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Abstract

This thesis presents design and construction of a small aerator for increasing dissolved
oxygen in the water surface. The aerator can relocate automatically and is operated by using an
Arduino microcontroller. It is designed in a square shape and mounted with a paddle wheel at each
side for oxygenating the water surface and determining its direction of movement. Each paddle
wheel is driven by a small DC motor and these four motors are powered by a 12-V battery via two
drive circuits, which dictate the rotating direction of the paddle wheels. This acrator can be either
operated in the manual control mode by means of wireless modules using radio wave as a medium
or in the automatic control mode vsing limit switches that mounted at each side of the aerator for
detecting collision against the edge of the water area. In-addifion, the batlery voltage is monitored

and the alarm goes off after the voltage drops below a certain level determined by the user.
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Summary

Microcontreller ATmega328

Operating Voltage 5V

Input Voltage (recommended) 7-12V

Inpuk Voltage (limits) 6-20V

Dlgital 1/0 Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6

DC Current per I/0 Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memery 32 KB {ATmega328) of which 0.5 KB used by bootloader
SRAM 2 KB (ATmega328)

EEPROM 1 KB (ATmega328)

Clock Speed 16 MHz
Power

The Arduino Uno can be powered via the USB connection or with an external power supply. The power
source Is selected automatically.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The
adapter ¢an be connected by plugging a 2.1mm center-posliive plug into the board's power jack. Leads
from a battery can be Inserted tn the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however,
the SV pin may supply less than five volts and the board may be unstable, If using more than 12V, the
voltage regulator may overheat and damage the board. The recommended range Is 7 to 12 volts.

The power pins are as follows:

» VIN. The input voltage to the Ardulno board when it's using an external power source (as
opposed to 5 volts from the USB connection or ather regulated power source), You can supply
voitage through this pin, or, if supplying voltage via the power jack, access It through this pin.

s ~3V.This pin outputs a regulated 5V from the regulator on the board. The board can be supplied
with power either from the DC power jack {7 - 12V}, the USB connector (5V), or the VIN pin of
the board (7-12V). Supplylng voltage via the 5V or 3.3V pins bypasses the regulator, and can
damage your board. We don't advise It.

»  3V3. A 3.3 volt supply generated by the on-hoard regulator. Maximum current draw 15 50 mA,
GND. Ground pins.

Memory

The ATmega328 has 32 KB (with 0.5 KB used for the bootloader). 1t also has 2 KB of SRAM and 1 KB
of EEPROM (which can be read and written with the EEPROM library}.

Input and Output

Each of the 14 digita!l pins on the Uno can be used as an Input or output, using pinMode(},
digitalWrite(), and dlaitalRead() functions. They operate at 5 volts, Each pin can provlde or receive a
maximum of 40 mA and has an internal pull-up resistor {(disconnected by default) of 20-50 kOhms. In
addition, some pins have specialized functions:

« Serial: 0 (RX) and 1 {TX). Used to recelve (RX) and transmit (TX) TTL serial data. These pins
are connected to the corresponding pins of the ATmegaBU2 USB-to-TTL Seriat chip.

« External Interrupts: 2 and 3. Thase pins can be configured to trigger an Interrupt on a low
value, a rising or falling edge, or a change In value, Sea the attachInterrupt(} function for
detalls.

« PWM: 3,5, 6,9, 10, and 11. Provide B-blt PWM output with the analogWrite() function.
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« SPI: 10 (SS), 11 (MOSI), 12 (MI50), 13 {SCK). These pins support SPI communication
using the SPI library.

s LED: 13. There Is a bullt-in LED connected to digital pin 13, When the pln Is HIGH value, the
LED is on, when the pin is LOW, it's off.

The Uno has 6 analog Inputs, labeled A0 through A5, each of which provide 10 bits of resolution (i.e.
1024 different values). By default they measure from ground to S voits, though Is it posslble to change
the upper end of their range using the AREF pin and the analogReference() function. Additionally, some
pins have specialized functionality:

« TWTI: A4 or SDA pin and A5 or SCL pin. Support TWI communication using the Wire library.
There are a couple of other pins on the board:

+ AREF, Reference voltage for the analog Inputs. Used with analogReference().
s Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to
shields which block the one on the board.

See also the mapping bet Arduino pins and ATmega328 ports. The mapping for the Atmegas,
168, and 328 Is Identical.

Communication

The Arduino Uno has a number of facillties for communicating with a computer, another Arduino, or
other microcontrollers. The ATmega328 provides UART TTL {5V) serial communlcation, which is
available on digital pins 0 (RX) and 1 (TX). An ATmegal6U2 on the board channels this serial
communication over USB and appears as a virtual com port to software on the computer. The "16U2
firmware uses the standard USB COM drivers, and no externat driver is needed. However, on Windows,
a_.inf file is required. The Ardulno software includes a serial monitor which allows simple textual data to
be sent to and from the Arduino board. The RX and TX LEDs on the board will flash when data Is being
transmitted via the USB-to-serial chip and USB connection to the computer (but not for serial
communlcation on pins 0 and 1).

A SoftwareSerial library allows for serlal communlication on any of the Uno's digital plns.

The ATmega328 also supports 12C (TWI) and SPI communication. The Arduino software Includes a
Wire library ta simplify use of the 12C bus; see the documentation for detalls. For SPI communication,
use the SPI library,

Programming

The Arduino Uno can be programmed with the Arduino software (download). Select "Ardulno Uno from
the Tools > Board menu (according to the microcontroller on your board). For detalls, see the
refergnce and tutorials.

The ATmega328 on the Arduino Uno comes preburned with a bootloader that allows you to uptoad new
code to It without the use of an external hardware programmer. It communicates using the originat
STK500 protocol (reference, C header files).

You can also bypass the bootloader and program the microcontrolier through the ICSP (In-Circuit
Serial Programming) header; see these instructions for details.

The ATmegal6U2 (or 8U2 in the revl and rev2 boards) firmware source code is available . The
ATmegal6U2/8U2 Is loaded with a DFU boottoader, which can be activated by:

+ On Revi boards: connecting the solder jumper on the back of the board (near the map of Italy)
and then resetting the 8U2,

» On Rev2 or later boards: there Is a resistor that pulling the 812/16U2 HWB line to ground,
making It easler to put into DFU mode.

You can then use Atmel's FLIP software (Windows) or the DFU programmer (Mac OS X and Linux) to
toad a new firmware. Or you can use the ISP header with an external programmer {overwriting the
DFU booticader). See this user-contributed tutorlal for more information,
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Summary

Microcontroller ATmega2560
Operating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limits) 6-20V

Digital I/Q Plns

54 (of which 14 provide PWM output)

Analog Input Pins

16

DC Current per I/Q Pin |

10 mA

DC Current for 3.3V Pin

50 mA

Flash Memory 256 KB of which 8 KB used by bootloader
SRAM 8 KB

EEPROM 4 KB

Clock Speed 16 MHz

Power

The Arduino Mega can be powered via the USB connection or with an external power supply.
The power source is sefected automatically.

External (non-USB) power can come elther from an AC-to-DC adapter (wall-wart) or
battery. The adapter can be connected by plugging a 2.1mm center-posltive plug into the
board's power jack. Leads from a battery can be Inserted in the Gnd and Vin pin headers of

the POWER connector.

The board can aperate on an external supply of 6 to 20 volts. If supplied with less than
7V, however, the 5V pin may supply less than five volts and the board may be unstable.
If using more than 12V, the voltage regulator may overheat and damage the board, The

recommended range is 7 to 12 volts.

The Mega2560 differs from all preceding boards in that it does not use the FTDI USB-to-
sarial driver chip. Instead, it features the AtmegaBU2 programmed as a USB-to-serial

converter.

The power plns are as follows:

e VIN. The Input voitage to the Arduino board when it's using an externat power source
(as opposed to 5 volts from the USB connection or other regulated power source). You
can supply voltage through this pin, or, If supplying voltage via the power jack, access

it through this pin.

e 5V. The regulated power supply used to power the microcontroller and other

components on the board. This can come elther fram VIN vla an on-board regulator,

or be supplied by USB or another regulated 5V supply.
* 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is

50 mA.
e GND. Ground pins.

Memory

The ATmega2560 has 256 KB of flash memory for storing code (of which 8 KB is used for
the bootloader), 8 KB of SRAM and 4 KB of EEPROM (which can be read and written with the

EEPROM library).
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Input and Output

Each of the 54 digltal pins on the Mega can be used as an input or output, using ploMode()

, digitatwrite(}, and digitalRead() functions. They operate at 5 volts. Each pin can provide or
receive a maximum of 40 mA and has an Internal pull-up resistor (disconnected by default)
of 20-50 kOhms. In addition, some pins have speciallzed functions:

e Serial: 0 (RX) and 1 (TX); Serial 1; 19 (RX) and 18 (TX); Serial 2: 17 (RX)
and 16 (TX); Serlal 3: 15 {RX) and 14 {TX). Used to recelve (RX) and transmit
(TX) TTL serial data. Pins 0 and 1 are also connected to the corresponding pins of the
ATmega8U2 USB-to-TTL Sertal chlp,

¢ External Interrupts: 2 (Interrupt 0), 3 (interrupt 1), 18 (Interrupt 5),

19 (Interrupt 4), 20 (Interrupt 3), and 21 (interrupt 2). These pins can be
configured to trigger an interrupt on a low value, a rising or falling edge, or a change
In value. See the attachInterrupt{) functlon for detalls,

s PWM: 0 to 13. Provide 8-blt PWM output with the analogWrlte() function.

# SPI: 50 (MIS0), 51 (MOSI), 52 (SCK), 53 (S8S). These pins support SPI
communication uslng the SPI library. The SPI plns are also broken out on the ICSP
header, which is physlically compatible with the Uno, Duemilanove and Diecimlla,

e« L1ED: 13, Thete Is a bullt-in LED connected to digital pin 13, When the pln is HIGH

value, the LED is on, when the pin Is LOW, it's off.

s 12C: 20 (SDA) and 21 (SCL). Support I2C {TWI) communication using the Wire
library (documentation on the Wiring website). Note that these pins are not in the
same location as the I2C pins on the Duemilanove or Diecimila.

The Mega2560 has 16 analog inputs, each of which provide 10 bits of resolution (l.e. 1024
different values). By default they measure from ground to 5 volts, though is it possible to
change the upper end of their range using the AREF pin and analogReference(} function,

There are a couple of other pins on the board:

» AREF. Reference voltage for the analeg inputs. Used with gnalogReference().
» Reset. Bring this line LOW to reset the mlicrocontroller. Typically used to add a reset
button to shields which block the one on the board.

Communication

The Arduino Mega2560 has a number of facilitles for communicating with a computer,
another Arduino, or other microcontrollers. The ATmega2560 provides four hardware UARTs
for TTL (5V) serial communication. An ATmega8U2 on the board channels one of these

over USB and provldes a virtual com port to software on the computer {(Windows machines
will need a .Inf file, but QSX and Linux machines will recognize the board as a COM port
automatically. The Ardulno software includes a serial monitor which allows simple textual
data to be sent to and from the board. The RX and TX LEDs on the board will flash when
data is belng transmitted via the ATmega8U2 chip and USB connection to the computer (but
not for serial communication on pins 0 and 1).

A SoftwareSerial library altows for serial communication on any of the Mega2560's digltal
pins.

The ATmega2560 also supports 12C (TWI) and SPI communication. The Arduino software
includes a Wire library to simplify use of the i2C bus; see the documentation on the Wiring.
website for details. For SPI communication, use the SPI library,
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Programming _
The Ardulno Mega can be programmed with the Arduino software {download). For detalls,

see the reference and tutorials.
The ATmega2560 on the Arduino Mega comes preburnped with a bootloader that allows

you to upload new code to It without the use of an external hardware programmer, It

communicates using the original STKX500 protocol {referance, C header files).
You can also bypass the bootloader and program the microcontroller through the ICSP (In-

Circuit Serial Programming) header; see these instructions for details.
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BLOCK DIAGRAM

EVDD

VDD

———a

vDD

VDD

VSS=0V

VSS5=0V

V8S=0V

V§S8=0V

CgN
SCK

MISQ
—

MQS!

Enhanced
ShockBurst™

DEMOD

Clock
Recovery,
DataSlicer

ADDR
Degcode

CRC
Code/Decode

FIFO
In/Owt

iF BPF

GFSK
Fiter

_4_

N

Frequsncy
Synthesiser

—» VDD_PA=1.8V

ANTI1

1004175 0
ANT2

CAER

22kQ

Figure | nRF241.01 with external components.
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PIN FUNCTIONS
Pin | Name Pin function | Description
1 CE Digital Input Chip Enable Activates RX or TX mode
2 CSN Digital Input SPI Chip Select
3 5CK Digital Input SPI Clock
4 MOSI Digital Input SPI Slave Data Input
5 MISO Digital Output SPI Slave Data Quiput, with fri-state option
6 IRQ Digital Qutput Maskable interrupl pin
7 VDD Power Power Supply (+3V DC)
8 YSS Power Ground (OV)
9 XC2 Analog Qutpul Crystal Pin 2
10 XCl1 Analog Input Crystal Pin 1
11 VDD_PA | Power Output Power Supply (+1.8V) to Power Amplifier
12 ANTI1 RF Antenna interface |
13 ANT2 RF Antenna interface 2
14 Vi8S Power Ground (OV) )
15 VDD Power Power Supply (+3V DC)
16 JREE Analog Input Reference current
17 V55 Power Ground (OV)
18 VDD Power Power Supply (+3V DC)
19 DVDD Power Output Positive Digital Supply output for de-coupling purposes
20 VSS Power Ground (0V})
Table 3 nRF241.01 pin function
PIN ASSIGNMENT
VSS DVDD VDD  VSS  IREF
120 | 19][18]|17] [16]
ce ® vop
nRF24L01
QFN20 4x4
SCK IIII\ II!I ANT2
wost AT
MISO VDD_PA

Figure 2 nRF241.01 pin assignment (top view) for a QFN20 4x4 package.

LeJL71[8][9][10]

IRQ

vyDD VS8 XC2 XC1
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L298

DUAL FULL-BRIDGE DRIVER

s OPERATING SUPPLY VOLTAGEUP TO 46 V

a TOTAL DC CURRENTUPTO 4 A

s LOW SATURATION VOLTAGE

» OVERTEMPERATURE PROTECTION

= LOGICAL "0" INPUT VOLTAGE UP TO 1.5 V
{HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated mondlithic circuit ina 15-
lead Multiwatt and PowerSO20 packages. Itis a
high voltage, high current dual full-bridge driver de-
signed lo accept standard TTL logic levels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enable inpuls are provided io
enable or disabla the device independently of the in-
put signals. The emitters of the lower transistors of
each bridge are connected together and the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

PowerS020

Multlwatt15

DRDERING NUMBERS : L298N (Mulliwalt Vart.}
1.298HN {Multiwall Horiz.)
L298P (PowarS020)

neclion of an external sensing resistor. An additional
supply Input Is provided so thal the logic works ata
lower voltage.

+ Ve

oUT4
o

Vret

SENSE AD—4

1 ! 2 3 &
Int Ink
O 3 1 45
<
n2 Ind
o—1 10 o
A e n _EJ"';’
1 Y 5
= _L | SensER

L].nsa
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ABSOLUTE MAXIMUM RATINGS
Symbol Parametor Value Unit
Vs Power Supply 50 V
Vgg Logic Supply Vollage 7 )
Vi,Ven Input and Enable Voltage —.3t07 v
lo Peak Qutput Current {each Channel)
— Non Repetitive {L = 100us) 3 A
—Repetitive (80% on —20% off; ty, = 10ms) 25 A
—DC Operation 2 A
Viens 1 Sensing Voltage —110 23 v
P Total Power Dissipation (Tese = 75°C) 25 w
Top Junction Operaling Temperature -2510 130 °C
Tug, T)  |Slorage and Junction Temperature -40t0 150 °C
PIN CONNECTIONS (top view)
i / l. ~7 e S — CURRENT SENSING B
1 [ 3 outPuT4
Q} ]} S— OUTPUT 3
L — )
R E— ENABLE B
L imte— )
) ol = LOGIC SUPPLY VOLTAGE Vgg
Pultivattts —""y 4
P P— INPUT 2
6 O ENABLEA
LY S INPUT 1
4 [T SUPPLY VOLTAGE Vg
Q} s/  ouwur2
3 E—— s V)
\ I L~ 1|/  cuRRENTSENSINGA
Z TAB CONNECTED TO PIN 8 DosAmicA
s
GND [} 1 20 1 GND
Sense A [ | 2 19 ] SensaB
NC. [ 3 18 |— 1 NC.
owtl ] 4 17 {1 Ouw4
oz ] 5 PowerS020 18 1 ou3
v ] & 15 [T npul4
iput1 3 7 14 [ EnablaB
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