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1 Reason for Contribution

This Input Contribution contains the rationale for the requirements proposed to be added by the “OMA-MMSG-2004-0148R01-JPEG-EXIF-Conformance1.3-CR” joint document.

This rationale is too long and too “JPEG technical” to be presented in the related CR document.

2 Summary of Contribution

A rationale is provided for each requirement proposed to be added in the CR.

A rationale is also provided for the requirements that need not to be added in the CR.

Most requirements are related to interoperability, more exactly to the support of JPEG/EXIF images by JPEG/JFIF players. 

3 Detailed Proposal

3.1.
Interoperability

JPEG/JFIF is the JPEG interchange format supported in MMS since MMS 1.0.

JPEG/EXIF is a more recent JPEG interchange format, hopefully restricting the JPEG image coding to JPEG Baseline DCT. For that reason, JPEG/JFIF decoders are always capable of decoding JPEG/EXIF images.

However, some differences exist that need special attention.  

3.1.1
Interoperability comparison table

The following table provides a side-by-side comparison of JPEG/JFIF and JPEG/EXIF formats characteristics that have to be investigated a priori from an interoperability point of view. Bolded items in the JPEG/EXIF column represent potential problems to be studied further for the situation where a JPEG/EXIF image is transmitted to a JPEG/JFIF player/terminal: 

	Item
	JPEG/EXIF
	Compared

with
	JPEG/JFIF

	File extension
	.jpg, .jpeg …
	=
	.jpg, .jpeg …

	MIME type
	image/jpeg
	=
	image/jpeg

	File signature

(starting from 3rd byte)
	APP1 “Exif”
	(
	APP0 “JFIF”

	JPEG process
	Baseline DCT only
	<
	Baseline DCT recommended (other processes possible, including JPEG Progressive)

	Chroma sub-sampling factors
	4:2:2 or 4:2:0.
	<
	Any factors specified by the Start Of Frame JPEG segment. Usually 4:4:4, 4:2:2 or 4:2:0.

	Chroma sub-sampling positioning
	Centered, Co-sited
	>
	Centered

	Image coding orientation
	Left-to-right/top-to-bottom.
	=
	Left-to-right/top-to-bottom.

	Image display orientation
	8 possibilities
	>
	Left-to-right/top-to-bottom.

	Colorspace
	YCbCr (CCIR 601-256 levels)
	<
	YCbCr (CCIR 601-256 levels), Y (never used)

	Size of meta-information
	Around 1 kB without thumbnail, around 8 kB with a thumbnail.
	>
	16 bytes without thumbnail.

	Embedded thumbnail
	JPEG compressed picture. Optional in general, mandatory and of fixed size (160x120) when the JPEG image is stored on removable media in conformance to JEIDA DCF. Widely used.
	(
	Various possible encodings. Optional. Never used.

	Pixel aspect ratio
	1:1
	<
	1:1 or other.

	Pixel density units
	Inches, centimeters
	=
	Inches, centimeters


3.1.2. File signature

REQ added : “MMS Proxy-Relay MAY transcode JPEG EXIF images to JPEG Baseline JFIF images when the receiving MMS Client does not conform to the MMS 1.3 suite of specifications.”
REQ not added : “MMS Proxy-Relay SHALL transcode JPEG EXIF images to JPEG Baseline JFIF images when the receiving MMS Client does not conform to the MMS 1.3 suite of specifications.”
File signature of JPEG images is the main interoperability issue to worry about. Some JPEG/JFIF players may perform a strict check on the file signature, and reject JPEG pictures not beginning by “SOI + APP0 JFIF” (including JPEG/EXIF pictures, which start by “SOI+APP1 EXIF”). According to several mobile phone manufacturers, there is no MMS-enabled terminal on the market today that applies such a strict format check.

Conclusion : this file signature issue should not occur as far as we know (otherwise content adaptation from JPEG/EXIF to JPEG/JFIF should be mandatory when transmitting JPEG pictures to non-MMS 1.3 terminals).

3.1.3.
Chroma sub-sampling positioning

REQ not added : “Cb and Cr components in JPEG/EXIF images SHALL be sub-sampled using a “Centered” positioning grid as defined in [JFIF].”
Chroma sub-sampling of YCbCr images aims at reducing the number of pixel values for the Cb – blue – and Cr – red - components prior to JPEG compression, the number of pixel values for the Y – luminance – component remaining unchanged. This lossy operation is defined by 3 factors :

· The horizontal and vertical sub-sampling factors for Cb and Cr, relatively to the number of Y component values. A “2:1” horizontal sub-sampling is usually noted as 4:2:2. A “2:1” horizontal+vertical sub-sampling is usually noted as 4:2:0. JFIF and EXIF Application Segments need not to indicate these sub-sampling factors since they are provided elsewhere in the Start Of Frame segment as in any standard JPEG image file.

· The Cb/Cr sub-sampled components positioning, relatively to the position of the original Y component pixels. JFIF specifies “Centered”. EXIF (via the YCbCrPositioning field) specifies “Centered for 4:2:0” and “Co-sited for 4:2:2”.

· The sub-sampling algorithm , which consists of computing each final sub-sampled component value from the neighboring pixel values (the simpler sub-sampling algorithm being – for 4:2:2 centered – a simple 1/2-1/2 average of left-side and right-side pixel values). Neither JPEG nor JFIF nor EXIF specifications specify the sub-sampling algorithm to be used. Actually, the selection of this algorithm is let to the convenience of the image encoder : the more refined (i.e. complex), the better for the quality of the compressed image.

Chroma up-sampling of YCbCr images aims at reconstructing as best as possible the Cb and Cr components from the decompressed sub-sampled Cb/Cr component values. This operation is defined by the following:

· The horizontal and vertical sub-sampling factors for Cb and Cr provided elsewhere in the Start Of Frame segment of the JPEG image file.

· If known, the sub-sampled components positioning. This information is not present in a JPEG file, is assumed to be “Centered” in JPEG/JFIF file, to be “and is fully specified in JPEG/EXIF files (via the YCbCrPositioning EXIF field).

· The up-sampling algorithm, which consists of computing each Cb/Cr component value per Y component value from the neighboring sub-sampled Cb/Cr pixel values. Neither JPEG nor JFIF nor EXIF specifications specify the up-sampling algorithm to be used. Actually, the selection of this algorithm is let to the convenience of the image decoder : the more refined (i.e. complex), the better for the quality of the decompressed image. However, the selection of the appropriate up-sampling algorithm is assumed to be taken from the knowledge of the sub-sampled components positioning. 

For the latter reason, and since JPEG/JFIF decoders always assume a “centered positioning of sub-sampled components” when up-sampling Cb and Cr, we could require that JPEG/EXIF encoders use this centered sub-sampling positioning only (and never the “co-sited”). However :

· Up-sampling co-sited components as if they were centered results in a slight color shifting that is almost imperceptible.

· Applying a “centered sub-sampling” for the 4:2:2 sub-sampling factor is not EXIF-compliant;

· EXIF co-sited sub-sampling gives better result that JFIF centered sub-sampling : so we should favor EXIF-compliant JPEG viewers. 

· It is useless trying to change sub-sampling positioning from “Co-sited” to “Centered”, because this requires : decompression + up-sampling(lossy) + sub-sampling(lossy) + compression(lossy). The loss of image quality would be much worse than up-sampling co-sited sub-samples as if they were centered. 

Conclusion : sub-sampling of JPEG/EXIF images should be done as specified by [EXIF], without following the positioning restriction specified by [JFIF]. Legacy JPEG/JFIF-enabled terminals will up-sample 4:2:2 co-sited sub-sampled EXIF images assuming the EXIF sub-samples are centered. The visual impact should be almost imperceptible.

3.1.4.
Image orientation

REQ added : “…In order to avoid unnecessary loss of image quality resulting from JPEG decompression-recompression, transcoding from JPEG EXIF to JPEG Baseline JFIF SHOULD only consist of the following…[…] : in case the EXIF image display orientation differs from "Left-to-right/top-to-bottom", lossless JPEG rotation and/or lossless JPEG flipping of the image data”.

The EXIF ImageOrientation field gives 8 possibilities of “image orientation”. Note that this is nothing but a display indication meant to change on rendering the actual orientation of the encoded image data, without transforming the image data.

Advanced EXIF-capable MMS composers will sooner or later generate SMIL regions specifically oriented (portrait, landscape) to best fit the image resulting from the EXIF ImageOrientation processing. A legacy receiving terminal – when processing the EXIF image as a JFIF image – will try to render the image in an (apparently) unsuitable SMIL region, and/or will display images (apparently) curiously rotated.

Two possibilities to avoid this side effect : either forbid EXIF writers to make use of the EXIF ImageOrientation field, or rotate EXIF images prior to submit them to legacy terminals. The latter solution is the one proposed.

Lossless JPEG rotation and lossless JPEG flipping refer to well-known JPEG transformations made directly on the image data, and that do not require image decompression-recompression (these algorithms are widely used in digital still cameras since they are lossless). 

3.1.5. Pixel density

REQ added : “In order to avoid unnecessary loss of image quality resulting from JPEG decompression-recompression, transcoding from JPEG EXIF to JPEG Baseline JFIF SHOULD only consist of the following :
in all cases, replacement of the EXIF APP1 Application Segment with a generic JFIF APP0 Application Segment (typical content: version = 1.02, units = dpi, density = 72, thumbnail = none).”
REQ not added : “…replication  of EXIF pixel density to JFIF pixel density...”.
Logically, we should replicate the EXIF pixel density (XResolution, YResolution, ResolutionUnit) in the JFIF meta-information (Xdensity, Ydensity, units), but we are not sure whether this information is of any value. The advantage of not replicating this information from EXIF to JFIF is that the replacing JFIF APP0 Application Segment is generic and constant (always the same 16-byte data).

3.1.6. Update of EXIF fields – Resizing ?

REQ added : “Transformations (rotation, trimming…) applied to the original image file SHOULD update the original EXIF fields accordingly, as specified in [EXIF] (section 7.4, “Application Software Guidelines”).

This [EXIF] section indicates that all JPEG EXIF fields recorded in the source file must be copied unchanged in the destination file, apart from the following fields (depending on image transformation) : 

· (Update rules provided) : Orientation, YCbCrPositioning, Software, DateTime, CompressedBitsPerPixel, PixelXDimension, PixelYDimension, SubSecTime, SubjectArea, SubjectLocation, CustomRendered.

· (Update rules not provided) : thumbnail (JPEGInterchangeFormat, JPEGInterchangeFormatLength), UserComment.

Open point : This EXIF specification section does not indicate if the covered operations include the resizing operation. We could wonder if the EXIF fields should be kept in an image that has been severely reduced or enlarged. 

3.2.
Other considerations

3.2.1.
Advertising support of JPEG/EXIF

REQ not added : “…A new value “JPEG-EXIF-2.2” in a new attribute MmsCcppAcceptSubset”.

JPEG/EXIF and JPEG/JFIF images have same MIME type and same file extension, meaning we cannot use a new MIME type to declare the support of JPEG/EXIF in the UAProf MmsCcppAccept attribute.

But there is no need to add a new value in UAProf : JPEG/EXIF is assumed to be supported by the terminal whenever the MMS version of the terminal (read in the PDU or in the UAProf) is declared to be MMS 1.3 or higher. Unless MMSG approves the idea of a MmsCcppAcceptSubset attribute (ongoing proposals).

3.2.2.
Size of meta-information

REQ added : “The size of the image meta-information SHOULD NOT exceed 2kB”.

Typical EXIF meta-information contains around 40 EXIF fields. But since most EXIF fields are 12‑byte long, the total size of EXIF meta-information has no reason to exceed a size of 1kB in general, which is an acceptable payload for a meta-information embedded in each JPEG image.

However, this size may increase significantly in the following undesirable cases:

· The meta-information contains a thumbnail. An EXIF thumbnail is standard JPEG image representing a reduced version of the picture, and embedded as an EXIF field. A typical 160x120 thumbnail is 6 kB large.

· The meta-information contains unnecessary unused bytes (over 100 bytes). This is due to the TIFF tag structure of the EXIF Application Segment : whenever the payload data of the field is larger than 4 bytes, the field does not contain the payload data but a pointer to the payload data stored elsewhere in the EXIF Application Segment. The consequence is that the EXIF payload data as a whole may not be not fully contiguous in the EXIF Application Segment, and some loose implementations of EXIF writers may create lots of portions of unused bytes. 

· The meta-information contains EXIF fields (ImageDescription, UserComment, MakerNote…) that are unnecessary long (over 500 bytes). For instance a UserComment field that contains 1kB of space characters. Note that the MakerNote is a special normal case : this field is meant to contain a proprietary content structured as specified by the camera manufacturer. But again, the size of a well-formed MakerNote does not exceed 500 bytes in general. 

3.2.3.
Thumbnail usage ?

REQ added : “The image file SHOULD NOT contain any thumbnail”.

An EXIF thumbnail is standard JPEG image representing a reduced version of the picture, and embedded as an EXIF field in the JPEG file. Thumbnails must be 160x120 large when stored on DCF-compliant removable media (DCF = Design rule for Camera File System). In other contexts, thumbnails can be of any dimension (so preferably of the dimension that exactly matches the contextual need – e.g. thumbnails displayed to enrich the appearance of media objects lists in the terminal). 

A thumbnail is larger than 5 kB in general. For that reason, it is recommended to remove the thumbnail from the JPEG picture when submitting the message (message smaller, and no waste of space for the insertion of other media objects).

But regarding mexapixel images, another aspect should be consider : it will be quite computationally intensive for the MMS Clients to decode 1Mpx and 2 Mpx JPEG pictures. So why not make use of embedded thumbnails in megapixels images ? Dimensions of such thumbnails would fit exactly the corresponding SMIL region, and the MMS Client would be required to render the thumbnail in the SMIL region and not the megapixel image.

But the end-to-end thumbnail consistency (relatively to the main image) seems difficult to guarantee, so this version of CR does not propose the exploitation of JPEG EXIF thumbnails by MMS clients.  

3.2.4.
Identification of device model & camera hardware / ICC profiles

Added : “The image meta-information SHOULD allow to uniquely identify the device model as well as the embedded camera hardware that took the picture (use of Make, Model and Software EXIF fields is recommended, in a manner that the combined content of these 3 fields should be unique and constant for a given device model and camera hardware).”
This requirement is intended for the printing services to allow them to perform additional image post-processing operations (other than EXIF-based) that are specific to the device model / camera hardware that took the picture. In particular, this identification should enable to retrieve the generic ICC profile of the device model / camera hardware (ICC profiles ensure color consistency management, from the input device – camera, scanner - to the output device – display, printer). 

No better way of conveying/referencing ICC profiles has been found today due to the following difficulties :

· Camera phones cannot store their own custom ICC profile, because it is too costly to create one custom ICC profile per terminal / camera hardware;

· Camera phones could locally store their own generic ICC profile, and embed this profile in each submitted JPEG image, but the average size of an ICC profile is too large to do so;

· There is no JPEG EXIF field dedicated to the unambiguous identification of the device model & camera hardware (Make, Model and Software fields may contain any free text string).

4 Intellectual Property Rights Considerations

N/a.

5 Recommendation

To consider the presented rationale when reviewing document OMA-MMSG-2004-0148R01-JPEG-EXIF-Conformance1.3-CR.
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