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Introduction


    This contribution reports the two independent simulation results concerning on Annex Q “Reduced Resolution Update Mode” of  H.263+ Draft[1].





 Simulation Conditions


 Encoder Option (except Annex Q)


Advanced Prediction		: On


UMV			: On


Other Options		: Off


Other Conditions


    The other detailed conditions are described in the document which was distributed via e-mail reflector on 97/02/05.   This is also attached in this  document as Appendix.





 Summary of Simulation Conditions


Table  � SEQ Table_ \* ARABIC �1� Summary of Simulation Conditions


Sequence�
Bitrate�
Rate Control�
coding method�
�
Foreman�
112kbps�
TMN6 and TMN6 �
without Annex Q�
�
(1-300)�
�
without FRR�
with Annex Q�
�
Mother &Daughter�
40kbps�
TMN6 and TMN6 �
without Annex Q�
�
(600-899)�
�
without FRR�
with Annex Q�
�
Silent�
40kbps�
TMN6 and TMN6 �
without Annex Q�
�
(1-300)�
�
without FRR�
with Annex Q�
�



        As for the rate control, we applied two methods, TMN6 and TMN6 without Frame Rate Regulations(FRR).





Results


        Table 2 to Table 7 show the simulation results obtained by independent implementers A and B.  These tables include the average Bits/Frame, the average PSNR of each component, and the number of the coded frame.





TMN6 Rate control


		Table  � SEQ Table_ \* ARABIC �2�  Foreman


Implement�
Coding mode�
Bits /


Frame�
PSNR


Y�
PSNR


Cb�
PSNR


Cr�
Coded


Frame�
�
A�
with Annex Q�
17056.00�
31.5305�
37.7274�
38.6227�
68�
�
�
without Annex Q�
18589.42�
31.8245�
37.7444�
38.7732�
62�
�
B�
with Annex Q�
16810.90�
31.5333�
37.7098�
38.6457�
69�
�
�
without Annex Q�
18392.89�
31.7899�
37.7385�
38.7334�
63�
�



		Table  � SEQ Table_ \* ARABIC �3�  Mother & Daughter


Implement�
Coding mode�
Bits /


Frame�
PSNR


Y�
PSNR


Cb�
PSNR


Cr�
Coded


Frame�
�
A�
with Annex Q�
6447.41�
32.3966�
38.4491�
38.2178�
68�
�
�
without Annex Q�
7562.07�
33.0136�
38.6256�
38.3802�
58�
�
B�
with Annex Q�
6288.00�
32.2973�
38.2480�
37.9531�
69�
�
�
without Annex Q�
7544.69�
33.0246�
38.6421�
38.3413�
58�
�



		Table  � SEQ Table_ \* ARABIC �4�  Silent


Implement�
Coding mode�
Bits /


Frame�
PSNR


Y�
PSNR


Cb�
PSNR


Cr�
Coded


Frame�
�
A�
with Annex Q�
6270.42�
30.624�
36.367�
37.7887�
71�
�
�
without Annex Q�
7921.57�
30.970�
36.2758�
37.7198�
56�
�
B�
with Annex Q�
6295.66�
30.6189�
36.1927�
37.6160�
70�
�
�
without Annex Q�
7902.43�
30.9688�
36.3222�
37.6771�
56�
�






TMN6 Rate control without FRR





		Table 5  Foreman


Implement�
Coding mode�
Bits /


Frame�
PSNR


Y�
PSNR


Cb�
PSNR


Cr�
Coded


Frame�
�
A�
with Annex Q�
12242.55�
30.8223�
37.0960�
37.9696�
94�
�
�
without Annex Q�
12992.27�
30.7978�
37.0669�
37.9160�
89�
�
B�
with Annex Q�
12154.27�
30.8467�
37.0918�
37.8621�
95�
�
�
without Annex Q�
13009.26�
30.842�
37.0626�
37.8901�
89�
�



		Table  6  Mother & Daughter


Implement�
Coding mode�
Bits /


Frame�
PSNR


Y�
PSNR


Cb�
PSNR


Cr�
Coded


Frame�
�
A�
with Annex Q�
4768.53�
32.0066�
38.0883�
37.8562�
91�
�
�
without Annex Q�
4904.36�
31.9707�
37.7752�
37.6568�
89�
�
B�
with Annex Q�
4653.02�
32.0539�
37.8390�
37.6352�
94�
�
�
without Annex Q�
4897.71�
32.0641�
37.7694�
37.6198�
89�
�



		Table  7  Silent


Implement�
Coding mode�
Bits /


Frame�
PSNR


Y�
PSNR


Cb�
PSNR


Cr�
Coded


Frame�
�
A�
with Annex Q�
4792.78�
30.2535�
35.8926�
37.3542�
92�
�
�
without Annex Q�
4966.29�
30.0348�
35.4247�
37.0018�
89�
�
B�
with Annex Q�
4739.53�
30.2483�
35.6802�
37.1943�
93�
�
�
without Annex Q�
4900.80�
30.1256�
35.5351�
37.0183�
90�
�






 Discussion


    As shown in Table 2 to 7 , the two independently implemented simulation results showed good consistency.  As for the subjective assessment of the decoded sequences,  the following coherent observations are also reported from both implementers.


With TMN6 rate control, coded frame rate are clearly  increased by Annex Q.  Though the area of moving object, such as the face of  Mother and Silent, becomes somewhat blurred compared to the default mode(without Annex Q), this is observed only for the part of sequence in which smoothness of the motion is improved and even in that part of sequence, the high resolution of static background area is maintained.


In the case of TMN6 without FRR control, block artifact of the default mode is annoying.  We can also observe the blurring in Annex Q, however, the total subjective quality with Annex Q is better than the default mode.   The gain in the coding frame rate by Annex Q is smaller than the TMN6 case.  For some sequence like Silent, this improvement in motion smoothness is difficult to recognize.  But the overall subjective quality with Annex Q is better than the default mode for these sequences because block artifact is not much annoying for Annex Q.





 Conclusion


    The performance of Annex Q “Reduced Resolution Update Mode” of H.263+ draft was evaluated by the two independently  implemented simulations.  The results of the two simulations showed good consistency.  The simulation results also confirmed the improvement of total subjective quality by the Annex Q for two kind of rate control cases.
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Simulation Model for Reduced-Resolution Update mode





Motion estimation and mode selection


In Reduced-Resolution Update mode, motion estimation is performed on the luminance 32x32 macroblock instead of 16x16 macroblock. SAD (Sum of Absolute Difference) is used as error measure.  In this mode, each component of the macroblock motion vector or four motion vectors is restricted to be half-integer or zero value in order to widen the search range with the same MVD table.


Motion estimation in baseline mode (no options)


Integer pixel motion estimation


The search is made with integer pixel displacement in the Y component.  The comparisons are made between the incoming macroblock and the displaced macroblock in the previous reconstructed  picture.  A full search is used, and the search area is up to ±30 pixels in horizontal and vertical direction around the original macro block position.





�EMBED Equation.2���





For the zero vector,  SAD(0,0) is reduced by 400 to favor the zero vector when there is no significant difference.





�EMBED Equation.2���





The (x,y) pair resulting in the lowest SAD is chosen as the integer pixel motion vector, MV0.  The corresponding SAD is SAD(x,y).


INTRA/INTER mode decision 


After the integer pixel motion estimation the coder makes a decision on whether to use INTRA or INTER prediction in the coding.  The following parameters are calculated to make the INTRA/INTER decision:





�EMBED Equation.2���





�EMBED Equation.2���





INTRA mode is chosen if:   �EMBED Equation.2���





Notice that if SAD(0,0) is used, this is the value that is already reduced by 400 above.


If INTRA mode is chosen, no further operations are necessary for the motion search. If INTER mode is chosen the motion search continues with half-pixel search around the MV0 position.


Half-pixel search


The half-pixel search is done using the previous reconstructed frame. The search is performed on the Y-component of the macroblock.  The search area is ±1 half-pixel around the 32x32 target matrix pointed to by MV0, complying the condition that each component of the candidate vector for the half-pixel search is half-integer or zero value.  For the zero vector (0,0), SAD(0,0) is reduced by 400 as for the integer search.  





The half pixel values are calculated as described in ITU-T Recommendation H.263, Section 6.1.2.





The vector resulting in the best match during the half-pixel search is named MV. MV consists of horizontal and vertical components (MVx, MVy), both measured in half pixel units.


Motion estimation in advanced prediction (AP) mode


This section applies only if advanced prediction mode is selected.


Integer pixel motion estimation


No integer pixel search is performed for the 16x16 block motion vectors. The 16x16 motion vectors are assigned the same value as the 32x32 MB integer motion vector.


Half-pixel search


The half-pixel search is performed for each of the blocks around the 16x16 integer vector.  The search area is ±2.5 pixel around the 16x16 integer vector of the corresponding block, complying the condition that each component of the candidate vector for the half-pixel search is half-integer or zero value and within [-31.5, 30.5].


One vs. Four MV Decision in AP


This section applies only if advanced prediction mode is selected.





SAD for the best half pixel 32x32 MB vector (including subtraction of 400 if the vector is (0,0)):


�EMBED Equation.2���





SAD for the whole macroblock for the best half pixel 16x16 block vectors:


�EMBED Equation.2���





The following rule applies:


If:	�EMBED Equation.2���,	choose 16x16 block prediction


otherwise:				choose 32x32 MB prediction


Motion estimation in the unrestricted motion vector (UMV) mode


This section applies only if the extended motion vector range in the UMV mode is selected.


Search window limitation


Since the window with legal motion vectors in this mode is centered around the motion vector predictor for the current macroblock, some restrictions on the integer motion vector search is applied, to make sure the motion vectors found will be transmittable.





With these restrictions, both the 32x32 MB vector and the 16x16 block vectors found with the procedure described below, will be transmittable, no matter what the actual half-pixel accuracy motion vector predictor for the macroblock, or each of the four blocks, turns out to be.





Integer pixel search


First, the motion vector predictor for the 32x32 MB vector based on integer motion vectors only, is found. The 32x32 MB search is then centered around this predictor, with a somewhat limited search window. The 32x32 MB search window is limited to the range 29 - (2*16x16_block_search_window+1).   Since in this model the 16x16_block search window is 2.5, the default search window in the UMV mode turns out to be (23 integer positions. The 16x16_block searches are centered around the best 32x32 MB vector.





Half-pixel search


Half-pixel searches are performed as in the other modes, around the best 32x32 MB vector.    The search area is ±2.5 pixel around the 16x16 integer vector of the corresponding block, complying the condition that each component of the candidate vector for the half-pixel search is half-integer or zero value.


Down-sampling of the prediction error


After motion compensation on 16*16 block basis, the 16*16 prediction error block is down-sampled to the 8*8 reduced-resolution prediction error block.  In order to realize a simple implementation, filtering is closed within a block which enables to perform an individual up-sampling on block basis.  Fig. 1 shows the positioning of samples.  The down-sampling procedure for the luminance and chrominance pixels is defined Fig.2.  Filtering is performed regardless of the block boundary.   “/” in Fig.2 indicates division by truncation.








�


Fig.  � SEQ Fig._ \* ARABIC �1�


Positioning of samples in 8*8 reduced-resolution prediction error block and 


16*16 prediction error block








�


Fig.  � SEQ Fig._ \* ARABIC �2�


Creation of reduced-resolution prediction error 


for pixels inside block





Transform and Quantization


A separable 2-dimensional Discrete Cosine Transform (DCT) is applied to the 8*8 reduced-resolution prediction error block in the same way as described in TMN6/7.  Then Quantization is performed in the same way as described in TMN6/7.





Switching


(1) Resolution Decision Algorithm


	A simple decision algorithm is used based on the following two parameters which are already used in TMN6 rate control algorithm.


�EMBED Equation.2��� :  the mean QP of previous encoded frame


�EMBED Equation.2���    :  the number of bits used in the previous encoded frame.


	Assuming that the relation between �EMBED Equation.2���and �EMBED Equation.2��� is close to inverse proportion, the product of �EMBED Equation.2��� and �EMBED Equation.2��� can be regarded as an index of the approximate complexity of the coded frame.  


              In the case the current frame is default mode, switching to reduced-resolution update mode is done if the product of �EMBED Equation.2��� and �EMBED Equation.2��� is larger than the threshold TH1. Then, �EMBED Equation.2��� is divided by the constant value C1 and this �EMBED Equation.2��� is used to the rate control of the current frame.  


	In the case the current frame is reduced-resolution update, switching to default mode is done if this product of �EMBED Equation.2��� and �EMBED Equation.2��� is smaller than the threshold TH2.  Then, �EMBED Equation.2��� is multiplied by the constant value C2 and this �EMBED Equation.2��� is used to the rate control of the current frame. 





from default mode to reduced-resolution update mode


	if(�EMBED Equation.2���* �EMBED Equation.2��� > TH1){


		Switch to


		 reduced-resolution update mode;


		�EMBED Equation.2��� = �EMBED Equation.2��� / C1;


	}


from reduced-resolution update mode to default mode


	if(�EMBED Equation.2���* �EMBED Equation.2��� < TH2){


		Switch to default mode;


		�EMBED Equation.2��� = �EMBED Equation.2��� * C2;


	}


	TH1 is determined in the following equation, where QP1 and FR1 represents  the lowest subjective quality which we allow to encode in default mode. 


		TH1 = QP1 * (Target_Bitrate / FR1)


	In the same way, TH2 is determined in the following equation,  where QP2 and FR2 represents the highest subjective quality which we allow to encode in reduced-resolution update mode. 


		TH2 = QP2 * (Target_Bitrate / FR2)	


	If Source Format indicates CIF, then QP1 = 16, FR1 = 6, C1 = 2.5, QP2 = 7, FR2 = 8, C2 = 2.5, respectively. 





Restriction of DCT coefficients in switching from reduced-resolution to normal-resolution


	Once the reduced-resolution mode is selected, the detail of the image is likely to be lost.  If the mode goes back to the default mode again, the detail of image must be reproduced, which consumes a large amount of bits. This sudden increase of coding bits often causes an unintentional frame skips.  Furthermore,  because the resolution-decision algorithm described above uses the product of mean QP and the amounts of bits, this sudden increase of the bits cause to switch back to reduced-resolution update mode, and the oscillation between both modes often occurs.  In order to avoid this degradation, the restriction of DCT coefficients to be sent is introduced to the several frames after switching from reduced-resolution update mode to default mode.  In the first frame after switching to the default mode, the coefficients only within 4x4 low frequency can be sent,  then in the same way, 5x5  in the second, 6x6 in the third, and 7x7 in the forth.  This “smooth-landing” algorithm can suppress the unintentional frame skip and the oscillation of the modes effectively. 
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