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Abstract: This paper proposes a cartogram construction method to visualize the relevance of the motion-characteristic
distribution of Japanese folk dances to the geographic elements of regional communities in which the dances have been
passed down. We use motion capture data of the dances to quantitatively extract their motion characteristics. To sys-
tematically organize the cartogram construction process, we adopt a hierarchical model representing the relationship
among motion capture data, folk dances, and settlements in which the dances have been passed down. Different car-
togram types are selected for different levels in the hierarchical model, and, thereby, a hybrid of circle and distance
cartograms is provided. We show that an algorithm to locate the constituents of the hierarchical model in the above
hybrid cartogram can be obtained by slightly modifying the existing circle cartogram construction algorithm. On the
other hand, we develop another new algorithm to locate geographic elements other than the constituents of the hierar-
chical model in the hybrid cartogram. The results obtained by analyzing the Furyu type folk dances passed down in
Akita Prefecture demonstrated the effectiveness of the proposed method.
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1. Introduction

Folk dances are one of the important constituents of Japanese
folk performing arts, along with dramatic, narrative, and musi-
cal presentations [1]. In most cases, Japanese folk dances are
performed in local events held in respective regional communi-
ties [1], [2]. Hence, each of the dances has been strongly affected
by the geographic and cultural conditions of each region [3]. For
example, the Bon Odori *1 dances of Akita Prefecture are cate-
gorized into different dancing-style groups, and the dancing style
of each group has its own cultural background such as industrial
and transportation conditions, which strongly depend on the geo-
graphic features of each region, e.g., the distribution of mines and
river basins [4]. By investigating regional dancing-style variation
and analyzing its relevance to the geographic elements of corre-
sponding regions, therefore, we can clarify what kind of influence
the natural or social environment, such as the distribution of river
basins or the condition of a transportation system, has had on the
culture of the respective community or at least yield a slight clue.

Visualizing the above information will help understand the
overview. Using a technique of map deformation, i.e., construct-
ing a cartogram, is known as one of the approaches to effectively
visualize geographically-referenced quantitative data [5], [6]. In
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the case of investigating folk dances, their motion characteris-
tics can be quantitatively extracted by using motion capture (Mo-
cap) techniques [7]. This allows us to collect information on folk
dances in the form of geographically-referenced quantitative data,
i.e., Mocap data acquired at each regional community. Conse-
quently, it becomes possible to adopt the cartogram construction
approach to visualize the relationship between the dancing-style
variation of folk dances and geographic elements.

Taking the above situation into consideration, in this paper we
propose a cartogram construction method to visualize the rele-
vance of the motion-characteristic distribution of Japanese folk
dances to the geographic elements of regional communities. As
already pointed out, we use Mocap data of the dances to quanti-
tatively extract their motion characteristics. Each of the Mocap
data streams acquired at each dance can be quantitatively charac-
terized by using a feature vector having a specified dimension-
ality [8]. This makes it possible to quantitatively evaluate the
motion-characteristic similarity of multiple dances. As a result,
the configuration of the dances in a cartogram can be determined
on the basis of information on quantitative motion-characteristic
similarity.

To systematically organize cartogram construction process, we
use a structured model representing the relationship among Mo-
cap data, folk dances, and settlements in which respective re-
gional communities have been formed and the dances have been
passed down. We adopt the folk dance distribution model pro-
posed in Ref. [9], which represents the above relationship in a
systematic hierarchical structure.

*1 Bon Odori is a type of Japanese folk dance performed during the annual
Buddhist festival called O-Bon (or simply Bon) [1].
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As for cartogram construction, on the other hand, it is well
known that there are two types of cartograms: area cartograms
and distance cartograms [5], [6]. Area cartograms are constructed
by changing the surface area of each spatial unit in step with
the corresponding specified value, whereas distance cartograms
are constructed by changing the distance of each of the selected
point pairs in step with the corresponding specified value. Area
cartograms are further classified into multiple types, e.g., contigu-
ous cartograms, non-contiguous cartograms, proportional symbol
cartograms such as circle cartograms, etc [6]. We select different
cartogram types for different levels in the hierarchical folk dance
distribution model, considering the property of each level. As
a result, a cartogram constructed becomes a hybrid of multiple
cartogram types. Specifically, a hybrid of circle and distance car-
tograms is provided (details will be described in Section 3).

It is desirable to ensure objectivity and reproducibility in the
cartogram construction process. This can be satisfied by pro-
viding an algorithm in which a specific procedure to process a
given data set is described. We show that an algorithm to con-
struct a hybrid of circle and distance cartograms is easily obtained
by slightly modifying the circle cartogram construction algorithm
proposed in Ref. [10].

The above algorithm determines the configuration of the con-
stituents of the hierarchical folk dance distribution model, using
dancing-style characteristics obtained from Mocap data. As for
geographic elements such as roads, rivers, lakes, boundary lines
between prefectures none of which is included in the model, how-
ever, their configuration cannot be determined. Therefore, we in-
troduce another new algorithm to locate the above elements in
a cartogram. The algorithm is developed so as to be capable of
displaying the elements in a hybrid of circle and distance car-
tograms. In the algorithm, the process of realizing a desired ge-
ometrical relationship between a given geographic element and
the constituents of the model is formulated as a set of linear least
squares optimization problems, and numerically solved. By us-
ing the developed algorithm, the elements are appropriately de-
formed according to the change of the locations and sizes of the
constituents of the hierarchical model.

To explain each of the cartogram construction algorithms in
detail and evaluate the effectiveness of the proposed method, we
use the data of actual Japanese folk dances. Specifically, the
case of the Furyū *2 type folk dances (mainly, the Bon Odori

dances) passed down in Akita Prefecture is used as a sample case.
As already mentioned at the beginning of this section, the Bon

Odori dances of Akita Prefecture can be categorized into multi-
ple groups based on regional dancing-style variations, with each
region having its own cultural background associated with the
distribution of geographic elements. This means that analyzing
the above dances is suitable for evaluating the proposed method
that visualizes the relationship between the regional dancing-style
variation and the distribution of geographic elements.

*2 Furyū is a type of Japanese folk performing art performed to invoke di-
vine assistance to counter the harm from insects or lack of rainfall that
may befall crops and the diseases that strike people already enervated by
heat and humidity in summer [1].

2. Related Work

As for the quantitative analysis of Japanese folk dances, at-
tempts have been made to introduce Mocap techniques to extract
their motion characteristics. For example, Shiratori et al. [11]
presented a trial to extract the motion structure of Japanese folk
dances. In their study, it is assumed that the structure of dance
motion is represented as a sequence of “primitive motions.” They
proposed a method to automatically detect keyposes, i.e., bound-
aries between primitive motions, based on motion-speed charac-
teristics. The obtained results showed that the proposed method
gave a different value for each dance category. Usui et al. [12]
attempted to use the Mocap data of the folk dances Minbu *3 and
Kagura *4 for dance practice. They found that students could have
gained an objective perspective by deliberately reducing the in-
formation in computer animations of Mocap data. Terada and
Fukuhara [13] developed a method to evaluate the dancing skill
of the Awa Odori *5 dance. They used Mocap data obtained by
using a stereo-camera system, and succeeded at quantifying the
degree of skillfulness.

In the above examples, each dance was individually and sepa-
rately analyzed without considering the relevance to other dances.
In other words, the relevance of multiple dances such as similari-
ties and/or differences among dances was not examined. As a re-
sult, only the difference among dance performances of the same
dance was evaluated, and the distribution of multiple dances, i.e.,
information on mutual relationship among a plurality of motion
characteristics of multiple dances, was not revealed. As an ex-
ample in which the above motion-characteristic distribution was
considered, a study of Ref. [9] can be given. By using the method
proposed in Ref. [9], a set of multiple folk dances passed down in
a certain area is analyzed altogether, and the distribution of their
motion characteristics is schematically visualized. However, their
relevance to the geographic elements of regional communities in
which the dances have been passed down, the visualization of
which is the main subject of this paper, is not considered.

With regard to cartogram construction approaches, on the
other hand, there has been an extensive effort to visualize
geographically-referenced data using cartograms. Most area car-
tograms have been used to visualize the mapping of population
distribution [14]. In several previous studies, however, area car-
tograms have been used to schematically represent the distribu-
tion of statistics other than ordinary population distribution. For
example, Mislove et al. [15] used area cartograms to visualize
the distribution of Twitter users in U.S. Han et al. [5] examined
the usability of area cartograms for visualizing the GlobeLand30
dataset containing ten major types of land cover data such as veg-
etation, water body and tundra, and clarified the effectiveness
and limitations of using cartograms to a certain extent. As for
distance cartograms, most of them has been used as time-space
maps that alter the distance of each point pair with respect to its

*3 Minbu is a type of Japanese folk dance created in accordance with the
folk music passed down in each region [12].

*4 Kagura is a type of Japanese folk dance performed as a ritual to pray for
good harvest, good fish and good health [12].

*5 The Awa Odori dance is a folk dance passed down in Tokushima Prefec-
ture [13], and categorized as a Bon Odori dance [2].
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travel time [16], with a few exceptions such as the case of Bouts et
al. [17] in which the geographic map of Australia was deformed
based on the distribution of house prices.

In both the area and distance cartogram studies, to our knowl-
edge, there has been no attempt to use a cartogram for visualizing
the regional distribution of the characteristics of folk performing
arts. As mentioned in Section 1, on the other hand, a hybrid of
circle and distance cartograms is used in this study. However,
there are few reports presenting a trial to combine multiple car-
togram types. For example, Inoue and Shimizu [10] introduced a
technique for constructing the distance cartogram to improve the
algorithm of constructing the circle cartogram.

3. Cartogram Construction Method

3.1 Modeling of Folk Dance Distribution
As already mentioned in Section 1, we adopt the folk dance

distribution model proposed in Ref. [9]. In the model, the re-
lationship among Mocap data, folk dances, and settlements in
which the dances have been passed down is represented in a hi-
erarchical structure. Figure 1 shows the structure of the model.
The hierarchical structure consists of four levels. In the highest
“Group” level, each of the constituents of this level, i.e., groups,
is a set of settlements each of which is a constituent of the second
“Settlement” level. Settlements belonging to the same group are
the ones regarded as similar to each other in terms of the dancing
style of folk dances passed down in them. Each of the settlements
provides a set of dances, constituents of the third “Dance” level,
passed down in it. In the lowest “Mocap” level, there are sets of
Mocap data streams, each corresponding to any of the dances.

The grouping of settlements in the “Group” level is determined
by using information provided in previous studies (many previous
studies have reported on the grouping of settlements with respect
to the dancing-style similarity of folk dances [18], [19]). We vi-
sualize the higher three levels, i.e., the “Group,” “Settlement” and
“Dance” levels. The lowest “Mocap” level is not visualized be-
cause we do not consider visualizing the direct influence of dif-
ferences generated on multiple performances of the same dance.
However, the above difference is indirectly reflected in the analy-
sis of motion characteristics as will be mentioned in Section 3.4.

Table 1 and Fig. 2 show an example of the model. As already
mentioned in Section 1, this is the case of the Furyū type folk
dances (mainly, the Bon Odori dances) passed down in Akita Pre-

Fig. 1 Hierarchical model of folk-dance distribution.

fecture. The geographic map shown in Fig. 2 is that projected
on a plane with the Japan Plane Rectangular Coordinate System
X [20]. The classification into three groups in the “Group” level
is that proposed in Ref. [18]. The above grouping is schemati-
cally displayed as closed dotted-line loops in Fig. 2 (settlements
enclosed in a single loop are those belonging to the same group).
The total number of settlements included in the model is ten, and
that of the dances is nineteen. Hereinafter, this model is used for

Table 1 Furyū type folk dances (mainly, Bon Odori dances) of Akita Pre-
fecture.

Group Settlement
Dance Mocap

(Symbol used in (No., Time,
Figs. 5 and 12) System)

Kazuno-Odori Kemanai Dainosaka (D) 3, 10.8 s, (a)
System Jinku (J) 3, 9.9 s, (a)
Nanshū-Odori Hitoichi Dendenzuku (De) 3, 6.6 s, (b)
System Kitasaka (K) 6, 5.5 s, (b)

Sankatsu (S) 4, 11.6 s, (b)
Yamada Kitasaka (K) 5*, 5.5 s, (c)

Dagasuko (Da) 4*, 6.9 s, (c)
Sankatsu (S) 5*, 11.8 s, (c)

Akita-Ondo Kubota Akita Ondo 1, 67.8 s, (d)
System Nakasen Donpan Odori (Do) 1, 33.8 s, (b)

Emazō Jinku (E) 1, 32.7 s, (b)
Kakumagawa (no name) 1, 59.3 s, (b)
Nishimonai Ondo (O) 3, 44.5 s, (a)

Ganke (G) 3, 41.1 s, (a)
Iwasaki Otoko Odori (Ot) 1, 72.6 s, (b)

Onna Odori (On) 1, 73.8 s, (b)
Masuda (no name) 2, 69.2 s, (b)
Innai Innai Ginzan Odori (Od) 4, 29.3 s, (b)

Innai Ginzan Ondo (Ond) 2, 39.3 s, (b)
Time

Mean time of all the Mocap data streams in a single dance.
System

(a): MotionStar Wireless (Ascension Technology Corporation)
with LIBERTY (Polhemus, 2 sets) (30 fps)

(b): MotionStar Wireless (Ascension Technology Corporation) (30 fps)
(c): MVN (Xsens) (120 fps)
(d): STAR*TRACK (Polhemus) (30 fps)

Mocap data: provided by Warabi-za Co., Ltd. (no symbol) and the Center of
Community (COC) Project of Akita University (with ‘*’).

Fig. 2 Distribution of the Furyū type folk dances (mainly, Bon Odori
dances) in Akita Prefecture.
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Fig. 3 Overview of cartogram creation process.

explaining details of the cartogram construction process proposed
in this paper.

3.2 Overview of Cartogram Construction Process
In this section, we present the overview of the cartogram con-

struction method proposed in this paper, in which the structure of
the above folk dance distribution model is taken into account. As
shown in Fig. 2, the distribution of the constituents of the “Group”
and “Settlement” levels can be geographically illustrated. On the
other hand, the distribution of the constituents of the “Dance”
level, i.e., dances passed down in respective settlements, cannot
be well illustrated in the geographic map, because dances passed
down in the same settlement concentrate at a single position, re-
gardless of their motion-characteristic difference.

Considering the above situation, we visualize the distribution
of the constituents in different ways for each of the levels. Fig-
ure 3 shows the overview of the visualization procedures exe-
cuted in the cartogram construction process. For the “Dance”
level (Fig. 3 (1)), the tendency of motion-characteristic distribu-
tion is represented by a circle at every settlement. The radius of
the circle represents the motion-characteristic variety of the mul-
tiple dances passed down in a single settlement, and points added
inside the circle represent the motion-characteristic distribution

of the dances passed down in the settlement. Colors of the circles
and those of the points give information on the motion character-
istics of the dances (details will be described in Sections 3.3 and
3.4). The above structure in which each spatial unit is represented
as a circle and its radius corresponds to a specified quantity is the
fundamental style of a circle cartogram.

Then, the circles, i.e., settlements each of which is a constituent
of the “Settlement” level, are arranged on a plane (Fig. 3 (2)).
Both the geographical locations and motion-characteristic simi-
larity or distance of dances passed down in respective settlements
are reflected in the configuration of them. In this process, the
distances of settlement pairs are changed using the infomation
on between-settlement motion-characteristic distances obtained
by Mocap data analysis. Changing the distances of spatial-unit
pairs in accordance with specified quantity values is the funda-
mental procedure in distance cartogram construction. In other
words, the constituents of the “Settlement” level, i.e., circles, are
arranged so as to construct a distance cartogram. As a result,
the obtained schematic representation becomes a hybrid of circle
and distance cartograms. After arranging all the constituents of
the “Settlement” level, settlements belonging to the same group
in the “Group” level are enclosed by a closed dotted-line loop
(Fig. 3 (2)), thereby completing the schematic representation of
all the “Dance,” “Settlement” and “Group” levels (details will be
described in Section 3.5).

In order to make it possible to grasp the relevance of the above
constituents to geographic elements such as roads, rivers, lakes
and boundary lines between prefectures, information on these el-
ements are additionally displayed in the cartogram (Fig. 3 (3)).
These elements are deformed according to the change of the loca-
tions and sizes of settlements. Concrete deformed shapes are de-
termined by a point location algorithm (details will be described
in Section 3.6).

3.3 Motion Characteristic Extraction from Motion Capture
Data

In this section and the next section, we describe a procedure
to setup circles each of which represents the distribution of folk
dances in a settlement. The above distribution is obtained based
on the similarity of the motion characteristics of the dances. In
this section, we first describe details of the motion characteristic
extraction method.

We adopt the technique proposed in Ref. [8] for extracting mo-
tion characteristics from the Mocap data of folk dances. This
technique provides motion-characteristic quantities in the form
of a simple low-dimensional feature vector having only six com-
ponents. This allows us to intuitively and easily grasp the motion
characteristics of each Mocap data stream from the component
values of the obtained feature vector. In addition, the similar-
ity of Mocap data streams can be easily evaluated by calculat-
ing the distance between their feature vectors. In fact, the above
feature vector showed a high performance comparable to other
high-dimensional feature vectors (having over two hundred di-
mensions) in the Mocap-data classification analysis for multiple
dance categories originated in various countries [8].

The above quantities are obtained by analyzing time-series data
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Fig. 4 Concept of phase plane analysis.

streams of the state variables representing the spatial arrangement
of the body segments. Specifically, the body-segment spread
along each of the axes of movement, i.e., frontal, vertical and
sagittal axes [21], is formulated as a state variable, and evaluated
by means of a phase plane analysis method [22] as follows.

First, a set of phase plane trajectories with respect to the tem-
poral variation of the state variables σx(n), σy(n) and σz(n) is
drawn:

σγ(n) =

√√√
1
J

J∑
j=1

{p j,γ(n) − p̄γ(n)}2 (1)

p̄γ(n) =
1
J

J∑
j=1

p j,γ(n) (γ: x, y, or z)

where p j,γ(n) (γ: x, y or z) is the γ-coordinate of the jth joint
at the nth frame (coordinate system: fixed to the pelvis, x: left-
ward, y: upward and z: forward as shown in Fig. 4 (a), the same
hereinafter), J is the number of the principal joints used in the
analysis (shoulders, elbows, wrists, fingers, hips, knees, ankles,
toes, waist, neck and head, J = 19). Each of the variables σx(n),
σy(n) and σz(n) represents the amount of body-segment spread
along each of the frontal, vertical and sagittal axes, respectively,
at each instant. A phase plane consists of two axes (a state vari-
able and its time derivative) [22], and the trajectories of σx(n),
σy(n) and σz(n) are drawn on their respective phase planes as
shown in Fig. 4 (b). The time derivative of each state variable,
dσγ(n)/dt, is numerically obtained by a finite-difference calcula-
tion [23], and the time series of σγ(n) is filtered by a Gaussian
filter (cut-off frequency: 10 Hz) before the finite-difference cal-
culation to eliminate noise.

Next, two types of feature quantities are extracted from the
phase plane trajectories. The first type is a set of three quanti-
ties each of which represents the average motion amount in the
γ-direction throughout the whole trajectory, and obtained as fol-
lows:

qMAγ = log

⎧⎪⎪⎨⎪⎪⎩ 1
L

L∑
l=1

S γ(l) +C

⎫⎪⎪⎬⎪⎪⎭ (γ: x, y, or z) (2)

where L is the number of single loops included in the whole tra-
jectory (Fig. 4 (b), the same hereinafter), S γ(l) is the area of the
lth single loop and C is a small constant to avoid log(0) (we set
C = e−10). Here, we define a locus from a negative-direction
zero-cross point to the next point as a single loop as shown in
Fig. 4 (b). As a result, the greater the body-segment spread or the
faster the motion speed, the larger the value of qMAγ.

On the other hand, the second type is a set of three quan-
tities each of which represents motion complexity in the γ-
direction. This is quantified by using the value of approximate
entropy [24], [25] as follows:

qMCγ = Φ
m −Φm+1 (γ: x, y, or z) (3)

Φm =

∑N−(m−1)τγ
n=1 log Dm

n

N − (m − 1)τγ

Dm
n =

∑N−(m−1)τγ
j=1 H(rd − d(Σγ(n),Σγ( j)))

N − (m − 1)τγ
d(Σγ(n),Σγ( j))

= max
i=1,2, k=1,2,···,m

(|μiγ(n + (k − 1)τγ) − μiγ( j + (k − 1)τγ)|)

Σγ(n) =

⎡⎢⎢⎢⎢⎣μ1γ(n) μ1γ(n + τγ) · · · μ1γ(n + (m − 1)τγ)
μ2γ(n) μ2γ(n + τγ) · · · μ2γ(n + (m − 1)τγ)

⎤⎥⎥⎥⎥⎦
where μ1γ(n) and μ2γ(n) are the standardizedσγ(n) and dσγ(n)/dt

(with zero mean and unity variance, standardized throughout the
overall frames), N is the number of frames, H(x) is the Heaviside
function, and τγ is one fifth of the weighted mean of single-loop
periods (weight: S γ(l) for each loop) obtained as follows:

τγ = round

⎡⎢⎢⎢⎢⎢⎣ 0.2∑L
l=1 S γ(l)

L∑
l=1

{S γ(l)(nEγ(l) − nSγ(l) + 1)}
⎤⎥⎥⎥⎥⎥⎦ (4)

where nSγ(l) and nEγ(l) are the start and end frames of the lth γ-
direction single loop, respectively. We set the parameters m = 4
and rd = 0.5 according to Ref. [8]. The value of qMCγ becomes
large when a trajectory on the phase plane shows a complex
shape. In actual calculations, we use a fast algorithm [26] to re-
duce the calculation time.

As a result, the following six-dimensional feature vector is ob-
tained at every Mocap data stream:

F =
[

qMAx qMAy qMAz qMCx qMCy qMCz

]T

=
[

f1 f2 f3 f4 f5 f6
]T
. (5)

The distance between a pair of Mocap data streams can be ob-
tained by calculating the Euclidean distance between their feature
vectors as follows:

dM(il, jm) =

√√√ 6∑
k=1

{ fk(il) − fk( jm)}2 (6)

where dM(il, jm) is the distance between the ilth Mocap data
stream in the lth dance and the jmth data stream in the mth dance,
fk(lm) is the kth component of the feature vector for the lmth Mo-
cap data stream in the mth dance. In actual calculations, the com-
ponent values are standardized throughout the overall Mocap data
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streams used in the analysis (with zero mean and unity variance)
to avoid underestimating (or overestimating) the variation of a
particular component.

3.4 Circle Setup to Represent Folk Dance Distribution in a
Settlement

As mentioned in Section 3.1, we visualize the distribution
of folk dances in a settlement, using information on motion-
characteristic similarity. The similarity between a pair of dances
is evaluated by using the motion-characteristic distance between
them. In the folk dance distribution model adopted in this pa-
per, a single dance can include multiple Mocap data streams as
shown in Table 1. To evaluate the between-dance similarity we
must obtain the distance between a pair of sets of Mocap data
streams. Here, we use the Earth Mover’s Distance (EMD) [27] as
a between-set distance as follows:

dD(i, j) =

∑NDi

ki=1

∑ND j

l j=1 dM(ki, l j)u(ki, l j)∑NDi

ki=1

∑ND j

l j=1 u(ki, l j)
(7)

where dD(i, j) is the distance between the ith and jth dances,
u(ki, l j) is the “flow” from the kith Mocap data stream in the ith
dance to the l jth data stream in the jth dance (obtained by solv-
ing a transportation problem *6 [27]), and NDi is the number of
the Mocap data streams belonging to the ith dance. We solve the
transportation problem under the following conditions:

ND j∑
l j=1

u(ki, l j) =
1

NDi

,

NDi∑
ki=1

u(ki, l j) =
1

ND j

. (8)

This means that every dance is evaluated with the same weight-
ing, regardless of the difference in the Mocap-data-stream num-
bers of the respective dances. These conditions make dD(i, j) a
true metric [27]. In the calculation of Eq. (7), on the other hand,
the influence of motion difference generated on multiple perfor-
mances of the same dance is indirectly taken into account, be-
cause the information on individual actual performances is in-
cluded in the component values of the feature vectors used in the
calculation of dM(ki, l j).

After calculating the distances of all the dance pairs, the distri-
bution of all the dances are obtained by mapping them on a plane.
We use a technique of metric multidimensional scaling (metric
MDS) [29], because dD(i, j) is metric as already mentioned. An
example for the model of Table 1 is shown in Fig. 5. In the ob-
tained scatter plot, the assignment of its axes is selected from the

*6 The EMD is obtained by solving a transportation problem in which each
of the elements in each set is weighted. In the present case, each Mocap
data stream in the ith dance is weighted with 1/NDi to equally weight all
the Mocap data streams in a single dance and unify the total weight of
each dance into unity. As a result, the following transportation problem
is solved to obtain the flows of the weights between two dances:

Minimize
NDi∑
ki=1

ND j∑
l j=1

dM(ki, l j)u(ki, l j)

Subject to

ND j∑
l j=1

u(ki, l j) =
1

NDi

,

NDi∑
ki=1

u(ki, l j) =
1

ND j

, u(ki, l j) ≥ 0.

The above constraints are described in Eq. (8). There are several methods
to solve this type of transportation problems [28].

following eight combinations:
(1) Horizontal: Axis 1 (L:−, R:+), Vertical: Axis 2 (B:−, T:+)
(2) Horizontal: Axis 1 (L:−, R:+), Vertical: Axis 2 (B:+, T:−)
(3) Horizontal: Axis 1 (L:+, R:−), Vertical: Axis 2 (B:−, T:+)
(4) Horizontal: Axis 1 (L:+, R:−), Vertical: Axis 2 (B:+, T:−)
(5) Horizontal: Axis 2 (L:−, R:+), Vertical: Axis 1 (B:−, T:+)
(6) Horizontal: Axis 2 (L:−, R:+), Vertical: Axis 1 (B:+, T:−)
(7) Horizontal: Axis 2 (L:+, R:−), Vertical: Axis 1 (B:−, T:+)
(8) Horizontal: Axis 2 (L:+, R:−), Vertical: Axis 1 (B:+, T:−)

(Axis 1: axis giving the largest variance of coordinate
values, Axis 2: axis giving the second largest variance
of coordinate values, L: Left, R: right, B: bottom, T:
top)

The combination minimizing the cost function below is selected:

g =

NS−1∑
i=1

NS∑
j=i+1

|θ(i, j) − φ(i, j)| (9)

where θ(i, j) is the bearing angle between the ith and jth settle-
ments (grid north [20], the same hereinafter) in the original ge-
ographic map, φ(i, j) is that between the centers of the smallest
enclosing circles of the ith and jth settlements in the scatter plot
(details of the circles are explained in the next paragraph), and
NS is the number of settlements. Consequently, the difference
between the bearing angles of settlement pairs in the original ge-
ographic map and those in the scatter plot is minimized. In the
case of Fig. 5, the combination (5) is selected.

In the scatter plot shown in Fig. 5 (a), each set of dances be-
longing to the same settlement is enclosed by their smallest en-
closing circle. Its radius is used in a cartogram as that of a circle
representing the motion-characteristic variety of the dances be-
longing to the settlement. In the case that only a single dance has
been passed down in a settlement, its radius becomes zero, i.e.,
the settlement is represented as a point. Otherwise, dance points
are plotted in the circle to represent their distribution in each set-
tlement.

To “code” the motion characteristics of the dances, a color is
given to each of them. As shown in Fig. 5 (b), we regard the in-
side of the smallest enclosing circle including all the dance points
as the HSV color space [30] (V = 0.8), and give each dance a
color corresponding to its position as an index representing its
motion characteristics. As for each settlement that includes mul-
tiple dances, a color corresponding to the centroid of the dances is
given as an index representing their average motion-characteristic
tendency, and the circle of the settlement is filled with its color.

In order to grasp the relationship between colors and motion
characteristics, the axes of the motion-characteristic feature quan-
tities are drawn in the color space. The above axes are obtained
by using correlation coefficients between the components of the
scatter plot and the feature quantities of the Mocap data streams
as follows:

A fi = Rfi
q1 ,q2

[ rq2

fi ,q1
rq1

fi ,q2
]T∣∣∣∣[ rq2

fi ,q1
rq1

fi ,q2
]T

∣∣∣∣ (10)

where A fi is the vector representing the direction and magnitude
of the axis of the feature quantity fi, q1 and q2 are the compo-
nents of the horizontal and vertical axes of the scatter plot, Rfi

q1 ,q2
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Fig. 5 Determining of the radii and colors of circles (decided by using the MDS scatter plot of the settle-
ments).

is the multiple correlation coefficient between fi and a set of q1

and q2, and rb
fi ,a

is the partial correlation coefficient between fi
and the variable a holding the variable b fixed. Arrows in the
scatter plot shown in Fig. 5 (b) are the obtained axes (the length
of each axis vector is normalized by the radius of the color-space
circle). In this case, the axes of qMAx, qMAy and qMAz, i.e., a set
of the feature quantities representing motion amount, are turned
toward almost the same direction (upper left). On the other hand,
the axes of qMCx, qMCy and qMCz, i.e., a set of the feature quanti-
ties representing motion complexity, show a similar tendency in
that they are turned in almost the same direction (downward). As
a result, one can grasp the following relationship between colors
and motion characteristics:

Motion amount Large: green ⇐⇒ Small: red
Motion complexity Complex: blue ⇐⇒ Simple: yellow

The circles of the respective settlements obtained by the above
coding procedure are shown in Fig. 5 (c).

As for computational complexity, that of the calculation of
Eq. (6) for all Mocap-data-stream pairs is O(N2

M) where NM is

the number of Mocap data streams. On the other hand, the com-
putational complexity of metric MDS in which the number of
points, i.e., settlements, is NS becomes O(N2

S) [31]. Furthermore,
the assignment of colors to dances requires O(ND) where ND is
the number of dances. Since the relationship NS ≤ ND ≤ NM is
satisfied in the folk dance distribution model of Fig. 1, the com-
putational complexity of the overall circle-setup procedure be-
comes O(N2

M). The actual calculation time for the model of Ta-
ble 1 (NS = 10, ND = 19 and NM = 53) was 0.281 s (CPU: Intel
Core i3-350M, the same hereinafter). As will be mentioned in
Sections 3.5 and 3.6, the shape of the finally obtained cartogram
can be changed as the need arises by adjusting several parame-
ters, even when the same Mocap and geographic data are used.
To allow users to adjust the parameters by trial and error, it is
desirable to enable interactive processing. The calculation time
for the above Mocap data analysis is small enough to perform
interactive processing.
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3.5 Arrangement and Grouping of Settlements
As mentioned in Section 3.2, the obtained circles each of which

represents a settlement are arranged on a plane so as to construct
a hybrid of circle and distance cartograms. In this section, we de-
scribe an algorithm to obtain the above schematic representation.

To arrange the circle cartogram construction, Inoue and
Shimizu [10] proposed an effective algorithm in which the ar-
rangement of circles was adjusted using a technique of distance
cartogram construction. In the algorithm, a distance between cen-
ters of circles in a cartogram is adjusted in accordance with the
distance between the corresponding points in the original geo-
graphic map. This approach can be used in the present hybrid-
cartogram construction by replacing the geographic distance data
with between-settlement motion-characteristic data.

Specifically, a distance cartogram construction algorithm [32]
is applied to a set of the following target distances [10]:

d′S( j, k) = β{r( j) + r(k)} + (1 − β)AdS( j, k) (11)

where d′S( j, k) is the target distance between the centers of the
jth and kth circles (i.e., the jth and kth settlements) in the car-
togram, r( j) is the radius of the jth circle, dS( j, k) is the motion-
characteristic distance between the jth and kth settlements (de-
tails will be described in the next paragraph), β is the weight of
the radius sum term (0 ≤ β ≤ 1, set by users), and A is the coeffi-
cient given as A = max[{r( j) + r(k)}/dS( j, k)] in all the links be-
tween circles. The above target distance is the weighted mean of
the radius sum of neighboring circles and the between-settlement
motion-characteristic distance.

The value of dS( j, k), i.e., the between-settlement motion-
characteristic distance, is given as follows:

dS( j, k) =

∑NS j

l j=1

∑NSk

mk=1 dD(l j,mk)v(l j,mk)∑NS j

l j=1

∑NSk

mk=1 v(l j,mk)
(12)

where dS( j, k) is the motion-characteristic EMD between the jth
and kth settlements, v(l j,mk) is the “flow” from the l jth dance
in the jth settlement to the mkth dance in the kth settlement (ob-
tained by solving the transportation problem), and NS j is the num-
ber of the dances belonging to the jth settlement. The transporta-
tion problem is solved under the following conditions:

NSk∑
mk=1

v(l j,mk) =
1

NS j

,

NS j∑
l j=1

v(l j,mk) =
1

NSk

. (13)

As already mentioned, the distance cartogram construction algo-
rithm [32] is applied to a set of the target distances. In the ob-
tained cartogram, circles can be placed apart from each other in
response to a given dS( j, k) data set by appropriately adjusting the
value of β. Consequently, we can obtain a hybrid of circle and
distance cartograms representing the distribution of settlements
in terms of dancing style.

Figure 6 shows the overall algorithm. This algorithm is the
same as that proposed in Ref. [10], except for the setup of dS( j, k)
(the motion-characteristic EMD is used instead of the geographic
distance as already mentioned). First, the values of the follow-
ing parameters are input: xG(i), yG(i) (coordinates of the ith set-
tlement in the geographic map, xG(i) for the horizontal axis and

Fig. 6 Algorithm for hybrid cartogram construction.

yG(i) for the vertical axis *7, 1 ≤ i ≤ NS), r(i) (1 ≤ i ≤ NS),
dS( j, k) ( j, k ∈ CS, CS: set of settlement links taken into account,
set by users), and w( j, k) (weight of the link between the jth and
kth settlements, j, k ∈ CS, set by users). Next, the following pa-
rameters are calculated: A = max[{r( j) + r(k)}/dS( j, k)], d′S( j, k)
( j, k ∈ CS), and θ′( j, k) (bearing angle between the jth and kth
settlements in the cartogram, j, k ∈ CS, the value in the original
geographic map obtained below is used as the initial value):

sin θ′( j, k) =
xG( j) − xG(k)

dG( j, k)
,

cos θ′( j, k) =
yG( j) − yG(k)

dG( j, k)
(14)

dG( j, k) =
√

(xG( j) − xG(k))2 + (yG( j) − yG(k))2.

Then, the coordinate values of the circle centers (xC(i) and yC(i),
1 ≤ i ≤ NS) are obtained by iterations of the following linear least
squares optimizations and the renewal of the θ′( j, k) values:

Minimize
∑
j,k∈C

[w( j, k){d′S( j, k) sin θ′( j, k)

− (xC( j) − xC(k))}]2 (15)

Minimize
∑
j,k∈C

[w( j, k){d′S( j, k) cos θ′( j, k)

− (yC( j) − yC(k))}]2 (16)

sin θ( j, k) =
xC( j) − xC(k)

dC( j, k)
, cos θ( j, k) =

yC( j) − yC(k)
dC( j, k)

(17)

dC( j, k) =
√

(xC( j) − xC(k))2 + (yC( j) − yC(k))2

where θ( j, k) is the renewed θ′( j, k). In Eqs. (15) and (16),
the squared errors between the actual between-circle-center dis-
tances (xC( j) − xC(k) and yC( j) − yC(k)) and the target values
(d′S( j, k) sin θ′( j, k) and d′S( j, k) cos θ′( j, k)) are minimized on all
axes (numerically solved by singular value decomposition [33]).
After the convergence of the iteration loop (determined by the

*7 Note that the roles of the variables x and y in this paper are contrary to
those in the Japanese surveying and mapping community (x: northing,
y: easting) [20]. We assign x and y the horizontal and vertical axes, re-
spectively, in accordance with mathematical conventions.
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Fig. 7 Settlement configurations obtained by the proposed algorithm (R2:
coefficient of determination for the w( j, k) > 0 links).

condition |θ′( j, k) − θ( j, k)| < ε for all j, k ∈ CS), the obtained
xC(i) and yC(i) values are output.

After giving the configuration of all the circles, each group is
enclosed by a closed dotted-line loop. The loop is obtained by
drawing a convex hull [34] enclosing all the circles belonging to
the same group. Specifically, a convex hull enclosing all the aux-
iliary points added to each of the circles is used. The auxiliary
points are added to intelligibly display the region of each group.
Sixteen auxiliary points are regularly plotted around each circle
(these points are not displayed in an actual cartogram). The dis-
tance between the point and the center of the ith circle is given
as r(i) + 0.015max[xW, yW] (xW and yW: widths of the existing
regions of coordinate values in the horizontal and vertical axes of
the obtained cartogram, respectively).

Figure 7 shows examples for the model of Table 1. The
weights of the settlement links corresponding to the roads each
of which gives a direct link between a settlement pair (13 links)
are set as w( j, k) = 1.0. To consider the relationship between the
group of the Kazuno-Odori System and that of the Akita-Ondo

System between which no direct connection exists, the link be-
tween the Kemanai and Nakasen settlements is weighted with a
small value (w( j, k) = 0.02). The parameter for determining the
convergence of iteration is set as ε = 10−5π. Figure 7 shows three
cases differing in the value of the parameter β in Eq. (11). One
can recognize that distances between circles vary in response to
the variation of the β value. Hereinafter, we adopt the β = 0.4
case (Fig. 7 (b)) giving the best balance between circle sizes and
between-circle distances.

The computational complexity of the algorithm of Fig. 6 is
O(N2

S) [32], and the actual calculation time for the case of
Fig. 7 (b) (NS = 10) was 1.406 s. This is short enough to allow
users to perform a trial-and-error adjustment of the parameters
w( j, k) and β to obtain a cartogram with a more preferable shape.

3.6 Arrangement of Geographic Elements
The final stage of cartogram construction is to display geo-

graphic elements such as roads, rivers, lakes and boundary lines
between prefectures in the obtained cartogram. In this section,

Fig. 8 Cartogram obtained by the Delaunay triangulation and barycentric
interpolation (β = 0.4).

Fig. 9 Concept of point-location conversion.

we describe a point location algorithm to determine the location
of the elements in a cartogram.

In distance cartogram construction, an interpolation technique
consisting of triangulation and barycentric interpolation is often
used to locate the above elements [16]. Figure 8 shows an ex-
ample in which the Delaunay triangulation [35] and barycentric
interpolation are applied to the case of Fig. 7 (b). In the obtained
cartogram, several circles overlap with rivers or prefecture bound-
ary lines none of which overlaps with any of the settlement in the
original geographic map shown in Fig. 2. This means that ap-
plying triangulation and barycentric interpolation to a hybrid of
circle and distance cartograms in which a settlement point can be
converted into a circle rather than a point is inappropriate.

To resolve the above issue, we develop a new point location
algorithm. Figure 9 shows the basic concept of the developed
algorithm. Consider the case that the point P(xG0, yG0) in the
geographic map is given as an input to be mapped in the car-
togram. As shown in the upper left of Fig. 9, the relative po-
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sition of P to the ith settlement whose position is (xG(i), yG(i))
is given as (ΔxG(i),ΔyG(i)) where ΔxG(i) = xG0 − xG(i) and
ΔyG(i) = yG0 − yG(i), and the bearing angle between them, θ(i), is
given as follows:

sin θ(i) =
ΔxG(i)
dG(i)

, cos θ(i) =
ΔyG(i)
dG(i)

(18)

dG(i) =
√
ΔxG(i)2 + ΔyG(i)2.

We assume that the ith settlement is converted into the ith circle
having the center (xC(i), yC(i)) and the radius r(i) in the cartogram
as shown in the upper right of Fig. 9. We also assume that the dis-
tance between P and the ith settlement in the geographic map,
dG(i), is converted into the following dC(i) in the cartogram:

dC(i) =
dCm

dGm
dG(i) (19)

where dGm and dCm are respectively the mean between-settlement
distance in the geographic map and that in the cartogram and
given as follows:

dXm =
2

NS(NS − 1)

×
NS−1∑
i=1

NS∑
j=i+1

√
(xX( j) − xX(i))2 + (yX( j) − yX(i))2

(X: G or C). (20)

This conversion is adopted considering that the scale conversion
from the geographic map into the cartogram can be evaluated by
the changing ratio between the mean between-settlement distance
in the geographic map and that in the cartogram. We here define
that the distance between the converted P(xC0, yC0) and the ith cir-
cle in the cartogram, i.e., dC(i), is given as that between P and the
nearest point on the circumference of the circle as shown in the
upper right of Fig. 9. We assume that the bearing angle between
the converted P and the center of the ith circle in the cartogram
is kept the same as θ(i) in the original geographic map. As a
result, the relative position of the converted P to the center of
the ith circle in the cartogram is given as (ΔxC(i),ΔyC(i)) where
ΔxC(i) = xC0 − xC(i), ΔyC(i) = yC0 − yC(i) and at the same time

ΔxC(i) =
dCm

dGm
ΔxG(i) + r(i) sin θ(i) (21)

ΔyC(i) =
dCm

dGm
ΔyG(i) + r(i) cos θ(i) (22)

as shown in the upper right of Fig. 9. In an actual cartogram, the
configuration of the centers of the circles generally becomes dif-
ferent from that of the settlements in the geographic map. There-
fore, the conditions of Eqs. (21) and (22) are not necessarily sat-
isfied at every settlement.

Taking the above situation into account, we perform the follow-
ing linear least squares optimizations in which ΔxC(i) and ΔyC(i)
of Eqs. (21) and (22) are used as target values as shown in the
bottom of Fig. 9:

Minimize
NS∑
i=1

[
1

dC(i)n

{
(xC0 − xC(i))

−
(

dCm

dGm
ΔxG(i) + r(i) sin θ(i)

)}]2

(23)

Fig. 10 Algorithm for point location.

Minimize
NS∑
i=1

[
1

dC(i)n

{
(yC0 − yC(i))

−
(

dCm

dGm
ΔyG(i) + r(i) cos θ(i)

)}]2

. (24)

These are numerically solved by singular value decomposi-
tion [33]. In the above optimizations, each settlement is weighted
with the value of 1/dC(i)n (n: parameter to adjust the strength of
the weight values). This means that the closer a settlement is to
the point P, the more the settlement is weighted. In actual calcu-
lations, however, the true value of dC(i) in the cartogram cannot
be obtained unless the values of xC0 and yC0 are determined by
solving Eqs. (23) and (24). Therefore, we adopt a point location
algorithm shown in Fig. 10 in which the above optimizations are
iteratively performed with the renewal of dC(i).

In the algorithm, the values of the following parameters are
first input: xG(i), yG(i), xC(i), yC(i) and r(i) (1 ≤ i ≤ NS), and dGm

and dCm are calculated. Next, the coordinate values of the point
P in the geographic map (xG0, yG0) are input and the following
values are calculated: ΔxG(i) = xG0 − xG(i), ΔyG(i) = yG0 − yG(i),
θ(i) (Eq. (18)), and dC(i) = (dCm/dGm)

√
ΔxG(i)2 + ΔyG(i)2 (1 ≤

i ≤ NS). Then, the coordinate values of the converted point P in
the cartogram (xC0, yC0) are obtained by iterations of the linear
least squares optimizations (Eqs. (23) and (24)) and the following
renewal of the dC(i) value:

d′C(i) = αdC(i) + (1 − α)

×max

(√
(xC0 − xC(i))2 + (yC0 − yC(i))2 − r(i), 0

)
(25)
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Fig. 11 Cartograms obtained by the proposed point location algorithm (β = 0.4).

where d′C(i) is the renewed dC(i). This is the weighted mean of
the value just before the renewal and that newly obtained from
the configuration in the cartogram (0 ≤ α ≤ 1, the “max” oper-
ation is used to avoid a negative value). This renewal procedure
is introduced to prevent the occurrence of numerical instability
in iterative calculations (we set α = 0.9 through trial-and-error
calculations). After the convergence of the iteration loop (deter-

mined by the condition
√

(x′C0 − xC0)2 + (y′C0 − yC0)2 < ε where
x′C0 and y′C0 are the values of xC0 and yC0 just before the renewal),
the obtained xC0 and yC0 values are output.

Figure 11 shows examples in which the proposed point lo-
cation algorithm is applied to the case of Fig. 7 (b). The pa-
rameter for determining the convergence of iteration is set as
ε = 10−5dCm. Three examples differing in the value of the param-
eter n in Eqs. (23) and (24) are shown. Although the conversion
performed in the proposed algorithm is not strictly homeomor-
phic [16], the homeomorphism of mapping is not violated in any
of the obtained cartograms. In addition, overlap between the cir-
cles and the elements that do not geographically overlap with any
of the settlements is not seen in the obtained cartograms. These
facts suggest the utility of the proposed algorithm in practical use.
On the other hand, one can recognize that the degree of deforma-
tion (indicated by arrows in Fig. 11) becomes larger as the n value
increases. This means that users can adjust the degree of defor-
mation by varying the n value. Hereinafter, we adopt the n = 1.5
case (Fig. 11 (b)) that shows a moderate degree of deformation.

In the case that the algorithm of Fig. 10 is applied to NP in-
put points, its computational complexity becomes O(N2

S +NSNP).
This is because that the calculation of dGm and dCm (requiring
O(N2

S)) can be executed independently from searching NP sets of
xC0 and yC0 (requiring O(NSNP)). The actual calculation time for
the case of Fig. 11 (b) (NS = 10, NP = 388) was 0.250 s. This
is short enough to allow users to perform a trial-and-error adjust-
ment of the parameter n in interactive processing.

4. Results and Discussion

This section describes details of the comparative examina-

tion of the original geographic map and the cartogram that re-
sulted from the application of the proposed method. As already
mentioned in Section 3.6, we select the cartogram shown in
Fig. 11 (b), i.e., the version with β = 0.4 and n = 1.5, as the
definitive version obtained by the proposed method. Figure 12
shows the original geographic map (left, identical to Fig. 2) and
the cartogram of the definitive version (right). A colored cir-
cle displayed in the bottom of Fig. 12 is that of the color space
shown in Fig. 5 (b). White arrows in the circle are the motion-
characteristic axes. Their directions were obtained from the axis
vectors shown in Fig. 5 (b) as follows:

MA: Large⇐Mean of MAx, MAy and MAz.
MA: Small⇐ Opposite to MA: Large.
MC: Complex⇐Mean of MCx, MCy and MCz.
MC: Simple⇐ Opposite to MC: Complex.

The above setup was made considering the tendency of the
motion-characteristic distribution mentioned in Section 3.4. In
the obtained cartogram, the three Bon Odori groups, i.e., the
Kazuno-Odori, Nanshū-Odori and Akita-Ondo Systems, are
clearly classified by color. In other words, it is clearly indicated
in the cartogram that the above three groups have different motion
characteristics, respectively, as follows:

Kazuno-Odori: red (MA: Small)
Nanshū-Odori: yellowish green (MA: Large, MC: Simple)
Akita-Ondo: blue (MC: Complex)

These characteristics are almost consistent with those pointed out
in previous studies (Kazuno-Odori: showing elegant and refined
choreography [36], Nanshū-Odori: characterized by a simple but
intense dancing style [37], and Akita-Ondo: having a sophisti-
cated dancing style including a variety of elaborate performance
forms [38]).

On the other hand, two distinctive features with respect to de-
formation are seen in the cartogram. One is a large expansion
of the Hitoichi and Yamada settlements, and the other is a re-
markable southward movement of the Kubota settlement. First,
we focus on the first feature. Both the Hitoichi and Yamada set-
tlements belong to the group of the Nanshū-Odori System. As
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Fig. 12 Comparison between the original geographic map (left) and the cartogram (right, β = 0.4,
n = 1.5).

shown in Table 1, the number of the dances passed down in a
single settlement belonging to the Nanshū-Odori System is gen-
erally larger than that of the other groups. In fact, the region of
the Nanshū-Odori System is known as a place where Bon Odori

is most popular in Akita Prefecture [18], and each of the multiple
dances passed down in this region is characterized by different
types of dancing styles [37]. In the obtained cartogram, the circle
size of these settlements (large radius, i.e., large variety of mo-
tion characteristics in multiple dances) were a good match with
the above tendency.

In addition, it is seen that the above two settlements exist in
the area of the eastern coast of Hachirōgata Lagoon. This area is
known as that on which Gojōme Town (indicated at the right side
of the Hitoichi settlement in the cartogram of Fig. 12) had exerted
a great influence as a commercial center in the ages from the me-
dieval times to the early-modern times [39] (i.e., the period Bon

Odori dances spread around the country [40]). It has been pointed
out that the development of Gojōme Town brought about cultural
variety in the area of the eastern coast of Hachirōgata Lagoon,
and this situation might have affected the diversity of the motion
characteristics of folk dances in this area [4]. The obtained car-
togram can provide at least a slight clue to the above opinion by
schematically associating the motion characteristics of the Bon

Odori dances with their geographic configuration.
Next, we focus on the second feature, i.e., the southward move-

ment of the Kubota settlement. The Kubota settlement is one of
the settlements belonging to the group of the Akita-Ondo System,
and was the capital of Akita Domain in the early-modern times
(now, part of Akita City, the capital of Akita Prefecture) [41].
As shown in the geographic map (left of Fig. 12), the Kubota
settlement is connected with the Innai settlement by the Ushū
Kaidō Road and Omono River that was a water route in the

early-modern times [41]. The Innai settlement was a mining town
neighboring the Innai Silver Mine, and its amusement quarter at-
tracted many professional dancers while the mine prospered in
the early-modern times [42]. It has been pointed out that their
sophisticated dancing style was distributed throughout the region
of the Akita-Ondo System [43], and the traffic network consist-
ing of the Ushū Kaidō Road and Omono River played an impor-
tant role in the distribution, especially in the connection between
the Kubota settlement and the Innai Silver Mine [4]. In the ob-
tained cartogram, the Kubota settlement moved toward the Innai
settlement, as if it was pulled by a set of two springs consist-
ing of the Ushū Kaidō Road and Omono River. One can thereby
easily imagine the influence of the above traffic network from
the configuration of the obtained cartogram. Consequently, the
motion-characteristic distribution of the Akita-Ondo System is
recognized as concentrating in a narrow region, in contrast to the
wide-range distribution of the Nanshū-Odori System.

The above regional variation of the relationship between the
motion characteristics of the Bon Odori dances of Akita Prefec-
ture and the geographic elements of corresponding regions has
been poined out in several previous studies [4], [9], [40], [43].
However, it has never been schematically displayed until now.
The proposed method makes it possible to visualize the above
variation on the basis of quantitative grounds. Although it is not
necessarily easy to recognize the influence of the cultural back-
ground of each region without preliminary knowledge, the ob-
tained cartogram would help attract renewed attention to the study
of folk dances with a visual impact, as in the case that an area
cartogram is used to visualize the population distribution of the
world [6].

As mentioned above, the deformation in the cartogram ob-
tained by the proposed method supported previous studies on the
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Bon Odori dances of Akita Prefecture. In particular, schemati-
cally providing information on the relationship between the mo-
tion characteristics of folk dances and their geographic configu-
ration was considerably convenient to intuitively understand their
features. If the Mocap and geographic data of the old days of the
above dances are obtained, for example, it becomes possible to
visualize the transition of these dances from old days to current
days. In addition, it is possible to apply the proposed method to
any other dance category as long as its regional distribution can
be represented as the hierarchical model shown in Fig. 1.

It should also be pointed out that the proposed method has a
limitation. The feature quantities extracted from Mocap data are
limited to those representing only two types of motion charac-
teristics, i.e., motion amount and motion complexity. As already
mentioned in Section 3.3, the feature vector in which only the
above quantities are used has a high dance-category classification
ability. However, the possibility that the regional distribution of
some other motion characteristic might provide further valuable
information cannot be ruled out. Therefore, additional work is
needed to use more diverse types of information on motion char-
acteristics without excessively increasing the number of feature
quantities. Moreover, the usability of the obtained hybrid-type
cartogram is not sufficiently examined at this moment. More de-
tailed work is necessary to clarify the usability and disadvantage
of this type of cartogram.

5. Conclusion

The main contribution of this paper is to provide a cartogram
construction method to visualize the relevance of the motion-
characteristic distribution of Japanese folk dances to the geo-
graphic elements of regional communities in which the dances
have been passed down. Mocap data of the dances are used to
quantitatively extract their motion characteristics. To systemati-
cally organize cartogram construction process, we adopt a hier-
archical model representing the relationship among Mocap data,
folk dances and settlements. Different cartogram types are se-
lected for different levels in the hierarchical model, and, thereby,
a hybrid of circle and distance cartograms are provided. The re-
sults obtained by analyzing the Furyū type folk dances passed
down in Akita Prefecture demonstrated the effectiveness of the
proposed method to a certain extent. The clarification of the ap-
plication range of the proposed method will be discussed in a
future work.
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Hōkokusho (The Search Report on Hitoichi Bon Odori), Akita-Ken
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Ogachi Town), Akita-Ken Ogachi-Gun Ogachi-Machi Kyōiku Iinkai
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