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Our proposed method
Abstract Our technique is inspired by the digital half-toning using the local exhaustive search(LES) to optimize binary images based on

We propose a new technique to generate a the human visual system [1]. Because generated ASCII arts are binary images, LES can be applied to ASCII art generation.
high-quality ASCII art image using Local . _ .
Exhaustive Search(LES). We have implemented The evaluation method based on Outline of our algorithm

our new technique in a GPU to accelerate its the human visual system We find a replacement character which This replacement procedure by the
computation. The experimental results show If the blurred image is very similar to the original minimizes the total error over all characters. raster scan order is repeated until
that the GPU implementation can achieve a image, the generated binary image reproduces the one round of the raster scan order
speedup factor up to about 57 over the CPU orlgmal |mage E% search does not replace characters.
implementation. '

Blurring

ASCI| Art

An ASCII art is a matrix of characters reproducing A generated binary The blurred The original gray-scale
. . . Image Image image
an original image.

The similarity can be computed with the sum of the
difference between the blurred image and the original s
gray-scale image with respect to intensity level. A binary image The blurred image The original gray-scale image
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Each CUDA block replaces the assigned block by Since LES for adjacent blocks cannot v

the selected character obtained with LES in parallel. be executed in :)ara”eL we partition %E%%%%
Original gray-scale image ASCII art . fggﬁg;%@rf{t
blocks into four groups. In each e

S P he aff d : f all S
N I I Pt group, the arrected regions ot a s
mm el Cedewd
i blocks do not overlap each other. e
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A conventional method

The idea of a conventional ASCII art generation is R _
to partition an original image into blocks of the [Th;d] [Th;,,] _______ ;/
same size as characters. Each block is assigned to

a character such that each character reproduces ST
the intensity level of the corresponding block. R

FH

i
+m‘ ﬁ%&ﬂﬁﬁ’:ﬁ“ﬁ%ﬁlﬂ‘ﬂfﬂﬁ“%

i
Oit=

Er

£n

Ei_i
FH
"ASt
s

[

Fr

Gl
|

=
E
=
e
-

#

3

E: FEE BB S SRS

S i T S L e vl At - e IR it o z =

; @ﬁﬁﬁﬁ%ﬁﬁﬁﬁ@@ﬁ%éﬁﬁ& BAEk I EaRiAm S g g gl =

VREEFEEEEn R hEEaIh Sege o rr e N R IEIE S, O 1R B IR EEEEEa H i

: HIC ] R : : S e e A L L B E R | I R e R e P
R ﬂﬂ%@ﬁ%ﬁﬁﬁﬁ*ﬁﬁ%ﬁﬁﬁﬁﬁEﬂﬁﬁﬁﬁﬁﬂ; EIEEE ﬂ%ﬁﬁ%ﬁﬁ#ﬂﬁﬁﬁ@%@ﬁ%ﬁ&ﬁﬂ E*Eﬁﬁf%ﬁ*?

Rl s e e e e e e e R e e el e el b

(k-1, k 1)/ s 4

y
By

[T gy

g

T
=TT

HE&%*

Mgﬂhﬁﬁﬁﬁﬁﬁl%

=y
S=E
T3
T
= Hl

e

T TG
fip

BE

1

Y

ﬁ@ﬁl

il

I“_“\-

e o [ Py LY

il
5
Eeit
e
b
Eey
([,

e e e e A A Ry e e S e TR e e L 4 e b i e A
@@@ﬁﬁﬁaﬁmﬁ:ﬁﬁﬂ@@@@@@%ﬁﬁ%ﬂﬁ@@ﬁ@@ T2 SR e e SIS A B fE PR P e e b LA S A EEE#TUJ
BT S IS (R et J%@ﬁ@h@ﬁ_ﬁﬁﬁﬁﬁﬁﬁﬁ%ﬁéﬁE.B%?E#Eﬁﬁgﬁﬁﬁﬁﬁﬁﬁ#&ﬂﬁ_ﬂ*r el b
Bl e e e ) %ﬁsrﬂ?@ﬁﬁﬁﬁﬁﬁﬁﬁﬂI%mfﬁiaaiﬁma%ﬁﬂﬁaﬁﬁﬁﬁﬁﬁﬁﬂﬂ IR H‘Eéh_ %’EEJ
R e A e e e s AR T P e P R e e e e e e 1 | B T4 EREREREREREREREA o AL Y
e = S Tt E e IR R i A R e Ee e EegRlE Siabiti VT EeEE

BEEEr 7 sIlise ..__Hﬁu-
o e I AR e
=HoEE =01 fnTﬁﬁﬁégéﬁﬁﬁ

'."

IO | E NTe-d It

& Tk
ﬁ@@@ﬁ@@@ﬁﬁ%ﬁfﬂﬁTHMHhﬁjﬁ &
p ﬁﬁﬁﬁ@ﬁgﬁ%@ﬂmﬁwmﬁﬁﬁﬂnma.. =
e e S S R S 6 2 e
L D N
L e e Rl

Thread Thread A Thread Thread Thread A Thread & ey IR -

(0,0) (1,0) (k-1,0) (0,0) (1,0) (k-1,0) i fi iy =]
B - 15

s s Eﬁ%’ﬁmﬂﬁq:ﬁlﬁlﬁﬁ@ﬁﬁﬁﬁ@ﬁﬁﬂﬂﬁﬁﬁﬁﬁﬁﬁﬂ ﬁ%ﬁﬂ 2 2 (T AL %lﬁfgﬁtﬁ: BY E
Thread Thread o Thread Thread —n . @ﬁ@iﬂﬁ’%iﬁﬁﬁ@@@@ﬁ@@@ﬁ;ﬁ@%@ﬁﬁ@ﬁ@%ﬁﬁﬂﬂE:iﬁ?ﬁ%%é‘ﬂﬂ%ﬂ,}z;ﬁ%QF% E& FETPE%%F H%#Ei? ] %Jﬁ
(0.1) (1,1) -I’ —ﬁ (0.1) (1,1) g o ' B R e e e e e e e e e e P ii R S IR I PR B Sl R LRI PR A E fings
. . ; i A = e e e e e e il ke ot K‘I‘EI%@E S v i EElEEe
| I ] . . ) el i Wﬁg L S or | R e P F e e e R p e e e EEn e s £ A R B Il BRUE P = R R A 30 0 7 ool [ chBaeRERIe (M s eRF P FR I B ER e
. E i shn TR i SRGENE MR T H SRt E e e B e E e R R IR R S D s R B S 00 A RS RS PR e B e F e R IR e
e AN o iRt R R e e e e & IR SRR R B SRR = U P S MR SRR - INER i eR R R ER

] : Thread ] A binary image g o e R R e E B R SR R R IRF MR RIE e AR T e R S e B S e e eEie
----- (k 1 kl)/

Conventlona method

f&“ B

Block(x,y) \\ / Block(x+1,y) \

oty
Eibey

o

puii |7}
HIE

Thread
(k-1,0)

T A i —+ E )™= q:'-t- ~5|.|—|:-_-|:|m%ﬂ¢nlll

o BB IR o <O = R U S

B
%ﬂﬁﬁ

e E e e e AN S S T i

S S
Sl e 0
I 5 i 5
SEbliiias
B
%
%
o
r

B

ey

B

i

i

Thread

i

( Thread Thread Thread ( Thread Thread

(k-1,k-1)/ Q,k-n ] [ (1,k-1) ]- ..... (k-1,k-1)/] Q,kq) ] [(l,pkl)
CETTITITTErTITE —— : Partition the size
- - -
F+ ==+ == Each block \ of characters
bldd-Liiatoagriad i
LT TR
reTa=rrra T'l'-l_l_l'T'l:ll
Frte-rrrtri--rrr

b = b -|--|-|—|-|-+-|-I

FHA-E

rrt1-rrrtr-rrra-
S VRS PR e,

FLddLLla i LLLdg
CE AT AR
rcrIarrrrTi T'I'I'I'l'T'Ij
rrt=rrrtTrt-r e
B L TR
LLldaobraliiaonrls

A gray-scale image

)
el
e

Bl

PR
S

Sy
D
T Tl
Tl
mﬁ
[
ST
L
Oi»3r
r’N
E [}
ﬁlﬁ%ﬁﬂiﬂ%ﬂh@
)

S] Bl El E
S & E E

g e
e
o e e
@ﬁﬂ% ﬁ
Sﬂ]lg % it
eI S
P I Sy
O o
%a ;=:'+ TE*H
R -E?«?
ﬁﬁmmm
Il s AT
Ty ﬁﬂ#m%ﬁlhﬁi
it
ﬁm;ﬂmﬁ-
“-’é“nﬂ&
e
_hﬁz,
Hﬂ@*ﬁ
B
555
St @
EJ-I
- ﬁﬂi
§- bl
gl
LUD—H%?H%%%%% adl
Eﬁf?ﬁ@mﬁ[@%m i @
e, irrn;HFF?‘xé‘:u
AR ﬁ‘uliﬁ:@
| ﬁﬂ%
B
ﬁﬁgﬁ@ﬁ#ﬂm
b T i
%ﬂ%ﬁﬁiﬁ
O ot M B 55 S
@ e el Y
S m P
podm P T e
%‘4}0’&@5& = |||—

]

\

Thread Thread
K(O,k-l) (1,k-1)

fem

o
(]
i}

IIPL‘“
D?—

IEIEE"{E\ N

@EEE ”E‘E”E‘E”E‘Efﬁﬁlil

@%’E“ﬁ‘ﬁ”ﬁ‘ﬁﬁﬁﬁﬁﬁélﬁ
ﬂE;a“‘E”—‘E%EﬁEﬁ FBEE

o
]

RO
(= *1-I|}

>~—\ WL e

QN
9M%mmm

EEEI
(5] (] (Bl H;
[o][a]
EEAEE{S)E
SoER o]
Bl
A
EGL:

{533 3
[0 3 3 [

A

s

Bt o]
T i
T
e e O]

:'!ﬁ—ll‘i—ll‘i- H|
ﬁ *'-!!‘f!.‘"ﬂﬁ H][

B33 3 e

o] e

v 2|3 3 23 ]
[=]

o
IEIIEI

T

=1
_.,._

@EHEEE@

B33 3 3

3 3 3
V33

it EEEE
S

&
]
]
]
]
]
H

5 [ ]

Jmmm-++%EEEHMMWﬁmﬂu

wm
]FMMNWW&%
e

e I@Eﬁlﬁﬂﬁ
?‘i_@iE{{ﬂ{({«‘{«(« I’*J%”E ElEED; s
DT AT T xﬂﬁmﬁ“ﬁ IE?HEEF E ?Eﬁ':l ruﬁﬁﬁﬁﬁ@ﬁﬁﬁﬁt
e S B AR WA L PR B g R e o HT R EER HEHE RS e
= Iﬂﬂi{{{{{{{{i{ﬁ{{{ii/»%@“’E@IE %@@@HHEU "?MEIEE@@@E@@@@&
G A TR B = 28 @EE =0 o] AL At g FE e | 0E Er P rE R E R e e e e n e m e s T i
DTEUIRE = Qs = | | R ) figERREs Coo) ghtRpaEaEaeagai:
?EJ_ mE{<<§<<<<<<<§<{{{{<§<<fJ\ (% 5 Sl ot s NN = =t

151’\4{{{"\{{{{{4;MW\{{{{{’\[T&'EEE ArAr 705 j\ S BEEECEcEoEalnt
E; ST B TR S TN LI S T R e eaee
,,,,,, IEST R EE <<<«K«Kﬁﬁﬁii«i«ﬂ) \EEFEFEEE =l
[l AfzX (o] el R e AT :.’é)x@)k{{{{{{{{{{{‘L{iﬁﬂﬁgﬁﬂi@@ﬁﬁﬁ'ﬁ ap
ﬁ“@j_]ﬂ@@ﬁﬁﬁjiilﬁgjjj E3 AL T 2 [0] 52 R g a R e e (U
iz 0 a1 (o) A= /o T(('{{{{{{{{{‘{{Q’\(({JII}U\'{{IEEEIJEEEE@
B EEEW R AT 5 A T T = ST R EnEE FE R R 102
”E ﬁ@%&x<<<{;I<<<<"\"\"\<<<<<m§§uﬁﬁ'ﬂJ_ EERERERgEr O]
=l BT e T DU n asE B (o] [k SR EE P g el
"'“z!_ ‘Q‘LQ{QQIEJ_ <<<<<<*,uml“5r‘ 1z i FE e sneneae
e )
@@ﬁﬁ@@@ﬁ%
FEEEEEEeEnEalH e
eEenEnEaEaaA(0][0]
e e F e gae| o] (o]
ﬁ@@@ﬁﬁ'ﬁﬁﬁﬁﬂ@@@ﬁﬂﬁﬂ@?ﬁil
e e 25| Px o) [ EIEE e a e Elﬁﬁ
IEEEgE R e hR [ BHA R A E R
eyt g e e e I s e (= = A P
XH]E“@@IIEH;EH‘LEE e ISS
R REEE ol (040 i &) S|P
EBE@E@MED (e[ R S ]]<<<<<<<<< {<
ﬁ@?‘i@i“@i“lﬁ@@l o H:EEE = {{{{‘L‘L{{{
@E Tﬁ?ﬁf@ﬁﬁﬁﬁﬁﬁﬁmmﬁ&@: HIEETES ﬂi{{{{{{{{
B ciSgEgRgReh B o6 o o] 1= ?E_JZEULE?E'JJ_ <<<<<{
3k Dl AR eR g Rt <ol £ |15 ] 5H ==,
P i B A R R RS HEH?ME_EJ 25
tli At a&l@ﬁ@ﬁﬁ@ﬁ_@IW:EHMMEEEB«{T\“
.’c.%:E]EE@@ﬁEEEBJ— oS FEEEER1— 55
N R e PR e e e e L | IE;IEJ:' HHEEREI: ¥ 3l
el st o e e G G Sl R |
ifﬁ@@ﬁﬁﬁ%ﬁ@ﬁxLEﬁ?ﬁﬁr BEE
o EEEeeE
WA I g e s e B I (1 M ARl
Rl e
[ PN et =ty R Elﬂ '
e | T [ R == e e
EB [l el pddss = S eata palsAIES E’JAJW\ﬁ""E*E
Ha (o] [l fa i35 o) FEmB R ) 5 Ql?Ef&IJKu j;l;&l"‘E
S| 2| e AR G = i = e 5 = *E*E“—’E— g
(a5 (o] [B] JEAasaas 20 = LTI ] HEEEEWF I_IL,J\LNEI“E”E@
HE[ B/ BT T 2 S o oS s ekl - R GE R g aEs
&= E?iEIAJJ_ W T PR R R R pnh | | [ EEER R
[El/RAiicd) | [ HEEGasdgagaRh =] DgagagactEEy
?i@@;a* ?HE_@?UJ_ ATk | IEsGEER eR el \ IR FR R e
1§_|3J— SHECES e E =S {<;<<L<;<<>;f£a SRRl A Bt
HEcE A E et b e {K{«;’/XH]I i =R GEE8 £ e R ERle (Al
e B S A e U = el e et

i
g

e
gE:
51

IEI

HElm
§

E
T=H
Bt

?

]
=

'd]

1%%HHH%@HE@
mﬁﬂ%m@%@%m@

o

7

[T 53 23 B3 o ) o 3

1 ] FEES S s e O

ﬂﬁ@ﬁ@

' %%%ﬂﬂﬂﬂﬂ@@ﬁ@#ﬂ@

2 i e | | L
B2

]
3
0

=

ﬁ:
'=H-0
EE

2
55\‘

FE

E5)

@ PG !dEhE!;llLF @EQEL‘J
e R AP [
@@ﬁ“ﬁ“ﬁﬁﬁﬁéﬁéﬁﬁﬁlﬁﬁﬁﬁ@w
ifﬁﬁﬁaﬁaﬁaﬁaﬁaﬁawfﬁaaaasal_
1| HiSgega-tenonsni | | Fabstan=
Tz gReNenenoRERgR (il sBan
1 (o1 EE85Ra0eR5R5R(E] 4 0] El DA
Jl E*@@ﬁ“ﬁﬁﬁﬁﬁ“ﬁél{«l HEBs B
EEMJEIWE%

Experimental Result
For the purpose of comparison, we also implemented the sequential
algorithm on the CPU.

Experimental environment 161;%__ Eﬁ I Computing time
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