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Abstract This paper introduced the texture feature analysis method in digital image processing technology into laser
biological tissue welding, and the microstructural changes of laser-welded skin in wvitro were deeply analyzed. The
second-order statistical features calculated using gray co-occurrence matrix were used as primary quantitative indexes
to characterize the microstructural characteristics of isolated skin. The effects of laser parameters and their
interaction on the microstructural and texture characteristics of laser-welded skin in wvitro were obtained using a
response surface method. The results show that the laser scanning speed is the key factor that affects the
microstructure of isolated skin subsequent to welding, and the angular second moment, correlation, entropy, and
contrast have significant effects on the texture feature parameters. Furthermore, the laser power and the interaction
between laser power and welding speed have significant effects on the angular second moment, correlation, and
entropy.
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Fig. 1 Experiment setup
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Fig. 2 Skin in wvitro. (a) Physical image of slices;

(b) microstructure image of skin in vitro
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Fig. 3 Microstructure of skin in vitro after pretreatment
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Table 1 Calculated characteristic parameters

Laser power Laser frequency Welding speed Angular second  Correlation Entropy Contrast

No. X,/W X,/kHz X,;/(mmes ') moment Y, Y, Y, Y,
1 4.0 100 100 0.0132 0.0205 4.6941 12.5292
2 4.0 150 75 0.0145 0.0214 4.7370 12.2035
3 4.0 50 75 0.0138 0.0191 4.6509 11.6426
4 3.5 150 100 0.0117 0.0168 4.7863 13.4901
S 3.5 50 50 0.0153 0.0397 4.5524 9.2022
6 3.5 150 50 0.0130 0.0172 4.6964 12.6931
7 3.5 100 75 0.0129 0.0220 4.6827 11.6959
8 3.0 150 75 0.0136 0.0192 4.6691 12.0081
9 4.0 100 50 0.0106 0.0251 4.8192 12.7936
10 3.0 100 50 0.0135 0.0263 4.6602 11.2498
11 3.0 50 75 0.0138 0.0067 4.6251 12.4256
12 3.0 100 100 0.0109 0.0091 4.8263 14.9475
13 3.5 50 100 0.0105 0.0168 4.8596 14.6476
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Table 2 Results of response surface analysis 2 0.01305
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S
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moment Y, Y, Y, % 0.010
Y, Zo009-
Laser power X, 0.9060 0.0489 0.6189 0.1740 50 55 60 65 70 75 80 85 90 95100
Laser frequency X» 0.8136 0.5759  0.9960 0.8671 Welding speed X, /(mm-s™)
Xi X, 0.6194 0.5386 0.1882 0.3704 Fig. 4 Relation of welding speed and angular
X1 X; 0.0199 0.3834 0.0311 0.0959
second moment
X. X5 0.0831 0.1346 0.0848 0.0564
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Fig. 5 Microstructures at different angular second moments. (a) High angular second moment;

(b) low angular second moment
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Fig. 8 Relation of welding speed and correlation
BE A WO OCIE R S48 % 3l L G BE -5 H MR 6l 3 /Y
DX 3 22 [ B9 AH B 52 e 4 T RBOR 835 DR g 76 A0 56
PERZ R b O IR A SR P O B, 5 X
L F) J2 » 2 YR SO R O D AR R B O S TR
FLe Ty EAFAE — B, HAEH T 07,457,907,
135 AR HFAE TS ) b i R A A5 e 3 AH SC M O A
TEHE— 5 ] EA AR A . X2 AR
8 LB 2 ZH 2 00 B0 3 03 A AR A5 A T 1) L T BE R
DGR B T, 2N TR BELS Rl A WSS T SCEA R
WU %) 53 A A A5 S0 BRAREAE T B A DG PEAS T3S K, Y
AHIC R BARET, an & 9 Ca) B 40 8% S0 3 42 30 )i
IR, SOBTE A Ty 1) bR 43 A1 5 107 25 AH DG 55 e
I, a9 (h) FzR  ZH LR & IR SCAE 4 5 1wl
R AR AR

() s fig

B9 AHOCHEAR TR Y A 21, o) M G MEBRARAY 2 B 4 205 (o) AR DG PR A i Y S8 R 2H 1

Fig. 9 Microstructures with different correlations. (a) Microstructure with low correlation; (b) microstructure with high correlation
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Fig. 11 Microstructures with different entropies. (a) Microstructure with high entropy;

(b) microstructure with low entropy
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Fig. 14 Microstructures with different contrasts. (a) Microstructure with low contrast;

(b) microstructure with high contrast
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