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Application of a Combinatorial Optimization Algorithm as the Selection Technique

for Countermeasures against Road Traffic Noise in City Areas

AC - S ¥ N
Ken ANAI and Kazutoshi FUJIMOTO

Since the control of noise pollution is implemented as a public work in Japan, it is important to enforce
the control measures with the greatest effect and at a minimum investment. The areas affected by
noise pollution are numerous, and the countermeasures to be taken against noise are various. It is most
important, therefore, to decide which measures should be applied and to which locations in order to
decrease the level of noise as much as possible at a constant cost. However, the number of combinations
of measures and locations is so huge that it is difficult to find optimal solutions manually. With such a
background, the purpose of this study is to present a new selection technique, for the optimal measures
against noise pollution in city areas, through a computer simulation. In this paper, the application of
a genetic algorithm is proposed which can search for practical optimal solutions, on the basis of the
theory of natural selection, without performing all searches. Numerical simulations are performed to
verify the validity of the proposed method. This method is worthwhile in its practical use for performing
countermeasures against road traffic noise over a widespread area and incorporates a balance between

the environment and costs.

Keywords: Noise pollution-control, Road traffic noise, Combinatorial optimization, Genetic algorithm,
Numerical simulation
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1. FLBHIC
OOETIEEESRE IO L CIEIAER IS
TENEL, BDEOEEM TCILER T ER T O LENEE
RBELRSTVWD. BEIBRLBELED OYGETIZX
D IERZBERE R ROMEERK SN TNEH, RELT
REBIBIT2BRETRAISETHSB Y
BEOBRENELERTRICH-oTIE, BEOREN
Bha—E L Riag b XEE AL L TEENRXREFZL
529, THHEETIHIEENRZLE L T3XKMANEHK
BFHETS. ERBEEMEOTED, BRERHEOHRK
B EREOHREBEREIEZTIETHD. LizhioT, Fok
D RERERR A & ZICERTUISRARESER RN

* ERH - BT

DhEBEREIETHE, BEMEBOLEL ERERTOM
HEDE (BERNERZ— V) HERZEIZRY, »wWIin
DEEEXIRNY — U RE O NFEA D E T X TOMAE DY
IZOWTHRET A2 ZEIIRETH D, £/, EDBEEN
RIT—BAIIIAKFEL LTEREIND 20D, F/DF
BTEROBRE EFTDZLBROEND. LEER-T,
BRERRAZ - DREBILHI-> T, ElTIBREE
DONREZFRNIFEICTEIL, BT 2EH L BEHIEDE
EDNTG A EEBR LT RO RBE R Y — BiER T
BILERRKRDLND., LaLans, BIRTIE, EHETD
ERERIR NG —  DREITERE ORRBIZES S5 %
BRWVEWVWIRERIZH Y, RO REBEEXNRVER SN T
WANERTHS.
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BREIEAKNDNERFTTHTEODOFELRELL D &
THLDTHD. FLWEREEETIL, EEELENKLME
B3 57.0Ic, BEIEREE, @R, EEEEt
K, REXNRBREERAEMIIERTHZ L L LTNDH,
AT, Z 0D HOEREERR & 2@ RIZE A
Y TH.

R DEREXE R F — Db EERAAREhE &R
ET I, ava—2OBARARAIRTHDLEXD
N5, BEZETIE, BRRELEDRICH LT, 2BRE
TOTICER LOEERBREZHFELISEERT 2HABT v
Y XN THHBEBEAT VT Y X A (Genetic Algorithm;
GA) 3D OISR ERAB.

BREMRAE - B RET HIDITE, HRIIHT S
B EREEL TR TI2LERD DN, TOEHIZE, *t
SR OER (i, BER, MEMRRRE) ONERY (B
BN G ORERE, STHEE, KR E) OFBRBLETH
A, BES, ZBEIBEKIZE, Tho0T7—FBRHEBEHRYV X
7 2 (Geographic Information System; GIS) EIZ#fRE
nooh55%. FNEREATHIET, AFETITRD &
T5, GAZRANTZIDEDBEERR AL — U OEEERF
EORTINAIREIZ R D EE 2B,

2. BEXRBERFE
AFETHRETHREXIROREE, EREA, EHsk
Pl iz onT, ERERRIZET S 2 X MOREIZON
TR 2R~ 5.
2.1 BEXROESR

—MEB A XRIC, Fig. LIORT 91, (1) BEoK
B, 2)EBESESD ORE, (3)EFEORE, 4R
FRiREDOXRE, (5) KEEEAHIR, (6) HESHD 6
EEOMTEEELE. ()~@) IHEBBENRTHY
(5), (6) AXBHAETHSD. LT, BENKRIZITE
BIGRLE & HEAMEE D 2 T Y, EEAEIZ I — AL TR
CETLEEEES O 2EEEEZ A LICLE.

2.2 BEXRDOEMRELL

BES (T) OB ICRIBEEEDTfiv=aT7 1Y
(LT, BEA~==2T7 VEKT) T, BERECLE
BILOMHIE, ERBEBLIOKEEERE»L BE

Noise barriers ﬁ;\ Traffic control of heavy -
A vehicles
¥ Speed regulation

IZF\

Low-height
noise barriers

 Drainag
pvaycmem‘

Fig. 1 Ezample model of the kinds of countermeasures
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BEDRE, RERREORR, REUHEEAFIE, HEH
3, HERREREMTERTALERD BT FHEX
M” %, #NENFEREALAE LTz
2.3 BEROEH

ISTEDRILIZ Ko THEE LI W O EE S REE 25428
HVEDD, METEICUTO L S REREHFLEHRT,
TR SROVEFT CIIYEIREBRL N L & L
7o, EFEIEY OO LEICRE LRITIEA
HEEROBELISEIITENLD Y, E-RERH
Hi3h DRBEDORITE 2HE T RITNITBRTHENED
2, FIT, EEFEOCREMBRENRERENE R
FIROBERETHE T2 L L L, EFET6m L L, 8]
BRI 10m UL EOSER DD Z & 2 E R L Lz,

Ei, KEEEAHRERL, KREEIAHLBEEETL T
RVWERTCER L CORIRBHFTTERW. 22T, HIR
LEHBAEIZ2dB U LOEEENHFTEL L), BERD
REVEFIRARN 17T% U ETH DB Z L 2FEmeMts Lz,
2.4 AEMBOHERE & FE

IR ANE —  OBRFIEICESEZETTNDED
T, MROBE (BERER) OMTIL, IROBEHEIL
W EDBREREELZRET 3 L\ ) THMAR Y
W L BlxaE, SkMEEREIC L2 BEEO T —
LAULORIE 10 (20N T, ETEERERBBER YR
ERLRWNT, —H#IZ -3dB & L7

L, KEIEEARIBOZREIL, 2 HESEOGBAI
KEVESE N/ MBI AN B Do Tm 2 E X, 0L EDH
BEO/T — L~UL 19 OFRES T TOFMEEY TH
FTHEREL, K (1) TRELDZLIZLE.

0.65
ALws = 101og;q (10 Ny + NL) (1)
N
Z T,
ALwa : AT —L~ULOEEE [dB]
N 2ABEEH A/
Nu  : KEEEEMR [A/h)
Ny NEESAR B/
< %.

i, EERHL TRNTCOEEPRFRUEETETLT
WHEEEL, BROFEGEEND 2 BIROEZICH A
biLd ERE LTz, ZDOHFRIT, REEEAFHROBE L
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Table 1 Kinds of countermeasures against road traffic noise

- . Rate of
Noise Unitof ;. Enforcement

Measures attenuation enforcement glf?o?é}a%efg{ requirements
Improvement of road surface

Asphalt pavement 1dB

Drainage pavement 3dB Block B B
Insertion of low-height noise
barriers 5dB Block - -
Insertion of noise barriers

Unified type of Japan 10dB Section _ Width of sidewalk:

New type 15dB 6m and over
Installation of green belts

10m and over 5dB - ) Width of sidewalk:

20m and over 10dB Section B 10m and over

Mixing rate of
Traffic control of heavy Eg.(1)  Section  ON heavy vehicles:
17% and more

Speed regulation

13~50km/h 1dB .

50~140km/h 3¢ Section ON -

BRI NRT — L~V DR T TRAOND EE X, BRD
FHPEED 50 — 140km /h TIXEHEITF, 13 —50km/h

TRFEFETHTHBLE LT, THLEN 3dB, 1dB D
ERRHDERELT.

AREECHE LI BTN ROES, BEHENER, £
BT, FEWid72 &% Tablel 2% & D TR

ZOEDRBEEMNRODEELBUROBM DS L~V
MOWEL, RELEE (BH) LT 5. BEXED
BT, BEE~=aT7 MILER-T, BT LI “&
RiEEHE D ERIGTET 2220 OFEWME, HH VL, ¥
IHEZERNC BV TIE “HIROEAD = L OREHREE & V-
Z LT, BEAEOZERRIOENZEEEHE 2~ %
BETHZ L& L.

2.5 XKICETHaX b
%é KRICETS2aX NOBEEICELTYH, KRIRT X
(2, FEXTHIZRHB ST 22 & 5 REERRTERH
w‘:. ET, XMEMIRICB T IHRORIITTRTELY
LIREL, BREOWE, RERRSORBIZBWTILER
%W’@ REMREOBEWVICEL D 2R NOMERZERTIZLIC
L, MREEI LI R L OB (FEXME)” 28T L
TR, BAOHRRICET IR NEEEL LT,
1&@:@315*@ BT 213, WEEEDORBIL 4L, BERED
REIT3IFE L. 0B, EXRORERNITEEE D
'7‘ 1&[5*"‘& WEEOaX MRBEETHEL, #l2IEH
FOEZREIIM— A D 2 fE0 a2 MRMEIZRB E LT,

3. GA Qi#if

GA ZEROEBRZEM L, HIEFREME L
EEZL Y RS AEXDTD Z ERTHET, FRICLZOH
AR ELRA LD LD, BRIBKOERIZE S
REMTHD. BRI MEERL, R LEOKEREZE
NIRRT IEBT NIV ALE LTHEYTHD L &N

TW5. ZIZ7T, KX TRETDLEE
D GA DERFIEIZONTIERS.
3.1 BOEECMERE & BGHRE

IR DREDBERILEE (individual) & FEFRSNS.
EEIZ 1 25 D WITEEROGELK (chromosome) 12 &> T
BT o, EOIZRERITELET (gene) DEEDD
BRSNS,

BRESROBIRFES LT GA ZAWE 01, f#
THDHRIRNE — & BIEH ﬁﬁ?‘éﬂ%?ﬁ%fé Kl
XTI, BEXROME Table 1 127 L =xt B O
6 DOYEETHEKRTS. 1EED GA RETTLE
Fig. 2 IZ7”"7.

FREKDT, YZAROEREMN TH DFEXEE D
DWVIEXBOBLEFEETD. “KRORRE BERET
T, “SEROERERT BREEIZL>TREN, SRD
Y LELVWEOREERIZE > T “BEXENAT—”

IR DR EIE~

--Individual ---------=-=-rcocomrmceeeeaeyg
Chromosome
G’g\ne .
Improvement of .
road surface loi2[1] 11 i
Insertion of low- olof]- - - o]

height noise barriers
~«—— Number of blocks ——~ !

E Insertion of MOI' . El g

noise barriers

Installation of
green belts IIM' = IO]
Traffic control of -~ 1]

heavy vehicles

Speed regulation [1[0]: - - o]

< Number of sections-»

Fig.2 GA expression model for an individual
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THHPERERIND. RBGA 7u /5 AT, #
ZIIFOEBESTEAMELTCLES> L O>A, TR LY
BREREOTHRAIMRERBIRL2NE ST, BEFIZERD
LOWRSDELZRFIEDILHICHERET 5.

RO ZEER S L TREMIICRBE L%, BARBIK
DERIZESWTREIEBRIELZITH. T2bb, BRES
(population) & WERR S 2 MEBEREOEMIZH LT, BOZE
IR (selection), 7 (crossover) & \\o - & FEEGHIERIE
AR AR TR, BISEORVVERIZERIRSN 5/
ER|LRDEITA— Ly MEREITY, &1 S
BEH ) REENE LRI 2 EAMCRITS 2 AEL
Lic. 2L T, BREICHT DB EEOFEE T 2 EISE
(fitness) B3A £ 2 & 5128 LWV (generation) Z AL
15, Z0LE, EEOEEEERER (mutation) S,
BAEEELRFMOREVICROLZ2VWE I ICEEL, %
Tz, ERFHEZEDRVMEERIZER SNV X D ICEET
D, ZOXS EREZMHRLGBEVIRTZLIZEY, KK
M EOEM S D VX EIUSEVRER/RD ZE N TE 5.

3.2 FH{HBI %

BRI BWTEBE~DESOBE VAP EETID L
FFRIZ, GA IZB W TILEISE O &V MER D FHEA R D
KA SND., 22T, BEMNRIIBIT2ESECEH
EF DN TRAS,

BEMRTIE, MRICLP2BETOREDENKRE N
L, MBADERENENEETHD. KHXTIE, &
KRS — 2 DEREREN R A BRFEEE O FEROR I TR
THZ LI L, HE I OBMBUIIRT D EEEREY
BOREE SR TEY LI b D% “FHEERE (0.0 - 1.0)
LEEL, ERAELMRNTATITbRAE&EDa X |
IZRT AR ENTABICHMER X bOEEE “ax b
(0.0 - 1.0) LEHEL. LT, FHERENEL =
A FBPMENZE, MHEBEADRPEVEBEXR Y —T
HDHEBZT-.

ZRIBFR R T dp 2 REUBEEARIR & HERHIL, DT~
DEBIREREL D LB LWHSHRERE L0
AREERDH Y, BBIITEBTERVIRTHEEEZ,
AL TREERIIREICHT D200 2 DOERXTHK
BOEGR “EREESE(0.0-1.0) EEHEL, ZDOMEMN
EVEEERICE L CEENDRVEETXIREE -

FREEOBEISE ZHE LT 5 ME%%E, LE30E
FRTHRT 5. BROBERESLTEREIZI-T, i
LOEROEREEITRLRY, KRIUIE U TRERBEEXH
NRE— 3R LR DT, FERICESHREL R
U, PIZITREEEOERELER L THRELTV 20
0 &, RWEMHEEOBENKRFTRERBEE Lz, Ll
b, ‘FHMEEEF 22X (2) TEETD. FIL00-1.00D

BEzE5.
]__:1+wa~Ra—wc-Rc—wd-Rd (2)
2
7272 L,

We + We +wg =1
ZIT,
R, : EXgEREE [
R, : aRAFE[}H
Ry : EWESE []
W : FHEMEOEIMEE [
we : AANROBEMRE [ .
wyg : EHESEOEMRE [
THhb.
3.3 BET—4
ZIZT, GA #F\WTC Tablel (Z R L7-BEE LM
HEDE TRERBEENR Y — BRI 512 DICSE
RANT—F&2FET 5. MROFEZ ERL Lo AFIE
TOREDANT —ENLETHY, FIEELDEERE
DEHPHRETHLZ EFIB.
BERRIZONWTEROEMKREERTILERD D
=9,
HX T & OFHEmEmER
HFX T L DREEFERE R
P X R 2 & O FEERE NG
Al X & & OREMER R ER
PR Z & O KB EE AHIBRR S
FRMXE Z & OB ER SRR
BEBETHD. £z, EXROEREHFEZHEL, BEE,
IR N EERELDI DT L LT,
FHMEX R Z & DR
P X & & O KRB EEIR AL (%)
P X Z & O EE [km/h]
HXZ Lo
HXZ &L OHEE [m]
BYZ L DBEE L~L [dB]
o BT L OBRBEEYEM [dB]
BDULBETHD.
INOLDOREDT— XX, FEHEBEETEHBEINTND
GIS 7—# ZIERATAZ L TCAFEAETHDEERSD.

4. VY2al—v3y
THVE TN BT AR OGERIRFIEOEINEL R
T 570, ETVNERORBEER#EL. T0%k, #TA
BORBORBE~EE L, XFEOFILHERTS.
4.1 FEOBRET
TRTCOMAEDLEERGIFETESLT—F L LT,
3EMMXA, 4 R CHEMAINLLITHMEFIZ, BEx
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Table 2 Conditions along the road before the simulation

Laeg in daytime [dB]

0 61.0 71.2 789 64.3
(Achievement of Environmental 3 o

(OK) (NG) (NG) (NG) (NG) (NG)

Quality Standards)

Number of sections 3

Number of blocks 2 1 1
Number of buildings 1 1 1 3
Width of sidewalk [m] 120 2.1 100 9.0
Mixing rate of heavy vehicles [%] 10 10 17
Speed [km/h} 60.0 60.0 90.1

Environmental Quality Standards

in daytime [dB] _ 70 55_ 55 ;5 55 55

,Prcsm{ situation : .

i .Iﬂiprovemem of road surfaca 2
1 ow~hcxght nmse :

TR — VRV Ia2L—var&2fFok. BnksF—
% % Table 2 IZ/”7. 72771, FMBEHKOEZEAREIT
we =05, we=0.2, wg=03%¢ L7 TRTOHEAE
DI, 18,432 BV TH 5.

Fig.3 2R3 &, FERIELBVIZERELTEY, &
WA D> THR B2 ER TWAEFRFELS. RSN
7RSS 500 EEEB A& A TRERICBELL
Bon-BOFER% Table 3 2R

ZOBIELWNE I DERFT 720, TXTOHM
HEDRIZOWT FHEERHBELTAHE. ZO0O/E, &b
FEMDOENHE R —1T1DTHY, GADIEE—FKL
7o BRFBIIH LT, AFETIT1/3TEREOFMEIRT
RHEEAZLN TN S.

F7z, Fig. 3 ICREEEOTEZRROHR L IR TR
L7z, BHPCEEN 1.0 2 RL7EN, HKOIZIF0.92 &
RoTWA. Tk, FER, BIRINIZ3ROERSER
PDRIET TR ARAMREBBRLIEBETHLINDTH
D, ERLCHEEENEEICEEL TS Z 27T,

PLEmS, BRXTRELEZ GA ZAV BRI HE
RFEZEDRFETHDI LHERTE

0.33
1.00
0.31 { €
—_ L 095 &
- 2
2 2
3 . =
£ 0.29 1 —— Rate of Achievement | [ 0.90 2
[y
ksl
2
- 0.85 &
0.27 1 )
Fitness
T T 0.80

0 100 200 300 400 500 600
Individuals

Fig. 3 Example of the convergence of value F in the sim-
ulation for verification

Table 3 Conditions along the road after the simulation

Environmental Quality Standards -
in daytime [dB] 70 55 55 55 55 S5
Result of simulation :

- Improvementofroad surface. 2 2 2 2
Insertion of low he{ght noise 0. 1 1 1
barriers . :

~ Insertion of noise barriers 0 0 1
Installation of green belts 0 I 0
Traffic control of heavy a0 -0 L0
vehicles . : - .
Speed regulation 1 0. 0

Lacq in daytime [dB]

59.3 53.0 53.0 53.2 60.9 46.3
(Achievement of Environmental

(OK) (OK) (OK) (OK) (NG) (OK)

Quality Standards)

Rate of achievement 0.92
Rate of cost 0.50
Rate of difficulty for enforcement 0.13
F 0.32

4.2 FHIEEA~ DR

GA ZRWEARTFESY, il L TEAMEEIH LT
BWHLE. 72720, fECSLERTRTOT—F B Hi-o
TWAEFTOAME L, 28T 342 FFMX M, 3,794
X, 30,050 ¥ THD. TXTOMNEMRTRIEK CTEHR AT
REFSEIRET D &, AR Z — U 851% 2.18 x 103424 (=
33,794 1% 23,794 X 3342 X 2342 X 2342 X 2342) L: 72;5_ ﬁéo
T, BRBEITO ZLEIRARETHS.

DT, FMEROEEROELLREE, FERE : 0.5,
aRRE:02, EE 03 LT Ial— 3 %2fTo
fo. ZHUIRBEEEOZERROR EEZERLLERTD
%. fER% Fig. 4 1277, FHEOESL, /INNEEOES
ERERIZE LAY TH Y, BEED D WVIZENITITWERIZ
AT TR LTV o 7. AR S 72 {BK28 84,000 288 %
el ZATERIEMD D VITEAMCEE L.

BRELEOTHEREIZ0.94 THY, SRIKOERRE
BRKROL > THD. BEOKE : 940 HX, KEETEE
DRE : 808 X, H—ELEETEEDHRE : 6 FLMEXMH, IR
BERREORE : 0 FFMXHE, KEBEEAFIR : 6 5H X
i, EEHS : T8 BRI TH D, BRI OEBEREBRL
BT, EFRESREMRTZHRE T HEBIHER S
NTELT, BEAFOERTERIN o7z

WL, aA MBLUESGELZER L C, FHEEHOLE
IERE R, ERE 0.2, 2 A ME:03, HEE: 05+ L
Ty Ial—iar%fTol. FHEDHB L, BELED
ERE, X MR, ERESEOENETNOEH % Fig. 5
W7, A MNEBIOERESENTRT - T,
FEZER L. &5I10, ZOBRRIIERMOICEBELED
ERRAEZER L T, FHERELTRL TV -
7o, KRRV ORRIL, BEOREIL 250 HXTH
D, LoXIRIEIEEN Lol BEELHRELR2
ODRBIIFEAINT, 2R MEIESERE LSkt
DHZFERT DRI NRE — 2 L7200, REEAEDOTLHER
RBIIFFEDOYI2b—Ta U FERIVEL, 074 Th-
7o, FHMEBSEAE LS BRELIBR L Ebh 5.
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Fig. 4 Ezamples of the convergence of value F and factors (w, = 0.5, we = 0.2, and wg = 0.3)
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Fig. 5 Ezamples of the convergence of value F and factors (w, = 0.2, w. = 0.3, and wq = 0.5)
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