GTC 2013 | March 18-21 | San Jose, CA

The Smartest People. The Best Ideas. The Biggest Opportunities.

Opportunities for Participation:

SPEAK - Showcase your work among the elite
of graphics computing

HEC

- Call for Sessions: August 2012 CONF

- Call for Posters: October 2012

REGISTER - learn from the experts and network
with your peers

- Use promo code GM10SIGG for a 10% discount

SPONSOR - Reach influential IT decision-makers

FC Learn more at www.gputechconf.com
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Overview <3

NVIDIA

* Tegra — NVIDIA’s mobile SOC (system-on-chip)
* OpenCV - ade-facto standard API for computer vision
* FCam — camera control for computational photography

* CUDA — flexible image processing with Carma



ARM Enables Energy Efficient Computing <2

NVIDIA

Personal Computing ARM Servers




Units in Billions

16

14

12

10

ARM is Pervasive and Open

Annual Shipments

«=ARM

w==x86

/

2005 2006 2007 2008 2009 2010 2011e 2012e 2013e 2014e 2015e

Source: ARM, Mercury Research, NVIDIA



Tegra 3 SOC rf:?znm

CPU 3X Performance
Quad Core NEON
1 | i | i I i | 20x Lower Power
w POWER Due to ULP mode
l [m“? )@3 i VIDEO 4X Complexity
i i i 1080i/p High Profile
l ' | I ' 3X Performance
' EhlHnlles 12 Core, Dual Pixel Pipe
3X bandwidth
AEAONRY DDR3L up to 1600 data rate
Better noise reduction & color rendition
‘ IMAGING Two simultaneous streams
AIPI ND 0 - . HD Audio
DDR2 AUDIO 7.1 channel surround
& Al Al A A L T A e A OBy 4,;; 2 - 6X faster
( STORAGE | o wMC 4.4 and SATA-II




4+ 1 <X

NVIDIA.

® An extra core

* “companion core”
* “shadow core”

5 CPU Cores

® built with a low-leakage process | 1

Companion

* lower peak performance

® All cores identical
® the same code runs on all cores

* application programmer doesn’t have
to worry

® power is adapted automagically




Most Common Use Cases <3

NVIDIA
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Active Standby fﬁ%

KILL selected apps

E AK Motepad .

. Advanced Task Killer Free .

** Beautiful Widgets v']

- &F Gmail (v']
What’s really - k-9 o |

running ‘ Messaging v]

v}

v/

™M

a Simple Widget Pack

@Tasll{iller

:‘"ﬁ"l LG ULETL




Variable SMP

v" “Companion” Core Active
v" 0 to 500 MHz
v" 0 to 200 mW

ARM CPU Cores

-

>

NVIDIA.

Active Standby,
Music, Video



v" 1 CPU Core Active
v 0to 1.7 GHz
v 30 to 400 mW

ARM CPU Cores

Variable SMP

@ Parker Jones
Tomorrow's Meeting
Cr i\ ¢ | 3y

Richard Maher

RE: Partner referral
Liz! -----Or

1. Barbara Stephens
Meeting Invite: Weekly Status Report

Email

Tom Smith

Please review

3 B

i
Email Day Month Contacts Preferences
¥ B ® D Q

<3

NVIDIA



Variable SMP

v 2 CPU Cores Active
v 0to 1.6 GHz
v 50 to 800 mW

ARM CPU Cores

== (W Headlines

Top Stories World  U.S. Politics ' »

Ghinese premier piedges to fight
inflation, corruption

TR Juarez mayar: City winning war with
y R drug canels

Germany lifts quarantine on 3.000
farms in insted ogg dal

Home prices: shouid you buy & house

LB

=

NVIDIA.

Web



Variable SMP f:zm

v" 4 CPU Cores Active
v 0 to 1.6 GHz Gaming, Multimedia Apps

v 100 to 1600 mW

ARM CPU Cores

————————————————————————————




OpenCV <A

NVIDIA

® For the computation part of computer vision 0
and computational photography o
* ade-facto standard

* optimized for Tegra (AX[ARM+NEON] + GPU) DpenCV
® OpenCV4Tegra (version 2.4.2) in Tegra Android Dev. Prog. in August




OpenCV examples N>

NVIDIA

® Stereo
* Tracking for Augmented Reality
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NVIDIA

Flash stereo

Stereo Images (flash)

dn-aso|D ya1 (9)

MIIA YT E_

dn-aso|D Y31y (p)

P .

M3IA Y31y (q)
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Augmented Reality (AR) <

NVIDIA

® What

¢ visual tracking

® of some known
environment

overlay graphics

)

® Conventional AR
® track markers
® track a picture

AR game on Tegra (2009)



Augmented Reality (AR) with SLAM N>

. SLAM bU||d the mOdeI as you go Parallel Tracking and Mapping
* Simultaneous Localization and Mapping forSmall AR Wadkspaces
® Examples of Visual SLAM Extra video results made for
s PTAM (2007 2009) ISMAR 2007 conference
¢ DTAM (2011) s i
University of Oxford
® Overview of visual SLAM for AR PTAM (2007)
® Simultaneous tracking and mapping
Frames -

Tracking Track features Track features

Initial camera pose Incremental mapping and camera pose estimation
_from triangulation Bundle Adjustment Bundle Adjustment Bundle Adjustment

Mapping

Bundle Adjustment
Rendering Render objects with the camera poses and geometry (map)
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FCam <3

NVIDIA

* Open Source API for camera control
for Computational Photography
* Nokia Linux phones
* NVIDIA Tegra 3 dev boards

//fcam.garage.maemo.org

FCam

Home Getting started FCamera Docs Examples
Support Download How can I help? Teaching About us

Requests Image Sensor

-tonﬁTure-'.
Devices |

Application
Processor

What is it?

FCarmn is an open-source C++ API for sy and precise control
of digital came t O vel| control of all camera
parameters on a pel -frame LJCJ_.I:-_, mdl/lng it easy to rewrite the
camera's autofocus routine, to capture a burst of images all
with different parameter b nchronize the operation of
the camera lens and flash with all of the above.

Metadata

Imaging Processor
Images and o I

Statistics | Image | [ Statistics 4
\ Processing / | Collection /

FCam is the result of the ] joint research project on
progr ammdblp cameras tional photography
between : = Stanford C huter Lnrthi
: i ch Center Pdlo
am =1rch|h->( fure fhe motlw—:flon




EXpOSUFG, Image Sensor

Traditional sensor model does Frame rate | ooree
not work for Comp. Photography

Real Iimage sensors are pipelined Gain,
while one frame exposing Digital Zoom
next one is being prepared
previous one is being read out

Imaging
Viewfinding / video mode: Pipeline
: ; . Format Receive
pipelined, high frame rate 4
settings changes take effect sometime later Coefficients ——
5
Still capture mode: White balance
®* need to know which parameters were used

- reset pipeline between shots = slow



The ECam Architecture <3

NVIDIA

* No global state
® instead, state travels with image requests
® every stage in pipeline may have different state

* -> allows deterministic, Requests Image Sensor
fast state changes l.--"""canﬁ gure

Application Devices 1
Processor

Lens Actions| Expose N

® Synchronize devices -

® flash Flash

/" Readout
* lens Metadata | 3
® capture sound

¢ I
gyl Images and

SERTE Statistics | Image | | Statistics 4
\ Processing / | Collection )

Imaging Processor
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... we capture this range of light ...

... with this quality
(higher is better). <

With this exposure

/ time selection ...

log-irradiance (E)

<3

NVIDIA




<A

3 Stops 3 Stops nVIDIA
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NVIDIA Tegra 3 implementation <3

NVIDIA.

v/ DONE HDR Image Preview

~ Our Method

2 images Regular Bracketing_ 3 images

|
|

A’,

¥ Link Sliders  Exposure

Exposure



NVIDIA Tegra 3 implementation

NVIDIA

v/ DONE HDR Image Preview

Link Sliders  Exposure. —m—m—m—m—omm—m——m—m————{ Exposure

S O




NVIDIA Tegra 3 implementation <X

NVIDIA

«/ DONE HDR Image Preview

OurMethod===

SEENEE—— e

—— f‘—‘A\
Link Sliders  Exposure —® Exposure -

o o = 11:02 4N
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* Fast linear-time performance

0

.

0

«®

For 5SMP images

Global TMO: 5ms

Local TMO: 80ms
Exposure fusion: ~200ms



' () graphics.stanford.edu/courses/cs478/

A cutaway view
showing some of the
optical and electronic
components in the
Canon 5D, a modern
single lens reflex (SLR)
camera. In the first part
of this course, we'll take
a trip down the capture
and image processing
pipelines of a typical
digital camera.

Quarter
Winter, 2012
Units

CS 478 - Computational photography

This is the Stanford
Frankencamera, an experimental
Open-sOUrce CAMEra we are
building in our laboratory. It's
bigger, heavier, and uglier than
the Canon camera, but it runs
Linux, and its metering, focusing,
demosaicing, denoising, white
balancing, and other post
processing algorithms are
programmable. We'll eventually
be distributing this camera to
researchers worldwide.

3-4 (same workload) (+/NC or letter grade)

Time

Mon/Wed 2:30 - 3:45

Place

392 Gates Hall (graphics lab conference room)

Course URL

5478 stanford.edu

Discussion

C5478 @Piazza

Winter, 2012

This is the Nokia N900, the fir:
in a new generation of Linux
based cell phones. Ithasa 5
megapixel camera and a
focusable Carl Zeiss lens. Morg
importantly, it runs the same
software as our Frankencamera
s0 it's programmable right dow
to its autofocusing algorithm.

Instructors

Jongmin Baek, Dave Jacobs, Kari Pulli (Guest Lecturer)

Office hours

This is a prototype Nvidia
tablet featuring the Tegra 3
processor. It has stereo back
facing cameras, Android O3,
and a ported implementation
of our FCam APL. Each
student will receive a tablet
for the duration of the course,
to try his hands at mobile
computational photography.

In the second part of the
ourse, we'll consider
problems in photography
and how they can be
Ived computationally.
One such problem is
isfocus. By inserting a
icrolens array into a
amera, one can record
napshot to be refocused
after capture.

Wed 3:45 - 5:00, Thurs 2:30 - 3:45, Gates 360

Prerequisite

ight fields. This permits a

Most digital cameras
capture movies as well as
stills, but handshake is a
big problem, as
exemplified by the home
video above. Fortunately,
stabilization algorithms
are getting very good;
look at this experimental
result. We'll survey the
state-of-the-art in this
evolving area.

An introductory course in graphics or vision, or CS 178; good programming skills

Televised?
No




Non-photorealistic viewfinder <3

NVIDIA

g Mono Capture  Viewer

WB 6100K ¥ Auto )
Focus 10cm Auto (@)
Exposure 1/200s Auto  =—i
Gain ISO100 Auto (@)
Output Format  JPEG Image
Flash Mode  Off
Touch Action  Focus (Global)
Viewfinder Mode Standard
Capture
H“ m““ m |” -
Shader 2



CARMA DevKit

CUDA for ARM Development Kit
CUDA GPU Tegra ARM CPU

AL
vy, «m R A

-

Tegra 3 Quad-core ARM A9 Gigabit Ethernet
Quadro 1000M (96 CUDA cores) SATA Connector
Ubuntu HDMI, USB

Launch in early fall 2012
Pre-register on www.nvidia.com/CARMADeVvKit

>

NVIDIA.



®
500 Researchers <
Around The Globe Interested In Doing Research Using CARMA

HPC/Computer Science

Life Science

Computer Vision

Embedded

) 3D/Graphics
Americas ]

45% Image processing

Data Analytics

Finance

Defense

Physics

Mobile

CAE

0% 5% 10% 15% 20% 25%



Summary <3

NVIDIA

* Tegra — a great platform for mobile visual computing
* OpenCV -—standard CV API optimized for Tegra
* FCam — flexible camera control on Tegra dev board

* CUDA — powerful image processing with Carma
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