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Chapter 1

Overview

The Intel Cyclone V SoC Development Kit (DE10-Standard), a robust platform that is built around
Intel System-on-Chip (SoC) FPGA which combines the dual-core Cortex-A9 embedded cores with
industry leading programmable logic for ultimate design flexibility. Intel’s SoC FPGA integrates
Hard Processor System (HPS) consisting of processor, peripherals and memory interfaces tied
seamlessly with the FPGA fabric using a high-bandwidth interconnect backbone. Other than having
the Intel SoC FPGA, DE10-Standard FPGA development board is equipped with hardware, such as
DDR3 memory and display capabilities, Ethernet networking, and much more that promise many
exciting applications.

To demonstrate the power of the SoC FPGA on the DE10-Standard FPGA development board, we
have created a "Control Panel™ program, board utility software that uses ARM to access various
peripherals that belong both to the Hard Processor System (HPS) and the FPGA. This demo is
particularly useful for anyone who is interested in the SoC FPGA structure and development of
future SoC applications.

This scope of this tutorial is to help users understand and learn how to build the board utility
"Control Panel" on the DE10-Standard FPGA development board in a step-by-step fashion. To
boost user confidence while following the instructions, we provide screenshots of steps needed to
be followed. This helps users debug if they encounter any problems during the learning process.
Users should have basic concepts toward building their own applications once they have finished
working with the whole tutorial. Also, users should find this tutorial self-explanatory and
self-contained as we hope that lots of creative projects can be inspired as a result of this.

1.1 System Block Diagram

Figure 1-1 shows the block diagram of the Control Panel where user can see the Control Panel
program is running on Linux on the left-hand side. The program GUI is built based on Qt library
and it can access the FPGA resources through the AXI bus. The Linux Frame Buffer Display
hardware is implemented based on Altera VIP suite and HPS DDR3 SDRAM memory is used as
frame buffer. The Nios Il processor is implemented to configure the VIP when the system is booted.
The Nios Il program runs on the on-chip memory.
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Figure 1-1 Block Diagram of the Control Panel

1.2 Learning Topics

To give users an outline what they will learn in this manual, here we provide a list of topics that will
be covered and explained:

Install a virtual machine VMware on 64-bit Windows Host
Install a Linux x64 under virtual machine VMware

Install Qt Creator on Linux x64

Create and build a Qt hello program for Linux x64

Install Linaro ARM cross compiler toolchain for Intel SoC ARM
Install prebuild Qt Library for Intel SoC ARM

Cross-compile to build Qt Application for Intel SoC ARM
Create and build a Quartus Project for Intel SoC FPGA

Launch Qt Application on Intel SoC FPGA board

aslc DE10-Standard 2 www. terasic.com
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1.3 System Requirements

Before starting this tutorial, please note that the following items are required to complete the
Control Panel project:

AXx64 PC

DE10-Standard FPGA board

Linux Ubuntu 16.04 x64 Installer

Options if Windows Host is preferred

B MS Windows Installer

B VVMware Workstation Player Installer
Qt 5.7.0 for Linux 64-bit Installer

Qt 5.5.1 open source

® Quartus Prime 16.1 or later installer

1.4 Development Flow

Our Control Panel program GUI is built using the Qt library. Considering that most users might not
be familiar with the Qt library, we believe it would be most helpful to first list all the steps required
to complete the control panel project in the following:

Install Linux x64 on VMware running under Windows Host
Install Qt Creator 5.7.0 on Linux x64

Install Intel SoC Toolchain on Linux x64

Install Qt 5.5.1 Library for Intel SoC on Linux x64

Build Qt App for Intel SoC FPGA Board on Linux x64
Build Quartus Project on Windows Host

Execute Qt App on Intel SoC FPGA Board

No ok~ wdN e

1.5 Set up the Control Panel Demo

This section describes how to set up the Control Panel program on the DE10-Standard Development
Kit. There are five major steps involved. Please carefully follow the instructions below. If you
already have the MicroSD card for LXDE Desktop, skip first two steps.

aslc DE10-Standard 3 www. terasic.com
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Download microSD card writer utility — Win32 Disk Imager
Download the compressed LXDE Desktop image file. Then, decompress the compressed
image file, and write the file into a microSD card (at least 4GB) with an ImageWriter
Utility
3. Insert the microSD card intro DE10-Standard FPGA Development Board, connect a USB
keyboard and mouse to the USB host port, connect a LCD monitor to the VGA-output
port, then power on the board to boot Linux System.
. Boot LXDE Desktop.
5. Double click "ControlPanel” icon on LXDE Desktop to launch the Control Panel Utility.
If a confirm dialog appears, please click the "Execute" button.

B Download Win32 Disk Imager

To write the microSD card image into a microSD card, a writing tool is required. In this tutorial,
Win32 Disk Imager utility is used. This utility is a shareware, users can download it from the web:

(http://sourceforge.net/projects/win32diskimager/)

On the download page as shown in Figure 1-2, click "Download" to start the download process.
The downloaded filename is "Win32Diskimager-0.9.5-install.exe".

Win32 DiskImager | Frec %

« C A | [ sourceforge.net/projects/win3 2diskimagery/ e =

%4 Win32 Disk Imager®

= This toolis used for wiriting images to USB sticks or SD/CF cards
Brought to you by. gruemaster, tuxinator2009

Surnrnary  Files  Reviews  Support  Wwiki  Feature Requests  Bugs  Code  Mailing Lists|

* 4.0 Stars (176)
& 45367 Downloads
£ Last Update: 2013-08-07

Download
the unnan

W Tweet 29 8+1/< 59 EBiE 156 ,,',' Browae Al Files

Cescription

This prograrn is designed to wiite a raw disk image to a rernovable device or backop a removable device to
a raw image file. It is very useful for ermbedded developrment, namely Arm development projects (Android,
Ubuntu on Arm, etc). Anyone is free to branch and modify this program. Patches are always welcome:

Please do not use the reviews area for questions or bugs, as | have no way of responding to them.

Bear with us as we transition from launchpad.net.

b

Figure 1-2 Download Web Page of Win32 Disk Imager

Install the Win32Disklmage by executing the installer and execute Win32Diskimage.exe to launch
the tool as shown in Figure 1-3.
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= Win32 Disk Imager pem|=h
Image File Diewice

= -

Copy | [[] MD5 Hash:

Frogress:

Version: 0.9.5 Cancel Read Writs

Figure 1-3 Win32 Disk Imager

B Create Linux Booting microSD card

The "LXDE Desktop™ microSD card image is available from the website:
http://de10-standard.terasic.com/cd

Please download the microSD card image "Linux LXDE Desktop" under the Linux BSP section.

The filename is DE10_Standard_LXDE.zip. The archive needs to be decompressed to extract the

image named DE10_Standard_LXDE.img.

Then, insert a microSD card (at least 4GB) into the host Windows. Launch Win32 Disk Imager,
select the inserted microSD card in the Device list box and click on the Folder icon to select the
image file DE10_Standard LXDE.img. Click "Write" to start writing the image file into the
microSD card as shown in Figure 1-4.

' Win32 DiskImager 0 L SN

Image File Device

1#CD_ROM/DE(_nann_image/L XDEDE10_Nano_LEDE imgf |FL OIS

Copy | [[] MD5 Hash:

Frogress

e — :
Verson: 095 Cancel Eead |[ T rife j Exit

—
Figure 1-4 Write microSD card with a Given Image File

Before writing, a "Confirm overwrite" dialog appears as shown in Figure 1-5. Make sure the device
is the microSD card, and click "Yes" to close the window.
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" N
* Confirm overarite ﬁ

Writing to a physical device can corrupt the device.
! 5 (Target Device: [GH] ")
Are you sure you want to continue?

—
7 o
sy ]

—

Figure 1-5 Confirm to Continue

When the writing process is complete, a "Complete™ dialog appears as shown in Figure 1-6. Click
"OK" to close the window.

i N
% Complete I&

Write Successful.

(T

L

Figure 1-6 Write SD-card Complete

B Set up Hardware and Boot Linux

Connect the following items to the DE10-Stnadard development board as shown in Figure 1-7.

USB mouse and keyboard

LCD monitor

Linux LXDE Desktop microSD Card

PAL/NTSC video signal from a Media Player

Speaker

Ethernet (option, only needed on chapter 6.3 and chapter 8.4)
DC Power for DE10-Stnard
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Figure 1-7 DE10-Standard Development Board Setup

Please also make sure that MSEL[4:0]=01010 located on the back of the DE10-Standard FPGA
development board as shown in

Figure 1-8.
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Figure 1-8 MSEL[4:0] on the DE10-Standard FPGA Development Board

After connecting the above peripherals, power on the DE10-Standard board. The LCD monitor will
now display Penguin Linux Logo as shown in Figure 1-9.

Figure 1-9 Linux Booting Using Root Account

When the Linux boot process is complete, LXDE Desktop will appear as shown in Figure 1-10.
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Figure 1-10 Launch the Control Panel

B Launch Control Panel

After successful boot, the Control Panel execution file "ControlPanel™ is pre-built in the desktop.
Please double click "ControlPanel” icon and click "Execute™ button to launch the Control Panel as
shown in Figure 1-11. Note that Qt library has been preinstalled in the microSD card image
therefore users can simply launch the Control Panel without installing the Qt library.

The Control Panel window will appear on the LCD monitor as shown Figure 1-11. Now, you can
use the USB mouse to operate the Control Panel.

D =

opencv my_first_hps

& -

BT LED AP NET Time DE10-Standard Control Panel

Cox
H LED . HEX isunon Q Gsensor | I »‘

FPGA LED HPS LED
ControlPane

¥ LeDo ¥ LeDs i LEDO
N D1 ¥ LeD6
§ LeD2 M Leo7

¥ LeD3 M LeDs

§ LeDs § D9 | unlight All | -
\D;sxmr ENVIRONMENT

hps_gpio

& |

hps_lcd g'\‘

]

Figure 1-11 Screenshot of DE10-Standard Control Panel

Choosing the LED tab leads to the window in Figure 1-12. Here, you can directly turn the LEDs on or

aslc DE10-Standard 9 www. terasic.com
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off individually or by clicking “Light All” or “Unlight All”.

m DE10-Standard Control Panel - o
U LED l HEX iﬁutton @ Gsensor | [
|
FPGA LED HPS LED
¥ LEDo W LEDs | LEDO
§ D ¥ LeD6
§ Lep2 § LeD7
§ LED3 W LeED8 Light Al
§ LED4 ¥ LEDO Unlight All

Figure 1-12 Controlling LED

Choosing the 7-SEG tab leads to the window shown in Figure 1-13. From the window, directly use the
up-down arrows to control the 7-SEG patterns on the DE10-Stanard board which are updated
immediately. Note that the dots of the 7-SEGs are not enabled on DE10-Standard board.

- DE10-Standard Control Panel - o

-
ULED lHEx Eﬁutton @G-Sensor | EIC
L]

0|+ o+ o |* 0|+ o+ o |+

Figure 1-13 Controlling 7-Segment Display

Choosing the Switches tab leads to the window in Figure 1-14. The function is designed to monitor the
status of slide switches and push-buttons in real time and show the status in a graphical user interface. It

can be used to verify the functionality of the slide switches and push-buttons.

- DE10-Standard Control Panel - o
-
U LED l HEX iﬁutton @ G-5ensor I b
-
FPGA HPS
L]

oieee
FH
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Figure 1-14 Monitoring switches and buttons

Choosing the G-Sensor tab leads to the window in Figure 1-15. The function is designed to monitor the
status of G-Sensor in real time and show the status graphically. It can be used to verify the functionality
of the G-Sensor chip.

- DE10-Standard Control Panel - ox
1 -
U LED l HEX Eﬁutmn @ G-Sensor I ]
pm iSRS -
-~ T
Ve *n
£ N
/ A\
X=-40 mg f \
H ]
| o |
Y=-76 mg :
\ 4
7=992 N 4
- mg \- ,/
\\ o
—. .-

Figure 1-15 Monitoring G-sensor measured value

Choosing the LCD tab leads to the window in Figure 1-16. The LCD backlight can be turned on or off
by checking or unchecking the LCD Backlight checkbox from this window. The display on the LCD can
be updated immediately according to the demo pattern form the pull-down list. .

™ DE10-Standard Control Panel =

-
) l HEX EButton @G-Sensor Bl o <]

LCD Backlight

Demo Pattern: | Geometry & Font v

Figure 1-16 Controlling Graphic LCD

Choosing the Video-In tab leads to the window in Figure 1-17. This demonstration requires connect
PAL/NTSC video signal to the RCA-in port on the DE10-Standard. The decoded PAL/NTSC video will
display on the Control Panel in real time.
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Ll DE10-Standard Control Panel - o x

ansor LCD &" Video-In .4))) Audio ‘ IR |4

Please connect PAL/NTSC video signal to the RCA-in port.

Figure 1-17 Testing the video-on of TV decoder

Choosing the Audio-In tab leads to the window in Figure 1-18. This demonstration requires connect
speaker to the line-out port on the DE10-Standard board. Then, click the tone buttons on the dialog, the
speaker will play an associated tone sound immediately.

- DE10-Standard Control Panel - ox

2nsor LCD ﬁ‘.’ Video-in | <]} Audio ,‘ IR |4

Do Re Mi Fa Sol La Ti

Please connect speaker to the line-out port.

Figure 1-18 Testing the line-out of audio demo

From the control panel, we can test the IR receiver on the DE10-Standard by sending scan code from a
remote controller. Figure 1-19 depicts the IR receiver window when the IR tab is pressed. When the
scan code is received, the information will be displayed on the IR Receiver window represented in
hexadecimal. Also, the pressed button on the remote controller will be indicated on the graphic of
remote controller on the IR receiver window. Note that there exists several encoding form among
different brands of remote controllers. Only the remote controller comes with the kit is confirmed to be

compatible with this software.
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Chapter 2

Linux x64 Installation

The Control Panel program runs on Linux in the Intel SoC ARM as shown in the block diagram in
Chapter 1. In Chapter 2, we begin by installing Linux x64 as a first step toward completing the
Control Panel project. The Linux x64 system can be installed on a x64 PC directly or on a virtual
machine running on 64-bit Microsoft Windows. This chapter also describes how to install an
Ubuntu OS, a Linux x64 system, on a virtual machine VMware Workstation Player running on
Microsoft Windows. The VMware Workstation Player is first installed on a Windows host, and
subsequently Ubuntu Linux is installed on the VMware Workstation Player with an Easy Install
mode.

The Control Panel is a GUI-based program and Qt Creator is a convenient tool to help create such
GUI-based programs. Regarding the Linux installation, users might ask if it is possible to install
Cygwin Linux in Microsoft Windows instead of installing Linux x64 on VMware Workstation
Player running on Microsoft Windows. Note that Qt Creator, software meant for GUI-based
programs, can’t be successfully installed on Cygwin in Microsoft Windows.

Running Linux x64 on VMware Workstation Player in Microsoft Windows is an easier way when
users wish to create a GUI application, such as oscilloscopes or logic analyzers, without the need to
have a Desktop Linux. Users can simply follow our GUI application development method explained
in this tutorial for more user-based GUI applications.

2.1 System Requirements

Before starting the Linux installation on a virtual machine, please make sure and check if these
following items are in place:

® 3 PC with 64-bits Microsoft Windows installed
® VVMware Workstation Player installer (shareware)
® Linux Ubuntu 16.04 x64 .iso image file
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—————  Control Panel April 27, 2017



http://www.terasic.com/
http://www.terasic.com/
http://www.terasic.com/

2.2 Install VMware Workstation Player

Now, we proceed to install the virtual machine under Microsoft Windows. This section shows (1)
where to download VMware Workstation Player and (2) how to install it under Microsoft Windows.

B Download VMware Workstation Player Installer

Go to VMware download web page: https:/my.vmware.com/web/vmware/downloads, find the VVMware
Workstation Player item and click "Download Product™ as shown in Figure 2-1. In the VMware
Workstation Player download page, click the "Downloads" button to download VMware

Workstation Player, as shown Figure 2-2 .

-"(—. = C ‘ & https://my.vmware.com/web,

ware/downloads

EET =

vmware
&

CLOUD SERVICES
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SUPPORT
B
DOWNLOADS
wiiln
| — ]
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PARTNER
PROGRAMS

o

SOLUTIONS
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n Desktop & End-User Computing

VMware Horizon
VMware Herizon (with View)

VMware Herizon Air

VMware Herizon Air Hybrid-Mode (with Virtualization)
VMware Herizon Cloud

VMware Horizon DoaS

VMware Herizon Flex

VMware Horizon Clients

VMware User Environment Manager

VMware App Volumes

VMware Identity Manager

VMware Workspace

VMware Mirage

VMware vReslize Operations for Horizen and Published Applications
VMware ThinApp

VMware Workstation Pro

Download Product | Drivers & Tools | Download Trial | Get Training
Download Product | Drivers & Tools | Get Training

Download Product | Drivers & Tools | Get Training

Download Product | Drivers & Tools

Download Product | Drivers & Tools

Download Product | Drivers & Tools | Get Training

Download Product | Drivers & Tools | Download Trial | Get Training
Download Product | Drivers & Tools | Get Training

Download Product | Drivers & Tools | Download Trial | Get Training
Download Product | Drivers & Tools | Download Trial | Get Training
Download Product | Drivers & Tools | Download Trial

Download Product | Drivers & Tools | Get Training

Download Product | Drivers & Tools | Download Trial | Get Training
Download Product | Drivers & Tools

Download Product | Drivers & Tools | Get Training

Download Product | Drivers & Tools | Download Trial

Mware Workstation Player

Download Produ:

VMware Fusion

VMware TrustPoint
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Download Product | Drivers & Tools | Download Trial

Download Product | Drivers & Tools

Figure 2-1 Download Web Page of VMware
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Figure 2-2 VMware Workstation Player Download Web Page

B Install VMware

Under the Windows host, execute the downloaded installer "VVMware-player-12.5.2-4638234.exe"
to start the setup process. Figure 2-3 shows the screenshot of the installer. Click "Next >" button to
go to the next step.

- ki
ﬁ! Viiware Workstation 12 Player Setup ] e

Welcome to the VMware Workstation 12 Player
Setup Wizard

VMWARE

WORKS The Setup Wizard will install VMware Workstation 12 Player

PLAYER on your computer. Click Next to continue or Cancel to exit
the Setup Wizard,
Copyright 1998-2016 YMware, Inc. All rights reserved. This
product is protected by 1.5, and international copyright and
intellectual property laws. VMware products are covered by
one or more patents listed at:

Figure 2-3 Welcome Dialog
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In the End-User License Agreement dialog as shown in Figure 2-4, check "I accept the terms in
the license agreement™ and click "Next >" button to go to the next step.

3 VMware Workstation 12 Player Setup Iil_lé]

End-User License Agreement

Flease read the following license agreement carefully,

VMWARE END USER LICENSE AGREEMENT e

PLEASE NOTE THAT THE TERMS OF THIS END USER
LICENSE AGREEMENT SHALL GOVERN YOUR USE
OF THE SOFTWARE, REGARDLESS OF ANY TERMS
THAT MAY APPEAR DURING THE INSTALLATION OF
THE SOFTWARE.

_-—-—-__________——_
< V|1 accept the terms in the License Agreement. >
[ Print ] [ Back ( Mext ) Cancel

Figure 2-4 End-User License Agreement Dialog

In the Custom Setup dialog as shown in Figure 2-5, keep the default destination or specify desired
installation folder, then click "Next >" button to go to the next step.

18 WMware Workstation 12 Player Setup Iil_lé]

Custom Setup

Select the installation destination and any additional features.

Install to:

C:\Program Files (x86)WMware\WMware Player)

["|Enhanced Keyboard Driver (a reboot will be required to use this feature)
This feature requires 10ME on your host drive,

O ——
[ Back (:H Next |>[ Cancel

Figure 2-5 Custom Setup Dialog
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In the User Experience Settings dialog as shown in Figure 2-6, check on the "Check for product
updates on startup™ and click "Next" to continue.

4 WMware Workstation 12 Player Setup Iil_léj
User Experience Settings o

Edit default settings that can improve your user experience,

Check for product updates on startup
When VMware Workstation 12 Flayer starts, check for new versions of the
application and installed software components,

Help improve VMware Workstation 12 Player
Send anonymous system data and usage statistics to VMware,

Learn Mare

p———

[ Back CH Mext |:)[ Cancel ]

Figure 2-6 User Experience Settings Dialog

In the Shortcuts dialog as shown in Figure 2-7, keep the default setting, then click "Next >" button
to go to the next step

18 WMware Workstation 12 Player Setup Iil_léj
Shortcuts o

Select the shortcuts you wish to place on your system,

Create shortcuts for VMware Workstation 12 Player in the following places:
Desktop

Start Menu Programs Folder

p———
[ Back (:H Next |)[ Cancel

Figure 2-7 Shortcuts Dialog
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In the Ready to install VMware Workstation 12 Player dialog as shown in Figure 2-8, click
"Next >" button to go to the next step

4 WMware Workstation 12 Player Setup Iil_lé]

Ready to install VMware Workstation 12 Player

Click Install to begin the installation. Click Back to review or change any of your
installation settings. Click Cancel to exit the wizard,

[ Back {ﬂ Install D[ Cancel ]

M

Figure 2-8 Ready to install VMware Workstation 12 Player Dialog

When the installation is complete, Completed the VMware Workstation 12 Player Setup Wizard
dialog appears as shown in Figure 2-9. Click "Finished" button to finish the setup process.

18 WMware Workstation 12 Player Setup I. = &I
Completed the VMware Workstation 12 Player
Setup Wizard
WERKS ION; Click the Finish button to exit the Setup Wizard.

PLAYER

Press the License button below if you want to enter a license
key now.

License E . Finish {)

he

Figure 2-9 Completed the VMware Workstation 12 Player Setup Wizard Dialog
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2.3 Launch VMware

Once VMware Workstation Player is completely installed, a program shortcut icon will appear on
the desktop in Windows, as shown in Figure 2-10. Double-click the shortcut icon to launch the
VVMware Workstation Player. Figure 2-11 shows the main window of VMware Workstation Player.

Plyerv | - 0 T

B viome Welcome to VMware
Workstation 12 Player

,,?.'7 Create a New Virtual Machine
ol

L | Create a new virtual machine, which will then be added to
= d'," the top of your library.

Open a Virtual Machine

ﬁ\
J | Open an existing virtual machine, which will then be added
M = to the top of your library.

— l Upgrade to VMware Workstation Pro

Get advanced features such as snapshots, virtual network
management, and more.

Help
R y View online help.

= This product is not licensed and is authorized for non-
:‘ 4 commercial use only. For commerdial use, purchase a
license. Buv now.

Figure 2-11 Main Window of VMware Workstation Player

2.4 Install Linux Ubuntu Desktop

Now we have downloaded and installed the VMware Workstation Player, we are ready to download
Ubuntu image file and install it on the VMware Workstation Player. Note that the "Easy Install"
mode is automatically applied when VMware Workstation Player detects if the installed OS is

Ubuntu 16.04.

DE10-Standard 20 www. terasic.com
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B Download Ubuntu Linux Image

The Ubuntu Desktop can be downloaded from the web link provided below, as shown in Figure

2-12

http://releases.ubuntu.com/16.04/

On the download page, click "64-bit PC (AMD64) desktop image"” link to start the download
process. The downloaded image filename is "ubuntu-16.04.1-desktop-amd64.iso".

Ubuntu 16.04.1 LTS (Xenial Xerus)

Select an image

Ubuntu is distributed on four types of images described below.

Desktop image

The desktop image allows you to try Ubuntu without changing your computer at all, and at your opfion to install it permanently
later. This type of image is what most people will want to use. You will need at least 384MiB of RAM to install from this image.

There are two images available, each for a different type of computer:

64-bit PC (ANMDB4) deskiop image
00Se this 10 take full advantage of computers based on the AMDB4 or EMBAT architecture (e.g., Athlon64, Opteron,
EMB4T Xeon, Core 2). If you have a non-64-bit processor made by AMD, or if you need full support for 32-bit code,
use the i386 images instead. Cheose this if you are at all unsure.
32-bit PC (i386) desktop image
For almoest all PCs. This includes most machines with Intel/ANMD/etc type processors and almost all computers that
run Microsoft Windows, as well as newer Apple Macintosh systems based on Intel processors.

Sernver install imaae

[asic

www.terasic.com

Figure 2-12 Download Page of Ubuntu Desktop
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B Create a Ubuntu Virtual Machine on the VMware Workstation Player

Launch the VMware Workstation Player as shown in Figure 2-13. Click the "Create a New Virtual
Machine" icon to create a virtual machine accordingly.

F - A
LEH Vhware Workstation 12 Player (Non-commercial use only) E‘E‘ﬂ

| layer v || - i

Welcome to VMware
Workstation 12 Player

Create a New Virtual Machine

Create a new virtual machine, which will then be added to
the top of your library.

Open an existing virtual machine, which will then be added

= Open a Virtual Machine
F["I
to the top of your library.

management, and more.

i Upgrade to VMware Workstation Pro
| Get advanced features such as snapshots, virtual network

I
Help
View online help,
= This product is not licensed and is authorized for non-
i i : commerdal use only. For commerdial use, purchase a
license. Buy now.
Figure 2-13 VMware Workstation Player Main Window
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When the Welcome to the New Virtual Machine Wizard dialog appears as shown in Figure 2-14,
select the "installer disk image file (is0):" radio button, and click "Browse" button to specify the
location of the Ubuntu Linux image file "ubuntu-16.04.1-desktop-amd64.iso” which has been

downloaded in the previous step. Note that the "Easy Install” mode is enabled for Ubuntu 16.04.1.
Click "Next >" to go to the next step.

Mew Virtual Machine Wizaﬂ _ - v -Iiéj

Welcome to the New Virtual Machine Wizard

A virtual machine is like a physical computer; it needs an operating
gystem. How will you install the guest operating system?

Install from:
(7 Installer disc:
o DVD R TEBEE (F)
@) Installer disc image file (iso):i > i
D:\softwareubuntu-16.04, 1-desktop-amd64.iso - i
. e —
jr} Ubuntu 64-bit 16,04, 1 detected. ]

This operating system will use Easy Install. (What's this?)
(71 I willinstall the operating system later.

The virtual machine will be created with a blank hard disk.

— —
ack { Mext = Ji[ Cancel
_

[a]

Figure 2-14 Install Dialog
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When the Easy Install Information dialog appears as shown in Figure 2-15, please specify your
username and password. In this tutorial, the user name "terasic” and the password "123" are used.
Click "Next >" button to go to the next step. Please remember your username and password, as
they will be frequently used throughout the tutorial.

-
Mew Virtual Machine Wizaﬂ Won e m@

Easy Install Information i
This is used to install Ubuntu 64-hit.

B

Personalize Linux

Full name: terasic inc.

User name:  terasic

Fassword: 1T}

Confirm: T

=
<z ) Cos ) [ cona ]

Figure 2-15 Easy Install Information Dialog
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When the Name the Virtual Machine dialog appears as shown in Figure 2-16, you can change the
virtual machine name as you wish. In this example, a machine name "Ubuntu 64-bit" is used. Click
the "Browse" button to specify a folder location for the virtual disk of the virtual machine. Finally,
click "Next > " button to go to the next step.

Mew Virtual Machine Wizaﬂ “ [ '--I@_:ﬁj;

Name the Virtual Machine
What name would you like to use for this virtual machine?

Virbualmachine name:
Ubuntu 64-hit

Location:

..'.-.-____-“-.

D WhMware\Wbuntu 64-bit (| Browse... |}

e
| < Back q Mext = P Cancel

Figure 2-16 Name the Virtual Machine Dialog of the New Virtual Machine Wizard

L
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When the Specify Disk Capacity dialog appears as shown in Figure 2-17, please specify the
maximum disk size and click "Next >" button to go to the next step.

ettt ettt - =
Mew Virtual Machine Wizaﬂ ﬁ [ m@
Specify Disk Capacity i

How large do you want this disk to be?

The wvirtual machine's hard disk is stored as one or mare files on the host
computer's physical disk. These file(s) start small and become larger as you
add applications, files, and data to your virtual machine.

Y

Maximum disk size (GEB): 20,0 =

Recommended size for Ubuntu 64-hit: 20 GE

(@) Split virtual disk into multiple files

Splitting the disk makes it easier to move the virtual machine to another 'l
computer but may reduce performance with very large disks.

i (7 Store virtual disk as a single file

Figure 2-17 Specify Disk Capacity Dialog
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When the Ready to Create Virtual Machine dialog appears as shown in Figure 2-18. Click the
"Customize Hardware ..." button to modify memory allocated to the virtual machine.

Mew Virtual Machine Wizard Iﬁ
r——— —
Ready to Create Virtual Machine

Click Finish to create the virtual machine and start installing Ubuntu 64-bit
and then VMware Tools,

The virtual machine will be created with the following settings:

Mame: buntu 64-hit -
Location: D WMwareVWbuntu 64-hit
Version: Waorkstation 12.0

Operating System: Ubuntu 64-bit

m

Hard Diisk: 20 GB, Split
Memory: 1024 MB
Metwork Adapter:  NAT

Other Devices: CD,/OVD, USE Contraller, Printer, Sound Card e

e —

{t- Customize Hardware. .. —]}

Power on this virtual machine after creation

[ < Back ][ Finish ][ Cancel ]

Figure 2-18 Ready to Create Virtual Machine Dialog
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The Hardware dialog appears as shown in Figure 2-19. Modify memory for this virtual machine to
2048MB or more. Then, click "Close " button to return to the Ready to Create Virtual Machine
dialog.

g = R
Hardware ﬂ
Device Summary Memary
| Specify the amount of memory allecated to this virtual
HEE Memary 1ce machine. The memory size must be a multiple of 4 MB,
[ Processors 1
“yJMNew CO/DVD (... Using file D:\software\ubuntu-16.... Memory for this virtual machine: 2043 [E) TV’
T=Network Adapter NAT
USE Controller Present &1 GE
& So.und Card Auto detect 12ae 4
|§]Pr|nter Present 16 GB
;DISDIBY Auto detect 8 GE E Maximum recommended memaory
4GB (Memary swapping may
268 occur beyond this size.)
1GE 4 28564 MB
Sz ME < [H Recommended memory
255 MB
1024 MB
128 ME
&4 MB [ Guest OS recommended minimum
M 512 MB
15 ME
ZME
4 ME
j‘_) The virtual machine will use up to 768 MB of this memary
for graphics memory. You can change this amount in the
Display settings page.
@ Add... Remaove
([ Close ]X Help
h

Figure 2-19 Hardware Dialog
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Finally, the Ready to Create Virtual Machine dialog appears as shown in Figure 2-20. Click the
"Finish" button to start installation progress.

MNew Virtual Machine Wizard @
| — —— —

Ready to Create Virtual Machine

Click Finish to create the virtual machine and start installing Ubuntu 64-hit
and then YMware Tools.

The virtual machine will be created with the following settings:

Mame: Ubuntu 64-hit -
Location: D Whware VWbuntu 64-bit
Version: Workstation 12.0

Operating System: Ubuntu 64-bit

m

Hard Disk: 20 GB, Spiit

Memary: 2043 MB

Metwork Adapter: MAT m
Other Devices; CD/OVD, USE Controller, Printer, Sound Card o

[ Customize Hardware. ..

Power on this virtual machine after creation

e
| <Back [ Fish ) Cancel |
o ——

Figure 2-20 Ready to Create Virtual Machine Dialog - Modify Memory

While installing, the Software Updates dialog appears as shown in Figure 2-21. Click the
"Download and Install" button to proceed.

The following software is available for download:
VMware Tools for Linux - version 10.0.56

L\‘: If you do not download the latest version of
ViMware Tools, Easy Install will continue with
the existing version you have.

What would you like to do?

[annlnad and InsiﬁII] [ﬁemind Me Later ]

Figure 2-21 Software Updates Dialog
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Figure 2-22 shows a screenshot of the installation progress.

rﬁ@ Ubuntu 64-bit - VMware ion 12 Player (N ial use only) ] . - . o=
Blayer~|| Ml ~ & H «| B @
* B0 &

Install (as superuser)

Welcome to Ubuntu

Fast and full of new features, the latest
version of Ubuntu makes computing easier
than ever. Here are just a few cool new things
to look out for...

5
£\
)

P |

* Copying files...

5 Jkin d‘*k‘:yf{fz‘i:“ee" Easy Installis instaling Ubuntu 64-bit. x
Figure 2-22 Installation Progress
- 30 i
asiC DE10-Standard www . terasic.com
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When the installation is completed, Ubuntu login dialog appears as shown in Figure 2-23. In the
Password edit box, key in the password specified in the previous step (in this tutorial, password is
"123"), and press "ENTER" on the keyboard.

L] Ubuntu 64-bit - VIMware Workstation 12 Player (Non-commercial use only) o= -
5 4 orkstation 1 < |

~

— N

Player v | Il ~ L%l = h «

@
5

terasic inc.

Guest Session

Figure 2-23 Ubuntu Login

aslc DE10-Standard 31 www. terasic.com
WWW. terasic. com Control Panel April 27, 2017



http://www.terasic.com/
http://www.terasic.com/
http://www.terasic.com/

After successful login, Ubuntu Desktop appears as shown in Figure 2-24.

r v ™y
Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) = : . E@lﬁ
Player v | Il ~ @ = h < | o

Ubuntu Desktop 13 1) 7:56PM

B
)
=

>

Y ) |

Figure 2-24 Ubuntu Desktop
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B Shut Down Linux System

Click the Power icon and select the "Shut Down..." as shown in Figure 2-25.

r ™Y
'@ Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial useonly) C=nner
Playerv | Il v & 1T | B @

Ubuntu Desktop LI D)

About This Computer
Ubuntu Help...

System Settings...

Lock
2 GuestSession

2 terasicinc.
Log Out...

Suspend
Shut Down...

Figure 2-25 Shut Down Ubuntu Desktop - 1
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Then, select "Shut Down™ as shown in Figure 2-26 to turn off the Linux system.

-
(%] Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) = ==t

Player v | I v o I h <| B @
Ubuntu Desktop 13 €) 7:59PM

®
Shut Down

Goodbye, terasicinc.. Are you sure you want to
close all programs and shut-dowrrthe-computer?

@ @

ShutDown

Figure 2-26 Shut Down Ubuntu Desktop - 2
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B Restart

Ubuntu

To restart Ubuntu after it has been shut down, here is the step-by-step instruction:

1. Launch VM

ware Workstation Player

2. Select the "Ubuntu 64-bit™ item and click "Play virtual machine" button to start Ubuntu as shown
in Figure 2-27.

r
1‘,@ VMware Workstation 12 Player (Non-commercial use only)

Player v

> - m

Ubuntu 64-bit

State: Powered Off
0S: Ubuntu 64-bit
Version: Workstation 12.0 virtual machine
RAM: 1GB

( P> Play virtual machine

=
Edit virtual machine settings

Pasic

www.terasic.com

Figure 2-27 Start Ubuntu
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2.5 Upgrade Linux x64 Software Package

After Linux x64 has been completely installed, we also need to upgrade the system to make sure the
system is the most up-to-date.

Please follow carefully with the installation procedures in this section. First, press "CTRL+ALT+T"
on keyboard to launch a terminal as show in Figure 2-28.

5 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) =ERC X
Blayer » | ] + & = [ <| B

Terminal Terminal File Edit View Search Terminal Help 1y «)) 10:06PM {%

terasic@ubuntu: ~

To run a command as administrator (user "root"), use "sudo <command=".
See "man sudo_root" for details.

terasic@ubuntu:~5%

@O0

Figure 2-28 Linux Terminal
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In the terminal, type the following command and press ENTER.

$ sudo apt update

The system will prompt users to input a password. Please input your password (in this tutorial, the
password is "123") and press ENTER as shown in Figure 2-29.

% N
5 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) =NACH X
Blayer + | 01 ~ & T <| &

Terminal 1y <)) 10:07PM 1%

terasic@ubuntu: ~

To run a command as administrator (user "root"), use "sudo <commands>".
See "man sudo_root" for details.

E terasic@ubuntu:~$ sudo apt update
[sudo] password for terasic:

Figure 2-29 Input password for terasic
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After finishing typing in "sudo apt update’ and the password, now type in the following command
and press ENTER, as shown in Figure 2-30. The upgrade process will take about 10~15 minutes.

$ sudo apt dist-upgrade -y

% N
5 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) =NACH X
Blayer + | 01 ~ & T <| &

Terminal 13 €) 10:09PM it
terasic@ubuntu: ~

tadata [19.4 kB]

Get:10 http:/fus.archive.ubuntu.com/ubuntu xenial-updates/universe amd64 DEP-11

Metadata [121 KB]

Get:11 http://security.ubuntu.com/ubuntu xenial-security/universe DEP-11 64x64 I

cons [25.6 kB]

Get:12 http://security.ubuntu.com/ubuntu xenial-security/multiverse amd64 DEP-11
Metadata [212 B]

Get:13 http://us.archive.ubuntu.comfubuntu xenial-updates/universe DEP-11 64x64
Icons [145 kB]

Get:14 http:/fus.archive.ubuntu.comf/ubuntu xenial-updates/multiverse amd64 DEP-1
1 Metadata [2,520 B]

Get:15 http://us.archive.ubuntu.com/ubuntu xenial-backports/main amd64 DEP-11 Me
tadata [208 B]

Get:16 http://us.archive.ubuntu.com/ubuntu xenial-backports/universe amdé4 DEP-1
1 Metadata [212 B]

Get:17 http://us.archive.ubuntu.com/ubuntu xenial-backports/multiverse amd64 DEP

i -11 Metadata [212 B]
| — |

Fetched 1,218 kB in 4s (285 kB/s)

AppStream cache update completed, but some metadata was ignored due to errors.
Reading package lists... Done

Building dependency tree

Reading state information... Done

286 packages can be upgraded Run 'apt list --upgradable' to see them.
terasic@ubuntu:~$ sudo apt dist-upgrade -yjj

Figure 2-30 Typing in the Command "sudo apt dist-upgrade -y"
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Figure 2-31 shows the screenshot after the upgrade process has been complete. Type "exit" to close
the terminal.

r N
[E Ubuntu 64-bit - Vivlware Workstation 12 Player (Non-commercial use only) =NACN X
Peyer < | 1~ @ 1] < B

Terminal Terminal File Edit View Search Terminal Help 13 @) 10:44pPM N

terasic@ubuntu: ~

Setting up update-notifier (3.168.2) ...
Processing triggers for cups (2.1.3-4) ...
Updating PPD files for cups-filters ...
Updating PPD files for foomatic-db-compressed-ppds ...
Updating PPD files for openprinting-ppds ...
Updating PPD files for brlaser ...

Updating PPD files for c2esp ...

Updating PPD files for foo2zjs-common ...
Updating PPD files for gutenprint ...
Updating PPD files for hpcups ...

Updating PPD files for postscript-hp ...
Updating PPD files for ptouch ...

Updating PPD files for pxljr ...

Updating PPD files for sag-gdi ...

Updating PPD files for splix ...

Processing triggers for libc-bin (2.23-0ubuntus) ...
Processing triggers for initramfs-tools (©.122ubuntu8.7) ...
update-initramfs: Generating /boot/initrd.img-4.4.08-57-generic
Processing triggers for systemd (229-4ubuntuil3) ...

Processing triggers for ureadahead (0.100.0-19) ...

Processing triggers for dbus (1.10.6-1ubuntu3.1) ...
terasic@ubuntu:~$S [

DEDDD O N

Figure 2-31 Upgrade Process Complete

2.6 Enable VMware Share Folder

After Linux system has been upgraded, we also need to copy files from Windows host by using
VMware Workstation Player’s Shared Folder features. Note, a software patch is applied to fix
known bugs.

B Fix and Enable VMware Workstation Player’s Shared Folder features

Please follow carefully with the installation procedures in this section. First, press "CTRL+ALT+T"
on keyboard to launch a terminal as show in Figure 2-32.
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-
5 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) = | B S

Blayer ~ - & O L= & @ @l =
) Terminal File Edit View Search Terminal Help 1ty ) 1:11PM I
terasic@ubuntu:~$ |

Figure 2-32 Linux Terminal

In the terminal, execute the following commands to download and install VMware Tools Patches.

$ waget https://codeload.github.com/rasa/'vmware-tools-patches/zip/master \
-O vmware-tools-patches.zip

$ unzip vmware-tools-patches.zip

$ cd vmware-tools-patches-master/

$ sudo ./patched-open-vm-tools.sh
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Figure 2-33 shows the screenshot of patches download finish after typing in the wget command.

5 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) EIEI&J
Player = viﬁﬁ& P _o% @d H @ (=]

Terminal File Edit View Search Terminal Help 1y ) 11:42PM %
terasic@ubuntu:~5 wget https://codeload.github.com/rasa/vmware-tools-patches/zip
/master -0 vmware-tools-patches.zip

--2016-12-22 23:42:48-- https://codeload.github.com/rasa/vmware-tools-patches/z
ip/master

Resolving codeload.github.com (codeload.github.com)... 192.38.253.120,

3.121

Connecting to codeload.github.com (codeload.github.com)|192.30.253.120]:443... cC
onnected.

HTTP request sent, awaiting response... 208 0K

Length: 54134 (53K) [application/zip]

Saving to: ‘vmware-tools-patches.zip’

vmware-tools-patche 100% =] 52.87K 130KB/s in 0.4s

PO

2016-12-22 23:42:49 (130 KB/s) - ‘vmware-tools-patches.zip’ saved [54134/54134]

terasic@ubuntu:~$

ST-CT

Figure 2-33 VMware Tools Patches Download Finished
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The downloaded file is in the compressed format, so we need to decompress it before we can use it.
Figure 4-2 shows the screenshot after patches download has been finished and has been extracted
by the unzip command. After extraction, the patches is located in the folder
"~/vmware-tools-patches-master"

5 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) = | O S
Player = V&lﬁ& » g _o% ‘&5 o @ (=]

<]

Terminal File Edit View Search Terminal Help Ty ) 11:47PM {%
terasic@ubuntu:~5 wget https://codeload.github.com/rasa/vmware-tools-patches/zip
/master -0 vmware-tools-patches.zip

--2016-12-22 23:42:48-- https://codeload.github.com/rasa/vmware-tools-patches/z
ip/master

Resolving codeload.github.com (codeload.github.com)... 192.38.253.120, 192.
3.121

Connecting to codeload.github.com (codeload.github.com)|192.30.253.120]:443... c
onnected.

HTTP request sent, awaiting response... 200 OK

Length: 54134 (53K) [application/zip]

Saving to: ‘vmware-tools-patches.zip’

52.87K 130KB/s in 0.4s

@ O\ e

2016-12-22 23:42:49 (130 KB/s) - ‘vmware-tools-patches.zip’ saved [54134/54134]

terasic@ubuntu:~$ unzip vmware-tools-patches.zip |J

SEEEL

Figure 2-34 VMware Tools Patches Extracted by the unzip Command
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In order to fix VMware Tools bug, installing patches is required. Figure 2-35 shows the screenshot
of installing the patches. The system will prompt users to input a password. Please input your
password (in this tutorial, the password is "123") and press ENTER.

Flayer ~ - iﬁ T &
Terminal 3 ) 11:22PM i
a @ ® @ terasic@ubuntu: ~/vmware-tools-patches-master

—

Would you like to enable VMware automatic kernel modules?
E "
Thinprint provides driver-free printing. Do you wish to enable this feature?

ﬁ [yes]
= Creating a new initrd boot image for the kernel.
update-initramfs: Generating /boot/initrd.img-4.4.8-31-generic
% Checking acpi hot plug done
Starting VMware Tools services in the wvirtual machine:
Switching to guest configuration: done
- Guest filesystem driver: done
- Mounting HGFS shares: done
B VMware User Agent: done
<

—

The configuration of VMware Tools 10.08.18 build-4381679 for Linux for this
running kernel completed successfully.

- Starting Virtual Printing daemon: done
Enjoy,

&= --the VMware team

terasic@ubuntu:~/

5
a
Z.

= |

Figure 2-35 VMware Tools Patches Installation
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B Shared Folder Setup

In order to modify virtual machine setting. First, shut down Linux system. Launch the VMware
Workstation Player, select the "Ubuntu 64-bit", and click "Edit virtual machine settings”, as shown
in Figure 2-36.

7 T - B
E@S VMware Workstation 12 Player (Non-commercial use only) @EIQ
Playerv | P ~ i
@ Home
| [ Ubuntu 64bit

Ubuntu 64-bit

State: Powered Off
0S: Ubuntu 64-bit
Version: Workstation 12.0 virtual machine
RAM: 1GB

P Play virtual machine

0
Edit virtual machine settings

A =

Figure 2-36 Launch Edit Virtual Machine Settings
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When the Virtual Machine Settings dialog appears as shown in Figure 2-37, please select
"Options" tab, click "Shared Folders™ icons, check "Always enabled” radio button, and then click

"Add...".

e — A u-‘

Virtual Machine Settings 2
Hardware]| Options l
Settings Summary Fo_\l\::ler sharing
. v, Shared folders expose your files to programs in the
I_!JIGEHETEI Ubuntu 64-bit virtual machine. This may put your computer and

your data at risk. Only enable shared folders if you
trust the virtual machine with your data.

red Folders

gols Time sync off | Disahled

@ Always enabled

25 Autologin Mot supported Haned ol next power off or suspend

Folders

Mame Host Path

‘m’ Eemowve Properties

[ oc J[ cancel |[ reb |

Figure 2-37 Add Shared Folders
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Add Shared Folder Wizard is launched for shared folder settings. A Welcome dialog appears as
shown in Figure 2-38, please click "Next >" to go to the next step.

Add Shared Folder Wizard Iﬁ

Welcome to the Add Shared

Folder Wizard
VMWARE This wizard will guide you through the steps of
WORKS adding a new shared folder to your virtual
PLAYER machinge.

< Badk Mext = Cancel
L

Figure 2-38 Welcome Dialog of Add Shared Folder Wizard
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When the Name the Shared Folder dialog appears as shown in Figure 2-39, click "Browse..." to
select a folder as the shared folder, gives a name to the shared folder(in this tutorial, shared is
used ), and click "Next >" to proceed.

Add Shared Folder Wizard ﬁ

Name the Shared Folder
What would you like to call this shared folder?

Host path
D:WMwareshared folder | Browse. .. |

Mame

,[f'""‘_"‘"‘--,

[ < Back K

Mext =
| e —

)[ Cancel ]

>

Figure 2-39 Specify Shared Folder Location and Name
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When the Specify Shared Folder Attributes dialog appears as shown in Figure 2-40, check
"Enable this share™" checkbox and click "Finish".

Add Shared Folder Wizard | ﬁ

Specify Shared Folder Attributes
Spedfy the scope of this shared folder.

Additional attributes

Enable this share

[ Read-only

e —
| <gack [ Fnsh [) cancel |

Figure 2-40 Finish Shared Folder Setup
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When going back to the Virtual Machine Settings dialog as shown in Figure 2-41, check "OK" to
complete the settings. Now the Shared Folder feature is applied.

=— B
Virtual Machine Settings — u
Hardware | Options
Settings Summary Fo_\l\::ler sharing
. v, Shared folders expose your files to programs in the
_!,HGeneral Ubuntu &4-bit virtual machine, This may put your computer and
P Power your data at risk. Only enable shared folders if you
‘U' Shared Folders Enabled trust the virtual machine with your data.
@'Wlware Tools Time sync off () Disabled
Unity @ Always enabled
& Autologin Mot supported Enabled until next power off ar suspend
Folders
Marm HostPatT ____-"'"--\.,__
(: ]J' shared D:\WMware'shared folder D
-‘-“-“_‘—-—.____ ____--'-.-.-.’
| Add... | [ Remove ] [ Properties ]
_— —
( ok [ cancel || Hep |
e
Figure 2-41 Complete Virtual Machine Setting
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Chapter 3

QX Creator Installation

The Control Panel is a GUI-based program and Qt Creator is a convenient tool to help create
GUI-based programs. Users can simply follow our GUI application development explained in this
tutorial to develop needed GUI applications.

Chapter 3 illustrates how to install Qt Creator on the Linux x64 which has been installed in previous
chapters. Also, we will show how to create, compile, and build a hello program running on the
Linux x64. In order for Qt Creator to be able to build a project correctly, we also provide steps of
installing necessary x86_64 GCC toolchain needed for the Qt Creator.

3.1 Install Toolchain for Linux x64

In order for the Qt Creator to be able to build a project correctly, a proper toolchain is required. Use
the following command to install the required toolchain:

$ sudo apt install build-essential libgl1-mesa-dev -y

System will prompt the user to input a password (in this tutorial, the password is "123") as shown in
Figure 3-1.
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-
5 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) =NACH X

Player ~ - iﬁ T & < | E
Terminal Terminal File Edit View Search Terminal Help 1y <)) 10:55PM I

terasic@ubuntu: ~

terasic@ubuntu:~$ sudo apt install build-essential libglil-mesa-dev -y
[sudo] password for terasic:

Figure 3-1 Install Software Package
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Figure 3-2 shows the screenshot after the installation has been completed. Type "exit" to close the
terminal.

% N
5 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) =NACH X
Blayer + | 01 ~ & T <| &

Terminal Terminal File Edit View Search Terminal Help 13 «) 10:56PM It

terasic@ubuntu: ~

Setting libxcb-dri3-dev:amdé64 (1.11.1-1ubuntul)
Setting libxcb-glx0-dev:amd64 (1.11.1-1ubuntul) .
Setting libxcb-render@-dev:amdé64 (1.11.1-1ubuntul) ...
Setting libxcb-randr@-dev:amd64 (1.11.1-1ubuntul) ...
Setting libxcb-shape@-dev:amd64 (1.11.1-1ubuntul) ...
Setting libxcb-xfixes®-dev:amd64 (1.11.1-1ubuntul) ...
Setting libxcb-sync-dev:amd64 (1.11.1-1ubuntul) ...
Setting libxcb-present-dev:amd64 (1.11.1-1ubuntul) ...
Setting x1lproto-xext-dev (7.3.8-1) ...

Setting x11lproto-fixes-dev (1:5.0-2ubuntu2)

Setting libxfixes-dev:amd64 (1:5.0.1-2) ...

Setting xllproto-damage-dev (1:1.2.1-2) ...

Setting libxdamage-dev:amd64 (1:1.1.4-2) ...

Setting libxext-dev:amde4 (2:1.3.3-1) ...

Setting libxshmfence-dev:amd64 (1.2-1)

B e

O

Setting x1lproto-xf86vidmode-dev (2.3.1-2) ...
Setting libxxf86vm-dev:amd64 (1:1.1.4-1) ...

Setting mesa-common-dev:amdé4 (11.2.0-1ubuntuz.2) ...
Setting Xxllproto-dri2-dev (2.8-2) ...

Setting x1llproto-gl-dev (1.4.17-1) ...

Setting libgli-mesa-dev:amd64 (11.2.0-1lubuntu2.2) ...
terasic@ubuntu:~$ |

hd

[ B B 5

Y

Figure 3-2 Software Package Installation is Now Complete
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3.2 Download and Install Qt Installer

B Download Qt Installer

As shown in Figure 3-3, click the Firefox web browser to open the web page
http://download.qt.io/archive/qt/5.7/5.7.0/
Then click "gt-opensource-linux-x64-5.7.0.run" to download the Qt installer.

F ™
5 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) Elﬂlﬂ

Player v | Il ~ I [
File Edit View History Bookmarks Tools

Help

w B

E gt-opensource-windows-x86-android- 15-Jun-2016 1.2G Details

5.7.0.exe 09:44

E gt-opensource-mac-x64-clang-5.7.0.dmg 15-Jun-2016 775M Details
09:57

E gt-opensource-mac-x64-android- 15-Jun-2016 2.3G Details

i0s-5.7.0.dmg 09:56

B gt-opensource-mac-x64-android-5.7.0.dmg 15-Jun-2016 828M Details
09:55

B gt-opensource-linux-x64-android-5.7.0.run  15-Jun-2016 769M Details
09:53

_ gt-opensource-linux-x64-5.7.0.run 15-Jun-2016 715M Details
09:53

B mdSsums.txt 15-Jun-2016 1.0K Details
12:43

Figure 3-3 Web Page to Download Qt

maslc DE10-Standard 53 www. terasic.com

WWW. terasic. com Control Panel April 27, 2017


http://www.terasic.com/
http://www.terasic.com/
http://www.terasic.com/
http://download.qt.io/archive/qt/5.7/5.7.0/

When an Opening dialog appears as shown in Figure 3-4, click "Save File".

F A
[E Ubuntu 64-bit - Vivlware Workstation 12 Player (Non-commercial use only) E@Iﬂ
Blayer ~ | Il ~ & H < | &

Firefox Web Browser

Index of farchive/qt/s.... x

€ | @O | download.qt.io/archive/qt/5.7/5.7.0/ ¢ | |Q search wBa » =
B gt-opensource-windows-x86-android- 15-Jun-2016 1.2G Details
5.7.0.exe 09:44

v

Ve B o 0 ) KSD

Y

Bl gt-opensource-mac-x64-clang-5.7.0.dmg 15-Jun-2016 775M Details
09:57

L gto B3 Opening qt-opensource-linux-x64-5.7.0.run

ins-5.7/ You have chosen to open:
qt-opensource-linux-x64-5.7.0.run

which is: BIN File (715 MB)
from: http://ftp.jaist.ac.jp

E qto

E gt-0f Would you like to save this file?

ii" | Cancel f@
_-j‘_ E gto ils
a 09:53
S
— E mdSsums.xt 15-Jun-2016 1.0K Details
”ﬁ* 1243
e
Figure 3-4 Opening Dialog
— 54 .
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Figure 3-5 shows the download progress.

F B
%’3 Ubuntu 64-bit - ViMware Workstation 12 Player (Non-commercial use only) Elﬂlg

Player v | Il ~ o L

Index of farchive/qt/5.7/5.7.0 - Mozilla Firefox

Index of farchive/qt/5.... =

€ | @ | download.qt.iofarchive/qt/5.7/5.7.0/ ¢ | |Q search wBa » =

g —r————————————————————————————— e

E gt-opensource-wind¢
5.7.0.exe

gtopensource-linux-x64-5.7.0.run
(]

9 minutes remaining — 16.6 of 715 MB

E gt-opensource-ma

| [ J @

Show All Downloads
E gt-opensource-mac-x64-android- 15-Jun-2016 2.3G Details
i0s-5.7.0.dmg 09:56

B gt-opensource-mac-x64-android-5.7.0.dmg 15-Jun-2016 828M Details
09:55

RE

B gt-opensource-linux-x64-android-5.7.0.run  15-Jun-2016 769M Details

S 09:53

A

— E gt-opensource-linux-x64-5.7.0.run 15-Jun-2016 715M Details
a 09:53

T

— E mdSsums.ixt 15-Jun-2016 1.0K Details
”W 12:43

-_—

Figure 3-5 Download Process of qt-opensource-linux-x64-5.7.0.run
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The file is saved as "qt-opensource-linux-x64-5.7.0.run", and saved under the folder
"~/Download". When download is completed, click the Close icon, located on the top-left corner as
shown in Figure 3-6, to close the Firefox web browser.

F ™
5 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) @M
Player v | Il ~ & I IS <| E

i

File Edit View History Bookmarks Tools Help

Index of farchive/qt/5.... x

€ | © | download.qt.iofarchive/qt/5.7/5.7.0/ ¢ | |Q search wBe » =

————————————

E gt-opensource-windows-x86-android- 15-Jun-2016 1.2G Details

®
[—|
=
ﬁ 5.7.0.exe 09:44

E gt-opensource-mac-x64-clang-5.7.0.dmg 15-Jun-2016 775M Details

| 09:57

E gt-opensource-mac-x64-android- 15-Jun-2016 2.3G Details
i0s-5.7.0.dmg 09:56

B gt-opensource-mac-x64-android-5.7.0.dmg 15-Jun-2016 828M Details
09:55

B gt-opensource-linux-x64-android-5.7.0.run  15-Jun-2016 769M Details
09:53

E gt-opensource-linux-x64-5.7.0.run 15-Jun-2016 715M Details
09:53

B mdSsums.txt 15-Jun-2016 1.0K Details
12:43

Figure 3-6 Click ‘Close’ Icon to Close Firefox Web Browser
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W Install Qt

Type in the following commands to locate and launch the Qt Installer, as shown in Figure 3-7.

$ cd ~/Downloads/

$1s

$ chmod a+x gt-opensource-linux-x64-5.7.0.run
$ ./gt-opensource-linux-x64-5.7.0.run

The 2" command line Is is used to check whether the gt-opensource-linux-x64-5.7.0.run existed or
not while the 3 command line chmod a+x is used to add "execution" attribute to the file such that

it can be executed.

terasic@ubuntu: ~/Downloads

terasic@ubuntu:~5% nloads/

terasic@ubuntu: 55 1s

qt-opensource-linux-x64-5.7.0.run

terasic@ubuntu:~/ nl chmod a+x qt-opensource-linux-x64-5.7.0.run
terasic@ubuntu: ./qt-opensource-linux-x64-5.7.0.run |

@ 38

id

3
a
¥

5 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) =NACH X
Blayer + | 01 ~ & T <| &

Terminal Terminal File Edit View Search Terminal Help 1y <)) 11:40PM %

Figure 3-7 Locate and Launch the Qt Installer
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Figure 3-8 shows the Welcome dialog of the Qt Installer.

-
5 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only)

Player = - iﬁ T & %
Qt 5.7.0 Setup

1y ) 1142PM

QLt 5.7.0 Setup
terasic@ubu
terasic@ubu
qt-opensourt
terasic@ubu

terasic@ubu This installer provides you with the open source
version of Qt 5.7.0.

You have the option to log in using your Qt
Account credentials (e.g. Qt Forum login).

Welcome to the Qt 5.7.0 installer

B e

O

If you do not have a Qt Account yet, you can opt
to create one in the next step.

Ot Account gives you access to everything Qt
Packaging and pricing options

LGPL compliance & obligations

Choosing the right license for your project

Figure 3-8 Welcome Dialog
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In the Qt Account — Your unified login to everything Qt dialog, click "Skip" to skip Qt account
log in and go to the next step, as shown in Figure 3-9.

r |
4 Ubuntu 64-bit -V (2 Player (Non-commercial use only) = EC)

Player v | I} » o II 4 <| B
Qt 5.7.0 Setup 3 ) 11:43PM %

Qt 5.7.0 Setup

terasic@ubu
terasic@ubu
qt-opensourd
terasic@ubu
terasic@ubu Please log in to Qt Account

Qt Account - Your unified login to everything Qt

DR O ®

v

-

A

Settings < Back Cancel

Figure 3-9 Skip Qt Account log in
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In the Setup — Qt 5.7.0 dialog, click "Next >" to go to the next step, as shown in Figure 3-10.

e __
B Ubuntu 84-bit - VMware Workstation 12 Player (Mon-commercial use only)
Player ~ hd iﬁ = & < I

ll Qt 5.7.0 setup Ty ) 11:49PM T B
Qt 5.7.0 Setup

terasic@ubu
terasic@ubu
qt-opensourc
terasic@ubu

terasic@ubu m Welcome to epen source Qt 5.7.0 setup.

Setup - Qt 5.7.0

Qui

Figure 3-10 Qt Setup Dialog
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In the Installation Folder dialog, please specify the folder where you wish to install Qt 5.7.0 and
click "Next >" to go to the next step, as shown in Figure 3-11.

QE 5.7.0 Setup

terasic@ubu
terasic@ubu
qt-opensourc
terasic@ubu
terasic@ubu

B e

O

C

“d

rlllﬂ

-
5 Ubuntu 64-bit _ Player (Mon-commercial use only)

Player = - iﬁ T &

Qt 5.7.0 Setup

Installation Folder

Please specify the folder where Qt 5.7.0 will be installed.

|fho me/terasic/Qt5.7.0|

< Back

3 «) 11:54PM I

Figure 3-11 Specify the Folder to Install Qt
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In the Select Components dialog, keep default settings and click "Next >" to go to the next step, as
shown in Figure 3-12

.
5 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) =NNC X
Poyer < | 11 - & 11 ¢

Qt 5.7.0 Setup ty ) 11:56PM %
Qt 5.7.0 Setup
terasj.c@ubu Select Components
terasic@ubu Please select the components you want to install.
qt-opensourc
terasic@ubu

terasic@ubunga Alsjoe o Ry
|:| » (@ Qt 5|.T This component will occupy
b ¥ Tools approximately 1.01 GiB on
your hard disk drive.

Select All | | Deselect All

< Back

Figure 3-12 Select Components Dialog
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In the License Agreement dialog, select a license and select the "I have read and agree ..." radio
button. Click "Next >" to go to the next step, as shown in Figure 3-13

2DPD O

7%3 Ubuntu 64-bit
- oS
Qt 5.7.0 Setup

Player v |

terasic@ubu
terasic@ubu
qt-opensourd
terasic@ubu
terasic@ubu

12 Player (Non-commercial use only)

_—

3 ) 11:57PM %

Qt 5.7.0 Setup

License Agreement
Please read the following license agreement. You must accept the terms

contained in this agreement before continuing with the installation.

GENERAL

Qt is available under a commercial license with various pricing models
and packages that meet a variety of needs. Commercial Qt license
keeps your code proprietary where only you can control and monetize
on your end product’s development, user experience and distribution.
You also get great perks like additional functionality, productivity
enhancing tools, world-class support and a close strategic relationship
with The Qt Company to make sure your product and development
goals are met.

Qt has been created under the belief of open development and
providing freedom and choice to developers. To support that, The Qt
Company also licenses Qt under open source licenses, where most of
the functionality is available under LGPLv3. It should be noted that the
tools as well as some add-on components are available only under
GPLv3. In order to preserve the true meaning of open development and
uphold the spirit of free software, it is imperative that the rules and
regulations of open source licenses are followed. If you use Qt under
open-source licenses, you need to make sure that you comply with all
the licenses of the compone

I have read and agree to the terms contained in the license
agreements.

I do nota e-terms-and-conditiens above license
agreements.

< Back Cancel

«| E

rer PPT3

www.terasic.com

Figure 3-13 License agreement dialog of the Qt installer
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In the Ready to Install dialog, as shown in Figure 3-14, click "Install" to go to the next step.

Player « hd &l —= &

fll Qt 5.7.0 Setup ty 4) 1217AM 3 §
QL 5.7.0 Setup

terasic@ubu
terasic@ubu
qt-opensourc
terasic@ubu
terasic@ubu

Ready to Install

ol o

Setup is now ready to begin installing Qt 5.7.0 on your computer.
Installation will use 1.01 GiB of disk space.

O

4

< Back Install Cancel

Figure 3-14 Ready to Install Dialog of Qt Installer
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In the Completing the Qt 5.7.0 Wizard dialog, as shown in Figure 3-15, unselect "Launch Qt
Creator" and click "Finish" to close the window.

-
L& Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only)

Player = - iﬁ T &
Qt 5.7.0 Setup

Qt 5.7.0 Setup

terasic@ubu : .
S Completing the Qt 5.7.0 Wizard
terasic@ubu P 9

qt-opensourt
terasic@ubu

terasic@ubu ick Finish to exit the Qt 5.7.0 Wizard.
D m unch Qt Creator

B e

O

“d

_',
’w‘
—
%

Figure 3-15 Completing Dialog of Qt Installer
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3.3 Launch Qt Creator and Check Configure

This section describes how to launch Qt Creator in Linux and where to check its Build & Run

configuration settings.

B Launch Qt Creator

The Qt Creator program is located under \home\Qt5.7.0\Tools\QtCreator\bin as shown in Figure
3-16. To launch Qt creator, simply double click "qgtcreator” program icon.

[~ . -
L& Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only)

Edit View Go
rHome

Recent
Home
Desktop

Documents

Downloads
Music

Pictures
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Computer

> [

¥ 0

Conneck to Server

Bookmarks Help

QL5.7.0 Tools OQtCreator bin

gbs gbs-config

"4

gbs-gmltypes gbs-setup-android
gbs-setup- qt.conf
toolchains

gtcreator.sh

1y 1) 12:31aM I

gbs-config-ui

<@

gbs-setup-qt

<@
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Figure 3-16 Launch Qt Creator
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B Check Build & Run Configuration Settings

When Qt Creator is launched, browse the menu and click "Tools=>Options..." as shown in Figure
3-17, to open the Option dialog.

-
5 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only)

Player ~ | 11 - & o
Qt Creator

= File Edit Build Debug Analyze

1ty ) 12:34aM I

ﬂindow Help
T Locate... Ctri+K

C++ b
— Welcome Projects QuLjs ’:| = Op
{ E R Code Pasting »
” [ Bxemples | Recent
External b
% - Diff...
e New to Qt? | ( Options..)

Debug

Learn how to develop
your own applications and
explore Qt Creator.

\ Get Started Now \

‘_ Ot Account
- Online Community

:-\\ Blogs

€ UserGuide

P. Type to locate (Ctrl+K)

Figure 3-17 Open Option Dialog
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In the Options dialog, first click "Build & Run™ on the left and select the "Compilers” tab on the
right to check if the "GCC" is detected as shown in Figure 3-18.

-

5 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only)- E@g
Player v | Il ~ I [
Qt Creator (Community)
File Edit Build Debug Analyze Tools Window Help

|+ New Project

Options

Filter Build & Run

@ Environment General | Kits = QtVersions Debuggers | CMake

Name Type
v Auto-detected

CC (%86 64bit in fusr/bin) GC
*86 T yasTTi

G
Manual

B8 Analyzer
Tl .
Version Control

i) Android

Figure 3-18 Compilers Options in Qt Creator
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Next, select "Qt Versions" tab (to the left of the "Compilers” tab) to check if the "Qt 5.7.0 GCC
64bit" is detected as shown in Figure 3-19.
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5 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) Elﬂlg

Player v | Il ~ I [

Qt Creator (Community)
File Edit Build Debug Analyze Tools Window Help

|+ New Project

Options

Filter Build & Run

@Envimnment General | Kits Compilers = Debuggers = CMake
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Figure 3-19 Qt Version Option in Qt Creator
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Similarly, select "Kits" tab to check if the "Desktop Qt 5.7.0 GCC 64bit" is detected as shown in
Figure 3-20.
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Figure 3-20 Kits Option in Qt Creator
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Finally, click "OK" to close the dialog as shown in Figure 3-21.
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File Edit Build Debug Analyze Tools Window Help
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Figure 3-21 Click "OK" to Close Options Dialog
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3.4 Hello Program

Now we are ready to create, build, and run our first program "Hello" in Qt Creator. Please follow

carefully with the following instructions.

B Create a New Project

After launching the Qt Creator, browse the menu and select item "File->New File or Project..." as

shown in Figure 3-22 to open a new dialog.

-
%3 Ubuntu 64-bit - VMware Workstation 12 Player (Nen-commercial use only)
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== "Edit Build Debug Analyze Tools Window Help
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-
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Figure 3-22 Open a New Project Dialog
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In the New dialog, select "Applications” under Projects, and choose "Qt Widgets Application™ as
shown in Figure 3-23. Click "Choose..." to go to the next step.
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Figure 3-23 Dialog of Creating a New Project
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In the Qt Widgets Application Dialog, specify the project name and project location, then click
"Next >" as shown in Figure 3-24.
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'@ Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only)
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Figure 3-24 Project Name and Location Dialog
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In the Kit Selection dialog, keep default settings and click "Next >" to go to next step as shown in
Figure 3-25.

'@ Ubuntu 64-bit - VMware Workstation 12 Player (Nen-commercial use only)
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In the Class Information dialog, click "Next >" as shown in Figure 3-26 to proceed.
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Figure 3-26 Class Information Dialog
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In the Project Management dialog, click "Finish" as shown in Figure 3-27 to proceed.

[ bl
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Figure 3-27 Final Dialog of Qt Widgets Application
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Figure 3-28 shows the hello project now has been created and the mainwindow.cpp and main.cpp
files are included in the Sources folder under the hello project.
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Figure 3-28 mainwindow.cpp of the Hello project
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B Build & Run

Click on the "Run" icon to build and run the Hello program. The GUI program should appear as

shown in Figure 3-29.

r
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Figure 3-29 Run Hello Program
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Chapter 4

Intel SoC Toolchain Installation

Linaro ARM cross compiler toolchain is required while building the Qt application for the Intel SoC
ARM on the Linux x64. In this chapter, we show the users steps needed to install the Linaro ARM
cross compiler toolchain. Here is a quick look of the 2 simple steps performed on Linux x64:

® Download the Linaro ARM cross compiler toolchain and extract the file
® Include Toolchain path into the system environment variable $PATH

4.1 Download and Install Toolchain

Launch Linux terminal on the Linux x64 (CTRL+ALT+T) and execute the following commands to
download and extract the Linaro ARM cross compiler toolchain,

Scd ™
S wget -c https://releases.linaro.org/components/toolchain/binaries/\
5.2-2015.11-2/arm-linux-gnueabihf/gcc-linaro-5.2-2015.11-2-x86_64_arm-linux-gnueabihf.tar.xz

S tar xvf gcc-linaro-5.2-2015.11-2-x86_64_arm-linux-gnueabihf.tar.xz
Figure 4-1 shows the screenshot of toolchain download progress after typing in the wget command.
It will take about 10 minutes to download the file.
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E}B Ubuntu 64-bit - ViMwars Workstation 12 Plaﬁar (Nen-commercial use only) | -

Player » A &l i & «
Terminal File Edit View Search Terminal Help 1y ) 1:22aM I

terasic@ubuntu:~$ cd ~

terasic@ubuntu:~% wget -c https://releases.linaro.org/components/toolchain/binaries/\

> 5.2-2015.11-2/arm-linux-gnueabihf/gcc-1linaro-5.2-2015.11-2-x86_64_arm- linux-gnueabihf.tar.xz
--2016-12-21 01:22:04-- https://releases.linaro.org/components/toolchain/binaries/5.2-2015.11-2/ar
m-linux-gnueabihf/gcc-1inaro-5.2-2015.11-2-x86_64_arm-linux-gnueabihf.tar.xz

Resolving releases.linaro.org (releases.linaro.org)... 52.221.254.75

Connecting to releases.linaro.org (releases.linaro.org)|52.221.254.75|:443... connected.

HTTP request sent, awaiting response... 382 FOUND

Location: https://publishing-ap-linaro-org.s3.amazonaws.com/releases/components/toolchain/binaries/
5.2-2015.11-2/arm-1linux-gnueabihf/gcc-1linaro-5.2-2015.11-2-x86_64_arm-linux-gnueabihf.tar.xz?Signat
ure=ZyEQPDVMFQLcLBamozIYTPrucZk%3D&Expires=1482312212&ANWSAccessKeyId=AKIAIELXV2RYNAHFUP7A [followin
gl

--2016-12-21 01:22:86-- https://publishing-ap-linaro-org.s3.amazonaws.com/releases/components/tool
chain/binaries/5.2-2015.11-2/arm-linux-gnueabihf/gcc-1inaro-5.2-2015.11-2-x86_64_arm-linux-gnueabih
f.tar.xz?Signature=ZyEQPDVMFQLcL8amozIYTPrucZk%3D&Expires=14823122128AWSAccessKeyId=AKIAIELXV2RYNAH
FUP7A

Resolving publishing-ap-linaro-org.s3.amazonaws.com (publishing-ap-linaro-org.s3.amazonaws.com)...
54.231.242.168

Connecting to publishing-ap-linaro-org.s3.amazonaws.com (publishing-ap-linaro-org.s3.amazonaws.com)
|54.231.242.168]:443... connected.

HTTP request sent, awaiting response... 280 OK

Length: 165674656 (158M) [application/octet-stream]

Saving to: ‘gcc-linaro-5.2-2015.11-2-x86_64_arm-linux-gnueabihf.tar.xz’

XZ %[ 1 3.86M 225KB/fs eta 12m 11s

Figure 4-1 Linaro ARM cross compiler toolchain Download Progress

The downloaded file is in the compressed format, so we need to decompress it before we can use it.
Figure 4-2 shows the screenshot after toolchain download has been finished and has been extracted

by the tar command. After extraction, the toolchain
gcc-linaro-5.2-2015.11-2-x86_64_arm-linux-gnueabihf"
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terasic@ubuntu:~$ cd ~
terasic@ubuntu:~% wget -c https://releases.linaro.org/components/toolchain/binaries/\
> 5.2-2015.11-2/arm-linux-gnueabihf/gcc-1linaro-5.2-2015.11-2-x86_64_arm- linux-gnueabihf.tar.xz
--2016-12-21 01:22:04-- https://releases.linaro.org/components/toolchain/binaries/5.2-2015.11-2/ar
m-linux-gnueabihf/gcc-1inaro-5.2-2015.11-2-x86_64_arm-linux-gnueabihf.tar.xz
Resolving releases.linaro.org (releases.linaro.org)... 5 1.254.75
Connecting to releases.linaro.org (releases.linaro.org)|52.221.254.75|:443... connected.
HTTP request sent, awaiting response... 382 FOUND
Location: https://publishing-ap-linaro-org.s3.amazonaws.com/releases/components/toolchain/binaries/
5.2-2015.11-2/arm-1linux-gnueabihf/gcc-1linaro-5.2-2015.11-2-x86_64_arm-linux-gnueabihf.tar.xz?Signat
ure=ZyEQPDVMFQLcLBamozIYTPrucZk%3D&Expires=1482312212&AWSAccessKeyId=AKIAIELXV2RYNAHFUP7A [followin

chain/binaries/5.2-2015.11-2/arm-linux-gnueabihf/gcc-1inaro-5.2-2015.11-2-x86_64_arm-linux-gnueabih
f.tar.xz?Signature=ZyEQPDVMFQLcL8amozIYTPrucZk%3D&Expires=14823122128AWSAccessKeyId=AKIAIELXV2RYNAH
FUP7A

Resolving publishing-ap-linaro-org.s3.amazonaws.com (publishing-ap-linaro-org.s3.amazonaws.com)...
54.231.242.168

Connecting to publishing-ap-linaro-org.s3.amazonaws.com (publishing-ap-linaro-org.s3.amazonaws.com)
|54.231.242.168]:443... connected.

HTTP request sent, awaiting response... 280 OK

Length: 165674656 (158M) [application/octet-stream]

Saving to: ‘gcc-linaro-5.2-2015.11-2-x86_64_arm-linux-gnueabihf.tar.xz’

gcc-linaro-5.2-2015.11-2 100%[= =>] 158.00M 222KBfs in 12m 43s

—
;esgi
'E
gl
--2016-12-21 01:22:86-- https://publishing-ap-linaro-org.s3.amazonaws.com/releases/components/tool
]%Ei
| |

2016-12-21 01:34:50 (212 KBfs) - ‘gcc-linaro-5.2-2015.11-2-x86_64_arm-1linux-gnueabihf.tar.xz’ saved
[165674656/165674656]

terasic@ubuntu:~$ tar xf gcc-linaro-5.2-2015.11-2-x86_64_arm-Llinux-gnueabihf.tar.xz[]

Figure 4-2 Toolchain Download Finished and Extracted by the Tar Command

4.2 Setup Toolchain Path

Now, the toolchain path needs to be defined and added into the system variable $PATH. We use the
system editor tool gedit to add the path. Please refer to the following for more details to set up the
toolchain path.

Launch terminal (CTRL+ALT+T) and type in the following command to edit the personal
initialization file "~/.bashrc"

Sgedit ~/.bashrc

Figure 4-3 shows the screenshot that the "~/.proifle” opened by gedit. Please add the following line,

export PATH=~/gcc-linaro-5.2-2015.11-2-x86_64_arm-linux-gnueabihf/bin:SPATH

to the end of the initialization file. Click "save™ icon to save the file followed by clicking "close"
icon (red circle with a x on the upper left corner) to terminate gedit tool.
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r N
'@ Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) E@g
Player » | 1l -~ |£| i & 4
Text Edil File Edit View Search T Documents Help 13 ) 1:58AM %
*.bashrc (~/) - gedit

Open v | [+

# Add an "alert" alias for long running commands. Use like so:

# sleep 10; alert I
alias alert="notify-send --urgency=low -1 "$([ $? = 0 ] && echo terminal || echo error)”
"S(history|tail -ni|sed -e "\''s/"\s*[0-9]\+\s*//;s/[:&]]\s*alertS//"\'")""’

# Alias definitions.
# You may want to put all your additions into a separate file like
# ~/.bash_aliases, instead of adding them here directly.
# See fusr/share/doc/bash-doc/examples in the bash-doc package.
if [ -f ~f.bash_aliases ]; then
. ~f.bash_aliases
fi

enable programmable completion features (you don't need to enable
this, if it's already enabled in /etc/bash.bashrc and /etc/profile
sources Jjetc/bash.bashrc).
f ! shopt -oq posix; then
— if [ -f fusr/share/bash-completionfbash_completion ]; then
. fusr/share/bash-completion/bash_completion
elif [ -f Jetc/bash_completion ]; then
. fetc/bash_completion

k]

b fi
o/ —— T
export PATH=~fgcc-1inaro-5.2-2015.11-2-x86_64_arm-linux-gnueabihf/bin:$PA
_— sh ¥ Tabwidth:8 ~ Ln 120, Col 1 b INS

Figure 4-3 .bashrc Opened by gedit

In order for the path setting to take effect immediately, please type in "source ~/.bashrc" in the
terminal or restart the OS.
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Chapter 5

QX Library Installation for Intel SoC

Up to now, you should have successfully installed the Linaro ARM cross compiler toolchain in the
Linux x64 system. Now we install prebuilt Qt library for Intel SoOC ARM on the Linux x64.

Here is a quick look at the 2 simple steps performed on Linux x64:

® Copy prebuilt Qt library from System CD
® Decompress prebuilt Qt library

5.1 Copy Prebuilt Qt Library from System CD

B Copy prebuilt Qt library to Shared Folder

The prebuilt Qt library is located on the System CD:
\Demonstrations\SoC_FPGA\ControlPanel\bin\qt5.5.1 for_intel soc.tar.gz

Copy the prebuilt Qt library compressed file from the System CD to the shared folder, which is
specified as in Figure 2-39, on Windows host. on Windows host. Then, launch the "Ubuntu 64-bit"
virtual machine. After logging in Linux x64, launch a terminal (CTRL+ALT+T) and type the
following command to go to the shared folder on Linux x64:

Scd /mnt/hgfs/shared

to go to the shared directory on Linux.

Now type in

Sls

To see the "gt5.5.1 for_intel soc.tar.gz" file, as shown in Figure 5-1.
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-
5 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) - - =TACRL X

Player = ‘i‘tﬂ& P .o% @d E [

% Terminal File Edit View Search Terminal Help 1y ) n17am
terasic@ubuntu:~$ cd /mnt/hgfs/shared/

terasic@ubuntu: /mnt/hgfs/shareds 1s

qt5.5.1_for_intel_soc.tar.gz

terasic@ubuntu: /mnt/hgfs/shareds$ JJ

<]

()
=
)
B

-

Figure 5-1 ‘qt5.5.1_for_intel_soc.tar.gz’ File of Prebuilt Qt Library

5.2 Install Prebuilt Qt Library

B Decompress Prebuilt Qt Library to System Path

After copy prebuilt Qt library to the shared folder, we need to install prebuilt Qt library to system
path.

In the terminal, type the following command and press ENTER.

$ sudo tar zxvf qt5.5.1_for_intel_soc.tar.gz -C /opt

The system will prompt users to input a password. Please input your password (in this tutorial, the
password is "123") and press ENTER as shown in Figure 5-2.
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terasic@ubuntu:~$ cd /mnt/hgfs/shared/
terasic@ubuntu:/mnt/hgfs/shareds 1s
qt5.5.1_for_intel_soc.tar.gz

[sudo] password for teras
qts/
qt5/gt5.5.1/

.1/bin/

5
qt5/qt5.5
qt5/qt5.5.1/bin/qdbuscpp2xml
qt5/qt5.5.1/bin/uic
qt5/qt5.5.1/bin/gmlmin
qt5/qt5.5.1/bin/moc
qt5/qt5.5.1/bin/syncqt.pl
qt5/qt5.5.1/bin/qdoc
qt5/qt5.5.1/bin/gmllint
qt5/qt5.5.1/bin/rcc
qt5/qt5.5.1/bin/qlalr
qt5/qt5.5.1/bin/gmlimportscanner
qt5/qt5.5.1/bin/qdbusxml2cpp
qt5/qt5.5.1/bin/gmake
5
5
S|
5|
5
5
5
5
5
S|
=)
5
5

-

SDEPPD O

qt5/qt5.5.1/mkspecs/
qt5/qt5.5.1/mkspecs/linux-clang/
qt5/qt5.5.1/mkspecs/1linux-clang/qplatformdefs.h
qt5/qt5.5.1/mkspecs/1linux-clang/gmake.conf
qt5/qt5.5.1/mkspecs/win32-g++/
qt5/qt5.5.1/mkspecs/win32-g++/qplatformdefs.h
qt5/qt5.5.1/mkspecs/win32-g++/qgmake.conf
qt5/qt5.5.1/mkspecs/irix-g++/
qt5/qt5.5.1/mkspecs/irix-g++/qplatformdefs.h
qt5/qt5.5.1/mkspecs/irix-g++/qmake.conf
qt5/qt5.5.1/mkspecs/gmodule.pri
qt5/qt5.5.1/mkspecs/linux-clang-libc++/
1qt5/qt5.5.1/mkspecs/1linux-clang-libc++/gplatformdefs.h

2] Ubuntu 84-bit - VMware Workstation 12 Player (Non-commercial use only) |
Blayer ~ A== | A= @ | E
Terminal File Edit View Search Terminal Help Eo3

terasic@ubuntu:/mnt/hgfs ared$ sudo tar zxvf qt5.5.1 for_intel soc.tar.gz -C fopt

Figure 5-2 Decompress Prebuilt Qt Library
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Chapter 6

Qt App for Infel SoC

Chapter 6 describes how to cross-compile the Hello project we created back in chapter 3, such that
the hello program can run on the target platform — DE10-Standard FPGA development board in this
tutorial. Here we assume that Intel SoC toolchain and Qt library for Intel SoC FPGA development
board have been successfully installed and are now available on the system.

Here is a quick look of the 3 simple steps:

® Setup "Build & Run™ in Qt Creator
® Cross-compile the Hello project
® Execute Hello program

6.1 Set up "Build & Run” in Qt Creator

B Compiler Setup

First launch the Qt Creator, and select the menu item "Tools—>Options..." as shown in Figure 6-1
to open the Option dialog.
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- = M
'ﬁﬂ Ubuntu 84-bit - Vviware Workstation 12 Player (Non-commercial use only} o - P - - - E‘M

Blayer~ | Il ~ & H 3 R E =86 6| E
Qt Creator ty ) e4a8Pm 1%

File Edit Build Debug Analyze"ﬂindow Help

D Locate... Cirl+K
C++

|

Projects OMLJS >:| = Open Project ‘
r Code Pasting »
Examples Recent Projects
Git »

Tutorials m hello

~imy_hello/hello/nello.pro
External »

Diff...
New to Qt? s
Learn how to develop @

your own applications and
explore Qt Creatar.

Get Started Now

LI LELLE

X ot Account
- Online Community

:-\\ Blogs

@ UserGuide

1 Issues 2 SearchR 3 Applicati... 4 Compile 5 Debugge * A

P. Type to locate (Ctrl+K)

Figure 6-1 Open Option Dialog

To add the "GCC" compiler, in the Option dialog, select "Build & Run™ item on the left and then
select "Compilers" tab. Now you can select "GCC" item from the "Add" pull down menu as shown
in Figure 6-2.

'@ Ubuntu 84-bit - Viviware Workstation 12 Player (Non-commercial use only) y E‘M
Player~ | Il » & L 3 >R QW= 06 6 E
Qt Creator (Community) ty 1) e&s52PM 1%
@ 0 Options L
~" NG Build & Run
X 5 @ Environment | General | Kits = QtVersions Debuggers =~ CMake
— TextEditor Na“’;‘?t Seracie Type Add  -D|
~ Auto-detectel -
i @ FakeVim GCC (xB6 B4bit in jusr/bin) GCC Linux 1CC
- GCC (xB6 32bit in fusr/bin) GCC MinGW
Manual
@ Help
% {} ot Clang
Custom
= | otouick acc
|
@ Debugger
j Designer
-,. Bl Analyzer
= L
— Version Control
ﬂ i) Android
I — sane QNX
-— Devices
[ code Pasti
X Ty / ode Pasting
— Apply Cancel 0K
£
L
Figure 6-2 Add GCC Compiler
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Next, you need to specify the GCC compiler details. First, please type in "GCC (Intel SoC)" in the
Name option box and click "Browse..." to select the location of the compiler of Intel SoC ARM.
The compiler is located at "/home/terasic/
gcc-linaro-5.2-2015.11-2-x86_64_arm-linux-gnueabihf/bin/arm-linux-gnueabihf-g++". Note that in
the path string, you should replace "terasic™ with your linux user name. Then click "Apply" to finish
the Compiler setup as shown in Figure 6-3.

<
@H Ubuntu 84-bit - VMware Workstation 12 Player (Non-commercial use only) E@g
Bayer - | Il -~ & H X *R 4B =@ ol &

Qt Creator (Community) 1y @) 723Pm i

@ Options
bl [Filter Build & Run
X g @ Environment * | General Kits QtVersions @ Compilers | Debuggers | CMake
Text Editor Name Type Add -
ﬁ * Auto-detected
= " GCC (x86 64bit in jusr/bin) GCC
- b raevim GCC (x86 32bit in jusr/bin) GCC
~ Manual Remove
@ Help
~ ,_;] Qt Quick
@ Debugger
"1 Designer
m——— Name:
ﬁ-— B8 Analyzer
A Compiler path: @_ﬁd_arm-linux—gnueabihﬁ’bi nfarm-linux-gnueabihf-g++
= Bl "
Version Control Platform codegen flags:
ﬂ i} Android Platform linker flags:
— sar QNX ABI: arm-linux =
g n Devices
Pl
=
Code Pastin
L g

Cancel oK I

k3
——— =

Figure 6-3 Specify Compiler Name and Path

B Qt \Verisons Setup

To add Qt Versions, first click on the "Qt Versions™ tab and click "Add" as shown in Figure 6-4.
When an Open File dialog appears to ask the location of gmake executable, please specify the
location as: "/opt/qt5/qt5.5.1/bin/gmake™.

aslc DE10-Standard 89 www. terasic.com
WWW. terasic. com Control Panel April 27, 2017



http://www.terasic.com/
http://www.terasic.com/
http://www.terasic.com/

] Ubuntu B4-bit - VIMware Workstation

o ) |

12 Player {(Non-commercial use only)

Bayer | Il ~ & H X

Qt Creator (Community)

Filter

@ Environment
Text Editor
- ' @ FakeVim

Help

J o+t

<] ot quick
@, pebugger
# Designer
BB Analyzer
Version Conf|

i) Android

sanr QNX

' Devices

Look in:

g Computer

= terasic

= File name: make
Code Pasting - 4
~ Files of type:  gmake (gmake**)

rR3 G E = @l
1y @) 72s5PMm i

Build & Run
General Kits Compilers Debuggers CMake
Name ~ gmake Location Type

v Auto-detected

Select a qmake Executable
@ /opt/qt5/qts.5.1/bin -0 0 0 AHIBE
Name - Size Type Date Modified

-
(W gmake

17.9 ME File 12/22/...:09 AM

Cancel

Figure 6-4 Add Qt Version

Finally, click "Apply" to complete the Qt Versions setup as shown in Figure 6-5.

%H Ubuntu 84-bit - VMware Workstation 12 Player (Non-commercial use only)

S - |

Bayer | Il - & H X

Qt Creator (Community)

Options

Filter

(I Environment
Text Editor
{8 Fakevim
@ vewp

{7} c+

<] ot quick

@ Debugger
X Designer

DD OO0 @

i‘i\__ (BB Analyzer
= Version Control
= i) Android
sar QNX

I Devices

L ‘Eg ) Code Pasting
e N

»O B =aa 48

1y @) 727PM i
‘
Build & Run
General Kits Qt Versions Compilers Debuggers CMake
Name ~ gmake Location Type Add...
* Auto-detected
Qt 5.7.0 GCC 64bit /homejterasic/Qt5.7.0/5.7/gcc_64/binfgmake Remove

~ Manual
Qt5.5.1 (

t5.5.1) /opt/g

Version name: O_t % {Qt:Version} (gt5.5.1) &]
gmake location: fopt/qt5/qts.5.1/binfgmake Browse...
Qt version 5.5.1 for Embedded Linux Details +

concel i

DE10-Standard
Control Panel

[asic

www.terasic.com

Figure 6-5 Apply the Qt Version

90 www. terasic.com

April 27, 2017



http://www.terasic.com/
http://www.terasic.com/
http://www.terasic.com/

B Kits Setup

To add Kits, first click on the "Kits" tab and click on "Add" as shown in Figure 6-6. Specify the kit
detail as below:

Name: Intel SoC FPGA Kit

Device Type: Select "Generic Linux Device"

Compiler: Select "GCC (Intel SoC)"

Qt Version: Select "Qt 5.5.1 (qt5.5.1)"

Then, click "Apply" to finish Kits setup and click "OK" to finish Options setup.

N
%H Ubuntu 84-bit - VMware Workstation 12 Player (Non-commercial use only) E@g
Bayer - | Il - & I X *2 4B =@ odl &

Qt Creator (Community) ty ) 7m31PM i

Options

Filter Build & Run

L @ Environment | | General Qt Versions  Compilers = Debuggers = CMake
Text Editor Name
¥ Auto-detected

1

@ Fakevim Desktop Qt 5.7.0 GCC 64bit (default) Clone
~ Manual
A _Intel SoC FPGA Kit Remaove
® Help

Make Default

{7} c+
P Name: Intel SoC FPGA Kit (]
/_’Ml Qt Quick

File system name:

(8 Build & Run Device type: h

e g g Re )

@ Debugger Device: ~ | [ Manage...
, . Sysroot: Browse...
X Designer
Compiler: ~ || Manage...
[ER Analyzer Environment: No changes to apply. Change...
—= Version Control Debugger: System GDB at fusr/bin/gdb - | | Manage...
) Qt version: - | | Manage...
i) Android
Qt mkspec:
sanx QNX CMake Tool: Manage...
I Devices CMake Generator: -

CMake Configuration CMAKE_CXX_COMPILER:STRING="%{Compiler:Executable}; QT_QMAKE_E... | Change...

el X 3|

Code Pasting

ry

M| .ﬁ[ﬂ@ (o]

Figure 6-6 Add Intel SoC FPGA Kit
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6.2 Cross-Compile the Hello Project

Now, after properly setting up "Build & Run" settings, we are ready to cross-compile the Hello
project. First, please launch the Qt Creator, and select the menu item "File->Recent Projects” to

open the hello project as shown in Figure 6-7.

[E=EEN )
=T =T
1y ) 736PM I

%H Ubuntu 84-bit - VMware Workstation 12 Player (Non-commercial use only)

Blayer~ | Il ~ &3 H &
Qt Creator

Y :‘EI Edit Build Debug Analyze Tools Window Help
[ 1 New File or Project... Ctri+N
& Open File or Project... Ctrl+0

Open File With... New Project = Open Project |
»

Recent Files

Recent Projects ~{my_hello/hello/hello.pro Recent Projec‘fs

e —
Sessions Clear Menu

®

v

ﬂhfimww J“H[I

Session Manager... default (last session) I hello
~/my_hello/hello/hello.pro

Save All Ctrl+Shift+5s

ctrl+Q

-

:-.h Blogs

o User Guide

4

P. Type to locate (Ctri+K) 1 Issues 2 Search Res... 3 Application ... 4 Compile Ou... 5 DebuggerC...

a
L ==

Figure 6-7 Open the Hello Project
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To add "Intel SoC FPGA Kit" into the Hello project, click on the "Projects” icon and select "Intell

SoC FPGA Kit" from the "Add Kit" pull-down menu, as shown in Figure 6-8.

[E=EEN )

@H Ubuntu 84-bit - VMware Workstation 12 Player (Non-commercial use only)

Player ~ | Il ~ & H 3
hello - Qt Creator

Editor | CodeStyle | Dependencies | Clang Static Analyzer |

Build & Run M

rR3 QB =dddl B

1y @) 738PMm i

Desktop Ot 5.7.0 GCC 64bit
Import existing build... . Run

Intel SoC FPGA Kit
S =

Edit build configuration:  Debug -

Add - Remove Rename...
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Debug

Shadow build: v
Projects
bl s Build directory: |/homejterasic/my_hellofbuild-hello-Desktop_Qt 5_7_0_GCC_64bit-Debug

o

Build Steps

gmake: gmake hello.pro -r -spec linux-g++ CONFIG+=debug CONFIG+=qml_debug

Add Build Step -

Clean Steps

1 Issues 2 Search Res... 3 Application ...

L. Type to locate (Ctrl+K)

4 Compile Ou...

Browse...

Details =

Details =

Details =

5 Debugger C...

Figure 6-8 Add Intel SoC FPGA Kit into the Hello Project
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To select Release type, click on "Release" icon and select "Intel SoC FPGA Kit" item under the Kit
list menu and "Release™ in Build list menu, as shown in Figure 6-9.

-
Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) | E)
' Y
Bayer~ | Il » & H [ R 4/ =@ @ dl &
13 4) 7:39PM %

hello - Qt Creator

Build & Run Editor Code Style | Dependencies | Clang Static Analyzer

Welcome

v

DB O H e

AddKit -~ Desktop Qt 5.7.0 GCC 64bit Intel SoC FPGA Kit
Manage Kits... Build | Run Build Run

Build Settings

Edit build configuration: | Release ~ Add -~ Remove Rename...
General
/7 shadow build: v

Projects
s Build directory: |/home/terasic/my_hello/build-hello-Intel_SoC_FPGA_Kit-Release Browse...
Project: hello
Deploy: Deploy to Remote Linux Host .
Run: hello (on Remote Device) Details v
Q > Details v
Release Sl e N0

Release

Details v

L. Type to locate (Ctrl+K) 1 Issues 2 SearchR... 3 Applicati... 4 Compile... 5 Debugge...

Figure 6-9 Specify Release Setting
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To compile the hello project, click on "Compile Output™ item on the bottom toolbar of the Qt
Creator and select the menu item "Build->Rebuild All" as shown in Figure 6-10. While compiling,
the system message will be simulaneously displayed on the "Compile Output” Windows.
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Figure 6-10 Build Hello Project
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When the build process has been completed, the output execution file can be found under the folder
"/home/terasic/my_hello/build-hello-Intel_SoC_FPGA_Kit-Release/hello”. Note that in the path
string, you should replace "terasic" with your linux user name as shown in Figure 6-11.

'-\_'."33 Ubuntu 84-bit - VMware Workstation 12 Player (Non-commercial use only)
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Figure 6-11 Location of the Output Hello Execution File

6.3 Execute Hello Program

To execute the Hello program on the DE10-Standard FPGA board, we need to copy the hello
execution file to the Intel SoC FPGA Board which runs on Linux. In this demonstration, we use
Linux "scp" command to remote copy these files from host PC to the DE10-Standard FPGA
development board.

B Setup Network for Intel SoC FPGA Board

First, use a RJ45 cable to connect the Intel SoC FPGA development board to an Ethernet network
with a DHCP server, like Figure 6-12.
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DHCP Server
[

|
| —

Ethernet

DE10-Nano Client 2 Client 3 Client n

Figure 6-12 Connect Intel SoC FPGA Board To the Ethernet Network

Then, use the microSD card which Linux LXDE Desktop image is written to, described in chapter 1,
to boot the Intel SoC FPGA development board. After booting LXDE Desktop, launch a terminal on
the LXDE Desktop (CTRL+ALT+T) and type in "dhclient -v eth0" command to request an Ethernet
IP Address from the DHCP server as shown in Figure 6-13.

Figure 6-13 Linux dhclinet Command

To get a IP address from the DHCP server, type Linux "ifconfig” command to find the assigned IP
address, as shown in Figure 6-14. In this case, the assigned IP address is "192.168.1.191".
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es:1021798 (1.0 MB)

Figure 6-14 Use Linux ifconfig Command to Check Assigned Ethernet IP Address

B Copy Files from PC Host to Intel SoC FPGA Board

Now, back to the host PC part. Please make sure the host PC is connected to the Ethernet which
DE10-Standard FPGA development board also is connected to. Launch a terminal on the Linux x64,
and type in:

S cd /home/terasic/my_hello/build-hello-Intel_SoC_FPGA_Kit-Release
to go to the directory where the hello execution file is located, as shown in Figure 6-15. Note, in the
path string, you should replace "terasic” with your linux user name.

':?3 Ubuntu 84-bit - VMware Workstation 12 Player (Non-commercial use only)
Player ~ A== ra G H = @ ol B

@ ® & Terminal File Edit View Search Terminal Help 1y ) 11:53PM %
@ terasic@ubuntu:~§_cd /home/terasic/my hello/build-h _SoC_FPGA_Kit-Release

=

terasic@ubuntu:~/my_hello/buttd=tretto=Entel—_SoEP& aseSg

Figure 6-15 Go to the Hello Program Folder

Then, type:

S scp hello root@192.168.1.191:/home/root
To remote copy the hello program to the /home/root directory of the file system of DE10-Standard
FPGA development board, as shown in Figure 6-16. Note that the IP address 192.168.1.191 should
be changed to the actual IP address assigned.

During the first time of the connection, system will ask "Are you sure you want to continue
connecting (yes/no)?". Please type in "yes" and press ENTER. After confirming, the system will ask
you to input password for the remote machine, please type "terasic” (the default setting with the
microSD image) and press ENTER.
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r N
[E Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) E@g

Blayer~ | Il - & 5 *Q 4 W= 6 E
Terminal File Edit view Search Terminal Help ty ) 11:55PM 1%
te ic@ubuntu:~S cd / erasic/my_hello/build-hello-Intel_ SoC_FPGA_Kit-R
terasic@ubuntu: S scp hello re 2.168.1.191: /ho
me

Z.168.1.191 (1
key fingerprint is SHA256:YAVGTDiDISPW

re you want to contin connecting (y
Warning manently ad ' I68.1.191" (ECD
root@192.168.1.191's pas
) TheTlo I0% 25.8KB/ 00:00
terasic@ubuntu:

Figure 6-16 Remote Copy the Hello Program

B Launch Hello Program

Please double click "hello" icon and click "Execute" button to launch the Control Panel as shown in
Figure 6-17.

D =

opency NET Time

&

BT LED AP

&

ControlPane

Execute File

\ DEskTop. ENVIRONME

Execute in Terminal | ogancel

hps_gpio

]

Desktop

my_first hp

08:01 L& o

Figure 6-17 Screenshot of the Hello Program
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If the Hello program is launched successfully, you should see the Hello windows as shown in
Figure 6-18.

N =

opency NET_Time

&

BT LED AP

MainWindow

ControlPane

GEENIS0r;

X1\ Deskrop. ENVIRONMENT]

-

h ps_gpio;""

my_fi r'st_h;;s.,_
Desktop

AR X WY | veinwindow |
Figure 6-18 Screenshot of the Hello Program
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Chapter 7

Control Panel Quartus Project

We have so far shown how to build and run hello program on the Intel SoC FPGA development
board with Qt library. In Chapter 7, we show how to build the Quartus project "Control Panel™ over
on the Windows host, translate the .sof to .rbf, and copy the .rbf file to the microSD Card such that
the FPGA can be configured while booting Linux. We also introduce how to use HPS component in

Qsys in order for the Linux program to access Qsys Avalon Memory-Mapped bus through HPS
component.

Quartus Prime 16.1 or later which supports Cyclone V Device on Windows is required in the
Control Panel Quartus Project can be downloaded from
https://www.altera.com/downloads/download-center.html or as shown in Figure 7-1.

Teal =2 =
2 Download Center x
[
€ C [ & nitps//wwwaltera.com/downloads/download-centertm & % |

. PRODUCTS SOLUTIONS SUPPORT ABOUT BUY LOG IN
mtel FPGA | | |

Quartus Prime software Standard

@ Installation and

edition” Download P Licensing Manual

Paid license required 2 :
Includes MegaCore IP Library & Software Installation

Free 30 day trial FAQ

iy
"The Quartus Prime software Standard edition @ PowerPlay Early
version 16.1 supports the following device families Power Estimators
Arria Il, Arria 10, Arria V. Arria V GZ, Cyclone IV, "
Cyclone V, MAX |1, MAX V. MAX 10 FPGA, Stratix IV, (EPE) and Power
and Stratix V. Analyzer

Starting with version 16.1, Quartus Il Subscription
Edition is now Quartus Prime Standard Edition

Quartus Prime software Lite edition”

FREE, no license file required
Includes MegaCore IP Library

|IP Base Suite license available for

purchase

“The Quartus Prime software Lite edtion version 16.1

supports the following device families: Arria I,
Cyclone IV, Cyclone V, MAX II, MAX V, and MAX 10
FPGA.

Starting with version 16.1, Quartus Il Web Edition is
now Quartus Prime Lite Edition h

Figure 7-1 Quartus Download Web Page
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7.1 Build Quartus Project of Control Panel

The Quartus project of Control Panel is located on the system CD:
"Demonstrations\SoC_FPGA\ControlPanel\Quartus". Please copy the folder to the Windows

host and open it with Quartus, as shown in Figure 7-2. Click "Start Compilation” icon to start to
compile.

&4 QuartusT 64-Bit - H/svn3/board_folder/DEL-80C/ControlPanel/DE1S0C_ControlPanel/DEL_SOC_golden_top - DE1_SOC_golden_top =N ==
Fle Edt View Project Assinments Processing  Took indow Help 57 Search altera.com (]
DEHda ¥ @ “ | [DE1_s0c_gelden_top - @:l' SR » o0 i 0 9
Project Navigator Rax ‘ g DEL_50C_golden_top.v B |
e | CFAGST EE 00 TR IS R B | 2EEE
oy Cyclone V: SCSHFCEDEFILCIES /7

- DEL_SOC_golden_top 5 // Copyright (c) 2013 by Terasic Technologies Inc.

« I ,
iy vierarchy | | Fles | o Design nies |75 com 4| b

Tasks rax

Flow: |Compilation ~ | [customize... )

Task
4 b Compil Design

4 P pnalysis & Synthesis
1 Edit Settings

i r < i

@& A @ T < v

Type ID Hessage

HEmx |~

=1\ System /\ Processing J

Ln1  call werilog HDL File 0% 00:00:00

Figure 7-2 Quartus Project of the Control Panel
When finished compiling, DE10_NANO_SOC_FB.sof is generated under the output_files folder

of Quartus project.

7.2 Test FPGA Configuration File

When Intel SoC FPGA boots from the microSD Card, it also reads soc_system.rbf in the microSD
Card to configure the FPGA. Therefore, we now show how to translate the .sof to .rbf.

B Generate soc_system.rbf

First, we need to translate the .sof to .rbf with the following command
$ quartus_cpf -c -0 bitstream_compression=on \
DE10_Stabdard_FB.sof soc_system.rbf
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We have provided the batch file "sof _to_rbf.bat" which implements the translation command for the
users convenience. The batch file is located in the output_files folder of the Quartus project.
Execute the batch file will start the translation. When the file translation is complete,
soc_system.rbf will be generated on the same folder.

B Update microSD card

Next, we need copy the soc_system.rbf to the microSD Card with the following procedures:
1. Insert the microSD Card in the Windows Host
2. Delete soc_system.rbf in the microSD Card if there is one
3. Copy your soc_system.rbf into the microSD Card

B Test

Finally, boot the DE10-Standard FPGA development board with the updated microSD Card. When
the Linux boot process is complete, Double click "ControlPanel™ icon and click "Execute” button to
test if everything works well.

7.3 More on the Quartus Project

The Control Panel circuit is built by Qsys. The HPS Linux program accesses Avalon Memory
Mapped Bus through the HPS component. Also, the FPGA controller can use HPS resource, like
DDR3 SDRAM, through the HPS component. The HPS configuration is board-peripheral-
dependent, so users don’t need to modify the HPS setting if the board has not been changed. The
top Qsys is implement in soc_system.qsys. The TV decoder sub system is implement in the
tv_decoder.gsys.

B Linux Access FPGA Controller

The HPS Linux program accesses Avalon Memory Mapped Slave port through HPS AXI Master
port as shown Figure 7-3. If you wish that Linux program can access a Qsys instance, just connect
its Avalon Memory Mapped Slave port of the controller to HPS AXI Master port.

Linux program access specific Avalon Memory Mapped Slave port based on its port address, so
please make sure the port address are not overlapped with each other. We strongly recommend that
the developer properly defines the port addresses and lock port addresses in Qsys.
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I

= || ¥ System: soc_system Path: hps 0 h2f lw_axi_master

U Comnechions

Ha4rM BlXe@+

pooofPyo

Name

E 1 hps_0
13h_cold_resst_req
{3h_debug_resst_req
{3h_warm_reset_req
12h_stn_hw_events
MEMOCY
hps_in
h2f_reset

12h_sdram0_clock
12h_sdram0_data

h2f e clock
h2f_sed_master

13h_sed_clock
13h_sea_slave

i —dr—pori—pla

12h_irgl

EEEEE

sysid_qsys

1] hps_only_master

] fpge_only_master

] £2sdvem_only_mastex
B mm_bridge_0

clk

Tesel

In this tutorial, the slave port of LED, Button, Switch, IR, 7-segment, audio, VIP frame reader, VIP
clocked video input, VIP Mixer Il and tv_decoder are connected to the to the mm_bridge 0 - HPS
h2f _Iw_axi_master AXI Master port. Use Qsys "Address Map" tab can view the connection

Figure 7-3 HPS AXI Master Port

Eil

ml

summary and associated address, as shown in Figure 7-4.

Description
\brria ¥ Cyclone V Hand Processor System|
Reset Input
Reset Input
Reset Input
Conduit
Conduit
Conduit
[Reset Output
(Clock Input
\bvalon Memory Mapped Slave
(Clock Input
WAED Master
Clock Input
AZI Slave
(Clock Input

Intexrupt Receiver
Intexrupt Receiver
Systewn D Peripheral

JTAG to Avalon Master Bridge
JTAG to Avalon Master Bridge
JTAG to Avalon Master Bridge
\&valon-M b Pipeline Bridge
Clock Input

Reset Input

\bwvalon Memory Mapped Slave
\bwvalon Memory Mapped Master

System: soc_systen Path: hps 0h2f e axd master

L avalon_slave

hps Oh3f Iw_ e snaster

hps_only_master master

( sium_brid ge 0.l \
0x0000_0400 - 0x0000_04FF

alt_vip_cl_mixer_0.control

0x0001_0400 - 0x0001_05ff

alt_wvip_vir_vga.avalon_slave

0x0000_0100 - 0x0000_017F

wdin avalon_slave

0x0001_0100 - Ox0001_0i0f

ps_0 f2h_sdram0_data

ning?_gend debug_mem_slave

ps 0120 ami_slave 0x0000_0000 - Oxffff_fEff
iv_iavalon_slave 0x0001_0200 - 0x0001_0207
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-
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o o] slave

0:x0001_0060 - Ox0001_007f

spispi_control_port

0x0000_0080 - 0x0000_00Sf
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0:x0001_0080 - Ox0001_002f

_gsys.control_slave

0x0000_00a0 - 0x0000_00a7 )/

reget sl

.

Figure 7-4 HPS h2f_|w_axi_master Connection and Address Map

The TV decoder is implemented in tv_decoder.qsys as shown in Figure 7-5 tv_decoder sub Qsys.

The SRAM acts as video buffer for the VIP frame buffer.
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x| |a Q Swstem: tv_decoder Path: clk_50
+ Tee  Comnections  Name Description
! [ e
* T clk_in Clock Input
E C— clk_in_reset Reset Input
. clk Clock Cutput
= — clk_reset Reset Output
- sdram SDRAM Controller
s DQ alt_vip_cl cvi O Clocked Video Input IT (4K Ready)
¥ DQ alt_vip_cl cps O Color Plane Sequencer 1T
I alt_vip_cl_dil 0 Deinterlacer II (4K passthrough)
DQ alt_vip_cl clp_0 Clipper II (4K Eeady)
DQ alt_vip_cl cxs O Chroma Resampler IT (4K Eeady)
DQ alt_vip_cl_csc_0 Color Space Converter [T (4K Feady)
DQ alt_vip_cl scl O Sealer [T (4K Ready)
DQ alt_vip_cl_vib_0 Frame Buffer [T (4K Ready)
B elk_vip Clock Source
C— clk_in Clock Input
clk_in_reset Reset Input
— clk Clock Output
clk_reset Feset Output

Figure 7-5tv_decoder sub Qsys

B Hardware of Linux Frame Buffer Display

VIP Frame Reader is used to implement the Frame Buffer Display of Linux. The Frame Reader uses
HPS’s DDR3 SDRAM as frame buffer, so we need to connect the Avalon Memory Mapped
Master port of Frame Reader instance to the AXI Slave port of HPS instance, as shown in Figure
7-6.
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Figure 7-6 HPS AXI Master Port

Figure 7-7 shows Frame Reader instance setting. The display resolution is set as 1024x768.
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Figure 7-7 Frame Reader Setting
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Chapter 8

Control Panel Qf Project

Chapter 8 describes how to build the Control Panel Qt project by the Qt Creator on the Linux x64.
Here, we assume the Qt library for Intel SoC ARM built in previous chapters is still in place.

Control Panel Qt project uses

Intel SoC FPGA hwilib library source code which is included in the

Intel SoC EDS (Embedded Development Suite). Therefore make sure to install Intel SoC EDS
before compiling the Qt Project.

8.1 Install Intel SoC EDS on Linux x64

Intel SoC EDS can be downloaded from http://dl.altera.com/soceds/16.1/?edition=standard or the
Intel Download Center by clicking on the Embedded Software item and clicking on the SoC EDS

item as shown in Figure 8-1.

[ Ubuntu 64-bit - Viware

)

sl use only) - - - - -

ion 12 Player (N

-
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Intel FPGA and SoC > Downloads

Download Center
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EET=-1 1T

Get the complete suite of Intel® design tools

*R B =20 d 6 &
Ty @) 1205AM I

| SOLUTIONS | SUPPORT | ABOUT | BUY
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€ myaltera Account Help O Terms and Conditions

. . Related Links
Three Quartus Prime editions to meet
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Download P

& Compare Quartus

Quartus Prime software Pro edition’ .
Prime Editions
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Includes Standard Edition License & Compare

Includes MegaCore IP Library ModelSim* - Intel
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16.1 supports the following device families: Arria

e & University Software
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In the SoC Embedded Design Suite Download page,
SoC EDS installer as shown in Figure 8-2.

click the "Download" icon to download the

r -
& Ubuntu 64-bit - VMware ion 12 Player (N ial use only)

| B

Blayer v | 1] » & L X
File Edit View History Bookmarks Tools Help

)

R +

& Download Center

€0r

intel' FPGA

dl.altera.com/soceds/16.(

PRODUCTS | SOLUTIONS | SUPPORT | ABOUT |

Design Software
Embedded Software
Release date: May, 2016

Archives
Latest Release: v16.1

Licensing

Biogramnming Soliware Selectrelease:| 160 v

Drivers
Board System Design
Board Layout and Test

Legacy Software

Download and install instructions:

EEFEEETIELE

Size: 2.4 GB MD5: 981BASE

SoC Embedded Design Suite

Operating System @ m’Wmdows o A Linux

Download Method @) Akamai DLM3 Download Manager @ o Direct Download

1. Download SoC EDS software into a temporary directory.
2. Runthe SoCEDSSetup-16.0.0.211-linux.run file.

Refer to the Software Resources page for more information, such as Community Support and Ecosystem.

SoC Embedded Design Suite (EDS)

@

JUNJIXU &

Q

BUY

Search

o myAltera Account Help @ Terms and Conditions

SoC EDS

Embedded Design Suite

&

Figure 8-2 Intel SoC EDS Download Web Page

The downloaded SoC EDS installer "SoCEDSSetup-16.1.0.196-linux.run" is located in the
directory "~/Downloads”. To launch the installer, first launch Linux terminal on the Linux x64

(CTRL+ALT+T), and type in:

$ cd ~/Downloads

to go to "~/Downloads" directory.

Then, type in:

$ chmod +x SoCEDSSetup-16.1.0.196-linux.run

to add execution attribute to the installer.

Finally, type in:

$ ./SoCEDSSetup-16.1.0.196-linux.run

to launch SoC EDS installer as shown in Figure 8-3.
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Terminal 13 ) 246AM %

terasic@ubuntu:~ nloa ~/Downloads
terasic@ubuntu ) S chmod +x SoCEDSSetup-16.1.0.196-11inux.run

E terasic@ubuntu:~, ) . /SoCEDSSetup-16.1.0.196-linux.run |J

The installed version of YMware Tools is not up to date. Log in to the guest operating system and dick [ Update Tools ] [ Remind Me Later ] [Never Remind Ma ]
“Update Toals.™

- — z

Figure 8-3 Launch SoC EDS Installer

When the installer is launched, a Welcome dialog appears as shown in Figure 8-4. Click "Next >"
to go to the next step.

%3 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use"un\y) =NneI X )
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Setup - SoC Embedded Design Suite (EDS) 16.0.0.211

Nm Welcome to the SoC Embedded Design Suite (EDS) 16.0.0.211 Setup Wizard.
°

For more information about Altera software, go to http:/fwww.altera.com.
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Figure 8-4 Welcome Dialog of SoC EDS Installer

When the License Agreement dialog appears as shown in Figure 8-5, please select the "l accept
the agreement” radio button if you agree with the license and click "Next >" to go to the next step.
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agreement before continuing with the installation.
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Figure 8-5 License Agreement Dialog of SoC EDS Installer
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When the Installation Directory dialog appears as shown in Figure 8-6, we strongly recommend
you keep the default directory and click "Next >" to proceed.

r - hl
’:3'3 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) Conpl= ||
Player » - il = & >0 & T & oo odlE

Installing SoC Embedded Design Suite (EDS) 16.0.0.211 Ty @) 12:30AM %
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| | |terasic@ubuntug=ia Eosbood . c £ o _n
terasic@ubuntu Installing SoC Embedded Design Suite (EDS) 16.0.0.211

YT R CY WL I I

Installation Directory

Specify the directory where SeC Embedded Design Suite (EDS) 16.0.0.211 will be installed

Installation Directory [/homefterasic/altera/16.0| |

InstallBuilder

[ < Back ]( Next:—JI cancel ]

Figure 8-6 Installation Directory Dialog of SoC EDS Installer
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When the Select Components dialog appears as shown in Figure 8-7, please uncheck the "Quartus
Prime Programmer and Tools (1911.3MB)" checkbox and click "Next >" to go to the next step.

%3 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use Dn\y) l =l ﬂ:h
Blayer ~ i 5 & *Q G R e dddl =
Installing SoC Embedded Design Sujte (EDS) 16.0.0.211 Ty @) 12:31aM %

P terasic@ubuntu:~$ ¢ ,r[)r)wnlr)ad:
) |terasic@ubuntugeia e cerrnCEat 4 naa o
terasic@ubuntu Installing SoC Emhedded Design Sun:e (EDS] 16.0.0.211

Select Components

Select the components you want to install

InstallBuilder

[ < Back ]( Next:—JI cancel ]

Figure 8-7 Select Components Dialog of SoC EDS Installer
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When the Ready to Install dialog appears as shown in Figure 8-8, please click "Next >" to go to
the next step.

-
’:;;3 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) = | B | S
Player » - il = & >0 & T & oo odlE

Installing SoC Embedded Design Suite (EDS) 16.0.0.211

) terasic@ubuntu:~$ cd ~/Downloads
| | |terasic@ubuntug=ia Eosbood . c £ o _n
terasic@ubuntu Installing SoC Embedded Design Suite (EDS) 16.0.0.211

YT R CY WL I I

Ready to Install

Summary:
Installation directory: fhome/terasic/altera/16.0
Required disk space: 3300 MB
Available disk space: 8824 MB

InstallBuilder

[ < Back ]( Next:—JI cancel ]

Figure 8-8 Ready to Install Dialog of SoC EDS Installer
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When the installation is complete, please uncheck the "Launch DS-5 Installation™ checkbox and

click "Finish" as shown in Figure 8-9 to finish.

-

%3 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only)

Player v il = &
: Installing SoC Embedded Design Suite (EDS) 16.0.0.211
terasic@ubuntu:~$ cd ~/Downloads
e g . .

terasic@ubuntug

terasic@ubuntu > Installing SoC Embedded Design Suite (EDS) 16.0.0.211

hd

YT R CY WL I I

Ty @) 12:49AM 1t

SoC Embedded Design Suite (EDS) 16.0.0.211 Installation Complete

AEEE‘A Setup has finished installing SoC Embedded Design Suite (EDS) 16.0.0.211.
LN | Launch DS-5 installation

Y

i CEEL EELE

Figure 8-9 Finish Dialog of SoC EDS Installer
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The source code of hwlib library can be found at the below location as shown in Figure 8-10.
/home/terasic/intelFPGA/16.1/embedded/ip/altera/hps/altera_hps/hwlib
(Note, in the path string, the "terasic" should be replaced with your linux user name.)

T3 ) 2:48AM 1%
Q =

© Recent

l @ Home J J

include src
[ Desktop

[0 Documents
< Downloads

dd Music

{) Trash

@2 Network

[ Computer

B Connectto Server

hwlib
E
"
é. @ Pictures
'@ Videos
A
Z

The installed version of VMware Tools is not up to date. Log in to the guest operating system and dick "Update Tools.” [ Update Tools } [ Remind Me Later ] (Never Remind Me ]

Figure 8-10 Directory Location of Altera ‘hwlib’ Library Source Code

8.2 Copy Control Panel Qt Project

The Control Panel Qt project is located on the System CD:
\Demonstrations\SoC_FPGA\ControlPanel\ControlPanel QT

Here we copy the project from Windows host by using VMware Workstation Player’s Shared
Folder features, described in Chapter 2.6.

Copy the prebuilt Qt library compressed file from the System CD to the shared folder on Windows
host. Then, launch the "Ubuntu 64-bit" virtual machine. After logging in Linux x64, launch a
terminal (CTRL+ALT+T) and type the following command to go to the shared folder on Linux:
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B Copy Control Panel Qt Project to Shared Folder

Copy the Control Panel Qt project folder "ControlPanel_QT" from the System CD to the shared
folder on Windows host. Then, launch a terminal (CTRL+ALT+T) and type the following command
to go to the shared folder on Linux:

S cd /mnt/hgfs/shared
to go to the shared directory on Linux.

Now type in
Sls
To see the "ControlPanel_QT" directory of Control Panel Qt Project, as shown in Figure 8-11.
i Ubuntu 64-bit - Viware Workstation 12 Player (Non-commercial use only) BN
Blayer ~ S s rQ 4/ =G ool @

® Terminal File Edit View Search Terminal Help 1y @) 1z52AaM
terasic@ubuntu:~$ cd /mnt/hgfs/shared
atu: /mnt/hgfs/shared$ 1s
intel_soc.tar.gz

buntu: /mnt/hgfs/shared$

Figure 8-11 ‘ControlPanel_QT’ Directory of Control Panel Qt Project

8.3 Build Control Panel Qt Project

Now, we can launch the Qt Creator, and select the menu item "Files>Open File or Project..." as
shown in Figure 8-12.
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r = ™
@3 Ubuntu 84-bit - VMware Workstation 12 Player (Non-commercial use only) . - - - - - Elﬂlg

Player= | 1] ~ &3 T & EN=TON =T
ty ) 1254AM %

Ctrl+N
Ctrl+0

<no document>

Open File With...

Recent Files »
Recent Projects N Open a document
Sessions 3

> Open File or Projec
Recent Files

(Ctrl+0)

Session Manager...

Close Project "hello” and

any of
e c<space><pattern> to jump to a class definition

- type m<space><pattern> to jump to a function definition
e f<space><filename> to open file from file system
save All ctrl+Shift+s - select one of the other filters for jump a location
Drag and drop files here

Close All Projects and Editors

2 Output F5
e -I/opt/gcc-linare-5.2-2015.11-2-x86 64 arm-linux-gnueabihf/arm-Tinux- =
ihf/libc/usr/include . ./hello/mainwindow.h -o moc_mainwindow.cpp
ux-gnueabihf-g++ -c -pipe -02 -Wall -W -D_REENTRANT -fPIC -DQT_NO_DEBUG
MDGETS LIB -DOT GUI LIB -DQT_CORE_LIB -I../hello -I. -I/opt/qt5/qt5.5.1-
ctri+Q isoc/include -I/opt/qt5/qt5.5.1-intel-soc/include/QtWidgets -I/opt/qt5/
qt5.5.1-intel-soc/include/QtGui -Ifopt/qt5/qt5.5.1-intel-soc/include/QtCore -
I. -I. -I/opt/qt5/qt5.5.1/mkspecs/linux-arm-gnueabihf-g++ -0 moc_mainwindow.o
moc_mainwindow.cpp
arm-linux-gnueabihf-g++ -Wl,-01 -WL,-rpath, /usr/local/0t-5.5.1/1ib -0 hello
main.o mainwindow.o moc_mainwindow.o  -L/opt/qt5/qt5.5.1-intel-soc/lib -
10t5Widgets -10Qt5Gui -1Qt5Core -lpthread
19:43:89: The process "/usr/bin/make" exited normally.
19:43:09: Elapsed time: 808:05.

(B A. Type to locate (Ctrl+K) ssues Se ... 3 Application ... 4 pile Qu... 5 Debugger C...

Figure 8-12 Launch Open Project Dialog

In the Open File dialog, go to the directory "/mnt/hgfs/shared/ControlPanel_QT", select
"ControPanel.pro”, and click "Open" as shown in Figure 8-13.

Player~ | Il ~ & I »o 48 = & B

Qt Creator (Community) 1y 0) 312AM U

-+ New Project = Open Project
Sessions Recent Projects

Open File

Tutorials

= ~ folPanel_QT/ControlPanel.pro
- lecoamEE
Debug B8 computer ENE"’e ~ Size Type  DateModified % fopang T | CD/ControlPanelpro
= hps_lcd Folder  2/16/17 9:13PM
New to Qt? | terasic | 500l Folder  2/16/17 8:52 PM
Learn how to dev ADLX385.cpp 2KB cppFile 21517 1:19AM | oo
your own applical ADLX385.h 3KB hFile  2/15/17 1119 AM
0 explore Qt Creat¢ ontrotPa 752 KB File 2/16/1...:04 PM
@B ControlPanel oo TKB pro File
—ControlRanekproSer 45KB user File 2/20/17 3:11 AM
Get Starteg ControlPanel.pro.user.2.7prel 19KB 7pr..ile  2/15/17 1:19 AM
ControlPanel.pro.user.3.2-prel 34KB 2-pr..File 2/15/17 1:19 AM
dialog.cpp 7KB cppFile  2/16/17 9:11PM
dialog.h 2KB hFile  2/16/17 6:59 PM
dialog.ui 40 KB ui File 2/16/17 9:11 PM
& 0t Account fpga.cpp 8 KB cpp File 2/16/1...:04 PM
fpga.h 1KB hFile  2/16/1...01 PM
M Oniine Commy hps_0.h 3KB hFile  2/15/17 1:19 AM
hps.cpp 3KB cppFile  2/15/17 1:19 AM
hps.h 384..tes hFile  2/1517 L1
3\ Blogs S S B —

File name: | ControlPanel.pro
@ User Guide

Files of type: | All Files (*) ~ || cancel

y

1 Issues 2 SearchResults 3 Application Output 4 Compile Output 5 Debugger Console & -

The installed version of YMuware Tools is not up to date. Log in to the guest operating system and clck “Update Tools.” [ Update Tools | [ Remind Me Later | [Never Remind ve |

Figure 8-13 Select Control Panel Project — ControlPanel.pro
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If the Settings File dialog appears as shown in Figure 8-14, please click "No" to proceed.
r@ Ubuntu 84-bit - VMware Workstation 12 Player (Non-commercial use-cnly) - - . - - - @Eﬂ‘

Blayer = | Il ~ & T I >R 4B eaddal=
QEt Creator (Community)

<no docume

Open a document

» File > Open File or Project (Ctrl+0)

No .user settings file created by this instance of Qt Creator
was found.

Did you work with this project on another machine or using a
different settings path before?

Do you still want to load the settings file "/mnt/hgfs/shared/
ControlPanel_QT/ControlPanel.pro.user"?

include -I/opt/gcc-linaro-5.2-2015.11-2-x86 64 arm-linux-gnueabihf/arm-linux- (=

hello Open Documents gnueabihf/libc/usr/include ../hello/mainwindow.h -0 moc_mainwindow.cpp
arm-linux-gnueabihf-g++ -c -pipe -02 -Wall -W -D_REENTRANT -fPIC -DQT_NO_DEBUG

LT‘ . -DQT_WIDGETS_LIB -DOT_GUI LIB -DQT CORE_LIB -I../hello -I. -I/opt/qt5/qt5.5.1-
intel-soc/include -I/opt/qt5/qt5.5.1-intel-soc/include/0tWidgets -I/opt/qt5/

qt5.5.1-intel-soc/include/QtGui -Ifopt/qt5/qt5.5.1-intel-soc/include/QtCore -

I. -I. -I/opt/qt5/qt5.5.1/mkspecs/linux-arm-gnueabihf-g++ -0 moc_mainwindow.o

moc_mainwindow.cpp

arm-linux-gnueabihf-g++ -Wl,-01 -WL,-rpath, /usr/local/0t-5.5.1/1ib -0 hello

main.o mainwindow.o moc_mainwindow.o  -L/opt/qt5/qt5.5.1-intel-soc/lib -

10t5Widgets -10Qt5Gui -1Qt5Core -lpthread

19:43:89: The process "/usr/bin/make" exited normally.

19:43:09: Elapsed time: 808:05.

(Bl ©. Type to locate (Ctri+K) 1 Issues 2 Search Res... 3 Application ... 4 Compile Qu... 5 DebuggerC.. % -

Figure 8-14 Query .user Setting

If Configure Project appears as shown in Figure 8-15, please check "Intel SoC FPGA Kit" and click
"Configure Project"”.

r = ™
%3 Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) - - . - - - E@ﬁ
Player ~ | Il ~ & L [ rQ B =d i il 8

t Build Debug Analyze Tools Window Help
ControlPanel 0

| Editer | CodeStyle | Dependencies | Clang Static Analyzer |

Configure Project

Qt Creator can use the following kits for project ControlPanel:

The project ControlPanel is not yet configured.

Qt Creator uses the kit Desktop Qt 5.7.0 GCC 64bit to parse the project.
/| Select all kits

-
b v| I Desktop Qt 5.7.0 GCC 64bit Details

Debug
v I Intel SeC FPGA Kit Details =

Import Build From... Details =

—_ e
cancel (| Configure Project )
————

Unconfig.
-.ured

2 SearchR... 3 Applicati... 4 Compile.. 5 Debugge...

Figure 8-15 Configure Project
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Now, to check if the include path is correct, please follow the instructions below:
First click on "Edit" icon on the left and double click "ControlPanel.pro™ as shown in Figure 8-16,
please make sure the INCLUDEPATH includes the correct path:

/home/terasic/intelFPGA/16.1/embedded/ip/altera/hps/altera_hps/hwlib/include

/home/terasic/intelFPGA/16.1/embedded/ip/altera/hps/altera_hps/hwlib/include/soc_cv_av

(Note, in the path string, the "terasic" should be replaced with your linux user name.)

If the file "ControlPanel.pro™ is modified, please correct the path and select the menu item

"File->Save "ControlPanel. pro" as shown in Figure 8-17.

& Ubuntu 64-bit - Viiware)
N Player~ | Il v & 1

ControlPanel.pro - ControlPanel - Qt Creator

» ﬁj Headers
» [ Sources

» B3 Forms

» {@ Resources
» @ Other files

Amazon

“EIFEEL T

Projects | Y. @ B+ @

~ 7= ControlPanel
#

E_ ControlPanel.pro

13 0) 415AM 3

ControlPanel.pro - ControlPanel - Qt Creator

File Edit Build Debug Analyze Tools Window Help

B ControlPanel.pro 3| X Line: 1, Col: 1

+= core gui
erThan(QT_MAJOR_VERSION, 4): QT += widgets

TARGET = ControlPanel
TEMPLATE = app

SOURCES += main.cpp\
dialog.cpp \

hps.cpp \
ADLX345.cpp \
tab_gsensor.cpp \
fpga.cpp \
tab_button.cpp \
tab_hex.cpp \
tab_ir.cpp \
hps_lcd/terasic_spi.cpp \
hps_lcd/lcd_graphic.cpp \
hps_lcd/lcd wcg12864 driver.cpp \
hps_lcd/font.cpp \
hps_audio. cpp

HEADERS += dialog.h \
.h

ps.h \
ADLX345.h \

fpga.h \

hps_lcd/hps_lcd.h \
hps_lcd/terasic_spi.h \

hps_0.h \

hps_lcd/led_graphic.h \
hps_Lcd/Led weg12864 sens \
hps_lcd/font.h \

hps_audio.h

LIBS += -L$$PWD/alsa/library -lasound

FORMS  += dialog.ui
INCLUDEPAT 4= alea/include
5 3= 7home/Terasic/inte enbedded/ip/altera/hps/altera hps/hwlib/1 eTude

17 INCLUDEPATH += /home/terasic/intelFPGA/16.1/enbedded/ip/altera/hps/altera hps/hwllb/ de/soc_cv_av
NG_DEPENDPATH += /home/terasic/intelFPGA/16.1/embedded/ip/altera/hps/altera hps/hwlib/in

#QMAKE_CXXFLAGS += -std=gnu++11
#QMAKE_CXXFLAGS += rstd=c~40X
QMAKE_CXXFLAGS += -std=c++11 -Dsoc_cv_av

RESOURCES += \
images/images.grc

1 Issues 2 SearchResults 3 Application Output 4 Compile Output 5 Debugger Console &

Figure 8-16 Check Include Path in ControlPanel.pro
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Wor use o =oxi

- HD S R

ControlPanel.pro - ControlPanel - Qt Creator 1y 4) 3:09AM 3%
G Edit Build Debug Analyze Tools Window Help

@ ) New File or Project. Ctri+N trolPanel.pro* BE Line:14,Col:2 B¢
& Qpen File or Project... ctri+o B

Open File With...

layer v

Jted by QtCreator 2017-02-66T03:37:46
»

Recent Files

Recent Projects » =
Sessions »ire gui

Session Manager... [ MAJOR VERSION, 4): QT += widgets

Close Project "ControlPanel”

folPanel
Close All Projects and Editors
ontrolPanel.pro’ Ctri+S
ave "ControlPanel.pro in.cpp\
J-cpp \
Save All Ctrl+Shift+S
Revert "ControlPanel.pro” to Saved P\
yr.cpp \
Close "ControlPanel.pro” Ctri+w \
Close Al ctrl+shiftrw )PP\
LA
"\
frasic_spi.cpp \
}d_graphic.cpp \
Id wcg12864 driver.cpp \
Ctri+P | s
Ctrl+Q
a Log.h \

hps.h \
ADLX345 h\

hpS I(d/hps Ted.h \
4 hps_| lcd/teraslc spi.h \

T = hps_8.h
Open Doculripnts 2 = hps lcd/lcd graphic.h \
ControlPanel.pro’ 7 hps_lecd/led wc912864 driver.h \

hps_lcd/font.h

FORMS  += dialog.ui

/home/terasic/intelFPGA/16.1/enbedded/ip/al tera/hps/altera_hps/hwlib/incl
/home/terasic/intelFPGA/16.1/enbedded/ip/altera/hps/altera hps/hwlib/i

DEPENDPATH oo /hone)ternesey inte FPOR/16. 1/embedded/ip/altera/hps/altera_hps/hwlib/incl

Release
#QMAKE_CXXFLAGS += -std=gnu++11

t
| 2 QMAKE_CXXFLAGS += -std=c++11 -Dsoc_cv_av
— 3 50 RESOURCES += \
| = images/images. grc
‘ L} o K 1 Issues 2 SearchResults 3 Application Output 4 Compile Output 5 Debugger Console 4 =
The installed version of YMuware Tools is not up to date. Log in to the guest operating system and clck “Update Tools.” [ Update Tools | [ Remind Me Later | [Never Remind e |

Figure 8-17 Save ControlPanel.pro

Click on the "Release" icon, and select "Intel Soc FPGA Kit" and "Release" Build as shown in
Figure 8-18.

Line: 14, Col: 1

DD OH

Sources
Forms
7@ Resources
@ Other files

7ar += core gui

erThan(QT_MAJOR VERSION, 4): QT += widgets

11 TARGET = ControlPanel
TEMPLATE = app

Debug 14]
SOURCES += main.cpp\
dialog.cpp \
hps.cpp \
ADLX345.cpp \
1 tab_gsensor.cpp \
fpga.cpp \
21 tab_button.cpp \
22 tab_hex.cpp \
tab_ir.cpp \
2 hps_lcd/terasic_spi. @ \
hps_lcd/lcd_graphic.cpp \
2 hps_Lcd/lcd u:glzsea driver.cpp \
2 hps_Lcd/font. cpp

|

(

ol !

HEADERS += dialog.h \
hps.h

\
ADLX345 h\
fpga.h
hps_ 1<d/hps led.h \
hps_lcd/terasic_spi.h \
0.h \

hen Docume L hps_
Open Documents d/lcd,grapiuc 5
Project: ControlPanel ; d/lcd wcg12864_driver.h \
Deploy: Deploy to Remote Linux Host d/font.h
Run: ControlPanel (on Remote Device)
e - dialog.ui

+= /home/terasic/intelFPGA/16.1/embedded/ip/altera/hps/altera_hps/hwlib/i
H += /home/terasic/intelFPGA/16.1/embedded/ip/altera/hps/altera hps/hwlib
+= /home/terasic/intelFPGA/16.1/enbedded/ip/altera/hps/altera_hps/hwlib/i

<l ¥

e/soc_cv_av

i3 FLAGS += rstd =gnu++11
+0x

std—(##ll -Dsoc_cv_av

4=\
/images. qrc
o e to locate (Ctrl+K) 1 2 Search Results 3 Application Output 4 Compile Output

The installed version of VMware Tools is not up to date. Log in to the quest operating system and cick "Update Tools.” [ Update Tools | [ Remind Me Later | [Never Remind Me |

5 Debugges

Figure 8-18 Setting Release Kit and Build
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Then, select menu item "Build—>Rebuild All", as shown in Figure 8-19, to build the Control Panel

Project.

r -
'@ Ubuntu 64-bit - VMware Workstation 12 Player (Non-commercial use only) . - — - -.

[ESERESCS)

Bayer v | 11+ 2 H 3
ControlPanel.pro - ControlPanel - Qt Creator
= ML) )Debug Analyze Tools Window Help
/ Build All Ctrl+Shift+8
[+ . Build Project "ControlPanel” Ctri+B
Run gmake
Build File "ControlPanel.pro” Ctrl+Alt+B
Deploy All N, 4): OT += widgets
Deploy Project "ControlPanel”
Rebuild Preject "ControlPanel”
&= Clean All

Clean Project "CentrolPanel”

Ak

: [
Debug
) Run Ctrl+R

Projects
Run Without Deployment

Open Build and Run Kit Selector...

25 ADLX345.h 1\

26 fpga.h

26| FORMS 4= dialog.ui

nel Open Docume... $ | B+ @

LT' ControlPanel.pro
3

#OMAKE CXXFLAGS += -std=gnu++11
OQMAKE CXXFLAGS += -std=c++11 -Dsoc cv_av

RESOURCES += \
images/images.qrc

20 INSTALLS - target

0 tarant Filac — ridmnttact

3 Application 4 Compile Ou

Q&N = 6@ E

Line: 28, Col: 22

25 INCLUDEPATH += /home/terasic/altera/16.8/embedded/ip/altera/hps/altera_hps/hwlib/inclus
°0 INCLUDEPATH += /home/terasic/alteras/16.8/embedded/ip/altera/hps/altera_hps/hwlib/inclus
1 DEPENDPATH += /home/terasic/altera/16.8/embedded/ip/altera/hps/altera_hps/hwlib/includi

5 Debugger ...

1:07AM {1}

B+

Figure 8-19 Build Control Panel
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If the build is successful, the ControlPanel execution file is generated in the below folder as shown
in Figure 8-20.
/mnt/hgfs/shared/build-ControlPanel-Intel_SoC_FPGA_Kit-Release

Player +

build-ControlPanel-Intel_SoC_FPGA_Kit-Release 1y 4)) 1235AM ¥

L4 [ mnt hgfs shared build-ControlPa...GA_Kit-Release H R

® Recent @
» E y r Home h h h
ADLX345.0 ControlPanel dialog.o font.o
[ Desktop
2 i [0 Documents h h h
N ¥ Downloads fpga.o hps.o led_graphic.o led_wcg12864_
é 17 e driver.o
1 Pictures
. cit
%  Videos main.o Makefile moc_dialog.cpp moc_dialog.o
== (@) Trash
g Network At h h h
qrc_images.cpp qrc_images.o tab_button.o tab_gsensor.o
1°
5 B connect to Server h h h
ﬂ tab_hex.o tab_ir.o terasic_spi.o ui_dialog.h
o
The installed version of YMware Tools is not up to date. Login to the guest operating system and dlick "Update Tools.” | Update Tools | [ Remind Me Later | [Never Remind Me |

Figure 8-20 Generated Control Panel Execution File

8.4 Execute Control Panel Program

To run the "ControlPanel™ execution file on the DE10-Standard FPGA development board, we need
to copy it to the Linux on Intel SoC FPGA Board. This is similar to what we have done in Section
6.3 "Execute Hello Program™ where we use Linux "scp" command to remote copy.

After "ControlPanel™ execution file has been remotely copied to the "/home/root™ directory of Linux
running on Intel SoC FPGA Board, double click "ControlPanel™ icon and click "Execute"” button to
launch the Control Panel in the LXDE Desktop of Intel SoC FPGA board. If you can see the
ControlPanel windows as shown in Figure 8-21, it means you had successfully built the Control
Panel Qt Project.
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Figure 8-21 Screenshot of Control Panel

8.5 More on the Control Panel QT Project

B Control FPGA LED

Control Panel controls the FPGA Qsys components through the memory-mapped method. The
device driver "/dev/mem" is used to access the physical address space which is mapped to Qsys
address space.

Below shows how to turn on the 10 LEDs, which is controlled by Qsys PIO Controller, whose
address is 0x10040 in the Qsys system. Based on "/dev/mem™ device driver and "mmap" function,
we can calculate the LED address led_base. With the address, we can directly write the value of the
address to control the PIO Controller. Constant ALT_LWFPGASLVS OFST is defined

"socal/hsp.h"

#include "socal/hps.h"

#define HW_REGS_BASE (ALT_STM_OFST)
#define HW_REGS_SPAN ( 0x04000000 )
#define HW_REGS_MASK (HW_REGS_SPAN - 1)
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/I Controller Base Address in QSYS
#define FPGA_LED_PIO_BASE  0x10040

int file;
void *virtual_base;

uint8_t *led_base;

file = open( "/devimem", (O_RDWR | O_SYNC));

virtual_base = mmap( NULL, HW_REGS_SPAN, (PROT_READ | PROT_WRITE ), MAP_SHARED,
file, HW_REGS_BASE );

led_base= (uint8_t *)virtual_base + ( (unsigned long )(ALT_LWFPGASLVS_ OFST +
FPGA_LED_PIO_BASE ) & (unsigned long)( HW_REGS_MASK) );

*(uint32_t *)m_led_base = Ox3FF; // turn on 10 led

B Control HPS LED

The way to control HPS LEDs is similar to the way to control FPGA LED. The register files of both
PIO controllers are different. Macro alt_setbits_word is used to set value to the specific address.
The HPS LED is controlled by GP1O1 GPIO Controller.

Constant ALT_GPIO1_SWPORTA_DDR_ADDR is used to define the direction register address of
GPIO1 Controller, and constant USER_IO_DIR is used to define the direction pin bits-mask
associated to the HPS LED.

Constant ALT_GPIO1_SWPORTA _DR_ADDR defines the data register address of GPIO1
Controller, and constant BIT_LED is used to define the pin bits-mask associated to the HPS LED.
Both ALT_GPIO1_SWPORTA DDR_ADDR and ALT _GPlIO1_SWPORTA DR_ADDR are
defined in "socal/hps.h". Macro alt_setbits_word is defined in "socal/socal.h"

#include "socal/socal.h"

#include "socal/hps.h"

#define HW_REGS_BASE (ALT_STM_OFST)
#define HW_REGS_SPAN ( 0x04000000 )
#define HW_REGS_MASK ( HW_REGS_SPAN - 1)
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#define USER_IO_DIR (0x01000000)
#define BIT_LED (0x01000000)

int file
void *virtual_base;

uint8_t *led_base;

file = open( "/devimem", (O_RDWR | O_SYNC));

virtual_base = mmap( NULL, HW_REGS_SPAN, (PROT_READ | PROT_WRITE ), MAP_SHARED,
file, HW_REGS_BASE );

/I configure LED as output pin

alt_setbits_word((void *) ( (char *)virtual_base +

((uint32_t )(ALT_GPIO1_SWPORTA DDR_ADDR) & (uint32_t )( HW_REGS_MASK))),
USER_IO_DIR);

/l turn on LED

alt_setbits_word((void *) ( (char *)virtual_base + ( (uint32_t )( ALT_GPIO1_SWPORTA_DR_ADDR)
& (uint32_t )(HW_REGS_MASK ))), BIT_LED);

B FPGA Class

All of FPGA control functions are encapsulated in the FPGA class and it is implemented in fpga.c
and fpga.h. Below shows the public functions of this class.

bool LedSet(int mask);

bool HexSet(int index, int value);

bool KeyRead(uint32_t *mask);

bool SwitchRead(uint32_t *mask);

bool VideoEnable(bool bEnable);

bool VideoMove(int x, int y);

bool IsVideoEnabled();

bool IrDataRead(uint32_t *scan_code);

bool IrlsDataReady(void);

bool PlayTone(TONE_ID TonelD, uint32_t dur_ms=200 /* 0.2 second */);

B HPS Class

Except for LCD, all of HPS control functions are encapsulated in the HPS class and it is
implemented in hps.cpp and hps.h. Below shows the public functions of this class:
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bool LedSet(bool bOn);
bool IsButtonPressed();

bool GsensorQuery(int16_t *X, int16_t *Y, int16_t *Z);

B LCD_GRAPHIC Class

The LCD_GRAPHIC class is designed to provide graphic function for the LCD. It provides line,
rectangle, and circle geometric drawing function, as well as font drawing function. It is
implemented in lcd_graphic.cpp and hps.h. These two files are located in the hps_lcd folder. The
code below shows the public functions of this class. The drawing result will not be displayed on the
LCD until Refresh function is called.

void Clear(int Color=COLOR_WHITE);

void Line(int X1, int Y1, int X2, int Y2, int Color);
void Pixel(int X, int Y, int Color);

void Rect(int X1, int Y1, int X2, int Y2, int Color);
void Circle(int x0, int y0, int Radius, int Color);
void Refresh(void); // update to hardware

int FrameWidth(void);

int FrameHeight(void);

The LCD_GRAPHIC class is derived from the LCD_WCG12864 class. The LCD _WCG12864
class is derived from the TERASIC _SPI class. The TERASIC_SPI class uses Altera hwlib to
control the Master SPI controller in HPS(Hard Process System) directly. The font bitmap data is
stored in the font.cpp.

B HPS_AUDIO Class

The HPS_AUDIO class is designed to provide audio output function. The function is implemented
in the hps_audio.cpp and hps_audio.h. The ALSA Audio API is used to perform audio relative
function. Below shows the public functions of this class:

static bool PlayTone(TONE_ID TonelD, uint32_t dur_ms=200 /* 0.2 second */);

static bool PlayTone(float fToneFrequencyHz, uint32_t dur_ms);
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