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e Statistical analysis of luma and alpha channels prunes the mode search
space.

e Look-up table based on structural correlations accelerates partition se-
lection.

e Calinski-Harabasz (CH) index-based error approximation maximizes
encoding speed.

e Proposed method achieves 2.23x average (up to 3.86 x) speedup with
negligible quality loss.
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Abstract

Texture compression is a key technique in real-time rendering for alleviating
GPU memory bandwidth bottlenecks. In this paper, we present QuickBC7, a
high-speed encoding algorithm for the BC7 format, which is widely adopted
as a standard for high-quality texture compression. The proposed method ex-
ploits the statistical characteristics of linear luminance (luma) and alpha dis-
tributions to reduce the mode search space and to limit partition candidates
through a look-up table. In addition, we applied a fast error approximation
method based on the Calinski-Harabasz (CH) index to accelerate the par-
tition selection process. Experimental results show that QuickBC7 achieves
an average encoding speedup of 2.23x (up to 3.86x) compared to the high-
speed encoder etcpak 2.0, while maintaining comparable visual quality with
minimal degradation.

Keywords: Texture, Texture Compression, Block Compression, BC7

1. Introduction

Recent advances in virtual reality (VR), high-resolution displays, and
real-time rendering applications have led to a steady increase in the use of
high-quality textures. To address this demand, texture compression tech-
niques such as BCn [1], ETC1/2 [2, 3], and ASTC [4] have become essential
components in modern graphics pipelines by reducing memory usage and
bandwidth requirements [5]. Among them, the BC7 format is widely adopted
in major engines such as Unreal Engine [6] and Unity [7] due to its ability to
maintain high visual quality.
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Texture compression typically involves a trade-off between encoding speed
and compression quality. As a high-quality codec compared to other alter-
natives, BC7 tends to require a relatively longer encoding time. It supports
a total of eight modes, from Mode 0 to Mode 7, each with different charac-
teristics in terms of color channels, precision, and subset structures, for rep-
resenting a single 4 x 4 pixel block. In addition, each mode employs different
partition patterns, endpoint configurations, and bit layouts for compression
(details are discussed in Section 2.2). As a result, while BC7 encoders can
achieve high visual quality, they must explore a large search space, which sig-
nificantly increases the computational complexity of the encoding process.

To alleviate this computational bottleneck, various high-speed BC7 en-
coders, such as be7enc [8] and etepak 2.0 [9], have been proposed. These
methods improve encoding performance by applying various optimization
techniques, including search space reduction and parallel processing, and
are widely used in practical texture compression. Similar efforts to acceler-
ate encoding have also been explored in other texture compression codecs.
For example, heuristic-based approaches such as QuickETC2 [10, 11] and
QuickETC2-HQ [12] have been introduced for ETC2 to reduce unnecessary
mode evaluations during encoding. However, these approaches are not di-
rectly applicable to BC7 due to its more complex mode structure and RGBA
support. As a result, BC7 still exhibits relatively slow encoding speed com-
pared to other codecs, and further optimization is required. Moreover, un-
like ETC2, which can distinguish modes using linear luminance (luma), BC7
requires consideration of multiple factors. Therefore, new optimization tech-
niques that can effectively handle these characteristics are needed.

In this paper, we propose a set of lightweight optimization techniques
that reduce the computational cost of BC7 encoding by leveraging the sta-
tistical and structural characteristics of pixel blocks. Unlike conventional
single-channel heuristic approaches, our method introduces a multi-channel
decision framework that considers the complex mode and partition structures
of BC7. Specifically, we propose a luma—alpha-based early mode decision
method that jointly analyzes the variations of the luma and alpha chan-
nels to reflect block-level statistical characteristics. This approach effectively
removes unnecessary mode evaluations and selects suitable candidates at an
early stage. In addition, we design a lookup table (LUT)-based partition can-
didate reduction method by exploiting structural correlations among BC7
partition patterns. This method replaces computationally expensive par-
tition searches with efficient table lookup operations, thereby significantly
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reducing the overall search space. Finally, we introduce a lightweight er-
ror approximation method based on the Calinski-Harabasz (CH) index [13],
which enables fast partition selection while incurring only a minor quality
degradation.

Experimental results show that the proposed techniques achieve effective
improvements in encoding speed compared to other encoders (bc7enc, etcpak
2.0), while the quality loss is limited to a small increase in MLIP [14] val-
ues of approximately 0.002-0.003. This increase corresponds to a negligible
degradation in visual quality. As a result, the proposed methods achieve an
effective trade-off by significantly improving encoding efficiency while pre-
serving visual quality.

2. Related works

2.1. Overview of block compression (BC) format

Block compression (BC) is a standard texture compression technique
widely used in modern graphics pipelines, particularly in DirectX and OpenGL,
to reduce texture memory bandwidth. BC formats operate by compressing
fixed 4 x 4 pixel blocks and are categorized into seven variants, from BC1 to
BC7, according to data characteristics and precision requirements [5].

Basic RGB and alpha formats (BC1-BC3) BC1 (aka. S3TC [15])
represents a block using two 16-bit RGB565 endpoints and a 2-bit index
table (4 bpp). Although it supports 1-bit punch-through alpha, the resulting
reduction in color precision makes it unsuitable for RGBASSS textures. To
overcome this limitation, BC2 and BC3 (8 bpp) allocate an additional 64
bits for alpha compression. BC2 stores explicit 4-bit alpha values, whereas
BC3 applies endpoint interpolation to the alpha channel, providing higher
quality for alpha textures with smooth gradients.

Special-purpose formats (BC4-BC5) BC4 and BC5 are designed for
the efficient storage of single- and two-channel data. BC4 compresses single-
channel data at 4 bpp by reusing the alpha block compression scheme of
BC3. BC5 combines two independent BC4 blocks to store two-channel data
at 8 bpp. This format is commonly used for normal map compression, as it
avoids the channel interference that can occur when storing two channels in
BC1 and thereby improves visual quality.

High-quality and HDR formats (BC6H-BC7) BC6H and BC7 (aka.
BPTC [16]) maintain an 8 bpp compression rate while reducing compression
artifacts. BC6H supports half-precision floating-point data and is specialized
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Mode 0 | 1 Partition bit RGB444 end-points P-bits Index Table
ode (4 bits) (12 X 5 bits) (6 bits) (45 bits)
Mode 1 | 01 Partition bit RGB666 end-points P-bits Index Table
(6 bits) (18 X 4 bits) (2 bits) (46 bits)
Partition bit RGBS555 end-points Index Table
Mode2 | 001 (6 bits) (15 X 6 bits) (29 bits)
Partition bit RGB777 end-points P-bits Index Table
Mode 31 0001 | =" i) (21 x 4 bits) (4 bits) (30 bits)
Rotation bit  Idx bit RGBAS5556 end-points  Index Table Index Table
Mode 4 | 00001 | ™ iey ™ (1 bit) (21 x 2 bits) (31 bits) (47 bits)
Rotation bit RGBA7778 end-points  Color Index Table Alpha Index Table
Mode 5 1 000001 | > i) (29 x 2 bits) (31 bits) (31 bits)
RGBA7777 end-points  P-bits Index Table
Mode 6 | 0000001 (28 x 2 bits) (2 bits) (63 bits)
Partition bit RGBASS555 end-points P-bits Index Table
Mode 7 | 00000001 | ™" sy (20 X 4 bits) (4 bits) (30 bits)

Figure 1: Bitstream layout of the eight BC7 modes (Modes 0-7) [17]. The diagram
shows the allocation of bits within a fixed 128-bit block, including partition information,
endpoints, P-bits, and index tables for each mode.

for High Dynamic Range (HDR) texture compression. In contrast, BC7 is
designed for Low Dynamic Range (LDR) RGB/RGBA data and provides
the flexibility to partition a block into multiple subsets and to select modes
according to the color distribution within the block. BC7 supports eight
modes, whereas BC6H supports fourteen modes; this increased mode com-
plexity leads to higher encoding cost but enables improved endpoint precision
and local palette representation.

2.2. BC7 modes and partitioning structure

BC7 encodes a 4 x 4 pixel block (16 pixels) using a fixed 128-bit structure.
Depending on the characteristics of the input data, the encoder selects an
appropriate mode from eight distinct modes (Modes 0-7). Each mode is
defined by the number of subsets, partition patterns, endpoint color precision,
and the configuration of index bits (Figure 1). While this structural flexibility
enables high compression quality, it also expands the search space that the
encoder needs to explore identify an optimal configuration.

A defining characteristic of BC7 is its ability to partition a pixel block
into two or three subsets, each associated with independent endpoints. BC7

Nah. This work is licensed under CC BY-NC-ND.
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defines a global set of 128 partition patterns, categorized by the number of
subsets: 64 patterns are assigned to two-subset modes, and the remaining 64
are assigned to three-subset modes. Accordingly, a given partitioned mode
evaluates only the 64 patterns corresponding to its subset configuration.

Modes 0 and 2 partition a block into three subsets to represent complex
color transitions. However, because these modes require encoding partition
indices and three pairs of endpoints, the available bit budget for endpoints
or pixel indices is reduced, which can limit color precision. Modes 1 and 3
partition the block into two subsets. In particular, Mode 1 selects one of the
64 partition patterns available for two-subset configurations and employs a
shared P-bit for each subset to improve endpoint precision, offering a bal-
anced trade-off between quality and efficiency for RGB data. Mode 7 also
supports two subsets while encoding all RGBA channels and is used to rep-
resent complex blocks containing both transparency and color boundaries.
However, because Modes 1 and 7 require error evaluation over all 64 appli-
cable partition patterns to determine an optimal configuration, they incur
substantial computational overhead during encoding.

For blocks with smooth color transitions or when high precision is re-
quired in a specific channel, modes without subset partitioning are often
preferred. Mode 6 encodes the RGB and alpha channels using a single sub-
set. By providing high bit precision together with P-bits, it is well suited for
representing smooth gradients. Mode 5 is advantageous when high precision
is needed for a particular channel among the RGBA channels, as it allows
distinct bit allocation to a selected channel, making it preferable to Mode 6
for textures in which single-channel precision is critical. Mode 4 is designed
for regions with low spatial frequency. This mode prioritizes endpoint preci-
sion at the expense of index precision, thereby reducing color banding in flat
regions.

Consequently, compressing a single input block in BC7, in principle, in-
volves evaluating all modes along with their corresponding partition con-
figurations. An ideal encoder would compute optimal endpoints for each
applicable partition pattern and select the configuration that produces the
minimum error. However, such a brute-force approach incurs high computa-
tional cost. As a result, many existing encoders reduce this complexity by
employing heuristic strategies, such as restricting the set of evaluated modes
or limiting the partition search space.
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2.3. Previous approaches to texture compression optimization

Various studies and open-source encoders have been proposed to improve
texture encoding speed. These approaches can be broadly categorized into
three groups: hardware acceleration and heuristic-based optimization, meth-
ods leveraging structural information or neural networks, and luminance-
based optimization techniques.

Hardware acceleration and heuristic-based BC7 optimization
beTenc [8] is a representative open-source BC7 encoder designed with a fo-
cus on high-speed encoding. Instead of performing an exhaustive brute-force
search over all modes, it selectively evaluates a restricted set of modes and ap-
plies a frequency-based sorting strategy derived from offline statistical analy-
sis of large-scale texture datasets (e.g., RGB: Modes 1 and 6; RGBA: Modes
5, 6, and 7). This strategy prioritizes partition patterns that are empirically
more likely to be selected.

For two-subset modes, bc7enc initially evaluates only the 14 most fre-
quently used partition patterns. Among these candidates, the partition that
produces the lowest approximate error is selected as the key partition, which
serves as a representative structural pattern for the input block. Additional
partition candidates are considered only when a predefined predictor indi-
cates structural compatibility with the selected key partition. If no com-
patible partition is found within the first 34 ranked patterns, the search is
terminated early. This heuristic approach reduces encoding time while in-
curring only a small quality loss compared to an ideal BC7 encoder.

Subsequently, etcpak 2.0 [9], which builds upon the algorithms of bc7enc,
achieves up to 2.6 x faster encoding speed by increasing hardware-level paral-
lelism through extensive use of multi-threading and SIMD (Single Instruction
Multiple Data) intrinsics. In addition, bc7e [18] and ISPCTexTool [19] em-
ploy the Intel SPMD Program Compiler (ISPC) [20] to implement parallel
encoding, effectively utilizing the CPU’s vector processing capabilities.

Structural information and neural network-based approaches
Research aimed at improving compression efficiency by analyzing image struc-
tural information or by employing neural networks (NNs) has also been ex-
plored. To estimate the optimal partitioning for BC7, FasTC [21] introduced
an optimization technique that approximates the color distribution of texel
blocks using an axis-aligned bounding box (AABB) and determines end-
points through a generalized cluster fitting process. Alternatively, SegTC
[22] proposed an approach that accelerates the search process by extracting
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structural boundaries via superpixel-based image analysis and incorporating
this information into partition selection.

Similarly, TexNN [23] reformulated the search stage—one of the primary
bottlenecks in conventional encoding algorithms—as a classification problem.
By employing trained neural networks to rapidly approximate an appropri-
ate encoding configuration for a given texture, TexNN improves computa-
tional efficiency of ASTC [4] encoding. More recently, neural network—based
compression methods emerging from industrial research have been proposed
24, 25, 26, 27, 28]. However, most of these methods rely on GPU software-
based decoding. The associated decoding overhead, resulting from the ab-
sence of dedicated hardware support, limits their applicability in real-time
rendering pipelines and motivates further research to address these con-
straints.

Linear luminance utilization and heterogeneous computing The
approach most closely related to this study leverages the linear luminance
characteristics of pixel blocks. QuickETC2 [10, 11] achieved a substantial
performance improvement by preselecting ETC2 modes based on the luma
values of pixels within each block and introducing a min—max-based heuristic
clustering strategy. However, a limitation of purely luma-based approaches
is the potential introduction of visual artifacts due to the loss of color infor-
mation during computation.

To address this issue, QuickETC2-HQ [12] was proposed to improve en-
coding quality by analyzing the dominant color channel within a block. This
method recalculates RGB weights accordingly and incorporates the adjusted
luma values into both error computation and mode decision. Beyond algo-
rithmic optimizations, system-level approaches have also been explored. For
example, H-ETC2 [29] improved encoding performance by distributing the
computational workload through the simultaneous utilization of CPU and
GPU resources.

3. Proposed optimization methods

3.1. Overview of proposed BC7T encoder

We propose a high-speed BC7 encoder built upon etepak 2.0 that alle-
viates the primary computational bottlenecks of the BC7 encoding pipeline
while preserving visual quality suitable for real-time applications. The high
computational complexity of the BC7 format mainly arises from its large
mode search space and the costly decision process associated with partition
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pattern selection. To address these challenges, we introduce a three-stage op-
timization strategy that exploits the statistical characteristics and structural
information of texture blocks. Our method is designed under the assumption
of standard RGB/A color textures.

First, we employ a luma—alpha-based early mode decision technique that
analyzes the luminance and alpha distributions of pixel blocks to prune un-
necessary search costs by preselecting a small set of promising mode candi-
dates (Section 3.2). Second, we propose a look-up table (LUT)-based par-
tition selection method that rapidly infers likely partition candidates based
on pixel correlation patterns, thereby avoiding exhaustive evaluation of all
64 partition patterns (Section 3.3). Third, we selectively utilized a Calin-
ski-Harabasz (CH) index-based error approximation to further improve com-
putational efficiency by replacing iterative endpoint error calculations with
a clustering evaluation metric (Section 3.4). The principles and implemen-
tation details of each proposed technique are described in the following sub-
sections.

3.2. Luma-alpha based early mode decision

The core principle of the proposed technique is to predict the optimal
mode in advance by analyzing the statistical characteristics of pixel blocks,
thereby reducing computational complexity. QuickETC2 [11] demonstrated
the effectiveness of pre-determining modes based on the luma range of a pixel
block to improve encoding speed. However, because BC7 supports the RGBA
format including the alpha channel, variability in the alpha channel also has
a substantial impact on optimal mode selection. Therefore, we extend the
luma-based approach and propose a novel early mode decision technique that
considers the variability of both luma and alpha channels.

We first analyzed the statistical distribution of blocks for which specific
BC7 modes were selected as optimal. Figure 2 presents histograms show-
ing the range (maximum-minimum difference) of luma and alpha values for
each mode, using the Android Jellybean image as an example. This analysis
highlights distinct characteristics that differentiate the modes.

Modes 5 and 6 are predominantly selected in regions with small luma
differences, indicating that they are favored in relatively flat areas with low-
frequency variations. In contrast, Modes 1 and 7 display a wider distribution
of luma differences. These two-subset modes are better suited for represent-
ing complex edges or regions with high-frequency details.
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Figure 2: Histograms showing the distributions of luma and alpha difference values for
blocks encoded with optimal BC7 modes on the Android Jellybean image. Two-subset
modes (Modes 1 and 7) are predominantly selected in regions with large luma variations.
For RGBA texture encoding, although Modes 5 and 6 are both favored for blocks with
low luma differences, Mode 5 is more frequently selected for blocks exhibiting high alpha
variability, distinguishing it from Mode 6.

The distinction between Modes 5 and 6 is further evident in the alpha
channel distribution. Mode 6 is concentrated in ranges with small alpha
variations, whereas Mode 5 spans a broader range, including blocks with
large alpha variations. This behavior reflects the design characteristics of the
BC7 format. As discussed in Section 2.2, Mode 6 encodes color and alpha
components jointly, prioritizing overall compression efficiency for the pixel
block. In contrast, Mode 5 allows separate bit allocation to a specific channel,
enabling more precise representation of variations within that channel.

Based on this statistical analysis, we designed a decision algorithm that
selects the optimal BC7 mode by leveraging the characteristics of pixel blocks.
Figure 3 compares the mode selection process of the existing etcpak 2.0 with
that of the proposed method. To quantify block complexity, we define Dy,
and D4 as follows:

Dy =max(Y) —min(Y), D4 = max(A)— min(A) (1)
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Figure 3: Comparison of the mode decision process between the baseline, etcpak 2.0, and
QuickBC7. etcpak 2.0 (left) employs a fixed search strategy that sequentially evaluates
a predetermined set of candidate modes. In contrast, QuickBC7 (right) introduces an
adaptive decision tree based on luma and alpha difference values (Dy,, D) to prune un-
necessary mode searches and branch directly to a single optimal mode.

Here, Y and A denote the sets of luma and alpha values for the 16 pixels
within a block, respectively. Similar to QuickETC2 [11], SIMD intrinsics
are used to compute the luma values (Y') of the 16 pixels in parallel. The
computed D; and D, are compared against predefined thresholds 77, and
T4, which serve as criteria for selecting the optimal mode.

For RGB blocks, if D < T}, the block is considered relatively flat, and
Mode 6 is prioritized. Conversely, if D; > T}, the block is deemed to con-
tain high-frequency details or significant color variations, and Mode 1, which
supports partitioning, is selected to preserve detail.

For RGBA blocks, the decision process accounts for alpha variability in
addition to luma. If both Dy and D4 are below their respective thresholds
(D, < Tp, and Dy < Ty), Mode 6 is prioritized. If RGB variability is low
but alpha variation is high (D; < Tp, and Dy > T4), Mode 5 is selected
to maintain precision in the alpha channel, as alpha details have a stronger
impact on visual quality in such cases. Finally, if Dy > T}, the block is
considered to contain edges or significant color transitions, and Mode 7 is

10
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prioritized to preserve details. The thresholds 77, and T4 were determined
empirically (Section 4.3).

However, binary classification based solely on hard thresholds (77, 7T}4)
may reduce accuracy near decision boundaries. As shown in Figure 2, the
distributions of optimal modes overlap within certain ranges of Dy and Dy,
indicating that in these transitional intervals, a mode other than the pre-
selected one could yield a lower error. To address this issue and improve
encoding stability, we utilized a gray-zone strategy. This zone is defined by a
margin (d) around the thresholds (T'+d). When a block falls within this inter-
val, the encoder evaluates additional candidate modes rather than enforcing
a single-mode decision. For example, if an RGB block’s luma difference lies
within the gray zone, both Mode 1 and Mode 6 are evaluated to identify
the true optimum. Although this approach incurs a modest computational
overhead, it ensures encoding robustness and consistent visual quality.

3.3. Partition-aware candidate reduction using look-up table (LUT)

Selecting the optimal partition pattern within the BC7 encoding pipeline
is a key step in balancing compression quality and encoding speed. Modes
1 and 7 (two-subsets) support 64 partition patterns, and performing an ex-
haustive search over all patterns introduces a substantial computational bot-
tleneck. To alleviate this issue, the baseline encoder, etcpak 2.0 inspired by
be7enc [8], adopts early termination strategies. Partition patterns are first
sorted by usage frequency based on offline statistical analysis of large-scale
texture datasets, and the search is performed by prioritizing the most fre-
quently selected patterns. This heuristic significantly reduces encoding time
while maintaining acceptable quality.

However, this approach inherently excludes less frequently used patterns
(e.g., ranks 35-64), which can be essential for accurately representing specific
edges or geometric details in complex textures. Ignoring these patterns may
result in detail loss or visual artifacts. To overcome this limitation, we pro-
pose a look-up table (LUT)-based partition selection method that directly
analyzes the structural characteristics of a pixel block to rapidly identify the
most suitable candidate group from all 64 patterns.

The LUT encodes correlations between pixel block features—such as prin-
cipal color channel indices or spatial distribution characteristics—and par-
tition pattern groups. During encoding, for Mode 1 or Mode 7, instead of
exhaustively evaluating all 64 patterns, the encoder performs a simple ta-
ble lookup to select a small set of promising candidates, effectively reducing

11
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Figure 4: Frequency analysis of partition pattern indices and selection of discriminant
pixels for each channel type. (Left) A heatmap illustrating the frequency with which each
pixel is assigned to Subset 0 across all 64 partition patterns. Darker shades denote higher
frequencies, revealing a distinct statistical bias in the top-left region. (Center) For RGB
blocks, indices [0, 1, 4, 5] are selected as discriminant pixels to effectively narrow down
partition candidates by exploiting this statistical bias. (Right) For RGBA blocks, corner
pixels (indices [0, 3, 12, 15]) are selected to capture texture edges and minimize visual
artifacts arising from alpha channel discrepancies.

computational cost. This method ensures that critical partition patterns are
not overlooked, while maintaining high encoding efficiency and preserving
texture details in complex regions.

The core idea of the proposed LUT-based partition selection framework
is to reduce the computational cost of BC7 partition search by using a small
set of discriminant pixels, rather than exhaustively evaluating all 4 x 4 pixel
locations. A BCT7 partition pattern is represented as a binary mask that
divides a 4 x 4 block into two subsets. To identify informative pixel locations,
we first analyze the frequency with which each pixel is assigned to Subset
0 across all 64 partition patterns. The resulting distribution shows a clear
spatial bias, as visualized in the heatmap (Figure 4).

Based on this observation, discriminant pixel selection is formulated as a
structural approximation problem, where a small subset of pixels is used to
represent the dominant partition tendency of the full block. This formulation
is inspired by the selective compression method of H-ETC2 [29]. Since BC7
blocks show different characteristics depending on channel composition, we
adopt a channel-aware form of this framework.

For RGB channels, pixels in the top-left region are most frequently as-
signed to Subset 0, indicating that these locations capture the dominant

12
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partition tendency. Therefore, we select indices [0, 1, 4, 5] as discriminant
pixels. These pixels form a compact 2 x 2 spatial region that preserves local
structural consistency while reflecting the global partition bias observed in
the heatmap. Using these pixels, we construct a LUT and observe that par-
tition patterns with similar structures are grouped together according to the
generated match mask (Figures ba and 5b). This shows that a small number
of pixels is sufficient to capture structural similarities among partition pat-
terns, allowing a meaningful candidate set to be formed without exhaustive
search. Since multiple candidate partitions are evaluated instead of relying
on a single prediction, potential suboptimality in pixel selection is naturally
reduced.

For RGBA-supporting modes such as Mode 7, the same framework is
adapted to focus on geometric structure rather than color distribution. These
modes are mainly used in regions with transparency variations or complex
boundaries, where small changes in the alpha channel can produce visible
artifacts even if RGB errors are small. Therefore, capturing the global struc-
ture of the block is more important than relying on channel-wise statistical
bias.

Accordingly, for RGBA blocks, we select the four corner pixels (indices
0, 3, 12, 15) as discriminant pixels. These pixels define the spatial boundary
of the block and provide a minimal but sufficient representation for inferring
global structure such as transparency and opacity. This is consistent with the
idea that boundary samples can approximate internal structure. Although
other sampling strategies may provide more uniform coverage, the corner-
based selection offers a simple and computationally efficient approximation
that better reflects global alpha distribution and boundary orientation. In
particular, two regions in a block separated by an alpha transition can be
effectively characterized based on the relationships among corner pixels. Fi-
nally, similar to the RGB case, the constructed LUT for RGBA blocks is
shown in Figures 5¢ and 5d.

Figure 6 illustrates the partition selection process for the proposed RGB
block. To efficiently extract the structural features of the block, we adopted
the concept of the dominant color channel proposed in QuickETC2-HQ [12].
The algorithm proceeds as follows.

First, for the four previously selected discriminant pixels, the channel
with the highest intensity among the RGB components is identified as the
dominant color channel for that pixel. This serves as a simplified metric rep-
resenting the pixel’s primary color and the direction of its variation. Second,
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correspond to RGB cases, while (c)—(d) correspond to RGBA cases.
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Figure 6: Pipeline of the proposed LUT-based partition pattern selection for RGB blocks.
This process comprises four distinct steps: 1) Color information is extracted using the four
previously selected discriminant pixels. 2) The dominant color channel, corresponding to
the maximum intensity among the RGB components, is determined for each pixel. 3) A
6-bit match mask is generated by comparing the consistency of dominant channels between
pairs of discriminant pixels. 4) The generated mask serves as an index to query the Look-
up table (LUT) to retrieve a set of partition candidates, from which the final optimal
partition pattern is identified.

a 6-bit match mask is generated by evaluating the consistency of dominant
channels among all pairs of discriminant pixels. Specifically, a bit is set to
1 if the dominant channels of a pixel pair match, and 0 otherwise. By con-
sidering all combinations (4C5) of the four pixels, a 6-bit index is produced.
This mask serves as a unique key representing the color distribution pattern
within the block.

Finally, the generated mask is used to query a pre-constructed Look-up
table (LUT), retrieving a set of promising partition candidates that best
match the structural characteristics of the current block. The final partition
pattern is determined by calculating errors only for these selected candidates.
This approach replaces iterative and computationally expensive error calcu-
lations with a simple table lookup, enabling rapid inference of the optimal
partition based solely on the block’s color-space structural features.

Figure 7 illustrates the partition selection process for RGBA blocks. Un-
like RGB blocks, the alpha channel plays a critical role in defining texture
transparency and geometric boundaries, requiring a strategy distinct from

that used for RGB.
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Figure 7: Pipeline of the LUT-based partition selection for RGBA blocks. Unlike the RGB
approach, this process prioritizes the analysis of the alpha channel’s geometric distribution.
The specific steps are as follows: 1) Alpha values are extracted from discriminant pixel
indices [0, 3, 12, 15], which represent the geometric boundaries of the block. 2) The
extracted values undergo binarization using the median as a threshold. 3) A 6-bit match
mask is generated by cross-comparing the consistency of these binarized values across
all pixel pairs, similar to the process used for RGB. 4) Finally, the generated 6-bit mask
serves as an index to query a dedicated RGBA LUT, retrieving the optimal set of partition
candidates.

To process RGBA blocks, we utilize the previously selected discriminant
pixels (indices 0, 3, 12, 15). Unlike the dominant color approach for RGB,
we binarize the alpha values of these pixels based on the median. Each
discriminant pixel is assigned a value of 1 if its alpha exceeds the median,
and 0 otherwise. These binary values are cross-compared to generate a match
mask reflecting consistency among the pixels. The resulting mask is then
used to query a dedicated RGBA LUT, retrieving a set of promising partition
candidates. Subsequent error calculation and final partition selection follow
the same procedure as for RGB blocks.

The LUTSs used in these pipelines are constructed in an offline pre-processing
step. For each of the 64 partition patterns, a corresponding key is generated
by evaluating the consistency of subset indices among the discriminant pixels.
The LUT is then compiled by mapping each key to its associated partition
patterns.

In summary, the proposed LUT-based approach substantially improves
encoding speed by eliminating the need to exhaustively search all 64 partition
patterns, instead evaluating only a small set of candidates that align with the
block’s inherent structural characteristics. Furthermore, it can be observed
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Figure 8: Partition usage distribution across different selection methods for the lorikeet
image. The results show that the proposed LUT-based method (green) effectively utilizes a
wider range of the 64 partition patterns, including less frequently selected ones, overcoming
the search space limitations of conventional sorting-based heuristics employed in bc7enc
(orange).

that the LUT-based method effectively explores a broader set of relevant
partition configurations, as illustrated in Figure 8.

3.4. CH index—based fast error evaluation

Although the previously proposed early mode decision and LUT-based
techniques effectively reduce the search space, calculating the actual encoding
error (e.g., MSE) for the selected partition candidates still requires pixel-
wise endpoint optimization, which incurs significant computational cost. To
further accelerate encoding, we adopt an additional strategy: a fast error
approximation technique using the Calinski-Harabasz (CH) index [13].

The BC7 partitioning process can be interpreted as a clustering problem,
in which a 4 x 4 pixel block is divided into subsets to facilitate linear ap-
proximation. An optimal partition corresponds to a configuration where the
variance within each subset is minimized (intra-subset compactness) and the
distance between subsets is maximized (inter-subset separation). This con-
cept is analogous to ETC2, which employs k-means clustering for endpoint
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Figure 9: Correlation between L2 distance error and CH index. The graph compares the
L2 error (blue bars, left axis) and CH index (orange line, right axis) for nine partition
candidates extracted via the LUT described in the previous section. As observed, there
is a distinct inverse relationship where partitions with higher CH Indices exhibit lower L2
errors. This suggests that the optimal partition can be effectively identified using only the
CH Index, thereby bypassing complex computations.

determination in T- and H-modes [3]. To optimize the computationally ex-
pensive endpoint operations, we apply the CH index—a metric for evaluating
clustering quality—to rapidly assess partition suitability.

The CH index is defined as the ratio of inter-cluster dispersion to intra-
cluster dispersion:

K K n
CH = Zk:l nk”ck — C”g / Zk:l Zz:kl ||xiC — Ck”% (2>
K-1 n—K

Here, x¥ denotes the i-th data point in cluster k, K is the number of clus-
ters (i.e., subsets), ¢ is the centroid of cluster k, ny is the number of points
in cluster k, and c is the global centroid of the dataset. According to this
formulation, the CH index increases when inter-cluster distances grow larger
and intra-cluster points become more compact, providing a rapid measure of
partition quality.

Conventional methods exhibit low computational efficiency because they
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rely on exhaustive search strategies that perform endpoint fitting and pixel-
wise error evaluation for all partition candidates. In contrast, the proposed
approach models the two subsets defined by a partition as clusters with
K = 2, reflecting the two-subset structure used in etcpak 2.0 to enable fast
encoding.

Instead of performing complex endpoint fitting, we directly measure inter-
subset separation using the CH index with K = 2. A higher CH index in-
dicates that the two subsets are more distinctly separated in color space.
To maximize throughput, these operations are vectorized using SIMD intrin-
sics. Pixel values stored as 8-bit unsigned integers are first unpacked and
converted to floating-point vectors. Centroid computation is performed in
parallel across RGBA channels. The squared Euclidean distance for inter-
cluster separation is then computed using the SIMD dot product instruction.
The dot product mask is dynamically adjusted—O0xF1 for Mode 7 to include
the alpha channel and 0x71 for the remaining modes to restrict computa-
tion to RGB—ensuring correctness across different encoding configurations
without introducing branching overhead.

This approach leverages the CH index to accelerate error evaluation,
rapidly identifying the optimal partition while incurring only negligible qual-
ity loss. Furthermore, across the full dataset, the proposed CH index achieves
an 80.75% agreement rate with the L2-optimal partition selection, demon-
strating strong consistency as a surrogate objective for L2-based partition
evaluation (see an example in ??. To prevent visual artifacts in regions with
extreme alpha variations, this optimization is selectively disabled when the
alpha-channel spread exceeds a predefined safety threshold (e.g., Ts > 240;
the threshold setting is discussed in Section 4.3).

4. Experiments

4.1. Ezxperiments setting

In this section, we quantitatively and qualitatively assess the impact of the
proposed optimization techniques on BC7 encoding efficiency. We selected
etepak 2.0, the open-source BC7 encoder described in Section 2, as the base-
line for our comparative experiments. In addition, we include bc7enc (u0—u4)
8] as another representative encoder with different optimization levels (uX),
enabling a more comprehensive comparison across varying rate-distortion
trade-offs. This choice ensures stable performance and high portability across
platforms, as it is implemented in standard C++ without dependencies on
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specific hardware architectures or compilers. To validate a variety of texture
characteristics and channel configurations (RGB and RGBA), we constructed
an experimental dataset comprising 100 textures, incorporating data from
QuickETC2 [11] and a subset of MatSynth [30, 31], the recent PBR Material
dataset (Figures A.14 and A.15).

All evaluations were performed on a Windows 11 system. The primary
assessment—including encoding speed, quality analysis, and ablation stud-
ies—was conducted on a desktop equipped with an Intel Core Ultra 9 285K
CPU and 64 GB of RAM. For quantitative quality evaluation, we employed
the ILIP metric [14], where lower values indicate better perceptual fidelity.
HLIP accounts for both color and feature differences and enables accurate
detection of perceptual improvements, including those arising from variable
color weighting. It is therefore used as the primary quality metric for in-
depth analysis. Encoding speed was measured in MPixels/s (million pixels
per second; higher is better), representing the number of pixels processed
per unit time. To isolate the intrinsic performance of the algorithm, over-
heads associated with file I/O and image decoding were excluded from the
measurement.

4.2. Encoding quality and speed

The experimental results demonstrate the effectiveness of the proposed
method across multiple representative BC7 encoders, including etcpak 2.0,
be7enc (u0, ud), and QuickBC7 (Figure 10). In general, texture compres-
sion algorithms involve a trade-off between encoding speed and compression
quality, where increases in computational speed often result in reduced vi-
sual fidelity. The proposed optimization techniques, however, successfully
mitigate this trade-off (see Table B.3 for details).

Compared to bc7enc (u0, fastest mode) and etepak 2.0, the proposed
method exhibits a slight increase in the average MLIP value (approximately
0.001-0.002), while demonstrating a significant improvement in encoding
throughput. In particular, on the MatSynth dataset, QuickBC7 achieves
approximately 2.4x higher throughput than etcpak 2.0, and up to 5.52x%
speedup compared to be7enc (u0). These results indicate that our method
accelerates computation without significant quality loss.

Although small differences are observed in the quantitative 1LIP metric,
as shown in Figure 11, these differences are visually comparable. Figure 11
presents both qualitative and quantitative comparisons between the proposed
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Figure 10: Comparison of BC7 encoders across multiple datasets. (a) PSNR (higher is
better), (b) ILIP (lower is better), and (c) encoding throughput in MPixels/s. The eval-
uated methods include etcpak 2.0, be7enc (u0), be7enc (ud), and the proposed QuickBCT.
The z-axis represents the dataset categories used for evaluation.
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Figure 11: Visual quality comparison of RGB and RGBA textures. The numerical values
displayed below each encoder represent the LIP metric (lower is better) and encoding
time in milliseconds (lower is better), formatted as (ILIP / ms). The results demonstrate
that the proposed method achieves performance improvements in encoding speed with
visually imperceptible quality degradation compared to the existing method.

method and the baselines, etcpak 2.0 and be7enc (ud), across three texture
categories: general, edge, and gradient patterns.

First, for RGB/RGBA general patterns (Cases 1 and 4), the proposed
method demonstrates high encoding efficiency in regions containing general
texture details or relatively flat areas. In particular, for Case 4, which in-
volves simple alpha masking, the method achieves a MLIP score compara-
ble to that of etcpak 2.0 while improving encoding speed by approximately
2.83x. This result indicates that the early mode decision technique effectively
accelerates encoding by selecting an appropriate mode in advance, thereby
eliminating unnecessary mode searches.

Second, RGB/RGBA edge patterns (Cases 2 and 5) correspond to high-
frequency regions, such as sharp edges, which are particularly susceptible
to visual artifacts caused by abrupt variations in color and alpha values. If
Mode 6, which relies on a single subset, is selected in these regions, it is in-
herently limited in accurately representing color boundaries and may lead to
visible artifacts. This issue becomes more pronounced in areas with strong
contrast—for example, around the eyes in Case 2 (kodim23). In contrast,
the proposed algorithm preferentially selects Mode 1 (RGB) and Mode 7
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Table 1: Encoding time comparison on the 1126_chainmail (2048x2048 RGBA) image
across different BC7 encoders.

Encoder ms
QuickBC7 14.4
bcT7e (u0) 14.8
beTe (ub) 59.5

ISPC TexTool (ufast) 18.1
ISPC TexTool (vfast) 60.0
ISPC TexTool (fast) 107.3
ISPC TexTool (basic) 208.2
ISPC TexTool (slow) 712.1
NVTT (fast, GPU) 257.1
NVTT (highest, CPU) 40936.2

(RGBA) in such regions, resulting in more faithful preservation of the orig-
inal boundaries. Furthermore, in Case 2, the LUT-based partition search
maintains edge quality while improving encoding speed by approximately
3.2x compared to etcpak 2.0.

Finally, the proposed method maintains stable visual quality in regions
with smooth color transitions, such as RGB/RGBA gradient patterns (Cases
3 and 6). Although high-speed encoding methods are generally prone to
banding artifacts in gradient regions, magnified results for Cases 3 and 6
exhibit visually comparable quality. Notably, in RGBA blocks, the mode de-
cision logic based on alpha distribution differences selects appropriate modes,
enabling efficient encoding without compromising visual fidelity. Conse-
quently, despite a slight increase in YLIP values, the proposed method im-
proves encoding speed while preserving gradient quality at a level visually
equivalent to etcpak 2.0. In some instances (Cases 5 and 6, RGBA), the
method even provides better visual quality than etcpak 2.0.

Table 1 provides a comparison of encoding time in milliseconds across
several existing BC7 encoders on the 1126_chainmail image, corresponding
to Case 4 in Figure 11. Compared to the fastest configurations of the other
encoders, the proposed method achieves comparable or lower encoding times.
This suggests that the proposed optimization strategy is effective on its own
and could also be applied to other BC7 encoders to further improve their
encoding efficiency. It is worth noting that slower configurations of these en-
coders may support a broader set of BC7 modes and thus potentially achieve
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higher visual quality, which is not the focus of this comparison.

4.3. Threshold determination

In this study, we conducted experiments on a dataset of 100 textures to
determine the optimal thresholds for the proposed techniques, including early
mode decision, gray-zone, and CH-index-based optimization described in Sec-
tions 3.2 and 3.4. To prevent interference between variables, the thresholds
were determined sequentially. First, the luma threshold (77), which reflects
the complexity of RGB channels, was established. Then, with T}, fixed, the
alpha threshold (7T4) was determined. All experiments were performed on a
Windows 11 system equipped with an Intel Core i5-12400 CPU and 32 GB
of RAM.

Figure 12a shows the performance trends as Ty, varies. As Ty, increases,
the frequency of Mode 6 selection rises, resulting in a nearly linear improve-
ment in encoding throughput. Compression quality remains stable up to
Tr, = 19, after which it begins to degrade. Accordingly, 77, = 19 was selected
as the optimal value. A similar trend was observed for the alpha chan-
nel, where quality degradation starts at 74 = 21 (Figure 12b). Therefore,
T, = 19 and T4y = 21 were selected as the final thresholds.

To mitigate instability near the threshold boundaries, the gray-zone logic
was additionally applied. This range was defined based on both the thresh-
old values (T, T4) and the crossover regions in the speed—quality trade-
off. Specifically, the gray-zone was set to 19 < Dy < 48 for luma and
10 < D4 < 21 for alpha. Within these ranges, additional neighboring candi-
date modes are evaluated instead of enforcing a single-mode decision. This
strategy improves encoding stability by preventing abrupt mode switching
near the decision boundary, where small variations in pixel statistics may
otherwise lead to inconsistent mode assignments, while maintaining compu-
tational efficiency by limiting additional evaluations to a narrow range.

Finally, to determine the threshold Ts described in Section 3.4, we con-
ducted additional experiments analyzing the trade-off between quality and
performance (Figure 12c). The results show that PSNR degradation be-
comes more pronounced as the threshold increases, particularly at higher
values (e.g., 249). Therefore, Ty = 240 was selected as the final thresh-
old, as it provides a balanced trade-off between minimizing quality loss and
maintaining stable performance. The additional generalization analysis of all
selected thresholds with another 80 texture images is provided in Appendix

C.
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Table 2: Ablation study analyzing the impact of individual and combined optimization
methods. We evaluated the trade-off between performance and quality by progressively
applying the proposed techniques to the etcpak 2.0 baseline. (a), (b), (c), and (d) denote
early decision mode, LUT-based partition selection, gray-zone, and CH-index based error
calculation optimization, respectively.

Method MLIP (]) MPixels/s (1)
Baseline (etcpak 2.0) 0.0172 75.75
(a) 0.0194 136.16
(b) 0.0173 88.77
() 0.0176 102.88
(a) + (c) 0.0187 131.38
(a) + (b) 0.0197 151.74
(a) + (b) + (c¢) 0.0189 145.25
(a) + (b) + (d) 0.0202 180.32
(a) + (b) + (c) + (d) 0.0194 169.14

4.4. Ablation study

To evaluate the impact of each proposed optimization technique on com-
pression quality and encoding performance, we adopt etcpak 2.0 as the base-
line and conduct an ablation study by applying each module individually as
well as in incremental combinations. The quantitative results are summa-
rized in Table 2.

First, the early decision mode method (a) provides the most substantial
improvement in encoding speed, highlighting the mode selection stage as a
major computational bottleneck in BC7 encoding. Combining (a) with other
optimization techniques proves particularly effective for further accelerating
the encoding process.

Second, the Look-up table (LUT)-based partitioning method (b) yields a
notable speed improvement while maintaining compression quality compara-
ble to the baseline. Since exhaustive partition search is one of the most com-
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putationally expensive steps in BC7 encoding, reducing the number of eval-
uated candidates significantly lowers the overall cost. Importantly, method
(b) incurs only a marginal increase in the ILIP metric while delivering a
clear performance gain. When combined with (a), this approach achieves an
average encoding speedup of 2.00x relative to the baseline.

Third, the gray-zone technique (c) primarily contributes to improving
compression quality. Although encoding speed is slightly reduced due to
the additional evaluation of adjacent modes near decision boundaries, this
trade-off results in a measurable improvement in visual fidelity.

Finally, the CH-index-based error calculation optimization method (d)
further enhances encoding throughput by simplifying the computationally
intensive error metric evaluation. Incorporating (d) into the combination of
(a) and (b) achieves the highest observed throughput of 180.32 MPixels/s.
While this approximation introduces a minor increase in 1LIP values, the
trade-off is justified by the substantial gain in processing speed. In the final
configuration, integrating (d) effectively offsets the computational overhead
introduced by the gray-zone logic, resulting in a balanced throughput of
169.14 MPixels/s while preserving high visual quality.

4.5. Failure cases

While the proposed QuickBC7 achieves substantially higher encoding
speed than etcpak 2.0 while maintaining comparable overall visual quality,
it exhibits limitations in certain challenging texture patterns due to the ap-
proximate strategies employed for high-throughput processing. Figure 13
presents representative failure cases observed in our experiments.

First, as illustrated by the Vase_plant and Jelly examples (top and mid-
dle rows), boundary regions containing diagonal or gently curved structures
may exhibit mild aliasing and block artifacts due to the LUT-based partition
selection strategy, which accelerates encoding by evaluating only a limited
set of statistically favorable partition candidates. Although this approach
performs well for most texture patterns, it can occasionally exclude partition
configurations that more accurately align with oblique or smoothly varying
boundaries. Consequently, the selected partition may provide only a coarse
approximation of the true boundary at the block level, resulting in visible
discontinuities along diagonal or curved edges. This limitation could be ad-
dressed in future work by reinforcing the edge detection logic or performing
additional partition searches.
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Figure 13: Visual comparison of failure cases. (Left) Original input, (Center) etcpak 2.0,
and (Right) Proposed method (Ours). While the proposed method maintains overall high
quality, it exhibits artifacts in certain challenging regions.

Second, as shown in the Jelly example (bottom row, white-highlighted
region), banding artifacts can appear in areas with low overall luminance
variation combined with subtle color or intensity gradients. In the proposed
method, the encoding mode is pre-selected based on the distribution of luma
and alpha values within each block to accelerate processing. When the luma
variation falls below a predefined threshold, the block may be classified as a
near-flat region, favoring a single-subset mode (e.g., Mode 6). In these cases,
smooth highlights or gentle transitions that would benefit from a two-subset
representation (e.g., Mode 1) may be oversimplified, resulting in visible block
boundaries. This issue could potentially be mitigated by enlarging the gray-
zone search range or by incorporating chroma-based statistics into the mode
decision process.
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5. Conclusions

In this paper, we proposed a set of optimization techniques for BC7 en-
coding that reduce computational cost by exploiting structural properties of
pixel blocks. The proposed method includes an early mode decision scheme
based on luma and alpha variance, a LUT-based partition selection strategy
that reduces the search space using inter-pixel correlations, and a fast er-
ror approximation method based on the CH index. In addition, a gray-zone
strategy is introduced to improve robustness near decision boundaries and
to maintain stable visual quality. Experimental results demonstrate that the
proposed method achieves a favorable trade-off between encoding speed and
visual quality, making it suitable for large-scale texture processing.

6. Limitation & Future Work

Based on QuickBC7, several future research directions can be considered
to further improve performance and broaden the applicability of the proposed
method.

First, the current QuickBC7 supports only a subset of frequently used
modes (Modes 1, 5, 6, and 7). Since BC7 provides a total of eight modes, ex-
tending the proposed framework to the remaining modes (Modes 0, 2, 3, and
4) remains an important direction for future work. This extension may ben-
efit from incorporating richer structural cues, such as combined luma-alpha
match mask relationships or more expressive partition-aware representations.
In a related direction, recent analytical approaches such as be7f [32] demon-
strate that BC7 mode selection can also be formulated as a covariance-based
statistical prediction problem over the full mode space. While such methods
focus on global error estimation using closed-form modeling, the proposed ap-
proach instead emphasizes lightweight structural heuristics for efficient can-
didate reduction. Exploring how these complementary perspectives can be
integrated may further improve robustness and completeness in mode selec-
tion across the full BC7 mode space.

Second, extending the proposed methods to other parallel environments
remains an important direction. While this work targets a multi-core CPU
implementation, the block-independent nature of BC7 encoding makes it
well-suited for GPU-based parallelization (e.g., CUDA or compute shaders).
Such extensions could further amplify performance gains, particularly in
latency-critical scenarios such as real-time texture streaming and load-time
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transcoding. Evaluating GPU implementations would provide insights into
scalability in massively parallel settings. In addition, integrating some of the
proposed methods into other high-performance frameworks (e.g., ISPC-based
encoders such as be7e [18] or GPU-oriented toolchains such as NVIDIA Tex-
ture Tools 3 [33]) would provide a better trade-off between encoding speed
and quality.

Lastly, QuickBC7 is designed for RGB/A textures; accordingly, non-color
maps such as normal maps and motion vector maps are not included in the
evaluation, as they can be efficiently compressed using BC4 (1-channel) or
BC5 (2-channel). However, when multiple independent maps are compressed
into a single BC7 texture, the proposed method may not be suitable, since
the luma-alpha correlation may not hold and structural similarity across
maps may not be sufficiently captured. Therefore, alternative feature repre-
sentations, such as pixel-wise similarity measures and channel-wise weighting
strategies, are likely to be required for such cases.
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Appendix A. Dataset

The datasets used in all experiments are described as follows. A total of
100 images (Figures A.14 and A.15) were used to evaluate compression qual-
ity and encoding speed (MPixels/s), while an additional 80 images (Figure
A.16) were used to assess the generalization of the threshold.

Appendix B. Detailed Results

Table B.3 reports a detailed comparison of average HLIP, PSNR, and
encoding speed (MPixels/s) across different BC7 encoders. For each metric,
values are presented as Mean + Standard Deviation, with the corresponding
minimum and maximum values provided in parentheses.

Appendix C. Threshold Generalization Evaluation

This section presents additional experiments to validate the generaliz-
ability of the selected thresholds. We conducted experiments on 80 non-
overlapping texture images (Figure A.16) sampled from the MatSynth dataset
[30, 31]. The same thresholds (T, = 19, T4 = 21, and Ts = 240), along with
the gray-zone strategy, were applied without modification. The results indi-
cate that the proposed method maintains consistent performance on unseen
data, suggesting good generalization capability rather than overfitting to the
original dataset (Table C.4).
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E
Figure A.14: Overview of the QuickETC2 [11] texture dataset used for evaluation. The
dataset comprises 64 images in both RGB and RGBA formats.
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Figure A.15: Overview of selected textures from the MatSynth [30, 31] dataset used for
evaluation. A total of 36 RGBA images were sampled from the full dataset.
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Figure A.16: A subset of 80 RGBA PBR textures extracted from the MatSynth [30, 31]
dataset, explicitly selected to avoid overlap with the original dataset. The images exhibit

diverse material and texture characteristics, supporting the generalization of the proposed
threshold setting.
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Table B.3: Comparison of average ILIP, PSNR values and MPixels/s between etcpak 2.0,
be7enc (u0—u4 presets), and QuickBC7 (Ours). Values are reported as Mean + Standard
Deviation. The values in parentheses below indicate the (Min / Max) bounds. Note that
for ILIP, lower values indicate better quality, while for PSNR and MPixels/s, higher values
indicate better quality and performance.

[ ctcpak 2.0 be7enc (u0) be7enc (ul) be7enc (u2) be7enc (u3) be7enc (ud)  QuickBC7 (ours)
PSNR (dB) (1)

MatSynth | 47.76 + 5.53 48.46 £ 5.21 48.67 £5.28  48.74 £ 5.26  48.74 £5.26  48.76 £ 5.26 46.24 £ 5.40
(37.91 / 61.6) (38.63 / 60.3) (38.7 /60.73)  (38.77 / 60.73) (3877 / 60.73)  (38.79 / 60.73) (36.36 / 58.43)
Camera 56.30 + 3.87 58.48 + 4.16 59.70 +4.27  59.75 £4.27  59.75 + 4.27  59.77 £ 4.28 53.29 + 0.81
(52.79 / 63.82) (54.45 / 66.11) (55.16 / 66.93) (55.24 / 67.01) (55.24 / 67.01) (55.27 / 67.05) (51.70 / 54.21)
Game 46.03 £ 6.34 46.72 £+ 5.86 46.84 + 5.80 46.94 £ 5.76 46.94 £ 5.76 46.97 £ 5.75 44.15 £ 5.74
(37.99 / 56.93) (39.42 / 56.65) (39.49 / 56.58) (39.58 / 56.58) (39.58 / 56.58) (39.61 / 56.58) (37.28 / 53.91)
Photo 43.70 £ 2.35 44.75 £ 2.30 44.92 £ 2.32 45.03 £ 2.32 45.03 £ 2.32 45.06 £ 2.32 42.49 £+ 241
(36.98 / 46.76)  (38.49 / A7.87)  (38.62 / 48.07)  (38.71 /48.16)  (38.71 / 48.16)  (38.75 / 48.19) (35.92 / 45.89)
Map 46.62 £ 4.16 47.85 £ 3.96 48.09 £ 4.01 48.22 £ 4.04 48.22 + 4.04 48.27 £ 4.07 44.74 £ 2.90
(43.77 / 52.61) (44.86 / 53.28)  (45.01 / 53.51)  (45.14 / 53.68)  (45.14 / 53.68)  (45.17 / 53.79) (42.57 / 48.86)
Sponza 4335+ 377 4454 +3.76 4470 + 380 44.81 + 381 4481 + 381 4485+ 381  42.60 + 4.21
(35.75 / 49.86) (3674 / 51.06)  (36.81 /51.24)  (36.85 / 51.27)  (36.85 / 51.27)  (36.86 / 51.28) (33.94 / 49.70)
Sync 44.61 £ 8.08 45.65 £ 8.33  45.79 £ 845  45.83 £8.42  45.83 £ 842  45.84 = 8.42 44.15 £ 8.52
(38.90 / 50.32)  (39.76 / 51.54)  (39.82 / 51.76)  (39.87 / 51.78)  (39.87 / 51.78)  (39.88 / 51.79) (38.13 / 50.17)
Avg. 46.25 47.27 47.52 47.61 47.61 47.64 44.84
ALIP (1)
MatSynth | 0.015 + 0.008  0.014 £ 0.008 0.014 &+ 0.007 0.014 £ 0.007 0.014 £ 0.007 0.014 £ 0.007 0.016 £ 0.008
(0.001 /0.032)  (0.001 /0.033)  (0.001 /0.033)  (0.001 /0.033)  (0.001 / 0.033)  (0.001 / 0.033) (0.001 / 0.037)
Camera 0.006 £ 0.003  0.005 £ 0.003 0.004 £ 0.002 0.004 £ 0.002 0.004 £ 0.002 0.004 £ 0.002 0.011 £ 0.002
(0.001 / 0.008)  (0.001 /0.008)  (0.001 /0.005)  (0.001 /0.005)  (0.001 /0.005)  (0.001 / 0.005) (0.009 / 0.016)
Game 0.017 + 0.005  0.018 + 0.006 0.017 + 0.006 0.017 + 0.006 0.017 + 0.006 0.017 + 0.006  0.022 + 0.005
(0.011 /0.026)  (0.011 /0.026)  (0.010 / 0.026)  (0.010 / 0.026)  (0.010 / 0.026)  (0.010 / 0.026) (0.016 / 0.030)
Photo 0.021 £ 0.003  0.021 £ 0.004 0.020 £ 0.004 0.020 = 0.003  0.020 £ 0.003  0.020 £ 0.003 0.022 £ 0.004
(0.014 / 0.028)  (0.015/0.032)  (0.014 / 0.030)  (0.014 / 0.020)  (0.014 / 0.029)  (0.014 / 0.029) (0.015 / 0.030)
Map 0.018 £ 0.006  0.019 £ 0.007 0.017 & 0.007 0.017 & 0.007 0.017 % 0.007 0.017 & 0.006  0.026 = 0.004
(0.009 / 0.023)  (0.008 / 0.024)  (0.008 / 0.023)  (0.008 /0.023)  (0.008 / 0.023)  (0.008 / 0.023) (0.021 / 0.030)
Sponza 0.021 £ 0.005  0.022 £ 0.006 0.021 £+ 0.006 0.021 £ 0.006 0.021 £ 0.006 0.020 £ 0.006 0.023 £ 0.008
(0.011 /0.029)  (0.012 /0.036)  (0.011 / 0.036)  (0.011 /0.035)  (0.011 / 0.035)  (0.011 / 0.035) (0.011 / 0.041)
Sync 0.018 £ 0.004  0.020 £+ 0.005 0.019 £ 0.005 0.019 + 0.005 0.019 £ 0.005 0.019 £ 0.005 0.019 £ 0.004
(0.015 /0.021)  (0.017 /0.023)  (0.016 / 0.023)  (0.016 / 0.023)  (0.016 / 0.023)  (0.016 / 0.023) (0.016 / 0.022)
Avg. 0.017 0.018 0.017 0.016 0.016 0.016 0.019
MPixels/s (1)
MatSynth | 105.05 £ 52.26 45.98 + 13.45 45.06 + 7.14 38.95 £ 9.83 37.13 £9.23 34.17 £ 10.10 253.69 = 57.96
(70.39 / 335.25)  (24.11 / 65.54)  (25.97 / 58.66)  (23.30 / 57.65)  (23.93 / 59.71)  (20.39 / 62.84) (17292 / 382.06)
Camera 251.76 + 82.01  33.44 = 1.81 33.16 £ 3.87  29.05 £5.34  31.59 +3.94  34.53 + 2.07 430.08 £ 29.37
(17142 / 374.42)  (30.27 / 35.56)  (25.57 / 37.81)  (23.07 / 35.04)  (23.34 / 34.93)  (31.34 / 37.22) (384.18 / 469.31)
Game 69.61 + 106.28 27.43 £10.49  25.11 £ 6.92 23.09 + 8.60 22.73 + 9.68 20.50 + 8.42 110.99 £ 122.13
(10.56 / 285.04)  (16.38 / 45.59)  (13.11 /33.83)  (10.92 / 35.25)  (9.36 / 36.47) (9.36 / 34.66) (24.21 / 353.32)
Photo 24.88 = 5.39 31.11 + 3.46 26.09 = 2.42 19.65 £ 4.42 20.03 = 3.40 18.02 £+ 3.73 68.61 £ 23.63
(19.98 / 38.79)  (21.85 /39.32)  (21.85 /30.25)  (13.80 / 32.77)  (12.48 / 28.09)  (10.08 / 28.09) (43.00 / 125.03)
Map 22.28 + 14.18  28.67 + 12.11  19.66 + 8.87 15.68 £ 6.68 16.92 £+ 7.62 16.32 £+ 4.46 51.22 + 38.16
(10.75 / 42.71)  (16.38 / 43.69)  (13.11 /32.77)  (10.92 / 25.58)  (13.11 / 28.34)  (10.92 / 21.85) (21.70 / 107.24)
Sponza 42.82 £893  37.65+6.72 3259+517 2465+6.19 2537+6.17 20.72+553  102.85 + 27.05
(17.62 / 66.59) (2013 / 55.19)  (21.85 / 43.69)  (13.80 / 41.94)  (14.56 / 38.84)  (12.48 / 32.77) (47.11 / 156.71)
Syne 23.07 +12.33 32774+ 000 27.31 4772 2011 £527 1847+ 758 2011 £527  63.76 & 33.49
(14.34 / 31.79) (3277 / 32.77)  (21.85 /32.77) (1638 / 23.83)  (13.11 /23.83)  (16.38 / 23.83) (40.08 / 87.44)
Avg. 75.75 37.65 34.42 28.32 28.07 25.65 169.14
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Table C.4: Generalization performance on a held-out subset of 80 texture images sampled
from the MatSynth [30, 31].

Metric etepak 2.0 QuickBC7
PSNR (dB) 49.26 47.39
HLIP 0.011 0.014
MPixels/s 144.03 290.07
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