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Data

= Source: Elsevier Scopus
= Period: 2006-2013

= Publications: 6036
= Average annual publication growth 2006-2013: 16,5 %

= Data used
= Keywords (Elsevier’'s index & authors’): covering 92% of
publications
= 27 711 different keywords & keyword phrases
* Phrases and terms taken from abstracts: covering 100% of
publications
= 96 023 different terms and phrases

= Date for search: 26.6.2014
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Research hot spots 2006-2013

Key:

- Warmer the colour, the more there are
publications

- Bigger the font, the more there are
publications

- Closer the topics are on the map, more

they appear together in publications
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Applications

Topics included (in order of publication volume): Learning; Education; Navigation; Surgery; Robotics; Mobile phone; Games;
Industry; Medical imaging; Medical applications; Training; Buildings; Tomography; Urban environments; Patients;
Construction; Vehicles; Culture; Wearable devices; Endoscopy; Health (care); Automobiles; Laparoscopy; Museums;

Manufacture; Social networking; Commerce; Roads and streets; Video streams; Military applications; Edutainment; Tourism;
Aged persons; Diagnostics (coverage: 3199 publications)



Selected augmented reality application topics 2006-2013: topic
volume, relative growth rate & impact™* (number of citations)
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Top research institutions compared:
correlations* of research profiles

VIr

National U. U.of TU Graz Keio Beijin U.of Korea U.of Osaka GIST Georg Nara Colu U.of Hany Zhejia Sieme Huaz Micro Germ Imper Shang U.of U.of Aalto Intel Johns Lanca Robar VIT U.of U.of Delft IBISC Sams Tamp
of Cante Miinc U.of U. gInst. Tokyo KIST South U. ia Inst. mbia Califo ang ngU. ns hong soft an ial hai U. Michi Sydne Hopki ster ts North West U.of Labor ung ereU.
Singapore rbury hen  Tech. of Austr Insti. of Sci. U. rnia, U, U. of Res. Colleg gan y nsU. U. Resea Caroli ern  Techn atory of
Institution Tech. alia of and Santa Seoul Scien Cent. e rch na, Ontar ology - Tech.
Techn Tech. Barba ce for Londo Instit Chap io CNRS
ology ra and Artifi. n ute el Hill
Publicat. Tech. Intel.
100National U. of
Singapore 0,438 0,483 0,548 0,52 0,35 0,289 0,443 0,373 0,455 0,405 0,332 0,412 0,335 0,534 0,302 0,502 0,257 0,357 0,482 0,397 0,462 0,314 0,506 0,297
100U. of Canterbury 0,438 0,417 0,561 0,311 0,584 0,678 0,489 0,393 0,343 0,624 0,383 0,653 0,448 0,316
98TU Miinchen 0,483 0,462 0,792 0,648 0,285 0,314 0,358- 0,305 0,757 0,722 0,743 0,622 0,773 0,541
93Graz U. of Tech. 0,417 0,514 0,281 0,637 0,755 0,409 0,264 0,567 0,382 0,278 0,757 0,586 0,393 0,283 0,315
93Keio U. 0,548 0,561 0,514 0,544 0,695 0,451 0,538 0,384 0,713 0,281 0,401 0,566 0,333 0,394 0,395 0,255 0,39 0,624 0,318 0,408 0,567 0,349
83 Beijing Inst. of Tech. 0,52 0,311 0,462 0,544 0,357 0,71 0,394 0,623 0,528 0,329 0,311 0,345 0,425 0,466 0,467 0,358
75U. of Tokyo 0,35 0,792 0,357 0,593 0,263 0,461110,842 0,855 0,738 | 088 0,715/0,882 0,51
73 Korea KIST 0,584 [ 085 0,695 0,305 0,254 0,739 0,459 0,744 0,561 0,288 0,58 0,394 0,445 0,708 0,453 0,367 0,267
66U. of South Australia 0,289 0,305 0,405 0,31 0,255 0,595 0,512 0,302 0,286
590saka U. 0,443 0,648 0,281 0,451 0,71 0,593 0,254 0,581 0,272 0,554 0,254 0,327 0,378 0,607 0,49 0,305 0,496 0,338 0,517
58GIST 0,373 0,678 0,637 0,538 0,739 0,405 0,346 0,281 0,491 0,725 0,403 0,508 0,65 0,505 0,706 0,48 0,604 0,288 0,447
52 Georgia Institute of
Technology 0,455 0,489 0,384 0,394 0,346 0,415 0,363 0,411 0,293 0,379 0,485 0,304 0,681
48Nara Inst. of Sci. and
Tech. 0,405 0,393 0,285 0,713 0,623 0,459 0,581 0,281 0,432 0,266 0,368 0,309 0,293 0,503
46 Columbia U. 0,332 0,314 0,281 0,263 0,272 0,45 0,308 0,272 0,362 0,276 0,472 0,417 0,324
41 U. of California, Santa Barbara 0,343 0,755 0,401 0,744 0,31 0,491 0,728 0,29 0,253 0,661 0,406 0,486
39Hanyang U., Seoul 0,412 0,624 0,409 0,566 0,528 0,561 0,255 0,725 0,415 0,432 0,417 0,389 0,484 0,658 0,265 0,296 0,3
38Zhejiang U. 0,358 0,461 0,363 0,45 0,545 0,454 0,262 0,306 0,664 0,325
36Siemens 0,335 . 083 0,329/10,842 0,554 0,308 0,545 0,784 0,719 0,76 0,776/.0,797 0,427
34Huazhong U. of
Science and
Technology 0,534 0,305 0,264 0,333 0,288 0,254 0,403 0,266 0,515 0,466 0,467
34 Microsoft 0,302 0,567 0,394 0,58 0,595 0,508 0,728 0,64 0,322 0,452 0,423 0,253 0,332
33German Res. Cent.
for Artificial
Intelligence 0,502 0,382 0,395 0,394 0,512 0,65 0,411 0,29 0,417 0,515 0,64 0,321 0,461 0,601 0,46 0,568
29Imperial College - - -
London 0,257 0,757 0,327 0,454 0,784 0,756 0,693 0,499
29Shanghai U. 0,311 0,293 0,389 0,304 0,621 0,359 0,283 0,282 0,519
29 U. of Michigan 0,255 0,272 0,304 0,351 0,405 0,268 0,44
29U. of Sydney 0,357 0,383 0,39 0,345 0,505 0,379 0,368 0,362 0,484 0,262 0,321 0,621 0,351 0,693 0,266
28 Aalto 0,482 0,653 0,278 0,624 0,445 0,706 0,485 0,309 0,276 0,253 0,658 0,461 0,359 0,405 0,693 0,259 0,267
28Intel 0,397 0,318 0,425 0,378 0,304 0,293 0,472 0,469 0,302
28Johns Hopkins U. 0,462 0,722 0,466 0,738 0,607 0,265 0,719 0,756 0,283 0,744 0,409' 0,777 0,646 0,351
28Lancaster U. 0,448 0,757 0,408 0,708 0,48 0,661 0,296 0,322 0,259 0,542 0,281
28Robarts Research - - -
Institute 0,743 0,49 0,306 0,76 0,282 0,744 0,52 0,593
28VTT 0,586 0,453 0,302 0,604 0,406 0,466 0,452 0,601 0,268 0,542 0,281-
27U. of North Carolina,
Chapel Hill 0,314 0,622 0,715 0,305 0,417 0,664 0,776 0,693 0,409 0,52 0,565
26 U. of Western -
Ontario 0,773 0,496 0,3251.0,797 0,777 0,565 0,595
25Delft U. of
Technology 0,541 0,51 0,338 0,3 0,427 0,499 0,519 0,646 0,593 0,595
191BISC Laboratory -
CNRS 0,506 0,316 0,393 0,567 0,467 0,367 0,517 0,503 0,324 0,486 0,423 0,469 0,351 0,281
17Samsung 0,297 0,283 0,349 0,358 0,267 0,288 0,681 0,253 0,46 0,44 0,266 0,267 0,302 0,281 0,269
16 Tampere U. of Tech. 0,315 0,286 0,447 0,467 0,332 0,568 - 0,269

* Based on cross-correlation with applications oriented topics in publications, max corr. = 1, correlation level indicated by the colour



Percentages of publications in different research

topics*: top research institutions

VIr
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Instltutlon g ¢ ti';'r)\s s s ¢ tizzs

National U. of

Singapore 9% 3% 8% 5% 12% 1% 6 % 6 % 4% 3% 4% 3% 5% 2% 1% 6 % 7% 1%

U. of Canterbury 6 % 6% 2% 4% 6% 4% 1% 1% 1% 2% 1% 4% 2% 3% 1% 4% 1%

Technische

Universitdt Miinchen 8% 3% 13% 14% 7% 2% 8% 16% 10% 3% 1% 7% 2% 7% 2% 2% 5% 2% 5% 2% 3% 1% 1 %)
Graz U. of Tech. 1% 1% 8% 2% 2%  23% 3% 3% 3% 1% 1% 1% 6 % 1% 1% 1% 1%

Keio U. 8% 1% 8% 5% 5% 3% 1% 2% 1% 2% 1% 2% 1% 1% 2% 1% 2%

Beijing Inst. of Tech. 4% 4% 8% 4% 4% 4% 2% 1% 1% 2% 2% 2% 2% 1% 1% 1% 1% 1%

U. of Tokyo 1% 1% 9% 19% 7% 4% 20 % 3% 4% 1% 3% 1% 1% 1% 3% 1% 3% 1% 3% 1% 1 %)
Korea KIST 5% 3% 8% 3% 16% 3% 1% 1% 4% 1% 3% 1% 1% 5% 1% 3% 3% 1% 1% 1%

U. of South Australia 2% 2% 2% 3% 3% 11% 3% 2% 18 % 2% 3% 2%

Osaka U. 2% 2% 27% 15% 7% 2% 2% 3% 5% 2% 3% 7% 5% 2% 3% 3% 3% 3% 3% 2 %)
IST 9% 3% 2% 2%  10% 2% 7% 2% 2% 2% 3% 2% 3%

eorgia Inst. of Tech. 10 % 8% 2% 6 % 2% 21% 6 % 2% 6 % 2% 2% 2% 4% 4% 2%

ara Inst. of Sci. and

ech. 6 % 6% 13% 4% 2% 2% 2% 2% 6 %. 4% 2%, 4%

olumbia U. 4% 2% 4% 2% 2% 2% 4% 2% 7% 2% 4% 9% 4% 4% 4% 2% 2% 2% 4% 4 %)
. of California, Santa

arbara 0% 2% 5% 15% 10 % 2% 7% 2% 5%

Hanyang U., Seoul 15% 8% 5% 8% 3% 10% 5% 5% 3% 3% 8% 5% 5% 5% 3%

Zhejiang U. 5% 5% 3% 8% 3% 16% 3% 3% 3% 3% 3% 5% 3 %)
Siemens 14 % 3% 19% 22% 8% 3% 6% 39% 6 % 3% 17% 3% 3% 3% 3% 3% 3% 3% 11% 6 %)
Huazhong U. of Sci.

and Tech. 3% 6 % 3% 3% 6% 3% 6 % 3% 9%

Microsoft 3% 3% 6% 3% 6 % 6 % 3% 6 % 3% 3%
|German Research

Center for Artificial

Intelligence 9% 3% 3% 6 % 9% 9% 18% 3% 6 % 6 % 6 % 3% 6 %. 3% 6 %. 3% 6 %. 3% 3%

Imperial College -

London 7% 48 % 28 % 3% 21% 3% 17 % 3% 17 % 7% 3% 10% 7 %)
[Shanghai U. 3% 10% 7% 3% 3% 3% 3%

U. of Michigan 10 % 7% 10% 14 % 3% 21% 10% 3% 48% 14% 14 %

U. of Sydney 14% 10% 3% 7% 3% 7% 3% 3% 3%

Aalto 18% 7% 7% 7% 4% 4% 4% 4% 7% 4% 4%

Intel 4% 11% 4% 7% 7% 7% 7% 4% 4% 7% 4%

ohns Hopkins U. 14% 11% 21% 46% 36% 4% 21%  21% 7% 18% 4% 4% 4% 7% 4% 4% 14 % 7 %)
Lancaster U. 4% 4% 4% 14% 4% 4% 7% 4%

Robarts Research

4% 11 0. 4% 4% _46% 14% 18% 7% 2% 11%

rl\llu'l?l' 18% 18% 4% 4% 4% 7% 4% 4% 7% I
0. Of NOrth caronna,

IChapel Hill 4% 7% 4% 7% 4% 30% 4% 4% 7%

U. of Western

Ontario 4% 12 % 8% 50% 19% 23% 4% 8% 12% 4%

Delft U. of Tech. 12 % 24% 8% 44% 8% 16 % 12% 16 % 28% 4% 4% 8% 4% 28% 4% 4 %
IBISC Laboratory - CNRS 5% 16% 21% 5% 16 % 5%

Samsung 6 % 12% 6% 18% 12% 6% 12% 12% 6%

[Tampere U. of Tech. 6 %. 13 % 6 % 6 %. 6 %.

10

* Applications oriented topics, organisations in order of publication volume



Technologies

Topics included (in order of publication volume): Tracking; Mobile device; Sensor; Mobile phone; Navigation; Geometry;
Location; Recognition; Gesture recognition; Tangible interface; Pose; Haptics; Object recognition; Position tracking; GPS;

Markerless AR; Occlusion handling; Spatial augmented reality; Sensor network; Motion tracking; Face recognition; RFID; Eye
tracking; Head Tracking; Hand tracking (coverage: 2716 publications)
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Publications volume

Selected augmented reality technology topics 2006-2013: topic volume,
relative growth rate & impact™ (number of citations)
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Percentages of publications in different research
topics*: top research institutions

VIr

Topic Tracking Mobile Sensor Mobile Navigatio Geometry Location Recogniti Gesture Tangible Pose Haptics  Object Position GPS Markerles Occlusion Spatial Sensor Face RFID
device phone n on recognitio interface recognitio tracking s AR handling augmente network recognitio
Institution n n d reality n
[National U. of Singapore
18% 6% 8% 1% 5% 5% 3% 3% 2% 5% 2% 1% 5% 5% 1% 1%
U. of Canterbury 1% 1% 2% 6% 2% 3% 4% 3% 14% 1% 2% 1% 1% 1%
TU Miinchen 31% 1% 11% 13% 8% 1% 1% 2% 1% 5% 3% 3% 1% 2% 1%
raz U. of Tech. 27% 29% 6% 23% 8% 4% 8% 5% 4% 1% 10% 4% 1% 3%
Keio U. 22% 4% 8% 5% 8% 10% 5% 5% 1% 2% 5% 3% 3% 5% 4% 2%
Beijing Inst. of Tech. L 39% 1% 13% 8% 5% 1% 6% 2% 17% 1% 4% 5% 5% 4% 5%
U. of Tokyo 9% 3% 4% 9% 9% 1% 3% 5% 3% 1% 7% 1% 1% 3%
[Korea KIST 22% 19% 7% 16% 5% 3% 7% 16% 7% 3% 5% 7% 1% 4% 8% 1% 1%
U. of South Australia 9% 8% 12% 3% 2% 2% 5% 2% 3% 6% 2% 3% 29% 3% 2 %
saka U. 3% 5% 12% 2% 25% 3% 2% 3% 5% 2% 2% 2% 2%
IST 2% 10 % 10% 10% 2% 5% 2% 3% 14 % 2% 3% 7% 2% 2% 3% 2% 2% 2%
eorgia Inst. of Tech. 10 % 4% 6% 2% 2% 2% 4% 4% 8% 6% 2% 2 %
Nara Inst. of Sci. and Tech.
13 % 4% 6% 2% 13% 10% 8% 2% 2% 2% 4% 4% 2% 6%
olumbia U. 11% 4% 2% 2% 2% 2% 7% 4% 7% 4% 4% 2% 2% 2% 2%
U. of California, Santa Barbara -
17% 5% 15% 2% 12% 5% 10% 5% 2% 10% 5% 10% 5%
Hanyang U., Seoul 26% 10% 5% 10% 5% 5% 10% 10% 8% 5% 5% 5% 3% 3% 3% 3%
hejiang U. 18% 3% 5% 3% 8% 3% 3% 3% 8% 3% 3% 5%
iemens 17% 3% 6% 17% 6% 3% 3% 8% 6% 6% 3% 3 %
Huazhong U. of Sci. and Tech.
26% 6% 3% 6% 15% 6% 12% 3% 12% 6% 9% 12% 3%
Microsoft 26% 24% 15% 6% 3% 3% 3% 6% 9% 6% 9% 3% 3% 3% 9%
German Research Center for Artificial
intelligence 24% 21% 15% 9% 3% 3% 9% 3% 6% 6% 3% 6%
Imperial College London _ 14 % 3% 10 % 3% 7% 3%
Shanghai U. 28% 3% 3% 14% 14% 3% 3% 7% 7%
U. of Michigan 21% 3% 14% 10% 3% 3% 10% 10%
U. of Sydney 3% 3% 7% 24% 3%
Aalto 1% 14 % 4% 7% 4% 11% 11% 4% 7%
Intel 25% 32% 25% 11% 7% 7% 11% 7% 4% 7% 4% 7%
lohns Hopkins U. 1% 4% 4% 21% 4% 1% 4%
Lancaster U. 21% 21% 25% 14 % 7% 7% 11% 4% 4% 7% 4% 4% 4%
Robarts Research Inst. 25% 11% 4% 4% 4% 7%
VTT 11% 11% 4% 18% 4% 11% 4% 7%
U. of North Carolina, Chapel Hill 19 % 4% 7% 15% 4% 7% 7% 7%
U. of Western Ontario . 3% 12% 4% 4% 4% 4% 4% 8%
Delft U. of Tech. 8% 12% 8% 8% 12 % 8% 8% 4%
IBISC Laboratory - CNRS 5% 26 % 5% 11% 11% 5% 26% 5% 11% 11% 11% 32% 11%
amsung 6 % A% 18 % 6% 6% 6% 6% 6% 6% 12 % 12%
ampere U. of Tech. 19 % 13 % 13 % 6% 6% 6% 6% 6% 6% 6%
13

* Technology oriented topics



Top research institutions compared: V7T
correlations* of research profiles

Natio U.of Techni Graz Keio Beijin U.of Korea U.of Osaka GIST Georg Nara Colum U.of Hanya Zhejia Sieme Huazh Micro Germ Imperi Shang U.of U.of Aalto Intel Johns Lanca Robar VIT U.of U.of Delft IBISC Samsu Tamp
nalU. Cante sche U.of U. glnst. Tokyo KIST South U. ia Inst.  biaU. Califor ngU., ngU. ns ong U. soft an al hai U. Michi Sydne Hopki ster U. ts North Weste U.of Labor ng ere U.

of rbury Unive Tech. of Austra Inst.  of Sci. nia, Seoul of Sci. Resea Colleg gan y ns U. Resea Caroli rn Tech. atory of
Singa rsitat Tech. lia of and Santa and rch e rch na, Ontari - Tech.
|nstitution pore Miinc Tech. Tech. Barba Tech. Cente Londo Inst. Chape o CNRS
hen ra rfor n 1 Hill
Artific
ial
Intel.
National U. of Singapore 0,50MM0)87 0,60M0}840;80 053 0,56 031 075 070 070 0720 079 076 079 066 064 075 0720083 061 061 04177068 0,38[0,68MM0)81 0,27 067MMOB3 050 058 030
U. of Canterbury 0,50 031 0,60 0,36 0,58 | 0651108 029 063 056 068 033 | 066 049 029 0,50 050 040 0,47 041 036/ 063 039 038 041 0,27
TU Miinchen 087 o031 0,48lN0}90MN0E 0,69 045 042 065 058076 054 074 0,70 077084 076 061 0610108 063 058 057 052 0,48lN091 (081091 049 068
raz U. of Tech. | 060 060 048 | 063 047 | 085 | 065 049 045 044008 0,79 049 038 0,38 080 081 045 040 0,30 073 067 032/ 073 049 0,77 031 0,51 0,32
eio U. 0,36M080 0,63 086 058 057 025 030 066 05707082 0597085 082 079 068 075 067 06707085 059 0,60 047 056 047 05900084 030 07700087 032 050
eijing Inst. of Tech. 08i 04700088 047 048 | 062 050 059 053076 069 072 072081 066 058108 066 051 049 035 046000,84 [ 072l0)88 04810,79
. of Tokyo 0,53 . 0,69 0,58 0,47 056 038 0,28 068 036 034 035 044 060 050 029 027 051 031 049 0,32 0,59 0,59 | 068 054 0728
orea KIST 056 058 04507085 057 048 | 064 059 032 0510081 081 046 035 045 0717082 043 062 0,28 | 074 067 [ 074 o042 073 028 0,50
. of South Australia 0,25 0,43
saka U. 0,31 0,56 0,59 0,58 0,36/ 10,78 0,31
IST 0,38/ 0,64 | 071 o039 067 076 072 061 038 040 072 074 072 051 039 02 039 057 | 070 055 053 062 0,56
eorgia Inst. of Tech. , , , 0,50 0,28 0,59 071 044 065 059 076 052 038 037 068 060 056 064 029 037 042 062 0,57 050 046 053 0,56
ara Inst. of Sci. and - -
ech. 0,32 0,59 0,39 0,44 0,36 0,58 0,57 058 042 041 054 030 049 0,32 0,49 0,40
olumbia U. 0,36 0,51 0,44 064 055 064 071 034 029 037 042 038 045 061 0,42, 0,65
arbara 0,34 0,58 0,51 0,57
Hanyang U., Seoul 0,35/0,81 | 072 076 061 0711088 047 058 055078
Zhejiang U. b 049079 072 044 046 | 061 052 0,57— 040 075 056 06308 072 08 032 0591110,80
Isiemens 0,38 068 072 060 035 0,558 038 038 073 0,51 0,47 054 039 037 054 037 042 072 074
and Tech. 0,38 0,50 0,45 0,40 037 058 0,44 0,54 0,42 0,42
Microsoft 0,29/ 0,71 0,43 0,42, 064 077 075 056 039 042 083 o062 054 025 055 041 056 037 049

|German Research
Center for Artificial

0,37 0,42 . 0,56 0,26

ntelligence 0,27 041 0,55 055 035 0,54 0,46
London 051 0,43 0,54 0,54 0,59 033 048 035
Shanghai U. 0,31 0,62 030 071 072 073 072 037 073 054 056 0,68 0,51 0,34 0,40 0 35- 037 0,49 0,52
U. of Michigan 049 0,28 049 034 057 053 069 042 067 025 026 059 051 0,27 0,28 0,57 057 0,62
U. of Sydney 0,50 0,29 0,49
Aalto , 074 032 037 059 071 0,35 0,29 057 069 033 034 027 . 0,60 | 066 0,44 0,30
ntel , , , 032 067 036 057 062 049 042 060 060 048 048 030070817084 048 0,40 0,60 081 039 035 035 042
ohns Hopkins U. 052 032 047 035 0,59 | 078 0,38 027 0,39 . 062 0,35 0,59 0,29 0,55
Lancaster U. 048/ 0,73 0,59 , , 045 0,69 063 0,60 034075088 053 035 0,28 066l 081 0,30 0,52 0,35
nst. 0,36 0,49 0,42 0,31 0,50 0,53 0,51 0,57 0,39 0,30
0,30 073 0,46 0,55 0,55 0,37 0,44 0,35 0,52

B N v . =
hapel Hill 0,31 0,28 0,53 0,42 0,55 0,41 0,35 0,49 0,30
e B I . .S . ..

ntario 0,51 0,54 0,56 0,56 0,56 0,54, 030 042 05 035 0,25 0,37 0,58 0,56

elft U. of Tech. 0,50 041 0,28 040 041 051 039 039 026 038 0,26 0,37 0,33 0,49 0,43 042 0,37 0,51

BISC Laboratory -
NRS 0,58 0,50 0,40 053 035 032 027 055 041 051 0,49 0,46 0,52 0,30 0,36 0,38 037 047 058 051 0,59
amsung 0,30 0,27 0,50 0,28 0,27 0,54 0,67 . 065 0,30 0,51

- 059
ampere U. of Tech. ! ! A A A A A A
U. of Tech 0,524 0,58 0,584 0,401 0,506 0,50 0,30 0,56 0,58 0,51
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* Based on cross-correlation with technology oriented topics in publications, max corr. =1, correlation level indicated by the colour



Percentages of publications in broad research
areas*: top research institutions

VIr

TOPIC TECHNOLOGY SEGMENTS PROCESSES OTHER IDENTIFICATION TECH MOBILE

# of publications 869 151 105 442 1013 317 576 253 135 843
Institution Mobile augmented reality Spatial augmented reality Markerless augmented reality Recognition Tracking Rendering Location Projection Outlines Mobile device
National U. of Singapore 15% 1% 4% 23% 4% 13% 4% 3% 7 %
U. of Canterbury 26 % 2% 1% 7% 17 % 3% 3% 2% 1% 16 %
[Technische Universitat Miinchen 5% 4% 2% 3% 33% 5% 8% 1% 1% 3%
Graz U. of Tech. 28% 5% 2% 31% 12% 6% 1% 2% 32 %
Keio U. 6% 5% 1% 8% 26 % 1% 10% 10% 4% 8%
Beijing Inst. of Tech. 5% 5% 6% 6 % 469 7% 2% 5% 1%
U. of Tokyo 4% 7% 12% 7% 3% 12% 4%
Korea Inst. of Sci. and Tech. 26 % 4% 7% 16 % 26 % 3% 12 % 1% 5% 37 %)
U. of South Australia 20% 32% 2% 14 % 6% 9% 3% 2% 8 %
Osaka U. 5% 2% 3% 12% 5% 14 % 14 % 8% 3%
GIST 16 % 3% 12% 28% 5% 3% 2% 16 %
Georgia Inst. of Tech. 15% 4% 4% 17 % 10% 6% 6 % 2% 10 %
Nara Inst. of Sci. and Tech. 6 % 13 % 4% 19% 2% 8% 8 %)
Columbia U. 7% 2% 11% 15% 17% 7% 7% 7%
U. of California, Santa Barbara 20% 2% 7% 12 %1% 7% 17 % 20%
Hanyang U., Seoul 26 % 5% 8% 31% 10 % 5% 18 % 21 %
Zhejiang U. 5% 3% 3% 21% 13% 5% 3% 8% 3%
Siemens 3% 6 % 3% 25% 8% 8% 3% 3%
Huazhong U. of Sci. and Tech. 12% 6% 12 % 15 % [EEA 3% 15% 9%
Microsoft 26 % 3% 12% 29% 3% 6% 24 %
German Research Center for Artificial Intelligence 24 % 3% 15 % 24 % 3% 9% 18 %
Imperial College London 7 % As% 3% 3%
Shanghai U. 3% 10 % 31% 31% 17 % 3% 3% 3%
U. of Michigan 24% 10% 3% 24% 24 % 3% 7% 10 %
U. of Sydney 7% 3% 7% 3% 3% 3%
Aalto 36 % 7% 7% 18 % 21 %
Intel S 50% 4% 7% 14% 21% 4% |
lohns Hopkins U. 4% 4% 21% 7% 4 %
Lancaster U. 29 % 7% 7% 29% 7% 18 % 11 % 4% 29 %
Robarts Research Inst. 0% 4 % 4% 14 % 4%
VTT 25% 7% 4% 11% 4% 4% 4% 29 %)
U. of North Carolina, Chapel Hill 4% 4% 33% 11% 7 %
U. of Western Ontario 8 % A 4% 12 % 4%
Delft U. of Tech. 4% 20 % 4%
IBISC Laboratory - CNRS 32% 11% [ 58% 26% 11% 5 %
Samsung 35% 12 % 12 % 6 % 12 % 6 % 6 %
Tampere U. of Tech. . 56% 6% 19 % 19 % 13 % 6% 13 ‘V!

* Based on categorization in Frost & Sullivan’s Augmented Reality Briefing, February 2014. Terms gathered from publications’ abstracts



M % /4

Augmented reality technology broad research areas*
2006-2013: topic volume, relative growth rate & impact**

(number of citations)

g
s
A -
S
9 Tracking o
Q. ©
$
S z
o
N
m .
Established

Average for topics shown

Mobile augmented reality

Location

Recognition

Mobile device

Diminishing @
Projection

Markerless augmented
reality

Publications volume

o

Rendering
Spatial augmented reality

Outlines

Velocity

Emerging

** Size of bubble

Compound annual growth rate
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* Based on categorization in Frost & Sullivan’s Augmented Reality Briefing, February 2014. Terms gathered from publications’ abstracts



Application and
technology topics together



Application themes appearing in connection
technology topics: percentages of publications

VIr

—>
Technology

Tracking
Sensor
Geometry
Location
Recognition

Gesture recognition

Pose
Haptics
Object recognition

Position tracking

Markerless AR

Occlusion handling

Spatial augmented
reality

Sensor network
Face recognition

RFID

Tangible interface -

3% 6%

Application !.earn E'duca Na.lvig Surge 'Robot Mobil Game Indus Medi
ing  tion ation ry ics e s try cal
phon imagi
e ng
4% 3% 11% 8% 7% 7% 4% 5% 6%
4% 2%- 4% 10% 11% 3% 5% 3%
5% 5% 4% 6% 8% 1% 2% 5% 6%
9% 6% 1% 7% 12% 6% 1%
7% 5% 5% 4% 6% 13% 3% 2% 4%
7% 6% 5% 3% 6% 6% 5% 5% 3%
2% 1% 1% 3% 8% 4%
2% 1% 9% 2% 1% 7% 2% 4% 3%
5% 6% 6%- 9% 1% 1% 4% 4%
5% 1% 6% 5% 5% 6% 2% 2% 2%
5% 2%- 6% 8% 8% 2% 7% 7%
12% 4% 4% 1% 5% 6% 1% 3% 4%
1% 1% 9% 4% 4% 1% 6% 1%
3% 2% 2% 10% 2% 8% 13% 3%
2% 9% 13% 9% -
5% 5% 8% - 8% 8%

12%

Medi
cal
applic
ations

4%
4%
4%
1%
3%
3%
2%

2%

2%
2%
2%

7%

2%
4%

8%

Traini Buildi Tomo Urba Patie Const Vehicl Cultur Wear Endos Healt Auto Lapar Muse Manu Social Com
factur netw merc

ng

3%

3%

2%

2%

4%

3%

2%

2%

10%

2%

1%

1%

1%

2%

4%

11%

ngs

3%

5%

4%

7%

3%

1%

3%

3%

1%

2%

4%

3%

2%

13%

3%

graph n
y envir
onme

nts
2% 2%
5%
4% 3%
7%
2% 4%
1% 1%
4%
2% 3%
1% 1%
2% 3%
2% 4%
3% 5%
4%

3%

3%

nts

2%

2%

2%

1%

2%

1%

1%

4%

1%

1%

2%

2%

2%

ructio es

n

2%

1%

3%

4%

1%

1%

1%

1%

2%

1%

2%

3%

9%

3%

3%
3%
1%
3%
2%
2%
1%
3%
1%
4%

5%

2%

e

1%

1%

1%

2%

1%

1%

2%

1%

1%

2%

2%

2%

2%

able
devic
es

3%

3%

1%

2%

2%

9%

1%

1%

3%

2%

1%

1%

1%

2%

2%

5%

copy

3%

2%

1%

3%

2%

1%

2%

2%

3%

2%

1%

h
(care)

1%

4%

1%
2%

1%

1%

3%

1%

4%

mobil oscop ums

es

1%

2%

2%

1%

2%

1%

4%

1%

2%

2%

5%

y

1%

1%

1%

3%

1%

1%

1%

1%

2%

2%

1%

1%

1%

1%

1%

1%

2%

1%

2%

2%

e

1%

1%

2%

1%

1%

1%

2%

1%

2%

3%

3%

orkin e

8

2%

6%

1%

1%

1%

1%

5%

3%

1%

3%

1%

1%

1%

1%

2%

2%

1%

11%

Roads Video
and  strea
street ms
s
1% 2%
1% 1%
1%
1% 1%
1%
1%
1%
1% 1%
2%
1% 1%
4%
3%
2% 2%

Milita Eduta Touri Aged Diagn
ry inme sm perso ostics
applic nt ns

ations

1% 1% 1%

1% 1% 1%

1% 2%
1% 1%
1%

2%
1%
1% 1%

2% 1% 1%

2% 1%
1% 1%

2% 1%

4%

3% 3%
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Technology themes appearing in connection =~ WIr
application topics: percentages of publications

Tracking Sensor Geometry Location Recognition Gesture Tangible Pose Haptics Object Position  Markerles Occlusion Spatial Sensor Face RFID

TeChnOIOgy recognitio interface recognitio tracking sAR handling augmente network recognitio
Application —> n n d reality n
Learning \L 6% 3% 2% 4% 3% 2% 5% 1% 1% 1% 1% 2% 1%
Education 4% 2% 2% 3% 3% 2% 6 % 2% 1%
Navigation % 17% 3% 11% 3% 2% 1% 4% 2% 2% 5% 1% 2% 1% 1% 1%
Surgery 15% 4% 4% 1% 2% 2% 1% 8% 2% 2% 1%
Robotics 14 % 9% 5% 4% 4% 3% 1% 5% 4% 2% 3% 1% 1% 2% 2%
Mobile phone 15% 12% 1% 12% 9% 3% 2% 3% 0% 2% 3% 2% 1% 2% 1%
Games 9% 3% 2% 9% 2% 3% 4% 1% 1% 1% 1% 2% 2%
Industry 12% 6 % 4% 5% 2% 3% 2% 2% 2% 1% 3% 1% 2% 3% 3% 1% 1%
Medical imaging O 18% 4% 6% 1% 4% 2% 2% 2% 1% 4% 2% 1% 1%
Medical applications 14 % 7% 4% 1% 3% 3% 2% 1% 11% 1% 1% 1% 3% 1% 1%
Training 10% 6 % 2% 3% 5% 3% 2% 2% 8% 2% 1% 1% 1% 1% 1% 2%
Buildings 15% 12% 6 % 11% 5% 1% 3% 3% 1% 2% 3% 2% 1% 4% 1%
Tomography 10% 1% 8% 1% 4% 1% 2% 1% 1% 2% 2% 1%
Urban environments 13% 13% 5% 12% 8% 2% 5% 5% 1% 3% 4% 4% 2% 1%
Patients 12% 6 % 3% 1% 2% 2% 2% 1% 6 % 1% 1% 2% 1% 1%
Construction 12% 3% 7% 9% 2% 1% 1% 1% 2% 1% 2% 2% 3% 1%
Vehicles O 19% 10% 2% 7% 4% 4% 1% 5% 1% 4% 6% 2%
Culture 5% 5% 3% 1% 4% 1% 1% 4% 2% 1% 2% 2% 2% 1%
Wearable devices O 20% 10% 3% 5% 5% 15% 2% 2% 4% 3% 1% 1% 1% 1% 1% 2%
Endoscopy 5% 6% 2% 7% 4% 2% 3% 3% 4% 2% 1%
Health (care) 4% 15% 1% 2% 4% 1% 1% 4% 1% 2%
[Automobiles 10% 7% 1% 5% 2% 5% 2% 8% 2% 3% 3% 3%
Laparoscopy 13% 2% 2% 5% 1% 1% 1%
Museums 13% 1% 1% 6 % 6 % 1% 3% 1% 3% 1% 1% 3% 1% 1% 1%
Manufacture 6 % 3% 9% 3% 1% 1% 1% 3% 1% 1% 1% 1%
Social networking 4% 12% 1% 2% 3% 1% 1% 3% 3% 1%
Commerce 11% 2% 13% 5% 3% 2% 2% 5% 3% 2% 7%
Roads and streets 7% 5% 2% 5% 2% 2% 2% 2%
Video streams . 25% 9% 5% 4% 5% 2% 4% 4% 2% 7% 4% 2%
Military applications 6% 7% 2% 5% 7% 5% 5% 5% 7% 5% 2% 5% 5% 2%
Edutainment 11% 5% 3% 3% 11% 3%
[Tourism 5% 5% 11% 3% 3% 3%
[Aged persons 6% 3% 3% 3%

Diagnostics 13% 6 % 3% 3%

I



VTT and global top 20 research institutions vIir
compared: correlations* of research profiles

National U. U. of TU Graz U. Keio U. Beijing U.of Korea U.of Osaka GIST Georgia Nara Columbi U. of Hanyan Zhejian Siemen Huazho Microso VTT
of Canterb Miinche of Tech. Inst. of Tokyo KIST South U. Inst. of Inst.of aU. Californ guU., gu. s ng U. of ft
Institution Singapore ury n Tech. Australi Tech.  Sci. and ia, Seoul Sci. and
Tech. Santa Tech.
Publicat. Barbara
100 National U. of

0,38
0,16

0,25
0,41
_
0,26
0,22
0,23
e

Singapore
100U. of Canterbury
98TU Miinchen o2t

041 Y
93 Graz U. of Tech. . 058 041 0,15 022 024
93Keio U. 0,24 031 031
-- 023 025 0,25

83 Beijing Inst. of Tech.

75U. of Tokyo 015 024 023 0,24
73 Korea KIST o050 o062 o308 07 o055 023 020 032 048
66 U. of South Australia 025 0,16 022 031 025 0,23 ] 0,17 023 024
59 0saka U. "~ 054 024 031 025 057 0,20 0,16 0,46

58GIST - 034 0,16 043 046

52 Georgia Inst. of Tech. 0,17 0,43 0,26

48 Nara Inst. of Sci. and
Tech.

46 Columbia U. 0,25 0,25 0,16 0,20

41 V. of California, Santa

0,16 0,41 0,28

0,18 0,47 --

0,16

a
0,21 046 0,29
0,35

0,23
0,35
0,26

0,45

0,22

oI
w
B

0,21

0,46 ~ osio7s s

0,38 034 021

o,zo- 0,43

0,16 0,30

023 035 026 0,32

0:

0,46 0,46 0,26 0,37

0,27 0,27 0,29

22 0,17

Barbara 0,23 0,19. 0,47
39 Hanyang U., Seoul 0,23 024 018 048 0,19 0,38
38 Zhejiang U. 044 034 046 038 037 0,44 039 0,19
36Siemens 6 021 0250008 051 0,20 0,19
34 Huazhong U. of Sci. and .. - - -

Tech. 0,23 0,19
34 Microsoft 052 o021 034 043 049
28VTT 026 022 0,22 0,21 047 038 019

* Based on cross-correlation with both application and technology oriented topics in publications, max corr. = 1, correlation level indicated by the colour
20



?University of Michigan |

Correlation* map of organisati Tome Fopiis Univera

Robarts Research Institute |

* Organisations (37) cross-correlated with both University of Western Ontario |
major technology and application topics (65). Osaka University
Proximif[y of institutions indicate relati_vely close imperial College London
correlation of research contents, particularly strong
similarity indicated with a line (& thickness). University of Tokyo
Siemens

Technische Universitit Miinchen |

Shanghai University

University of North Carolina, Chapel Hill |

Huazhong University of Science and Technology

Nara Institute of Science and Technology

% ™
Beijing Institute of Technology
IBISC Laboratory - CNRS

Zhejiang University |

Natienal University of Singapore |

Keio University

University of California, Santa Barbara

Hanyang University, Seoul |

Columbia University |

Korea Institute of Science and Technology

Lancaster University

GIST

Graz University of Techneclogy
Intel

Microsoft

University of Canterbury

Tampere University of Technology

German Research Center for Artificial Intelligence |

Georgia Institute of Technology |

? University of Sydney |

? University of South Australia |

Samsung

VTT

Delft University of Technology |




Companies
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Percentages of publications in different application
topics: top global companies & Finnish organisations

VIr

Learning Educati Navig Surge Robo Mobi Gam

Indus Medi Medi Traini Buildi Tomo Urba Patie Const Vehic Wear Healt Auto Lapar Muse Man Socia Com Road Vide Touri Aged Diagn

TOpiC on ation ry tics le es try cal ngs grap n nts ructi les able mobil osco ums ufact | merc sand o sm  perso ostics
phon imagi appli hy envir on devic (care) es py ure netw e stree strea ns
catio onm es orkin ts ms
publicat. COMpany ns ents g
36 Siemens 14% 3% 19% 22% 8% 3% 6%- 6% 3% 17 % 3% 3% 3% 3% 3% 3% 1% 6%
34 Microsoft 0% 3% 3% 6% 3% 6% 6% 3% 6% 3% 3%
28 Aalto 18% 7% 7% 7% 4% 4% 4% 4% 7% 4% 4%
28 Intel 4% 11% 4% 7 % 7% 7% 7% 4% 4% 7% 4%
28VTT 18% 18% 4% 4% 4% 7% 4% 4% 7%
17 Samsung 6% 12% 6% 18% 12% 6 % 12% 6%
Tampere U. of

16 Tech. 6 % 13 % 6 % 6 % 6 %
14 Deutsche Telekom - 7% 7%
13 Metaio GmbH 8% 23 % 8% 8%
11 Dai Nippon Printing 18%
10 Volkswagen 20% 10 % 30%

7 Google Inc. 14% 14% 29% 14 % 14 %

7 Toshiba 14 % 29%

6 Adobe Systems 17 % -
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Percentages of publications in different technology

VIr

topics: top global companies & Finnish organisations

Company
Siemens
Microsoft
Aalto

Intel

VTT

Samsung

Deutsche Telekom

Tampere U. of Tech.

Topic Tracking Molj)ile
device

17 % 3%

26% 24 %

11 % 14 %

25% 32%

11 % 11 %

6% 41%

19% 13%

7o« S

Metaio GmbH 8%
Dai Nippon Printing 18 % 9%
Volkswagen

Google Inc. 29%

Toshiba 14%

Adobe Systems - 17 %

Sensor

Mobile
phone
6 %
15 % 6%
4% 7%
25%
4% 18 %
18 % 6 %
13% 6 %
75
31%
14 % 14 %
29%

Navigati Geometr Location Recognit Gesture Tangible Pose
recogniti interface

on

17 %

3%

11%

6 %

8%

14 %
17%

Y

6 %
3%
4%

7%

8%

20%

14 %
17 %

3%
3%
11%
7%
4%
6%
6 %

14 %

ion

6 %
11%

11%

6 %

6 %

14 %

18 %

14 %

on

3%

9%

7%

11%

6 %

29 %

8%

6% 9%

4%

4%

23%

9%

14 %

17%

Haptics

3%

4%

Object
recogniti tracking

on

6 %

7%

6 %

6 %

31%

Position GPS

3%

6 %

6 %

15%

9%

14 %
17 %

Markerl
ess AR

6 % 3%

4%
7%
12 %

6 %

8%

9%

Occlusio Spatial

Sensor  Face RFID

augment network recogniti

handling ed on

reality

3% 9%

7 %

7%

12%

7% 7%

20%

3%
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Percentages of publications in different broad

research areas*: top companies

VIr

Topic OTHER IDENTIFICATION
TECHNOLOGY SEGMENTS PROCESSES TECHNOLOGY MOBILE

Company Mobile augmented reality Spatial augmented reality Markerless augmented reality Recognition Tracking Rendering Location Projection Outlines Mobile device
Siemens 3% 6 % 3% 25% 8 % 8 % 3% 3%
Microsoft 26 % 3% 12% 29% 3% 6 % 24 %
Intel 50 % 4 % 7% 14 % 21% 4% 46 %
Samsung 35% 12% 12% 6 % 12 % 6 % 6 % 41 %
Deutsche Telekom _ 7 % 29 % 14 % 43 %
Metaio GmbH 8% 8% 8 %- 15 % 23 % 8 %
Dai Nippon Printing 9 % 9 % 9% 36% 9 %
Volkswagen 30 % 20 % 10 % 10 % 40 %
Google Inc. 29% 14 % 14 % 14 % 14 %
Toshiba 14 %
/Adobe Systems 50 % 17 % 17 %

* Based on categorization in Frost & Sullivan’s Augmented Reality Briefing, February 2014. Terms gathered from publications’ abstracts
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Most common non-generic research topics
2014: co-occurences Iin publications

VIr

Publica Topic

52Learning -
Education
48 Mobile AR

47 Mobile device
46User interface

41Recognition -
Detection
30Tracking

28 Modeling
27Camera
26Surgery
23Simulation
22Location

22 Medical app.
22 Navigation
21Games

20Head mounted
display
19Robots

17 Algorithm
15Culture
14Industry
133D Graphics

13Wearable
devices
10Calibration

10Social
networking
9Sensors

Learning -
Education Mobile AR

[ A N BN OB

PN W B

S A 1N

Mobile
device

9

N U1, W w »~ 00

N =B N =N

User Recognition -

interface Detection

W N RN R R, WU -

S

Head
Model Cam Surg Simula Locat Medical Naviga
Tracking ing era ery tion ion applications tion Games display

2 3 3 4 2 4 2 6

6 5 8 3 1 3 5 5

7 8 4 3 3 4 1 5 2

9 1 5 3 1 1 2 1 2 3
7 4 1 1 3 3

7 1 2 5 1
3 3 2

4 8 3 6 1 2 4

6 2 1 8 4

1 2 1 2 4 1

3 2 1 1 6 2

1 8 4 1 1

3 5 4 4 1 6 1

3 1 2

5 1 2 1

4 1 3 4 2 3 2 3
2 2 3 2 2 1 1 2 2
1 1 3

2 1 1 2 1 2

1 1 1 1 1 1 1

4 1 1 2 1
2 6 3 2 1

2 1 5 3 1
2 2 1

[N

w N W N bR W

, NN S

N N P P N N W NN NN

ure try

3
5

N N BN

N

3D

cs

[ = S S =

mounted Rob Algori Cult IndusGraphi Wearable Calibra Social
ots thm

devices tion networking

1 1
1
1 1
6 1 1
4 2 2
2 1
1 6
3
1 5
2 2
1 3
1 1
7 2
1
2
3
1 1
1

Sens
ors

[ VR
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Most active institutions* 2014 with percentages” w7r
of publications on different research topics

Mobile Recogni Head
TOpiC augmen User tion- Medical mounte 3D Wearab Social
. . Learning - ted Mobile interfac Detecti Trackin Modeli Simulat Locatio applicat Navigat d Algorith Industr Graphic le Calibrat networ
Publicationslnsntuuon Education reality device e on g ng Camera Surgery ion n ions ion Games display Robots m Culture y S devices ion king Sensors

7 Graz U. of
Technology 29% 29% 14 % 29 % 14% 43 % 14 % 14 % 14 % 14 %

7 KIST Korea 29% 14% 14% 29% 29% 14% 14 % 43 % 14 % 43 %
7TU Miinchen 14 % 29 % 14 % 29 % 43% 29% 14 % 29% 14 %

6 National U. of
Singapore 17% 17% 17% 33% 17%

5Imperial College
London 40 % 20 % 40 % 40 % 20 %

5 Nati. Taiwan U. of
Sci. and Tech. 20% 20% 20%

5TU Kosice 20% 20% 20% 40 % 20% 20% 60 %

5U. of lllinois,
Champaign-
Urbana 20 % 20 % 20 % 20 % 20 % 20 %

4 Children's Nat.
Medical C.,
Washington, DC 25% 25%

4 Georgia Institute
of Technology 259 259 259

4 Keio University 50 % 25% 25% 25% 25% 25% 25 % 25%

4Kyung Hee U.,
Seoul 25% 25% 50 % 25 %

4 Microsoft 25 % 25 % 25 % 25 % 25 % 25 % 25 %

4 Mississippi State
u. 25% 50 % 50 %

4 National Taiwan -
Normal U. 25 % 50 % 25 % 25 %

40saka U. 25% 25% 50% 25% 25%

4RWTH Aachen 50 % 25% 25% 25% 25% 25%

4. of California,
Santa Barbara 25% 25% 50% 25% 50% 25% 25% 25%

4U. of Tokyo 25% 25% 50% 25% 25% 25% 25% 25% 25%

4U. of Washington 25% 25% 25% 25% 50 % -

4 Xinxiang U. 50% 50% 25% 25 %

28
* Minimum 4 publ.






