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Abstract 

The shape parameter of wood microscopic cell is one of the important parameters in the 

identification of wood species. Fourier Descriptors is often used to describe the boundaries of 

closed areas. The paper analyzes the slice images of five kinds of common wood cells, 

extracting the mathematical parameters of the cells, obtaining the average value and 

simulating the benchmark cell shape of the five wood species to provide data support for 

subsequent recognition experiments. 
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1. Introduction 

The recognition of object shape is a very important research topic in the field of pattern 

recognition and image processing. There are mountains of application cases in the fields such 

as image processing, machine vision and target-analysis recognition etc., [1-5]. There are a 

variety of forms for describing the shape of the object on the computer, for example, 

coordinates of the boundary curves, the distance between boundary points and the center of 

the object and the boundary points' tangential direction and curvature. There are different 

algorithms for different expression of shapes, such as methods based boundary features, 

invariant moment features, regression models, Fourier descriptors, etc., [6-12]. The study has 

found that it is quite easy for human beings to identify the outline of target objects while it is 

rather difficult for the computer. The exact and rapid object recognition is still a rather hard 

job for machines when the target object are translated, zoomed, rotated arbitrarily, twisted or 

sheltered. Here are a few common methods for the description of shapes. 

 

1.1. Boundary Feature based Method  

This method utilizes boundary features description to obtain relevant shape parameters of 

images. Boundary length; the boundary global features have been taken into consideration 

with this method. It is the length of the contour of the target object. Curvature, a pixel’s slope 

difference on both sides of the curve is the so-called curvature. The curvature reflects the 

curving degree of the boundary. Hough transformation; the basic idea is the duality of points 

and lines. As the target object contour pixels are low, it can be connected together to form a 

closed contour by way of the overall features of the image. Boundary histogram method; First 

find image contour edges by differential image, and then draw a histogram of edge magnitude 

and direction, generally constructing gray matrix. 
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1.2. Geometric Parameter Method 

The method is used for simply expressing and matching shapes by regional characteristics 

description. Geometric parameter method generally includes the relevant feature parameters 

such as eccentricity of the target object, the object solid degree, the long axis of the target 

object, the object contour perimeter, the target area and target tightness and etc. Generally, for 

content and image based query system, the mathematical parameters such as target object 

quasi-circle degree, eccentricity of objects, the algebraic invariant moment and principal axis 

direction are often used to identify and classify images based on shape feature. In particular, 

image segmentation and processing are the prerequisites for the parameter extraction and are 

closely related to the accuracy of the parameters. Therefore, shape parameter can not be 

acquired from images of poor segmentation [13-20]. 

 

1.3. Shape Invariant Moment Method  

The shape invariant moment method is commonly used in the process of 2D graphics 

recognition and classification. Torque is a linear feature unchanging with the scaling, rotation 

and translational motion of objects. Therefore, regional characteristics of images can be 

expressed with this method. 

 

1.4. Topology Description Method  

Topology is usually used to study the nature of graphics. These properties are generally not 

affected by changes of the images, unless the images are torn up or blocked. It is generally 

used to describe the general characteristics of objects [21-24]. 

 

1.5. The Method of Fourier Descriptors  

Fourier descriptors are often used to describe the boundary of enclosed areas. Algorithm is 

to describe object boundary contour with Fourier descriptors, transforming two-dimensional 

problems into a one-dimensional periodic problem by using the properties of closure and 

periodicity. However, this method is not applicable for composite enclosed contours. The 

three shape expressions derived by the boundary points are respectively curvature function, 

centroid distance and complex coordinate function [25-27]. 

 

2. Fourier Descriptors 
 

2.1. The basic Principles of Fourier Descriptors 

Fourier descriptors are the results of frequency domain analysis for the target object 

boundary contour as well as Fourier transform coefficients of the object boundary contour 

curve. The research shows that Fourier descriptors have different conversion results for the 

target object’s shape, scale, orientation, etc. Therefore, normalization processing for Fourier 

descriptors shall be carried out before the use of them to describe the shape of the target 

object. Through experimental comparison, it can be easily found that Fourier descriptors have 

better recognition accuracy for object description in a variety of typical analytic methods. 

Moreover, the discrete Fourier transform is a reversible operation, so there is no loss of 

information in the process of transformation. 

Fourier descriptors algorithm can be described as follows: Assuming that the contour of 

the target cell is a closed curve, and there is a point named ( )P l  while the coordinates of this 
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point meet ( ) ( )x l jy l , then this can be understood as periodic function with the period of 

cell girth. It can be described by Fourier series expansion. 

In the Fourier series, there is a close relationship between the shape of the object boundary 

contour curve and ( )z k . Here it is called Fourier descriptors. When the coefficients are 

enough, the shape of the object can be fully expressed by Fourier descriptors, and can be 

restored. 

Assuming the coordinates of the target object contour coordinates can be described as 

follows: { ( ) , ( ) | 0 ,1 .. . . . . , 1}x n y n n N  . Then the plural expression is: 

( ) ( ) ( ) , 0 ,1, .. . . . . , 1}z n x n jy n n N   
 

(1) 

The boundary curve of object contour can be expressed in the form of a one-dimensional 

space after conversion. For closed contour curve, this sequence has cyclic characteristic, and 

the cycle is N. 

A one-dimensional Discrete Fourier Transformation (DFT) is defined as follows: 

           
1

0

2
( ) ( ) e x p ( ) , (0 1)

N

n

j k n
Z k z n n N

N






      (2) 

The Inverse transformation formula is: 
1

0

1 2
( ) ( ) e x p ( ) , (0 1)

N

n

j k n
z n Z k n N

N N






     (3) 

The experiment shows that Fourier coefficients are so sensitive to contour's low 

frequency that few coefficients can distinct various shapes. However, Fourier 

descriptors directly obtained are particularly sensitive to the information like 

displacement, so that normalized operation is quite necessary here. 
 

2.2. The Invariance of Fourier Descriptors 

Only by understanding the influence of the translation, selection, scale and other 

conversions to the Invariance of Fourier descriptors can we make Fourier descriptors 

invariant with the conversions and use certain operation methods to avoid the influence. 

(1)The influence of translation  

If the target contour curve shift 
0

z  

0
( ) ( )

t
z n z n z   

(4) 

Then (0 )Z changing       
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(5) 

        

The latter is the sum of a geometric series, with only the Fourier coefficient 

        

0
(0 ) (0 )

t
Z Z z   

(6) 

 

http://dict.youdao.com/w/conversion/
http://dict.youdao.com/w/conversion/
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(2)The influence of rotation  

If the curve rotates  ,   

( ) ( ) ex p ( )
r

z n z n j  
(7) 

                                       

 The Fourier coefficients produce the equivalent shift.    

( ) ( ) ex p ( )
r

Z k Z k j  
(8) 

                 

(3)The influence of scale  

If a target object woks a times telescopic fold on the origin of the curve, 

( ) ( )
s

z n a z n  
(9) 

 

 The Fourier coefficients’ amplitude produces equivalent shift.  

( ) ( )
s

Z k a Z k  
(10) 

 

(4) The influence of starting point on Fourier coefficients 

If the position of the starting point of the curve is changed,  

0
( ) ( )

sp
z n z n n   

(11) 

 

Then the Fourier coefficients’ modulation will be generated.  

0
2

( ) ( ) e x p ( )
s p

j k n
Z k Z k

N


   (12) 

 

That is, the K Fourier coefficient ( )Z k  is multiplied by a coefficient 0
2

e x p ( )
j k n

N


 . 

The above research proves that the shape information expressed by Fourier descriptors is 

invariance in certain aspects. Coefficient amplitude ( ) , 0 ,1, .. . . . . , 1Z k k N P P  has nothing 

to do with curve starting position, so it has the property of translational and selective 

invariance, but ( 0 )Z is special which does not have the property of translation invariance. 

Phase information a rg ( ( ) ) , 0 ,1, .. . . . . , 1Z k k N   has the property of scale invariance. 

According to these properties, one can only use amplitude value of the Fourier coefficients, 

which is to carry out normalization of Fourier coefficients. The approach is: Let (0 ) 0Z  , 

and then ( )Z kP P  has the property of selected translation invariance; If each efficient 

( )Z kP P  is divided by (1)ZP P , 
( )

(1)

Z k

Z

P P

P P
 do not change with scale, and 

( )

(1)

Z k

Z

P P

P P
 will have 

the properties of selection, translation and scale invariance at the same time. In this paper, this 

is expressed as Fourier descriptors to express shape information. 

 

 

 

 

app:ds:rotation


International Journal of Multimedia and Ubiquitous Engineering 

Vol. 10, No. 2 (2015) 

 

 

Copyright ⓒ 2015 SERSC  65 

2.3. Fourier Descriptor with Polygon Approximation 

The shape information of the object is described by pixel coordinates 
0 1
, , ...,

N
p p p  in 

order to track the contour of the target object. For the purpose to reduce redundancy 

characteristic points and to further reduce the computational workload and noise, the 

boundary points extracted by polygonal approximation algorithms are the approximate 

representations of the original contour curves under a given approximate accuracy of D 

(typically 1-2 pixels). Because of the existence of approximate accuracy, the number of 

polygonal feature points after approximation is much less than that of the original image, so 

that it greatly reduces the amount of storage and computation. 

Chen and Su polygonal approximation algorithm is to extract the maximum curvature 

point on the curve as an approximation point of the polygon. The realization process of the 

algorithm is as follows: 

(1) Initialization. Set 
0

p  as the starting point and extract characteristic values of all the 

subsequent points 

 0 ;  2 ;  s e t i s e t j i s e t    
0

p  is the very first point to observe. 

(2) Distance Value. Calculate the distance value between the point in any interval ( , )
i j

p p  

in any point of the profile curve and linear segment i j
p p  and calculate the maximum 

m
p . 

   i f j N th e n s to p  

Point  
m

p , then ( , , ) m a x ( , , )
i k j

d i j m d i j k
 

  

(3) Determine whether 
m

p  is the featured point needed 

'
( ( , , )if d i j k D th en  set 

m
p  as the next feature point;  

set i=m;set j=i+2; 

goto(2); 

 else j=j+1;goto(2) 

Here, 

2 2 1 / 2

( ) ( ) ( )
( , , )

( ( ) ( ) )

j i m j i m i j i j

j i j i

y y x x x y y x x y
d i j m

x x y y

    


  
 

(13) 

it means the distance between 
m

p and i j
p p . 

 

2.4. The Rapid Fast Fourier Transform (FFT) Method  

Normally, it is necessary to make discretion for target contour curves to get the Fourier 

descriptors. Numerous points can be obtained through discretion and these points have the 

feature of discrete equal interval. Equation (14) shows FFT coefficient of discrete points. The 

coefficients can be used as the description of the shape. 
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0 ,1, .. . . . . , 1; 0 ,1, .. . . . . , 1k N n N     
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The discretization of the original boundary curve is a priority to FFT, and the discretization 

is of equal chord. Here in order to ensure accuracy of the expression of object shape, it is 

recommended to increase the number of sampling points, which results in the large amount of 

calculation of Fourier change. The discretization of the target contours lowers the accuracy, 

so it is necessary to reduce the sampling point so as to improve the speed. FFT can be 

replaced by continuous Fourier transform in each line segment through polygonal 

approximation method of the target object boundary curve. The experiment shows that the 

method not only retains the original shape information, but also reduces the amount of 

computation, and effectively eliminates calculation errors caused by discrete sampling. 

Calculation method is as follows:  
2

( ) ( ) ( ) ( )

k l
j

N

k

p l x l j l z k e
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(16) 

The coordinates of the vertex 
n

p  is ( , )
n n

x y . 
n

l  means the sum of length of sides from the 

polygon vertex 
n

p  to  
0

p . L is the perimeter of a polygon. 

 

2.5. The Normalization of Fourier Descriptors 

Fourier descriptor is related to many parameters, such as scales of target shape etc, so the 

normalization of Fourier descriptors is to recognize the shape information of translation, 

rotation and invariant scale. In order to retain the phase position and mode information of 

Fourier descriptors, and to recognize the translation and invariant scale of any shape, all the 

observed target objects can be rotated to the same direction and position, then the new initial 

point position order can be formed from the point of insertion between object boundary and 

the positive x-axis, and Fourier descriptor 
( )

(1)

Z k

Z

P P

P P
 is used for shape recognition. The 

disadvantage of this method is the calculation of the position of the starting point and the 

rotation of the shape to the same direction, which needs a large amount of calculation. This 

paper presents a relatively simple Fourier descriptors normalization method. 

'

2
( 1 )

( )
( )

(1)
j k a

L

z k
d k

e z




  
(17) 
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2
(1)

, 1, 2 , ..., 1
(1)

j
j a

L
z e

e k N
z

 

    (18) 

                       

Here principal orientation of a shape is set as a variable  . 

After the above process, the normalized Fourier descriptors keep modulus and phase 

characteristics of Fourier variation factor and the feature of the size and direction of the shape 

curve of the target object unrelated to the initial point. It effectively avoids losing phase 

information due to normalization and improves the accuracy of object shape recognition. 

 

2.6. The Determination of the Principal Orientation of a Shape 

The main direction of the general contour of an object is usually located on the straight line 

through the center of gravity and with an inclination of  . After KL transformation of the 

shape,   meets the direction of characteristic vector with the largest characteristic value.  

2 2

0 2 2 0 0 2 2 0 1 11

1 1

( ) 4
ta n

2

u u u u u

u



   

  (19) 

Here, 
2 0

u , 
0 2

u ,
1 1

u are the ( )p q  order center distance of the enclosed area. The 

( )p q order center distance of the area surrounded by contour curve of the object can be 

calculated by the vertex of object contour approximated polygon. 

There are two options for the straight line of the direction angle of an object contour curve, 

i.e., forward   and reverse   . One way is determined by the third moment of a shape, 

to rotate the shape a degree of  , so the main direction of the shape is the direction of the 

part with relatively less energy. 

3 0

3 0

, 0

, 0

u

u




 


 

 

 (20) 

 

2.7. The Calculation of Euclidean Distance 

Here we can use the normalized Fourier descriptor '
( )d k to compare the resemblance 

degree between any two shapes, I and J, and recognize the shape of the contour curve of the 

target object with the selection, translation and scale invariance. Euclidean distance can be 

used to indicate the difference between shapes as the components of the Fourier descriptors 

are all orthogonal. The experiment shows that the high-frequency component of the Fourier 

transformation is particularly sensitive to noise, so Fourier descriptors are generally only used 

to describe the difference of shapes in the low-frequency parts. When Distance = 0, it means 

that two objects have the same shape information. The greater distance represents the greater 

difference between shapes. 

2
' '

2

ta n ( ) ( )

M

I J

k

D is c e d k d k



   (21) 

The paper uses the digital curve discrete polygon approximation method, replacing discrete 

Fourier transformation with continuous Fourier transformation to calculate the Fourier 

descriptors of shapes. The method can not only reduce the error caused by equal interval 

app:ds:Fourier
app:ds:descriptor
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sampling discretization of the object boundary contour curve etc, but also reduces the amount 

of computation. In this paper, the principal direction of the shape is utilized to eliminate the 

effect of the initial point position, which reduces the loss of phase information. The paper also 

provides normalized Fourier descriptors which can keep modulus and phase information 

simultaneously. 

 

3. The Shape Matching Experiment of Wood Benchmark Cells  

The so-called shape matching is to measure the similarity degree among different shapes 

[28-31] in accordance with certain criteria. It analyses the shape characteristics of the cells 

through the shape matching of the wood cell and mathematic shape. In order to make 

mathematical analysis for particular wood cell, the concept of benchmark cell has been put 

forward. The benchmark cell is to analyze lots of wood cell microscopic images, extract 

various mathematical parameters of cells and obtain the average value, which can reflect the 

features of most cells of each wood cell image.  

The shape of a benchmark cell should be the average of most cell shapes, so its shape 

should represents the characteristics of the shape of this wood species. Therefore, in the 

simulation of a benchmark cell, the very first thing is to determine the basic contour of cells, 

and then analyze the number of triangles, quadrangles, pentagons and hexagons, to use the 

shape found most frequently as a benchmark cell. 

The following experimental analysis is carried out with real wood cells as target samples. 

The results are shown in Table 1 and Figure 1. 

In the experiment, the shapes of the five cells of five wood species in Table 6-1 are 

analyzed respectively. The cell image is substantially the six prismatic shapes through 

mountains of microscopic observation of cell slices as is introduced in previous sections. 

Therefore, in the experiment, the triangles, quadrangles, pentagons and hexagons in Figure 6-

1 are selected as testing samples to analyze the number of the cells approximate to hexagons 

among the wood species. The results are shown in Table 2. 

From the experiment data in Table 2, the approximate shape analysis results of single cell 

of the five wood species can be obtained, as shown in Table 3. 

From the above experimental results, it can be seen that the benchmark cell can be 

simulated by using '
( )d k to make approximate shape analysis of the cells in the experimental 

samples, and thus to simulate the benchmark cell shape. The project selects 10 microscopic 

wood cell images of each of the five wood species, the resolution of which is 1392 * 1040, 

and the analysis results are shown in Table 4. 

The experimental data in Table 4 shows that the cell shapes of five wood species are 

mostly pentagons and hexagons, respectively accounting for 94.3%, 90.4%, 87.9%, 90.2% 

and 89.5% of total cells. Compared with artificial methods, the error rates of triangles, 

squares, pentagons and hexagons are shown in Table 5. From Table 5, it can be found that 

when using the method presented in this paper to calculate the number of triangular cedar 

cells, the maximum statistical error is 2.54% and an average error of shape analysis of each 

wood species is 0.69%, smaller than the threshold value of 1%. Therefore, the method is 

reliable for wood shape analysis. 

 

4. Conclusion  

The paper analyzes the main shape of the microscopic images of five coniferous wood 

species by using the Fourier descriptors method to implement cell shape approximation. The 

app:ds:discretization
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shape found most frequently is used as the benchmark cell. The experiment result shows that 

the method is reliable for wood shape analysis, with lower error value and better robustness. 

Table 1. The Single Cell Image of Five Kinds of Wood Species 

 T1 T2 T3 T4 T5 

Cedar 

     

Smelly fir 

     

Scales 

spruce 

     

Korean 

pine 

     

Pinus 

massoniana 

     

 

 
 

 
 

(a) triangle (b) quadrilatera (c) pentagon (d) hexagon 

Figure 1. Testing Sample Images 
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Table 2. Five Kinds of Wood Species Cell Images Adopting '
( )d k  to make 

Approximate Analysis with Testing Image 

Wood 

names 
Test shape T1 T2 T3 T4 T5 

Cedar 

triangle 1.002102933 0.937886556 0.976238298 0.994097062 0.931791547 

quadrilateral 0.416995227 0.462308869 0.521599769 0.573717918 0.669541244 

pentagon 0.324811690 0.416172852 0.476601484 0.570542103 0.666934552 

hexagon 0.377897085 0.397128652 0.454308003 0.540976045 0.679923589 

Smelly fir 

triangle 0.991092775 0.861813205 0.879287982 0.862964269 0.933546239 

quadrilateral 0.461732294 0.712642929 0.547377567 0.503707334 0.876294276 

pentagon 0.453851356 0.776254258 0.489638708 0.522242458 0.889149966 

hexagon 0.469567902 0.768508454 0.482768463 0.512735461 0.898092151 

Scales 

spruce 

triangle 0.734377106 0.692050364 0.606668397 0.709399646 0.696078863 

quadrilateral 0.373588526 0.375078673 0.364002535 0.507706166 0.360227743 

pentagon 0.351968913 0.356451948 0.444189305 0.494276823 0.390131763 

hexagon 0.364983083 0.313070875 0.414351849 0.495386451 0.310783051 

Korean 

pine 

triangle 0.818991939 0.818991939 0.750222113 0.734521909 0.761486166 

quadrilateral 0.775344015 0.775344015 0.436744049 0.470463648 0.530319316 

pentagon 0.820803556 0.820803556 0.401898809 0.538983126 0.520004948 

hexagon 0.815625574 0.815625577 0.370992993 0.466577282 0.542512191 

Pinus 

massoniana 

triangle 0.722811861 0.692050364 0.769570887 0.768819343 0.693621453 

quadrilateral 0.345438644 0.375078673 0.425559895 0.644546619 0.391204786 

pentagon 0.294075055 0.356451948 0.336473155 0.626706439 0.443705329 

hexagon 0.264309851 0.313070876 0.274142429 0.657911634 0.454666032 

Table 3. Five Kinds of Wood Species Cell Approximate Shape Analysis Results 

 T1 T2 T3 T4 T5 

Cedar pentagon hexagon hexagon hexagon pentagon 

Smelly fir pentagon quadrilateral hexagon hexagon quadrilateral 

Scales spruce pentagon hexagon quadrilateral pentagon hexagon 

Korean pine quadrilateral quadrilateral hexagon hexagon pentagon 

Pinus 

massoniana 
hexagon hexagon hexagon pentagon quadrilateral 
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Table 4. The Experiment Results of Five Wood Species 

  This paper method Artificial recognition 

 

The 

number 

of cells 

The 

number 

of 

triangle 

The 

number of 

quadrangle 

The 

number 

of 

pentagon 

The 

number 

of 

hexagon 

The 

number 

of 

triangle 

The 

number of 

quadrangle 

The 

number 

of 

pentagon 

 

The 

number 

of 

hexagon 

Cedar 14762 384 457 3882 10039 394 465 3882 10021 

Smelly fir 8386 209 595 2935 4647 208 585 2935 4658 

Scales 

spruce 8057 322 645 2659 4431 322 655 2669 4411 

Korean 

pine 9064 244 643 2447 5730 247 646 2450 5721 

Pinus 

massoniana 6149 227 418 1930 3574 232 418 1935 3564 

Table 5. Error Rate 

 
The deviation 

of triangle 

The deviation of 

quadrangle 

The deviation 

of pentagon 

The deviation 

of 

hexagon 

Cedar 2.54% 1.72% 0.00% 0.18% 

Smelly fir 0.48% 1.71% 0.00% 0.24% 

Scales 

spruce 0.00% 1.53% 0.37% 0.45% 

Korean 

pine 1.21% 0.46% 0.12% 0.16% 

Pinus 

massoniana 2.16% 0.00% 0.26% 0.28% 
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