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ABSTRACT: This paper examines the benefits of creating interoperable 3D models for real-time use. Two systems are 
used to illustrate how cost-effective software can be designed expeditiously for single and multi-user deployment by 
leveraging the capabilities of video game engines and high-fidelity Light Detection and Ranging (LIDAR) data scans. 
The first software described is a law enforcement and corrections tool to assist teams in the planning and execution of 
scenarios in a mock prison riot. The second software described is a zombie-survival scenario implemented in the video 
game Left 4 Dead using the latest version of the Valve® Source engine. Consequently, we describe a basic pipeline for 
developing both systems in parallel within an aggressive 30-day schedule. 
 
1. Background 
 
Simulations are often used to prepare for uniquely hostile 
or unknown environments. Valador, Inc. has worked 
previously with NASAi, the Department of Defense, and 
the Department of Veterans Affairs to produce synthetic 
environments to provide situational awareness and 
increase community collaboration. Through the continued 
use of game development software to display  
three-dimensional architectural and terrain data, Valador 
has learned to expeditiously produce complex synthetic 
environments for real-time use. 
 
The West Virginia High Technology Consortium  
(WVHTC) Foundation holds a yearly event called the 
Mock Prison Riot at Moundsville Penitentiary in 
Moundsville, West Virginia. The WVHTC Foundation 
strives for authenticity throughout its workshops and 
Moundsville Penitentiary is the only venue of its kind 
currently used to train law enforcement officials using the 
cutting-edge technology available at the event. 43 U.S. 
states and 13 foreign countries used the facility during the 
2009 Mock Prison Riotii. 
 
The Mock Prison Riot consists of workshops and scenario 
training held in a facility that first opened in 1876 and 
was closed in 1995. No high-resolution maps or CAD 
data of the structure existed before its digitization in 2009, 
and electricity was extremely limited within the structure 
and surrounding grounds. 
 

2. The Task 
 
The WVHTC Foundation required the construction of an 
accurate interactive digital map of the facility for their 
2009 Mock Prison Riot. It was vital that the digital map 
be completed within a one-month time frame for use 
during that year’s Mock Prison Riot. 
 

 
 

Figure 1. A picture of a cellblock in Moundsville 
Penitentiary as it stood in January 2009. LIDAR was used 
to capture detail such as the peeling paint. 
 
Based on an initial survey using handheld laser distance 
meters, HD video, and high-resolution photography (see 
figure 1), it was identified that approximately two million 
square feet would need to be digitized to accurately 
describe the facility. The lack of architectural data posed 
an enormous obstacle to the software development team. 



Realizing that pre-established workflow methods would 
be unavailable, the team needed a solution that would 
result in an accurate architectural dataset that could be 
integrated into a game-asset creation pipeline. The team 
had previously used laser data as a method to import 
terrain from Mars using Mars Orbiting Laser Altimeter 
(MOLA) dataiii (see figure 2). It was decided a ground 
based Light Detection and Ranging (LIDAR) scanning 
system could be moved throughout the prison complex to 
produce a digital model of the penitentiary.  
 

 
 

Figure 2. Terrain generated in a game engine using 
MOLA data. Valador developed this Mars Exploration 
Rover technology demo in 72 hours for the NBC4 
Connect Expo in 2006. 
 
3. Light Detection and Ranging 
 
LIDAR provides surface and volumetric information of 
objects through point cloud data that can be converted to a 
CAD model. Reverse engineering of the Moundsville 
Penitentiary was achieved through 3D scans provided by 
GKS Global Servicesiv (see figure 3). 
 

 
 

Figure 3. Shown is a comparison between point cloud 
data on the left side and a photograph of the Moundsville 
Penitentiary Dining Hall on the right. 
 

The 3D LIDAR scan of the Moundsville Penitentiary 
occurred over a weeklong period in February 2009. The 
development team initially thought the most difficult area 
to synthesize would be the basement (see figure 4). 
Fortunately, in addition to the lack of lighting and heating 
the basement also had the benefit of requiring a less 
detailed scan. The basement lacked the 5′x7′ cells 
constructed throughout the penitentiary that required 
extensive post-processing. 
 
The fidelity requirements for a single model can vary. 
Understanding the required detail is crucial to remaining 
within an accelerated schedule for producing high quality 
models. The WVHTC Foundation was agreeable to 
producing distinct areas of the model at different degrees 
of detail. Although the basement represents a sizeable 
portion of the model, its limited use – because of lack of 
light and heat – allowed for higher quality scans of the 
cellblocks during the restricted schedule. To maintain 
visual accuracy in the final product, the team also 
gathered an extensive sample of textures through several 
thousand high-resolution photographs and hours of 1080p 
digital video. 
 
The WVHTC Foundation required an accurate recreation 
of the penitentiary for training and scenario planning 
purposes. Previously, teams would require night-vision 
technology to view the basement in its entirety. By 
digitizing the basement and making it available to the 
teams attending the Mock Prison Riot, the WVHTC 
Foundation and Valador provided a method to view the 
penitentiary that had not existed previously. Teams who 
used the 3D Model of the West Virginia Penitentiary prior 
to their exercises commented on being more comfortable 
with the venue despite never having seen it in real life. 
The synthetic environment provided situational awareness 
that would not have been possible without the model. 
 

 
 

Figure 4. Despite being unlit, partially filled with 
Halloween tour props, and lacking heating the basement 
proved to be an easier portion of the penitentiary to scan 
because of its limited detail. 
 



4. Creating a Point Cloud Pipeline 
 
The software development team decided the best method 
for displaying a 3D model of the penitentiary would be to 
distribute it as a game-asset within a game engine. Having 
previously used architectural CAD and terrain height-map 
data, the asset creation pipeline needed to be modified to 
pass LIDAR-based data into a game engine. The data 
required extensive cleanup and processing to conform to a 
game engine ready format without compromising 
accuracy (Figure 5).  
 

 
 

Figure 5. After custom optimization geometry produced 
by the point cloud data was converted into game assets. 
Accuracy was maintained to approximately one inch. 
 
Unlike a game, The 3D Model of the West Virginia 
Penitentiary would be used to analyze the distances 
between floors, measure the width of hallways, and 
determine line-of-sight required for the effective use of 
technology being demonstrated at the Mock Prison Riot. 
Games do not typically require the display of millions of 
polygons to describe an object. Where the object is not 
visible it is regular practice for game asset artists to 
simply not develop the geometry. In the case of The 3D 
Model of the West Virginia Penitentiary it was necessary 
to include as much data as the game engine could handle. 
 
The software development team used 3D modeling and 
animation software rather than CAD/CAM software. The 
3D Digital Content Creation (DCC) tool for this project 
was Autodesk® Maya® due to its open architecture and 
versatility.  Because of their extensive use within the 
industry, the gaming community has support for these 
types of commercially available 3D modeling and 
animation software packages. 

LIDAR data is typically used in manufacturing, 
architecture, engineering, scientific visualization, and 
high-end entertainment shops such as those found in the 
movie industry.  LIDAR data is not typically available for 
hobbyist game modders so support within the gaming 
community for this type of data is non-existent.   

The development team worked with GKS Global Services 
to deliver the LIDAR data in a format that is readable by 
Autodesk Maya. Once in Maya, a path could be made 
toward getting a model into the Torque3D game engine. 

In order to use its quick collision calculations, a 
requirement of the game engine is that the pieces that 
comprise the levels be made from convex shapes.  The 
structure and geometry of the LIDAR data provided was 
accurate, but its construction was incompatible with the 
engine—most of the shapes were arbitrary, and concave.  
Correcting this required analyzing the shape of the 
buildings, deconstructing it, and reconstructing it as a 
series of convex shapes. This is a tedious process.  
Anything tedious but methodical can be delegated for a 
computer to do.  Maya’s entire interface is built on top of 
Maya Embedded Language (MEL), a C++ like scripting 
language that can access most of the software’s low-level 
functionality, including geometry detail.  The MEL 
scripts needed to synthesize the data, recreating the 
geometry as a conglomeration of convex shapes. The final 
automated process took the original geometry information 
and exported it into a format that was ready to be lit, 
textured, and populated with assets within the Torque3D 
Software Development Kit. 

5. Game Art Assets as Reusable Objects 
 
Game engines typically have various formats for 
geometry depending on how they will be used. Due to the 
size and complexity of the Moundsville Penitentiary 
Model, an interior brush format was chosen. The interior 
brush used to develop the penitentiary model had the 
additional benefit of being highly portable with little to no 
conversion for inclusion in various game engines. 
 
Many game engines follow a heritage that makes certain 
asset types interoperable. Similarly, games developed 
from the same game engine often require little 
modification for swapping of content. The video and 
photographs that were gathered during the initial survey, 
as well as additional textures that were recorded during 
the LIDAR scan could be used in various game engines. 
Like the LIDAR data, the textures were taken at a 
resolution far beyond what is traditionally necessary for 
game art assets. The native LIDAR data and full 
resolution images proved too resource-hungry for real-
time use. The software development team produced a 
system capable of displaying the data in the highest 
possible resolution while maintaining compatibility with 
future technology. The processing power capable of 
displaying the point cloud data textured with the high-
resolution imagery is expected in the near future. 
 
 



6. Custom Technology  
 
An important problem the software needed to solve was 
that of measuring distances within the penitentiary 
training areas. Before the 3D model was available, the 
staff working at the penitentiary would get overloaded 
with requests from Mock Prison Riot participants for 
detailed measurements of training areas. Attendees 
wanted to know if their massive new riot shield would fit 
through prison cell doors and how far they could ninja 
down from the top tier cellblocks with rappelling gear. To 
get this information, penitentiary staff would brave the 
dark, unsettling labyrinth of the prison with their trusty 
measuring tape and hand-measure the distances.  
 

 
 

Figure 6. The Point-to-Point tool provides the ability to 
measure between any two points in the synthetic 
environment. 
 
Initially the software development team decided to give 
users a gun-like laser range finder they could shoot at 
objects in the model. Honing in on a target using the on-
screen crosshairs and pressing their mouse button would 
send a laser beam out toward that object, resulting in the 
distance between themselves and the target appearing in 
their display. With that, the obvious problem was that 
they could only measure a distance between themselves 
and an object in the model. The development team added 
the ability to drop “tacks” in the model. Pressing their 
right-mouse button would drop a red-domed tack where 
they were aiming. Dropping a second tack elsewhere in 
the model would connect the two tacks with a laser (see 
figure 6). The distance between those objects would 
appear on their display for as long as those tacks remained 
in the model. Not only was this useful for training 
preparation, but it was also kind of fun to see where users 
could shoot the longest laser beams in the model or 
measure just how big a prison cell is anyway.  
 

Overhead view functionality, while fairly common in 
some video game genres, gave the development team 
quite a few challenges. The goal was to give the user 
blind spot awareness wherever they may be in the prison 
model. The development team envisioned allowing the 
user to switch their view to a camera just over their head 
while the camera followed the player character. This was 
improved upon, allowing the users the ability to zoom the 
camera using the mouse wheel so they could see as much 
or as little of their surrounding environment as they 
wanted.  
 
That tool development seemed simple until it became 
clear that a prison is a very tight, cluttered, multi-tiered 
environment and objects love to find their way between 
the camera and the player character. At this point, the 
overhead camera ended up staring at the ceilings of prison 
cells or needing to be zoomed in so close that the user 
could only see the buzz-cut of the player character model.  
The team employed code that was able to communicate to 
the graphics processing unit (GPU) that the rendering 
pipeline of the game engine should make transparent all 
rendered pixels higher (i.e. greater in the z-axis) than the 
position of the player character model’s head. The 
resulting effect not only did what the team needed, 
allowing the user to get an overhead view of everything 
on the same x-y plane as their player character, but also 
provided a really cool-looking cut-away effect of the 
environment much like you might see in medical or 
engineering diagrams. Additionally, the development 
team was able to make use of pixel shader programming 
to dim rendered pixels outside of the player character’s 
calculated view frustum, producing a shadow layer on top 
of areas that were outside of the player character’s view 
(see figure 7).  
 

 
 

Figure 7.  Slicing through geometry: blind spot view 
provides situational awareness to users of The 3D Model 
of the West Virginia Penitentiary. 
 



7. Zombies Enter the Penitentiary 
 
During the construction of the interior brush model, 
various developers suggested putting it in an existing 
game scenario to test whether it was viable to use 
artificial intelligence  (AI) bots. The Valve Corporation® 
Hammer tool maintained compatibility with the interior 
model format that had been chosen for development (see 
figure 8). 
 

 
 

Figure 8. Valve’s Hammer software has been used in the 
development of some of the top grossing games of all 
time. 
 
Left 4 Dead is one of Valve’s most popular games. 
Incorporating advanced physics, AIv, multiplayer 
capabilities, as well as procedurally modified atmospheric 
effects, Left 4 Dead is arguably one of the most advanced 
video games currently on the marketvi. Due to the 
popularity of Valve’s games a large user base now exists 
that has produced an extensive online resource of 
information. This exposure due to the success of Left 4 
Dead means millions of man-hours of testing have 
occurred with an existing installed base. 
 
Following the completion of The 3D Model of the West 
Virginia Penitentiary Valador chose to create a two-level 
campaign using the Left 4 Dead software development kit 
(SDK). The purpose was to examine how the advanced 
game engine would react to dense geometry such as a 
cellblock in the penitentiary (see figure 9). The campaign 
was initially developed for internal research and 
development. Valador, however, decided to release the 
scenario, dubbed Moundsville Slammer, to the public. 
 
A single developer produced the two levels for 
Moundsville Slammer in three weeks by incorporating 
data created for the development of The 3D Model of the 
West Virginia Penitentiary (see figure 10).  
 

 
 
Figure 9. A Moundsville Penitentiary cellblock is shown 
in Valve’s Left 4 Dead SDK. 
 
Moundsville Slammer allowed for viewing of advanced 
AI interaction with the model and provided a testing 
platform through the gaming community. The process 
could have been carried out concurrently with 
development of the WVHTC Foundation software but 
time constraints dictated that research and development 
occur afterwards. 
 

 
 

Figure 10. The untextured North Hall devoid of zombies.  
 
An additional benefit of using the Left 4 Dead SDK was 
the availability of preconfigured art assets. After applying 
the appropriate texture, running across metal or wood 
automatically produced a related sound effect and 
communicated with the game AI and non-playable 
character navigation subsystem. Though texture and 
sounds assets gathered during the initial survey could 
have been used in the production of Moundsville 
Slammer, the Left 4 Dead SDK functionality produced 
robust results with minimal development effort.  



8. The Benefits of Interoperability 
 
The WVHTC Foundation required that Valador produce 
an accurate map system that provided situational 
awareness and self-serve measurement tools. Although 
CAD data of the facility did not exist, the software 
development team produced a platform in one month that 
enabled users to easily access the tools in a 3D real-time 
system (see figure 11). Using LIDAR and game 
development tools to accomplish this task, the team also 
created a model of the two million square foot facility that 
could be reused with minimal modification in other real-
time systems. 
 

 
 

Figure 11. North Hall of the Moundsville Penitentiary as 
displayed in The 3D Model of the West Virginia 
Penitentiary. 
 
A member of the software development team was also 
able to produce a zombie game scenario of the 
Moundsville Penitentiary using an SDK for the Valve 
Source engine by leveraging the interoperability of data 
that had already been gathered. Complete with a macabre 
storyline, the second interactive environment was 
produced in three weeks. 

9. A Possible Future for the Model 
 
Usage of a pre-existing game engine to create 
visualization software has many benefits; initially, it saves 
the significant development time required to create a new 
visualization system. In the case of Moundsville Slammer, 
the use of existing art assets had the benefit of also being 
linked to sound and AI libraries which were utilized in the 
development. 
 

 
 

Figure 12. North Hall of the Moundsville Penitentiary as 
displayed in the Left 4 Dead campaign Moundsville 
Slammer. 
 
The 3D Model of the West Virginia Penitentiary 
developed for the WVHTC Foundation did not require 
AI, advanced physics, environmental effects, destructible 
environments, or unique crowd management capabilities. 
By developing a campaign for a pre-existing AAA game 
that included these technologies Valador is prepared for 
when these components don’t just make for great 
gameplay but are essential tools for quick real-world 
scenario modeling.  
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