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Abstract
This document provides a set of conformance bitstreams for Multiview Extended, Multiview Extended 10, and Multiview Monochrome profiles specified in Annex G and Annex H of Rec. ITU-T H.265 | ISO/IEC 23008-2. These bitstreams are intended for inclusion in the HEVC conformance bitstream set (document w16061). Ten bitstreams are provided, covering inter-view prediction, simulcast, auxiliary picture types (depth and unspecified), mixed chroma formats, mixed bit depths, mixed resolutions, and monochrome layers. The bitstream specifications follow the format of w16061 to facilitate direct integration by the editors.
Introduction
The current set of MV-HEVC conformance bitstreams in w16061 [1] covers only the Multiview Main profile (bitstreams MVHEVCS-A through MVHEVCS-I). No conformance bitstreams exist for the Multiview Extended, Multiview Extended 10, or Multiview Monochrome profiles defined in Annex G of Rec. ITU-T H.265 | ISO/IEC 23008-2 [2].
This document provides ten conformance bitstreams that exercise features of these profiles, including inter-view prediction with 10-bit content, simulcast with mixed bit depths, three-view coding with asymmetric resolutions, auxiliary picture types (depth and unspecified), mixed chroma formats (4:2:0 with 4:0:0), and all-monochrome multilayer coding. The bitstreams were generated using the HM reference software with MV-HEVC multiview extensions [3].
The bitstream specifications in this document follow the format of w16061 Sections 6.6.14 and 6.7 to facilitate direct integration by the editors.
Test bitstream specifications
The following subsections describe each conformance bitstream following the format of w16061 Section 6.6.14.
Test bitstream #MVHEVCS_APPLE_A
Specification: All slices are coded as I, P or B slices. The first picture of each view is coded as an IDR picture. A Clean Random Access (CRA) picture occurs at the second intra period. Each picture contains only one slice. NumViews is equal to 2. NumDirectRefLayers of the non-base view is equal to 1. For each picture in the non-base view, inter-view prediction is enabled with both sample and motion prediction. The two views have the same spatial resolution. All NAL units are encapsulated into the byte stream format specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.
The number of layers is 2, the chroma format is 4:2:0, the bit depth is 10 bits, the resolution is 1280x720 and the number of frames is 33.
Inter-layer prediction: L1 depends on L0 (sample and motion prediction)
The output layer sets are specified as follows:
- OLS_0 -	layer: 0, PTL idx: 1 (Main 10, Level 4), output_layer_flag: 1
- OLS_1 -	layer: 0, PTL idx: 1 (Main 10, Level 4), output_layer_flag: 1
		layer: 1, PTL idx: 2 (Multiview Extended 10, Level 4), output_layer_flag: 1
Functional stage: Decoding of two views with inter-view prediction (sample and motion), inter-prediction, and CRA refresh.
Purpose: To test two-view inter-view prediction with 10-bit content and CRA refresh type.
Test bitstream #MVHEVCS_APPLE_B
Specification: All slices are coded as I, P or B slices. Only the first picture of each view is coded as an Instantaneous Decoding Refresh (IDR) picture. Each picture contains only one slice. NumViews is equal to 2. NumDirectRefLayers of the non-base view is equal to 0. The two views are coded independently as a simulcast with different bit depths (8 bits for layer 0 and 10 bits for layer 1). The two views have the same spatial resolution. All NAL units are encapsulated into the byte stream format specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.
The number of layers is 2, the chroma format is 4:2:0, the bit depth is 8 bits for layer 0 and 10 bits for layer 1, the resolution is 1280x720 and the number of frames is 9.
Inter-layer prediction: None (simulcast with different bit depths)
The output layer sets are specified as follows:
- OLS_0 -	layer: 0, PTL idx: 1 (Main, Level 4), output_layer_flag: 1
- OLS_1 -	layer: 0, PTL idx: 1 (Main, Level 4), output_layer_flag: 1
		layer: 1, PTL idx: 2 (Main 10, Level 4), output_layer_flag: 1
Functional stage: Decoding of two views coded independently with different bit depths (simulcast).
Purpose: To test multiview simulcast with mixed bit depths.
Test bitstream #MVHEVCS_APPLE_C
Specification: All slices are coded as I, P or B slices. Only the first picture of each view is coded as an Instantaneous Decoding Refresh (IDR) picture. Each picture contains only one slice. NumViews is equal to 3. NumDirectRefLayers of view 1 is equal to 1 (depends on view 0). NumDirectRefLayers of view 2 is equal to 0 (coded independently at a different resolution). For each picture in view 1, inter-view prediction is enabled with both sample and motion prediction from view 0. View 2 is coded independently at a lower resolution. All NAL units are encapsulated into the byte stream format specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.
The number of layers is 3, the chroma format is 4:2:0, the bit depth is 10 bits, the resolution is 1280x720 for layers 0 and 1 and 640x360 for layer 2, and the number of frames is 9.
Inter-layer prediction: L1 depends on L0 (sample and motion prediction); L2 independent (different resolution)
The output layer sets are specified as follows:
- OLS_0 -	layer: 0, PTL idx: 1 (Main 10, Level 4), output_layer_flag: 1
- OLS_1 -	layer: 0, PTL idx: 1 (Main 10, Level 4), output_layer_flag: 1
		layer: 1, PTL idx: 2 (Multiview Extended 10, Level 4), output_layer_flag: 1
- OLS_2 -	layer: 0, PTL idx: 1 (Main 10, Level 4), output_layer_flag: 1
		layer: 1, PTL idx: 2 (Multiview Extended 10, Level 4), output_layer_flag: 1
		layer: 2, PTL idx: 3 (Multiview Extended 10, Level 4), output_layer_flag: 1
Functional stage: Decoding of three views with partial inter-view prediction and asymmetric resolutions.
Purpose: To test three-view coding with mixed resolutions and partial inter-layer prediction.
Test bitstream #MVHEVCS_APPLE_D
Specification: All slices are coded as I, P or B slices. Only the first picture of each view is coded as an Instantaneous Decoding Refresh (IDR) picture. Each picture contains only one slice. NumViews is equal to 2. NumDirectRefLayers of the non-base view is equal to 1. For each picture in the non-base view, inter-view prediction is enabled with both sample and motion prediction. The two views have the same spatial resolution. All NAL units are encapsulated into the byte stream format specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.
The number of layers is 2, the chroma format is 4:2:0, the bit depth is 10 bits, the resolution is 1280x720 and the number of frames is 9.
Inter-layer prediction: L1 depends on L0 (sample and motion prediction)
The output layer sets are specified as follows:
- OLS_0 -	layer: 0, PTL idx: 1 (Main 10, Level 4), output_layer_flag: 1
- OLS_1 -	layer: 0, PTL idx: 1 (Main 10, Level 4), output_layer_flag: 1
		layer: 1, PTL idx: 2 (Multiview Extended 10, Level 4), output_layer_flag: 1
Functional stage: Decoding of two views with inter-view prediction (sample and motion) and IDR refresh.
Purpose: To test two-view inter-view prediction with IDR refresh type.
Note: This bitstream uses IDR refresh only (9 frames). MVHEVCS_APPLE_A uses both IDR and CRA refresh (33 frames) for the same configuration.
Test bitstream #MVHEVCS_APPLE_E
Specification: All slices are coded as I, P or B slices. Only the first picture is coded as an Instantaneous Decoding Refresh (IDR) picture. Each picture contains only one slice. The bitstream contains a base layer (layer 0) and an auxiliary depth layer (layer 1, AuxId = 2). The auxiliary layer is coded independently without inter-layer prediction. Both layers have the same spatial resolution and chroma format (4:2:0). All NAL units are encapsulated into the byte stream format specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.
The number of layers is 2, the chroma format is 4:2:0, the bit depth is 8 bits, the resolution is 352x240 and the number of frames is 9.
Inter-layer prediction: None (auxiliary picture coded independently)
The output layer sets are specified as follows:
- OLS_0 -	layer: 0, PTL idx: 1 (Main, Level 4), output_layer_flag: 1
- OLS_1 -	layer: 0, PTL idx: 1 (Main, Level 4), output_layer_flag: 1
		layer: 1 (auxiliary depth), PTL idx: 2 (Multiview Extended, Level 4), output_layer_flag: 1
Functional stage: Decoding of a base picture with an auxiliary depth picture.
Purpose: To test auxiliary depth picture signalling (AuxId = 2) with 4:2:0 chroma format.
Test bitstream #MVHEVCS_APPLE_F
Specification: All slices are coded as I, P or B slices. Only the first picture is coded as an Instantaneous Decoding Refresh (IDR) picture. Each picture contains only one slice. The bitstream contains a base layer (layer 0) and an auxiliary layer with unspecified type (layer 1, AuxId = 129). The auxiliary layer is coded independently without inter-layer prediction. Both layers have the same spatial resolution and chroma format (4:2:0). All NAL units are encapsulated into the byte stream format specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.
The number of layers is 2, the chroma format is 4:2:0, the bit depth is 8 bits, the resolution is 352x240 and the number of frames is 9.
Inter-layer prediction: None (auxiliary picture coded independently)
The output layer sets are specified as follows:
- OLS_0 -	layer: 0, PTL idx: 1 (Main, Level 4), output_layer_flag: 1
- OLS_1 -	layer: 0, PTL idx: 1 (Main, Level 4), output_layer_flag: 1
		layer: 1 (auxiliary unspecified), PTL idx: 2 (Multiview Extended, Level 4), output_layer_flag: 1
Functional stage: Decoding of a base picture with an auxiliary picture of unspecified type.
Purpose: To test auxiliary picture signalling with an unspecified AuxId value (AuxId = 129) with 4:2:0 chroma format.
Test bitstream #MVHEVCS_APPLE_G
Specification: All slices are coded as I, P or B slices. Only the first picture is coded as an Instantaneous Decoding Refresh (IDR) picture. Each picture contains only one slice. The bitstream contains a base layer (layer 0, 4:2:0) and a monochrome auxiliary depth layer (layer 1, 4:0:0, AuxId = 2). The auxiliary layer is coded independently without inter-layer prediction. Both layers have the same spatial resolution but different chroma formats. All NAL units are encapsulated into the byte stream format specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.
The number of layers is 2, the chroma format is 4:2:0 for layer 0 and 4:0:0 for layer 1, the bit depth is 8 bits, the resolution is 352x240 and the number of frames is 9.
Inter-layer prediction: None (different chroma formats, coded independently)
The output layer sets are specified as follows:
- OLS_0 -	layer: 0, PTL idx: 1 (Main, Level 4), output_layer_flag: 1
- OLS_1 -	layer: 0, PTL idx: 1 (Main, Level 4), output_layer_flag: 1
		layer: 1 (auxiliary depth), PTL idx: 2 (Multiview Monochrome, Level 4), output_layer_flag: 1
Functional stage: Decoding of a 4:2:0 base picture with a monochrome auxiliary depth picture.
Purpose: To test mixed chroma format coding (4:2:0 base with 4:0:0 auxiliary depth).
Test bitstream #MVHEVCS_APPLE_H
Specification: All slices are coded as I, P or B slices. Only the first picture is coded as an Instantaneous Decoding Refresh (IDR) picture. Each picture contains only one slice. The bitstream contains a base layer (layer 0, 4:2:0) and a monochrome auxiliary layer with unspecified type (layer 1, 4:0:0, AuxId = 129). The auxiliary layer is coded independently without inter-layer prediction. Both layers have the same spatial resolution but different chroma formats. All NAL units are encapsulated into the byte stream format specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.
The number of layers is 2, the chroma format is 4:2:0 for layer 0 and 4:0:0 for layer 1, the bit depth is 8 bits, the resolution is 352x240 and the number of frames is 9.
Inter-layer prediction: None (different chroma formats, coded independently)
The output layer sets are specified as follows:
- OLS_0 -	layer: 0, PTL idx: 1 (Main, Level 4), output_layer_flag: 1
- OLS_1 -	layer: 0, PTL idx: 1 (Main, Level 4), output_layer_flag: 1
		layer: 1 (auxiliary unspecified), PTL idx: 2 (Multiview Monochrome, Level 4), output_layer_flag: 1
Functional stage: Decoding of a 4:2:0 base picture with a monochrome auxiliary picture of unspecified type.
Purpose: To test mixed chroma format coding (4:2:0 base with 4:0:0 auxiliary, unspecified AuxId = 129).
Test bitstream #MVHEVCS_APPLE_I
Specification: All slices are coded as I, P or B slices. Only the first picture is coded as an Instantaneous Decoding Refresh (IDR) picture. Each picture contains only one slice. The bitstream contains a monochrome base layer (layer 0, 4:0:0) and a monochrome auxiliary depth layer (layer 1, 4:0:0, AuxId = 2). The auxiliary layer is coded independently without inter-layer prediction. Both layers have the same spatial resolution and chroma format. All NAL units are encapsulated into the byte stream format specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.
The number of layers is 2, the chroma format is 4:0:0 (monochrome), the bit depth is 8 bits, the resolution is 352x240 and the number of frames is 9.
Inter-layer prediction: None (auxiliary picture coded independently)
The output layer sets are specified as follows:
- OLS_0 -	layer: 0, PTL idx: 1 (Monochrome, Level 4), output_layer_flag: 1
- OLS_1 -	layer: 0, PTL idx: 1 (Monochrome, Level 4), output_layer_flag: 1
		layer: 1 (auxiliary depth), PTL idx: 2 (Multiview Monochrome, Level 4), output_layer_flag: 1
Functional stage: Decoding of two monochrome layers (base and auxiliary depth).
Purpose: To test all-monochrome multilayer coding with auxiliary depth (AuxId = 2).
Test bitstream #MVHEVCS_APPLE_J
Specification: All slices are coded as I, P or B slices. Only the first picture is coded as an Instantaneous Decoding Refresh (IDR) picture. Each picture contains only one slice. The bitstream contains a monochrome base layer (layer 0, 4:0:0) and a monochrome auxiliary layer with unspecified type (layer 1, 4:0:0, AuxId = 129). The auxiliary layer is coded independently without inter-layer prediction. Both layers have the same spatial resolution and chroma format. All NAL units are encapsulated into the byte stream format specified in Rec. ITU-T H.265 | ISO/IEC 23008-2.
The number of layers is 2, the chroma format is 4:0:0 (monochrome), the bit depth is 8 bits, the resolution is 352x240 and the number of frames is 9.
Inter-layer prediction: None (auxiliary picture coded independently)
The output layer sets are specified as follows:
- OLS_0 -	layer: 0, PTL idx: 1 (Monochrome, Level 4), output_layer_flag: 1
- OLS_1 -	layer: 0, PTL idx: 1 (Monochrome, Level 4), output_layer_flag: 1
		layer: 1 (auxiliary unspecified), PTL idx: 2 (Multiview Monochrome, Level 4), output_layer_flag: 1
Functional stage: Decoding of two monochrome layers (base and auxiliary with unspecified type).
Purpose: To test all-monochrome multilayer coding with unspecified auxiliary type (AuxId = 129).
Bitstream summary tables
The following tables summarize the conformance bitstreams grouped by profile, following the format of w16061 Section 6.7.
Bitstreams for Multiview Extended 10 profile
	Bitstreams for Multiview Extended 10 profile
	
	
	
	Base layer profile
	
	
	
	

	Categories
	Subcategory
	Bitstream
	File name
	Main
	Main 10
	Main tier
	Level
	Frame rate (fps)

	Prediction Structure (2-view)
	Inter-view prediction with CRA
	MVHEVCS_APPLE_A
	MVHEVCS_APPLE_A
	
	X
	X
	4 and higher
	60

	
	Simulcast with mixed bit depth
	MVHEVCS_APPLE_B
	MVHEVCS_APPLE_B
	X
	
	X
	4 and higher
	60

	Prediction Structure (3-view)
	Partial inter-view prediction with asymmetric resolutions
	MVHEVCS_APPLE_C
	MVHEVCS_APPLE_C
	
	X
	X
	4 and higher
	60

	
	Inter-view prediction with IDR refresh
	MVHEVCS_APPLE_D
	MVHEVCS_APPLE_D
	
	X
	X
	4 and higher
	60


Bitstreams for Multiview Extended profile
	Bitstreams for Multiview Extended profile
	
	
	
	Base layer profile
	
	
	

	Categories
	Subcategory
	Bitstream
	File name
	Main
	Main tier
	Level
	Frame rate (fps)

	Auxiliary Picture (4:2:0)
	Auxiliary depth (AuxId = 2)
	MVHEVCS_APPLE_E
	MVHEVCS_APPLE_E
	X
	X
	4 and higher
	30

	
	Auxiliary unspecified (AuxId = 129)
	MVHEVCS_APPLE_F
	MVHEVCS_APPLE_F
	X
	X
	4 and higher
	30


Bitstreams for Multiview Monochrome profile
	Bitstreams for Multiview Monochrome profile
	
	
	
	Base layer profile
	
	
	
	

	Categories
	Subcategory
	Bitstream
	File name
	Main
	Monochrome
	Main tier
	Level
	Frame rate (fps)

	Mixed Chroma (4:2:0 + 4:0:0)
	Auxiliary depth (AuxId = 2)
	MVHEVCS_APPLE_G
	MVHEVCS_APPLE_G
	X
	
	X
	4 and higher
	30

	
	Auxiliary unspecified (AuxId = 129)
	MVHEVCS_APPLE_H
	MVHEVCS_APPLE_H
	X
	
	X
	4 and higher
	30

	All Monochrome (4:0:0 + 4:0:0)
	Auxiliary depth (AuxId = 2)
	MVHEVCS_APPLE_I
	MVHEVCS_APPLE_I
	
	X
	X
	4 and higher
	30

	
	Auxiliary unspecified (AuxId = 129)
	MVHEVCS_APPLE_J
	MVHEVCS_APPLE_J
	
	X
	X
	4 and higher
	30


Bitstream checksums
The following table provides MD5 checksums for the bitstreams and their decoded reconstructions.
	Bitstream
	Size (bytes)
	MD5(bitstream)
	MD5(dec_L0)
	MD5(dec_L1)
	MD5(dec_L2)

	MVHEVCS_APPLE_A
	149772
	23ca987bbeea437a9325e0b383647b5a
	e42d3e64a1a60466b828d1551dba855c
	72a378eef8ffb01e994e44249721720a
	

	MVHEVCS_APPLE_B
	80451
	7022934b7e04e6af166041691f90f1de
	974888f1fa8ed5f36cb0e36c9ab4d2f0
	e385ca9a7d68c84f83791903f2846e5b
	

	MVHEVCS_APPLE_C
	63004
	c8c3fdf7d723dd24029a402052aec4a6
	10c75db866beaf5df3d82adef4cdbcf9
	7bdc6d430f7d2fc01c6641c720427fdf
	0b0bd206d0449febecd9f9804384e1bb

	MVHEVCS_APPLE_D
	52509
	0f1e37207d0a8e5fa15d16cd582a940e
	10c75db866beaf5df3d82adef4cdbcf9
	7bdc6d430f7d2fc01c6641c720427fdf
	

	MVHEVCS_APPLE_E
	9320
	2bbac7620c22239ffb62126509d30aca
	a89159dc2ec9eac02e0e614b5c723bc5
	b3a22ecbbd49c3d7f3921290bc8be921
	

	MVHEVCS_APPLE_F
	9322
	26f936ba546bcf2b6c9ea80932f3655d
	a89159dc2ec9eac02e0e614b5c723bc5
	b3a22ecbbd49c3d7f3921290bc8be921
	

	MVHEVCS_APPLE_G
	9123
	28360baf1ec930c1670e0b131c531394
	a89159dc2ec9eac02e0e614b5c723bc5
	daeeb5ed2a2eb7375876437ca35a3218
	

	MVHEVCS_APPLE_H
	9124
	b945d13641cbcd3cc8629462bb782c20
	a89159dc2ec9eac02e0e614b5c723bc5
	daeeb5ed2a2eb7375876437ca35a3218
	

	MVHEVCS_APPLE_I
	8980
	ff58e22b85d22670723ae7f1131d35df
	d7ce1ce349f02fe710b1af4eaa73daf9
	daeeb5ed2a2eb7375876437ca35a3218
	

	MVHEVCS_APPLE_J
	8981
	80f6c3abdbdaff27bad2a6285ee43778
	d7ce1ce349f02fe710b1af4eaa73daf9
	daeeb5ed2a2eb7375876437ca35a3218
	


Reference software
All bitstreams were generated using the HM reference software with MV-HEVC multiview extensions, available at https://vcgit.hhi.fraunhofer.de/jvet/HM/-/tree/dev-multiview444. The software was built in Release mode on macOS (ARM64) with CMake. Bitstreams were verified by decoding with the same software and checking MD5 checksums of the reconstructed output.
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