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VR Headset Sales VR Revenues by Category
over 200M users with headsets by 2020 | $30B in projected revenue in 2020

100 :
i Other
i Games
80 | N
60 i Theme Park —__
40
€ 20 I
2 . :
S o e !
2016E  2017E  2018E  2019E  2020E i Film
Bconsole /PC  Mmobile ' Hardware
VR Hardware Revenues VR Software Revenues
nearly $7B cumulative over next 3 years ‘; more than $6.5B cumulative over next 3 years
$3 $3
$2 52
$1 | $1
%) 1 w
c H c
2 : S
& S0 i @ S0
2016E 2017E 2018E i 2016E 2017E 2018E

Snail

NJSD2017



NJSD2017

.

BEAERE, A

A B M SO A
HEATSLARBUR, BB
ZHEREA

J

.

ERBEHR B

R UG LTI
AEFHIBRE,
BEXHITA

\

.

AT, ST

P SEH R (AT

SR, Sp
S HE

IF

Ferid L R A A BT
FELE MR, mEH

B,

(S WoR LR, T

. J

2 aTOculus/HTC-
VivelPS-VRE X &%

J

\.

(kST AA3D 52 8L,

J

Sn



sz%ﬁ%ﬁn

YVREFE 4 NEAEE: 8-
i R4 RS &% R

2017

G~ PIEE,

W RN RNRVRRGEZ S B —KRANH,
HRTERMNM AR FEENMNARE (3
i) FIEE DR (PC) FRE, HAEVR
IR A 0 RIIEE. HT HETVRITILH §iiE
S, VREASREERES BE

NJSD2017

V|

oz FRER 44

bR RS B FVRIRS KM, PIIIVRIBHRES, £KVR
R, RIFIRER A . e PR AR
=5 BRVREAE KR RES AL, BH, VRM
gﬁ—%ﬁi#%,%%@#%ﬁm%,%ﬂ%iﬂﬁ%

— ML RARHFBRFZETF, AEARRSARILE
W ATEAFEMAPRIEH, REKBAWRTIZ,
BAIVR F AR G —, R—FFVREAFFREE,
RS BRVRNAME. OF —fitFEAFFFESCRFVREAR,

X (NVIDIA) 20145E9 5 &7 T VR Directhi AR, 2015
8H26H KA T VRIFRIT K& KFH K EHF—
ameWorks VR BetahitZ, HAMNERSGIFKJOPENGLE M .
SKIDirectX## 1. AMD/JLiquid VRE;R. Crytekf]
ryEngine. MultiGen-Paradigm/A 5] fJVega Prime&.




-

- /

NJSD2017

o /

- /

R A AR R A, 5 A H R R % R I VRAZS B 7 ﬂfﬁi*/{\?@@
VRAE: v 24 1) &l BAE A A FEF A VR HE RS KT R N 2 OculusBStreamVR
/TRl ATNERS, A2 A HHBAARTE FERRFARIME
LEF= VS R N A B AR A HP IR RK—#64 T H P RGAERE
g CUnERAgHL, — KU BT AR B VEVS N BRI 2% FElUto VR,
S, i FHiliR N E 7N H HERF=ABIE, youtubeZF VR
Z2) . %ﬁﬁﬁ%& 5] e ZUA RS A 1] 44 AT AR A T AR NEMEEFE.
% (LCDALREES) Bk, R BT A T
— B A
SR eI SEFRHA: TEFLH:
BIETIHTFRER VAL R oK 2 i iR G R e FERPEEKR
FiAR T 1 Y P56 &AL Bl N BIA R 75K FH P AR
AT = EIEF& M= e R
ST T E S SIS ST
BN FRE 5 A A 17 0 PR e AR IR 1] 2) TR EHilZ)
HE R A 77 Tt R e FEAR = = AELL P A B AL
B FHT R A K FER 2T ENR

- /

Snail




TS5z

VRETEEHI

HMETULRE AR LEFNET —R UL E RS

Snail



VR & X &

o RATIAE AL TEVRIRFE AR TR AR, BRI
PP ARS8 — %€ 2 B & I TR) R 1 e 24 56

v w @

NJSD2017

NJSD I
W mmmmmm

@ﬂu%m

[«

|

Snail



NJSD2017

(.« Web+ 2 i s

* 360/ 2 5:2d-player
SDK

* 180)% 12Ek3d-player

* ATW/N-sync

» Sensor Fusion

)

\ VRPlayer
RETE &
faft i

- i1

* Insta360

» Jaunt-One

* Go-Pro

* Black Magic

§ J

(

HHZ
RIEHOR

4

« ZFEDVESENHHNL

~

* 1800/ Z th HR 5 =k
SEI P %

P4 S SN %
e R 2R

JEPNTESN i

-%Mﬁzﬂ%élm%
o H26 54045 & 4

Snail



NJSD2017 Snail



e

VRIEAAR IS MITIR B A SR 7 =K. S iieE, 3%
EWAZ B JZ IR

LR VR ARG AT ATE Lk = AN IS A P e BEoR . 1A 3~ G 6% 1 i 2 UTiR
JELLAL, EE B AAB/NE SRR, RS R, NEE T/En E5%—
25 A

HARMRZERENO

w/IMBIER FETA R ZAE BRER

REGRBEER AT
BE SRR BR ZiBES T
360 FE BRI B~ DM FEE

NJSD2017 Snail



NJSD2017

ﬁiﬁ%ﬁﬁﬂﬁ%%ﬂﬁ%

PCk B ARiE YutnuE90fps, B5hk 4 & {k60fps
JISISYRG =R/ RANY =3 i A=A DAL 2 B
w1519, 3msiEiR 1 = A i fE

=N R AR [ PR s
OculusiJr= fh # 7&K FH
B, BRAEIR & 5e e — BN,

E4 RN, 19.3msi) o \
o . HFES
@

IEIR &S PR, e rlE

AR R T o -
HEIR . 1ms
B
ol ./

Snail



TN

o K-._ ~,
\._ )

SRR

W P U0R S BBRFURK MR A B R IREE, Sk SRR
e FVRERI—MEZEF B, 1 SeHl BT ZIKEE N /IMEFEIR
DAL AR R S

= 3HiPEEE{Y (Gyroscope) 7
TExXyz =l FAar il £ 34 B2 A2 AL
= 6fhifEI2{Y (Accelerometer + Gyroscope)
TEXyzZ =5l A s B 5 o R (R A4k, 7R R
- \ ) Pitch
= 9FhfpiR{% (Accelerometer + Magnetic + Gyroscope) o
TEXyZ = AN RE, HhRis, fo R = I EORA L, T A Y

NJSD2017



NJSD2017

I3 FE

JUEH BB R Bl &

BERZA (MARG) @&

aV////lh}

EEETETY .’l

9k HB R R 8 A7 R GE TV T

EﬁJEI’JZx‘M’EEEEré&%E JINE & Tﬂ Lo HL 7 AT, FESRER
(S LY VAT

| accMagO

rientation

I accMagOrientation

R Matrix
Drift Detection
Yaw
Roll-Pitch Error Heading Error

Euler Angles
(roll, pitch, and yaw)

Adjustment

PI Controller

R Matrix R Matrix

Drift Adjustment

Snail



angular
speed

NJSD2017

magnetometer output

magnetometer
low-pass filtered

I

| N I N

gyroscope output \

angle
= |
l/ \
| gyroscope \
1 | integrated over time .'.
\

T &
/ | S N

/ ' f
\/ ______/1_ gyro dm_———T—
time time
e 1
N +
If \.
" filtered and '.‘
combined sensor data |
f \
J l\
/ \,

Snail



-

0 | T2z
B EHBR

W EETETY l‘l
VR Sk 880 7 AR 56 R EDULIES 32 KI5 T il 380E L) AR 2R AR,

1 AT TE A TR o Al ) 2 S K FAE S S8 e o8 B 5 B TR )
SIEENEE

Out of
focus

Rendered image  Pincushion distortion

Barrel warp
= r Chromatic correction
' ! In focus
Bamrel-warped image Pincushion distortion Rendered imag
Corrected image
NJSD2017

Snail



G EF

EEETETY

With Lenses

Without Lenses

half screen

Large FOV

> >
NHR LI B A Ve (i) NHR A AR Ve . CR &S

W EBOWE IEH PR G SOy R WL EBOWE KBGO IEH R

NJSD2017 Snail



5 H AT in GPUPEREFR ), AEMIECA 2 BT O T I3
et ] DA L G R % A R0 i P 9 57 K

—\

(a) Simulation render model (b) Simulation frame

NJSD2017 (¢) Warp render model (d) Warp frame Snail



=

S 25 B[R] 4 B JR

| T Zctniss

EEETETY l.'

VR%FK%E% B(J)EH )i[ ,leg% : E,{% o time warn Render Render Render

E@E%%‘ﬁjg—%vsyn cF#, {H Large latency Missed frame:” Large latency

%ﬁnﬁﬁ_miﬁ»‘%ﬁrﬂﬁ& , —F From render to VSync Render did not finish on time From render to VSync

— Mt = 5 E R3] .

i R — AN I OE R B ]

ek, B EA ISR E R e —|

e, B TR R B /

J:#rl]r)li*ﬁ Iﬁ H(J I mag e Time-warp Render |:r Render Render

Lers

LR, AT WL I SEAF R 12 ] L

i T YR A 2T — A N

VsyncEi 2 fiE —

52, time warpRt AR Il / previous frame,

%%f_. mﬁ%ﬁ%*ﬁﬁ%%}& Bﬁ Asynch time-warp Render [ Render \i Render

i, BAFKimageRRE5ELEIE »

R, (B 5% A ATWAH w;f;;;gc From T o Vorte

L, BAREAD T EEKPE).

VSync VSync VSync VSync

NJSD2017 Snail



Global Software Development Conference . Nanjing

NJSD

SHREXE

So

o|dwes
Jojsues)
diem

- aldwes
Jajsuey)

~ -
- § g% Displa
a2 3
I Tbs I Tgs I Tp wa Tgw Tl Tv Td
VSync VSync VSync VSync
Game Simulation / Render Prep
s & _Submit D3D Calls
. ]
Predict HMD Pose & N\ Render |
Trackgg 3C;>t:rt‘;ollers Predict HMD Pose & ' Image Sent To HMD Panels

NJSD2017

Tracked Controllers
22.22 ms

Panels illuminated,
user sees frame!

Snail



= BB BOVR 25 360 LA A i SR BRI 0K,
e SR LA B BRI 0 5 1 B AR T, £ 3

S 1 46 Py BRT F

NJSD2017



S | T2

ke

R AR IR AL — VO PRI (R — WD

B Sk Wi AR 2R BRI g, Camera#lN B f5— 1
- %@%
o RERIFE |-
R GATER AR AR ¥ - - ARG, BRE R
L7 T, WG RESmALE
@’& /,
/ AN H 3’%% .
PR 5 AR 5 &
o B RS PR
| (S S T B 5 I“

NJSD2017 Snail



-

'S | ITZmis

B B

VAL A B 2 2 DX EL R 5
FIFRALIE K R E R G —

NJSD2017 Snail



~e Fast Stereo Rendering for VR - Google
Slides - Google Docs

* 'Advanced VR Rendering’ by Alex
Vlachos (Valve) — Steam

* GameWorks VR Presentation - NVIDIA
Developer

* Asynchronous Timewarp Examined
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