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TOM TAT:

Bai nghién ctru quy trinh 14p ké hoach hoat dong cho hé nhiéu may bay khong ngudi l4i trén nén ban
dd sb phuc vu nhiém vy tim kiém ctru ho. Tix vung nhiém vu biéu dién dudi dang da giac, hé théng thuc
hién phan chia khu vuc theo s6 luong phuong tién, sinh tap diém khao sat va xay dung cac quy dao tmg
vién trong tirng vung con. Trong 3 thuat toan dugc so sanh gém thudt toan zic zic, thuat toan lan can gﬁn
nhat két hop tim kiém cuc bd 2-opt va thuat toan t6i uu dan kién. Tiéu chi danh gia 1a tong chiéu dai quy
dao. Két qua thir nghiém trén ving khéo sat 2,54 ha v6i 2 ciu hinh gom 3 va 4 may bay khong ngudi lai
cho thdy, thuat toan lan can gan nhét két hop tim kiém cuc bd 2-opt luén cho quy dao ngan nhat. Két qua
cho th?iy, quy trinh dé xuit phu hop dé tich hop vao phan h¢ lap ké hoach nhiém vu cho hé nhiéu may

bay khong nguoi lai.

Tir khéa: may bay khong ngudi 14i, 1ap ké hoach quy dao, tim kiém ctru ho, ban db sb.

1. D3t van dé

Trong nhitng nim gan day, may bay khong nguoi
lai (UAV) duogc tng dung rong rai trong cac nhi¢m
vu giam sat, tham sat, tim kiém ctru nan va khao sat
dién rong. Ddi véi cac nhiém vu cd pham vi 16n hodc
can trién khai nhanh trén dia hinh phtc tap, viée sir
dung nhiéu UAV phdi hop dong thoi cho thy uu thé
16 rét nhd kha ndng mé rong do bao phu, rat ngén thoi
gian thyc hién va ting tinh linh hoat trong t& chirc
nhiém vu. Tuy nhién, khi chuyén tr mot UAV don 1é
sang hé nhiéu UAV, bai toan khong con chi 1a diéu
khién timg phuong tién ma trd thanh bai toan phén
chia khu vuc hoat dong, lap ké hoach bao phu va phdi
hop quy dao gitra cac UAV trong cung mot khong
gian tac nghiép. Néu khong co co ché lap ké hoach
pht hop, cac UAV c¢6 thé chong lan quy dao, lam

giam hi€u qua bao phu va gia tang chi phi van hanh.
Trong nghién ciru vé bao phu khu vic cho nhiéu
UAV, nhiéu hudng tiép can da dugc dé xuat. Nhom
phuong phap hinh hoc thuong phéan chia viing nhiém
vu thanh cac viing con rdi xay dung quy dao khao sat
trén timg ving bang cic mau quét qua-lai hodc quét
song song [1,2,3,7,12,15]. Bén canh do, cac phuong
phap 61 uu hoa phdi hop nhidu UAV xem xét thém
cac rang budc nhu tranh va cham, can béng tai, tai lap
ké hoach hodc giam tiéu thu nang luong
[3,6,7,9,10,16]. Gan day, cac mo hinh hoc may va
hoc ting cuong ciing duoc ap dung dé cai thién chat
luong quy dao trong cdc moi truong cd hinh dang
phuc tap [4,13,15]. Nhin chung, cac cong trinh trudc
day chu yéu tap trung vao viéc dé xuit mot thuat toan
cu thé, trong khi bai toan so sanh va lya chon chién
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luoc sinh duong di trong cing mdt quy trinh trién
khai thuc té van chua duge trinh bay nhiéu nhu mot
hudng nghién ctru riéng.

Xuét phat tir yéu cau do, bai viét nay tip trung
nghién ciru bai toan 1ap ké hoach cho nhiéu UAV trén
co s& két hop phan ving khu vure nhiém vu va so sanh
cac phuong an sinh duong di. Vung khao sat dugc
biéu dién dudi dang da giac trén ban do sd, sau do
dugc chia thanh cac ving con tuong tmg véi sb luong
UAYV tham gia. Trén mdi viing con, hé thong sinh tap
diém khao sat va ap dung nhiéu chién lugc 1ap duong
di dé tao cac quy dao g vién. Cac quy dao nay dugc
danh gia theo cung mdt bo tiéu chi, trong do trong
tam 1a tong chiéu dai duong bay va mic do doi
huéng, tir d6 lya chon phuong an phu hgp hon cho
tirng viing nhiém vu. Cach tiép can cta bai viét khong
nham thay thé cac mé hinh t6i wu hoa phirc tap, ma
huéng dén mot quy trinh truc quan, c6 kha nang trién
khai tryc tiép trén phan hé ban d6 sb va cho phép
luong hoa hiéu qua tuong ddi cua cac chién luoc lap
duong di trong cuing mdt moi truong thir nghiém.

2. Kién tric hé théng

Phén nay trinh bay quy trinh xtr Iy tir viing nhiém
vu trén ban d6 sé dén quy dao khao sat cudi ciing cho
timg UAV. Trong tim ctia nghién ciru khong chi nim
O bude phan chia khu vuc hoat dong ma con 6 co ché
so sanh cac phuong an 1ap duong di trén cung mot tap
dit liéu dau vao. Trén co s& do, 3 thuat toan tiéu biéu
duoc lua chon dé danh gia gém zic zéc, Thuat toan
lan cén gan nhat két hop tim kiém cuc b 2-opt va
thuat toan t6i wu dan kién. Viéc lya chon 3 phuong an
nay nham bao dam tinh dai dién cho cac nhom tiép
can khac nhau trong bai toan lap ké hoach bao phu,
bao gdm mot phuwong phap hinh hoc co sd, mot
heuristic cai tién cuc bd va mot phuong phap tdi uu
bay dan.

2.1. Quy trinh xir Iy tong thé

Quy trinh xtr Iy ctia hé théng bét dau tir viéc nguoi
van hanh xac dinh viung nhiém vy dudi dang da giac
trén ban d6 sd. Sau khi kiém tra tinh hop 1¢ va chuan
héa hinh hoc, ving khao sat duoc chia thanh céc
ving con theo sb luong may bay khong nguoi lai
tham gia nhi¢ém vu. Trén mdi vung con, hé théng sinh
tap diém khao sat theo ciu trac ludi, sau d6 ap dung 3
thuat toan lap duong di gdm zic zic, thuat toan lan
can gﬁn nhét két hop tim kiém cuc bd 2-opt va thuat
toan t6i wu dan kién dé tao cac quy dao. Cac quy dao
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nay duogc danh gia theo cing mot tiéu chi la tong
chiéu dai quy dao, tir d6 chon ra tuyén khao sat phu
hop cho tirng vung nhiém vu. Tuyén duoc chon co
thé tiép tuc dugc rit gon sé diém trung gian trudc khi
xuat thanh dir liéu ké hoach bay. V&i cach to chuc
nhu vay, bai toan téng thé dugc chia thanh 2 budc
chinh. Budc thir nhét 1a phan viing khu vuc hoat dong
nham chia ving nhiém vu 16n thanh cac ving con
nho hon. Bude thit hai 13 t6i wu thir tu di qua cac diém
khao sat trong tig viung con thong qua so sanh cac
thuat toan 1ap dudng di. Cach tiép can nay cho phép
danh gi4 truc tiép anh huéng cia timg thuat toan ddi
v6i chit luong quy dao, df”)ng thoi tao su lién két chat
ché gitra vang nhiém vu trén ban d6 va dir lidu ké
hoach khao sat.

Xét theo cau truc xir Iy, phan hé gdm 3 16p chinh.
L6p giao dién ban dd dung dé hién thi nén ban dd,
tiép nhan thao tac v& da giac va truc quan héa ving
con, diém khao sat va tuyén bay. L6p xir 1y hinh hoc
va lap ké hoach dam nhiém viéc phan chia khu vuec,
sinh luéi diém va t6 chire quy dao khao sat. Lop dit
liéu du ra c6 chirc nang luu trir két qua phéan ving,
cac diém bay va tuyén khao sat, dong thoi xuat dir
liéu phuc vu nhiém vy bay. Cach t6 chirc nay gitp hé
théng 1o rang, dé mo rong va thuan 19i cho viéc thay
thé hodc bd sung thuét toan trong cac nghién ctru tiép
theo. (Hinh 1)

Hinh 1: So dé kién tric phdn hé bén dé va Iap
k& hoach nhiém vu

[ Giao dién ban dd ] [Xuétdtr liéu nhiem vu]

A

[ V& da gidc ] [ Tao qu§ dao bay ]

A

[ Phan chia khu vic ]—>[ Sinh lwéi diém bay ]

2.2. Biéu dién viing nhiém vu va sinh diém bay

Vung nhiém vu dugc biéu dién dudi dang mot da
giac do nguoi van hanh xac 1ap truc tiép trén ban dd
s6. Sau khi dwoc nhap vao hé thong, dit liéu hinh hoc
ctia da giac dugc kiém tra dé loai bo cac truong hop
khong hop 1€ hodc khong phu hgp cho cac budc xur Iy
tiép theo. Viéc chuin hoa nay ¢ ¥ nghia quan trong
vi chit lugng clia phan ving va quy dao khao sat phy
thudc truc tiép vao tinh hop 1é ctia hinh hoc dau vao.
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Trén co s¢ da giac da duogc chuén hoa, hé théng
tién hanh phan chia khu vuc thanh nhiéu ving con
twrong ng voi sé lwong UAV tham gia nhiém vu.
Muc tiéu cia bude phan ving 1a tao ra cac mién lam
viéc tuong d6i doc 1ap, qua dé giam mirc chong lan
khi khao sat va tao diéu kién dé cac UAV hoat dong
song song. Két qua ctia budc ny 1a mot tap cac da
giac con, trong d6 mdi da giac dai dién cho ving hoat
dong ciamot UAV.

Sau khi phan ving, hé thong sinh tap diém khao
sat trong timg ving con theo cdu tric ludi. Khoang
cach luéi duge xac dinh dua trén tham sb lap ké
hoach va kha ning bao phii ciia cam bién, nham bao
dam céc diém khao sat c6 thé dai dién cho phan 16n
dién tich ctia ving con. Tap diém sinh ra & budc nay
chua phai 1a quy dao bay hoan chinh, ma chi la tap
diém bay roi rac can duoc sép xép thanh mot trinh tu
di chuyén phu hop.

M0t chi tiét quan trong trong cai dat hién tai la
viée lwya chon diém bat dau théng nhat cho cac
thuat toan. Hé thong trude hét sir dung quy dao zic
zac dé xac dinh du dai quét nao gan hon vai vi tri
ban dau cua UAV. Piém dau duogc chon tir bude
nay sau d6 dugc dung lam diém xuit phat chung
cho cac thuat toan con lai. Nho do, viéc so sanh
gitta cac phuong phap lap duong di trd nén cong
bang hon, vi tit ca cung khai dau tir mot didu kién
dau vao giéng nhau.

Trén cing tip diém bay duoc sinh ra cho timg
viing con, hé thong tiép tuc ap dung cac thuét toan lap
duong di khac nhau dé tao cac quy dao tng vién va
danh gia hiéu qua trong ddi cia timg phuong an.

2.3. Céu tritc cdc thudt todn lgp dwong di

2.3.1. Thudt toan zic zdc

Thuét toan zic zic duge sir dung nhu phuong 4n
co 86 dé t chire thir ty di qua cac diém khao sat trong
tung vung con. Trong cai dat hién tai, dau vao cla
thuat toan 1a danh sach cac diém khao sat da duoc srflp
theo cdu triac hang quét va vi tri ban dau cia UAV. Tir
do, thuat toan xay dung quy dao bang cach ndi cac
hang diém theo kiéu qua lai xen k& dé tao thanh
duong di lién tuc trén toan b ving khao sat.

Trude hét, thut toan duyét tudn ty danh sach
diém va gom chiing thanh timg hang. Viéc gom hang
duoc thuc hién bang cach kiém tra 3 diém lién tiép:
néu diém ¢ giita vin nam trén ciing mot hang véi 2
diém ké trude va ké sau thi diém d6 duoc giir trong

hang hién tai, ngugc lai thudt toan két thuc hang dang
xét va bat ddu mot hang mai. Theo cach nay, tap diém
10 rac dugce t6 chirc lai thanh mot diy cac hang quét
lién tiép.

Sau khi xac dinh cac hang quét, thuat toan xét 2
dau ctia hang dau tién va so sanh khoang cach tir vi tri
ban dau cia UAV dén timg dau hang. Dau gan hon s&
duoc chon 1am diém bat dau quy dao. Cach chon nay
gitp giam quing dudng tiép can ban dau trude khi
UAV di vao vung khéo sat chinh.

Tr chiéu duyét cua hang dau tién, cac hang tiép
theo duoc d4o chidu xen k& dé tao thanh quy dao dang
zic zac. Nho do, UAV c6 thé chuyén tryc tlep tur cuoi
mot hang sang ddu gan nhét ctia hang ké tiép, thay vi
phai quay lai diém dau ciia mdi hang. Cudi cling, toan
bd cac hang sau khi da xac dinh chiéu duyét dugc
ghép ndi tudn ty dé tao thanh quy dao khao sat hoan
chinh. Thuét toan dong thoi tra vé diém dau cua quy
dao nay dé dung lam diém xuét phat chung khi so
sanh vdi cac thuat toan con lai.

Vi cach to chirc nhu vay, thudt toan zic Zic cH uu
diém la don gian, tryc quan va phu hop véi cac ving
con ¢6 cau trac diém khao sat twong dbi déu. Trong
nghién ctru nay, thuat toan duoc st dung nhu mot
phuong an co sé dé déi chiéu voi thuat toan 1an can
gan nhat két hop tim kiém cuc bo 2-opt va thudt toan
tdi wu dan kién trong cung mot diéu kién dau vao.

2.3.2. Thudt todn ldn cdn gan nhat két hop tim
kiém cuc bo 2-opt

Thuat toan lan can gﬁn nhit két hop tim kiém cuc
b 2-opt duoc st dung dé xay dung quy dao khao sat
theo 2 budc. Trude hét, tir diém xudt phat di xac
dinh, tai m&i budc hé thdng chon diém bay chwra dugc
tham c6 khoang cach g?m nhét so v&i vi tri hién tai.
Céch lam nay cho phép nhanh chéng tao ra mot quy
dao ban dau véi chi phi tinh toan thap. Gia st tai budc
thir k, UAV dang & diém p_k va tap cac diém bay
chua duoc tham 1a U_k, khi d6 diém tiép theo duoc
xac dinh boi:

P+1y =argargd(pq), voi qthuoc Uy

Sau khi thu duoc quy dao ban dau, thuat toan t1ep
tuc 4p dung phép cai tién 2-opt dé rat ngin téng chiéu
dai duong di. Y tuong clia budc nay 1a xét 2 canh trén
quy dao hién tai, sau do kiém tra xem viéc thay thé
chung bang mét cip canh mai ¢ 1am giam chiéu dai
quy dao hay khong Véi hai canh (p], Pyi+1y) va
( PjPj+1 }) diéu kién cai thién duoc viét nhu sau:
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d(pi, pge1y) +d(pj pjv1y))

>d(p;ypj)+ d(p{m} Py+1y)

Néu diéu kién trén duoc thoa man, doan con tir
Pii+1} dén p;jsé duogc ddo nguoc thi ty. Qua trinh nay
duoc lap lai cho dén khi khong con phép hoan d6i nao
lam giam chiéu dai quy dao.

2.3.3. Thugt todn t6i wu dan kién (Ant Colony
Optimization - ACO)

Thuét toan tdi wu dan kién duoc sir dung dé xay
dung quy dao khéo sat trén tap diém khao sat da cho.
Mai diém khao sat dugc xem nhu mot dinh cia do
thi, con duong ndi giita 2 diém duoc xem nhu mot
canh. Trén mdi canh, hé théng luu 2 dai lugng chinh
1a cuong d6 vét mui va thong tin dan duong. Trong
do6, thong tin dan duong thuong dugc xac dinh theo
nghich dao khoang cach giita 2 diém khao sét:

1
i~ g
7 5

trong d6 dj; 1a khoang cach giira 2 diém khao sat
ivaj.

Tai mdi budc, khi ca thé kién dang ¢ diém khao
sat i, diém tiép theo j dugc chon theo xac sut phu
thugc dong thoi vao cudng do vét mui va thong tin
dan dudng. Néu ky hiéu J% 14 tap cac diém chua dugce
tham cua ca thé kién thw £, thi x4ac suét Iya chon duoc
xac dinh nhu sau:

L Ty

Pij 21 e T ’7 ij

trong do t;; i Ta cuorng do vét mui trén canh nbi giita
2 diém i va j, o 1a hé s6 diéu chinh muc anh huong
clia vét mui, con 3 1a hé s6 diéu chinh mirc anh huong
ctia thong tin dan dudng.

Sau khi tit ca cac ca thé hoan thanh quy dao trong
mot vong ldp, hé théng cap nhat lai luong vét mui
trén cac canh. Quy tic cap nhat tong quat duoc viét
nhu sau:

T (1-p) T +AT

trong do p la he s6 bay hoi vét mui.

Luong vét mui méi duoc bd sung trén moi canh
do c4 thé kién thtr k tao ra dugc xac dinh boi:

9 0
Zij Ly

néu canh (i) thudc quy dao cua ca thé k 0,
nguoc lai

trong d6 O 1a hing s6 duong, con L, la téng chidu
dai quy dao ciia ca thé kién thir k.

T cac quy dao ung vién thu dugc, hé théng chon

b
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quy dao co gia tri ham muc tiéu nho nhat dé dua vao
bude 1ap ké hoach tiép theo. Trong pham vi bai viét
nay, thuat toan t61 wru dan kién dugc sir dung nhu mot
phuong phap t6i wu hoa dai dién dé so sanh voi
phuong phap quét zic zic va Thuat toan lan can gan
nhét két hop tim kiém cuc bg 2-opt.

2.4. Ham ddnh gid va co ché lwa chon quy dao

Trén mdi vung con, 3 thuat toan dugc so sanh
nhan cing mot tap diém bay dau vao va ciing mot
diém xuat phat. Két qua cua mdi thuat toan 1a mot
quy dao ung vién di qua toan bd cac diém bay cia
ving nhiém vy. Dé bao dam tinh nht quan trong so
sanh, bai viét sir dung mot tidu chi danh gia duy nhat
1a tong chiéu dai quy dao.

Gia sir quy dao tmg vién dugc biéu dién boi day
diém bay co thir tu:

P=pppy-Pu}

trong do p; la diém xuat phat, con p,, ..., p, la cac
diém bay can di qua. Khi do, tong chiéu dai quy dao
duoc xac dinh boi: (n-1}

L(P)=2 d(p; pyi1y)

Trong do: =1

dp; p {z+1}) 1a khoang céach giita 2 diém bay lién
tlep trén quy dao. Pai luong L(P) phan anh truc tiép
tong quang duong ma UAV phai di chuyén dé hoan
thanh nhiém vu trén vung dang xét. Vi vay, quy dao
c6 gié trj L(P) nhé hon dugc xem 1a t6t hon, do gitip
giam quang duong bay, qua do6 gép phan rat ngin
thoi gian thuc hién nhiém vu va giam muc tiéu hao
nang lugng.

Trén co s do, voi mdi vung con, bai toan lya
chon quy dao duoc phat biéu dudi dang:

P*=argarg L(P)

trong d6 P* 1a quy dao dugc lya chon trong tép
cac quy dao tng vién do 3 thuat toan sinh ra. No6i cach
khac, hé thng s& tinh tong chiéu dai duong di cua
tung phuong an, sau d6 chon quy dao c6 gia tri ham
muc tiéu nho nhat 1am tuyén khao sat chinh thirc cho
vung nhiém vu tuong ing.

Sau khi quy dao ti wu duoc xéac dinh, hé théng co
thé tiép tuc thuc hién bude rat gon diém bay trung
gian néu can, trude khi xuat dir liéu ké hoach bay.
Vi cach xay dung nhu vay, qua trinh so sanh gitra
cac thuat toan dugc quy vé& mot tiéu chi rd rang, co thé
dinh lwong va d& dbi chiéu, phu hop v6i muc tiéu
nghién ctru 1 t6i wu Iya chon quéing duong di cho hé
nhiéu UAV.
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3. Thir nghi¢m va két qua

bé danh gia hi€u qua cua quy trinh dé xuit, hé
théng dugc thtr nghiém trén mot vung nhiém vu cé
dién tich 2,54 ha, duoc biéu dién dudi dang da giac
trén ban d6 s6 v6i 2 cau hinh phéan ving khac nhau.
O cau hinh tha nhat, ving nhiém vy duoc chia
thanh 3 vung con tuong Gng v6i 3 UAV hoat dong
song song. O ciu hinh th hai, ciing viing nhiém vy
duoc chia thanh 4 ving con twong ung véi 4 UAV.
Trén mdi viing con, hé thong sinh tap diém khao sat
va lan luot ap dung 3 thuit toan lap duong di gém
zic zic, thuat toan 1an can gﬁn nhét két hop tim
kiém cuc bo 2-opt va thudt toan t61 wu dan kién. Gia
tri dung dé so sanh 1a tong chiéu dai quy dao thu
duoc trén timg vung con; quy dao cé tong chiéu
dai nhé nhat duoc lya chon cho vung nhiém vu
tuong ung.

V6i cau hinh 3 UAV, ving nhiém vu dugc chia
thanh 3 ving con. Trén ca 3 vung con, thudt toan lan
can gén nhét két hop tim kiém cuc bd 2-opt déu cho

Hinh 2: Két qud phén chia ving nhiém vu va tao quy dao khdo sat véi cGu hinh 3 UAV

tong chidu dai quy dao nho nhat. Thuat toan zic zic
tao dugc quy dao truc quan va bam theo cAu trac quét,
nhung chiéu dai quy dao 16n hon nhiéu so véi 2 thuat
toan con lai. Trong khi d6, thuat toan t6i uu dan kién
cho két qua t6t hon zic zéc, song van 16n hon nhe so
véi thuat toan lan can g?m nhit két hop tim kiém cuc
bd 2-opt trén ca 3 vung con.

Tir Bang 1 ¢6 thé thiy, chénh 1éch gitra thuét toan
lan can gan nhat két hop tim kiém cuc b 2-opt va
thuat toan tdi wu dan kién 1a khong 16n, nhung thuét
toan lan can gan nhat két hop tim kiém cuc bo 2-opt
van luén cho két qua tot hon. So véi zic zic, ca 2 thuét
toan t6i wu con lai déu 1am giam manh chiéu dai quy
dao, cho thay viéc tdi wu th tu di qua cac diém khao
sat ¢ anh huong 13 rét toi hidu qua 1ap ké hoach.

O cAu hinh 4 UAV, vung nhiém vy dugc chia
thanh 4 ving con va xu hudng két qua tiép tuc duoc
gitt nguyén. Trén ca 4 vung con, thudt toan lan can
gan nhat két hop tim kiém cuc b 2-opt déu cho tong
chiéu dai quy dao nho nhat; thuét toan toi wu dan kién

L/

X5
S5

Bang 1. K&t qua so sanh 3 thudt todn trong cdu hinh 3 UAV

Vungcon | Ziczac(m) | Lancan gan nhatkét hop tim kiém cuc bd 2-opt (m) | T6i wu dan kién (m)
Vung 1 899,827 310,768 313,202
\Vung 2 899,382 310,656 313,091
Vung 3 882,542 292,053 294,495

Trung binh 893,917 304,492 306,929
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Hinh 3: Két qud phén chia ving nhiém vu va tao quy dao khdo sat véi cGu hinh 4 UAV

v

Bang 2. K&t qua so sanh 3 thuat todn trong cdu hinh 4 UAV

Viungcon | Ziczac(m) | Lan can gan nhat két hop tim kiém cuc bd 2-opt (m) | T6i wu dan kién (m)
Vung 1 674,303 281,569 284,004
Vung 2 674,053 281,486 283,921
Vung 3 661,491 267,560 269,995
Vung 4 661,260 267,672 270,116
Trung binh 667,777 274,572 277,009

dung thir hai; con zic zic tiép tuc cho gia tri 16n nhét.
Diéu nay cho thiy, khi ting sd luong ving con va
giam kich thude tirng ving hoat ddng, quan hé tuong
dbi giira 3 thuat toan van khong thay doi trong bo dir
liu thir nghiém nay.

Két qua trong Bang 2 cho thdy, thuat toan l4n can
gan nhat két hop tim kiém cuc b 2-opt tiép tuc 1a
phuong an pht hop nhit trong cdu hinh 4 UAV. So
véi zic zic, mirc giam chiéu dai quy dao la rat 1o rét;
ddng thoi so v6i thuat toan t6i uu dan kién, phuong
phép nay van duy tri vu thé nho nhung 6n dinh trén
toan bd cac ving con. Diéu d6 cho thay trong bdi
canh thir nghiém ciia bai viét, thut toan lan can gan
nhét két hop tim kiém cuc b 2-opt 14 lwa chon phu
hop hon dé tich hop vao quy trinh 1ap ké hoach nhiém
vu trén ban dd sd.
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4. Két ludn

Bai viét da trinh bay mét quy trinh 14p ké hoach
hoat dong cho h¢ nhiéu UAV trén nén ban do sd, két
hop phan ving khu viee nhiém vu va so sanh cac thuat
toan lap duong di. Tir vang khao sat biéu dién dudi
dang da giac, hé thong thuc hién cac budc chuan hoa
hinh hoc, chia vung theo sb lwong UAV, sinh tap
diém khao sat va tao cac quy dao ung vién bang 3
thuat toan gdm Zic zdc, thuat toan lan can gan nhat
két hop tim kiém cuc bd 2-opt va thuat toan tdi wu dan
kién. Quy dao c6 tong chidu dai nhé nhét dugc lra
chon cho tirng ving nhiém vuy.

Két qua thir nghiém véi 2 cAu hinh phan ving
gdm 3 UAV va 4 UAV cho thiy ca 3 thuit toan déu
c6 thé tao quy dao bao phu, nhung chét luong quy
dao co su khac biét rd rét. Thuat toan zic zic cd uu
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diém truc quan va dé trién khai, song tong chiéu dai
quy dao 16n hon dang ké. Thuat toan t6i vu dan kién
cho két qua tot hon zic zic, nhung trong cac trudng
hop thtr nghiém van chwa vuot qua thuat toan 1an
can gan nhat két hop tim kiém cuc bo 2-opt. Trén
toan bo 7 vung con cua hai cdu hinh thir nghiém,
thuat toan nay déu cho tong chiéu dai quy dao nho
nhat va 1a phuong an phu hop hon cho phan hé lap
ké hoach nhiém vu. Cac ndi dung nghién ctru da

xay dung dugc mot quy trinh xtr 1y c6 tinh thuc
tién, cho phép lién két giira dir liéu ban dd, phan
vung khu vuc va lgya chon quy dao trong cung mot
khung 1am viéc thong nhét. Trong thoi gian t6i, cin
tiép tuc mo rong danh gia theo céc tiéu chi nhu thoi
gian bay, s6 1an d6i hudng, tiéu thu ning lugng va
thir nghiém trén nhiéu dang ving khao sat khac
nhau dé hoan thién hon kha niang tng dung cua hé
thdng trong bai toan tim kiém ctru ho thyc té. B

Loi cam on:
Nghién civu nay dwge tai tro b6i B¢ Khoa hoc va Cong nghé trong chwong trinh hé trg nghién ciru,
phit trién va ieng dung cong nghé ciia cong nghigp 4.0. Ma sé dé tai: KC.4.0.49/19-25.
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AN OPTIMIZATION ALGORITHM FOR OPERATIONAL AREA
ALLOCATION IN UNMANNED AERIAL VEHICLE SYSTEMS
FOR SEARCH-AND-RESCUE MISSIONS
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ABSTRACT:

This study investigates the operational planning process for a multi-drone system operating on a
digital map in search-and-rescue missions. Based on a mission area represented in polygonal form,
the proposed system performs area partitioning according to the number of deployed drones,
generates survey waypoints, and constructs candidate flight trajectories within each subregion. To
optimize mission efficiency, three trajectory-planning approaches were comparatively evaluated,
including the zigzag algorithm, the nearest neighbor algorithm combined with 2-opt local search, and
the ant colony optimization algorithm. The primary evaluation criterion was the total trajectory
length generated by each method. Experimental results conducted on a 2.54-hectare survey area
under two deployment configurations involving three and four drones demonstrated that the nearest
neighbor algorithm integrated with 2-opt local search consistently produced the shortest and most
efficient trajectories. The findings confirm the effectiveness of the proposed operational planning
framework and highlight its potential for integration into mission-planning subsystems for
coordinated multi-drone search-and-rescue operations.

Keywords: drones, flight path planning, search and rescue, digital mapping.
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