NGHIEN CUU - TRAO DOI

DANH GIA THY'C NGHIEM HE THONG NHAN DANG VA
PHAN LOAI VAT THE TREN MO HINH ROBOT DELTA I’'NG DUNG
YOLO11 VA HOMOGRAPHY

EXPERIMENTAL EVALUATION OF OBJECT RECOGNITION AND SORTING ON A
DELTA ROBOT PLATFORM USING YOLO11 AND HOMOGRAPHY

Ding An Binh"*, Nguyén Céng Hung', Nguyén Ngoc Linh', Chu Dirc Khoan',
Bui Thanh Lam?, Lé Vin Diing?
Truong Cao dang nghé K¥ thuat cong nghé
Trudng Co khi - O t6, Pai hoc Cong nghiép Ha Noi
STruong Pai hoc Hung Vuong
*Email: danganbinhktcn(@gmail.com

TOM TAT

Bai bao danh gia thuc nghiém hé théng nhdn dang va phan loai vdt thé trén mé hinh robot
Delta g dung YOLOI1I va phép bién doi homography. Hé thong gom camera RGB ddt ¢é dinh
phia trén bing chuyén, may tinh xir Iy anh chay Python va YOLOI11, PLC Siemens S7 1200, robot
Delta ba bdc tw do va co cau hiit chdn khong. Toa do tam vdt thé thu dwoc tir YOLO11 dwoc chuyén
sang toa dg robot bang homography réi ghi vao vimg nhé trao déi ciia PLC thong qua co ché Valid/
Ack. Bdnh gid dwoc t6 chirc theo bon mire tach biét: nhdn dang ding 16p, dinh vi trong nguong
+1,5 mm, gdp thanh céng va tha ding khay — cdch lam cho phép xdc dinh khdu nao gdy 16i, khéng
chi ghi nhdn két qua cudi chu trinh. Thir nghiém 300 mdu thuéc sau 1op vit thé cho két qua lan
luot la 96,3%, 95,3%,; 94,0%, 93, 0‘% vaty lé chu trinh hoan chinh dat 92,0%. Pipeline YOLOI1 —
homography — PLC dap Lrng yeu cau thuwee hanh gdp-phan loai trong méi trwong dao tao Co dién tit,
Vv6i khdu co cdu hit la diém yéu can wu tién cdi thién.

T khéa: YOLO!1I; Homography; Robot Delta; Phén logi vit thé; PLC; Thi gidc mdy;
Danh gia thuc nghiém.

ABSTRACT

This paper experimentally evaluates an object recognition and sorting system on a Delta
robot platform using YOLOI11 and homography. The system consists of a fixed RGB camera above
a conveyor, a Python/YOLOI11 host computer, a Siemens S7-1200 PLC, a 3-DOF Delta robot, and
a vacuum gripper. Object centroids detected by YOLOII are mapped to robot coordinates via
homography and written to a shared PLC data block using a Valid/Ack handshake. Evaluation
is structured across four separate levels — correct class recognition, positioning within £1.5 mm,
successful pick, and correct bin placement — so that the failure-contributing stage can be identified
rather than simply reporting an end-to-end success rate. Tests on 300 samples across six object
classes yielded 96.3%, 95.3%, 94.0%, 93.0%, and an overall cycle completion rate of 92.0%. The
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YOLO11 — homography — PLC pipeline meets the requirements for pick-and-sort training exercises
in mechatronics education; the vacuum gripper assembly is identified as the primary weak point

requiring improvement.

Keywords: YOLOI11; Homography, Delta robot; Object sorting;, PLC; Machine vision;

Experimental evaluation.
1. PAT VAN PE

Precision  0,956. Recall  1,000.
mAP@0.5 bang 0,995. Nhin vao to két qua cta
mot mo hinh nhan dang vat thé, kho tim diém
dé phé binh — nhung khi robot that phai dua
giac hut xubng diing tim vat thé dang nam trén
bang chuyén chay, nhitng con s6 d6 dot nhién
tré nén khong du thuyét phuc. Model accuracy
do hiéu niang & cip plxel Ty 1& gap thanh cong
phu thudc vao sai sé chuyén d6i toa do, do tré
truyén thong, d6 chinh xac dinh vi robot va
luc hit ciia co cu — bon thir ma két qua mAP
khong phan anh.

Nén tang cua bai toan phat hién doi
tugng bang mang no-ron siu duoc dit ra trong
téng két ciia LeCun va cong su [1]. T do, hai
hudng kién triic phan ky r6: nhom hai giai doan
dién hinh 13 Faster R CNN [2] tao ving dé xuit
trude roi phan loai, va nhom mgt giai doan dién
hinh 12 SSD [3] va YOLO [4] du doén truc tiép
hop bao tir anh dau vao. Trong bai todn bing
chuyén can téc do suy luan cao, nhom mot giai
doan chiém uu thé 1d rang. YOLOv4 [5] dua
vao nhiéu k¥ thuat tdi vu ma khéng hy sinh téc
d6 dang ké; YOLOL11 do Ultralytics phat hanh
[6] tiép ndi hudng d6. Ly do chon YOLOL11 &
day khong phai vi n6 dimg dau bang benchmark
— ma vi by cong cu huén luyén va trién khai
cta Ultralytics phu hgp voi nguoi dung khong
chuyén sau vé hoc sau, didu quan trong trong
mdi trudng dio tao nghé.

Tu anh dén toa dd robot 1a mét bude
thuong bi xem nhe. Vo1 vat thé nam trén mat

phang, tai dung 3D day du 1a thira; phép bién
d6i homography du dé anh xa toa do diém tir
hé anh sang hé robot ma khong can thém cam
bién d6 sau [7]. OpenCV [8] cung cip cac ham
trién khai twong tmg. Sai sb cua phép bién d6i
nay — thuong chi dugc ghi nhan 13 “chap nhan
duoc — quyét dinh mot phan khong nho ty 18
gap thanh cong, nhét 1a véi giac hit du’ong kinh
nho va vt thé nhe co bé mit khong déu.

Nén tang chap hanh 14 robot song song
Delta do Clavel dé xuat nam 1988 [9], duogc
phan tich chi tiét trong cac cong trinh vé robot
song song ctia Merlet [10] va Tsai [11]. Vi cdu
truc Vong kin ba nhanh, robot Delta cho toc do
dap tng tot va quan tinh phan chuyen dong nho
— dic diém phu hop voi bai toan gap- -dat vat thé
nhe. Péc tinh vung lam viéc va diéu kién khong
suy bién Jacobian [12] di dugc kiém tra trong
thiét ké; bai bao nay khong lap lai phan d6 ma
chi dung robot nhur nén tang chap hanh.

Phan 16n nghién ctru vé robot gap-phan
loai tmg dung thi gidc may bao cio két qua ¢
mot hoac hai cép do — thuong 1a accuracy nhan
dang hodc ty 1& gép cubi cing. Cach trinh bay
d6 khong cho thdy khau nao trong chudi gay 16i
nhiéu nhét, va vi vay khong chi ra dugc huéng
cai thién cu thé. Bai bao nay danh gia pipeline
YOLO11-homography—PLC-robot Delta theo
bdn murc tach biét, tir nhan dang dung 16p dén
tha ding khay, v6i muc dich dinh vi & ngudn
suy giam hiéu nang.

Dong gop 1: Quy trinh nhan dang va

truyén toa do tir camera dén PLC qua ving nhg &
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trao ddi véi co ché Valid/Ack, dam bao dong bd
khong doc 1ap vat thé.

DPong gop 2: Danh gia hé thong theo
bdn mee 16i tach biét — nhan dang, dinh vi, gép,
tha — gitip dinh vi khau yéu nhit trong chu trinh
phéan loai.

Pong gop 3: S6 lidu thuc nghiém
trén 300 mau xac nhan pipeline YOLO11—-
homography—PLC phu hop cho thuc hanh gap-
phan loai trong diéu kién dao tao Co dién ti;
d6ng thoi chi ra gidi han can khic phyc dé nang
ty 1¢ chu trinh hoan chinh.

2. CAU HINH HE THONG THU NGHIEM

Hé thdng thir nghiém gém robot Delta
ba bac tu do, bang chuyén, camera RGB dit
¢d dinh phia trén, mdy tinh xir Iy anh, PLC
Siemens S7 1200 [13], ba cum servo Mitsubishi
va driver [14], van khi nén va gidc hut chan
khong. Camera hudng vudng goéc véi mat
phang bang, gitp giam méo phdi canh va don
gian hoa bai toan homography. Cau hinh chi
tiét ghi trong Bang 1.

Bang 1. Cdu hinh hé thong thir nghiém.

Thanh phin Céu hinh sir dung Vai tro trong thir nghiém
Robot Delta 3-DOF Gap va di chuyén vat thé
Diéu khién PLC Siemens S7-1200 Diéu khién logic va chdp hanh
Truyén dong 3 servo AC + hop giam toc 1:25 Dan dong ba khau chii dong
Camera RGB >2 MP, > 30 FPS, gén ¢ dinh Thu anh vat thé trén bang chuyén
Xu ly anh Python + YOLO11/YOLO11s Nhan dang 16p va toa do tam
Giao tiép Ethernet / thu vién snap7 Truyén nhan, toa d9, Valid/Ack
Co chu gap Giac hut chan khong ¥25 mm Gap vt thé nhe
Vit thé thu 6 16p: tron/vudng x do/xanh/tring 50 mau/16p, tong 300 mau

Hinh 1. Cdu hinh hé thong thir nghiém.

Sau 16p vat thé duge chon theo nguyén
tic tao cac trudng hop dé nham: cting méau khac
hinh (tron-dé voi vudng-do) va cung hinh khac
mau (tron-d6 véi tron-xanh). BS tri nay gitp
kiém tra ca hai chiéu phan loai ctia mo hinh.
Thir nghiém duge t6 chirc theo ba cap do tach
biét — nhan dang va homography trudce (khong
chay robot), dinh vi robot sau (khong c6 vat
thé), cudi cung méi ghép chu trinh day du — dé
tranh nham 13n nguon gay 16i khi phén tich két
qua tich hop.
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3. PHUONG PHAP NHAN DANG VA
CHUYEN DOI TQA PQ

3.1. Nhin dang vt thé bang YOLOI11

Anh dau vao duogc chuin hoa vé kich
thudc 640x640 trude khi dwa vao mang. Dau
ra tai moi khung hinh gém danh sach hop bao,
mdi hop biéu din boi bdn toa do goc:

B - (umin’ Vmin’ umax’ Vmax) (1)

Toa dd tam hop bao — diém duoc truyén
sang h¢ robot — xéac dinh tir (1):

_ UmintUmax _ VmintYmax
u, = tmstiens y _ Yetmes (g

Mot dy doan chi duoc giit lai khi diém
tin cay vuot nguong dat trudc:

pP=p, 3)

Cac hdp bao trung lap bi loai boi Non-
Max Suppression (NMS). Muc chong lan gitra
hai hop B, va B, do bang IoU:

Area(B,NBy)

IUU{BL'BE) = AIEE(BI UBz] (4)

Hop Bj bi loai khi:
B, bi logi néu loU(B, B) >y va p,>p,(5)

Hiéu ning md hinh dugc do bang
Precision, Recall va F

TP Recall TP 2P-R
Jecdll = R =
TP+FP TP+FN' 17 PR

(6)

Chi s6 mAP tinh bang dién tich dudi
dudng cong Precision-Recall trén tat ca cac 16p:

. 1
mAP = %Zczlfo P_(R)dR (7)

Precision =

mAP@0.5 tinh v6i ngudng IoU bing
0,5; mAP@0.5:0.95 1a trung binh trén dai loU
tir 0,5 dén 0,95 [6]. Trong huan luyén YOLOI1,
ham mat mat gom ba thanh phan: hdi quy hop
bao. L, ,phénloai £, vaphan phdibién £,.

Hinh 2. Pipeline phat hién déi twong bang
YOLOI1.

3.2. Chuyén doi toa d9 bang homography

Véi vat thé nam trén mat phang co
chiéu cao khong d6i, homography du dé anh
xa toa do anh (u, v) sang toa do thuc (X, Y) —
khéng can tai dung 3D [7]:

BB

Ma tran H (3x3) xé4c dinh tir tdi thiéu
bbn cap diém chuan trén bang hiéu chinh, dung
ham findHomography ctia OpenCV [8]. Sai sd
chuyén ddi tai diém thu i tinh riéng theo timg
truc:

RMSEy = [ 37 (X, - £)2RMSE, = 237 (¥, - )7 (9)
RMSE tdng hop:

RMSEy = [ 37 [~ 207+ (%= 7] (10)

bénh gia riéng theo tirng truc ¢ (9) giup
phat hién sai s6 hé thong theo mot hudng nhat
dinh — thuong xay ra khi camera bi nghiéng nhe
hodc bang chuyén khéng vudng goc chinh xac
vO1 truc anh.
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4. THUAT TOAN TRUYEN DU LIEU VA
CHU TRINH PHAN LOAI

Sau khi nhan dang va chuyén doi toa
dd, Python ghi dit liéu vao vung nhé DB cua
PLC theo nguyén tac bat tay c6 co dong bo. Chi

khi PLC dit Ack = 1 Python m&i ghi vét thé
tiép theo — co ché nay ngin PLC doc lap cing
mot vét thé qua nhidu khung hinh lién tiép. Cau
trac ving nhé va bién trang thai ghi trong Bang
2 va Bang 3.

Bdng 2. Cdu triic vimg nhé trao doi giita Python va PLC.

Bién Kiéu Pia chi Y nghia
ObjectFlag Byte DB4.DBB0O Bit 0-5 tuong tmg 6 16p vat thé
X _pos Real DB4.DBD2 Toa do X sau homography (mm)
Y pos Real DB4.DBD6 Toa do Y sau homography (mm)
Valid Bool DB4.DBX10.0 | Python bao dir liéu méi san sang
Ack Bool DB4.DBX10.1 | PLC xac nhén da doc xong
ErrorCode Word DB4.DBWI12 | Ma 16i truyén thong hodc nhan dang
Bdng 3. Bién trang thdi trong chwong trinh xit Iy dnh.
Bién Kiéu Y nghia
label int Nhan 16p vét thé (0-5)
confidence float Diém tin cay tir YOLO11 (0-1)
CX, Cy float Toa do tam hop bao trén anh (pixel)
X, Y float Toa dg thyc sau homography (mm)
object in zone bool Vit thé nam trong ving gip
Valid bool Co dir liéu hop 1¢ dé ghi DB
Ack bool Co xac nhan tir PLC
frames no_object int S6 frame lién tiép khong phat hién vat

Diéu kién dé vat thé duoc chon gép -

nam trong ving gap quy udc:

[xc — el < Ax, (11)

Trong do, x_la toa do tam vt thé theo

phuong chuyén dong bing, X, 1a dudng gip va

A 1a bién chip nhan. Diéu kién (11) giam sai

s0 do vat thé tiép tuc di chuyén trong thoi gian

xtr 1y. Tong tré cta chu trinh tir khi thu anh dén
khi PLC nhan toa d6:

Tdela}f = Tcam + Tinf + Tpost + Tcomm+ TPLC (12)

Sai léch vi tri gép do tré:
AXdelay - Vb'Tdelay (13)

Quan hé (13) c6 ham y thuc tién: téc do
bang chuyén v, khong thé chon doc lap véi toc
do xtr Iy anh. Trong thir nghiém, v, gitt & mirc
thap du dé Ax,, khong vugt ban kinh giac hut.
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Hinh 3. Luu do pipeline xir Iy anh va truyén tin hiéu dén PLC.
5. KET QUA NHAN DANG VAT THE
Mo hinh YOLO11 duoc hudn luyén trén bo dir liéu anh chup trong diéu kién phong thyc
hanh — cung camera, cung d0 cao va nén bang chuyén thyuc té. Tap ki€ém thur hoan toan tach biét

v6i tap huan luyén. Bang 4 tong hop két qua.

Bdng 4. Két qua hudn luyén mé hinh YOLOI1I trén bé dir liéu 6 I6p.

Chi sb Gia tri Ghi chi
S 16p 6 Tron/Vudng x Do/Xanh/Tring
S6 epoch huén luyén 100 Dirng khi validation loss hoi tu
Kich thudc anh dau vao 640x640 RGB, chuin hoéa [0, 1]
Precision trung binh 0,956 Ngudng confidence 0,25; IoU 0,5
Recall trung binh 1,000 50 anh test/lop x 6 16p; xem chu thich *
Fl-score trung binh 0,978 Tinh tir Precision va Recall trung binh
mAP@0.5 0,995 IoU threshold 0,5
mAP@0.5:0.95 0,927 Trung binh dai IoU 0,50-0,95 budc 0,05
File trong s6 best.pt Can luu kém file cAu hinh YAML

* Recall = 1,000 ghi nhdn trén 300 anh kiém thu o nguong confidence 0,25 va loU 0,5. Néeu tang
nguong loU [én 0,75 hodc giam nguong confidence, Recall sé giam. Két qua can dwoc hiéu trong pham vi

diéu kién kiém thir cu thé nay. &
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Hinh 4. Puong cong hudn luyén mé hinh YOLOII.

mAP@0.5 dat 0,995 1a muc cao voi sdu
16p vat thé don gian — khong dang ngac nhién
v6i b dir liéu chup ¢ diéu kién kiém soat.
Precision 0,956 thdp hon Recall cho thdy mé
hinh cé xu hudng tao false positive hon 1a bd
sot, diéu anh hudng dén ty 1¢ truyén nham toa
d6 sang PLC néu khong dat ngudng confidence
du cao. Hinh 6 thé hién ma trdn nham 1an; 16p
Vudng-Do xuét hién phan 16n nham 14n do mau
d6 nhay cam véi cuong do6 chiéu sang.

Hinh 5. Anh nhén dang diing va sai trén bang
chuyén thue nghiém.
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6. KET QUA PINH VI VA CHUYEN POI
TQA PO

Sai s6 dinh vi robot duoc do tai nam
diém trong ving 1am viéc trung tim, mdi diém
lap 10 lan, theo tinh than ciia ISO 9283 [15].
Sai sO vi tri tai lan thir th k va gia tri trung
binh:

€ = — )2+ (e — Va)? + (5 — 29)% 6, = i Z:Zlep,k (14)

Bang 5 so sanh sai sd chuyén déi toa
do gitra YOLOI1s va phuong phép duong co
so dua trén ngudng mau HSV két hop phat
hién dudng vién (goi tit 1a Phuong phap HSV
+ Contour — khong phai mo hinh hoc sau,
chi ding coéng cu xtr Iy anh truyén théng cia
OpenCV). Ca hai phuong phép dung cung ma
tran homography H, nén sai s6 RMSE phan
anh d6 6n dinh cua toa do tim duoc cung cép,
khong phai dg chinh xac cua H.
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Bdng 5. So sdnh sai s6 chuyén doi toa dé va thoi gian xir Iy gitta YOLO11s va Phwong phdp HSV+Contour:

Chi tiéu Y?GLP%I)“ HSV(EI(,:I‘_’]‘)‘“’“ Ghi chii
Thoi gian tién xir Iy 2,1 ms 3,4 ms Resize + normalize vs resize only
Thoi gian suy luan/phan ngudng 3,8 ms 8,2 ms GPU inference vs CPU morphology
Hau xtr ly/NMS 0,9 ms — HSV + Contour khong dung NMS
Tong tré nhan dang 6,8 ms 11,6 ms Pu cho bang chuyén tdc do6 thap
RMSE, 0,63 mm 1,72 mm Tam hop bao 6n dinh hon tdm contour
RMSE, 0,71 mm 1,84 mm Can do lai khi thay camera
RMSE,, 0,95 mm 2,51 mm Ngudng gip +£1,5 mm
I;Ef;l dang dung, anh sing 94,6% 78,4% Tap kiém thtr doc lap
5;1(2;1;) dang ding, anh sang 89.7% 52.1% t}}lj}\,/ ngiY giam manh khi anh sang

RMSE,, cua YOLOI11s dat 0,95 mm — dudi nguong +1,5 mm. Phuong phap HSV + Contour
vuot ngudng nay (2,51 mm), xé4c nhan tam contour kém 6n dinh hon tam hop bao ciia YOLO11 dac
biét khi c6 bién dong anh sang. Sai sb dinh vi robot cong voi sai sb chuyen dbi toa do giai thich tai
sao ty 1¢ dinh vi trong ngudng +1,5 mm & chu trinh tich hop (95,3%) thip hon ty 1¢ nhan dang ding

(96,3%).
Bdng 6. Két qua kiém tra sai s6 dinh vi robot Delta (50 lan do tai 5 diém).
. . Toa d¢ dat AR 1e Sai s6 TB Sai s6 cuwc dai Do lap lai
biém thw (X; Y; Z), mm So lan lap (mm) (mm) (mm)
P1 0; 0; =390 10 0,62 1,10 0,28
P2 80; 0; =390 10 0,75 1,32 0,34
P3 —80; 0; =390 10 0,78 1,38 0,36
P4 0; 80; =400 10 0,84 1,46 0,39
P5 0; —80; —400 10 0,88 1,52 0,42
TB - 50 0,77 1,52 0,36

7. PANH GIA CHU TRINH TiCH HQP

Thir nghiém tich hgp thyuc hién trén 300 mau, mdi 16p 50 mau. Ty 1é phan loai dung theo 16p
ghi trong Bang 7; danh gia bon mirc va chu trinh hoan chinh ghi trong Bang 8. Ty 1¢ chu trinh hoan

chinh:

Acccvcis

total
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:’;J’” x 100% =

278

— >< 100% =

92,0%

(15)
&=
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Bdng 7. Két qua phdn loai 300 mdu theo tieng 16p vit thé.

Lép vat thé S6 méu Piing Sai Ty 18 (%)
Tron — Trang 50 49 1 98,0
Tron — Do 50 47 3 94,0
Tron — Xanh 50 49 1 98,0
Vudng — Tring 50 50 0 100,0
Vudng — Do 50 46 4 92,0
Vuéng — Xanh 50 48 2 96,0
Téng cong 300 289 11 96,3

Bdng 8. Panh gid bén mirc va chu trinh hoan chinh (300 mau,).

Mikc danh gia S6 1an thir | Thanh cong | TV 1¢ (%) Nguyén nhan 16i chinh
Nhan dang dung 16p 300 289 96,3 Nham mau, vét & bién anh
Dinh vi trong ngudng . %
1.5 mm 300 286 95,3 Sai s6 homography, camera rung nhe
G'Zip thanh cong 300 232 94,0 tfnch tam gidc hut, bé mat vat khong
Tha ding khay 300 279 93,0 Mapping 16p-khay sai, toa do tha l1éch
Chu trinh hoan chinh 300 276 92,0 | Téng hop cac mirc trén

Bang 9. Phdn tich nguyén nhan 16i theo tirng khdu trong chu trinh tich hop.

Khau 13i S0 truomg | Ty 1€ /300 Biéu hién Huéng khic phuc
hop mau
. Nham mau; vat ¢ bién B6 sung anh bién; 6n dinh
A r 0 , 9 . s b .
Nhan dang sai 16p 1 3.7% | 4nh bi it hop chiéu sang
A 1A Gin camera cimg hon;
> . - .
Dinh vi ngoai ngudng 14 4,7% Toa do 1¢.Ch 1,5 mm do kiém tra diém chuan trudc
camera dich nhe x.
moi ca
. Giac huat 1éch tdm hoac | Can lai offset tam haut;
< A N A [ . : . 2 ) x ’
Gap khong thanh cong 18 6,0% bé mat vat khong kin kiém tra vat mau
. Mapping 16p-bit-vi tri Thém budc xac nhan nhan
0, . ¢
Tha sai khay 21 7.0% khay khong ding trude khi tha trong PLC
U VPV Xur 1y theo tht ty vu tién
Chu trinh thit bai 24 8,00 | imhatmotkhdutrén | L oA) hat dén nhan
that bai dang

Ghi chii: Cac nhém 16i khéng doc ldp hodn todn — mot mau c6 thé gdp 16i & nhiéu khdu dong
thoi. So 1oi moi khdu tinh doc ldp; so chu trinh that bai la s6 mau co it nhat mot khau that bai.
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Piéu dang chu ¥ & Bang 8 1a khoang
cach gifra ty 1¢ nhan dang (96,3%) va ty 1¢ chu
trinh hoan chinh (92,0%). Chénh léch 4,3 diém
phan trim khong dén tir model accuracy — nd
dén tir chudi tich liy 16i nho ¢ dinh vi, gip va
tha. Néu chi cai thién mo6 hinh YOLOI1, ty 1&
chu trinh s& khong ting dang ké. Bang 9 lam
15 didu nay: khau gip (6,0% 156i) va tha khay
(7,0%) dong goép nhiéu hon khau nhan dang
(3,7%).

Li nham 16p Vuong-Do6 nhiéu hon cac
16p khac. Anh sang khong on dinh 1a nguyén
nhan nhiéu kha niang — mau do bién thién manh
theo cuong do chiéu sang trong khong gian
RGB. Vi 16p nay, giai phap khong phai la tang
s6 epoch huin luyén, ma 1a bd sung dir liéu
chup & nhiéu diéu kién sang khac nhau va c6
thé can nhic augmentation mau sic khi huin
luyén lai.

Sai s6 homography ting khi camera
dich chuyén nhe so voi vi tri hi€u chinh ban
dau. Ba trong s 14 15i dinh vi ghi nhan ¢ cac
phién van hanh sau khi camera bi cham nhe.
Kiém tra lai diém chuan truéc mdi phién thu
nghiém dai — hodc gin camera bang gia cling
hon — s& loai bé nhom 15i nay hiéu qua hon bat
ky diéu chinh thuat toan nao.

Khau gip 1a diém yéu chinh cua hé
théng hién tai. Léch tam giac hut so voi toa
d tinh tir homography, két hop v&i bé mat vat
khong hoan toan phing, tao ra 18i hut khong
gilt duge vat. Cach khic phuc truc tiép 1a do
offset thyc té gitta tAm giac hut va tdm robot
bang phép do co hoc, roi bu offset d6 vao toa
d6 gap trude khi truyén sang PLC.

_ i L bt

- P
N -T-] — - image [
Camen - -
| mrenpey processing | D i
" Wi i i o RS
fomrtd 1]
L L
Cisstip | | Dangnee | i | Ehuyin abi
Serial nghich (1K} L g
P o sk e TR G
- . — D e
¥ Serial = s
. ot
b o :.*H
|I\.l'l:
A o Mewr | = Fsbot oy
fois

ol
Hinh 6. Hé théng robot Delta van hdnh chu trinh
gap va phdn logi vat thé.

8. KET LUAN

Bai bao da danh gid thuc nghiém
pipeline YOLO11 — homography — PLC —
robot Delta theo bén mirc tach biét. Ty I¢ nhan
dang ding dat 96,3%, RMSE chuyén doi toa do
dat 0,95 mm (dudi ngudng gip +1,5 mm), va
ty 1€ chu trinh hoan chinh dat 92,0% trén 300
mau sau 16p vat thé. Chénh 1éch 4,3 diém gitra
nhan dang va chu trinh hoan chinh khong dén
tr md hinh YOLO11 ma dén tir chudi tich liy
16i & dinh vi, hit va tha khay — diéu chi c6 thé
xéac dinh bang cach danh gia timg mirc tach biét
nhu trinh bay ¢ bai nay.

Phuong phédp ngudng mau HSV +
Contour khong dap tng ngudng dinh vi £1,5
mm véi RMSE 2,51 mm, va suy gidam manh
khi anh sang bién d6i. YOLO11s 6n dinh hon
& cé hai diéu kién, khéng dinh su can thiét cua
md hinh hoc sau trong h¢ théng nhén dang theo
thoi gian thuc khi 4nh sang khong duoc kiém
soat chat.

Huéng phat trién tiép theo gdm: do

offset tAm giac hut va bu vao toa do giap dé giam &
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16i co cau hit; md rong dir li€u huén luyén cho
16p Vudng-Po ¢ nhiéu diéu kién chiéu sang;
thir nghiém véi téc do bang chuyén cao hon
két hop bu tré theo (13); va tach do timg thanh
phan tré T .T,..,riéngle dé xac dinh nut that
trong cong thirc (12). Phuong phép danh gia
bdn muc trong bai ndy c¢6 thé dugc chuin hoa
thanh mot bai thuc hanh danh gié hé¢ théng tich
hop cho hoc phan Co dién tir.

Loi cam on:

Nhoém tac gia tran trong cam on BO
Gi4o duc va Dao tao / Thiét ké, ché tao mo hinh
robot song song ung dung tri tu¢ nhan tao phuc
vu dao tao nghé co dién tir. - CB2025-11 d3 hd
tro kinh phi va tao diéu kién thuc hién nghién
clru nay. <

Ngay nhan bai: 15/5/2026
Ngay phéan bién: 26/5/2026
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