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Abstract. ALICE (A Large Ion Collider Experiment) is one of the physics projects developed 

by CERN. The project aims to observe the results of collisions between proton and proton, 

proton and nucleus, and nucleus with nucleus. Thousands of sensor chips are used to record the 

collision trajectory. Visual inspection with digital image processing has been developed to 

analyze the conditions of cutting the sensor chip, using the Hough Transform, Edge Detection, 

and Template Matching methods. The distance from the edge to the sealring chip will be used 

as a reference to determine how the condition of chip cutting. The results obtained are quite 

good and give a support for the next research process.  

1.  Introduction 

ALICE (A Large Ion Collider Experiment) is one of the projects in physics at CERN (Conseil Europen 

pour la Recherche Nuclaire), Switzerland. The project aims to observe how the physical characteristics 

if proton-proton, proton-nucleus, and nucleus-nucleus are collided. The two particles are accelerated on 

a long path, when the speed is correct or it is near the speed of light, the two particles are directed in the 

opposite directed and crashing each other using a Large Hadron Collider (LHC) [1].  

Observations were made at the LHC, and the particles crashed were in the Inner Tracking System 

(ITS). ITS is at the center of the LHC which has seven concentric sensor cylinders. Cylinders with the 

smallest diameter (46 mm), namely Layer 0, are located in the innermost part of the ITS system. The 

largest cylinder, Layer 7, is designed with a diameter of 786 mm. Thousands of sensor chips with size 

(30 × 15 mm2) are mounted on the cylinder surface to record the track [1]. 
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Figure 1. Inner Tracking 

System (ITS). [2] 

 

Thousands of sensor chips are used to record tracks. In the manufacturing process, it is known as a 

wafer, which is made of pure silicon in the form of a circle. Wafers and chips are unity because wafers 

are a collection of similar chips. The wafer are cutted with laser or other cutting machine, according to 

a specified distance. So that if the chip cuts are not suitable it can damage the chip or other chips. 

The cutting condition of the chip can be known by calculating the distance from the sealring to the 

edge of the chip. Therefore, we need an algorithm that is able to detect the position of the sealring and 

the edge of the chip. If the position of the sealring and edge of the chip is known, the process of 

determining the chip cutting condition can be done easily. Therefore, this algorithm is needed to help 

the process of determining the quality of chip cutting. 

This paper is organized as follows. In part 2 there are several methods and research that has been 

previously developed. In part 3 there are the explanation of the algorithm to be developed. The results 

of the developed algorithm are explained in section 4. And in the last section there is a conclusion. 

 

2.  Related Works and Discussion 

2.1.  Viusal Inspection in Electronic Components 

Visual inspection using image processing methods has been widely applied to check the condition of 

electronic components. The Hough Transform, Edge Detection and Template Matching methods are 

used to develop a visual inspection algorithm on electronic components. Usually this methods are used 

to detect position and check for damage to electronic components. 

A hybrid algorithm has been developed to check the damage to the chip wafer. The method uses 

Hough Transform and Canny Edge Detection to find the end of the chip. In the development process, 

this algorithm uses 14 training images and 137 testing. Accuracy obtained are 92.8% for training images 

and 86.0% for testing [3]. In addition, there is a Line Extraction algorithm that was developed to analyze 

the damage to the IC, by utilizing a sound device SEM (Scanning Electron Microscopy) to take the 

image from the IC. The algorithm uses the Hough Transform method to detect the edge of the IC [4]. 

Besides of detecting edge lines and chip ends, the image processing method is also used to create 

template images of electronic components. As in the Defect Detection algorithm, it uses the Canny Edge 

Detection method to create template from wafers. This template will be used to analyze damage from 

wafers [5]. 

A real time or live algorithm for visual inspection has also been developed, one of which is the FPGA. 

The algorithm uses the Template Matching method to detect the location of electronic components. This 

algorithm can help the inspection process on chips, ICs and other semiconductor components. FPGA 

speed is 13 times and 80 times faster than PC [6]. 

Visual inspection is also applied to check LCD, as in Defect Inspection algorithm developed to 

improve the quality of LCD display and results. The algorithm uses the Hough Transform method to 

accumulate scratches on the LCD. [7]. 
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2.2.  Visual Inspection in Industry 

In addition to the field of electronic components, visual inspection are often applied in industrial fields 

too, to check the products they produce. Image Processing methods used are generally the same as the 

electronic components, such as Hough Transform, Template Matching and Edge Detection. 

The Automated Visual Inspection (AVI) algorithm has been developed to examine the results of 

metal products produced in real time, the Canny Edge Detection method is used to detect metal edges 

and Hough Transfrom to calculate the diameter of the metal. The results is the algorithm are able to 

calculate the diameter of the metal despite the difference in pixel intensity in the metal image [8]. 

Besides metal, there is an Improved Canny Edge Detector algorithm that is used to check ceramics. The 

algorithm uses the Canny Edge Detection method to detect cracks in ceramics. The algorithm developed 

are capable to process 20 images and the accuracy obtained are 98% [9]. 

The combination of Edge Detection and Template Matching can also assist the inspection process, 

as in the Automated Crack Detection algorithm using the Edge Detection method to create a template 

from the bridge bolt then uses Template Matching to detect the position of the bolt. The goal is to create 

a machine in real-time that can detect damage or cracks on the bridge [10]. 

In the Automated visual inspection algorithm, it were developed to check the condition of BBB 

(Break Beam Bolt) on the railroad tracks. Template Matching method is used to detect the position of 

the bolt, after that SVM (Support Vector Machine) is used to classify the condition of the railroad tracks 

based on the position of the bolt. The accuracy obtained from this algorithm are 100% for the first set 

of data, 99.21% for the second data set and 99.64% for the third data set. [11]. 

3.  Research Methodology 

The data used are the image of the chip. Derived from a machine developed by CERN namely ALICIA. 

In the image retrieval process, ALICIA scans the edges of chips, starting from the top, left, bottom, and 

right edges. So that one chip has 84 images. The image retrieval process greatly determines the results 

that are obtained because if the image is blurry or not good, it is difficult to process. The following are 

sample and image scanning processes. 

 

 

 

 

Figure 2. Direction of images acquisition 

with ALICIA. 
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Figure 3. Examples of images 

from the chip and the parts to 

be observed. 

 

 

 

 

 

 

 

 

 

 

The algorithm developed has two main processes, namely ROI Extraction and Dividing ROI. In the 

ROI Extraction process, the input image will be cut so that the resulting image focuses on the sealring 

and chip edges. This is needed to reduce interference from other chips, so that the algorithm is able to 

focus on the part of the image to be observed. The image results from the ROI Extraction will be used 

in the Dividing ROI process. In this process, the ROI image will be divided into 2 parts, the edges and 

sealring. 
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Figure 4. General description of the system. 

 

In the image retrieval process, there are the possibility of the location of the slanted chip so that the 

resulting image are also tilted. This causes the image cutting process to require an algorithm to detect 

the slope of the image so that cutting can be done automatically. The slope value in each section may 

be different, the top and bottom may be different as well as left and right. Each sensor chip has four 

markers at the end, called cross markers. The marker can be used to determine the slope of the chip, 

because the position is fixed if the chip image is not tilted, and vice versa. 



The 2nd International Conference on Data and Information Science

IOP Conf. Series: Journal of Physics: Conf. Series 1192 (2019) 012063

IOP Publishing

doi:10.1088/1742-6596/1192/1/012063

5

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Cross Marker located on 

each corner of the chip. 

 

The process of finding the position of the cross marker location begins with creating a template. The 

template will be used for the Template Matching method. Template Matching will detect where the 

object's position is similar to the input template, so that with this method, the cross marker position will 

automatically be known. Once the position are known, the midpoint of the cross marker can be searched 

by tracing each pixel in the section that matches the threshold value. Each pixel that matches the 

threshold value will be added then divided by the total of the amount. 

 

 

 

 

 

 

 

Figure 6. Detect the midpoint 

of Cross Marker in the right 

corner of the chip. 

 

After the midpoint position of the cross marker is known, the value will be compared with the other 

cross markers on each chip section, the results of the comparison will be applied to a line equation that 

will represent the slope of a chip section. At the top of the chip, the horizontal point in the first and 28th 

image cross markers are considered as y1 and y2. Whereas for ∆x the sum of vertical points in the cross 

image of the first image and the 28th image, and the width of the upper image. The values of ∆x and ∆y 

will be used to find the equation of the line in the chip section. More details are shown in the following 

equation: 

(1.) ∆y = y2 − y1 

∆x = x1 + (number of images ∗ img. cols) + (img. cols − x2) 
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∆y

∆x
 

The level of the chip slope is known by looking for the gradient. ∆x and ∆y values The gradient value 

will be used to determine the equation in a chip section, where x is the width of the image and c is the 

horizontal point in the first image. 

 

(2.) y = mx + c 

y =
y2 − y1

x1 + (number of images ∗ img. cols) + (img. cols − x2)
x + y1 

 

 

 

Figure 7. ROI 

Extrraction Process. 

 

By knowing the slope level, image cutting can be done automatically. Image cutting is done because 

the developed algorithm will focus on the edges and sealring chips, and to reduce noise or noise from 

other parts of the image. Image cutting results will be divided into two parts, namely sealring and chip 

edge, because the method used for sealring and chip edge are different. 

 

 

 

Figure 8. The process of 

detecting the sealring 

position and the edge of 

the chip on the ROI. 
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4.  Result and discussion 

This algorithm is applied to 2 chips, the first and second chips. The results that obtained, are the 

algorithm is able to detect the position of the sealring and edges of the first and second chips precisely 

and consistently. Although the image quality is different from the first and second chips, the algorithm 

still able to accurately detect sealring and chip edges. 

 

 

Figure 9. The algorithm is able 

to detect the position of the 

sealring and edges on the first 

chip. 

 

 
 

 

 

Figure 10. The algorithm is 

able to detect the position of the 

sealring and edges on the 

second chip 

 

 

 

 
 

But in some images, the algorithm cannot detect the exact position of the chip’s edge. This is caused 

by cutting the chip too deep so that the edges of the chip are considered as part of the sealring. 
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Figure 11. There is an error in 

second image of the first chip. 

 

 

 

 

Figure 12. There is an error in 

sixth image of the second 

chip. 

 

The algorithm error results are displayed in a table. The number of algorithm errors are less than the 

correct algorithm. This error generally occurs at the edges, where the algorithm detects the edge of the 

chip to be part of the sealring. 

 

Table 1. Number of algorithm errors on the first and second chips. 

 

 

 

 

   

 

In the first table, there are number if algorithm error on the first and second chips. Number of 

algorithm error on first chip is 5 images dan 0 image for the second chip. The amount of images that has 

been processed are 168 images. Accuracy value is obtained by comparing the number of algorithm errors 

on the first and second chips with all images, so the accuracy value is 97%.  

 

5.  Conclusion 

The developed algorithm data can detect the position of the cross marker, calculate the slope of the chip, 

detect the ROI that will be observed and detect the sealring and edge of the chip. Algorithm errors occur 

in several images, as in the first chip, there are 5 images. This is caused by cutting the chip too deep, so 

that the edges of the chip are considered as part of the sealring by the algorithm. Based on algorithm 

errors, the accuracy obtained by this algorithm is 97%. The algorithm developed is considered capable 

of correctly detecting sealring and edge of the chip even though in some cases an error occurs. Therefore, 

this algorithm is expected to help to determine the quality of chip cutting. 

 number of algorithm errors 

The First Chip 5 images 

The Second Chip 0 image 
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