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Rapid Automatic Location and Extraction for Manhole Covers
Based on Ground Mobile Mapping System
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Abstract The rapid location and extraction of urban municipal manhole covers is one of the key problems to be
solved in the component management of smart city, and also the key technical problem to be solved in the realization
of intelligent management of urban road maintenance. Therefore, we propose an automatic location and extraction
method for manhole covers based on mobile mapping system. The ground point cloud is extracted from the surface
roughness, the ground points are generated into the ground intensity feature images, and rapid location and
extraction of manhole covers are achieved based on the combination of three methods, such as histogram of oriented
gradient algorithm, principal component analysis and support vector machine classifier. We obtain the ownership
information of manhole covers with synchronous images. Qualitative and quantitative analysis of the method is
carried out based on experimental data, the accuracy of automatic extraction of urban manhole covers is 88.495%
and the accuracy is 99%. The results also verify the correctness, feasibility, and robustness of the proposed
method. This method further promotes the improvement of intelligent working mode of road maintenance
department, which not only reduces the danger coefficient of work, improves the detection accuracy, but also
transforms the traditional field test into indoor operation mode, and the degree of automation and intelligence
increases greatly.
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Fig. 1 (a) MMS for acquiring road information and (b) work diagram at night
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Fig. 2 Laser point cloud display (effect of intensity rendering)
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Fig. 3 Flow chart of automatic position and extraction method of manhole covers
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Fig. 4 Ground points extraction. (a) Segmentation effect of scanning line;
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(b) local enlarged view of the scanning line; (c¢) matrix of laser points
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Fig. 6 Automatic extraction of manhole covers based on MMS. (a) Raw laser point cloud (intensity rendering) ;

(b) ground points (intensity rendering); (c) intensity characteristics image; (d) extraction result of manhole covers
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Fig. 7 Manhole cover damage example effect pictures. (a) Original picture; (b) effect picture by enlarging ten times
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Fig. 8 Manhole cover ownership information acquisition. (a) Point cloud and image corresponding effect picture;

(b) attribute information table of manhole cover

h SEBLIE SR 4P AR PR O 5 A4 S ARG DAY
oK T AT S T 3R J7 15 R SSW RS gl il 4 4
$if 22 GE X AU 50 T 5 AT B S AL O 5 S
BRL2 B kR b, 4 R R W] AR A G =i =
HEATHR I, A7 50k S T O IR L BRSO HL T L
ARICE 77 57 v I o R D P 5 R DN S8 th TR
T Jo AT AR Mo i OB AT RO AR T ARG L
Fe TR AT A EL A B R 1) R AL 3t B A T
WA GE N T 05 3G I B A2 Oy 22 4 2R M0 R B AL
ERE RS UNERIEI ISR Al

5 4 1w

1% e 38 B R O A OR 2, R
MMS 3k HGH B% 806 5 2= 80l 5 5 15 80 8 i
b AT O AU 4 R RRAE MR B T ) HOG &
2 \PCA Jo SVM 4325 28 SZ B I 25 B4 PR 22 v 5 2
W, DAAR BBCHE [ 55 47 B 7% 1 LA S 805 B 5 @ A
B G5 A SRR A BUHE X% O T AT RIE L A M I
AT, R Z 7 vk AT 36 B sh e 07 5 B B, H v
VI 50 1 B 38 A e o LR G SR T A B 88.495 %0, K
WK 99% . Ik CAR B T SE bR L X b Rt T
JT A T B AT T O a8 A B A SR ERA 3 i T
BeAR T NGB BSR4 045 g2 TAER L, i — 2D HE 3
TR EB A R AR b

JRAE I TT 108 S I i Y PR A7 45 4R U
TR SRS R S LB R, (2% 7 ke A LT
T AT 1 T 0E— 20 v 5 ik - 1) O £ 1 5 4 B
TR R AT SE o P R 2 A AT S A IR AR
T ST I B O 2) R B R A R
B AT G A ) 2 B T BOR S R A7 1
PHBLGE o DT 4538 70 - e A7 A5 A S8 B 50k 2 1
FE S P BUAS 2R L SO0 R A G A A Y I ] Bk
SIS B B SR A [ A kA7 SR 4R ol A i T
TR AT NI F Y (] I B v 4 IR 5 B2 5 3) H R
i AUR AR SR 2 A 3 7 sk 47 3R J5 )% 08
LA TREL 2 ) W O AR I BUF SAUR H B2 A 8
AR, X F AT IEAESS 1B T7 1

2 % X #t

[1] Li X H. Discussion on the management problems
about manhole cover on urban road [J]. Municipal
Engineering Technology, 2009, 27(6): 560-563.

2 ) £0 . T B 2 A B R R ] MR
2009, 27(6): 560-563.

[2] LiuJ H. Research on algorithm of automatically
recognizing and positioning road manhole covers
based on vehiclee-mounted sensors [J]. Application
Research of Computers, 2011, 28(8): 3138-3140.
I BE T 4 AL IR 0 B IR A s A )
By ] . AL JHBESE, 2011, 28(8): 3138-

0804001-7



ot

(3]

(4]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

3140.
Yang B S, Fang L N, Li J.

extraction and delineation of 3D roads of street scene

Semi-automated

from mobile laser scanning point clouds [J]. ISPRS
Journal of Photogrammetry &. Remote Sensing,
2013, 79: 80-93.

Kumar P, McElhinney C P, Lewis P, et al/. An
automated algorithm for extracting road edges from
terrestrial mobile LiDAR data[]J]. ISPRS Journal of
Photogrammetry & Remote Sensing, 2013, 85: 44-
55.

Yang B S, Wei Z, Li Q Q, et al. Semiautomated
building facade footprint
LiDAR point clouds[J]. IEEE Geoscience & Remote
Sensing Letters, 2013, 10(4): 766-770.

Yang B S, Fang L N, Li Q Q, et al. Automated

extraction of road markings from mobile lidar point

extraction from mobile

clouds[J]. Photogrammetric Engineering & Remote
Sensing, 2012, 78(4): 331-338.

Guan HY, LiJ, Yu Y T, et al. Using mobile laser
scanning data for automated extraction of road
markings[J]. ISPRS Journal of Photogrammetry &
Remote Sensing, 2014, 87: 93-107.

Yan W Y, Morsy S, Shaker A, et al. Automatic
extraction of highway light poles and towers from
mobile LiDAR data[J]. Optics & Laser Technology,
2016, 77: 162-168.

LiL, Li DL, Zhu H H, et al. A dual growing
method for the automatic extraction of individual
trees from mobile laser scanning data [J]. ISPRS
Journal of Photogrammetry &. Remote Sensing,
2016, 120: 37-52.

Riveiro B, Gonzdlez-Jorge H, Martinez-Sdanchez J, ez
al. Automatic detection of zebra crossings from
mobile LiDAR data[J]. Optics & Laser Technology,
2015, 70: 63-70.

Guo J, Tsai M J, Han]J Y. Automatic reconstruction
of road surface features by using terrestrial mobile
lidar [J]. 2015, 58:
165-175.

Cheng Y, Xiong Z, Wang Y H. Improved classical

Hough transform applied to the manhole cover’ s

Automation in Construction,

detection and location[J]. Optical Technique, 2006,

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

0804001-8

32(sl): 504-508.

R, REEE, FZE40. T i Hough 78 ¥ 0y 3%
ARG 55 62 [J] . S @8R, 2006, 32(sl): 504-
508.

Chen Y X, Qi F H. A new ellipse detection method
using randomized Hough transform [J]. Journal of
Infrared and Millimeter Waves, 2000, 19(1): 43-47.
WRadespr, MR, — ok 0y B T BE L Hough 28 4 Y
MBS I 7 ik (7] 20 4h 5 2= oK 2= 4k, 2000, 19
(1): 43-47.

Yuan L, Ye L, Jia ] L.
based on Hough transform [J]. Chinese Journal of
Optics and Applied Optics, 2010, 3(4): 379-384.
RH, MEg, BiEst. T Hough A5 4 i 151 4 D
B[] hEYE, 2010, 3(4): 379-384.

Chen R, Wang M, Chen X. Human detection based
on HOG-PCA and LBP [J7.
Information Technology, 2015(2): 101-105.

MR, T, BRI . 5T PCA BE4EM HOG 45 LBP
Al AT AR ] . (R B8R, 2015¢2): 101-105.
Kassani P H, Teoh A B J. A new sparse model for

traffic sign classification using soft histogram of

Ellipse detection algorithm

characteristics

oriented gradients [J]. Applied Soft Computing,
2017, 52: 231-246.

Zhou K J.
tracking based on HOG and template matching[D].
Jilin: Jilin University, 2014.

JARLEE . BT HOG RpAE R B UL AL 1947 A K T 5 51
B [D]. HhR: FHOCH:, 2014,

Zhang 1. H. Humandetection based on SVM and
improved histogram of oriented gradients [ J].
Applied Mechanics & Materials, 2013, 380/381/
382/383/384: 3862-3865.

Said Y, Atri M, Tourki R. Human detection based

Research on pedestrian detection and

on integral histograms of oriented gradients and SVM
[J] Proceedings of the IEEE, 2011: 12272880.

LiuJ H, Mao Z Y. Vector and scalar edge extraction
from multi-spectral high spatial resolution remotely
sensed imagery (MHSRRSI) in weighted color space
[C].
Information Networking

2010: 932-935.

International Conference on Multimedia

and Security, Nanjing,



