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Introduction

Figure 1: Advanced VR Fluid Physics using Valve’s Rubikon Physics Engine in Half Life: Alyx [1]

A game platform is often described as some combination of compute-based hardware tied to some
software which runs a video game, the personal computer game (PC game) being the cornerstone
platform. Modern game platforms are both diverse in approach and resilient to the compute-intensive
demands of today’s games. We see this in the form of more ambitious platform form-factors such
as home and handheld games consoles to the emergence of action-intensive mobile games, and now
virtual reality (VR) through the use of Head Mounted Displays (HMDs). Much of this progress
is owed to advances in hardware, more efficient use of compute resources and the sophistication of
modern game engines [2].

Game engines have been particularly crucial, enabling developers to pursue more ambitious ideas
on increasingly resource-constrained platforms. A game engine is a software package with a set
of well-integrated functionalities for game development, a typical modern game engine is likely to
provide: a rendering engine for 2D /3D graphics, sound, scripting, animation, artificial intelligence
(AI), networking, streaming, memory management and notably a physics engine for simulating the
physical interactions within the generated virtual environment.

Physics engines are primarily used to abstract away the complexity of codifying the laws of mechanics



in a virtual world from scratch. Those used in game engines often go a step further, providing
developers a highly interoperable solution with other functionalities such as a graphics and sound
modules [3]. Originating from a need to process highly specialised scientific simulations, for example
ballistics profiling for the US Army being an early use-case [4], modern game-oriented physics engines
instead use real-time processing [5]. While unlocking the ability to create highly immersive games
that appear perceptually correct, the physical interactions generated are not always true to life.
Modern engines struggle with the common computer science adage of a time complexity trade-off,
simplifying and approximating physics in favour of a responsive real-time experience.

Virtual reality, a platform still very much in its infancy, has shown great promise at providing an
experience unique from its predecessors. Current applications have demonstrated the potential of the
medium, from improving the efficacy of remote surgery [6] to highly immersive gaming experiences
such as Half Life: Alyx [1]. Much of this progress has leveraged existing technology from modern
game stacks to do so, for example, Unity a popular general-purpose game engine with over 230,000
developers is a popular choice for building VR games [7]. Unity, like many other game engines uses
a general-purpose physics engine (often NVIDIA PhysX) behind the scenes [8], providing a robust
and generalised physical simulation which has proved sufficient for a variety of video games and
platforms. However, much of the future of VR is still being defined and it is not certain whether
these general-purpose physics engines will be accurate enough for these future uses of VR.

Will current fluid dynamics simulation be sufficient for true immersion in a high-fidelity sandbox
building game? Are simulated soft-body dynamics of sufficient realism to train surgeons for real
surgery using a VR operating theatre? Can modern physics engines update quickly enough to
produce accurate next-generation haptic feedback?

Although there are many lenses through which to analyse the issue, this work seeks to narrow scope.
Five key areas of VR which show promise in the future are identified, and through these areas this
work analyses whether current game-oriented physics engines are accurate enough. These areas
of future use are: 1) Haptics rendering, 2) Simulation to real world applications (Sim2Real), 3)
Mixed and augmented reality, 4) Virtual reality on low-compute devices, and 5) Highly immersive
experiences. From this analysis we then formulate a conclusion about the current state of game-
oriented physics engines for future use in VR.

How does a physics engine work?

Before exploring whether current physics engines suffice for future applications, it is prudent to
understand some fundamentals of their inner workings. At the most basic level a real-time physics
engine works on a cyclical read/update loop, typically: 1) Assess current forces on all entities in the
scenegraph 2) Calculate kinematics for the next timestep 3) Update entities’ positions and velocities
[9]. Doing so at a high enough frequency simulates the application of force on an entity in real-time
and when done in parallel with multiple entities, provides the illusion of global physics (see Figure
2). Under the same force entities kinematic behaviours would then vary depending on their material
properties and entity type (e.g. rigid-body, soft-body, cloth, fluid).
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Figure 2: Simplified update loop of a physics engine [10]

Although the exact architecture and physical laws implemented vary between engines the equations
of motion are the most important and almost universally relied on. The key equation being Newton’s
Second Law:

F=mxad
Where F is force in the X, y, z axes, m the mass of the entity and @ the acceleration in each
respective axis. When extended to rotational motion i.e. angle, angular velocity and angular accel-
eration:

M=1Ixa

Where M is the moment about the X, v, z directions, I the mass moment of inertia and & the angular
acceleration in each respective direction [9]. On each loop of the physics engine the instantaneous
translational and rotational kinematics of an entity is updated by:

1. Identifying all moments and forces acting on each entity in the scenegraph.

2. Take the vector sum of all moments and forces for each entity.

3. Use the described equations of motion for translational and angular acceleration.

4. Integrate the acceleration with respect to time to find the translational and angular velocity.
5. Integrate the velocity with respect to time to find the translational and angular displacement.

Where engines differ is by how they complete the above steps and although there exist many sub-
tleties between engines, time is spent to highlight two of the most common variances for the reader’s
benefit: 1) The numerical solvers used to integrate an entity’s kinematic properties 2) The way
collisions between entities are handled.

Numerical Solver

Once the sum of moments and forces for an entity is calculated and equations of motion applied, the
engine must integrate the equations with respect to time, thus generating the entity’s kinematics.
As a computer cannot approach these integrals analytically they must be solved with computational
methods. Some of the most common include [11]:

e Euler Method
e Verlet Method
e Runge-Kutta Method



Each varying in time complexity, auxiliary memory complexity and convergence rate upon an optimal
solution, meaning it is crucial the solver use is calibrated to its use-case. Much of the work around
improving solvers leverages the discipline of computational methods.

Collision Handling

Collision handling encompasses collision detection algorithms, entity bounding volumes and the
mathematics of momentum transfer between colliding entities. Similarly, the approach to each
component will vary between engines, for example, the type of bounding volumes used can vary
depending on the accuracy expected and compute the engine can leverage. Typical volumes in order
of increasing accuracy and complexity might include [12]:

e Spheres

e Axis-Aligned Bounding Boxes (AABB)
e Oriented Bounding Boxes (OBB)

e Convex Hull

High accuracy collision handling is often highly desired for VR and therefore an important focus for
physics engines. A rich tactile experience (generated through momentum transfer from collisions)
and perceptually realistic simulation of non-body collisions creates a sensory experience often enough
to warner a strong plausibility illusion.

These collisions are registered by the engine’s collision detection algorithm which is run during
the physics engine loop. The Gilbert-Johnson-Keerthi (GJK) algorithm is one of the commonly
used algorithms for achieving precise low false-positive collisions, relying on an iterative method of
computing the Euclidean distance between two convex sets in an n-dimensional space [13].

Physics engines found in modern games
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Figure 3: Simplified ’game loop’ of a game engine [14]



Of the many general-purpose physics engines that exist, many do so in the context of a modern game
engines. This is typically because the the physics engine passes calculated kinematics information
of entities in the scenegraph directly to the renderer to visualise, creating the illusion of real-time
physics (see Figure 3). This means although many physics engines need not be extensible from their
parent game engine or even recognised as a separate software module. Consequently in this section
we outline notable 3D real-time physics engines used in modern game engines for reference in later
discussion. These range from open source to proprietary as well as some which are non-separable
from their parent game engine [15].

NVIDIA PhysX [16]

Colloquially shortened to PhysX, NVIDIA PhysX is considered the most prolific physics engine
within the game development community. Numerous games engine’s utilise PhysX such as Unity,
Unreal Engine and Open 3D Engine. This traction has come from its rich feature set, high accuracy
physics, strong CPU/GPU optimisations, large community and widely-permissible licensing. The
engine itself is lightweight and flexible and is therefore seeing increasing use in tangential domains
such as high-fidelity robotics simulation, medical simulation and scientific visualisation applica-
tions.

Havok Physics [17]

Havok Physics is a proprietary physics engine used across many proprietary game engines such as
Valve’s Source Engine, Ubisoft’s AnvilNext Engine, Electronic Art’s Frostbite Engine, Activision’s
IW Engine and recently Unity as a result of Unity’s undergoing data-oriented rewrite. Havok Physics
provides many of the same features as PhysX such as accurate rigid-body mechanics and hardware
optimisations but is sometimes opted for over PhysX due to its easy integration with other Havok
middleware.

Bullet [18]

Bullet is a less well known physics engine that is both free and fully open-source, originally de-
veloped by Erwin Coumans whilst at Sony Computer Entertainment [19]. As a general-purpose
engine it has seen use in many games and is increasingly being used as a alternative to the less
actively maintained Open Dynamics Engine [20]. Now Bullet is very much at the for-front of rein-
forcement learning and robotics simulation, used by countless researchers particularly in the field of
quadrupedal robotics.

CryPhysics [21]

CryPhysics is the physics engine used in Crytek’s popular game engine CryEngine as well as Ama-
zon’s only recently deprecated Amazon Lumberyard engine. CryPhyics has already seen use in
many VR experiences, for example, The Climb game series developed alongside Oculus Studios
where players attempt to scale massive structures like skyscrapers with movable handholds in VR,
received praise in its most recent installment for its ”real physical reactivity” [22].



Notable Proprietary Physics Subsystems
Unreal Engine’s Chaos Physics [23]

Still in development, Unreal Engine’s Chaos Physics is a new lightweight physics engine slated to
replace PhysX in future Unreal Engine releases. Chaos Physics has seen its debut in the popular
online multi-player game Fortnite, where it is being used as a testbed for high accuracy physics
with many networked clients. Advancements over existing solutions include a faster physics solver,
increased joint stability for ragdolls and integrated cloth mechanics.

Valve’s Rubikon

As part of Valve Corporation’s Source 2 game engine, Valve have been developing their in-house
Rubikon physics engine [24]. Currently unavailable to the public, more implementation specifics are
expected with the general release of Source 2. This engine saw its debut in the milestone VR game
Half Life: Alyx, providing quick update loops and high accuracy rigid-body physics with additional
support for fluid and body-coupling mechanics.

1: Haptics rendering
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Figure 4: Haptics rendering when integrating with modules of a typical game engine. The simulation
module is representative of a what has so far been defined as a physics engine. [25]

Haptic rendering is the process of computing and generating forces in response to user and robot
interactions with virtual objects [26]. Unlike other forms of rendering such as visual and audio,
haptic rendering is uniquely bi-directional due to the position-force feedback loop created from
using a virtual environment and a haptic device in tandem. This technology is still very much in its
infancy with respect to both the haptic devices being used and the way in which haptics are rendered
on them in parallel with VR. Truly immersive VR, a north-star goal for the VR community, will need
a strong foundation in haptics. For example in 2021 Meta outlined a 10-year vision for contextually-
aware, Al-powered interface for augmented reality (AR) core to which was creating ultra-low-friction
input through improved haptics [27]. While haptic devices fall out of scope for this work, high-fidelity
haptic rendering is, as Figure 4 shows, reliant on a accurate physics engine.



An important consideration for any rendering system is the Nyquist theorem, which states any kind
of sampling needs to happen at twice the frequency we desire for there to be no information loss. For
example, the maximum perceivable frequency human eyes can detect is around 20Hz hence we need
a sampling frequency and hence a refresh rate 40Hz+ [28]. Similarly this principle applies to haptic
rendering where human tactile feedback is vastly more sensitive, thereby demanding a refresh rate
of about 1kHz [26]. This requires that haptic rendering operates at a much higher frequency than
other rendering components, in particular higher than is expected of a commodity physics engine,
for example, PhsyX typically runs at a simulation rate of 60Hz [29].

(b)

Figure 5: Examples of haptic devices. (a) Meta’s early stage haptic glove. (b) TouchX haptic device
by 3D Systems. [30, 31]

Additionally, physics engines often do not provide the raw force data used in the calculation of
physics and instead only provide final entity kinematics for a given simulation step. Although some
open source systems like Bullet provide developers access to this information, this is not the case
for more popular engines like PhysX and Havok. Without force data from collisions it is hard to
generate the necessary force response required in the haptic rendering loop as seen in Figure 4.

Attempts have been made to resolve these issues, for example, Choi et al. implement an interme-
diary Force Simulation Layer which acts as a data buffer between the physics engine and haptics
renderer in the context of surgery simulation [32]. This intermediate layer manages the discrepancy
in update rate between PhysX at 60Hz and the haptics renderer (OpenHaptics) at 1kHz as well as
reverse engineers historic kinematics data to determine the underlying forces calculated by PhysX
for force response. Maciel et al. adopt a similar approach and successfully orchestrate PhsyX and
OpenHaptics together using a Model View Controller (MVC) design pattern, as commonly found in
the web-development architecture [33].

Although these work-arounds allow for the use of modern general-purpose physics engines such as
PhysX they do so with some information loss due to the discrepancy in update rate. This ultimately
limits the accuracy with which haptics can be rendered, relying on approximations with stale force
data to generate less than ideal tactile response. Future adaptations to physics engines will likely
need to consider haptics rendering as a core part of their architecture, making force data more
extensible and optimise existing solvers, collision detection algorithms and caching techniques to
achieve native update rates of up to 1kHz.



2: Simulation to real world applications (Sim2Real)

Increasingly VR is used as a medium to interact with a virtual environment that is a digital twin
of a real environment. The most commonly cited example is surgery simulation, where surgical
procedures are simulated in the virtual environment with as accurate as possible physics to the
real procedure, and through which an operator uses a HMD to perceive the environment. In the
reinforcement learning and robotics community this kind of digital to real coupling is referred to as
Sim2Real: simulation to real-world, and this terminology is borrowed for the remainder of this work
to refer to the simulation to real-world coupling more generally.

We first analyse the use of sandbox VR training simulations that emulate real-world tasking. These
simulations are usually designed for participants to learn and refine their craft or skill in a low-risk
environment without repetition limit. Applied contexts range from surgical operations to niche in-
dustrial manual-labour based tasks such as system inspection and complex part assembly [34].

As these simulations are designed with the expectation that experience garnered in simulation would

transfer to the real-world and yield better operator performance, the simulation physics must there-
fore be accurate enough to be representative of the real world. Although there exists a strong body
of research around Sim2Real in psychological and social settings such as exposure therapy, these
contexts benefit from greater visual realism than higher fidelity physics simulation and are hence
excluded from this work’s consideration.

(a) (b)
Figure 6: VR-based simulation for training demolition robot operators. (a) Demolition robot in
simulated construction environment. (b) Real demolition robot being operated. [35]

Adamit et al. create a VR based training simulation of a demolition robot for construction workers
that mimics an actual demolition robot which is later used as a benchmark for operator performance
[35]. This virtual environment was created using only the Unity game engine and leveraging PhsyX
to simulate physics. The authors show an improvement in operator safety protocol when using the
simulation prior to operating the robot (see Figure 6) but limited their experiments to the demolition
of simple brittle objects such as breeze blocks. More physically challenging objects to simulate such
as glass, road-surface and softer-body materials like metal are excluded leaving the simulation not
fully representative of all scenarios the robot and operator might face.

Surgical procedures, another common Sim2Real domain, are notoriously hard to simulate due to the
very high precision physics simulation needed. Consequently, many surgical training applications



avoid the commodity physics engine found in game engines and use specialised simulators like dV-
Trainer [36] and da Vinci Skills Simulator (dVSS) [37]. These simulators instead provide very high
precision solvers with strong soft-body and fluid dynamics support [38].

The second area of Sim2Real that attention is drawn to is the increasing use of VR as a proxy for
experimental validation of research intended for real world, which has only accelerated as a result
of recent work-from-home restrictions. This has varied from testing safety improvements on heavy
equipment to the efficacy of co-bot setups in manufacturing all using the physics on offer in modern
game engines [39]. Such practises have shown promise in providing a sufficient proxy for real world
experimental validation but there has yet to be comprehensive work highlighting the pitfalls in
physics simulation for such scenarios.

It is evident that from the work done to simulate real world environments in VR, many applica-
tions have been successful in relying on the physics simulation produced from modern game engines.
However, more challenging domains like surgery and those requiring advanced non-rigid-body dy-
namics are still out reach for such engines. For example, there exist many VR training simulations
for electricians but few for plumbers which is in part due to the added complexity of simulating
accurate fluid dynamics within real-world piping setups.

3: Mixed and augmented reality

Unlike VR, mixed reality (MR) using pass-through and augmented reality both overlay rendered
virtual environments onto the real world. This creates a unique opportunity but also adds the
challenge of syncing a simulation’s behaviour with the behaviour perceived in real world. One of
the most challenging aspects of to this is the physics component. When two objects, say tennis
balls, one real and one virtual are dropped from the same height and perspective to an AR user, will
they respond the same? Current physics engines tell us they are likely not too as there still exists
a notable discrepancy between the real and virtual physics simulation which will quickly break a
user’s immersion.

Figure 7: Niantic’s Lightship ARDK provides mobile developers with an easy to implement AR-
physics solution using PhysX as its backbone, here virtual die are thrown producing basic elastic
collisions with surfaces in the real world [40]



This discrepancy can arise for a multitude of reasons: additional forces on a real world object that
are not accounted for in the simulation, insufficient simulation rate providing stuttered trajectory
profiles versus a fully continuous world’s physics or even poor material property mapping between
a real and virtual entity.

Work has been done to reconcile the discrepancy creep in simultaneous virtual and real physics,
Kim et al. attempt to modify the physics update loop with a collision prediction module making
physics more anticipatory of changes in the real world [41]. Beaney et al. use a landmark based
method quickly reconcile creeping differences in collisions between the real and virtual world using
the Havok physics [42]. More generally there exists a body of research around object classification
in scenes for the purposes of material property inference of the real world, making collisions more
informed. These areas of research show promise at producing non-immersion-breaking physics but
require significant modifications to exiting physics engines to do so.

Nevertheless it is clear that there exists many applications, particularly in AR games such as Ni-
antic’s offerings like Pokemon Go, that prove game-oriented physics engines can be used successfully.
However, many of the simulations produced are very basic and use highly elastic rigid-body colli-
sion approximations making the generated physics seem cartoon-like. Current physics engines will
need to build out native MR and AR modules to allow for more realistic real and virtual physics
interoperability. This has been a recent focus for mobile based AR software development kits such
as ARKit (for i0S) and ARCore (for Android) [43].

4: VR on low-compute devices

As with many devices there has also been a consistent trend for HMD-based VR devices to become
lighter and more ergonomic while still being able to run a high-quality virtual environment. This
of course results in a trade-off between compute power and device form-factor. Increasingly light-
weight game engines are needed to accompany the shift to low-compute devices enforced by more
ergonomic designs and similarly physics engines must also follow suit.

Figure 8: Conceptualised reduction in HMD form-factor. [44]

With less compute on offer lightweight physic engines like those created by Park et al. [45] manage
to achieve real-time physics with less compute by approximating away complexity, thereby expensing
the reduced compute on lower accuracy physics simulation. Here work around creating computa-
tional methods optimised for specific physics calculations provide an avenue to improve the physics
engine accuracy-compute trade-off. Additionally some engines like CryPhysics perform minifica-
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tion routines at build-time in order to shed unnecessary functionality and reduce the computational
demands of the physics engine [21].

But increasingly this constraint is being solved through the use of low-latency, high-bandwith wireless
connections which allow high quality multi-platform render streaming. Already there exist many
production ready services like Google’s Stadia, Amazon’s Luna and Microsoft’s xCloud, and bar
from making processors more efficient provides a possible solution to the low-compute problem.
In Friston et al. the edge-computing paradigm is examined in the context of VR simulations and
’edge-physics’ proposed, which performs scenegraph streaming from a local server running a Unity
application and offloads CPU/GPU intensive workloads in real-time when client device power limits
are reached [46].

As a result of these proven alternatives it is likely that in order to solve future challenges concerning
accurate physics on low-compute VR devices, the effectiveness of methods like render streaming
will be improved over the reduction in physics engine complexity. From this we can conclude that
game-oriented physics engines have already proven sufficient for such streaming applications and are
therefore well prepared for future on-board compute-power reductions.

5: Highly immersive experiences

Figure 9: Meta’s Horizon Workrooms, an immersive virtual reality solution to virtual meetings [47]

The final future use-case we analyse is perhaps the most obvious, highly immersive experiences,
which encompasses any VR experience where embodiment and immersion are the key criteria through
which the experience is assessed and unlike Sim2Real, not necessarily how objectively true-to-life
the experience is. This can present in a variety of forms, from a non-euclidean sandbox experience
to a highly-immersive VR single player game. Consequently, mirror physics of the real world are
not strictly necessary but should be "perceptually’ correct enough to create strong cognitive illusion
for users.

One key aspect of achieving an immersive experience is the quality of human computer interaction
(HCI) with the virtual environment. When framing HCI, the context can fall into two categories:
natural interactions and ’'magical’ interactions. Natural interactions are those analogous to what
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would be expected in the real world and therefore set a high initial expectation on the perceived
familiarity of them. "Magicial’ interactions are those where the user is given superpowers, for example
the ability to fly, and therefore take time for the user to learn but also providing tolerance for
experimental interfacing [48]. In both cases HCI provides a powerful opportunity for the experience
designers to elicit feelings of embodiment for the user. Importantly, the strength of these feelings are
closely correlated to the degree to which the physical response generated in the virtual environment
matches a user’s expectations.

A recent successful example where both facets of HCI were leveraged to create strong immersion
was Valve’s survival horror VR game, Half Life: Alyx. Here the player is character Alyx Vance
who is a human trapped in a dystopian world where technology such as ”gravity gloves” have been
made allowing the user to supernaturally snatch objects from a distance, but otherwise following the
mechanics of the real world [1]. Through analysis of basic HCI tasks in-game such as locomotion,
selection and manipulation it is evident that accurate physics played a key role in cementing the

fidelity of each interaction.

B

ki

Figure 10: Series of keyframes demonstrating a physics-intensive manipulation interaction in Half
Life: Alyx. (Top Left) The obstacle in the player’s way is a door with a bar jammed between the
handles. (Top Right) The player can reach through the window to inspect the obstacle. (Bottom
Keyframes) The player reaches through the window then grasps the pipe and removes it to slide
open the door [49].

For example, in Figure 10 we analyse a manipulation task of removing a pipe that has jammed
a door in the way of the user’s path. Without accurate rigid-body physics and precise constraint
enforcement, as simulated by Valve’s Rubikon physics engine, the process to dislodge the pipe from
door handles would be trivial and unnatural thereby breaking immersion. Instead the player has to
approach the pipe parallel to its resting position, first slide it out and then rotate and navigate it
through the small opening provided by the window before being able to slide open the door.

Additionally, VR games like Boneworks by Stress Level Zero have proven successful at achieving
immersive VR experiences involving physics puzzles simulated by commodity physics engines. In
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Boneworks users must escape and battle their way out of a virtual city, revolving around realistic
physics interactions [50]. Boneworks is built ontop of Unity with custom tooling around PhysX to
support some of the novel physics puzzles implemented in the game [51].

Although, we demonstrate novel and promising immersive experiences that use game-oriented physics
engines these simulations rely solely on rigid-body physics. These experiences make no attempt at
simulating soft-body physics which is a crucial aspect to accurately simulating the way objects
deform, for example, squeezing a tennis ball.

Apart from immersive gaming experiences, there is an increasing push around the immersive VR
workplace experience. Meta’s Horizon workplace (see Figure 9) is a prime example, laying out a
vision where people use HMD to join virtual meetings in virtual settings in place of existing video-
conferencing solutions [47].

Figure 11: Phace: Physics-based simulation facilitates a number of advanced effects for facial an-
imation, such as applying wind forces, fattening and slimming of the face, wearing a VR headset,
and even turning into a zombie. [52]

One barrier to realising this vision has been rendering accurate facial expressions between conversing
parties wearing a HMD device. With upwards of 30 muscles in the face [53], accurately modeling
the physical changes of a persons facial expression in a photo-realistic way is still out of reach for
many physics engines. Should we want photo-realistic rendering game-oriented physics engine will
need to add increased support or sub-modules specifically for accurate facial expression modelling.
However, a lot of the work around cloth dynamics could prove a useful foundation for enabling this
in the future.

Conclusion

The objective of this work was to formulate a conclusion about the current state of game-oriented
physics engines for future use in VR. To do this the fundamentals of how a physics engine works
are discussed and a brief survey is undertaken of the most popular physics engines found in modern
games. After understanding the current state of game-oriented physics engines they are assessed
in the context of five key emerging areas of VR: 1) Haptics rendering, 2) Simulation to real world
applications (Sim2Real), 3) Mixed and augmented reality, 4) Virtual reality on low-compute devices,
and 5) Highly immersive experiences.

Through this technical analysis we begin to understand there exist a number of pitfalls that need
addressing if the physics engines found in modern games are to be used in future VR applications.
With regard to haptics rendering, the difference in simulation speed of a game-oriented physics
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engine is an order of 10 away from the necessary speeds haptics rendering requires. Sim2Real
learning experiences powered by commodity physics engines teach basic skills but still are sparsely
found in more technically challenging domains to simulate like plumbing and surgery. Although
there exist many AR and MR applications that use physics simulation from game engines overlayed
on the real world, most of these simulation use very elastic cartoon-like collisions in place of expected
real world behaviour. However, we do show techniques to simulate physics accurately on resource
constrained devices through networked solutions such as edge-computing and current engines provide
physics simulations enough to for highly immersive gaming and social experiences, but with provide
some ideas for improvement as well.

Overall, the physics simulations found in modern games platforms do simulate physics accurately
enough, but for future applications there is more work to be done. From this analysis we identify
three suggestions:

e Future physics engines will need modules that simulate soft-body dynamics and fluid dynamics

as well as current engines simulate rigid-body dynamics.

e Future physics engines will need to work faster, operating at a higher refresh rate to improve
fidelity and syncing with haptic devices.

e Future physics engines could benefit from the ability to learn the physical laws of the envi-
ronment it is simulating, potentially through techniques such as reinforcement learning and
evolutionary programming.

Basic ideas to achieve such improvements may include making differential calculus easier to perform
in these simulators or leaning on more scientific physics engines as the groundwork for future VR-
focused physics engines.
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