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Abstract. This paper presents a new approach to the reconstruction of ar-
chitectural space depicted in paintings. Instead of a mere graphicor numerical
method, it uses a tool for parametric design, to create a direct wval feedback dur-
ing the reconstruction process. An interactive perspective dramg which overlays
a precise digital image of the painting is adjusted by moving data slider The
sliders at the same time provide the essential measurements of thepicted space.
Thus we meet the task to extract dimensions with the greatest agracy possible
although the underlying work of art is characterized by blurred brshstrokes. Like
any reconstruction attempt this is based on the assumption thatte inspected pic-
ture obeys the rules of linear perspective. We at rst discuss whyis assumption
is justi ed although there are no geometric construction aids dettable as e.g. in
later works of Vermeer [2]. The approach has been developed on the occasion of
an educational project launched by theDld Masters Picture Galleryin Dresden.
For a special exhibition in 2010 dedicated to the work of a youngermeer a
life-sized room similar to the one shown in the paintingGirl Reading a Letter at
an Open Window"was constructed.
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1. Introduction

In fall 2010 the Old Masters Picture Galleryin Dresden showed an exhibition on the early
work of JohannesVermeer (1632{1675). An interactive life-sized scene similar to the one
shown in the painting \Girl Reading a Letter at an Open Window" (see Fig. 1) was part of
this exhibition [1]. Several institutions have been involved in this pro. The scene has

ISSN 1433-8157/$ 2.50c 2012 Heldermann Verlag



70 D. Lordick: Parametric Reconstruction of the Space in Vermer's Painting . . .

been put together in the workshops of theJniversity of Fine Arts of Dresden. Students
and craftsmen have built window, walls, furniture and even a puppetith costume and hair.

All parts have been made movable and the visitors of the exhibition we able to investigate
the correlation between the mock-up and the painting while looking tough a ring placed
at the assumed position of the painter's eye. For this mock-up theirdensions of the room
and the position of the viewpoint were needed. This paper describesw the measurements
were retrieved from the painting. The reconstruction was undesiken at request of Dr. Uta
Neidhardt (art historian) and Christoph Schelzel (conservator), both working at theOld

Masters Picture Gallery They supported the geometrical investigation with insights into ar

history and with physical analysis of the painting.

Figure 1: Johannes/ermeer Figure 2: Johannesvermeer ,
Girl Reading a Letter at an Open Window, O cer and Laughing Girl,
c. 1657, oil on canvas (83 64:5cm). c. 1655{1660, oil on canvas (586 46.cm).

2. Mapping quality of the painting

The reconstruction attempt can only succeed, if the painting is bad on linear perspective.
Thus we at rst have to examine if it is likely that JohannesVermeer used a method of
central projection for\Girl Reading a Letter at an Open Window". The main problem is that
we do not have any written evidence or drawing &fermeer handed down, which could prove
or disprove the thesis. The only witness is the painting itself. But thigpainting possesses
only a few geometrically de ned features and its contours and dets are not very precise.
From intuition many people looking at Vermeer 's famous interiors suggest that the
paintings depict real rooms in a photorealistic manner. This may be ¢éhreason why some
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of Vermeer 's paintings have already been subject to reconstruction attemgt One book on
this topic is \Vermeer's Camera | Uncovering the Truth Behind the Ma sterpieces"by the
architect Philip Steadman [6].

While the rules of linear perspective were well known atermeer 's time, the rst idea
is that he could have used an underlying drawing to construct this paing. If so, we must
be able to detect traces of the construction with technical mearas it has been done in other
paintings of that time [5]. But no trace of any construction can be dovered either under a
microscope, or in an X-ray picture, or on an infrared re ectogramFurthermore, only one of
the vanishing points is situated on the picture | the others are far aut of reach (see Fig. 4).
That, however, does not necessarily imply thaV/ermeer did not draw the perspective onto
the canvas before painting. But taking other drawings of that timento account it is unlikely.
Finally, a slight inaccuracy with respect to the window points to the hpothesis that he did
not construct.

So, if he did not construct the perspective, how did he produce thisghly realistic image?
Following the studies of Philip Steadman it seems to be evident thatVermeer used a
camera obscura[6]. This is not the only possible answer but observations iermeer 's
paintings plus a glance at the historical background of the paintingupport Steadman 's
thesis.

Looking at the painting \O cer and Laughing Girl* (see Fig. 2) one argument for the
camera obscurais the remarkable discrepancy in scale between the two gures. Amther
painter of his time would have played down this snapshot-like e ectVermeer in contrast
accentuates the radical perspective and seems to be more ins¢ee in visual phenomena than
drawing the individuals in proportion to one another.

Also, several commentators have suggested that the minutelytdéed topographic maps
in the background of manyVermeer -paintings might have been reproduced with technical
means. IfVermeer used acamera obscurait is almost certain he used one with a lens.
Those without lenses are only suitable for observing solar eclipses.

We can take into account thatVermeer lived in a century that was marked by discoveries
only possible through the aid of rapidly developing optics. In 1610 Galdé€>alilei discovered
the four largest satellites of Jupiter through his telescope. This disevery is connected to
the Netherlands becaus&alilei 's telescope was developed following an invention by Hans
Lippershey , a Dutch maker of eyeglasses. Antonian Leeuwenhoek , like Vermeer
born in October 1632 in Delft, was the rst to describe bacteria helserved through his
microscopes. It is very likely thatVermeer was acquainted with him.Vermeer must have
had the experience of viewing through a lens and most likely of profgy sceneries through
a lens onto any kind of screen. The blurring e ects and dispersed higghts in \Girl with a
Red Hat" (see Fig. 3) could be a testimonial of this special optical experience

Steadman 's most striking nd however, results from the comparison of ten gatings
in which Vermeer apparently pictures the same room with changing scene§&teadman
draws reconstructed plans of the room, marks the viewpoints amttaws theangles of viewas
limited by the frames of the paintings. For the reconstruction of sipaintings the resulting
pyramids of view when extended through the viewpoint, intersect the back wall ahe room in
rectangles that have almost the same size as the actual canvaengeVermeer could have
separated the room into a large and light part with the scenery, and small and dark part,
a camera obscurain its literal sense. The divider, a curtain or a wall, must have contairtea
lens through which the scene was projected onto the back wall | ight enough to be traced,
albeit upside down and mirrored.
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We summarize: the Dresden painting with the girl reading a letter is @ of the rst
paintings with Vermeer 's characteristic domestic interior scenes. With its strong spatial
e ect it di ers signi cantly from earlier works. The use of a camera dscura is likely. In any
caseVermeer had a sound passion for questions of projection and we therefergpose the
following: the picture in substance possesses the geometrical lgyaf a photographic image
and follows the rules of linear perspective. Thus it is a suitable candigafor an attempt to
reconstruct the depicted space.

Figure 3: Vermeer , Girl with a Red Hat, Figure 4: Conventional reconstruction.
c. 1665{1667, oil on panel (22 181cm).

3. Assumptions

In general the non-ambiguous reconstruction of a space is onlysgible from at least two
images taken from two di erent viewpoints. If only one picture is avdable, additional as-
sumptions derived from our empirical knowledge of space are rearto compensate for the
missing second image. We subconsciously use this strategy any tineel@ok at pictures. Only
special optical illusions with certain contradictions between visualecognition and physical
feasibility, so calledimpossible objectslet us become aware of the fundamental ambiguity of
two-dimensional pictures. The assumptions we make here derivet mmly from our intuitive
experience with space but also from observations in other paintingg Vermeer .
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The rst assumption is: we deal with a rectangular room in afrontal perspective A
short excursion: We do not use the term \one-point perspectivbécause, even in a frontal
perspective the use of several vanishing points is common (alreatdgade so by the work of
Leon Battista Alberti ). Our example with Vermeer also shows how this is very helpful.
Not the number of vanishing points is signi cant for the description bthe perspective, but
the orientation of the main object's coordinate system in relation tohe picture plane. Thus:
when a rectangular object like the chamber in this picture is depicteid a way that two facets
(walls) are parallel to the picture plane, the perspective is callefdontal. Then in total eight
edges are parallel to thepicture plane and four are perpendicular. The vanishing point of the
latter coincides with the point of the picture plane next to the viewpot, called main point.
We observe that the term \one-point perspective”(etc.) is ofterblocking deeper insight into
the concepts of linear perspective only by the infelicitous choice dig¢ name. But back to
our subject: we assume the wall behind the girl is parallel and the Wavith the window is
orthogonal to the picture plane Thus the horizontal lines in the window's wall arelines of
depthand align to the main point H of the perspective. The bright embrasure of the window
is also parallel to the picture plane. This kind of setup, a frontal pepective, is common
and useful for a graphically constructed perspective. For the @f the camera obscurathis
setup is not required. Hence/ermeer forced it to be frontal to achieve a strong formal
composition.

Our second assumption concerns the casement. Its subdivision égular and the hor-
izontal lines align at avanishing point F at the horizon while the diagonals of the small
rectangular glasses have vanishing poini3, and Dy, at the same distance above and below
F (see Fig. 4). We suggest the casement ts as usual into the winddvame when closed.

A table stands in the foreground covered by a carpet, in keeping \ithe spirit of the
times. On the table is a bowl of fruit. The dimension of the table is asswed to be common,
the fruit in a natural size.

The chair in the corner is only partially visible, but is nevertheless the dst reference for
the rest of the measurements. This chair appears on several\drmeer 's paintings and
similar furniture is preserved in theRijksmuseum Amsterdam

The intimate ambience of the painting originates partially from the gren curtain at the
right side. This is atrompe-I'il playing with the habit of those times to cover a painting
with a curtain. The curtain is not part of the space the girl is in but béongs to us, the curious
observers.

4. Classical reconstruction

As Steadman writes, the reconstruction of the space in one ofermeer 's paintings will
usually be attempted only if at least a part of a tiled oor is visible [8]. Hene at rst
glance the architectural details in the picture seem to be insu cientand the operation has
no prospect of success. But actually only a slightly deeper insight otinear perspective
in combination with the previously outlined set of assumptions bringshe solution: if the
casement is moved around its pivot, the vanishing point®, and Dy, will draw a hyperbola.
This hyperbola has to contain the vanishing points of the diagonals tfe window frame (see
Fig. 5, only the upper part of the hyperbola is depicted).

The true di culty for the reconstruction is the weak accuracy of the painting. No painting
has the precision of a photographic mapping. During the lengthy pcess of painting a lot of
changes were made, which can partly be revealed by X-ray. Single $rsre unreliable. Thus
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Figure 5: Spatial con guration of the determination of the centerf projection
from the dependency of casement and window frame.
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Figure 6: Screenshot of the Grasshopper canvas with data-slisend components (extract).

only a holistic approach can be successful. It is especially arduousewnhyou try to nd a
solution by tracing one line after the other. The extended lines, eisioned to be parallel in
space, do not necessarily intersect in single points. Rather an arefapossible locations for
each vanishing point can be stated (see Fig. 4). By repeating thisqmess and by adapting and
redrawing, the solution could be approximated iteratively. But the poblem is, any decision
that might appear meaningful locally can damage the overall accura

5. Interactive reconstruction

In place of the traditional approach of tracing line by line we set up anidealised linear
perspective drawing according to the complete semantic recogniti@f the painting. The
idealised drawing has perfect intersections and covers all obviougyisting connections in
the painting but leaves the actual dimensions undetermined (see Bigh and 7). For example,
the lines of depth are made to intersect, but the point at which theylo so on the canvas is
not yet xed. This topologically true perspective is then manipulatedwith data-sliders to
adjust the dimensions.
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The idealised and interactive drawing has been created with the plug-Grasshopperfor
the 3D modelling softwareRhinoceros Grasshopperis an easy to learn tool for parametric
design. It provides a visual programming interface where symbolicstances of geometric
objects can be connected with virtual wires (see Fig. 6). In the Rfo-viewport the idealised
drawing is overlaying a digital image ofVermeer 's painting that provides a resolution of
about 5px/mm. To obtain an optimal t, the quality of the correspondence between the
perspective drawing and the actual painting is visually evaluated in ad-time. Thus it is
possible to rate single points in relation to the overall appearance @rcompensate weak
details.

The idealised drawing becomes adjusted to the painting in several lixge ned steps.
By following a logical sequence from the most important settings tohé tiny details the
manipulation of the data sliders gives perfect control over the rel at any time. Methods of
automatic image recognition are not applied.

The picture plane for the reconstruction is conveniently set thragh the hinges of the
window. In the beginning themain point H has to be localised. Therefore the values \distance
to the window wall"and \height of the horizon"are tuned. Thus themain point adjusts to a
position a little bit above the height of the girl's eyes and behind her hela close to the green
curtain. That means the observer is slightly taller than the girl. The Bxt step is moving the
vanishing point F of the horizontal lead glazing bars back and forth along the horizamtil
all bars are obviously covered best by the lines of the drawing. Thigteon can be compared
to manually focusing the lens of a camera.

Now the crucial step of the reconstruction follows: what is thdistanced of the viewpoint
to the picture plane? This can be answered if we take for grantedahthe casement ts into
the window frame. Hence the proportions of casement and frameave to be the same. This
can be controlled with the vanishing points of their diagonals (see Fi§). Under this condition
the values \proportion of the window's dimensions"andlistance d have to be equilibrated. A
convincing conformity of drawing and painting arises at a ratio of 2 : 8r the window (see
Fig. 7). With respect to common window constructions this can be tad as a very convincing
result. At the same time the aperture angle of the window is about 23degrees.

Until now, we did not mind the actual size of the objects but only the spatial arrange-
ment. The guess of the scale starts with the girl's height. She may W&5cm tall and may
stand in the axis of the window frame. Because her feet are not vikb their location has
been estimated using the girl invermeer 's \The Art of Painting" for comparison. These
settings produce a rst statement about the height of the windowAll other dimensions refer
to this. The corresponding distanceal is about 4 meters, the distance to the girl a little less.

All other dimensions follow in a similar manner. The complete reconstction procedure
is outlined as follows:

1. Locate themain point H

Set the casement's vanishing poirfe at the horizon

Equilibrate the windows proportion with the distance of the viewpimt
Get the ornament of the lead glazing

Measure the window's frame

Adapt to the back of the chair and correlate with the former assnptions
Rede ne the body height of the girl

Determine the position of the table

Set the position of the picture frame according to the size of thmanvas

© ONOO Ok WD
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Figure 7: Idealised perspective drawing Figure 8: Test rendering of the 3D model
overlaying the picture. with a virtual camera in the viewer's eye.

All measurements are put into a table and eventually corrected witthe appropriate scale for
the life-size model. Then a simple 3D model of the scene is constractnd rendered from
the viewpoint for an easy veri cation of the result (see Fig. 8). Inhe end, the plans for the
craftsmen are drawn (see Fig. 9).

6. Remarks

During the involvement with the painting some remarkable results cpped up. Thehorizon
divides the canvas almost exactly into two halves. Thenain point H divides the horizon
almost exactly at the ratio 1 : 2. The perpendicular line through the ig's center of gravity
(the perpendicular line through her ear) divides the canvas into twbalves.

The girl's position in the chamber can only be guessed. But the spacdtlbetween
table and casement is rather narrow. Probably the girl stands righbetween both. But this
assumption con icts with the re ection of the girl's head in the glazing If the ray from the
viewpoint through the re ection is traced, as in Fig. 9, it obviously canot hit the girl. But as
we know from the infrared re ectogram, the girl had been in a di eent position in an earlier
version. The girl had been shown more from the back, as if the obgsr had looked over her
shoulder, and she appeared to be smaller. This hints at an explanatitor the re ection. She
probably stood closer to the wall. AfterVermeer corrected the position of the girl he left
her re ection untouched.

In the X-ray picture the reproduction of a painting on the back wallcan be identi ed. It
is a Cupid with his bow, as also depicted iVermeer 's \Girl Interrupted at her Music" and
\Lady Standing at a Virginal".
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Figure 9: Plans of the tableau.

Figure 10: UtaNeidhardt (right) and her assistent are  Figure 11: Peeping through
adjusting the scenery at the Old Masters Picture Gallery. the ring at the calculated po-
The reading girl is a puppet. sition of the artist's eye.
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The conspicuous shadow of the casement cast onto the back wahind the girl's head can
not be explained with respect to the natural light from the window. 1 has to be considered
as a pictorial invention with the goal to plastically model the pro le ofthe girl out of light
and shade with maximum contrast.

In comparison with the window in the painting \O cer and Laughing Girl* (see Fig. 2)
it can be supposed that the chamber had a window with a pair of casents. But the
incidence of light suggests the second casement had been covévesthieve a more intimate
atmosphere. Another di erence between the paintings concerttse upper part of the window.
At the right side with the red curtain the frame is obviously curved, ot at the left side it is
simply straight, although there should be a curved pro le visible as vle This manipulation
might be due to the wish to frame the border of the painting in a moreetaxed way. But
on the other hand this variation makes us aware of the fact that # interpretation of the
room by Vermeer could have been loose. Only the very good interlocking of the detedt
dimensions and proportions of the room ultimately grants a ratherapd certainty that the
reconstruction was successful. At least for the mock-up, the pla proved to be feasible (see
Figs. 10 and 11).
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