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ABSTRACT

This article introduces a straightforward method for detecting the positions of products on con-
veyors using computer vision. The method comprises two main steps: 1) Detecting the objects
and their locations by matching their distinct templates on the images, and 2) Determining the
orientations via a region of interest (ROI) extracted from the vicinity of the detected locations. The
objective is to reduce processing time to enable real-time applications.

For demonstration, the detection of plier pieces is used throughout the paper. A hole on the body
of the plier piece is selected as the feature for detection, and the area around it is chosen as the
picking location. The Hough transform is performed to detect the center of the hole, then the
orientation is determined by the picking area around the hole. The proposed method performs
well in both cases where a single object and multiple objects appear in the images. The method
required around 40-50ms to process an individual image (1600x1200 pixels) to detect both single
and multiple objects using personal computers (PCs). To increase the flexibility of the system, the
method was implemented on Raspberry Pi 4. The processing time was approximately 230-240 ms
in such cases.

Additionally, a method to reduce the amount of calculation and improve the process's performance
is proposed. In this method, only a small region along the object's moving path is used as the
region of interest (ROI) during the detection process. The location of the region is fixed, so-called
the anchor location, and the detection process is only performed inside this location. In this way,
the processing time is reduced to around 3-4ms with PC and 10-12ms with Raspberry Pi 4. The
results are promising for real-time applications.

The proposed method can be used as a reference for applications involving other objects with
complex forms in the future.
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INTRODUCTION

The use of computer vision (CV) systems to automate

For object detection, Deep Learning (DL) - based
methods such as R-CNN and YOLO are gaining

. . . popularity>,® and showing promise for robotics and
manufacturing processes has been increasingly pop- ) .
12 . N smart manufacturing. However, several issues need
ular',”. These vision systems serve as the “eyes” to . . . . .

consideration. Firstly, these methods require a sig-

History improve the efficiency and flexibility of manufactur-
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) ) Y ) nificant amount of computation, leading to increased
ing processes. An essential application of CV in the S - .
] ) ) i ) processing time and cost. Additionally, data acqui-
industrial and manufacturing sectors is the detection . . . . .
i sition, cleaning, and model training can be time-

of products for subsequent actions. For example, de- . 1 . .
consuming, which is not ideal for a manufacturing

tecting the position and orientation of the products on

DOI : https://doi.org/10.32508/vnuhcmj- system. Moreover, products on production lines are

a conveyor belt allows a robot to pick-and-place them
et.v9i3.1139

often uniform and stable, presenting an opportunity
to reduce computation in such cases.
Furthermore, objects with complex forms, such as

to the desired locations.

,.) P Conventionally, a common method involves captur-
\

ing images of the entire product and then calculating  pon-convex shapes, may not have their centroid

. . . . 3 4
its centroid and orientation based on moments”,”.  within their body. Consequently, even if the object
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However, these processes are sensitive to noise, and
the appearance of the object can be uncertain. Conse-
quently, the detection process is typically performed
in static conditions (object without motion), rather
than real-time and dynamic detection (moving ob-
ject).

and its location can be detected, defining the picking
point can be challenging.

This paper proposes a simple method for object po-
sition detection to reduce calculation costs and en-
hance system performance. The detection is particu-
larly useful for objects that: have complex forms, and
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have specific shapes or features that can serve as mark-
ing templates.

Instead of detecting the whole object, the method fo-
cuses on detecting only a specific part with a distinct
shape. This approach simplifies the detection process
and reduces processing time.

In specific, the detection of plier pieces, which are
thin and have curved non-convex forms, is presented
throughout this article as an example to demonstrate
the proposed method.

METHODOLOGY

Overview

Fig. 1 illustrates a typical configuration of the indus-
trial computer vision system used in our study. The
system comprises a camera equipped with a lens spe-
cially adapted for our purposes. The primary func-
tion of the camera is to detect the presence and posi-
tion of objects on a moving conveyor. To ensure stable
illumination during processing, front-lighting is em-
ployed®. The entire system is controlled by a com-
puter as shown in Fig. 1.

Computer

Industrial Camera
Toother
Lens compenents /

llumination Controller

D)

Object to detect Conveyor belt system

Figure 1: llustration of the vision system.

This paper uses the vision system to detect products
on the conveyor for further actions. Fig. 3 displays the
images of plier pieces, which serve as demonstration
objects throughout the paper.

The conventional method for determining the object’s
location involves extracting the entire object from the
image and then calculating its center and moments.
However, this method suffers from several disadvan-
tages. For instance, it can only detect one object at
a time, limiting its efficiency in industrial settings.
Moreover, the method is sensitive to noise and can
only be used with static images. As shown in Fig. 2(a),
(b), when an object is in motion, different parts of
the object appear in the captured images at different
times. This variation leads to the detection of differ-
ent contours and centers for each instance, which con-
fuses the detection process. Consequently, real-time
applications are hindered.

Figure 2: A typical plier pieces. (a), (b) contours
of oneplier with centers (small dot) when different
parts of the object appear on thecaptured image,
and (c) the plier with the selected feature, which is a
circlehole used for detection.

To address these limitations selecting a specific part of
the object as a distinctive feature for detection, rather
than analyzing the entire image. By selecting an ap-
propriate part of the object, the presence of the object
could be determined easily and reduce the influences
of noise. For example, the plier piece in Fig. 3(b) hasa
hole in a circular form, which could be easily detected.

Detection of objects based on selected fea-
tures

Fig. 3 explains the process for the detection of the ob-
jects in our method. First, the camera tried to detect
the location of the selected features after system initia-
tion. Once the location is detected, the region of inter-
est is generated, and the orientation of the area around
the feature is calculated. In this way, the convention
direction could be determined and sent to the robot.
Note that to determine the direction of the robot end-
effector, a reference direction should be defined.

Several methods can be employed to detect the loca-
tion of the features. For instance, one approach in-
volves using images of the features to train a model
specifically designed for detection. However, in our
particular cases, where the features are circular, we
opted to utilize the Hough transform” for object de-
tection, as illustrated in Fig. 4. This choice offers the
advantage of reducing sensitivity to noise in the de-
tection process. Additionally, since the diameters of
the holes vary within a known range, thresholds can
be set to determine whether the detected circles cor-
respond to the plier or are merely noise artifacts.

The direction of the object is simply calculated by the
moments of the ROI extracted around the detected
hole®*. Suppose that the boundary of the object part
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Figure 3: General detection process.
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Figure 4: Object detection via selected hole.
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in the ROL is a set of points ((x,y)}. The moment of
the object can be calculated as:

mij = Zny-xiyjI(x,y) (1)

Where I (x,y) is the intensity of the pixel (x, y). Be-
cause (x, y) is on the object’s boundary after edge de-
tection, I (x,y) = 1 or:

mij= Y, ¥, x'y/ (2)
The center coordinates of the boundary are:
- 3)

Similarly, the central moment of the object part in the
ROL

tp =Xy (v=3001) (v =veor)” @

where the indexes p, g correspond to the order of the
interested moments. The angle of the object in the
ROI is determined by the angle of the principal axis:

1 Uit )
0= —atan| 2%« ———— 5
2 ( Hoo — Ho2 ©)

By comparing the angle with the angle of a reference,
the orientation of the object could be determined.

Location anchoring

Instead of using the entire image for detection, we se-
lect only a small area across the conveyor as the Re-
gion of Interest (ROI). The width of the ROI (w)is ap-
proximately the size of the feature we want to detect,
which can be represented by:

w=kxd (6)

Where the recommended coefficient k € (1, 2), and
d is the maximum dimension of the selected feature.
By focusing on this specific area, we can effectively re-
duce the computational burden and minimize the in-
fluence of noise or lighting variation on the detection
process.

Anchor
location

59

Object moving direction
‘Whole image
/

L2

. “lgnored
Used for detection
(Anchor)

Figure 5: Anchoring method.

Experimental setup

For the demonstration of the proposed methods, im-
ages were acquired from an industrial POE (Power
Over Ethernet) camera (PointGrey GS3-PGE-60S6C-
C, Flir, Canada). These images have dimensions of
1600x1200 and are in 8-bit Bayer format, which can be
converted from grayscale to color images. The work-
ing distance (distance between the camera lens and
the objects) was about 50 cm, leading to the pixel dis-
tance (or pixel size) of about 0.15 mm. Note that the
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pixel distance (size) relates closely to the accuracy of
the method. To ensure the pixel distance, the lens and
working distance should be considered ®,.

The computational resources utilized for the perfor-
mance examination include a PC equipped with an
Intel® Core™ i7-4700 MQ @ 2.4GHz CPU. To ensure
a fair performance comparison, we also employed
Google Colab with an Intel® Xeon® @ 2.20GHz CPU.
To increase the flexibility of the system, the method
was also implemented on Raspberry Pi 4. All imple-
mentations were done in Python, and the computa-
tions were exclusively performed using CPUs.

Here, the examination focused solely on the algo-
rithms and methods, without considering image ac-

quisition and control processes.”

RESULTS AND DISCUSSION

Object detection

Fig. 6 presents the results of detection using the se-
lected feature, specifically the hole on the body of the
plier. The circle location is detected from the con-
verted edges from the image, as illustrated in Fig. 6(a).
As demonstrated in Fig. 6(a), (b), the center of the
hole is easily detected within errors of +3 pixels, and
the method exhibits noise rejection capabilities. This
shows the effectiveness of the proposed approach in
accurately identifying the location of the feature on
the plier despite potential noise and variations in ap-
pearance.

(&)

Figure 6: Circle detection by Hough Transform. (a)
Converted edge for detection, and (b) detection re-
sult.

Additionally, the proposed method is versatile and ca-
pable of detecting multiple objects regardless of their
intensity levels and orientations. This feature proves

to be particularly beneficial in scenarios where nu-
merous objects are simultaneously fed onto the con-
This further highlights the advantages and
practicality of the proposed approach for real-world

veyor.
manufacturing and automation tasks.

[

¥

Figure 7: Multiple objects detection. The objects
havevaried intensity levels.

ROI extraction and Orientation calculation

After determining the location of the object through
the center of the hole, a Region of Interest (ROI) can
be established to calculate the orientation of the object
using Eqs. (4)-(5). Fig. 8 displays the results obtained
for various cases with rectangular ROIs. Note that the
parameters of the ROIs should be identical for all ac-
quired images for precise comparison, and the dimen-
sion of the ROIs should be sufficient to cover a part of
the object in the vicinity of the selected feature. In
this research, the ROI dimension was (170x170) pix-
els. In such cases, the results in Fig. 8 demonstrate
that the method performs effectively under different
conditions, whether for a single object or multiple ob-

GRS
NVZZ4 NN N

Figure 8: Calculate the oriatations of the objects via
rectangular ROls.

Considering that in the case of rectangular ROI the
object portion can be affected by its location and ori-
entation with respect to the ROI’s borders, the use of
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circular ROI is proposed as shown in Fig. 9. The
diameter of the ROI was 170 pixels for comparison
with the rectangle ROI above. By employing cir-
cular ROIs, the object portion becomes orientation-
invariant. This means that the shape of different ac-
quired objects remains almost similar regardless of
their orientation. As a result, the detection process
using circular ROIs can lead to more stable and pre-
cise results. The variation in results between the two
methods (circular ROI and rectangular ROI) is not
significant (about 3 degrees). As a consequence, the
rectangular ROI is still a viable option to use in cer-
tain cases. Note that in practice, a reference pose of
the object should be selected, and the specific values
of the direction deviation should be calculated based
on the referred value:

560 =6— 6, (7)

Figure 9: Calculate the oriatations of the objects via
circular ROls.

Figure 10: Slight difference between rectangle and
circular ROlIs.

Anchor location and performance test

To reduce processing time and stabilize object detec-
tion under various conditions such as location and il-
lumination, the anchor location method was also ex-

plored as shown in Fig. 11. In this approach, a loca-
tion shown by the camera is fixed. A region of inter-
est (ROI) measuring 100 pixels in width was extracted
from the acquired image and placed into a 1200 x 100-
pixel canvas. The system exclusively detects objects
within this defined area. The performance of these
methods on different computer systems is presented

1

»

in Fig. 12.

Original Full FOV

Q)

gV

Anchored Location Processing view

Figure 11: Slight difference between rectangle and
circular ROIs.

Fig. 12 illustrates the elapsed time required for vari-
ous cases and systems. As shown in Fig. 12, the PCs
take about 40-50ms to process an individual image
(1600x1200 pixels) for the detection of both single and
multiple objects, leading to an expected maximum
frame rate of 20fps. However, when using Raspberry
Pi 4, the processing time increases significantly to ap-
proximately 230-240ms, yielding an expected maxi-
mum frame rate of about 4fps. As such, the perfor-
mance of PCs is sufficient for real-time applications,
while the Raspberry Pi falls short in meeting real-time
requirements.

However, when the anchor location method is ap-
plied, the processing performance improves signifi-
cantly. Even with the Raspberry Pi, the processing
time is reduced to about 11-12 ms, making it suitable
for real-time applications.

g

Elapsed Time (ms)
E

8

34 23 114
e |

1 Object and anchored

o

3 Objects. 1 0bject

BOnPC OOnColab E1On Raspberry Pi 4

Figure 12: Elapsed time of only the algorithms.
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CONCLUSION AND FUTURE WORKS

The article proposes a computer vision-based method
for detecting the positions of products on conveyors,
with the aim of enabling real-time applications. Ad-
ditionally, the anchor location method is introduced
to further improve processing time. In the demon-
stration with plier pieces, the method exhibited effec-
tive detection capabilities for both single and multiple
objects, leveraging the Hough transform and princi-
pal axis angle. The processing time for an individual
image (1600x1200 pixels) was approximately 40-50ms
on PCs and 230-240ms on a Raspberry Pi 4. How-
ever, by employing the anchor location method, the
processing time significantly decreased to 3-4ms and
11-12ms, respectively, making it promising for real-
time applications.

Future works should involve examining the method’s
performance in conjunction with camera captur-
ing and system control processes. Optimizing the
method’s performance by implementing it in higher-
performance languages such as C++ could be bene-
ficial. Additionally, exploring the practical accuracy
of the method in specific applications, such as robot
pick-and-place tasks, is essential for verification. Fur-
thermore, experimenting with different objects and
employing other detection methods, such as template
matching or deep-learning-based approaches, could

also be considered to enhance versatility and accu-
racy.
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