogeneous
protomodules into the optimal number of clusters, as well as the modification of
the method of dynamic condensations. Shows a process for constructing
minimizing sequence allowable configuration options UAVs s system on engine's
thrust and its cost. As a result, the programme-methodical packet for constructing
type-optimal UAVs’s system is introduced.

Keywords: Unmanned aerial vehicles (UAVS s); Multi-purpose system; Optimal functional composition; Structural-
parametric synthesis; Dynamic thickening method; Optimization; Statistical samples.
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