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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. DrKk am € Ak DE MK R

January2018

Laser CNC machines are widely utilized for cutting metal sheétvarying
thickness and material3he sheets to be cut can bé varying dimensions and be
placed at any degd area of the cutting tabl€he operator needs to assign the starting
point of the lasemanually along with the dimensions of the metaks$te order to start
the cutting procesS he process of assigning the starting point and dsmenof sheet
are time consuming and can take few minutes before every cutting process and it sums
up to hours by the end ofaily cutting jobsan automated piess okheet measurement
can saveonsiderable amount tifme and speed up the process

In this thesisa camera basesystemfor automatic sheet measurement which
includesmeasurement adtarting point assignmemyientation length and breadthas
been developed.The algorithms have been implemented keeping in mind the
importance of speed since the processing has to be done in reahtimeeds to be as
fast as possibleThe implemented algorithms can find @dquired parameters in about
two second. The techniques utilized for its implementation have been discu$ked.
robustness of the system has been compared with other traditional methods of sheet
measuremerdnd orientation detection

The implemented system was testedawaallaser CNC maaine over a period of
six months and théestresults have been discussédso, a camera baseihtrusion
detectionsystem for laser CNC machine has been developedier to make it safior
humanduring operationPatent application made for theplementedsystem.

Keywords:Laser CNC, Image Processing, Camera, Measurenhaoiion Detection



OZET

LAZER CNC MAKKNELERK KG¢KN KAMEF
OLCUMS K ST E MK

Aamish UMAR
El ektri k ve Bilgisayayry ;Msled&n dii slainjsi PAroag
Tez Yoneicisi:Yrd. Doc. DrK am €Ak DE MKR
Ocak 2018

Lazer CNC makineler farkleé kalénl éktaki
olarak kullanél maktadeéer. Kesi | e platformd e v h a
czerinde her hanagebilrber | gretrier iyleernl eme t ali | | e
uygun ol ar akkesapreriaktl®ermi knli & zbearki | na t bmeakk! ai n-gi én-

manuel olarak ayarlarBa k| an g é - noktasé atama ve | e\
i Kl eml er i zaman alecaddrir Har Ildakiikai all &n
toplamda saatl er s¢rebilir. Bu sebepl e, (
kazandérabilir ve iklemleri hezl andérabili

Bu tezde, otomati k | evha °Il -¢m¢g 1 -1 n K
Gelriikltean sistem bakl angeée- nokt asé at ama,
I Kl eml eri ni de i -ermektedir. Bu al goritm
bul undurul muktur. ¢Cenkeg tem ikl emler ger -
ol duj uncnaa |l e@leelrek toil r i | en y°nt em, i stenen t
saniyede bul maktadeér. Tezdeknibkl egert- arktl &
Sistemin g¢rbegzl¢je¢ dijer geleneksel | ev h:

karkeéel akceér et mekten. si stem alteée ay boyunc;
edil miktir ve sonu-I|lar tartékeél mékter. Ay
bir 1zl eme y°ntemi de ekl enmi«ktir.

Anahtar kelimelerLazer CNC kesinG° r ¢ nt ¢ i k| é&iomeHareketa me r a ¥
al gel ama
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Chapter 1

| nt roducti on

The laser cuttingCNC machines arewidely 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 resondtoese machinesan work 24
hours a day

The laser machingl] has pallets where metal sheets are keptthe laser
head cuts them fa requireddesigns via laser beam emitted from the laser head.
The machine needs the location and orientation of metal sheet befanesiiact
the cutting processlt 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 pbs done by the machine. Since the machine emits laser beam that
is sufficient to cut metal sheetherefore any human presence in the machine
during cutting process can be fatal.

This thesis introducesamera based tamatic sheet measurement system
for laser CNC machine3 he system utilizes a camera to automatically find the
starting point, angle of orientation, length and breadth of the shtwet shortest
time. Sheet measurement process is completedbout two secondby the
proposedcamera basedheet measurement systedn intrusion detection
system has been integrated that warns the operator of any moving object

presence before starting the cutting process.



1.1 Motivation

This section givedrief information about the need for a camera based
automatic sheet measurement sys@so the need for an intrusion detection
system has been explaindegure 1.11 shows the Fiber Laser Machii#] for

which the systems were implemented.

Figure 1.1.1Denerfiber laser machine

1.1.1 Sheet measurenm¢ and orientation detection

The sheet to be cut can be\@rying dimensions anbe located at any
available area on theutting pallet. Figure 1.1.1.dhows several metal sheets of
varying dimensions and orientation angle available on the cutting .pahet
machinecannot start the cuttingrocess without knowing the ealinates of the
starting point and angle of orientation of the metal sheet to b&laifprocess of
assigning the starting point can be performed in two ways

1) It can beperformed manubyi, the laser head is carried to the starting point

and the coordinates can be fed into the machbenension and



orientation of sheet are found manualgxplained in more detaih the
backgroundcthapterof this thesis).

2) The second methoimvolves a laer sensor that detects the locataod
orientationof metal sheet automatically. The laser sensor can detect the
sheet but only mder some prelefined condition like the metal sheet
must have a proper rectangular shaggecific dimensions and free of
defect also it should be kept within 200mdistancefrom the starting
point. Dimension of sheet are found manud#yplained in more detaiih
the backgroundhapterof this thesis).

N

Figure 1.11.2 The required parameters



Figure 1.1.1.1 shows the cutting vicinity, wherenetal sheetare kept for
cutting. Figurel1.1.1.2 shows the required parameters which include length,
height, angle and the shortest distant point of the metal. Steeting point and
orientationof 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 camerbased sheet measurement system.

1.1.2 Motion detection andntrusion detection system

Figure 1.12.1 shows the possibilities of a human inside the macHihe.
laser beam utilized for cutting metal sheeas cause fatal injuries to any living
being preent in the machine duringitting processthereforethe machine needs
an intrusion detectiosystem to warn the user if there is a hurmasome moving
thing preseninsidethe machine beforhe cutting processtarts The use of laser
sensors for intrien detection would not be efficient enough due to the vast area
inside the machineA 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 wellhe video stream from the camera is

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



(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 therpcess of sheet measuremenltaser CNC machine by
using a camera based system.

2) To integrate a intrusiondetection systenin the camera based sheet
measurement system



In this thesis, firstlythe traditional systems that are being currently used in
themachine for the purpose of sheet measuremenexplainedThen, the need
and importance of the new appch involvingcamerahas been explainedhe
various image processing techniques that were utilized have been discussed in
detail Then, the accuracyf the implemented system on the macHias been
investigated The testing was conducted over a periogsigfmonths and the
resuls achieved dung the experimental process hdeen discussed otetailin
the experimental setup and results section.e8asn the resultsit can be
interpreted thathe new system imore efficientthan its traditional counterpart.
It speeds up the process of sheet measurementamndetect human presence

inside the machinthus 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 le@ explained imletail 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 4human and motion detection system has bessugsedThe
basis of the implementation of the system has been discudse@xperimental
setup andesults have been discussed in Chapter 5. The conclusion drawn from

this work is available in Chapter 6.



Chapter 2

Background

In this chapter, theraditional methods that were bgiused ad related
work in this field havebeen discussed he background and related work for the
process of sheet measuremenit be explained and thetihe human and motion
detection systemwill be discussed

As introduced in Chapter 1, laser cutting machines are widely used these
days for the purpose of cutting metal sheets of varying thickiiégsmachine
requires theoordinates, length, breadth and angle of orientation of the sheet in
order to start the cutting epation. Traditionally this process is carried out
manually by taking the laser head to the starting tpamd then starting the
machine. The manual method is quite straightforward and the required
parameters including | engobrdinatesdre feda dt h
mantally. Another traditional method involves a laser sensor attached with the
laser head which detects the position of the sAd®t.method involving a laser
sensor can f i nd -ordimate antd angle dbf rogentgtiantbm t 6 s
cannot find the length and breadth of the sheet. The sheet needs to have a
minimum dimension of 500x500 mm abeé locatedht a maximum distance of
200mm from the starting point otherwise the system fails.

A camera based sheet measurement system is rvee dbove stated

drawbacks, faster and automatic.

2.1 Traditional methods of sheet measurement



This section givedetailabout thdraditional methods of sheet

measurement

2.1.1Manual method using the handle

This method is quite straight forward. Tbely thing the user does is bring
the laser head tthe starting point as shown ingkre 2.1.11 and feed it to the
machine.Next bring t to the end point as shown imgbre 2.11.2 and feed it to
the machine. This method is quite tedious and labosouse the user needs to

manually tieck and feed the start and end poitie Tser should be careful while

performing this process since he needs to enter the machine vicinity

Figure 2.1.11 Define the start point manually

Figure 2.11.2 Define the endpoint manually



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 disa 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 23a) shows the laser head, theda sensor attached along
with the starting point(b) lllustrates 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 &ldd to machine
(p1x,ply) 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 taxyis forpoint
(p3x,p3y) and that point is loaded to machine.

3) Now these pointsound in step 1 and are used to find the angle of

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

The laser sensor gives 100% accuratgults.lt 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 fronotigen (Zero X and Y
coordinate of the ctihg table) (Note: The points are kept within 200mm in

order to minimize scanning time)



(b)

(©)
Figure 2.12.3(a) Laser sensor indicated by the upper arrow and the starting point

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