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There’s always a Logic Solution!

i Android vs Linux ﬁ LOGIC

« Introduction Logic / emtrion

« HMI as example

* Architecture of Android vs Linux
 Process visualization, real time

« Accessing process variables, GPIO
In Android
In Linux

« Customizing Android vs Linux
* Certification

«  Summary
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About LOGIC
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There’s always a Logic Solution!

Logic Technology is the logical choice!

As Europe’s market leader, we provide companies developing
high-tech electronics with tools and software that increases the
productivity of the developers as well as the quality of their
output.

We are here to allow you to focus on what is really important:

The creation of great products!
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emtrion LoGIC

There’s always a Logic Solution!

Computer Modules Custom Designs

Developer Kits
_,/-;‘i?f(;'_‘”

Support

P
[ )

SW products SW Engineering

Consulting

whole concepts
Feasebility studies
Customer Specific SW
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Android IC

TECHNOLOGY

There’s always a Logic Solution!

2010

LAl

http://developer.android.com/about/index.html
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Used Operating Systems LOGIC

There’s always a Logic Solution!

Inhouse/custom

Android

FreeRTOS

Ubuntu

Debian (Linux)

Microsoft Windows Embedded 7 earlier
Micrium (uC/OS-II, 1)

Microsoft Windows 7 Compact earlier
Wind River (VxWorks)

Texas Instruments (DSP/BIOS)
Angstrom (Linux)

Keil (RTX)

Freescale MQX

QNX (QNX)

Red Hat (IX Linux)

Texas Instruments RTOS

Wind River (Linux)

Mentor Graphics (Nucleus/Linux) (Net)
Analog Devices (VDK)

Green Hills (INTEGRITY)

Express Logic (ThreadX)

24%

m2014 (N = 1,096)
4% 2013 (N = 1,696)

Base: Currently using
an operating system

sy QNX (Neutrino)
s 5%
i 3
UBM
Tech 44 Copyright @ 2014 by UBM Tech_ All rights reserved
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Android TV
« Android Tablet

« Home Phone System

« Home Command Center
- Washing machines

- Camera

http://www.digitaltrends.com/mobile/demoing-the-app-controlled-samsung-smart-washer-and-dryer/#!BHNVy
http://timesofindia.indiatimes.com/photo/20859231.cms
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Architecture Of Android

Activity
Manager

Package
Manager

Surface
Manager

OpenGL|ES

Display
Driver

ussB
Driver

Contacts

APPLICATIONS

Phone

0 TECHNOLOGY

There’s always a Logic Solution!

Browser

APPLICATION FRAMEWORK

Window
Manager

Telephony
Manager

LIBRARIES

Media
Framework

FreeType

Camera
Driver

Keypad
Driver

Content
Providers

Resource
Manager

SQlite

LINUX KERNEL

Bluetooth
Driver

WiFi
Driver

Notification
Manager

View
System

XMPP

Location
Service

Manager

ANDROID RUNTIME

Core
Libraries

Binder (IPC)

Flash Memory
Driver

Driver

Power

Audio
Management

Drivers
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Architecture Of Linux

APPLICATIONS

Contacts Phone

Browser

IC

TECHNOLOGY
There’s always a Logic Solution!

Surface
Manager

OpenGL|ES

LIBRARIES

Media

Framework i

FreeType

libc

Display
Driver

usB
Driver

emtrion
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Building Linux BSP LoGIC

ECHNOLOGY
There’s always a Logic Solution!

|
Main Line Kernel |

Patch of the SOC supplier
(Freescale, Tl, Renesas, ...)

-+
Patch of the board supplier >d_>
(emtrion, ...)

~+)

Product spec. adoption,
extension

prod. spec.
Linux Kernel |
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Building Android BSP LoGIC

ECHNOLOGY

There’s always a Logic Solution!

r-- — - - - - ]

| |
Android Sources Main Line Kernel |
AOSP - Google

—_ - - — — | — — —

Patch of the SOC supplier
(Freescale, Tl, Renesas, ...)

4'@! ’é
Patch of the board supplier 4"@\ >d_>
(emtrion, ...) -

(0 -

Product spec. adoption,
extension

r_- - ' - - % @ ]

| |

| prod. spec. prod. spec. o

| Android BSP Linux Kernel Q |
|
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Android - Building BSP IC

TECHNOLOGY
There’s always a Logic Solution!

hico@ubuntu:~/work/android_mx6_kitkat/myandroid$ . build/envsetup.sh
including device/emtrion/dimm_mx6/vendorsetup.sh
hico@ubuntu:~/work/android_mx6_kitkat/myandroid$ lunch

You're building on Linux

Lunch menu... pick a combo:
1. aosp_arm-eng
2. aosp_x86-eng
3. aosp_mips-eng
4. vbox_x86-eng
5. aosp_manta-userdebug
6. dimm_mx6-eng
7. dimm_mx6-user

Which would you like? [aosp_arm-eng] 7

PLATFORM_VERSION_CODENAME=REL
PLATFORM_VERSION=4.4.2
TARGET_PRODUCT=dimm_mx6
TARGET_BUILD_VARIANT=user
TARGET_BUILD_TYPE=release
TARGET_BUILD_APPS=
TARGET_ARCH=arm
TARGET_ARCH_VARIANT=armv7-a-neon
TARGET_CPU_VARIANT=cortex-a9
HOST_ARCH=x86

HOST_OS=linux
HOST_OS_EXTRA=Linux-3.5.0-48-generic-x86_64-with-Ubuntu-12.04-precise
HOST_BUILD_TYPE=release
BUILD_ID=KOT49H

OUT_DIR=out

hico@ubuntu:~/work/android_mx6_kitkat/myandroid$ make —j 16

emtrion




Android - Writing Apps

NDK
Supports (Java ,C/C++)
Closer to HW / Native Interface

BSP development

SDK

Only Supports Java
App development
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wpec e e o e s G

5. Accepts Java regexes. Prefix with

PID  Application Tea
o 254 com.android.email B00T_COMPLETED)]
o 254 com.androtd.ematl 111 EAS Syncial
o 254 com.android.ema. 111 EAS Syncel
o 254 com.androtd.em noval
o 254 com.androtd.ematl 111 EAS Syncael
o 129 com.android.phone

android.process...
android.process. ..
android.process
endrold.process...
android.process
com.android.lau...

done acanaing
6c_exremnL A
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See all your apps.
Touch the Launcher icon,
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Linux Development Tools

C:\UserssrenesDesktop~RDM ds5~RDM Sessions 2814~RDM 2814~Session 3 - Booting Ope[

nEmbedded FUP_UE_AEM>set MODEL_PARAMS= -C cluster.NUM_CORES=8x4
C:\Userssrene \JEgE) S k 1
nEmbedded FUP_| ,,., ;d?b:um

Search Project Run Window Help
axf

Navigate

#-'8

Refactor

& &~

=l

LBERNI BTSSR TN 2 Debug Cont 53 [ Project Expl | 48 RemoteSys| = 0|l Commands 52 [l History| % Scripts = £1)(®% Breakpoints | 4" Expressions | () Functions © g~ =0
nEnbedded FUP_Y = T
B %Y Qv > A - & Linked: Altera SoC FPGA~ Name A} Sait Addiess
46727-682.iny  [ECIRSCEER ~ IO oarono -
TR Altera SoC FPGA connected || continue " .nm_gpm set SO:TF000038
G:slUserssrene & Active Threads Execution stopped at breakpoint 2: 5:0x7F600038 © altera_gpio_dit_i SO:TFO00063
nEmbedded FUP I @ blinky #4 stopped on breakpoint #2 (PID 481w | | In thread 2 (05 thread id 479) © attera gpm dir_out SOXTFO0009C
i 10x7F0000:
axf —C motherhd anch local i save) o 28 { © oltera_gpio_save_regs SOXTFO000F0 ~
48727-682 . ing | A | [P ‘ J
. 7| || execution stopped at breakpoint 2: 5:ex7reeesss 7= = =5
\Userssrenend _stores 0xC In thread 3 (05 thread id 478) - Variables 5 -
st 2 $:0x7F000038 85,0 B Linked: Altera SoC FPGA~
nEmbedded FUP_U i Saumns) shtinkerk Hem SoC R
asef —C motherbd e 5 Value Type |Count Size|Location
4727 -682 . ing Execution stopped at breakpoint 2: 5:0x7F000038 3 Lveabie
ledotrue In thread 4 (05 thread id 481) 27 long unsigned int 2508
e+ . || s:ex7receess { ~ || & (& File Statics (current)
. anno — K i ' | & Globals 954 variables
NUserssrenen| =
nEmbedded FUP_U il 1 D
PR T TV T T
Linked: Altera SoC P
led=true —C lnol ¥
{§ v <Nenstruction> 100 B Linked: Altera SoC FPGA~
C:\Userssrenes] Address | Opcode | _Disassembly - ; _ . MName Value |size| Access
5:6x7F00024 LRNE  r3,(r0,50550] 4 | & G spime) -
nEmbedded FUP_Y ’ 5:0x7F000028 LR r3,(r3,%0 <
axf —-C mntherh( 59 static void altera_gpio_set(struct gpio_chip *gc, uns S| s:0x7F00002C LSR r1.r3,r1 $ & sptimer
48727-682.ing || stexireccese v r0,r1,81 4 #@sm
led=true —C mof unsigned long flags; . | $:0x7F000034 ¥ # & sysmgr
serNeLPORts struct of_mm_gpio_chip *mm_gc = to_of_mm_gpio_chi altera_gpio_set % G vartd
-userNetPorts= Struct altera_gpio_instance “chip = to_alters gpi .| & :0x7F000038 MRS r3,APSR ; forme & & vartl
» 5 @ 7 | 0x7F00003C cPSID i s
C:\Usersirenehl spin_lock_irqsave(8chip->gpio_lock, flags); || siexrreocess wov riz,e 2
pEnbedded FUP_ o shad of  Sioresasis on ol
i ite to shadow = [0, 5
axf —C “‘“31191 e i () ) ) || s:oxrreecesc ORRNE  r1,r2,r12,LL r 4 @ PIO_inst 0_DATA oxeceoocee 32 RW
?BEZZ 682. C us:hw >gpio_state |= 1 << gpio; Sibreesey e ’;’ﬂ”;';z; r + @ PIO_inst 0_¢ DIRECHON 0x00000000 32 RAW.
ed=true_— mn xX7F0000: r2,[r0, %0 i .
userNetPorts= chip->gpio_state &= (1 << gpio); 5:0x7F200058 STR r1,(ro,50x54] ©100000600 852 £/
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i g e || s:exrroeocso WR CPSR_c,r3 iteonly | 32 WO
spin_unlock_irqrestore(&chip->gpio_lock, flags); | s:ex7reo0esd BX rite 2wo L
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Writable

0 TECHNOLOGY

There’s always a Logic Solution!

Kernel

« GCC / Commandline
« Yocto,LTIB,......
Drivers / Application

« Eclipse

HMI

« QT (creator)
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Industrial HMI - Applications l-OG’C

There’s always a Logic Solution!

« Interface between human and technical
process

Visualization of process information

Controlling a technical process
 Industry — HMI
« Household - white goods, brown goods
 Neither PC nor Smart-Phone

Only one application

No , app-store"

Rich multimedia functionality, well known api -

http://techshohor.com/news/7941 7
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Process Image LoGIC

OOOOOOOOOO

There’s always a Logic Solution!

« Abstract description of a process, input and output
variables, marker, implemented as a data structure
in a programm. Shared memory.

 Process control language i.e. IEC-61131

« Cyclic and deterministic update of the process
variables

« Non deterministic visualization of the process data

« Deterministic processing of commands initiated via
the HMI - special situation for alarms

emtrion




Android - Process Variables

HMI

- Ethernet
- Serial
- shared memory

Android

emtrion

- Thread
- extra Controller

Control
i.e.
IEC-61131

-

Process
Variables

Scontrol®

0 TECHNOLOGY

There’s always a Logic Solution!

Process 1O

- Fieldbus

- 10

Process




Linux - Process Variables

HMI

- Ethernet
- Serial
- shared memory

-Wide range of interfaces
(12C, SPI......... )

Linux

- Thread
- extra Controller

Control
i.e.
IEC-61131

-

Process
\ariables

Scontrol”

0 TECHNOLOGY

There’s always a Logic Solution!

Process 1O

- Fieldbus
- 1O

Process
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Realtime Aspects LoGIC

TTTTTTTTTT
There’s always a Logic Solution!

Android :

Java based applications run in a virtual machine
(Dalvik, ART)

Garbage collector not optimized for real time
Powermanagement <-> wakelock T
L1

Android not suitable for running realtime applications
Coprocessor for realtime tasks needed

Linux :

No virtual machine
RT Patches available 4

Better Powermanagemant features

emtrion




Permissions LoGIC

TTTTTTTTTT
There’s always a Logic Solution!

Android :

Services running with ,, system" permission, Linux
kernel components usually have ,,root" permission

Apps running with own UID and GID
Application Lifecycle management

prg
" A "
N ||
L4 lA o A“ <
| L

Direct access to sysfs not out of the box possible

Linux :

Through device drivers access to sysfs ﬁ

emtrion




Android - Accessing Hardware (GPIO) ’.mlc

There’s always a Logic Solution!

Android initialization

init.rc

write /sys/class/gpio/export "xx'
write /sys/class/gpio/gpioxx/direction 'out’
chmod 0666 /sys/class/gpio/gpioxx/value

Application

out = new FileOutputStream (,./sys/class...);
out.write(....)

User Space

Kernel Space
Driver or Subsystem

emtrion




GPIO Access Using NDK LoGIC

There’s always a Logic Solution!

Application

NativeGPIO . writeGP10(,/sys/class/gpio..., 1);

class NativeGPIO

writeGPIO (path, value)
read GPIO(path, callback)

System .loadlibrary(,gpio®)

libgpio.so
...writeGPRIO(..., value)
....readGPIO(..., callback)

C/C++

write_gpio direct access
read_gpio polling + callback

User Space

Kernel Space

Driver or Subsystem

emtrion




GPIO Access Using SDK

SDK

Application

0 TECHNOLOGY

There’s always a Logic Solution!

System Server

Java

JNI

GPIO related service

C/C++

User Space

GPIO related library

Kernel Space

Driver or Subsystem

emtrion




Adding New Services LoGIC

TTTTTTTTTT
There’s always a Logic Solution!

Linux :

Extending HAL using C/C++ ﬁ
Implementing Linux Driver |

Extra for Android :

Implementing System Service using Java
Implementing Wrapper using JNI L
Calling System Service in App

Automatic start of Service by System Server

emtrion




Android - Sensor Framework LoGIC

There’s always a Logic Solution!

Application
SDK SensorEvent.values[]

Sensor Manager

Sensor related Service

C/C++
Sensor HAL (C/C++)

User Space

Kernel Space

Input Input Input Input Input
Subsystem Subsystem Subsystem Subsystem Subsystem
‘ Accelerometer ‘ ‘ Magnetometer ‘ | Gyroscope | | Pressure ‘ ‘ Mouse/Touch... ‘

emtrion




Android - Tailoring Look And Feel LOGIC

There’s always a Logic Solution!

Additional apps and files

Customer specific overlays
Select base packages

Building flags

/

Configurations

Replacing launcher

Customized
Android

Source changes

Modifying apps and service
Adding services fying app

Removing services

emtrion




My Android LoGIC

ECHNOLOGY
There’s always a Logic Solution!

Sensor dry

. Normal dry
Time

¢ Automatic

Extras
wr O

« No longer Smart Phone, it's HMI now

« Reducing original flexibility of Android to key functions
for HMI

« Individual look and feel
« Rich multimedia functionality

http://dientutieudung.vn/o-nha/gia-dung/i15114-may-giat-samsung-wf457-ket-noi-wifi/ n"
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Android - Certification LOGIC

There’s always a Logic Solution!

Play-store access required :
 Requirement for software and services

 Test-Suite for checking completeness,
correctness and stability of the system (CTS)

- For gaining access to the App-Store or App-
Play

emtrion




Summary

Android :

« Well known usability

« Easy to use framework (Android Studio)
 Rich and well known API (Java)

« Good documentation (application development)

But :

* No realtime

« Missing support for industrial fieldbus interfaces
« Has to be tailored for HMI applications

- When tailored then no certification by Google 'ns'
http://www.gadgetimages.org/9-android-devices-that-must-you-know.html '
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Where Can We Help You ? LoGIC

OOOOOOOOOO

There’s always a Logic Solution!

- We have available :
Com’s with Linux, Android, other...
Complete ready to start development kits

IP of our modules ( BSP, Schematics, with direct integration
support )

Engineering / support teams

Development tools
- We can help you to convert Android -> My Android
« For more info Please visit our Booth (4)
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There’s always a Logic Solution!

Thank you for your attention!

www.logic.nl
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