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1. Introduction
In this contribution, we proposed a colour conversion module for image processingan AR Call solution for smartphones or tablets (defined as XR5G-P1 device type in TR 26.928). In this case, the 5G modem and AR media processing are integrated in the device. The rendered AR video frames are converted into a standard YUV video format before sending out to the remote UE via WebRTC media channel. The user’s input (e.g., keyboard, mouse, touch events, and other custom events) can be exchanged via WebRTC data Channel.

1. Proposed Colour Conversion SolutionModule
1. [image: ]
Colour Conversion is needed for various use cases. One such example is for Raster-based split rendering defined in TR 26.928 clause 6.2.5, colours for the frame buffers are typically RGB but may be converted from YUV, as YUV is typically used in video compression standards. 

Another example is for Device design type 4, some encoders may not be directly on RGBA, the extended colour conversion module in combination with available acceleration frameworks (e.g., NDK) may also be needed.

These conversion may require certain resources and should be include as part of the media capabilities of a MeCAR device. 

YUV, which stands for luma (Y') and chroma (U, V), can be further subdivided into various planar and storage formats such as YUV I420, YUV420sp (NV12), YUV420sp (NV21) and others. 

2.1 AR Video Frames Acquisition
The UE uses commercially available frameworks such as the Google ARCoreTM and the Apple ARKitTM to acquire the rendered AR video frames. For example, according to the documentation of the Google ARCoreTM SDK, the rendered AR video frames can be acquired by calling the specific APIs as follows:

[image: ]

Figure X. The rendered AR video frames acquisition.

The UE gets each ARFrame through the ARSession callback, and reads the corresponding AR data from the ARFrame.
The AR Scene Manger uses Graphic Engine (Vulkan, OpenGL, Metal, DirectX, etc) and the corresponding AR data to render the AR content on the camera feed. 
The AR Scene Manger passes the rendered AR video frames to the Video Format Conversion module.


2.2 Video Format ConversionA generic YUV format, capable of describing any 4:2:0 chroma subsampled planar or semi planar buffer (but not fully interleaved), is an 8 bits per colour sample. The conversion between RGB and YUV color spaces can be carried out based on the conversion formulas defined in BT.601, BT.709, and BT.2020 in order to calculate each Y, U, V values, and the alpha_channel can be support as additional transparency information.

The conversion needs to be done such that it is compatible with the runtime rendering formats, typically R8G8B8A8.





	Comment by Thomas Stockhammer: This is unclear. Why does the runtime send a rendered frame. It sends a captured frame, does it not?
The rendered AR video frames include textures information, which can not be accepted by the encoder. Therefore, they need to be converted into a standard YUV video format before sending to the remote UE. Depending on different planar and storage formats, YUV can be further subdivided into YUV I420, YUV420sp (NV12), YUV420sp (NV21) and so on.A n example of color conversion procedures for Device design type 4 
The detailed descriptions in each step are as follows: 
(1) The XR Runtime sends the rendered frame to the color conversion module.It first copies a rendered AR video frame into a provided Bitmap. 
(2) The color conversion module gets the pixel data of the rendered frame by copying it into a provide bitmap.
(3) The color conversion module uses the RGBA to YUV fast conversion formula  (1) to convert the R, G, B value into the Y, U, V 	value. The A alpha_channel value is set to be 0 as a typical LCD screen of current smartphone devices, used as an optical transmitter, is based on a RGB_888 color space system. . 

 (1)
(4) Finally, the color conversion module it follows the YUV storage format to store the Y, U, V values. For example, YUV420sp (NV21) has one luminance plane Y and one plane with V and U values interleaved. Every four Y pixels there is one V and one U. The sampling is every other pixel and every other scan line.
[image: ]

Figure X. The data blocks of an w×h image in YUV420sp (NV21) format.

The converted video frames can be sent to the remote UE via WebRTC media channel. WebRTC data channel can be used for exchanging user’s input such as keyboard, mouse, touch events, and other custom events (Optional). 

1. Proposal
We propose to include section 2 of this document into the MeCAR permanent document as a AR Call solutioncolour conversion module for image processingdiscussion.

1. References
[1] 3GPP TR 26.928: "Extended Reality (XR) in 5G".
[2] 3GPP TR 26.998: "Support of 5G Glass-type Augmented Reality / Mixed Reality (AR/MR) devices".
Google ARCoreTM: "Overview of ARCore and supported development environments", 
https://developers.google.com/ar/develop
[3] [3]	3GPP TSG SA WG4 S4-230307, “MeCAR Permanent Document v5.0.0”, February 2023.
[4] ITU ITU-R Recommendation BT.601 “Studio encoding parameters of digital television for standard 4:3 	and wide screen 16:9 aspect ratios ”
[5] ITU ITU-R Recommendation BT.709 “Parameter values for the HDTV standards for production and 	international programme exchange”
[6] ITU ITU-R Recommendation BT.2020 “Parameter values for ultra-high definition television systems for 	production and international programme exchange”
[7] 
[8] 

image4.png
<“—h2—> 4—

< >
YI | Y2 | Y3 | Y4 | Y5 | Y6
Y7 | Y8 | Y9 [YIO]| Y1l |YI2
Y13 | Y14 | YIS | Y16 | Y17 | Y18
Y19 | Y20 | Y21 | Y22 | Y23 | Y24
Vo | U0 | VI | Ul | V2 | U2
V3 | U3 | V4 | U4 | V5 | U5





image1.png
User Inputs

AR Content
Rendering

i AR Data

Camera Feed

Video Format
Conversion

RGBA Format

YUV Format

Data Channel

Media Stream

User Inputs

AR Content
Rendering

i AR Data

Camera Feed

Video Format
Conversion

RGBA Format

YUV Format





image2.png
AR Session

AR Frame

Rendering




image3.wmf
ú

ú

ú

û

ù

ê

ê

ê

ë

é

+

ú

ú

ú

û

ù

ê

ê

ê

ë

é

ú

ú

ú

û

ù

ê

ê

ê

ë

é

-

-

-

-

=

ú

ú

ú

û

ù

ê

ê

ê

ë

é

128

128

0

081

.

0

419

.

0

5

.

0

5

.

0

331

.

0

169

.

0

114

.

0

587

.

0

299

.

0

B

G

R

V

U

Y


oleObject1.bin

