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ABSTRACT

The problems of estimating the position of an illuminant and the direction of illumination in realist paintings
have been addressed using algorithms from computer visionThese algorithms fall into two general categories: In
model-independent methods (cast-shadow analysis, occluth-contour analysis, ...), one does not need to know
or assume the three-dimensional shapes of the objects in thecene. In model-dependent methods (shape-from-
shading, full computer graphics synthesis, ...), onadoesneed to know or assume the three-dimensional shapes.
We explore the intermediate- or weak-model condition, whee the three-dimensional object rendered is so simple
one can very con dently assume its three-dimensional shapeand, further, that this shape admits an analytic
derivation of the appearance model. Speci cally, we can agsne that oors and walls are at and that they
are horizontal and vertical, respectively. We derived the maximum-likelihood estimator for the two-dimensional
spatial location of a point source in an image as a function otfhe pattern of brightness (or grayscale value) over
such a planar surface. We applied our methods to two painting of the Baroque, paintings for which the question
of the illuminant position is of interest to art historians: Georges de la Tour'sChrist in the carpenter's studio
(1645) and Caravaggio'sThe calling of St. Matthew (1599{1600). Our analyses show that a single point source
(somewhat near to the depicted candle) is a slightly better &planation of the pattern of brightness on the oor

in Christ than are two point sources, one in place of each of the guresThe luminance pattern on the rear wall
in The calling implies the source is local, a few meters outside the picturérame|not the in nitely distant sun.
Both results are consistent with previous rebuttals of the recent art historical claim that these paintings were
executed by means of tracing optically projected images. Oumethod is the rst application of such weak-model
methods for inferring the location of illuminants in realist paintings and should nd use in other questions in
the history of art.

Keywords: painting analysis, lighting analysis, maximum-likelihood estimation, Lambertian surface, Caravag-
gio, The calling of St. Matthew, Georges de la Tour,Christ in the carpenter's studio, Hockney tracing theory

1. INTRODUCTION

Recently, the problems of estimating the position of an illuminant and the direction of illumination in realist
paintings have been addressed through techniques of shafiem-shading in computer vision and pattern recog-
nition. These techniques fall into two broad categories: mdel-dependent methods, in which we know or assume
the three-dimensional shapes of the objects, and model-irgpendent methods, where we do not need to know
such shapes. Model-dependent shape-from-shading relies gpeci ¢ three-dimensional shapes, such as of the
pearl and the eyes in Jan Vermeer'Girl with a pearl earring,* or full computer graphics models of the gures in
Georges de la Tour'sChrist in the carpenter's studio.? Model-independent methods include cast-shadow analysis
and occluding-contour analysié have been applied to these paintings as well. We explore heran intermediate
case: the weakly model-dependent condition. Speci callywe infer the direction of illumination based on the
pattern of brightness over surfaces we can con dently assum are at, viz.,, oors and walls|surfaces simple
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enough to admit analytic derivations of the appearance modeand for inferring the illuminant position based on
the measured luminance.

In Sect. 2 we review briey a recent claim about Renaissancetsadio praxis and the relevance of lighting
position within tableaus to addressing that claim. Then in Sect. 3 we state our assumptions and derive the
appearance model for our weakly model-dependent case of mbisource illumination of a Lambertian plane;
we also validate our derivations by analyzing the lighting in a computer graphics image created under known
conditions. Next, in Sect. 4, we apply our method to two Baroque paintings to address an art historical claim
about how these works were executed and then, in Sect. 5, intpret our results. We conclude in Sect. 6 with
some speculations on other art works and problems in the histry of art that might be addressed using the
techniques presented here.

2. BACKGROUND AND QUESTIONS ADDRESSED

There is a long history of computer vision research in shapéom-shading, including the intermediate problem
of inferring properties of illumination from a photograph of a scene®’ Applications for such algorithms include
removing shadows from image$, scene relighting in computer graphics’ lighting-independent object recogni-
tion, 1% and face recognition!' Recently, the techniques of lighting analysis have been agjed to questions in the
history of realist art, as we shall examine more closely in Sg. 2.1.

Figure 1. (left) Georges de la Tour, Christ in the carpenter's studio (1645), 137 101 cm, oil on canvas, Muse du Louvre,
Paris. This somber, meditative scene is typical of de la Tour's nocturne uvre and illustrates St. Joseph passing worldl y
knowledge to Christ; the beam below foreshadows Christ's cruci ction. Although it is di cult to discern in this small
printed reproduction, the tall bright shaft above Christ's left hand is smoke from the candle and the ame itself is hidde n
behind his hand.}? (right) Caravaggio, The calling of St. Matthew (1599{1600), 322 340 cm, oil on canvas, San Luigi
dei Francesi, Rome. This painting depicts the moment when Christ calls the money lender Levi to follow him into a
spiritual life; Levi later took the name Matthew. ** Both works are known for their dramatic, expressive use of li ghting
and pronounced chiaroscuro.

The core ideas in this paper were rst presented orally by Sto rk.®



2.1 Hockney's tracing theory

In 2001, the contemporary artist David Hockney claimed that some artists, as early as 1430, secretly traced
optically projected images during the execution of portiors of some of their works, and that this was a key source
in the rise in realism in the \new art" of that period. ** Given that there is no persuasive documentary evidence
before the second half of the following century describinguch a procedure!® nor documentary evidence before
the 17th century that any artist or scientist actually used such a procedure for a speci c painting or drawing, the
evidence adduced for the early use of optics has centered ohd visual information in the paintings themselves.
Such evidence includes geometrical accuracies or anomalias well as the evidence considered here: lighting.

In addressing the optical projection claim for the de la Tour painting, Hockney writes:

\In France, the most famous of all Caravaggio's followers wa probably Georges de la Tour, who
produced a number of stuning candlelight scenes. Take this @nting, St Joseph the Carpenterof
1645, for example. Could that candle really produce all thatlight? Once again, the source of light
seems to be outside the picture, as it must be if you use optjifsthe source of light were in the
setting, it would cause are in the lens. Joseph and the girl fic] were probably painted separately,
each lit by a shielded light source in place of the other guré [14, page 128, emphasis added]

Hockney then shows what we can call two \half paintings," eat showing one of de la Tour's gures as if to
indicate that the light source was \in place of the other gure."

For a number of technical and historical reasons, Hockney ah his colleague Charles Falco believe these artists
used a concave mirror (which they call a \mirror lens") rather than the more common converging refractive lensj
their primary reason being that a concave mirror preserves le left-right symmetry in the nal picture while a
lens does not. (They also argue that the reason historians airt and optics missed textual evidence for purported
use of optics in the early Renaissance is that these scholargere unaware of the focusing properties of concave
mirrors.)

The ratio of the brightness of a projected image to its sourcescene isA=f >cos where is the re ectivity
of the concave mirror (0 < < 1), A its facial area, f its focal length, and the angle with respect to the
optical axis. For the mirrors put forth by Hockney and Falco,*® this ratio is roughly 1/1000|the equivalent of
viewing the scene through three stacked pairs of sunglassefs such, the only illumination in Baroque Europe
su ciently bright to yield a visible projected image would h ave been direct sunlight!” as Hockney and Falco
themselves admit. This fact, in turn, places severe constriats upon the location of an illuminant or the direction
of illumination and thus suggests a rigorous image-based & of the projection claim in Christ: if the light source
is \in place of other gure," then the evidence would be at least consistent with Hockney's claim but if the light
were elsewhere|speci cally, the location of the depicted candle (the position Hockney explicitly rejects)|then
it was surely too dim to project a visible image and the projedion claim would be rebutted.

The results of previous image tests of the lighting in the dea Tour painting|cast-shadow analysis, 2 occluding-
contour analysish 18 and full computer graphics reconstructior?|all show that the light was almost surely at the
position of the depicted candle, thus rebutting the optical projection claim for this work. Our approach here is
to use a new source of image information to test for the locatin of the illuminant: the pattern of luminance on
the oor in the tableau, as we shall see in Sect. 3.

In addressing the optical projection claim for the Caravagdo painting, Hockney writes:

\Looking at Caravaggio's Calling of Saint Matthew (1599{1602), | think of him as like a Im director.

Lighting, costumes, gesturesjall would have been carefully staged. It is clear that the window on
the back wall is not a source of light. It has been painted out,to avoid the problems of “contre-
jour'|against the day, or against the light|di culties tha t are familiar to any modern cameraman.
Instead, there is a single light source, very strong from theright. A tableau is set up with careful
lighting|it would take some time to do this." [14, page 124]



Hockney strongly implies, but does not specify, that he fed the light source islocal, rather than (distant) solar.

Previous tests of the location of lighting in this Caravaggio painting involve cast-shadow analysis. Under very
natural geometric assumptions, cast shadows of the back wiashow that the light source is local, as any reader
with a straightedge can con rm. Moreover, the fact that the cast shadows are sharp (small penumbrae) imply
that the source is small. Such a small local source is not theusm, and hence could not produce a visible projected
image. Simple geometric tests of other works by Caravaggiolso rebut the projection claim. For instance, the
ceiling in Death of the Virgin is illuminated, proving that the source of light there could not be direct solar
illumination.

As in the de la Tour, our analysis of the Caravaggio painting @nters on nding the location of the illuminant
based on the pattern of luminance on a at surface, speci caly the rear wall of the tableau. If the light source
is local (and hence not solar), it would not be su ciently bri ght for the optical projection and the projection
claim would be rebutted.

3. MODELING POINT-SOURCE ILLUMINATION ON PLANE SURFACES

As mentioned, the nal source of visual information about the lighting in Christ in the carpenter's studio that
has not been rigorously analyzed is the pattern of luminancen the oor; it is this source to which we now turn.
This case is neither entirely model-independent, nor entiely model-dependent. We consider itweakly model-
dependent: we can con dently assume that the surface is plaar, assume (and test) whether the illuminant is
from point sources. Just as in the rare cases of other geométal gures such as spheres, our model admits an
analytic derivation of the appearance. It seems that this sgcial case has never been addressed in the computer
vision literature.

3.1 Model assumptions

We make the following highly plausible assumptions or simglcations for our analysis of the lighting on the oor
in the tableau of the de la Tour painting:

Planarity The surface of the oor is planar, with a single (vertical) normal throughout.

Lambertian  The surface of the oor is Lambertian, lacking signi cant sp ecular re ection components. Specular
re ections would have been manifest by changes in color acss the oor (signi cant light yellow areas) and
small bright patches on the oor closer than the source but nocorresponding bright patches farther than
the source. We nd no such pattern of bright patches.

Uniform albedo The oor is of uniform|albeit unknown|albedo or re ectance . The oor shows no clear
shapes that would have been due to a pattern of albedo changes

Point-source illumination The illumination is due to single or multiple point sources, possibly with a small
overall ambient contribution (see below). Note that the cag shadows are sharp (i.e., lacking penumbrae),
consistent with point-source illumination but inconsistent with bright di use illuminantion.

No signi cant interre ections We ignore possible interre ections from objects, i.e., light scattered from ob-
jects, such as the beam, onto the oor. None are evident on theoor in the tableau. Regardless, low-
magnitude interre ections would introduce variance, but not bias in our estimate of the location of the
illuminant.

Distant viewing  The viewer (painter) is su ciently distant so that the ortho graphic perspective adequately
models the projective geometry in the painting.

Artist rendered fairly accurately We assume (or test) that the artist reasonably faithfully rendered the
luminance pattern in the studio, both its spatial distribut ion and its brightness. While it is hard to verify
this assumption, if the artist drastically altered the rend ering, then no one|surely not the projection theory
advocates|can make claims about the location of the illumin ant based upon the pattern illumination. In
short, everyone must make such an assumption in order to makany claims about the work and how it
was created.



We will test some of these assumptions in the course of the ctent work, and other assumptions in future work,
as described in Sect. 6, below.

3.2 Analytic appearance model

Figure 2 shows the setup for the case of a single point sourckuiminating a plane, for instance a candle illumi-
nating the oor in Christ in the carpenter's studio. We use lower-case letters to denote variables and coordites
in the three-dimensional picture space of the tableau, and pper-case letters to denote coordinates projected
onto the plane of the painting, where the artist's eye repreents the center of projection.

X

Figure 2. We follow the convention of computer vision research and let x denote the position left-to-right and z the
position in depth, as measured in room coordinates. (Lower-case variables refer to the three-dimensional picture spac,
and upper-case variables refer to the two-dimensional painting plane.) The origin is the point on the plane closest to
the source, easily found as the brightest point on the plane. Here n denotes the unit normal vector, assumed vertical.
The artist (center of projection) views the scene at an angle , where = 0 means he is looking horizontal along the
plane itself, and = =2 means he is looking vertically down onto the plane. (In some paintings, this orientation could
be estimated using the laws of geometrical perspective, but here we focus on methods based solely upon the pattern of
brightness.) The brightness | on the plane due to a point source a distance h above that plane is given by Eq. 1 in
three-dimensional coordinates in the picture space and by Eq. 3 in two-dimensional coordinates on the picture plane.

Without loss of generality, we can set our three-dimensionkcoordinate origin to be on the plane, directly
underneath the light source. Because the luminance is proptional the product of the intensity of the light and
the surface albedo, we can, again without loss of generalittassume the source is of unit intensity and estimate
the e ective albedo . The luminance at a position (x; z) on the plane due to the point source at heighth above
the plane obeys both the inverse-square laW and Lambert's cosine law?° according to:

I (x;z; ;h) / r—zcos
h
X2+ 22+ NP X2t ZF e
h :
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Note that in the case of in nitely distant source (h!1 ), as in the case of solar illumination, the luminance is
uniform across the at surface|a point to which we shall retu rn in Sect. 4.2.

We assume the artist is fairly distant and views the plane at an angle , where by our convention =0
corresponds to the artist viewing along the horizontal and = =2 corresponds to viewing downward from



above. Another convention is that the z axis is horizontal and points away from the artist and so, up o an
unimportant projective scale, the coordinates in the painting obey X = x and Y = zsin . Therefore, expressed
in the painting's coordinates, the luminance obeys:

h
(X2+ Y2=sin® + h2)3=2’

L(X;Y;;h; ) = (2)

We are interested in the position of the source in the two-dinensional painting, but h in Eqg. 2 is measured in the
three-dimensional picture space. Given our orthographic prspective assumption, the source-plane distanch
projected onto the plane of the painting obeysH = hcos , so we substitute this relation into the above equation
and nd that now our luminance is written:

H= cos ]
(X2+ Y2=sin® + H2=cog )32’

L(X;Y;;H; ) = 3)

We nd the estimated height of the illuminant, H, by minimizing the mean-squared error, that is, the squared
di erence between the model luminance of Eq. 3 and the meased luminancel, over the region of interest, A,
the illuminated portion of the plane:

X
fﬁ;’,"‘g:argmin (Y5 H ) |m(X;Y))2: @
T Xy 2a
T {z }
MSE

(The bracket marks the pixel sum-squared-error, and we canwithout loss of generality, normalize the area of
the region A to be 1.0, and thus call it a mean-squared-error measureyISE.)

In some cases, the most brightly illuminated part of the (in nite) plane (the point closest to the point-source),
may not be visible, for instance if the point lies outside theframe of the picture (as in The calling or the \half
oor" cases in Christ). In such cases, we can search through candidate o sets or Yigins" according to:

X
fR; 4 7 Xo;Yog=arg  min GOGY 5 iH ) Im (Y )% (5)
HX 0iYo XY 2A

where hereX and Y are measured with respect to the candidate origin X o; Yo).

Under several natural assumptions, for instance that the luninance is a random variable, nding the optimum
parameters in Egs. 4 and 5 corresponds to a maximum-likelihod search?! In our problem, we are interested
only in the estimated position of the illuminant, ¥, but other variables might be useful in other problems. For
instance, we might wish to determine whether two surfaces atli erent distances from a given point source have
the same albedo, , thereby suggesting they are of the same material, or whethethe estimated orientation "
matches that estimated independently by the methods of geomtrical perspective.

3.3 Gradient-descent search

We use gradient-descent search for the minimum mean-squadeerror of Eq. 4 search through the three-parameter
variable spacefH; ; g. The search can be executed in the three-dimensional spaceomhain, or the two-
dimensional painting plane, the version we describe here.f we de ne

Q(X;Y;H; ) X2+ Y2csé + H?sed (6)



then, from Eq. 3, the three derivatives of the mean-squared or are proportional to:

@MSE X 2 sec (X2+Y2cs@ 2H2se? ) H sec
on - — 9 Im (X;Y)
XY 2A Q
@MSE X 2Hsec H sec
= o2 o2 Im (X;Y) (7)
XY 2A
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XY 2A #
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We used simple gradient-descent search in the space of the e search variables until convergence, that
is, minimum MSE . For the cases where we searched through candidate o sets.é., Xo; Yo in Eq. 5), we used
straightforward extension of Eqgs. 7. For each condition, the areaA was hand selected, and typically involved
several thousand pixels in our high-resolution grayscalenhages. In several cases we found the gradient-descent
search fell into local, but not global, minima, surely due tothe irregular nature of the pixel domain A. In such
cases, we restarted the search with new initial conditions ad chose the minimumM SE solution from among
all solutions. We wrote all the relevant code in Matlab; a typical single convergence required 15 minutes on a
high-end Apple Mac-Pro laptop.

3.4 Validation of the appearance model and estimation proce dure

We tested our appearance model and accuracy of our light soae estimation procedure using a computer graphics
setup of known geometry. Figure 3 shows a computer graphicsendering of a point source illuminating a plane
of uniform albedo. We estimated the position of the point on the plane closest to the source by nding the
brightest point on the plane in the image. We then used the gralient-descent optimization implied by Eq. 4 to
estimate the position of the illuminant, #. The red dots in the gure show our result for two gradient-descent
runs, each with di erent initial conditions. Our optimizat ion also yields an estimate of the viewing angle which
is close to the actual angle as measured in the virtual space, = =4.

In separate simulations, we searched for the location of thélluminant given just the right half of the illu-
minated plane in Fig. 3. We found that the gradient descent sarch indeed found the actual location of the
illuminant, so long as the initial conditions, including th e orientation, were fairly near the actual values.

Although there is more work to be done characterizing the acaracy of our general method (see Sect. 6) and
the problem of local minima, we shall see that the accuracy irplied by the above validation tests are su cient
for the art historical problems we address in the next sectio.

4. RESULTS

We now address the art historical questions about praxis in he two paintings of Fig. 1 using our appearance
model and estimation methods just described.

4.1 de la Tour

Recall that Hockney claimed that the source of lighting in dela Tour's Christ in the carpenter's studio was \in
place of the other gure,” that is, in place of St. Joseph whenChrist was rendered and in place of Christ when
St. Joseph was rendered. We tested that claim by nding the Iccation of a single point-source that best t the
luminance on the full illuminated oor, A, which we call the candle hypothesis and then the location of two
light sources, one for each side of the painting, which we chthe Hockney hypothesis If a single point source
is near the candle €andle hypothesiy and the locations of the two point sources di er from being \in place of"
the gures of Christ and St. Joseph (Hockney hypothesiys and yield only a small improvement in overall MSE ,



Figure 3. We created a simple computer graphics rendering of a point source (yellow) illuminating a plane viewed from

= =4 and then performed the search for minimum MSE of Eq. 4 to infer the position H of the source. The results
of two gradient descent searches are shown by the red dots. The simulation indicated by top red dot started near the
known source location with the orientation near the proper value. The ovals show contours of equal MSE given this
(proper) estimated orientation. The simulation indicated by the bottom red dot started far from the true source locatio n
and also with an initial orientation far from the proper one. As such, this lower red dot fell into a local minimum having
a di erent orientation. In short, proper initial orientati  on is important for accurate results.

then we should reject the Hockney claim for this painting. If, conversely, we nd that the location of a single
source di ers greatly from that of the candle and that the location of each of the two sources are nearly \in
place of" the appropriate gure and that the MSE is far lower in the two-source model, then we must accept
Hockney's claim about the evidence. (Note that even if we acept Hockney's claim about the visual evidence
we need not accept his claim about the use of opticgbrojections. For instance, it is conceivable that de la Tour
accurately painted two \half paintings" with the light \in p lace of the other gure" entirely by eye without the
use of projections.)

We estimated the location of the single point source that bes ts the luminance on the full oor and the
locations of each of two point sources that best t the luminance on the opposite side of the oor. Figure 4
shows that the estimate in a single source model, shown in ges, is closer to the candle than are the two
estimated positions to being \in place of" the appropriate gures in the two-source model. Moreover, we found
that the MSE in the one-source model (over the full oor region, A, xx pixels) was only slightly worse than
that corresponding to the weighted sums of theM SE s for the left half of the oor, A, and the right half of the
oor, A;.

4.2 Caravaggio

The technical question we address in Caravaggio'§he calling of St. Matthew di ers a bit from that in the
de la Tour. There is no doubt that the main source of light, and the illumination along the back wall, is a
single source|not multiple sources. Even Hockney's statement|\there is a single light source, very strong from
the right"|likely refers to a local source. This, and the fact that the shadows are crisp (lackig signi cant
penumbrae), imply that the source is inadequate to provide aequately bright illumination, and thus evidence
that this painting was not executed under optical projections.

Figure 5 shows the estimate of the location of the source ofliimination on the back wall using Eq. 5. We
also show cast-shadow lines, and their two-dimensional pd®n of the source these lines imply. Note that the
two estimates agree fairly well, and that both argue that the source was indeed local, thus arguing against the
use of optical projections.

5. INTERPRETATION

Our results for both paintings argue against the claim that ether Georges de la Tour or Caravaggio executed
these works using optical projections. Of course there unctinties (see Sect. 6) but at the very least the burden



Figure 4. The estimate for the position of a single point-sou rce that best explains the pattern of luminance on the full
oor is shown in green. The estimates for the positions of point sources that best explain the pattern of luminance on
opposite halves of the oor are shown in red. Note that the gre en dot is somewhat close to the depicted candle while the
positions of the red dots are not close to being in place of the corresponding gure. The MSE is not lowered much by
the two-source model either. These location results, and MSE results (see text) favor the candle hypothesis rather than
con rm Hockney's optical projection hypothesis.

of proof remains on Hockney and Falco to explain how the lighing evidence on the oor (and in the cast shadows
and occluding contours) is best explained by these artists sing optical projections.

Recall that it was the lighting in Christ in the carpenter's studiolnot the shape, color or perspective
anomalies|that led Hockney to claim that de la Tour used opti cal projections. As mentioned, our current
lighting results corroborate earlier rebuttals of the claim that de la Tour traced an optical projection when
executing Christ in the carpenter's studio; they also show that the lighting information rebuts the claim that
Caravaggio traced an optical projection when executing theshaded regions inThe calling of St. Matthew. Of
course our results are notproofs that these artists did not employ optical projections, merdy that the lighting
information argues against it. There is intriguing evidence of a di erent source that Caravaggio's may have
traced projected images in other paintings that deserves ftther scrutiny. 22

One can always make ever more baroque, contorted, ad hoc spgations to con rm a pre-determined \con-
clusion" about the projection theory but these are of coursemere speculations, devoid of scholarly merit. For
instance, one might say that Caravaggio built a complex optcal projector, waited until the (in nitely distant)
direct sunlight shown into his dark cellar at the desired ande,'® traced these projected images, then placed a (lo-
cal) source to illuminate the tableau and painted the back wadl \by eye" under such illumination. Occam's razor
tells us that such ad hoc assumptionsnade without independent evidence can bedismissedwithout independent
evidence.



Figure 5. The three red lines show a cast shadow analysis for bcating the primary illuminant in Caravaggio's The calling
of St. Matthew, assumed a point source, as is consistent with the sharp shadws. The top and bottom red lines are drawn
under the assumption that the occluder is linear and perpend icular to the wall, as for instance the top and bottom of an

admitting window (outside the frame of the painting). The mi ddle line joins the point on the corner of the shadow on the
wall cast by the protruding brown window shutter, extended t hrough the corner of the window shutter itself. Although

there are uncertainties in the exact location of the light so urce, primarily based on necessary geometric assumptions,the
cast-shadow data strongly favors the light source being local. The yellow dot shows the (X;Y ) estimate of the point
source based on the pattern of luminance along the back wall, using the methods described above. Clearly, the position is
local, showing that the illumination is not solar, just as is implied by Hockney's statement and the cast-shadow evidence.

6. CONCLUSIONS AND FUTURE DIRECTIONS

There are a number of technical directions and re nements toour general model, such as allowing the viewer
(center of projection) to be close to the tableau, so that a nm-orthographic perspective transformation must
be included. Likewise, we could include surface speculagifas implemented in the Torrence-Sparrow, Phong,
Gouraud, or Whitted models.?®> These latter extensions are conceptually straightforward one uses a specular
model and searches over the appropriate model parameterslab minimize a sum-squared error. Finally, there is
much work to characterize the sensitivity of our method to nase, irregular surface regiorA, and initial conditions.

6.1 Other uses in the analysis of art

How might our methods be used in other questions in the histoy of art? One might consider analyzing other
paintings such as Gustave Caillebotte'sThe oor scrapers (1876) and The oor strippers (1875), in which the
subtle e ects of specular and di use re ections 0 oors are masterfully represented, but there is nothing prob-
lematic or of particular art historical import in the render ing of these oors. Rather, our techniques could be
better applied to other realist art where the problem of congstency in lighting might be central, for instance in
deducing artists' studio practice. If the position of the light source based on the background wall or oor di ers
from that on the subjects (all other things being equal), we might conclude that these were executed under
di erent studio conditions or possibly di erent artists. S tork and Johnson in fact exposed such \compositing" in
a work by the contemporary realist Garth Herrick, who works from multiple photographic referents. The pattern
of di use lighting inferred from the background di erent fr om that on the self-portrait subject, even though this
was somewhat di cult to detect by eye. ?* Perhaps an analysis of lighting on planar surfaces would cooborate
such results.

We believe this research further demonstrates the value ofamputer vision algorithms in the study of art. 2°
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