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Abstract: This paper presents a practical novel approach for
tilt measurement of ancient pagodas and the criterion quality
evaluation. Due to the characteristics (multi-eaves, dougong
and vague edges) of ancient pagodas, it is difficult to select
measurement points. The coordinates of the central point of
each floor of the ancient pagoda structure is estimated by
using the method of ellipse fitting. During the process of
fitting space axis of the pagoda, the method of total least
Besides the

inclination and twist of each floor is calculated in order to

square is applied to calculate the result.

assess the quality of the pagoda in a comprehensive way. This
method is more accurate and detailed than the current tilt
measurement method which determines the deformation and

ks H . 2016—-06—28
EEWE . HREREARRSHETEE

inclination of tower structures by the ratio of relative
displacement of the tower’s base and top and the height of the
tower.
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Fig.1 Zhenfeng Pagoda
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Tab.1 Part of the observed data of total station

T z/m y/m 2/m

jroZdngy 883. 450 988. 148 87.702
111 890. 039 987. 041 30,902
112 889. 899 986, 731 29. 675
113 888. 531 983. 822 29, 235
114 888. 669 984, 146 30,115
871 884. 580 983,772 66, 902
872 883. 634 983. 411 67, 394
873 883. 869 982. 751 65, 773
874 883. 686 083, 425 66, 539
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Fig.2 Distribution of measurement points

on Zhenfeng Pagoda
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Fig.3 Flowchart of pagoda deformation estimation
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based on multilayer central points’ fitting
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Fig.4 Distribution of distance between

observation points and fitting plane
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Tab.2 Center coordinates of each layer and standard deviation of fitting
o BHL A H 0 mIREHE R LA EREEA
b9 -E.—ﬂ/m piayrgics iz ke
= z/m v/m RZ/m z/m ¥/m HRiR22/m
1 29. 727 883, 551 988. 044 0.010 4 883. 551 988. 044 0.002 3
2 37. 363 883. 571 988. 036 0.002 5 883. 571 988. 036 0.000 5
3 43,789 883. 614 988. 063 0.006 4 883. 614 988. 063 0. 000 6
4 50,138 883, 591 988. 045 0.019 5 883. 591 988. 045 0.004 6
5 56, 069 883, 584 988. 045 0.016 0 883. 584 988. 045 0. 005 6
6 61. 567 883. 599 988. 041 0.043 4 883. 599 988. 041 0.013 0
7 66, 932 883.572 988. 070 0.055 4 883.572 988. 071 0.020 8
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points and spatial axis fitting
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Tab.3 Inclination and twist of each layer of pagoda
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FERA 1/210. F NA R 5 et — 20 W €.
YN Jm S LI 12 B — A A U AR AT . U AT B2 AR
FRIETE %0 f 1 2 B AP 7, VR I 5858 3 B
BURE XA X FE P LA IE, AT 2 B A5
(O fRE oA BeSh, i BE S R R AR R i
T LM HLIM AR FEAN R, 3975 8" UL H R o B
AHE SOV (E I R L AH B B AR HE , L RE 3910 o 35
AR, A7 8 A B ER35 & A BER AR LI iz 2
DL 55 R 8 A vy 5 L 54 3 K e a3 A AR
TR L 1T AR L AR TP .

4 Z5iE

T REBAR I v 5 AT, AR SCA A AU
B E— R T A W E, RS — WA
ARG RE I 5] o A I B S LU S P T AR AR
AT AR PR A, BETT 3 S R
Tts i & R A AL S5 AR T 240 P Ik
DR 7R 1 A DN S B8 B E T AR ST Bk B A R AH HE
PGt B AR R LA v O 0 T 4 FE 2R SR RAE oy
BEARBE I » 8 £ 2 AP 3l S T By B 2 A 2%

(6):218.
HUANG Qiang. Discussion on deformation monitoring of old
towers [J]. Geomatics & Spatial Information Technology, 2013
(6):218.
(3] xig, B/AME, Z5KF. HBEHMEHET]. BEEE
i, 2015, 6(3):120.
LIU Qi, HUI Xiaojian, LI Yongxin. Study on the deformation
of pagoda [J]. Journal of Heihe University, 2015, 6(3):120.
BT ETHEEAN BT REREL]. HENLSHEE
TH#, 2014, 42(8):1346.
ZHOU Qian.
mathematical model [J]. Computer and Digital Engineering,
2014, 42(8):1346.
TANG Yongjing, SHAO Zhendong, KUJAWSKI E. Zhenfeng
tower maintenance and its durability[C] // Proceedings of Third

[4]

Study on pagoda deformation based on

International Workshop on Civil Structural Health Monitoring.
Vancouver: The University of British Columbia, 2010:
421-428.

EHE REERSUEFEIM]L . FE2H MR
#,2010.

WANG Suihui, Error theory and surveying adjusting [ M].
Shanghai: Tongji University Press, 2010.

FEZG A Bk 5 ERIRE R EE SRR ]
EhilRL2£, 2005(3) : 29.

WANG Anyi, TAO Benzao. Theory and method of regression
analysis for error of independent variable [ J ]. Site
Investigation Science And Technology, 2005(3):29.

BYE, A, A . BT RN R 2 R
ALY ] BRIUR 2240 /5 BRME IR, 2008, 33(5) :504.

LU Tieding, TAO Benzao, ZHOU Shijian. Modeling and
algorithm of linear regression based on total least squares [J].

[8]

Geomatics and Information Science of Wuhan University,
2008, 33(5):504.

XUPL, LIUJ N, SHI C. Total least squares adjustment in
partial errors-in-variables model: algorithm and statistical
analysis [J]. Journal of Geodesy, 2012, 86(8):661.

RYAN A G, MONTGOMERY D C, PECK E A, et al.
Introduction to linear regression analysis, solutions manual to
accompany [ M]. 5th ed. Hoboken: Wiley, 2013.

[9]

[10]



