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Abstract: The objective of this work was to evaluate the use of a support vector machine to estimate the commercial volume of eucalyptus and compare it with the volume equation obtained by the Schumacher and Hall model. For this, data referring to 1,820 eucalyptus trees were used, in which the diameters at 1.3 m from the ground (DBH) and total height (H) were measured. The volume was obtained through rigorous cubing using the Smalian method and the trees were cubed to a minimum diameter of 4 cm with bark. In order to compare the techniques used, the data were processed using two processing strategies to estimate the trade volume. Later, the obtained results were compared to verify which strategy presented the best performance. The strategy evaluation criterion was the graphical analysis of the histogram of the residues in percentage, the graph of the relationship between the observed and estimated volume, correlation between the observed and estimated basic density (r) and the Root Mean Square Error (RMSE) in percentage. Based on the statistics analyzed to verify the accuracy of the strategies in data processing to obtain the commercial volume of eucalyptus, it was verified that the Support Vector Machine (SVM) technique, which presented r (0.9915) and RMSE (5.07%), was more accurate than the Schumacher and Hall model, with r (0.9913) and RMSE (5.13%), to estimate the commercial volume of eucalyptus.
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1. INTRODUCTION
Equations of volume, volumetric ratio or taper (tapering) compatible with the variation of the population to be inventoried should be used, to provide greater accuracy in estimating the volume of forest inventory plots, (CAMPOS; LEITE, 2013). Tree volume estimates are obtained as a function of total height (H) and diameter at 1.30 m from the ground (DBH).
Among the various models for generating volume equations, the Schumacher and Hall model is considered the most widespread in the forest area, compared to the various existing models for volumetric estimates. This can be associated with the fact that its statistical properties almost always result in unbiased estimates (CAMPOS; LEITE, 2013).
However, some computational techniques such as the support vector machine (SVM) can be an alternative and their application in Forestry Sciences needs to be better evaluated. These are considered learning machines and can be used for classification (LIMA,2002; MATHWORKS, 2015) and regression (MAGALHÃES, 2014; FERRÃO, 2007). They are a category of feedforward networks such as radial basis function networks, and are also universal approximators (HAYKIN, 2001). Least squares can be employed, or they use systems of linear equations and a least squares cost function instead of quadratic programming, which provides a low computational requirement and high generalization capacity (CRISTIANINI; SHAWE-TAYLOR, 2000).
Given the above, the objective of this work was to evaluate the use of a support vector machine to estimate the commercial volume of eucalyptus and compare it with a volume equation obtained from the Schumacher and Hall model.

2. MATERIAL AND METHODS
2.1 Data base
The data used came from 1,820 eucalyptus trees, where the diameters at 1.3 m from the ground (DBH), total height (Ht) were measured. The volume was obtained through rigorous cubing using the Smalian method and the trees were cubed to a minimum diameter of 4 cm with bark. The data were processed with a Support Vector Machine and with the Shumacher and Hall model.
2.2 Processing using the SVM
Data processing with the SVM was performed in the Matlab software, with the LS-SVMlab Toolbox version 1.8. Data were split into 70% for training and 30% for validation. The Kernel function of type RBF was chosen to do the training. The model was made with the RBF-type kernel function, which requires two parameters for adjustment. The gamma, which is the regularization parameter, minimizes the training error and determines the smoothness of the Gaussian curve and the sigma, which determines the bandwidth of the Gaussian curve (PELCKMANS et al., 2003). In this work, the default method of the program was chosen to choose these parameters.
2.3 Processing using Schumacher and Hall
The Schumacher and Hall model was adjusted in Matlab R2013a software, where data were separated to fit the model by 70% and to test the equation by 30%. The Schumacher and Hall model is presented below:

Where: V= volume (m³); DBH = diameter at 1.30 m from the soil surface (cm); H = total height (m);  = parameters; and  = random error.
2.4 Evaluation of strategies
The strategy evaluation criterion was the graphical analysis of the histogram of the residues in percentage, the graph of the relationship between the observed and estimated volume, correlation between the observed and estimated basic density and the root mean square error in percentage.
Complementary tests were performed with the following statistics: mean deviation (MD); mean absolute deviation (MAD); and standard deviation of differences (SDD).
With the statistical analyses, the strategies were ordered according to the greater or lesser degree of precision, thus assigning weights from 1 to 2 (MENDONÇA et al., 2007), according to the results obtained from the estimated volume in each computational technique and the Schumacher and Hall model.
The technique that obtained the lowest score in the sum of the weights assigned to each evaluated statistic was considered the most accurate.

3. RESULTS AND DISCUSSION
The statistics results (correlation (r) and RMSE%) between the observed and estimated volume, obtained by the SVM and the Schumacher and Hall equation during the training and validation phase, are shown in Table 1. Both in the training phase and in in the validation phase, the techniques showed a high correlation coefficient and a low RMSE. In the training phase, the SVM presented better performance in relation to the Schumacher and Hall equation. In the validation phase, the Schumacher and Hall equation performed better.

Table 1. Results obtained in the training and validation phase of the SVM and the Schumacher and Hall equation. The statistics used in the evaluation were the correlation between the volume observed and estimated by the techniques and the RMSE in percentage.
	Processing
	Training
	Validation

	
	r
	RMSE(%)
	r
	RMSE(%)

	SVM
	0.9918
	5.0432
	0,9908
	5.1262

	Schumacher and Hall
	0.9914
	5.1573
	0,9911
	5.0611


Table 2 presents the correlation statistics between the observed and estimated volume and the RMSE in percentage for the entire data set tested in the processing strategies. The SVM showed a small superiority in performance compared to the Schumacher and Hall equation. SVM showed lower RMSE (%) and higher r.

Table 2. Results obtained for the entire dataset tested using the SVM techniques and the Schumacher and Hall equation. The statistics used in the evaluation were the correlation between the volume observed and estimated by the techniques and the RMSE in percentage.
	Processing
	r
	RMSE(%)

	SVM
	0.9915
	5.07

	Schumacher and Hall
	0.9913
	5.13


It is verified that the results obtained from the statistics of the mean deviation (MD), mean absolute deviation (MAD), and standard deviation of differences (SDD) presented in Table 3, for the whole set of data that was used in the techniques, demonstrate that the SVM showed the best performance. The Schumacher and Hall equation had the worst performance.

Table 3. Results of mean deviation (MD), mean absolute deviation (MAD), and standard deviation of differences (SDD) statistics of volume estimates for eucalyptus for the entire data set.
	Processing
	MD
	MAD
	SDD
	Total

	SVM
	0.00005 (1)
	0.0093 (1)
	0.01214 (1)
	3

	Schumacher and Hall
	0.00017 (2)
	0.0094 (2)
	0.01228 (2)
	6


Figure 1 shows the graphs of the relationship between the observed volume and that estimated by the SVM; the adjusted Schumacher and Hall equation and the error frequency histogram in percentage. It is observed that the techniques showed an increasing linearity, with the points passing close to the 45° line, indicating that there is a good relationship between the observed and estimated volume. The Schumacher and Hall equation showed a small displacement of the straight line passing just below the dotted line (45°), which demonstrates that there was a slight tendency to overestimate the volumes. As for the SVM, the straight line passed exactly on the dotted line (45°), so it did not show bias.
The SVM presented error intervals that were between -20% to 20%. The frequency number of errors around zero was 700 the number of cases that occurred. Demonstrating greater precision in estimating the volume of eucalyptus in relation to the Schumacher and Hall equation, it presented errors ranging from -20% to 25%, with a frequency of errors close to zero in approximately 600 cases.
Based on the statistics analyzed to verify the accuracy of the strategies in data processing to obtain the commercial volume of eucalyptus, it appears that the support vector machine computational technique was more accurate than the Schumacher and Hall model. Another advantage of using this computational technique is the flexibility in being able to insert other variables, such as age, spacing and species. Thus, they can improve their predictive capabilities, a fact that does not happen in the Schumacher and Hall model.
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Figure 1. Graph showing the relationship between the observed and estimated volume by the techniques and the histogram of errors and percentage.
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Fonte: Adaptado de Calonego et al., 2013.

4. CONCLUSION
The SVM studied in this work can be used to estimate the commercial volume of eucalyptus, and the SVM was more accurate than the Schumacher and Hall model to estimate the commercial volume of eucalyptus.
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