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Abstract

This report details our project in which we simulate the sensation of experiencing low and zero
gravity using virtual reality (VR) technology. Our inspiration for this project comes from the
Netflix episode "3 Body Problem". The project's objective is to enable users to encounter and
control various gravitational forces within virtual reality (VR) settings. Our goal is to provide a
virtual reality (VR) experience that improves training, research, teaching, and rehabilitation by
including dynamic gravity manipulation, intuitive navigation, smooth transitions, and innovative
interaction methods. The study centres on exploring intuitive navigation approaches and
investigating the impact of gravity manipulation on spatial navigation.
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Fig. 1. The futuristic VR Headset from 3 Body problem.

Introduction

Gravity is one of the most fundamental forces in our world, and accurately simulating its
effects in Virtual Reality (VR) can deepen the sense of presence and immersion. Gravity
manipulation in VR allows users to experience various physical states such as zero
gravity or high gravity in different environments—which are impossible or difficult to
achieve in the real world. For example, in space exploration simulation, users can float in



zero-gravity environments, like real astronauts experiencing the space. This ability
creates a deeper sense of reality and allows us to create more authentic training
experiences for users in challenging fields like aerospace.

Inspiration

In the "3 Body Problem" series, a virtual reality game created by a highly evolved
extraterrestrial civilization aids humanity in comprehending and resolving issues
pertaining to a three-body planetary system. Our study is motivated by this idea and seeks
to create interaction methods that enable users to traverse across different gravity zones in
virtual reality. These applications encompass astronaut training, space research, teaching,
medical rehabilitation, and several other fields.

Description

Gravity Shift VR is an application that supports gravity manipulation beyond reality
within a VR environment. The VR application simulates various gravitational conditions,
allowing users to experience, control, and interact with different gravitational forces and
directions in ways that are impossible in the real world. The immersive experience
enables people to explore gravity not only as a physical force but also as a dynamic and
interactive element in a virtual world. This includes zero gravity, low or increased
gravity, and altered gravity directions, for example walking on the walls or ceilings.
Users can alter the gravity’s direction and strength through simple hand gestures using
hand-tracking technologies.

Problem Statement

Although VR has made significant advancements in delivering high-quality video
and audio, the ability to replicate touch and other haptic experiences is still restricted.
Presently, virtual reality (VR) systems mostly rely on visual and aural cues, lacking the
whole haptic (touch-related) experience. While active devices are capable of providing
haptic feedback, they are unable to effectively replicate stiffness due to their limited
ability to rapidly adjust force output. The objective of our study is to address this
disparity by specifically concentrating on the manipulation of gravity in virtual reality.



There are several other research gaps in understanding the implications of gravity
manipulation in virtual environments such as a lack of intuitive navigation techniques for
environments with different gravitational forces.

There is also a need for technical improvements in creating realistic and responsive
gravity effects within the VR environment, including accurate simulation of physic and
gravity fields. It is important to note that simulating weight forces in VR is a remaining
challenge.

Last but not least, the cognitive and perceptual effect of gravity manipulation on users
remain unexplored, particularly how users adapt to different gravity zones and how it
affects their spatial awareness.

Research Questions

1. What are intuitive navigation techniques for variable gravity zones?
2. How does gravity manipulation influence spatial navigation?

Study Plan

This research study aims to investigate user interaction with gravity manipulation in VR
environments. It will include a series of different phases such as research, design,
technical development, user testing, data analysis and report.

We will conduct our study in a VR environment as sketched, incorporating both
Architectural Narrative VR and OVRlap techniques. Users will perform specific tasks
designed to evaluate intuitive navigation and spatial awareness in variable gravity zones.



Procedure
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The intended phases are explained in details in the following:

1. Literature Review: Conducting a comprehensive review of existing research on

VR physics simulations and gravity manipulations to identify the best methods in
gravity manipulation and identifying any existing gaps.

2. Design & Prototyping:

Defining and outlining the different gravitational scenarios to be included
in the application.

Developing an initial prototype of the application using tools like Figma
and Unity.

Designing how users will interact with the environment and manipulate
gravity.

Integrating intuitive controls for users to manipulate gravity like hand
controls.

Implementing dynamic gravity zones with varying gravitational forces.



- Ensuring the application is accessible to a wide range of users with
different levels of VR experience.

. Development:

- Developing or integrating algorithms that accurately simulate different
gravitational forces and their effects on objects and the environment.

- Ensuring real-time simulation to maintain a smooth and immersive
experience.

. User Testing:

- Recruiting a diverse group of participants close to our target group to assess
feedback on gravity control mechanisms and how intuitive they find
navigating between different gravity zones.

- Collecting qualitative and quantitative data on the task performance,
completion times, and perceived difficulty and realism of gravity effects
through surveys, user interviews and observation.

. Analysis:

- Synthesizing and analyzing collected data in the testing phase to assess user
immersion, engagement and interaction.

- Identifying any physiological or psychological effects reported by
participants.

- Evaluating the realism of gravity simulations in dynamic environments.

. Refinement:

- Using the gathered feedback to iterate and refine the application improving
design, performance, interaction, and the overall user experience.

. Re-testing:

- Conducting additional rounds of testing to ensure improvements address
identified issues and enhance user experience.

. Report:

- Summarizing the findings in a detailed research report.

- Identifying and addressing any existing computational challenges in
real-time gravity manipulation, such as ensuring smooth transitions
between different gravity zones and reducing any existing motion sickness.

- Suggesting potential future development.



Conceptual Approach

Based on conducted research, there are several potential methods and techniques that
incorporating them into the Gravity Manipulation VR application can enhance user’s
sense of immersion and realism. These methods and techniques are as follows:

1. Architectural Narrative VR:

- Architectural Narrative VR allows for dynamic generation of virtual spaces
based on user behavior and physical constraint.

- It provides a natural locomotion method that keeps users engaged and
reduces motion sickness, as the movement feels more intuitive.

- Users adapt their walking patterns to gravity changes, adding flexibility to
virtual space design.

- Gravity changes affect users' perception of space and distance, enhancing
their cognitive abilities.

2. Haptic Feedback Devices:

- Haptic feedback devices like VibroWeight simulate the sense of touch by
applying forces, vibrations and motions to the user. These devices can
create the illusion of weight and resistance, enhancing the realism of
experience in a virtual environment.

3. Haptic Feedback Interfaces:

- Wearable haptic interfaces like Grabity, are devices that provide tactile
feedback. They can simulate various gravitational forces and object
interactions.

4. Pseudo-Haptics:

- Pseudo-Haptics are visual and auditory cues to create the illusion of haptic

feedback manipulating the control ratio to simulate weight and resistance.
5. Utilizing OVRlap Techniques:

- Seamless Transition Between Gravity Zones: Creating overlapping areas
with smooth gravity transitions.

- Multi-Tasking in Variable Gravity: Allowing users to interact with multiple
gravity settings simultaneously, enhancing spatial awareness and
engagement.



Concept of OVRIap for Variable Gravity in VR Incorporating Architectural Narrative VR
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Fig.2. Concept of OVRLap for Variable Gravity in VR.

Fig.3. Incorporating Architectural Narrative VR.

Research Relevance

This project is highly relevant for several reasons:

1. Training and Education: It enhances training for astronauts and education for
students by providing realistic simulations of variable gravity environments.

2. Medical Rehabilitation: It offers innovative therapies for physical and
psychological rehabilitation.

3. Technological Advancement: It pushes the boundaries of current VR capabilities
by integrating advanced gravity manipulation techniques.

Evaluation Questions:

How intuitive was the navigation technique in the variable gravity environment?
How did the gravity changes affect your perception of space and distance?

How comfortable were you with the transitions between gravity zones?

Which navigation technique did you find more effective and why?

el A

Intended Outcomes

1. Effective Navigation Techniques: Identify which navigation techniques are most
intuitive and effective in variable gravity environments.

2. Enhanced Spatial Awareness: Understand how gravity manipulation affects
users' spatial awareness and navigation efficiency.



3. Improved VR Design: Provide insights into designing more immersive and

user-friendly VR environments.

Contributions and Value

1.

Advancement in VR Technology: Pushes the boundaries of current VR
capabilities with advanced gravity manipulation.

Educational Benefits: Offers new ways to teach complex physics concepts
through immersive experiences.

. Training and Rehabilitation: Provides realistic and effective training tools for

astronauts and innovative rehabilitation methods for patients.

Potential Application Domains

Fig.5. Representational image for the application of concept.

. Astronaut Training: Utilizing authentic settings to prepare astronauts for space

expeditions.
Space Research: Perform experiments and evaluate equipment in simulated
microgravity conditions.

. Education and Outreach: Utilizing effective means to educate and elucidate

space and physics ideas.

Medical Rehabilitation: Cutting-edge treatments for the restoration of physical
and mental well-being.

Entertainment and Gaming: Developing captivating gaming experiences and
virtual tourism.



6. Engineering and Design: Conducting experiments and creating visual
representations of initiatives relating to space.

Conclusion

The objective of our project is to improve virtual reality (VR) experiences by replicating
the sensations of being in surroundings with reduced or no gravity. This concept is
inspired by the "3 Body Problem" series. Through the use of dynamic gravity
manipulation, smooth transitions, and new interaction techniques, our goal is to provide a
virtual reality (VR) experience that is both captivating and useful for a wide range of
applications. Upon reflecting on our project, we have acquired significant knowledge on
user feedback, technological obstacles, and the need of teamwork. In the future, our
intention is to improve our prototypes, investigate novel technologies, and broaden the
educational uses of our project.
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