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In the realm of game development and AI navigation, creating realistic and
efficient pathfinding is a crucial aspect. One of the key tools developers
leverage is Unity’s NavMesh system, which allows characters and agents to
navigate complex environments seamlessly. A particularly powerful feature
within this system is the NavMesh Obstacle component, especially when
combined with its Carve functionality. This feature becomes invaluable in
scenarios where dynamic geometry or intricate environmental features need to
be accurately represented in navigation meshes. By "carving" the obstacle
into the NavMesh, developers can ensure that agents avoid specific areas
precisely, leading to more natural movement and avoiding issues such as
agents walking through objects or getting stuck. This article explores the
significance of the Carve feature, how it works, best practices for its use,
and practical scenarios where it shines.

---

Understanding NavMesh and NavMesh Obstacles

What Is a NavMesh?

A Navigation Mesh (NavMesh) is a data structure used by AI agents to
determine walkable areas within a game environment. It simplifies the
environment into polygons, representing the areas where agents can move. This
abstraction allows for efficient pathfinding, obstacle avoidance, and
movement computation.

Role of NavMesh Obstacles

NavMesh Obstacle components are used to dynamically modify the NavMesh during
runtime. They define regions that should be considered blocked or unavailable
for navigation, such as furniture, doors, or other environmental features
that might change state or position during gameplay.

---



The Carve Feature: What It Is and How It Works

Definition of the Carve Functionality

The Carve feature in Unity’s NavMeshObstacle component allows the obstacle to
modify the existing NavMesh by "carving out" or updating the mesh
dynamically. Instead of static obstacles that only block navigation, carved
obstacles actively modify the NavMesh at runtime, ensuring agents recognize
new or altered geometry immediately.

How Does Carving Work?

When enabled, the Carve option causes the NavMesh system to update the
navigation mesh around the obstacle based on its shape, size, and position.
This process involves:

- Generating a cutout in the NavMesh corresponding to the obstacle’s
geometry.
- Updating the navigation data in real-time or during bake.
- Ensuring agents avoid the carved regions, respecting the obstacle's current
state.

This dynamic update is essential when dealing with moving geometry or objects
that appear and disappear during gameplay.

---

Advantages of Using the Carve Feature in
Geometry-Heavy Situations

Precise Representation of Dynamic Geometry

In environments where geometry changes frequently—such as doors opening,
bridges lowering, or destructible objects—the Carve feature ensures the
NavMesh remains accurate. This prevents agents from walking through closed
doors, falling off ledges, or entering areas that should be inaccessible.

Enhanced Realism and Player Experience

By accurately reflecting the environment’s current state, navigation appears



more natural. For example:

- AI characters avoid walking through closed gates.
- Pathfinding adjusts when obstacles move or change shape.
- The environment responds dynamically to player actions, creating a more
immersive experience.

Reduced Need for Manual Re-baking

Without carving, developers might need to rebake the NavMesh whenever
geometry changes, which can be computationally expensive and disruptive.
Carving allows for real-time updates, reducing the need for expensive bake
operations and enabling more flexible gameplay.

Facilitating Complex Interactions

Carving is particularly helpful in scenarios involving:

- Moving platforms
- Dynamic cover objects
- Environmental hazards
- Procedurally generated obstacles

It allows AI agents to adapt quickly to these changes without extensive
manual intervention.

---

Implementing the Carve Feature Effectively

Setting Up NavMeshObstacle with Carve Enabled

To utilize the carving feature:

1. Attach a NavMeshObstacle component to the game object representing the
obstacle.
2. Enable the Carve checkbox in the inspector.
3. Configure the shape (box, capsule, or custom) and size to match the
obstacle’s geometry.
4. Ensure the obstacle's Carving mode is set appropriately to update during
gameplay.



Optimizing Performance

While carving provides real-time updates, excessive carving or complex
geometry can impact performance. Strategies to optimize include:

- Limiting the number of carved obstacles.
- Using simple shapes for carving rather than complex meshes.
- Tuning the Carve update intervals, especially for moving obstacles.

Handling Moving Geometry

For moving obstacles:

- Continuously update the obstacle's position and shape.
- Enable Carve to ensure the NavMesh updates accordingly.
- Use scripts to control when carving updates occur, avoiding unnecessary
recalculations.

---

Best Practices and Common Pitfalls

Best Practices

- Use Simple Shapes for Carving: Complex meshes can slow down carving
updates. Use primitive shapes when possible.
- Limit the Number of Carved Obstacles: Too many active carvings can degrade
performance.
- Update Carving Strategically: Only carve when necessary, such as when an
obstacle moves or changes state.
- Combine with NavMeshModifiers: Use tags and area costs to refine navigation
behavior around carved obstacles.

Common Pitfalls

- Forgetting to Enable Carve: Obstacle won’t modify the NavMesh unless this
is checked.
- Misaligning Shapes: Incorrect shape or size can lead to inaccurate
navigation.
- Overusing Carving: Excessive carving can cause performance issues,
especially on complex scenes.
- Not Releasing Carves: When obstacles are destroyed or deactivated, ensure



carving updates are handled properly to prevent lingering carve regions.

---

Practical Scenarios Where Carving Excels

Dynamic Doors and Gates

In games featuring doors that open and close, setting up NavMeshObstacles
with carving ensures AI agents recognize the door’s state. When closed, the
obstacle carves out a region, blocking passage; when open, the obstacle is
disabled or moved, allowing agents to traverse.

Moving Platforms and Elevators

Platforms that move vertically or horizontally can be carved into the
NavMesh. This prevents agents from walking onto platforms when they are not
accessible or when they are in motion, maintaining realistic navigation.

Destructible Environments

In destructible scenarios, such as walls or barriers that can be destroyed,
carving allows the NavMesh to update dynamically, removing obstacles and
opening new pathways for agents.

Procedural and Runtime-Generated Environments

Procedural generation often involves changing geometry during gameplay.
Carving ensures that navigation meshes stay up-to-date with these changes
without costly pre-baking.

Environmental Hazards and Traps

Spikes, lava, or other hazards that appear or disappear dynamically benefit
from carving, ensuring agents avoid dangerous regions accurately.

---



Conclusion: The Power of Carving for Geometry-
Heavy Environments

The Carve feature within Unity's NavMeshObstacle component offers developers
a robust tool for managing dynamic and complex geometry in navigation
scenarios. It bridges the gap between static navmeshes and the fluid, often
unpredictable nature of game environments. By allowing real-time updates to
the navigation mesh, carving enhances realism, reduces manual workload, and
improves AI pathfinding behavior. When used thoughtfully—keeping performance
considerations in mind—it empowers developers to craft immersive, interactive
worlds where AI agents navigate intelligently around moving, changing, or
destructible geometry. Whether it's doors that swing open, platforms that
move, or destructible walls, the carve feature ensures your navigation system
remains accurate and responsive, elevating both gameplay and development
efficiency.

Frequently Asked Questions

What is the primary benefit of using the Carve
feature on a NavMesh Obstacle component?
The primary benefit is that it allows dynamic and precise modification of the
NavMesh in real-time to account for changing geometry, ensuring accurate
navigation for AI agents.

How does the Carve feature improve navigation in
complex environments?
By carving out areas of the NavMesh based on obstacle geometry, it prevents
AI agents from attempting to navigate through inaccessible or obstructed
regions, leading to more realistic movement.

When should I use the Carve feature instead of
static obstacles?
Use Carve when your environment has moving or changing geometry that needs to
dynamically affect navigation, such as doors opening/closing, moving
platforms, or destructible objects.

Are there performance considerations when using the
Carve feature on NavMesh Obstacles?
Yes, excessive or frequent carving can impact performance, so it’s best to
use it judiciously and optimize the geometry and update frequency to maintain



smooth gameplay.

Can I combine the Carve feature with other NavMesh
obstacle settings for better results?
Absolutely, combining Carve with settings like carving shapes, sizes, and
mesh geometry allows for precise control over how obstacles influence the
NavMesh, enhancing navigation accuracy.

How do I ensure that the Carve feature updates
correctly when the obstacle geometry changes?
Make sure to call the appropriate update functions or enable real-time
carving options so the NavMesh recalculates and reflects the current obstacle
shape and position.

Is the Carve feature suitable for all types of
geometry, such as complex meshes or simple shapes?
It works best with simple shapes like boxes or capsules, but it can also be
used with complex meshes if properly configured. However, complex meshes may
require additional optimization for performance.

Additional Resources
Using The Carve Feature On A NavMesh Obstacle Component Is Great For
Situations When You Have Geometry

In the realm of game development and interactive simulations, navigation
meshes (NavMeshes) serve as a foundational element that enables characters
and agents to traverse complex environments intelligently. Among the various
tools available to developers, the NavMesh Obstacle component plays a pivotal
role in dynamically modifying navigation paths in real-time. One of its most
powerful features is the “Carve” option, which allows obstacles to carve out
geometry from the NavMesh, providing a flexible solution when dealing with
static and dynamic geometry. This article delves into the nuances of using
the Carve feature on a NavMesh Obstacle component, exploring its advantages,
implementation strategies, limitations, and best practices for situations
when you have intricate geometry that needs to be accounted for during
navigation.

---

Understanding NavMesh Obstacles and the Carve Feature

What Is a NavMesh Obstacle?



A NavMesh Obstacle is a component used within game engines like Unity to
define objects that can dynamically influence the navigation mesh. These
obstacles can be static or moving and are essential for scenarios where the
environment changes during gameplay, such as doors opening, barriers
appearing, or objects being moved.

Key characteristics include:
- Shape and Size: Obstacles can be box, capsule, cylinder, or custom shapes.
- Dynamic Behavior: They can be set as static or moving, affecting how the
NavMesh updates.
- Impact on Navigation: They prevent agents from traversing through their
volume, effectively blocking paths.

The Carve Feature: An Overview

The Carve feature enhances the basic functionality of NavMesh Obstacles by
allowing the obstacle to modify the existing NavMesh rather than simply
acting as a static barrier. When enabled, Carving dynamically alters the
NavMesh geometry to carve out the space occupied by the obstacle, ensuring
that navigation paths are recalculated to avoid the obstacle’s volume.

Advantages of using Carve include:
- Handling complex, irregular geometry that cannot be easily represented by
simple NavMesh modifiers.
- Creating realistic interactions where obstacles can appear or disappear,
such as collapsing walls or opening doors.
- Improving navigation accuracy in environments with detailed or dynamic
geometry.

---

The Significance of Carving When Working With Geometry

Why Carving Matters for Geometric Environments

In many game scenarios, static obstacles are insufficient to represent the
environment's complexity. For example:
- Irregularly shaped terrain features like rocks, debris, or wreckage.
- Dynamic environmental objects such as collapsing structures, moving
platforms, or destructible elements.
- Environments where obstacles need to conform tightly to geometry to prevent
agents from clipping or taking unrealistic paths.

In these situations, relying solely on simple NavMesh modifiers or static
obstacles can lead to navigation issues, such as agents attempting to
traverse through geometry or taking inefficient routes. Carving allows the
NavMesh to adapt precisely to these geometries, providing a more natural and
believable navigation experience.

How Carving Enhances Realism and Functionality



By dynamically modifying the NavMesh in response to geometry:
- Pathfinding becomes more accurate: Agents recognize and avoid complex
obstacles that would otherwise be ignored.
- Environment interaction feels more authentic: For example, a door that
opens will carve out space dynamically, allowing agents to pass through
seamlessly.
- Level design flexibility increases: Designers can introduce or remove
geometry during gameplay without precomputing multiple NavMeshes.

---

Implementing Carve on NavMesh Obstacles: Step-by-Step Guide

Step 1: Adding a NavMesh Obstacle Component

The first step involves attaching a NavMesh Obstacle component to the game
object representing the obstacle:
- Select the game object in the scene.
- Add the NavMesh Obstacle component via the inspector.
- Set the shape (box, capsule, or custom) and size to match the obstacle's
geometry.

Step 2: Enabling the Carve Option

Once the obstacle component is added:
- Locate the “Carving” checkbox in the NavMesh Obstacle inspector.
- Enable the checkbox to activate carving.

Step 3: Configuring Carve Parameters

After enabling carving:
- Adjust the carve area to match the obstacle's geometry.
- For complex shapes, consider using custom mesh carving, which involves
assigning a custom mesh to define the carve volume precisely.
- Set the carve move threshold if the obstacle is dynamic, determining how
frequently the NavMesh updates in response to movement.

Step 4: Managing Dynamic Obstacles

For moving obstacles:
- Update the obstacle's position during gameplay.
- Ensure the “Carve” feature remains active so that the NavMesh updates
accordingly.
- Adjust the carve move threshold to balance update frequency and
performance.

Step 5: Baking and Rebuilding the NavMesh

- After setting up obstacles with carving enabled, bake the NavMesh.
- For dynamic scenes, consider runtime NavMesh updates if supported, or
rebake the NavMesh periodically to reflect changes.



---

Benefits and Limitations of Using Carve with Geometry

Benefits

- Precision in Navigation: Carving allows the NavMesh to conform closely to
irregular or complex geometry, minimizing navigation errors.
- Dynamic Environment Handling: Facilitates real-time updates as obstacles
appear, move, or disappear.
- Enhanced Realism: Agents react naturally to environment changes, improving
immersion.
- Reduced Manual Work: Eliminates the need to predefine multiple NavMesh
variants for different states or configurations.

Limitations and Challenges

- Performance Overhead: Real-time carving can be computationally expensive,
especially with complex geometries or frequent updates.
- Handling Dynamic Meshes: Carving with custom meshes or highly dynamic
obstacles may introduce artifacts or inconsistencies if not managed
carefully.
- NavMesh Baking Constraints: Some engines may require rebaking or partial
updates, which can be time-consuming or limit runtime flexibility.
- Complex Geometry Limitations: Very intricate or detailed geometries might
still pose challenges, requiring optimization or simplified collision meshes.

---

Best Practices for Effective Use of Carving with Geometry

Optimize Obstacle Shapes and Sizes

- Use simple primitive shapes when possible (boxes, capsules) to reduce
computational load.
- For complex shapes, consider creating simplified collision meshes that
approximate the geometry without unnecessary detail.

Manage Update Frequency

- Adjust the carve move threshold to prevent excessive NavMesh updates.
- For moving obstacles, test different update intervals to balance
responsiveness and performance.

Combine Carve with Other NavMesh Techniques

- Use NavMesh modifiers for static areas.
- Employ dynamic obstacles with carving only where necessary.
- Consider off-mesh links for special traversal scenarios.

Test in Diverse Conditions



- Validate agent navigation in various scenarios to ensure carving behaves
correctly.
- Use debugging tools to visualize carved regions and identify artifacts or
issues.

Use Custom Meshes Judiciously

- When employing custom meshes for carving, ensure they are optimized and
accurately represent the obstacle geometry.
- Update custom meshes dynamically if obstacles move or change shape during
gameplay.

---

Real-World Applications and Case Studies

Example 1: Urban Environment with Moving Vehicles

In a cityscape, vehicles and pedestrians navigate dynamically changing roads
and sidewalks. Using NavMesh Obstacles with carving allows for:
- Vehicles that can appear and disappear, dynamically carving out space.
- Pedestrians avoiding moving cars in real-time.
- Realistic simulation of traffic flow and pedestrian behavior.

Example 2: Destructible Environments

In shooter or action games featuring destructible environments:
- Walls or barriers can be destroyed, with their geometry carved out of the
NavMesh.
- Agents can reroute seamlessly around debris or newly opened pathways.
- Carving ensures navigation adjusts accurately without precomputing multiple
NavMesh variants.

Example 3: Natural Terrain Features

In open-world games with rocky terrains, caves, or water bodies:
- Irregular terrain features can be carved out to prevent agents from
attempting to traverse impossible paths.
- Dynamic terrain modifications, such as landslides, can be reflected in
navigation updates.

---

Conclusion

The Carve feature on a NavMesh Obstacle component is a versatile and powerful
tool for developers aiming to create realistic, interactive, and adaptable
navigation systems—especially when working with complex or dynamic geometry.
By allowing obstacles to modify the NavMesh in real-time, carving enhances
the fidelity of agent navigation, improves environmental interaction, and
reduces the need for extensive pre-baked solutions.



However, leveraging this feature effectively requires a nuanced understanding
of its capabilities and limitations. Proper optimization, strategic
configuration, and thorough testing are essential to harness the full
potential of carving without compromising performance. As game worlds become
increasingly intricate and interactive, mastering the use of the carve
feature will remain an invaluable skill for developers seeking to craft
immersive and believable experiences.

In summary, when your environment involves complex geometry that cannot be
easily represented by static NavMesh layers, enabling and properly
configuring the carve feature on NavMesh Obstacles offers a robust solution
for maintaining accurate and realistic navigation paths for your agents and
characters.
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