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A Study on Real-Time Playback Optimization for
Ultra-High-Resolution Video (Beyond 8K) using HAP Codec
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Abstract

This study proposes an optimized HAP codec-based player implementation that plays ultra-high-resolution videos over 8K
without frame drops. The currently widely used H.264 and H.265 codecs have the limitation that hardware decoding only supports
up to 8K resolution, and software decoding makes real-time playback difficult due to CPU load and data transfer overhead
between CPU and GPU. The HAP codec has been attracting attention as an alternative to solve these problems, but existing open
source HAP players also do not sufficiently consider the characteristics of the codec, and frame drops frequently occur when
playing ultra-high-resolution videos. This study aims to overcome these limitations with a buffering strategy and multi-threading
decoding optimized for the characteristics of the HAP codec. The proposed method effectively utilizes packet buffers and texture
buffers to cope with the temporal variability of the decoding process, and maximizes hardware performance through an optimized
implementation using Direct3D API in a Windows native environment.
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Fig. 1. Examples of Ultra-High Resolution Implementation Using Multiple Displays (Dubai Mall, Nohyung Supermarket)

EAE 7RG o=
Z#o]ojQl, ofxHapPlayert= Z#| ¥
W 7b Baste], e =g Wt 3, S35 A7)
5 9A LHIEE Eol& F8.3F 82lo|th FFmpeg 715t
—4 HAP Zgo]ol?l oA = Q) W5 F7)7} A g2 o,
frAkSE FAE EIth
= olglg &
q

AL 4
AL ol AT Felelol 28 2

ol Mwlsk W ER DSEPS

oA 2lF3h= HAP

—

4317] 913 HAP 399
A7 5,
) ﬁol o}z—]z% o=
Xﬂ?_fﬁ‘jr. E—OL Z9¥ LED A=
23 Zy o F718t
dorab, HEj2E Y ti
. AP A= AtE HAP 39
22~ ofxHapPlayer Th¥H] $-7¢t
= E?,ili‘r. 8K Aol A ofoapPlayeM 6.7% =8
= 0.0%= $H43] sjdsigion, ¥A% HadE
ZolME 4KFE 16K7HA] BE iAol Zad =3
29l M-S A RER d40ME 12K
7= QA1 Aol 7hsstA o, 16KlX= SSD 1/O
e AGO R s SHAZE FRI= T

& xR

© oz ~

do 15 S

Con B
2

> 32 e

rr L]

oN .z o

Z I o

B oo

ra o2

A >

2 b

[*] 0:: Z

lrl

to e ot
o

Il

g
Y

2O o O ox N of i
) i
ﬂllm =
o
2
)
N
L N o
Pﬁ

rir
o
oX
2

II. HAP Codec A7H
1. HAP Zd| Jli2
Z 4T G4 Al glo] FHeo] AEe A2 A
s AN Fd A H JeFS 7131tk 2012 Vidvox
Y= 2EH0 7

=2 [$)
T A A AR, Qukgel Wt mHe) 4%

LSSy BT Y

=2
>
=
=)
o
Ky
o)
rlo
N
rin o
e
fo
2

_‘_002{ A_u_-[|:||34l)

o A71E FolHA FAld wHE o

U3y FHoAe o] F dAE I+ A Este]
‘F& "z gtk WA CPUIA Snappy?l HlFY 5
AR, ol WE|Fo] Al2wloAM o] W} 7H5s)t
3|4 E DXT AHe] o] Hol8& GPUR A4stth 12K aj4
T 71F 3 Zd 9] DXT 84 dlolg Z7]% 32~50MB
2, RGB Hlo[e g9l 200MBel| H]3l] 4~681 713 Hl o€
3717} 2o w, CPUSH GPU 7+ Hlo|E Aol 2lof PCle
H9E ALES IA EUAth

712 H264/H.265 793} ¥ W 3le], HAPS 7 Zd| &
=Yo7 ¢g=3l= ¢EeKIntra) ZY WS sl o
ol F2k9) g ol $star, WE Al frElshth =
S+ H.264/H.2657} st=do] TS oA 8K e 82 =7tA]
Tk A8k v, HAPS GPU )24 A 8ol ulz} )
16K S| EE AP etth, HAP-S o]of ukall H.264/H.265
Hal 4= wjol A 4 W FEOE §FE G&o] Hon, ol
S5317]) 913 SSDeF 7+ ol X o] mE 145
A AA7F dEAelth. HAP 92 AA|, 54, Ud
LED 23 #3} 7o) 945 ag&xth A4 A st 5

d

Hd



AA S 9 18l HAP & 843 8K o) ZIs4%E J4 ANz A H4st A+ 663
(Jiwoo Jeon et al.: A Study on Real-Time Playback Optimization for Ultra-High-Resolution Video (Beyond 8K) using HAP Codec)

23 A 53] Agaieh. 1zt o]y o]HE& st
at7] flsiA = HAP 98] 545 veg st &4
ojo] Fdo] A 3sjth 53] CPUIA S Snappy U= 3lA,
GPUR ] o8] A%, 123 GPUANA 9 Ar g Ao
A< solzelstyt aFHTth

2. Snappy 2= AN

O

b4y g

Snappy+= Googledll A 73t dHlo]Ef 9+

2, Y 45 ggHTE wE
= AA ZgE 7t o] ¢
E9 HolHE AT 7+ U+
™, o]& zibe} 22 7]E §
ol @Gt} Snappyel o
A 2:1 BEE tha A gHE o] 4]
P A7 F2% A=
7td $23 247 243t
ojif o 2 HOJES AMEEIA] UE

gsto] VR AHEFE H23bsy, SPHA 3

O
i

iy
I
oA
o wd
ot
=
b
-

B

M of

12
Kl

w 7hato]

=

=

R

W

1

S Mo
=

=

(il

c
i}

(
O

e
o K 9 7
fo W ¢ p

o N
=
)

Ru/ T

re A

iy fru
—_
n
-
2,

=
i
oo O

U

g

e

Ry

i BE
o rlo
% 2
S
<«
rlr
Iz
iz
%r

T
hin
Y

r
M
:>|’(—_'1

f
-
r U
o
1>

hud

il
=
o
)
il
Y
o
i)
e
%0,
2,
i)
o,
2]
©
9
c
ot
ol
2
R
ok b o

W% A7 Thssitie 4HE FHTh HAP
Snappy %% S CPUSIA a5 3 Al
AZ A83R, CPUS| oy 3012 B4 ¥
AA B A9 SEE 2 FAAE 94
ga,

L)
e
OHHOE’é
St X ol o

18
i
o

3. DXT HIAXY = AT

DXT ¥+ S3TC(S3 Texture Compression)= GPU®| |
qahe UaA 4E TR0 HAP mHel 44 A& F
shfolch ol 9% 7149 7 2 54¢ RE Ao GPU
7} tEgo] ol A DXT 5 gl 249 A5 ddsS
Adeths Ho®, 9237t 459 Y= GPU W Ee
of A74H dejolA ATE A AXNZFCE 45 A7} o

=
FolAY. DXTE 2" 4&5ES AFsh=ul, DXT1

ok 44 HA 55 SR ofm

271w

>
il
o
Hy
of
ol
rir
ilua
fu
N

HAP 72]¢] 34 0142 DXT ¢+54 ©lo|8E CPUCIA]
GPUZ #4g & GPU WellA A3 2= A3 &
Aths FLoZ, o] 7|& IH W4 tj¥] CPU-GPU 7t H|
olE] ALTS oF 14914 1/62 AA oW, GPUS| 3=
glo] 714k DXT $+5 84l AYe R tay F8h& dA ¢
HAaAA 8K o] 2SR 44 HElolA CPUE
Snappy &= 314, GPUE DXT &= a4t Adg S &

ol A&HQ A9 £ 7hesAl It

. HAP Zd! 7|5t Zajjojo] 7jat

1. 74t HAP ZH! 7] Z80|0] 7L

e
r2
4
rl

inj
N
I
T
ol
o
2
i
=
e
rot
o
(
(u
[\)
rlr
re
rO
-
=

Xtk WA Snappy ¥5E9] SAE $130
G2 U3 o3 719 Snappy TIZHE X1t Snappy
£ Chunk 919 dependency”’} §10H, Sz o2 HE
o] §E A7t 7hsatth gigds AA wE0lxl DXT
ZHe volE & g2 Wy AdE & ATE gl
5t PCleE 53 CPUCIA GPUZ vlolEl7} Ag¥th
GPU ol Al DXT tlzdgo] o] F= 3, zAF+A4E 29
S U2aZg o) o2 HAP 29 7|9t Zg o]0} F2ts}
A Hk

2. TZ! Mot BAX HIEZ 0|Ee
Hlo}

[



664 WEFE =R A30P A43F, 20259 7Y

(JBE Vol.30, No.4, July 2025)

=== |
01101010--- === 3 1
Sg== > =ep Display
Encoded ZlFIFIF 1
bitstream . | = AAAAMAARARAAARA!
Packet Buffer Texture Buffer
Frame
Chunk #1 » Snappy #1
Chunk #2 Snappy #2 | |
Chunk #3 T Sna #3 ! —_— DDXE
PPY CPU — GPU ecoder
(PClIe)
Chunk #N » Snappy #N |
Multi-Core CPU Side GPU Side

Parallel Processing

T8 2. 2 =20|A Hetske Hap Player 2=

Fig. 2. Overview of Hap Player proposed in this paper

Render Loopol Al si7l& 3 it & st s
ate Tedh FEE A E st i A e ololE o
= W A 2HE =8t YO, YA, Ads I 7H
o] A WS Sttt sl wule g ¢of
¢ 4=H HAP H7& Adsks A WA w3 E, AR-A
7o e &g wel 2718 2AE F oH JEie
300MBE A5 o] It} Read Thread”} ©] W& A 44

o2 A9 Y23 10 Bt ghslstal kg Al Hl
olE] ¥ BAgth €2 W= Snappy 5ol A
H DXT &21¢] 824 HolHE Ashs 7 HA o=,
4= A E RGB ZE S A Adsts WA gy v
g ARE S A 4 Qltk o] WH GA] ARAF A o]
besty 7RG 10zdde®  FAET Decode
Thread= 8|24 W& A&H 02 ¢ CPU Uiy
4] AIZH AALE Sk, AT e Fae Pg A<l 8
24 de|HE FFeth F W] A7]E AMEARY] StE
ot AbEt it FAel el ol ek 28 ¢ glom,
FHFE S E T F W §7F] A HgA g
o =] Hrh

Ak ZFolol= A MRS TS FEAII] S1El
= 2] £ =(Pre-load) ™7 etk o] 75> F
G Aol AAE 7] Aol sjFl W e B AA ¥ E B

T AR A vE] e PO E FAgth =

2| 2& #g oAM= Read Thread®} Decode Thread”} 5 Al
of Fztste] F Wy 7t Ztzte] Ao 27174 A9 E Wk
A d71gkck o2l gk A FH) HFE Bl A 27190
HE 7 Holle AefelA BAE  de ¥y Aoy
(Buffer Underrun) &A-S WHA)81 2, 22T FAF2] 3
WA O]HH A A S BT 5 ek ZEE
T A AYUES A AlZ AR A FEe HolHE

SHIFOEMN 27| ZE Y EF WA ThsAe o AAl

2 A FAe g seith

=
>
o
Y

||
id|

1. o8 &g

2 A7E 53 ALs HAP 29 Falolole] 4% W7t
g S8l % /1A AF @7elN %71 APk E 1
A3 84S Helzth shie 345 dA3E $4olv,
A

32l CPUS’Jr GPUZ zf;; = 87 g g2



¥ 1

AB B At

=23 —o

A4 9l 19 HAP T9& 83 8K ol ZXa 3= 9 AAZE A A3t A7 665
(Jiwoo Jeon et al.: A Study on Real-Time Playback Optimization for Ultra-High-Resolution Video (Beyond 8K) using HAP Codec)

Table 1. Experimental Environment Specifications

CPU

GPU

High performance PC

Intel Core i9-12900K

NVIDIA GeForce RTX 4060

Laptop

Intel Core i7-1165G7

Intel Iris Xe Graphics (integrated GPU)

O 3. HAP ZY|
Fig. 3. HAP Codec Player Test Screen (Big Buck Bunny 16K Video)
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