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Abstract

Development of an Electronic Nose-Tongue Data
Acquisition System using a Microcontroller

Martin Nissfolk

An ad-hoc data acquisition system was constructed in order to control an array of
different types of sensors and to collect their data. The system will be used as the
core for electronic nose and tongue systems used for classifying and distinguishing
different levels of contamination in water and other types of liquid. The system
consists of analog and digital electronics as well as software for a microcontroller and
a PC. The heart of the system is a PIC microcontroller that can communicate with
the real world and with a PC. With the real world it is referred to analogue devices
that measure things that are infinitely variable, they are not quantized like in the digital
world which is an approximation of the real world. A microcontroller is a small
computer fit into a single chip. This computer is a microprocessor together with
memory and I/O ports. Microchip is a company that has produced popular
microcontrollers called PIC’s. The microprocessor was programmed in the language
C. The system can take samples at accurate time intervals. A LabVIEW program was
developed so that the system can be controlled with a user friendly interface. The
sensors can be monitored in the LabVIEW program and the data can be exported to
a spread sheet text document, ready to be opened in another program for analysis.
With serial transmission the designed data acquisition board cannot only be interfaced
with LabVIEW on a PC running Windows, but also with Linux or Windows Mobile.
The system is robust, economic and portable. The report tries to describe how the
development was done.
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Sammanfattning 

Ett datasystem utvecklades med fysikalkemi som användningsområde. Kunden som ville ha systemet var en 
forskargrupp inom tunnfilmssolceller på National University of Engineering i Lima, Peru. Utvecklingen skedde på detta 
universitet. Systemet behövs till att bestämma och urskilja olika grader av förorening i vatten och i andra vätskor. För 
att kunna göra detta behöver man konstruera något som liknar en näsa och en tunga. Liksom människor och djur har 
doftkänsliga och smakkänsliga nervceller kan man härma detta med hjälp av elektroniska sensorer.  Dessa kallar man 
för elektronisk näsa och elektronisk tunga. 
Frågeställningen var hur man kan gå till väga för att skapa ett kontroll och mätsystem specifik för denna tillämpning 
med de krav som fanns från kunden samt till vilken materialkostnad. 
Systemet som konstruerades bestod av ett egentillverkat kretskort och programvara som sitter i kretskortet samt i en 
PC. Den elektroniska näsan och tungan är både kopplade till kretskortet samt utgör en del av kretskortet. 
Kretskortet kopplas in med en kabel till PC’n för att kunna interagera med denna. 
Hjärtat i systemet är en känd och populär mikrokontroller från företaget Microchip med namnet PIC. En 
mikrokontroller är en liten dator som får plats på ett enda chip. Då denna dator är mycket liten är dess kapacitet 
avsevärt nedskalad i jämförelse med en PC’s.  
Mikrokontrollern har möjlighet att kommunicera med den riktiga världen och med en PC. Med den riktiga världen 
syftar man i den här rapporten på den fysiska världen som man kan känna med lukt, smak osv. 
Programspråket C användes för att programmera mikrokontrollern. Detta språk passar bra då man har liten 
datorkraft. 
Systemet kan samla in data i noggranna tidsintervall som användaren kan välja.  
Ett program skrivet i LabVIEW utvecklades som gör att systemet kan kontrolleras genom ett användarvänligt grafiskt 
gränssnitt. LabVIEW är ett grafiskt programmeringsspråk vilket betyder att man istället för det traditionella sättet att 
skriva textfiler med kommandorader ritar ut grafiska blockdiagram och drar kopplingar mellan olika noder. Sensorerna 
kan övervakas i LabVIEW-programmet och mätdata kan exporteras till dokument där mätdatat är ordnat i tabeller 
som sedan kan analyseras i andra program. Eftersom det designade kortet kommunicerar med en känd standard för 
överföring kan det inte bara användas med ett LabVIEW-program på en PC utan även med andra program som 
Windows HyperTerminal och andra operativsystem som Linux och Windows Mobile. Systemet är robust, ekonomiskt 
och portabelt. Denna rapport ämnar att beskriva hur utveckligen av systemet har gått till väga. Bra resultat togs fram i 
form av diverse mätningar med både elektroniska näsan och tungan. 

Keywords:  

Electronic nose, Gas sensor, Electronic tongue, Potentiostat , Data acquisition system, PIC microcontroller, LabVIEW, 
Serial communication, Embedded system. 
 



Preface 

I arrived to a laboratory in Lima, Peru. In this lab they work a lot with sensors. Usually in labs big and expensive 
systems are used to control and measure devices like sensors. It is difficult to find a commercial system that makes 
exactly what is needed. These systems have many times features that are never even used. This is why a special 
system needed to be constructed. I did this as my final project.   
 
This is a thesis work of 30p that was conducted in order to terminate the four and a half year career of “Civilingenjör 
Informationsteknologi” 180p at Uppsala University. The project was created by the Thin film group at the National 
University of Engineering of Lima, Peru. The work consisted of designing a control & measurement system for 
different types of sensors. The system could be used to distinguish different samples of contaminated water, gasoline 
or the Peruvian liqueur Pisco.  
 
Overall there are several applications and areas where an electronic nose-tongue system can play an important role. 
In food industry electronic nose and tongue systems are used to grade quality e.g. freshness or to identify flavors and 
follow aging process of everything from cheese to oysters. Diseases and bacteria cells can produce odors on the 
breath, this is why an electronic nose-tongue system can be used in the medical industry to recognize smells from 
diseases like diabetes or cancer.  In lakes and reservoirs it is used in identifying water biohazards like e-coli bacteria 
and other toxins that are poisonous for cattle, wildfowl, fish and people [1,2,3,4,5]. 
 
This project was chosen because it practices many of the courses that I have had, in particular the courses in 
Measurement technology, programming in LabVIEW, analog electronics and embedded systems.  
 
The goal of this report is to show how a data acquisition system can be constructed with a microcontroller. In this 
report the focus is on information technology, electronics and design of a data acquisition system. It is not a report 
about the chemistry behind the sensors nor the methods that are used to analyze the collected data. It is the system 
that lies between these two fields. 
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1. Introduction 

Systems composed by an array of sensors and pattern recognition tools are widely used for classification of different 
fluids. An ad-hoc data acquisition system was needed for this. From some broad ideas about the design, a working 
prototype has been built.  
 
Now it’s time to get familiar with the terms electronic tongue and electronic nose. The purpose of this system is to 
control and measure from an electronic nose and an electronic tongue and to store these measurements. The 
voltammetric electronic tongue is composed by an electrochemical cell, a potentiostat and pattern recognition 
software[5]. The potentiostat needed to be constructed and it is an internal part of the system built onto the DAQ 
board(Data Acquisition board), while the electronic nose consist of commercial gas sensors connected externally to 
the DAQ board. A potentiostat is an electronic device that is inserted into a liquid in order to analyze it. The gas 
sensors are typically put inside of a chamber and the gas that needs to be analyzed is passed through this chamber. 
Although the system structure is the same for both electronic nose and tongue, there are several kinds of electronic 
noses and tongues basically depending on the kind of sensors used [1]. The electronic nose developed by the Thin film 
group at the National University of Engineering of Lima was made from commercial SnO gas sensors(SnO stands for 
tin oxide), a DAQ and software. The problem with that system was that it could not do voltage measurement 
sampling at constant time rates when the DAQ system runned continuous voltage sampling. The voltammetric 
electronic tongue developed in Peru used a commercial potentiostat (UNISCAN PG580) as the main device. The cost 
of this instrument (5000USD) is the main obstacle in developing systems that can be deployed in the peruvian 
countryside for water quality analysis. 
 
The water quality is one of the mayor concerns worldwide. In developing countries, like Peru, there are areas, located 
mainly in cities, where the quality of water accomplishes the international standards. But in suburban and rural 
locations the quality decreases dramatically, due mainly because of lack in infrastructure. This fact carries health, social 
and economic problems. 
 
In this work the development of a robust and economic electronic nose - tongue ad-hoc data acquisition system using 
a PIC microcontroller is shown. 

1.1 System specification 

There was a need for two systems one for gas sensors and one for a potentiostat with the following requirements. 
These two systems are separate and independent, one can function without the other. However they will be used for 
the same purpose, to be able to distinguish different contents of liquids. They are also put on the same board. A 
graphical user interface needed to be developed to easily control the system and to monitor the data and save it to 
the disk. The requirements from the customer were discussed and formulated as follows. 
 
Requirements for both systems:  
 

 Sampling at 10 Hz per channel (10S/s) 
 Cheap – Built of a few simple low cost components 
 Controllable with a LabVIEW program on a PC that stores the data in a spreadsheet file. The LabVIEW 

program should be user friendly. 
 Open source – All source code and documentation available 
 Easy to modify – It should be easy to maintain and to modify. Chip can easily be re-programmed. Sensors can 

be changed. 
 Portable – The system should be easy to move around. For example to bring it out to urban areas with a 

laptop and a battery. 
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Requirements for the electronic nose: 
 

 A LabVIEW program lets the user select which gas sensors to measure from and to select the time of the 
measurement. 

 Controlling up to 8 gas sensors, turning the selected gas sensors on when the measurement starts and turn 
them off when the measurement ends. 

 Measuring from up to 8 gas sensors, the output signal from the selected gas sensors should be monitored in a 
LabVIEW program on a PC. 

 
 
Requirements for the electronic tongue: 
 

 A small potentiostat should be built with operational amplifiers (opamps). 
 A LabVIEW program lets the user to choose a voltametric experiment. To select steps of voltages in 

different time intervals that will control the potentiostat.  
 Measuring the output of the potentiostat. 
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2. Method 

The system consists of an array of sensors and a potentiostat that is controlled by a data acquisition board (DAQ 
board) connected to a PC. On the PC the system is controlled and monitored through a graphical user interface. 
Between the DAQ and the PC communication is digital. Between the DAQ and the sensors and the potentiostat the 
communication is analogue.  
 

 
Figure 2.1: Design overview 

 
A data acquisition board is a device that samples from the devices that gives analogue signals, typically sensors to 
generate data that can be manipulated by a computer (Figure 2.1). The terms electronic nose and electronic tongue 
are used to distinguish the types of sensors in the system. These terms will later be explained in more detail.  
 
When designing a measurement system like this there are a number of possible solutions. First there is a decision to 
make about how the data acquisition should be handled. There are commercial DAQ instruments(Data Acquisition 
boards), like the NI USB-6008 for $175 or expensive ones like the NI6052E. None of those however have onboard 
amplifiers which means that they require some sort of circuit to amplify the current. The other option is to build a 
DAQ board from elementary components.  
It's obviously more work to build one from elementary components but it also gives more freedom and control. The 
possibility to make a smaller and more portable product is greater. 

2.1 Hardware 

Hardware in this report is not referring to the hardware of the PC. It is the hardware of the things that have been 
built. The data acquisition board and the potentiostat. The hardware of the system consists of a microcontroller and 
some analog components, some of them are parts of a potentiostat and some are there to amplify current. Another 
part handles the communication with the PC. The hardware was first tested on breadboard and then put on the 
circuit board that was developed. Gas sensors can be connected to this board. Gas sensors can detect different 
substances of organic vapor. A potentiostat can detect different substances in liquids. 
 

2.1.1 Electronic Nose 
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Figure 2.2: Block diagram of electronic nose 

 
The electronic nose consisted of an array of commercial gas sensors and pattern recognition software. These gas 
sensors measures the concentration of gas. The gas sensors are meant to complement each other just like the living 
organisms have many sensing nerve cells complementing each other. The models tested were Figaro TGS 822, Figaro 
TGS 813, Figaro TGS 825. These sensors have a sensing element made of tin oxide (SnOx). The sensors have different 
concentration of oxygen denoted by the x in SnOx. When a gas is present, an oxido-reduction reaction occurs on the 
sensing element and the surface resistance changes. This produces an output signal 0 to 5 volts that corresponds to 
the gas concentration. This signal is connected to the analog in pins AN0 – AN7 of the PIC microcontroller (Figure 
2.17).  
 

 
Figure 2.3: 
Figaro TGS-822 

 
Figure 2.4: 
Figaro TGS-813 

 
Figure 2.5: The pin 
numbering on the 
sensors 

 
Figure 2.6: The internal 
view of the sensors 
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As seen in figure 2.6 pin 1 and 3 are connected internally as well as pin 4 and 6. Between pin 2 and 5 there is a coil. 
The sensors coil needs to get heated up in able to function. To get sufficient current to heat up the coil it is not 
enough to connect it directly to a digital output of the microprocessor. Instead the current needs to be amplified with 
bipolar transistors. There are different ways of doing this. With a NPN transistor pin 5 is connected to ground or 
with a PNP transistor pin 5 is connected to 5 volts. 
 
Figure 2.7 and 2.8 shows two common ways of connecting the gas sensors.  

 
Figure 2.7: connecting a sensor with NPN transistor 

 
Figure 2.8: connecting a sensor with PNP transistor 

 
With the integrated circuit ULN2803 it is possible to connect up to 8 sensors on a single chip. The ULN2803 is an 8 
Channel Darlington Array mostly popular in stepper motor applications. But it obviously serves well for driving gas 
sensors also. 
 
 

 
Figure 2.9: connecting one sensor with ULN2803 

 
Its outputs are inverted so when input I1, I2, …, I8 is high its corresponding output O1, O2, …, O8 will be low which 
will produce a current through the coil because the other side is connected to 5V. When the input is low the output 
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becomes high and there will be no current through the coil as both sides of it will be 5V, which means that the sensor 
is turned OFF. Figure 2.9 shows how to connect one gas sensor to the ULN2803.  
 

2.1.2 Electronic Tongue 

  
Figure 2.10: Block diagram of the electronic tongue 

 
The voltametric electronic tongue is composed by an electrochemical cell, pattern recognition software and a 
potentiostat (Figure 2.11) with two electrodes [5]. A potentiostat can detect different substances in liquids. It can do 
so by setting a voltage between two electrodes, an electric current then appears through the liquid. By measuring this 
current different liquids can distinguished.  
 
A potentiostat measures the potential difference between the working and the reference electrode. Both electrodes 
are contained in an electrochemical cell. The basic potentiostat that can read about in all electrochemistry textbooks 
consists of three parts, Control Amplifier, Electrometer and I/E Converter. In this case two extra parts have been 
added to the design, one at the input called Amplitude Adjuster and one at the output called DC Level Offset. The 
idea was taken from the science paper "An Inexpensive Field-Portable Programmable Potentiostat" [1].  
 

 Amplitude Adjuster - The first OP-amp enables adjustments of the amplitude of the input signal with a 
variable resistor. 

 
 Control Amplifier –Is responsible to keep the voltage between the reference and the working electrode as 

close as possible to the voltage of the input source E.  
 
 Electrometer – Measures potential between counter electrode and reference point.  
 
 I/E Converter – Converts the current through the cell into a voltage. The voltage is measured over the 

resistor Rm. This way of measuring the current is called "active design"  
 

 
 DC Level Offset – The last step is there to adjust the DC-level to get a signal between 0 and 5V that can be 

read by the microprocessor.  
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Figure 2.11: Potentiostat in detail 

 
 
This is how it was built with integrated circuits. 
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Figure 2.12: Potentiostat configuration 

 
 

 
Figure 2.13: Bottom view and side view of potentiostat electrodes 
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2.1.3 Microcontroller 

The heart of the data acquisition system is a PIC microcontroller. The microcontroller chosen was Microchip 
PIC16F877. It is a chip with 40 legs found in a DIP40 type of case. With DIP (Dual In-line Package) the holes for pins 
go through the circuit board unlike surface mounted devices. The PIC has four IO ports. Port A, Port B, Port C and 
Port D. Every port has 8 pins. Any of them can be configured as digital inputs or outputs. There are 8 pins that also 
have the possibility to be configured as analogue inputs with 10 bit resolution, those are pin 0, 1, 2, 3 and 5 on Port A 
and pin 0, 1, and 2 on Port E. 10-bit resolution means that 0V give count zero and 5V give count 1024. The maximum 
speed of the oscillator is 20MHz and the PIC instructions require 4 clock cycles for each machine instruction cycle 
giving a maximum effective rate of 5MHz. The PIC is powered by 5V and ground. The PIC has basically 3 types of 
memories, FLASH, RAM and EEPROM. The FLASH memory is where the program is stored, also called program 
memory. RAM is used for the temporary data during run-time. The EEPROM is not used in this project but usually it 
is used for data memory that needs to be saved when there is no supply, parameters that need to be passed on to the 
next power up. 
 

 
Figure 2.14: The minimum configuration of a PIC16F877 

 
Figure 2.14 shows the minimum setup for the PIC16F877 to run. Even better is to have a pull-up resistor connected 
to PIN 1 instead of just a resistor. This enables reset with just a button press. When the button is pressed the pin 
gets low and the PIC resets. MCLR (master clear) is the same as RESET on other processor families. 
 
PIC16F877 has a built-in serial interface module called USART, also known as a Serial Communications Interface 
(SCI). The PIC microcontrollers in the PIC18F series provide built-in USB modules but this one uses only the RS-232 
protocol.  
 

2.1.4 Serial Communication 
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The microcontroller communicates with the PC through the serial interface RS232. A MAX232 is used to convert 
voltage levels from the RS232 standard (+-12V) to TTL levels (+-5V) that the microcontroller uses and vice versa. It 
also inverts the logic. 
 
 
 
 

 
Figure 2.15: The minimum configuration of a MAX232 

 

2.1.5 D/A Converter 

The PIC16F877 does not have any incorporated digital to analogue conversion module. There are two possibilities to 
create an analogue signal with a PIC16F877. Either connect an external DAC to its digital output pins or to use the 
inbuilt pulse width modulation module (PWM module). The DAC option was chosen because the limitation of 
resolution would then be depending on the choice of DAC rather than the PIC. But now when the DAC chosen was 
only 8-bit and the PWM module of the PIC is 10-bit it would have been better to use the PWM, at least in this 
prototype. The PWM option was actually included in the design of the board and switching can be made between the 
both with a jumper. The only thing needed to get it working is to add code for PWM in the PIC programs. 
 
In this project digital to analogue conversion was done using the DAC0808 chip connected to Port D on the 
microcontroller. 

 
Figure 2.16: The configured DAC 
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The D/A convertor has an output current, instead of an output voltage. Therefore it is followed by the operational 
amplifier OP07CP that works as a current to voltage converter.  
 

2.1.6 Circuit 

 
Figure 2.17: Schematics of the entire system 

 
The circuit was designed in the program CIRCAD'98. I/O terminals have been put on the edges. Bridges have been 
used to cross other wires and to avoid soldering on the top layer. In CIRCAD'98 placing wires is done manually unlike 
in other programs such as Cadence OrCAD where the wiring is done automatically. The board has two layers. Note 
that the bottom layer PCB is printed out mirrored. This is because it will be etched onto the back side of the board.  
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Figure 2.18: PCB top layer 

 

 
Figure 2.19: PCB bottom layer 

 
A list of the components used  
 

Units Price/unit(S/.) Item 
1 3.10 ULN2803 
8 0.20 Unipolar leds 3mm 
1 0.20 Bipolar leds (3 legs) 
3 0.20 Ceramic capacitors 27p 
4,1 0.20 Electrolytic capacitors 1u, 10u 
1, 8, 1, 8, 8 0.10 Resistors 100, 330, 470, 5K, 10K 

TL084 1 1.80 
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1 0.90 UA741CN 
1 6.00 DAC0808 
1 6.50 OP07CP 
2, 1, 2, 1, 1 0.60, 1.00, 1.40, 2.40 DIP8, DIP14, DIP16, DIP18, DIP40 
1 40 PIC16F877 
1 40 Crystal 
1 0.50 TAK open button 
1 10 MAX232 
1 1.30 DB9 Female RS232 connector 
4 0.20 PPB-6MM legs for circuit board 
1 40 Fiber glass circuit board 
21 0.50 Connection terminals 
1 14 Serial Null Modem Cable 
1 5 Voltage Regulator 

 
Total price (S/.) 191.2 
Total price ($) ~63.7 

Table 2.1: Components 
 

2.2 Software 

2.2.1 Software development tools 

The compiler used for the PIC programs was called CCS PCH C Compiler together with Microchip´s IDE called 
MPLAB. MPLAB is a free assembler programming environment. In order get this C compiler to function together with 
MPLAB it is necessary to install the MPLAB CCS plug-in. There are many tutorials on how to get MPLAB working 
together with the CCS C Compiler. Preferably look at appendice 3.  
 
Comparing with for instance the HI-TECH C Pro Compiler, the CCS C Compiler has the advantage that it is more 
minimalistic with a code that is much simpler to maintain. C compilers for microcontrollers have all their own set of 
functions and the C code written for one compiler can vary a lot from another. However the assembler code 
generated is very much the same for all microC compilers.  
 
To load the PIC programs on to the chip the program WinPic800 was used together with a PIC programming 
hardware. In Table 4.1 the options that occur when programming a PIC are explained: 
 
 

Description Comment Option 
Type of oscillator The oscillator used for the PIC.  

XT means Quartz crystal and runs at 
(200 kHz – 4 MHz).  
HS means High-Speed crystal and runs at 
(4 – 20MHz)  

OSC = XT 

CPD = Off Code Protection This is used to protect the code from 
reversed engineers and should never be 
enabled while developing. This is never a 
guarantee that the PIC is invulnerable to 
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attacks. 
Watchdog A watchdog triggers a system reset if the 

program hangs.  
WDTE = Off 

Power Reset A reset signal is generated when power is 
applied to the device. 

PWRTE = Off 

Brown Out on Reset A protection mechanism when power is 
removed. The main capacitors falls slowly 
not to harm the device or its peripheral 
devices. 

BODEN = Off 

Low Voltage Programming LVP means that a very simple 
programmer hardware and a single 5V 
supply can be used. This is supported by 
the newer PICs.   

LVP = Off 

Power Up Timer A special timer that delays the start of 
program execution giving the oscillators 
time to stabilize. 

WRT = Off 

Debug Mode Enables to communicate with and control 
the execution of a PIC CPU with debug 
software running in a PC 

DEBUG = Off 

Table 2.2: Settings for PIC programming 
 
 
It is also important to set the programmer device to the PIC programmer hardware that is used, in this case Propic2 
and the chip to PIC16F877. 

 

  
Figure 2.20: Configurating winpic 
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Figure 2.21: Detecting the chip 

 
Sometimes when loading a new program on to the chip the following error occurs (Figure 2.22). Usually this is solved 
by disconnecting the chip's oscillator and resetting the chip (at PIN1/MCLR). Press “detect the chip” in WinPIC 
(Figure 2.21). Then erase the chip memory and try to load the program again. 
 

 
Figure 2.22: Error when programming chip 

 
The data acquisition board that has been built communicates with serial RS-232. This means the choice of software 
does not necessarily have to be LabVIEW on a PC to be able to communicate with it. It is possible to use the board 
with other operating systems such as Linux or Windows Mobile without any modifications. Almost any programming 
language can be used to access the serial port.  
 
While developing a software that uses the serial port it is good to have a reference, a general test program that works 
and that can be compared with. Windows HyperTerminal would probably be the first choice because it is bundled 
with all versions of Windows from Windows 95 up to and including Windows XP. HyperTerminal is an application 
that can be used in order to connect a computer to other remote systems. With this it is possible to send and receive 
messages from the data acquisition board. In the appendice there is an example of how to use Windows Hyper 
Terminal. 
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The PIC programs can be simulated in the program Proteus from Labcenter Electronics. Proteus can even be used as 
a sort of plug-in program to MPLAB. This is called Proteus VSM. 
 
The following Schematic Design file is very useful when simulating the PIC16F877(Figure 2.23). It features leds 
connected to Port B and Port D, potentiometers connected to analog inputs AN0, AN1 and AN4 – AN7. Function 
generators are connected to analog inputs AN2 and AN3. When Pin D4 is high it resets both a timer and a counter. 
The counter increments at the pulse on Pin D5. Finally the COMPIM Serial Port Model (PIM stands for Physical 
Interface Model) that gives the simulation a direct connection to the physical world. The observant reader probably 
notices that the PIC lacks its oscillator, its power supply and the voltage at MCLR. However, this is not required to 
make the simulation run.  
 

 
Figure 2.23: Virtual PIC16F877 Trainer Board in Proteus Isis 

 
It should be mentioned that the simulation in Proteus is not in actual real-time. Using the "Counter timer model" as a 
second timer it can be seen that it is rather near real-time. It lags behind approximately 12 sec during one minute.  
 
By using a Virtual RS-232 serial port emulator program the PIC simulation can interact directly with e.g. 
HyperTerminal or LabVIEW. In this project Virtual Serial Port Driver 6.0 by Eltima Software was used. This is an 
advanced utility that makes virtual serial ports appear to the operating system or any Windows application as 
“standard” hardware serial ports. The reason to use this is that the software issues, in this case the communication 
between the PIC program and the LabVIEW program can be tested independently from the hardware. It is very 
common that a developer faces a bug in the system and can not determine whether it is due to hardware or software 
failure and that is why this is very useful. 
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During development and in simulation of the system this was the arrangement (Figure 2.24) 
 
 

MPLAB  
 
 Proteus VSM Virtual Serial 

Port Emulator 
LabVIEW 

 
 
 CCS C compiler 
  

 
Figure 2.24: Simulation setup 

 

 
Figure 2.25: Simulation of the potentiostat in Proteus 

 
The potentiostat can also be simulated in Proteus. In figure 2.25 a 10 Hz square wave is inputted with an amplitude of 
5V. The upper oscilloscope shows the input to the potentiostat and the lower shows the output of the potentiostat. 
In both oscilloscopes each horizontal line counts 2V. The electrodes are connected to a dummy cell with a 10uF 
capacitor and a 2.1k  resistor in series. This dummy cell gives the same kind of result as the real cell would do. In 
this case a DAC with voltage output has been used instead of the one with current output. Thus there is no need for 
an extra operational amplifier to convert current to voltage here. In this case the scaling at the output is not very 
pleasant. The oscilloscope window for the output of the potentiostat shows that the peak-to-peak voltage is about 
10V. By changing R10 at the I/E converter to 500  instead of 1k  the output signal of the potentiostat will be 
within the 0 – 5 Volt range.  

2.2.2 PIC programs 

Building a DAQ instrument involves programming a microprocessor. The most common languages for this are 
Assembler, C, C++, JAVA and Basic. In this project C language was used mostly because it facilitates the development 
of large and complex programs while being powerful at the same time. When it comes to sending and transmitting 
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data bigger than one byte C is much more convenient than assembler. The C standard library offers many useful 
functions. A C program occupies more memory than an assembler program with the same functionality, but if the 
space is sufficient why not use it. Another disadvantage with Assembler is that the code becomes much more difficult 
to read, which is a problem especially if another programmer has to maintain it. C also offers inline assembler which 
means that parts of the code can be written in assembler to make these more efficient. A good method for this is to 
disassemble the C code to see how it can be improved. 
 
 

 

 

The following is an example of how to use inline assembler. 
 

///////////////////////////////////////////////////////////////////////// 

////                  inlineassemblertest.c                          //// 

////                                                                 //// 

////  Shows how to transmit the letter D over RS-232 using inline    //// 

////  assembler. Note that there is no need to move between banks,   //// 

////  this is handled automatically. The only thing that is          //// 

////  important here is that PIR1 has address 0xc and TXREG has      //// 

////  address 0x19. This can be found P16F877.INC in the MPASM suite //// 

////  folder.                                                        //// 

////                                                                 //// 

///////////////////////////////////////////////////////////////////////// 

 

#include <16F877.h>                              //PIC model used 

#fuses HS,NOWDT,NOPROTECT,NOLVP                  //Fuses 

#use delay(clock=4000000)                        //Fosc=4Mhz 

#use rs232(baud=9600, xmit=PIN_C6, rcv=PIN_C7)   //RS232 setup 

 

void main() { 

 

   while(true) { 

      #asm 

      MOVLW     'D' ;load the value to send in this case the letter D 

      CALL TRANSMIT 

      ;---------------------TRANSMIT A BYTE ------------------------ 

      TRANSMIT: 

      BTFSS 0xc, 0x4 ;check PIR1<4> 

      GOTO TRANSMIT 

      MOVWF     0x19   ;write to TXREG 

      ;------------------------------------------------------------- 

      #endasm 

 

      delay_ms(100); 

   }   

} 

 
The same program in clean C would be like: 
 
///////////////////////////////////////////////////////////////////////// 

////                       cexample.c                                //// 

////                                                                 //// 

////  Shows how to transmit the letter D over RS-232 using C         //// 

////  assembler.                                                     //// 
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////                                                                 //// 

///////////////////////////////////////////////////////////////////////// 

 
#include <16F877.h>                              //PIC model used 

#fuses HS,NOWDT,NOPROTECT,NOLVP                  //Fuses 

#use delay(clock=4000000)                        //Fosc=4Mhz 

#use rs232(baud=9600, xmit=PIN_C6, rcv=PIN_C7)   //RS232 setup 

#include <stdio.h> 

 

void main() { 

 

   while(true) { 

      printf("D" ); 

      delay_ms(100); 

   }   

} 

2.2.2.1 Interrupts 
In order to sample from the sensors and send this data to the PC in common intervals some kind of timing device is 
needed. Luckily the PIC16F877 has built-in timer modules. Timers can be setup so that the main code is interrupted 
by an ISR (interrupt service routine) in some time interval. Inside an ISR all other interrupts are disabled by default but 
they can be enabled by setting enable_interrupts(GLOBAL); e.g. GIE=1 . TIMER 1 is a 16-bit timer ( 0 ... 65536 ).  
 
This means that it begins to count from some value that has been chosen up to 65536. When it reaches 65536 it 
overflows and the interrupt is triggered. 
 
It has prescalers 1, 2, 4 and 8. A prescaler divides the rate of counting by its prescaler factor. This means that 
prescaler factor 8 gives the slowest rate and prescaler factor 1 gives the fastest. Whatever the master crystal 
frequency is, the internal (system) clock is always the crystal frequency divided by 4. So if the crystal frequency is 
4MHz the system clock is 1MHz. The system clock is what drives the timer modules, if it is set to use the internal 
clock. In theory the formula to calculate the time in seconds that it takes before TIMER 1 rolls over/overflows is given 
by:  
 
Overflow time = 4 x Tosc x Prescaler x (65536-TIMER)  (2.1) 
 
,where Tosc = 1/Clock eg. 1/4000000 if using a 4Mhz crystal TIMER is the value that the timer starts counting from  
 
The formula can off course be written as:  
 
TIMER = 65536 - ((Overflow time)/(4 x Tosc x Prescaler))  
 
but be aware that if choosing an overflow time that is to long for the given prescaler the TIMER value will not 
correspond to the chosen overflow value. The TIMER will be a negative number if the given overflow time is to long.  
The longest possible overflow time is 0,524288 sec if using Prescaler 8 this corresponds to 1,9 Hz.  
 
To demonstrate what happens if the overflow time is too long an example is provided where Overflow time = 1 sec is 
chosen:  
 
65536 - (1/(4 x 1/4000000 x 8)) = -59464 
 
This TIMER value is valid and is the same as 65536-59464 = 6072, but it will not correspond to the Overflow time of 
1 sec. The real overflow time will be 0,475712 sec shown by the first formula:  
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Overflow time = 4 x 1/4000000 x 8 x (65536-6072) = 0,475712  
 
In practice however there are more things to take into account. To avoid skewing of the clock the interrupt service 
routine must be minimal. The real work is left for the main loop. A good rule is to never put a printf in an ISR unless 
the programmer is debugging and is willing to accept that the printf will mess up horribly any speed or timing. Using 
baudrate 9600 means that it takes 1ms to send a character.  
 

2.2.2.2 The architecture of the PIC programs 
Two PIC programs were developed, one for the electronic nose and one for the electronic tongue. They are quite 
similar. The main difference is that the electronic tongue measures from several sensors at the same time but it 
doesn’t need to change the output in time. The electronic tongue needs to control the output to the potentiostat at 
different values depending on time and samples only from one input. 
 
The electronic tongue PIC program contains a menu and a processing loop. The menu is where all the measurement 
parameters are set by the user. The processing loop is where the measurement takes place. The following parameters 
are requested in the menu: 
 

 To begin the menu the character ‘s’ has to be received. To request this value the string ‘ST’ is transmitted to 
the serial port. 

  
 ‘Voltages’ is an array of bytes. This is where the voltage steps are set. Because the DAC is no more than 8-bit 

of resolution each voltage is represented by a byte [0-255]. To request this value the string ‘VA’ is 
transmitted to the serial port. 

 
 ‘Voltage inclination’ is also an array of bytes of the same reason. This value sets the slope in every voltage 

step. To request this value the string ‘IN’ is transmitted to the serial port. 
 

 ‘Number of samples for each voltage value’ is a string of 16-bit numbers delimited by commas that tells how 
many seconds each voltage from the voltages array should last. The reason to use 16-bit is to have a high 
range of time, [0-65535] seconds. To request this value the string ‘TM’ is transmitted to the serial port. 

 
 ‘Sampling frequency’ is a 16-bit number that sets the 16-bit TIMER1 interrupt value that is used for the 

frequency of the sampling in the measurement. To request this value the string ‘FS’ is transmitted to the 
serial port. 

 
 
The processing loop starts when the menu has ended. The voltage values that the user has set are outputted on 
PORTD of the microcontroller at the given frequency. PORTD is connected to the potentiostat through a DAC. At 
the same time the potentiostat output is sampled with the ADC at PIN AN7 of the microcontroller. The samples are 
transmitted to the serial port between every measure point. The processing loop stops when all samples have been 
done or if a character is received at the serial port. 
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Figure 2.26: Flowchart of the PIC program for electronic tongue 

 
The electronic nose PIC program contains of a menu and a processing loop. The menu is where all the measurement 
parameters are set by the user. The processing loop is where the measurement takes place. The following parameters 
are requested in the menu: 
 
 

 To begin the menu the character ‘s’ has to be received. To request this value the string ‘ST’ is transmitted to 
the serial port. 

 
 ‘Channels’ is an array of bytes. This sets the channels to measure on. Each channel is connected to a gas 

sensor. To request this value the string ‘CH’ is transmitted to the serial port. 
 

 ‘Samples of the whole measurement’ is a 16-bit number that tells how many seconds the measurement 
should last. The reason to use 16-bit is to have a high range of time, [0-65535] seconds. To request this value 
the string ‘TM’ is transmitted to the serial port. 

 
 ‘Sampling frequency’ is a 16-bit number that sets the 16-bit TIMER1 interrupt value that is used for the 

frequency of the sampling in the measurement. To request this value the string ‘FS’ is transmitted to the 
serial port. 

 
 
The processing loop starts when the menu has ended. The channel values that the user has set are outputted on 
PORTB of the microcontroller. PORTB is connected to the gas sensors through an array of bipolar transistors. The 
response from the gas sensors is sampled with the ADC at PIN AN0 - AN7 of the microcontroller. The samples are 

   21  



transmitted to the serial port between every measure point. The processing loop stops when all samples have been 
done or if a character is received at the serial port. 
 

 
Figure 2.27: Flowchart of the PIC program for electronic nose 

 

2.2.3 LabVIEW programs 

What programming language should be used for the data collection & analysis? LabVIEW is perfectly suited for these 
kind of applications. It is easy to make a user friendly and eye appealing interface. LabVIEW has many ready made 
functions etc. that saves time for the developer. A major problem with LabVIEW though is that it is expensive, even 
the Linux version is not for free. The graphical LabVIEW way of programming is really easy, almost childish. But to 
build big and powerful applications is still quite an achievement.  
 
The important things in the LabVIEW programs for this project is how the serial reception is made, how the received 
data is stored, modularization with subVI’s and the fundamental architecture of the program. 
 

2.2.3.1 Serial reception 
Virtual Instrument Software Architecture (VISA) is a standard interface library comprising RS-232 and other protocols 
[18]. VISA provides the programming interface between the hardware and development environments such as 
LabVIEW. LabVIEW comes with interactive tools and configuration utilities for VISA. However it is very easy to make 
mistakes about how to use this library. Reception of a continuous serial data flow with unknown length demands 
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much more than just receiving a data stream with a known length. In order to get the most stable reception of serial 
data it is best to use VISA events (Figure 2.30 and Figure 2.31). With VISA events an event can be triggered when a 
termination character is received. Without this structure it is very problematic because the serial port input buffer 
will have to be read at a constant speed. It is not enough to just wire the value that "bytes at serial port" returns into 
the "byte count" input of the VISA read function (Figure 2.29). If it is read too slow it is just a matter of time before 
the serial port input buffer will overflow and the whole program collapses. If it is read to fast there is a big risk that 
only fragment of a message is read which later cannot be interpreted correctly. Specifying a "byte count" to the read 
function that is longer than the longest-possible message is not a good idea either [19]. Other possible ways to 
program the serial port in LabVIEW is to use the active-X control called MSComm32.ocx which is carried with the 
installation of Microsoft Visual Basic. 

 
Figure 2.28: COM2 session has not been closed 

 
If a LabVIEW program is quit in the middle of a session with a port it will be locked until the port is closed. If e.g. the 
port COM2 is locked this is alarmed by an icon next to COM2 as described in Figure 2.28. Closing is done with the 
VISA Close VI. 
 

 
Figure 2.29: A bad example of serial data reception in LabVIEW  

 

 
Figure 2.30: A good example of serial data reception in LabVIEW. Remember that nothing will be received unless a 

serial termination character, e.g. ‘\n’ in C is found at the serial port. 
 

   23  



 
Figure 2.31: Another good example of serial reception with the possibility to interrupt the VISA Wait On Event on 

stop button press.  

2.2.3.2 Modularization with subVI’s 
Modularization is breaking the code into modules of functionality and data which relate to one another. This helps 
maintenance and enables easy recycling of code. In LabVIEW each program is known as a VI, a Virtual Instrument 
because they imitate real instruments. A SubVI is the LabVIEW equivalent to functions, subroutines and methods in 
other programming languages. The electronic nose and the electronic tongue program is built of about 12 subVI’s 
each. They also share some of their subVI’s. 

2.2.3.3 Storing the data 
In this program a FIFO (First In First Out) buffer has been programmed specifically to handle XY-graph data. 
Unfortunately in LabVIEW there is no ready made VI’s that handles this. An XY-graph does not store previous values 
automatically like the Waveform Chart. It reads from a cluster of arrays. One array is for the x-values and another is 
for the y-axis. To get a nice updating XY-graph the values in the arrays have to be shifted in from the end of the 
arrays. 

2.2.3.4 Program architecture 
The program is divided into two main loops. One loop can be referred to as producer, this is were the serial data is 
read. The other loop can be referred to as the consumer and this is were the data is interpreted and put in its right 
context. The consumer loop is event driven and handles button events also. A queue handles the data flow from the 
producer to the consumer loop (Figure 2.32). 
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Figure 2.32: The principle of the queue system 

 
 

2.2.3.5 The user interface 
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Figure 2.33: Front Panel of LabVIEW electronic nose program 

 
The front panel of the electronic nose LabVIEW program (Figure 2.33) features: 
 

 Start button: Runs a new measurement. 
 
 Stop button: Stops a measurement that is running. This button is grayed out and disabled when there is no 

measurement running, 
 

 Save button: Saves the measurement that is displayed in the graph. This is Grayed out and disabled during a 
measurement. 

 
 Quit button: Quits the program. 

 
 Channels option: Channels can be selected for the measurement. The light bulbs of the selected channels are 

lit red. 
 

 Sampling frequency combo box: Selects the sampling frequency 
 

 Nr of samples input box: Selects the number of samples of the whole measurement.  
 

 Running light: Shows a green light when a measurement is running. 
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 Simulation mode switch: Off means normal. On if simulation mode is on. The simulation mode is using a 
subVI called simulateinstrument. This VI could produce serial data and send it directly to the queue bypassing 
the VISA interface. This was only used in the beginning of the design phase and had no  importance in the 
end. It turned out to be much better to simulate the whole serial port activity with a serial port emulator. 
That is why simulateinstrument is not present in the documentation. 

 

 
Figure 2.34: Front Panel of LabVIEW electronic tongue program 

 
The front panel of the electronic tongue LabVIEW program (Figure 2.34) features: 
 

 Voltage input boxes: Voltage steps for the measurement. 
 

 Inclination input boxes: Voltage inclinations for each voltage step. 
 

 Nr of samples input boxes: Selects the number of samples for each voltage step.  
 

 Running light: Shows a green light when a measurement is running. 
 

 Instrument Connected light: Shows if the instrument is connected or not. 
 
The rest of the features are explained in the front panel for the electronic nose. 
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3. Results 

In the results displayed in figure 3.1, figure 3.2 and figure 3.7 sinus waves produced by a function generator are used 
instead of the real signals from the sensors. This is to be able to see the resolution in time with a known signal. 
 
Figure 3.1 shows a measurement with the electronic nose measurement system. Four channels are sampled at the 
same time at a frequency of 10Hz. All the sinus waves are 1 Hz with different amplitudes and phase.  

 
Figure 3.1: Electronic nose measurement system test 1 

 
Figure 3.2 shows that the system can sample from two channels simultaneously at a frequency of 50 Hz.  
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Figure 3.2: Electronic nose measurement system test 2 

 
 
Figure 3.3, 3.4, 3.5 and 3.6 shows real experiments with the electronic nose system. The liquid that was tested on 
mixtures of two different types of Pisco liquor. These have the names Queirolo denoted by Q and Caballero Carmelo 
denoted by C. The mixtures made were 100% Quierolo, 75% Quierolo 25% Caballero Carmelo, 50% Quierolo 50% 
Caballero Carmelo and 100% Caballero Carmelo. 
 
Sampling frequency was 1 Hz and the amplitude is the response from the sensors shown as a value between 0 and 
65536. These measurements cannot be interpreted just by looking at graphs. Pattern recognition software has to be 
used to be able to distinguish these mixtures from each other. The interesting thing in this case however is to see that 
the data is acquired by the system correctly. The y-axis in the graphs are named a.u. for arbitrary unit. This is because 
only the proportionality between the data from the different sensors is what matters.  
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Figure 3.3: Electronic nose experiment 1, 100% Quierolo 
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Figure 3.4: Electronic nose experiment 2, Quierolo, 75% Quierolo 25% Caballero Carmelo 
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Figure 3.5: Electronic nose experiment 3, 50% Quierolo 50% Caballero Carmelo 
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Figure 3.6: Electronic nose experiment 4, 100% Caballero Carmelo 

 
 
 
Figure 3.7 shows a measurement with the electronic tongue measurement system. The red line shows the signal that 
controls the potentiostat. It has three steps. I volts during 10 samples, 2 volts during 50 samples, 3 volts during 40 
samples. The blue line shows a sine wave of 1 Hz that is coming from a function generator that is sampled at the same 
time.  
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Figure 3.7: Potentiostat measurement test 

 
 
In this result a simulated potentiostat is used with a dummy cell. Figure 3.8 shows a measurement with the electronic 
tongue measurement system. The input to the potentiostat (the red dashed line) is a squarewave updated at 50 Hz. It 
is 10 samples at 0V and 10 samples at 5V and repeating itself. The output of the potentiostat (the blue line) is sampled 
at 50 Hz. A dummy cell of a 10uF capacitor and a 2.1k resistor in series was used as a dummy cell to simulate a real 
electrochemical cell. 
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Figure 3.8: Potentiostat measurement test2 

 

4. Discussion and Conclusions 

The data acquisition system proved to be successful. It was certainly a very good decision to leave assembler 
programming behind and to work in C instead, mostly because it speeds up the development process dramatically. A 
big breakthrough in the development was when I discovered that Proteus Isis could not only simulate RS-232 
communication in its own internal environment, where RS-232 messages is visualized in a window called “virtual 
terminal”, but it could also send and receive real RS-232 messages and communicate with the outside world. That 
made it possible to see exactly if a specific problem was hardware or software related. Hardware design went 
relatively smoothly with one exception. The MAX232 can very easily be destroyed and worst of all is that it is able to 
continue to run although it’s in fact broken leading to strange confusion. If suddenly the serial messages stop making 
sense this could be the problem. Peru was a good place to be in for making the circuit board. I only wish I found the 
right people to do it earlier. Discovering the potential of VISA serial event in LabVIEW was also a great achievement 
and made everything so much more trustworthy. Another small adjustment that made a lot of difference was when 
the heavy work, sampling and sending serial data was moved out of the interrupt service routine of the timer and into 
the main loop. Suddenly the system ran much faster. The majority of the time was spent on debugging the serial 
communication, but in the end I learnt a lot about how these kind of problems should be treated. As the 
requirements of this application is clearly above the limitations of the microcontroller I would not have chosen the 
PIC16F877 again. Not even the improved PIC16F877 model that comes with an A suffix. The 18F series is priced only 
slightly higher than 16F series and has a newer CPU core, run faster, have more memory, peripherals such as USB, 
etc. 
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4.1 Future improvements 

To speed up the sampling it should be investigated whether this could be done with an external memory to store the 
data before it is sent to the PC. Or there might be some solution with an external ADC with inbuilt memory. 
Otherwise switching from RS-232 to USB communication would be very helpful as the transfer rate of the PIC seems 
to be somewhat of a bottleneck in the system. 
 
For the electronic tongue the DAC could be changed to one with higher bit resolution.  
 
Discarding the 5V input and use the 12V input directly into the voltage regulator.  
Or to use components that only use ground and 5V so that the +12V and -12V input can be removed.  
 
In the PCB, all the places where the socket pins have to be soldered on both sides could be changed so they only 
need to be soldered on the bottom side. This has been fixed in many places but not all using bridges that connect 
between the layers. It's ok when dealing with the resistors and capacitors for example but with sockets it helps a lot 
to only solder the pins on the bottom side.  
 
There are gas sensors some of them present in the laboratory that need to be connected differently. The circuit could 
be modified to be able to use all of them.  
 
Trying to make a cheap system and using LabVIEW is in itself contradictive, another programming language would cost 
much less. For big and complex programs, other programming languages than LabVIEW are also to be recommended. 
LabVIEW is more suitable for making small prototype programs. 
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6. Appendices 

6.1 Electronic nose LabVIEW program 

 
VI Hierarchy  
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main_nose.vi  

Name main_nose 

Connector 
pane 

 
Input   

Output   

Main nose program Function  

Execution Normal execution 
Block diagram 
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channelselector.vi  

Name channelselector 

Connector pane 

 
 [boolean cluster] boolean cluster Input  

 [string] string Output  

Function  Converts a boolean cluster to a string  

Execution   Normal execution  

Block diagram 
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data2XYgraph.vi  

Name data2XYgraph 

Connector 
pane 

 
 [boolean] hex?(true) 
 [string] id 
 [string] trimmed string 
 [integer] buffer length 
 [boolean] reset 

Input  

 [cluster] XY Graph Cluster 
 [integer] value 

Output  

Function  Extracts the data components from the received message and saves it in the XYgraph buffer. 

Execution   Normal execution  

Block 
diagram 
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ASCII2num.vi  

Name ASCII2num 

Connector pane 

 
 [string] ASCII character 
 [boolean] simulate 

Input  

 [8bit integer] value Output  

Function  Converts an ASCII character to its corresponding ASCII code.  

Execution   Normal execution  

Block diagram 
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XYgraphbuffer.vi  

Name XYgraphbuffer 

Connecto
r pane 

 
 [boolean] enable  
 [double] new element 
 [boolean] reset 
 [double] buffer length 

Input  

 [boolean] buffer overrun 
 [32bit integer] number of values 
 [double array] buffer data 

Output  

Function  Stores values into a FIFO buffer starting from the end. This is specifically made to use with XY-graphs.  

Execution   Reentrant execution  

Block 
diagram 
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XYgraph2spreadsheetfile.vi  

Name XYgraph2spreadsheetfile 

Connector pane 

 
 [string] comments  
 [ring] mode 
 [integer] # elements 
 [XY Graph] XY graph 

Input  

 [8bit integer] value Output  

Function  Stores XYgraph data in a spreadsheet file 

Execution   Normal execution  

Block diagram 
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myinstrument_init.vi  

Name myinstrument_init 

Connector pane 

 
 [VISA resource name] VISA resource name 
 [boolean] simulate 

Input  

 [Instrument] instrument Output  

Function  Initiate the instrument 

Execution   Normal execution  

Block diagram 
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myinstrument_read.vi  

Name myinstrument_read 

Connector pane 

 
 [Instrument] instrument 
 [string] bytes at port 

Input  

 [Instrument] instrument 
 [string] message 

Output  

Function  Read from the instrument 

Execution   Normal execution  

Block diagram 
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myinstrument_write.vi  

Name myinstrument_write 

Connector pane 

 
 [Instrument] instrument 
 [string] string 

Input  

 [Instrument] instrument Output  

Function  Write to the instrument 

Execution   Normal execution  

Block diagram 
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myinstrument_close.vi  

Name myinstrument_close 

Connector pane 

 
 [Instrument] instrument Input  

Output   

Function  Closes the instrument 

Execution   Normal execution  

Block diagram 
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myinstrument_bytesatport.vi  

myinstrument_bytesatport  Name 

Connector 
pane 

 
 [Instrument] instrument Input  

 [Instrument] instrument 
 [32bit integer] bytes at port 

Output  

Function  Checks when it is ready to read a message from the serial port. Returns the number of bytes at the port. 

Execution   Normal execution  
Block diagram 

 
 

   49  

http://www.skysip.com/proyecto/files/tongue/numarray2ASCIIstring.vi


6.2 Electronic tongue LabVIEW program 

VI Hierarchy  
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main_tongue.vi  

Name main_tongue 

Connector 
pane 

 
Input   

Output   

Main tongue program  Function  

Execution   Normal execution  

Block diagram 
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samplegenerator.vi  

Name samplegenerator 

Connector pane 

 
 [32bit integer array] array of samples Input  

 [string] total nr of samples 
 [32bit integer] total nr of samples 

Output  

Function  Adds the all the elements in a array of samples and returns it as a string or integer 

Execution   Normal execution  

Block diagram 

 

numarray2ASCIIstring.vi  

Name numarray2ASCIIstring 

Connector pane 

 
 [32bit integer array] values  Input  

 [string] ASCII characters 
 [boolean] Boolean output 

Output  

Function  Converts integers in an array to a string and to a binary representation 

Execution   Normal execution  

Block diagram 

 
 
myinstrument_bytesatport see electronic nose 
myinstrument_close see electronic nose  
myinstrument_write see electronic nose 
myinstrument_read see electronic nose  
myinstrument_init see electronic nose 
XYgraphbuffer see electronic nose  
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data2XYgraph see electronic nose  
XYgraph2spreadsheetfile see electronic nose  
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6.3 Electronic nose PIC program 

///////////////////////////////////////////////////////////////////////// 

////                  electronic nose.c                              //// 

////                                                                 //// 

////  This program displays a message over the RS-232 and            //// 

////  waits for any keypress to continue. While waiting it           //// 

////  toggles led 7 on portB. It will then ask for following inputs: //// 

////                                                                 //// 

////     * channels                                                  //// 

////     * nr of samples                                             //// 

////     * sampling frequency                                        //// 

////                                                                 //// 

////  Then it starts to read the analog inputs corresponding to the  //// 

////  channels that was chosen using timer interrupt set to          //// 

////  interrupt according to sampling frequency chosen until         //// 

////  nr of samples have been reached or keypress. All samples are   //// 

////  sent over RS-232 momentarily. Then the program                 //// 

////  starts over from the beginning again.                          //// 

////                                                                 //// 

////  The codes sent over RS-232 and their meaning:                  //// 

////                                                                 //// 

////  CH             Waiting for user to enter channels              //// 

////  TM             Waiting for user to enter number of samples     //// 

////  FS             Waiting for user to enter sampling frequency    //// 

////  DAx=y:z        Sample z with value y on channel x              //// 

////  -1:u           Error message u                                 //// 

////  QT             Measurement ended                               //// 

///////////////////////////////////////////////////////////////////////// 

////        Author: Martin Nissfolk                                  //// 

///////////////////////////////////////////////////////////////////////// 

 

 

#include <16F877.h> 

#device ADC=10 

#fuses HS,NOWDT,NOPROTECT,NOLVP 

#use delay(clock=4000000) 

#use rs232(baud=9600, xmit=PIN_C6, rcv=PIN_C7) 

#include <input.c> 

#include <stdio.h> 

#include <stdlib.h> 

 

int1 flg = false; 

int i; 

BYTE pin; 

char samplingfrequency[8]; 

char nrsamples[8]; 

char start[2]; 

long n_samples; 

long samplewatch = 0; 

int channels[10]; 
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long t; 

long value; 

 

 

#INT_TIMER1                         

void clock_isr() {                  

    flg=true; 

} 

 

 

void main() { 

   setup_timer_1(T1_INTERNAL | T1_DIV_BY_2); 

 

   while(true) { 

 

      OUTPUT_B(0); 

 

      disable_interrupts(INT_TIMER1); 

      disable_interrupts(GLOBAL); 

 

      puts("=== WELCOME TO THE GAS SENSOR PROGRAM === \n" ); 

      puts("ST\n" ); 

      puts("Enter 's' to continue\n" ); 

       

      while(true) {  

 

         while(!kbhit()) {       

      output_toggle(PIN_B7); 

      delay_ms(200); 

   } 

         gets(start);  

 

   //start = ; //throw away keyboard hit 

   if ('s' == start[0]) { 

      break; 

   } 

      } 

 

 

      puts("Enter channels as numbers (without separator): \n" ); 

      puts("CH\n" ); 

 

      gets(channels); 

 

      if ('s' == channels[0]) { 

          continue; 

      }  

 

      printf("You have selected channels:"); 

      i = 0; 

      pin = 0; 

 

      while(channels[i]) { 
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         channels[i] = channels[i]-'0'; //integer 48 is 0 in ASCII 

         if(channels[i]<0 || channels[i]>7) 

            puts("-1: Channel must be an integer between 0 and 7" ); 

 

         printf(" %i ", channels[i]); 

         bit_set(pin,channels[i]); 

         i++; 

      } 

 

      if(i==0) { 

         puts("\n-1: No channels have been selected" ); 

         continue; 

      } 

           

      i=0; //reset counter i  

 

      OUTPUT_B(pin); 

 

      puts(""); 

      puts(""); 

      puts("Enter number of samples of the whole measurement: \n" ); 

      puts("TM" ); 

 

      gets(nrsamples); 

 

      n_samples = atol(nrsamples); 

 

      printf("You have selected %Lu samples \n", n_samples); 

 

      if(n_samples<=0) { 

         puts("-1: Number of samples must be bigger than 0" ); 

         continue; 

      } 

 

      puts(""); 

      puts(""); 

      puts("Enter sampling frequency: \n" ); 

      puts("FS" ); 

 

      gets(samplingfrequency); 

 

      t = atol(samplingfrequency); 

 

      if ('s' == samplingfrequency[0]) { 

         continue; 

      }  

 

      printf("You have selected sampling frequency: %Lu\n\n", t); 

      samplewatch = 0; 

 

      setup_port_a( ALL_ANALOG ); 

      setup_adc( ADC_CLOCK_INTERNAL ); 

 

      puts("\n\n=====STARTING MEASUREMENT====== \n" ); 
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      enable_interrupts(INT_TIMER1); 

      enable_interrupts(GLOBAL); 

 

      while(samplewatch < n_samples) { 

         i = 0; 

          

         if (flg) { 

             set_timer1(t);        //65285 is 500Hz, -59465 is 1Hz 

 

          do { 

             set_adc_channel(channels[i]); 

             delay_us(50); //minimum delay for changing channel 

             value = Read_ADC(); //value will be in HEX long integer 

             delay_us(50); 

                    printf("DA%i=%3LX\n", channels[i], value); 

             i++;        

          } while (channels [i]); 

          samplewatch++; 

             flg=false; 

         }       

 

         else if (kbhit()) { 

            getc(); //throw away keyboardhit, (interrupts can execute while waiting for input) 

            break; 

         } 

 

      } 

      OUTPUT_B(0); 

      puts("\n=====MEASUREMENT ENDED======\n" ); 

      puts("QT" ); 

 

   } 

} 
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6.4 Electronic tongue PIC program 

///////////////////////////////////////////////////////////////////////// 

////                  electronic tongue.c                            //// 

////                                                                 //// 

////  This program displays a message over the RS-232 and            //// 

////  waits for any keypress to continue. While waiting it           //// 

////  toggles led 7 on portB. It will then ask for following inputs: //// 

////                                                                 //// 

////     * voltages                                                  //// 

////     * voltage inclination for each samples                      //// 

////     * number of samples for each voltage                        //// 

////     * sampling frequency                                        //// 

////                                                                 //// 

////  Then it starts to read the analog inputs at pin E2(AN7)        //// 

////   using timer interrupt set to                                  //// 

////  interrupt according to sampling frequency chosen until         //// 

////  nr of samples have been reached or keypress. All samples are   //// 

////  sent over RS-232 momentarily. Then the program                 //// 

////  starts over from the beginning again.                          //// 

////                                                                 //// 

////  The codes sent over RS-232 and their meaning:                  //// 

////                                                                 //// 

////  VA             Waiting for user to enter voltages              //// 

////  IN             Waiting for user to enter inclinations          //// 

////  VT             Waiting for user to enter samples for           //// 

////                 each voltage                                    //// 

////  DA0=y:z        Sample z of current with value y                //// 

////  DA1=y:z        Sample z of voltage with value y                //// 

////  -1:u           Error message u                                 //// 

////  QT             Measurement ended                               //// 

///////////////////////////////////////////////////////////////////////// 

////        Author: Martin Nissfolk                                  //// 

///////////////////////////////////////////////////////////////////////// 

 

#include <16F877.h> 

#device ADC=10 

#fuses HS,NOWDT,NOPROTECT,NOLVP 

#use delay(clock=4000000) 

#use rs232(baud=9600, xmit=PIN_C6, rcv=PIN_C7) 

#include <input.c> 

#include <stdio.h> 

#include <stdlib.h> 

 

int1 flg = false; 

long samplewatch = 0; 

long t; 

long value; 

char start[2]; 

char samplingfrequency[8]; 

char voltagearray[12]; 

char inclinationarray[12]; 
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char nrsamples[25]; 

long n_samplesarray[12]; 

char delims[] = ","; 

char *tresult = NULL; 

long k, n, r; 

 

#INT_TIMER1                         

void clock_isr() { 

                      

    flg=true; 

} 

 

 

void main() { 

   setup_timer_1(T1_INTERNAL | T1_DIV_BY_2); 

 

   while(TRUE) { 

 

      OUTPUT_B(0); 

 

      disable_interrupts(INT_TIMER1); 

      disable_interrupts(GLOBAL); 

 

      puts("=== WELCOME TO THE LIQUID SENSOR PROGRAM === \n" ); 

      puts("ST\n" ); 

      puts("Enter 's' to continue\n" ); 

       

      while(true) {  

 

         while(!kbhit()) {       

      output_toggle(PIN_B7); 

      delay_ms(200); 

  } 

        gets(start);  

 

  //start = ; //throw away keyboard hit 

  if ('s' == start[0]) { 

     break; 

  } 

      } 

 

      puts("Enter voltage values as ASCII characters\n" ); 

      puts("VA" ); 

      gets(voltagearray); 

      printf(" You entered voltages: %s \n", voltagearray); 

      puts("\n"); 

 

      k=0;       

 

      while(voltagearray[k]!=NULL) { 

         printf(" %i ", voltagearray[k]); 

         k++; 

      } 
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      k=0; 

 

      puts("Enter voltage inclinations as ASCII characters\n" ); 

      puts("IN" ); 

      gets(inclinationarray); 

      printf(" You entered inclinations: %s \n", inclinationarray); 

      puts("\n"); 

 

      k=0;       

 

      while(inclinationarray[k]!=NULL) { 

         printf(" %i ", inclinationarray[k]); 

         k++; 

      } 

 

      k=0; 

 

      puts("Enter number of samples for each voltage seperated with commas\n" ); 

      puts("VT" ); 

      gets(nrsamples); 

      printf(" You entered: %s \n", nrsamples); 

      puts("\n"); 

 

      puts("Enter sampling frequency: \n" ); 

      puts("FS" ); 

      gets(samplingfrequency); 

      t = atol(samplingfrequency); 

 

      //======= sample array ============ 

 

      tresult = strtok( nrsamples, delims );  

 

      k = 0; 

 

      while( tresult != NULL ) { 

         n_samplesarray[k] = atol(tresult); 

         tresult = strtok( NULL, delims ); 

         k++; 

      } 

 

      n_samplesarray[k] = NULL; 

 

      k = 0; 

 

      while( n_samplesarray[k] != NULL ) { 

         printf(" N_samplesarray \[%Lu\]: %Lu \n", k, n_samplesarray[k]); 

         puts("\n"); 

         k++; 

      } 

 

      //================================= 

 

      n = k; //saving number of pulses       
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      k = 0; 

 

      r = 0; 

       

      samplewatch = 0; 

 

      setup_port_a( ALL_ANALOG ); 

      setup_adc( ADC_CLOCK_INTERNAL ); 

      set_adc_channel(7); //analog input AN7 reads the potentiostat 

 

      puts("\n\n=====STARTING MEASUREMENT====== \n" ); 

      

      enable_interrupts(INT_TIMER1); 

      enable_interrupts(GLOBAL); 

 

      output_high(PIN_B4); 

      delay_us(100); 

      output_low(PIN_B4); 

      while(k < n) { 

          

         if (flg) { 

            disable_interrupts(INT_TIMER1); 

            output_high(PIN_B5); 

            set_timer1(t);        //65285 is 500Hz, -59465 is 1Hz 

 

            //When there is no samples left for a particular  

            //voltage then output next 

            if(r == 0) { 

               OUTPUT_D(voltagearray[k]); //output to potentiostat 

            } 

            else { 

               voltagearray[k] = voltagearray[k] + inclinationarray[k]; 

               OUTPUT_D(voltagearray[k]); //output to potentiostat 

            }    

 

            printf("DA1=%c:%Lu\n", voltagearray[k], samplewatch); //Sending the data 

 

            r++; 

 

            //the current step is finished 

            if(r == n_samplesarray[k]) { 

               r=0; 

               k++;    

            } 

 

            value = Read_ADC(); //value will be in HEX long integer 

            delay_us(50); 

            printf("DA0=%3LX:%Lu\n", value, samplewatch); //Sending the data 

            puts(""); 

            samplewatch++; //increasing time 

 

            flg=false; 

            output_low(PIN_B5); 

            enable_interrupts(INT_TIMER1); 
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         } 

 

         else if (kbhit()) { 

            getc(); //throw away keyboardhit 

                    //interrupts can execute while waiting for input 

            puts("a key was hit"); 

            break; 

         } 

 

        } 

       

      OUTPUT_B(0); 

      puts("\n=====MEASUREMENT ENDED======\n" ); 

      puts("QT" ); 

 

   } 

} 
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6.5 Guide: Setting up and using some of the tools 

This is a guide on how to setup and use some of the tools in the project.  
 
First of all how to setup MPLAB with the CCS C Compiler and to write a simple program. Then showing how to run 
a simulation of this program with Proteus, the Eltima Virtual Serial Port Driver and Windows HyperTerminal.  
 
When installing MPLAB this error might arise: Error IS OnError - Error 1935. To solve this MPLAB VDI has to be 
deselected in the MPLAB IDE installation.  
 
Assuming that the CSS C Compiler (PIC C Compiler) is now installed then continue with the following:  
 

 
Open Project Wizard 

 

 
Select the device PIC16F877 

 
Choose the CCS C Compiler to be the Toolsuite 

 
Create a New Project File. Choose a location for the 

project. 
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This step is to add the c-files already to the project. Since 
the code has not been written yet just click Next.  

Create a new file called helloworld.c 
 
 

Enter this code to helloworld.c: 
 

#include <16f877.h>                 //PIC model used           

#fuses XT,NOWDT,NOPROTECT,NOBROWNOUT          //Fuses 

#use delay (clock=4000000)             //Fosc=4Mhz 

#use rs232(baud=9600, xmit=PIN_C6, rcv=PIN_C7)  //RS232 setup 

#include <stdio.h> 

 

//PROGRAM 

void main(void) 

{    

   while(true) 

   { 

      printf("HELLO WORLD\n" );        //start... 

      delay_ms(500); 

   }       

} 

 

 

Save helloworld.c 
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Add the helloworld.c file to the project's "Source Files" 
directory 

 
View project 

 

 

Some new files have now been generated 

To compile press F10. 

 
Now start Proteus and create a design with at least the components PIC16F877 and COMPIM 

 

 
Enter the helloworld.hex as Program File and 4MHz as Processor Clock Frequency 
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Set the Physical Port to COM2 and Baud Rate to 9600  

 
Be sure to connect the TX of the PIC to the TX of the COMPIM and RX respectively. 
 
Now start the Virtual Serial Port Driver 
 

 
Add a Serial Port Pair. First port COM1 and second port COM2 

 
Now start Windows HyperTerminal located in: 
 
Start  All Programs  Accessories  Communications  HyperTerminal  
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In the HyperTerminal “Connection 

description” window a name of the new 
connection must be typed in.  

 

 
In the HyperTerminal “Connect to” 
window the desired port must be 

selected. 
 

In the HyperTerminal “Properties” 
window the port is set according to 

how the PIC has been set. 
 

 
If LabVIEW or some other program using the COM port is open at the same time as HyperTerminal this error 
message might arise which means one of them has to be closed. 
 

 
HyperTerminal another program is using the COM port 

 
 
Now run the simulation in Proteus and Windows HyperTerminal will display this: 
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