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A Study on Occlusion Estimation for Fast and High-Quality Rendering

of 3D Point Clouds Considering Density

MASAHIRO MORISHIMA! TAKEFUMI OGAWA?

Abstract: 3D point clouds are often used in applications that aim to visually reproduce the real world,
such as virtual tourism and telepresence. Many applications generate meshes from point clouds to render
high-quality surfaces, but these approaches require costly computation in preprocessing or manual param-
eter tuning. To achieve fast and high-quality rendering by directly using point clouds, methods have been
proposed to estimate the occluded points in screen space. However, it is necessary to adjust the parameter
according to the density of the points. In this paper, we studied an estimation method that does not depend

on adjustment according to the density by considering the local density of the points in screen space.
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Fig. 1 Overview of point cloud rendering by screen space operators.
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Fig. 2 Correcting neighborhood size using the median filter.
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*1 http://redwood-data.org/indoor_lidar_rghd/
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Fig. 3 Viewpoints (A, B) and objects focused on.
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Table 1 Scenes used in the experiment.
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A3 (A) EEmE @EREYD) + REE (G¥ED)

A4 (A) [EHEE (table) + BHEE (table M4V
)

)

)

)

)

) (A RERE (desk) + mEEE (desk BOM)

A6) (A)  EEE (desk) + K% (desk BUSL)

) (B) =EE

) (B) R

) (B) fEEFE (desk) + M (desk LAV)
) (B) @®E (desk) + KHE (desk L)

IZB$ % PSNR 2EH L7-.
4.2.2 XwPa L BEBEROIER

HELSOIER LAy a2 HWTHEHBENR A 71—
Y a YMEEERITV, ZOMRERMT 5 Z & T PSNR Ot
BT 2 EMEE{RE B U7z, PTREZRBR D 233 72 FLHE(]
BEENRT 272D TDLIICRy > aZERLT-.
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LT/ A XDRELTFEROFEEIT o2, Xy 2D
ik, 3D 7T —XRMEHD 4 75V TdH 2 Open3D][14]
12& D, ball pivoting algorithm (BPA) [15] Zi#fH 32 Z
¥ TfTo7-. BPA TEHENZ T X—RTHBR—)L
FtF p BEYNCEET 2REDNDH D, AT p AL
BTHEBORAy 224K, BYITHLEEZOND p
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HiznwX 5z L7-.

PRI RX— RFVEER T TG T E R VI, FIEHEI
kB Xy aDBERITo=. BIEDKEIZ, ST
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*2 https://www.cloudcompare.org/
*3  https://www.meshlab.net/
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AER TR I N TVWB R L, 295 TRrRIFIUDER
NTVRVERE LTI Lz, REBER € 1X 0.005
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DFBEICHEL, HETFEONERTICORN -T2 EX
55,

T/, AR TRIBRTFIEDORTIA—XE P =12 L1
2, ¥—> (Bl), (B3) Tk bhEMELGERIEONS
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4.5.2 7L—LL— O

Y=Y (A1) KBTI B 7L —aL— b, BETFIE (5
(p=1) 1% 209 FPS (Frames per second) TH D, RFE
187 FPS Th o7, AFHEDO 7L —21L — MIBHEF

(© 2022 Information Processing Society of Japan

Vo0l.2022-GN-115 No.3
Vol.2022-CDS-33 No.3
Vol.2022-DCC-30 No.3

2022/1/20
Bouchiba et al., 2018 proposed method
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B4 HFE >—ricBJ5% PSNR
Fig. 4 PSNR for each method and scene.
Bouchiba et al., 2018 proposed method
(Al) :- :._ X reference point (p'=1.2)
(A2) ;. B higher quality (> 0.2 dB)
(A3) [ W same quality
(A4) I _>._ lower quality (< 0.2 dB)
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aGn[ M | [ B 0000000 ]
@[ TN | [ s ]
@[ N | [ FIe
(20 I . 20
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P
5 HFIK, ¥—YIZBF 35 PSNR O
Fig. 5 Comparison of PSNR for each method and scene.
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Fig. 6 Comparison of the rendering results.

L.
Bouchiba et al.

EOBDOLDBET T2, k@i n—Fvz7IIC
X271 —L1L—bOUEREDVARETH D 2B ET
2y, TORERNZETHEEZLNS. 2L, &
EHE ORI Y, ATV XLDTRICEZ 7
L—AL—bOHREBORMIIHZ EZONS.



BIRLIEF R RRE
IPSJ SIG Technical Report

5. &HDOIC

AT, REOEEIOFEMERL VXY ¥ IFRI
BWT, HHOBEIIGURAT A —RHBEITS> Lk
(VYR U7 EOWERAIREL T 57280, HIfRZERIC
BRI BEERERB LA 7V —Y a VHEER TR
KU, BERIHMEL . FHEEEB T, BHFEFIETRS
A =R RAT o TR FARRE, 0%, £hllbo
B DFERNARTIEC L > TEONBIGED D 2 HHHER
XN, KAFEOEMEI RIS, —HT, BEHELIR
IEMETH % 2 2 IR T 2 ME QKT & o 7238 b il
AN, 5B, BEHEOREFEORMNREZELT,
B ORBICMOHOLTETH 5.

BEE AWIFEo—EE JSPS BHFE 19H04150 DRFFEEY
BICXBHDTHB. WXL LTHERET.

BE3

[1] Poux, F., Valembois, Q., Mattes, C., Kobbelt, L. and
Billen, R.: Initial User-Centered Design of a Virtual Re-
ality Heritage System: Applications for Digital Tourism,
Remote Sensing, Vol. 12, No. 16, p. 2583 (2020).

[2] Martin-Brualla, R., Pandey, R., Yang, S., Pidlypenskyi,
P., Taylor, J., Valentin, J., Khamis, S., Davidson, P.,
Tkach, A., Lincoln, P., Kowdle, A., Rhemann, C., Gold-
man, D. B., Keskin, C., Seitz, S., Izadi, S. and Fanello,
S.: LookinGood: Enhancing Performance Capture with
Real-Time Neural Re-Rendering, ACM Trans. Graph.,
Vol. 37, No. 6 (2018).

[3] Richardt, C., Tompkin, J. and Wetzstein, G.: Capture,
Reconstruction, and Representation of the Visual Real
World for Virtual Reality, Real VR-Immersive Digital
Reality, Springer, pp. 3-32 (2020).

[4]  Ponto, K. and Tredinnick, R.: High-Resolution Interac-
tive Immersive Renderings of Real-World Environments,
2020 IEEE Conference on Virtual Reality and 3D User
Interfaces Abstracts and Workshops (VRW), pp. 825—
826 (2020).

[5] Bouchiba, H., Deschaud, J.-E. and Goulette, F.: Raw
point cloud deferred shading through screen space pyra-
midal operators, Proceedings of the 39th Annual Euro-
pean Association for Computer Graphics Conference:
Short Papers, pp. 25-28 (2018).

[6] Bonatto, D., Rogge, S., Schenkel, A.; Ercek, R. and
Lafruit, G.: Explorations for real-time point cloud ren-
dering of natural scenes in virtual reality, 2016 Inter-
national Conference on 3D Imaging (IC3D), pp. 1-7
(2016).

(7] ARSIER, DR Z20TREE0 S - SR E R AT
LD7DDF 7N — a YHEEICE T 2 —15E], VR 20
#, Vol. 26, No. CS-1, pp. 1-6 (2021).

[8]  Virtanen, J.-P., Daniel, S., Turppa, T., Zhu, L., Julin,
A., Hyyppd, H. and Hyyppd, J.: Interactive dense
point clouds in a game engine, ISPRS Journal of Pho-
togrammetry and Remote Sensing, Vol. 163, pp. 375-389
(2020).

[9] Mekuria, R., Blom, K. and Cesar, P.: Design, implemen-
tation, and evaluation of a point cloud codec for tele-
immersive video, IEEE Transactions on Circuits and

(© 2022 Information Processing Society of Japan

[11]

[12]

[13]

[14]

[15]

Vo0l.2022-GN-115 No.3
Vo0l.2022-CDS-33 No.3
Vo0l.2022-DCC-30 No.3

2022/1/20

Systems for Video Technology, Vol. 27, No. 4, pp. 828—
842 (2017).

Zwicker, M., Pfister, H., Van Baar, J. and Gross, M.:
Surface splatting, Proceedings of the 28th annual confer-
ence on. Computer graphics and interactive techniques,
pp. 371-378 (2001).

Schiitz, M. and Wimmer, M.: High-quality point-based
rendering using fast single-pass interpolation, 2015 Dig-
ital Heritage, Vol. 1, pp. 369-372 (2015).

Pintus, R., Gobbetti, E. and Agus, M.: Real-time ren-
dering of massive unstructured raw point clouds using
screen-space operators, Proceedings of the 12th Interna-
tional conference on Virtual Reality, Archaeology and
Cultural Heritage, pp. 105-112 (2011).

Park, J., Zhou, Q.-Y. and Koltun, V.: Colored point
cloud registration revisited, Proceedings of the IEEE In-
ternational Conference on Computer Vision, pp. 143—
152 (2017).

Zhou, Q.-Y., Park, J. and Koltun, V.: Open3D: A Mod-
ern Library for 3D Data Processing, arXiv:1801.09847
(2018).

Bernardini, F., Mittleman, J., Rushmeier, H., Silva, C.
and Taubin, G.: The ball-pivoting algorithm for surface
reconstruction, IEEFE transactions on visualization and
computer graphics, Vol. 5, No. 4, pp. 349-359 (1999).



