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Abstract 

With the development of economy, more and more cars appear in the roads. Many drivers ignore the 
danger about driving after drinking so that drunk driving causes a large number of traffic accidents all 
around the world. By now, alcohol has killed a lot of people in the world. To reduce accidents caused 
by drunk driving, make certain the alcohol content in driver's body would help a lot, and it is related to 
alcohol concentration measuring and relevant instrument.

In this thesis work, the design of a simple alcohol meter was present. The designed system is 
composed of a gas sensor (TGS-822) working circuit, microcontroller PIC16F690 and LCD display. 
The system collects the electronic signals caused by resistance changes in gas sensor (TGS-822) from 
a built-in Analog-to-Digital Converter (A/D) in microcontroller PIC16F690, programs with 
PIC16F690, and displays alcohol concentration in LCD display finally. The measuring concentration 
range of the designed alcohol meter is from 50PPM to 5000PPM. This paper describes the data 
collection, processing and display of the designed alcohol meter in detail. And lastly, the author 
discussed about the advantages and disadvantages of the designed alcohol meter, it could be 
considered as a guideline for further work.

Key words: Gas sensor (TGS-822); Microcontroller (PIC16F690); A/D Converter; LCD display
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1.Introduction

1.1 Background

Along with the development of economy, more and more people have cars and more and more cars 
appear in the roads. Many drivers ignore the danger about driving after drinking. A problem comes 
out: It killed so many people all around the world. In 2009, 10,839 people were killed in traffic 
accidents which were related to drunk driving, accounting for nearly one-third (32%) of all traffic-
related deaths in the United States [1]. Every day, almost 30 people in the United States die in motor 
vehicle crashes that involve an alcohol-impaired driver [1]. It becomes very significant to prevent it, 
and make certain the alcohol content in driver's body. It becomes very significant to prevent it, and 
make certain the alcohol content in driver's body. Use of breath alcohol concentration (BrAC) has 
become a very common method for determining blood alcohol concentration (BAC), as it does not 
require using trained medical personnel to obtain and analyze blood samples [2]

Gas sensors are sensitive to alcohol, H2, CO. It gives out different signals in different concentration. It 
is possible to measure alcohol concentration in driver's breath with the help of an alcohol gas sensor. 

In the thesis work, the author is mainly focus on gas sensors and want readers to realize the crucial 
role of gas sensor in human life; there are different types of gas sensors, such as semiconductor gas 
sensor (include resistance type and non-resistance type), electrochemical gas sensor, solid electrolyte 
gas sensor, contact for the burning type gas sensor, photochemical type gas sensor, and polymer gas 
sensor, etc.

Different types of gas sensors have different advantages. For a semiconductor gas sensor, it offers the 
advantages of small size, simple operation, high sensitivity [3] and low cost. As shown in Figure 1, it 
is a typical resistance type semiconductor gas sensor. In this thesis work, the author used a resistance 
type semiconductor gas sensors, resistance type semiconductor gas sensors are made from metal oxide 
film (such as Fe2O3, TiO2, ZnO2, etc). It works based on the changes of its electrical conductivity, 
which is affected by the gas condition.

. 

Figure 1: A Typical Resistance Type Semiconductor Gas Sensor

Nowadays microcontroller is applied in many different fields. Storing and running a program is its 



Jianan Shi Design and implementation of an alcohol meter

5

most important feature. On the market, there is a variety of microcontrollers. In this thesis work, the 
author selected a PIC chip (PIC16F690). PIC (programmable interface controller) chips are versatile 
microcontroller chips from Microchip Technology [4].

1.2 Aim of the thesis

Design an alcohol meter consists of one microcontroller and one gas sensor. The system is shown in 
the diagram in Figure 2.

The goal of the thesis is integrate a gas sensor (TGS-822) and a microcontroller (PIC16F690), by 
means of C programming language in its Integrate Development Environment (MPLAB IDE v8.80) of 
this series of microcontrollers. With a LCD display connected, the alcohol concentration is shown in 
the LCD display (TLC1602A). Range from 50PPM to 5000PPM.

Figure 2: Block Diagram of the System

As shown in Figure 2 below, the designed alcohol meter was developed using components such as gas 
sensor (TGS-822), PIC16F690 and LCD display (TLC1602A). In the diagram above, a computer and 
a Pickit 2 are connected which are used for programming the system and it is a easy way of powering 
the system. The alcohol gas sensor (TGS-822) is used for obtaining gas concentration signals. 
Microcontroller PIC16F690 is powered with 5 V, and connected to a person computer by a Pickit 2 
with an USB. Microcontroller PIC16F690 offers an Analogue to Digital Converter (ADC), stores and 
runs the program. LCD display (TLC1602A) is used to display the final results of gas concentration 
and the computer offers the chip's Integrate Development Environment, which is MPLAB IDE v8.80 
software.
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2 Theory

Alcohol gas sensor gives different voltage signals depending on gas condition. With the help of 
PIC16F690, translate the voltage signals obtained by the Analogue to Digital Converter (ADC) on the 
chip into alcohol concentration, and display the final result in a LCD display (TLC1602A).

The theory of the designed system could be presented as its data collection, data processing and data 
display. For the data collection, a alcohol gas sensor (TGS-822) is picked to sense the alcohol gas 
condition, obtain the voltage signals from the sensor's working circuit with a built-in Analogue to 
Digital Converter (ADC) in microcontroller PIC16F690. For the data processing, polyfit the 
relationship of the final alcohol concentration and the inputs from the sensitivity characteristics curve 
of sensor TGS-822 from the sensor's datasheet with the help of MATLAB software. Program and 
translate the signals collected to alcohol gas concentration in Integrate Development Environment 
MPLAB IDE software with C program language. And for data display, with a LCD display 
(TLC1602A) connected and controlled, program and display the gas concentration in the screen.

2.1 Alcohol Gas Sensor TGS-822

The author selected a TGS-822 sensor in the design, as the diagram shown in Figure 3 below. A gas 
sensor responds to a large number of airborne compounds [5]. TGS-822 gas sensor is used for 
detecting for Organic Solvent Vapors. It has high sensitivity to organic solvents, e.g. alcohol, and a 
variety of combustible gases such as carbon monoxide too. The sensing element of TGS-822 sensor is 
a tin dioxide (SnO2) semiconductor. Tin dioxide (SnO2) semiconductor has low conductivity in 
cleaning air and its conductivity increases depending on the detectable gas concentration in the air. It 
is wrapped in a ceramic pedestal that is highly resistant to severe environments reach up to 200°C. [6]

Figure 3: TGS-822 Alcohol Gas Sensor Used in the Design
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For sensor TGS-822, it has the following features:
• High sensitivity to organic solvent vapors such as ethanol
• High stability and reliability over a long period
• Long life and low cost
• Uses simple electrical circuit [6]

For alcohol gas measuring, as the gas is passed through the cylinder, the bead absorbs alcohol, and it 
causes an increase in electrical conductivity. This rise in conductivity is in proportion to the 
concentration of the alcohol in the gas, which is measured electronically and converted to direct 
current voltage [7].

2.1.1 Working Circuit for Gas Sensor TGS-822

To offer different signals in different alcohol conditions, the alcohol gas is sensed in the air with its 
working circuit presented below.

As shown in the picture below in Figure 4, six pins are at the back of TGS-822 gas sensor. The 
numbers shown around the sensor in the circuit diagram in Figure 5 is corresponded with the pin 
numbers in Figure 4 which is connected with the relevant pins according to the pin numbers.

Put the gas sensor into a measuring circuit. Connect the measuring circuit like the circuit below 
diagram in Figure 5 shown. The specification of the measuring circuit is shown in Table 1.

Figure 4: 6 Pins for TGS-822 Gas Sensor [6]

 
Figure 5: Measuring Circuit of TGS-822 Gas Sensor [6]
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Table 1: Circuit Specification of TGS-822Gas Sensor

Item symbol Specification

Circuit Voltage VC 5V(DC)

Heater Voltage VH 5V(DC)

Load Resistance RL 10kΩ

First Branch
In the first branch, PIN 1 and PIN 3 are connected to VC which is the 5V circuit voltage in the 
measuring circuit, PIN 4 and PIN 6 are connected to a load resistance (RL) which is connected to 
ground. When gas concentration condition changes, the output voltage across the load resistance (VRL) 
increases as the sensor's resistance (Rs) decreases. Simply, put the sensing element (SnO2) of the gas 
sensor (TGS-822) in series with a load resistance (RL) like the diagram in Figure 6 below, the sensor 
(TGS-822) connected to Vc and the load resistance (RL) connected to ground. Obtain the voltage 
signal of the load resistance (RL) with the help of a built-in Analog to Digital Converter (ADC).

Figure 6: Branch Circuit of Working Circuit

Second Branch
In the second branch, PIN 2 is connected to VH, the 5V heater voltage, and PIN 5 is connected directly 
to the ground like the measuring circuit diagram shown in Figure 5. It is a heater resistance between 
PIN 2 and PIN 5, which is used for heat the sensor's sensing element and is 38.0 ± 3.0Ω at room 
temperature. 

2.1.2 Typical Sensitivity Characteristics for Gas Sensor TGS-822

The picture in Figure 7 represents typical sensitivity characteristics and the data is gathered at the 
standard test conditions, which have been listed as follows: 
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Test Gas Conditions: 20°±2°C, 65±5% R.H.
Circuit Conditions: VC = 10.0±0.1V (AC or DC)
VH = 5.0±0.05V (AC or DC)
RL = 10.0kΩ±1%
Preheating period before testing: More than 7 days 

Figure 7: Typical Sensitivity Characteristics of TGS-822 Gas Sensor [6]

In Figure 7, X-axis is indicated as the concentration of displayed gas, and Y-axis is indicated as sensor 
resistance ratio (RS/R0). 

For alcohol gas measuring in this thesis work, only Ethanol curve and Air line are considered. 
Measuring range from 50PPM to 5000PPM. RS is defined as the sensor resistance of displayed gases 
at various concentrations and is R0 is defined as the sensor resistance in 300PPM of ethanol. At 
300PPM ethanol, RS is equal to R0. The sensor resistance ratio (RS/R0) decreases as ethanol 
concentration increases. It is actually that the resistances are not specified in ohms but only the ratios 
because the variation in resistance is too large between each sensor.

RS

RS is defined as the sensor resistance of displayed gases at various concentrations. In Figure 6, the 
Analog to Digital Converter (ADC) from microcontroller PIC16F690 receives the output voltage 
signal from PIN RB5/AN11. By the output voltage across the load resistance (VRL), the sensor 
resistance (RS) is calculated by formula (1): 
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R0 is defined as the sensor resistance in 300PPM of ethanol. According to the Air-line in the picture in 
Figure 8, it is a parallel straight line and the sensor resistance ratio (RS/R0) is always equal to 18. That 
means the ratio is equal to 18 when there is only air. Obtain the sensor resistance in only air at the 
standard test gas conditions, so that calculate the sensor resistance in 300PPM of ethanol (R0). Only 

put the measuring circuit in air but at the test gas conditions. Afterwards, measure the output voltage 
across the load resistance (VRL) by a voltmeter, and calculate the sensor resistance RS by formula (1). 
Lastly, R0 comes out, which is the sensor resistance in 300PPM ethanol.

Calculate the sensor resistance ratio (RS/R0) at various concentration and compare and read the results 
from the Sensitivity Characteristics diagram. By these, the voltage signal has been translated to gas 
concentration.

2.2 Microcontroller PIC16F690

The microcontroller selected is PIC16F690. In the thesis, program is running in PIC16F690 to control 
each devices.

Analog-to-Digital Converter Module (A/D)
Microcontroller can only understand 0 and 1. In order to make the microcontroller understand the 
external signals which are usually fundamentally different from it understands, the signals have to be 
converted. An analogue to digital converter is an electronic circuit which converts continuous signals 
to discrete digital numbers. This module is used for input pin voltage measurement (analogue value). 
The result of measurement is a number (digital value) used and processed later in the program. [8]

Microcontroller PIC16F690 has built in 10-bit Analog-to-Digital Converter module (A/D). 10 bits 
resolutions amount to 1023 binary. With its reference voltage, obtain the output voltages from sensor's 
working circuit.

Add an Analog to Digital Converter (ADC) between the sensing element (SnO2) and the load 
resistance (RL) as shown in Figure 6, so that the measuring circuit can convert the changes in the gas 
sensor’s conductivity affected by the concentration condition to an output voltage signal, and at last 
obtain the concentration information.
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2.3 LCD Display (TLC1602A)

Figure 8: A 2×16 LCD Display Used in the Design

For data display, a LCD display (TLC1602A) is controlled and programmed by the microcontroller to 
display the data which is alcohol concentration in the screen. In the thesis work, the author used a 
LCD display (TLC1602A) to display information from the microcontroller, which could display what 
is happening inside the microcontroller as the program running. As Figure 8 shown above, this is a 
2×16 LCD display (2 lines) which was used in the thesis work.

2.4 Polyfit in MATLAB Software

As the Sensitivity Characteristics diagram shown in Figure 7, the final alcohol concentration is 
depending on the sensor resistance ratio (RS/R0) at various alcohol conditions. The sensor resistance 
ratio (RS/R0) is considered as a input signal and alcohol concentration is considered as an output. In 
order to find the relation between them, we use the method of curve fitting. Curve fitting is the 
progress of constructing a mathematical function that has the best fit to a series of data points, possibly 
subject to constraints. Curve fitting is commonly based on the principle of least squares. 

If have a data set{(xk,yk)}, and hope fitting the dataset using linear function set { ( )jf x }. Fitting 

function f(x) can be expressed as [9]

1
( ) ( )

M

j j
j

f x p f x


                                                                (2)

Just find a set { jp } made the error minimum of the sum of squares. Error function can be shown as

http://en.wikipedia.org/wiki/Function_(mathematics)
http://en.wikipedia.org/wiki/Function_(mathematics)
http://en.wikipedia.org/wiki/Function_(mathematics)
http://en.wikipedia.org/wiki/Data
http://en.wikipedia.org/wiki/Maxima_and_minima


Jianan Shi Design and implementation of an alcohol meter

12

2

2
1 2

1 1 1
( , ......, ) ( ( ) ) ( ) )

N N M

M k k j k k
k k j

E p p p f x y p f x y
  

 
    

 
                             (3)

When setting the gradient of E to zero, we can find the minimum value. The gradient of (3) can be 
expressed as

1 1 1
( ) ( ) ( )

M N N

i k j k j k k
j k k

f x f x p f x y
  

   
 

                                                  (4)

Solve the equation(4) ,the fitting finished.

When select { 2, ......, nx x x } as the function set { ( )jf x }, it is called polynomial curve fitting.

A polynomial p(x) of degree n can be defined as 

1
1

21 ...)( 
  nn

nn pxpxpxpxp                                                (5)

MATLAB is a popular numerical software for doing curve fitting, which is a high-level language and 
interactive environment for numerical computation, visualization and programming from math-
works.[10] Polyfit - a computer program for fitting a specified degree of polynomial to data points. 
[11] And polyfit function in MATLAB is used for polynomial curve fitting. 

p = polyfit(x,y,n) finds the coefficients of a polynomial p(x) of degree n that fits the data, p(x(i)) to 
y(i), in a least squares sense. The result p is a row vector of length n+1 containing the polynomial 
coefficients in descending powers. For example, a normal polynomial curve fitting:

If have 5 data points which are (1,4), (3,14), (4,22), (6,44) and (7,58), enter x array and y array, polyfit 
a polynomial with degree 2 in MATLAB software. The coefficients are 1, 1 and 2 and the polyfitted 
relation function is shown in formula (6)

22  xxy                                                                    (6)

To obtain the relation between thee sensor resistance ratio (RS/R0) and alcohol concentration. Pick and 
read several points from the Sensitivity Characteristics diagram (for Ethanol curve), polyfit the 
relation function of the input and the output.

http://en.wikipedia.org/wiki/Gradient
http://en.wikipedia.org/wiki/Maxima_and_minima
http://en.wikipedia.org/wiki/List_of_numerical_analysis_software
http://en.wikipedia.org/wiki/List_of_numerical_analysis_software
http://en.wikipedia.org/wiki/List_of_numerical_analysis_software
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3 Process and results

In this chapter, it introduces the setups of the measurement system in detail, including the setup of the 
gas sensor (TGS-822), the configuration of the built-in analog-to-digital converter, polyfit in 
MATLAB and the setup of LCD display (TLC1602A). Subsequently, it introduces the program of this 
system.

3.1 Create the Working Circuit of Sensor TGS-822

Connected the circuit in a breadboard as Figure 5 shown in Chapter.2.1.1 with power supplied by the 
microcontroller, preheated the gas sensor for more than 7 days. 

As the typical sensitivity characteristics diagram shown in Figure 8, it's a straight line in air and the 
sensor resistance ratio (RS/R0) approaches to 18. Only put the breadboard in air and connect a multi-
meter around the load sensor RL to observe the voltage around RL. The voltage decreased by the 
preheating time increased and gradually stable, lastly the voltage was stable to 0.5V. The sensor 
resistance Rs in air was obtained by formula (1) described in chapter 2.1.2.

The sensor resistance in 300PPM of ethanol (R0) was calculated by formula (7). In the formula, VC is 
equal to 5V, VRL is equal to 0.5V and load resistance RL is equal to 10KΩ.

18

1

180

L
R

C

S

R
V
V

RR L













                                                             (7)   

By calculating, R0 is equal to 5000Ω.

In the project, a watering can as shown in Figure 9 is used for imitating the alcohol gas. With alcoholic 
solution inside the watering can.
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Figure 9: Watering Can Used for Imitating Alcohol Gas

The sensor TGS-822 was tested for 5 groups. With a multi-meter connected around the load sensor RL 
and observed the voltage changes around the load resistance RL. For group 1, gave out the alcohol gas 
by watering can and noted the voltages from the voltmeter as time went by (at 1s, 5s, 15s, 25s, 95s), 
did the measurement for twice. For another group, diluted the alcohol solution by water and repeated 
the measuring steps. The data from the measurement of 5 groups are presented in the following table 
in Table 2.

Table 2: Test Data of TGS-822

Test groups 1 2 3 4 5

1s 3.87V 3.79V 3.64V 3.68V 3.42V 3.51V 3.25V 3.21V 3.15V 3.11V

5s 2.96V 2.98V 2.72V 2.65V 2.74V 2.41V 2.57V 2.43V 2.3V 2.23V

15s 2.24V 2.17V 2.08V 2.10V 2.03V 2.03V 1.90V 1.99V 1.7V 1.85V

25s 1.93V 1.88V 1.84V 1.79V 1.86V 1.75V 1.71V 1.77V 1.5V 1.64V

Voltage 
Changes 

in RL

(VRL)
95s 0.65V 0.57V 0.57V 0.54V 0.64V 0.51V 0.68V 0.59V 0.61V 0.66V
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Figure 10: Scatter Diagram for 5 Test Groups
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The test values for each group is scattered in the diagrams in Figure 10. For each time, the voltage 
reached up to a maximum value and then decreased to 0.5V gradually. And the maximum voltage 
around the load resistance RL became lower by diluting the alcohol solution. The gas sensor worked 
well in the test. From the diagrams, we can see that the test values are stable for every group.

3.2 ADC Configuration

Connect RB5/AN11 to sensor's working circuit as Figure 6 shown. The pin out of chip PIC16F690 is 
present in the diagram in Figure 11:

Figure 11: PIN Diagram (PIC16F690) [6]

Analog-to-digital converters read an analog voltage and convert it into a digital equivalent number, so 
that it can be understood by a microcontroller [12]. Chip PIC16F690 is a microcontroller with built-in 
analog-to-digital converters.

As the pin diagram in Figure 11 above shown, AN0-AN11 are analog input channels. In the thesis 
work, the author used AN11 as an input channel. Therefore analog signal was input from RB5/AN11. 
PIC16F690 has built in 10-bit Analog-to-Digital Converter module (A/D). 10 bits resolutions amount 
to 1023 binary. With reference voltage 5V, the voltage signal around the load resistance (RL) was 
obtained by formula (8). Program it and make analog-to-digital converter into work.

1023
5000__ 


tmplvolg                                                            (8)

g_vol is defined as the output voltage signal and l_tmp is defined as the digital equivalent number 
converted from the analog voltage.
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3.3 LCD Setup

Connect a LCD display (TLC1602A) to PIC16F690 for displaying the results. The LCD is normally 
used for the microcontrollers. With a LCD display (TLC1602A) connected, the alcohol concentration 
are displayed in the screen. The pin out of TLC1602A is presented in the below diagram in Figure 16. 
Totally 16 pins in TLC1602, Vcc and Vss are connected to the V++(5V) and GND (Ground), which 
are used for offering the power for the display. BLA and BLK are connected to the power and ground, 
which are used for offering the power for the background light. V0 is for contrast controlling, in the 
project the author connected it to the ground. In the project, R0 was connected to RC5 in PIC16F690 
and E connected to RC4. R/W (Read/Write Port) was connected to GND (Ground), so that the LCD 
display was always in write status. If connect to V++ (5V), the LCD display will always in read status.

Figure 12: PIN Diagram of TLC1602A

LCD TLC1602A can display information in two lines, 16 positions in each line and each position can 
display one character. 

3.4 Data Processing with MATLAB

In this thesis work, the input voltage signals were translated to the sensor resistance ratio (RS/R0), 
which is the Y-axis in Typical Sensitivity Characteristics diagram in Figure 7. And the output is the 
alcohol gas concentration, which is the X-axis in the Typical Sensitivity Characteristics diagram. In 
MATLAB software, polyfit the relation of the input and the output.

Pick and read several points in Ethanol curve from Typical Sensitivity Characteristics diagram in 
Figure 7 (only alcohol gas studied in this thesis work). The data are present in the following table in 
Table 3.
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Table 3: Sensitivity Characteristics Data

Input (Rs/R0) Output(concentration) PPM

0.155 5000

0.18 4000

0.215 3000

0.285 2000

0.47 1000

0.49 900

0.53 800

0.59 700

0.65 600

0.72 500

0.83 400

1 300

1.35 200

1.95 100

2 90

2.1 80

2.3 70

2.55 60

2.85 50

Polyfit the function with degree 4 and plot the graph (X-axis range from 0 to 3) as follows in Figure 
13.
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Figure 13:Polyfit Diagram in MATLAB (Failed)
In Figure 13, X-axis is indicated as sensor resistance ratio (RS/R0), and Y-axis is indicated as the 
concentration of alcohol gas. The curve is the graph of the polyfitted function and the circles are 
picked data in Table 3. 

The coefficients are presented as follows for 4 degree:

mod =[1271.7 -8684 20593 -19917 6844.5]

The polyfit function is presented in formula(9):

5.684419917x2059386847.1271 234  xxxy                             (9)

From Figure 13, the fit result is not accurate and some errors existed. Polyfit failed.

And from the sensor's Sensitivity Characteristics diagram in Figure 7, it is a logarithmic relationship 
between the ratio and the gas concentration, taking into account the microcontroller running speed 
problem, the author made a ln (RS/R0) single side logarithm fitting.

The author did another polyfit (4 degree), took the logarithm of the sensor resistance ratio (RS/R0). The 
x-axis is defined as ln(RS/R0). plot the graph (X-axis range from -2 to 1.5) as follows in Figure 14.

Figure 14:Polyfit Diagram in MATLAB (Successful)

In Figure 14, X-axis is indicated as the logarithm of sensor resistance ratio ((ln(RS/R0)), and Y-axis is 
indicated as the concentration of alcohol gas. The curve is the graph of the polyfitted function and the 
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circles are picked data in Table 3. From the fit curve and the points in Figure 14, the fit is much more 
accurate and less errors existed. 

The coefficients are presented as follows for 4 degree:

mod =[169.36 -147.22 207.07 -495.55 331.81]

The polyfit function is presented in formula(10):

4 3 2169.36  -147.22 +207.07  -495.55 +331.81y x x x x                                (10)

It should be noted that the fitting value is valid in the scope of the test data, but it need to be examined 
further beyond the data scope.

Figure 15:Absolute Error vs. Rs/ R0
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Figure 16: Fractional Error vs. Rs/R0

To see the errors between the original values and the polyfitted polynomial, two error graph are 
presented. The absolute error is shown in Figure 15, X-axis is indicated as sensor resistance ratio 
(Rs/R0) and Y-axis is indicated as absolute error. The absolute error range is from -63 to 60. The 
fractional error is shown in Figure 16, X-axis is indicated as sensor resistance ratio (Rs/R0) and Y-axis 
is indicated as fractional error. When the Rs/R0<1.5, fractional error is low between -12% and 10%. 
When RS/R0 is closed to 2.83, the fractional error has a max value and is closed to -50%. The fit 
function cannot work very well in very low alcohol concentration. When 0.155<RS/R0<2.55 (50PPM-
5000PPM), the fit function can work well. It is usually below 500PPM in breathe gas after drinking to 
estimate if a man is drunk driving or not. And the range is enough for detecting.

3.5 Program Running and Result

The program is written in C language in the integrate Development Environment MPLAB IDE 
(version 8.80). The main loop in program is presented in the following flow chat that is shown in 
Figure 17. Set a built-in analog-to-digital converter and translate the digital signal to a voltage value, 
which could be used to calculate sensor resistance ratio (RS/R0). The final result in the screen by a 
series of operations is obtained and displayed.
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Figure 17: Main Loop in Program

Finally, the system is structured. To test the alcohol meter system, dipped a swab into alcohol solution. 
Keep blowing it to the gas sensor of the system for a few seconds. The alcohol concentration result 
was displayed in the screen.

The ambient factors affect the results a lot. From Figure 18, the ambient temperature and ambient 
humidity have effects to the gas sensor from the different degree. Errors exist and may be from 
temperature effect, humidity effect.

Figure 18: Typical Temperature and Humidity Dependency Characteristics [6]
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4 Discussion 

This section is the discussion of the thesis work. Through the process of the thesis, the alcohol sensor 
was used to set up in the test board. With incorporating the microcontroller and the LCD display, 
display alcohol concentration in digital format through LCD. In this chapter, the method used, the final 
device and the results will be discussed.

4.1 Discussion of the Method

The purpose of the thesis work is to construct a test board, including an alcohol sensing circuit, and 
incorporate a microcontroller and a display to show the results of alcohol concentration. The method is 
to build up the device with a PIC16F690. Through the process of research, it was found that the results 
of the device were not very stable in different air conditions. The influencing factors to the results are 
humidity, ambient temperature. The defect of the method is leading to the inaccurate results. 

4.2 Discussion of the Final System

4.2.1 Advantages of the system

The system has the following advantages:

1. The system is easy to use. It is possible to powered with batteries instead of a personal computer.

2. The system is low cost. The whole device cost less than 300Kr.

3. The system can do quick measurement. The response time of the sensor is less than 1 second and 
the program time is 200ms (Processor Frequency = 20MHz).
 
4. The display of the system is simple and easy to observe and record the result.

4.2.2 Disadvantages of the system

In additional, the system has some disadvantages in the following.
1. Before measuring, the system need to be heated for a few minutes. In the project, the gas sensor 
need to be reheated for 7 days to be stable. And after this, the sensor also need to be heated for a while 
before measuring

2. The system is affected by external environment, e.g. ambient humidity and ambient temperature.
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3. The system is not accuracy enough when comparing with other advanced equipments. 

4. The measuring range of the system is limited.

5. Only present concentration shown on the display, more functions could be added, e.g. over limit 
alarm.

4.3 Discussion of the Error

It can be seen that error exists from the measurement results. Considering various factors, humidity and 

temperature are important factors to influence the expiratory measurements. In additional, if do some 

precise calibration, the measurement error may also be reduced.
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5 Conclusion

Almost the final result of the thesis work follows the author's research aim. The designed system is 
able to work as an alcohol meter. Measuring range is from 50PPM to 5000PPM. It follows features of 
low cost, minute extension and high sensitive. Besides, some insufficient are existed in the system as 
mention in Chapter 4 Discussion. To sum up, it is a reliable and portable design. Considering about the 
errors in the measurement and the limitation of the system, some further work can be done to improve 
the system.

A. Add a temperature sensor for offering temperature compensation.

B. Add a humidity sensor for offering humidity compensation.

C. Pick another alcohol gas sensor as a reference sensor, which could be used to verify the measuring 
results from the designed system.

D. Battery powered instead of USB powered to get rid of supplied power from a PC, which will cause 
great inconvenience in carrying.

E. Simplify the program to save program time.

F. Select more advanced chip to fasting the running speed of the system.
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Appendix A

The main code: #include <pic.h>

#include "lcd.h"

#include <math.h>

__CONFIG(FOSC_INTRCCLK & WDTE_OFF & PWRTE_ON & MCLRE_OFF & CP_OFF & 

CPD_OFF);

#define ADC_CH 11

long int g_alcohol;

int g_vol;

char g_dis_buf[10];

void gpio_init(void)

{

TRISB |= 1<<5;

ANSEL=0;

PORTC = 0x00;

PORTA = 0x00;

TRISC = 0x00;

TRISA = 0x00;

}

void ADC_init(void)                                //Set ADC and ADC collects data

{

ANSELH = 0x08;

ADCON0 = 0x00;

ADCON0 |= ADC_CH<<2;

ADCON1 = 0x50;

ADCON0 |= 1<<0;

ADRESH = 0x00;

ADRESL = 0x00;

}

void ADC_calc(void)

{

long l_tmp;

int w_m;

int w_adc=0;

char i;

for(i=0; i<8; i++){

ADCON0 |= 1<<1;/*set GO for 1*/
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while(ADCON0 & (1<<1));

w_m = ADRESH;

w_m <<= 2;

w_m |= ADRESL>>6;

w_adc += w_m;

}

w_adc /= 8;/* divide 8*/

l_tmp = w_adc;

g_vol = (l_tmp*4550.)/1024;/*calc vol*/            //Translate ADC value to voltage

}

void CPU_wait(int n)

{

while(n--);

}

void LCD_str(char x, char y, const char *s)

{

if(y==0)

{x+=0x80;}

else

{x+=0xC0;}

print_instr(x);

while(*s!='\0')

{   print_data(*s);

s++;}

}

void display(void)

{   float rs;

    double g_logalc;

    double abc;

rs  = (5000./g_vol-1.)*10000.;/*Calc Rs*/

rs = (rs/5000.);/*0.1 * 10=1*/                    //Calculate Rs/Ro

 abc = rs;

         g_logalc = log(abc);

g_alcohol = 169*(g_logalc*g_logalc*g_logalc*g_logalc)-

147*(g_logalc*g_logalc*g_logalc)+207*(g_logalc*g_logalc)-496*g_logalc+332;                               //Put 

into the formula and obtain concentration

    g_dis_buf[0] =g_alcohol/1000%10 + 0x30;         // Display the result

g_dis_buf[1] =g_alcohol/100%10 + 0x30;
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g_dis_buf[2] =g_alcohol/10%10 + 0x30;

g_dis_buf[3] =g_alcohol %10 + 0x30;

g_dis_buf[4] = '\0';

LCD_str(0,1,"Alcohol:");

LCD_str(8,1,g_dis_buf);

    LCD_str(13,1,"PPM");

}

void main(void)

{

gpio_init();

ADC_init();

init_display();

while(1)

{

CPU_wait(50000);

ADC_calc();

display();

}

}


