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Abstract 
 
This research investigates sources of geographical data and methods of using rapid prototyping to create a 
three-dimensional model of sub-aqueous terrain.  A lucid presentation of this data may reveal valuable 
information, therefore providing a tool to promote public understanding and shape public policy.  Most 
geographical data is easy to interpret and publicly accessible through traditional paper maps or the digital 
United States Geographical Survey; however, some data, such as the features of sub-aqueous surfaces, may 
be available, but in a format that is difficult to interpret.  Possible sources of sub-aqueous terrain include 
sonar surveys, riverbed cross-sections, and depth soundings, depending upon the need and funding among 
the various agencies and organizations concerned with this data.  This research will determine the most 
appropriate source and translate this data, using rapid prototyping, to a format that is visually effective and 
easily understood.  Several disciplines have potential uses for this research: education, by depicting a 
terrain that is otherwise not viewable without special tools or software; navigation, by illustrating 
potentially dangerous regions in a waterway; and conservation, by analyzing water quality data 
concurrently with sub-aqueous terrain information to increase awareness of the impact of environmental 
preservation.   
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1. Introduction 
 
Watersheds are an important factor in environmental and political issues such as conservation and 
construction.  However, unlike that of counties, townships, and cities, members of the general public are 
usually not aware of the watershed in which they reside.  If this were to change, the decisions made on 
these issues might reflect greater awareness of the health of watersheds and thereby improve the quality of 
life of those residing in the watershed.   
 
Some agencies, such as the Schlitz Audubon Center located in Milwaukee, Wisconsin, are interested in 
educating the public about watersheds through use of three-dimensional models.  In particular, the 
watersheds that are located in the surrounding Southeastern Wisconsin geographical area – such as the 
Milwaukee River watershed – would be ideal for this purpose.  Although research of the entire Milwaukee 
River watershed would provide the most comprehensive information, selecting one element of the 
watershed, such as the riverbed terrain of the Milwaukee River itself, would enable a more thorough 
analysis of this particular aspect of the watershed.  Although this research focuses on riverbed terrain in 
particular, the methods illustrated here should be applicable towards any body of water.    
 
One method of depicting this geographical riverbed information via a three-dimensional model is a process 
known as rapid prototyping (RP).  This research will determine the most appropriate sub-aqueous terrain 
data source and then translate this data, using rapid prototyping, to a format that is visually effective and 
easily understood.  A lucid presentation of this data may reveal valuable information about the riverbed, 
therefore providing a tool to promote public understanding and shape public policy.  Several disciplines 
have potential uses for this research: education, by depicting a terrain that is otherwise not viewable; 
navigation, by illustrating potentially dangerous regions in the river channel; and conservation, to increase 
awareness of the impact of various issues on water quality and the health of a watershed.   
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2. Background 
 
Most geographical data is easy to understand and publicly accessible through traditional paper maps or the 
digital United States Geographical Survey; however, some data, such as the features of sub-aqueous 
surfaces, may be available, but in a format that is difficult to interpret.  Possible sources of sub-aqueous 
terrain that were investigated for this research included United States Geographical Service (USGS) digital 
elevation data, an online geographical information system (GIS), sonar surveys, riverbed cross-sections, 
and depth soundings, the availability of which depend upon the need and funding among the various 
agencies and organizations concerned with this data.   
 
2.1 models 
 
Models are used to present data that otherwise may not be understood without a three-dimensional visual 
aid.  They are highly effective tools for explaining, using three-dimensions, patterns that otherwise may not 
be noticeable.  Models can bring clarity and greater understanding than any two-dimensional 
representation.  Many different disciplines – including aeronautics, architecture, engineering, mathematics, 
and law enforcement – have made use of models [1].  Cartography, in particular, is one area that has greatly 
benefited through the presentation of data using models [1]. 
 
Rapid prototyping, or RP, can provide a valuable resource for creating geographical models, as the 
traditional methods for constructing models out of clay, foam, and cardboard are time-consuming and often 
inaccurate [1].  The data that is presented using geographical models is not limited to terrain elevation only.  
Wolf Rase demonstrated that other geographical information, such as population density and land prices 
can also be modeled in three dimensions using RP [2]. In addition, RP can be used to create three-
dimensional models of cave systems [3]. 
 
2.2 rapid prototyping 
 
RP, also known as solid freeform fabrication, is a process by which a three-dimensional object is built by 
forming it layer upon layer.  Since this process does not involve the limitations of molding or milling, 
cavities and overhanging areas can be created without any additional processes being required.  RP is a 
valuable resource for this research, as it allows the production of highly-detailed, accurate models in a 
fraction of the time required to create a model by hand [1].   
 

 
       Figure 1: The SLA process [4] 
 
This research uses the Stereolithography (SLA) RP machine to create a final model.  SLA forms an object 
from a liquid photopolymer; a laser selectively hardens this liquid into the desired shape layer by layer 
(Figure 1) [4].   
 
2.3 watersheds 
 
The condition of watersheds is an important issue, but one of which the general public is rarely aware.  A 
watershed, or drainage basin, is the geographical area that drains into a specific body of water. [5] 

1) Computer 
2) Mirror system 
3) Ultraviolet laser beam 
4) Model 
5) Support base 
6) Elevator platform 
7) Liquid polymer tank 
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Precipitation flows downward, following the shape of the landform, until it reaches a body of water, such 
as a river or lake [1].  The resulting water quality of that body of water is dependent upon both man-made 
and naturally-occurring environmental conditions within the entire watershed.   
 
2.3.1 Milwaukee River & watershed 
 
The Milwaukee River watershed covers 700 square miles in seven counties in southeastern Wisconsin 
(Figure 2). [6] The river itself, which originates in the northernmost reaches of the watershed and flows 
southward, merges with several minor waterways and, near its mouth, with two major rivers before 
draining into Lake Michigan (Figure 3).   
 

                        
   Figure 2: Milwaukee River watershed (shaded) 

[7] 
Figure 3: Milwaukee River, downtown Milwaukee; 

location to model (in box) [8]
 

2.4 data sources 
 
2.4.1 USGS digital elevation data 
 
The USGS provides downloadable color-coded elevation/terrain maps, in various resolutions, of numerous 
locations in the United States.  An example of one available resolution – 1:24,000 – is shown in Figure 4.   
 

       
Figure 4: Example USGS file; area shown is 

approximately 5.5 by 7 miles [9] 
 

Figure 5: Online GIS showing aerial photos and open water; 
area shown measures 0.75 by 0.55 miles [8] 

2.4.2 GIS 
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Several online GIS, such as that available on the Wisconsin Department of Natural Resources website 
(Figure 5, which depicts the mouth of the Milwaukee River at the lower right), are set up in an interactive 
format which enables addition and exclusion of different layers.  Each layer depicts a particular aspect of 
the geographical area – roadways, groundcover, county/city/town borders, and aerial photographs.  This 
allows the creation of custom geographical maps [8]. 
 
2.4.3 sonar surveys 
 
A sonar survey (Figure 6) is a highly detailed method of gathering terrain data.  Sonar surveys, which can 
be performed via boat or airplane, can produce an image of a school of fish or small ripples on the surface 
of a riverbed.  [10] High detail surveys, such as those created from sonar readings, are also expensive.  As 
an example, a complete survey of the Milwaukee River, which would have been accomplished via airborne 
LIDAR (Light Detection and Ranging) was, within the past decade, estimated at US $100,000 [11].  
Detailed surveys are performed, for example, for ecological studies or to map sediment and objects located 
underwater before a dredging or other major environmental project is begun [10].  
 

      
Figure 6: Example: Surface map created from 

multibeam sonar data [10] 
 

Figure 7: Depth soundings of Milwaukee River 
[12]

2.4.4 depth soundings 
 
Depth soundings – in which the distance between the water surface and sub-aqueous surface is measured – 
are similar to the cross-section data.   Unlike the cross-sectional data, however, far fewer data points are 
gathered and the acquired data is spread out over the waterway channel (Figure 7) instead of concentrated 
at cross-sections.  In addition, depth soundings may have been performed only where the waterway is 
suitable for navigation, potentially omitting a considerable portion of the riverbed [12] .  
 

 
Figure 8: Example HEC-RAS cross-section depicting sample water level [14] 

Riverbanks 

Riverbed 

Sample 
water level 



 5

 
2.4.5 HEC-RAS 
 
The Hydrological Engineering Centers River Analysis System (HEC-RAS) modeling software [13], 
developed by the US Army Corps of Engineers, models water flow by calculating this flow through cross-
sections or slices of riverbed [14].  These slices were surveyed at certain – but not necessarily consistent – 
intervals along a river channel [14]; each cross-section consists of a number of points, each with horizontal 
and vertical coordinates.  The HEC-RAS software displays these cross-sections by depicting these points 
connected to adjacent points with non-curving lines (Figure 8).   
 
3. Methodology 
 
3.1 selecting a data source 
 
Not all of the data sources proved to provide appropriate information. Since this research required 
underwater terrain data, both the USGS and GIS data proved to be useless as neither depicted the necessary 
terrain.  Even if these data sources did include sub-aqueous terrain data, the resolution of this data may not 
have been appropriate, despite previous REU projects that researched the application of rapid prototyping 
to terrain modeling that successfully used this source of terrain data [1, 15].  In addition, the GIS displayed 
the river itself as a flat surface, providing no visual description of the terrain below the water surface. [8] 
No source of sonar data was located for the Milwaukee River.  Depth soundings, without a supplemental 
data source, involve far too few data points to be able to create a detailed model comparable to that which 
could be created from cross-sectional data.  As a result, a source of cross-sections for the Milwaukee River 
was used for this research.  
 
3.2 location 
 
HEC-RAS cross-sectional data was compiled for the portion of the Milwaukee River from the mouth at 
Lake Michigan northward to the Milwaukee-Ozaukee County line.  The number of cross-sections per a 
given length of the river was, comparatively, much greater in the first few miles of the river – in downtown 
Milwaukee – than north of the city.  Due to the potential for greater accuracy, as closer cross-sections 
meant that less data was lost between the cross-sections, it was decided to model a portion of the river 
located in downtown Milwaukee.  Furthermore, a section where the riverbed varied in appearance between 
cross-sections would create a more illustrative model.  For these reasons, the portion of the Milwaukee 
River located between 0.403 and 0.715 miles upstream from the mouth was chosen (shown in Figure 3).   
 
3.2 vertical exaggeration 
 
To clearly demonstrate small changes in elevation, a standard engineering convention that exaggerates the 
vertical scale can be implemented.  This permits the minor variations in the cross-sectional terrain to 
become more visible.  This effect is more readily observed by comparing Figures 9 & 10, both of which are 
the same cross-section but with differing vertical exaggerations – in terms of elevation change, Figure 10 is 
much more informative.   
 

       
     Figure 9: Horizontal and vertical scales equal       Figure 10: Vertical scale exaggerated by a factor of 10 
 
3.3 import into CAD program 
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AutoLISP is a programming language provided as part of AutoCAD that adds functionality to AutoCAD 
[16] by allowing the creation of custom commands and functions. Writing a custom AutoLISP program 
proved necessary as the cross-sections were given as a series of points, with no inherent method of 
converting these points to a CAD-compatible file.  The final AutoLISP code read in a list of numbers from 
a text file, calculated the vertical scale exaggeration, drew lines connecting these points, grouped the lines 
from each cross-section into one polyline, then moved and rotated the cross-sections into place (Figure 11).   
 

                        
Figure 11: Cross-sections drawn using AutoLISP Figure 12: Cross-sections with surface mesh 
                   

                   
Figure 13: Rendered surface mesh to aid in 

viewing 
Figure 14: AutoCAD file imported into Autodesk 

VIZ
 
3.4 three-dimensional surface 
 
For a model to be built, the cross-sections had to form a three-dimensional surface.  An AutoCAD 
command, Ruled Surface, draws a three-dimensional surface between two pairs of lines by connecting 
these two defining lines with a user-selected number of nearly parallel lines, or mesh lines.  The mesh 
connects the defining lines by spacing successive mesh lines depending upon the length of each defining 
line; unless the two defining lines are equal in length, the mesh lines will not be parallel.  This creates a 
three-dimensional surface by essentially morphing one cross-section into another (Figure 12).  A separate 
command can create a false solid surface to permit ease of viewing (Figure 13).   
 
3.5 prepare for build 
 
This AutoCAD file was imported into a related program – Autodesk VIZ – where the surface was exported 
as an STL file (Figure 14).  The STL terrain file was then loaded (Figure 15) into another software 
program, RP Magics, which can manipulate STL files.  To show more detail on the final model, the 
majority of the surrounding terrain was trimmed off leaving the surface shown in Figure 16.  This surface 
was then offset in the negative z direction and merged with a solid block to create the final computer model 
shown in Figure 17.   
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Figure 15: Surface opened in RP Magics Figure 16: Surface after trimming

 

         
     Figure 17: Surface offset and merged with block 

to create solid base 
Figure 18: Final model 

 
3.6 build using RP 
 
The riverbed model, with final dimensions of approximately 12 by 4 by 1.5 inches, was built using the SLA 
RP machine.  The result is shown in Figure 18.   
 
4. Future developments 
 
Additional research could involve determining the accuracy of models created using the methods outlined 
in this research for creating sub-aqueous terrain models.  Furthermore, additional methods could be 
investigated to improve this existing research and also to incorporate other terrain data, such as from sonar 
surveys, which would be available for a different waterway.     
 
An area for possible future investigation would be the chronological change in appearance and position of 
the riverbed.  Several models might be constructed, each representing the riverbed at a specific period in 
time, and then presented in a format that would allow easy comparisons of the possible changes.   
 
Other research possibilities include focusing on developing additional methods for displaying information – 
such as water quality given a historical date, rainfall, or other condition(s) – using a three-dimensional 
model.  One possible method could display the magnitude of river sampling station readings for commonly 
tested substances, such as oxygen levels, bacteria, and mercury using three different degrees of severity.  
This data could then be compared with the Environmental Protection Agency’s accepted levels for these 
substances: for example, green could represent significantly below EPA standards, yellow represent 
readings that approach the standard, and red represent readings at a level greater than the standard.  With 
numerous sampling stations located on several different waterways, it might be possible for trends to 
emerge when the data is presented with this method that would otherwise not have been as obvious.   
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5. Conclusion 
 
According to the findings of Laura Jacobs and Josh Mueller, rapid prototyping can be used to successfully 
model large-scale areas of terrain [1,15].  This research confirms that rapid prototyping can also be 
successfully used to create a model of sub-aqueous riverbed terrain.    
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