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Abstract— Aircraft recognition remains a challenging 

problem despite a great deal of effort to automate the 

recognition process. Most of the aircraft recognition 

methods involve extraction of overall shapes of aircraft at 

first and then represent the aircraft based on the extracted 

shape with different features for recognition. The major 

disadvantage of these methods is that they require a huge 

amount of analysis on shape extraction, which is too 

unrealistic for targets in satellite images. we propose a new 

hybrid recognition method that combines contour wavelet 

features and correlation on shape analysis. Initially, 

direction estimation is used to align the aircraft in same 

direction. Then, reconstruction based similarity measure is 

introduced to transform the type recognition problem into a 

reconstruction problem. Filtration is done for Gaussian noise 

removal purpose and wavelet transform is used as a feature 

extraction method. Fuzzy clustering is done in final to carry 

out segmentation on aircraft image. The performance of 

these used algorithms will be differentiated though precision 

and recall rate metrics. The experimental results illuminate 

the accuracy and efficiency of the proposed system to 

recognize aircraft in satellite remote sensing images. 
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I. INTRODUCTION 

The introduction of military aircraft in World War I made 

the military personnel and civilian auxiliaries to be known 

with a visual skill called Aircraft recognition. It is important 

for air defense and military intelligence gathering. The 

major process involved in these applications is the 

identification of type and model of an approaching aircraft. 

Using this information, the pilot of an aircraft find out what 

is approaching. The satellite captured aircraft images have 

the higher resolution, spatial information, texture and color. 

This information provides an excellent opportunity for 

aircraft recognition. Different kinds of aircrafts differing in 

size, shape and color makes automatic recognition a 

complex problem. At different scenarios, the same type of 

aircrafts also have dissimilar intensity and texture which in 

turn makes the recognition methods to suffer from multiple 

conflicts such as various textures, clutters, noise, different 

orientations and contrasts. To overcome all the conflicts, 

highly robust methods are needed. 

The task of finding a given object in an image or 

video sequence is said to be object recognition. Every object 

in an image has many interesting features. Based on these 

features, a wide description is extracted from the training 

image to identify the object in a test image containing many 

objects. 

Generally, aircraft recognition and other natural 

object recognition are distinct with each other in the 

following characteristics:1) the number of types of aircraft is 

limited.2) each type of aircraft has its own fixed size and 

shape[6]. With the consideration of above stated features, 

we can construct a template for each type and match the test 

aircraft to the different types of templates. By doing this, the 

shape characteristics of different types of aircraft can be 

used in a greater extent. In this paper, we will focus more on 

how to measure the similarity between targets and all types 

of templates, independent of the overall shape extraction of 

targets. Experimentation is performed on gray scale image 

using MATLAB-7.9. 

II. RELATED WORK 

We have variety of methods for object detection. In few 

literary letters ,a line edge detector proposed by Nevatia and 

Babu[12] is used to detect all line-like structures. To 

sharpen road boundaries, Gruen and Li[13] used wavelet 

transforms. An active testing strategy proposed by Geman 

and Jedynak[14] is used for the detection of all line-like 

structures as a base to find major roads. A line matching 

method proposed by Shi and Zhu[15] is used for extraction 

of road networks from high resolution images. Several 

morphological operations and multi-scale analysis proposed 

by Pesaresi and Benediktsson[16] to segment different 

building from satellite images.All these methods focus only 

on object detection but not on object recognition. 

There are a variety of object recognition methods 

that can possibly be applied to the domain of aircraft 

recognition. In all the methods, we try to grasp the patterns 

of aircraft, detect the unusual trends and make judgment 

through type recognition.In literary texts, S.A. Duadani et 

al.[2], proposed a technique for automatic detection of six 

types of aircrafts using Hu moment invariant features 

extracted from the input binary image. For recognition 

purpose,L. Fu,Y.Peng[3] combined the independent 

component algorithm with the Zernike moment invariant 

algorithm. Moment invariant and neural networks are used 

by Z. Yanan and Y. Guoqing[4] for recognition. Extraction 

of Rotation invariant features after binarization serves as a 

basis for most of the conventional recognition methods. Tien 

and Chai[5] utilized non-uniform rational B-splines and 

cross ratio characteristics to recognize aircraft in images. 

There exists few recognition methods which 

involve estimation of aircraft direction at first and 

recognition of aircraft types as its later part. In all such 

methods, direction estimation is carried out in prior to the 

representation of targets that actually takes into account the 

shape characteristics such as symmetry and fuselage. 

Therefore, direction estimation demands binary image of 

aircraft and target representation requires less fractured 

contour to decrease the practicability. Qichang Wu et.al.,[1] 

proposed a recognition method based on the above concept. 

The greatest disadvantage of all these traditional methods 

lies only in terms of accuracy and enormous requirement of 

shape analysis during recognition process. Our proposed 

system using contour wavelet transform eases the task of 

reliable detection and recognition of aircraft. 
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III. PROPOSED WORK   

In our system, aircraft recognition is done based on the 

wavelet transform features. The merits of it are as 

follows:1)Segmentation of objects is done with better 

accuracy.2)Detection of desired object with help of 

templates by correlation rather than Euclidean 

distance.3)Greater flexibility and compatibility is provided 

for recognition.Figure 3 portrays the block diagram of 

proposed system. 

The hierarchical order of methodologies involved in our 

system is: 

1) Direction estimation 

2) Reconstruction-basedsimilaritymeasure 

3) Featureextraction 

4) Pre-processing 

5) Filteration  

6) Contour wavelet transform  

7) Fuzzy clustering. 

A. Methodologies:      

1) Direction estimation 

The various aircraft shape characteristics such as fuselage, 

symmetry are taken into account for estimation of aircraft 

direction with histograms of oriented gradients for the 

purpose of aircraft alignment. 

The direction estimation flow of an aircraft is given as 

follows: 

1) 1)Initially, the gradient of the image is calculated to get 

the texture and contour information and then to weaken 

the interference caused by changes in image brightness. 

2) Get the histograms of oriented gradients. The 

histograms of oriented gradients is basically a 

histogram in nature, such as an image histogram. 

 For an image histogram, the x-axis indicates the 

range of pixel value from 0 to 255 for 8-bit images, 

and the accumulated votes into each value in the x-

axis is indicated by y-axis.  

 In the histograms of oriented gradients, x-axis 

illustrates the range of orientation for pixel’s 

gradient ,from 0◦ to 180◦ and votes accumulated 

into each orientation bin of x-axis is illustrated by 

y-axis. 

 As a result, in this step, we have each pixel 

calculating a weighted vote for an edge orientation 

based on the gradient element orientation centered 

on it, and makes the orientation bins to contain the 

accumulated votes, thereby making the orientation 

bins to be evenly spaced over 0◦–180◦.  

3) The line structures of aircraft is found in the fuselages 

and the wings. The direction of aircraft is indicated by 

the direction of fuselage.  

 The fuselage orientation generally corresponds to 

one of the first three maxima in the gradient 

direction histogram.  

 As a result, potential candidates for aircraft 

orientation are selected from those first three 

maxima.After getting the three candidates of 

aircraft direction, the aircraft is aligned upright by 

us to the three main directions respectively, for 

type recognition. 

 
Fig. 1: shows the calculation process of the histograms of 

oriented gradients. In this figure, we divide the range of the 

orientation of the pixel’s gradient (0◦–180◦) into nine bins 

2) Reconstruction-based similarity measure 

After estimating the direction of aircraft and its alignment, 

we consider the problem of how to measure the similarity 

between real target and all types of target. Since we cannot 

extract the contour of target ideally to obtain the 

characteristics of suspected target for matching, we measure 

the similarity between the real target and the suspected 

target based on the idea of discrimination through 

reconstructive approaches which is the strategy employed 

in.  

So, we propose a new reconstruction based 

similarity measure. First, we segment the test image into 

homogeneous segments and choose a subset of all segments 

that minimizes the reconstructive error with the template of 

each type. Having done this operation, we identify the test 

target as the type whose template achieves the minimal 

reconstructive error. For each type, we use a binary image 

with a target of this type in the center upright as the template 

of this type.  

3) Feature Extraction 

Pattern recognition in machine learning and feature 

extraction in image processing starts from an inceptive set of 

measured data and constructs derived values (features) 

which are expected to be informative, non-redundant and 

should be able to facilitate the successive learning and 

generalization steps, thereby leading to better human 

interpretations in some cases. Moreover, feature extraction 

is related to dimensionality reduction. 

Feature extraction is used to represent compact and 

accurate feature vectors of an image to quickly complete the 

tasks of image matching and retrieval. This dimensionality 

reduction technique is efficiently used over large sized 

images for reduced feature representation. 

After extracting features, comparison is made 

between different samples and predefined template to 

identify the desired outcome which is shown in figure 2. 
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Fig. 2: shows different samples obtained by feature extraction and comparison of it with the template 

 
Fig. 3: Block diagram 

4) Pre-processing 

Image pre-processing strengthens the visual appearance of 

an image which significantly improves the reliability for 

better optical inspection which helps to manipulate the 

datasets. Various filtering techniques  supports to magnify 

or reduce the features of image for faster evaluation. Several 

steps involved in pre-processing are image re-sampling, 

Grayscale contrast enhancement and noise remova.l 

5) Filter 

Filter technique is used to remove the noise filters. Many 

filters such as high pass, Bandpass, lowpass, mean filter and 

median filters are available in preprocessing noise removals. 

We use the MEDIAN filter which works over  n × n sub 

regions of the image for our experiments. 

Figure 4 shows an initial image containing  

noise.Noise from the image is taken with the help of median 

filter and figure 5 displays a image without noise. 

 

 
Fig. 4: Image with noise 

 

 

 

 

 
Fig. 5: Median filtered image 

6) Countour Wavelet Algorithm 

Countour wavelet transforms provides good image 

compression and enhancement of 2D clarity and 

specifications with greater approximation.This is the widest 

feature used in this paper.Direct computation of discrete 

space construction which makes the wavelet 

computationally competent.This technique is widely used 

because of its tendency to demonstrate various images with 

minimal resolution of 1 megapixel from the information 

gained.The efficacy of countour wavelet for image 

compression and its implementions are  discussed below. 

Countour wavelet provides smooth 2D images by 

picking up the discontinuities from the one dimensional 

images.A block based CVT approach is overtook by Do and 

Vetterli which is the Pyramidal Directional Filter 

Bank(PDFB) applied over a large scale.Anistrophy and 

directionality over the images are represented by countour 

wavelet transforms which are not insisted by other separable 
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Wavelet transforms.Laplacian Pyramid (LP)  and a 

Directional Filter Bank(DFB) is used to directionally 

decompose the signal and a multiscale implemented in 

Contour wavelet transform(shown in figure 6). 

 
Fig. 6: Multiscale implementation of image using contor 

wavelet transform 

Directionality over the images are achieved using 

PDFB by developing critical sampling from scale/resolution 

as well the high frequency components are achieved using 

DFB. The directional information is captured efficiently by 

permitting subband decomposition so as to avoid “leaking” 

of the low frequencies over different directions.  

B. Datasets 

Inorder to enhance the accuracy in aircraft recognition a 

larger sized database is required. This database consists not 

just static images of aircraft but also contains different 

maneuvers of perception of an aircraft image using the 

simulation tool. There are about various roll angles of 

0,90,180.270 used for training processes. To meet this need 

of improved accuracy a larger database was installed in this 

system 

1) Fuzzy Clustering  

Fuzzy clustering is a technique of partitioning featured 

vectors into clusters. Clustering allows the item sets with 

similarities to be grouped in one cluster and the dissimilar 

items in another cluster. The input of grey scale image be 

y=b, , y,,--.y, ) and the number of clusters in it be integer C, 

2 5 C I n. The similar sets of y are clustered into C fuzzy 

clusters and the dissimilar segments are clustered into 

different segments. The clustering of a pixel y, depends on 

the membership vector u = Ip~@r)p.d ~k)-, - -,p ccvt)lT, 

where pICYk) ( denoted as pa for simplicity ), 1 I i 5 (' , 

indicate the degree of belonging of y, in the fuzzy region i . 

C. Experimental Results  

Inorder to compute and verify the proposed system of 

aircraft recognition approach we take up seven types of 

frequently occurring aircraft images and generate over 30 

different angels of images for each type. After collecting the 

images the process of direction estimation is done and the 

aircraft images are made upright and all other process of 

wavelet transforms are enforced.Later segmentation process 

is implemented by partitioning into four scale segments 

wherein each segmentation scale is based on the number of 

segments available in an image as a parameter i.e 30, 60, 90 

and 120. 

Figure 7 displays the experimentation results 

containing seven types of aircrafts along with their 

snapshots obtained during direction estimation, 

reconstruction based similarity measure and segmentation. 

 
Fig. 7: Seven types of aircraft with their direction 

estimation, reconstruction and segmentations 

IV. CONCLUSION 

In this proposed system more accurate and robust method of 

aircraft recognition in high resolution remote sensing is 

implemented. This overcomes the drawback of traditional 

method which uses only the feature extraction for image 

processing which is not accurate whereas this system uses 

the Contour wavelet transforms for enhancing the images 

and avoiding the noises over the image. This system also 

excludes the shape extraction phase for improved 

performance. Our experimental results also proves that our 

system provides better performance than the traditional 

methods. 
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