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Fast decision making is crucial for rescue residence after earthquakes. It's important to examine both exterior and interior
damage, including structural and non-structural elements. This study concentrates on determining the residual seismic
capacity ration index by classifying critical elements like columns and shear walls into three groups. Using transfer learning
in Convolutional Neural Networks (CNN) with the MobileNet v2 architecture excel in multitasking. However, before
classifying the indoor elements it is important to detect the level of the damage of the building. YOLO v8 was used to improves
class detection efficiency. The final step is to Integrate these models into a mobile application allows users to promptly assess
a building's condition, assisting decisions on whether to stay, call experts, evacuate immediately, or plan rehabilitation. The
goal of this research is to calculate the residual seismic capacity ratio index R, empowering individuals to make informed

safety decisions before in-depth expert assessments.

Key Words: machine learning, CNN, Classification, Severity, Damage, Earthquake, Assessment.

1. Introduction

Post-earthquake damage assessment through
algorithms like CNN and RCNN has significantly
aided the evaluation process. In Asian countries,
aging buildings, not designed to withstand strong
earthquakes, pose a substantial risk, as seen in Gazi
Entab, Turkey, and Aleppo, Syria, in February 2023,
where thousands of buildings were severely damaged
or destroyed. The assessment process in Syria faced
challenges due to lack of experience and
technological limitations. Inaccessible methods and
difficulties in reaching affected areas left people
uncertain about returning home. Residents in the area
needed an easily accessible tool to offer information
into the condition of their buildings, homes, and
facilities. Also to help them to differentiate between
damage levels specific to each building element to
ensure people are informed about the Safety of their
Buildings. However, Research Efforts have focused
mostly on classifying damaged and non-damaged
buildings using UAVs or satellite images. For
instance, a novel convolutional neural network
proposed in [ 1] effectively categorized buildings into
damage levels, showcasing high accuracy on public
and UAV image datasets without focusing on the
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indoor damage. A classifying indoor damage on
elements kind of research has leveraged transfer
learning for quick evaluation via interactive web
applications, focusing on categorizing damage
severity in elements of RC buildings. Various
network architectures, including Xception, ResNe50,
MobileNet, Inception, VGG16, and VGG19, were
employed. Notably, MobileNet exhibited exceptional
accuracy, achieving 88.3%[2]. The damage
classification encompasses all types of elements,
without specific identification of whether it pertains
to columns, shear walls, or non-structural elements.
On the other hand, classifying indoor damage alone
is not enough to give a correct report about the
building state using machine learning. Similarly, in
[3], they introduced a Faster RCNN-based detection
algorithm for identifying multiple damage categories
in reinforced concrete buildings post-earthquake.
Four damage types, including surface crack, spalling,
severe damage, and severely buckled exposed rebars,
are considered. Various CNN architectures, such as

Inception v2, ResNet-50, ResNet-101, and
Inception-ResNet-v2,  were evaluated, with
Inception-ResNet-v2 demonstrating superior

performance. The detection algorithm addresses
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challenges related to scale variation by modifying the
region proposal network, incorporating seven scales
and eight aspect ratios, improving accuracy
significantly. The Faster RCNN approach builds on
advancements like Fast RCNN and RCNN, offering
enhanced speed and accuracy in seismic damage
identification. Some studies also distinguished.
Earthquake-induced damage from reinforcement
corrosion damage with a CNN algorithm, achieving
90.62% accuracy [4]. In [5] a novel Quantum
Convolutional Neural Network (QCNN) approach
was introduced to identify structural damage in
reinforced concrete (RC) buildings using post-
earthquake images. The QCNN model is developed
and fine-tuned with datasets containing images of
damaged RC buildings from past seismic events. To
evaluate its performance, the model is tested on real-
world images from the recent earthquake in Turkey
(February 2023), showcasing its effectiveness in
multiclass damage detection. Furthermore, the
accuracy of seismic damage detection, as determined
by the QCNN model, is compared with various
Convolutional Neural Network (CNN) architectures.
Our research is dedicated to conducting a thorough
assessment of entire buildings, encompassing both
outdoor and indoor evaluations. The initial focus is
on detecting the exterior level of damage,
categorizing buildings into three states: Safe, Not
Safe, and Limited Entry. This classification aids
assessors in deciding whether it is safe to enter the
building. Following this, experts proceed to indoor
assessments, classifying damage severity in both
structural elements (columns, walls) and non-
structural components into three levels. Beyond this
classification, our study introduces a novel approach
by integrating the R index ratio, providing a
comprehensive evaluation of the building's resilience
post-damage. This innovative method aims to shed
light on the building's capacity to endure subsequent
seismic events. The dataset employed encompasses
diverse earthquake data from various seismic events
over the years, ensuring the robustness and relevance
of our study in enhancing overall safety measures.

2. Overview about the methodology

(1) Dataset
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The dataset utilized from a data center website, This
website has a collection of images sourced from
inspection reports on residential buildings in various
countries and experiments reports. The images
collected from this website are relatively high in
quality, specifically focused on damage in residential
structures. The primary goal was to train the model
comprehensively, tailoring it to the conditions
observed in Syria. The dataset encompasses
earthquake images from diverse events, spanning the
Haiti earthquake (2010), New Zealand earthquake
(2011), Nepal earthquake (2015), Ecuador
earthquake (2016), Taiwan earthquake (2016),
Pohang earthquake (2017), and the Turkey-Syria
earthquake (2023), plus many earthquakes happened
in (1931, 1962, 1978, 1985, 1978, 1986, 1990, 1992),
The shear wall damage dataset was sourced from
[9][10]. The distribution is illustrated in Fig. 1,
showcasing the percentage contribution of each
dataset. A manual labelling process was conducted,
the dataset was divided into a 70% training set and a
30% validation set. This division ensures a robust
and well-balanced representation for both model
training and evaluation purposes. The images were
further classified into three categories: column
damage levels (CDL), shear wall damage levels
(SWD), and infill wall damage levels (IWFL). A
comprehensive breakdown of the imagesNumber for
each class for the indoor classification is provided in
Table 1, comprising a total of 1190 images utilized
in the current analysis. The description outlining the
Damage Class Definition for RC Columns, Shear
Walls, and Infill Walls is presented in Table 2,
drawing inspiration from the Japanese guideline for
post-earthquake damage evaluation [6]. concerning
the YOLO v8 dataset, it provides an overview of the
dataset used, with a distribution of 70% for training,
20% for wvalidation, and 10% for testing. A
description inspired from EMS 98 to do a
Classification of damage to buildings of reinforced
concrete is provided in Table 3 . A visual
representation of the distribution of class labels for
YOLOVS training and validation is shown in Fig. 2

(2) Artificial Intelligence Algorithm

a. Mobile Netv2



Table 1 the number of images for each dataset.

Class SWDLI SWDL2 SWDL3 CDL1 CDL2 | CDL3 IWDL1 IWDL2 IWDL3

Training 57 49 114 108 126 92 83 205 120
Testing 10 14 30 34 31 25 17 50 28
Total 67 63 144 142 157 117 100 255 148

Table 2 Damage Class definition for structural members and infill walls

Damage Class Column and Shear wall Infill Walls
1 Visible cracks and crush for concrete cover Visible narrow cracks on concrete surface.
II Spalling and Crush for concrete cover with Visible clear cracks on concrete surface.
exposed rebars
111 Buckling of reinforcing bars, Cracks in core Local crushing of concrete cover
concrete, Visible vertical and/or lateral Noticeably wide cracks, walls leaning, walls
deformation in columns and/or walls. displaced, sections of the wall have collapsed.

Table 3 Classification of damage of RC buildings

Damage Class Column and Shear wall
Safe Fine cracks in plaster over frame members or in walls at the base. Fine cracks
in partitions and infills
Limited Entery Cracks in columns and beams of frames and in structural walls. Cracks in

partition and infill walls; fall of brittle cladding and plaster. Falling mortar
from the joints of wall panels.

Not Safe Large cracks in structural elements with compression failure of concrete and
fracture of rebars; bond failure of beam reinforced bars; tilting of columns.
Collapse of a few columns or of a single upper floor

Debris Shuttered elements.

5%

3%
42%

Fig. 1 Proportion for Damage images collected from
previous Earthquakes.

m Ecuador Earthquake (2016) m Haiti Earthquake (2010)

m New Zeland Earthquake (2011) = Pohang Earthquake (2017)

m Taiwan Earthquake (2016) m Syria -Turkey Earthquake (2023)
m Nepal Earthquake (2016) m Other Earthquakes
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Fig. 2 Number of class labels used in training YOLO v8

In this study, transfer learning approach was
employed using the MobileNetV2 architecture, a
lightweight convolutional neural network (CNN)
originally designed for mobile and edge devices [7]
The base model was pre-trained on the ImageNet
dataset, and its top layers were omitted. We extracted
features from the sixth-to-last layer of the
MobileNetV2 model, utilizing its ability to capture
abstract image representations. To prevent overfitting,
we froze the layers up to this extraction point. Our
custom classification layers included a global
average pooling layer, a densely connected layer with
ReLU activation, a dropout layer for regularization,
and a final dense layer with a softmax activation
function, tailored to our specific multi-class
classification task. The model was then compiled
with a sparse categorical cross entropy loss function,
and an Adam optimizer was used for training. The
architecture was trained on our dataset for 100
epochs, with a focus on achieving high accuracy and
generalization.  This = comprehensive  model
configuration and training strategy aim to adapt
MobileNetV2 to effectively classify structural
damage in images, demonstrating its potential for
real-world applications.

b. YOLO v8

In this research, YOLOv8 was employed, a state-
of-the-art object detection algorithm[8], to address
the crucial task of earthquake damage detection in
exterior structures. The command used for model
training encapsulates essential parameters for the
detection task, specifying the model architecture,
training data configuration, and hyperparameters
such as image size, batch size, and training epochs.
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By leveraging YOLOVS's capabilities, we
endeavored to train a robust model capable of
accurately identifying and localizing instances of
damage in diverse environmental conditions. The use
of rectangular training facilitates flexibility in
handling non-square images. Training results, logs,
and model weights are systematically organized and
stored in the specified project directory, ensuring
traceability and reproducibility. This methodology
contributes to the advancement of automated
structural damage assessment, offering a potent tool
for post-earthquake analysis and aiding in expedited
response efforts.

(3) Assessment Process
a. Residual Seismic Capacity Ratio Index R

The Residual Seismic Capacity Ratio Index (R)
measures building damage by comparing the strength
after damage to the original strength before any
damage occurred. It gives us a clear idea of how
much strength remains after an event. As in [6] they
suggested a way to calculate the R index depending
on the number of elements that has been damaged, in
this research it was modified to adjust it with Syria
Conditions. Hence in Syria most of the building was
built more than 30 to 50 years ago and some building
are older than this, most of the columns in Syria are
brittle columns and most of shear walls are without
boundary columns.

b. Seismic capacity reduction factor n

Expressed as the proportion of the absorbed
hysteretic energy following an earthquake to the
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Fig. 3 Sample images for Damages Level (Column, Shear wall, Infill wall, Outdoor Damage)
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original absorbed energy of structural elements. It
was updated as it is proper for as shown in Table 4.

Table 4 Seismic capacity reduction factor n

Damage Class | Brittle columns Shear walls

I 0.62

1I
I 0 0

0.62

c. Normalized strength index C

In the simplified approach, a standardized
strength indicator, denoted as the normalized strength
index C, is proposed for various typical member
sections commonly encountered in existing RC
buildings in Japan. This proposal considers the
ultimate shear stress and effective sectional area for
each section type as in Table 5

Table 5 Normlized Strength index € for simplified procedures .

Column Shear wall without boundry
columns
Section 6$m | I &0 om
<—> 240 cm
60 cm

T, (N/ : 1
mm?)

C 1 0

Notably, the value assigned to the C index is
consistent with that used for the majority of columns
in low-rise RC buildings in Syria. This decision was
made based on the similarity in section dimensions
commonly found in both Japanese and Syrian
contexts.

The residual seismic capacity index R then is
calculated as follow:

2304
R = Trg x 100 (%) (13)
Aj=Cxn G+ CxnW =] (2a)
Ao =Co + W, (2b)
Ay = 0.62C; + 0.62W; (20)
A, = 0C, + O, (2d)
Az = 0C; + O/, (2e)
Aorg = Csum + Weum (ZD

Co, Cy,,C, C3 Cgym s Damage class 0 and 1 for Columns.

wWo, w;, W,, W3, Ws,m: Damage class 0 and 1 for Shear
walls.

After classifying the damage of the elements, the
application will count the number of the damage
elements ( Cy, Cy, C3,W;, W5, W5 )and the user will enter
the number of the whole elements with the elements that
has not been damaged in the building to have the final
results. Then the damage rating criteria is as follow:
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R=95% [slight]
95% >R =>80% [light]
80% >R > 60% [Moderatet]

60 % >R [Heavy]

R =0 [Collapsed]

3. Results

In outdoor damage level detection, the YOLOVS
model was used for earthquake damage detection, a
crucial application in disaster response. Through 100
training epochs on our dataset, the model exhibited a
consistent decline in training losses, signifying
effective convergence. Notably, precision and recall
displayed a delicate balance, with the model
achieving a peak mAP50-95(B) of 46.71% as shown
in Fig. 4. This metric, assessing detection
performance across varying IoU thresholds,
highlighted the model's overall efficacy. Validation
losses closely mirrored the training trends, affirming
the model's ability to generalize to new data. Our
findings indicate a progressive learning process,
though fluctuations in precision and recall warrant
further investigation. To optimize performance,
future work could involve a detailed analysis of false
positives and negatives, alongside potential
adjustments  to  hyperparameters or  data
augmentation strategies. Overall, our study
contributes insights into deploying YOLOvVS for
earthquake  damage  detection, emphasizing
meticulous evaluation and iterative refinement for
real-world applicability. The graphical representation
enhances the clarity of our findings, providing a more
accessible understanding of the YOLOvVS training
process for earthquake damage assessment.
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Fig. 5 Confusion matrix (a) , loss curve (b) and accuracy curve (c) .
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4. Conclusion and Future work

In conclusion, the training of MobileNetV2 for
earthquake damage classification has yielded a
commendable accuracy of 70.32%. While this marks
a significant step forward, there are avenues for
improvement and expansion in future research
endeavours. To enhance the accuracy further, a focus
on refining the model architecture and exploring
advanced training techniques could be beneficial.
Additionally, addressing image quality concerns,
perhaps through pre-processing techniques or data
augmentation, may contribute to more robust
performance. Integrating the AI model into a mobile
app is crucial for the convenience of local users. The
next step involves developing a user-friendly mobile
application accessible to everyone.
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The dataset can be
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After an earthquake, the visual inspection approach is typically used to evaluate the buildings' state of
damage. Nevertheless, this approach is labor-intensive, error-prone, and time-consuming. In recent dec-
ades, significant advancements in the use of machine learning and artificial intelligence have been made in
various domains. This study proposed a method to classify the building’s post-earthquake damage using
machine learning techniques. Different machine learning algorithms are trained with the building’s prop-
erties and ground motion characteristics as input features. It is observed that the gradient boosting classifier
(GBC) has achieved a higher overall damage prediction accuracy on the testing dataset. The primary goal
of this study is to classify the damage to RC buildings at Saitama University following the earthquake.
Here, Google Earth is used to extract the structural properties. However, the challenge is to have the seismic
characteristics for reliable and accurate damage classification after the earthquake. A novel method is pro-
posed to extract the ground motion parameters using machine-learning techniques and low-cost Internet of
Things (IoT) devices. The trained GBC uses these structural and seismic characteristics to classify the

damage to RC buildings at Saitama University following the earthquake.

Key Words : Damage Classification, Seismic Damage, Machine Learning, loT Devices

1. INTRODUCTION

Earthquakes have caused severe building damage
and huge economic loss as evidenced by the 2015 Ne-
pal earthquake" and the 2023 Turkey and Syria
Earthquake?. Since buildings are the majority in the
built environment, the information on the damage
conditions of buildings immediately after the earth-
quake is crucial for concerned authorities to respond
systematically in the post-disaster situation. Gener-
ally, the visual inspection method is employed to as-
sess the building’s damage after the earthquake.
However, this method requires a larger number of ex-
perts to be mobilized to the affected areas and the ex-
perts may be lacking to be mobilized at the same
time. Hence, this method tends to be time-consuming
as few months were taken to collect the building’s
damage information after the 2015 Nepal earth-
quake®. Significant progress has been made in recent
years using artificial intelligence (AI) and machine
learning in various domains and only a few studies*
) are concerned about the post-earthquake damage
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classification using machine learning and deep learn-
ing. Building damage is associated with the structural
properties and the ground motion characteristics.
Hence, various machine learning algorithms are
trained considering structural and seismic properties,
unlike®?. The building's information can be collected
from government agencies, municipality offices,
real-estate agencies, open street maps, Google Earth,
etc. However, getting the building-to-building or re-
gion information related to the ground motion is chal-
lenging. For this, a novel technique is proposed to ex-
tract the seismic information using machine learning
and IoT devices.

2. PREPARATION OF SIMULATION
DATASET

A total of 124,404 is prepared considering a non-
linear time history analysis (NLTHA) of 3-10 story
reinforced concrete (RC) buildings with 732 earth-
quake waves (as shown in Figure 1) downloaded



from the K-Net and Kik-Net database. The bilinear
MDOF shear model is considered where the mass is
taken as unity and the inter-story stiffness is calculated
based on the eigenvalue analysis'”. The maximum in-
ter-story drift ratio obtained from the NLTHA is di-
vided into different damage classes such as no dam-
age (ND), slight damage (SD), moderate damage
(MD), extensive damage (ED), and complete damage
(CD) as per the FEMA 2003 guidelines'V. A total of
six structural parameters: number of stories (Ns), story
height (Hs), height of the building (H), fundamental pe-
riod (T1), construction years and plan configuration,
and three seismic properties: peak ground acceleration
(PGA), peak ground velocity (PGV) and the ratio of
PGV/PGA are considered.

80

Acceleration (m/s”2)
B [«)]
o o

N
o

o

0 2 4 6 8 10
Time period (sec)

Fig. 1 Details of earthquakes used in NLTHA.

3. DAMAGE CLASSIFICATION MODELS

The simulation dataset developed in section 2 is
randomly divided into 70% training dataset and 30%
testing dataset. Various machine learning algorithms
such as random forest (RF), gradient boosting classi-
fier (GBC), support vector machine (SVM), decision
tree (DT), artificial neural network (ANN), and k-
nearest neighbor (KNN) are trained utilizing the
training dataset and checked their performance on the
testing dataset that is not used during training. It was
observed that the overall accuracy of seismic damage
classification is obtained higher in GBC than in other
ML algorithms as shown in Figure 2.

Overall damage classification accuracy

120% 100.0%
V70 96.4% —~Testing —Training

100% - 88.7%

> 83.4%

Q ]

g 80% 87.3763.8%61.2%

3 60% - 51.5%

<"E 40% - 1% 33.7%
20% - 36.9% 33.2%
0%

RF GBC DT KNN SVM ANN
Machine learning algorithms
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Fig. 2 Damage classification accuracy by various ML algo-
rithms on training and testing dataset

3. ML MODEL VALIDATION

The GBC model is selected for further investiga-
tion since it has achieved higher prediction accuracy
on the testing dataset. The performance of the GBC
model is evaluated on a real-world RC building dam-
age dataset'? that is taken from the 2015 Nepal earth-
quake. The random dataset of 50 RC buildings for
each damage class is selected and considered here as
a validation dataset to examine the GBC model on the
real-world/unseen damaged dataset. The overall
damage classification accuracy of 82.8% is obtained
on the validation dataset, as shown in Figure 3.

Predicted Label

N S M H C Recall

N 390 6 2 3 0 78%

= S 4 145 1 0 0 90%
<

5 M 3 2 P4a 1 0  88%
(")

S H 1 0 1 (48| 0 96%

C 3 1 8 7 31 6%

Precision 78% 83% 79% 81% 100% A€

82.8%

Fig. 3 GBC performance on the validation dataset

4. DAMAGE CLASSIFICATION OF RC
BUILDINGS AT SAITAMA UNIVERSITY

The main purpose of this paper is to classify the
damage to RC buildings at Saitama University after
the earthquake. For this, the structural and seismic
properties are required to be fed into the GBC model
to classify the damage after the earthquake. The
structural properties of RC buildings having 3-10 sto-
ries are extracted using Google Earth. However, the
fundamental time is calculated using ASCE 7-05'%,
and the construction years are taken randomly. How-
ever, there is no recording device to capture the
ground motion characteristics. In this study, a set of
low-cost IoT devices such as Raspberry Pi and
ADXL355B is used to capture the seismic properties.
These IoT devices are set up on the 8" Floor of the
research building at Saitama University. However,
the seismic parameters at the ground level are re-
quired to be fed into the GBC model to classify the
damage after the earthquake. For this, a novel ma-
chine-learning technique is proposed to predict the
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Fig. 4 Overview of the proposed method

ground motion parameters using the recording of IoT
devices. A random forest regressor (RFR) is trained
using 60,024 datasets comprising structural proper-
ties such as Ns, Hs, H, T1, Age of building, acceler-
ation, velocity, and displacement response on the 8
floor obtained after NLTHA. The model performance
is evaluated on a 30% randomly divided dataset
where a co-relation coefficient (R?) of 0.895 is ob-
tained. The RFR model is further used to predict the
PGA and PGV using the recoding of seismic re-
sponse on the 8" floor of Saitama University on a 5.4
magnitude earthquake that took place on 4/19/2022,
8:16:14. These predicted seismic properties values
are compared theoretically and utilized further along
with building information at Saitama University by
GBC model for damage classification after that earth-
quake. It is observed that all buildings are classified
as no damage which is 100% correct compared with
the actual results, as there was no damage observed
in that earthquake. The overall methodology is ex-
plained in Figure 4.

S. CONCLUSION
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The study proposed a novel approach to classify
the RC building damage based on the severity using
machine learning and IoT devices. The machine
learning approach to predict the ground motion pa-
rameters can be beneficial to places where no seismic
recording devices are set up. This technique also dis-
courages the use of costly installation of a dense array
of sensors to capture the seismic properties. How-
ever, the machine-learning models need to be accu-
rate and reliable predictions and validated with more
real-world data. For now, a regional scale is selected
for the damage classification of RC buildings, how-
ever, this can be extended to a city scale for rapid
seismic damage classification of RC and other build-
ing types such as masonry, steel, composite, etc.
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SR O MBS EITEAT O Z EPME L7205,

Q) hyy # hy, DIHE

TR, A UERINVEENN R D10, &
DRE NG Uy Dx fLENEENT 5. BEMOK
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2w 2
Al= u - sin {T (xo + W)} — U -sin (TxO) =0 (17)
ZZT,

2 m
U= ?SV(TAI)TAl cos (ﬁ hAl) (18)
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u= FSV(TAZ)TAZ Cos (ﬁ hAZ) (19
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u-sin I
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T, BECERREHENS,) SHRARA(A,) OIS A Holle L
TWno.

10000 T
- Level2 ground motion
£ 1000 | ach
= /'J/r"
S’ *
£ 100 e,
Q )
=
¥ 10
% —B— Ax(W=5m) 6x(W=5m)
R2) 1 ‘ AX(W=10m) 3X(W=10m) |
2 —8— AX(W=15m) —®— 5x(W=15m)
—h— AX(W=20m) —h— 5x(W=20m)
0.1 1
0.1 1 10
Typical period (s)
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7o b 20X, R E ] 5 AN A=
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ARLTWD.
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£ ZAT, WBEOHESRE ICIIMIRENC L D hiE
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D1 DIRFSFE A Z TND Z & vbins.

10

0.1

Angle of rotation(degree)

—B—Ax(W=5m) Sx(W=5m)
0.01 ¥ L AX(W=10m) Sx(W=10m) -
4 —8—AX(W=15m) —®— 3x(W=15m)
—A—AX(W=20m) —&— 3x(W=20m)
0.001 } :
Level2 ground motion
0.0001 '
0.1 1 10
Typical period(s)

X6 AT HIERIERIA V) 7 B L

1. F&&H

L)L 2 IEREWRAE R CACEAE e Rl EEiE T/ ER
T DM OBEERZRE L. BOiE TR
T
1) KERERRERE T OGO AR ESE) (25
T AN RE ik E ERIL L.
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Hiromoto ONUMA and  junji KIYONO

A survey of water pipe damage caused by earthquakes in recent years has confirmed that damage to lead-in parts of water
supply equipment is more common than damage to distribution pipes, and it has been pointed out that improving the seismic

resistance of water supply equipment is an important issue.

For the purpose of evaluating seismic resistance by numerical analysis,  the water supply equipment was modeled as a beam
on an elastic foundation and a simple calculation of strains on the cantilever beam was conducted. By comparing the analytical
results with experimental values, we obtained useful knowledge for our future study.
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Road marking as vital road infrastructure would inevitably wear out over time and influence traffic
safety. At the same time, the inspection and maintenance of road marking cost enormous human and eco-
nomic resources. Considering this, we propose a road-marking damage detection system using computer
vision and deep learning techniques with street view images captured by a regular digital camera mounted
on a vehicle. The damage ratio of road marking is measured according to the undamaged part and region
of road marking using semantic segmentation, inverse perspective mapping, and image thresholding ap-
proaches. Furthermore, road-marking damage detectors using the YOLOv8 algorithm are developed based
on the damage ratio of road marking. The proposed methods successfully automate the damage detection

process for road markings.

Key Words : Road Marking, Damage Detection, Computer Vision, Deep Learning

1. INTRODUCTION

Road markings play a vital role in traffic safety. A
future road network will be a mix of human-driven
vehicles and autonomous vehicles (AVs), making
road markings an important infrastructure element to-
day and in the future [1]. Properly installed and well-
maintained road markings provide abundant guid-
ance and information to drivers and AVs. On the con-
trary, damaged road markings pose significant chal-
lenges to human drivers and camera-sensor-based
AVs, because traffic safety is dependent on the visi-
bility of road markings [2].

Road markings inevitably wear out over time. In-
spection and maintenance of road markings are cru-
cial. However, the previous practice was to manually
inspect the degree of road-marking damage, which
makes inspection and maintenance costly in terms of
human and economic resources. Therefore, an auto-
mated road-marking damage inspection system using
computer vision and deep learning techniques is pro-
posed with street-view images captured by a regular
digital camera mounted on a vehicle.

2. METHODS

(1) Road-marking Damage Assessment

The basic idea of road-marking damage assess-
ment is to measure the damage ratio of road markings
based on their undamaged parts and the entire region.
The assessment process involves several steps that
are data acquisition, semantic segmentation, inverse
perspective mapping, image cropping, image thresh-
olding and calculation of damage ratio.

For data acquisition, we used a front-view camera
mounted on the vehicle. Street-view images were
collected from three cities in Japan: Yokohama,
Chofu, and Nogata in November 2015, November
2015, and March 2017, respectively. Fig. 1 shows an
example of a captured street-view image.

The second step was semantic segmentation of the
original image [3]. In this study, we aimed to measure
the damage ratio of road markings ac-cording to their
undamaged parts and regions. Therefore, semantic
segmentation was used to extract the integral region
of the road markings. On the other hand, the undama-
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Fig. 1 Example of street view image.

ged part can be extracted from the original image us-
ing inverse perspective mapping (IPM), image crop-
ping, and image thresholding. The segmentation re-
sult is promising because the neural network success-
fully extracts the road-marking region. Fig. 2 shows
an example of the segmentation result of Fig. 1.

Fig. 2 Example of segmentation result.

In the captured street-view image, the pixels occu-
pied by each road marking were different. As shown
in Fig. 1, the distant road marking of the approach to
pedestrian and bicycle crossings (prismatic road
marking on the right side of the road) is thinner than
the nearby marking. This is not conducive to road-
marking damage assessment [4]. Therefore, IPM was
adopted to convert the street-view image into a bird’s
eye view (BEV) image. Generally, IPM maps the pix-
els of an image from a horizontal to a vertical view.
In this study, we used the Open Source Computer Vi-
sion Library (OpenCV) to conduct IPM on both the
original image and the segmentation result [5]. Fig. 3
shows the BEV images obtained in this study through
the IPM.

Fig. 3 Examples of the obtained BEV images (left: original im-
age; right: segmentation result).

To conduct damage assessment for road markings
independently, each instance must be cropped from
both the original image and the segmentation result.
Fig. 4 shows examples of cropped road-marking im-
ages.

Fig. 4 Examples of the cropped road-marking images (left: orig-
inal image; right: segmentation result).

Because the goal of the assessment process is to
measure the damage ratio of road markings according
to their areas, we need to convert the areas of the un-
damaged parts and regions to the number of pixels in
the image for calculation. Image thresholding can
perform basic segmentation of an image and convert
it into a binary image, where the pixels are either 0 or
1 (or 255) [6]. Hence, we employed thresholding to
extract the undamaged parts and regions of road
markings from the cropped images obtained in the
previous step. Fig. 5 shows the thresholding results
obtained using OpenCV.

Fig. 5 Examples of the thresholding results (left: original image;
right: segmentation result).

The damage ratio of road marking can be measured
as follows:

R=1-"u (1)

where N, 4 is the number of pixels in the undamaged
part of the road marking, N, is the number of pixels
in the road-marking region, and R represents the
damage ratio of the road marking. Because the IPM
process eliminates the perspective effect, every pixel
in the binary image obtained in the previous step has
the same area in the actual world. Thus, the ratio of
the area of the undamaged part to that of the road-
marking region can be regarded as the ratio of the
number of pixels in the undamaged part to the num-
ber of pixels in the road-marking region. For the ex-
ample in Fig. 5, the number of pixels in the undam-
aged part is 2,573, the number of pixels in the region
is 3,841, and the damage ratio is 0.33.
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(2) Road-marking Damage Detection

A flowchart of the road-marking damage inspec-
tion system using the object detection approach is
shown in Fig. 6. Inspired by [4], we divided the dam-
age ratio (R) of the road markings into three grades:
slight, moderate, and severe. A damage ratio of 0—
10% is regarded as slight damage, which indicates
that there is no need for maintenance. A damage ratio
of 10%-50% is regarded as moderate damage, which
means that the defects must be repaired. A damage
ratio of 50%-100% is regarded as severe damage,
which means that the defects require urgent re-
sponses. The results of the road-marking damage as-
sessment were then used as labeled data to train the
object detection models. The object detection model
can detect and locate the objects of interest in an im-
age, which are road markings with damage-grade la-
bels. There are many object detection algorithms, in-
cluding Faster R-CNN [7], YOLO series [8-10], and
SSD [11]. After training and model validation, the
obtained weights could automatically detect road
markings with damage-grade labels from a street-
view image.

Training data

Damage
Ratio

Fig. 6 Flowchart of road-marking damage detection

3. RESULTS

(1) Road-marking Damage Detection Dataset

A road-marking damage-detection dataset was
built in this study. For the road-marking damage as-
sessment, 1000 street-view images with 3909 road-
marking instances were processed. Specifically, the
damage ratios of road markings are measured during
the road-marking damage assessment process. As
mentioned earlier, damaged road markings are di-
vided into three grades according to their damage ra-
tios: slight, moderate, and severe damage. On this ba-
sis, we divided road markings into line-, arrow-,
block-, and word & number-type road markings ac-
cording to their shapes. This makes the number of
classes of the dataset 12 (see Table 1).

These data were then used as raw data to create a
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Table 1 Proposed dataset in this study.

Shape Damage Class ID
Slight ADO
Arrow Moderate AD1
Severe AD?2
Slight LDO
Line Moderate LD1
Severe LD2
Slight BDO
Block Moderate BD1
Severe BD2
Slight WNDO
Word & Number Moderate WND1
Severe damage WND2

dataset. An annotation tool called Roboflow was used
to manually annotate the street-view images. Road
markings were annotated with bounding boxes,
which are commonly used annotation types in object
detection. The image data contains of 640 %640 pix-
els. The training set has 2,400 images. The validation
and test sets contained 100 images each.

(2) Road-marking Damage Detector

Detectors based on the YOLOV8 architecture were
built to address the proposed dataset [10]. Since
2015, the YOLO series has achieved significant suc-
cess in terms of object detection. YOLOVS, released
by Ultralytics on January 10, 2023, is the most recent
version of the YOLO series. It is the most advanced
state-of-the-art model and offers high performance in
terms of accuracy and speed. In YOLOVS, there are
five different models: YOLOv8n, YOLOVSs,
YOLOv8m, YOLOvVSI, and YOLOvVS8x. For instance,
YOLOvV8N represents YOLOvV8 Nano, which is the
smallest and fastest model, whereas YOLOv8x rep-
resents YOLOV8 Extra Large, which is the largest yet
most accurate model.

The detectors were trained on a Linux Ubuntu
20.04 LTS with an NVIDIA GeForce RTX 3090
GPU with 24 GB of video memory. PyTorch was
used for the deep-learning framework. After explor-
ing several hyperparameters, the weights of the best
fit were generated. The optimizer used was a stochas-
tic gradient descent (SGD) with a momentum of 0.9.
The learning rate and weight decay were set as 0.001
and 0.0001, respectively. The model was trained for
100 epochs, with a batch size of 16. After the training,
the model was evaluated using the test set.

Mean average precision (mAP) and F1 score were
used as evaluation metrics. The results are shown in
Table 2. As marked in bold, YOLOVS8I obtained the
best results based on the mAP and F1 scores of
72.40% and 0.69, respectively. However, YOLOv8n
had the lowest inference time of 1.062 ms per image,
thus achieving real-time performance. Fig. 7 shows



the mAP values of each class obtained using the
YOLOvV8I model. Overall, half of the classes had
mMAP values greater than 75%. A reasonably accurate
baseline for road-marking damage detection is made
in this study.

Table 2 mAP, f1-score, and inference speed for
The yolov8 series models.

Model mAP Fi Inference time
(%) (ms)
YOLOvV8n 66.57 0.64 1.062
YOLOVS8s 67.11 0.63 1.318
YOLOv8Bm  69.38 0.65 3.286
YOLOvSI 72.40 0.69 5.086
YOLOvV8x 70.90 0.67 7.644
ADO 76.8
P2\ D) R s—— R
AD2 1 81.8
BDO 1 77.2
BD1 1 58.1
BD2 1 82.8
LDO 1 81
LD1 1 56.3
LD2 1 67.1
WNDO 1 86.4
WND1 1 76.1
WND2 1 81.2
all 1 724
0 20 40 60 80 100

Fig. 7 mAP values of each class

Fig. 8 presents the visual results of road-marking
damage detection based on the YOLOv8I model on
test images. The first row corresponds to the ground
truth label, whereas the second row is the prediction
performed by the YOLOvVS8I-based detector. Most
road-marking defects were successfully detected by
the bounding boxes.

Fig. 8 Visualization of road-marking damage detection results
of YOLOVS8I (First row: ground truth, second row: results of
prediction).
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4. CONCLUSIONS

This paper proposes an automatic road-marking
inspection system using street-view images. Few
studies have addressed the detection of road-marking
defects. Hence, a road-marking damage assessment
process that employs semantic segmentation, IPM, and
image thresholding techniques is proposed. The basic
idea was to compare the areas of the undamaged part of
the road markings with its region. Then, a road-marking
damage detection dataset containing 12 classes was
generated. The dataset contains 2,600 images with
9,920 road-marking instances. A state-of-the-art model,
YOLOVS, was used to train the road-marking damage
detector. The experimental results show that the
detector based on the YOLOV8I model achieves a
promising performance of 72.40% mAP, automatically
detecting road-marking defects.

The road-marking damage assessment process
should be improved, particularly in terms of image
cropping. In this study, we manually conducted image
cropping, which should be replaced by an automated
process to eliminate human error. In addition, road-
marking damage detection datasets should be constantly
improved to address the data imbalance problem.
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NEW DISASTER-RESILIENT ROAD DEVELOPMENT FOCUSED ON ROAD
RISK ASSESSMENT

Norio HARADA, Masao SHINOHARA, Ryotaro SUGIHARA, Izumi MIYAUCHI
and Takahisa MIZUYAMA

In response to the recent road disaster risks, new guidelines for road risk assessment have been introduced.
These guidelines are intended to efficiently and effectively strengthen the disaster-resilient road network
by evaluating the current state of risk towards disasters. This paper aims to understand the public's satisfac-
tion with the current state of disaster-resilient road development and to apply the concept of road risk as-
sessment to sections (routes) considered crucial for advancing our country's national land resilience. An
analysis using previous survey results indicates a trend in regions west of Kanagawa Prefecture, where
there is a significant demand for disaster-resilient road development. Furthermore, based on the trial study
of road risk assessment, this paper proposes the direction and issues to consider for the targeted routes.
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