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Abstract-This paper focuses on optimizing realistic 3D 

vegetation models for standalone virtual reality experiences 

considering the visualization of the plant growth over time. 

Most of the existing solutions are focusing on personal 

computer based virtual reality utilization, which allows for 

more computational power, yet it restricts the movement of 

the user. Experiences meant for standalone virtual reality 

headsets mainly feature low-poly and unrealistic plant 

representations. Since plants, especially trees, can be rather 

complex structures it is important to find a balance between 

realistic depiction and performance. By achieving this it 

would allow the headset user to have better immersion in the 

virtual world and would reduce the risks of cybersickness. To 

test and find out the most appropriate solution we created a 

3D model of an apple tree and its growth animation in 

SpeedTree software and then created a scene of varying 

numbers of trees using Unreal Engine 5.3 and tested 

framerate count using Meta Quest 2 and OVR Metrics tool. 

Tests were split into two big groups – static mesh tests, where 

we observed the changes in framerate before and after 

optimizing and skeletal mesh tests, where framerate changes 

were noted as the tree growth animation was running. The 

results of the tests showcased that it might be difficult to 

visualize growth process of the plants by using animated 

models, since their performance was way below the target 

rate for the headset, while using static meshes and swapping 

the models over time to simulate growth yielded a better 

framerate. 

Keywords— performance optimization, standalone virtual 

reality, vegetation visualization, virtual reality. 

I. INTRODUCTION 

As of now virtual reality has a wide range of uses, such 

as entertainment, education, art and so on. Unlike the 

classic way where the virtual worlds are experienced 

through computer screens, virtual reality has been able to 

provide a higher level of immersion by considering the 

user's body and hands [1]. Virtual reality can also be 

experienced by people with mobility issues by using 

flexible and adaptive control schemes [2]. However, it is 

important to note that there are two main ways how virtual 

reality can be experienced and there are noticeable 

differences between them. One of the options is PCVR 

which stands for personal computer based virtual reality, 

where virtual headset is tethered to a computer and uses it 

for rendering and calculations. While this way allows the 

use of more complex objects and shaders within the 

environment it also restricts the movement of the user, 

since the headset needs to be connected to the computer. 

Standalone VR fixes this concern, but new ones arise – 

standalone headsets have less computational power.   

One of the metrics that can be used to compare headset 

performance against a computer is FLOPS, which stands 

for floating-point operations per second [3]. This measure 

plays a vital role in three-dimensional scene rendering and 

higher FLOPS would provide more realistic and complex 

graphics and make the experience smoother and engaging 

[4]. For example, most sold headset, as of now, Meta 

Quest 2 [5] uses Adreno 650 GPU which offers 

approximately 1250 gigaflops [6], meanwhile NVIDIA 

GeForce RTX 4090 can provide 82600 gigaflops [7], 

which 66 times more than Quest 2. This means that it 

might be complicated to render realistic and complex 

geometry in standalone devices.  

One of the most complex geometries to render are trees 

since they consist of a trunk, multiple branches and 

countless leaves, which all together increase the polygon 

count of the object and make rendering of multiple meshes 

a challenging ordeal [8]. There is previous research 

available regarding the improvement of tree rendering in 

virtual reality, but most of these papers focus on tethered 

headsets. It is also important to note that there is a distinct 

lack of research done regarding vegetation simulation in a 

timescale, which would help to showcase the growth of the 

vegetation after a certain time based on various factors, 
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such as light intensity, proximity to other vegetation, etc.  

Such visualizations could prove useful in botanic garden 

education, allowing future professionals to experiment 

with gardening and get predictions of how the garden 

would look in the future. It has been proven before that use 

of virtual and augmented reality in education can enhance 

learning and memory of the students and improve their 

social and collaborative skills [9]. Virtual gardens could 

help to improve human wellbeing.  A short walk through 

a virtual forest can improve the emotional state of young 

adults and seniors who may not have a chance to explore 

the real environment due to sickness or restrictions, such 

as ones imposed during the Covid-19 pandemic [10]. 

Urban landscaping also could benefit from such 

visualizations, since it would allow for a long-term 

planning and management of tree planting initiatives, 

which can prove to be rather challenging due to 

environmental conditions in the cities and the 

maintenance, which may negatively impact the growth of 

the tree [11]. Thus, a virtual reality solution which could 

not only visualize various types of vegetation but also 

could showcase the growth of it over a time would prove 

to be useful in many areas.  

The purpose of this study is to develop a methodology 

which would allow to efficiently visualize changes in 

plants over a time in a virtual reality scenario for a 

standalone device while considering the performance and 

visual fidelity of the environment. 

We propose a hypothesis that by combining optimizing 

techniques, such as instancing and level of detail, it is 

possible to enable realistic vegetation visualization in 

standalone virtual headsets and keep visual fidelity and 

optimal performance. 

A. Plant generation techniques  

Historically there are multiple available algorithms 

which have been used to procedurally generate various 

types of vegetation, such as L-system, also known as 

Lindenmayer system, which uses grammar-based system 

and iterative rules [12]. A space colonization algorithm, 

where plant growth starts from the root and reaches 

towards attraction points, competing for space [13]. Even 

though space colonization algorithm can provide the end 

user with a tree, which has a desired shape, L-system 

algorithm will be able to create multiple trees faster. 

Despite the differences, both algorithms can be used to 

generate trees for various cases [14].  

As it can be seen there is a decent amount of research 

done regarding vegetation modelling in three dimensional 

environments, yet very little can be found about the 

vegetation asset suitability for virtual reality scenarios. An 

approach has been proposed, which allows to generate 

multiple trees with similar branch patterns and uses LOD 

based optimization method to change the complexity of 

the models based on distance [15]. Nevertheless, very little 

is known about the performance of the generated tree 

models in a standalone virtual reality headset.  Another 

solution was offered by allowing users themselves to 

create 3D trees in virtual reality by combining procedural 

modelling and allowing for a user input in virtual reality, 

such as sculpting and editing the geometry and using 

silhouette-based modelling [16]. A rather similar idea was 

presented where using L-systems and sketch-based 

modelling could allow users to avoid the learning curves 

which comes with classic tree modelling software and 

create simple tree models in virtual reality more efficiently 

[17].  

The techniques mentioned before can help their users 

to experiment and create their own tree models, yet they 

do not guarantee how well they would perform on mobile 

devices and in virtual reality. It is important to further 

delve into techniques, which could help improve the 

usability of the 3D models in virtual reality. 

B. Asset optimization for virtual reality  

While previously mentioned studies were carried out 

in virtual reality environments, some of them still relied on 

external computational power and only used headsets to 

access the environment. This makes it hard to predict how 

well the created vegetation models will perform in a 

standalone device. There are multiple factors that need to 

be considered when optimizing 3D assets for virtual reality 

headsets.  

One of them is the polygon count of the 3D model. By 

keeping the polygon count as low as possible it will help 

to reduce the count of calculations needed to render the 

object [18]. As of now according to Meta documentation 

Quest 2 can handle from 750000 to 1.8 million polygons 

per frame, but Quest 3 – 1.3 million to 1.8 million [19]. 

Yet even though a smaller number of polygons could help 

to keep the experience smooth it also can make the object 

appear less detailed and thus less realistic. Still, it may not 

apply to all 3D objects and it has been found that both 

position of the object in the scene and the original polygon 

count of the mesh could impact user perception of the 

mesh, noting that for meshes with more than 100000 

vertices it is possible to remove up to 95% of them and it 

would not significantly affect the perception [20]. 

Alongside polygon count an important metric is the 

draw calls, which happen whenever GPU receives meshes 

and materials for drawing. Actions, like spawning meshes, 

changing materials can impact performance if not 

optimized properly. It is crucial to keep draw calls as low 

as possible to retain an acceptable framerate [21]. One of 

the ways it can be 

achieved is by combining meshes into one, although it can 

be done only before the application is built, so to make the 

approach more adaptable a GPU instancing can be applied, 

which allows GPU to render one mesh with multiple 

transforms at once [22]. 

Materials and textures also play a big part in VR 

experiences, and it has been studied before that the users 

are way more perceptive of the material properties in 

virtual reality viewing mode than when the materials were 
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observed through a computer screen [23]. Optimizing 

them also can improve the performance of the experience. 

Just like meshes, each material that needs to be rendered 

would cost a draw call, so trying to keep material count as 

low as possible or making multiple 3D assets share one 

material can help lower the performance load [24]. Similar 

principle could be applied to textures and one of the most 

used techniques to keep texture count low and optimize 

performance is to use texture atlases, which are images 

made up from multiple smaller images [25]. 

By focusing on these factors, it could help to improve 

the performance of the 3D assets. Beyond optimizing static 

3D assets, dynamic elements such as vegetation growth 

play a vital role in enhancing realism in virtual 

environments. 

C. Vegetation growth over time period  

There are many commercial solutions available, like 

garden simulation games and experiences, which can 

visualize changes in vegetation, only a small number of 

them are meant for virtual reality headsets. For example, 

Potioneer: The VR Gardening Simulator is an early access 

game, yet it is only available for PCVR, and the plant 

growth visualization is very simplified – plant mesh gets 

scaled up until it resembles a fully grown plant [26]. At 

Meta Connect 2022 Meta unveiled their open-source 

meditative gardening experience for WebXR called 

Project Flowerbed. Just like Potioneer, Project Flowerbed 

also contained simplified plant meshes and similar growth 

mechanics which were not accurate to real life [27]. A 

visually more realistic experience was created by Greener 

Games called Nature Trek VR, where, just like previously 

mentioned games, user can plant vegetation and immerse 

themselves into the scenario [28]. While those experiences 

can prove to be entertaining and even yield positive results 

regarding mental wellbeing, they rarely mimic real-life 

visuals, especially when time factor is being considered. It 

can be rather challenging to depict realistic plant visuals, 

especially for a standalone device, so in the next chapter 

we investigate ways how to make scenarios like these 

more doable. 

II. MATERIALS AND METHODS 

A. Virtual reality scene creation  

To test the possible gains regarding optimization of 

plant meshes a realistic apple tree model and its growth 

animation were created using SpeedTree software. There 

the number of vertices was reduced to an acceptable 

amount, at the same time making it certain that the model 

does not lose its visual fidelity. 

To test the model before and after optimization a 

simple virtual reality scene was created using Unreal 

Engine 5.3 and the scene was tested using Meta Quest 2 

headset and the performance metrics were gained using 

OVR Metrics Tool.  

A simple virtual reality scene was created consisting of 

ground and sky, with dynamic lighting turned off. Multiple 

tests were run, each of them featuring a different number 

of trees, which were arranged in a grid (See Fig.1). Even 

though it's possible that in real time such an arrangement 

might be unlikely, to stress test the model and keep the 

object placement consistent we chose to use this approach.  

 

Fig. 1. Top view of the arranged apple tree models. 

B. Testing the model performance  

The tests were divided into two groups – one of them 

tested the performance of static tree models, which do not 

change their geometry at runtime, while the other focused 

on skeletal tree meshes, which can change their geometry. 

For the static model a fully grown representation of apple 

tree was used, which is the most complex one, while in 

skeletal meshes a growth animation was being played.  

For the first test 30 static apple tree meshes were placed 

in the scene, each of them being rendered separately by the 

engine. Models were not further optimized in the engine 

and were kept the same as they were when they got 

imported into the project. No LOD methods were applied, 

which meant that the polygon count of the mesh would 

remain unchanged despite the distance from the camera. 

We then ran the test two more times with 50 trees and after 

that with 100 trees.  

In the next testing phase instead of using separate meshes 

an instancing was used, which combined all the meshes 

into one entity. In Unreal Engine that was done by utilizing 

Hierarchical Instanced Static Mesh component, which 

would allow us to later combine this method with LOD 

usage [29]. Just like before, we run the tests with 30, 50 

and 100 trees. For the last test we used both instancing and 

LOD. Four LODs were generated, where the most 

complex one consisted of 30643 triangles and the least 

complex one of 3831 triangles (See Fig. 2).  
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Fig. 2. LOD models of the apple tree. To left – the highest complexity 

model, to right – the least complex model. 

For the tree animations we had two tests – one with two 

trees and the other one with ten trees. Here we took notice 

of the framerate when the animation was playing and when 

it was stopped. 

III. RESULTS AND DISCUSSION 

Running the scene with 30 static meshes on the headset 

showed that the average number of frames per second was 

50 which is 30.56% less than what is recommended for 

Meta Quest 2, where interactive applications should 

achieve 72 frames per second [19]. In the next test with 50 

trees, we noticed that the frames dropped by 

approximately 20% when comparing to the previous test. 

In the last test where 100 trees were rendered the number 

of frames remained around 25 and compared to the second 

test the difference between results had reached 33%. The 

results show that these unoptimized models cannot reach 

the target framerate of 72 and by adding more trees the 

performance would only decrease (See Table 1). 

TABLE 1 FRAMERATE FOR STATIC TREES BEFORE AND AFTER USING 

INSTANCING AND LOD  

Number of 

trees 
Framerate 

before 

instancing and 

LOD, fps 

Framerate 

when using 

instancing only, 

fps 

Framerate 

when using 

both instancing 

and LOD, fps 

30 50 72 72 

50 40 50 70 

100 25 45 55 

 

The next tests using instancing yielded an improved 

framerate. The test with 30 trees had reached the 

recommended amount of 72. Then, the number of trees 

was changed to 50 and frame count decreased by 29%. 

Furthermore, after we increased the number of trees to 

100, the frame count was approximately 45.  

In the last phase of testing the static meshes, where 

both instancing and LOD was applied it was noted that this 

approach proved to be the most effective, since as seen in 

Table 1 the framerate is acceptable for up to 50 trees and 

for 100 trees the difference from the optimal framerate is 

26%. 

It can be noticed, that by increasing tree count the 

performance drops (see Fig. 3) even when both 

optimization techniques have been applied. Still, the 

performance drop is less rapid than the one which happens 

without any optimization applied. 

 

Fig. 3. Performance comparison for varying tree count with different 

levels of optimization applied. 

The animated tree models performed rather poorly, and 

the framerate neared the target framerate only when the 

animation on the models was paused. The results are 

shown in Table 2. 

TABLE 2 FRAMERATE FOR ANIMATED TREES WHEN ANIMATION IS 

RUNNING AND WHEN IT IS PAUSED  

Number of trees  Framerate when 

animation is 

played, fps 

Framerate when 

animation is 

paused, fps 

2 45 70 

10 28 65 

IV. CONCLUSIONS 

The gained results show that it can be rather 

challenging to optimize tree models for standalone virtual 

reality applications, especially if one wishes to visualize 

tree growth over time. As we saw in Table 2, where we 

observed the changes in the framerate when the tree was 

being animated, and its geometry became more complex, 

the end performance might not be acceptable as it is way 

below the target framerate for Meta Quest 2 headsets. It is 

easy to notice that by increasing the number of trees the 

performance becomes worse, thus it may cause the loss of 

immersion and overall discomfort for the end user.  

We can see in Table 1 that the performance for static 

meshes when combined with various optimization 

techniques proves to be better than the animated 

counterparts. To showcase the growth of the tree we 

propose the idea of generating multiple static meshes from 

the animated tree file and swapping them to show the 

changes in the vegetation. By applying instancing and 

LOD it is possible to keep the performance at an 

acceptable level if no more than fifty trees are being 

rendered. While these results support the hypothesis, 

further studies are needed to evaluate how the 

methodology performs with different types of vegetation 

or on newer generations of VR hardware. Also, further 

tests with an increased number of trees would be fruitful. 
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