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Abstract 

Surface roughness inspection in robotic abrasive belt machining process is an off-line operation which is time-consuming. An in-process multi-
sensor integration technique comprising of force, accelerometer and acoustic emission sensor was developed to predict state of the surface 
roughness during machining. Time and frequency-domain features extracted from sensor signals were correlated with the corresponding surface 
roughness to train the Support vector machines (SVM’s) in Matlab toolbox and a classification model was developed. Prediction accuracy of the 
classification model shows proposed in-process surface roughness recognition system can be integrated with abrasive belt machining process for 
capping lead-time and is reliable. 
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1. Introduction 

Surface quality which is assessed in terms of surface 
roughness is an off-line process. This process is both time-
consuming and laborious. It takes time when parts are relocated 
from the machining station to the measurement station. Much 
research effort previously has been devoted for studying 
surface roughness prediction in real time in conventional 
machining such as end milling & hard turning operation [1]. 
Intuitively, surface roughness is also correlated to the frictional 
property of the two sliding surfaces [2-4]. By monitoring the 
property, the surface roughness can also be estimated. 
Predictive models such as ANN, ANFIS & SVM were 
developed in these researches and high correlations were 
established between predicted surface roughness values and 
experimentally measured values in off-line. However In-
process surface roughness prediction in compliant tools such as 
abrasive belt machining process still remains one of the most 
challenging problems in industry due to the high complexity 

and nonlinearity. Abrasive belt are form-adaptive due to their 
inherent flexibility. Khellouki et al. [5] have investigated about 
effective contact duration between abrasive grains and 
machined surface interface in abrasive belt grinding process 
which revealed number of active abrasive grains increase based 
on the interaction on the surface roughness. Xue et al. [6] 
established a neuro-fuzzy model and suggested that data 
acquired through the forces and acoustic emission sensors can 
be correlated with the surface roughness using signal 
processing algorithm there by opening opportunities for 
predicting the surface quality in real time for tools with 
multiple cutting edges. Incorporation of a sensor technology for 
precision manufacturing process such as abrasive machining 
process has been investigated by D. A. Dornfeld et al. [7], 
which revealed that force, accelerometer, laser and acoustic 
emission are most critical sensor required in precision 
machining for assessing surface finish. Cutting forces and 
machining vibrations have been reported to be much indicative 
than other monitoring signals in predicting surface roughness 
in hard tooling [8-10]. Acoustic emission sensitivity to abrasive 
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process such as grinding based on inherent frictional 
interactions has been applied by H.G.Cai [11]. This research 
tries to predict the surface roughness in coated abrasive 
compliant belt machining process in real time with the help of 
smart sensors tool by virtual verification using the machine 
learning based classification technique such as Support Vector 
Machines (SVM’s). This kind of metrology adds value for the 
whole manufacturing process 

2. Multi-sensor integration - Complementary approach 

In-process sensors can be exercised strategically for machining 
process automation as they have the ability to predict the 
process state based on sensory feedback. A complementary 
based multi-sensor integration approach has been proposed as 
a strategy to estimate the values of physical variables being 
measured since any compliant abrasive machining process is 
difficult to understand and knowledge available on such 
processes are inadequate.  

A complementary multi-sensor integration system 
incorporating force, accelerometer and acoustic emission is 
developed to give a more complete picture of the state of 
abrasive belt machining which is dynamic. An in-situ surface 
roughness prediction system based on LabVIEW platform has 
been developed consisting of a Kistler 9256C2 three 
component dynamometer, Kistler 8763A500 triaxel 
accelerometer and Kistler Piezotron® Acoustic Emission 
Sensor as shown in Fig.  1. Aluminium 6061 workpiece of 
different surface roughness (Ra) of 3 µm, 2 µm, 1.2 µm and 0.3 
µm is then mounted on the dynamometer to calculate normal 
force and tangential force. Kistler 8763A500 triaxel 
accelerometer sensor is closely located near the tension arm of 
the electric belt grinder to obtain data on tool vibration during 
machining. Acoustic Emission Sensor is located in close 
proximity with respect to the machining zone in the workpiece 
with good acoustic coupling. 

3.  Experimentation  

3.1. Methodology 

Surfaces of different roughness of 3 µm, 2 µm, 1.2 µm and 0.3 
µm Ra are machined with the abrasive belt with the same 

machining condition. The signatures during machining of 
different surface roughness are captured using the appropriate 
sensors placed at 1 kHz. The raw sensor data contain fixed-
width sliding windows (100readings/window). From each 
window, a vector of 27 independent features are extracted from 
time and frequency domain such as shown in Table 1.  
 
Table 1. List of time and frequency domain features extracted from the sensor 

signatures 
 

Feature No Feature Name 

1 Mean value 
2 Root mean square 

3-5 Autocorrelation (Height of main peak, 
Height and Position of second peak) 

6 Kurtosis 
7 Skewness 
8 Crest-factor 
9 Band-power 
10 

11-22 
 

23-27 

Standard deviation 
Spectral Peak Features (Height and 
position of first 6 peaks) 
Spectral power (Features in 5 adjacent and 
pre-defined frequency bands) 

Once the features are extracted, the supervised learning 
technique based on support vector machines such as Linear-
SVM, Quadratic–SVM and Cubic–SVM are used to create a 
classification model with the four different surface roughness 
(3 μm, 2 μm, 1.2 μm and 0.3 μm) as the classifiers in Matlab 
Classification learner Tool. Once the model is trained, fresh set 
of signatures are extracted from the surface roughness (3 μm, 2 
μm, 1.2 μm and 0.3 μm) with the same machining condition. 
These features are passed into the classification model 
developed and trained using SVM to check the robustness of 
the model. Schematic representation of the methodology is 
described in the Fig.  3. 

3.2. Surface roughness estimation: SVM -classification 
modeling 

Support vector machines are supervised machine learning 
methods for solving problems in nonlinear classification [12] 
using kernel trick which has been explained in this section. In 
a real-valued vector space (X=R^N), let’s take a binary linear 
classification problem (i.e. . An n-dimensional 
pattern (object)  has n coordinates, (

where each is a real number   for i 
= 1, 2… n). Each pattern  fits to a class  
If these two classes can find a linear function 

 whenever the label  and  whenever the 
label  they can be linearly distinguishable of the 
inputs  .This can be suitably expressed by a hyper-plane 
in the space   .For linearly separable data a hyper-plane 

 can be determined as, 
 

 

 
Where  is an n-dimensional vector and  is a scalar which 
determine the optimal separating hyper-plane that leaves 

Fig.  1. Experimental setup for surface roughness prediction in abrasive belt 
machining 
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