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Abstract

This paper addresses the structural limitation of the Decoder-side Intra Mode Derivation (DIMD) tool in ECM-15.0, where the
Planar mode is always included with a fixed weight. While the fixed participation of the Planar mode in blending provides
stability in prediction, it can reduce prediction accuracy for blocks with strong directional characteristics. To overcome this
limitation, two adaptive weight adjustment methods for planar blending are proposed. The first method determines the Planar
weight by evaluating the amplitude distribution of the top candidate modes derived from the Histogram of Gradient. The second
method determines the Planar weight based on the number of directional modes associated with non-square block shapes.
Experimental results showed that Adaptive Planar Weighting based on Amplitude (APWA) consistently improved performance in
the luma component, while Adaptive Planar Weighting based on Shape (APWS) provided gains in chroma components. These
results demonstrate that adaptively adjusting the participation of the Planar mode according to conditions can enhance coding

efficiency without increasing complexity.
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| . Introduction

In the recent digital media market, the demand for ul-
tra-high-definition video such as 4K and 8K, as well as im-
mersive content including VR and AR, has been rapidly
increasing. Consequently, the need for high-performance
compression technology to efficiently transmit and store
video data has become more critical. However, due to lim-
ited network bandwidth and storage capacity, it is increas-

ingly difficult to meet these requirements with conventional
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coding techniques alone. To address these challenges, the
Versatile Video Coding (VVC) standard was established as
an international standard in 2020 and has since been adopt-
ed in industry. VVC achieves approximately 50% higher
compression efficiency compared to High Efficiency Video
Coding (HEVC) while maintaining flexibility across a wide
range of application scenarios!'?. This standardization ef-
fort was led by the Joint Video Experts Team (JVET), a
collaboration between ITU-T’s VCEG (Video Coding
Experts Group) and ISO/IEC’s MPEG (Moving Picture
Experts Group)™..

Currently, JVET is conducting research toward the
next-generation video coding standard, for which it has de-
veloped a software known as the Enhanced Compression
Model (ECM)*. The ECM integrates a variety of advanced
coding tools not only for intra coding but also for inter
coding. In particular, the intra coding stage has been sig-
nificantly enhanced through the adoption of tools such as
Template-based Intra Mode Derivation (TIMD), Decoder-
side Intra Mode Derivation (DIMD), Occurrence-Based
Intra Coding (OBIC), Spatial Geometric Partition Mode
(SGPM), Template-based Multiple Reference Line (TMRL),
IntraTMP, Model
(CCCM), Gradient-based Linear Model (GLM), and Cross-
Component Prediction (CCP)°'?. As a result, ECM-15.0

demonstrated bitrate savings of approximately 18% in intra

Convolutional ~ Cross-Component

coding and 28% in inter coding compared to VVC!",
This paper focuses on DIMD, one of the intra coding

tools included in ECM. Specifically, the study aims to ana-

lyze the structure and operational principles of DIMD, and

to explore methods for improving its performance.

II. DIMD Description and Limitations

DIMD is one of the intra prediction techniques in which
the decoder derives the prediction mode. In the VVC stand-

ard, intra prediction modes are explicitly encoded by the

encoder and signaled in the bitstream, which causes sig-
nificant overhead and consequently reduces coding
efficiency. To overcome this limitation, DIMD does not
transmit explicit mode information; instead, it derives can-
didate modes according to rules that can be identically re-
produced at both the encoder and the decoder.

The DIMD adopted in the ECM derives prediction
modes at the decoder side. Therefore, it extracts directional
information from the already reconstructed reference sam-
ples around the current prediction block to identify the
dominant angle. Specifically, as shown in Figure 1, a 3x3
horizontal Sobel filter and a 3x3 vertical Sobel filter are
applied to the samples in the left, top, and top-left regions
of the current prediction block to obtain their horizontal
and vertical gradients. The each of Sobel filters are as fol-

lows:

1 0 -1
Sobelyor =12 0 =2
1 0 -1

-1 -2 -1
Sobelye, =10 0 O
1 2 1

Based on the horizontal gradient (i.e., iDx) and the verti-
cal gradient (i.e., iDy) calculated from the Sobel filters, the
angle is obtained and mapped to the closest prediction
mode among the 65 directional modes. In addition, the am-

plitude of the derived angle is computed as follows:

angle = arctan (:Z—i) (2)
amp = |iDx| + |[iDy| (3)

After obtaining the prediction mode and the amplitude
of the angle for the samples in the reference area, the am-

plitude values are accumulated for each prediction mode
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Fig. 1. Each of reference area : (a) Top (b) Left (c) Top-Left

to form a Histogram of Gradient (HoG). Finally, the HoGs
constructed from each reference area are linearly combined
to generate the final HoG.

After the HoG is generated, DIMD performs a blending
process to construct the final prediction block. First, the
five prediction modes with the highest accumulated ampli-
tude in the HoG are selected, and a corresponding pre-
diction block is generated for each of them. Then, weights
are assigned to the prediction blocks according to their ac-
cumulated amplitude values, and the final prediction block

is produced as follows:

Predblending = weightpignar * Predpignar + n

4 .
T 4i=0 Welghtmodei * Predmodei

where Predpiending is the final predicted block ob-
tained after blending, PT€dpianar is the planar-mode -
based prediction block and PT€dmode; indicates the pre-
diction block generated from the " directional mode.
weightpignar denotes the blending weight assigned to
the planar mode and We€tgMtmode; denotes the weight as-
signed to the it candidate directional mode.

In the blending process, the Planar mode is always
included. To provide stability for the final prediction block,
it is always assigned a fixed weight ratio of 16 to 64, while
the remaining prediction modes are weighted in proportion

to their accumulated amplitudes. However, including the

Planar mode in all cases with a fixed contribution in-
troduces certain limitations.

First, it becomes unsuitable for blocks with strong direc-
tional characteristics. When a block in the image exhibits
a distinct boundary or a dominant edge in a single direc-
tion, the Planar mode may unnecessarily mix interpolated
components, thereby reducing prediction accuracy. In addi-
tion, since a portion of the total blending weight budget
is always reserved for the Planar mode, it restricts the abil-
ity to allocate sufficient weights to the most effective direc-
tional modes for that block. Such inefficiency ultimately
prevents adaptive optimization according to the content
characteristics, which can degrade prediction performance.
Therefore, this paper proposes a method to adaptively ad-

just the participation of the Planar mode.

. Proposed Methods for Improving DIMD
Performance

After the candidate intra prediction modes are derived
through the HoG, the directional similarity of the selected
modes is evaluated in preparation for the blending process.
The selected modes are considered the most dominant pre-
diction modes across all reference regions, and thus are ex-
pected to have a significant impact on the current pre-
diction block. However, only the top three modes with the
highest accumulated strengths are evaluated. The similarity

measurement is performed by using the strongest mode
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(i.e., mode[0]) as the reference and evaluating how similar
the second (i.e., mode[1]) and third (i.e., mode[2]) ranked
modes are to it. First, the distances between mode[0] and
each of the mode[1] and mode[2] are calculated. As shown
in Figure 2, the distance between modes is defined as the
numerical difference between their mode indices. The dis-

tance is calculated as follows:

distance = |mode[0] — mode[i]| (i = 1,2). ()

mode[0] mode[2] Mode 66

mode[1]

itance

Mode 2

Fig. 2. Angular distance between mode[0] and other intra prediction
modes

If each calculated distance is smaller than a predefined
threshold, the mode is considered close to the mode[0] and
thus regarded as directionally similar. In this paper, the
threshold is set to 2. If the distances between the mode[0]
and the mode[1] and mode[2] exceed this threshold, for ex-
ample, the modes are not directionally similar, it is de-
termined that the dominant modes do not exhibit direc-
tional consistency. In such cases, the Planar mode is
deemed necessary to play a mediating role and is therefore
included in the blending process. Conversely, if the dis-
tances do not exceed the threshold, meaning the modes are
directionally similar, the involvement of the Planar mode

may interfere with better directional prediction, and thus

its participation is restricted.

1. Adaptive Planar Weighting based on
Amplitude (APWA)

The first approach determines the Planar weight by com-
paring the amplitude values of each mode!"*. The ampli-
tudes obtained from the HoG are not only crucial for as-
sessing the influence of each directional mode on the pre-
diction of the current block, but also serve as essential pa-
rameters for calculating the weights assigned to each mode
during the final blending process. Hence, the amplitude
plays a critical role in generating the final prediction block.
The algorithm for determining the Planar weight according

to the amplitude is presented, as shown in Figure 3.

Modes directional
similarity flag

Dominant
amplitude flag

Is mode[0]
dominant?

Y
Planar_weight = 16

Fig. 3. Adaptive Planar weight decision based on directional similarity
and dominance of mode[0]

Planar_weight =0

First, the similarity among the top three modes described
earlier is examined. If the three modes are found to be sim-
ilar, the process proceeds to the next step, which is the am-
plitude comparison. The comparison of the amplitudes

among the three modes is given by the follows:
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amp[0] = a x amp[i] (i = 1,2) (6)

where amp[0] denotes the amplitude of mode[0], and
ampli] represents the amplitude of modef[i], where i = 1

or 2. a is a predefined constant, which is set to 1.5 in
this paper.

It is first examined whether the amplitude of the
top-ranked mode (i.e., mode[0]) is greater than or equal to
a times the amplitudes of the other modes (i.e., mode[1]
and mode[2]). If this condition is not satisfied, the ampli-
tudes of the three modes are considered to be evenly
distributed. In such a case, the Planar mode is regarded as
unnecessary in the blending process, since it is assumed
that the prediction block already has a consistent direc-
tional tendency defined by the top three similar modes, and
the evenly distributed amplitudes are sufficient to ensure
stability. Therefore, in this case, the Planar weight is set
to zero and the Planar mode is excluded from the blending

process.

2. Adaptive Planar Weighting based on Shape
(APWS)

The second proposed method evaluates the presence of

dominant directional modes according to the shape of the

0: Planar
1: DC

block™!. In the Intra Prediction of ECM, not only square
blocks but also non-square blocks are utilized during
prediction. The emergence of these non-square blocks is a
result of applying various block partitioning methods to
represent finer details of the video more accurately. Based
on this observation, it is assumed that non-square blocks
are more likely to exhibit dominant directional tendencies
depending on their shape.

In VVC, wide-angle intra prediction adaptively adjusts
the set of angular prediction modes according to a block’s
width-to-height ratio, and for non-square blocks assigns ad-
ditional wide-angle directions toward the longer side!'®). In
other words, for horizontal blocks, wide-angle modes that
more densely sample the horizontal direction (e.g., modes
67 -80) are selectively enabled, whereas for vertical
blocks, wide-angle modes that more densely sample the
vertical direction (e.g., modes —1 to —14) are activated.
Accordingly, in this paper, it is assumed that prediction
with a horizontal mode is advantageous for horizontal
blocks, while prediction with a vertical mode is advanta-
geous for vertical blocks. Therefore, it is necessary to dis-
tinguish between the intra modes used in the ECM that ex-
hibit horizontal characteristics and those that exhibit verti-
cal characteristics. In the current HoG process of DIMD,

prediction is carried out using a total of 65 modes, ranging

0: Planar
I: DC

(a)

(b)

Fig. 4. (a) Horizontally oriented intra prediction modes (b) Vertically oriented intra prediction modes
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from mode 2 to mode 66, as shown in Figure 4.

As shown in Figure 4, mode 18, which represents a clear
horizontal prediction, and mode 50, which represents a dis-
tinct vertical prediction, are taken as references. Based on
these, the ranges from -4 to +4 around each, namely mode
14 to mode 22 and mode 46 to mode 54, are defined as
horizontally oriented prediction modes and vertically ori-
ented prediction modes, respectively. The related process

can be found in the following question:

k=18
k = 50 (M

modey,_, < modey, < modey,y {

where, modey denotes the intra prediction mode index,
k is the reference mode index (18 for horizontal and 50
for vertical). Therefore, the algorithm for determining the
Planar weight according to the degree of dominance of the
prediction modes depending on the block shape is shown
in Figure 5.

First, as in the previous method, the directional similarity
of the top three modes is evaluated. If the directions are
similar, a Planar weight = 0 is assigned, while APWS is
applied when the directions are not similar. The shape of
the current prediction block is then determined by compar-

ing its width and height, classifying it as a horizontal block,

a vertical block, or a square block. In particular, a block
is categorized as horizontal when its width is larger than
its height, as vertical when its height is larger than its
width, and as square when its width and height are the
same. In this paper, in order to focus on evaluating the per-
formance for non-square blocks, square blocks are always
assigned a Planar weight of 16.

After determining the block shape, the modes that ex-
hibit the corresponding directional tendency are identified.
For horizontal blocks, modes 14 to mode 22 are considered
favorable, while for vertical blocks, modes 46 to mode 54
are advantageous. Next, among the top modes selected af-
ter the HoG process, the presence of such tendency modes
is checked. In this work, only the top three modes with
the strongest influence are considered. If all three modes
belong to the tendency set, Planar weight = 0 is assigned.
If two modes belong, Planar weight = 4 is assigned, and
if only one mode belongs, Planar weight = 8 is assigned.
If none of the top three modes fall into the tendency set,
Planar weight = 16.

The reason for decreasing the value of the Planar weight
as the number of tendency modes among the top three in-
creases is that the more tendency modes are present, the
stronger the directional consistency of the current pre-

diction block is judged to be.

Planar_weight =0
v 3
Are they
similar? Check modes
tendency Planar_weight=4
Horizontal {model4 ~ mode 22) 2
N How many
modes in
top3 modes?
Modes directional Check Cht:f_';e’:‘:ses Planar_weight — §
similarity flag Block shape . (moded6 ~ mode 54
Vertical 1
Square
Planar weight =16

<

Fig. 5. Adaptive Planar weight decision based on block shape and directional tendency
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IV. Testing results

To further evaluate the proposed adaptive Planar weight
adjustment method, the implementation was carried out on
the ECM-15.0 reference source code!'”, and the evaluation
followed the JVET Common Test Conditions (CTC)!'”! un-
der the All Intra (Al) configuration. In this setup, the com-
plete sequences of Classes Al, A2, B, C, and E were en-

coded for performance analysis.

1. Results of APWA

This proposed method was also tested by applying it to
the 1sec test sequences. Table 1 presents the experimental
results the proposed APWA.

Table 1 shows the experimental results when the pro-
posed method was applied to the DIMD of luma blocks.
In the Class A2 sequences, coding performance improve-

ments of 0.12% BD-rate reduction for the luma component

Table 1. Results of APWA

BD-rate
Class Sequence
Y U Vv
Tango2 0.05% -2.78% -0.17%
A1 FoodMarket4 0.12% -0.83% -1.34%
Campfire -0.15% 0.10% -0.08%
CatRobot -0.02% -0.78% -0.73%
A2 DaylightRoad2 -0.11% -0.74% -0.32%
ParkRunning3 -0.22% -0.18% 0.18%
MarketPlace 0.01% 0.07% -0.28%
RitualDance -0.03% 0.69% -0.02%
B Cactus 0.02% 0.21% 0.26%
BasketballDrive 0.09% -0.49% -0.72%
BQTerrace -0.03% 0.29% -0.51%
BasketballDrill 0.02% -0.40% -0.33%
c BQMall 0.03% -0.60% 0.31%
PartyScene 0.03% -0.05% -0.30%
RaceHorses -0.02% -0.09% 1.59%
FourPeople -0.04% 0.38% 0.19%
E Johnny 0.01% 0.64% -0.07%
KristenAndSara -0.02% -0.52% -0.31%
Average -0.02% -0.28% -0.15%

were observed, and in the Class E sequences, 0.02%
BD-rate reduction for the luma component was achieved.
On average, coding performance improvements of 0.02%,
0.28%, and 0.15% were observed for Y, Cb, and Cr,

respectively.

2. Results of APWS

The algorithm was also tested by applying it to the full
test sequences. Table 2 summarizes the experimental re-
sults obtained with APWS.

The proposed APWS was applied to the DIMD of luma
blocks, and the results are reported in Table 2. For the
Class Al sequences, the Chroma (i.e., U) component ach-
ieved a BD-rate reduction of 0.14%, while for the Class
E sequences, a 0.01% reduction was observed in the luma
component. When averaged across all test classes, the pro-
posed method yielded overall coding gains of 0.00%,
0.02%, and 0.01% for Y, Cb, and Cr, respectively.

Table 2. Results of APWS

BD-rate
Class Sequence
Y U \%
Tango2 0.02% -0.26% -0.14%
A1 FoodMarket4 0.05% -0.11% -0.01%
Campfire 0.01% -0.05% 0.15%
CatRobot 0.01% -0.09% -0.07%
A2 DaylightRoad2 0.01% -0.22% -0.17%
ParkRunning3 0.01% -0.02% 0.01%
MarketPlace 0.01% -0.18% -0.09%
RitualDance 0.01% 0.23% 0.00%
B Cactus 0.01% 0.05% 0.04%
BasketballDrive 0.00% -0.15% -0.23%
BQTerrace 0.00% 0.03% -0.35%
BasketballDrill -0.02% 0.05% 0.18%
c BQMall 0.00% -0.08% -0.05%
PartyScene 0.02% -0.03% -0.08%
RaceHorses 0.00% 0.04% 0.13%
FourPeople -0.02% 0.10% 0.10%
E Johnny -0.02% -0.31% -0.04%
KristenAndSara 0.01% 0.37% 0.06%
Average 0.00% -0.03% -0.02%
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V. Discussion

This study verified the effectiveness of an adaptive
Planar weight adjustment method to address the structural
limitation in DIMD tool of ECM-15.0, where the Planar
mode is always included with a fixed weight. Among the
proposed approaches, APWA evaluates the amplitude dis-
tribution of the top three candidate modes derived from
HoG. The experimental results indicate that, considering
ECM-15.0 is already a highly optimized environment, even
such modest improvements are meaningful and demon-
strate that fine-grained blending adjustment can contribute
to enhancing intra prediction performance.

APWS, on the other hand, utilizes block-shape
information. Based on the aspect ratio of the block, hori-
zontal blocks are associated with horizontal tendency
modes (e.g., 14 - 22), vertical blocks with vertical tendency
modes (e.g., 46 - 54), and square blocks are classified with
mandatory Planar participation. This approach is based on
the idea that the uneven shape of non-square blocks makes
them more suitable for certain directional modes. While
certain cases showed performance improvements, perform-
ance degradation was observed in the luma component in
particular. This suggests that block shape alone is in-
sufficient to fully characterize directional tendencies and
that other factors such as texture complexity and edge con-
tinuity must also be considered. An interesting observation
is that improvements were relatively larger in the chroma
components. This can be interpreted as the reduced reso-
lution of chroma in the 4:2:0 sampling format making di-
rectional prediction inherently more difficult, where sup-
pressing unnecessary Planar involvement allows for more

efficient utilization of chroma samples.

V. Conclusion

In this paper, we proposed adaptive Planar weight adjust-

ment methods to address the limitation of the fixed Planar
mode weighting in DIMD tool of ECM-15.0. The proposed
method consists of APWA, which utilizes the amplitude
distribution of HoG, and APWS which incorporates
block-shape information. Experimental results showed that
APWA achieved stable improvements in the luma compo-
nent, while APWS yielded partial gains in the chroma
components.

These findings demonstrate that adaptively adjusting the
involvement of the Planar mode according to block charac-
teristics can improve efficiency compared to the conven-
tional fixed approach. Although the overall coding gains
were limited, even small BD-rate reductions are meaningful
in a highly optimized environment such as ECM, indicating
that fine-grained refinements in intra prediction tools re-
main an important research direction for future video cod-
ing standards. Future work will extend the evaluation be-
yond the All Intra configuration to include Random Access
and Low-Delay B conditions.

Furthermore, a multidimensional Planar weight estima-
tion method that accounts for not only amplitude and block
shape but also texture complexity, edge continuity, and
block size should be investigated. In addition, integrating
learning-based approaches to automatically derive optimal
block-level weights could provide both efficiency and
adaptability. Such research is expected to contribute not
only to ECM but also to the development of next-gen-
eration video coding standards by further enhancing intra

prediction performance.
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