
process vs physics process godot
process vs physics process godot delves into a fundamental distinction within the Godot
game engine that often causes confusion for new and even intermediate developers.
Understanding the difference between a standard Godot `process` function and the
`physics_process` function is crucial for building stable, performant, and well-behaved
games. This article will meticulously break down each concept, exploring their unique
roles, typical use cases, and the underlying principles that govern their execution. We'll
investigate how and when to leverage each of these critical callbacks, examining the
implications of their distinct update loops and providing clear guidance on choosing the
right one for your specific game development needs. Mastering this distinction is a
significant step towards becoming a proficient Godot developer.
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Understanding the Standard Process Function in
Godot

The standard `process` function, often referred to as `_process(delta)`, is the workhorse
for most of your game's logic that isn't directly tied to the physics simulation. It's called
every frame, regardless of whether the physics engine is actively running. Think of it as
the visual update loop. When you want something to happen smoothly over time, like
character animations, UI updates, camera movements, or even simple AI decision-making
that doesn't require precise physical interaction, `_process` is your go-to.



The `delta` parameter passed to `_process` represents the time elapsed since the last
frame in seconds. This is incredibly important because it allows you to make your game's
logic frame-rate independent. If you move an object by a fixed amount each frame, it will
move faster on a higher frame rate system and slower on a lower one. By multiplying your
movement or change by `delta`, you ensure that the same amount of progress is made
over a given real-world time, regardless of how many frames were rendered.

Consider a simple example: moving a sprite across the screen. In `_process`, you might
update its position like this: `position.x += speed delta`. This ensures that whether your
game runs at 30 FPS or 120 FPS, the sprite covers the same distance in one second. This
predictability is essential for a consistent player experience.

Exploring the Physics Process Function in Godot

The `physics_process` function, called `_physics_process(delta)`, is intrinsically linked to
Godot's physics engine. It is invoked at a fixed rate, independent of the rendering frame
rate. This fixed rate is crucial for the stability and accuracy of physics simulations. If the
physics were to run at the same variable rate as the rendering, collisions could be missed,
and physical interactions would become unpredictable and jittery, especially on systems
with fluctuating frame rates.

Godot's physics engine operates on a discrete time step. `_physics_process` is called once
for each of these fixed physics steps. The `delta` parameter here also represents the time
elapsed, but it's the time elapsed since the last physics step. This consistent timing allows
for deterministic and reliable physics calculations. When you're dealing with rigid bodies,
character controllers that rely on physics, collision detection, and any logic that directly
manipulates physics properties, `_physics_process` is the appropriate place to do it.

For instance, if you're applying a force to a `RigidBody2D` node to make it jump, you
would do this within `_physics_process`. Applying physics forces or modifying physics
properties outside of this function can lead to inconsistent behavior and potentially break
the simulation. This is because the physics engine might not be in a state to correctly
interpret those changes.

Key Differences: Process vs. Physics Process

The fundamental divergence between `process` and `physics_process` lies in their update
frequency and purpose. `_process` runs every frame, synchronized with the display's
refresh rate, making it ideal for visual updates and non-physics-dependent logic.
`_physics_process`, on the other hand, runs at a fixed, consistent rate, typically
independent of the frame rate, and is specifically designed for all physics-related
calculations. This fixed rate is configurable in the project settings, allowing developers to
tune the precision of their physics simulation.



Imagine a game where a character is running and shooting projectiles. The character's
movement, animations, and input handling would ideally occur in `_process` for smooth
visual feedback. However, when the character shoots, the projectile's trajectory, its
collision with the environment or enemies, and any subsequent physics reactions should
be managed within `_physics_process` to ensure accurate and reliable interactions. Trying
to handle physics in `_process` can lead to missed collisions and erratic behavior,
especially when frame rates drop.

Here's a breakdown of their primary distinctions:

Execution Rate: `_process` is variable (per frame), `_physics_process` is fixed (per
physics step).

Purpose: `_process` for visual updates, UI, input, non-physics logic.
`_physics_process` for physics simulations, collision handling, and physics-based
movement.

Dependencies: `_process` is tied to rendering. `_physics_process` is tied to the
physics engine's internal loop.

Delta Parameter: Time since last frame for `_process`. Time since last physics step
for `_physics_process`.

When to Use Process

The `_process(delta)` function is your go-to for anything that needs to happen visually or
logically every single frame, without direct involvement of the physics engine. This
includes a wide array of game development tasks. For example, if you have a health bar
that needs to deplete as a player takes damage, you'd update its visual representation in
`_process`.

Camera controls are another prime candidate for `_process`. Whether you're smoothly
following a player, implementing a zoom effect, or creating cinematic camera movements,
these visual updates are best handled here. Similarly, UI elements that change
dynamically, like score displays, timers, or inventory slots, should have their logic for
updating in `_process` to ensure they reflect the game state immediately after it changes.

Consider AI that needs to make decisions based on visual information or player proximity,
but doesn't necessarily need to interact physically with the environment. A simple AI
might check the player's position periodically and move towards them. This logic, if not
directly manipulating physics bodies, can reside in `_process`. Other uses include:

Animating sprites or other visual elements.



Handling user input for non-physics actions.

Updating particle effects.

Implementing simple timers and delays.

Managing complex state machines for gameplay logic.

When to Use Physics Process

The `_physics_process(delta)` function is exclusively for operations that interact with or
rely upon Godot's physics engine. This is where you'll implement character controllers that
use `KinematicBody` or `CharacterBody`, apply forces to `RigidBody` nodes, manage joint
constraints, and detect collisions. The key is that if a function's outcome depends on
precise timing and collision detection within the physics world, it belongs in
`_physics_process`.

When you're developing a platformer, for example, your player's jumping, gravity, and
movement that involves collision with the ground or walls should be handled in
`_physics_process`. If you're building a top-down shooter, the projectiles fired by your
character, their collision detection with enemies and obstacles, and the resulting damage
or knockback are all physics-related and should be managed here. This ensures that
collisions are detected reliably, even when the game's frame rate fluctuates.

Think of it this way: if you're directly interacting with physics bodies or expecting the
physics engine to accurately report collisions, you should be in `_physics_process`. This
guarantees that your game's physical interactions are robust and predictable. Other
common uses include:

Applying forces, impulses, or torque to `RigidBody` nodes.

Moving `CharacterBody` nodes using `move_and_slide` or `move_and_collide`.

Handling collision signals and their responses.

Implementing physics-based puzzles or interactions.

Managing character controllers that require precise physical movement.



Common Pitfalls and Best Practices

One of the most frequent mistakes developers make is using `_process` for physics
operations or using `_physics_process` for purely visual updates. If you apply forces to a
`RigidBody` in `_process`, the physics engine might miss that update, leading to erratic
movement or missed collisions. Conversely, updating a visual element's position in
`_physics_process` might cause it to stutter if the physics update rate is lower than the
frame rate, or it might be updated more times than necessary, potentially wasting
resources.

A good practice is to keep your logic strictly separated. If a piece of code affects physics, it
goes into `_physics_process`. If it affects visuals or game state that doesn't rely on precise
physical simulation, it goes into `_process`. When `_process` needs to react to a physics
event, it's often better to handle that response within `_physics_process` and then use
signals to communicate that information to nodes that are updating in `_process`.

Here are some key best practices to keep in mind:

Separate concerns: Never mix physics and non-physics logic within the same
function if it can be avoided.

Use signals: Communicate between nodes updating in `_process` and
`_physics_process` using signals to maintain clean separation.

Frame-rate independence: Always multiply movement and changes by `delta` in
both `_process` and `_physics_process` to ensure consistency.

Check physics settings: Be aware of your project's physics tick rate (configured in
Project Settings -> Physics) and understand how it affects `_physics_process`
execution.

Avoid heavy computations in `_process`: If a calculation is computationally
expensive and doesn't need to run every frame, consider optimizing it or running it
less frequently.

Performance Implications

Understanding the difference between `_process` and `_physics_process` also has
significant performance implications for your game. The `_process` function runs every
frame, which means if you have a lot of complex operations within it, you can easily bring
your frame rate down. This is especially true for older or less powerful hardware.

On the other hand, `_physics_process` runs at a fixed rate. While this is crucial for physics



accuracy, if your physics simulation becomes very complex with many objects, complex
collision shapes, or computationally intensive physics interactions, it can become a
bottleneck. Godot allows you to adjust the physics tick rate, but setting it too high can
negatively impact performance, while setting it too low can lead to less accurate physics.

The key is optimization. For `_process`, optimize any heavy calculations, defer them to
less frequent updates if possible, or consider multithreading for extremely demanding
tasks. For `_physics_process`, optimize your collision shapes (use simpler shapes where
possible), limit the number of physics bodies interacting, and be mindful of the physics
tick rate. Generally, it's better to keep `_physics_process` as lean as possible, focusing
only on essential physics updates, and let `_process` handle the rest.

Examples and Scenarios

Let's walk through a couple of common scenarios to solidify your understanding. Imagine
you're making a simple 2D platformer. Your player character might have its movement
input and animation updates handled in `_process`. When you press the jump button, the
input is registered in `_process`, but the actual jump force applied to the
`CharacterBody2D` node (or `KinematicBody2D` in older Godot versions) would occur in
`_physics_process` using `move_and_slide`. The visual feedback of the jump animation
would be triggered by a state change, potentially managed in `_process`.

Another scenario: a spaceship shooter. The spaceship's movement, controlled by player
input (like thrust and rotation), and its visual effects (like engine trails) would be handled
in `_process`. When the player fires, a projectile is spawned. The projectile's trajectory, its
collision detection with enemies, and the resulting explosion or damage calculation would
all be managed within `_physics_process`. The visual explosion animation itself, once
triggered by a physics collision, could then be handled in `_process`.

Consider a simple UI button that changes color when hovered over. This visual change is
purely for user feedback and is not physics-related, so it would be done in `_process`. If
you have a button that activates a trap, and that trap involves physics (like dropping a
boulder), the activation logic might be triggered by a signal received in
`_physics_process`, which then applies the necessary physics force to the boulder.

Here are some more specific examples:

Enemy AI Pathfinding: If an enemy is using A pathfinding, the path calculation
itself might occur in `_process` (as it can be computationally intensive), but the
actual movement of the enemy along the calculated path, especially if it needs to
navigate physics obstacles, would be in `_physics_process`.

Camera Lag: Implementing a smooth camera follow with lag is a visual effect, so it
belongs in `_process`.

Character Stats: Updating a character's health, mana, or stamina is game logic and



typically handled in `_process`, but if those stats directly influence physics
properties (like speed reduction due to fatigue), the physics-related adjustments
would be in `_physics_process`.

This concludes our deep dive into the `process` versus `physics_process` distinction in
Godot. By understanding and correctly implementing these fundamental update loops,
you're well on your way to building more robust, performant, and predictable games. The
clarity gained here will undoubtedly streamline your development workflow and help you
avoid common, frustrating bugs. Keep experimenting, and happy coding!

FAQ

Q: When should I use `_process` versus
`_physics_process` for character movement?
A: For physics-based characters (like those using `CharacterBody2D` or `RigidBody2D`),
it's crucial to perform movement operations like `move_and_slide()` or applying forces
within `_physics_process(delta)`. This ensures that the movement is synchronized with the
physics engine, leading to accurate collision detection and stable interactions with the
environment. Input handling for movement can still occur in `_process` but should trigger
actions in `_physics_process`.

Q: Can I call `_process` from `_physics_process` or vice
versa?
A: While technically possible, it's generally not recommended to directly call one from the
other in a way that bypasses their intended update cycles. Mixing them indiscriminately
can lead to unpredictable behavior, missed updates, and physics instability. It's better to
use signals to communicate between nodes that update in different process functions.

Q: What happens if I don't use `delta` in my `_process`
or `_physics_process` functions?
A: If you don't multiply your changes by `delta`, your game's logic will become frame-rate
dependent. This means actions will happen faster on machines with higher frame rates
and slower on machines with lower frame rates, leading to an inconsistent and often
unplayable experience. Always use `delta` for time-based calculations.

Q: How does the physics tick rate affect
`_physics_process`?
A: The physics tick rate, configured in Project Settings, determines how many times per
second the physics engine updates. `_physics_process` is called once for each of these



physics ticks. A higher tick rate provides more precise physics but can impact
performance, while a lower tick rate is less computationally intensive but may lead to less
accurate simulations.

Q: Is it okay to have very complex logic inside
`_physics_process`?
A: It's best to keep `_physics_process` as lean as possible. Complex calculations that don't
directly involve physics updates should ideally be moved to `_process` or handled
asynchronously. Overloading `_physics_process` with heavy computations can slow down
the physics simulation and cause performance issues or instability.

Q: What if I want to apply a visual effect immediately
after a physics collision?
A: When a physics collision occurs, you'll typically handle the physics response in
`_physics_process` (e.g., applying damage). You can then emit a signal from that physics-
related script. Another script, perhaps attached to the object that received the damage
and updating in `_process`, can connect to this signal and trigger the visual effect. This
separates physics logic from purely visual updates.
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