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Abstract
It is proposed to use the Scharr filter instead of the current Sobel filter for HOG-based gradient computation in ECM. It is asserted that Scharr filter reduces directional bias in discrete gradient estimation, offering improved rotational symmetry over Sobel filter.. A normalization factor is applied with the proposed Scharr filter to maintain a gradient dynamic range comparable to Sobel filter, ensuring compatibility with existing thresholds and histogram binning.
On top of ECM19.0, simulation results of the proposed method are reported as follows:
For AI configuration: -0.01%, 0.01%, -0.01%, with xx% EncT, xx% DecT.

1. Introduction
In ECM, the Histogram of Oriented Gradients (HOG) algorithm is employed to estimate the dominant direction of predicted blocks. The accuracy of this estimation strongly depends on the quality of the pixel-wise gradient calculation. This contribution proposes the use of the Scharr filter instead of the Sobel filter for gradient computation in the case of rectangular blocks.
Rectangular blocks exhibit anisotropic spatial support, where horizontal and vertical directions are sampled unequally. It is asserted that under such conditions, the Sobel filter may introduce directional bias due to its non-uniform frequency and orientation response, leading to less reliable gradient magnitude and orientation estimation. It is asserted that the Scharr filter, by reducing discretization-induced directional bias and improving rotational symmetry, provides more reliable gradient estimation than Sobel filters in this setting, making it better suited for rectangular block geometries commonly used in ECM..
Since the Scharr filter produces larger gradient magnitudes than the Sobel filter due to its higher coefficient values, a normalization factor is introduced in the proposed approach to keep the magnitude range of the gradients comparable to that of Sobel-based computation. This normalization ensures compatibility with existing thresholds, histogram binning, and fixed-point implementations, while preserving the improved orientation accuracy provided by the Scharr filter.
2. Proposal
We propose replacing the Sobel filter with a normalized Scharr filter for computing the gradient at each pixel position  in the histogram of oriented gradient calculation. The new filter is only used in the case of rectangular blocks where the block width is not equal to the block height.
Normalization ensures that the resulting gradient magnitudes remain consistent with those obtained from the Sobel filter, preserving the same magnitude range. Experimental results demonstrate that this normalization improves gradient accuracy and leads to better overall performance.
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Note that the proposed Scharr filter computation can be implemented with bit-shifts.
3. Experimental Results
The proposed method is tested on top of ECM-19.0 [1] under the common test conditions [2]. The simulation results are summarized in the following tables. Please note the EncT, DecT results are not reliable, and the complexity of proposed approach is expected to be almost same as the current filter.

	
	All Intra Main 10 

	
	Over ECM-190

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.01%
	0.02%
	-0.01%
	97.8%
	99.0%
	100.1%
	100.0%

	Class A2
	-0.02%
	0.10%
	0.01%
	97.7%
	98.5%
	100.1%
	99.9%

	Class B
	0.00%
	-0.01%
	-0.06%
	97.5%
	99.1%
	100.0%
	100.0%

	Class C
	-0.02%
	-0.06%
	-0.03%
	97.5%
	99.0%
	100.4%
	100.0%

	Class E
	-0.01%
	0.02%
	0.11%
	97.6%
	99.8%
	99.0%
	99.9%

	Overall 
	-0.01%
	0.01%
	-0.01%
	97.6%
	99.1%
	100.0%
	100.0%

	Class D
	0.01%
	-0.24%
	-0.31%
	97.2%
	99.6%
	100.1%
	100.0%

	Class F
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!
	#NUM!

	Class TGM
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!
	#NUM!
	#NUM!



4. Conclusions
A normalized Scharr filter is proposed for gradient calculation in rectangular blocks when computing the histogram of oriented gradients. It is proposed to include the approach in the EE.
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