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1. A Great Northern GP 203 crosses over the trestle over
Coal Banks Coulee in central Montana. The backdrop

is generated from computer simulation using US
Geological Survey elevation data of the actual location.

ackdrops can be a difficult aspect of model railroading

for the artistically challenged. An otherwise great rail-

road can be ruined with a poor backdrop. It is such a
crucial element of the hobby that entire books have been writ-
ten on the subject, and a numerous articles have been pub-
lished over the years advocating various methods. Presented
here, perhaps for the first
time, an overview of using
terrain simulation software
to create virtual model
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railroad background scenes that are printed in large format for
installation on the layout. The technique can yield amazingly
realistic results and even create scenes of specific prototype
locations, adding a further dimension of realism to your layout.

Terrain simulation software tools

Terrain simulation software is a tool used by movie and game
artists to generate realistic or even imaginary scenes. | got the
idea to use it for model railroad backdrops from a colleague at
work. He used an application called Terragen to build custom
maps for game scenes.

Terragen is created by Planetside Software in the U.K. (the lat-
est version is Terragen 3) planetside.co.uk Terragen 3 has
some improvements for the new formats the USGS has moved
to for Digital elevation models (DEM) data which makes that
process easier. You do not need the animated version for back-
drops. That version of Terragen is for movie makers.

The examples presented on their website and on the fan com-
munity sites demonstrate the amazing realism possible. The
application has been used in several films including The Golden
Compass and Sucker Punch. The product has a fully function-
ing demo version available (only limited by output resolution)
to try out as long as you like. The cost of the base version of
Terragen is $199, which may be a little high for some budgets,
but considering the importance of the backdrop and my overall
hobby “investment,” | made it fit. | have listed several products
from other vendors in the resource section.

Overall | am very pleased with the results | got from Terragen.
The chief challenges | found are the lack of full documenta-
tion and a fairly steep learning curve. This technique takes a
great deal of perseverance, experimentation, and ample use of
the community support forums. One of the best ways to learn

contents index



3. Image stitching software is used to combine
computer-simulated images to create the 17°- long
backdrops for my double-deck shelf layout. Images
were printed on special commercial wallpaper stock
that | hung as a single image with no seams, using
wallpaper paste.

Terragen is to reverse-engineer examples provided by the user
community. A number of websites, including Planetside’s, pro-
vide examples you can download to help you learn the craft.
Despite the challenges, the quality of the simulations is quite
striking and well worth the effort.

All the world’s a... fractal

The core of all terrain generation software is a class of math-
ematical functions called fractals. In very loose terms, fractals
recursively generate data that is self-similar but at a different
scale. We see examples of self-similarity in nature. A hill is a
smaller version of a mountain, a rock has similarities to a hill, a
grain of sand has similar characteristics as a rock, and so on.
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It turns out that through this characteristic of self-similarity
and the insertion of specialized randomization functions, one
can very realistically simulate patterns found in nature includ-
ing the terrain of a mountain, vegetation on a hillside, and even
clouds in the sky. Virtually every element of Terragen is layer-
ing the effects of multiple fractal functions to create a virtual
model of a 3D scene.

While it may be helpful to understand fractals, luckily that is
not required. When someone asks how a computer can create
such realistic images, simply answer, “fractals, of course.”

Scene development

There is no way to convey all of the details required to become
proficient with Terragen in this article. My objective is to convey
the basic process and demonstrate the possibilities.

The overall process of building scenes in Terragen is as follows:
B Establish the bare terrain

B Position camera

B Shade terrain
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Add trees, detailed shrub objects

Add clouds

Adjust lighting (Sun)

Render full resolution views, rotating camera.
Stitch views into single image

Finalize image in image editing software.
Large-format printing
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4. This screen capture of Terragen shows the outline
view, the network view, and the low-resolution preview
view of the simulated image.
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The starting point of a scene is the bare terrain, which is a
virtual location bound by length and width with topography.
Terragen can generate a terrain for your scene using fractals
that may be adjusted to create virtual geographies from rolling
prairie to steep mountains. An alternative approach | used is to
download digital elevation model (DEM) data provided by the
USGS. (See resources- USGS Seamless Server)

This allows you to create a scene using the actual elevation
data from satellite measurements. If you are modeling a pro-
totype location as | am, you can build a scene with nearly the
exact terrain of the actual location.

The scenes | am modeling include sprawling Montana vistas
with mountains over 25 miles away on the horizon. The UGGS
data | sampled included an area of over 1000 square miles with
an elevation data point at least every 30 feet. Terragen easily
handled these vast scenes.

The next element to set up is positioning a camera in your vir-
tual world. If you are using fractal-generated terrain, you will
want to wander around your scene seeking out a view that is
pleasing and will fit your layout location. If you cannot find a
suitable location, you can enter a new random number into the
fractal and Terragen will generate a new world for you.

If you are using USGS DEM data, you will likely have a bet-
ter idea where to position your camera. As you consider your
camera position, think about how a person is viewing your
railroad foreground relative to the background scene. My lay-
out is a double-deck shelf layout, so the viewing perspective
of the top scenes is nearly eye level. In this case | positioned
the camera height at 20 feet inside the Terragen model. This
correlates to how high my eye level is above the layout. For
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5. The National map Viewer website provides a
graphical interface to select specific areas of the United
States for download of Digital Elevation Maps (DEM).
There are a few tricks to get the correct file format from
the site, and conversion process to produce a file that
can be used by Terragen.
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my lower scene, | raised the camera to reflect the different
viewing position. All dimensions in Terragen reflect full-scale
measurements in meters.

The Terragen user interface presents the model elements in
two ways: an outline view and a network view. When starting
out with the tool, the outline view is simpler and keeps every-
thing properly connected. As the model gets more complex,
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the network view is easier to work with, but you have to keep
track of managing your own connections between the ter-
rain, shaders, atmosphere, objects, and other elements. [6] is
a screen shot of the network view for my Fort Benton scene.
Working in the network view, one can experiment adding in or
disconnecting different elements to try different options.

Having established terrain and at least a starting camera posi-
tion, you are ready to make your first rendering. Terragen
constantly displays a low-resolution view that refreshes every

W View Window
Edit View Window

6. This is a screen capture of my Fort Benton, MT
model network view. While it appears complex at first,
the visualization actually helps clarify how the bare
terrain is modified by subsequent layers of shaders, and
eventually these operations are combined
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7. Rendering with just the bare terrain in place
produces a grayscale image showing the terrain detail.
Impressive as this is, the fun starts when dirt, grass
and trees are added.

time any element changes. To create an image with a desired
resolution, save it as an image that is a separate action-
explicit rendering action. Again there are myriad options
available but the most important for now is resolution. The
higher the resolution, the more detailed the scene, but the
longer the rendering time.

Rendering at this point yields just a grayscale view of the ter-
rain with a picture-perfect blue sky. [7] It is actually more effi-
cient to work on determining camera position and planning
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8. The top photo shows a rendering of the raw DEM

file. The second image includes addition of fractal
displacements to fill in the surface with more realistic
texture. Finally sedimentary striations are simulated with
special fractal layers, creating additional details.
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your panoramic views, as the rendering in this colorless world
is quite fast.

Whether working with the fractal-based terrain or USGS DEM
data, we can improve on the terrain data with enhancements
that include creation of striations for sedimentary rock or
adding boulders or extreme rock outcroppings. Displacement
is the terrain simulator’s term for creating variances in the
terrain. In my scene of Virgelle Montana, the DEM data did
not have sufficient resolution to show the sedimentary stria-
tions on the sheer cliffs along the Missouri river. | was able to
add these features with the Terragen using a strata and out-
crops shader. [8]

As inspiring as even just the grayscale terrain images can be,
the real fun starts when shading is added to the scene. Shading
is the term for applying multiple layers of color to the terrain
to simulate vegetation and soils. Again Terragen employs frac-
tals to generate areas where color is placed, the color itself,
and the addition of displacements to provide a 3D simulation
of vegetation. The shading process is accomplished by layering.
Just like the real thing, we layer-in dirt and then layers of vari-
ant vegetation, depending upon the scene.

Shaders have a number of controls for how shading is applied
to your terrain surface. Slope and elevation provide key con-
trols that affect where the shading layer appears. For example,
you can filter a shader so a steep slope will not have grass and
the underlying rock color will show through.

A painted shader node provides ultimate control by allowing
you to literally draw areas on the terrain where shader lay-
ers should be applied. Control here is rather crude, but | used
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10. This is a screen capture of PTGui at it stitches the
14 images that made up my Carter, MT panoramic view.

the camera. Inclusion of externally modeled plants and trees

is supported by Terragen. Commercial and free plant models
can be added to your scene with population nodes that can
create a field of weeds or entire forests. The placement of
objects is controlled by distribution settings in the population
node, which randomly places replicated objects into an area,
rotating and varying the size of a basic object model. [9] This
variation can take a single tree model and create a convincing
forest from that one model. Using the painted shader as a filter
(“blended shader” in Terragen terms) can provide fairly precise

9. Several examples of rendered plant models from control over where objects are placed. In [2], tree placement
Xfrog and Mr Lampost. Using populations of object along the Missouri river as well as the crop fields were con-
models, entire forests can be created. trolled with a painted shader applied to the tree population.
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11. One-inch scale models of my layout scenes
were used to perfect the placement of objects and
adjustments to the panoramic stitching process.

Terragen automatically places the objects on the surface of the
terrain so you do not have to worry about that.

No worldly scene is complete without light, sky and clouds. All
are completely controllable in Terragen, from the exact posi-
tion of the sun to how much haze is in the sky. The direction
and angle of the sun, haze levels in the atmosphere, and more
are all adjustable. Clouds, of course, can be a very important
part of a backdrop. Built-in shaders for three main types of
clouds found in the real world, cumulus, alto cumulus, and cir-
rus are available. Combining these elements, many different
types of cloud formations are possible. Cloud generation is an
art all its own, and is a great place to borrow work from sam-
ples provided by the Terragen community.
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12. This is a montage of the four backdrops created for
may layout. From top to bottom: Carter, Fort Benton,
Virgelle, and Coal Banks Montana

Final resolution

During scene development, we are continuously rendering to
get a higher-resolution view of how the scene is developing,
but hopefully at a level that renders in few minutes. When pre-
paring for the final rendering, you will to want to crank up the
resolution and quality for the final output. This will dramatically
increase rendering times, and should be reserved for your final
work. How long rendering takes will depend on your scene, but
in my experience it can range from eight to 36 hours.

After some research, | decided a resolution of 150 dots per
inch (dpi) is sufficient. More pixels means more rendering time,

and based on my results, is not worth it.
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The rendering resolution ultimately is determined by how large
your physical backdrop is going to be when printed. My back-
drops are 12” tall, so the vertical resolution of my renders was
1800 pixels high, corresponding to the 150 dpi target.

Panoramic backdrops

If you think of a typical model railroad scene, the backdrop
usually is a wide view. If you placed yourself in the scene, you
would have to rotate your head to see the broad view we are
statically creating on the backdrop. In order to achieve this
wide an image, we need to rotate the virtual camera in the

13. Fresh from the printer, two full-size backdrops are
spread out on the dining room table for trimming. My
selected medium came in 36" widths, so even larger

scale is possible.
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scene and create multiple views of the scene. This is where we
bring in another tool, panoramic photo stitching software. This
software blends overlapping individual images together to cre-
ate a blended wide image suitable for backdrops.

| required backdrop images for my railroad 12” tall and 17’
long, which required blending as many as 14 separate images
to create a single continuous image.

Several commercial and open-source (free) stitching pack-
ages are available. | chose a professional-grade package, PTGui
ptgui.com, for ease of use, because | would be making hun-
dreds of blends as | developed my backgrounds. Other prod-
ucts are listed in the resources section.

“Some of my scenes resulted in
camera rotation of nearly 260°.”

As you create your rendered images, you need to consider
the overlap needed by the stitching process. 35% horizontal
overlap is considered minimum, but | opted for 50%, which
was a bit of overkill but assured minimal distortion. It also
was easy to calculate and keep track of. The camera rota-
tion to achieve this overlap is defined by the horizontal field
of view of the focal length setting on your Terragen camera.
| stuck with a focal length of 50mm which, on old-fashioned
35mm film cameras, is the focal length that best matches
human perspective. The horizontal field of view on a 50mm
lens is 39°, so rotating the camera 20° each frame created an
approximate 50% overlap. [10]

Extremely wide images like mine created some interesting
results that never quite made sense to me. Some of my scenes
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14. Here is a photo of the real Lizard’s Head peak.
(Photo: Michael McCaffery)

15. This is a photo of the Terragen simulation of Lizard’s
Head peak. Not exactly the same, but close enough that
those familiar with it will know what it is.
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resulted in camera rotation of nearly 260°. As we know, if |
were in the real location, 180° would cover the complete range
of view. The lesson is, the panorama creation process has
experimentation involved as well. | used 1” scale models of my
scenes to confirm how the background would fit into my lay-
out. [11]. The panorama creation process may send you back
to adjusting your camera setting and position in Terragen. You
can practice the stitching process at lower-resolution to save
significant time between iterations.

When the panoramic image is complete, additional details
may be added to the scene using typical image editing tools
such as Photoshop. | added buildings and telephone poles

| cut out of digital photographs. Be careful to select images
that have the same lighting angle you chose in your scene. |
rendered and stitched my final images in TIFF format, which
doesn’t lose data through compression during subsequent
image editing. The JPEG format will cause image degradation
each time you edit and save, and should be avoided until you
save the final print image. [12]

Computer to backdrop

Now that we have our beautiful image, sized appropriately to
match the real-world size at a resolution of at least 150 dpi,
we need to bring it into the physical world. This is the stage
where professional help from a large-format printer is needed.
There are many printing services and options in today’s market.

“Professional help from a large-for-
mat printer is needed.”
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16. Here is another example of a how realistic Terragen
can reproduce a prototype scene. In this case we are
looking Virgelle cliffs

17. The simulated Virgelle view of the cliffs.
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After interviewing several printers and attempting a few proof
samples, | came to the conclusion that a printer that specializes
in art reproduction or glicée is the ticket. This type of printer
tends to be much more oriented toward accurate color repro-
duction, ink permanency and media options suited to the fine
arts. This is a different skill set from the local banner-printing
shop, and | really did not find it to be any more expensive. If
you are unable to find this kind of shop in your area, this step
can be done completely through the internet and mail.

Beyond ink permanency that would last until | am 80 years old,
| was concerned with achieving a single image with no seames,
and a matte surface. My printer guided me to a media that is
used for printing custom wallpaper. The surface is completely
dull, and the media came in 36” rolls by 75’.

My printer also recommended a clear low-gloss lamination

to protect the image. Since no lamination is completely non-
reflective, | declined. Compromise may have been advised
here, as | will be faced with protecting a fairly sensitive surface
during scenery construction. [13]

Backdrop installation

My layout is suspended by cables from a hoist in my garage,
and as such, weight is an important factor. | used Coroplast,

a lightweight plastic sign material for my backdrop substrate.

| prepped this adhesion-averse polypropylene material with
latex primer. | then hung wallpaper backing paper to smooth
out the slight ribs in Coroplast. My backdrop is hung as a single
really big piece of wallpaper, using standard vinyl paste and

wallpapering tools. (See the installation video)
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Lessons learned

One of the best things | did on my terrain modeling quest was
to invest in a fast computer. If you are serious about using

this technique, you want to get the fastest computer you can
afford. | started with a four-year-old laptop and moved to a
computer with a fast i7 CPU and 9GB of RAM. Rending sped up
by more than a factor of 10 with the faster hardware. Terragen
has since been released in a 64-bit version which helps perfor-
mance as well, and this is the version you want if your operat-
ing system is 64-bit. Plan on dedicating this computer to the
effort while you are rendering. An alternative to rendering on
your own computer has recently become available. There are
now rendering farm services available for Terragen from Ranch
Computing ranchcomputing.com. This may be cheaper or at
least faster than rendering on your PC.

“... invest in a fast computer”

The key barrier to using this technique is the significant
amount of effort and time consumed by setting up the
model, and by the rendering process itself. | spent at least
100 hours setting up the model for my first scene, Virgelle,
MT. The rendering process took 36 hours per scene, and
contained 10 frames to create the panorama (yes, over two
weeks of rendering.) My later image of Fort Benton, MT had
similar details, but a much simpler approach to the shader
network. It took about four hours per frame to render. The
conclusion is that a more shaders do not necessarily yield an
appreciably better image, but do add a lot of time and com-
plexity. This realization started to make me wonder — how
simple could | set up a scene and still get results that would
still put my artistic abilities to shame?
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To test the wisdom of my hindsight, | configured a DEM-based
terrain of southwest Colorado which included the famous RGS
scene of Lizard Head pass. Using just three shader layers and
a single model of a conifer tree, | was able to generate the
scenes [16,17] with just a few hours of work. | contend that
even these results far exceed what a person with my artistic
skills could achieve with paint and brush. The lesson here is
to keep the models as simple as possible and remember that
these images are backgrounds.

Conclusion

In the end, my experience with terrain modeling was another
challenging yet satisfying chapter in this great hobby. The real-
ism of the backdrops is way beyond anything | could have
achieved by hand-painting. Being able to use the actual topog-
raphy of scenes added a new dimension to the realism. | am
very pleased with the results, and hope it will inspire you to
use this technique to create a masterpiece background. M
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Bill Geiger grew up in Fridley, MN
within eyeshot of the Northern
Pacific and Great Northern Railway
mainlines north of Minneapolis.
He was introduced to model
railroading by his grandfather and
dad when he was six years old, and
continued to build layouts during
his teens. Bill and his girlfriend Kim
— now wife of thirty years — spent
weekends driving around Minnesota
photographing equipment and structures in the post-BN
merger era.

Moving to San Diego, CA, Bill took a long hiatus from model
railroading, until he ran across an old Linn Westcott article
about suspending a model railroad from the garage ceiling on
cables, hoisting it to make room for autos. In 2002 Bill started
building his suspended, double-sided, triple deck layout in
the garage. The shelf design features four 15’-long scenes of
the Great Northern between Havre and Great Falls Montana.

Bill and Kim have raised two boys, and continue to live in San
Diego. He occasionally blogs about his railroading project at
greatnorthernfan.com.
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Resources Mentioned in Article

Terragen Terrain simulation
planetside.co.uk
PTGuiPhoto stitching

ptgui.com
USGS Digital Elevation Map data
viewer.nationalmap.gov/viewer

Other Resources

Vue by eOn Software Terrain simulation  Leveller DEM editing
e-onsoftware.com daylongraphics.com

Bryce DAZ 3D Terrain simulation
daz3d.com/products/bryce
Geomorph Open source Linux
Terrain simulation
geomorph.sourceforge.net

Hugin Photo stitching
hugin.sourceforge.net

Panoweaver Photo stitching
easypano.com B

GeoControl2 Terrain simulation
geocontrol2.com/e_index.htm

3DVIA Studio Terrain simulation
3dvia.com/studio

World Machine Terrain simulation
world-machine.com

PnP TerrainCreator Terrain simulation
pnp-terraincreator.com

Earth Sculptor Terrain simulation
reallusion.com/iclone/icnb_es.asp

Visual Nature Studio Terrain simulation
3dnature.com/vnsinfo.html

WorldBuilder Terrain simulation
digi-element.com/wb/index.htm
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