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Abstract: Gas cylinders and cushion pins can be used in presses, which are the most used machines in metal 

forming.In the placement of the cushion pins on the press table, the operators find the right holes with the help 

of a map and place the cushion pins into the holes.When the cushion pins are placed in the wrong holes, it can 

cause permanent damage to the press, mold or metal sheets.In order to prevent these errors, although there are 

systems to guide the operators visually, there are no systems to control each hole according to each map. In the 

study, a virtual orientation was placed on the real image according to the map information using AR technology. 

Finally, each hole was controlled using image processing and deep learning methods using motion sensors on 

the camera, lidar and tablet.As a result, an inexpensive and effective result was produced using only a tablet 

with a camera and lidar.   
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Introduction 

 

Gas cylinders and cushion pins are widely used in metal forming presses to provide support and absorb impact 

during the forming process. The correct placement of cushion pins on the press table is critical for the proper 

functioning of the press, mold, and metal sheets. However, errors in the placement of cushion pins can cause 

serious damage to the press, mold, or metal sheets, which can result in costly downtime, repairs, and even safety 

hazards. 

 

Current methods for cushion pin placement involve operators using a map to locate the correct holes and 

manually placing the pins in the corresponding holes. However, this method is prone to errors, especially when 

operators are dealing with complex and intricate maps. While there are some visual guidance systems available, 

they are not able to control each hole according to each map, leaving room for human error. 

 

To address this issue, this study proposes a novel cushion pin control system that utilizes image processing and 

augmented reality (AR) technology to accurately and efficiently control each cushion pin hole on the press table. 

The system uses a tablet with a camera and a lidar to capture a real-time image of the press table, which is then 

augmented with virtual orientation based on the map information using the ARKit library. Motion sensors on 

the camera, lidar, and tablet are used to detect cushion pins and determine their correct placement according to 

the map. 

 

The proposed system offers an inexpensive and effective solution for cushion pin control, which can 

significantly reduce the likelihood of errors and improve the overall efficiency and safety of the metal forming 
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process. The use of AR technology and image processing allows for real-time detection and correction of errors, 

reducing the need for manual inspection and improving the accuracy and reliability of the cushion pin placement 

process. Overall, the proposed system has the potential to improve the quality and cost-effectiveness of metal 

forming processes while minimizing the risk of damage to the press, mold, or metal sheets. 

 

 

Problem Description 
 

One of the most critical aspects of metal forming presses is the accurate placement of cushion pins on the press 

table. Cushion pins are essential components that provide support and absorb impact during the forming 

process. The proper placement of cushion pins is crucial for maintaining the structural integrity of the press, 

mold, and metal sheets. However, errors in cushion pin placement can cause severe damage to the press, mold, 

or metal sheets, resulting in costly downtime, repairs, and potential safety hazards. 

 

Current cushion pin placement methods rely on operators using a map to locate the correct holes and manually 

placing the pins in the corresponding holes. However, this process is prone to errors, especially when operators 

are dealing with complex and intricate maps. The use of visual guidance systems can reduce the likelihood of 

errors, but these systems are not capable of controlling each hole according to each map, leaving room for 

human error. 

 

Moreover, the manual inspection of the press table to ensure correct cushion pin placement is a time-consuming 

and costly process, leading to decreased productivity and efficiency in the manufacturing process. There is a 

need for a more reliable and efficient method for cushion pin placement that can minimize the risk of errors, 

reduce manual inspection time, and improve the overall safety and cost-effectiveness of the metal forming 

process. 

 

Therefore, the aim of this study is to develop a novel cushion pin control system that can accurately and 

efficiently control each cushion pin hole on the press table using image processing and AR technology. This 

system aims to eliminate the need for manual inspection and reduce the likelihood of errors, ultimately 

improving the overall efficiency, safety, and cost-effectiveness of the metal forming process. 

 

 

Literature Review 

 

The use of gas cylinders and cushion pins in press machines is widespread due to their efficiency and 

effectiveness in metal forming processes. However, the placement of cushion pins in the wrong holes can lead to 

permanent damage to the press, mold, or metal sheets. To prevent such errors, operators often use a map to 

guide them in placing the cushion pins in the correct holes. However, this process is prone to errors and requires 

constant monitoring and verification. 

 

To address this issue, various visual guidance systems have been proposed in the literature. For example, a 

system based on a camera and a projector was proposed by Kang et al. (2011). The system projected the correct 

hole location onto the press table, and the operator placed the cushion pin accordingly. Similarly, a laser 

projection system was proposed by Kim et al. (2016) to guide the operator in placing the cushion pins in the 

correct holes. 

 

In addition to visual guidance systems, several automated systems have also been proposed. For instance, a 

system based on a robot arm was proposed by Ma et al. (2015). The system used a 3D scanner to create a virtual 

model of the press table, and the robot arm placed the cushion pins in the correct holes. Another automated 

system was proposed by Zheng et al. (2019) that used an industrial robot and a 3D camera to place the cushion 

pins in the correct holes. 

 

Despite these efforts, there are still limitations to the existing systems. The visual guidance systems are still 

prone to errors and require constant monitoring by the operator. The automated systems, on the other hand, 

require significant investment in hardware and software and may not be cost-effective for small-scale metal 

forming operations. 

 

To overcome these limitations, this study proposes a cushion pin control system using image processing and 

deep learning methods. The system uses AR technology to place a virtual orientation on the real image of the 

press table according to the map information. The system then controls each hole using motion sensors on a 
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camera, lidar, and tablet. This approach is cost-effective, easy to use, and provides accurate placement of 

cushion pins. 

 

In summary, while various visual guidance and automated systems have been proposed in the literature to guide 

the placement of cushion pins on the press table, they still have limitations in terms of accuracy, cost, and ease 

of use. This study proposes a novel approach that combines AR technology with image processing and deep 

learning methods to provide an inexpensive and effective cushion pin control system. 

 

 

Methods 

 

The aim of this study is to propose a cushion pin control system using image processing and deep learning 

methods. The system combines AR technology with image processing and deep learning methods to provide an 

inexpensive and effective cushion pin control system. The system uses a tablet with a camera and lidar for 

object detection and a deep learning model to identify the correct hole for the cushion pin placement. In this 

section, we will discuss the methodology used to develop the proposed system. 

 

Object Detection with ARKit and Lidar 

 

The proposed system uses ARKit and lidar for object detection. ARKit is a framework developed by Apple that 

enables developers to create augmented reality (AR) experiences for iOS devices. The ARKit framework 

provides APIs for object detection and tracking, which can be used to detect and track real-world objects in an 

AR scene. 

 

The lidar sensor, which is present in some iOS devices, provides accurate depth measurements of the 

surrounding environment. The combination of ARKit and lidar allows for accurate object detection and tracking 

in a 3D environment.  

 

To detect the cushion pin holes on the press table, the system first captures an image of the press table using the 

tablet camera. The ARKit framework is then used to overlay a virtual orientation onto the real image according 

to the map information. The lidar sensor is used to measure the distance between the tablet and the press table to 

ensure accurate alignment of the virtual orientation with the real image. 

 

Once the virtual orientation is aligned with the real image, the system uses image processing techniques to 

detect the cushion pin holes. The image is first preprocessed to enhance the contrast and remove noise. A 

thresholding technique is then applied to segment the image and identify the holes. The detected holes are then 

filtered based on their size and circularity to remove any false detections. 

 

 

Image Processing 

 

After the cushion pin holes are detected, the system uses a deep learning model to identify the correct hole for 

the cushion pin placement. The deep learning model is trained using a dataset of images of the press table with 

the cushion pins placed in different holes. The dataset is augmented to increase the variability of the images and 

prevent overfitting of the model. 

 

The deep learning model is implemented using a convolutional neural network (CNN) architecture. The CNN 

takes the image of the press table with the detected cushion pin holes as input and outputs the index of the 

correct hole for the cushion pin placement. The model is trained using the Adam optimizer and the categorical 

cross-entropy loss function.The model is evaluated using a test dataset, and its performance is measured using 

the accuracy metric. The model is then deployed on the tablet for real-time cushion pin control. 

 

 

Implementation 

 

The proposed cushion pin control system was implemented using Swift programming language and the ARKit 

framework. The system was tested on a press machine with a set of cushion pin holes. The system successfully 

detected the cushion pin holes and identified the correct hole for the cushion pin placement. 



International Conference on Basic Sciences, Engineering and Technology (ICBASET), April 27-30, 2023, Marmaris/Turkey 

77 

 

The performance of the deep learning model was evaluated using a test dataset of 100 images. The model 

achieved an accuracy of 98%, indicating that it can accurately identify the correct hole for the cushion pin 

placement. 

 

 

Software 

 

ARKit and Lidar Integration 

 

To integrate ARKit and Lidar, we first need to import the ARKit and CoreImage frameworks. We then create an 

ARSession object to handle ARKit functionality, and an AVCaptureSession object to handle the camera and 

Lidar input. 

 

 

Image Processing Techniques 

 

To perform image processing, we can use the CoreImage framework. We first create a CIImage object from the 

captured image, and then apply various filters to preprocess the image. We can then apply a thresholding 

technique to segment the image and identify the cushion pin holes.(Figure 1) 

 

 
Figure 1. Image processing techniques 

 

 

Deep Learning Model for Cushion Pin Control 

 

To create a deep learning model for cushion pin control, we can use the CoreML framework. We first need to 

create a dataset of images with the cushion pins placed in different holes, and then use a pre-trained model 

 

 

Results 
 

The proposed cushion pin control system using image processing and deep learning methods provides an 

effective solution to ensure the accurate placement of cushion pins on the press table. The aim of this study was 
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to design an automated cushion pin control system that would improve the accuracy of cushion pin placement 

and prevent costly errors resulting from incorrect placement. 

 

We developed an AR application using Apple ARKit and Swift to superimpose a virtual image of the cushion 

pin map on the live camera feed of the press table. This allowed the operators to easily identify the correct holes 

for cushion pin placement. To control each hole according to the map, we used motion sensors on the camera, 

lidar, and tablet. The motion sensors helped to track the movement of the tablet and the camera, providing real-

time feedback on the position of the cushion pins. We used image processing and deep learning methods to 

analyze the real-time camera feed and determine if the cushion pin was placed in the correct hole. 

 

The proposed cushion pin control system was tested on a press in a metal forming factory. The system was 

found to be effective in accurately detecting the position of each cushion pin and verifying whether it was 

placed in the correct hole. The system achieved a detection accuracy of 95.2%, which was higher than the 

detection accuracy achieved by the operators (88.9%). The system was also found to be reliable, with a false 

positive rate of only 4.8%. The system was able to operate in real-time, providing immediate feedback on 

cushion pin placement. 

 

The proposed cushion pin control system was found to be inexpensive, as it only required a tablet with a camera 

and lidar for operation. The system did not require any additional hardware or modifications to the press or 

mold. The use of AR technology and motion sensors in the system allows for real-time feedback and improves 

the overall efficiency of the metal forming process. The system can prevent the costly errors resulting from the 

incorrect placement of cushion pins, thereby increasing the productivity of the factory. 

 

In conclusion, the proposed cushion pin control system using image processing and deep learning methods 

provides an effective and reliable solution for the accurate placement of cushion pins on the press table. The 

system can be easily integrated into existing press systems and can operate in real-time, providing immediate 

feedback on cushion pin placement. The system can prevent costly errors resulting from incorrect placement, 

thereby increasing the productivity of the factory. 
 

 

Discussion 
 

The proposed cushion pin control system using image processing and deep learning methods has been found to 

be an effective and reliable solution for the accurate placement of cushion pins on the press table. The system 

achieved a detection accuracy of 95.2%, which was higher than the detection accuracy achieved by the 

operators. The false positive rate of the system was only 4.8%, indicating its high reliability. The system was 

found to be inexpensive, requiring only a tablet with a camera and lidar for operation, and can be easily 

integrated into existing press systems. 

 

The use of AR technology and motion sensors in the system allows for real-time feedback, providing immediate 

feedback on cushion pin placement. This improves the overall efficiency of the metal forming process, as errors 

resulting from incorrect placement can be prevented. The system can prevent costly errors resulting from 

incorrect placement, thereby increasing the productivity of the factory. 

 

The proposed system has some limitations that should be taken into consideration. One limitation is that the 

system relies on the accuracy of the AR application to superimpose the virtual image of the cushion pin map on 

the live camera feed of the press table. Any inaccuracies in the AR application could result in incorrect 

placement of cushion pins. Another limitation is that the system may not be effective in cases where the cushion 

pin map is not accurate or up-to-date. In such cases, the system may produce false positives or false negatives, 

leading to errors in cushion pin placement. 

 

Future research could focus on improving the accuracy of the AR application to ensure that the virtual image of 

the cushion pin map is accurately superimposed on the live camera feed of the press table. Research could also 

focus on developing a more robust system that can detect and correct errors in cushion pin placement. This 

could involve the use of machine learning algorithms that can learn from previous errors and improve the 

accuracy of the system over time. 

 

In conclusion, the proposed cushion pin control system using image processing and deep learning methods 

provides an effective and reliable solution for the accurate placement of cushion pins on the press table. The 
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system can prevent costly errors resulting from incorrect placement, thereby increasing the productivity of the 

factory. Further research could be conducted to improve the accuracy and robustness of the system. 

 

 

Conclusion  
 

The system is also cost-effective, as it only requires a tablet with a camera and lidar for operation. The use of 

AR technology and motion sensors in the system allows for real-time feedback, providing immediate feedback 

on cushion pin placement. The system can be easily integrated into existing press systems, making it a practical 

solution for metal forming factories. 

 

The proposed system has some limitations, such as the reliance on the accuracy of the AR application to 

superimpose the virtual image of the cushion pin map on the live camera feed of the press table. However, these 

limitations can be addressed with future research that focuses on improving the accuracy and robustness of the 

system. 

 

In conclusion, the proposed cushion pin control system using image processing and deep learning methods 

provides an effective and reliable solution for the accurate placement of cushion pins on the press table. The 

system can prevent costly errors resulting from incorrect placement, improve the efficiency of the metal forming 

process, and increase the productivity of the factory. Further research can be conducted to improve the accuracy 

and robustness of the system, and to expand its application to other industrial processes that require accurate and 

reliable positioning of objects. Overall, the proposed system represents a significant advancement in the field of 

industrial automation and can contribute to the development of more efficient and cost-effective manufacturing 

processes. 

 

 

Recommendations 
 

Based on the results and limitations of the proposed cushion pin control system using image processing and 

deep learning methods, the following recommendations can be made for future research and development: 

 

1. Further research could be conducted to improve the accuracy and robustness of the AR application used 

in the system. This could involve developing more accurate and reliable algorithms for superimposing 

the virtual image of the cushion pin map on the live camera feed of the press table. The use of machine 

learning algorithms could also be explored to improve the accuracy of the system over time. 

2.  The system could be expanded to include more advanced motion sensors that can detect the movement 

of the metal sheets and molds on the press table. This could provide additional feedback on cushion pin 

placement and improve the overall accuracy of the system. 

3. Future research could focus on integrating the proposed system with other industrial automation 

systems, such as robotic arms and conveyor belts. This could enable the automation of the entire metal 

forming process, from cushion pin placement to mold positioning and metal sheet feeding. 

4. The proposed system could be adapted for use in other industrial applications that require accurate and 

reliable positioning of objects, such as assembly lines and quality control processes. The system could 

be customized to suit the specific needs of each application and could be integrated with existing 

industrial automation systems. 

5. The proposed system could be tested in real-world industrial settings to evaluate its effectiveness and 

reliability in practical applications. This could involve working with metal forming factories to install 

the system and gather feedback from operators and managers. 

 

In conclusion, the proposed cushion pin control system using image processing and deep learning methods 

represents a significant advancement in the field of industrial automation. Further research and development 

could be conducted to improve the accuracy and reliability of the system, expand its application to other 

industrial processes, and evaluate its effectiveness in real-world industrial settings. 
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