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Agenda
1. Vulkan Video

2. GStreamer
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What's Vulkan?  

Low-level graphics and compute API
Under Khronos Group umbrella
Released in 2016 as a successor to OpenGL and OpenGL ES
Direct control over graphics hardware, allowing for better
performance and more efficient multi-threading.
Specifications licensing: Apache License 2.0
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Vulkan Video TSG 

March 2018: Technical Specification Group was created.
Driven by AMD, Intel, NVIDIA and open source operators.
April 2021: Video decode and encode extensions (H.264 &
H.265) were merged as provisional
December 2022: Video Decode extensions (H.264 & H.265)
were released
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Vulkan Video TSG 

December 2023: Video Encode extensions (H.264 &
H.265), video_maintenance1 were released
February 2024: Video AV1 Decode extension is released
2024-...: New maintenance and codec support coming ...
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Vulkan Video goals 

Hardware acceleration for video codecs available on
PC/GPU/Mobile
Most solutions that enable access to video decode/encode
HW are vendor and/or platform specific (VA, D3D, …)
Existing hwaccel solutions would have to interoperate with
Vulkan and it is not trivial
Make video encode/decode a first class part of Vulkan
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API Overview 

Stateless codec (VAAPI, D3D11, etc.)
Cross-platform and vendor-neutral low-level hardware
state(-less) video codecs API

Each driver can operates differently depending on its
capabilities

Closer integration with the Graphics and Displays
Extensive specification (VK_KHR_video_maintenance1, …)
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Architecture 
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Codecs support 

Conditions for release
Final specification
Independent Hardware Vendors (IHV) driver
implementation
Vulkan validation layers support
Conformance Testing Suite (CTS)

Decode H.264, H.265, AV1
Encode H.264, H.265

AV1, VP9 in the pipeline
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Drivers 

NVIDIA(Windows, Linux):
✅ video_decode: h264, h265, av1
✅ video_encode: h264, h265

AMD (Windows, Mesa/RADV-Linux):
✅ video_decode: h264, h265, av1
✅ video_encode: h264, h265

Intel (Windows, Mesa/ANV-Linux):
✅ video_decode: h264, h265
✅ video_encode: h264, h265

Zink Video experiment
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Implementation  

Main implementations are the official
 and NVIDIA's 

 is working on Vulkan CTS and GStreamer elements.
FFMpeg 7.1 released h26x encoders after FFMPEG 6.1
supporting AV1, H.26x decoding.

Conformance Test Suite vk_video_samples
Igalia
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https://github.com/KhronosGroup/VK-GL-CTS
https://github.com/nvpro-samples/vk_video_samples
https://www.igalia.com/


Vulkan H.26x decoder 

H26x decoder released in GStreamer 1.24.
Fluster results:

JVT-AVC_V1 (H.264):
NVIDIA: 67/135
RADV: 101/135
INTEL: 54/135

JCT-VC-HEVC_V1 (H.265)
NVIDIA: 118/147 (RTX 4060)
RADV: 118/147 (RX 7600)
INTEL: 90/147
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Vulkan H.26x Encoder 

GstVulkanEncoder  in 1.25 with H.26x unit tests
Vulkan H.26x encoder elements to be merged in 1.25, fine
tuning...🛠️
Support I/P/B frames.
Need more 💗 on the encoding rate control.
AV1 in the pipeline

merged
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https://gitlab.freedesktop.org/gstreamer/gstreamer/-/merge_requests/6676


Challenges 

Create base class decoder/encoder:
Using existing GStreamer base classes
A new H.264 encoder base class is under hard
development and could be used by VA/… elements.

Create Vulkan classes:
GstVulkanOperation : handle synchronization in a

standard way
GStVulkandDecoder /GstVulkanEncoder : helper

class to work with all the codecs.
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Challenges 

Back and forth with Vulkan Validation layer messages to
address misuse of the specification
Support of 3 Hardware with bleeding 🩸 edge drivers.
Alone in the dark when proprietary driver crashes. Rely on
Validation Layer when possible
Use of toolset such as  or  to
compare with CTS

GFXReconstuct API dump
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https://github.com/LunarG/gfxreconstruct
https://vulkan.lunarg.com/doc/view/latest/windows/api_dump_layer.html


Next... 🚀
AV1 decoding and encoding elements.
Vulkan Video maintenance extensions support

Inline queries, parameters, QPMap, intra refresh etc.
Colorspace (Only NV12 8 bits is supported)
Zero copy from decoder to sink
And make fluster happy ! 🤩
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Vulkan Transcoding example 
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Questions ?
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Thanks!
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