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INSTITUT DE MICROTECHNIQUE UNIVERSITE DE NEUCHATEL



Fusion of time of flight camera point clouds James Mure-Dubois, Heinz Hügli Institute of microtechnology, University of Neuchâtel



Summary Recent time of flight (TOF) cameras deliver range images (2.5D) in real-time, and can be considered as a significant improvement when compared to conventionnal (2D) cameras. However, the range map produced has only a limited extent, and suffers from occlusions. Employing a network of TOF cameras allows to extend the field of view, by combining cameras with parallel view axes. Additionally, data loss due to occlusion can be reduced when imaging the same scene from different viewpoints. Since the spatial resolution of current cameras is limited, photogrammetric calibration method known for conventionnal camera networks provide poor results. This poster presents a new calibration method specially designed for TOF cameras. The calibration is based on matching a simple geometric primitive in different images. The geometric primitive is extracted automatically through a RANSAC (RANdom SAmple Consensus) method. Once calibration is performed, the fusion of point clouds can take place in real-time (15fps).A first qualitative evaluation allowed to validate this calibration approach, which ouperforms photogrammetric calibration. A quantitative evaluatiom of calibration performance is actually in progress. Possible appications for networks of TOF cameras are security and access control systems.



Time of flight camera : Swissranger



3D point cloud S(i) = A(i) · eϕ(i) c · ϕ(i) r(i) = 4πf



TOF camera network



Each pixel of the depth map r (i, j) corresponds to a 3D point (x, y, z). f : camera  focal length, cx, cy : optical center position on sensor, dx,y : pixel pitch in direction x, y .



Simultaneous acquisition with many time of flight cameras. The field of view is extended. Data not measured due to occlusions can be recovered. Interference between devices must be avoided. Use different operation frequencies. Use coded, orthogonal periodic signals.



(j−cy )dy (i−cx)dx y = z · f f f z=r·q f 2+((i−cx)dx)2+((j−cy )dy )2



x=z·



The camera emits a sine signal, modulated at 20 MHz. Amplitude A and phase ϕ from the returning signal are measured. Phase differences give time of flight and distance r.



Field of view extension with 2 cameras operating at 20 MHz and 21 MHz. Color image



Amplitude image A (i, j)



Depth image r (i, j)



Calibration - Goal



Calibration - Photogrammetric approach



Considering 2 cameras C0 and C1, producing pouitn clouds P0 and P1. One linear transformation TC0,C1 expesses the coordinates transform between camera C0 and camera C1. Focal length is same for each camera, so magnification is fixed. TC0,C1 can be expressed as a combination of a translation T (displacement between the two camera centers) and a rotation R (rotation of the view axis).           Tx Rxx Rxy Rxz x1 x1 x0  y0  = TC ,C  y1  =  Ryx Ryy Ryz  ·  y1  +  Ty  0 1 z1 Tz z1 z0 Rzx Rzy Rzz



A known target is identified in a large number of image pairs. For each image, the pose of the target is estimated. Intrinsic camera parameters are evaluated ( focal length, optical center position, distortion). Extrinsic parameters are computed by minimizing the position difference for the target in all image pairs.



SR-3100 (sn : 097027) Parameter MESA calib. f [mm] 8.0 ±n.a. 8.04 ±0.23 cx 85.0 ±n.a. 83.5 ± 4.7 cy 76.7 ±n.a. 80.3 ± 5.4 SR-3000 (sn : 296012) Parameter MESA calib. f [mm] 8.0 ±n.a. 7.98 ±0.26 cx 95.1 ±n.a. 93.8 ± 5.2 cy 56.3 ±n.a. 51.6 ± 5.9



Calibration - Matching of geometric primitives



Results Qualitative evaluation : point cloud observation after fusion : Photogrammetry : Cam.0



Planar primitives are extracted with RANSAC algorithm



Geometric primitives :



Front view Amplitude



Depth



Cam. 0



Cam.1



C0 et C1



Cam. 1



Cam. 0



C0 et C1



Cam. 1



Side view Alignement of z axes Amplitude















 



















 







x0,n Rxx0 Rxy0 Rxz0 x0  y0,n  =  Ryx0 Ryy0 Ryz0  ·  y0  z0,n Rzx0 Rzy0 Rzz0 z0



Depth



Calibration employing geometric primitives is more reliable. Quantitative evaluation : measure the position difference for a point target :



x1,n Rxx1 Rxy1 Rxz1 x1  y1,n  =  Ryx1 Ryy1 Ryz1  ·  y1  z1,n Rzx1 Rzy1 Rzz1 z1



Manual matching of 10 control points to determine translation       x0,f x0,n Tx0  y0,f  =  y0,n  +  Ty0  z0,n Tz0 z0,f 























x1,f x1,n Tx1  y1,f  =  y1,n  +  Ty1  z1,n Tz1 z1,f



Station 1 2 3 4 5 6 Avg std ∆x [mm] +46.3 +70.2 +32.8 +56.7 +49.0 -09.6 +40.9 27.6 ∆y [mm] +65.2 +60.3 +61.9 +76.4 +39.0 +32.1 +55.8 16.8 ∆z [mm] +13.9 +02.1 +18.1 +20.4 +40.8 +64.4 +26.6 22.4 The accuracy of calibration using geometric primitives is in the order of 50 mm in each direction.



Conclusions For a TOF camera network, photogrammetric calibration fails due to the coarse sampling. A calibration method based on mathcing planar primitives obtained through a RANSAC algorithm allows to obtain a better quality fused point cloud. Then the field of view can be extended, and uncertainties caused to occlusions can be removed . Preliminary results indicate that the calibration accuracy is around 50 mm. Work is still in progress to validate this result on a larger panel of experimental situations. Further work should focus on extending the algorithm to global registratino of more than two cameras, in order to go beyond the pairwise registration presented here.While calibration is performed offline, combination of point clouds can be carried out in real time (15 − 20 fps). For two sensors, rendering of the fused cloud can also take place in real time. This may change in networks with a large number of cameras. Références [1] J. Mure-Dubois and H. Hügli. Merging of range images for inspection or safety applications. In Proc. SPIE 7066, 2008.



rue A.-L. Breguet, 2 CH-2000 Neuchatel, SUISSE



Tél : +41 32 718 34 57 Fax : +41 32 718 34 02



. www-imt.unine.ch/parlab [email protected]



























des documents recommandant







[image: alt]





Curriculum Vitae - James Mure-Dubois' homepage 

Setup of a blackbox testing solution. ... Research scientist in the Signal Processing unit Signal processing algorithms ... Intern in the system engineering department of the webcam division. ... Matlab, C, C++, Python, C#, Java, LabView.










 


[image: alt]





Curriculum Vitae - James Mure-Dubois' homepage 

Armed with experience in research and development projects management, I am looking for a ... Intern in the system engineering department of the webcam division. ... Scientific high school diploma ... Matlab, C, C++, Java, Python, LabView.










 


[image: alt]





Curriculum Vitae - James Mure-Dubois' homepage 

Intern in the system engineering department of the webcam division. Working ... processing systems with real-time requirements. .... automated micro-assembly.










 


[image: alt]





James 

DMaj7 GMaj7 C m7 5 Bm7 GMaj7 F m7 GMaj7 F m7. DMaj7. GMaj7 C m7 5 F 7 Bm7. GMaj7 F m7. GMaj7 F m7. GMaj7 A9sus4. DMaj7. GMaj7 A7. 1. DMaj7. 2.










 


[image: alt]





Curriculum Vitae - James Mure-Dubois' homepage 

Signal processing algorithms for radar data measured with embedded automo- tive sensors ... VTK, wxWidgets, OpenCV, Matrox MIL, FFTW, IDL, Qt. Languages.










 


[image: alt]





Curriculum Vitae - James Mure-Dubois' homepage 

Exploring algorithms for high dynamic range images. > Setup of a blackbox testing solution. > Embedded C, VisualDSP, C#, Python, Jira, C++, Matlab. Feb 2012 ...










 


[image: alt]





james bosworth 

3 sept. 2019 - Career Average. 77.67. Fall Tournament. 1st 2nd 3rd Total To Par Finish. Alex Lagowitz Memorial. 80 75 78 233 +17 T-72nd. Hartford Hawks ...










 


[image: alt]





FRANCINE JAMES 

Hauteur 174 Poitrine 79 Taille 61 Hanches 85 Chaussures 40 Cheveux Noirs Yeux Marrons. FRANCINE JAMES. Page 2. 9 bld de la madeleine 75001 Paris ...










 


[image: alt]





James Poulter 

Interac ve Producer, Unique The Produc on Company, December 07 ‐ Feb 08. I recently have been working with Unique to develop interac§ve content to ...










 


[image: alt]





francine james 

Page 1. Hauteur 174 Poitrine 79 Taille 61 Hanches 85 Chaussures 40 Cheveux Noirs Yeux Marrons. FRANCINE JAMES. Page 2. 9 bld de la madeleine 75001 Paris Tel: +33 1 53 45 13 13 Fax: +33 1 53 45 13 01 www.nextmanagement.com.










 


[image: alt]





James Joyce - ophrys ploton 

Jul 13, 2001 - The Best of English Literature, page 279, pages 314-315. Â© OPHRYSâ€”PLOTON ... some tips for where to begin reading Joyce. (Jorn Barger ...










 


[image: alt]





James Ensor, Les coquillages 

également appelée « époque rose », cette nature morte présente une composition triangulaire. Posés ça et là, des coquillages aux couleurs nacrées et aux formes ... châssis, Musée des Beaux-Arts de Liège, inv.n°BA.AMC. 05b. 1939. 21319. Historique : ?










 


[image: alt]





James Bond Sax Alto 

James Bond. Saxophone Alto. **. A{ A. @ @. A{ A. K. A A A. /*. A A. A AAA A A A A A. 8. AAAAAAAAA AAAAAAAAA AAAAAAAAA AAAAAAAAA. 12. A AAA A A A ...










 


[image: alt]





James Stamp Supplemental Studies 

(1873-1936) zu nennen, von vielen als Vater der amerikanischen Trompeten-Schule be- trachtet und der grossen Einfluss auf James. Stamp's Schaffen hatte.










 


[image: alt]





TELLO JAMES D APERY 

Be it known that I, TELLO JAMES D'APÃ‰RY, cured to the bottom of the sections of the top a citizen of the United States, and a resident and also by the rails 4 and ...










 


[image: alt]





Saint James Infirmary 

Saint James Infirmary. Am. Am E7. Am. I went down to St.James Infirmary. Dm E. Saw my baby there. Am. E7. Am D. She was stretched out on a long, white table.










 


[image: alt]





erica james seven great novels james erica dbid 26bv2i 












 


[image: alt]





Saint James' Episcopal Church 

GREAT [enclosed]. SWELL [enclosed]. PEDAL [enclosed]. 16 Violone *. 8 Geigen Diapason *. 32 Contra Violone *. 8 Open Diapason. 8 Rohrflute. 16 Principal *.










 


[image: alt]





James FR UK.p65 

quality, your PRESIDENT JAMES is a new step in personal ... tapping screws [2] provided (drilling diameter 3.2 mm). ..... respondant non Ã©quipÃ© d'un RF. GAIN.










 


[image: alt]





Cours & planning - Saint-James Bouliac 

verre de vin et un cafÃ©. Â« Cours Ã  ThÃ¨me Â». Maximum 12 personnes. 85 â‚¬ par personne. Le mercredi et le vendredi de 10h30 Ã  14h00. Le dimanche de 11h00 Ã  ...










 


[image: alt]





2016 Spencer James Nelson Memorial 

27 juin 2016 - 31 42 Conor McDonald. UAA. 1:31.29. 32 4 Garret Driller. MSU 1:31.76. 33 54 Tai Juneau .... CU. 27:12.0. 23. 9 130 Kevin Bolger. UU. 27:17.4. 10 126 Forrest Mahlen. MSU. 27:20.9. 22. 11 110 Petteri Vaherkoski. UNM. 27:24.4. 21. 12 115 










 


[image: alt]





araby dubliners james joyce pdf 

Are you search araby dubliners james joycePDF this Our Library Download File Free PDF Ebook. Thanks your visit fromaraby dubliners james joycePDF Ebook.










 


[image: alt]





Witchi - tie - to (James Pepper) 

Hey Ney, Hey Ney, No Way. F7M. C. Witchi-Tie-To, Gimee Rah, Whoa Rah Neeko, Whoa Rah Neeko,. Am. G. Hey Ney, Hey Ney, No Way. F G F G.










 


[image: alt]





James Mc GREW - Harpet .fr 

shades. Their youth, happy-go-lucky attitude, joviality, clumsiness, cunning spirit, their ... The descendants of these adventurers went back in time: it took them exactly 50 years to ... Harrison, Max Gibbs, Arthur R. Beach, Floyd M. Carl,. Frank T.










 














×
Report James Mure-Dubois, Heinz HÃ¼gli - James Mure-Dubois' homepage





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



