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0 Computer Engineering 1999-2002

0 Honours: Hardware and Software Infrastructure for Sunswift ||
O PhD: Operating system directed power management

O Solar cars: WSC (99, 01, 03, 05)
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BoX

purpose: intelligent video surveillance;

624MHz Xscale (PXA270), 64MB RAM, 4MB Flash;

analogue video capture, overlays, MPEG 4 encoding, audio;
USB, CF, Ethernet;

designed for L4/Iguana (OK inside).

OO 0O O O
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HARDWARE

aka: convincing yourself that it just might work
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Overview:
O why talk about hardware design?

Because:

[0 Hardware designs are difficult fo change.

0 Embedded systems require hardware-software co-design.

0 Designing the hardware right make the software much nicer.
[0 Hardware and software engineers should work fogether.
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Overview:
O why talk about hardware design?

Because:
[0 Hardware designs are difficult fo change.
0 Embedded systems require hardware-software co-design.
0 Designing the hardware right make the software much nicer.
[0 Hardware and software engineers should work fogether.

Note: this is an informal discussion.
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Case Study: the iBox:

requirements;
general design;
schematics;
layout;
manufacture;

O O 0O o o

board bring-up.
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Purpose:

0 processing platform for digital video surveillance;
O teaching platform for AOS.
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Purpose:

0 processing platform for digital video surveillance;
O teaching platform for AOS.

Video surveillance:
[0 motion detection;
0 number recognition;
[0 face recognition.
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Functional:

O Performance: five frames per second at 352 x 288;
|O: Ethernet, audio, video, alarm, overlay:;

Video compression: MPEG4 at 768 x 576;

System software update: by an engineer on-site;
Power supply: up to 24V AC or DC;

Power consumption: less than SW,

O O 0O O O O

Software interfaces: video, audio, network stack, overlay
generation, MPEG compression
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Non-functional:

Cost

Modularity

Size

Development time
Connectors: standard
Un-frusted software.

O O 0O o O O
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Non-functional:

Cost

Modularity

Size

Development time
Connectors: standard
Un-frusted software.

O O 0O o O O

It should cost nothing, use no power, be infinitely small, and
take no time to develop. What's the problem?
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Trade-offs:

0 Cost vs. Performance
Size vs. Performance
Size vs. Utility

Power vs. Performance
Time vs. everything
Cost vs. Quantity

O O 0O o o O

INn-nouse vs. out-sourcing
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Summary:

O MPEG 4 requires serious processing grunt;
0 Motion detection requires serious processing grunt;
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Strategy:
[0 come up with lots of options;
[0 pick one that best fits the requirements;
O lather, rinse, repeat;
O work out that you've made a mistake as early as possible.

We’ll go through a few of the design decisions we made here
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FPGA:

O Field Programmable Gate Array

0 RAM + logic == configurable IC

O “programmed” using VHDL, Verilog, etc.
[0 can use soff cores
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FPGA:
O Field Programmable Gate Array
0 RAM + logic == configurable IC
O “programmed” using VHDL, Verilog, etc.
[0 can use soff cores

For:
v high performance
v low power

Against:
x difficult to implement algorithms
X some expensive soff-cores
x no L4
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DSP:

[0 Digital signal processor
O VLIW processors optimised for signal processing
O e.g. TITMS320C6416: 8 GMACs/s @ 1GHz
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DSP:

[0 Digital signal processor
O VLIW processors optimised for signal processing
O e.g. TITMS320C6416: 8 GMACs/s @ 1GHz

For:

v very high signal processing performance
v various implementations with video inferfaces

Against:
x no MMU
x optimisation required to achieve performance
x expensive compilers
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Digital signal processor + Generic processor:
[0 use a general-purpose processor for control
[0 use a DSP for signal processing algorithms
O often packaged together (e.g. T OMAP DaVinci)
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Digital signal processor + Generic processor:

[0 use a general-purpose processor for control
[0 use a DSP for signal processing algorithms
O often packaged together (e.g. T OMAR DaVinci)

For:

Z solves lots of problems with a DSP alone
v easier to handle real-time issues

Against:
x higher software complexity than a single-core solution
x need more than one DSP for our application
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General-purpose processor:
0 optimised for a wide range of tasks
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General-purpose processor:
0 optimised for a wide range of tasks

For:

v good support from compilers and operating systems
vz MMU

v system-on-a-chip designs make implementation easier/smaller
Against:

x very high performance required == high power, large size
x not optimised for signal processing
x not capable of MPEG 4 encode
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SMP:
[0 multiple generic cores
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SMP:
[0 multiple generic cores

For:

v high performance
v retains generic capabilities while providing processing power

Against:
x large size
x high power
x higher parfs count
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What next?:

rough out the designs: identify components
don’t worry about the easy bits (PSU, connectors)
obtain development kits and ftest performance

O O O

look at how well the software fits the design

Calculate:

cost
parts count
part availability

N O ) B

power consumption
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What we considered:

0 PXA2/0
0 TI DaVinci
[0 Sierra MIPS
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What we considered:

0 PXA2/0
0 TI DaVinci
[0 Sierra MIPS

We chose the PXA270, combined with an external MPEG 4
codec ASIC
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PXA270 based solution:

O 624MHz XScale (ARM) core — fast enough for video algorithms
O quick-capture interface for video input

[ tricky circuit for overlay generation

O other useful built-in peripherals (DMA, SRAM, USB, CF, LCD)

v L4 was already ported
v good Linux support

v MMX and DSP instructions
v very low power

JUNE 5, 2007 HARDWARE



'he imagination driving Australia’s ICT future. NATIONAL

ICT AUSTRALIA

PXA270 based solution:

O 624MHz XScale (ARM) core — fast enough for video algorithms
O quick-capture interface for video input

[ tricky circuit for overlay generation

O other useful built-in peripherals (DMA, SRAM, USB, CF, LCD)

v L4 was already ported

v good Linux support

v MMX and DSP instructions

v very low power

X requires some expensive PCB technologies
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JESIGN

video . . MPEG
spRAM B  codec

| BN |

Compact
Ethernet Flash SDRAM Flash
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Schematics:

0 schematics define how components connect logically
[0 component pins are connected to form nefs
O hierarchical schematics are possible via ports

N PRPAUL

_L_ BTI
Battery
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Defining components:
[0 schematic component

O footprint
\O
5
_LI )
3
e -

A\
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Things to think about:

[

N O ) B

get it right first time

decoupling — reduce power supply noise
regulaftor noise

pin assignment — shortest paths

DMA

Hardware should be designed to make software elegant
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The iBox schematics:
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Layout technology and terminology:

O design a printed circuit board (PCB)

O layers of fibreglass and copper

O the iBox uses an 8 layer board (8 copper layers)
O vias are holes used to connect between layers

Prepreg [0.232mm])

Top Layer —s Core [0.32mm)

MidLayerl — Frepreg [0.32mm)

GHDT [GHD] —s
MISC_YCC [[Multiple Mets]] —=

Core [0.32mm)

Prepreg [0.32mm])

I3 [[Multiple Hets]] —s
MidLayer? —s

Care [0.32mm)
Frepreg [0.32mm)
GNDZ [GHND] —=

Bottom Layer —s
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Component footprints:

[0 through-hole
[0 surface-mount
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Die Up DE‘SiQ"—‘[ Mold Compound—‘ Non—IELiEE(ljtg
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0000 0000 j) QOO0
Solder Balls
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Trade-offs:

O number of layers vs. size
[0 component size vs. manufacturability
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Routing:
O the physical pins are connected with traces of copper

[ the design software only allows connections defined by the
schematic

O the artworkis used by a manufacturer to build a PCB
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Things to think about:

[0 Auto-routing vs. manual routing
bboxes and enclosures
connector locations

pin assignment

size of the fraces

isolating noise

signal intfegrity

O O 0O 0o d o

simulation
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Signal integrity: Digital systems are still analogue!

O Above 100MHz, edges on digital signals tfend to have
high-frequency components

[1 tfransmission line effects

]

inductance and capacitance in the traces/packages
noise, cross-talk, EMI problems

]

So:

keep stub lengths short
use fermination
think about return paths

O O O O

use simulation
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iIBox layout:

[0 624MHz PXA270 is a uBGA — 0.5mm between balls
0 We need very small vias — laser drilling
0 We need buried and blind vias
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Surface-mount:

0 Solder stencil
Pick and place

]

[0 Reflow

Through-hole:

[0 wave soldering
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JTAG: Joint Test Action Group - a standard for board testing
0 boundary scan
[0 debugging
0 custom commands

JTAG can be daisy-chained — multiple chips on one port

TMS

> * *
TCK
>

| L TMS | —{TMS L {TMS

TCK TCK TCK
DEVICE 1 DEVICE 2 DEVICE 3

TDI
[ O———T1DI TDO TDI TDO TDI TDO
TDO
-
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PCB Testing:
[0 PCBs are tested using a “bed of naqils”
O this doesn’t work with BGA and PGA packages
O JTAG defines boundary scan: the device pins can be controlled
0 can be used in combination with “bed of nails”

JUNE 5, 2007 HARDWARE



'he imagination driving Australia’s ICT future. NATIONAL

ICT AUSTRALIA

e N\
ICLOGIC
- J
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> |nstruction
TCK » Control |« Bl ™S
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IBox JTAG:

0 Boundary scan lets us control all of the pins on the PXA2/70
0 so we can manually control the bus
[0 so we can program the flash memory
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Debug:
[0 some processors have extra, debugging JTAG instructions

[1 Xscale cores can execute instructions from a mini-instruction
cache

O breakpoints
0 single step
O watch variables

Trace:

O a frace porf exports which instructions are run
[0 analysis tools can step backward
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Bootloader:

To load soffware, you need soffware?

O prepares the system for boot

handles device-specific tasks

loads and jumps to the system soffware entry
commonly saved in read-only memory as firmware

N O ) B

can be very simple or complex
[0 some systems use multi-stage loaders

The iBox uses U-Boot, the Micros lab AVR uses SAIL
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Start up on the PXA270:

[ start executing at 0x00000000 (Flash, on iBox)
configure the GPIO pins

initialise the static memory and SDRAM
initialise the IRQs

set the core clock frequency

enable the caches

copy into RAM

set up a stack

read configuration

N D I O

set up devices and other services
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Bringing up the iBox:

O Power supplies
Soldering the PXA2/0
Testing using JTAG
Flash
SDRAM
Bootloader
Ethernet
OS and the rest

O O 0O 0o d o
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Thoughts:
[0 You guys know how fo falk fo hardware
[0 You guys have seen a few busses, interfaces, etc.
0 The iBox is just more of the same!

Other:
[0 Problems are fixable.
0 Find the information.
0 Convince yourself it will work.
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