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Abstract

Building objects area classification is one of the main procedures used in updating digital maps and geographic information
system databases. It is an active research field in computer vision and remote sensing. Full automatic systems in this field are not
yet operational and cannot be implemented in a single step. In this paper, we present a semi-automatic building object
classification using Envi tool, object-based classification in Google map images applied to Sathyamangalam city (INDIA). The
Envi tool, object-based classification approach follows the standard scheme of object-based image classification, which is
discussed in this paper. The results obtained show an overall objects (like building, trees and roads) area detection of good
percentage, when the parameters are properly adjusted and adapted to the type of areas considered.
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I. INTRODUCTION

Nowadays, the importance of urban studies has increased in the context of recent massive urban development and the need for
environmental protection. However, a detailed Geographic Information System(GIS) is of great interest for town municipalities
in the fields of urban planning, risk management, disaster monitoring, water and land resource management, etc. [1]. The
geographic database producers need improved and faster updating methods for their topographic databases to fulfill the user’s
demand [2]. Unfortunately, updating digital maps and GIS databases is too expensive, because of its complexity and its time-
consuming manual interpretation [3].

The advancement of high resolution satellite and aerial imagery in conjunction with Object-Oriented Image Analysis using
Envi software can be used to analyze the land use and land cover of a region. Land Use refers to what people do on the land
surface, such as agriculture, commercial and residential development, and transportation [12]. Land Cover is the type of
material present on the landscape. Materials such as water, different types of vegetation, soil, and man-made materials like
asphalt [12]. This remote sensing project will consist of using Object-Oriented method to classify the land use and land cover in
Sathyamangalam. A workflow will be developed based on the Envi Object-Oriented Image Analysis for land use and land cover
classification.

I1l. DATA

Data to be used are high resolution (sub-meter to 2 meter). Imagery can download from the City of Sathyamangalam Interactive
open source Google map. This remote sensing project will start with imagery of a small region of Sathyamangalam.

111.METHODS

A better concept and understanding of Object Oriented Classification was explained in Lecture 10 ES 6974 Remote Sensing
Image Processing and Analysis [11]. During this lecture, a more detailed example of a workflow used in Google map
Environment and a workflow based on a paper [10] was used in this project.
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Object-oriented image analysis is divided into three steps: Multiresolution Segmentation, Create General Classes, and
Classification Rules. During the first step, image segments are defined and calculated. Parameters are defined by the user for
the scale, spectral properties and shape properties. These image segments have to be calculated on several hierarchical levels
such as “enable smoothing and enable aggregation” process to result in final image segments to represent single objects of
interest. The organization of the workflow is as follows: 1) Input images, 2) Multiresolution segmentation, 3) Image object
hierarchy, 4) Creation of class hierarchy, 5) Classification using Training samples, 6) Classification base segmentation, 7)
Repeat steps for best result, and 8) Final merge classification (Laliberte et al. 2004). With an example workflow to follow,
familiarity of the Envi software is the next step. Envi software is loaded with practice tutorials to understand the basics of the
Envi software and its tools.

The first tutorials show how to load and display raster data, perform image segmentation, create a simple class hierarchy,
insert the nearest neighbor classifier into the class description, classify, and perform classification quality assessment. Analysis
using the Sathyamangalam image was loaded into Envi and a spatial subset of the north eastern region of the image was used.
This area included a large vegetation area, building and road structures of Bannari Amman Sugars Quarters campus. Using the
Envi, the image parameters were defined. Following the workflow example, the second step is the multi-resolution
segmentation. The segmentation parameters were defined. Open the required image in raster file then click browse button then
click next. The next step is to select a method in classification type. Under that two types is there one is “no training data” and
another one is “use training data”.

Fig. 1: The Sathyamangalam Image extract from Google Map

A. Unsupervised Classification
Select the “no training data” Then click next. In unsupervised classification has two categories are Classes and Advanced. In
classes we have to specify the required classes. The next procedure cleanup is there to Enable smoothing and Enable aggregation
to modify the texture of an image if necessary. In Export save results, we have Export file and Export statistics. In export file,
Export classification image and Expert classification vector. In the expert classification image is to select the output image type
and mention the file path to get the image by browse option. In Expert classification vector is to select output vector file is to get
the image by browse option. Then click next to get the output image.

B. Supervised Classification

Select the “use training data” Then click next. In supervised classification in the class to click right button and add classes.
Specify the required classes. At least specify 2 classes. And drag the selected classes on image where we need to mention it.
Then right click, the accept option to confirm the selected area or clear option to clean the selected area. In Export save results,
we have Export file and Export statistics. In export file, Export classification image and Expert classification vector. In the
expert classification image is to select the output image type and mention the file path to get the image by browse option. In
Expert classification vector is to select output vector file is to get the image by browse option. Then click next to the output
image.

C. Maximum Likelihood

Maximum likelihood assumes that the statistics for each class in each band are normally distributed and calculates the
probability that a given pixel belongs to a specific class. Each pixel is assigned to the class that has the highest probability (that
is, the maximum likelihood).
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Formula: g:(0) = Inplw) - Yy In |- 1,0c - my) E_l{’- - my) ©))
i = class, x = n-dimensional data (where n is the number of bands)

p(w;) = probability that class w; occurs in the image and is assumed the same for all classes

|Zi| = determinant of the covariance matrix of the data in class w;

¥ = its inverse matrix and m; = mean vector
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ses for training from the given image

Fig. 3: Select clas

Fig. 4: Supervised Classification result image

D. Statistics
An accuracy assessment of was performed on the classification results. The best classification result shows statistics of the
training sites and classification description. These statistics will allow you to compare which classes have the best classification
based on the preliminary results.

e s,

Class 2 112138.00 43450582
Class 3 33010.00 12 790409

e — mae TR
Fig. 5: Statistical table for the supervised classification result
A more accurate statistic can be produced by reclassifying the classes and defining the class hierarchy with known field data.

The known field data training sites will reclassify the image and produce better statistics.

E. Minimum Distance to Means Classification Algorithm

This decision rule is computationally simple and commonly used. When used properly it can result in classification accuracy
comparable to other more computationally intensive algorithms, such as the maximum likelihood algorithm. Like the
parallelepiped algorithm, it requires that the user provide the mean vectors for each class in each hand p ck from the training
data. To perform a minimum distance classification, a program must calculate the distance to each mean vector, p ck from each
unknown pixel (BV ijk ). It is possible to calculate this distance using Euclidean distance based on the Pythagorean Theorem.
The computation of the Euclidean distance from point to the mean of Class-1 measured in band relies on the equation.

F. Algorithm
Dist = SQRT {(BV ijk- pck) + (BV ijl - pcl)}

Where p Ck and p cl represent the mean vectors for class ¢ measured in bands k and 1. Many minimum-distance algorithms
let the analyst specify a distance or threshold from the Class means beyond which a pixel will not be assigned to a category even
though it is nearest to the mean of that category. Minimum distance classifies image data on a database file using a set of 256
possible class signature segments as specified by signature parameter. Each segment Specified in signature, for example, stores
signature data pertaining to a particular class.
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Fig. 6: Select classes for trining from the given image

Fig. 7: Supervised Classification result image

Class_name Area Percent
building 72221.00 27.983525
trees 152469.00 59.077277
roads 33394.00 12.939198

Table 8: Statistical table for the supervised classification result

Fig. 9: Select classes for training from the given image

Fig. 10: Supervised Classification result image

Class_name Area Percent
building 97613.00 | 37.822182
trees 134117.00 | 51.966414
roads 26354.00 | 10.211404

Fig. 11: Statistical table for the supervised classification result
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1V.RESULTS

Final classification of given image is resulted in further classification. The image created illustrated most impervious areas of the
region well, but miss classified roads in certain areas. Tree area had the highest accuracy with the easiest classification. Further
classifications of the rural and agriculture areas are needed. Following the tutorial and no field data to compare with the training
sites will produce an inaccurate classification. Google map Sathyamangalam (Tamil Nadu, India), This tutorial paper
demonstrated: 1) How to load and display raster data, 2) Perform an image segmentation, 3) Select training object into the class
description, 4) Classify, using the Supervised and Unsupervised Methods, and 5) Perform classification quality assessment. The
Statistical result shows better Building area classification result.
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