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Abstract:
The paper mainly focuses on the digital image processing-based fighter aircraft
recognition system by MATLAB. The research problem in this study is to check the
recognized images among all images in the training data set. The solution of this
research is to implement the image processing algorithm for specific purposes. Fighter
aircraft recognition systems assume the successful isolation of the aircraft silhouette
from the background. This system is based on aircraft shape such as wing, tail, nose
of vehicle, morphological properties and color based properties. In this system, image
processing techniques are first employed to perform the image preprocessing tasks,
such as image quality enhancement, noise removal, edge detection, and then feature
extraction tasks, such as dilation, erosion and boundary detection. Experimental
results reveal the feasibility and validity of the proposed approach in recognizing
aircrafts images. This system can be implemented in classification or identification
process of aircrafts for military surveillance. In this paper, although various types of
automatic aircraft recognition system can be used, image processing with MATLAB
programming language is applied to recognize aircraft.
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1. Introduction
People use to recognize different objects on the basis of their engine sound and

shapes. The sound and shape are two basic parameters to recognize any high speed
flying object. The task of reliably detecting and recognizing an aircraft from single
images remains a challenging problem despite advances made in computing
technology, image processing and computer vision. Aircraft recognition performance
suffers considerably under non-ideal conditions where various forms of image
degradation or occlusion are present. Aircraft recognition techniques have been
reported using a variety of methods. The main subject is to implement software for
recognition aircrafts by using image processing. Image processing techniques are used
for image analysis. To implement this system, artificial neural network is applied
[1,2,3].
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MATLAB programming language, like any other computer vision software,
implements the use of the training patterns or the training sets to test the performance
of a specific geometric pattern recognition approach. In this paper, the programming
language is mainly applied. The design and development of this paper is divided into
two parts, morphological properties and recognition part [4,5,6]. The block diagram of
fighter aircraft recognition system is shown in Figure 1.

Figure 1. Block diagram of Fighter Aircraft Recognition Process.

In the training step, the offline capture images are to be collected first. These
images are preprocessed such as image filtering, image enhancement and etc. Then
the aircraft is to be segmented from the background image by image segmentation
methods. After that the morphological features such as tail, nose, and wings of
airplanes are detected and the related angles are calculated and saved as feature data
set. These features are sent to Neural Network and trained to be understood as the
target airplane types. The trained Neural Network is saved in Database [7,8,9,10].

In the implementation step, or testing step, the capture image is acquired from the
camera for the computer storage and the same processing stages until morphological
feature extractions are done as in the training phase. The feature extractions are
applied to the trained Neural Network to recognize the type of aircraft. The result of
segmentation aircraft is displayed on the computer monitor.

2. Various Types of Automatic Aircraft Recognition System
There are many types of aircraft recognition system and techniques. There is

automatic aircraft recognition in intelligent video automatic target recognition system
(IVATRs), aircraft recognition in inverse synthetic aperture radar (ISAR) images, and
aircraft recognition in satellite images.
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3. Pattern Recognition System
Typical inputs to a PR system are images or sound signals, out of which the

relevant objects have to be found and identified. The PR solution involves many
stages such as making the measurements, preprocessing, and segmentation, finally
classifying them based on these representations. In industrial problems as well as in
biomedicine, automatic analysis of images and signals can be achieved with PR
techniques. Pattern recognition is the studies or the operation and design of systems
that recognize patterns in data. Important application areas are image analysis, and
character recognition.

In most general way an intelligent behavior is represented by the characteristic of
being able to recognize or classify patterns. Remote sensing is routinely using
automated recognition techniques, too. Pattern recognition system consists of two-
stage process. The first stage is feature extraction and the second stage was the
classification. Feature extraction is the measurement on a population of entities that
would be classified. This assists the classification stage by looking for features.

Artificial neural networks (ANNs) are a class of flexible semiparametric models for
which efficient learning algorithms have been developed over the years. The main
features of artificial neural networks are their massively parallel processing
architectures and the capabilities of learning from the presented inputs. They can be
utilized to perform a specific task only by means of adequately adjusting the
connection weights, i.e., by training them with the presented data.

For each type of artificial neural network, there exists a corresponding learning
algorithm. The learning algorithms can be classified into two main categories:
supervised learning and unsupervised learning. For supervised learning, not only the
input data but also the corresponding target answers are presented to the network [11].

4. Analysis of Image Processing and Feature Extraction
In image processing, low-level processing consists of image filtering, and

intermediate processing to extract boundaries and regions of interest. At this level,
regions of interest are formed and measures describing these regions are collected.
High-level processing utilizes various methods to classify the regions based on the
measures extracted by the low-level processing.

Segmentation is a fundamental method used in many areas. Segmentation is the
process of separating an image into distinct regions.

Boundary-based segmentation is used measurements of connectively for binary
images. In order to get only the location of the boundaries that exist between the
regions, the following methods are applied. Boundary tracking: The algorithms try to
locate close contour via pixel-by-pixel tracking. This approach is only useful for
noise-free images or in the situation where human intervention can prevent
catastrophic derailment. Gradient Image threshold: Based on the idea of using a
moderate gray level as threshold to separate objects and background [12,13].

Edge-based segmentation relies on discontinuities in the images data to locate the
boundaries of the segments before assessing the enclosed region. Furthermore, the
profile often varies heavily along the edge caused by shading and texture.

Image thresholding and segmentation for feature extraction are the most common.
For many features, thresholding operations typically occur first to remove the
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background from the object of interest and then new thresholds are used to segment
regions of interest from clear image areas. The images are thresholded to convert the
gray scale information.

Feature (content) extraction is the basis of content-based image retrieval. Computer
vision systems begin with the process of detecting and locating some features in the
input image. In computer vision society, a feature is defined as a function of one or
more measurements. According to the abstraction level, they can be further divided
into: Pixel-level features calculated at each pixel, e.g. color, location. Local features
calculated over the results of subdivision of the image band on image segmentation or
edge detection. Global features calculated over the entire image or just regular sub-
area of an image. The various feature extractions are used in the image processing.
Feature extraction is the process of location an outstanding part, quality, or
characteristic in a given image. One common feature to be extracted is an edge,
therefore, edge morphological and texture aircraft characteristics for extracting
features can be obtained from black and white images, which are easier to process and
required a cheaper hardware than color ones. Edges often occur at image locations
representing object boundaries; edge detection is extensively used in image
segmentation to divide the image into areas corresponding to different objects.

Principal Component Analysis is an imporant concept in statistical signal
processing. PCA is a dimension-reduction tool that can be used to reduce a large set
of variables to a small set that still contains most of the information in the large set.
PCA is a dimensionality reduction or data compression method. PCA is used in
various applications such as feature extraction, signal estimation and detection. PCA
is a powerful tool for analyzing data.

The modern era of neural networks was ushered in by the derivative of back
propagation. There are three broad paradigms of learning in neural network
technology. There are supervised learning, unsupervised learning and reinforcement
learning. Each has its own basic training algorithm and a number of variants. In
supervised learning, adaptation occurs when the system directly compares the network
output with a given or desired output. Back-propagation algorithm is a widely used
learning algorithm in Artificial Neural Networks. The back-propagation learning
algorithm is simple to implement and computationally efficient in that its complexity
is linear in the synaptic weigh of the network. The learning process performed with
the algorithm is called back-propagation learning.

5. Implementation of Automatic Aircraft Recognition System
In software implementation, MATLAB programming is mainly used. The detail

explanations of step by step process are mainly described in this paper. The flowchart
for fighter aircraft recognition system is shown in Figure 2.

5.1. Image Acquisition
In the first step, aircraft images are acquired using a digital camera (Canon EOS

40D) with resolution of 4000 pixels×3000 pixels was used to record images. Another
way is downloading from internet database. In this paper, the images are downloaded
from internet. They are saved in computer hard disk and kept for training and testing
the software. The training database consists of 20 aircraft images and 20 non-aircraft
images which may be birds or some photos taking from the sky.
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5.2. Image Preprocessing
Image preprocessing is required in this system to be able to prepare the raw images

to get same size and to get sharpened image. Figure 3 illustrates the flowchart for
edge detection.

Figure 2. Flowchart of Fighter Aircraft Recognition
System

Figure 3. Flowchart for Edge
Detection.

5.3. Morphological Feature Extraction
Feature extraction is implemented by two ways. In edge detection, the edge of each

images are extracted by canny method. The flowchart is shown in Figure.3.In
boundary detection step; morphological image processing is used to segment the
image first. They are image erosion and dilation for image extraction. Then the holes
are filled by imfill function. The flow chart for boundary detection is shown in Figure
6. The extracted image is detected its boundaries and then they are applied to the PCA
to reduce the significant features and saved in database. Figure 4 demonstrates the
canny edge image of aircraft. Figure 5 shows the segmentation for aircraft. Figure 6
mentions the flowchart for boundary detection. Figure 7 expresses the extracted
boundary image for aircraft.

5.4. Neural Network Training
The final design of Neural Network depends on application area. Neural Network

are composed of simple elements operating in parallel, so to train the network the
numbers of neuron in each network layer need to be fixed. Feedforward Neural
Network is used according to the problem. The no of neuron in inputs and output
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layers of Neural Network is fixed as 120, and 36 neurons. Figure 8 shows the
flowchart of neural network training.

Figure 4. Canny Edge Image of Aircraft. Figure 5. Segmentation for Aircraft.

Figure 6. Flowchart for Boundary
Detection.

Figure 7. Extracted Boundary Image
for Aircraft.

Neural network must be trained to classify the correct output using learning rules.
Each layer’s output in the network is approximated with a step function (hardlin).
Network is trained by a network training function that updates weight and bias values
according to gradient descent momentum and an adaptive learning rate (traingdx).
Network architecture is trained with various SSE values for the different learning rate
at each time to obtain fair and independent results. In network architecture, maximum
of epochs is 3000, goal is 0.01, and the network saves the information at every 20
epochs. Figure.9 shows the architecture of neural network.
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Figure 8. Flowchart of Neural Network Training. Figure 9. Architecture of Neural Network.

6. Test and Results
In system testing, aircraft image and non-aircraft image are applied to check the

system performance. The aircraft image and non-aircraft image are taken from the
open test file. The detail procedures of program running processes have been
described in above section and the result is appeared in the text box.

6.1. Test and Result for Image Number One
The image number one is taken from the open test file and it is tested for

recognition system. The test and result for image 1 is shown in Figure 10.
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Figure 10. Test and Result of Recognition System for Capture Image.

6.2. Test and Result for Image Number Two
The image number two is taken from the open test file and it is tested for

recognition system. The recognition result is very good result. The test and result for
image 2 is shown in Figure 11.

Figure 11. Test and Result of Recognition System for Capture Image.

The system performance is test with various images. The test and result of the
recognition system is summarized in Table 1.

Table 1. System Performance Test.

No of Train Files Test (Aircraft) Test (Nonaircraft)

Aircraft Non-aircraft Test file % Correct Test file % correct
18 18 10 90% 10 80%

7. Conclusions
In this system, various types of aircrafts can be recognized for only below 5000 ft

because of using canon camera (EOS 40D). If other devices (eg. radar, satellite,
intelligent video automatic target recognition system (IVATRs), etc) are applied,
various types of aircrafts can be recognized for above 5000 ft and the system accuracy
can be achieved higher than the system which takes the images by camera.
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