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Industrial Control Systems

m Typically Low Volume
— Many Variations Required

m High Customization
— Number of Attached Sensors
— Types of Attached Sensors
— Required User Interface Needs
— Storage & Recording Needs

m Touch Panel Displays

— Increasing Use to Reduce
Cost

Industrial
Equipment
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Touch Panel
Display
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C once pt Flexibility

Need to Easily Modify Design
Allowing for Customization
or Feature Enhancements

Reaction to Customer Changing Solution Needs:
Needs New Sensors/ New Control

Time to Market

Capability to Complete
Development Work for
Solution in Time to
Meet Specific Market
Window

Reusability

Ability to Reuse Much of
Existing Design As Starting
Point for New Solution

Rapid Design of New
Control Solutions
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Concept

m Solution Requirements

— Minimal Cost

e Overall Solution Measured Not Only By Cost of Components,
But Cost of Board

e The Lower the Solution Cost, The Easier It becomes to Win
Business & Sustain Margins

— Manufacturability

e Can Existing Implementation Be Maintained If Devices Fail —
i.e., Is Supply Guaranteed?

— Device Qualification

e If Company Has Stringent Device Qualification Needs,
Advantages of Utilizing Single Device for Many Applications
Becomes Apparent
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Conceptual Solution

m [ndustrial Control Flow Diagram
m Hardware Block Diagram
m Software System
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Industrial Control Flow Diagram

m Example: PID Controller

m Typical Transfer Function
Y(S)_ K, s +K, s+K,
Uls) (m+K,)s>+(b+K,)s+K,
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Hardware Block Diagram

Control
Processor
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Software System

User HTTP Server Telnet Server ' SMB Server
Appllcatlons HTML Browser Telnet Client SMB Client

Window Server CGIl Apps Custom App

Operating System

Device Drivers
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Implementation

B Selected System Components
— Cyclone FPGA
— Nios Embedded Processor
— uCLinux Software

m Solution Development
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Cyclone FPGA

m Advantages
— High-Density, Full-Featured FPGA

e Maximizes Flexibility, Avoids Obsolescence & Device
Qualification Issues

— Low Cost

e Reduces Production Costs without Reducing Solution
Functionality

— High Performance
e Maximizes Longevity of Solution & Functional Economy
— Migration Path

e Enables Same Board to Be Used for Different Solutions

— Enables High Levels of Integration
e Minimizes Component Count & Board Costs
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Powerful Cyclone Functionality

External Memory Interface Differential Signaling
" Dedicated SDRAM & FCRAM " 311-Mbps Performance

= 266-Mbps Performance

Embedded Memory Phase-Locked Loops
" Up to 294,912 RAM Bits = System Clock Management Features

" 200-MHz Performance "Upto2PLLs
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Nios Processor Systems

m Not Just A Processor
— Complete Microprocessor Subsystem

m Processor Core Plus Peripherals &

(7))

Memory Interfaces @

. c

m Custom Peripherals o

. >

m Custom Instructions <

. On-Chip

N Slmt_JItaneous RAM SDRAM
Multi-Master Avalon™ Bus Controller

Connects All Components

m Multiprocessor Systems
Possible

Your Design
Here

PIO: Parallel 1/0
SPI: Serial Peripheral Interface
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Nios System Architecture

Nios®

CPU

On-Chip
Debug Core

Off-Chip

Software Trace

Memory
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Interrupt
Controller
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Master/
Slave
Port
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Wait State
Generation

Data In
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Master
Arbitration
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Peripheral Components

® Memory Interface m Parallel /0 (P10O)
— On-Chip Registers
e RAM, ROM — General-Purpose 1/0
— Off-Chip Registers (PI1O)
e SDRAM Controller e Input
e SSRAM e Output
e SRAM e Bidirectional
e Flash, ROM — User-Defined Interface
= DMA Controller m Serial I/O
— Memory-Peripheral — UART
— Memory-Memory — SPI
— Peripheral-Peripheral m Timer
m Bridges — Simple Timer
— AHB to Avalon™ Bus Bridge — Pulse Generator

— Watchdog Timer
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Nios Embedded Processor

m Standard RISC Components
m Optimized for Size & Performance in PLDs
m Fully Synchronous Interface

{T>Read/Write
/ {>Byte Enable
/

7—{>Data Out

Operand

Instruction
Address :37
InstructionD 12

In

Fetch &
Store

7> Data Address

General Purpose

Register File . 7/—<Data In

Clock I:>—>
: Clock Interrupt <JIRQ
Wait > ool 16
Reset >— Enable ontro 4 <1IRQ Number

IRQ: Interrupt Request
ALU: Arithmetic Logic
Unit
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Simultaneous Multi-Master Bus

Master 2

Master n

Master 1

(Nios CPU) (100Base-T)

(100Base-T)

I D
a S

Multi-Master Avalon Bus

Avalon Bus Avalon Bus Avalon Bus
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Simultaneous Multi-Master Bus

Master 2 Master n

(100Base-T)

Master 1
(Nios CPU)

I D

(100Base-T)

Fetch Code t Receive Packets l Send Packets

Avalon Bus Avalon Bus Avalon Bus

1

/O /O
1 2
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State Machine/PLC Replacement

Development Complexity

Development Time
Resource Utilization

Design Flexibility

System A

Control Control

- - Circuit 4
Control Control
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Nios Embedded Processor

m Advantages

— Highly Configurable
e 16-,32-Bit Variants, Add Peripherals as Required

— Optimized For PLD Implementation
e Minimal Size, Reduces Device Costs

— Royalty Free

e No per Product Fee

— Low Cost
e Minimal Investment

— Obsolescence Proof
e Migration to New Altera® Device Families
e Longevity Associated with Altera Device Families
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uCLinux Software

m Linux 2.4
m C++ Support

m UClibc Embedded
Library

m Source Code Provided
m SOPC Builder Support

m Fully Supported in
Cygwin Environment
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uCLinux Software

m Advantages
— Open Source Environment
— Availability of Solutions Simplifies Development
e HTTP Server, HTTP Browser, Telnet Server, Telnet Client

— Driver Availability

e Large Driver Resource

e Ability to Integrate Custom Drivers
— Integration with Altera Tools

e Quartus® Software
e SOPC Builder
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Solution Development

m Example System: Cookie Factory

. Network
AN
gooo
Control System
|

Touch Panel Display

Program #. .

Temp . . 1

¢
S
~—r

~—rt S
Digital -
Sensor

/ANO[S RYAN,



Solution Development

m Cyclone Logic Element Implementation Cost

ECENCE EEEECE

16-Bit Nios 900-1,100 IDE 100-200
Interface
LCD I/F 100-2,500 Customer 200
Interface
Touch 200-5,000 UART, SPI, 200-300
Panel I/F 12C
Ethernet 100-2,500 CAN 100
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Solution Development cycione®

Control
Processor Cyclone
A )
% e ﬁf’
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Solution Development

I e

Processor 1 1,200 1,200
UART 4 300 1,200
Touch Panel Interface 1 500 500
LCD Interface 1 700 700
Ethernet Interface 1 100 100
IDE 1 100 100
Total 3,800
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Solution Development

m EP1C6 Has 5,980 Logic Elements
m Solution Requires 3,800 Logic Elements
m Device 63.5% Utilized

m Memory Requirements
— EP1C6 Has 92,160 RAM Bits

— External Memory Only for LCD Image Memory
e 614,400 RAM Bits Required for QVGA
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Solution Development

SOPC Builder GUI

Processor
Library

\ 4

Configure Processor

Custom Instructions

Peripheral

Lipra
Hardware Be\%lopment

m EDIF Netlist

m HDL Source Files

\ 4

Select & Configure
Peripherals, IP

a

IP Modules

\ 4

Connect Blocks

A 4

m Testbench

Generate

Software Development

Hardware

File

Code

Quartus Il
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PLD

IConfiguratior‘ Executable

JTAG,Serial, or
Ethernet

On-Chip
Altera Debug

Software Trace
Hard

Breakpoints
SignalTap Il

GNUPro Tools

/ANO[S RYAN,



SOPC Builder Design Tool

m System Customization

m Component Integration

m Software Generation

m System Verification IP Testbench

User Logic
Software i :i
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SoPC Builder - Customlzatlon

4p Altera SOPC Builder - nios_system 3 - O] x|
File System Module View Help

Aual:n Modules | | = P oo I Of “ S O P C
----- Altera Mios 2.0 CPU Syste
- 3
""" @ Uszer-Defined Interface ios_cpu { instruction_master (avalon) B u I I d e r-Ready
--Brid — nios_cpu / data_master (avalon)
g C:::rr?rf:mic o "":'i dr?':_cumrurli]:r ierrea:\::'lasle C o m p o n e n ts
. & =PI (3 Wire Serial) — dma_controller / write_
----- Mg =era — ethernet_bridge ( H H
----- @ UART (RE-232 =erial port Wodiie Namd o Com mun Icatl ons
- M1BS503 Enhanced UAR EETTTE o
O CAN 2.0 Metwwork Control -, & boot_rom DSP
- T 1
EJ-Ethernet & e e — User Created in DSP
Lo Bthernet Interface (CS89(0 = .
[ sdram_contr¢ B u I Id e r
E-Memory ethernet_bric
----- & On-Chip Memory (RAM ar & ethernet_inte
..... @ SDRAM Cortraller & uartd - BUS Inte rfaces
----- & Flazh Memory el . Brid es
----- & SRAM (one of two IDTT g
O — Processors
----- & PIO (Parallel 1500
----- '.' Irterval timer . Nlos and ARM
- r:- Altera F‘CISE Mios Target Rd = Web-Based IP
4
X Deployment
Ao, .. [mport. .
Exit = Prey I e = I GErier ate ]
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SoPC Builder - Customization

4 Altera SOPC Builder - nios_system =] 1
File Systermn Module View Help
System Contents | CPU "nios_cpu"l System Generationl
|
—fusalon Modutos 2l | System Clock Frequency: [33.333 MHz
[ | Ta b I e Of Act I Ve nstruction_master (avalon)
pu f data_master (avalon)
C o m po n e n t S ma_cortrolier § read_master (avalon) i} Avalon UART - uark_0 X
— dma_controller / write_master (avalon)
H ethernet_kridge (avalon_tristate)
m Configure Each L
| Module Mame Description [ Baud Rate
C O m pO n e nt nios_cpu Altera Mioz 2.0 CPl | Baud Rate (bhps): |1152EID j
boot_rom Cn-Chip Memory (F .
| — Input Clock Freguency (MHzY) 33,333
— I nte rru pt system_ram On-Chip Memary (F o o se

Request (IRQ)
Base Address

Hardware
Parameters

— Software
Parameters

m Wizard-Based
Configuration

—
dma_controller

—
sdram_controlle...

ethernet_bridge

Baud rate can be changed by software
(divizor register is writeable)

-

ethernet_interfa

uartl ART (RS-232 =er

uartd UART (R5-232 ser

Move Up | Move |

Mext = Generste
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parity ———— [~ data bitz stop bits
’7 |Nu:une ;l ’7 |8 ;l ’7 |1 ;l

— Flawe Cortral

|_ Include CTEIRTS pins and contral register bitz

— Streaming Data (DhA) control

[~ Enahle streaming data

i) LEs: 157

Cancel = Bresy




SoPC Builder - Integration

4p Altera SOPC Builder - nios_system  —
Eile_System Module View Help = Bus Connection
?yﬁem Conterts | CPU "nios_cpu” I System Generation | P atc h P a n e I
Avalon Modules e System Clog -
@ Altera Mios 2.0 CPU -
@ US::?DE;T:N Interface nios_cpu [ instruction_master (avalon) . M u Itl M aSte r B u s
Bridges ’7 — nios_cpu ! data_master (avalon) -
[=}-Communication [ Gna Cortioier fvead master (avel - S I ave 'S I d e

L@ SPI(3'Wire Serial) R/ i mesies

. @ UART (RS-232 serial port
. O M1B5505S Enhanced UAR U,
{0 CAN2.0 Network Control |
= Ethernet T
. @ Ethernet Interface (CS89(
E Memory 'r
i @ On-Chip Memory (RAM ot
@ SDR&M Cortraller M
T

Arbitration

— Optimized for
Throughput

= Bus Bridging
— AMBA™ Advanced

@ Flash Memory
i @ SRAM (one or two IDTT1"
[=]-Other

==
_+

——
1

@ PIO (Paralil 10) B S High'Performance
E p-CI @ Interval timer B u s ( AH B)
{10 Altera PCI32 Nios TargiE ™
K1l | )I — Avalon™ Bus
Add... Impart... Mo .
— — Atlantic™
Interface

Exit = Prey Next 4 T PCI

WORLD AITERAN

2002




Nios OS / RTOS Support
_ Provider | Product | Descripton

Accelerated Nucleus PLUS Royalty-Free, Source-Available RTOS
Technology

Mapusoft OSChanger Tool to Convert pSOS / VxWorks
Technologies Applications to Nucleus PLUS
Microtronix MClinux Open-Source OS

Shugyo KROS Small-Footprint, Royalty-Free, POSIX-
Design Compliant RTOS

MiSPO Co., NORTi MITRON 4.0-Compatible Real-Time Kernel
Ltd.

mapu
F jep

g SHUGYO | Csr MiSPO
\ :
'ﬁ'c“l?r.??,djf,!'??lungr |W _: g&ggﬂy m
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Nios Debug Solutions
_ Provider | Product | Descripton

Viosoft Arriba! IDE with Integrated Support for Nios On-Chip
Debug Module - Hardware Breakpoints &
Processor Trace

Microtronix Debugger External Memory Daughter Card for Use as
Module Software Trace Capture Buffer

Microtronix OCD Insight (gdb) Debugger Enhanced to Support
Solutions Kit = Hard Breakpoints & Software Trace

Sophia WatchPoint Full-Featured Debug Environment with

Systems Advanced On-Chip Debug Support

Red Hat GDB / Insight* ' Software Debugger

Altera Tracelink* Interface to Nios On-Chip Debug Module

Hardware Breakpoints & Processor Trace

* Included in Nios Development Kit

L
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Nios Development Kits

m Altera m Third Party
— 10/100 Ethernet — Linux Development Kit
Development Kit e IDE Interface
— PCI Development Kit e Compact Flash
e 32-Bit 33-MHz PCI e SDRAM Controller
Master/Target — VGA/LCD Touchscreen

e PCIl Bus Hosting Features

— ADC/DAC Analog Module
— ACEX EP1K100 Development Kit

The List Keeps Growmg .o
WoRLS /NOERYA,
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Factory Automation System

Video Input Video Input Video Input
Buffer Buffer Buffer
Memory Memory Memofl
> FIR <
Filter
32-Bit Nios || — Image to Data
Processordill » Conversion

!

'

O System in Cyclone
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Profibus . Recognition
OARY Controller Module
|_> Host
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Process Control System

Host System
1 Ethernet Receiver Measurement
PHY MAC 10/100 Module Device
Profibus A/D
Controller Converter
Flash
Memory
32-Bit
EPROMS «—> Nios
Processor
Clock >
Bus
< = CAN .
Interface 12C « »| Controller & gu:t)emr:tlon
UART « > Interface y

O System in Cyclone
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Network Test Equipment

System

10/100
PHY

Configuration
Control

111

10/100
Ethernet
MAC

Network
Traffic Generator

Backplane
Control

A

A 4

O System in Cyclone
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Network
Traffic Capture &
Analysis

a

A

v

32-Bit
Nios
Processor

Test
Chassis

+«—> ROM

+«—> RAM

<+—> DRAM



Summary & Conclusions
m Provides Best All-Round Solution

m Addresses Major Design & Implementation

Issues

— Design Considerations
e Flexibility
e Time to Market

‘/o Reusability

— Solution Requirements

e Minimal Cost

e Manufacturability

e Device Qualification

e Remote Accessibility

m Multiple Applications
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