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Abstract
This contribution introduces two methods based on picture-level geometry transform. Both methods allow only vertical flip geometry transform. In Method 1, a flag is signalled to indicate if the vertical flip geometry transform is applied or not after comparing RD costs in the encoder side. In Method 2, a picture-level edge feature analysis is applied based on the edge types of pixels to determine if the vertical flip of geometry transform is applied or not. Hence, the RD comparing process required in Method 1 is not necessary in Method 2.
The experimental results of the proposed methods are shown below:
I. Method 1 (only vertical flip geometry transform is considered)
· AI: -0.20% / -0.31% / -0.34% for Y/U/V with 100%/98% enc/dec complexity
· RA: X.XX% / X.XX% / X.XX% for Y/U/V with XX%/ XX % enc/dec complexity
II. Method 2 (the edge feature based geometry transform selection method on top of Method 1)
· AI: -0.17% / -0.29% / -0.36% for Y/U/V with 100%/97% enc/dec complexity
· RA: X.XX% / X.XX% / X.XX% for Y/U/V with XX%/ XX % enc/dec complexity

Introduction
In the last meeting, a method of picture-level geometry transform was proposed and decided to be investigated in EE [1]. In this proposal, three kinds of geometry transform: horizontal flip, vertical flip and 180°-rotation can be applied at picture level. The information of transform is signaled in the slice header to indicate whether a geometry transform is applied, and which transform is applied. To decide the type of geometry transform, the encoder tries to encode the picture with each geometry transform as well as non-transform case and selects the one with the minimum RD cost.

Proposed method
In the proposed Method 1, the vertical flip is only used for the picture level geometry transform. Hence, one bit flag is signalled to indicate if the vertical flip is applied or not, and the number of RD comparing process is also reduced in the encoding stage compared to EE [1].
On top of Method 1, Method 2 applies the edge feature based geometry transform selection method which is replacing the RD comparing process in Method 1 as below. Hence, it alsoreduces the encoder pre-processing complexity of picture-level geometry transform.

i. For the picture-level edge feature analysis, Robinson edge detection filters [2] are applied in all pixels of picture, and decide the edge type of each pixel which is one of 8 directions (E, NE, N, NW, W, SW, S, SE, as shown in Figure 1).
ii. Calculate the number of pixels of each edge directions,  and 
iii. If , the vertical flip of geometry transform is applied in the corresponding picture.

[image: ]
Figure 1. 8 edge detection filter in Robinson method.

In Method 2, the size restriction of picture height in EE2-1.16 which is enabling the geometry transform over 720 is also removed.

Experimental results
The proposed methods are implemented on top of ECM-6.0[3] and the simulations are tested under ECM test condition with all intra and random access configurations [4].
In Table 1, the experimental results of Method 1 (only vertical flip geometry transform is considered) is presented. The simulation results for Method 2 (the edge feature based geometry transform selection method on top of Method 1) is shown in Table 2.

[bookmark: _Ref116386434]Table 1 The experimental results for method 1
	
	All Intra Main 10

	
	Over ECM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.23%
	-0.29%
	-0.25%
	101%
	98%

	Class A2
	-0.48%
	-0.32%
	-0.31%
	101%
	98%

	Class B
	-0.29%
	-0.75%
	-0.89%
	100%
	97%

	Class C
	0.00%
	0.00%
	0.00%
	101%
	100%

	Class E
	0.00%
	0.00%
	0.00%
	100%
	98%

	Overall
	-0.20%
	-0.31%
	-0.34%
	100%
	98%

	Class D
	0.00%
	0.00%
	0.00%
	101%
	101%

	Class F
	-0.06%
	-0.10%
	0.03%
	102%
	97%

	Class TGM
	-0.63%
	-0.47%
	-0.52%
	110%
	101%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over ECM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#NUM!#DIV/0!
	#NUM!#DIV/0!

	Class A2
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#NUM!#DIV/0!
	#NUM!#DIV/0!

	Class B
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#NUM!#DIV/0!
	#NUM!#DIV/0!

	Class C
	0.00%#VALUE!
	0.00%#VALUE!
	0.00%#VALUE!
	99%#DIV/0!
	98%#DIV/0!

	Class E
	　
	
	　
	　
	　

	Overall
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#NUM!#DIV/0!
	#NUM!#DIV/0!

	Class D
	0.00%#VALUE!
	0.00%#VALUE!
	0.00%#VALUE!
	99%#DIV/0!
	98%#DIV/0!

	Class F
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#NUM!#DIV/0!
	#NUM!#DIV/0!

	Class TGM
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#NUM!#DIV/0!
	#NUM!#DIV/0!
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	All Intra Main 10

	
	Over ECM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.25%
	-0.31%
	-0.29%
	99%
	97%

	Class A2
	-0.25%
	-0.28%
	-0.27%
	100%
	98%

	Class B
	-0.32%
	-0.73%
	-0.95%
	99%
	97%

	Class C
	-0.01%
	0.02%
	-0.03%
	100%
	98%

	Class E
	0.01%
	0.04%
	0.02%
	100%
	97%

	Overall
	-0.17%
	-0.29%
	-0.36%
	100%
	97%

	Class D
	-0.05%
	-0.18%
	-0.16%
	100%
	102%

	Class F
	-0.11%
	-0.21%
	0.07%
	100%
	96%

	Class TGM
	-0.55%
	-0.40%
	-0.48%
	102%
	102%

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over ECM-6.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#NUM!#DIV/0!
	#NUM!#DIV/0!

	Class A2
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#NUM!#DIV/0!
	#NUM!#DIV/0!

	Class B
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#NUM!#DIV/0!
	#NUM!#DIV/0!

	Class C
	0.00%#VALUE!
	-0.04%#VALUE!
	0.08%#VALUE!
	98%#DIV/0!
	97%#DIV/0!

	Class E
	　
	
	　
	　
	　

	Overall
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#NUM!#DIV/0!
	#NUM!#DIV/0!

	Class D
	0.03%#VALUE!
	0.04%#VALUE!
	-0.33%#VALUE!
	99%#DIV/0!
	97%#DIV/0!

	Class F
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#NUM!#DIV/0!
	#NUM!#DIV/0!

	Class TGM
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#VALUE!#VALUE!
	#NUM!#DIV/0!
	#NUM!#DIV/0!
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