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Abstract

A number of problems associated with environmental noises in urban areas have significantly been considered.
Specific measurement and estimation of the environmental noise became a primary issue in local governments.
Environmental noise monitoring system is required in order to estimate and verify the a city noise map. However,
current monitoring positions may not perfectly represent and incorporate many different view points, such as districts
of a city, different utilizations of a city by the law, populations, and classifications and traffics of roads. In addition,
scientific method to provide specific noise monitoring positions my not be avaliable in current literature. For this
reason, the primary objective of this paper is to propose a new method for introducing a humber of monitoring
positions in the entire city. First, the quality function deployment (QFD) method was utilized to simultaneously
represent both districts and utilizations of acity. Second, a new algorithm to find a number of monitoring positions was
proposed by compromising many different view points: populations, classifications of roads and areas, and traffics of
roads. Finaly, the proposed monitoring positions and a sample noise map was provided for verification purposes.
Based on these results, the proposed algorithm including the QFD concept may successfully provide specific noise
monitoring positions by simultaneously consider may different view points and requirements of a city.
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@ road vibration

Fig. 1. Current Busan environmental noise monitoring locations.
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highway o= 2]&2Q] o] 7153t E ojikago] ASSE
Treffic Noise — o Fi o] ~EEA T FAE ki 2 4 gk,
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Institutions-Facili publicinstitutions o}, ZF §12o) st ARARS-S Table 302 AAEIA
tiesNoise shopping center CHMinistry of Environment, 2000, Noise and
other shops Vibration Control Act-Enforcement Rules, 92;
Life Noise life Noise Ministry of Environment, 2010, Plant emission
park and amusement park standards of the Noise and Vibration).
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Table 2. Questioner to evaluate adequacy of existing noise monitoring locations

Division Segjong Guduk Dageung
mounter pharmacy parking lot
Local use (legal) separation and area classification maintenance needs
Noise affects other significant sources of noisein the evaluation J J
(Sound of cicadas, motorcycles, loudspeaker sound, etc.)
Station, near the intersection, etc. vV

Construction and operations, construction sites, airports, railways

and other on-site

Obstruction within 3.5m radius of the measuring points

Table 3. Classification of utilization in acity

Division Classification
green belt
A hospital zone
school zone
B residential zone
) commercia are
c commercial area shopping center
semi-industria zone
industrial zone
b major-industrial zone
highway
Road crossroad
main road
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Table 4. Associated data for ‘Region A’

Division Park area(m’) Hospital School
Jung-gu 170,514.90 153 11
Seo-gu 92.60 139 29
Dong-gu 3,789.80 176 19
Y eongdo-gu 45,483.00 142 32
Pusanjin-gu 3,458,134.40 687 s
Dongnae-gu 27,636.80 418 49
Nam-gu 7,270.30 326 57
Buk-gu 469,973.10 314 54
Haeundae-gu 702,422.90 559 67
Saha-gu 265,014.30 385 61
Geumjeong-gu 65,521.30 321 55
Gangseo-gu 698,875.10 40 29
Yeonje-gu 40,650.40 304 33
Suyeong-gu 52,146.30 265 20
Sasang-gu 88,553.40 228 44
Gijang-gun 235,197.00 119 24
Tota 6,331,275.60 4576 662




Table 5. Associated data for ‘ Region B’
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(4) F2 D" of tHEt Mo
Division Population | Area(kr) d;O::ﬁ;;l ) 2 D" = YAt A8 o2
Jung-gu 50,555 282 17927 Elo] Sltk YN PA G2 LR ARI ] HAE Ve
Seo-gu 127,068| 1388 9,155 CEshal AR GE AEsUA A WAS Ve
Dong-gu 102,859 078 10,517 O gtk G 7)o oigh YR a A A A8
Y eongdo-gu 148,431 14.13 10,505 2201z|o] ML Table 7o) AAEHAT, TAR G} A
Pusanjin-gu 398174|  29.69 13411 LA G| 3FAES 2R e AR FAHA
Dongnae-gu 283,636 16.63 17,056 167 ol thet 39 A1 WA 859 A9 H
Nam-gu 301,004| 2677 11,278 A& 2k
Buk-gu 313553 3944 7,950
Haeundae-gu 429477 51.46 8,346 Table 7. Associated data for ‘ Region D’
Saha-gu 362,697 40.96 8,855 Division Industrit'a\lzone Major—indu:qrial zone
Geumjeong-gu 257,662 65.17 3,954 (m) (m’)
Gangseo-gu 66,260 180.24 368 Jung-gu 0 0
Yeonje-gu 213,453 12.08 17,670 Seo-gu 100,000 0
Suyeong-gu 179,208 10.20 17,569 Dong-gu 0 0
Sasang-gu 261673|  36.06 7,257 Yeongdo-gu 200,000 510,000
Gijang-gun 103,762 | 218.04 476 Pusanjin-gu 0 0
Totdl 3600381 | 767.35 4,692 Dongnae-gu 0 0
Nam-gu 0 1,100,000
Table 6. Associated datafor ‘Region C Buk-gu 0 0
- - — - Haeundae-gu 0 0
Divison Shogmpf;g C?;?(?n?)'al Saz;;r;;f)md Seha-gu 710,000 960,000
Jung-gu 1 2,000,000 50,000 Geumjeong-gu 0 0
Seo-gu 2 880,000 180,000 Gangseo-gu 0 0
Dong-gu 2 2,880,000 650,000 Yeonje-gu 0 0
Y eongdo-gu 3 1,200,000 170,000 Suyeong-gu 0 0
Pusanjin-gu 5 5,400,000 0 Sasang-gu 0 1,240,000
Dongnae-gu 5 2,720,000 0 Gijang-gun 630,000 0
Nam-gu 3 1,200,000 300,000 Tod 1,640,000 3,810,000
Buk-gu 3 960,000
Haeundee-gu 11 400,000 210,000 (5) 72 "Road” off CHEH O
Saha-gu 7 640,000 1,590,000 TE“Road’ = IEE R, WAR, FREREE LAY
Geumjeong-gu 4 1,040,000 290,000 of lr}. IHERE JIEKERICY EAE VEeR
Gangseo-gu 0 920,000 160,000 Sl WAl FeuARS] S 7|EoR by
Yeonje-gu 4 1,240,000 0 FaEZE L E2HF HiES V|EeR o
Suyeong-gu 1 1,120,000 30,000 of G 7)o digh 1&5ER, AR, FewER0)
Sasang-gu 3 840,000 1,470,000 T2 A R8-S Table 8of| #4515
Gijang-gun 3 360,000 0 Table 8| A|A|H v} o], =299 thi/dE 2¢
Total 57 27,400,000 5,100,000 L LG8 AR BAA] 167) Ftof] Tt e
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Table 8. Associated data for * Region Road’

e

Division Highway (?rossroad Mainroad_
|C=2,pass=1|main=2,road=1|road-arearatio
Jung-gu 0 2 26.04%
Seo-gu 0 1 9.16%
Dong-gu 1 1 14.98%
Y eongdo-gu 0 1 8.55%
Pusanjin-gu 1 2 9.93%
Dongnae-gu 1 2 13.86%
Nam-gu 1 1 9.30%
Buk-gu 2 2 5.78%
Haeundae-gu 2 1 7.36%
Saha-gu 0 2 9.10%
Geumjeong-gu 2 1 5.27%
Gangseo-gu 2 1 4.61%
Yeonje-gu 0 2 13.85%
Suyeong-gu 1 1 15.28%
Sasang-gu 2 1 9.10%
Gijang-gun 1 1 2.17%
Totd 16 22
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A B C D Road
Commercial area D?::lfr Select EA
Legal standards . Semi- | major- =
nd Green | Hospial | Schocl | Residertial i i Industrial Incsiial Industrial | Highway |Crossroad| Mainroad
a. belt zone zone zane Commercial | Shopping zone
Evaluation area area center zone zone
Jung-gu
Seo-gu
Dong-gu
Yeongdo-gu
Pusanjin-gu
Dongnae-gu
Nam-gu
_ Buk-gu
Districts
Haeundae-gu
Saha-qu
Geumjeong-gu
Gangseo-gu
Yeonje-gu
Suyoung-gu
Sasang-qu
Gijang-gun
Absolute Importance
Feature EA
Feature Rank
Fig. 2. Proposed QFD table to conduct Step 1.
9-point scale
Park area (m) Measure Hospital (EA) Measure School (EA) Measure Population (10,000) | Measure
Cver 200,000 g Both o Qver 60 g COver 31 9
150,000~ 200,000 7 ° 43~60 7 24~31 7
100,000 ~ 150,000 5 _ 30~43 5 17~24 5
University Hospital 5
50,000 ~ 100,000 3 15~30 3 10~17 3
Under 50,000 1 General Hospital 1 Under 15 1 Under 10 1
Commercial area (m) | Measure Shopping center (EA)| Measure Semi-Industirlal (") | Measure Industrial zone(m’) | Measure
Cver 200,000 9 Cver 8 9 Over 200,000 g Cver 200,000 g
150,000~ 200,000 7 6~8 7 150,000~ 200,000 7 150,000~ 200,000 7
100,000 ~ 150,000 5 4~6 5 100,000 ~ 150,000 5 100,000 ~ 150,000 5
50,000 ~ 100,000 3 2~4 3 50,000 ~ 100,000 3 50,000 ~ 100,000 3
Under 50,000 1 Under 2 1 Under 50,000 1 Under 50,000 1
Major-Industrial (nr) Measure Highway Measure Crossroad Measure Mainroad rate (%) | Measure
Over 200,000 9 Highway 1/C 9 Main crossroad 9 Over 20 9
150,000~ 200,000 7 - 7 7 15~20 7
100,000 ~ 150,000 5 Highway 5 Crossroad 5 10~15 5
50,000 ~ 100,000 3 3 3 3~10 3
Under 50,000 1 1 1 Under 5 1

Fig. 3. Proposed QFD table to conduct Step 2.
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A B C D Road
Commercial area ANK | select EA

oo :‘r:‘d“di“dS Green Hospital | School | Residential [nzir:tlr;ial Industrial [mh:zjsl]t:;al Highway |Crossroad|Mainroad 1-6 3
. belt zone zone zone |Commercial | Shopping zone e 7~12 2

Evaluation area area center zone zone
13~16 1
7.30 6.09 9.74 21.00 7.35 6.35 274 344 5.99 6.00 14.00 1000 | WEIGHT | RANK EA
Jung-gu 7 1 1 1 el 1 3 0 o 0 el 9 334.85 13 1
Seo-gu 1 9 3 3 3 3 7 5 0 [} 5 3 32011 14 1
Dong-gu 1 1 3 3 9 3 9 0 0 5 5 5 315.67 15 1
Yeongdo-gu 1 3 5 3 5 3 7 1 9 [} 5 3 3452 12 2
Pusanjin-gu g 9 g 9 9 5 0 0 0 5 9 3 631.27 2 3
Dongnae-gu 1 3 7 7 9 5 0 [} 0 5 9 5 494.85 6 3
Nam-gu 1 1 7 7 5 3 9 0 9 5 5 3 468.54 7 2
o Buk-gu 9 1 7 9 3 3 0 [} 0 9 9 3 568.37 4 3

Districts
Haeundae-gu g 5 g 9 9 g 9 0 0 5 5 3 600.97 3 3
Saha-gu 9 1 9 9 3 7 9 9 9 [} 9 3 668.78 1 3
Geumjeong-gu 3 1 7 7 5 5 9 0 0 g 5 3 485.93 8 2
Gangsea-gu 9 0 3 1 3 [} 7 [} 0 9 5 3 29945 16 1
Yeanje-gu 1 1 5 5 5 5 0 0 0 0 9 5 387.19 9 2
Suyoung-gu 1 3 3 5 5 1 1 0 o 5 5 7 351.23 11 2
Sasang-gu 3 3 5 7 3 3 9 0 9 El 5 3 407.84 5 3
Gljang-gun 9 1 3 3 1 3 o 9 o 9 5 1 356.37 10 2
Absolute Importance 7.30% 6.09% 9.74% 21.00% 7.20% 6.50% 2.74% 3.43% 6.00% 6.00% 14.00% | 10.00% | 100.00% |
Feature EA 3 2 3 7 3 2 1 1 2 2 5 3 34
Feature Rank 5 8 4 1 6 7 12 11 9 a 2 3
Final

Fig. 4. Weight allocation procedure to conduct Steps 3, 4, and 5.

(2) ZQ= I} 2 RANKAIS
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Feature EA%} Feature Rank= X|9& AE] 7155351 7))
20} 715 0] 42912 e e
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7 A RANK 1429121 AJ817= 37j2] Alte
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A B C =] Road
Commercial area com i o | Setect EA
tandards mi- -
Legal :“d Green | Hospital [ School |Residential . ) [ndismal Industrial Inci’;ﬁal Highway |Crossroad] Mainroad 1~6 3
belt zone zone zone ommercial | Shopping zone 4 7~12 2
Evaluation area area center zong zone 13~16 1
7.30 6.09 9.74 7.35 6.35 2.74 3.44 5.99 5.00 14.00 1000 | WEIGHT | RANK EA
Jung-gu 7 1 1 9 1 3 0 0 0 9 9 334.85 13 1
Sec-gu 1 9 3 3 E 7 s 0 [ 5 3 32011 14 1
Dong-gu 1 1 3 F] 3 9 [ [ 5 5 5 315.67 15 1
veongdo-gu 1 3 5 5 3 7 1 9 [ 5 3 345.2 12 2
Pusanjin-gu 9 9 9 9 3 ] 0 0 5 9 3 631.27 2 3
Dongnae-gu 1 3 7 9 5 [ [ o 5 9 5 494.85 3 3
MNam-gu 1 1 7 5 3 ) [ E] 5 5 3 468.54 7 2
Buk-gu ] 1 -~ : 3 3 o [ ) E) ?’;;" 3 568.37 4 3
Sl r———"T 9 5 - - 3 600.97 3 3
Saha-gu [ 1 9 3 7 o o [ [ 9 3 668.78 1 3
Geumjeong-gu 3 1 3 465.93 8 2
Gangseo-gu 9 0 3 1 3 o 7 0 0 9 5 3 299.45 16 1
Yeonje-gu 1 1 5 B 5 s 0 0 [ [ 9 5 387.19 9 2
Suyoung-gu 1 3 3 5 5 1 1 [ [ 5 5 7 351.23 11 2
Sasang-gu 3 3 5 7 3 3 B [ 9 9 5 3 497.84 5 3
Gijang-gun 9 1 3 3 1 3 0 3 0 9 s 1 356.37 10 E
Absclute Importance 7.30% 6.00% 9.74% 21.00% 7.20% 6.50% 274% 3.43% 600% 600% | 14.00% | 10.00% | 100.00% |
Feature EA 3 2 3 7 3 2 1 1 2 F] 5 3 34
Feature Rank 5 8 4 1 3 7 12 11 8 a 2 3
Final

Fig. 5. Thefirst step for the optimal noise monitoring location selection procedure (Step 6).
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A B c "] Road
Commercial area ) DM;I:n Select EA
teosl :M‘ Green Hospital | [Residenial i i I rial Industrial [:!‘:J;:!a\ Highway |Crossroad|Mainroad 16 3
belt zone zone |Commercial | Shopping zone 712 2
Evaluation area area center A zone FET 1
7.30 6.09 9.74 21.00 7.35 6.35 274 344 5.99 6.00 14.00 10,00 WEIGHT | RANK EA
Jung-gu 7 1 1 1 9 1 3 0 0 0 9 9 334.85 13 1
Seo-gu 1 ) 3 E E] 3 7 E 0 0 s E 32011 14 1
Dong-gu 1 1 3 El 9 3 9 0 0 5 5 5 315.67 15 1
Yegngdo-gu 1 3 5 3 5 3 7 1 9 o 5 3 3452 12 2
Pusanjin-gu 9 9 9 9 9 5 0 0 0 ol 5 9 3 631.27 2 3
Dongnae-gu 1 3 7 %/‘ Z 9 = 0 0 of i.\] 5 9 5 49485 6 3
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Fimal

Fig. 6. The second step for the optimal noise monitoring location selection procedure (Step 6).
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Fig. 7. The third step for the optimal noise monitoring location selection procedure (Step 6).
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Fig. 8. Thefinal resultsfor the optimal noise monitoring location selection procedure (Step 6).
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Fig. 10. Sample two-dimensiona noise map for Y eonsan crossroad.
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Fig. 11. Sample three-dimensional noise map for Y eonsan crossroad Y eonsan crossroad.




Fig. 12. Sample two-dimensional noise map for Dongnae crossroad.
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Fig. 13. Sample three-dimensiona noise map for Dongnae crossroad.
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