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Abstract: [Objective] In order to realize the three-dimensional reconstruction of targeted defects and
provide technical support for the application of CT technology in wood materials, the defect types, spatial
distribution and morphological characteristics of Pinus massoniana log were interpreted based on
computerized tomography (CT) images. [Method] Reasonable parameters were set to quickly complete the
scanning of P. massoniana logs. For CT image of the defects in P. massoniana log, the curvature anisotropic
diffusion filtering was used to reduce noise. The threshold segmentation was applied to realize the

segmentation of crack and insect hole by selecting reasonable thresholds, and the parametric deformation
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modeling algorithm was used to realize the segmentation of knots. Using Mimics software, the three-
dimensional model of crack and insect hole was established by 3D area growth method. Based on MITK
Workbench software, the 3D model of knots was established using the moving cube algorithm in 3D
visualization surface rendering of VTK. [Result] The threshold segmentation method and parameter
deformation modeling method can quickly and accurately identify the internal defects of logs and extract the
defect feature information, which had high identification efficiency and accuracy. The relative error was
small, fluctuating within the range of 3.63%—10.36%. The three-dimensional reconstruction of internal
cracks, insect holes and knot was realized by three-dimensional region growth method and the moving cube
algorithm, which can quickly obtain the spatial distribution, structural characteristics and quantify the feature
information of defects. [Conclusion] An image segmentation and three-dimensional visualization method
suitable for different defects is proposed, the spatial distribution location and characteristic parameters of the

defects in P. massoniana logs are obtained, and the accuracy of defect detection is high. The research results

can provide technical support for wood protection and utilization improvement.

Key words: defect; tomography; knot; image segmentation; three dimensional; visualization; algorithms
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Fig. 1 CT images of defects in Pinus massoniana before and after pretreating
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Fig. 2 CT images of defects in Pinus massoniana and grayscale histograms in different regions
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Fig. 3 CT images of knots in Pinus massoniana after segmentation by parametric deformation modeling algorithm
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Fig. 6 CT image segmentation and extraction of a knot in Pinus massoniana
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Fig. 7 Three-dimensional reconstruction view of knots in Pinus massoniana
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Tab.2 Volumetric parameter values of cracks in P. massoniana log

Jrs REUAR JEAARIR UG JEARERE 73 L
No. Volume of crack/cm’ Volume of log/cm® Percentage of cracks in volume of log/%
1-1 1.78 6143.05 0.03

1-2 2.98 6 143.05 0.05

1-3 1.65 6143.05 0.03

1-4 2.07 6 143.05 0.03

1-5 1.18 6 143.05 0.02

2-1 2.81 9783.06 0.03

2-2 6.49 9783.06 0.06

2-3 2.02 9783.06 0.02

2-4 1.28 9783.06 0.01

®3 GERE

Tab.3 Volumetric parameter val

A RIRGRSHIE

ues of insect holes in P. massoniana log

Fr5 IR A JEARAAAR IR SR AAR 4y Ll
No. Volume of insect hole/cm’ Volume of log/cm® Percentage of insect holes in volume of log/%
1-1 1.98 6 143.05 0.03
1-2 1.17 6 143.05 0.02
1-3 1.07 6 143.05 0.02
1-4 431 6 143.05 0.07
1-5 1.37 6 143.05 0.02
1-6 1.96 6 143.05 0.03
1-7 0.78 6 143.05 0.01
1-8 1.57 6 143.05 0.03
2-1 1.02 9 783.06 0.01
2-2 2.33 9783.06 0.02
2-3 1.76 9 783.06 0.02
2-4 1.66 9783.06 0.02
2-5 0.80 9 783.06 0.01
2-6 2.71 9783.06 0.03
2-8 0.80 9783.06 0.01

x4 DEBEARTHFEHERSHE
Tab.4 Volumetric parameter values of knots in P. massoniana log
FF5 FrHE TR JEAARIR T REAGBE

No. Knot number Knot volume/cm® Log volume/cm® Percentage of knots in volume of log/%
1 7 310.00 8 055.75 3.84
2 6 212.10 5857.49 3.62
3 9 266.44 9201.68 2.89
4 4 361.64 1 0173.00 3.55
5 5 148.70 6304.89 235

B 4~9, HALFFANES, &7 Fa A ok 5
B EER . AT THEMD, S5 R
B, RME s pe A2 2200, A 15 0aa st
CTHZ A 25, AF X CT HE B 175
LA X S8R P AR BE BREL, 3o SR A1 1 ] REAFAE A X
SREAT T, BETT R AT = e, =4

BT BRI AT AT AL, FEE AL AR
223 CT M L 52l sk /g d A7 g Yhdk

W B S0 T AR Y R 788 ~ 1 029 mm?, {E R
T A5 ELE N, ALY 2.54% ~ 3.44%; S 401K SN TH
VG 292 ~ 857 mm?, (5 BB THI 1) 2.42% ~ 5.02%;
o BR ) S T FR VS BB 639 ~ 1 805 mm?, i R AR I 1)
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6.26% ~ 7.55%, i LK, 5o WG HER Al . - 6REG
T AR BN YE R, T B 11 ZEG0R HUR SRBFA 1 T% R
B A A E T, AL A . D& AN (R
KRB BT R4, RIRG AR TR, JExFEE CT I
SE TH AU S THI AR, SR A3 CT W 52 ThI AR 55 52 0 T AR
AIAEX R 22 o FHXT IR ZELEXTETE 3.63% ~ 10.36%

Bl 9 3 2, i B CT 00 T AR 5 S0 T AR P A X i
ZERL/N, CT WE TARIE FH 5 AR BRIG 23 H7

12 H Origin #AF %2 5 v i b 11 S T AR ()
A CT W 5 T AR QOREAT [ E 43 4, BdE 0615 3
y=1.069 1x—46.465 7(R*> = 0.963 7), 1 U 1) & ¢ FiF
BIF(E 8.

R5 TF. REAMHERE CT WESLMEFR LB

Tab. 5 Comparison of the measured area of knots, cracks and insect holes with the area tested by CT

et RS 5 R A AR T T AR SR CTIE AR AR IR ZE
Type Specimen No. Cross-sectional radius/mm  Cross-sectional area/mm* Measured area/mm”  Area tested by CT/mm’  Relative error/%
4-1 85.37 22 884.17 788(3.44%) 857.51(3.75%) 8.82
;fnft 4-2 108.71 37 109.63 1029(2.77%) 1 113.42(3.00%) 8.20
4-3 108.71 37 109.63 941(2.54%) 975.13(2.63%) 3.63
5-1 71.30 15 962.79 802(5.02%) 763.12(4.54%) —4.85
2y 5-2 83.50 21 892.87 857(3.91%) 790.62(3.61%) -7.75
Carck 53 62.00 12070.16 292(2.42%) 274.51(2.27%) ~5.99
5-4 61.75 11973.02 30002.51%) 271.14(2.26%) -9.62
E 6-1 87.25 23 903.45 1 805(7.55%) 1 617.98(6.77%) -10.36
Insect hole 62 57.00 10201.86 639(6.26%) 698.71(6.08%) 934

V= 155 PO BB A S B T AR ZE AR TR TR AR R ¥ 5 L o Note: values inside the parentheses are the proportion of defect area to the cross-sectional area.
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Fig. 8 Comparison of measured area and CT tested area of

defects in P. massoniana

3 % 7w

YT R A SR B AS I B AR 4R R T
SE AT, TMEZ B =4k B oR o ASHE U8 ST R
AR CT B, KA T ARG IAL B, I FE gy
2, BRE T T A A A [ R ) = AR
B, FRARILL N4,

(i FBE - Evk S50 AR R L PO v i
TR R A A R, PR R P RIS S, AT 1R
ZEREN, 1E 3.63% ~ 10.36% Yo [ W 5h, BA K&
(TR BE

(D FETRE . TH 228 (B 3l 3 7 PR B3 S Bl
JRAR WG, RIRFIAT T = Ed, mE T H
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