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ABSTRACT 

In the growing age of technology, museums and other research institutions are 

investigating the uses of virtual images for the study and preservation of their objects. In 

the realm of museum research, digitized images are easier to manipulate than the large or 

fixed items they may represent and their use reduces the need to handle and potentially 

harm valuable originals. Altemately, in the area of museum education, animation is a 

good way to inform the public by helping them visualize things that have no parallel in 

nature, such as extinct creatures. Further, the digitized skeletal detail is more accurate 

than that rendered by hand. 

However, is it possible for smaller museums to produce accurate virtual images 

for their own use within their limited budgets and time frames? This project sought to 

produce a cost-effective, time saving model that would be within the realm of that 

attainable by smaller museums by utilizing available hardware and software that 

promised to enhance output while shortening production time. Cast skeletons of 

Quetzalcoatlus and Anhanguera were scanned using a surface laser scanner to capture a 

point cloud. This data was registered together to form three-dimensional point models 

which were converted into three-dimensional polygonal meshes for modeling and 

animation. Creation of inverse kinematic (IK) chains allowed for range of motion 

limitations to be applied thereby facilitating manipulation for detailed study. 

While the technique offers a promising altemative to expensive CT scans and 

potentially damaging stylus digitizers, one must consider the size hmitations ofthe 

equipment, access to hardware and software, time constraints on the project and the 

leaming curve ofthe design team before selecting the method appropriate to the project. 

While the results were satisfactory for exhibit purposes and scanners are capable of 

capturing minute detail, until computer hardware power increases, the level of detail that 

can be stored and shared by institutions will remain limited. In the end, this technology 

offers a promising altemative to traditional methods of biomechanical research and data 
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storage and affords the opportunity for attractive in-house exhibits, saved in the format of 

choice and specific to institutional research. 

IX 



LIST OF FIGURES 

3.1 Digital Photograph ofthe Cast of Anhanguera 9 

3.2 Cyra" Cyrax* 2500 Scanner 10 

4.1 Cyra* Cyrax" 2500 Scan Control friterface 14 

4.2 Fence Surrounding Unwanted Areas of Scan to Allow Deletion 15 

4.3 Points Selected During Manual Registration 16 

4.4 Point Cloud Showing Noise or Scattered Points Between Teeth and Along Edge 17 

4.5 Close-Up of Mesh Representing Ribs 18 

4.6 3ds max™' Interface 19 

5.1 Individual Edited Scan ot Anhanguera 22 

5.2 Three-Dimensional Point Cloud ot Anhanguera 's Body 23 

5.3 .Anhanguera''s Wing Mesh Rendered 25 

5.4 Three Frames From Animation Demonstrating Front View of Wing Movement 26 

6.1 View of Scan at Oblique Angle to Facilitate Removal of Unwanted Data 30 

6.2 Error from Flexion in Armature 31 

6.3 Error from Removal and Reattachment of Skull 31 

6.4 Scan Capturing Camarasaurus in Background of Anhanguera 33 

6.5 Wing Mesh Showing Holes in Metacarpals 37 

6.6 Frank Mesh Showing Webbing Between Ribs 37 

6.7 Wing Prior to Application of "Decimate Polygons" and Relax Polygons" Tools 38 

6.8 Wing After Application of "Decimate Polygons" and "Relax Polygons" Tools 38 

6.9 Mesh Demonstrating Scab at Center of Image Where Two Meshes Were Joined 39 

6.10 Point Cloud Before (Left) and After (Right) Cleaning Noise 40 

6.11 Wing Point Cloud After Applying a Uniform Sample 40 

6.12 Time Spent Toward Final and Unused Material 46 

6.13 Time (in hours) Utilized During Each Phase 47 

7.1 Single Frame from Film Animated for Exhibit Showing Quality of Image 48 

7.2 Polygonal Mesh ot TyrranosaurusRex 54 



CHAPTER I 

INTRODUCTION 

Technology is advancing exponentially. What is discovered in the next year will 

be far exceeded in the following year. Today, society as a whole exists with computers 

and technology as one ofthe key cores on which all other functions depend. People use 

computers to communicate, to operate their machines and cars, and even to operate parts 

of their bodies. Although not as technologically based as society in general, museums 

also look to technology to aid in their everyday functions, such as preservation of their 

collections and to help solve problems with these collections. Most museums use 

computer databases to manage, at least in part, the stored collections data. Additionally, 

museums use increasingly more sophisticated hardware to monitor the museum 

environment. 

One technological advance that holds promise in the museum setting is that of 

virtual imagery. Accurate digital representations hold many possibilities for experts 

(curators, restorers, archivists), students, and museum visitors. Accurate digital 

representations can be used as a means to archive the object for posterity. The image can 

serve if restoration is necessary later. Ultimately, they serve as research material for 

persons who are not able to access the real objects due to time, distance, or money. 

Further, virtual imagery and the animations that can result from them benefit the visitor 

by allowing them an enjoyable leaming experience that might even be heightened by the 

immersive experience. According to Bimber et al., "for museum visitors.. .storytelling 

enables a more exciting and interactive experience, and it has the potential for improving 

knowledge transfer" (2002, 47). These animations can be particularly significant for 

conveying objects and places to the audience for which no parallel exists in nature. 

This use of computer imagery is becoming more and more common although it is 

still a rarity in museum environments. Whether the lack of utilization of virtual images is 

a result of high costs or a lack of expertise amongst museum employees is not completely 

known. However, with the decreasing costs of technology and computer software that is 



becoming evermore user fiiendly, the future of computer imagery in museums is now. At 

this time, the extent to which virtual reality will take the museum seems to be limited 

only by the breadth of one's imagination. 

Problem 

In museums, virtual images can help to preserve the original object. Research can 

pose an inherent threat to museum collections. The more an object is handled, the more 

chances it has to be inadvertently damaged due to human factors such as breakage, 

dropping, folding, etc. Likewise, if an object is shipped for study, it mns the risk of being 

damaged in transit or worse, being lost. For some large objects, shipping is not possible 

due to both cost and logistics. For large, fixed objects on exhibit, there may be limited 

opportunity to gain access to the object or to handle the artifact sufficiently to afford 

study. This can be a particular problem in the realm of paleontology, where a mounted 

skeleton does not allow sufficient manipulation for study ofthe movement and 

locomotion ofthe creature. 

In looking for ways to increase research potential while minimizing the need to 

handle the objects themselves, paleontologists have long tumed to three-dimensional 

representations. Most often in the past, this has been in the form of three-dimensional 

casts that can be studied and manipulated in place ofthe original valuable skeletons. 

Nevertheless, the creation of these casts is potentially harmful to the original bones, 

which act as templates for mold making (Lyons et al., 2001). Today, paleontologists are 

beginning to tum to a new form of three-dimensional model for research purposes—a 

virtual computer image. Increasingly, the computer images paleontologists use are not 

just images hand-rendered by an artist, but rather are more scientifically accurate 

representations created directly through the use ofthe surface data of a specific specimen. 

These computer objects although not completely photo-realistic are far more precise than 

those rendered by hand. These images can benefit museum visitors by aiding their 

leaming through representation of extinct creatures for which no parallel exists in nature. 



Virtual objects also hold the potential of replacing the need for creating molds directly 

from the bones, thereby helping to preserve the valuable originals. 

Most ofthe attempts to this point have involved imaging single bones through 

either computed tomography, which is extremely cost-prohibitive, or employ stylus type 

point digitizers, which must trace the outline ofthe object. Due to the contact they must 

make with the surface ofthe object, these styluses are potentially injurious to the objects 

and thus have minimal use in a museum setting. Such contact could abrade the surface 

causing permanent damage such as "chips, nicks, and scratches" regardless ofthe 

composition ofthe surface (Applebaum, 1990, 146). 

So where does today's technology leave museums with respect to virtual 

imagery? What methods are available to help museums access this technology? Can 

paleontology improve on the three-dimensional casts that are used for research? What 

research value do these images provide across the disciplines? The Virtual Pterosaurs 

Project sought to answer just these types of questions. 

Proposed Solution 

The purpose ofthe Virtual Pterosaurs Project and the resultant paper is to 

investigate the feasibility of small museums to create reasonably accurate virtual models 

for research and exhibit purposes. The project attempted to investigate the benefits of 

surface laser scanning by applying known methods of computer visualization to museum 

objects with minimal technical support and no financial backing. 

The project was systematic. Techniques that had previously been used to archive 

the Statue of Liberty were applied to the first three phases ofthe four-phase method 

(Louden, 2002). Despite the utilization of tested techniques, the hardware and software 

had never before been applied to paleontological specimens. Further, an additional phase 

of character animation was added to make the data presentable for museum exhibits and 

for locomotion study. For this phase, a paleontologist with specific knowledge ofthe 

subject's locomotion was consulted. Time spent during production was logged carefully 

to investigate the amount of time necessary to complete each process. Problems were 



recorded to help discem the source of difficulties as well as potential solutions. Each 

phase was completed before moving on to subsequent phases. The project was conducted 

by two persons, one with a broad background in three dimensional computer modeling 

and animation using mid-1990's software and a second person with strong art, two 

dimensional computer graphic background and subject knowledge, but no three 

dimensional computer skills. 

The resulting times, problem/solution logs, and final data were analyzed to 

determine answer to the following four questions: (1) Can an image of quality sufficient 

for museum use be obtained using these methods? When considering this question one 

must also consider to what extent the data would be useful within the museum. (2) Is the 

amount of time required to complete the project reasonable given the potential use ofthe 

resuhs? (3) How much skill is required for the person(s) to complete the project? Does it 

require someone with specific educated skills? Is it sufficient to have simply broad 

background knowledge? Alternatively, could someone with basic computer skills 

accomplish similar projects with a certain amount of guidance and instmction? (4) Is the 

cost ofthe project prohibitive for a museum budget? To determine this one must 

determine not only equipment, material, and process costs, but also cost in man-hours, 

and any hidden costs that might arise. Together, the answers to each of these questions 

determine the success or failure ofthe project and of its feasibility to the museum world. 



CHAPTER II 

TECHNOLOGY REVIEW 

For the past several years, paleontologists have tumed more and more to three-

dimensional computer graphics to reconstruct fossils (Figgins, 2001). For example, three-

dimensional computed tomography (CT) techniques have been used to produce a 

digitally rendered endocast ofthe skull of Tyrannosaurus Rex (Brochu, 2000) or to 

provide nondestractive visualization of both intemal and extemal stmctures in a wide 

range of natural history specimens (Owen, 2003). Further, micro fossils have been imaged 

through capture by scanning electron microscopy and representation using QuickTime 

VR. Recently, sauropod skeletal elements were digitally represented using stylus type 

point digitizers (Wilhite, 2003). Finally, some projects, such as the Smithsonian 

Triceratops, utilized a combination of CT, surface scanners, and point digitizers 

(Chapman, 2001). 

Currently, the most common method of three-dimensional data capture is the 

result of computed tomography, which is primarily concemed with imaging intemal 

anatomy (Rowe et al., 1999). However, this method can be cost prohibitive, costing as 

much as SI 200 an hour just to capture the data. Another method utilizes a point digitizers 

to capture surface data, most commonly in the form of a stylus attached to a bendable 

arm-shaped stand, such as the Faro Arm. These scanners must "trace" the surface ofthe 

objects and could potentially damage the object, particularly if the object is fragile. Thus, 

their use within the museum field is limited. 

Outside of paleontology, surface scanning is becoming an important method of 

archiving surface data, documenting architectural and historical sites, and reconstmction 

of objects or rains. Most of these projects employ laser surface scanners similar to the 

one used in the Virtual Pterosaurs project. In the past, computers have been used to image 

rains and to reconstract a site virtually (Bloomfield and Shofield, 1996). More recentiy, 

digital surface scanning has been used to document an archaeological dig at the Lubbock 

Lake Landmark (Hill, 2003). In addition, Texas Tech University's Architecture 



Department along with the Historical American Buildings Survey and the National Park 

Service scanned the surface ofthe Statue of Liberty and constructed a digital statue 

(DSOL, 2002). The Statue could be reconstmcted from the data captured and archived if 

ever necessary. Similarly, a group of persons from Stanford University scanned and 

archived Michelangelo's David (Levoy, 1999). The project was conducted to archive the 

statue as well as to test the possibilities of using digital data to study such an object 

(Levoy, 1999). 

However, although laser surface scanning has been employed predominately 

outside of paleontology as mentioned above, tt still has played a role in some projects 

such as the Smithsonian Triceratops (Smithsonian, 2001). The usefiilness of laser surface 

scanning was examined in 2000 when a project created an interactive model of a 

mosasaur basisphenoid-basioccipital bone. They determined that due to file size high-

resolution scan data was not easily manipulated (Lyons et al., 2000). However, small file 

sizes were not conducive to study of detailed data. While the image appeared good at 

distances, distortion was apparent when zoomed close (Lyons et al., 2000). 

Some interesting facts are of note. Most three-dimensional digitization projects 

employed scanners designed specifically for their projects such as the David Project 

(Levoy, 1999) or the mosasaur bone (Lyons et al., 2000). Likewise, most ofthe digital 

data was manipulated using software designed specifically for the project or within the 

projects. Most scanning projects involved a large number of persons. The Smithsonian 

Triceratops involved eight principal members, but utilized the time and knowledge of 

many more persons (Smithsonian, 2001). The David Project involved 22 persons 

including students and staff (Levoy, 1999). Many ofthe participants on the team were 

professional computer visualization or programming experts that were able to perform 

complex functions on the data and even write programs to handle the specific problems 

encountered (Levoy, 1999). In addition to the large teams, the projects further involved 

the capturing of large numbers of scans. The David Project involved over 582 individual 

scans taken over four weeks (Levoy, 1999). In addition, most ofthe projects were the 

funded by significant grants. 
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It should be noted that few projects were without problems. Most ofthe projects 

resulted in files of a large number of polygons and thus a large file size. The ranges were 

from 3 million to 2 billion polygons and from 20 to 32 Gigabytes of data. These files 

this state are unmanageable by most modem computers. In fact, the David scan data 

not viewable in its entirety by any single computer. Similar problems faced the Digital 

Statue of Liberty Project (Louden, 2002). These large files required that the number of 

polygons be reduced significantly to allow for files that are small enough to be viewed 

and manipulated by standard computers. The resultant files were reduced by 95 to 98 

percent. The reduction of polygons reduces the accuracy of data and allows problems 

within the data such as holes. Despite the necessity of reducing file sizes, the onginal 

pnstine data was archived for reference and for later use should improved computer 

efficiency permit. 

The benefit to stylus point digitizers is that the data files are much smaller than 

those produced by laser surface scanners and thus do not require polygon reduction 

(Wilhite, 2003). However, minor errors in digitization using this process can affect the 

final shape ofthe model (Wilhite, 2003). Therefore, laser surface scanning or CT 

scanning would be more appropriate if millimeter accuracy is necessary (Wilhite, 2003) 

Regardless ofthe methodology, scans hold great promise in paleontology. 

Scarmed data can be used to create a physical model through the process known as 

stereolithography (Chapman, 2001). These and other such casts of objects are important 

because they can be produced without any potential damage to the object through 

conventional casting techniques that use the objects to create molds (Carty, 2003), 

According to Wilhite, digitized elements are especially useful for modeling joint 

articulations (2003). Lyons et al. suggest that reduced polygonal meshes have an 

application in locomotion studies (2000). Locomotion studies can become even more 

accurate when models are applied to actual digitized footprints (Gatesy and Middleton, 

1998; Bimber etal., 2002). 



CHAPTER III 

MATERIALS 

During research on available hardware and software, certain equipment and 

software were located at the Texas Tech University School of Architecture; the 

equipment was available for loan to departments on campus at no charge. While the 

operation ofthe equipment and software was left to the user, technical support was 

offered by students and faculty familiar with the equipment. Most ofthe matenals used 

on the Virtual Pterosaurs Project were the same used to digitally archive the Statue of 

Liberty by the Architecture Department along with HABS (Historic American Building 

Survey) and the National Park Service (Louden, 2002). However, since the subject matter 

of this project was extremely different from the objects the Architecture Department 

normally focuses on, i.e. buildings and historic sites, the techniques varied considerably. 

Subject Matter 

The subject matter was to be a paleontological specimen relevant to current 

research at Texas Tech University and to the upcoming Dinosaur Exhibition at the 

Museum of Texas Tech University. The choices were narrowed to Bambiraptor and 

.Anhanguera, a dinosaur and a pterosaur respectively. Both play a role in the evolution of 

flight. Due to the technical limitations ofthe hardware (the laser scanner), Bambiraptor 

was eliminated after test scans revealed that the size ofthe bones was too small to 

accurately capture with the scanner. At that time in the project, the focus was placed on 

Anhanguera, a Brazilian pterosaur from the Santana formation, whose cast had already 

been mounted for exhibition (see Figure 3.1). The cast selected was particularly 

important as it was produced from a high-quality three-dimensional specimen, unique 

since most pterosaur specimens discovered have been crashed into two-dimensional 

formations (Chatterjee, 2003). Since this particular scanner had not been previously 

tested on similar subjects (Hill, 2002), it was further determined that scans would also be 

performed on two other pterosaurs—Tapejara, a much smaller specimen, and 



Quetzalcoatlus, a large pterosaur with a wingspan of 40 feet. The suspicion prior to 

scanning was that the large stature of Quetzalcoatlus might yield the finest detailed data, 

however due to its current position mounted close to the ceiling; there was no chance for 

capturing dorsal data with the scanner. While Tapejara would later prove too small, it 

was hoped that dimensional information derived from the scans might be used to model 

the cast by hand for exhibit purposes. 

It should be kept in mind that the nature of a cast skeleton involves parts ofthe 

specimen being sculpted to replace missing information, i.e. the left humems being 

created as a mirror image ofthe right humeras or all ofthe ribs being created from 

mirroring and scaling an existing rib. Since a scan of a cast is only as accurate as the 

quality ofthe cast, scans made from the actual bones would have aided in a more precise 

reconstmction ofthe actual skeleton. 

Figure 3.1 Digital Photograph ofthe Cast of Anhanguera 
©2002 Museum of Texas Tech University -

All Rights Reserved 

Scanning Materials 

To capttire point cloud data, the x, y, z coordinates for points along the surface of 

the subject, Cyra®'s Cyrax® 2500 3D Laser Scanning System was used (see Figure 3.2). 

The scanner is a high-speed, high-accuracy, laser radar scanner with a point accuracy of 

±2 to 6 mm (Cyra® Technologies, 2003). The resultant scan density is 0.25mm minimum 



distance between points with a maximum scan consisting of 1000 X 1000 points (Cyra® 

Technologies, 2003). The laser is directed through two intemal mirrors. A camera within 

the scanner head captures a 480 X 480 pixel image ofthe subject to enable selection of 

the region to be scanned. The scanner is most efficiently operated on an electrical power 

supply, but may be operated up to 8 hours on two rechargeable batteries (Hill, 2002). 

Figure 3.2 Cyra'' Cyrax"" 2500 Scanner 

The scarmer is operated through software loaded on a laptop computer connected 

directly to the scarmer. The minimum requirements for the laptop are a 500 MB Pentium 

II processor with 256 MB of RAM, a 10 OB hard drive, a network card for interfacing 

with the scanner, and an operating system of Windows NT 4.0, Windows 2000 SP2 or 

Windows XP Home or Professional (Cyra® Technologies, 2003). The laptop actually 

used was a Dell Pentium IV with 512MB of RAM and an operating system of Windows 

NT 4.0 

The software used to interface with the scanner was Cyra® Cyclone " 4.1. This 

software has the same hardware requirements as the scanner itself Further. Cyclone 



was utilized for initial editing of each scan to isolate the subject and for exportation into a 

format useful in later stages. 

Registration, Modeling, and Animation Materials 

A number of different computers were used for these phases. The hardware 

ranged from a computer with a single Pentium IV processor and 512 MB of RAM for 

most ofthe registration, to a 2.53 MHz Pentium FV processor with 1GB of RAM for later 

modeling and animation, and a dual processor Pentium IV with 1 GB of RAM, for 

intermediate modeling. All computers contained large hard drives to handle the immense 

file sizes ranging froml.5 MB to 537 MB. Most ofthe computers belonged to the 

Architecture Department and were thus connected to their large capacity server for file 

storage and backup. 

The software used for the registration process and initial modeling was Raindrop 

Geomagic Studio* 4.1 and later 5.0. This computer program, referred to as a reverse 

engineering program or one that is used to analyze or take apart an object in order to see 

how it works to duplicate or enhance it, requires a high-powered computer in order to 

function property and efficiently. McNeel & Associates Rhinoceros" 3.0 was also used 

for some modeling and testing of meshes. Rhino can operate on Pentium II computers 

with only 256 MB of RAM. Finally Discreet's 3ds max"' 5 was used for final modeling 

and animation trials. This software requires a Pentium III computer with 512 MB of 

RAM, but needs more RAM to operate efficiently. 

Documentation 

Key to detennining the feasibility ofthe project for smaller museums was 

documentation ofthe amount ofthe time taken for each phase ofthe process, any 

problems encountered and their potential solutions, and questions requinng follow-up. 

This documentation was accomplished through the maintenance of a joumal dunng the 

project. 
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Other Materials 

Other materials that came in useful throughout the creation process were many 

reference books that aided the users in their quest to uncover secrets hidden within the 

software. Websites offering technical assistance were also consulted specifically in 

reference to selection of software and problems encountered with Raindrop Geomagic 

Studio While the \\ ebsites proved useful for selecting the proper software, they fell 

short of providing the help needed with Raindrop Geomagic Studio**. In addition, a 

spreadsheet containing actual measurements obtained from the cast skeletons prior to 

mounting would have proved beneficial in the definition ofthe inverse kinematic chain, 

the system that controls the invisible skeleton from within the model to enable movement 

ofthe character. 

12 



CHAPTER IV 

METHODOLOGY 

The Virtual Pterosaurs Project was divided into four distinct phases: the Scanning 

Phase, the Registration Phase, the Modeling Phase, and the Animation Phase. Prior to the 

onset ofthe project another phase, the selection of software was undertaken. While this 

was not part ofthe project in itself the results of this phase had a direct bearing on the 

rest ofthe project and therefore it will be included in this paper. A final phase, Film 

Production, would also be necessary to produce a finished product for research or exhibit, 

but remains outside the scope of this project due to budget limitations. Successful 

completion of each phase was necessary for continued progress in subsequent phases. 

Selection of Software 

Prior to the selection of matenals for this project, extensive research was done 

into available hardware and software and the pros and cons of each. Over forty hours 

went into the selection of software for the project. There are five common software 

packages available for 3D animation: Newtek's Lightwave^, Electric Image's Universe", 

Maxon's Cinema 4D", Discreet's 3ds max™, and Alias's Maya*. All of these programs 

were investigated using software companies' websites, animation discussion groups, and 

emails with the software companies and analyzed according to the results. 

The Scanning Phase 

During this initial phase ofthe project, the Cyrax* 2500 laser scanner captured the 

surface data ofthe object. The scanner was operated through the Cyclone software 

mnning on a laptop wired to the scanner (see Figure 4.1). The first step in scanning was 

to initialize the scanner through the Cyclone"' interface on the laptop. Once the 
. TM 

connection was made, it was necessary to establish a database within Cyclone to store 

the scan data. Using the "Configure Database" pull-down menu and the "Add" tool and 

"New" button, a database with an .imp file format recognized by Cyclone™ was created. 

Once the database was implemented, scanning could commence. An image ofthe subject 
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was capfrired with the scanner s intemal camera, the area to scan was selected from the 

picttire, the desired resolution for capturing the data was set, and finally the "Scan" 

button was clicked. The scanner head emits a laser, which is directed along specific 

patiis surrounding the object using two intemal min-ors. When an object intermpts or 

distorts the flow ofthe laser, the deviation is captured by the scanner and each point is 

measured as x, y, and z coordinates and stored as such within the .imp database. The 

result of each scan was a point cloud, or three-dimensional grouping of points that 

represented only a portion ofthe object's surface. 

Figure 4.1 Cyra Cyrax 2500 Scan Confrol Interface 

When moving either the scanner or object to capture a new scan, the Scan World, 

or orientation ofthe scan to the origin, was changed within the software to allow for the 

proper placement of surface data during registration, the process of combining the scans 

together. Likewise, sufficient overlap between adjacent scans is necessary to facilitate 

registration. All scans were named descriptively to aid in the next phase. Further, the 

order of each scan was recorded to allow the scans to be registered in the order they were 
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recorded. This ensured that correctly overlapping scans were imported for registration at 

the same time. 

After scanning was complete, each scan was opened within Cyclone™'s 

Modelspace and edited for content by drawing a fence or irregular box around any 

unwanted objects or background information and deleting it (see Figure 4.2). When the 

scan appeared as desired, "Select All" was chosen and the scan was exported in the .xyz 

file format, saving the file under the same name as given to the original scan. 

Figure 4.2 Fence Surrounding Unwanted Areas 
of Scan to Allow Deletion 

The Registration Phase 

The next phase, registration, concemed the weaving together ofthe different 

scans to form a three-dimensional completed object. The .xyz files were imported into 

Raindrop Geomagic® Studio, two at a time, and a manual registration process was 

performed. Within the manual registration fimction, three similar points were selected 

from each scan taking care to select points that were most likely to be the same (see 

Figure 4.3). Points were selected in such a maimer that they were adjacent to clear 
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landmarks, formed a triangle, and were from varying depths. These selection criteria 

ensured that when the software mathematically placed the scans together with the least 

error. 

Figure 4.3 Points Selected During Manual Regisfration 

After the registration ofthe first two scans was complete, each subsequent scan 

was imported into the existing file and attached to the previous grouping of scans. It was 

critical that each time a new scan was added, the original group was selected as the fixed 

point and the new scan was selected as the floating object within the "Manual 

Regisfration" Menu. This allowed the orientation ofthe objects to the grid origin to 

remain the same so that the objects come together correctly in space. 

The Modeling Phase 

After the scans were registered, leaving one three-dimensional point model per 

subject, a series of steps were applied to the point cloud to make it ready for conversion 

to a format that is useful for modeling and animation. First, the point objects were 

merged using the "Merge Point Objects" function under the Tools menu. This combined 

the points into one large point cloud, which enabled accurate application ofthe mesh. 

Next, noise, or errant points produced by the scanner (see Figure 4.4) were removed 

through the "Reduce Noise" fimction, "Reduce Outliers" ftinction, and through manual 

removal when necessary. 
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Figure 4.4 Point Cloud Showing Noise or Scattered 
Points Between Teeth and Along Edges 

Following the removal of noise, points were algorithmically reduced using the 

uniform sample, curvature sample, and random sample fimctions. Within each of these 

tools, a percentage reduction or a distance between points was selected and the software 

mathematically removed the appropriate number of points. Since the points were accurate 

data and removal of the points can alter the results, lowering the accuracy and in some 

ceises producing holes within the mesh, caution was taken before using fimctions that 

disturb the point cloud to the extreme. 

Once the desired point cloud was achieved, a surface wrap was performed on the 

cloud. The software converted every set of three points to a triangle, which was 

coimected to the other triangles to form a polygonal mesh (see Figure 4.5). Some areas 

such as individual fingers or ribs were wrapped separately to prevent webbing between 

the areas. 
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Figure 4.5 Close-Up of Mesh Representmg Ribs 

The holes were filled for each mesh using the "Fill Holes" fimction. Once the 

holes were filled in each mesh, the individual meshes were merged to form one large 

mesh object. Following the merge, the mesh was ready for editing. The "Decimate 

Polygons" fimction was applied to various areas ofthe mesh to reduce the number of 

polygons resulting in a mesh that was manageable in the animation software. Areas 

requiring the most detail were decimated minimally leaving the largest numbers of 

polygons, thereby preserving the fine points. Next, the "Relax Polygons" command was 

applied where necessary to remove spikes and uneven surfaces. Finally, the surface was 

smoothed using the "Sandpaper" fimction to relax further any rough areas. 

Following the transformation process, the mesh was ready for exportation from 

Raindrop Geomagic into a modelmg package such as Rhinoceros or into an animation 

software such as Discreet's 3ds max^^. The ultimate use ofthe mesh determines the 

format that best serves for exportation. 

Within 3ds max"̂ *̂ , the fnst step was to convert the mesh to an editable mesh. 

Once this was done, further editing ofthe mesh was applied including "Tessellation." 

"Smooth," and "Relax" to get an even surface. A "UVW Shrink Wrap" modifier was 

applied to the surface to allow it to accept a surface map properly. Next, a material of 

brown stucco was assigned to the bones to give the surface a look of real fossils. Any 
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remaining holes or spikes were manually filled by pulling and pushing vertices. For this 

process, it was necessary to utilize a four viewport configuration with the Top, Front, 

Right or Left, and User viewports showing so that all viewports could be checked 

concurrently when moving a given point. Finally, two omni lights were placed in the 

scene to provide proper lighting and to allow for shadows necessary to a realistic object. 

The Animation Phase 

Animation was conducted using Discreet's 3ds max™ (see Figure 4.6). The 

original goal was to animate the entire skeleton. However, due to time constraints and 

technical difficulties, the decision was made to focus on the movement ofthe wmg of 

Anhanguera. 
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Figure 4.6 3ds max '̂̂  Interface 

To begin the character animation, it was necessary to convert each actual bone 

mesh into what the computer calls "bone objects.'" These bone objects have a parentxhild 

relationship defined between them through the links assigned to the meshes. Once 

defined, the bones are interconnected so that when one bone is moved the others in the 

chain move accordingly. To convert the mesh to a bone, each child mesh was selected, 

then the "Create Links" button was clicked, and finally the cursor was dragged to the 
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parent mesh. Once selected the parent mesh flashed signifying that the link has been 

established. Next, the pivot point for the bones was defined. This process is done to each 

bone, one at a time. The object is selected, "Affect Pivot Only" is tumed on within the 

Hierarchies menu in the "Command Window," and the pivot point was repositioned as 

desired using the "Rotate" and "Move" tools. In the final step before inverse kinematics, 

the algonthms that allow the movement of a child object to affect the motion ofthe 

parent, is applied to the objects all related meshes were selected and converted to bone 

objects by selecting the "Bones On" checkbox within the "Bone Tools" wmdow. This 

command window is accessed through the "Character" pull-down menu. 

Once the bones system was established, inverse kinematics (IK) was applied to 

the chain of bones in order to enable proper movement ofthe wing. The resuh is an IK 

chain of bones that allows the end bone to be manipulated and the bones preceding it m 

the hierarchy to move accordingly. To apply an IK chain one of three IK Solvers, or 

algonthms that define the movement, must be assigned to the bones system. In the case 

ofthe wing, the History Independent (HI) Solver was utilized. This is one ofthe most 

efficient IK Solvers, as it does not allow previous mo\ements to be figured into 

calculations. To apply the solver, the parent object at the beginning ofthe IK chain \\ as 

selected, the desired solver was selected from IK Solvers under the Animation pull-down 

menu, and then the end joint ofthe child object was chosen. Within the DC parameters, 

the user can specify angles of rotations for joints, movement limitations of certain bones, 

and effector movements between bones within the IK section ofthe "Hierarchies" menu. 

Finally, the last bone in the chain, the wingtip was moved and rotated to create a 

smooth movement ofthe wing along a desired path. The remaining bones and the meshes 

follow accordingly. "The Morphometric and Flight Characteristics ofthe Pterosauria" 

and The Illustrated Encyclopedia of Pterosau,rs as well as input from local paleontologist 

and researcher Dr. Sankar Chatterjee helped determine the exact movement ofthe 

pterosaur wing (Hazlehurst, 1991; Wellnhoffer, 1991; Chatterjee, 2003), 

Animation was accomplished using the 30 frames per second that is standard for 

most film production (Murdock, 2001; Peterson, 2001), Keysframes are frames at \\ hich 
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an object is transfomied or changed in some way within an animation. In animating, the 

user defines the keyframes by transforming an object with the animate function tumed 

on. Once key frames are established, the software interpolates the movements between 

keyframes to establish smooth motions. In the Virtual Pterosaurs film, keyframes were 

placed e\ery 20 seconds at which altemating downstrokes and upstrokes were placed. In 

between these main keyframes, other keyframes were defined at which the wing rotated 

anterior and posterior. These alterations created the elliptical pattem that the wingtip 

should follow during the flight stroke. 

Two films were produced showing the movement ofthe wing, one from the 

anterior view and another from the left lateral view. 
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CHAPTER V 

RESULTS 

Overall 219 hours were spent in the attempt to produce a model accurate enough 

for use by a museum. Of these hours, only approximately 111 hours were occupied in 

tasks that added to the finished product. The remainder ofthe time was used m 

attempting tasks that alerted the team to mistakes in prior phases, in trying things, which 

were not within the scope ofthe hardware and software, or in an effort to leam the best 

method for achieving the desired results. A breakdown ofthe time and results of each 

phase follows. 

Results ofthe Scanning Phase 

It took the team 18 hours to produce 77 scans ofthe cast skeletons such as the one 

in Figure 5.1. The scans were taken at varying densities dictated by the size ofthe subject. 

For Anhanguera there were 32 scans of his body, 9 scans of his right leg, which was 

detached from his body, and 17 scans ofthe wingtip, also separated from his body. The 

scans of Quetzalcoatlus included 7 scans of his body and 17 scans of his skull. Five scans 

were taken of Tapejara; however, little data was discemable from these scans making it 

impossible to register them together. 

Figure 5.1 Individual Edited Scan of Anhanguera 
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Results ofthe Registration Phase 

Registration produced three individual three-dimensional point clouds. One high-

density point cloud was produced of Anhanguera's body including his skull (see Figure 

5.2). A second high-density point cloud represented Anhanguera's lower wing. A third 

high density point cloud was formed from his wingtip. A fourth lower density point cloud 

represented Quetzalcoatlus's venfral surface. The point clouds appeared to have good 

definition showing various surface features ofthe bone. Smaller orifices and indentions 

in the bone smaller than a millimeter were not visible in the point cloud. Due to 

positioning ofthe scanner head during capture, the point cloud did seem to contain some 

large holes. The registration process took 83 hours. Of this time, approximately 40 hours 

were spent toward the final point clouds. 

Figure 5.2 Three-Dimensional Point 
Cloud of Anhanguera's Body 
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Results ofthe Modeling Phase 

Over 92 hours were spent in the modeling phase. Of this time, only 37 hours 

being applied to finished polygonal meshes, while the rest ofthe time was spent 

investigating possible methods of improving the models. The surfaced point clouds 

produced by Raindrop Geomagic Studio® contained hundreds of thousands of polygons. 

Due to the large number of polygons, the surface appeared rough in places. It took only 

about an hour to do the final wraps. However, knowledge ofthe proper method for 

achieving the most accurate mesh took longer to leam. 

After much editing, three reasonable models were achieved for Anhanguera: one 

ofthe skull, one ofthe wing (see Figure 5.3), and one ofthe body. Seven hours were 

occupied with producing and editing a mesh ofthe postcranial skeleton minus the wings. 

It was apparent that this would be the most time consuming venture due to the variance in 

bone sizes and shapes. Thus, the decision was made to concentrate on the wing and skull. 

However, the skeleton was adequate for exhibition purposes that did not involve close-

ups of individual bones. Sixteen hours were spent wrapping and editing the wing mesh. 

The result was a smooth mesh with few holes, but missing the tip, which had to be 

modeled. Further, the digits were too small to be captured accurately by the scanner and 

thus modeling was required. Twelve hours were spent creating a model ofthe skull. 

Problem areas in the skull proved to be the braincase, which contained holes; the crest, 

which proved jagged; and the dentition, which the edit functions, had a hard time 

defining. 
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Figure 5.3 Anhanguera's Wing Mesh, Rendered 

Only two hours were spent toward the Quetzalcoatlus mesh of which one hour 

went to the final model. This mesh was smoother and uniform, but still demonstrated the 

surface elements ofthe bones well. There were a few gaps in the data, but far fewer holes 

than were found in Anhanguera. The surface proved much smoother. The two problem 

areas noted were the ribs and toes, which were thin and provided little definable data. The 

biggest overall problem with Quetzalcoatlus was the fact that the weight ofthe scanner 

combined with the fact that this specimen was hung closely to the ceiling prevented the 

capture of any dorsal data. Thus, the mesh is not complete. 

Some portions ofthe scan were not usable as the bones, such as the small bones 

ofthe feet, were too small to be accurately recorded by the machine. These portions 

would have to be modeled using the scanned points as a reference for dimension. 

Results ofthe Animation Phase 

Twenty-six hours were invested in the animation portion ofthe project. The 

creation ofthe IK chain took approximately 4 hours for production. Application ofthe 

"Skin Modifier" took approximately 4 hours. Manipulation ofthe wing for animation 

took approximately 8 hours. Rendering ofthe animations took approximately 15 minutes 

per film. The remaining time was occupied in methods that were unsuccessful toward the 

final project. Two films resulted demonstrating the movement of Anhanguera's wing -

one with the camera capturing the anterior view ofthe wing and a second demonstt^ting 
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the left lateral view ofthe wing (see Figure 5.4). Each film consisted of 450 frames and 

lasted approximately 15 seconds. 

a. Frame 35 from Animated Film 

b. Frame 60 from Animated Film 

c. Frame 75 from Animation 

Figure 5.4 Three Frames From Animation 
Demonstrating Front View of Wing Movement 
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CHAPTER VI 

DISCUSSION 

The following chapter addresses many ofthe concems encountered during the 

project. Although problems were encountered in every phase, solutions were discerned 

for most difficulties. Their inclusion here serves to prevent future readers embarking on 

similar projects from making some ofthe same mistakes that resulted in increased time, 

specifically time not used toward finished product. 

Selection of Software 

Features desired by the team in a software package were determined before 

research began. Foremost, software must be user-friendly with a relatively small leaming 

curve. Contributing to this level of ease of use is the availability of tutonals and technical 

support both in written form and on the intemet. Next, the software must be readily 

available. The more common the program is, the increased chance support is available 

and the more likely one could obtain help. Next to consider are the number of plug-ins 

available or additional programs that add functionality to the software. Lastly and most 

importantly was the cost ofthe software. Minimal monetary resources were available so 

the desire was to obtain the most software for the price. Fortunately, all software 

packages had an academic price available, which was much more reasonable than the 

retail price. 

For Macintosh users, all but 3ds max were options. For persons needing to 

access the same file on both PC and Macintosh, Universe* was the only package that 

included both formats for a single purchase price and luckily it was also the least 

expensive animation software surveyed. However, Universe'^ had relatively few user 

tutorials and references available on the web. 

Likewise, Cinema 4D* had minimal support resources available. In addition, 

there did not seem to be sufficient information available to determine its usability. 

However, its strength was that the software was available in numerous foreign languages. 
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Recent visits to the Maxon website indicate that user resource have increased 

exponentially since initial research was done for this project in the summer of 2002, 

Lightwave* 7.0 and 3ds max™ had a large amount of tutonals and support 

available Lightwave* 7.0 had many features, but did not import/export to a large number 

of file fomiats. In addition, there were compatibility issues between Windows XP and 

Lightwa\e* 7.0. Further, Lightwave" 7.0 did not support NURBS (Non-Uniform 

Rational B-Splines) modeling and the limited number of plug-ins available did not appear 

to meet the needs ofthe project. 

Maya*' is quickly becoming the animation software of choice in the entertainment 

industry. However, it is more expensive than the other softwares, costing around $7000. 

Likew ise, after much research it was determined that the software was complicated and 

difficult to leam and thus was outside ofthe scope of this project. 

3ds max seemed to be the best program for the project at hand. First, the price 

was most reasonable as the software was available for free use on campus. Second, the 

software came with a wealth of user resources including local persons who were familiar 

with the software. Third, one ofthe team members had a pre-existing knowledge of an 

older version ofthe software. Lastly, the program had a wide range of plug-ins available 

that promised to assist the project including programs to create extinct trees, to help with 

character animation, and to aid in the creation of hair. 

The Scanning Phase 

The Scanner was key to the entire Virtual Pterosaur Project. It allowed for the 

capture of actual surface measurements taken directly from the subject. These 

measurements allowed for the creation of an precise, fairiy accurate computer model. 

This level of accuracy along with the application of scientific stmctural measurements 

and knowledge to the locomotion allowed for the creation of models and animation much 

more suitable for research and exhibits than what has been created for movies and 

television. 
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Skill Level Required 

The operation ofthe scanner was simple enough that a person with basic 

computer knowledge can control the scanner after a brief onentation period to familianze 

the person with both the Cyclone® software and the method for connecting the 

equipment. Only after time spent scanning and solving associated problems does a person 

have the intimate knowledge scanning process necessary to produce scans ofthe highest 

quality w ith minimal errors. 

One ofthe decisions that experience can help dictate is what resolution is most 

hkely to produce the desired results. While one would think that the higher resolution 

scans produce the most detail, experience with laser scanners has shown that this is not 

always the case. According to Dr. Elizabeth Louden, Associate Dean of Architecture at 

Texas Tech University, it was discovered that often the best scans came from the use of 

medium resolutions while increasing the number of scans taken (2003). 

The choices of what portion ofthe skeleton should be included in each scan and 

how much overlap was necessary with the previous scan was another factor in which a 

close knowledge ofthe scanning and scan results aids. While it may seem during the 

scanning phase that each subsequent scan sufficiently overlapped the previous scan, it 

may be impossible to know if the overlap was sufficient until an attempt at registration is 

made. Efforts to join scans accurately into a three-dimensional model may fail if the same 

identifiable features were not apparent in adjacent scans to facilitate selection of three 

similar points. For large subjects, such as architectural buildings, there were targets that 

could have been used by the scanner in order to facilitate registration (Cyra Technologies, 

2003), but for smaller subjects, this was not an option. For bones it was found that 

surface landmarks could provide the key for successful registration. 

A third benefit that increased familiarity with scanning provides is in the 

arrangement ofthe subject. In the editing ofthe scans, one must delete the unwanted 

information from the scan. This often includes background information. If a subject is 

laying flat against a surface it makes it difficult for removal ofthe background. However, 

if there is a gap between a background and a subject, the removal ofthe background 
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becomes simplified. This gap is often achieved by propping the bone up with clay or 

suspending it in air prior to capture and then viewing the scan from an oblique angle (see 

Figure 6.1). 

Figure 6.1 View of Scan at Oblique Angle to Facilitate 
Removal of Unwanted Data 

Finally, another difficulty that knowledge ofthe scanner can prevent is the 

consideration ofthe effects of movement to the registration process. For the Statue of 

Liberty it was not realized that her arm moves slightly during the day due to wind and 

temperature shifts (Louden, 2002). Due to this slight movement, registration became 

difficult because the arm was bent at varying degrees between the scans (Louden, 2002). 

Similarly, in this project, shifting ofthe specimen resulted in flexion in both the arms and 

the neck. Further, the removal ofthe skull each night to prevent damage to the specimen 

resulted in the skull being in slightly different positions on different days. These 

problems prevented accurate regisfration ofthe specimens in the current form of data (see 

Figures 6.2 and 6.3). The solution was to register the head, neck, and wing separately, 

eliminating certain scans where the flexion was distributed throughout the body part. 

Once the individual pieces were registered, they could then be re-attached to each other. 

30 



Figure 6.2 Error from Flexion in Armature 

Figure 6.3 Error from Removal and Reattachment of Skull 

Time Factor 

Each individual scan took from one and a half to thirteen minutes. The average 

scan was approximately three minutes and 45 seconds. At the time ofthe use, the Cyrax 

scanner was scheduled for maintenance. As a result, the overall scan time was increased 

dramatically by a problem with the scanner head, which caused the laser source to lock 
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up during the scan. Thus, dozens of scans were incomplete and/or needed to be 

recaptured. It was not until late in the scanning process that the realization came that the 

scanner was locking up when the scan head was tilted downward at an acute angle. 

Following this revelation, scans of this type were avoided. 

Scanning Considerations 

While scanning itself can easily be accomplished by one person, it is necessary to 

have two people available for the movement ofthe equipment. Further, when setting up 

the area in which the scanner will be operated, sufficient space must be available 

surrounding the subject to allow for movement ofthe equipment between scans. 

Limitations ofthe Scanner 

As mentioned earlier, when testing the size limitations ofthe scanner, three 

different size pterosaurs were scanned. The smallest, Tapejara tumed out to be too small 

to capture accurately with the scanner. Our medium sized pterosaur, Anhanguer.a 

resulted in mostly readable scans. The largest pterosaur Quetzalcoatlus proved to be the 

best subject matter for the scanner and provided scans, which were easily registered 

together with little effort. However, a complete image ofthe specimen was not possible 

because the subject was hanging too close to the ceiling for the scanner to capture images 

of his dorsal surface. This fact suggests that the larger the figure, the more accurate the 

scans. However, this fact is of little surprise since the Cyrax scanner was designed for the 

large subjects of architectural and site scanning. 

Another factor of note is that during the scanning of Anhanguera, we captured 

part of a Camarasaurus in the background (see Figure 6.4). The Camarasaurus was a 

much larger creature and was placed further from the camera. This creature was captured 

with much more detail than the actual subject. This piece of infomiation further supports 

the knowledge that larger subjects would be the best selection for this scanner. 
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Figure 6.4 Scan Capturing Camarasaurus in 
Background of Anhanguera 

Another important consideration with relation to laser surface scanning is the 

safety ofthe equipment to objects. As the scanner does not come into physical contact 

with the subjects, there is no physical damage resulting from scanning. However, the 

scarmer uses light to record its data and light is potentially harmfiil to objects. The exact 

wavelengths of light utilized by surface scarmers vary in intensity and type. Laser 

scanners involve some form of UV radiation in the beam that reads the surface data. 

Lasers are also known for emitting heat with their beam. This heat is most often in the 

form of infrared light. CT scaimers involve x-ray radiation as they penefrate within the 

object to capture their images. All three types of light do irreversible damage to objects. 

The amount of damage is dependent on both the intensity ofthe light and the length of 

exposure (Applebaum, 1991, 70). Although ft was not determined the exact amounts and 

measurements of light produced by the Cyrax® scanner, the minimal contact time 

between the laser and a given area ofthe subject would minimize any detrimental effects 

caused by the light. Further, scanning should only be necessary once, as the data should 

be archived for any fiiture reference/manipulation. Compared to the potential damage 

resulting from handling during research, the detrimental effects should be less. Further, 

the use of x-rays and other forms of invasive light for research has long been an accepted 
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practice in analysis of archaeological matter and likewise has a place in geology (Cronyn, 

1990, 58-59). 

The Registration Phase 

Skill Level Required 

No specific skill was necessary to leam the steps of registration. Anyone can be 

shown the procedures in less than 30 minutes. However knowing the process of joining 

the scans does not make one successful at the task. Success comes not from computer 

ability, but rather from having an intimate knowledge ofthe subject and being able to 

recognize the specific features in a scan that will allow accurate selection of similar 

points. As one becomes familiar with the look of scans over time, experience with 

reading the point clouds can make up for a lack of familiarity with the subject. The ideal 

scenario from minimization of time would be to have an operator that has knowledge of 

reading scan data combined with a familiarity with the subject matter. 

Time Factor 

As mentioned above, errors made during the scanning from the repositioning of 

the skeleton had an effect on the success of registration. Several hours were spent 

attempting to register scans that were unable to be accurately joined due to flexion 

applied to this subject during one ofthe scans. Unfortunately, it was not clear that any 

change was affecting the skeleton from just looking at an individual scan. Although the 

registration process was resulting in scans that did not align, it was not apparent where 

the error was introduced. It was believed that the user introduced the problem through 

inaccurate selection of points during the manual regisfration process, ft took at least two 

hours each time to realize the tme source ofthe mistake. 

Another point that factored into the time element was the quality ofthe scans. If 

the parallel scans each contained clear landmarks to allow for easy selection of similar 

points then the registration process was accomplished easily. 
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A final factor that affected the ease of registration resulting m unproductive time 

was the user's ability to read the scan. The distnbution of points was sometimes thin 

where multiple scans were not overiappmg. This resulted in an optical illusion that made 

the point cloud appear well developed due to points showing through from the reverse 

surfaces. As a result of this tnck to the eyes, it was easy to shoot through the surface 

w hen selecting a point, picking one on the surface opposite what was intended. 

The Modeling Phase 

Skill Level Required 

This phase requires an intimate knowledge ofthe particular software used for this 

process, as well asthe knowledge to work with three-dimensional models on a computer, 

and the ability to analyze the cun-ent model in comparison to the desired results in order 

to detemiine problems that need to be solved. A background in art, computer design, 

and/or three-dimensional visualization can be helpful at this stage. Ultimately, the ability 

to gain the desired results and the level of skill required to do so are determined by both 

the ease of use ofthe chosen software, the availability of technical support, and the 

quality ofthe software. 

Time Factor 

This phase was begun using the program Raindrop Geomagic Studio* No 

orientation was provided for the wrapping and modeling capabilities ofthe program. 

Some basic paper tutorials were available, but proved inadequate. They did not explain 

what the steps were necessary to achieve a desired result or why the tutorial said to set a 

particular option to a particular state (e.g., the distance for uniform sample at .00362). 

The help menu was as basic as the tutorials and did not provide adequate information on 

how, why, and when tools worked the way they were supposed to function. Further, 

technical support was not available locally as no one was familiar with the program and 

the few persons who had attempted to use it had given up. Web support was minimal as 

no one in the discussion groups claimed to be familiar with the software. Direct support 
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from Raindrop Geomagic was available only to registered users (license owners) and was 

not extended directly to student users. Still, despite all of these bamers, it is one ofthe 

best reverse engineenng software packages available and it is very powerful as shown by 

the results obtained on their website. 

The lack of knowledge ofthe software combined with an unavailability of support 

led directly to time wasted in this phase. Hours were spent trying to become familiar with 

the software and attempting new procedures to achieve desired results, Vanous tools and 

methods were attempted repeatedly while adjusting either the sequential order or one of 

the options within a given tool. One positive factor with the software was the ability of 

the user to view the results of a given function before accepting it. That function allowed 

the limits ofthe utility to be adjusted up and down to achieve the desired result. However, 

the software seemed very particular about the order that editing functions are applied. 

The same three tools applied in different orders resulted in a different model. 

Modeling Considerations 

With no knowledge ofthe software, initial attempts at applying a surface to the 

point cloud involved selecting the point cloud and applying a "Surface Wrap" in its 

entirety. The result was a mesh with a considerable amount of holes (see Figure 6,5) and 

w ebbing between the ribs, vertebrae and other bones (see Figure 6.6), The number of 

holes was too numerous for the "Fill Holes" tool to work successfully. The computer 

would freeze when applying this function. 
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Figure 6.5 Wing Mesh Showing Holes in Metacarpals 

Figure 6.6 Tmnk Mesh Showing Webbing Between Ribs 

A suggestion was then made by Professor Hill to wrap individual bones one at a 

time to prevent webbing. This method proved to result in error messages and the crashing 

of tiie software. After much trial and error, the realization came about that it was 

necessary to use the "Merge Point Objects" fimction to fiise the individual scans into one 

unit instead ofthe scans merely belonging to one group. After merging objects not only 

was it possible to apply a mesh to individual bones, but otiier software commands 

alsobecame available to the user. Further, the wrapping of individual sections did seem to 

solve the webbing problems and allow for the possibility to fill holes. 
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The resulting individual meshes were then joined together using the "Merge Mesh 

Objects" tool. Still, tiie surface appeared jagged and contained holes (see Figure 6.7 and 

Figure 6.8). Additionally trial and error ofthe mesh edit commands resulted in a 

somewhat smooth, but still hole-filled surface. However, when exported into 3ds max,™ 

the seams where tiie individual scans overiapped were apparent (see Figure 6.8). 

Figure 6.7 Wing Prior to Application of 
"Decimate Polygons" and "Relax Polygons" Tools 

Figure 6.8 Wing After Application of 
'Decimate Polygons" and "Relax Polygons" Tools 
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Figure 6.9 Mesh Demonstrating Scab at 
Center of Image Where Two Meshes Were Joined 

Although a tremendous amoimt of time had been expended in fransforming the 

point cloud to a polygonal mesh, the results obtained were far from what had originally 

been hoped. At this stage, despite having been warned against applying edits to the point 

cloud itself as that was original data, it was noted that fimctions were available for 

precisely this job. It was decided that since a reasonable mesh had been saved it would 

not hurt anything to go back to the original point cloud and use the sampling functions to 

reduce the points and attempt to create a smoother, more imiform surface to apply the 

wrap. 

First, noise or errant points were removed both selecting points manually or with 

the "select outliers" command and then deleting the extraneous points (see Figure 6.10). 

Next, a "Uniform Sample" was applied to tiie point cloud. This function divided the 

points into an invisible grid and removed points so that each section ofthe grid contained 

an equal number of regularly spaced points. The result was a reduced point cloud with 

points that were of uniform distance from each other (see Figure 6.11). The even rows of 

points often allowed for creation of a smoother surface ofthe mesh. Within this tool, the 

user was able to define the distance between the points. The greater the defmed distance 

between points, the larger the number of points removed by the software. After sampling, 

a surface was applied to the point cloud as a whole unit using the "Wrap" command. The 

39 



exception to this unit was areas tiiat were predisposed to webbing, such as the fingers and 
ribs. 

Figure 6.10 Point Cloud Before (Left) and 
After (Right) Cleaning Noise 

Figure 6.11 Wing Point Cloud After 
Applying a Uniform Sample 

Once the mesh has been applied to the surface, edit fimctions allowed for the 

improvement ofthe mesh's quality and appearance. It should be noted that during the 

editing ofthe polygonal mesh more than one fimction might produce the same ultimate 

results. The key is to discover which tool achieves these outcomes with the least amount 
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of time. The following is the sequence that proved beneficial to this project. First, holes 

in the mesh were filled with the "Fill Holes" tool. Following the removal of holes the 

number of polygons was decimated or reduced a section at a time with areas containing 

the least information being reduced by the largest percentage. Within the "Decimate 

Polygons" rollout, it was found beneficial to select "Enable Improve Mesh" and to set the 

slider to "Max" This procedure seemed to improve the overall quality ofthe mesh during 

decimation, although no determination could be made as to the exact methodology that 

this tool employs. The next step in editing the mesh was the relaxation ofthe polygons. 

This step w as done only to rough areas and at varying degrees, as the more the surface 

was relaxed, the less detail was apparent. The Factor was set between 15 and 35 with 35 

relaxing the surface greater. Results were viewed and adjusted accordingly prior to 

accepting the results. The final action to be performed before exportation ofthe model is 

to apply the "Sandpaper" function. This tool allows the user to relax polygons by mnning 

the cursor over selected individual polygons. By using this particular tool, one can isolate 

the remaining jagged polygons to relax rather than applying the tool to the entire mesh. 

However, care must be taken when utilizing "Sandpaper" as when used to the extreme it 

can drastically alter the shape ofthe subject. 

After application of Sandpaper, the mesh was ready for exportation. However, 

exporting from Geomagic Studio" proved difficult. Files saved in the IGES format were 

enormous and although supposedly supported by both Rhinoceros and 3ds max would 

open in neither. Interestingly enough, .3ds files, which were made to open in 3ds max 

would not. In actuality, the software stated the files were open; however, nothing would 

be visible on the screen. These files would open in Rhinoceros®. The only files that 

opened readily in 3ds max"' were those saved in the VRML2 file fonnat and as such, this 

was the file format predominately used for exportation. 

Final modeling took place within 3ds max™. While the "Tessellate," "Smooth," 

and "Relax" modifiers did improve the look ofthe mesh, the increased the file size 

tremendously thereby slowing down the software. As a result, the "Smooth" modifier as 

well as the "Tessellate" modifier in some meshes were later removed. The "Relax" 
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modifier proved most beneficial and was perfomied for all meshes with a step of ,9 and 

iterations of three. 

Finally, vertices were pulled and moved to fill any remaining holes. This is a 

difficult process in 3ds max"' because each vertex must be individually selected and 

moved in three-dimensional space. As a result, all attempts to minimize holes should be 

taken pnor to entering the animation software. When vertices must be moved, the process 

can be made simpler by utilizing four different viewports all zoomed in to the area on 

which one is working. Further the occasional use ofthe "Quick Render" tool on the 

toolbar will give the user an idea of what the changes made are doing to the rendered 

image ofthe mesh. Once the holes are filled, the modeling was complete and the next 

phase could proceed within the same software package. 

The Animation Phase 

Skill Level Required 

While familiarity with the software is necessary for this phase, this knowledge is 

not difficult to leam and can be ascertained with time and use. One team member began 

the project with knowledge of an older version ofthe animation software 3ds max . The 

second team member had no knowledge ofthe software, but took a course utilizing the 

software and soon gained on the knowledge of his colleague. In the absence of previous 

knowledge, a wide range of tutorials is available on the web and within books. Skill 

might have aided in solving the difficulties that arose during this phase; however, a 

person with a more intimate knowledge ofthe software was contacted for help regarding 

these problems and was unable to offer any assistance on the matter. 

Time Factor 

At 26 hours, this was one ofthe shortest phases. Due partly to the familiarity with 

the software, many functions were easily accomplished. However, the problems 

encountered still resulted in a large percentage of time that was not usable toward the 

finished product. Unlike other phases, the technical support was available, but due either 
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to a problem within the software or with the mesh itself even expenenced personnel 

were unable to ascertain the problem and were thus no help. Had the entire skeleton been 

animated, this phase would have at least tripled in time. Still, the use of Character Studio, 

a plug-in available for aiding in IK chain creation for complete skeletons in 3ds max, 

would have been an option if animating the entire skeleton and would probably have 

solved some ofthe problems. 

Animation Considerations 

The original method that was employed for animation involved creation of "bone 

objects" within the mesh instead of conversion ofthe mesh to bone objects. This practice 

is standard in character animation. Once the bones are drawn, and the IK chain attached, 

the mesh is attached to the bones using the "Skin" modifier. The initial steps of this 

process were all accomplished with relative ease due to a familiarity with the procedures. 

How ever, for reasons yet to be determined the mesh never did attach to the bones 

properly and thus would not move according to the IK chain. 

At that point the decision was made to convert the individual sections ofthe mesh 

(which represented actual bones) to "bone objects" and try attaching these to an IK chain. 

Several attempts were made before the IK chain accurately controlled the bone meshes. 

Although it was unclear what exactly made the difference between success and failure, 

several factors involved in creation ofthe IK chain were checked and reestablished to 

establish what factor if any was preventing ofthe proper operation ofthe chain. First, 

each bone was checked to ensure that the proper parent was assigned to the object. Next, 

the links between bones were verified. Further, the Pivot points of each bone were 

checked for accuracy. When links were established all child objects should have assumed 

the pivot point ofthe highest object within the hierarchy. Finally, when all else failed the 

IK chain was deleted and the IK solver was reapplied to the bones. 

One factor that was originally overlooked that somewhat affected the proper 

movement ofthe IK chain was establishing a terminator bone. With all bones established 

into one IK chain there needs to be a way for the computer to determine where a 
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movement should cease affecting related bones. For instance, if the end ofthe wing was 

moved, the movement should stop at the shoulder and not cause motion within the body 

radiating to adjacent limbs. In order to stop the movement on up the chain it is necessary 

to define joints at which the movement ofthe child will cease to affect related bones. To 

do this the object at the joint where movement would stop was selected, and the 

"terminator" check box was selected in the object parameters section ofthe IK rollout. In 

this animation, each humems was assigned this terminator designation to prevent 

movement ofthe wingtip from affecting the body and adjacent wing. 

Another factor affecting the IK chain that was identified late in the project was 

that any items the software saw as "grouped" by the computer or joined with the "Group" 

option rather than the "Linking" Tool would not convert to bones and would therefore 

interrapt the formulas controlling the IK chain. This was solved by removing the 

grouping and linking the items that were previously grouped objects. 

After the IK chain was working, it was necessary to animate the wings. Given the 

file size, transformation ofthe meshes became difficult, as the software was slow to 

respond. Thus, it was difficult to move an object as the results on screen did not appear in 

real time. Thus, the user continued to try to move the object until it appeared correct, but 

the object continued to move long after the mouse button was released. Still, the actual 

animation process was relatively easy, once the IK chain was established as the 

keyframes do all the work of defining the movement in between. Thus, it is only 

necessary to animate around 40 frames instead of 450. 

Other Considerations 

Access to Equipment and Technical Support 

The biggest overall challenge for the Virtual Pterosaurs Project was access to both 

hardware and technical support. While the use ofthe equipment was offered freely by the 

Architecture Department through their desire to make the visualization tools 

interdisciplinary, the fact remained that outside users were still guests and the 

Architecture students and faculty had priority with the equipment. While the department 
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did their best to facilitate use of their computers, time was limited to usually four to five 

hours per week, with little to no access during the summer months. 

Even during available access time, there were sometimes technical problems that 

prevented access to software. All of this down time without access significantly affected 

the efficiency ofthe project, ft was difficult, even with documentation, to pick up where 

the project left off given there were often weeks between access. 

In addition to access to the computers there were problems accessing technical 

support. Persons familiar with the software were not in a position to help when questions 

arose. Further, support from the producers of Raindrop Geomagic Studio® was also not 

directly available. The company provides support only to registered users. As a guest 

using the software, the phone numbers and emails for technical support were not made 

available. Had the project contained funding, the software might have been purchased 

along with associated technical support from the developers. Likewise, technical support 

might have been available for purchase at other locations. 

Overall Time Factor 

The time spent investigating software and methodologies was not included in the 

overall project time. A significant portion of time was occupied in this process, around 4(J 

hours. However, the time and process was not documented as it was unknown if the 

project would proceed. Still any person deciding whether or not to undertake that first 

project should probably factor in time to make this initial decision, especially if 

purchasing software that would be used for additional projects. It is highly important that 

the con-ect software and methods be selected for the desired outcome as the wrong 

software can result in wasted time and efforts as well as money if the software must 

ultimately be replaced. 

The total hours recorded were the total number of hours the team leader worked 

on the project. This time did not include the time spent on the reviewing software and 

hardware options for the selection of software pnor to the start ofthe project. The 

assistant logged approximately 80% of that time as well or 175 hours. Therefore, the total 
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man-hours put into the project were 394. However, only one person can utilize a 

computer at a time and the secondary person was merely there to offer support and advice. 

The ideal situation would be to have members ofthe team working 

simultaneously on their own workstations, but in close proximity to be available to 

answer questions and offer advice as needed. This would produce maximum time 

efficiency. Further, when a problem was encountered all team members could 

simultaneously attempt different solution methods to the problem until the correct answer 

was located. 

In the case of productive time utilized vs. non-productive time it is interesting to 

note that about the same number of hours was spent toward the final model as was 

occupied toward unusable material (see Figure 6.12 ). This large number of unproductive 

hours shows that the project time could have greatly been minimized had more technical 

support been available, the software been more user-friendly, and/or more fraining been 

obtained prior to the onset ofthe project. 

Productive vs. Nonproductive Hours 

Total Time Utilized 

Time Toward Unused Material 

Time Toward Finished Product 

0 50 100 150 200 250 

Time (in hours) 

Figure 6.12 Time Spent Toward Final and Unused Material 

The breakdown ofthe hours spent on each phase is broken down in Figure 6.13. 

While the scanning phase occupied the smallest amount of time, it also contained 
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minimal time toward unusable material. Registration and modeling were the most time 

consuming phases and interestingly enough were both conducted predominately from 

within Raindrop Geomagic Studio"" complicated software that is difficult to leam. Time 

element for these phases might be reduced if altemate software were utilized. Further, 

time for the processes in future projects would be reduced as a certain leaming curve has 

been achieved with the software, known procedures have been defined that can be 

applied to later models, and a certain amount of problems have been encountered and 

solved. 

Time Utilized Per Phase 

Animation Pl iase 

l\/lodeling Phase 

Registration Phase 

Scanning Phase 

All Phases Combined 

100 150 200 250 

Hours 

Figure 6.13 Time (in hours) Utilized During Each Phase 
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CHAPTER VII 

CONCLUSIONS 

So is this project feasible for a museum? The answer comes in readdressing the 

four questions raised at the beginning ofthe project. 

The Quality ofthe Image 

Can a quality image, sufficient for museum use, result from these methods? The 

close-ups required for research purposes would preclude the resulting mesh from being 

utilized for morphological study due to irregularities in the surface. Still, the animation 

might have benefit in locomotion research where the dimension ofthe bones and their 

relationship to one another is key as the former is accurate in this case and the latter can 

be adjusted as desired by the researcher based on the actual bones. Overall, the resultant 

animations would be worthy of exhibition as the small imperfections in the mesh would 

not be apparent at the magnification necessary for exhibit (see Figure 7.1). 

Figure 7.1 Single Frame from Film Animated for 
Exhibit Showing Quality of Image 
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Several facts did arise during the project that could ultimately lead to improved 

success when a different projects are attempted. What was previously stated by other 

persons was confirmed with this project: better data can be discemed from lower 

resolution scans than seems possible (Levoy, 1999; Louden, 2003). The explanation for 

this is that two scans of essentially the same area from slightly different angles can 

include different data points. Therefore, the key is to capture enough scans to include the 

maximum amount of data points. For now, very few computers can handle the high-

resolution scans utilized by most visualization projects. Further, high-resolution scans are 

only necessary for very small stmctural components, such as orifices for vessel entry into 

the bones. These types of stmctures play little importance in locomotion research or 

exhibition. 

In addition, after the project's completion it was discovered that the scans would 

join together more accurately if a "Global Registration" with the "Best Fit' option had 

been applied after completion ofthe "Manual Registration" prior to the merging of point 

objects. "Global Registration" utilizes computational and algorithmic calculations based 

on the surface curvature ofthe scans to more accurately join the scans into one three-

dimensional point cloud. This process might have tightened the points thereby increasing 

their accuracy, resulting in fewer holes and a more uniform surface. The help menus and 

tutorials mentioned only completing one type of regisfration or the other not both. The 

instmction given to the team prior to the use ofthe software involved only manual 

registration. In the future similar projects might produce cleamer polygonal meshes if the 

technique of using the dual registration method is employed. 

Another point that was discemed is that with the Cyrax* scanner, a choice of a 

larger creature might have produced more impressive data. As mentioned, the 

Quetzalcoatlus data produced a more unifonn mesh, while still demonsfrating good 

surface features. Had it been possible to capture the dorsal surface of this pterosaur, the 

results would have been much more desirable than those achieved with Anhanguera. 

Likewise, for some scans of Anhanguera, the data from the Camarasaurus in the 

background actually appears cnsper than that ofthe target subject. The reason for the 
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improved scan quality with larger subjects is a result ofthe fact that the scanner can 

capture more detail at the medium resolutions and the point cloud is less dense making 

conditions optimum for creating polygonal meshes. 

Time Factor 

Is the amount of time required to complete the project reasonable given the 

potential use ofthe results? The time spent on the Virtual Pterosaurs Project is reasonable 

within a museum schedule if the results will be useful for permanent exhibition or 

indefinite research. Working full time a similar project could be completed (with 

technical support) in 4 to 6 weeks. Less time would be needed if a group of people 

worked on different aspects ofthe project simultaneously. Additionally, the time element 

becomes even more reasonable if additional projects are undertaken. For additional 

similar projects, the time factor is greatly minimized due to the leaming curve that has 

already been achieved. 

Further, less complicated subject matter would lead to a significant reduction in 

time. Many ofthe difficulties observed during this project were a direct result ofthe 

complexity ofthe subject matter (e.g. holes in the data resuUing from areas ofthe 

skeleton not observable by the scaimer, software attempting to smooth what are in 

actuality rough protuberances of bone, etc.) 

Personnel Skill Requirements 

How much skill is required for the person(s) to complete the project? This 

question also was sufficiently answered by this project. The team member with some 

basic three-dimensional computer modeling knowledge had no trouble leaming the new 

techniques and software. In fact, by the end ofthe project, knowledge had been gained 

with respect to Raindrop Geomagic Studio"' that surpassed that of most of those using the 

software at the School of Architecture. The team member with no three-dimensional 

computer background quickly increased his knowledge and had no trouble keeping up 

with the other team member often even showing her new things. Therefore, specialized 
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knowledge ofthe software and techniques is not necessary as long as a good knowledge 

of computers exists along with a desire to leam new methods. 

Altemately, projects will most benefit from someone with expert visualization 

knowledge as demonstrated by projects reviewed (e.g., Smithsonian Triceratops, 

Stanford's David) that involved such persons (Anderson, ; Levoy, 1999). Still in the end, 

more important than the knowledge ofthe software is a knowledge ofthe objects, which 

allows for more efficient registration and visualization. With each subsequent project, 

everyone involved would leam from the mistakes made on the previous projects. 

As in the Virtual Pterosaurs Project, it is recommended that museums seeking to 

accomplish similar projects employ a team of 2 to 3 persons to complete the work. Each 

person will bring a different perspective and background to the project and thus will 

provide different insights. Minimally, one person should have familiarity with the 

subjects and another person should be knowledgeable in computers and preferably three-

dimensional computer visualization. The ideal situation would have a team member 

included who is already comfortable with the software. 

Cost Factor 

Is the cost ofthe project prohibitive for a museum budget? Primarily, it is close to 

impossible to accomplish this sort of project with no budget. This is why other similar 

projects were funded by large grants. If nothing else, this project would have benefited 

from the museum having access to a high-powered, dual processor computer. Access 

problems that slowed the project would have been eliminated had the Museum possessed 

hardware and software sufficient for the project. 

Thus, similar projects should minimally have local computers and software 

available within the museum to manipulate the data. Much ofthe modeling and editing 

can be accomplished with Rhinoceros® 3D, very user-friendly software that is attainable 

for $500- $150 academically priced. Animation software ranges in price from $500 at the 

low end to neariy $10,000 at the upper end. Often while the more expensive packages 
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seem more impressive, the less expensive softwares such as Universe* have a lot to offer 

and come in a more user-friendly format. 

While working on this project quite a btt of free software that was developed 

during similar projects was located on the intemet. Available software included programs 

to fill holes in meshes and to decimate meshes using algorithms with a user defined 

accuracy level. This freeware might have greatly benefited the project had there been a 

computer compatible with the software available; however, most of it required either 

Linux or a Silicon Graphics Workstation. 

Further, the cost of similar projects could be greatly minimized by using any 

available resources in the community. However, utilizing someone else's equipment may 

further increase the time element, as it must be subject to the owner's schedule. Museums 

in larger cities or with nearby universities may have an advantage in obtaining access to 

equipment as there is an increased chance a nearby institution might own such 

equipment. Most universities will rent out their equipment. According to Glenn Hill, 

Associate Professor of Architecture, Texas Tech University charges around $500 a day 

for rental of their scanner; however, it is free for use by departments on campus (2002). 

The University of Austin charges $104/ hour for use of their High Resolution CT scanner 

(Digimorph.org). Costs are significantly greater if one must also pay the personnel to 

operate the equipment. 

However, more cost prohibitive than the software is the computer. A graphics 

equipped computer that will ran the above software can be obtained for around $2500, 

But to get a high-powered dual processing computer that will handle the large reverse 

engineering software packages and the enonnous files generated by high resolution 

scanners, the pnces range more in the neighborhood of $5000-10,000, Again, the overall 

costs will decrease per job if the hardware and software are used for subsequent, similar 

projects. 

Of course, these costs do not even involve the cost of man-hours for a project, A 

similar project can hope to involve 50-500 man-hours depending on the complexity ofthe 

subject matter and the desired results. The cost in man-hours can be significant. For an 
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employ who makes $15 an hour this would be $750 to $7500. In addition, this time 

would draw an employee away from his/her other duties. 

So overall, the cost could be considered prohibitive if the museum considers 

buying all top dollar equipment and software for the project. However, if the cost of 

equipment is divided among a number of projects that may utilize the same hardware and 

softw are, the price becomes much more reasonable. Further, it is possible within any 

reasonable budget to determine a level of animation project that is possible by the 

museum, w hether it involve scanning simplistic objects, or involve computer modeling 

and animation with no scarming. 

Future Research 

Some questions raised during the project have yet to be investigated. First, since 

most ofthe fmstration came with one particular piece of software, it would be desirable 

to be able to test some other reverse engineering softwares, such as Imageware Surfacer 

or Cloudworx" to see if they might retum more precise results with the same point cloud 

data. Secondly, it would have been ideal, had time been available, to allow for rescanning 

at a different resolution in light of knowledge gained by the School of Architecture as to 

the desired level of resolution versus the number of scans. Further, it would be beneficial 

to know how long it would take to create background scenery and sound for an animation 

intended for exhibition purposes. Lastly, knowing that the public would be most 

fascinated with a flesh-out ofthe pterosaur rather than a skeleton, it would have been 

ideal to be able to determine how long it would take to fashion a mesh ofthe flesh-out 

using the skeleton as a framework. This would most likely require a graphic artist with a 

scientific illustration specialization. 

Recent attempts have been made by Dake Zhang, master's student in 

Architectural Visualization to duplicate the methods here on an altemative 

paleontological specimen (Zhang, 2003), Resulting from the knowledge gained through 

the Virtual Pterosaurs Project, a larger specimen, a Tyrannosaums Rex skull, was 

selected as a subject matter (Zhang, 2003), Predominately due to the robustness ofthe 
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skull, few problems were encountered and a large part ofthe first three stages of this 

project were completed in under three days to produce the image in Figure 7.2 (Zhang, 

2003). Assuming two to three days as a reasonable time to produce a short animation 

demonsfrating the jaw movement ofthe skull, these results fiirther con-oborate the 

conclusions given here that such a project would be reasonable for a small museum. 

Figure 7.2 Polygonal Mesh of TyrranosaurusRex 
(Image Courtesy Dake Zhang) 

Therefore, the Virtual Pterosaurs Project shows that it is feasible for a museum to 

undertake such a project. However, it also shows that the quality ofthe results is a direct 

result ofthe budget put into the project. While similar projects are quite feasible for 

medium to larger museums, they probably would not be attempted by the small museum 

with few employees simply because these museums could not spare the staff the time 

required to develop the virtual images. However, small museums with sufficient staff 

might choose to undertake a similar project involving a less intricate subject matter, 

thereby decreasing the time necessary to devote to the project although equipment cost 

would then be a factor. 

Despite the roadblocks, this project and similar projects hold promise in the 

museum community. The question remains, however, will the computers and hardware of 

the future be able to handle the higher resolution and is the higher resolution necessary? 
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As software improves becoming more automated and user friendly, and as computers 

become more efficient and cost effective in handling, the large files produced by micron 

scanners, the possibilities will go as far as the imagination will allow. 
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APPENDIX A 

GLOSSARY 

.Algorithm A detailed sequence of actions to perform to accomplish some task 

Bone Object - a designation in 3ds max given to objects linked in a parent:child 
relationship. These objects are seen as bones and can have inverse kinematics applied to 
their movement. 

Bones System - a chain of objects within 3ds max which have been designated as bones; 
each bone is thought of as a child object that is controlled by a parent object to which it is 
linked; bones systems once defined can then have either inverse or forward kinematics 
applied to them to define their movement. 

Computed Tomography (CT) a method of examining an object by scanning it with X 
rays and using a computer to constmct a series of cross-sectional scans along a single 
axis. The scans can be constmcted together to form a three-dimesional object. 

Decimate Polygons - a tool within Raindrop Geomagic Studio® that reduces the overall 
number of polygons contained within a mesh thereby reducing the file size. 

Fill Holes - a tool within Raindrop Geomagic Studio" that fills in any holes in a polygon 
mesh; tool may fill actual holes unintentionally. 

Forward Kinematics the opposite of inverse kinematics; a system of motion that can 
be applied to a computer object whereby motion control is inherited DOWN the 
hierarchy from parent to child. This allows the proximal joints to be manipulated and 
each joint down the limb to move accordingly. 

Global Registration - the process of registration that allows the computer to join the 
scans through the use of mathematical computations that take into account the curvature 
ofthe surface and the existing location on the coordinate system. 

Inverse Kinematics - a system of motion that can be applied to a computer object 
w hereby motion control is inhented UP the hierarchy, from the extremities to the more 
proximal joints (closer to the body) which are their parents. This effectively allows an 
entire ami or leg to be posed by moving one object. As the target object is moved around, 
the extremities follow it, and the joints above it in the hierarchy readjust accordingly. In 
order for the joints to readjust appropnately, constraints must be assigned to the joints, so 
they don't bend beyond a realistic range of motton. 
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Inverse Kinematic (IK) Solvers An IK solver applies a series of mathematical 
calculations to a hierarchy or system of bones and uses the results to rotate and position 
links in a chain. It applies an IK Controller to govem the transforms ofthe children in a 
linkage. 

Keyframe animation - the system used by most commercial three-dimensional software 
packages whereby certain keyframes are defined where objects are transformed in some 
way (moved, rotated, scaled, etc.) and the frames in between these keyframes are 
interpolated by the software to make a smooth transition. 

Manual Registration - the process of registration that involves the manual selection of 
three similar points from two adjacent scans. 

Modeling - the mathematical constmction and computer implementation of an objects by 
defining points in a three-dimensional array. The array is based on the x, y, and z axes of 
geometric space. Different groups of points are mathematically "joined" to create 
polygons and the polygons are joined to create objects. 

Noise - stray or errant points produced by the scanner; may be the result of natural error 
produced by the scanner or possibly interference from atmospheric elements. 

Parent:Child Relationship - a linked relationship where each object is designated the 
child to a parent object to which it is linked within the computer software. Depending on 
the type of kinematics applied to the objects the parent may control the child or the child 
may affect the parent, but either way the movement of one object affects the objects to 
wftich it is attached. 

Pivot Point - the point at which an object is defined to revolve around. This can be set 
within the Hierarchies menu in 3ds max and is very important in defining how the parent 
objects affect their children, 

Plug-In - A small piece of software that enriches a larger piece of software by adding 

features or functions. 

Point Cloud - a three-dimensional grouping of points; each point stores the given x,y 
and z cooridinates of a spot along the surface ofthe object. 

Polygonal Mesh - a collection of triangular, contiguous, non-overalapping faces joined 

together along their edges. 

Registration - a computational process where individual scans are mathematically joined 

together along a common coordinate system to fomi a three-dimensional point cloud or 

model. 
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Relax Polygons - a function within Raindrop Geomagic Studio" that removes spikes 
within a polygonal mesh to form a smoother surface. 

Rendering - the process of drawing a bitmap image based upon more abstract image 
information, such as computer graphics information. When the pre-image (a wireframe or 
polygonal mesh usually) is complete, rendering is used, which adds in textures, lights, 
bump mapping, and relative position to other objects. The result is a completed image the 
consumer or intended viewer sees. 

Reverse Engineering - the process whereby an object is broken down into individual 
pieces for close examination after which the parts are rebuilt to fomi one three-
dimensional object. 

Scan World - defined for each new position ofthe scanner relative to the object. This 
parameter tells the scanner the objects position in relation to the origin on the current 
coordinate system and also tells the software the relative position ofthe object in relation 
to previous scans. 

Smooth Modifier - a function within 3ds max which smooths rough areas ofthe surface 
of a polygonal mesh. 

Surface Wrap - a tool within Raindrop Geomagic Studio* that applies a polygonal mesh 
to the surface of a point cloud by joining each set of three points to fonn a triangle. 

Tessellate modifier - a function within 3ds max which mathematically fits adjacent 
polygons together. 
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APPENDIX B 

HARDWARE AND SOFTWARE SOURCES 

Cyra* Cyrax" Scanner and Cyclone* 4.1 Software - http://www.cyra.com 

Discreet's 3ds max' - http://www.discreet.com 

Raindrop Geomagic Studio - http://www.geomagic.com 

Rhinoceros 3D - http://www.rhino3d.com 

Other softwares mentioned— 

Lightwave - http://www.newtek.com 

Maya - http://aliaswavefront.com 

Uni\ erse - http://www,electricimage,com 

Cloudworx 2,1 - http://www .bentley.com and 

http://www,cyra,coni/products/cloudworx21 .html 

Cinema 4D - http://www.maxon.net 
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