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Contour Extraction and Evaluation of Linear CT Tomography Images of Aero-Engine
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[ABSTRACT] Industrial CT linear array scanning is an important method for acquiring the internal characteristic
structures of aero-engine turbine blades, and extracting the contours of reconstructed tomographic grayscale images is a key
step for measuring dimensions such as blade wall thickness. Since the commonly used pixel-level unsupervised evaluation
methods suffer from blurred extracted edges and low dimensional measurement accuracy, this paper proposes a subpixel-
level contour extraction algorithm based on intelligent parameter optimization for CAD model matching. Firstly, the local
binary fitting (LBF) geometric active contour model is employed to extract edges; Secondly, the corresponding cross-
sectional point cloud is acquired from the CAD model; Thirdly, the coordinates of the two are unified using the oriented
bounding box (OBB) algorithm; And finally, the evaluation function is constructed based on the Hausdorff distance.
Ultimately, four parameters in the LBF model are optimized via the dung beetle optimizer (DBO), thereby achieving
optimal contour extraction. The results of CT tomography images of turbine blades show that the relative error is less than
1.6%, compared with traditional edge detection algorithms such as Canny, Ostu, and Zernike, the method proposed in this

paper can significantly improve the measurement accuracy.
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Fig.1 CT tomographic images and contour extraction
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Fig.3 Influence of different parameters on contour extraction
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Table 1 Information of OBB and Hausdorff distance
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Table 2 Profile measurement results of model blades under different algorithms

o | SEBRE/ &k /mm

B LBF | Canny | Ostu | Zemik | LBF
1 0.6 | 05994 | 06363 | 0.6290 & 04899 | 0.0006
2 1.0 | 1.0160 | 1.0770 | 1.0570 | 0.9129 | 0.0160
3 1.5 | 14881 | 1.5737 | 1.5128 | 13640 | 0.0119
4 20 | 19815 | 2.0655 | 2.0765 | 1.9863 | 0.0185
5 20 | 19752 | 2.0450 | 2.0334 | 19378 | 0.0248
6 1.5 14927 | 1.5021 | 1.6234 | 1.9228 | 0.0073
7 1.5 14775 | 14822 | 1.5548 | 14808 | 0.0225
8 1.0 | 1.0098 | 1.0479 | 1.0123 | 1.0414 | 0.0098
9 1.5 | 14937 | 15529 | 1.5548 | 1.4145 | 0.0063
10 20 | 19706 | 2.0625 | 2.0412 | 19229 | 0.0294
11 20 | 20307 | 2.0348 | 19968 | 1.9088 | 0.0307
12 20 | 19893 | 2.0587 | 1.9472 | 19766 | 0.0107
13 1.5 14948 | 1.5209 | 14913 | 13373 | 0.0052
14 1.0 | 1.0141 | 11011 | 1.0478 | 0.8077 | 0.0141
15 0.6 | 05956 | 0.6544 | 0.6312 | 04563 | 0.0044
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0.0021 0.1234
0.0178 | 0.0548
0.0479 | 0.0123
0.0529 | 0.0548
0.0625 | 0.0412
0.0348 | 0.0032
0.0587 | 0.0528
0.0209 | 0.0087
0.1011 0.0478
0.0544 | 0.0312

Zernik
0.1101
0.0871
0.1360
0.0137
0.0622
0.4228
0.0192
0.0414
0.0855
0.0771
0.0912
0.0234
0.1627

0.1923

0.1437
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0.1000
1.6000
0.7933
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1.4700
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0.5350
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1.4100
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6.0500 | 4.8333 | 18.3500
7.7000 | 5.7000 | 8.7100
49133 | 0.8533 | 9.0667
3.2750 | 3.8250 | 0.6850
22500 | 1.6700 | 3.1100
0.1400 | 8.2267 | 28.1867
1.1867 | 3.6533 1.2800
47900 | 1.2300 | 4.1400
3.5267 | 3.6533 | 5.7000
3.1250 | 2.0600 | 3.8550
1.7400 | 0.1600 | 4.5600
2.9350 | 2.6400 1.1700
1.3933 | 0.5800 | 10.8467
10.1100 | 4.7800 | 19.2300
9.0667 | 5.2000 | 23.9500
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Fig.8 Image of experimental samples
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Table 3 Parameter values and evaluation results of test images

obtained by algorithm

0.0004 x 255 x 255 0.31 0.40 0.85 0.0482
0.0016 x 255 x 255 0.74 0.21 0.90 0.0666
0.0010 x 255 x 255 0.39 0.43 0.90 0.0343
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Fig.9 Contour extraction results of three samples under different algorithms
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Fig.10 Local contour plots of film cooling holes for different algorithms
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Table 4 Average profile measurement results of Sample 2 under different algorithms

SRR/ 3l /mm Yi R /mm HIRHR /%
mm

(A
LBF Canny Ostu Zernik LBF Canny Ostu Zernik LBF Canny Ostu Zernik

1 0.6891 0.7095 | 0.7128 | 0.7131 0.5839 | 0.0204 | 0.0237 | 0.0240 | 0.1052 = 2.9604 | 3.4926 | 3.4828 | 15.2663
2 0.8987 | 09012 | 09102 | 0.8964 | 0.6868 | 0.0025 | 0.0115 | 0.0023 | 0.2119 | 0.2782 1.2796 | 0.2559 | 23.5785
3 0.9397 | 09458 | 0.9298 | 0.9472 | 0.6762 | 0.0061 | 0.0099 | 0.0075 | 0.2635 | 0.6491 1.0535 | 0.7981 | 28.0409
4 1.1699 1.1741 1.1434 1.1731 0.9058 | 0.0042 | 0.0265 | 0.0032 | 0.2641 0.3590 | 2.2651 0.2735 | 22.5746
5 0.8024 | 0.8046 | 0.7576 | 0.7979 | 0.5125 | 0.0022 | 0.0089 | 0.0448 | 0.2899 | 0.2741 5.5832 | 0.5608 | 36.1291

6 0.9519 | 0.9467 | 0.9949 | 0.9437 | 0.7573 | 0.0052 | 0.0430 | 0.0082 | 0.1946 | 0.5463 | 4.5173 | 0.8614 | 20.4433
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