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Non-overlapping Random Dot Pattern Generation
Using Nonlinear Optimization

TakAsHI ImaMIcHT!'® HiDETOSHI NUMATA! TsuyvosHr IDk!

Abstract: In this paper we propose a new method to generate random dot patterns with no inter-dot overlap
for the light guide and diffuser films in liquid crystal displays (LCDs). Molecular-dynamics-based algorithms
have been proposed for this purpose and proven to generate dot patterns with good quality. The key tech-
nical challenge is how to remove inter-dot overlap. If dot patterns contain inter-dot overlap, it causes visible
roughness in the luminance distribution. In this paper, we propose a new overlap removal method of dots.
Our method penalizes the overlap of dots and minimizes the sum of the penalties by a nonlinear optimization
technique. Through computational experiments with real world data, we show that our optimization-based
method obtains dot patterns with comparable quality faster than a simulation-based method does.

Keywords: Liquid crystal displays, Dot pattern generation, Overlap removal, Nonlinear optimization
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Fig. 1 Conventional structure of edge-lit backlight unit

© 1959 Information Processing Society of Japan

ogoood
(1)DooooooOooOooOooOooDUOOoOOoOooOOooOOo
ddddoooooooooobobobooboooooa
goooogooo
(2)00000000O0OO0O0U0ODOOOODOOOOOOO
0odobooooobooooooooooooogooo
ddddooooooooobobobobobooooooa
doddddooooooa
(3)000000000DO000OO0O00OOOO0On
0o0dodoobooboooooboooooooooon
goddooooooooooboboboboobooooooa
godddoooooooooboboboboobooooooa
O000D0000Idé O pjoo0ooooooooono
goddddoooooooooboboboobbooooooa
0000000000 0000000 Tezuka D [10]00
0000000 (low-discrepancy sequences, LDS) O 0O O
goobooboooobooboooboobooooooa
goddddooooooooboboboboobbooooooa
0000000000000 000D00DOdChang O
Lee [4)0 Chang 0 [3]0000000000000000
godddooooooooooboboboobboobooooa
O0O0OChang D Fang 2] 00000000000 O0O0OO
godddooooooooooobooobbooobooooa
ogood
doodoooboobobobboboooooooooo
goddddoooooooooobobooboooooooa
dddd0oooObOoOo0o0o0Oooooooooog Lbso
gddddooooooooooobobooooooooa
0b000o0doobobooooooboooooboooooon
gddddooooooooobobobooboooooooa
gddddooooooooobobobooboooooooa
godddoooooooooobobooobobooooooa
goddddoooooooooooboooboooooooa
goddddooooooooooooooooooooa
goddddddoooooooooooooooonb
odoooooooooooooboboooooooo
godddoooooooooobooooboooooooa
godddoooooooooobooooboooooooa
000000000 0oooUooOoU ®gooouooo
ooo

2. DbhOo0obooboboooboOoboon

00000 Idé O [5] 000 Dynamic LDS (DLDS) O
gobooooobooooooocooooooooboooo
OO0 (o0ooU0oUOooOooOooO)oooooooo
goboooooooooobocoooooooboooo
gobooboooboooooboooooooooobooooo
ooo0o0oooooOObooO0ldécoooonoooooon



gogoooooood
IPSJ SIG Technical Report

gbobooooogoog
(1)DOooOoooooOoooooOOoOooooooooo
gbooooooboboooooooboobooog
gbooooooboboooobogobobooog
Tezuka O (10000000000 (low-discrepancy
sequences, LDS) 000 00O
(2)00000000ODOO0O00UOOO0ODOOOOODOO
o0o00oDO0o0o0oOoooooooLbsOooooooo
gbooooooboboooobgoboboooog
gbooooooobobooooobogobobooog
goooo
¢ 00000 0oOoO0ooOoooOoooOoooOoooo
gbooboooooboboboooooboobobooog
gboboooooog
gboboboboooooooobgon

2.1 00000000000
0000Ié0000000000000000000
0000000000000000000 (0000000
0000000)00000 L,xL, 0000 mO00000
000 {Ry,...,R,}000000000R(i=1,...,m)
000000000000 000000000000
00000 p0 R,OOD0ODODD000000 R;O0
00000000000000000 R,O0000000
Pi=pi/ Y p; 000000
000000000000000.000000000
oooo
(1)000D000000[0,1*003000000000
000000000000000000000100
(Uo, Uy, Uz) 000D
(2)1,...,m000000000000 k000000

k k+1

Y P <Uy<) P

j=1 Jj=1
(3) R, O (e + LUt & + L,U,) 00000 10000

000000 (&) 0 R,O0OD00DD000O000

0000000 »00000000000 (%,...,2,) 0
ooo
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000000000000

22 00000

Idé 0 [p|000000000000O0O00DOooOOO
cobooooooooooboooooooooobooooo
cooobooooooooboooooobocoobooooo

© 1959 Information Processing Society of Japan

00000000000000000000000000

00000000000000000000000000

0000000000000000000 [3), [40
000¢0 ;00000 f,00000000000

i — &; « 1 bij < D7
llx; — ;]| exp (_W) bi; > D,

(1)

fij:

ooopOy; 0000000000
gobobobooboobboobooboooboo
gogboobooboooboobuooboonoboon

goo
dQCBi dwl 2
m dt2 tc dt :; fij(mi7wj)'

)

0000000000000 00000000D®(t)0O
00000 A¢+00D00OO00OODOOO

w14 ) =m0+ LAY 1,0, @)

ld¢e 00000000000 O0O0OO0O0OO0O000000
uoboooooboocooooocoOooooooboOooo
gobooocooooooboooooao

coobooooobooooooooboOoooooa
oobooooooooooboocoooooooboooo
000o0oo00oo0o0OO0 (2) DOoOoooUoooOoUooo
0 (1) DooOoUoooO0ooOooooUoooooooo
ooboooooboocoooboooooooooboooo
ooooooooOoOoOoOO0OO0OO0O0O0ODOO0O0O00OOO
ooooOo0O0Id¢ 00 pOOOOOOOOOOOOOOO
ooboooooboocoooboooooooooboOooo
oooooooooooooooooooooboooooon

cooboooooboocooboooooobocOoooooa
ooooooooooooboocoooooooboooo
oobooOoooboooooboocoooooooboooo
ubooobooooooooOoboocoooboboooon
O20000000000CO00000O0O0CO00000
oobooooooa

3. DOOoooooon

gboooobobooooobooboboboooooon
gbooboOdoptbet 00000000 OOODODOODOO
200 00000000O0000DOO0O0O0ODOOOODOO
gbobooooooboobobooooooboboobooo
gbooooooboobobooooooboboobooo
gbooboooobooboboooooobobobooo
0000 OImamichi 00 [6] 00O Multi-sphere scheme
00000000000 00DDOOOMulti-sphere scheme
2000 30000000000b0O000boOoboo



gogoooooood
IPSJ SIG Technical Report

BEICARDREBEIC—ERY MBI TVD

RERFEOER

1dé5D#ER(2003)

02 0000000000000 0O000O0IdéD [5)000nOO
0000o000oo0oo0oooooooooo

Fig. 2 Comparison of the results by our method and Idé et

al. [5] with* Tsuno” instance (Some dots move to empty

space depicted by an ellipse where the dot density is

Zero).
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Fig. 3 The outline of the proposed algorithm for non-
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overlapping randomly-distributed dot patterns. The
dot distribution is taken from the “LED” instance (see
Section 4).
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Fig. 4 Restricted region for each circle. The length of a dashed

arrow corresponds to the protrusion depth.
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Table 1 Number of dots in the initial dot patterns.
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Table 2 Computation time (min).
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Fig. 5 Magnified pictures of the results of “Chokka” instance
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Fig. 6 Magnified pictures of the results of “T'suno” instance
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