BlendPCR
Seamless and Efficient Rendering of Dynamic Point
Clouds captured by Multiple RGB-D Cameras

Andre Muhlenbrock*, Rene Weller and Gabriel Zachmann

Computer Graphics and Virtual Reality Research Lab (CGVR), University of Bremen

ICAT-EGVE 2024, 1-3 December 2024, Tsukuba, Japan



@ Motivation

* Rendering dynamic point cloud is crucial for

many VR and XR applications, e.g.:

* Telepresence

 Point cloud avatars

e XR telemedicine

* Performance capture and live performances

* In general: Visualization of dynamic RGB-D data
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@ Motivation

* Multiple RGB-D cameras are often used to capture a scene more

completely
Rt
Camera 1 Camera 2
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@ Problem

* However, rendering point clouds by multiple RGB-D cameras

currently leads to visible artifacts which we call seam-flickering
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Uniform Splatting Separate Meshes
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https://cgvr.cs.uni-bremen.de/papers/icategve24/videos/S13_Cardtrick_Intro.mp4
https://cgvr.cs.uni-bremen.de/papers/icategve24/videos/S13_Cardtrick_Intro.mp4

Y Problem g

* Seam-flickering also occurs in leading-edge rendering techniques

* Due to (a) different specular reflections, (b) white balance and

(¢) slightly different color gamuts of each camera

Apple Machine Learning Research based on Gaussian Splatting
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U Method

* BlendPCR

* A two-step approach to render dynamic point clouds

* Step 1: Create separate surfaces for each camera and render

them to individual framebuffers

* Step 2: Selectively blend these individual framebuffers

U This avoids seams and seam-flickering

Motivation Problem Method Results Conclusion Future Work



@ Method

Step 1: Render Separate Continuous Surfaces

Surface 1 Surface 2
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@ Method

"

Step 1: Create Separate Continuous Surfaces

a) Create a mesh in naive order of the depth image

* High precision & very performant

Depth image Naive order mesh Naive order mesh
(disjoined)
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@ Method

Step 1: Create Separate Continuous Surfaces

a) Create a mesh in naive order of the depth image

* High precision & very performant

b) Smooth edges via Moving Least Squares filter

* To reduce sharp edges and noise
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LUJ Method

Step 1: Create Separate Continuous Surfaces

a) Create a mesh in naive order of the depth image

* High precision & very performant

b) Smooth edges via Moving Least Squares filter

* To reduce sharp edges and noise
c) Estimate surface normal

* Using Cholesky decomposition [1]

[1] ]. Klein, G. Zachmann, "Proximity Graphs for Defining Surfaces over Point Clouds," SPBG 2004.
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@ Method

Step 1: Create Separate Continuous Surfaces

d) Estimate Accuracy for each vertex, based on:

e Distance to camera
e Surface normal

* Proximity to the edge
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@ Method

Step 1: Create Separate Continuous Surfaces

d) Estimate Accuracy for each vertex, based on:

e Distance to camera
e Surface normal

* Proximity to the edge

e) Render to individual framebuffer
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@ Method

Step 2: Selectively blend Separate Surtaces

Camera 1 Camera 2 Blended
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@ Method

Step 2: Selectively blend separate surtaces

a) Choose the major camera based on

Cam 2

estimated accuracy
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LUJ Method

Step 2: Selectively blend separate surtaces

a) Choose the major camera based on

estimated accuracy

b) Calculate camera weights in screen space

U For seamless transitions
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@ Method

Step 2: Selectively blend separate surtaces

a) Choose the major camera based on

estimated accuracy
b) Calculate camera weights in screen space
U For seamless transitions

C) Blend separate meshes based on (b)

U Prevents seam-flickering, only draws the information

with the highest accuracy, and no blurring
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Overview of our Pipeline

Passes on Structured Point Clouds

Rendering

’ EEEEEER ’
RGB-D Sensor 1 -
0
'4;3 Rejection Edge Prox. MLS
Q
- e
Q
' EEEEEEN ’
RGB-D Sensor 2 =
o — ,
O Rejection Edge Prox. MLS Normal Est. Quality Est.
=
O
o
’ EEEEEEN *
RGB-D Sensor 3
Rejection Edge Prox. MLS
| L I . | ,
Remove Vertices Smooth edges of Used as factor Used in major
with large edees separate meshes In aualitv est. cam estimate
Motivation Problem Method

Render 3D meshes
to separate FBO's

Results

Screen Space Passes
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\Y High Resolution (HR) Encoding

Further improving quality
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\Y High Resolution (HR) Encoding S

* When working with RGB-D cameras

* Depth image can be mapped onto the

color image

U Point Cloud gets huge; bad for performance 2048 x 1536 2048 x 1536

* Colorimage can be mapped onto the

depth image

-y g \ 4 R/ |

U Color resolution is (significantly) reduced : ~
640 x 576 640 x 576

2048 x 1536
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\Y High Resolution (HR) Encoding

* Texture mapping

* Using high resolution color image as texture
use as

for low resolution point cloud texture

U Is not a problem, since we work with meshes

2048 x 1536

A But how to get the UV coordinates?
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\Y High Resolution (HR) Encoding

e Obtain UV coordinates:

o
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2048 x 1536
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640 x 576
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