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Requirements of Mobile Convergence

Technologies

O Integrated A/V management
( Dual-core IPC (Inter-Processor Communication)
Operating System O Embedded file system
O APIs for mobile resource use
(ex. system configuration, communication, multimedia, broadcasting)
Mobile remote desktop
I/0 redirection for multimedia
Multi-point touch screen
Remote management of operating system and applications
Routing for inter/intra network of mobile devices
Seamless handover between CDMA and WLAN
Per thread resource usage analysis & monitor
Prelinking / preloading
Multi-core supported debugging
Analysis & optimization for DVS (Dynamic Voltage Scaling)
CDMA, HSDPA, WiBro
WLAN, Bluetooth
Mobile office
Mobile broadcasting
Mobile co-browsing
Mobile entertainment

Ul & Middleware

Development tools

Communication

Applications

pcodfoopoooibiooo
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Applications of Mobile Convergence @&

Office Desktop l Home Server l Car Server I

Mobile
convergence

Kernel auto configuration & installation Appliance platform supported middleware
Mohile routing between Inner and Outer
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Optimization of characteristics of mobhile devices
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MCC : Mobile Convergence
Communicator
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Technologies within MCC

Technologies within MCC

O Customizable kernel
Operating System O Automatic kernel installation & configuration
U Device drivers for MCC

U Frame buffer-based light-weight window system

U Light-weight 2D/3D/Vector graphic library

O Scalable Ul for various resolution types

U Ad-hoc based plug-and-play (UPnP) for mobile devices

Ul & Middleware

U Integrated development environment

Development tools O Frame buffer based GUI builder

U Robots, Telematics

Applications QO m-IPTV, PMP, SmartPhone

ETRRI
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Overall Architecture &>

Mobile Convergence Services

. . Mobile . .
Mobile Office Entertainment Mobile Cobrowsing Smart Car

EmpeddediS/y
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Viiddievware

Standard Wireless bil . Auto Investigation &
Service Mobile Routing Registration

Integrated
Development
Environment

. . Dynamic Resource
Mobile Web Services Remote Upgrade AT AT AR

User Interfaces

Mobile Remote Desktop Acceleration supported 1/0 Redirection
Window Manager
Frame Buffer Window o Adaptive Graphic
System MecanGlaphic Sareny Resource Scalable Ul

Power Real-time
Management Scheduling

SmartPhone

Dual-core Support

Mobile Device
Support

Thread Analysis &
Monitoring

Resource
Management

Broadcasting

Hardware Platform

Robots
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MCC Software Architecture

ETRI’s solutions for MCC Cross
Development{ | ['\W1P1 App. | [ Mobile Office Mobile Mobile | Mobile system||| TOO! Chain
T Entertainment Broadcasting Collaboration || Apps gce-3.4.3
ool Setti .
WIPI Game | E-mail Client | I Y! |StreamerChanneI| Apps binutils-2.15.91.0.4
_ | Image Viewer | :
| File Viewer | [ Client Channel || || Video streamer ||| Tel
. | Flash Player | App Ifor
sto - - : Dialer Application
[ Remote esktop ||| [__UPnP Stack | || [Video LAN Client] | ||_Audio streamer || | "55< o
1.4.1 Developer
e X-Window
. : e GTK+
| Application Manager | | Window Manager | « Multimedia
Telephony Lib WIPI Client Env. i . .
Vors Gom™ (WIP1 2.0.1 Engine) LETen) SiEEs ETRI solution lib.
- SMS Comm. WIPI C | \WIPI Java GTK 2.6 ALSA Lib
- PPP Connection i i Il A for System
B Fone d : Runtime Engine 6.3.90 Wind Clibe 2.3.2 y
- one daemon = -Window ibc 2.3.
2.2.11 & ) HCT Agent | HAL Developer
Qplus kernel — 2.6.15.7
LCD, Battery Control Interface | PPP | Power Management |
ALSA DD | FrameBuffer DD | V4L DD | Network Protocol Stack | File System |
Target H/W
JTAG Audio | Touch| KeyB/D| LCD | 270065 | PmIC | usB2.0| Flash | DiskonChip | BOCIJBtllggder
(OpenlCE) Console | B:|_I|ueto! Oth: | CDMA| WLAN | T-DMB | GPS | Camera | MiniSD | IDE HDD | 2.0.5-pre3
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Major Features of MCC (1st Generation)

 Hardware
® Dual processor architecture (PXA270 & MSM5500)
® 3.5 inch TFT-LCD touchscreen
® Sliding QWERTY keyboard
 Operating system for MCC
® Kernel & device drivers
1 XFreeDesktop for MCC

 TAPI (Telephony API) for KTF CDMA

E T Rl Embedded S/W Research Division
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Remote IDE

Remote Monitor | Remote Debugger

Power Consumptio
Tool

D/D
Development Too

Real-timeness

GUI Builder
Analyzer

‘ 13p|ing 1861e] |

i

Host Platform (Linux or Windows)

GTK

EVM

Tiny-X

TARGET

Host (Esto) Target (Qplus)

FireFox, Mplayer, Gstreamer,..l

Standard Library
System Call Interface

Real-time Scheduler | Power Management

Fast Boot

FFS/MMES |Device Driver

arge
Agen

Target

ETRRI
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Overview of Qplus

O Linux-based embedded S/W platform
® Qplus system and solutions

O Qplus System
® Bootloader
® Linux kernel 2.6.x and standard C libraries
® BSP (For various graphic chips and boards)
® MMFS (Multi-Media File System) / FFS (Flash

E Esto

File System)

® Light-weight window system and graphic libraries

O Qplus Solutions
® Target Builder: Qplus kernel configuration to
® Applications: Web Browser, Media Player, an

ETRRI

ol
d more
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Qplus in Detail (1/7) Gz

J Linux-based kernel
® Linux kernel version: 2.6.15.7

® Optimized footprint on MCC specifications

¢ Kernel, device drivers, standard C libraries, graphic libraries, and basic
applications

® Real-time features
¢ Preemptive kernel and lock-breaking
¢ Guarantees of 50 usec latency
® Power management
¢ Power management based on power consumption pattern
® Fastboot
¢ Direct boot from NOR or NAND flash memory
® Various device drivers
¢ Rapid device driver support via ETRI's collaborators

E TR' Embedded S/W Research Division 15



Oplus in Detail [2/7) Gz

d Lightweight GUI
® Lightweight window system based on DirectFB
® GUI builder based on lightweight window system
O Various applications
® Media player optimized on MCC
® Lightweight web browser
 Target system configuration
® TargetBuilder: Qplus reconfiguration
® Esto: Target loading

E TR' Embedded S/W Research Division 16



Qplus in Detail (3/7) &>

 Supported Hardware

Arch CPU Target OS
VIA-Cé/(;lx Fﬁmlly(SamueI, Ezra, Nehemia, Eden Qplus CE 2.3
X86 ESP, en- )
Intel Pentium Family, Celeron Family Boyo
Intel PXA27x Family Qplus ME
ARM
Samsung S3C2400, S3C2440 Qplus ME
AMD Alchemy Family(Au1000, Au1100, Aul200, :
MIPS AU1500, Au1550) Via Collaborator
PPC PowerQUICC Via Collaborator

ETRRI
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Qplus in Detail (4/7)

 Real-time Scheduling

® Kernel mechanism and scheduler support for max. latency of 50 usec
¢ Ingo Molnar’s real-time preempt patch has been applied
¢ Thread-based ISR (Interrupt Service Routine)
¢ Most of kernel codes are based on mutex-lock

Max. Min. Avg. ZZ
latency latency latency s
2 0.7
(usec) (usec) (usec) £l
Vanilla I
7021.25 2.81 7.89 5095
kernel 504
Qplus kernel 36.83 5.58 716 | &°°
0.2
0.1
0
ETIRI
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Oplus in Detail (5/7) Gz

 Power Management

® Power management on system level
¢ Auto suspend
¢ Resume on Power On
® Power management utilities
¢ Battery status monitor
¢ Backlight

ETIRI Embedded S/W Research Division 19



Qplus in Detail (6/7)

J Remote System Management

® Overall system upgrade within 30 seconds
¢ Partial upgrade within an object

® Fastboot within 15 seconds

E Esto

Host Upgrade Server

Upgrade registration

Stores patches

Upgrade catalog request

Upgrade catalog transmission

Upgrade request

A

Down [ oad

Upgrade
Rebot

[Upgrade Processl]

ETRRI
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Oplus in Detail (7/7] Gz

O Lightweight window system
® Frame buffer based window system
® Window system is as small as 5MB
® Multiple windows management
® Lightweight Hangul IME (Input Method Editor)

Fipeie N EEEE W
r v [ | T T
]

s xwei [ Fyon]
L a

Window style setting
snapshot
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Development Tools in Detail (1/100 @D

 Target Builder

® Profile-based system configuration tool
¢ Both kernel, libraries, and applications
® Multiple partition support
¢ \Warning on partition size overflow
¢ Inter-partition package dependency check
¢ Relocation of package installation path (RPM)

ih | Lebug | Besrch | ™ || earch|
Project Profile wizard Device Mame e mudblockl m‘
Choose MCC Profile Package @im Mawun Faim 7 E
Profile System Partitian Size(Svies) | 10MK:500 El
Enable Profile system
Lksage
Profile Selection LR R A A AT
Profile List File System Type  ifls2 [~]
“E&'MCC Mobile Device =
Fanitan Type (¥ Base 1 Sub
Dependancy
-
;
Symbal Prompt |Wue .
[Relocation of package
al O H H
‘ ‘ installation path]
Back Ne Einish Cancel = == -
| —— . | [Multiple partition setting]

[Profile Wizard]
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Development Tools in Detail (2/10) &

d ESTO (Embedded S/W Toolkit)

® Target cross compiling environment
¢ ARM, x86, MIPS, and more

® Remote debugging on dual core processor
® Power consumption analysis in terms of both voltage and current
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[Debugger for dual core processor]

[power consumption analysis]
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Development Tools in Detail (3/100 @D

® Debugger for dual core processor
¢ New perspective for dual core processor debugging
¢ New debugging engine for multi-core processor
¢ Development of ICE facility for multi-core processor debugging
® Target agent for various processors

I
B et fevels g Bapen B e b

L L e o[- -
= * =8 et CTe—— N =&

w4

[N ———

[Selection and setting screen snapshot] [Debugging snapshot]
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Development Tools in Detail (4/10) &®

® Support Platforms
¢ Target : X86, ARM, XScale, MIPS, PowerPC
¢ Host : Linux, Windows

® Features

Integrated development environment based on Eclipse
Remote and non-stop debugging

Economic firmware debugging with JTAG technology
Remote monitoring

Power analysis and optimization

Easy device driver development

Easy GUI design

® ¢ & ¢ @ ¢ ¢
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Development Tools in Detail (5/10) €&

d IDE

® Project Management

¢ Creation, configuration, and building
¢ Makefile management

¢ Qplus package import/export
® Development

¢ Source code editing facilities

— Syntax highlighting, automatic formatting, class browsing, etc.
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Development Tools in Detail (6/10) @D

L Debugger

® Remote Debugger
® Remote debugging starts with just one button click
¢ Nonstop-debugging with tracepoint and replay
— For time-sensitive applications

® JTAG-based Debugger
@ A cost-effective way to debug applications on a target system
— Needs only a cheap JTAG adaptor ] _
© Supports full C source level debugging s e
® Supports both breakpoint & tracepoint

Call stack view B N N emmm == Variables view
) 2164 | 7

o o " =0k "
Source view e T T T TN\ | Laciddg
1 1 o = .
,

Register
view J

tace [C/Ces ane| s o -
Console view A ——
5

Snapshot of Debugger
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Development Tools in Detail (7/10)

 GUI Builder (gDesigner)

Simulation
window
i = property .
- - editing
: 2 Mo
: : + Basic ]
"'.lll.l lllllllll II“’. n:mw ;
Widaet E‘g’fg;;g'ﬁ? Hardware button
idge = -
. . BEYEAEREANEH .
insertion H=i0Eo0@r event testing

Desktop PC / Notebook P
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Development Tools in Detail (8/10]

L Target Monitoring Tool
® Concurrent multiple-target monitoring
® Various target resource monitoring
¢ CPU, memory, process list, process memory map, kernel module, etc.
® GUI based kernel event trace

® Remote tracing of system call and library function

Esto Monitor - Eclipse Platform

Eile Edit Mavigate Search Project Analyzer TargetBuilder Run Window Help

Ci- B | Q|+ % & - EY | [£ Esto Monitor ™
, i b = O || @ System Information &3 =0

Add Target Remaove Target Modify Target | CPUView  Kernel C P U/K er n el \
= (T Target processor 0 .
vendorid  Genunelne! Infomation
[Brxscale(129.254.180.248:2004) cpu family 15
Target Browser 2
model name Intel{R) Pentium(R) 4 CPU 3 20GHz
@ Process view 2 ] =8| @ crPuview & o =8
1 YMEM VsZ RSS Ty STAT START TIME COMMAND
0.0 1368 436 7 s Augos 0.07 init
0.0 0 0 ? sSwW Aug09 012 [keventd]
0.0 0 0 ? SW Aug0a 0:00 [kapmd]
0.0 ) 0 ? SWN Augos 0:00 [ksoftirgd_CPUO] S =
0.0 0 0 ? SW Aug0s 0:03 [beflush]
0.0 0 0 ? sw Aug0d 114 [kswapd] CPU activity : 5.0 % C P U/M e m O ry \
. 0.0 o 0 ? SW Augog 0:00 [kscand/DMA]
Process L | St 0.0 0 0 sw Aug0s 4331 [kscand/Normal] & Memory View 5 US ag e
0.0 0 0 ? SW Aug0a 236 [kscand/HighMem]
0.0 0 0 & SW Aug09 0:03 [kupdated]
0.0 0 0 SW Aug09 0:00 [mdrecoveryd]
0.0 0 0 ? SW Aug09 0:04 [kjourna Id]
0.0 0 0 ? SW Augog 0:00 [khubd]
0.0 0 0 sSwW Aug09 0:00 [kiournald]
0.0 0 0 ? SW Aug09 0:00 [kjourna Id]
e s = 2 e B o 3 g o Memory Used : 992 MB [ Total : 1007 ME
Swap Used : 30 MB / Total : 996 MB
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Development Tools in Detail (9/10) @D

 Optimization and Analysis Tool
® Optimizing Application

¢ By using loop transformation such as loop distribution, loop interchange,
loop unrolling, and scalarization

® Analyzing Power of Embedded Application
¢ Together with performance and code size
® GUI-Based Integration of Optimizing and Analyzing

------

Sy mag

Optimization & Analysis Tool
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Development Tools in Detail (10/10]

O Device Driver Development Tool
® Specialized Toolset for Device Driver development

® Driver Development IDE
¢ Driver module building & installation
® Driver Project Wizard

¢ Skeleton code generation
from the driver requirement specification including device name & id, driver
type, bus type, entry-point names, etc.

® Device Test Wizard
© Hardware resource access program routine generation & test

® Target Devices
¢ PCI, USB, I°C, etc.
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Mobile Office

J Mobile Office

® Converging office computing environment into MCC

¢ E-Mail browsing
¢® Office file viewer

(

Email and View Documents )
E-mail Notification
Check E-mail B T e
View document se=m e = = ¢
E-mail transmission "':'_5"' : 2,
MCC Server Sendmail )
\

N/

Mobile Remote Desktop Service

Sharing remote screen

Event transmission

Refresh remote screen
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Mobile Entertainment Center (1/2) &P

 Sharing multimedia contents on remote

O Running local/remote multimedia contents

O Image/Audio/Video

O Auto-discovery of remote multimedia contents via UPnP AV spec.
O Lightweight Flash engine for MCC

 New Flash Ul for MCC

g . e
N = 4 B = =y
= - hia == S
u'_.r
Flash Media
User Interface User Interface Player
Contents HTTP Streaming UPnP AV UPnP AV
Info. Manager Server Control Point MediaRenderer
UPnP AV Flash Engine for Mobile Devices
MediaServer
Windows QPlus (Embedded Linux )

#
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Mobile Entertainment Center (2/2) &

J Remote A/V Media Sharing Service
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Mobile Cobrowsing
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