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*** Start change 1 ***
7.4.5
Coordination of Video Orientation

Coordination of Video Orientation consists in signalling of the current orientation of the rectangular image captured on the sender side to the receiver for appropriate rendering and displaying. When CVO is succesfully negotiated it shall be signalled by the MTSI client. The signalling of the CVO uses RTP Header Extensions as specified in RFC 5285 [95]. The one-byte form of the header shall be used. CVO information for a 2 bit granularity of Rotation (corresponding to urn:3gpp:video-orientation) is carried as a byte formatted as follows:
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With the following definitions:

C = Camera: indicates the direction of the camera used for this video stream. It can be used by the MTSI client in receiver to e.g. display the received video differently depending on the source camera.


0: Front-facing camera, facing the user. If the direction of the camera is unknown to the MTSI client in the sender then this is the default value used.

1: Back-facing camera, facing away from the user.
F = Flip: indicates a horizontal (left-right flip) mirror operation on the video.


0: No flip operation. If the MTSI client in sender does not know if a horizontal mirror operation is necessary, then this is the default value used.


1: Horizontal flip operation

R1, R0 = Rotation: indicates the current, i.e., when it is captured, rotation of the video. The MTSI client in the receiver should rotate the video to compensate that rotation. E.g. a 90° Counter Clockwise rotation should be compensated by the receiver with a 90° Clockwise rotation prior to displaying.

Table 7.2: Rotation signalling for 2 bit granularity

	R1
	R0
	Current rotation of the video
	Rotation at the receiver before display

	0
	0
	0° rotation
	None

	0
	1
	90° Counter Clockwise (CCW) rotation or 270° Clockwise (CW) rotation
	90° CW rotation

	1
	0
	180° CCW rotation or 180° CW rotation
	180° CW rotation

	1
	1
	270° CCW rotation or 90° CW rotation
	90° CCW rotation


CVO information for a higher granularity of Rotation (corresponding to urn:3GPP:video-orientation:6) is carried as a byte  formatted as follows:
Bit#
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where C and F are as defined  above and  the bits   R5,R4,R3,R2,R1,R0 represent the Rotation, which indicates the current rotation of the video. Table 7.3 describes the rotation to be applied by the MTSI client in the receiver based on the rotation bits.

Table 7.3: Rotation signalling for 6-bit granularity
	R1
	R0
	R5
	R4
	R3
	R2
	Current rotation of the video (CCW rotation)
	Rotation at the receiver before display (CW rotation)

	0
	0
	0
	0
	0
	0
	0° rotation
	None

	0
	0
	0
	0
	0
	1
	(360/64)°
	(360/64)°

	0
	0
	0
	0
	1
	0
	(2*360/64)°
	(2*360/64)°

	.
	.
	.
	.
	.
	.
	.
	.

	.0
	.1
	.0
	0.
	.0
	0.
	(16*360/64)°
	(16*360/64)°

	.
	.
	.
	.
	.
	.
	.
	.

	1
	0
	0
	0
	0
	0
	(32*360/64)°
	(32*360/64)°

	.
	.
	.
	.
	.
	.
	.
	.

	1
	1
	0
	0
	0
	0
	(48*360/64)°
	(48*360/64)°
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	1
	1
	1
	1
	1
	0
	(62*360/64)°
	(62*360/64)°

	1
	1
	1
	1
	1
	1
	(63*360/64)°
	(63*360/64)°


	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


The MTSI client in the sender equipped with camera(s) and appropriate orientation sensor(s) should compute the image orientation from output of the sensor(s) that indicates the rotation of the camera with respect to the default orientation. It is recommended that appropriate filtering on the time and angular domain is applied onto the sensor’s indications to prevent a "ping-pong" effect between two quantization levels in the case where the measured value is fluctuating between two quantization levels. The MTSI client in the sender may choose to send any orientation information not necessarily based on the output of the orientation sensor(s).

For higher granularity CVO, the MTSI client in the terminal shall send a report, i.e., the extended RTP header containing the orientation information, at least as frequently as it would send for 2-bit granularity. A report interval shorter than this requirement should only be used when the report contains a value that differs significantly from the value in the previous report, after taking noise removal, sensor precision, and any other relevant factors into account. 
The rotation is a quantized value of the angle, θ, between the earth vertical projected onto the image plane, in which the image sensor lies, and the image vertical. The earth vertical is a radial line starting at the center of the earth and passing through the image sensor while the image vertical is a line passing from the center of the bottom to the center of the top of the image sensor. A three-dimensional Cartesian coordinate system for CVO can be defined with X, Y, and Z axes, as illustrated in figure 7.x. Then the gravitational acceleration on the image censor can be expressed as a sum of three linear accelerations, Gx, Gy, and Gz, measured in the directions of X, Y, and Z axes respectively. For example, when UE is positioned on the surface of the earth such that Z axis points the zenith, Gz is close to the standard gravitational acceleration, g=9.81 m/s2, while Gx and Gy are close to zero. Note that the image vertical has the same direction as Y axis.
Then θ is defined as
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where: [image: image4.png]90 < tan~* (Z) < 90



. As the rotation is measured on the image plane, to which Z axis is perpendicular, θ does not depend on Gz. 
NOTE 1:
In the default camera orientation, i.e., when Gy = g and Gx=Gz =0, θ is theoretically zero but the level of noise can be high at this orientation. Similar instability can be observed when Y axis points the center of the earth, as in these cases the computation of θ involves division by zero. Therefore if Gx=0, e.g., when R1R0R5R4R3R2=000000 or 100000, the MTSI client in the terminal should generate an appropriate value without applying the above formula so that the estimated θ values around Gx=0 appear continous.
NOTE 2:
Abrupt or frequent changes of angle around θ=0 can be reduced by setting the ranges of quantized angle to be mapped onto R1R0R5R4R3R2=000000, 000001, …, 111110, 111111 to 127*(360/(2*64))°[image: image6.png]<=



(360/(2*64))°, (360/(2*64))°[image: image8.png]<=



3*(360/(2*64))°, …, 123*(360/(2*64))°[image: image10.png]<=



125*(360/(2*64))°, 125*(360/(2*64))°[image: image12.png]<=



127*(360/(2*64))° respectively.
For the case where the camera is pointing vertical or nearly vertical,  the last valid value used for rotation should be used. In case there is no previous valid value, a suitable default value should be chosen.
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Figure 7.x: (a) CVO coordinate system (b) Measuring angle from gravitational accelerations
When compensating for both rotation and flip, the operations shall be performed in the order of rotation compensation followed by flipping.

The MTSI client shall add the payload bytes as defined in this clause onto the last RTP packet in each group of packets which make up a key frame (I-frame in MPEG4 or IDR picture in H.264). The MTSI client may also add the payload bytes onto the last RTP packet in each group of packets which make up another type of frame (e.g. a P-Frame) only if the current value is different from the previous value sent.

If this is the only header extension present, a total of 8 bytes is appended to the RTP header, and the last packet in the sequence of RTP packets will be marked with both the marker bit and the extension bit, as defined in RFC3550 [9]. 
When CVO is not succesfully negotiated the MTSI clients are said to be in non-CVO operation. The sender in non-CVO operation should operate as follows to compensate for image rotation and potential misalignment.

If the receiver has explicitly indicated support for both [x,y] and [y,x] resolutions via the imageattr attribute during SDP negotiation (see clause 6.2.3 and an example in clause A.4.6), and when H.264/AVC is negotiated for the session, the sender should rotate the image prior to video encoding and compensate image rotation by changing the signaled Picture Parameter Set in the video bitstream between [x,y] and [y,x] as applicable. 
If the receiver has not explicitely indicated support for both [x,y] and [y,x] resolutions via the imageattr attribute during SDP negotiation, then the sender should apply rotation/padding/cropping/resizing prior to video encoding as the sender considers appropriate while keeping the resolution unchanged. As for CVO operation, the MTSI client in the sender equipped with camera(s) and appropriate orientation sensor(s) should compute the image orientation from the output of the sensor(s) that indicates the rotation of the camera with respect to the default camera orientation. It is recommended that appropriate filtering on the time and angular domain is applied onto the sensor’s indications to prevent a “ping-pong” effect in the case where the measured value is fluctuating between two quantization levels. The decision of the MTSI client in the sender needs not necessarily be based on the output from orientation sensor(s).
*** End change 1 ***
�PAGE \# "'Page: '#'�'"  �� �HYPERLINK "http://www.3gpp.org/ftp/Information/DocNum_FTP_structure_V3.zip"�Document numbers� are allocated by the Working Group Secretary.   Use the format of document number specified by the �HYPERLINK "http://www.3gpp.org/About/WP.htm"�3GPP Working Procedures�.


�PAGE \# "'Page: '#'�'"  �� Enter the specification number in this box. For example, 04.08 or 31.102. Do not prefix the number with anything . i.e. do not use "TS", "GSM" or "3GPP" etc.


�PAGE \# "'Page: '#'�'"  �� Enter the CR number here. This number is allocated by the 3GPP support team.  It consists of at least four digits, padded with leading zeros if necessary.


�PAGE \# "'Page: '#'�'"  �� Enter the revision number of the CR here. If it is the first version, use a "-".


�PAGE \# "'Page: '#'�'"  �� Enter the version of the specification here. This number is the version of the specification to which the CR was written and (normally) to which it will be applied if it is approved. Make sure that the latest version of the specification (of the relevant release) is used when creating the CR. If unsure what the latest version is, go to �HYPERLINK "http://www.3gpp.org/3G_Specs/3G_Specs.htm"�� �HYPERLINK "http://www.3gpp.org/specs/specs.htm"�http://www.3gpp.org/specs/specs.htm�.


�PAGE \# "'Page: '#'�'"  �� For help on how to fill out a field, place the mouse pointer over the special symbol closest to the field in question.


�PAGE \# "'Page: '#'�'"  �� Mark appropriate boxes with an X.


�PAGE \# "'Page: '#'�'"  �� SIM / USIM / ISIM applications.


�PAGE \# "'Page: '#'�'"  �� Enter a concise description of the subject matter of the CR. It should be no longer than one line, but if this is not possible, do not enter hard new-line characters.  Do not use redundant information such as "Change Request number xxx to 3GPP TS xx.xxx".


One or more organizations (3GPP Individual Members) which drafted the CR and are presenting it to the Working Group.


For CRs agreed at Working Group level, the identity of the WG.  Use the format "xn" where �	x = "C" for TSG CT, "R" for TSG RAN, "S" for TSG SA, "G" for TSG GERAN; �PAGE \# "'Page: '#'�'"  ���	n = digit identifying the Working Group; for CRs drafted during the TSG meeting itself, use "P". �Examples: "C4", "R5", "G3new", "SP".


�PAGE \# "'Page: '#'�'"  �� Enter the acronym for the work item which is applicable to the change. This field is mandatory for category F, A, B & C CRs for Release 4 and later. A list of work item acronyms can be found in the 3GPP work plan. See ��HYPERLINK "http://www.3gpp.org/ftp/Specs/html-info/WI-List.htm"�http://www.3gpp.org/ftp/Specs/html-info/WI-List.htm� .


�PAGE \# "'Page: '#'�'"  �� Enter the date on which the CR was last revised.  Format to be interpretable by English version of MS Office® 2003 applications. Prefered format is ISO standard yyyy-MM-dd.


�PAGE \# "'Page: '#'�'"  �� Enter a single letter corresponding to the most appropriate category listed. For more detailed help on interpreting these categories, see Technical Report �HYPERLINK "http://www.3gpp.org/ftp/Specs/html-info/21900.htm"�21.900� "TSG working methods".


�PAGE \# "'Page: '#'�'"  �� Enter a single release code from the list below.


�PAGE \# "'Page: '#'�'"  �� Enter text which explains why the change is necessary.


�PAGE \# "'Page: '#'�'"  �� Enter text which describes the most important components of the change. i.e. How the change is made.


�PAGE \# "'Page: '#'�'"  �� Enter here the consequences if this CR were to be rejected. It is mandatory to complete this section only if the CR is of category "F" (i.e. correction), though it may well be useful for other categories.


�PAGE \# "'Page: '#'�'"  �� Enter the number of each clause which contains changes.   Be as specific as possible (ie list each subclause, not just the umbrella clause).


�PAGE \# "'Page: '#'�'"  �� Tick "yes" box if any other specifications are affected by this change.  Else tick "no".  You MUST fill in one or the other.


�PAGE \# "'Page: '#'�'"  �� List here the specifications which are affected and the CRs which are linked. This is particularly important where the affected specs belong to a different working group than that which will agree the present CR.


�PAGE \# "'Page: '#'�'"  �� Enter any other information which may be needed by the group being requested to approve the CR. This could include special conditions for it's approval which are not listed anywhere else above.





_1434302289.vsd
Image Censor


Y Axis


X Axis


Z Axis


Earth Vertical


(b)


(a)


Gx


Gy


Gz


Light



