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Quantitative assessment method of concrete airhole defects based
on point cloud hierarchical fusion architecture

Wang Yu', Qi Hongtuo®, Yang Zhengtao”, Cheng Kewei®, Wu Zhou'

(1. School of Automation, Chongqing University, Chongqing 401331, China; 2. School of Civil Engineering,
Chongqing University, Chongqging 400044, China)

Abstract: Airhole is the most common apparent quality problem in reinforced concrete structures. Limited by the complex site
environment and the computing power of equipment, existing evaluation methods have challenges such as poor accuracy and slow
operation efficiency. In this paper, a quantitative assessment method of airhole defects based on hierarchical fusion architecture of point
clouds is proposed, to realize efficient quantitative assessment of the apparent quality of concrete from end to end. Firstly, the set,
shape, and depth feature information of the point cloud of the target scene were extracted, and a new hierarchical fusion architecture of
multi-dimensional information of point cloud was given. Secondly, a planar linear search method based on depth line distortion is
proposed to effectively overcome the influence of environment and noise in defect detection. Then, in order to reduce the influence of
shooting angle and other interference information, the maximum heavy plane defect volume quantification model was established. In
addition, to address the issue of key defect point loss during oblique scanning, a compensation strategy is proposed to improve the
evaluation accuracy of different shooting angles. Finally, the accuracy and robustness of the proposed method are verified by the
comprehensive evaluation index of defects and field experiments. The results show that the proposed method has a good evaluation effect
on stomatal defects under various conditions, with a front scan error of less than 6. 0% and a compensation error for oblique shooting of
less than 19. 8% . This method can provide an effective reference for on-site construction quality assessment.
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Fig. 1  Characteristics of concrete airholes
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Fig. 2 Point cloud layered fusion architecture

558, TOARAE PR A G R0 P FRAA 4 A 2 (B 7 8 R A 7 o
BHES . REZ RS ZWERME D e Ry, IR
HIEE 3 4EE  RAF S B8R TREE R B

TERLG B B, B 5, AR i e B 7 i 1 T A 1T o D
PR 2 TR B R R TR, A Y gl o DG B AT
18R A bR S B AR )2, AR AT ke B i) 5 25 ] A 5 4K
Jei ARG IR 2 AR 208 5 A ] A Ao i H A 0 1 S B T A
FF Rl A B o5 25 ] A A A S SR T AR 2 3, AR PR AR
G AT B BB TR 85 T T 5 R Rl R s T A A |
it o 5T R S B ) 4 T A B B TG R AR B AR
RGBS RIS AT P AT i T AR RN Bl A5 2 <AL

ARSCARYEAG A 73 2 A T 6 — 2 B b B
FEA FRA BRAS S AT IR ST | Rl S 0 S5 SR o i ) i 1)
H 3k Al
2.2 SILEREE BERQI A E

LSRG B ARSI H AR AR 2 R AR D
TR TRAL S IR R A bR . ARGV 1H R B (E
BV AERAT BT AR T LA i — 45 TR
&, HREL S HMALIEPES, Kl 3 | =M fRE
B FTR , YF T E A MY B 3% X R R Lk
7 R AR | LR AR DX S8l A R B 23 B AU 4, IR
B BRI R R

L AT AT, M58 A T SIS 2t SALET % AT B R EE
B 5 HAUA L 2250\ s Zoad SALAT 7% X80 TR B (E
S HAE DM 220 S I, i TR B R Y e AR SR AR
AR — 1 T 2 A R O R R AL OGS

TS R O AT A U s A R RO s A
KR, JREnE 4 Fros, 0 s 38 & 7 U] DLk
LA mPEP N

DARE 48 R ), 50 AT R

W= "[wy,w, , - w,,w,] W e R™ (1)
K, w, RFREIENE D 05 ITREEES, HTHE
—ATURBEAE R 43k B T ak 1, LA R sk 1w, %
AT TS S B UL, /D A R 1F L =
B

0=[K,B]"=(X'X) 'X'W (2)

x| |3 e st e

B 22 R SRR AL, 2 S 22 R
Pc=|W-X0| (3)
FE SR SBIEA o, G0 25 (8 K T B, W
Wts s o RO B PT LA FH R 5 228 AL R B A A 0 S T
T TR T e ) SALE, RIS B E o DAFRAS BE 22 ()
S p o TR SR B 1R RS A o BB, =3 mm,



$5 A5 LT R A2 Rl G AR R B L L BB B AL PG T ik 89

55 7 3] F
1100
w AT
- 0, T
1000}, . LY wiF
v — w, ATk
= T === w, AT
900 fst™ wATIZE
1S
800
700 ===
0 200 400 600 800 1 000
WREAAE
(a) B4R
(a) Lateral search
900
5
" 1, B
850 " il
— hAFIA
= - B
% 80 ket . . h,ﬁU‘JU\f’Q
5‘ 400 420 440 460 480 500
750
00
0 200 400 600 800
WRAME
(QEGE: ¥

(b) Vertical search

K3 HELSMERER
Fig.3 Schematic of depth lines and fit line
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Fig. 4 Principle of a planar linear search
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Table 2 Quantitative comparison of detection results

§iRsS Ostu  Sobel K-means Mean shift GMM  Z<3C

HEM%E/%  10.0 84.3 56.0 46.0 53.7  90.0
HEH/%  20.0 853 55.4 37.4 74.6  89.4
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Fig. 12 Comparison results of multiple algorithms
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Table 3 The plane fitting result quantifies the information

Tk [SM  RANSAC A=20000 A=1000
Fsf [/ ms 12.9 32.8 252.1 51.8
A1 HEA/m 139.3  168.2 115.4 179. 8
FR/% 100 100 6.9 0.3
i )/ ms 6.0 24.9 247.8 29.8
A2 HEA/m 455.9 199.2 198.5 229.6
ROR/% 100 100 12.7 0.6
Fif [/ ms 8.9 29.9 235.6 46.8
A3 HA/m 8 943 7732 6 445 >9 999
HR /% 100 100 8.0 0.4
A )/ ms 14.9 57.8 256. 1 61.7
HA4  FA/m 412.0  415.4 387.5 473.1
FR/% 100 100 5.5 0.2
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Fig. 13 Visualization of evaluation results
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Table 4 Validation results of stomatal volume

[EZN A K/ mm® A/ (0) /8RB /m MK AR mm ELSEAH/mm’® AR/ % AMEARRT IR/ %
2 6 638. 4 0/1 6.0 -
1 3 3 690. 6 40.61/1 6 183.9 6 260.9 41.1 1.2
4 1305.7 61.32/1 7 499.9 79.1 19. 8
1 4 491. 1 0/2 0.7 -
2 4 379. 8 0/1 4 521.7 3.1 -
g 3 3861.7 10. 82/1 3905.0 14.6 13.6
4 1931.9 43.75/1 3 660. 5 57.9 19.1
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Fig. 14 Comparison of verification results
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