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Picture Quality Control by Priority
Among Multiple Video Sources

SOON-KAK KWON', OH-JUN KWON'"

ABSTRACT

When the multiple video sources are transmitted together through the channel of fixed bandwidth,
an efficient picture quality control is necessary. This paper presents a joint picture quality control method
to satisfy the user requirement by priority among the video sources. The better picture quality is assigned
to the source of higher priority compared to lower priority. We obtain the bitrate for each source to
have a required distortion level among the sources by using an approximate distortion-bitrate model
for simple implementation. It is shown by simulation that the proposed bandwidth allocation method can
keep almost the user-required picture quality among the sources in comparison to an independent

bandwidth allocation method.
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1. INTRODUCTION

The video source can be transmitted through the
conventional media by the video compression
schemes such as MPEG-1, MPEG-2[1], and
H.264[13]. In the environments of satellite, terres—
trial, and cable TV broadcasting channels, the sev-
eral compressed video sources can be transmitted
together within one channel. For example, digital
NTSC video source can be compressed to 3-6
Mb/s while still providing acceptable picture
quality. Hence, it is possible fo transmit 3-6 NTSC
sources over a conventional terrestrial TV channel
of 19Mb/s and 5-12 sources over a cable TV chan-
nel of 27-38Mb/s[2]. Thus, the total bandwidth of
a channel should be divided to each video
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effectively. The bandwidth for each video can be
allocated by independent method which divides to-

‘tal bandwidth by only considering the spatial

resolution. ‘However-the independent allocation
method does not distribute the picture quality of
each video as the level of user requirement. That
is, if the bitrates are independently allocated to the
sources without considering the video character-
istics then the distortion of complex texture se-
quence is greater than that of simple texture
sequence. So, the subjective picture quality varia-
tion can be enlarged according to the video con-
tents among the sources.

To overcome the problems, the joint band-
width allocation method is required to handle
the picture quality among multiple video sour—
ces[2-4]. For this, the video characteristics of
each source should be considered by the rate-
distortion model or rate-quantization model. Some
papers[2,3,5] have proposed to keep the uniform
picture quality among video sources, it can also
take the additional advantage of the constant
picture quality within each sequence. Another
paper[14] has proposed a systematic approach

for bitrate control that utilizes the concept of
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object priority corresponding to the application
of MPEG-4 visual object coding.

Also, in the condition of special case such as
video~on—-demand, the picture quality should be
handled for satisfying the priority, user-re-
quired picture quality. The source of higher
priority has lager picture quality than one of
lower priority. This priority can be set by de-
pending on user requirement such as better
service quality with higher expense.

In this paper, we propose the bitrate alloca-
tion method for user-required picture quality
among sources on the condition of the fixed
total bitrate. For the bitrate allocation, the rela-
tionship of distortion and bitrate should be first
defined. In the literature(5-10], the relationship
of distortion and bitrate has been presented.
The relationships show the direct linear rela-
tionship between distortion and bitrate, the re-
lationship between the quantization parameter
and the distortion, and the relationship between
the percentage of ‘0" in guantized transform co-
efficients and the distortion has been used.

We first assume the model of distortion and
bitrate can be satisfied by the modified Gaussian
model for MPEG video coding. Then we obtain
the bitrates of the pictures within the sources
to satisfy the user-required distortion level by
adaptively using the model parameters and the

coded results of previous pictures.

2. DISTORTION-BITRATE MODEL

The distortion after reconstruction of video
signal is largely dependent on the assigned
bitrate. Thus the relationship between distortion
and Dbitrate is directly formed. This section
presents the conventional distortion-bitrate mod-
els and investigates the approximate model for
MPEG video coding from computer simulation.

For the memoryless Gaussian video signal

with zero mean, distortion(Mean Square Error

between the original and reconstructed pixels)
and bitrate (bits per pixel) is related by follow-
ing eqguation{11].

D:OZ . erzlf (1)
log D=log 0°-2log 2- R 2

where, D is a distortion(MSE), I? is a bitrate,
and ¢” is a variance of the signal.

For MPEG video coding, Eq.(1) should be
modified in order to consider the motion com-
pensated prediction and quantization. We as-
sume that the relationship in picture-types for
each sequence can be approximated by the fol-
lowing model in the practical range of bitrates,

D=10""% 3
log D=m-n R (4)

where D is the distortion (Mean Square Error),
R is the bitrate in bits per pixel, and m, n are
model parameters which are dependent on the
characteristics of the test video sequences.

By computer simulation, we investigated the
distortion-bitrate relationship of MPEG-2 video
coding. The sequence was the interlaced 60
fields per second of 704 pixelsx480 lines for lu-
minance component and 352%x240 for chromi-
nance component from each of the four test
sequences, “Flower Garden”, “Football”, “Mobile
& Calendar”, and “Popple”. The coding proce-
dure was based on the TM5[12], where a GOP
(group of pictures) consisted of 15 pictures
without B-pictures. We varied the bitrates from
40~8.0Mb/s at 0.4Mb/s intervals. Fig. 1 shows
the distortion (Mean Square Error between the
original and reconstructed pixels for both lumi-
nance and chrominance components) averaged
over 60 pictures with respect to the bitrates in
bits per pixel for I-picture and P-picture of the
test sequences. Also m, n model parameters are
summarized in Table 1. We notice in Table 1
that the term n is less dependent on test
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Fig. 1. Observed relationship of distortion and
bitrate for the bitrates from 4.0Mb/s to
8.0Mb/s.

sequence. However, the value of the term n for
P-picture is about two times larger than I-pic-
ture, since P-picture is coded by motion com-

pensated prediction. Thus we notice that the

VOL. 8, NO. 8, JUNE 2005

Table 1. Comparison of observed m, n values for

sequence
I-picture IP-picture
Test sequence
m n m n
Flower Garden 2.23 074 | 2.08 | 1.55
TFootball 1.79 075 | 1.77 | 1.32
Mobile & Calendar 2.51 068 | 229 | 1.44
Popple 1.62 060 | 162 | 1.10

term n can be approximated to a constant for
each picture-type, independent of the sequence.

We choose average value n for each pic-

ture-type, n=07 for I-picture and n=14 for
P-picture, less dependent on test sequence as

in Eq(2) of Gaussian source.

3. PICTURE QUALITY CONTROL FOR
USER REQUIREMENT

When the total bitrate for multiple sources is
fixed, it is required to divide the fixed total bi-
trate among each source in order to satisfy the
user requirements on the picture quality. A
model of our multiple video encoder system is
shown in Fig. 2. The system consists of video
encoders, a multiplexer and a central controller
monitors for bitrate allocation. The central con-

troller monitors the status of each encoder and

Encoder  [-----=mr—--- Operation monitor
# 1 Encoded
E data
—Tv__d—— | | MUX
<ncoder
#2 ‘ : —>
l Constant
bitrate

Encoder [T :
#N

Fig. 2. Block diagram for multiplexing of multiple video encoder.
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calculates the bitrate allocation according to the
control algorithm. The video encoder operates
at a target bitrate that is defined and dynam-
ically updated by the central controller. The
output from each encoder is multiplexed by the
multiplexer and sent to the communication line.
Using the distortion-bitrate model presented in
section 2, we propose the bitrate allocation
method for distortion distribution among the
sources, and investigate the effects of this
model.

3.1 Bitrate Allocation by Using Approximated
Model Parameters

The total bitrate &, for all the video sources
is fixed, which is given by
N
R = R,
’ ;’ 5)

where 2, is the bitrate in bits per pixel for

the i-th video source. For the priority control

in the picture quality, the requirement is

a,D,:aij, for I1<i,j<N (6)

where D; is the distortion of the i~th video

source and ¢«; is the factor of distortion ratio
for i-th video source to the other sources,
which means D, will be relatively small in
comparison to the other sources if «; is large.
As special case, the distortion will be uniformly
distributed among all the sources if a=1,
Using the distortion-bitrate model of Eq. (3),
Eq. (6) can be rewritten by

@, 10" =g 10T 1<U SN
(7

that can be presented for the term of &, as

follows:

_ n,R, +(m, —m,;)+(loga, —loga )

RV
n, (8)

Substitution of Eq. (8) into Eq. (5) yields

N
R, =Z "

i=] i

N1 X (m,—mv)+(]oga,—loga_)
=n./R/Zn_+Z - n ,
i=1 i i=

n,R +(m —m)+(loga, —loga,)

i

9

From exchanging the variable j to i in Eq. (9),

we can obtain the following bitrate £;

R -
R =—-
1 N 1

”1_1_2:1,7 (10

Yo(m,—m)+(loga, —loga,)
=l

In order to use Eq. (10), we should know
the real values of model parameters m, n. The
real values can be known from the several
coded results (distortions and bitrates) of the
same picture. It introduces the picture delay
and processing complexity. For simple im-

plementation, we select the value 7 which is
not dependent on the video sequence and m is
updated by the coding result of the previous
picture of the same picture-type within same
video source. Thus, for the P-picture, the tar-
get bitrate of k-picture of i-th source can be

obtained as follows:

R,(k)_ii(mj(k—l)—m,(k—l))+(logaj —loga;)

Rly=="7-%

=
(11)
where the total bitrate . R, (k) itself can be up-

dated for each picture by the complexity meas-
ure and the virtual buffer fullness as in the
TM5, m;{(k—1) is calculated by Eq. (4) from

the average distortion D.(k—1) and the bitrate
R(k—1) of the (k-1)-th P-picture, respec-
tively, which is given by

m, (k—1)=logD,(k —1)+ R, (k-1 (12)

Also a buffer control method can be added



748 JOURNAL OF KOREA MULTIMEDIA SOCIETY, VOL. 8, NO. 8, JUNE 2005

to prevent the buffer overflow and underflow of
each source. For a constant bitrate channel, it
is possible to determine upper bounds on -en-
coder and decoder buffer sizes such that if the
encoder’s output rate is controlled to ensure no
encoder buffer overflow or underflow, then the
decoder buffer will also never underflow or
overflow[15]. So, we set the upper bound of
each coder’s bitrate to 2 f/N. For better buf-

fer control, our bit allocation algorithm can
combined with special buffer control methods
such as in[16,17]

3.2 Effects of Approximate Model Parameters

Now we consider the effect of the approx-—

imation of 7 on Eq. (10) in video variation
such as change. "Under the dis-
tortion-bitrate model of Eq. (4), Di(k), a dis-

scene

tortion of temporally k-th picture for i-th

source, is given by
log D, (k) = m, (k) —n,(k)R, (k) (13)

In order to find the effect of approximation,
we consider the stationary sources in which
the pictures of same picture-type in each

source have same values of m and n in Eq

n,-(k) =....=mn,. Eq. (13) can be rewriiten as
log D, (k) = m, —n,R (k) (14)

By replacing m; with the distortion—bitrate

pair of (k-1)-th picture, Eq. (14) is given by

log D, (k) =log D,(k - 1)+ n,R(k-1)—n,R (k)
(15)
Then, substitution of Egs. (11) and (12) into
Eq. (15) yields
R (k)

log D,(k)=log D, (k-=1)+n R (k—1)~n, v
!

+ii(log D, (k-1)—log D,(k-1))+(logr, ~ logx,)
N =

= n

n N
SR (k1) = R (k-1
+N;( (k=1 = Ry (k=1)) 16)

From the constraint of constant total bitrate,

RU=R (k==Y R (k-1)

log D, (k) =log D,(k—1)

n, & (og D, (k—1)~log D,(k - D) + (logr, - loge,)

J=1 n
n-n, n LlogD (k1)
= LlogD (k- +—LY Al
—+log D, (k=1 N,Z -
n, & (loga, —loga,)
N3 n (an

Eq. (17) shows the relationship of distortion
between (k-1)-th and k-th pictures, so from this
equation, we can find the variations of distortion
among the sources, i.e., the distortion ratios.

In order to satisfy the Eq. (6), requirement for
distortion distribution among the sources, the
distortion ratio among the sources should be
converged to the desired value, from (k-1)-th
picture to k-th picture. That is,

i[&‘ Dl(k—l)]z § i[&_ D/(k)]z
a, Di(k-1 a;, Dk (18)

J=1 =l

This can be satisfied if the following con-—

dition is satisfied between any two sources of

N sources. For 1Si# <N,

a DG-DY (o D®Y

a, D, k-1 a, D) |,6 1<i#j<N
(19)

By considering only two sources i, j, Eaq.
(17) can be presented by

ni-n log D.(k-D+logD (k-1
n n‘logD,(k—1)+n’ g D;(k~1)+log D (k-1)

log D, (k) = =
08 D (k) =— 3 -

n, (loga, ~loga,)
R A
2 n
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2n —n, n,
= “ogD(k-1)+—logD (k-1
o 08 (k=1) > 108 (k=1)

n
Zi ] ,
+(logar, ~loga,) 20

Similarly,

2n—n n,
—log D (k-1)+—logD,(k-1)
2n ! 2n

log D (k)=

n, ~
+ﬁ(loga, loga ) o1

From Egs. (20) and (21), distortion ratio be-
tween ¢ and j sources can be presented as

D,(k) e D.(k-1 (22)
where

n+n,
T2 (23)

2n—(n; +n))

2n (24)

Substitution of Eq. (22) into Eq. (19) yields,

a DG-nY (o (a) (DGk-0)"]
a, D(k-1) a, \a; D (k-1

(25)

L@ D=0 [ (@ DG-DY :
B M AN B T e Ml A
a, D(k-1) a, Di(k-1) (26)
Therefore, to satisfy the inequality of Eq.
(26), F should be in range of

-1<F<1 ' (27)

that can be rewritten by using Eq. (24) as
follows:

n +n, L
0< 3 —<2n=n+n

(28)

We notice from Eq. (28) that if the sum of
approximate n values is greater than one half of
the exact sum, then the distortion ratio con-
verges to the desired ratio.

4. SIMULATION RESULTS

We compare the performance of the proposed
bandwidth allocation method in the distortion
and the bitrate with that of an independent
bandwidth allocation method. The sequence is
the interlaced 60 fields per second of 704 pixels
x480 lines for luminance component and 352x
240 for chrominance component from each of
the four test sequences, “Flower Garden”, “Foot-
ball”, “Mobile & Calendar”, and “Popple”. The
coding procedure is based on the TM5[12],
where a GOP (group of pictures) consists of 15
pictures without B-pictures. The total bitrate
for four test sequences is fixed as a constant
bitrate 24.0Mb/s. In the independent bandwidth
allocation method, the bitrate for each sequence
is allocated equally at the constant bitrate
6.0Mb/s.

Fig. 3 shows the PSNR (Peak Signal to Noise
Ratio) and the bitrate per picture of the se-
quence for the independent bitrate allocation
method. Since the bitrate for each sequence is
allocated as same value, the PSNRs among the
sequences vary extensively according to the
video characteristics.

Fig. 4 shows the simulation results of the
proposed bitrate allocation method for different
priorities. The priority parameters are set as a=1
for “football” and “popple” sequences, a=10"" for
“mobile & calendar” and “flower garden” se-
quences. That is, we want that “football” and
“popple” éequences have larger PSNR of 2dB
picture quality than “mobile & calendar” and
“flower garden” sequences. As shown in Fig. 4,
the proposed method satisfies the user require-
ment that picture quality between “football” and
“popple” sequences, between “mobile & calen-
dar” and “flower garden” sequences is almost
same, and the picture quality between sequences
of different priorities is different by PSNR
2dB.
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Fig. 5 shows the simulation results for an-
other priority condition. The “mobile & calen-

dar” sequence is highest priority, then priority

is lower down in the order of “flower garden”,.

“football”, “popple” sequences. The priority pa-
rameter is set as o=l for “mobile & calendar”
sequence, @=10""" for “flower garden” sequence,
=10 ** for “football” sequence, and a=10" for
“popple” sequence. We can find that there is
about PSNR 1dB difference bhetween the or-
dered sequences with different priorities.

5. CONCLUSIONS

For the multiplexing system of multiple video
sources, it is required to adjust the bitrate
among the sources under the condition of fixed
total bandwidth. In this paper, we investigate
the approximate model of distortion and bitrate
for the video source, and then we propose an
adaptive bitrate allocation method based on the
the wuser-required picture quality

model for
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among the sources. By adaptively using the
approximate model and the coded results of the
sequences, we can see that the picture qualities
among the sources are set to the level of user

requirements.
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