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Workpiece size measurement in dynamic scenes
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Abstract: This paper proposes a set of high-precision visual measurement methods to address the challenges of
perspective distortion, thickness corner offset, and continuous tracking of multiple workpieces in the dynamic
environment of intelligent manufacturing. In the preprocessing stage, the collected images are converted into
approximately orthographic projection views through camera calibration and perspective correction. To obtain accurate
edge images, this paper proposes an edge detection algorithm based on multi-scale edge fusion. By applying guided
filtering to the collected images at different scales and then using dynamic Canny edge detection, the complete contour
of the workpiece is obtained. To address the corner offset caused by the thickness of the workpiece, this paper proposes
a high-precision corner extraction algorithm based on thickness interference elimination. By fusing sub-pixel corners
and fitted corners, precise corner positioning is achieved. In addition, an object tracking algorithm is designed to match
and identify the centroids of the workpieces, enabling automatic size recognition and measurement of multiple
workpieces in consecutive frames. Experimental results show that this method can measure the sizes of multiple
workpieces in arbitrary poses, with a mean error of 0. 599 mm and a standard deviation of 0. 172 mm, meeting the
measurement requirements in industrial production.

Keywords: machine vision;dimensional measurement;edge detection
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Fig. 1 Schematic diagram of perspective transformation
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Fig. 3 Two-sided workpiece graph

X3 T A

N T AR B RSB0 A a5 AR ST T TR E T
A% 14 e AR AR IR . BARD RN

1) % J50 B 5 40 200 W 30k« 7 240 P i % 1] A 4R I B v
SR B BT A0 G AR B . A HEBR A KA 5 B0 /) AR A
F14 52 TR AR SC 3o S8 T 22 R AR PR AR v A 28T A e G T R
4 73 A 8 B O BIE A 5 00 /E S T AL T R S 48
TR/ T B EL I A R T S A 7 LU BR . BE
AR 2 5 BT 23 MRS TG I U R L B (LI s U T RE A A A
ANROF AR g W 7 5 B0 A o %) T e g v AR 32 Y
R TR . O TR S R A R AT AR
Tk — A C A B TR R B0 1) 3 AR Y A Y
JBtC 5 51 2 AR ] —A> B30 3 B0 1 BE /0N T IR B B
WA A 2 1A B WAk B kil 12 G 5 5 DDA 24 i B0 R
mE g, B B R A AR IR R R S T B ROBE L 9]

o 242 o

SE A 1 {3 O T T o A K 4R 1 AN ) A A a0 S O
R 5 T A N %) ik 57 e 5 R /S B A B S 4 2 Ak
A BE 2R — TR A iR,

2) ZNILEIE S VAR R MM sl 40 4L: 6 Douglas-
Peucker 575 bR 40 50 1 AN 8 2L 1Y 500k AT A 50 0, I 4418
FIReE R FE RN Z I8 . O T 485 A 8 B Ak
TR, A A A AL KR TS B R R U 2 8 TE
TOURORS 8 B WAR R K, O )5 22 1 JUAR] 43 A 42 A4t T8 o 1)
LA

3) MGRFEG X T 200 &8 3 1 & A5,
SRR TR GG HE B a3 W] 7 Y A8 B B AT SR EE . 3
ARSI B R PAETRGRR BB ZO S W
5], G SR A2 L A5 Ao R P 3 % % BE ISR, A R i s A T —
ARG X B, % B S A S RS T A,
AR I 25 5 ) AR R I {20 vy ) £ T 3 — 26 L G 3 2%
1 A5 e O Ak R . G 2R v % B S I BB 5 R Ak
TR i L U 2 SR T e S B S — 2 k. I
AR N A RAE GG — AP 2 AR )R IR 4R R A
RIS LR N B B SR S A A, T
MR et LY R N IR e S vk < SN i N L O
—HEERINMB G N S E N TRESNELN A, ik
DL fih Az ) (A 0 6 1 R R DU IR TR A A Ak 1
PCE s B AR DN 25 R AT TCRL o3 2 38 m ik 18] JiAR

O HAWE S UE M AT TR A — Bk
(random sample consensus, RANSAC) 5 ik 5% fxx & i 2 A9
FAE T HEME 2B LR A SRR 5 F S s, A
MR EE RN ELS ., A, £ 63 RPRLES
HWIEA Z /D RFERIETE T 306 B BE G R, B A
oo $UE B B L T R 53 B 56 AW 75 K7, 19 {4 2o
RN 2 2 a2 B E S AR 2 M, —E 4
B R AW E G, N T BB LA D
HELMHZ TSR BT T W0 A7
— TR LR O T BRI A 0 3SR SRR AR R R
ARG, RS8R S B B AR LR S0 B b SR I A
XGHAE BT A& HLAE R IE 4 FiR .

K4 BOLEE HLR

Fig. 4 Bilateral fitting line graph



IR F . AEH R THIERTMNE

%6 1

5 fAERLA T A A S LR W AR R A S
B AR . WU AR S B R AU R R A
BT B H LRSS Y S AR A 2 A B B
FEAR 22 A Z 9 WA B4R 38 S 3 Al 4, R L4k 38 S %
R RAE R B LR AN AR . O, G SR E BN R B
B2 SRR R B AR ANk I A IR 2 R
AR B 0 T A P A A ) R (R D) [l SR A AR 3 A
SO BEN SN E T REAAE M E Ze g 5 N iR T
W, XA RIS A T R ARG R 1R T A
SR E L R TR A P R A
1.5 WHRIBER

G364 o i 55 — A B Bk R sh A i & B kst
24 Z2 A A ) A A = RS 0 9 L P L e TR AR R S B
T L N G b TR B AR 3 B A A AE 0 T, O HLRR 2238
FEAS T A, PR AR SCBETH T 0 40 i 58 1 Ll 5 22 WG 5
T 0 O 5 0E AR 38 B 00 A B AT DT I SR AR 1 7 O TR
— AT, LR,

D witatk, BlE—A28 192 5068 B R T A7 4%
AIEFEPEEEDN THER .. BB X R0 AR —
— 1% 1D S — A I 2 11 [0 0 A B L 04 B 1 BT A TR R
5 R AR I AR A1 3R R R O B (WG 0) LT
PR .

2) WAL HRUC R . T AR A A — i, 7 S A
A TR I B R BT B D AR ES C e H Co
B 0 5 A R 3 B N 3R R T T RS O ELAY
PEXT G ATUCHD . A0SR — N 0 5 3 AN 8 R S 0 IR R
— VAR B B4 J5 0 22 [ YRR EG B /N T T A DG R
CHR B8 12 32 7 8 0 LAY 422 300 B () o L3238 3 % 42 T 7R o
A VT B, IR AT ] — T4

3) EHBEESIFE,

(D) AbFERKTIVCEC AR 5 . B 38 R 5 1 B e — IR
0 380 (4 JBT o A8 A BT S 224 T D 5 ) A S50 A A, O
R AG TE BRI AR B AR I 30 51 26 o TR ek 2R B AR
TR EE N 0.

(2) WBF BN T T C,.. TRRESIEA B EE
it G2 DG 2 A9 S5 0 » TN AT 3K S — A itk AR B T, S
HHT Y 1D, W) d Ak = i A 2 B A 4R aB B 5 3%

(3) AR BRI T A, XF T 78 24 mir it 2 4% UG e 3 89 75
BRAB R G 0 LR B O B 0 1. A SR B
T 1) 2% S TS0 R0 1, DU 12 5 42 B4 T8 R AR S 18 T M 1

4) ZEATKEI . WA T B 5 B, AN T A T Y T
BN X6 4 JR) 38 B A 3 R BT A TR BROIR S O LY 38 B R 4
HATAL

23 B HL I R 08 76 LA 51 H S B W] — T 04 A9 22 ot
G SR ST ST o O AR R E RT SERE, A
SCHTR FH B HE T B0 BE B 0 H bR B Rk AR ELE A5 T
B SR SRS AR A — s R R . Y TR R

BRUAS 5 #E W 7 T B R B B0 o B T e 1 S B8 . DA TG
S VG RS B . BEAh % AR LA 5 2, X 1 WLRR AT
HOZFNEH RIS R . R R 0 Bl B AT 51 A TR IR iR
A5 L300 45 AF 5 T AR AR (%) B SR BRAIL D L DA v B ik
R G TR @Sz Re .
1.6 BKNERITE

FEEMURE LT T8 2 5008 1Y i 4 B0 Oy 1 5B Y T
A RS B AR R IE R R S R RR ECRE B . R
RIFBACR TIZLE A R h R B KR B IR R
P 8 3fe L — A~ 790 46 38 2 B AR AT Y LU 4 R S ARAR T A
E 1% WG v 0 10 300 7F 90 S SR A S PR B D ., B
Mt R PR BN R 5 R

Bl 5 Bt RSkl

Single-frame dimension measurement graph

Fig. 5

N T AA A B R T BN TR — A TR R TR — 2%
WA Z2 b (0 D0 i R AT e B . AR ST R P R
T L B o i 22 B4 0 R BUNDT B BR B RE R . T
HOHE B eP B B I A T B 4 X i 2 . T
T K A IR 4 i 22 R BT AT 46 X i 2 1) v A5 8RR )
RS NS . A L S AR o 22 0 T 1 %7
5 R Wl i B AS SRR S 3 P T I T 25 20 A B0 1 S R D 3
o IR R 2R B (R U S A A A R A T 2
(ERE (VS MR DUPVEUTIUE 32 JNRIRIE ¢ F 8

XN A 2o Wi | B R DR NS T Y U5 1 L BB
5 A7 280 A B ot ) 9 AN R L A RS A A A Y —
i R ) 25

2 WA

2.1 ZSHRRESHIBEBRE

I3 A AL TV B MV-CS050-60GC Tk 4
ML, HefE g 5 My CMOS & /1T, %ot K+ h
3.45 pm X 3. 45 pm, RN 2 448 X 2 048, IR KLk
FH#E BB MVL-MF0828M-8MP 43k, HHAEE 5 8 mm.,

7 B B S b IR 04 N 37 St AR SR AR IR T R R
H 1.5 m K1 m S, AN K ENERE ., BRI
WE 6 .

R TR S B R 3 S, S5 06 SR AR BRE Tl AR AL R
FERE B MG % 1.7 m bR s Ak, FEFE A LA 6 m/min f&

o 243



W49 B w F o

T # K

& 6

Fig. 6 Experiment scene image
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Table 3 Measurement results of the median
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Table 5 The average processing time per frame of the

algorithm ms

i it Wiz Wk k4 Wik M
1 341.8 341.7 339.4 339.5 339.3 340.3
2 339.6 342.4 340.0 341.0 340.9 340.8
3 336.0 342.8 342.3 339.5 339.8 340.1
4 337.0 340.6 338.8 342.4 338.9 339.5
5 337.2 338.6 340.1 337.8 337.1 338.2
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Table 6 Measurement results of workpieces of various

shapes
THER REHME/ mm ARdEZE/ mm HAXFIRE/ %
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/g T 0. 636 0.185 0. 279
g T4 0. 686 0.201 0. 285

AT AR T o AR 22 2 B K - 2 45 il £E 0. 69 mm
PAN S FR R 2E IR T 0. 29 04 U A SO AR A [ JLfof
ME T HA BRI AT . B AR /N T 0. 21 mm,
Wt [R) — AR A A 22 YR I o i) B A2 PR e B TR A
REEEAEE . BE TORRBO8 . =2 R M LT E A

ARAR R LR /1N 2 W AR SO XA R AR TR Ay B 1
JUAw] 3 7P 5 0 R 1k

304 i

ASCHE T HE T 2 RO S GRG0 30 5 A6 TN R R
TR TP TH B 0 v R B A R PR MR i Tl 2 S A
IES X GaBERHLE] SC B T 7 S A 5T B S R T A
RGP

AR TA% G0 50 RUBE (9 300 G R 5 vk s AR SOy vk it 2
RES| IR R A1 0 T 0 55 St ek, SE £
FE BTN &L, BT X JE RE TR 1 00 0L i e 09 A o O A% Tl A,
TR T M T B 0 R AR SR I R ok T — AR
A . RSB BRSO DY 5R T % S U e — Bt
W TSNS 2 BARAES5. SR, 2481 07 ik A AE —
S Jry PR X A i B 1D A Ak sl 30 2% ke 4™ i Y T ST 3
PR

ZEARBMHEENSY R TRANMEKES
BBy T BA B A g A I TE Tl 2 AR IR T
1 S AR B I AIE T R AT AR . AR IF T AT HE 2 R S 8L
I3 N S P RE G A 55 O o itk — 2D R AR ASE B )2 Y
Tl 37 55 365 N7 e g R e R RE ALK
5% 3k
(1] JEIEVK S, X SCIE 45 B T AL AL 3 1 R R &4

A T7 IR S LR R T ], i I F R, 2021, 44(17)
33-40.

TANG H B, CHAO Y., LIU W H, et al. Review of
measurement methods of large-size parts based on
machine vision[ ] ]. Electronic Measurement Technology »
2021, 44(17) :33-40.

[2] MIAO J W, TAN Q CH, LIU S Y, et al. Vision
measuring method for the involute profile of a gear
shaft[J]. Applied Optics, 2020, 59(13): 4183-4190.

[3] LICH F, XU X P, SUN H Q. et al. Coaxiality of
stepped shalt measurement using the structured light
vision [ ] ]J. Mathematical Problems in Engineering,
2021, 2021: 1-9.

[4] JIANG B CH, DU X, WU L L, et al
measurement of the bearing diameter based on the

area effect [ ] .

Proceedings of the Institution of Mechanical Engineers,

Visual

homography matrix and partial

Part C: Journal of Mechanical Engineering Science,
2024, 238(6):2034-2043.

(5] b, XET, SR, 5. ST U0 AR R
JSE9 22 B RS Tk L) ). B TR, 2022(7)
121-126.

JIAO B, LIU G N, ZHAO M X, et al. Flange size

measurement method based on machine vision with

o 245



519 % & F oM % % &

sub-pixel precision [ J ]J.  Modern Manufacturing 318-324.

Engineering, 2022(7):121-126. WANG ZH CH, ZHAO ], HUANG N H, et al
(6]  XUFIF-, Fha, #hSCBL. 2k Zernike JH Y 1% % [ £L Study on machine vision measurement method for

B k()] P R, 2023, 46(4) large-size workpiece screw hole [ J]. Computer

69-77. Simulation, 2024, 41(5):318-324.

LIU L P, SUNJ, SUN W Y. Measurement method of ~ [13] Hiyfl, ®3&, Ftomoh, 55, R SF RS F 300 R ks

subpixel circular hole parts based on improved Zernike BEALSE I 7 0], el R, 2024, 47(11) .

moment [ J]. Electronic Measurement Technology, 138-150.

2023, 46(4) :69-77. CHAO Y, CAO ZH, DU SH SH, et al. High-
(7] 2, S, WL, 5. JL T ooasmh B e m &1 B4 precision visual measurement method for large-size

EREERAE L] BT 58, 2023, circular  parts [ J . Electronic  Measurement

37(11):132-142. Technology, 2024, 7(11):138-150.

CAO ZH, CHAO Y, XU W, et al. Highprecision  [14] 2K&F, S#4E, Dl &, TS AENER MR

focusing method for parts image based on improved MEAFIELT]. PACHE TR, 2025(4):123-131.

gradient weighting[ J]. Journal of Electronic Measurement CAI SH, WU CH H, LUO W, et al. Research on

and Instrumentation, 2023, 37(11):132-142. dimensional measurement of sleeve pieces based on
(8] BAZE. L AL W38 A9 T & 0 8 R ~F i 5 Jr v 0F machine vision[J]. Modern Manufacturing Engineering,

FELD]. A PRI T K%, 2023. 2025(4):123-131.

ZHAO Y. Images research on high-precision [15] BEMBE, XP1E, JEade, 45, 5T HLas 0o 5 80 % 5 FL

dimension measurement method of workpiece based on A E )y {2& [J]. ™79 & 4K, 2022, 45(21) .

machine vision[ D]. Chongging: Chongqing University 111-116.

of Technology.2023. CHEN X ANG. DENG H. ZHOU ] H. et al
(9] RN, FETHLEs 8 A9 Tl &40 & 5 460 07 2 oF Dynamic measurement method of rail round hole based

ST D]. FEM M R4 K%, 2024, on machine vision [ ] ]. Electronic Measurement

ZHENG 7 H. Research on measurement and Technology. 2022, 45(21):111-116.

inspection methods of industrial parts based on [16] ZFRR N, 5F 5 080 7 22 3k RF sh 500 5 5 B R

machine vision [ D]. Guilin: Guilin University of W3 [D]. B AR K2,2023.

Electronic Technology, 2024. QING T W. Vision-based key technology for
[10] ZEFE#E. L THLEE AL A KR ~F TR A T4 2 e L ) & measurement of rebar thread head size[D]. Nanjing:

JEE D] K& KEFE Tl K2, 2024 Southeast University, 2023.

LI X X. Research on assembly hole measurement [17] HUIZHF, LIPL, MIAOSHJ, et al. YOLO-LFVM.

method of large size thick plate workpiece based on A lightweight UAV-Based model for real-time fishing

machine vision [ D J. Changchun: Changchun vessel tracking and dimension measurement[]J]. Journal of

University of Technology,2024. Marine Science and Engineering, 2025, 13(9):1739.
(111 XUBS 3. Bk, w2k, . ETHIHERRNBRERS {EZEN

R ARBIIELI]. TREA, 2024, 58(12),147-152, EAER DI L 5 Ty 0 P Rk B L2 L

LIUSH Y, HOU Y T, YUAN H, et al. Technical 4%

research of turbine size measurement based on machine E-mail:1393207825@qq. com

vqun[J] Tool Engineering, 2024,58(12) :147-152. B CGEEEE) L 28, SRS 7 16 BRI
[12] VEBEB 8N FHMEE. 5. KRS THBA ML IE A T8 fes,

M;ﬁ&ﬂﬁﬂlﬁﬁmmﬁﬁwamwh

246 -

E-mail : hanxie@nuc. edu. cn



