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EXERCISE ASSISTING APPARATUS , 
METHOD OF ASSISTING EXERCISE , AND 
NON - TRANSITORY RECORDING MEDIUM 

CROSS - REFERENCE TO RELATED 
APPLICATION 

[ 0001 ] This application claims the benefit of Japanese 
Patent Application No. 2020-048697 , filed on Mar. 19 , 2020 , 
the entire disclosure of which is incorporated by reference 
herein . 

FIELD 

[ 0002 ] This application relates to an exercise assisting 
apparatus , a method of assisting exercise , and a non - transi 
tory recording medium . 

BACKGROUND 

[ 0003 ] A way of swinging arms is important during run 
ning and walking . The walking or running people , however , 
cannot readily recognize their own ways of swinging arms 
without paying careful attention . In particular , people who 
are tired tend to pay less attention to the ways of swinging 
arms . In view of this problem , for example , Unexamined 
Japanese Patent Application Publication No. 2019-115665 , 
which is a patent literature filed with the Japan Patent Office , 
discloses a technique of estimating the amount of steps made 
by a user on the basis of the detected arm swing peaks of the 
user and calculating an energy consumption value . 

SUMMARY 

result of clustering of arm - swing trajectories according to 
the embodiment of the disclosure ; 
[ 0010 ] FIG . 4B illustrates a representative trajectory when 
the arm of the user swinging frontward in the traveling 
direction is viewed directly from the front of the user , in an 
exemplary result of clustering of arm - swing trajectories 
according to the embodiment of the disclosure ; 
[ 0011 ] FIG . 4C illustrates a representative trajectory when 
the arm of the user swinging leftward in the traveling 
direction is viewed directly from above the user , in an 
exemplary result of clustering of arm - swing trajectories 
according to the embodiment of the disclosure ; 
[ 0012 ] FIG . 4D illustrates a representative trajectory when 
the arm of the user swinging rearward in the traveling 
direction is viewed directly from the back of the user , in an 
exemplary result of clustering of arm - swing trajectories 
according to the embodiment of the disclosure ; 
[ 0013 ] FIG . 5A illustrates a representative trajectory when 
the arm of the user swinging leftward in the traveling 
direction is viewed directly from the left of the user , in an 
exemplary result of clustering of arm - swing trajectories 
according to the embodiment of the disclosure ; 
[ 0014 ] FIG . 5B illustrates a representative trajectory when 
the arm of the user swinging frontward in the traveling 
direction is viewed directly from the front of the user , in an 
exemplary result of clustering of arm - swing trajectories 
according to the embodiment of the disclosure ; 
[ 0015 ] FIG . 5C illustrates a representative trajectory when 
the arm of the user swinging leftward in the traveling 
direction is viewed directly from above the user , in an 
exemplary result of clustering of arm - swing trajectories 
according to the embodiment of the disclosure ; 
[ 0016 ] FIG . 5D illustrates a representative trajectory when 
the arm of the user swinging rearward in the traveling 
direction is viewed directly from the back of the user , in an 
exemplary result of clustering of arm - swing trajectories 
according to the embodiment of the disclosure ; 
[ 0017 ] FIG . 6A illustrates a representative trajectory when 
the arm of the user swinging leftward in the traveling 
direction is viewed directly from the left of the user , in an 
exemplary result of clustering of arm - swing trajectories 
according to the embodiment of the disclosure ; 
[ 0018 ] FIG . 6B illustrates a representative trajectory when 
the arm of the user swinging frontward in the traveling 
direction is viewed directly from the front of the user , in an 
exemplary result of clustering of arm - swing trajectories 
according to the embodiment of the disclosure ; 
[ 0019 ] FIG . 6C illustrates a representative trajectory when 
the arm of the user swinging leftward in the traveling 
direction is viewed directly from above the user , in an 
exemplary result of clustering of arm - swing trajectories 
according to the embodiment of the disclosure ; 
[ 0020 ] FIG . 6D illustrates a representative trajectory when 
the arm of the user swinging rearward in the traveling 
direction is viewed directly from the back of the user , in an 
exemplary result of clustering of arm - swing trajectories 
according to the embodiment of the disclosure ; 
[ 0021 ] FIG . 7 illustrates an exemplary hardware configu 
ration of the exercise assisting apparatus according to the 
embodiment of the disclosure ; 
[ 0022 ] FIG . 8 is a flowchart illustrating a trajectory clus 
tering process executed in the exercise assisting apparatus 
according to the embodiment of the disclosure ; and 

[ 0004 ] An exercise assisting apparatus according to a 
preferred aspect of the disclosure includes at least one 
memory and at least one processor configured to execute a 
program loaded in the memory . The processor resamples 
arm - swing trajectory data pieces on a plurality of human 
subjects with a predetermined number of samples . The 
processor generates a distance matrix on the basis of the 
minimum distance between two point groups after associa 
tion between individual points , the two point groups being 
selected from among the resampled arm - swing trajectory 
data pieces . The processor generates clustering data through 
classification of the values contained in the distance matrix 
into a certain number of clusters . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0005 ] A more complete understanding of this application 
can be obtained when the following detailed description is 
considered in conjunction with the following drawings , in 
which : 
[ 0006 ] FIG . 1 illustrates an exemplary procedure of 
acquiring arm - swing trajectory data pieces according to an 
embodiment of the disclosure ; 
[ 0007 ] FIG . 2 is a block diagram illustrating a configura 
tion of an exercise assisting system according to the embodi 
ment of the disclosure ; 
[ 0008 ] FIG . 3 illustrates a configuration of an exercise 
assisting apparatus according to the embodiment of the 
disclosure ; 
[ 0009 ] FIG . 4A illustrates a representative trajectory when 
an arm of a user swinging leftward in the traveling direction 
is viewed directly from the left of the user , in an exemplary 
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[ 0023 ] FIG . 9 is a flowchart illustrating a trajectory type 
determining process executed in the exercise assisting appa 
ratus according to the embodiment of the disclosure . 

DETAILED DESCRIPTION 

[ 0024 ] An embodiment of the disclosure will now be 
described in detail with reference to the accompanying 
drawings . In these drawings , the components identical or 
corresponding to each other are provided with the same 
reference symbol . 
[ 0025 ] An exercise assisting apparatus 2 according to an 
embodiment of the disclosure is able to cluster arm - swing 
trajectory data pieces acquired from a plurality of human 
subjects by a terminal 1 and thereby generate clustering data , 
and able to determine the arm - swing type of a user on the 
basis of the similar cluster identified through comparison 
between an arm - swing trajectory data piece on the user 
currently acquired by the terminal 1 and the generated 
clustering data . 
[ 0026 ] FIG . 1 illustrates a user equipped with the terminal 
1 around an arm . The terminal 1 includes a sensor , such as 
acceleration sensor , gyro sensor , or geomagnetic sensor , and 
can acquire an arm - swing trajectory data piece on the user . 
The arm - swing trajectory data piece on the user indicates 
trajectory data on a single back - and - forth arm swing . The 
trajectory data on a single back - and - forth arm swing is , for 
example , data from when the arm starts to move frontward 
from the rear turnaround point until when the arm arrives at 
the original rear turnaround point via the front turnaround 
point . Alternatively , the trajectory data on a single back 
and - forth arm swing may be data from when the arm starts 
to move rearward from the front turnaround point until when 
the arm arrives at the original front turnaround point via the 
rear turnaround point . The terminal 1 acquired the data 
measured by the sensor , such as acceleration sensor , gyro 
sensor , or geomagnetic sensor , in constant periods having a 
predetermined length , thereby acquiring trajectory data on a 
single back - and - forth arm swing . The trajectory data on 
multiple back - and - forth arm swings is acquired as explained 
above , which is hereinafter referred to as “ arm - swing tra 
jectory data pieces A ” . The arm - swing trajectory data pieces 
A are point groups in the three dimensions of xyz and can be 
represented in Expression ( 1 ) below , for example . In Expres 
sion ( 1 ) , n , m , and k each indicate an integer of at least 3 . 

trajectory data pieces A currently acquired from the terminal 
1 with the generated clustering data and thereby identifies a 
similar cluster . On the basis of the identified similar cluster , 
the exercise assisting apparatus 2 determines the arm - swing 
type of the user . The terminal 1 and the exercise assisting 
apparatus 2 are hereinafter collectively referred to as “ exer 
cise assisting system 100 ” . 
[ 0028 ] With reference to FIG . 3 , the exercise assisting 
apparatus 2 includes a display 21 for displaying various 
types of data , an input operation unit 22 for receiving an 
instruction from a user , a storage 23 for storing various types 
of data and programs , and a control unit 24. The display 21 
displays various types of data in accordance with an instruc 
tion from the control unit 24. The input operation unit 22 
functions as an input unit for receiving an input from the 
user . The storage 23 stores clustering data 231 , resulting 
from clustering of the arm - swing trajectory data pieces A 
depending on their shapes , various programs , data to be used 
in the programs , and other data . 
[ 0029 ] The control unit 24 includes a trajectory data 
acquirer 241 for acquiring data from the terminal 1 , a data 
resampler 242 for resampling the acquired data , a distance 
matrix generator 243 for generating a distance matrix from 
the resampled data , a clusterer 244 for clustering the values 
contained in the distance matrix , and a determiner 245 for 
determining the arm - swing type of the user in currently 
acquired data . 
[ 0030 ] The trajectory data acquirer 241 acquires arm 
swing trajectory data pieces A from the terminal 1. The data 
resampler 242 fixes the positions of the initial and terminal 
points of each of the acquired arm - swing trajectory data 
pieces A and resamples the data between the initial and 
terminal points with a predetermined number of samples . 
The original data pieces have mutually different numbers of 
samples because of mutually different periods required for a 
single back - and - forth arm swing . The process of resampling 
with the predetermined number of samples can equalize the 
number of samples in all the trajectories of back - and - forth 
arm swings . The resampled arm - swing trajectory data pieces 
are hereinafter referred to as “ arm - swing trajectory data 
pieces B ” . In an exemplary case of resampling with 50 
samples , the arm - swing trajectory data pieces B resampled 
from the individual arm - swing trajectory data pieces A are 
represented as arm - swing trajectory data pieces B1 to BN in 
Expression ( 2 ) below . In Expression ( 2 ) , N indicates an 
integer of at least 2 . 

[ Math 1 ] 
[ Math 2 ] 

axl , ax2 , , dxn axl , dx2 , , ??? ( 1 ) 
A = dyl , 2 y2 , ??? ayl , ay2 , ??? ( 2 ) > 

azl , 2 , azn azi , az2 azm B1 = 
blxl , b1x2 , , b1x50 
blyl , bly2 , ... , bly50 
blzi , blz2 , , bl 250 

axl , ax2 , , axk 
: Qyl , ay2 , • Ayk 

azl , A2 , ... , azk 
BN = 

bNx? , bNx2 , ... , bNx50 
bNyl , bNy2 , ... , bNy50 
bNz1 , 6N22 , ... , 6N250 [ 0027 ] The arm - swing trajectory data pieces A generated 

in the terminal 1 are transmitted from the terminal 1 to the 
exercise assisting apparatus 2 , as illustrated in FIG . 2. The 
exercise assisting apparatus 2 clusters the arm - swing trajec 
tory data pieces A acquired from the terminal 1 , depending 
on their shapes , and thereby generates clustering data . The 
exercise assisting apparatus 2 then compares arm - swing 

[ 0031 ] The distance matrix generator 243 generates a 
distance matrix C from the arm - swing trajectory data pieces 
B1 to BN represented in Expression ( 2 ) . Since the numbers 
of samples in the individual arm - swing trajectory data pieces 
A are all equalized , the respective points from the initial to 
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terminal points of two trajectories can be associated with 
each other . The two point groups after association between 
the individual points are subject to translation , rotation , or 
uniform scaling conversion , and then superimposed on each 
other so as to provide the minimum squared error between 
the two point groups , that is , the minimum distance between 
the two point groups . This process can yield the Procrustes 
distance between these two point groups . The Procrustes 
distance is a scalar value . The Procrustes distance is calcu 
lated from each of the arm - swing trajectory data pieces B1 
to BN . The calculated Procrustes distances are combined 
into a single matrix , which is the distance matrix C. In an 
exemplary case of 100 arm - swing trajectory data pieces 
containing the arm - swing trajectory data pieces B1 to B100 , 
the resulting matrix is a 100x100 matrix . The distance 
matrix C in this case is represented in Expression ( 3 ) below , 
for example . 

[ Math 3 ] 

0 , C12 , C13 , , C1 100 ( 3 ) 
C21 , 0 , C23 , C2 100 

C = 

C100 1 , C100 2 , C100 3 , 0 

[ 0032 ] The clusterer 244 classifies the values contained in 
the generated distance matrix C into any number D of 
clusters . Examples of clustering algorithm include unsuper 
vised clustering algorithms , such as k - means and k - medoids . 
The k - means algorithm involves acquiring the midpoint in 
each cluster every clustering process . The k - medoids algo 
rithm involves selecting , as the centroid ( center ) of the 
cluster , the data piece having the minimum total distance 
from the other data pieces in each cluster . In this embodi 
ment , the values contained in the distance matrix C are 
classified into any number D of clusters by the k - medoids 
algorithm , for example . 
[ 0033 ] For each of the D clusters resulting from classifi 
cation , the clusterer 244 automatically or manually deter 
mines the shape of the representative trajectory as viewed in 
each direction of xyz and provides a meaning . To provide a 
meaning indicates to provide a name of type suggested by 
the shape and characteristics of the representative trajectory 
as viewed in each direction of xyz . The name of type is 
“ rotary type ” , “ 8 - shaped type ” , and “ L - shaped type ” , for 
example . The meaning is automatically provided by the 
exercise assisting apparatus 2 , with reference to the shapes 
as viewed in each direction of xyz and the names of type 
stored in the storage 23. Alternatively , the user may observe 
the representative trajectory as viewed in each direction of 
xyz displayed on the display 21 and input a name of type 
suggested by the shape and characteristics of the trajectory 
through the input operation unit 22. The clusterer 244 causes 
the D clusters provided with meanings to be stored into the 
storage 23 in the form of the clustering data 231 . 
[ 0034 ] The determiner 245 compares an arm - swing tra 
jectory data piece E on a single back - and - forth swing , which 
is currently acquired by the trajectory data acquirer 241 from 
the terminal 1 , with the clustering data 231 stored in the 
storage 23 , and thereby determines the arm - swing type . The 
determiner 245 causes the result of determination to be 
displayed on the display 21. Specifically , the determiner 245 

acquires an arm - swing trajectory data piece E on a single 
back - and - forth swing from the arm - swing trajectory data 
pieces currently acquired by the trajectory data acquirer 241 
from the terminal 1. The determiner 245 then acquires the D 
clusters from the clustering data 231 stored in the storage 23 . 
The determiner 245 then calculates Procrustes distances 
between the arm - swing trajectory data piece E on a single 
back - and - forth swing and the individual D clusters , and thus 
identifies the cluster having the minimum Procrustes dis 
tance , that is , the similar cluster . The determiner 245 then 
causes the name of the identified cluster having the mini 
mum Procrustes distance to be displayed on the display 21 . 
The name of the cluster on the display 21 is the name of the 
arm - swing type . 
[ 0035 ] Examples of the D clusters resulting from classi 
fication in the clusterer 244 and the meanings provided to the 
respective clusters are illustrated in FIGS . 4 to 6. FIGS . 4A , 
5A , and 6A each illustrate a representative trajectory when 
an arm of a user swinging leftward in the traveling direction 
is viewed directly from the left of the user . FIGS . 4B , 5B , 
and 6B each illustrate a representative trajectory when the 
arm of the user swinging frontward in the traveling direction 
is viewed directly from the front of the user . FIGS . 4C , 5C , 
and 6C each illustrate a representative trajectory when the 
arm of the user swinging leftward in the traveling direction 
is viewed directly from above the user . FIGS . 4D , 5D , and 
6D each illustrate a representative trajectory when the arm 
of the user swinging rearward in the traveling direction is 
viewed directly from the back of the user . Each of the 
representative trajectories represents a shape as viewed in 
each direction of xyz . It should be noted that the dashed line 
in each of FIGS . 4D , 5D , and 6D indicates the segment other 
than the segments contained in the representative trajectories 
illustrated in FIGS . 4A to 4C , 5A to 5C , and 6A to 6C . 
[ 0036 ] The representative trajectories illustrated in FIGS . 
4A to 4C each have a ring shape having the overlapped 
initial and terminal points . The representative trajectory 
illustrated in FIG . 4D has a ring shape having the overlapped 
initial and terminal points if the dashed - line segment is also 
taken into consideration as well as the solid - line segment . 
Such a ring - shaped trajectory seems to be derived from a 
ring - shaped movement , that is , rotation of the arm . This 
trajectory is therefore named as rotary type , for example . In 
this embodiment , the representative trajectories illustrated in 
FIGS . 4A to 4D are named as rotary type . 
[ 0037 ] The representative trajectory illustrated in FIG . 5A 
has a shape like an alphabet “ L ” . This trajectory is therefore 
named as L - shaped type . The representative trajectory illus 
trated in FIG . 5B contains mutually intersecting segments 
and has a shape like a figure “ 8 ” . The representative trajec 
tory illustrated in FIG . 5D contains mutually intersecting 
segments and has a shape like a figure “ 8 ” if the dashed - line 
segment is also taken into consideration as well as the 
solid - line segment . The representative trajectories illustrated 
in FIGS . 5B and 5D are therefore named as 8 - shaped type . 
The representative trajectory illustrated in FIG . 5C has a ring 
shape having the substantially overlapped initial and termi 
nal points . The representative trajectory illustrated in FIG . 
5C is therefore named as rotary type . 
[ 0038 ] The representative trajectory illustrated in FIG . 6A 
has a shape like an alphabet “ L ” . This trajectory is therefore 
named as L - shaped type . The representative trajectory illus 
trated in FIG . 6B represents a sharp motion from the initial 
point to the terminal point . The representative trajectory 
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illustrated in FIG . 6D represents a sharp motion from the 
initial point to the terminal point if the dashed - line segment 
is also taken into consideration as well as the solid - line 
segment . The representative trajectories illustrated in FIGS . 
6B and 6D are therefore named as sharp motion type . The 
representative trajectory illustrated in FIG . 6C has two 
segments having substantially linear shapes between the 
initial and terminal points . This trajectory is therefore named 
as linear type . 
[ 0039 ] The clusterer 244 illustrated in FIG . 3 provides 
meanings to a predetermined number of clusters , for 
example , six clusters among the resulting D clusters , in the 
descending order of the number of data pieces belonging to 
the cluster . The trajectory data acquirer 241 , the data resa 
mpler 242 , the distance matrix generator 243 , the clusterer 
244 , and the determiner 245 in the control unit 24 illustrated 
in FIG . 3 are functions achieved by execution of programs 
stored in the storage 23. An exemplary hardware configu 
ration of the exercise assisting apparatus 2 for executing 
these programs will now be described with reference to FIG . 
7 . 
[ 0040 ] The exercise assisting apparatus 2 is configured by 
electronic equipment , such as a server apparatus or personal 
computer . The exercise assisting apparatus 2 is equipped 
with the storage 23 for storing various programs and various 
types of data , the control unit 24 including at least one 
memory 202 in which various programs are loaded and at 
least one processor 203 for executing the various programs 
loaded in the memory 202 , the input operation unit 22 for 
receiving an input from the user , the display 21 for display 
ing various types of data , a display data processor 206 for 
generating and outputting display data to be displayed on the 
display 21 , an I / O port 207 capable of establishing connec 
tion to the terminal 1 , and internal buses 208. The storage 23 , 
the memory 202 , the processor 203 , the input operation unit 
22 , the display 21 , the display data processor 206 , and the 
I / O port 207 are connected to each other via the internal 
buses 208 . 
[ 0041 ] The storage 23 stores various programs for achiev 
ing various functions performed in the exercise assisting 
apparatus 2 , and various types of data containing the clus 
tering data 231 illustrated in FIG . 3. The storage 23 includes , 
for example , a read - only memory ( ROM ) or a memory 
element . The memory 202 is a memory element in which 
various programs read from the storage 23 can be loaded . 
The memory 202 includes , for example , a random access 
memory ( RAM ) . 
[ 0042 ] The processor 203 executes various programs 
loaded in the memory 202. The processor 203 includes a 
control element , such as central processing unit ( CPU ) or 
micro - processing unit ( MPU ) , for example . The trajectory 
data acquirer 241 , the data resampler 242 , the distance 
matrix generator 243 , the clusterer 244 , and the determiner 
245 in the control unit 24 illustrated in FIG . 3 are achieved 
by execution of programs stored in the storage 23 by the 
processor 203. The input operation unit 22 is an input unit 
for receiving instructions and inputs of various character 
strings from the user . The input operation unit 22 includes , 
for example , a keyboard , key buttons , a tablet , or a digitizer . 
[ 0043 ] The display 21 displays various types of data . The 
display 21 includes , for example , an organic electrolumi 
nescence ( EL ) display , a liquid crystal display ( LCD ) , or a 
display panel capable of maximum intensity projection 
( MIP ) display . The display data processor 206 generates 

various types of display data and outputs the data to the 
display 21. The display data processor 206 includes an 
image signal output device , such as video card , graphics 
processing unit ( GPU ) , or graphics board , for example . The 
I / O port 207 can establish connection to the terminal 1. The 
I / O port 207 is any of various ports capable of establishing 
connection to devices , such as universal serial bus ( USB ) 
port or IEEE 1394 port , for example . 
[ 0044 ] A trajectory clustering process and a trajectory type 
determining process executed in the exercise assisting appa 
ratus 2 will now be explained . The trajectory clustering 
process involves clustering the arm - swing trajectory data 
pieces on the user acquired from the terminal 1 and gener 
ating D clusters . The trajectory type determining process 
involves comparing an arm - swing trajectory data piece on a 
single back - and - forth swing of a user currently acquired 
from the terminal 1 with the clusters generated in the 
trajectory clustering process and determining the arm - swing 
type of the user . 
[ 0045 ] The trajectory clustering process is stored in the 
storage 23 illustrated in FIG . 7 in the form of a trajectory 
clustering program . In response to an instruction from a user , 
for example , selection of an object , such as icon or menu , 
displayed on the display 21 , the exercise assisting apparatus 
2 loads the trajectory clustering program in the memory 202 . 
The trajectory clustering program loaded in the memory 202 
is executed by the processor 203. The trajectory clustering 
process will now be explained with reference to the flow 
chart illustrated in FIG . 8 . 
[ 0046 ] The trajectory data acquirer 241 of the exercise 
assisting apparatus 2 illustrated in FIG . 3 acquires arm 
swing trajectory data pieces , which are arm - swing trajectory 
data pieces on multiple back - and - fourth swings of a user , 
from the terminal 1 ( Step S10 ) . The arm - swing trajectory 
data pieces are assumed to be the arm - swing trajectory data 
pieces A represented in the above Expression ( 1 ) , for 
example . The data resampler 242 of the exercise assisting 
apparatus 2 resamples each of the arm - swing trajectory data 
pieces A with the predetermined number of samples ( Step 
$ 11 ) . In an exemplary case of resampling with 50 samples , 
the arm - swing trajectory data pieces B resampled from the 
individual arm - swing trajectory data pieces A are repre 
sented as arm - swing trajectory data pieces B1 to BN in 
above Expression ( 2 ) . 
[ 0047 ] The distance matrix generator 243 of the exercise 
assisting apparatus 2 illustrated in FIG . 3 then generates a 
distance matrix from the arm - swing trajectory data pieces B 
( Step S12 ) . In an exemplary case of 100 arm - swing trajec 
tory data pieces containing the arm - swing trajectory data 
pieces B1 to B100 , the resulting matrix is a 100x100 matrix . 
The distance matrix C in this case is represented in above 
Expression ( 3 ) , for example . 
[ 0048 ] The clusterer 244 of the exercise assisting appara 
tus 2 clusters the values contained in the generated distance 
matrix C ( Step S13 ) . Specifically , the clusterer 244 clusters 
the values contained in the generated distance matrix C into 
any number D of clusters . The clusterer 244 provides 
meanings to the clusters on the basis of the shapes and 
characteristics of the representative trajectories belonging to 
the respective clusters ( Step S14 ) . For example , the clusters 
are named as rotary type , 8 - shaped type , or L - shaped type , 
on the basis of the shapes and characteristics of the repre 
sentative trajectories , as illustrated in FIGS . 4 to 6. The 
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clusterer 244 causes the D clusters provided with meanings 
to be stored into the storage 23 in the form of the clustering 
data 231 ( Step S15 ) . 
[ 0049 ] The trajectory type determining process is stored in 
the storage 23 illustrated in FIG . 7 in the form of a trajectory 
type determining program . In response to an instruction 
from a user , for example , selection of an object , such as icon 
or menu , displayed on the display 21 , the exercise assisting 
apparatus 2 loads the trajectory type determining program in 
the memory 202. The trajectory type determining program 
loaded in the memory 202 is executed by the processor 203 . 
The trajectory type determining process will now be 
explained with reference to the flowchart illustrated in FIG . 
9 . 
[ 0050 ] The determiner 245 of the exercise assisting appa 
ratus 2 illustrated in FIG . 3 acquires an arm - swing trajectory 
data piece E on a single back - and - forth swing from the 
arm - swing trajectory data pieces currently acquired by the 
trajectory data acquirer 241 from the terminal 1 ( Step S20 ) . 
The determiner 245 then acquires the D clusters provided 
with meanings from the clustering data 231 stored in the 
storage 23 ( Step S21 ) . 
[ 0051 ] The determiner 245 calculates Procrustes distances 
between the arm - swing trajectory data piece E on a single 
back - and - forth swing and the respective D clusters ( Step 
S22 ) . The determiner 245 then determines the cluster having 
the minimum Procrustes distance as the arm - swing type 
( Step S23 ) . The determiner 245 causes the name of the 
determined cluster having the minimum Procrustes distance 
to be displayed on the display 21 ( Step S24 ) . 
[ 0052 ] As described above , the exercise assisting appara 
tus 2 according to the embodiment is able to cluster arm 
swing trajectory data pieces acquired from a plurality of 
human subjects and thereby generate clustering data . The 
exercise assisting apparatus 2 can thus determine the arm 
swing type of a user . 
[ 0053 ] The exercise assisting apparatus 2 according to the 
embodiment may also detect the stability of arm swings , and 
a variation in arm swings with time due to a temperature 
change in the place where the user is running or a degree of 
fatigue of the user , on the basis of the consistency of the 
arm - swing type of the user or a variation in the arm - swing 
type with time , for example . 
[ 0054 ] ( Modification ) 
[ 0055 ] The above - described embodiment should not be 
construed as limiting the disclosure and may be provided 
with various modifications without departing from the gist 
of the disclosure . 
[ 0056 ] In the above - described embodiment , the arm 
swing trajectory data pieces A are generated on the basis of 
data acquired by the sensor , such as acceleration sensor or 
gyro sensor , included in the terminal 1. Alternatively , the 
arm - swing trajectory data pieces A may be generated on the 
basis of three - dimensional segment data obtained by esti 
mating the attitude of the user from the data on marker 
coordinates in a motion capture system . It should be noted 
that the terminal 1 and the motion capture system are each 
an exemplary external device in the claims . 
[ 0057 ] In this embodiment , the clustering data is generated 
from the arm - swing trajectory data pieces acquired from a 
plurality of human subjects by the terminal 1. Alternatively , 
the clustering data may be generated from arm - swing tra 
jectory data pieces on a simulation model or a famous 
track - and - field athlete , for example . 

[ 0058 ] In this embodiment , the exercise assisting appara 
tus 2 is configured as an apparatus that is able to cluster 
arm - swing trajectory data pieces acquired from a plurality of 
human subjects by the terminal 1 and thereby generate 
clustering data , and able to determine the arm - swing type on 
the basis of the similar cluster identified through comparison 
between an arm - swing trajectory data piece on the user 
currently acquired by the terminal 1 and the generated 
clustering data . Alternatively , an exercise assisting system 
may be configured by a clustering data generating apparatus 
for clustering arm - swing trajectory data pieces acquired 
from a plurality of human subjects by the terminal 1 and 
thereby generating clustering data , and an arm - swing type 
determining apparatus for storing the clustering data gener 
ated in the clustering data generating apparatus and deter 
mining the arm - swing type of a user on the basis of the 
similar cluster identified through comparison between an 
arm - swing trajectory data piece on the user currently 
acquired by the terminal 1 and the stored clustering data . 
[ 0059 ] The trajectory clustering program and the trajec 
tory type determining program in this embodiment may be 
applied in any procedure . For example , the trajectory clus 
tering program and the trajectory type determining program 
may be applied in the form of being stored in a non 
transitory computer - readable recording medium , such as 
flexible disk , compact disc ( CD ) -ROM , digital versatile disc 
( DVD ) -ROM , or memory card . In addition , a display control 
program may be superimposed on a carrier wave and applied 
via a communication medium , such as the Internet . For 
example , the program may be posted and distributed via a 
bulletin board system ( BBS ) on a communication network . 
A processor may execute the above - explained processes by 
activating and executing the display control program under 
the control of an operating system ( OS ) as well as other 
application programs . 
[ 0060 ] The foregoing describes some example embodi 
ments for explanatory purposes . Although the foregoing 
discussion has presented specific embodiments , persons 
skilled in the art will recognize that changes may be made 
in form and detail without departing from the broader spirit 
and scope of the invention . Accordingly , the specification 
and drawings are to be regarded in an illustrative rather than 
a restrictive sense . This detailed description , therefore , is not 
to be taken in a limiting sense , and the scope of the invention 
is defined only by the included claims , along with the full 
range of equivalents to which such claims are entitled . 
What is claimed is : 
1. An exercise assisting apparatus comprising : 
at least one memory ; and 
at least one processor configured to execute a program 

loaded in the memory , wherein 
the processor 

resamples arm - swing trajectory data pieces on a plu 
rality of human subjects with a predetermined num 
ber of samples , 

generates a distance matrix on basis of a minimum 
distance between two point groups after association 
between individual points , the two point groups 
being selected from among the resampled arm - swing 
trajectory data pieces , and 

generates clustering data through classification of val 
ues contained in the distance matrix into a certain 
number of clusters . 
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2. The exercise assisting apparatus according to claim 1 , 
wherein the processor provides a name to each of the 
clusters resulting from classification . 

3. The exercise assisting apparatus according to claim 1 , 
wherein the processor compares a currently - acquired arm 
swing trajectory data piece on a user with the clustering data , 
identifies a similar cluster that is similar to the currently 
acquired arm - swing trajectory data piece and corresponds to 
the clustering data , and determines an arm - swing type on 
basis of the identified similar cluster . 

4. The exercise assisting apparatus according to claim 3 , 
wherein the processor causes the determined arm - swing type 
to be displayed on a display . 

5. The exercise assisting apparatus according to claim 1 , 
wherein the processor provides a name to each of the 
clusters resulting from classification , the name being input 
by a user . 

6. The exercise assisting apparatus according to claim 1 , 
wherein the arm - swing trajectory data pieces are data 
acquired by a terminal comprising a sensor . 

7. A method of assisting exercise executed in an exercise 
assisting apparatus , the method comprising : 

resampling arm - swing trajectory data pieces on a plurality 
of human subjects with a predetermined number of 
samples ; 

generating a distance matrix on basis of a minimum 
distance between two point groups after association 
between individual points , the two point groups being 
selected from among the resampled arm - swing trajec 
tory data pieces ; and 

generating clustering data through classification of values 
contained in the distance matrix into a certain number 
of clusters . 

8. A non - transitory recording medium storing a program 
thereon , the program causing a computer to : 

resample arm - swing trajectory data pieces on a plurality 
of human subjects with a predetermined number of 
samples ; 

generate a distance matrix on basis of a minimum distance 
between two point groups after association between 
individual points , the two point groups being selected 
from among the resampled arm - swing trajectory data 
pieces ; and 

generate clustering data through classification of values 
contained in the distance matrix into a certain number 
of clusters . 

* * 


