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Study on Enhancing Efficiency of City Bus
with Demand-Based Flexible Services through Simulation

Jae Hyun Kim - Jang Won Bae'

City buses in South Korea have accumulated financial deficits due to high operating costs and low fares,
placing a financial burden on many cities. One of the main causes of these deficits is inefficient bus routes. These
inefficiencies arise not only from the goal of accommodating large passenger demand but also from maintaining
routes in low-demand areas to ensure the public accessibility of transportation services. This study examines the
effectiveness of flexible bus services that dynamically omit specific route segments based on real-time passenger
demand. Cheonan City’s Bus Route 405 is selected as a case study, and the effectiveness of the flexible bus service
is analyzed through experiments using the AnyLogic simulator. The simulation incorporates actual boarding and
alighting data at each stop and reflects time-specific demand patterns, replicating the operation of partially omitting
route segments based on demand. The experimental results confirm that operational efficiency improves when
low-demand, winding segments are skipped, particularly by reducing driving distances, fuel consumption, and
operating costs. These findings suggest that, in the long term, flexible bus services can help mitigate the financial
burden on public transportation systems.

Key words : Transportation Simulation, Operational Efficiency of Buses, Route Curvature, City Bus, Flexible Bus
Services
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Table 1. Description of data columns used

Dataset Column name Description
name
Bus stop | Bus stop name | Name of each bus stop
location Latitude Latitude and longitude of
data /Longitude each bus stop
Bus stop name | Name of each bus stop
Route name visiting
Route the bus stop
Date Date of t1.1e.
Bus stop bus stop visit
passenger User type Type of bus stop user
demand Number of
data 00~23 umber of passengers
(Boarding) boarding during per
hour interval
0z | Nk of s
(Alighting) hour interval
Route Bus route name
Bus Weekday Departure time from the
schedule | departure time |starting point on weekdays
data Weekend Departure time from the
departure time | starting point on weekends
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Fig. 2. Full route map of bus 405
The blue circles indicate curved routes that are
assumed to be flexibly skipped during the simulation
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Table 2. Basic statistics of total boarding and alighting
passengers at bus stops within curved routes of bus 405
during operation hours(6 AM to 12 AM) as of October 2024

Toward Toward
Category kgt ‘e
L
Average number.of passengers 128 214
per hour interval
Standard deVlatlor.l of 121 299
passengers per hour interval
Maximum 14 25
Non-Usage time ratio 28.3% 37.1%
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+ Modeling the boarding process of passengers
intending to alight on the curved route
* Modeling for travel and operation time

Entry
Point of
the
Curved
Route
+ Travel Modeling * Modeling the boarding process of passengers
intending to alight on the curved route
+ Modeling for travel and operation time

« Decision-making modeling for entering the curved route
+ Modeling for alighting passengers on the curved route

+ Modeling for boarding passengers on the curved route

« Travel Modeling

+ Travel Modeling

Fig. 3. Simulation implementation contents
The red section represents the curved route modeling
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Table 3. Simulation input settings

How to apply from

Input Settings Real data real data
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Table 4. MAPE of simulated passenger demand

Table 5. Daily averages from 100 simulation runs for buses
toward ‘A= BARTA A

STD. .
Category Mean Dev Max | Min

Passenger MAPE(%)
= GANT 2] 4| 3 _Passengers
i — 98.94
wishing to board on the curved route
e GANT 2] A 3 _Passengers
o . 99.47
wishing to alight on the curved route
Z3E|u]d 3] Passengers 99,05
wishing to board on the curved route ’
Z3E|u]d 3] Passengers
o . 97.58
wishing to alight on the curved route

@D 5t=A230|M5t5| =2X|

Alighting passengers

(curved) 22.12 439

Boarding passengers 40.09 2681 sg 25

(curved)

(SkiROrI;E[fi:OSlc(:lPp jiail 344 1.66 11 0
p ratio Yol 1638%) |
operations)

Table 6. Daily averages from 100 simulation runs for buses
toward ‘ZE3tejn|d’

STD. .
Category Mean Dev Max | Min

Alighting passengers

12. . 21
(curved) 87 3.53 5

Boarding passengers Q07 208 16 )

(curved)
(SkiRorl:lttToSl:prail 849 181 | 13 4
P Y| (@2a5%) |

operations)

Table 7. Comparison of conventional and flexible scenarios

Category Conventional Flexible
Route travel distance 24.7 km 20.9 km

Fuel usage 472.81 MJ 400.12 MJ

Fuel cost ¥9212.12 ¥7794.87

Route travel time 60 minutes | 50.76 minutes

Number of bus stops visited | 22 stops 18 stops
Passenger handling rate 100% 100%
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