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Study for Improving Acoustic Characteristics of the Conference Room
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ABSTRACT

This paper presents a significant improvement achieved in the acoustic characteristics of a conference room of
I-company originally designed and built without consideration for rcom acoustic characteristics. The revetberation time of
the room was cxcessive, which resulted in poor ‘Definition’ for speech. Thus the improvement of roum acoustic
characteristics was required.

In this study, experiments and simulations using the principles of geometrical acoustics were exccuted to improve the
acoustic characteristics in the room. By performing a series of simulation, it has become possible to predict acoustic
parameters for an improvement plan. And the improvement plan of room acoustic characteristics was established. And for
the verification of the simulation results, the experimental data wete compared and cvaluated against those from the
simulation. Additionally, the proposed method in this paper demonstrated its effectiveness by successfully improving the
room acoustic characteristics resulted from repair construction.

LM E8 43 39 $¥9% BAAR] 22 + UA=EF F

ajof @t
HZ AFE AUS¥ %4_23; FE 3l A QAo 2ol go| 58 F 2x2 AMgdtn s 1 g9%
Hal SR Lo, NE 94 5 dE A o B sAte] SEPEE B AYdoletms o

2258 AYY ol zi AZ0 %o W Hz BEErt B8 S¥54<] a7=Y o2 g5 A
o] S3YAR A HAY A S@¥Ho] =A ook A AFAZre FAE Basith 2, 14 397

P =3 A UL UAE 2y midos & 3 4o gEo) WE ALY T4 oig 12 §lo)
] gaAE ABANG ZolRANNRE Fxs  AA, ATHo DAl A3 o Accho) T LY
FAY F BAREAL QYL nAsk AReY  OIE AA PRSI} Yok ANLFSHYe HAde] o7y
Avte] W AEG A4 Wt Masjolol eiml, 44 o gk

27199 A AEADE A9 B 83, 4y e, & EReAE AP M S 1 ezl
o FE R A G RAY oMPAR Y3 Fo ANEY SAE TAGL ool dE ANIEE AN

Az8A FYsiA Agsle] HERozE AT TE o, ANTAL Fo) APLYENS A@e B4 W)
ATk oln) EMEEl 37 S 2ol Bl d2Be

el e A A5 Bl e ANEeE Bkl 4 sem =
s oFqTm A § BTN @ 42 7AAE nelsjokatARt L} Bejztst go) s

24202 1999 09 302 4 29e 72802 Aese Ao 849 WS



74

7t 8 EPdPIRE £ =R e BEES yrlet
€ dEAY F¥AE0lE skgd BPAIRF Early
Decay Time(EDT), Center Time(Ts), Definition(D)ol] f3f
Brrsd R, ol Alele] #AE nAsiy Rl

IL. ol=2% o3

2.1, MEAZE

8oty Bde] FAE Foll 227} Audld de
BEE Areverberationyo}e} 319, duiel HFo|uA
Byl 2713 Bt 60dB 2Ashed) 2de Ate A%
AZbelet Pt B AFeME IEFSY 99L 1%
Eyring- Knudsen®| ZH&4& ol &&lglon] (1))} g}

y
“AmV- Sm(1l ~ @) M

TmzK

9714, K& v&8434(% 0.16), V& AgLdm3), S+
AUEANM2)E vehiln, o AUgE 34 AR
HEEFSE, me F1ES) % 1 8-E et

AP & Y3 sl 294 EFdle Atde
H  ZYAGe] SFHAE Aot HFe) A=
ZPAIZte] BEFF HEEI Folu)k gk I A9
A2 ol APY IPALE BAE Ao F8
Bt £, AW SR} wa} AFNEY HHA)5) g
2, AP Fo AL Fuf AYGd) ARA
Hekgjop 319, S8l A% Aol F 2A 3
£ o) Fn 2 AdRAE) Adch

o) AASE A BY, 1A P AL FPA
e Fopgp AQeM FYAEA o 092, BHALA
4 L1E o ARPE 4 5 AR a2hy, gy
22 g3 opAel FEEL AFHRYddN o W)
el APz AFude] APl F, uFHY
diA] ¥k ZA vepdoh mely Rl Fuig AY
of ZAAM HEsior dule 47l 2788 9FA9) e
AlFgRt ZAN S B o o ojPm, TP Alge)
SAFHFE 500, 10000z tho) 2 FFE3}7] fFo)
2 dFN e S4 FAY AFHAN IFATL
€ A3 Bo okt A s APAE g

£, FPAT S50 o) Al BRI Y=}
&2121 Be} 60dB Atk Bt o f =E7) nio)
£ =dMe A% si¥ey ZFARE -5dB ~ -25dBS)
TN 77 ZGAER o) B3k

2.2. EDT(Early Decay Time)

[ WM 2719] ZHRE 0 ~ -10dB RILOZRE]
P& Ao s FojsEn), V. L. Jordan& 21614 13
¥F9 AL Bt 293 @ 2 YNPin sk

2.3. Definition(D)
RIS T3 Buojn TL22E o= = HYs}

EEE S B19E H2HR(2000)

A doperte] AEE dake) s, dukdoz B
ol 7 Ahfelly 2L FH Hgol B 249 Ao
Hell FF 2493 ¥R Wi e Fayct

A9 WREE yritle venjelas F2 Thieleo)
ALE Definitiono] AMR-E]H (2)23} o] o) Hr),

Sms
Jo 1 ar
L7 1o a

x100(%) 2

71N, p)e FB23THimpulse response) & LFERITY.

Definition 50ms7h7l9] BASL WPEE RAe
BREE F dFEche AHB2A, DIte] FFE S
HYEEE a0 4o A §o 3% D@t BE 55~
60% F=rt wiRAsickn g A gk

2.4, Center Time(Ts)

Cremere ZHIvHge] H7RAEA oAl Ajzke] BAE
A ohE )3t 2ol Agsi AFE4 (Centertime)o]
2 Bk Kurere A7AFoIA S FBES) Al
SHae} T APt vk

fwt |(DI% dt

= 3
fo |5HI? at

II. A ¥ ®& mapig &3

3.1. 5% uy

a3 12 M} e Pun Sgaelv)e] 2349
+97 349 HAF RAFn U} o] e AS
Haele 2¥ 1@)sk 2ol A, B, CAZ gZ o] A}
|3t vjaE & ARY YA de 23 1b) o)
At BA Alo]s)} B} CA Alo]e] o]F71etold| & AA s
A, B, C2& FYA AISSIES Holle Rol EAo
% 28 28 SFHRUEES 2357 99 P A
Sxoict. 23 19 de) FyUe] dx® 2Y(Speaker)o))
A 125~4000Hz2] 1f1 SE}EMIS(Octave Band) 522
BYAF 2 AUF] Lokl zEe Z &3P0
HAE ojolABEE Fd| Z3=lo] Modular Sound
Level Meter2 A$E Tl o] AsE AFEIR HAEx5]o)
gAE g8 T2 o] L3l AFAIZE, Definition
9 g 5L APEH Ko o) R
& Schroder7} RS 252889 o8 A4ksiA "k

2 =RdrMe 2% 1M RAF AN 2 Arigg
157 333N Zzte) g 55 olg HEP 4e
qEgtez ARk 421 A A A, B, C49 3
T 21313 R o] ozt Aol AL AQdlne FF,
uhe, gse] A Ee] B T QA2 FAAFY Q)
2 4 83 =% A9 ukIA) uge) 2Fdeiny



o Beh e ARSFSRY Ad B A7

53 A WA delle AT SRk AR 9 Ay
< A% Axzgles olgsen, M Rz A B C
A3 FIAEA 25 g Sl dMA|s vm
Btk

I — .
A C)%‘ﬂ s OH C OH
- * e e o o @ * & o
H ® = “ @ o e« e [ ]
* o L ] ® ] L ] [ ] ]
H e ® e . . e o o
* e o * s o e e »
(2)
08-%!
a . . . . .
° * . ® o
i
[ ] o L ] [ ] [ ]
®)

a3 1. K AR peie € 24 QA
(@) ¥ AHE Al () BF AHE A

Fig. 1. Plan of the conference room and measuring
locations(@®);
(a) with partitions, (b) without partitions.
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Fig. 2. Experimental set-up for acoustic parameters.
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Table 1. Measured and suggested acoustic parameters for A-room
before medification.
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/1 Octave band | 125 | 250 | 500 | 1000 | 2000 |4000
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Fig. 3. Simulation model of the conference room.
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Table 2. Abscmption coefficientss of the materals used
in A-room.

1/1 Octave Band Center
Frequency (Hz)
125 | 250 ) 500 | 1000 | 2000 | 4000
AR I pdesmelE |[0.26]0.1530.09 | 005 | 0.05 | 0.05
& ZMDF+Fabric | 0.15 | 0.15 | 0.15 | 0.20 | 0.30 § 0.34
S 0.26 | 0.16 [ 0.10 | 0.08 | 0.08 | 0.08

4 B4 =iz

w i | #el 2 030 )026|0.17 | 0.12 | 0.07 | 0.04
2342 024 |0.14 | 0.12 | 0.11 ] 0.09 | 0.07
718 1% 0.75 | 0.80 [ 0.80 | 0.80 | 0.85 | 0.85

vie} | Fh e 0.50{0.11 [ 020} 025|034 | 040

» ©- of&](Ray2000, Aef. order 10, Timewindow 500ms)
A e —e—uax)
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Fig. 4. Comparisons of the estimated reverberation times
according to given options.
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Table 3. Original surface area of each material in the
room before modification,

A B oA 22
A4 | BA | cA [28AHsA
Y| HIREMAAE (D564 | 3086 |2718 | 8654
FEMDF+Fabric [ 2991 [ 3495 [3308 500.7
WA 1559 | 1063 | 1268 | 2947
H9A ) #aP 659 | 771 64 799
AR 86 | 86| 130 302
714 29 03| 03] o4 09
ube | shsepe 2518 | 2440 2358 | 7317
10680 [1025.0 |9850 | 25035
3+ E3 (m2)
rETym— 1763 (1732 [1658 5506

E 4 N A RN d&3
Table 4. Predicted reverberation time{s) before modification.

1/1 Octave Band Center

T ¥ Frequency (Hz)
125 | 250 | 500 | 1000 2000 | 4000
v #743) 1.35 | 1.04:| 0:90:( 6.90 { 0.90 | 0.90
=
Apir A2 AZA 1124 | 166|178 [ 159 116 | 0.5

B4 oi&x {134 [1.70{1.84 | 157 |1.10 | 0.90
CA oj2x] {133 | 1.78 | 1.83 | 1.56 | 1.10 | 0.90
23 1334 165 [ 127 | 100§ 110 1.10 | 110
ALGA] | &z 1.66 232 [2.40 {214 | 1.55 [ 124

E S M H 4 29 Definition(%) <23
Table 5. Predicted ‘Definition’ before modification.

1/1 Octave Band Center Frequency (Hz)

e
125 | 250 | 500 | 1000 | 2000 { 4000

A4 | 478 | 388 | 364 | 39.1 | 49.1 | 55.7
B4 {469 | 380 | 367 | 40.4 | 523 | 592
Ca | 461 | 3725 | 363 | 399 | 51.5 | 585
FEALEA] 435 | 343 | 330 } 349 | 445 | 519
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Table 6. Suggested surface area of each materials.

EHE(m2)
4 BA oA U3
wa o] ca |38,
4% Hueemae | 1209 131.5] 1233 3743
Melamine Form | 165.5 | 177.1| 148.5] 4912 |27
2 2MDF+Fabric 0 | 1197] 1197 0
Melamine
Foma+Fabric 179.4| 110.1 | 112.3| 4019 |27
R by 1559 [ 1063 ] 126.8| 294.7
Y Al Glass wool
+ 2 ZMDF+Fabric | 1197 1197 | 988 988 |45
POES 659 770 64| 799
22 86| 86| 130 302
3714 38 03| 03] o4 09
vigh 7hsie}el 251.8 [ 244.0{ 2358 | 7317
Z EUA (m2)  [1068.0[1025.0 985.0 [ 2503.5
A82)(m3) 1763 [1720 [t658 | 5506
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Table 7. Absorption coefficients of newly suggested materials.

1/1 Octave Band Center Frequency (Hz)
A ER bz raseney

125 | 250 [ 500 [ 1000 | 2000 [ 4000
Melamine Form | 0.10 | 025 [040 055 [070 {070
Melamine Form {0\ 1025 | 040 [ 055 070 | 070
+Fabric
Glasswool+-5F
DB+ Babrie 025 |045] 068|078 |059 |0.58
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Table 8. Predicted reverberation time(s) of the modified room,

1/1 Octave Band Center Frequency (Hz)

> o8
125 | 250 | 500 | 1000 | 2000 | 4000

e Ad [139] 1t [o7s[os1 fos2] o048
AI:S-AI BY |153] 119 [ 083 | 063 [ 052 | 048
cd | 151|123 o088 | 067]055] 050
B384 207 | 1.6 | 120 | 0.89 | 0.69 | 0.62

E 9. 744 <ol vl Definicon(%) &
Table 9. Predicted ‘Definition’ of the modified room.

®

8 1288001

7873801

7210801

S 7RE

300601

2w t/1 Octave Band Center Frequency (Hz)
125 | 250 | 500 | 1000 | 2000 | 4000
g AY | 454 | 569 | 649 } 67.2 | 733 | 74.7
AP A BA |439 1545|633 673 | 745|763
CH | 4371527 |607 | 646 | 72.1 | 743
EFAEA) 395|493 | 58.3 | 61.1 | 68.3 | 70.7
w0y
R L)

8 5. A4le) Definition 23 (¥ 2Z)/1kHz band)
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Fig. 5. Distribution of ‘Definition’ in A-room(1kHz);

(@) before modification,

@) A

A

(b} after modification.
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Fig. 6. Distribution of ‘Definition’ in A-room{1kHz);
(a) before modification, (b) after modification.
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Fig. 7. Distribution of ‘Definition’ in the room without
patitions;
(a) before modification, (b) after modification.
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Table 10. Measured reverberation time after modification.

1/1 Octave Band Center Frequency (Hz)

125 | 250 | 500 { 1000 | 2000 | 4000
g AN [120] 1010781074 ] 055} 05
ARA BY [ 153|104 ] 080074 ] 065 | 064

cA [ 153111087078 )073]079
F3 A2 177 | 1.50 | 1.18 } 099 1 0.79 | 0.77

R0

E 11. A F Definition(%) 453
Table 11. Measuted ‘Definition’ after modification.

1/1 Octave Band Center Frequency (Hz)

o
125 | 250 | 500 | 1000 | 2000 | 4000
Ad | 415 {485 | 535 | 685 | 73.2 | 80.2

24

BY | 485 { 515|513 | 635 | 709 | 759
CH | 489 | 500 | 596 | 729 | 774 | 784
BHAHEA) 387 { 409 | 422 | 61.7 | 753 | 804
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Table 12. Measured ‘EDT" after modification.

11 Octave Band Center Frequency (Hz)

125 | 250 | 500 | 1000 | 2000 | 4000
2y A4 1.19 | 093 | 0.77 | 0.69 | 0.53 | 0.46
AFEA] B4l 140 | 1.00 { 078 | 0.70 | 0.59 | 0.54
Ccd 1,18 | 1.02 | 0.82 | 0.70 | 0.63 | 0.70
SEAEA 167 | 146 | L11 | 089 | 072 | 0.7

e

B 13. 71 % Center Time(ms) &)
Table 13. Measured ‘Center-Time® after modification.

7w 1/1 Octave Band Center Frequency (Hz)

125 | 250 | 500 | 1000 | 2000 | 4000

Ad 909 | 742 | 660 | 504 | 436 | 352

A B 92.5 | 74.1 | 69.1 | 57.5 | 47.9 | 43.1

AFRA
+H CcHd 87.1 | 795 | 61.3 | 44.7 | 36.7 | 375

ETAHEA 112.1 ] 105.5 ) 79.6 | 526 | 49.6 | 41.1

79

VL. d3 #4

IAF 3o 3o A& S48 B8t old ¥ 7|
At AT T sNT AR Feo] Bt d¥e
BN gde AnES S nd g 2ot

¥ 8, 95 4 AYE SIAREAS A AR
ot} ol% AFWSS HAEW A A div} AN Fo
ol 27 sEdn AFogdE Addine APNE
QESD LS 2 # Ak T s 2§ S}
A&3)9] ghol @o| dxsa gl oigAle 2HE F
TS o] &Y APAN HHE ok YUY dSAE
dE F Y&e B Fa Yok

a3 10, 118 42z AT S8ALSALS Definitione]
As}o]t}, Definitions] 734 714 Fox | FhRN
AZA|o) i uidsle AYE AAAT A A oy
M el go) A FAHJUEE ¢ 5 Ao, dFXs
AEA Aleld] i APt RS YA AP A
dl&x)g} A28 wmslE @ Definitiongte] 2770t
MAPEE WS B 388 448 + 922 ¢ 4 Yok

238 12& W2 F AQT FRARAlY AR EDT
gl A&AE Nz Aoltk EDTHe] A vle) AF
B dolld] ezt BA velin stol Algel FEHos w7
£ 29e AN Het oRE ) 28 F USRS S F Uk

oY 13 A A, Fo] A9 Center Time2] 22
A g vz RAolrh AP npArEA 2 G Aole
125Hz9| AFotg Hoh Age SAFud JbtE
500, 1000Hzo}A Tsgko] ©f 22 A Fe] ghol ®])
53] 500HzcAH A 28f F=rt o) F& ¢ & AT =
&, AN A, Fo Zghe] E301 FgAIne £Exo
A #89 BXE a2z Ao Center Timen} 3
ARk vlElgA vt 98E 448 5 Ao

a3 14e FPAZT Definition?] AZHAL UYolrr)
A FA3 FgEo dPg EIF 2 o)E dEY 5 de
AANE AE57] A3 Curve fitting(A4)Z 3Pt
ggick 2PelA 2gAgle] A4S DefinitiongtE A5
o] Aelz Arslm Yo, 1) o] AS-
Definitiongto) AAA|Q) 55%<|d=] =17} dsiMe FF
Alzbo] ¢k 12 o317} Holope R Fa Utk

2% 15% APAIZN) EDTS) AEdis dotsr] sl
23] i3] Curve fitting(A )& 898k B3l
2P ZPAZEE EDTe Al A¥4ez vl v
old 71&71% <% 094UE & F AUk wakA, 1A} 3
o|e] 73§ EDTgrol ZFEAIRF Hrl oF 0948 F=2

oog Y gl FHRHom Lre FES A
FAIZE 2o} ozt Bogn B 4 At

23 162 AFANF Center Time(Ts)S] 23 3ASE
GobErl sl 233E) sl Curve fitting(JA)E &
ot Mgkch aeN 2P TsHe Ao AFA
o= s ofn 7g7le & 6879 € 4 Uk
meld, 1A Bele A9 23 149 Z2HAYE AFA )
12 o|&t7} H71 SJ8lAE Tse o 68mso)slr}t sojo}



80

22 4 5 Aok

29 17 Definition(D)=} Center Time(Ts)e] A5 3
AS Lolrry] 2] S i Curve fitting(HA)
2 43)ele] B}, aPolA]  DefinitiondtH Tsate =
A Definitions] BAHR AFWse] P a2
&2 glevl, 1A} Feo|ae] 7% Definitiongho] AR
Ss%oldel H7) HsiME Tsahd o 70msojslrh ook
S 4 ded, ol ¥ 169 ZAMY A Ze
A7RE Bel 3 Yok

20
[
[ S e
- o AYE MY
(S ofalal S (i —— AT RN
L e e
2 - TG T .
=]
FHOf — — — mm R o - - - - -
2 N N S = TEL
]
L ) e
N
PP S - D
O
00
125 250 S0 L3 ™ *
Fracqusncy{iz }
O3 8. 3o Ade AP
Fig. 8. Reverberation time of A-room.
LY —
- a- AYE AR
. . — Y A |
Sl I el T T T T - 0. MUY A

BOH UG

0%

0.0

37 9. HojF FUAHEAIS BPARTE
Fig. 9. Reverberation time in the toom without patitions.

msl
wi| coregoaw 4
Pl —e—masyay [T 777777
.,L ceeMMEARK | _ _ _ _ o ____ -
—~—ANE 4G

Detinltion{%}

Frequency(Hz)

22 10. 3)=}3 A42] Definition
Fig. 10. Definition of A-room.

Dslinition(%}

Timetswc)

BETESRTE R19E F292000)

So-AUH AR
R e T ¥
01—k NAY

U UG

Fraquency(Hz)

I8 11 39 SUANEAlel Definition
Fig. 11. Definition in the room without patitions.

2.00

—

0.00

a3 12 k¥

g R EDT

Fig. 12. Reverberation time and EDT after modification.

125 250 500 1000 2000 4000

Freauency BandiHt

22 13. 2% A4S Center Time
Fig. 13. Center time of A-room.



ogolne] EESY M) B 97

o
=3

©
o

©
o

+ "';
+

70 g 4
F 60 RN
§ 50 3 N "
c
‘@ + o
8 40 T

w
=
+

20

0 05 1 15 2
Reverberation Time(s)

23 14. F8X)ZE5} Definitions] 4]
Fig. 14. Relation between Reverberation time and Definition.

i
18;
+
Z
1% +
14
1.2h- P
£ N
Yas ” i
06 ﬁ/
04
02
00 05 1 15 2

Reverberation Time(s)

23 15. FYA)IE EDT BA)
Fig. 15. Relation between Reverberation time and EDT.

VILH B

A} 2|9 7ge) AL Ao Sxd BE QYL X0
ez gle]l AA, AlF=HO APAIZo] A2 Has
7} el olo] i sMe] 8FE o] frh olo) B =%
dMe 1Al e dges Heolye] S¥YFHL Ay}
HES 58 B43ta ool g Mgk Ao
o, AXdFA F HFAEL B8 989 2o A2L Q@
pei=g

() AUEgS49 AdE A8 A Ao d&xs
ol-g3ted oldAle] RAYY FSES NP LAPPL o) &3}
o AEstn ol ol S UsNe $PosH
A LS =dde WEe A2 HYyx oS
Zoln DY NAZAE &7) 9l&h o) ¢ AakHolck

(2) WYAIZIN Definition A2 ApFPpRon yin)y
3o, 1A} 3] o)ge] 739 Definitiono] ARX)QL 55%0| A4
of E7] flsliMds AR ok 12 o8l slojo} ek

3) [P EDT M2 HZPHez vegsin, X}
3ol 73-¢ EDT3ro] ZeAIZF B} ok 094 W] =
2 ooz Z@Aoz 7k AFL A AP
B0 ot dvin € 4 gtk

81

80

60

Center Time(ms)

P
f=1

N
=]

0 0s 1
Reverberation Time(s)

28 16. YA Center Time TA|
Fig. 16. Relation between Reverberation time and Ceater time.

Definition(%)
g
4
g

40 gt
30 \

T

0 50 100 150
Center Time{ms)

23| 17. Center Time®} Definition ¥4
Fig. 17. Relation between Center time and Definition.

(@) AT Center TimeE M2 WYHo 2 Wy
83, Center Time#} Definitione M A$H4Roz
g3, 1AL ¥eFe] 79 Definitiono] AR
55%0lde] =71 YA e Center Time2 ¢ 70mso)s}7}
E|ojof Hicl

() o33 Zol 2oPeirte] 23 A4 Wy 2 2
FgeulelEe] B3 BAl) diFd RS Filkd 14} 2
g9 SPEAE VY Bl o2 JjAsac

dngsd

L. H.  Kutruff, “Room Acoustics(3rd Edition),” Elsevier
Applied Science, 1991.

2. L. Cremer, HA. Muller, “Principles and Applications of
Reom Acoustics,” Applied Science Publishers.

3. Stephenson U., “Comparison of the mimror image surce method
and the sound particle simulation method,” Applied
Acoustics v29 nl 1990 pp.35-72,

4. 8. Tomas, K. Miloslav, Z. Josef, “Computer simuolaton and
design of control and listening rooms,” Audio Engineering
Society Preprint. Publ by Audio Engineering Soc, New
York, NY, USA, 3027. 14p, 1991,

5. Bean L. W., “Direct measurement of reverberation time



82

with a sound level meter.,” Applied Acoustics v26 n3
1989 pp.231-234.

6. Bruel P. V,, “Intelligibility in classrooms,” Joumal De
Physique v4 nS ptl May 1994. pp.131-134,

7. ALY, “FEIYPAE," YURL, 1990,

8. PFLYAZATY, “AXPFR" FXF WAL, 1991,

9. A&, “ThEA dEE] AHFPENA BY AR
YAt did HAR=g, 1984

A & %( Kim Sang Soo)

19933 29 A¥U%R FLr|AF
G214

19954 29 : ARUga FUI)AF
T2 AD

19953 19 -~@A): 3Ered 7

‘ , 2EAFY FYATY

> 1998 39~ ol AlA
383wy

#IAYEl: Y R &3F

A% & M( Hwang Hyo Sung )
19834 24 : Fddm 7] AR}
(D
198514 89 : AAcigtw ) AlFE
(3Ab
19874 109 ~19933 129 : LGAA
il
1994d 19~ AA: 257 ed7
25359 dygdra
#¥FRH Rk Y 8 £25AF

AB H 2N Park Young Won )

1968'd : ¥ gm H=-F

1973 : Oklahoma State Univ. A7) 283D

19763 : Oklahoma State Univ. Z7]Fst3a(uirA})

1976'4 ~ 1996'3 : McDonnell Douglas Aerospace Co.
AdFa-r4

19964 ~1998\ : 2F7]ed 7Y 2YA7HY

19983 ~ WAL : ol St N B e} mSy

A F #( Chai Jang Bom )

19840 24 Mgt 71 AT EEAD

198643 29 : Mgt 7] A A A 2D

199313 59 : MIT 7)A23alutAbh

1993y 649 -1994\d 89 : MIT d7%)

19939 79~ : o}tz 71 Y APTEHRE
Bpae

RETELEE 5198 FH2H(2000)




