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Abstract: In order to determine whether the fibers obtained meet the processing requirements in the extraction 
of wood fiber, the fibers need to be measured. The width of the fiber is usually obtained through manual 
measurement that requires sophisticated equipment, the error is large and the detection speed is slow. For 
solving this problem, a fast measurement based on image processing method was proposed to improve 
efficiency. Extracting fiber contour by the edge detection algorithm, combining connectivity area fulfills and 
binarization, the fiber region is completely extracted from the image. And then, the pixel width which was 
calculated by the gray projection algorithm compared with manual measurement data to calculate the fiber 
width. Experiments show that this method not only reduces errors caused due to manual measurement,  
but also accelerates the speed of the fiber's detection. This method has good accuracy.  
Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction  
 

Wood fiber extraction is one of the most 
important steps of wood elaborate processing and its 
processing and extraction decides the quality of final 
products. For different kinds of materials processing, 
the fibers needed are quite different. Some products 
need thinner ones but others need thicker ones. As a 
result, detection standard of wood fibers becomes the 
key to processing and producing. Error rate is higher 
by manual measurement and efficiency is lower by 
expensive equipment that is needed when using high 
precision equipment to detect sample fibers. How to 
detect fibers rapidly has become an important 
problem in the process of wood producing. With the 
development of computer techniques, digital image 
processing technology has been applied in many 
fields such as automatic detection and recognition 

where better results have been gained. Therefore, it’s 
a practical way to solve problems by image 
processing in the research of wood fiber detection. 
 
 
2. Edge Detection and Gray Projection 
 

For one image, edge is the dominant part of local 
region brightness variation, and it can be regarded as 
a sharp gray value changing from a very tinny buffer 
to another gray value that has a bigger gap. Edges 
include most of the image information, and it’s 
important for image recognition and understanding to 
extract image edges that are key features that image 
segmentation depends on. Edge detection mainly 
measures, detects and locates the image according to 
its gray changes. Generally, edge detection steps are 
as follows [1]: 
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Firstly, filter the image and edge detection 
algorithm mainly depends on derivative calculation, 
which is affected by image noise easily. But filtering 
can restrain noise better. 

Secondly, enhance the image by calculating 
gradient magnitude, which can highlight gray change 
points in the neighborhood field, in favor of  
edge detection. 

Thirdly, detect image edge and the simplest 
method is threshold decision of many edge  
detection algorithms. 

Finally, locate image edge and find accurate edge 
points by fitting the similar edge points. Fig. 1 shows 
the basic steps of edge detection. 
 
 

 
 

Fig. 1. The basic steps of image edge detection. 
 
 

Most images are saved as RGB model, so each 
pixel consists of R, G, and B. Gray value of each 
pixel needs to be calculated. Generally, a point’s gray 
value can be acquired by formula (1) with R, G, 
and B. 
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where Gray is the gray value, R is the red value, G is 
the green value, and B is the blue value. 

Gray projection [2] and edge detection are 
common image processing methods that are used in 
many fields. Gray projection is usually used in the 
field of electronic image stabilization and dynamic 
area identification. Gray projection includes row 
projection and column projection whose formulas are 
as follows: 
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where ( )row i  denotes the projection value of row i, 

)( jcolumn  denotes the projection value of column j, 
),( jipic denotes the gray value of the point ),( ji . 

Row projection is the cumulative sum of each row 
point gray value and column projection is the 
cumulative sum of each column point gray value. 

Describe each row’s or each column’s projection 
value in the rectangular coordinate system as the gray 
projection curve. Fig. 2 shows a gray image and its 
projection curve. 
 
 

 

 

   

 
Fig. 2. Gray image and ranks projection curves. 

 
 

3. Measurement Based on Information 
Extraction and Gray Projection 

 
When analyzing the image, edge detection 

algorithms are usually based on canny calculator that 
is modified in many researches so as to increase the 
algorithm’s efficiency. The aim of detecting and 
measuring the fibers is to detect them in the 
quantitative level fast in the process of doing research 
on wood fibers. Although canny algorithm can get 
edge points better, it’s not a fast detection algorithm 
due to its large amount of calculation. Therefore, this 
paper detects edges by selecting threshold for 
increasing efficiency. 

Set the threshold by experiment. Fig. 3(a) and 
Fig. 3(b) show wood fiber image and its gray image. 
There is a clear boundary between the fiber and the 
background, so select proper threshold to extract 
wood fiber’s contour from the background according 
to threshold decision formula (4). 
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where gray is the final value after calculated, gray is 
image’s gray value, a is the threshold. Set a < 190 
according to fiber image’s overall condition and get 
wood fiber’s binary image by formula (4). Fig. 3(c) 
shows contour image. The contour is clear but the 
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selected region is not shown up completely, which 
doesn’t meet the demand for gray projection for 
detect fiber’s width. 

The fiber’s extracted image need to be processed 
secondly by connected component detection 
algorithm so as to show the image fully in the 
connected region. 
 
 

 
 

(a)                                           (b) 
 

 
 

(c) 
 

Fig. 3. Wood fiber gray images. 
 
 

Connected region detection method [4] is mainly 
used in image processing and pattern recognition and 
applied in the field of target segmentation and edge 
detection and region detection widely. Here, 
recursive binary image’s connected region detection 
algorithm is adopted because the fiber’s image is 
carried out binarization.  

This method scans the binary image on the whole 
at one time and labels the target pixel points by eight 
connected region that includes “up”, “left-up”, “left”, 
“left-down”, “down”, “right-down”, “right” and 
“right-up”. Then compare the eight neighborhood 
pixels and pay special attention to special position’s 
points. There are mainly four cases: 

1) The “left-up” pixel of the binary image. 
Because of the first pixel scanned, there is no need  
to consider eight neighborhood and record  
equivalent pairs. 

2) The first row pixels of the binary image. Left 
connected pixels’ neighborhood should be considered 
but not the record equivalent pairs. 

3) The first column pixels of the binary image. 
“Up” and “right-up” connected pixels’ neighborhood 
should be considered. 

4) The last column pixels of the binary image. 
“Left”, “left-up” and “up” connected pixels’ 
neighborhood should be considered. 

Above is the rule of image scanning and labeling, 
and specific steps are as follows: 

1) Label the image left-up that is the first row and 
first column’s pixel. If the gray value of the pixel is 
255, label 1; or begin to scan the first and the second 
column’s pixel. 

2) Label the other pixels of the first row and 
examine each one. If the gray value of the pixel is 
255, detect its left pixel is 255 or not; if so, label the 
left pixel or label the former value added one. If the 
gray value is 0, go on scanning the next one. 

3) Label the pixels except the first row can lead to 
equivalent pairs. Different scanning sequences may 
lead to two different assumed connected regions at 
first and with the following scanning, the two regions 
are connected, so record the equivalent pairs to show 
they belong to the same connected region and revise 
it when the first scanning is over. There are several 
situations where equivalent pairs appear: 

A. deal with the first column. If the point’s pixel 
is 0, scan next one, or examine “up” pixel and “right-
up” pixel. If “up” is labeled, record the label value of 
the “up” pixel; then examine “right-up” pixel is 
labeled or not, if so, examine whether “up” label 
value and “right-up” label value are the same. If not, 
record “up” and “right-up” as one equivalent pair and 
put it into equivalent pair table; if “up” is not labeled 
but “right-up” is labeled, label this point as “right-up” 
label value; if “up” and “right-up” are not labeled, 
this point’s label value is the former added one. 

B. deal with the middle column. If the pixel’s 
gray value is 255, examine “left”, “left-up”, “up” and 
“right-up” pixels. If all the above four values are 0, 
this point’s label value is the former added one. If 
one of them is 255, label that pixel’s label value. If 
there are m ( 41 ≤< m ) pixels being 255, decide 
this point’s label value in the sequence of “left”, 
“left-up”, “up”, and “right-up”. Furthermore, analyze 
the m label values and make a relevant record. 

C. handle with the last column pixels in the  
above way. 

D. scan in sequence until all the pixels  
are scanned. 

4) Handle with all the equivalent pairs in the 
equivalent record table and get the final connected 
regional labels. 

Each pixel gray value is 255 detected in the 
connected region in order to get the image that meets 
calculation requirements. 

Then get wood fiber’s each row and each column 
pixel’s width and length by gray projection 
algorithm. The fiber’s width, length and area can be 
calculated by addition and subtraction after each 
pixel’s measurement is gained compared with manual 
measurement. 
 
 
4. Experiment and Verification 
 

Following the above detailed steps, detect the 
edge of the image, fulfill it and carry out binarization. 
Fig. 4 shows the contrast images before detecting and 
after being fulfilled. 
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Fig. 4. Original image, edge detection image and binary 
image fulfilled after regional detected. 

 
 

Then detect the extracted image by gray 
projection algorithm, as is shown in Fig. 5. The 
fiber’s maximum width and length can be 
distinguished clearly from the projection values, as is 
shown in Table 1. The image is 1920 2560× . 
 
 

    

 
 

Fig. 5. Wood fiber extraction gray projection results. 
 
 

Table 1. Binarized fiber’s gray projection  
information table. 

 

Direction 
Start pixel End pixel 

Pixel 
point 

Pixel 
value 

Pixel 
point 

Pixel 
value 

Row 598 2805 1087 12495 
Column 433 510 2560 26265 

 
 

According to actual demand for wood fiber 
detection, here width is the measurement parameter. 
Table 2 shows the fiber’s width’s maximum, its 
minimum and its average. 

Table 2. Fiber’s width information table. 
 

 
Manual 
( mμ ) Pixel (pixel) 

Manual-
pixel ( mμ )

Maximum 
width 

528.34705 453 1.1663 

Minimum 
width 

207.54062 186 1.1158 

Average 
width 

315.93448 269.4125 1.1727 

 
 

Manual-pixel rate is each pixel’s width that is the 
ratio of manual measurement and pixel measurement. 
Once each pixel’s width is got, wood fiber’s any 
position’s width can be calculated, so can other kinds 
of fibers’. Do experiments on different fibers, shown 
in Fig. 6, Fig. 7 and Fig. 8.  

Fig. 8 and Table 3 show that error is slight 
between image processing method and manual 
measurement. The error is within 0.2 % which can 
meet the wood fiber measurement requirement. All 
the experiments are finished in Matlab7.0. 
 
 

 

 

 
 

Fig. 6. Gray images of different fiber samples. 
 
 

Table 3. The contrast results. 
 

No.
Manual average 

width ( mμ ) 
Pixel width 

( mμ ) 
Difference 

( mμ ) 

Error 
rate 
(%) 

1 412.7734 411.9824 0.791 0.1916
2 540.0894 538.8794 1.21 0.2073
3 504.4784 505.8647 -1.3863 0.2748
4 647.6820 645.2534 2.4286 0.3749
5 690.2415 690.7914 -0.5499 0.0797
6 1332.1196 1330.1086 2.011 0.1509
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Fig. 7. Different fiber sample extraction images. 
 
 

 

 

 
 

Fig. 8. Different fiber connected and binarized images. 

5. Conclusions 
 

This paper mainly does research on wood fiber 
images. Extract fiber’s contour by edge detection 
algorithm, fulfill connected regions and carry out 
binarization so as to get the image that meet the 
demand for gray projection algorithm. Moreover, 
compare the values calculated by gray projection 
algorithm and manual measurement, and calculate the 
proper rate so as to detect the wood fibers in an 
accurate and fast way under the same condition. 
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