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Abstract: 
 
In this paper a method is presented for creating curve-based procedural railway systems that 
automatically generate switches from any number of rough input curves, the goals being to minimize 
the amount of input required by the user.  
 
To create the aforementioned switches, a spherical intersection is made at every curve intersection on 
the original input curves (which only need to intersect to work) a new set of curves are then created 
inside this gap, by using the intersection points between the sphere and the original curves together 
with a calculated intersection point.  
 
Finally the procedure sweeps profile curves along the generated curves as well as copies objects 
along the curves in order to generate the final geometry, with no artists intervention required. 
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1. Introduction 
 
As computer graphics keep increasing in visual 
quality the amount of artists needed to detail 
the world increases year after year. 
Procedural modeling is a method of creating 
geometry that allows artists to generate high 
resolution geometry with minimal input, by 
making the computer generate the geometry 
according to rules, parts of the production 
process can be automated, enabling faster 
production times and greater flexibility.  
 
Traditionally every change to the layout of the 
environment forces an artist to go back in and 
fix any problems that may have arisen. With 
the increasing level of detail (which can be 
observed, among others, in the Unreal series) 
this is becoming an increasing problem. While 
possible to manually update all models and 
environments constantly, there are numerous 
situations where this is extremely undesirable. 
For instance, manually exchanging the bolts of 
a bridge, or changing the length of its span, the 
latter likely requiring a complete remodeling of 
the asset.  
 
As changes always occur in a development 
process, reducing the amount of work that 
needs to be redone is a constant priority. 
By generating geometry by a set of ñrulesò 
instead of traditionally modeling and placing 
props by hand, the artists never have to throw 
away work. Modifying the input geometry will 
result in the computer updating the entire 
model/world automatically. For the bridge this 
means that with procedural modeling the artist 
only modifies the input bolt and changes the 
length of the input geometry to make the entire 
bridge update automatically in mere seconds.  
 
Procedural technology is applicable to almost 
every process of game creation. For example, 
levels can be detailed procedurally allowing 
designers to make changes until the last 
minute without ever having to worry about 
artists having to redo or throw away work, 
allowing for more and longer iteration. 

1.1 Previous work: 

 
With the increasing demand of high detail 
environments, lots of research is being done 
on the field of procedurally generating terrain, 
procedural texturing and more recently, 
generating procedural layouts of cities.  
 
On a smaller scale adaptive geometry between 
surfaces and along curves is being heavily 

researched. Also procedural buildings have 
become a common subject of research. 
 
Fully procedural solutions for generating levels 
have been researched and used in commercial 
games like Diablo 1 and 2 and certain strategy 
games, up to entire galaxies as early as in 
1984 by Elite.  

1.2 Goals and challenges 

 
With the procedural railroad project the primary 
objective was to create a way to generate 
tangent intersections automatically, requiring 
no intervention from the artists. This paves the 
way for a very controllable environment 
creation tool by allowing the user to modify and 
control the shape and look of the procedure 
very precisely (something not always possible 
in a city generator). This enables a very fast 
workflow for creating procedural environments, 
but still allows for environments that very 
closely mimic the designers specifications 
without being too labour intensive or too 
random. 

1.3 Input 

For this procedural railroad system the artist 
has to deliver one or more curves that may or 
may not be intersecting. At every intersection a 
switch will be created and the entire railroad is 
detailed automatically. 

 
Input: 

 
Output:  
 
Additionally the artist is be able to control 
variables, altering the way the railroad looks  
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2. Curve generation.  
 
The following image accurately describes the 
way the procedure creates the switch curves in 
a simplified manner. The following section will 
describe roughly how I came to this solution 
and how it works: 
To create the switch curves are required for 
the railroad. First the two original input curves 
are intersected, creating an intersection point 

(purple dot in the centre).  
 
Onto this point a sphere is copied, which is 
then used to cut the original curves. The points 
at which the sphere intersects the curves are 
selected and used as a start/end point for the 
newly generated curves (the red arrows).  
 
Two of the intersection points are selected by 
deleting one of the three. These will form the 
start and the end point of the curve. Merging 
the two points with the original intersection 
point (purple) provides 3 points on a row. A 
new Nurbs curve is created. That results in an 
(almost) tangent curve. The curve is checked 
for acuteness and if this is the case removed. 
The process is repeated until all curves are 
processed and the two correct curves remain. 

2.1 The graph: 

 
Another way to visualize the procedure is by 
looking at the general tree setup. This is a 
simplified version of the actual graph used to 
create the curves but provides a clearer image 
of what every portion does: 
 

 
The graph has two outputs. One part will feed 
the normal ñstandardò rail procedure, while the 
other will feed into the more complex switch 
detailing procedure. The two procedures are 
separated because the switch procedure is far 
more complex as it must among other things 
prevent intersection from occurring between 
Ties as demonstrated below: 
 

 
Note the intersection between the beams. 
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2.2 Resulting curves: 

 
After the curves have been processed the 
resulting curves look similar the image below: 

 
The curves depicted above form the basis for 
the rest of the procedure. They are utilized to 
generate and or place almost all parts of the 
railroad. The blue curves are the original 
curves as drawn by the artist minus the 
intersections. These will receive the normal 
detailing procedure. 
 
The white curves are switch curves as 
generated by the procedure within the ñgapò 
inside each spherical intersection. It will 
receive more complex treatment as detailed in 
chapter 3. 

2.3 Detailing the track 

 
By continually using lines to produce and place 
the assets the procedure is kept controllable at 
all times even though the result is complex. 
Changing distance or size of an element is 
always easy as it just means changing one 
variable: the length of the corresponding line.  

2.3.1 Creating the number of tracks 

 
After using a refine node so the curves are 
optimized unnecessary points are removed 
based on the curvature, the curve is swept. 

 
The distance between the lines is controlled by 
the width of the line that is being swept. After 

sweeping the lines a skin node is used to 
connect the points and create continuous lines. 
 
Along these curves a number of profiles will be 
swept to create the ballast, and after 
resampling to an even distance ties are copied 
onto each point. 

 
Swept ballast and copied ties: 

2.3.3. Creating the rails 

 
To create the rails another line with the railroad 
width is swept along the curve. it is finished by 
sweeping  a profile curve (the  cross-section of 
a rail) along the length of the curves. 

2.3.2 Creating the electrics 

To create the portals the curve from chapter 
(2.2) is resampled to get an even distribution of 
points along each curve. At every point a portal 
gets created, and across every span an 
electric cables are created 

 
Example of portals and electrics. This process 
will be elaborated on in chapter 3. 



3. Breaking down the network 

 
After explaining briefly how the objects are created on the normal rails the more complex switches will 
be treated. Above is a simplified overview of the entire procedure, starting from the input curves, all 
the way down to the final merge. The procedure can be split up into 4 modules from left to right: 
  

1- creating the railroad curves (top nodes).   
2- creating the rails and ballast.     
3- creating the ties, portals and electrics for the normal curves.  
4- creating switch ties.        
5- creating the electrics and portals for the switch curves.  

 
As mentioned the curves are treated separately, and at the final node the results merged. The top 
node (create switch curves) is the one covered in chapter 2.1. Not all nodes will be covered due to the 
amount of information processed. However, every node represented above is named by the action 
that in reality is being processed by a collection of nodes to give a better understanding of the 
procedure. 

3.1 Creating the portals and 
electrics 

 
The following part will discuss in detail how the 
portals were created starting from the input 
curve. The portal creation is different from the 
most other parts of the procedure as it is a 
different type of structure and therefore cannot 
be swept. 

3.1.1 Input curves: 

To create the portals the curve generated at 
chapter 2.2 (create switch curves node) is  
 

 
 
utilized. There is a single portal for any number 
of tracks thus 2.3 is only used for the electrics. 
 
The curve is resampled to an even distance 
using a for loop and a resample node. It 
determines the length of each curve and 
divides it by the desired length  variable. 
 
arclen("../inputcurve",0,0,1)/ch("../resample_distance") 

 
This generates a curve with equal size 
segments along each individual curve, 
preventing ñdouble placementò near the ends 
of curves. 
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3.2 Portal Creation 

 
On each point of the curve a copy of the portal 
is placed. The height and width of the portal 
are determined by the variables used to create 
the rest of the railroad, freeing the artists from 
having to manually synchronize the size of the 
portal with the rest of the procedure. 
 
For instance the width is determined by:  
track_width + ((rail_width*0.5)*number_of_tracks.)+offset 
 

This creates the railroad while allowing the 
artist to control the offset, providing full control 
with just one variable. 

3.2.1 Reversed vertical setup 

 
For the height a similar system is utilized.  
The procedure is built from the ground up.  
Not the other way around, as increasing the 
height of the beam would result in the train not 
getting power any more. To determine the 
height of the electric cables the height of the 
train is added to height of the rail, and to that 
the cable sagging the beam is placed on top. 

 
 

 
More cable sagging causes the rest of the 
system to be raised making sure the system 
always remains intact. The system always 
adjusts automatically to any changing variable 
without compromising another. For instance, if 
the sagging of the cables increases the 
support beam moves up and the suspension 
structure adjusts to compensate, making sure 
the train still fits below. 

  
To finally finish the portal a ray SOP is used 
from the two outer points and projected down 
towards the ground. Lines are drawn to the 
ground (or 0 height if none is present) and a 
profile swept along to draw the pillars. 

3.3. Creating the electric cables 

 
Curve (2.2) is taken and segmented with an 
even distance resample locked at the same 
settings as the portals. This way the cables 
always match up from portal to portal. 
 

 
 
To create the electric cables a single section of 
the curve is selected to be labelled wire. The 
Wire curve is resampled to have 3 sections (or 
4 points) and the middle two are dragged 
down. Using a convert the polygonal curve is 
converted to a NURBS curve, making it 
smooth. The curve is resampled again to have 
more points and a transform is added with 
controls for scaling (more or less sagging). 
 
Furthermore another procedure is also run on 
the wire. It is resampled to have the same 
number of points as the one treated before.  
 
The two are merged together, and using a skin 
node the lines are connected to form a mesh. 
Finally a wire SOP is used to give thickness to 
the lines and the electric cable is complete.  




















