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6/11/2003 Samir OMAR, CSE UNSW 1

Mobile Phone Design
Embedded Systems   & Telecommunications

Mobile Phone Design 2003

PIC, off line functions (phone book, messages, 
tones, settings, read/write SIM card)

VHDL version .. Reduced

Challenges / Future work 2004

More functions – Full VHDL

Integration with other devices for different 

applications.

6/11/2003 Samir OMAR, CSE UNSW 2

Embedded Web Server
Embedded Systems   & Telecommunications

Embedded Web Server 2003

PIC, Rabbit, Z8 Encore - Ethernet

VHDL

Challenges / Future work 2004

More functions – Full VHDL

Integration with other devices (sensors)for 
different applications. 

6/11/2003 Samir OMAR, CSE UNSW 3

Wireless LAN Device
Embedded Systems   & Telecommunications

Wireless LAN Device 2003

PIC, or any.. (Z8 Encore), WLAN Card

VHDL … PCMCIA, USB, Ethernet, Serial,..

Challenges / Future work 2004

GPS Integration, Other sensors. Full VHDL

Ad hoc Network. Sensor Network. 

More Smarter
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11/1/2003 huig/CSE/UNSW 1

Embedded Systems Design 
Projects

HuiHui Annie Annie GuoGuo

11/1/2003 huig/CSE/UNSW 2

Introduction

�� What is an embedded system?What is an embedded system?

�� Any (computer) system hidden in a Any (computer) system hidden in a 
product to make the product smartproduct to make the product smart

�� Consists of hardware and software Consists of hardware and software 
components that interact to perform a set components that interact to perform a set 
of operations/functions in its host of operations/functions in its host 
environmentenvironment

11/1/2003 huig/CSE/UNSW 3

Introduction

�� List of embedded applications. And this can go on List of embedded applications. And this can go on 
and onand on

�� Aerospace systemsAerospace systems

�� Washing machinesWashing machines

�� Automobile control systemsAutomobile control systems

�� Multimedia systemsMultimedia systems

�� TelecommunicationsTelecommunications

�� Industrial controllersIndustrial controllers



11/1/2003 huig/CSE/UNSW 4

Introduction

�� Issues in embedded systems designIssues in embedded systems design

�� Performance Performance 

�� Power consumptionPower consumption

�� CostCost

�� TestabilityTestability

�� ReliabilityReliability

�� Etc.Etc.

11/1/2003 huig/CSE/UNSW 5

Project 1: System Level Design

�� Project descriptionProject description

�� An embedded system normally consists of a set An embedded system normally consists of a set 
of hardware and software components. of hardware and software components. 
Traditionally, they are implemented using Traditionally, they are implemented using 
multiple integrated circuits. multiple integrated circuits. 

�� With the increasing complexity of integrated With the increasing complexity of integrated 
circuits, it is possible to implement a complete circuits, it is possible to implement a complete 
embedded system on a single integrated circuit embedded system on a single integrated circuit 
–– systemsystem--onon--aa--chip (chip (SoCSoC))

11/1/2003 huig/CSE/UNSW 6

Project 1: System Level Design

�� Project description (continued)Project description (continued)

�� Growing gap between chip capacity and Growing gap between chip capacity and 
design productivitydesign productivity

�� Chip capacitor Chip capacitor –– growth rate 58%growth rate 58%

�� ProductivityProductivity –– growth rate 21%growth rate 21%

�� An efficient design methodology and An efficient design methodology and 
good design tool are necessary good design tool are necessary 

11/1/2003 huig/CSE/UNSW 7

Project 1: System Level Design

�� Project description (continued)Project description (continued)
�� This project is focused on system level This project is focused on system level 

design and verification for embedded design and verification for embedded 
systemssystems

�� Prerequisites: computer architecture, Prerequisites: computer architecture, 
knowledge of system design, experience knowledge of system design, experience 
with or willing to learn UML development with or willing to learn UML development 
tools.tools.



11/1/2003 huig/CSE/UNSW 8

Project 2: Processor Power 
Reduction
�� Project descriptionProject description

�� Energy efficiency is one of important issues in Energy efficiency is one of important issues in 
embedded systems designembedded systems design

�� Typical target architectures for complex Typical target architectures for complex 
embedded systems consist of one or more embedded systems consist of one or more 
processors, memories, and some custom processors, memories, and some custom 
designsdesigns

�� Processors are normally working horses in the Processors are normally working horses in the 
system. Improving the power efficiency of system. Improving the power efficiency of 
processors is criticalprocessors is critical

11/1/2003 huig/CSE/UNSW 9

Project 2: Processor Power 
Reduction
�� Project description (continued)Project description (continued)

�� This project is aimed at some design This project is aimed at some design 
strategies to reduce power consumption strategies to reduce power consumption 
in the processorin the processor

�� Prerequisites: computer architecture, VHDL Prerequisites: computer architecture, VHDL 
programming, experience with or willing to programming, experience with or willing to 
learn logic synthesis tools.learn logic synthesis tools.

11/1/2003 huig/CSE/UNSW 10

Project 3: Memory Power 
Reduction
�� Project descriptionProject description

�� This project is aimed at some design This project is aimed at some design 
strategies to reduce power consumption strategies to reduce power consumption 
in the memoryin the memory

�� Prerequisites: computer architecture, VHDL Prerequisites: computer architecture, VHDL 
programming, experience with or willing to programming, experience with or willing to 
learn logic synthesis tools.learn logic synthesis tools.

11/1/2003 huig/CSE/UNSW 11

Project 4: Interface Design

�� Project description Project description 

�� This project is aimed at some design This project is aimed at some design 
strategies for interfaces in embedded strategies for interfaces in embedded 
systemssystems

�� Prerequisites: computer architecture, VHDL Prerequisites: computer architecture, VHDL 
programming, experience with or willing to programming, experience with or willing to 
learn logic synthesis tools.learn logic synthesis tools.



11/1/2003 huig/CSE/UNSW 12

Project 5: Communication 
Architecture Design
�� Project descriptionProject description

�� This project is aimed at some This project is aimed at some 
communication architectures for communication architectures for 
embedded systemsembedded systems

�� Prerequisites: computer architecture, Prerequisites: computer architecture, 
networking, good programming skills for networking, good programming skills for 
simulation system development.simulation system development.
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Digital Systems Laboratory Hardware

●DSL Board is
» A Board for 21st Century
» The State-of-the-Art 

Development Board

●DSL Board Contains:
» Designed by the University of 

Manchester with lots of 
collaboration from UNSW 

» An ARM Microcontroller
» With 2 MB of Flash and up to 4 

MB of SRAM Memory
» 2 Xilinx FPGAs for extended 

interfacing and specialised co-
processors

» Optional Ethernet chip
» LCD Module
» Lots of uncommitted Switches 

and LEDs
» Terminal connector to FPGAsTwo PCBs



DSLMU Hardware Block Diagram

Two Printed circuit Boards

Mic roc o nt ro lle r Bus  

Pe rip he ral Bus  (Po rt s  A a nd  B) 

MU Bo a rd  Expa ns io n Boa rd  

Flas h  ROM 
(U25 ) 

Se rial Po rts  Sys te m Me mo ry  
SRAM Mo dule s  

(U1 1-U14 , 
U21-U24) 

Opt io nal 
Ethe rne t  

(U7 ) 
Powe r 
Supply  

LEDs  
(D8 -D15 ) 

Boo t  Se le ct 
Switch  (U1) 

LCD Mo du le  

Unco m m it te d  
Switch e s  

Unco m m it te d  
LEDs  SB SA VS VC VB VA

Opt io nal 
Me mo ry 

(U9 , U10 , 
U18 , U19) 

Xilinx  
Virte x-E 

(U16 ) 

Xilinx  
Spartan-XL 

(U4 ) 

Expans io n  
Co nne cto r 2  

Expans io n  
Co nne cto r 1  

Atme l CPU 
(U17 ) 

Projects with Digital Systems Lab Board

● Project 1: Design of a Vector Floating Point 
Co-Processor for ARM Core:

● Aim: The Aim of this project is to built Floating 
Point Vector Processor On the Vertex FPGA.

● Degree of Difficulty: Hard, and Challenging

● Ability: Number Representation, Digital 
System Design, DSP

Projects with Digital Systems Board

● Project 2: Design of a Fixed Point DSP for 
ARM Core:

● Aim: The Aim of this project is to built DSP 
Optimised Processor (Single Cycle MAC 
Processor/ Distributed Arithmetic) On the 
Vertex FPGA.

● Degree of Difficulty: Hard, and Challenging
● Ability: Number Representation, Digital 

System Design, DSP

Projects with Digital Systems Board

● Project 3: Development of a Simple Multi 
tasking Operating System 

● Aim: The Aim of this project is Development 
of a Simple Multi tasking Operating System 
with Simple Virtual Memory Protection for on-
board program monitoring and debugging.

● Degree of Difficulty: Moderate, and some 
Challenges

● Ability: Software Development, Basic 
Operating Systems

● Application: Our Undergraduate/Post 
Graduate Teaching 

● Advantage: Make yourself Immortal!



Projects with Digital Systems Board

● Project 4: Interfacing GNU debugging tool 
with on-board emulator (Komodo)

● Aim: The Aim of this project is to Interface 
GNU debugging tool with on-board emulator 
program to facilitate source-level debugging 
and monitoring.

● Degree of Difficulty: Moderate to Hard with 
some Challenges

● Ability: Software Development, Basic 
Operating Systems

● Application: Our Undergraduate/Post 
Graduate Teaching 

● Advantage: Make yourself Immortal!

Projects with Digital Systems Board

● Project 5: Porting of uCliux to DSL 
Board

● Aim: The Aim of this project is to port 
real-time Operating System uClinx to 
DSL Board.

● Degree of Difficulty: Hard, and 
Challenging

● Ability: Software Development, Basic 
Operating Systems

● Start: http://www.uclinux.org

Projects with Digital Systems Board

● Project 6: Design of an embedded Internet enabled 
device for remote control and monitoring

● Aim: The aim of this project is to design an embedded 
interface device using programmbale microcontrollers 
and FPGAs, to wireless devices in one hand and 
modem/lan on the other hand. The unit collects the data 
through the wireless picodevices and in turn transfers the 
data via modem or lan to a remote server via TCP/IP 
stacks. It should also be possible to control the 
picodevices remotely. The challenge is to build the 
various software layers, on a realtime operating system 
like eCos to do the task.

● Degree of Difficulty: Hard, and Challenging
● Ability: Software Development, Basic Operating Systems, 

basic Hardware Interfacing

Projects with Digital Systems Board

● Project 7: Design of an embedded Internet enabled device
for remote control and monitoring

● Aim: The aim of this project is to design an embedded 
interface device using programmable microcontrollers and
FPGAs, to control and monitor the viewing of cable TV 
channels.This embedded unit controls a TV tuner, in a real
time fashion, based on the control information it receives 
remotely. The unit is connected to the internet via a cable 
modem. It can be controlled and monitored via a remote 
device (a PC). The challenge is to build the various 
software layers, on a realtime operating system like eCos 
to do the task.

● Degree of Difficulty: Hard, and Challenging
● Ability: Software Development, Basic Operating Systems, 

basic Hardware Interfacing



Projects with Digital Systems Board

● Project 8: PS/2 and USB Controller For DSL 
Board

● Aim: The aim of this project is to design an 
PS/2 and USB Controller using the  on-board 
FPGA chips.

● Degree of Difficulty: Hard, and Challenging
● Ability: Hardware Development, Basic Software

development

Projects with Digital Systems Board

● Project 9: Frame Grabber Device for CMOS 
Digital Camera

● Aim: The aim of this project is  to build a high 
resolution web camera using a Kodak KAC-
1310 CMOS image sensor.  The pixel data 
would buffered in SRAM /SDRAM, compressed
and uploaded through the Internet interface for 
display on a PC. 

● Degree of Difficulty: Very Hard, and 
Challenging

● Ability: DSP, Hardware Development, Basic 
Software development

Projects with Digital Systems Board

● Project 10: Audio Signal Processing
● Aim: The aim of this project is  interface a 

codec to a DSP Audio Signal Processor/ 
Compressor built on the on-Board FPGAs

● Degree of Difficulty: Moderate to Hard, and 
Challenging

● Ability: DSP, Hardware Development, Basic 
Software development
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Circal basics

The Circal process algebra 
supports hierarchical, 
modular, and constructive 
description of interacting 
processes

Processes are behavioural 
objects that interact based 
on the occurrence of events

S

QP

U V

S

b

d

a

c

P Qc

a

b

dc a

b

d

Structural modelling in Circal

S ← P0 ∗ Q0

P0 ∗ Q0 ← c P1 ∗ Q0 + d P0 ∗ Q1 + a P1 ∗ Q1
+ (c d) P1 ∗ Q1

P1 ∗ Q0 ← a P0 ∗ Q1 + d P1 ∗ Q1

P0 ∗ Q1 ← c P1 ∗ Q1

P1 ∗ Q1 ← ∆ (DEADLOCK)

Structural operators
– Composition

• Evolve on shared events 
only when each is 
independently able to

Q0 Q1

a

d

b

P0 P1

(a b)

c

a

P0xQ0

P0xQ1

P1xQ0

P1xQ1

c
c

a

da

d

(c d)

Circuit realization of Circal

At the system level, a 
Circal specification is 
realized as an 
interconnection of 
independent,
concurrently active 
process logic blocks and
synchronisation logic

P

Q

Z

events

Process 
logic blocks

request
signals

synch signal

r
s

Circuit realization of Circal (cont)

Each process logic block
implements the 
behaviour specified by its 
process definitions

Of course the Circal
composition law 
constrains process state 
transitions to those that 
are globally acceptable

event
bus

events in
process sort

select
state 

transition

enable
state

transition

process
state

request
signal

r

state feedback

synch
signal

s



Schematic for P*Q Automatic place & route of flat design

9. State registers:

SR(tlc, tlr, tf);

- implements initial or 
non-initial state using
selector from N and 
enable from E

- specified by coords 
of top left corner, 
height, and state type 
flag

Module Generators Static circuit implementation
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4)(3
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32)(1

PaPcP
PbaP

PaPbP
PbPcaP

+←
←

+←
+←

P2
P1

P3
P4

(a c)

a

(a b)
c

b
a

b

(lsb) a
b

(msb) c
IJ m0 m1 m2 m3 m4 m5

m0 (P1 → P1)

m5 (P1 → P2)

m0 + m2 (P2 → P2)

m1 (P4 → P2)

m2 (P1 → P3)

m1 (P2 → P3)

m0 (P3 → P3)

m3 (P3 → P4)

m0 + m4 (P4 → P4)

P1 P2 P3 P4

Σ

Σ

Σ

Σ

Σ

Σ

mn = minterm n
= AND
= OR

r

s

SL



Circuit modelling & partitioning

Processes are modelled as state 
transition graphs and processes are 
partitioned according to their 
definitions

Initially, the interpreter implements a 
sub-graph rooted at the initial state
Nodes are included breadth-first 
until it is not possible to fit the 
transition logic for the next state

244

4)(3

322

321

PaPcP

PbaP

PaPbP

PbPc)(aP

+←
←

+←
+←

P2
P1

P3
P4

(a c)

a

(a b) c

b a

b

Example
Suppose the array area for process P can only 
accommodate the behaviour for state P1
To determine which transition occurred, boundary state
registers for P2 and P3 are needed as well

(lsb) a
b

(msb) c
IJ m0 m2 m5

m0 (P1 → P1)

m5 (P1 → P2)

m2 (P1 → P3)

Σ

Σ

Σ

mn = minterm n
= AND
= OR

P1 P2 P3
r

s

SL
Σ

Σ

Generalized processes

Work done by Jérémie 
Detrey to implement 
hierarchy, abstraction
and process creation

Developed on Wildcard 
XCV300 implementation 
of compiler

Abstract process interface

For the variety of process blocks required, a common
process interface has been defined



FSM process

As before, only allows choice and guarding, but process 
can be switched on/off and provides for abstracted
(internal) events

Hierarchical composition

Hybrid process block layout
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