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ABSTRACT

This study describes the efficient design of fountains using choreographed music and also the de-
sign of natural water sounds to identify the physical characteristics of the preferred sound source in
hydroponic spaces in residential complexes. According to the study results, REm, NbEm, sharpness,
StdDev, and G indices represent the choreographed music and sound of water generated by spraying
from the nozzle of the fountain. According to the type of fountain nozzle, type of floor on which
the water falls after being sprayed from the nozzle, and the method of creating hydroponic space,
such as water flow, the characteristics of the index for preferred sound source could be identified. In
addition to the lexical evaluation of sound sources for the sound of fountains and natural waters, it
was possible to classify the characteristics of the sound sources into eight lexica choreography senses
and nine lexica natural senses for natural water sounds. If additional sound sources are obtained in
an environment, where nozzle types of fountains can be diversified and combined in the future.
Subjective evaluations are verified through brainwave evaluation in a laboratory environment opti-
mized for brainwave testing and water sound production. It is expected that the design method of
optimized fractions for residential complexes will be presented and applied if additional sound sour-

ces are obtained in an environment for which nozzle types of fountains can be diversified and com-
bined in the future.
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Fig. 1 Images used in the test

Table 1 Sounds and images used in the test

Division Type
F1 Feather
Fountain F2 Hydra
sounds F3 Sharp
F4 Candle
W1 Falling water
Water W2 Falling water
sounds W3 Running water
W4 Running water

@ Fountain test site in Damyang

@ W1 Gangjin Moran Park Wall Mountain
W2 Wall Mountain in Hampyeong Natural Ecological Park
W3 Damyang Soswaewon Valley
W4 A brook in front of Gurye's Omi Village

Pl

F3 F4

W3 W4

Table 2 Semantic scale of test

Estimation 71 6l sl 4| 3| 2| 1 Estimation
vocabulary vocabulary
Comfortable 70 6| 5| 4| 3| 2| 1| Uncomfortable
Idyllic 7| 6| 5| 4] 3] 2| 1 Urban

Matching degree between scenary and sound

v 1] 2]3]4]5]6]7]8]9]w0
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Table 3 Characteristics of sound source

Division Lq | Lmn | Lue | StdDev | NbEm | EmT | REm | G | Sharpness aﬂgziyfrfcde
dB(A) | dB(A) | dB(A) (Nb/s) (%) (Hz) (acum) (au)
F1 39.3 36.2 443 1.0 8 10 0.67 2,014.0 1.82 5.87
F2 39.1 35.8 43.1 1.0 6 10 0.50 1,736.9 1.65 5.9
F3 38.0 345 44.7 1.4 26 7 3.17 1,253.5 1.57 5.42
F4 40.0 36.3 44.5 1.6 61 9 5.58 1,094.1 1.45 6.62
B Wi 42.9 42.1 44.0 0.3 0 0 0.00 2,358.6 2.38 9.26
w2 434 42.6 44.1 0.2 0 0 0.00 1,986.3 2.19 10.05
W3 39.5 37.7 422 0.7 0 0 0.00 1,649.6 1.91 6.26
w4 41.8 40.3 44.2 0.4 0 0 0.00 1,230.8 1.69 7.61
F1 44.2 40.9 49.0 1.0 6 10 0.50 2,410.5 1.82 9.41
F2 43.9 40.5 47.1 1.1 0 0 0.00 1,996.8 1.65 9.62
F3 42.8 39.4 49.9 1.5 41 10 3.58 1,600.6 1.56 8.78
F4 44.8 41.1 49.3 1.6 59 9 5.42 1,189.0 1.42 10.68
S W1 47.8 47.0 48.8 0.3 0 0 0.00 2,620.3 2.38 14.96
w2 483 47.7 49.0 0.2 0 0 0.00 2,168.6 2.19 16.28
W3 44.4 425 46.9 0.7 0 0 0.00 1,570.0 1.93 10.25
w4 46.7 45.4 48.1 0.4 0 0 0.00 1,450.1 1.72 12.53
Fl1 49.2 46.6 54.1 1.0 6 10 0.50 2,596.6 1.8 14.87
F2 49.0 45.6 53.2 1.0 6 10 0.50 2,100.9 1.63 15.27
F3 47.9 443 54.6 1.5 28 7 3.33 1,725.2 1.55 13.95
F4 49.8 46.1 54.3 1.6 66 0 6.00 1,255.0 1.42 16.88
a8 W1 52.9 52.1 54.0 0.3 0 0 0.00 2,750.9 2.37 23.85
w2 53.3 52.6 54.0 0.2 0 0 0.00 2,241.7 2.18 25.95
W3 49.4 47.7 51.8 0.7 0 0 0.00 1,974.1 1.95 16.48
w4 51.7 50.3 53.2 0.4 0 0 0.00 1,494.7 1.73 20.07
NbEm :_number of emerging peaks 4
EE:}FI grlsllgrgr?r:g peaks compare to its time rate EnT= ];[357 ,  REm = TEn G=M
REm : relative emerging peaks o]

G : spectrum gr:

avity center]

(Hz]

@]

A i

m d
LA Al ALY A &

Wi

w2

W3

w4
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Table4 Analysis of the factors of the physical index by

spatial type
Division Component
Physwal Cor_nmun Sound of Loudness | EmT
index alities water
REm 0.895 0.928 0.009 0.187
NbEm 0.883 0.921 0.016 0.186
Sharpness 0.801 -0.838 0.190 -0.250
StdDev 0.941 0.811 -0.153 0.510
G 0.906 -0.803 0.383 0.339
Leg 0.990 -0.140 0.975 -0.141
Linax 0.963 0.140 0.956 0.173
Unbiased 0.965 -0.180 0.946 | -0.193
Annoyance
Limin 0.991 -0.287 0.916 -0.264
EmT 0.932 0.304 -0.208 0.893
Eigen values 5.352 2.895 1.021
Contribution 53.524 28.945 10.212
Table 5 KMO and Bartlett's test
Kaiser-Meyer-Olkin measure
. 0.648
of sampling adequacy.
Approx. chi-square 462.109
Bartlett's test
. df 45
of sphericity
Sig. 0.000
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Table 6 KMO and Bartlett's Test

Kaiser-Meyer-Olkin measure of F w
sampling adequacy 0952 0955
Approx. chi-square 13129.7 | 13363.4
Bartlett s test dar 276 253
of sphericity
Sig. 0.000 0.000
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Table7 Analysis of adjective factors for fractional

sound sources

Table8 Analysis of adjective factors for a natural
sound source of water

.. Component L. Component
Division T Division
Ease | Directing | Pleasantness | Deepness Ease | Natural | Pleasantness | Deepness
Calm 0.818 0.129 0.071 -0.133 Calm 0.844 0.147 0.083 -0.037
Soft 0.777 | 0.275 0.18 -0.055 Moving 0.772 | 0.201 0.257 0.029
Moving | 0.748 | 0.157 0.243 0.172 Meaningful | 0.754 | 0.268 0.347 -0.009
Meaningful | 0.714 0.225 0.333 0.015 Sonorous 0719 028 0336 0.126
Sonorous 0.676 0.285 0.304 0.198 Soft 0.656 0.194 0.079 0.052
Fitting 0.551 0.197 0.398 0.221 .
Fitting 0.514 0.25 0.439 0.159
Regular 0.33 0.704 0.085 -0.048
Colorful 0.172 0.694 0.256 0.096
Colorful 0.056 0.655 0.329 0.067
Clear 0.164 0.687 0.193 0.196
Clear | 0.129 | 0.65 0.242 0.13 —
Distinctive | 0.042 | 0.631 0.288 0.165 Distinctive | 0.043 | 0.68 0.181 0.19
Warm 0301 0602 0.007 0212 Familiar 0.263 0.669 0.23 -0.033
Familiar | 0336 | 0.596 0312 -0.049 Full 0.178 [USel 0383 0.168
Full 0.138 | 0.545 0323 0.146 Rregular 025 | 0.658 0215 -0.089
Refined 0.367 0.444 0.38 0.09 Mysterious 0.366 0.536 0.206 0.004
Pleasant | 0.236 | 0.249 0.784 0.036 Delicate 0.371 | 0519 0.374 -0.114
Lively 0.241 0.247 0.765 0.137 Warm 0.383 0.485 -0.107 0.305
Pleasant 0.181 0.271 0.742 0.142 Lively 0.228 0.262 0.799 0.125
Fresh 0.368 0.22 0.707 -0.146 Pleasant 0.25 0.338 0.756 0.055
Delicate 0.306 0.42 0.522 -0.004 Pleasant 0.206 0.295 0.755 0.159
Mysterious | 0.274 0.434 0.478 0.059 Fresh 0.393 0.398 0.532 -0.2
Strong -0.145 0.219 0.245 0.736 Strong -0.078 0.297 0.266 0.72
Deep 0.261 | 0.165 -0.006 0.642 Deep 0495 | 0211 0.218 0.514
Light 0.247 0.443 0.359 -0.444 Light 0.191 0.444 0.324 20484
Eigen values| 9.856 2.069 1.345 1.165 Eigen values 9.86 2071 1234 1119
Contribution | 41.10% 8.60% 5.60% 4.90% Contribution | 42.90% 9.00% 5.40% 4.90%
S 00515 2 Lekkonz 96 £49] o 43 =

Tt 7Fs e
£98 ALAe 0.213, A B4 L

AoR FHATKTable 6). AN B

29 AP

0.370, “AlEE 03612 LER} Agslx] rouz 9]
T QRS At

FHE7E SO B Y o3t 8RR 4
¥} Hergh A&7, FAlE, Dot soR YEhen,
A B2 29 o3Hte] QWA A Hekg,
AAzy, fFAg ol s o= UERTH Table 7)

B3 599 A9 ddEgtel gigk 013, 2 B4
9] Ag- Azl ea4vF EEHATE o= %
FARA ] =Qs= B 2 A B4 3o ol
gk Frlol3] = g8 7hse Ao® FE T Table 8)

o] AN %
sto] FATEA F4E
spotsal 4 @ﬁl%‘ﬁ% Aovstaal stgon o
ATE ool A T8 AR

(1) AIAE 87 SLET =2
M Lo WS 10 dBE5 dB)] H WellA
7V} G[Hz]&= Level 1(1100~ 1500 Hz), Level
2(1500 ~ 1900 Hz), Level 3(1900 ~ 2300 Hz), Level
4(2300~2700 Hz) 59 77+8 dAets 548 B
9o Level 1, 20|AE 2% Zoa] BAlsH= &
2], Level 2, 3914 H|AE 7} 8 Bro| A whas}
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