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Abstract

In this world, many cities are facing air pollution problems. As studies have
confirmed that air pollution is harmful to human health, the public consciousness of air
quality has been raised rapidly. Although the government has proposed a plan to reduce
air pollution emissions in recent years, it cannot reduce the source of pollution
immediately and massively. During the transition period to improve air quality, early
warning and recommendations will be given to people about air quality information,
and decision-making on supporting activities will reduce air pollution exposure. The
location of the air quality sensor and human activities at different times and spaces will
affect the calculation of air pollution exposure. In recent years, the number of
environmental micro-sensors has continued to increase, the spatial and temporal
resolution of data has increased, and air quality values can be received more quickly. In
the current air pollution warning application, the route selection for air pollution
exposure still needs to be developed. In past studies, the assessment of air pollution
exposure mostly emphasized the benefits of the minimum exposure route, but ignored
the cost of route selection and the impact of route changes in real life. In practical
applications, they will need to collect and maintain network layers for route planning.
Updating and maintaining the data on the system will be a problem. Therefore, this
study use the micro-sensor data to estimate the exposure of urban air pollution, consider
the distance and air pollution exposure to carry out route planning, and provide
assistance in route selection in daily life. And based on online map services to build a

spatial decision support systems, try to improve data collection and maintenance issues.

Keywords : Air pollution exposure ~ Route planning ~ WebGIS ~ Spatial Decision

Support Systems
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AR B AR AT R A RO AR TRA MR E
HAAMAEXB RSB PHGZAFTEEERZE B8 BR3E - 45
FREMRBERIFLREGEHELEZRATENRE BAHRIABTL
FYRBABHNITA BREBHREIMAZT E > UEFTEAATEEZEN
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Total Exposure Levels
3

45
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Four types of estimates

211 #HHRFRENF/HBFHERFTEBAHOEES
(Park & Kwan, 2017)

Liu et al. (2015)4t 4+ £ 3677 120 18 19-24 3R &4 % R4 @ AT@ 3 F X 977
Ko o EEE s N ARERSITEARARNEHIAENEEETHEE
pm2.5 ey EEE 5 R A H 223322202 & 42.1ug/m? > H ¥ XA F 4T
BT AN EEH T AP ZRATEREZ T RS © THREKRFEN 2017
FREAFCERTRABYNEAFTLEEAZTEREAL U FHEHEEY
108 AZHATPM2S W EREEER > 2R HNAE -~ RE - 2R FIEEAT
WE o HELEEPM2SEE 54 7.6~21.9235 & 32.1ug/m® » £ & L8
REHRBENZRAFSEEZEER B E) E e IR 0 ARTIHA

=0
0% BT BRI AR R F B4R IR, 2018) - ARIR 238 30 4o 3t B 30 49 8 4o 3t BT
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Bt AARRERATENBRREE  ARBLBFENAT2RAEL
TRAATEEE BRI BRI 15%-T5%MER545EF - BB ¥4EF
BRTRABBBERAZIHIARASHE T oI EZN > BRAYRERE
Heta —EEREAFTEEENERE -

232 ZRAAEEZEBETHERRES

FEAE G EEFE 5 @ 0 Lietal (2017)i% 48 dijkstra 3% 5k # 4T R AR E R55 3§
ABEEBRENGE LB TEFITEBRARKERTLERAEREN LR (o
212) FEERATARBH S ASFNFRE  REMBEAEFOZR
B GHERORBRAHTRATLEEERZEZ  2XALT

3|"‘-]

n
Exposure = Z C; X

i=1

SRR
Ci RUERBERTERE
Cr -  JRBEBTAFTRRE
n:8EHEE
T : il % o
R . opog b &
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L R * et )
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PM2.5 cumulative exposure / Distance - <(>.‘
Cleanest route : 912.5 ug/m3/ 19.2 Km
— — 1 Kilometars
Daily route : 3340.8 pg/m3 / 14.2 Km 0 5 1 2 3

B 212 AR E Eak i A F sk s(Lietal, 2017)
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FERRAZERRET > AR EALNBYRA  SATRERA T HEXLT
ERARARAEE AL EERATERBEUNRBRIERE  THERINE
RAFZTFOER-

Anowar et al. (2017)i£:8 498 B £ 69 7 X, > 418 695 £ A TR R
o ENRHBREEFE L fTHAERFE  EREA - B EERH Rk
SR T RATHE  ARGOSRTRR > 98 RN AN ERTEEEL
FEF > MARERMETRATEOHRET  TALREAREZFNAALE 4
MR 0 B = RALRUR A FEIK Sppb #9384 o AR R AT 0 K
FEHNBGHERL  BRe2ANEEFRBEAT SR EEZAHN L%

Ef%%%%g°
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FA M E AR ) 64 P A2 » Homayoon et al. (2015) R 45 SE A 722 A5 4 2 %
FELTHER  AR—EREL FEERTRTEEHEOAMANELBE TH R
REeE 2.13) BY =B R G L2 E 008 RIEREAZEZTER - A HH
HEENBRERRRERE  BILBARRAHRPDREBEHRERE SHBE
B MEAAT —HFERBEEETAREGHBRE - b h B RBEERF
RBEAGFALEEATZASTEAZREENHRE  UBEREIHHER -

— R ] %0 00000001 - 100

— I %00 0000001 - 150 N
e Reates B 50 0000001 - 200 - = -
Air Quality index [l 00 cososer 300 Commnste Sysiem WS 1904 U Zome S0

<VALUE> I o0 coscoot - 500 T —— <
e

B 2134 FEHON T A5 L&A EEBREMRE L R (Homayoon et al., 2015)

Vamshi and Prasad 2018)R)42 8 7 —ER N E AT LA BB REFH 2 4K
ER ANREAAETHENREARREAHERZT I ENRR - BREBIE
B~ B2 ap SR BB 4R B BL 0 LT AR A A BB AT AL AR 0 B Yen’s K-shortest
path B B /L BATHRE W > BINF EEHURAAZER T ERENETHRE
AL ®EEFEME -

BBHEAFNTR AN ZERALAZEABROAATHRE KB4
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AEEF AN FLETEE 95 2718 T2 28 5 2018 & 7 1 iy
Av i 2,674,063 4 o kPp P Fedt S ge @O0 & (7 pela - ehsu i Bcdn BT
£ 2018 & 73 chAiv A% 2018 # 5% chid @ B AR o305 S
LR BB (U-RI 32 % 33) 0 d D R A L5 AR KA B LTS
Mo A BT P E R R BRI F S AR Al AR ECES,D

EAETRBER
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ZALW  EEm o EEY OBREm Fdim =2 B ST ZRIm
m BN 6,493.414,522.10 3,997.45 2,110.80 1,588.77 1,561.13/1,255.87 1,220.97 983.48 901.08

33EEBBRBEER T AMKT

PRENERE (/75 A H)

33 FHRP
AFPLAEFEFERERNTF FEAERE > A ELANIOTRAER
ZRo FTRATEEBNAIN AR FEL I OFF SRR AT RE
LASS Mt Rl &% » @ 3 2Lpc Rl b eng § S F E ORI o U AR 2 B
BB ETRMESF B BRR o KN LT hF BT RFRED T § TR

o

AL KR * PM2.5OpenData T 5 #7dk ikenficdy > s L S Ed ¢ Ly
Fei LASSALHE X b4k - 430 56 IDW AR I T pF PM2.5 3 Bl =89
Winfichy KR o BRI P AT AR SR ] TR A BRI R R R
12 > #3458 1 JSON (JavaScript Object Notation) 1 % 12 (7 4% & » TR en{ AT
FRALbas o FTHMERLZUTCH > Fialp =1L e 708 - %R ~pm25 &

,Pljg(fg\/g_;;ﬁwgg ...... gg—ﬁ“#ﬁ?ﬁ@?;ﬂ.o

8 Realtime PM2.5 map using Inverse Distance Weighting (IDW) : https://pm25.lass-net.org/G1S/IDW/
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#-1% 3§ Python requests £ & » 12 HTTPGET 9= 53 % APl &53% % § & F

ERIFA > 2347 JSON #58 chF A (78 7 > T blod 3.1 ¢

% 3.1 AR P Ap B Sk

OID gps_lat gps_lon pm2.5 temperature  humidity
0 24765434  120.969095 22.0 29.62 79.0

1 24.635265  120.973405 34.0 29.25 97.0

2 24.629104  121.008379 39.0 27.50 91.0

3 13.168244  100.927360 28.0 33.00 70.0

4 25.143471 121.734014 46.0 29.62 100.0

3.4 & rianfe

LAVER b auER o R T A5 AR(R] 3.4) 0 B TR
APl B~ f - FE RIEBchy » 8 N R P RN PRI R
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4"!' @qu_—;ﬁ/ﬁ-iﬁi)iﬁirgm&ﬁ gf"f‘_?\w\'{l—a %ﬁ#%iﬁ%'€'°

341 FHATRE
B B E 4 APL & B JSON #6 Xy s M B Bt - A ¥ s g
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pm2.5 BRI EME - BERRE c W BKBEN ¥ LG E MM 0 2 Python
Geopandas BT EM EH e E A -
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WEBREANEERIHARE L EARUNRAEEM A S @ ARG oy iask
A s AT AR AR 0 B 0 A5 EAR A Hodh WGS84(epsgi4326) ik 4 A

TWD97(epsg:3826)

3.43 EREE

HNAARELZAHHBGEE I F L BITGE ARAETEHE > ALt
ERNEHBEEFT EERE SHAMARBP TR FRATIHRMG - A REREEX
R AT R RERIEREMEIR - AREHE S LT > SHEAMARSE Py
pm2.5 B BIHE - AF S Ob T E N e RUR R B BB B B ERE A
HERGOBAEE  WEGERGEARGZRAFEEAZENEURRRELE
AR -
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344 BEMAE

LRI OIS BB XA AT 5o - BEHF LRI
AENBEGHRENREAEE  ATHREA L  BETHAER AL HHER
EMEAEEAE > ATAREEHEATPE EHEER BN LORE > BRER
3177 & 48 B &4 Mo B 49 35 AR B AR 4T » 4v Google Maps Directions API ~ Open
Route Service ~ TomTom Routing API ~ Mapbox Directions API------ EEF L4
BARAS 0 LA MMOBRR B G BLERAL R EMEAT  BARFEES
AP H oy R -

BB 6 AP RS F AR R AR LI R F —15BR > TR
BIEMANERFTRREAFARBBICEELEFORE AR - B L RF 8RB0
BHEREN T N BTRENEE  BHZATEMERSHER  URHBE
% 0y a5 40 SR AR 4045 B & - Google maps 3 2K {27 72 B BN N A A AL

T AL APL ST 40 0 K Directions API 3t k42t B oy 48 > 4 #
S. Nedkov (2011)8# % F A6 A 69 7 K, » BAhe A 388249 F 1% Bb(waypoints) R % &
BRERIER  BHEREFE > BEEANATTRIENAEANE B %
feJEiE B8 E > Google Maps #% & S/ R T eyiE s > B FTRBK{AERTE
HBRITR RGN > BB ERBEEANBRATLEREERE -

i Google Maps Directions API %t I &4 FR#] » ] 45 4 # Mapbox
Directions API & TomTom Routing API t » #% & k%13 H e B g R LR
{# A - f Open Route Service Directions AP1 7R 5] &g db 7 fE 4> » 4R T

avoid_polygons &9 5 # £ - RHEEZRARUESREUADEBRGRAI AL

° Google Web Services Direction APl < i :
https://developers.google.com/maps/documentation/directions/intro
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ROAARRAOEST BREFTUZAFTEHABHHERRETRE R
PEBGREMEFR  BILAH % EA Open Route Service Directions APT 4 ife

TG ME -

i A8t % LA Open Route Service 4 #4738 4238 3] 69 891k » 1§14 1% Python i

T APLE R » B XA AT EORME > ANERALBEFRFHECEHELRR
Mo BRI BMAOELAL  WEARKBRERFT AL S FNK
#% > Open Route Service # ey [Eut & 2335 8 » B/ ASAARHE LR AT

# #%# Open Route Service Directions APl %t 04 & & @ 18448 X £ A% L 18

R 38 4 AT 4B ¢

(1) APl %%
AAFTR AR FLA NI AFEY TRAEERELLER LEFHR

RAEFOIARERZIFALEARZE  THREAREFTI FFIEL EHE

7R A3 0 %8 Open Route Service Directions API 4p i 53 & i 7| ig ot

Pens Ay P i 3| Directions APl én % $icde™ % 3.2 #7512 o

# 3.2 AHFR4E A & Open Route Service Directions API 48 B % 3437, 87

S B4 K S B 23R
((121.xxx, 25.xxx),( 121.xxx,
coordinates #2 Bk 45 2L
25.Xxx))
format_out geojson & 1% 4% 5
driving-car, foot-walking, cycling-
profile A 4EA
road...
preference shortest 18 4F 5 Sa 3K 47
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instructions True h2% S BRI

options avoid polygons =T e A gt &

key 5b3c... API 448

(2) AP % & DTN

*FF 7 -5 * GeoJSON i 5 Open Route Service Directions API g2 4 2
Fl v @438 > GeoJSON 4_- 8 AL+t JSON erff ik 4250 > * k&7 &
AE R 2 E - o BERE LR BN F

TR R

BN AT SR RN AL EBE > FIZE 1 2 Open
Route Service Directions APl ey § & & dofe & (FF BT M ez o & - B
BRRE SR N F e § - B oroutes 4+ 12 > & B routes 22V it F - B F %
B e segments 3~ 2 > — 1B segments ¥ 7 ¥ - F| 5 B ehstep 12 0 odk
FRUBE IR s TR B R A Eaudps 2 & RF
Moo (B 3.5)-
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- - steps [8
steps [6] steps [7] ps [8]
steps [5]
steps [4]
steps [3]
steps [2] ¢  podes
routes
steps [1] steps

3.5 Open Route Service Directions API =] 4% 24 4% %615

B 3.6 3 APl sl ahw @2 % » 2% GeoJSON it F% %% ¢ 2 7
vRIE S E(segments) 4 2 i % e 45 2 (geometry) - F  gE4E(distance) £
=

PRV (duration) ¥ & B AP TS F N ZF S L EBEFEHRY > HY T

#§ way_points #A B~ 1 B RELhfe o O ER B RERT I -
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"route”: [

{

"summary": {
"distance": value,

"duration”:

value

"segments": [

}s
{
b
}

]

"bbox" :

[

distance™: wvalue,
duration™: walue,

steps": [
"distance": value,
"duration”: value,

"type": value,
"instruction”:
"name”: wvalue,
"way_points": [start, end]

value,

minx, miny, maxx, maxy

].1

"geometry”: Encoded Polyline,

"way_points": [..

1
"bbox™:[...]
"metadata": {..

-

-]

3.6 Open Route Service Directions AP = 1% % 4% json & 4%

345 BHREEEHE

S BRAE ER G BN AT BBEEASE  ItE AR

AFRREEST  UTHBHNEERR

4’1
#
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BTEdA R F AAKENEREETRLS O NEBFRENTF LR

3
ks

PR o SRR AR R BRI EE T TG TA 2 e TR Open
Route Service Directions APl & 41 2.3 e % & 7 < & (intersect) » 2 ] 3.5
SRR G R RBRAY e 70 B steps gd BRRFTHMEFIEL
WA A 6 BRABIE MR TEA L 14 B AR (B 3.8) 0 8w B e

PERUBRENTFALRBE -
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steps [6- 1] o

steps [7]- 1]
BN

steps [S - 2]

)

steps [7 - 2]

steps [8- 1]

$[5-1]

- 3]
steps {227
steps [2-1] X intersection
steps [1-2] ¢ nodes
deps[1-1] = routes

legs

(2) bk BRI E

dt - HHA

3.8 ¥ &7 M AS AR

REBEME 0 - AT LI E B osteps fT R A

% R ASE 0 RBEEAL AN G E N BRRETE PER (L 33) 3 o

EERE [TIERFF = (fs‘lﬁ;’i% & + steps & & 5‘.) X steps /7.5

3 33 BAMMETE

distance duration
OID | steps | segments | distance | duration
(segments) | (segments)
1 1 steps [1 - 2] 117 44 41.51 15.61
2 1 steps [1 - 1] 117 44 75.12 28.25
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3 steps [2 - 1] 181 47 32.22 8.37
4 steps [2 - 2] 181 47 59.44 15.44
5 steps [2 - 3] 181 47 89.21 23.16
6 steps [3 - 1] 273 52 273.24 52.05
7 steps [4 - 1] 355 60 354.44 59.91
8 steps [5 - 3] 203 28 97.60 13.46
9 steps [5 - 1] 203 28 55.16 7.61
10 steps [5 - 2] 203 28 50.95 7.03
11 steps [6 - 1] 275 44 275.06 44,01
12 steps [7 - 1] 246 32 170.71 22.21
13 steps [7 - 1] 246 32 75.72 9.85
14 steps [8 - 1] 86 18 86.53 18.11

MARETFAARBE  AAET PR o e PR E L

20 AR B SRl AR

N
Exposure of steps = Z D; X V; X R

R SRR (S)

et ezl % (¢/min)

Dsteps BT AR B S REKE

34
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mo e EEsteps T F A A RBE 0 FI TR RITG
steps % B & (7 4c il > TV (T segments ek E E 0 F routes ¥ G A
— 1% segments » T EFZEMNEEBE 0 Biaroutes ¥ F A F B

segments > B 4c 4% segments chgkx F 2 M EFZRMATDEEEZE ©

34.6 BEIFREREER

Bh APl EE0MER > TRFZEGMBHONBRER  LO2 TTER
FISRIERE - AT — FERATRITHBRLRTFT > LHERBZERENFHEE
T ORBAZEHRES L THEAEABKQER LR LTURBEAD

R Es Lo st -
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4.1 % Sumat
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AT FES R P ew R R AT R RE o R FRPH L X

P4 0 F]t k& sLF 14445 i Open Route Service Directions AP i 7 Bt 40484
2
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Ak BITEREARG RO R BFERRE DS A

A AL R P PR R R BT B 4

=1

B KSR ARBEA

-

FHDNEFRA L FEH o T He Bl A G hE o &%+ Leaflet k2 F B
Leaflet ¥ - B B JhenJavascript B » if & B¢V A B 273 d 0 BB 3 5 {833
T 2 -2 Python 4p B £ i 3 /7 > 4o GeoPandas ~ numpy ~ pandas------ e
BB S AP N R BB TR S F SRR TR RERT

# o #-3% iF GeoServer # # WMTS(Web Map Tile Service) r4 & {7 & 71 5 F#liE 3
FooHEr MYySQLEFRRg s R * F a2 2 FFH > B9 3B TR

Geometry #7758 &£ 3% o
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42 kSRR
421 HupER
(1) = =13 BE 7
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MHE- A AR

PR FEN B R LSRR C THBEREBEAE L kAR ET S
ARG E 2 GitHub e a2 (37 VA E N TR BEE 3B

https://github.com/YuChunTsao/AirPollutionRouting -

1. % 3 3

4 & 2 Python3.6.5 :& 7 B % - i Anaconda i {73k 2 4P R B £ e 5 o

2. Open Route Service Direction APl 5 Token ¥ 3% X &

~F2 % & * 3| Open Route Service Direction APl i& (7gesn ] » Z F £ 3
Open Route Service 4 =38 {731# 2 Token ¥ 35+ - APl Token i 223t

APIKEY ek P MFE BN BarzB@ * o

3. i * Flask it = APl JR#*

Flask # — & ¢ Python #7#£ 8 s & Al R A=2E > A 5% g7 | Bd

v

g 1L E APl duE 2 o T Loapp.py SR A o

from flask import Flask, render_template, jsonify, request

from module.Direction import Direction

app = Flask(__name_ )

# index page

@app.route('/")
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def index():

return render_template(‘index.html’)

# My direction api
@app.route('/my_direction_api’, methods=['POST)
def my_direction():

# get data from request

data = request.get_json()

origin = data['origin’]

destination = data['destination’]

travelMode = data['travelMode']

# open route service direction api
direction = Direction(origin, destination, travelMode)
# Regular Route

routes_list = direction.start()

return jsonify(routes_list)

if _name__ =='_main__"
app.debug = True

app.run()

4, PM2.5 FALEE 2 % AR

% 1 request £ i+ 4% https://pm25.lass-net.org/GI1S/IDW/data/data.json 7% #
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B iy 0 & Geopandas ® #iE(TEEE A AT P E & .
import requests, json
import numpy as np
import pandas as pd
import geopandas as gpd
from dateutil.parser import parse

from shapely.geometry import MultiPolygon, Polygon, Point

class PM25:

return pandas dataframe
def __init_ (self):
self.url = 'https://pm25.lass-net.org/G1S/IDW/data/data.json'
self.time = None
# as a filename
self.parseTime = None
self.points = None
self.columns = None

self.pm25 = None

self._ get()

def _ get(self):
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r = requests.get(self.url)

result = r.json()

self.time = result['latest-updated-time']
self.points = result['points’]

self.columns = result['point-meta’]

b = parse(self.time)

self.parseTime = b.strftime("%Y%m%dT%H%M%SZ")

self.pm25 = pd.DataFrame(self.points, columns=self.columns)

print(self.time)
print(self.parseTime)
# print(self.points)

print(self.columns)

def selectPoints(self):

""" select points by location """
### TWD97's WGS84 bounds
#114.32 17.36
#123.61 26.96

HiH

self.pm25 = self.pm25.loc[self.pm25['gps_lat"] > 17.36]
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self.pm25 = self.pm25.loc[self.pm25['gps_lat"] < 26.96]
self.pm25 = self.pm25.loc[self.pm25['gps_lon'] > 114.32]

self.pm25 = self.pm25.loc[self.pm25['gps_lon'] < 123.61]

### create geometry
self.pm25['Coordinates’] = list(zip(self.pm25.gps_lon,
self.pm25.gps_lat))

self.pm25['Coordinates’] = self.pm25['Coordinates'].apply(Point)

### create geodataframe
pm25_point_wgs84 = gpd.GeoDataFrame(self.pm25,
geometry="Coordinates’)

pm25_point_wgs84.crs = {'init' :'epsg:4326'}

Hi#H reproject (epsg:4326 -> epsg:3826)
crs = "+proj=tmerc +lat_0=0 +lon_0=121 +k=0.9999 +x_0=250000
+y 0=0 +ellps=GRS80 +towgs84=0,0,0,0,0,0,0 +units=m +no_defs"

pm25_point = pm25_point_wgs84.to_crs(crs)

### select layer by location (taipei county - twd97)

taipei_county twd97 = gpd.read_file('../data/taipei_county twd97.shp")

### check point(pm25_point_twd97) wthin
polygon(taipei_county twd97)
polygon = taipei_county_twd97.geometry[0]
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result = pm25_point.within(polygon) # within() will return bool

result = result * 1

## clip
self.pm25['status'] = result.tolist()
pm25_point = gpd.GeoDataFrame(self.pm25, geometry="Coordinates')

pm25_point.crs = {'init' :'epsg:4326'}

### reproject

crs = "+proj=tmerc +lat_0=0 +lon_0=121 +k=0.9999 +x_0=250000
+y 0=0 +ellps=GRS80 +towgs84=0,0,0,0,0,0,0 +units=m +no_defs"

pm25_point = pm25_point.to_crs(crs)

taipei_pm25_point = pm25_point.loc[pm25_point['status] == 1]

# remove bias
df = taipei_pm25_point[taipei_pm25_point['{pm2.5'] >
taipei_pm25_point['/pm2.57.mean() + 3*taipei_pm25_point[')pm2.5.std()]

taipei_pm25_point = taipei_pm25_point.drop(df.index.tolist())

### output file

taipei_pm25_point.to_file('../data/points/taipei_pm25_point_' +

self.parseTime + ".shp’, driver="ESRI Shapefile', encoding="utf-8")

return taipei_pm25_point
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if _name_ ==' main__"
pm25 = PM25()
points = pm25.selectPoints()

print(points)
5. 2 &IFHEFZFRR
kPR Pl E PIBEET IDW > TR E R 5 TP (7K wm TR
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T % Grid.py 2 IDW.py e42 58 55 o
Grid.py
import numpy as np
import pandas as pd

import geopandas as gpd

class Grid:
def __init__ (self, size, bounds):

self.size = size
self.bounds = bounds
self.minx = None
self.miny = None
self.maxx = None
self.maxy = None
self.rows = None
self.columns = None

self.grid = self.create()
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def create(self):
self.bounds['minx"] -= self.bounds['minx'] % self.size
self.bounds['miny'] -= self.bounds['miny'] % self.size
self.bounds['maxx'] = self.bounds['maxx'] - (self.bounds['maxx'] %
self.size) + self.size
self.bounds['maxy'] = self.bounds['maxy'] - (self.bounds['maxy'] %

self.size) + self.size

self.minx = np.min(self.bounds['minx)
self.miny = np.min(self.bounds['miny)
self.maxx = np.max(self.bounds['maxx'])

self.maxy = np.max(self.bounds['maxy])

# grid

gridx = np.arange(self.minx, self.maxx, self.size)

gridy = np.arange(self.miny, self.maxy, self.size)

self.rows = len(gridy)

self.columns = len(gridx)

grid = np.zeros((self.rows, self.columns),dtype="float32")

return grid
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IDW.py
from PM25 import PM25

from Grid import Grid

import numpy as np

import pandas as pd

import geopandas as gpd
import matplotlib.pyplot as plt

from shapely.geometry import MultiPolygon, Polygon, Point

class IDW:
def __init__(self, x, y, v, grid, power):

self.x = x
selfy=y
selfv=v
self.grid = grid
self.power = power
self.result = self.__calculate()

self.polygon = self.__toPolygon()

def _ calculate(self):
grid = self.grid.create()
for i in range(grid.shape[0]):
for j in range(grid.shape[1]):
distance = np.sqrt((self.x-i)**2+(self.y-j)**2)
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if (distance**self.power).min()==0:

grid[i,j] = self.v[(distance**self.power).argmin()]
else:

total = np.sum(1/(distance**self.power))

grid[i,j] = np.sum(self.v/(distance**self.power)/total)

return grid

def _toPolygon(self):
# X, y origin
XleftOrigin = self.grid.minx
XrightOrigin = self.grid.minx + self.grid.size
YtopOrigin = self.grid.maxy

YbottomOrigin = self.grid.maxy - self.grid.size

polygons =[]

for i in range(self.grid.rows):

Xleft = XleftOrigin

Xright = XrightOrigin

for j in range(self.grid.columns):
polygons.append(Polygon([(Xleft, YtopOrigin), (Xright,

YtopOrigin), (Xright, YbottomOrigin), (Xleft, YbottomOrigin)]))

Xleft = Xleft + self.grid.size
Xright = Xright + self.grid.size

YtopOrigin = YtopOrigin - self.grid.size
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YbottomOrigin = YbottomOrigin - self.grid.size

self.result = self.result[::-1]

pm25_value = self.result.ravel()

df = pd.DataFrame({
'value': pm25_value
)
crs = "+proj=tmerc +lat_0=0 +lon_0=121 +k=0.9999 +x_0=250000
+y_0=0 +ellps=GRS80 +towgs84=0,0,0,0,0,0,0 +units=m +no_defs"

grid = gpd.GeoDataFrame(df, geometry=polygons, crs=crs)

return grid
# grid.plot(column='value’, cmap="RdYIGn_r’)

# plt.show()

def toGeoJSON(self, gdf, output_time):
crs = "+proj=longlat +datum=WGS84 +no_defs"
intersection_wgs84 = gdf.to_crs(crs)
color_list =]
for i in range(len(intersection_wgs84)):
value = intersection_wgs84.iloc[i]['value']
color = self.__setColor(value)

color_list.append(color)
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intersection_wgs84["color"] = color_list
intersection_wgs84["geometry"] = [MultiPolygon([feature]) if
type(feature) == Polygon else feature for feature in intersection_wgs84["geometry*]]
intersection_wgs84.to_file('../data/grids/taipei_grid_' + str(self.grid.size)
+'m_" + output_time + ".geojson’, driver="GeoJSON', encoding="utf8")
intersection_wgs84.to_file('../data/grids/taipei_grid_' + str(self.grid.size)

+'m_lastest.geojson’, driver='"GeoJSON', encoding='utf8")

def _ setColor(self, value):

color = None

if value <= 15.4:
color = '#00E800'

if value > 15.4 and value <= 35.4:
color = "#FFFFOOQ'

if value > 35.4 and value <= 54.4:
color ="#FF7EOQQ'

if value > 54.4 and value <= 150.4:
color = #FF0000'

if value > 150.4 and value <= 250.4:
color = '#8F3F97'

if value > 250.4 and value <= 350.4:
color = '#7E0023'

if value > 350.4 and value <= 500.4:

color = '#7E0023'
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return color

if _name_ ==' main__"
pm25 = PM25()

points = pm25.selectPoints()

# type is Point

geometry = points.geometry

taipei_county_twd97 = gpd.read_file('../data/taipei_county twd97.shp’)
bounds = taipei_county twd97.bounds

grid = Grid(500, bounds)

# get lat, Ing and value

x = [int(np.ceil((lat - grid.minx)/grid.size)) for lat in geometry.x]
X = np.asarray(X)

y = [int(np.ceil((Ing - grid.miny)/grid.size)) for Ing in geometry.y]
y = np.asarray(y)

v = [value for value in points['/pm2.57]

VvV = np.asarray(v)

idw = IDW(y,x,v,grid,2)

intersection = gpd.overlay(taipei_county twd97, idw.polygon,
how="intersection’)
intersection.to_file('../data/grids/taipei_grid_' + str(grid.size) + 'm_" +
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pm25.parseTime + ".shp’, driver="ESRI Shapefile', encoding="utf-8")

idw.toGeoJSON(intersection, pm25.parseTime)

6. BAMRF

i% 1§ Open Route Service Direction APl i& (7 g 543 » & L5t B3 ehy
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Direction.py

import json

import requests

import openrouteservice

from openrouteservice import convert

from module.Exposure import Exposure

from geojson import Feature, Point , LineString, FeatureCollection
import polyline

import geopandas as gpd

from pyproj import Proj

from shapely import geometry

from shapely.geometry import shape, Polygon, mapping, MultiPolygon,

LineString, Point
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class Direction:
def __init__(self, origin, destination, mode):
# K TASERY BB T RAURG)
print("open route service directions api'")
f = open("JAPIKEY", ")
self.key = f.read()
self.origin = origin
self.destination = destination
self.mode = mode
self.client = openrouteservice.Client(key=self.key) # Specify your
personal APl key
self.avoided_point_list =[]
self.idw_grid =

gpd.read_file("./data/taipei_grid_500m_20190610052502.geojson’)

# self.barriers_level_1 = self.__selectBarriers(1)
# self.barriers_level 2 =self. _selectBarriers(2)
# self.barriers_level 3 = self.__selectBarriers(3)
self.barriers =[]

# self.barriers.append(self.barriers_level 1)

# self.barriers.append(self.barriers_level 2)

# self.barriers.append(self.barriers_level_3)

def start(self):
routes_list =]
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~2

# 0 - TERARG] - BERE
ORS_route, ORS_route_steps = self.CreateRoute()

exposure = Exposure(ORS_route, ORS_route_steps)

# geodataframe
exposure_route = exposure.calculate()

routes_list.append(exposure_route)

#ERHREAFE S
self.barriers_level 1 =self.__selectBarriers(1, ORS_route)
# self.barriers_level 2 = self.__selectBarriers(2, ORS_route)

# self.barriers_level 3 = self.__selectBarriers(3, ORS_route)

self.barriers.append(self.barriers_level 1)
# self.barriers.append(self.barriers_level 2)

# self.barriers.append(self.barriers_level_3)

# barriers of this request
barriers_list =[]
for index, barrier in enumerate(self.barriers):
print("level =" + str(index))
for geom, value in zip(barrier.geometry, barrier.value):
poly = list(geom)[0]
# self.avoided_point_list =[]
self.avoided_point_list.append(poly)
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## &% B+ - GeoJSON
barrier = Feature(geometry=poly, properties={"value": value})

barriers_list.append(barrier)

try:

ORS route, ORS _route_steps = self.CreateRoute()

# calculate air pollution exposure
exposure = Exposure(ORS_route, ORS_route_steps)

exposure_route = exposure.calculate()

#OH| TR SR R

total_distance =

exposure_route['route_info']['total_distance']

route in routes_list]:

areas.")

if total_distance in [route['route_info']['total_distance'] for

print(“same")
else:
routes_list.append(exposure_route)

print('Generated alternative route, which avoids affected

except Exception:
print('Sorry, there is no route available between the
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requested destination because of too many blocked streets.")

#RRZFSAREREESES d 14 o
# routes_list.sort(key=lambda x: x['route_info']['total_exposure'])

routes_list.sort(key=lambda x: x['route_info']['average_exposure'])

#widamy g
if len(routes_list) < 5:

result = {""result™: routes_list[0:len(routes_list)]}
else:

result = {""result™: routes_list[0:5]}

return result

def CreateRoute(self):
coords = [[self.origin['IngT, self.origin['lat]], [self.destination['Ing],
self.destination['lat]]]
route_request = {'coordinates': coords,
‘format_out': 'geojson’,
‘profile: self.mode,
‘preference’: 'shortest’,
'instructions': True,
‘options’: {"avoid_polygons'":
geometry.mapping(MultiPolygon(self.avoided_point_list))}}
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# result = client.directions(coords, profile=self.mode)
ORS _route = self.client.directions(**route_request)

ORS _route_steps = self.__ toGeoJSON(ORS_route)

# with open('./data/ORS_route.geojson’, 'w') as outfile:

# json.dump(ORS _route, outfile)

return ORS_route, ORS_route_steps

def __selectBarriers(self, level, route):

# 4
if level == 1:
min = 15.4
# max = 35.4

#OFHATR EE T R

if level == 2:
min=35.4
#max =544

#OHOTT RET LR
f level == 3:
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min =54.4

# max = 150.4

barriers_level = self.idw_grid.loc[self.idw_grid['value'] > min]

#ERRARESRER

route_gdf = gpd.GeoDataFrame.from_features(route)

# route = gpd.read_file('./data/ORS_route.geojson’)

barriers = gpd.sjoin(barriers_level, route_gdf, op="intersects')
# print(len(barriers))

# print(barriers)

return barriers

def __ toGeoJSON(self, data):
geometry = data['features’][0]['geometry']
steps = data['features'][0]['properties’]['segments’][0]['steps']
coordinates = geometry['coordinates']
metadata = data['metadata’]
profile = metadata['query']['profile’]

timestamp = metadata['timestamp’]

legs =]
for step in steps:
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points_index = step['way_points']
if points_index[0] == points_index[1]:
print("line end")
continue
else:
points = coordinates[points_index[0]:points_index[1] + 1]

linestring = LineString(points)

leg = Feature(geometry = linestring, properties= {
'distance’: step['distance’],
‘duration’: step['duration’],
‘type': step['type’],
‘instruction’: step['instruction’],
'name": step['name’],
'way_points': step[‘way_pointsT],
‘profile’: profile,
‘timestamp': timestamp

)

legs.append(leg)

legs = FeatureCollection(legs)

# print(json.dumps(legs, indent=4, sort_keys=True))
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with open('./data/ORS_route_steps.geojson’, ‘w') as outfile:

json.dump(legs, outfile)

return legs

T BRNTFAARBEFE
e IDW i 5% 2 BE & > 5 SRANLFAAERE K8

FTALEIL 5 GeoJSON #5 i (7w i » 121205 g B 7 & % o

Exposure.py

import 0s

import geopandas as gpd

import numpy as np

import pandas as pd

from shapely.ops import transform
from functools import partial
import pyproj

import matplotlib.pyplot as plt

from geojson import Feature, FeatureCollection

class Exposure:
def __init_ (self, ORS_route, ORS_route_steps):
self.idw_grid =

gpd.read_file("./data/taipei_grid_500m_20190610052502.geojson’)
75

doi:10.6342/NTU201903250



# self.route = gpd.read_file("./data/ORS_route.geojson’)

# self.route_steps = gpd.read_file("./data/ORS_route_steps.geojson’)
self.route = gpd.GeoDataFrame.from_features(ORS_route)
self.route_steps = gpd.GeoDataFrame.from_features(ORS_route_steps)

self.grid = self.__cutWithRouteBound()

# cut grid with route's bound

def __cutWithRouteBound(self):
bounding_box = self.route.envelope
df = gpd.GeoDataFrame(gpd.GeoSeries(bounding_box),

columns=['geometry)

self.idw_grid['grid_ID"] = self.idw_grid.index.tolist()
intersections = gpd.overlay(df, self.idw_grid, how='intersection’)
# polygon

return intersections

def calculate(self):

data =1]

# reproject

project = partial(
pyproj.transform,
pyproj.Proj(init="EPSG:4326"),

pyproj.Proj(init="EPSG:3826")
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# intersects
for index1, r in self.route_steps.iterrows():
for index2, g in self.grid.iterrows():
if r.geometry.intersects(g.geometry) is True:
r_geom = r.geometry
r_geom = transform(project, r_geom)
g_geom = g.geometry

g_geom = transform(project, g_geom)

data.append({

'SID": index1,

'‘GID": g.grid_ID,

‘distance’: r_geom.intersection(g_geom).length,

'total_distance": r.distance,

‘duration’: r.duration *
(r_geom.intersection(g_geom).length / r.distance),

'total_duration': r.duration,

‘grid_pm25': g.value,

‘instruction’: r.instruction,

‘profile': r.profile,

‘geometry': r_geom.intersection(g_geom)

)

result = gpd.GeoDataFrame(data)
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result['1D'] = result.index.tolist()
result['distance_weights'] = result['distance’] / result['total_distance']

result['segment_pm25'] = result['grid_pm25'] * result['distance_weights']

diss_result = result.dissolve(by="SID', aggfunc="sum’)
self.route_steps['segment_pm25'] = diss_result['segment_pm25']
self.route_steps['distance_value'] = diss_result['distance']

self.route_steps['duration_value'] = diss_result['duration’]

color_list =]

for i in range(len(self.route_steps)):
value = self.route_steps.iloc[i]['segment_pm25']
color = self.setColor(value)

color_list.append(color)

self.route_steps['color] = color_list

self.route_steps['segment_exposure'] = self.route_steps['segment_pm25']

* (self.route_steps['duration_value']/60) * 7

# calculate total exposure

total_exposure = self.route_steps.segment_exposure.sum()
# calculate total distance

total_distance = self.route_steps.distance_value.sum()
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# calculate total duration
total_duration = self.route_steps.duration_value.sum()

# calculate average exposure

average_exposure = ((self.route_steps['distance_value'] / total_distance)

* self.route_steps['segment_pm25').sum()

print("total exposure =" + str(total_exposure) + ' ug/m3’)

print(“total distance =" + str(total_distance) + ' meter’)

print("average exposure =" + str(average_exposure) + ' ug/m3’)

result = {
"route_info": {
"total_exposure™: total_exposure,
"total_distance": total_distance,
"total_duration™: total_duration,
"average_exposure': average_exposure

T

"data": self.route_steps.to_json()

return result

def setColor(self, value):

color = None

if value <= 15.4:
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color = '#00E800"

if value > 15.4 and value <= 35.4:

color = '#FFFFO0'

if value > 35.4 and value <=54.4:

color = '#FF7EQQ'

if value > 54.4 and value <= 150.4:

color = '#FF0000'

if value > 150.4 and value <= 250.4:

color = '#8F3F97"

if value > 250.4 and value <= 350.4:

color = '#7E0023'

if value > 350.4 and value <=500.4:

color = '#7E0023'

return color
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