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Extracting Arch Rib Shape of Steel Arch Bridges Using
Improved DBSCAN Algorithm Integrated with RANSAC

PAN Guo-bing, ZHAO Xue-yan*, WU Wei, JIN Xiao-dong, YU Hong-bing
(Smart Cities Institute, Chongqing Jiaotong University, Chongging 400074, China)

[ Abstract] The alignment monitoring of steel arch bridges constitutes an essential component of bridge health monitoring systems.
Three-dimensional laser scanning technology was utilized, and the traditional density-based spatial clustering of applications with
noise ( DBSCAN) algorithm was improved by integrating the random sample consensus( RANSAC) algorithm to extract the alignment
of steel arch bridge ribs. Three-dimensional laser point cloud data, characterized by its comprehensiveness and detailed representa-
tion, is capable of fully presenting the structural shape and deformation information of the bridge. The RANSAC-integrated improved
DBSCAN algorithm, constrained by the structural features of the steel arch bridge, effectively achieves the removal of discrete points
as well as point clouds from the bridge deck, cross bracing, lateral connections, and web members. Point clouds extracted using the
RANSAC-integrated improved DBSCAN algorithm are fitted to identify key points, and a comparison is made with results obtained
manually. The extraction errors for the key points of the arch ribs are all within the millimeter range, with the maximum error being
9.2 mm and the minimum error being 0. I mm. This extraction method is demonstrated to more accurately and effectively accomplish
the alignment extraction of steel arch bridges, achieving millimeter-level precision in alignment extraction. It significantly reduces la-
bor and time costs, provides better robustness for the complex structures of steel arch bridges, and adapts well to practical production
demands.

[ Keywords] 3D laser; line shape monitoring; RANSAC algorithm; improved DBSCAN algorithm
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Fig. 1  Comparison of clustering effects between the improved

DBSCAN algorithm integrated with RANSAC and the original

DBSCAN algorithm
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Fig.2 Raw point cloud data of the steel arch bridge
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Fig. 4  Preprocessed point cloud data of key parts of the arch rib
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Table 1 Comparison of key points in the point cloud at the bottom of the arch rib

TUFR OB F AT RARS PR P AT RS R RO R KA TR R e BB T XA R AR

WS /m )\I% %:/2:%‘% FZ{E/mm }\I%[: %&% Z{H/mm )\I% %{t}% 2/ mm }\Iﬁ %:d:% ZE{H/mm
BYE/m  HYE/m BYE/m  HUYE/m BYE/m  HYE/m BfH/m  BA/m
KO +49.000 209.008 9 209.005 8 3.1 208.995 8 209.0019 -6.1 209.0067 209.0136 -6.9 208.9870 208.9875 -0.5
KO +57.000 213.271 3 213.276 8 -5.5 213.264 1 213.2715 -7.4 213.2692 213.2776 -8.4 213.2543 213.2607 -6.4
KO +65.000 217.009 3 217.004 7 4.6 217.007 2 217.0073 -0.1 217.006 4 217.0093 -2.9 217.0026 217.0037 -1.1
KO +73.000 220.2717 220.2754 -3.7 220.270 0 220.269 8 0.2 220.270 8 220.2721 -1.3  220.269 1 220.2776 -8.5
KO +81.000 223.071 1 223.0723 -1.2 223.065 4 223.0723 -6.9 223.058 5 223.061 0 -2.5 223.0479 223.0495 -1.6
KO +89.000 225.420 0 225.4203 -0.3 225.414 3 225.4220 -7.7 225.404 3 225.4094 -5.1 225.3933 225.3948 -1.5
KO +97.000 227.3059 227.308 8 -2.8 227.300 8 227.3058 -5.0 227.304 1 227.3110 -6.9 227.2928 227.2954 -2.6
KO +105.000 228.790 1 228.7939 -3.8 228.784 3 228.7869 -2.6 228.7849 228.7876 —-2.7 228.7697 228.7716 -1.9
KO +113.000 229.826 2 229.832 1 -5.9 229.8108 229.8182 -7.4 229.8210 229.8225 -1.5 229.8156 229.8182 -2.6
KO +121.000 230.478 7 230.476 1 2.6 230.468 6 230.473 7 -5.1 230.4513 230.4539 -2.6 230.4653 230.4664 -1.1
KO +129.000 230.683 9 230.688 5 -4.6 230.676 1 230.676 8 —-0.7  230.662 1 230.6624 -0.3  230.6720 230.6736 -1.6
KO +137.000 230.467 3 230.466 2 1.1 230.4659 230.466 8 -0.9  230.447 3 230.4515 —-4.2 230.4470 230.4540 -7.0
KO +145.000 229.812 5 229.8208 -8.3 229.8135 229.816 5 -3.0 229.8109 229.8110 -0.1 229.8132 229.8144 -1.2
KO +153.000 228.782 5 228.7784 4.1 228.779 5 228.7884 -8.9 228.7882 228.7905 -2.3  228.7775 228.7707 6.8
KO +161.000 227.306 7 227.299 8 .9 227.306 1 227.3144 -8.3 227.3161 227.3175 -1.4 227.3139 227.3171 -3.2
KO +169.000 225.416 0 225.416 8 -0.8 225.409 0 225.408 3 0.7 225.4242 225.4251 -0.9 225.423 1 225.4204 2.7
KO +177.000 223.065 2 223.059 9 5.3 223.064 4 223.0675 -3.1 223.0717 223.0755 -3.8 223.0709 223.068 9 2.0
KO +185.000 220.275 4 220.267 7 7.7 220.267 4 220.260 9 6.5 220.2756 220.2824 -6.8 220.2814 220.2827 -1.3
KO +193.000 217.011 1 217.0116 -0.5 217.003 1 217.001 6 1.5 217.004 7 217.0073 -2.6 217.0175 217.015 8 1.7
KO +201.000 213.261 4 213.2704 -9.0 213.259 7 213.259 1 0.6 213.2530 213.251 1 1.9  213.266 0 213.258 9 7.1
KO +209.000 208.991 3 208.989 0 2.3 208.990 8 208.9953 -4.5  208.981 7 208.981 0 0.8  208.991 4 208.989 6 1.8
KO +217.000 204.200 6 204.197 5 3.1 204.197 2 204.192 5 4.7 204.1928 204.183 6 9.2 204.202 8 204.2053 -2.5
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Table 2 Comparison of key points in the point cloud on both sides of the downstream arch rib

R e N AR - Ol Vi e w1 a2 s w5 3 e - s w3 B B

RS/ /m J\T% %WH% {5/ )\ﬁ% ﬁ&‘% () mm }\Tt% ’ﬁ%% {6/ )\Tﬁ %Wi% (i
BE/m  BUE/m Bff/m  HBUA/m Bffi/m  BUE/m Bffi/m  BUH/m
KO +24.000 -8.3652 -8.3635 -1.7 -7.3783 -7.3799 1.6 -6.4659 -6.4634 -2.5 -5.5104 -5.5116 1.2
KO +34.000 -8.3735 -8.3700 -3.5 -7.3882 -7.3900 1.8 -6.4597 -6.4583 -1.4 -5.4983 -5.5013 3.0
KO +44.000 -8.3482 -8.3470 -1.3 -7.3934 -7.3957 2.3 -6.4587 -6.4558 -2.9 -5.5081 -5.5103 2.2
KO +54.000 -8.3163 -8.3193 3.0 -7.4045 -7.4066 2.1 -6.4636 -6.4613 -2.3 -5.5194 -5.5217 2.3
KO +64.000 -8.3236 -8.3262 2.6 -7.4143 -7.4159 1.6 -6.4691 -6.4680 -1.1 -5.5299 -5.5315 1.6
KO +74.000 -8.3354 -8.3362 0.7 -7.4339 -7.4398 5.9 -6.4690 -6.4700 1.0 -5.5411 -5.5370 -4.1
KO +84.000 —8.3285 -8.3303 1.8 -7.4459 -7.4424 -3.5 -6.4692 -6.4705 1.3  -5.5534 -5.5496 -3.8
KO +94.000 -8.3191 -8.3223 3.2 -7.4460 -7.4458 -0.2 -6.4697 -6.4715 1.8 -5.5650 -5.5637 -1.3
KO +104.000 -8.3113 -8.3162 4.9 -7.4409 -7.4420 1.1 -6.4690 -6.4712 2.2 -5.5759 -5.5745 -1.4
KO +114.000 -8.3032 -8.3064 3.2 -7.4361 -7.4368 0.7 -6.4643 —-6.4666 2.3  -5.5667 -5.5656 ~—1.1
KO +124.000 -8.3133 -8.3156 2.3 -7.4177 -7.4164 -1.3 ~6.4484 -6.4512 2.8 -5.5547 -5.5500 -4.7
KO +129.000 -8.3191 -8.3222 3.1 -7.4085 -7.4055 -3.0 -6.4473 -6.4503 3.0 -5.5484 -5.5441 -4.4
KO +134.000 -8.3256 -8.3278 2.2 -7.4113 -7.4055 -5.8 -6.4533 -6.4565 3.2 -5.5432 -5.5380 -5.2
KO +144.000 -8.3130 -8.3151 2.1 -7.4488 -7.4426 -6.2 -6.4641 -6.4661 2.0 -5.5400 -5.5399 -0.1
KO +154.000 -8.3040 -8.3072 3.2 -7.4462 -7.4446 -1.6 —6.4754 -6.4790 3.6 -5.5461 -5.5414 -4.7
KO +164.000 —-8.3222 -8.3238 1.6 -7.4377 -7.4438 6.1 -6.486 6 —-6.488 1 1.5 -5.5518 -5.5466 -5.2
KO +174.000 —-8.3384 -8.3396 1.2 -7.4481 -7.4515 3.4 -6.4952 -6.4976 2.4 -5.5586 -5.5597 1.1
KO +184.000 —8.3441 -8.3454 1.3  -7.4553 -7.4572 1.9 -6.5008 -6.4996 -1.2 -5.5631 -5.5699 6.7
KO +194.000 -8.3517 -8.3538 2.1 -7.4550 -7.4557 0.7 -6.5039 -6.5023 -1.6 -5.5683 -5.5720 3.7
KO +204.000 -8.3614 -8.3606 -0.8 -7.4553 -7.4564 1.1 -6.4980 -6.4972 -0.8 -5.5738 -5.5717 -2.1
KO +214.000 -8.3715 -8.3705 -1.0 -7.4554 -7.4572 1.8 -6.4916 -6.4898 -1.8 -5.5663 -5.5673 1.0
KO +224.000 -8.3573 -8.3612 3.9 -7.4569 -7.4583 1.4 -6.4856 —-6.4837 -1.9 -5.5419 -5.5448 2.9
KO +234.000 -8.3355 -8.3396 4.1 -7.4845 -7.4895 5.0 -6.4745 -6.4719 -2.6 -5.5188 -5.5210 2.2
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R3 LSRN SR KA

Table 3 Comparison of key points in the point cloud on both sides of the upstream arch rib

B N 1319 7 ol 1) = w122 w2 w122 o w8 w1522 w2l VB B

Bl OB B AT B

HAMES/m AT AR NI /R = A7

AT Bk AT kiR

Wli/m R E T i, Rm ™ e R m ™ e Gfm
KO +24.000 5.5309 5.5258 5.1 6.5057 6.5030 2.7 7.3842 7.3867 -2.5 8.376 0 8.3738 2.2
KO +34.000 5.5236 5.518 8 4.9 6.499 6 6.496 5 3.1 7.392 4 7.394 5 -2.1 8.390 7 8.388 4 2.3
KO +44.000 5.5169 5.516 0 0.9 6.494 5 6.491 8 2.7 7.399 1 7.401 9 -2.8 8.402 7 8.400 0 2.7
KO +54.000 5.5193 5.5224 -3.1 6.503 1 6.495 5 7.6 7.406 4  7.408 6 -2.2 8.402 5 8.401 4 1.1
KO +64.000 5.5247 5.5213 3.5 6.504 6 6.502 4 2.2 7.406 4 7.408 8 -2.4 8.402 9 8.401 7 1.2
KO +74.000 5.5315 5.5335 -=2.0 6.498 8 6.496 8 2.0 7.406 1 7.408 6 -2.5 8.405 7 8.401 9 3.8
KO +84.000 5.5353 5.536 8 -1.5 6.491 8 6.487 1 4.7 7.406 5 7.409 5 -3.0 8.412 7 8.411 6 1.1
KO +94.000 5.5351 5.5362 -1.1 6.4889 6.487 8 1.1 7.406 3 7.408 2 -1.9 8.419 2 8.417 1 2.1
KO +104.000 5.5349 5.5361 -1.2 6.482 4 6.474 4 8.0 7.407 3 7.409 2 -1.9 8.422 9 8.420 4 2.5
KO +114.000 5.5355 5.5376 -2.1 6.488 8 6.486 5 2.3 7.412 4 7.415 4 -3.0 8.422 6 8.420 7 1.9
KO +124.000 5.5355 5.5374 -1.9 6.5019 6.498 4 3.5 7.4220 7.4252 -3.2 8.421 2 8.418 4 2.8
KO +129.000 5.5354 5.5385 -3.1 6.5072 6.503 4 3.8 7.427 1 7.430 2 -3.1 8.421 5 8.420 1 1.4
KO +134.000 5.5354 5.5382 -2.8 6.5132 6.5100 3.2 7.4313 7.433 9 -2.6 8.4219 8.420 5 1.4
KO +144.000 5.5352 5.5364 -1.1 6.526 6 6.523 1 3.5 7.402 5 7.404 6 -2.1 8.421 4 8.419 3 2.1
KO +154.000 5.5261 5.5282 -=2.1 6.539 1 6.5370 2.1 7.372 9 7.376 5 -3.6 8.4212 8.417 3 3.9
KO +164.000 5.514 3 5.5156 -1.3 6.5529 6.5495 3.4 7.364 7 7.369 0 -4.3 8.428 5 8.4250 3.5
KO +174.000 5.503 8 5.506 0 -2.2 6.566 6 6.562 9 3.7 7.374 3 7.378 2 -3.9 8.4357 8.432 5 3.2
KO +184.000 5.493 4 5.4972 -3.8 6.579 9 6.576 9 3.0 7.381 1 7.3853 -4.2 8.443 8 8.441 1 2.7
KO +194.000 5.4879 5.4932 -5.3 6.5897 6.5857 4.0 7.372 3 7.376 6 -4.3 8.449 6 8.447 7 1.9
KO +204.000 5.480 1 5.4849 -4.8 6.591 5 6.589 0 2.5 7.363 4 7.368 2 —-4.8 8.456 6 8.453 8 2.8
KO +214.000 5.483 6 5.4877 -4.1 6.594 8 6.592 6 2.2 7.373 1 7.377 2 —-4.1 8.462 9 8.460 4 2.5
KO +224.000 5.496 1 5.4995 -3.4 6.597 0 6.5952 1.8 7.407 0 7.411 1 -4.1 8.468 7 8.4650 3.7
KO +234.000 5.508 3 5.5118 -3.5 6.5997 6.598 1 1.6 7.441 7 7.444 5 -2.8 8.474 5 8.472 0 2.5
2.3 SISO 5 N TR Rt A7 55 b, BE R R M W] i = %
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Fig. 10  Distribution of differences in key
points of the arch rib
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