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Advancements in Mobile
Visual Processing with
QualcommeSnapdragon™
Mobile Platforms

Qualcomm Snapdragon is a product of Qualcomm Technologies, Inc.



The foundation for superior
mobile visual processing

Powering cutting-edge, next generation visual experiences
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Immersive virtual Superior camera High definition High performance Intuitive augmented
reality experiences video 3D Graphics reality




Shapdragon
Mobile VR 835
_ Platform

Truly mobile XR
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w * High performance,
amazing content

 No wires, and no
PC required




Significant progress in XR this year

Improving experiences with Snapdragon 835
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Snapdragon
835

Purpose-built mobile
processor for superior
XR experiences
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Snapdragon VR
SDK

Easy developer access to
Snapdragon accelerated
XR libraries that simplify
application development
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HMD Accelerator Ecosystem
Program support

Reference designs, working ~ Working with multiple content,
with ODMs and technical technology and platform
support to commercialize companies

XR HMDs quickly



Snhapdragon 835 mobile platform takes us closer to the vision
Designed to meet VR processing demands within thermal and power constraints
HDR10/4K UHD Premium
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Spherical view
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Screen is very close to the eyes

o Higipmebtdutidmeatidiod scene-based audio
3 Up to human hearing capabilities

|‘.|| @ ADdYHifle-grade DSD audio

Realistic 3D, posmonal surround
Heightened | audio that is accurate to the real world

Visuals - Sounds
Stereoscopic display @ Immer5|0n‘ ® Crystal clear voice
Humans see in 3D clear voice that is enhanced with
noise cancellation technology

16ms motion-tonpinmiedl lateney e — ‘ = ® Bmrrice fusitiorbasekiBgDoF motion tracking
Minimized system latency Intuitive Accurate on-device motion tracking
to remove perceptible lag interactions
o
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natural movements, free from wires



Snhapdragon 835 VR Development Kit

Advanced VR features designed to optimize applications and simplify development

System on Chip (SoC) Memory
Snapdragon 835 mobile platform DRAM: 4GB LPDDR4
Flash: 64GB UFS

Display
AMOLED WQHD
~2MPix per eye

Connectivity & 10
Wireless: Wi-Fi, Bluetooth
Other: USB3.1 type C (power)

Handheld controllers

Cameras & Other Sensors

Six degrees of freedom Eye Tracking:

(6DoF) motion tracking: | 1 monochromatic

+ Two monochromatic, VGA global shutter
one mega pixel cameras
(1280x800) global
shutter cameras & Audio
fisheye lens

* Inertial measurement
unit with fast interface
to Snapdragon 835
integrated sensor core

Integrated WCD9335 CODEC
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HMD Accelerator
Program Update



Commercialize VR HMDs quickly
with fewer resource restraints
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High Scale &

Commercialization Quality Harmonization

Allow OEMSs to quickly Provide means for Standardizes a platform
design and manufacture OEMs to track for the whole value

standalone VR HMDs performance, chain to build on top
monitor KPIs and and garner critical scale

promote them for VR to flourish
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Actively working with XR device manufacturers
XR products based on Snapdragon Mobile VR Platform

VR HMD VR HMD VR HMD Tango and Daydream Daydream Daydream Tango
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Baofeng Coocaa IQiyi ASUS Google Google Lenovo Phab 2
Matrix Wondergate G1 Adventure Zenfone AR Pixel Pixel XL Pro
VR HMD VR HMD AR Glasses Daygjream Daydream Gear VR Gear VR
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Pico Neo WhaleyVR ODG R8/R9 ZTE Axon Moto Z Samsung Galaxy Samsung Galaxy
S8 S8 Edge

20+
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Devices launched 20 Devices in development




Jointly fostering the ecosystem of standalone mobile VR
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‘v‘ Daydream

Lenovo.
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i STANDALONE VR

COMING TO CHINA
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Introducing:
Spectra™ Module Program
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Qualcomm Spectra Module Program
Camera module for Snapdragon devices
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Leading image quality

$

Competitive pricing
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Qualcomm Spectra Module Program
Camera module for Snapdragon devices
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“ Qualcomm® Clear Sight™
'o' ' Sony IMX298 -

. camera features
1 v Fusion of Mono + Bayer

Optical Zoom
Wide-angle + Telescopic 2x

Qualcomm Clear Sight is a product of Qualcomm Technologies, Inc.
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Qualcomm Spectra Module Program

New for 2017
r - Iris Authentication Entry-Level Computer Vision
de» Always-on Security Passive Depth Sensing
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» ) Active Depth Sensing

-»  Premium Computer Vision

S 4
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"= ' Iris Authentication

. — , Camera Module

(s,

Reliable biometric
Iris-recognition
for Snapdragon
smartphones and
mobile PCs

» Software + OV2281 1920x1080
1.12um 10bit front facing IR sensor module

» Industry leading 40ms, low power iris
scanning that works through most sunglasses

» Liveness detection algorithms
won'’t be fooled by 2D images or 3D molds

» Security-rich and isolated iris data via
Qualcomm® Mobile Security

Qualcomm Mobile Security is a product of Qualcomm Technologies, Inc.
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Depth Sensing Q

Image quality enhancements Facial scanning for additional
including Bokeh experiences liveness security
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Qualcomm Spectra Module Program Q
Computer Vision Cameras

Entry-Level Computer Vision 5,[:)* Premium Computer Vision
Passive Depth Sensing ( .1 2* ") Active Depth Sensing

Bringing depth sensing Premium depth sensing: precise, high resolution,
to Snapdragon value tier devices low power depth map generation

21



Passive
Depth Sensing
Camera Module

Bringing depth sensing
to Snapdragon value tier

devices

o

What camera A sees

00

Parallax
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What camera B sees
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S0 Active
&i2D Depth Sensing

Utilize projected IR pattern
to infer 3D depth

Utilize high resolution
depth map for:

* More accurate face detection,
recognition and authentication

3D reconstruction of objects even
in low light environments

 Allows even more accurate simultaneous
localization and mapping

Data Capture

IR Hluminator ~ ~ IR Camera

Projected Infrared
Light Pattern

Stationary
Target

»
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Qualcomm Spectra” Image
Signal Processor (ISP)



Qualcomm Spectra-

Superior image
processing and
computer vision
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Spectra
Module Program

=

Tools and
App support

Qualcomm
Spectra-

Video and Still Computer
Image Quality Vision

R

Heterogeneous
Computing

with Qualcomm® Adreno™
and Qualcomm® Hexagon™
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Qualcomm Spectra 2" Generation
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Superior photo Video capture Accelerated
capture with multi- with motion electronic
frame noise reduction compensated image

temporal filtering stabilization

- S

Machine learning Simultaneous Additional
accelerated localization undisclosed
computer vision and mapping features to be
for face detection, (SLAM) for XR announced
bokeh photography later this year

and more
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10N

Reduct

ISE

Multi-Frame

%No

Superior photo image quality with

multi-frame noise reduction

1

Noise reduction from filtering & blending multiple frames



and Accelerated Electronic
Image Stabilization (EIS)

Improved video capture quality with motion
compensated temporal filtering (MCTF)

Accelerated electronic image stabilization
(EIS) to reduce unwanted vibrations when
recording videos
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With MCTF

-

PRIy
- .'l
. o

o
o« e ’_’B

- .
.
.

« % v e
-
.

e oHe o
-
.

e ° -
-

-V
L]

.
.
L Al
)
o« ®
-
an
L]
L \ ~
LA
- -
N . "
P
-
.

Without MCTF

! . -.Q
- "

L3 8L D1

-3

-
.a-.. -
.
L
'
L Al
-
- y -
-
]
Y “ .-
»
- ¥ 3 -
T
.
.: - LN
)
-
L \

.
~ .- B .
.y . "
PR
.
s
.
a
: |
.
A ‘.1'
.



Computer
Vision

Machine learning
accelerated computer
vision for advanced

‘ use cases like face
detection and improved

1 computational photography




&) 6DOF VIO /
SLAM

Taking immersive mobile XR
experiences to the next level:

Improved head/body motion tracking

» User friendly, inside-out 6DoF head tracking

« Power efficient, sub-16ms motion to photon

* Functional at room scale with capability to
appropriately alert for collision avoidance

Simultaneous location and mapping (SLAM)

Construct 3D map of environment & accurately
track location through it

Qualcomm Technologies is developing a SLAM that
builds off our 6DoF VIO with minimal drift and
positional jitter
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Thank you
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For more information, visit us at:
www.qualcomm.com & www.qualcomm.com/blog

All data and information contained in or disclosed by this document is confidential and proprietary information of Qualcomm Technologies, Inc.
and/or its affiliated companies and all rights therein are expressly reserved. By accepting this material the recipient agrees that this material
and the information contained therein is to be held in confidence and in trust and will not be used, copied, reproduced in whole or in part, nor its
contents revealed in any manner to others without the express written permission of Qualcomm Technologies, Inc. Nothing in these materials
is an offer to sell any of the components or devices referenced herein.

©2017 Qualcomm Technologies, Inc. and/or its affiliated companies. All Rights Reserved.

Qualcomm, Snapdragon, Adreno, Hexagon are trademarks of Qualcomm Incorporated, registered in the United States and other countries.
Other products and brand names may be trademarks or registered trademarks of their respective owners. Spectra and Clear Sight are
trademarks of Qualcomm Incorporated.

References in this presentation to “Qualcomm” may mean Qualcomm Incorporated, Qualcomm Technologies, Inc., and/or other subsidiaries
or business units within the Qualcomm corporate structure, as applicable. Qualcomm Incorporated includes Qualcomm’s licensing business,
QTL, and the vast majority of its patent portfolio. Qualcomm Technologies, Inc., a wholly-owned subsidiary of Qualcomm Incorporated,
operates, along with its subsidiaries, substantially all of Qualcomm’s engineering, research and development functions, and substantially all
of its product and services businesses, including its semiconductor business, QCT.




