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Abstract. Standardized video coding algorithms are
based on hybrid coding using motion compensated pre-
diction and transform coding of the prediction error.
The transform is efficient if the prediction error sam-
ples are correlated. For marginally correlated samples,
the transform is inefficient. In this paper, adaptive pre-
diction error coding in the spatial and in the frequency
domain is investigated. In the spatial domain, scalar
quantization and entropy coding using CABAC is ap-
plied. For each block of the prediction error, either stan-
dardized transform coding or spatial domain coding is
used. The algorithm with lower rate-distortion costs is
chosen. Furthermore, the combination of the adaptive
coding with a displacement vector resolution of 1/8-pel
is investigated, which further reduces the correlation
between the prediction error samples and thus supports
the coding in the spatial domain. For QCIF, CIF, and
SDTV, the Y-PSNR is increased by up to 0.4 dB by
the adaptive coding compared to the Key Technical
Area Software of the ITU-T at the same bit rate. Com-
bined with 1/8-pel displacement vector resolution, the
increase is up to 1 dB.
Index Terms - H.264/AVC, video coding, prediction
error coding

1 Introduction

In H.264/AVC [1, 2], the temporal redundancy is
reduced by the use of predictive coding. In order
to predict the current image signal s, a predic-
tion image signal ŝ is obtained from already recon-
structed images by using block based motion esti-
mation and motion compensated prediction. A dis-
placement vector D is assigned to each block refer-
ring to the position of the block in an already recon-
structed image. The prediction error signal e and
the displacement vector D are encoded and trans-
mitted. In order to reduce the spatial redundancy
of the prediction error signal, transform coding is
applied blockwise. The blocksize of the transform is
4x4 or 8x8 picture elements. The coefficients c are
quantized with the step size controlled by the quan-
tization parameter QP . The quantized coefficients
c′ are zigzag scanned starting at the DC-coefficient

resulting a 1D array, see Figure 1. This array is

2,1,0,-1,0,0,0,0,0,0,0,0,0,0,0,0

Zigzag scan

2 1

0

0

0 0

0 0

0

00

0000

-1
Quantized coefficients

Fig. 1. Scan of quantized coefficients.

entropy-coded by the Context-Based Adaptive Bi-
nary Arithmetic Conding, CABAC [3], which is op-
timized for an array of coefficients with decreasing
energy. The coding efficiency of the transform is
high if the prediction error samples e are correlated.
For marginally correlated samples the transform is
inefficient. Therefore, the coding of the prediction
error in the spatial domain is investigated in this
paper as depicted in Figure 2. Each prediction error
block is either coded in spatial or in the frequency
domain. The information about the domain is sent
as side information.
The remainder of this paper is structured as follows.
Section 2 describes the quantizer design for the spa-
tial domain. In Section 3, the entropy coding and
in Section 4, the coding of the side information is
described. The coder control is explained in Sec-
tion 5. Experimental results and the conclusion are
given in Sections 6 and 7.

2 Quantizer design for the spatail
domain

H.264/AVC supports rate distortion optimized
quantization of the coefficients c with two differ-
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Fig. 2. Block diagram of the extended hybrid video en-
coder.

ent distortion measures. The first measure is the
mean squared quantization error, the second one is
the subjectively weighted quantization error which
is realized by the use of quantization weighting
matrices. Correspondingly, two scalar rate distor-
tion optimized quantizers are designed for the spa-
tial domain. Since the distribution of the predic-
tion error signal e is close to a Laplacian distribu-
tion, as shown in Figure 3, a scalar dead-zone plus
uniform threshold quantizer is used in the case of
mean squared quantization error optimization as
proposed in [4]. Figure 4 visualizes the parameters
α, β, and ∆ of the quantization and inverse quan-
tization. For each quantization parameter QP , an
individual quantizer is designed whereas the pa-
rameters are determined by measurements. Table
1 shows the determined parameters α, β, and ∆
for commonly used QP s. In the case of subjec-
tively weighted quantization error optimization, a
non uniform quantizer is applied with representa-
tive levels ri, −ri and decision thresholds in the
middle of adjacent ri, which are also shown in Ta-
ble 1 . In this case, visual masking [5] that occurs
at luminance edges is exploited. Consequently, large
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Fig. 3. Measured distribution of the prediction error
signal e for the quantization parameter QP = 26.

quantization errors are allowed at edges, small ones
if the image signal is flat. In Figure 5, the mea-
sured mean absolute reconstruction error |qFD(|e|)|
of subjectively weighted quantization in the fre-
quency domain is shown for each absolute value
of the prediction error |e|. It also shows the abso-
lute reconstruction error of subjectively weighted
quantization in the spatial domain |qSD(|e|)|. The
representative levels ri are adjusted such that the
mean absolute reconstruction error is the same for
quantization in the frequency and in the spatial do-
main with respect to the quantization intervals in
the spatial domain.
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Fig. 4. Quantizer characteristic for the spatial domain
in the case of mean squared error optimization.

3 Entropy coding

For entropy coding of the quantized samples in the
spatial domain also CABAC is used as for the cod-
ing of the quantized coefficients in the frequency
domain. However the scan is changed. Figure 6
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Fig. 5. Measured mean absolute reconstruction error |qFD(|e|)| of subjectively weighted quantization in the
frequency domain and absolute reconstruction error |qSD(|e|)| of subjectively weighted quantization in the spatial
domain versus absolute value of the prediction error |e|. Quantization parameter QP = 26.

Table 1. Parameters α, β, and ∆ of the quantizer in
the case of mean squared quantization error optimiza-
tion and representative levels ri of the quantizer in the
case of subjectively weighted quantization error opti-
mization.

QP α β ∆ r1 r2 r3 r4 r5

23 9.6 1.6 2.7 0 11 28 46 66

26 14.8 1.4 4.8 0 14 36 58 110

29 22.2 1.4 6.9 0 20 54 92 148

32 30.2 1.4 9.3 0 28 76 130 220

shows that the conditional probability of a quan-
tized predition error unequal zero increases with
increasing gradients. Therefore, in order to arrange
the samples in the 1D array with decreasing energy,
the scan in the spatial domain is controlled by the
magnitude of the gradient Gŝ of the prediction im-
age ŝ at the same spatial position as depicted in
Figure 7. The samples to be coded are arranged
in an order of decreasing gradients Gŝ. The mag-
nitude of the gradient at a spatial position x,y is
calculated by

Gŝ =
√
g2
x(x, y) + g2

y(x, y). (1)

gx is the gradient in the horizontal and gy the one
in the vertical direction. They are calculated using

the sobel operator:

gx(x, y) = 1
8 [ 2ŝ(x+ 1, y) + ŝ(x+ 1, y − 1)+
ŝ(x+ 1, y + 1)− 2ŝ(x− 1, y)−
ŝ(x− 1, y − 1)− ŝ(x − 1, y + 1)]

gy(x, y) = 1
8 [ 2ŝ(x, y + 1) + ŝ(x+ 1, y + 1)+
ŝ(x− 1, y + 1)− 2ŝ(x, y − 1)−
ŝ(x+ 1, y − 1)− ŝ(x − 1, y − 1)].

(2)
Separate probability models are used for the
CABAC design in the frequency and in the spa-
tial domain. The context modeling for the spatail
domain is done in the same way as in the frequency
domain.
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Fig. 7. Scan of quantized samples in the spatial domain
according to the magnitude of the gradient in the pre-
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4 Coding of the side information

For each individual macroblock, a flag indicates if
all blocks of the current macroblock, which are of
the size 4x4 or 8x8 picture elements, are coded in
the frequency domain or if at least one block is
coded in the spatial domain. This flag is coded con-
ditioned by the flags of the already coded neighbor-
ing macroblocks to the top and to the left. If at least
one block of the macroblock is coded in the spatial
domain, it is indicated by a flag for each block of
the macroblock if coding in the frequency or in the
spatial domain is applied. This flag is coded condi-
tioned by the flags of the already coded neighboring
blocks to the top and to the left.

5 Coder control

For all luminance prediction error blocks of each
macroblock either coding in the frequency or in the
spatial domain is applied according to the lower
rate-distortion costs C = SSD+ λ ·R. SSD is the
sum of squared differences between e and e′, R the
required rate including the side information and λ
the Lagrange parameter as commonly used for the
coder control of H.264/AVC [6]. Since the chromi-
nance signal is not considered in this investigation
yet, all chrominance blocks are unchanged coded in
the frequency domain.

6 Experimental results

For experimental investigations, the current ver-
sion jm10.1aif of the Key Technical Area Soft-
ware [7] is merged with the current version jm10.2
of the reference software of H.264/AVC [8] and
used as reference. In the following, it is referred
to as KTA. The adaptive prediction error coding
is integrated into KTA. High Profile with CABAC
and 5 reference frames is applied. In the case
of progressive video sequences, the frame struc-
ture I B RB B P . . . with hierarchical B-pictures
is used. RB indicates a B-picture which is used as
a reference picture. Since KTA supports this hi-
erarchical structure only for progressive sequences,
the frame structure I B B P . . . is used the case
of interlaced video sequences. For interlaced video
sequences, macroblock adaptive frame-field cod-
ing is applied. Rate-distortion optimization in the
”High Complexity Mode” is turned on. Both kinds
of quantization are testet. In Figures 8-15, opera-
tional rate-distortion curves are shown for the mean
squared quantization error optimization for various
test sequences with the spatial resolutions QCIF,
CIF, SDTV, and HDTV. The operational rate
distortion curves measured for the mean squared
quantization error optimization and for the sub-
jectively weighted quantization error optimization
are approximately the same. For QCIF, CIF, and
SDTV, the PSNR is increased by up to 0.4 dB by
the adaptive coding compared to H264/AVC at the
same bit rate. For HDTV, the PSNR is increased
by up to 0.05 dB.
Furthermore, the adaptive prediction error coding
is tested in combination with an increased displace-
ment vector resolution of 1/8-pel [9], which im-
proves the motion compensated prediction and re-
duces the correlation of the prediction error sam-
ples which is a benefit for the coding in the spatial
domain. In combination with 1/8-pel displacement
vector resolution, the PSNR is increased by up to
1 dB for QCIF, CIF, and SDTV and by up to 0.06
dB for HDTV.

7 Conclusion

In this paper, adaptive prediction error coding in
the spatial and in the frequency domain is inves-
tigated in an H.264/AVC environment. For each
block of the luminance signal, either frequency do-
main or spatail domain coding is applied. The
Y-PSNR is increased by up to 0.4 dB for QCIF,



CIF and SDTV. In combination with 1/8-pel mo-
tion vector resolution, the Y-PSNR is increased by
up to 1 dB for QCIF, CIF and SDTV. Since this
technique appears very attractive for internet and
mobile television it was recently presented at the
ITU-T meeting [10].
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Fig. 8. Operational rate distortion curves for the test
sequence Flowergarden in QCIF.
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Fig. 9. Operational rate distortion curves for the test
sequence Mobile & Calendar in QCIF.
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Fig. 10. Operational rate distortion curves for the test
sequence Flowergarden in CIF.
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Fig. 11. Operational rate distortion curves for the test
sequence Mobile & Calendar in CIF.
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Fig. 12. Operational rate distortion curves for the test
sequence Flowergarden in SDTV.
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Fig. 13. Operational rate distortion curves for the test
sequence Mobile & Calendar in SDTV.
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Fig. 14. Operational rate distortion curves for the test
sequence Spincalendar in HDTV.
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Fig. 15. Operational rate distortion curves for the test
sequence Preakness in HDTV.


