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1. INTRODUCTION

Air contains water vapor in various percentages. The

dew-point indicates the amount of moisture in the air. The

higher the dew-point, the higher the moisture content of the

air at a given temperature. In other words, the dew-point of

humid air is higher than the dew-point of dry air. 

The dew-point temperature is defined as the temperature

up to which air would have to cool(at constant pressure and

constant water vapor content) in order to reach saturation.

Saturation state is reached when air holds the maximum

amount of water vapor possible at the current temperature

and pressure.

The condensation of water vapor begins when the

temperature of air is lowered to its dew-point and beyond.

The dew-point, similar to the other measures of humidity,

can be calculated from readings taken by a hygrometer.

Condensation is a very common phenomenon in everyday

life. Although it does not leave durable signs on

windowpanes, it can be very unpleasant because it reduces

visibility, especially during driving. When water vapor in

air comes into contact with cold surfaces, the vapor

condenses on the cooler surface of the glass creating a

foggy effect. This condensation is annoying during driving,

and it indicates excessive humidity inside the car.

In recent times, modern cars have a powerful electronic

heating system for the passenger compartment and some

form of heater attached to the rear glass.

Many new cars and trucks now have automatic

temperature control(ATC) systems that not only regulate

cooling but also regulate heating for year-round passenger

comfort. Most of these systems have their own built-in

computers that are integrated into the control panel head,

located elsewhere, or integrated into the body control

module. 

Most ATC systems have a manual override mode or

semiautomatic mode that allows the driver to control most

of its functions. However, some manual control modes

must pass through the computer and must be acceptable to

the operating logic of the ATC system.

Automobile manufacturers develop their own operating

logic that varies from one model to another and from one

year to the next. The logic dictates whether the system

must go into the recirculation mode to maximize cooling

when a vehicle is first started on a hot day or whether it

must not. Most systems do not turn on the air-

conditioning(A/C) compressor if ambient temperatures are

below freezing point, although they may run the A/C
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Abstract

In this study, we designed an embedded system for automatic condensation control(ESCC) of the car. This system heats the car glasses
as and when it is needed that makes driving safer and convenient. The system was built on an ATmega128L central processing
unit(CPU), using high-performance electrically erasable programmable read-only memory(EEPROM) complex programmable logic
device(CPLD) ATF1504AS, using which an ESCC algorithm has been proposed. The source code was written in C language. The
algorithm of work was written using the dew-point table. This system not only clears the condensation on the glass but also averts
condensation. The designed ESCC system begins working once the input information comes close to the  dew-point table information.
This device enables a wider field of view, thereby increasing safety. 
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compressor when the system is in the defrost mode to

dehumidify air[1].

In this article, we design an embedded system for

automatic condensation control(ESCC) of the car. 

We propose an algorithm for the functioning of the

ESCC, which can avert condensation of car glasses. We

apply our proposed algorithm to real-time situations to

verify its effectiveness by comparing with calculation

results. The system developed in this study is a new

approach, and so far analog embedded systems have not

been designed or developed for condensation control in

vehicles.

The proposed ESCC system heats the car glasses when

needed and makes driving safer and more convenient. It is

built on an ATmega128L central processing unit(CPU),

using high-performance electrically erasable programmable

read-only memory(EEPROM) complex programmable

logic device(CPLD) ATF1504AS. 

The ESCC system not only clears the condensation from

the glass but also averts condensation. The system begins

working when the input information comes close to the

dew-point table information. After several experiments, we

found that this system can increase driver safety level

significantly by preventing condensation on the car glasses. 

2. ESCC  DESIGN AND THE PROPOSED
ALGORITHM

The ESCC system is a new device that helps improve

visibility, thereby increasing driver safety. This system is

designed such that it controls the breathing of the car’s

glasses and detects the temperature and humidity of the

passenger compartment. The proposed design is discussed

in the following section.

2.1 ESCC design 

The ESCC receives data regarding the glass temperature

and the inside temperature and humidity of the passenger

compartment. The input information to the system is based

on the data and the out-of-ratio temperature and humidity.

The ESCC includes the following functions: clock, alarm,

three modes of operation(automatic, timer, and manual),

SMART-electrical energy control system, temperature

management(glasses), temperature(inside, glasses) and

humidity information, and adaptive learning functions. The

clock displays a numeric representation of time using the

24-h clock system.(The 24-h clock is a convention used for

timekeeping in which the day runs from midnight to

midnight and is divided into 24 h, numbered from 0 to 23.

The alarm of the ESCC is designed to switch on the glass

heating system at a specific pre-defined time. The self-

teaching mode makes this system almost universal, that is,

it works in any weather conditions appropriately[2]. This

mode stores information for the future and informs the

ESCC regarding the current temperature and humidity

inside the car.

Figure 1 represents a block diagram of the ESCC. The

primary function of the microcontroller unit(MCU) is to

measure the temperatures of the each of the car’s glasses

and the inside temperature and humidity of the car. The

MCU also makes a decision whether to heat or not to heat

each window glass based on the dew-point temperature

and the input data. The MCU includes an 8-channel, 10-bit

analog-to-digital convertor(ADC) with an optional

differential-input stage with programmable gain and six

software selectable power saving modes. A CPLD chip

extends the I/O of the MCU and the output of the five

digital-to-analog convertor(DAC). The five DAC generates

the voltage for heating the window glasses. 

2.2 Algorithm 

The electronic control unit(ECU) of the car is designed

to make driving convenient and safe. However, the ECU

does not provide a solution to the problem of condensation

before starting the engine. The ESCC takes care of clearing

Fig.1. Block diagram of ESCC. 
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car glasses at all times of the day and in all types of

weather conditions. The algorithm uses an exclusive and

smart energy-optimization function that ensures that ESCC

works all 24 h in a day. The source code was written in C

language. The algorithm was written using a dew-point

table. 

The ESCC performs the algorithm represented by Figure

2 with temperature of heating battery, and baking time. 

The system begins to heat the window, only when the

critical moment is reached. The critical moment  is defined

as the moment at which the coefficients of temperature and

humidity are close to the dew-point data. The heating

proceeds step by step and does not allow accumulation of

moisture on the glass. The ESCC has many benefits, such

as easy integration with one of the already installed ECUs

and support of the alarm function(which helps save

energy)[3]. 

Figure 3 is a graphical representation of the glass heating

process, with a dew-point equal to -6 ℃(temperature = 10

℃, humidity = 30 %). 

The system turns on the heater 3 ℃ before the dew-point

is reached, and heats up every 0.3 ℃ until 12 V, thereby

averting condensation.  The ESCC supports a “SLEEP”

mode during nighttime when the car is not being used for 5

h - 6 h. This function helps save energy. The alarm

function returns the system to the online mode. Even

before the driver comes back to the vehicle, all the car

glasses will be clear. 

3. EXPERIMENTS AND RESULTS 

In this section, the ESCC is verified using experiments.

An EPU(electric power unit) was designed to increase

the voltage of the automobiles. The EPU increases and

stabilizes voltage from 12 V to 5 V, and it showed perfect

results without any delays and problems during all the

experiments. The designed ESCC works for 96 h in online

mode without errors.

3.1  Implementation of ESCC

The ESCC was built on an ATmega128L CPU,

EEPROM CPLD ATF1504AS, DAC0800, and other

systems as shown in Figure 4. 

The ATmega128L has onboard an 8-channel 10-bit

ADC[4].

The ATmega128L provides the following features: 128

KB of in-system programmable flash with read-while-

write capabilities, 4 KB EEPROM, 4 KB static random-

access memory(SRAM), 53 general purpose I/O lines, 32

general purpose working registers, real-time counter(RTC),

2 universal asynchronous receiver/transmitters(USARTs),

an 8-channel, 10-bit ADC with optional differential-input

stage with programmable gain, and six software selectable

power saving modes[5].

Fig. 2. Flowchart of  ESCC.

Fig. 3. Graph of glass heating.
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The idle mode stops the CPU while allowing the SRAM,

timer/counters, serial peripheral interface(SPI) port, and

interrupt system to continue functioning. The power-down

mode saves the register contents but freezes the oscillator,

disabling all other chip functions until the next interrupt or

hardware reset. In the power-save mode, the asynchronous

timer continues to run, allowing the user to maintain a

timer base, while the rest of the device is sleeping. The

ADC noise reduction mode stops the CPU and all the I/O

modules except the asynchronous timer and the ADC, to

minimize switching noise during ADC conversions. In the

standby mode, the crystal/resonator oscillator continues

running, while the rest of the device sleeps. This allows

very quick start-up and low power consumption. In the

extended standby mode, both the main oscillator and the

asynchronous timer continue to run[6].

The ATF1504AS is a high-performance, high-density

CPLD that utilizes Atmel’s proven electrically erasable

technology. With 32 logic macrocells and up to 36 inputs,

it easily integrates logic from several transistor-transistor

logic(TTL), small-scale integration(SSI), medium-scale

integration(MSI), large-scale integration(LSI), and classic

programmable logic device(PLD) units.

The DAC0800 series are monolithic 8-bit high-speed

current-output digital-to-analog converters featuring typical

settling times of 100 ns. When used as a multiplying DAC,

monotonic performance over a 40 to 1 reference current

range is possible. 

The DAC0800 series also features high-compliance

complementary current outputs to allow differential output

voltages of 20 Vp-p with simple resistor loads. The system

also allows to be tuned by 6 buttons and 16 × 2 liquid

crystal display(LCD).

3.2 Identification of the Dew-Point Temperature
Equation

The data presented in Table 1 was collected from the

Internet, which represents experimental results in real-time

conditions[7].

The plane equation is assumed as follows: 

ax + by + c = Tdp (1)

Applying least squares method using Table 1, the

following equation was obtained: 

0.9434x + 0.256915y + 22.85584 = Tdp                               (2)

where

Tdp = dew-point temperature

x = temperature in the car

y = humidity

Table 2 shows the squared error of dew-point

temperature when equation (2) is used. The maximum

squared error is              .

Fig. 4. ESCC of  the car.

Table 1.  Dew-point table from the internet
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Figure 5 represents the relationship or dependence

between dew-point temperature and humidity.

3.3 ESCC Analysis Results

The data from Table 1 can be used to compare the

working of the device against real-time situations.

Figure 6 shows the voltage difference between ideal and

real-time working situations. This figure shows that the

working of the ESCC in real time is almost the same as in

the ideal case. Several experiments were conducted and

most of the results were similar to the initial experimental

results. The temperature of glass was increased manually

almost to dew-point temperature.

This experiment shows the case of the system at the

critical error point(Fig. 7). The maximum value of error is    

(temperature inside the car compartment is 30 ℃,

humidity is 30 %).

Figure 7 shows that the algorithm of simulation and

algorithm in real situation is different. However, the ESCC

averts the condensation even in this case. The system

began to heat the car glasses a little earlier than it did in the

ideal case. It means that the system began spending energy

with full power, when it has to heat only by 11 V.

However, as shown in Figure 7, the glass heating began

earlier too.

In Figure 8, the temperature inside the car compartment

is 30 ℃, humidity is 30 %, and the temperature of glass is

changeable: 8.9 ℃ to 14.2 ℃.

Table 2. Dew-point equation errors in squares

Fig. 5. Relationship between dew-point temperature and  humidity. 

Fig. 6.  Difference of voltage between ideal and real-time working
situations.

Fig. 7.  Voltage difference between ideal and real-time working
situations(at critical error point).
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In conclusion, based on these experimental results, the

system averts the condensation in any case, and it spends a

little more energy at maximum error point. In this situation,

the temperature inside the car compartment is 30 ℃ and

humidity is 30 %; however, such a real-time situation is

seldom. Thus, we see that the maximum error point

situation is not relevant.

4. CONCLUSIONS

This research presents one of the newly developed

embedded systems, the ESCC, which provides good

visibility for the car driver by preventing condensation on

the car glasses, thereby improving the safety level.

In this study, a new device that uses the ESCC was

proposed to control condensation on the glass. The

software of this system was written in C language on an

ATmega128L CPU, which is ideal for such designs. One

of the major advantages of using the ATmega128L is that

it has an 8-channel, 10-bit ADC on-chip, and it is

inexpensive. The ADC was used as pin connections to the

temperature and humidity sensors. Moreover, an LCD

screen was installed to guarantee comfortable use of the

ESCC. 

Experimental results were in agreement with the

simulation results. The plane equation was transformed

using the dew-point table, and it was calculated in all

possible situations. The real-time situation results were

comparable with the simulation results in more than 50 %

of situations. The system was checked in critical situations

and showed excellent quality. On the basis of experimental

results, it can be seen that the designed ESCC was

successful in achieving its design goal. The designed

system was observed to function steadily from the

beginning to the end. The algorithm of work satisfies the

requirements by 96 %. 

The ESCC performs well even in the case of maximum

error of the transform plane equation. One of the main

problems in this situation is that the ESCC spends more

energy. However, it prevents condensation on the car glass

5 ℃ before the dew-point temperature is reached, whereas

in an ideal system, the ESCC begins to heat the car glass 3

℃ before reaching the dew-point temperature. The ESCC

worked for 96 h without interruption, and all functions

were performed successfully.  
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