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Introduction: Higher Order Motion Compensation

Ø Higher Order Motion Compensation (HOMC)
• Block-wise option of additional parameters describing non-transl. motion (RD-decision)

• Pixel-wise compensation (4×4 MC tested as well)

• sub-sample interpolation with # #$⁄ pixel precision 

• Prediction improving tools: BBTSC, HODS

• Implementation in HM14.0-KTA1.0[3]

• Differences to affine mode in JEM 
• Direct coding of affine matrix parameters instead of mapping them to translation 

vectors
• Temporal prediction of affine motion

• Pixelwise compensation

• Benefits of direct coding of affine matrix parameters
• Avoidance of multiple conversions between affine parameters and translational control 

point motion vectors (precision loss due to quarter-pel rounding)

• Less bit-depth precision necessary due to a smaller value range of parameters

• Temporal scaling can be done correctly (→ HODS)
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Affine Motion Transformation & Estimation of Affine Matrix Parameters

• Full and simplified affine motion transformation matrix

• Iterative estimation method based on temporal and spatial local gradients[1][4]

• Initialized by block-matching result

[1] M. Narroschke and R. Swoboda, Extending HEVC by an affine motion model, in PCS, 2013.

[4] Cordula Heithausen and Jan Hendrik Vorwerk, Motion Compensation with Higher Order Motion Models for HEVC, in ICASSP, 2015.
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Quantization and Coding of Affine Parameters[4]

• Affine parameters represented in block-wise coordinate system

• Values of non-translational matrix parameters range between	0 < /0, /4 < 2 and 

−1 < /1, /3 < 1

• Fine uniform quantization of higher order parameters /HI# with quantization factor 

Jho = 256

• Block-wise flag indicating if affine motion model is used

• coded (if true) using different context depending on whether or not neighboured PU 

employs affine motion model as well 

• Additional motion parameters (two or four, respectively)

• if flag set true: signaled and coded similar to translational parameters

(larger zero, larger one, larger two, remainder, sign flag)

• if flag set false: aff. Parameters set to identity matrix and not coded or transmitted

[4] Cordula Heithausen and Jan Hendrik Vorwerk, Motion Compensation with Higher Order Motion Models for HEVC, in ICASSP, Brisbane, Australia, 

April 2015, IEEE.
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BBTSC – Block-to-Block Translational Shift Compensation[5]
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[5] C. Heithausen et al., Improved Higher Order Motion Compensation in HEVC with Block-to-Block Translational Shift Compensation, in ICIP, 2016.
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HODS – Higher Order Distance Scaling[6]
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1. Determination of distance scaling factor s = tuvwxyzz
tuvw{z|}

.

2. Decomposition of non-translational matrix *	into higher

order motion components o, rQ, rT , q.

3. Distance scaling of o, rQ, rT and q	by distance scaling

factor s, resulting in o~ , r̃Q, r̃T and qÄ.

4. Re-composition of distance-scaled matrix *Å = /~0 /~1
/~3 /~4

.

s = 2s = 0.5s = −0.5

[6] C. Heithausen, M. Bläser, and M. Wien, Distance Scaling of Higher Order Motion Parameters in an Extension of HEVC, in PCS, 2016.
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Rate Reduction of HOMC with BBTSC and HODS over KTA1.0 [%]
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Evaluation – Prediction mode occurrences with/without BBTSC
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Evaluation – pixelwise vs. 4x4-subpartition-wise compensation

pixel-wise motion 

compensation

4x4-subpartition-wise motion 

compensation
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Rate Reduction for Different Coding Configurations
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Conclusion

• Higher order motion compensation system

• 2 or 4 additional parameters (affine motion model)

• estimated from temporal and spatial local gradients

• affine matrix parameters directly coded

• improved prediction through

• BBTSC
• HODS

• Average bit-rate reduction of about 20% over HM14.0 KTA1.0 for higher order motion 

content in low delay P mode



Thank you
for your attention!

Are there any questions?
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