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Abstract

The current display systems including TVs are going digital and large-sized, and high visual quality of those systems
becomes a very important selling point in the current display system market. Thus, various researches have been carried
out for enhancing the visual guality of digital display systems. One of the important digital image(or video) enhancement
techniques is sharpness enhancement, and it is generally based on a transient improvement technique that reduces the
edge transition time. However, this technique often generates overshoot and undershoot, which cause undesirable
pixel-level changes around the transient improved edge. In this paper, we propose a new nonlinear filter-based adaptive
shoot elimination method for effectively suppressing the overshoot and undershoot that occur in the transient improvement,
so that we can obtain visually sharper and clearer digital images(or videos). The proposed method uses two orthogonal
directional min/max nonlinear filters with an adaptive shoot elimination scheme in order to effectively suppress the visually
sensitive overshoot and undershoot. Experimental results show that the proposed method suppresses the overshoot and
undershoot almost perfectly while maintaining the effect of the transient improvement. The applications of the proposed
method include digital TVs, digital monitors, digital cameras/camcoders, portable media players(PMP), etc.

Keywords : Sharpness enhancement, transient improvement, nonlinear filter, shoot elimination
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enhancement) WY EC] AAHAEH, 1 FolA Hol

8k (transient  improvement) H¥-2 3 % (luminance)

T  MAH(chrominance) %47 7l(edge)e] HoJA|Zk
(transition time)& ZAAIA GAe] ABTE AHMA7

B 98e 0¥ gxut 7|2 Ho|aat 1
Hol7t &dd FAAA Fid 94X g ¥
Azkel WHElE 7L E W <rE(overshoot) %
TrE(undershoot) @4te] At FAAA FHd
& BRAZHOEN AZFAH R BAdxe
e 7 Aok wEtA ol ofw
M A Al HA g
BARAAE ot A ~H 3
g oHFE 2 AGFE(9]3}
ARG, s
AM(gain) s &9
P28 Holgd Wi s A
FABAY HEE N &
HE 7ML ok BEd o)z
=& oA"d TVe f32H Sol(system-on-chip)
71E st=do] Al HE3t7] A E 7S
gol thg th&Fe FAAde] 275 FgANAE
g Ajad fHAYE HlEgHoE v FAAE
ZFA A Qick whebA gAE Yagdo] AlAde MY
AZ A dolael QoA Holga
glo] antH oz FEE AT FAld
o] AlagloR o] A go] Lolste] AjAElY
Hr} 38302 UEY & 5 e RS
AA wgol a7Ar

FA7AAL Adolgel g FHEP
FA7BA TRl A= A 4F
EE AAGozA B} Hdwsin
A 2L w49 HME gH
433 FEAA ¥¥(nonlinear filter-based
adaptive shoot elimination method)& A|Qtgtch. Aot
e Y FEAAA o3 Mol s HAE
HAs sty ABE AM Al2gY AHARE 2o &
EHoZ WEo] F & URE FTAF Wl Ha/FH
o 8]43 FE 8 (min/max nonlinear post-filtering)#
34 rE A A (adaptive shoot elimination) 44 A}

Elasy

[SIN
o

re
AN

d]
Mo
of.
ox T

Lo
rok
off,
o
o,
X
of. o

'y
o
B>
o
.Q‘L
By

BT

o

=,
e

o o
2
¥
N,
Ao
)

2,

2
rlo

2
2.
o
o
SV RS )
2{4'
v
4>

=N

morz

o e

oz
o
X
1
S
2

oot
wy |0

g OE

jubS
I
>
o2 ¥ [m
o

IF oM o o O Lo W1 oWk
o2

o o A
)

2
—ls
o

¢

2
0,
o

o
]

20

|
i
ol
lo,

fob 1
-
2
1 oY o
[0 - £
>,
1 Lo |»

Ho

o o
-

N

o

N
==

498

it

o
lo
3
m

i
ok g
2
o
X r{r

o e H
I
i)
Fo
3

f
o

o>,
T I P )

S o
L
of 3L

=

XN

o
2

(75)

19

g xRy P4 s 2o 94 T894 o)
AYE ANE A Tl dolga B
So) ZANSO dje) AW %, MAoIA
3

1) HEH FEAA B4

o oiel dEdnt VEAAE AL Bl 4o
ATel A 49 Uy 2 49 238 ANE F v
HoR VM de& Attt

O. 7|&9 ol U #REAAH 2hHo| A

71E8 AEFE AHE A wEe 19 13 2o
BA7AA d¥l(edge leve)d] whet 98 FEFANNZE
A 7] 99z FEstd 99 HE A7) & MY
= A 7EELS Hedtn Aot WA oY ey
459 v B (derivative) gtoll wel FAEA HEL
Ak 2 gho]l A 71EA] ol §4AAY H

44 S(small level noise) 0.2 ZHEFhe} ojuf 4

iy
tlo

g0 TEHA FEF 49 4Y J=gelE
HE 72 Al7le 2o F(coring) 7IWE &3

M

teo ¢8 HEQPAEe GA7A A ghol
A2 e JAFAY 39 9% (peaking) 718 A
st GAAAS FAH Ad Re FNA E0.
GAZAY FAH q)E FANA SRAATN B
s By & JES BB Foh mARoR

2 8L o 2 Lot ox Ho
ol

PR
GAAA A gl AL 4

g Jrgdise
st 7]EA R & Ao d3AA HolA 7tk
XA 1 AYEE FFAIIE 2 2H(crispen) 7]
HE Hedrt B diME 7E AEHE Holdd
B F el AelAH(crispen) 7183 ol B
TEAA o] ZAH s AL
A

-1~<L--—---~-———--~-~-—-«-—-»-——-———‘x

|

N

E BN, : ! !

v

A4 A Bl (edge level

a3 1 JAEA ydol mE XA MYz JHM
s

Sharpness enhancement method according to
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Fig. 2. Overshoot and undershoot that occur during

the transient improvement.
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Fig. 3. An example of visually sensitive distortions on

high frequency components caused by transient
improvement and uniform shoot elimination.
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Fig. 4. Overall bIock dlagram of the proposed nonlinear
filter-based adaptive shoot elimination method.
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Table 1. Test pattern list used for experiments.

H2E ¥ o] § HAE
multiburst T20x480
sine_wave_h 720480
sine_wave_h_clipped 720x480
flower 1280x720, 720x480
h_0029 720x480
h_0038 720x430
hghand T20x288
kodaq 600x405
marina T20x288
obst 852x480
PRV tost chane 52430
skin 1280x720, 720x430
mzone 1280x720, 720x480
szone 1280x720, 720x480
vts4103 1280x720, 720x480
vtsd500sky 1280720, 720x430
bigships 1280x720, 1920x1080

a8 5 Zafol2AAHY multi-burst | AE T E
Fig. 5. Gray-scale multi-burst test pattern.

=S

o 4Fg Bt Z HHE F O" 5%t ZE 4
A A2 T FEYE R YL oA TS 71
€ multi-burst H2E #¥# 28 10% 2& HDTV
H2E Hfels o] 83 A7 Ao dste] 7E3es
gttt AFA e AL o] gErEES] ZsA
Azt HE e 37 (2d+1)E 4 7 159 322 1
Fagon, A48 dAA2HES T3t FEnEY g
S 2HE F Y=E A

O 62 Aydez & Iz zo] ¥
HOAIZEE M 943 A(ZY 594 A &
gy 7Y 1F, 5 MHz)ol Aeladd o
43 A B FEAA Wye] e AR
HoFEth Iyl By vie} Zol Qe Wye

4
o
of

I
lo

ol
o
W o o v oo



200810 3% FXAESE =AM 45 HSCHEHH 2 5 23

U gy o oY - - - KEAX DjHE
-~ - HEH njHE = =
MM A EF UEH HEAH H3H HFEAA
200 p o e e 200
160 . L
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E 120 #
— 80
[ T -
40
0 0
1 35 7 9111315171921 2325 1 3 5 7 9111315171921 2325
a7 6 Hetst FEMI whHo| AiMog Z F i a3 8 Heokst HENF HHo] AiXoz X2 3T
H Xtol Y s@ubsl MOJAIZIE K= G4 Ble Aol L sHEsE MolAlZb2 JIXlE o
A Hgs Z3 AdAo HgE 23t
Fig. 6. Result of the proposed shoot elimination method Fig. 8. Resuit of the proposed shoot elimination method

applied on the edges with a relatively large
luminance transition time and luminance-level
difference in the input muiti-burst test pattern.

applied on the edges with a relatively small
luminance transition time and luminance-level
difference in the input multi-burst test pattern.

a8 FEMA IpHol MEHX g dEL O 5 #EMAH ol MeE ZAIFY 1
2) HMotgt EMXM o MgE ZieE otst FEMAH dio| MgH ZaHM
Z aghel M4 uim 2ol AlZHA bl
Fig. 7. A visual comparison of the luminance transient Fig. 9. A visual comparison of the luminance transient
improvements  with(middle image) and without improvements  with  the uniform  elimination
the proposed shoot elimination method(right method{middle image) and the proposed shoot
image). elimination method(right image).
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2
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a8 10, X2ttt 22 e 2MES EEske HDTV H
2E mjjEe] of
Fig. 10. An example of HDTV test patterns containing

ag 11,

&2 ZXAsd sl Holgs & #fERA T
Ho| HMEHX| e ZiNAAMEE F A
%), 48N FEMAH wHo| MEE HIHA
HA 33, ¥ Hekst fEMAH wHo| MgH
ZIHGH ol T7)el Azt H|I

A visual comparison of the luminance transient
improvements applied on the small characters
without any shoot efimination method(the second
image from the top), with the uniform elimination
method(the third image), and the proposed shoot
elimination method(the bottom image).
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