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/Inlvoducllon to Embedded Systems

" 1.1 ~ EMBEDDED SYSTEMS

1.1 System

A syatem is a way of working, organizing or doing one or many tasks according to a fixed plan. program, of
<t of rules. A system is also an arrangement n which all its units assemble and work together according to the
yhan or program

Consider a watch. It is a time-display system. Its parts are its hardware. needles and battery with the
Leautiful dial, chassis and strap, These parts organize to show the real time every second and continuously
update the time every second. The system-program updates the display using three needles after cach second
It follows a set of rules Some of these rules are as Follows: (i1 All needles muve only clockwise. 1) A thin and
long needle rotates ¢ second such that it returns to same position after a minute. 11ii) A Tong needle rotates
cvery minute such that it returns 1o same position after an hour. (1v) A short needle rotates every hour such that
3 returms to same position after twelve hours (vi All three needles retum to the same inclination after twelve
hours each day.

Consider a washing machine. 1t is an automatic clothes-washing system. The important hardware parts
include its status display panel. the switches and dials for user-defined programming. @ motor to rotate or
pin. its power supply and control unit, an inner water-level sensor, u solenaid valve for letting water in and
another valve for letting water drain out, These parfs organize o wash clothes automaticatly according 10
program preset by  uscr. The svstem progran is activated o wash the disty clothes placed in a tank. which
otates o spins in preprogrammed sieps and stages. /i follows a et of rules. Some of these rules arc as

allows: (11 Follow the steps strictly in the following sequence. Step 1 Wash by spinning the motor according
« 4 programmed period. Step 11 Rinse in fresh watzr after draming out the dinty water, and rinse a second
i it the system is not programmed in water-saving mode. Step I11: After draining out the water complet
spin the motor fast for a programmed period for drying by centrifuging out water from the clothes. Step 1V
Show the wash-over status by a binking display. Sound the alarm for a minute to signal that the wash cycle is
complete. (i) At each step. display the process stage of the sysem. Gitl In case of an interruption, execute
only the remaining part of the program. sarting from the position when the process was interrupted. There
Zan be no repetition from Step | unless the user resets the system by inserting another set of clothes and resets
ihe program

1.1.2 Embedded System

Definition  One of the definitions of embedded system is s follows

“An embedded system is @ sysiem that has embedded software and computer-hardware. which makes it
« system dedicated for an applicationts) or specific part of an application or product or @ part of a larger
svaden.”

Lmbedded sy stems have been defined in books published recently in several ways. Given helow is a series
of definttions from others  the field

Wayne Wolf author of Computers as Components  Principles of Embedded Computing System Dexign
“What is an embedded computing ssstem” Loosely defined. 1 1s any device that includes a programmahle

Qmpmcr butis not itself intended to be a pencral-purpose computer” and “a fax machine or a clock built from

4 microp v an embodded cystem” /

Simple approach with interesting
examples and figures
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Discrete cosine transforms for signal processing applications.

Embedded Systems

Multiple standard source solutions., called TP (Intellectual Property) cores,
Programmable logic device and FPGA (Field Programmable Gate Array) cores

v

Simple approach with figures to
explain complex topic of system
on chip for a mobile phone

3

Other logic and analog units

An cxemplary application of such an cmbedded SoC is the mobike phone. Single purpose processors.
ASIPs and 1Ps on an SoC are configured 1o process encoding and deciphering. dialing, modulating.
demodulating. interfacing the key pad and multiple line 1.CD matrix displays or touch screen, storing data

memories and digital cireuits
cireuits as well

input and recalling data from memory. Figure 110 shows an SoC that integrates intemal ASIC
processors (ASIPy). shared memories and penpheral interfaces on a common bus. Besides a processor,

mternal

ith embedded software for specific applications. the SoC may possess analog

fig. 1.10 A SoCembedded system and its common bus with internal ASIPs, internal processors,
1Ps shared memories and peripheral interfaces
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{ Summary

The foilowing is the summary of what we leamt in this chapter.

« Windows CE {WCE) ix an operating sysiem for systems. handhekd and mobile devices. which have resource

constraints of power, memory. touch screen or display scroen size and processing speods. t has extensions for

pocket PCs and automotives,

WCE is an open. scalable and small-footprint 32-bit OS.

« An eahancement of WCE is Windows CE.NET. [NET framework provides for compiling the managed code

Managed code is ane that is comprled in CIL (common intermediate language) It gives platform-independent

CPU neutral compilation as the byte codes

WCE provides » Windows platform for the systems and it gives 4 user to feel. look and interact with the sysiem

using GUIS 1n a manner similer to 2 PC running on Windows

+ B0x86 or SuperH or ARM. SH4 and MIPS-based processor architectures are supported by WCE and the WCE
fine tunes the processor performance.

« There is componentization of OS, OS has two layers: one is the source code and the is the viher ts the shased codc.
with the devices manufacturer.

= A Windows-based application program is written 1o respond or activate or changes from the curment state on

pushing off noification(x) from the OS. A notification occurs on an event. The notification sends the message to

the Windows upplication program. Messages are placed in queue for the Windows of the application program.

‘Win32 API subset is used for GUIS proy

» WCE supports the ISRs which pass the messages 10 ISTs, which run as lower-priority threads than the (SRs and

ISTs cun as priority queue of threads.

Windows uses Handie 1n many procedures (functions) WCE does ot support inheritance of Handies

WCE thread assigned profities to cach one among the eight levels, Sysiem-level threuds and device drivers

K (1STs) use the upper 248 levelx of prioriies

Real-Time Operating System Programming-it: Windows CE, OSEK and Real-Tima Linux ..

Socket An APl at the streaming sockets or datugram to send and receive betwoen two
specific addresses at two APIs at different devices.
Seplus A writing pencil-core-shaped object for a user of device or system as an altemnative

1o the mice and keyboard. The user touches the stylus tp at the displayed menw or
displayed keypad on the screen 1o enter the commands or text. respectively.

System heap The sysicm APLs and OS in the program memory area of memory.
Touch screen A device for scroen displays as well as for accepting inputs through a stylus.
VUls Vosce user interfaces which facilitate interaction and command inpuls using stored

voice o tunes. and voice command inputs from the user.

Win32 APl APIs for 32-bit programming using Window classes, objects, controts and Handies
and for managing, displaying and drawing the Windows for the user APs

Window An object INSTANCE, which defincs a Window (object) to provide Handke(s) for
the GUIs and APIS for running the upplication codes. The object Window has basic
eoondinates x and v, and :-parameters, specification for visibility (show ot hide or
R0 activate). specification for pareni—child hicrarchy and procedures (o hare the
attributes and to respond the requests and all notifications sent to the Windows,

Windows CE * A Wind2 AP} subset-based OS for handheld computers and mobile systems.
developed by Microsoft that provides a programming environment using & subsct
of Win32 APLs. Visual C++, Visual Bastc, and that enables a user to fecl, kiok and
snicract with the system using GUI in a manner similar t0 8 PC running on Windows.

Windows CE.NET An enhancement of Windows CE deploying NET framework that provides for
compiling the managed code.
Window Mobile OS with extensions for Otffice Mobile 2007, smartphone with tuch screen,

improved Bluetooth stack. VoIP with AEC, support to encryption of data stored in
external removable storage cards, uses smartfilter for fust files, e-mail, contacts
and songs search. can be set a5 modem for laptop

WinSock Streaming or datagram socket AP in Windows, which has a feature of accessing
pervonal area and network resources and that does not depend on platform and
implementation of sacket functions

Review Questions

1. Describe the featurcs of Windows CE. What is the advantage in using NET framework with Windows CE" Why
does the Windows CE have low nterrupt latencies?

2. Describe the additional features in Windows CE 6.0 and Windows CE extensions to Pocket PC. Windows Mobile
6 and Windows Automobile 5

3. What are the differcaces in programming with Windows CE with respect 10 Windows? Explain meaning of Handle
and Hundle inheritance. What 1s the advantage of withdrewing reducing Handle inheritance in Windows CE?

4. What do you mean by Windows and relationship hetween the Windows? List the functions for management of

Windows

Deseribe memory munagement. Explain the similanty in file management and device management functions.

6. Dexeribe the properties and Windows CE functions for the databases

7 Windows CF: and Linux are mulutasiing-multithreaded OSes, and MuCOS and VxWorks are multtasking O

s

the properties and Wandows CE functions for threads and processes

Explain the difference hetween two concepts. What s the hasic unit of computations in each of the OSes Dmy

21 Wrte the codes in Wind2 APT subset of Windows CE for displaying a contact narme. telephone number, address and

© matlll) at the Window after studying Lisung 1-3 1n Douglas Boling Programming Microsofi WINDOWS CE NET,

Microsoft, US4, 2003

22 Wite the codes for getting messages tn Windows wsing touch screen atier studying Listing 3-2 in Douglas Buling
Procramming Microet WINDOWS CE NET, Microsoft, USA, 2003

2 Waike the code for view ing on  Window a fie atter studying isting K-1 10 Douglas Bafing Prigramming Micmosoft
WINDOWS (CENET. Microsoft, USA. 2003
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3.

Wite the voxdes for querying & database in Windows CF

Whte the codes for creating two threads with highest and lowest prionty. respectively, in Windows CE
Weitc the conles for seading and receiving byies between two Windows CE threads usmg messsge quenes
Waite the codes for creating senal poct and for sending and receiving bytes in Windows CE.

Wnte the codes for setting user notfication and for acknowledging noufication in Windows CE

29, Wnte the codes for sending and recexvang data between the sockets aftr creating sockets using SOCKET in Windows
CE

Last the exampies of using semaphore flags 1n an automoite
Wite the codes usng fork { 1 for creating a child process i Linux

32 Wette the codes for creating the threads for sciding and receiving PIM tpersonal itormation imanager) data. PIM
ncludes data of the contacts, calendar and task-to-do A contact includes name, address, e-masl 1D, phone numbers
nother thread using synchronization by a POSIX semaphore

of homie, office amd mobile. The data are sent to
Wate the cordes for creating the threads tor sendmg and receiving Strngs data trough POSIX message qu
Lioux

Whie the codes for dhisplaying two texts altemately from two threads sing RFLinux

Wit the codes tor displaying two texts aliemately every 8 s from two threads usmg RTLinux

e the saxes for sending a byte stream into a FIFO tn RTLinux.

eues in

J
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definitions, review questions
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chapter




Jesign Examples and Case Studies of Program Modeling and Programming with RTOS-1 531\

70. OSMboxPost (MboxTimeDateStrMsg, timeDate);
71} /* End of ISR_TimeDate code®/

"11.27CAsE STUDY OF DIGITAL CAMERA HARDWARE AND SOFWARE

e digatal camern wus introduced earlier in Section 1. 10.4. A dugital camera 1san example of SoC’ [Section] ]
Secuon 1,104 listed the camers functions. hardware and suftware units. Figures 114 showed the hardware
and softwan: components in a simple digital camers

Sections 11.2.1 and 11.2.2 give the design steps of  digital camera. Sections 11.2.3 and 112 4 describe
hurdware and software architecture

11.2.1 Requirements

Reuirements of the digital camera can be understood through u requirement table given in Table 113 ‘
The detailed functions inside the camera are as follows:

1 A set of comtrollers control shutier. flash, (for example. for peripherals. direct memory access. and
buses). auto focus and eye-ball image control. GUI consists of the LCD display for graphics. and
switches and butions for inputs at camera. A touchscreen s another altemative for LCD and keypad.
The user gives commands for swiiching on the cames
color. save and transfer. The user commands are n the form of interrup signals. Each signal generates
from a user input from an operated switch o buttan. When 3 button for opening the shutter is pressed.
a flash lamp glows and a sclf-timer circuit switches off the lamp automatically
The picture generates light. which talls on the CCD array, which through an ADC transmits the bits
for each pixel 1 cach row in the frame. and also for the dark area pixels in cach row in a vertical strip
for offset comrecuon in CCD signaled light intensities for each row. The strip is in adjacent frame
A picture consists of a number of pixels. The number of pixels used for a picture determines resolution.
Each picture consists of a number of horizontal and vertical pixels. For 2592 x 1944 pixels. there are
2592 x 1944 = SUME4E sets of cells. Fach set of pixel has three celhs. for the red, green and blue
components in a pixel. Fach cell gets exposed to a picture when the shutter of camera open-. on u user
command. The camera records the pictures using 4 charge-coupled devices (CCD) array. The aray
consists of a large number of CCD cells, three at cach pixel

nd of Codes for displayTimeDate function */
9. /* ISR codes for posting mailbox message
ISR_TimeDate () {

10 Task_Display */

'* Codes for creating a message for time and date after each 1000% interrupt from the system
RTC tick, %/
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We will learn embedded sysiems design from the three ase studies discussed i this
chapter and four in the next chapier The first case sudy is of an automatic chocolate-
vending machine (ACVM) which was introduced earlier in Section 1.10 2. The second
stuhs is of a digital camera, introduced eartier in Section 1,104 The third study is of
a TCPAIP stuck. which was introduced earlier in Section 3.11

The objectives of these cave studies are as follows

1. To learn how the requirements are studied and specifications of a system are
listed
To learn how UMI. modeling is used 1o model the design of the system.
To learn 10 define hardware architecture using microprocessor or
microcontroller or ASIPs or DSPs, und devices.
To learn how to define it for sofoware,
and related systems and define the decomposition of software into modudes
components. appropriate protection siralegies. and mapping of software
To learn coding for design implementation using MUCOS and V<Works
RTOSes. and also the use of IPCs for task svnchronizatun and concurrent
processing

B

- e te——————

11.1  CASE STUDY OF EMBEDDED SYSTEM DESIGN AND
CODING FOR AN AUTOMATIC CHOCOLATE

VENDING MACHINE (ACVM) USING MUCOS RTOS

ACVM was sntroduced earliet in Section 1.10.2, It isted ACVM functions. hardware
and software units. Figure 1.12 showed a diagrammatic representation of ACVM

Scctions 11.1.1to 111 6 give the design steps of an ACVM. Section 9.2 described
MUCOS RTOS. it has a pontable, ROMable, scalable. preemptive. real time and
multitasking kernel. Section 11.1.7 describes coding for ACYM using MUCOS RTOS
(Section 9.2) programmung environment,

11.1.1 Requirements

The requirements of the machine can be understood through a requirement tahle
given 10 Table 111

11.1.2 Specifications

The ACVM specifications in brief are as follows;
1. 1t has an alphanumeric keypad on the wp of the machine. That enables a
child to interact with it when buying a chocolate, The owner can also command
and interact with the machine

(e R—

48. /* Write the amay elements after encryption. */
AppiStr = SmartOSEncrypt (requestAppl, DES);
SmanOSQPost (MsgQStar, ApplSt):

49 /* Resume Delayod task task PW. %/
SmastOSTimeDlyResume (task_PWPriority);

Explains modeling of programs and software engineering practices for system design by
case studies of systems for automatic chocolate vending machine, digital camera, TCP/
IP stack creation, robot orchestra, automatic cruise control, smart card and mobile phone

J /% End of While loop */
0. 1/* End of sask_Appl Codes. */

T125 CASE STUDY OF A MOBILE PHONE SOFTWARE FOR KEY INPUTS

Mobile phones are smart. Each phone has many APLs. Example of APIs are phone SMS (short message
service). MMS (multimedia messaging service), e-mail, address book. web browsing, calendar, task-to-do
list, WordPad, Pocket- Word, Pocket-Excel, note-pad for memos, Pocket-PPTs. slide show andcamera

Mobile phone with a large touchscreen uses a virual keypad. Mobile phone with a small screen uses T9
keypad. The present case study relates 10 *SMS create application” in a mobile phone with T9 keypad for inputs

Secton 12.5.1 gives the requirements of "SMS create and send application’. Section 12.5.2 gives the
classes and class diagrams. Section 12.5.3 gives the state diagram and Section 12.5.4 gives commurication
hardware. Section 12.5.5 describes software architecture. Section 12.5.6 describes the software tasks &nd
Synchronizauon Model for the application.

12.5.1 Requirements

A processor, keypad, screen. scratch pad memary, persistence memary and communication units are requircd
for SMS create and send application. Scratch pad memory addresses are used for temporary saving of characters
{bytes) during the application. Persistence memory addresses are used bsed such that as soon a change is
made in the byte, i persists even afier the power switches off. Further, when there is a change there, an
identical change is reflected in other correlated abjects. For example, a name s edited in a file for the Contacts,
the same change takes in the file for Address book for sending the e-mails,

Figure 12.20 shows specific units, which are used for the SMS text craate application. The screen is used for
displaying the menu. Figure 12.20 shows that there are four cursor keys (Lp, down, left and right’ denoted by C'1.
€2.C3, and C4. In computer keyboerd. four different cursor keys are used. The mobile cursor key in the keypad
is such that it functions as four keys. When the key is pressed towards the lef the cursor moves left (¢ ), when
1t 1s pressed towards the right the cursor moves night (—), and so on for up ( T) or down (4,

In eddition there are four command keys (nght-comer second-row, left-comer second-row, right-comer
first-row and left-comer first-row) denoked by key2Row2, keylRow?2, key2Row ! and key IRow 1. Also, there
are nine T9-keys for numbers 1 t0 9 as well as for alphabets a 10 7 (or A to Z). There are two mode-keys
tkeyM1 and keyM2) and one key0 key for keving in 4 texs character number G or space. Alphanumeric text in

small case or capital case is controlied by a mode-key's state. Text character entered on keying depends on
\ of the T9 key. {Recall Examples 3.6 and 6.8 and Section 6.3]
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. As Java codes are first interpreted by the JVM, it runs comparatively slowly. This disadvantage can be
overcome as follows: Java byte codes can be converted to native machine codes for fast runming using
j ime (JIT) A Java accelerator (co-7 ) can be used n the system for fast
code-run
Java byte codes that are generated need a larger memory. An embedded Java system may need a minimum
of 512 kB ROM and 512 KB RAM because of the need to first install VM and run the application.

in C, C++ and Java 267

o

5.7.4 12ME

Use of J2ME (Java 2 Micro Edition) or Java Card or Embedded Java helps in reducing the code size to 8 kB

for the usual applications like smart card. How? The following are the methods. .

Use core classes only. Classes for hasic run-time environment form the VM intemal format and only
the programmer’s new Java classes are not in internal format.

. Provide for configuring the run-time environment, Examples of configuring are deleting the exception
handling classes, user-defined class loaders. file classes. AWT clusses, synchronized threads. thread
groups. multi-dimensional arrays and long and floating data rypes. Other configuring examples are
adding the specific classes—datagrams. input, output and streams tor connections 10 network when
needed
Create one object at a time when ruaning the multiple threads.

o

B

Reuse the ohjects instead of using a larger number of objects.

. Use scalar types only as long as feasible.

JavaCard, EmbeddedJava and J2ME are three versions of Java that generate a reduced code size. 2ME
provides the optimized run-time environment, Instead of the use of packages, J2ME provides for the codes
for the core classes only. These codes are stored at the ROM of the cmbedded system. It provides for two
alternative configurations, connected device fi (CDCYand cted limited d
(CLDC). CDC inherits a few classes from packages for net, security, io, reflect, security.cert, text, text.resources.
wtl, jar and zip. CLDC does not provide for the applets, awt, beans. math, et, rmi, security and gl and text
packages in java lang. There is a separate javax.mircocdition.io package in CLDC configuration. A PDA
(personal digital assistant) or mobile phone uses CDC or CLDC.

Ther is scaleable OS feature in J2ME. There is new virtual machine, KVM as an alternative to JVM. When
using the KVM, the system needs a 64 kB instead of 512 kB run-time environment. KVM featurcs are as
follows:

Use of following data types is optional. (a) Mult-dimensional arrays, (b) long 64-bit integer and ()
floating points.

2. Errors are handled by the program classes, which inherit only a few needed error-handling classes
from the java /O package for the exceptions.

3. Use of a separate set of APIs (application program interfaces) instead of JINI. JINI is portable. But in
the embedded system, the ROM has the application already ported and the user does not change it

4. There is no verification of the classes. KVM presumes the classes as already validated.

5. There is no object finalization. The garbage collector does not have to perform time-consuming changes
in the object for finalizauon.

6. The class loader is not available to the user program. The KVM provides the loader.

s

Thread groups are not available.

debugging and profiling.

(.

. There is no use of java.lang.reflection. Thus. there are no interfaces that do the ohject wnahzanonj

|

—

XiX \
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Simple way of point-wise
presentation of the details by
using lists and tables

Program Modefling Concepts

Table 6.2 UML Basic Elements

297

| Modelting What does it model
| Diagram and show?
Class Class defincs the states, aftributes and behaviour. A
class can also be an active or abstract class.
|
I
Abstract A class in general may be abstract when either one or

class more states, operations of behaviour not completely
defined, being in an abstract stage. or when it is not

| for creating objects but only a class, which extends.

i implements the abstract behaviours (methods) and

i specifies the abstract atributes (fields of properties)

| that class can create the object.

|

An instance of a class that formed

Fxemplary Diagrammatic
Representation

Rectangular hox with divisions as shown
1n Figure 6.164a) for class names for its
identity, atiributes and behaviours
(operations or methods or routines of !
functions)

Rectangular box with divisions for class
names for its identity, attributes and
operations, but with prefix abstract with H
cach abstract behaviour and attnbute

box with obyect identity

by copying the states. attributes and behaviour from 3
class.

An active class defines an active object instance of an
active class. A process or thread is equivalent to the
active object in UML. because active object posts the
signals like thread and can wait before starting of
resuming the operations sing the methods.

Active An active class means & thread class that has a defined
class state. attributes. behaviours and behaviours for the
«ignals. Active class in addition, defines the control
by signal behaviours (for a signalling object, which
can be posted and for which it may wait before starting
or resuming). Thus there is control on the class
behaviour.
Signal An object, which is sent (posted) from one active class
(active object) to another active class, which waits for
start or resumption. Signal object behaviour defines
the behaviour (operation method) of the interprocess
communication. (Signal (Section 4.2.2) is software
instruction or method (function), which generates
interrupt.] Signal object has attributes (parameters).
Atribute may be just a flag of 1-bit.

| Stereo-
{type

An unpacked collection of elements (atiributes or
behaviours) that is repeatediy used

followed by semicolon and class idennty
as shown in Figure 6.16(d). |

Rectangular box with object identity
followed by semicolon and class

dentity. but with prefix active with

object entity ,

Rectangular box with thick border lines
and inner divisions for the class names

for the identity, attributes and behaviours !
(operations and signals). but with prefix
active with class identity.

Signal identity within (wo pairs of
starting and closing signs followed by
class identity (Similar to stereotype)

Rectangular box with stefeotype identity
name given within the two pairs of
starting and closing signs followed by the
class identity as shown in Figure 6.164c).

)




Walkthrough

@R~ 2B N R

MBS~ O ®s 8 o

n

We will learn the following in this chaprer

0
(1

fiti)

Basic functions and rypes of RTOSes.
RTOS pCOSH treferred ay MUCOS i the text) through 20 exampies--
Examples 9.1 109 20, What arguments are passed and what values are returned
for each grven MUCUS function will be explained. Learning the use of
functions in the MUCOS is important for a reader even if another RTOS
used later. This will help greatly 1n undersianding the advanced. sophisticated
embedded RTOSes Later on

ViWorks from Wind River® Sysiems is also an RTOS for sophisticated
embedded svstems with powerful tool support thruugh seven examples
Examples Y.21 10 9.27. Differences between the VxWorks semaphores.
mailboxes and queues with respect o that of MUCOS will be made clear.

Chapter 10 will describe the Windows CE. OSEK and real-time Linus (RTLinucx !

“a1

BASIC FUNCTIONS AND TYPES OF RTOSes

A complex multitasking embedded system design requires the development of
thoroughly tested bug-free codes for

R

Integrated development environment

Task functions in embedded C or cmbedded C++

Real-time clock-based hardware and software timers

Scheduler

Device drivers and device manager

Funenions for 1PCs using the signals. event flag group, semaphore-handling
functions and functions for the queues, mailboxes. pipe and sockets
Addional functions. for example. TCP/IP or USB or Bluctcoths or WiFi or
1tDA and GUIs

Exvor and cxception handling functions.

Testing and system debugging software for testing RTOS us well as developed
embedded application.

Figure 9. 1) shows the basic functions expected from the kemel of an RTOS
The RTOS's have the following features in general.

ERTarR

7

Basic kemel functions and scheduling pre-emptive of pre-cmptive plus fime
sticing

Priorities definitions for the tasks and IST

Priority inheritance feature or option of pricrity ceiling feature.

Limit for number of tasks

Task synchronization and IPC functions

IDE consisting of editor, platform butider. GUI and graphics software,
compiler, debugging and host target support tools

Device imaging tool and device drivers. /
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11. Using POSIX queues. Important points in using the POSIX queues are as followings

i@) The function mqPxLiblmt ( ) initializes the VxWorks library to permit use of the POSIX Queucs

(b) The functions mq_open ( 1. mq_close { ) and my_unlink (} initialize, close and remove a named queue

(<) The function m_setatir ( ) sets the atnnbute of & POSIX queue.

(d) The functions mq_send ¢ ) and mq_receive ( ) unlock and lock a queue.

{e) The function mq_noify ( ) signals 1o a single waiting task that the message is now available. The
notice is exclusive for a single task, which has been registered for a notification (registered means
later on takes note of the mq_ notify). This provision is extremely useful for a server task. A server
task receives the notification from a client task through a signal-handler function (like an ISR)

() The function mq_getattr ( ) rerieves the attribute of a POSIX queue

(g) The POSIX queue function maq_unlink ( ) does not destroy the queue immediately but prevents
the other tasks from using the queue. The queue will get desiroyed only if the fast task closes the
queue. Destroy means 1o de-aliocate the memory associated with queue ECB.

VxWorks queues have the additional following features. (i) Time cut option can be used. (ii) Two options.
FIFO and task prionity for queues wait by multiple tasks. POSIX queues have the additional following feature:
task noufication in case a single waiting task is available and there can be 32 message priority levels in place
of one priority level URGENT in VxWorks

12. Creating a pipe device for read-write in IPCs. When a task creates, a taskiD allocates (Section 9.3.1)
When using the task-related functions, the number facilitates task identity. Similarly, a pipe (Section 7.14) or
sucket (Section 7.15) or file (Section 8.6.2) when creates, a file descriptor data structure is created and a number.
for example, fd is assigned to identify the device created. The number is assigned after examining a set of the
numbers already allocated. When using the device-related functons, the number facilitates the device wdentity
‘The device function examples are open or read o write or get attribute or set or attribute close (Section 861

A pipe in VxWorks s a FIFO queue, which is managed not by queve IPC functions but by the device-driver
functions. VxWorks has management functions for a pipe-driver (Tike a device driver) pipedrv. This is analogous
10 the named pipe driver in Unix. Pipes also implement the unidirectional link between a set of tasks.

Function pipeDevCreate (*/pipe/pipeName’. maxMsgs, maxMsgBytes) creales a pipe device named
pipeName for maximum maxMsgs messages. Each message can be of maximum size maxMsgByres. It enters
into a list of devices on creation. devs ( ) function retrieves the list of devices with the device number allotied
10 each device including pipe devices

Consider an example for creating a pipe named as pipelserinfo. Assume that it can have a maximum of
four messages; user name, password. telephone number and e-mail 1D. Each of these can be of a maximum
size of 32 bytes only. A global variable /i is an integer number for a file descriptor that identifies a device
among & number of devices at the [0 system. The device can be 4 file or pipe or socket or other device.
Example 9.26 explains the codes for creating, writing and reading,

Example 9.26
Le include “fiokib.hi" /* Include the [0 library functions. %/
Drv ( ): /* Install a pipe driver. */
7 e Declare file descriptor. */
int fd,
2./* Mode refers w0 the permission in an NFS (Network File Server). Mode is ceset as 0 for unrestricted
permission. ¥
int mode.

&/- Create pipe named as pipeUserinfo for 4 messages, each 32 bytes maximum, */ /

Comprehensive explanation with coding examples for
learning the widely used RTOSes- mCOS-Il, VxWorks,
Windows CE, OSEK and Real Time Linux
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imternal communication. Extension does not permit creation and deletion of tasks during run. Extension defines
cach task of different priority and activates it only once in the codes. Extension does not use message queucs and
uses semaphores as cvent ﬂdg only with no task having run-time deletion or creation of these.

| T ““OSEKIVOX Praiodols
! (Three Qal\dlms MODISTARC, Communication stack and N"work Management)
——
« Classes BCC1, ECCt, Efficient design of
BCCC2, ECC2 architecture: The
+ COM conformance classes funchonaities
©CCA and CCCB intemai !
communication wnﬁvum:‘e and
. scalable, to
No creation and deletion of o
tasks duning run adjustment of the
« Task Priority defined and task S tacam o o
activates oply once in the codes aoplcation in
« Nomessage queues, and : queston
« Semaphores as flag onty
" Speciication does not prescribe implementation aspecis and thus provision of 6
iciopondence with g 1 mdhdual mpleeontaton s Suppan of e poriaity and |
reusabifity of appiication software
" Enhance tha pe overall system without requiring additional hardware due to 7
sequenced wthizaton of m m.uigmm (existing resources) distributed in the vehicie .
! Verification of functionaiity and implementation of prototypes in selectad pilot projects 8

Fig. 10.2  OSEK baslc features
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Section 1.1
Definitions of system and embedded system

Section 1.2
The processing unit of an embedded system consists of

1.
2.
3.

4.

A processor

Commonly used microprocessors

Application-specific instruction set processors (ASIPs).
microcontrollers, DSPs and others

Single purpose processors

Section 1.3
The hardware unit of an embedded system consists of

I

oA

An embedded svstem power source with controlled power-
dissipation

A clock oscillator circuit and clocking unit that lets a processor
execute instructions

Timers and a real time clock (RTC) for various timing needs
of the system

Reset circuit and watchdog timer

Svstem and external memories

System input output (10) ports, serial, parallel and wireless
communication, serial Universal Asynchronous Receiver and
Transmitter (UART) and other port protocols and buses
Devices such as Digital to Analog Converter (DAC) using
Pulse Width Modulation (PWM), Analog to Digital Converter
(ADC), Light Emitting Diode (LED) and Liquid Crystal
Display (LCD) units, keypad and keyboard, touch screen,
pulse dialer, modem and transceiver

Multiplexers, demultiplexers, decoder for interfacing of the
devices and buses
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9. Interrupt controller (handler)

Section 1.4
1. Languages that are used to develop embedded software for a svstem
2. Program models
3. Multitasking using an operating system (OS), system device drivers, device
management and real time operating system (RTOS)
4. Software tools for system design

Section 1.5
Examples of applications of embedded systems

Section 1.6
Designing an embedded system on a VLSI chip
1. Embedded SoC (System on Chip) and examples of its applications
2. Uses of Application Specific Instruction Set Processor (ASIP) and Intellectual
Property (IP) core
3. Field Programmable Gate Array (FPGA) core with single or multiple processor
units on an ASIC chip

Section 1.7
The complex system consists of
1. Embedded microprocessors or GPPs in complex systems
2. Embedding ASIPs, microcontrollers, DSPs, media and network Processors
3. Embedding application-specific system processors (ASSPs)
4. Embedding multiple processors in systems
Section 1.8
The design process has
1. Challenges in embedded system design
2. Design metrics optimization
3. Co-design of hardware and software components
Section 1.9
The system design formalism is defined

Section 1.10

The design of embedded hardware and software in an automatic chocolate vending
machine, smart card, digital-camera, mobile phone, mobile computer and robot are
given as examples

Section 1.11
Classification of embedded systems into three types

Section 1.12
Skills needed to design an embedded system



Introduction to Embedded Systems

11 ~ EMBEDDED SYSTEMS

1.1.1 System

A system is a way of working, organizing or doing one or many tasks according to a fixed plan, program, or
set of rules. A system is also an arrangement in which all its units assemble and work together according to the
plan or program.

Consider a watch. It is a time-display system. Its parts are its hardware. needles and battery with the
beautiful dial, chassis and strap. These parts organize to show the real time every second and continuously
update the time every second. The system-program updates the display using three needles after each second.
It follows a set of rules. Some of these rules are as follows: (i) All needles move only clockwise. (ii) A thin and
long needle rotates every second such that it returns to same position after a minute. (iii) A long needle rotates
every minute such that it returns to same position after an hour. (iv) A short needle rotates every hour such that
it returns to same position after twelve hours. (v) All three needles return to the same inclination after twelve
hours each day.

Consider a washing machine. It is an automatic clothes-washing system. The important hardware parts
include its status display panel. the switches and dials for user-defined programming, a motor to rotate or
spin, its power supply and control unit, an inner water-level sensor, a solenoid valve for letting water in and
another valve for letting water drain out. These parts organize to wash clothes automatically according to a
program preset by a user. The system-program is activated to wash the dirty clothes placed in a tank, which
rotates or spins in preprogrammed steps and stages. I follows a set of rules. Some of these rules are as
follows: (i) Follow the steps strictly in the following sequence. Step I: Wash by spinning the motor according
to a programmed period. Step II: Rinse in fresh water after draining out the dirty water. and rinse a second
time if the system is not programmed in water-saving mode. Step I1I: After draining out the water completely,
spin the motor fast for a programmed period for drying by centrifuging out water from the clothes. Step IV:
Show the wash-over status by a blinking display. Sound the alarm for a minute to signal that the wash cycle is
complete. (ii) At each step, display the process stage of the system. (iii) In case of an interruption, execute
only the remaining part of the program, starting from the position when the process was interrupted. There
can be no repetition from Step I unless the user resets the system by inserting another set of clothes and resets
the program.

1.1.2 Embedded System

Definition  One of the definitions of embedded system is as follows:

“An embedded system is a system that has embedded software and computer-hardware, which makes it
a system dedicated for an application(s) or specific part of an application or product or a part of a larger
system.”

Embedded systems have been defined in books published recently in several ways. Given below is a series
of definitions from others in the field:

Wayne Wolf author of Computers as Components — Principles of Embedded Computing System Design:
“What is an embedded computing system? Loosely defined. it is any device that includes a programmable
computer but is not itself intended to be a general-purpose computer” and “a fax machine or a clock built from
a microprocessor is an embedded computing system™.
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Todd D. Morton author of Embedded Microcontrollers: *Embedded Systems are electronic systems that
contain a microprocessor or microcontroller, but we do not think of them as computers—the computer is
hidden or embedded in the system.”

David E. Simon author of An Embedded Software Primer: “People use the term embedded system to mean
any computer system hidden in any of these products.”

Tim Wilmshurst author of An Introduction to the Design of Small Scale Embedded Systems with examples
from PIC, 80C51 and 68HC05/08 microcontrollers: (1) “An embedded system is a system whose principal
function is not computational, but which is controlled by a computer embedded within it. The computer is
likely to be a microprocessor or microcontroller. The word embedded implies that it lies inside the overall
system, hidden from view, forming an integral part of [the] greater whole™. (2) “An embedded system is a
microcontroller-based, software-driven, reliable, real time control system, autonomous, or human- or network-
interactive, operating on diverse physical variables and in diverse environments, and sold into a competitive
and cost-conscious market”.

A computer is a system that has the following or more components.
1. A microprocessor
2. A large memory of the following two kinds:

(a) Primary memory (semiconductor memories: Random Access Memory (RAM), Read Only Memory
(ROM) and fast accessible caches)

(b) Secondary memory [(magnetic memory located in hard disks. diskettes and cartridge tapes, optical
memory in CD-ROMs or memory sticks (in mobile computers)| using which different user
programs can be loaded into the primary memory and run

I/0 units such as touch screen, modem, fax cum modem, etc.

Input units such as keyboard, mice, digitizer. scanner, etc.

Output units such as an LCD screen, video monitor. printer, etc.

Networking units such as an Ethernet card, front-end processor-based server, bus drivers, etc.

An operating system (OS) that has general purpose user and application software in the secondary

memory

An embedded system is a system that has three main components embedded into it:

1. It embeds hardware similar to a computer. Figure 1.1 shows the units in the hardware of an embedded
system. As its software usually embeds in the ROM or flash memory. it usually do not need a secondary
hard disk and CD memory as in a computer
It embeds main application software. The application software may concurrently perform a series of
tasks or processes or threads
3. It embeds a real-time operating system (RTOS) that supervises the application software running on

hardware and organizes access to a resource according to the priorities of tasks in the system. It
provides a mechanism to let the processor run a process as scheduled and context-switch between the
various processes. (The concept of process, thread and task explained later in Sections 7.1 to 7.3.) It
sets the rules during the execution of the application software. (A small-scale embedded system may
not embed the RTOS.)
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Characteristics An embedded system is characterized by the following: (1) Real-ti,. ¢ and multirate
operations define the ways in which the system works, reacts to events. interrupts and schedules the system's
functioning in real time. It does so by following a plan to control latencies and to meet deadlines. (Latency
refers to the waiting period between running the codes of a task or interrupt service routine and the instance
at which the need for the task or interrupt from an event arises). The different operations may take place at



