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ABSTRACT

Aging society and disability welfare are both crucial issues for developed
and developing countries in recent years. According to the National
Development Council and Ministry of Health and Welfare, the population of the
disability is more than 1.18 million in 2018, while Tainan has the highest
disability rate among all municipalities. The ageing population is expected to be
more than 20% in 2025, which means that Taiwan will become a super-aged
society within 4 years. Currently, the government provides Rehabus, long-term
care bus, and universal taxi service to guarantee daily mobility for the
disabilities. However, due to manual handling on fleet management, each
scheduling task takes about 1 to 3 days. This research mainly focuses on the
operation of Rehabuses. Analyses and comparisons are conducted for four kinds
of operation ways in terms of operator numbers and partitioning methods on
scheduling. An automatic scheduling method based on mathematic model with
ALNS algorithm is developed and applied for optimizing the operation. Two
cases with a small scale have been used to prove the accuracy of solutions
obtained by ALNS algorithm and exact method. It is shown that the difference
between solution solved by ALNS algorithm and the exact solution is lower than
5%. An empirical case of the Tainan Rehabus has been conducted with its
operational pattern of high repeatability. The average compile time of ALNS
algorithm is less than 10 minutes, and the solution can improve up to 12.8% of
total cost compared with the solution of manual scheduling. In addition, total
amount of 16.93 % cost can be improved if all the companies are integrated with
automatic scheduling and operation. It is also shown that about 70% of the
benefits come from releasing the top 20% demands. The results of this study
show that automatic scheduling methods can effectively improve the current
manual operation situation. The optimization model developed can also be
applied to other similar systems for improving accessible mobility.
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Qu and Bard (2013) MS-ALNS O

Braekers et al. (2014) DA (0] (0] (0]

Masson et al. (2014) ALNS O

Chassaing et al. (2016) ELS 0O

Gschwind and Drexl (2016) ALNS O
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ZjEVXOjk = 1 Vk € K (4)
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Yjev Xjik — Ljev Xijk = 0 ViePUDkek (5)
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Bj = (Bi + 50 + tij) * Xiji vieV,jeV,keK (7)
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max {0, q;} < Qi < min {M;, M} + q;} VieV,keK (12)
e < By <; VieV,keK (13)
Xije € {0,1} (14)
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Vertex (V)  : HiBiEESE = {Pickup, Delivery, Depot}
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Delivery (D) : 32BiESE = {n+1,n+2, n+3, -+, 2n}

Depot D GRS = {0, 2n+1}

Vehicle (K) : HfiF#ES ={1,2,3, -, k}

28

qi EAEE LAY B/ REAR (Grei =9 5 G0 = Q2ner =0)
Si | ARG 1 ARSI (so = Saner =0)
Z © BT 1 IR R RRE R

li : FTEL i BT RR AR

Cijk © I kK TTREERAR 3, j) AR

tj © BT TIRERRAR (i, ) YRR

Ty ¢ R K TR AT TR

L LR RO HL R
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My : B k AR S PRE

ik P IUHE o a=1 RoRHTES | REMTEEE k ATARES 0 [z Ha=0
Xk D TR X =1 FRoRER k GITBIEARG, j) 0 X =0 R -
B : H K ERRHGEATES | YRR

Oi : HH k RS SEHTEL | SR EL PSR B

HEE(D Z RoResy MR TR  FREZN(Q) » Q)FREHET RE IR 1517 —
X HIGEL TR EEZELE R R —GH » 3(4) ~ (5) » (ORI EIE S5 H 3
% > HATBEERE LR E T SR EIEGEE - 20(7) ~ (8)iERiEE R LIS R AE R ~ &
& A8 - ERHGER L EA/ M IR ~ TTBERFR ~ IRBSIRFEAERT 5 stk
HYEE B A B MR SeEE B AN BB EZ TR KA B/ N B A B REN - K(9)E T2 a
MIEEE - BRI RIS RREMR S R E ol % - 2(10) ~ (11) ~ (12)53 7RI
EK@J:HTF’EJ ARSI R TARIRF A DU R B KR i » SU(13) BRI R E R IR
o FULA)PRA] Xy By 0,1 ZICHER -

3.2 BEARET
3.2.1 BEERE

AWFFEREE AR R - HBIPEYIR - B2 ALNS JEZOREASIR Z MD-DARP -
VIAGAEFIFT NNH ERAEA: - WREAIAGHH A ALNS SEZETUGES - & kL
S TR ) T EAEREH ) SO E I BB AR M - Repke and Pisinger ) £
fZZ‘: ALNS JHEAKIMA 2 B R A RESCR Y LNS 50k - ST et B —Rpd
IRERGT T 3 e - GRS S AR S Pe e | ML TS (HERS
PRI - T EME BRI | RN N IOEMGERRGEIE R - [ - ERERS
B - T RSkl ) R R R SRR R A T - B i kg Gk
FIRAIAER - — BERIRARR AR BEGETE N IORE i % - (s 1 Sty H R s
I fEfi o [ 1 /2 ALNS JHEFAR » 3.2.2 & 3.2.6 RIS IAAREEAE « MEREHEH - SR
il > ERETERESRIRAY « R SRR TR -

322 ¥REEEE

AR #8 =i% (Nearest Neighbor Search, NNH)E 34 B FR IR ix A0 75 SKBGAY BB RT 11
AR - REBITEERWETE T KEL o Hr - EERIRAVERAERT SIFE ~ A&~ TfF
= EHRARRE o AR B R i SR WIAMANT EE AR - HERR SRS - BMID IS TRy
i - IR BHERIZEASH ALNS JEREN A B R R i sk i
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JET % 35 3b 188 B R M ALNS 8 kAR R e L B R 2 A &

B ARIERE

RS EATTITR
v
RS AR 1

= = ‘//;;;;\\
/e Q_L—<;\f§%@ﬁ;/;>

hERE/EREE HIEFEZ R
v
BRARAEIE B S A AR

v

v

EEER

ERER?

il

o

1 ALNS JBEEHE

3.2.3 BRIEHEHI

B SR R T B AR AR I+ e B A R T SR A R R T
AR o SRR E B RIS T SRS I R IR A R W 5 s » ARHFSEiR Al o
HUUF =4 -

1. BEMST RS © BEMSEEA 2800 = {0.1,0.2,0.3} - {HE HATCIRF T RIS D > Rt
X D PFEEHBRE 2 D 7R S EE N RIS T K& » #E R e L
FEAREIRE

2. IRFERRAANS © LS AR AR IORERR A - 3 A I A B IR B SRR i R
R SR FE IR VB E O IS T - SR R T T AE AR B L DI, SRR L -

3. Shaw fight : Shaw fEASEERE Shaw 2 F2HIFHERE » SZHTSE4E B B DU S
KB » FTHRTF A S R A A A R AR - B T —E TR (o1,
12) » FIF R(j) STHERE RT3 R 8 3 3 RAE e ~ Z2fRRI AR (AR
2 15) » WHAHHRZEEHE AT vy mE RIS R IR TR & » RS BER A AR 5%
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£ 10% 228y °

[ti=t;]

(tmax—tmin)

RGJ) = wy X - + W, (15)
R(,j) @K i~ TR < ERARIRE EE

wiwy REE

dij T EFEK j 2 FIRYERRE

ty by 2 TR TR ARSI AT ES

Amax  * PTA TR RIPERET i A MH

tmar + FITE 5 SR B — I B A 1% — R Al 5 O IR R T B e A M

twin P R SR H 55— B A 1% — {18 e 25 O R R R R i/ ) ML

3.2.4 EEHEH

AR R fARS B B B E LS ERIAR T N A SRR S W o 7 SR BT i A 2R B R

Eh o AW LA DU = -

1. FERSESRUEA « BETRATE v TR AR - BEPE RS — R A R i A 52 - bt
AGH A IRE N RAraofs S - (HH B H e s U e Ae

2. IxfEEEAEA ¢ BEGTE A A TR AR o BRI IR DAY IR AR R A S -

3. f/ MM A : Potvin and Rousseau % #2 HFI AR MHELF o BRAGUSR A (CHE - HISE S —
TETEAR A B AR B e N T ZE RT3k o A ST @i » (HIR R P T R I
FotilE » TREHRAVPSRETEIRF - SBPERDH - RBCRIE T K EA 3 7K - ks
A AB,C =fRESHE - B ERERSEE — R IAEMHANER 4 » RPEUE BT K E ERAREA
BITRAERRA » 2S5 A RILURCAE 100,000,000 7E Rt o #atp BRI E 3%
TR Ry TG A FE RS AR T M A AR R ML MR » BRI S » 85K 2 MUt AR R R AR
A EESIRZIERNESSE B o B3GR 70-65=5 (YR 1E(H ; EIEIRZGERINRLE C - 55
Ji 85-65=20 MYELIRHE - #(FRK 2 MUMEBRIGME Ry 25  ToK 1~ 75K 3 UM IR E DAL SE
HE - BOBIRHERIBER NYTEK 2 AR A TER ISR -

x4 1RISKERE

AR A R B AR C M E
Ek 1 100,000,000 100 150 99,999,950
k2 65 70 85 -
2R 3 120 100,000,000 30 100,000,060
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3.2.5 FEEMHERIER

B EAKRIR - AR —RC RS I RACEoE R AR - DIGIEAE R — 185 I
BHEFIRZH TR - ARV RN IORTEIRERIRNG 22 - Oh - BEMEReREAG X
SRIBETBORIRAE N K32 s B B R T AU - ES SRUB IR R S (AR - 3TN
T 6, EBERE T 5 ERS AR RN GRS - e HEMN HRTHER - 37000 6,
AR T ERERAERE AN - MBRAERZESH HRTRER - BO5EE0 65
PRI o AWTFERE R i FE R L L R = i R B R B 22 1 (MG SO E
HASRIRBIRL - IEOE 61=3 ~ 6,72~ 6;=1 » MEREOE L FRHEREIR R K EY)
3R Nl Bz - A flfif i Bl B A 7 A AE W BOEE R Btk SR SR AHIR] - BRIERE SRRt
ANEFREE - WHY T — B R AR -

3.2.6 FEERZHEE

BRI ER Ry TR IR R R R - (R —E BRI MBS - ARifl
LR 2 - RIS PEE BRI R - SO ASEIREY RS PR - e
EXRRKR L3 — R ME - EHMRRERHER —CRREZ R - AUFFURE _HfilolE
FER KR ENE » HME SR B iR B RRE - (R i AR REIR S S Al I al » AT
FERF AT SR A Y ALNS JRNE - HESR F() HRIJTEWXA6FTR » HASAl= o 255
Vincent et al. "7 {#FH 0.99 » #IE&IEE T,=100 -

F(i) = e®i—Xcur)/Ti (16)
FO) BB R

I CEANERRE

x;p O EE

Xeur * EATHAEE

Ty EATRE - H T = px Ty o pRtRAlR

I~ =GR ERERS

AR SeRFA ALNS S{STHORIFRLE - SR Gurobi Solver sRE NABISTFEFEL ALNS
BT RS IO - 4.1 B R ATIREEOTREE 10 AR RECEE T
B 5 42 ARG IAEEETA Y RO AN 24 (TR EHIAREY - Hp )
Fo B —BHE I - RTINS LIRF £ MD-DARP 2 1558 - 4.3 /NiT4HE 2019 43 H
1y B R T B T EF ST -
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4.1 ZEf—

FoBUEAART e L HEME PR AR R - S CASER A 10 B/l - L
W SRR R B B PRI AR < 2200 - AR PIIRBLEOT AR B 8 BhZE 12 B 10 #7R
R RISRATN(10,5) ~ (10,-5) ~ (-10,5) » (-10,-5). Z LA #uEIA > WELIERR x =0 fFRy A, B
SEHEEIE T TR RN x VIR 0 ARLETEEY A 36 - IR B 2% -
BEAh - A SEHZEGUEERIR(-3,0) » B SEH LRGN (G,0) - MISEEE SR 2 5 -

Miat 10 KAPKRIFRZZ AT > FIAHESEHREEESE T~ ALNS ORGSR i
FEASPEIRRGENE 0.78% » MIAERESFIHEE T - ARIRFIGREFAME - AIRIRFRAERERR
PRIENE LT R & - SRR TR T 3.62% » ME(EARITERIGED & - Mk iRE
ARG ZATR - (HRREE E SO S 8 Ry E iR 2R SP AN R Al %522
#iE - SRR AL A B EHRHIE U ALNS AT BB R IORIFGE

Foitt— 2 HWIEARE IR BELAR  BSW LR FIREHRI S - ARt sedas b e A — R NP
LT > AR R ERRBRY IR 5 « Horilwit | Bl 11 RylFl—HFRKisg s - DUt
HE o

®"S5S EH—FKREH

FE BRI LA TC BRI TZE R i ] RS
1 (-4.9, 0.9) 11 (-1.9,-0.6) [656, 670] A
2 (2.5, -3.4) 12 (-5.3,-4.1) [485, 517] B
3 (9.7,0.5) 13 9.1,423) [673, 689] B
4 (8.4, 0.8) 14 (8.0, -2.7) [536, 552] B
5 (6.3, 1.5) 15 (4.9,2.7) [686, 694] B
6 (-5.3,-3.5) 16 (-7.6,-1.8) [723, 735] A
7 (6.2,-0.5) 17 (1.3,-2.2) [512, 534] B
8 (-5.2,3.4) 18 (-1.9, 1.0) [663, 681] A
9 (-8.7, 5.0) 19 (5.5,3.4) [654, 712] A
10 (9.1,0.3) 20 (6.0,2.1) [528, 544] B
H A~ B 5o BRI SE AN - HUEM SR DR ST @ RUE I THERE « 3 6 FIH S

EEFEYEZ SRAFRGR > Forfr Gurobi solver 1E#¢ 0.16 FR1G A HEf## 252 - iy ALNS J#HEIEA(E
B 1.35 MORIGHGIR 253 » [ LR (EIE 0.4% - BEAZHHIEE RVU 5 - A 500 i%HR
MBIFERR K 6 EEA AR - ISR TR K 6 20URAY Carl BRER - 1 ALNS SERIAREHAN
A Car2 f&#7 o B Uiy Egf R BRI 58 2 — 20 - SRy B R ) e 2 & 3 -
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JET % 35 3b 188 B M ALNS 8 kL R e L BB R 2 o 5

’6 EFl—5EHUIKEELEE

SrlEHEDE
Gurobi solver ALNS J#EE
SKRFERERA 0.16 sec 1.35 sec
EiEfE 252 253 (Gap = 0.4%)
Carl: A, 1,11,6,16,A Carl: A, 1,11, A
;[:EIJA ) s L s Yo ) s Lo )
A St Car2: A, 9,8,18,19, A Car2: A, 9,8,18,19, 6, 16, A
Car3: B, 2,12,10,20,B Car3: B, 2,12, 10,20, B
(= y H 9 9 9 9 b 9 b bl b
B Sttt Card4:B,7,17,4,14,3,13,5,15.B Car4:B,7,17,4, 14,3, 13,5, 15, B
Routing Result
R
4 \{
3 \
2 \w/
1
> 0 =
1
-1
-2
_3 /
4 .1///
-5
-9 -8 -7 6 -5-4-3-2-10 1 2 3 4 5 6 7 8 9 10
X
2 ZEf5l— Gurobi Solver S EHFHIER
Routing Result
5
(IR
3
2
1
= 0 epot A
1
-1 —
=2 /
_3 /
—4 .1///
-5
-9 -8 -7 -6 -5-4-3-2-10 1 2 3 4 5 6 7 8 9 10
X

3 Zffl— ALNS 3 EHHHER
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EatEER FR % H-H RE———%~A

B A~ B SGULEIN A —ESEER - SEEAEDRYDRE] LR IR 25 - HARES A RA
PRI IR - IERRRE R N2 HR G & L e (s - &% 7 51 = HRLy oK
ftR o Horfr Gurobi solver 162 5.18 FOSR1GHM# 217 » il ALNS {HEESEE: 3.47 MRS
iR 227 » W FRRAEE 4.4% -

K7 Ef—2EHVIKELLER

ZEHEYE
Gurobi solver ALNS &
P A 5.18 sec 3.47 sec
e 217 227 (Gap = 4.4%)
Carl: A, 1,11, A Carl: A A
A iEIJ‘ ) & 9 9 9
Bt Car2: A, 2,12, 6,16, A Car2: A, 2,12, 1,11, 6,16, A
Car3:B,7,17,9,8,18,19,B Car3:B,7,17,9,8,18,19,B
B SUbHEHE | Card: B, 10, 20, 4, 14, 3, 13, 5, | Car4: B, 10, 20, 4, 14, 3, 13, 5, 15, B
15,B
Mgy EHEHEN - TR R A R AR S BRI R BH R T - S ERAAS

R fEZ Fe Tt - AR R vk B B 2 W HE B TR T S35 MR AR » Horp > Gurobi
solver 3K iR 4 5 - ALNS JEEGAER R 3 & 0 3#15Kf Carl K 1R
A Car2 j&#5 » Car3 ~ Card ZE&HRAI—E -

4.2 EfH=

ARZEBIE RSN W SRt RO E H SO 2 Sk g 24 (05
SKHIZE - HmaR | BafRR 25 FelRl—HHFEREZE - DAEHE - ARSRIFEE FE T2
REIRFIEs Rl BaBaRN - WRGLIREEEZ 30 Fraithak RIRFEsRARA o BLoh » AFe R KT
MEE - EELDER x=-21Fk A~ BEE @2 - I EEEN A 5 HIGHEAR
(-5,0) » HHEBA B 2635 - HIGURAI(1,0) - EZEEEHER 3 55 - FlEE rI 25 E
4

ZEW KA SR LA 8 0 ' A~ B Uk BRARIZE R - Gurobi solver AJ7E 140
PSR o G BEEE A FEA# 510 - T ALNS JHEIEAIEE 3.41 B - SRIGHER 529 - Bl fgiRss
3.59% - RIMAEE A ~ B GUub@RE—EH I - EETRH S EHE - #55R807R Gurobi 3K
30 /R IRE O B i R - 5 BTN Gap {ITFAE 23.24% » 3 E5L 482 fERskiGZ
A - ALNS SR SR @ HEE 16 4.19 FHEIG ARIKEIZE 484 Bil Gurobi solver
K 30 /N Z A RER A 0.41% » BURNE MIEEHEEEETT - SRIGHIBICRIG » ALNS j#HE
EHEEHEA B EERSRIERICE -
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e % Bpsh B B AWM AINS SR A AL EC LS ERFEX R

10 a3 33 19
9 20
3 5'8 29 I 5
2 16 284
4
3 17 18 26 36 41 22
2 - 23 31 377 ! 27
1 15 2 & 35 34 19,45 63
> _(1) DepotA 30 34 3 Depot B A8
-2 i 38 12404 43 a2
-3 21
-4
-5 46
-6
-7
-8
-9
-10
9 8 -7 -6 -5 -4 -3 —3( -1 0 1 2 3 4 5 6
4 EFHZHRRPHTREE
T8 EHITIHRLIEE
Gurobi solver ALNS
PN 140 # 341 %
SPEHEE —
FIEIS N 510 529 (Gap =3.59 %)
PNIAEE >30 /[NHf 4.19 ¥
2EHIE
PN 482 484 (Gap =0.41 %)

4.3 BREMIBN

8 2019 4 A ERER B @nigalafint - Zra 1,883,831 AIHE 97,809 {7 & [ fEfEH -
AR T S ES S L i A R A OB L] (N3 9) > FERBUREZ M T s
5.19% » RIE7SEZ T °

®9 AEWHOEBRAOLLS

B PEREE A (N AL (AN) B RS LB (%)
b 167,297 3,995,717 4.18%
=k 120,721 2,668,572 4.52%
BRI 83,585 2,220,872 3.76%
=i 124,114 2,803,894 4.43%
T 97,809 1,883,831 5.19%
Bl 140,856 2,773,533 5.08%
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st EF FE =& o RE——=4%A

SR ERO EAE it & R Rt =2 R SRS e i - B 140 f7Al# & 147
R - SRAIATHRIE - HaiE H R R E - EE 1,200 8K - AEAIRA " ASSGES
BRI - EHRTEE S R ALl ~ E R - K IEEETHEE - KRR IREA SR
FEHLOL AT TREANTERY o ARIBSEF TR AIA - HATERIERE D ILE 6 2 8 /NRFAHFHE -
R LAFRHERETRIIEIR - A 1SR SHeAnlIfE e - SEE AR DIBRE B AR A A
YRR R et A B - H TR R iR R A P U7 =0A0k 10 - ARIESEFTA PRI T =(#6E
ORISR — Rl FIBRERY 7 RATHET TP - 28 R FIE IRy S KAT - AR BHIRE e B
THEYEAIERE] - PEFIE LIRS A A E R R — XA SRR R 5 - BB L
BAPRIHE - b — BB AR T U T IR U RATRRE -

& 10 EEHERELTEHES

LI HH W
IRE R THAT B SR 1/3 G128 - /NEORE LT Ao

T R i = b

H R BRI TR TR AR 1/6 518 /Nl

2| RS DL FARREA S + ISR B e -

3 | HEFEERE Rt -
4 |BEIn—HRERE RS g N RN =N 50 T -
s | ARTEIHEIOA S ~ AR A S Gt -

RSN ER LA

L E - WRAEGSER AT i
6 |[MilE (bl ~ ZEHE - fPEE -
AEIR )

REFT TR RE R 1/6 FHE - /NEGR LU MR
R

IRERE ST SRR - CERRBGRTTEECE S

7| AR RBRRE AR | g R R -

RER AT B R RE T - /NECRE DU R

8 | EH B GEEE F RE S PEEe S

HoR R B RRE R TR B R 1/2 31 /)
| CHERTHRIVRE |yl s

— ~ EHFER G IR R - (RS R A A T A SR E » R T 2 2R

o EE SR PRI - RISa R R A B T I S s PR - AR LA
R H R A e - iR R I PR FR AR I 22 AR -

pasy | = AR ZORELERIN D IR AT - R SR SE I

AT SR RN - R T IR R AR SO B PRI - KR

FeEiE -
M9~ RARE R B P S BEIA I A SRR - sl A LR R R
FERE S BRI AL -
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JEA % b B AR A M ALNS i LR B B LS ER R R

AWTFeEEErE it &5 2019 4 3 4yt 25,389 {EFEKIRR K& EEHE -
TR IET 56 [EMAIERL - AWFFEsH A MR ~ g ~ FER1 -~ IRKERY ~ fRK
MG DU SERE W ~ FIRE IR ~ ATBIERR © SRRl 20 (6 BB ETT
TIAT 25,380 HE R EMEB A 1,635 A - BRMERO LEFETBEAR 1.7%5 0
At HA 51 894 A~ 22tk 741 A > EEAFERIE A 60 2 80 ph R o FEREEHIN
DArpRE ~ R IR AR T - BERIE ZHRK H B 95% it - = A SPafg AR
16 X (RIEIEEE 2 X) » Hrpimd ly 80 @K - B P HEEH 2 BiKe - 2 Biute? -
HsH Rl e be M T2 - Rl — M IR KA TR H R R R - ARIBE 5 - AR
H—~ = AEINHRRIEH - H YRS - FIREREEMTR2IRE - A
Foiody ~ BUE ~ RIIIRK - 2R B RIRE TE RAERE HAE U E EE -

1400
1200
1000
800
600
400
200
0

ARWPFeE— R TRE LIS 30 0 E6EITY)) - B 6 = HInE R R B PHIFRR

90
80
70
60
50
40
30
20
10
0

eNeolNeolNeoleolNolNolNolNoNoNoNoNoBoNolNoBoNoNoNoNoNeoBNoNoNolooNeoNoNoNe]
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O O NN OO OO A A NN OOTNMSEE NN O ONMNOOLOOOWOO OO

22 2 2 2 2 2 ¢ A dddA ddA ™A A A A 3 A A3 A3 A3 4 4 NNNN}CN

O O O O O O O O 2 2 2 2 2 2 2 2 2 2 2 2 v v v v v v v v v v

sE-E RN NN NeNelNeNelNocNolNoNoNoNolNoNoNoNolNoNoNoNolNoNoNolNo ool

OO BONRNNWBIOINTMNA2AMNMASMNAAMNOMNAOMOMNOMOMNMO MO MOOMnN

OO OO A d AN AN YN T TN WM WOW OMNMNOOOOWO O OO

™ = = e e e e e -1 =5 NN

= = i 2z 377 4 = AL S oy
Bl 6 EmmE 30 pEFEFEKEX
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ezt FER FER+-F HoH RBE——=%<A

2o B 8 A 8 B 30 S R R H LTSRS (80 ) - IR RN TRostes - 25 0
TRlERT R 12 8 (54 i@) BER 2R — iRl Z [MIRE AR K - TAE N 1 B (44 &) DUk s
Bl (47 88) - IR o SEHERTR TP mh B L R R R K P o

EEB"%ZE% MEFETRE - EEFHAMR I B hECARE - B 7 E8E H R
S SE— B TP 130 2 140 fRERLE L - FERRMERR 20 # - B 8 RRFs-Fak
E’%ﬁ.fkgﬁi#ii@% HAER BRSO TT20 - #E H P 10 850 2 BRIl -
R 20% - FIBEFHI TAERFERIANRY 8 2 8.5 /N

160
140
120
100
80
60
40
20
0

DN ODODODOHDNHDHODODODODOOOONOODOD MMM M MmO m
M NOr 20 NNINEN AR INAIASR
o o 10 00 O0 00 I e i o 1 1 1 O O O I 0 0 1 I I I [ [

MmN N N N N N N N N M N N N N M M M

7 ERmERELERERR

12
10

O N B O

3H10H
3H11H

I m
~N ™
—
m m
o o
K

3H1H
3H2H
3H3H
3H4H
3H5H
3H6H
3H7H
3H8H
3H9H

— I R R

B8 ErRhmERELIEE PRI/ HTER

4.4 BENEE S

B EE TR E R R 1 2019 423 18 2 2019 4F 3 H 22 H B #Hls &
BHETT o (HEREEZ G EOR Ry ikl Besth 14 2 SO acsk - HEEF AR ARERC
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JER % BB 2 RA M AINS iR L5 BbE B L8R 2 MR

% ~ Bk SRR - OARRFFEEESE 0L Python 3.6 BEETHiE (FAREIRE R - 1SERET
AR~ AR~ RO - M A Google $2fitiZ Geocoding APT A REHF ikl 2 — i f %
TR AAE « Horb > ESBE BRSO 2 ~ ASTEHA SR B BB Ry B HLIEE < S R T Rl
R > HIERIRZEER - VNS EHASER 7.8% 28X Ek (BRE 1) - {5
— R R B AR I A e A B Tt - T RARET R E R T T L FHFEK
HADUKEE RS - BREXZ - ZILERD - 4068 9 Aok -

xR11 BRERER
TokE (B
H 1] 3/18 (—) 3/19 (7) 3/20 (5) 3/21 (7Y) 3/22 ()
JFFKE 1,277 1,118 1,277 1,106 1,310
AR E 67 78 85 100 113
HE 2 1,210 1,040 1,192 1,006 1,197
. |BIE 315 282 298 257 333
SRR 492 398 512 386 468
NAES] 403 360 382 363 396
Budai
Houbi
e
Haomeiliao Yizhlb (o] Bt
o A LBR g Yonglecun
[¢) o Dapu
jtFi?’c};Wi‘!E , (o] (o)
Beimen oo (o] o
QO o
) % 0 Liujia
W @ o® ooO
(o]
o ?gxi
4
p Da YUQ
o] Gong Guan
Zuozhen
danhua
E¥
Zhongbu
EE X
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EatEER FR % H-H RE———%~A

IRIBSEH TR - FIRCPaRER TR 8 2 9 /NRf - RSB Xiuhy 8 2 10 B
T o AHFFE R SRR FIE TARIRFRIBISER - BOE AL Al — R R TIRF Ry 8 /NEF - SRl
B K ARy 15 8 o B WEria e Herh— (B R - BESRE R A FIB I BG5S A s K T -

BRI TR SRIF T L BGE » AR SEE TR PHE R ok R T Lo ZRF ] AEREII TR
I - MORWTS R B 1.5 (5 1F R RFedBRPH L ] - B S - —Fsk%
TER L EIF R Ry b 8:00 - ARG EGHERLFIZHE . BRI (BIREM ALESR) Fy 20 43
# - QIARIERCL 20 7pdEs 1S fE{ERRFHRBARH LR - REEHAE 8:30 70 ZAiHE - H
RFEIRTIABFFE - FRAIFEEIE PR R BRI R 10 2 15 703 - #utpz 1.5
15 L BE S IAM FEAR LR RR e e n] S BRI NIRRT E TG © bSO - ARIE— i/ NIUAE
REEHR - &2 n7RE 2 [k - AT URIEE RS & - B ET K
IRFie 2 (EREEE | (7RR RIS o bt BEse ORI R (BB T30E - SRR
B R R B A S il %8 NI AT HE T -

4.5 JEERKER

IRIBAWTFEE RS RIF R R 2B - BHER AR RER 1,000 KA > #§
ACE I AIERKECER 1,000 2K WLUEF 50 R —3X AU - RTRSETEME BRI BT -
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