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Abstract. With the intensification of environmental pollution issues, cultivating 

waste sorting awareness and environmental protection consciousness has become 

a crucial global concern. Traditional environmental protection education models 

lack interactivity, making it difficult to stimulate learners' initiative and practical 

abilities. To address this, our research team developed an environmental protec-

tion education system based on virtual reality (VR) technology. This system aims 

to enhance players' environmental awareness and waste sorting capabilities 

through immersive experiences. Developed using the Unity engine, combined 

with Blender for 3D modeling and OVRInput for VR interaction control, the sys-

tem constructs multiple scenes such as factories, parks, schools, and quiz rooms. 

It supports interactive functions like VR first-person roaming, object picking and 

placing, waste sorting detection, and score feedback. Additionally, the quiz room 

provides environmental protection knowledge tests and video learning, enabling 

players to acquire environmental knowledge naturally during gameplay. 

Keywords: VR technology, environmental protection education, waste sorting, 

immersive experience, cultivation of environmental awareness 

1 Introduction 

As global environmental issues intensify, traditional waste sorting education predomi-

nantly relies on media such as videos, broadcasts, and paper materials to disseminate 

and promote knowledge. This approach makes it difficult for learners to truly and di-

rectly experience the waste sorting process, rendering the learning process dull and 

lacking in engagement and interactivity [1]. To tackle this challenge, this study combines 

virtual reality (VR) technology to develop an immersive environmental protection ed-

ucation system. By constructing highly realistic waste sorting and knowledge learning 

scenarios, it aims to enhance learners' participation and environmental cognition levels. 

Applying virtual reality technology to waste sorting promotion enables the public to 

learn waste sorting knowledge more authentically and intuitively. Wearing VR glasses, 

individuals can practice waste sorting in a virtual world through gaming, significantly 

boosting learners' interest and achieving an educational and entertaining effect, thereby 

serving as an effective promotional tool [2]. The system design includes modules such  
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as first-person roaming, waste sorting, score feedback, and quiz learning, supporting 
players in experiencing environmental tasks in various environments. The research 
findings are expected to provide feasible solutions for environmental protection educa-
tion in primary and secondary schools, science exhibition displays, and family-assisted 
learning, promoting the early cultivation and practical implementation of environmen-
tal awareness. 

2 Overall Technical Architecture Approach 

This system is developed using the Unity engine, combined with Blender for 3D scene 
modeling, and utilizes PICO4 VR devices for development. The PICO 4, a VR product 
under ByteDance, is equipped with a Qualcomm Snapdragon XR2 processor, repre-
senting a comprehensive upgrade over the PICO Neo 3. Its key technological highlights 
include Pancake ultra-short lenses, true 4K resolution, and a new controller [3]. The 
main technical components include: 

Scene Construction: Based on Unity and Blender for 3D modeling and environment 
setup. 

VR Interaction: Utilizes the OVRInput API to implement interactive functions such 
as player movement, object picking, and waste sorting detection. 

Score and Feedback System: Calculates scores and provides correct/incorrect feed-
back through waste sorting detection. 

GUI Interaction: Constructs player interfaces using Unity Canvas for scene selection 
and quiz systems. 

Video Playback: Implements environmental knowledge learning video playback us-
ing the Unity Video Player component. 

3 Key Unity 3D Technologies 

Unity 3D, developed by Unity Technologies, is favored by developers worldwide for 
its convenience, visualization, strong interactivity, and multi-platform collaboration ca-
pabilities [4]. It supports 2D, 3D, and mixed-dimensional game development, offering 
an intuitive visual editing interface and an efficient scripting programming environ-
ment, significantly lowering development barriers. The engine incorporates core mod-
ules such as a physics engine, animation system, and lighting rendering, enabling one-
click deployment to over 20 platforms, including PC, mobile (iOS/Android), consoles 
(PlayStation/Xbox), and VR/AR devices. Beyond game development, Unity 3D is also 
applied in virtual reality, augmented reality, architectural and industrial visualization, 
film and animation, and digital human fields. In recent years, the application of virtual 
reality technology in the education sector has become increasingly widespread [5]. This 
project, developed based on these principles, adopts an interactive exploration approach 
for waste sorting education. 
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3.1 Raycasting Technology 

Raycasting mechanisms are primarily used to detect whether a player has touched a 
game object and return relevant object information. The principle involves emitting a 
ray from a specified position, which detects game objects equipped with colliders or 
triggers. When a player touches an object, the ray returns object information, including 
a Tag label, which is then used to determine the object type. If the ray touches waste, it 
provides a picking method, allowing the player to grab the waste with their hand and 
move its position according to the player's hand movement. If it touches a trash bin, it 
enables the player to dispose of the waste. If it touches a video screen, it triggers video 
playback functionality [6]. The raycasting technology in this system is shown in Figure 
1. 

 
Fig. 1. Raycasting. 

3.2 Collision Detection 

If models penetrate each other, it significantly undermines the realism and immersion 
of the virtual environment. To avoid this, the system employs effective collision detec-
tion technology. In Unity 3D, collision detection is primarily achieved through colliders 
and triggers. Adding a collider component to an object enables collision detection func-
tionality. Players can adjust the size of colliders or triggers to set their effective ranges. 
Colliders and triggers can be converted by setting the "Trigger" parameter. The differ-
ence lies in that colliders produce physical interactions with colliding objects, generat-
ing collision effects and recording collision information, while triggers do not produce 
any physical effects and only record the occurrence of collision events [7]. 

In practical projects, colliders are mainly used to isolate the player from the sur-
rounding environment, preventing the player from passing through models that should 
not be traversed, such as surrounding buildings, trash bins, and scene models. Triggers 
are primarily used to implement collision detection between waste and trash bins. When 
the player moves the waste above the trash bin and releases it, the waste falls into the 
bin due to gravity. 
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It is important to note that the prerequisite for using colliders and triggers is that both 
colliding parties must have colliders, and moving objects need to add a Rigidbody com-
ponent. Only by meeting these conditions can collision detection function properly. The 
collider of the trash bin in the scene is shown in Figure 2. 

 
Fig. 2. COLLIDER. 

4 System Interaction 

This system adopts a first-person VR roaming mode, creating a deeply immersive ex-
perience for players. Players wear advanced PICO4 helmets and use the corresponding 
handles for interactive operations, as if they were in the virtual world, greatly enhancing 
the immersion and realism of the experience. 

4.1 Player Movement 

In this system, players enjoy a highly interactive experience with a high degree of free-
dom. With the perfect combination of a VR helmet and handle joysticks, players can 
freely move and explore every corner of the virtual scene. Moreover, the system adds 
a realistic squatting-to-pick-up-waste function. When players see waste in the virtual 
world, they can naturally squat to trigger the picking action, greatly enhancing the re-
alism of the interaction and making players feel as if they are cleaning in a real-world 
scenario. 

In terms of VR movement control, players can change their perspective by turning 
their heads and control character movement through buttons or joysticks on the handle 
[8]. The PICO SDK (PXR_Controller) is used to accurately listen to handle joystick 
input, ensuring smooth player movement. Squatting interaction is achieved by listening 
to height changes of the VR device. When a player squats is detected, the system im-
mediately triggers the picking action. 

4.2 Waste Sorting 

In the virtual scene, players are responsible for keeping the virtual environment clean 
and tidy. They can personally pick up waste scattered throughout the scene and dispose 



In the classification detection process, trash bins use triggers and game object tags 

display for incorrect waste sorting is shown in Figure 3. 
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of it in the corresponding trash bins. This process is not a simple mechanical operation; 
the system detects whether the waste is correctly classified. If disposed of correctly, the 
system provides positive feedback promptly; if incorrect, it offers corresponding 
prompts to help the player correct their action. 

to determine whether waste is correctly disposed of. Specifically, when a player brings 
waste close to a trash bin, the trigger detects the object entering its range and identifies 
the waste type through tag technology to determine if it is correctly disposed of. When 
the player completes disposal, the system responds quickly, providing feedback not 
only in terms of scores and text but also through sound effects to inform the player of 
the disposal result, allowing the player to clearly understand whether their operation 
was correct. This design not only adds fun to the game but also enhances its educational 

[9]value, enabling players to learn waste sorting knowledge during interaction . The text 

 
Fig. 3. Waste sorting. 

4.3 Quiz and Video Playback 

VR UI interaction adopts a world-space Canvas combined with PICO VR UI interac-
tion technology. Players use the handle to select the correct answer with a ray. Once 
selected, the system responds promptly with pleasant sound effects and visual feedback, 
allowing the player to clearly perceive the operation result. This immediacy greatly 
enhances the sense of interaction and participation. 

The video player component (Video Player) can attach video files to game objects 
and drag videos into the Video Clip property as the video source file [10]. It not only 
supports regular operations such as pause and resume, allowing players to record key 
content at any time, but also enables players to freely choose videos of interest, meeting 
diverse learning needs and greatly enhancing the autonomy and fun of the learning ex-
perience. The playback of waste education videos is shown in Figure 4. 



interface is shown in Figure 5. 
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Fig. 4. VIDEO PLAYBACK 

5 Scene Design and Implementation 

In this project, 3D scene design utilizes Unity and Blender for modeling and optimiza-
tion to ensure smooth operation and an immersive experience on PICO4 Pro devices. 
All scenes adopt high-quality PBR materials, lighting baking optimization, and LOD 
(Level of Detail) dynamic adjustment to enhance visual effects and performance. Each 
scene is described in detail below. 

5.1 Start Interface 

The start interface serves as the entry point for players into the VR world, providing 
scene selection and basic waste sorting instructions. It features a simple UI design to 
ensure that players can easily select scenes within the VR environment. Voice prompts 
and handle operation guides are provided to help players quickly familiarize themselves 
with the interaction methods. The UI design is based on Unity Canvas (world-space 
mode) to create an intuitive menu interface, ensuring ease of operation in the VR envi-
ronment. Scene selection is achieved through raycasting detection, using the PICO VR 
handle ray to point to the target scene. Scene confirmation is based on PICO SDK UI 
interaction, allowing players to click UI buttons to enter different scenes. The starting 

 
Fig. 5. Start Interface. 
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5.2 Interactive Scenes 

The system comprises three interactive scenes: factory, park, and school. In these 
scenes, players can use VR glasses and handles to roam in first-person and perform 
waste picking and classification. Waste appears randomly in the scenes. When waste is 
disposed of correctly in the appropriate trash bin, it disappears, and points are accumu-
lated with specific sound effects. If disposed of incorrectly, the waste remains, and a 
sound effect alerts the player, with no points awarded. Players can pick up the waste 
again and dispose of it correctly to learn proper waste sorting. Each scene includes four 
trash bins: red for hazardous waste, black for non-recyclable waste, green for kitchen 
waste, and blue for recyclable waste. 

The factory scene primarily features hazardous waste, the park scene focuses on re-
cyclable waste, and the school scene includes kitchen and non-recyclable waste to re-
flect the characteristics of different environments. The technical implementation of ran-
domly appearing waste involves presetting waste generation points (Spawn Points) in 
each scene. When the scene is first loaded, a type of waste is randomly generated. Play-
ers can freely explore, pick up waste, and dispose of it in trash bins to achieve waste 
sorting. The factory scene is i shown in Figure 6. 

 
Fig. 6. Factory Scene. 

5.3 Quiz Scene 

The quiz scene is designed for waste sorting knowledge tests and video learning. It 
employs a learning method that combines quiz point accumulation and video playback 
to enhance player engagement. Players earn points by selecting the correct answers. 
The scene provides educational videos related to waste treatment to help players acquire 
more environmental protection knowledge. 

Technically, the scene uses a GUI to display questions and options, and players con-
firm their answers using the handle. Feedback for correct or incorrect answers is dis-
played through text color changes and voice prompts. Video playback is achieved using 
the Unity Video Player component, and video playback confirmation is implemented 
through ray selection and handle button confirmation. The quiz test is shown in Figure 
7. 
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Fig. 7. Quiz Test. 

6 Conclusion 

This paper presents the development of an environmental protection education system 
based on VR technology, aiming to enhance players' environmental awareness and 
waste sorting capabilities. The system is developed using the Unity engine, combined 
with Blender for 3D modeling and OVRInput for VR interaction control, constructing 
multiple immersive scenes. Its overall technical architecture utilizes PICO4 VR devices 
and related components to achieve scene construction, interaction, score feedback, and 
other functions. Key technologies include raycasting to determine the type of object 
touched by the player and collision detection to prevent model penetration, enhancing 
the realism of the virtual environment. The first-person VR roaming mode, combined 
with handle operations, enables players to move freely, classify waste, answer quizzes, 
and watch educational videos. This system provides a feasible solution for environmen-
tal protection education and promotes the cultivation and practical implementation of 
environmental awareness. 
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