
(12) United States Patent 
Aguilera et al. 

US008705892B2 

US 8,705,892 B2 
Apr. 22, 2014 

(10) Patent N0.: 
(45) Date of Patent: 

(54) GENERATING THREE-DIMENSIONAL 

(75) 

(73) 

(*) 

(21) 

(22) 

(65) 

(60) 

(51) 

(52) 

(58) 

VIRTUAL TOURS FROM 
TWO-DIMENSIONAL IMAGES 

Inventors: Jaime Aguilera, San Sebastian (ES); 
Fernando Alonso, San Sebastian (ES); 
Juan Bautista Gomez, Barcelona (ES) 

Assignee: 

Notice: 

U.S.C. 154(b) by 288 days. 

App1.No.: 13/226,695 

Filed: Sep. 7, 2011 

Prior Publication Data 

US 2012/0099804 A1 Apr. 26, 2012 

Related US. Application Data 

Provisional application No. 61/406,940, ?led on Oct. 
26, 2010. 

Int. Cl. 
G06K 9/00 (2006.01) 
G06K 9/36 (2006.01) 
G06T 15/00 (2011.01) 
G09G 5/00 (2006.01) 
US. Cl. 
USPC .......... .. 382/285; 382/154; 345/419; 345/629 

Field of Classi?cation Search 
CPC ............................................ .. G06K 2009/2045 

USPC ....... .. 382/154, 174, 274, 284, 294, 2984300, 
382/303; 345/158, 419, 426, 629, 634 

See application ?le for complete search history. 

0 

3Ditize SL, San Sebastian (ES) 

Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 

(56) References Cited 

U.S. PATENT DOCUMENTS 

2006/0066612 A1 * 3/2006 Yang et al. .................. .. 345/419 
2010/0315412 A1 * 12/2010 Sinha et al. 345/419 
2012/0050525 A1 * 3/2012 Rinner et al. ............... .. 348/117 

OTHER PUBLICATIONS 

Uyttendaele, M.; Criminisi, Antonio; Sing Bing Kang; Winder, S.; 
Szeliski, R.; Hartley, R., “Image-based interactive exploration of 
real-world environments,” Computer Graphics and Applications, 
IEEE , v01. 24, N0. 3, pp. 52,63, May-Jun. 2004* 
Geng, Weidong et al., “Picture-Based Virtual Touring”, The Interna 
tional Journal ofVirtual Reality, v01. 4, N0. 3, 2000, pp. l-l3.* 
Qiushuang Zhang; Kan Zhao; Zhiqing Cao; Jiaoying Shi, “An ef? 
cient image-based virtual tour system,” Multi-Agent Security and 
Survivability, 2004 IEEE First Symposium on , v01., N0., pp. 
511,514, Dec. 18-20, 2004* 
Henrichsen, Arne, “3D Reconstruction and Camera Calibration from 
2D Images”, University of Cape Town, Dec. 2000, pp. l-109. 

(Continued) 
Primary Examiner * Andrae S Allison 

(74) Attorney, Agent, or Firm * Raubvogel Law O?ice 

(57) ABSTRACT 
Interactive three-dimensional (3 D) virtual tours are generated 
from ordinary two-dimensional (2D) still images such as 
photographs. Two or more 2D images are combined to form a 
3D scene, which de?nes a relationship among the 2D images 
in 3D space. 3D pipes connect the 2D images with one 
another according to de?ned spatial relationships and for 
guiding virtual camera movement from one image to the next. 
A user can then take a 3D virtual tour by traversing images 
within the 3D scene, for example by moving from one image 
to another, either in response to user input or automatically. In 
various embodiments, some or all of the 2D images can be 
selectively distorted to enhance the 3D effect, and thereby 
reinforce the impression that the user is moving within a 3D 
space. Transitions from one image to the next can take place 
automatically without requiring explicit user interaction. 

48 Claims, 49 Drawing Sheets 

103 

101 102 

102 



US 8,705,892 B2 
Page 2 

(56) References Cited 

OTHER PUBLICATIONS 

Cipolla, R., et al., “Camera Calibration From Vanishing Points in 
Images of Architectural Scenes”, University of Cambridge, Cam 
bridge, UK, 1999, pp. 382-391. 
Fangi, Gabriele, et al., “Photointerpretation and Small Scale 
Stereoplotting With Digitally Recti?ed Photographs With Geometri 
cal Constraints”, University of Ancona, Ancona, Italy, pp. 1-8, 2001. 

Guillou, E., et al., “Using Vanishing Points for Camera Calibration 
and Coarse 3D Reconstruction from a Single Image”, The Visual 

Computer, vol. 16, No. 7, 2000, pp. 396-410. 

Chen, Shenchang Eric, “QuickTime VRiAn Image-Based 
Approach to Virtual Environment Navigation”, SIGGRAPH ’95 Pro 
ceedings of the 22nd Annual Conference on Computer Graphics and 
Interactive Techniques, 1995, pp. 29-38. 

* cited by examiner 





US. Patent Apr. 22, 2014 Sheet 2 0f 49 US 8,705,892 B2 

201 
Fig. 2B 

(a) O O 

103 

303 

Fig. 3 



US. Patent Apr. 22, 2014 Sheet 3 0f 49 US 8,705,892 B2 

400 
Start 

401 
Define 3D pipe and 
guided camera 

movement along path 

Yes No 
402 

First pair of images? 

V V 

403 .. 4G5 . 

. . . Position front portal of pipe x 
Posrtion image 1 . . 

. relative to the camera wewport of 
relative to front portal . 

image x-l 

V V 

404 406 
Position image 2 Position image x relative to rear 

relative to rear portal portal of image x 

407 Yes 
Any more images? 

No 

408 
Pack clata into single 

?le 

v 

499 
End 

FIG. 4 



US. Patent Apr. 22, 2014 Sheet 4 0f 49 US 8,705,892 B2 

500 

Metadata 
- Number of images in) 
- Number 013D pipes (n-1) "/ 

510 

Data stream image 1 511 

Data stream image 2 --" 

Data stream image n 512 

Data stream pipe 1 __,_ 

Data stream pipe 2 

Data stream pipe n-1 

FIG. 5 



US. Patent Apr. 22, 2014 Sheet 5 0f 49 

601 
Decode 3D tour ?le 

V 

602 
Establish virtual camera 

V 

693 
Position camera at focal length of first image 

V 

604 
Display image from camera position 

l 
605 

De?ne degrees of freedom for camera 

V 

606 
> Receive user input to move camera (and/0r move 

camera automatically) 

as camera crossed front portal of a pipe? 

609 
Automatically move camera through pipe to its rear 

portal, displaying images from positions along the way 

No 

US 8,705,892 B2 

600 
Start 

N 
O 608 

Display image from new 
camera position 

610 
End of virtual tour? 

Yes 

FIG. 6 



US. Patent Apr. 22, 2014 Sheet 6 0f 49 US 8,705,892 B2 

700 

701 
Computing device 

. ‘ 803 

w ' Input device 
805 

830 ‘ Output device A 

User 810 \w/ 
710 

Processor Local storage 

812 
Memory 

581 
3D tour ?le 

711 
3D tour 
software 

FIG. 7 





US 8,705,892 B2 Sheet 8 0f 49 Apr. 22, 2014 US. Patent 

<0. .UE \1 H I 1 \ a I t i am“ 

EwEmu mom 

suc?mmn 

Eta Eoi SN .38 

mom 

m3 

Eta Ema NHN 



US. Patent Apr. 22, 2014 Sheet 9 0f 49 US 8,705,892 B2 



U S. Patent Apr. 22, 2014 Sheet 10 0f 49 US 8,705,892 B2 

\ FIG. 1GB 

\ 
\ 

\ nullll" Lmull“ / 41/ 
X/ 

/ 

7007 



US 8,705,892 B2 Sheet 11 0f 49 Apr. 22, 2014 US. Patent 

09 6E 



US 8,705,892 B2 Sheet 12 0f 49 Apr. 22, 2014 US. Patent 

Q9 GE 
WNE 



US. Patent Apr. 22, 2014 Sheet 13 0f 49 US 8,705,892 B2 

FIG. 11 
Transitions Templates 

ere ix Gag Appi tii?mmbdm 
Most common A 

46? Walk Forward 

60' Left 
Turn 90' Left 

[—3—jS Movement 
@ Right Movement 

#3 Strong Right Movement M\\\ 7707 
“1% Left Movement 
? Strong Left Movement 

Ei? Panoramics 
@ Rotation 30' Right 
—@ Rotation 45’ Right 
—@ Rotation 60‘ Right 
—@ Rotation 30’ Left 

if? 
—@ Turn 
? Turn 45' Left 
? Turn 

—@ Upstairs 
—@ Normal Upstairs 
@ Strong Upstairs 
—@ Downstairs 
—@ Normal Downstairs 
—@ Strong Downstairs 



US 8,705,892 B2 Sheet 14 0f 49 Apr. 22, 2014 US. Patent 



US 8,705,892 B2 Sheet 15 0f 49 Apr. 22, 2014 US. Patent 

mm“ GI 

95m Sum kmg 
\at)‘ 

Q5», 
“Uth 

QNE 

QWE 

A lig 

mME 5% 

w < 

mNE 

f 
k 



US. Patent Apr. 22, 2014 Sheet 16 0f 49 US 8,705,892 B2 

FIG. 120 

9070 

272 
J 

7 050 

277 



US. Patent Apr. 22, 2014 Sheet 17 0f 49 US 8,705,892 B2 

FIG. 120 



US. Patent Apr. 22, 2014 Sheet 18 0f 49 US 8,705,892 B2 

FIG. 12E 

E 

7 035 


































































































