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Abstract

The task of determining the weave density in the canvas support of Old Master paint-
ings is introduced as a period extraction problem. Due to common painting preparation
and preservation practice, the threads in the horizontal and vertical directions in the
canvas support are counted from x-rays of the painting. Thisprocedure is currently
cumbersome, tedious, time-consuming, and typically insu�ciently documented in order
to be precisely veri�able. This paper describes the design of a speci�c algorithm - com-
bining Fourier and radon transforms and some crude, but intelligent, decision-making
- for counting threads from x-rays. The genesis of the algorithm is presented here as
a sequence of re�nements in response to the realities of the image data available: high
resolution x-rays of paintings by Vincent van Gogh in the collection of the Van Gogh
Museum. A collection of over 1000 spot counts was performed manually by a student
team at Cornell using a graphical user interface created forthis project in order to
provide a dataset for evaluating the improvements in algorithm performance with the
various re�nements, and convincing art historians of the algorithm's usability.
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Extended Summary

As image data acquisition technology has advanced in the past decade, museums have
routinely begun to assemble vast digital libraries of images of their collections. As ex-
pounded in [1], we have reached a phase in the interaction of image processors and art
historians where cross-disciplinary interaction can focus on image analysis tasks sup-
portive of the art historian's mission of painting analysis, in addition to more advanced
activities in image acquisition, storage, and database search. More recently [2], the ap-
plication of image processing to the investigation of visual art works was declared one of
the hottest future applications in signal processing research. As [1] and [2] acknowledge,
the \distance" between the areas of art historical paintinganalysis and signal processing
is a daunting impediment to this cross-disciplinary collaboration.

One approach to stimulating cross-disciplinary collaboration between art historians
engaged in painting analysis and algorithm-building signal processors is to provide a
(possibly primitive) signal processing tool that helps \automate" a procedure art histo-
rians currently conduct in painting analysis to the extent that it modi�es - by expanding
the reach of - this common practice. Determining the densityin threads/cm of the weave
in the canvas support of a painting, also known as thread counting, is a candidate pro-
cedure.

Art historians use thread count information in support of a claim that the can-
vases on which di�erent paintings are painted are from the same bolt. When combined
with knowledge of the artist's common studio practices, this information can justify the
conclusion that the paintings are from the same artist [3], or, as in a study [4] of the
collaboration of van Gogh and Gauguin, from two artists. Thread counting has been
utilized as a major forensic tool in the attribution e�orts of the decades-long Rembrandt
Research Project [5].

The counting of threads in the painting's original canvas cannot usually be done from
the front of the painting as it is covered by paint. Because common practice for hundreds
of years has been to strengthen canvases by gluing another piece of canvas to the back
of the painting, thread counting cannot be done from the backfor the vast majority
of Old Master paintings. Fortunately, the preparation of canvas in European painting
from the 16th through the 19th centuries commonly involved the application of a �rst
layer of x-ray absorbent paint to the canvas intended to produce a smooth surface on
the rough fabric. With radio-absorbent paint thicker in thevalleys between the threads,
a (positive) x-ray of a painting with a simple linen weave will reveal a roughly periodic
pattern as shown in the enlarged detail from van Gogh's \The Walk: Falling Leaves"
(F651) in Figure 1.

The most similar task (still quite distinct in many ways due to quite di�erent image
character) for which period estimation procedures have been developed is that of chain
pattern identi�cation in paper used, e.g., in the prints of Rembrandt [6] [7].

Current manual thread counting procedures are cumbersome,tedious, and time-
consuming, and therefore typically done only as a speci�c question arises rather than
as a standard method of documentation for entire collections, as could be the case with
automated procedures. The x-ray �lms (which, due to their method of acquisition, are
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Figure 1: Enlarged Detail from Positive Print of X-ray Negative of van Gogh's \The
Walk: Falling Leaves" (F651). [Provided courtesy of the VanGogh Museum.]

1:1 with the painting image) are commonly mounted on a light box in a composite of
the whole painting. A magnifying eyepiece is used to view thethreads alongside a 1 or
2 cm ruler. Since the number of threads traversed in exactly 1or 2 cm is unlikley to be
an integer, the remaining fraction is estimated, typicallyno more than to the nearest
quarter. This method makes the preservation of a record of the spots where counts were
taken, up to 15 in each - horizontal and vertical - direction,so arduous that it is rarely
done. Thus, current procedure is not repeatable. All of these archiving aspects can be
readily handled, along with enhanced viewing and manipulation capabilities, once the
x-ray images are scanned and thread counting is performed onthe computer-generated
image. In fact, these improvements are likely to be as important to the adoption of such
automated thread counters as the time savings in counting threads.

The discernment of thread density in a suitably magni�ed image is a basic period
estimation task to which the Fourier Transform is quite suited. Figures 2 plots the
intensity values from row 50 in Figure 1. The Fourier Transform of this signal produces
a peak at the location corresponding to 11.84 vertical threads/cm crossing row 50. (The
Van Gogh Museum has a value of 11.5 vertical threads/cm recorded in its archives for
F651.) However, this crude scheme needs to be modi�ed to dealwith the harsh realities
of the dataset available to us: 600 dots per inch, 8-bit greyscale scans of the x-rays from
approximately 100 paintings by Vincent Van Gogh in the collection of the Van Gogh
Museum.

This paper describes the sequence of re�nements to a primitive Fourier-transform-
based algorithm producing a thread counting algorithm thatwhen given a swatch (typ-
ically approximately 1 inch square) of a suitably high resolution digitized x-ray provides
a thread count within � 1 thread/cm 95% of the time. A simple mathematical model

3



Figure 2: Intensities Across Row 50 in Figure 1

of a generic thread pattern is introduced. The goal of a thread counting algorithm can
then be viewed as estimating parameters in that model. Re�nements to the model,
added to make it represent observed images more closely, areused to guide improve-
ments in the algorithm. Several speci�c re�nements and corresponding improvements
are detailed, including use of a radon transform to determine the rotation compensating
for tilt, appropriate data averaging to combat monochromatic \dropout", and \intelli-
gent" rejection of subharmonics due to observed non-uniform thread width patterns. To
provide a \truth" against which our algorithm can be tested (which is also needed to
convince the art historians the algorithm is performing correctly), a team of students at
Cornell University counted threads at over 1000 spots in over 20 paintings by Vincent
van Gogh in the �rst half of 2008.

The ability to assemble thread count data that provides a \map" of local counts
across the canvas and the cataloging of thread count data fora wide range of van
Gogh's paintings have already had a substantial impact on the preparation of the next
catalog of late French period paintings by Vincent van Gogh in the collection of the Van
Gogh Museum.
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