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Abstract

To address the challenges of low-texture workpiece recognition and efficient grasping in industrial
“flexible vibratory feeder + robot” feeding systems, this paper designs and implements an auto-
mated sorting system guided by machine vision. The system integrates a storage bin, a flexible vi-
bratory feeder, an industrial smart camera, and a KUKA six-axis robot, and coordinates these mod-
ules via TCP/IP communication. Considering the sparse surface features of low-texture workpieces,
a shape-based template matching algorithm is adopted as the core recognition method, combined
with image preprocessing, pyramid-based feature extraction and multi-level similarity metrics,
which effectively overcomes the high texture dependency and poor robustness of traditional fea-
ture-based methods. To further improve real-time performance, a greedy early-termination strat-
egy and an image pyramid multi-scale search strategy are introduced to optimize the search process,
reducing the single-image detection time from 320 ms to 68 ms while increasing the recognition
accuracy from 89.2% to 100%. In addition, a high-precision hand-eye calibration model is estab-
lished using a nine-point planar calibration, ensuring accurate pose estimation for robot grasping.
Experimental results demonstrate that the proposed system can achieve efficient and stable sorting
of low-texture workpieces in complex industrial environments, providing a feasible technical solu-
tion for flexible automatic feeding in intelligent manufacturing.
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Figure 1. System overall architecture diagram
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Figure 2. System architecture diagram
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Table 1. Main equipment list of the system
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Figure 3. System workflow diagram
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Figure 4. Diagram of the practical teaching system of automation major
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Table 2. Image coordinates and physical coordinates conversion table
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P1 623.411 1346.023 530.933 152.730
P2 413.221 1378.828 530.933 142729
P3 379.039 1167.663 520.933 142.729
P4 590.119 1134.720 520.934 152.729
P5 801.518 1100.414 520.934 162.730
P6 767.358 889.776 510.934 162.730
P7 557.911 923.485 510.933 152.730
P8 346.088 957.412 510.933 142.730
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Figure 5. Rotation calibration process diagram
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Figure 6. Basic steps of shape-based template matching

Bl 6. ETRARRIIERTEREAR LR

DOI: 10.12677/airr.2026.151035 372 PNER ST IR YN


https://doi.org/10.12677/airr.2026.151035

REYE R

1) TRACEE: Xof P AR AT P MR o R A B8 D B 320 % 98 5 F) AL FER BREVR R B B LA 0 1) B3R TR BB
2) TWGRFALIRIN BL: RBBARAE R AL n ANIAZ R, mURBR T [f) [ B E SN »

t; =(cosd} sing), i=12,.n (6)
FRULIC R AL (X, y) W LI s 77 1)
d; (x,y)=(cos@ sin6) ©)

mE 7 s

(a) W EME L GAFAESREE  (b) fFICHC DX 77 170 HE

Figure 7. Template matching schematic
7. {RAR AR IR E

3) MIEEEN B MLEEE XA . UL RFELE E R 0T Lg XN
S(x,y)=%2ti -d; (%, y) (8)
i=1

S < FoRREABUEN, S(xy)e[0L](xy)0L], FkkF b S H iR R, 1
B AT B 1 O AR U R 2 .

(@) TABAREIER  (b) TAFSEmA I

Figure 8. Template matching real-time detection result graph
[E 8. &R LD SERTHE LS R E]

DOI: 10.12677/airr.2026.151035 373 PNER ST IR YN


https://doi.org/10.12677/airr.2026.151035

REDE, e

3.3. CEIZRBA R

DR DA GERSAR UG AE 4 PR R I FEIN LR Rl AL, ARSCBIN T 900 B304 i 24 1B SRS A B {5
TG SR AR R PR SN o

3.3.1. FOLEIAIRATLR LRI

FERR UL R A R T SRS, R m v SRR S H AR MG R DO A U AR 20 S R B B
VURC X 3 2 b, THE N, R UCEC R[], ik, SINEET ou0 BARRIR AT k%, il
FRABLIEE SR IR B sh A FI W, i JE RS

FEHERL 2 3U(8) K B INANI , BEE — NS M BURE 70 7E BRI AE R, SEIR PP 24 5 2 RIns 70
S; o A1 4T R HAF S TCIRE B T BUE RN BRE o0 WITET SR i BT, o) B 1Rz A B A UL
Feile JySEBELZAI, RMZ S R BRI s R, il j MRS R RS0 s, sk

Q) FR.
1y d 9
Sj_ﬁéti' i )
P n—j A RHECK AT RESTEC N (n — )/, Bk 7 E5RN:
5max=5j+n;j (10)
n
405 AL«
Smax <7 (11)

I, AT S7 R A o BT SR TR T LE UL RS AR BT R I R s b e R S

U BUAE 7 AR O — MERCR S 3 [\ 22 [ BT Bmif) o {E(U0 0.9) 2 43 B A S ms 3 v
B, REfs PR KRBT AR, AT RS ROCR s L [R]IN H AT REAE A A7 5 S SOl 4 Ol A
R, IS Jo il B BB S 20 . BURK o B 0.7) BN RS, REAE BRI AR MBS,
i fRw A R, EBTEECR 2RSS -

ARG, 20 2 RIS, Zi6%5 BIRMRENE SR PEZR, REZRAAUE R (E
¢ BOEN 0.8, X —HUEAEWS (LA HOLIELE R Z 10 St s AN S B T AR R RIS ORUEXS BT TS 5 4 )
TAF SRR E W

3.3.2. EfR&FIESBRRKRK

FER R B RAT BB 5trh, BRI B AT B R e il M e T SR AR, MDA
i AL SERP AL AR5 3R o WIE SN EHRARHIE & 7 1 20 R R Sems, DLSEHLVL B AR S A B R R AL [19] -

PR IE B 7 B AT LRl B 2 T R — R VAR HER A EE, TR H R R 2 e 0
RNEHRA[20]o BAREITTAON: BJRaG s R B e T BIRZ, [ b — R R AT s
HTRREE, B ARG R BRI & 7 4. i 9 Prs.

KE & TN ESHERE |0 RERNBCR S .. RES A7 I ZE(Levels) fZ
[ [ R B % (Scale Factor) . JRHId 2 28N & IS M T, JRE0L D NITCIE R BB R AT H s BE
KRS RS SETZEGERERTE, SAAUZRZERAR, AR

LB RGN EIE 2 HE3 (2592 x 1944) 5 TARGE, Ak 7 — M & 5 EEB e T,
JE IR KA e ] 5T 220 IXEIRE &I MR Z(Level 0, JRIAEIE)EITIE (Level 4), EUERSEH i
/N,

DOI: 10.12677/airr.2026.151035 374 PNER ST IR YN


https://doi.org/10.12677/airr.2026.151035

REYE, AR

Level 4

Level 3

Level 2

Level 1

’
p
5
e

Figure 9. Diagram of image pyramid
Eo EgeFEREE

SIER, MR E R “ B BB R T TR (Level 4), RAVBCKIIMEHR R DK
(10 f B 2P KT 2 R, RIEGUEE MR X BE, R XIS 2L 52T — =
(Level 3), JFELHE/NEPE A (B ESLARIL N AT EAS T AT R . I REIZ R A TR, HEAEK)Z (Level 0)
DA e AR P (Ff LA 1) Wb o B AT SR & RS B E . 01 10 JoR 1 HE A2 < 7 36 h 3R U A
RFE S AT L o

() &TIHRER =2 ) &7IHEZ% =3

DOI: 10.12677/airr.2026.151035 375 PNER ST IR YN


https://doi.org/10.12677/airr.2026.151035

REDE, e

() &FHEEH =4 (f) &FHER =5

Figure 10. Distribution of sparse feature points extracted from
each layer of the pyramid

B 10. EEREFERRMOFBRFHER S HER

4. SERGERE R
4.1. SEF A 5T i8ER

KRB SEIRIIES 2.1 FITRRMPLE ARSI T 76 BT e, € BT A SR %
WA Rtk Bt TSR BRI RS R ITUICSE 03t =410 IR IE . WA TR A BRI
) PR T 25 ) T (ms) RVl HERR 22(%), BT & T B SEI %, 538 VRAG A R .

NTORSEIR I AT ZBUE, Fra IS — S B E T iAT. BB TAEERA 5 % 5 mlrepitz &
B 749(100, 200) 7 Canny 57 #ZL AR ILECIUAL RIS S HB B . HEBETEZEHS Z, REFEX
FEFON 22, FULIRETZIEBME « 79 0.8, R B BUE VM E[-90°, 90°], RUZ M EN 1.0, EIRHSLE
WL N IIGH 5 15 78 2 80%, CE H AR N TR 3 x 3 FFERESI . IX e S HIL [FIR) 1 AR VM BE VAl fr) 2
HEIR LT .

4.2. BEMARIEAIEEE

NIIETTL SR 5 &7 B0 R R A RNE RO TS, 0 F DR AN R SR A RO TERE .
FEMFRIRESET & SN EGEDE T, X 100 5kEE 24 TR EEETIN, 228 W05% 3 Fr.

Table 3. System resulting data of standard experiment
= 3. ARG IHR LIRS RIS 3R

ERGYIE S P25 R I ] (ms) PR % (%)
A: fEGTARILIT 320.4 89.2
B: & A+ B4 96.7 99.8
C: HEA+ OLHIL 188.1 89.1
D: AXTjik 68.3 100
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Table 4. Recognition accuracy under different light intensities
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TS AE WU (%)
1EH 6 (100%) 100
5% (70%) 99.5

R (130%) 100
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Table 5. Standard test system result data
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PERETRAR SERCPIE £ bREE)
Wk} ALK (mm) 0.15+0.08
FBEFIRZE() 0.21+0.12
PR 1 25 (%) 99.79 (479/480)
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