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TOM TAT

Bai bado trinh bay noi dung nghién cuu trng dung mo hinh hoc sau trong thi gidc may tinh cho
hé bdt-bam muc tiéu cua khi cy bay tw dan vdc vai hudn luyén. Muc dich cia nghién civu la sir
dung hé camera so nhir mot hé bét-bam gia ldp c6 tinh nang phit hop voi tinh nang cua dau tir dan
khi cu bay vdc vai, lam co sé xdy dwng cdc khi cu bay tw dan véc vai hudn luyén. Dé bdt- bam duwogc
muc tiéu di dong ngoai thuc dia, khd nang nhdn dang muc tiéu 3D phdi dap img yéu cau vé dé
chinh xéc, tuy nhién, khi dp dung thudt todn xir Iy anh truyén thong da khéng hiéu qua. Pé gidi
quyét vin d@é nay, bai bdo tap trung nghién ciru itng dung mé hinh hoc sdu YOLO cho hé bat-bam
camera s6. Trén co s6 sir dung mé hinh YOLO phién ban 8, nhém nghién ciru da thir nghiém thu
thap die liéu, xue Iy hinh anh, hudn luyén mo hinh va xem xét kha nang bat-bam muc tiéu ciia mét
hé camera sé. B(;ng thoi, ché thir thiét bi khi cu bay ty dan véc vai huan luyén co' 72 mm voi hé
bat-bam camera s6 va thir nghiém ngoai thuc dia. Két qua, kha nang bat-bém muc tiéu cia hé
camera so phit hop theo chitc nang dau tiw dan hong ngoai dwge xdy dwng trén co s6 con quay
dién tir trong pham vi giGi han vé khodng cdch.

Tir khéa: Hé bit-bam muc tiéu; Hé camera sb; M hinh hoc sau; Thuat toan YOLO.
1. MO PAU

Ngay nay, cong ngh¢ thi gidc mdy tinh va hoc sau tlep tuc dong mot vai trd quan trong dé giai
quyét cac bai toan vé nhan dang, phat hién va theo doi dbi tugng, dinh vi d6i tuong trong hinh anh
va video, dugc quan tdm trong nhiéu linh vuc khac nhau nhu hé théng giam sat an ninh, moi
truong, xe ty hanh, rd bbt, va cham soc stre khoe [1]. Thuc té, thi giac may tinh ciing da duoc ung
dung hiéu qua dé giai quyét nhidu bai toan, nhu trong thé thao, nong nghiép, giao thong [2-4],
phuong tién bay khong nguoi lai (UAV) [5].

Bai bao nay tép trung nghién ctru img dung mo hinh hoc séu trong thi gidc may tinh cho hé bit-
bam muc ti€u cua khi cu bay tu dan vac vai huan luyén (KCBVV-HL), trong moi quan tAm veé ing
dung thi gidc may tinh nhdm giam chi phi san xuat va thay thé hé bit-bam hdng ngoai bdi hé bét-
bam camera sb. Noi dung nghién ciru Xuét phat tir nhu cAu thyc tién, sy doi hoi vé trang bi hoc tap
trong huan luyén khi cu bay tu dan vac vai (KCBVV). Thuc té, cic hé bat-bam héng ngoai trén co
s& con quay quang dién tir hién dang dugc sur dung trén cac KCBVV-HL la nguén vat tu khan
hiém va c6 gia thanh cao. Giai quyet vén dé nay, camera s 1a san pham kha pho bién, chi phi ré,
c6 thé két hop v6i may tinh ca phan cimg va phdn mém dé tao ra hé bit-bam muc tiéu camera sb
tmg dung cho KCBVV-HL gia 1ap theo chirc ning bat-bam muc tiéu dau tu dan hong ngoai ciia
KCBVYV trong giai doan ngam bin.

Xem xét doi tuong can dugc bat-bam 1a nhu mot vat thé 3D bay ngoai troi, nhom nghién ctru
da Iya chon m6 hinh hoc sdu YOLO [6], boi thé manh vé toc do suy luan, cho phép phat hién dbi
tugng theo thoi gian thuce, kién trac mang don gian va bo dit liéu huén luyén tbi gian [7]. Thuc té,
ap dung thuat toan Loc tuong quan Kernel hoa (Kernelized Correlation Filter) [8], da cho thdy
khong hiéu qua trong bat- bam muyc ti€u 3D khi ¢ khoang céach trén 10 mét, khung nén anh sang
thay d0i theo diéu kién thoi tiét, mé hinh muyc tiéu nghiéng nga va thay doi hinh dang mau ngéu
nhién theo cac diéu kién moi truong khac nhau.
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2.CO SO THIET LAP HE BAT-BAM VA MO HINH HQC SAU THI GIAC MAY TINH
2.1. Co sé xay dung hé bat-bam camera s6

Trong nghién ctru nay, hé bat-bam camera s dugc phong theo KCBVV-HL ¢& 72 mm [9].

Theo nguyén Iy dan ty I8¢, vé ban chat cc dau tu dan quang thu dong va cac dau tu dan hong
ngoai la cac hé toa do bam [10]. BE thuc hién bat va bam muc tiéu, hé toa do bam phai ludn bat va
bam muc tiéu, duy tri sao cho truc quang hé toa do bam ludn trung véi duong ngam khi cu bay -
muc tiéu (hay hudng cua véc to cy li). Trong do, hoat dong cua hé toa do bam gom hai ché do lam
viéc chinh:

Ché do héNm: H¢ toa d6 bam chua dugc giai ppc')ng. Truc cua hé toa bam duoc duy tyi trur]g Vc:Yi
truc dau tu dan, khi d6 treong nhin cia dau tu dan‘ bi gig’ri han va la thi gigi cua dia dicu che. Dpi
v6i KCBVV-HL ¢ 72 mm, thi gigi cua cia dia diéu che la + 1,5°, trong d6 dia diéu ché duoc gan
trén hé toa do bam.

Ché dg thdo ham: Khi du cac diéu kién cho phép dau ty dan bét dugc muc tiéu, trac thi bop co
nac 1 thi hé toa do bam duoc thao ham va chuyen sang che do bam sat, cho phép mo rong truong
nhin caa dau ty dan. Do thi gidi cua dia diéu ché duoc gan trén hé toa do bam co thé tinh tién bam

theo muc tiéu theo thong tin vé gdc léch va huéng. Doi v6i KCBVV-HL ¢& 72 mm truong nhin
mé rong c6 gisi han + 40° theo moi hudng so véi truc doc dau ty dan (hinh 1a).

M6 ta thi gidi cha dia
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Hinh 1. Thiét Idp hé bat-bam gid ldp trén hé camera so phong theo hé toa d@é bam.

Trén co s& d6, hé bit-bam camera sb duoc phong theo cac dic diém cua hé toa do bam phil hop
v6i tinh ndng bat va bam muyc tiéu cta dau ty dan trén 6ng phong (hinh 1b). H¢ bat-bam camera
S0 can tao gid dugce truong nhin véi vong tron thi gisi ao + 1,5° m0 ta thi gidi cua dia dieu che &
ché do hdam va chuyén dong trong trudng nhin ma rong + 40° & ché do thao ham.

Theo hinh 1b, trong mat phang anh cua camera tao mot truong nhin a0 + 1,5% (M0 t& nhu duong
tron Ca ¢4 tam trung voi tam O tai thoi diém thao hdm). Duong tron nay s€ mo phong thi gi¢i cua
dia diéu ché hé toa do bAm chuyén dong tinh tién trong trudng nhin ma rong + 40°.

_ Ve nguyén 1y, h¢ toa do bam gom vat kinh, dia diéu ché va quang tro |2 thanh phan thu tin higu
hong ngoai phat ra tir myc tiéu. Tin hi¢u hong ngoai duoc chuyén doi thanh cac chim xung mang
thong tin vé do léch va huéng muyc tiéu. Tin hiéu nay, dugc dua dén hé thdng hiéu chinh con quay
dé tao lenh lam tring truc quang bd toa do véi duong ngam khi cu bay - muc tiéu theo chuyen
dong tinh tién vai van toc dén 9 [/s] [10]. Bé phu hop cho hé bat-bam camera sé, gia thiét tam
nhiét tring vai tdm hinh hoc caa muyc tiéu.
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V& mit y tuong thi giac may tinh, sai léch va huéng muc tiéu duoc quy Vé toa 6 anh, sau nhan
dang muc tiéu, thuat toan sé xac dinh vi tri va sai léch toa d6 tdm muc tiéu va tam (C:). Theo sai
|&ch, duong tron (C1) s& dugc Iap trinh chuyén dong tinh tién vé phia tim muc tiéu voi toc do 9
[%/s], trén co s& ap dat thoi gian dich chuyén (tq) thay ddi theo sai léch. Bén canh d6, dé md phong
chuyen dong cua dia diéu ché (truong nhin + 1,59 trong mat phing vudng goc vai truc doc cua
dau ty dan can tao mot vong tron thi gigi ao trén mat phang anh cua camera c6 tinh chat chuyén
dong gidng nhur chuyén dong cua dia didu ché trén hé toa do dau ty din (hinh 2).

Theo hinh 2, tai thoi diém chua thao ham, m———
vong tron thi giéi ao (+ 1,5%) 6 tam Op triing véi
tam O. Khi hé camera bat dugc muc tidu va bit
dau thao ham, vong tron thi gisi a0 chuyén dong
theo duong thang vé phia anh muc tiéu Mo véi
toc do dich chuyén diém anh N pixels/s (twong
duong véi 9 [%/s] 1a toc do tién dong cua con
quay trén dau ty dan). Gia tri N phu thuoc vao |
tiéu cu dng kinh va kich thude diém anh cuacam P
bién anh. C&r nhu vay sau nhitng khoang thoi
gian kha nho bang thoi gian lay mau cia thuat
toan xir ly anh, vong tron thi gisi a0 chuyén dong
vé phia anh muyc tiéu M1, My,... trong trudng
nhin c6 gigi han + 40°. Tai cac thoi diém xu ly
anh, hoan toan c thé tinh toan dugc toa do tam
va toa d6 cua vong tron thi giéi ao trong mat
phang anh. Trong nghién cau nay, 1° tuong
duong 74 Pixels.

Sz

Hinh 2. Thé hién chuyen déng tinh tién cua
vong tron thy gidi do trén mat phang anh.

Qua phan tich hoat dong ciia h¢ toa do bam dau ty dan KCBVV ¢ 72 mm, nhém nghién ciru
str dung mo hinh hoc sdu YOLO trong thi giac may tinh d€ giai quyét bai todn bat-bam muc tiéu,
dugc trinh bay ¢ phan dudi day.

2.2. M6 hinh YOLO va céach huan luyén

YOLO la mot md hinh mang no-ron tich chap CNN cho phép phat hién, nhan dang va phan
loai di tuong. YOLO duogc tao ra tur viéc két hop gitra cac 16p tich chap dé trich xut cac dic trung
anh va céc 16p két ndi dé du doan xac suét va toa do cua dbi tuong.

Dau vao caa md hinh 1a mét birc anh, duoc chia thanh nhiéu 6 ¢6 kich thudc (2n+1)x(2n+1), Véi
n=1,2,3,.. MJid s& chira thdng tin vé toa do va kich thudc cia hop gidi han chira ddi tuong (hay
muc tidu can bat-bam), kha nang va xac suat xuat hién muc tiéu. M6 hinh s& du doan va dua ra quyét
dinh 1 c6 hay khdng muc tiéu can nhan dang trong khung hinh va xac dinh toa d6 ciia muc tiéu.
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Hinh 3. Hoat déng cua md hinh hoc sau YOLO.

Tap chi Nghién citu KH&CN qudn su, 94 (2024), 159-165 161



Cong nghé thong tin & Co so todn hoc cho tin hoc

Dé tinh duoc d chinh xac cua hop giéi han du dodn can sir dung phép do IoU (Intersection
over Union). Chi so6 loU la ty I¢ do luong mirc d6 giao nhau gitra 2 hop gidi han thyc va hop gidi
han du doan, dugc xac dinh:

S — 5
loU :s_g &) V.|

h

v b4
Bounding  Boundingbox

Trong d6: Sy - Dién tich phan giao nhau giita hop -t 4

gi6i han thuc va hop gigi han du doan; Sy - Dién

tich phan hop cua hop gigi han thuc va hop gioi |

han du doan. Hinh 4. M6 ta di¢n tich giao nhau Sg.

Ve ly thuyét, m&i sy nhan dang vé muyc tiéu duoc danh gia thong qua mot gid tri loU riéng tir 0
dén 1. Khi loU > 0,5 muc tiéu cd thé xem xét 1a da dugc nhan dang chinh xac [7]. Song thdng qua
thuc nghiém, dé dam bao chét luong bat-bam muc tiéu, nhém nghién ciru di chon ngudng chi tiéu
nhan dang la loU,, >0,7 cho bai toan.

YOLO du doan nhiéu hop gisi han cho mdi 6 ludi, dé tinh 18i cho cac dy doan ding, mot hop
gisi han c6 loU cao nhat chira déi twong thyc dugc xac dinh. Tir hop gisi han xéc dinh, trong mo
hinh YOLO su dung ham Sum-Squared Error (SSE) dé tinh mat mat [7]. Ham mét mat dwoc tu
dong tinh toan sau mai vong huan luyén, qué trinh huan luyén s& két thic khi ham mat mat dat gia
tri dat cuc tiéu.

Trinh tu cac budc caa thuat todn YOLO nhan dang muc tiéu cho hé bat-bam camera sb cua
KCBVV-HL c& 72 mm dugc trinh bay nhu hinh 5.

Thu thﬁp, X 1}” Hué](n luyén va Tl'iéll khai va thi
va gan nhan déanh gia hi¢u suat » nghiém thye té mé
dit ligu mo hinh YOLOvVS hinh d3 huan luyén

Hinh 5. Trinh tw cdc budc cua thudt toan YOLO.

Buwéc 1: Thu thap, xi ly va gan nhén dix liéu

Thu thap cac video myc tiéu tir hé camera s6 ngoai thuc dia, cit thanh cac khung hinh dé tao
bo dir ligu va xur ly dir li¢u ting cuong. Gan nhadn b dir ligu ve doi tuong trong khung hinh voi
thong tin ve toa do, kich thudc hop gisi han chira doi tugng dua trén cong cu Labellmg. Phan chia
b6 dir liéu da gan nhan thong thuong theo ti 1€ 70% - tép huan luyén, 20% - tép kiém tra va 10% -
tép danh gia.

Buéc 2: Huan luyén va danh gia hiéu suat mé hinh.

i Huén luyén mo hinh 1a mgt chuong trinh hoat dong lién tuc theo trinh tu va dugc thuc hién trén
nén tang may chu a0 Google Colab [11].

Cai dit moi truong Qé huén luyén mé hinh. Cau triic va luu trir cac tham s6 quan trong ctia md
hinh YOLO theo file cau hinh (data.yaml) duoc tao. Huan luyén mé hinh theo cac dong 1énh va
theo doi két qua.

Danh gia hiéu suat mé hinh dua trén cac tiéu chi vé do tin cdy mo hinh (precision), do nhay mo
hinh (recall), d6 chinh xac trung binh (mAP), gia tri mat mat (loss). Panh gia kha nang nhan dang
muc ti€u trén tap dir liéu theo ngudng xac dinh chi ti€u nhan dang loUs.

Buwéc 3: Trién khai va thir nghiém thuc té mo hinh da huan luyén

Nén tang trién khai mo hinh va thir nghiém 1a may tinh c¢6 cdu hinh CPU Intel Xeon E5-2670
V3, GPU NVIDIA GeFoce GTX1080. Tai va cai dat Cuda 11.6.0, Cudnn 8.5.0 phu hop v6i hé
diéu hanh Windows dé chuong trinh lam viéc voi GPU dat toc do tot nhat. Trong moi truong lap
trinh C#, md hinh Yolo dugc tich hop véi giao dién ML.Net va ONNX Runtime.
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3. KET QUA VA THAO LUAN
3.1. Chuin bj cho thir nghiém

KCBVV-HL ¢& 72 mm dugc nhom nghién ciru thiét ké ché tao: Hé bit-bam camera s6 bao
gom: Khoi dng phong dung dé xa thu ngdm vao muc tiéu; khdi xir Iy trung tam vGi nhiém vy quan
1y cac ché do lam viéc ciia toan hé thong, truyén, nhan va xir 1y cac thong tin vé muc tiéu va cac
kénh xa thu, thuc hién cc thuat toan bat-bam muc tiéu trén co s& thong tin vé hinh anh muc tiéu
do camera trén 6ng phong cung cip (hinh 6).
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Hinh 6. KCBVV HL c6 72 H‘|n7:Mz_40tieu t,reo trén Hinh 8. Giao dién phcfn mém
mm va khoi xit Iy trung tam. cdp gitta 2 co cau cot. thir nghiém.

Hé camera s6 va thi giac méy tinh c6 cac tinh ning: Truong nhin cua ong kinh 26,2x19,8 (°);
d6 phan giai cam bién 1920x1080 (Pixels). Vi cac tham sb trén ciia camera thi kich thudc toan
anh 1a 1920x1080 (Pixels) twong duong gdéc nhin 26,2x19,8 (°); kich thudc vong tron thi gidi do
la 222x222 (Pixels) twong duong goc nhin 3x3 (°).

) Theo tinh ning camera duoc str dung, truong nhin mo rong cua hé bét-bam camera s6 dam bao
xap xi + 13° theo mit phang dung va + 10° theo mit phang ngang. Bai bao tap trung vao thuc hién
gia 1ap hoat dong cuia thi glm dia diéu ché (+ 1,5°) trong ché dd ham va thao hdm. Thyc té, khi
KCBVV-HL con ¢ trong 6ng phong, trudng nhin mo rong yéu cau nhé hon so V01 qua trinh bay
tu din ngoai dng phong, boéi tric thu lién tuc ré dng phong hudng vao muc tiéu, sai s ré ong phong
chi khoang dudi 10°. Tuy nhién, néng cao vé truong nhin mé rong sat véi thuc té 1 ndi dung can
duoc tlep tuc xem xét va giai quyet

M6 hinh muc tiéu (hinh 7): M6 hinh may bay F18 Hornet di dong dang 3D c¢6 kich thude
(450x320x90) mm, trong lugng 1 kg (ca co cau gi, treo). Kich thudc muc ti€u thiet ké dam bao
tao Khung hinh anh muc tiéu véi cu 1i 9 + 40 met twong tmg voi kKhung hinh 16n nhat 1a 220x220
Pixels va nho nhat 20x20 Pixels. Muyc ti€u c6 thé di dong ngang trén cép treo 40 m gitra hai cum
cOt co dinh, dugc diéu khién vdi van toc thay doi 1,0+ 2,5m/s.

Giao dién phén mém thir nghiém cua KCBVV-HL ¢& 72 mm v6i hé camera s6 dugc thé hién
0 hinh 8.

3.2. Két qua hun luyén va thir nghi¢m

_Thyc hién huén luyén m6 hinh YOLO phién ban 8 nano 250 vong trén tép dir liéu 5000 anh
mau, két qua thir nghiém thu dugc cac tham so cia mo hinh hoc sau (hinh 9) dya trén céc ti€u chi
sau: d¢ tin cdy md hinh hoc sau (precision), d nhay mo hinh hoc séu (recall), d chinh xac trung
binh (mAP), gia tri mat mat (loss).

Két qua nhan dang va bit-bam muc tiéu duoc trinh bay trén hinh 10.

- Thdo lugn:

Két qua huan luyén thu duge cac gia tri precision ~ 0,97; recall ~ 0,98 (hinh 9) cho thdy mo
hinh hoc sau dat dugc sur can bang giita hai tiéu chi nay, gia tri precision va recall déu rat cao (gan
dat max 1a 1).

Gi4 tri mAP trong qua trinh huén luyén tang dan va dat mAP50 = 0,99; mAP50-95 = 0,78 (hinh
9) cho thay m6 hinh hoat dong tot va dap ing yéu cau vé bat-bam muc tiéu.

Gi4 tri mat mat loss trén cac tap dit liéu huén luyén (train) va tap dir liéu danh gia (val) sau 100-
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200 epochs huén luyén giam dan va dat xp xi 0,87 (hinh 9). Didu nay chtng té mé hinh dang du
doan vi tri muc tiéu sat voi nhan thuc cta dir liéu mau.
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Hinh 9. Do thi két qua cdc tham sé hudn luyén cua mo hinh.
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a) Co muc tiéu. b) Khong c6 muc tiéu.
Hinh 10. Két qud nhdn dang va bdt-bam muc tiéu.

Hinh 10 m6 ta mot s6 két qué nhan dang va bét bam muc tiéu dién hinh, véi chi sé IoU xép xi
0,8 thoa man yéu cu nhén dang muc ti€u ding va khong nhan nham ddi tuong. Khi muc tiéu ¢
gﬁn, n6 dugc quan sat ro nét hon, do do, kha nang phat hién va nhan dang chinh xac la rat cao.
Khi myc tiéu ¢ gidi han xa, d kho trong viéc phat hién s€ ting Ién do kich thudc anh muc ti€u
nho di nhiéu va khé nhan biét hon, gdy khé khian cho qua trinh nhan dang. Diéu nay ciing dong
nghia véi viée qua trinh huin luyén s€ tro nén kho khan hon va kéo dai hon, ddng thoi d6 chinh
xéc cling s& giam. Tuy nhién, van dé nay dugc giai quyet bang cach dat gidi han cu li chuyén
dong cta muyc tiéu (han xa, han gan) dé hoa hop cac yéu to truong nhin cua camera, d phan
gidi cua camera, kich thudc muyc ti€u va kich thudc anh ti thiéu cua muc ti€u ma mo hinh cé
thé nhan dang. Qua thir nghiém tai cu li gigi han xa 40 m chi s6 ToU van dat t6i thiéu 0,7 theo
yéu cau vé ngudng chi tiéu nhan dang.

Vi diéu kién thir nghiém ban ngay thoi tiét don gian, theo trinh ty thu thap bd dir liéu muc ti€u
thuc dia, xr Iy hinh anh va huén luyén mo6 hinh hoc sdu nhan dang muc tiéu, thir nghiém trén hé
camera sb va may tinh cAu hinh CPU Intel Xeon E5-2670 V3, GPU NVIDIA GeFoce GTX1080,
nhom nghién ctru di thu duoc téc d6 xir 1y anh cia thi giac may tinh dat 14 hinh/gidy va di liéu
video vé muc tiéu di dong tr hé camera s6. Thir nghiém trén mot KCBVV-HL ¢& 72 mm, thuat
toan hoc sau YOLO phién ban 8 dap ng dugc kha néng bét-bam cac muc tiéu véi thoi _gian dép
{rmg nhan dang muc tiéu xap xi 300 ms, phu hop véi thoi gian dap ung cua bd toa do dau ty dan
KCBVV ¢& 72 mm trong giai doan ngam ban.

4. KET LUAN

Vé mit Ung dung, két qua nghién ctru va thuc nghiém ciia bai bao di dé ra co sé ing dung d dé ché
tao cac thiét bi KCBVV-HL khac nhau véi tinh ning tuong duong. Tuy nhién, nghién ctru van con
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Nghién ciru khoa hoc cong nghé

nhuoc diém vé van dé nang cao chat lugng nhan dang myc tiéu & nhimg diéu kién thoi tiét phire tap
hon (may mu, déy treo rung lic,...), cling nhu truong nhin mé rong trong ché d6 thao ham cua hé
bat-bam con han ché. Hudng giai quyét van dé da néu can duogc cai thién ca phan cimg va phan mém.
Vé phén cling, dé nang truong nhin rong c6 thé thay doi camera c6 d6 phéan giai 16n va tich hop cum
2 dén 3 camera cing mot chirc ning thu thap anh, hoic sir dung bd gimbal phu hop. Van dé nay s&
dugc nhém nghién ctru tiép tuc nghién ciru giai quyét va cong bd trong cac bai béo tiép theo.
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ABSTRACT

Application of deep learning in computer vision for the target detection-tracking system
on shoulder-training flight vehicles

The paper presents an application of a deep learning model in computer vision for the
target detection and tracking system on shoulder-training flight vehicles. The purpose of the
research is to use the digital camera system as a simulated detection and tracking system
similar to the features of the seeker of shoulder-launched flight vehicles, as a basis for
building shoulder-training flight vehicles. To detect and track moving targets outdoors, 3D
target detection ability must meet accuracy requirements; however, when traditional image
processing algorithms are applied, they are not effective. To solve this problem, the article
focuses on researching and applying the YOLO deep learning model to the digital camera
tracking system. Using the YOLO version 8 model, the authors tested data collection, image
processing and model training as well as considered the target detection and tracking ability
of a digital camera system. At the same time, a newly designed shoulder-training flight
vehicle - 72 millimeters with a digital camera tracking system was tested outdoors. As a
result, detecting and tracking the target by the digital camera system similar to the shoulder-
launched flight vehicle - 72 millimeters in a specifically limited range condition is obtained.

Keywords: Target detection and tracking system; Digital camera system; Deep learning model; YOLO algorithm.
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