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Pacific Graphics 2023 COMPUTER GRAPHICS forum
R. Chaine, Z. Deng, and M. H. Kim Volume 42 (2023), Number 7
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I_I g ?‘ LH -g- % _+_ 7 H -C.él' LI EI‘ . H-ETC2: Design of a CPU-GPU Hybrid ETC2 Encoder
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1
H. Lee!® and J.-H. Nah'

!Sangmyung University, South Korea

= H. Lee and J.-H. Nah,

H-ETC2: Design of a CPU-GPU Hybrid ETC2 Encoder, - =3
Computer Graphics Forum 42(7), 2023 T o o
A AE: https://github.com/gusriLee/HETC2 T Enc.,‘;;gspeedt&pi,e.s,s§°‘:°

Time (ms):  179.1 3146 91958 8.58

Figure 1: Our H-ETC2 encoder is one to four orders of magnitude faster than previous high-quality ETC2 encoders, such as ETCPACK
[Eril8], Etc2Comp [GB17], and Besy [Gol22], while delivering a level of quality comparable to that of ETCPACK’s slow mode. The right
image is taken from kodim23, which is part of the Kodak Lossless True Color mage Suite. Please zoom in the image to distinguish the
difference in quality.

Abstract
This paper proposes a novel CPU-GPU hybrid encoding method based on the ETC2 format, commonly used on mobile plat-
forms. Traditional texture ¢ i hniques often face a trade-off between encoding speed and quality. For a better

trade-off, our approach utilizes both the CPU and GPU. In a pipeline we designed, the CPU encoder identifies problematic
pixel blocks during the encoding process, and the GPU encoder re-encodes them. Additionally, we carefully improve the base
CPU and GPU encoders regarding encoding speed and quality. As a result, our encoder minimizes compression artifacts,
increases encoding speed, or achieves both of these goals compared to previous high-quality offline ETC2 encoders.

CCS Concepts

« Co i ies — Image 1p ion;

1. Introduction Advancements in hardware and algorithms have made it possible
to employ complex rendering algorithms with high-resolution tex-
tures in real-time applications. However, the utilization of multiple
high-resolution textures nect ates greater memory capacity and
bandwidth, which can result in decreased performance or increased
power consumption. As a solution of the problems, textures are typ-
ically stored in memory as a compressed format [PP14].

High-quality computer graphics are increasingly important in var-
fous fields, such as games, movies, and virtual/augmented real-
ity. Texture mapping plays a crucial role in achieving this quality.

T Corresponding author

©2023 Eurographics - The European Association
for Computer Graphics and John Wiley & Sons Lid.
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iPACKMAN / ETC1 [Strom and Akenine-Moller, GH 2005]
4x4 block 37|: 4x2 or 2x4 sub-blocks

o " :
27H_| bise coécir;JEper plxel luminance color luminance final image
RGB 7|—,|_— 0:1 H=T = " ey -

ETC2 [Strom and Petersson, GH 2007] & EAC
370 &7t 2E: T, H & planar
RGBO|N =& =} 8O
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Alpha X2 X9l (EAC) > 41 &=E 5 tee 6 4

Gle

(a) T-mode (b) H-mode (¢) Planar mode
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HELP! Texture Compression | ETC2

H Help & Support

° UFOMAMMOOT 24 Nov'18
Dear Community,
we got some problems with texture compression. After checking all texture compression checkboxes,
the compression process starts and keeps loading for almost 2 days and nights. | mean we have quite a
lot of textures, but they are not that big, so almost 1k and 2k. On some textures the Vram is already

calculated but the loadingbar is still working and constantly processing. Lets say it's loading forever and
not finishing properly.

Are the Textures loading all together or one by one?
If Vram is calculated the process should be done, so did it crashed?

We did some projects last year and texture compression works perfectly. So what happend?

HELP! Texture Compression | ETC2 - Help & Support - PlayCanvas Discussion

Nov 2018

117
Dec 2018
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QuickETC2: Fast ETC2 Texture Compression using Luma Differences

JAE-HO NAH, LG Electronics, South Korea

Original etepak etepak Qurs comp ETCPACK  astcenc
ETC1 ETC2(p) ETC2(p) > ASTC 6x6
0.14ms 0.20 ms 0.14ms
[ - - = =
: ‘ 5 § ’ 5 ﬁ ’
Kodim20 (’(NX 512) 0 12ms 0.20 ms 0.10ms 0.14 ms 100 ms 392 ms
\nul” Char (512%512) 008ms  0.l4ms 007ms  Ollms 63ms 223 ms 26ms
ISCV2 u2 v4 10.8 ms 349ms 123ms 123ms 14.1s 243s 27s
(8192x8192)

Fig. 1. Quality and performance comparison of our approach and other compressors (with their fastest settings). Performance of QuickETC2 in

the partial ETC
that of etcpa

mode (planar only - ETC2 (p)) is comparable to that of etcpak [Taudul and Jungmann 2020] in the ETC1 mode, but its quality is similar to
i the ETC2 (p) mode (see no banding artifacts on ISCV2_u2_w). Ours in the full ETC2 mode provides much better edge handling and less color

distortion than efcpak in the ETC2 (p) mode. Compared to Etc2comp [Google Inc. and Blue Shift Inc. 2017] and ETCPACK [Arm Limited 2016; Ericsson 2018],

ours is two to three orders of magnitude faster. Compared to astcenc [Arm Limited. 2020] in the ASTC 6x6 mode, ours is two orders of m.

tude faster and

shows better color preservation (Kodim05) and less ringing artifacts (Kodim20). We obtained the timings on a desktop with an AMD Ryzen 7 3700X@3.6GHz

8-core (with hyper-threading) CPU. tKodak, UNC GAMMA Lab, and fhernand.

Compressed textures are indispensable in most 3D graphics applications to
reduce memory traffic and increase performance. For higher-quality graph-
ics. the number and size of textures in an application have continuously
increased. Additionally, the ETC2 texture format, which is mandatory in
OpenGL ES 3.0, OpenGL 4.3, and Android 4.3 (and later versions), requires

Aethen's e oo o Yok L0 Blecincke, 6, Wirgee taevo 11 g Sorchr

outh Korea, nshjacho@gmail c

Pesmimon e e figinl o b copis of 4 o pact of i work for persons o=
nted withoat fee provided that not made or distributed

with credit is permitted. To copy other-
. to post an scrvers o o redistibute to e, requies prioe specic
permission and/ox  ee. Ruest permissionsfrom permissionsihacmor
right hekd by the e authrs).Pubicaton rights Kcensed 10 ACML
301 ART270 $15.00
hitps./jdoi org o1 1dses 301 77Er

more complex texture compression than the traditional ETCI format. As a
result, texture compression becomes more and more time-consuming

To accelerate ETC2 compression, we introduce two new compression
techniques. named QuickETC2. The first technique is an early compression-
mode decision scheme. Instead of testing all ETC1/2 modes to compress a
texel block, we select proper modes for each block by exploiting the luma
difference of the block to reduce unnecessary compression overhead. The
second technique is a fast luma-based T- and H-mode compression method.
When clustering each texel into two groups, we replace the 3D RGB space
with the 1D luma space and quickly find the two groups that have the min-
imum luma differences. We also selectively perform the T- or H-mode and
reduce its distance candidates, according to the luma differences of each
group. We have implemented both techniques with AV -
ploit SIMD parallelism. According to our experiments, QuickETCZ can cos
press more than 2000 1K 1K-sized images per second on an octa-core CPU.

CCS Concepts: « Computing methodologies — Image compression

Additional Key Words and Phrases: texture compression, ETC2

ACM Trans. Graph. Vol. 39, No. 6, Article 270. Publication date: December 2020

QuickETC2 [Nah, TOG 2020]

HE[A Y Y1} SIMDE 0| 3=
12 CPU QAL Q! etcpakE 7H41SH 7|

T 7R Z|H 2t o A o
Early compression-mode decision
Luma-based T-/H-mode compression

=& 28 0|F etcpak & HH(v1.0)[Taudul, 202210 S&
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RGB Space

Luma Space

Luma

ot 71X &= 718
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RGB Space

Luma Space

Luma

Re-calculation error metric

N-1
error = z max(| Xir — Xirl - xi,bl )2
i=0

X . compressed pixel
x . original pixel
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QuickETC2 [Nah, TOG2020] H|AE Al
55 RGB + 9 RGBA textures
Size : 256 X 256 ~ 8192 X 8192

Photos (No. 1-25)
kodak Lossless True Color Image Suite & Lorikeet
Game textures (No. 26-51)
Crytek Sponza, FasTC & Vokseli Spawn (Minecraft)
GIS maps (No. 52-55)
Google Maps & Cesium
Synthesized images (No. 56-57)
Captured images for 3D reconstruction (No. 58-64)
Bedroom
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Intel Core 15-12400 CPU, 32GB RAM, NVIDIA GeForce RTX 3060, 1TB SSD

7} M| E2]: ALIP [Andersson et al., HPG 2020], Mpixels/s
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etcpak 1.0 (QuickETC2)
Betsy — quality parameterZ 0, 1, 22 27
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