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ABSTRACT

PRISM is a focal point of interdisciplinary research in geometric modeling, computer graphics and
visualization at Arizona State University. Many projects in the last ten years have involved laser
scanning, geometric modeling and feature extraction from such data as archaeological vessels, bones,
human faces, etc. This paper gives a brief overview of a recently completed project on the 3D re-
construction of George Washington (GW). The project brought together forensic anthropologists,
digital artists and computer scientists in the 3D digital reconstruction of GW at 57, 45 and 19 in-
cluding detailed heads and bodies. Although many other scanning projects such as the Michelangelo
project have successfully captured fine details via laser scanning, our project took it a step further,
i.e. to predict what that individual (in the sculpture) might have looked like both in later and
earlier years, specifically the process to account for reverse aging. Our base data was GWs face
mask at Morgan Library and Hudons bust of GW at Mount Vernon, both done when GW was 53.
Additionally, we scanned the statue at the Capitol in Richmond, VA; various dentures, and other
items. Other measurements came from clothing and even portraits of GW. The digital GWs were
then milled in high density foam for a studio to complete the work. These will be unveiled at the
opening of the new education center at Mt Vernon in fall 2006.

1. INTRODUCTION

In the spring of 2002 Jeff Schwartz (JHS), forensic anthropologist at the University of Pittsburgh,
was approached by Laura Fisher of the Allegheny Conference to consider reconstructing George
Washington at the age of 22, when he was an officer in the British army during the French and
Indian War. After learning that he would not be able to study Washington’s skeletal remains - and
to the complete set of dentures with which Washington had purportedly been buried, he pursued
other approaches to attempting this reconstruction of our founding father. To this end, he discovered
that he could have access to various three-dimensional realizations of Washington such as a life mask,
bust, and statue, etc., documented and provenanced clothing, portraits for which Washington sat,
and diaries, letters, and other documentary evidence.

From the beginning, it was clear that the nature of the secondary evidence - both three- and
two-dimensional - would require digital manipulation, not only in scanning and digitally comparing
representations, but also in attempting to reconstruct the skeletal understructure of Washington’s
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face at the age of 53 as the foundation from which to de-age him in the reverse of the hypothesized
sequence in which he lost teeth and the bone in which they had been anchored. Thus, in addition
to recognizing the need to engage experts in the portraiture, clothing, and sculpture of the 18th
century, it was realized that a project of this nature would require a collaborative effort between
JHS and PRISM.

By new year, the emphasis of Fisher’s program had changed. However, this change coincided
with the executive director of Mount Vernon Gardens and Estate moving ahead with plans for a new
education center that would feature three life-size figures of Washington at three important ages: 19
years, when, as a surveyor, he learned how to "read” the land; 45 years, when, as commander-in-chief
of the revolutionary army, he and his troops were bivouacked at Valley Forge; and 57 years, when
he took the oath as the first president. Mount Vernon invited a proposal and ultimately accepted
the idea of the project.

PRISM or Partnership for Research In Spatial Modeling¥ was established in 1996 as an interdis-
ciplinary center at Arizona State University (ASU). The focus of the center is to conduct research in
geometric modeling, computer graphics and visualization in collaboration with other domain scien-
tists. PRISM has a variety of laser scanning equipment and has developed expertise in commercial
software and where necessary developed an array of in house software and algorithms. This project
nicely fit the research paradigm at PRISM. The collaborative team was lead by Jeff Schwartz who
was the senior anthropologist on the team and laid down the requirements and oversaw the recon-
struction effort. At PRISM, the team consisted of Anshuman Razdan, Dianne Hansford and Gerald
Farin (computer scientists), Mathew Tocheri (Ph.D. student in Anthropology), Dan Collins (School
of Fine Arts), Gene Cooper (3D artists) and Scott Van Note and Jeremy Hansen (graduate students
in School of Fine Arts and Computer Science, respectively). The goal for this project at PRISM
was to scan the artifacts, process and refine the data, create software tools necessary for tweaking
the shape as determined by the anthropologist and digitally sculpt bodies where necessary. For this
paper we will focus on the face reconstruction part only.

The rest of the paper is organized in three main sections that deal with the 3D scanning effort,
methodology for reconstruction and volume deformation tool that was developed to achieve the
geometric manipulation of the 3D data.

2. 3D SCANNING

The first few months of the project were devoted to scanning various artifacts in different parts of
the country, followed by careful data processing and stitching to generate 3D images which were
then used by the anthropologists to derive the face geometries at the appropriate ages.

The first step of the George Washington reconstruction effort involved acquiring 3D data that best
represented the first president’s physical characteristics. As direct access to Washington’s physical
remains was not possible, other evidence was carefully selected based on the potential 3D information
that would be provided to the reconstruction effort. A plaster mask of the first president’s face was
the most important piece of evidence with respect to Washington’s facial features and underlying
bony structure. The mask is an actual mold of Washington’s face, taken when he was 53 years old by
the French sculptor, Jean Antoine Houdon. Currently, it is housed at the Morgan Library Museum
in New York. Thirteen laser scans were taken from various angles to capture the 3D structure of the
mask. Originally, Houdon used the plaster mask along with measurements he took of Washington
to sculpt a bust as well as a life-sized statue. The bust is now part of the Mount Vernon estate while
the statue is displayed in the state capital of Virginia in Richmond. The bust provided 3D data on
Washington’s head and neck while the statue provided 3D data on body proportions. Approximately
120 laser scans were taken of the bust and well over 500 scans were taken of the statue. Figure 2
shows the scanning process of Houdon’s bust at Mount Vernon.

Yprism.asu.edu
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Figure 1. Houdon bust of GW being scanned at Mount Vernon.

With 3D information about Washington’s face, head, and body provided by the three aforemen-
tioned objects, evidence pertaining to his teeth and jaws was still required. A total of four sets of
dentures (2 real, 2 replicas) were laser scanned to provide this information. The first set, housed
at the Mount Vernon estate, consists of upper and lower jaw components. This set of dentures
was composed largely of metal which complicated the scanning process because of the reflectivity
of the surface. The remaining sets of dentures, housed at the National Museum of Dentistry in
Baltimore, scanned more successfully. In particular, the resulting 3D model of a replica of the lower
jaw denture from the Morgan Library Museum became vital to the reconstruction effort as it is a
denture that Washington likely wore for a significant time of his later life. In general, well over
100 laser scans were taken on each set of dentures. In all cases, the research team traveled to the
location of the object and laser scanning was completed on site under direct supervision of curatorial
staff. The conditions for laser scanning were not always ideal and the team made adjustments as
necessary to capture as much of the vital 3D information as was possible given the circumstances.
All sets of dentures were scanned using the Cyberware Model 15 laser scanner whereas the life mask,
bust, and statue were scanned using the LDI 100/200 laser scanners. Several additional items were
also scanned (e.g., Corcoran mask, Mount Vernon medallion, etc.); however, these items did not
contribute significantly to the reconstruction effort as their ’true’ 3D relationship to Washington is
suspect.

All the scanned data was pieced together using Raindrop-Geomagic software and the resulting
data type was triangle meshes. The triangle mesh representation is the most common output of
laser scanners and geometry software processing software. An example is shown in Figure 2 to give
readers an idea of the detail. This posed another problem of editing and manipulating the geometry.
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Figure 2. Scanning detail (wirefrmae over shaded) around nose of the Houdon’s bust of GW.

This was tackled by developing a tool described in the volume deformation section.

3. METHODOLOGY

Facial reconstruction is fairly common in the forensic sciences. However it is limited to creating 2D
sketches and most of the time limited to forward aging. In other words the forensic artist/scientist
tries to predict what the victim or criminal looks like today based on a photograph and other ev-
idence from the past. It is also the case that the forensic scientists will try to create a face based
on other evidence such as a partial or complete skull. Many projects have been undertaken to
scan important historic artifacts during the last ten years. Omne of the major undertakings was
started in 1997 by the Stanford group to scan Michelangelo’s David. Named ”The Digial Michelan-
gelo Project”, links to the project and many publications can be seen at the Stanford web site
http://graphics.stanford.edu/projects/mich/. Our project goals were different. Although scanning
of the historic artifacts was an important element of the project, it was just the starting point. Our
goal was to use this information to create 3D reconstructions by de-aging i.e. going backwards in time
(for the case of 19 and 45 year old). Below we present our methodology behind the reconstruction
project.
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Figure 3. 3D comparison of the Morgan life mask and the Houdon’s bust scaled by 9% to accomodate
shrinking of the terracota material during firing. Light green to light blue range of colors shows high
simmilarity between the two.
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As would turn out to be the case with many of the ”truths” about Washington or Washington
representations, the first of these to fall was the oft-repeated story that Washington had not worn
dentures when the mold for the life mask was cast in plaster. As was noted from photographs, and
was later confirmed when digitally superimposing the 3D scan of the life mask with the 3D scan
of the bust (Figure 3), there had to have been structure behind Washington’s lips or the weight of
the plaster would have notably depressed them into his oral cavity. Another result of this digital
comparison was that the life mask and face of the bust were so similar metrically that it seemed
eminently reasonable to use the bust in its entirety as a reasonable representation of the man’s head
in general.

The second sources of information that was needed in order to pursue the aging and especially the
de-aging of Washington were his dentures. The only available complete set consisting of associated
uppers and lowers are those in the collections of Mount Vernon. Differing from dentures typical
of the 18th century in that lead rather than ivory or bone was the substrate in which teeth (in
this case animal incisors in the upper and various human teeth in the lower plate) were fastened,
they were also unusual in that the non-dental surfaces of both plates were essentially flat, rather
than grooved to embrace toothless gums. Nevertheless, until scans of other dentures were acquired,
the scan of the Mount Vernon dentures was used initially as a guide for digitally whittling to fit
a scanned mandible of a French and Indian War soldier that approximated the width of what was
determined from the digital bust and life mask Washington’s mandible had been. Since the Mount
Vernon denture possessed a hole to receive Washington’s last tooth - a left lower left second - the
appropriate tooth was left in the digitally altered mandible and adjusted to height of the teeth in
the lead plate. After an exact replica of the surviving lower plate of the dentures Joseph Greenwood
made in 1789 for Washington was scanned, the digitally manipulated mandible was further adjusted
to fit the groove along this plate’s underside. When the senior anthropologist was satisfied with
the alveolar curve of the digital mandible, the 3D data was placed in the bust in order to adjust
the angle of the chin, which, in virtually all representations of Washington as an older individual,
is obliquely slanted down from left to right. Having thus reconstructed a reasonable facsimile of
Washington’s mandible at the age of 57 (which he would have been in 1789), the fit was fine tuned
by adjusting known average skin depths for older individuals at crucial point along the lower jaw.

Reconstructing the upper jaw was less straightforward. When initially inquired about the 1795
Greenwood dentures, Scott Swank, curator at the National Museum of Dentistry, noted that although
the original had been stolen from the Smithsonian in the 1980s and only the lower recovered, there
was a replica. Upon seeing the replica, it was immediately obvious to the anthropologist that it did
not capture the shape and size of the original, much less its details. Fortunately, Swank was able
to provide a photograph that portrayed both the original and the replica. As such, it was realized,
once scanned, we could use the replica upper and lower as a scale by which to calibrate the size of
the original. Subsequently, the photograph was scanned and the images of the original and replica
upper superimposed in order to achieve a curvature that could be used to remodel the scanned
upper jaw of the soldier whose mandible had been used. When the toothless digital maxilla seemed
satisfactorily modified, it was placed into the digital bust and skin depth adjusted accordingly. This
then provided the bony infrastructure for Washington’s face at the age of 57.

In order to achieve the face of the 45 year old, we looked at Charles Wilson Peale’s portraits
of Washington at the ages of 40 and 47, which visually represented an individual who lower face
was longer from nose to chin, and whose chin was rounded symmetrical. Given Washington’s self-
proclaimed proclivity for cracking walnut shells with his teeth, and the common loss of posterior
teeth prior to front teeth, the longer lower face could be explained by the retention of anterior teeth.
In order to test the visual observation, prints of both portraits were scanned and relevant facial
features digitized. The two scans were then compared and, indeed, they were similar in length of the
lower face and symmetry of the chin. The two-dimensional scans of the portraits were superimposed
over the bust, which was oriented in the position of the pose. Upon aligning facial features, it was
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