Accelerating path tracing rendering with Multi-GPU
in Blender cycles
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Abstract— Metaverse is one of the current hottest research
fields, which not only requires rendering techniques such as path
tracing but also rendering engines such as Blender. However,
rendering scenes by path tracing is a complex and computa-
tionally intensive process, especially for large scenes, causing
catastrophically slow rendering using only a single GPU.

To improve rendering performance, we use multiple GPUs to
achieve parallel rendering in Blender Cycles for path tracing.
First, we distribute the workload based on pixel blocks. Each
GPU renders one of the image fragments to finally combine the
rendering results into a complete image. Second, we propose
a Dynamic Workload Adjustment Algorithm (DWAA) to solve
the workload imbalance problem. DWAA takes advantage of the
fact that path tracing requires multiple samples, so it increases
or decreases the work area of each GPU for the next ray sample
according to the rendering time of each GPU’s last path-tracing
sample, which can reduce GPU idle time and improve overall
rendering performance.

To evaluate the Multi-GPUs rendering approach and DWAA,
we use two different scale scenes - Babershop and Junkshop,
and test them with different GPU clusters consisting of 2, 3,
and 4 NVIDIA A100 GPUs respectively. The results show that
compared to a single GPU, 2 GPUs can accelerate up to 1.98x,
3 GPUs up to 2.94x, and 4 GPUs up to 3.9x, which has high
scalability and the parallelism is close to linear increase.

Keywords— Multi-GPU, Rendering, Path-Tracing, Blender Cy-
cles, Performance Optimization.

I. INTRODUCTION

Scene rendering refers to the conversion of a description of a
3D scene or object into a visually realistic 2D image. It can be
used not only in animation, 3D movies, 3D games, and virtual
reality, but also in architectural visualization, medical imaging,
aerospace, and other engineering fields. For ray tracing render-
ing, each pixel of the image is emitted independently for light
propagation to obtain the final pixel color value, which has a
high degree of parallelism, but it is a computationally complex
and expensive task. Even if the GPU is used to perform the
rendering task, the rendering time is still very long, making it
difficult to meet the real-time requirements.To further improve
rendering performance, it is very necessary and important
to build distributed GPU rendering architectures. Moreover,
GPU clusters are increasingly explored and used in scientific
research and industrial markets [1]-[4], especially for deep

learning and 3D rendering where the efficient computation
of GPU clusters is highly needed. We therefore propose to
use multiple GPUs in Blender Cycles to render the modeled
3D scenes in parallel to proportionally speed up the whole
rendering process.

Blender is a very useful and mature 3D content creation
suite that is not only open source and cross-platform, but also
offers a wide range of essential tools including 3D modeling,
video editing, two built-in rendering engines for rendering -
Blender Internal and Blender Cycles [5], [6]. Blender Cycles
can use GPU rendering or CPU+ GPU hybrid rendering to
increase rendering efficiency. It also supports distributed ren-
dering for high performance computing, which is necessary
to utilize the computational resources of multiple GPUs to
improve rendering performance. So the Multi-GPU rendering
experiments in this paper are conducted in Blender Cycles
engine.

Unfortunately, workload imbalance is always a difficult
problem for GPU clusters [7]-[9]. An unreasonable work-
load allocation method can lead to low workload balancing,
resulting in a large number of idle GPU cycles and poor
GPU utilization, which further leads to overall performance
degradation. For Multi-GPU rendering, an image needs to be
divided into an equal number of image segments evenly by
the number of GPUs. Accordingly, each GPU is responsible
for rendering one of the image pixel fragments and storing
the rendering result into a buffer, and finally combining all
the pixel values in the buffer to get the final displayed image.

This distribution method can cause workload imbalance
easily, because even though each GPU renders an equally
sized image fragments, the amount of rendering tasks for each
rendering area cannot be determined, leading to a GPU that
has already completed its task waits for another GPU. To solve
this, we propose Dynamic Workload Adjustment Algorithm to
adjust the rendering tasks of each GPU so that the rendering
time of each GPU is as close as possible, thereby improving
the overall rendering performance. Specifically, taking 2 GPU
rendering as an example, it compares the rendering time of
the last path tracing sampling of the 2 GPUs. If the rendering
time of GPUO is longer than that of GPUI, it increases the



working area of the next ray sampling of GPU1, and vice versa
for GPUO.

To evaluate the multi-GPU rendering approach and Dynamic
Workload Adjustment Algorithm (DWAA), we use two scenes
of different sizes - Babershop and Junkshop, and test them with
different GPU clusters consisting of 2, 3, and 4 NVIDIA A100
GPUs respectively. The results show that for Junkshop scene,
the average speedup ratio is 1.91x for 2 GPUs, 2.81x for 3
GPUs, and 3.54x for 4 GPUs with DWWA compared to a
single GPU. Similarly, 2 GPUs can accelerate up to 1.98x, 3
GPUs up to 2.94x, and 4 GPUs up to 3.9x for Barbershop
scene, demonstrating the necessity of our method and its high
scalability. More importantly, the GPU rendering parallelism
is close to linear increase.

II. THEORETICAL KNOWLEDGE
A. The Rendering Equation

Kajiya established the theory of rendering equation in 1986
[10], which describes the relationship between the radiance
of a certain point on the surface of an object in a certain
direction and the brightness of the incident radiation after the
light energy transmission in the scene reaches a steady state.
It is based on the physics of light, and the law of conservation
of energy, which perfectly describes the propagation of light
energy through the scene. The famous algorithms for global
illumination, including Path Tracing [11], Metropolis Light
Transport [?], etc. are based on the rendering equations. The
mathematical representation of the rendering equation is as:
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where &, is direction of outgoing ray, oJ; is direction of
incident ray, €2 is the unit hemisphere in direction of normal
vector 7 centered at =, L,(x,d,) is spectral radiance emitted
by the source from point z in direction &,, L.(x,d,) is
spectral radiance emitted from point z in the direction of &,
if point = can be self-luminous, f,(z,d;,d,) is bidirectional
reflectance distribution function of the image (BRDF) in point
2 from direction &; to direction &J,, which determines the
material of the object, L;(z,d;) is spectral radiance coming
inside to z in direction &;, and &; - 77 is the angle between J;
and the surface normal 7.

Undoubtedly, the rendering equation looks confusing, and
due to the existence of complex integral calculations, solving
the pixel values for ray tracing using the equation is extremely
complex and computationally intensive. Thus, how to optimize
the computation of this rendering equation becomes an impor-
tant research direction for later global illumination technology.

B. Path tracing

Path tracing is an approximation method that use Monte
Carlo to approximate the computation of complex integrals in
the equation. Its basic idea is to emit a ray from the viewpoint.
When the ray intersects the surface of the object, it continues
to sample one direction according to the material properties of
the surface, and emits another ray, and so on, until the ray hits

the light source (or escapes the scene), and then uses Monte
Carlo method [13] to calculate its contribution as the color
value of the pixel.

The Monte Carlo (MC) method for estimating the integral
in equation by the law of large numbers can be written as:
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where f(x) stands for f,(z,d;, o) Li(x, ;) (0; - 1), D is
set of N samples uniformly distributed in 2. The larger N
is, that is, the larger the number of samples, the closer the
approximation value is to the real value. Therefore, in order
to reduce the noise in the rendered images of path tracing, a
relatively large sampling value is required. In this paper, we
use a suitable and generally applicable value- 1024, that is
each pixel emits rays in random directions to perform 1024
path tracings, and the 1024 results are finally averaged to
obtain the final pixel value.

Fortunately, the Blender Cycles rendering engine has a
built-in path tracing algorithm based on the Monte Carlo to
solve rendering equation, called Quasi-Monte Carlo [14], [15],
which has a better convergence rate compared to the original
method.

IIT. MULTI-GPU RENDERING METHODOLOGY

To use multiple GPUs for parallel rendering of path tracing,
it is necessary to reasonably divide the rendering tasks to each
GPU. We give priority to dividing the workload based on
image space, i.e., split frame rendering (SFR) [16]-[18]. Thus,
we divide the image into a number of work areas according
to the number of GPUs on a single-node server, and distribute
them to each GPU to perform their own rendering tasks.
Unfortunately, even though each GPU is responsible for an
equal image area size, the amount of rendering tasks for each
rendering area is not determinable, which can easily cause
load imbalance problems. To solve this problem, we realize
that because path-tracing requires multiple samples to reduce
noise (we set the total number of samples to 1024), we can
dynamically adjust the workload distribution for the next path-
tracing sample based on a comparison of the rendering time
of the previous sample, so that each GPU is always working,
reducing the idle time of each GPU and thus improving the
overall rendering performance.

A. Task Distribution

When the image is rendered in Blender Cycles, the scene
image modeled using Blender with a resolution of width x
height is decomposed into tiles which is equal to the number
of GPUs. Since the rendering tasks of the tiles cannot be
known in advance, at the beginning of path-tracing, each GPU
is responsible for the tiles of equal size for simplicity. The
workload division mode is shown in Figure 1. For a cluster
composed of 2 GPUs, the picture is divided into two equal
upper and lower tiles, and the same for 3 and 4 GPUs.

However, the number of rays emitted for tracing (numbers
of ray bounce) and the amount of computation for each pixel
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Figure 1. Task distribution for 2, 3 and 4 GPUs respectively.

in each tile are different, resulting in different rendering times
for each GPU. Taking the cluster of 4 GPUs as an example,
if GPUO finishes rendering, it is possible that GPU3 only
completes two-thirds of the rendering task, leading to a large
amount of idle time for GPUO, so we have to use a workload
balancing algorithm to reduce this situation.

B. Dynamic Workload Adjustment Algorithm

To solve the load imbalance problem, we propose Dynamic
Workload Adjustment Algorithm (DWWA). Its basic principle
is to compare the rendering time of the last path-tracing sample
of each GPU, and dynamically adjust the workload distribution
of the next path-tracing sample. The longer the rendering time
of the GPU is, the smaller work tile for it to render, and vice
versa for a short one.
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Figure 2. The size of the working tiles rendered by each GPU
is resized by DWWA. The graph on the left shows the work
distribution for the N path-tracing sample, and the graph on
the right is the NV + 1 sample after adjustment by DWWA.

For two GPUs cluster, GPUO renders the pixel tile from
0 — A1 and GPUI1 renders the pixel tile from hl — height.
At the Nth sample, if the rendering time of GPUO is greater
than GPUI, then the size of the tile to be rendered by GPUO
at the N + 1th sample is reduced, that is GPUO is responsible
for rendering the pixel tile from 0 — h2 and GPU1 renders the
remaining area. At the next path-tracing sample, the rendering
times of the two GPUs are compared again to adjust the
workload at each path-tracing sample, so that the rendering
times of the two GPUs are always very close to each other.

IV. EXPERIMENTAL RESULTS

Experiments on rendering performance for both scenes and
on scalability for multi-GPU performance acceleration conduct
on a single-node server. This server contains 2 Intel Xeon Gold
6230R CPUs together equipped with 104 cores and 4 identical
NVIDIA A100 Tensor Core GPUs.

The correctness of our approach is proved by comparing
the rendering times of the multi-GPU method and DWWA for
two rendering scenes. The results are shown in Figure 5,6.
In addition, the scalability of our approach is demonstrated
by comparing the performance acceleration ratio of different
GPU cluster consisting of 2 to 4 GPUs respectively compared
to a single GPU rendering. Its results are shown in Figure 7,8.

A. Rendering Sceces

We do experiments in two different Scenes, as shown in
Figure 3,4. The first one called Junkshop is a Benchmark
modeled with Blender for testing GPU performance, similar
to an anime movie. The other is a barbershop taken from
Blender’s animated movie Agent 327, containing various mu-
rals, furniture, self-illuminated objects and a lot of details, thus
increasing the rendering time.

Junkshop. Resolution of the scene is 2000x1000 and 1024
samples.

Figure 3. Scene image: Junkshop by Blender Foundation.

Barbershop. Resolution of the scene is 2048x858 and 1024
samples.

Figure 4. Scene image:
Blender Foundation.

Barbershop from Agent 327 by



B. Results

1) Rendering time comparison: The rendering times of
Junkshop and Barbershop for different GPU clusters and with
or without DWWA are shown in Figures 5,6 respectively.
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Figure 5. Rendering time for Junkshop scene and different
GPU cluster.
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Figure 6. Rendering time for Barbershop scene and different
GPU cluster. 4 GPU means a GPU cluster composed of 4
GPUs, the rest symbols are same, and the Balanced means
that the load balancing algorithm DWWA is added.

1600

Rendering time(s)
o
(=3
8

IS
=)
S

As seen in Figure 5, the rendering time for 2 GPUs without
the DWWA method is 111.8 seconds, about 1.71 times that
of a single GPU. In contrast, adding DWWA results in a
lower rendering time of 99.8 seconds and a speedup ratio of
1.9 times. Similarly, the speedup ratios for the 4 GPUs are
3.02x and 3.54x, respectively, indicating that using DWWA
can effectively improves rendering performance and that the
speedup ratio is closer to the number of GPUs. In Figure 6,
we realize the acceleration ratio is higher for the Barbershop
scene than Junkshop: up to 1.98x for 2 GPUs and up to 3.9x
for 4 GPUs, which is basically proportional to the number of
GPUs.

2) Scalability of Multi-GPUs: Figure 7,8 shows the
speedup ratios for different numbers of GPUs rendering the
Junkshop and Barbershop scenes respectively. It can be ob-
served that the speedup of both scenes is linearly scalable,
which indicates that the multi-GPU rendering approach we
use is effective. Therefore, for a GPU cluster composed of
more GPUs, the total rendering time will be further reduced,
and the reduction ratio is proportional to the number of GPUs.
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Figure 7. Speedup ratios for different numbers of GPUs
rendering the Junkshop scene.
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Figure 8. Speedup ratios for different numbers of GPUs
rendering the Barbershop scene.

V. CONCLUSION

In this paper, we introduce a rendering method that uses
multiple GPUs for the Blender Cycles renderer, and propose
a method DWWA to solve the workload imbalance problem
according to the characteristics that path tracing requires
multiple samples. It has been shown that our proposed cluster
rendering approach with multiple GPUs can reduce the render-
ing time nearly exponentially and the scalability is close liner.
Therefore, if we continue to increase the number of GPUs
(e.g., up to 64), the rendering time will be further reduced
significantly to meet the rendering real-time requirements.
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