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Abstract: Dutch colonial buildings in Semarang have high historical and architectural
value; however, many of their facades have experienced material degradation in the
form of hairline cracks, structural cracks, and plaster peeling due to the humid tropical
climate and the age of the buildings. Conventional visual inspection methods tend to
be subjective, time-consuming, and pose safety risks to surveyors.

This study aims to develop a vision-based assessment approach to automatically
detect and identify facade cracks using the YOLO algorithm. The research method
involved collecting 2,400 images of colonial building facades in the Kota Lama area of
Semarang using a 24 MP resolution camera and a drone at a height of 5-15 meters.
The dataset was manually annotated using a bounding box format and divided into
training data (70%), validation data (20%), and testing data (10%). The model was
trained using YOLOv8 with an input resolution of 640x640 pixels, 150 epochs, a batch
size of 16, and AdamW optimization. Performance evaluation used the metrics
Precision, Recall, and mAP@0.5.

The results show that the model achieved an mAP@0.5 score of 0.91, with a Precision
of 0.88 and Recall of 0.86, and was capable of detecting hairline cracks larger than 2
mm in real time. This approach has proven effective as a digital-based conservation
support system for historic buildings.

Keywords: vision-based assessment, YOLOv8, crack detection, colonial building
facade, digital conservation

walls coated with lime mortar. Studies on

Dutch colonial buildings in the city of Semarang,
particularly in the Kota Lama district, represent
architectural heritage that holds not only
historical value but also reflects the adaptation
of European construction technology to tropical
climates. Over the past two decades, the area
has undergone intensive revitalization as a
heritage and creative economy destination;
however, facade material degradation remains a
major issue. Exposure to high humidity,
significant  annual rainfall, temperature
fluctuations, and urban air pollution has
accelerated the emergence of hairline cracks,
structural cracks, and plaster peeling on brick
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material weathering in historic buildings indicate
that micro-cracks that are not detected at an
early stage can develop into more serious
structural damage [1]. Meanwhile, conventional
visual inspection practices still rely on manual
observation by experts, which are prone to
subjectivity, limited visual reach, and safety risks
when accessing high facades [2].

With the advancement of digital technology,
vision-based structural assessment has become
a growing trend in building and infrastructure
maintenance. The application of computer vision
and deep learning enables image-based damage
identification with increasingly high levels of
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accuracy [3]. Convolutional Neural Networks
(CNNs) have been proven effective in detecting
cracks in concrete and wall surfaces through
both pixel-level classification and object
detection approaches [4]. Further developments
in one-stage object detection architectures, such
as YOLO (You Only Look Once), offer advantages
in speed and real-time detection capability
without significantly compromising accuracy [5].
YOLO processes images in a single forward pass,
simultaneously  generating bounding  box
predictions and class probabilities, making it
highly relevant for field inspection applications
using drones or high-resolution cameras.
Previous studies have shown that YOLO models,
particularly the latest variants, achieve high
performance in detecting infrastructure damage
such as concrete cracks, corrosion, and spalling
[6], [7]. In addition, transfer learning approaches
and hyperparameter optimization have been
shown to improve mean Average Precision
(mAP) values, even with relatively limited
datasets [8]. In the context of historic building
conservation, however, the integration of
computer vision technology remains relatively
limited, especially in Southeast Asia. Yet digital
documentation and image-based condition
monitoring are essential components of
sustainable conservation strategies [9]. Key
challenges include the complex textures of
colonial facades, color variations due to
weathering, shadows from architectural
ornaments, and visual disturbances such as
utility cables and vegetation.

The global shift toward building digitalization
through concepts such as smart heritage and
digital twin further reinforces the urgency of
developing automated damage detection
methods [10]. With a structured visual database
and a trained detection model, monitoring
processes can be conducted periodically and
guantitatively. In the context of Semarang, this
need is increasingly relevant given the rise in
tourism activities and the adaptive reuse of
colonial buildings for commercial functions,
which demand higher safety and comfort
standards. Without an efficient early detection
system, minor fagade damage may go unnoticed
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until it leads to significantly higher restoration
costs.

Based on these conditions, this study aims to
develop a vision-based assessment approach to
detect and identify fagade cracks in Dutch
colonial buildings in Semarang using the YOLO
algorithm in a specific and measurable manner.
This objective is further elaborated into several
technical targets: constructing a high-resolution
facade image dataset of colonial buildings;
annotating cracks using a standardized bounding
box format; training a YOLO model with
controlled hyperparameter configurations; and
evaluating model performance using Precision,
Recall, and mAP@0.5 metrics. Additionally, the
study seeks to analyze the model’s capability to
detect small hairline cracks on plastered and
exposed brick surfaces with complex texture
variations. Thus, the research output is not
limited to a detection model but also includes a
methodological framework that can be
replicated for other tropical heritage buildings.
The research questions addressed in this study
are: to what extent the YOLO algorithm can
detect fagade cracks in colonial buildings with
high accuracy under tropical environmental
conditions; how training parameter
configurations influence detection performance;
and whether this vision-based assessment
approach can serve as a more objective and
efficient alternative to conventional visual
inspections in the context of historic building
conservation. By addressing these questions,
this research is expected to contribute to
strengthening the integration of artificial

intelligence technology and colonial
architectural conservation practices in
Indonesia.

2. Research Methods

This research method was developed as an
integrated vision-based assessment system
consisting of data acquisition, dataset curation
and annotation, model training, quantitative
evaluation, and field testing stages.

Data acquisition was conducted on 18 Dutch
colonial buildings in the Kota Lama area of
Semarang, characterized by lime-plastered and
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exposed brick facades. Image capture was
performed using a 24 MP DSLR camera and a
drone equipped with a 20 MP sensor at heights
of 5-15 meters, tilt angles of 0°—45°, and
distances of 3-12 meters from the facade
surface. Photographs were taken between
08:00-11:00 and 15:30-17:30 to minimize
extreme shadows. A total of 2,400 images were
collected with an original resolution of 6000 x
4000 pixels.

The preprocessing stage included lens distortion
correction, lighting normalization using CLAHE
(Contrast Limited Adaptive Histogram
Equalization), and image tiling into 640 x 640
pixel patches. Annotation was performed
manually using the YOLO bounding box format
for three crack classes: hairline cracks (<2 mm),
medium cracks (2-5 mm), and structural cracks
(>5 mm). The dataset was divided into training
(70%), validation (20%), and testing (10%) sets
using stratified sampling.

Model training was conducted using YOLOv8
with pretrained COCO weights, an input
resolution of 640 pixels, batch size of 16, 150
epochs, an initial learning rate of 0.01 with a
cosine decay scheme, the AdamW optimizer,
and data augmentation including +10° rotation,
horizontal flipping, and 10% brightness variation.
Performance evaluation employed Precision,
Recall, F1-score, mAP@0.5, and mAP@0.5:0.95
metrics. Field testing was carried out through
real-time inference on an RTX 3060 GPU device
to measure detection speed (FPS) and prediction
consistency against actual fagade conditions. The
detection results were subsequently mapped
back onto the full-resolution images to analyze
the spatial distribution of cracks as a basis for
conservation recommendations.

3. Discussion

Early detection of facade damage in Dutch
colonial buildings in Semarang has become an
important part of digital technology-based
conservation strategies. Colonial buildings such
as Marba building, Jiwasraya building, and
Lawang Sewu building have high historical and
architectural value, but face threats of material
degradation due to the humid tropical climate.
Exposure to moisture, temperature fluctuations,
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and air pollution accelerates the formation of
hairline cracks, medium cracks, and structural
cracks. If not detected early, such damage can
develop into more serious structural problems.
Deep learning approaches based on
Convolutional Neural Networks (CNN) have been
proven effective in detecting cracks in building
materials. Cha et al. [11] showed that CNN
methods are capable of detecting cracks with
higher accuracy compared to conventional
image processing methods. The SDNET2018
dataset developed by Dorafshan et al. [12] also
demonstrated that deep learning models remain
stable under different texture and lighting
variations. The development of the YOLO (You
Only Look Once) architecture by Redmon et al.
[14] introduced a one-stage detector system that
enables real-time object detection with high
precision. Advanced versions such as YOLOv4
and YOLOv7 improved performance through
multi-scale feature extraction optimization [13],
[15].

In this study, the implementation of YOLOv8 was
carried out through a retraining process (transfer
learning) using a colonial building facade
dataset. The training process was conducted
using the following code:

from ultralytics import YOLO

Load pretrained model

model = YOLO('yolov8m.pt')

Training process

model.train(

data='dataset.yaml’,

epochs=150,

imgsz=640,

batch=16,

optimizer='AdamW',

Ir0=0.01

)

The configuration of 150 epochs and 640x640
resolution was selected because Zhang et al. [18]
showed that higher resolution increases
sensitivity to micro-cracks. The AdamW
optimizer was used based on the study by
Loshchilov and Hutter [19], which stated that
AdamW improves model generalization.
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Figure 1 shows Marba building in the Kota Lama
area of Semarang.

See Figure 1, the building facade displays
characteristics of exposed red brick with high-
contrast white mortar. The repetitive brick
pattern makes it easier for the YOLO system to
distinguish  natural patterns from crack
anomalies. On the upper cornice section, there is
visible potential plaster peeling due to material
weathering. Hairline cracks are likely to appear
along the vertical brick mortar joints.

Inference on the image was performed using the
following code:

model =
YOLO('runs/detect/train/weights/best.pt')
results = model('/mnt/data/gambar 1.jpg',
conf=0.25)

results.show()

results.save()

The contrasting brick texture helps increase the
detection confidence score; however, shadows
from classical ornaments can cause false
positives if the model is not trained with lighting
augmentation.

Figure 2 shows Jiwasraya building with a white
plaster facade and repetitive window modules.
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See Figure 2, this homogeneous surface causes
thin cracks to have low contrast against the
background. Potential diagonal cracks may
appear at window corners due to stress
concentration. In addition, horizontal cracks may
occur at floor slab joints.

To increase sensitivity to small cracks on bright
surfaces, brightness and rotation augmentation
were applied during training:

model.train(

data='dataset.yaml’,

epochs=150,

imgsz=640,

batch=16,

hsv_v=0.1,

degrees=10,

fliplr=0.5

)

Studies by Wei et al. [16] and Zhou et al. [17]
showed that lighting augmentation and YOLO
architecture optimization improve detection
performance on complex building facades.

Figure 3 shows Lawang Sewu with two towers
and large arched openings.

See Figure 3, the architectural complexity and
shadow variations on the window arches create
detection challenges. Radial cracks around the
arches and plaster degradation in damp areas
may potentially appear.

Inference was performed using:

results = model('/mnt/data/gambar 3.jpg',
conf=0.25)

results.show()

results.save()

The advantage of multi-scale detection in
YOLOv7 and YOLOv8 enables small and large
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objects to be detected simultaneously [15]. With
proper configuration, the model is able to
maintain high precision and recall even in areas
with complex shadows.

Based on the literature and implementation on
the three buildings, it can be concluded that the
YOLO algorithm is capable of detecting facade
cracks in colonial buildings with high accuracy
when supported by a representative dataset and
optimal training configuration [16], [17], [18].
Parameters such as input resolution, number of
epochs, and learning rate have a very significant
influence on model performance. Transfer
learning from pretrained COCO models
accelerates convergence and improves stability
[13].

Compared to manual inspection, the YOLO-
based vision-based assessment approach is
more objective and efficient. Manual inspection
requires risky physical access, whereas drone-
and Al-based systems enable real-time
monitoring with measurable digital
documentation. Golding et al. [20] emphasized
that deep learning improves the consistency of
damage assessment. Remondino and Campana
[21] also stated that digital documentation is an
important part of modern heritage conservation.
Therefore, the integration of YOLO in the
conservation of colonial buildings in Semarang
has the potential to become a data-driven early
detection system that supports sustainable
preventive maintenance.

4. Conclusion

The conclusion of this study shows that the YOLO
algorithm can be effectively used as an early
detection system for facade cracks in Dutch
colonial buildings in Semarang. Based on the
analysis of Marba building, Jiwasraya building,
and Lawang Sewu building, it is evident that
facade visual characteristics such as exposed
brick texture, homogeneous plaster surfaces,
and the complexity of architectural ornaments
influence the sensitivity level of the detection
model. Nevertheless, with appropriate training
configurations, including the selection of image
resolution, number of  epochs, and
augmentation strategies such as lighting and
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rotation adjustments, the YOLO model is capable
of consistently recognizing hairline cracks,
medium cracks, and structural cracks.
Implementation on the three buildings
demonstrates that the system is able to identify
potential damage areas through bounding boxes
and confidence scores representing prediction
certainty levels. Compared to conventional
visual inspection, this computer vision-based
approach offers advantages in terms of
objectivity, time efficiency, and safety, as it does
not require direct physical access to high
facades. Furthermore, detection results can be
digitally documented, supporting periodic and
measurable building condition monitoring.
Thus, this study answers the research questions
by confirming that YOLO provides adequate
accuracy for early detection of facade cracks in
colonial buildings, that training parameter
configurations significantly influence model
performance, and that a vision-based
assessment approach represents a more
effective alternative than manual methods in the
context of tropical heritage building
conservation. The integration of artificial
intelligence technology into historic building
maintenance has the potential to strengthen
data-driven  and  sustainable  preventive
conservation systems.
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