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Assoc. Prof. PANNEE CHEEWINSIRIWAT, Ph.D.

Roads in Thailand has been classified by the Highways Act based on the
responsible agencies. However, the differences in traffic movement and accessibility
reflect functionality of each road, which effects in the appropriate decision in
maintenance, transportation network design, and speed control measures. Therefore,
the road classification based on the actual function will support more efficient decision
and planning. This research aims to classify the potential hierarchy of the roads
according to the actual functions by applying the geographic information system
(GIS) together with the fuzzy logic and analysis hierarchy process (AHP). As the
result, the national highways have their actual usage in four hierarchical road
categories, which are freeway, arterial, collector and local road. Most of which are
arterial roads (44 percent). Rural roads are classified in 2 categories, which are
collector and local road. Most of which are local roads (72 percent) for local
highways. There local roads are classified in three categories which are arterial,
collector, and local road. Most of which are local roads (98 percent). According to the
classification of all roads by the function, it was categorized into freeway, arterial,
collector, and local road as 2 percent, 5 percent, 9 percent, and 84 percent

respectively.
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2.1 N12ALUNUTLLANNINA
a ndl o [ a o
2.2 WNAAN IR T IMNRAINITx lunI T LUN U se LN D UL
2.3 NMIUUNUTLNNNNNAWAINNIATIIUAINA
2.4 neapnszinnTasanantsaslulszmalne
2.5 NTAAINTHULLATINANAATAGHLATE

2.6 NTLUIWNITANALTILTIILATIZI

2.1 NMMFABUNUTSLANNIIUR

NTLUAUNITUAZATNITRLUNU I IANN 19U AR H AN LANF19A WY Al
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o a o

nndszasAvizaqageunnglunisiusnisuesnuunuansnaiuluusazvui sislusuumuen
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2.1.1 NMIUUNAINIZLLNILTMNIAANNT (Operation System)
N9 UUNUILNNNINUANAINNNTLINIIAANIT LTUNITIUUN AN UIBUT
fuiaTeuniUgwa aaneulsrninulunisdisae eanwuy nedfauasyssdan LTy

¥

11g95nEanengliag Tuan e [ NIunIanansintinNFuR AT UNIINALRUAY NN
al v aiu/ a %
PNNUANTULNNALNNTURATAUNINUANTRUN LU
o v dl Y a .
2.1.2 NFANUNATNUENINNITIIUTNNT (Functional Classes)
o v tdl v oa [ 1

N19AMUNUILNNNIUAMAINUTINNNTIILENNT HlunsdnsannguniIsuaning
a =X [ % v d‘ Y a dl o e a o A
WU DA MUz LA NT99N1s WLENNg NadnglsvasAlaaniuiald lunisnessuy
PRAILALIATIINENIGNAN 11 NI19RLUNLIZANNINNRVNLTWIZULVANENLAT FARENILT1s

dld o A o v
NNNAWNRUNILLAT 1 UAN 1T8 2 Nan iun1sransaadseani iusu



2.1.3 NIAUUNANNILNTUIUIANR (Geometric Types)

nisauundssinnniaanlegldaneizaeeniseenuuunnglnsasaaiiny
nan iWudszlendatnauinlunismiuussudalaznszuIunig 8 MN178NIUL LW NTN
NINUAN ﬁmmgmmm@nLmu%umqﬁm:r FeaiiBunauasasiedsadi 1nnndn 8,000
AU LTusTw
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2.2 LL‘u’Jaﬂm“ﬁ'lLﬂ‘i’]zﬁﬂ’]ﬁ%ﬁ’)ﬂiﬁuﬂluﬂ’]iﬁ’] nunlszianauu

' '
a6 9 [

WAAN AT ZINNIAINTIN INEAALENYITARNLUNOUN AUANNNIENATYARAS

D

ALUNDUUANNEINN1719911 (Road Functional Hierarchy Classification) @41il13gn13

AUUNUIZINNTRI0UUAIN A NEATYT RN TN LA s unUIMTadnuulunislfuinng
v K del Aﬂldl de:ll Var o 1 ] t:/

n1799197 wazn1adn D unzudulsn lfsuniseensuadauninaia Taasialdaiunen

Awunouuladu 3 dszinm THunnisaienan nganases waznsanstas Asgua 2.1

(Talvitie, 1996)

Arterials

Freeway

Arterials
Local Roads

=y

Collectors I

FUW 3.1 N199ALLNLITENNTBIAUUANNUTIITUAT LN LN TN

AN : Aeulasann Talvitie (1996)

NNIAEUAN (Arterial Road/Highways) laun nuudevinurinliuinisuazaiuayueu

| ]
A =

Neniun1sanasdunan uaznisdn - eaniundnaAes uazianssNau o MAATUAINLLY
nuu azlasunislsuilasunaliaanadaaiuntinnnig ldeuaasnu daduluzaanig s

N19LTNNTUANIFA9NAT
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711981815849 (Collector Roads) 1A LA auuaanIn1nl¥u3n1sunn1sas1as n194d1-a8n

dal/ dl a dl dl a é’ v dl d”d o o ' [
NUN LASNANTINAU 7] NATURTNILWINUL Iﬂﬂﬁqumﬂﬂﬂﬂﬂﬁﬁﬂ’]ﬁ‘uﬂﬂ’)’m@’]ﬂﬂu_,lmq Nk

198182 a8 (Local Roads) oA nuuiNuiuluzaIni1ssn#1AMAINTIR WaZAIN

a Q

1
i o v

Uaandes Geiuinnuanaanisdn-aanNunulssifug Ay niinnlun1sliusnisun

o

v
199971270 UL T2 LA 1T

'
o al

waninosd Ayl lun1sfiansniiea s A AUAN LB UN ANNUUIAANH])

o

¥

NIAAINTTNND AR L NDUBANNAN HULAT IFINUAINAND Usenausmedun19NAaIni17nIe
WAUNS (Desire Lines of Travel) TAg9118989014 (Road Network Provided) Waz3zaunng

1413017 (Proportion of Service) Tdua@AIaantduANNANAUTILTUINNANARBIFAI VD

1
=

n13as1a3 (Traffic Mobility) 482n13d RSN UN (Land Access) NA19ARNAINABINNST
LAUNNGITENINYNTUIUIA TN BAZAINABINITAUNNATAAAIANNIUIATDIYN T
1192 NNIBIDUUALABIRDAARBINUTEALAITHADINITLAUNILAZTZALNITF KELINITAAE A4

917 2.2 (Talvitie, 1996)

quvy
—7 wydu ANUARDIAD .
1 NNAWUAN
LG AL (Arterial Roads)
lnslng
NNEAWTN
(Collector Roads)
nautoy
v / wy¥u
NMIEYI0
flodng leslvg ety
msdeAui Wocal Roads)

5U% 4.2 waninaurldlunsdnuenilszinmouu

NN - pAnilasann Talvitie (1996)



auFUsTaUn1s1HLTNT (Level of Service) 411170na13 91 ANANRAUSIZUIg

1 v
= '

ANNARDIFARIDINITAT1AT (Traffic Mobility) uazNTdMDeNUA (Land Access) 2890UUI

3 Usznn T9RAMNAUAUSLLUNNERTL TRsanIzn19dnenan (Arterials) WAZNIGAeE as)

= ¥

(Locals) nanqma lunsainsasnisaanuaaasialun1sdyas andusasanninuazaonlu

'
=

AN DINBNAANNIE LR8N (F9819111 N9FAUARNIIANTALF NI -880) WAL

Q

¥ i
=K A

Tunemsaniudnn Tunsiinsasnisauasaanazaanlunisdnienunaauune dareanisly

1
aa

N9AUNN ARANaITuResanauAsassaluntdyasduny W ald lanuuniinanu
Uaansia Tudiuneaamnanasas (Collectors) ANNNANAIFITBINNTATIATULAZN TN TINUR

HAHANAUSTIUTIABNdIU Na1AS HUNLNATLAYUNN9aIA ITRAINAREIA lWNNg
=< d’l o

= = v @ = . = A g Ay vy =
EAUNIN Iumm:mmﬂuﬂmmmLmumam?mumqm@mewuwvl,mma pagln 2.3

u

(Brindle, 1988)

Intermediate mads

Clearly senve having a theoretical Clearly serve

traffic movement balance between traffic adjacent land

| |

100 % | and Iancll senvice | 1002
| |
I |

Serves only a Exist only

netwark function for senvice

%% Traffic function % Land Service

Mo netwark
functicn VA WAT KAreriak) YNag18Te4 (Distributors/Collectors) VHa e A (Localsh

Mo access

Road type

5U# 5.3 ANANTUTITUINNANNARDIAILDINI9PIATUATNNTEN TN UNTRINUUTS 3
sz

AN : FALilasann Brindle (1988)
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2.3 NMFIUUNUTZLANNNINRWMNNIATFIUEINA
o - A A ° N o A

UANINIIMTRIBNITNILUNNNUANATNNIATIUAINS Haguaratszimaialanii
NTIUUNLUTZNNNIIUA L1 F8N19984 Federal Highway Administration %138 FHWA g
dunidogaundanlunsznrienisaudeesanigamsn 38n13229 The Roads Working

= a 1 A a a & o
Group 38 RWG lNAAINAMNIINENAa9L TN A aLATIAL LAZHITULALA LALIRATLUNANY
The National Association of Australian State Road Authorities #58 NAASRA (1l 4 CRIAT!
v @ e il AUSTROADS) 2329 American Association of State Highway and

. . = = A \ | ,
Transportation Officials #78 AASHTO uiflunnsgruainanilszinesing o doulugilulan
sanviatlszinalnagndewaslddnedeluniseenuuuginsasnianin esddsznaudouay o
YAV WNUAN

2.3.1 ABn17U89 American Association of State Highway and Transportation
Official ¥i7a AASHTO (2011)

N3N TLNNNIMA9ANNITNNIURS American Association of State Highway
and Transportation Official %38 AASHTO (2011) lunmsgauainaidszinesing < dau
uesandedszmalnadadouaz lie19deluni1seanuuy wazesAlssnaudIudy < 289971

o GVI
N19UA4 IAENIATFIUNAUTAINTINATNA AASHTO (2001) IANIMuANIATF 1LY
TTUUNN9NAN (Highway Classification) 13 4 Uszinn Tnaanfladanisindaud (Mobility)
WAZNTENDINUA (Accessibility) tawA

. . A £ zs' I [ di ts' [
1) Freeway Limited 1198 Access Facility Lﬂumuumuuumim@@w AIEAINN
7A139 uazilaansiugs An1spauannisdieannuuetindien taeliAtiens

I
NITLATANNUN

|
IS4

2) Arterials Road unuunyaunisinaasunaasauiionazaaulaansiy

= o :I/ v dl ¥ K dil dl dl ! Y v
PULLALINNU TN aN TN T uNIN I DINUN LW@iﬂ@jLﬂ’W]N’]H1®UW\‘]

1
a

3) Collectors Road Lﬂuauuﬁguﬁuﬁlumﬂﬁuww waznasdnd e ud
(Accessibility) uiiinazanatnuniuuzan Arterial lulguau uazaauaan
RNUNIMUZANTHTUE Arterial LAY Freeway siali]

4) Local Road iflunuuisjaiunisdnfeiu guau flegende wieanuiinnse
sing o lumdniile enun uuzaesuTILaINIRUNENg Collector waz

28Ng Arterial o
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2.3.2 NTAUUUIANNAANITAARIALAINNATATYUD0UY Tnel Eppell Olsen &
Partners

Eppell et al. (2001) lAaue 4 $2AUAMNEIATYLRINULANMILNNIINURBUAZANT
o ] 1 A
AAN17IATNTLLEUNIY Na1IAS

52AUT 1 Purpose A8 FAQUILAIAT8IN1945194789N19 11 B1uaaAINAz AN Y

Aﬂl A Aﬂl Y ¥ K 1 <
nsasasiluaausaen viaaliidnnegatlatenelatnunsaetngsmmiia
. A 5

LA v o A £ o o
7¢AUN 2 Function AR UUINURNFIELNIN (Vlﬂ‘ﬂ@ﬁ"}\‘i“llull'}ﬁl’]NfJ[ﬂQ‘ﬂﬁ‘Z’&\‘]ﬂ[ﬂ’]\‘I | Tu

i 1
=

o = v a = o % o

seaud 1 lagdnisuanuinnatanielnaazipaanazdanan Wunizaunuivunenig
LALNIN

s2AUN 3 Management A8 N1TAMKALIELNY ¥TENTTLTVN T UANE N1 IULARY

v v 1 v

AuTY (39u9aAdilulAnea89478 979 ) Inenln e U SUR AT LA NI4T I
dl v o v dl 2 %3 6 b5
Waliaaneaunsarminlaaudngilszassaainisaing

s2AUR 4 Design AB N19eanbULaeN1aLAaslszinnlFmnnzanninn el
NIRTFIU

49
2.3.3 a1AUANNEATyIasnuU UL smATIaT LA

o o o

Aanana19n191 sy PENZ Transport Conference (2007) AN134A& 1A 1

paugATyreenuun e tuiaqiuresrianeiusig o nraludszmatioGuaus 19

' |
a e~

WUAENNUIEALTIALAZITALIRINY tNaN1sLfuL feuuan1an1sdana AL ATy nuLYes
TArTuaus (National Road Hierarchy) mgﬂiﬁ’ﬁqﬁ
1) National Hierarchies fnanesing iR TeuAN e aLaLiiLTINsdAsAEL
mmziﬂﬁ”ﬁymumﬁ@lﬁumsﬁmumuulummi”uammmmmummmlu
mu%mﬁumuﬁm'ﬁluﬁw Famg19T 2.1 uanensSaR LN Ay Tt
lulesuazaunlumunm uazt BunnasasULBILAaE A AT
2) Local Hierarchies nﬂﬁ@q'ﬁ'uluﬂixmmﬁq%Lmum’ﬁmﬁm@"ﬁﬁummzﬁﬂﬁmﬂuu
Famn319 2.2 LAAIARBENINITIARIALAINANATY DUBLRILTeslu
HaTuaud Uszneunleiiag Auckland, Palmerston, Wellington, Porirua,

v v
Christchurch 4az Dunedin 4AZITALLTNIMATIRTLLAULLAATULDLHB AT
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A5197 1.1 arduAneuuszAUTE luTaqiiuaeslszmatiaGuaus (Macbeth, 2007)

National

Document

Class (AL2A8U3N1MA51259187UARBAL] | NUAURARIW)

NZS 4404:2004

(Land
Primary Secondary Collector Local Local
Development
(regional) (district) Distributor
and Subdivision
arterials arterials 1,000-
Engineering
> 7,000 3,000-7,000 3,000 200-1,000 <750
Standard
(Urban)
Major Minor Sub-
Arterial Minor local
(Rural) collector collector collector
> 2,500 <300
1-2,500 700-1,000 300-700
Land Transport
NZ Economic
Urban Urban
Evaluation
arterial other
Manual - Vol.1
> 7,000 < 7,000
(EEM 1)
(Urban)
Rural Rural
(Rural) strategic other
> 2,500 < 2,500
Land Transport Motorway/
2 &4 land
NZ EEM 1 4 land Collector
arterial Local
Worksheet A6 - divided 2,000-
3,000- < 3,000
Accident 15,000- 8,000
24,000
Cost Savings 68,000
Transfund Road
B
maintenance A C D E
5,000- F
Hierarchy > 10,000 1,000-5,000 200-1,000 <200
10,000
(Urban)
(Rural) > 5,000 1,000-5,000 200-1,000 50-200 <50
Transit State
Highway Motorway Expressway Arterial Collector Local
Geometric > 8,000 > 8,000 < 12,000 < 5,000 < 1,000
Design Manual
Transit Planning Primary Secondary Cul-de-
Motorway | Expressway Collector Local
Policy Manual Arterial Arterial sacs
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A15199 2.2 AAUANEuLlLEEE 9 2eaLsuinATinTuwans (Macbeth, 2007)

Cities Class (AledzFunuamamadunaant | WuAusady)

Regional District Collector Local Service
Auckland City Strategic arterials arterials Lanes

+ 40,000 5,000-25,000 3,000-10,000 < 5,000

Principal Collector Local Parking &
Palmerston City Arterial
5,000-20,000 3,000-10,000 < 3,000 Pedestrian
Arterial Principal Collector Sub-
Local

Wellington City Collector

> 7,000 3,000-7,000 800-3,000 200-800
Porirua City : Motorway Major Arterial Major Arterial Principal Collector Local

10,000- 10,000-
Urban 7,000-15,000 2,500-10,000 200-3,000
30,000 25,000
Rural 3,000-10,000 1,000-8,000 - 500-2,000 <250
Chistchurch Service
Major Arterial Major Arterial Collector Local
City : Lanes
Urban > 12,000 3,000-15,000 1,000-6,000
Rural > 10,000 2,000-12,000 100 - 2,500 <5,500
National Regional District Collector
Dunedin Local
(not defined) (not defined) (not defined) (not defined)

2.3.4 NIRANULLLAZNITNAAFINIUNTAANLLBITIANAITA AU TaN0INANT

anilasiinanaiEa (Newcastle City Council #78 NCC) LAUALUININITNRUING
nanvaglud Tnaansed1AUsznaufenisananALANNAIATYIDIDUULAZNINUAN 11T
194N EIHIMI UATNIRgFIUNNTERNLLLLATNINe4E e Tne NCC Tdllanunisdnandy
ANNENATYIR01L U Unitary Development Plan (UDP) @9UN1A3114N1522NULILILAYANS
Aaaseldianuli UDP sanriulu Transport in the Urban Environment (TUE) Imvl,r;’fm;ﬂ
szinnuasatanuuAINianuaas UDP/NCC was TUE muﬁ“@mmgmmm@mmu

ANHNIFY FIRAN9199 2.3
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A5197 3.3 NIPANALIANINA AT AN NUATNIATFIUNNTRENILLANNIEIE MTLANE

nusazszinyn (Newcastle City Council, 2011)

Guidelines definition for each Street Type Design speed UDP / NCC TUE
Principal - lumnavansuiumy 120/100 N4./TH. Strategic Primary
Road - WMNNERUFLNNLATRIE BT/ (70/60 'lg/au.) Highway Distributor
srazynalna/aunvuzana gy Roads
- Inanudunnvmnnziunnsudaraadszian
Classified - Wumavaasdniunisamasszasnielunany 120/100/85 NN./TX. Main District
Road solnegnstszarniadnnn/ (70/60/50 lua/ma.) | Distributor Distributor
v
NUNgINAUATYAAIUNITN Road Road
- wdunsdenseiuidunisgmerans
wazidunnaananan Ui un
Local - danseny Principal & Classified Road 100/85/70 nu./TN. Secondary Local
Distributor - f1Bununnamasmuazen Uz a ludee | (60/50/40 lusiw.) Distributor Distributor
Road - LENAUAWYINaRNAINOWY Road Road
Collector 4 o A —
- Wlunuunagande Jiduniaenmdidnng 50 N/, Local Roads Access
Street :
Residential Street wazH U uege AuLaToNFanUUIAN (30 Tua/ma.) Roads
(with Bus Route) - Wudunnaldsuiuauanein dntuenseny
sn8Us Lazsnlagansdszainig
- JRIEUIUANNALAINENTLAALAN
o
- ANaamTn
IV Local
Residential - Whadunenmaluidonmetanduuaziionsie 50 N/ Access
Access
Street Local Distributor Road a¥ Collector Street (30 L1,342\3(/“71?,«) Roads & Roads
funuudIULAAR Pedestrian
v d e aaya  sde  ea A X AL o
- wiihndnAe lWiLFnisEnnen Au luLsiniuniu Priority
- uaIn Carriageway WasnSALLAY (footway) Streets
= o U
- Annesadnsenunenlunindranuy
o v ead . e
- inaensnsunaIRnagen At
Shared Surface - ldiunisaudenngtuuy Tluanawmugin 30 Na/N. Pedestrian | Pedestrian
Street - AR UINEL NNV (20 Tus/za.) Priority Streets
ad v ead 4 o
- iNaepsnsuNaIANNagan At Streets
Home Zone - Iddusudinendeivintiu 20 - 10 NAL/TN.

- AARANNITILAZUINILAIIAT
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2.3.5 N19AUNOUULAZ IATITELEUNINAN AUTITAEUNANT

o

Y o 1A o ' o Ao s
Transport (2012) 1ﬂ@ﬂwqﬂﬂ~lﬂﬂ’1?@’1LLuﬂﬂuuLL@‘éﬁIﬂN“ﬂ’mLﬁu‘V]’N‘Vi@ﬂ NQ@Q‘]J?‘ZZNV’W

a

o o

a1 tiyLﬁ@LﬂuLmeﬂﬁummmmwmqﬁmﬁummmmwmmﬁmﬁﬁiﬂiﬂumﬁﬁLLuﬂ
Funnu mmi‘vmﬂmimmu

ﬁumamuu (Road Classification)

TLT) SV PO TAAEN: P (PPN (N34 Motorways %qgnfﬁmumﬂu Special Roads
WAZPNHNNNT2T123UN9s2nN) auun bl 4 Uszinn fai
A Roads — Ouua AUt Wunuuaeuangmiunfsaudsauna vy aunneili

= ' & A
NTRTSNIN NUN

b4
= ]

B Roads — nuua1AuNaas unuui@ansefiuiise o ileaduayunisamas

b

211979 A Roads uazauuansian < uulasedng

Classified unnumbered - auuAFLT A1 Wunuuanewiniiden Unclassified i
A Roads uaz B Roads uasifaniurudngsnisenstnuiieguaniasinisg

Unclassified - nunansLna %uﬂu%uﬁmm WHunuulutesiuienisanasiunes
fiu 60% vesnuuluavsgenndnndunuuszinil

LN IEN 1S9 LN T U 89D 1Y (Setting Road Classifications) 111 azfa1li
azfeurulasednanuulufesduiy 7 IRERNIATFIUNNTRANLLL O NULAAL LT N
denadesii Mesuuniurssnuuldrsuummneaadunn i ouwiaesing 2 feddu
WaNINNTN Azfeal iR Winteui mnﬂ?u'ﬂu%uauuﬁummewrﬁffmﬁmamﬁmw waz

Yy A oal A ¥ v < v o o |
AZANNNTITUNTARNINLITVDILASASADINUATENUIN 2 Al

2.4 nganwlalszinnlasananiavaalulsznalng
2.4.1 NNUAWATNNILINTI Y JANIIUALN
taqifutlszwalnadinisanuunseuulasetnaniaaeniuns s iy niAn1amans
W.A.2535 uaz w.A.2549 Taglautialszinnauueenidu 5 dszinm loun narateiids 19
WANUEUAY NMAWTULN N199A29T 09T LaTN1enatsduLniy Tnafniaeanud
FURATAL 3 MURENNUUIZNALAE NTNNINUAN (NA.) NTNNNUANTULN (NT.) LAZBIANT

UnAsasdouiiasiiu (ailn.) AsgLy 2.4
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N.5.U. N9INA2T N.A. 2535 .5.1. NMIUAT N.A. 2549
Uszian mintgAiunig dszian MmingALilunIg
1. NIINRIHLA ATUNINAN p— 1 IRRITLAR A73NIIUAN
2. NAURSUELAL ATUNIINAN R S R S ATUNIINAN
3. NEUANTULN 85, TNT., BLA. P 3 NEHAWTULN ATUNIINANTULN
A -
[ a R y e
4. NNURMUNALIR WALNA p— 4 yauaeTRI0Y | BeAnsilnATRIgiuastU
ﬁ
5. MINRNFTIALNEG F217114 — 5. Manaedulniu ATUNIINAN
6. NManaedulnIu ATUNINUAN

5U% 6.4 nsauunszuLIAsainenImaNImNNIEI Ty AIAN A%

o

Tmﬂmmmwmq@,m?ﬂﬁ ATALNIIVANN LAY NIIUAUNUAY LATNINUAIN

ANUNIU NINNNUANTULNGUATURATILNINUAWTULYN hazedAnslnATaedauriaanu

AuAsURATALNIIUANTBTUN kazuIndnisFaLme Nz Tty ajAn1eaealiuiliy

o

N19aN LL‘Lm‘]JﬁfzLﬂVWI’W\TM@'J\‘iSJ’]lﬁl?ﬂ’]u@qﬂﬂv\md’]Ecjﬂ']’1§LI’&‘ﬂﬂﬂﬁﬂﬁﬁuLL@ﬁ:ﬁﬂQﬂﬂ’]uﬁJaWH@‘LI

TiinaAnd1taulun1gfa 8asRARIR1INT 2.4

AN5197 4.4 N1FAUUNUTLANNNYANFAIN W.9.1.NWNWAN ﬁummgmmna (@NTgl

PULEl, 2552)

szLAnNN19nang szLANMIInaemIN WU UTURNAT DL
NIMTFIURING
NINNAWIN AL Freeway NTUNNNAN
NNUAWUHUAL Arterial Road NIUNNNAN
NINUAWNTULIN Collectors Road NIUNWNAANTULY
NaMaITRsAL Local Road a3FnsnAsasdruiaaiy
NnadNLNIU Freeway NTUNIUAN
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2.4.2 NNIAUUNTATILIENINNAIE NTNNIIRAILTULN

NIUNIMAITULIN (2556) ANBHINTI9UUNTATTNEN AT s AR N NE DY
N9l ‘LuTﬂNma?yJmnﬂﬂ:‘Tﬂ:\wjf]ﬂ1/1Nmqqﬁ’@ﬁuumm@umﬂum Ineinaninael
AsAnsiiinsuunlassinaeandy 4 Tadanan e ANNFRINITAUNIG ANTATIET
WNUNEBRINFAUNIG ANNHTILIATITINEIBNAN LN LATNTEN DTN

v
n1sysadnslasatnene unisinlasednaaneniclulaqiuianus wunvianig

a

WAIIZWARALLNTATIANLNIG ATHNA NN UFIN1IAA B NAENIN A A LN sz N D1 leF

¥

QNFABIANNNANITINITIRANALTUAITNENATYIBINUL (Road Hierarchy)

2.5 NMFAATIUULLATINAIFASAFHLATD
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CR CI/RI 0.052

CR < 0.1 wanshAiadulinnusenadoiiu

sl T | e e dnnaaTaT _
FrsdlElumsaTas 0.221 0.280 0.171 0.673 3.040
TEUEWHTEWIHW LR 0.074 0.093 0.114 0.281 3.013
drnteaTas 0.885 0.560 0.685 2131 3.100
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mTHIEN I UnsR AN sRUATIARY

Srumtlsrndlusena | Swseiddy e
Frrnsmnluaenn 1 1% /3
Frunisn it & 1 173
M 8 3 1
mTHIEnhmiun R AN ERvATIhAY

Swnlmrndlusemn | Swmsowiddy msruiiEE.
Frumlrsnlusimm 1.000 0.167 0.125
Srnanmidy £.000 1.000 0.333
s 8.000 3.000 1.000

M Normalize wazAuIMAT Eigenvector (AseAuATIidhAR)
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Snntmndlumemn | Smmseiddy g _
Snmitrrnlumen 0.067 0.040 0.086 0.192 0.064
Srumusoidy 0.400 0.240 0.229 0.869 0.290
F e 0.533 0.720 0.686 1.939 0.646

arHuEnddmiun R AR MLEARd

A max Sum (consistency wector) / n 3.074
cl (A max n)An 1) 0.037
Al #1n - 3 fiadu R - 0.52 0.520
CR CI/RI 0.071

CR = 0.1 uspshdrldoiinrumensdoaiu

—— e
Srunlrmmsluaemn 0.064 0.048 0.081 0.193 3.012
Srunaidy 0.385 0.290 0.215 0.890 3.073
TG 0.513 0.869 0.696 2028 3.138
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T UM TIAnA IR UA T A

FrsE T | smesiesmwharaen TR
Tl 1 1/4 1/5
TRWHRATHANLEA 4 1 1/5
drrnteanat 5 5 1
rHuinddmium A anAAvA A

FrsaEAlilunaTas | seersiiesswieraen st
Tl 1.000 0.333 0.200
TRWHRATHANLEA 3.000 1.000 0.250
drrnteanat 5.000 4.000 1.000

mah Mormalize ussATLILRAT Eigenvector (ATizivATwhAT)

109

arrmETldlumeTes | essimwhanaen FITERITRT _
i llunTaTas 0.111 0.063 0.138 0.312 0.104
TEHEWHTEWTHW UL 0.333 0.188 0.172 0.693 0.231
drmtenTa 0.556 0.750 0,690 1,995 0,665

AITHUWASIMTUM SATIRTNATA I LsEAAdD

A max Sum (consistency wector) / n 3.087
a (A max n)(n 1) 0.043
R A1n = 3 fiadu RI - 0.52 0.520
CR CI/RI 0.084

CR = 0.1 uwanvhAtleduiinnusonndosiu

FrssE iyt | i s T _
Tl 0.104 0.077 0.133 0.314 3.023
TEHEWHTEWIAN L 0.312 0.231 0.166 0.709 3.068
ST 0.51%9 0.924 0.665 2109 3171
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mrHuninddmiumsdandivanuddy

Sl | Snamuiddy e
Frnlrmmluzemns 1 1/6 178
Srmnarnitdy & 1 173
TR 8 3 1
mrHuiRddmIumsA I anAsAvAuA Y

Sl | Snamuiddy e
Frmlrinsluemn 1.000 0167 0.125
FrumEnuiid 6.000 1.000 0.333
iR 8.000 3.000 1.000

7k Mermalize wazATwIRA1 Eigenvector (ATizfvaTudhdAy)

Frrdrsindlugmmn

Srsanidiy

110

ArmuRdE
Sttt 0.067 0.040 0.084 0.192 0.064
Srumsnniidiy 0.400 0.240 0.229 0.860 0.200
TSR 0.533 0720 0.686 1.939 0.684

mTHIIREMUMSA T AR IA TR AARDY

A max Sum (consistency vector) / n 3.074
cl (A max n)/n 1) 0.037
RI #1n -3 Al R - 0.52 0.520
CR fulll:] 0.071

CR < 0.1 uwsAdhArdedodamusonadaiu

I e e L ]
Frmlrinsluemn 0.064 0.048 0.081 0.193 3.012
Srumsaiidy 0.385 0.290 0.215 0.890 3.073
iR 0.513 0.869 0.646 2.028 3.138
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aTHudnddmTumIA RN uA TudAL

FrmEElunTTaT | sresissianauen drmtasanas
o lilumarias 1 173 1/3
TEEEWHTEWIHYNALEN 3 1 12
drwmtasanas 3 2 1
mrHadnddmTumsianiuATudAL

FraadAlElunTIIeT | e namasen drtaaTas
rrmudlilumsaras 1.000 0.333 0.333
TN HTWIHA LN 3.000 1.000 0.500
drmtsanas 3.000 2000 1.000

ok Normalize wasATWIRMAT Eigenvector (ATasAuR M)
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FrsE LTI | sessiss i aeen dnrnaaTaT _
LT 0.143 0.100 0.182 0.425 0.142
TEUENHTERTHY LR 0.429 0.300 0.273 1.001 0.334
drnteaTas 0.429 0.600 0.545 1.574 0.525

sraunEndd UM INA R ILRERRED

A max Sum (consistency wector) £ n 3.054
l (A max n)An 1) 0.027
R A1 n -3 A Rl - 052 0.520
CR CI/RI 0.052

CR = 0.1 usnshAdvliarusonndoliu

sl TaT | sessiss i iasen eI _
rrsadsilElursarias 0.142 0.111 0.175 0.428 3.021
TEUEWHTEWIHV LR 0.425 0.334 0.263 1071 3.058
drnteaTas 0.425 0.668 0.525 1517 3.082
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mrHaindhmiumdnanAiva Ay

Swmtrrndlumena | Sunseniidey TR
Frmlrmnluaems 1 4 3
Sty 174 1 1/3
TSR 173 3 1
TR MIumMsAIanA A UA LAY

Swmtrrndlumene | Sunseniidey F R Tty
drnrnnlmnalusm 1.000 4.000 3.000
Srusomiidhdy 0.250 1.000 0.333
TS 0.333 3.000 1.000

it Normalize uasATUILAT Eigenvector (ATssvATINAD)

112

Swmrrndlumena | Swnseniidey TR _
Srmrenslumem 0.632 0.500 0.692 1524 0.608
Srnariidy 0.158 0125 0.077 0.360 0.120
TS 0.211 0.375 0.231 0.816 0.272

ARG M FUM AT NAIA TR ARD

A max Sum (consistency vector) 7 n 3.074
cl (A max n)(n 1) 0.037
R A1 n - 3 fatu Rl - 0.52 0.520
R CI/RI 0.071

CR < 0.1 uanvhArdadolaTusonadoiu

e,
Srrmtlvtnslugem 0.508 0.480 0.816 1.904 3.132
SrumEnitdy 0.152 0.120 0.091 0.363 3.023
[ e 0.203 0.360 0272 0.835 3.067
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mTHumnddmium A TIRnATRUA T AT

s lumsTes | ssesnessarhaniawen drumteTas
el ilumeamas 1 4 4
W HTWTHN LA 14 1 172
FUMEMITTT 174 e 1
mTREndE MM TIRnA TR UA T AL

il Elums e | wememnaawen dtenTaT
mml.‘“rm"alﬁwrmm': 1.000 4.000 4.000
TEUEHHTEW TN LA 0.250 1.000 0.500
FteITaT 0.250 2.000 1.000

i Normalize uasAuIwA Eigenvector (ATssAua Tudfn)
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il Elumsnas | wemieswheawen drntenTas _
el tlumsanas 0.66T 0.5T1 0727 1.965 0.655
TEHEWHIEWIHT UL 0.167 0.143 0.0M 0.400 0.133
AT 0.167 0.286 0.182 0634 0.211

sraEnddmiumsdnaAR NuseRAio

A max Sum (consistency wector) / n 3.054
cl (A max n)/n 1) 0.027
R A1 =3 fniiu Al = 0.52 0.520
CR CI/RI 0.052

CR < 0.1 uwaayhAriadadnrusonadaaiu

FradlEluniraraT | sessitarswitentansn FSHrEERTRT _
rrmdlElumemas 0.655 0.534 0.844 2.035 3.106
TEUEWHTEW TN UL 0.164 0.133 0.106 0.403 3.01%
druntmaras 0.164 0.287 0.211 0642 3.038
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mTHwinddmumsdnanAsRvAMuhAy

Srmtrmndluswmn | Snousnitdy e
Frunlsmnslugnm 1 173 2
Srumsniidiy 3 1 3
s T 1/2 1/3 1
mrwinddmumA I anAsRuAMuhAy

Swmtlsmnilugemn | Smseidey e
Frntrmnmlusmm 1.000 0.333 2.000
Srumsmuiidsy 3.000 1.000 3.000
e 0.500 0.333 1.000

Mok Normalize ussATUILAT Eigenvector (A1szAUATINARY)

114

Srmtlrmndlusemm | Snousaitdy s _
Frnsmnslumens 0.222 0.200 0,333 0.756 0.252
Sy 0667 0.600 0500 1767 0.589
s 0111 0.200 0.167 0.475 0.159

mrainddmursE I nmALEen Aol

Frnlsmnslugemm

Snmsoiithdy

ATTHTUAH

A max Sum (consistency vector) / n 3.054
a (A max n)/n 1) 0.027
Rl A1n - 3 AN Rl - 0.52 0.520
CR CI/RI 0.052

CR = 0.1 wsnvhaduflarusonadoariu

Srrarendusemn 0.252 0.196 0319 0.767 3.044
Srrnmmiid 0.756 0.589 0.478 1.822 3.004
R 0.126 0.196 0.159 0.481 3.023
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mTHLRrhMIIm AN AU uhAY

sl Elums e | siesrnmawen druntsanaT
ﬂrmt%’:'ﬂﬁufrmm‘i 1 3 1/4
TEHEWHTEWIANUsn 173 1 178
FrunteaTa 4 & 1
mrRuinddmiumE RN R vA TN Ay

il Elumsmar | eeiesswiheawen drntenaTas
rrandalElumsereg 1.000 3.000 0.250
TEHEWHTEWTANUsR 0.333 1.000 0.167
ArunitsaTaT 4.000 6.000 1.000

i Normalize ugeATuIwAT Eigenvector (ATzsAuRThAn)
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il lunmaraT | weemewimasn Tt _
AT 0.188 0.300 0.176 0664 0.221
TEHEWHTEWTHY LA 0.063 0.100 0.118 0.280 0.093
FrmteaaTT 0.750 0.600 0.706 2.056 0,585

mPHuEndMImMIETIMAAT A AdD

A max Sum (consistency wector) / n 3.054
cl (A max n)/(n 1) 0.027
RI #1n - 3 fndu Rl - 052 0.520
CR CIml 0.052

CR < 0.1 usavhArladelamusonadoaiu

sl Elums e | siesrnmawen druntsanaT _
rrandalElumsereg 0.221 0.230 0.171 0.673 3.040
TEHEWHTEWTANUsR 0.074 0.093 0.114 0.281 3.013
TrnteRTaT 0.885 0.560 0.685 2131 3109
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mrRund UM TanA R uR TIdAY

drmrmndlugwm | Susuiidig muiiideg
Frrsrnalugemn 1 1/4 4
SrmEriidny 4 1 7
e 1/4 17 1
mrauBnddmiumId AN auA kA

Srmtrmndlugems | SwnEmuidy muiideg
Frtssnalugemn 1.000 0.250 4.000
s 4,000 1.000 7.000

rTETidie

0.250

0.143

mah Normalize uazATuILAT Eigenvector (ATasAvaTindAn)

drnlsmnsluaems

g
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snEniidhey
drntlsenlugemn 0.190 0.179 0.333 0.703 0.234
SrmaEmi 0.762 0.718 0.583 2063 0.688
TSR 0.098 0.103 0.083 0.234 0.078

s UM IANAA R A

A max Sum (consistency vector) / n 3.077
a (A max n)/n 1) 0.03%
R A1n = 3 @ Rl - 0.52 0.520
CR ciml 0.075

CR < 0.1 usnshAidvilausonadoaiu

EE e R o R R e [ e
Sy 0.234 0.172 0311 0.718 3.062
Sy 0.938 0.688 0.545 2.170 3.156
e 0.059 0.098 0.078 0.235 3.015
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THunddmumsAenA v A

FrsElElumTaTas | sremsismwdienauen drmtsaTat
mml‘“iwﬁﬁumm‘: 1 5 1
A HTEW TR 1/5 1 1/5
dteTaT 1 5 1
aTHundE UM RN seRUA TR

FrmadilElumsaras | sesiswienauen dmteaTa
i lElumma et 1.000 5.000 1.000
THUEWHTEWTHTHLEN 0.200 1.000 0.200
druTtaaTRT 1.000 5.000 1.000

7 Normalize wasAWIMAT Eigenvector (ATsAva AR

117

FramsadlElumTaas | smesinsswinenasen SmteRTAT _
i lElumma et 0.455 0.455 0.455 1364 0.455
TUTWHTENIRN LA 0.091 0.091 0.091 0.273 0.091
drumteaTat 0.455 0.455 0.455 1.364 0.455

s uImIE AR M useRAiod

A max Sum (consistency vector) / n 3.000
a (A max n)/n 1) 0.000
RI A1n =3 findu RI - 0.52 0.520
CR CI/RI 0.000

CR < 0.1 uanihAriedulinnusonadoliiu

rrmdildlunsaseT | mesihamrwinamasen drtesaTaT _
rrundlElumasas 0.455 0.455 0.455 1364 3.000
TUTWHTEWIRN LA 0.091 0.091 0.091 0.273 3.000
et 0455 0455 0.455 1.364 3.000
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mTHanERddmIUMIETIAnATIRUATIE AT

Smlmmmluzenn | Sumnsenidiy e
drmlsrnsluaiemia 1 1 1
Srmsnnidy 1 1 1
s e 1 1 1
mrHuninddmTumsdnnanAEsRuva Ay

Srmlmmmluzem | Sumnseniddy R
drumdssnaluzm 1.000 1.000 1.000
Sy 1.000 1.000 1.000
e 1.000 1.000 1.000

mah Normalize ussATUIRAT Eigenvector (A1asAUATINAL)
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Snmtmnmlugem | Sy T _
T 0.333 0.333 0.333 1.000 0.333
Srrnanudidiy 0.333 0.333 0.333 1.000 0.333
T e 0.333 0.333 0.333 1.000 0.333

mrHuinddmiumsA AR s RAio

A max Sum (consistency vector) / n 3.000
al (A max n)/n 1) 0.000
Rl A1n - 3 iy Al - 052 0.520
CR CI/RI 0.000

CR < 0.1 wsnvhAedsiinrusenadoiiu

Srmlsmmluzem | Sumnseniddy R _
Srmisrnsluaiema 0.333 0.333 0.333 1.000 3.000
Sy 0.333 0.333 0.333 1.000 3.000
s 0.333 0.333 0.333 1.000 3.000




N33AIZIANENMINYe9TAdA AN AGEIFRTBIN9AT1ATANNE TN TYVINUT 8

mruinddmiumdnaanasiva iR

Frai T T | meneswiaasen dnteaTET
mmﬁwﬁﬁurrmm‘i 1 4 5
TEHEWHTEWIN MR 1/4 1 1/2
et 1/5 2 1
AT UM AT IRNA TR UA TR

FraiAlAurTTITaT | esneswiaken drmdesnTs
mmt"sw‘a[ﬁurrmm': 1.000 4.000 5.000
TEUEWHTEMTHN LA 0.250 1.000 0.500
TnteaTia 0.200 2,000 1.000

mah Normalize uasATWIRAT Eigenvector (A1izAuA AR

119

errmnd Ll | e rhauen FMTEBRTRT _
raidililumrasas 0690 0571 0.759 2.030 0677
TEHEWHTEWIN MR 0.172 0.143 0077 0.392 0.131
et 0.138 0.286 0.154 0.577 0.192

mPHE R MU RNAR s ARED

A max Sum (consistency wector) / n 3.0%
a (A max n)/n 1) 0.048
RI #1n =3 fadu RI - 0.52 0.520
CR CI/RI 0.092

CR < 0.1 uspshArildsdanusonndoiiu

ermililuramaT | mesiamwianasen dntesaTeT _
sl e 0677 0.523 0.962 2.162 3.195
TEUEWHTEW TN LA 0.16% 0131 0.0 0.354 3.030
FTnteaTeT 0.135 0.261 0.192 0.58% 3.061
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sTRungdmiumIE AN sRve udAY

Srmdmnndlugemn | Swmaniidsy msiideg
srrmdsmntluaemn 1 1 5
Srnenmiidy 1 1 5
e 1/5 1/5 1
mraunBnddmiumId AR Ay

Srmdmnndlugemn | Swmaniidsy msiideg
sSrumusmnaluaemn 1.000 1.000 5.000
Srnenmiidy 1.000 1.000 5.000
e 0.200 0.200 1.000

mah Normalize uazATLILAT Eigenvector (A13sAUATINAT)

120

S| e || e _
Srndrrnlugem 0.455 0.455 0.455 1.364 0.455
Sy 0.455 0.455 0.455 1.368 0.455
PrT ity 0.091 0.091 0.091 0.273 0.091

saunEnddmiumIE AR e ARD

A max Sum (consistency vector) / n 3.000
l (A max n)/n 1) 0.000
Rl A1n - 3 @l RI - 0.52 0.520
CR cI/ml 0.000

CR < 01 uspvhaiedsiiarusenadoiiu

Srmtlsmnslugen | Swousrmidy e _
Srrmlsrnslugem 0.455 0.455 0.455 1.364 3.000
Srumudaui 0.455 0.455 0.455 1.364 3.000
TR 0.0M 0.001 0.001 0.273 3.000




N3dAziANNMINYesTadA LAY INAREIFRTBIN19991A AN TN QU VINWT 9

aTHENdEwMiUmIATanA R uA T AY

rrmdHlilunTanet | wemimrnmaen FruntsaTET
rrudalElunrane 1 5 1
TR HT NIRRT 1/5 1 1/5
dmteaTaT 1 5 1
TR mMiumdanAAuA TG AY

FrmaSHlElunTIeT | wemimrnmaken duntsaTET
Al flunraneT 1.000 5.000 1.000
TEUEWHTEWIHN LN 0.200 1.000 0.200
drTtBN TN 1.000 5.000 1.000

Mot Normalize ussATUIMAT Eigenvector (A1TsAuANd AR

121

FrnadHllunTIneT | wemiearnmaken FrumtITINT _
i sillumsasas 0.455 0.455 0.455 1.364 0.455
TUTWHTEN TR 0.001 0.001 0.001 0.273 0.091
Fte T 0.455 0.455 0.455 1.364 0.455

TR W TUMR T AR TR AR EDY

A max Sum (consistency vector) / n 3.000
[a] (A max n)(n 1) 0.000
Al A1n - 3 fadu Al - 0.52 0.520
CR CIRI 0.000

CR = 0.1 uspshdisdoilamusonadoafiu

FrsaElilunaramas | mesiiemrihameen drnitanTaT _
ey 0.455 0.455 0.455 1.364 3.000
TEUENHTERTHA LT 0.00 0.00 0.00 0.273 3.000
dnteaTas 0.455 0.455 0.455 1.364 3.000




nsansziAnmingesfadefun s AsNuRaN @y vinui 9

aTRuinddmiumsdunnAssRvA Tud Ay

Snntmnndlumemn | Snusemidy mmhuRide
drrsenduziema 1 1 1
Snmsmuitdy 1 1 1
s 1 1 1
mrHanddmTumsdnnAssRvA TudAy

Snmtmndlumen | Sruderidy T T T
Fnrnsrnlumems 1.000 1.000 1.000
Srsritdy 1.000 1.000 1.000
s 1.000 1.000 1.000

Mo Normalize wazAwIRAT Eigenvector (AssAuATIMGAD)

122

Snmtmndlumen | Sruderidy T T T _
Snmdrrndlusema 0.333 0.333 0.333 1.000 0.333
S 0.333 0.333 0.333 1.000 0.333
TSR 0.333 0.333 0.333 1.000 0.333

sanBnddmiunmsd A Nusnads

A max Sum (consistency vector) / n 3.000
cl (A max n)yn 1) 0.000
Rl A1 n = 3 fiadu Rl - 0.52 0.520
CR CIRI 0.000

CR < 0.1 uspshAreduiinnuaonadosiu

e —re e |
drrdrrntlumem 0.333 0.333 0.333 1.000 3.000
Srsritdy 0.333 0.333 0.333 1.000 3.000
P ey 0.333 0.333 0.333 1.000 3.000
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import arcpy
import skfuzzy as fuzz

import numpy as np

class Toolbox(object):
def __init__(self):
""Define the toolbox (the name of the toolbox is the name of the
.pyt file).""
self.label = "Road Function”

self.alias = "Road"

# List of tool classes associated with this toolbox

self.tools = [fuzzySpeed, fuzzylLane, fuzzyinters, fuzzyPP, fuzzyPOlI, fuzzyUrban, weightTable]

class fuzzySpeed(object):
def __init__(self):
""Define the tool (tool name is the name of the class).""
self.label = "1 Fuzzify Speed"

self.description =

self.canRuninBackground = False

def getParameterinfo(self):
""Define parameter definitions™

in_features = arcpy.Parameter(
displayName="Input Features",
name="in_features",
datatype="Feature Layer",
parameterType="Required",
direction="Input")

in_features filter.list = ["Polyline"]

# speed

FSpeedLstd = arcpy.Parameter(
displayName="Freeway: left standard deviation",
name="FSpeedLstd",
datatype="Double",
parameterType="Required",
direction="Input")

FSpeedLstd.value = 16.428 # set default value

FSpeedMean = arcpy.Parameter(
displayName="Freeway: Mean",
name="FSpeedMean",
datatype="Double",

parameterType="Required",
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direction="Input")

FSpeedMean.value = 106.428 # set default value

FSpeedRstd = arcpy.Parameter(
displayName="Freeway: Right standard deviation",
name="FSpeedRstd",
datatype="Double",
parameterType="Required",
direction="Input")

FSpeedRstd.value = 13.572 # set default value

ASpeedLstd = arcpy.Parameter(
displayName="Arterial: left standard deviation",
name="ASpeedLstd",
datatype="Double",
parameterType="Required",
direction="Input")

ASpeedLstd.value = 17.642 # set default value

ASpeedMean = arcpy.Parameter(
displayName="Arterial: Mean",
name="ASpeedMean",
datatype="Double",
parameterType="Required",
direction="Input")

ASpeedMean.value = 77.642 # set default value

ASpeedRstd = arcpy.Parameter(
displayName="Arterial: Right standard deviation",
name="ASpeedRstd",
datatype="Double",
parameterType="Required",
direction="Input")

ASpeedRstd.value = 12.358 # set default value

CSpeedLstd = arcpy.Parameter(
displayName="Collector: left standard deviation",
name="CSpeedLstd",
datatype="Double",
parameterType="Required",
direction="Input")

CSpeedLstd.value = 20.5 # set default value

CSpeedMean = arcpy.Parameter(
displayName="Collector: Mean",
name="CSpeedMean",

datatype="Double",
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parameterType="Required",
direction="Input")

CSpeedMean.value = 60.5 # set default value

CSpeedRstd = arcpy.Parameter(
displayName="Collector: Right standard deviation",
name="CSpeedRstd",
datatype="Double",
parameterType="Required",
direction="Input")

CSpeedRstd.value = 18.75 # set default value

LSpeedLstd = arcpy.Parameter(
displayName="Local: left standard deviation",
name="LSpeedLstd",
datatype="Double",
parameterType="Required",
direction="Input")

LSpeedLstd.value = 27.071 # set default value

LSpeedMean = arcpy.Parameter(
displayName="Local: Mean",
name="LSpeedMean",
datatype="Double",
parameterType="Required",
direction="Input")

LSpeedMean.value = 27.071 # set default value

LSpeedRstd = arcpy.Parameter(
displayName="Local: Right standard deviation",
name="LSpeedRstd",
datatype="Double",
parameterType="Required",
direction="Input")

LSpeedRstd.value = 25.179 # set default value

out_features = arcpy.Parameter(
displayName="Output Features",

name="out_features",
datatype="Feature Layer",
parameterType="Derived",

direction="output")

params = [in_features, out_features, FSpeedLstd, FSpeedMean, FSpeedRstd, ASpeedLstd, ASpeedMean, ASpeedRstd, CSpeedLstd,
CSpeedMean, CSpeedRstd, LSpeedLstd, LSpeedMean, LSpeedRstd]

return params



def isLicensed(self):

""Set whether tool is licensed to execute.

return True

def updateParameters(self, parameters):
""Modify the values and properties of parameters before internal
validation is performed. This method is called whenever a parameter
has been changed.™

return

def updateMessages(self, parameters):
""Modify the messages created by internal validation for each tool

parameter. This method is called after internal validation.

return

def execute(self, parameters, messages):
""The source code of the tool.™
in_features = parameters[0].valueAsText
FSpeedLstd = float(parameters[2].valueAsText)
FSpeedMean = float(parameters[3].valueAsText)
FSpeedRstd = float(parameters[4].valueAsText)
ASpeedLstd = float(parameters[5].valueAsText)
ASpeedMean = float(parameters[6].valueAsText)
ASpeedRstd = float(parameters[7].valueAsText)
CSpeedLstd = float(parameters[8].valueAsText)
CSpeedMean = float(parameters[9].valueAsText)
CSpeedRstd = float(parameters[10].valueAsText)
LSpeedLstd = float(parameters[11].valueAsText)
LSpeedMean = float(parameters[12].valueAsText)

LSpeedRstd = float(parameters[13].valueAsText)

# check if 4 fields do not exist, then add 4 fields
desc = arcpy.Describe(in_features)
flds = desc.fields
## if no field name 'speed_f', assume no 4 fields in this data layer.
chk = False
for fld in flds:
if fld.name == 'speed_f"
chk = True
if not chk:
arcpy.AddField_management(in_features, "speed_f',"Double") # Speed Freeway
arcpy.AddField_management(in_features, "speed_a","Double") # Speed Arterial
arcpy.AddField_management(in_features, "speed_c","Double") # Speed Collector

arcpy.AddField_management(in_features, "speed_|","Double") # Speed Local

# open cursor to read, calculate fuzzy, write data of each record
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", "o

with arcpy.da.UpdateCursor(in_features, ["Speed","speed_|","speed_c","speed_a","speed_f"]) as cursor:
for row in cursor:

nData = np.array([row[0]]) # get value in field "Speed" (first field in the field list) to nData
mfLocal = fuzz.gauss2mf(nData,LSpeedMean,LSpeedLstd,LSpeedMean,LSpeedRstd)
mfCollector = fuzz.gauss2mf(nData,CSpeedMean,CSpeedLstd,CSpeedMean,CSpeedRstd)
mfArterial = fuzz.gauss2mf(nData,ASpeedMean,ASpeedLstd,ASpeedMean,ASpeedRstd)
mfFreeway = fuzz.gauss2mf(nData,FSpeedMean,FSpeedLstd,FSpeedMean,FSpeedRstd)
row[1] = mfLocal[0]
row[2] = mfCollector[0]
row[3] = mfArterial[0]
row[4] = mfFreeway[0]
cursor.updateRow(row)

return

class fuzzylLane(object):
def __init__(self):
""Define the tool (tool name is the name of the class).""
self.label = "2 Fuzzify Number of Lanes"

self.description =

self.canRuninBackground = False

def getParameterinfo(self):
""Define parameter definitions™

in_features = arcpy.Parameter(
displayName="Input Features",
name="in_features",
datatype="Feature Layer",
parameterType="Required",
direction="Input")

in_features filter.list = ["Polyline"]

# Lane

FLaneLstd = arcpy.Parameter(
displayName="Freeway: left standard deviation",
name="FLanelLstd",
datatype="Double",
parameterType="Required",
direction="Input")

FLaneLstd.value = 1.5 # set default value

FLaneMean = arcpy.Parameter(
displayName="Freeway: Mean",
name="FLaneMean",
datatype="Double",
parameterType="Required",
direction="Input")

FLaneMean.value = 7.5 # set default value
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FLaneRstd = arcpy.Parameter(
displayName="Freeway: Right standard deviation",
name="FLaneRstd",
datatype="Double",
parameterType="Required",
direction="Input")

FLaneRstd.value = 2.4 # set default value

AlaneLstd = arcpy.Parameter(
displayName="Arterial: left standard deviation",
name="ALaneLstd",
datatype="Double",
parameterType="Required",
direction="Input")

Alanelstd.value = 1.16 # set default value

AlLaneMean = arcpy.Parameter(
displayName="Arterial: Mean",
name="ALaneMean",
datatype="Double",
parameterType="Required",
direction="Input")

AlLaneMean.value = 4.41 # set default value

AlaneRstd = arcpy.Parameter(
displayName="Arterial: Right standard deviation",
name="ALaneRstd",
datatype="Double",
parameterType="Required",
direction="Input")

AlLaneRstd.value = 1.09 # set default value

Clanelstd = arcpy.Parameter(
displayName="Collector: left standard deviation",
name="ClLanelstd",
datatype="Double",
parameterType="Required",
direction="Input")

ClLanelstd.value = 0.41 # set default value

ClLaneMean = arcpy.Parameter(
displayName="Collector: Mean",
name="CLaneMean",
datatype="Double",
parameterType="Required",

direction="Input")
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ClLaneMean.value = 2.41 # set default value

ClLaneRstd = arcpy.Parameter(
displayName="Collector: Right standard deviation",
name="ClLaneRstd",
datatype="Double",
parameterType="Required",
direction="Input")

ClLaneRstd.value = 1.34 # set default value

LLaneLstd = arcpy.Parameter(
displayName="Local: left standard deviation",
name="LLaneLstd",
datatype="Double",
parameterType="Required",
direction="Input")

LLaneLstd.value = 0.5 # set default value

LLaneMean = arcpy.Parameter(
displayName="Local: Mean",
name="LLaneMean",
datatype="Double",
parameterType="Required",
direction="Input")

LLaneMean.value = 1.5 # set default value

LLaneRstd = arcpy.Parameter(
displayName="Local: Right standard deviation",
name="LLaneRstd",
datatype="Double",
parameterType="Required",
direction="Input")

LLaneRstd.value = 0.5 # set default value

out_features = arcpy.Parameter(
displayName="Output Features",
name="out_features",
datatype="Feature Layer",
parameterType="Derived",

direction="output")

params = [in_features, out_features, FLanelLstd, FLaneMean, FLaneRstd, ALaneLstd, ALaneMean, ALaneRstd, CLaneLstd, CLaneMean,
ClLaneRstd, LLaneLstd, LLaneMean, LLaneRstd]

return params

def isLicensed(self):

""Set whether tool is licensed to execute.""
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return True

def updateParameters(self, parameters):
""Modify the values and properties of parameters before internal
validation is performed. This method is called whenever a parameter
has been changed."

return

def updateMessages(self, parameters):
""Modify the messages created by internal validation for each tool

parameter. This method is called after internal validation.

return

def execute(self, parameters, messages):
""The source code of the tool.™"
in_features = parameters[0].valueAsText
FLaneLstd = float(parameters[2].valueAsText)
FLaneMean = float(parameters[3].valueAsText)
FLaneRstd = float(parameters[4].valueAsText)
AlaneLstd = float(parameters[5].valueAsText)
AlLaneMean = float(parameters[6].valueAsText)
AlaneRstd = float(parameters[7].valueAsText)
Clanelstd = float(parameters[8].valueAsText)
ClLaneMean = float(parameters[9].valueAsText)
ClLaneRstd = float(parameters[10].valueAsText)
LLaneLstd = float(parameters[11].valueAsText)
LLaneMean = float(parameters[12].valueAsText)

LLaneRstd = float(parameters[13].valueAsText)

# check if 4 fields do not exist, then add 4 fields
desc = arcpy.Describe(in_features)
flds = desc.fields
## if no field name 'lane_f', assume no 4 fields in this data layer.
chk = False
for fld in flds:
if fld.name == "lane_f":
chk =True
if not chk:
arcpy.AddField_management(in_features, "lane_f","Double") # Freeway
arcpy.AddField_management(in_features, "lane_a","Double") # Arterial
arcpy.AddField_management(in_features, "lane_c","Double") # Collector

arcpy.AddField_management(in_features, "lane_I","Double") # Local

# open cursor to read, calculate fuzzy, write data of each record
with arcpy.da.UpdateCursor(in_features, ['Lane","lane_I","lane_c","lane_a","lane_f"]) as cursor:

for row in cursor:
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nData = np.array([row[0]]) # get value in field "Lane" (first field in the field list) to nData
mfLocal = fuzz.gauss2mf(nData,LLaneMean,LLaneLstd,LLaneMean,LLaneRstd)
mfCollector = fuzz.gauss2mf(nData,CLaneMean,CLaneLstd,CLaneMean,CLaneRstd)
mfArterial = fuzz.gauss2mf(nData,ALaneMean,ALaneLstd,ALaneMean,ALaneRstd)
mfFreeway = fuzz.gauss2mf(nData,FLaneMean,FLanelLstd,FLaneMean,FLaneRstd)
row[1] = mfLocal[0]

row[2] = mfCollector[0]

row[3] = mfArterial[0]

row[4] = mfFreeway[0]

cursor.updateRow(row)

return

class fuzzyInters(object):
def __init__(self):
""Define the tool (tool name is the name of the class).""
self.label = "3 Fuzzify Distance between Intersection”

self.description =

self.canRuninBackground = False

def getParameterinfo(self):
""Define parameter definitions™"

in_features = arcpy.Parameter(
displayName="Input Features",
name="in_features",
datatype="Feature Layer",
parameterType="Required",
direction="Input")

in_features filter.list = ["Polyline"]

# Inters

FinterLstd = arcpy.Parameter(
displayName="Freeway: left standard deviation",
name="FInterLstd",
datatype="Double",
parameterType="Required",
direction="Input")

FinterLstd.value = 3107 # set default value

FInterMean = arcpy.Parameter(
displayName="Freeway: Mean",
name="FInterMean",
datatype="Double",
parameterType="Required",
direction="Input")

FInterMean.value = 4857 # set default value

FinterRstd = arcpy.Parameter(
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displayName="Freeway: Right standard deviation",
name="FInterRstd",

datatype="Double",

parameterType="Required",

direction="Input")

FinterRstd.value = 1392 # set default value

AlnterLstd = arcpy.Parameter(
displayName="Arterial: left standard deviation",
name="AlnterLstd",
datatype="Double",
parameterType="Required",
direction="Input")

AlnterLstd.value = 2061 # set default value

AlnterMean = arcpy.Parameter(
displayName="Arterial: Mean",
name="AlnterMean",
datatype="Double",
parameterType="Required",
direction="Input")

AlnterMean.value = 2935 # set default value

AlnterRstd = arcpy.Parameter(
displayName="Arterial: Right standard deviation",
name="AlnterRstd",
datatype="Double",
parameterType="Required",
direction="Input")

AlnterRstd.value = 1314 # set default value

ClnterLstd = arcpy.Parameter(
displayName="Collector: left standard deviation",
name="ClnterLstd",
datatype="Double",
parameterType="Required",
direction="Input")

ClinterLstd.value = 896 # set default value

ClnterMean = arcpy.Parameter(
displayName="Collector: Mean",
name="ClnterMean",
datatype="Double",
parameterType="Required",
direction="Input")

ClnterMean.value = 1320 # set default value
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ClnterRstd = arcpy.Parameter(
displayName="Collector: Right standard deviation",
name="ClInterRstd",
datatype="Double",
parameterType="Required",
direction="Input")

ClnterRstd.value = 679 # set default value

LiInterLstd = arcpy.Parameter(
displayName="Local: left standard deviation",
name="LInterLstd",
datatype="Double",
parameterType="Required",
direction="Input")

LinterLstd.value = 447 # set default value

LinterMean = arcpy.Parameter(
displayName="Local: Mean",
name="LInterMean",
datatype="Double",
parameterType="Required",
direction="Input")

LinterMean.value = 447 # set default value

LinterRstd = arcpy.Parameter(
displayName="Local: Right standard deviation",
name="LInterRstd",
datatype="Double",
parameterType="Required",
direction="Input")

LinterRstd.value = 552 # set default value

out_features = arcpy.Parameter(
displayName="Output Features",

name="out_features",
datatype="Feature Layer",
parameterType="Derived",

direction="output")

params = [in_features, out_features, FinterLstd, FInterMean, FinterRstd, AlnterLstd, AlnterMean, AlnterRstd, CinterLstd, CinterMean,
ClinterRstd, LinterLstd, LinterMean, LinterRstd]

return params

def isLicensed(self):
""Set whether tool is licensed to execute.""

return True



def updateParameters(self, parameters):
""Modify the values and properties of parameters before internal
validation is performed. This method is called whenever a parameter
has been changed.™

return

def updateMessages(self, parameters):
""Modify the messages created by internal validation for each tool

parameter. This method is called after internal validation.

return

def execute(self, parameters, messages):
""The source code of the tool.™
in_features = parameters[0].valueAsText
FinterLstd = float(parameters[2].valueAsText)
FinterMean = float(parameters[3].valueAsText)
FInterRstd = float(parameters[4].valueAsText)
AlnterLstd = float(parameters[5].valueAsText)
AlnterMean = float(parameters[6].valueAsText)
AlnterRstd = float(parameters[7].valueAsText)
ClnterLstd = float(parameters[8].valueAsText)
ClnterMean = float(parameters[9].valueAsText)
ClnterRstd = float(parameters[10].valueAsText)
LinterLstd = float(parameters[11].valueAsText)
LinterMean = float(parameters[12].valueAsText)

LInterRstd = float(parameters[13].valueAsText)

# check if 4 fields do not exist, then add 4 fields
desc = arcpy.Describe(in_features)
flds = desc.fields
## if no field name 'inters_f', assume no 4 fields in this data layer.
chk = False
for fld in flds:

if fld.name == "inters_f":

chk = True

if not chk:

arcpy.AddField_management(in_features, "inters_f","Double") # Freeway

arcpy.AddField_management(in_features, "inters_a","Double") # Arterial

arcpy.AddField_management(in_features, "inters_c","Double") # Collector

arcpy.AddField_management(in_features, "inters_I","'Double") # Local

# open cursor to read, calculate fuzzy, write data of each record

with arcpy.da.UpdateCursor(in_features, ["Inters_ave'

for row in cursor:

JVinters_I","inters_c'

Sinters_a","i

nters_f']) as cursor:

nData = np.array([row[0]]) # get value in field "Inters_ave" (first field in the field list) to nData

mfLocal = fuzz.gauss2mf(nData,LInterMean,LinterLstd,LInterMean,LInterRstd)

135



mfCollector = fuzz.gauss2mf(nData,ClInterMean,CinterLstd,CInterMean,ClnterRstd)
mfArterial = fuzz.gauss2mf(nData,AlnterMean,AlnterLstd,AlnterMean,AlnterRstd)
mfFreeway = fuzz.gauss2mf(nData,FInterMean,FinterLstd,FInterMean,FInterRstd)
row[1] = mfLocal[0]

row[2] = mfCollector[0]

row[3] = mfArterial[0]

row[4] = mfFreeway[0]

cursor.updateRow(row)

return

class fuzzyPP(object):
def __init__(self):
""Define the tool (tool name is the name of the class).""
self.label = "4 Fuzzify Population”

self.description =

self.canRuninBackground = False

def getParameterinfo(self):
""Define parameter definitions™"

in_features = arcpy.Parameter(
displayName="Input Features",
name="in_features",
datatype="Feature Layer",
parameterType="Required",
direction="Input")

in_features filter.list = ["Polyline"]

# PP

FPPLstd = arcpy.Parameter(
displayName="Freeway: left standard deviation",
name="FPPLstd",
datatype="Double",
parameterType="Required",
direction="Input")

FPPLstd.value = 13 # set default value

FPPMean = arcpy.Parameter(
displayName="Freeway: Mean",
name="FPPMean",
datatype="Double",
parameterType="Required",
direction="Input")

FPPMean.value = 13 # set default value

FPPRstd = arcpy.Parameter(
displayName="Freeway: Right standard deviation",

name="FPPRstd",
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datatype="Double",
parameterType="Required",
direction="Input")

FPPRstd.value = 4 # set default value

APPLstd = arcpy.Parameter(
displayName="Arterial: left standard deviation",
name="APPLstd",
datatype="Double",
parameterType="Required",
direction="Input")

APPLstd.value = 16 # set default value

APPMean = arcpy.Parameter(
displayName="Arterial: Mean",
name="APPMean",
datatype="Double",
parameterType="Required",
direction="Input")

APPMean.value = 26 # set default value

APPRstd = arcpy.Parameter(
displayName="Arterial: Right standard deviation",
name="APPRstd",
datatype="Double",
parameterType="Required",
direction="Input")

APPRstd.value = 14 # set default value

CPPLstd = arcpy.Parameter(
displayName="Collector: left standard deviation",
name="CPPLstd",
datatype="Double",
parameterType="Required",
direction="Input")

CPPLstd.value = 9 # set default value

CPPMean = arcpy.Parameter(
displayName="Collector: Mean",
name="CPPMean",
datatype="Double",
parameterType="Required",
direction="Input")

CPPMean.value = 41 # set default value

CPPRstd = arcpy.Parameter(

displayName="Collector: Right standard deviation"
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name="CPPRstd",
datatype="Double",
parameterType="Required",
direction="Input")

CPPRstd.value = 19 # set default value

LPPLstd = arcpy.Parameter(
displayName="Local: left standard deviation",
name="LPPLstd",
datatype="Double",
parameterType="Required",
direction="Input")

LPPLstd.value = 1265 # set default value

LPPMean = arcpy.Parameter(
displayName="Local: Mean",
name="LPPMean",
datatype="Double",
parameterType="Required",
direction="Input")

LPPMean.value = 1315 # set default value

LPPRstd = arcpy.Parameter(
displayName="Local: Right standard deviation",
name="LPPRstd",
datatype="Double",
parameterType="Required",
direction="Input")

LPPRstd.value = 685 # set default value

out_features = arcpy.Parameter(
displayName="Output Features",
name="out_features",
datatype="Feature Layer",
parameterType="Derived",

direction="output")

params = [in_features, out_features, FPPLstd, FPPMean, FPPRstd, APPLstd, APPMean, APPRstd, CPPLstd, CPPMean, CPPRstd,
LPPLstd, LPPMean, LPPRstd]

return params

def isLicensed(self):
""Set whether tool is licensed to execute.™

return True

def updateParameters(self, parameters):

""Modify the values and properties of parameters before internal



validation is performed. This method is called whenever a parameter

has been changed.

return

def updateMessages(self, parameters):
""Modify the messages created by internal validation for each tool

parameter. This method is called after internal validation.

return

def execute(self, parameters, messages):
""The source code of the tool.™
in_features = parameters[0].valueAsText
FPPLstd = float(parameters[2].valueAsText)
FPPMean = float(parameters[3].valueAsText)
FPPRstd = float(parameters[4].valueAsText)
APPLstd = float(parameters[5].valueAsText)
APPMean = float(parameters[6].valueAsText)
APPRstd = float(parameters[7].valueAsText)
CPPLstd = float(parameters[8].valueAsText)
CPPMean = float(parameters[9].valueAsText)
CPPRstd = float(parameters[10].valueAsText)
LPPLstd = float(parameters[11].valueAsText)
LPPMean = float(parameters[12].valueAsText)

LPPRstd = float(parameters[13].valueAsText)

# check if 4 fields do not exist, then add 4 fields
desc = arcpy.Describe(in_features)
flds = desc.fields
## if no field name 'peop_f', assume no 4 fields in this data layer.
chk = False
for fld in flds:

if fld.name == 'peop_f"

chk =True

if not chk:

arcpy.AddField_management(in_features, "peop_f',"Double") # Freeway

arcpy.AddField_management(in_features, "peop_a","Double") # Arterial

arcpy.AddField_management(in_features, "peop_c","Double") # Collector

arcpy.AddField_management(in_features, "peop_","Double") # Local

# open cursor to read, calculate fuzzy, write data of each record

with arcpy.da.UpdateCursor(in_features, ["peo_p_km","peop_","peop_c

for row in cursor:

" "

»peop_a’,

peop_f"]) as cursor:

nData = np.array([row[0]]) # get value in field "peo_p_km" (first field in the field list) to nData

mfLocal = fuzz.gauss2mf(nData,LPPMean,LPPLstd,LPPMean,LPPRstd)

mfCollector = fuzz.gauss2mf(nData,CPPMean,CPPLstd,CPPMean,CPPRstd)

mfArterial = fuzz.gauss2mf(nData,APPMean,APPLstd, APPMean,APPRstd)
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mfFreeway = fuzz.gauss2mf(nData,FPPMean,FPPLstd,FPPMean,FPPRstd)
row[1] = mfLocal[0]

row[2] = mfCollector[0]

row[3] = mfArterial[0]

row[4] = mfFreeway[0]

cursor.updateRow(row)

return

class fuzzyPOl(object):
def __init__(self):
""Define the tool (tool name is the name of the class).""
self.label = "5 Fuzzify POI"
self.description =™

self.canRuninBackground = False

def getParameterinfo(self):
""Define parameter definitions™"

in_features = arcpy.Parameter(
displayName="Input Features",
name="in_features",
datatype="Feature Layer",
parameterType="Required",

direction="Input")

in_features filter.list = ["Polyline"]

# POI

FPOIMin = arcpy.Parameter(
displayName="Freeway: Min",
name="FPOIMin",
datatype="Double",
parameterType="Required",
direction="Input")

FPOIMin.value = 0 # set default value

FPOIMean = arcpy.Parameter(
displayName="Freeway: Mean",
name="FPOIMean",
datatype="Double",
parameterType="Required",
direction="Input")

FPOIMean.value = 0 # set default value

FPOIMax = arcpy.Parameter(
displayName="Freeway: Max",
name="FPOIMax",
datatype="Double",

parameterType="Required",
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direction="Input")

FPOIMax.value = 0 # set default value

APOIMin = arcpy.Parameter(
displayName="Arterial: Min",
name="APOIMin",
datatype="Double",
parameterType="Required",
direction="Input")

APOIMin.value = 0 # set default value

APOIMean = arcpy.Parameter(
displayName="Arterial: Mean",
name="APOIMean",
datatype="Double",
parameterType="Required",
direction="Input")

APOIMean.value = 1 # set default value

APOIMax = arcpy.Parameter(
displayName="Arterial: Max",
name="APOIMax",
datatype="Double",
parameterType="Required",
direction="Input")

APOIMax.value = 2 # set default value

CPOIMin = arcpy.Parameter(
displayName="Collector: Min",
name="CPOIMin",
datatype="Double",
parameterType="Required",
direction="Input")

CPOIMin.value = 1 # set default value

CPOIMean = arcpy.Parameter(
displayName="Collector: Mean",
name="CPOIMean",
datatype="Double",
parameterType="Required",
direction="Input")

CPOIMean.value = 2.5 # set default value

CPOIMax = arcpy.Parameter(
displayName="Collector: Max",
name="CPOIMax",

datatype="Double",
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parameterType="Required",
direction="Input")

CPOIMax.value = 4 # set default value

LPOIMin = arcpy.Parameter(
displayName="Local: Min",
name="LPOIMin",
datatype="Double",
parameterType="Required",
direction="Input")

LPOIMin.value = 2 # set default value

LPOIMean = arcpy.Parameter(
displayName="Local: Mean",
name="LPOIMean",
datatype="Double",
parameterType="Required",
direction="Input")

LPOIMean.value = 6 # set default value

LPOIMax = arcpy.Parameter(
displayName="Local: Max",
name="LPOIMax",
datatype="Double",
parameterType="Required",
direction="Input")

LPOIMax.value = 10 # set default value

out_features = arcpy.Parameter(
displayName="Output Features",

name="out_features",
datatype="Feature Layer",
parameterType="Derived",

direction="output")

params = [in_features, out_features, FPOIMin, FPOIMean, FPOIMax, APOIMin, APOIMean, APOIMax, CPOIMin, CPOIMean, CPOIMax,
LPOIMin, LPOIMean, LPOIMax]

return params

def isLicensed(self):

Set whether tool is licensed to execute.™"

return True

def updateParameters(self, parameters):
""Modify the values and properties of parameters before internal
validation is performed. This method is called whenever a parameter

has been changed.™



return

def updateMessages(self, parameters):
""Modify the messages created by internal validation for each tool

parameter. This method is called after internal validation.

return

def execute(self, parameters, messages):
""The source code of the tool.™
in_features = parameters[0].valueAsText
FPOIMin = float(parameters[2].valueAsText)
FPOIMean = float(parameters[3].valueAsText)
FPOIMax = float(parameters[4].valueAsText)
APOIMin = float(parameters[5].valueAsText)
APOIMean = float(parameters[6].valueAsText)
APOIMax = float(parameters[7].valueAsText)
CPOIMin = float(parameters[8].valueAsText)
CPOIMean = float(parameters[9].valueAsText)
CPOIMax = float(parameters[10].valueAsText)
LPOIMin = float(parameters[11].valueAsText)
LPOIMean = float(parameters[12].valueAsText)

LPOIMax = float(parameters[13].valueAsText)

# check if 4 fields do not exist, then add 4 fields
desc = arcpy.Describe(in_features)
flds = desc.fields
## if no field name 'poi_f', assume no 4 fields in this data layer.
chk = False
for fld in flds:

if fld.name == "poi_f":

chk = True

if not chk:

arcpy.AddField_management(in_features, "poi_f","Double") # Freeway

arcpy.AddField_management(in_features, "poi_a","Double") # Arterial

arcpy.AddField_management(in_features, "poi_c","Double") # Collector

arcpy.AddField_management(in_features, "poi_I","Double") # Local

# open cursor to read, calculate fuzzy, write data of each record

with arcpy.da.UpdateCursor(in_features, ["poi_p_km","poi_|

for row in cursor:

nData = np.array([row[0]]) # get value in field "poi_p_km" (first field in the field list) to nData

mfLocal = fuzz.trimf(nData,[LPOIMin,LPOIMean,LPOIMax])

mfCollector = fuzz.trimf(nData,[CPOIMin,CPOIMean,CPOIMax])

mfArterial = fuzz.trimf(nData,[APOIMin,APOIMean,APOIMax])

poi_c","poi_a",

mfFreeway = fuzz.trimf(nData,[FPOIMin,FPOIMean,FPOIMax])

row[1] = mfLocal[0]

poi_f']) as cursor:
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row[2] = mfCollector[0]
row[3] = mfArterial[0]

row[4] = mfFreeway[0]
cursor.updateRow(row)

return

class fuzzyUrban(object):
def __init__(self):
""Define the tool (tool name is the name of the class).""
self.label = "6 Fuzzify Urban Area"

self.description =

self.canRuninBackground = False

def getParameterinfo(self):
""Define parameter definitions™"

in_features = arcpy.Parameter(
displayName="Input Features",
name="in_features",
datatype="Feature Layer",
parameterType="Required",
direction="Input")

in_features filter.list = ["Polyline"]

# PP

FUrbanLstd = arcpy.Parameter(
displayName="Freeway: left standard deviation",
name="FUrbanLstd",
datatype="Double",
parameterType="Required",
direction="Input")

FUrbanLstd.value = 0 # set default value

FUrbanMean = arcpy.Parameter(
displayName="Freeway: Mean",
name="FUrbanMean",
datatype="Double",
parameterType="Required",
direction="Input")

FUrbanMean.value = 0 # set default value

FUrbanRstd = arcpy.Parameter(
displayName="Freeway: Right standard deviation",
name="FUrbanRstd",
datatype="Double",
parameterType="Required",
direction="Input")

FUrbanRstd.value = 0 # set default value



AUrbanLstd = arcpy.Parameter(
displayName="Arterial: left standard deviation",
name="AUrbanLstd",
datatype="Double",
parameterType="Required",
direction="Input")

AUrbanLstd.value = 5.66 # set default value

AUrbanMean = arcpy.Parameter(
displayName="Arterial: Mean",
name="AUrbanMean",
datatype="Double",
parameterType="Required",
direction="Input")

AUrbanMean.value = 5.66 # set default value

AUrbanRstd = arcpy.Parameter(

displayName="Arterial: Right standard deviation",

name="AUrbanRstd",
datatype="Double",
parameterType="Required",
direction="Input")

AUrbanRstd.value = 4.34 # set default value

CUrbanLstd = arcpy.Parameter(
displayName="Collector: left standard deviation",
name="CUrbanLstd",
datatype="Double",
parameterType="Required",
direction="Input")

CUrbanLstd.value = 10.58 # set default value

CUrbanMean = arcpy.Parameter(
displayName="Collector: Mean",
name="CUrbanMean",
datatype="Double",
parameterType="Required",
direction="Input")

CUrbanMean.value = 21.58 # set default value

CUrbanRstd = arcpy.Parameter(

displayName="Collector: Right standard deviation",

name="CUrbanRstd",
datatype="Double",
parameterType="Required",

direction="Input")
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CUrbanRstd.value = 1.42 # set default value

LUrbanLstd = arcpy.Parameter(
displayName="Local: left standard deviation",
name="LUrbanLstd",
datatype="Double",
parameterType="Required",
direction="Input")

LUrbanLstd.value = 25.75 # set default value

LUrbanMean = arcpy.Parameter(
displayName="Local: Mean",
name="LUrbanMean",
datatype="Double",
parameterType="Required",
direction="Input")

LUrbanMean.value = 47 # set default value

LUrbanRstd = arcpy.Parameter(
displayName="Local: Right standard deviation",
name="LUrbanRstd",
datatype="Double",
parameterType="Required",
direction="Input")

LUrbanRstd.value = 25.25 # set default value

out_features = arcpy.Parameter(
displayName="Output Features",
name="out_features",
datatype="Feature Layer",
parameterType="Derived",

direction="output")

params = [in_features, out_features, FUrbanLstd, FUrbanMean, FUrbanRstd, AUrbanLstd, AUrbanMean, AUrbanRstd, CUrbanLstd,
CUrbanMean, CUrbanRstd, LUrbanLstd, LUrbanMean, LUrbanRstd]

return params

def isLicensed(self):
""Set whether tool is licensed to execute."

return True

def updateParameters(self, parameters):
""Modify the values and properties of parameters before internal
validation is performed. This method is called whenever a parameter
has been changed.™"

return



def updateMessages(self, parameters):
""Modify the messages created by internal validation for each tool

parameter. This method is called after internal validation.

return

def execute(self, parameters, messages):
""The source code of the tool.™
in_features = parameters[0].valueAsText
FUrbanLstd = float(parameters[2].valueAsText)
FUrbanMean = float(parameters[3].valueAsText)
FUrbanRstd = float(parameters[4].valueAsText)
AUrbanLstd = float(parameters[5].valueAsText)
AUrbanMean = float(parameters[6].valueAsText)
AUrbanRstd = float(parameters[7].valueAsText)
CUrbanLstd = float(parameters[8].valueAsText)
CUrbanMean = float(parameters[9].valueAsText)
CUrbanRstd = float(parameters[10].valueAsText)
LUrbanLstd = float(parameters[11].valueAsText)
LUrbanMean = float(parameters[12].valueAsText)

LUrbanRstd = float(parameters[13].valueAsText)

# check if 4 fields do not exist, then add 4 fields
desc = arcpy.Describe(in_features)
flds = desc.fields
## if no field name 'city_f', assume no 4 fields in this data layer.
chk = False
for fld in flds:

if fld.name == "city_f"

chk =True

if not chk:

arcpy.AddField_management(in_features, "city_f',"Double") # Freeway

arcpy.AddField_management(in_features, "city_a","Double") # Arterial

arcpy.AddField_management(in_features, "city_c","Double") # Collector

arcpy.AddField_management(in_features, "city_I","Double") # Local

# open cursor to read, calculate fuzzy, write data of each record

with arcpy.da.UpdateCursor(in_features, ["per_city","city_I","city_c

for row in cursor:

'city_a","city_f"]) as cursor:

nData = np.array([row[0]]) # get value in field "Lane" (first field in the field list) to nData

mfLocal = fuzz.gauss2mf(nData,LUrbanMean,LUrbanLstd,LUrbanMean,LUrbanRstd)

mfCollector = fuzz.gauss2mf(nData,CUrbanMean,CUrbanLstd,CUrbanMean,CUrbanRstd)

mfArterial = fuzz.gauss2mf(nData,AUrbanMean,AUrbanLstd,AUrbanMean,AUrbanRstd)

mfFreeway = fuzz.trimf(nData,[FUrbanLstd,FUrbanMean,FUrbanRstd]) # is it possible to use gauss2mf with 0,0,0,0

row[1] = mfLocal[0]
row[2] = mfCollector[0]
row[3] = mfArterial[0]
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row[4] = mfFreeway[0]
cursor.updateRow(row)

return

class weightTable(object):
def __init__(self):
""Define the tool (tool name is the name of the class).""
self.label = "Weight Table"
self.description =™

self.canRuninBackground = False

def getParameterinfo(self):
""Define parameter definitions™

in_table = arcpy.Parameter(
displayName="Weight Table",
name="Weight",
datatype="DEDbaseTable",

parameterType="Required",

direction="Input")

Speed = arcpy.Parameter(
displayName="Speed",
name="Speed",
datatype="Double",
parameterType="Required",
direction="Input")

Speed.value = 0.2 # set default value

Lane = arcpy.Parameter(
displayName="Number of Lanes",
name="Lane",
datatype="Double",
parameterType="Required",
direction="Input")

Lane.value = 0.2 # set default value

Inters = arcpy.Parameter(
displayName="Distance between Intersections (m.)",
name="Inters",
datatype="Double",
parameterType="Required",
direction="Input")

Inters.value = 0.2 # set default value

Pop = arcpy.Parameter(
displayName="Population per sq.km.",

name="Pop",
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datatype="Double",
parameterType="Required",
direction="Input")

Pop.value = 0.2 # set default value

POI = arcpy.Parameter(
displayName="POI per sg.km.",
name="POl",
datatype="Double",
parameterType="Required",
direction="Input")

POl.value = 0.1 # set default value

Urban = arcpy.Parameter(
displayName="Percentage through Urban Area",
name="Urban",
datatype="Double",
parameterType="Required",
direction="Input")

Urban.value = 0.1 # set default value

out_table = arcpy.Parameter(
displayName="Output Weight Table",
name="OutWeight",
datatype="DEDbaseTable",
parameterType="Derived",

direction="Output")

params = [in_table, Speed, Lane, Inters, Pop, POI, Urban, out_table]

return params

def isLicensed(self):
""Set whether tool is licensed to execute.""

return True

def updateParameters(self, parameters):
""Modify the values and properties of parameters before internal
validation is performed. This method is called whenever a parameter
has been changed.™

return

def updateMessages(self, parameters):
""Modify the messages created by internal validation for each tool
parameter. This method is called after internal validation.""

return

def execute(self, parameters, messages):
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""The source code of the tool.™

in_table = parameters[0].valueAsText
Speed = float(parameters[1].valueAsText)
Lane = float(parameters[2].valueAsText)
Inters = float(parameters[3].valueAsText)
Pop = float(parameters[4].valueAsText)
POI = float(parameters[5].valueAsText)

Urban = float(parameters[6].valueAsText)

# open cursor to read, calculate fuzzy, write data of each record

"o wn W e

with arcpy.da.UpdateCursor(in_table, ["speed","lane","inters","pop","poi","urban"]) as cursor:
for row in cursor:

row[0] = Speed

row[1] = Lane

row[2] = Inters

row[3] = Pop

row[4] = POI

row[5] = Urban

cursor.updateRow(row)

return
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