ITU – Telecommunications Standardization Sector Document: Q15-F-21 STUDY GROUP 16 Video Coding Experts Group (Question 15)

Seoul, Korea, 3–6, November 1998

Question: Q. 15/16 Source: Purdue University, IN., U.S.A. and LG Electronics Inc. Seoul, Korea Dong Sik Kim, Ness B. Shroff, Jeong Yeol Kim, and Young-Man Park Tel: +1 765 494 0636, Fax: +1 765 494 3358, Email: dskim@ecn.purdue.edu Title: An Adaptive Quantizer Scheme Using Non-Zero Level Codebooks Purpose: Proposal

I Introduction

To obtain gains over the quantizer part of the current standards, it is necessary to use vector quantizers (VQ) instead of scalar quantizer, i.e., VQ can achieve a gain which cannot be achievable through the scalar quantizer. However, the major disadvantage of VQ is the encoding complexity which increases dramatically as the vector dimension or bit rate increases. The current video coding standard systems are based on high bit-rate quantizers, even when the coding systems are designed for a low bit rate transmission environment. Hence, applying VQ to the current video coding structure is very difficult.

In this proposal, we propose an adaptive quantizer scheme (AQS) by employing a feed-forward adaptive quantizer, called sample-adaptive product quantizer (SAPQ) (that has recently proposed in [13] and [14]), for the INTER block quantization part of the ITU-T H.263 version 2 (H.263+). Since the structure of this quantizer is based on scalar quantizers, we can readily apply SAPQ to the current quantizer schemes of the video standards. What is remarkable about SAPQ is that it can be used to obtain VQ-level performance with scalar quantization level complexity.

This proposal is organized as follows. In Section II, we concisely describe the uniform SAPQ in preparation for the SAPQ. We introduce the proposed AQS for H.263+, the low bit-rate video coding, in Section III. In Section IV, the design of SAPQ to the INTER block quantization in H.263+ is shown, and simulation results with discussions are given. We then summarize and conclude the proposal in the last section. 1

II Uniform Sample-Adaptive Product Quantization

In this section, the SAPQ scheme is summarized. We will later demonstrate how to use this scheme in order to quantize the DCT coefficients of H.263+ using non-zero level quantizers.

We consider the random variables X_1, · · ·, X_m as the discrete-time input to be quantized, where m is the adaptation period or sample size. Suppose that E{X^2_i } < ∞, for i = 1, · · ·, m. Let C_n denote the class of sets that have n points from R and let the sets in C_n be called the n-level codebooks, where each codebook has n codewords. The quantization of X_i is the mapping of a sequence of observations of X_i to a sequence of points of codebook C (∈ C_n) according to a map, which is called the quan-levthavrtage dictoation achievdn when a randomfh(v)m(ariable)jFt(X)83916858yFq(i)9619781ΩyFw(is07951y(quan)o(tizen)f(b)o(yfg(a)g(co)q(deb)q(o)q(ok)ΩFt(CspFw(,fw(is)g(giv)o(eR)h(b)o(y7368604yFtE)07807596yog(æ)8148604yw(moin8)178391yFqy)qFnr(2)pΩqt(C8908604yw((()jFt(X9468697yFq(i9708604ΩFr(Γ)105btqy)ryFw()106578428yFs(2)0767596Ωog(œ)11)188604yFt:)7691bFw(1()09172b(In)1Ωb(thishb(quan)o(tizatioV,)f(the)g(rquir(dn)h(bitfg(rategΩFtRi)fFwq(deΞnsed)ihas)h(biis)g(b)q(er)g(Sourcr)g(yem)o(b)qol())gΩ(is)FtRi)fFw=a)g(lg:)1819838yFs(2)86789172yFt(n)pΩFwiof)010462yFtC)dΩFr(2ef(C)))o10635yFq(n)15010461ΩyFw(and)heΞxsed)glengith)hbinsary)g(co)q(das)haure used to r(prsren)o(t)f(the)i(quan)o(tizer)f(ounpuds.)19bNnote14Ωb(tha,d)f(sence)01192yFtX

i

⊂

where RdyFw(and)16yFtC ( tizer.

128 0 46 y Ft(;)8 b Fr(´)g(´)g(´) ˙Ft(;)jy ofthaquantize,nisnsthatusinga

CRsaregivenbCR-: (0, 0, 0, 0, 0, 0, 0, 0), 1/2(1, 1, 1, 0, 1, 0, 0, 0)1/2(0, 1, 1, 1, 0, 1, 0, 0), 1/2(1, 0, 0, 1, 1, 1, 0, 0)1/2(0, 0, 1, 1, 1, 0, 1, 0), 1/2(1, 1, 0, 1, 0, 0, 1, 0)1/2(0, 1, 0, 0, 1, 1, 1, 0), 1/2(1, 0, 1, 0, 0, 1, 1, 0)9

1/2(1, 1, 1, 1, 1, 1, 1, 1), 1/2(0, 0, 0, 1, 0, 1, 1, 1)1/2(1, 0, 0, 0, 1, 0, 1, 1), 1/2(0, 1, 1, 0, 0, 0, 1, 1)1/2(1, 1, 0, 0, 0, 1, 0, 1), 1/2(0, 0, 1, 0, 1, 1, 0, 1)1/2(1, 0, 1, 1, 0, 0, 0, 1), 1/2(0, 1, 0, 1, 1, 0, 0, 1)η = 4, where m = 8 [14, Example 2]. that the side bit rate is η/m = 0.5 expected gain from the quantizer using CRs given by (14) is approximately 0.654 dB. (A nresult shows 0.65 dB gain at n = 256 [14].) Fm = 8, when η = 1, we can design the codeboof SAPQ based on the lattice as in (13), and when η = 4, we can design the codebooks on the lattice as in Based on these two lattices, we now design the SAPQ codebooks for η = 2 and 3, and the numerical Fη = 2, we can choose 4 different CRs from The bit rate is R = 8.bpp. Wconsider the following two examples in choosing four CR-1: (0, 0, 0, 0, 0, 0, 0, 0), 1/2(1, 1, 1, 1, 1, 1, 1, 1)1/2(1, 0, 0, 1, 1, 1, 0, 0), 1/2(0, 1, 1, 0, 0, 0, 1, CR-2: (0, 0, 0, 0, 0, 0, 0, 0), 1/2(0, 1, 1, 1, 0, 1, 0, 0)1/2(0, 0, 1, 1, 1, 0, 1, 0), 1/2(0, 1, 0, 0, 1, 1, 1, 0)However, the two examples show different gains, which are calculated by experiment. sho0.36 dB gain, but CR-2 only shows 031 dB Wcan consider different combinations of CRs outside the CRs of Howevit seems that the best case is CR-1 for η = the gain is less than that of the η = 1 case of (13). implies that increasing the side bit does not always guarantee a better In a similar manner, we study the η = 3 case (R = 8.bpp), where we have 8 different CRs. From the CRs in (14), consider the following 8 CR-3: (0, 0, 0, 0, 0, 0, 0, 0), 1/2(1, 1, 1, 1, 1, 1, 1, 1)1/2(1, 1, 1, 0, 1, 0, 0, 0), 1/2(0, 0, 0, 1, 0, 1, 1, 1)1/2(0, 1, 1, 1, 0, 1, 0, 0), 1/2(1, 0, 0, 0, 1, 0, 1, 1)= 1/2(1, 0, 0, 1, 1, 1, 0, 0), 1/2(0, 1, 1, 0, 0, 0, 1, 1)(17)that the lattice is the best lattice among the known lattices for the dimension m = 8 6

SAPQ using CR-3 produces a 0.10 dB Howevif we consider , , −⇕∞ −⇕∞ −⇕∞, CR-for the 8 CRs, then the gain is 0.34dB. It seems thatthe η=3 case also yields a lesser gain the η = 1 case, even though the number of possible choices (codebooks) is higher than the η = IIAdaptivQuantizerSchemeforthissection,wenowproposeanAQS,whichadaptivelyemploysthenewquantizer,SAPQ,fortheDCTblocks thatrequire largenumber ofTheoptional“alternativeINTERVLC”modeofH0.61+[11,AnnexS]canimprovethecoperformance of the quantizer output when significant changes are evident in the picture. “busy” INTER blocks, which have a large number of large-magnitude coefficient, the option emplothe INTRA VLC table [11, TABLE I.2] of the advanced INTRA coding mode [11, Annex I]. we can reduce the required bits for the block and maintain the same picture qualitythis propwe propose an AQS for such busy blocks in order to reduce the quantizer distortion. the blocks, we use non-zero level quantizers (quantizers that have no zero-value reconstruction level) obtain gains based on the SAPQ theory. The proposed AQS can be applied to the current alternative INTER VLC mode. It is also possible to make further extensions of the application the quantizers of In the proposed AQS, each block is first classified into two classes: block class busy block class, based on the DCT coefficients of each blocAnSAPQisthenappliedtobusyblocksonlytoreducethedistortionsofthebusyblocblockusesthequanthebusyblocks,theSAPQusesseveralnon-zerolevelquantizers,whereonlylevelsaredifferentfromtheoriginalquantizersofH0.61+.

WecanconsiderthefollowingtwodifferentmethodsofclassificationforfindingthebusyblocCounting the required bits for a block and classifying by using the number of bits by a threshold for this numbIn the alternative INTER VLC mode [11, Annex S], the blocks that use the INTRA are classified as the busy block.

Note that both these methods do not need any side information to indicate whether the currenblocis the busy block or not. Howevby using the “quantizer information (DQUANT)”, wcould arbitrary indicate the busy blocks (and then use side information). first method is classifier without changing the VLC bit stream for the coefficienIf we consider the 7 methothen the proposed scheme can be applied to the option alternative INTER VLC mode a modified form of the option. current option is focussed on reducing the number of required

Howevif this option is modified by using the AQS, then we can improve the SNR of busy blocks by reducing the required We now introduce the quantizer part of the proposed AQS. In a DCT block, we define the folloQP quantization CO:= a transform coefficient to be quanLEE:= the quantized version of the transform coefficient, RE:= reconstructed coefficient vwhere i (∈ {1, −⇕∞ −⇕∞ −⇕∞, 64}is the index for the 64 DCT coefficienWuse the following quanrule, which yields LEEfor the VLC of the INTER coefficienLEE= sign(CO) −⇕∞ LEV E, LEV E= ⌊(|CO|−⇕∃⌊QP/2⌋)/(2−⇕∞QP )⌋ordertodescribe theinverse quantization following inverse quantizers are defined. The first inverse quantization rule, which is designated b0

, is used for the non-busy bloc: RE0LEEsign(LEV E) −⇕∞ RE, for i = 1, −⇕∞ −⇕∞ −⇕∞, 64, RE= QP −⇕∞ (2 −⇕∞ |LEV E| + 1) −⇕∃ p, p = 0 if odd and p = 1 otherwise. that is the same as the original invquanrule for the INTER coefficients in recommendation of H0.61+ specifies this inverse quantization rule [11, next set of rules that describe the SAPQs that used for the the busy blocks in the proposed AQS. For j = 1, 2, −⇕∞ −⇕∞ −⇕∞, : REc

LEEsign(LEE) −⇕∞ RE+ , otherwisefor i = 1, −⇕∞ −⇕∞ −⇕∞, 64, RE= QP −⇕∞ (2 −⇕∞ |LEV EL

| + 1) + −⇕∃ p, 8 p = 0 if QP odd and p = 1 otherwise. the inverse quantizer , , , and integers, and j (η bits) is the side information.thattheseparametersaredependentoni,fortheDCTcoefficientinaDCTblock,and||and||shouldbeevenand||beoddtoensuretheoddvaluesofRE[11Thedesignoftheparametersandthediscussionis introducedinSectionWenowintroducetheSAPQquantizationrule. denote the distance for a busy blocthat is inversely quantized by , where := −⇕∃i(CO−⇕∃ REi,j

for j = 1, 2, −⇕∞ −⇕∞ −⇕∞, SAPQ is performed by finding the quantizer that yields the minimum distance among all From (5), the smallest distance can be rewritten j∈{1,2,−⇕∞−⇕∞−⇕∞,1

i(CO−⇕∃RE. Theaverageofthedistancesof(23)representstheperformanceoftheproposedAQS.Theinformation,whichhasafixedlengthηbits,isaddedtothebitstreamofthebusyblockafterlastcoefficientsothatthebitsaredecoQuanDesignandSimDesigning an SAPQ quantizer in the proposed AQS of (21) is finding the appropriate , , and i,j

this section, we introduce several designed quantizers and their nperformance. The simulation was conducted based on the UBC TMN8 [12A. Classification

In this proposal, we use the first classification method that is addressed in Section III. quantize COaccording to (18), and using the VLC tables for the INTER blocks [11, T16,17] and LEV Eencode the quantizer output to a bit stream. for each bloccount the total bits required for the DCT coefficients (TCOFF) [11]. that, if LEEfor all i in a block, then using the “coded macroblock indication” (COD), the “macroblock typcoded block pattern for chrominance” (MCBPC), and the “coded block pattern for (CBPY) bits, no further information is transmitted for the block. If for some i, LEE≠ 0 in block, then this block is called a coded block. Fig. 2, the number of coded blocks in each of a QCIF (quarter common intermediate format) video sequence, FOREMAN, is illustrated the 100 frames that were coded as this figure, H = 10 and = 20 imply the number of the coded blocks of the luminance blocks, which is called busy Y-blocks, have 9

Figure 2: Number of coded blocks in each frame of a QCIF video sequence, FOREMAN at QP = 16. (T H = 10: Y-blocks that requires more or equal to 10 bits, and T H = 20: Y-blocks that requires more or equal to 10 bits.)

or equal to 10 bits and 20 bits for TCOFF, respectively. In the Fig. 2 case, we note that 11 % of the total DCT blocks are coded blocks. (Note that a QCIF frame has 594 DCT blocks.) For an appropriate threshold T H, we classify the luminance blocks into the busy and non-busy Y-blocks. (For example, the blocks that have more than or equal to T H = 20 are the busy Y-blocks.) For several values of T H, the peak signal to noise ratios (PSNRs) of the busy Y-blocks are summarized in Table 1, where the signal variance is given by 255. Note that the main approach of the proposed AQS is using the SAPQ only for the busy Y-blocks in order to decrease the quantizer distortions of the blocks. Since the chrominance blocks usually require a small number of bits, the expected gain from the SAPQ will be negligible. (Note that the uniform SAPQ obtains a gain from the filling advantage.) However, for the chrominance blocks, instead of using SAPQ, simply QP can obtain good performance in a similar manner to the “modified quantization mode” [11Annex T].

B. SAPQ Design and Results

The quantizer for the INTER block is a modified uniform quantizer having a dead-zone. we used different parameters and for the zero level and the non-zero level shifting, respec-

tively. Using the CR notation ( = (, · · ·, ′ ) ) defined after (11), we let

c_{i,j} { DE1 · (4 · ′_{i,j} − 1), for i = 1, · · ·, m 0, for i = m + 1, · · ·, 64,

(24)

for j = 1, 2, · · ·, 2^η, where a non-negative integer DEV_1 is a shifting constant for the zero lev10

Table 1: PSNRs (dB) of the busy Y-blocks and the average number of busy blocks per P-picture FOREMAN QCIF video sequence (100 P pictures by TMN8 at QP = PSNR: Y = 29.81 dB, Cb = 35.30, Cr = 35.74, Average number of bits = 1920 bits/frame

63.4 coded blocks/frame: 27.14 dB T H

10 20 30 40

PSNR (dB) 26.4125.6925.39Busy Y-blocks/frame32.9 11.44.9 2.6

Figure 3: Quantizer reconstruction levels of IQ

in the SAPQ. (IQ for i = 1, �, m in the SAPQ based CR-the SAPQ codebooks, and m ≤ that ∈ {−DEDE}for i = 1· · ·, mj = 12, · · ·, Inthesamemanner,i,j

DE(4·−1)i=1, · · ·, 0i= m+1,···,64, j=12,···,whereDEisanon-negativeinparameterisrelatedtoreconstructionvalue,whichisdefinedDEi=1···,0for i = m + 1, · · ·, 64where DEis an inFirst, we observe the performance of the proposed AQS that is designed based on the we consider the lattice , then η = 1, and and d are obtained from the two whicare given in quantizer levels of this SAPQ are illustrated in Fig. 3, where we

suppthat DE< DE3

, and odd. Fig. 3, the first codebook (j = 1) has the negativvalue −DEinstead of the zero level and the second codebook (j = 2) has the positive v11