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A Study for Possibility to Detect Missing Sidewalk Blocks using
Drone

Jung-il Shin

Research Planning Department, Seoul Institute of Technology
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Abstract Sidewalks are facilities used for the safe and comfortable passage of pedestrians and are paved
with blocks of various materials. Currently, Korea does not have a quantitative survey method for the
pavement condition of sidewalks, so it is necessary to develop an efficient survey method. Drones are
being used as an efficient survey tool in various fields, but there are limited studies in which sidewalks
have been investigated. This study investigates the possibility of detection by limiting the missing
sidewalk blocks using a drone. This study is an initial study on the development of a method for
detecting damage in sidewalk blocks. For this, sidewalk blocks were artificially removed to simulate a
dropout situation, and images were acquired with 0.7-cm resolution using a drone. As a characteristic
of the point cloud data acquired through image pre-processing, there was high variance of the elevation
of the points in the missing area of the sidewalk block. Using these characteristics, an experiment was
conducted to detect the missing parts of the sidewalk block by applying four thresholds to the variance
of the elevation of points included in the grid corresponding to the sidewalk area. As a result, the detection
accuracy was shown with a positive detection ratio of 70-80%, omission errors of 20-30%, and commission
errors lower than 2%. It is judged that the possibility of detecting missing sidewalk blocks is high. This
study focused on detecting a simulated missing sidewalk block in a limited environment. Therefore, it
is expected that an efficient and quantitative method of detecting damaged sidewalk blocks can be
developed in the future through additional research with considerations of the actual environment.
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cm x 20 cm (&8 17K), 20 cm x 20 cm (&8 271),
20 cm % 40 cm (B3 470), 40 cm x 40 cm (&9
M2 L5 4= ot & dFolA BrERo] gk
BEEHE AAste =ol7t Rolxl A¥z} AA E5
FHo|| HjX|5te] =ol7t ol AHE HEF EFts)
Zh=tt

Fig. 1. (a) A study site in Hwasung city, Korea and (b)
removed sidewalk blocks
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ZZ(ground control point, GCP)E HE55ttHFig.
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Table 1. Specification of camera and image

Model Zenmuse H20T
Pixel 4056 x 3040
Camera
FOV 82.9°
Focal length 4.5 mm
Flying Height 25 m
Overlap 90 %
Sidelap 70 %
Number of image 412
Image resolution (GSD) 0.7 cm
Band 3 (B, G R

(a)

b

Fig. 2. (a) Mosaic image of 412 acquired images at 25
m height using H20T camera and DJI Matrice
300 RTK drone and (b) enlarged image for an
area of missing sidewalk block
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Fig. 3. Oriented images with camera position and

attitude
Table 2. Initial absolute uncertainty of camera

position and orientation

X Y Z Omega | Phi Kappa

(m) (m) (m) ©) ©) ©
Mean 0.118 0.131 0.198 | 0.069 | 0.064 | 0.086
Sigma | 0.017 0.028 | 0.005 0.008 0.005 0.001
IR 2% FHoI FEE o BeHs

rATDE FEo= T A (keypoints)=
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Table 3. Calibrated absolute uncertainty of camera

position and orientation after bundle
adjustment
X Y Z Omega | Phi Kappa
(m) (m) (m) ©) ©) ©)
Mean | 0.005 0.005 | 0.017 | 0.012 | 0.010 | 0.003
Sigma | 0.001 0.001 0.010 | 0.002 | 0.002 | 0.000
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Table 4. Location accuracy after bundle adjustment

at GCPs
Error X Error Y Error Z | Number of
(m) (m) (m) Observation
GCP 1 0.023 0.019 0.032 16
GCP 2 0.001 -0.050 -0.028 13
GCP 3 0.009 0.013 -0.015 24
GCP 4 -0.047 0.019 0.006 16
GCP 5 -0.019 -0.000 0.018 20
GCP 6 0.030 -0.002 -0.016 33
RMSE 0.026 0.024 0.021 -
ERIE FERE 252 HERY A7E ol8sio o
A G0l AR TUER 330l 339 B X
QE Fepere 2zeh HAolt. QlE Feere
F28 A2 31,740,5697M2 Bot FIW=& 14,746
point/mo]ch. & ‘E o A= Fig. 49+ o] A= 34

e gehg 29
Jde #5_2 FE3t0] ARSSoIT). ES
FQIE ZFEHe-=0] HIAE UTM 52N FHAZ=3A|
ol 1A F$H 71E BIE Wgksto] ARSI

Fig. 4. Point cloud of sidewalk which has noise
points such as trees and random noise
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29| #ao] tigh FAXE HofFal et

Fig. 5. Grid (20 cm x 20 cm) for noise removal of
point cloud

Fig. 6. Point cloud after noise removal

Table 5. Statistics of elevation for the original point
cloud and noise removed point cloud

NO', of Mean Stal.jd%rd Minimum |Maximum
point deviation
Original | 120936 76.613 0.700 74.998 82.361
Noise 1 118155 | 76.581 | 0.615 | 74.998 | 79.165
removal
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Fig. 7. Vertical profile of point cloud for an area
including missing sidewalk blocks
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Variance (m)
' I 0.0000-0.0002
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[_] ©.0006-0.0008
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I 0.0010-0.0011

(b)

Fig. 8. (a) Mosaic image for the area with missing
sidewalk block and (b) a grid for the area that
cell values are variance of elevation within
each cell

SAATRE A8E Ao} EY F710] ANz 22
S]], o] v HEEe Tt BN A ANIE 1,
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ratio), 22X omission error), 722 commission
erron)9] 37K A& AL 5 ok FEAES 8¢
wEo2 AZet 71&A R (reference)oll Al E@]’ o7t
2] AiHdetection)oflA = ©XE H[E&LZ QulshH,
Eq. (D3 Zo] 28E = ot T@]—gx}h A=
A g BT g Ao E "R EA] 32 HER
Eq. (% Zo] 28T & At F7EeAk:s 7z
A gE 5271 oid, gAATelA 2o R §HH
H H[&E Eq. 3)T Zo] 28 5= Utk

AER]-&(positive detection

DR = D&tection / DHeference (1)
OF = NDete(’tion/ DReference (2)
CE= D&ted/ion / N}?eferenae (3)

Where, DR denotes positive detection ratio, OE
denotes omission error, CE denotes commission
error, D denotes dropout sidewalk blocks, and N

denotes normal sidewalk blocks
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Fig. 9. Detection result of missing sidewalk blocks by
thresholds with () n = 1.0 (b) n =12 (c) n =
1.5 (d n = 2.0, where, red squares are
commission error and blue squares are

omission error
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Table 6%E| Table 9= UAX ] AREH ngho] W&
HARYEE HolFa ity AAA|O] AHEE ngtol
1.091 B¢ A& 81.3 %, ¥4} 18.7 %, F7H2
2} 1.6 %= YERGT ngho] obdlol ot Heg|gol
ol 31 37keA; Egt WobA A, ngho] 2.09 o Hg
A& 68.8 %, FHA} 31.2 %, 3793} 0.3 %= UE
et
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£99 g2 =2 JHA & E2 F71eAE
A 4 Qokal & 4= Qlok. Iy ol £ Ao AF
Ao I3t ZAulolmg Tkl 31 seFEHS
AR Bl 7141 AFo] atE

Table 6. Detection accuracy of missing sidewalk
block (n = 1.0)

Me Missing Normal Total
Missing 26 4 31
Normal 6 304 309

Total 32 308 340

Positive detection ratio = 26 / 32 = 81.3 %
Omission error = 9 / 32 = 18.7 %
Commission error = 5 / 308 = 1.6 %

Table 7. Detection accuracy of missing sidewalk
block (n = 1.2)

Mﬁj Missing Normal Total
Missing 25 3 29
Normal 7 305 311

Total 32 308 340

Positive detection ratio = 25 / 32 = 78.1 %
Omission error = 7 / 32 =219 %
Commission error = 4 / 308 = 1.3 %

Table 8. Detection accuracy of missing sidewalk

block (n = 1.5)

Mﬁj Missing Normal Total
Missing 23 3 25
Normal 9 305 315

Total 32 308 340

Positive detection ratio = 23 / 32 = 71.9 %
Omission error = 9 / 32 = 28.1 %
Commission error = 3 / 308 = 1.0 %
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Table 9. Detection accuracy of missing sidewalk

block (n = 2.0)

\We Missing Normal Total
Detection
Missing 22 1 )
Normal 10 307 515
Total 32 308 340

Positive detection ratio = 22 / 32 = 68.8 %
Omission error = 10 / 32 = 31.2 %
Commission error = 1 / 308 = 0.3 %
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