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Abstract
Efficient rendering of dynamic point clouds from multiple RGB-D cameras is essential for a wide range of VR/AR applications.
In this work, we introduce and leverage two key parameters in a mesh-based rendering approach and conduct a systematic
study of their impact on the trade-off between rendering speed and perceptual quality. We show that both parameters enable
substantial performance improvements while causing only negligible visual degradation. Across four GPU generations and
multiple deployment scenarios, continuous dynamic point clouds from seven Microsoft Azure Kinects can achieve binocular
rendering at triple-digit frame rates, even on mid-range GPUs. Our results provide practical guidelines for balancing visual
fidelity and efficiency in real-time VR point cloud rendering, demonstrating that mesh-based approaches are a scalable and
versatile solution for applications ranging from consumer headsets to large-scale projection systems.

CCS Concepts
• Computing methodologies → Rendering; Virtual reality; Point-based models; Mesh geometry models;

1. Introduction

Efficient rendering of dynamic multi-view point clouds is cru-
cial for a wide range of applications, including VR telep-
resence [GCC∗20]—particularly in medical contexts [YGE∗21,
RYP∗21]—as well as performance capture [DKD∗16, DDF∗17]
and the visualization or collision detection of reconstructed
environments in VR [NIH∗11]. Numerous approaches for
real-time point cloud rendering have been explored, rang-
ing from point-based techniques such as 3D Gaussian Splat-
ting [KKLD23, HGSW24], to neural methods [CCR∗23], mesh-
based pipelines [MWZ24], and implicit surface representations
such as Moving Least Squares or TSDFs [DKD∗16, DDF∗17,
EWP∗23], which can either be raycast directly or converted into
explicit geometry via algorithms such as Marching Cubes. These
methods vary significantly in design, complicating systematic com-
parisons of their real-time performance and practical suitability.
Reported performance metrics are typically sparse, tied to specific
implementations, and rarely address the requirements of multi-view
XR rendering.

Although most techniques can be rendered in real time, many
require an offline reconstruction or optimization stage that is not
real-time capable. This limitation applies even to recent streamable
4D Gaussian Splatting approaches such as 3DGStream [SJL∗24],
HiCoM [GMW∗24], and IGS [YPW∗25], which require at least
several seconds per frame for reconstruction before enabling
real-time rendering. Reproducing highly optimized but closed-
source systems such as Microsoft Holoportation [OERF∗16], Fu-

sion4D [DKD∗16], or Motion2Fusion [DDF∗17] is similarly im-
practical. An alternative particularly well-suited for low-latency
capture with RGB-D cameras is BlendPCR [MWZ24], as it avoids
any training or reconstruction step prior to rendering.

Virtual reality imposes particularly high demands on frame rate:
maintaining 120 fps is essential to improve user performance and
to prevent simulator sickness [WSZ∗23]. Consequently, it is cru-
cial to investigate strategies for optimizing the efficiency of point
cloud rendering while preserving rendering quality. On high-end
hardware such as the NVIDIA GeForce RTX 4090, techniques like
BlendPCR [MWZ24] can achieve frame rates exceeding 120 fps
with seven RGB-D cameras in typical XR applications. However,
as VR headsets continue to increase in resolution, or when running
on mid-range hardware, or when substantial additional geometry
must be rendered, frame rates may fall significantly below 120 fps.

In this work, we extend BlendPCR by focusing on systematic
performance optimization and evaluation. Specifically, we demon-
strate that introducing and tuning two key parameters—the grid res-
olution of the individual meshes and the resolution of the screen-
space rendering passes—can lead to significant performance im-
provements while preserving perceptual quality. We benchmark
these optimizations across diverse deployment scenarios, includ-
ing VR headsets, CAVE systems, and projection mapping envi-
ronments. With our optimizations, BlendPCR enables real-time
multi-view fusion of seven RGB-D streams at triple-digit frame
rates for binocular rendering, even on mid-range GPUs, making
it highly suitable for many VR/AR applications. Moreover, high-
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end consumer GPUs are sufficient to support demanding CAVE and
projection-mapping scenarios in real time.

2. Method

Our implementation builds upon the publicly available BlendPCR
source code [MWZ24]. The original approach generates one mesh
per camera using the inherent topology of depth images, applies
edge smoothing, and blends all rendered meshes in screen space to
produce seamless transitions. For each fragment, the camera with
the smallest distance and a viewing direction most antiparallel to
the surface normal is primarily selected, while the blending region
is kept as small as possible to minimize blurring. For high per-
formance and compatibility, all processing steps are implemented
within GPU shaders.

In this paper, we contribute the following optimizations in order
to remove some significant bottlenecks:

1. Eliminating the geometry shader by moving per-triangle culling
to the vertex shader via instanced rendering,

2. Uploading 16-bit depth images instead of precomputed point
clouds to reduce bandwidth, and

3. Adjusting kernel parameters with no observable impact on vi-
sual quality.

Furthermore, we identified two key parameters that significantly
influence rendering performance while having only a minor effect
on perceived quality: (1) the grid resolution of the individually ren-
dered meshes (Section 2.1) and (2) the rendering resolution (Sec-
tion 2.2).

2.1. Parameter 1: Mesh Grid Resolution

The point cloud rendering technique BlendPCR builds on the idea
of Turk et al. [TL94] to reconstruct a mesh directly from the grid
structure of a depth image. Instead of being explicitly fused, the
meshes from individual cameras are blended and fused in screen
space, yielding significantly fewer artifacts in transition regions
while avoiding the computational overhead of mesh fusion.

When reconstructing the individual meshes, BlendPCR utilizes
the full resolution of the depth sensors, which is crucial for appli-
cations such as geometric correction in projection mapping, where
millimeter precision is required [MPS∗25]. However, for visual-
ization tasks, this resolution is often excessive, since the level
of detail can be enhanced through color textures. Prior volumet-
ric methods typically operate with voxel sizes between 4 mm and
20 mm [DKD∗16, EWP∗23]. In contrast, depth sensors often pro-
vide depth images with a higher lateral sampling density; however,
the effective spatial resolution is considerably lower, particularly
along the axial direction due to sensor noise, offsets and smoothing
by the camera itself.

To account for this, we subsample the vertices, e.g., using only
every second or third pixel (Fig. 3) during the individual screen
passes, while retaining the original texture resolution, edge dis-
tances, normals, and quality passes for the blending stage. This sub-
stantially reduces the vertex count of the individual meshes without
noticeably degrading visual fidelity (cf. Figures 1 and 2). We ex-
plored the possibility of applying dynamic tessellation along edges

(a) Full (2.58 M) (b) Half (0.65 M) (c) Third (0.29 M)

Figure 1: Comparison of grid resolutions on the CWIPC-SXR S13
Card Trick scene. Despite a drastic reduction in the number of ver-
tices, hardly any visual difference is noticeable. The top and middle
rows show cropped scenes focusing on the people, while the bottom
row shows the complete scene.

(a) Full (2.58 M) (b) Half (0.65 M) (c) Third (0.29 M)

Figure 2: Comparison of grid resolutions on the CWIPC-SXR S21
YMCA R14 scene. Visual differences are only slightly perceptible
at the boundaries and in noisy regions.

© 2025 The Author(s).
Proceedings published by Eurographics - The European Association for Computer Graphics.



Andre Muehlenbrock, Rene Weller and Gabriel Zachmann / Balancing Speed and Visual Fidelity of BlendPCR 3 of 6

Table 1: Scene clipped to a single full-body human. Average frame times (in ms) when rendering multiple views per frame at the full native
display resolution of different device specifications. Frame times were measured as frame-to-frame deltas within the overall application with
vertical synchronization (v-sync) disabled. The results include both screen-rendering passes and camera passes from seven simultaneously
operated Microsoft Azure Kinect cameras at 640 × 576 and 30 Hz. The RTX 2070 Super (M) refers to a mobile GPU tested in a laptop.

Resolution Views RTX 4090 RTX 3090 RTX 2060 Super RTX 2070 Super (M)

(per view) Third Half Full Third Half Full Third Half Full Third Half Full

HTC Vive Pro 1440×1600 2 2.1 2.7 5.2 2.4 3.0 6.6 3.5 4.0 7.1 6.2 6.7 10.5
Meta Quest 3 2064×2208 2 2.8 3.1 5.7 3.5 4.2 7.6 5.8 6.3 9.3 8.8 9.4 13.7
HTC Vive Pro 2 2448×2448 2 3.5 3.6 6.5 4.3 4.8 8.3 7.2 7.8 10.5 10.9 11.4 16.4
Apple Vision Pro 3660×3200 2 8.2 8.6 10.6 7.8 8.3 11.5 13.7 14.5 17.2 22.2 23.3 27.0

HTC Vive Pro ( 1
2 ) 720×800 2 1.6 2.1 4.6 1.7 2.4 5.8 1.9 2.4 5.6 4.6 5.2 8.5

Meta Quest 3 ( 1
2 ) 1032×1104 2 1.8 2.3 4.7 1.9 2.6 6.1 2.5 2.9 6.1 5.1 5.9 9.8

HTC Vive Pro 2 ( 1
2 ) 1224×1224 2 1.9 2.3 5.0 2.2 2.8 6.4 2.7 3.3 6.4 5.0 5.8 9.9

Apple Vision Pro ( 1
2 ) 1830×1600 2 2.3 2.8 5.4 2.7 3.4 6.9 4.1 4.7 7.8 6.8 7.4 11.6

UHD Screen 3840×2160 1 2.8 3.1 4.3 3.3 3.5 5.1 5.4 5.7 7.2 8.1 8.8 10.9
UHD Screen 3840×2160 3 6.7 7.4 11.0 8.5 9.4 14.3 15.4 16.1 20.4 20.0 21.3 27.0
UHD Screen 3840×2160 6 12.3 13.5 20.8 16.4 17.9 27.8 29.4 31.2 38.5 35.7 38.5 47.6
UHD Screen 3840×2160 10 20.0 21.7 33.3 26.3 29.4 43.5 47.6 50.0 62.5 52.6 55.6 71.4

FHD Screen 1920×1080 1 1.5 1.7 3.0 1.5 1.9 3.6 2.0 2.3 3.8 5.0 4.7 6.6
FHD Screen 1920×1080 3 2.7 3.4 7.1 3.2 4.3 9.5 5.0 5.9 10.4 7.6 8.5 15.6
FHD Screen 1920×1080 6 4.5 5.8 13.3 5.9 7.9 18.2 9.5 11.1 20.0 13.0 15.4 27.8
FHD Screen 1920×1080 10 6.8 8.9 21.7 9.5 12.7 29.4 15.4 18.2 33.3 19.6 23.3 41.7

Color legend: ≤ 8.3 ms (green), ≤ 11.1 ms (green-yellow), ≤ 33.3 ms (yellow), > 33.3 ms (orange).

(a) Depth Image (b) Full (2.58 M) (c) Half (0.65 M) (d) Third (0.29 M)

Figure 3: Illustration of the grid resolution for the individual
meshes. The seven Microsoft Azure Kinects produce 2.58 M vertices
at full resolution. Halving the resolution results in 0.65 M vertices,
while reducing to one-third yields 0.29 M vertices.

to further reduce visual differences. However, even inserting a triv-
ial tessellation or geometry shader into the pipeline—simply pass-
ing the data through—would already negate performance benefits.

2.2. Parameter 2: Rendering Resolution

High display resolutions in VR and AR setups can heavily impact
performance due to the increased fragment shading load. In con-
trast to games with high-fidelity textures, where downsampling vis-
ibly reduces image quality, point clouds from low-resolution sen-
sors are often oversampled. As an example, consider a depth sensor
capturing 640 horizontal pixels over a 75° horizontal FoV at a dis-
tance of 2 m. When viewed in VR from the same distance using
an HTC Vive Pro 2 (2448 horizontal pixels, 120° FoV), this corre-
sponds to approximately 8.5 rendered pixels per degree, or about
20 rendered pixels per input pixel along the horizontal flow. As the
virtual observer moves closer to scene objects, this oversampling
increases further.

A straightforward way to exploit this when rendering the point
cloud into the virtual environment is to render the point cloud in
a separate, lower-resolution FBO, using the same model-to-world
and view matrices, and then blit it into the high-resolution buffer of
the virtual world. We investigate this as a second option to improve
performance with only minor perceptual differences.

3. Evaluation

In this section, we assess the impact of the two parameters intro-
duced in the previous section using the Structural Similarity Index
(SSIM) relative to the original image (Section 3.1) and present a
comprehensive performance evaluation across a wide range of VR
and AR hardware configurations (Section 3.2).

3.1. Quality Comparison

To evaluate the influence of mesh grid resolution (Parameter 1) on
rendering quality, we computed the SSIM score across 660 ren-
derings of the CWIPC-SXR dataset [RAJ∗21], comparing different
grid resolutions against the original full-resolution rendering (see
Table 2). Overall, the SSIM values remain consistently high across
all renderings. Even using only every third vertex, perceptual qual-
ity remains very close to the full mesh (SSIM > 0.97, PSNR ≈ 31
dB). The most pronounced deviations occur in distant background
regions (e.g., walls), where lower grid resolutions lead to larger
holes, whereas differences around human subjects remain negligi-
ble. This effect is caused by the increasing grid-cell size of individ-
ual meshes with greater RGB-D camera distance. Since VR/AR ap-
plications commonly target human subject segmentation, and miss-

© 2025 The Author(s).
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(a) UHD (b) FHD (c) UHD (d) FHD

Figure 4: Visual comparison between native UHD resolution (a,c)
and half resolution, linearly upsampled to UHD (b,d), for an object
with an oversampled texture. Visible differences are minimal and
primarily confined to object boundaries. Pairs (a) and (b) exhibit
an SSIM of 0.975, while (c) and (d) exhibit an SSIM of 0.978.

Table 2: Quality scores comparing the half and third grid resolu-
tions to the full grid resolution. Reducing the grid resolution has
only a minor effect on perceptual fidelity. A total of n = 660 com-
parison images from two scenes were used, clipped and cropped
to include only the human subject. Values in parentheses indicate
standard deviations.

SSIM RMSE PSNR (dB)

Full 1.000 0.000 ∞
Half 0.982 (0.027) 5.8 (4.0) 33.8 (3.7)
Third 0.976 (0.016) 7.0 (2.2) 31.5 (2.0)

ing regions can be handled with hole-filling or inpainting methods,
this issue has only minor impact.

In addition, Figure 4 illustrates the effect of rendering resolution
(Parameter 2). Due to texture oversampling, rendering at a lower
resolution followed by linear upscaling results in only minor visi-
ble differences. This effect is distance-dependent, but oversampling
typically occurs at common viewing distances.

3.2. Performance Measurements

For performance evaluation, we benchmarked specifications of a
range of commonly used VR headsets, namely (a) HTC Vive Pro,
(b) Meta Quest 3, (c) HTC Vive Pro 2, and (d) Apple Vision Pro.

In addition to immersive head-mounted displays, point cloud
rendering is also relevant for dynamic projection-based setups,
e.g. [MPS∗25]. In these setups, the point cloud rendering implicitly
performs geometric correction, undistorting projections for specific
viewpoints. To evaluate this, we further benchmarked simultaneous
multi-view rendering with 1, 3, 6, and 10 screens, each tested at
both Full HD and UHD resolution. All benchmarks were conducted
using seven synchronized Microsoft Azure Kinects (640×576 at
30 Hz) as input and tested on four NVIDIA GPUs (RTX 4090, RTX
3090, RTX 2060 Super, and RTX 2070 Super (Mobile)). For each
configuration, we rendered a 5000-frame trajectory circling the hu-
man subject in the CWIPC-SXR dataset [RAJ∗21] and recorded
the average frame time. Results are reported for both a cropped
scenario containing only a single full-body human (see Table 1 and
Figure 5), and the full captured scene (see Appendix, Table 3).

Figure 5: Performance impact of reduced mesh and framebuffer
resolution in an HTC Vive Pro 2 full-body human rendering.

4. Conclusions

We presented performance optimizations and a systematic evalua-
tion of BlendPCR for low-latency rendering of dynamic multi-view
point clouds. In addition to lossless optimizations, the following
near-lossless adaptation enable substantial performance gains:

1. Finding the right frame buffer resolution: When using high-
resolution VR headsets, the RGB-D camera textures are fre-
quently oversampled beyond necessity, as these textures inher-
ently lack the resolution that modern VR headsets could pro-
vide, e.g., for recognizing text and fine details. In such cases, uti-
lizing the full framebuffer resolution for rendering point clouds
would not improve the image quality; consequently, reducing
frame buffer resolution leads to substantial performance im-
provements while not degrading image quality.

2. Mesh grid resolution: For human-centered recordings, the mesh
resolution can be decreased without noticeable degradation in
visual quality by retaining the full-resolution color textures.
Since depth maps—limited by sensor noise and preprocess-
ing—do not fully utilize their nominal spatial precision, this
trade-off yields significant computational benefits. For full-
scene reconstructions, however, slightly enlarged geometric
holes may occur and should be assessed on a case-by-case basis.

With these optimizations, performance improvements of up to
3–5× over the original BlendPCR implementation can be achieved,
enabling real-time operation even on mid-range GPUs. On high-
end GPUs, depending on configuration and hardware, frame rates
of up to 600 fps can be achieved for humans captured simultane-
ously with seven RGB-D cameras, without requiring any additional
reconstruction steps. Source code is available†.

Future work will aim to further reduce residual rendering arti-
facts—such as minor holes at lower grid resolutions—and to inte-
grate BlendPCR natively into established game engines.
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Table 3: Full scene comprising the human subject, surrounding walls, and floor. Average frame times (in ms) when rendering multiple views
per frame at the full native display resolution of different device specifications. Frame times were measured as frame-to-frame deltas within
the overall application with vertical synchronization (v-sync) disabled. The results include both screen-rendering passes and camera passes
from seven simultaneously operated Microsoft Azure Kinect cameras at 640 × 576 and 30 Hz. The RTX 2070 Super (M) refers to a mobile
GPU tested in a laptop.

Resolution Views RTX 4090 RTX 3090 RTX 2060 Super RTX 2070 Super (M)

(per view) Third Half Full Third Half Full Third Half Full Third Half Full

HTC Vive Pro 1440×1600 2 2.5 2.6 5.2 3.2 3.7 7.1 6.0 6.7 10.0 9.9 10.8 15.4
Meta Quest 3 2064×2208 2 3.6 4.1 6.3 5.1 5.6 8.7 10.5 11.2 14.9 16.1 16.9 21.7
HTC Vive Pro 2 2448×2448 2 5.1 5.3 9.6 6.5 6.8 9.7 13.3 13.9 17.9 21.3 22.2 27.0
Apple Vision Pro 3660×3200 2 11.5 11.9 13.7 11.6 12.3 15.2 27.8 29.4 32.3 43.5 43.5 47.6

HTC Vive Pro ( 1
2 ) 720×800 2 1.7 2.2 4.8 1.9 2.5 6.3 2.7 3.3 6.8 5.8 6.8 11.0

Meta Quest 3 ( 1
2 ) 1032×1104 2 1.9 2.4 4.9 2.3 2.9 6.6 3.7 4.5 7.9 7.1 7.6 12.5

HTC Vive Pro 2 ( 1
2 ) 1224×1224 2 2.1 2.6 5.1 2.6 3.2 6.9 4.5 5.2 8.6 7.8 8.8 13.7

Apple Vision Pro ( 1
2 ) 1830×1600 2 2.9 3.1 5.6 3.8 4.2 7.6 7.4 8.1 11.5 11.1 11.8 16.7

UHD Screen 3840×2160 1 3.9 4.0 4.9 4.8 5.1 6.5 10.1 10.4 12.3 14.9 15.9 17.5
UHD Screen 3840×2160 3 9.8 10.2 13.2 13.0 13.9 18.2 27.8 29.4 33.3 35.7 37.0 41.7
UHD Screen 3840×2160 6 18.5 19.6 24.4 25.0 27.0 34.5 50.0 52.6 58.8 58.8 62.5 71.4
UHD Screen 3840×2160 10 30.3 32.3 40.0 40.0 43.5 55.6 76.9 76.9 90.9 90.9 100.0 111.1

FHD Screen 1920×1080 1 1.7 2.0 3.2 1.9 2.2 3.9 3.2 3.6 5.3 6.1 6.5 8.7
FHD Screen 1920×1080 3 3.2 3.8 7.6 4.4 5.2 10.4 8.6 9.5 14.7 12.5 14.3 20.8
FHD Screen 1920×1080 6 5.5 6.6 14.1 8.2 9.8 20.0 16.4 18.2 28.6 22.7 25.0 37.0
FHD Screen 1920×1080 10 8.5 10.2 22.7 13.2 16.1 32.3 25.6 28.6 43.5 34.5 37.0 52.6

Color legend: ≤ 8.3 ms (green), ≤ 11.1 ms (green-yellow), ≤ 33.3 ms (yellow), > 33.3 ms (orange).
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