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ABSTRACT 
This article deals about the possibilities of obtaining information from a sawdust sample 

using the Matlab program. Using sawdust analyzing during chip machining, it makes it possible 
to determine unsuitable conditions by cutting and woodworking, such as dulling of the tool, 
unsuitable cutting conditions, overheating of the tool and others. Such conditions can have neg-
ative effects on the operation and economics of the company. 

Commonly used sawdust sizing methods, such as sieving, obtain only partial information 
about a given sample. On the other hand, by means of image analysis of a sawdust sample, it is 
possible to find out much more, for example the largest and smallest dimension of each single 
particle, its circularity, area, perimeter, eccentricity, convex hull major and minor axis length, 
or color of the particle. For some other particle analysis methods, it is not appropriate to repeat 
the experiment with the same sample, because it may occur damage of the sample during the 
measurement. This can happen during sieving, where the sample is mechanically stressed and 
can crumble. In the image analysis, the sawdust is scattered on the substrate and a digital image 
of these sawdust is create. Therefore, there is no mechanical damage on the sample. 
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INTRODUCTION 
The development of industry and the 

economy puts pressure on the speed of pro-
duction of products and goods. In addition to 
the advantages, this trend also has many neg-
ative aspects, for example, excessive produc-
tion of waste material that can be largely re-
cycled. Waste in the form of chips is also 
generated during the production of semi-fin-
ished products. It is mainly sawdust and dust 
that must be removed so that they do not af-
fect the production process and the operators.  

The size of the generated sawdust and 
dust can tell different information about the 
production process, as well as about the 
safety of work in a dust-polluted environ-
ment. Nowadays woodworking with CNC 
technologies is an integral part of thewood-
working industry. The range of used CNC 

machines is very wide in the so-called CNC-
machining centers (K  et al. 2018, Kos 
et al. 2004). Even with these modern com-
putercontrolled machines, we cannot avoid 
the problem of removing secondary material, 
whicharises during machining – chip 

  
Evaluates the carcinogenic risk to hu-

mans posed by occupational exposures to 
wood dust and formaldehyde. A number of 
occupational situations that involve exposure 
to wood dust also entail exposure to formal-
dehyde, as in plywood and particle board 
manufacture, during furniture and cabinet-
making, and during parquet floor sanding and 
varnishing. The highest occupational expo-
sures were noted to occur in wood furniture 
and cabinet manufacture, especially during 
machine sanding and similar operations, in 
the finishing departments of plywood and 
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particle-board mills, and in the workroom air 
of sawmills and planer mills near chippers, 
saws, and planers. Citing findings from sev-
eral recent well-designed case-control stud-
ies, the monograph concludes that occupa-
tional exposure to wood dust is causally re-
lated to adenocarcinoma of the nasal cavities 
and paranasal sinuses (International Agency 
for Research on Cancer, 1995). 

The aim of the article is the design and 
testing of an optical method for the analysis 
of fractional particles produced during chip 
woodworking. 

MATERIALS AND METHODS
The measurement of dimensions was 

performed on a milled birch lumber (Figure 
1). This samples were milled on a lower spin-
dle milling machine FVS(Czechoslovakia 
Music Instruments, Hradec Králové, Czech 
Republic) and feedingmechanism ZMD 
252/137 (Frommia, Fellbach, Germany) at 
the Technical University in Zvolen.  

Subsequently, the sawdust was photo-
graphed using a Nikon D550 camera
(Koleda, 2021). 

Figure 1: Sample of Birch wood chips.

Figure 2: Created program in matlab
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This image is subsequently processed in 
the proposed program in Matlab (Figure 2). 

This program allows you to open pro-
cessed images with sawdust. Before analyz-
ing the images, it is necessary to determine 
the conversion coefficient for converting pix-
els to the metric system (milimeters). This is 
determined by taking a single image contain-
ing a known distance – 100 mm on the ruler 
(Figure 3). 

 
Figura 3: Determining the conversion factor to 

metric dimensions. 

In this image are selected by clicking 2 
points that are 100 mm apart. The program 
determines how many pixels represent this 
distance, which determines the conversion 
coefficient for measuring dimensions in mm. 

Subsequently, the analyzed image is 
opened, in which it is necessary to select the 
background color of the sawdust, whether 
there are light sawdust on a black back-
ground, or dark sawdust on a white back-
ground. These combinations are suitable for 

the contrast between the searched sawdust 
and the background, so that they can be easily 
identified. In the case of a background with a 
similar color to the searched objects, particles 
may be incorrectly assigned to the back-
ground, or false objects may be created.  

For next analysis, this image is con-
verted into binary form using a function: 

 im2bw(I, graythresh(I))  (1) 

I – a variable representing the loaded im-
age. 

 
Function im2bw converts the input im-

age to a binary form in which the pixels be-
longing to the sawdust have the value 1 
(white), the other pixels have a value 0 
(black). The decision level for this transfer is 
calculated using a function graythresh(I). 
This computes a global threshold T from 
grayscale image I, using Otsu's method. 
Otsu's method chooses a threshold that mini-
mizes the intraclass variance of the 
thresholded black and white pixels (Otsu, 
1979). The result of binarization is shown in 
the figure 4. 

 
Figure 4: Binarized picture. 
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During this binarization may be ficti-
tious holes created, due to the structure of the 
sawdust. These are subsequently removed 
using the function: 

imfill(BW,'holes') (2)

BW – input binary image, 
'holes' – parameter of the imfill function. 

Function imfill(BW,'holes') fills holes in 
the input binary image BW. Using parameter 
'holes' are removed only holes in objects 
(Figure 5). Hole is a set of background pixels 
that cannot be reached by filling in the back-
ground from the edge of the image.  

Figure 5: Removing holes in objects

In the thus modified binary image, the 
dimensional characteristics of the sawdust 
are subsequently detected by pressing the 
„Measurement“ button.  

It is possible to determine the dimen-
sional parameters of the sawdust in the digital 
image modified in this way. In Matlab pro-
gram were to determine sawdust parameters 
used functions 

regionprops(BW,properties) 

bwferet(BW,properties)
(3)

BW – input binary image, 
properties – specified required calcu-

lated properties.

Using regionprops function are calcu-
lated the required characteristics of the found 
objects – sawdust. The list of these character-
istics is specified as Properties in the func-
tion regionprops. To dimensions measure of 
the sawdust, the following were determined: 
Area, Perimeter, Centroid, Orientation, Cir-
cularity, Eccentricity and Bounding Box.  

Function bwferet measures the Feret 
properties of objects in an image and returns 

the measurements in a table. The input prop-
erties specify the Feret properties to be meas-
ured for each object in input binary image 
BW. The measured Feret properties include 
the Major and Minor axis length, Feret an-
gles, and endpoint coordinates of Feret diam-
eters.

Area of individual sawdust is deter-
mined with a parameter ‘Area’. This param-
eter counts all pixels belonging to individual 
sawdust in the binary image. 

The Perimeter measurement of sawdust 
is determined using a parameter ‘Perimeter’. 
Function regionprops computes the perime-
ter by calculating the distance between each 
adjoining pair of pixels around the border of 
the region.  

The position of the center of sawdust is 
determined by a parameter ‘Centroid’, this 
detects the horizontal and vertical coordi-
nates of the position of the center of particle 
in the image.

The rotation of sawdust in the image is 
detected by a parameter ‘Orientation’. It rep-
resents an angle between the x-axis and the 
major axis of the ellipse that has the same 
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second-moments as the region, returned as a 
scalar. The value is in degrees, ranging from 
-90 degrees to 90 degrees. 

Roundness of objects, returned as a 
structure with parameter ‘Circularity’. The 
structure contains the circularity value for 
each object in the input image. The circular-
ity value is computed as  

(4*Area*pi)/(Perimeter2) (4)

For a perfect circle, the circularity value 
is 1. The input must be a label matrix or bi-
nary image with contiguous regions. 

Eccentricity of the ellipse that has the 
same second-moments as the region, is de-
tected with parameter ‘Eccentricity’. The ec-
centricity is the ratio of the distance between 
the foci of the ellipse and its major axis 
length. The value is between 0 and 1. (0 and 
1 are degenerate cases. An ellipse whose ec-
centricity is 0 is actually a circle, while an el-
lipse whose eccentricity is 1 is a line seg-
ment).

Position and size of the smallest box 
containing the region, detected with parame-
ter ‘BoundingBox’. It’s returned as a 1-by-

(2*Q) vector. The first Q elements are the co-
ordinates of the minimum corner of the box. 
The second Q elements are the size of the box 
along each dimension. For example, a 2-D 
bounding box with value [5.5 8.5 11 14] in-
dicates that the (x,y) coordinate of the top-left 
corner of the box is (5.5, 8.5), the horizontal 
width of the box is 11 pixels, and the vertical 
height of the box is 14 pixels. 

The largest and smallest dimensions of 
each sawdust are determined using parame-
ters ‘MajorAxisLength’ and ‘MinorAx-
isLength’.  

RESULTS
The determined dimensional sawdust 

parameters are stored in an Excel table for 
further processing. Some of them can be 
graphically represented in a modified binary 
image with sawdust (Figure 6): bounding box 
(blue rectangles), major axis length and mi-
nor axis length (blue lines with displayed 
length), orientation (red ellipse), and position 
of sawdust center (green star).

Figure 6: Graphic representation of the detected sawdust. 
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Multiple images with analyzed sawdust 
can be processed for one measurement. If 
multiple images are being processed, after 
the measurement, the next image is simply 
opened and the next measurement is started 
in the same way. After the last analyzed im-
age, all measured data are saved in an Excel 
table by pressing the "Save data" button in 

the program. Data stored in table can be fur-
ther processed, for example, in statistical 
software. Some analyzes such as histogram, 
ANOVA and others, can also be run in the 
designed application using a button “Analy-
sis”. The obtained histograms from the test 
image are shown in the Figure 7. 
 

  
 a)  b) 

  
 c)  d) 

Figure 7: Histograms: a) Areas, b) Perimeters, c) Major Length, d) Minor Length 

CONCLUSION 
As described in this article, detailed in-

formation of the dimensional characteristics 
of sawdust can be obtained using image anal-
ysis in Matlab. Compared to other methods, 
such as sieving, this method is non-destruc-
tive. However, the disadvantage is the need 
to separate the scanned sawdust from each 
other, otherwise they may overlap together. 
Such overlapped sawdust is subsequently 
evaluated as a one separate sawdust, what in-
troduces error into the measurement. In addi-
tion to the obtained information in tabular 
form, matlab itself enables to statistical eval-
uation of the measured samples, for example 

using histograms. Also, it provides the basic 
knowledge on image analysis that can be im-
plemented to maximize the executed infor-
mation from the analysis and minimize the 
magnitude or error (Jahari, 2021). 
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