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ABSTRACT

Block effect is one of the most annoying artifagtsdigital video processing and is especially Misiin low-bitrate
applications, such as mobile video. To solve thabfem, we propose an adaptive quantization metbiothter frames that
can reduce visible block effect in DCT-based videding. In the proposed method, a set of quaidizahatrices are
constructed before processing the video data. Metrare constructed by exploiting the temporalufeagy limitations of
human visual system. The method is adaptive toanatiformation and is able to select an appropdgat@ntization matrix
for each inter-coded block. Based on the experiatamsults, the proposed scheme can achieve lsethgective video
quality compared to conventional flat quantizatespecially at low-bitrate application. Moreovergdtes not introduce extra
computational cost in software implementation. Thiethod does not change standard bitstream systdakcan be directly
applied to many DCT-based video codec. Potentigliggtion could be for mobile phone, palm computed other digital
devices with low-bitrate requirement.
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1.INTRODUCTION

The human eye is fairly good at seeing smifiérénces in brightness over a relatively largeaarbut not so good at
distinguishing the exact strength of a high freqyebrightness variation. This fact allows one td g&ay with a greatly
reduced amount of information in the high frequenoynponents. This is done by simply dividing eaomponent in the
frequency domain by a constant for that componand then rounding to the nearest integer, whichsisally nhamed
guantization in data compression. As the mainylaggeration in image/video coding, quantizatiomeates many of the
higher frequency components to zeros and most efrést become small positive or negative numbeirsceSthe
quantization can remove the majority of the tramsfaoefficients with low energy, high compressiarfprmance can be
achieved.

Nowadays, most video coding standards such as3+h28 MPEG-1,2 4 utilize two quantization stratedid. One, non-
uniform quantization is used for intra-coded frames, I-frames. The non-uniform quantization lisays implemented with
continuously changing quantization step size agthdri frequency coefficient tends to be quantizedabyer quantization
value. In this way, high compression efficiencyobtained, while the distortion incurred due to tngantization is
neglectable. Two, uniform flat quantization th#teauates all frequencies by the same amount iSedpfor inter-coded
frames, i.e., P- and B- frames. Recently, new deetiin methods taking advantage of human visuatatteristics to obtain
visually better reconstruction of video data haeerbproposed. In [2], a quantization scheme basddiman visual system
(HVS) is presented. The scheme exploits the faatthtVS is more sensitive to artifacts around thgeeareas in frames than
those around texture areas. Thresholds are usddstsify the local regions based on the importateeure, contrast and so
on. However, the decision of threshold is empirizatl the computational complexity greatly increadéslo et. al.[3]
proposed a multigrid motion compensation video mgdicheme based on HVS. However, it consumesd loemory and
is not suitable for digital applications with réstibattery lifetime such as mobile video. In aatetl work, a quantization step
selection scheme for intra-frames is presented ipu2t. al.[4]. Wanget. al.[5] tried to merge discrete cosine transform
(DCT) and quantization into a single operation, dnity uniform quantization was applied and thusait be directly applied
to intra-frames in most video coding standard$6]nthe author proposed a new inter quantizatreme by exploiting the



HVS property to improve the compression efficienSimilarly, the improvement of compression perfance is at cost of
the highly increasing computational complexity.

In what follows we propose an adaptive inter gizatibn algorithm focusing on improving subjectivideo quality. The
algorithm takes advantage of a set of quantizatiatrices that can be initialized beforehand. Dutimg processing, each
inter-coded block is adaptively quantized basetherHVS sensitivity to different spatiotemporalguencies under a certain
velocity. The proposed model can efficiently reduiseial artifacts and improve the subjective videality with almost the
same objective video quality. Moreover, it does inctease the computational complexity and onlytaxtra memory is
required.

Researchers usually prefer objective qualitgubjective quality for video quality measuremefite measurement of
video objective quality always needs “original” &@ material. However, the ultimate purpose of vigeocessing is for
human viewing. In most cases, mass audiences hmebance to evaluate video objective quality, sifegginal” video
material is not available. They can only evaluatke® subjective quality. In these cases, subjectiaity is as important as
objective quality. So if we achieve higher subjetguality with almost the same objective qualitgth researchers and
mass audiences will be satisfied.

The rest of this paper is organized as follolsSection 2, the characteristics of DCT and HVS fariefly reviewed to
reveal their relationship to quantization. In SartB, the algorithm and implementation are propo3ért experimental
results are presented in Section 4. Finally, Sediconcludes the paper.

2. SPATIAL CHARACTERISTICSOF DCT AND HVS

DCT [7] maps a set of data into its spati@qfrency components. The resulting array of numbetains the same
number of values as the original array. The fifstrent in the result array is a simple averagdidha samples in the input
array and is referred to as DC coefficient. Theaiging elements in the result array each indidaeaimplitude of a specific
frequency component of the input array, and arevknas AC coefficients. The frequency content ofshmple set at each
frequency is calculated by taking a weighted averaigthe entire set. These weighted coefficiengslige a cosine wave,
whose frequency is proportional to the result aimalgx as shown in Fig. 1. For 8pg DCT block, spatial frequencies are
distributed from the lowest to the highest frequesied from the upper-left to the lower-right cornéthe block as shown in
Fig.2. As human visual system is not sensitive igtiruish the exact strength of a high frequendghiness variation,
quantization is utilized to remove high frequenoynponents and obtain a high compression ratio witiotable visual
degradation.
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Fig.1 The weighted circle of spatial frequency €iognts Fig.2. Spatial frequency distribution in DCT damg]

in1-D DCT [7]

In practice, HVS has different sensitivitydifferent spatial frequencies in DCT domain. D.Hll [8] has proposed an
equation to characterize the limitations of HVSpatiotemporal response

G(a,v) = [6.1+ 7.3log(v/3) |x var? exp [ 20 (v + 2) 1 45 9] 1)



whereV is measured in degrees per secondarid spatial frequency in circles per degree.

Fig.3 is a perceptive view of the threshaldface for the spatiotemporal response charadterisf HVS, where the
spatiotemporal frequency response of HVS behakesdilow-pass filter. This low-pass characterisfidtdVS means that
beyond a certain point HVS is not able to discrizménany spatial variation in a given block. Moregike sensitivity of
HVS is greatest in the intermediate region. At kighelocities, the sensitivity decreases with iasiieg velocity, until even
a high-contrast target is fused. At low velociti#se sensitivity decreases with decreasing velo&tentually, the target
begins to fade out, and may disappear entirelgmt welocity, if the stabilization is precise enbug

In conclusion, different spatial frequencée regularly distributed in DCT domain and the H¥8poral sensitivity
differs in terms of spatial frequency and velocithierefore a weighted quantization that approximtgeporal sensitivity of
HVS can achieve better subjective video qualityttee flat quantization.

3. PROPOSED QUANTIZATION ALGORITHM

3.1 Analysisof proposed quantization algorithm
The velocity of each macroblock is represeiitg horizontal and vertical velocitieg,and v, , respectively. The spatial

frequencies are characterized (Qi;andaj . There are eight frequencies in each directioanit®< 8 DCT block, thusl andj
ranged from 0 to 7 as an integer.
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Fig.3. Perspective view of the spatiotemporal thos Fig.4. Temporal frequency characteristics of HVS in

surfaces [8]. Each individual curve represents gpatial macroblock. X- and Y-axis represent Fig.3. Temporal

frequency response at a fixed temporal frequency. frequency character DCT coefficients in horizongadd
vertical and Z-axis represents the perceivable gpiHVS.

Then, each temporal frequency response of HV8&vordimensional frames can be calculated from (1)

G(a, V)= [6.1+ 7.3[log( v/3)|3]>< va,?exp[- 2a, (v + 2) 145 9] @)

ij 1
by first defining

2 2 —
V=" +\ )}/2 and o =0 +¢ (3)

For an & 8 DCT block, we obtain totally 64 components thatdefined ass(«;;,V)

In fact, the temporal frequency of the obsdrebject can be regarded as a function of velcaiiy spatial frequency of
the object, which has been confirmed by Dong [9].

In order to calculate the spatial frequency aredvélocity for each inter-coded macroblock, weddtice the parameters
in accordance to the work in [6].
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wherem, and M, are the absolute values of motion vedttr(m,,,m;) in horizontal and vertical directionsy and h
are the width and the height of the frame respelgtjvf represents the frame rat®) is the size of macroblock. Since in an 8

x 8 DCT block, the circles ranged from 0 to 3.5 vdtheven interval of 0.5 both in horizontal and icattdirections shown
as Fig. 2 in [7], we define

¢, = 05i and c,=05j i,j=0L.7 (6)

Fig.4 depicts the model of the temporal frequentgracteristics of HVS for MV(4,4) when QCIF sizeled sequence
with 30fps (frames per second) was processed. iemtodel, size of macroblock was 16x16 and theckearea used in
motion estimation was 32x32.

From Fig.3, we can see how important each spagguency is for HVS in a macroblock. Further, wa approximate the
spatial limitations of HVS to construct a weightpaantization matrix. The constructed matrix canaeenmore information
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Fig.5. Quantization with different MV. Left: MV (4); Right: MV (4,1).

than the flat quantization matrix because the H¥&at sensitive to this information. We proposéi&s based quantization
model

Gle;,V)

Quvs(, J) =(my +m)/ px A~ ) (7

max

whereQ,,.(i, j) represents a component of the HVS based quantizatatrix,Q,, ., P is the adjustment parameter

and G, denotes the maximum value amoggy, ,v) -

The proposed model in (7) indicates the refethip between the characteristics of HVS and dqzatign. Each transform
coefficient in a block is quantized based on itss@évity to HVS. Furthermore, the motion inforneti i.e. MV, is used to
adjust the quantization parameter for each amdock. Adaptation to motion information enables tiroposed method to
efficiently reduce the unnecessary
information without affecting to subjective quality

The proposed quantization method can be obtaineatidiyng the HVS based quantization matrix intoftaequantization
matrix

Q=Qrar +Quws (8)



Fig.5 shows the proposed quantization matdttained from (8) witlp=2 and each component of matrix, ,. equals
to 10.

3.2 Implementation of proposed algorithm
If the method is directly applied to eacheratoded macroblock, a mass of computations wiihtreduced. One can see

that (3) has a symmetric property, which means ithél, and M, are exchanged, the operation will only transptise t

quantization table. Moreover, the signsi®f, and M, do not affect to resulting quantization table.

If the frame rate, the size of macroblock #mel search area are fixed, only a few of the pregapiantization matrices
need to be constructed. For the aforementionecovigguence with a 3232 search area, only 35 HVS based quantization
matrices are needed. So, the matrices can bdiggtisbeforehand and the best matrix can be selettteéng the quantization
process. In this way, a lot of computations casded with slight increase in memory usage.

The method is applied for P- and B-framesc&ianly forward MV is used for inter-coded P famihg, proposed model
can be applied directly. While for B frames, a aliste-based weighting strategy is used. The HVSdogsentization is the
weighted sum of the two proposed quantization nedetived from forward MV and backward MV.

4. EXPERIMENTAL RESULTS
4.1 Subjective Evaluation
The proposed quantization method was appbteti.263 codec. The method is aimed to improve extlve quality
without reducing the objective quality. Therefotes obtained results are focused on subjectiveuatiahs. Good guidelines
for subjective evaluation can be found from Recomaa¢ion ITU-R BT.500-11 [10].

During each comparison, two video sequences @isplayed synchronously on the screen. One wasded and decoded
by the modified codec. The other was processecéystandard codec. However, observers did not kmbish sequence
was processed by the modified codec. They simphe dheir evaluations based on their own percepypkrience. After
each comparison, the on-screen locations of thginali codec and the modified codec was exchangedoraly to avoid
possible influences on the perceptions caused lgiadplocation differences. Finally, all the evdioa results were
combined into our final result. This evaluation vwasried out by 16 laypeople whose majors had ngtltt do with video
technology. Should subjective evaluation be takgraypeople or professional is a controversial peob But in recent
years, more researchers prefer laypeople. As wevkiagpeople constitute the main part of the eretai;n most cases.

Foreman test video sequence was mainly used bedacetains different type of local motion activitThe standard
codec and the modified codec were used to produoedecoded video sequences under the same bibyaéeljusting
guantization parameter (if not exactly the samech@ose a little lower bitrate for the proposed sipdn the experiments,
the frame rate was 30 fps, macroblock size andsélaech area were ¥86 and 3%32, Pin (7) was 2, and no frame was
skipped during the processing. Table 1 list thejective evaluation results.

Based on opinions of 16 observers, the proposeehsettould achieve better subjective video qudlicpmpared to the
standard coding schemes. Table | show that mostreds think that the visual quality of the propbseethod was better
especially at low-bitrate application.

TABLE | SUBJECTIVE EVALUATION WITH H.263

Bitrate (kb/s) H.263 isbetter Proposed isbetter Almost the same
57.0¢ 2 12 2
68.7( 2 11 3
81.0( 3 8 5
114.5¢ 5 8 3
176.9( 4 6 6
266.1¢ 3 3 10

If compared to standard codec, the proposedentends to allocate more bits to important spétéuencies and less
bits to the frequencies that are not so sensitivd\tS, without changing the overall bitrate. Norhpabit allocation is more
influential on visual quality at low-bitrate thah@gh-bitrate. For instance, the proposed schesnedecrease visible block
artifacts by assigning more bits to the most semsitequencies in low-bitrate applications. Figlows the differences in
reconstructed frames between the proposed scheththarstandard codec. In Fig.6 since the areasnnéllipse have low



motion and are more sensitive to HVS, the modifiedec was using finer quantization to these ar€hsrefore block
antifacts are decreased, as shown in (c) and (@ .réctangle area contains fast hand movementsthatsl frequencies in
these blocks were attenuated more, as shown an(eff). However, observers can't perceive any a@agion if the video is
played at normal frame rate due to the HVS linotadi. Similarly, Fig.7 illustrates the comparisoriween the proposed
quantization algorithm and the baseline H.263 steah¢h frame 247. Since it only includes low motaxtivity and is more
sensitive to human visual system, frame 247 temti®located more bits than in the standard codec.

(e)
Fig.6. reconstructed frame 255, Left: ProposedhRig§tandard

D

(© (d)

Fig.7. reconstructed frame 247, Left: ProposedhRig.263



4.2 Objective Evaluation

We also compared the objective video qualdagdal on the same experimental conditions in sedtibnThe objective
video quality is measured by Peak Signal to NoiaoR(PSNR). According to the obtained results, gheposed model
could achieve almost same objective quality as dstah codec. Fig.8 gives the comparison between pitoposed
guantization method and the standard H.263 codec.

The experiments were carried out for diffenddeo sequences such as Coastguard, Suize amd $b@same evaluation
results were reached. Furthermore, the utilizatibtihe proposed method is also investigated irettpeeriments. Generally,
the more motion activity the video sequence costaime higher the utilization ratio of the proposetptive quantization
approach. While for those sequences with no matioonly low local motion activity such as Trevdngetutilization of the
proposed method is about 23%. Table Il shows tlizatton of the proposed scheme at the quantingtiarameter of 10.
“Total” means the number of inter-coded DCT blook$1.263 and “Proposed” is the number of blocks rehldVS based
guantization was applied.
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Fig. 8 Comparison of objective video quality betwelee proposed quantization algorithm and the besél.263 standard,
where (a) shows PSNR vs. bitrate between the lummecomponents and (b) is the comparison of thencimance
components between the proposed method and thknlealde?263 codec.

TABLE Il STATISTICAL RESULTS OF UTILIZATION

Sequence Total Proposed Ratio
Foreman 395,36: 202,96t 51.31%
Coastguard 313,91« 148,35¢ 47.58%
Suzie 126,27t 38,73( 30.61%
Glasggow 733,53 381,34. 51.9%%
Trevor 132,07¢ 30,22¢ 22.89%
Carphone 358,87: 129,37. 36.05%




5. CONCLUSION

Block effect is an annoying artifact in digitabeio processing. Its influence on video objectivalityis relatively slight.
But it may degrade video subjective quality sigrfitly. In this paper, we analyzed the HVS tempaotadracteristics in
terms of spatial frequency and velocity. Furthemare proposed an adaptive inter quantization nadethy exploiting
limitations of the human visual system. Experimergaults show that, at the same average bitrageptoposed model can
improve the subjective video quality by decreasiisgble block artifacts with nearly unchanged obijezvideo quality. Best
results can be expected for low-bitrate application

The proposed method need not change any itstgrammar or syntax of the existing video coditemdards. The
modified encoder will still output standard-compliabitstreams, which can be successfully decodedary standard-
compliant decoder. So it can be easily implementethany quantization-based video codecs. The mashiggically useful
for digital applications at low bitrate communigetisuch as video telephony and wireless commubpitati
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