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Chinese ivory puzzle balls are
known for their beauty, their finesse
and their ability to arouse the viewer’s
curiosity. An ivory puzzle ball consists
of several freely rotating concentric
spheres, called ‘layers’, into which
ornate decorative openwork patterns
are carved. In most cases, fourteen
conical ‘peepholes’ are pierced through
each layer, revealing glimpses of the
internal structure. Often, one or more
peepholes on the outermost layer are
covered with a decorated ‘cap’.

In this article we examine two
Chinese ivory puzzle balls — one from
the Rijksmuseum’s collection (fig. 1,
the Rijksmuseum ball) and one from
the National Palace Museum, Taipei
(fig. 2, the NpMm ball). The balls differ in
size, number of layers, and decorative
design. The Rijksmuseum ball has nine
layers. Its outer layer measures 8.3 cm
in diameter and is decorated with a
pattern of floral scrolls. Eleven of the
fourteen peepholes are covered with
floral caps. A chain is fastened to one
of the caps. The ball is dated to roughly
the 1770-80 period and its provenance
can be traced to its first owner, Jean
Theodore Royer (1737-1807), whose
collection was formed around this
time." It is one of very few examples
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Fig.1
Ivory Puzzle Ball with
Nine Layers, Canton,
China, c.1770 - c.1780.
Ivory,d. 83 cm.
Amsterdam,
Rijksmuseum,

inv. no. AK-NM-7020.

Fig. 2
Ivory Puzzle Ball with
Twenty-Three Layers,
Canton, China, 19th

century. lvory,d.13.2cm.

Taipei, National Palace
Museum, inv. no.
F1H-H-000005-
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with provenance which establishes
that it arrived in Europe in the eight-
eenth century through global trade.
The NpMm ball has twenty-three layers.
Itis 13.2 cm in diameter and its outer
layer is carved with a pattern of cloud-
and-dragon motifs. The ball is dated to
around 1840-1900, when it entered the
Chinese imperial collection as a local
tribute from Canton to the court. The
inner layers of both balls are carved
with different openwork patterns. Just
glimpses of these patterns can be per-
ceived at any one time, as they can only
be seen through the peepholes of an
outer layer. Rotating an inner layer
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Fig.3
Carving tools used
for Chinese ivory
puzzle balls, Canton,
China, 19th century.
Guangzhou,
Guangdong Folk
Art Museum.
Photo: Shih Ching-Fei,
from Zijincheng 20n
(note 4)
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Figs. 4a, b

Lathe with wooden
support block and
foot powering used
for Chinese ivory
puzzle balls, Canton,
China, c. 1900-50.
The wooden support
block, Guangzhou,
Guangdong Folk Art
Museum.

Photos: Shih Ching-
Fei, from Zijincheng
2011 (note 4)

relative to the peepholes in the sur-
rounding layers reveals the complete
pattern.

Chinese ivory puzzle balls are fabri-
cated by turning on a lathe; drilling
and carving tools are set in the lathe
and used to shape the work. Cantonese
turners in the eighteenth and nine-
teenth centuries used very basic lathes
and a small set of simple drilling and
carving tools. (figs. 3, 4a, b). We will
discuss the crafting process and craft-
ing tools in more detail in the second
part of the article.

The crafting process and tools
prompt several art-historical questions.
For example, did eighteenth-century
artisans follow a fixed procedure when
crafting balls? Which tools were used
and how were they employed? How
have these tools evolved over time?

Is there a relationship between the
number of layers in a ball and the
accuracy required of the tools and
fabrication process?

We address these questions in this
article, proposing a non-invasive
computational method for analyzing
the crafting process. Our approach
employs Computed Tomography (cT)
scanning techniques, which use a series
of X-ray pictures to generate a digital
3D computer model of the ivory ball.
The advantage of cT is that it is non-
destructive, and high precision three-
dimensional images of the ball can be
obtained. The morphological proper-
ties of a ball are measured from its
digital representation and compared
with the properties of a mathematical
description of a ball. In this way, we
are able to show how the crafting
process of a ball can be quantified
and assessed.”

A Brief History of the ‘Devil’s
Work’ Spheres
The magnificent craft of carved
Chinese ivory puzzle balls tends to
fascinate viewers. The Chinese have
described them as the ‘devil’s work’

(guigong #.T or 581)).s Making them
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requires considerable practice, and a
high degree of skill and patience. It has
been said that the art and technique
of crafting ivory puzzle balls has passed
down through family workshops in
Canton from generation to generation
from the Qianlong period (r. 1736-1795)
to the present day. Through the
generations, every leading master
has pursued the same goal — to create
the most-layered ivory puzzle ball.4
This art form has been little re-
searched until recent decades. Histor-
ically the balls were regarded as either
luxury export goods (the Rijksmuseum
ball) or local tribute items (the NPM
ball).s In 2007, Shih Ching-Fei’s break-
through research showed that these
objects are not merely trinkets, or em-
blems of China made for the Western
market, but can support a fully fledged
re-examination of both the general
relationship between Europe and the
Qing court, and the complex relation-
ship between Canton craftsmen, the
imperial workshops and the introduc-
tion of European crafts.® Her further
research investigated the influence of
the European lathe on the Qing court
workshops. She showed that related
art works, namely turned and carved
Chinese ivory spheres and similar
objects, contain evidence that reveals
an understanding of artistic and tech-
nological exchanges between the East

and the West in the eighteenth century.

The introduction of the lathe stimu-
lated ivory craft not only in the imper-
ial workshops but also in Canton.”
Although the exact date is not
known, but certainly by 1720, the Euro-
pean rose engine lathe was introduced
to the Chinese imperial court work-
shops. The Chinese court artisans used
the European rose engine lathe to create
turned ivory works (figs. 5a, b) during
the Yongzheng period (r. 1722-35).% In
the Qing imperial collection there are
seventeenth-century European turned
hundred-layered goblets in wood and
also turned ivory works (fig. 6).° The
final decoration of the seventeenth-

Figs. 5a, b
Boxes, China,
1723-35.

Ivory. Beijing,
Palace Museum.
Photos from
Zijincheng 201
(note 4)

Fig. 6
Box Decorated with
Concentric Ball,
Germany,
17th century.
Ivory. Beijing,
Palace Museum.
Photo from
Zijincheng 201
(note 4)
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century European turned ivory

Box Decorated with Concentric Ball
has features in common with the
Chinese ivory puzzle ball. But the
operation of the European lathe in

the Chinese court seemed to be a short-
lived fashion that ended around 1736.
The archives of the imperial work-
shops reveal that in 1777 Emperor
Qianlong asked the western missionar-
ies and the court turners of the western
lathe (Xiyang xuanchuang zhiren
PEESEIR 2 ) to check whether the
western rose engine lathes were still
in working order and able to turn pat-
terns. It was discovered that the lathes
had not been used for along time and
some parts were missing, so he ordered
that patterns should be carved instead.”
Based on an account by John Thomson
(1837-1921) in the late nineteenth cen-
tury, there was no evidence to show
that Cantonese ivory artisans actually
used European equipment.” There are
gaps that remain to be filled for us to
understand the technical exchanges
inivory turning between Europe and
China. The impact of the European
rose engine lathes on the ivory works
in the Qing court and Canton work-
shops requires further research.

The earliest Chinese record of an
ivory puzzle ball, under the heading of
‘devil’s work spheres’ appears in Cao
Zhao’s B book Essential Criteria of
Antiquities (Gegu yaolun 1% 5 225,
1388). Cao’s text gives an example of
an early ivory puzzle ball with three
layers that appeared in the fourteenth
century: ‘T have seen a hollow concen-
tric ivory ball, which had two layers
inside turned [by a lathe], both layers
can revolve. It is called a “devil’s work
sphere”. I was told that it was made for
the Palace of the Song dynasty.”

Cao assumed it was made by an
artisan who served in the court of the
Song dynasty (960-1127), but this can-
not be verified. Cao explicitly notes
that the ball was made using a lathe.
The term ‘devil’s work sphere’ was also
used by Gao Lian & (1573-1620),
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an art connoisseur, in his book Eight
Discourses on the Art of Living
(Zunsheng bajian 384 J\Z& 1591), in
which he describes a twelve-layered
‘devil’s work sphere’ carved from stone,
but how it was made is unknown:
‘Ancient people like to carve this type
of stone [Qingtian stone] into circular
spheres which were similar to “devil’s
work spheres”. I have seen one with
twelve layers that from the outermost
layer to the innermost one was diminish-
ing in size and each layer could revolve.
The innermost sphere was as tiny as a
green bean. How it was made I do not
know. It was “true devil’s work”.”s We
can only imagine what it looked like
since there is no extant artefact match-
ing Cao’s or Gao’s description.

Gao Shiqi =17 (1645-1704) men-
tioned a nine-layered European ivory
‘devil’s work sphere’ with ‘very many’
holes and a cube at its centre that he
encountered in the Qing imperial
court: ‘[I] entered the imperial court
and saw an ivory sphere with a hun-
dred holes. The sphere was made with
nine layers, while others with seven
or five layers. Gently pushing [the
layers] with a gold hairpin, they rotate
smoothly, and each layer is the same.
What Gao Shiqi described seems to

Fig.7
Ivory Puzzle Ball,
China (?) [ Europe (?),
late 17th century (?).

Ivory.

Beijing, Palace
Museum.

Photo from Zijincheng
2011 (note 4)
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match the appearance of the European
turned ivory works (fig. 6) in the Qing
imperial collection. This is the earliest
reference to European ivory puzzle
balls in the Chinese imperial court.
The term ‘a hundred holes’ that Gao
described can be rhetorical and refer
to ‘many’.

The Palace Museum, Beijing, has
another ivory ball in its collection that
contains fifty holes on its outer surface
and has at least five layers (fig. 7), its
appearance seems to match Gao’s
description. This ball is dated between
Yongzheng (r. 1722-35) and Qianlong
(r.1736-95) reigns, but the reason for
the dating is not given. Could this ball
be dated to the Kangxi’s reign (r. 1661-
1722) and considered as the prototype of
the current Chinese ivory puzzle balls?
Where it was made, whether in Europe
or in China, in the imperial workshop or
in Canton, or somewhere else, remains
amystery and requires further research.

Chinese ivory puzzle balls saw the
peak of their fabrication around the
mid-eighteenth century. Almost all the
extant balls were made in Canton from
the mid-eighteenth century onwards.
The balls in the Rijksmuseum and Na-
tional Palace Museum collections both
belong to this category. The art and
technique of crafting ivory puzzle balls
in Canton has been passed on from
generation to generation. Since the
eighteenth century, ivory carvers in
Canton dedicated themselves to mas-
tering this art. The creation of puzzle
balls showcased the ability and experi-
ence of the ivory carvers.

Wang Qishu {ERGH (1728-99) re-
corded a thirteen-layered ivory ‘devil’s
work sphere’ that he encountered
in the Liulichang antique market in
Beijing in his book, published in 1792.'5
Wang’s account suggests that the ivory
‘devil’s work spheres’ were already
circulating on the common art market
in China in the late eighteenth century.
Although Wang did not mention its
origin, it is most likely the ivory puzzle
ball from Canton.

The Crafting Process
The crafting process of Chinese ivory
puzzle balls was described in various
nineteenth-century travel accounts.
For example, the Scottish photographer
John Thomson wrote in his book
Through China with a Camera: ‘The
rough piece of solid ivory is first cut
into a ball; it is then fixed into a primi-
tive-looking lathe and turned with a
sharp tool in various positions until it
becomes perfectly round. It is then set
again in the lathe and drilled with the
requisite number of holes all round.
After this one hole is centred, a tool
bent at the end is passed in, and with
this a groove is produced near the
heart of the sphere; another hole is
then centred, and after that another,
the same operation being carried out
with all the holes until all the grooves
meet and a small ball drops into the
centre. In this way all the balls, one
within the other, are ultimately re-
leased. The next operation is carving
the innermost ball; this is accom-
plished by means of long drills and
other delicate tools, and in the same
way all the rest of the balls are carved
in succession, the carving gradually
becoming more easy and elaborate
until the outside ball is reached, and
this is then finished with a delicate
beauty that resembles the finer sorts
of lace.”®

The western turning literature also
describes the crafting process of
Chinese ivory puzzle balls in detail,
stating that the procedure consisted
of six steps (fig. 8):7

1. Select and saw off a suitable
section of ivory

2. Turn the selected section into a
sphere

3. Drill fourteen peepholes

4. Separate the layers by turning
through each peephole

5. Create openwork patterns on
each layer

6. Polish the outer surface
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Fig. 8

The six steps in the

crafting process. Photo

from Huang Danxiao 201
(note 4), p-74.
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Select and saw off a
suitable section of
ivory

Turn the selected
section into a sphere
Drill fourteen
peepholes

Separate the layers by
turning through each
peephole

Create openwork

patterns on each layer
Polish the outer
surface
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Crafting tools
Lathes were used to turn ivory puzzle
balls. Two parts of the lathe are rele-
vant to this discussion: the chuck
and the tool post. The chuck is used
to fasten the work into the lathe.
Chucks can vary in size and shape. The
chuck is rotated in the headstock and
clamps the work. For example, a hol-
low hemispherical chuck is attached to
the lathe, the ivory puzzle ball is then
clamped into the recess in the chuck. In
this case, the diameter of the chuck will
be the same as the ball being worked.
The tool post is used to support the
carving tools as they act on the work

Fig. 9
Contemporary
artisan usingan
electric lathe.
Note the
hemispherical
chuck used to
fasten the ball
on to the lathe,
and also that
the tools are
held in the hand
and restona
curved wooden
block.

Photo from
Zijincheng 20
(note 4)

Fig. 10
Contemporary
artisans
creating
openwork
patterns on
one of the
inner layers.
Photo from
Zijincheng 2011
(note 4)

being rotated in the chuck. Tool posts
can have different functions and can be
replaced during the crafting process,
depending on the task.

According to the description in John
Thomson’s account in 1899, very sim-
ple equipment was still being used by
Chinese ivory puzzle ball artisans. The
Chinese lathe was foot powered. The
carving and drilling tools were also
rather simple. Only a small number of
hemispherical shaped wooden chucks
were available. Depending on the size
of the tusk, an appropriately sized
chuck was chosen. The tool post con-
sisted of only a curved wooden block.
When needed, the artisans would mark
the wooden block with chalk in order
to align marked points with respect to
the centre of rotation of the lathe.
Marks were also placed on carving and
drilling tools to determine the depth
from the surface of the ball to an inter-
nal point. The artisans would use their
hands to hold the tools on the tool post
when performing the turning oper-
ation (figs. 3, 4a, b, 9, 10).

In contrast, European turners used
more sophisticated lathes, chucks and
tools. European lathes were able to
control turning speed accurately. The
tool post might be mounted on a meas-
uring slide that allows the artisan to
measure the depth of the carving tool
with respect to the ball’s surface (Chi-
nese artisans used chalk marks on the
tool for depth measurements). In theo-
ry, the European equipment was more
flexible and easier to use. Critically, a
higher degree of accuracy could be
achieved. Holtzapffel and Springett
give detailed step-by-step procedures
of the crafting process using European
equipment.”® The procedures are
straightforward but require advanced
tool posts to support the tools during
the drilling and separation steps (see
fig. 8, steps 3 and 4).
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Figs. nna, b

Analysis and Discussion of

the Manufacturing Process

Modelling and Quantifying

the Crafting Process
Turning an ivory puzzle ball requires
knowledge of the overall geometry of
the ball. The drawings in figs. 11a, b
were used by artisans as a geometric
model of an ivory ball with fourteen
peepholes.” The drawing in fig. 112
shows a cube, in which the centre of
the cube corresponds to the centre of
the ivory ball. Fourteen lines are traced
from the centre of the cube through
the eight corners and through the
midpoints of the six faces. The four-
teen lines define the centre lines of the
fourteen peepholes. The drawing on
the right shows a cross-section of a
four-layered ball as it would appear
on the central plane of a lathe if the
ball is viewed through any of the six
face peepholes.> Each peephole has
an aperture, which defines how large
the peephole will be.

We use the model to quantify step 3
(making peepholes), step 4 (separating

252

Geometric models

of an ivory ball with
fourteen peepholes.
a) Chinese drawing

the layers) and step 5 (creating open-

work patterns) of the crafting process.

We define a ‘well crafted’ ball as one

in which:

1. The orientation of a peephole in
the crafted ball is the same as the
orientation of the corresponding
line defined in the model. If the
orientation of the crafted peephole
does not match the orientation line
in the model, then the artisan did
not mark the starting position of
the peephole accurately, or the
angle of attack of the tool used by
the artisan to drill the peephole
was not accurate.

2. The diameter of each peephole
should be the same. If the diameters
of the peepholes vary, the artisan did
not guide the drilling tool very accur-
ately when making the peephole.

3. The thickness of each layer and the
distances between layers should be
consistent. If the distance between
the layers varies, then the artisan
did not position the separation tools
at the correct depth in each peephole.

of geometric solid
model: a cube and
six square pyramids.
Fourteen vertices
are defined by
the eight corners
of the cube and
| | B |E |4 | | 2B the six apices of
#\"I = E"J ‘ﬁ— .ﬁ% = 'ii the pyramids.
ff Y b)& ‘H( ﬂ‘«’ = % From Mei
% | A 3 (S| B B | A 2 Wending B2 5,
= R%) '?E. é’fﬂ- GE 2 ‘ﬁ‘ ;& Complete Works
'SE Pyt é’: ﬁg{ T 3& == 45_ on Calendar and
;g M, | B’ ?‘% Jt X ?Aathematicsh
s '?ﬁ _‘3!] )_)9 E‘F‘ T _hj: 9{ E’ﬂ ‘ L}suan;uans u
wix &m0 | (& | |#] | ] A
% -k '% G H# o 'g‘ ' edition, 1781
*__g.g ﬁ ﬁ‘é&_%_:?___J_n__iO_L___i__L__&._JM ! b) A cross section of

afour-layer ball as
it would appear at
the centre plane
of the lathe.

From Holtzapffel
and Holtzapffel
1881 (note 17),

p- 427
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Figs. 12a-c
Schematic of
measurements:
peephole (above)
layer (middle) and
pattern (under).

a) Bisection line
(dashed red lines)

of the cone (blue

‘ lines), peephole’s
\ / size at each layer
\ (green lines).
b) Thickness of each
layer (black),
thickness of area

between layers
(white).

c) Exampleofa
flower pattern
consisting of one
circle element,
four ellipse
elements and four

triangle elements.

4. A geometric pattern carved on a
layer consists of an arrangement of
smaller elements. Many element
types exist; e.g. a square element,

a triangle element, a star shaped
element. We define an element as a
composition of small (curved) line
segments. For example: a triangular
shaped element is a composition

of three-line segments. An ellipse
element is a composition of two
curved-line segments. The artisan
creates an element by ‘punching’ a
small carving knife into the ivory.
The size of the knife will correspond
to the length of a line segment. In
this way, a triangular element can be
made by three punches with a straight
knife. An ellipse is made by two
punches with a curved knife. Com-
paring the sizes of the elements on
alayer provides an indication of the
how accurately the artisans placed
the carving knife when crafting an
element. If the sizes of the elements
vary, then the artisan did not position
the carving knife very accurately.

Measurements

We now define three measurements

that allow us to compute the crafting

quality from the 3D cT data set.

Figs. 12a-c define three measurements:

a) Peephole Measurement (crafting
process step 3): The diameter of
a peephole is computed by fitting
a cone onto the peephole data.
The opening angle of the cone is
used to compute the diameter of
each hole (blue and red lines of
left panel).

b) Layer Measurement (crafting
process step 4): The thickness
of each layer and the distance
between each layer is computed
from the 3D data (red and green
lines in middle panel).

c) Pattern Measurement (crafting
process step 5): The size of each
element on each layer is measured
(one circular element, four triangle
elements, four elliptical elements).
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Results

3D X-ray Imaging
An experimental CT scanner setup
was used to scan and generate 3D data
volumes of the ivory balls.” Figs. 13a, b
show two different views of the nine-
layered Rijksmuseum ball. On the left
(fig. 13a) is a grayscale cross section of
the 3D data set. On the right (fig. 13b)
is a 3D rendering of the nine layers.

Image processing techniques are used
to segment layers in the 3D volume
and to generate 3D surface meshes of
each layer.” Figs. 12a-c are computer
renderings of the meshes of each layer.
Models are scaled so that the detail of
each layer can be seen more easily.

Figs. 14a, b are the starting point for
the measurements. The images show
the central cross section of the Rijks-
museum ball (fig. 14a) and the NpMm ball
(fig. 14b) The images are generated by
aligning the polygonal data towards a
common centre point, and clipping
away all polygonal data that does not
belong to the central plane.” We now
present the measurements of the Rijks-
museum and NPM ivory balls.

Peephole Measurements
Fig. 15 plots the aperture angle of each
of the fourteen peepholes. The average
angle of the Rijksmuseum ball (blue plot)
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Figs. 13a, b
X-ray cT imaging of
the Rijksmuseum
ball.

a) A crosssection
of the X-ray cT
volume.

b) 3p rendering of
the segmented
polygonal layer
models.

Figs. 14a, b
Cross sections of
aligned polygonal
data. The layers are
clearly visible.
a) The nine-layered
Rijksmuseum ball.
b) The twenty-three-
layered Npm ball.

Fig. 15
Fourteen bisection
angles: nine-layered
ball (blue) and
twenty-three-
layered ball (red).

Figs. 16a, b
Thickness of ivory
layers and air
between layers:
nine-layered ball
(blue) and twenty-
three layered ball
(red).

REVEALING THE SECRETS OF CHINESE IVORY PUZZLE BALLS

is 21.5° with a standard deviation of
0.9°. For the NpM ball (red plot) the
average aperture angle is 23° with
a standard deviation of 0.1°. The plot
shows that the aperture angles of the
Rijksmuseum ball are irregular, where-
as the aperture angles of the NpMm ball
are more regular. The standard devi-
ation for the NpM ball is significantly
lower than for the Rijksmuseum ball.
A possible explanation is that the
supporting tools used to craft the NPM
ball were more accurate than the ones
used to make the nine-layered ball.
For the nine-layered ball, the variation
is high, and it may well be that the
artisan guided the peephole drilling
tool by hand. For the twenty-three-
layered ball, it is likely that the artisan
used more sophisticated tool fixtures.

Layer Measurements
Figs. 16a, b plot the layer thickness
and separation for the two balls.* For
the Rijksmuseum ball (in blue), the
average layer thickness and separation
is 5.3 mm and 3.2 mm, with a standard
deviation of 0.3 mm and 0.9 mm. For
the NpM ball (in red), the average layer
thickness and separation is 3 mm and
0.9 mm, with a standard deviation of
0.9 mm and 0.1 mm.
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Layer

The standard deviation of the distance
between layers of the Rijksmuseum
ball is substantially larger than the NPM
ball. For the NpMm ball, the standard
deviation shows that the distance be-
tween layers is the same for all layers.
This implies that the artisan has placed
the separation tool at the correct depth
for each peephole. For the Rijksmu-
seum ball, the separation between the
layers is larger but, more importantly,
the standard deviation is almost ten
times larger. This implies that the arti-
san had more difficulty in placing the
separation tool at the correct depth.
One explanation is that, in the NPM
case, the artisan had tools to measure
depth accurately. In the Rijksmuseum
case, it may well be that the artisan
placed marks on the separation tool
and used these marks for all peepholes.

Pattern Measurements
Fig. 17 shows the patterns for both
balls. The pattern on the Rijksmuseum
ball (right row) has two elements; a
square element and an almond shaped
element. There are thirty-four square
elements and seventy almond elements
in the region displayed. Four punches
are required for each element, result-
ing in 416 punches for the region.

Visual inspection will reveal defects
in the patterns or in the elements. De-
fects in patterns occur if an element is
misplaced or even missing. An example
of a missing square element can
be seen in the right row. Defects in
patterns occur when the artisan mis-
punches an element. Examples of
mispunching a T-shaped element
can be seen in the left row.

0.75 [
£ o5} :
2025} |
B e - =S===c"-0
0 | |
1 5 9 15 20 23
Layer
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Fig.17
Patterns on layer two
for the npm ball (left)
and Rijksmuseum ball
(right). Images from
top to bottom: a
3D rendering of the
hemisphere of layer
two; a small region
of interest; punched
elements; element

classification.
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Tool marks
Figs. 18a, b show the effects of placing
the separation tool at different depths.
The images show an outer (fig. 18a)
and inner (fig. 18b) view of layer six of
the Rijksmuseum ball. The tool marks
left behind by the separation tool can
be seen as deep grooves on the inner
surface (indicated by the red arrow).
In addition, small triangular shaped
wedges can be seen around the central
peephole (green arrow). Such triangles
are the result of placing the separation
tool at different depths in the surround-
ing peepholes.

Discussion and Conclusion
We used a non-destructive method to
measure the morphological properties
of Chinese ivory balls. We developed
an assessment of how accurately the
artisan performed the fabrication pro-
cess by comparing the measurements
with a governing mathematical model.
Two ivory balls were measured; a nine-
layered ball from the Rijksmuseum
made in the eighteenth century and a
twenty-three-layered ball the made
in the nineteenth century from the
National Palace Museum in Taipei.

Our results show a substantial dif-
ference in the accuracy of the crafting
process between the two ivory balls.
For the Rijksmuseum ball, the results
show that the accuracy of approxi-
mately 0.9 mm in placing separation
tool is at the required depth. The aper-
ture of each peephole varies. It is con-
ceivable that an expert ivory artisan
can achieve this accuracy with basic
tools. However, for the Npm ball, an
accuracy of approximately 0.1 mm was
achieved and the aperture of the peep-
holes was constant. It is not likely that
even a very skilled artisan could achieve
this accuracy using only handheld tools.
A more likely explanation would be
that different, more accurate, tools
were used when crafting the Npm ball.

From an art-historical perspective,
there may be an explanation for the
measured differences. It is likely that

the accuracy of the turning tools used
by the Cantonese ivory artisans had
improved during the eighteenth cen-
tury. As Shih Ching-Fei pointed out,
the European lathe and turning tech-
nologies were introduced in Canton
during the eighteenth century.”s At the
end of the nineteenth century, Holtz-
apffel documented how Chinese ivory
balls were crafted using European
tools.* It is, however, unlikely that
Cantonese artisans used the tools doc-

Figs. 18a, b
Tool marks on the
inner layers of the
Rijksmuseum ball.
Deep circular
grooves caused
by the separation
tool can be seen.
Also, small triangular
shaped wedges
are visible, caused
by placing the
separation tool at
different depths.
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umented by Holtzapffel, but know-
ledge of these European tools could
have inspired Canton artisans to
improve their own tools.

For future work we plan to scan and
apply the proposed methods to a large
collection of ivory balls. We will de-
velop novel data processing techniques
that will allow us to detect trends in
the crafting process of Chinese ivory
puzzle balls.

ABSTRACT

NOTES
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Chinese ivory puzzle balls are known for their beauty, finesse and their ability to
intrigue viewers. From the eighteenth century until recently, they have been crafted
by turning, using a simple lathe and a set of drilling and carving tools developed in
the eighteenth century. The craft of Chinese ivory puzzle balls has been described
as the ‘devil’s work’, as it requires a great deal of proficiency, accuracy and patience.

This study presents a novel method for quantifying the crafting process of
Chinese ivory puzzle balls. The method is based on measuring the morphological
properties of ivory balls in three-dimensional images obtained using X-ray Com-
puted Tomography (cT) scanning techniques. The accuracy of the crafting process
is obtained by comparing the measured properties with an underlying mathematical
model of the ball. We apply the proposed method to ivory balls from the Rijks-
museum in Amsterdam and the National Palace Museum in Taipei. The results
show substantial differences in the accuracy of the crafting process.

From an art-historical perspective, the results show that the accuracy of the
crafting process evolved during the eighteenth century. They also suggest that
the ivory balls we have analyzed have been crafted with different types of turn-

ing tools.
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Fig.19
Nine layers of the
Rijksmuseum ball.
Images are scaled
to fitin panel.
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APPENDIX

he images presented in this appendix are intended to give an impression of the
beauty and finesse of ancient Chinese ivory puzzle balls. It is clear from these
images that crafting an ivory ball required a great deal of proficiency and patience.
Figs. 19 and 20a-d are visualizations generated from a high-resolution 3D cT
volume of the nine-layered ball from the Rijksmuseum ball. Ambient occlusion, an
advanced computer graphics rendering technique, is used so that even the finest
details in the carvings can be perceived clearly.
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Figs. 20a-d

Zooming into details

of the outer layer of

the Rijksmuseum

ball.

262



REVEALING THE SECRETS OF CHINESE IVORY PUZZLE BALLS

o

,r ) e ..M, v
, N\ LiheTtatY &

% ,./,U..pnu ; .wjh_

263



