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Online vision-based full dimensional inspection method for parts
based on intelligent shape matching
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Abstract: To address the limitations of traditional vision-based methods in measuring the full dimensions of different workpieces, this
paper proposes an online full-dimension inspection method for workpieces based on shape matching. The method inputs the target
workpiece image into an improved Superpoint keypoint detection network to obtain all keypoints, which are then used to describe the
workpiece contour. Then, the keypoint template and the keypoints of the target workpiece are fed into a point rendering layer. An
enhanced Superglue feature matching algorithm with augmented keypoint location information is employed to achieve full matching,
extracting keypoints that match the template points and measuring the distances between keypoints, thereby enabling full-dimension
measurement of the workpiece. To validate the effectiveness of the proposed method, experiments were conducted, including gauge block
size detection, calibration plate size detection, and electrochemical cell size detection. The experimental results indicate that for the size
measurement experiment of a 25 mm Grade 0 gauge block (with an accuracy better than +0. 14 pm), the maximum deviation of the
system’ s ten repeated measurements was +0. 02 mm, and the standard deviation was 0. 01 mm, demonstrating that the system has high
repeatability accuracy. For the checkerboard calibration plate, the size measurement error does not exceed +0.03 mm, verifying the
feasibility of the proposed method. In the dimensional measurement experiment of primary batteries, the AAA battery size inspection had

an error range of 0. 03 mm with an average processing time of 0. 08 s, while the AA battery inspection showed an error of +0. 03 mm
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with an average time of 0. 09 s. Both meet the enterprise’ s production line requirements for online inspection, which demand +0. 05 mm

accuracy and real-time detection within 0.1 s. Unlike traditional algorithms that require specific detection methods for different

workpieces, the proposed approach exhibits strong adaptability to diverse dimensional detection requirements and is highly applicable for

online full-size inspection of parts in industrial settings.

Keywords : keypoint detection; feature matching; online dimensional inspection; full dimensional inspection
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Fig. 1 Dimension inspection process
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Pytorch2. 0. 1+cull7  BEF3R35%5 4 12th Gen Intel (R) Core
(TM) i9-12900H CPU FI NVIDIA GeForce RTX 3070
Laptop GPU, SIG AR TP AR S RO R R 25 AR — B
J ADAM Ak s, BARSHEUNE 2 s,
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Table 2 Experimental parameter

¥4 SRS 24
HSH A, 250
WS A 0.000 1
ET7 6] E m, 1
7 1] B AE m,, 0.2
batchsize 32
LIGE RN 0. 001
IR B (0.9,0.999)
MRS A, 1.1

2.1 XELRKWNAENAFEHEERIE
SRR AEEL T X LN ZE 3 FroR i i A SO R
Uy Superpoint [ 45 1 U, 0 26 455 50 23 50 a4 4l
RS T% , K43 HER A 320%320 A & 7 S5 A5
N i e b JHR PR AR fin 8 5, 5 R 4 T Ay i
Fey 125% .,
£3 SHEMSITEEXL

Table 3 Parameter number and running speed comparison

] £ 152 75 SR BATHE/FPS
Superpoint 629 568 32
A3 42 314 40

R T VR IE T B HRRAE SRS I 2 1 R WA SCRAIE
SRS R S I 4 S RN% 52 J5 1% Harris Al FAST #E47
XLt , Harris 1 FAST ¥J 2k H OpenCV 5Z #, 4 5| 7F
Hpatches ARG 4E TR MK, TEEXE
8, eIl — AN 5 N A B G R R A R 5K IR
(] A 1) A R AE A 5 S AR AE B 9 L fH . Hpatches
a5 M ' AR 8 b7 S R0 AR A AR He 37 5 AN 93, o
BITEPZH ARG N AT PEAG S5 SR R 4 R, & 4 ALASR
W, 383 7R Superpoint P28 5T AR BE T 73 B 4 A1, 10
A DR 28 S L), 48 D 4% J2 50, 51 A i 2580 8 3 B I BILA
A5 P 28 A iz A 7 3 B A5 B B2 T [T ), L AN 2k A
DAE BE L 2 ORI g 5t N RIEAR

R4 FHESKNEERERE T
Table 4 Characteristic point detector

performance evaluation

- TEAER/ %
JEHR AR Y A 5
Harris 0.53 0.46
FAST 0. 47 0.4
Superpoint 0. 66 0. 67
A3 0. 67 0. 66

2.2 RHaml By 25138 E
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eI 5 A B G (R Bl 1 e v R R s i T
JRATIEAR AR B 25 ), DA L 48 B o B SG B
AR A TV LB B 2 i B ) — A o il 3 Y A
PRI RSB FR RS AR AT PR RO R, i
Mol 3o S A A MR I, 45 B A 25 SR AN 6 () BT
i RE GRS SR RSN 6 (b) TR .
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(a) Key points detected

El 6 25 mm R SRS R

Fig. 6 Measurement process of 25 mm grade 0 gauge block

(b) RERSE
(b) Points rendered
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Fig.7 Schematic diagram of gauge

block dimensional measurement
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Table 5 Experimental results of 25 mm grade 0 gauge

block dimensional measurement

YR 2 {H/ mm 1R 2%/mm

1 25.00 0. 00
2 25.02 0.02
3 25.01 0.01
4 25.00 0. 00
5 25.00 0. 00
6 25. 00 0. 00
7 24.99 -0.01
8 24.98 -0.02
9 25.02 0.02
10 24.99 -0.01

e 25.00 -

PRifE 2 0.01 -

OFS: 3=y} =
(a) Key points detected

K8 AR T4 R

Fig. 8 Calibration board size test results

(b) RERSE
(b) Points rendered
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Table 6 Checkerboard size test results

Wik PN 5/ mm SPR{E/ mm
1x1 JiH% 3. 00x3. 00 3. 00x3. 00
2x2 JiH 5.99x5. 99 6. 00x6. 00
3x3 Jit 8.99x3. 00 9. 00x9. 00
Ax4 Fik 11.99%x11. 99 12. 00x12. 00
5%5 Jri 14.98x14.98 15. 00x15. 00

T 3T TE Y S A A R AT AR B 11 A
FERSIARAE R ST R 3 mmx3 mm, DLHER 2 FHAL 1R T K
NGRS EI AR R SRR LR 0.02 mm,
FIF 1x 1 TR bR g BIARTT RIS, X A% A RO A i 245
R 6 Wi, MR 6 AT LA I, s T & i ok
BN +0. 03 mm, B T RGHREIN 7 ik i n] 150, xF
T2 248%2 048 (bR AR G, Kl — 5k bR AR T A RS
BB HES N 0. 14 s,

3) Ji L Tt RO ARG S 6

J Rl EHSCRAE R GE AN R 9 P, B FHAGE O R 5¢,
T AR, F T R A 2k ORI e Ttb i 244 T [
— AR, IR I T DG AGH I H e o7 55 3 b, vl 5]
IR . FIFHPRHE R PO AL A A5 0T KN BEA T A5 22
SRNFPLIR E S 5L PR R SR/ 0. 02 mm/ pixel ,

(a) KB E

(a) Experimental installation drawing

»muﬁﬁ\

Bt

BRA 3 R -5 i3
e F%
K )

(a) HETREE
(b) Installation diagram

Ko JsHit KGR ER S

Fig.9 Galvanic cell image acquisition system
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Fig. 10  Primary cell size test result
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717 FEL b ™ 2 E QE 8 3 R ), LI AN R A B[] PR 5 )
— AN, A AR P AR T T BB B B R Bl
FEREE ) [ | P 3 EETE 0~ 600 >/min T8 BN 2246, A
W2 BT T O ik & AR BILAE A T FA B A s R] P, R b o7
BT ARFERIEE 76 BG b 280 f b 7 T EHR  oR
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Table 7 Take ten dimensional measurements
of the same AAA battery

75 JA 5/ mm K/ mm A B A4S/ mm
1 42.09 10. 09 6.34
2 42.09 10.09 6.34
3 42.09 10. 09 6.35
4 42.09 10. 09 6.34
5 42.11 10. 11 6.35
6 42.09 10. 09 6.34
7 42.09 10. 09 6.34
8 42.09 10. 09 6.35
9 42.11 10.09 6.34
10 42.09 10. 09 6.34
T 42.09 10. 09 6.34
PRifE2E 0. 01 0.01 0. 01

B, R T AR AN ), AR SCTE R S8 I T 4 28 75 4
T, FH TR = 2 B it A e 4 ) SE SR 5% 1 s 18] >F 4
PRARDLU i & AT | R A TR — 7 B, B
FF A DN 2] L 3, 2 A LI G148, #ERT Ry o, , A T] P2 £k
RS BT =160 mm, 2 re2k Dl KE iz
FERF, W, =600 A~/min, AN HEAT 4E B 47148 Y P2 s 1Tk
BER W, B U8 JERT RS TE] S Ar, 25 ARAIL I Ut 47 A2 A fiph
RAABERT , H R 24 T R — 0 A .

W, W,
6—Xr><t]=%><r><(t]+Al) (17)
SRR (17) T4,
Wl _W.u
At = w Xt (18)

R T R BLAE SR i % A B R A =
W, - W \
o AR LA I o 3 B 2 T R (o

FEARSZE T ¢, =0. 03 s B, SEORRCR A, 77 2k LIAS )k
JE I i B A7 1 R H R AR TR

25 A3 AR A P R S 400 F1 600 1/ min HY-E 5 HL
=2k IR TSEIGRTIN | 2 Leis AT B d A R AL
FHEC 10 A3y, FHISURE I RO 5 Wk i 45 SR 19 SF 34 (8
VEREIAE , 5 RGURINZE 47X H 400 4~/ min 7728
BRI 45 SR AN 8 T A%, 600 /434 2 4 14 I 235 R 4
£ 9 PR, HES 9 AR, KR MA ) T 2N S, L5
Jer L 1 i e ROST I0 sl K Tk AR R R AR Y
RSP gl /N, fE-E55 )5 H i 400 F1 600 4~/min 728
e R RO P 15 2 3 R I 7E £0. 03 mm N, RE RS
SEIZ A B LB 2R £0. 05 mm FRORE RE SR . X —NH
th BT A RO A R I B[R] SF- AR RS S 0. 08 s, BEA% 16 2 1%
Al R S A e A R 600 A4/ min (K
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Table 8 Comparison between system measurement values and true values for the AAA battery (400 units per minute)

e M (8 &/ EIME/ MY E EHAR) /mm S %A/ mm PR7E/mm
1 42.09/10. 07/6. 30 42.08/10. 09/6. 31 0.01/0.02/0.01
2 42.05/10.07/6. 32 42.04/10.07/6. 33 0.01/0. 00/0. 01
3 42.09/10. 10/6. 32 42.07/10.09/6. 33 0.02/0.01/0.01
4 42.14/10. 10/6. 32 42.15/10.09/6. 33 0.01/0.01/0.01
5 42.14/10. 10/6. 30 42.15/10.09/6. 29 0.01/0.01/0.01
6 42.16/10. 05/6. 30 42.15/10.07/6. 31 0.01/0. 02/0. 01
7 42.12/10. 10/6. 30 42.13/10.09/6. 31 0.01/0.01/0.01
8 42.09/10. 10/6. 30 42.09/10. 09/6. 31 0.00/0.01/0.01
9 42.09/10.07/6. 35 42.08/10.07/6. 33 0.01/0. 00/0. 02
10 42.12/10.07/6. 30 42.13/10.09/6. 29 0.01/0. 02/0. 01
R LSRMRZNEESELEXILE (600 4/ min)
Table 9 Comparison between system measurement values and true values for the AAA battery (600 units per minute )
il {8 R /3R AME/ Dl EAR ) /mm Z%{H/mm B2/ mm
1 42.07/10.07/6. 32 42.09/10.07/6. 33 0.02/0. 00/0. 01
2 42.09/10. 07/6. 35 42.06/10. 09/6. 35 0. 03/0.02/0. 00
3 42.09/10. 10/6. 30 42.08/10.07/6.29 0.01/0.03/0.01
4 42.14/10.07/6. 30 42.13/10. 09/6. 31 0.01/0.02/0.01
5 42.16/10. 10/6. 32 42.14/10.11/6. 31 0.02/0.01/0.01
6 42.12/10. 10/6. 32 42.13/10.09/6. 31 0.01/0.01/0.01
7 42.12/10.07/6. 32 42.13/10. 09/6. 31 0.01/0.02/0.01
8 42.16/10.07/6. 35 42.15/10.09/6. 35 0.01/0. 02/0. 00
9 42.09/10.07/6. 32 42.10/10.07/6. 33 0.01/0. 00/0. 01
10 42.09/10. 07/6. 30 42.09/10.07/6.29 0. 00/0. 00/0. 01

25 KRG H S H I 600 4/min FEZE TR
SPRTIN S, RO AS I AHE Qi 10 T R R I
Y152 22 [BI7E£0. 03 mm P, KP4 FE R 0. 09 s, 3R
#*10 HSHHBRFMNEEEEXLEXTLE (600 4/min)

WA R GEASZ Bt RF S BB AR E |, AT DLAR G R
T AS [R5 FL it 9 4 RO AN 55

Table 10 Comparison between system measurement values and true values for the AA battery (600 units per minute)

5 M (8 &/ EIME/ MY E EHAR) /mm S %A/ mm PR7E/mm
1 47.76/13.99/9. 12 47.75/13.99/9. 10 0.01/0. 00/0. 02
2 47.73/13.99/9. 10 47.7213.98/9. 11 0.01/0.01/0.01
3 47.66/13.97/9. 12 47.68/13.99/9. 10 0. 02/0. 02/0. 02
4 47.84/13.99/9. 11 47.82/14.00/9. 11 0. 02/0. 01/0. 00
5 47.69/14.01/9. 12 47.67/14.00/9. 10 0.02/0.01/0. 02
6 47.76/13.99/9. 10 47.79/14.00/9. 10 0.03/0.01/0. 00
7 47.72/13.97/9. 10 47.70/14.00/9. 11 0.02/0. 03/0.01
8 47.78/13.97/9. 08 47.79/13.99/9. 09 0.01/0. 02/0. 01
9 47.66/14.01/9. 10 47.69/13.99/9. 11 0.03/0.02/0.01
10 47.69/13.99/9. 12 47.70/14.00/9. 10 0.01/0.01/0. 02
TE Superpoint FFAIE s A6 il W 2 rh 5] AR BE W] 43 B A5 R,
3 % i JELH R R ECA V53 WU, 5280 T S o

S RS ARG I B0 JR B T R E S B T A, X
LAE AN [ A A 4 ROST ARG I TR, AR SO T — Fofr
TR BESCARVC T (18 Z 1 4 RO R e e A I J7 3k | ol aod

KCHGARAF A A DU, ) FH O B S0 TR R i 4 3k
25 R A58 S 4 5 AL B AR S Y Superglue FRAE 4 VL HL
S AR BN TSR SR ) B AR SR AR, R G B
Z 1 (R B S R i A RSP ) e R A AR
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