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GE- VIR
INTRODUCTION

o XA AT T R IF AR A E 1

Inconstant requirements for public transportation

RIS R AR DR Y B A S

New concepts for fulfilling the mobility: car sharing and demand-oriented public transportation

- M %5 Applicable scenario:
g Peak time
« B RS Exceptional weather
« M55 Local events
« LT RILDHIASIX Rural areas
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GE- VIR
INTRODUCTION

o ZHTHIBE ST NN E T

Previous research: optimization

« i E L A Benefit of simulation:
o WIZTEATIEA B0 E AP Direct understanding the on-demand transportation
o TS 4 75 0 R 45 Better assess the on-demand transportation systems

o 18 [F 15 H HubChain 875 Fir Bt
Early stage of the project HubChain in Elde region, Germany

o SN S — SO R R
Some updates after the submission of this paper R I Federal Ministry

FREYENSTEIN

for Economic Affairs
and Energy N
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o SZIG S Experiment setup

« 240 5i7fE System analysis and evaluation
« i H &t e Updates
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SIMULATION PROCESS
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£

SIMULATION PROCESS

« e KIEFHRITFE Sending a trip request by passengers

Trip request process
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(UEEBUY
SIMULATION PROCESS

« ZRHH4T 3 FE Vehicle driving

Driving process
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B EE

ROUTING ALGORITHM

- HFEEE Ant Colony algorithm

PN

Trip

WO SR

-trip id : String

-origin : Location

-destination : Location

-start time : long

-end time : long

-duration : long

-passengers : List<Passenger>

Ant

-tabu : Vector<String>

-current node : String

-next nodes : Vector<String>
-pheromones : List<Pheromone>
-trips : List<Trip>

-travel times : List<TravelTime>
-best tour : List<String>

-best tour travel time : double

TravelTime

-start node : String
-end node : String
-value : double

Pheromone

-start node : String
-end node : String
-pheromone value : double

dp

{2 A origin

’.

2% 15 destination

% depot
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SNV AR
ROUTING ALGORITHM

o« L EESE Improved Ant Colony algorithm

dp

HL A origin - £ 4 destination €)% depot
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i BBk
VERIFICATION AND VALIDATION

« f155: KA EEAR SR | rE AR T H RS IR 4
Task: check whether the simulation model can be fit for the processes and work out correct results

- BHEEFE ) I2 4T 240 Configurations in verification and validation:

o fHEME]: 1800%) Simulation period: 1800 s

o PIRIBITIRE: 1 Simulationrun: 1

o JRATIERAH: P(10) Trip request distribution: P(10)

o ATHHESE]43AT: U(5, 15) 97 Travel time distribution: U(5, 15) min
o 2P A A Two vehicles with 4 seats

o ENTIFEAZATHERTIE]: 3045 The maximum acceptable riding time: 30 min
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i B RHIE
VERIFICATION AND VALIDATION

o INIFSE R Verification and validation results:

Log information

Output

Simulation starts at Mar 06 23:24:06

vehicleO is assigned for journeyO.
vehicleO leaves stop “depot” at Mar 06 23:28:38

vehicle0 reaches stop “o 3” at Mar 06 23:34:44
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i B RHIE
VERIFICATION AND VALIDATION

o INIFSE R Verification and validation results:

Log information

Output

vehiclel is assigned journeyl.

Request Nr.5 at Mar 06 23:52:47

Request Nr.6 at Mar 06 23:52:53

No vehicles can be assigned for the new trip
The request is rejected.
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SIS
EXPERIMENT SETUP

- BIT8¥ Configurations

o {iERKfE: 7200F) Simulation period: 7200 s

- IHEIBITIRE: 50 Simulation run: 50

o JRATIERSTAM: P(20) - P(80) Trip request distribution: P(20) - P(80)

o ATDREFE] AT U(5, 15) 43 Travel time distribution: U(5, 15) min
 EREE: 6-18%H The number of vehicles: 4 — 18 vehicles

o JBNIEL: 4-12 FE Vehicle capacity: 4 — 12 seats

o e NA[RZATUERTIE]: 20 — 60 438 The maximum acceptable riding time: 20 - 60 min

| ‘||'¢ J
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RGPS VA
SYSTEM ANALYSIS AND EVALUATION

« J&4THfA] Computing time

« 80% - 94% [IiE R 132 7.00 .
80% - 94% of trip requests are accepted = 6.00 - >73
* 400 RALAL IS [R] 4 95,7540 Z 500 - 4.69
The computing time of 400 times of routing optimizationis 3 3.91 ¢
5.75 seconds g 4.00 - 305 ¢
£3.00 - 217 ¢
o 2200 - 147 &
R IBATH RN E S0 070
Table: Settings of computing time test de} .
Test case Number of vehicles Trip request (request/h) 1 2 3 4 5 6 7
1 3 30 Test case
: 7 - AU BUBAT (P11 AT I IR (7D)
2 32 120 Figure: Average computing time per simulation run
5 40 150
6 48 180
7 56 210
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ARG 5L
SYSTEM ANALYSIS AND EVALUATION

« ME+5Hr Measures

TR R T A e it
Request acceptance A $igﬁﬁ,ﬁlm_
rate verage waiting time
AR P AR
Vehicle occupancy Vehicle capacity
rate occupancy rate
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ARG 5L
SYSTEM ANALYSIS AND EVALUATION

+ EREAR AR SRR o 57.9 min

75
Trip request arrival rate € w0/ £701
: 60 £65
o . g ;%60
« SIVYRATE, fe K] HEAEAT B [A] 23077 B § -
Eight vehicles with four seats, the max ;‘Z 20 l ;so_ ] I I I l
acceptiable riding time is 30 min 04 N . 45 - B .
20 30 4 50 60 70 80 20 30 40 50 60 70 80
Arrival rate (request/h) Arrival rate (request/h)
i E?ﬁﬁf@iﬁj‘rﬁj i’)]1597§j\@|3, ﬁ%$%’f?§ﬁi@’fﬁ 73%(1) Request acceptance rate 68% (2) Average waiting time
14.6 435 100 100
The direct travel time has a mean value 9.7 min, § 80 - g 80
and the travel time of on-demand vehicles has a 5 60 | 5 60
mean value 14.6 min oy S
g 20 - % 20 A
o BAEZEG]: TEKRBIAZEI01E K EE/ DI 0  n g o 2 . B
. . 20 30 40 50 60 70 80 20 30 40 50 60 70 80
The beSt case IS arrlval rate 30 reqUESt/h Arrival rate (request/h) Arrival rate (request/h)
(3) Vehicle occupancy rate (4) Vehicle capacity occupancy rate

1)
)

uffl
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ARG 5L
SYSTEM ANALYSIS AND EVALUATION

.« R R SRR 0% 57 min

75
Number of vehicles € % £70 1
g 265 1
e 60 - =
g £ 60 -
o TR FAFAOUAT NG, R EARE, SERTE: | w0
AT BH I [A] 2 30534 S 2| ;50_ I I I
Trip request rate is 40 request/h, each vehicle - 0 45 -
with four seats, the max acceptiable riding time is 6 & 0 12 14 16 I8 6 8 10 12 16 18
. Number of vehicles Number of vehicles
30 min o
(1) Request acceptance rate (2) Average waiting time
100 ,0\100
o \ gy — s 0
o ELEEATIORIRIOMO.850E, BEEMITHINNE 2, ] 73% 72%
14.8 Jr%f g S o]
e 60 %
The direct travel time has a mean value 9.8 min, & g
. . 8 40 - 2 401
and the travel time of on-demand vehicles has a s 2
. = i 8 20 A
mean value 14.8 min g ® 2
o 6 8 10 12 14 16 18 g 6 & 10 12 14 16 18
> N% f umber of vehicles
. E'E_—'Ax,f%%,fﬁu, ii@i&%lzm Number of vehicles N

(3) Vehicle occupancy rate (4) Vehicle capacity occupancy rate

.
y

The best case is 12 vehicles

[
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ARG 5L
SYSTEM ANALYSIS AND EVALUATION

94%
R AR SR AR RO B o
Vehicle capacity g %
8 60 -
o ERFIARAOUCANE, 1007, BATEZF ¢
B s} (] 2 4073 B g%
Trip request rate is 40 request/h, 10 vehicles, o, 5 . " "
the max acceptiable riding time is 40 min Vehicle capacity (seats)
(1) Request acceptance rate
o« HEATHRRSES A0 H, HHARITHSE 7 61%
17.9 — 13.0 434 % 80 - 0
The direct travel time has a mean value 9.4 min, 2 -
and the travel time of on-demand vehicles varies ~ § 4«
with the mean value 17.9 — 13.0 min s ]
g
o BRI 8 A " 6 8 10 12

Vehicle capacity (seats)

The best case is 8 seats

(3) Vehicle occupancy rate

-
||,J

72 min

~
ol

ol o
1 1

Average waiting time (min)
al (93] D [e2] ~
(2] o

o
1

N
(S}

4 6 8 10 12
Vehicle capacity (seats)

(2) Average waiting time

100

69%

80 A
60 -
40 A

20 -

Vehicle capacity occupancy rate (%)

4 6 8 10 12
Vehicle capacity (seats)

(4) Vehicle capacity occupancy rate

I
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ARG 5L
SYSTEM ANALYSIS AND EVALUATION

83%
—_ N N — 100
» BRI EZATRE F I W E R RN o
Maximum acceptable riding time “ o]
¢ EREIEFAOUAE NN, L05HZE, FHIEANE
Trip request rate is 40 request/h, 10 vehicles & N

with 4 seats 20 0 40 50

60
Maximum acceptable riding time (min)
o FETE AT IE 1155 B N 2119.4 57 Bh o0 (1) Reauestacceptance ret
The direct travel time has a mean value 9.4 min, - 73%,
and the travel time of on-demand vehicles g -
increases from 11.5 min to 19.4 min g 80
g 40
o FfEZRE]: 30 Ef § 20
The best case is 30 min 0 -
20 30 40 50 60

Maximum acceptable riding time (min)

(3) Vehicle occupancy rate

()

i

Vehicle capacity occupancy rate (%)

Average waiting time (min)

~
ol

D [o2}
o
1

I
ol
1

100

80 A

60 -

40 +

20 A

56.3 min

~
a1 o
I I

(62 (6]
o (S
1 1

|

40 50 60

20 30
Maximum acceptable riding time (min)
(2) Average waiting time
69%
20 30 40 50 60

Maximum acceptable riding time (min)

(4) Vehicle capacity occupancy rate
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I H it
UPDATES

o ATRRI AR 5 T B S K AR R
R
Travel times are enquired from a
router module with real routes

o 4T S R G5 HUE PR E SR,
{5 A7 B s A s 3L =

This on-demand transportation
system connects to a database for
data read, write and exchange

o ZEIPER B 1 A AR Y IS TA] AR R
Vehicle capacity check is time-
dependent

LY
TRATIE K

Trip requests

FLSBR AT A R AR R

Router module

1k S AL bR
Coordinates

A

AT B [A]
Travel time

On-demand
transportation
system
RIETRAT I K
Sending a request
(L Ser
Vehicle driving

fam

A 4

3K Decisions

B ALEAE
Optimal route

|

B ] 5%

Time schedule

Database
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e

OUTLINE

15 i 72 Simulation process

EAE AL Routing algorithm

1 E3&4IF Verification and validation

SLIGE 4G Experiment setup

ARG HT 51 System analysis and evaluation

I H f#ridk 8 Updates

=14 Conclusion
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CONCLUSIONS
o ARCPHR T HIT E R APPAl 4% 75 208 R SR 57k

» A simulation-based method which can analyse and evaluate an on-demand transportation system

« B PEAR A T ORGSR

Routing is optimized with an ant colony algorithm

o PRl HIEE R AT DU (I IR SOy

Provide support for decisions Thank you & Questions
« ER%EER N Number of vehicles FEEELE Qinrui Tang
« AEZEZ A& Vehicle capacities ginrui.tang@dlr.de
. 33 Suggestions S I oo At
o RIFRRANFEE NN E, EREETUE DLR

Vehicles with low capacity and large number of vehicles
o FEEERAFREIRAT— /NI RIEIE R
Passengers send their requests one hour before their trip
Ny
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SNV AR
ROUTING ALGORITHM

o LS Pseudocode of the Ant Colony algorithm

Algorithm: Improved Ant Colony Algorithm — routing part
Require: travel times, trips, parameters
Ensure: bestTravelTime, bestTour
1: function AntColonyAlgorithm
: for iteration <MAX_ITERATION do

2

3 for ant < ANT_NUMBER do

4: currentNode < pheremones

5: nextNodes.remove(currentNode)

6: if currentNode is an orgin then

7 nextNodes.add(currentTrip.getDestination)
8

: end if
9: tabu.add(currentNode);
10: if ant.getTourLength < bestTravelTime then
11: bestTravelTime < ant.getTourLength
12: bestTour < ant.getBestTour
13: end if
14: end for
15: Update pheromones
16: Initialize ants
17: end for
18: return bestTravelTime, bestTour

19: end function




