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High Growth Auto Electronics Applications
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Infotainment

= Growing to 120Mu by 2018*
= HD displays, 3D graphics, multi-touch
= Follows consumer market & trends

Infotainment &

Communications
m Telematics
m Navigation/GPS
m Multimedia Systems SoC/GPU g
m Audio Systems b
m Rear Seat Entertainment — ‘g‘g
m Graphics Controller
m Display Connectivity = 8=
m HMI
m Audio Processing ks ey W::f MEST i‘m
m Instrument Cluster Mot
m Gateway / Car Networking ATE

O TR Conidnti *Source: IMS Research , World Market for in-Car Audio, Infotainment :;

3 and Driver Information / Telematics Systems 2012



Advanced Driver Assistance Systems

A i iEH B . {5 growing to 60Mu cameras in 2018*
ADAS || (EI) J] = Rearview camera legislation in NA and EU

= Autonomous car legislation for testing

N

Driver
Assistance
[ ] NightViSiOﬂ SoC FPGA
m Lane Departure Warning D | oo -
m Adaptive Cruise Control il m’- -ﬂ> Driver Alert
m Collision Avoidance
m Object Detection
m Pedestrian Detection
m Surround View
m Park/Reverse Assist . - NISC | B
m Stereo Vision LA -ﬁ Display
m Sensor Fusion (Radar) I
m Heads Up Display (HUD) X32 ECC
© 2013 Altera Corporation—Confidential DDR Am-m .
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Electric and Hybrid Vehicles

= Growing from 2M to 20M cars in 2020*
. Y = Emission legislation, limits tightening
1 = Need for functional safety (ISO 26262)

Powertrain & HEV/EV System
Safety

| EleCtriC VehiC|e Gateiway

Charger
AC/DC Converter

e Battery
L4 Management Unit

m Electric Motor Control — ~

EPS

m Battery Management o

Brake ECU

m Engine Management
m DC/DC Conversion

m AC/DC Conversion Power Control Unit
DC/DC Converter

Accelerator

Inverter
Motor Generator

Air 12V
Conditioner Battery @w=i CAN, LIN, FlexRay, etc

aYU|opnYAe
O R OO S *20Mu EV and HEV by 2020 is target specified in Electric ‘
c Vehicle Initiative by International Energy Agency

m Inverters

m Drive by wire
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Altera Solutions for Infotainment
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Infotainment Application Space

25 2

Heads Up Dis.

Cluster

Embedded Telematics

oo Tethered Telematics
b8 St al® | Wireless
RS et SDR

Gateway /
Backbone /
V2V, V2l
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Infotainment Market Trends

Head Unit — Cluster — RSE - Emerging

= Connected / Cloud / Compelling
= Beyond Audio/Video & NAV, Social media
= Multi Disp. / Upgradeable / Refresh stream

= |Increasing resolutions, full LCD
= Shifting towards 2D and 3D displays
= Reconfigurable displays / cockpit style

RSE = High-end optional fit, Media ports
- = Adding Media ports, 720p to 1080p
INEWAS!
EMenging

= Communications / Smart Phone apps
= Gesture recognition, Networked ECUs

MEASURABLE ADVANTAGE ™
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Head Unit / Center Stack HMI Segmentation

Satellite radio opt (NA)
Digital radio opt (HD, DAB)
Segment / dot matrix display
2 ch audio output

Basic AMP

» 10 Expansion

© 2013 Altera Corporation—Confidential

Digital radio
TFT display (WVGA)

2D graphics (moving to 3D)
Backup camera

2 ch & 5.1 ch audio outputs
Basic or ext. high end AMP

Leverage connected phone for
connectivity & some multimedia
and application computing

e« Communications Port
« 10 Companion
e Video Selector

TFT display (WVGA+)
Touch/multi-touch

3D graphics, video decoding
Natural language voice rec
5.1 ch audio outputs

External high end AMP
Backup/surround view system
Cloud connectivity

» Co-processor
* |0 Companion
* Video / Interface Expander

/AYOTS RYA),
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Instrument Cluster Segmentation

Hybrid Reconfigurable

1 — 6 mechanical gauges
No display, or

Segment display, or 1 — 4 mechanical gauges No mechanical gauges

Dot matrix display TFT display(s) Large TFT display(s)
Monochrome or color WVGA+ resolution
WQVGA - WVGA resolution 3D & 2D graphms
2D graphics Video decoding

« ASSP » Graphics 2D (soft)  Graphics system (3D)
« 10 Companion « 10 Companion
« TCON « TCON

© 2013 Altera Corporation—Confidential
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Infotainment Macro-Trends

m HMI is a differentiator
— More displays
(growing to 120 Mu by 2018)
— Higher resolution displays
— Distraction-free interactions
— Heavy consumer influence

m Always connected society

o ngh bandWIdth’ alwayS'On data VEHICLE IS PART OF A “CONNECTED” ECO-SYSTEM
connections %; ‘:zr;* .
— Cloud-based content & applications ﬂ
m Fuel economy '
— Power

consumption
does matter
(EV range)

ellular N e
in
vsc CAMP
" ITS Demos
y CICAS

Toyota Touch Life MEASURABLE ADVANTAGE ™
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The Model S 17-InchTouchscreen Display.mp4

Infotainment Application-Specific Trends

m HMI I

— multi-touch / gesture recognition
— cloud based apps (Siri, S-voice)

m Cluster (IC)

— advanced graphics, Sprite to vector, HUD
- HUD

® growing, higher resolution & color,

® numeric to AR(augmented reality)

m RSE - (high end option)
— 720p to 1080, Blu-ray, “thinclient”
— Adding cameras — Skype!
— UHD (3840 x 2160), 4x1080p!
— Competes vs. portable (Pads / Tablets)

/AYOTS RYA),
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Government Legislation - accelerating adoption

m Rear View camera systems in US ( ‘ ‘
— Cameron Gulbransen Kids Transportation Safety
Act of 2007 / NHTSA g :\I\IIIIICIQID
. . ° Irror
® Applies to vehicles up to 10,000 Ibs « Cluster

® Fit rate metric:10% by 9/2012, 40% by 9/2013, 100% by 9/2014
— Today: 45% standard and ~20% optional feature
— Camera technology best meets this requirement

m <lsresponse to see camera image
— FPGA opportunity to switch in Camera data close to Display

— Can not wait for Application Processor power up c

m eCall —embedded / tethered - Europe

m Driver distraction
— possible future requirements for HUD
— Color, size, font, GUI

REQUIRED

/AYOTS RYA),

MEASURABLE ADVANTAGE ™
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CPLD/FPGA Usage #1

m |/O Companion
M Processor pin-multiplexing limits availability of required interfaces
> Some features are blocked by selection

M Application processor (SoC) doesn’t have required interface(s)
> USB 3.0, Ethernet AVB, CAN, MOST

M Protect design against late developing requirements or fast changing

standards — Field Upgradable

—1 SATA —|9\
m Multiplexer / Selector .ﬁ/l
M More inputs than the processor can support USB + SATA = No PCle

> Multiple Cameras
> Video sources for a rear seat entertainment system (Media port / seat)
> Many processors have only 2 video input ports, 2 display outputs

/AYOTS RYA),

© 2013 Altera Corporation—Confidential
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CPLD/FPGA Usage #2

m Image & Video Functions
M Image scaling, rotating, fisheye lens correction
M Format Conversion / Interface Conversion
M Graphics generation, alpha blending and image warping for HUD

m LCD Panel Functions

M LCD panel is separate unit

> Panel interface conversion, input source selection, and timing control (TCON)
may be necessary

M Timing Controller functions
» LVDS to RSDS
> LVDS to miniLVDS
» LVDS to eDP

/AYOTS RYA),

MEASURABLE ADVANTAGE ™
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CPLD/FPGA Usage #3

m Communications port

M Consumer Device communications / input, and charge
> Apple-iPhone, Samsung-Galaxy, and so on.
» USB2.0-HS, USB3.0-SS, MHL, DP, HDMI, 30-pin, etc.
» FPGA for Hub, Bridge, 1/0 Expansion

m Many other applications
M Software Defined Radio
M Networking / Gateway (Ethernet AVB)
M Audio Functions
M Telematics Functions
M Custom Features!

Infotainment is a diverse set of applications!

/AYOTS RYA),

MEASURABLE ADVANTAGE ™
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Infotainment System Block Diagrams
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Infotainment System Block Diagram

Gateway
Infotainment

Head Unit
Front
. Gateway
Monitor ‘ Body

Audio / Video
Navigation B | Instrument Cluster

Camera Unit

Radio
CD/DVD
TV

Rear Seat Entertainment

Media =) MOST
W RsEmodule pungi A,

¢==) CAN, LIN, FlexRay etc
Rear Rear
monitor monitor

Speaker‘l Speaker

/AYOTS RYA),

MEASURABLE ADVANTAGE ™
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/O Companion Concept

? Application processor
JAITERAY

- —
= RYA\

_—Am'

4
Cycione™V Cyclone®V Front display
T
* Input selector Video Interface o Outp_ut selector
* De-Interlaced Engine . S_call_ng m
* Filtering

* Format conversion

m « Chroma resampler Audio . GPS * Alpha blending
- Engine
| | |
Control unit

|

/AYOTS RYA),

®© 2013 Altera Corporation—Confidential
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Video Selection (5:4)

Multiple inputs & formats — Multiple outputs & formats

o
—> CyclonetV
oo e B s |
e |

HMI

RSE unit (R)

RSE unit (L)

Video functions
* Input selector
» Output selector

 Scaling
Interface functions * Rotation
« dRGB
* LVDS
- eDP

* Bridge Devices*
/AVO[S RYAN,

© 2013 Altera Corporation—Confidential
MEASURABLE ADVANTAGE ™
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Display TCON

Multiple Inputs (Dual View), TCON, Panel Interface

=

=DA

Cyclone? vV

A

LCD Display
800 x 480
WVGA
Dual View

e.g.
FPD-Link2/3,
APIX2

GVIF

Interface functions
* LVDS (OpenLDl)
* miniLVDS / RSDS
* Bridge Devices:*

FPD-Link 3, APIX2, GMSL, etc.

© 2013 Altera Corporation—Confidential
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e.g.
RSDS
miniLVDS

Video functions
* Dual View Interleaver
« LCD Timing Control

/AYOTS RYA),

MEASURABLE ADVANTAGE ™



Repeater & Input Select

. : eDP (1.3)
m 3.1 Input Video Selection - 1/2/4 lanes
m Fast Input of Camera Data to Display " 1.6/2.715.4G
 Embed. CLK
« >1080p
4
ABIERAY HMI / CID
GPU / SoC Cyclone?V
(Atom) eDP (2x2.7G)
s '—I kd
Video functions
« eDP RX+TX
* YUV-to-RGB

I —
© 2013 Altera Corporation—Confidential ° S C al e & R Otate Mm ®

MEASURABLE ADVANTAGE ™
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Infotainment Challenge — Many Interfaces!

®m Increasing connectivity &
higher bandwidth

— Attractive user interface Control
— Better image quality CAN

— Integrations to cockpit LIN
MOST

FlexRay ...

m Continuous changes on
Interface requirement

— Multiple interface standards
— Flexibility and scalability needs

m ASSP/uP/DSP......
Not a perfect fit!

— Lack of interface ports
— Not able to meet schedule

© 2013 Altera Corporation—Confidential
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Data
USB
SATA
PCle
Ethernet...

Wireless
Bluetooth
WiFi
3G/ LTE
WiDi ...

/AYOTS RYA),
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Altera FPGA Value Proposition

FPGA enable evolution in a dynamic Infotainment market

m Flexible I/O companion
— Video interface

— Bus interface ]

. I BGE  Frca SoC/GPU FPGA 5

m Graphic accelerator £§ — :
. MIP Selector CPU Accrglzr:t:or ©

— 2D/3D graphics 5 N1 — £

. . Video T ©

- Scaling, Image enhancement © _ processing SRS =
. _ i0DS ou Output -
— Alpha blending 58 b e Selector 3=

Digital
5 : Radio Radio RF WiFi MOST
m System integration = N

— Embedded CPU core
— Software Based Radio

AITERA
®
© 2013 Altera Corporation—Confidential
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Altera & Partner Graphics IP

m Altera Video & Image VIP Suite Altera Available
. . « Scaler (Suite of 20
Processing Suite (VIP) -Color space conv.  video & Image
- SADHIRAIET Processing IP
— VIP Suite Home Page « 2D median filter
. * Alpha blender MegaCore )
— VIP User Guide por [y —

* Video switch
* TP generator......
Frame Reader

Dual View Altera Available
(Ref design) (rev in work)
blending mixer
MJPEG CAST Available
H.264 CAST, Eyelitics  Available
JPEG2000 CAST Available
ATHLET IP IMAGEM Available
Color space
2D Graphic TES Available
i
generator 3D Graphic TES Available
Avalon ST video
VBT 656 AE'EE{A

© 2013 Altera Corporation—Confidential
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Automotive Connectivity Flexibility - IP

= OEMSs develop roadmap for
future connectivity evolution
— Certain OEMs promoting Ethernet AVB

m USB, PCle, eDP emerging

m No one standard will do all

— FElexibility required

PCI >

EXPRESS"

CAN

~ P

© 2013 Altera Corporation—Confidential
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L] ]
miple
mobile § industry

processor interface

MOST

Ray"

Connectivity Availability

MOST

FlexRay
CAN

CAN
LIN
PCle

USB3.0
(device)

USB2.0

oLDI (LVDS)
DisplayPort
V-by-One HS
Ethernet AVB

MIPI (D-PHY)
DSI(1) / CSI2

HiSPi

*

*

IFI/SMSC
Bosch

Hard IP — CV SoC

IFI & Bosch

IFI, CAST, Bosch
Hard IP

SLS

SLS, CAST
Altera (FPD-Link)
Bitec / Altera
Altima (Japan)
Foresys, ....

NWLogic, Arasan

Altera, Aptima

Available
Available

Available

Available
Available
Available

Available

Available
Available
Available
Available
Available

Available

Available


http://www.deltron.ch/EN/produkte/busstecker_fiber_optik/busstecker/can_bus/can_bus.asp

Automotive-Grade PLD Portfolio

e
HardCopy

Series

Cyclone§
Y .

CPLDs FPGASs FPGAs SoC FPGAs* ASICs
Lowest Cost, Lowest Cost, Cost and Power Integration Lowest Risk,
Lowest Power Lowest Power Optimized Optimized Lowest Total Cost
Ve RESOURCES ~\
Embedded Soft and Intellectual Design Development
Hard Processors Property (IP) Software Kits

Nios»II“ CI?N MOST | \\(\3 .
ARM L =1

and more...

2
" (X DSPBuilder

© 2013 Altera Corporation—Confidential .
*Cyclone V SoC FPGA, ES in Q1 2013 MEASURABLE ADVANTAGE ™
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Summary

Many diverse Infotainment
applications — 1O Companion

m FPGA'’s value
— Efficiency
— Flexibility
— Integration
— Time-to-market
— Performance and cost

m Meeting and exceeding automotive application needs

m Alterais committed to the automotive market,
expanding resources and is building on over a
decade of service!

/AYOTS RYA),

© 2013 Altera Corporation—Confidential
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Altera Solutions for ADAS

ADAS : Advanced Driver Assistance Systems

?-i ARS
LEADERSHIP ®
COMMUNITY

MEASURABLE ADVANTAGE ™
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ADAS Market Trends

iving technology that co collected by sensors
car with existing mapping software to speed up, brake and steer to a
destination. The company expects the system will be ready for consumers within five years.

Noparkingallowed -
System cannot yet park
ar on ts own

C GOSIQ
— “Self-Driving Car” B :
— Reduce traffic accidents by 90% D) =9

D! pedestrians and other objects.

— Reduce wasted time/energy by 90% = 7

depends largely on the object’s > “Tricky when wet
size and pattern of movement. s Sensors currently are unable to
S detect lane markings when

t.

@ T OY OT B SouceGoge Chaphor Ko The oSt ol snowor ranis prsen

ADVANCED ACTIVE SAFETY RESEARCH VEHICLE

- “ACtiVe S afety Resea rCh Ve h i CI e » Forward Facing HD Color Camera l I GPS Antenna | l Forward Facing Radar | I Inertial Measurement Unit (not shown)

m (WD

Auodi
— “Piloted Driving”

m Growth from $4.4 in 2010 to
$17.4B in 2020

m Common trends
- Reduce accidents/save lives g T | 111
— NCAP legislation '
— Sensor fusion — laser, radar, camera
— Differentiation, Cost reduction

© 2013 Altera Corporation—Confidential -
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Continental ADAS Roadmap

HIGHLY AUTOMATED
: mﬁw"g ofthe system not requireq

does not need to be abje © Monitoring of the system not required ol
101akaover the driving task ® e neecs o be able 1 take over & ponitring ofthe system requied
the driving task with lead time © Driver needs to be able to take over

the driving ta
Example: Stop 9task at any moment

-and-go (high
way) Example; Stop-and-go up to 30 km/h

© 2013 Altera Corporation—Confidential
MEASURABLE ADVANTAGE ™
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ADAS Legislation LD

www.euroncap.com

m New safety criteria for EU starting in 2014 requires
active emergency braking as standard feature to
achieve 5 star NCAP rating

Rating Adult Occupant Child Occupant Pedestrian Safety Assist (SA)
category Protection (AOP) Protection (COP) Protection (PP)
g )
N

New criteria | AEB City Passive safety AEB pedestrian Intelligent Speed assist
AEB inter urban
LDW/LKS

Description | Autonomous Autonomous brake | Autonomous break in 50-

brake <20km/h by ped. detection 80km/h

Typical LIDAR (10m) Sensor fusion Long range radar (200m)

technology (Camera + Radar)

Installation 100% in ‘14 100% in ‘14 100% in ‘16 50% in'14-15

requirement (push out from “14) | 70% in ‘16

for 5 star 100% in ‘17

aYd | = V‘-‘@

NCAP = New Car Assessment Program MEASURABLE ADVANTAGE ™

© 2013 Altera Corporation—Confidential
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Upcoming Legislation by Region

* Emergency braking systems will be counted in star-rating from 2014 in Euro-NCAP
 Ratings will plan to cover Pedestrian AEB in 2016

In Effect / Confirmed
In Discussion

Region Authority 2012 2013 2014 2015 2016 2017 2018 Comments
NCAP |FCW /LDW (standard / option)

us (NHTSA) AEB (vehicle)
[IHS AEB (vehicle)
SAS (Speed Assistance System) Fit Rate: 50% ‘13, 70% ‘15, 100% ‘16
AEB - City 100% req'd
EU |Euro-NCAP AEB - Inter Urban Fit Rate: 50% ‘13, 70% ‘16, 100% ‘17
LDW / LKA Fit Rate: 50% ‘13, 70% ‘16, 100% ‘17

AEB (pedestrian) 100% req'd

AEB - (vehicle)
AEB (pedestrian)
JPN J-NCAP LDW / LKA

Nighttime AEB
(pedestrian)

FCW: Forward Collision Warning
LDW: Lane Departure Warning

AEB: Automatic Emergency Braking Alm

© 2013 Altera Corporation—Confidential LKA: Lane Keeping Assist
MEASURABLE ADVANTAGE ™

33



Target ADAS Applications FPGA

Forward Looking
Sensor Fusion,
Stereo Vision

Surround View,
Smart Rear View

= W

— )

Collision Warning &
Traffic Sign Recog.

Lane Departure

Heads Up
Display

Night Vision

© 2013 Altera Corporation—Confidential
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Forward Looking Applications — Collision Avoidance

App Requirements:

Radar, laser or camera
sSensors

Higher safety level — ASIL C
orD

Can leverage sensor fusion —
forward radar and video
sSensors or stereo vision

HD video sensor at 30+ FPS

Low latency video processing

2016 Fit ASP
Units (K) | Rate

10,520 10.7% $166
Altera Fit: Cyclone V SoC FPGA image sensor IF/processing, fusion, analytics

/AYOTS RYA),

MEASURABLE ADVANTAGE ™
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Forward Looking Applications — Pedestrian Detection

App Requirements:

Primarily camera sensor used for
detection

VGA to HD image sensor
Capable of detection in wide

variety of environments
(day/night/city)

Intelligent video analytics
algorithms for object classification

High probably of detection (POD)
rates >95% and low false alarm
rates

2016 Fit ASP

Units (K) | Rate

10,520 10.7% $166
Altera Fit: Cyclone V SoC FPGA image sensor IF/processing, analytics

/AYOTS RYA),

MEASURABLE ADVANTAGE ™
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Forward Looking Applications — Adaptive Cruise Control

App Requirements:

Achieved using radar, lidar and/or
stereo camera sensors

Higher safety ratings (ASIL C or D)
Low latency

Work in variety of scenarios
(highway, curves, multi-lane traffic)

1) Vehicle cruise .
control set at 70 mph g Leverage same sensors as other

2) Radar detects slower vehicle N i H
e r e b g applications and can be added as

vehicle to a safe following distance . . software u o rade

Units (K) | Rate
3,061 3.1%  $169
Altera Fit: Cyclone V SoC FPGA image sensor IF/processing, fusion
/AVO[S RYAN,

MEASURABLE ADVANTAGE ™

3) Cruise control adjusts to the lead vehicle's speed
and resets to the original speed if traffic clears

© 2013 Altera Corporation—Confidential
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Forward Looking Applications— Lane Departure

Warning

App Requirements:

VGA to HD image sensor,
25+fps, >45° horizontal
FOV

Uses forward or rear
facing cameras

Operates at highway
speeds

2016 Fit
Units (K) | Rate

5,685 5.8%

Altera Fit: Cyclone V/SoC FPGA image sensor IF/processing, analytics

/AYOTS RYA),

MEASURABLE ADVANTAGE ™
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Forward Looking Applications — Traffic Sign Recognition

App Requirements:

Requires HD 720p cameras at
30+ fps

High probability of detection >95%
Yet to be introduced system will
monitor speed of vehicle and

compare to road sign

Significant challenge to adapt to
all types road signs worldwide

Can leverage existing forward
sensors (no added HW costs)

2016 Fit ASP
Units (K) | Rate

2,450 <1% N/A

Altera Fit: Cyclone V SoC FPGA image sensor IF/processing, analytics

/AYOTS RYA),

© 2013 Altera Corporation—Confidential
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Forward Looking Applications — Surround View

App Requirements:

2-6 VGAto HD Image
Sensors

Image stitching, fisheye
correction

Integrated with video
analytics for multi camera
object detection

Operates at speeds less than
5 mph

2016 Fit ASP
Units (K) | Rate

1,473 1.5%  $294

Altera Fit: Cyclone V FPGA image sensor IF/processing
/AVO[S RYA\

© 2013 Altera Corporation—Confidential
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Forward Looking Applications — Blind Spot Detection

-_,-E_\ T App Requirements:

1forma ion stem Utilize 24GHz short range
i radar, camera or ultrasonic
sensors

External CAN MCU for
communications

Radar range 45m range on
side, 20m behind

<100MHz CPU,DSP
<3.7W total power

2016 Fit ASP
Units (K) | Rate

4,977 51% $168

1) Passing vehicle enters
lead vehicle’s blind spot

2) Lead vehicle's radar identifies
passing vehicle in blind spot

3) Message center warning displayed and
indicator light illuminated on corresponding side mirror

Altera Fit: Cyclone V FPGA digital radar processing AINTERAY

© 2013 Altera Corporation—Confidential
MEASURABLE ADVANTAGE ™
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Forward Looking Applications — Camera Park Assist

App Requirements:

VGA to MegaPixel Camera

Direct connection to Display
Via LVDS (FPD Link or simlar)

Graphics overlay, fisheye correction

Smart camera — object detection
algorithms

Small form factor (12x12)
Low power (<1W)

2016 Fit ASP
Units (K) | Rate

21,867 61.1% $39

Altera Fit: Cyclone V FPGA/SoC ECU processing

/AYOTS RYA),

MEASURABLE ADVANTAGE ™
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ADAS Sensor Types

FPGA / SoC fit?

By

v ¢

v

T Camera Radar Laser Scanner
ype
Mono Camera Stereo Camera Mm-wave radar LIDAR
Signal .
Image
. Able to detect object Able to detect object Able to detect object
Detectable | Predefined object regardless of its ]“h’r:n;‘- which reflects Fhldi::r which reflects Li lht
Object | (i.e. vehicles) egardiess ot its shape ¢ g
and matenal wave wave
ADAS Application | Camera/IR | Radar | Ultra- | Laser/
CROSS- Camera sonic Lidar
TRAFFIC
BLIND-SPOT ALERT Lane Departure X
LANE-CHANGE UEIECTOt S .
ASSISTANGE Leerr-pariinG Warning
" .S'_QE IMPAGT — = LANE-DEI_’ARTUHE WARNING Traffic Slgn X
N Recoent
R I | | e ey o
VISION : ASSISTANCE f‘%ﬁ;ﬂ%"s CONTROL Night Vision X
: =7 Intelligent X
i = e LABETERAHTURE WATRINO Headlight Control
ASSISTANGCE BLIND-SPOT Adaptive Cruise X X X
DETECTION CROSS-
Sl Control
il Collision Avoidance X X X X
RADAR APPLICATION
ULTRASONIC Surround Vision X
Blind Spot Warning X X X X
. T Park Aid X X X X
© 2013 Altera Corporation—Confidential Backup Ald X X
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FPGA Features & Benefits for ADAS

. Frames per Second ,hTaIIer Is _Better D
m Higher frame rates ios)
— Improves image recognition and machine vision, jz
especially for fast motion 60
. 50
m Customizable 0
— Allows OEMs and Tier 1s to differentiate their i‘;
offerings (vs. fixed function ASICs & ASSPSs) 10
0
m Scalable — vertical migration
— Designers can use increased density FPGAs
according to their application needs without Processing jgho;ter s Better >
spinning PCB Time (ms T
m Faster processing times 0
— Improved performance for split-second machine :
decisions, i.e., assisted braking / collision 20
avoidance

m Integration )

0

Reduce system cost, minimize BOM, improve
reliability (fewer points of failure)

image Reso/un
© 2013 Altera Corporation—Confidential
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ADAS challenges

Evolving technology with new
methodology
— Rapid innovation within 4+ years

Sensor fusion DSP
development cycle -
amera Image process
Laser Video Analytics
Performance bottleneck of Mili-wave Hough /FFT
Infrared Stereo-SGM
Processors
— Increase performance while reducing
power consumption and cost S Safety + Cost
— Massive parallel processing Camera I/E Funcftional
Bus /F saiety
_ _ V2X ~ System
System cost reduction while ntegration

ensuring safety

— System integration with automotive
guality and safety standards

— Lower total cost of ownership (TCO)

/AYOTS RYA),

© 2013 Altera Corporation—Confidential

45

MEASURABLE ADVANTAGE ™



ADAS System Block Diagrams & Demos
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FPGASs in ADAS - Stereo Vision Block Diagram

m FPGA Functions

— Stereo camera
Front end image

processing
m FPGA
Requirements
- Logic size
(>110KLE)
- performance of CPU
- Power (<2~3W)
- Cost
m Recommended
solution
- Cyclone V SoC

© 2013 Altera Corporation—Confidential
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Image Image
Sensor l J’ Sensor
(Left) (Right)

Cyclone V SoC

’ » DDR2or3

Video Out / CAN out

v

SAD = Sum of Absolute Differences (algorithm)

/AYOTS RYA),
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FPGA “Fit” in

Rear View Camera Apps

m FPGA Functions
—  Sensor control
- Image processing

— 1/O translation

m  FPGA challenge
- Size (20mm?PCB)
- Need.5mm ball pitch
packages to fit
- Power (1.5W)
Cost <$10

= Recommended
solution

- Cyclone V GX in M301

small package

- 50-77 KLE

9 mm

20mm

9 mm

HD Image Sensor

(1280x720 @ 60 fps)

Clock

CAN XCVR

Control — 12C

Data (LVDS)

- Caution: may still not

hit power requirement

© 2013 Altera Corporation—Confidential
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Surround View System Diagram

DRAM l

1MP
Image _, Cyclone V SoC
Sensor

1MP
Image —
Sensor

Metadata
—>

>
Video Out

1MP
Image —
Sensor

1MP
Image ™
Sensor

© 2013 Altera Corporation—Confidential
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Performance features

FPGA Vertical Migration (Radar fusion)

..................

cyeione®y 110K LE

» Adaptive Cruise
 Lane Departure Warning
 Pedestrian Detection

« Traffic Sign Recognition
 Adaptive Headlight Control
» Support Additional Sensors

 Adaptive Cruise
 Lane Departure Warning
 Pedestrian Detection

» Adaptive Cruise
* Lane Departure Warning

Base / Mid Mid/ High Luxury

Vehicle Models AIEIERA

© 2013 Altera Corporation—Confidential
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Sensor Fusion Demo | E'E E'E

Digital Design Corporation

Partner

m Applications /IP
— Forward looking automotive camera / radar system
— Nios Il, DVI I/O, CAN Radar I/F, 12C, DDR memory controller, custom IP
— Aptina HD camera, Delphi ESR Radar

m Device

— Cyclone 1V,

® ~25KLE, 2.5Mbits RAM

® 1W typical power consumption
— Design ported to Cyclone V SoC

® Extensive use of new hard IP
— ARM Cortex A9, CAN, DDR controller, UART
® ~18KLE — 26% LE savings

® .3Mbits RAM — 87% memory savings

© 2013 Altera Corporation—Confidential
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Sensor Fusion Demo |l E'E E'E

Digital Design Corporation

m Applications/Hardware
— Forward looking automotive camera / radar system
— Aptina 1MP (720p) image sensor, Delphi 77Gz ESR Radar
— ARM A9, running Linux 3.7

Hard Processor System (HPS)

. 48 |
L . 4’? A\
\& y : , ARM Cortex-A9  ARM Cortex-AS
egesimsein ) NEGCN / FPU NECN / FPU
= ! L1 Cache L1 Cache

Resource Cyclone V Cyclone Change
SoC IV

LE 17,985 24,341 -26%
MemOI’y bItS 329,039 2,524,384 '87% -28LP ptr:;*.lianjs
E E-in.pu 5". ) ,
Pins 202 213 5% MOk memory and
E40-bit MLABs
Registers 9,837 17,111 -43%

Power (I/O) 830mW (SDI xcvr | 156 mW (no N/A
used) xcvr used)

HPS Peripherals Used




Radiation Research and Management Center
Tokyo Institute of Technology

Stereo Vision IP Demo S ANEYO-HE L FORATORY

m Prof. Saneyoshi developed world’s fastest frame rate, highest
resolution stereo vision system using Stratix Il (<70KLE)

m Now developing low cost version using Cyclone IV

Stereo camera ADAS demo using Altera FPGA
Stereo Vision Demo System

(Tokyo Institute of Technology Saneyoshi Lab)

FPGA based Stereo camera system
Method Block matchin - .
- 2 (Dr. Saneyoshi / Tokyo Institute of Technology)

Algorithm SAD

Syst lock B80MH.

ysem»': s % Altera Cyclones IV

Block size 4x4 FPGA

Line buffer 128 lines =

Resolution 1312x688 Sereo Macing

Frame rate 160fps

Coliision ~200m

avoidance @100km/h Sensor W uss

Performance

Logic size ~TOKLE

Demo system
v Velocity, Range : 100km/h, >100m

v' Image sensor: 752x430, 60fps, FOV 40°
v' Latency : dmsec
v Power : SW (FPGA:2W)

Contact Altera to inquire collaborative
research with Tokyo Institute of
Technology.

Attn : Takayuki lkushima

Email: tikushim@altera.com

Stratix Il demo (available) Cyclone IV demo (development)

160fps, 902Kpixel, 70KLE 60fps, 323Kpixel, <25KLE

/AYOTS RYA),
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Intelligent Rear View Camera Demo

Partner
m Applications /IP

— Intelligent automotive back-up camera, video surveillance

— Same as fisheye demo plus: Eutecus video analytics IP, CAN or Ethernet
metadata streaming, PC GUI for core parameterization

m Device /resource utilization
— Cyclone IV FPGA

— Entire design = 108KLE, 46KLE for analytics
— 2.1W total FPGA power consumption

/AYOTS RYA),
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Summary

m ADAS market growing to over $17B by 2020

— Every OEM, Tier 1 is developing ADAS technology with goal of autonomous
driving experience

m FPGAs ideal fit for ADAS applications with constantly
changing algorithms, sensors and need for
differentiation

— Scalability, flexibility, low power and performance
m Alterais dedicated to automotive providing products,

solutions and demos for key ADAS applications
— Forward facing, surround view vision and fusion applications

/AYOTS RYA),
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| Thank Youl!
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