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ABSTRACT 
Advanced automotive cooling system can significantly improve the response of gasoline and diesel engine by enhancing its 

temperature regulation, minimizing fuel consumption and reduce parasitic losses along with tailpipe emission. Embedding 

computer-controlled water pump, radiator fan, and variable position smart valve into the vehicle cooling system increases the 

system efficiency in comparison with the conventional cooling system. In this system, Artificial Neural Network based multi-layer 

feed forward technique system are used to estimate the dynamic behavior of the cooling procedure. That includes efficient heat 

transfer by variable coolant fan speed, variable coolant flow. 
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INTRODUCTION 

 
A cooling system must keep engine within operating temperature. The desired temperature keeps the engine 

with its maximum efficiency. The automobile cooling system consist of three major parts, they are radiator, 
water pump and cooling fan, the flow of coolant carries the heat from the engine and flow towards the radiator. 
In the radiator heat exchange happens and the movement of coolant performed by water pump.      

 
Literature Review: 

The conventional cooling system and the related components are at the peak of their development. No 
further research can be done on these systems. So to aid even better cooling and to reduce parasitic losses along 
with tailpipe emissions can be achieved by electro-mechanical means, controlled by a neural networks can be 
used rather than relying on a mechanical system. Neural Networks can be used to develop nonlinear 
architecture, since they shows greater ability in modeling nonlinear controllers. ANN based modeling of the 
cooling system, with back propagation learning method is used. It was based on predicting specific fuel 
consumption and exhaust temperature of a diesel engine. 

 
Existing Setup: 

The existing system provides mechanical water pumps and radiator pumps are used. Such a system is fully 
driven by engine output. It adds load to the engine. The cooling system may not be able to adapt itself according 
to the variable atmospheric condition. Heavy load is carried to engine by belt drives connected to cooling 
system. 
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Adaptive cooling is not possible. Belt drive cooling fans cannot be used in transverse engines.  Cooling fan 
speed cannot be varied. 

 
Proposed Solution: 

In adaptive cooling system, an Embedding computer-controlled water pump, radiator fan, and variable 
position smart valve are used to increases the system efficiency. In adaptive cooling system cooling fan speed 
can be varied. It will provide warning to driver in case of failure of the system. For coolant temp: Above 120°C 
- fan speed increases (~ 3200rpm) below 90°C – fan OFF. 

 
Artificial neural networks: 

Artificial neural networks are simple processing units that communicate by sending signals through large 
number of weighted connections. It consist of processing unit and connections. The information is stimulated 
with specific values stored in weights that make the network in adaptive nature to learn, memorize and create 
relationship among data. ANN consist of three layer input layer, hidden layer and output layer. ANN has been 
utilized in a wide range of application such as recognition, optimization, clustering, regression, and prediction. 

 
Artificial neural networks in cooling system:: 

Artificial Neural Networks are computational models that can be used to imitate the behavior of biological 
networks. Such models are used to solve complex functions in diverse applications. An Artificial Neural 
Networks is trained by introducing different known input and desired output vectors. The weights of the 
Artificial Neural Networks are updated in order to reduce difference between the Artificial Neural Networks 
actual outputs and desired one. The sensors are used to measure the various parameters required for the adaptive 
system.  

The application of neural network in cooling system aids the system in better cooling and emissions. The 
system will be able to respond according to running conditions of the vehicle. It includes engine speed, 
atmospheric conditions, coolant temperature. 

 
Problem definition:: 

1. Collection of different components 
2. IC programming and Fabrication 
3. Implementing the parts 
4. Testing the model 
5. Modification of parts, if required 
6. Final testing and submission of demonstration. 
 

Conditions to be achieved in cooling system: 
1. It will adapt itself for the variable engine speed and engine temperature 
2. Environmental conditions should be taken care 
3. Feedback to the system should be maintained all the time 
4. Response to varying temperature condition of engine in hard acceleration or deceleration 
5. Should keep the temperature at optimum level 
6. Should provide warning to the driver in case of malfunctioning. 
 

Requirements Of Adaptive Cooling System: 
1. Measurement of coolant temperature, 
2. Response of servomotors and cooling fans 
3. Constant monitoring of the flow rate of coolant and speed of the cooling Fans 
4. Correction to be applied in case of deviation from the actual value 
5. Feedback to be provided to the controllers depending on the variations of the various parameters 
 

Pin diagram: 
The Pin diagram of PIC16F877A microcontroller are 40pin 8bit micro-controller. The detailed pin 

description is provided. 
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Fig. 1: Pin Diagram 

 
Power supply:: 

 
TRANSFORMER 

 
 

RECTIFIER 
 
 

FILTER 
 
 

IC REGULATOR 
 
 

LOAD 
 
The ac voltage, typically 220V rms, is connected to a transformer, which steps that ac voltage down to the 

level of the desired dc output. A diode rectifier then provides a full-wave rectified voltage that is initially filtered 
by a simple capacitor filter to produce a dc voltage. This resulting dc voltage usually has some ripple or ac 
voltage variation. 

A regulator circuit removes the ripples and also remains the same dc value even if the input dc voltage 
varies, or the load connected to the output dc voltage changes. This voltage regulation is usually obtained using 
one of the popular voltage regulator IC units. 
 
Transformer: 

The potential transformer will step down the power supply voltage (0-230V) to (0-6V) level. Then the 
secondary of the potential transformer will be connected to the precision rectifier, which is constructed with the 
help of op–amp. The advantages of using precision rectifier are it will give peak voltage output as DC, rest of 
the circuits will give only RMS output. 

 
Bridge rectifier: 

When four diodes are connected as shown in figure, the circuit is called as bridge rectifier. 
 

Ic voltage regulators: 
Voltage regulators comprise a class of widely used ICs. Regulator IC units contain the circuitry for 

reference source, comparator amplifier, control device, and overload protection all in a single IC. IC units 
provide regulation of either a fixed positive voltage, a fixed negative voltage, or an adjustable set voltage. The 
regulators can be selected for operation with load currents from hundreds of milli amperes to tens of amperes, 
corresponding to power ratings from milli watts to several watts. 
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Fig. 2: IC Voltage Regulators 

 
Liquid crystal display: 

A 16x2 LCD means it can display 16 characters per line and there are 2 such lines. In this LCD each 
character is displayed in 5x7 pixel matrix. This LCD has two registers, namely, Command and Data. 

 
Pin description: 

 

 
Fig. 3: Pin Description 

 
Lcd interface with pic microcontroller: 

 

 
Fig. 4: LCD Interface with Pic Microcontroller 

 
RESULTS AND DISCUSSIONS 

 
In Multilayer Perceptron Artificial Neural Networks, the training was stopped after 69 epochs. The 

magnitude of the gradient error and the number of validation checks are used to evaluate the ANNs 
performance. During training, the gradient error decreases until training termination conditions are met. The 
number of validation checks represents the number of successive iterations at which the validation performance 
fails to decrease the gradient error further. 
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Fig. 5: 

  
Fig. 6: 

 
The observations taken from the system on idling condition of the engine (around 1000rpm). The 

comparison of coolant temperature vs time is plotted below. 
 

 
Fig. 7: 

 
Variation of the gradient error and validation checks at each epoch are shown in figure shows the engine 

and radiator temperature responses with the three Artificial Neural Networks versus the experimental response 
for a step input. 

 
Conclusion: 

The MLP type of artificial neural networks are proposed, developed, and tested to imitate the behavior of 
electrical actuated automotive cooling systems. Experimental data are utilized in the development process of the 
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ANN models to estimate the actual performance of dynamic model in simulation. Statistical methods are 
utilized as well to demonstrate the effectiveness of the proposed ANNs. The integration of Artificial Neural 
Network in automotive cooling system can improve coolant temperature regulation and servomotor power 
consumption. The dynamic behavior of advanced automotive cooling can be represented by the proposed model. 
It enhances temperature regulation, minimize fuel consumption, and reduce parasitic losses along with tailpipe 
emissions. The basics of artificial neural network based cooling systems can be well suited for developed for air 
conditioning systems. The normal climatronic systems are based on general temperature sensors. The 
implementation of neural networks aids the efficiency of the air conditioning systems. The atmospheric 
conditions, air pressure, humidity etc., will consider for the cooling purpose. 
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