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Abstract. The land use/land cover transformation in Malaysia is enormous due to 

palm oil plantation which has provided huge economical benefits but also created a 

huge concern for carbon emission and biodiversity. Accurate information about oil 

palm plantation and the age of plantation is important for a sustainable production, 

estimation of carbon storage capacity, biodiversity and the climate model. However, 

the problem is that this information cannot be extracted easily due to the spectral 

signature for forest and age group of palm oil plantations is similar. Therefore, a 

noble approach "multi-scale and multi-texture algorithms" was used for mapping 

vegetation and different age groups of palm oil plantation using a high resolution 

panchromatic image (WorldView-1) considering the fact that pan imagery has a 

potential for more detailed and accurate mapping with an effective image processing 

technique. Seven texture algorithms of second-order Grey Level Co-occurrence 

Matrix (GLCM) with different scales (from 3x3 to 39x39) were used for texture 

generation. All texture parameters were classified step by step using a robust 

classifier "Artificial Neural Network (ANN)".Results indicate that single spectral 

band was unable to provide good result (overall accuracy=34.92%),  while higher 

overall classification accuracies (73.48%, 84.76% and  93.18%) were obtained when 

textural information from multi-scale and multi-texture approach were used in the 

classification algorithm. 

 

 

1.0 Introduction 

The land use/land cover transformation due to the palm oil plantation has a significant importance 

inthe Malaysianeconomy. The accurate information about oil palm plantation and the age of 

plantation is important for the sustainable productivity as well as for the assessment of the 

environmental effect of the oil palm plantation [1,2]. Age map can help to assess the health status of 

the palm oil plantationsas well as for the development of the yield forecasting models [3]. Previous 

investigation found that palm oil production increases with the increase of age up to year seven/eight 

and then decreases. However, the age of the palm oil plantation is also very important for the 

estimation of carbon storage capacity of the oil palm plantation because age can be converted into 

biomass content using existing allometric model for the palm oil plantation [3,4]. The information of 

the age of the palm oil plantation can be obtained from the field investigations [4]. The field 
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investigations are very accurate but time consuming and cannot be carried out over a large area very 

frequently because of the cost and time. Researcher [1] found that usually every palm oil estates have 

maps of age but unfortunately this spatial information is not easily accessible for the purposes of 

environmental impact assessment or large-area yield forecasting.  

However, instead of field investigation, remote sensing techniques have been used potentially 

toestimate the age of oil palm plantationvery cost effectively although the accuracy for the estimation 

varied based on the image processing techniques and the data used for the investigation [5]. The 

advantage of the investigation for the oil palm is that oil palm tree is systematically planted, as a result 

the plantation stand is less complex than natural forest stand [1] but the determination of the age is 

still a very challenging task especially when using remote sensing techniques due to the almost similar 

spectral signature for forest and different age groups of palm oil plantation.Many studies [4,6,7] have 

been carried out for the determination of the age of vegetation using different satellite data and image 

processing techniques and obtained varied level of success. In this study, a high resolution 

panchromatic image is intended to use for the classification of vegetation, age of oil palm plantation, 

and other land features because it has an ability to give more detailed and accurate information [8]. 

But the problem is that panchromatic imagery has a drawback to classify and differentiate ground 

features with higher complexities probably due to high interclass spectral confusion as well as the 

absence of multispectral information [8,9]. However, studies [5,6,9,10] found that accurate 

discrimination between land use/cover classes depends not only on spectral information but also on 

spatial (textural) information of the high resolution image. Therefore, considering the potential of the 

high resolution panchromatic data and the necessity of spatial information (texture), this study has an 

objective to classify vegetation, the age group of oil palm plantation and other land features using a 

multi-scale and multi-texture approach of WorldView-1data taking the advantages of complementary 

information from different texture algorithms as well as better averaging from the multi-scale kernel 

sizes in order to minimize the confusion between different land feature classes. 

 

2.0 Study Area and Data 

The study area for this research (Figure 1) 

is located at Tanjung Gemok, Kuala 

Rompin, Pahang with the center position at 

2º49’00’’ N and 103º29’00’’ E. The whole 

area of oil palm plantations is 27. 341 ha. A 

high resolution panchromatic (0.5m) 

WorldView-1 satellite data (11 June 2012) 

covering the whole study area was used for 

this study.  

 

3.0 Methodology 

The overall methodology (Figure 2) of this 

research is comprised of several image pre-

processing and processing steps which 

include i) radiometric correction, ii) 

geometric correction, iii) cloud masking, iv) 

texture processing, image classification and 

accuracy assessment. 

 

4.0 Results 

The results of this study are presented in four 

sections based on the classification results 

obtained from the four image processing steps 

i.e. i) original imagery, ii) single texture and 

multi-scale technique, iii) single scale and 

multi-texture technique, and iv) multi-scale 

and multi-texture technique. 

Figure 1. Study Area 

Figure 2. Overall Methodology 
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4.1 Classification result using original 

imagery 

In general, the overall accuracy (OA) for 

different feature classes using the original 

imagerywas very low (Table 1) except for 

the water (OA=69.03%) and clear 

cut/brushes (OA=77.24%). The 

classification algorithm "ANN" was 

unable to classify oil palm (7 years) 

because of the almost similar spectral 

signature of forest and 7 years old oil 

palm. However, 4 years old oil palm was 

classified but the accuracy was still quite 

low (OA=32.95%). 

 

4.2 Classification results using single texture and multi-scale approach 

A comparatively better classification accuracy (OA=73.48%) was obtained using the single texture 

and multi-scale approach compared to the classification result obtained from the original imagery 

(OA=34.92%).It is noticeable from the results (Figure 3) that the classification accuracy improved 

significantly using all texture algorithms, however, the best performance was observed using 

"standard deviation" and “dissimilarity" 

texture algorithms for all scale 

combinations. Among the scale 

combinations, it is obvious that the 

accuracy (Figure 3) was improved with 

the increase of the number of window 

sizes, and the highest accuracy 

(OA=73.48%) was obtained using the 

combination of texture images from 3x3–

39x39 scales. On the other hand, the 

lowest accuracy (OA=42.44% and kappa= 

0.13) was obtained when images from 

contrast texture algorithm with 3x3 – 

11x11 scale combinations were used in the 

classification algorithm.  

 

4.3 Classification results using single scale and multi-texture approach 

In this study, seven texture algorithms were used individually, however, in this part of the image 

processing, all seven texture algorithms were grouped into four texture combinations (i.e. four, five, 

six and seven texture combinations) (Table 2)after trial and error process in order to examine the 

potential of multi-texture for the improvement of classification accuracy.  

 

Table 2. Multi-texture algorithm combinations 
 

No. of Textures Texture  Combinations 

4 Mean, Standard Deviation, Homogeneity, and Dissimilarity 

5 Mean, Standard Deviation, Homogeneity, Dissimilarity, and Entropy 

6 Mean, Standard Deviation, Homogeneity, Dissimilarity, Entropy and Contrast 

7 Mean, Standard Deviation, Homogeneity, Dissimilarity, Entropy, Contrast and 

Angular Second Momentum 

 

The classification results (Figure 4) showed a significant improvement of accuracy using the 

single-scale and multi-texture approach. The highest overall accuracy obtained was 84.76% 

(kappa=0.80), and this result was better than the previous two approaches i.e. i) original imagery and 

 

Table 1. Confusion matrix for classification using original 

imagery 

Figure 3. Classification results using single texture and 

multi-scale approach 
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ii) single texture and multi-scale, which achieved an overall accuracy of 34.92% and 73.48% 

respectively. 

The performances of the different 

texture combinations varied based on the 

number of the texture algorithms but in 

almost all cases five textures 

combination showed better performance 

than other texture groups although 

slightly better performance was observed 

from the six textures combination using 

particularly 35x35 and 39x39 scale sizes. 

However, it was also noticeable that the 

accuracy (Figure 4) of the classification 

was increased with increase of the 

window size, and the highest accuracy 

(OA=84.76%) was obtained from the 

39x39 window. 

 

4.4 Classification results using multi-scale and multi-texture approach 

In this part of the image processing, 

multi-scale and multi-texture approach 

was used considering the findings from 

the previous studies [5,11,12] that multi-

scale and multi-texture approach is 

capable to improve classification 

result.However, for this multi-scale and 

multi-texture approach, texture images 

of only larger window sizes (from 25x25 

to 39x39) were used in the classification 

algorithms considering the facts that 

larger size of moving window could 

provide better performance [13] 

especially when using panchromatic high 

resolution imagery [6]. 

It is clear from the results that the accuracy (OA = 93.18% and kappa = 0.92) of the classification 

was improved using the multi-scale and multi-texture approach (Figure 5) compared to the highest 

accuracy obtained from the single texture multi-scale (Figure 4) (OA = 73.48% and kappa = 0.64) 

and single scale multi-texture (Figure 3) (OA = 84.76% and kappa = 0.80). In this approach, the best 

accuracy was obtained when data from the combination of 6 texture algorithms with the window sizes 

of 25x25 – 39x39 were used in the classification algorithm.  

Among the classification results, the best 

result (Figure 6 and Table 3), indicated that 

most of the features were classified 

successfully using the multi-scale and multi-

texture approach as a result, a validation 

accuracy of more than 93% was obtained. 

Several features such as forest (94.53%), 

water (100%), oil palm 7 years old (92.42%), 

oil palm 4 years (95.39%) and clear 

cut/brushes (94.42%) were successfully 

classified although misclassification between 

oil palm 7 years old and forests were still 

observed due to the low severability between 

these two classes. 

Figure 4. Classification results using single scale and 

multi-texture approach 

Figure 5.Classification results using multi-scale and 

multi-texture approach 

Table 3. Confusion matrix for the best results using 

multi-scale and multi-texture approach 
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5.0 Discussions and Conclusions 

In this research, four steps of image processing techniques were used to classify forest, oil palm age 

groups and other features using high resolution panchromatic data. Results indicated that high 

resolution pan image have a potential to classify different features very accurately but original 

panchromatic band was unable to provide satisfactory result (OA=34.92%) probably because of the 

missing of multispectral information [8] and high interclass spectral confusion [9].  

Texture information from the high resolution pan images show very potential and a significant 

improvement of classification accuracy was found using all three steps of image processing 

techniques i.e. i)single texture multi-scaleapproach(OA = 73.48%), ii) single-scale and multi-texture 

approach (OA= 84.76%), and iii) multi-scale and multi-texture approach (OA= 93.18). The 

improvement of classification accuracy using the texture processing in agreement with previous 

studies [9,14] who stated that only spectral information for classification could not promise to give 

accurate interpretations because of the discrimination between land use/cover classes depends not 

only on spectral information but also on spatial (textural) information of the image data. 

In case of texture processing, it is observed that the improvement of the classification accuracy 

varied based on scales (window sizes) and texture combinations. It was found that the accuracy of 

classification increases with the increase of the window size and this finding is in agreement with the 

previous studies [6] who found that larger texture window size can increase the classification 

accuracy of land use/land cover especially for the high resolution satellite imagery.However, the 

accuracy of the classification was also improved when multi-texture algorithms were used in the 

classification probably due to complementary textural information of multi-texture algorithms that 

help in discriminating between different features [13]. Finally, multi-scale and multi-texture approach 

superseded the performance of all processing which is in agreement with previous studies [5,10,13] 

who observed that multi-scale multi-texture measurements has a potential to improve the accuracy of 

the land use/land cover as well as forest classification due to complementary information as well and 

better averaging. 
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