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P The defense advanced research The first patent for .
Edwm Link invented a "l:he Sword of Damocles, the projects agency implemented the the invention named Grigore Burdea proposed
simulator that can generate first VR headset, has been SIMNET program for combat “yirtual reality” d the “31” feature of VR.
flight movements and feelings. unveiled. simulatior? g virtual reality™ appeared.
19208 19508 1968 1982 1983 1989 1992 1993 1994 1995
i Sega unveiled the .
Sensorama, an emulator with 3D ATARI set up a VR lab. Jaron Lar)ler first proppsid € Nintendo releases
the term “Virtual Reality”. SegaVR headset. 3D graphics console.
images, was unveiled. grap !
HTC Vive, VIVEPORT, AR HoloLens, SONY released PlayStation VR; Samsung Avatarset offa SAS released its first PC-based
DayDream and other products have been released Gear VR; Facebook acquired Oculus. boom in 3D movies 360-degree Cube, SAS Cube.
launched. " i
2015 2014 2012 2009 2007 2001 1999
Raze OSVR started the VR open Google launched Google Glass; Google Oculus VR released Google offer ed panoramic street Linden Lab rel_eased a )
source ecosystem; IMAX and Niantic invested in Magic Leap to develop the the company’s first views with 360-degree horizontal prototype version of the tactile
releas.ed location-based VR VR browsing experience; Volvo has headset. and 180-degree vertical. VR system 'The Rig'.
experiences and AR games, launched a test drive VR App.
respectively.
Facebook launched 360-degree Daydream VR independent headsets, social VR platform VR movie SPHERES was bought for $1.4m; Facebook
video; HTC launched Vive Spaces, Arkit for ios system and Google smart camera have launches Oculus Go VR all-in-one.
Studios. been released successively.
2016 2017 2018
Google released Daydream View VR Snap set out Spectacles with AR smart glasses; Magic Leap HTC Vive Pro and ARKit 2 and other upgraded products
headsets and Tango AR smartphone system. showed a prototype of optical field MR head-mounted have been released

display and the first photonic chip.

B 1 (MEMRFE) VR HXRARL S~ NAXER

Figure 1 (Color online) Major events of VR related technology R&D and industrial applications

BRE R R« AR FIMEBAR R B it AT 1 45t A, IR G P L IPIRAE SR 1 R4
T, TERCT CRAISER AR LR ST ) . R 2 ool BIVE 523 11 )RR LR RS
A, BT S B SRR AR R BB K B e e, B AR A LR SR RO S B
SR E St S5 AN A B BT« HES s R SR IR 1) 7= M N2 R AL T T PR 2R R
FC. ARILERA T AR B R

11 B=

I (virtual reality, VR) A& 4 T A EREARBI A AL AT 7 IS H R it 2 —, R4 Gartner
BRI ZE k)4, VR BR R B EDEHIA. 85 AU, VR BAKLE 2~5 FE R E M. N T
RZ PR R SRS IRE (R SCEAR A gt H i Ele) <RE F1 <E R AR E P EERS, B E
WUVRTR [E G X ) VR ARk J& i e e F 75X, HEh 3 B s = s i &= L )
HE PR SRR R 22 4, FFRATEFL. BT HEARSLEARN VR SIE5RILSE (augmented reality,
AR) FIVRAILSE (mixed reality, MR) 4% X4, CH VR A& AR Il MR, 7238 EAMAL.

20 4l 90 FFARZHT, VR AT R EH B, FEWERAIR 2 M, (HAR BRI BOAR ™ H.
2007 FFLLJE, Google HstFIHLEE (R FLiE) KA 51 T 3D M VR mid K RE. 2012 4 Oculus K
T nE H LB % (helmet-mounted displays, HMD), Bl J5 2 HMD FEgE = f s 18 0 B
B KT, KRB B O . A7 kb VR PEIEER, VR P2 46 1a) ey i N 25 AAE
BRGUEE. 2016 FFLUE, VR PlB N REAGEY By, KA a6 LA Je R AR Ak 22 Wit Ar. Bfdctn
1 iR,

1.2 IR

VR SR LA ENLEDE S e TR & BRI 5408 NTHERE . A, Bl S 44
et ZNVERIR S AL HLAS B D AR5 . AR R 22 A AR B R S P [R) . 7E 6 [, B4 R
BT %Rt (Massachusetts Institute of Technology) HiiH##E K% (Stanford University). JHJNAA 5CH]
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Industrial value chain

Leading enterprises

|
‘ @i ‘ } Activision; EA; Comcast; Time Warner;
IMAX; Walt Disney; Sony; 21st Century

|
Application in engineering, medical treatment, — Facebook; Northrop Grumman; Google; BAE systems;
e-business, socializing, military, education, Application | | HTC; Lockheed Martin; Microsoft; Autodesk; Sony;

|

\

driving, etc. Dassault systems

Sony(PlayStation VR); Razer OSVR

| |
| ] |
} Middleware | API& SDK; game engine; Al; CDN Platform } Facebook(Oculus); Google (Tango/Daydream);
| |
| |
| |

Facebook; Google; Sony; Samsung; Microsoft; ODG;

‘ VR HMD; AR HMD; MR HMD Complete Vuzix; Razer; 3Glasses; Magic Leap

machine

Knowles; AAC Technologies; Eonite; Largan Precision;

lsvelg;li(:;ng]li(‘:g_gcs:rﬁz(r):a‘:gp;aD}'f;;?u‘:h Cognex; Goertek; Panasonic; Himax; Sony; InvenSense;
H 5

3D audio equipment Samsung; Universal Display

2 (MEhRFE) VR Pl E#ER kbl

Figure 2 (Color online) VR industry value chain and leading enterprises

43#Z (University of California, Berkeley) &M K% BUIVT 43 4% (University of Texas at Austin) 282 T
ER B MO SIS =, £ BRI S T AWE SRS TR VR A2 E. BRI & 7 5 b )
& (simultaneous localization and mapping, SLAM). &G ANLAZ H. UL K& AR S84t e it 1. 55 [ E
FKFMiJF (National Aeronautics and Space Administration, NASA) #RZ¥ VR H T K2R, £ H E
F K425 (National Science Foundation, NSF) FJH 5G HARRA VR A&7 08 AE1R A AT 58 4 xfE
L REZETTAHE VR Bkl B+ i yT 8 5 RIERS (post-traumatic stress disorder,
PTSD) 5. fERKH, CLARTE W) VR 2B Gt rl s A6 38 T 5 Sk Sss o5 BV AT S HL R UL B 7
RERL A A (22 BHLME. R @ RLES A0 VR BORBIH TRZEE S4B, HTH ez et aey
P AR (University of Paris) MIFEM T2 AR4Z (Athens School of Fine Arts) JE& T K& MU
RS (8], A% A R 0.2 ) o A s YA RS 2R, B E [E 4B (King’s College London) Hiff 7t
FIH VR 697 S RETERYESE (body dysmorphic disorder, BDD), F7E i £8 2} 22 100 BE 22 45U T e v
NFFE. fEH A, ZR50K% (Tokyo University) Tachi S5 S ByF T HARAL BHOR, GLFE fit vz AHATUAN fid 5
iR aR . AREHERIKA: (Tokyo University of Science) VR-JE HHSZ 4G = il ik il & A v ok 257 VR
WP TT%, RFBERHRINRGTT K. FAEH K (Waseda University) Kawai SEIR K T VR J&
AN B PR E SR R EOR. AR, AERT S TR RS I SR 5 R 4 [ o H R sk
W= BU TS BRL R S0 2 RE58 SOUHE R, E45 VR AE AR AR AR | I R B 2 A 2 R
FIREH . W R ENE BT S5 S (CAD&CG) B K HE S S =80 T SLAM FEARFE
REALIZ SR, b RUR 7 2 B S g i M1 e Rl A TR R E T T VR ESL AR RN L AL
BN BE U N . b5 BE TR 27 B T S A A v ) HMID.

VR B EEAFERAE . s AR, w2 fros, REL HAC, BRONES FESORHE X R A
B S HE R AL L 4 BRECE A m TN, 2 2021 4, VR/AR 77 iR IR 85 T 5 RARCK 1 2|
2150 1436 TG, 36 [EKs 4k S R R TSE HUAL, BRIRE BT H A DAAMR X, Gk, 3R E B OR B
BERIRE S BB A INKEERIAE VR USRS & 7. 38 & E T, ) 2020 4, 3B sk
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Figure 3 (Color online) Trends of VR patent application

IR AN E VR g 0.
1.3 HERESSH

KRR IRDY: (1) X VR BORBATEOR M (2) H1E VR =R SCHY S8 30K 3R S8 ia]
(FESCRIFR S 48 555); (3) HlERRFIER,; (4) Bl MR SRS VL (5) Bdli .

RGBS RE A, R ST AR s (O MERf RN 4 TH, AR T Z WP T B AR A B R .
BAEFAR R W A 2GR A% QBRI ZRR 51 S5 7 T H 1 = B = WA, b, R Rz
Ah, e A ERE N BT AR R R @I BE &R 432 (cooperative patent classification,
CPC) F Z Al OSBRI K B AT AE B TCIE 55 28 R P 55

2 VR EFBIFSH

2.1 RiFi#Ets

SRS, 1999 4R ABRIEAZE VR BORSURIE R T 87000 AAFER] (SFBEEF). VR
LR R E RN K KO 5L R B SBERMKAE. 3 R T AR R A
VR A RS 2010 45U, % KB VR & FIHHEECR A TR 2010 45 LR, % BRIk E Ay
R RIFIRIE LT 2 EIEN VR BORESUE RN % iia BRI ER, 6 2014 4 DAATIEA AR
FFE RIS 2, 2015 4F DU, RIE VR LRSS R . Ak, SE MG VR £ F)
i LA R TR, 2 AR L2 240 2R 00K 0 VR LRI R4 X B, kil RO

BIRRE, VR BRGS0 2 BR LR SRR 2008~2010 EE BT oS, E VR
£ R RCR TSI S T4 IR 1~2 4F. BRI 10 46, REROCHREEMF . YU HAR FISE AR S8
B4 R P B AU, 0 LB AR U2 ORI T 2, A LA U, R 150
I G Sk BT ALK 4

2.2 FRIFMIESFEIFA

ERE, @R ISR VR TR 2. WE 5 fis, TRIFEEHELET 20 955 A+,
HFH 8 FEW MBI HT, FEEER N ERBET G HA—K. BAEEANA 9 K, B
3 %K.
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6000 _—0— Global critical hardware « @= Domestic critical hardware -
- Global immersion technology - a1 Domestic immersion technology

iggg ——g— Global interaction technology = @= Domestic interaction technology ‘L\ \

3000 —e— Global intelligence technology = @= Domestic intelligence technology

4 (MEEMFE) VR @O RARGE£IkMKEEF RiFiES

Figure 4 (Color online) Trends of VR patent application in different fields of technology
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Figure 5 (Color online) Top 20 applicants applying for VR patents in China

6 J&un 7 IRE VR LA A AR SRRSO B 5 A6 B, 3R E SR AR A
ARRAIHRSE Sy, JE A A [ A A R S A RO, X FEIE T T N RS VR AR R B
P B ABREIAT Ja AT 3 ¥ e S5 TS EL A ) ) 8 e 2 1)

FKEHBEAMEASRIE VR BRI FE A e@E EREERL (patent cooperation treaty,
PCT), & [ . WX o 56 A H A% E MG R R E 2 XL B 7 o 17 ESM L A7 R XI5

MEERKE, B 8 JBn T VR LRIHIGEEHT 20 A0 HIE N, JEJL MR KFE R ME— A
TR, RLFIHE 12 4. ORI ALFIEE 17 44, Ho 18 A Hig A, SEE 4L 8 K. HARL 6 %K.
FhIE A 3 5. WETARK VR QIR FAR S S E A H A L, 765 0] )7 T 2 ER ) &

9 MRIEEARMATHARR, BT T 20 ALHEANRITES . B 9 skl L RIECE . LA)7)
e\ T AR IR AR S, IE A BOR SR Ty e 85738 98 IVl DL RN B RIYRA L XA BE I
ERRbR IR TT ), N 2B EATFS Mg AR, SO T X LR HE N, RN ERR T
FIHE 2 /b Rl A PR M B NI BOR ZE R SNl R B 2 on B A B N B 2200, ] A,
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Figure 6 (Color online) China’s top 20 applicants applying for VR patents abroad
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Figure 7 (Color online) Foreign regions where China’s applicants applying for VR patents

FRAGERAE VR SR AR L) B4, =R NE VR S i) 20555 7 8 B4 k.

Bl 10 JE7n 743Kk VR LRI RIS ERT 10 M XIERIm GG EE . RE . B4 5 E AR
XA 3R VR T 3552 RV I X3

Ak, BRI HTE AN IR E B VR BRI EE RS, ok B 36 E LR g A
Z HZE BT, SR E HARR SR Hig 5 2 1% T B, Sk B RO X 0 & Rz b, ok 3
FIER I BAACPRR. RIE . R = 2 &R HiE R8T 200 £, &8 . Google MRl K IEZEAML K
LR iR A AR Z .

K11 R T BRI E VR LRI HIE ANRZRAL. WEBARERRRE, SMERE AR B 11 vk, &
BR 80% M) VR EFIHiERIET Ak, FIE 59% 1) VR EF i RET 4. Mtz T, RE e
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Figure 8 (Color online) Top 20 applicants applying for VR patents globally
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Figure 9 (Color online) Competitiveness analysis of the top 20 applicants applying for VR patents globally
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Kl 12 giih 723k VR LR BB EEES GG, DA% B R B A A ER VR &R 5 & 1 ok
B A S, LR HA, o E A E & A AR EIER VR EREE KT ZEAT SR RE
RN FAEREIE R VR LREE /DN TR E R 8.

Kl 13 JBon 143k VR BRIHERAT 20 200K WRIRTII K BTN KR, Ak i3 E &
NI R E A =R 152, T E AR N4 R 2 Bk 3 T AR —ZeRIEOR A 5L, 0 Daniel J
Mcculloch 72 XBOX M FE K IHE, Alex Kipman M/& HoloLens A1 Kinect &N —. IXHEFR A
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Figure 10 (Color online) Top 10 countries and regions of global VR patent application
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Figure 11 (Color online) Comparison of applicants applying for VR patents globally and domestically
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Figure 12 (Color online) Nationality of global VR patent inventors
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Figure 13 (Color online) Top 20 inventors applying for VR patents globally
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Figure 14 (Color online) Comparison of the number of VR patent applications in China and USA with different patent
strength
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Figure 15 (Color online) Trend of global VR patent application in the field of key hardware technology
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Figure 16 (Color online) Word cloud map of global VR patents in the field of key hardware technology

R RRHTIERE . (a2, A vt e e SR AR 37 (1) % W Bl sie B A 1) 2 AN 26 28 Sl fE =
Guit Ao, R R B AR SCAR BRI 1 Ok e T =B WiEl 16 B, SSERAEAF
AN G 43 A5 I A OB RMAR B, Hod HMD *H%Eﬁﬂéﬁﬂ head mounted, vr glasses, headset, hel-
met, optical, network glasses 5% R/ NFHRT IS, H IR R BRI 2 A7 4 AH R I S B 1A] tracking,
tracing 5. X R MIT = Givt A EKE, HMD L FA5 /5 T4

HMD WREBEHOR FEAHE: RIEE. iR MG, HH O Sk A i & ) i 7y A I
Bl 17. SEEATE HMD SUsAb T a0t st ir, &R 50 A i % 4R A A 3 50K, Jb 3 TR
TEAR 37 8003k 11 L AR B3 A X Ak T A BR A S o7

HMD X AT 453 AR R EOR  JEBg Btk I BE &k . AR I IFEYERE 5 DM HORT
W, B 18 i T HMD MHRBEIE 2. &R RALEOR BAEfE Y HMD #L5e5 B SR 5 AS [F] S SR £
RZEFE. IRAE 2010 FFER AT AR W23 00 B 3l ] 22 AU A mHEoR, JR42 Hh BT SR AR X S Ak A
e S — AN B REOR TS 2. OGEBOTHEOR g HMD W& I RGPERE S 1A, 2010 4F, Google
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Figure 17 (Color online) Patent layout matrix of leading innovators in the field of display equipment technology

US9366871 B2
Providing advantageous weight distribution
US9417452 B

Mitigating motion sickness

CN102109677B
Reducing theaberration of high quality
EP3070511B1
Heat radiator

US9292973 B2
Variable virtual focus

US9690099 B2
Optimized focal area

US9529191 B2
Dynamic foveal vision display

$9448404 B2
Modifying virtual object
display properties

Optimized focal Wearing Power dissipation and

() technology comfort performance
Head mounted /9 /G
displ
Moty \@ Optical design

technology \Q Content presentation

US8743464 Bl

Waveguide with embedded mirrors

US8432614 B2

Substrate-guide optical device utilizing
polarization beam splitters

CN104937475B
Mutual occlusion and opaqueness control

US20170115489A1
Multiple segment display and optics

CN104737061B
Multiple depth plane three-dimensional display

US9529200 B2
Reducing motion blur

CN102782562B
Wide angle and high resolution tiled HMD

18 (MEIRFE) KBERRERANRLEL

Figure 18 (Color online) Technology evolution route of HMD equipments
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AP kiBiash b #ERE R . 2015 4F, Google @t LA ] 2 BUR R SsFDG 83 1F, ALt
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1461



s R B SR EOR TR SR Hrexid

3300 —e—Visual immersion ~ —e—Auditory immersion ~—e—Taste and smell immersion Touch immersion
3000

2500

2000

1500

1000

500 /_\/——//\

o*—

1999 2000 20bT2602 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

El 19 (MEEMFE) TURRARES S L TRE FIRIFES

Figure 19 (Color online) Trend of global VR patent application in the field of immersion technology
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Figure 20 (Color online) Word cloud map of global VR patents in the field of immersion technology
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Figure 21 (Color online) Patent layout matrix of leading innovators in the field of visual immersion technology
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Figure 22 (Color online) Technology evolution route of image-based modeling and rendering
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Figure 23 (Color online) Trend of global VR patent application in the field of interaction technology
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Figure 24 (Color online) Word cloud map of global VR patents in the field of interaction technology
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Figure 25 (Color online) Competitiveness analysis of leading innovators in the field of eye tracking technology
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Figure 26 (Color online) Technology evolution route of eye tracking
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Figure 27 (Color online) Patent layout matrix of major countries and regions in the field of intelligence technology
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Figure 28 (Color online) Word cloud map of global VR patents in the field of intelligence technology
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Figure 29 (Color online) Patent layout matrix of leading innovators in the field of intelligence technology in the last
decade
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Figure 30 (Color online) Technology evolution route of intelligence technology
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Abstract Patent navigation is a basic research and promotion process to guide and support the benign develop-
ment of technology and industry by using patent information resources. This article summarizes the achievements
of the report “Patent Navigation Analysis Report on Virtual Reality and Related Technologies” by the National
Patent Navigation Project (University) Research and Promotion Center. The mentioned article analyzes patent
applications in the field of virtual reality technology in China and major countries and regions around the world,
and draws the key points from the patent perspective. Following the direction of technology research and de-
velopment, the corresponding intellectual property rights layout strategy is guided. The article also provides
suggestions and measures on how to promote the reduction of the dependence on external technology in the
new round of technology competition, cultivate innovative competitiveness of innovators, and ensure national
technological security in China.

Keywords virtual reality, patent navigation, core technology R&D route, patent layout, competitiveness

Jing ZHOU was born in 1957. She re-
ceived a Ph.D. degree in management
science from China University of Mining
and Technology, Beijing. Currently, she
is a professor at Beijing Jiaotong Uni-
versity. Her research interest is intellec-
tual property management. She is the
director of the National Patent Naviga-
tion Project (University) Research and
Promotion Center.

1471



