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Abstract: To solve the problems of real-time feature extraction on weld surface images,a feature evalua-

tion algorithm based on incremental block principal component analysis (IBlockPCA) is proposed. First,

the weld surface images are segmented into sub-image blocks,and then the blocks are reconstructed.

Next,the incremental feature extraction is performed on the local block images by using the proposed

IBlockPCA,and the KNN is used to classify and recognize the evaluated principal components. Finally,

the performances are compared on the weld dataset. The experimental results show that the IBlockPCA

is superior to other principal component analysis (PCA) algorithms in the convergence rate, classification

rate and complexity. The classification rate is 97. 5% ,and the average processing speed can reach 50

frames per second. It can meet the real-time processing requirements of weld surface images.

Key words: block principal component analysis; weld images; feature extraction; classification and recog-

nition; incremental iteration
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Tab.1 Time and space complexity analysis

Algorithm corr’fpuir;iily coilp);l:i}ly
CCIPCA!™ OCnkp* ) 0P )
2DPCAM? Onp’ +npg) Onpq)
12DPCAM*! O(nkg*) OCpg
RC2DPCA!" OQ2np* +npg+npk) Onpq)
BDPCA?! Onp® +ng*) Onpg)
GCCIPCAM O(nk, pq+nk.pq) OCp
Angle-2DPCAM)  O(up?q+npk* +np*k) Onpq)
IBlockPCA O(nkM? N*) OCpg)
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Fig. 1 Weld dataset image
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(b) Last six row column block numbers
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Fig.2 Reconstruction error under different row column block numbers
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Fig. 3 Reconstruction error under the total number of blocks
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Tab. 2 Classification rate under weld data set

Number( X 4) 50 100 150 200 250
CCIPCAM™ (1X8) 0.815 0.860 0.875 0.890  0.890
Angle-2DPCAM (120X 8) 0.870 0.890 0.925 0.930  0.930
2DPCAM (120X 8) 0.860 0.885 0.905 0.915  0.920
I2DPCAM (120X 8) 0.915 0.920 0.935 0.940  0.950
RC2DPCAM (8 X 8) 0.870  0.875 0.885 0.890  0.890
BDPCAM™I(8X8) 0.865 0.870 0.875 0.880  0.890
GCCIPCAMI (88X 8) 0.920 0.930 0.945 0.960  0.960
IBlockPCA (64 X 8) 0.925 0.940 0.965 0.975 0.975
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Tab.3 Time required for weld data set processing (s)

Number( X 4) 50 100 150 200 250
CCIPCAM (1X8) 245.708  480.952  736.058  995.656 1233.370
Angle-2DPCAM™ (120 X 8) 11. 856 25. 201 43,047 57.588 68.372
2DPCA™ (120X 8) 4.069 11. 859 23.257 39. 443 57.438
12DPCAM (120X 8) 4,397 8.679 12. 449 16. 893 20. 603
RC2DPCA™1 (8% 8) 5. 448 14. 601 27.471 45. 406 65. 259
BDPCAM(8X8) 6.391 18.901 37. 646 63.372 96. 110
GCCIPCAM* (8% 8) 8. 186 14. 991 21. 802 28. 860 38.772
IBlockPCA (64 X 8) 3.782 7.805 11.324 14.211 18. 134
% 1 JE AR PRI AIE 4 S I MR R K PUNR AT 3K 97. 5%, AH bb H At 553 HoAT B B 1 43 2%
) P . FEESR I P 84 40 B 0T 35 50 frame/s. fig
R RARRERARTEAED) G F AP 0 AR S 5
Tab.4 Memory required for weld data set processing (kB)
Number( X 4) 50 100 150 200 250 SEH:
CCIPCANT (1X8) 779242 779266 779270 779324 779113 [1] ZHANG Y.Ll F Z,LIANG Z C.,et. al. Correlation analysis
Angle-2DPCAM*1 (120X 8) 18326 33672 48996 64360 79761 of penetration based on keyhole and plasma plume in la-
2DPCAL?Y (120X 8) 18223 33719 49194 64569 79986 ser welding[ J]. Journal of Materials Processing Technol-
12DPCAM7 (120X 8) 4257 4340 4228 4343 4261 0gy,2018;256:112.
RC2DPCAL (8% 8) 4178 6612 9025 10449 12800 L2] WANG L,FU Q,AN J L,et al. Multi zone fatigue crack
BDPCA# (8 X 8) 36270 67274 98256 129040 159764 propagation behavior of 2A12-T4 aluminum alloy friction
GCCIPCA™ (8% 8) 4534 4520 4431 4621 4470 stir welding[ J]. Transactions of the China Welding Insti-
IBlockPCA(64X8) 3680 3637 3727 3792 3825 tution, 2021,42(2) :24-29.
FF RS S 2A12-T4 SR A S Pk EE R &
4 & DX 57 8 AT Jy ] K e 2 4, 2021, 42(2) ; 24-

29.
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