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Abstract 

Accurate classification of land-use/cover based on remotely sensed data is important for interpreters who 

analyze time or event-based change on certain areas. Any method that has user flexibility on area selection 

provides great simplicity during analysis, since the analyzer may need to work on a specific area of interest 

instead of dealing with the entire remotely sensed data. The objectives of the paper are to develop an 

automation algorithm using Matlab & Simulink on user selected areas, to filter V-I-S (Vegetation, Impervious, 

Soil) components using the algorithm, to analyze the components according to upper and lower threshold 

values based on each band histogram, and finally to obtain land-use/cover map combining the V-I-S 

components. LANDSAT 5TM satellite data covering Istanbul and Izmit regions are utilized, and 4, 3, 2 (RGB) 

band combination is selected to fulfill the aims of the study. These referred bands are normalized, and V-I-S 

components of each band are determined. This methodology that uses Matlab & Simulink program is equally 

successful like the unsupervised and supervised methods. Practices with these methods that lead to qualitative 

and quantitative assessments of selected urban areas will further provide important spatial information and data 

especially to the urban planners and decision-makers. 
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Introduction 

Remotely sensed data is among the significant 

data types used in classifying land cover and 

land-use distribution. Most of the applications 

and researches are in need of information and 

data on the types and distribution of land cover. 

Many researchers conducted studies on the use 

of land cover in especially urban areas and on 

obtaining information regarding land cover that 

would further lead to both qualitative and 

quantitative analysis of the findings (Welch and 

Ehlers 1987; Pathan et al., 1993; Dimyati et al., 

1996). Remotely sensed data has gained broad 

utility in particularly urbanized areas. A variety 

of studies on urban morphology focus on land 

cover data analysis where the data used is 

obtained through satellite images (Jensen and 

Toll 1982; Forster and Jones 1988; Kaya and 

Curran 2006; Kaya et al., 2004; Kaya, 2007). It 

is very important for the analyst to obtain and 

organize these data in the numerical form. A 

piece of land cover can be observed in a 

visualized form; however, when the data is 

converted to digital form, it becomes easier to 

follow any land-use changes and such changes 

can therefore be better understood. VIS 

(Vegetation-Impervious-Soil) Model is one of 

the methods used for this purpose. 

VIS model has been developed to detect 

morphological structures of urbanized areas. 

The model specify the urban land mainly as a 

linear combination of three components. Ridd 

(1995) has put forth the applicability of the VIS 

model in the analysis of urban morphology, 

biophysical and human-induced systems. In this 

model analysis, remotely sensed data is utilized, 

and it is of practical use in exhibiting the 

temporal changes of land-use/cover at the 

analyzed areas. As such, temporal analyses 

exert the land distribution changes not only for 
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the human-induced activities, but also the 

impacts of natural disasters like earthquakes 

and flooding can also be easily determined. 

Additionally, an analyst may conduct the 

analyses through a computer by inspecting data 

obtained by means of satellite images and 

easily may put forth the results even without 

carrying out thorough and broad field visits. 

The VIS model applications benefit from 

satellite images in that sense. This model has 

been initially practiced in the Salt Lake City by 

Ridd (1995), followed Ward et al. (2000), 

Madhavan et al. (2001), and Setiawan and 

Mathieu (2006) who have tested it in different 

cities of the world. The model may be 

simultaneously applied to produce concrete 

data that indicate urban changes by using 

different classification methodologies. Even 

though the methodologies differ for various 

different applications, most of them would 

require an important time span. The most 

common methods used to classify land-

use/cover are supervised and unsupervised 

classification methods. Supervised 

classification is a classification method that 

directs the software by inserting some particular 

properties that will be needed by the user in 

image processing. This routing is usually 

realized by using test polygons. In the 

unsupervised classification, the image is 

processed by the software, and the user 

determines on how he/she will categorize the 

emerging classes. However, all these methods 

take into consideration the risk of different 

land-use types existing within the same pixel. 

Thus, findings derived from data with low 

spatial resolution may not include high 

precision. 

Fuzzy classification and Linear Spectral 

Mixture Analysis (LSMA) are among the 

methods used to solve the pixel problem. 

LSMA model is used to separate end members' 

present in the pixel in a deterministic manner 

(Boardman et al., 1995). End members are land 

materials that exhibit homogenous spectral 

character along the image. Based on this 

character, LSMA is used in estimating land 

cover (Small 2001; Weng et al., 2004; Lee and 

Lathrop, 2005), impervious land and urban 

morphology analysis (Phinn et al., 2002; Wu et 

al., 2005; Lu and Weng, 2006), vegetation 

cover and land classification (Lu and Weng, 

2006), in tracking land-use changes (Powell et 

al., 2007), and in other similar applications 

(Melesse et al., 2007). 

Another important factor to be considered in 

the classification of land-use/cover is the 

selection of the area concerned by the user. 

Many of the applications grant a limited study 

area when analysis is required for some 

particular areas of the data set. However, the 

user may require selection of some areas from 

the same data set and conduct the analyses at 

areas apart from the selected areas. In this 

study, automation of VIS model is realized on 

satellite images of some areas selected by the 

user through the Matlab & Simulink program, 

and maps of each individual component from 

the related images are generated. In order to 

fulfill this aim, images are divided into bands, 

and each of them are queried regarding their 

individual component information. Moreover, 

images of the bands are classified as Vegetation 

Cover- V-, Impervious Land- I-, and Soil-S-

.The findings indicate that the developed 

program is convenient for images with medium 

spatial resolution and that similar approximate 

results like the unsupervised classification 

method may be achieved more rapidly.  

Methodology Used 

VIS model 

Urban environments are so heterogeneous; thus, 

it is necessary to simplify them as combinations 

of basic land cover components to enable 

quantitative studies. VIS model proposed by 

Ridd (1995) is a conceptual model to simplify 

urban environments as combination of three 

basic land cover components: Vegetation- V-, 

Impervious surface-I-, and Soil-S-. Most urban 

surfaces can be interpreted as combinations of 

these three basic components. VIS model 

classifies the three components by utilizing 

satellite images, and exhibits the percent 

weights of each component in the study area. 

As such, it is possible to exert any 

environmental changes that have occurred in a 

region by the application of this model. Details 

on the model may be better explained by Figure 

1. Each of the axis of the triangle represent the

three components. The values on the axes 

indicate the percent distribution of the 

component in the area of interest. When all the 
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corresponding values are determined for the 

three components, the intersection point that 

lies within the triangle represent the current 

situation of the region considered (Hung, 2002). 

   Fig 1. The V-I-S model (Ridd, 1995) 

Various charts and plots are generated to 

demonstrate the capacity of V-I-S composition 

on urban land cover analysis. VIS model is 

highly used to differentiate urban land from 

rural land, and to conduct urban morphology of 

developed areas and other development studies. 

As shown in Figure 1, the main components of 

VIS are located at the corners of the triangle 

and a trio grid is used. It is actually a 

generalized schematic diagram of the urban 

land and its vicinity. The general land use terms 

are used in the diagram for proper 

understanding.  

The priority issues of applying the model are to 

demonstrate the ecological, biophysical and 

scientific purposes of urban land use, and to 

identify and qualify the land cover models. Any 

sort of correlation is due to land use rather than 

VIS model. In the developing world, the typical 

settlements are arranged within the vegetation-

impervious axis. Conventional commerce and 

industrial areas are usually established in the 

impervious-soil land while vegetation land is 

spared for agriculture. The land cover 

information exists in remotely sensed data and 

thus, this information is further analyzed and 

classified by the experts. Land-use is of 

environmental character; for example VIS 

presents various areas of urban land to the 

evaluators. Soil-vegetation axis rather indicates 

the urban land or land at transient condition. In 

rural land or land that has not yet been 

urbanized do not bear impervious land. Barren  

soil at the right hand corner indicates clean land 

that has started developing or new development 

areas in urban land. Desert and pasture land 

occupies part of vegetation cover and moves 

towards left extending from seeding to 

harvesting. Forests base on dense cover and the 

barren land amount varies with time and place. 

Continuous vegetation covers like clover and 

pasture, or green areas like golf areas, parks, 

school grassland take place at the left hand side. 

In an urban environment, most of the 

environmental elements exist together with 

green plantation; wildlife and aesthetic use are 

covered in VIS model that takes into account all 

the green vegetation cover. VIS describes the 

biophysical composition of an urban area as a 

function based on the three components and it 

provides a means of assessing the trend and 

relative magnitude of land cover change in an 

urban area. (Madhavan et al., 2001; Phinn et al., 

2002). 

One of the methods used to determine the 

percent areas of each of the three land surface 

components by means of VIS model is to take 

cross-sections of the satellite images to measure 

the areas devoted to V, I, S. The key point at 

this stage is to increase the number of cross-

sections in order to come out with approximate 

percent values. Similarly, unsupervised and 
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supervised classification methods may also be 

used to determine the percent distribution of the 

considered components with the available 

information. In this study, the aim is to provide 

analysis flexibility to the user by enabling the 

selection of any desired region on the satellite 

image, and to conduct micro-scale analysis on 

these selected regions. In order to fulfill this 

aim, Matlab & Simulink 7.0 software is used in 

the developed program, and spectral filters are 

used to calculate the component-wise 

percentages. Each of the bands that pass 

through these filters indicate both areal values 

and supply percent distributions of each of the 

components (Kaya and Pekin, 2011; Kaya et 

al., 2012). 

New Algorithm Approach for the Analysis of 

Urban Land-Use/Cover 

This application that is developed by using the 

Matlab & Simulink program enables the analyst 

to deal with highly small scale areas that will be 

selected by the user on the satellite images. 

Thus, the multi-spectral image on which the 

model will be applied contains 7 bands, and is 

formed of 3 main bands. Within the scope of 

the study, LANDSAT 5 TM satellite image 

with 7 bands is utilized belonging to 28 June 

2007 covering the extremely urbanized Istanbul 

and Izmit regions in Turkey. The selected area 

on this image is the Izmit Bay area on which 

analyses are conducted that is formed of Green, 

Red and Near Infrared bands (Figure 2). The 

results of the analyses obtained by using the 

Matlab & Simulink program are further 

classified by applying unsupervised and 

supervised classification methods by the help of 

Erdas Image Program. The outcomes achieved 

are exhibited in a comparative manner. 

Further analyses are carried out on the selected 

area. The next step is to distinguish the image 

to green, red and near infrared bands, and to 

normalize the values appearing on these bands. 

Normalization process is followed by dividing 

the data on a single band to the sum of the data 

of all the considered bands. As such, four 

components will be put forth, one being the 

original image.  

Minimum and maximum threshold values for 

each component is then determined on the 

histogram of each band. If the determined 

components exist on the image, the value of 

“1”, and if it does not appear in the image, the 

value of “0” is recorded on the emerging image 

(Figure 3). Filtered image may be obtained 

when the filters are multiplied by images that 

are used as input data. At this point, it is 

important to select the bands whose analyses 

are conducted. It is because each spectral band 

bears characteristic properties and information. 

As the information and data on vegetation 

cover- V-, impervious land- I-, and soil- S- do 

not exist in a single band in the same weight, 

conducting the analyses at different bands 

becomes important. In this study, analyses 

carried out by using the Matlab & Simulink 

software consists of detecting the value each of 

the three components (V, I, S,) on each of the 

bands by means of threshold values appearing 

on the histograms of the normalized bands that 

are supervised by the user.  

Results and Discussion 

Each of the three components are filtered by 

minimum and maximum threshold values at 

separate bands on the selected area. These 

filters bear logic properties regarding their pixel 

values. This is to say that pixel values of the 

filters is taken as “1” for the pixels of the 

related component, and is considered as “0” for 

other pixels that do not belong to a component. 

For correlation purpose, in the analyses 

conducted by mapping the filters obtained for 

each component from the three bands, the 

pixels that are mapped at least at two of the 

bands are accepted as existing pixels of the 

component. This overlapping consist of pixel 

values like 0”, “1”, ”2” and “3” for the new 

filters that arise after processing. This analysis 

means that pixel values of “2” and “3” convey 

the related component. Pixels shown in light 

blue color in the figure are pixels with value 

“1” that contains the related component at a 

single band obtained separately by overlaying 

the component filters for each of the three 

bands. However, the blue colored pixels cover 

the related component in the two bands. 

Finally, red colored pixels, on the other hand, 

indicate that information is available for the 

related component in each of the three bands. 

At the end of such correlation, pixels with 

values “2” and “3” are filtered and the rest of 
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the pixels are ignored (Pekin, 2010; Pekin and 

Kaya, 2010). The resulting situation of the three 

components are shown respectively in Figure 4. 

Vegetation  cover is  illustrated in  Figure  4a as  

green, impervious land as red in Figure 4b, and 

soil as yellow in Figure 4c. The combination of 

V-I-S land-use component is shown in Figure 

4d. 
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The resulting percent distribution of the three 

components are found as 32.99% for vegetation 

cover, 12.12% for impervious land, 39.16% for 

soil layer, and 14.87% for water surface. Water 

surface is not taken into account during the 

evaluations. The sum of these distribution 

percentages lead to a value of 99.14%. The total 

surface area selected for this study is calculated 

from the image as 435.763 km
2
. Thus, similarly 

the area covered by vegetation is found as  

(a) 

(c) 

143.76 km
2
, impervious land occupies an area 

of 52.844 km
2
, soil land of 170.65 km

2
 and 

water surface of 64.779 km
2
. Supervised and 

unsupervised classification method is also 

applied to the same satellite image for 

comparing the results. The results are given in 

Table 1. It can easily be seen from this table 

that the similar results are obtained through 

application of different methodologies to the 

same image.  

(b) 

(d) 
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Table 1. Results of Supervised and Unsupervised Classification and Comparison of the 

Classification Results with Matlab & Simulink Findings 

Conclusions 

Attaining information on land-use/cover is of 

high importance for urban morphology and 

region planning. It is possible to provide these 

information in the most rapid and economic 

way by utilizing multi-spectral satellite images. 

Many methods are applicable for this purpose. 

In this study, logical filters applied by Matlab 

& Simulink software are used to analyze 

various bands. The results show a variable trend 

according to the spectral characteristics of the 

bands. These differences are overcome after 

relating the results for each band, and thus the 

accuracy of the results increase. Moreover, the 

precision attained during application of the 

methodology is directly proportional with the 

threshold values determined by the user on the 

image. When the results of this study are 

compared with the results gained through the 

application of supervised and unsupervised 

classification applied by Erdas image lead to a 

similarity above 90%. This situation indicates 

that the model used in this study is reliable. 

This methodology that is applied by using 

Matlab & Simulink software enables the 

possibility of selecting various regions on the 

image and thus, it provides a flexibility to 

analyze different points on the same image. It is 

particularly determined that in areas with mixed 

pixels, these pixels could not be separated. In  

order to overcome this difficulty, the minimum 

and maximum threshold values must be found 

through iteration. Also, it will be possible to 

better define the obtained data by filtering the 

component at various threshold values selected 

by the user rather than filtering the selected two 

thresholds. As such, the data will be more 

accurately displayed. Some problems have 

arisen during processing of the image data with 

high resolution due to memory constraints. 

However, the results on determination of the 

land components of the study area are achieved 

in a less time span compared to supervised and 

unsupervised classification methodology.  

As interest to urban environment has increased, 

some standards of biophysical parameters are 

required apart from land-use distribution 

regarding the ecological assets. Digital multi-

spectral satellite technology nowadays provides 

valuable opportunities for qualifying, 

quantifying and comparing different urban 

components in especially the urbanized areas in 

the world. Vegetation-Impervious land-Soil 

(VIS) model proposes the fundamentals of 

standardization, comparison and variation in the 

urbanized ecosystems. As such, the model 

presents data to be further utilized and 

benefitted by scientists, environmental 

managers and urban planners. 

VIS 

Components 

Unsupervised 

classification 

% 

Supervised 

classification 

% 

Matlab & 

Simulink 

Results 

% 

Difference 

between the 

model and 

unsupervised 

classification 

% 

Difference 

between the 

model and 

supervised 

classification 

% 

Vegetation 

cover 35.3 34.3 33.0 2.3 1.3 

Impervious 

land 14.9 11.9 12.1 2.8 0.2 

Soil 34.6 38.4 39.2 4.6 0.8 

Water (apart 

from VIS 

component) 

15.2 15.4 14.9 0.5 0.3 
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