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1 Introduction

SA4 is considering proposals for addressing the problem of coordinating video orientation.  This contribution firstly discusses different application scenarios wherein video orientation may be involved, wherein we also formulate and analyse the problem in a mathematical manner. Based on the analysis, we discuss the need of fine granular video orientation information. After that, we propose a list of requirements to be met for a solution. Finally, we propose two alternative approaches, based on RTCP extension and RTP header extensions, respectively, over which the RTCP extension based approach is preferred.
2 Scenarios
The decision on when and how much a rendering device should rotate the display of an image it has received depends on 
1. The rotation of the image when it was captured, denoted as r1 (if the camera is rotated 90 degree counter-clockwise, the image is rotated 90 degree clockwise). This can be detected by the sender-side device if it has a gravity sensor.
2. The rotation of the image by the signal processing functionality at the sender side after it was captured, denoted as r2.
3. The rotation of the image by the signal processing functionality at the receiver side before it is displayed, denoted as r3.
4. The rotation of the rendering device (i.e. the display) when the image is being displayed, denoted as r4. This can be detected by the rendering device if it has a gravity sensor.
Assuming that the units of r1, r2, r3 and r4 are all degrees, a positive value means a counter-clockwise rotation, and a negative value means a clockwise rotation. For the image to be displayed "upside-up" at the display, the sum of r1, r2, r3 and r4 should be equal to 0. This sum also reflects the final rotation of the displayed image.
The following cases, depend on whether a device has a gravity sensor and/or a rotation signal processing functionality, are possible:

1. The sender-side has no gravity sensor, thus the value r1 cannot be known. In this case, nothing can be done in either side, unless there is one signal processing functionality that detects the picture orientation. Such a signal processing functionality is out of the scope for this work and we assume that it is not present.
2. The sender-side has a gravity sensor, and it also has the image-rotation signal processing functionality (IRSPF), and rotated image is always fully adjusted by fully rotating back before the image is sent out. In this case, there is no need to send any information to the receiver side, and no action is needed at the receiver side.
3. The sender-side has a gravity sensor, and it does not have the IRSPF (or not used). In this case, it would be useful to send the amount of image rotation to the receiver side. At the receiver side

a. If the receiver side has the IRSPF implemented but the display cannot be rotated, it may adjust the image rotation using only the IRSPF such that pictures are displayed upside-up.
b. If the receiver side does not the IRSPF implemented but the display can be rotated, it may adjust the image rotation by rotating the display such that pictures are displayed upside-up.

c. If the receiver side has the IRSPF implemented and the display can be rotated, it has the freedom to have the displayed rotated at any angle and use the IRSPF to adjust the remaining image rotation such that pictures are displayed upside-up.

If the receiver side is able to adjust the displayed image, if would make more sense to have r2=0, as the sender would not know how would the receiver side rotate its display. Therefore, we can safely assume that r2=0.

For example, in cases wherein the signal processing functionalities at both the sender side and the receiver side do not have rotation capability implemented, r1 may be equal to −90, r2 may be equal to 0, r3 may be equal to 0, and r4 may be equal to 90.
For another example, in cases wherein the sender side takes care of everything, r1 may be equal to −90, r2 may be equal to 90, r3 may be equal to 0, and r4 may be equal to 0.

For yet another example, the rotated image may be corrected by the signal processing functionality at the receiver side, and then r1 may be equal to −90, r2 may be equal to 0, r3 may be equal to 90, and r4 may be equal to 0.

The above analysis applies to one-way communication. If both sides are capturing/sending and receiving, both have a gravity sensor, IRSPF implemented, and rotatable display, the situation becomes more complicated. The complicating factor is that usually for a mobile device whenever the camera is rotated the display is rotated at the same time. The good news is that the camera and the display rotate also to the same direction and the same angle. In this case, the condition r1+r2+r3+r4 = 0 should hold for both directions at the same time. Assuming that the two sides are A and B, and the four parameters for the direction from A to B are r1_a, r2_a, r3_a, and r4_a, and the four parameters for the direction from B to A are r1_b, r2_b, r3_b, and r4_b, then the following conditions are all true when both sides have displayed images upside-up:


r1_a + r2_a + r3_a + r4_a = 0


(1)

r1_b + r2_b + r3_b + r4_b = 0


(2)

r1_a + r4_b = 0




(3)

r1_b + r4_a = 0




(4)

With the assumption that r2_a and r2_b being equal to 0, then Eqns. 1-2 become


r1_a + r3_a + r4_a = 0



(5)

r1_b + r3_b + r4_b = 0



(6)
From the above, we can see that, given the freedom for the users to rotate the devices, adjusting of image rotation would mainly become the responsibility of the IRSPF as part of the receiver implementation, to adjust the values of r3 to satisfy the conditions.

The benefit the good news (that the camera and the display rotate also to the same direction and the same angle, as seen from Eqns. 3 and 4) is that when the rotation amount of one is known, the other is known too.

For the side B, given r1_a (sent from the side A) and r4_a (detected by its gravity sensor), according to Eqn. 5, the rotation to the image that should be performed by its receiving IRSPF is 


r3_a = −( r1_a + r4_a)




(7)

Similarly, for the side A, given r1_b (sent from the side B) and r4_b (detected by its gravity sensor), according to Eqn. 6, the rotation to the image that should be performed by its receiving IRSPF is


r3_b = −( r1_b + r4_b)




(8)

3 Orientation granularity

The GSMA RCS 5.1 image orientation solution allows for the signalling of 0, 90, 180, and 270 degrees of rotation.  The use of “landscape”, “portrait”, and “seascape” descriptors corresponds to 0, 90 (or 270), and 180 degrees.
Actual images captured by mobile recording devices can have more granularities in the amount of rotation because of the mobility of the device.  For example, the user recording a scene may want to capture the image at a 50 degree from vertical orientation to better record objects of interest that are physically aligned along this direction.  Or the user may slowly rotate the capturing device during a recording to follow an object of interest or to produce a particular motion effect.
Since mobile rendering devices can also be viewed at orientations with more granularities (with regard to r4) and the rendering devices may also be equipped with rotation signal processing capability (with regard to r3), capturing/sending devices with the ability to detect more precise orientations can more accurately guide decide when and by how much to rotate a displayed image, by sending the amount of rotation (the sum of r1 and r2) to the receiver side.
For example, suppose a captured image is taken from a device that is rotated counter-clockwise by 40 degrees (i.e. r1 = −40) as shown in Figure 1 below.  If the captured image is sent to a receiving terminal (i.e. r2 = 0), the image will be oriented as 40 degrees clockwise if no orientation is performed at the receiver side (i.e. r3+r4 = 0).
If the rendering device is physically rotated by 35 degrees counter-clockwise (i.e. r4 = 35) as shown in Figure 2, then its display of the captured image will be approximately “upside-up” since the difference between the capturing and rendering orientations is small (−5 degrees).  If this rendering device could detect this finer granularity of its orientation then it would not need to re-orient the image by its signal processing functionality before displaying to the user (i.e r3 = 0).
On the other hand, if the rendering device is being viewed at a clockwise 50 degrees rotation (i.e. r4 = −50) as shown in Figure 3, then displaying the image without any re-orientation would produce an improperly rotated image (r1+r2+r3+r4 = −90).  If the rendering device is able to detect its 50 degree clockwise orientation and compare to the 40 degree counter-clockwise orientation of the captured image, it can determine that the difference is significant enough (e.g., 90 degrees) to perform the proper re -orientation of the image prior to displaying it as illustrated in Figure 4.
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Figure 1. The image is captured image from a device rotated 40 degrees counter-clockwise.
(r1 = −40, r2 = 0)
[image: image2.jpg]



Figure 2.  The rendering device is being viewed at a 35 degree counter-clockwise rotation. (r3 = 0, r4 = 35, r1+r2+r3+r4 = −5)
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Figure 3.  The rendering device is being at 50 degrees clockwise rotation.
(r3 = 0, r4 = −50, r1+r2+r3+r4 = −90) 
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Figure 4.  The rendering device is being at 50 degrees clockwise rotation
(r3 = 90, r4 = −50, r1+r2+r3+r4 = 0)
The importance of providing more granularity in the orientation has also been recognized by ITU-T VCEG, ISO/IEC MPEG, and the JCT-VC of two groups, who have recently standardized the Picture Orientation SEI message included in both AVC and HEVC. Therein, the amount of rotation is signalled as a 16-bit unsigned integer, in units of 360/(216) degrees.

4 Proposed requirements
We propose the following list of requirements that should be met for a solution:

1. The solution must support a rotation granularity of at least 11.25 degrees. The granularity of 11.25 degrees correspond to 5 bits being used to communicate the image orientation (360/32 = 11.25). Capturing devices can use up to this much level of granularity when communicating their rotation, but are not required to (e.g., a device with limited orientation sensors may simply indicate 0, 90, 180, and 270 degree values of rotation).

2. The solution must support all practical application scenarios, including the cases wherein the communication is two-way, both sides have the gravity sensor, receiving image-rotation signal processing functionality (IRSPF), rotatable displays.

3. While the solution may be proposed for MTSI, it must be extensible for other services such PSS.

5 Proposed solutions
5.1 Definition of picture orientation information

The following two pieces of Picture Orientation Information are needed: Recommended Rotation and Persistency Period, which are defined as follows.

Recommended Rotation
The recommended anticlockwise rotation of each output picture within the Persistency Period. If the Recommended Rotation is performed before the output picture is displayed, the displayed picture would be upside-up if the device is also physically oriented upside-up.

The length is 16 bits. The value is in the range of 0 to 65535, representing 0 to 360*65535/65536 degrees, inclusive, in the step of 360/65536 degrees for each value increase of 1.

Persistency Period
The period during which the Recommended Rotation applies.

The Persistency Period consists of the Persistency Period Start and the Persistency Period End, as defined below.
Persistency Period Start: The start of the Persistency Period, during which the Recommended Rotation applies. This corresponds to the presentation time of the first picture in the Persistency Period, in presentation order.

Persistency Period End: The end of the Persistency Period, during which the Recommended Rotation applies. This corresponds to the presentation time of the first picture, if any, following the Persistency Period, in presentation order. If the last picture in the Persistency Period is the last picture in the session, both in presentation order, then the Persistency Period End corresponds to the presentation time of the last picture in the Persistency Period plus the presentation duration of the last picture.

5.2 Sender side and receiver side operations

Sender side operation
When the sender side detects a rotation of the camera (i.e., a change of the picture orientation information relative to the upside-up orientation), it should generate a picture orientation message to convey the picture orientation information relative to the upside-up orientation, and send the message to the other side. For example, if the camera rotates 30 degree clockwise in relative to the upside-up orientation, the picture should be rotated 30 degree anticlockwise to be displayed upside up.
Receiver side operation
When the receiver receives a picture orientation message, it may or may not rotate the output picture from the video decoder before the picture is displayed, depending on the user preference, system configuration, or the orientation of the display device itself. For example, if the sender side indicates that the orientation should be rotated 50 degrees counter-clockwise and the display device detects that it is already rotated 45 degrees counter-clockwise, then the display device could determine that it does not have to rotate the picture prior to displaying it. If the output picture is to be rotated, it may also be scaled and/or cropped to fit the display size.
5.3 Mechanisms to convey the picture orientation information
In the following subsections, we present two approaches, based on RTCP extension and RTP header extension, respectively for conveyance of the picture orientation information.

The RTCP extension based mechanism is applicable to all applications using RTP for media transport and with RTCP SR support. The RTP header extension based mechanism is applicable to all applications using RTP for media transport. However, to our knowledge, RTCP has been much more widely deployed than RTP header extension, and also legacy RTP receivers would turn down the entire RTP session if there are unrecognized RTP header extensions, we prefer the RTCP based solution.
5.3.1 RTCP extension
In this approach, the Picture Orientation Information is conveyed from a sender to a receiver using RTCP feedback message framework specified in RFC 4585. As the information applies to a specific media stream, a type of payload-specific message as specified in RFC 4585 is used. However, semantically the Picture Orientation Information is not a feedback about a stream the entity who sends out the information is receiving, but an indication of the stream the entity is sending.

It is important for the receiver side to receive the Picture Orientation Information as soon as possible such that if the user would like to see pictures upside-up the necessary rotation can be performed on time. Thus, using of the Immediate Feedback mode as defined in RFC 4585 for sending of the Picture Orientation Information is recommended whenever possible. The Early Feedback mode as defined in RFC 4585 may be used. The regular feedback mode should not be used. Consequently, the Picture Orientation Information should be conveyed in Early RTCP packet as defined in RFC 4585.

The Picture Orientation Information Message (POIM) is defined as follows.

The POIM is identified by RTCP packet type value PT=206 (Payload-Specific Feedback, PSFB) and a unique feedback message type (FMT), e.g., 8, which is unassigned in both RFC 4585 and RFC 5104.
The FCI field MUST contain exactly one POIM.

The syntax of the FCI field containing one POIM is depicted in the following Figure:
   0                   1                   2                   3

    0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

   |Payload Type |E|     Recommended Rotation      |   Zero Byte   |

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

   |                    Persistency Period Start                   |

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

   |                    Persistency Period End                     |

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

The semantics of the fields are as follows.

Payload Type (7 bits): The RTP payload type that is used for the video stream to which the Picture Orientation Information included in the POIM applies.
E (1 bit): The value 0 specifies that the Persistency Period End field is not present in the POIM. The value 1 specifies that the Persistency Period End field is present in the POIM.
Recommended Rotation (16 bits): Specifies the Recommended Rotation, i.e., the value of the recommended anticlockwise rotation, in units of 360/65536 degrees, of each output picture within the Persistency Period. If the recommended anticlockwise rotation is performed before the output picture is displayed, the display would be upside up when the display device is also physically oriented upside up.

Zero Byte (8 bits): A byte equal to 0x00.
Persistency Period Start (32 bits): Specifies the start of the Persistency Period. The value shall be equal to the RTP timestamp of the first picture in the Persistency Period. The RTP timestamp of a picture is defined as the value of the RTP timestamp of an RTP packet if the RTP packet would only contain coded data of the picture.

Persistency Period End (32 bits): When present, specifies the end of the Persistency Period. The value MSUT be equal to the RTP timestamp of the first picture, if any, after the Persistency Period, in presentation order. If the last picture in the Persistency Period is the last picture in the session, in presentation order, then the Persistency Period End value MUST be equal to the RTP timestamp of the last picture in the Persistency Period, in presentation order, plus the presentation duration of the last picture.

5.3.2 RTP extension
The RTP extension header using the One-Byte Header format (following the structure of RFC 5285) can be as follows:

       0                   1                   2                   3

       0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1

      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

      |       0xBE    |    0xDE       |           length=1            |

      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

      |  ID   | L=1   |      Recommended Rotation    |    0 (pad)     |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

Recommended Rotation (16 bits): Specifies the Recommended Rotation, i.e., the value of the recommended anticlockwise rotation, in units of 360/65536 degrees, of each output picture conveyed in the current RTP session within the Persistency Period. If the recommended anticlockwise rotation is performed before the output picture is displayed, the display would be upside up when the display device is also physically oriented upside up.
If the Recommended Rotation is not included in any RTP header extension then the receiving/display device SHALL interpret the Recommended Rotation as zero degrees.

The URI for declaring this header extension in an extmap attribute could be "urn:ietf:params:rtp-hdrext:pict-orient".  An example attribute line in the Session Description Protocol (SDP) might be:

     a=extmap:2 urn:ietf:params:rtp-hdrext:pict-orient

The Persistency Period Start is defined as the RTP timestamp of the RTP packet containing the RTP header extension.

The Persistency Period End is defined as the RTP timestamps of the next RTP packet containing the same RTP header extension with a different value for the Recommended Rotation field.
6 Application to Example Scenarios in Tdoc S4-120975
The figure below is taken from S4-120975 to illustrate on-going communication with the same orientation at both terminals.
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6.1 Orientation Aware Sender to Orientation Aware Receiver

In this scenario, both sender and receiver support the orientation signalling protocol and indicate this by including the appropriate orientation attribute in the SDP offer and answer to negotiate use of the protocol.  When the sender captures an image it sends it to the receiver and indicates the recommended orientation via the signalling protocol (RTCP or RTP).  The receiver uses the recommended orientation information to properly compensate for the image rotation and display it correctly.


[image: image6]
6.2 Orientation Aware Sender to Orientation Unaware Receiver

In this scenario, the orientation unaware receiver does not include the orientation attribute in its SDP offer or answer.  This indicates to the sender that the receiver is orientation unaware.  When the sender detects that its orientation has changed it can choose to properly re-orient the captured image before encoding and sending it to the receiver.  This enables the orientation unaware receiver to still properly display the image.


[image: image7]
If the sender does not re-orient the captured image before sending it to the receiver then display at the receiver will be tilted.  

6.3 Orientation Unaware Sender to Orientation Aware Receiver
In this scenario, the orientation unaware sender does not include the orientation attribute in its SDP offer or answer.  This indicates to the receiver that the sender is orientation unaware.  When the sender changes its orientation it continues to send the video stream and does not give any indication to the receiver of any changes.  The receiver continues to display the images which results in a tilted display.  


[image: image8]
Now if the user at the receiver rotates the display to compensate for the tilted image, the receiver device does not re-orient its display knowing that the sender is orientation unaware.  This results in the receiver seeing a properly displayed image as shown below.


[image: image9]
7 Conclusion
This document describes requirements and two solutions to the CVO problem.  We propose that SA4 consider these proposals in developing a solution for the work item.
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