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Study on Address Power Reduction Methods for

Electronic Displays in Consideration of Visual
Masking Effect

Masahiko Seki

Abstract

This paper describes research on the image processing and the subjective
assessment for the address power reduction method of electronic displays
using a visual masking effect.

In chapter 1, the objectives of research and background are described.

In chapter 2, the overview of the visual masking effect is described.
Conditions for obtaining the visual masking effect between an error of pixel
value and a background image are considered.

In chapter 3, the conduction of a quantitative assessment method for the
visual masking effect is described. The method is consisted of two parts, the
simulation of visual masking and the extraction of the masking image region.
The simulation makes clear the relationship between magnitude of error of
pixel value and conditions of image features for which the generated error is
hard to recognize due to the visual masking effect. The image region with high

effectiveness of the visual masking effect is extracted using the obtained



conditions. In the extraction, a newly proposed index called the
luminance-based segment is used, which evaluates local spatial frequency and
local contrast of an input image.

In chapter 4, the proposed method in chapter 3 is verified by means of
experiments in noisy image restoration. The image is divided into several
regions based on the weight of the visual masking effect which is extracted by
the proposed method. The quality of the output image is maintained due to
controlling degree of smoothing for each region.

In chapter 5, the address power reduction method for plasma display panels
using address data smoothing based on the visual masking effect is described.
The proposed method reduces the address power while maintaining the image
quality by choosing the smoothing area of address data based on the visual
masking effect. It is estimated that the reduction rate of the address power
loss is about 50%. The result of subjective assessment for the images based on
smoothed address data indicates that the image quality is maintained.

In chapter 6, the address power reduction method for MEMS shutter
displays using address data smoothing based on the visual masking effect is
described. The image quality is maintained by choosing the smoothing area
based on the visual masking effect. It is estimated that the reduction rate of
the address power loss is about 25%.

Chapter 7 concludes with a summary of the main results, including the



significance of this research and an indication of the direction of future work.
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(c) Reconstructed image (d) Reconstructed image using
using bilateral method non-local means method
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(e) Reconstructed image using
proposed method
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(c) Reconstructed image (d) Reconstructed image using
using bilateral method non-local means method

(e) Reconstructed image using
proposed method
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(a) Original (b) Noise added (c) Bilateral (d) Non-local means (e) Proposed method

(f) Original (9) Noise added (h) Bilateral (i) Non-local means  (j) Proposed method

X 4.11 HreHfROIEKX

#£ 4.1 PSNR IZ X B cli{§O i

A ST Bilateral Non-local means R
IEC 28.1 dB 30.4 dB 32.9dB 33.1dB
Lenna 29.4 dB 33.5dB 35.6 dB 35.7dB

% 4.2 SSIMIC & % il #Hi

A ST Bilateral Non-local means R
IEC 0.796 0.867 0914 0917
Lenna 0.796 0.888 0.904 0.905
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5.9.2 FR{LEEEEIRDOH

IEC FHMERIC R LT, “FEmEii— L & W T — 7072 v TR b
ZHM LIHZRd, K518, H1VT T —IVEDSE 5T T —)LR
XTOY FLAT—2ZHLE L 7 A > MEBL, FabiEEh il T n
BOEHEINEEZ R LN TH S, @y MI&E3FE, EREED K
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5.9.3 7 L RABHEXRHIBREDHETE

241 D IEC FHiliBi{GICHRRETFHEZ@H LT, 7 FLARRICHT 2HEE
HOHRREHEE Lic, 7 FLARBKICE T BENELRET RLATF—X2DE
BB X T, BE7 RLATF—2MOREERRBIC TS, 7 KL AHE
WL AEFFEMB O AR (Cyp) IKRINT Z2ENHKONNRE, 7 FLAH
Wi DT R R (Coo) \TEEIN T 2 BHKOHRZHEE T 5701, ThER,
7 RL AT —2OE{E#%D T R L AT — X OBBIEOHIRER,, & BT R
L AT — Z [ OIRAEER R DHIIRER, % KD 20 ZNZFNOHIRRIZKAD
XIcEKENS,

NT, iginai — NT.
Rab = original smooth

(5.1)

NToriginal

T NTongmaI Ci}? 1%0) J ]\ I/Z T— 9 @%@E@Q NTsmooth Li:F‘(%'ﬂ:1ﬁo)
7 RLAT—Z DB TH S,

_ NDorl’ginal - NDsmooth
Roq =

(5.2)

ND original

T T, NDosgina FIRBHRDMET R L AT —Z DIREEGERIRIE,  NDsmoor 13-
LD RLAT— 2 OIREBBIETH 5,

5.19 I 2 DOHR DO RMR 2R, K5, B8XKZ 50%D7 FLA
BHERZHIRTE % LHEE NS, K520, 7 FLAESHELHTRROHE:
DR OEGEE LIS OEIGRHEITH S, K 5.20() DHIEEL EMEIGIE,
BRSPSl E Wi 2 AD MR S 2 — 2 b o TR, HES ATV IR
AR TE MR TH > 7o THUSH LT, K 5.20(b) DK M5 i i i 4 A A

72T, TOHO—HHEEMD S B X 5 BRI —HEmiRTHhHo7z, TD
&5 HEHGIE FRLRTIC B W T E BB R BND R VERTH D, 7 FLAE]
BRI OERTH S L5 X%, K521, 7 FLAT—2O btk
D1 74—V FHBOY FLAT—2OEERMEZ Ty s LIKTH %,
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5.9.4 EHEFHEEER
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WEND S, TDd, FLFEMOKE i, ik A<k B< Ik C
&%, 7 RLAT— 2 OEBRIBOHIREE, Tt A<t B<HHELC
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bR Z O TEEEZTTS &, I X DR U S FE ki e R
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LFELEZISNS,

X 5.23 FBIFHGIC W7z IEC ST i 5

96



w
3
)
=4
=)
5
@
>

[s]
o

I smoothing B

|:| Smoothing C

~
o

[ ] ]

—

[2))
(=)

50

40

30

20

Reduction rate of transition
frequency of the address data (%)

10

A

D

Test image

¥ 524 3FBIOFRILICEZT FLAT— BRI ORI

% 5.3 LB OPSEICH W I LR A D KR E X

&

&

SF1 SE2 SE3 SF4 SE5 SFG6 SE7 SE8
ik A +1 +2 T4 8 +16 — —
Fua{t B +1 +2 -+ +2 +16 — —
SR C +1 +1 +1 +2  +2 — —

SF1 SF2 SF3 SF4 SFS
TREA @ Q © @ e
FiEEC G

X 525 &Y T T4 —)VRICEBIFST RLAT—ZON-1ELidEs il

97



5
o - ~ N Test image
§ 4 -“\\‘=\ \‘\é_\\—\—\h_t\ A A
Z el T m B
: R
c 3 e OcC
g x D
c o E
[J]
> 2 ¢ F
1 l |

Smoothing A Smoothing B Smoothing C

526 FEIFHmAS SR

%54 5EREHIERE

Al AR
5 HEDbh SR
4 FHEHbh % HUTTR 53R
3 FALD 2 DI 72 5780
2 P75 %
1 HIENIEFITEEIC TR S

% 5.5 TRIFHliIERDH T

AEE | JEEMER T4

EZX— | 2342 FHDIV (HwrE=Z—C Ry M By FTAR)

a7k | 5 BREEFEIUETE

B 3H ( H: Mimis )

98
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