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Introduction to Blender 4.3 

Blender 4.3 is a major update, improving almost every aspect of the free, open-source 3D software. While the update contains many technical enhancements, here are some of the most exciting changes that artists and makers will want to know about.

Better Rendering with Eevee

Blender's real-time rendering engine Eevee now has light and shadow linking: a way of controlling which lights and objects participate in the illumination of others. A new "Physical Conductor" mode has been added to the Metallic BSDF node, which sports lab-accurate data to approximate the very complex ways light really interacts with metals. Not complete, yet it already offers an equivalent to F82 Tint. Then there is the new surface roughness slider powered by the "Orn" algorithm, which will contribute to more realistic textures for materials like brick or wood. Blender also introduces multipass compositing to make layering effects easier in order to get more photo-realistic results. 

Grease Pencil Upgrades

Artists working with the Grease Pencil will welcome a set of improvements. Among these, brushes are now treated as independent assets and can thus be shared and exchanged across projects. It is possible to define the size of brushes in pixels or real-world units, which gives greater precision. A new fill gradient tool helps the user achieve smooth color transitions, while multi-threading has been enabled for many operations, yielding performance improvements that should be readily noticeable.

Better Sequencer and Compositor

Video editing and compositing tools have been further refined in Blender for better ease of use and speed. Snapping and strip management now are more intuitive, which makes it easier to connect or disconnect clips. Performance has also been improved for a smoother editing experience. Multipass compositing, similar to what was introduced in Eevee, has been added to the compositor, and it also gets additional color correction tools for more advanced grading.

User Interface Enhancements 

Blender’s UI has been polished to improve clarity and usability. Icons are now fully scalable SVGs, meaning they can be resized infinitely without losing quality. The maximum resolution has been expanded based on system memory, ensuring crisp visuals on high-resolution displays. A glowing edge indicator helps users quickly identify active windows, and color picking has been optimized for better performance.

Among many other refinements, Blender 4.3 improves both workflow efficiency and creative possibilities. To learn about all the new features in detail, watch Blender's official 4.3 update video.

There is no "perfect" single way to edit a video. Different projects demand different approaches. However, most editing workflows can be split into four crucial stages:

Assembling Your Footage (Montage) - The first thing to do was to put your raw clips in one smooth logical sequence that expressed your story: putting them in proper order, trimming or cutting clips and combining them together.

Add Effects-Add transition effects like dissolves or advanced effects like crawling credits to video for a well-finished look.

Color Correction and Grading: Since the footage is shot using different cameras with different lighting, it may appear uneven in color. Thus, color and light adjustment is done to maintain the same visual tone for perfect harmony.

Sound Design: Like the visuals, the good will of audio is just as important. This includes adding background music, voice overs, and placing of sound effects, often rounding out in external tools like Audacity to perfect the mix.

By following these core steps, you can create professional, engaging, and aesthetically cohesive videos no matter the project type.

Major Enhancements to Geometry Nodes and Grease Pencil

The Blender 4.3 version brings major overhauls in Geometry Nodes, which are hugely empowering and intuitive for procedural modeling. Of the major additions, the For Each Element loop zone makes repetitive tasks easier by making it possible to process geometry elements parallelly. Other major additions include the possibility of adding gizmos to node groups so that node inputs can be set interactively in the 3D viewport, allowing for an even more intuitive workflow. Also, a new node called Set Geometry Name makes naming of different geometries easier, and several utility nodes extend the creative possibilities. But the big one is definitely the seamless integration of Geometry Nodes with Grease Pencil data. Thanks to this update, it's possible to break down Grease Pencil strokes into layers, curves, and custom attributes, each allowing for precise control and real-time processing of 2D animation data. When Blender 4.3 was still in beta, Daniel Martínez Lara showcased an impressive real-time animation created by using this killer combination.

Blender's Grease Pencil engine has also been completely rewritten for better performance and fewer limitations. Now users can organize layers into Layer Groups, making complex projects easier to manage. Other improvements include a new gradient fill tool for smoother shading transitions and an enhanced eraser tool, which now accurately resolves intersections and creates new stroke points for more precise editing.

These changes mark a huge leap for Blender both in procedural modeling and 2D animation, making it easier to create and push the boundaries of creativity.
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Blender 4.3: More Control Over Lighting with Light and Shadow Linking

One of the most exciting features in Blender 4.3 is the introduction of light linking and shadow linking in the Eevee rendering engine. These new tools give artists greater control over how lighting interacts with objects in a scene.

With light linking, you are able to select which objects are lit by a certain light source, which makes it easier to create dramatic effects or draw attention to important elements. Shadow linking extends this by enabling you to specify which objects cast shadows from a given light.

Leveraging these features is easy: just create a Light Linking collection, and add all the objects that you want to be influenced. This streamlined approach makes working with lighting even more intuitive, unlocking new creative avenues.

[image: ]

Blender 4.3: Advanced Shader Control - Metallic BSDF Node

The Metallic BSDF node will be easier to create realistic metals in Blender 4.3. This new node in the shader editor provides a very convenient way to access some of the more advanced settings for metallic materials that used to be quite hard to configure.

This node wraps F82 Tint Conductor Fresnel approximation, the same used by Principled BSDF shader, besides the Conductor Fresnel was up to now only available through custom OSL scripts. Within one simple node, Blender now makes it easier to get physically accurate metal reflections and lighting interactions by having all options in one spot and simplifying the creation of shaders.

[image: ]

Blender 4.3: New Procedural Noise Texture Node

With Blender 4.3, things get even better: an added texture node to create procedural Gabor noise is able to produce random, interleaved bands that can be directed and adjusted in width for added artistic control over texture variation.

Furthermore, it can also serve to create omnidirectional noise-similar to what the node Noise Texture already does-but it opens even more possibilities when creating textures and procedural designs.

[image: ]

Minimum Stretch is an unwrapping method introduced in Blender 4.3, based on the Scalable Local Injective Mappings (SLIM) algorithm. It works by iterative refinement of the unwrap to reduce distortion, making it especially good for organic shapes where unwrapping was inaccurate. This will result in a much more accurate and cleaner UV map, which is the important basis for texture mapping on complex models.

[image: ]

Get Blender 4.3 and Stay Connected 

To explore all the new features in Blender 4.3 and download the updated version for free, simply click the link provided. 

Also, be sure to join our 80 Level Talent platform and connect with us on our new Discord server. Don’t forget to follow us on social media—Instagram, Twitter, LinkedIn, Telegram, TikTok, and Threads—where we share breakdowns, the latest news, stunning artwork, and much more!

Overview of New Features 

Blender 4.3: What You Should Know About this Fantastic Free Software Update

Version 4.3 of Blender is out with major updates to Grease Pencil, Sculpting, and Geometry Nodes, plus dozens of other changes throughout the application. We will cover some highlights in this post and let you know whether it is already time to upgrade or not. 

Modeling and UVs

The Bevel Modifier received quite a helpful addition in this regard: it is now capable of using any edge attribute as bevel weight. That means you can use multiple modifiers with different custom weights, which may be super helpful for heavy hard-surface modeling or refinement of subdivision surfaces in a non-destructive way. In addition, even though there still isn't a bevel node, controlling bevels by means of Geometry Nodes is available.

[image: ]

Another nice functionality that has been added for mesh material slots is now it's possible to assign them directly to the object rather than assigning it to mesh data. This would provide greater flexibility in case of instance-by-instance material assignments. If using Blender 4.3 onwards, the Copy Material to Selected command should also keep the relationship with that object as intended.

For UV unwrapping, the new Minimum Stretch algorithm based on the SLIM algorithm helps reduce excessive stretching in some situations. This comes in really handy with those fiddly surfaces that you need to straighten or if trying to avoid using too many seams. 

Sculpting and Texture Painting 

Using brushes in Blender just got a little bit simpler! Brushes can be kept as assets that are shareable between projects. No more re-importing of custom brushes-you'll have your favorites ready to go in every new file. You'll also find main tool types and brush presets organized in the Asset Shelf, instead of cluttering your toolbar with dozens of brushes. You can easily search for brushes or jump to them with a quick click in the Tool Settings or using the Shift Space hotkey.

Thanks to user input, brush settings were updated and the sculpting felt smoother. The whole sculpting mode was really sped up in general, making entering sculpt mode about 5x faster, and evaluation of brushes 8x. 
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Other improvements happening in Sculpt mode:

	Voxel Size operator switches to relative mode as default. 
	Lasso tools with optional stroke stabilization. 
	Closing a polyline gesture now can be finished by using a double-click. 
	The sculpt mask is now available in node tools. 
	A new Mask from Boundary operator, which allows updating mask values based on mesh or face set islands. 


Blender 4.3 is packed with practical features which will streamline your workflows, speed up tasks, and unlock even more of what's creatively possible!

Updates on Sculpting and Texture Painting

Blender updated with a key improvement that made sculpting, texturing, and brush management more effective. Now, brushes are treated as assets that can be shared between projects. This lets you have your custom brushes always available and avoids importing them every time. Also, instead of cluttering the toolbar with hundreds of brushes, now you have direct access to the main tool types and all brush presets are organized in the Asset Shelf. You can instantly switch to any brush by clicking on its icon in the Tool Settings or using the Shift Space shortcut, without even opening the shelf.
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Built-in brush settings have been tweaked with community feedback in order to provide a smoother and faster sculpting experience. For Sculpt mode, several performance-related changes have been made: sculpt mode entry is now 5x faster while brush evaluation is 8x quicker.

Geometry Nodes Improvements in Blender 4.3

Major addition in Geometry Nodes: a new For Each Element zone that will make it easier to perform an operation on different geometry elements, such as vertices, edges, and faces. It was already possible to do this using the Repeat Zone, but it is simpler now, and the result comes out so much faster.
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Blender 4.3 offers complete compatibility of Grease Pencil objects in Geometry Nodes. Grease Pencil geometry consists of layers containing curves, each of which can have their own properties. The conversion from Grease Pencil to curves makes each layer an instance of curves, while converting from curves back into Grease Pencil groups instances into layers. With this extra integration comes great possibilities with the combinations these two strong tools may provide.
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Bake from Geometry Nodes can now be directly packed into Blender files in Blender 4.3, which makes sharing files with smaller baked data easier. By default, bakes are packed, but for bigger bakes, it is recommended to save them externally for better performance.

Node group inputs in Geometry Nodes can now be connected to gizmos in the 3D viewport, providing a more intuitive way to interact with procedural setups. The thing that's wrong with gizmos is that they set up a two-way association between the value and the gizmo, itself: when the gizmo changes, the value it reports changes, and when the value is changed, the gizmo updates. You set this up by wiring the group input to both the gizmo and the value, rather than directly plugging the gizmo into the value you want to control.
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Geometry node groups support custom warnings in Blender 4.3, allowing creators to hint to the user when some combinations of inputs may not behave intuitively.

The Set Geometry Name node has been added, which, by naming geometries, makes them easier to find in the Spreadsheet editor.

Other new utility nodes are the Hash Value, Integer Math, and Matrix Determinant nodes.

Other improvements include:

	The Value to String node does not have more floating-point issues when the value is an integer. 
	Node timings are more accurate. 
	The Skip checkbox in the simulation zone is hidden. 
	Node tools support masks in sculpt mode. 


Animation and Rigging Updates

Animation For every data block which can be animated the properties editor now has an Animation panel which allows you to select the action taken by a mesh, object or any other animated element, without having to open the Action Editor and change the action there.
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With Blender 4.3, the default motion path theme can be directly set in the Preferences to make customization even easier.

The Autokey indicator has now been changed to red when enabled, giving clear feedback to the user to make sure you turn it off, once you no longer need this feature.

With the insertion of new keyframes, Blender will automatically deselect all keys to avoid sudden transformations when working fast in dope sheet and graph editor.

Properties editor Bone selectors now have an eyedropper tool that lets you pick bones directly in the 3D View or Outliner easily.

Grease Pencil Updates

Blender's Grease Pencil was completely updated in version 4.3. The key focus for this release, v3, is on performance and deeper integration of Grease Pencil objects with the remainder of Blender. Of the highlights, one is the integration with Geometry Nodes that combines the best of procedural with hand-drawn illustration for new creative possibilities.

In addition to enhancements, new features include grouping of layers for better organization and management of visibility. The dropdown for layers in Draw mode is moved to the top bar to make it easily accessible.
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Just like in sculpting, Grease Pencil brushes now use the new brush asset system, making it easier to manage and share brushes across projects. 
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The Eraser tool has been improved to cleanly cut through strokes by creating new points where it intersects, rather than just deleting existing vertices.

Brush size can now be set in pixels relative to the viewport view, or in scene units for finer detail. Also, the Simplify option measures in screen space pixels rather than world space units for more consistent results.

Active Smoothing, which reduces input jitter, has been completely rewritten to feel more precise and responsive without the "floaty" effect that was present.

The trim tool has been updated to allow you to make multiple trims on the same stroke at once. 

In Edit Mode you'll be able to utilize a new Fill Gradient tool which will let you edit gradients inline in the active material for better control of your artwork.
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Grease Pencil Improvements

Grease Pencil now uses multithreading where possible, greatly improving performance in complex scenes.

Layers are now calculated before modifiers instead of after which was more intuitive and predictable to work with.

Keep in mind that Grease Pencil v3 is not backward-compatible: files saved in Blender 4.3 won't work in 4.2 or earlier, though older files will load just fine in the new version. 

Some features haven't made the transition yet: 

	Screen-space stroke thickness is no longer available, but you can recreate it with Geometry Nodes.   
	Selection order in the interpolation tool has changed. 
	Drawing guides were removed, but should be returning soon. 
	Bezier curve editing can only be achieved with stroke type set to Bezier now. 


Renderer Updates

Blender 4.3 features a new Metallic BSDF shader that lets you render metals with real-world IOR and extinction coefficient values. Most artists can easily achieve the same result by simply coloring the Principled Shader with the right PBR base color, but for those requiring extreme accuracy in metal rendering, this new shader is here.
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Blender's Gabor Noise texture is a new addition to the set of procedural patterns for long. This is somehow a combination of the Noise and Wave kind of textures with the additional use of following naturally along the surface if its orientation is set to match the mesh's normal or tangent direction.
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White Balance Adjustments

Blender has a White Balance panel, which is really easy to fine-tune in the color temperature and tint of your renders. You can easily set white balance with the eyedropper tool from the background or any part of your image. Cameras in the real world always apply some amount of white balancing; manually adjusting this can help you get closer to a natural and photorealistic result.

Diffuse Roughness in Principled BSDF

Diffuse Roughness added in Principled BSDF shader, which makes possible interpolation from Lambert to a more physically correct Oren-Nayar reflectance model. Not much in use, but adds a lot of realism, especially in matte surfaces. And diffuse roughness higher values now better preserve the energy, so light interactions will look more realistic. Available in Eevee, though the effect will be visible only in Cycles.
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Volume Rendering Improvements in Cycles

A new Phase Function property allows for more accurate volumetric rendering, which will make it easier to achieve realistic clouds, fog, underwater scenes and space dust. 

New Panoramic Projection Mode

The panoramic camera of Cycles now supports central cylindrical projection, useful for rendering images to be projected on large curved screens.

Hardware-Accelerated Ray Tracing for Linux

Linux users with compatible GPUs will now get hardware-accelerated ray tracing in Cycles, enhancing the render times significantly.

Eevee Updates

Light Linking Support – Now Eevee also supports the so-called Light linking meaning selected objects can be either included or excluded from receiving each light contribution like in Cycles.

- Ray Tracing Options Rethought — The Raytracing options in Eevee have been revamped for clarity. The Fast GI Approximation section has a new option called Max Roughness that is a threshold for switching in to this method, rather than the more accurate but noisier Screen Tracing technique. 

Compositing Improvements 

Basic multi-pass compositing is now available in Eevee's viewport, though it's not yet supported in Cycles.
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White Point Conversion in Color Balance – The node Color Balance includes a white point conversion mode allowing to shift the colors from one temperature or tint to another seamlessly.

Improved File Output Options – Adding a new option, Save As Render, to File Output node will give you a choice of whether to apply color management when exporting your file.

Cryptomatte Support in GPU Compositor - GPU compositor now understands Cryptomatte metadata which will allow you to save Cryptomatte layers into EXR files.

Auto Render Removed – The option to do Auto Render from inside the Compositor is no longer available for reasons of stability. In reality though, it wasn't very relevant, given that Blender will have real-time updates in the viewport. 

Video Editing Improvements 

Better Strip Handle Icons – Strip handle grabbers have custom platform-specific icons giving much better clarity, particularly for Windows.

Easier Strip Linking – You can now link and unlink strips much faster with the new Connect Strips command for faster editing. Holding Alt temporarily disables linking, allowing for finer tuning.
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Blender 4.3 brings a number of enhancements to improve your workflow:

Geometry Nodes Baking: Blender now allows you to embed baked data directly into Blender files, making it easier to share projects with multiple small bakes. While packing is enabled by default, for larger bakes, it's recommended to save them externally to maintain performance.

Interactive Gizmos: It's now possible to connect node group inputs in Geometry Nodes to gizmos in the 3D viewport for easier interaction with procedural setups. This is a two-way connection, meaning changes to either the gizmo or the value will keep each other updated.

Custom Warnings: Geometry node groups now also support custom warnings, which are useful to warn users about certain input combinations that might lead to bad results.

Geometry Naming: Create named geometries with the new Set Geometry Name node for name-based organization and quick navigation within the Spreadsheet editor.

Utility Nodes: More utility nodes have been added, like Hash Value, Integer Math, and Matrix Determinant, among others.

Value to String Node: Improved the Value to String Node to avoid floating point issues with integer values for better conversion.

Node Timings: Node timings are now more precise, allowing for better performance insight.

Simulation Zone: The Skip checkbox is hidden within the simulation zone to streamline interfaces.

Sculpt Mode Integration: Node tools are able to interact with masks in sculpt mode for more versatile sculpting workflows.

In animation and rigging, the Properties editor now has an Animation panel for any data block that supports animation. This allows you to select the active action for your mesh, object, world, and other elements without having to enter the Action Editor, making switching between actions easier.

These are some of the changes in Blender 4.3 that will help streamline your workflow and make the creative process a little easier.
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Blender now highlights the edges of the active editor instead of tinting the header, making it easier to see which editor you're currently working in.
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Splitting editors works a bit differently in Blender nowadays. You can still right-click between editors like you used to, but now dragging from any corner initiates a docking operation. In the new system, it is easier to set up your workspace. For example, you drag the Outliner from the top right to the left of the 3D View-or put it back with ease, just as easily. To merge adjacent areas, drag slightly without fully replacing the other editor. Additionally, holding Ctrl while dragging swaps editors, and holding Shift pops the editor into a new window.
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These operations also now have hints in Blender's Status Bar along with improved spacing and alignment in order to be able to show more hotkeys on screen.

Resizing windows is easier now, also, due to a somewhat larger hitbox and better visual feedback during window resizing.

Data block selector lists are now wider so it's easier to scan the items. Hovering over a data block now produces previews for image, movie and font data block types. The text styling of tooltips is now customizable without adding unwanted periods at the end of your tips.
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Color picking from the viewport in Render mode now returns the linear color value, without the view transform applied. Though it was not slow before, performance for picking colors has been greatly improved. The color picker UI itself has also been redesigned to be more compact.

A small but helpful edit—if your mouse has forward and backward buttons, they navigate the file browser now, not triggering undo and redo. No more accidental undos when browsing files! 

Node groups support a default node width now. Panels within nodes have meaningful hover tips now.

Dragging to find nodes is smoother - you can even drop a node directly on a connection to link directly. If you want to place without connecting, then just hold Alt. 

The "Save Incremental" option has moved down in menu for avoiding pre-clicks. 

Lastly, single-editor windows now have more meaningful titles - for better navigation.
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MAC: The white glove cursor (Mickey Mouse hand) that everyone is used to on a Mac now can be used to grab dialogs and areas as it does everywhere else; Copy and paste of images now works directly in the Image Editor.

UI lists are a bit better spaced now, the VSE and NLA editors also had some room at the bottom that was reclaimed and is used to show the Adjust Last Operation panel now. Custom painting of all strip handle's adjusting cursors gave them cleaner looking.

Control points in property curves are now larger and more comfortable to handle. 

Last but not least, horizontal scrollbars in editors will only be visible when there is enough space to display them, which is a nice cleaning of the interface, avoiding cluttering.
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Entries corresponding to missing files are no longer automatically removed from the list of Recent Files but will be cleaned using the Clear functionality.

Move cursor added at the top to make it obvious that dialogs can be dragged.

Renaming of data blocks now favours to keep the name you pick, and in case of a conflict it will rename the other one, rather than change the one you are working on. 

Import and Export

Blender's USD export added support for exporting point clouds, an option to assign material purposes when importing, better handling of asset paths and faster exporting of animated attributes. 

The glTF format saw many bugfixes and minor features. Highlights are matching UDIM material names to tile numbers, support for matrices as custom attributes, and exporting joint leaf bones at the tail correctly.

Installation and Setup of blender 4.3

Blender releases a new version every three months. You can see the release notes to know about the latest features and other changes.

System Requirements

Blender works on Windows, macOS, and Linux. The minimum and recommended system specification for installing Blender is mentioned below. It is also very important to ensure that the graphics drivers are updated and OpenGL is fully supported.

More information on hardware compatibility, including graphics tablets and 3D mice is provided in the Configuring Hardware section later on.

Downloading Blender

There are several versions of Blender to download, and each balances stability with access to recent features. The best choice will depend on whether you want a version which is stable to use for professional work, or to take advantage of the newest tools.

Available Versions

Stable Release – This version includes the latest features and has been tested for stability. A new stable release comes out approximately every three months. 

Long-Term Support (LTS) – For projects that require a highly stable environment, the Long-Term Support version gives two years of support. These releases are feature-complete and don't include API changes. One new LTS release will be made per year.

Daily Builds — These versions are updated daily with new changes in development. Since the releases are official, they are less tested compared to the stable release and might contain bugs or partially implemented features. 

Other Options 

It is possible to get Blender's source code and compile the software yourself. This is not something an average user would want to do, but there is a benefit from compiling Blender from source:

✔ Always have access to the latest updates.

✔ Try experimental features from different development branches.

✔ Customize Blender for specific needs.

Installation Notes

Regardless of whether you download a stable release or a daily build, the installation procedure for each platform is the same.

Blender does not include an automatic update system, so you’ll need to manually download and install new versions following the upgrade steps provided in the next sections.

How to Install Blender 4.3 on Ubuntu 24.04

Blender is a free, open-source 3D graphics program available to operate on Linux, Windows, and macOS operating systems.

Although Blender is in the Ubuntu system repository, it tends to be quite out of date. It does provide packages for several architectures such as x86_64 (AMD/Intel), arm64 (e.g., Raspberry Pi), ppc64el (IBM Power), RISC-V 64, and s390x (IBM zSystems and LinuxONE).

For x86_64 (AMD/Intel) Ubuntu users, you can download the latest Blender from:

	Official Linux Tarball 
	Official Snap package (sand-boxed execution) 
	Flatpak package, community-driven and runs in a sandbox, too. 
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The following are the ways to install Blender in Ubuntu 24.04 using any of the above-mentioned methods. Choose whichever suits your preference best.

Option 1: Install Blender via Snap Package 

Snap is one of the easiest ways to install Blender and keep it updated, though it runs in a sandbox environment for security.

For all currently supported versions of Ubuntu, open the App Center or Ubuntu Software, search for Blender, click Install the package, and select the one from the Snap store.
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If you prefer, you can press Ctrl+Alt+T to open the terminal and install the Snap package directly with this command:
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The Snap package will automatically update itself. However, if you want to manually check for the latest version, you can use the following command to refresh Blender:
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Uninstalling the Blender Snap Package 

To remove the Snap version of Blender, you can either use the App Center (Ubuntu Software) or run this command in the terminal:
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Option 2: Install Blender via Linux Tarball 

If you prefer not to use a sandboxed environment, you can opt for the official Linux tarball.

1. Visit Blender's website using the link below, and click the large "Download Blender x.x" button to download the Linux tarball.

For non-Linux systems, click on the "Other versions" dropdown and select the first "Linux" package (as shown in the screenshot below).
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Installing Blender on Windows

Before you start, head to the Downloading Blender page and follow the link to see the minimum system requirements as well as versions available for Windows.

You can download Blender as a zip file or a Windows Installer.

Important

Blender supports both x64 and arm64 architectures on Windows. Be sure to download the version matching your CPU's architecture.

Install via Windows Installer

The Windows installer allows you to choose an installation folder, creates a shortcut in the start menu, and associates `.blend` files with Blender. It requires administrator rights.

Install via Zip File

If you prefer the zip file, you will have to extract Blender to your preferred folder manually. You can start Blender by double-clicking the executable. This installation method does not create a start menu item nor registers the `.blend` file association, but also does not require administrator rights. You can manually set the file association in Preferences and clicking Make Default under the System tab, or from the command line with `blender -r`.

If you want a fully self-contained setup, consider doing a Portable Installation.

Install via Microsoft Store

Blender is available from the Microsoft Store. You can search the Store for Blender, and install it directly. Once installed Blender is launched from the Windows Start menu.

Updating Blender on Windows

There are several ways to update Blender on Windows. Here's how you can do this:

Updating via Windows Installer

You can download a fresh copy of Blender directly from the Blender website. Run the installer to update to the latest version. To remove a previous version, use the Windows Settings or Control Panel.

Updating via Zip File

Download the latest version from Blender's website and extract to a folder of your choice. You can have multiple versions installed alongside each other, so there is no need to overwrite your existing installation. To start the new version, just doubleclick the executable.

Update through Microsoft Store

If Blender has been installed from the Microsoft Store, an available update will download and install automatically.

2. Once the tarball is downloaded, navigate in your Downloads folder, extract it. Open the newly created folder and click on the Blender executable file to open the application.
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3. To add Blender to your start menu or app grid for easy access, first move the extracted folder to a permanent location. For example, you can create a folder called MyApps in your home directory and place the Blender folder there. This way, Blender will be easy to find and launch whenever you need it.
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Next, right-click on the folder and, using the option "Open in Terminal", open such a window with that folder already set as the working directory.

When the terminal window opens, perform the following:

1. The following command lists the contents of the folder, which now includes Blender-related files and subfolders as well:
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2. To create a symbolic link of the Blender executable in your local bin folder, execute this command:
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(The `$PWD` part ensures the current directory is used.) After running this command, you should be able to open a new terminal window (Ctrl+Alt+T) and type blender from anywhere to launch the software.

3. If that command doesn't work, you may need to create the bin folder. You can do this using
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and logging out and back in to refresh your PATH. Alternatively, you can link into the system's bin folder. That requires sudo, but this would work:
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4. Now, create the local icons folder if it doesn't exist and copy the blender.svg file there:
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5. Finally, copy or move the blender.desktop file into the ~/.local/share/applications directory:
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6. Refresh the desktop database by running the following command:

update-desktop-database

```

After these steps, your system will recognize the .desktop file, and the Blender app icon will appear in the menu for easy access.
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If everything is set up correctly, you can now search for and launch Blender directly from the menu or the Gnome overview.
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For the tarball package of Blender, you would just need to remove the Blender folder through the file manager or explorer. Besides that, the executable link file would also need to be deleted (.local/bin/blender), as well as the.desktop file in the (.local/share/applications/blender.desktop) folder.

Or

Open the terminal and run the following:

```

rm ~/.local/bin/blender ~/.local/share/applications/blender.desktop

```

Option 3: Installation of Blender with Flatpak Package

Blender is also available as a Flatpak package, which runs in a sandboxed environment. To install it, first press Ctrl+Alt+T to open the terminal, then run the following command to enable Flatpak support:

```

sudo apt install flatpak

```

[image: ]

To install Blender as a Flatpak package, run the following command:

flatpak install https://dl.flathub.org/repo/appstream/org.blender.Blender.flatpakref

The first time you install a Flatpak app, it will download several runtime libraries, so expect a larger initial download.
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Once the installation is complete, log out and log back in (this step is only necessary the first time you enable Flatpak support). After that, you can search for Blender in the start menu or Gnome app grid to launch it and start using it!

To update the Blender Flatpak package, simply run:

	flatpak update org.blender.Blender 
	To uninstall Blender, open the terminal (Ctrl+Alt+T) and run: 
	flatpak uninstall --delete-data org.blender.Blender 
	You can also remove any unused runtime libraries by running: 
	flatpak uninstall --unused 


Understanding the Interface

	Hover tooltips for the Data-block ID selector show previews for images, movies and fonts.  
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ID Selector Tooltips

	ID selector tooltips don't resize anymore when zooming in the 2D region.  
	When picking colours from the viewport in Rendering mode, the returned colour value is linear and doesn't have any view transform applied. 


Changes:

	The "Save Incremental" menu item is now lower in the list to avoid its selection by accident. 
	Single editor windows now have descriptive titles. 
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	Maximum resolution scale increased. Interactive to 3.0X, non-interactive to 6.0X. (cc9bd758c9) 
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Resolution Scale Increased

	Text weights now refresh properly when a UI font with a non-regular weight is chosen.  
	The "Widget Label" text style has been deleted.  
	Added a new text style for tooltips.  
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	Platform-dependent custom mouse cursors for VSE handle manipulations. 
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Tooltips no longer add a period (".") at the end of each item Added padding to UIList & UI Tree items for better distance between items Added scroll padding to VSE & NLA redo panels File browser: thumbnail file type icon is now placed in the corner of item bounds.

The title bar's version string now includes "LTS" when applicable. Control points on custom curves are a little larger now, so they are easier to see. In the Asset Browser, the drop-down entry for all the libraries is now labeled as "All Libraries", for clarity. Color picking got some speed optimizations. Save Copy does not clear the dirty flag of the current file anymore.

The autokeying indicator now lights up red when on.
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Red Autokeying Button

	The hitbox for resizing areas has been made larger for easier adjustments.  
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Area Edges

	Timeline and similar editors now hide scrollbars when they are resized very small, making them less cluttered. 
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Slim timeline

	There's a new option to clear only items missing from the Recent Files list, and items not found are no longer automatically removed from the list.  
	Dialogs now feature a new cursor at the top, signaling that they can be dragged.  
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Removing Recent Not Found

	ID search lists have been made wider for better readability.  
	The Color Picker has been redesigned for a more streamlined experience. 
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Color Picker Revamp

Active editor areas are now highlighted with an edge to clearly indicate which area is in focus. 
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Editor Edge Movement

When dragging editor edges, you'll now see visual feedback to help guide your movements. 
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Editor Area Highlight

Icon Updates:

	All small UI icons are now SVG files, which can be rendered at any size without losing quality.  
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	Dialogs and the File Browser now also use SVG icons directly for improved clarity and scalability. 
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File Browser Icons

Icon and Logo Updates:

	The Blender logo now uses a new SVG system for the "About" dialog, offering a cleaner and more consistent look.  
	The logo design has been updated for clarity, with the unaltered version of the Blender logo being used throughout.  
	Support for full-color icons has been added, allowing icons to adjust internal colors to match the theme.  
	A new icon has been introduced for geometry sets.  
	The splash screen now displays the version in white, even with light themes. 


Status Bar Enhancements:

	The status bar now uses new SVG icons for a more modern and cohesive look.  
	The status bar clears during text input and other modal operations to keep the interface clean.  
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Status Bar Icons

	Spacing improvements have been made for better visual organization.  
	More operations now make use of the updated icon system.  
	Screen operation keymap info is now displayed on the status bar. 


Area Docking:

You can now easily move editor areas to different sections by simply dragging them, providing more flexibility in organizing your workspace.
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Docking
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Docking

Spreadsheet:

In a spreadsheet, it is now possible to select the geometry directly in the instance tree.

Keymap:

Mouse buttons 4 and 5 can now be assigned to go backward and forward in the File Browser for easier navigation.

Mouse Buttons 4 and 5 Assignable for Navigation in File Browser

Nodes:

Node groups may now define a default width which makes the layout more predictable.

Built-in nodes can have line separators.

	Panel descriptions appear on hover for better identification. 
	Input fields of String sockets can display placeholders instead of labels and provide more space. 


Insert Node via link-drag-search works better.

Platform Specific Changes:

	New "Hand"-style mouse cursors have been added to macOS for various dialog and docking interactions. 
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Hand Mouse Cursors

	macOS Image Editor now supports image copy/paste functionality. 


Blender 4.3: Sequencer

Timeline:

Connect and disconnect strips more easily to select and transform with Ctrl+Alt+C, Alt allows selecting individual connected strips. By default, audio and video strips coming from the same file are connected, but can be disabled in Preferences (Editing > Video Sequencer).
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Movie and image strips thumbnails load faster and flicker much less, particularly when performing undos. On dense timelines, thumbnail repainting is considerably faster. Thumbnails are on by default in new files.

The Box Select tool is now the default for the timeline area, unifying all selection functions into one tool and replacing the Tweak tool.

Preview:

Snapping is now supported in the preview area, with snap points being the corners and origins of selected, visible strips. Snap targets include the preview boundaries, center, or other strips' corners/origins.
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The default tool in the preview area is Box Select and toolbars are now visible by default.

User Interface:

Modifier-specific settings have been moved to the top, followed by Mask settings.

Sound:

Sound strips can now be slipped on a sub-frame level by using "Slip" operator (hold Shift) or directly in the sidebar.

Performance:

Color Balance modifier is much faster for regular images and a bit faster for float/HDR images.

Saturation and Multiply strip color controls have been optimized to run several times faster using multi-threading.

The Tonemap modifier is now up to 15 times faster thanks to multi-threaded luminance estimation and color conversion optimizations.

For images using the Alpha Over blend mode, the "blend with transparent black" step can be skipped now, which is a big win especially for float images, such as EXR images with RGBA channels.

Several color transformation-related operations are faster, especially for float/ HDR images.

Multi-threading of the frame downscale step has accelerated rebuilding of movie proxies at resolutions less than 100%.

Faster drawing of timeline when dealing with complex timelines, specifically enhancements to:

	Draw channel lists 
	Waveform and animation curve overlays 
	Retiming keys 


Other Optimizations

Minor optimizations have taken place elsewhere too.

chapter 2

Mastering Navigation and Tools 

Navigating the View

As in other editors, you can:

Pan the view vertically (channels) and horizontally (time) by dragging the MMB.

Zoom in and out by scrolling the mouse wheel or holding Ctrl and dragging MMB.

Scrollbars are available too.

View Menu

Sidebar (N): Toggle the visibility of the Sidebar Region.

Adjust Last Operation: Opens a popup panel to edit the settings of the last operation. See "Adjust Last Operation" for details.

Channels: Toggles the display of the Channels region listing animated property names on the left.

Frame Selected (Numpad Period): Centers the display on the selected keyframes and zooms in.

Frame All (Home): This recenters the view and zooms out to show all keyframes.

Frame Scene/Preview Range: Resets horizontal view to current scene's frame range considering a preview range, if active.

Go to Current Frame (Numpad 0): Centers view on current frame with playhead in center.

Multi-Word Match Search

Allows you to search for more than one term at once. You can type terms separated by spaces into the search box above the channel list or in the Filters popover. For example, you could type "loc rot" to show all channels whose name contains either "loc" or "rot". This is very useful because without it, the search would return only channels containing the exact phrase "loc rot".

Realtime Updates 

This setting controls whether other views, like the 3D Viewport, update while you’re moving keyframes. If disabled, these views will only refresh once the keyframe movement is completed.
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Show Sliders 

Displays a value slider next to each channel. Adjusting a slider will automatically create a keyframe.
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Handle types

Show Handles and Interpolation

Shows keyframes with shapes indicating their Bézier handle types. If a keyframe has a non-default interpolation type for the subsequent curve segment, a green line will appear to indicate such.

Show Curve Extremes

Finds the points in a curve where its direction changes and marks them with arrows. Local maximums (hills) are marked with upward arrows, and local minimums (valleys) are marked with downward arrows. A keyframe can have both arrows if it is part of a summary row which contains both maximums and minimums.

Auto-Merge Keyframes

Automatically merges keyframes that end up on the same frame after transformation.

Show Markers

Shows the marker region if there are any markers defined. When turned off the Marker menu and marker operators are also hidden from the editor.

Show Seconds (Ctrl-T) 

Shows timing in seconds rather than frames.

Sync Visible Range 

Horizontal panning and scale this editor so its display matches other time-based editors that also have this setting enabled. Ensures same section of time is displayed.

Set Preview Range (P)

Enable you to toggle the option of defining a time range by dragging a box over an area. The playback will only be inside this range; back it up, and you can go repeatedly to review a particular section without having to manually rewind.

Clear Preview Range (Alt-P)

	Removes the preview range. 
	Set Preview Range to Selected (Ctrl-Alt-P) 
	Sets the preview range to cover the selected keyframes. 
	Toggle Graph Editor (Ctrl-Tab) 
	Switches the editor area to the Graph Editor. 


Filters

Available in the funnel dropdown button in the header:

Summary: Toggles the "Summary" row at the top of the Channels region, showing the union of all keyframes across all channels.

Only Show Selected: Keyframes of selected objects/ bones etc. are shown. This can also restrict the view to the selected nodes when enabled in the Shader Editor.

Show Hidden: Keyframes from hidden objects/bones etc. are shown.

Only Show Errors: Filters out channels that have errors, for example if a property is animated that does not exist.

Search: A search term or, if Multi-Word Match Search is enabled, multiple terms filter the keyframes.

Filtering Collection: Shows keyframes only from objects in a selected collection.

Filter by Type: Curves are filtered according to their property type.

Sort Data-Blocks: Data-blocks are sorted in alphabetical order for easier searching.

If filtering is causing playback speed problems, which it can do when working with a large number of objects, you can disable filtering to improve playback performance.

Blender 4.3 - Shortcuts & Hotkeys

Master Blender 4.3 with my easy-to-use cheat sheet! Whether a total beginner or an advanced user, this will make it very easy to learn the essential hotkeys. Make your workflow faster using this handy resource and take it to a whole new level.
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Materials & Postproduction
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Customizing Workspaces 

Workspaces

Workspaces are pre-defined layouts for specific tasks such as modeling, animation, or scripting. Every workspace consists of a set of areas with editors, and you will often switch between different workspaces during a project.
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Workspaces are located at the Topbar

Navigating Workspaces

	Tabs: There are several workspaces that you can switch between by left-clicking the tabs, or use Ctrl-PageUp and Ctrl-PageDown shortcuts. Double-click a tab to rename a workspace. 
	Add (+): An Add button opens a new workspace. 
	Context Menu (Right-click): The context menu offers the options to duplicate, delete and reorder workspaces. 


Default Workspaces 

When you start Blender, the "Layout" workspace is opened by default-a general workspace to view scenes. It includes:

	3D Viewport/top left 
	Outliner/top right 
	Properties/bottom right 
	Timeline/bottom left 
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Blender's 'Layout' Workspace

The default "Layout" workspace includes four editors:

	3D Viewport (yellow) 
	Outliner (green) 
	Properties (blue) 
	Timeline (red) 


Other Default Workspaces

Blender also has several other workspaces that help with different tasks:

	Modeling: For geometry modification using modeling tools. 
	Sculpting: For mesh editing with sculpting tools. 
	UV Editing: For mapping image textures onto 3D surfaces. 
	Texture Paint: For painting textures directly in the 3D Viewport. 
	Shading: To create materials and setup rendering properties. 
	Animation: To create animations of properties of objects over time. 
	Rendering: To preview and inspect the outcome of renders. 
	Compositing: To combine and post-process images and renders. 
	Geometry Nodes: To do procedural modeling using Geometry Nodes. 
	Scripting: To work with Blender's Python API and custom scripts. 


Extra Workspaces 

Other useful workspace options that Blender provides for particular tasks include:

	2D Animation: A workspace for Grease Pencil animation. 
	2D Full Canvas: A larger version of the 2D Animation workspace for more space. 


VFX

	Masking: For creating 2D masks used in compositing or video editing. 
	Motion Tracking: For camera motion analysis and video stabilization. 
	Video Editing: For editing and sequencing video media. 


Saving and Overriding Workspaces

Workspaces are stored in the blend-file. When loading a file, the setting "Load UI" in the File Browser, will make Blender use the layout that is saved with the file, instead of the current workspace. It is also possible to save a custom set of workspaces as part of the Defaults.

Workspace Settings 

Workspace behavior can be configured in:

	Pin Scene: When checked the workspace will store the currently opened scene and will switch to that scene when activated. 
	Mode: Specify here in what mode to switch when this workspace is activated. 
	Filter Add-ons: Toggles which add-ons are enabled in this workspace. If you leave it unchecked, global add-ons are used; if you check it, you can enable individual add-ons that relate to the workspace. 


Status Bar

The Status Bar is the space at the bottom of the Blender window, which shows keyboard shortcuts, status messages, and system statistics, among other things. The status bar can be hidden via a toggle in the Window menu or by dragging the top edge down.
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Information de Clavier

The left side of the Status Bar hosts mouse buttons and keymap info for the active tool. For editors that have a Toolbar, pressing Alt (or Option on macOS) will display the hotkeys to quickly switch between tools.  

Tip: In the Keymap Preferences you can disable this behavior with the "Alt Click Tool Prompt" setting.
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Status Messages

The middle part of the Status Bar displays information about processes that are currently running, like render or bake. Moreover, if the mouse is hovered over the progress bar, an estimation of the remaining time will appear and you will have the option to abort the task with the cancel button.
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Resource Information

On the right side of the Status Bar, you will see info about your current Blender session. What exactly is displayed can be toggled by right-clicking on the Status Bar or through settings available in the Preferences.

​[image: ]

Scene Statistics: Information on the currently selected scene, including:

	The currently active Collection and the Object which has been selected. 
	Geometry info, depending on the active object, number of vertices, faces or bones. 
	Objects Number of selected objects and number of objects in the scene in total. 
	Scene Duration: Play time, current frame, frame count. The text format depends on the Timecode Style. 
	System Memory: An estimation of Blender's RAM usage to help you gauge how far you are reaching towards the limits of your hardware. 
	Extensions Updates: Total number of updates available for the installed extensions. 
	Blender Version: The version of Blender you use. 


Areas

Blender's interface is split into a series of areas each containing an editor such as the 3D Viewport or the Outliner. These are grouped together into Workspaces which have been preconfigured for tasks such as modeling, animation etc.
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Area boundaries are indicated by rounded corners (yellow highlights)

Note:

While some keyboard shortcuts in Blender are universal, such as Ctrl-S to save, many depend on which editor the mouse cursor is currently over. For example, if you have selected two objects in the Outliner and want to join them using Ctrl-J, it won't work unless your cursor is over the 3D Viewport because that is where that shortcut is valid.

Resizing Areas

You can resize a region by dragging its border using the left mouse button (LMB). Move the cursor over the border between two regions, until it changes to a double-headed arrow and then click and drag to resize.
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Tip: 

Hold Ctrl to snap the area sizes to handy, predefined settings.

Docking and Manipulating Areas

Docking means resizing, repositioning and splitting areas interactively. First position your cursor at the corner of an area, where it will change to a cross (+). With the cursor as a cross, click-drag LMB to do the following:

If you press Esc or Right-Click (RMB) before releasing the mouse the action is cancelled.

Joining Areas

You can join two areas by dragging from the corner of one area into the space of another. The areas that will be joined will highlight to indicate they’re connected.

[image: ]

Properties is being joined to the Outliner

Splitting Areas 

To split an area, drag from its corner:

	Left/right splits the area vertically. 
	Up/down splits it horizontally. 


You can even split and join areas simultaneously by dragging a split operation into a separate area.
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Dragging one area onto the middle of another will make the first area replace the second.

Area Options

Right-clicking RMB on the border of an area will bring up the area options menu. This contains some handy editing functions for that area, including:

	Vertical/Horizontal Split: Click and drag to select where you want the area to split. 
	Join Up/Down/Left/Right: Most of these self-describe joining up two areas. 
	Swap Areas: Swap contents of two areas. 


Swapping Contents:

You can exchange two areas by clicking Ctrl-LMB on one corner, drag to the other area and release the mouse. This even works if the areas are not next to each other but they need to be within the same window.

Duplicate Area into New Window

To create a new floating window, select View > Area > Duplicate Area into New Window. It will be a fully functional window and part of the same Blender instance. This is convenient for using Blender across multiple monitors.

Or press Shift-LMB on an area corner and drag outward to create a new window.

Toggle Maximize Area

The Ctrl-Spacebar shortcut, or the View > Area > Toggle Maximize Area option will expand an area to fill the entire window, while leaving the Topbar and Status Bar visible. Click the Back to Previous button or use the shortcut again to return it to its normal size.

Toggle Fullscreen Area

To expand an area to fill the full screen - hiding the Topbar, Status Bar and other interface regions - use Ctrl-Alt-Spacebar or go to View > Area > Toggle Fullscreen Area. To return it to normal, either use the keyboard shortcut or click the icon in the top-right of the area - it appears when hovering over the area.

Regions

The Blender interface is divided into regions, which are the sub-sections inside each editor. These Regions contain elements such as tabs, panels, buttons, controls, and widgets that organize the functions of the editor.
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This image shows the regions of the 3D Viewport, including the Sidebar and the Adjust Last Operation panel after adding a Cube.

The regions are color-coded as follows: 

	Header (green)  
	Main region (yellow)  
	Toolbar (blue)  
	Sidebar (red)  
	Adjust Last Operation panel (pink)  


Main Region

Every editor in Blender has a Main Region, the largest portion and usually the primary area where most of the content and tools will reside. While all editors have a Main Region, other regions may vary depending on the editor type and task. For example, in the 3D Viewport, the Main Region displays the 3D scene, whereas other editors, like the Outliner, will have different Main Regions, each with a different function.

Header

The Header is the small horizontal strip either at the top or bottom of every editor. It contains menus and some of the most frequently used tools. The Header's contents depend on which editor is active, what object is selected as well as what mode the user is in.
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Right-click Menu on the Header

	Show Header: Toggle the Header's visibility. 
	Show Tool Settings: Toggle the visibility of tool-specific settings. 
	Show Menus: Toggles the collapsing or expanding of the menus in the Header. 
	Flip to Bottom/Top: Flips the location of the Header or Tool Settings to top or bottom of the editor 
	Vertical/Horizontal Split: Allows splitting the area vertically or horizontally. 
	Maximize/Full-Screen Area: Expands the editor into full screen or maximizes the area. 
	Duplicate Area into New Window: Opens a new floating window with the same editor content. 
	Close Area: Close the current area and expand the neighboring one to take its place. 


Toolbar

Located on the left side of the editor, the Toolbar contains interactive tools. You can show or hide the Toolbar by pressing T.

Tool Settings

Similar to the Header, Tool Settings appear either at the top or bottom of the editor and display the settings for the currently selected tool. This region can also be collapsed or re-positioned from the context menu.

Adjust Last Operation

This region gives you access to change settings on the last thing done. So, for example if you have just created a cube then here you would alter the size settings here in this region.

Sidebar

The Sidebar is the area to the right of the editor that contains panels with settings for objects inside the scene, and for the editor itself. You can use the N key to toggle the Sidebar on and off.

Footer

Some editors have a footer along the top or bottom of the editor area that provides information, such as which tool is active, or what operation happens to be taking place.

Arranging Regions

Regions can be scrolled along both vertical and horizontal axes by clicking and dragging with the middle mouse button (MMB). Alternatively, if the region does not have zoom controls, you can scroll it with the mouse wheel while hovering over it.

Some areas, like animation timelines, have specialized scrollbars with control points. These allow you to zoom in and out, changing the range that is displayed. You can easily set both horizontal and vertical ranges by holding Ctrl and dragging with the MMB.

Resizing and Hiding Regions

Like areas, regions can be resized by dragging their borders. To hide a region, one resizes it down to a minimal size. Where the region was hidden, a small arrow icon appears. Clicking this icon makes the region reappear.

hide and show sidebar
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Scaling

Some regions, like the Toolbar, can be scaled by dragging in them while holding Ctrl + MMB or by using Numpad Plus and Numpad Minus when your mouse cursor is over the region. Press Home to reset the size to the default.

Asset Shelf

The Asset Shelf in the 3D View shows material assets.
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The Asset Shelf of the 3D View, showing material assets

Search

To search for assets, hover your mouse over the Asset Shelf, press Ctrl + F, and type your query. This will filter the available assets to match your search.

Tabs

The catalogs in the Asset Shelf can be displayed as tabs. Each tab will only show it's own content and its sub-catalogs, therefore making it very easy to narrow down your asset selection.
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The usage of catalogs as tabs

Display Options

You can customize the appearance of the Asset Shelf by adjusting the size of the items on the shelf using the Size property.

	If you select the Names check box, then asset names appear. Otherwise, resting the mouse over an item displays its name. 
	The shelf, by default, shows one row of items. You can make the shelf taller by dragging the top edge of the shelf to reveal more rows. 
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Display options available for the asset shelf.

Filter by Active Tool

A filter can be enabled to show on the shelf only those brushes relevant to the currently active tool.

Tabs & Panels

Tabs

Tabs control the display of overlapping regions of the interface. Only one tab's content is visible at a time. Tabs are sited in a header, and this header may be horizontal or vertical.

Switching/Cycling

To change vertical tabs, use Ctrl + Mouse Wheel on any area of the tab. You can also switch between tabs with Ctrl + Tab or Shift + Ctrl + Tab, or click and drag over the tab icons with the LMB. This does not affect Workspace tabs.
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At the top, you'll see a horizontal tab header in the Topbar, while at the bottom, the vertical tab header displays icons for each tab in the Properties section.

Panels

A panel is the smallest organizational unit in Blender's interface. The panel header will always show the name of the panel and some of these panels contain extra subpanels.

Collapsing and Expanding

Panels can be expanded to expose their contents or collapsed to hide their content.

	An expanded panel has a down-arrow (▼) in the header. 
	A collapsed panel has a right-arrow (►). 
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A panel is highlighted in yellow and a subpanel in red

You can click on the panel header with the LMB to collapse or expand the panel. With the cursor above a panel press A to collapse or expand it. If you Ctrl + LMB click on a panel header that's collapsed, it will open, and all the other panels will close. Do this on an already open panel, and it will open or collapse all of its subpanels. You also can click and drag over multiple panel headers to open or collapse them in one go.

Position

To change the position of a panel within its region, click and drag the grip widget (::::) located on the right side of its header.

Pinning

You can pin a panel open, if you want it to remain visible even after switching between tabs. When a panel is pinned, it will always stay open regardless of the active tab. Click the pin icon in the panel header to pin it. If there is no pin icon, right-click the panel's header and select Pin or press Shift + LMB.

Note: Not all panels can be pinned. In the Sidebar, pinning is available but not in the Properties editor.

Presets

You can use presets in panels for quick application of a set of properties:
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	Selector: A list of available presets. Selecting a preset will apply its properties. 
	Add (+): Creates a new preset from the current settings that you can save for later. A pop-up box will appear in which you can name the preset. 
	Remove (-): Deletes the selected preset. 


Viewports and Scene Organization 

Light & Shadow Linking  

EEVEE in Blender now has the same functionality as Cycles when it comes to linking lights and shadows.  

✔ Light Linking: Only certain lights interact with selected objects in the scene.  

✔ Shadow Linking: Allows for control over which objects will cast shadows for a particular light.

These provide artists with greater flexibility in their lighting, and even support multiple variations for both a character and its surroundings. A character, for example, can have his own rim light for better emphasis, and the shadow linking will prevent objects from stealing key linked lights on to your character. 
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User Interface Improvements

✔ Added toggle for Fast GI Approximation as with Cycles.

Experimental Vulkan Backend

In Windows and Linux, Blender provides an experimental Vulkan back-end to render the UI. This is for helping developers test addons which make use of the gpu module.

To activate Vulkan:

✔ In Preferences → Interface, enable Developer Extras.

✔ Go to Preferences → System, and under Backend select Vulkan (experimental).

✔ After restarting Blender, a new option Device will appear to choose which GPU is preferred.

Hardware Support

Windows

✔ NVIDIA: GTX 900 series and newer / latest drivers.

✔ AMD: RX 400 series and newer / latest drivers.

✔ Intel: 11th Generation and newer iGPUs, plus Arc GPUs (latest drivers). 

❗ Currently not supported:  

	Intel CPUs - 10th Generation and older.   
	Older AMD GPUs - Planned to be supported in future updates.   
	Depth picking is currently disabled for the NVIDIA/AMD GPU.   


Linux  

✔ NVIDIA: GTX 900 series and newer with latest drivers.

✔ AMD: RX 400 series and newer (latest drivers), plus legacy AMD GPUs (using Mesa drivers).

✔ Intel: UHD, IRIS, and Arc GPUs (supported via Mesa drivers).

❗ Limitations:

	Depth picking is disabled for NVIDIA GPUs. 
	GPU subdivision and OpenXR are not supported. 
	Performance may be slower than OpenGL—this release focuses on stability rather than speed. 


Known Issues

⚠ Particle hair doesn't work in EEVEE.

⚠ Color scopes show artifacts.

⚠ UI artifacts on NVIDIA GPUs (white glitches).

Other Fixes

✔ Objects with volume probe visibility turned off now correctly cast shadows during light probe volume baking.

chapter 3

3D Modeling Fundamentals 

3D modeling has now become an important tool in industries such as architecture, animation, and game design. Due to its increasing usage, experts predict that by 2032, the 3D modeling industry will see a growth of 16%.

Among many 3D modeling software, Blender is somewhat special because of its powerful features, ease of use, and open-sourced nature. Be you a total newbie in the sphere of 3D modeling or willing to improve, this guide lets you understand Blender's capability, how to get started with Blender, and what it's used for. 

What is Blender?

Blender is a free, open-source 3D modeling software that covers modeling, animation, motion tracking, compositing, and rendering. It is designed to be versatile for a variety of creative uses.

But one of the most distinctive features of Blender is the inclusion of Python. Whatever model or design you are creating in Blender, there's some kind of Python script already being written for it, so developers can work on automating tasks, embedding Blender within other software or platforms, or manipulating models dynamically based on code logic. 

Many industries nowadays use Blender, and because of this, let's look into some of its main applications. 

What is Blender Used For?

Blender can be of immense usefulness in animation, film production, game design, architecture, product visualization, and even medical imaging. Following are some key uses of Blender:

1. 3D Modeling

✔ What is 3D Modeling?

3D modeling is the process of digitally creating three-dimensional models of objects, environments, or characters. These models can be exact replicas of real-world objects with as much or as little detail, based on their intended application.

✔ Who Uses Blender for 3D Modeling?

	Game Developers: Blender's low-poly modeling serves to keep graphics optimized for real-time rendering. 
	Architects & Designers: These professionals use Blender in creating elaborate architectural visualization for buildings, products, and interior designs. 
	Scientists & Medical Experts: Researchers leverage Blender to visualize complex data, while clinicians create 3D anatomical models for study and simulation. 


2. Animation & Visual Effects (VFX)

✔ Animation: Blender provides an advanced set of tools for character rigging, motion tracking, and keyframe animation.

✔ Visual Effects: This software supports PBR to deliver more realistic lightings and shadings and has been extremely useful for film and video production.

✔ Particle & Physics Simulation: The physics inside Blender makes fire, smoke, and fluid dynamics quite easily achievable in certain effects.

✔ Compositing & Video Editing: The color correction in layer effects allows for combining 3D with live action.

3. Sculpting & 3D Printing

✔ Sculpting: Blender has a set of sculpting tools, among them dynamic topology that changes model resolution while sculpting, allowing way more detail.

✔ 3D Printing: It natively supports export in STL files, making it directly compatible with most 3D printers. It is also equipped with tools for creating support structures and preparing the model for printing.

What is a Mesh in 3D Modeling?

In 3D graphics, a mesh is a structure that has points which are joined together by lines and these constitute the surface of an object. It is the mesh that the artists can mold into various shapes, textures, and animations, hence it is an important constituent in 3D modeling. 

Blender is a powerful, free, and flexible tool for 3D modeling, animation, and visual effects. Whether one is a beginner interested in exploring 3D design or a professional working in film, game development, or product visualization, Blender has the tools to bring your ideas to life.

Benefits of Using Blender for 3D Modeling 

Blender is one of the most powerful and feature-rich free 3D modeling softwares around, its features catering to just about every creative industry out there. Here's why it stands out from among all others: 

✔ Free and Open-Source

Blender is completely free to download and use; hence, it is within the reach of students, hobbyists, and professionals alike. Since it is open-source, it allows users to adjust and change the software in a way they want. It also runs on Windows, Mac, and Linux. 

✔ Professional-Quality Features

Blender has more advanced features related to modeling, texturing, lighting, and animation compared to other expensive software. It can support detailed, high-quality 3D models for everything from game design to film production. 

✔ Supportive Community & Learning Resources 

A large active user community provides free tutorials, forums, and documentation that make it easy to learn and troubleshoot any issues. 

✔ Non-Destructive Workflow

Blender allows for non-destructive modeling: you can change designs at any time without permanently affecting the original geometry. It makes experimentation a lot easier. 

✔ Customization & Automation 

Thanks to the implementation of Python scripting, users can automate repetitive tasks, create custom tools, or even simplify their workflows by incorporating scripts. 

✔ Seamless File Compatibility

Blender supports several export formats, including FBX, glTF, DAE (COLLADA), and ABC (Alembic), for easy model transfers to other software or game engines. 

How to Download and Install Blender 

To install Blender on your device, follow these steps: 
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✔ Step 1: Go to the Blender Website  

Open your web browser and access the Blender homepage.
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✔ Step 2: Download Blender

Click on "Download Blender" to get the latest version.

For Windows users, select Blender 4.2.1 LTS or the latest available version.

For Mac users, click the dropdown for macOS, Linux, and other versions, select your OS, and download the correct file.

[image: Download Blender]

✔ Step 3: Install Blender on Windows

	Open the downloaded file and run the setup wizard.   
	Click Next to continue.   
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	Read the License Agreement, click I accept the terms in the license agreement, and click Next.   


[image: Custom Setup]

	Choose the installation folder and confirm by clicking Next.   


✔ Step 4: Install Blender on Mac 

	Once downloaded, double-click the DMG file.  
	Drag "Blender.app" into the Applications folder to complete the installation. 
	Once installed, you’re ready to start creating with Blender! 
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✔ Step 5: Install Blender  

Click Install to initiate the installation process. A prompt will pop up, asking for your permission for Blender to make changes to your system. Click Yes to proceed.  
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✔ Step 6: Wait for Installation to Complete  

The setup wizard will now install Blender on your device. This process may take a few minutes.  
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✔ Step 7: Finish Installation

Click Finish once the installation is complete. By default, Blender will create a shortcut on your desktop. You can double-click the icon to open the application and begin a new project. 

⚠ Troubleshooting Installation Issues

If you encounter an issue, first ensure that your device meets Blender's system requirements.

Blender System Requirements

Blender runs on Windows, macOS, and Linux, but your device has to meet these minimum requirements for smooth performance:

Minimum Hardware Requirements:

	Processor: 64-bit quad-core CPU with SSE4.2 support (octa-core recommended) 
	Memory: 8GB RAM but 32GB or more is recommended for bigger projects 
	Graphics Card: 2GB VRAM with OpenGL 4.3 support 


Supported Graphics Cards

Since Blender does heavy graphics processing, a compatible GPU is very important to rendering 3D models. The following GPUs are supported for Blender 4.2.1 LTS:

✔ NVIDIA: GeForce 400 series or newer

✔ Quadro Tesla: GPU architecture or newer

✔ AMD: Graphics Core Next (GCN) 1st generation or newer

✔ Intel: Broadwell architecture or newer

If your system has all this, then it's time to start creating with Blender!

Getting Started with Blender for 3D Modeling 

Whether you are a newcomer in the field of 3D modeling or migrating to Blender from other tools, it is indispensable to learn some basics which let you be comfortable with the interface and main functions.  

Getting Familiar with Blender's Interface

Once you open Blender you are presented with the default workspace known as the Viewport, through which you will model and edit 3D objects. A toolbar containing a range of modeling tools has been placed on the side for convenience. 

Use the following keyboard shortcuts to navigate the 3D Viewport: 

✔ Pan the view – Hold Middle Mouse Button (MMB) and drag  

✔ Zoom in/out – Use the Scroll Wheel

✔ Rotate the view – Hold R and move the mouse 

Basic Blender Controls

✔ Rotate, Move, and Scale Objects

	R – Rotate an object 
	G – Move an object 
	S – Scale an object 
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✔ Switch Between Editing Modes

	Edit Mode – Allows you to modify the shape of an object. Press Tab or click Edit Mode in the 3D View header. 
	Object Mode – Lets you move and manipulate whole objects. Press Tab again or select Object Mode from the menu. 


✔ Adding 3D Shapes (Meshes)

	Press Shift + A to open the Add Menu 
	Choose a simple shape, like Cube, Sphere, or Plane  
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✔ Merging Objects

	In Edit Mode, select two or more vertices, edges, or faces 
	Press M to merge them together 


✔ Extruding Shapes

	Select the vertices, edges, or faces you want to extend 
	Press E to extrude, or use the Extrude Region button in the 3D View header 


By mastering these basic tools and shortcuts, you’ll be well on your way to creating and modifying 3D models in Blender!
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Using Modifiers in Blender

Modifiers are powerful tools that let you make non-destructive changes to your 3D models. To apply a modifier, do the following:
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	Switch to Object Mode 
	Select the object you want to modify 
	Go to the Properties Panel and click Add Modifier 


✔ Choose a modifier to apply from the list, including Subdivision Surface, Mirror, or Boolean 

Modifiers will make the modeling process easier by doing some of the hard work for you in a non-destructive manner. That means you can freely experiment with your object without overwriting it.

Advanced Blender Tutorial for Beginners

The following are some Blender tutorials recommended for beginners:

✔ Blender Basics: The official website of Blender has official documentation consisting of manuals for users and FAQs, allowing for troubleshooting directly with the community. 

✔ Blender Guru: This Blender tutorial website, by Andrew Price, covers subjects ranging from an introduction to advanced using video formats. An essential course would have to be focused on the basics: "Blender 4.0 Beginner Donut Tutorial" in which the artist learns about the Blender interface and basic modeling techniques.

✔ Written Guides & Project Files – Blender Guru also offers step-by-step written tutorials with project files to download and practice.

Where to Find 3D Models for Blender

If you are a beginner, creating 3D models from scratch may take a lot of time. Luckily, Blender enables the import of pre-made models from various sources. The following are some platforms where you can get models for use in your projects:

✔ CGTrader – A marketplace with free and paid 3D models. You will find Blender-ready models in formats such as.blend,.fbx, and.obj for easy import and modification.
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✔ BlenderKit – A free asset library made for Blender. It contains 3D models, brushes, and materials that will be very useful for your projects. 

[image: BlenderKit]

✔ Sketchfab – Huge repository of 3D models with characters, animals, environments, etc., many of them prepared for real time.
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✔ TurboSquid – A platform offering high-quality models in multiple formats, including. BLEND for direct use in Blender. It’s great for finding characters, vehicles, buildings, and more. 
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✔ Free 3D – A site that provides a variety of free 3D models, including characters, vehicles, and environments. While the selection isn’t as vast as other platforms, it’s a good place to start.
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Whether you are looking for a base mesh to modify or a fully detailed model, these platforms can save you time and effort in your 3D design process!

How to Hire or Be Hired as a Blender 3D Expert on Upwork

Be it architectural renderings or character animations, Blender is an open-source, free tool which can pull off almost anything. It's extremely friendly for a beginner, yet it's packed with endless possibilities for the experienced artist.

Blender is difficult to learn at first, but with patience and practice, you will learn the basics of modeling, sculpting, rigging, and animation with this tool. There are plenty of tutorials, documentation, and online communities out there to support your learning journey.

If you need high-quality 3D models for a project but lack the time or expertise, consider hiring a Blender specialist on Upwork. Skilled professionals will help turn your ideas into reality, and you can hire them on a freelance basis for individual projects.

It's an excellent place for Blender professionals to find freelancing jobs, showcase their expertise, and be a part of amazing projects along with the flexibility to choose your own client. Whether you are looking to hire a professional or start freelancing, Upwork does bring a platform that can connect one to the right opportunity.

Working with Primitives 

Creating a Cyberpunk/Scifi City Block in Blender 

In this lesson, you’ll build a cyberpunk or sci-fi city block by arranging simple shapes (primitives). You’ll also learn how to assign materials, apply basic lighting, and render the scene. The final result should resemble the provided example image. 

File Naming & Submission Guidelines 

✔ File Naming Format: Name your assignment files using this format: 

`lesson1_firstname_lastname.ext` (Replace `.ext` with the correct file type, such as `.jpg`, `.png`, or `.blend`.) 

✔ Submission Requirements: 

	Render Size: 1080x1080 pixels  
	File Format: PNG  
	Rendering Engine: Eevee  


Essential Tools for the Exercise 

Selecting Objects 

Blender’s object selection system is well-documented in the official manual. Below is a quick reference for common selection shortcuts: 
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For more details, refer to the [Blender Manual on Selection] (https://docs.blender.org/manual/en/latest/editors/3dview/object/selecting.html). 

Active Object 

The active object is the one whose properties are shown in the Properties Panel. Typically, it's the last object selected, which is important because many tools behave differently based on selection order. 

Duplicating Objects 

To duplicate a selected object: 

✔ Press Shift + D → This creates a copy and immediately puts it in Move/Grab mode. 

✔ You can then position it freely or press Right Mouse Button (RMB) to cancel movement, keeping the duplicate in the same spot as the original. 

Quick Tip: If you need to quickly duplicate multiple objects, press Shift + R to repeat the last duplication action.
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Duplication (Shift + D) and move followed by Repeat Last (Shift + R)

Snapping in Blender

Snapping allows precisely positioning of objects by their automatic alignment to others, already present in the scene. That can help to ensure accuracy during the process of positioning the object(s).

Further information is also presented at the [Blender Manual's Snapping Guide] (https://docs.blender.org/manual/en/latest/editors/3dview/controls/snapping.html).
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Using the 3D Cursor in Blender 

The 3D Cursor is a powerful tool unique to Blender that can help speed up your workflow. You can position it by holding Shift + Right Mouse Button and dragging in the 3D View. It also works with snapping, allowing you to align it precisely with object features. 

Why Use the 3D Cursor? 

✔ Precise Object Placement – Instead of placing new objects at the default world center, you can spawn them at the cursor’s position for better control. 

✔ Custom Pivot Point – The cursor can serve as a pivot point for transformations like moving, rotating, or scaling objects. This gives you more flexibility compared to using an object’s default center of mass. 
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Quick Tip: 

Press. (Dot) on your keyboard to quickly open the Pivot Point Pie Menu and switch between different pivot options. 

Understanding Materials in Blender 

To see materials in the 3D Viewport, make sure you're in the correct Viewport Shading Mode. Materials are only visible in: 

✔ Material Preview Mode – Displays materials with a default lighting setup. 

✔ Rendered Preview Mode – Shows materials as they appear with your scene’s lighting. 

Viewport Shading Modes (Top-Right Corner of the 3D Viewport):
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1️. Wireframe – Shows only mesh edges. 

2️. Solid – Displays objects with a basic gray shading. 

3️. Material Preview – Shows materials with a default lighting setup. 

4️. Rendered Preview – Displays materials affected by scene lighting. 

Material Assignment to Objects in Blender

Adding a New Material

✔ In the 3D View, select the object.

✔ Open the Material Properties panel.

✔ Click the New button to add a new material.

✔ By default, a Principled BSDF Shader will be assigned on your object.

✔ Rename the material in the text box if it is desired.

✔ For now, focus on changing the Base Color to modify the object's appearance. 
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Using Existing Materials 

To keep your scene organized and make material editing more efficient, it's best to reuse existing materials whenever possible. 

✔ Click the Material dropdown menu in the Material Properties panel. 

✔ Select an existing material from the list to apply it to your object. 
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Applying One Material to Several Objects

If you need to apply the material for more than one object, proceed with the following steps:

✔ Select all objects for which you want to apply the material (Shift + Left Mouse Click).

✔ Select an object that already has the material you would like to use.

✔ Press Ctrl + L, then select Material to copy the material onto all selected objects. 

This ensures continuity and saves time when one has multiple objects.
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Creating Glowing (Emissive) Materials in Blender 

To make an object glow, you need to change its material type to Emission:

✔ Select the object and go to the Material Properties panel.

✔ In this panel, in the Surface, click the selector.

✔ From the drop down, change it to Emission.

✔ Change the color and adjust the emission strength until you get the right glow effect.

This technique is useful for neon signs, futuristic lighting and other glowing elements in your scene. 
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Lighting in Blender 

Lighting sets the tone and realism of a scene. Within Blender, several types of light sources are available. To access the different light types: 

‍‍‍‍‍‍‍‍‍✔ Shift + A → Light (Add Menu) 

Types of Lights in Blender

	Point Light — Emits light in all directions from a single point. This can be used for lamps or bulbs. 
	Sun/Directional Light — Simulates sunlight or moonlight with parallel rays. 
	Spot Light — Emits a focused cone of light. This is perfect for headlights or spotlights. 
	Area Light — Provides soft, diffused lighting. This is perfect for soft shadows and natural illumination. 


To edit a light's properties: 

✔ Select the light. 

✔ Open the Object Data Properties panel (right side of Blender UI). 

✔ Edit intensity, color, and size to your liking. 
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Setting the World Environment 

The World Environment sets the general lighting of your scene, simulating the sky or atmosphere.

Open the World Properties panel in the Properties Panel. Set the color and intensity accordingly to set the ambient lighting. In a night scene, a shade of dark blue will do just fine.
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This will tune up the entire setting to yield a well-lit and good-looking cityscape.

Rendering in Blender

Rendering means the process of calculating a final image or animation from your 3D scene. Before rendering you can see roughly what it will look like using interactive preview modes.
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Real-Time Render Preview

To see a live preview of your scene with lighting and materials applied:

✔ Click the Rendered Preview button in the Viewport Shading menu (top-right of the 3D Viewport). 

✔ Or press Z to open the Shading Pie Menu and select Rendered. 

This mode allows you to make adjustments to your scene without having to render it completely. 
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Adding and Using a Camera

To render a final render, you need to have a camera in your scene. If you don't have one, add one: 

✔ Press Shift + A → Camera (it will automatically be set as the default scene camera). 

Basic Camera Controls 
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Location of the Align Active Camera to View command (Hotkey: Ctrl+Alt+Numpad0) in the 3D Viewports View Menu

Switching the Active Camera

If you have more than one camera and you want to switch the default scene camera: 

✔ Open the Scene Properties panel.

✔ Select the camera you want to use as the main scene camera.

These tools will help you frame your shots and render professional-looking images from Blender.
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Setting Up Your Render Output in Blender 

Before you finalize your 3D scene, you'll want to set the output settings and make sure you're using the right render engine. 

Configuring Output Settings 

✔ In the Properties Editor, open the Output Properties panel.

✔ Change the resolution to 1080x1080 pixels for this assignment.
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This dictates the image size when the scene is rendered.

Select the Render Engine 

Within Blender, you can choose between several rendering engines. For this tutorial, you'll be working with EEVEE, Blender's real-time renderer: 
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✔ Open the Render Properties panel.  

✔ Under the Render Engine drop-down menu, select EEVEE.  

EEVEE Settings Optimization  

To get a better-looking final render, activate the following settings in the Render Properties panel:

✔ Bloom – Adds glow to bright areas.

✔ Ambient Occlusion – Enhances lighting by simulating the way light interacts with surfaces.

✔ Screen Space Reflections – Enhances the reflections in your scene.

✔ Increase Shadow Map Resolution – Gives sharper, more detailed shadows, provided that your computer is able to handle it.
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Render Your Final Image

Now that your scene is set, you render it by pressing: 

✔ F12 or go through Render → Render Image from the top menu.

✔ In a separate window of Blender, this opens another window where it does the processing in.

Saving Your Rendered Image 

Done Rendering:

✔ Click Image → Save As… or press Shift + Alt + S.

✔ Locate a file location, name it, and save your final image.

And that's it! You now have successfully rendered and saved your 3D scene.

Editing Geometry and Modifiers 

Modifiers in Blender are powerful tools to shape and transform your 3D models in a non-destructive manner. What this means is that you have the freedom to play with different effects without permanently deforming your mesh, until you have the desired effect.
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Size of this preview: 800 × 580 pixels. Other resolutions: 320 × 232 pixels | 1,024 × 742 pixels.

Original file ‎(1,024 × 742 pixels, file size: 79 KB, MIME type: image/jpeg)

How Modifiers Work

Modifiers will be applied on objects through something called the Modifier Stack. This order is top-down:

✔ Add a Modifier – In Object Mode, select a modifier from the Properties Panel.

✔ Preview Changes – The effect is visible in Object Mode, but the original mesh remains unchanged in Edit Mode.

✔ Adjust Parameters – Modify settings to refine the effect.

✔ Continue Editing – Make changes in Edit Mode, then check how the modifier influences the shape in Object Mode.

✔ Apply the Modifier – Once satisfied, apply the modifier to make the changes permanent.

You can also stack multiple modifiers where each one works with the previous modifier in a list to build on its effect. Swapping their order can dramatically affect the outcome. You can move them up and down the list using the up ↑ and down ↓ arrows beside each modifier. 

Most Used Modifiers 

✔ Array Modifier

Creates duplicates of an object in a set pattern. Often used with the Curve Modifier to create repeating patterns. 

Example: Making a belt or a chain with linked elements. 

✔ Bevel Modifier

Smooths sharp edges by adding extra geometry. The amount of bevel can be controlled using Bevel Weight.

Example: Make rounded edges or make a circular hole in a mesh. 

✔ Cloth Modifier

Simulates realistic fabric motion-ideal for dynamic animations.

Example: Making a cape, curtain, or flag that moves naturally.

✔ Curve Modifier

This will enable you to bend or shape objects along a curve and, thus, make it easier for you to create complex shapes from simple meshes. Works with both open and closed curves.

Example: Creating a belt or a chain that follows a curved path. 

By applying these modifiers, you will be able to substantially accelerate your modeling process while keeping your designs flexible!

More Useful Modifiers in Blender 

Modifiers help simplify complex modeling tasks by allowing you to make non-destructive adjustments to your 3D models. Below are some additional powerful modifiers and how they can be used effectively. 

✔ Decimate Modifier 

The Decimate Modifier reduces the number of polygons in a mesh while keeping its overall shape. This is especially useful for optimizing models for games, where high-polygon meshes can slow down performance. 

?? Important: If you plan to create a UV map, apply the Decimate Modifier before generating it. If you’ve already created a UV map, use the Poly Reducer script instead, as Decimate can distort existing UV maps. 

✔ Mirror Modifier 

The Mirror Modifier is perfect for modeling symmetrical objects, as it lets you build only half of the mesh while Blender automatically mirrors the other half. This is a great time-saver when creating objects that have a left-right symmetry. 

?? Example: Designing clothing or character models where symmetry is essential. 

✔ Shrinkwrap Modifier 

The Shrinkwrap Modifier allows you to create a low-poly mesh that follows the surface of another object. This is particularly useful for retopology or when designing items that need to fit snugly onto another shape. 

?? Example: Creating form-fitting clothing for characters. 

✔ Subsurface (Subsurf) Modifier 

The Subsurf Modifier smooths your mesh by increasing its polygon count, giving it a softer, more organic look. You can control how much smoothing applies to different parts of the model using the crease value: 

✔ 0.00 – The edge is fully smoothed. 

✔ 1.00 – The edge remains sharp and unchanged. 

✔ Between 0 and 1 – Partial smoothing is applied. 

?? Example: Creating belts, clothes, or curved surfaces with smooth edges. 
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Size of this preview: 800 × 580 pixels.

Other resolutions: 320 × 232 pixels | 1,024 × 742 pixels.

Original file ‎(1,024 × 742 pixels, file size: 124 KB, MIME type: image/jpeg)

By mastering these modifiers, you can create detailed, high-quality 3D models more efficiently!

Precision Modeling Techniques 

The most important aspect while creating highly detailed 3D models is having precise measurements. To be able to do that in Blender, there is a very useful script written by Pedro Caeiro, called Lengthen Script. It basically enables setting the exact distance between two vertices, while keeping them aligned, and is a very useful tool to have for precise modeling.

How the Extend Script Works 

The script picks two vertices and alters the space between them, either by: 

✔ A measure (exact) 

✔ A percentage of their distance from each other 

Installing the Script

1. Get the script from BlenderArtists forum. 

2. Unpack the `.py` file into Blender's scripts folder.

3. It will appear in the Mesh section of the Scripts Window. 

Using the Script Step-by-Step 

✔ Step 1: Go into Edit Mode and select the first vertex, click Pick 1. 

✔ Step 2: Select the second vertex and click Pick 2.

✔ Step 3: Select which vertex is kept fixed by clicking on the Fix button. If Fix is applied to the second vertex then the script will move the first one.

✔ Step 4: Insert the new distance between vertices.

✔ Step 5: Click Apply to apply the new measurement. If the percentage button (%), is activated then the value entered represents a percentage of the original distance, not an absolute measurement. 

Creating Precise Walls in Blender 

When transitioning from CAD software like AutoCAD to Blender, precision modeling can seem challenging. While CAD tools offer exact measurement controls, Blender is primarily designed for artistic modeling. However, with the right technique, you can create accurate walls in Blender. 

This method involves using small planes as corner markers and connecting edges to form walls. Follow the steps below to achieve precise measurements. 

Steps to Create Walls with Precision in Blender 

✔ Step 1: Set Up a Measurement Guide 

	Add two planes to mark the corners of your wall.  
	Create a mesh line by adding a mesh circle with four sides and deleting three of them.  
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✔ Step 2: Define the Wall Length 

	Switch to Edit Mode and adjust the line’s length to match the wall measurement.  
	For example, if the wall is 4 meters long, scale the line to 4 Blender Units.  
	Enable Edge Length Display to track measurements easily.  
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✔ Step 3: Enable Snapping for Precision 

	Activate Blender’s Snap Tool and set it to Closest Vertex.  
	Select the first plane, press G to move it, and hold CTRL to snap it to the line.  
	Release the plane when a small circle appears, indicating it has snapped correctly.  
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✔ Step 4: Position the Second Plane 

Repeat the snapping process for the second plane, ensuring both are aligned accurately. 

✔ Step 5: Adjust Measurements as Needed 

	Move the guide line to a new measurement if needed.  
	Rotate it to align with other walls or corners.  
	If working with multiple walls, duplicate or create multiple guide lines for quick reference.  


✔ Step 6: Join the Planes into a Single Mesh 

	If the planes are separate objects, select them and press CTRL+J to merge them into one mesh.  
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✔ Step 7: Create the Wall Structure 

	Select two edges and press F to connect them, forming the wall structure.  
	With a few more planes, we can easily create the basis for a model with a great level of precision! 
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✔ Why Use This Method? 

✅ Ensures precise wall dimensions without guesswork. 

✅ Makes alignment and scaling easier with snapping. 

✅ Helps maintain accurate measurements when designing floor plans. 

chapter 4

Advanced Sculpting and Retopology 

In Grease Pencil's Sculpt mode, you are able to use different brushes to refine and edit your strokes. You can find these brushes in the library under Essentials. Here's a breakdown of what each one does:
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✔ Smooth Stroke – smooths uneven areas in your drawing by averaging point positions.

✔ Thickness Stroke: Adjusts thickness of points within influence of the brush so that strokes vary in thickness, from thinner to thicker.

✔ Strength Stroke: Creates changes in stroke transparency.

✔ Randomize Stroke: Throws a little chaos at your strokes in order to offset points randomly - the effect creates an organic drawing, like when drawing by hand.

✔ Grab Stroke – Allows to move several points together. Unlike other brushes, Grab doesn't change points as moving the brush across but selects a group of them upon clicking, dragging it with your cursor similar to what happens when Proportional Editing is used in Edit Mode. 

✔ Pull Stroke– Moves points in the direction of your brush stroke.

✔ Twist Stroke – Rotates points in a clockwise or counterclockwise direction.

✔ Pinch Stroke – Pulls points in toward the center of the brush. If you use the Inflate setting instead, it pushes them outward.

✔ Clone Stroke – Replicates strokes kept in your clipboard and places them at the center of your brush. Before using this, you will need to copy the strokes you want using Ctrl + C. 

Retopology: Simplify Your Mesh

Retopology is usually the cleaning-up process of a 3D model's mesh to make it more workable. This is often necessary when working on a sculpt or with messy, auto-generated geometry, like most 3D scans. If you plan on animating, rigging, or using physics simulations-such as cloth or soft body effects-retopology helps ensure the mesh deforms properly.

You can do it yourself, editing the geometry of a mesh in Edit Mode; or resort to automated retopology tools that give quite nice speed. 

	Remeshing: Rebuilding Geometry Automatically 
	Available in: Object Mode, Sculpt Mode 
	Location: Properties → Object Data → Remesh 


Remeshing is the process by which your model's geometry is rebuilt automatically into a more regular and uniform structure. It can add or remove details based on a set resolution, making it very useful for sculpting. After having roughly outlined a shape, the remeshing helps to refine the model for further detailing.

Limitations of Remeshing:

It only operates the base mesh, and does not take into consideration changes from modifiers, shape keys, and rigging.  

It does not work with the Multiresolution Modifier.  

Voxel Remeshing

Voxel Remeshing uses OpenVDB to create a new, clean mesh with evenly distributed geometry. Since it doesn't slow down performance after the remesh is complete, it's great for sculpting at high detail levels without the performance overhead of Dyntopo. 

✔ Voxel Size – Controls the resolution of the remeshed model. Lower values keep more detail but create denser geometry.

✔ Adaptivity – Reduces geometry in areas of low detail that might be needed with the current resolution. The simplified mesh is made, but there is the added possibility of having triangles in that area. Forcing the simplification and setting above zero will also deactivate Fix Poles.

✔ Fix Poles – Attempts to fix poles to achieve a good, even topology mesh. Preventing high order (connectedness) vertices helps in simplifying mesh geometries for smooth editing processes.

✔ Paint Mask, Face Sets, Color Attributes – Options to put back the previous masks, sets, and colors over the newly created mesh after remeshing. 

✔ Voxel Remesh – Button to do the actual remeshing, but will also delete all the extra data layers of the original mesh. 

Quad Remeshing: Smoother Topology for Animation

Unlike Voxel Remeshing, Quad Remeshing (or Quadriflow) will produce a quad-based mesh with well-structured edge loops and minimal poles, perfect for animation. It's a bit slower than voxel remeshing.

⚠ Warning: Using Quadriflow Remesh will clear all mesh object data layers.

✔ Quadriflow Remesh – Opens a settings window to adjust parameters before running the remesh.

✔ Use Paint Symmetry - Depending on the selected type of symmetry, this creates a symmetrical mesh.

✔ Preserve Sharp - Preserves sharp edges, but it reduces the computation speed.

✔ Preserve Mesh Boundary - Preserves the original outer boundary shape of the mesh and affects computation speed.

✔ Preserve Paint Mask - Transfers an already existing paint mask to the newly generated mesh.

✔ Smooth Normals – Smoothes the surface of the newly created mesh.

✔ Mode (Detail Control) – Lets you define how much detail the new mesh is supposed to have:

	Ratio — Set the target face count relative to the current mesh. 
	Edge Length — Defines the edge length for which geometry shall be produced. 
	Faces – The exact number of faces to create in the new mesh. 


✔ Seed – A random seed value which changes the quad layout. Different seed values yield different remesh outputs.

Exciting Updates to Blender 4.3's Sculpting Tools

Blender remains the preeminent choice for 3D artists, game developers, and animators because of its full-featured functionality and flexibility. Its latest version, Blender 4.3, introduces exciting improvements to the program's sculpting tools, streamlining the process of creating high levels of detail in your models like never before. Now let's go ahead and look at the key enhancements that will take your sculpture workflow to the next level.

New Sculpting Features in Blender 4.3

3D artist Farrukh Abdur, known for his stylish designs and tutorials, recently shared a video showcasing the newest sculpting features in Blender 4.3. Here's what's new:

✔ New Brushes & Customizable Brush Settings

Blender 4.3 increases its collection of brushes, opening up avenues to explore in creative sculpting. The redesigned Brush Library makes finding, organizing, and customizing brushes for a particular task easier. 

✔ Improved Inflate & Pinch Brushes 

Both these brushes have been fine-tuned for better performance and precision; thus, making it easier to sculpt both organic shapes and refined details. 

✔ Smooth Brush

The Smooth Brush gives the artist more control when softening surfaces while preserving finer details, making it a must-have for polishing models. 

These updates streamline the sculpting process and provide more artistic freedom and efficiency. Want to see these features in action? Stay tuned for more insights and tips on maximizing Blender 4.3's sculpting capabilities! 
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New Features & Upgrades for Sculpting and More

This version offers a host of cool updates that make 3D modeling and sculpting even more intuitive and powerful than ever. With new brushes, enhanced customization options, and a lot of tool improvements, this update advances both artistic control and workflow efficiency. Let's take a closer look at the most interesting features.

1. Expanded Brush Library & Customization

Newly added brushes in Blender 4.3 are more specialized for tasks such as texture painting and fine detailing. Other improvements include brush customization, enabling the artist to modify properties such as falloff, strength, and texture mapping, among others, to achieve higher accuracy during sculpting.

2. Compositor Enhancements

According to Popreq, this new version of the compositor introduces lightweight, high-quality lines that effectively capture minute details. The artist elaborates on how to create the lines:

✔ Lines that outline the sections of the face and hair

✔ Lines that trace the transitions of light and shadow

✔ Lines based on depth for added realism, maskable for refinement

This update also covers three rim lights, enhancing overall clarity.
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3. Geometry Nodes: Zone Upgrade for Element Node

A new feature such as For Each Geometry Element enables a possibility to run certain nodes for each of the geometry element alone. Therefore, it makes this node more adaptive as more detail-oriented details for different sides of a model become possible.

4. Bevel Modifier Improvements

Some of these updates, which started to appear on the new beta version for Blender 4.3 include

✔ Grease Pencil v3 - with Geometry Nodes support

✔ Eevee Light Linking - giving additional flexibility in lighting

✔ Asset Browser integration along with enhanced brush support

These enhancements now make Blender even more versatile for the artist/animation users.
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5. Geometry Nodes Error Messages & Gabor Texture Update

With Blender 4.3, developers have included the ability for users to write custom warnings on the Geometry Node trees, helping them debug more effectively. Similarly, the Gabor Texture node has been enhanced by simplifying the inputs and making it more flexible at the same time. It forms noise according to changeable strip orientation and width for increased expressiveness in textures. 

Looking Ahead: Blender's Commitment to Innovation

With every update, Blender 4.3 continues to flesh out its features and solidify its position as one of the go-to solutions for 3D artists, animators, and game developers. Smooth sculpting, modeling, and rendering processes help a beginner and a professional alike. 

iRender: High-Performance Cloud Rendering for Blender 

iRender provides extremely powerful GPU cloud rendering with high performance such as:

✔ AMD Ryzen™ Threadripper™ PRO 3955WX @ 3.9 – 4.2GHz

✔ AMD Ryzen™ Threadripper™ PRO 5975WX @ 3.6 – 4.5GHz

✔ 256GB RAM & 2TB NVMe SSD storage

You are in full control of a remote machine via iRender's Infrastructure as a Service model, at which you can install and use software just like on your own computer. It is because of such flexibility that makes the service ideal for such tough rendering projects. 

Dynamic Topology and Multiresolution 

The first time I worked with Dynamic Topology (Dyntopo) in Blender, I found it quite confusing. All I had ever been told was that good topology was the backbone of 3D modeling, yet this tool completely disregarded all the rules of traditional topology. Once I understood how it works, however, I found that it's actually a very capable tool for sculpting in Blender. 

What is Dynamic Topology?

Dynamic Topology (Dyntopo) is a sculpting tool in Blender that automatically subdivides a mesh while sculpting. This means you can add intricate details without having to manually adjust the topology.

While traditional 3D modeling creates both the shape and topology of an object together, Dyntopo actually separates these processes, letting the artist purely create the shape of a model. Topology can be edited at a later date with retopology, a necessary step to do such things as texturing and animation.

Sometimes, depending on what you're doing, and you don't always need an exact topology, you can get by just with automatic remeshing or even not bother cleaning the topology at all. The problem is messy topology will make texturing a nightmare and often animation impossible, so it is a trade-off. 

How to turn on Dynamic Topology in Blender

Change into Sculpt Mode

Find the Dyntopo option in the right side of the 3D Viewport header

✔ Activate the checkbox to enable it 

Once activated, Dyntopo provides you with a range of options for controlling how the mesh subdivides or is reduced as you sculpt. You can even set the density of the mesh across the whole model for more consistent detail. 

Dyntopo Settings & How They Work 

You can find Dyntopo settings in several locations:

✔ Sculpt Mode → Dyntopo menu (top-right in the viewport header)

✔ Active Tools tab in the Properties panel

✔ Right-side toolbar in the 3D viewport

All these places show the same set of settings, so modifying them in one place updates them everywhere.

Dyntopo settings allow to specify:

✔ How the mesh subdivides or un-subdivides based on brush strokes

✔ The overall density of the mesh for more uniform detail 

✔ Various customization options to refine sculpting behavior 

Why Use Dynamic Topology? 

✔ Ideal for organic sculpting without worrying about topology 

✔ Quickly adds fine details without manual subdivision 

✔ Separates shape design from topology management, making sculpting more intuitive

Well, Dyntopo is just perfect, though you may find yourself still going on to retopology for texturing and animation afterwards. If only your sculpt is supposed to be some static renders or a bit of concept art, you would never need it.

[image: ]

Tweaking the Dynamic Topology Blender Tutorial: The Basic Settings 

While sculpting with Dynamic Topology Dyntopo in Blender, trying to find and tweak a few settings allows you to go into as low or high amount of detail to continue working. Below is roughly how I modify my settings. We explore what each one performs the necessary action.  

---

My Go-to Dyntop Settings

✔ Resolution: Adjusted based on the detail level I’m working on at that moment. 

✔ Refine Method: Set to Subdivide for controlled mesh refinement. 

✔ Detailing: Set to Constant Detail to keep a consistent level of detail across the model.

With these, I can manage the level of detail manually when sculpting. I increase the resolution gradually while refining the sculpt to be certain that every stage gets just the right amount of detail. 

Also, if I have to revert to a previous, coarser resolution, my high-detail areas don't get destroyed, thus avoiding unnecessary distortion. 

---

## Understanding Dyntopo Settings 

### Detail Size & Resolution

This sets the length of the edges within the mesh, hence the level of detail.  ✔ Shorter edges = More detail ✔ Longer edges = Less detail

---

### Refine Method (How Blender Adjusts the Mesh) ✔ Subdivide: Blender adds more geometry when the brush size is larger than the detail size, allowing finer details.

✔ Collapse: Blender makes smaller edges collapse into each other to reduce topology, letting it even out the mesh while it loses some fine details.

✔ Subdivide-Collapse (Default): Blender continuously adds and removes geometry for you to always have an even level of detail as you sculpt.

Detailing Methods (How Blender Defines Detail Size)

1️ Relative Detail (Default):

	Detail size is defined by screen pixels. 
	Zooming in = More detail (smaller edges). 
	Zooming out = Less detail. 
	Great for sculpting from different views without consistency between views. 


2️ Constant Detail:

	Keeps a fixed size of detail regardless of zoom. 
	Blender takes into account a percentage of the base unit to reach such consistency. 
	An eyedropper tool that will match detail levels between parts of the mesh. 


3️ Brush Detail:

	Detail size is dependent on brush size. 
	Larger brush = Larger edge length (less detail). 
	Smaller brush = Smaller edge length (more detail). 
	Best for localized detailing without affecting the whole model. 


4️ Manual Detail:

	Fixed edge length based on the selected resolution value. 
	Not affected by brush size or zoom level. 
	Best for precise control over topology.  


Choosing the Right Settings for Your Sculpt

✔ For fine sculpting → Use Constant Detail for consistency.

✔ For large, rough forms → Use Relative Detail to work dynamically.

✔ For localized refinement → Use Brush Detail to control detail on specific areas.

✔ Having perfect topology control → Manually apply the details consistently. 

This would help, with appropriate settings of Dyntopo, to have more sculpt yet still control the mesh's topology. Let me know if you need help in picking the best settings for a certain sculpting project!

Multiresolution Modifier: An Alternative to Dynamic Topology

While Dynamic Topology (Dyntopo) is a great tool for sculpting fine details in Blender, it's not the only option. Another powerful method is the Multiresolution (Multires) Modifier. 

What is the Multiresolution Modifier?

The Multiresolution Modifier works by successively subdividing the mesh uniformly while keeping the base intact. You'll be able to sculpt in stages, refining the details on each subdivision level before moving up the resolutions. Contrary to Dyntopo, that dynamically changes the topology, Multires doesn't change it but keeps it original hence the best for controlled sculpting and animation. 

The Main Differences between Dyntopo and Multires
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How to Get Started with Multiresolution

✔ Add the Multiresolution Modifier onto your object via the Modifier Stack. 

✔ Subdivide the mesh to create multiple sculpting levels.

✔ Sculpt details at each level - refine as you go. 

✔ Switch between levels to make broad or fine adjustments.

Dyntopo can be a bit overwhelming at first, so playing with its settings in Sculpt Mode is the best way to get a feel for how it works. If you prefer something a bit more structured that also performs better and is more compatible with animation, then the Multiresolution Modifier is an excellent alternative. Experiment with both and find out which one works better for your workflow!

Adaptive Resolution in Blender Sculpting

Sculpting requires a model to possess adequate geometry to be smooth and precise. Rather than begin with a highly subdivided mesh, there are two adaptive sculpting techniques in Blender that accomplish this by autoregulating the geometry depending on the need: Voxel Remeshing and Dynamic Topology (Dyntopo).

Voxel Remesher

Voxel Remeshing rebuilds your model with evenly distributed topology, allowing for consistent detail. The resolution of the mesh is determined by adjusting the voxel size: the smaller the voxel, the finer the detail; the larger the voxel, the less complex it is. 
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✔ Best for: Shaping initial forms, merging overlapping geometry, and ensuring a clean, solid volume. 

✔ Shortcut: Press R to set the resolution, then Ctrl + R to apply remeshing. 

Important Notes:

	This tool only works on closed meshes. Fill any holes before remeshing.  
	Mask Slice and Fill Holes or Edit Mode can be used to patch gaps.  
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Dynamic Topology (Dyntopo)

Dyntopo dynamically changes the topology of the mesh during sculpting by adding or removing it as needed. It does provide for local detail control, unlike the Voxel Remesher, making it suitable for detailing complex shapes.
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✔ Best for: Organic modeling, detailing selected areas without affecting the rest of the model.

✔ Shortcut: R to set resolution, Ctrl + R to apply the resolution changes (for Constant Detail mode).
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Important Things to Remember:

	Dyntopo does not preserve UV maps, face sets, or color attributes. 
	It may lower the performance in a high-resolution object. 
	Cannot be used with Voxel Remesher simultaneously. 


Multiresolution Modifier

The Multiresolution Modifier (Multires) gives subdivision-based sculpting like the modifier Subdivision Surface Modifier, but it supports sculpting details at multiple levels. 

✔ Best for: Modeling high-resolution details while keeping lower subdivisions for better performance. 

✔ Shortcut:

	Alt + 2 → Increase subdivision level.  
	Alt + 1 → Decrease subdivision level. 
	Ctrl + 0 to 5 → Sets subdivision levels.  


Pros:

	The ability to sculpt at multiple resolutions refines general forms at lower levels and adds fine details at higher levels. 
	This leaves the base mesh intact, which is very well adapted for animation and texturing. 


Cons

	Needs clean topology (quads only, no non-manifold faces). 
	The base mesh can't be edited after subdivision, without distorting the details. 
	With more than five subdivisions, performance is low. 
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Tips: Use the Slide Relax Brush to move the topology wherever necessary. For detailed refinement, it is recommended to use Multires Eraser and Multires Smear brushes.

Choosing the Right Method
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resolution, does not break topology | Not able to edit base mesh once subdivision is made

Final Thoughts

Each of them has its strengths, and the best will be dependent on your project. Voxel Remesher is great for shaping, Dyntopo excels at organic detailing, and Multires is ideal for high-resolution sculpting with structured control. Try each approach to find out which works best for you!

Cloth Sculpting in Blender

Blender has integrated cloth sculpting tools for creating fabric details, eliminating the hassle of complex physics simulations or hand-sculpting fabric details. These tools provide a simplified cloth physics simulation in order to quickly create base meshes, large folds, and draping effects.
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How Cloth Sculpting Works

	Cloth simulation responds to the mesh's topology; hence, an evenly distributed topology is a key point in order to have realistic results. 
	Large folds and draping are supported well, but using high-resolution meshes will result in performance limitations when fine details are in place. 
	Masked vertices remain in place, enabling exact control over how cloth moves. 
	Automasked face set boundaries make it easier to preserve structure during sculpting. 
	Gravity factor in sculpt mode affects the behavior of the cloth as well, adding more realism. 


Cloth Sculpting Tools

✔ Cloth Brush – used for modeling and simulating cloth movement during sculpting.

✔ Cloth Filter – applies a global effect to the cloth on the mesh, like gravity or inflation.

✔ Pose & Boundary Brushes – This support cloth sculpting by allowing the manipulation of fabric folds and edges.

Moreover, this package enables developers to create dynamically changing, natural-looking cloth effects without using any external simulations.

Brushes and Custom Alphas 

With Blender, you can save and share your brush assets from one session to another by managing them through asset libraries. There are two major ways you can manage such brushes:

1. Using Asset Operators (Quick & Automated Management)

✔ Best for personal brush libraries that require on-the-fly updates.

✔ Blender automatically handles storage and updates in asset system files (. asset. Blend).

✔ You can create and adjust brushes with the help of built-in operators.

✔ But this is possible only for duplicated assets. Everything else needs to be managed manually.

✔ You won't be able to edit brushes from the Essentials library.

2. Manual Storage (For Organized & Shared Libraries)

✔ Suitable for curated editing of brushes, especially when you want to share them with others.

For it, one needs to open the blend files in the asset libraries and manage the brush data manually.

It completely opens possibilities for how to store and arrange brushes. 

Asset operators are excellent in cases of fast, straightforward management of brushes, but when it comes to long-term organization and sharing, the better option is manual storage.
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In Blender there are several ways of managing your brush assets: you easily create, edit and organize them for further reuse.

1. Duplicate Asset

✔ Create a copy of currently active brush as asset and activate it.

✔ You will get pop-up window to set:

	Name: Give a custom name for your new brush. 
	Library: Choose an asset library the brush will be stored within, as defined in the Preferences. 
	Catalog: Assign a catalog for your brush. If the name doesn't exist, it will be created. 
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2. Delete Asset

✔ Permanently remove the selected brush from its asset library.

✔ This cannot be undone so you will be prompted to confirm before it's deleted.

3. Edit Metadata

✔ Change metadata for the brush asset, including:

	Catalog: Reassign or create a new catalog for the brush. 
	Author: Specify the author of the asset. 
	Description: Provide details about the brush's purpose. 


4. Edit Preview Image

√ Open a file browser window to select a new preview image for the asset.

5. Save Changes to Asset

√ Press the button to save any changes made to the active brush to the asset library.

6. Revert to Asset

√ Discard unsaved changes to the brush asset and return it to its default state.

Manual Brush Storage

For finer control over your brush assets, manage them manually in blend files.  getIntent Mark brushes as assets in the Outliner using the operator Mark as Asset. Once saved in an asset library, these brushes will be available to all sessions of Blender.
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The Mark as Asset operator used on a brush in the Outliner

✔ Importing of brushes from other files (including the asset library) and marking of your brushes in the library as assets is supported.

Advanced library management and sharing can be done with saving your file in blend and marking as an asset to give full control and thus enabling to share the file easily to the people.

Brush Settings

Each brush and mode in Blender has its own set of unique settings, although many of these settings overlap across different brush types. Here’s a breakdown of the general and mode-specific settings that you’ll encounter in the brush settings.

General Settings

Radius:

Size in pixels. You can change the size interactively by pressing F, then dragging the mouse left or right. In this mode, the brush's texture will be visible inside the circle, and you confirm the size with a left-click. Alternatively, you can input a specific size using the number keys.

You are also able to increase or decrease the size by using the [ and ] keys.

Size Pressure:

This is a setting that allows size variation via a stylus with variable pressure on a graphics tablet.

Use Unified Radius:

If enabled, this option enforces the usage of the same radius for all brushes.

Radius Unit:

This controls what space the size of the brush is calculated using:

	View: The brush radius is given by how much space the cursor covers on the screen. 
	Scene: The brush is sized in real-world units (depending on zoom). The display units and unit scale can be adjusted in Scene Units settings. 


Strength

Strength (for Painting Brushes): The amount that each stroke will have an effect. In the case of painting, higher strength means that the stroke will have a higher opacity. If you paint over the same area again and again, the opacity will not go any higher than it was with the set strength.

Strength (for Sculpting Brushes): For sculpting, the strength determines how much each part of the stroke contributes to the geometry, hence the speed at which the brush effect is built up during a stroke.

You can change the strength interactively by pressing Shift+F, moving the brush, and then left-clicking to confirm. You can also enter the strength numerically using the number keys.

Strength Pressure: Adjusts the strength of the brush dependent on the pressure applied with a stylus of a graphics tablet.

Use Unified Strength:

On : Applies same strength value to all brushes.

Mix Modes

Blend:

Picks the way, the color or value is placed over the covered color attribute, vertex group, or image texture.

Add Alpha: Adds transparency to the image where the brush is applied.

Erase Alpha: Takes away transparency from the image, thus making it transparent where painted. This will show background colors and textures beneath. The eraser end of a tablet pen activates this mode.

To view the results of the Erase and Add Alpha modes in the Image Editor, switch the Display Channels to Color & Alpha or Alpha. The transparent parts will have a checkerboard background.

Weight (Weight Paint)

The Weight value is applied on the selected vertex group. You can sample the weight value of a clicked vertex by pressing Shift+X. Use Shift+Ctrl+X to choose the group from which to sample the weight.

Direction (Sculpt Mode)

Direction (Ctrl Sculpt Mode):

This toggles the brush's direction.

You can either:

	Add: Raise the geometry towards the brush. 
	Subtract: Pulls the geometry downwards, away from the brush. 


This toggle is enabled when Ctrl is held down while sculpting.

Sculpt Mode Settings

Normal Radius:

This is a setting for how much the radius of the brush takes part in changing its orientation concerning the sculpt plane. A normal radius smaller offers abrupt changes of orientation, while larger radii give smoother ones. Smaller works fine for hard surface meshes; for organic sculpts, bigger is better.

Area Radius:

This defines the ratio between the brush radius and the radius that is used to sample the area's depth.

Hardness:

Regulates the speed at which the brush falloff starts at the edge of the brush.

Tip Roundness:

Roundness: This setting controls how rounded the brush is. A setting of 0 will make the brush square. Note that brush falloff only takes effect on the rounded part of the brush.

Auto-smooth:

This setting will smooth the strokes, allowing for finer geometry when sculpting.

Topology Rake:

Affects how the brush interacts with the mesh edges, trying to match the direction of the brush to the edges when tessellating. The higher setting produces cleaner edge flow, which is really great to create sharpness in features. Be wary, though; this will increase computing during each stroke, especially on high-poly meshes. It works best on low-poly meshes.
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Normal Weight (Ctrl Sculpt Mode)

This option will force the brush movement to follow the surface normal, helpful when using the Grab brush. Temporarily this option can be switched on by pressing Ctrl. For example, if the Normal Weight is on the Grab brush can press a depression -- a hole -- in the mesh.

This option is valid for both Grab and Snake Hook brushes.

Plane Offset (Sculpt Mode)

This property offsets planar brushes such as Clay, Fill, Flatten and Scrape by shifting the plane used for sculpting by averaging the faces either above or below the brush.

Plane Trim (Sculpt Mode)

This option provides a maximum distance for planar brushes to affect the mesh beyond the offset plane. If it is activated then any vertices that are farther away from the offset plane than the trim distance, will be ignored when sculpting.

Pinch/Magnify (Sculpt Mode)

Pulls the mesh in toward, or pushes it out from the center of the brush as you stroke, allowing you to pinch or magnify the geometry.

Deformation Target

This setting specifies how the brush shall interact with the mesh, including:

	Geometry: It deforms the geometry of the mesh directly. 
	Cloth Simulation: Deforms the mesh while some cloth simulation is applied along with it. 


Advanced Settings

Brush Type:

This defines the basic behaviour and available settings for a brush.  The different types of brushes offer various effects, and their respective settings can make them very different from each other. The Essentials asset library includes brushes for each of the brush types and their preview images and textual descriptions can give a good impression about the effect produced. These are in most cases more useful starting points for new custom brushes than using the brush type on its own.  The brush types are valid for different modes,

including:  

	Sculpt 
	Vertex Paint 
	Weight Paint 
	Texture Paint 


Additional Brush Settings

Accumulate: 

This allows each stroke to add layers upon previous layers, building up an effect.

Front Faces Only: 

If this is enabled then the brush will only effect vertices facing the viewer and not those behind.

Affect Alpha (2D Painting Only):

If off, the brush has no influence on the alpha channel when painting in the 3D Viewport. In other words, it is responsible for transparency.

Anti-Aliasing (2D Painting Only):

This toggle smooths the edges of the brush, which is very useful when creating pixel art or low-resolution textures.

Auto-Masking (Sculpt Mode)

The auto-masking toggles for the brush settings function exactly like the sculpt mode auto-masking settings, but these can be changed on a per-brush basis to allow different behaviors. For details see Auto-Masking.

Sculpt Plane (Sculpt Mode) 

This setting specifies the primary direction that the brush acts in pulling the vertices along this plane. First, select one of several planes:

Area Plane: The direction is calculated using the normal of all active vertices inside the brush's area, hence depending on the surface underneath the brush.

View Plane: Sculpting happens on the surface of the current 3D Viewport.

X, Y, Z Plane: Sculpting happens along the positive axis of one of the global axes (X, Y, or Z).

Original Sculpt Mode:

Normal: When locked, the brush will keep using the normal of the surface where the stroke was started, instead of the current surface normal under the cursor.

Plane: When locked, the brush will continue to use the plane origin of the surface at which the stroke was started instead of the surface plane currently under the cursor.

Color Picker

Color: Here is the color of the brush. For details on options, see the Color Picker page.

Sample color from image with Shift+X anywhere on the image to set it as the foreground color of the brush. Once painting, press Ctrl and paint temporarily with the secondary color.

Swap Colors (cycle icon):

Toggles between the primary and secondary color.

Use Unified Color: 

Setting that uses one brush color for all brushes.

> Note: 

Vertex Paint uses sRGB color space, meaning that RGB values of the same colors will look different in the paint tools compared to materials in linear space.

Gradient

The color source for the brush can be a gradient.

Gradient Colors: 

The Color Ramp Widget allows you to define the gradient colors.

Mode:

Pressure:  The color will be chosen from the gradient based on the pressure applied by the stylus.

Clamp: This changes the color across the stroke based on the gradient spacing specified. When it reaches the last color in the gradient, it carries the last color across the remainder of the stroke.

Repeat:  

Works the same as Clamp except that once it reaches the last color, it resets to the first color of the gradient and continues the pattern.

Color Palette

Color Palettes allow you to save colors from the brush for later use, helpful when you are working with several colors.

Palette: Select a color palette from the menu in the Data-Block.

New (+): Adds the current brush primary color to the palette.

Delete (-): Clears the selected color from the palette.

Move (up/down arrow): Move the selected color up or down in the palette.

Sort:  Sort colors by their Hue, Saturation, Value or Luminance.

Color List

This will list each color in the palette. Clicking on any color will change the primary color of the brush to that selected color.

Retopology for Game and Animation 

The world of digital visual expression is really exciting and keeps on evolving with technology. As the demand for dynamic visuals increases, artists and developers alike are constantly exploring new ways to engage audiences. This often leads to the vibrant field of 3D motion design, where creativity is limitless.

Although the initial dive into 3D motion design can be overwhelming, there is a plethora of resources to ease your journey. Using 3D tools can bring your ideas to life in really vibrant and impactful ways. In fact, over 70% of game developers say character movement plays a huge role in immersing players. Starting this journey means learning to combine artistic vision with technical skills, unlocking endless possibilities for storytelling.

Next come important concepts and activities that will let you make smooth, eye-catching graphics. You'll notice a set of helpful tips, insights, and techniques that will take you through this fascinating world. Unleash your potential and tell stories in moving images that reach viewers across the world.

Understanding Basics of Animation within Blender for Video Games

To begin animating in Blender, it is crucial to understand the basics of animation. Movement brings life into the character or object, and it is the core method of telling a story. Mastering these foundational concepts will be essential to effective visual storytelling. Each of these elements plays an important role in the overall result, making the process challenging yet rewarding.

Animation is not just about moving shapes; it's about bringing life into them. A good animation of your character can express emotions, tell a story, and enhance the experience of gaming. According to a study, 70% of players feel more connected to the characters if they have smooth and fluid movements. That shows how much mastering the basics is important before diving into the advanced techniques.

Key Concepts in Animation:
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Mastering these core principles can greatly influence the final result. While each animator has their own style, these basics are essential for creating work that captivates an audience. Embracing technology and tools, like compliance features, can further enhance your workflow and the quality of your creations.

The Importance of Animation in Game Development

Animation is at the heart of the experience in interactive entertainment, defining how a player perceives and interacts with virtual worlds. It brings life to characters and environments, enhancing storytelling by creating an emotional connection. Well-designed motion makes the world feel real and immersive, while poor animation will subtract from even the most compelling narrative.

A recent survey showed that 70% of players consider animation quality to be a key factor in their enjoyment of a game. This shows the very important link between dynamic visuals and player satisfaction. Characters with smooth, realistic movements can turn a simple scene into an unforgettable adventure. Poor animation, on the other hand, can hinder player engagement.

Animation is also one of the most important components of gameplay mechanics, because it gives a clear view of what's going on. The character dodging an attack, or an object reacting to player events-these movements encourage the user and make the user's experience much better. These visual representations are integral for guiding players through challenge and require both smooth and accurate motion.

As the technology evolves, so do tools for motion design. Enabling innovation in new ways, creators can add advanced techniques to interactive and realistic motion on different platforms-one of which is Visual Studio 2024.

Ultimately, it's not about animation as one of the visual aspects but something very core in terms of the game itself. Great animation opens up better connections to players, engaging them more within the world to build lasting bonds with characters. Moving forward with industry evolution, high-quality motion will be important in shaping new dimensions of storytelling and immersive interaction.

Different Animation Techniques

There are different ways of animating characters and environments in digital artistry. Each has its strengths and applies to different styles and project needs. Some techniques are more physics-driven, while others are based on artistic choices. Exploring these diverse approaches helps animators understand how each contributes to a project.

One of the most used techniques is frame-by-frame animation, where each frame is separately drawn. This will give highly detailed and smooth motion, which makes it perfect for handcrafted animation styles. The other common technique is skeletal animation, which involves making a digital skeleton for a character. By manipulating the joints of this skeleton, animators can create more fluid and efficient motions. It is particularly favored in real-time applications, such as video games, where efficiency is key.

Other revolutionary technologies that enhanced the realism of animations include motion capture. It records the activity of real actors and then applies that information to 3D models, enabling extremely realistic animations. Nowadays, about 70% of all AAA game studios have already integrated motion capture into their core animation pipeline.

On the other hand, procedural animation is generated by algorithms automatically and is usually used to implement such environmental effects as the flow of water or rustling leaves. It frees the game from requiring an enormous amount of labor in exchange for complicated behaviors. When used together with other techniques, it will yield a spectacular result that expresses both the creativity and technical ability of the animator.

It means that, by studying these different methods of animation, the animators know how to choose the best one for their project and develop the story more visually while enhancing it. And since the industry is constantly evolving, new tools and techniques open up even more horizons for innovation.

Key Animation Principles Every Animator Should Know
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Core animation principles are crucial to creating appealing and captivating content by an animator. These allow the animator to bring life into characters and scenes, showing emotion and action effectively to create some sense of reality. With a proper understanding of the foundational elements, the animators turn ordinary scenes into moments of interest.

Perhaps a principal component is that of squash and stretch, which gives objects or characters weightedness and flexibility. Stretch conveys speed whereas squashing suggests the impact of it. Another great principle helps movement take an almost more alive or dynamic movement and feel when using this effect correctly; it develops better realism of animation and effectiveness that keeps more attention.

Another important concept is anticipation. This is the preparation of the audience for some major action with build-up. Whether it's a character about to jump or throw a punch, a brief moment of pause before the action helps the audience connect emotionally with the movement. This technique adds excitement and strengthens the storytelling flow.

Staging provides clarity and focus in a scene. By careful placement of elements within the frame—placement, lighting, and timing—the animators direct the viewer's attention to what is most important within the scene. Proper staging makes the message clearer and more compelling, ensuring the key actions pop.

Follow Through and Overlapping Action: This would ensure realism because it shows that different parts of a character or object do not stop all at once. When a character finally stops running, his arms or even hair will keep on moving. It would be much like physics in real life, and this would add to the believability of the movement.

Finally, Exaggeration is a technique that may give more power to actions and emotions. Although realism is an important feature, the exaggeration of some movements can make key moments more striking and provide more excitement in animation. This principle draws attention to the important actions and engages the audience more deeply.

Incorporating these principles into your animation process can yield impressive results. Studies show that projects that apply these techniques see a 70% increase in viewer engagement. Understanding and using these fundamental principles will help elevate your animation skills and produce more captivating work.

Steps for Game Animation Creation

Creating dynamic and believable animations for game characters involves a sequence of well-thought-out steps, each contributing to the flow and realism of the final product. Understanding each phase of the process is crucial for success. From concept to completion, every step is important for achieving a polished animation.
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1. Conceptualization

On the second go, establish the character's personality and the kind of movement you want to achieve, then do some rough sketches of how you think it should look. This will help you plan out the sequence and visualize how the character will move.

2. Modeling and Rigging

Once you have your vision, to begin, create the character model. Proceed with adding a skeleton to the model so the latter will be able to move naturally. This process is called rigging. Orient the joints correctly to get smooth bending and rotation. The more detailed the rigging has been done, the more realism the movements will have.

3. Animating the Character

Block the key poses for your animation to get that general idea of how the movement could look, establish your timing, and feel free to play with different ones to see what works best for your character. Try to create flow that will come across as organic and appealing.

4. Refining the Animation

Once the key poses have been set, add in all of the missing in-between frames-also referred to as "in-betweens"-to create a fine-tuned animation. Smoothening out the motion in an animation helps make it more fluid and natural-looking. The transitions between these poses should therefore be eased into one another to enhance realism.

5. Testing and Feedback

Review your animation in real-time to catch any awkward transitions or unnatural movements. Make adjustments where needed, and seek feedback from others. A fresh set of eyes can provide helpful suggestions that improve the overall quality of your animation.

6. Exporting the Animation

When you are happy with the result, export your animation in the proper format for the platform you are working on. Make sure it is optimized for performance yet also retains high-quality visuals. Optimizing animations greatly increases user engagement and retention.

Setting Up Your Blender Environment for Animation

A well-organized workspace can make all the difference in your workflow. Building an environment that suits your needs enhances productivity and fosters creativity. Here's how to set up Blender for a smooth animation process:
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1. Customize Your Interface

Familiarize yourself with the default layout of Blender and then adjust the panels according to your preference. Streamline your workspace by arranging panels and toolbars in a way that minimizes distractions. Consider creating custom workspaces for different tasks and using shortcuts to improve efficiency.

2. Optimize Your Hardware

Get your computer ready for project requirements. With a powerful computer with a great graphics card, the rendering will speed up manifold. According to various studies, this can speed things up by 40% to help you save precious time working on multiple projects.

3. Install Useful Add-ons

Look into installing add-ons that can simplify complex tasks and offer new functionalities. Choose extensions that align with your creative goals to improve flexibility. Don’t forget to check for updates to ensure your tools stay up-to-date and efficient.

4. Create a Comfortable Physical Workspace

Not less important is the ergonomic workspace. A good chair will save your back and neck from strain; many animators suffer because of long sessions of sitting in front of the computer. Keep your desk clean and organized to be focused and clear in your head, avoiding any distractions during your workflow.

Setting Up Your First Character Rig for Animation

One of the most crucial aspects of the animation pipeline is rigging, as it forms the skeleton that literally provides the structure needed for character animation to take place. A well-designed rig gives you the means to manipulate your character in such a way that it takes on life, be it that heroic figure or some kind of whimsical creature.

It starts with knowing what constitutes a rig in general-bones, joints, and controls. A rig is essentially giving any character a skeleton on which its movements are based.

1. Set up your character model.

2. Use the Armature tool to create the bone structure.

3. Position the bones to match the character's anatomy.

4. Link the bones hierarchical to have a workable system.

5. Attach controls for easier manipulation while animating it.

Again, it all comes down to attention to detail. The range of motion your character requires will define the complexity of your rig. A character that requires exaggerated movement will have a more complex rig compared to a simpler one. As a matter of fact, most animators spend over 50% of their time on rigging-a testament to how important this step is in the process.

Once the bones are set, the next process is weight painting. In this way, you will be able to define how the mesh deforms when the bones move. Good weight distribution means smooth deformations and avoids unnatural distortions in the mesh.

1. Test the rig by moving the bones.

2. Adjust weights to improve how the mesh deforms.

3. Iterate based on feedback from test animations.

The more rigs you do, the better it gets. Once you get rolling, you shift from simple and plain rigs into complicated, story-telling rigs full of characters with emotion and personality.

Animating a Character using Keyframes and Motion Paths

Character animation is an irresistible blend of practice with the flash of imagination for the telling of your character with each movement-counting gesture from minor posturing to detailed dramatic sequences-so well understanding principles of motion would prove fundamental.

Keyframes are the basis of animation. These are points in time that define when and where a character moves. By setting keyframes, you create a sequence that forms a continuous motion. The key is in smoothly connecting these moments, so the movement feels natural.

Motion paths provide additional depth by guiding the character along a predetermined route. Adjusting these paths—through curves and angles—can give your character’s movement more personality. You can create linear movements or more dynamic, curved trajectories depending on the character's traits.

Research has shown that a well-developed character animation can engage viewers up to 80%, so mastering these techniques is essential. Using keyframes and motion paths, an animator is able to control timing and spacing to elicit emotions and reactions, adding to both the aesthetic and narrative effect.

Practice makes perfect. Observing real-life movement is key to making your animations feel authentic. Small details can make a huge difference in how believable a character appears. The combination of keyframes and motion paths results in an engaging animation that connects with your audience.

Exporting Animations for Game Engines

Among the largest steps in the development process involves exporting your animations into a game engine once they are complete. Proper export guarantees that your characters and objects behave as expected across a number of platforms, directly affecting your project's performance.

Choosing the right file format is essential. Many game engines use formats like FBX or OBJ, which preserve animation integrity. Understanding the strengths and limitations of each format helps ensure your animations are transferred correctly and function as intended.

Before exporting, try to use all the optimization tools that can reduce the file size but keep the quality as good as possible. Smaller file sizes mean faster loading, which is crucial when it comes to user experience. Research shows that about 30% of users quit slow-loading applications, so optimization for performance at all levels is important.

Finally, maintenance of your software is important for smooth workflows. Regular updates and support services can help nip any issues in the bud before they become problems, allowing you to focus on the creative side of things. Keeping everything in top condition will ensure a polished final product that runs efficiently across all platforms.

chapter 5

Materials and Texturing 

Textures in 3D art are 2D images that are applied to 3D models in order to add visual depth and detail. These range from simple colors to complex maps controlling things such as surface roughness, reflectivity, and even the bumpiness of a surface.

The main types of textures you will come across are as follows:

1. Albedo / Color / Diffuse: These textures define the base color of your model, which is independent of shading and lighting. Albedo and Color are used interchangeably; Diffuse contains some lighting information. These textures will paint your model with the "paint job" or primary color.

2. Normal Map: This texture gives the model surface details such as bumps and grooves without modifying its geometry. It utilizes RGB data to simulate how light would interact with the surface, and often appears in shades of blue. It is a very popular texture; the internet is full of memes pointing out its distinct look.

3. Roughness Map: This controls the smoothness or roughness of a surface by how light reflects off it. Low values yield shiny, reflective surfaces, while high values yield matte finishes. You can multiply different values of roughness together to emulate materials like shiny metal or uneven, rusted surfaces.

4. Metallic Map: This texture will define which parts of a surface should behave like metal. If the area should look metallic, it's typically white; for non-metallic areas, it's dark. There is some debate about how this texture should look, but it's mostly an artistic choice, and it is generally okay to use some gray shades in your metallic map as long as it does not make your object take on a plastic-like appearance.

These are just the fundamental textures you’ll need for most projects, but there are many other specialized ones, like subsurface scattering (for translucent materials), bump, displacement, and translucency maps. One commonly used texture is the Ambient Occlusion map, which can be combined with a base map for more realistic shading.

Textures make your models realistic or stylistic. Even a simple cube will feel real with a wood texture showing the grain and wear on the edges.

UV Unwrapping: A Test of Patience

Before adding textures to your 3D models, you need to "unwrap" them. UV unwrapping is the process that involves converting your 3D model into 2D space for the proper mapping of textures.

Visualize unwrapping an orange: the pieces making up the peel would be the UV islands, and you would "unwrap" it to texture each piece.

Here's how UV unwrapping typically goes:

1. Mark Seam: Mark seams in Blender the first thing to do is to mark seams. The place where seams will be placed needs to be as unobtrusive as possible-on edges or in invisible parts of the model. If you have good topology, you can use edge loops or select paths with Ctrl-left-click to add seams.

Tip: For hard-surface models, seams along the edges are generally safe. For organic models, such as faces, place seams where they're less noticeable, such as the back of the head or under the arms.

2. Unwrapping: After marking the seams, press U in Blender and select Unwrap. If everything is done properly, Blender will create a 2D UV map of your model. There are different methods of unwrapping like angle-based for hard surfaces and conformal for organic shapes.

3. Tweaks: Generally, this is where one refines the UV layout to have an even application of texture. It's best to avoid distortion, which will stretch and warp your textures. You can use tools like the relax/pinch brushes in Blender or plugins like Zen UV for more advanced adjustments.

4. Patience: UV unwrapping is an art that requires practice and patience. The cleaner your UV layout, the better your textures will look. I enjoy the process, but I go back into areas to clean them up, sometimes several times.

5. Packing UVs: Once unwrapped, you have to efficiently pack your UV islands into the 0-1 UV space-the square in the UV editor. This ensures you're using your texture space effectively to avoid wasted space and potential artifacts.

Tip: Try not to have the UV islands too close to each other. A small gap of about 0.007 is usually ideal to maintain proper texture resolution.

6. Scaling and More Tweaks: I usually spend extra time fine-tuning the packing of UV islands manually. You can get decent automatic packing, but often you will want to resize certain islands to provide more detail where it's visible or shrink others for less important areas.

Depending on your object's complexity, you may use one UV map, multiple UV maps, or even UDIMs-a technique that allows much more advanced mapping.

Painting Textures

With your model unwrapped, you can paint textures directly onto it in Blender using its Texture Paint mode. This is a fantastic way to add details, whether it's scratches, dirt, or even some kind of cool stylized designs. Just make sure your model is unwrapped and that you've set up a texture slot to paint on.

With Blender's brush tools, you can adjust strength, size, and texture to make unique surface details easily. Once you've learned the basics, it all becomes very straightforward: create a texture slot, select a brush and color, and paint.

Save your textures with descriptive names, such as texture_normal.png or texture_basecolor.png, to make it easier to import and organize them later.

Advanced texturing is possible in programs like Substance Painter, which lets you paint directly onto 3D models, adding procedural effects such as wear and tear. When you are done, you can export your textures and import them into Blender for the final render, taking your work to the next level on complex projects.

Understanding Procedural Textures

Procedural textures are textures that are generated through mathematical algorithms. They're relatively easy to use because they don't require special mapping like traditional textures. That doesn't mean they can't become quite complex, though.

What makes procedural textures special is that they are true 3D. That is, the texture continues seamlessly at the edges, and if it's cut, it looks the same everywhere, much like the grain of a piece of wood does if you cut into it. These textures aren't filtered or anti-aliased, but this is seldom a problem, since you can control the frequencies of the texture to avoid any unwanted effects.
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The Texture Type list shown

Key Options for Procedural Textures

1. Noise Basis

All of Blender's noise-based options except Voronoi and Simple Noise have a "Noise Basis" option. This lets you control what algorithm that particular texture uses in the generation of its appearance. Various noise algorithms like Musgrave give procedural textures incredible flexibility.

The Noise Basis setting defines the structural pattern of the texture. Some examples of noise types include:
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Each one has a slightly different look and feel, and you can use one that best suits the desired appearance you are aiming at.

2. Nabla 

Most procedural Blender textures calculate derivatives for normals of texture mapping-using Blend and Magic being the obvious exceptions. Of course, especially for Normal and Displacement Maps you can control its strength using this "Nabla" value.

Additional Tips

Texture Types: Procedural textures can create the following types of textures:

	Colored textures 


	Intensity-only textures (that are black-and-white) 
	Textures with alpha transparency 
	Normal maps 


Intensity-only textures can be enhanced by making use of ramps (gradients). If you are using ramps and find yourself needing an intensity value, keep in mind that you will want to turn on the "No RGB" option in the Mapping panel.

Applying Textures in Blender

Once you have set up your UVs, you can go ahead and apply textures to your model. Here is a simple tutorial to help you out:

1. Shader Editor

Open the Shader Editor. You can use an already existing material if you have painted textures in Blender or exported them from another program, or create a new one. Now comes the magic part!

2. Add Image Textures

Add one Image Texture node for every one of your texture maps: diffuse, roughness, normal, and so on. Load your texture image in each of these, and then connect them to the corresponding input of your Principled BSDF shader. Note that if you have the Node Wrangler add-on installed, this can be hastened for all of your textures by pressing Ctrl-Shift-T. Provide decent names to your textures, though-so that they will be easier to handle. Even better, add your own suffixes in Node Wrangler settings to make them organized as you go.
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3. Tweak and Refine

Now, refine how your textures look using the settings on the Principled BSDF shader. Color ramps can be added between the texture and where it inputs into the shader to make changes. Keep in mind though, if you are going to export the model to another application, you're better off with using a correct texture instead of using color ramps or other node tweaks as those will not export nicely. If you are staying in Blender, feel free to make adjustments!

For procedural textures, make sure to adjust their size so they match the scale of your object for a more realistic look.

Texturing Tips for Better Results

Here are a few tricks I’ve picked up over time to get the best results:

High-Quality Textures

Use high-resolution textures. This is because often, low-resolution textures appear blurred and unprofessional, especially if the camera in the render should zoom in very close. Commonly, depending on how the camera will focus on an asset, or in which part it will be-a foreground or background-the ideal for most game assets sits somewhere between 1024x1024 and 4096x4096. Good UV packing will efficiently make use of texture space-meaning that quite probably you don't have to use a 4K texture when you can get by with a 2K.

Experiment with Procedural Textures

Procedural textures in Blender can bring a great deal of variety to your models. Use Noise, Voronoi, and Musgrave nodes for more complex surface detail. Go ahead and mix procedural textures with image textures—just remember to size them appropriately to the model.
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Lighting Matters

Lighting can make or break how your textures look. Even the most detailed textures can appear flat if the lighting isn't right. Tweak your lighting to make your textures pop and set the mood using colors and intensities of light.

Patience and Practice

Texture creation takes practice. A great way to improve is by observing real-world materials. Study their details, like roughness or base colors, and try to replicate them in Blender. It might take time, but it's worth it for more realistic results.

Wrapping Up

Texturing is an art that requires time to actually master. But once you get the hang of unwrapping your models and applying textures in Blender, you will massively notice improvements in the quality of your 3D work. Keep practicing and never be afraid to experiment!

Understanding Shaders and Nodes 

Materials, lights and backgrounds are created within Blender by a network of shading nodes. These nodes collectively output values, vectors, colors and shaders that define how light interacts with a surface or volume.

Shaders

One of the key components in building a node setup is understanding shader sockets. The output of surface and volume shaders isn’t just the color of the surface—it’s a shader that defines how light interacts with the surface or volume.

Here are the main types of shaders you’ll encounter:

BSDF Shader 

	Defines how light is reflected, refracted, and absorbed at the surface of an object. 


Emission Shader

	Describes light emission from an object's surface or inside a volume. 


Volume Shader

	Deals with the scattering of light inside a volume. 


Background Shader

	Describes light coming from the environment. 


Every shader node has an input for a color and outputs a shader. That can be combined using Mix and Add Shader nodes, nothing else. The result is used by the renderer to calculate lighting interactions, either directly or for global illumination.

Textures

Blender has a number of built-in procedural texture nodes, which input texture coordinates and possibly other data and return a color or value. These textures are not associated with a data block-node groups allow reuse of such texture setups.

The Image Texture node is a required node for UV mapping and painting textures in the 3D Viewport. When enabled, it displays in the 3D Viewport when in Texture color mode so you can see painted textures in real time.

By default, all nodes use Generated texture coordinates, except for Image Textures, which use UV coordinates. Each node has properties that can be used to change how textures are mapped and how their colors are calculated, which can be edited in the texture properties.

Along with the default nodes, Blender provides additional nodes for geometric data, texture coordinates, shader layering, and non-physically based effects.

These include:

	Vector Nodes 
	Color Nodes 
	Converter Nodes 


Advanced configuration for such might as well be performed by writing your own nodes in Cycles with the Open Shading Language.

Shaders and textures are just some of the powerful features within Blender that make advanced material and lighting possibilities. Understanding how nodes work and interact enables realistic, dynamic results for your 3D projects.

Principled BSDF

The Principled BSDF node is a general-purpose shader node that encompasses a lot of various layers into one easy-to-use node. It will allow the simulation of many different materials with ease.
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This shader is based on the OpenPBR Surface shading model, allowing the same PBR shaders that would be compatible in other software, including the Disney's and Standard Surface models. Textures painted or baked in a tool like Substance Painter can be directly wired to the matching inputs of this shader.

Layers

The Principled BSDF's base layer is one of several components, including metal, diffuse, subsurface, and transmission. Most materials will be based on one of these, but you can smoothly mix between them to achieve the desired effect.
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The Metal part of the Principled BSDF is completely opaque and only reflects light. The Diffuse is equally opaque, whereas Subsurface scatters light beneath its surface. These two layers, in turn, are covered by a Specular layer. The Transmission component combines specular reflection with refraction of light.

Optionally, on top of these layers you can add a glossy coat. Above all the other layers sits the sheen layer which is used to add a soft, fuzzy effect or simulate dust on the surface of the material.

You may also supply light emission. Emission is below the coat and sheen layers so is useful for modeling emissive surfaces with a coating or dust.

Inputs

Base Color: This is the color that governs the general color of the material, including diffuse, subsurface, metal, and transmission.
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Same base color for multiple materials types

Roughness: This is the microfacet roughness of the surface, which affects how light is reflected and transmitted. A value of 0.0 will produce a sharp reflection, while 1.0 will yield a more diffused reflection.
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Roughness from 0.0 to 1.0

Metallic: Determines the balance between a dielectric and metallic material model. A value of 0.0 means the material has a diffuse or transmissive base layer with specular reflection. A value of 1.0 creates a fully metallic material with a specular reflection tinted by the base color.
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Metallic from 0.0 to 1.0

IOR (Index of Refraction): Used for the specular reflection and transmission. For most materials, values range from 1.0 for vacuum or air to approximately 4.0 for say germanium. The default value of 1.5 will work for glass.
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IOR from 1.0 to 2.0

Alpha: Transparency of the material, where 1.0 is fully opaque. Typically, this would be connected with an Image Texture node's Alpha channel.
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Alpha from 0.0 to 1.0

Normal: Displaces the normals for the base layers.

Diffuse (Roughness for Cycles Only): Amount of surface roughness. The default 0.0 is a perfect Lambertian reflection. Values above this will enable the Oren-Nayar BSDF-a more generalized form for rough diffuse surfaces that scatters light in different directions.

Subsurface: For materials where light scatters beneath its surface, like skin, milk, and wax, giving them a soft, translucent appearance.

Subsurface Scattering

Subsurface scattering is used for things like skin, milk, and wax, where the light enters a surface and is scattered inside the material, giving it a soft and somewhat translucent appearance.

Methods

Christensen-Burley: This is an approximation for physically-based volume scattering. It is faster than the Random Walk method in some cases, though it is less accurate. It is very often used when quicker results are needed.

Random Walk: This is available in Cycles and gives accurate results for thin and curved objects. It simulates true volumetric scattering inside the mesh. It works well on closed meshes, but it might have problems with overlapping faces or holes in the mesh.

Random Walk (Skin): This is a variation of Random Walk available in Cycles and is optimized for skin rendering. It does radiuses based on color texture, uses a blend of diffuse/specular transmission for more realistic skin, and helps with preserving surface details and colors to better match measured skin.

Inputs

Weight: Balance between diffuse reflection and subsurface scattering. The lower the value (0.0 with no subsurface), the more fully diffuse it is; the higher the value, the fully subsurface it will be (1.0).

[image: ]

Radius: This determines how far light scatters below the surface. A higher radius creates a softer, more translucent appearance as light bleeds into shadows or through the object. The scattering distance for each color channel-red, green, and blue-can be set individually, which is relevant for materials like skin, where red light scatters deeper than other colors.
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Radius from white to red

Scale: This sets the amount of the radius, essentially how far down light scatters into the surface. The scale is in centimeters and generally ranges between 0 and 50 cm.
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IOR (Index of Refraction): Available in Cycles only. This dictates the refraction of light as it enters the subsurface layer. This can be set independent of the global IOR, which is useful for simulating layered materials such as skin.
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Anisotropy (Cycles Only): This controls the direction that volume scattering takes within the subsurface material. A value of 0.0 will lead to uniform scattering in all directions, while values greater than that, such as 0.8 for skin, will make the scattering stronger in a forward direction.
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Anisotropy from 0.0 to 1.0

Specular Level

This controls both metallic reflection and specular reflection layer atop the diffuse and subsurface layers.

Distribution

The type of microfacet distribution to use for the material:

	GGX: A faster, though less physically correct, method. 
	Multiscatter GGX: Takes multiple light bounces between microfacets into consideration, yielding more accurate, energy-preserving results in areas with no light. 


IOR Level

Specular Level: Controls the amount of the Specular Reflection. The default value is 0.5, which does not change the amount. A value of 0 completely removes the reflections, and a value of 1 raises the reflections for normal angles.
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IOR level from 0.0 to 1.0

Tint

Applies color tint to the Specular and Metallic Reflections:

On non-metals the color appears in reflections at direct angles (normal incidence) but grazing reflections remain white.

For metals this colors the edges of reflections to simulate materials such as gold or copper.
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Tint from white to orange

Anisotropic (Cycles only) 

Controls the amount of anisotropy, the direction of specular highlights. The highlights are stretched either along a tangent (if anisotropy is positive), or along the perpendicular direction (if it is negative).
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Anisotropic Rotation

This changes the rotation of the anisotropic highlights. One complete rotation is 1.0.
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Anisotropic rotation from 0.0 to 1.0

Transmission

Material blending for objects such as glass or liquids with a surface which reflects as well as transmits light.

Weight

Controls the blend between a fully opaque and a fully transmissive surface. A value of 0.0 means fully opaque, and 1.0 means fully transmissive.
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Coat

Simulates an additional layer on top of the material, such as a clearcoat, lacquer, or car paint.

Weight

Controls how strong the coat layer is and consequently the reflection and color tinting. For realistic materials, this should be either 0.0 or 1.0, but feel free to experiment with other values for creative purposes.
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Roughness

Controls the roughness of the coat layer, making it appear smoother or more matte.
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Roughness from 0.0 to 1.0

IOR

The Index of Refraction for the coat layer, which affects its reflectivity and how the tint fades as light travels through it.
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IOR from 1.0 to 2.0

Tint

Adds color tint to the coat layer, which becomes more saturated at shallower angles due to light passing through the medium.
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Tint from white to blue

Normal 

The normals of the coat layer are adjusted so that you may change its surface texture. You can add a smooth coating over a rough surface for instance.

Sheen

Sheen creates the effect of very fine fibers on the surface of a material. For fabrics, such as cloth, it adds a soft, velvet-like reflection, especially along the edges. It can also be used to simulate the appearance of dust on other materials.

Weight

Controls how intense the sheen effect is.

[image: ]

Weight from 0.0 to 1.0

Roughness

Controls the roughness of the sheen reflection for more or less smooth.
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Roughness from 0.0 to 1.0

Tint

Changes color.
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Tint from white to green.

Emission

Here the surface is allowed to emit its light-energy and thus can be used for glowing materials, among others.

Color

This is the color of the light that is emitted from the surface.
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Emission color variations

Strength

Controls the strength of the emitted light. A setting of 1.0 will make the surface appear to have no shadows, aka "shadeless".
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Strength from 0.0 to 10.0

Thin Film (Cycles Only)

Thin Film Effect simulates colorful reflections such as those that one sees in things like soap bubbles and oil slicks. This happens as a result of interference caused by a thin film sitting on top of the material. This color in specular reflection varies by angle of view, film thickness, and IOR of the material.

Thickness

Controls the thickness of the film in nanometres. This effect is most apparent when the thickness is in between 100 to 1000 nanometres, which corresponds to the visible light spectrum.

IOR

This is the index of refraction for the thin film. It dictates how much the thin film bends the light. Defaults are from 1.0 (for air) to about 2.0. A good default for water is 1.33. Setting IOR to 1.0 or the same as the material IOR will negate the thin film effect.

UV Mapping and Procedural Textures 

Well, in simpler terms, UV mapping in Blender 4.3 is the process of applying textures to 3D models. It means a 2D image texture is being mapped on a 3D object. Well, here is a simple-to-understand process for UV mapping in Blender 4.3:

How to UV Map in Blender 4.3:

1. Select Your Object: Open your project in Blender and select the 3D object that you want to map.

2. Switch to Edit Mode: Press the `Tab` key, toggle between Object and Edit Mode.

3. Select UV Unwrap: Hit `A` for Select all faces. After selecting the object faces you'd like to unwrap, hit `U` for a UV Mapping menu and select from:

	Unwrap: Regular method based on geometry. 
	Smart UV Project: Automatically calculates UVs based on angles and distance. 
	Cube Projection: Projects the UVs as though the object is enclosed in a cube. 


4. Open the UV Editor: Split your screen and go to the top left corner of the viewport. Click the editor type button and select `UV Editor`.

5. Adjust UV Layout: In the UV Editor, you will see the unwrapped UVs. You are supposed to move and adjust the UV islands to fit within the grid using tools like Scale, Rotate, and Grab.

6. Add a Texture: Switch to the Shading workspace. Create a new material for your object and add an image texture node. Load the texture you want to apply.

7. Link the Texture: Connect the image texture node to the material output's Base Color.

8. Preview the Texture: Change into Material Preview or Rendered view to see how the texture sits on your model.

9. Finalize and Export: You can export your model with UVs and the textures once you have a desired UV layout and applied the texture.

Tips for UV Mapping

	Seams: The placement of seams has a huge impact on how the texture wraps. Place seams where they would be least visible. 
	Texture Resolution: Use high enough resolution for your texture to hold detail. 
	UV Islands: Keep UV islands compact for efficient use of the texture space. 
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3D modeling has turned out to be an integral part of development and manufacturing. In addition, to make this process easier for creators, software developers continuously improve their features. Blender is an open-source 3D modeling software that has become very famous among users because of its user-friendly interface combined with powerful capabilities. This makes it one of the favorites for both a novice and experienced user.

How to Get Started with Texturing in Blender

Textures are something like the skin of a 3D model. This is what defines its appearance, texture, and how it is going to behave with lights. You create detailed surface details by applying 2D images, normally called texture maps, onto a 3D model. Photorealistic textures can add depth and intricacy that makes a model seemingly appear life-like.

Blender's Shader Node system allows you to combine properties and create custom textures. Major elements that take part in texturing in Blender include:

	Shader Nodes: Blender uses nodes in the 'Shader Editor' to control how a texture interacts with the model. 
	UV Mapping: A way of unwrapping a 3D model to a 2D plane to be textured. 
	Texture Types: Image, Procedural, Ambient Occlusion, among others. 
	Texture Maps: These include Color Maps, Normal Maps, Roughness Maps, etc. 


How to Add Texture to a 3D Model in Blender – A Step-by-Step Guide

In this tutorial, we will apply textures to a bottle model in Blender. You can follow these same steps to texture any object you prefer.

Step 1: Texturing the Bottle and Label

First, we do the UV mapping for the label part. For the glass portion, there is no need to do the UV mapping as we apply a transparent material for its texture.

[image: Texturing the bottle and label]

Step 2: Assign Material to the Object 

Assign the material to our object.

[image: Material to object]

1. Go to the Shading tab.

2. Select the glass object.

3. Transmission value is 1, area according to your need. 

[image: Set the transmission value]

Step 3: Add Texture Maps

We'll add the texture maps created in Adobe Substance Painter 3D in Blender.
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Step 4: Finishing Up

With textures added, the process is complete. This is the result of the same.

[image: adding texture in blender]

Creating Realistic Surfaces 

10 Tips for Realistic Textures in Blender

From here, proceed with detailed tips on texturing, if that is your preference.

This method of texturing will make your 3D models so much more realistic and interesting to look at!

[image: 10 Tips for Creating Realistic Textures in Blender ]

Using realistic textures in 3D modeling significantly enhances the appearance of objects, adding depth, detail, and a lifelike quality. The result is a model that closely resembles everyday objects. Here are 10 tips to help you create realistic textures in Blender.

1. Use High-Quality Texture Maps

High-quality textures represent the main attributes of photorealistic rendering. It provides sharp, detailed images that are neither pixelated nor blurry. High-quality texture maps can be downloaded from sites such as Polygon or Textures.com, or created from custom photos using any photo editing software.

2. Take Advantage of Procedural Texturing

Procedural texturing provides infinite detail and customization using mathematical algorithms, not images. This technique gives you color, pattern, and surface details like wood grain, rust, and marble. This technique is supported in Blender using the node-based system.

Examples of procedural textures:

	Noise and Musgrave: For creating surface irregularities. 
	Voronoi: To simulate cells, veins, or even crystals. 
	Mixing Procedural and Image Textures: Adds variation and imperfections to your work. 


Procedural vs. Image Textures

Procedural textures are infinitely customizable and can be scaled without quality loss, while image textures have fixed resolution. Both serve different purposes: procedural textures are great for materials that need to scale, while image textures excel at photorealism.

3. Use Many Texture Maps Combined to Add Depth

Using a combination of texture maps-such as color, roughness, and normal maps-adds complexity and depth to your model. For example:

	Color map: Defines the basic appearance. 
	Roughness map: Controls how shiny or matte the surface looks. 
	Normal map: Adds finer details like bumps and scratches. 
	Displacement map: Changes the geometry. 
	Metallic map: Provides a difference between metallic and non-metallic surfaces. 


4. Master UV Unwrapping

UV unwrapping refers to projecting 2D images onto a 3D model. For realistic textures without distortions, follow these steps in Blender:

1. Open the UV Editor.

2. With your model selected, press to go into Edit Mode.

3. Mark seams where the mesh should "cut" to lay flat.

4. Apply Unwrap to create the UV map.

5. Refine UV islands in the UV Editor.

5. Subsurface Scattering (SSS)

SSS is the simulation of light as it passes through translucent surfaces and scatters inside, such as skin or wax. It creates a soft, glowing appearance on objects and increases the realism. This is very useful for objects such as skin, marble, and leaves.

6. Add Detail with Micro Displacement

Micro displacement lets you add details without adding to the count of polygons. You will be able to get realistic surface features, such as minor wrinkles and other imperfections, using a high-quality displacement map along with adaptive subdivisions.

7. Optimize Your Roughness Map

A roughness map controls how a surface interacts with light. You can create materials from really shiny to matte to rough just by fine-tuning it, depending on the area's lighting. The parts where the light is on will be smooth with reflections, and the parts in the shade will be a bit rougher.

8. Ambient Occlusion for Depth

Ambient Occlusion: It is a calculation of how much a certain object is exposed to light, taking into consideration the objects surrounding it. It creates subtle shadows in crevices and corners. This enhances details and depth, making your model look more natural.

9. Apply Fresnel Effects

The Fresnel effect is responsible for the way reflectivity changes on a surface, depending on the angle of view. This effect is used to enhance realism by imitating the real-world behavior of materials, especially reflective ones such as glass or water.

10. Add Surface Imperfections

Adding scratches, dirt, or uneven surfaces simulates the wear and tear that real objects naturally undergo. These imperfections create a more realistic texture and give your model a used, genuine look.

Adding Textures in Blender Q&A: Why is UV Mapping Important to You and What Is It Exactly? How to Apply a Texture to Just Part of My Model How do I Import a Texture into Blender? What type of image file format does Blender accept best? How to make texture realistic on Blender? Distortion or stretching in texture, can it be fixed?

How do I scale a texture on my model?

Bring Your 3D Model Vision to Life with Professional Help

High-quality 3D modeling is the heart of architecture, product design, gaming, healthcare, and many more industries. Clipping Path Studio provides customized 3D modeling services for your ideas, which we can turn into an elaborate model with real-looking textures and ready to be used for any project.

We have worked with businesses from a variety of fields, offering professional expertise, flexible solutions, and fast turnaround times.

Realistic textures are important to make photorealistic 3D models. If you keep the above tips in mind, then your model will look natural and will be deep and realistic. Give enough time to experimenting with different kinds of textures and never be afraid to push your creativity further.

chapter 6

Lighting and Rendering 

Light linking helps in controlling which light affects certain objects in a scene. With the shadow linking, you will also be able to specify which object can cast shadows for a particular light. This will give more creative control by breaking the usual rules of lighting, thus being able to set up various light schemes for elements in a shot.

For instance, a character may have a specific rim light that highlights it, and with shadow linking, no other objects in the scene would be able to occlude this light.

Setup Process

1. Select the light or emissive mesh object.

2. In the Cycles Shading panel or EEVEE Shading panel.

3. Add a new light or shadow linking collection.

4. Drag and drop objects or collections from the Outliner to the collection

Note: Light linking for emissive mesh objects is only available in Cycles.

It is also possible to create links directly in the 3D viewport, by using the operator Link Data. It links the active light object with receiver or blocker objects.

You can connect multiple light objects to a light or shadow linking collection. You can assign an entire scene collection as a linking collection, but it is better to create a dedicated collection and include any scene collections inside that. So you can add or remove objects without modifying the scene layout.

Include & Exclude Objects

You can also exclude/include objects from the light by the usage of a light link. The ways of linking between objects and light are as follows:

	Include Only: It influences only the named objects. 
	Exclude Only: Everything is included in the scene except those objects which you will exclude. 
	Include and Exclude: This includes a collection, for example, of a character and then excludes the required pieces. 


Performance Considerations

Light linking works best when the light tree is enabled, as this creates a specialized acceleration structure for light linking.

Shadow linking may result in slower renders, as more rays are traced and direct and indirect lighting take different paths.

Working in Blender 4.3, I went into material preview mode to texture my models, but they showed up as pure black. I opened version 4.0, which is the newest I have before 4.3, to see if this was an issue across the board and found that the models displayed their textures as expected, not showing up as black.

Image top: version 4.0, Image bottom: version 4.3

This issue has only just happened today, and other than that, the models normally show in either their white default or show with the texture or material applied. The only thing that got it working around this problem in EEVEE was enabling ray tracing, then I had to either turn off Fast GIU Approximation or change the threshold to 1.00, and I prefer not running that continuously as just a material view method. Has anyone else had this, and is there a solution?

[image: enter image description here]
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Light Types and Placement Strategies 

Common Light Settings

Type 

Specifies the light type.

Color 

Defines the color tint of the light emitted.

Renderer Settings

	EEVEE-Specific Settings  
	Settings unique to the EEVEE renderer. 
	Cycles-Specific Settings  
	Settings specific to the Cycles renderer. 


Point Light

A point light is a light that emanates from a single point and spreads out in all directions. It is usually visualized as a simple, circular dot. The direction of the light to some point on an object's surface is given by the line from the light source to that point on the object's surface.

Since the intensity of the light decreases as the distance from the point increases, objects farther from the light source will appear darker.
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Point light

Power

This specifies the intensity of the light in Watts. The higher the value, the brighter it will be. It can be negative, but not for physically accurate results.

Soft Falloff

Adds falloff to feather the edges of where the light intersects other objects.

Radius

Above zero the light is emitted from a spherical surface of the given radius. Larger lights have softer shadows and specular highlights, but appear dimmer since their power is spread over a larger area.

Spot Light

A spot light emits its light in cone shape with a defined direction from the tip of the cone.

Power

Watt The light intensity. Greater values lighten more. Like in point light, keep this always positive if physically correct results are desired.

Soft Falloff

Damps the contour of the light so that it doesn't abruptly transition when this geometry intersects any other.

Radius

Spherical surface dimension. Increasing this value will soften the shadows/speculars.

Beam/Spot Shape

Changing these settings will also alter how the spot light appears in the 3D Viewport.

[image: ]

Size

Controls the angle of the cone. It decides how much area is to be covered by the spotlight. The value ranges from 1.0 to 180.0 and controls the size of the outer cone.

Changing the spot Size option.
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Blend

The Blend slider controls the softness of a spotlight's inner cone. Its values range from 0.0 to 1.0 and controls how much the inner cone is affected by falloff within the size of the outer cone. The softer the Blend value, the more feathered the transition between light and shadow will be, which blurs the edges of a spotlight and shrinks the inner cone. This is because the light is feathering out gradually before it reaches the edge of the inner cone.

To make the edges of the spotlight sharper and less soft, turn the Blend value down. A Blend setting of 0.0 results in very well-defined sharp edges at the borders between light and shadow.
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Render showing the soft edge spotlighted area and the sharp/hard object shadow.

Falloff rate is a ratio between Blend and Size values. The bigger the gap between them the more feathered light will be faded out. However, both Blend and Size controls only light's softness and its aperture correspondingly. Neither of those two have effect on a shadow's softness, which gets affected by different settings of shadows.

Show Cone

The Show Cone option shows a transparent cone in the 3D viewport to give an idea of which objects lie within the spotlight's reach.

Area Light

An Area Light mimics light coming from an area, such as a window or a screen, by sampling the light on a grid to produce soft shadows. Unlike point lights, which produce shadows with sharp edges, area lights produce softer shadows, which are more natural.

Power

Watt value defining the light intensity. Higher values will make a brighter light. Supports negative values, but discouraged for physically correct results.

Shape 

Defines the shape of the emitter.

Choose between:

	Rectangle: Bound by "X" and "Y" values. 
	Square: Bound by the Size property. 
	Disk: Bound by the Size property. 
	Ellipse: Scales with X and Y values. 


Hint: Depending on your scene, select the correct shape for more realistic results. For instance, you might want to use a rectangular area light to simulate light coming through a window, or a vertical square light for a TV screen simulation.

Size / Size X / Size Y 

Scales the size of the light source.

Sun Light

A Sun Light emanates from one point from an infinite distance providing homogeneous clear day light. In the 3D viewport, it's displayed as a black dot with rays and a dashed line symbolizing the light direction.

Strength

Defines the strength of the light in Watts per square meter. A normal overcast day would have a strength of about 250, while direct sunlight is much, much stronger, such as 1000 Watts.

Angle 

Scales the sun's apparent size according to its angular diameter as seen from Earth.

Power of Lights

Lights in Blender are set using Radiant Flux (in Watts) and not the electrical watts as found in consumer bulbs. This is the amount of energy emitted as visible light. For point lights, spotlights, and area lights, the amount of power is specified in Watts while for the sun light, the amount of power is specified in Watts per square meter.

Real-world light wattage-from say, LED bulbs or normal light bulbs-into radiant flux, a lot of adjustments have to be made, such as luminous flux or lumens, which describe the perceived brightness of light by the human eye. The watt rating on consumer bulbs describes electrical power use and does not describe the actual amount of light produced.

A table with typical power values for point lights, spotlights, and area lights will help you set realistic values in your scene:
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And a table of typical Strength values for sun lights:
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Lights in your render may not appear as bright as you would think because our eyes automatically adjust to different lighting conditions whereas the render engine does not. To balance this you can adjust the Exposure settings under Render → Film.

For a more realistic outcome, mind setting both properly on light size and color. The color of the light source dictates its brightness upon appearance to the naked eye. If with equal settings for example a green light may be the most dazzling while red is moderately visible but blue comes as blackest. That might need taking a personal care as that is compensated manually because while rendering an engine you would not allow accounting for different perception.

Eevee vs. Cycles Rendering 

You've perhaps read about the two most widely used rendering engines with Blender: EEVEE and Cycles. What are the differences between these two renderers, and which one fits your project best? Let's go into a breakdown that will help you understand their differences, advantages, and ideal use cases. 

What is EEVEE?

EEVEE is Blender's real-time rendering engine, introduced in Blender 2.80 to replace the old Blender Internal renderer. It is designed for speed, enabling you to preview and develop (in most ways) scenes with minimal lag in the viewport. Unlike Cycles, which relies on path tracing for physically accurate lighting, EEVEE uses rasterization (OpenGL) to render scenes fast using your GPU. 

Why Use EEVEE?

The biggest advantage of EEVEE is its real-time performance. It can handle complex scenes with many polygons, reflections, shadows, and volumetric effects at near-instant speeds, depending on your hardware.

This makes it ideal for: 

	Game assets  
	Animations where realism isn't the main goal  
	Previews before rendering in Cycles 


Blender constantly works on bringing EEVEE closer to an in-production render engine. EEVEE Next was focused on getting it closer to a ray-traced quality with added features like: 

	Ambient Occlusion - contact shadows that would help objects indicate how they touch the light. 
	Bloom - a glowing halo on very bright objects. 
	Screen Space Reflections - screen space generates reflections based on whatever is visible on screen. 
	Subsurface Scattering – Emulates the way light penetrates and disperses inside translucent materials, such as skin or wax. 
	Motion Blur – Adds realistic blur to moving objects or cameras. 
	Depth of Field – Creates a focus effect, blurring objects outside the focus range. 
	Cryptomatte – Automatically generates masks for easy compositing in post-production. 


While EEVEE is not as physically correct as Cycles, it is getting closer with each new update and can work for a number of workflows.

Key differences in shading between EEVEE and Cycles

At first sight, one may think that there are lots of similarities between features provided by EEVEE and Cycles-ambient occlusion, refraction, etc. Still, their inner structure and approach to rendering a scene make the differences between them overwhelming in certain situations. Though EEVEE may closely compete with Cycles in many aspects, there is still room for improvement-especially in accurate shading. 

Ambient Occlusion: How They Differ

Cycles calculates ambient occlusion based on actual 3D space, taking into account the distance between surfaces in a physically correct manner.

[image: ]

EEVEE estimates AO, instead, using screen space-that is, relying on what's visible in the 2D image rather than the full 3D environment.

To make AO more realistic, EEVEE uses a depth pass to prevent shadows from appearing on objects that are far behind others. You may still notice artifacts where AO incorrectly attaches to nearby surfaces before the depth cutoff kicks in. 

Another key limitation is how distance affects shading:
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Cycles: Depending on the position and angles, the size of the shadows and gradients naturally differs, creating gradual, realistic shading: for example, sides of a box will have smooth, broad shading, while smaller details will have sharper gradients.

AO has a fixed shading distance in EEVEE, which makes all shadows and gradients of the same size, out of context. This can lead to flat-looking surfaces and too dark of shadows in small areas, reducing the depth and realism of the render.

While fast and efficient, EEVEE's AO still struggles to achieve nuanced physically accurate shading like that provided by Cycles.

Global Illumination
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Cycles and EEVEE handle lighting, reflections, and transparency very differently. Cycles uses realistic ray tracing, while EEVEE uses approximations and tricks to get similar effects in real time. Let's break down how they compare in key areas.

Global Illumination (Indirect Lighting)
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Cycles implicitly contains global illumination, which is the process whereby light bounces off surfaces, picking up color information to affect other objects in the scene. This will provide realistic light interactions and soft, natural shading.

EEVEE, on the other hand, cannot calculate these bounces in real time. It uses light probes to get an approximation of this effect. These probes take snapshots of the scene from different angles and apply that to nearby objects.

However, because light probes use baked data, the lighting doesn't update dynamically. This means objects with baked lighting should not be animated, as the shadows and reflections won't change correctly.

A very high number of probes would have EEVEE's lighting approach Cycles, but that would take a very long time to bake. Due to this limitation, areas between probes have to be approximated, which may lead to lighting artifacts, like dark splotches or uneven shading. 

Reflections: Realism vs. Approximation

Cycles traces reflections by tracing light rays and therefore they are really realistic and physically correct.

EEVEE fakes its reflections using screen space reflections (SSR), essentially mirroring what the camera sees. This is fast and works most of the time, but it fails on objects that aren't directly visible--the object backs or undersides wouldn't reflect properly.

To extend this, EEVEE also supports reflection probes, which are pre-rendered images mapped onto objects. However:

✔ Planar reflections update in real time but work only on flat surfaces.

✔ Cube and sphere probes must be baked, which won't update dynamically in case of movement of objects.

✔ If an object isn't of a perfect cube or sphere, the reflection mapping creates distortions.

Transparency: Dealing with Light Passing Through Objects

Both Cycles and EEVEE have transparent materials, though neither is perfect.
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Cycles does transparent materials by bouncing light. However, when the light exceeds the number of bounces set, instead of being fully transparent, it renders as black.

EEVEE relies on different modes of transparency:

✔ Alpha Blend: This draws transparent materials from back to front. Works okay, but with many layers’ performance drops down to unusable levels and some layers might not draw at all.

✔ Alpha Clip: Transparency works from front to back in drawing things crisp. It supports fully opaque or fully transparent areas only, so no smooth blending is allowed. There's also some critical falloff when the distance increases, which causes background elements to show up through foreground pieces of geometry.

Refraction: Simulating Light Bending Through Materials
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Cycles properly emulates light refraction: by calculating the route through which the light bends inside the object, allowing multiple angles of refraction and light sources. This all creates more realistic glass, water, and translucent material.

EEVEE, however, fakes refraction by distorting the background image using the object's shape (normals and thickness). This may look great for simple objects like glass spheres, bubbles, or puddles, but it doesn't fully capture the complex interactions of light within transparent materials. Even older ray-traced refraction methods, like those from Blender Internal, don't hold a candle to the realism Cycles achieves with full path tracing. 

Shadows: Resolution vs. Realism

[image: ]

EEVEE does its shadowing by taking a snapshot of what each light source "sees" and then checking which areas should be in shadow. The higher the shadow resolution, the more details EEVEE can capture, hence more accurate it is.

However, EEVEE doesn't simulate the bouncing of light, and sometimes the shadows may look unnatural. The effect is somewhat improved by features such as soft shadows and contact shadows, but they cannot fully replace the realism of ray-traced shadows.

On the other hand, Cycles isn't limited by shadow resolution. Since it calculates light bounces naturally, Cycles handles more detailed and realistic shadows, especially for VFX and compositing where precise lighting is important. 

Volumetrics: EEVEE Excels at 'God Rays'
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Use EEVEE if you want dramatic god rays: light beams passing through mist or fog. It renders volumetric lighting extremely fast and noise-free. You can even add 3D textures for more effect.

But for thick smoke, glowing fog, or light scattering through dense materials, Cycles should be used instead. Since Cycles can trace light properly, it does effects such as light emissions within the volume, and shadows being cast by things inside of them, way better compared to EEVEE.
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EEVEE approximates subsurface scattering (SSS) by estimating how deep light penetrates an object's surface. This works well for subtle effects, like skin, wax, or marble.

However, EEVEE struggles with thin surfaces and fine details. Compared to Cycles' Random Walk SSS method, EEVEE can lose important definition in sharp edges and thin areas-for example, details around the chin and mouth might appear softer than they should.

Cycles, however, mimics real-world light scattering within textures, and is thus better suited for intricately detailed organic surfaces, such as realistic skin or semi-transparent objects. 

Hair and Fur: EEVEE's Real-Time Marvels
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As a real-time engine, EEVEE does a pretty good job with hair. It can display a very high number of strands at decent performance.

Because of this, it's perfect for game assets, animations, and previews that rely on real-time feedback. 

Cycles, while more realistic, is far more resource-intensive regarding detailed hair and fur. For cinematic quality, it's the better option—but for most real-time uses, EEVEE has some impressive results with much faster performance. 

EEVEE is capable of rendering large amounts of hair quite efficiently but struggles with accurate shadows and light scattering. Unlike the Principled Hair BSDF in Cycles, EEVEE doesn't naturally scatter light between strands. This ultimately results in less soft, natural-looking shadows, which can be quite prominent at the neck, forehead, or shoulders. 

Complex Materials: Node Setups and Texture Limits
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EEVEE can manage even the most complicated node setups-very detailed shaders for things like wood grain or fabric textures. EEVEE has a few limitations, however:

✔ Texture Limit: There is a hard cap of 24 textures per material, which generally is not a problem with most PBR workflows but does show to be limiting in detailed materials.

✔ No True Displacement: Unlike Cycles, EEVEE does not support vector or true displacement—that is, it cannot change the geometry physically according to the height of a texture. 

✔ Bump Mapping Limitations: While EEVEE does support bump mapping, it does not have the sample refinement that Cycles does, so details appear less sharp. This has been getting better with recent updates, but Cycles is still sharper. 

Motion Blur: Object vs. Camera Movement

✔ EEVEE only supports motion blur for the movement of the camera. That means for objects which are moving or deforming, it won't generate blur, and your fast-moving animation wouldn't look realistic at all.

✔ Cycles support motion blur from all sources, including character animations and rolling shutters. For high-end VFX and cinematics, this would obviously be a better choice.
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Update: Newer versions of EEVEE have improved object motion blur, though rolling shutter effects (used in film cameras) are still not supported. 

Depth of Field: Speed vs. Accuracy 

✔ EEVEE supports depth of field (DOF) and does it quickly, making it great for real-time previews.

✔ However, Cycles is physically correct, and such handles fine transitions between sharp and blurred areas, especially around sharp edges or small details.

[image: ]

Update: With EEVEE's High Quality Slight DOF and Jitter Camera options, the former's depth of field quality gets much closer to Cycles'.

Light Ray Data: The Exclusive Advantage of Cycles

Because Cycles traces actual light paths, it can achieve effects that EEVEE simply can't, like: 
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✔ Advanced caustics-that's light bounces off reflective and transparent surfaces. 

✔ Invisible objects in some render passes-that can be super helpful for some of those VFX tricks. 

Because EEVEE does not track each individual light ray, these cool effects are simply impossible. 

Polygon Count: Handling Large Scenes

✔ EEVEE is faster but has lower limits on polygon counts before it starts lagging.

✔ Cycles can go up to higher poly counts with the help of instancing and optimized memory management. Thus, it's best for highly detailed models or large environments.

Compositing Passes: Fine-Tuning for VFX
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✔ EEVEE does support basic render passes like Mist, Normal, and Ambient Occlusion (AO).

✔ However, it was initially missing crucial passes like Vector, Object and Material Index, Shadows, Emission, and Cryptomatte, which are necessary for VFX projects.

Update: EEVEE now features diffuse, specular, volume, emission, environment, shadow, bloom, and Cryptomatte passes. Missing Vector pass. 

Final Thoughts: Choosing the Right Engine

Both engines have a place in a Blender workflow.

✔ Use EEVEE when speed matters—for real-time previews, game assets, or stylized animation.

✔ Use Cycles when realism is the priority—for VFX, high-detail rendering, and photorealistic materials.

And so, all in all, that's about selecting the right tool for the job-and one will always be after having more options!

chapter 7

Animation and Rigging 

Action Selectors in the Properties Editor
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Action selectors in the Material properties

You can now set an Action directly for many data types in the Properties Editor: Mesh (and its Shape Keys), Material (and its Shader Node Tree), World (and its Shader Node Tree), Scene, Camera, Light, among many others. This will be a great way of organizing animations and edits for all these objects. 

Motion Paths

A new theme setting is available which allows changing the color for motion path lines before and after the current frame. The setting lives inside of the "3D Viewport" section as "Before Current Frame" and "After Current Frame". This will be a great enhancement in clarity when dealing with motion paths.

Keyframing

Now when a keyframe is inserted all other keyframes become deselected and only the just inserted new one is active. This behavior of new tool makes the Keyframe management far easier. Meanwhile, this only happens in user interface, and inside the Python API-after inserting the key selections keep old state unchanged to maintain compatibility. And deselect_keys function appeared in the Action class for a Python script able to do same. 

Bone Eyedropper Tool

Now, when you select a bone in the Properties Editor, you have an eyedropper button. This is a tool that lets you pick bones directly from the 3D Viewport or Outliner. However, it only works when the armature is in Pose Mode or Edit Mode—if you're in Object Mode, the selection will fail and trigger a warning.
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Bone properties now show an eyedropper button to pick bones

Keyframes and Timeline Essentials 

Adding keyframes is a key skill for any 3D artist, as it’s how you control the movement in your animations and create detailed, complex sequences. In this guide, we’ll walk you through the process of adding keyframes in Blender, from the basics to more advanced techniques for refining your animations.

What Is a Keyframe?

Before we jump into the process, let’s define what a keyframe is. A keyframe is a point in time within your animation that records a specific action or state. Think of it like a snapshot of your animation at that moment. Keyframes control attributes like position, rotation, scale, and more, allowing you to define how an object moves throughout the animation.

Why Are Keyframes Important?

Keyframes are crucial for animation because they help you to: 

	Control the timing and pace of your animation.  
	Create detailed and complex movements.  
	Add realism and variation to your animations.  
	Make quick changes to your animation without having to re-render everything. 


Step 1: Select Your Object 

	Click on the object you want to animate in the 3D view. You’ll know it’s selected when the border turns orange. 


Step 2: Set the Time 

	Open the Timeline panel at the bottom of the screen.  
	Move the cursor to the time where you want to create the keyframe (e.g., 00:01:00).  
	Click the Set Keyframe button (or press Spacebar + K) to set the current frame as a keyframe. 


Step 3: Set the Property 

Decide which property you want to keyframe (e.g., location, rotation, or scale). 

	Use the Properties panel (or press N) to adjust that property.  
	Change it to the desired value (e.g., move the object or rotate it). 


Step 4: Create the Keyframe 

	You can create a keyframe for each individual property, or set one for all properties at once.  
	To keyframe all properties at once, click Insert Keyframe (or press Spacebar + Shift + K). 


Step 5: Review and Refine 

Play your animation (or scrub through the timeline) to see how it looks. 

	Make any adjustments needed to fine-tune your animation. 


Tips and Tricks

	Alt + Right-click to add a keyframe quickly.  
	Shift + Alt + Right-click to add a keyframe for all properties at once.  
	F9 toggles the keyframe display – use it to switch between All Keyframes and Only Selected Keyframes.  
	Ctrl + Shift + K deletes all keyframes (use with caution!). 


Advanced Techniques

	Create Character Animations: Add keyframes to a character’s limbs for more complex movements like walking or running.  
	Use the Graph Editor: Fine-tune your animation curves in the Graph Editor for more precise control over movement.  
	Work with Multiple Keyframes: Layer keyframes to create detailed, intricate animations and refine movement. 


Timeline Editor

The Timeline editor will allow you to move through frames, insert edit keyframes, and scrub the animation.
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Understanding the Timeline

The X-axis This represents time, but the numbers include 0, 50, 100, etc which represents frames. 

The blue line is called the Playhead, where this shows which frame, you're on.

Diamond-shaped markers represent Keyframes, where some properties change over time. 

Changing the View

	Pan by dragging Middle Mouse Button (MMB). 
	Zoom using Ctrl + MMB drag, the mouse wheel, or Numpad Minus/Plus. 
	The scrollbars along the bottom and right provide other ways to navigate. 


Playhead (Current Frame Indicator)

The Playhead is the blue vertical line that shows which is the current frame number.  - Move it by clicking or dragging Left Mouse Button (LMB) at the top.  - Step through frames using the Left/Right Arrow keys.  - Jump to the start or end using Shift + Left/Right Arrow. 
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playhead

Frame Range (Animation Length)

The Frame Range sets the start and end of your animation.

	It is by default set between frame 1 and frame 250. 
	It can be altered under the Timeline header or under Output Properties. 


Keyframes (Animation Points)

By default, the Timeline shows only keyframes for selected objects, but you can show all keyframes by selecting View → Only Show Selected.

	Select keyframe: Click, it will deselect others.  
	Select many keyframes: hold Shift and click or drag a box around them.  
	Move keyframe: drag one or press G, move mouse and confirm with LMB or cancel with RMB.  
	Scale keyframes about the Playhead: S.  


Markers

Header
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Popovers for Playback and Keying; transport controls; and frame controls

Popovers in the Timeline 

Playback Options  

The Playback Popover contains options which set the ways that animations play in Blender.  
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Sync Options (Handling Slow Playback)

If Blender cannot keep up with the intended frame rate the actual frame rate (displayed in red at the top left of the 3D Viewport) will drop. The Sync setting determines how Blender handles this:

	Play Every Frame – Plays all frames, even if the animation slows down. 
	Frame Dropping – Skips frames when necessary to maintain the correct playback speed. 
	Sync to Audio – Drops frames to keep the animation in sync with audio.  


Audio Settings

	Scrubbing – Lets you hear bits of sound while dragging the Playhead. 
	Play Audio – Mutes all sound when unchecked. 


Playback Behavior

	Limit to Frame Range – Prevents moving the Playhead beyond the defined frame range. 
	Follow Current Frame – Automatically pans the timeline to keep the Playhead visible. 


Play In – Determines which editors refresh during playback. Editors that are not checked will only update when playback is stopped, except in cases where certain updates occur per frame. If playback is started within the Graph Editor, Dope Sheet, or NLA Editor, all editors will refresh regardless of the settings. This is to allow an animator to see all views while reviewing. 

Display Options

	Subframes – Shown and editable in the subframe position of a layer. 
	Set Start/End Frame — It changes the current start and end of an animation for the start or end frame if selected. Provided that there's an active Preview Range 
	this will become the new set of frames to play preview instead 


Keying Options

The Keying Popover controls additional parameters for specifying the placement of keys.
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Active Keying Set

A Keying Set is a list of selected properties all of which may be keyed together. 

	When a Keying Set has been selected, hitting I (without hovering over a field) will key all the properties included in that set. 
	If no Keying Set is selected, Blender will key a default set of properties (e.g., Location, Rotation, and Scale). 
	Blender has some predefined Keying Sets, but you can create custom ones in the Keying Sets panel.  
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Timeline Keying Sets.

Keyframe Controls

	Insert Keyframes (I) – Adds keyframes at the current frame. 
	Delete Keyframes (Alt + I) – Removes keyframes at the current frame. 
	New Keyframe Type – Defines the type of keyframe created. 


Cycle-Aware Keying (For Looped Animations)

Working with cyclic animations, Blender has special handling to keep the integrity of the cycle intact:

	If a new keyframe is placed outside the main cycle range, Blender remaps it inside the cycle. 
	If a keyframe overwrites an end key, the opposite end is moved so that the loop remains unbroken. 
	It also automatically edits any new curve added to an animation with Manual Frame Range and Cyclic Animation to loop, with its period equal to the frame range. 
	This behavior also occurs when adding a second keyframe to such a curve. 


Popovers in the Timeline 

Playback Options

The Playback Popover contains settings which govern how animations playback within Blender.

If Blender cannot maintain the required frame rate, the actual frame rate (displayed in red at the top left of the 3D Viewport) will drop. The Sync setting controls how Blender handles this: 

	Play Every Frame – All frames play, even if the animation slows down.  
	Frame Dropping – Omit frames to maintain playback speed. 
	Sync to Audio – Drops frames to keep the timing of the animation based on audio.  


Audio Settings

	Scrubbing – Enables hearing snippets of sound as the Playhead is scrubbed. 
	Play Audio – All sound will be muted if disabled. 


Playback Behavior

	Limit to Frame Range – You won't be able to move the Playhead beyond the range set for a frame. 

	Follow Current Frame – Timeline auto-panned to keep Playhead in view. 

	Play In – Sets which editors refresh during playback. Deselecting the editors will only update when playback is stopped, unless certain conditions are met and updates occur every frame. 

	If playback is started in the Graph Editor, Dope Sheet, or NLA Editor, all editors will refresh regardless of the settings. This helps an animator review all views at once.  



Display Options

Subframes – Shows and edits subframe positions of a scene. 

Set Start/End Frame — Sets the start and end of the animation to the current frame. If a Preview Range is enabled, that range is changed instead. 

Keying Options 

The Keying Popover has options which determine how keyframes are inserted. 

Active Keying Set

A Keying Set is a predefined set of properties that can all be keyed at once. 

	A Keying Set is active, hitting I (without hovering over a field) will set keyframes for all properties in that set.  
	If no Keying Set is active, Blender will set keyframes for a default set of properties, such as Location, Rotation, and Scale. 
	Blender has some predefined Keying Sets, but you can define your own in the Keying Sets panel.  


Keyframe Controls

	Insert Keyframes (I) – Adds keyframes at the current frame. 
	Delete Keyframes (Alt + I) – Removes keyframes at the current frame. 
	New Keyframe Type – Defines the type of keyframe created. 


Cycle-Aware Keying (For Looped Animations)

Working with cyclic animations, Blender has some special handling to maintain the integrity of the cycle:

	If a new keyframe is placed outside the main cycle range, Blender remaps it inside the cycle. 
	If a keyframe overwrites an end key, the opposite end is adjusted to keep the loop. 
	When a new curve is added into an animation with Manual Frame Range and Cyclic Animation, it is immediately looped with a period equal to the frame range. Such a modification also happens before adding a second keyframe to such a curve.  


Armatures and Bone Constraints 

Armature Constraint

The Armature Constraint is a variant of the Armature Modifier, which applies weight-blended bone transformations to the object's orientation, similar to how the Child Of constraint works. But it's designed to handle multiple parent bones at once, requiring each parent to be a bone.

Note: Unlike the Armature modifier, the Armature Constraint doesn't take the Deform check for bones into consideration and is capable of taking any bone as its target.

Options
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Armature constraint.

Preserve Volume: Just like in the Armature Modifier, quaternions are applied to the volume of this object when deformed.

Use Envelopes: To simulate the envelope-only behavior of the Armature Modifier, you can add all relevant bones with a weight of 1.0 and enable this option.

Note: Unlike the modifier, the Armature Constraint requires explicitly listing all target bones and their weights. Enabling this option only affects how envelopes behave, as if they had Envelope Multiply enabled.

Use Current Location: This is only for bone constraints and uses the current location, rather than rest location, of the owner bone for calculating either envelope weights or binding to B-Bone segments. When envelope weights are being used this means the "active" parent will dynamically change depending on the location of the owner bone. For nonbones this mode is always on because they do not have a rest position.

Add Target Bone: Click this to add a new bone to the target list.

Normalize Weights: This option automatically adjusts all the weight values in the target list so that they sum up to 1.0.

Influence: How much the constraint affects the object. For details see common constraint properties.

Bones

The Bones section defines from which bones the constraint deforms the owner object. For each target bone the following properties are available:

Target: Contrary to the modifier, the constraint allows you to select bones from several armatures at the same time. See common constraint properties for more information.

Sub-target: This is the name of the target bone.

Remove Target: Click to remove a target bone from the list.

Weight: The weight associated with every bone is similar to how vertex groups work with the Armature Modifier.

Bone Collections

Note: Bone Collections replace Armature Layers and Bone Groups, which have been available in Blender since 4.0. Now, bone colors are managed directly on the bones.
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The Bone Collections panel in the Armature properties.

Reference

	Mode: Pose & Armature Edit Modes 
	Panel: Properties ‣ Armature ‣ Bone Collections 
	Menu: Pose ‣ Bone Collections ‣ … 


Bone Collections Panel

The Bone Collections panel in the Armature Properties allows you to manage the collections of bones. You create, delete and reorder collections from here.

Rename a Collection: Either double-click the name or right-click and choose Rename to rename a collection.

Nesting Collections: To put a collection inside of another, simply drag the name of the collection onto another. To make a child collection, right click and select Add Child Collection.

Each collection has a few controls next to its name:

Visible (Eye): Bones in this collection will be visible in the 3D Viewport.

Solo (Star): Only this collection (and others marked as "solo") will be visible.

Dot Indicator: A dot beside the name of any collections that have bones assigned to them.

Special Functions

	Show All: Unhides all hidden bone collections. 
	Un-Solo All: Clears the 'solo' setting on all collections. 
	Remove Unused: Removes any collections that don't have bones or children. This is a recursive operation, meaning it also removes collections that have children which become unused as a result of removal. 


Assign & Select Functions

	Assign: Adds selected bones to the active bone collection. 
	Remove: Removes selected bones from the active bone collection. 
	Select: Selects all bones in the active bone collection. 
	Deselect: Deselects all bones in the active bone collection. 


Note: You can also clear individual bones from their collections through the Bone Relations panel.

Hint: If you need to create custom sets of selected bones, have a look at the Selection Sets add-on that comes included with Blender.

Moving Bones Between Collections

To move bones between collections, Blender must be in either Edit Mode or Pose Mode. Note that bones can be assigned to multiple collections at once.

Move to Bone Collection: This opens a list of editable bone collections. Clicking on a collection will remove the selected bones from all other collections and add them to the selected one. This is accessed in Pose ‣ Move to Collection (Pose Mode), Armature ‣ Move to Collection (Edit Mode), or by pressing M in either mode.

Bone Collections

Lists all the editable bone collections. The collections which the active bones belong to will have a "-" prefix. Selecting such entries will unassign the selected bones from that collection. Entries with a "+" prefix will add all selected bones to the given collection. See Pose ‣ Bone Collections (Pose Mode), Armature ‣ Bone Collections (Edit Mode) or Shift-M in either mode.

Character and Object Animation 

The Animation section provides a means of managing a range of settings associated with your animations. These vary from visual settings that display in the timeline and include tools to control the properties of keyframes.
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Blender Preferences Animation section.

Timeline Settings

These settings control the behavior of the Timeline.

	Allow Negative Frame: Allows playback and animation in negative frame ranges. 
	Minimum Grid Spacing: Sets the minimum distance between grid lines in the Timeline. 
	Timecode Style: Defines the display of time in the Timeline when not displaying frames. 


	Minimal Info: The most compact timecode style, using a "+" as a separator for sub-second frame numbers and truncating timecodes when necessary. 
	SMPTE (Full): Full SMPTE timecode format (HH:MM:SS:FF). 
	SMPTE (Compact): This displays SMPTE timecode in compact form, showing minutes, seconds, and frames. Hours appear only if necessary. 
	Compact with Decimals: This is the same as the compact format but shows the decimal part of the seconds instead of frames. 
	Only Seconds: Transforms frame numbers directly into seconds. 
	Zoom to Frame Type: Defines what time range is shown when the View Frame Numpad0 shortcut is used. 
	Keep Range: The time range currently visible is kept. 
	Seconds: A time range equal to the number of seconds in the Zoom Seconds field around the cursor is shown. 
	Keyframes: A time range containing the amount of keyframes set in the Zoom Keyframes field around the cursor is shown. 


Keyframe Settings

Keyframes are the backbone of animations. These options control how they act and are placed.

	Default Keying Set: Choose which channels will have keyframes inserted when no keying set is selected. 
	Location: The object's location keyframes. 
	Rotation: The object's rotation keyframes. 
	Scale: The object's scale keyframes. 
	Rotation Mode: The object's rotation mode keyframes. 
	Custom Properties: Keyframes for the custom properties. 
	Insert Only Needed: Inserts the keyframes when the value of the property changes. 


	Manual: In manual keying, it will not insert keys that do not change the animation. 
	Auto: For auto-keying, it will not insert keys which do not have any effect on the animation. 
	Visual Keying: If an object is constrained, then the property value does not really change, but Visual Keying will create keyframes based on the visual change due to the constraint. 


Auto-Keyframing:

	Enable in New Scenes: Auto-keyframe is on by default for a new scene. 
	Show Warning: Displays a warning in the 3D Viewport while moving objects with auto-keyframing on. 
	Only Insert Available: Inserts keyframes only into channels that already exist in F-Curves. 


F-Curve Settings

These settings define the display and behavior of F-Curves in the Graph Editor.

	Unselected Opacity: Defines how much the unselected F-Curves are displayed transparently against the background of the Graph Editor. 
	Default Smoothing Mode: Defines the behavior of the automatic curve handles when new F-Curves are created. 
	Default Interpolation: Defines the default interpolation method to be used for new keyframes. 
	Default Handles: Sets the default handle type for new F-Curves. 
	XYZ to RGB: Colors X, Y and Z animation curves (location, rotation or scale) like their respective axes 
	Channel Group Colors: Colors display groups and channels to match their corresponding groups. 
	Only Show Selected F-Curve Keyframes: Displays keyframe markers only for selected F-Curves. 
	High Quality Display: Uses anti-aliasing, among other improvements on the display of F-Curves to make them smoother. This can be turned off for performance enhancement. 


chapter 8

Physics Simulations and VFX 

Geometry Nodes Simulation Nodes let you set up custom physics, by using Simulation Zones the result of one frame will be used in the computation of the next, this will enable even very simple rules to create, after some time, complex results. The most common application will be doing physics simulations, relying on specific solvers to get realistic motions and interactions. 

Baking Simulations

When you playback a simulation, Blender will automatically cache it, and you will see a yellow line in the Timeline Editor where the frames are cached. This allows you to easily review all previous frames without recalculating the simulation.

[image: ]

Cached frames in the Timeline.

If you're ready to render your simulation—especially when sending it to a render farm—you can bake it to disk. Baking stores the simulation data permanently, allowing frames to be rendered in any order rather than sequentially. 
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Simulation and Physics, Geometry Nodes user interface

Simulation Controls 

✔ Calculate to Frame – Runs the simulation from the first frame up to the current frame.

✔ Bake – Saves the simulation data to disk. the blend file must be saved first, since the baked data is stored relative to it. You can change the storage location per modifier in Internal Dependencies.

✔ Delete Cached Simulation – Removes cached or baked simulation data.

✔ Cache Settings – If only the current frame matters you can disable the cache to save memory.

Examples

Simulation Nodes combined with the Index of Nearest function enable you to create sphere-based simulations, as well as other complex effects.
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Baking Physics Simulations

Baking is a process by which simulation results are stored, or cached, so that they can be replayed quickly without recalculating everything all over. If you have an animation playing, Blender automatically caches in memory the simulation. However, this cache is temporary and can get overwritten.

By baking the simulation, the cache becomes permanent, preventing accidental changes. If you need to tweak the simulation settings later, you must first clear the baked data by clicking Delete Bake. 

It's highly recommended to bake your physics simulations before rendering. This ensures consistent results, prevents unexpected glitches, and saves time by avoiding re-simulations. 

Managing Simulation Caches

Blender allows you to keep several caches for the same physics object. These can be managed in a list, and named individually. The cache files will take this form: 

`MyCache_xxxxxx_yy.bphys`

If unnamed (default) it will depend on the internal ID of the object, becoming more difficult to manage. By default, the cache for a cache named Cube might be `43756265_xxxxxx_yy. bphys`
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Two different caches stored simultaneously.

Some Important Things to Know About Caching:

✔ Always naming your cache file if several caches are present on an object. Else Blender may override them and that can lead to data loss.

✔ External Cache Support: You can load a cache from an external file, but the name should exactly match the cache filename.

✔ Disk Cache Option: Blender saves baked simulations inside the. blend file by default. If Disk Cache is on, Blender will store the cache in a folder called blendcache_[filename] located next to the. blend file.

✔ Library Overrides: Objects linked between multiple.blend files should have this option, Use Library Path, enabled so that they all use the same cache. 

Compression Options

Physics caches could get very heavy, but compression settings are available in Blender to manage the file sizes:

✔ None: No compression, heaviest file-size.

✔ Light: Balances Speed vs. file size.

✔ Heavy: Least space, most processing time consumed. 

Simulation Settings

✔ Start & End Frames: this sets the window where the simulation will start and stop. If baked or unbaked, simulations only run between these two frames. If you want to simulate longer, you will have to adjust the End Frame.

✔ Cache Step: Defines the rate at which data is cached. The higher the value, the smaller the amount of cache created, but it can also lower the precision. Certain systems, such as particles, will interpolate frames if a cache step is high. 

Baking Controls 

✔ Bake: Begins the process of baking. During baking, Blender will appear to freeze.

✔ Delete Bake: Removes baked data but it is still kept for a little longer until changing frame.

✔ Calculate to Frame: Bakes only up to the current frame. 

✔ Current Cache to Bake: Saves the temporary cache as a permanent bake. 

✔ Bake All Dynamics: Bakes all physics simulations in the scene, including different types. 

✔ Delete All Bakes: Clears all baked physics data from the scene.

✔ Update All to Frame: Bakes all physics systems up to the current frame. 

Cloth, Fire, Smoke, and Fluids

Volume rendering is used to create effects beyond solid surfaces: smoke, fire, clouds, mist, and atmospheric effects. It's achieved by using volume shaders, which define how light interacts inside of a volume.

✔ Smoke, Fire, and Clouds – These can be modelled with volume objects or fluid simulations but contain only a volume shader.

✔ Volume Meshes – Even regular meshes can be used as volumes by removing the surface shader and adding a volume shader. A mesh's shape defines the boundaries of a volume, while textures are in charge of controlling the density.

✔ Mist and Fog – By adding a volume shader to the world or surrounding the scene with a big volume object. 

✔ Glass Absorption – By combining a Glass Shader for refraction with a Volume Absorption Shader for absorption of the light inside the glass. 

Shading in Volumes 

Principled Volume Shader

This is a physically-based volume shader that simplifies the process of creating materials such as fire, smoke, and fog. It supports scattering, absorption, and emission in one easy-to-use node. Fire for instance is rendered using blackbody emission. 
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Smoke and fire rendered with Principled Volume shader.

Custom Volume Shaders 

For more control, different shading components can be manually combined:

✔ Volume Absorption – Determines how much light is absorbed while passing through the volume. Is to be used for black smoke, colored glass, or denser effects. Similar to the Transparent BSDF node, it blocks part of the light and lets the rest pass. 

✔ Volume Scatter – Specifies how light scatters inside the volume. Anisotropy sets the behavior of light:

	0 (Neutral scattering) – Light scatters equally in all directions (similar to Diffuse BSDF).   
	Negative values – Light scatters mostly backward.   
	Positive values – Light scatters mostly forward (useful for clouds and fog).   


✔ Emission – Makes the volume emit light, such as for fire or glowing gas.  
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Volume Absorption, Scatter and Emission

Attributes in Volume Rendering

When rendering smoke and fire, Blender uses volume attributes to define how the effect looks. The Principled Volume Shader automatically reads these attributes, while custom shaders can access them using an Attribute Node. 

✔ Density – Controls how much light interacts with the volume.  

▫ Higher density = More particles per unit volume → more absorption & scattering (thicker smoke).

&nbsp;&nbsp;&nbsp;&nbsp;▫ Less density = Less interaction → more transparency.

Meshes as Volume Containers

Meshes can be used as volume containers but must be:

✔ Closed and Manifold – No holes or open edges. Every edge must connect exactly two faces.

✔ Correctly Oriented Normals – Normals must point outward to allow Blender to determine inside from outside.

These are the same rules that apply to glass refraction in order to work properly. 

World Volumes

A volume shader can be assigned to the whole world, which will fill an entire scene with atmospheric effects, such as fog or deep-space nebulas. This works best in dark environments because:

✔ World volume shaders block sunlight and background light.

✔ Atmospheric effects like fog are better handled using a large volume object than a world shader. 

Multiple Scattering & Rendering Considerations

In the real world, light scatters multiple times inside of clouds, skin, or fog. Since rendering this in Blender can be quite slow and noisy

✔ By default, Cycles sets volume bounces to 0, which is single scattering, and EEVEE does not support multiple scattering. 

✔ Materials that are supposed to be subsurface, like skin or milk, do not use volume scattering but do their scattering internally for efficiency. 

✔ Clouds and smoke look best with multiple scattering, but beware, this increases render times. 

Rigid and Soft Body Dynamics 
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Experimental Rigid Body Simulation in Geometry Nodes

This is an experimental feature about adding rigid body simulation creation inside Geometry Nodes. This will basically deal with the rigid bodies, constraints and other physics interactions as domain data with attributes like other geometry types in Blender.

✔ Where to Find It – You can have a look at the test branch here: [Blender Rigid Body Simulation](https://projects.blender.org/blender/blender/pulls/124093). 

What's New Compared to Previous Tests? 

This is different to a previous test that was more object-centric. That old approach shared a common physics world for all objects and involved heavy use of Blender's dependency system (Depsgraph) in order to keep things in sync.

✔ The new solution is decoupled from Blender's existing integration with Bullet physics.

✔ All the simulation-related machinery resides within a dedicated Geometry Component; thus, things are kept modular, and big changes to the existing geometry system of Blender are avoided.

Features & Capabilities - Current

At this point in time, the system allows for:

✔ Creating Rigid Bodies – Specify objects that shall interact in a physical manner.

✔ Add Collision Shapes & Constraints: set up how and if objects will collide and interact with each other. 

✔ Step through Simulation: steps the simulation on one frame at a time. 

✔ Expose Rigid Body Attributes: Exposes Properties such as Mass, Velocity, Constraints for editing

✔ Dynamically Applying Forces & Torque: Add dynamic motion and interaction.
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Cannonball vs. Brick Wall Test

This is a simulation of a cannonball crashing into a brick wall. Bricks individually are connected with the world by breakable constraints so they, until impact triggers them, stay in place, and afterwards the wall breaks up realistically.
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refer to this link and see the cannonball crashing into a brick wall https://devtalk.blender.org/t/experiment-rigid-body-physics-in-geometry-nodes/35428#p-139898-how-it-works-3

Instead of having independent data for physics in the scene it is entirely encoded in the geometry. Rigid bodies are associated to points, while constraints (links between bodies) are assigned to edges. This may change in the future where there is special domains for the bodies and constraints.

Each geometry component can also store a physics world, which manages simulation data. However, it's possible to create rigid bodies and constraints without a physics world—this is useful when generating objects separately and then adding them into an existing simulation using the Join Geometry node. 
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How the Simulation Works 

Physics simulations advance over time using a Time Step node:

	Inside of a Simulation Zone, this will allow objects to react to forces overtime as would be expected from any regular physics simulation. 
	If it is called on its own, it can also handle single frame physics, like collision detection. 
	In a Repeat Zone, it can execute numerous steps of physics all at once and may be helpful in certain procedural tools. 


Physics Properties & Attributes

Each rigid body has built-in properties to further refine its behavior. Listed below are some of these built-in properties:

✔ Base properties – Mass, Position, Velocity, among others.

✔ Advanced settings – Rolling friction, sleeping thresholds, among others.

Currently, these properties are provided by the Bullet physics engine, and can be inspected and edited within the attribute spreadsheet.

In addition, bodies and constraints may be assigned with custom attributes, allowing it to store arbitrary physics data on the fly.  

Constraints operate on the edge domain, in other words, between two rigid bodies much like how an edge would connect two points on a mesh. If one of the two bodies for a constraint is missing, it latches onto a fixed point in object space automatically.  

Technical Challenges

✔ Avoiding Needless Copies of Physics Data  

Physics simulations are backed by a great deal of behind-the-scenes data, such as collision pairs and active forces. This can be very inefficient to copy and reload rigid body data repeatedly as it may degrade performance.  

Geometry Nodes often produce duplicated data where geometry is transferred from node to node. However, implicit data sharing reduces the need for these extra copies, so the physics world stays stable and efficient.
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When geometry data becomes branched, there are now two active users of the same geometry component. A copy is needed, even in deceptively simple cases such as using a Viewer node, where one branch is only for display.
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When instances are realized, the input data is duplicated. That of course is what is expected when making instances real geometry, but the same process applies when joining geometries—it copies, merges the input geometries and discards the original data.
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In the cases described above, it would be expensive and unnecessary to make additional copies of physics data. The various nodes for physics data are usually passed from one node to the next—adding and removing bodies, advancing simulations, etc.—so redundant duplication should be avoided. In order to manage this efficiently, the system follows these principles:

✔ Transferring instead of copying: When physics data is changed, it gets transferred instead of being copied. That means only the first copy will keep their functional physics data while the rest of the duplicates lose the ability to simulate. This can be a problem in geometry nodes, since all copies are usually equal. As the first copy is chosen randomly, node setups have to be carefully designed to function properly.

✔ Caching for Read-Only Access: When the physics data are transferred to a different geometry, the original data source becomes a read-only cache. In those moments, all that is left of the physics component is much more similar to a point cloud with simple attributes rather than an active simulation. This works, but it is, again, not very predictive and robust.

Constraints

All constraints live in the Edge domain, and all types, like hinges, sliders, and ball-and-socket joints, are treated as equals. While constraints technically work internally using a generic 6DoF (Degrees of Freedom) model, predefined types make it easier for the user to understand their purpose and behavior.

✔ The type of the constraint is a read-only attribute so instead of being able to change the type directly, users have to create new constraints using an explicit function. Because Enum’s are not yet supported as attributes, the types of constraints are represented as simple integer values. This isn't very good and a custom node could perform the mapping from the numeric values to more readable ones.

Customizing Physics Simulations

Traditional physics setups typically involve the following workflow: creation of assets, placing them into the physics world, running the simulation and then copying those results back over to the original. This can be achieved via realised instances, but is only applicable to simple cases where, once the simulation has started, no properties affecting the object need to change.

For more complex scenarios, physics must interact dynamically with conditions in the scene-for example:

✔ The ability of an effectors that will change its influence w.r.t. Animation or externally applied forces.

✔ Simulation fragments which immediately respond to some environmental change.

✔ Custom behavior where integration with the deeper inside simulation nodes is needed.

Because these features must be executed during each time step it is still difficult to create modular and extensible systems. This problem is not unique to physics—similar challenges will appear in other simulation-based workflows. Several solutions have been proposed among them the injection of custom node graphs into existing setups, but this remains a complex problem.  ِ

Future Improvements

Following are some possible enhancements for future development:

✔ Physics Component Visual Debugging: It is the ability to display physics-related data in a viewport for easy debugging. Currently, users are forced to create elaborate setups to transfer information to visible instances, which is counter-productive. The physics data should never appear in final renders, but it does require some kind of dedicated viewport representation.

✔ Contact Point Output – There are some strong use cases for knowing, in real-time, where objects touch. This could be exposed as a point cloud, indicating active contact points and their properties. Because contacts are essentially transient constraints, they could be treated as part of the Edge domain, but it may be difficult to differentiate these from user-defined constraints.

✔ Collision Triggers – Physics shapes could be used purely for collision detection, without affecting object movement. This would let users trigger custom behaviors when objects interact, enabling advanced gameplay mechanics or procedural effects.

Camera Effects and Motion Blur

By default, Blender renders animations as a series of still images. This works fine for stop-motion or time-lapse effects but is unrealistic for natural motion. In the real world of photography and filmmaking, objects moving fast are blurred due to how cameras capture motion. This effect is called motion blur and can be enabled in both Blender's Cycles and Eevee render engines. 

Motion Blur in Cycles 

In Cycles, the presence of motion blur is controlled by means of shutter settings - that is, the time the blur effect is on with respect to a frame:

	Start on Frame – The blur starts at the beginning of the frame.  
	Center on Frame – The blur is fully applied at the middle of the frame. 
	End on Frame – The blur ends at the end of the frame.  
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Key Motion Blur Settings in Cycles 

✔ Shutter Time – Defines how long (in frames) the blur lasts. A value of 1.0 means the blur spans an entire frame. 

✔ Rolling Shutter – Simulates the effect seen in digital cameras with rolling shutters:

	None – No effect of rolling shutter. 
	Top-Bottom – The image will be blurred from top to bottom gradually. 
	Rolling Shutter Duration – Changes the ratio between rolling shutter and normal motion blur. 


✔ Shutter Curve – Defines the way in which the shutter opens and closes during the shutter open time. The X-axis is time and the Y-axis is the shutter opening, ranging from 0 for a completely closed shutter, to 1 for completely open. 

Limitations with Motions Blur inside of Cycles

	Deformation Motion Blur works only for non-Auto Smooth objects.   
	Orthographic cameras do not support motion blur. 
	Lights are not blurred due to motion blur.  


Hint: If your scene has particles or physics-based objects, pre-bake their simulations before rendering, so that their motion blur is consistent. 

Motion Blur in Eevee

The settings for motion blur in Eevee work similarly to Cycles, based on shutter timing for when the blur happens:

	Start on Frame – Blur originates in the beginning of the frame. 
	Center on Frame – Center point of blur is found in middle of frame. 
	End on Frame – Blur stops at end of frame. 


Key Settings in Motion Blur -Eevee

✔ Background Separation – Prevents background elements from blurring over the foreground. Lower values reduce background bleeding onto foreground objects. 

✔ Max Blur – Limits the maximum distance that a pixel can blur. A value of 0 disables post-process blur, leaving only accumulation blur explained below.

✔ Steps – Specifies how many times steps the blur uses for more accuracy. The more steps, the smoother the blur, but it also means longer render times. 

How Eevee Handles Motion Blur 

Eevee does motion blur in two ways:

1. Post-Process Vector Blur – A motion pass is used to blur images over three-time steps. This is faster, smooth but may have some problems at edges of objects or in complex scenes.

2. Accumulation Motion Blur – Eevee divides renders into several time steps, each of them applies blur. This is going to be more accurate but slower as it needs to re-sample the whole scene in every step.

Tip: If you increase the number of steps, you can lower the Max Blur setting for more precise results. 

[image: ]

[image: ]

[image: ]

chapter 9

Blender for Game Development 

In the development of video games, Blender would likely be the most obvious answer. The development of video games is a cumbersome and time-consuming task that requires lots of technical expertise and software applications. But at this point, the question is: will Blender work? Let's dive into how game development can make use of Blender.

Blender for Game Development

Game development can be broken down into two major areas: asset creation and integrating those assets into a game engine.

1. Asset Creation

This includes modeling, sculpting, UV unwrapping, baking, texturing, rigging, and animation.

Modeling
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Modeling tends to be the most time-consuming part of game creation. Fortunately, Blender shines in this area, offering powerful tools for creating characters, environments, and props. Blender's modifiers help speed up the process by automating non-destructive operations.

While modeling for games, you have always to count the hardware limitation of devices on which a game is supposed to run. That actually requires making low-poly models based on high-poly ones for assuring the best performance in real time.
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In Blender, you can create a low-poly version of your high-poly model and then apply baking techniques to the low-poly model so that it looks as detailed as the high-poly one. Blender also supports several advanced modeling addons, among which are Boxcutter, Hardops, and Meshmachine, extending the functionality of the modeling process.

Sculpting
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Sculpting is useful for adding intricate details to high-poly models, especially for characters. For character modeling, sculpting provides intuitive control and more flexibility than traditional modeling. Blender's sculpting tools aren't quite as powerful as the industry standard (ZBrush) but are nevertheless capable, and a plethora of Blender addons are available to improve the process of sculpting.

UV Unwrapping
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UV unwrapping is one of the most crucial parts of the overall process of creating game-ready assets. Proper unwrapping will give us a good texture mapping, and an amateurish unwrapping will eventually lead to apparent blemishes in our final model.

Blender has advanced UV unwrapping tools that make the task easier and faster. It also supports several UV unwrapping and packing addons to speed up the process, that otherwise can be repetitive and takes lots of time to do.

Baking Maps

Baking, and most importantly, normal map baking is the first step toward getting game-ready models. It's basically a recording of how light interacts with the surface of a model, simulating small-scale details on low-poly models without having to increase the count.

Baking requires the model to be UV unwrapped so that the baked textures fit well. Blender can handle baking quite well, but many professionals turn to industry-standard software like Substance Painter for more advanced baking and texturing needs.
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Texturing

Texturing game assets, both characters and other props in a scene, takes a great deal of priority within the whole development pipeline of a game. A nice, well-developed texture significantly enhances the quality of an entire game. Poor texturing, on the contrary, quickly lowers the standard of the general outlook.
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Blender will provide you with very good options for texturing game assets. You can paint directly onto the mesh or apply external textures to your models. There are also many powerful Blender addons that extend the functionality of texturing and shading.

Blender's real-time renderer shows you exactly what your textures look like on the model, or even an entire scene, as you go along. In other words, immediate feedback. The Cycles render engine also produces high quality, and taken together with a number of rendering and lighting addons, produces professional-quality results.

6. Rigging and Animation

As for rigging and animation, Blender is pretty powerful. It has all the basic features to rig up characters for animation, hence several short films have been created using Blender.
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In video game development, Blender allows you to create animations for characters and other objects and then export them to a game engine to integrate into the game. While at one point in time, Blender had a game engine, it has since been phased out to give more attention towards features better suited for the Blender community. A couple of reasons why the Blender Game Engine was never as widely adopted were that there are some really solid, absolutely free game engines out there, like Unity and Unreal Engine.

This includes indie developers and smaller game studios that create most of the assets in Blender, despite it not having a native game engine. Blender is open-source and free to use, adding flexibility to its power, hence creating an actual opportunity for these developers. This solution is ideal for smaller teams with lesser capacities to afford the high licensing costs accompanying other software, hence it enables resource spending elsewhere. With the capabilities of Blender, it's a great choice for indie developers who want to create professional-quality games without the heavy costs.
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One of the most striking features about Blender is that it's open-source, which really enables you to create custom tools tailored to your needs. If you find a way to improve your workflow or make tasks easier and faster, you can build exactly what you need.

More recently, with the release of Blender 2.8, medium-sized studios have started using Blender in their workflow, although it is not without its limitations. These studios often use Blender for specific parts of production, either because certain artists prefer it or because Blender excels in certain tasks, like modeling or texturing.

This is further concentrated in the creation of game cinematics and characters, which shows that Blender is beginning to be recognized as a valuable tool in game creation.

However, Blender has not reached a mainstream state of usage in AAA game studios and is currently not an industry-standard tool for large-scale game development. That may change at some point, depending on the direction the Blender Foundation takes in the coming years.
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Major studios generally work in software other than Blender, and that brings up the question: how does a Blender user wind up working at a AAA video game studio? Well, if you are a new game developer and a new 3D modeler, then Blender is a great place to start. It covers all the core workflows done to create game-ready assets, and as you build your experience, you'll be set really nicely for advanced work.

Once you get good enough to join a AAA studio, you may have to move on to industry standard software like Maya or 3ds Max. But don't be concerned-you haven't wasted your time learning Blender. Here's the good news: the core of everything you learn in becoming a game development artist transfer over from one program to another. Once you’ve grasped the concepts of game development, learning other 3D software like Maya or 3ds Max only takes a few months. Essentially, you’ll already be experienced in the field, and it's just about familiarizing yourself with new tools.

Low-Poly Asset Creation

Low poly modeling is an approach within 3D art that's gaining great momentum these days, especially when performance and style come in as major factors within animation and gaming. It essentially deals with the usage of fewer polygons to create a stylized, mostly blocky appearance that possesses charm and simplicity. Blender, being an open-source 3D tool, has a number of features that make it perfect for low poly scenes. Whether you are a beginner in the field or looking to refine your skills, this tutorial will help you simplify your workflow and improve the quality of your work.
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Minimizing Detail

Low poly scenes rely on simple shapes and silhouettes over complex details. Create a high poly version of your model, then apply the modifier Decimate to decrease the number of polygons while retaining the integrity of the original shape. If using the Subdivision Surface modifier, keep the levels low and only apply when necessary. Keep topology simple by using quads four-sided faces or tris three-sided faces. For small and detailed objects, it is best to merge them into one mesh for easier management.

Joining Objects: Under the Object Mode selection, the hotkey Ctrl + J will join selected objects together, reducing the number of objects in a scene.

Merge by Distance: While in Edit Mode, select and merge those vertices which are overlapping, or are just superfluous, in order to clean up your model.

Proceed with Flat Shading in order to emphasize the low poly with very minimal detail and direct design. Detailed textures are replaced for solid colors or simple gradients that minimize UV mapping complexity.

Working with Tris and N-gons
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The use of tris and n-gons in low poly models relies on knowing when to apply them. The best usage for tris would be to provide sharp, angular shapes, which would perfectly fit stylized, low-poly aesthetic art. But when working in areas that would need to deform-like joints in animated characters-it's best to stick with quads for smooth deformation.

N-gons are useful for large, flat surfaces where curvature or deformation isn't a concern, but should be used sparingly to avoid potential issues in animation or rendering.

Managing Object Count
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The number of objects in your scene dictates the complexity and performance of your low poly scene. It's tempting to fill your scene with fewer, larger objects to save time, but the right balance between large and small items is what makes your scene more dynamic and visually interesting. You can get this right by referencing images that will help you find the right balance of objects in your scene.

For collision detection, simplify collision models by using basic shapes like boxes or spheres instead of complex meshes. Another point is that baking things like lighting and shadows onto your models can reduce computational load and increase performance. Sometimes less is more-focus on key elements to compose a nice scene.

Using Empties
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Empties in Blender are just light placeholder objects and are very handy, to keep your scene clean and organized. Sometimes, they may also represent groups of objects just for ease of movement/scale/rotation of say many items. One empty to group all trees, one for rocks etc. You'll also be using Empties as placeholders during the laying out of your scene, which lets you keep your scene responsive but still visualizes your design.

Empties also can be used to place reference objects such as lights, cameras, or other points where you plan to add more detail later. Empties are very useful when generating dynamic content like terrain or random object placement.

Lighting Techniques

Lighting plays a significant role in defining the aesthetic and mood of your low poly scene. Proper lighting can enhance your models and create a more immersive environment.
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Here are a few lighting techniques to consider:

	Ambient Light: A soft, non-directional light that brightens up the scene evenly. It’s ideal for reducing harsh shadows and filling in dark areas. 
	Key Light: This is the main light, say, the sun or an area light, which is placed very deliberately to create shadows and highlights adding depth to the scene. 
	Fill Light: Lightens the shadows caused by the key light and helps in toning up dark areas without overexposing the scene. 
	Backlight: If there is a light behind the important objects (like characters), it would create a rim or backlight effect, adding separation and depth between the subject and the background. 


chapter 10

Mastering Workflow and Productivity 

Basic drivers can be set up directly from the pop-up menu that opens while adding a new driver. In case of more complex setup and when adding more than one driver it is easier to open the Drivers Editor for managing and more advanced settings.

Transform Driver

A Transform Driver allows you to drive one property dependent on the value of another object's transformation. In this example, Object 2's Y rotation is going to be driven from Object 1's X position. To set it up:

1. On the second object, right-click and add a driver to the Y Rotation property, or press Ctrl + D.
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2. Open the Drivers Editor and select the Y Euler Rotation property in the channels region.

3. In the Sidebar go to the Drivers tab.

4. In this driver use the Averaged Value of a Transform Channel of the first object.
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5. Now, moving the first object will show how it drives the Y rotation of the second one.

Scripted Expression - Orbiting a Point

You can also use a Scripted Expression to orbit an object around a point. Scrubbing the timeline will update the position of the object. This type of movement can be defined using trigonometric functions (sine and cosine) that define circular movement in 2D (based on the Unit Circle). In this example, the current frame is used as the variable to trigger the movement. frame is a simple expression that corresponds to the Blender `bpy.context.scene.frame_current`.
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Adding a Driver for Orbiting Motion

To create an orbiting effect using a Scripted Expression driver, follow these steps:

1. Add a driver to the X Location property.

2. Set the Driver Type to Scripted Expression.

3. Enter the following expression: 

`0 + (sin(frame / 8)  4)` 

- frame/8: This divides the current frame number by 8 to slow down the orbit.

- (sin( )  4): The sine function generates smooth motion, and multiplying it by 4 scales the orbit's radius.

- 0 +: This controls the orbit's center position (offset).

4. Add another driver to the Y Location property, with the expression: 

`0 + (cos(frame / 8)  4)`. 

- This will move the object in a circular pattern using cosine for the Y-axis.

5. Scrub through the timeline to see the orbit in action. You can experiment with the values in the expressions to adjust the orbit's size and center.

Custom Function for Square Value

You can create a custom function to calculate the square of a value and use it in a driver expression. This function can be added to the Driver Namespace, which already includes various built-in functions and constants like π and e. To access the available functions, you can use the Python Console:

```python

bpy.app.driver_namespace['<tab>']

```

To implement and use a custom function, follow these steps:

1. Open the Text Editor in Blender and paste the following script:

```python

import bpy

def square(val):

"""Returns the square of the given value"""

return val  val

Add the function to the driver namespace.

bpy.app.driver_namespace['square'] = square

```

2. Press Run Script to add the custom function.

3. Now, add a driver with the Scripted Expression: 

`square(frame)`

4. Scrub the timeline to see how the square of the frame value affects the driven property.

Custom functions like this are useful for complex calculations. Since simple expressions can't use custom functions, they are best for more intricate setups. For more examples of custom functions, check Blender’s Text Editor Templates under Python > Driver Functions.

View Layer Attribute Lookup

In View Layer mode, the Material Attribute Node automatically searches for an attribute in several places. This can be used to define a default attribute value at the Scene or World level, and override it for a given View Layer.

Driver context properties do not work this way, and when needed, their fallback behavior has to be implemented explicitly with fallback values and conditionals (using Simple Expressions).

For an attribute called attr, the node will search in this order for the attribute:
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1. ["attr"] in the active View Layer (custom property).

2. attr in the active View Layer (built-in property).

3. ["attr"] in the active Scene.

4. attr in the active Scene.

5. world["attr"] in the active Scene.

6. world.attr in the active Scene.

Depending on the attribute, not all of these may be required to check. For instance, if you know an attribute is a custom property that has a color value, you can skip directly to the active View Layer.

If the driver accesses an earlier location in the lookup chain, use fallback values that are invalid for the attribute, such as negative color values, in the Conditional Expression to handle errors. The last fallback should be a valid default, to ensure a working result if the property is missing.

Shape Key Drivers

Another feature helpful with mesh deformation when using armatures and weight painting can be done using Shape Keys. Drivers would prevent problems commonly experienced in the rigging stage, such as joints crossing. Shape keys become helpful for detail tuning of a rig, as well as musculature forms, which need to flex, or portions that require definition.
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Setup

1. First, add a mesh to your scene, for example, a cylinder with loop cuts.

2. Add an armature to the mesh and extrude a chain of bones.

3. Skin the mesh to the armature using weight painting.

Tip: To parent the mesh to the armature, select the mesh first, then the armature, and press Ctrl-P to parent using auto weights.

4. Try posing the armature and see how the mesh deforms at the joints. If there are problems with intersections or unsatisfactory angles, you can fix them using Shape Keys.

Shape Key

1. Pose the armature so that the deformation problems are evident. Make sure to cover the extreme poses you want the rig to support.

2. With the mesh selected, create a new Shape Key beside the Basis key, which is located in the Properties under the Mesh tab > Shape Keys.

3. To edit the shape key while still having the deformation from the armature, turn on Edit Mode Display and Cage Editing in the Armature modifier. This can be done under Properties > Modifiers tab > Armature Modifier > Header.

4. Now switch into Edit Mode, select in the Properties Panel this freshly added shape key, and begin to adjust the vertices of the mesh to remove any deformation. Toggle between your change and the original mesh by the Basis key. Carefully avoid touching the original mesh or any of the other keys when performing your edits.

5. Once you're happy with how the deformation looks for the problem pose, set up a driver to turn the shape key on smoothly as the pose is reached.

Driver

1. Add a Driver to the Value of the shape key you've just created.

2. Open the Drivers Editor and select the driver.

Method 1 – Direct Mapping to Bone Rotation Value:

	A simple setup is a direct connection between the rotation value of a bone and the shape key's activation value. 
	The problem here is that it is driven by only one axis of rotation of one bone, which can hardly represent an accurate pose. 


3. In the Drivers tab, select the Averaged Value of the bone's rotation.

4. To understand what the rotation axis is, either enable axis display in the armature or check the bone's transform values in the Properties.

5. Select the rotation channel that suits your needs and switch it to local, representing the bone's rotation relative to its parent.
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You can also, manually adjust points of the driver curve by selecting a handle and dragging it, or entering values directly in the F-Curve tab. The Y axis represents the Shape Key value, and should range from 0.0 to 1.0. The X axis commonly represents frames, but here, this corresponds to the rotation value of the bone, in radians. You can add more than two points to the curve and refine the transitions by adjusting the handles in the curve view (press G to move them).

To ensure the driver behaves as expected, disable the option to only show drivers for selected objects. This will let you pose the armature and monitor the driver as it responds.

Method 2 – Using Rotational Difference to a Target Bone

This method employs an auxiliary target or corrective bone, that better acts as the 3D spatial representation of the 'problematic' bone.

1. In Armature Edit Mode extrude a new bone from Bone 1, positioning it where Bone 2 should activate the shape key.

These bones are usually named using TAR- (for target) or COR- (for corrective) conventions.

2. In the Drivers tab, set the driver to the Averaged Value of the rotational difference between the bone that you will rotate and the target bone. The rotational difference is the minimum angle between two objects in World Space, so it's important that both bones share the same root. That way, only the rotation of one bone affects the angle between them.
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3. When Bone 2 reaches the target rotation, for example TAR-Bone 2, the rotational difference will be 0°.

4. The driver curve handles should be moved so that when the shape key value at the Y axis reaches 1.0 upon the rotational difference on the X axis being 0°; this should be extended to about 90° or more in radians and the shape key value 0.0.

5. Continue with Method 1 to refine the curve handles in order to test the driver. Pose the armature and check if the shape key acts accordingly within the given boundaries.

Performance Optimization Tips 

Optimizing Blender Settings for the Best Performance

Enabling GPU Compute

Enable from Preferences > System > Cycles Render Devices. For using most of your GPU, select CUDA for NVIDIA graphic cards and OpenCL for AMD and INTEL GPUs; enable them so the various cores may be used to run in parallel with your central CPU. Additionally, enabling CUDA can further increase speeds of rendering but will add artificial intelligence to enable features such as AI Denoise and ray tracing.

Tile Size

Tile size affects how much of the frame each GPU core will render before it moves on, and smaller tile sizes balance better among cores. It's common in most scenes from 32×32 to 256×256, but can be larger if you have one of the more modern, large-core GPUs-to experiment with your settings in the Performance tab.

Setting Texture Limit

By default, Blender loads all textures into VRAM, even if they are not visible. Lowering the Texture Limit in the System Settings can free up VRAM for rendering output, rather than holding unused textures. Values between 1024 and 4096 work well depending on how much VRAM is available. This can help to avoid slowdowns during rendering, particularly in complex scenes.

Non-Interactive Mode

In general, for the final rendering, switching to non-interactive mode might be a good way to avoid glitches and stalls caused by user interaction during the render. The rendering will be smooth without pauses, thus Blender can use up all GPU resources.

Benchmarking of Performance

Measuring Render Times

To profile how well your scenes perform, enable the Statistics panel under the View Layer Properties. Once a render is complete, you'll get detailed render time metrics. Comparing the render times across different GPUs will help track where performance improvement is made.

Monitoring GPU Usage

You can use utilities like GPU-Z for Windows or Activity Monitor for Mac OS to observe your GPU performance, including core and memory speeds, power consumption, temperature, and utilization. For maximum rendering performance, a good target GPU usage should be above 90-95%, without exceeding power or thermal limits.

Troubleshooting Crashes and Errors

Identify Graphics Driver Problems

If Blender is crashing randomly during renders, it may be due to outdated or unstable GPU drivers. Always use the latest stable drivers for your GPU. NVIDIA Studio Drivers, AMD Pro Drivers, and Intel Driver & Support Assistant offer the best compatibility. If the issue is caused by driver timeouts, you'll see this noted in the logs.

Fixing Out of Memory Errors

If your renders are freezing or show "out of memory" errors, this may be a sign that your VRAM is too low. You can try reducing texture sizes, adjusting tile size, or disabling denoising to lower VRAM usage. This will be resolved with an upgraded GPU with higher VRAM. If you're comfortable with it, overclocking memory helps but makes sure your GPU has proper cooling.

Resolving GPU Overheating Issues

High-resolution models, complex shaders, and large textures can make the GPU overheat, which will throttle performance. Improve airflow in your PC case, adjust your GPU fan curves, or apply new thermal paste to the GPU. If the overheating persists, underclocking the core and memory speeds of your GPU will help reduce rendering freezes without a significant performance loss.

Troubleshooting and Performance Tweaks

Blender 4.3 contains 461 fixes for several issues present in Blender 4.2, as well as earlier releases. Some of the significant changes are listed below.

Animation & Rigging

	UI Issues with Rigify in pose mode were fixed. 
	Visibility of keyframes in the timeline was fixed. 
	Crashes relating to armature assignments, and other animation actions were fixed. 
	Fixed insertion and removal of keyframes, and inability to select bones in some cases. 
	Fixed memory leak while creating pose assets. 
	Fixed various crashes and regressions in Graph Editor, like broken f-curve lines and shared animation not updating correctly. 


Core

	Fixed blendfile corruption loading local images already linked from other data. Performance improvement of the Bpy data removal process. 
	Fixed crashes starting up on macOS and with linked objects in scenes. 
	Fixed issues with custom properties failing to save and crashing with EXR images. 
	Fixed various crashes including on undoing actions, on actions with a linked library. 


Grease Pencil

	SVG export fixes to make valid XML. 
	Fixed memory leaks for certain frames. Added some color palette editing enhancements to Draw Mode. 


Modeling

Fixed crashes with Quick Favorites and modifier apply. Fixed snapping issues: grid snapping not working, precision mode not working with grid snap. Fixed crashes editing multi-user mesh data with multiple scenes open.

Nodes & Physics

Fixed Geometry Nodes crashes and regressions. These include particle system crashes, renaming sockets, and the "Resample Curve" node.

Fixed several crashes related to simulations and node manipulations, including fire simulation and node visibility issues.

Pipeline, Assets & IO

Fixed a number of import/export USD issues: crashes, normal, vertex color and mesh sequence cache issues.

Alembic import crashes, STL file crashes and USD drag-drop import crashes.

Blender 4.3 includes a number of fixes and optimizations that have been backported from previous versions to further improve stability and user experience.

Rendering & Cycles issues

	Viewport Issues: Crashes happen when switching to the Render mode or while using viewport rendering with some materials and settings, especially those involving curves and OptiX. 
	GPU and Baking Crashes: Blender crashes while using Dual GPU for baking to color attributes, or when some Cycles settings cause crashes. 
	Cycles Bugs: `OPTIX_ERROR_INVALID_VALUE` error, artifacts on principled volume shader, missing intersections in Cycles lighting or vector pass. 
	Cycles Render Issues: Alpha transparency breaks when opening Blender 3 documents in Blender 4; crashes occur when baking textures from meshes with no faces. 
	MetalRT and OneAPI Issues: Different rendering, memory leak, missing hair strand, with MetalRT or oneAPI on the GPU. 
	OSL and Volume Issues: OSL script issues, incorrect sampling, missing light samples, phase function handling in overlapping volumes. 


Sculpt, Paint & Texture

Sculpt Mode Crashes: Blender can crash under some circumstances after interactions in sculpt mode, such as with the "Smooth" brush in negative directions or movement of objects.

Voxel Remeshing Issues: Voxel remeshing has been reported to sometimes crash randomly, and spacing for brushes can cause problems with size pressure and drawing tablets.

Undo and Masking Issues: In sculpt mode, there are cases when the undo does not work properly, and some masks or brushes may cause crashes or leave artefacts.

Brush Visualization Missing: Poor visualization of brushes and interference of tools with some of the features of sculpt mode.

User Interface

UI Issues: Misc. UI issues: missing brush thumbnails, areas are non-responsive, randomly behave weirdly on resize and saving of files.

Crashes and Slowdowns: Crashing crashes may happen while working with linked objects or within the Outliner. Also, performance issues can occur upon mode switching or with tools interactions.

Display Problems: For example, blurry text, misaligned icons, too large or missing tooltips, etc.

File and Preferences

File Management Issues: There are a variety of issues with the file browser such as not being able to navigate back to the first folder, and some strange behavior when purging unused files.

Preferences and Shortcuts: It's possible that shortcuts won't save correctly and text may render poorly in some menus.

Crashes with Wayland: Some actions in Wayland may cause crashes. These include dragging assets as well as some Viewport tools.

VFX & Video Updates

Video Sequencer:

	Audio does not play from the scene strips inserted in the Video Sequencer. 
	Crashes on compositing with double edge mask (backported to version 4.2.4). 
	Retiming on VSE does not work properly with separate scenes in some cases, resulting in total failure. 
	Crash when copying input properties from a scene strip. 
	Curve float nodes don't properly map shader points for custom set ranges. 


VSE Retiming Issues:

	Problematic Key Interaction in VSE 
	Retiming fails on speedup transitions 
	When zoomed far enough out of strips, keys should not be shown. 


Cryptomatte Issues:

GPU compositing causes Cryptomattes breaks from the compositor.

Choosing Cryptomatte when rendering can lead to a crash (backport to 4.2.4).

Sequencer Editor Bugs:

Strips handlers do not return to their original place when moving the cursor and cancel the move.

Render Issues:

Distortion or line offsets when cropping render region with GPU compositing.

Corruption in render outputs when switching regions in scripts (backported to 4.2.3).

Compositor Issues:

Blank outputs when using legacy Cryptomatte nodes.

Problems with deinterlacing checkbox making video invisible (backported to 4.2.2).

General Crashes:

Adding a compositor node while viewing in the real-time compositor causes Blender to crash.

Blank GPU compositor results when legacy Cryptomatte is used unless updated.

Miscellaneous:

	Fix video decode errors on Linux with AVX512 CPUs. 
	Compositor Freeze with multi-utility level nodes. 


Viewport & EEVEE

EEVEE Issues:

	Volume probe rebaking alters the lighting in EEVEE. 
	Crashes switching from EEVEE to Cycles and vice versa during Animation Rendering (backport to 4.2.4). 
	EEVEE light probe RAM pool crashes on macOS. 
	Wrong Light Intensity using high power values in EEVEE Next. 


Other EEVEE Rendering Issues:

EEVEE: Linked Duplicates causing Shadows to Break

macOS: Increased Memory Usage while Rendering same File as compared to 4.1

Transparency of Texture Not appearing correctly upon enabling face orientation (backport to 4.2.3).

GPU & Performance

	Crashes with large VDB files on macOS Metal (backport to 4.2.3). 
	Texture is not transparent in "wire" edge mode and subdivision surface. 
	MacOS Specific Bugs: 
	Weight paint is not visible in material preview viewport shading on macOS (backport to 4.2.1). 


UI & Render Pass Issues:

Missing render passes when opening Blender with HDRI preview enabled.
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