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Motivation - Schedules 
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Vorführender
Präsentationsnotizen
When planning journeys using public transportation the most straightforward way is to useTabular Representations of the schedule.Good for finding journeys when start and destination are directly connected



Motivation – Beck’s Map 
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Vorführender
Präsentationsnotizen
Schematic Representation (Beck’s Map)Easy to find routes through the transit network (without querying)Alternative destinations can easily be included into planningNo hint for travel times



Motivation – Route Planners 
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Vorführender
Präsentationsnotizen
Most often used to plan journeys using public transportationUser has to formulate queries for route planningSingle Source Single Destination – no alternative destinations considered



Goal 

 Visualize optimal routes from one station to 
every other station 
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Vorführender
Präsentationsnotizen
As with Beck’s map node-link diagrams are better for following pathsAdvantage of beck’s map – possibility to look for alternative destinations+ correct routing from the starting location



Routing 

 Modification of Dijkstra’s algorithm 
 Time varying edge weights: 

 travel time + waiting time 

 Walking is also considered 
 Time is required to change lines 
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Vorführender
Präsentationsnotizen
First of all we have to calculate the optimal routes from the starting location to all other locationsWith a changetime of 2minutes normal dijkstra would calculate the wrong routeFastest A -> B is red while fastest A -> C is blue



Problem of Changing Lines 
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Vorführender
Präsentationsnotizen
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Routing 

 Store routes instead of distances 
 Split periodic schedule into tours to reduce 

number of considered edges 
 Reduce edges by considering those in a time 

window defined by the first outgoing edge 
 Achieves real-time interaction (< 100ms) 
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Vorführender
Präsentationsnotizen
Overcome previously stated problemSince we have a large amount of edges we want to discard as much as possible edges as early as possibleReal-time: possibility to use the visualization interactively rather than only producing static images



Radial Layout 

Starting location 
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Vorführender
Präsentationsnotizen
Center of the layout is the journey start point



Distance to Center maps to Travel Time 

Travel time 

5 minutes 
14 

Vorführender
Präsentationsnotizen
Spatial distance to the journey start point maps to travel timeCircles in 5 minutes intervalsGives freedom of angle w.r.t center



Mental Map Preservation 
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Relative  
geographic 
location 

Vorführender
Präsentationsnotizen
Other nodes are positioned according to the relative geographic direction to preserve the mental mapDue to scaling overlaps may occurOverlaps are removed by slightly changing the direction between center and the node



Mental Map Preservation 

Scale relative 
geographic 
distance 
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Vorführender
Präsentationsnotizen
Other nodes are positioned according to the relative geographic direction to preserve the mental mapDue to scaling overlaps may occurOverlaps are removed by slightly changing the direction between center and the node



Overlap Removal 

 Changing angles removes overlaps 
 Does not affect distance to center 
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Issue of Radial Layout 

Only 1min travel time 
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Vorführender
Präsentationsnotizen
Spatial distance between 2 nodes in the Radial layout do not reflect travel time  counter-intuitive



Stress-Majorization Layout 

• Additional Layout 
• Edge lengths reflect Travel Time 
• Optimization Problem: No exact solution 
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Vorführender
Präsentationsnotizen
Optimization problemIdentify long waiting timesSecond layout that maps spatial distance to travel time



Radial Layout 
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Vorführender
Präsentationsnotizen
Comparison of n-journeys



Planning with Single Destination 
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Vorführender
Präsentationsnotizen
Comparison of n-journeys



Planning with Multiple Destinations 
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Vorführender
Präsentationsnotizen
Comparison of n-journeys



Live Demo 
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Thank you for your attention! 
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Scalability 

 Routing is bottle-neck 
 Runtime complexity similar to Dijkstra 
 Transit networks relatively sparse 
 Number of edges roughly proportional to 

number of nodes 
 New York Subway: 

27 lines, 493 stations, 
213487 edges, 243048 walking edges 
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Live Demo 

 Node / Edges 
 Selection of starting location 
 12:25 – Schnetztor – 0 min Max Walk 
 Radial Layout (shows only used edges) 
 Use case: Universität vs. Egg (shows routes) 
 Real-Time View / Fast-Forward View 
 New York (12:00 – 2 min Max Walk) 
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