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3D-HEVC

 Concept of 3D-HEVC

 Inter-View & Inter-Component Prediction

 Dedicated depth coding tools
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2019: CfP for Future Immersive Video (now: MIV)

 Coding based on Legacy 2D codecs

 Depth are encoded with texture 2D texture codecs.

 Compression Artifacts in depth reduce synthesis performance

 „Pre-Processing“ to remove redundancy & define MIV metadata

 Reduced BD-Rate performance in order to meet Pixel Rate constaint.
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Our proposal: Decoder Side Depth Estimation

Encoder Side Depth Estimation – ESDE
e.g. 3D-HEVC, MIV, …

 A lot of problems of MIV are related to the depth transmission
 Instead of transmitting depth in a harmful & expensive way, we propose DSDE:

Decoder Side Depth Estimation – DSDE
e.g. „MIV Geometry Absent“ profile
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Example – ESDE vs. DSDE (high bitrate)

ESDE-Depth DSDE-Depth ESDE-Synthesis DSDE-Synthesis
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Comparative Study: ESDE vs DSDE

 Improved synthesis performance
with 0 bitrate spent for depth.

 Perceptual quality preserved.

 Reduction of pixel rate by 50%.

 No 𝑸𝑷𝑫 definition required.

P. Garus, J. Jung, T. Maugey and C. Guillemot, ``Bypassing Depth Maps Transmission For 
Immersive Video Coding,'' 2019 Picture Coding Symposium (PCS), Ningbo, China, 2019

 Depth Compression (MV-HEVC) is more harmful than Decoder Side Depth Estimation.
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FD-DSDE - Concept

1. Partition flag
2. Skip flag
3. Zmin/Zmax
4. Depth Estimation Parameters

Transmitted features

 Divide views into blocks.
 For each block, transmit a few 

parameters (features) to help 
depth estimation of the 
decoder side.

 Optimize parameters so the 
block-based depth is as close as 
possible to the GT depth.

Patrick Garus - Decoder Side Depth Estimation in MPEG Immersive Video 10

P. Garus, F. Henry, J. Jung, T. Maugey and C. Guillemot, ``Immersive Video Coding: Should 
Geometry Information be Transmitted as Depth Maps?,‘’ Transaction on Circuits and 
Systems for Video Technology (TCSVT), 2021, accepted.



FD-DSDE – System Overview

Block-based
Encoder-Side depth estimator*
(feature extractor)

CABAC Block-based
Decoder-Side depth estimator*
(Feature driven)
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*based on DERS8



Feature #1 : 𝒁𝒎𝒊𝒏 & 𝒁𝒎𝒂𝒙(𝒅𝒎𝒂𝒙& 𝒅𝒎𝒊𝒏)

 Reduced complexity by
minimized Cost Volume.

 Increased quality by simplified
cost aggregation.
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Feature #2 : Depth Estimation Parameters

 Optimized smoothing coefficient per block
 Coefficient selected to minimize L2-distance to a Ground Truth depth map.
 Mitigates downside of “block-based” approach & estimation from decoded textures.
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Feature #3 : Skip Flag

 Entirely skip depth estimation if no depth change detected at the encoder.
 Further reduces complexity for future frames, provides temporal stability & reduces bitrate for

features.
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Feature #4 : Partitioning Flag

 Enables partitioning of blocks.
 Further minimizes complexity or improves performance.
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FD-DSDE: Complexity reduction
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 Maintained pixel rate reduction of -50% for all sequences.
 Cost volume reduced by 88% on average (up to 98%)
 Runtime reduced by a factor of 18 compared to the DERS8 reference



FD-DSDE: Objective Performance
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FD-DSDE: Subjective performance (1)

Dancing

Ground-Truth B-DSDEESDE FD-DSDE
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FD-DSDE: Subjective performance (2)

Frog

Ground-Truth B-DSDEESDE FD-DSDE
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FD-DSDE: Comparison with 3D-HEVC
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DSDE in MIV : Geometry Absent Profile
 DSDE Performance was reconfirmed using the MIV Standard involving a different depth

estimator (IVDE) & different synthesizer (VWS / RVS)
 Adoption of a MIV Geometry Absent Profile – Depth Atlases are not transmitted.
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 GA Profile outperforms other MIV 
anchors (GA=G17 – green curve).

 Especially for perspective content.



FD-DSDE in MIV : Geometry Assistance SEI (1)
 The FD-DSDE Features have been adopted into the MIV as

Geometry Assistance SEI.
 With the exception of Depth Estimation Parameters
 Depth Estimation & Synthesis are not part of the

specification

 Concept of Features supported in IVDE 3.0

Sequence TMIV

decoding 

(incl. IVDE)

Depth map 

estimation

ClassroomVideo A 30.8% 24.2%

Museum B 63.1% 57.9%

Fan O 46.2% 43.5%

Kitchen J 67.4% 64.2%

Painter D 49.0% 46.5%

Frog E 23.3% 22.3%

Carpark P 71.3% 69.1%

Chess N 78.1% 73.7%

Group R 56.5% 53.6%

54.0% 50.6%

Fencing L 28.8% 26.2%

Hall T 44.5% 42.9%

Street U 49.3% 47.8%

ChessPieces Q 83.8% 83.2%

Hijack C 78.7% 63.8%

Mirror I 59.3% 55.8%

57.4% 53.3%MIV

MIV

Mandatory content

Optional content
 Speedup of decoder runtime x2:
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FD-DSDE in MIV : Geometry Assistance SEI (2)
 > 1 dB synthesis PSNR gain for 6 sequences.
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Summary
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 In terms of research, DSDE is a „new“ system.
 It already outperforms ESDE-type systems easily.
 Complexity aspect has to be solved, but we are optimistic.

 DSDE is part of the new MIV standard as the MIV Geometry Absent Profile.
 The Geometry Assistance SEI message improves the complexity as well as the quality.

 Many more synergies can be found
 Merging texture decoder + depth estimator
 Merging depth estimator + renderer



Thank you for your attention

Questions?
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