Journal for Geometry and Graphics
Volume 5 (2001), No. 1, 35{43.

Analysis of the Spiral Pattern Kar akusa

Kiy oe Fuchigami

Schml of Media Sciene, Tokyo University of Technolagy
Tokyo 192-0982, Japan
email: kiyoe@mdia.teu.ac.jp

Abstract. In this paper| discusshe propertiesof a pattern known as\Kar akusa”.
Karakusais Japaneseand means\foreign plant” or \winding plant”. The pattern
consistsof various spirals, and thesespirals take their shape from vinesand other
natural forms. | will examineand demonstrate how featuresof the pattern were
abstracted from thesenatural forms. In addition, it will be arguedthat an algo-
rithm employing a mathematical elemen could be involved in generating those
features,and | will claim that we will be able to utilize this algorithm for gener-
ating new spiral forms. In this study | examinea Karakusapattern familiar from
its useon Japanesewrapping cloths. In this particular pattern only a geometric
spiral is employed. It is a simple pattern constructed from many spirals, eat of
which extendsfreely in all directions. In this paper | examinesud featuresin
turn and describe my results.
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1. Intro duction

At the 7th (Cracow) and 8th (Austin) ISGG conferencesl reported on form generationmeth-
ods using rotation and twist, methods which resulted from my researti on the mathematical
properties of spiral form. The purpose of that researt was to carry out a mathematical
interpretation of natural forms and to pursuethe possibility of generatingvarious forms that
the mathematicsproduce. The number of formsthat we obtained wasgreaterthan predicted,
and resultswerevery satisfactory The shapeswereabstract, but the properties of the natural
formsstill remained. It wasshaovn how natural forms, mathematical elemens and abstraction
were all related to ead other.

This paper is also one of a seriesof researt paperson this spiral form. My researt in
the past started from the natural form; in this study | start with the shape in its already
abstracted form. Then | clarify the mathematical features of the shape and review work
already done on the possibilities of the shape.

The term \pattern" is chosenfor the shape in its abstractedform. This pattern existsin
art from all parts of the world and appearsin courtless typesand with courtless features.
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From these patterns the spiral pattern of \Kar akusa" was chosen. The spiral pattern of
Karakusais noteworthy for two reasons:oneis that it is a form abstracted from nature; the
other is that it hasresultedin someexcellen designwork. In this paper it is the pattern of
Karakusathat is familiar to the greatestnumber of peoplethat is analyzed,and its objective
molding elemen is revealed. The procedurefor analyzingthe pattern distinguishespart from
whole, and both generaland particular featuresare examined. Finally | look at how parts of
the shape constitute the whole.

2. Pattern

When we say \pattern” we mean a two-dimensionalshape abstracted from nature. We can

‘nd patterns all over the world, throughout history and amongstall peoples.They are passed
down with subtle changesfrom generationto generation,and they are usedin the decoration
of householdgoods, furniture, clothes and buildings. It has beenshownn that these motifs

originate in nature and patterns are producedby life itself.

Somecourtries have family creststhat incorporate patterns. Family crestsare reproduced
on clothesand furniture asgenealogicatymbols. The designoften consistsof a plant or animal
motif in a small circle (Fig. 1). Also, many family crestsare symmetrical. This geometric
symmetry is usefulin that it emphasizeghe \symbol-ness"of the family crest. Family crests
are one comprehensibleexample of an abstracted shape using geometry and various other
patterns are similar to family crestsin the way that they abstract their form. The main
elemerts involved in this abstraction and formation of patterns are regularity and geometry

Figure 1: Family crestsof Japan
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3. Kar akusa

The \kara" of Karakusameans\China", while \kusa" means\plant". The Karakusapattern

cameto Japanfrom China, although it is said to originate in anciert Egypt. Elemerts which
seemto have in°uencedthe form of the Karakusapattern are palmettes, lotuses,plants sud

asthe acarthus, and marine organismsfrom the Mediterranean. It took a long time for the
pattern to be transmitted from Europe to the Orient, and by the accretionof slight changes
from ead courtry and culture the original curve pattern has beenmodi ed. In particular,

Byzantine Christian culture and Buddhist art of the Gandharaaddedtheir own touchesto the
pattern, and coming along the Silk Road thesein®uencesfusedwith the Buddhist culture of
China, before nally readting Japanin the ASUKA period (7th Certury AD). The splendid
workmanship of many artifacts utilizing the Karakusapattern and brought into Japan with

Buddhism can still be seentoday (Fig. 2). After this, the designpeculiar to Japan became
‘xed and reacedits nal form asa decorative pattern.

Figure 2: The °ower basket at Shinshou-jitemple

Although Karakusaincludesthe elemen \plant" in its original meaning, there was no
one particular plant usedasa model. \Plant" merely referredto a “owery shape or a shape
like grass. The shape includesa vortex-like curve similar to that of a vine, and this feature,
combined with a speci ¢ °owering herb, all Karakusa patterns have in common. Types
include the \JapaneseApricot Karakusd, the \P eory Karakusd, the \Lotus Karakusd, the
\Clematis Karakusd, etc. (Fig. 3). Becauseof its stout growth the vine was considereda
symbol of prosperity, and so alsowasthe spiral pattern seeminglyabstractedfrom the vine.
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Figure 3: Various Karakusapatterns

4. The Spiral in Kar akusa

The pattern usedin this study is that usedon Japanesewnrapping cloths (Fig. 4). The shape
of this cloth is square,and it is possibleto wrap items of various shapesin it. In addition,
whenit is not beingusedit canbe madesmallerby folding it. In this way, Japanesenrapping
cloths can be usedfor storing and for carrying things. The materials usedare silk or cotton,
and various patterns are printed on the cloths. Speci cally, the Karakusacloth was a large
cotton cloth, and it wasusedto wrap large or heary goods. Howeer, in recer times its use
has decreased.There are two colors printed on the cloth, greenand white, and the pattern
is white. Sometimesthievesin comicsusethis type of cloth to wrap their stolen articles in.
In the pattern of the Karakusacloth, only geometricspirals are used. It is a simple pattern
consistingof many spiralsdrawn in a plane, but there are small leaveshereand there, and it
looksto anyoneseeingit like a pattern derived from a plant.

4.1. General features

Firstly, I would like to clarify the nature of the pattern asa whole. When the cloth is spread
out we canseemany spiralsdrawn on the cloth. Moreover, thesehave beenequally spaced.In
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Figure 4. Karakusapattern of a Japanesewrapping cloth

addition, most spiralsof the pattern have beenconnectedio eadt other, forming alabyrinthine
appearance.lt is dixcult to immediately identify a starting or end point to the pattern.

This Japanesewrapping cloth is a dyed textile. Although there are various methods for
dyeing the cloth \prin ting" is usedin this case. This method is particularly e®ectiv when
equal patterns are repeated, and this is true in the current instance. By isolating this equal
pattern it is possibleto identify the basicunit of the pattern. Fig. 5 shows points at which
the equal pattern appears. In this casethere was an equal pattern at three places,and from
this it is possibleto identify the shape of \one unit”. If wetry and trace the pattern from one
unit to the next, we can nd a wide conbination pattern at two places,asshown in Figure 6.
Thereis onein the left upper part of the gure, and anotherin the right lower part. However,
the left upper part includestwo equal patterns. This fact is mertioned to show that the joint
of unit and unit hasnot beenproved.

A quick glanceat the featuresof the combination pattern doesnot prove the joint of the
unit, and a considerablywide rangeis occupied. From this fact, we canshaw that this pattern
hasthe property of a spiral plane Tling pattern.

4.1.1. Plane Tling

In a plane Tling pattern straight linesand curvesequally 1l up the plane. Famousexamples
of plane Tling curvesare the Dragon curve (Fig. 7), the Hilbert curve (Fig. 8) and the Peano
curve. The basic gure of thesecurvesis very simple. By repeatedreduction and mapping, the
simple gure makesthe lling pattern. This is a promising method for producing a Karakusa
pattern, asthe Karakusaconsistsof a plane lled by a spiral.
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Figure 5: We can nd equal patterns at three places

= VA O G

Figure 6: Wide combination pattern. There is onein the left upper part,
anotheris in the right lower part

4.2. Partial features

Next, | describe my results in examining how ead individual spiral is coupledto another.
The spiralsextendin all directions, and courterclockwise spirals coexist with dextrosespirals.
Howewer, they do not crossor comeinto cortact with ead other. They give the appearance
of growth, ewven though crossingand cortact are avoided. | will isolate parts of the pattern
and draw attention to particular features:
1) A courterclockwise spiral forms a pair with a right-handed spiral. In forming a part-
nership the spirals are wound to ead other reversibly (Fig. 9).



K. Fuchigami: Analysis of the Spiral Pattern Karakusa 41

Figure 7: Dragon curve

Figure 8: Hilbert curve

2) Double branching. When branching occursthe spiral branchesin two; triple (or over)
branching is not obsened.

3) A new vine emergesfrom the middle point of its parert vine before generation. The
new vine grows from the sameposition asthat from which the previousvine beganto
wind (Fig. 10).

4) The new vine spiralsin the opposite direction from that of the vine before.

5) The number of winds is small. Each spiral consistsof between1 roll (360 degrees)and
1 and a half rolls; there are none consistingof 2 or 3 rolls.

6) The sizeof the spiral is constart. The diameter of ead spiral is almost idertical (Fig.
11).

7) It is Archimedian spiral. Eadch spiral has a shape which approximates Archimedian
spiral in which the radius gradually increasedrom the certer out.
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8) There are somecasesn which it branches,and otherswhereit doesnot.

Figure 9: It hasbrandchedin two Figure 10: A newvine emergedrom the middle
point of the paren vine beforegeneration

Figure 11: The sizeof the spiral is constart

4.2.1. Growing pattern

As this pattern is formed the fact that it is growing is obvious. This is clear becausethe
pattern has branched, and a new vine has emergedfrom its parern vine before generation.
But it is impossibleto create this Karakusa pattern just by one-by-one placemen of the
spirals. The Growth Model of Kawagudi3 is a famous piece of researt on the growth of
form. A random number is usedto generatebranching and growth rate. A random number is
not required in this Karakusapattern becausebranching number and growth rate are xed.
Howe\er, algorithms of growth and the approad known as\arti cial life" are both relevant
here. \Arti cial life" seeksto model life activity in a computer. It seemshat this approad
may be applied to the generationof patterns in which spirals do not cross.
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5. Conclusion

The Karakusapattern was analyzed as a characteristic example of a spiral pattern. This
pattern, asit appearson a Japanesenrapping cloth, looks simple, but on closerinspection it
revealsitself as a considerablymore intricate pattern. Featuresof this pattern are summa-
rized below. Firstly, it is a lling pattern in which the planeis equally Tled up. Secondly
many other patterns are formed by simple repetition. Howewer, this simple repetition is not
immediately apparen, andit is a pattern of a type which increasesn complexity asit grows.
In this paper, my resultsin examiningfeaturesof the Karakusapattern weredescriked. In the
future, somemathematical elemertis may be clari ed from an examination of thesefeatures,
and an algorithm produced.
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