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Abstract

We introduce a tool for organizing images and drawings
of archaeological sites. The tool is based on a 3D sketch-
ing system developed for conceptual architectural design.
The sketching system for design allows a user to represent
structures as strokes located on 2D canvases situated in 3D
space. The design of a consistent 3D structure evolves as
the user is allowed to move the strokes from the 2D canvases
into a consistent assembly in 3D space. This system is ex-
tended by allowing the user to introduce images and draw-
ings of archaeological sites into the space. The initial posi-
tioning of the images onto the 2D canvases is obtained us-
ing automated bundling techniques from computer vision, in
the manner used by systems such a Photosynth. Many of the
historic photographs and all of the orthographic drawings
of sites however can not be automatically situated. We in-
troduce simple user interactions to assist in including these
additional photographs and drawings. Once the 3D envi-
ronment is populated with imagery, the user can use the tool
to tour the space, to enter annotation as written text or 3D
sketches, and to prepare interactive tours to communicate
information about the site to others.

1. Introduction

Archaeologists and historians collect documents and im-
agery from different sources and times to study the history
of a geographic site of interest. The images might be his-
toric photographs of the site in at different stages of excava-
tion, measured drawings, and/or sketches. Since all of these
images are tied to 3D locations, they can be organized in a
3D digital environment. In this paper we demonstrate how
imagery can be organized in a convenient manner for study,
annotation and communication.

We base our approach for organizing imagery on a
sketching system developed for conceptual architectural de-
sign. Conceptual architectural design and archaeological
study with photographs and drawings share the common
attribute of using multiple, possibly inconsistent, views of

a single three-dimensional volume. In conceptual design,
these views represent different ideas for how a structure
might appear from different vantage points. The set of
drawings or sketches can include distant views, and ideas
for details. In archaeology, the set of images or sketches
can include photographs taken or created by different peo-
ple at different times for different purposes. Similar to de-
sign, the set may include both distant overall renderings, or
images of fine detail. In both applications, the user of the
set of visual materials seeks to form a mental model of the
3D space. However, in both cases a single 3D structure is
not desirable, but rather a level of ambiguity. In the case of
conceptual design, the ambiguity facilitates exploring cre-
ative alternatives. In the case of archaeology, the ambigu-
ity is consistent with the lack of specific knowledge about
structures that do not appear in views, and with the physical
variation in the site over time.

In this paper we will use as our example digital imagery
of the Dura Europos site in Syria [9]. Over 18,000 im-
ages from the site are available from ARTStor [1]. The
images range dramatically in scale, from overviews of the
entire site to tiny details of building decoration. The image
types include black and white historic photographs, color
photographs of physical models created for museum dis-
play, and ink drawings and sketches made by archaeologists
working at the site in the 1930’s. Traditional computer vi-
sion techniques can be used to estimate camera parameters
and points that can be used to spatially organize small sub-
sets of this material. However, automated techniques can-
not completely organize these images of different types and
scales obtained from sparsely distributed viewpoints.

Our goal is to provide an efficient 3D interface for or-
ganizing, navigating, and annotating these archaeological
pictures. We are not trying to automatically reconstruct the
3D geometry of the site.

Our specific contributions in this paper are:

• The structure of an integrated 3D digital environment
for image navigation and sketching.

• Simple methods for positioning historic images and
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sketches in the 3D digital environment.

• Examples of ways a user may interact with the digital
environment to gain understanding and prepare mate-
rial for communication.

2. Previous Work

Our integrated environment combines recent advances in
computer graphics sketching systems and computer vision
techniques to create synthetic objects and environments.

Sketching The availability of inexpensive input tablets has
inspired a great deal of research in stroke-based modeling
techniques in computer graphics [12]. Many sketch-based
design systems seek to generate full 3D models from simple
strokes. Such systems are generally either gesture-based
or estimate perspective transformations. In gesture-based
systems, such as the popular Sketch-Up system [2], simple
strokes are interpreted as steps in solid modeling. Systems
that estimate perspective include the work by Chen et al.
[6] that uses vanishing points from user entered strokes to
estimate solid shape.

In an alternative line of sketching research, researchers
have explored systems that do not produce 3D models at ev-
ery phase. Strokes are considered first-class primitives, and
define the structures being modeled [18, 7, 10, 8]. Our work
follows this approach to sketching research, and in particu-
lar uses the concepts in the Mental Canvas system [8]. The
system allows the user to create and tour 2D sketches in 3D
space in a manner that lets the design emerge by the fusion
of images by the user’s own visual system. The advantage
of the approach is that the user works in a familiar 2D mode
for defining details, without the limitations and time delays
of a full 3D model being defined at each step in the process.
Two additional system capabilities were also demonstrated
in [8] – analysis and annotation.

Computer Vision One of the goals of computer vi-
sion is to reconstruct three-dimensional objects from two-
dimensional images. The steps needed to automatically
compute three-dimensional points from a set of images are:
1.) determine unique feature points in all images to be
used in reconstruction, 2.) determine corresponding feature
points in the various images, and 3.) use the corresponding
points to compute camera parameters and 3D locations of
the points.

Feature points can be found manually. Products, such as
PhotomodelerTM [3], have in the past relied on the user to
indicate corresponding feature points across the image set.
Further, rather than fully solving for three-dimensional lo-
cations based on the corresponding points, these products
relied on the focal length of the camera being known by
calibration, and held constant. More recently, techniques
by Pollefeys et al. [13] have detected unique feature points

automatically, and found correspondences by relying on
closely spaced viewpoints. Bundle adjustment [19] is then
used to compute all of the camera parameters and point lo-
cations.

Systems have been set up to allow users to try to gener-
ate models from their own sets of captured images. For ex-
ample, Vergauwen et al. set up the system for researchers in
cultural heritage to extract models from a set of photographs
taken according to a specific set of rules [21].

No completely robust method for determining a dense
set of 3D points in a scene given a set of images of a scene
has been found. However, using these computer vision tech-
niques it is often possible to find a sparse set of points. The
combination of SIFT [11] and bundle analysis has been ex-
ploited in computer graphics by Snavely et al. to position
2D images in 3D space to form novel tours through images
[16]. This system is now available as the PhotoSynth sys-
tem [4]. We use this idea of using estimated camera param-
eters to build an environment of images located in 3D space,
rather than estimating 3D structures.

Approximate points have been use as “starter models”
in 3D systems. For example the VideoTrace system [20]
uses points from video sequences to fit predefined primi-
tive shapes. Thormaehlen and Seidel [17] use points from
video sequences to produce orthographic images to import
as guides in a modeling system. In the spirit of these sys-
tems, one planned use of our sketching system is to interact
with images to create simple models of structures in the en-
vironment. Such models can be used as a reference for a
researcher using the system to study the site, as the start of
a model that can be imported into a full 3D modeling sys-
tem, or as a reference in a 3D guided presentation of the site
for educational purposes.

3. Base 3D Sketching System

Our base 3D sketching system interface is shown in
Fig. 1. The main window is a perspective view of a global
3D space. A gridded ground plane is provided for refer-
ence. Individual canvases, or groups of canvases in pre-
arranged configurations, can be created. Each canvas is ac-
tually an infinite 3D plane, but is represented as a rectangle
large enough to enclose the strokes or images placed on it.
Canvases are selected as active for modification by clicking
near one corner of the rectangle representing them. Controls
are provided to translate and to rotate each canvas (about its
own local axes) in the 3D space. Strokes, which are stored
as 2D geometry, are added to each canvas either by drawing
on the rectangular icon in the main view, or by drawing on
a grided 2D display of the individual canvas in the window
on the lower right.

Strokes are stored in the local coordinate system of the
canvas. Strokes can be transfered from one canvas to an-
other. The transfer is performed by selecting a stroke, and



Figure 1. The system interface showing a bookmarked view with
images, 3D strokes and annotations.

a new target canvas. The stroke is transfered to the new
canvas with the same projection in the current perspective
view of the global 3D space. This transfer or “pushing” op-
eration then allows the user to take strokes initially drawn
foreshortened in a perspective view, and position them with
their true length in the global 3D space. By a series of push-
ing operations sets of strokes initially on many 2D images
are positioned consistently in the global 3D space, forming
a 3D model.

Controls are provided for the user to navigate the global
3D space, either by mouse motions or by canvas selec-
tion. To facilitate smooth navigation, the camera motion by
means of mouse movements is constrained to two modes:
a translation mode and rotation mode. Rotation is allowed
only around two of the camera axes (simulating pitch and
yaw). The field of view of the camera used to view the
global 3D space is fixed. In addition to navigation by mouse
motion, the camera view may be changed using a “view
canvas” mode. In this mode, a canvas is selected, and the
camera is automatically moved to a view perpendicular to
the canvas, with the “up” direction oriented in the direction
of the y-axis of the canvas’s local coordinate system.

A user can save a particular view of the 3D space by
saving a bookmark. Bookmarks are displayed in the upper
right hand window as icons generated from screen shots of
the system as it appeared when the bookmark was saved. A
bookmark is stored internally as the camera matrix of the
view. Clicking on a bookmark will return to the view, but
the set of canvases will be in the current state, rather than
the state when the bookmark was saved.

4. Automatic Image Organization

We begin the process of adding images to the base 3D
sketch system by using the publicly available Bundler sys-
tem [14] on the photographs in the image set. The output
of the Bundler system is a camera definition for each im-
age in the group, relative to a common set of points that are
an approximate reconstruction of 3D points in the physical

Figure 2. On top, 23 Bundler groups automatically recovered from
the Dura Europos image set are shown. The images in the cur-
rently selected Bundler group shown at the bottom.

scene.
In our experiments, we found that the Bundler does not

produce good results for the full set of images. Instead,
we find small groups of aligned images by starting with
different sets of image pairs, and adding in additional im-
ages to see if they can be aligned to the original pair. By
systematically repeating this process we obtain small sub-
groups of images. The images included in each subgroup
is highly dependent on the initial image pair. A frequent
result is that a single image is included in both subgroup B
and subgroup C, but the other images in subgroup C are not
included in B. Figure 2 shows groups obtained for a set of
photographs from the site. We show Bundler groups and
images in the same window as we use for bookmarks. Each
Bundler group is shown by a representative thumbnail im-
age in the top of the window, and the images in a selected
group are shown as thumbnails in the bottom of the window.

From Cameras to Canvases To represent images in the
base 3D system we generate canvases. An image canvas
is generated using the camera parameters computed for the
image. Each canvas is associated with a transformation 4x4
matrix M to transform a point vl = (x, y, z, 1)T in its local
coordinate system to the point vw = Mvl in the global coor-
dinate system. We place the image on its canvas so that the
image center is at the canvas origin and the image is scaled
to [−0.5, 0.5] on the x-axis on the canvas. This helps align-
ing the canvases of the same image generated from different
Bundler groups.

We generate a canvas for an image at a specified distance
from the camera center computed for that image by Bundler.
As shown in Fig. 3, using the computer camera parameters,
we can generate a canvas with the same transformation ma-
trix. We move the image canvas a distance d along z-axis
from the camera center to a point o0. While moving, the
scale of the canvas changes based on its distance to satisfy
the projection constraint: u = −fx/z and v = −fy/z,
where f is the focal length of the camera. The scale of the
canvas is determined by s = dw/f , where w is the width
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Figure 3. Generating an image canvas from camera parameters.

Figure 4. Two bundle groups before (left) and after (right) align-
ment.

of the image. We set d to be the average distance from the
camera position for the image to the 3D reconstructed points
that appear in the image. We also allow the user to manually
change d. We do not save or use the Bundler camera param-
eters or the approximate 3D points in our system once the
image canvas is placed in the global 3D environment.

The Bundler does not always give reasonable estimates
of relative camera parameters when the images are from dif-
ferent sources. When viewing the resulting canvases, the
user has the option to remove poorly placed canvases.

Alignment Using Common Images The automatic
Bundler groups vary in scale, position and orientation. Ini-
tially, when we render them in the same space, their scales
and positions are dramatically different from each other, as
shown in the left of Fig. 4). If two canvases ca and cb with
their matrixes are Ma and Mb for the same image are gen-
erated from different Bundler groups, by transforming cb

with MaM−1
b , we align it with ca. By transforming the

whole Bundler group of cb with MaM−1
b , we merge the

two groups together. Figure 4 (right) shows the results after
two groups are aligned based on the canvases for the black
and white image.

5. User Assisted Image Organization

We can not use Bundler to recover camera parameters
of every image because of the large range of image types,
the sparseness of image viewpoints, or the change in ap-
pearance of a structure when it is photgraphed at different
times. We need to resort to manual adjustment to organize
the images. Rather than simply place images on canvases

and manually place the canvases, we have developed tech-
niques to indicate alignments using strokes.

5.1. Image Classes

To put our techniques in context, we first consider that
we are dealing with different classes of images. Figure
5 shows pictures of Dura Europos corresponding to the
classes that we distinguish.

(a) (b) (c)

Figure 5. Different types of views of the Dura Europos site. (a)
plan view, (b) perspective view, (c) detail view

Plan and Elevation views are orthographic projections
of structures in a scene. These need to be placed on either
horizontal (plan) or vertical (elevation) planes relative to the
structures in the global 3D space. We can start by creating
horizontal or vertical planes in the space, and then manually
scaling and translating them to the appropriate location. Al-
ternatively, we can define a plan for an orthographic view
by drawing a stroke on an existing canvas. This will auto-
matically create a new canvas that is perpendicular to the
existing canvas and passes through the stroke.

Detail views correspond to close-up shots of small scale
elements at the site. The elements they depict do not span
a wide enough depth range to draw conclusions about the
vantage point: they could have been photographed from far
away with a long lens, or have been cropped from a larger
picture in which they featured on the periphery. As a result,
it is enough for our purposes to locate (in 3 dimensions)
the surface on which they appear in a larger picture, and
place them co-planar to it. Two correspondences are then
sufficient to complete the alignment. We demonstrate this
in the next subsection.

Perspective views (photographs or sketches) for which
Bundler fails are common in our case. Similar to the detail
views, we will position these relative to one another using
two correspondences lying on a common plane. Unlike the
detail case, the common plane is not the image canvas. We
provide a tool for the user to step through the process of
roughly specifying a stroke on a common plane in the local
image spaces defined by two image canvases.

5.2. Registration Using a Common Line Segment

Given a reference canvas cr and a canvas ci to be regis-
tered in the global 3D space with transformation matrixes
Mr and Mi respectively, we align the canvases by aligning
local coordinate systems that are defined on the canvases
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Figure 6. Aligning two planes using a common line segment.

by their surface normal and the position and direction of a
common line segment visible in the two images. The user
is asked to provide one stroke on each canvas which rep-
resents the same line segment in 3D space. For the two
strokes, we assume we have the 3D coordinates of the two
endpoints vr

s,v
r
t and vi

s,v
i
t in the local coordinate system

defined by each image canvas. To align them, we need to
find a transformation M to make sure the two strokes over-
lap after transformation, as shown in Figure 6.

For the stroke vr
s,v

r
t , we can find a new basis in which

the new local coordinate system’s origin is at the start of the
stroke, and the stroke’s direction defines the direction of the
x-axis, and the canvas normal defines the direction of the z-
axis. We obtain the transformation from the new coordinate
system to the original local coordinate system:

Mr
t = [i, j,k, t] =

⎡
⎢⎢⎣

xt − xs j1 0 xs

yt − ys j2 0 ys

0 j3 1 0
0 0 0 1

⎤
⎥⎥⎦ , (1)

where j = k × i.
In order to align the two canvases, we compute the trans-

formation M so that

MrMr
t = MMiMi

t. (2)

Then we have

M = MrMr
t (M

i
t)

−1(Mi)−1 (3)

With the transformation matrix M, we can align the two
canvases in the 3D space.

It is straightforward to locate the perspective projection
of a common line segment in two images. However, we
need the 3D, rather than 2D local coordinates of the line
segments. We have two cases to consider to estimate the 3D
coordinates – co-planar alignment, and the case in which we
must account for the difference in the perspective projection
of the line in the two images.

5.3. Co-planar Alignment

Many images are of the same facade at different levels of
detail. The reconstruction of a planar surface is an ill-posed
problem for structure from motion. However, it is easy for

Figure 7. The user draws strokes (shown in red) on the image can-
vases to define the same line segment on both reference canvas
(left) and the canvas to be aligned (middle). The strokes overlap
after alignment (right).

Figure 8. Aligned images on the same plane.

the user to align images based on strokes if they are on the
same plane in 3D.

First, the user selects an image canvas as reference (left
in Figure 7). Then the user selects another image to align
(right in Figure 7). If there is no canvas created for this
image, we create a new canvas with its own local coordi-
nate system Mi = Mr. In order to distinguish two can-
vases, we move the new canvas by (0.5, 0, 0)T , while keep-
ing the two image canvases on the same plane. After the
user draws strokes on the two canvases and tells the sys-
tem to align them, the transformation is computed by Equa-
tion 3. With the transformation matrix M we can align the
two canvases in the 3D space. Figure 7 shows the results.
Figure 8 shows a group of images on the same plane aligned
based on strokes.

5.4. Perspective Alignment

For aligning canvases that are not co-planar, we need a
few more steps. Fortunately, humans are capable of infer-
ring the location and orientation of surfaces from a single
viewpoint. We leverage this ability, and base our approach
on the observation that surface understanding is built by
propagating pairwise relationships, with the ground plane
being the natural reference.

Our process is to recover an approximate projection by
locating a canvas representing a ground plane in a local 3D
space defined by the canvases of the images to be registered.
Canvases relative to this ground plane are created in the lo-
cal 3D space by drawing strokes on the ground plane can-



vas that define planes initially perpendicular to the ground.
Planes can then be defined relative to these new planes, until
a canvas is defined that contains the common line segment
to be used to register the original two image canvases. By
”pushing” the stroke from the original image to the canvas
that contains the true 3D line segment, the local 3D coordi-
nates can be found for the alignment.

5.4.1 Locating 3D Planes in a Local Coordinate Sys-
tem

We provide a tool for the user to locate 3D planes in the
local 3D coordinate system defined by an image canvas.
Within the tool, the user views a 3D space initially occupied
only by the image canvas. The image canvas is perpendic-
ular to the optical axis of the view camera and the image
center is on the optical axis. The user can adjust the view
camera projection by changing the distance to the canvas or
by change the the field of view (focal length ) via a slider.

Within the tool, a ground plane is defined as a plane per-
pendicular to the camera’s up direction at a unit distance be-
low the camera position. This choice only affects the scale
of the estimated 3D line segment, which can be adjusted at
a later stage. Up to a scale factor, the position and orienta-
tion of the ground plane with respect to the observer can be
specified by positioning the horizon line.

Because all perspective views of Dura Europos were
taken with no or negligible camera roll, we assume that the
horizon is a horizontal line and simply let the user drag it. In
our implementation, the horizon line that the user can drag
is the intersection of the ground plane with the far clipping
plane used for display. Because the projection is known, we
can obtain the height of this line in the camera’s coordinate
system, hhor, by unprojecting the cursor’s window location
at zfar, the far clipping plane’s depth. The tilt angle of the
ground plane with respect to the camera is then given by
atan(1+hhor

zfar
).

Out-of-frame viewing Depending on how the picture
is composed, the ground or the horizon itself may not ap-
pear much or at all. The latter case implies that the view
is severely tilted upwards. In this case, the vanishing line
of a vertical surface (e.g. a wall) can be used as the “hori-
zon.” For the sake of the discussion we will still refer to this
reference surface as the “ground plane.”

To be of use to guide recovery of surfaces, whose base
does not appear in the picture, the ground plane must ex-
tend to cover potential object bases in the interface. To al-
low this, we display the picture so that the recovered ground
plane extends out of its frame (see Figure 9). This allows
users to make use of their ability to infer where objects
would touch the ground if it was visible.

We implement out-of-frame viewing as follows. Given
viewport and picture dimensions (Wv, Hv) and (Wi, Hi),

Ground plane

Child plane

Stroke

Horizon

Vanishing line
wM

hM

Figure 9. Out of frame interface, ground plane and child plane
drawn with vanishing lines.

we first determine the size of the side margins Mw and the
bottom margin Mh. This is done by comparing the aspect
ratios av of the viewport and ap of the picture. If ap > av,
we set Mw = Wv/8. Otherwise, we set Mh = Hv/4. Be-
cause we display the picture at its original aspect ratio, this
fully determines its dimensions, and therefore the size of
the remaining margin. We now need to compute a new pro-
jection in order to render the 3D planes in accordance with
the picture, now that it does not occupy the whole viewport.

We do this by specifying an asymmetric viewing frustum
by its corners in the near clipping plane, in the OpenGL
fashion. Let fb, ft, fl and fr be the bottom, top, left and
right coordinates of the original (symmetric) frustum, and
f ′

b, f ′
t , f ′

l and f ′
r that of the new frustum. We have:

f ′
t = ft

f ′
b = ft − Hv

Hv−Mh
(ft − fb)

f ′
l = − Wv

2(Wv−2Mw) (fr − fl)
f ′

r = Wv

2(Wv−2Mw) (fr − fl)

(4)

Using the ground plane canvas defined by the user, new
canvases are defined in the local 3D space. As in the case
of creating canvases for orthographic views, we specify
new canvases by drawing strokes on previously created can-
vases. By projecting a stroke onto the canvas plane it be-
longs to, each stroke generates a line in space.

The plane containing each new canvas is drawn as a
grid, with one set of lines vanishing at the same point as
the stroke that generated the canvas (they are parallel to it
in space). The ground plane’s grid is aligned to the opti-
cal axis. At any point, the user can refine the placement
of the ground plane by dragging the horizon again. Doing
this will alter the 3D projection of each canvas-generating
stroke, and therefore the location and orientation of each
canvas, by pairwise propagation from parent to child (the
ground plane being the ancestor to all canvases). The user
is given continuous visual feedback in the process. This



Figure 10. Aligning two images based on selected canvases and
strokes (red). Left is the reference image and right is the image to
be aligned.

Figure 11. An image is aligned with a reference image.

lets the user match the vanishing lines of the planes to their
holistic understanding of how scene elements vanish under
the perspective projection.

If the focal length of the pin-hole projection used to ren-
der the planes is wrong, users will not be able to make all
plane vanishing lines agree with their understanding of the
picture. We again let users adjust the focal length via a
slider, giving them real-time visual feedback by recomput-
ing the geometry of the canvases in the same way as when
adjusting the horizon (see above).

When the user selects an image, the system uses default
camera parameters to fit the image canvas to the viewport
(a). The user can manually modify the horizontal of the
image. The ground plane changes accordingly (b). Based
on the ground plane, more canvases are created in the local
3D space (c). The user can modify the focal length to make
the projection better fit the image (d).

The two image canvases are aligned using canvases de-
fined in each local image space. One image canvas is se-
lected as reference, and the other as the canvas to be trans-
formed. After selecting one canvas and one stroke in the
reference images’s local 3D space and in the local 3D space
of the image to be aligned, the user clicks a button telling
the system to align the two canvases. The transformation
matrix M is computed from Eq. 3. Canvases in the local
coordinates of two image canvases are shown in Fig. 10.
The resulting alignment using the common line segment is
shown in Figure 11. We can see that the strokes drawn on
the two canvases now project to the same place.

6. Results and Proposed Applications

There may be a huge number of image canvases in the
global 3D space, and many canvases intersect. We use

Figure 12. Example views of a 3D image environment with user
entered 3D strokes.

methods similar to those used in [15]. We compute the an-
gle θ between the normal of the canvas n and the inverse
direction of the current camera’s view direction v and sort
the canvases in the order of decreasing angle. For each can-
vas, we compute an alpha α = cos(θ) and render the canvas
with this alpha value. When rendering the image canvases,
we disable the depth test and render the canvases in order.
If one canvas is selected as the active canvas, it is rendered
on the top of all the other image canvases.

The result of the methods we have described is a system
that allows the placement of diverse images in a 3D envi-
ronment. The system has been implemented in C++ using
OpenGL for the graphic display, and MFC for the interface.
Examples of images and diagrams placed in the environ-
ment are shown in Figure. 12. Examples of the system in
action are illustrated in the supplementary video.

We envision the results of the system can be used in at
least three different ways:

First, an expert studying the site can compile all of the
relevant imagery from diverse sources into a single envi-
ronment that can be addressed by location. Searches can
be performed both on text keywords associated with images
and by indicating physical locations. The researcher can
rapidly cycle through nearby views of the same location
photographed and sketched at different times in a natural
way. In addition to writing text about observations, the ex-



pert can add strokes and sketches in 3D indicating structures
or notating spatial relationships they observe. These 3D
sketches and notations can be used in future studies either
by the same researcher, or by others. Groups of researchers
can use the same 3D space of images and sketches as a
means to share observations and questions in geographic
context.

Second, the space can be used to create crude 3D models
that can be exported to full modeling systems, such as Maya
or StudioMax, for creating illustrative reconstructions of
sites in their original state. Creating rough 3D sketches with
3D annotations can accelerate the development of artistic
reconstructions by supplementing the plans, images and text
usually used for these projects.

Third, the space can be used to design interactive tours of
sites for education – either in the classroom or for museum
spaces. An expert can specify graphs of spatial transitions
that are informative for students and visitors, associating
descriptive text with each transition. Transitions can be be-
tween viewpoints or between images at the same viewpoint
developed at different points in time. A full 3D reconstruc-
tion developed in a system such as Maya could be repre-
sented in a simplified form and reimported into the system.
This would allow the touring of real photographs of a site
in the context of the artistic reconstruction.

7. Conclusions

Our ongoing work is guided by these applications. We
plan to enhance the methods used to place imagery in the 3D
environment with additional simple interactions. We would
like to use clustering techniques on both images detected
in the images and on the text associated with the images
to identify groups of images to import into the 3D envi-
ronment, building on ideas suggested in [5]. We hope to
develop more efficient methods for importing models be-
tween the stroke/image system and full modeling systems.
Our current practical goal is assisting in the development
of material to support a museum exhibit of Dura Europos
artifacts to be mounted in 2011.
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