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Fig. 2 Common manhole cover disease problems.

(a) Manhole cover sinking; (b) manhole cover raised
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Fig. 3 Flow chart of rapid identification and location of manhole cover and disease detection technology

3.2 HEMEMSHEERN
3.2.1 @ &R
iﬁ@ﬂ{ﬂ"%%é}iﬁﬁ‘“ﬁ%ﬁ’i%ﬁﬁﬁﬁ AN
T % BT AN AS S ML) (5 S LS W S B T
ﬁ{ﬂﬂiﬂ%%ﬁ%ﬁwo FF 25 7 Y M L R
T HEBR TG O My X F I 55 A R L R B A X
Al H 1 s AT B
o U T LA U b T R AR 2 v AT AT
SRR 2 TR) B BRI B O T SR B A BT
(1) G 2 000 ARk 0 1 T L AT 2050 b X i T R0 S b 1T A
WA, nE 4 PR B BT G B s S —
Bop(x, vy, 2,0 VA p 15 REME 5 HE 57 25 (R BR AR R
WO E R — R B N F AR A L p ST
FWRE— LB g (o, 0y, -2, AL B E B
PLZ A AR bR, p A g PR T) A 4t EE
1z, -2,
(x, — 2, )+, —y, 0"

T,=tana,,6 =

(D
24T A9 1Y 2 RS T N AR AE 2 A AR IR A
GEF T B 25 A AR I R B ARk 2 O K T 45 ik v
S VLR F A5 p 215 )8 T 1A i, B
1 N
Tgrnd = N Zizl T, ’ (2)

num

T g R FEMERTHI B BE MR N e W TEEARTE

FEL DA 9 A0 30T s 8 T Ol S A 454 AR 30 st ) 0
FHE

4 T RUIBR EE R R A

Fig. 4 Schematic diagram of two-point tilt diagram
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Table 1 Technical indicators of Riegl laser scanner
Laser scanner Ricgl
name
Point frequency /kHz 1017
Line frequency /Hz 250

Distance /m 2-200 (reflectivity 80 %)

Infinite echo Yes

Relative measurement
<l
accuracy /cm

Field of view /(°) 360(no blind spots)

Divergence angle /marc 0. 3(spot size)

10 Rigel #OGH Y
Fig. 10 Rigel laser scanner
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Fig. 11 Experimental point cloud data. (a) Experimental data point cloud roadmap; (b) coloring map of pavement

point cloud intensity
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Fig. 12 Combined ground filtering. (a) Ground points; (b) non-ground points; (c) combination of ground points and

non-ground points
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Fig. 13 Automatic extraction of urban manhole covers based on vehicle-borne laser point cloud. (a) Original point cloud

(real scene rendering); (b) ground points (intensity coloring); (c) intensity feature image; (d) manhole cover

extraction result; (e) partial enlarged view
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Fig. 14 Manhole cover extraction result. (a) Schematic diagram of manhole cover position 1; (b) schematic diagram of
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Table 2 Accuracy verification of manhole cover center

Serial SSW SSW GPS-RTK GPS-RTK Residual Residual
number X /m Y /m X /m Y /m AX /m AY /m
01 6607.935 26010. 356 6607. 853 26010, 283 0.082 0.073
02 7843.534 21684. 368 7843. 558 21684. 317 —0.024 0.051
03 5235. 368 15097. 648 5235. 467 15097. 776 —0.099 —0.128
04 3337. 800 15132. 482 3337.707 15132. 584 0.093 —0.102
05 8767.534 16897. 534 8767.568 16897. 480 —0.034 0. 054
06 9583. 426 13701. 253 9583. 410 13701. 212 0.016 0.041
07 4547. 686 14986. 563 4547.782 14986. 442 —0.096 0.121
08 7996. 326 26050, 105 7996. 223 26050, 014 0.103 0.091
09 6783. 348 15401. 867 6783. 308 15401. 805 0. 040 0.062
10 3463. 865 13386. 324 3463. 858 13386. 289 0.007 0.035
11 2964. 757 25975.712 2964. 780 25975.746 —0.023 —0.034
12 6877.865 15386. 546 6877. 834 15386. 593 0. 031 —0. 047
13 3524.698 14688. 138 3524.651 14688.093 0.047 0. 045
14 5675.861 14865. 239 5675.772 14865. 362 0. 089 —0.123
15 6764.165 25463. 843 6764.139 25463. 839 0.026 0. 004
16 2688. 535 14334. 829 2688. 547 14334. 802 —0.012 0.027
17 3354. 879 15589. 547 3354, 787 15589. 654 0.092 —0.107
18 5767.234 23371.976 5767.210 23371.934 0.024 0.042
19 8416. 587 13692.572 8416. 724 13692. 455 —0.137 0.117
20 4740.108 13354.782 4740.077 13354.768 0. 031 0.014

M1 2 AT, 2y JF [0 AR AR Bk 25 7E — 0. 137 ~

B iy

e DL AT R PR . dnk 3 B, A

0.121 m M3 Bl L K B5 (30) G F H AX Al AY
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15350 1 55 805 ke A a5 22 (] A ) BB S [ #E 0. 026 ~
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b SRRy T AR T LR AT Ak B st R B 1 55 0 4
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TSR H T TR B 0. 3 mL &at LS Y, SSW
TR GU N BORG BE 58 4 0 R BOK

24t 6 07 1) A A T A B DT ) B (E A T
HEAT RS o (5 FH 7K M ASCAR B b O e R, S 4R

F e XA AL B 35 AT 3 TR (25) A
HH A B 0 (L, X e DS3 K o ASCI 4 L B
JEXSH 3 AT, DS3 K HEACAIAE E S 1 km 1E1R 5 22
(7 S5 (B Y R i 22 AN 8 3k £0. 003 m, SSW 4 R
G s AR RS B2 £0. 01 m,

m 3 Prom AKAE 28) 2~ (300 X, AT
FUCREFE 25 (HAE —0. 021 ~0. 016 m, PLFEFE 2% h
P20 40,0108 m. 3EH . H VUM I H A3
BN IS SR SR 0. 03 o LA I 52 56 B0 9 0T 1 46
M5 T LA 2 30000 5 2 0 i A ORS B3 45 v L T
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3 SSW AR AR LA DS3 K fEAL AY FH- 36 T 24 L
Table 3 Comparison of manhole cover settlement values

between SSW vehicle-borne system and DS3 level

Serial number SSW /mm DS3 /mm  Residual /mm
01 16 27 —11
02 21 15 6
03 9 30 —21
04 12 7 5
05 34 43 —9
06 11 29 —18
07 18 26 —8
08 23 38 —15
09 —10 —26 16
10 28 19 9
11 18 9 9
12 13 17 —4
13 28 33 —5
14 —7 —19 12
15 17 4 13
16 22 13 9
17 13 25 —12
18 9 15 —6
19 11 23 —12
20 5 21 —16
21 22 19 3
22 35 22 13
23 8 17 —9
24 43 38 5
25 —38 —27 —11
26 31 23 8
27 —46 —27 —19
28 10 16 —6
29 20 13 7
30 7 18 —11
31 —30 —17 —13
32 15 9 6
33 3 15 —12
34 17 8 9
35 9 13 —4
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Research on High-precision Manhole Cover Extraction and Settlement
Disease Detection Method Based on Laser Point Cloud
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Abstract

Objective The safety of pavement manhole covers is crucial in urban development. The timely and accurate
detection of manhole cover disease can save maintenance costs, reduce road hazards, and ensure driving safety.
Traditional methods for surveying and mapping manhole covers mainly use manual measurements, which usually
require considerable human and material resources. Moreover, such measurements have a low operating efficiency
and poor safety, which is not conducive for the rapid update of data. Therefore, new, efficient, and automated
methods and techniques are urgently required for the manhole cover measurement and disease detection. Currently,
methods for manhole cover extraction and disease detection mainly include the differential polar method, ellipse
feature-based fitting algorithm, and image feature detection method. These methods exhibit low robustness.
Moreover, the direct image detection methods are affected by the image quality and illumination. It is difficult to
obtain information about manhole cover diseases using such methods. This study develops a technical process
involving the original point cloud and the manhole cover extraction and disease detection using vehicle-borne laser
point cloud data. Based on the intensity image combined with the improved Hough algorithm for achieving the
accurate road manhole cover position and disease information, the experimental results show a good robustness and
stability of the proposed method. We hope that the proposed technical solution can help the city management
department in inspecting and maintaining manhole covers to effectively improve the extraction efficiency and
operation safety of manhole covers.

Methods First, based on the high-precision vehicle-borne laser point cloud data, accurate ground point cloud data
were obtained using a combined filtering algorithm of the point cloud gradient and cloth simulation. They eliminate
the influence of invalid features on the manhole cover extraction. Second, the intensity orthographic method was
used to generate high-resolution intensity images of the ground points. Moreover, the manhole cover was binarized
using the adaptive threshold method to increase the edge display effect of the road manhole cover. Then, according
to the shape and position characteristics of the manhole cover circle, the edge was detected based on the image

1604001-14
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binarization segmentation result. Further, the location of the manhole cover circle was divided into potential manhole
cover object detection and a real manhole cover using the Hough circle detection algorithm, which strictly limits the
curvature and edge accumulation threshold. Finally, using the two processes of object detection, the precise
extraction of the manhole cover position was achieved. Next, the disease information of the manhole cover was
obtained by calculating the elevation value of the adjacent point cloud within a certain distance between the manhole
cover position and the surrounding area. Finally, a high-precision GPS-RTK and DS3 level comparison experiment
was performed to evaluate the stability and reliability of the proposed algorithm.

Results and Discussions Regarding the road surface properties of the manhole cover position, this study first
proposes the combined filtering method of the point cloud gradient and cloth simulation. The latter performs
secondary filtering to retain and optimize the ground point results of gradient filtering for invalid floating data
elimination. Several data tests were used to obtain the accurate ground point cloud results (Fig.12). Because the
intensity image contains considerable noise and requires a large number of Hough calculations, the accurate position
of the manhole cover circle is obtained by detecting the edge contour (Fig.13) and setting the appropriate curvature
and edge accumulation threshold in the improved Hough circle detection algorithm. Combined with the actual vehicle-
borne laser point cloud experimental study, the accuracy and precision of manhole cover extraction reach 84 % and
98%, respectively. Additionally, the manhole cover extraction efficiency is significantly improved and the
vectorization result of the manhole cover extraction can be displayed in the real point cloud coordinates (Fig.14).
Furthermore, the accuracy experimental results show the robustness and reliability of the manhole cover extraction
plane position (Table 2) and settlement disease detection results (Table 3).

Conclusions In this study, in view of the difficulty and low efficiency of traditional road manhole cover
measurements, the vehicle-borne laser point cloud data are directly used to achieve the precise manhole cover
position and disease detection. First, a combined filtering algorithm of the point cloud gradient and cloth simulation is
proposed to obtain the high-precision ground point data and generate intensity images. Then, this technique was
combined with the adaptive threshold binarization method to obtain the high-discrimination manhole cover edge
contour using the improved Hough circle detection algorithm. The manhole cover is approximately positioned within
the circle curvature limit, and the accurate position is achieved using the edge accumulation threshold based on the
previous step. Finally, the position parameters and disease information of the manhole cover are obtained. Combined
with field experiment data verification, the accuracy and precision rate of manhole cover extraction of the proposed
method reach 84% and 98%, respectively, greatly improving the manhole cover disease detection efficiency and
operation safety compared with traditional methods. Combined with the precision analysis of the same name detection
points, the manhole cover extraction results of the proposed scheme show high accuracy and the data results can
meet the requirements of related projects. The technical scheme and experimental results of this research show the
effectiveness and reliability of the vehicle-borne laser point cloud used in manhole cover extraction and disease
detection and provide new ideas for urban intelligent management.

Key words measurement; vehicle-borne mobile measurement system; three-dimensional laser point cloud;
intensity projection; edge curvature; manhole cover disease; automatic extraction
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