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V2 integrates some aspects of JVET-AM0103
Only the Syntax and Semantics are considered in the merge. For the rationale on the modifications in clause 4, please refer to the JVET-AM103.
Abstract
This document proposes a new SEI message designed to support the 3d model creation from 2d video streams. The proposed SEI message conveys essential metadata such as camera intrinsic (focal length, principal point…) parameters and camera extrinsic (position and orientation) parameters. This metadata is crucial for algorithms that create 3d models such as 3d Gaussian Splatting (3DGS) and to assist the rendering process.
Introduction
The increasing use of AI/ML techniques for 3d reconstruction from 2d video streams necessitates the availability of accurate camera metadata. Such metadata may be generated and estimated by dedicated Structure-from-Motion (SfM) software such as COLMAP, ReCap or Meshroom usually used for the first step of a 3DGS model construction.
Having such metadata associated to a video stream attached to it, would ensure that the available information does not need to be estimated by a Structure from Motion intermediate software.
The proposed SEI message aims to address this objective into a single purpose set of metadata by providing a method to signal camera intrinsic and extrinsic parameters, facilitating more accurate and efficient 3d reconstruction and rendering.
3DGS workflow example
As an example, a 3DGS model construction from the capture of 2d data follows the production workflow as illustrated in figure 1:
[image: Une image contenant texte, capture d’écran, bande dessinée

Le contenu généré par l’IA peut être incorrect.]
Figure 1: 3DGS model production workflow from a 2d video
Structure from Motion
The first step consists in operating the feature extraction and matching and retrieving the camera parameters when unknown. After image alignment, the process creates a sparse point cloud that is further densified with depth calculation methods.
Camera parameters, often known by the capturing system include the focal length and center and its distortion model from the lens.
Even if the focal parameters may be estimated from the captured video from the SfM software, the lens distortion model if ignored may result in an anamorphic 3d model.
Popular SfM software include COLMAP, ReCap and Meshroom.
3D Gaussian splatting training
The second step is about the creation of the gaussian splats associated to each 3d point with a dedicated AI/ML generation model that will search for the splats that match as much as possible the source video for a given pose (position + orientation) by optimizing the size, shape, color and transparency of the splats.
The extrinsic parameters such as the pose will help the alignment of the splat rendering with the exact video frame used by the model.
Many tools are available: Brush, Gsplat, 3DGStream…
Camera metadata usage
In the context of the 3DGS scenario described above, an SEI message containing the necessary intrinsic and extrinsic parameters, and content features of the source video may be used as shown on figure 2:
[image: Une image contenant texte, capture d’écran, ligne, diagramme

Le contenu généré par l’IA peut être incorrect.]
Figure 2: Usage of camera and content parameters metadata
The camera intrinsic and extrinsic parameters are meant to facilitate the Structure from Motion process that may either directly the information from the source video or only refine the parameters such as the pose. The camera features such as the near and far depth allows to easily extract the main object and remove the background. This content trimming process significantly accelerates the 3G gaussian splatting generation.
Camera parameters required for the 3d model reconstruction
Introduction
In the generic process of creating a 3d model/scene from a 2d video, the first step consists in detecting keypoints in each image and look for correspondences of the main features. A structure-from-Motion (SfM- process then uses the matched features to estimate the camera poses (position and orientation of each frame) and create sparse 3d points (triangulated from feature correspondences). The result is a sparse 3d point cloud with an associated camera trajectory.
These initial geometry and camera parameters are for example needed to train a 3DGS model. The Gaussians are then optimized to match the appearance of the input images using these parameters.

In this process, the quality of the resulting sparse point cloud and camera trajectory can be significantly improved when the camera parameters are known and transmitted to the SfM software, instead of being estimated.
There are 3 types of parameters that may be conveyed if known:
· Intrinsic camera parameters (focal length, focal point, distortion coefficients (if applicable), image dimensions and camera model)
· Extrinsic camera parameters (rotation, position in world coordinates, camera-to-world transformation matrices)
· Moreover, a content feature parameter such as the depth of the main object, would allow the SfM software to extract the main object from the background which is a conventional scenario in 3d model creation.
Intrinsic parameters
The intrinsic parameters are the internal characteristics of a camera that define how 3d points in the camera's coordinate system are projected onto the 2d image plane. These parameters are essential for understanding the camera's optical behavior.
Focal lengths (fx, fy)
· Represent the scaling factors in the x and y directions expressed in pixel unit.
· Related to the physical focal length and the pixel size of the sensor.
For example, let’s assume a focal length of 35mm and a sensor size of 36mmx24mm (full frame) and an image resolution of fullHD (1920x1080):
	fx 	= (focal_length_mm / sensor_width_mm) * image_width_px
		= (35 / 36) * 1920 
		≈ 1866,66 px
	fy 	= (focal_length_mm / sensor_height_mm) * image_height_px
 		= (35 / 24) * 1080
		= 1575 px
2 decimal digits in practice are enough. It is therefore proposed to signal 100 times fx and fy.
fx and fy control the field of view (FOV) and the scale of projection from 3d to 2d. In 3DGS rendering, they are used for correctly projecting the gaussians into the screen space.

Focal center, principal point (cx, cy)
cx and cy are the principal point coordinates of a camera in pixel units. They represent the location on the image sensor where the optical axis intersects the image plane. They correspond by default to the center of the image.
cx = image_width_px / 2
cy = image_height_px / 2
2 decimal digits in practice are enough. It is therefore proposed to signal 100 times cx and cy.

Camera model
The camera model describes the characteristics of the focal length and center and the lens detorsion. The model defines how 3d points are projected into the 2d image coordinates for a correct SfM process.
The following models are the most popular ones that are supported by COLMAP [1].
· SIMPLE_PINHOLE: This model corresponds to basic cameras where distortion is negligible. The simplified pinhole camera has a shared focal length (fx = fy) and no distortion. The parameters conveyed are the focal length and the center.
· PINHOLE: This model corresponds to general-purpose cameras with no lens distortion modeling. The parameters conveyed are the focal length (fx and fy) and the center (cx and cy).
· SIMPLE_RADIAL: This model corresponds to cameras where slight distortion can be signaled with a 3rd order polynomial radial detorsion. The parameters conveyed are the focal length (fx and fy), the center (cx and cy) and the radial distortion parameter k.
· RADIAL:  this model provides a better accuracy in signaling the radial distortion with a 5th order polynomial radial distortion and its two parameters k1 and k2.ANGLE_POLYNOMIAL:  This model describes the optical distortion by signaling coefficients of a polynomial function giving the radius of distortion as a function of angle (in degrees) 
· Other models include OPENCV, OPENCV_FISHEYE, FULL_OPENCV, FOV, SIMPLE_RADIAL_FISHEYE, RADIAL_FISHEYE and THIN_PRISM_FISHEYE with even more precise handling of lens distortion.
In practice, in the context of the 3DGS content generation, the 4 first models have only been encountered and are proposed to start with. 
In the case of the SIMPLE_RADIAL and RADIAL camera models, it is proposed to reuse the syntax of the Lens Optical Correction SEI message for signaling the k and {k1,k2} parameters respectively.
It is then proposed to signal the camera model in 7 bits (12 possible models) and use 1 bit to signal the presence of the model. If the model is not present, it is inferred to be the SIMPLE_PINHOLE model.
Camera id
The camera id is intended to identify the camera and its associated parameters in a multi camera setup.

Extrinsic parameters
Depending on the position and orientation of the camera the extrinsic parameters refer to the so-called camera-to-world transformation. Those parameters can either be estimated by an SfM software of be signaled if the camera calibration has been made prior to shooting the video.
In the latter case, the following information may be signaled.
Camera orientation
Camera orientation is defined using a quaternion rotation that transforms world coordinates into the camera coordinate system. This means the camera pose is expressed as a transformation from the world frame to the camera frame.
The quaternion parameters Qw, Qx, Qy and Qz are proposed to be expressed in a sign/exponent/mantissa form such as in the Multiview acquisition information SEI message.
Camera position
The camera position, also called the translation, is defined as the position of the camera center in the world coordinate system, but expressed in a way that works together with the rotation to transform world points into camera coordinates.
The translation parameters, Tx, Ty and Tz are proposed to be expressed in a sign/exponent/mantissa form such as in the Multiview acquisition information SEI message.

Camera timestamp
The camera timestamp is helpful when the 3d reconstruction model has multiple video streams from various angles as input.
It allows synchronization between the different video streams and provides a more accurate spatial localization of the the 3d points.
A precision of milliseconds is seen reasonable for the timestamp allowing fine synchronization for the purpose of 3d reconstruction. 24 bits would allow more than 4 hours of video.

Content features
The content feature metadata is provided to allow the easy detection of the main object in the captured scene. The main scenario in mind is the background removal that will reduce the size of the 3d point cloud and consequently will simplify and accelerate the generation of the splats/ meshes…
Near and far object depth
It is proposed to define 2 thresholds for the near and far depth respectively between which the main object/ character is supposed to be.
Given the accuracy of most depth sensors (including smartphones but also RealSense, Kinect…) a 1mm precision seems reasonable.
With an unsigned int, the maximum distance would be 65,5 meters.

Proposed Syntax and Semantics
8.XX Localization and mapping SEI message
[bookmark: _Hlk183007246][bookmark: _Hlk169531728]8.XX.1 Localization and mapping SEI message syntax

	localization_and_mapping ( payloadSize ) {
	Descriptor

		lam_cancel_flag
	u(1)

		if( !lam_cancel_flag ) {
	

			lam_camera_id
	u(10)

			lam_intrinsic_param_presence_flag
	u(1)

			if( lam_intrinsic_param_presence_flag ) {
	

				lam_intrinsic_param_persistence_flag
	u(1)

				lam_camera_model_presence_flag
	u(1)

				if( lam_camera_model_presence_flag ) {
	

					lam_camera_model
	u(7)

					lam_principal_point_x_times100
	u(16)

					lam_principal_point_y_times100
	u(16)

					if( lam_camera_model = = 0 ) or ( lam_camera_model = = 2 ){
	

						lam_focal_length_times100
	u(32)

					}
	

					if( lam_camera_model = = 1 ) or ( lam_camera_model = = 3 ){
	

						lam_focal_length_x_times100
	u(32)

						lam_focal_length_y_times100
	u(32)

					}
	

					if( lam_camera_model = = 2 ) {
	

						lam_rd_poly3_k1
	i(25)

					}
	

					if( lam_camera_model = = 3 ) {
	

						lam_rd_poly5_k1
	i(25)

						lam_rd_poly5_k2
	i(25)

					}
	

				}
	

			}
	

			lam_extrinsic_param_presence_flag
	u(1)

			if( lam_extrinsic_param_presence_flag ) {
	

				lam_extrinsic_param_persistence_flag
	u(1)

				lam_coordinate_system_idc
	u(4)

				lam_rotation_presence_flag
	u(1)

				if( lam_rotation_presence_flag ) {
	

					lam_rotation_format_idc
	u(2)

					if( lam_rotation_format_idc = = 0 ) {
	

						lam_quaternion_scalar_first_flag
	u(1)

						for( i = 0; i < 4; i++ ) {
	

	[bookmark: _Hlk197427237]						lam_quaternion_sign[ i ]
	u(1)

							lam_quaternion_exponent[ i ]
	u(8)

							lam_quaternion_mantissa[ i ]
	u(23)

						}
	

					}
	

					if( lam_rotation_format_idc = = 1) {
	

						for( j = 0; j < 3; j++ ) { /* row */
	

							for( k = 0; k < 3; k++ ) { /* column */
	

								lam_sign_r[ j ][ k ]
	u(1)

								lam_exponent_r[ j ][ k ]
	u(8)

								lam_mantissa_r[ j ][ k ]
	u(23)

							}
	

						}
	

					}
	

					if( lam_rotation_format_idc = = 2 ) {
	

						lam_yaw_rotation
	i(32)

						lam_pitch_rotation
	i(32)

						lam_roll_rotation
	i(32)

					}
	

				}
	

				lam_translation_presence_flag
	u(1)

				if( lam_translation_presence_flag ) {
	

					for( j = 0; j < 3; j++ ) {
	u(1)

						lam_translation[ i ]
	i(16)

					}
	

				}
	

			}
	

			lam_content_features_presence_flag
	u(2)

			if( lam_content_features_presence_flag ) {
	

				lam_content_near_depth
	u(16)

				lam_content_far_depth
	u(16)

			}
	

		}
	

	}
	


8.XX.2 Localization and mapping SEI message semantics
The localization and mapping SEI message provides information related to the camera intrinsic and extrinsic parameters necessary to reconstruct a 3d model by for example creating a corresponding point cloud or assisting the rendering process of the 3d model.
lam_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any previous localization and mapping SEI message in output order. lam_cancel_flag equal to 0 indicates that localization and mapping follows.
lam_camera_id indicates the identifier of the camera for which the localization and mapping parameters apply.
lam_intrinsic_param_presence_flag equal to 1 indicates that the intrinsic camera parameters syntax elements are present in the localization and mapping SEI message syntax. lam_intrinsic_param_presence_flag equal to 0 indicates that the intrinsic camera parameters syntax elements are not present in the localization and mapping SEI message syntax and unknown.
lam_intrinsic_param_persistence_flag specifies the persistence of the intrinsic camera parameters of the localization and mapping SEI message for the current layer.
lam_intrinsic_param_persistence_flag equal to 0 specifies that the intrinsic camera parameters of the localization and mapping SEI message applies to the current decoded picture only.
lam_intrinsic_param_persistence_flag equal to 1 specifies that the intrinsic camera parameters of the localization and mapping SEI message applies to the current decoded picture and persists for all subsequent pictures of the current layer in output order until one or more of the following conditions are true:
– A new CLVS of the current layer begins.
– The bitstream ends.
– A picture in the current layer in an AU associated with a localization and mapping SEI message containing lam_intrinsic_param_presence_flag equal to 1 is output that follows the current picture in output order.
[bookmark: _Hlk183090193]lam_camera_model_presence_flag equal to 1 indicates that the model of the camera is present in the localization and mapping SEI message syntax. lam_camera_model_presence_flag equal to 0 indicates that the model of the camera is not present in the localization and mapping SEI message syntax and is inferred to be SIMPLE_PINHOLE.
lam_camera_model identifies the type of camera model as specified in Table 1. The value of lam_camera_model shall be in the range of 0 to 3, inclusive. The values greater than 3 are reserved for future use by ITU‑T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders shall ignore localization and mapping SEI messages with lam_camera_model greater than 3.
Table 1 – lam_camera_model

	Value
	Description

	0
	SIMPLE_PINHOLE

	1
	PINHOLE

	2
	SIMPLE_RADIAL

	3
	RADIAL


[bookmark: _Hlk185447113][bookmark: _Hlk185444669]lam_principal_point_x_times100 indicates 100 times the horizontal coordinate of the principal point in pixel unit.
When not present, lam_principal_point_x_times100 is inferred to be 100*image_width/2.
lam_principal_point_y_times100 indicates 100 times the vertical coordinate of the principal point in pixel unit.
When not present, lam_principal_point_y_times100 is inferred to be 100*image_height/2.
lam_focal_length_x_times100, when present, indicates 100 times the horizontal scaling factor of the focal length expressed in pixel unit and corresponds to:
fx = (focal_length in mm/sensor_width in mm)*image_width in pixel.	(X-1)
lam_focal_length_y_times100, when present, indicates 100 times the vertical scaling factor of the focal length expressed in pixel unit and corresponds to:
fy = 100*(focal_length in mm/sensor_height in mm)*image_height in pixel.	(X-2)
lam_focal_length_times100, when present, indicates 100 times the scaling factor of the focal length expressed in pixel unit.
NOTE – In practice the focal length may be approximated as (fx+fy)/2.
When lam_camera_model equals to 2 the polynomial 3rd order (Poly3) model is specified as 
rd = ru * ( 1 − k1 + k1 * ru * ru )		(X-3)
with rd referring to the distorted radius (normalized distance to image center), ru referring to the corrected undistorted radius, and k1 being the distortion coefficient.
lam_rd_poly3_k1  indicates the value of the k1 parameter from the Poly3 radial distortion model from equation (X-3). When not present, the value of lam_rd_poly3_k1 is inferred to be equal to 0.
When lam_camera_model equals to 3 the polynomial 5th (Poly5) order model is specified as 
rd = ru * ( 1 − k1 * ru * ru + k2 * ru * ru* ru* ru )		(X-4)
with rd referring to the distorted radius (normalized distance to image center), ru referring to the corrected undistorted radius, and k1 and k2 being the distortion coefficients.
lam_rd_poly5_k1  indicates the value of the k1 parameter from the Poly5 radial distortion model from equation (X-4). When not present, the value of lam_rd_poly5_k1 is inferred to be equal to 0.
lam_rd_poly5_k2  indicates the value of the k2 parameter from the Poly5 radial distortion model from equation (X-4). When not present, the value of lam_rd_poly5_k2 is inferred to be equal to 0.
lam_extrinsic_param_presence_flag equal to 1 indicates that the extrinsic camera parameters syntax elements are present in the localization and mapping SEI message syntax. lam_extrinsic_param_presence_flag equal to 0 indicates that the extrinsic camera parameters syntax elements are not present in the localization and mapping SEI message syntax and unknown.
lam_extrinsic_param_persistence_flag specifies the persistence of the extrinsic camera parameters of the localization and mapping SEI message for the current layer.
lam_extrinsic_param_persistence_flag equal to 0 specifies that the extrinsic camera parameters of the localization and mapping SEI message applies to the current decoded picture only.
lam_extrinsic_param_persistence_flag equal to 1 specifies that the intrinsic camera parameters of the localization and mapping SEI message applies to the current decoded picture and persists for all subsequent pictures of the current layer in output order until one or more of the following conditions are true:
– A new CLVS of the current layer begins.
– The bitstream ends.
– A picture in the current layer in an AU associated with a localization and mapping SEI message containing lam_extrinsic_param_presence_flag equal to 1 is output that follows the current picture in output order.
lam_coordinate_system_idc indicator of coordinate system used according to Table 2. The value of lam_coordinate_system_idc shall be in the range of 0 to 2, inclusive. The values greater than 2 are reserved for future use by ITU‑T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders shall ignore localization and mapping SEI messages with lam_coordinate_system_idc greater than 2.

[bookmark: _Ref197417992]Table 2 – lam_coordinate_system_idc
	Value
	Description

	0
	Undefined

	1
	ISO 8855 vehicle centric

	2
	Camera centric

	3-15
	Reserved



lam_rotation_presence_flag equal to 1 indicates that the rotation parameters of the camera are present in the localization and mapping SEI message syntax. lam_rotation_presence_flag equal to 0 indicates that the rotation parameters of the camera are not present in the localization and mapping SEI message syntax and are unknown.
When lam_rotation_presence_flag is equal to 1, the rotation of the camera orientation expressed in the indicated coordinate system is signaled.
lam_rotation_format_idc indicates the format used to describe the rotation according toTable 3. 
Table 3 – lam_rotation_format_icd
	Value
	Description

	0
	Quaternions

	1
	3x3 rotation matrix

	2
	Euler angles

	3
	Reserved



When the value of lam_rotation_format_id equals to 0, the rotation is specified by a unit quaternion.
lam_quaternion_scalar_first_flag indicates order of transmission of quaternion component values.  lam_quaternion_scalar_first_flag equal to 0 indicates the scalar component last i.e. xyzw  lam_quaternion_scalar_first_flag equal to 1 indicates the scalar component is first i.e. wxyz.
[bookmark: _Hlk196998424]lam_quaternion_sign[i] specifies the sign of value of the i-th quaternion component.
[bookmark: _Hlk197503479]lam_quaternion_exponent[i] specifies the exponent part of the value of i-th quaternion component.  The value of cei_quaternion_exponent[i] shall be in the range 0 to 127 inclusive.
lam_quaternion_mantissa[i] specifies the mantissa part of the value of i-th quaternion component.
Each quaternion component, quaternion[i], is reconstructed as follows where s equals lam_quaternion_sign[i]),, e equals lam_quaternion_exponent[i], and m equals lam_quaternion_mantissa[i]:
· If e is in the range 1 to 127 inclusive, quaternion[i] is set equal to (-1)s*2(e-127)*(1+m* 2-23) 
· Otherwise (e is equal to 0), quaternion[i] is set qual to (-1)s*2-149*m.
NOTE – The above the specification is similar to IEEE 754 32-bit floating point format with limits imposed so computed values at most one in absolute value.
[bookmark: _Hlk196994648]When the value of lam_rotation_format_id equals to 1, the rotation is specified by a 3x3 rotation matrix.
lam_sign_r[ j ][ k ] equal to 0 indicates that the sign of ( j, k ) component of the rotation matrix is positive. lam_sign_r[ j ][ k ] equal to 1 indicates that the sign is negative.
lam_exponent_r[ j ][ k ] specifies the exponent part of ( j, k ) component of the rotation matrix. The value of lam_exponent_r[ j ][ k ] shall be in the range of 0 to 127, inclusive. 
lam_mantissa_r[ j ][ k ] specifies the mantissa part of ( j, k ) component of the rotation matrix. The length of the lam_mantissa_r[ j ][ k ] syntax element in units of bits is 23:
The rotation matrix R is represented as follows:
		(X-N)
Where each element rE[j][k] is computed as follows, where s equals lam_sign_r[ j ][ k ], e equals exponent_r[j][k], and m equals mantissa_r[j][k]:
· If e is in the range 1 to 127 inclusive, rE[j][k] is set equal to (-1)s*2(e-127)*(1+m*2-23) 
· Otherwise (e is equal to 0), rE[j][k] is set qual to (-1)s*2-149*m.

NOTE – The above the specification is similar to IEEE 754 32-bit floating point format with limits imposed so computed values at most one in absolute value.
When the value of lam_rotation_format_id equals to 2, the rotation is specified by a three angle parameters.
lam_yaw_rotation specifies the value of the yaw rotation angle, in units of 2−16 degrees. The value of cei_yaw_rotation shall be in the range of −180 * 216 (i.e., −11 796 480) to 180 * 216 − 1 (i.e., 11 796 479), inclusive.
lam_pitch_rotation specifies the value of the pitch rotation angle, in units of 2−16 degrees. The value of cei_pitch_rotation shall be in the range of −90 * 216 (i.e., −5 898 240) to 90 * 216 (i.e., 5 898 240), inclusive. 
cei_roll_rotation specifies the value of the roll rotation angle, in units of 2−16 degrees. The value of cei_roll_rotation shall be in the range of −180 * 216 (i.e., −11 796 480) to 180 * 216 − 1 (i.e., 11 796 479), inclusive. 

NOTE: A rotation represented by a quaternion can be equivalently expressed using a rotation matrix or Euler angles. These representations are mathematically interchangeable and may be used depending on the application requirements.
lam_translation_presence_flag equal to 1 indicates that the translation parameters of the camera are present in the localization and mapping SEI message syntax. lam_translation_presence_flag equal to 0 indicates that the translation parameters of the camera are not present in the localization and mapping SEI message syntax and are unknown.
lam_translation[i] indicates the ith component of translation vector, in millimeters, relative to origin of coordinate system specified by lam_coordinate_system_idc.
lam_content_features_presence_flag equal to 1 indicates that the parameters describing the content of the picture are present in the localization and mapping SEI message syntax. lam_content_features_presence_flag equal to 0 indicates that the parameters describing the content of the picture are not present in the localization and mapping SEI message syntax and are unknown.
lam_content_near_depth indicates the minimum distance from the camera in millimeters of the plane intended to be converted into a 3d model. lam_content_near_depth equals to 0 indicates that the minimum distance is unknown. 
lam_content_far_depth indicates the maximum distance from the camera in millimeters of the plane intended to be converted into a 3d model. lam_content_far_depth equals to 0 indicates that the minimum distance is unknown. 

Proposal
It is proposed to develop a comprehensive SEI message to assist the 3d model reconstruction particularly targeting (but not limited to) 3DGS content and rendering process and to include the proposed syntax and semantics into the TuC.
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