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Purpose 

This simulator tool has been made in order to be able to create a control system for a scalable RUF network. It has been developed at RUF Danmark funded by Danish Government sources and EU funding (IST program).

The purpose of this simulator tool is to show that it is possible within limits to control a randomly generated flow of RUF vehicles (rufs) entering a junction in a network of bidirectional guideways and where left turns are not allowed.

The simulator tool can be used to explore the operational limits caused by this configuration and to evaluate the realistic capacity for a RUF system. No maxi-ruf vehicles  are shown in this version. In the following the program will be called: the simulator.

How to use it

Place the program RUFSIM2001.EXE anywhere on your hard disk and double click on it.

Make sure that the program window is maximized before running the program.

If scroll bars appear to the right and at the bottom of your screen, you should not attempt to move any of these. The program needs at least 1024 x 768 pixels screen resolution to display  properly. Some computers use part of the screen for special buttons. This could cause display problems for the RUF simulator. It runs best on a 1240 x 1024 pixels resolution screen.

Click on START and wait a few seconds for the initialization to finish and the ruf flow to start.


If the SPEED scrollbar is kept at its start position, the program will run for 100 sec on a fast computer and then stop. On a slow computer (< 400 MHz) , it will not be possible to increase the speed and it will probably run slower than 1 ruf per second. 
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When the program is running SPEED can be changed dynamically. Changing any of the other settings will not affect the program  unless  it is restarted by pressing the START button. Note that the program will pause while dragging the SPEED button.
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What to look for

Note how the rufs that  are continuing straight ahead from one switching area to another will adjust their speed in order to allow smooth merges with rufs entering their stream after making right turns.
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Fig. 1. In the switching areas rufs are splitting, leaving, entering and merging

Note that if too many rufs are merged onto one rail, a conflict will appear and the rufs on the buffer rail will appear to come closer together than physically possible. This conflict will, in a real system, not be allowed by the supervisory system which will force some rufs to choose an alternative  route.

When the simulator stops and the graphics appear, it can be seen how the simulator has solved the potential conflicts (i.e. matching merging rufs and empty slots).
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Fig. 2 The figure shows how the red rufs find empty slots in the flow of light blue rufs

A histogram bounded by horizontal lines shows how much the rufs will have to speed up or slow down in order to fit into  the empty slots. There is one rectangle in the histogram for every merging ruf. If no speed change is required, the rectangle has zero height. The rectangles can never exceed the upper border line because if they try to, the program will force them to select another slot to merge to. They can however in some cases get below the lower border line. As long as the bars are not crossing the lower border line, all conflicts have been solved. If several rufs in close succession get below the lower border line, the situation can become critical and some rufs may have to be redirected (wave-off). In this version wave-offs are not shown. 

This first version of the simulator is only a tool to experiment with the ruf flow in a junction. The experience gained from these experiments will be used to make the final control system for a scalable RUF network.

In this simulator version, no rufs are allowed to enter the system from street level, but the program does calculate  how many could have entered. A later version will include graphical display of these rufs. Arriving rufs are only allowed access when there is an empty slot in the flow.

This version also does not show the test of rufs at the access on-ramps and the possible rejection of defective vehicles. 

Background

With the control philosophy used in this simulator, it is possible to make a network scalable without problems. The control software of a real system will consist of 3 layers: 

1) A supervisory control system takes  care of the dynamic route planning so that the flow on any  section of the network can’t  exceed its capacity. If capacity problems arise, some trips will be redirected to follow less ideal routes (see fig. 3 ).

2) A line control system takes  care of the train creation process. The length of trains will depend on the actual flow of vehicles (see fig. 4). In this simulator version it is assumed that all trains are dissolved before reaching the junction, so that the rufs arrive one at a time with a 1 second headway. 
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A junction control system (as shown in this simulator) takes  care of access/egress, including control of vehicle speeds, directional changes and the  merging of vehicles from different directions (see fig.5). 

Fig. 3. Redirection in case of potential overload. The figure to the left shows what can happen if every ruf is allowed the shortest possible route. Since one section will be overloaded, the supervisory system will choose alternative routes for some of the rufs. This will mean that more sections are heavy loaded, but no overload appears (right).
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Fig. 4. Train formation
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Fig. 5. Junction layout without left turn 

The theoretical capacity of a junction is 1 ruf per second or 3,600 rufs per hour per direction. This means that the junction has potential to handle 4 x 3,600 rufs per hour.

For this simulation, the junction has been designed to allow rufs only to  enter, pass straight through the junction, turn right or leave the rail system. This junction design  is much simpler than a junction design  where left turns are allowed and it is still possible to get from any Origin to any Destination in the area covered by the network  with minimal route deviations for only a few vehicles.

It is obvious that the distribution of rufs arriving at a junction can be composed in such a way that it would  be impossible to handle the flow. If for example 60% of the maximum capacity from one direction needs to merge with 50% of the maximum capacity from another direction, the merged flow would equal 110% of capacity. In this case, some of the rufs would have to be redirected to an alternative route or required to leave the system.

In a typical grid-type network (3 x 3 mile grid) and with typical commuter trips of 12 miles, a typical trip will make use of 3 sections of the network and pass through 4 junctions. Most of the rufs using the network will be driving more than 12 miles, since the ones making trips of  less than 3 miles will probably not use the system. This means that a reasonable distribution of arriving rufs could be 40% going straight ahead, 30% turning right, 20% leaving the system and that total flow would be 10% less than full capacity (i.e. 10% of the spaces would be empty, on the average).

The control philosophy used for this simulation is the following:

· Entering the system is restricted. Only when the flow away from the junction is lower than the capacity, access is allowed. 

· A test of mechanical functions is performed at the access rail and defective vehicles are forced to leave at the egress rail following immediately after the access rail. This function is not shown in this version of the simulator.

· The rufs using a right turn will run at constant speed (8 m/sec) all the time. The radius of curvature is more than 26 m so passengers will feel comfortable during these turns.
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A ruf that wishes to leave the system will do so at the first possible exit (unless there is unacceptable congestion at the street level at that exit).

Fig. 6. Buffer rail

· The 4 switch areas are separated by grade separated buffer rails where ruf speed can be raised up to an upper limit or lowered in order to delay the rufs.

· The speed on the buffer rails must not get below 4 m/sec in the worst case with 2 uncoupled rufs with minimum spacing (8 m at the beginning of the buffer rail). In this case the separation would go down to 0.5 m. This problem will show on screen as a cluster of rufs in the middle of the buffer rail. In the coming versions, some of the rufs will be forced to change route (wave-off) in order to solve the conflict.

· The acceleration and deceleration rate is kept within appropriate  comfort limits (jerk less than 2 m/sek^3 and acceleration/deceleration less than 2 m/sec^2) along the buffer rail.
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Fig. 7. Kinematic curves on the buffer rail.

The desired matching distance is obtained by using the corresponding speed curve which has to respect the acceleration and jerk limitations.

The program will try to find open slots in the flow so that turning rufs can merge smoothly into the flow of through vehicles. A through ruf  will try to accelerate as much as possible to catch up with an open slot, but if there is no open slot available to permit a merge, the program will slow it down and look further down the line for an open slot to merge into.

If no open slots are available, the simulator may  slow down the rufs on the buffer rail, but if at some point the density of rufs will becomes too large, one or more will have to leave the system or to change direction (this “wave-off” action is not shown in this version of the simulator).

The overall supervisory system (not included in this version  of the simulator) will know if one section is becoming overloaded as soon as a request is made from a ruf wanting to enter the network. The supervisory system might decide that the ruf must take another route in order to avoid problems. This is not a big problem since a network would provide several possible routes from a given Origin to a given Destination. 

Program interface:
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Clicking on the START button will create a random distribution of rufs and send 100 of them across the screen from all 4 directions during a 100 second time period

From LEFT:          Green are straight, Blue are turning right, Black are leaving

From BOTTOM:   Red are straight, Yellow are turning right, Black are leaving

From RIGHT        BlueGreen are straight, LightBlue are turning right, Black are leaving

From TOP:            Pink are straight, Orange are turning right, Black are leaving 

The overall speed can be set with the scrollbar and it is preset to allow one vehicle to enter from each direction every second  on fast computers (> 500 MHz). On slow computers it will not be possible to increase speed and it may not even be possible  to run at 1 ruf per second. 

When the simulator stops, the actual capacity based upon the 100 randomly distributed rufs can be seen on screen. It is also possible to see how many rufs could have had access to the system if they were ready and waiting at the access rail.

The  simulation has been run satisfactorily  on Windows 95, 98, 2000 and ME operating systems.

It requires at least 1024 x 768 pixels of screen resolution. 

RUF Danmark can not be held responsible for any malfunctions caused by running this simulator on your PC. It has been tested on many different machines without problems.

Feedback is welcome at prj@ruf.dk.

Palle R Jensen, RUF Danmark, www.ruf.dk
The simulator can be stopped at any time using the STOP button.


When the simulator stops, the screen will be filled with graphics showing the results of the simulation.  





You can change the spinners on the left side to change the directional distribution of rufs and run the simulator again. Note that you have to start your changes with the top spinners in each group in order to be able to adjust the other values.








The four spinners can be used to change the directional distribution before starting the simulation. They are linked so that you can only start at the top and change the upper spinner (40). The other two will change proportionally. Once you change the top, can you then change the 2nd and when you have done this, you can change the 3rd values. The number in the box at the bottom will show the resulting number of empty slots.











