EE3220 System-on-Chip Design
Tutorial 2: Hello World!

ARM Project Creation and Configuration

Objective:

@ To get familiar with the usage of ARM Mbed.

@ To set up and run your first project.

@ To learn how to write a C/C++ program for ARM.

In this tutorial, you will learn how to set up and run a new project for an ARM
Mbed board. During this process, you will learn the required settings and finally
run the compiled code on the targeted device (NUCLEO-F401RE ARM board).
At the end of this tutorial, you will learn the basic usage and functions of the ARM

Mbed platform.

Step 1:
Please complete the steps in Tutorial 1 and register an ARM Mbed account. Now
you need to log in to the website.

e Go to the Mbed platform website https://os.mbed.com/account/login

e Click Compiler button at the top right hand side of the page.
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Step 2: Create your project with template.
e Click New -> New program

7| New Program...

e Select NUCLEO-F401RE as Platform, click the Template and select the
mbed OS Blinky LED HelloWorld, and leave the program name as mbed-
os-example-mbed5-blinky.

Create new program

Create new program for "NUCLEOQO-F401RE"

This will create a new C++ program for "MUCLEQ-F401RE" j '@
in your workspace. You can always change the platform of
this program once created.

@ Please specify program name

Platform: | % NUCLEO-F401RE |~

Template: '] Nudleo board with Seeed bot and bluetooth‘ = ‘

Program Name:| @ | mbed OS Blinky LED HelloWorld

E ADC Internal Temperature Sensor reading
— example

E Connect through Wifi to IBM MQTT cloud
! https://quickstart.in

a Nucleo board with Seeed bot and bluetooth
— shields demo.

a Simple test application for the
= STMicroelectronics X-NUCLEO-

a Simple test application for the
=~ STMicroelectronics X-NUCLEO-

a Simple test application for the
=~ STMicroelectronics X-NUCLEO-

Empty Program




] Create new program

Create new program for "NUCLEO-F401RE"

This will create a new C++ program for "NUCLEO-F401RE" in
your workspace. You can always change the platform of this
program once created.

@ rlease specify program name

Platform: | % NUCLEO-F401RE

Template:

@) mbed 05 Blinky LED HelloWorld
mbedos—exam le-mbed5-blin i

The name of the program to be created in your
workspace

Program Name:

Update this program and libraries to latest revision

|

0K Cancel

e Click OK, the program will be created.

e Open the project folder and observe the main.cpp and the mbed OS libraries
imported.
Program Workspace < Program: /mbed-os-example-mbed5-blinky
B @ My Programs Y IT pe to fitter the list ] [] Match Case  [] Whole Word
# (7] resources Name Sze | Type
:‘ CONTRIBUTING.md | | (7] resources Program Folder
[ conTRIBUTING.md 0.4 kB Generic File
[ README.md o~ ;
o lc] main.cpp 0.5 kB C/C++ Source File
17 mbed-os
® & Classes [) README.md 3.3kB Generic File
BT Files ) mbed-os Library
2] [ﬂ Structs
# [T Groups
e Have a glance at the libraries contained in mbed-os.
Program Warkspace * | Y maincop % | [)README.md X | ) AbstractMesh X | [} BiinearInterpolate X | [£) CMSIS_Core_Functioninterface X | [ ) CONTRIBUTING.md X | ) aesh X | £ aesnih X | £ blowdshih X ) cihech X | £ Analogln X | Y BLEInstz
iy s arcd.h File Reference =

= resources

£ bignum.h
£) blowfish.h
£ br_mulh

Data Structures
struct
ARCA context structure,

Functions
*etx)
Initiskze ARC# context.
{ fetx)
Clear ARCH conteat.
( *tx, const unsigned char *key, unsigned int keylen)
ARC# key schedule.
( “ct, size._t length, const unsigned char *input, unsigned char *output)
ARC# aipher function.
(int verbose)
Chedkup routine.

Detailed Description

The ARCFOUR stream apher.

Copynight (C) 2006-2015, ARM Limitad, All Rights Reserved SPDX-License-Identifier: Apache-2.0

Licensed under the Apache Licens, Version 2.0 (the "License”); you may not use this file except in compliance with the License. You may cbtain a copy of the License at
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e Open the README.md file and know more about this program.

[) main.cop X | ) README.md X | [} AbstractMesh X | [} BilinearInterpolate X | [} CMSIS_Core_Functionlnterface X | [*) CONTRIBUTING.md X | Y aesh X | [)aesnih X | [ blowfish.h X | B3 ciphech X | [ Analogln X | [ BLE
T[] (./xes0urcea/of: _armmbed_example_badge.png)
4 Blinky Moed O

The example

& cd mbed-os-example-blinky

sct with Arm Mbed CLI using the ‘import’ subcemmand:

thread in the spplication. It toggles the state of a digital cutput connected to an LED on the board,

e Now open the main.cpp, the snapshot below contains the meaning of the
instructions used.

] I;J main.cpp X ’

& #include "mbked.h" // add the mbed header file

7 #include "platform/mked thread.h" // add header for thread

10 // Blinking rate in milliseconds

11 #define BLINKING RATE MS 00 // define BLINKING RATE MS as 500

14 int main()

is5{

i6 // Initialise the digital pin LED1 as an output

1 DigitalOut led(LED1); // set led as a digital output
18 // connected to the LED1 pin

S while (true) // Loop forewver

29 {

21 led = !led:; // Toggle LED

22 thread sleep for (BLINKING RATE MS); // Delay SSDI-ISI

2 3}

24} )

e Now click Compile Tab to compile and generate a binary file.

(2

P New ¥ P import | ke Save B Save Al

e Connect the board, a new drive (NODE_F401RE) will be appeared. Copy the
generated binary file to the new drive.

Home Share View Picture Tools

€« v. 4 <« Semester A_2021 > Lab Exercises » ARMIab » lab1l

5& Quick access ~ k

@, OneDrive - City University of H

8 This PC

Figures F401RE features
wa NODE_F401RE (F:)

¥ Network



e Observe the LED blinking on the board.
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Step 3: Make your own hello word project.
e Click New -> New program

¥l New Program...
- - Workspace |

e Select Empty Project as the template and enter the program name.
(Ensure that the Platform is set to Nucleo-F401RE)

Create new program for "NUCLEO-F401RE" @
This will create a new C++ program for "NUCLEO-F401RE" 3
in your workspace. You can always change the platform of
this program once created.

@ Please specify program name

Platform: % NUCLEO-F401RE B
Template: Empty Program | - ‘

Program Name: lljgﬂg_mrjd ]

The name of the program to be created in your
workspace

OK ‘ ‘ Cancel ‘




Wizard to import Mbed library.

-1 Save Al

Right click the project folder and select Import Library -> From Import

< Program: /serial_com_interrupt

Y |T'-,.fpe to filter the st ...

N

he

Y | New File...
2] New Folder...

| O mat

Si

%3] New Library...

[E] Import Library... » Pj From Import Wizard ...
'y Export Program... Ctrl-E 9 HromURL ...

4, Find in Program... Ctrl-Alt-F

e Click on the search button (with empty text) and double click Mbed among
the given libraries. Now the Mbed library will be imported into your project.
Import Wizard
Import a library from os.mbed.com g
Select library from the list. You can also drag&drop them in your workspace.
mbed 7.t to import from URL. Import!

——— T

| Programs | Libraries ’ Bookmarked ’ Upload ’ Search criteri ... Search
Listing published libraries on os.mbed.com

Name Tags Author Impzrts Modified Description

[ & Jmbed . |mbedofiaal [ 392220 [20Feb 2010 The official Mbed 2 C/C++ SDK
57 TextLCD HD44780 LCD d 74352 02 Jan 2014 TextLCD library for controling vi
s"s USBDevice device USB 22276 USB device stack

2 mbed 19708 Library

% Servo 19514 A class to control a model R/C s
sfr m3pi 14572 Library for the m3pi robot. This
{3 C12832_lcd 14197 Lib for the LCD display on mbed
ﬂ; C12832 13505 lcd for LPC1768

e QEI 12943 Quadrature encoder interface il
ﬁ' Motor 11309 Control an H-Bridge using a Pwr
i‘f SDFileSystem 10014 A re-written SDFileSystem librar -
{3 mbed-dev 10846 mbed library sources. Supersede
i} mbed-rtos cmsis rtos RTX 8157 Official mbed Real Time Operatil

e To create a source code, right click the project and click New File.

{ 1
Program Workspace < Program: /[serial_com_interrupt
| = |8¥] My Programs Y [Type to fitter the list ... I
F.'] 2lid 9 i

| New Folder...
o—\—l - .

IB New File...



Name the source file as hello_word.cpp and click OK.

Create new file x

Create new file
Use this form to create a new file with .cpp or .h extensions
At

) Please specify file name

File Name: lhello_word .cpp ]
This folder will be created in "/Hello_world"

oK Cancel

Open the source file, write the program attached.

¢ | hello_word.cpp X

1 #include "mbed.h"

2 int main()

3

4 printf("hello world!\n"):
5>}

Save the file and click Compile button on the menu bar. The program will be
now compiled.

PyNew v P import | L) Ssave [ Save Al | (2] Compie v

M

Compiling serial_com_interrupt

Target: NUCLEO-F401RE

Program: serial_com_interrupt
¢ g Status: Linked serial_com_interrupt.NUCLEO_F401RE

( [ [LLILILLLL]




After compiling the program, the binary created will be required to be saved.

Opening serial_com_interrupt. NUCLEQ_F401RE.bin

You have chosen to open:
{:] serial_com_interrupt. NUCLEO_F401RE.bin

which is: bin File (36.1 KB)
from: https://ide.mbed.com

What should Firefox do with this file?
(O QOpenwith | Browse...

@:Save File

oK ‘ Cancel

X

Click OK to save the binary to your download folder.

Step 4: Loading and running the program on the board.

Go to device manager from Control Panel -> System

Control Panel Home

E3 system

v 4 EJ 5 Control Panel > All Control Panel ltems » System

IG Device Manager I Windows edition

9 Remote settings Windows 10 Education
9 System protection

G Advanced system settings

System

View basic information about your computer

© 2018 Microsoft Corporation. All rights reserved.

Check Ports and make sure STLink Virtual COM Port is shown. Write down
the Port number.

> Portable Devices
v @& Ports (COM & LPT)

ﬁ STMicroelectronics STLink Virtual COM Port (COMSE) I

. = Print queues

» I Processors

¥ Software components

B Software devices

14 Sound, video and game controllers
, S Storage controllers

» §m System devices

> ’ Universal Serial Bus controllers
al . . .
@ Universal Serial Bus devices



Start Serial Communication with Putty.

All  Apps Documents Web Mare ¥
Best match
P PuTTY
App

#R PUTTY Configuration ? X
Category:
[=- Session Basic options for your PuTTY session
P Fogging Specify the destination you want to connect to
=)~ Terminal oy s
.- Keyboard erial line D |
Bl [coms 9600 |
Features Connection type:
=- Window (ORaw (O Telnet (O Rlogin O SSH
" Appearance Load. save or delete a stored session
- Behaviour
. Translation Saved Sessions
[#- Selection lSen'al_intenupt I
i -Colo.urs Default Settings Load
=J- Connection serial_intermupt
~ Data Save
- Telnet Delete
- Rlogin
(- SSH
saenal Close window on exit:
OAways (ONever (@ Onlyon clean exit
About Help | Open I Cancel

e Open the NODE_F401RE() drive. Remember it was opened earlier when the
board is ON. A Google chrome browser and a file named "DETAILS" will be
found in the drive.

Home Share View Drive Tools
<« ¥ 1 wa > NODE_F401RE (F:)
Name
# Quick access -
|=| DETAILS
@ OneDrive - City University of H | @ MBED

[ This PC

s NODE_F401RE (F:)

¥ Network

e To load the binary file onto the board, copy the saved binary file
serial_interrupt.bin to the NODE_F401RE() drive.



e Open Putty terminal and see the printed hello world!

EP COM4 - PuTTY — O b

Reference book for ARM Mbed

Fast and Effective Embedded System Design: Applying the ARM mbed. Second
Edition

Contents

Introduction xv

PART I: Essentials of Embedded Systems, Using the mbed
Chapter 1: Embedded Systems, Mi , and ARM

3

1.1 Introducing Embedded Systems...... ST |

FAST AND EFFECTIVE e ey
1.1.2 An Example Embedded System 5

1.1.3 A Second Example System: A Word on Control Systems and the Segway ...6

1.2 Microprocessors and Microcontrollers ... R

1.2.1 Some Computer Essentials .........

1.2.2 The Microcontroller
DESI GN 1.3 Development Processes for Embedded System:
- jom— 1.3.1 Programming Langu.age;—wha[ s So Hpe

1.3.2 The Development Cycle ..

i 1.4 The World of ARM N
Applyl ng the 14.1 .a'(\"Lm(I]e History.......... SRR L |
ARM m bed 14.2 Some Technical Detail—What Does This RISC Word Mean 15

1.4.3 The Cortex Core ..
Chapter Review .

Quiz......... A7
References 18
Chapter 2: Introducing the mbed 19
2.1 Introducing the mbed.. - .19
211 mbed and mbed Enabled . SO |

2.1.2 The mbed LPC1768 20

2.1.3 The mbed LPC1768 Architecture 21

2.1.4 The LPC1768 Microcontroller ...
2.2 Getting Started With the mbed: A Tu

Step 1. Connecting the mbed to the PC 25
. . Step 2. Creating an mbed Account. 25
Rob Toulson and Tim Wilmshurst Step 3. Running & Progra.... 2

Step 4. Compiling the Program .....

Book support material website
http://www.embedded-knowhow.co.uk/Book 3 _Ed2.htm

Instructor Support
The mbed allows a new style of teaching about embedded systems and microcontrollers in university and college courses. Support mz

Powerpoint slides: These are directly linked to the book content. There is one slide presentation for each book chapter. PDFs are aw:

Chapter 1 Chapter 4 Chapter 7 Chapter 10 Chapter13
Chapter 2 Chapter 5 Chapter 8 Chapter 11 Chapter14
Chapter 3 Chapter 6 Chapter 9 Chapter 12 Chapter 15

Solutions to Quiz questions.

For Quiz solutions or Lecture Note powerpoints, please email from a university/college email address. In your email please give brief i

Code Examples.

These are available below - copy and paste from the Word document into the mbed compiler

Chapter 1 Chapter 4 Chapter 7 Chapter 10
Chapter 2 Chapter Chapter 8 Chapter 11
Chapter 3 Chapter 6 Chapter 9 Chapter 12

END
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