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Board Layout

Mic Line Line VGA
i " In Out Video-In 24-bit DAC
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Audio Codec
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PS2 —==

USB-Blaster Il —— 2x20 GPIO x2
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- Altera 28-nm

— CycloneV FPGA
Power ON/OFF with ARM Cortex-A9
64MB SDRAM
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ADC Header
7-Segment Display
LED x10
IR-out
IR-in

Switch x10 Button x4




Why so many other chips ?

Provides important
Switch bouncing problem FTDI UART to USB log data at boot up !!

u7
Pushbutton depressed Pushbutton released
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Before
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Schmitt Trigger
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Cyclone V Peripheral Connections

LTC Power
Mini-USB Max 1 DIPSW)| PB ((USB2 | o0 [l caN - FC Header
20 [ >|  onseas (3:0) || (%0) || OTG
USE Blaster Il

ard USE Intertace I l I I ' I _ | Real-Time




Inside SoC

FPGA-to-HPS  HPS-to-FPGA LW HPS-to-FPGA FPGA-to-SDRAM

Block
L4 APB-32 i [AXI-32/64/128 TAX!~'€264‘28 AXI-32
FPGA | [FPGA-to-HPS HPS-to-FPGA| LW HPS-to-
Manager ||  Bridge Bridge | %] |[FPGA Bridge
A
AXI-32 AXI-64 AXI-32
L3 Interconnect 1 AXI-64: MPU Subsystem
(NIC-301) ARM Cortex-A9 MP Core
”””” DA% AHB-32 i
CPUO CPU1
ETR L2~ » ACPID
> AXK-64 ACP
(Trace) | Mapper SCU
SD s 3
1 mmc [~ T™|L3 Master e e
Peripheral L3 Main Switch L
Switch oo
EMAC |Ax22 | o £ T AXi-64
@ ™
% e | | [T Boot >
wewl ROM | | L— | SDRAM
> (:12'? > AXI64 O Controller
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AX-32 _
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AX1-32 |
e L3 Slave Peripheral Switch
ve Peripheral Swi ey
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T
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RT Ti 121 \Watch CAN GPIO i Clock Reset S Pl
) P e R ®) ager | |Manager | | Manager| {Manager| | )

Hard Processor System (HPS)

ARM Cortex-A9 ARM Cortex-A9 USB
NEON / FPU NEON / FPU oTG E(t;‘;lrgft
L1 Cache L1 Cache (x2) ™
e
L2 Cache GPIO oy
QsPI JTAG
64-KB SPI CAN
Flash Debug/
Control BAM Tracel (x2) (x2)
L S0l Timers DMA UART
Flash sDlof
a @ MMC ) (x11) (8 Channels) (x2)
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SDRAM Controller @ FPGA to HPS i <
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+ 8-input ALMs
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«fPLLs
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Physical Address Mapping

4 MPU FPGA
(Default) to PORAY
wwwwwww HPS Slaves I T | HPSSHVAES
0xFF20_0000 S, 2" L1

~ Slaves
H2F FPGA Slaves H2F FPGA Slaves

0XC000_0000 -----fu

0X8000_0000 ------- (OSSN  _\ ..

0x0000_0000 ----- - - e -

Default remap to 0x0 Remaps as
RAM & ROM or SDRAM

4GB

3GB

2GB

1GB

0GB

ACP: Accelerator
Coherency Port



Cyclone V HPS Memory Map

Memory
ADDRESS DATA
0x 0000 0000 | 10011001

0x FF704000

01001011

0x FF704001

1101 0010

Micro SD

SDMMC
Module

0x FF7043FF

01001011

Ox FFFFFFFF

1001 1001

0x CO000000 - Ox FBFFFFFF

0x FF200000 - Ox FF3FFFFF

Slaves via HP AXI Bridge

Slaves via LW AXI Bridge

0x FF705000 - 0x FF7050FF
0x FF708000 - 0x FF70A07F
0x FFB0O00OO - Ox FFB7FFFF
0x FFFE0000 - Ox FFEO1FFF
0x FFFD00OO - 0x FFFDFFFF

0x FFFD0OO0O0O - Ox FFFFFFFF

9,

QSPI Flash Controller Module

GPIO Module

USB OTG Controller

DMA Module

Boot ROM Module

On-Chip RAM Module




Custom Logic Bindings

1. Custom Logic can be a master or slave

2. Usually NOIS CPU (Soft IP) is Avalon-
MM Master

3. Usually any custom /0 is Avalon-MM
Slave

Ethernet
PHY
7 e
'''''''''''''''''''''''''''''''''' 7’""""‘“\""'|
v r R
Processor Ethernet MAC /I Custom Logic h i
1
Avalon-MM Avalon-MM Avalon-MM 1
Master Master 5\ Master A :
Y Y . A AN
v v R 2
_________ 1
Interconnect |
Y ¥ P S - |
v \ v P | ™
/ ALl
Avalon-MM Avalon-MM Avalon-MM Avalon-MM | | Avalon-MM ‘\‘l
Slave Slave Slave Slave ! Slave \‘
i

Flash SRAM RAM \ Custom I
Controller Controller Controller UART S Logic /,":
A A 7} 7} v
oo §otg 1
A 4 Yy | | T !
| Tristate Conduit Slave | !
Tristate Conduit Pin Sharer & i
Tristate Conduit Bridge :
1
Tristate Conduit Master 1
| 7Y 7y | Avalon MM System 1
________________________________________________________________ 1

v v v v

Tristate Tristate RAM RS-232
Conduit Slave Conduit Slave Memory
Flash SRAM
Memory Memory




Avalon-MM Slave Interface

Name Width Direction | Comments
avs_address 64 bits Input Address of slave being accessed
avs_read 1 bit Input Read operation requested
avs_write 1 bit Input Write operation requested
avs_readdata 8,16, 32, or 64 bits Output Data read from slave
avs_writedata | 8, 16, 32, or 64 bits Input Data to be written to slave
Read Waveforms: Write Waveforms:
clk | | | | | | clk | | | |
read / \ read
write write / N\
address L X A X address ___ X A ) G
readdata ' ‘ writedata ____ {_00 y, |

9 ®






Avalon-MM Slave Interface - Hardware Side
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Avalon-MM Slave Interface - Software Side

Vodd

[[2US 11 SOIN

NIOSII Shell
Generated
Software
.h
| 7
Header File

User Generated
Software
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Putting it all together

HARDWARE SOFTWARE

Qsys Designed Hardware (FPGA) User Designed Hardware (FPGA) : i Use;o(::;:::ted rgosnsz.e‘:l E
i enerate
i 5 —— 1 X Software —
- E H Altera I . Do
= = Mult start 1 o > 1
s E g g e | Quartus X Altera e
EN S Mult started Cod :
g E Multiplier | b d L in =
e ' ! Executable Custom 4 : ¢ e 3
: - v I File Compiler bl C/Creiles | 3
= § :\.::,m; i T : b : qcHeader File =
HH Drlh——= sof | . )
g @ SRR 1 eader
cé_i @ ﬁ? MuleZ 1 ngs
AN 2 R,
................................................................... |
Quartus ) S.RAM. | Flash
| .
Programmer Object File ! Drive

£ v Terminal Shell

Audio In/Out |[VGA| [ USB [|UART- Serial $>
Out Host to;PSB Communication
o Qh1:E Cyclone V T
P Blaster o =
1l | _ g =
» HPS+ Z
| <> ——
A
FPGA T
. S
7-Seg Disp. 41 A a S
— el
[ LEDs ¥ | ] [
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Internal ROM Configuration

. Configuration -
MSEL[4:0] Scheme Description
10010 AS FPGA configured from EPCQ (default)
01010 FPPx32 FPGA configured from HPS software: Linux
FPGA configured from HPS software: U-Boot, with
00000 FPPx16 image stored on the SD card, like LXDE Desktop or
console Linux with frame buffer edition

SW10

- LO
(i1ll




SoCFPGA

Boot Stages

—_——

Boot ROM

Reset

1.

FLASH
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Boot Stages

1.
2.
3.

Reset
Boot from ROM
Setup boot source from BSEL pins

________________________

Safe FPGA Image
User FPGA Image

0S & Applications

User Bootloader

Pre-loader

Snd

SoCFPGA

|
|
|
<= HPS System :
|
|

Boot Select
Pins (BSEL)



Boot Stages

WO e

Reset

Boot from ROM

Setup boot source from BSEL pins
Copy Pre-loader into Onchip RAM

________________________

Safe FPGA Image
User FPGA Image

0S & Applications

User Bootloader

SoCFPGA

faVa¥ali
J1I1TU

Pre-loader

7o)
i
i
o
)
(o}
@
o

|
|
|
<= HPS System :
|
|



Boot Stages

Reset

Boot from ROM

Setup boot source from BSEL pins
Copy Pre-loader into Onchip RAM
Run pre-loader

Setup HPS I/0 and DDR

O Ul W

DDR RAM
=
FLASH
Safe FPGA Image i
User FPGA Image i
0S & Applications | ' g

User Bootloader

Pre-loader

Snd

SoCFPGA

>

<-|-I-V

Nt
L

HPS Peripherals & /0




Boot Stages

DDR RAM SoC FPGA
1. Reset ‘| Boot ROM
2. Bootfrom ROM | [pm======co | FPGA |
3. Setup boot source from BSEL pins : — il Pre-loader |1
4. Copy Pre-loader into Onchip RAM i | :
5. Run pre-loader LT T T T T T > :
1 1 1 I s
6. Setup HPS1/0 and DDR | ; | 4PS Sustem || 5 ;
7. Configure FPGA (Optional) | l I: .' YR Il 5
"""""""""""" | = 1
I | o 1
FLASH :_E_—_I:_ T.‘% B l
i Safe FPGA Image E HPS Peripherals & [/0
‘| User FPGA Image
i 0S & Applications §<_>
i User Bootloader i
i Pre-loader i




Boot Stages

DDR RAM SoC FPGA
1. Reset Boot ROM
2. Boot from ROM | [pE=====ao | FPGA |
3. Setup boot source from BSEL pins : — il Pre-loader |1
4. Copy Pre-loader into Onchip RAM i |
5.  Run pre-loader T PR
6. Setup HPS /0 and DDR {|  User Bootloader 1: i I ; i
7. Configure FPGA (Optional) i | ; e HPSSystem | £ i
8. Copy User Bootloader into DDR RAM . . 'L_I_i__ )
FLASH & T T |
ImTmmsssssssss-ooooooooos b
Safe FPGA Image HPS Peripherals & 1/0
User FPGA Image

User Bootloader

Pre-loader

0S & Applications | ' g




Boot Stages

DDR RAM SoCFPGA

1. Reset Boot ROM
2. Boot from ROM | [pE=====ao | FPGA |
3. Setup boot source from BSEL pins : — il Pre-loader |1
4. Copy Pre-loader into Onchip RAM i | _
5. Run pre-loader .r____i___:.l_.,g
6. Setup HPS1/0 and DDR [ ———— | |3 ;
7. Configure FPGA (Optional) e HPSSystem | £ i
8. Copy User Bootloader into DDR RAM FLASH o LA 424 [ ¢
9. Run User Bootloader O S ninsion S S S Y VYT |

Safe FPGA Image HPS Peripherals & 1/0

User FPGA Image

User Bootloader

Pre-loader

0S & Applications | i g,



Boot Stages

DDR RAM SoC FPGA
1. Reset ‘| Boot ROM
2. Boot from ROM  —— | FPGA |
3. Setup boot source from BSEL pins ' —> i Pre-loader ||
4. Copy Pre-loader into Onchip RAM e | :
5. Run pre-loader R — =T
6. Setup HPS I/0 and DDR {|  User Bootloader H l*ll'ﬂ???!rstem | ; E
7. Configure FPGA (Optional) i 'l Il 5 i
8. Copy User Bootloader into DDR RAM FLASH o L_I_i__ _JLE
9. Run User Bootloader O S i Sy M % LUy TTTTTTTT
10. Configure FPGA (optional) Safe FPGA Image HPS Peripherals & 1/0
User FPGA Image

User Bootloader

Pre-loader

0S & Applications | i g,



Boot Stages

DDR RAM SoCFPGA
1. Reset Boot ROM
2. Bootfrom ROM P Emm———— 1| FPGA
3. Setup boot source from BSEL pins = 1| Pre-loader |1
4. Copy Pre-loader into Onchip RAM 1| 0S & Applications |4 [ |
5. Run pre-loader T PR
6. Setup HPS 1/0 and DDR I —— | | 2
7. Configure FPGA (Optional) N ——— l I:l |' HPS System i 2
8. Copy User Bootloader into DDR RAM . T i S S S

FLASH E- o T T T

9. Run User Bootloader ol
10. Configure FPGA (optional) Safe FPGA Image
11. Copy OS into DDR RAM

User FPGA Image

HPS Peripherals & /0

0S & Applications  Frg=5

User Bootloader

Pre-loader




Boot Stages

DDR RAM SoCFPGA

1. Reset | Dynamic Memory E | e i
2. Bootfrom ROM | [p=======o 'l FPGA |
3. Setup boot source from BSEL pins : — il Pre-loader |1
4. Copy Pre-loader into Onchip RAM '| 0S & Applications |! i |
5. Run pre-loader TTTT T :'I' =
6. Setup HPS1/0 and DDR  |— | |3 5
7. Configure FPGA (Optional) I : HPS System i 2 |
8. Copy User Bootloader into DDR RAM FLASH o L4 4 4 1| &
9. Run User Bootloader % Yy T |
10. Configure FPGA (optional) | Safe FPGA Ima ! .

| ge ! h 1
11. Copy OS into DDR RAM I i SRt E
12. Run OS e R
13. Run Applications 0S & Applications |} g

i User Bootloader i

i Pre-loader i




Boot Stages

DDR RAM SoCFPGA
1. Reset i Dynamic Memory E E Boot ROM
2. Bootfrom ROM | E====———a | FPGA
3. Setup boot source from BSEL pins = 1| Pre-loader |1
4. Copy Pre-loader into Onchip RAM '| 0S & Applications [ | _
2. SR:trlllglﬁl;lg Eli;j grand DDR | ‘i". f >
[ | User Bootloader | ! o
7. Configure FPGA (Optional) I &= HPS System i 5
8. Copy User Bootloader into DDR RAM 1 &

o)

=

>

9,

]
Snd
>

9. Run User Bootloader ol
10. Configure FPGA (optional) Safe FPGA Image

HPS Peripherals & /0

11. Copy OS into DDR RAM User FPGA Image
12. Run OS

13. Run Applications

14. Configure FPGA (optional)

User Bootloader

Pre-loader

0S & Applications | i g,






What is Android ?

APPLICATION FRAMEWORK

BINDER IPC PROXIES

ANDROID SYSTEM SERVICES

MEDIA SERVER SYSTEM SERVER

AudioFlinger Search Service
Camera Service Activity Manager
MediaPlayer Service Window Manager
Other Media Services Oﬂ\er&SyMs:‘r:gses;v b
HAL
Camera HAL Audio HAL Graphics HAL Other HALs

LINUX KERNEL

) Audio Driver q .
Camera Driver (ALSA, 0SS, etc.) Display Drivers Other Drivers

AUDIO MANAGER «
FREETYPE » LIBC
MEDIA FRAMEWORK +
OPENGL/ES «

SQUITE - SSL+
SURFACE MANAGER *
WEBKIT

ALARM + BROWSER * CALCULATOR *
CALENDAR * CAMERA * CLOCK  CONTACTS »
DIALER * EMAIL * HOME * IM - MEDIA PLAYER
* PHOTO ALBUM * SMS/MMS + VOICE DIAL

CONTENT PROVIDERS + MANAGERS
(ACTIVITY, LOCATION, PACKAGE,
NOTIFICATION, RESOURCE, TELEPHONY,
WINDOW) « VIEW SYSTEM

CORE LIBRARIES +
ART + DALVIK VM

AUDIO + BLUETOOTH + CAMERA * DRM
+ EXTERNAL STORAGE * GRAPHICS +
INPUT + MEDIA + SENSORS « TV

DRIVERS (AUDIO, BINDER (IPC),
BLUETOOTH, CAMERA, DISPLAY,
KEYPAD, SHARED MEMORY, USB,
WIFI) - POWER MANAGEMENT

[1]




1 MO hE 2 .1l IR 4:45PM

a

APPS WIDGETS

Q
© vl =

WhatsApp Phone Gallery FM Radio

B (3 @

»

File Manager Contacts Subway Surf Settings
Downloads  Temple Run2 Talking Tom 2 Music

Mirror Browser  Racethe Traf..  Play Store

@ ownloaded




Android Boot Sequence

Kernel

Init

Bootloader e 1 : Set up env. variables
e 1k - Initialize environment to run C code .
- Initialize RAM - Initialize kernel subsvstems Create mount points
CPU » - Putbasic HW in quiescent state > e 1 . y > Mount File System (FS
- Initialize all drivers y
- Load kernel and RAM disk - Mount root File Svstem Set up FS permissions
- Jump to kernel o e y Set OOM adj.
- Start “init” process .
Start native daemons
Launcher Android i Linux /
- Inititself «— Click() i
- Register onClick() handlers Zygote ! Native Daemons
Yy - Register Zygote socket ! - servicemanager bootanimation
startActivity() O |- Preload all Java classes i - vold bluetoothhd
ivi a(t\lial‘lgo - Preload resources ' | - netd dbus-deamon
ACthllt.Y Manager Vv - ~Start System Server ' | - debuggerd installd
- Init lt_SEIf / Open socket | - rild keystore
- Send intent.CATEGORY_HOME - Listen for connections ' | - app_process-XZygote - adbd
7\ I - mediaserver
fork() |
System Server B R E TR -
For each service:
- Init service Android Runtime (ART)
Regi N . - Starta Dalvik VM

- Register it with ServiceManager App Call Zygote’s main()







Books Used

CONGRPTS, TRCHNTQUES, TRICKS & TRAPS

Samunity Ex

Learning Embedded
Android N Programming

Ivan Morgillo *
Stefano Viola | coensoure:

Embedded
Android

KKarim Yaghmour

Roger YE

EMBEDDED
PROGRAMMING
with ANDROID

OREILLY"

Learning

Android

DEVELOP MOBILE APPS USING JAVA AND ECLIPSE

Marko Gargenta &
Masumi Nakamura




Difference
Between

Linux and
Android

Linux
(Embedded System)

Linux

Android
(Embedded System)

Power Up Device

Power Up Device

Power Up Device

System Startup
Internal ROM (BIOS) Internal ROM
Preloader Bootloader Preloader
(BL1) (MBR) (BL1)
Bootloader Bootloader Bootloader
(U-Boot) (GRUB, LILO, etc) (U-Boot)
Kernel Kernel Kernel
v v v
INIT INIT INIT
Zygote
Dalvik VM
v v v
Embedded Linux Linux Android
(Root File System) (Root File System) (Root File System)




Linux Device Files

Java/C/C++... =
ava uﬂ y

Application

1 The application finds the device v ¥ v
file based on device file name i~ = u— N
etc

AFile ‘l dev ‘w bin

Device File

A Device file finds the device driver j S0
v based on the major number ty
Executable

—P S1
Device Driver j ty

w socfpga
4 Device driver finds device based j enable
v on the minor number j ttyS2

Hardware
j hps_to_fpga
Device

A 4
—

A 4

'
]
g
Z

v

=k

@
Q)
(g
S
=

s
[%]




Raw Binary Files (.rbf)

Write hardware code in VHDL /Verilog/System
Verilog

Compile and verify the design using Quartus to
get SRAM Object File (.sof)

Convert .sof file to .rbf

Copy the generated .rbf file to SD card’s FAT
partition

Decide on how to load the configuration bit
stream (Choose from following)

Pre-loader script

U-Boot source code

U-Boot script

Linux init

Linux application (runtime)

0 O O O O

ALTERA Cyclone V
MemoE')f

e ﬁ_l_’_S___________ ,_____P:}_)_QA____-
rbf : . 3
: 4V o i
| 7 i ?33\ ?!3‘\&\\ Floating |!
FP Accelerator ! oy : !
! 1| \ Point |
{ [ LLCAHCE | [ LLCAHCE ]| ! e
rbf [ L2cancE | E
7 oo i
Video i i
Accelerator i l
i AUDIO VIDEO i
abf | | Acc. Acc |
| TH— 5 :
|7 ; ;
Audio oo 3

Accelerator




Altera SoC Linux Hardware/Software Handoff

I fBoard. Device Tree .
S Generator: »  Linux
— SOPC2dtS | - — - m o - | DT Blob
I . "
Hard Handoff 1 Regenerate when hardware projectis !
Project S : recompiled I
Project Folder : !
1
Bootloader | | [————] ;
Generator: [— Bootloader DTC Bootloader | !
Seard bsp-editor i | DT Source DT Blob | ,
Information 1 :

3
l__---___---___---___---___---_I
it . A —— 1 | mkpimage u-boot
i Legend: ! | 1 Image
! I —> . ! A
1 1 7| MakeFile 1
r [ ] Providedby Altera : I .
I
E I:l Open Source ; : Make !
| [ ~——
i & mputFile ] : u-boot :
] . . ; I |Source Code :
E 8 Intermediate File : oL ] :
. l .
' & OutputFile | | Regenerate only when user options (boot '
|
TR - : source etc.) change ; [7]







Step 2: Finding Resources

S.No. Component Repository Name  GitHub URL
1. Angstrom Scripts angstrom-socfpga https://github.com/altera-opensource/angstrom-socfpga
2. Boot Loader u-Boot-socfpga https://github.com/altera-opensource/u-boot-socfpga
3. Device Tree Generator sopc2dts https://github.com/altera-opensource/sopc2dts
4. Linux Kernel linux-socfpga https://github.com/altera-opensource/linux-socfpga
5. Reference Designs linux-refdesigns https://github.com /altera-opensource/linux-refdesigns
6. Yocoto Layer meta-altera https://github.com/altera-opensource/meta-altera

[6]



Step 4: Generating Preloader

.bin

Preloader-mkpimage.bin

dd

Preloader
(Unknown)

U-Boot
(W95 FAT32)

256 MB

Micro SD

T

\ Linux File
System
(Linux)

~ MB

-
-
-
-
-
-
-
-
-

o
Hardware

Preloader settings directory:

Software

Operating system:

BSP target directory:
BSP Settings File name:

Additional Tcl script:

FAT LOAD_PAYLOAD MAME:

Android
(DE1-SoC)

New BSP oo

[iCWarkshopsms2-introToLinuxthps_isw_handoffrsoc_system_hps 0] [ ... ]

|u-Boot SPL Preloader (Cyclo. "l Version: [default [v]

] Use defaut locations

/datajSoCWorksh i 1_bsp D

atafSoc 2-ntroToLi X bep [ | < -
-
Enable Settings File relative paths )

[[] Enable Additional Tcl script

=
o ] el ) ,/‘
, P
P
b4
4
4’
i 7 |

&
[uboot.img & |

Power Up Device

v

Internal ROM

v

Preloader
(BL1)

Bootloader
(U-Boot)

Kernel

v

INIT

v

Zygote

v

Dalvik VM

v

Android
(Root File System)




Step 5: Generating U-Boot

Android
(DE1-SoC)

Power Up Device

$ git clone https://github.com/altera-opensource/u-boot-socfpga.git

$ make mrproper
$ make socfpga_cyclone5_config
$ make

v

Internal ROM

v

Preloader
(BL1)

Preloader
(Unknown)

U-Boot
(W95 FAT32)

\ Linux File
\ System
AN (Linux)

I 1 MB copy img
256 MB uboot.img
~ MB

Bootloader
(U-Boot)

Kernel

v

INIT

v

Zygote

v

Dalvik VM

v

Android
(Root File System)




Step 6: Generating U-Boot Script

Micro SD

(i

.SCr

uboot.scr »

’f

Preloader
(Unknown)

U-Boot
(W95 FAT32)

Linux File
System
(Linux)

~ MB

echo -- Programming FPGA -

fatload mmc 0:1 $fpgadata soc_config.rbf;
fpga load 0 $fpgadata $filesize;

run bridge_enable_handoff;

echo -- Setting Env Variables -

setenv fdtimage soc_system.dtb;

setenv mmcroot /dev/ram;

setenv mmcload 'mmc rescan;

${mmcloadcmd} mmc 0:${mmcloadpart} ${loadaddr}
${bootimage};

${mmcloadcmd} mmc 0:${mmcloadpart} ${fdtaddr}
${fdtimage};

setenv mmcboot 'setenv bootargs
console=ttyS0,115200 root=${mmcroot} rw
rootwait;

bootz ${loadaddr} - ${fdtaddr}’;

run mmcload;
run mmcboot;

r's

Android
(DE1-SoC)

Power Up Device

v

Internal ROM

v

Preloader
(BL1)

Bootloader
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Step 7: Configuring Linux

$ git clone https://github.com/altera-

opensource/linux-socfpga.git
$ make ARCH=arm socfpga_custom_defconfig ‘\
$ make ARCH=arm menuconfig \

General setup

Arrow keys navigate the menu. <Enter> selects submenus ---> (or
empty submenus ----). Highlighted letters are hotkeys. Pressing
<Y¥> includes, <N> excludes, <M> medularizes features. Press
<Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*]

o

Namespaces support --->

Require conversions between uid/gids and their internal re
Automatic process group scheduling

Enable deprecated sysfs features to support old userspace
Kernel->user space relay support (formerly relayfs
Initial RAM filesystem and RAM disk (initramfs/initrd) sup

.Cpio.gz) Initramfs seurce file(s)

User ID to map to @ (user root)
Group ID to map to @ (group root)
Built-in initramfs compression mode (None) --->
optimize for size
configure standard kernel features (expert users) --->
Embedded system
Kernel Performance Events And Counters --->

< Exit > < Help > < Save > < Load >

Ve \

— \
’f

_ Specify the file system and RAM ="

disk to load
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Step 8: Compiling Linux
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$ make ARCH=arm LOCALVERSION= zImage
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Step 8: Generating Device Tree Blob

Micro SD

T

overlay1.dtsi

Android
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$ make ARCH= arm CONFIG_DTB_SOURCE= arch/
arm/boot/dts/baseTree.dts <your-dev-board>.dtb

i .dtsi
.dtb i
\\ i
\ i baseTree.dtsi
soc_system.dtb \\\'-
N\
N\
Preloader \\
re
(Unknown) IlMB \\
\
\
U-Boot 256 MB
(W95 FAT32) \
Linux File
System ~MB
(Linux)
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Step 9: Android Bindings

Developing your device drivers is similar to
developing a typical Linux device driver. Android
uses a version of the Linux kernel with a few
special additions such as wake locks (a memory
management system that is more aggressive in
preserving memory), the Binder IPC driver, and
other features important for a mobile embedded
platform. These additions are primarily for
system functionality and do not affect driver
development.

You can use any version of the kernel as long as it
supports the required features (such as the
binder driver).

Android
Arrow keys navigate the menu. <Enter> selects submenus --->.
Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes,
<M> modularizes features. Press <Esc><Esc> to exit, <?> for Help, </>
for Search. Legend: [*] built-in [ ] excluded <M> module < >

[*] Android Drivers

[*] Android Binder IPC Driver

[*] Enable the Anonymous Shared Memory Subsystem
<*> Android log driver

[j] Timed output class driver|

<*s> Android timed gpio driver

[*] Android Low Memory Killer

[*] Android alarm driver

<select> < Help >




Step 10: Android Application
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Raw Binary Files (.rbf) in Android Application Package (.apk)

Memory
Load .rbf file on activity create ALTERA Cyclone V
event onto the fpga for
acceleration N I R I HI_D_S_ __________ . ____FPGA
Remove .rbf file on activity close T _—y ! E
event 4 i \Qh\ P i E
Android Init() should configure : %\\ \& i
the fpga with base configur_ation MP4 Player App (.apk) E e LL Appl
file and several PRRs (Partial i [ L1 CABCE | [ LiCAHCE | ) Y Yoo
Reconfiguration Regions). : | | ! i
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App-based Hardware Acceleration

- ALTERA Cyclone V
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1

People who are really serious
about software should make their
own hardware.

~ Alan Kay (Computer Scientist)
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THANKS!

Any questions?

You can find me at
ENG 402 / mobaidullah@ryerson.ca
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