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1. Introduction

The multi-frame interpolative prediction (MFIP) was proposed in JVT-B075. Detailed description of MFIP with modified syntax is in JVT-C066. It is regarded as the generalized form of MH-pictures, employing a temporal-interpolation on multiple frames in the reference frame buffer. The prediction signal is calculated by the following equation:

pred = r1 * w1 + r2 * w2 + d
where r1 and r2 correspond to the two reference frames, and w1, w2 and d are the linear interpolation coefficients. 

In JVT-B075, two coefficient sets (w1, w2, d)=(1/2,1/2,0) and (2,-1,0) are used for the simulation. The prediction signal calculation for these coefficients is simple (one shift and one addition/subtraction) while the improvement is significant as shown in JVT-B075. There is no need to calculate fading gain at the encoder. 

However, more coding gain should be derived by adaptively determining the MFIP coefficients frame by frames. This contribution explains an example algorithm for such coefficients detection and evaluates the coding performance. 

2. MFIP coefficient detection algorithm (Informative)

The algorithm is to determine MFIP coefficients frame by frame to minimize the following mean square prediction error J:
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where o(h,v), r1(h,v) and r2(h,v) are the pixels at (h,v)-th position in the current frame and the reference frames r1 and r2, respectively. 

For simplicity, the following restrictions are applied to the MFIP coefficients:

· Number of coefficient sets is pre-determined as three; c(i)=(w1(i), w2(i), d(i)) where i=0 to 2.

· Weighting factor for the reference frame r2 in c(0) is set to 0; w2(0)=0.
· Weighting factor for the reference frame r1 in c(1) is set to 0; w1(1)=0.

· Weighting factors w1(0) and w2(1) are calculated by the following simplified form;

w1(0)=E(abs(o(h,v)-E(o(h,v))) / E(abs(r1(h,v)-E(r1(h,v)))), d(0)=E(o(h,v))- w1(0)*E(r1(h,v))

w2(1)=E(abs(o(h,v)-E(o(h,v))) / E(abs(r2(h,v)-E(r2(h,v)))), d(1)=E(o(h,v))- w2(1)*E(r2(h,v))

where E(() is the mean value;
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abs(x) is the absolute value of x. 
· c(2) is determined to minimize J defined above.
The coefficients in this algorithm are determined by pixel order calculations. 

Further improvements are expected by e.g. introducing motion estimation, or detecting the optimal coefficients for image regions in a frame. However, such algorithms are not used in this contribution for simplicity. 

3. Test condition

Computer simulations were conducted following the common test condition (VCEG-N81). The following tables summarize the simulation condition. 

Common test condition

	Base program
	JM1.7

	R-D optimization
	used

	MV search range
	(32

	Bi-directional/Backward prediction
	not used(forward prediction only)

	CABAC
	not use(UVLC)

	1/8 pel MC
	not used(up to 1/4 pel accuracy)

	Slice structure, Data partitioning
	not used

	Hadamard
	used

	Number of reference pictures
	5

	QP
	4, 8, 12, 16, 20, 24, 28


The MFIP coefficients are detected frame by frame. The precision (number of bits) of the coefficient is controlled so that the prediction signal is calculated within 16-bit precision. 

To evaluate the performance for fade sequences, additional video sequences with fade were generated. The following table lists the fade patterns and test sequences used for the simulation. Only linear fade-in from black was used in JVT-B057. This time, other several fade patterns (quadratic curve, sigmoid curve, cross-fade, fade-in from white) are additionally used. The detailed fade sequence generation formula is explained in Annex A. 

Fade patterns and test sequences

	Fade type
	Video sequence
	Fade duration

	Linear fade from black
	Container(QCIF 10Hz)

News(QCIF 10Hz) Foreman(QCIF 10Hz)
	2 sec.

	Quadratic curve fade from black
	
	

	Sigmoid (S-curve) fade from black
	
	

	Linear fade from white
	
	

	Quadratic curve fade from white
	
	

	Sigmoid (S-curve) fade from white
	
	

	Cross fade
	Container to News

(QCIF 10Hz)
	2 sec.


4. Simulation result

Simulation results are show in the attached excel file (JVT-C103.xls). Average SNR improvements and bitrate savings calculated by avsnr4 are summarized in the table bellow.

The results show extremely high coding gains for overall fade types and video sequences. The average SNR improvements are 3.47-5.21dB for Container, 3.11-5.78dB for News, 2.32-4.34dB for Foreman, and 1.57-1.65dB for cross-fade. 

Average SNR improvement and bitrate saving
	Sequence
	Effect
	avsnr4

	
	
	QP=16,20,24,28
	QP=4,8,12,16

	
	
	ΔPSNR(dB)
	Δbitrate(%)
	ΔPSNR(dB)
	Δbitrate(%)

	Container
	Fade-in from black
	Linear
	5.21 
	-55.22 
	4.50 
	-56.46 

	
	
	Quadratic
	4.33 
	-48.88 
	3.82 
	-55.94 

	
	
	S-curve
	4.48 
	-51.23 
	3.66 
	-52.95 

	News
	
	Linear
	3.45 
	-46.64 
	4.46 
	-50.16 

	
	
	Quadratic
	3.11 
	-44.42 
	3.80 
	-50.78 

	
	
	S-curve
	3.24 
	-42.51 
	3.69 
	-46.61 

	Foreman
	
	Linear
	4.34 
	-52.33 
	3.52 
	-49.71 

	
	
	Quadratic
	3.98 
	-49.09 
	3.13 
	-50.98 

	
	
	S-curve
	3.59 
	-45.39 
	2.74 
	-44.19 

	Container
	Fade-in white
	Linear
	4.54 
	-50.52 
	4.27 
	-54.53 

	
	
	Quadratic
	3.48 
	-44.59 
	3.65 
	-53.60 

	
	
	S-curve
	4.17 
	-46.78 
	3.47 
	-50.95 

	News
	
	Linear
	5.59 
	-60.36 
	5.78 
	-59.24 

	
	
	Quadratic
	4.76 
	-55.20 
	4.79 
	-58.67 

	
	
	S-curve
	4.96 
	-54.38 
	4.61 
	-54.26 

	Foreman
	
	Linear
	3.22 
	-44.75 
	2.99 
	-44.11 

	
	
	Quadratic
	2.86 
	-42.60 
	2.86 
	-47.75 

	
	
	S-curve
	2.78 
	-39.27 
	2.32 
	-39.30 

	Container -> News
	Cross-fade
	Linear
	1.57 
	-24.18 
	1.65 
	-20.58 


5. Conclusion

An interpolation coefficient detection algorithm for the multi-frame interpolative prediction (MFIP) is proposed. Extremely high coding gains are observed in the simulation. The SNR improvement from the JM is up to 5.8dB. We propose to adopt MFIP in the JVC CD, with MFIP coefficient loading syntax proposed in JVT-C066[2] to enable coefficient adaptation. 
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Annex A
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The fade curve function
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· S-curve
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where T is the fading duration. Fading image g(t) is created by the following formula, 
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a(t) and b(t) are set as the following table.

	
	a(t)
	b(t)

	fade-in from black/white
	black/white
	original image

	fade-out to black/white
	original image
	black/white

	cross-fade
	original image A
	original image B


Black and white images are created by adding random value 0 or 1 to
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