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Rate Control for Low-Bit-Rate Video via
Variable-Encoding Frame Rates

Hwangjun Song and C.-C. Jay Kueellow, IEEE

Abstract—A novel rate-control algorithm with a variable-en-  high spatial/temporal quality at high bit rates. Generally
coding frame-rate method is proposed in this work for low-bit-rate  speaking,/-frames are encoded with high spatial quality. The
video coding. Most existing rate-control algorithms for low-bit-rate spatial quality of predictive frames is degraded gradually after

video focus on bit allocation at the macroblock level under a con- If This ph . bvi for fast .
stant frame-rate assumption. The proposed rate-control algorithm =~ IGINES: IS PHIENOMENON IS MOre obvIouS oriast-moving

is able to adjust the encoding frame rate at the expense of tolerable Video. Thus,/-frames are required to refresh the accumulated
time-delay. The new rate-control algorithm attempts to achieve a mismatch error. H.263+ recommends the macroblock-based
good balance between spatial quality and temporal quality to en- ypdate, wherd-frames can be employed for significant scene
hance the overall human perceptual quality at low bit rates. It change to reduce the output bit rate.

is demonstrated that the rate-control algorithm achieves higher Th tial and t | . tifacts of coded
coding efficiency at low bit rates, with a low additional computa- e Spatial and temporal COmPression anmacts ol code

tional cost. The proposed variable-encoding frame-rate method is Video have recently been studied intensively. Blocking, ringing,

compatible with the bit-stream structure of H.263+. and texture-deviation artifacts are often observed in low-bit-rate
video as spatial quality degradations. As to temporal visual
l. INTRODUCTION degradation, few research results are available. Flickering (or

blinki d motion jerki the tw j tifacts oft
IGITAL video-coding techniques have advanced rapidl inking) and motion jerkiness are the two major artifacts often

. i Int tional standard h as MPEG served. The flickering artifact is caused by the fluctuation
In recent years. International standards such as of'spatial image quality between adjacent frames, while mo-

MPEG-2 [1], H'2.61' and H'.263. have been established Bn jerkiness occurs when there is an abrupt change of the
accommodate different application needs. New standar ding frame rate or when the frame rate goes below a certain
such as H.263+/++ .[2]’ H.26L, and_MPI_EQ-4 are also ur_]d?ﬁreshold required to generate smooth motion. Despite the
d_evelopm_ent to achieve more functionalities. Among Varoyset that the change of the peak signal-to-noise ratio (PSNR)
video-coding standards, we focus on the rate-control prObl%{Bes not correspond to flickering completely, we observe that

for a near-term enhancement of H.263, known as H.263+intl?||,Fe flickering effect can be reduced by keeping the image

papedr. ';2:? 3+is ag emerging IO\éV'b't'ra(tje vujeo cozmpées& I?Ja"ty of each frame almost constant. Since the measure of the
standard that provides various advanced options [2]. Core f ckering effect and motion smoothness is a very complicated

gredients of H.263+ include block-based motion compensatigﬁd challenging problem, the subjective visual test is always

and _block-b_ased DCT coding. Rate control plays_ a CrItICﬂeeded to evaluate the performance of a video-coding scheme.
role in the video encoder. It regulates the coded bit stream 10y i< cear that the coding error df-frames can be propa-

satisfy certain given conditions, on the one hand, and enhan &ed to subsequent predictive frames, sudh-adB-frames

the quality of com_jed yldeo, on the other hand. Howe_ver, t owever, the coding of frames demands much higher bit rates
rate-control algorithm is often not standardized, since it can

, an P- and B-frames, since motion compensation is not em-
independent of the decoder structure.

. . - loyed. As the bandwidth becomes narrower, the bit budget for
Depending on channel conditions and characteristics of tg-qrames is a growing burden for the whole coded bit stream.
storage medium, many MPEG rate-control algorithms ha

been proposed. Among the three types of frames in MPEG-] e important difference between MPEG and H.263+ rate-con-
’ "6l algorithms is in the | h of f pi P).N
and H.263+, i.e., intrd[)-, predictive(P)-, and bidirectional -0 a90rthms isin the length of group of pictures (GOP). Note

that even though the GOP term is not employed in H.263, a def-

(B)-frames,-frames are required to control the accumulatei ition similar to that given by MPEG can be adopted. That is,

mismatch error and scene change. MPEG 1 and 2 can Provifificludes a leadind frame and all its following frames before

the appearance of the neddrame. In MPEG, one GOP consists
of one I/-frame and several predictivB- and P-frames. The
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It is worthwhile to point out that rate-control algorithms, in II. PROBLEM FORMULATION
terms of bit allocation at the macroblock level, have been StUd'edGeneraIIy speaking, rate control for a video codec can

for H.263. In [3], Wiegancet al. applied rate-distortion (R-D) pe gone at two levels: the frame and the macroblock levels.
theory for the optimal selection of modes in the H.263 videQost effort on H.263 rate control has been spent on the
encoder. The Viterbi algorithm was employed to find the ogpacroblock-level bit allocation. Efficient macroblock-level
timal path through a trellis. This approach was extended By.allocation algorithms have been proposed in [3]-[5],
Mukherjee and Mitra to combine the optimal macroblock moqg]_[lz]. However, one cannot treat the temporal quality of
selection and the macroblock quantization step adaptation\ideo effectively with the macroblock-level bit allocation only.
[4]. Another practical rate-control algorithm was considered hy; this work, we examine the frame-level bit allocation. Two
Ribas-Corbera and Lei [5], where rate and distortion models gbproaches have been considered in the frame-level bit alloca-
macroblocks were derived, and a rate-control algorithm basgeh for long image sequences, i.e., dependent [13], [14] and
on derived models was studied. Their main contribution is ttkedependent frame coding schemes [15], [16]. Since the GOP
macroblock-level bit-allocation to keep the output bit-streastructure of MPEG is relatively short and there are quite affew
rate almost constant with small fluctuation for the low timeframes available over hundreds of frames, dependency among
delay and jitter under constant bit rate (CBR) channel. Evéfames is less important. The frame dependency becomes more
though a study of the frame-level bit allocation was also pemportant as the frame number between two adjaéerames
formed in [5], results on this part were still preliminary. Sincéncreases in the context of H.263. Thus, the dependent frame
the temporal quality of coded video was not considered explieoding scheme is adopted here.

itly in [5], the resulting quality can be degraded. Buffer con- The dependent frame coding without buffer constraints for
straints are also important in rate control since the buffer und&PEG rate control can be described as follows. Determine
flow and overflow problems at the encoder and the decoder c&n? = 1,2, ..., N to minimize

degrade video quality. The general buffer-constraint problem

N
was examined by Reibman and Berger [6] and Etsal.[7]. Z di(qr, gz, -, ),

We examine the rate-control algorithm for H.263+ with i=1
very large spacing betweefirframes in this research. The N
proposed rate-control algorithm attempts to achieve a good subject toz ri(q1,q2, -, @) < B 1)
balance between spatial quality and temporal quality to en- i=1

hance the overall human perceptual quality by adoptingyghere is the frame number of a GOB,is the given bit budget
variable-encoding frame rate. We cannot support high spatig} 3 Gop, and;(q1, g2, - .., q) andri(qi, g2, . ., ¢;) are the
and temporal video quality at low bit rates. Up until nowgistortion measure and allocated bit rates foritheframe.

only spatial quality degradation has been considered under ®y using the Lagrange multiplier method, we can define a
fixed-encoding frame rate in most work. The variable-encodinjgenalty function by combining the cost function and the con-
frame rate control can improve the visual perceptual qualigfraint for minimization, i.e.,

by pursuing an efficient tradeoff between spatial and temporal
qualities. Furthermore, more flexible and robust rate control is )
needed under time-varying communication channels such as the ql,gf{‘iw Z Jila1, 42, ) 2)
Internet and the mobile channels. Under these environments, =

variable-encoding frame-rate control can provide a satisfactampnere

solution [8].

Usually, thel- and P-frames are considered separately fordilar, @2,y an) = di(qu gz, - av) + Ari(ar, a2, - -5 @)
the H.263 rate-control problem. In this work, tieframe is
encoded by using the current H.263%rame coding scheme
at a predetermined bit rate, which highly depends on the ti

N

and whereX is the Lagrange multiplier which serves as a
weighting factor for the constraint. Many methods have been
. ) ?oposed to solve the above optimization problem. Well-known
delf';ly requirement. The H.26L. Evaluation Delay Model Us xamples include the Viterbi algorithm [16], [13] and the
Guide recommends that the bit rate for thérame must not g jient method [15], [14]. The Viterbi algorithm is basically a
be greater than one second worth of bit transmission at the g8jjis-hased dynamic programming procedure. Although it can
sumed channel bit rate. Our focus here is the determination Of@lihrantee the optimal solution, it is usually too complicated
appropriate frame rate and the bit allocation at the frame layg{.pe used in practice. As to gradient-like search algorithms,
The proposed variable-encoding frame rate method is compgd-computational complexity increases exponentially with the
ible with the bit-stream structure of H.263+. number of frames in one GOP. Also, it is unavoidable to have
This paper is organized as follows. We briefly review thehe time-delay of one GOP due to the above formulation. Since
rate-control problem and formulate the problem of our interegshe GOP delay is very significant in H.263, the formulation
in Section II. Then, the proposed variable-encoding frame raig- (1) has to be modified. In the following, we reformulate
control and the bit-allocation algorithm are described in Sectithe above dependent frame coding problem to reduce the
[ll. Experimental results are given in Section IV. Finally, coneomputational complexity and time-delay and to make the
cluding remarks are provided in Section V. solution more tractable with two simplifying assumptions.
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First, thel and P frames are often treated separately in de- TABLE |
veloping the H.263 rate-control algorithm. By assuming that the CODING WITH EVEN-INDEXED FRAME NUMBER
bit rate for thel frame is determined by the maximum buffer Frame rate Encoded frame No.
size, time delay and image quality requirements, we can have a 1/1 1.234567891011.12
simpler problem, i.e., to determigg i = 1,2,3,...,N —1to 172 T 94681012
minimize 1/3 3,6.9,12
N—1 1/4 4,8,12
dl+ Zdi(dfv(J17QQ7"'7Qi)7 1/6 6712
i=1 1/12 6
N—-1
subject tor; + r(rr,q1,92,...,q;) < B 3
j 1 ; W qn, @ 7)) < ) TABLE I

CoDING WITH ODD-INDEXED FRAME NUMBER
wheredy andry are the distortion measure and the bit rate for the

. - . Frame rate Encoded frame No.
I-frame, respectively. They are considered to be known quanti-
; Co 1/1 1,2,3,4,5,6,7,8,9,10,11,12
ties when one attempts to solve (3) for simplicity. 172 1357011
Second, we have to look for a basic unit for rate control /3 ’1’4’7’16
which is different from the GOP structure used in MPEG. Al- i/a ’1 ’5 ’9
though theP B-frame mode and the improve®lB-frame mode 1/ i %

are supported as advanced modes, the standard frame structure
of H.263+ isIPPPPPP ... PP. Based on the reason given
above, we can exclude theframe and modify the GOP def-  after the encoding frame rate is specified, the second issue is
inition to be all P-frames between two adjacefiframes. As pjt allocation at the frame level. Since the computational com-
the frame number of GOP becomes longer, the quality improvgexity to determine the optimal frame-level bit allocation in-
ment due to rate control is more substantial but at the expeR$gases exponentially with the length of GOP and results in
of a larger computational complexity and longer time delay. Tignger time delay, it is very difficult to get the optimal bit al-
achieve a balance, we divide one GOP into several sub-GQbgation for one GOP in practice. Instead of getting the optimal
and use each sub-GOP as the basic rate-control unit. At the S%I@tion for one GOP, we seek a local Opt|ma| solution within
time, dependency among sub-GOPs is considered to compgraub-GOP to reduce the computational complexity and time
sate the performance degradation caused by the division of G@&ay and, in the meanwhile, dependency among sub-GOPs will
We develop an variable-encoding frame rate control and bife also handled with a low additional computational complexity.
allocation algorithm that preserves the qualityfoframes con-  The length of sub-GOP has a direct consequence on time delay.

stant as much as possible along the time in Section IlI. In our design, each sub-GOP consists of 12 frames, which is
the least common multiplier of 2, 3, 4, and 6. With a frame rate
[ll. FRAME-RATE CONTROL AND BIT ALLOCATION of 30 frames per second (fps), this implies a time delay of 400

As stated earlier, the objective of rate control presented in tiis: We also assume that one GOP is made uof frames,
work is to keep the quality aP frames nearly constant or de-Where is the number of sub-GOPs within one GOP. In the
grade very slowly. Since eadh-frame is used as the referencé€*Perimentj/ is chosen to be 8. This procedure of frame-level
frame for the followingP-frame, quality degradation propa_blt_allocatlon is described in Section I1I-B. It is v_vorthwhﬂ_e tQ
gates to later frames wheaframe is degraded severely. ThusPoint out that the problem of mgcroblock—level bit allocation is
the quality of P-frames has to be kept in a tolerable range to r&0t our concern and several existing methods can be employed
duce error propagation, and the dependent frame coding frarhg-15], [91-{12].
work [13] has to be considered. The proposed rate-control algo- )
rithm consists of two parts: control of the encoding frame rafe Encoding Frame-Rate Control
and bit allocation at the frame level. By encoding frame-rate control, we can avoid or reduce

Itis difficult to support both good spatial and temporal qualitthe sudden frame skipping in existing rate-control algorithms,
at very low bit rates. An encoding frame-rate-control schenwehich degrades motion smoothness disastrously. Two problems
is proposed for a tradeoff of spatial/temporal quality. The prdrave to be addressed for frame rate control. They are: 1) when
posed scheme aims at the reduction of temporal degradatiotha frame rate should be changed and 2) how to change the
terms of motion jerkiness perceived by human beings. Sineacoding frame-rate to preserve motion smoothness.
the R-D characteristics of predictive frames are related to theWe assume that the video camera generates 30 fps. It is well
amount of motion involved, we will predict the R-D relationknown that human eyes are sensitive to abrupt (temporal) in-
roughly based on the motion information existing in video anérval change between adjacent frames, where unsmooth mo-
develop an encoding frame rate-control scheme accordinglytion is perceived more obviously. Thus, to handle the second
Section IlI-A. For H.263+ implementation, the information oproblem, we have to choose the encoded frame positions prop-
the variable-encoding frame rate can be stored by temporal refly to reduce the degradation due to motion unsmoothness. The
erence (TR) and temporal reference Iyframes (TRB) in the relation between the encoding frame-rate and the encoded frame
header and the optionalistom picture clock frequency cd@¢  position adopted in this work is given in Tables | and II. Usu-
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CALCULATION OF D, BASED ONHOD (w), = 3) AND THE RESULTING FRAME RATE FOR EACH SUB-GOPFOR SALESMAN WHEN 7' = 0.03

No. of sub-GOP || Slope of approx. line | Last HOD | m(Dy) D, No. of encoded frames
1 0.0063 0.062 0.039 | 0.0804 3 (initial value)
2 -0.0061 0.026 0.045 | 0.0080 2
3 0.00049 0.019 0.018 | 0.0202 3
4 0.00030 0.021 0.022 | 0.0220 3
5 0.00486 0.055 0.037 | 0.0696 3
6 -0.0063 0.018 0.067 | -0.0008 2
7 0.00063 0.009 0.005 | 0.0109 3
8 3
ally, if the even-indexed (or odd-indexed) frames are chosen in TABLE IV

the current SUb-GOP, the even_indexed (or odd-indexed) fran%§ULTINGVARIABLE ENCODING FRAME RATES FOR THEFOREMAN SEQUENCE
yvill alsp be chosen in the nt_axt sub—GQP. The only exception No. of sub-GOP
is that if thel/12 frame rate in Table | is chosen for the cur- i

rent sub-GOP, then the 1/6 frame rate in Table Il must be used
for the next sub-GOP to form an alternating pattern. Thus, the
encoding frame-rate will not change abruptly. As a result, the

degradation in motion smoothness will not be noticeable or at

least not obvious visually. Our scheme can support a frame rate
ranging from 3.7 fps (which corresponds to three coded frames
for 24 frames) to 30 fps. Furthermore, to ensure a smooth en-
coding frame-rate change, it is also required that the encoding
frame-rate can only move up or down one level at one time. For
example, if the frame rate in the current sub-GOR/3, then TABLE V

the allowed frame rates in the next sub-GOP Bf2 1/3 and VALUES OF THE WEIGHTING FACTOR \,,, USED TO DETERMINE THE
1/4. By imposing the frame-rate change pattern and the encoded QUANTIZATION PARAMETER IN EACH SUB-GOPFORALL SEQUENCES

No. of encoded frames
3 (initial value)
3

DO =1 O O] =i | DO
M| QO DN Qof o Do

f_ram.e position in the sub-GOP, we can provide a smooth transi- No. of sub-GOP(m) || M
tion in the location of selected coding frames. i 0.001
In principle, the R-D curve of the current sub-GOP can be 5 0.002
used to estimate the appropriate encoding frame-rate for the next 3 0,002
sub-GOP. Many R-D models have been proposed to speed up 1 001
the rate-control algorithm, including the MPEG test model, the 5 001
statistical model, the exponential model, and the approximating 6 001
spline model [14]. The R-D curve provides a good estimate of - 01
the encoding frame-rate if the model is accurate. However, an 3 1

accurate R-D model requires a large amount of computation.
In this work, two simplified approaches are adopted. One is
based on the histogram of difference image (HOD) while the one way to measure the difference of two franfggnd f,,
other uses the ratio between the rate and quality of frames. Bgi{h be defined as

methods can be used to detect motion change in video with a

low computational cost.

Histogram-based methods [17] such as the difference of his-
tograms (DOH), the block histogram difference (BH), and the
histogram of difference image (HOD) can be used to detect mghere
tion activities in video. Since the required bit rates for predic- ¢
tive frames are also related to the motion activity (i.e., higher hod (%)
bit rates for faster motion), histogram based methods can bél'Hg
used to estimate the proper encoding frame-rate as a short cut. position to zero;

Besides histogram-based methods, other methods [17] such a¥,i..1 number of pixels.

block variance difference (BV) and motion compensation err@nce all HOD values for consecutive frames in the current
(MCE) can also be used. MCE is too expensive computatiosib-GOP are calculated, the estimated HOD vdluefor the
ally. DOH and BH perform better in detecting global changdsllowing sub-GOP can be computed by

rather than local motion, while HOD is more sensitive to local
motion. HOD is examined below.

27‘,>|TH0| hod (%)

Dh(fn; frn) = N—l (4)
pixe

index of the quantization bin;
histogram of the difference image;
threshold value for detecting the closeness of the

De = Dh + wnap (5)
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Fig. 1.

rate-control algorithm for th& component for Salesman with TMN5.

100

where
D;, HOD value between the two last encoded frames in the

current sub-GOP;

weighting factor;

slope of the approximating line which minimizes the

mean square error of HODs in the current sub-GOP.

Actually, D;, provides the latest motion change information and

ay, corresponds to the current motion change trend. Based on

them, we can estimate the future motion change by using (5).
The second approach to estimate the motion activity is to con-

sider the ratio between the rate and the distortion function, i.e.,

Wh
ap

D= "

dps nr

(6)

wherer is the consumed bit rate amkls,, is the PSNR of the
encoded frame of the current sub-GOP. Since a higher bit budget

PSNR performance comparison between TMNS and the propoé_gdreqwred for faster motion in predictive frames, faster motion

in video leads to a larger ratio. As a result, the ratio can also be
used to determine the supportable encoding frame-rates. Sim-
ilar to the histogram-based case, we adopt the estimate for the

345 T T T T T T T T T
: - : following sub-GOP:
©p0
34} 900:0 B 4 A
' ‘ VO.; Proposed rate control sct:ieme D, =D, +wra, (7)
: :‘OO’O’ : :
335k ok g e B where
: T X x* X X D, R-D ratio value of the last two encoded frames in the
Dy Xk ¥Rg * % *
S e og e S current sub-GOP;
o B . .
o % o 5o ; wyr Weighting factor;
©%5 o° O% . a, Slope of the approximating line which minimizes the
s2sr TMNS B ] mean square error of ratio coefficients in the current
0% sub-GOP.
- 66”1 Zogg000] Let us usem(D},) to denote the mean of all HOD values
of frames in the current sub-GOP. Then, we can adjust the en-
. ‘ coding frame-rate for the next sub-GOP based on the difference
% 10 20 80 40 so e 70 8 s 1o Of D.andm(Dy). Thatis
number of frame . . .
1) if 6 > T, the encoding frame-rate is decreased by one
Fig. 2. PSNR performance comparison between TMN5 and the proposed  level;
rate-control algorithm for th& component for Akiyo with TMN5. 2) if § < —T. the encoding frame-rate is increased by one
level;
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3) if |6] < T, the encoding frame-rate remains the same.

A

whereé = D, — m(Dy,) and the threshold valug is chosen
to be the averaged HOD over the first sub-GOP. By changing
D, to D,., we can obtain the decision rule in terms of the ratio
between the rate and the distortion function as well.

It is interesting to point out that botly, anda,. are related
to motion change in video. The positive value means that the
motion in video becomes faster while the negative value means
that the motion in video becomes slower. Also, a larger value of
|an| or |a,.| implies a larger motion change. Parameteisw,.,
and?” work as weighting factors for controlling the tradeoff
between temporal and spatial quality. Asdecreases and,,
andw,. increase, the spatial quality is more emphasized than the
motion smoothness, and vice versa.

B. Bit Allocation

Fig. 3. PSNR performance comparison between TMN5 and the proposed’o‘]cter determining the proper frame rate and the selected

rate-control algorithm for th& component for Foreman with TMNS5.

frame location, we consider bit allocation among these frames.
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TABLE VI
CoMPARISONWITH TMN5 (SALESMAN). ENCODED FRAME NUMBER: TMN5 (25 FRAMES) AND PROPOSEDALGORITHM (23 FRAMES)
Rate control method Average of PSNR | Standard deviation of PSNR
TMN 5 28.28 0.187
Proposed rate control(HOD) 28.64 0.081
Proposed rate control(Ratio) 28.61 0.065
TABLE VIl

COMPARISONWITH TMN5 (AKIYO). ENCODED FRAME NUMBER: TMN5 (50 FRAMES) AND PROPOSEDALGORITHM (49 FRAMES)

Rate control method || Average PSNR | Standard deviation of PSNR
TMN 5 32.90 0.725
Proposed rate control 33.26 0.223
TABLE VIII

COMPARISONWITH TMN5 (FOREMAN). ENCODED FRAME NUMBER: TMN5 (25 FRAMES) AND PROPOSEDALGORITHM (22 FRAMES)

Rate control method || Average PSNR | Standard deviation of PSNR
TMN 5 29.49 0.373
Proposed rate control 29.50 0.262

The bit budget and image quality have to be examined simulnd time delay, we simplify the optimization problem by
neously. By adopting the dependent frame coding scheme, @mploying the dependent frame coding scheme within all
optimal frame-level bit allocation of a GOP based on (3) casub-GOPs and considering dependency among sub-GOPs.

be formulated as follows. Then, we are led to the following simplified problem.

Determine7 = (¢1, g2, - - -, g, ) t0O Minimize Determineg,,,,m = 1,2,..., M to minimize

M
D)+ w, E(q), . .
(_> qAr}E_) z:l(D'rn((J'rn) “l‘qum(Qm))a
SUbjeCt toz Ti(qlv q2,. .., (Jz) S Bgop (8) " M
=t subject to >~ 7 (gm) < BaubgopM ©)

where m=1

Np  encodedP-frame number; wheregn, = (gmi,qm2,---,qdm.n,,) IS the quantization pa-

B,y total bit budget for a GOP; rameter vector for the:th sub-GOP, and

wg,  Weighting factor for abrupt quality change and flick- encoded frame number of theth sub-GOP:;

ering; rm(gm ) assigned number of bits for theth sub-GOP;
M number of sub-GOPs in a GOP;
and Noubgop itotal frame number of a sub-GOP;
Np Ngop  total frame number of a GOP;
1
D()=—> dila, 0, -, @)
Np ; and
1 Np 1 N
2 -

E(@ IN—P;(di(ql,qQ,...,qi) _di_l(q17q27...7qi_l)) . Dm(qm) = Nm ;di(QIaQQa...aQi)a

Ramchandraet al.[13] proposed a bit-allocation algorithm Eo(qi) = 1 %(d( )
which determined a set of optimal quantization parameters for mAdm) = N & L 92, - -
all encoded frames by the Viterbi algorithm for MPEG video. It - 9

—di1(q, 925+ Qs Gi1))" (10)

primarily serves as a benchmark rather than a practical method
due to the high computational complexity and long time delayjs clear that we have the following relationship:

involved. In the case of H.263 video, it is also impractical to get

the optimal frame-level bit allocation for a GOP by using the M Nabgop

Lagrange multiplier method because of the long length of GOP. Z N = Np,  Bsupgop = Nyop *Byop-

Even though approximating R-D models can be used to reduce ~ ™=*

the computational complexity substantially, they are still not Note that£(§7) in (8) andE,,.(g,.) in (9) are inserted to re-
efficient enough to tackle the optimal frame-level bit-allocatioduce the flickering effect and to avoid abrupt quality change. By
problem for one GOP. To reduce the computational complexiagjusting the weighting factor,, the abrupt quality change and
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3 . . . .
° ' ‘ *; Proposed algorithm ‘ ! R In our implementation, a gradient search method was used to
L

e T P L N find the optimal solution of (12). Sinc®,,, (g, Am ) iS a convex

sas ST . T ****fo T 4+  function [14], the optimal solution in each sub-GOP can be

* 6o & found easily. It is possible to insert an additional item into the
B ) ) penalty function to handle the buffer constraint [14], [13], [6].

*r o S P i The dependency of sub-GOPs is taken into account based on

the following facts.

v 1) Asshownin (11), the sum of bit rates for the 1st, 2nd
9 T andmth sub-GOPs is used as the penalty function so that
a GOP satisfies the constraint of the total bit budget more
, smoothly.
, %% 2) The dependency among sub-GOPs is considered by con-
R S ‘ : v trolling weighting factorg \,,,,m = 1,2,..., M} of the
' Lagrange multiplier method in (12).
32 ; , : . : , 3) dp in (10) is the error of the last encoded frame in the
0 20 40 ?]t‘)]mbem”rane]g 100 120 140 previous sub-GOP.
(a) To compensate the dependency among sub-GOPs properly,
Js 210 weighting factors for sub-GOPs are set to satisfy the following
' f ‘ : ' ' ’ equation:

PSNR(dB)
W
w
o
T
Q
L

ask - o O .. TMNg . . 4

3\ o : : —Proposed algorithm; -+ 1 Ai <, if i <. (13)
\ : .- TMN8
2BE A P We argue that (13) is reasonable in this new context based on
' ' the monotonicity property given in [13]. By the assumption that
each sub-GOP is independent, the propagation effect from the
preceding sub-GOPs to the succeeding sub-GOPs is neglected.
To compensate this effect, we require that all value’s sditisfy
(13). Note that\; is related to buffer underflow, buffer overflow
and rate fluctuation. Several adaptive control algorithmsg of
were proposed in [3], [8], [18], [19].

Actually, we need a frame interpolation technique to achieve
30 fps. Three techniques are found in the literature [20]: the
LN simple frame repetition (or intrafiltering), the frame averaging
5 = = p = s s o andthe motion compensated frame interpolation [21]. In our im-
number of frame plementation reported in Section IV, the simple frame repetition

(b) technique is adopted.

rate(bits)
»
T
1

2]
T
I

Fig. 4. PSNR and rate performance comparison between TMN8 and the
proposed rate-control algorithm with the same frame skipping dffeame IV. EXPERIMENTAL RESULTS

coding for theY” component. (a) PSNR plot for Akiyo. (b) Rate plot for Akiyo. In this research, the conventional PSNR quality measure is
reported for the comparison purpose. The difference of PSNR

the flickering effect are controllable. Now, the Lagrange multi@lues of adjacent frames is used to measure quality change (or
plier method can be used to solve the optimization problem witekering). However, we also attempt to comment on the sub-
constraints. The penalty function for theth sub-GOP, which jective quality evaluation of the coded video whenever it is ap-

is derived from the bit budget constraint in (9), can be written K50Priate. o _ _
Experimental results are reported in this section with four

m test image sequences. They are: “Salesman,” “Akiyo,” “Silent
Po(gm) = >_7i(&) = m - Bagop- (11) \Voice,” and “Foreman” of the CIF format. In the experiment,
i=1 the average target bit rates are set to 32 kbits/s for Akiyo,

. ) . Silent Voice, and Salesman, and 90 kbits/s for Foreman. Each
By combining (9) and (11), we can define a new penalty funCtI%‘-frame is encoded by using the H.263rame coding scheme
for themth sub-GOP as with about 32-35 kbits for all cases. The proposed encoding
. . . frame-rate control algorithm is compared with TMN5 [22]
PGy Am) = Jin(gm) + A max{0, P, (gm) } and TMN8 [23]. The length of GOPN) is 96 frames and the
form=1,2,...,M (12) length of sub-GORM) is 12 frames in this experiment.
To estimate the supportable encoding frame-rate of the
where following sub-GOP, both HOD and the R-D ratio are calculated
in the current sub-GOP. Based on these data, the encoding
T (Gm) = D (gm) + Wg Ery(Gm)- frame-rate for the next sub-GOP is predicted. The new frame
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30 T T i T T T

motion change such as movies and TV sport programs. Since
»  Prgposedaloriym + o digital movies and TV are most encoded with MPEG-2, it is
208} o F L e e - out of the scope of this paper. Furthermore, if we choose 4 and
_ E * * : 6 as the initial encoding frame-rates for the first sub-GOP of
i Salesman, then the encoded frame rates for sub-GOPs become
' ' e e ' {4,3,4,4,4,3,4,4} and{6, 4, 6, 6,6, 4, 6,6}, respectively. The
e same results are observed for all test videos. In these cases, the
204f ThNG S . motion smoothness degradation is not observable by using the
o 6 o proposed encoding frame-rate-control scheme and the intra-fil-
sl _ i ‘ °o 0 | tering interpolation scheme with a subjective test.
' o : e Quantization parameters can be determined based on
e it L the computed encoding frame-rate with the encoding
5 g o 1 frame-rate-control scheme. The new cost funcon g, An.)
Lo O in (12) is minimized by adjusting quantization parameters for
. ‘ . 1 ° encoded frames in the sub-GOP whilg takes the dependency
0 20 40 8 oot 100 120 1w among the sub-GOPs into consideration. The gradient search
(a) algorithm is used for the solution of (12). To reduce the abrupt
change in qualityw, in (9) is set to 2. In the experiment, we
' ' ! ! employ A,,, as shown in Table V.
’ By combining the proposed encoding frame-rate-control
scheme and the frame-level bit-allocation scheme, we obtain
sl R , -+ Proposed sgoritm ] the final rate-control results. These results are compared with
N VNG : those coded by TMN5 [22] and TMNS8 [23] in Tables VI-VIII
‘ : _ and Figs. 1-3. We have the following observations. As shown
in Tables VI-VIII, the proposed rate-control scheme increases
. the averaged PSNR by 0.3—-0.4 dB while it reduces the standard
deviation of PSNR by 40%-70% for Salesman and Akiyo. For
N Foreman, the averaged PSNR is improved and the standard de-
viation of PSNR is reduced about 30%. Although the standard
deviation of PSNR is not an exact measure of the flickering
effect, it is fair to say that the flickering effect can be reduced
by the smaller standard deviation of PSNR for the slow-moving

PSNR(dB)

x 10°

35 : . : : ; 4

25F

rate(bits)
N
T

051

0 . ; ; ; i : head & shouldervideo. In this experiment, we observed a
° 2° “ Dabor o framg 1 20 “  significant flickering effect in the neck-tie area of Salesman
(b) coded by the TMN5 version of Telenor. For the Foreman

sequence, the face is clearer, especially in the parts of eyes and
Fig. 5. PSNR and rate performance comparison between TMNS and #itouth, and he blocking artifact of the background is reduced.
proposed rate-control algorithm with the same frame skipping dffeame  For the Akiyo sequence, the subjective quality is not improved
goding for thel” component. () PSNR plot for Silent Voice. (b) Rate plotfolas opyviously as that for Salesman and Foreman. However, with
I ' some attention, one can still see the face and the background
more clearly. To conclude, we can reduce the flickering effect
rate is basically determined by the motion activity in the undesubjectively and objectively by using the proposed rate-control
lying video and the initial frame rate for the first sub-GOP. Thelgorithm.
threshold valuél'H, in (4) is set to 32, and the initial encoding We also compare the proposed rate-control algorithm with
frame-rates for all test videos are set to 3. It is observed tHEMINS. The frame skipping is required to reduce the time-delay
the two methods give almost the same results. Thus, we chooes@sed by -frame coding. The results are shown in Figs. 4—6.
the HOD method for all sequences due to its simplicity. THEhe proposed algorithm can keep video quality almost con-
encoding frame-rate results for Salesman with the moderatant by increasing the output bit-stream rate fluctuation while
motion change among test videos are shown in Table Ill. TMNS8 can only get almost constant bit rates by sacrificing video
is observed that the encoding frame-rate for Foreman, whigbality as shown in the figure. For Silent Voice, the 36th frame
has a faster motion change than Salesman, fluctuates mioréFig. 5(a) is skipped after the firgP-frame coding. In this
frequently as shown in Table IV while the encoding frame-ratgase, motion smoothness is seriously degraded. However, the
for Akiyo remains about the same since the associated motmposed rate-control algorithm does not degrade the temporal
is relatively slow and uniform. These results imply that thquality. Actually, the generated output bit-stream rate attributes
faster the motion change in a video clip, the more frequentiye determined by the given channel conditions and characteris-
the encoding frame-rates change. Parani&tier Section Ill-A  tics. The statistical data of Figs. 4—6 are summarized in Table IX.
is empirically adjusted to reduce the motion artifact. It is observed that the proposed algorithm can reduce the spatial
Based on the above discussion, we expect a more dynamic@guality change at the cost of the increased output bit-rate fluc-
coding frame-rate change to be observed for video with a fasteation.
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TABLE X
CoMPARISONWITH TMN8 (STaTISTICAL PSNR (dB)AND RATE (BITS) INFORMATION)

Sequence || Rate control | Avg PSNR | STD of PSNR | Avg Rate | STD Rate
Akiyo TMN 8 33.78 0.589 2124 190
Proposed alg. 34.63 0.103 2205 923
Silent TMN 8 29.14 0.224 4450 742
Voice Proposed alg. 29.83 0.040 5020 1484
Foreman TMN 8§ 30.96 0.719 12015 862
Proposed alg. 30.71 0.412 11957 4743

58 ' : f ‘ rates. With the new frame-rate-control scheme, motion smooth-

#:Proposed aigorithey ness is better preserved. The abrupt frame skipping phenom-
0:TMN8 - . .
S e enon, which degrades motion smoothness, can be reduced. Ef-
o o ficient frame-level bit allocation was also presented. With this
-2 o e scheme, we can determine a good balance between the compu-
315k P REILE - SERRERE RN P PO e ;0. o ) . )
v S o : tational complexity and the R-D performance with a tolerable
o : Pl time-delay constraint. It was demonstrated that the proposed
' R frame-level bit-allocation algorithm can reduce the flickering
e s effect subjectively and objectively in terms of the PSNR value.
‘ N D There are still problems to be solved along this research
R L R : : o direction to make the quality of low-bit-rate video higher. As
_ ; ‘ v mentioned before, the proposed rate-control algorithm requires
B0p [ R 400-ms time delay. It is desirable to reduce time delay in
’ ' real-time interactive video transmission applications. Even
P ; . ; ; though some ingredients of the rate-control algorithm described
°c® O mberotrame 100 ' in this work are expected to be applicable in low time-delay
(a) video coding as well, we have to examine a different tradeoff
L0 ‘ ‘ ) i ‘ with the new constraint. Another interesting problem is to
determine an efficient motion-compensated frame interpolation
scheme at the decoder end to allow a constant frame rate
display with higher quality reconstructed frames.

32

PSNR(dB)
s
T
o
*
1

35K ~:Proposed algorithm B
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