
IARJSET 
 

ISSN (Online) 2393-8021 
ISSN (Print) 2394-1588 

 

 

International Advanced Research Journal in Science, Engineering and Technology 

Factura ’20  - National Conference On Emerging Trends In Manufacturing 

NSS College of Engineering, Palakkad, Kerala, India  

Vol. 7, Special Issue 1, August 2020 

 

Copyright to IARJSET                                                         IARJSET                                                                                                        74 

Tool Wear Measurement of End Mill  

Using Machine Vision 
 

Jishnoop Jayaprakash1, Dr. Suresh K S2 

 M. Tech Student, Department of Mechanical Engineering, NSS College of Engineering, Palakkad, Kerala, India1 

Professor, Department of Mechanical Engineering, NSS College of Engineering, Palakkad, Kerala, India2  

 

Abstract: Most of the manufacturing processes require material removal in order to obtain the required shape, size, and dimensions. 

These processes need to have the direct contact of tool and workpiece. The quality of the work is widely affected by the tool 

conditions. Tool wear and vibrations will greatly affect the quality of the work, especially in the case of micro machining processes 

since the tool and work dimensions are comparatively small. An effective tool wear monitoring system is currently unavailable. 

Since automation is an integral part of industries, this paper suggests an efficient method to determine the tool wear with the help 

of Machine vision technology. With the help of image processing we will be able to calculate tool wear.  
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I. INTRODUCTION 

 

Machining process is always interlinked with cutting tool deuteriation and failure. A worn tool used in machining process greatly 

affects the machining time and product quality. The machining parameters have to be readjusted in order to use the worn tool for 

further machining and this will definitely reduce the surface finish of the workpiece. Many attempts have been made in order to find 

the tool wear using different technologies but most of them requires removal of the cutting tool from the machine which increases 

the production time. Different methods for monitoring and measuring tool wear developed in the past can be broadly divided into 

two groups: indirect methods and direct methods. Examples of indirect methods include acoustic emission monitoring, tool-tip 

temperature monitoring, vibration signature analysis (acceleration signals), monitoring of motor current, and cutting force 

monitoring. These methods normally require expensive instrumentation and are difficult to implement in a typical workshop 

environment. Direct methods, such as machine vision systems using a charged-couple-device (CCD) camera or optical microscope, 

are able to measure tool wear directly. They are simpler and require less costly equipment compared to the indirect methods. 

Machine learning being a rapidly developing technology and has a wide range of applications. Machine vision has been used for 

calculating tool wear of single point cutting tools, but in the case of end milling operations an effective method is not yet developed 

due to the complications of the image processing techniques to be used for calculating wear from all the cutting edges of the multi 

point cutter. This work is focusing on a method for combining machine vison equipped along with the machine learning technology 

to detect tool wear of an end milling tool. 

  

II. LITERATURE 

 

Many researches came up with many techniques which can be used to detect tool wear in end milling operation, but practical 

application of these techniques is not affordable in industries. Yiquan Dai, Kunpeng Zhu has put forward a theoretical approach in 

calculating tool wear in the case of micromilling using a two fluted endmill [5]. The approach has given an idea of using a machine 

vision setup in tool wear calculation. H. H. Shahabi& M. M. Ratnamin has made an attempt in determining surface roughness of 

work piece during turning operation. Their attempt mainly focused on in cycle determination of tool wear by image processing [19]. 

Alberto Martin and Sabri Tosunoglu deeply studied about the different image processing techniques which can be used in the field 

of machine vision [23]. The basic machine vision and image processing algorithms studied are grouped under five different 

categories. It includes grey-level segmentation or thresholding methods, edge-detection techniques, digital morphology, texture, 

thinning and skeletonization algorithms. D. A. Fadare and A. O. Oni in their study, developed a machine vision system based on 

digital image processing technique for measurement of tool wear [20]. Tool wear images were captured and ten different wear 

features: length, width, area, equivalent diameter, centroid, major axis length, minor axis length, solidity, eccentricity and orientation 

were extracted from the images. They also build a graphical user interface for easy calculation of the parameters with the help of 

MATLAB software. 

 

ISO 8688 is the reference for end mill tool deterioration criteria’s which suggest that when the measurable tool deterioration at any 

single tooth is 0.5mm then tool is worn or if the overall wear reaches 0.3mm then the tool is worn[26]. 
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Fig.1 Wear on end mill cutter 

 

Based on the iso standards the expected graph of the experiment is shown in the fig.2. 

 

 
Fig.2 Tool deterioration values for a number of test runs plotted against cutting time 

 

 Using a blunt tool to cut material will cause my problems to the tool as well as work piece like reduced surface finish, 

reduced accuracy of the machine, production of large amount of heat due to rubbing action, produce noises during machining, leads 

to tool breakage. 

 

III. METHODOLOGY 

 

The experiment is conducted in different stages. First stage involves preparing the CNC machine and machine vision apparatus. The 

next stage is image acquisition from the machine vision before and at predetermined intervals of time. The images are then processed 

using different image processing techniques and tool wear is calculated. The final stage involves the development of machine 

learning algorithm to detect tool wear. 

 

A. Experimental setup 

 

 
Fig.3 Experimental setup 

 

The experiment is conducted in a vertical machining centre - LV45 equipped with automatic tool changer. The X, Y and Z strokes 

of 450x350x350mm having a maximum load capacity of 200kg and maximum spindle speed of 8000rpm. The setup was prepared 
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according to the fig.3. The workpiece selected is EN8 and end milling cutter of tungsten carbide material. Their properties are given 

in the table 1. 

 

 

TABLE I PROPERTIES OF WORKPIECE AND END MILL TOOL MATERIAL 

MATERIAL PROPERTY STEEL EN8 TUNGSTEN CARBIDE 

Density 7.90g/cm3 15.25 g/cm3 

Specific heat 450 J/kg K 184 J/kg K 

Modulus of elasticity 200 GPa 580 GPa 

Thermal conductivity 14.6W/mK 28 W/mK 

Melting range 1390-14400C 3000oC 

 

B. Machine vision system 

Machine vision is also called computer vision, is the technology which enable the machineries and computers to see objects and 

take decisions as humans manage tasks. There is a wide range of applications for machine vision and it can be easily programmed 

to user requirements. Basic machine vision system is shown in the Fig.4.The major components of machine vision system used in 

this experiment is Uniq vision UM-201 camera, Pc2 vision frame grabber, Lens – 50 mm, Extension tube set, LED light – Front 

&Back and Tripod stand. 

 

 
Fig. 4 General machine vision system 

 

The general machine vision system structure is as depicted in the fig4. The camera captures the image of the object from the required 

angle. Lighting system helps in illuminating the object to the required level so as to make the objects morphological structures stand 

out from the background. The frame grabber and processor help in receiving and analysing the image and calculating the required 

parameters.  

 

IV. EXPERIMENT AND IMAGE PROCESSING 

 

A. Experiment  

The experimental procedure was planned accordingly so as to complete all the required objectives. The prerequisite for the 

experiment was programming the CNC machine for the required operations. The machine vision setup was mounted on the work 

bench as shown in fig.3. The tool was mounted tool holder and fixed to the automatic tool changing setup. The tool tip is cleaned 

using dry air every time prior to the image acquisition process. The initial image is taken and the machining operation is done for a 

single slot of 26cm length. The diameter of the tool is 8mm. After completing one slot, the image is taken and the process is 

continued until the tool is worn completely. It took about 390cm to completely wear out the end mill. And by that time 15 images 

of the tool were taken for inspection. The initial image and the final image is given in the fig.5. 

 

 
Fig. 5 (a) initial image of the tool (b) and final image 

  

(a) (b) 
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B. Image processing 

The image obtained from the camera will contain a lot of unwanted areas and noises as we can see in the fig 4. The difference in 

colour is due to change in lighting conditions of the environment. These will affect the effectiveness of the readings from the system 

and has to be removed using image processing. A wide varieties of image processing steps are available, of which the suitable steps 

are adopted for different applications. The image processing and tool wear calculation steps used in this thesis can be grouped into 

different stages as follows :- 

 

I. Pre-processing: Pre-processing involves different steps which have to be done prior to the actual processing of the image to 

obtain the required feasible output. It involves different steps as centering, rotating, enclosing the object in a mask and 

cropping. 

II. Processing:  In this process different steps are done in order to make the image to clearly show the distinct differences due to 

the wear occurred during machining process. The different stages of processing part include grey scaling, thresholding, 

binarization, edge detection and finding the Region of Interest (ROI). 

III. Post processing: After the processing stage the image is ready for calculating the wear. For calculation of wear different 

strategies are used. The steps involved is creating a ROI, image subtraction, finding the edge points of the wear, calculating 

the pixel distance, converting the pixel value to the world coordinates. 

 

V. RESULTS AND DISCUSSION 

 

 The results include radial wear and diametral wear of the tool. The radial wear depicts the radial length of tool which has 

worn out from a single tooth of the milling cutter. The diametral wear shows the value by which the actual diameter of the end mill 

has been worn out. The end mill used is having total 4 cutting edges. Each edge will be having different wear compared to each 

other depending upon the material hardness and surface irregularities. Each cutting edge has to be taken individually and calculate 

the wear it gives more accurate information about the wear at each edges of the tool. The obtained results of wear calculation of 

each individual cutting edges are given in the table II.  

 In practical case the diameter of the cutter is what we take into consideration, because the diameter change is what affects 

the machining operation. If one cutting edge is failed the other edges will compensate the cutting action but eventually the diameter 

keeps on decreasing during cutting action. 

 

Diametral wear is calculated as follows 

𝐷𝑊1 = 𝑅𝑊1 + 𝑅𝑊3 

𝐷𝑊2 = 𝑅𝑊2 + 𝑅𝑊4 

Resultant diametral wear   

𝐷𝑊 =  
𝐷𝑊1 + 𝐷𝑊2

2
 

 

TABLE II  RADIAL WEAR VALUES OF EACH CUTTING EDGES AND DIAMETRAL WEAR 

SL 

NO. 

NO OF 

PASSES 

MACHINED 

LENGTH 
RW 1 RW2 RW3 RW4 

AVERAGE 

RADIAL WEAR 

LENGTH (RW) 

DW1 DW2 

AVERAGE 

DIAMETRAL 

WEAR (DW) 

(mm) Pixel Pixel Pixel Pixel Pixel mm Pixel Pixel Pixel mm 

1 0 0 0 0 0 0 0 0 0 0 0 0 

2 1 260 2 2 2 2 2 0.03516 4 4 4 0.0703 

3 2 520 7 5 8 5 6 0.10549 15 10 12.5 0.2197 

4 3 780 14 8 11 9 10 0.17582 25 17 21 0.3692 

5 4 1040 18 14 16 15 15 0.26373 34 29 31.5 0.5538 

6 5 1300 24 21 24 19 22 0.3868 48 40 44 0.7735 

7 7 1820 29 22 29 24 26 0.45713 58 46 52 0.9142 

8 9 2340 29 23 29 25 27 0.47471 58 48 53 0.9318 

9 11 2860 31 24 30 28 29 0.5098 61 52 56.5 0.9933 

10 13 3380 31 29 31 29 30 0.52746 62 58 60 1.0548 

11 15 3900 32 30 32 30 31 0.545 64 60 62 1.0900 
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Fig. 6 Radial wear v/s Machined length 

 

From fig 6, it is clearly visible that the deviation in wear of individual cutting edges are small in the initial stage till machining a 

length of 130 cm, after that the deviation in the radial wear is high. The main reason for this reason is that the individual cutting 

edges starts to deform irregularly due to rubbing action of the tool on the workpiece. The rubbing action occurs because the cutting 

edges has worn out and from this point the material removal will be slowed down and the surface finish reduces gradually since the 

tool has become blunt. 

 

  

 
Fig. 7 Plot between Average Radial wear and machined length. 

 

  Fig 7 depicts the average values of the individual tool wear values plotted against the machined length which shows that 

the average radial wear is increasing upto a value of 0.38mm from machining a length of 130mm. The wear values are also under 

the iso standard value for tool deuteriation stated in the literature. Thus, it can be concluded that machining process is unaffected 

till machining a length of 130cm. The tool was used for the maximum point after that cutting action was not taking place. The 

maximum length the end mill can be used is 390cm. By that time the maximum radial tool wear is 0.545mm.  
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Fig. 8 Diametral Wear v/s Machined Length  

 

 For experimenting the difference in diameter than individual radius of end mill, plot between the diametral wear and 

machining length is taken as in fig 8. From which it is observed that diametral wear shows a small difference from the radial wear 

plot. The tool wear line shows a steady increase a little more than the radial wear plot. The wear rate increases till machining a 

length of 1820mm and then becomes horizontal. The calculated diametral wear at that point is 0.9mm. From the previous result it 

was concluded that the radial tool wear reaches till 0.38mm in radius (0.76mm diameter) and slows down, but considering the 

diameter the wear can reach upto 0.9mm rather than 0.76mm when considering radial wear. It is also showing that this tool is 

having a maximum diametral wear of 1.1mm. Which means the diameter of the end mill cutter has reduced to 6.9mm from 8mm. 

  

  

 For getting an idea about the material removal, the plot between the radial wear and volume of material removed is given 

in the fig 9.  

Volume of material removed is calculated by the formula 

𝑣𝑜𝑙𝑢𝑚𝑒 = 𝐿 × 𝑊 × 𝐷 

Where L is the length of each cut (26cm), W is width of cut and D is depth of cut used in machining. 

 

 
Fig. 9 Tool wear v/s volume of material removed 

 

 From fig 9 it can be observed that the volume of material which can be removed effectively with precision is about 20000 

mm3. The rest of the material removal is done with gradually reducing accuracy and surface finish. This is suitable in case of rough 

cutting operations. 

 

A.  Accuracy measurement 

 The experimentation was conducted in two stages using 3 different tools. The first stage was done by a single end mill 

cutter which is used for machining the workpiece in intermediate cuts of length 26mm. The tool is inspected using machine vision 

system after completing each slot milling. After completing the machining process, the maximum tool wear was found to be 

0.545mm. Tool 3 represents this operation in the fig 10. 

 The second stage was conducted by using 2 end mill cutters used for machining identical operation in a continuous manner. 

Tool 1 and 2 represents this in the fig 10. The tools were inspected only after completing the entire length of cutting operation which 

was measured from the previous experiment. The total machining length is 3900mm.   
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Fig. 10 Final images of Tools 1, 2 and 3 respectively. 

 

TABLE III   MAXIMUM WEAR OF TOOLS USED 

Tool  Tool Diameter Value of 1 pixel WEAR LENGTH 

No (mm) (pixels) (mm) (pixels) (mm) 

1 8 478 0.016736 35 0.5857 

2 8 410 0.019512 30 0.58535 

3 8 455 0.017582 31 0.545 

 

 
Fig. 11 Tool wear of 3 different tools used. 

 

The results obtained from the test was very much similar. The calculated tool wear of both of the tools are 0.5853 and 0.5857 mm 

respectively. These results follow the limit determined by the ISO 8688 standard. The ISO 8688 states that when the measurable 

tool deuteriation reaches 0.3mm the tool is said to be worn, and the maximum deuteriation can be reached upto 0.5 mm. This shows 

that the machine vision system is highly accurate upto 0.0001mm. This may vary depending upon the lighting condition and focusing 

of the lens. This is achieved since the tools are damage free and made of good quality. The machining condition will affect the tool 

wear greatly. 

 

VI. CONCLUTION 

 

This experiment shows how the machine vision setup can be implemented on a vertical milling machine and a method of automatic 

tool wear measurement of end mill. The main success of this project is the ability to measure toolwear without interrupting the 

machining operation by removing the tool. This can capture images directly from the machine without tool removal. The image 

processing techniques was simplified form and can be directly used in the sherlock software used in the machine vision system. The 

reliability of the experiment was as expected and has an accuracy of 0.01mm depending upon the accuracy of image processing 

 

VII. FUTURE SCOPE 

 

The primary objective of this experiment was to establish a method to detect end mill toolwear directly from the machine without 

tool removal which turns to be a success. This work can be extended by performing the experiment under different machining 

parameters and by using different tools.  Using another camera for side image capture will allow to detect flank wear of the end 

mill. This work is not only applicable for end mill tools but also for drilling tools by using different image processing techniques. 

 Machining learning being an emerging trend can be implemented along with the machine vision setup for image identification 

process in the future. 
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