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ABSTRACT:
When traveling by public transport between individual sessions, it is not possible to do without transfers. This takes place at specified transport points between individual means of transport. This process is implemented in transfer terminals, which have different designs and solutions in different world public transport systems. Some solutions are found to be suitable, some less suitable or unsatisfactory. With the help of appropriate methods based on the research and study of selected transfer terminals, the authors of the given article will identify several designs that cause a problem when transferring between means of mass transport within these terminals, and a brief research will be conducted in the area of passenger time loss when transferring in these terminals. 
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INTRODUCTION:
Transfer terminals are, according to Schonfeld and Lee (1), an essential part of a passenger's journey when using public transport. Their design, according to R. König (2), is derived from their location, the types of transport modes between which passengers transfer and the number of public transport services operating per time unit. Each transfer within one connection of a given passenger always increases the total travel time, regardless of the mode of transfer. For the same number of stops and distances served and using the same types of vehicles, there is virtually no connection that would have a lower travel time if it were to be transferred directly instead. In their study, Schonfeld and Lee (1) address the optimal travel time for transferring a passenger at transfer terminals between bus and rail. In their study, they state that in the case of the schedule design of the modes of transport serving a given transfer terminal, it is advisable not to increase dwell times for rail transport but to adjust bus schedules.
According to a Ministry of Regional Development source (3), the transfer terminal serves, in addition to the boarding and alighting of passengers, the areas used for the transition between the different modes of transport, the information system and, where appropriate, the control room. It includes areas and buildings designed to provide convenience and necessary services directly provided by the public transport operator for passengers, such as information, passenger check-in, sanitary facilities.
Dorota Kamrowska-Załuska (4) argues that the shift in perception of the importance of public transport, especially in metropolitan areas, is manifested by comprehensive visions and large-scale projects. A great deal of effort is being devoted to building interchange terminals and integrating different modes of transport, including non-motorised transport, as part of transport integration. Jiří Čejka, Ladislav Bartuška and Libuše Turinská (5) deal with the problem of transport terminals in the South Bohemia Region. They point to the absence of such transport terminals, which would contribute to increasing the level of travel in the region.
The Stettbach public transport terminal is located on the outskirts of Dübendorf, 5 km north-east of Zurich. The town of Dübendorf itself has approximately 28 000 inhabitants. The terminal was opened in 1990 together with the Zürichberg Tunnel, which connects Stettbach and Zurich Central Station, and was renovated in 2012.
[bookmark: _GoBack]In the multimodal hub in Stettbach, a one-stop transfer between rail, public transport and public bus services is possible, with the railway station located below the surface and tram and regional bus stops on the surface. The transfer can be made using a staircase, escalator or lift, with the length of the transfer always being only a few tens of metres and therefore attractive for passengers. The junction is served by 4 suburban rail lines, 2 tram lines and 5 regional bus lines to the centre of Zurich, Zurich International Airport and other cities in the region. There are also P+R and B+R car parks close to the terminal. In the future, there are plans to connect the Stettbach junction with the nearby zoo via a cable car.
The Stettbach terminal can serve as an inspiration for the Czech Republic, where there are not many similar multi-modal interchanges in one location on the floors above.
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Figure 3 Station map Stettbach
Source: (6)
SOLUTION:
The researchers of this paper selected 4 different transfer terminals based on observation and with the help of available literature found several of their key parameters for further calculations and tracing of parameters that affect the time loss of passengers during the total transport time.
They selected the following 3 existing terminals:
· Pardubice hl.n. (CZ)
· Praha-Smíchov (CZ)
· Ostrava-Svinov (CZ)
The individual measured values were considered according to the following rules to simplify the interpretation: only weekday peak periods were considered, train stops and the position of passenger exit from the train were always considered at the georgraphic point of the crossing or underpass between platforms, all platforms were considered for distance calculations, walking speed was considered 2 km/h (transport-disabled persons), 3 km/h (normal transfer) and 4 km/h (fast transfer). The morning peak hour was selected as the period between 7:00 - 7:59, and the afternoon peak hour of the working day was selected as the period between 16:00 - 16:59.

Description of transfer terminals:
· Pardubice hl.n. (CZ)
It is a transfer terminal between the main railway station in the city and the public transport stop. The terminal is open to passengers around the clock. The number of trains is 18 trains per hour in the standard weekday morning peak and 17 trains per hour in the afternoon peak. The absolute number of departures of public transport vehicles at the same times of the day is 54 public transport vehicles per hour in the morning peak and 55 public transport vehicles per hour in the afternoon peak. The number of platforms for rail transport within the terminal is 4, the number of platforms for public transport is 9. The furthest platforms for transfers between rail and public transport are 270 m away (between the railway station platform 1A and platform 9 for public transport). For individual transfer speeds in this case it is 8:06 min, 6:24 min, 4:03 min. The terminal does not have a Park and Ride parking lot but has a Kiss and Ride parking lots with a maximum stay time of 15 minutes and a Bike and Ride type.
· Praha-Smíchov (CZ)
It is one of the key transfer terminals within the capital of the Czech Republic, where transfers between long-distance and regional rail transport and urban public and suburban regional bus transport take place. The number of trains is 20 trains per hour in the standard morning peak and 16 trains per hour in the afternoon peak. The absolute number of departures of public transport and suburban buses in the morning peak is 142 vehicles per hour, and 116 vehicles per hour in the afternoon peak. The number of platforms for rail transport within the terminal is 3, the number of platforms for public transport is 10. The furthest platform for changing between rail transport and public transport/regional bus transport is 460 m (between platform 3A and platform I for public transport). For individual transfer speeds the transfer times in this case are 13:48 min (2 km.h-1), 9:12 min (3 km.h-1), 6:54 min (4 km.h-1). The terminal does not have a Park and Ride, Kiss and Ride or Bike and Ride type of parking lot.
· Ostrava-Svinov (CZ)
It is a key transfer terminal within the city of Ostrava, where there is a transfer between long-distance and regional rail transport and urban public and suburban regional bus transport. The number of trains is 15 trains per hour in the morning rush hour and 16 trains per hour in the afternoon rush hour. The absolute number of departures of public transport vehicles and buses is 117 vehicles per hour in the morning peak and 104 in the afternoon peak. The number of railway platforms within this terminal is 4, the number of public transport platforms is 11. The furthest platform when transferring between rail and public transport is 560 metres. (between platform 4 and the Svinov public transport stop, bridges towards Poruba). For individual transfer speeds, the transfer times for this terminal are 16:48 min (2 km.h-1), 11:12 min (3 km.h-1), 8:24 min (4 km.h-1). The terminal does not have a Park and Ride or Bike and Ride parking lot but has a Kiss and Ride parking lots with a maximum stay time of 30 minutes.
Table 1: The summary of parameters solving transport terminals
	Parametrs
	PARDUBICE HL. N.
	PRAHA-SMÍCHOV
	OSTRAVA-SVINOV

	N° of trains AM rush hour
	18
	20
	15

	N° of trains PM rush hour
	17
	16
	16

	Public transport vehicles AM rush hour
	54
	142
	117

	Public transport vehicles PM rush hour
	55
	116
	104

	N°of railway station platforms
	4
	3
	4

	N°of public transport platforms
	9
	10
	11

	The longest transfer
	270
	460
	560

	Transfer time 1
	8:06
	13:48
	16:48

	Transfer time 2
	6:24
	9:12
	11:12

	Transfer time 3
	4:03
	6:54
	8:24

	Edge-to-edge transfer
	no
	no
	no

	Overcoming the height difference
	no
	yes
	yes

	Possibility of elevator
	yes
	no
	yes

	Possibility of escalator
	yes
	no
	yes

	Park and Ride
	no
	no
	no

	Kiss and Ride
	yes
	no
	yes

	Bike and Ride
	yes
	no
	no


Source: authors with using sources mapy.cz, dpo.cz, pid.cz
Criteria selection:
Criteria that could cause a loss of time in passenger transfers at transport terminals include:
1.	Uncoordinated schedules: if there is no coordination of arrivals and departures of connections, passengers may wait for a long time for connecting services, which causes time loss, and passengers may also find themselves under time pressure and not catch their transfer.
2.	Unclear or insufficient transfer information: if no clear information is provided on how to transfer e.g. between public transport and rail (navigation system, information boards, timetable information), passengers may get lost or spend time looking for the right place.
3.	Distance between stops: if the stops are located at a long distance from each other, passengers will have to invest more time and effort to move between them.
4.	Purchasing tickets: if passengers have to spend time buying tickets at the station ticket office, they spend time looking for the ticket office, waiting in line and then buying.
5.	Insufficient infrastructure: if public transport and rail infrastructure are not sufficiently connected (e.g. missing pedestrian corridors, escalators, lifts), passengers may face difficulties in transferring between these systems.
6.	Disproportionate numbers of passengers: if terminals are overcrowded or if there are too many passengers transferring between public transport and rail, passenger movement may be slowed down and time lost.

INTERPRETATION OF THE RESULTS:
Based on the selected criteria, the authors then use the multicriteria analysis method to determine the weights of each criterion using two methods, namely the Fuller's triangle method as described by Černý and Černa (7) and then the Weighted Sum Approach (WSA) (7).
The first method used is precisely the Fuller's triangle method, the implementation of which is shown in Figure 1. The individual criteria described and commented above are successively paired with each other to generate the 8 subsequent model situations that may occur when transferring between rail and public transport vehicles in transfer terminals.
[image: ]
Figure 1 Criteria weights (1-6)
Source: authors
The coloured boxes numbered 1-6 show the individual criteria described in the previous chapter. Where a value of 1 is indicated, this criterion is preferred over the other. If the value 0.5 is found for both criteria being compared, the criteria are at the same level. The results show that the essential criteria are those relating to inadequate or non-existent infrastructure and the actual transfer distance.
Model situations:
A	Timetables are coordinated, passengers can easily obtain information when changing trains, the distance of the transfer is convenient (up to 200 m), the passenger does not have to purchase a travel document (he/she has already bought a ticket), the terminal has a well built infrastructure (e.g. escalators), there is a small number of passengers in the terminal at the time of the transfer.
B	Timetables are not coordinated, passengers can easily obtain information when changing trains, the distance to the transfer is convenient (up to 200 m), passengers do not have to purchase a travel document (they have already bought a ticket), the terminal has a good infrastructure (e.g. escalators), there are a small number of passengers in the terminal at the time of the transfer.
C	Timetables are coordinated, passengers find it difficult to get information when changing trains, the distance to change trains is convenient (up to 200 m), passengers do not need to buy a travel document (they have already bought a ticket), the terminal has a good infrastructure (e.g. escalators), there are few passengers in the terminal at the time of changing trains.
D	Timetables are coordinated, passengers can easily get information when changing trains, the distance of the transfer is too long (approx. 500 m), passengers do not have to purchase a travel document (they have already bought a ticket), the terminal has a good infrastructure (e.g. escalators), there are few passengers in the terminal at the time of the transfer.
E	Timetables are coordinated, passengers can easily get information when changing trains, transfer distance is convenient (up to 200 m), passengers have to buy a ticket at the ticket office and wait in a queue, the terminal has a good infrastructure (e.g. escalators), there are few passengers in the terminal at the time of transfer.
F	Timetables are coordinated, passengers can easily get information when changing trains, the distance to the transfer is convenient (up to 200 m), passengers do not have to buy a ticket (they have already bought a ticket), the terminal does not have a good infrastructure (e.g. no escalators), there is a small number of passengers in the terminal at the time of the transfer.
G	Timetables are coordinated, passengers can easily get information when changing trains, the distance of the transfer is convenient (up to 200 m), passengers do not have to buy a ticket (they have already bought a ticket), there is a good infrastructure in the terminal (e.g. escalators), there are a large number of passengers in the terminal at the time of the transfer.
H	Timetables are not coordinated, passengers find it difficult to get information when changing trains, the transfer distance is too long (approx. 500 m), passengers have to buy a ticket at the ticket office and wait in a queue, the terminal does not have a good infrastructure (e.g. no escalators), there are a large number of passengers in the terminal at the time of transfer.
Subsequently, the WSA method is compared, where the state criteria and model situations arecompared based on the formulas for this method given in reference (7). The result of this multi-criteria decision-making method is then the sum of the individual benefits provided by the combination of consideration of the criterion and the specified model situation.
[image: ]
Figure 2 Benefits of model situations
Source: authors
The solved model situations illustrate whether the transfer is complicated by the given criteria. The first situation can be considered ideal, as none of the criteria negatively affect the transfer time. The opposite is the last situation, where all criteria have a negative effect. The other situations always consider that only one of the criteria negatively affects the transfer time. Furthermore, different combinations could be created. The top of Figure 2 shows the weights of each criterion and their effect on the transfer. If a value of 1 is shown, this indicates the most positive influence (there is no negative influence of the criterion), a value of 0 indicates a negative influence of the criterion. At the bottom, the calculation of the WSA method and the resulting utilities of each model situation with the considered criteria are shown. Again, it can be seen that criteria 3 and 5 have the most significant negative impact in terms of transfer distance and terminal infrastructure (the lowest utility values).

CONCLUSION AND RECOMMENDATIONS:
The authors of the article dealing with the shortcomings in the design of transfer terminals with regard to the time loss of the passenger after a short research selected 3 examples of Czech transfer terminals, for which they determined selected value parameters. Subsequently, using appropriate multi-criteria decision-making methods, a pairwise comparison of the selected criteria was performed and 8 selected model situations/states that may occur when transferring between public transport vehicles within terminals were described. This resulted in utility values, with the best utility for model situation A considering all 6 criteria identified.
Thus, based on this paper, the main objective in the design of transfer terminals should be to try to maximize the passenger's information before arriving at the transfer point (through mobile applications, online purchase of travel documents, uniform travel documents for all means of transport, etc.). ), to arrange the individual stops in the given terminals as appropriately as possible with the smallest possible walking distances, and at the same time to distribute the passenger flows correctly between the individual stops (i.e. to avoid as much as possible the accumulation of passengers in one area). This can be avoided by a thorough analysis of the occupancy of the connections in question, transport surveys, but also by monitoring the development of individual situations in the transfer terminals on a daily basis and reacting accordingly. The design and construction of terminals must not end with the completion of their construction, but must continuously respond to changing transport demand, changing traffic flows and interchange links, and the developer of these terminals must react accordingly to the feedback provided. This is the only way to achieve the proper functioning of this essential part of public transport systems and to make public transport competitive with individual transport.
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