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L_ecture Outline:

Features of single board microcontrollers.
Design using single board.

Examples of Single board microcontrollers.
Selection Criteria of suitable board.

Board interfacing.

Single board wireless communications.
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Single-board Microcontrollers:

» A single-board microcontroller is a microcontroller built onto a
single board that provides all of the interface circuits required for
single-board system design.

> It includes 1/O channels for digital and analog signals, EPROM and
RAM, clock generator, and other support circuits for wireless
communications.

»Such a board is very useful in developing the required system
without needing to spend time and/or effort Iin developing the
controller hardware.

» These boards are usually low-cost hardware, and have normally low
capital cost for development.

»A single-board microcontroller differs from a single-board
computer in that it has no general purpose user interface and mass
storage interfaces that a more general-purpose computer would have.
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Microcontroller-Board Families:

There are different boards using different microcontrollers with
several features. The most common microcontroller boards are:

» Intel Boards: based on Intel microcontrollers.

»ARM Boards: based on ARM7 microcontrollers.

» Cortex Boards: based on Cortex microcontrollers.

» AVR Boards: based on Atmel AVR microcontrollers.

» MSP430 Boards: based on Texas Instruments microcontrollers.
»P1C Boards: based on the Microchip PIC microcontrollers.

» Motorola Boards: based on Motorola microcontrollers.
»ARDUNIO Boards: based on Atmel AVR microcontrollers.
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Microcontroller Boards Comparison:

Boards
. . PIC Olimex Olimex Open . Arduino
Specifications ICSP PIC-IO SAMTLA? STM32 1343.P.A EK-EVALBOT UNO
Microcontroller | PIC16F877A | PIC16F628 Amel STM32L152RB| ARM Cortex- Stellaris ATmega 328
AT915AMTA2 T6 M3 LPC LM355B52
Operating Voltage |USB or 6-12V 12V USBor6V | USBor33or 2-3.6V USB or Batterv | USBor3 V
5V
Digital I'O Pins 33 16 EPI 51 42 EPI 14
Aanlog I'P Pins 8 4 EPI EPI 8 16 8
Flash Memory S8KB 2KB 1MB 128KB 32EKB 256K 32KB
SEAM 3688 224B 16K 16KB SEB 96K 2 KB
Clock Speed 20MHz 20MHz 30MHz 32MHz 12 MHz S0MHz 16 MHz
Others -B5232 port. -BES232mterf  |-Ethemet 10100} Interface: I2C,  |Interfaces:1x  |-Ethemetmterface)- UART senal
-ICSP Program |4 Optocoupler [|-CAN dnver. SPL USART. SPI, 1 x55P, 1 x |-Wireless port. CommLncaton.
Emulator 1ps. -B8232 mterfacel- IDD cumrent UART, 1 xI2C, |-Robotfeatures. | SupportsI°C &
Interface. -4relayo/ps. |-SD/MMCecard | measurement  |11xPWM, 28x |-DC motorcontrol| SPIcomm.
connectar. -LCD Dhsplay.  |ADC
- Touch sensor.
Cost(NOK) §5.15 176.17 132 174.53 34408 1542 95.05
EPI: Extemal Penpheral Interface.
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Arduino Microcontroller Boards Comparison:

Arduino is becoming one of the most popular microcontrollers used in
Industrial applications and robotics. There are different types of
Arduino microcontroller boards which differ in their design and

specifications.
Board
Specifications Arduino Arduino Arduino Arduino Arduino Arduino Arduino Arduino
Mini Light Pro Mini UNO Lilypad Pro Duemilanove | Bluetooth MEGA
Microcontroller ATmega 168 | ATmega 168 | ATmega 328 | ATmega 328 | ATmega 168 | ATmega 168 | ATmega 168 | ATmega 1280
Operating Voltage 3V 33VardV 3V 27135V i3V 5V 5V 3V
[nput Voltage [E'AY 3353-12V 1-12V 2755V | 33512V T-12V 1235V 112V
Digital [/ Pins 14 14 14 14 14 14 14 54
Analog I/P Pins § 6 8 6 6 6 8 16
DC Currentper /OPin | 40 mA 40mA 40mA 40mA 40mA 40mA 40mA 40mA
[Flash Memory 16 KB 16 KB j1KB 16KB 16 KB 16 KB 16 KB 128KB
SRAM 1KB 1KB 2KB 1KB 1KB 1KB 1KB §KB
EEPROM 312 Bvtes | 312 Bytes 1KB 512Bvtes | 312Bytes | 312Bvtes | 312 Bytes 4KB
Clock Speed I6MHz | 8orl6MHz | 16MHz § MHz § MHz 16 MHz 16 MHz 16 MHz
Ref: http://www.robotshop.com/arduino-microcontroller-comparison.html
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Microcontroller Board Selection:
The selection guide for using the suitable microcontroller board includes:
1. Meeting the hardware needs for the project design;

- number of digital and analog i/0 lines.

- size of flash memory, RAM, and EPROM.

- power consumption.

- clock speed.

- communication with other devices.
2. Availability of software development tools required to design and test
the proposed prototype.
3. Availability of the microcontroller board.
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«According to the board selection criteria, you can choose the suitable
microcontroller board for your design such that all sensors and actuators are
connected to the available input/output lines. The following table shows
comparison between the Arduino microcontrollers.

Specifications

Arduino

Arduino

Arduino

Arduino

Mini Light UNO Bluetooth MEGA
Microcontroller ATmega 168 | ATmega 328 | ATmega 168 | ATmega 1280
Operating Voltage 5V 5V 5V 5V
Input Voltage 79V 7-12V 1.2-55V 7-12V
Digital I/O Pins 14 14 14 54
Analog I/P Pins 8 8 8 16
DC Current per I/O Pin 40 mA 40 mA 40 mA 40 mA
Flash Memory 16 KB 32KB 16 KB 128 KB
SRAM 1 KB 2KB 1 KB 8§ KB
EEPROM 512 Bytes 1 KB 512 Bytes 4 KB
Clock Speed 16 MHz 16 MHz 16 MHz 16 MHz
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The Arduino Uno board:

MADE
IN ITALY

DERTS-MSc, 2015

“Test”
Led 13

Prof. Kasim Al-Aubidy

Power
Led

12C

analog pins




" LH3580 LH3Sa0
e 12
=oon
+5L
- GATE_CHO
GO GHO | POLIER
+3U preFT [ 1 {_j-
LUCC=0 2 .-";"‘\.
E] )
S GHD
i —
HOT2355 +5U 3 = SHD
S LIH IC4 5 LTI [ & -
- ™ MC 3 22590-5.0 SHE - y
e |
oy 0L 3w w E e
B “LEL.[ELH_ Ce il |:5_L n 2] cr GO
1061 E0 = 1@au 51 7E_E|H_D +5L
F-4 ICSP /]\ " [:I ca
) =] 1 = | |5
1 GHD  GMO GO GO G 3 .
GHD + 1 18En
¥ su 5 -
Ard 20 i
Faulno RZ TE@_HH ICSP GHD HRE] B
C13 PL GL0 7
e SCE 3
1 | HISO 5
HOST 4
o P2 53 LPESETLL | pEseT  soropes —ﬁl S5 E]
UsBUCC +5L HERESET-EN CFISOIREY (o= Z
102 o — 1@ SMOSDPET [ 1
e 1 . GID oz KTALZ £35IPB2
c4 uCCsI T« | Napx0 E5 1sMHz cpcLiFpl i3 I3
188y C3 ~—23 1 uccm pr0 |3 EREAT] sTALL  acreea |t
| e e o B I AREF 1 - —=
D- . cTs¢ —ALLTE <3 GO L2 S HREF (HOCSIPCS =
16 USEDHM 0Pt " g 22p +51) a2 AUCC TAOC4PCA i I [ 1 L4
O+ 15 | e bipe L2 2 AGHD  ADCIPLI 2
DCO# 'T‘ - (ADCZIPC2 ﬁ I -
=) 3 +5L WCC TA0OCLIPCA - -
N 13 e JS— BHD cRDCAWPCE =2 -
=102
-LLESH 22 | nscr o CFINLIFD? ﬁ I =
L ¢AIHEIPDS
20 | gggg T wapx — GND «TLip0s (L I = |z
i <TEPD4 =
GHD cPmp |22 - M 1k CINTLPDI [2 ' 5|3
c 1 Guo1 —l_H—pﬁ:'T ¢INTEIRDZ ‘; | 4513
L8 | Gupz wcom—mc T ETXEOPDL - 5 ol B
=t GhD3 1 cRADIPDE 211
TEET =102 = a
. 25| ey srems A2 ATHEGAS -
—1_ FTZ3zAL MaR=0 RB'_|:1.1
T GHO 1
L Eﬂn = maTxo PR3 1k
1F w o —
DERTS-MSc, 2015 Prof. Kasim Al-Aubidy 10



The Arduino Uno Board has the following specifications:

e |t is a small size board, (6.9 cm * 5.3 cm) board.

« 14 digital input/output pins, 6 of them can be used as PWM outputs.

« 6 analog inputs (with 10-bit ADC) to deal with analog input signals.

« 32 KB flash memory, 2KB SRAM, and 1 KB EPROM.

» 16 MHz ceramic resonator.

« USB connection for interfacing with other units.

* It can be powered via the USB connection or with an external power supply
(an AC-to-DC adapter or battery).

Each input/output pin can provide or receive a maximum of 40 mA and has an
internal pull-up resistor.

It has some pins have specialized functions such as serial interfacing, and
external interrupts.

It has a number of facilities for communicating with a computer, another
Arduino, or other microcontrollers.

oIt has a resettable fuse that protects computer's USB ports from shorts and over
current.
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Example: Mobile Robot control using Zigbee Technology
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Wireless Communications With Arduino Uno Board:

The wireless communications channel between the Arduino Uno Board
and another board or the internet can be achieved using:

- The Bluetooth adapter.

- The ZigBee adapter.
- The WIFI adapter.

The Bluetooth Adapter:
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Single-Board Microcontroller + ZigBee

Ardumo + X-bee.
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The WIiFI Shield:
The WiFi Shield can be mounted on the top of the Arduino UNO board using
SPI port. Only six lines from the microcontroller board are required for WiFi

Interfacing. Depending on the wireless router configuration, the microcontroller
will set up the WiFi shield to see the selected network.

Ardumo UNO
N

SCK
MISO

MOSI
SS for Wik

Handshake
between
shicld and
Arduino

SS for
SD card
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: Ardumo + X-bee
Client computer (sender of data)
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