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Evaluation of the Field Application of "Spontaneous Acoustic
Field Reproduction System(SAFRS) | to Propose Soundscape
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ABSTRACT

SAFRS is the system designed to reproduce the harmonic sound into the space according to the
environmental factors. Here the harmonic sound means the sound which judged by the subjective
tests, and the methods were suggested in the former studies. In this research, SAFRS was applied
into the Square of D University to evaluate and verify the effectiveness of the system and a few
evaluations were carried out as follows; 1) sound perception, frequency, volume and harmony with
the space, 2) images of the square and acoustic environment and 3) acoustic environment with
existing sounds, fountain sound, produced sound by SAFRS, and both of them respectively. The
results can be summarized as follows; 1) According to the evaluation on acoustic environment, no
relationships were shown between the cognition of sounds produced by SAFRS and the frequency
or volume, but inverse proportion was shown between the volume and special harmony. 2) As the
result of image evaluation, the relationship between space and sound image was shown
proportional only except the evaluation on main road at night time, it means that the sound
proposal with the visual contents matching with the sounds would be more effective than the
proposal of sound only. 3) Results of evaluation on acoustic environment showed that the cognition
effect at night time was shown higher than that of day time when only the acoustic element was
given and the effect was increased when the visual elements matches with the acoustic elements if

both of them were given. It confirmed the harmony between visual and acoustic elements was
very important.
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Fig. 3 Design concept of SAFRS in the site




ALgTaAe)

248 9% 559 8gzdswe 2348 Bt

TUAEA ] TARY AR R} 7 Fbel
W AR =20l tAel o wE Fig 3% Lok

AE #8742 Table 19 7159 ¢
%—% M4 A22 ojgdrt
A7t WA MuelA #A3AAE
A AE8-2 Table 29 ),
ZU(F 629} okt
’1(—6‘ 487 e FAUA +F
ZH(1~27H Ede B9
Ie Ager AL) 24
FWAL A BN SHE BHAA AP
Zhe

c

rE

Table 1 Classification criteria of environmental factors
of SAFRS

Classification of

. environmental factors C'cments’ ;
M1 | May 1st~Oct. 31
Month
M2 | Nov. 1st~Apr. 30
Time T1 07:00~12:00
Time zone | T2 12:00~17:00
T3 17:00~22:00
) Air temp.(C), D1 Under 70
) Dlsii(g:)f(ort re}aﬁve D2 71~82
Stzrrlli[l)ble humidity(%) D3 Above 83
Wind chill| Air temp.(C), | W1| Above -9T
temp. wind W2 -10~-24TC
index velocity(ms) w3 Under -25°C
i 11 | Above 10,0011x
Muminance index | """ 13 3.001-10,000ix
[3 | Under 2,000Ix
Notel) M1 : Months on which discomfort Index was applied.

M2 : Months on which wind chill temp. Index was
applied.
Note2) DI =9/5T,~0.55(1-RH)(9/5T,-26)+ 32

WCT =13.12+ 0.6215T,~11.37v" %+ 0.3965v"'°T,

Where, T.(C) : Air temperature

RH : Relative humidity(%)=0.01

v(ms) :© Wind velocity(at an average height of 10m
above ground, km/h)/3.6
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Table 2 Environmental factors and selected sounds
in the site

. 4 Prod-
Environmental elemen e e
subjective evaluanon L sbuncis_‘

Class Date

Time Zone 12:00~14:00 T2

Temp. 29.6 T, Humidity
25%, DI 74.0
Midpoint of centre road
9,9501x
Walk way in the sun
8,3501x
Walk way in the shade
4,5001x

Time Zone 20:00~22:00 T3

Temp. 17.2 C, humidity
60 %, DI 60.4

Night Sep. Midp_oint of centre road 7Ix

time 22, | Besides benches near the

2006 centre road lix

Under the roadlamp at I3
walk way 1011x

Benches by the stone

lantern of Walk way 3lx

D2

Day Sze%)

time 2006

Folder
No.14

D1

Folder
No.21

Notel) DI was applied because it was september.

Note2) Data Logger TH-101{(Microtechno Co.) was used
for measurement of temperature and humidity
and Chroma Meter xy-1(MINOLTA Camera Co.)
was used for measurement of [lluminance.

Note3) Folder No.14 included sounds evaluated as
well-matched at clean daytime when over half
of people had felt discomfortable. Folder No.21
included sounds evaluated as well-matched at
very dark night when some people had felt
discomfortable.
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(a) Centre road, Daytime

(¢) Centre road, Nigttime

(b) Walk way, Daytime

(d) Walk way, Nighttime

Fig. 4 Scene of survey and subjective evaluation of soundscape

Table 3 Contents of survey and subjective evaluation
of soundscape

»The type of sounds recogmzed in every
space

* The frequency of every sound

» The volume of every sound

» The matchablity of sounds to the space

Environment
investigation

Image » Image evaluation of spaces
evaluation | =Image evaluation of sounds
= Background sounds evaluation
= Acoustic environment evaluation with
Acoustic operation of fountains

environment | *Acoustic environment evaluation with
evaluation operation of the system(speaker)

» Acoustic environment evaluation with
operation of the system and fountains

Table 4 Vocabularies for subjective evaluation
B e ——

1 |Agreeable-disagreeable| 14] Meaning-meaningless
2 Full-empty 15 Vigorous—dead

3 Impressive-boring 16 Delicate—dull

4 Regular-irregular 17 Smooth-rough

51 Delightful-sorrowful |18 Mystic-realistic

6 Deep-shallow 19 Strong-weak

7 | Various-monotonous | 20 Pleasant-gloomy

8 Warm-~-cold 21 | Well-matched-ill-matched
9 Peculiar-common 22 Calm-noisy

10 Distinct-vague 23 Rural-urbane

11 Clear-thick 24 Familiar-unfamiliar

12 Light-heavy 25 {Comfortable-uncomfortable
13 Soft-hard - -

=28/A 1738 A4 5, 20074

Table 5 Sex and age of subjects

S Male 3 8
X Female 4 2 Three out of
- subjects day
Twenties 2 9 and night
Age Thirties 4 1 were same
Forties 1 -
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. Sound
‘source , Sound type
S1 Bird
S2 Frog
S3 Dog
Nature | 94 Cicada
SH Cricket
S6 Fly
S7 Leaves Waying n
the wind
S8 Walking . . . 0128 . . . .
S9 Talking 43 113117130 10125133190 (1212729175 117[35}23
Human |S10 Coughing - - - - - - -
S11 Laughing 25125 1311.0130130
S12 Shouting - - - -
Society [S13 Car stereo - - = - - -
S14 Automobile 100
Machine |S15 Motoreycle 37115 38
S16| Door of automobile - - |13
S17| Automobile horn U 13
S18| Ambulance siren 40110 -
Indication|§19 Loudspeaker - - -
520 Rl“gp?lf()rf;f’b“e N I R 1013010 - | -1 -1 - |38

Notel) Recognition!R, %]
- Frequency{the number of times; F]
+ Volume[V]
+ Matchability[M] : Totally ill-matched(l point), Ill-

Very well-matched(5 point)

* The number of subjects who recognized sounds/All of Subjects > 100
. Occasionally(1 point), Often{(2 point), Frequently(3 point)

: Very low(1 point), Low(2 point), Normal(3 point), High(4 point), Very high(5 point)
matched(2

point), Matched(3 point), Well-matched(4 point),

Note2) 5 minutes were required to investigate recognition, frequency and matchability.

7A < Centre road. Daytime
S5 .} Centre road. Nightlime
SAAS&:ISW SD2 A Walk way, Daytime
4 ﬁO ) Walk way. Nightlime
85 85
>
£ o o8 sa
) 3 $9.38 HSS 8 4otl &
3 S10 o9
I} $1¢
= g S8
S13 11
& o 520
2 s17 0s12
S1
S15 fb 14
DS?% s14 O
| 516 520189 S164817
St
1 2 356 S18ys17 5
Volume

Fig.5 Correlation of the harmony between space
and loudness
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Fig. 6 Result of the image evaluation on walk way and centre road(void mark is daytime, solid mark

is nighttime)
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Vocabularies for subjective evaluation

Vocabutaries for subjective evaiuation

O Background sound(2.9)
& Operating system(3.8)

®Operating fountain(4.6)

¢ Background sound{3.0)
AOperating system(5.3)

©Operaling fountain{4.5)
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(a) Centre road, daytime

(b) Centre road, nighttime
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Vocabularies for subjective evaluation

©Background sound(3.8)
A Operating system(5.5)

Vocabularies for subjective evaluation

¢ Background sound(3.7)
AOperating system(4.4)

®Operating fountain{4.6)

®Operating fountain(4.5)

W Operating system&ountain(5.3)

(d) Walk way, nighttime

W Operating system&ountain(5.2)

(c) Walk way, daytime
Fig. 7 Result of the soundscape evaluation in daytime and nighttime at each site
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Table 7 Factor analysis on the evaluation results
of 35 enviro

Comfortable N
—umcomfortable 244 1-109].0003] .121 | .116
Calm—noisy -.156 | -.258 | -.038 | .082 {-.020
mpressive 212 | 194 | 141 |-.003]-122

~boring

Soft-hard 192 | -.152| .036 | .056 | .126
Agreeable 333 | -008 | .077 | .157 | 196
—disagreeable

Meaning -
~meaningless 127 | 221 | .089 | .083 |-.160
Deep-shallow 005 | 487 | .042 |-.029{-.094
Well-matched 467 [-.201| 078 | .048 {-.138
~ill-matched

Warm-cold 258 |-.042] .052 | .070 | .235
Smooth-rough 221 1-.3301] .287 | .173 | -.433
Mystic-realistic 012 | -.064{ .520 | .275 |-.138
Delicate~duil 364 1-.269| .247 | .330 | -.141
Clear-thick 384 | -.264| .129 | 431 | .178

Pleasant—gloomy -.056| .095 | .151 | .007

Vigorous—dead | .094 128 | 133 { .015
Delighttul | 203 | -077| 057 |-.008
Strong-weak |-.136| .005 -.048
Light-heavy .186 | .386 178
Full-empty 480 | 370 | 083

Peculiar-common { .279 | .258 | . 020

Regutar-irregular | .099 | -.041} .284 -.355
_Familiar 1 326 | 326 |-.160 195
_various | 407 | 456 | -.008 -016
Distinct-vague | .142 | .225 | .134 |-.023
Rural-urbane | .073 | .017 |-.1201-.011| .174 |
Eigenvalues 6.456 | 3.580 | 2.141 [ 1.758 | 1.404 | 1.384

contribution(%) {258 | 14.3 | 86 | 70| 56| 55

Note) Principle component analysis, varimax rotation

AgPAFolA 2578 HEAF ol3geg 357 BHS
3 Frisk dAE 2Q¥A% A Table 73

Fig. 8914 Ul 7F] 2218739 i3 %7t Ade 4
HERE, £t A2EE T FEARE o B
504, ¥FUA 04302 7Fg 333U Ao
2 grEgen|, E5E ATARE wel A2ge 3
FARE W) AE@EL Ha ATE HISAT A

206/t AZHUESSHS=EW/A178 A4 3, 20074

25t AFAZS o] FFEA O A e £
FE ABARE W @Al B SAAY AL
2 H7HE i

ol e e HZAAQY 84wt s HEokes
Al- A7 2401 FES 9 3309 Ho] FoAH, ¥t
of EAdhe A7k AEQ) a40 B w1 &
7} et & vehi

Hago Aol TR 2 FoRE A7
T AR ogte] Eldge] 7P TAHA Ao H
ZHEeY, TR oRHFIE 4.2, BBA 5.
A2 o EA 4.1, H9A 458 AT ZE H
7oA 43 wro 2 vepd Bge] 22870} 34
ol Rehe ¢ & AT

A3 vl of, B ZAls TYUR 14
AN F2P+1.8)3 HRP(+1.99 TR
7P 2 23 deblla, Alag) FEAdde FEUR
ozt Ao T+ 1DF ALE+2NY F
7tz 7P & a3E veier, £ Alad B
AFAdE SR F Lol B2eH+2.4)
3 e (+2.3)9 = 7P & adE Jeiinh

i

S
=
B

(1) 233874 A 29, &g oig AA=7}
A Rzet FZuld wEEAE gou, &g 2
719 707} o] & JloiAE AME yhld B
2 et

(2) olulx] Hrt Az, FIUZY ot HtE
AeJrE i Al o|w|A|d g BrEt AH|
g FAZ Jeht Al2de dF 84X ded] A
257 ATty Bk A9 £3E olFE A
Al $Ax o] AFste Aol uigAE o=
83207 ¢=1

(3) 28|34 B7 A¥, A 247 A

£ F B ool AA AUt BA JEbt i,
Al-RB7 847 3 de AGEA 249 7}
A 947 B3E of 2 AT At Asde A
oz veut AFHE Al-3Z 849 FHES o



AEEAACE S A% BT RN ~w] AAA L Ft

(1) Schafer M., 1977, “The Tuning of the World”,
New York : Alfred A. Knopf, p. 5.

(2) Ministry of Environment, 2004, “A Develo-
pment for Soundscape Design Method of Sound
Amenity in Urban Public Places”.

(3) Kook, C., Jang, G.-S., Jang, G.-S. and Kim,
S.-W., 2005, “Design of Spontaneous Acoustic Field
Reproducing System”, Proceedings of the KSNVE
Annual Spring Conference, pp. 611~614.

(4) Kook, C., Jang, G.-S., Jeon, J.-H., Shin, Y.-G.
and Min, B-C, 2006, “Design of Spontaneous
Acoustic Field Reproducing System(II)”, Proceedings
of the KSNVE Annual Spring Conference (CD-ROM).

(5) Jeon, J.-H., Park, S.-K,, Lee, T.~G., Kook, C.
and Jang, G.-S. 2006, “Classification of Climatic

Conditions to Select Preferred Sounds”, Proceedings
of the KSNVE Annual Spring Conference(CD-ROM).

(6) Park, S-K, Jang, G.-S. Kook, C. Song,
M.-J.,, Chon, J-H. and Shin, H., 2006, “Practical
Application of Virtual Acoustic Field Simulation
System”, Proceedings of the KSNVE Annual Spring
Conference(CD-ROM).

(7) Jang, G.-S., Kook, C. and Kim, S.-W., 2003, “The
Preference and Amenity Factors of the Environmental
Sounds Suitable for Urban Public Spaces”, Transactions
of the Korean Society for Noise and Vibration
Engineering, Vol. 13 No. 11, pp. 890~896.

(8) Likert, R 1932. A Technique for the
Measurement of Attitudes, Archives of Psychology,
140, pp. 1~H5.

(9) Jeon, J.-H., Jang, G.-S. and Kim, S.-W. 2004,
“Subjective Evaluation of Soundscape on the Street
of Art in Gwangju’, Proceedings of the KSNVE
Annual Spring Conference, pp. 1014~1017.

(10) Song, M.-1., Lee, 1.-Y. and Kim, S.-W. 2004,
“A Study on the Proper Vocabularies for Evaluating
Floor Impact Sound i Apartment Houses
Considering Rating Methods”, Transactions of the
Korean Society for Noise and Vibration Engineering,
Vol. 14 No. 7, pp. 626~631.

(1D Jang, G.-S., loc. cit., p. 893.

FRASNSSEHS=2A/A 17T R A4 3, 2007d/297



