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Abstract

This paper investigates the influence of ultraviolet (UV) lighting configura-
tions on the automatic detection of Regions of Interest (ROIs) and the visual
identification of surface defects in cast metal parts. A meticulous experimen-
tal setup was devised employing four UV light bars arranged in a rectangle, with
varying combinations of active light sources. The study utilized the OpenCV li-
brary to automate the detection of mounting holes (ROIs) on the cast metal
parts. Additionally, a visual inspection was carried out to ascertain the visibil-
ity of surface defects under different lighting configurations. The findings re-
vealed a significant enhancement in both ROI detection efficiency and defect
visibility as the number of active UV light sources increased. A comparative
analysis illustrated the distinct impact of each lighting configuration on the
visibility and detectability of critical features on the cast metal parts. This re-
search underscores the importance of optimized lighting conditions in ad-
vancing automated inspection systems within the metal casting industry, lay-
ing a solid foundation for further exploration into advanced lighting models
and sophisticated computer vision algorithms to bolster industrial inspection
processes.
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1. Introduction
1.1. Background

The quality control process in metal casting industries is pivotal for ensuring the
production of high-quality parts that meet the required specifications [1]. There
are many factors that can affect the quality of a final part, some of which may vary
between different alloys [2]. Among the various steps involved in quality control,
the inspection of surface defects and the identification of regions of interest (ROIs)
on cast metal parts are critical for maintaining a high standard of quality [3]. Tra-
ditional inspection methods, often manual or semi-automatic, are time-consuming
and subject to human error [4]. With the advent of computer vision and machine
learning technologies, automatic inspection systems have emerged as promising
solutions for enhancing the accuracy and efficiency of quality control processes
[5]. Lighting plays a crucial role in computer vision-based inspection systems, af-
fecting the visibility of surface features and defects [6]. Different lighting models,
including ultraviolet (UV) lighting, have been proposed to enhance the ability of
these systems to detect surface defects and ROIs accurately [3].

1.2. Problem Statement

While there has been significant progress in computer vision algorithms for au-
tomatic inspection, the exploration of optimal lighting models to accentuate the
features and defects on cast metal parts is relatively uncharted. The conventional
lighting setups might not provide sufficient contrast or highlight the micro-defects
effectively, making it imperative to investigate alternative lighting models, par-
ticularly under UV lighting, which can provide better defect discernibility.

1.3. Objectives

The primary aim of this study is to investigate the effect of various UV lighting
configurations on the automatic detection of ROIs and surface defects in cast
metal parts. The objectives of this study are as follows:

1) To design and set up an experimental environment with a specific ar-
rangement of UV light bars.

2) To evaluate different lighting configurations concerning their efficacy in
highlighting surfaces.

3) To implement and assess various computer vision algorithms under differ-
ent UV lighting.

4) To compare the performance of the proposed lighting models with conven-

tional models in terms of detection accuracy and computation efficiency.

1.4. Significance of the Study

By optimizing the lighting model, this research aims to enhance the accuracy
and efficiency of automatic defect detection, which in turn can lead to substan-
tial cost savings and quality improvements in manufacturing processes [3]. Fur-

thermore, the insights gained from this study will be instrumental in the devel-
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opment of a more advanced and reliable automatic inspection system.

2. Literature Review
2.1. Automatic Detection Techniques in Industrial Inspection

In the field of surface inspection, previous work has focused on the development
of light modeling techniques to improve the accuracy and efficiency of defect
detection. Castillon et al [7] proposed a novel underwater 3D scanner model
using a biaxial MEMS mirror. The study aimed to counteract the distortion in
the scanning pattern introduced by the mirror and double refraction process in
underwater robotics. The authors developed a model that takes into account the
distortion introduced by the flat viewports used for both the laser and the cam-
era [8]. This model was tested in a water tank to reconstruct objects and planes
and assess the sensor’s accuracy.

Furthermore, previous work has explored the use of deep learning-based ob-
ject detection techniques for industrial inspection. Jang et al [9] proposed an
intelligent image-based railway inspection system using deep learning-based ob-
ject detection and image comparison. The system aimed to automate the inspec-
tion of railway infrastructure to avoid unreliable manual observation by humans.
Similarly, Tao et al [10] developed an automatic metallic surface defect detec-
tion and recognition system using convolutional neural networks. The system
accurately localized and classified defects appearing in input images captured
from real industrial environments.

Automatic detection techniques have been widely used in industrial inspec-
tion to improve efficiency and accuracy. Pang et al [11] presented an automated
optical inspection system for solder paste based on 2.5D visual images. The sys-
tem utilized a hybrid structure of FNN-based and RBF-based models to accu-
rately detect defects on solder paste surfaces. Additionally, Essid et al [12] de-
veloped a machine vision framework for the efficient detection and classification
of manufacturing defects in metal boxes. They used an autoencoder deep neural
network architecture to classify and localize defects with high accuracy.

In the field of semiconductor manufacturing, Yu et al. [13] proposed a me-
thod for automatic inspection of defects in semiconductor images using the FAST-
MCD method and neural networks. The method classified images into different
types and detected defects by estimating the parameters of the inlier distribution.
Similarly, Valencia et al [14] developed a visual inspection system for defects in
commercial eggs using classical image processing approaches and deep learning
approaches. The system aimed to replace manual inspection, which is time-

consuming and prone to human error.

2.2. Challenges in Surface Defect Detection in Cast Metals

Surface defect detection in cast metals poses several challenges that need to be
addressed. Iwata et al [15] investigated the effects of solidification behavior
during filling on surface defects in aluminum alloy die casting. They found that

reducing the die filling velocity can reduce the entrapment of air or gases in the
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molten metal, but it can also increase surface defects such as surface folds and
cold shut. Similarly, the same authors in another paper [2] studied the change in
molten metal pressure and its effect on defects in aluminum alloy die castings.
They observed that a rapid drop in temperature due to a decrease in flow veloci-
ty can lead to cold shut defects.

Another challenge in surface defect detection is the detection of defects on
highly specular surfaces. Dawda et al [16] focused on the inspection of highly
specular surfaces using laser and stereo cameras. They developed a simple and
accurate 3D measurement technique for the inspection of reflective surface ob-
jects. Additionally, Smith et al [17] proposed the virtual point light source mod-
el for the practical realization of photometric stereo for dynamic surface inspec-
tion. This model enables the inspection of surface defects that were previously
considered difficult or impossible to detect using conventional imaging tech-
niques.

In summary, previous work in surface inspection has focused on developing
models to counteract distortion and improve accuracy. Automatic detection tech-
niques, such as deep learning-based object detection and image processing ap-
proaches, have been used in industrial inspection to improve efficiency and ac-
curacy. Challenges in surface defect detection in cast metals include the optimi-
zation of die filling velocity, the detection of defects on highly specular surfaces,

and the development of techniques for dynamic surface inspection.

3. Methodology
3.1. Lighting Sources

The methodology used in this study included the use of ultraviolet lights by
BeamZ, specifically the BUV123 LED UV BAR light source (12 leds, 3 Watts
each) as well as the BUV83 light source (8 leds, 3 Watts each). Ultraviolet lights
were chosen because of their ability to enhance the visibility of certain defects on
metal surfaces. In addition, we employed an Allied Vision Mako G-503 PoE
camera. The camera offers high resolution (2592 x 1944 pixels), excellent sensi-
tivity and low noise performance. This makes it suitable for applications that
require high-quality imaging in harsh lighting conditions. The camera’s wide
dynamic range ensures that both light and dark areas within an image are prop-
erly exposed, allowing for better visualization of details throughout the scene.
The experimental setup consists of four UV light bars, with each bar placed at
one of the four edges of the xy plane. This configuration was aimed at providing
uniform and directional lighting for capturing images of metal parts.

The specific light sources used were selected based on their favorable charac-
teristics, such as high-intensity UV delivery, wide beam angle, and controlled
on/off operation. Each UV bar was placed at a constant distance from the metal
part, ensuring stable lighting conditions throughout the experiment. The place-
ment of the UV rods on the edges of the xy plane allowed full illumination of the
metal part from multiple angles, minimizing shading effects.

The camera and lights were mounted on an aluminum frame. The bars with
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12 LEDs were placed at a shallower angle (30 degrees) while the bars with 8
LEDs were placed at a slightly steeper angle (45 degrees, Figure 1). Therefore,
we use an oblique lighting model with mixed source angles, as it provides the
most advantages in our specific application (mainly circular regions of interest
and surface defects).

3.2. Data Collection

The data collection procedure comprised of two pivotal steps, primarily aimed at
obtaining high-quality images under various lighting configurations for further

analysis.

3.2.1. Camera Calibration

Initially, the camera used for capturing images of the cast metal parts was meti-
culously calibrated to account for radial distortion and projection errors, which
are common in imaging systems. A standard calibration pattern was employed,
and corresponding software tools [18] were utilized to estimate and correct the
intrinsic and extrinsic parameters of the camera. This step was crucial for en-
suring that the captured images were geometrically accurate and free from dis-
tortions that could potentially affect the subsequent analysis.

3.2.2. Image Acquisition

Following the calibration, images of the cast metal parts were captured under
different lighting configurations. The UV light bars were systematically switched
on in all possible combinations of 1, 2, 3, and 4 bars to explore the impact of va-
rying UV lighting conditions on the visibility of surface defects and regions of
interest (ROIs). For each lighting configuration, several images were captured to
ensure a diverse dataset. This process yielded a rich dataset comprising multiple
views of the cast metal parts under varying lighting conditions, thereby provid-
ing a substantial basis for evaluating the effectiveness of different light models in
highlighting the surface defects and ROIs.

BUV 123
BUV 83
MAKO G503C

Figure 1. The experimental setup.
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The comprehensive data collection procedure ensured that the dataset was
robust and adequately representative of different lighting conditions, thus set-
ting a strong foundation for the ensuing analysis and evaluation of light models
for automatic defect detection and ROI identification in cast metal parts. Through
meticulous camera calibration and systematic image acquisition under various
UV lighting configurations, the dataset was prepared with a high degree of pre-
cision, ensuring the reliability of the results obtained in the subsequent stages of
this study.

3.3. Detecting ROIs and Defects

In order to evaluate the effect of different lighting conditions in the detection of
Regions of Interest (ROIs) on the cast metal parts, we employed computer vision

techniques and visual inspection.

3.3.1. ROI Detection

The detection of mounting holes, which are considered as ROIs in this context,
was carried out using the SimpleBlobDetector feature from the OpenCV library
in Python [19]. SimpleBlobDetector is adept at identifying blobs in images based
on certain attributes such as color, size, and shape. The detector parameters were

fine-tuned to accurately identify the mounting holes on the cast metal parts.

3.3.2. Surface Defect Detection

While automated techniques are desirable for defect detection, due to the complex
nature of the surface defects on the cast metal parts, a visual inspection approach
was adopted for this study. The following steps were taken to document and assess
the visibility of surface defects under different UV lighting configurations. A
thorough visual inspection of the images was conducted by experienced inspec-
tors to identify and mark the surface defects. The identified defects were docu-

mented, and their visibility under various lighting configurations was assessed.

4. Results

In this section, we present and discuss the findings from our image analysis,
conducted under varying UV lighting configurations. The primary focus is on
evaluating the visibility of Regions of Interest (ROIs) and surface defects on cast
metal parts.

4.1. ROI Detection

The application of SimpleBlobDetector from the OpenCV library proved effec-
tive in accurately identifying the mounting holes on the cast metal parts. The
precise tuning of parameters ensured the effective identification of ROIs across
all lighting configurations.

A graphical representation (Figure 2) illustrates the average number of ROIs
detected with 1, 2, 3, and 4 UV light bars switched on. It is evident from the
graph that the number of detected ROIs increased with the number of UV light
bars switched on, signifying a direct correlation between the lighting configura-

DOI: 10.4236/0alib.1110833

6 Open Access Library Journal


https://doi.org/10.4236/oalib.1110833

G. Kyriakides, A. Daskalakis

tions and the efficacy of ROI detection.

4.2. Surface Defect Visibility

The visibility of surface defects was thoroughly examined through a manual in-
spection of images across different UV lighting configurations. It was discerned
that the ease of defect detection improved with the increment in the number of
active UV light bars. Each configuration, with 1, 2, 3, and 4 UV light bars switched
on, demonstrated a distinct enhancement in the visibility of surface defects.
Sample images illustrating the visibility of defects under each lighting confi-
guration are presented below (Figure 3). These images clearly depict the progres-
sive enhancement in defect visibility as the number of active UV light bars in-

creased.

| . . I
0 - ‘ ‘ ‘
1 2 3 4

Number of active light sources

IS

Average ROls detected

N

-

Figure 2. The average number of ROIs detected for each specific number of active light
sources.

Figure 3. Defect visibility for different number of light sources. The white semicircles
correspond to the active light sources
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It was particularly noted that the configuration with all four UV light bars
switched on provided the most conducive lighting condition for surface defect
detection. The increased illumination and varying angles of light incidence ac-
centuated the surface irregularities, rendering the defects more discernible. Con-
versely, the configuration with only one UV light bar switched on yielded the least
visibility of surface defects, underscoring the significant impact of lighting on de-

fect detectability.

4.3. Comparative Analysis of Lighting Configurations

Upon analyzing the data, it was observed that the visibility of both ROIs and
surface defects substantially improved with an increase in the number of UV
light bars switched on. The combination of all four UV light bars switched on
rendered the highest visibility and contrast, markedly enhancing the detection
efficacy of both ROIs and surface defects. On the other hand, configurations with
only a single UV light bar switched on exhibited the least contrast, rendering de-
fect detection relatively challenging.

The comparative analysis of different lighting configurations aimed at under-
standing the relationship between the UV lighting conditions and the detectabil-
ity of both ROIs and surface defects. An extensive comparison was carried out
by analyzing images captured under all 15 possible combinations of active light
sources. These configurations are meticulously illustrated in Figure 4, where
each configuration is represented by an image. In each image, an active light source

is indicated by a white semicircle at the corresponding edge of the image.

Figure 4. All possible combinations of active light sources, indicated with white semicir-
cles. Starting from top left: images 1 - 4 have one light source, images 5 - 10 have two light
sources, images 11 - 14 have three light sources and image 15 (last) has 4 light sources.
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5. Limitations

While this study provides valuable insights into the influence of UV lighting con-
figurations on the automatic detection of Regions of Interest (ROIs) and the visual
identification of surface defects on cast metal parts, several limitations should be
acknowledged. The investigation solely focused on indirect UV lighting. The results
and conclusions drawn are specifically applicable to this lighting modality. Other
lighting modalities, such as direct lighting or the use of visible or infrared light,
were not considered and may yield different outcomes concerning defect visibil-
ity and ROI detection efficacy. Furthermore, the inspection of surface defects was
conducted visually without leveraging automated defect detection algorithms. This
manual inspection might encompass subjective judgments, potentially leading to
inconsistencies in defect identification across different lighting configurations.
These limitations delineate the scope of the current study and suggest avenues for
future research, which could include expanding the investigation to other lighting
modalities and employing automated defect detection algorithms.

6. Conclusions

In this study, the role of ultraviolet (UV) lighting configurations in enhancing
the automatic detection of Regions of Interest (ROIs) and surface defects on cast
metal parts was thoroughly explored. The experimental setup entailed varying
combinations of active UV light sources, revealing a significant improvement in
the visibility of surface defects and the detection efficiency of ROIs as the num-
ber of active UV light bars increased.

The comparative analysis of different lighting configurations furnished a dee-
per understanding of how tailored lighting conditions can significantly influence
the performance of computer vision-based inspection systems. The detailed illu-
stration of all 15 possible combinations of active UV light sources provided a
comprehensive overview of the correlation between the lighting configurations
and the visibility of critical features on the cast metal parts. It substantiates the
necessity of optimized lighting conditions in advancing the capabilities of auto-
mated inspection systems within the metal casting industry. It also lays a solid
groundwork for future research aimed at developing advanced lighting models,
and exploring sophisticated computer vision algorithms to bolster the accuracy
and robustness of automatic inspection mechanisms.

The insights derived from this research could greatly contribute to the broader
objective of elevating the quality control standards within the metal casting sec-
tor. By enhancing the reliability and efficiency of automated inspection processes,
this investigation aids in propelling the industry closer to achieving superior op-
erational efficiency and product quality, thus making a notable contribution to

the body of knowledge in the realm of automated industrial inspection.
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