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Abstract 
 

This paper deals with a novel proposed vegetation extraction method applied in multi spectral satellite images (Landsat TM). This pro-

posed method essentially consists of three steps: image enhancement using histogram equalisation, image transformation to new colour 

model called HSV (Hue, Saturation, and Value) and thresholding application on Hue and Saturation components.  For post-processing a 

hybrid filter median has been used to improve the results and remove isolated pixels. The proposed method is applied to three different 

scenes of Beni Mellal region in Morocco. The obtained results are compared with two other thresholding methods. Pixels identified as 

vegetation have an average sensitivity value of 95.88% and an accuracy value of 93.02%.  
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1. Introduction 

Vegetation extraction is nowadays considered as one of the most 

important task in satellite images processing. It is most widely 

required in remote sensing in order to deals with land classifica-

tion and land-use mapping [1], [2]. Vegetation is one of the main 

elements of change in the environment after atmosphere and hy-

drosphere. It has significant impact on climate and its long-term 

variations, as well as the availability of resources for humanity. 

The vegetation in all its forms provides a wide range of useful 

products to human life (food, energy, wood and oxygen).  

Extraction and analysis of vegetation is done using images ob-

tained from divers sources like satellites, aerial or hand-held plat-

forms [3]. Satellite imagery is regularly used in many fields to 

study terrestrial biosphere over large areas as building localisation 

[4], [5] roads detection [6] and track seasonal and annual changes 

in vegetation cover. In the literature, several authors have present-

ed different methods of vegetation mapping from satellite and 

aerial images. The most methods are based on Vegetation Indices 

(VI). VI is a simple measurement parameter of multispectral trans-

formations, which is used to indicate earth surface vegetation cov-

er and crops growth status in remote sensing [7]. It consists of 

converting luminance measured by a sensor into quantity and 

quality information. VI is widely used to identify and track plant 

dynamics and growth at a given time, as well as to estimate some 

biophysical and characteristic parameters of vegetation cover. 

There are several vegetation indices in use. They include the Dif-

ference Vegetation Index (DVI) which is equal to the difference 

between the near-infrared and red bands [8]. The Normalized Dif-

ference Vegetation Index or Tucker index [9] is the best known 

and most widely used. NDVI values lie between -1 and 1, where 

high NDVI values relate to the densest vegetation and low values 

corresponding to lack or vegetation low density. This vegetation 

index has been used in many previous studies [10], [11], for vege-

tation tracking [12], crop cover measuring [13] and vegetation 

change detection [14]. Decision trees method with spectral signa-

ture of vegetation was applied by Li [15] to get vegetation type 

classification. Vegetation and water surface features are extracted 

by using NDWI and NDVI features based on discrete wavelet 

transform and singular value decomposition in the approach pro-

posed by Demirel and Anbarjafari [16]. Authors in [17], [18] used 

the NDVI to extract spectral signatures of different land cover 

types using a thresholding method. Inspired by those observations, 

in the present paper, we present our proposed method based on 

threshold method on HSV colour space for vegetation extraction 

from satellite images. 

2. Methodology 

In this section, we present study area material, data used and 

treatments applied. The diagram presented in Fig. 1 illustrates the 

flow of the proposed method. 
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Fig. 2: Illustration on the proposed vegetation extraction approach. 

2.1. Study area material 

The location where the performance of the proposed method was 

tested is located in Beni Mellal - Khenifra region as shown in Fig. 
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2. It is situated in the middle of Morocco, covering an approxi-

mate area size of 46.47 km by 51.28 km, delimited between 32° 3'  

40.22" N to 32º 35' 14.90'' N and 6º 21' 21.14" W to 7º 2' 35.60'' 

W.  

 

 

 

  

 

 

 

 

 

 

 

Fig. 2: Illustration on the proposed vegetation extraction approach. 

 

The dominant vegetation in the study area consists of irrigated 

crops, olives and oak forest. Landsat orbit paths of the used imag-

es are 201 and 38 for rows. Required images for full study area are 

Landsat Thematic Mapper (TM) satellite imagery with 30 meters’ 

spatial resolution, 2200 reflective samples and 1900 reflective 

lines and acquired on July 28, 2011. 

2.2. Contrast enhancement by histogram equalisation 

This enhancement is necessary for desert environments and when 

contrast is poor on an image. 

Contrast enhancement was applied by using histogram equalisa-

tion technique in order to improve image appearance, adjust image 

intensity and enhance contrast. The proportion, as a fraction, of 

pixels associated with each digital number (DN) was calculated, 

and then the cumulative proportion was also determined. New DN 

value of each pixel is determined by the integer part of obtained 

result. Table 1 shows histogram equalisation values of the red 

band. 

 
Table 1: Intensity distribution and histogram values for the red band 

Input DN 

values 

0 1 2 ... 253 254 255 

Number of 

pixels 

251911 31150 0 ... 0 0 78534 

PA 0.0603 0.0075 0 … 0 0 0.0188 

CP 0.0603 0.0678 0.0678 ... 1 1 1 

(L-1)*CP 15.3765 17.2890 17.2890 ... 255 255 255 

Output DN 

values 

15 17 17 ... 255 255 255 

 

From the Table 1, PA is the probability appearance of each pixel 

intensity in the image matrix, CP is the cumulative probability and 

L is a constant that is equal to 256. This transformation is applied 

to the red band (TM3); it describes light distribution on the test 

image. 

2.3. Vegetation extraction 

After the contrast enhancement pre-processing steps, three TM 

bands were selected for use in a colour composite image. In order 

to obtain the best contrast of vegetation and to address the re-

quirement of specific classification and thresholding guidelines in 

the target colour space, the band combination of TM 3, 4, 2 (RGB) 

was used. In this band combination the vegetation was highlighted 

in the colour green. 

Vegetation extraction is performed in three steps: 

- Converting initial image from initial colour space to the 

target one called Hue, Saturation and Value (HSV)[19]. 

- Histogram threshold application on Hue and Saturation 

components. 

- Post-processing using a hybrid median filter. 

2.4. HSV colour space  

The identification of vegetation based on visible spectral space is 

seriously affected by the brightness of image, to solve this prob-

lem, a new colour space was chosen in which colours are not cor-

related with brightness. The HSV model has this property. Also 

known as HSB (Hue, Saturation, Brightness), the HSV model was 

proposed by Mundhenk [20]. It is a nonlinear transformation of 

the RGB colour model, and may be used in colour progressions. 

HSV defines a colour into three components and can be depicted 

using a hexagon in three dimensions as shown in Fig. 3. 

 

 
Fig. 3: Representation of the HSV colour space 

 

From the illustration presented in the (Fig. 3), Hue represents col-

our type. It can be described in terms of an angle from 0 degrees 

to 360 degrees. This dimension has points normally called red 

from 0° to 60°, green from 120° to 180° blue from 240° to 300°, 

etc. The Hue model illustrates by the blue circle in the Fig. 3 

above. 

Saturation refers to the vibration of the colour and measures the 

departure of a hue from achromatic, it represents the intensity of a 
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specific colour type, and its value ranges from zero to one. The 

colour is grey when saturation value is zero and a primary colour 

in the other case. 

Value simply refers to the brightness of the colour. It measures the 

departure of a hue from black. The range of values is between zero 

and one. For more detail see [20], [21] 

2.5. Histogram threshold application on Hue and Satu-

ration components 

For vegetation extraction in colour space defined above, histo-

grams of Hue and Saturation components are determined in Fig. 4, 

the identification of vegetation based on HSV colour space essen-

tially comprises following 2 steps: 

- H and S components thresholded 

Hue and Saturation components will be segmented to identify 

pixels that represent vegetation in the image. By using a histogram 

thresholding, background pixels will be removed according to 

their hue and saturation values compared with the vegetation ones. 

The background suppression is defined according to the following 

(equations 1and 2). 

 

 

(1) 

 

where,  are the digital values of  the initial Hue component. 

and  correspond to the lower and upper limits of the range 

which represents vegetation zone from histogram representation, 

as shown in the Fig. 4.  is a binary matrix. Pixels with zeros 

were identified as zones without vegetation and pixels with other 

values were identified as vegetation area.  

The processed Saturation component is defined as follows: 

 

 
 

(2) 

here,  is the smallest value of saturation component obtained 

from the histogram shown in next section.  pixels with ones’ 

values were identified as vegetation zones.  

-  and  components concatenated 

In the processed Saturation component, pixels identified as vege-

tation contain other pixels which have values close to vegetation 

ones and represent water surface. 

To eliminate the water pixels and keep the vegetation ones, a 

combined condition of Hue and Saturation value will set.  

and  components are concatenated using the logical operator 

"&" as shown in equation 3. All preserved pixels correspond to the 

vegetation ones. 

 

 (3) 

 

As a result, a binary mask is obtained showing vegetation with 

value 1 and other land cover with 0. 

 

 
(a) (b) 

 
(c) (d) 

Fig. 4: Threshold based on histogram: (a) (c) Processed Hue and Satura-

tion components, (b) (d) Histogram display of image data. 

2.6. Small objects removing 

In order to eliminate isolated pixels, which are considered as noise, 

a hybrid median is used. This filter is based on a sliding kernel of 

n × n pixels moved over the initial image. Medians values of the 

vertical line pixels (V), horizontal line pixels (H) and central diag-

onal pixels (D) are calculated at the n × n window, the number of 

pixels in kernel is 5×5. By using median values of adjacent pixels 

on three directions, the final value (C) is equal to the median of 

the median values previously calculated (V), (H) and (D). This 

hybrid median filtering is better than the traditional median filter 

[21], since data from different directions zones are classified sepa-

rately 

3. Results and Discussion 

The obtained results are presented to evaluate the performance of 

the proposed method. Vegetation extraction was done on multi 

spectral images and compared with other thresholding-based 

methods namely Heuristic thresholding and Otsu method [22] 

The problem for vegetation extraction is to establish thresholding 

values (or thresholding interval). With too wide an interval, false 

positives are obtained, i.e. the thresholded image contains pixels 

that are not part of the objects of interest, usually it comes to noise, 

or structures of a different nature, which have a grayscale level 

close to desired object. With too close an interval, false negatives 

are obtained, i.e. some objects of interest do not appear, or only 

partially in the thresholded image. Therefore, we give below 

threshold values or thresholding intervals adopted for our method. 

The Hue and Saturation histogram is shown in Fig. 4, which illus-

trates the application of the proposed method by following seg-

mentation-based threshold. The first row shows Hue component. 

After several tests, we have deduced that vegetation zone is repre-

sented by the left part of the histogram which has a high frequency 

of light pixels and goes up strongly over the interval [ , ], 
whereas in Saturation component (second row), the image is main-

ly composed of dark tones and light tones. The brightness differ-

ence between the background and the desired object (soil and 

vegetation) is very important, and so existence of other objects 

that have high contrast namely water. Pixels identified as vegeta-

tion are presented on the right side of the histogram that goes from  

to 1.  

By analysing histograms of hue and saturation components, for 

Hue component there are two values:  is set to 0.1 and  is 

set to 0.5, for the Saturation component, the min threshold is 

set to 0.69. The obtained results are validated by the comparison 

with two other thresholding methods. 

The proposed method was evaluated by using the NDVI index as 

reference images for validation. Three study scenes are chosen for 

that. With a statement of comparative accuracy with other meth-

ods, visually, the proposed method presents a better detection 

performance and that almost all the vegetation zones are detected 

reliably, as it can be seen in Fig. 5. 
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Fig. 5: Binary images display the comparison between the three applied 

methods: Heuristic thresholding, Otsu thresholding and the proposed 
method. Vegetation zones are represented by white pixels. 

 
Performance validation 

To assess classification accuracy, we used the following three 

measures described in equations (4), (5) and (6) in order to com-

pare the results obtained, using the original image as reference. 

This technique was proposed by [23] and used to define the quali-

ty of vegetation extraction. 

 

(4) 

 

 

 

(5) 

 

 

 

(6) 

 

The measures described above depend on four major values: True 

Positive (TP), True Negative (TN), False Positive (FP) and False 

Negative (FN). 

Here, TP are True pixels that represent vegetation and they are 

identified as vegetation (correct detection), TN are False pixels or 

no vegetation pixels are identified as no vegetation (correct detec-

tion), FP are True pixels that represent vegetation are identified as 

no vegetation (wrong detection) and FN are no vegetation pixels 

are identified as vegetation (wrong detection). Generally, TP, FN 

represent number of correct identification cases and FP, TN repre-

sent number of wrong identification case.  

For a given classification, a performance measurement coefficient 

under 0.6 denotes that classification quality is low; a coefficient 

between 0.6 and 0.8 indicates a good classification quality and 

greater than 0.8 indicates a very good classification of one.  

In order to prove that the proposed method can efficiently detect 

vegetation area, we compare our algorithm with Heuristic thresh-

olding method and Otsu method by using training data.  

To summarise our experiments, Table 2 lists the best performance 

results for every method in the same study area. In terms of SNS 

the proposed approach has a better rate in all scenes, for the first 

and second scene, it has also good rate of ACC, rates of ACC for 

proposed method, Otsu algorithm and Heuristic algorithm are 

96.23%, 90.62% and 90.62% respectively. This evaluation 

demonstrates that our method is able to detect the vegetation zones. 

Generally, an average ACC of 93.02% and average SNS of 95.88 

are obtained on three scenes of the study area. 

Table 2. Results of the performance on SNS, SPC and ACC values 

for our method compared with other related methods. Important 

values are highlighted in bold. 

 
Table 1: Results of the performance on SNS, SPC and ACC values for our 

method compared with other related methods. Important values are high-

lighted in bold. 

Methods Measures Scene 1 Scene 2 Scene 3 Average 

 

Otsu method 

SNS 0.6713 0.9410 0.8902 0.8342 

SPC 0.9952 0.9234 0.9337 0.9508 

ACC 0.9062 0.9276 0.9274 0.9204 

 
Heuristic 

method 

SNC 0.6714 0.9426 0.8930 0.8357 

SPC 0.9952 0.9219 0.9332 0.9501 

ACC 0.9062 0.9268 0.9275 0.9202 

 

HSV colour 

space method 

SNS 0.9508 0.9846 0.9409 0.9588 

SPC 0.9646 0.8598 0.9479 0.9241 

ACC 0.9623 0.8813 0.9469 0.9302 

4. Conclusion 

This paper explains a novel method for vegetation extraction from 

multi spectral remote sensing images. Firstly, the Blue, Red and 

Near Infrared bands were pre-processed and converted to HSV 

colour space. Secondly, histogram equalisation method was ap-

plied on pre-processing images. Finally, different threshold values 

have been adopted for Hue and Saturation components in order to 

deal with vegetation areas and apply quantitative evaluation. Two 

threshold methods were used for comparison and validation. The 

evaluation was done in three different scenes in the study area and 

experimental results indicate that the proposed method can detect 

vegetation zones with a high accuracy and consistency. This paper 

is the starting point of further works. In the future, the proposed 

method will be developed in order to bring out vegetation change 

detection in multi temporal images. 
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