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ABSTRACT

In this paper, we aim to control the sound and vibration spatially, so that a desired physical variable is enhanced
within a zone we select. This is somewhat analogous to have manipulators that can draw wave shape in any place
we want. Brightness and contrast control have shown that such a manipulation is possible by controlling multiple
sources[J. -W. Choi and Y.-H. Kim, J. Acoust. Soc. Am. 111(4), 2002]. In particular, the acoustic brightness control
seeks a way to increase loudness of sound over a chosen area, and the contrast control aims to enhance loudness
difference between two neighboring regions. This enables us to manipulate spatial distribution of sound by making
two different kinds of zone ? the bright and dark zone- at the same time. The primary focus of this study is to unify
the theoretical formulation of the brightness and contrast control and to find a link between these methods, as well
as its relation to other conventional techniques. It is also shown that we can generate various shape of wave field

by transforming the domain we consider.

th+9 BEH(source) 0.2 S AU AFAo]
AE Aodte TAE O AAE A I
5 By BAO) durdE des,
2 959 ¥ BEXE A= A
ol& ’:ﬂ‘i—’?ﬁ} T Yol ot
of wel, & oud FHOR TFy B

o) 3t 7}l ‘ﬂra} chekst who] EAE 4 Sl
A 2, CamrasPE TolzlA2 dgo wE &%
Aol S Atgion, o|F F|23|s T A&
g alel 71Nbg W W EC®o] AQrE )
o33 WHIEL FE S (sound field)d] EY&
A & (reproduction)dto] 2tj 2 AJAEY HAZE
ga7] A8 ReE, vl Sd8 FRE
ol 72 del 43 A Zsty U

ojg1dt A= HIR, Aed FhoA H3}
= BAE e 3FY BEE A
(creation)3t+= A7} F 2 3] WPEn glch
o] Hoke] A+E A= FFY 99 Mgst
3, AEE goelA dste HEe Ao T
He 95 JA4E SN 23E 45 1
Atk dEAHQA dl2 2] 87 (brightness) X Tl
F(contrast) FAHE 9T AFOOZ B £ gl

o3

(< JU =1 ]
N

T @=aereq AFAe] ATAE
E-mail : yanghannkim(@kaist.ac.kr
Tel : (042) 869-3025, Fax : (042) 869-8220

*» AFHG7ed A5 D HAF5A dFAH

S Wl g AFAE] gejzRE A FE
g L%ol, e Fzteol Zhe S A 9
Uz el A7) Alejste ZAeoltt. &, A"E 33
9 2 k°ﬂ °1]‘47<]¢ 353t -‘}%ZL(wave field)<)
£ Aojst= W& Kgit)

oo t&‘ﬂ —1}5-4 2 Alojs ME g8 F F
kel 8] Aol FTIHAFICEMN, & IS =
L3 shHAM e FE FHUE & 2
a7zlg ZAEE e AAWyHes dEE

T2 YA HE g& xgd 2718 Fofsted
Z g4 AHe8dE 4 sl

S v 2 dx Ao AdE dstd, B
o 53 19, 48 9 J}E"i(wave front)2] A
ab whek gk gl S Q. B meae o
WA 55 EAEL I EEE AlEr] ¢
AERI, I Aol AIZ #AE

rl

2. 2 He

el o2 A2 Azl B 13
2 B3 358 A

A, AAstaal st Al 99l HRE dn
e 9l M AFE x(w) (YE AZE; input
signal)’} A8k, o] AZxE v IEd



FaSEEe 20061d EAGEdI=EH

System Boundary

< Source )
Multi-channel filter > 4 N
s(F‘"“’ (o) . ﬁ(;‘;(n)’m)_—;'¢(7,a))
Ho) (7 o) % L
Input ~
signal $(7,0)

Fig. 1 Schematic of multi-channel control problem

Ao ‘ﬂﬂﬂ‘ﬂ =3
Hed, ol& dAEAY % 1mult1 channel filter)&}
v WAoE FAsq REV|E vt p A g
49 gxg F” 2 m¥Igd, Z 5da
ddd el AlFE oSy o] vEd #
At

@) = .0), . sG]

SS] HEAE Sl FEH HEE 1A
A7, g g A akn A zA
A <9 WHse] et BAE 2e B

b V)l SA% W4 wEA A ol W,
o B4 QA F N Ta® gao—

g FEap

okl ok ?’; o dlo }m}d o
oA 8 o 0 N A
a‘) p— 0>' »

dm HE ol tb by (o
oX

==

o

2‘_‘.

x

=Y

~~

S

o I

Ao ;ﬂt:hsl-/*
(transfer function) 2] 7H%§£—li xste] A gt
Z, A4x 7 o 1nyE FFdd Y A%
(X(@))g ANx® yie & A Faxe 2
F g(r)Atels] Ag e tSH 2 AHY
o7 B3I 4= Q).

h(F, o) = A |7, 0

~hFIFY,0) | @)

o4 Q1Y NE(x(w))d A A7)S 10)8 &4,
FFAE F3td AR F oA BPHE EF
Ba 27)(4(F)E e e WH4A daow
A + o

¢(7,0) =h(r,0)s(®), 3)
9 AL g A 92y WA
= Zoln, 43 BAE U=} BE S$HAE
ANaEle] T} Eeo diste]l HYstE dntst
oo},
ol date moke }FL
Zokg MAATIE Ao HMF(s)S AA s EA
2 & sl deddde A asE AR

okl
Fi Fﬁl

sk AL, I

HA A% 2 ZHLSE; Least square error)' (4l &
9, FuEd 8)> d4 AAAE 99 71 4
g ol w 2o 3tE, Aol T ol

dste 5o G443 Mg e oAE RER
Giel tEAe Aolste wheltt.
AE Eol, FYstuA St AFY =

6, 0) 2 31, AAZ B FE J(F,0) B
o] 9x18 t}&1 o] Hoe & g}

b 2

&, = | |96 0)- 4, (F.0)| aV (®) )

ol A BT VyhelA BT F oAt %
& A2 @ Zold, 4 ()2 olgd vhed
@ol 71&@ 5 AUtk o

A 2

[JhF.0-bos@ar @) )
o] € s(w) ol dist] FEF2EHA, 1 F
AA(s,, (@)& 28 5 Ao, ol Tt 2
o FojAr}.

-t
5.(@)=[ [ 10,0) hC,0)r ()]
° ©6)
x L h(r,»)" §,(F,0)dV (7)
ollE B7] Ystel, theW e B ATA

(spatial correlation) &<

(Foyat), =5 [ 1 @@ 0

)

2 Aoata o= Ty ¥, deld T @
SE B g(F) A 79 FReH, 3 delM F
g7 AtoEl AT E Uelhdn. o]l2 ARgElY

A 6y g2 Zol v & 5 Qo
8 (@) = (h(r,@)"' h(r, a))>;:

><<h(r,a))” 8, (1, w)>y0

i

¥



gaieXs3es 2006 EAG e8] = A

%, HaAsexs Ze e dste ¥4 4,
o 7} stFEdEo] WAAZIE A4 h b Geky
Aol ATt d@Eo glor, 7h mEdo]
WA= TF5 Abole] A ARBAAE o
g A @

o2, oz #YeA T35 RS T
71 A%t 817] A o](Brightness control) 2 el of
o} Am A}

ot it

23 571 WHof

MEAM Agd uiel Zol, 952 8] Aol
359 =g z7]9k @] gk s|EH o
2 359 7] Aele Ao FIH Yy E A
gttt HellA HiAsoxd o xE 3 A
oAE Fol, 2% 20| EAE nie} Zo] ©hg 3
719 AFE zhe I e 9y gsE §
ANg ARz 287 Zo] g F7]9 ARQlut
FHE Folx mFo FU BEE, HaAs
22 el B oole & oxF fse
ojA R, oYX el #AYNME UFUE as3
3 ezt & 4 ik olgh Fo] F by
59 FA4S uietnys B & zjol7l &)
t}.
IFe 87l Aleje ZEFHes duyAg A
3 Fhel /ﬂ'&(focus)ﬁ}@] X F7t B
D= Aojth F1HY duAl AV Y
2l A7)l wet ‘3135}5}; ol2® olF AW
2 B@rrer] faide 918 Ase] H7)9
doiEd Nder gdsto ok s o]t
2l A7|7F BE e B2 FYdrct
%, BF° WIE F4AE Ao FHY AFES
Ve SHACIY 3. 22V, B wAE 08
2}

r_l

& rlo 12 >§ Po

02_‘, 2 3> }-hl
Lo o ol 12

5 ol Aol 3ol dal BR pow AoHc,
A 2
i
a:f"ﬁ:—< 2 ©
J, s”s

oA7A, ¢, & B V,ueld BFA AR oy

66,

¢

v
~i

Fig. 2 Discrepancy between LSE and Energy
focusing method
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