Journal of The Institute of Electronics and Information Engineers Vol.54, NO.6, June 2017

= 2017-54-6-15

https://doi.org/10.5573/ieie.2017.54.6.123
ISSN 2287—5026(Print) / ISSN 2288—159X(Online)

O

LED t]~Zgo] A|~ES 93 A2 9
ZgA =z gaZgo] Aoz 3

( Implementation of Optimal Flicker Free Display
Controller for LED Display System )

ol

RS

( Juyeon Lee®, Daesoon Kim, and Jongha Lee)

fO

ok
of

2 =Rl Nt LED H2Fdo]l A29e) $59 TEUAeIH LPM ¥
0, % 4 BAE 12 oA A4Sl oA el Aol SAARE AL o] FneAFE oI55 ﬂ*é 101 A
o gAE FENGL, FHPYORE FAT A KA 9T /)T AZE-A WES WS

Aol ol 2ARRE SROA AZANET ZAATIE BUS AL, 1 2
Qe SEAA G 20 BILIE FUAAE A RS ABAA AEAALE 20001D) S B0R FA FAE 4 3
7 e A A4 AT F gl Bk

ol

4>

Abstract

In this paper, we developed an optimal flicker-free control algorithm operating within 16 luminance implementation bits
and 512 brightness implementation pulses irrespective of LPM(LED Pixel Matrix) module configuration on dynamic driving
method of LED display system. As an implementation method, we turned the refresh rate up by increasing the number of
scans through multiple shift-latches which were devised from conventional shift-latch scheme for full color representation.
As a result, the LED display system of this method has no flicker phenomenon because of the novel refresh rate higher

than 2,040[Hz] incomparable to 240~480[Hz] of conventional system
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Block diagram of display controller for LED display system.
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2. DVI/HDMI Repeaters
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of pulses modified from Table 4. to increase
refresh rate.

[e]
==

0] 1] 2] 3 10 11

1| 2] 4] 8 128]256]512] 1024 2048

0f 11 21 3 1011 115

1| 2| 4] 8 64{128|256512]512|512(512| -+ {512,

12 13 14 15

4096 8192 16384 32768

16 23 |24 (-3940 {72 | 72| {135

512 512|512 --+{ 512|512 ---| 512 | 512 [ ---| 512

IS
)
it

=

o-§-3to] FrE| AtelZo] 1/491 LED H A=

o] Al=gle] LPM el d# s = Aoilss FolA

/OEA 3,

Rk
o]y #AS 23 8o veh e

LA

LB

ST

/OE

STAZ, 27l d9a

(LA, LB)E°l 3t

Ll

0-7
1

(@) 16H|E 57| 2=

2-7
-7

a7

3, B 8193135

A 21 X 134 2.1 A
0-15, 5:‘:«15 1-23 31»134 3%-133 3‘F~13

115"

[X=% =
EAE g':"l_

LPMZ =2 Mold S

(@) Control signal of LPM module with 16bit brightness

value.

LB

ST

IOE

LA

LB

ST

0-2 07

Lm0

IOE

b (@&

7 € 08 09 040 € 045 18 19 110 111

s st LPM2E2| & ojAlE

(b) Control signal of LPM module magnified from (a).

Hetet ol 2Bt 16HIE R =FEHE 2t LPM
2=2| Mojtlzol Efo|YT(FEl ALOIZ 1/401A
[OE 215, STAS, Azhtel MEHMS(LA, LB)

Timing diagram of control signal for LPM module
to implement 16 bit brightness based on the
proposed method. (/OE signal, ST signal, and
scanline select signal for 1/4 duty cycle)

| 217 Z2| C|AEH0| MAHER e

(972)

v
ar

Hetel Z2|7 =2| 22|50 ot 2| E A2

(FFEl ALOIZ 1/4, 1/8, 1/16)
Refresh rates on the proposed flicker—free algorithm.
(duty cycles of 1/4, 1/8, and 1/16)

238 25
A7H 2lol
2 AlZE

- 2HXI(ST)

4.

Table4.

>
=

>
IFI
o
ﬂ
2 bl
=
=
3
|>
L

i)

wEl

AtOl

o
u
0!

I
ﬂ
240
N\OE&J
e
i
I

-
|m 2 b1

I
0B

iy
H
=
Im
ol mo
Sy

> b
b
=

@)
=]

P
Az

us)

+
pedo 1
|>

byt

Yo
>

>

Gﬂ S
o=

o

o EIm

Ay koo kR
o[> Ho

oo
4
=
c
@

Tp=  |R=60x
((1/60)/(K
xQ))xDs
130.208
130.208

65.104 | 2,040

Ds

14

A2k
Al

16.6667mS/32=520.833
- FEl AlO|Z 1/49
- FEl AlO|Z 18Y
- FEl AlO|Z 1/162

o
—_m e

19 8] e Eol oA STAE 2 0-0, 0-1,
- 0-7,1-0, 1-1, -+, 1-7, -+, 3-133, 3-134, 3-1357}#
7b e Mg 2dT F dE AIZE-#A 3Fgta
&t zbzbe] ~7MEkele 879 A ZE-g X G 7
A= o714 0-0, 0-1, -, 0-7& =7hekelo] OH A
(LA=0, LB=0)¢] ST 4lsel™, 1-0, 1-1, =, 1-7 2=
IHA(LA=1, LB=0)°] STAl&elw, - 3-0,
o 37T 2~70ERlo] 3MAN(LA=1, LB=1)2] STxl
“olth. o]t W o7 A ZE- |7} zbzke] A
kel Wa gy ol 0-0, -, 0-7, 1-0, -+, 1-7,
2-0, -, 2-7, 3-0, -+, 3-8, 0-8, -, 0-15, 1-8, -+, 1-15,
2-8, «+, 2-15, 3-8 -, 3-15, -, 0-128, -, 0-135,
1-128, -+, 1-135, 2-128, -+, 2-135, 3-128, -+, 3-135 7}
2] 83] A 1796l AAA F = AAA o2 1363
ol ANZE-gA 7} FPA

B ool A Alekst W ¥ 37 19 89 e}
st 7] 2ghERRlel] 8719 Al ZE-e)X]

[e)
pAXCR

5T
it

rO o mo wH N g

[>
=

= o> oot ol

N
>
S

oo
o

=
e



20179 68 MA5ts =24 M543 H6=
Journal of The Institute of Electronics and Information Engineers Vol.54, NO.6, June 2017

2=2040[Hz]7} €tk webA 2EFdAFI7E 2,040
[Hz]i - 7] witel A dds AAE 5 gl

| ) ol 22 WS o]&3le] FrE] Alo]Fo]
1/4 1/8, 1/1691 41 9] gl&eAl&o] 2040[Hz]7} ¥+ &
E305, YN ES JEFHHE To AAE # 4
o YebiSitt.

3% 4o VERH ukel o] AlbE FH A9 x|
dig)FE ARESte] taEd o] AogAE 7
=4 HE 16H|E, 4 T8 "2 5 5120, 2E
Aol 204[KHzol A 2~ad BEe] A7 24 4+
7}Ee] B4 FE HY wﬂ Aol 1/4, 1/8914 = 192
St4, FFE AFolE /16914 E %6sta7tA] A 5 A
Al %E}.

Iv. HAE0] MFX|S dA H A%

£ 51270, E&EHEAlEol 2040[HZ]E Zt= fAaZyol
TEstgoen 13 99 eI

FE BRAM

E =
=&
34
B

Hub Connector2

a9 HM=ZHE ClAZe o] Mo EHE|
Fig. 9. Manufactured display controller.

a9 9ol vebd taEe] AlojdA= LED
Zyo] Alz=ge] 3t s EE Full HDH(1920x1080)
oAt FEE7] skl DVI/HDMI  Sink3-9}
Repeater#-2 TA3%t= ICE TIAFY DVI, HDMI
Extended Reach Equalizer with Retimer and Output
De-Emphasis®] 755 2= DS22E\/5110ASQE AHE
st3lem, DVI/ HDMI Z|A/H++= Dual Link HDCP
Receiver$! Sil 1169 ICE *}%OP%\QU{ e A A%
Alo]g2= ALTERA Aol Al Al 2+ek EP3C16F256C82]
FPGAE AH&atgith. 18l FPGASl A E&
Quartusll ver9.1o1A 2244 & Alggo]dS =83}
ATt

(973)

il AAe s
TE Ate]Eo] 7

131

gl A B9l P zng
b 1/4, 1/82 4% LPM &

< o] gato] sy } b, Az} SRt 64x64

olvf FE| Ato]ZFo] 1/471 ~3ad BE3} spEar|7t
7be, A=) Bk 7k 64x128°19, FrE] Abol el 1/8

¢l 239 5 A&ste] LED t2=&# o] A

Az em 27 100 e LT

I 10.

Fig.

A%

o] 1/49 ~ad HE9 fiEy o]
3l DVI/HDMI Repeater?] Z= 4l
UTP CAT6 Alol&s o]&ste] FE AM

o o & oXx ox [N
)

XM ZzH=l LED ClAZ| 0] A|AH
10. Manufactured LED display system.

139
\__ Cl
)

_ PCE 0|23 9AMNES T2

. Image display using PC.

2dg T

¥ LED t2=Z&d o] A2l WA PCe HDMI
YES F95 %low A

29} o] 7 Aol
Aokl 92



132 LED C|2Z20] AlAHS 2lgt

PCe} DVD Zd#olofe] sjA=+ 1920x1080x24R] E
o] 83l PCe 942 LED t]xZ# o]
o] wrjo] Folo] AXEO]E AEsto] A

=
=

|

Az A

715 Wgkste] FE331on, DVD &de]ol= PCst
ol st Av|E Wakske 7wl WaEH A &7
w0l Full HDH(1920x1080x24H| £) 9] A4S t] A%
glo] AojgAol Wi ol Sl sHar] W& AL
sto] gArS wEatglon 19 120 JERASIT

12 12, DVD Playerg ol&

o IdYEE 25

Fig 12. Image display using DVD player.
v. g 8
—E~ =Rl ME LED taEo] Alxvle] F2el
Al A g ol #wARle] J=TE HES
LE_ ol], &= F& HBAE 5127 ool A HAH 9
%Elﬂ =z Ale] dagEs et of dudEs
o] gsto] HxaZdo] AloFAE Ttk AL
SowE A A FHS A% VY ANZE_GA
WS MYste] oy E‘iﬁl AZE-g A5 s o
24 208leE sdeEd gEUres STHITIE
WS ARSIt 1 é#i 71%2] LED t]2=Z& ¢ ¢]
A2El e Bl Z e Al &o] 240~480[Hz] S S=3skA| Nt Al
ohel WS ARgelH 2lEYAlES 2040[Hz] oo
2 = 78 5 7] wEel YA e AN
T A A

REFERENCES

[1] Anni Berger-Schunn, “Practical Color Measure-
ment a Primer for the Beginner, a Reminder for
the Expert,” Wiley Series in Pure and Applied
Optics Published, 2003.

(974)

EHo| 227 Z2| fAS2 0] Mo

[2]

[3]

(8]

[9]

x| 78

B. Jeon and J. Jeong, “Blocking artifacts reduction
in image compression with block boundary
discontinuity criterion,” IEEE Trans. Circuits and
Systems for Video Tech., Vol. 8 no. 3, pp.
345-357, June 1998.

U. Michael, “Spline-A Perfect Fit for Signal and
Image Processing.” IEEE Signal Processing
Magazine, pp. 22-38, Nov. 1999.

Rafael C. Gonzales, and Richard E. woods,
“Digital Image Processing” Addison-Wesley, 1987.
Jongha Lee, “Color control Device of Dot Matrix
Type Image Display System” Registration No.
0331762, Korean Intellectual Property Office,
2002.

J. Jung, G. Laroche “Competition-Based Scheme
for Vector Selection and Coding,” ITU-TSGI16/
Q.6 Doc. VCEG-AC06, Klagenfurt, Austria, July,
2006.

M. Unser, A. Aldroubi, and M. Eden, “Fast
B-spline transforms for continuous image
representation and interpolation,” IEEE Trans. on
Pattern Analysis and Machine Intelligence vol.
13, pp. 277-285, Mar. 1991.

Graham D.F. and Paul M.H, “Color by relation;
A simple, unifying framework for color constancy,”
IEEE Trans. on Pattern Analysis and Machine
Intelligence, vol23, no. 11,00. pp. 1209-1221, Nov.
2002.

DTS Technology Inc. “Data Sheet : Full Color
LED Driver DTS 0948Q,” DTS Technology Inc,
2007.



20178 68 MASe3 ==X M54 HE= 133
Journal of The Institute of Electronics and Information Engineers Vol.54, NO.6, June 2017
X X A 7H
of &= A(H3]<) Z o =(d3)9)
2006%d gehetin A71E sk shat 19954 Qg ehetn A g et up
24, A E.
: 2010 HEoisha Hxpeetat AAL 1993 S AAEAIAT A 915 A
e =4. T,
P\ -'h 20159 A5 lak AAFsk) uha) 20000 FIN$A} WEEAD T2 A
~ SR, 79l
20159 ~ A Ajolgtol e A% 20160 ~ A HAFHlddista tA Ed A Bt
<FHAEoF: duldE Alzd", gAEAEA ), L
npo] A E T ZA|A> <FHAEoR: duid= Ax", fAH3s A,

7
ol &

1982

sHA 3 Q)
ARgstn A7) gt 5
A 3.

Anvetn A7) B
Al E41.

AR et Axgets) vt
A =3,

A5 o) ot

19843

19934

EREEREE]

CHAEA s A2, OLED TV>

(975)

Smart Farm, ADAS>



