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Introduction
Wood is essential as a construction material, pulp 
and paper manufacture, fuel and energy and for a 
wide variety of other uses. Woody volume of tree 
is a significant parameter in tree management 
system. It is most widely used measure of wood 
quantity and is usually estimated for the assessment 
of economic /commercial utilization potential. The 
wood volume of a tree includes trunk, branches 
and roots. For standing trees, above ground volume 
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Abstract
Tree volume is one of the oldest areas of interest and is a crucial task in tree 
management system. Estimating the woody volume of a live tree is important 
for economic, scientific purposes and provides a tool to researcher/grower. 
It provides the useful information about the commercial value of wood to 
the potential buyer/seller. However, manual methods are being used largely 
to calculate woody volume of a tree. These methods are based on different 
log rules, cumbersome and laborious. The present work proposed a digital 
image processing technique to estimate the woody volume of a live tree. The 
developed program successfully determines the woody volume of standing 
tree trunk with MATLAB image processing techniques. In this method three 
parameters an individual tree were extracted from digital images of the tree. 
Calibration factor was also calculated to make the method independent of 
camera distance from the tree. The method was tested on several samples 
of trees and compared to experimental results. The soft approach generates 
information about height, diameter and volume of the tree. The percentage 
error of height, diameter at breast height and volume of standing tree by 
proposed method and experimental results was found to be less than 
6.65%. 
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prediction is generally based on trunk wood volume, 
but may include branch volume for broad-leaved 
tree species.

Estimating the woody volume of live tree usually 
requires measurement of trunk diameter at 
breast height and height of the trunk. Number of 
methods has been developed for this purpose 
such as:  biltmore stick and volume table that are 
conventional ways for estimating the height and 
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diameter of standing trees. But these methods 
are based on different log rules, cumbersome and 
laborious. Also the estimation of standing tree 
volume operation is considered a difficult task as 
ground survey is required5. 

Tree height and diameter are important parameters 
for calculation of wood volume of a  standing tree. 
The economic value of tree is mostly determined 
by these parameters, however the fast calculation 
of these parameters are difficult without using 
specified instruments and human expertise. There 
are many specified and scientific instruments like 
abneys level, wooden scale etc which are available 
in market for height and diameter measurement 
instead of this the manual methods (wooden stick, 
measuring tape etc) are still in use. These methods 
although severs the purpose but lacks with the 
accuracy, reliability and time consuming. An attempt 
to make a semi automate system will provide us 
more accurate result in very short time. Hence 
provides a non destructive method of measurement 
using image processing technique. 

This approach provides an effective tool to estimate 
the volume of standing tree of varying sizes. In this 
the image is converted  into digital form and carry out 
some operations on it, in order to get an enhanced 
image, remove defects such as geometric distortion, 
improper focus, camera motion, non-uniform 
lighting and extract some valuable information from 
it. It is kind of signal dispensation in which we take 
image as input, like video frame or photograph and 
output can be image or characteristics related with 
the input image. 

Few research papers have been published in the 
area of standing tree woody volume calculation 
that is based on applications of image processing. 
Many algorithms have been developed for this 
purpose but all these researches and algorithms 
have their own advantages and disadvantages. 
This paper represents an approach for determining 
the woody volume of a standing tree based on 
image processing techniques that are easy and 
inexpensive. Hence, the developed system will ease 
the human efforts.

Material and Methodology
Material
Several samples of tree were used for determining 
the woody volume of standing tree .The images 
of tree were captured with a Sony digital camera 
model number dsc-wx50. A square wooden frame 
of known dimension was used as a calibration 
factor. Manual instruments like vernier caliper and 
clinometer were used to calculate the height and 
diameter of trees for result validation. 

Methodology
Figure 1 defines the various phases involved in 
complete development of this application. 

Image Preprocessing
Preprocessing is considered as an essential step 
for enhances the image features and to restrain 
the unnecessary distortions of the captured image. 
It is a general name for process involved with 
images at base point of abstraction. In order to 
obtain a newly bright pixel value in the resultant 
image, the preprocessing techniques uses a little 
neighborhood of a pixel in an image. Gaussian filter 
is also produced to reduce the noise in the image.

Image Marking 
Initially the captured image is marked with the red, 
blue and green colors. Red color circles were fixed 
(one circle at the root of the tree and other is at the 
some distance high from the root) on the tree image 
to calculate the height. Blue color mark was used 
to calculate the diameter (DBH) and Green color 
mark was used to calculate the calibration factor. 
The calibration factor was used to eliminate the 
effect of distance in the tree images. 

Extracting the Red Points
To extract the red marker points on the tree image, 
firstly the threshold value is set for each color frame. 
Maximum threshold value is 255. To extract the red 
color from the image the threshold value of red color 
frame is high as compare to the threshold value of 
blue and green color. It will extract the red circle from 
the tree image and the resultant image will show 
only the two red circles on the screen. Distance 
between these two circles gives the height of the 
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Fig. 1: Flow Chart of Proposed System

tree. Also if the resultant image has holes that can 
also fill by using the function imfill. 

Extracting the Blue Point
To extract the blue marker point on the tree, the 
threshold value for blue color frame is set high and 
low threshold value for the rest two colors. The 
maximum threshold value is 255 same as in red 
color extraction. It will extract the blue color frame 
from the tree image and the resultant image will 
show only the blue color frame on the screen. The 
number of pixels calculated in the blue color frame 
will give the width (diameter) of the tree. Holes in 

the resultant image can also fill with the extracted 
color by using the function imfill. 

Calculate the Calibration Factor 
A square wooden frame of known dimensions is 
used as a calibration factor. In the tree image the 
wooden frame is filled with green color. To extract 
the green marker point on the tree image, the color 
frames were created in the same way as for red 
and blue color. The green color frame was set with 
high threshold value and rest two colors low were 
set with low threshold value. Maximum threshold 
value is same as in red and blue color extraction. 
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Similarly the resultant image holes were fill with 
the extracted color by using the function imfill. The 
resultant image will separated only the green marks 
from the image. 

Parameter Extraction 
Firstly, the number of pixels was calculated in the 
32 by 32 inches frame (blue color) for calibration 
factor. As the frame is of square type the length 
and width of the frame is same. As the number 
of pixel were calculated in term of inches. But the 
results are required in terms of meters. Therefore 
the area of one pixel in meters is calculated by 
doing the required calculations. Then this result 
(area of one pixel in meters) is used for calculating 
the total body mass, height and diameter of the 
tree in meters. The advantage of using the frame 
as a calibration factor is to eliminate the effect of 
distance in the tree images. The tree images were 
taken from two directions, one from the front side 
and second from the perpendicular side therefore 
for every tree three images (one for front side, 
second from perpendicular side and third for 
calibration factor) are processed for calculating 
the final results. Results have been processed 
after taking the average values of all parameters. 
The following parameters are calculated from the 
image of the tree:

i. Height: It is the distance between the centroid 
of two red color circles. Then by applying 
the distance formula on the centroids the 
height of the tree is calculated. As we have 
the two image of every tree i.e. one from 
front direction and other from perpendicular 
direction we calculate height from both sides 
then take the average value.

ii. Diameter: It is calculated from the number 
of pixel in the blue color frame. Similarly the 
diameter is also calculated from both sides 
of the tree and then average value is used 
in the final results. 

iii. Volume: From the tree height and diameter 
volume is calculated. By doing the simple 
multiplication of height and diameter values 
the total volume of the tree is calculated.

Results And Discussions

a. Three parameters of standing trees i.e. 
height, diameter (DBH) and volume of 

several samples were calculated by proposed 
method and manual method. The results of 
six samples of trees are given in table I. The 
error rate of calculating different parameters 
of trees between proposed method and 
experimental analysis is found to be less 
than 6.65%.

b. The error between the value of height 
obtained from the application and manual 
method for poplar and teak trees is 0.27%, 
0.53% and 4.9% respectively shown in table 
II. 

c. The error between the value of diameter 
obtained from the application and manual 
method for poplar and teak trees is 2.72%, 
4.13% and 5.24% respectively sown in table 
III. 

d. Comparison of standing tree height calculated 
by propose method and manual methods is 
illustrate in figure 2. 

e. Comparison of standing tree diameter 
at breast height calculated by proposed 
method and manual method is illustrated in 
figure 3.

Fig. 2: Comparison of tree height (m) 
calculated by proposed method 

and manual method

Fig. 3: Comparison of tree Diameter
 (m) calculated by proposed method 

and manual method
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Conclusion
On the basis of this study, the conclusion has 
been made that the developed software system 

Table 1: Standing trees volume measurement 
results in meters by proposed method

Tested Height Diameter Volume 
Trees (m) (m) (m3)

Tree 1 7.56 0.27 0.43
Tree 2 7.41 0.17 0.16
Tree 3 7.6 0.28 0.46
Tree 4 7.3 0.18 0.19
Tree 5 7.42 0.19 0.21
Tree 6 (Teak) 5.83 0.39 0.67

Table 2: Contrast table for standing tree 
height with two different methods

Tested Height (m) Height (m)       Percentage 
Trees (Proposed (Experimental Error
 Method) Values)

Tree 1 7.56 7.52 0.53%
Tree 2 7.41 7.39 0.27%
Tree 3 7.6 7.57 0.40%
Tree 4 7.3 7.26 0.55%
Tree 5 7.42 7.4 0.27%
Tree 6 5.83 6.13 4.90%
(Teak)Table 3: Contrast table for standing tree Diameter 

(DBH) with two different methods

Tested Diameter (m) Diameter (m) Percentage

Trees (Proposed  (Experimental Error

 Method) Values)

Tree 1 0.27 0.26 5.24%
Tree 2 0.17 0.16 4.98%
Tree 3 0.28 0.27 4.13%
Tree 4 0.18 0.17 5.80%
Tree 5 0.19 0.18 6.65%
Tree 6 0.39 0.4 2.72%
(Teak)

gave estimation of woody volume of a live tree 
through image capturing, processing and analyzing 
approach. The developed software application 
is free from the camera position and recognizes 
three parameters (Height, Diameter (at breast 
height) and volume) of the selected six sample of 
tree. Parameters were calculated after executing 
the basic functions of digital image processing. 
The percentage error of calculating different 
parameters of trees between proposed method 
and experimental analysis is found to be less than 
6.65%.
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