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1 Introduction
At the previous 3GPP SA4 meeting a system-level approach was introduced that leverages the High Efficiency Image File Format (HEIF) for encoding content with 4:4:4 chroma sampling. In particular, the method is based on the derived image items concept supported in HEIF. The discussion underscored the necessity for an evaluative process to be conducted by MPEG. In this document, an update is provided regarding the consideration of this approach during the last MPEG meeting.

2 Overview

During the last MPEG meeting a contribution was submitted on the definition of a new colour format enhancement derivation item [2]. The submission was reviewed by the MPEG File Format Group, who found the proposal to be a noteworthy extension to HEIF, thereby placing it into the Technology Under Consideration document [3]. This process is consistent with the evaluative measures applied to new technical suggestions. An executive summary of the initial proposal is presented below for reference and further examination.

The HEIF specification defines a concept called derived images, which permits the signaling of instructions to the decoder on how to combine a set of images together to generate an alternative representation of that same image. The concept could easily be used to enable support of 4:4:4 images even if the decoder is only capable of decoding 4:2:0 images. In this scenario a derived image can be based on a 4:2:0 image and one or more images that contain additional chroma information in the 4:4:4 format. Additional instructions would exist that provide information to the decoder on how to extract this chroma information and how to apply them onto the base image to achieve the desired, 4:4:4, output.

Below we list several use-cases on how the derived image item for colour format enhancement can be used in HEIF:

Figure 1 shows an example of the chroma replacement method where a single enhancement image item may be used that contains both Cb and Cr components stacked together, e.g. in a side by side or over-under representation. Such data are placed in the “luma” plane of that image and dummy data, e.g. a value of 128 for 8 bit data, is added in the “chroma” planes of that same image. This new Cr+Cb enhancement image is then coded independently from the traditional 4:2:0 image and is signalled as a hidden item in HEIF. At the same time the traditional 4:2:0 image item is stored in the same file to allow backwards compatibility with older players. To achieve this the traditional 4:2:0 image item and the new chroma enhancement derived item are placed into the alternative group. During decoding, a player that understands the new chroma enhancement derivation may select to discard the 4:2:0 version of the chroma information and instead replace the subsampled chroma information with the chroma information provided through the enhancement image.
[image: ]
[bookmark: _Ref148475632][bookmark: _Ref148475576][bookmark: _Ref148475612]Figure 1: Replace method 1. Single enhancement layer using stacking for the creation of a 4:4:4 derived representation
The two chroma planes could also be coded in separate enhancement images if that is desired. A decoder can select to decode one of both enhancement images and augment either one or both components (see Figure 2). The bit-depth of the original content will be retained also for the chroma planes.
[image: ]
[bookmark: _Ref148476194]Figure 2: Replace method 2. Multiple enhancement layers for the creation of a 4:4:4 derived representation
In fact, replacement could even be allowed for the luma component, permitting either higher quality luma or even allowing an RGB representation as shown in Figure 3. Here the derived chroma enhancement item reconstructs an RGB image using 3 hidden image items where each item is coded using a 4:2:0 monochrome codec. Similar approach can also be done with alpha component to reconstruct 4:4:4:4 RGBA etc.
[image: ]
[bookmark: _Ref148477852]Figure 3: Replace method 3. Replace all components to allow 4:4:4 RGB using monochrome 4:2:0 decoders.
Alternatively, to the replacement approach the enhancement layer could contain residual chroma information that would need to be combined with the original chroma from the base image to generate the final image. However, to avoid discrepancies, the upsampling of those would need to be normative. This could also be extended to RGB support as well with not only the need for upscaling, but also color format conversion. This approach can also be studied, however, it is much more complicated compared to the above use-cases with the replacement method.
[bookmark: PasteStart]All the above approaches allow existing hardware, that supports for example HEVC 4:2:0 profiles, to be used for the delivery of 4:4:4 content. The only requirement would be to perform the reconstruction in software, after decoding of the multiple layers.


4 Solution in HEIF TuC
To optimally utilize the inherent features of HEIF and provide a seamless experience across both older and newer platforms, we propose the following solution based on the HEIF derived image item combined with the alternative group:
Structured File Organization:
· Primary Image: The conventional 4:2:0 image will be preserved and stored as the primary image item in the HEIF file. This ensures that older decoders, which may not support newer techniques, will have an immediate point of reference and can render the image without complications.
· Derived Image Item: To offer the enhanced colour format representation, an additional derived image item will be embedded within the HEIF file. This derived image will use one or more reference images and will carry instructions detailing the extraction and application of the supplementary colour format information necessary to rebuild the image with enhanced colour format representation.
Implementation of the 'altr' Group:
· Alternative Grouping: Both the primary (4:2:0) and the derived colour format enhancement image items will be incorporated into an 'altr' alternative group. The objective of this grouping is to signify that both image items are interlinked alternatives of each other.	Comment by Alexis Tourapis: chroma or colour format? I thought the second was used? Confirm (or reject my changes)
· Priority Setting: Within the 'altr' group, the colour format enhancement derived image will be designated as the initial image (first in order). This placement strategy ensures that parsers, which are compatible with the new image derivation approach, will inherently opt to display the image with an enhanced colour format representation.
· Fallback Mechanism: For older or incompatible players, the system is designed to bypass any unrecognized image derivations and default to the standard 4:2:0 image. This mechanism ensures that the image remains accessible across all platforms, irrespective of their capabilities.	Comment by Alexis Tourapis: The base image does not necessarily need to be in a 4:2:0 representation. Could be in a 4:2:2 or even 4:4:4 representation (for the latter case maybe the chroma planes are coded at lower quality). Maybe this text here is misleading? 
Chroma Replacement in Derived Image:
· Technique: The derived colour format enhancement image item references image items with enhanced colour format information and contains the necessary metadata to allow reconstruction of the image with the enhanced colour format representation.
Optional Chroma Upsampling in the Derived Image:
· Technique: As an alternative to the chroma replacement technique, the derived image may carry a clear directive on chroma upsampling using a residual image. This will allow the decoder to comprehend how to interpret and use the supplementary chroma data to reproduce the high-quality 4:4:4 version from the base 4:2:0 image.
In conclusion, the combination of the HEIF derived image item and 'altr' grouping establishes a dynamic and flexible image encoding and decoding system. It not only guarantees the delivery of high-quality 4:4:4 content but also ensures backward compatibility, thus offering an optimal viewing experience across various platforms and devices.
1.1.1 Colour format enhancement derivation	Comment by Alexis Tourapis: Section numbering seems weird.
1.1.1.1 Definition
An item with an item_type value of 'cfen' is a colour format enhancement derived image item whose reconstructed image is formed from one or more input images.
The input images are ordered as the SingleItemTypeReferenceBox of type 'dimg' for this colour format enhancement derived image item within the ItemReferenceBox. In the SingleItemTypeReferenceBox of type 'dimg', the value of from_item_ID identifies the colour format enhancement derived image item, and the values of to_item_ID identify the input images. The reference_count gives the number of input image items and shall be greater than one.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The input image item(s) and the colour format enhancement derived image item shall:
· each have a Pixel Information property, an Image Spatial Extents property and a Colour Information property;
· more restrictions that apply to all dependencies
The colour format enhancement derived image item should be signaled as a primary item (non hidden). The first entry signaled by the reference_count array may be signaled as a primary item (non hidden). All remaining items signaled by the reference_count array shall be hidden.
NOTE: Both, the colour format enhancement derived image item and the first entry signaled by the reference_count array can be incorporated into an 'altr' alternative group to signify that both image items are interlinked alternatives of each other. The colour format enhancement derived image item can be signaled as the first item in the 'altr' alternative group to allow backwards compatibility, while the second item in the group can store a 4:2:0 coded image.
1.1.1.2 Syntax
aligned(8) class ColourFormatEnhancement {
	unsigned int(8) version = 0;
	unsigned int(8) enhancement_mode;
	if(enhancement_mode == 0) {
		// packed replacement of subsampled chroma
		bit(6) reserved = 0;
		unsigned int(1) cr_first; // 0=cb top or left depending on the mode
		unsigned int(1) packing_mode; // 0=sidebyside; 1=topbottom
	}
	else if(enhancement_mode == 1) {
		// one EL per channel replacement
		for (i=1; i<=reference_count; i++) {
			bit(6) reserved = 0;
			unsigned int(2) channel_id;
		}
	}
}
1.1.1.3 Semantics
version shall be equal to 0.
enhancement_mode this field determines how the colour format information is provided in the referenced image items. When set to 0 the chroma channels are packed into the luma channel using the side by side or top bottom packing method. When set to 1 the chroma channels are stored in separate image items.
	enhancement_mode
	

	0
	packed enhancement image. reference_count = 2

	1
	One enhancement image per item. reference_count > = 1

	... (upsampling modes to investigate)
	



cr_first indicates the ordering of the chroma channels in the packed representation. When set to 0 the Cb channel is first, otherwise the Cr channel is first.
packing_mode indicates the spatial arrangement of the chroma channels in the packed representation.
channel_id provides the identifier for the channel for the referenced items. 
	channel_id
	Mapping

	0
	Y
	R

	1
	Cb
	G

	2
	Cr
	B

	3
	
	A
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Proposal
It is proposed to include the above information in TR 26.966 with an Editor's note that this information will be updated based on progress in MPEG.
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