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ABSTRACT 

CAMERA BASED SHEET MEASUREMENT SYSTEM FOR 

LASER CNC MACHINES 
 

Aamish UMAR 

M.Sc. in Electrical & Computer Engineering 

Supervisor: Asst. Prof. Dr. Kasēm TAķDEMĶR 

 

January 2018 

 

 

 Laser CNC machines are widely utilized for cutting metal sheets of varying 

thickness and materials. The sheets to be cut can be of varying dimensions and be 

placed at any desired area of the cutting table. The operator needs to assign the starting 

point of the laser manually along with the dimensions of the metal sheet in order to start 

the cutting process. The process of assigning the starting point and dimension of sheet 

are time consuming and can take few minutes before every cutting process and it sums 

up to hours by the end of daily cutting jobs, an automated process of sheet measurement 

can save considerable amount of time and speed up the process.  

 In this thesis, a camera based system for automatic sheet measurement which 

includes measurement of starting point assignment, orientation, length and breadth has 

been developed. The algorithms have been implemented keeping in mind the 

importance of speed since the processing has to be done in real time and needs to be as 

fast as possible. The implemented algorithms can find all required parameters in about 

two seconds. The techniques utilized for its implementation have been discussed. The 

robustness of the system has been compared with other traditional methods of sheet 

measurement and orientation detection.  

 The implemented system was tested on a real laser CNC machine over a period of 

six months and the test results have been discussed. Also, a camera based intrusion 

detection system for laser CNC machine has been developed in order to make it safe for 

human during operation. Patent application made for the implemented system. 

Keywords: Laser CNC, Image Processing, Camera, Measurement, Motion Detection 
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ÖZET 

LAZER CNC MAKĶNELERĶ Ķ¢ĶN KAMERA TABANLI SAC 

ÖLÇÜM SĶSTEMĶ 

 

Aamish UMAR 

 Elektrik ve Bilgisayar M¿hendisliĵi Ana Bilim Dalē, Y¿ksek Lisans Programē 

Tez Yöneticisi:Yrd. Doç. Dr. Kasēm TAķDEMĶR  

Ocak  2018 

 

Lazer CNC makineler farklē kalēnlēktaki ­eĸitli metal levhalarēn kesimi i­in yaygēn 

olarak kullanēlmaktadēr. Kesilecek levha farklē boyutlarda olabilir ve kesim platformu 

¿zerinde herhangi bir yere yerleĸtirilebilir. Yerleĸtirilen metal levhanēn boyutlarēna 

uygun olarak, operatºr kiĸi kesim iĸlemini baĸlatmak i­in lazerin baĸlangē­ noktasēnē 

manuel olarak ayarlar. Baĸlangē­ noktasē atama ve levhanēn boyutunu ayarlama 

iĸlemleri zaman alēcēdēr. Her kesim iĸlemi i­in bir ka­ dakika alēr ve g¿nl¿k olarak 

toplamda saatler s¿rebilir. Bu sebeple, otomatik levha ºl­¿m iĸlemi olduk­a zaman 

kazandērabilir ve iĸlemleri hēzlandērabilir. 

Bu tezde, otomatik levha ºl­¿m¿ i­in kamera tabanlē bir sistem geliĸtirilmiĸtir. 

Geliĸtirilen sistem baĸlangē­ noktasē atama, pozisyon, uzunluk ve geniĸlik ºl­me 

iĸlemlerini de i­ermektedir. Bu algoritma geliĸtirilirken hesaplama hēzē gºzºn¿nde 

bulundurulmuĸtur. ¢¿nk¿ t¿m iĸlemler ger­ek zamanlē olarak ­alēĸacaĵēndan m¿mk¿n 

olduĵunca hēzlē olmalēdēr. Geliĸtirilen yºntem, istenen t¿m parametreleri yaklaĸēk iki 

saniyede bulmaktadēr. Tezde, bu ger­eklemede kullanēlan teknikler tartēĸēlmēĸtēr. 

Sistemin g¿rb¿zl¿ĵ¿ diĵer geleneksel levha ºl­¿m ve pozisyon belirleme yºntemleriyle 

karĸēlaĸtērēlmēĸtēr.Geliĸtirilen sistem altē ay boyunca ger­ek lazer CNC makinesinde test 

edilmiĸtir ve sonu­lar tartēĸēlmēĸtēr. Ayrēca iĸ g¿venliĵini artērmak i­in kamera tabanlē 

bir izleme yºntemi de eklenmiĸtir. 

Anahtar kelimeler: Lazer CNC kesim, Gºr¿nt¿ iĸleme, Kamera, ¥lçüm, Hareket 

algēlama 
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Chapter 1  

 

Introduction 
 

 

 

 

 

 

The laser cutting CNC machines are widely used these days for their 

efficiency and precision while cutting metal sheets of varying thickness and 

materials. The speed of cutting depends on the material to be cut, thickness of 

the material and the power of the laser resonator. These machines can work 24 

hours a day.  

The laser machine [1] has pallets where metal sheets are kept and the laser 

head cuts them into required designs via laser beam emitted from the laser head. 

The machine needs the location and orientation of metal sheet before it can start 

the cutting process. It takes few minutes to assign the starting point and 

orientation angle of sheet manually, and the total time spent assigning the 

starting point and orientation angle of sheet may sum up to an hour or two by the 

end of daily jobs done by the machine. Since the machine emits laser beam that 

is sufficient to cut metal sheets, therefore any human presence in the machine 

during cutting process can be fatal.  

This thesis introduces camera based automatic sheet measurement system 

for laser CNC machines. The system utilizes a camera to automatically find the 

starting point, angle of orientation, length and breadth of the sheet in the shortest 

time. Sheet measurement process is completed in about two seconds by the 

proposed camera based sheet measurement system. An intrusion detection 

system has been integrated that warns the operator of any moving object 

presence before starting the cutting process. 
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1.1 Motivation 

This section gives brief information about the need for a camera based 

automatic sheet measurement system also the need for an intrusion detection 

system has been explained. Figure 1.1.1 shows the Fiber Laser Machine [1] for 

which the systems were implemented.  

 

 

Figure 1.1.1 Dener fiber laser machine 

 

1.1.1 Sheet measurement and orientation detection 

 

The sheet to be cut can be of varying dimensions and be located at any 

available area on the cutting pallet. Figure 1.1.1.1 shows several metal sheets of 

varying dimensions and orientation angle available on the cutting pallet. The 

machine cannot start the cutting process without knowing the coordinates of the 

starting point and angle of orientation of the metal sheet to be cut. The process of 

assigning the starting point can be performed in two ways: 

1) It can be performed manually, the laser head is carried to the starting point 

and the coordinates can be fed into the machine. Dimension and 
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orientation of sheet are found manually (explained in more detail in the 

background chapter of this thesis).  

2) The second method involves a laser sensor that detects the location and 

orientation of metal sheet automatically. The laser sensor can detect the 

sheet but only under some pre-defined conditions like the metal sheet 

must have a proper rectangular shape, specific dimensions and free of 

defect, also it should be kept within 200mm distance from the starting 

point. Dimension of sheet are found manually (explained in more detail in 

the background chapter of this thesis).   

 

Figure 1.1.1.1 The Cutting Vicinity  

 

Figure 1.1.1.2 The required parameters 
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Figure 1.1.1.1 shows the cutting vicinity, where metal sheets are kept for 

cutting. Figure 1.1.1.2 shows the required parameters which include length, 

height, angle and the shortest distant point of the metal sheet. Starting point and 

orientation of the sheet are necessary to start the cutting process while length and 

breadth of sheet are necessary to make sure that the part to be cut will fit in the 

area of sheet. All required parameters mentioned above can be found 

automatically utilizing camera based sheet measurement system. 

 

1.1.2 Motion detection and intrusion detection system 

 

Figure 1.1.2.1 shows the possibilities of a human inside the machine. The 

laser beam utilized for cutting metal sheets can cause fatal injuries to any living 

being present in the machine during cutting process, therefore the machine needs 

an intrusion detection system to warn the user if there is a human or some moving 

thing present inside the machine before the cutting process starts. The use of laser 

sensors for intrusion detection would not be efficient enough due to the vast area 

inside the machine. A camera is installed in the machine for sheet measurement 

system. It is economical and efficient to use the same camera for human and 

intrusion detection system as well. The video stream from the camera is 

processed to detect if a human or moving object is present inside the machine.  
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(a) 

 

(b) 

Figure 1.1.2.1 (a) and (b) Human inside the machine 

 

1.2 Thesis objectives 

 

The objective of this thesis is: 

1) To automate the process of sheet measurement in laser CNC machine by 

using a camera based system. 

2) To integrate an intrusion detection system in the camera based sheet 

measurement system.   
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In this thesis, firstly the traditional systems that are being currently used in 

the machine for the purpose of sheet measurement are explained. Then, the need 

and importance of the new approach involving camera has been explained. The 

various image processing techniques that were utilized have been discussed in 

detail. Then, the accuracy of the implemented system on the machine has been 

investigated. The testing was conducted over a period of six months and the 

results achieved during the experimental process have been discussed in detail in 

the experimental setup and results section. Based on the results, it can be 

interpreted that the new system is more efficient than its traditional counterpart. 

It speeds up the process of sheet measurement and can detect human presence 

inside the machine thus saving time and preventing mishap. 

 

1.3 Thesis outline 

 

The rest of this thesis is structured as follows: Chapter 2 presents the 

similar work that has already been done in this field and the methods that are 

being used currently. In Chapter 3, sheet measurement program and its 

implementation has been explained in detail. The various techniques utilized and 

the challenges involved in the process, along with the benefits of using this 

camera based sheet measurement system have been discussed.  

In Chapter 4, human and motion detection system has been discussed. The 

basis of the implementation of the system has been discussed. The experimental 

setup and results have been discussed in Chapter 5. The conclusion drawn from 

this work is available in Chapter 6. 
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Chapter 2 

 

Background 

 

In this chapter, the traditional methods that were being used and related 

work in this field have been discussed. The background and related work for the 

process of sheet measurement will be explained and then the human and motion 

detection system will be discussed.  

  As introduced in Chapter 1, laser cutting machines are widely used these 

days for the purpose of cutting metal sheets of varying thickness. The machine 

requires the coordinates, length, breadth and angle of orientation of the sheet in 

order to start the cutting operation. Traditionally this process is carried out 

manually by taking the laser head to the starting point and then starting the 

machine. The manual method is quite straightforward and the required 

parameters including length, breadth and starting pointôs coordinates are fed 

manually. Another traditional method involves a laser sensor attached with the 

laser head which detects the position of the sheet. The method involving a laser 

sensor can find the starting pointôs co-ordinate and angle of orientation but 

cannot find the length and breadth of the sheet. The sheet needs to have a 

minimum dimension of 500x500 mm and be located at a maximum distance of 

200mm from the starting point otherwise the system fails. 

A camera based sheet measurement system is free from above stated 

drawbacks, faster and automatic. 

 

2.1 Traditional methods of sheet measurement 
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This section gives detail about the traditional methods of sheet 

measurement. 

 

2.1.1 Manual method using the handle 

 

This method is quite straight forward. The only thing the user does is bring 

the laser head to the starting point as shown in Figure 2.1.1.1 and feed it to the 

machine. Next bring it to the end point as shown in Figure 2.1.1.2 and feed it to 

the machine. This method is quite tedious and laborious since the user needs to 

manually check and feed the start and end point. The user should be careful while 

performing this process since he needs to enter the machine vicinity. 

 

Figure 2.1.1.1 Define the start point manually 

 

Figure 2.1.1.2 Define the end point manually 



9 

 

2.1.2 Automatic method utilizing laser sensor 

 

The traditional method of sheet measurement involves a laser sensor 

attached to the laser head. The laser sensor finds the shortest distant point and 

angle of orientation only. The approach used in this method is based on the 

corner detection. The laser sensor finds the points on the left and bottom corner 

of the sheet and utilize them to find the starting point and the orientation angle 

of the sheet. Figure 2.1.3(a) shows the laser head, the laser sensor attached along 

with the starting point. (b) Illustrates how the laser sensor works. The working is 

explained as follows: 

1) It starts scanning parallel to the x axis from a predefined point, once it 

comes across the left corner edge the point is loaded to machine 

(p1x,p1y) shown in (c). 

2)  After that it starts scanning parallel to y axis from a predefined point 

shown in (b), once it comes across the bottom edge point (p2x,p2y) the 

point is loaded to machine and finally it scans parallel to y- axis for point 

(p3x,p3y) and that point is loaded to machine.  

3) Now these points found in step 1 and 2 are used to find the angle of 

orientation (A) and starting point (X, Y) as shown in (c).  

The laser sensor gives 100% accurate results. It can be understood from 

the working of sensor that since it scans parallel to x and y axis from predefined 

points and these points are kept within 200mm range from both x and y axis, 

therefore the sheet must be kept within 200mm from the origin (Zero X and Y 

coordinate of the cutting table). (Note: The points are kept within 200mm in 

order to minimize scanning time) 
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(a) 

 
(b) 

 
(c) 

 

Figure 2.1.2.3(a) Laser sensor indicated by the upper arrow and the starting point 

indicated by the lower arrow. (b) The path of laser sensor (c) The corner points, start point 

and angle 

 


