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Cinematic space is ephemeral and fleeting. After capture on film, the physical
space of cinema is erased as lights are dimmed, props are dismantled, old sets
torn down and new ones erected. For the understanding and research of historic
cinematic space this is inherently limiting. Can computational tools aid this
research and allow for digital reconstruction of film sets and scenes? This paper
initiates a line of study into restitution methods of cinematic space. Assessment of
software-based photogrammetry methods to cinematic sequences leads to the
development of a bespoke parametric linear perspective reconstruction tool.
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INTRODUCTION
The goal of this paper is to evaluate and expand
on existing tools for the digital three dimensional
reconstruction of ﬁlm scenes for the study of cinema. The ability to digitally reconstruct the geometry of set layout, camera position, camera movement, and lighting positions oﬀers potential for signiﬁcant insight into historic ﬁlm practices. A rich
complexity of spatial manipulation occurs in midtwentieth century ﬁlm: sets were purposefully missproportioned, lighting was distorted for aﬀect, perspective was manipulated by lens eﬀects, and actors manipulated movement through space. (Bruno:
2003) This paper proposes novel applications of digital tools tailored to reconstructing and exploring manipulations of space in cinema. Permanent archives
of constructed set documentation are sparse and ﬁlm
as an archival medium is limited to what is visible on

screen. In some ﬁlms, multiple angles of a set are provided, in others partial angles, others only a single
locked camera point. Constructing and computing
analytical set documentation from within this wide
range requires multiple tools. The intent of this paper is to explore methods speciﬁc to scene reconstruction, with emphasis on methodologies and approaches that are accessible, ﬂexible, and adaptable.
A key challenge in ﬁlm scene reconstruction is
the limited spatial information provided by cinema.
The ﬁrst of the two methods explored involves
the adoption and application of commercially available photogrammetry software for digital ﬁlm set reconstruction. Computational photogrammetry is the
subject of extensive research and development, in a
range of disciplines from mathematics to computer
science. While photogrammetry is commonplace in
a range of industries, its application to the study of
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space and history in a humanities context is understudied.
The second method involves the application of
geometric linear perspective reconstruction. Linear
perspective has also been the subject of extensive
research and development, dating back to the renaissance era. Until the widespread adoption of
computer-aided design linear perspective was the
primary method of architects and artists for constructing hand drawn renderings. The method proposed here involves a hybrid between computational
and traditional manually drawn geometric methods. This method remains geometry-based, requiring minimal scripting and mathematical computation, while allowing for automated reconstruction
by applying constraint-based digital modeling and
parametric templates. This oﬀers high ﬂexibility in
use and applications, and can be applied quickly to
a reconstruct a wide range of conditions.
Together, these two methods provide a robust
and ﬂexible toolkit for digital reconstruction of ﬁlm
scenes..

cloud, and textures sampled and projected from the
original photographic imagery by way of the point
cloud. (Chevrier 2009).
While Photogrammetry and Camera matchmoving are commonplace in the aforementioned speciﬁc
industries, their application to the study of space and
history in a humanities context is understudied. We
propose the implementation of these technologies in
the study of historic cinematic set and camera space.
Select cinematic camera moves and scenes are
converted into still image sequences to be processed
in photogrammetry software. The resulting photogrammetry output will generate an architectural
model of the original ﬁlm location and set. Having this dataset will free us to analyze and study the
set freed from the conﬁnes of the original camera
move. Applying common architectural representational tools such as orthogonal projections, perspectival views and formal analysis to the resultant 3d
model can be manifested once free from the original
cinematic camera movement. This technique will allow us to gather insights into the architectural and
perspectival distortions present in the design.

PHOTOGRAMMETRY & CINEMA
The digital capture of architectural and landscape
space through photogrammetry methods is a well
established technique (Ogleby, Rivett 1985) (Mikhail
et al 2001). Multiple still images captured within
or surrounding a space are utilized to reconstruct
a calibrated 3d model. Recent advances in algorithms and processing technology have created the
ability to use large numbers of sequential images in
the photogrammetry process (Sabina et al 2015) for
extremely high resolution output. This technique
is commonly applied in the architectural, archeological, animation and gaming industries. Input
data in these cases are high resolution DSLR image sequences from local site surveys or from object turntable documentation. High numbers of sequential images can be captured for site surveys from
aerial drones. The output data from these techniques is a point cloud dataset, a three dimensional
mesh model built upon the interpolation of the point
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APPLICATION OF PHOTOGRAMMETRY
SOFTWARE TO FILM SCENE RECONSTRUCTION
The ﬁlm “High Noon” (1952), directed by Fred Zinnemann is considered a classic case study of midcentury Hollywood ﬁlmmaking. A single camera
move, or “crane shot” is heavily referenced and
agreed to be an iconic storytelling device, the large
scale crane shot at the tail end of the feature. (Figure
1). This shot, composed by cinematographer Floyd
Crosby transitions the camera view from a close up
of the lead character to pull back, lift and reveal the
immediate town context.
The large scale scene deﬁnition, camera movement and iconic status led us to select this shot as a
case study for applied photogrammetry reconstruction. The large scale scene transition provides multiple images (frames, exposures) depicting building
scale set pieces. The camera movement provided

Figure 1
“High Noon” 1952
Crane Shot

Figure 2
“High Noon”
Photogrammetry
3D Model

Figure 3
“High Noon”
Photogrammetry
3D Textured Model

what initially appeared to be a large divergence in
camera viewpoints. The iconic status self selected
this clip as an intriguing opportunity to reoccupy a
lost location in physical cinema space.
The shot was subdivided into a series of still
images that populated the photogrammetry scene.
Identifying the camera movement on a per frame
basis was easily achieved based on the interpolation of multiple software identiﬁed key points. These
key points are identiﬁed by a texture and pattern
based algorithm within the software. By identifying similar patterns from multiple vantage points the
photogrammetry process can identify relative locations and dimensions of these key points. In order to assist the photogrammetry process manually
located markers at important geometric references
were added early in the process. These markers were
added at the corners of window frames, the edges of
projecting roofs, and the base and crown of vertical
wall surfaces. These markers are additionally useful
in registering the photogrammetry solution in a speciﬁc cartesian orientation.
As this case study was conducted we encountered a limitation derivative of the camera movement. Although the camera moves signiﬁcantly
higher in elevation over the course of the shot, there
is relatively little lateral movement. The lack of lateral
movement creates a challenge for the photogrammetry reconstruction algorithm. Accurate reconstruction is aided when there is a large relative parallax diﬀerence between the same detail in multiple
views. Larger camera orientation diﬀerences provide
a more signiﬁcant spatial deviation to process. In the

case of the High Noon crane shot the software had
diﬃculty properly interpreting the depth of elements
further from the camera (Figure 2). This created a spatial accuracy that lessened as the distance from the
camera increased. While other challenges arose in
this case study related to image sequence resolution
and the moving character demanding a masking solution for computation, the lack of signiﬁcant lateral
camera movement was the most pronounced issue.
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BENEFITS
AND
SOFTWARE-BASED
SOLUTIONS

LIMITATIONS
OF
PHOTOGRAMMETRY

Photogrammetry oﬀers a robust solution for spatial
computation. When supplied with accurate and appropriate input imagery the algorithms can solve for
highly complex spatial reconstructions. Both the
dense point clouds and the interpolated 3D mesh geometry can be used for computational analysis and
to create high detail spatial and visual simulations.
The simultaneous ability to project textures from the
point cloud onto the 3D mesh geometry ampliﬁes
the utility of this output in visual simulations. As an
alternative to creating a traditionally modeled spatial
reconstruction this process is relatively automated
and eﬃcient.
The limitations of photogrammetry can be divided into two subsets. If the input data images do
not provide enough deviation of viewpoint the algorithm will struggle to identify enough similar key
points to properly identify geometric features. Likewise if the input imagery is optically loose with a
lack of consistent deep focus, low resolution or blurry/shaky the software will be unable to identify consistent key points.
The second subset of challenges are tied to scalability. The spatial resolution of the reconstruction is
directly related to the scale of input data. The more
detail needed in a solution, the more imagery input.
The larger the geographic area to be reconstructed,
the larger the number of input images. As the number of input images scales the computational demands of this process dictate the speed and eﬃciency of the resulting spatial reconstruction dataset.

LINEAR PERSPECTIVE RECONSTRUCTION
Software-based photogrammetry produces a large
amount of data for a given scene. As demonstrated
the method has two manifest limitations. First,
scenes require a signiﬁcant amount of orbital motion
by the camera to generate geometry and the method
fails entirely for single still images. Second, a high degree of noise exists in the generated data set.
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For irregular geometries such as landscape and trees,
noise is less impactful than for built objects for which
rectilinear geometry is predominant. In evaluating
alternative methods for scene reconstruction to address these criteria, methods of linear perspective offer a counterpart solution. Linear perspective methods prioritise precision rectilinear geometry, and are
well-suited to architectural applications. The principles of linear perspective, which were ﬁrst developed
in the renaissance era, have been well-established
since the 19th century, both geometrical and mathematically. (Kemp 1990)
The technique for reconstructing geometry from
still images is called linear perspective reconstruction, also referred to as perspective restitution, and
works by inverting the traditional process of perspective construction. The method allows for the extraction of geometry from a single image, along with
scene variables such as the horizon line, camera location, focal length, and rotation angles of azimuth,
tilt, and swing. (Williamson and Brill 1987) Given a
single known dimension in the image, the sizes and
positions of scene objects and geometry can be measured precisely.
The principles of perspective reconstruction
were ﬁrst developed by the mathematician Johann
Heinrich Lambert in the 16th century, and perspective reconstruction methods remain useful and insightful as a strategy for evaluating images of the
built environment and the manipulations therein.
(Rapp 2008). Applications include the study of art,
architecture, site surveying, forensics, and more. An
additional beneﬁt of geometric perspective reconstruction over software-based photogrammetry is

Figure 4
Two point linear
perspective
construction of the
“Parallel Asymptotic
Condition.” The
condition is not
physically possible,
but mapping to this
condition allows
straightforward
perspective
reconstruction
using cartesian
geometry.

the method’s high level of ﬂexibility by allowing direct interaction with both image and process.
Figure 5
Elevation of two
point perspective
image of extruded
square ABCD in
picture plane,
showing vanishing
points and horizon
line.

PARAMETRIC CONSTRAINT-DRIVEN TWO
POINT PERSPECTIVE RECONSTRUCTION

Figure 6
Elevation of two
point perspective
with parallel
asymptotic
condition MNOP
solved for ABCD.

A primary drawback to perspective reconstruction
is complexity of the process, as many construction
lines and curves are involved in the mapping of a
single line from a two dimensional image to three
dimensional geometry. Additionally, steps in the
procedure may require solving for angles mathematically, requiring trigonometry, or additional complex steps. (Dzwierzynska) Fully computational solutions, which typically involve matrix multiplication,
are highly eﬀective for speciﬁc use scenarios but
do not to lend themselves to interactive and adaptable approaches. The applicability of traditional geometric perspective reconstruction however, can be
extended by computer-aided design and parametric software, partly automating the process and allowing real-time interaction with results. The beneﬁt of applying computer-aided and parametric solutions to the process of perspective reconstruction has been demonstrated in disciplines such has
historical preservation site mapping and painting
analysis. (Crankshaw 1990; Lordick 2012) Applications to ﬁlm may generally assume correct physical principles, unlike painting, and anticipate manipulation of these principles for aﬀect. This paper
proposes an automated parametric constraint-based
methodology for two point perspective reconstruction. The method applied here reconstructs camera location, camera lens, focus, camera angle, and

planimetric geometry. Variations and adaptations of
this methods can allow for additional applications,
such as three point perspective reconstruction, elevation and three-dimensional reconstruction, lighting source reconstruction, and non-linear lens reconstruction, and more. (Richardson 1993; Brill and
Williamson 1987)
The approach allows for automation of the perspective reconstruction process through the use of
parametric templates and constraint-based modeling. The resulting method is highly customizable,
ﬂexible system for creating detailed perspective reconstruction. Parametric templates encoding of geometric construction without scripting. A single a
parametric template constructed of the geometrical
process may then be iterated in a loop that remains
parametric. Inputs allow for very large amounts of input geometry to reproduce high-ﬁdelity perspective
reconstructions. Flexibility of system also allows for
varying degrees of manual input versus automation,
and maintains real-time interactivity with the resultant model throughout.

There are multiple methods for two point perspective
reconstruction. The system used here involves identifying a planimetric square the image and solving for
the “parallel asymptotic condition” of that same image for which only a single solution exists for the camera point CP. Identifying a square in the picture plane
of the “typical condition” provides a reference point
for mapping all angles of the geometry. (Figure 4) A
triangle of known angles will also allow mapping geometry to a single solution, but in architectural the
built environment squares are typically readily avail-

DIGITAL HERITAGE - Volume 2 - eCAADe 35 | 59

Figure 7
Parametric
constraint
modeling within
Dassault Systemes
3DEXPERIENCE
platform using
CATIA. Scripting
interface is shown
in window at the
right of the image,
and the geometry
in model space
shows a range of
perspectival
reconstructions of a
square.

able (often in the form of a circle, from which a square
can be derived). Without a reference square or triangle, there are inﬁnite geometric solutions possible for
a given image.
Once a square is identiﬁed, the parallel asymptotic condition can be derived. The parallel asymptotic condition serves as a key to derive the camera point CP. In the typical condition, orthogonal
projections in plan and elevation contain too many
variables to geometrically solve simultaneously. In
the parallel asymptotic condition, the coincidence of
points D and D’, combined with the perpendicular
alignment of line CP D in plan, and the alignment of
the heights of points CP and B reduce the number of
variables in each projection and allow a straightforward geometric solution for identifying the camera
point location CP, and therefore the projected geometry in plan.
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Figure 8
Axonometric of
perspective
reconstruction
showing camera
location CP.

In the method developed, the horizon line (HL) between the two vanishing points VP1 and VP2 is drawn
manually from the image. (Figure 5) While the geometry may be derived parametrically, the graphical
construction of the horizon line allows for evaluation
of the image, and helps identify in the trace of the im-

age edge lines which lines follow proper perspective.
It is also a simple exercise that requires only extending lines traced from the image to their intersecting
points.
Figure 9
Orthographic
projection
composite view of
both elevation and
plan mapped to a
single plane.

Once the vanishing points and horizon line are derived for quadrilateral ABCD, the elevation of the
parallel asymptotic condition square MNOP can be
driven using constraint-based parametric software.
(Figure 6) The simplest method is using software that
allows for constraint solving, such as the Sketch tool
in Dassault Systems CATIA. Multiple approaches for
inputting solvable geometry are possible, so long as
a solvable number of the constraints identiﬁed in Figure 6 are input into the parametric model. Once the
parallel asymptotic condition is solved for the elevation, the camera point CP can be derived, and the
plan of the square A’B’C’D’ projected to the ground
plane. For most instances, either the height of the
camera point CP or a single dimension in the image
must be known, otherwise the reconstructed geometry will be scaleless, and the vertical location of the
ground plane arbitrary. The entire system can be developed in a single orthogonal projection by rotating
the picture plane 90 degrees counterclockwise and
aligning with the ground plane. (Figure 7) For solutions that require only planimetric geometry, this
case suﬃces and reduces complexity.

APPLICATION AND AUTOMATION OF
PARAMETRIC TEMPLATES
The parametric perspective reconstruction system
was modeled in Dassault Systemes 3DEXPERIENCE
platform, using CATIA. (Figure 9) The software platform allows the encapsulation of parametric geometry into templates for instantiation on variable geometry. There are several templates available in CATIA,
including “Engineering Templates,” “PowerCopies,”
and “User Deﬁned Features.” In this scenario, PowerCopies were used to instantiate the parallel asymptotic condition onto the traced geometry, and solve
for the camera point and planimetric reconstruction.
The inputs to the PowerCopy consist of only the horizon line and a four lines of a square in the picture
plane, and output the camera point and resultant
planimetric geometry. Adjusting points controlling
the corners of the quadrilateral in the picture plane
produces variations in real time. An additional PowerCopy can then be made to instantiate any geometry in the picture plane, so long as it is known to lie
on the same plane as the original quadrilateral ABCD.
Scripting using CATIA’s “Knowledgeware Engineering Language,” the instantiation of PowerCopies can
be automated and looped over any number of inputs
using a script of fewer than 20 lines of code. This allows for the entire reconstruction of complex scenes
to be executed within seconds, producing parametric model of perspective reconstruction driving by
equilateral ABCD that can be dynamical adjusted in
real time to evaluate of results.

TWO POINT PERSPECTIVE PLANIMETRIC
RECONSTRUCTION, CASE STUDY
A case study of the system is presented reconstructing the plan of an image of an interior courtyard walkway in the Newark Public Library. (Figure 10) The
photograph and scene provides a good case study,
as the results can be veriﬁed against measurements
of the physical space. Additionally, the reconstruction regular, repetitive, orthonormal geometry of the
space, while an simple layout, allows for easy veriﬁcation of errors or inconsistencies in the output. The
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Figure 10
Case study
photograph of
Newark Public
Library, traced to
identify horizon
line, vanishing
points, and
geometry for
perspectival
reconstruction.

image of the courtyard walkway is ﬁrst traced manually. Identiﬁcation of the vanishing points VP1 and
VP2 determine the horizon line, which helps identify
the camera and resulting image rotation. Identifying
the horizon line improves accuracy with regular, orthonormal geometry in the image and solve for assumed locations beyond he perimeter of the image
itself. The resulting vector trace is then input into
a single “Geometrical Set” in CATIA for instantiation
of the reverse perspective Power Copy, which is run
over each line segment individually. The output of
the system is a convincing and veriﬁable plan of the
space, including of the location of the camera point
matching the location at which the photograph was
taken. (Figure 11)
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CONCLUSION
The two techniques of computational photogrammetry and parametric reverse perspective reconstruction provide a robust and ﬂexible toolkit for
ﬁlm scene digital reconstruction. Computational
photogrammetry solves well for irregular geometries, outputs raster texture maps, and produces a
large amount of geometric data. Linear perspective reconstruction solves well rectilinear geometries
and single image cases. Further steps involve pairing both techniques together towards reconstructing the same cinematic scene, and solving for additional variables such as scene lighting and camera
path.
Our larger goal is to develop a tool set to better analyze and understand set design and manipulation in mid-twentieth century ﬁlm, and explore the
use of a new medium to deconstruct manipulations
of space, light, and motion.

Figure 11
Perspectival
reconstruction of a
portion of the
Newark Public
Library from a
single photograph.
Overlaid
construction
geometry reveals
process of
automated
template
instantiation.
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