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Step 0Step 0 - Brief introduction to µC

Step 1Step 1 - Safe-lock Finite State Machine (FSM)

Step 2Step 2 - Coin acceptor FSM

Step 3Step 3 – Homework



The Arduino I/O Board accepts  inputs from real-world sensors inputs from real-world sensors 
such as switchesswitches, potentiometerspotentiometers, lightlight, or soundsound  sensors, 
accelerometersaccelerometers, IRIR devices, etc.

And similarly it can set values on its pins to drive real-world set values on its pins to drive real-world 
actuatorsactuators  such as LEDsLEDs, LCDsLCDs, motorsmotors, any other device any other device 
accepting control signals

Schematics, firmwares and 
communication protocols are all openopen
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Brief Introduction to Microcontrollers (µC)Brief Introduction to Microcontrollers (µC)

and and ArduinoArduino  I/O boardI/O board as a simplified DAQ  as a simplified DAQ hardwarehardware

Arduino I/O board

It does this by converting converting 
sensor inputssensor inputs  into numbers 
and communicating themcommunicating them  to 
a computer running any computer running any 
program capable of serial program capable of serial 
communication communication over a serial over a serial 
datadata  connection with an open open 
protocolprotocol.

Arduino Integrated 
Development Environment 
(IDE) is freelyfreely  available and 
Arduino I/O board is an open open 
hardware.hardware.



We said “... ... It does this by converting sensor inputs ...converting sensor inputs ...”
Arduino I/O board has a micro-controllermicro-controller which performs all the 
functions; it is a tiny computertiny computer with all the needed peripheralsperipherals 
A micro-controllermicro-controller is a small computercomputer dedicated to a specific field on 
a single integrated circuit consisting of a simple CPUsimple CPU,  RAMRAM, various 
timerstimers, digital and analog I/OI/O  etc.

Processor core, runs your C program
SRAM, is the memory to store data
EEPROM/Flash, is the memory to store your program
Counter/Timer, are counting units (e.g. # of seconds elapsed etc.)
Digital I/O, is for sending/receiving digital information
Serial Interface, is to communicate  with others via various protocols  (e.g. USB, 
RS232, etc)
Analog Module, to deal with analog 
signals, A/D converters inside
Interrupt Controller, a mechanism 
to detect whether an important thing 
is happening “outside”

A possiblepossible µC 
architecture
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Brief Introduction to Microcontrollers (µC)Brief Introduction to Microcontrollers (µC)

and and ArduinoArduino  I/O board I/O board as a simplified DAQ as a simplified DAQ hardwarehardware

Atmel µC on Atmel µC on 
Arduino I/O boardArduino I/O board

Processor
Core

Processor
Core SRAM

SRAM EEPROM
Flash

EEPROM
Flash

Counter/
Timer

Module

Counter/
Timer

Module

Digital I/O
Module

Digital I/O
Module

Serial
Interface
Module

Serial
Interface
Module

Analog
Module

Analog
Module Interrupt

Controller

Interrupt
Controller

Internal Bus



Micro-controllerMicro-controller is not a micro-processormicro-processor
Micro-processors need other components to work such assuch as memoriesmemories, I/OI/O, etcetc.

Micro-controller is an all-in-oneall-in-one device
Saving timetime and spacespace to implement functions

Micro-controllers are less powerfulless powerful compared to PCs; howeverhowever they are:
SmallSmall – 1 cm x 2-3 cm
ToughTough – high/low temperatures, rough environment
Low powerLow power consumers
IntegratedIntegrated with other low-level deviceslow-level devices easily such assuch as sensorssensors, switchesswitches, etcetc.
InexpensiveInexpensive – usually

Therefore they are everywhereeverywhere:
Probably you already carry a few of them all the time in your pocketin your pocket

In
te

rn
at

io
na

l S
ch

oo
l o

f T
ri

g g
er

 a
nd

 D
at

a
 A

cq
ui

si
tio

n
In

te
rn

at
io

na
l S

ch
oo

l o
f T

ri
g g

er
 a

nd
 D

at
a

 A
cq

ui
si

tio
n ,

 , 9
 -

 1
6 

F
eb

ru
a r

y 
20

11
9 

- 
16

 F
eb

ru
a r

y 
20

11
, , R

om
e 

/ I
ta

ly
R

om
e 

/ I
ta

ly
M

ic
ro

C
on

tr
ol

l e
r 

(µ
C

) 
B

as
e d

 D
a

ta
 A

cQ
u i

si
tio

n 
(D

A
Q

)
M

ic
ro

C
on

tr
ol

l e
r 

(µ
C

) 
B

as
e d

 D
a

ta
 A

cQ
u i

si
tio

n 
(D

A
Q

)  
– 

D
an

 O
ct

av
iu

s 
S

a
vu

 &
 Ö

zg
ür

 Ç
ob

an
o ğ

lu
 –

 D
an

 O
ct

av
iu

s 
S

a
vu

 &
 Ö

zg
ür

 Ç
ob

an
o ğ

lu
Brief Introduction to Microcontrollers (µC)Brief Introduction to Microcontrollers (µC)

and and ArduinoArduino  I/O boardI/O board as a simplified DAQ  as a simplified DAQ hardwarehardware



USB USB 
cablecable
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Brief Introduction to Microcontrollers (µC)Brief Introduction to Microcontrollers (µC)

and and Arduino Arduino IDEIDE as a simplified DAQ  as a simplified DAQ softwaresoftware

The Arduino I/O Board accepts  inputs from real-world  inputs from real-world 
sensorssensors  such as switchesswitches, potentiometerspotentiometers, lightlight, or 
soundsound sensors, accelerometersaccelerometers, IRIR devices, etc.

And similarly it can set values on its pins to drive set values on its pins to drive 
real-world actuatorsreal-world actuators  such as LEDsLEDs, LCDsLCDs, motorsmotors, 
any other any other device accepting control signals

Arduino IDE

Arduino 
I/O board

Declare a port as digital digital 
outputoutput and assign logic 0logic 0

Read 10-bit analog value: 
an accelerometeraccelerometer  is 
connected to the analog analog 
portport  setting this analog 
value as a function of 
gravity vector it experiences
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Pin correspondence table which 
comes with the daughter boards 

(in our case gadget shield)

// Potentiometer// Potentiometer
#define #define pot_PINpot_PIN  00

// Active­low push­button// Active­low push­button
#define #define button_PINbutton_PIN  88

// LED display// LED display
#define #define LOD0_PINLOD0_PIN  1111

//_________________________________________//_________________________________________
void void setupsetup() { () { // Mandatory function// Mandatory function

    // Configure the push­button as input// Configure the push­button as input

    pinMode(pinMode(button_PINbutton_PIN, , INPUTINPUT););
}}

//_________________________________________//_________________________________________
void void looploop() { () { // Mandatory function// Mandatory function

    // Read pot value when button is pressed// Read pot value when button is pressed

    if (if (digitalReaddigitalRead((button_PINbutton_PIN) == LOW) {) == LOW) {
        PotVal = PotVal = analogReadanalogRead((pon_PINpon_PIN););
        digitalWritedigitalWrite((LED0_PINLED0_PIN, HIGH);, HIGH);
    } else {} else {
        // Do something else// Do something else
    }}
}}

// Potentiometer// Potentiometer
#define #define pot_PINpot_PIN  00

// Active­low push­button// Active­low push­button
#define #define button_PINbutton_PIN  88

// LED display// LED display
#define #define LOD0_PINLOD0_PIN  1111

//_________________________________________//_________________________________________
void void setupsetup() { () { // Mandatory function// Mandatory function

    // Configure the push­button as input// Configure the push­button as input

    pinMode(pinMode(button_PINbutton_PIN, , INPUTINPUT););
}}

//_________________________________________//_________________________________________
void void looploop() { () { // Mandatory function// Mandatory function

    // Read pot value when button is pressed// Read pot value when button is pressed

    if (if (digitalReaddigitalRead((button_PINbutton_PIN) == LOW) {) == LOW) {
        PotVal = PotVal = analogReadanalogRead((pon_PINpon_PIN););
        digitalWritedigitalWrite((LED0_PINLED0_PIN, HIGH);, HIGH);
    } else {} else {
        // Do something else// Do something else
    }}
}}

Arduino I/O board

USBUSB

Arduino + Gauge ShiledArduino + Gauge Shiled
Tutorial: Basic idea and code structureTutorial: Basic idea and code structure

Arduino IDE
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Lab. 10/ALab. 10/A
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lu FSMs are used to model systems which have a limited number of statesstates, transitionstransitions 
between these states and the actionsactions taken as a result.
State transition is a function of thethe current statecurrent state ANDAND the inputthe input to the system.

Finite State Machine (FSM)Finite State Machine (FSM)
by a safe lock design exampleby a safe lock design example

The FSM aboveThe FSM above: value-on-arrow represents what the system senses as an inputinput, thus a 
transitiontransition  from one statestate  to another can take place. If there is no input, the system 
keeps the current statecurrent state.

The example represents an acceptoracceptor FSM, parsing the secret combinationcombination (     ) which, 
in our example, would un-lock a safe: greengreen, redred, blueblue  and again redred. In case an 
unexpected color is entered, the system returns to the first state: State_0. The safe is 
unlocked, that is, the system reaches the final action (State_4), only if the correct colorscorrect colors 
are entered in the correct ordercorrect order.

In the next page, a possible FSM implementationa possible FSM implementation in Arduino environment is given.

GG

GG

RR BB RR

RR

BB

RR

Un-LockUn-Lock
ActionAction
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Finite State Machine (FSM)Finite State Machine (FSM)

by a safe lock design exampleby a safe lock design example

Color  Color  
selectselect

Color  Color  
displaydisplay

Color  Color  
enterenter

Binary State Binary State 
displaydisplay

Plan of action:
Use gadget shield gadget shield (daughter board)(daughter board) 

with arduino unoarduino uno  (I/O board).(I/O board).

A daughter board
(Gadget Shield)
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Finite State Machine (FSM)Finite State Machine (FSM)

by a safe lock design exampleby a safe lock design example

Color  Color  
selectselect

Color  Color  
displaydisplay

Color  Color  
enterenter

Binary State Binary State 
displaydisplay

Implemented in ArduinoArduino IDE
• Continuously read potentiometer output
• Continuously set RGB LED color 

IfIf ( ( the button is pressed ) { ) { transition the FSM }}
• Use switch/caseswitch/case for the FSMGG

RR

BB

RR

Arduino 
IDE
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Finite State Machine (FSM)Finite State Machine (FSM)

by a safe lock design exampleby a safe lock design example

To Do:To Do:

Change directory to “Lab10a/Step_1Lab10a/Step_1”

Open the file “safeLock.pdesafeLock.pde” with Arduino IDE

Compile (        ) and upload (        ) the I/O board to see it working

Use the potentiometerpotentiometer to change colorto change color of the RGB LED

Start serial monitorserial monitor (        ) to see the log messages coming from the board

Use the push buttonpush button  to enterto enter the selected color to the FSM

Observe the binary display showing the state indexes

Add another color to the secret combination to make it safer.



Backup for Lab. 10/ABackup for Lab. 10/A
Qfsm & Arduino SketchQfsm & Arduino Sketch
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Lab. 10/ALab. 10/A
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FSMs are used to model systems which have a limited number of statesstates, 
transitionstransitions between these states and the actionsactions taken as a result.
The text on the arrows represent what the system senses as inputinput, thus a 
transitiontransition  from one statestate  to another can take place. When there is no 
input, the system keeps the current statecurrent state.

The example above represents a coin acceptor FSM, expecting the required amount for 
the selected drink where there are 3 available  coins: : 2 (red)2 (red), , 1 (blue)1 (blue)  and  0.5 (green)0.5 (green):

– 1.51.5 unit for coffee ristrettocoffee ristretto
– 2.02.0 unit for ayranayran
– 1.01.0 unit both for waterwater and teatea

Finite State Machine (FSM)Finite State Machine (FSM)
by a coin acceptor design exampleby a coin acceptor design example



Finite State Machine (FSM)Finite State Machine (FSM)
by a coin acceptor design example – Coffee case Coffee case

Spend:
    3 x 0.5 (green coin)3 x 0.5 (green coin)

Spend:
    1 x 0.5 (green coin)1 x 0.5 (green coin)
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Spend:
    1 x 1 (blue coin)1 x 1 (blue coin)
    1 x 0.5 (green coin)1 x 0.5 (green coin)



Finite State Machine (FSM)Finite State Machine (FSM)
by a coin acceptor design example – Coffee case Coffee case
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Colored Colored 
coin  coin  
selectselect

Colored coin  Colored coin  
enterenter

Binary State Binary State 
displaydisplay

Colored coin Colored coin 
displaydisplay

Plan of action:
Use gadget shield gadget shield (daughter board)(daughter board) 

with arduino unoarduino uno  (I/O board).(I/O board).

A daughter board
(Gadget Shield)
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Colored Colored 
coin  coin  
selectselect

Colored Colored 
coin  coin  
enterenter

Binary Binary 
State State 
displaydisplay

Colored Colored 
coin coin 
displaydisplay

Arduino 
IDE

Green coin Green coin 
(=0.5) (=0.5) 
enteredentered

Finite State Machine (FSM)Finite State Machine (FSM)
Coin acceptor – Coffee case Coffee case



However this FSM has a limitation; let us consider the coffee casecoffee case:
The machine gives what is selected only ifonly if  a client enters the exactexact  amount; 
otherwiseotherwise all the coins are returnedreturned, terminating the operation
We would like the machine to have the notionnotion of “the rest” so that the client is 
not supposed to enter the exact amount but an amount which can exceed what exceed what 
is requiredis required
The machine should serve the coffee and only the rest should be returned

Finite State Machine (FSM)Finite State Machine (FSM)
by a coin acceptor design example – Coffee case Coffee case
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Qfsm 
tool



Finite State Machine (FSM)Finite State Machine (FSM)
by a coin acceptor design exampleby a coin acceptor design example
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To Do:To Do:

Change directory to “Lab10a/Step_2Lab10a/Step_2”

Open the file “coinAcceptor.fsmcoinAcceptor.fsm” with QfsmQfsm

Add/remove states and transitions to the FSM so that it returns the returns the 
restrest to the user andand deliversdelivers what is selected

Use State > New menu item to add a new state (or          )

Use Transition > New menu item to add a new transition (or          )

Use “Del” key to remove a selected state and/or a transition

Open the file “coinAcceptor.pdecoinAcceptor.pde” with Arduino IDEArduino IDE

Modify the implementation accordingly
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Lab. 10/ALab. 10/A
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Optional Homework / A Tilt-to-Dodge GameOptional Homework / A Tilt-to-Dodge Game

The target The target gamegame is  is alreadyalready there with only  there with only keyboard controlskeyboard controls

Prerequisites:
• ArduinoArduino I/O board
• An accelerometeraccelerometer connected to the Arduino I/O board

oror
• Gadget shieldGadget shield (a daughter board connected to Arduino)

– It already has an accelerometer and other devices
– We used it in the previous examples

AccelerometerAccelerometer connected to  connected to Arduino I/OArduino I/O board board
Standalone C/C++ applicationStandalone C/C++ application  reading  reading (x, y, z)(x, y, z)  
accelerometer values accelerometer values via serial portvia serial port ( (w/ow/o Arduino IDE) Arduino IDE)
You do the math: an addictive game !You do the math: an addictive game !

SIYIRDUiNO
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Optional Homework / A Tilt-to-Dodge GameOptional Homework / A Tilt-to-Dodge Game

Your taskYour task is to implement  is to implement arduinoarduino++accelerometeraccelerometer controls  controls 

......
Arduino delivers: .110.xyzyy.83.zzz.109.xyzArduino delivers: .110.xyzyy.83.zzz.109.xyz
Arduino delivers: xxx.77.yyy.83.zzz.109.xyzArduino delivers: xxx.77.yyy.83.zzz.109.xyz
Arduino delivers: .zzz.110.xyz3.zzz.109.xyzArduino delivers: .zzz.110.xyz3.zzz.109.xyz
Arduino delivers: xxx.77.yyy.83.zzz.109.xyzArduino delivers: xxx.77.yyy.83.zzz.109.xyz
......

......
Arduino delivers: .110.xyzyy.83.zzz.109.xyzArduino delivers: .110.xyzyy.83.zzz.109.xyz
Arduino delivers: xxx.77.yyy.83.zzz.109.xyzArduino delivers: xxx.77.yyy.83.zzz.109.xyz
Arduino delivers: .zzz.110.xyz3.zzz.109.xyzArduino delivers: .zzz.110.xyz3.zzz.109.xyz
Arduino delivers: xxx.77.yyy.83.zzz.109.xyzArduino delivers: xxx.77.yyy.83.zzz.109.xyz
......

Download SIYIRDUiNO.tgzSIYIRDUiNO.tgz from the web page of the ISOTDAQ-2011ISOTDAQ-2011
Open main.cxxmain.cxx and go the place to be modified (below image)
Accelerometer outputs are alreadyalready available as the (x, y, z) values in a stringstring
ParseParse the string to control the ship (use keyboard controls as your starting example)

Bad line →Bad line →
Good line →Good line →

Consol outputConsol output
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Optional Homework / A Tilt-to-Dodge GameOptional Homework / A Tilt-to-Dodge Game

Arduino Arduino firmwarefirmware delivers what the  delivers what the C/C++ executableC/C++ executable receives  receives 
Download the siyirduinoFirmwaresiyirduinoFirmware for the Arduino I/O board from the web page
Just compile and uploadupload to Arduino I/O board

Good luck and have fun !..Good luck and have fun !..
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