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Nghién clru trng dung thi giac may trong tw déng héa hé thong
rét than cho toa xe tai Tap doan Céng nghiép Than - Khoang san
Viét Nam (TKV)

A Study on the application of Machine vision in automating coal
loading systems for Railcars at Vietnam National Coal and Mineral
Industries Group (TKV)

Lé Van Théng', Phwong Manh Tuan', Pham Thi Thu Hwong',
Pham Van Nam?, Pé Van Dinh¥

*Tac gia lién hé: dinh.dv@saodo.edu.vn

"Vién Co khi Nang lvong va Mé - Vinacomin

2Trwong Dai hoc Cong nghiép Ha Noi

3Trwong Dai hoc Sao Bé

Ngay nhan bai: 15/5/2025
Ngay nhan bai stra sau phan bién: 15/11/2025
Ngay chap nhan dang: 26/11/2025

Toém tat

Nghién clru nay trinh bay mét gidi phap ng dung cong nghé thi giac may, tich hgp thuat toan YOLO (You Only
Look Once), trong hé thdng tw dong hda rét than cho toa xe tai Tap doan Coéng nghiép Than - Khoang san
Viét Nam (TKV). Trong diéu kién méi trweérng cong nghiép ddc thu nhw bui cao, am wét va rung dong I6n, hé théng
dé xuét str dung camera cdng nghiép va thuat toan hoc sau nham xac dinh mrc day than trén bé mét toa xe theo
thdi gian thwe. Cac thanh phan phan cirng chinh bao gbm camera Cognex, cdm bién méi truéng va tAm suwéi
kinh chéng dong swong. Két qua thir nghiém cho thay hé théng nhan dién chinh x&c vung chira than véi dé chinh
xac trén 90%, hoat ddng bn dinh trong diéu kién khac nghiét, va duy tri sai sb do mirc day dwdi 5%. Nghién ctru
khang dinh tinh kha thi va hiéu qua cla viéc (ng dung Al vao giam sat cong nghiép, déng thdi mé ra kha nang
phat trién cac hé théng van hanh thdng minh trong nganh khai khoang Viét Nam.

Tuwr khoa: Thi giac may; YOLO; rot than twr ddng; toa xe ché than,; giam sat mirc than;, Camera.

Abstract

This study presents a solution applying machine vision technology, integrating the YOLO (You Only Look Once)
algorithm, in the automated coal filling system for wagons at the Vietnam National Coal and Mineral Industries
Group (TKV). In specific industrial environmental conditions such as high dust, humidity and large vibrations, the
proposed system uses industrial cameras and deep learning algorithms to determine the coal filling level on the
wagon surface in real time. The main hardware components include Cognex cameras, environmental sensors
and anti-fog glass heaters. The test results show that the system accurately identifies the coal storage area with
an accuracy of over 90%, operates stably in harsh conditions, and maintains a filling level measurement error of
less than 5%. The study confirms the feasibility and effectiveness of applying Al to industrial monitoring, while
opening up the possibility of developing smart operating systems in the Viethamese mining industry.

Keywords: Machine vision; YOLO;, automatic coal filling; coal car; coal level monitoring;, Camera.

1. DAT VAN BPE

Trong nhi*ng n&m gan day, viéc (ng dung tri tué nhan
tao (Al) va thi giac may tinh (Computer Vision) trong
linh viwe khai thac va ché bién than - khoang san da
tré thanh xu hwéng ndi bat trong tw déng héa cong

Nguw&i phan bién: 1. GS.TSKH. Than Ngoc Hoan
2. TS. Bang Thuy Hang

nghiép. Cac cong trinh nghién ctru trong va ngoai nwéc
da ching minh hiéu qua cla viéc s dung hé théng
camera IP két hop v&i cac mé hinh hoc sau (Deep
Learning) nham ty ddng giam sat, nhan dang vat liéu,
phat hién sw c¢b va hé tro' diéu khién day chuyén. Trong
bdi canh Tap doan Coéng nghiép Than - Khoang san
Viét Nam (TKV) d&y manh hién dai héa quy trinh van
hanh, viéc rét than ty déng vao cac toa xe khdng chi
can dam bao ndng suat ma con doi héi dd chinh xac
cao va an toan cao.
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Tai Viét Nam, quy trinh van hanh van phu thuéc nhiéu
vao cdng nhan, tlr giam sat me than dén diéu chinh
toi kéo, dé phat sinh sai sét khi khéi lwong 1&n. Tuy
nhién hién nay, mét s& mé than I&n (md Déo Nai va
Méng Dwong tai Quang Ninh) da cé cai tién: Hé thdng
rét than déng thoi nhiéu toa va sir dung camera giam
sat, cho phép diéu khién tr phong trung tam, gidm
ganh nang lao déng va tang dd chinh xac.

Hinh 1. Céng nhan vén hanh truec tiép (a)
va qua hé théng camera (b)

Hién nay, c6 nhiéu nghién ctru da &ng dung thj giac
may trong giam sat va phan tach than/da [2], [3], [12],
[14], tich hop véi PLC/SCADA c6 san clia nha may
trong mdi trwdng cdng nghiép [1], [10]. Cac phwong
phap dwa trén YOLO [11], [15], [19] phu hop trién khai
thoi gian thwe nhwng doi héi div liéu huén luyén phan
anh dang didu kien md (bui, rung, bién thién chiéu
sang). Nhiéu (rng dung hién nay c6 xu huéng tap trung
héa viéc xt ly di liéu hinh &nh trén may chu trung tam
va tiéu chuén héa giao dién trao dbi dir liéu véi SCADA
[71, [9], [10], va d& xuét hé théng giam sat mic day
dwa trén thi giac may cho céc silo chira vat liéu, c6 thé
ap dung twong tw trong cac toa xe chira than [6].

Hinh 2. Ctra xa than tir Bunker

Tai Viét Nam, xu hwéng ng dung Al trong khai thac
mé ciing dang dwoc chu trong, bwéc dau trién khai
cac mé hinh nhan dang dbi twong, giam sat bang tai
va didu khién tw dong dwa trén thi giac may. Cac két
qua ban dau cho thdy tiém n&ng I&n trong viéc phat
trién cac gidi phap ndi dia, d&c biét khi két hop voi
phan mém tuy bién va kha nang tich hop SCADA. Tuy
vay, mai tap trung mé ta gidi phap hodc chirng minh

tinh kha thi cla thuat toan nhan dang, trong khi chwa
phan tich sau méi lién két gitra cac khdi chirc nang Al
- camera - SCADA - giao dién nguwdi van hanh, ciing
nhw chwa danh gia hiéu ndng hé théng trong diéu kién
trién khai da camera thoi gian thuc.

Hién trang I&p dat va van hanh hé théng Tai Mé than
Vang Danh, hé théng rét than bang bunker dwoc lap
dat cb dinh trén cao, thuc hién cap liéu xudng céac toa
xe theo mé. Céng nhan van hanh sé mé& - déng co
céu xa dua vao kinh nghiém cta coéng nhan. Diéu nay
dan dén céc tinh hudng rét thiéu, rét tran hoac khong
ddng déu gilra cac toa. Ngoai ra, méi trwérng bui cao,
rung dong manh va khéng gian chat hep khién viéc
trién khai cac phwong tién do truyén théng gép nhiéu
kho khan.

T thye tién do, co thé thay sw can thiét trong viéc ing
dung cong nghé thi gidc may nham giam sat ty dong
qua trinh rét than, hé tro nguwdi van hanh trong viéc
kiém soat khéi lwgng va nang cao do an toan. Do do,
bai bado dé xuat phwong an xay dwng hé théng diéu
khién tw dong qua trinh rét than cho toa xe tai Tap
doan Cdng nghiép Than - Khoang san Viét Nam (TKV)

2. XAY DUNG VA THIET KE HE THONG
2.1 Muc tiéu xay dwng

Muc tiéu chinh cta hé théng la xay dwng mét gidi phap
tw dong hda qua trinh rét than dwa trén thi giac may,
giam sat mire than, huwéng téi viéc nang cao nang suét,
gidm sai sb nap liéu, giam phu thudc vao lao déng thu
cbng, dong thdi twong thich véi diéu kién méi truong
khai khoang c6 dd bui va dd 4m cao, cu thé nhw sau:
Tich hop mé hinh nhan dang YOLO YOLO nhdm wéc
lwgng mirc chira than trén cac toa tau dwa trén hinh
anh thu tlr camera.

Xay dwng hé théng diéu khién PLC cho phép tw dong
héa qué trinh clp vat liéu trong day chuyén rét than.
Phwong phap trién khai dwoc minh hoa qua so' d khéi
tbng thé duwéi day:

Tu dién dong
luc BC-04

Camera

DPong co kéo

Tu diéu khién

—] -
Came1BC-02 BC-01

Den chiéu sang

Camera
Cam bién vi tri

Ti diéu khién
tai ché BC-03

Hinh 3. So' d6 nguyén ly chung ctia hé théng
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2.2. Thiét ké thiét bj do

a. Lwa chon thiét bj

- Camera.

bong vai tro giam sat khu vyc rét than tir clra xa.
Nghién ctru lwa chon dong camera Cognex CAM-CIC-
5000R-14-G v6i 6ng kinh OPT FL-CC1614-2M la mot
Iwa chon ly twdng cho cac (rng dung giam sat va do
lwdng trong cdng nghiép, dac biét la trong viéc tinh
mirc than trén toa tau. V&i khd ndng cung cép hinh
anh rd nét va do phan giai cao, camera nay cé thé giup
xac dinh chinh xac mc do than trong cac toa tau trong
quaé trinh rét than xuéng.

Hinh 4. Camera CognexCognex CAM-CIC-5000R-14-G

Dé dam bao kha nang quan sét ti wu, camera thwdng
duoc bb tri trén cot dirng cao khodng 3,5+4,5 m, d&t
I&ch truc toa tv 1,5+4,0 m. Pay la vj tri giup bao quat
toan bd mét trén cla toa tau va gidm tbi da hién twong
bi che khuét.

Bén canh vj tri, géc nghiéng camera duoc khuyén
nghi trong khodng 30°+45° so v&i phwong ngang. Goéc
nghiéng nay cho phép tang kha n&ng nhan dién chiéu
sau clta hinh &nh, ddng thdi tranh dwoc hién tuwong
l6a sang do anh sang phan chiéu tlr mé&t kim loai cla
toa hodc tir dén chiéu sang céng nghiép. Hinh anh thu
duwoc véi goc nghiéng nay ciing dé xt ly hon ddi véi
cac thuat toan phan loai dwa trén thi giac may.

Trong thuc té trién khai, camera loai cdng nghiép nhw
Cognex CAM-CIC-5000R thuwdng duoc lya chon nhé
kha n&ng hoat ddng 6n dinh trong diéu kién rung va bui
néng, két hop véi éng kinh tiéu cw tlr 8+12 mm gidp toi
wu treong quan sat tr khodng cach trung binh.

Mot so dd l&p dat dién hinh gédm: Camera dwoc cb
dinh tai do cao 4,0 m, khodng cach ngang dén trung
tam toa 1a 4,0 m, v&i géc nghiéng 1ap dat khoang 35°,
tao thanh tam giac quan sat ly twédng cho ca bai toan
phat hién mirc than 1&n giam sat sw cb.

So dé vi tri |ap dat camera gidm sat toa tau

L H=40m

D= a.0m Toa tau chd than

Hinh 5. So’ d6 vij tri I4p d&t camera

Trong quy trinh van hanh hé thdng rét than ty dong,
viéc giam sat mlrc than va tinh trang hoat déng cla toa

tau tai diém xa than déng vai trd then chét nham dam
bao an toan, doé chinh xac cao va t6i wu hoa toan bod
qua trinh van hanh. Mét trong nhirng yéu td ky thuat
then chét |a lwa chon camera céng nghiép phu hop,
tinh toan khoang cach, tiéu cy va dé phan gidi hop
ly, déng thoi thiét ké vi tri 1&p dat ddm bdo kha ning
hoat ddng n dinh trong méi trwdng céng nghiép khéc
nghiét. Trong pham vi &*ng dung nay, camera cong
nghiép nhw Cognex CAM-CIC-5000R-14-G da dworc
lwa chon nh& vao khad nang hoat dong én dinh trong
diéu kién rung déng va bui ban nang. Camera dwoc
trang bi 6ng kinh tiéu cw 8-12 mm (C-mount), phu hop
véi yéu ciu quan sat & khodng cach trung binh ti
2,5+4 m.

So dd 1ap dat dién hinh gdm camera Cognex I&p cé
dinh trén c6t dirng cao 4,0 m, l1éch truc toa tr 2,5+4,0 m
va nghiéng mét géc 32+35°. Tr d6 tao thanh tam giac
quan sat ly twédng cho ca bai toan do mdrc than va giam
sat cac hién twong béat thuong trén bé mat toa. Hé
thdng gia d& phai dwoc thiét ké chdng rung, déng thoi
c6 thé két hop véi dén chiéu sang cong suét I6n (IP66,
200 W) dé& dam bao do chiéu sang di cho viéc thu hinh
anh chét lwgng cao trong moi diéu kién moéi trudng.

1600,0

900,0
[ Camera

[

y s
(=]
- (=]
' [Den <

1500,0

4000,0

El(imbhién VT
| L

Hinh 6. Vj tri I&p d&t camera va dén chiéu sang

0

1800

2500,0

Hinh 7. L3p dat camera tai hién truong
- Cam bién phat hién vi tri toa tau.

ng dung trong phat hién vi tri toa tau: Trong moi
trwdng cdng nghiép, dac biét la trong cac nha may
hodc bai chira than, viéc xac dinh chinh xac vi tri cla
toa tau tai cac diém xa than xubng 1a rat quan trong dé
dam bao qua trinh rét than dién ra an toan va hiéu qua.
Lwa chon IFM UIT505 la mét gidi phap ly twéng cho
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cac rng dung cdng nghiép yéu cau do khodng cach
chinh xac va 6n dinh trong méi trwdng khac nghiét.

Hinh 8. Cam bién siéu 4m IFM UIT505

Dwa trén cac ban vé ky thuat hién ¢, cdm bién dwoc
dé xuét 1ap dat trén cot tru bén 1& dwong ray & dod cao
1.800 mm tinh tlr mat d4t, véi khoang cach ngang tw
cam bién dén than toa tau khoang 2.500 mm. Day la
phwong an 1ap dat hop ly, ddm bao thiét bi khéng bi va
cham va van nam trong pham vi hoat déng hiéu qua
cla cam bién. Thiét bi sé hwéng truc tiép vao phan
than hoac mbc kim loai cb dinh trén toa tau dé nhan
dién chinh xac vj tri can xac dinh.

Camera

55

Cot tru

IFM UIT505 X
(1800mm) :D] ______ ) Thén toa

tir 2000-3000 m
lap

Hinh 9. Vj tri I&p dat cdm bién vij tri

b. Giai phdp chéng dong swong va am cho ctra
kinh bao vé camera

Vo béao vé
camera

Kinh bao vé

LED chi thi
Cam bién Khéi
nhiét do va do = Vixirly ARM = cong 1
4m SHT11 sudt
Nguén 24VDC Céng USB Tém kgil:hnhlet

Hinh 10. Phuong an chéng dong suong va 4m
cho ctra kinh bao vé camera
Trong méi trwdng céng nghiép nhuw md than, d am
cao va bui ban thworng xuyén lam anh hwéng dén hiéu
qué hoat dong ctia hé théng giam sat. Mét trong nhirng
van dé phd bién la hién twong hoi nwéc ngwng tu 1én
mat kinh che chan camera, gdy m& va suy giam chét
lwong hinh anh. Giai phap st dung miéng suéi dién

tré (heating pad) dwoc dan truc tiép 1én mét trong cta
kinh che camera. Khi méi truérng vwot ngwéng &m do
ho&c xudng dudi nhiét dd nhéat dinh (vi du dwéi 18°C),
hé théng sé tw ddng kich hoat, dét néng mét kinh nham
ngan chan sw ngwng tu hoi nwdc.

Miéng sw&i kinh chdng dong swong: Loai dién tré déo,
cobng suat tr 1+2 W (gidm kich thwéc tAm swdi con
khoang 10% dién tich bé mat kinh), lwa chon cdm bién
nhiét d6 va d6 &m: SHT11, dung dé giam sat diéu kién
méi trwdng quanh camera. Module didu khién s dung
vi diéu khién ARM két hop v&i MOSFET dé dong/mé
ngudn dién cho tdm sudi kinh.

3. XAY DUNG PHAN MEM
3.1 Ung dung xt ly anh dé xay dwng phan mém
xac dinh mudrc than

a. Xay dwng tap co s¢ div liéu

Tap mau duwoc thu thap tr nha may mé than Vang
Danh Uéng Bi, Quang Ninh. Téng céng c6 200 video,
véi tén tir hivo0001 dén hiv00200, mdi video cé thoi
lwong 1a 15 phut. Cac video nay ghi lai chi tiét qua trinh
xa than vao toa tau, bao gdbm céac pha hanh dong va
tinh hubdng khac nhau trong suét qué trinh thwc hién
cbng viéc. Nhdm nghién ctru sé Iwa chon va phan loai
cac video nay sao cho phu hgp véi muc tiéu nghién
clru. Sau khi chon loc, cac video sé dwoc phan thanh
5 loai khac nhau, dya trén mirc do day clia cac toa tau.

Mbi video sé dwoc gan nhan theo tirng mirc do khac
nhau dé dwa vao mang Al - YOLO nham huén luyén
mang va xay dwng phan mém tw dong xac dinh mic
than trong cac toa tau. Viéc phan loai nay sé giup mang
Al hoc cach nhan dién mirc d6 day cla than trong tirng
toa tau, qua d6 hd tro trong viéc theo ddi va quan ly
qua trinh xa than.

(L2)
Hinh 11. Tap m&u d4 thu thap duwoc tai mé than
Vanh Danh - Uéng Bi, Quang Ninh

(L3)

Cac mirc dd dwoc phan loai va gan nhan nhw sau:
- LO: Toa tau réng, khdng chira than (L = 0%).

- L1: Mirc than thép, khi lwgng than trong toa tau dudi
50% dung tich cua toa (L < 50%).
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- L2: Mtc than trung binh, tic la lwgong than trong
toa tau dao dong tr 50+90% dung tich cla toa
(50% < L <90%).

- L3: Mtrc than cao, khi lwgng than trong toa tau vuwot
qua 90% dung tich cua toa (L > 90%).

Sé lwogng mau duoc chia theo ty 1& 75:15:10: Tap huén
luyén (75%) dung dé& huan luyén mé hinh nhan dién
dac trwng va phan loai m&c than twong &ng, tap xac
thuwec (15%) dé diéu chinh tham s mé hinh va tap kiém
tra (10%) dé danh gia hiéu suét cudi cung.

Bang 1. BO co s& dir liéu va phéan chia tap mau

Loai | Téng s6 | Tap huan| Tap xac | Tap kiém
STT 2 n

mau lwong luyén thuwc tra
1 LO 500 375 75 50
2 L1 1.000 750 150 100
3 L2 1.000 750 150 100
4 L3 1.000 750 150 100
Téng 3.500 2.625 525 350

b. U'ng dung Mé hinh YOLO Network

YOLO (You Only Look Once) la mét trong nhirng mé
hinh phé bién va hiéu qua nhé4t trong Iinh vize phat hién
dbi twong (object detection). YOLO dworc gidi thiéu 1an
d4u tién béi Joseph Redmon va cac cdng sy vao nam
2016. Khac v&i cac phwong phap phat hién dbi twong
trwéc dé6 nhw R-CNN hodc Fast R-CNN, YOLO tiép
can bai toan phat hién déi twong béng cach xt ly toan
bd hinh &nh trong mét Ian duy nhat (one pass) qua
mang no-ron, thay vi chia hinh anh thanh cac phan
nhd hodc sir dung nhiéu buwéc phirc tap.

YOLO néi bat véi téc d6 nhanh va kha nang phat hién
dbi twong trong thoi gian thwe, diéu nay 1am cho né tré
thanh mét Iwa chon ly twéng cho cac rng dung doi hoi
tbc d6 va hiéu suat cao nhw giam sat video, xe tu lai,
va cac hé théng Al thoi gian thwe. Nghién clu st dung
phién ban YOLOV9 nhdm phuc vu qué trinh xac dinh
mtrc than trong toa tau. M6 hinh nay két hop hiéu qua
gitra d6 chinh xac cao va tbc do x ly nhanh, nho tich
hop céc cai tién nhu ciu truc backbone linh hoat va
module attention. YOLOV9 dac biét phu hop cho cac
bai toan cong nghiép yéu cau xt ly hinh anh phtc tap
v&i dd chinh xac cao. V&i kha ndng huén luyén tét trén
anh da dang va hé tro' nhiéu framework, YOLOVO la
lwa chon ly twéng cho hé théng giam sat théng minh.

c. Cdc bwéc xay dwng mé hinh nhan dang

Viéc xady dwng mot hé théng tw dong rét than 1a mot
quy trinh phtrc tap bao gdm nhiéu giai doan. Mdi budc
trong quy trinh déu déng vai trd quan trong trong viéc
dam bao d6 chinh x&c va hiéu qua ctia hé thdng. Dudi
day la cac budc chi tiét hon dé xay dwng mé hinh phan
loai cac mirc than:

Thu thép dir liéu:

Buwdc dau tién trong viéc xay dwng mé hinh nhan dang
la thu thap di liéu hinh anh cla toa tau & cac murc

than. D& c6 modt mé hinh chat lwong, can phai thu thap
moét lwong 16N hinh anh tir nhiéu géc dd khac nhau cla
san phdm mau. Viéc thu thap hinh anh ti cac toa tau
khac nhau sé gitp cho hé théng nhan dang cé thé phat
hién va xt ly dwoc cac murc trén toa tau, mét trong
nhirng nhiém vy quan trong phuc vu qua trinh ty dong
héa diéu khién.

Gén nhén va xd ly dir liéu:

Sau khi thu thap dwoc div liéu hinh &nh, buwérc tiép theo
la g&n nhan va x& ly div liéu. Viéc gan nhan yéu cau
chia tirng hinh &nh ra thanh cac nhém cu thé, dai dién
cho cac nhém mure than da dwoc quy woec.

Gé&n nhan di liéu: Chang t6i s dung nén tang
Roboflow.com dé gan nhan di liéu.

X ly anh: Qua trinh xt ly anh bao gém viéc chuyén
ddi &nh vé cac kich thwéc c¢b dinh va ap dung cac phép
bién déi nhuw xoay, cét, hodc thay ddi do sang dé tao ra
b6 di¥ liéu phong phu hon. Viéc nay giip mo hinh tr&
nén linh hoat hon khi gép céac tinh huéng ngoai thuc té.

Chia tap dir liéu:
Sau khi hoan thanh gén nhan va xt ly, di liéu sé dwoc
chia thanh ba tap chinh:

Tap huén luyén (Training set): Day la tap dir liéu 16n
nhat va dwoc st dung dé& huan luyén mé hinh Al.
Théng thwdng, khoang 70-80% téng sé hinh &nh sé
dwoc st dung cho huén luyén.

Tap kiém the (Validation set): Khoang 10-15% di liéu
sé& dwoc st dung cho viéc kiém ther, nham theo dbi va
danh gia hiéu qua ctia mé hinh trong qua trinh huan
luyén, tir d6 diéu chinh tham sé phu hop.

Tap kiém tra (Test set): Tap nay thueng chiém 10-15%
con lai va khong tham gia vao qué trinh huén luyén. N6
chi dwoc sir dung dé danh gia chinh xac cudi cling sau
khi md hinh da hoan thanh.

Xéy dung va huén luyén mé hinh:

Buwdc quan trong tiép theo 1a huan luyén mé hinh Al.
Trong qua trinh nay, mé hinh Al sé hoc cach phan biét
gilra cac dac trwng cla cac mirc than dya trén cac
hinh &nh da dwoc gan nhan.

d. Két qua huan luyén mang

Mb hinh dwgc huén luyén trén nén tdng Google Colab,
st dung thw vién Ultralytics (YOLOV9), cac tép trong
sb (weights) dwoc khdi tao tr md hinh nén (pretrained
model) va dwoc t6i wu dan qua nhiéu epoch nham
nang cao kha nang phat hién déi twong. Qua trinh
huén luyén s dung bd di¥ liéu gdbm 2.625 &nh huén
luyén, 525 &nh xac thwc va 350 &nh kiém tra (ty lé
75+15+10%). Két qua huan Iuan véi 03 mé hinh
YOLOV9t, YOLOVOs va YOLOvOm qua cac méc huén
luyén khac nhau (25, 50, 75 va 100 epoch).

Qua biéu db c6 thé nhan thay:
YOLOVOt dat téc d6 hdi tu nhanh, gia tri mAP tang
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nhanh tlr nhitng epoch dau va én dinh sau khoang
50 epoch. Tuy nhién, gia tri mAP cubi cung thdp hon
hai md hinh con lai do dung lwgng mé hinh nhd.

metrics/mAP50-95(B) metrics/mAP50-95(B)

S, 0g 09

0% 2 08 0.8
Model s 07
yolovot : L

0611 0.6 0.6

05 05 0.5 0.4

0.4 0.4 0.4
[ 10 20 [ 0 a0 Q
25 epochs

3 s 75 [ 50 100

50 epochs 75 epochs 100 epochs

metrics/mAP50-95(B) i P50-95(B] metricsimAPSE-95(8)

B)

Model
yolov9s
04

o 10 ) o 2 4o ¢ 2 s 7 o 50 100

25 epochs 50 epochs 75 epochs 100 epochs

metrics/mAP50-95(B) metrics/mAPS0-95(B)

metrics/mAPSO-95(8) | | Metrics/mAPS0-95(8)

Model
yolovom
s

0 10 ) ) 0 40 [] B [ 50 100
25 epochs 50 epochs 75 epochs 100 epochs

Hinh 12. Biéu d6 mAP50-95 véi mbi model YOLOV9
Bang 2. D ligu huén luyén véi mé hinh YOLOV9

Model i Thoigian | ) p50 mAP50-95
epochs Train
25 4m 0.99 | 0.9398
50 7m 099 | 0.9511
YOLOVOt
75 11 m 099 | 0.9529
100 15 m 099 | 0.9570
25 5m 099 | 0.9455
50 8m 099 | 0.9528
YOLOV9s
75 13 m 099 | 0.9574
100 18 m 099 | 0.9556
25 6m 0.99 | 0.9431
50 14 m 0.99 | 0.9531
YOLOvVOmM
75 19 m 0.959 | 0.9092
100 25m 0.956 | 0.9224

YOLOV9s cob q’ué’ng tang 6n dinh, dat mAP cao hon
YOLOy9t va gan dat trang thai béo hoa sau 75 epoch,
cho thay kha nang can bang gilra toc d6 va dé chinh xac.

YOLOv9mdat mAP cao nhéat sau 100 epoch, biéu thj
hiéu qua phat hién tét hon, tuy nhién thdi gian huan
luyén dai hon va yéu cau tai nguyén Ién hon.

Tat c& cac md hinh déu dat mAP50 = 0.99, thé hién
kha nang nhan dang chinh xac dbi twong & mic cao.
Tuy nhién, khi xét dén chi s6 mAP50-95, c6 sw chénh
léch nhd gitta cac mé hinh. Thoi gian huan luyén
tang dan theo kich thwéc mé hinh (Tiny — Small —
Medium). YOLOVOt chi mat khoang 15 phut, trong khi
YOLOvVOm can dén 25 phut cho cung sbé epoch. M6
hinh YOLOV9s cho két qua can bang nhat gira hiéu
suat, do chinh xac va thoi gian xa ly.

4. KET QUA

Két qua thtr nghiém ctia phan mém nhan dang trén tap
di¥ liéu kiém tra trong Bang 1, két qua cu thé nhw sau:

TU DONG HOA

Ma tran ket qua

Mic thyc t&
(9%) wexn ugyd

Hinh 13. Ma tran phén bé két qué nhén dang

Két qua cho thdy mé hinh nhan dang dat dé chinh xac
cao, cu thé: Cac mire LO va L3 dwoc nhan dang chinh
xac 96%, trong khi cac mdrc trung gian L1 va L2 dat

95% (sai s6 xac dinh nham gitru hai mdc 1an can L1-
L2, L2-L3 do sw tuong dong hinh anh mdrc than. Tuy
nhién, khéng cé s nham |&n nao gilra cac Io’p cach
nhau hai mic (vi dy LO-L2 hoac L1-L3) cho thay kha
n&ng phan biét rd rang va tinh 6n dinh cao, d6 chinh
xac cao va tiém nang (rng dung trong hé thdng giam
sat ty ddng murc than trong toa tau.

Mot sb két qua chay thir nghiém
- Két qua khi than dat 0% (LO):

970 02:51:03

(E) Muc Than: 0%

Hinh 14. Phdn mém phét hién muc LO
Két qua khi than dat 30% va 90%:

970 02:51:38

Q‘) Muc Than: 90%

Hinh 16. Phat hién muwc L3 (90%)
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Hinh 17. Giao dién giam sat trén may tinh

5. KET LUAN

Két qua th&r nghiém cho thay, viéc 4p dung céng nghé
thi giac may tinh cung mé hinh nhan dang YOLO giup
woc lveng kha chinh xac mire chiva than trén cac toa
tau. Giai phap nay cé tinh kha thi cao khi trién khai
thuc té, giup thay thé thao tac tha cdng clia cong nhan,
gidm sai sb va nang cao hiéu suét van hanh.

Néu &p dung mé hinh nay vao thuc té, s& mang lai gia
tri rd rét vé hiéu suét lao dong va chi phi van hanh. Bai
bao da dé xuat mot giai phap tw dong héa théng minh
gilp giam rui ro van hanh, nang cao hiéu qua quan ly
va tao nén tang cho chuyén ddi sb trong linh vyc cong
nghiép khai khoang, thuc day trng dung cong nghé cao
vao cac quy trinh van hanh trong twong lai tai cac mé
khai thac than tai Viét Nam.

LOI CAM ON

Nghién ctu nay duwoc hd tro bdi dé tai nghién ciru
Khoa hoc va Céng nghé co tén “Nghién ctru lwa chon
gidi phép tw déng héa hé théng rét than cho toa xe
trong TKV”, Ma sb dé tai: KC.02/21-25.
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Trong trudng hop hinh vé, hinh anh cé kich thudc 16n, bang biéu c6 dé rong I16n hodc cong thirc, phuong
trinh dai thi cho phép trinh bay duéi dang 01 c6t.

11. Tai liéu tham khao dugc s3p x&p theo thir tu tai liéu duoc trich dan trong bai bao.

- Néu la sach/luan an: Tén tac gia (nam), Tén sach/luan an/luan van, Nha xuat ban/Trudng/Vién, [an xuat
ban/tai ban.

- Néu la bai bao/bao cdo khoa hoc: Tén tac gia (nam), Tén bai bdo/bao cao, Tap chi/Hoi nghi/Hoi thao, Tap/
Ky yéu, so, trang.

- Néu la trang web: Phai trich dan day du tén website va dudng link, ngdy cap nhat.

12. Pinhdangmaubaibaotham khaotaidiachihttp:/tapchikhcn.saodo.edu.vn/news/detail/198/format_paper
Bai bao sau khi xuat ban sé duoc cong bé trén http:/tapchikhcn.saodo.edu.vn.
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