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Deformation monitoring of large ancient architectural
buildings based on multi-temporal point cloud:

A case study of Suzhou Tiger Hill Pagoda

Lu Jianhua Lyu Zhicai
( Suzhou Surveying Institute Company Suzhou 215000 China)

Abstract: The Terrestrial Laser Scanning ( TLS) System can obtain massive 3D point cloud data from
monitored objects rapidly and comprehensively. It can be applied in field of deformation monitoring for
large ancient buildings. In this paper the method of point cloud data acquisition registration and
precision analysis for the Tiger Hill Pagoda is presented and the multitemporal point cloud data are used
to find the tower body changes. The feasibility of applying 3D laser scanning technology in deformation
monitoring of ancient architecture is studied.
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Fig.3 Vertical direction erection method

4

Fig. 4 Horizontal direction erection method
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Fig. 5 Operation site and the layout plan of the target ball
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Fig. 6 Integral point cloud of Tiger Hill Pagoda
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Table 2 Monitoring data of target ball
X (m) Y (m) Z (m) X (m) Y (m) Z (m) X (m) Y (m) Z (m)
1 46344.8133 | 46038. 7278 32.5511 46344. 8134 | 46038. 7283 32.5503 46344. 81245 | 46038. 7294 32.5506
2 46342. 8271 46044. 5470 39. 8231 46342. 8273 46044. 5477 39. 8225 46342. 82636 | 46044. 5479 39. 8232
3 46337.8772 | 46046. 6544 39.4573 46337. 8773 46046. 6551 39. 4572 46337. 87659 | 46046. 6557 39. 4579
4 46332. 2521 46044. 9379 46. 2451 46332.2518 | 46044.9382 46. 2443 46332.25089 | 46044. 9370 46. 2446
5 46329. 4081 46040. 0046 45. 8687 46329.4080 | 46040. 0049 45. 8679 46329. 40714 | 46040. 0046 45. 8682
6 46330.9614 | 46034. 4555 52. 3665 46330. 9611 46034. 4565 52.3662 46330. 96001 | 46034. 4564 52.3672
7 46336.2744 | 46031.5243 52. 1525 46336. 2741 46031. 5246 52. 1520 46336.27344 | 46031. 5234 52.1523
8 46342.2815 | 46033.2132 58.2515 46342.2804 | 46033. 2135 58.2513 46342.27924 | 46033. 2134 58. 2520
9 46342. 1155 | 46043. 1460 63. 7351 46342. 1149 | 46043. 1467 63. 7350 46342. 11397 | 46043. 1465 63. 7357
10 46338. 1732 | 46046. 1616 63. 2441 46338. 1728 | 46046. 1623 63. 2430 46338. 17144 | 46046. 1616 63. 2433
11 46331. 7547 | 46045. 1777 69. 2361 46331. 7541 46045. 1779 69. 2354 46331.75316 | 46045. 1774 69. 2357
12 46330. 0028 | 46039.9589 69. 1519 46330. 0024 | 46039. 9592 69. 1516 46330. 00182 | 46039. 9584 69. 1521
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Table 3 Analysis of monitoring data of target ball
AX (m) AY (m) AZ (m) (m) AX (m) AY (m) AZ (m) ('m)
1 -0. 0001 —-0. 0005 0. 0008 0. 0009 -0.0011 —-0. 0003 0. 0006 0.0013
2 -0. 0002 -0. 0007 0. 0006 0. 0009 -0. 0002 —-0. 0007 0. 0006 0. 0009
3 -0. 0001 -0. 0007 0. 0001 0. 0007 ~0. 0006 -0. 0007 0. 0003 0.0010
4 0. 0003 —-0.0003 0. 0008 0. 0009 0.0012 —-0. 0003 0. 0001 0.0012
5 0. 0001 -0.0003 0. 0008 0. 0009 0. 0003 —-0. 0003 0. 0008 0. 0009
6 0. 0003 -0.001 0. 0003 0.0011 0. 0001 -0.001 0. 0003 0.0010
7 0. 0003 -0. 0003 0. 0005 0. 0007 0.0012 -0.0003 0. 0003 0.0013
8 0.0011 ~0.0003 0. 0002 0.0012 0. 0001 ~0. 0007 0. 0009 0.0011
9 0. 0006 -0. 0007 0. 0001 0. 0009 0. 0002 —-0. 0007 0. 0001 0. 0007
10 0. 0004 -0. 0007 0.0011 0.0014 0. 0007 -0.0003 0.0011 0.0013
11 0. 0006 -0. 0002 0. 0007 0. 0009 0. 0005 —-0. 0003 0. 0006 0. 0008
12 0. 0004 —-0.0003 0. 0003 0. 0006 0. 0008 —0. 0005 0. 0001 0. 0009
4
Table 4 Precision analysis of the target ball monitoring data
Mi2, Mi12, M2, M12,,. M13, M13, M13, MI13,,
0. 0005 0. 0006 0. 0006 0. 0009 0. 0007 0. 0006 0. 0006 0.0011
—0.0840m ~ 0. 0002m
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Fig. 10 Analysis result of two period data deviation
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Fig. 9 Deformation calibration of the Pagoda
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Table S Distribution of deviation
=Min (m) < Max (m) () (%)
-0.2000 -0.1683 1 0. 0001 3
-0.1683 -0. 1366 34 0. 0042
-0. 1366 -0.1050 68 0. 0084
-0.1050 -0.0733 10 0.0012
-0.0733 -0.0417 12 0. 0015
-0.0417 -0.0100 24 0. 0030
-0.0100 0.0100 804945 99. 8322 4
0.0100 0.0417 205 0. 0254
0.0417 0.0733 184 0.0228
0.0733 0. 1050 208 0. 0258
0. 1050 0. 1366 208 0. 0258
0. 1366 0. 1683 221 0. 0274
0. 1683 0. 2000 177 0. 0220 5
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