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Reduction of trailing for moving images in FPD by grayscale control
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Abstract: To reduce the trailing phenomena for moving images in a Flat Panel Display (FPD), a
grayscale control algorithm which simulates Cathode Ray Tube(CRT) grayscale rendition process is
proposed. Firstly, the basic concept of FPD is introduced and the current major technology of reduc-
ing trailing, Black Frame Insertion Technology, is explained. Then, the reasons of trailing phenomena
from moving images are introduced and the work processes of human eyes when moving images are
displayed on CRT and FPD are illuminated and the grayscale rendition of a pixel is obtained. Further-
more, based on algorithm derivation, the algorithm realization steps and compared experiment results
of traditional and proposed FPD grayscale control algorithms are discussed. Finally, the main program
implemented with Very-High-Speed Integrated Circuit Hardware Description Language (VHDL) is
presented and the specific rendition process is described. Experimental results indicate that the image

quality is evidently improved and the trailing phenomena have been reduced to nearly 90% when the
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moving images are displayed by the FPD. The result meets the eye reflection mechanism. Moreover,

the algorithm has advantages in less operation and storagy space and is easy to be implemented by

hardware.
Key words: Flat Panel Display(FPD) ;
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Fig. 2 Grayscale rendition processes of a pixel

s . BT WA CRT b s ) i AR Y
TAEFE AE 1~10 ms AR E 2 Y 2 — e 58 24 75
AT £ 16 1T 5 7 11~20 ms, BT #EA T 208 14
M S, 7~ B ) i ) 4 728 1% 5 1) 21~ 30 ms 55 1
PR B 3K B i R 2 76 9 T 1R 22 T ik 47 F
T S U A B JF AR 11~ 20 ms 3X B B[] 1 &
1% . BESHUE FPD | iy &% i it AR 1
TAEFE AE 1~10 ms AHRE 2 A5 8% 52— Rl 58
I W Y AR R TE 11 ~20ms AR & 3 Y i

Frame N

Frame N+1

(a) NIRWLFE CRT b EME A T AE o 75

(a) Work process of human eyes when seeing image

on CRT

Frame NV

!

Frame N+1

real

moveme ]'ll\

perceived
movement

(b) AHRWUE FPD LG8 AR

(b) Work process of human eyes in watching an image

on FPD

B3 AHR G TAE o
Fig. 3 Work process of human eyes

A 1~10 ms 2 —FEM 58 WA K65 b
BT 33 S ECAE 21~ 30 ms SR 45 TR %
YA s AR Z7E 11~20 ms F1 21~30 ms Z[H]
ﬁﬂ?«’é’rm T Ab B, 5 A5 — WURN 2R iR
& LR R G .
ﬁuiﬁﬂ’ﬂﬁ’l‘ﬁﬁf P& CRT (K EERE B
T FRAT A AR Y B S AL BE L AHR A2 IR 5138 2 K 1%
I I AR S AEZEAT AT ] J Y L T FPD A K B &2 B0 5
T U)K AL B S A BIR 7E IR 51 32 3 B R s ]
AE B R i g

3 FoaEwmu

B SO AR Al A Z i LLTE FPD A5 3
iR M4 mifE CRT FRAXMHAL, 20T
CRT (K 5 52 B3 A4 5 N IR 1) 40 3 7 i )L 2
1M FPD (14 /K 8 42 B ik 5 0 A HR (1 3 b AL 2 45
Rt A] LAAE FPD gl — R4l CRT WK BE R

MR R R FPD iz 3 R R R
% S W RN (NZ=2) A0 S7 1) % 25
TR 3 W S A 2N RO R IR D).
TR L N=8 Ry B e An i i . &
4 JIT R — R B 43 B 8 AN 3 2 T 43 il
SF,,SF,,SF,,SF,,SF,,SF,,SF, fl SF,, %} i
M HF2emt a4 Dy, D, Dy Dy Ds  Ds s Dy #il Ds 8



1880

518 &

AL B € (SF L CT(SF) €' (SF) L C
(SF,),C'(SF;),C'(SF;),C (SF,) f1 C' (SFy)
XF IR 8 A1 i 1 P P s

amplitude
S, Y20

' (SF)A
c' (SPH
" (SF)

(SES 1

2 o e e . 1Bi
T oy e D

' (srgBet

~
|

Ds

QOO a0

i

" o time
Cuiin 1 frame duration time 7

4 TRl o st

Fig. 4 Subframe division mode

R T it R %
AT B ) T A

(1) HEFE COF) KR — Wit BRI Bl om 4T
n I, CCF) Y £ A I8 R £ — Wi EHZ 7R
AL E K BE A B

S BN LU LA A S

Ci(F)  Cp(F) C,, (F)
Co(F)  Cpy (F) Co(F)

C(F) = .
Cot(F) Cu(F) o G, (F)

(D

(2) JEFE C(SF) FmF Wi )55 i ~F

LAY AR 9 K B 3 At 00 . Herh SF RoR 5% i A4

%mﬁ %/\¥¢ﬁZIEﬂ{VﬁEm# C,n,,(SF,+|><C,1m
(SF),

Ci(SF) €, (SF) C1, (SF)
C.i (SF) G (SF) C..(SF)
CFy=| . ,
C,i (SF)  C,.(SF) C,. (SF)
2

(3) C'(SF) [l FEFRREE & A4~ F Wit f; (1 &
BAE S T 05 R SO BT R A TR
C.. (SF) 1y &AL IE KA. & AW R &1
C'(SF..)<<C'(SF,).

(4) L; £/RTE FPD bR A% G2 1Y JK B 52 3K
S B ORGSR ]

(5) D; RIRE @ AF W FFLL AT E]

(6) T Fm—WiEMG 1521 ]

(D Coin FRAESE — R IR H . 3278 B Y R 8L
it C'(SF)>Coin I ARFEA REB S 50

(8) Copoie B 1E # 1R A, 28 Y B R 208 C
(SF) = Copan MR A R5E + Cotank << Cin o

(9) Cooan (SFD FIR 5 1 ASF WOX B 1Y 1B 15 5K
I 1 Je KA

MR b 1 Al R s S B R RN (O RN,
Hor, QLI — AU bR Ackr J2 CRT iy — 4
IKEERALE RE — W Acrr =2.2~2.3, g %
INIREREL X B ¢ =255, F R BaAREA 0~
255 it 256 Gy KR IR

S = Q[P ]

8 8
2 (jnm (SFI ) M Di = 2 Smn ° L
i=1 j=1

y . (3
DD, =T

i=1

EL_, =T

ji=0

8
>1Cu(SF) = Cy (F)
i=1

JCH(SFMI) < Cy(SF)

12 2(/L,(SF,+1) < 2 2 2(4,(SF )
:

k=1 k=1 1=1

Zﬁ]i}cmsm . D, = ﬁ]j}cﬁ(m

i=1 k=1 1=1 k=1 1=1

(i=1-7) (4)

AT ) HEE — 8 2 AR AN [ K B 2% %) 4y
T T AR B R AE R — iR Y o R
Hh L AR 224 R B OGS I ) R B C (F) il
TR IR B0 LAY SRR Bl 2¢ /9 e, DA M CRT
P8 K v B TE K FE 52 SIS 114 8 72 e, X
FPD v & — B i BEA% 0 i o7 Le A #8L CRT 119 K
FEW AR 5 AT R RN 4. S, R HBTR 3 5
MR B . ARG RS = R A R
SR A R . o S A R R 43
Jei — Mt PR A £ 8 2 R AR 1Y 5 5 = RES IO
53 R R 3w e R — fPﬁl’é"lf%!E?ﬁHE’JHTIEUxE*HI_J



%8l

A 3L A NP BE A R Y AR i v s 2l PR 1 4 R 1881

(o AR 23 2 (3) BT LA S Wt K] 4355 B0« AR 9
53 J5 1 F- WURE AT AAE FPD rhs2 3R CRT A AL
MK BEE Bt #2 . IR B 3E AT LT3R AR B C(F) h
FATCR IR 43 25 L I AR — T 11 45 500 43 1
8 AFWIZIG -8 A F WAL AL E b KB 4 A
L. () 2 H T X — ot [ 5 A8 it R 43 1)
AR B AT WUE B — A B K AR T
T Rl B 3 25 8 T 3 43 S 1 - W22 ] 1 56 & LA
B 33 6 - Wi A0 JEL R 1 — Wi R Z i 6 3/ . o
5 — T 43 2R — WS AE B 43 B 8 A F i
BE—AF WU B AR 6 1 1 S B ) B N
RINGEF R0 53 i 1% A% R I 7 B 1 K5 5
AR RR 4 8 AT W LY A A A B =Ry R
AR R4 5 8 AT S A 14 R RN
R0 43w — W P 15 S B0 SR RN . AR 28
(3) 1 (4) w] LA 2 — it [ 45 1) 7wtk 73 07 XA Je
TEAS T WU B BE 53 A 1 O

4 HEEAFTRAFRL R

AR T 3R 118 i AR 2 (3D (4D 5 X
Fob il 2 18 B 1] 4 4 e 1 B ik P S AP 4 5k 1 5 R 52
W BT 4 P TRRII

CIO AR 23 380 (30 F ATk e o 35 Y 114 4 — ot
VL 5 5 30 I T B0 R 3 L 400 2 A RE 1 Y 4
77 30 LAIK IR B A S £ 4 K 18 5 B i R i H
.

ORI (L) 29028 10 %€ 19 1 Wik 73 75 X
25 X (DB — WU AR AE B — LB
TR o3 45 2R i B — T WU K S A A L

(3K BAALTE T o RG22 /3t
TEAE RS OR B S A o [ N X P A — 224
P TAE - FE G 25 B 4 09 s N & A TR R
Hod AT DU CO A2 g b PR B ] R
il A R RN

(4) b — e 5 45 5, BT R IE 2 33k mT
PLHE I A B [ 2R AL W FPD 5 i Rt

T e AR B OR P PR 92 B Bk
VHDL i 5 4 5 i £/ ¥ .

®1 BUTERRF

Tab.1 Implemented main program

library ieee;

use ieee. std_logic_1164. all;

use ieee. std_logic_unsigned. all;

entity grayscale_rendition is

port(pr, pg, pb: in std_logic_vector (7 downto

0);
clk:in std_logic;
ctrp:in std_logic_vector(2 downto 0) ;
qr.qg,qb:out std_logic;
sub:out std_logic_vector(2 downto 0) ;
endq:out std_logic_vector(2 downto 0));

end grayscale_rendition;

architecture subframe of grayscale_rendition is
signal mr. mg, mb: std _ logic _ vector (7

downto 0) ;
signal con:integer range 0 to 255;

begin
mr<_=div_sub(pr,ctrp,clk) ;
mg<_=div_sub(pg,ctrp,clk);
mb<C=div_sub(pb,ctrp,clk) ;
con<_=div_sub(ctrp,clk) ;
sub<C=div_sub(ctrp,clk);
qr<_=gray_rend(mr,ctrp,clk,con) ;
qg<=gray_rend(mg.ctrp,clk,con) ;
gb<C=gray_rend(mbctrp,clk,con) ;
endq<C=gray_comd(ctrp,con,con) ;

end subframe;
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