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TOM TAT

Trong nhitng nam gan ddy, sw xudt hién cia cdc loai phirong tién bay khéng nguoi ldi tan
cdng (Unmanned Combat Aerial Vehicle - UCAV) trén chién truong da thue sw lam thay doi can
can luc lwong va xu hudng chién tranh hién dai, vi du tiéu biéu 1d cudc xung dot Nagorno-
Karabakh thang 9/2020. Tuy nhién, UCAV c6 diém yéu la phu thudc vao hé thong dinh vi vé tinh
toan cau (GNSS) va tin hiéu diéu khién vé tuyén tir mat dat dé hoat dong hiéu qua trén khong.
Khi bi ché ap dién tir, UCAV sé bi v6 hiéu hod mét cdch triét dé. Trong bai bao nay, chung toi dae
xudt mét mé hinh hé thong iing dung cong ngh¢ thi giac may tinh két hop Al dé dan dwong cho
UCAV bay theo 1§ trinh cdc diém moc dia hinh (landmark waypoint) duoc hoc may tir trudc,
khong phu thudc vao tin hiéu diéu khién vé tuyen va dinh vi vé tinh. Két qud moé phong so b cho
théy hé théng ¢6 thé nhéan dang chinh xdc cdc diém moc dia hinh mét cach chinh xdc theo thoi
gian thyec.

Tir khoa: UCAV; Thi gidc may tinh; Dan dudng theo mbce dia hinh.
1. MO PAU

Trong vai nam tré lai day, sy xuat hién phd bién cua cac loai phuong tién bay khong nguoi lai
da thyc sy 1am thay d6i cudc sdng ctia con ngudi trong nhiu linh vyc nhu giai tri quay phim
chup anh, ctru hg cru nan, giam sat an ninh, ctu hoa, van chuyen hang hod, van chuyén con
nguot,... Trong linh vue quan su, UCAV dé dugc st dung tur rat nhiéu thap nién trudc trong cac
cudc chlen tranh v6i san pham tiéu biéu 1a cac loai UCAV ciia M. Tuy nhién, tir cugc xung dot
Nagorno-Karabakh thang 9/2020, cac san pham UCAV c6 cdu truc kha don gian ctia Th Nhi Ky
va Israel d4 1am mua 1am gi6 trén chién truong khi tan cong, tiéu diét hang loat muyc tiéu quén sy
cua Armenia trong thoi gian cuc ngan tao wu thé chién thang toan dién cho Azerbaijan [1]. Su
kién ndy cung voi lich sur tac chién hiéu qua cua UCAV da khién cac chuyén gia quan sy cho
rang day la minh chimg rd rang nhét cho thdy UCAV da dan trd thanh vii khi cha lyc déng vai
trd quan trong trong cac chién dich quén su.

Céc thiét bi bay khong ngudi lai duoc tich hop cong ngh¢ thi gidc mdy tinh két hop AI da
thue sy duge sir dung ngay cang rong rai trén chién truong trong nhiéu nim gan day. Tiéu biéu
c6 thé ké dén cac hé théng dan duong Al nhu Nova cua Sheild. AL Raven cua AeroEnvironment,
Desert Hawk cua Lockheed Martin va Neurala Brain cia Neurala cung v6i cac hé thong tuong tu
cua Nga va Trung Qudc [2]. Quan doi cac nudc phat trién nhu My, Nga, Trung Qudc ciing di va
dang phat trién cac loai UCAV cd nho co thé thuc hién da nhiém vy, dic biét 1a kha nang hoat
dong & tAm thap, culy gan c6 thé chéng lai sy phat hién cua cac loai radar va thiét bi canh gidi
khéc. Tiéu biéu cho loai thiét b nay la thiét bi trinh sat Black Hornet cua FLIR thudc dong Nano
UCAV véi kha ning hoat dong vuot trdi khi tac chién trong thanh phd hodc rimg nii.

O phia nguoc lai, cac co quan nghién ctru ca trong va ngoai nude cling dang lién tuc phat
trién cac san pham tac chién dién tir dé chdng lai nguy co bi do tham, tin cong bang UCAV.
Nguyén 1y chung cua cac h¢ thong nay la phat hién tir xa va ché ap duong dinh vi vé tinh ciing
nhu 1 dudng diéu khién v6 tuyén dé vo hiéu hoa UCAV. Tuy nhién, néu UCAV c6 thé bay dén
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muc ti€u ma khong can tin hiéu dan duong dinh vi vé tinh va dudng diéu khién tir mat dat thi
viéc ché ap 1a rat kho kha thi. Do dé, viéc nghién ctru thiét bi UCAV c6 kha ning tu diéu khién
thong qua hé thong xu ly anh thong minh két hop céac thuat toan tri tué nhan tao s& giam thiéu
nguy co bi ché ap dién tir xudng murc thip.

Trong bai bao nay, ching toi dé xuat mé hinh hé théng dan duong cho UCAV dya trén cong
nghé thi giac may tinh tng dung hoc sdu va hoc may. Qua trinh hoc sau dya trén thong tin trinh
sat s& dugc thuc hién trén mat dit dé UCAV c6 thé nhan dang dugc trudc cac vat mbc dia hinh
(landmark) can quan tam. Khi bay trén khong, UCAV s& str dung hinh anh thu dugc tir camera
dé ddi chiéu, tim kiém cac vat moc dia hinh dé 1am can ctr di chuyén dén muc tiéu ma khong can
dir liéu diéu khién hay dinh vi vé tinh. Phan tiép theo sé& trinh bay chi tiét hon vé thiét ké hé
théng phan ctimg, phin mém tng dung. Ching t6i ciing trinh bay két qua mé phong chay trén
video ¢6 sin thu duogc tir UCAV. Két qua hoc may cho théy UCAV nhan dang va dinh vi dugc
vat mdc dia hinh dil goc quay bi thay doi.

2. THIET KE HE THONG

2.1. Cong nghé din dwdng bang hinh anh cho UCAV

Trong nhiéu nim qua, cac k¥ thuat dan dudng cho phuong tién bay khéng ngudi 1ai da duoc
phat trién rit manh m& théng qua nhidu phwong thirc khac nhau hodc c6 su két hop giita nhidu
phuong thirc, tuy thudc vao tng dung dan duong. Bing cach két hop bo thu GNSS véi bo dan
duong quan tinh IMU, hoan toan c6 thé diéu khién dugc UCAV mét cach on dinh trong céc
nhiém vy bay khac nhau. Nhuoc diém cia phuong phap nay 13 bit budc phai thu dugc tin hiéu
GNSS, ngoai ra sy két hop GNSS/IMU néu khong chit ché cling s& gdy ra cac sai so khién
UCAV bi mét tinh 6n dinh trong vai tinh hudng, din t6i co thé bi sy ¢d gay hong hoc [3].

Mot phuong 4n khéc 14 sir dung camera lap dit tai cac vi tri c¢6 dinh da biét dé theo ddi UCAV
va bao cho UCAV biét hanh trinh va vi tri ctia thiét bi bay [4]. Tuy nhién, phuong phap nay chi
phit hgp cho muyc dich thir nghiém thiét bi bay do doi hoi phai chuan bi dia ban, ha tang, phuong
tién kha phurc tap. Theo [5], nhém nghién ctru nay da thuc hién thanh cong viéc gan camera lén
truc thang dé theo ddi, bam sat mot s6 hinh anh vat chuan da bidt trén mat dat va bang cach nay da
c6 thé diéu khién may bay di chuyén theo mot 16 trinh gdm nhiéu vat chuén. Tuy nhién, vét chuén
van 1a nhitng hinh anh dic thu, dugc thiét ké sin nén khong co y nghia thuc té.

Su phat trién cta camera kich thuéc, trong lugng nhé voi kha nang zoom xa va do phan giai
cao da mang lai nhitng kha ning m&i cho bai toan dan dudng trén khong. Cac nghién ctru da tmg
dung ludng quang hoc (optical flow) tir 2 camera bén suon may bay dé dan huéng cho UCAV
bay xuyén qua cac khu vic c6 dinh hinh phtc tap nhu hém nii, trong thanh phé [6]. Tuy nhién,
céc phuong phap nay ciing cho d6 6n dinh khong cao va thuong phai két hop véi dit liéu dinh vi
v¢ tinh va cac loai cam bién khac nhu cam bién vat can, do xa laser, cam bién ap suit,... Lién
quan truc tiép dén bai toan din dudng cho UCAV tir trén cao, nhom nghién ctru cua Blosch [7]
da sir dung camera RGB dé ban d6 hoa va diéu khién UCAV trong méi truong thuc té co it thong
tin duoc biét trudc, tmg dung thuat toan theo ddi va 1ap ban dd song song (PTAM). Tuy nhién,
viéc xur Iy anh doi hoi phai st dung may tinh hi€u nang cao trén tram mat dét chay thuat toan
SLAM va gui lai két qua xir Iy cho UCAV théng qua dudng vo tuyén. Do do6, nghién ciru ndy ton
tai yéu diém 1a van con duong lién lac vo tuyén tir UCAV véi tram mat dat. Trong diéu kién bi
ché ap dién tr thi r6 rang UCAYV khong thé tu than hoat dong duoc.

V6i su phat trién nhanh chong trong nhimg nim gan ddy cta ky thuat xtr 1y anh dua trén tri
tué nhan tao, mot s6 nghién ciru da tap trung vao cong nghé thi gidc may tinh UCAV {ng dung
tri tué nhan tao (UCAV-AI). Zhou va cac cong su [8] di sir dung mo hinh YOLO v3 cip nhat dé
phat hién mot s6 loai cay dic thu tir hinh anh trén UCAV. Trong [9], cac tac gid da thuc thi mo
hinh YOLO v3 dya trén thu vién OpenCV trén nén tang dién thoai Android dé nhan dang cac
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hinh dnh quen thudc, st dung cac hinh anh chuyén déi dinh dang YUV, sau d6, so sanh véi két
qua xu ly trén may tinh 16n va cho két qua vuot troi. Cong trinh [10] d3 nang kha niang phat hién
1én mot tAm cao méi khi két hop OpenCV véi Tensorflow giup tang kha nang nhan dang cho
UCAV [én t6i 80 16p hinh anh. Tuy nhién, nghién ctru nay van can phai co6 su ho tro tr may chu
chay tmg dung tinh toan Tensorflow chtr chua hoan toan hoat dong doc 1ap du rang thong tin lién
lac gitta may chu va UCAYV khong can phai lién tuc.
2.2. Thiét ké hé thong dé xuat

Trong bai bao nay, nhém thuc hién dé xuét cdu tric co ban cua san ph'fun dé tai gém cac
thanh phan va tinh nang chinh nhu sau:

! AY Ti E BO DIEU .
CAMERA IR MAL LION:NTGREN DRONE DBy TRAMMAT AT

Hinh 1. So dé khéi ciia hé thong nghién ciru.

- Thiét bi bay khong I}gué’i lai da ca’ml‘l quat: UCAV 6 }102_“10 8 canh quat, tdc do tdi da 90 km/h,
thoi gian bay khong tai toi da 40 pht, tran bay 1000 m, tam hoat dong 5 km va tai trong 5 Kg.

- Bo dan duong trén khong: bao gém may tinh trén khoang tich hop phdn mém nhan dang
muc tiéu va phan mém diéu khién UCAV, camera I/R c6 cu ly nhén dang trén 500 m, gimbal dan
hudng cho camera va thiét bi truyén dir liéu vo tuyén.

- Tram mat dat: Bo diéu khién UCAV tir xa (RC) tich hop may tinh bang cai dat phan mém
hién thi va di€u khién, May tinh trung tdm cai dat phan mém hoc séu xur Iy anh, Thiét bi thu phat
vd tuyen d€ nhan dir liéu tr UCAV va RC.

. V& céu trac trao doi dir liéu, hé thépg d}ch chia 1am 2 phan chinh: Thong tin trén khoang bao
gbm dir liéu hinh anh camera I/R truyén v€ mdy tinh trén khoang d€ xtr Iy nhén dang xac dinh vi
tri muc tiéu, vat mdc dé dan duong cho UCAV; Luong thong tin tir UCAV ciing dugc truyén
xudng bo diéu khién RC va chuyén tiép sang Tram mat dat.

Truge khi thyc hién nhi€ém vu bay, hé ‘thong s& dugc hoc sdu dé nhan biét dic trung cac diém
moc dia hinh va thong tin phu tro tir nguén anh database va anh trinh sat hién truong c6 san. Tir
cac dac trung nay, hé thong s€ thiét 1ap duong bay cho UCAV va nap théng tin cho bg dan
duong trén khoang. Qua trinh huan luyén dugc mo ta trong hinh 2 duéi day:

TRAM MAT DAT

ANH TRINH SAT

94:>

ANH TU DATABASE

DRONE

MAY TiNH TREN
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Hinh 2. Qud trinh hudn luyén nhdn dang muc tiéu cho UCAV trude khi bay.

Trong qua trinh bay, khi bi cl}é' ap dién tur trén pham vi 16n (hinh 3), UCAV khong thu dugc
tin ,hiéu dinh vi GNSS va cling rat kh,(') nhan dugc 1€nh diéu khién tir trac thia. Do vay, trong tinh
huong nay UCAYV phai xtr 1y tinh hudng hoan toan tw dong. Tir trén cao, UCAV s€ dung camera
quan sat d¢ xac dinh cac vat moc da dugc hoc tr trudc va hanh tién bam theo cac cdt moc dé
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huéng t61 myc tiéu. Qua trinh ndy hoan toan dugc 1ap trinh sin va nap vao mdy tinh trén khoang
1am thanh 16 trinh bu¢c phai tuén tha cia UCAV. Neu trong qua trinh bay tu dong xay ra su ¢,
vi du UCAV khong thé phat hién dugc cot méc tlep theo thi UCAV s& quay trd vé diém xuat
phat dua theo cac cot méc cii, hodc trong tinh huong x4u nhét s& tu ha canh tai chd.
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Hinh 3. Ché dg bay chong ché ap, khéng cé tin hiéu GNSS va dwong diéu khién tir xa.
3. MO PHONG NHAN DANG VAT MOC PIA HINH

Trong bai bao nay, chiing t6i thir nghiém phuong 4n nhan dang vat méc dia hinh v6i mé hinh
mang neuron Siamese (SNN). Mang SNN thuong duoc dung dé giai quyét cac van dé bai toan
xac minh chir ky déc trung hinh anh, do do, phu hop voi bai toan nhin dang myc tiéu cho UCAV
[11,12]. Uu dlem ctia SNN 1a str dung rat it dit liéu hudn luyén, tap trung chu yéu vao viéc hoc
cac dic trung gin nhau & cac 16p sau, phu hop v6i mdi trudng tac chién nhanh ciia UCAV. O
day, ching t6i str dung video dugc quay truc tiép trén UCAV trong d6 khdi kién triic ¢6 su khac
biét so v&i moi truong xung quanh dugce lya chon lam ddi tuong nhan dang.

Hinh 4. Két qud nhdn dang dinh vi vt méc dia hinh tir video thiec té.

Két qua ban dau cho thay mang SNN tng dung cho UCAV cho két qua tot. Khi kién trac
dugc Iya chon 1am vat mdc dia hinh ¢6 thé “nhin th” ” tai cac goc quay khac nhau nhu trén hinh
4.0 day, nhém thyc hién méi chi sir dung mot ) Vldeo do UCAV quay dugc ¢ diéu kién ly
tudng lam dir liéu hoc sau va nhan dang. S6 16p cho m6 hinh SNN chua nhiéu va do chinh xac
trong cac diéu kién khac nhau chua duoc danh gia chi tiét. Do do, mo hinh SNN can duoc cai
tién va th nghiém nhiéu hon trong cac diéu kién khac nhu thoi tiét, anh sang co su thay d6i. Co
s¢ dir liéu hudn luyén ciing can duoc xay dung dua trén cac dic trung sau ctia vat mde dia hinh,
hudng téi nhan dang da muc tiéu cho bai toan dan duong UCAV.

4. KET LUAN

Trong bai bao nay, chung t6i da dé xuét mot mé hinh hé thdng dan duong chdng tac chién
dién tir cho UCAV chién dau cap chién thuat. M6 hinh hudng toi trang bi cho UCAV kha ning
hoat ddng khong phu thudc vao tin hi€u diéu khién vo tuyén cling nhu dinh vi v€ tinh ma dua
trén hinh anh quan sat dugc tir camera dé xac dinh vi tri, vat mdc dia hinh trén duong dén muc
tiéu. Két qua mo phong trén video quay duge tir UCAV cho thiy phan mém co kha ning nhan
dang vat méc dia hinh tai cac goc quay, d6 cao khac nhau. Tuy nhién, dé hoan thién hé théng dan
dudng cho UCAV trong thuc té thi vAn can phai xay dung chi tiét co so dit liéu nhan dang vét
mdc dia hinh da dang va cai tién thuét toan cho phu hop hon véi phan cimg trén khoang.
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ABSTRACT
Navigation system using landmark images for combat UCAVs

In recent years, the appearance of unmanned aerial vehicles (UCAVs) on the
battlefield has really changed the balance of forces in modern warfare. Since the
Nagorno-Karabakh conflict in September 2020, combat UCAVs (UCAVs) with simple and
flexible designs have attacked and destroyed a series of Armenian military targets in a
short time bringing advantages for a total victory of Azerbaijan. However, UCAV has the
weakness of relying on the Global Navigation Satellite System (GNSS) and radio control
signals from the ground for operation in the air. Under electronic suppression, UCAV will
be completely disabled. In this paper, we propose a system model that applies computer
vision technology combined with Al to guide UCAV to fly along a machine-learned route,
independent of radio and satellite navigation signals. Preliminary simulation results show
that the system can accurately recognize landmarks accurately in real time.

Keywords: UCAV; Computer vision; Landmark-based navigation.
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