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Abstract. A new algorithm for the rate control of videos con-
sidering the sensitivity of the human visual system (HVS) is
presented. The method adopts the three-step structure of
MPEG-2 Test Model 5 (TM5) rate control, while a new mea-
sure for the macroblock (MB) activity based on spatiotempo-
ral sensitivity is introduced. Experimental results show that
the proposed activity measure outperforms the spatial activ-
ity of TM5 in picture quality. © 2005 Society of Photo-Optical Instru-
mentation Engineers. [DOI: 10.1117/1.1920068]
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1 Introduction
The conventional rate control algorithms can be classified

into two classes according to whether they use the rate-

quantizer (R-Q) model or not. The model based ap-
proaches, such as H.263 TMN Ver. TMN10)! and
MPEG-4 Verification Model Ver. 8/M8)? have been con-
sidered as rate control for maximizing the video quality at a
given bandwidth. However, they are inappropriate for use
in a wide variety of bit rates. Among model-free ap-
proaches, the MPEG-2 TM5 rate confrid the most rep-

resentative. It consists of three steps to adapt the MB quan-

tization parameter for controlling the bit raté$ Among

them, the adaptive quantization step modulates the quanti-

available for coding the current picture is estimated. The
second step is the rate control step. In this step, the number
of bits for each MB is determined by the rate control algo-
rithm within a picture, and then a quantization parameter is
derived from the number of bits available for the MB to be
coded. Adaptive quantization is the last step of the TM5
rate control. It is noted that for active areas or busy areas,
the human eyes are not so sensitive to the quantization
noise, while the smooth areas are more sensitive to the
guantization noise according to the frequency masking ef-
fect of the HVS. Based on this property, the adaptive quan-
tization modulates the quantization parameter obtained
from the previous step in such a way to increase it for
active areas and reduce it for smooth areas.

3 Adaptive Quantization Using Spatiotemporal
Activity Measure

The adaptive quantization in the TM5 considers only the
spatial characteristic of the human visual perception. Thus,
the quantization parameter is modulated according to the
spatial activity measure of the current MB. There still, in
fact, exists another feature in the HVS called temporal
masking, which can be suitably used to enhance the perfor-
mance of the adaptive quantization. Temporal masking
states that it takes a while for the HVS to adapt itself to the
scene when the scene changes abruptly. During this transi-
tion the HVS is not sensitive to details. Considering both
spatial and temporal masking properties of the HVS, the
perceptual performance improvements can be obtained by
introducing an adaptive quantization based on the spa-
tiotemporal MB activity.

In the proposed method, the modulated quantization pa-
rameter for thgth MB is obtained by
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whereQ); is the quantization parameter obtained in the sec-
ond step of TM5 rate control, ard_act; is the MB activ-
ity factor, which is calculated as

mquan}=Q;-N_act

N_actj=a-N_actf+(1—a)-N_act;. 2

The above equation indicates that, differently from TM5,
the activity factor of the current MB is calculated as the
weighted sum of the spatial activity facttsxr_actjS and the
temporal activity factoN_act!, which are calculated as

2X actjs+ avg_act®

s act’+2xavg_act’

zation parameter adaptively according to the spatial activity t t @)
o S 2Xact+avg_act

of the MB, considering the characteristic of the human per- N_act}=

ception. The human perception, however, depends not only act}+2><avg_actt

on the spatial activity but also on the temporal activity of

the MB. Based on this observation, we propose a new spa-

tiotemporal activity measure for adaptive quantization. Table 1 Performance comparison.

2 Overview on TM5 Rate Control ™S Proposed

The first step of the TM5 rate control is the target bit allo- '"Putsequence PSNR — Rate QP PSNR  Rate QP

cation. Based on several factors including the picture type, Carphone 37.26 127.92 13.85 37.99 128.02 14.00

buffer fullness, and picture complexity, the number of bits Coastguard 30.23 127.87 20.02 3111 12813 19.52
Container 39.15 127.98 8.48 40.19 12817 871
Foreman 3518 128.00 16.39 3590 127.88 16.16
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Fig. 1 Results of the “Coastguard” sequence: (a) generated bits;

(b) PSNR. act rate control results. In the respect of average PSNR, the

proposed method shows improvements about 0.7-1.1 dB
over the TM5. Figure 1 shows the number of generated bits

whereavg_act® andavg_act' are the average values of and PSNR values of the “Coastguard” sequence. Note that
. - there is a little bit larger interframe variation in bit rates in

the spatial ?ctmty meas_uraactjs and the temporal act|\(|ty ~ the proposed method. This indicates that the proposed
measuract; of the last picture to be encoded, respectively; method modulates the number of bits so that more bits are

act andact; for thejth MB are calculated as allocated to stationary frames. The results of Table 1 and
_ ; Fig. 1 show that the spatiotemporal activity measure for the
act=1+ Min (varsblk . T O . . o
1 SmkI: LS(V - ) adaptive quantization is superior to the spatial activity mea-
4) sure in TM5 in objective picture quality. Figure 2 shows the

act=1+|Mvp(j)|

where varsblk is the variance of each spatiak8 block,
andMup(j) is the predicted motion vector of thth MB.
For the case where the motion vector for the current MB is
not available in rate control process, such as the H.264
video encoder, we use the predicted motion vector instead

reconstructed frames of the 87th frame of the “Coastguard”
sequence. It can be seen that, in the background and the
right sea of the white coast guard sHiprcled areas the
proposed method shows better picture quality. This demon-
strates that the proposed method assigns more bits to still
areas than the area of the fast-moving ship.

of the motion vector in Eq4). 5 Conclusions

The parameter in Eq. (2) is the weight of the spatial ~ This letter proposes a TM5-like video rate control algo-
activity in the MB activity factor. For intrapicturegy=1.0 rithm using a new adaptive quantization scheme. In our
is used, and for interpicturee=0.5 is used. Note that method, considering the temporal characteristic of the hu-
a=1.0 means the TM5 rate control algorithm. man perception, a spatiotemporal MB activity measure for

the adaptive quantization is proposed. By evaluating the
, MB temporal activity according to the magnitude of the
To evaluate the performance of the proposed algorithm, mqtion vector, the quantization parameter can be modu-

four standard test sequences of “Carphone,” “Container,” |ated so that more bits are assigned to the more perceptible
“Coastguard,” and “Foreman” are used in the experiment, ti|| areas.

and the results are compared with those of the TM5. The
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