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Abstract. Personal Rapid Transit is a system of automated taxis travelling on 
their own guideway. Trips are non-stop to destination as stations are off-line. 
Vehicles are available on-demand rather than on fixed schedules. To date the 
system is still in the research stage. Performance parameters that are key to the 
design of operations are passenger waiting time at stations and  the occurrence of 
wave-off events when a full station prevents an occupied vehicle from entering. 
The paper provides a methodology for the design of operations and discusses the 
sensitivity of the main performance parameters to transport demand. 

1. Introduction 
It is widely acknowledged that conventional collective public transport in cities, like bus, 
suffers from the following drawbacks: need to wait for the vehicles especially in the off-
peaks, need to call at intermediate stops, lack of privacy as vehicles are shared with 
strangers, lack of comfort due to limited seats available and overcrowding, difficulty to 
carry shopping. The idea of an individual public transport able to overcome the above 
limitations dates back to the Sixties with the pioneering work by Fichter [6]. Since then, a 
few academics and industrial organizations have been engaged in the development of what 
is now universally referred to as Personal Rapid Transit (PRT). 

A PRT system consists of the following: (i) fully automated vehicles capable of 
operation without human drivers, (ii) vehicles captive to a reserved guideway, (iii) small 
vehicles available for exclusive use by an individual or a party, i.e. a small group - typically 
1 to 6 passengers - travelling together by choice, (iv) small guideways that can be elevated, 
at ground level or underground, (v) direct origin to destination service, without need to 
transfer, as vehicles can use any station, and without need to stop at intermediate stations, 
as stations are off-line, (vi) service available on demand rather than on fixed schedules, 24 
hours a day. 
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 Notwithstanding the research efforts, to date PRT has not gone beyond the stage of test 
track. Most recently, the prototype vehicles have been unveiled for two PRT systems: the 
American “SkyWeb Express” by Taxi 2000 and the British “ULTra” by Advanced 
Transport Systems. 

In addition to cities (especially as feeder service for new development areas, or as short-
distance circulator in business districts and commercial areas), application opportunities 
include airports, campuses (industrial, medical, academic, fair), and visitor attractions.  

The paper deals with the design of PRT operations. Designing PRT operations should 
include: size of the vehicle fleet, layout and size of the stations, management of the 
passenger flows and fares at stations, specifications of the control system that deals with the 
safe movement of vehicles and the scheduling and routing decisions. 

The contributions from the literature are fragmented. Station layout is discussed in 
Farrel Daly et al. [5], Irving [7] and Szillat [8]. Analytic methods for the sizing of vehicle 
fleet are found in Anderson [1] and Irving [7]. Passenger and fare management is addressed 
in Anderson [2]. A review of control approaches is in Anderson [2], Irving [7] and Szillat 
[8]. Strategies for the management of empty vehicles are found in Andréasson [3] [4] and 
Szillat [8]. Routing strategies are addressed in Szillat [8].  

The paper here addresses first the pre-design of the system including the choice (i) of 
fleet size and (ii) of station layout and size. Second, the passenger and fare management. 
Third, the control of the system including (i) the network control within a synchronous 
approach and (ii) the strategies for the management of the empty vehicles. 

The design of the operations is accomplished by trial and error using micro-simulation 
to produce values of the system performance parameters. Main parameters include 
passenger waiting time at stations, rate of wave-off events for occupied vehicles (i.e. a full 
station preventing a vehicle from entering), occupied and empty vehicle-km travelled.  

The paper illustrates the design methodology with an application to a PRT network in 
the area of Rome. 

2. Design methodology  

2.1. System pre-design 

2.1.1. Fleet size 

An initial solution to the problem of the minimum fleet size is obtained by considering a 
static formulation in the peak period. The following notation is used:  

Pij parties/h party flow from origin station i to destination station j 
Tij hour travel time from origin station i to destination station j 
EXj veh/h excess vehicle flow into station j 
V veh total vehicle fleet 
VO veh occupied vehicle fleet 
VE veh empty vehicle fleet 
VEkm veh/h empty vehicle flow from station k to station m. 
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The minimum total fleet needed V is given (net of the need for maintenance and repair) 
by: 

V = VO + VE  
As trips between origin station and destination station are non-stop, the occupied 

vehicle fleet VO is given by: 
∑∑=
i j

ijijTPVO  

which is a specialisation of the fundamental relationship between flow, density and speed 
for an uninterrupted stream of vehicles.  

The excess vehicle flow EXj in station j is given by: 
0      with =−=∑ ∑∑

≠ ≠ji j
j
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Station j has a surplus if EXj >0, has a deficit if EXj<0, is balanced if EXj=0.  
The positive excess flows EXj >0 are to be assigned to the deficit stations. This 

assignment provides the empty vehicle flow VEkm from each surplus station k to each deficit 
station m. The criterion for assignment is to minimise the empty vehicle fleet VE, which is 
given by: 

∑∑=
k m

kmkm mkTVEVE  stationdeficit    station,  surplus    

The problem of finding the empty vehicle flows VEkm which minimize fleet size is the 
linear programming problem known as the Hitchcock or transportation problem. It can be 
shown that if the network is a loop any feasible solution of this problem is also optimal in 
terms of minimum fleet size and a feasible solution can be obtained by a graphical 
procedure.  

The empty vehicle fleet needed VE is zero if each station j is balanced, i.e. if EXj=0 ∀ j. 
This condition holds in the particular cases where the matrix of party flows Pij is uniform or 
symmetric (i.e. equal to its transpose). 

2.1.2. Station layout and size 

The basic serial station layout includes a single entry and accommodates vehicles along 
platform berths for loading/unloading plus vehicles in the waiting berths forming the input 
queue. The input queue is required to minimise the occurrence of the wave-off events. The 
number of input queue and platform berths are estimated based on heuristic rules derived 
from simulation studies.  

2.2. Passenger and fare management 
The basic design has fares being charged on a per-vehicle basis. The ticket is inserted into a 
ticket reader located before the platforms to give the system the alert that a party is 
requiring a vehicle. This strategy avoids the need for turnstiles, which are a barrier for the 
disabled, as well as the need for the system to convert from “number of passengers waiting” 
to “number of trips waiting”. Then, each party approaches the forward-most available 



268 P. Delle Site et al. 

vehicle in a line of vehicles and inserts the ticket into a reader in front of the stopped-and-
ready vehicle in order to send to the system the information on the origin and destination. 

2.3. System control  

2.3.1. Network control  

In synchronous control a trip plan for each vehicle is assigned before dispatching and 
recorded in a booking table by the system. This avoids conflicts at merge points and the 
vehicles face no congestion. Stochastic events occur only at stations and are the reason for 
wave-off events. Wave-off events ideally require a perpetual loop around the destination to 
be reserved in the booking table for each trip. 

Synchronous control is based on the concept of a moving slot which is a space of 
specified length moving along the guideway. Slot length is based upon vehicle length and 
required separation (based on safety criteria) at nominal speed. 

At a fixed headway and single vehicle size all vehicles travel at the same speed in a 
given point along the guideway. Speed changes may be required en-route either to fit each 
line segment into an integer number of slots (since slots must mesh at downstream merges), 
or for layout constraints. When speed changes are needed, slots have to stretch 
(acceleration) or  shrink (deceleration) leading to transition manoeuvres.  

2.3.2. Empty vehicle management  

Heuristic procedures deal with pull events (i.e. call of a vehicle when needed), push events 
(i.e. sending of a vehicle in excess) and wave-off events. Basic procedures decide: (i) a pull 
event at the first ticket reading if supply during call time is less than demand during call 
time; (ii) a push event when a vehicle enters a station if supply at station is greater than 
demand at station and if supply during call time is greater than demand during call time. 
Varying strategies can be used to define call time and to decide origin stations for pull 
events and destination stations for push and wave-off events (considering depot as well).  

3. Illustrative application 
A PRT network serving the Ciampino airport in Rome is considered (Figure 1). The PRT 
would mainly serve travellers that use the railway to the airport and travellers leaving their 
car in a park&ride to enter Rome by train. The matrix of party flows in the morning peak 
gives rise to the excess flows in Table 1. The minimum fleet size of 101 vehicles, estimated 
analytically according to Section 2.1, gives rise to average waiting times above 4 minutes in 
the deficit stations. Micro-simulation shows satisfactory results in terms of waiting times if 
the vehicle fleet is increased up to 120 vehicles (Figure 2). 
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Figure 1. PRT network in the Ciampino airport area (not to scale) 
 
 

Station Flow in  
(veh/h) 

Flow out 
(veh/h) 

Excess flow 
(veh/h) 

Type of station 

Airport 300 300 0 Balanced 
Park&ride South 50 250 -200 Deficit 
Park&ride North 20 50 -30 Deficit 
Railway  500 270 +230 Surplus 

Table 1. Excess flows with surplus, deficit and balanced stations 
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 Figure 2. Average passenger waiting time (minutes) by station with varying fleet size 
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Increasing fleet size tends to increase the rate of wave-off events for occupied vehicles 
in surplus stations, as well as vehicle-km travelled. Ways to deal with wave-off events are 
appropriate station sizing and empty vehicle management strategies. In addition, the last 
two berths in the input queue should be left free for occupied vehicles.  

Under the hypothesis of Poisson arrivals of passengers at PRT stations, to which the 
above results refer, waiting time can be maintained within a desired threshold of typically 
90% of passengers waiting less than 1 minute. Wave-off rates for occupied vehicles below 
0,5%. Conversely, worst-case hypotheses of arrivals of passengers in bulks may have 
severe impacts on waiting time at departing station as well as on wave-off events at 
destination stations (due to the formation of platoons of vehicles), and may require the 
sharing of vehicles as remedial strategy. 

4. Conclusions 
Experimentation of the methodology proposed in the paper for the design of PRT 
operations has shown the sharp sensitivity of the main performance parameters to transport 
demand. Further research is suggested on innovative station layouts with vehicle bypassing 
to minimize the occurrence of wave-off events. Empirical evidence is needed for assessing 
hypotheses on passenger arrival distributions in interchange stations where passengers 
transfer from trains to the PRT. 

References 
[1] Anderson J.E. Transit Systems Theory. Lexington Books, 1978. 
[2] Anderson J.E. A review of the state of the art of personal rapid transit. Journal of 

Advanced Transportation. 34(1), 3-29, 2000. 
[3] Andréasson I. Vehicle distribution in large personal rapid transit systems. 

Transportation Research Record 1451, 95-99, 1994. 
[4] Andréasson I. Quasi-optimum redistribution of empty PRT vehicles. Proceedings of 

the Sixth International Conference on Automated People Movers. Las Vegas, Nevada, 
April 9-12, 1997. 

[5] Farrel Daly R., Komerska R.J. and Anspach G. Station capacity: an issue in PRT 
system planning. Proceedings of the Sixth International Conference on Automated 
People Movers. Las Vegas, Nevada, April 9-12, 1997. 

[6] Fichter D. Individualised Automated Transport and the City, 1964. 
[7] Irving J.H. Fundamentals of Personal Rapid Transit. Lexington Books, 

Massachusetts, 1978. 
[8] Szillat M.T. A Low-level PRT Microsimulation. Dissertation submitted to the 

University of Bristol for the Degree of Doctor of Philosophy in the Faculty of 
Engineering, 2001. 


