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Build an Embedded System

Windows Embedded History and Trends

Windows Embedded Systems overview

Shopping list…

Hardware

Plumbing

Codecs, communications transports, data bases, 

User interface, Media Players, Internet 

Technologies, Servers, Web Services, etc…

Glue (Software)

• Fast to develop/ship

• Great for low # 
devices

• Off the shelf 
BSPs/Drivers

• 3rd party peripherals

Off the 
shelf

• High up front 
development 
cost/time

• Great for mass 
production

• Requires BSP/Driver 
development

Build your 
own

Not the "value" of your device

Should just … be here (invisible)

Plumbing includes :

• Networking stacks

• Communications infrastructure

• Media playback Engine

• Codecs

• Drivers

• Servers

• GUI development APIs

Monolithic/ General 
Purpose

Off the shelf hardware

Ease of development

Speed of development

Size could be an issue

Flexibility of underlying 
operating system and 

drivers

Monolithic/ 
Specialized

Off the shelf 
hardware/Custom 

Hardware

Speed of development 
for specific verticals 

(APIs)

Hardware/Driver support

Componentized/ 
Specialized

Off the shelf/custom 
Hardware

Potentially requires 
BSP/Driver development

Componentization 
provides device flexibility 

(size, functionality)

Locked down device 
image

8 bit to 16-bit and 32 bit processors

70%

0%
2000     2002     2004     2007

32 Bit

Fixed function to
multi-function devices

Analog to Digital Media

Availability of commercial software

Exposure to consistent application 
development platform

None to Limited, fixed-line bandwidth
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Years

DVD

Cellular

PC

VCR

Cable TV

Color TV

B&W TV

Time to 1M units shipped

Consumer Electronics Adoption Rates
PC

Web services

Experiences:
Productivity

Communication
Entertainment

Communications Multimedia

Manufacturing 
& Distribution

Retail

Healthcare

1996

•Pentium is 2 years old

•Windows 95 is 1 year old

•Dos 6.22 on 100% of 
PCs

•No Embedded at MS

•Embedded OS were all 
« homegrown »

11/1996

•Windows CE 1:0 (Alder)

•Handheld PCs (H/PC)

11/1997

•Windows CE 2.0 (Birch)

• Modular, generic OS 

•Support SH3 & MIPS CPUs

•Windows CE 2.11 (Birch SP1) : 
First version of PB, FAT32, 
USB

•Windows CE 2.12 (Birch SP2): 
IE 4.0, Shell & apps PDA

04/2000 : Windows CE 
3.0 (Cedar)

•Real-Time

•DirectDraw, DirectShow,

•WMP, DCOM

Introduced 
Windows CE 4.0, 
4.1, 4.2, 5.0, 
6.0

•Fulfil our original 
commitments

•“MS will never stay 
in embedded” –
Anon 1999

Windows XP 
Embedded 
(2001)

•Modular to 10K+ 
pieces

•App compatible to 
desktop PC

•Embedded 
„Features‟

Introduced 
Windows 

Embedded for 
POS

Introduced 
Shared Source 

Program

Embedded 
Server products

Introduced .Net 
Microframework

Introduced 
Windows CE 6.0 

R2

Introduced
Windows 

Embedded 
Standard

Introduced 
Windows 

Embedded 
NavReady

Announced 
Windows 

Embedded 
POSReady

Proposed 2 new 
versions of the 

.NET 
MicroFramework

Engaged
partners and 

productization of 
Microsoft 
Robotics

Developer Studio

Examples Sensor Nodes, SideShow displays, 
Health Monitoring, Remote Controls

GPS, Handhelds, PDAs, Digital Picture 
Frame

Features Connected, Lightweight, "portable", 
simple GUI

Connected, GUI, Server, Browser, RAS, 
DirectX

Footprint size
200-400KB

Managed Code included

300KB+ without .NET CF

12MB+ with .NET CF

Power Very low consumption Low consumption

CPU
ARM7, ARM9 

without MMU
X86, MIPS, SH4, ARM,  with MMU

Real-Time No hard Real-Time Hard Real-Time

Managed vs. 
Native code

Natve : interop only,

Managed : .NET MF

Native : natively supported,

Managed : .NET CF
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Windows Mobile

Smartphones and 
PDAs

Functionality

Automotive 
infotainment

Portable Media 
Player

VoIP Phones

Rugged

handheld

Medical

devices

Windows 
terminals

Thin 
clients

Gambling

machines

Point of sale

Office 
automation

ATMs / Kiosks

Industrial 
automation

Set-top Boxes

Secondary

displays

Network sensors

H
a
rd
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Thin 
clients

Industrial

automation

Set-top Boxes

Remote 
controls

Wearable devices

Security

32-bit OS
Hard real-time, 

preemtive
Multi task

Componentized Features catalog
Footprint 

sizefeatures

Multi-
architecture

X86, ARM MIPS, SH4

Tools

Kernel: VS2005 
+ Platform 

Builder – cross 
debuging + 
emulator

Applications :
VS2005, Win32, 
.NET CF – cross 

debuging + 
emulator

32 K
Processes

2 GB

per

Process

2 GB

Kernel

Space

Process Code

User VM

User VM
Memory Mapped 

files

User DLLs

Kernel
Filesystem

GWES
Drivers
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ApplicationsApplications

Hardware

Bootloader

NK.EXE

Kernel.DLL

FileSys.DLL GWES.DLL
Device.DLL

Kernel Drivers

KCoredll.DLL

OS DLLs (Coredll, Winsock, CommCtrl, …) 

Shell

Services

Services 
Manager

UM Driver
Manager

User Mode

Drivers

User
Mode

Kernel
Mode

ApplicationsApplications

Real time
Applications where specific timings are requested

Hard real time
Applications where system fails if timings are not met

Soft real time
Applications where system tolerates large latencies

Actual timing requirements are system-specific

•Hard Real-Time

Soft Real Time

Cycle Variation or Jitter (µs)

500 us

1 ms

5 ms

10 ms

20 ms

100 
ms

C
y
c
le
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e

Hard Real Time

0 1,000 µs 5,000 µs 10,000 µs100 µs

Windows

CE 2.X

Windows

NT

Windows CE
3.0, 4.x, 5.0, 6.0

90%
Apps

OMAC represents Industrial Automation Community

ISR starts IST starts
minimum 1.2 31.7

average 3.3 67.2

Maximum 13.3 103.0

We did a quick test using the following configuration

Samsung SMDK2410 development board

200 MHz ARM with 16x16 cache 

Windows CE 5.0 with full UI

Running a WMV video

Here’s what we got:

Time in microseconds (µs)

C# / VB.NET

.NET Compact

Framework
Win32 

Applications natives Applications .Net

Visual Studio 2005Platform Builder

Windows Embedded CE 6.0

C/C++ 

Platform Builder
(VS 2005 Plug-In)

Configuration

Build

Download

Device

Device 
Emulator

Debug

BSP
(OAL, Bootloader, Drivers)

VS 2005

VS 2008

OEM    ISV

Export SDK
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3.9 millions lines of source code

100% of the kernel

100% of the device manager

Also included is 100% source for these
components…

cmd, filesys, console, dmsvc, dmsdk, dmscript, riched20, 
fiber, fmtmsg, loaddbg, DevLoad, Power Manager 
Updates, DMA Abstraction, User Mode Driver, USB 
ActiveSync/Modem Class Driver, USB fn Printer, USB Host 
Framework, USB alternate Interface, USB Composite Fn 
Driver, USB OTG,…

* More information available on the Shared Source web site.

Windows CETK is a utility for validating your 

own and third party components

Can be used both with your development 

environment and to test production devices

Shipped as a part of the CE 6.0 toolkit

Tiny bootable 
.Net Runtime

Footprint 
~256K RAM

CPU without 
MMU

portable

Robust
No direct HW 

access

Signed 
assemblies 

only

Tools
Visual Studio 

2005
C#, .NET 
subset

Cross 
debuging, 
extensible
emulator

Managed 
code

No unsafe 
instructions

Garbage 
collection

Exception 
handler

Emulators simulate real hardware in 

software

No need for hardware to start development

Simple to demonstrate

Emulators are extensible (skins, buttons, 

custom drivers)

Serial and Ethernet connectivity
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