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Abstract: monitoring tool on a basis of surface image datectional
The subject of the paper is to describe a mechatronand spatial integration of several components nhest
monitoring tool (MMT) used for evaluation of mackth provided.

surface during the process of cutting. The integeat of
mechatronic tool is a smart sensor. The princigl&®T
design is a ability to be used on any lathe. The ™MNs
composed of several functional elements.

The main element machine vision system can be
used for image acquisition and ppeocessing. The
demanded quality of image data imposes a requirefoen
the optical system and illumination system to betiiled.

increases and

The core element of mechatronic monitoring todhis  So, the complexity of vision system
smart sensor, which provides the data acquisitiod a constitutes the basis for smart sensor elaboratidme
integration. The basis for the sensor to operateeisurface functional integration of smart sensor is preseinechapter
image sequence acquired during cutting. The images 3, where image-processing techniques for machinefdce
pre-processed and characterized with the number @hage is used to determine indexes correlated with
irrelevant features. Feature vector is then usedlagsifier surface roughness parameters. Estimation of surface
in decision making process. The smart sensor grii®#s roughness Ra parameter based on machined image was
essential information elaborated in data processtide provided on-line. The maximum estimation time not
used in surface and process monitoring. exceeded one second with the accuracy suitableyiiem

In addition, the MMT embraces the mechanical andnonitoring.
electrical systems necessary for the tool to beerfes on The method is based on digital image of a machined
the lathe and powered. The system must also begegli surface in several magnifications. The method can b
with the system for cutting zone cleaning. implemented on any lathe and it can be used insimil

The paper concludes with the current researcheniigdls  conditions as an autonomous system or a part ofiplete
required to expand the application of mechatroiticemart  monitoring system.
sensor elaboration for machined surface monitoring. The smart sensor is a part of the MMT, which fumeai

integration is presented in chapter 4. The MMT ¢ziasof
Keywords: mechatronic tool, measurements in metal cuttinglements enabled the acquisition and processinignafe
machined surface, diagnostics data, control of actuators responsible for illuniioya and
optics, data transmission between the MMT companant
1. INTRODUCTION other elements necessary to accurate operaticiedMT.
In mechanical manufacturing systems there is rembrd 2. MECHATRONIC MONITORING TOOL
the constant growth of the demands for precisian. |
embraces the capability to produce the mechaniaattares
with greater precision at reasonable productionsc].

The requirements of MMT are defined by trends in
microsystems technology and nanotechnology.
The demands concern an increase in availabilitgrotess Contemporary manufacturing systems used for maudpini
monitoring systems, intelligent maintenance andyaistic  should fulfill following characteristics
functions. These demands can be achieved by applyin  Ability to easily adapt to different tasks.
mechatronic approach for designing the cutting @ssavith  «  Automatic adaptation (without an operator) to Vialéa
the availability of the process and machined serfagality conditions.
monitoring [2]. e Easy communication with the an operator and other

The MMT design combines mechanical engineering, cooperating devices.
control engineering, microelectronics and compstgence «  High quality of operation.
for the purpose to monitor the process of cuttiffie aim of «  Low cost of production and operation.
mechatronic tool design is to elaborate the autémom  Construction of manufacturing systems with such
device, which enables the wireless data transfenédreless features is possible through the use in addition to
transmission of energy, precision positioning a 8ensor mechanical parts electronics the appropriate dlyos for
with the ability to perform measurements [3]. Thedata processing. The system, which integrats méchian
mechatronic system is presented in chapter 2, wtmreept components, electronic components and softwareallsd
and requirements for mechatronic systems are shown. mechatronic device.

The MMT is under development at Technical Univgrsit ~ The mechatronic system’s modules can be consider in
of Koszalin, Poland [4, 5]. The MMT is based onface two aspects: spatial and functional [2,3]. The ntadzation
image data from machine vision. To elaborate thaptete  of mechatronic system allows reducing its compiexiiue
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to spatial and functional integration of modulesige can + The communication module is responsible for data

achieved such goals as: transmission between mechatronic system modules and
e Spatial integration of sensors, actuators an igtaice environment.
and data processing component into one functionial u «  Support modules are responsible for energy supply t
allow to create autonomous device with simple fiater each module, housing and other functions necedeary
to communicate with other components of system. maintain accurate operation of mechatronic system.

[ -

The mechatronic device can operate with smallest In the case of the development of mechatronic
distance to the causal location. Due that feattris i monitoring tool the image acquisition and procegspstem
possible to measure and to control production @m®ce is the main element. The system is equipped witmehts
without influence of deviations cause by incorpimgt associated with the measurement of current positbn
additional elements in measurement or kinematiencha system components and their control. Because of its
Modular construction of mechatronic device andhardware and software complexity, this system eandled
standardized interface make enable fast instatfladiocd ~ smart sensor. Smart sensor is an integral patteoMMT.
replacing. Such construction is necessary inThe third chapter describes the functional intégratof
transformable systems able to adapt to changes smart sensor.

production tasks.
3. FUNCTIONAL INTEGRATION OF SMART
Energy and material SENSOR
source

p The aim of smart sensor development is elaboraifon

I a low cost MMT of a machined surface. The system ca
: provide the information of the quality of the swdaduring

I the process of its creation.
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processing to correlate the image features wittfasar
roughness parameters. To test and calibrate thensythe
experimental design is used. This method is colesst
non-destructive and non-invasive and possible falyapn-
line during cutting.

After the calibration the system determines madhine

Information flow

Measurement
transductor Actuator

Sensor Drive

--—1‘ ---------------------- ———— surface quality information for finishing machininghe
: ; system is intended to be for use in industrial Emments.
Mea;‘:;‘::‘e"‘ PROCESS o Mnematic Smart sensor is composed of several functional

components: vision system for image acquisitionagm
processing system for image feature extractiondeuision
making system.

The first functional component, vision system, siets

Energy and material flow
e

Fig. 1. The mechatronic system of surface illumination system, magnifying systefirgme

grabber with the image pre-processing system. Tityguo of

Mechatronic devices typically consist of functiomabdules  the first functional component is the surface imagéh
that cooperate with each other. The modules aisepted in strictly defined quality.

Fig. 1 and their functional role is as following: Surface illumination system is based on the whEDE

The measurement transducer module changes the fogBnstituting directional lighting. The system isuasped
of a non-electrical measured signal into an eleatri ity the actuator to change the position of lighirge. The
one. The measurement trf_;lnsducer _also improves tm@put position is the elevation angle of 30°. Light
quality of the measured signal by its gain, fillgri  together with optical system is centered to the akiwork.
noise compensation. i . Magnifying system is used to obtain a digital image
Data processing and control module, typically it &&:  featuring suitable field and depth of view. Wittetfield of
a microprocessor, mmrogontroller, signal processor yiew of 1 mn? and depth of view of 10m the magnifying
FPGA (Field Programming Gate Array). The datass appropriate for the surface monitoring where-afiit
processing module also consists of software regplens length is recommended 0.8 mm. The magnifying system
for accurate operation of a system (data processiig composed of lens and extender sets.
analysis, signal generation for actuators). ~ Frame grabber and image pre-processing are comhecte
Actuator module converts signal from data proc&ssingye to the demand of the quality of image inforomatiFirst,
module (usually such signal has low energy) inforen  the application of digital camera with IEEE 1394eifiace
that can feed a drive and force it to move to dréle@s for jmage acquisition provides the possibility to-lne
position or velocity. control of the gathered data. Then the single framas
collected and converted it into a two-dimensionehy of 8-
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bit numbers. Finally, the process of image pre-pssing
was performed with the test of image quality. Tviffedent
image quality indexes were applied to examine &ytlare
within certain value region. Only images of suffici
quality were used for further processing [6].

The second functional component of smart senso
image processing system, consists of algorithmsiclwh
provide the transformation of image data into feapace.
The first step embraces the set of predestined adstlof
image description, such as statistical space amdtrspn
features, wavelet features and other. All the femtare then
examined with the pruning method and only six ndized
features are selected to be used for further psaugs

The third functional component, decision making
process, is strictly connected with the goal of mmying. It
consists of classifier, which is able to correltie image

and Quality Control 2013, September 11-13, 2013, Cracow-Kielce, Poland

the parameter estimation. The estimator parametitbdse
was created for various cutting parameters and makgeso
that the time of monitoring system adjustment waslaort
as possible. The estimation algorithm was compa$dour
stages:

f,. Image acquisition,

2. Image feature determination,

3. Training of recurrent neural network for new cutin
parameters. It was done by the optimization of Wweig
values in such a way that the difference between th
estimated value and measured value was below the
defined threshold,

Surface roughness Ra parameter estimation. It was d
by the parameter estimation via neural network with
optimized weights for defined cutting parameters.

4.

features with actual process parameters [7].
For the estimation of process parameters, the memur
neural network estimator was applied. After thetiahi
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surface roughness the common used parameter is Ras
case the estimated surface roughness Ra pararRetee)(
can be described with the use of a nonlinear fancti

Training
mode
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— Recurrent neural Training Parameters
network time of estimator

Ra_€n), >®
Fi(n)- F1(n-1), ®0® .
Ra_dn+1)=1| *+wln) D] | () g ][ coromne—
Fm(n) - Fm(n —1) <D
where

Ra_e(n+1) - estimated value of surface roughness Ra

parameter in the nexh+1 step,

Fig. 2. The evaluation process flow for surfacegtmess
monitoring

Ra_e(n) - estimated value of surface roughness Ra Smart sensor was elaborated to be a part of mechatr

parameter in tha step,
Fl(n)— Fl(n—l) . Fm(n)— Fm(n—l) - the difference of
value for imageF 1..Fm features for then and n+1 steps,

w(n) - noise.

As is apparent from (1) the image indexes wereuset
in absolute way but the increments of features \apied.
The neural network weight vector was adjusted aféseral
presentations of training set so that the netwarkrewas
below the threshold. The process of training wasnth
stopped.

One of the advantages of using Kalman filter waes th
possibility of on-line estimation of model paramsteSuch
an approach enabled the surface monitoring systeimet
adjusted interactively by the operator during thecpss of
cutting. When the estimation error achieved theghold
value the algorithm changed its mode from the ingjrinto

monitoring tool. The communication between the gmar
sensor and MMT was provided through the wireless
interfaces: Ethernet and ZigBee. The functional special
integration of MMT was described in chaper 4.
4. INTEGRATION OF MECHATRONIC
MONITORING TOOL

MMT was elaborated as the combination of functitynal
connected in one system the following subsystemmasieca
and sensor, data integration and image analyses;ot@f
optics and illumination, actuators for optics and
illumination. Camera and sensor unit (CSU) is resjide
for gathering data from environmentspecially vision data
about the state of monitored surface. The data f@BU
were processed in data processing unit (DPU). TR&J D
was divided on two functional subsystems. The first
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subsystem was responsible for data integration ianadje The main goal of the HMI was to provide the
analyses. Together with camera the first subsysterated information of the process for human operator. HNHS
the smart sensor unit (SSU). The second subsystasn responsible for control of three MMT functions. Opé
responsible for control of actuators. All subsystem them was oriented on the tuning of camera parasietiee
constituting  MMT exchanged data throughout datasecond was devoted to the training of neural ndtwor
transition unit (DTU). The DTU consists of data estimator, the third could be described as gerwmatrol of
transmission protocols such as: Ethernet, IEEE1B®B232 the application.
and other. The DTU is also responsible for commation Function concerning the neural network estimatabésd
with additional systems, which support proper ofienaof  the human operator the switching between the trgiind
the MMT system. These additional systems embrdue: t estimation (working) mode. This function was neaegslue
camera fastening subsystem, the work zone cleanirtg the periodical calibration of the estimator awhbled the
subsystem, human machine interface (HMI) and otheuning of the MMT for new cutting conditions.
subsystems communicating through machine-to-machine Human operator, who could decide if the processiisho
interface (M2M) (Fig. 3). be terminated, performed all the activities conoegrHMI.
Mechatronic monitoring tool was destined to be ntedn The alarm was generated when the controlled vaioented
on a CNC lathe with the SSU fastened on the latheuch as moving average) was higher than the definediotd.
away so that the working zone could be safely and
efficiently observed. The SSU must be shied froremmal 5. CONCLUSIONS
factors such as heat and chips.
o m———— - 1. Construction of the MMT is possible thanks to the
L mechatronic approach. In the mechatronic systerh suc
i subsystems as: smart sensor, actuator controlatacsu
! o and data transmission unit are integrated in omplsi
i
I
|
I
L

Smart sensor
unit (SSU)

for . .

optics components of manufacturlng environment.
and

illumination 2.

and
image
analysis

and
sensors

optics
and
illumination

Development of the MMT allowed the spatial
integration of diagnostic system and can be used in
e P e vicinity of cutting zone. It was beneficial as fas
| : reduction of measurement chain, shortening of

measurement time and decreasing of measurement

Datatransmisslonunit errors due to shortening of kinematic chain.
i i 3. Modular construction of the MMT is beneficial faast
installation on any lathe and reconfiguration.
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