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Detection Method for Post-disaster Glass Curtain Wall Deformation
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Abstract: Aiming at the difficulty in accurate deformation detection for glass curtain wall in high-rise
buildings, a new detection method based on binocular stereo vision is proposed to identify its deforma-
tion induced by long-term disrepair, sudden natural disasters and perennial high wind pressure loads.
The cameras on the left and right sides are first calibrated precisely according to the binocular imaging
principle to obtain the internal and external parameters of the cameras. Then the interference terms in
the images are eliminated through pre-processing and morphological processing, and the image fea-
tures are extracted based on the identification points through the Hough circle transform. Finally, the
three-dimensional coordinates of the identification points before and after the deformation of the glass

curtain wall are calculated by using singular value decomposition (SVD) and the Levenberg-Mar-
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quardt (LLM) optimization algorithm to determine the deformation of the glass curtain wall. The exper-

imental results show that the binocular stereo vision measurement method can accurately detect the de-

formation of glass curtain walls with a mean relative error of 2.276% , which can effectively meet the

practical needs of glass curtain wall deformation detection.

Keywords: glass curtain wall; binocular stereo vision; singular value decomposition; LM optimiza-

tion algorithm; deformation detection
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Fig.1 Binocular vision measurement model
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Fig.2 Block diagram for glass curtain wall deformation

detection

2 WERETHEENILR

2.1 TEHUERZE

795 R0 R R B AR ML A 2 R I X H S MR i S
IR iy = A 0 Y OGBS AL bR A B SK i AR
BLEY A2 80, AR SCR 5K IE A M HLRR 2 3k % 05
U5 — b L T B T ML B AR B AR BILAR E 7 %, e IR
TR GERR RE W v R b E R R, R —
AL AR b AR B T R A A B AR RE ik HOR JE
W BRAEE RS Rz N T A LR E
AABLR & B, Al 7T 2 R 0 DR
R 2R BB ARE, 1 BARHLA SR E 45 R LR 1, 5
ShrEs R WE2, K2R & T mmH
LiNhAS

x1 ISBHREER

Table 1

Calibration results of external parameters

0.964 796 639 0

0.018 936 578 2 —0.262 3144131

R —0.017 014 628 5 0.999 809 186 2 0.009 596 531 1
0.262 446 085 4 —0.004 795518 7 0.964 934 741 4
T —661.729 130972 —11.934 861 596 1 61.396 971 267 4

®2 ASHELER

Table 2 Calibration resultes of internal parametes

AHHL u,/pixel v,/ piexl k/107! k,/10" b/ 10° p/107" /107" f/dx f/dy
1 660.07 510.86 —3.35 3.095 —1.418 —4.05 —5.24 5347.51 5347.74
2 660.35 550.38 —2.33 1.890 —1.058 —2.80 27.57 5272.26 5272.05
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Fig.3 Diagram of the calibration error of the binocular camera
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Fig.7 Error diagram for deformation history
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Table 3 Point by point error analysis

AR SCTT PO EE
PG AaXFiR2E/ AAXTRZE/ ANFiR2E/ X 2E/
mm % mm %
1 0.091 0.297 1.294 4.217
2 0.807 3.129 1.809 11.041
3 0.404 1.412 2.625 9.943
4 0.024 0.085 0.510 3.342
5 0.639 3.997 1.384 5.907
6 1.264 5.396 1.564 5.490
7 0.908 3.441 2.408 8.414
8 0.069 0.454 1.726 6.688
x4 BEIRESW
Table 4 Overall error analysis
ik W2/ ARiEf2E/  CPXIAEXS SRR
mm mm "% /mm  #=E/%
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WosmEE 2115 0.661 1.665 6.881
4 & ®

(1) b 7 PR UE XL H 5 2 85000 K 0 P AR e
PE A T Tk AR R 2 % B R AT Sy 5 4h i
KR 38 a3 o T Ll B s B D L I {43 R
ia A 5 B TE O T L B AR I RURR AR BT A
SR J5 Al B 9% (3 A% 46 1F B 2 BT A RS RO B R
Ae b, Fe ST L SVD U7 R g B bR A = 4 T A AR bR
) B A M3 6 R 2E A7 Ak, DA 3 5
HEORS W RN RRUE 19 240, S S E ST AR AL 1Y) B B
T D R 7RG B R RS E B B

(2) AR4E DL SR g A S0 T 58 F AUH SL AR
D 1) B B e it AR TR ARG - 65, O3 ) AR SCAR HR 1 XL
H 5 7 5 A IMETRUM =JE 42 fih 28X 057 B8 400 45 )

J7 1 B 25 ST L, P A X R 2240 2.276 %,
o X iR 2 0F 0.526 mm, b E AR 22 4 0.425 mm,
AT 565 IE T A SCAR S 1 B0 H B AR 0 ik B A R
P, Shy v )25 2 SR B T e itk R O e LA T g i) A 2k
FHL 0 il R 7 5 A 80 ik

S Z 3k

[1] Huang Z, Xie M, Song H, et al. Modal analysis relat-
ed safetystate evaluation of hidden frame supported
glass curtain wall[J]. Journal of Building Engineering,
2018, 20: 671-678.

(2] fastil, MM, Ty, % . mil
Y T84 4% 1 S5 A8 i fin i 2 A A [T,
H, 2022, 51(3): 122-124.

He J B, Yu Z H, Xie Y F, et al. Accelerated aging

o S FR A T Y BB AE
MR R A 5 R

equipment for structural silicone sealant of hidden frame
glass curtain wall under high temperature and humidity
environment [ J]. Synthetic Materials Aging and Appli-
cation, 2022, 51(3): 122-124.(in Chinese)

[3] Bedon C, Amadio C. Numerical assessment of vibra-
tion control systems for multihazard design and mitiga-
tion of glass curtain walls[J]. Journal of Building Engi-
neering, 2018, 15: 1-13.

(4]  BFHE AT, /S0, 45 A8 B B A 51 T SRS

T PERE IR AT FE [T ] B RK TR 224l , 2021,41(6) -
1254-1263,1270.
Huang B F, Fu S, Lu W S, et al. Experimental study
on bearing capacity of granite curtain wall pin joints [J].
Journal of Disaster Prevention and Mitigation Engineer-
ing, 2021,41(6): 1254-1263,1270. (in Chinese)

(5] &g, E£o0W, BAE . A NBAR E PR HLI i B R

SRR SR PR 0 S I Re T (D] A
2021, 51(1): 54-59.
Shu C, Wang Y Q, Ma D X. Dynamic performance
analysis of cable-supported point supported glass curtain
wall in the terminal building of Hefei Xinqiao Interna-
tional Airport[J]. Buliding Structure, 2021, 51(1): 54-
59.(in Chinese)

(6] FBWwefh, Bk, 2RH, 5. w2 A HBOK 57 53

SRR R R I I I 0 B [
2022, 42(2): 276-282.
Zheng X W, Lyu H L, Li H N, et al. Steel strength
degradation model in wind-induced fatigue analysis of
high-rise buildings [J]. Journal of Disaster Prevention
and Mitigation Engineering, 2022, 42(2) : 276-282. (in
Chinese)

181



[8]

[9]

[10]

[11]

[12]

[13]

[14]

182

fEH AR, XIAHE, 2F, 55 KU 5 1= R & 1R
R 2 ST SRR S B R A BT ST ()],
LR 2E R, 2022, 43(10) : 129-140.

Ren C C, LiuJ J, LiJ H, et al. Study on structural
damage and falling of glass curtain wall of super high-
rise building under couplingaction of wind and earth-
quake [J]. Journal of Building Structures, 2022, 43
(10): 129-140.(in Chinese)

Aiello C, Caterino N, Maddaloni G, et al. Experimen-
tal and numerical investigation of cyclic response of a
glass curtain wall for seismic performance assessment
[J]. Construction and Building Materials, 2018, 187:
596-609.

o, B, REAT, & BRI AR AL s R AL
BETCLR W R g ot [T ] A% s SR 4e . 2022, 41
(6): 41-44.

SuR, Cai X M, Wul X, et al. Research on high sensi-
tivity wireless monitoring system for structural deforma-
tion of glass curtain wall[J]. Transducer and Microsys-
tem Technologies, 2022, 41(6): 41-44. (in Chinese)
TR A, AN, AR T 0T WO T B e
i P GBI [ 7). R, 2022, 48(4) @ 29-34.
Wang D D, Gao Y, Li W X, et al. Digital shearing
speckle pattern interference non-destructive testing of
glass curtain wall defects [J]. China Measurement &.
Test, 2022, 48(4): 29-34.(in Chinese)

Lin J, Hong X, Ren Z, et al. Scanning laser in-depth
heating infrared thermography for deep debonding of
glass curtain walls structural adhesive [J]. Measure-
ment, 2022, 192: 110902.

XuD, Wang Y, Xie J. Monitoring and analysis of build-
ing curtain wall deformation based on optical fiber sens-
ing technology[J]. Iranian Journal of Science and Tech-
nology, Transactions of Civil Engineering, 2022, 46
(4): 3081-3091.

Wang W, Li X, Ahmat Y, et al. Vibration measure-
ment method based on point tracking for irregular struc-
tures[J]. Optik, 2019, 176 482-490.

INRTE, AR, XUPk, & T O 4R 06 A TE A HLAT

[15]

[16]

[19]

LM A i 5577 v [T]. LA T #2 5 A gl ik, 2022(3) :
1-3.

Sun Q F, Jin R C, Liu C, et al. LM optimization meth-
od for UAV attitude based on polarized light [J]. Me-
chanical Engineering & Automation, 2022(3) : 1-3 (in
Chinese).

JZE, T, W, & . B T Levenberg-
Marquardt 19 2 B #5744 ¥ w08 S 8L [T Ot S
e FeE b, 2021, 58(24): 351-359.

Zhou A G, Yul Y, Pul K, et al. Positioning algo-
rithm of homonymous object points in multi-vision sys-
tem based on weighted LM [J]. Laser & Optoelectron-
ics Progress, 2021, 58(24): 351-359. (in Chinese)
g, BT, £ 457 SVD 5 GAN IR A
SRR oA, 2022, 43(5): 128133,

Tang X X, Lu A J, W B. Image detection and classifi-
cation model combining SVD and GAN[J]. Laser Jour-
nal, 2022, 43(5): 128-133.(in Chinese)

XM, SR, BRZ IR, & IO s a syl
SAE M [T]. a2, 2022, 42(19) : 162-167.
LiuY M, Guo H X, Chen Y H, et al. Randomized sin-
gular value decomposition based on optical computation
[J]. Acta Optica Sinica, 2022, 42(19) : 162-167. (in
Chinese)

LV, RRAGRHE, MG AE A5 . kRN PR Y A A XL
H WL 58 b % J7 % [T]. O 2 22 4, 2018, 38(3) :
360-368.

Jiang T, Cheng X S, Cui H H, et al. Calibration meth-
od of binocular vision system with zoom lens based on
homography matrix [J]. Acta Optica Sinica, 2018, 38
(3): 360-368.

B, KSR, el L R EET A0 B
g = e J7 ik [T ] URER, 2022(3): 66-71.

Jia C, Bian Y X, Jin W F, et al. A three dimensional
measurement method based on active binocular vision
[J]. Instrumentation Technology, 2022(3) : 66-71.(in
Chinese)

(AXLth#.RE)



