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TOM TAT:

Bai viét gi6i thiéu img dung hé théng nhidu may bay khong nguoi 14i trong bai toan tim kiém ciru
ho. Trén co sé phan mém diéu khién trung tim, hé thong cho phép hd trg giam sat trang thai hoat dong
cua cac UAV, quan ly khu vuc nhi€ém vu trén ban dd, thu nhén dit liéu hinh anh tir hién truong va phéi
hop phuong tién trong qua trinh tim kiém. Giai phap dugc xay dung theo hudng tich hop giira giao dién
didu khién, ban dd sé va cac cong cu hd trg xtr Iy dit liéu nhim nang cao kha ning quan sat, to chirc
nhiém vu va phan tng tai hién truong. Két qua bude dau cho thy, hé thong c6 thé hd trg hiéu qua cho
cOng tac giam sat va tim kiém ctru ho trén khu vuc rong, déng thoi 1a co s¢ dé tiép tuc hoan thién cac

chirc nang theo hudng tmg dung thyec té.

Tir khéa: UAV, tim kiém ctru hg, hé thong nhiéu UAV, 1ap ké hoach nhiém vy, phat hién nguoi,

tram dicu khién mat dat.

1. Pit van dé

Trong pham vi bai bao nay, trong tam duoc dat
vao viéc gidi thigu kién tric tong thé cta hé thong,
cac nhom chire nang chinh ctia phan mém diéu khién
trung tAm va kha ning hd trg nhiém vy tim kiém ctru
ho trong kich ban nhiéu UAV. Bai bao khong di sau
vao phan tich thuat toan riéng 1é¢ ma tap trung mo ta
cach tich hop cc thanh phan trong mot nén tang Gmg
dung théng nhat.

Trong cac tinh huéng thién tai, tai nan tai khu
vuc dia hinh phuce tap hodc nhitng vung bi chia cat,
cong tac tim kiém ciru ho thuong gap nhiéu kho
khan do pham vi tim kiém rong, thdi gian phan tng
ngan va muirc do rii ro cao ddi véi luc lugng tiép
can miat dat. Trong bdi canh d6, may bay khong
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nguoi lai (UAV) la mét giai phap phu hop nho kha
ning co dong cao, trién khai nhanh, mang theo cam
bién quang hoc va truyén dit liéu vé tram diéu khién
theo thoi gian thuc. Nhiéu nghién ctru tong quan da
chi ra UAV ngay cang duoc ung dung rong rai
trong cac nhiém vu tim kiém ctru ho nho kha nang
tiép can khu vuc nguy hiém, hd trg quan sat hién
truong va cung cap dit liéu thoi gian thuc cho ngudi
véan hanh [3]. Khi s lugng UAV tang 1€n, bai toan
khong con ding & diéu khién mot phwong tién don
1¢ ma chuyén thanh bai toan to chuc va diéu phdi
mot hé thong nhiéu UAV, trong d6 tram diéu khién
mat dat can hd trog giam sat trang thai, 1ap ké hoach
nhiém vu va phéi hop hoat dong cua toan doi
phuong tién [4].
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O 16p lap ké hoach nhiém vu, cac nghién cuu gﬁn
day cho thay viéc phan chia khu vye tim kiém va sinh
quy dao bao phu cho nhiéu UAV c6 vai trd quan
trong trong viéc giam chong lan ving bay, nang cao
hiéu qua bao phu va rit ngin thoi gian hoan thanh
nhiém vu [1,2]. Pic biét, cac hudng tiép can vé 1ap ké
hoach nhiém vu bao phu phdi hop cho nhiéu UAV va
1ap ké hoach duong bay bao phii d3 ching minh tinh
pht hop d6i véi cac khu vue tim kiém c6 hinh dang
phtrc tap hodc quy mé 16n, noi viéc thiét ké duong
bay thu cong thuong kém hi¢u qua [1,2]. Bén canh
do, o 1op cam nhan muc ti€u, cac nghién cuu vé thi
giac may tinh trén anh UAV cho thay viéc phat hién
ngudi hodc d6i twong nho tir goe nhin trén cao 1a mot
thach thirc dang ké do kich thudc muc tiéu nho, nén
canh phirc tap, bién thién ty 1& va yéu cau xir Iy gan
thoi gian thuc [5], [6].

Xuét phat tir yéu cau do, bai bao tap trung trinh
bay phan mém diéu khién trung tim cho hé thong
nhiéu UAV phuc vu tim kiém ctru hd. Phin mém
khong chi cung cip giao dién giam st tap trung ma
con tich hop cac chirc nang diéu hanh nhiém vu cho
timg UAV, c4u hinh tham s6 bay, thu nhan va xir Iy
video truyén tryc tuyén theo giao thirc RTSP, phat
hién nguoi bé'mg hoc sau, déng thoi trién khai mot
UAYV chuyén trach cho pha tiép can ciru hg. Diém cdt
18i ctia h¢ thong 1a kién trac xir Iy khép kin: ving tim
kiém duoc xac 1ap trén ban dd sb, chuyén thanh cac
diém bay ctiia nhiém vy; UAV thuc hién quét khu
vuc; dir liéu hinh anh tir camera duoc truyén vé tram
mit dit; mo hinh nhan dang xtr 1y va phat hién muc
tiéu; thong tin phat hién sau do duogc stir dung dé kich
hoat UAV ctru ho tiép can vi tri nghi van. So véi cac
cong trinh chu yéu tap trung riéng vao 1ap ké hoach
bao pha nhiéu UAV [1,2], kién trac tram diéu khién
mit dat [4] hodc phat hién muc ti€u tr anh UAV
[5,6], hudng tiép can trong bai bao nay 1a tich hop cac
thanh phan trén trong cing mot nén tang phan mém
phuc vu tim kiém ctru ho.

Trong pham vi bai bao nay, trong tam dugc dat
vao viée gidi thiéu kién trac téng thé ctia hé thdng,
cac nhom chire niang chinh cta phan mém diéu khién
trung tim va kha ning hd trg nhiém vu tim kiém ctru

ho trong kich ban nhiéu UAV. Bai bao khong di sau
vao phén tich thuat toan riéng 1€ ma tap trung mo ta
cach tich hop cac thanh phan trong mot nén tang tmg
dung théng nhat.

2. Kién triic va nguyén 1y van hanh h¢ thong

Khdi két ndi va giam sat UAV c6 nhiém vy duy tri
lién lac giita phin mém trung tim véi timg phuong
tién bay trong doi hinh. Thong qua khéi nay, nguoi
van hanh co thé theo ddi trang thai két ndi, ché do
hoat dong, murc pin, thong tin GPS, d6 cao va vi tri
ctia timg UAV theo thoi gian thuc. Day 1a co so dé
bao dam cac UAV tham gia nhi¢m vu trong cung mot
co ché giam sat va didu hanh thong nhat.

Bén canh chirc ning hién thi trang thi, khdi nay
con hd tro kiém tra va déng bd mot s6 tham sb van
hanh trudce khi thue hién nhiém vu. Viéc theo doi lién
tuc cac dir li€u trang thai khong chi phuc vu quan sat
trén giao dién ma con tao diéu kién cho cac khdi chire
nang khac st dung thong tin vi tri va trang thai bay
trong qua trinh 1ap ké hoach, xtr Iy dit liéu hién truong
va to chirc phan tmg ctru ho.

2.1. Khoi két néi va giam sat UAV

Khdi két ndi va giam sat UAV ¢6 nhiém vu duy tri
lién lac giita phan mém trung tm vai timg phuong
tién bay trong doi hinh. Thong qua khdi nay, ngudi
van hanh co6 thé theo ddi trang thai két ndi, ché do
hoat dong, murc pin, thong tin GPS, d cao va vi tri
ctia timg UAV theo thoi gian thyc. Day 1a co so dé
bao dam cac UAV tham gia nhiém vu trong cung mot
co ché giam sat va didu hanh thong nhat.

Bén canh chirc nang hién thi trang thai, khdi nay
con hd tro kiém tra va déng bo mot s6 tham sb van
hanh trudce khi thuc hién nhiém vu. Viéc theo doi lién
tuc cac dit liéu trang thai khong chi phuc vu quan sat
trén giao di¢én ma con tao diéu kién cho cac khdi chirc
nang khac st dung thong tin vi tri va trang thai bay
trong qua trinh 1ap ké hoach, xur Iy dit liéu hién truong
va t6 chirc phan g ctru h9.

2.2. Khéi ban dé va lgp ké hoach nhi¢m vu

Khau t6 chtrc nhiém vu tim kiém bt dau tir ban d6
$0. Nguoi van hanh xac dinh tryc tiép khu vuc khao
sat bang cach v& mot ving da giac trén ban do. Tur
ving tim kiém ban dau, phan mém tién hanh chia khu
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vuc thanh céc tiéu viing tuong (mg véi s lugng UAV
tham gia nhiém vu. Cach t6 chirc nay gitp giam mirc
do chong lan giira cic quy dao bay, dong thoi rit
ngén thoi gian bao pht toan bd khu vire can khao sét.

Sau khi hoan tit budc chia viing, hé théng sinh cac
diém khao sat cho ting tiéu ving va hd tro xdy dung
tuyén bay phil hop cho timg UAV. Kich thudc luéi
khao sat dugc xac dinh trén co s& do cao bay va kha
nang quan sat ctua camera, nhd d6 qua trinh 1ap ké
hoach nhiém vu duoc gén véi didu kién quan sat thuc
té tai hién truong. Trén co so cac vung nhiém vu da
duoc thiét lap, phﬁn mém tiép tuc hd tro tao ké hoach
bay va xuét dit liéu nhiém vu & dinh dang phu hop dé
nap cho UAV.

Bén canh churc nang lap ké hoach nhiém vu, phﬁn
mém con duy tri viéc cap nhat lién tuc cac dir liu
trang thai bay cuia timg UAV nhu ché d6 hoat dong,
muc pin, chét luong GPS, d6 cao tuong ddi va vi tri
dia ly. Cac dir liéu nay khong chi phuc vu hién thi trén
giao dién diéu khién ma con hd tro theo ddi qua trinh
thuc hién nhiém vy va lién két thong tin giira ban do,
quy dao bay va dit liéu hién truong. Nho d6, hé thong
hinh thanh dwoc mot chudi xir 1y twong ddi thong
nhét tr khau td chirc nhiém vu trén ban do dén khau
trién khai tim kiém va h tro ctru h9.

2.3. Khoi thu nhdn va phdn tich di liéu
hinh dnh

M&i UAV tim kiém duoc gan mot ngudn video,
trong d6 cau hinh hién tai vu tién luong RTSP. Trén
méy tram, mot ludng xir Iy riéng dam nhiém viéc doc
khung hinh, kiém tra trang thai két ndi, thuc hién ghi
hinh khi cén thiét va chuyén khung hinh sang mé-dun
phat hién ddi tuong. Mo hinh duoc str dung trong hé
théng la YOLO, v6i cung mot bd trong s6 duogc ap
dung cho cac nguén anh khac nhau nham phuc vu
nhiém vu phét hién nguoi. Dé giam tai tinh toan va
duy tri kha ning xt Iy gan thoi gian thuc, hé thong
khong thuc hién suy ludn trén moi khung hinh ma lay
mau theo chu ky; dong thoi chi giit lai cac két qua
thudc 16p ngudi véi ngudng tin cdy pht hgp nhim
han ché canh béo gia.

Khi phat hién dbi tuong nguoi, hé thong thyc hién
ddng thoi 3 tac vu chinh. Thir nhat, anh c6 khung bao
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duoc luu lai 1am bang chimg truc quan. Thit hai, sy
kién phat hién duoc ghi xudng bang thong bao va
nhat ky hé thong dé phuc vu theo doi va hau kiém.
Thir ba, hé thong ude lugng vi tri muyc tiéu trén mit
dat tir thong tin anh, do cao bay va vi tri GPS ttc thoi
ctia UAV nhim tao ddu vao cho nhanh ctru ho.

Vé nguyén 1y, gia st UAV bay & do cao tuong
dbi h, camera c6 goc md ngang 0,, va kich thudc anh
1a N, x N, trong d6 N, 1a s6 diém anh theo chiéu
ngang va N, la s6 diém anh theo chiéu doc. Khi do,
g6c mo doc cua camera c6 the dugc xap xi theo ty 1¢
khung hinh:

0, = 2 arctan ( ]]\\iy tan 973)
X

Bé rong va chicu cao vung quan sat trén mat dat

1an luot dugc x4p xi boi:
W, = 2htan On
2
H,= 2htan Oy
2

Tir 46, kich thudc quy do6i ciia mot diém anh theo
2 phuong dugc xac dinh gan ding nhu sau:

/4 _H
N

Gié sir tim cuia khung hinh 1a (N, /2, N, /2), con
tam cuia myc tiéu phat hién duoc la (x, y,). Khi do, do
léch ciia muyc tiéu so voi tim anh trén mat dat dugc
xap xi boi:

d,= (xt — %) Sx

dy, = (y r— %) Sy

Khoang cach tir hinh chiéu ciia UAV dén muc tiéu
trén mat dat dugc tinh gan dung theo:

d=d}+d;

Trong khi do, goc phuong vi twong doi ciia muc
tiéu trong hé quy chiéu anh duoc xéc dinh boi:

o = atan 2(dy, d.)

Tur khoang cach, goc va toa do hién tai cia UAV,
h¢ thong thuc hién phép tinh tric dia dé udc lugng toa
dd muyc tiéu nghi vén trén mat dat. V& ban chat, buge
nay cho phép chuyén thong tin phat hién tir hé toa do
anh sang hé toa do dia ly dé phuc vu diéu phdi ciru hd.
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3. Thir nghiém va két qua

Hé théng dd dugc thir nghiém budc dau theo
kich ban nhiéu UAV phdi hgp trong nhiém vy tim
kiém ctru ho. Trong kich ban nay, cic UAV tim
kiém duoc st dung dé khao sat khu vuc va truyén dur
liéu hién truong vé& phan mém diéu khién trung tim,
trong khi mot UAV chuyén trach dugc danh cho
nhanh ctru hg. Muc ti€u cua qua trinh thtr nghiém la
danh gia kha nang van hanh lién thong cta hé thong
0 cac khau giam sat phuong tién, lap ké hoach
nhiém vu trén ban dd, tiép nhan dir liéu hinh anh va
hd trg phdi hop ciru ho.

Két qua thir nghiém cho thay, phan mém c6 thé
khoi dong giao dién diéu khién trung tam, thiét lap
két ndi v6i timg UAV, doc trang thai két ndi, dong
bd mot sb tham sb van hanh va hién thi lién tuc cac
thong tin co ban nhu muc pin, GPS, ché do bay va vi
tri dia ly. Pay 1a co s¢ dé bao dam cac UAV tham
gia nhiém vy trong cting mot co ché giam sat va diéu
hanh théng nhat.

Trén 16p ban do, ngudi van hanh c6 thé xéac lap
ving tim kiém bﬁng da giac, thuc hién chia khu vuc
theo s6 lugng UAV, sinh cac diém khao sat, tao tuyén
bay va xuét tép nhiém vu ¢ dinh dang phu hop dé nap
cho timg phuong tién. Chudi xir 1y niy cho phép
chuyén tryc tiép thao tac truc quan trén ban do thanh
ké hoach bay cu thé, gop phin ning cao kha ning to
churc nhiém vy trong khu vuc rong hodc cé dia hinh
phirc tap. Hinh 1 va Hinh 2 minh hoa qu4 trinh trién
khai nhidu UAV tai hién truong va hoat dong bay
khao sat trong khu vue tim kiém.

Hinh 1 cho thay, giai doan chuédn bi va trién khai
cac UAV tai hién truong trude khi thuc hién nhiém
vu. O giai doan nay, cac phuong tién dugc b tri d(“mg
thoi dé kiém tra két ndi, ddng bo trang thai van hanh
va san sang nhéan ké hoach bay tur tram diéu khién
trung tAm. Viéc to chirc nhiéu UAV theo cling mot
cau hinh trién khai gitip rat ngan thoi gian chuén bi,
ddng thoi tao co s& cho qua trinh phdi hop phuong
tién trong khu vurc tim kiém. Sau budc khéi tao nay,
cac UAV duogc dua vao pha bay khao sat dé thuc hién
nhiém vy tim kiém theo cac tuyén di 1ap trén ban dd,
nhu minh hoa & Hinh 2.

O 16p xur 1y dir liéu hinh anh, cac ludng video tir
UAYV dugc thu nhan va phan tich theo thoi gian thuc.
Khi m6 hinh phat hién nguoi hoat dong thanh cong,
hé thdng tao ra cac dau ra phuc vu qua trinh theo doi
va hd tro ctru hg, bao gém anh danh ddu muc tiéu,
nhat ky sy kién va thong tin vi tri nghi van. Trén co s&
d6, UAV ciru ho c6 thé duge didu t6i khu vuc tuong
g dé thuc hién budc tiép can va hd tro theo kich
ban van hanh da thiét 1ap. Hinh 3 minh hoa vi du két
qua phat hién nguoi tir anh UAV.

Nhin chung, két qua thir nghiém budc dau cho
thay hé thong c6 kha nang lién két cac khau tir to
chirc nhiém vu trén ban do, giam sat hoat dong cua
UAV, tiép nhan di li€u hién truong dén hd trg
phan tng ciu ho trong ciing mot nén tang phan
mém. Tuy nhién, cac két qua hién tai chu yéu phan
anh kha nang van hanh chtc ning cia hé thong;
viéc danh gia dinh luong vé do chinh xac phat hién,

Hinh 1: Trién khai nhiéu UAV tai khu vuc thuc
dia trudc khi thuc hién nhiém vu

Hinh 2: UAV thuc hién bay khdo sat trong
khu vuc tim kiém
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Hinh 3. Két qué phat hién ngudi tir dnh UAV bang mé hinh YOLO

e B

dd chinh xac vi tri nghi van va hiéu qua ctru hd van
can tiép tuc duogc thuc hién trong cac nghién ctu
tiép theo.

4. Két luin

Bai bo di gioi thiéu mot hé théng nhidu UAV
phuc vu nhiém vy tim kiém ctru hg trén co s¢ ph?m
mém diéu khién trung tam. Hé thong cho phép gidm
sat hoat dong cua cac phuong tién bay, to chirc
nhiém vy trén ban d9, tiép nhan di liéu hinh anh tir
hién truong va hd trg phdi hop gitra UAV tim kiém
v6i UAV ctru hd trong cung mot quy trinh van hanh
théng nhat. Viéc tich hop cac khéi chirc nang nay
cho thay kha ning tmg dung ctia hé théng trong cac

Loi cam on:

bai toan tim kiém ctru ho trén khu vuc rong hoac
kho tiép can.
Két qua thir nghiém budc dau cho thiy, hé thong

¢6 thé hd tro twong ddi hidu qua cho cac khau giam sat
phuong tién, lap ké hoach nhiém vy, thu nhan dit liéu
hién truong va phan tng ctru h theo kich ban da thiét
1ap. Pay 1a co s¢ dé tiép tuc hoan thién hé thong theo
huong nang cao d6 chinh xac ctia thong tin vi tri nghi
van, ting mirc d6 ty dong trong qua trinh phdi hop ctru
ho va mo rong danh gia thyc nghiém trong cac diéu
kién hi¢n truong khac nhau. Khi dugc hoan thién
thém, hé théng co tiém ning tro thanh mot giai phap
hd tro tim kiém ctru ho ¢ gia tri tng dung thuc tém

Nghién ciru nay dwgc tai tro boi By Khoa hoc va Cong nghé trong chwong trinh hé tro nghién ciru,

phit trién va iing dung cong nghé ciia cong nghiép 4.0. Ma sé dé tai: KC.4.0.49/19-25.
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ABSTRACT:

This study presents the application of a multi-drone system in search-and-rescue operations,
emphasizing its role in enhancing situational awareness, operational coordination, and emergency
response efficiency. Built upon a centralized control software platform, the proposed system enables
real-time monitoring of unmanned aerial vehicle (UAV) operational status, management of mission
areas through digital maps, acquisition of visual data from the field, and coordination of resources
throughout the search process. The solution adopts an integrated approach that combines a control
interface, digital mapping technologies, and data-processing tools to improve observation
capabilities, mission planning, and on-site response management. Initial experimental results
demonstrate that the system effectively supports wide-area surveillance and search-and-rescue
activities while facilitating more efficient operational coordination. The findings further indicate that
the proposed framework provides a practical foundation for the continued development and
refinement of multi-drone systems for real-world emergency response applications.

Keywords: UAVs, search and rescue, multi-UAV systems, mission planning, people detection,
surface control station.
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