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Abstract: The Demands in quality of the automobile production grows at a rapid pace with the pressure to reduce costs of the
automobiles further. So it becomes necessary to subject the critical components for the leakage detection to enhance the overall
quality and the customer satisfaction. Apart from the conventional methods and the recently evolved methods in leakage
detection for the automobiles, the paper tries to put forth a novel method for the detection of the leakage in the automobiles using
the image processing techniques. The proposed method concentrates on the image detection, classification and recognition for the
leak detection of the air conditioning in the automobiles. The proposed method of image detection is evaluated using the

MATLAB to evince accuracy in the leakage detection, classification and recognition
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1. INTRODUCTION

The air conditioner in the automobile is an evaporative cooler, and often referred as the swamp coolers. It is
constructed with the refrigeration system that cools down the air by including the parts such as compressor and the
condenser etc. [1-3]. Along with the air circulation system and the distribution and a control system that takes care
of the cool air circulation in the vehicle utilizing the air duct and many other necessary components and the controls
the temperature in the vehicle [4-7] by monitoring the temperature and regulating the refrigeration system. The fig.1

shows the overall design of the air-condition system used in an automobile [8-9].
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Fig.1 Air-Condition System Used In an Automobile [1]

The air conditioner in an automobile relies on the reverse Brayton or Rankine cycle for its operation, involving the
components such as the compressor, evaporator, condenser, receiver-dehydrator and the connecting lines that
includes the expansion valve, suction throttling valve , orifice tube, evaporator pressure value, positive operating

absolute valve, thermal sensor, cycling compressor and the high pressure cut off switch.

It works similar to the air conditioning system by compressing the refrigerant vapor from the evaporator. The
compressor converts the refrigerant pressure into the vapor and the vapor is discharged to condense using the
condenser. The condenser liberates the heat and transforms it into the liquid form and eludes the heat from it before
reaching the in line filter in the AC that evades the remains in it. Finally the cooled refrigerant moves to the low-
pressure side of the system with the help of the expansion valve or the orifice tube and absorbs the heat from the air

that moves across the evaporator fins and moves back to the compressor leaving the area cool.

But the most common causes for the malfunctioning of the air condition system in the automobiles are the leaks in
the refrigerant circuit, which leads to an unobserved drop in the filling level, bringing down the performance and

even damaging the system. As it is very difficult for the experts to make sure whether it is a leak or a normal loss
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careful leak detection is must.

To detect the leakage in the refrigerant circuit, the methods such as the (i) contrast agent and UV lamp, (ii)
Electronic leak detection and the (3) leak detection with the forming gas are utilized and the parts such as the
compressor, condenser, evaporator, filter-dryer, pressure switch, service connection and the expansion valve are

tested.

All the methods used can detect the only the larger leaks in the easily accessible locations. The small amounts of
leaks in the inaccessible locations are left undetected. In order to detect, classify and recognize the smaller level
leaks in the inaccessible location the paper utilizes the image processing techniques for the leak detection in the

automobile.

The testing procedures are and the leaks in the automobile are captured to create an image set. The captured images
are subjected to the Pre-processing [11-13] process that removes the noises and the unwanted details from the
image, the region of interest are extracted from the image. Further the multi class LSTSVM classifier is utilized to

classify the leak detection from the normal loss [14- 16].

The remaining of the paper is arranged with the section 2. Related works, section 3. Proposed work, section 4 result

evaluation and section 5 conclusion.
2. EXISTING SYSTEM |2]

This section provides the existing system for the leakage detection in the air conditioning in the automobiles. As
mentioned above the (i) contrast agent and UV lamp, (ii) Electronic leak detection and the (3) leak detection with
the forming gas are utilized and the parts such as the compressor, condenser, evaporator, filter-dryer, pressure
switch, service connection and the expansion valve are tested to identify the leaks in the air conditioning. Some of

the method used is listed in the table.1 below
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Traditional Methods Description

The exact amount of contrast agent is injected using the Spot
gun cartridge pun or the Pro-Shot system. Further advantage:
Contrast agent can be added when the system is full. This
method can only be used to detect larger leaks at easily
accessible locations.

SPOTGUN/PRO-SHOT

Indicates leaks via acoustic signal. It detects halogen gases
and uncovers even the tiniest of leaks at points that are
difficult to reach (e.g. evaporator leaks). This method can
only be used fo detect larger leaks at ecasily accessible
locations.

ELECTRONIC LEAK DETECTION USING A LEAK
DETECTOR

To detect leaks, the empty air-conditioning system is filled
with forming gas, a mixture of 95% nitrogen and 3%
hydrogen. The components are checked for leaks using a
special electronic leak indicator. Due to the fact that
LEAK DETECTION USING A FORMING GAS LEAK hydrogen is lighter than air, the sensor needs to be moved
INDICATOR slowly above the suspected leak  (electrical
connections/components). After the end of the leak detection,
the forming gas can be released into the ambient air. This
method can only be used to detect larger leaks at easily
accessible locations.
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Table .1 Traditional Methods of Leak Detection

3. PROPOSED METHODOLGY FOR LEAK DETECTION IN AIR-CONDITIONER

The proposed method utilizes the image processing techniques to detect the automobile air-conditioning leaks that
are very small and present in the inaccessible locations. The image acquired during the leakage testing is subjected
to the Bayesian filter [6] along with the adaptive type -2 fuzzy systems to remove the noises in it [7]. Further the
Multi Populated Genetic Algorithm (MPGA) is used in the features selection and the mean weight least square twin
support vector machine [14] is utilized to classify the normal loss from the leakage. The flow diagram below in the
fig. 2 shows the phases involved in the image detection, classification and the recognition for identifying the leak

detection in the automobile.

Pre- 5 .
. Feature Classification Unusual small
processing . . . .
. selection with using mean leakages in
Leakage using the . .
. : the Multi weight least the
Testing —{ Bayesian filter : g y
: : : populated square twin inaccessible
images with Adaptive '
Tvoe-2 Fuz Genetic support vector places are
P 2y algorithm machine identified
System

Testing Images: The set of 2218 images of leakage testing in the air-conditioning in the automobiles were acquired

Fig.2 Proposed Flow Diagram

from the quality test section of the automotive industry.

Pre-Processing: The images acquired were pre-processed to enhance the quality of the image and eliminate the
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noises found in it in the form of the salt, pepper and the Gaussian; this was done using the Bayesian filter integrated

with the adaptive Type-2 fuzzy system the equation (1) shows the Bayes rule.

P(%) = P(g)r© W

Where 6 is the Bayes rule parameter and D is the observed data. The equation (2) and (3) presents the union of
the type -2 fuzzy sets.

Hny(A) = .ux(A) u .uy(A) (2)

(A U iy (A) = Ty (F) A g(v)) /(i A ) 3)
The intersection type- 2 fuzzy sets are represented using the equation (4) and (5)

trny(A) = pu (A M py, (A) 4)

me(A) 1 gy (A) = T (F) A g(v)) /(i A vy) )

If two membership grades are available then the result is as shown in the equation (6)

Sy (Fad ag(v))/ A -w) v (u A v) ©)

The equation (1) (2) and the (4) are applied over the observed data to elude the noises present in the images.
Feature Selection: The multi —populated genetic algorithm that is population based involving the process of
selection, recombination, mutation and the reinsertion is utilized in the feature selection process. The fig.3 below

shows the steps involved in the feature selection using the multi-populated genetic algorithm.
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Fig.3 Multi-Populated GA

Classification: The information gained in the features selection is utilized in the learning phase of the mean-weight
LSTSVM; the trained SVM is tested with the real time scenarios to classify the leakage from the normal loss. The
training and the testing procedure of the LSTSVM is listed below in the table. 2

Learning Phase Defines two matrices based on the
normal loss and the actual
leakage.

Select the penalty parameter
basedonthe w.x; + b =1 and
thew.x;+b < -1

Evaluate the hyper plane
parameters.

Determine the hyper plane.

Testing The testing is done in the real
time , classifies the normal loss
and the leakage in the air
conditioning .
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Table.2 Training and the Testing phase using the LSTSVM

4. RESULTS

The image detection, recognition and the classification for the leakage detection in the air-conditioning system of the
automobiles through the proposed method was tested in the real time and evaluated using the MATLAB to verify
the accuracy in training, testing and classifying. The Table.3 below provides the shows the accuracy achieved in

training, testing as well as classifying the normal as well as the leakage.

Accuracy of the Traditional | 67%

method %

Proposed | Training 95%
Accuracy %
Testing 96%
Accuracy%

Classification 98%
Accuracy %

Table.3 Comparison of the Accuracy Achieved In the Traditional and the Proposed Method

5. CONCLUSION

The paper proposes the image detection, recognition and the classification for the leakage detection in the air-
conditioning system of the automobiles by utilizing the Bayesian filter integrated with the adaptive Type-2 fuzzy
system for the filtering the noises in the images gathered, involving the multi —populated genetic algorithm that is

population based involving the process of selection, recombination, mutation and the reinsertion in the feature
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selection process and the mean weight least square twin support vector machine in the process of classification. The

results obtained shows that the proposed method shows a considerable increase in the accuracy when compared to

the actual accuracy attained in the traditional methodology.
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