
Solving Atlanta’s Last-Mile Transit Problem using the  

Network-Inspired Transportation System 
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The Problem Abstract 

Network-Inspired Transportation System 

Optimized for Low Density 

Results and Conclusions 

A major problem in increasing ridership on public 
transit has been reaching destinations outside of dense 
urban areas.   
• In medium and low density urban areas, it may not 

be economically viable for transit to run frequent 
service (Pushkarev and Zupan, 1977).   

• Low service levels means low ridership in low 
density urban areas (Cervero and Kockelman, 1997).    

The current rail network for downtown Atlanta is shown in Figure 1, along with a circle indicating a 1 mile radius around each 
station.  This distance was chosen as a reasonable walking distance.  Figure 2 shows the increased rail network coverage than can 
be created by using demand-responsive vehicles to extend the range of each rail station.   

The network-inspired transportation system (NITS) combines 
demand-responsive transportation with the existing static transit 
network to provide transit options in low-demand areas 
unsuited to traditional transit..   
• The city is divided into small neighborhoods called subnets.   
• Door-to-door, demand-responsive transportation is provided 

to anyone within a subnet. 
• If someone wishes to leave the subnet, the passenger is routed 

to a transit station located within the subnet.   
• These transit stations act as gateways for the subnet.   

New York, NY 
Washington, 

DC 
Atlanta, GA 

Population Density 

(people/mi2) 

 
27,532 9,800 4,018 

Average Weekday 

Unlinked Transit 

Trips 
10,303,095 1,460,125 504,420 

Typical Headway 

Between Buses 5-15 minutes 8-20 minutes 20-45 minutes 
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Table 1 compares demographic and transit statistics for 
three large metropolitan areas: 
• Notice a correlation between city density, ridership, 

and bus headway. 
• Providing frequent bus service is a chicken and egg 

problem.  High ridership requires low headway, but 
low headway is impractical without high ridership 
demand. 
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Reduces the complexity of optimizing the vehicle 
routing problem 
• The DARP is NP-hard and has  2𝑁 !/2𝑁  possible 

solutions for N passengers. 
• Dividing the city into small subnets reduces the search 

space of the problem.   

Figure 1:  Each yellow circle is 1 mile in radius and is centered 

on each of downtown Atlanta's rail stations.  Notice how little 

geographical area inside I-285 is within one mile of a rail 

station. 

Figure 2:  By combining the rail network, DRT, and potential 

additional BRT stations along major highways.  The coverage 

can be expanded to look like this. 

Demand-Responsive 

Subnets 

Rail or  

Bus Rapid Transit 

Average 

VMT 

Passenger 

Wait  Time 

Average 

VMT 

Passenger 

Wait Time 

5 Passengers 10.64 10.39 16 16 

10 Passengers 12.64 12.32 16 16 

25 Passengers 16.28 15.46 16 16 

On-demand Vehicle Static Vehicle 

Passenger 

Requests per 

Minute 

Average 

Passenger 

Trip Time 

Time 

Improvement 

over Walking 

Total 

VMT 

3 requests per 

minute 
23.3 minutes 21% Less Time 

646 

Miles 

6 requests per 

minute 
24.5 minutes 17% Less Time 

950 

Miles 

12 requests per 

minute 
25.5 minutes 14% Less Time 

1450 

Miles 

Simulations results, shown in Table 2, show that for low 
passenger demand, the DRT vehicle out-performs the 
static vehicle in both vehicle miles traveled (VMT) and 
passenger wait time.  However, as passenger demand 
increases, the DRT vehicle efficiency approaches that of 
the static vehicle. 

Consider the following for the 
neighborhood in Figure 3: 
• Intersection 2 is a rail station. 
• All passengers are interested 

in catching a train. 
• Passengers are randomly 

placed across the grid. 
• The static-route bus travels 

the path shown in Figure 3.  
How will the passengers be 
better served, with a static-route 
vehicle or a demand-responsive 
vehicle? 

A study was performed to analyze how the NITS system 
would work in a large city setting.  
 
The city for this simulation is designed as follows: 
• The city is 100x100 blocks wide. (block length: 220 ft.) 
• There are 6 north/south and 6 east/west rail lines.  
• There are 36 subnets, each with its own rail station at 

the center.   
• The simulations were run for three hours with three 

different levels of passenger demand. 
• Rail operates at 10 minute headways, pedestrians 

walk at 3 mph, and busses average 20 mph. 
 

The results for the three simulations are shown in Table 
3.  For the sake of comparison, if a passenger was to 
walk to the nearest train station instead of using the 
NITS system, the average passenger trip time was 29.5 
minutes.  Trip time is defined as the difference between 
when the passenger requested a trip and the time the 
passenger arrived at the final destination.  
 

The simulation shows that the NITS can work in a city setting. 
A significant decrease in travel time was noticed over 
walking, which would promote increased transit use.  The 
decrease in travel time is most noticeable for passengers who 
are traveling between locations that are far from rail stations.   
 
Current work on this project focuses on designing a NITS 
simulation for the city of Atlanta that would explore the 
effects of utilizing DRT similar to that of Figure 2.   

What is Demand-Responsive Transportation? 
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In a Demand Responsive Transportation (DRT) system: 
• Busses do not follow fixed paths 
• Passengers request trips by specifying their desired pickup 

location, drop off location, and time window. 
• The DRT vehicle selects the optimal path to fulfill the request 

as well as other simultaneous requests.  

The mathematical problem of selecting the best route for the 
vehicle is a variation of the traveling salesman problem (TSP) 
known as the  dial-a-ride problem (DARP). 
• The DARP is the TSP  with the additional constraint that a 

passenger drop off location cannot be visited before his or her 
pick up location. 

• The DARP is an NP-hard problem. 
• For large numbers of passengers, optimal solutions cannot be 

found in real time. 

Figure 4:  A sample solution to a 9-passenger DARP on 

Georgia Tech’s campus.  The green circles indicate passenger 

pickup locations.  The red circles indicate passenger drop off 

locations. The map on the right is a solution found using a 

genetic algorithm approach. 

Figure 5:  Illustration of three subnets connected by rail or BRT.  

The NITS is inspired by the efficient manner in which packets are 

routed through a telecommunications network. 

Reduces the vehicle miles traveled (VMT) by the fleet 
• Traditional DRT attempts to provide door-to-door service 

across an entire city. 
• The NITS only provides DRT within the subnets and utilizes 

static transit for the bulk of the journey. 

Providing efficient transit options to low density urban 
areas is an ongoing challenge for transit operators.  
Using the city of Atlanta as an example, a demand-
responsive transportation framework is introduced 
called the network-inspired transportation system 
(NITS).  The NITS provides demand-responsive transit 
between the high speed rail network and distant 
neighborhoods.  The NITS eliminates he need to send 
unnecessary busses to areas where demand is low and 
increases customer satisfaction by providing door-to-
door on-demand transit in areas where traditional 
transit is not effective.  This poster provides a 
background to the low density transit problem, 
discusses the benefits of demand-responsive transit, 
introduces the NITS, and provides simulation results 
that support the use of the NITS in areas of low transit 
demand.  

Figure 3:  A 16 intersection 

neighborhood with bus route. 

Table 2:  Simulation results for a small neighborhood. 

Table 1:  Transit Statistics for Three Cities. 

Table 3:  Simulation results for NITS city implementation. 


