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Surface defect detection of 3D metal prints based on improved Canny algorithm
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2. College of Mechanical and Control Engineering, Guilin University of Technology,Guilin 541006, China)

Abstract: Aiming at the problem of defects occurring on the surface of 3D metal printed parts due to technology and
materials, a surface defect detection method for 3D metal printed parts based on an improved Canny algorithm is
proposed, which processes the defect images of 3D metal printed parts by using the improved algorithm. First, an
improved bilateral filter is used to replace Gaussian filtering to handle the surface defect images of metal printed parts
under salt- and-pepper noise. Then, a dynamically weighted four-direction Scharr operator is adopted to calculate the
gradient amplitude and determine the gradient direction, so as to better highlight the edge information of 3D metal
printed parts. Next, an improved non-maximum suppression algorithm is employed to further process the image.
Finally, the dynamic threshold and hysteresis edge tracking algorithm are utilized to realize the selection of high and
low thresholds and enhance the continuity of edges. By comparing the defect detection results of different algorithms on
the surface of 3D metal printed parts, the experimental results show that the improved Canny algorithm performs
better in noise smoothing and edge continuity than the traditional algorithm. Specifically, the peak signal-to-noise ratio
(PSNR) value is increased by 46.70% compared with the traditional Gaussian filter, the structural similarity index
(SSIM) value is improved by 39.93%, and the probability of figure of merit (PFOM) value of the processed image is
enhanced by 36.46% compared with that of the traditional Canny algorithm. This method can effectively detect the
defects on the surface of 3D metal printed parts and has strong practicability.

Keywords: Canny algorithm;3D metal printing; machine vision;defect detection;normalized cross-correlation matching
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Fig. 2 Detection flow of the improved Canny algorithm
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(a) Experimental specimens of 3D metal printing

(b) f£4E Canny 5%
(b) Traditional Canny algorithm

(¢) CHR[S]
(c) Reference [5]

(d) ARSCH

(d) The algorithm proposed in this paper
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Comparison of experimental results

Fig. 5
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Fig. 6 Software platform for image defect detection

(a) REMEER1 (b) B 2 (c) RIMEER3
(a) Detection result 1 (b) Detection result 2 (c) Detection result 3
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Fig. 7 Results of image experimental detection

3.4 EETIEXEE

A WF 5T %k B (B {5 M 1 (peak signal-to-noise ratio,
PSNR) VL Fe 2t ¥4 MRl P (structural similarity index, SSIM)
X AT G Canny B3k 09 08 % 45 40 PG 09 BUG #4731
B, PSNR 2 F FH i i % 5 e o ik v 48 b, Ho(E
ok v o 2 W o PR O B SR R Y . SSIML S E LR
PO EE (S5 3 A Sy BE T4l R0 AR UM B AR G 1, 4R
TR 1 45 K AR DUk B g, A MR RE RO . R A TR
K %4 (probability of figure of Merit, PFOM) 3= B 41 X} i1 %%
A6 I 52 1) P B TPl BR A8 22 75 0 5 6 T 1 B2 B M b 4
UE 1 RN G BOR AL, T E— 2B IR A ST
PR X B 3D 4 J AT B0 A4 ik B 30 2% R T A A R S 43 0l
BT R P AR T L2 g 5 BRI R S e . il 3R 1 U
AT A o A2 X LG AN [R) 308 0 45 11 25 R 0 - 3 UG BOR 1 il R s
AR SCHUHE Y I AU IR e Ak AR Y 1A MR LY R 4
TR ARALPE 2576 W3 S A9 42 T, o rfr PSNR AR T i 307 U8 ik 42
Tt 46.70% . SSIM $2 7+ 39. 93 % 5 % He 3CHR[ 4] P iy [ 38 R
HP (- e T R A L SCRR (8] v % 0Lt i U 4% L SCik (24 ] Y
Gamma 48 # 38 ¢ 4% PSNR 27+ 15. 720 LA L. SSIM $& 7t
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10. 96 %0 LA F o A1 KR 7T LAAS A Sk i A 3 I L2
DB DA AE 25 B3R W P R 1 R 5 A T AL S8 Canny B
T HUGF L SCHR HP Y 8 A5 o

x1 BEBREBHEIIRMILER
Table 1 Comparison results of image filtering experiments

Fk PSNR/dB SSIM
(22831 21. 54 0.651
Hh(E D8 25. 32 0.735
SCERL4] 28.14 0. 832
SCHRLS ] 27. 31 0. 821
SCHk[ 24 ] 29. 46 0. 893
AL 31. 60 0.911

AR S 300 SR TCBREEA R 200 5KA BREA IR G kAT
RRADLAGE DU 552 565, SR FH o 8 3% L Sobel BT L K (H] Oy 2
(Otsu) B4 AR SO L XoF g 25 BR 30 A7 3 il S 36 Cn L3t 908 g -
R SR B FH U030 108 D A 4 A S g v T Y U D
4, 51558 Canny Bk SCHk 41,087 [ 24 ] P i i il 83k
HEAT X LHS2 8, A3 2 230 B0l T 45, A SOOI AE AR AR A DN
1°F- ¥ PFOM {H A 0. 932, % 3K A 4b 3 4 F X 1) (1] Sy
183 ms, M & TAE 58 Canny H3%  HAF & bR =0T K.
SRR X A BB A B TR M R T 3K 94, 506, T Fl S 56 2
SRR AR SO 9 0 D 7 AR R OT- 18 PR SR AR L etk
4456 B 03 BB B A Ak 2 L AR A Y, ek Y L
TE BT 48 T 100 2k i et vk 2 PR 30 % W 3R 5 B AR A 5 X L
SEE 4 R R AR AR PFOM H & T i A7 % L 3
AR SR E ARG T 280 3R 14 [R] st Gk 2 B T T Gl o U000 o A R L
BV T ™ S50 A AR I BB R AIE L O JiE 8 i R A
P RS B A 2 G, TR IS T SEB AR PR RN g

®2 AREHEZETE% PFOM &
Table 2 Image PFOM values under different algorithms
ik PEOM EEFE S/ HERR R/
ms %
14t Canny 0.683 160 63.5
X300 U I A Sk 0. 746 182 79.0
Sobel HF-ASCHE  0.810 178 82.0
Otsu-4< LR K 0. 893 181 85.5
SCHR 4] 0. 846 194 84.5
k8] 0. 863 181 83.0
Sk 24] 0. 875 188 87.5
AR SCE 0. 932 183 94.5
4 £ i
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