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CONTENT REPRODUCING APPARATUS, 
AUDIO REPRODUCING APPARATUS AND 
CONTENT REPRODUCING METHOD 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue; a claim printed with strikethrough 
indicates that the claim was canceled, disclaimed, or held 
invalid by a prior post-patent action or proceeding. 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

The present invention contains subject matter related to 
Japanese Patent Application JP 2006-040052 filed in the 
Japanese Patent Office on Feb. 17, 2006, the entire contents 
of which being incorporated herein by reference. This is a 
reissue of U.S. application Ser: No. 1 1/702,483, filed Feb. 5, 
2007, now U.S. Pat. No. 8,311,654, titled "CONTENT 
REPRODUCING APPARATUS, AUDIO REPRODUCING 
APPARATUS AND CONTENT REPRODUCING 
METHOD,' which claims priority to Japanese Patent 
Application No. 2006-0400.52, filed Feb. 17, 2006, which is 
hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a content reproducing 

apparatus, an audio reproducing apparatus, and a content 
reproducing method. 

2. Description of the Related Art 
In recent years, growing numbers of people, increasingly 

conscious of their health conditions, have come to take up 
walking, jogging, or running as a preferred way to maintain 
and improve their health or stay generally in shape. To 
obtain a certain level of salutary effects from such activities 
usually demands the people to spend Suitably prolonged 
periods of time on their athletic pursuit. 

There have been proposed a number of audio reproducing 
apparatuses designed to Support people in walking or run 
ning. Some of the proposed apparatuses are disclosed illus 
tratively in Japanese Patent Laid-Open Nos. 2001-299980, 
2003-177749, and 2005-156641. One such apparatus is 
structured to be easy to carry by a user and stores songs of 
variable tempos. When the user takes a walk, for example, 
the apparatus detects the tempo of the walking and lets the 
user listen to songs of the tempo fit for the detected pace of 
walking. The tempo of walking is represented illustratively 
by the number of steps per unit time (e.g., per minute) and 
the tempo of Songs by the number of beats per minute. 

For example, if the walking tempo is 120 bpm (beats per 
minute), then the apparatus reproduces songs at a tempo of 
120 bpm, Such as marches. This type of audio reproducing 
apparatus allows the user to walk rhythmically in keeping 
with the tempo of the Songs being played. The apparatus is 
thus Supposed to afford the user a pleasing walking experi 
CCC. 

In this specification, the terms “walking” and “running 
will be used separately only if these two activities need to be 
distinguished from each other. If there is no specific need to 
separate these activities, they may be simply referred to as 
walking or walk/run. 

SUMMARY OF THE INVENTION 

Walking-Support audio reproducing apparatuses of the 
above-outlined type generally utilize acceleration sensors to 
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2 
detect the user's bodily movements in terms of acceleration. 
The acceleration thus detected and output by the sensor is 
analyzed so as to determine the tempo of the user's walking. 

FIGS. 11A and 11B show typical waveforms derived from 
a detection output from an acceleration sensor. FIG. 11A 
gives a waveform of a user during walking, and FIG. 11B 
illustrates a waveform of the same user during running. In 
both cases, the waveforms were acquired by a walking 
Support audio reproducing apparatus hung by a neck strap 
from the neck of the user who was walking or running. In 
FIGS. 11A and 11B, the horizontal axis stands for time and 
the vertical axis for the output voltage (in mV) from the 
acceleration sensor. 

In these waveforms, the peaks indicated with small circles 
represent changes in acceleration caused by the impact of 
the user's foot hitting the ground. The periodicity of these 
peaks thus corresponds to the tempo of walking. The peaks 
with no circles attached Stand for changes in acceleration 
caused by the audio reproducing apparatus Swaying by itself 
or hitting the user's body during Swing motion. As such, the 
latter peaks may be regarded as noise. With these charac 
teristics taken into consideration, analyses of the waveforms 
in FIGS. 11A and 11B derived from the detection output 
from the sensor should permit detection of the users walk 
ing tempo. 

In practice, however, most apparatuses of the above type 
do not take into account the noise experienced in analyzing 
the walking tempo based on the detection output as shown 
in FIGS. 11A and 11B. In the waveforms of FIGS. 11A and 
11B, a noise-incurred peak detected near a midpoint 
between two adjacent circle-marked peaks representative of 
the walking tempo can be interpreted erroneously as another 
peak attributable to walking. Because such false measure 
ments are apparently consistent with the walking-triggered 
peak pattern, the audio reproducing apparatus often leaves 
the error uncorrected. In addition, unlike in normal times the 
audio reproducing apparatus often has difficulty in correctly 
performing spectrum analysis and autocorrelation calcula 
tions of the user's movements during transient times. In Such 
cases, the tempo detected from walking can take on a highly 
unlikely value. 
The present invention has been made in view of the above 

circumstances and provides arrangements for overcoming 
the above and other deficiencies of the related art. 

In carrying out the invention and according to one 
embodiment thereof, there is provided a content reproducing 
apparatus including: a sensor, a discrimination circuit con 
figured to discriminate whether a movement of a user is a 
first movement or a second movement based on a detection 
output from the sensor, a storage configured to store con 
tents; a reproduction circuit configured to reproduce the 
contents; and a control circuit configured to Supply the 
reproduction circuit with contents retrieved from the storage 
in accordance with a discrimination output from the dis 
crimination circuit. 

Preferably, the content reproducing apparatus may further 
include an analysis circuit configured to analyze tempos of 
the first movement or the second movement of the user in 
accordance with the detection output from the sensor. The 
analysis circuit may change analysis algorithms for analyZ 
ing the tempos based on the discrimination output from the 
discrimination circuit and the control circuit may retrieve 
contents from the storage in accordance with the tempo 
analyzed by the analysis circuit. 

Preferably, the first movement and the second movement 
of the user may be walking and running respectively. 
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According to another embodiment of the present inven 
tion, there is provided a content reproducing method includ 
ing the steps of discriminating whether a movement of a 
user is a first movement or a second movement based on a 
detection output from a sensor, and Supplying a reproduction 
circuit with contents retrieved from a storage storing the 
contents in accordance with a discrimination output from the 
discriminating step. 

According to a further embodiment of the present inven 
tion, there is provided a storage medium which stores a 
computer-readable program for causing a computer to 
execute a procedure including the steps of discriminating 
whether a movement of a user is a first movement or a 
second movement based on a detection output from a sensor; 
and Supplying a reproduction circuit with contents retrieved 
from a storage storing the contents in accordance with a 
discrimination output from the discriminating step. 

According to an embodiment of the present invention, as 
outlined above, the analysis algorithms in use are changed 
between walking and running. That means an optimal algo 
rithm can be selected to analyze the tempos of walking or 
running. The selective algorithm usage translates into appre 
ciably fewer errors in the result of the analysis than before. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic flow diagram showing how an 
embodiment of the present invention is structured; 

FIG. 2 is a tabular view explanatory of the present 
invention; 

FIG. 3 is a schematic view of lists explanatory of the 
present invention; 

FIG. 4 is a schematic flow diagram showing part of the 
embodiment of the present invention: 

FIG. 5 is a graphic representation explanatory of the 
present invention; 

FIG. 6 is another graphic representation explanatory of 
the present invention; 

FIG. 7 is a schematic view with tables explanatory of the 
present invention; 

FIG. 8 is another graphic representation explanatory of 
the present invention; 

FIGS. 9A and 9B are tabular views explanatory of the 
present invention; 

FIG. 10 is a diagrammatic view explanatory of the present 
invention; and 

FIGS. 11A and 11B are waveform charts explanatory of 
the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

(1) Overview of the Present Invention 

In the past, analyzing the detection output from the 
acceleration sensor often led to errors as mentioned above. 
That was because the tempos of the users walk/run were 
obtained using the same analysis algorithm regardless of the 
difference between walking and running in terms of wave 
forms derived from the acceleration sensor detection output, 
as illustrated in FIGS. 11A and 11B. 

In view of Such circumstances, the present invention 
envisages brining about the following four major phases: 

(A) The detection output from the acceleration sensor is 
analyzed to discriminate whether the user's movement is 
walking or running. 
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4 
(B) The detection output from the acceleration sensor is 

analyzed to obtain the tempos of the users walking or 
running. 

(C) Upon analysis in phase (B) above, analysis algorithms 
are changed between walking and running. 

(D) The changing of the analysis algorithms in phase (C) 
above is based on a discrimination output from phase (A) 
above. 

(2) Discrimination Between Walking and Running 

As shown in FIGS. 11A and 11B, the peaks in waveforms 
derived from the detection output from the acceleration 
sensor differ significantly between walking and running in 
periodicity and amplitude. The waveform patterns also differ 
appreciably between the two modes of physical activity. It is 
thus possible to discriminate whether the user's movement 
is walking or running based on both the difference in terms 
of periodicity and amplitude of the waveform peaks stem 
ming from the acceleration sensor detection output and the 
difference in waveform patterns. 
(2-1) Difference in Peak Periodicity 

Generally, the speed of walking is 50 to 100 m/min and 
the speed of running is 140 m/min or higher. The average 
human step is 70 cm for men and 65 cm for women. 

It is therefore determined that the average man is walking 
if the number of steps taken is fewer than 143 per minute and 
is running if the step count is 200 per minute or larger. 
Likewise it is determined that the average woman is walking 
if the number of steps taken is fewer than 153 per minute and 
is running if the step count is 215 per minute or larger. 
(2-2) Difference in Waveform Amplitude 
The magnitude of the impact on the user's body from the 

user's physical activity is about 1.1 to 1.2 times the user's 
weight during walking and about three to four times the 
body weight during running. The difference in impact 
between the two modes of activity is attributable to the fact 
at least one of the user's feet is on the ground during walking 
while the user's both feet can be momentarily off the ground 
during running. It follows that walking and running can be 
distinguished from each other by detecting the varying 
amplitude in waveforms derived from the acceleration sen 
Sor detection output. 
(2-3) Difference in Waveform Pattern 
The periodic waveform patterns derived from the accel 

eration sensor detection output prove to be distinctly differ 
ent between walking and running when Subjected to auto 
correlation calculations. Performing autocorrelation 
calculations on the waveforms Stemming from the accelera 
tion sensor detection output allows noise and fluctuations to 
be removed from the waveforms. 
(2-4) How to Discriminate Between Walking and Running 

According to an embodiment of the present invention, the 
techniques outlined in paragraphs (2-1) through (2-3) above 
are used to discriminate between walking and running. The 
result from using each of the techniques is evaluated for 
further discrimination between walking and running. Given 
the result of such discrimination, it is possible to determine 
an optimal algorithm for acquiring the tempos of walking or 
running through analysis of the acceleration sensor detection 
output. 

(3) Preferred Embodiments 

One preferred embodiment of the present invention is a 
walking-Support audio reproducing apparatus furnished with 
play lists. With the tempo of the users walking detected, the 
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audio reproducing apparatus may reproduce Songs from the 
play list that corresponds to the detected walking temp. 
(3-1) Typical Structure of the Audio Reproducing Apparatus 

FIG. 1 is a schematic flow diagram showing a typical 
structure of a walking-Support audio reproducing apparatus 
100 embodying the present invention. The audio reproduc 
ing apparatus 100 may be used either as a walking-Support 
apparatus or as a general-purpose portable music player. 
Although not shown, the apparatus has a structure and a 
shape Small enough and compact enough to be carried 
around by the user illustratively in his or her pocket during 
walking. 

The audio reproducing apparatus 100 has a system control 
circuit 10 composed of a microcomputer. The control circuit 
10 includes a CPU 11 for executing programs, a ROM (read 
only memory) 12 that holds various data, a RAM (random 
access memory) 13 that provides a work area, and a non 
volatile memory 14. The memories 12, 13 and 14 are 
connected to the CPU 11 via a system bus 19. 

In the above setup, the nonvolatile memory 14 serves to 
retain diverse information about the audio reproducing appa 
ratus 100 and its user. The nonvolatile memory 14 is 
illustratively made up of a flash memory and contains a 
conversion table such as one (CNVTBL) shown in FIG. 2. 
The conversion table CNVTBL is used illustratively to 

convert the tempos of the users walking and of Songs into 
tempo numbers TN. In the conversion table CNVTBL, the 
tempos of the users walking and of songs are classified into 
seven categories represented by serial tempo numbers TN 
(=1 to 7), as shown in FIG. 2 (the categories are "0 to 69 
bpm.” “70 to 119 bpm,” ..., “210 to 999 bpm” as indicated). 

With the conversion table CNVTBL of FIG. 2 in use, a 
detected tempo will be converted to TN=2 if the tempo falls 
into the range of, say, 70 to 119 bpm, and to TN=3 if it falls 
illustratively into the range of 120 to 139 bpm. 
The nonvolatile memory 14 also contains play lists PL(1) 

through PL(7) as shown in FIG. 3. The play lists PL(1) 
through PL(7) have songs registered therein by tempo. The 
numbers one through seven of the play lists correspond to 
the tempo numbers one through seven in the conversion 
table CNVTBL. The songs having the tempo applicable to a 
given tempo number TN are registered in the play list 
PL(TN) of the corresponding number. 
More specifically, Songs A1 through Aa with their tempos 

falling between Zero and 69 bpm (TN=1) are registered in 
the play list PL(1); songs B1 through Bb with their tempos 
between 70 and 119 bpm (TN=2) are registered in the play 
list PL(2); and so on. Songs G1 through Gg with their 
tempos at or higher than 210 bpm (TN-7) are registered in 
the play list PL(7). 

The audio reproducing apparatus 100 also has a storage 
21. The storage 21 accumulates or stores music data and 
digital audio data to be reproduced as songs. For that 
purpose, the storage 21 is constituted by a large-capacity 
flash memory or by a small hard disk drive. Illustratively, the 
music data held in the storage 21 is digital audio data 
compressed in MP3 (MPEG-1/Audio Layer 3, MPEG means 
Motion Picture Experts Group) format. 
The storage 21 is connected to the system bus 19. A 

reproduction circuit 22 is also connected to the system bus 
19. The reproduction circuit 22 is made up of a decoder 
circuit, a D/A (digital to analog) converter circuit, and an 
output amplifier. The decoder circuit decompresses com 
pressed music data back to the original audio data. The D/A 
converter circuit converts the digital audio data into an 
analog audio signal. 
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6 
Music data retrieved from the storage 21 is supplied to the 

reproduction circuit 22. The reproduction circuit 22 decom 
presses the Supplied music data and converts the decom 
pressed data to an analog audio signal. Following the D/A 
conversion, the analog audio signal is output to a headphone 
jack 23 that is connected with headphones 60. 
An interface circuit 24 is also connected to the system bus 

19. Music data is fed into the control circuit 10 from an 
externally furnished personal computer 70 through an input 
connector 25 and the interface circuit 24 to be stored into the 
storage 21. 

This embodiment of the invention is furnished with a 
three-dimensional acceleration sensor 31 as a detection 
device that detects the walking tempo of the user carrying 
the audio reproducing apparatus 100 around. The accelera 
tion sensor 31 detects the motions, acceleration, vibrations, 
and Swaying of the audio reproducing apparatus 100 repre 
sentative of the user's bodily movements (i.e., in terms of 
acceleration). A detection output S31 from the acceleration 
sensor 31 is fed to a discrimination/analysis circuit 32. 
The discrimination/analysis circuit 32, as will be dis 

cussed later in more detail, analyzes the detection output S31 
coming from the acceleration sensor 31 so as to detect the 
users walk/run tempo. Upon analysis, the discrimination/ 
analysis circuit 32 discriminates between walking and run 
ning using the procedure discussed in the paragraph (2) 
above in order to effect switchover to an optimal algorithm 
for analyzing the walking or running. 

Various operation keys are connected to the system bus 
19. The system bus 19 is further connected with a display 
device such as an LCD (liquid crystal display) 43 by way of 
a display control circuit 42. In this setup, the operation keys 
are used illustratively to accomplish the following: selecting 
the audio reproducing apparatus 100 either as a general 
purpose portable music player or as a walking-Support 
apparatus; selecting any one of different operation modes; 
selecting songs to play; and making other settings. The LCD 
43 serves to display results of the operation keys 41 having 
been operated and information about the song being repro 
duced. 
(3-2) Operations 
(3-2-1) Storing the Songs 
The music data of a song desired to be stored into the 

audio reproducing apparatus 100 is prepared beforehand in 
compressed format on the personal computer 70. With the 
personal computer 70 connected to the audio reproducing 
apparatus 100, a suitable transfer program is carried out on 
the PC to designate transfer of the music data in question. 
The music data prepared on the personal computer 70 is 

then Supplied to the audio reproducing apparatus 100 
through the connector 25. The supplied music data is admit 
ted into the audio reproducing apparatus 100 through the 
interface circuit 24 under control of the CPU (central 
processing unit) 11. The data is stored into the storage 21. 
(3-2-2) Creating the Play Lists PL(1) Through PL(7) 

Giving a command to create play lists causes the audio 
reproducing apparatus 100 to create skeleton play lists PL(1) 
through PL(7) (i.e., play lists with no contents inside). The 
tempo of the song placed into the storage 21 is analyzed 
using the procedure discussed in the paragraph (3-2-1) 
above. The analyzed tempo is converted to a tempo number 
TN by use of the conversion table CNVTBL. The analyzed 
Song is registered in the play list PL(TN) corresponding to 
the tempo number resulting from the conversion from 
among the play lists PL(1) through PL(7). 

Illustratively, if an analysis of a given Song reveals that it 
has a tempo of 80 bpm, the tempo is converted by the 
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conversion table CNVTBL into TN=2. The song having that 
tempo is then registered in the play list PL(2). 

The tempo of a given Song is acquired by performing a 
spectrum analysis of its music data and by obtaining an 
autocorrelation function of the data. When the music data of 
a song is prepared on the personal computer 70, information 
indicative of the tempo of that song may be added to the 
music data as meta information that may later be used to 
identify the tempo. When the song is to be registered into 
any one of the play lists PL(1) through PL(7), the registra 
tion may be carried out using a file name of the correspond 
ing music data together with the Song title and the name of 
the artist involved. 
(3-2-3) Using the Embodiment as a General-Purpose Por 
table Music Player, for Music Reproduction 

In this case, giving a command to reproduce a stored song 
causes the audio reproducing apparatus 100 to retrieve the 
applicable music data from the storage 21. The retrieved 
music data is Supplied to the reproduction circuit 22 for data 
decompression and digital-to-analog conversion. 
The reproduction circuit 22 thus outputs an analog audio 

signal derived from the retrieved music data. The analog 
audio signal is fed to the headphones 60 allowing the user to 
listen to the reproduced song. The title of the Song being 
reproduced is displayed on the LCD 43. 

Retrieval of music data from the storage 21 is controlled 
in accordance with a currently established reproduction 
mode. That is, the retrieved music data may be subjected 
illustratively to single-song reproduction, all-song continu 
ous reproduction, random reproduction, or repeat reproduc 
tion. In this manner, the audio reproducing apparatus 100 
can be utilized as a general-purpose portable music player. 
A command may also be given to designate one of the 

play lists PL(1) through PL(7) for reproduction. In such a 
case, only the Songs registered in the designated play list are 
reproduced selectively. Illustratively, when going to bed, the 
user might want to designate the play list PL(1) to reproduce 
Songs of slow tempos. 
(3-2-4) Using the Embodiment as a Walking-Support Appa 
ratus for Music Reproduction 

In this case, the audio reproducing apparatus 100 is used 
to reproduce Songs having tempos commensurate with the 
users walking speed. Giving a command to reproduce Such 
Songs causes the acceleration sensor 31 and discrimination/ 
analysis circuit 32 to detect the tempo of the user's walking. 
The walking tempo thus detected is converted by the con 
version table CNVTBL into a corresponding tempo number 
TN. Of the play lists PL(1) through PL(7), the play list 
PL(TN) corresponding to the tempo number TN derived 
from the conversion is selected. Then one of the songs 
registered in the selected play list PL(TN) is selected. 
The music data of the selected song is retrieved from the 

storage 21 and sent to the reproduction circuit 22 for data 
decompression and digital-to-analog conversion. By the 
same procedure as that discussed in the paragraph (3-2-3) 
above, the selected Song is reproduced and listened to by use 
of the headphones 60. Because the tempo of the song being 
reproduced is commensurate with the users walking speed, 
the user can walk rhythmically and pleasantly in time with 
the song. 

During the walking, the current tempo number TN is 
compared with the preceding tempo number TN. A differ 
ence detected in the comparison between the two numbers 
indicates a change in the walking tempo. In that case, 
another play list PL(TN) corresponding to the current walk 
ing tempo TN is selected and songs are reproduced selec 
tively from the newly selected play list PL(TN). 
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As will be discussed later, the analysis of the user's 

walking tempo by the discrimination/analysis circuit 32 is 
supplemented by the determination of whether the user's 
current activity is walking or running. That is, when play 
lists or songs are to be selected by the above-described 
procedure, the result of the determination of whether the 
user's motion comes from walking or running may be 
additionally taken into consideration. 

(4) Typical Structure of the Discrimination/Analysis 
Circuit 32 

FIG. 4 is a schematic flow diagram showing a typical 
structure of the discrimination/analysis circuit 32. As shown 
in FIG. 4, the discrimination/analysis circuit 32 is made up 
of an analysis circuit 32A and a discrimination circuit 32B. 
The detection output S31 from the acceleration sensor 31 is 
Supplied to the analysis circuit 32A. By analyzing what is 
Supplied using an appropriate analysis algorithm, the analy 
sis circuit 32A detects the tempo of the user's walking or 
running. An output from the analysis circuit 32A following 
the detection is fed to the control circuit 10 through the 
system bus 19. 
The detection output S31 from the acceleration sensor 31 

is also supplied to the discrimination circuit 32B. In this 
setup, the discrimination circuit 32B is constituted by a 
period detection circuit 321, an amplitude detection circuit 
322, an autocorrelation circuit 323, and a determination 
circuit 324. The circuits 321 through 323 are each designed 
to process the detection output S31 by a different method 
when detecting the probability of the user's movement being 
either walking or running. The determination circuit 324 
evaluates outputs S21 through S23 coming from the circuits 
321 through 323, thereby determining whether the user is 
walking or running. 

Illustratively, the period detection circuit 321 subject the 
detection output S31 from the acceleration circuit 31 to 
spectrum analysis in order to detect periodicity of peaks 
(marked by small circles in FIG. 11). On the basis of the 
periodicity thus detected, the period detection circuit 321 
acquires the probability of the user either walking or running 
by use of the procedure discussed in the paragraph (2-1) 
above. The resulting detection output S21 from the period 
detection circuit 321 is fed to the determination circuit 324. 
The amplitude detection circuit 322 illustratively 

demodulates the detection output S31 from the acceleration 
sensor 31 to detect the amplitude of the peaks (marked by 
small circles in FIG. 11) in the output S31. Based on the 
values of amplitude thus detected, the amplitude detection 
circuit 322 acquires the probability of the user either walk 
ing or running by use of the procedure discussed above in 
the paragraph (2-2) above. The resulting detection output 
S22 from the amplitude detection circuit 322 is forwarded to 
the determination circuit 324. 
The autocorrelation circuit 323 performs autocorrelation 

calculations on the detection output S31 from the accelera 
tion sensor 31 to obtain the magnitude of autocorrelation in 
the output S31. On the basis of the magnitude of autocor 
relation thus acquired, the autocorrelation circuit 323 detects 
the probability of the user either walking or running by use 
of the procedure discussed in the paragraph (2-3) above. The 
resulting detection output S23 from the autocorrelation 
circuit 323 is sent to the determination circuit 324. 
The determination circuit 324 evaluates the detection 

outputs S21 through S23 coming from the circuits 321 
through 323 respectively in order to determine whether the 
user's activity is walking or running. The result of the 
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determination is output as a discrimination output S24 of the 
discrimination circuit 32B. Illustratively, if the detection 
outputs S21 through S23 each indicate the probability of the 
users walking or running in percentage points, these values 
are weighted before they are added up. The addition allows 
the determination circuit 324 to determine whether the user 
is walking or running. If the detection outputs S21 through 
S23 each indicate the probability of walking or running in 
binary form, the determination circuit 324 may determine 
whether the user is walking or running by a majority 
decision derived from the outputs S21 through S23. 
The discrimination output S24 from the discrimination 

circuit 32B is Supplied as a control parameter to the analysis 
circuit 32A. Given the discrimination output S24, the analy 
sis circuit 32A Switches accordingly to a suitable algorithm 
for analyzing the detection output S31 from the acceleration 
sensor 31. The analysis algorithm derived from the switcho 
ver is an optimal algorithm for analyzing the tempo of the 
users walking or running. In this setup, the discrimination 
output S24 is also supplied to the control circuit 10. 
The user's walking or running is analyzed specifically by 

different methods as follows: in the waveform of the detec 
tion output S31 of FIG. 11A observed during walking, near 
the peaks (marked by Small circles) correctly representing 
the tempo of walking also appear other peaks that can lead 
to error. Since these peaks do not differ considerably in 
amplitude, they are first Subjected to autocorrelation calcu 
lations. This process roughly determines the periodicity of 
the peaks. With the coarse periodicity thus determined and 
with a given peak spotted, a time frame is assumed in the 
probable position of the next peak, to see if such a peak 
exists in the frame. If a plurality of peaks are found in the 
time frame, the frame is narrowed so as to select a peak that 
is close to a peak period. If no such peak is found in the time 
frame, the frame is widened in the search for a periodical 
peak. The periodical peak thus detected is stored temporarily 
as the basis for detecting the next peak. 

In the waveform of the detection output S31 of FIG. 11B 
observed during running, the detected peaks are much more 
distinct in amplitude than the peaks observed during walk 
ing. This makes it possible to handle only the waveform 
peaks that exceed a predetermined threshold level. The 
process is implemented using a level comparator or a 
nonlinear amplifier. In the case of FIG. 11B, the threshold 
level may be set illustratively for 1,200. With the threshold 
determined, peaks exceeding it are observed and the interval 
between two adjacent peaks is regarded as a peak period. A 
search is then made for a waveform peak close to the next 
period. The periodical peak thus detected is used also in this 
case as the basis for detecting the next peak. 
Many people are unconsciously in the habit of exerting a 

more force on either foot than the other during walking or 
running. For that reason, it is preferred that the length of 
time for analysis using the above-mentioned autocorrelation 
calculations include a peak period of not one step but two 
steps. When a difference is observed between the right and 
left feet in terms of the force exerted thereon, this charac 
teristic may also be taken into consideration in the search for 
waveform peaks representative of the tempo of walking. 

The waveforms in FIGS. 11A and 11B vary depending on 
where the acceleration sensor 31 is installed, how the audio 
reproducing apparatus 100 is attached or held, what type of 
shoes is worn by the user, or what kind of condition the 
terrain or the floor is in on which to walk or run. In view of 
these factors, the analysis methods discussed above may be 
Supplemented by Such procedures as band-pass filtering and 
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10 
frequency spectrum analysis for selective application of the 
parameters involved to the analysis of walking or running. 
Where the discrimination/analysis circuit 32 of FIG. 4 is 

in use, the detection output S31 from the acceleration sensor 
31 is analyzed as described above for discrimination 
between walking and running representative of the user's 
movement. The output of the discrimination is used to 
change analysis algorithms for analyzing the tempo of 
walking or running. This makes it possible to adopt an 
optimum algorithm for analyzing the tempo of walking or 
running, whereby the probability of error is lowered signifi 
cantly. 

(5) Walking Tempo 

In the paragraphs that follow, the tempo of walking in 
general and a typical method for creating the conversion 
table CNVTBL will be discussed. 
(5-1) Observations 

Fourteen test Subjects (eight adult males and six adult 
females) were observed in their walking habits in daily life. 
The observations revealed that their walking movements 
could be roughly classified into four groups: low-speed 
walking, normal walking, jogging, and dash as shown in 
FIG. 5. These four groups of walking may be applied by 
extension to the walking activity in general in everyday life. 
The test subjects were also measured for their walking 

tempoS. The resulting measurements are shown graphically 
in FIG. 6. The horizontal axis of FIG. 6 stands for walking 
tempos (i.e., average tempo of walking per unit time) and the 
vertical axis denotes frequency (i.e., number of people). In 
FIG. 6 and subsequent figures, the walking tempos are 
shown rounded to increments of 10 bpm. 
The measurements above reveal that the walking tempos 

in daily life are not uniformly distributed; they tend to be 
included in one of the groups. It is also revealed that the 
walking tempos of less than 69 bpm, 140 to 159 bpm, and 
240 bpm and higher rarely occur in everyday life. For each 
group, it is possible to obtain the mean value, standard 
deviation, and coefficient of variation of the tempos involved 
and to estimate their ranges. 

People are thought to select automatically an optimally 
efficient state of transport energy consumption when walk 
ing or running. The walking tempos in the range of 140 to 
159 bpm come between walking and jogging and fall into 
the state generally known as race walking. In daily life, 
people rarely, if ever, walk in the state of race walking. 
Hence the resulting measurements obtained as described 
above. 

Each user has a particular pattern of walking as mentioned 
earlier. The audio reproducing apparatus 100 is arranged to 
learn its user's pattern of walking. The results of such 
learning are then turned into the conversion table such as one 
(CNVTBL) shown in FIG. 2. 
(5-2) Learning of Walking Tempos 

For the purpose of learning, the user carries the audio 
reproducing apparatus 100 and takes a walk. During the 
walking, as shown in FIG. 7, the audio reproducing appa 
ratus 100 measures instantaneous walking tempos MT(t) at 
intervals of several milliseconds to several seconds. Mean 
walking tempoS m MT(t) at intervals of several seconds are 
then calculated from the measured walking tempos MT(t). 
FIG. 7 shows results obtained when the audio reproducing 
apparatus 100 measured the walking tempos MT(t) at inter 
vals of one second and the measurements were used as the 
basis for calculating the mean walking tempoS m MT(t) at 
intervals of five seconds. 
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The walking tempoS m MT(t) thus calculated are accu 
mulated in the storage 21 of the audio reproducing apparatus 
100. This is how the reproducing apparatus 100 learns the 
users walking tempoS m MT(t). 
Once the walking tempos are learned, the audio repro 

ducing apparatus 100 is connected to the personal computer 
70 as shown in FIG. 1. From the audio reproducing appa 
ratus 100, the accumulated walking tempos m. MT(t) and 
timestamp information are transferred to the personal com 
puter 70. If the personal computer 70 currently retains any 
past walking tempoS m MT(t) and timestamp information, 
they may be replaced by, or merged with, the newly trans 
ferred walking tempoS m MT(t) and timestamp information. 
(5-3) Division of Walking Tempos into Groups 
The personal computer 70 creates a histogram of walking 

tempo appearances based on the transferred walking tempos 
m MT(t) and timestamp information. From the histogram, 
maximum values MD(i) max (i-1,2,3,...) are detected and 
the detected values are taken as vertexes representing the 
walking tempoS classified into groups MD(i). 

FIG. 8 shows a typical histogram created from the walk 
ing tempos m. MT(t). The horizontal axis of FIG. 8 stands 
for the walking tempos m. MT(t) and the vertical axis 
denotes the number of walking tempo appearances. In this 
histogram, the maximum values are established as MD(1) 
max, MD(2)max, MD(3)max, MD(4)max, and MD(5)max 
on the horizontal axis from left to right. These maximum 
values MD(n)max (n=1 to 5) are taken as vertexes each 
topping one of the groups MD(n) in which the walking 
tempos are distributed. 

For each of the groups MD(n), a lower limit value MD(n) 
lower and an upper limit value MD(n)upper are obtained. If 
a given group MD(n) does not overlap with any other group, 
attention is paid to both ends of the group MD(n); the value 
on the horizontal axis at which the number of appearances 
is zero is taken either as the lower limit value MD(n)lower 
or as the upper limit value MD(n) upper. 

If two groups MD(n-1) and MD(n) overlap with each 
other, a median value between the maximum value MD(n- 
1) max of the group MD(n-1) and the maximum value 
MD(n) max of the group MD(n) is regarded both as the 
upper limit value MD(n-1)upper of the group MD(n-1) and 
as the lower limit value MD(n)lower of the group MD(n). 

If the maximum value is positioned at the top or bottom 
end of the histogram as in the case of the maximum value 
MD(5) max of the group MD(5) in FIG. 8, that maximum 
value and the group associated with it are ignored. 
When the groups MD(n) are reorganized using the above 

described procedure, it is possible to obtain four pairs of the 
lower limit value MD(n)lower and upper limit value MD(n) 
upper (n=1 to 4) from the histogram of FIG. 8, as indicated 
in FIG. 9A. 
The values n=1, 2, 3, 4 are associated with the tempo 

numbers TN=2, 3, 5, 6 respectively, as shown in the right 
hand side column of FIG. 9A. At the same time, the ranges 
of walking tempos delimited by the lower limit value 
MD(TN) lower and upper limit value MD(TN)upper as 
designated by these variables TN are registered in the 
conversion table CNVTBL, along with the correspondence 
between the ranges and the variables TN. The registrations 
lead to preparation of the lines indicated by the variable 
TN=2, 3, 5, 6 in the conversion table CNVTBL shown in 
FIG 2. 
Where the walking tempos m. MT(t) are less than 69 bpm. 

(too slow), between 140 and 159 bpm (race walking), and 
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12 
higher than 210 bpm (too fast) in FIG. 8, they correspond to 
the groups MD(5), MD(6) and MD(7) (n=5, 6, 7) in FIG.9B 
respectively. 
The values n=5, 6, 7 are associated with the tempo 

numbers TN=1, 4, 7 respectively, as shown in the right-hand 
side column of FIG. 9B. At the same time, the ranges of 
walking tempos delimited by the lower limit value MD(TN) 
lower and upper limit value MD(TN)upper as designated by 
theses variables TN are registered in the conversion table 
CNVTBL, along with the correspondence between the 
ranges and the variables TN. The registrations lead to 
preparation of the lines indicated by the variable TN=1, 4, 7 
in the conversion table CNVTBL shown in FIG. 2. FIG. 10 
graphically Summarizes the relationship between the ranges 
of walking tempos on the one hand and the tempo numbers 
TN on the other hand indicated in FIGS. 2, 9A and 9B. 
The conversion table CNVTBL is thus created by the 

procedure discussed above. The created conversion table is 
transferred from the personal computer 70 to the audio 
reproducing apparatus 100 wherein the transferred table is 
retained illustratively in the memory 14. 

(6) Conclusions 

The above-described reproducing apparatus 100 analyzes 
the detection output S31 from the acceleration sensor 31 to 
discriminate whether the user's movement is walking or 
running, and changes analysis algorithms for detecting the 
tempos of the user's walking or running determined on the 
basis of the discrimination output. This makes it possible to 
use an optimal algorithm for analyzing the walking or 
running tempos and thereby to reduce errors significantly in 
the analysis. 

Illustratively, the audio reproducing apparatus 100 creates 
the play lists PL(1) through PL(7) by walking tempo as 
shown in FIG. 3, discriminates which of the play lists PL(1) 
through PL(7) corresponds to the currently detected walking 
tempo m MT(t), and selectively reproduces songs from the 
play list thus discriminated. That is, whether the walking 
tempo is slow or fast, the songs to be reproduced are 
automatically changed to Suit the user's current movement. 
The user has a pleasant feeling that the reproducing appa 
ratus 100 is selectively reproducing songs to match his or her 
physical activity at the present moment. 

Because the play lists PL(1) through PL(7) have been 
acquired through learning, there is no need for the user to 
fine-tune the listed choices or make additional adjustments 
to the lists. Furthermore, the listings are affected very little 
by the user's physical conditions, variations among indi 
vidual users, or fluctuations in a given user's walking. 

(7) Others 

In the foregoing description, the embodiment of the 
invention was shown using the seven play lists PL(1) 
through PL(7). Alternatively, there may be prepared one 
play list of Songs attempos of 69 bpm or lower, 14 play lists 
covering songs at tempos between 70 and 209 bpm in 
increments of 10 bpm, and one play list of Songs at tempos 
of 210 bpm or higher. Any of these play lists may be selected 
for reproduction of the songs contained inside in keeping 
with the detected tempo of walking or running. As another 
alternative, there may be prepared two play lists, one cov 
ering songs at tempos of 139 bpm or lower and the other 
containing Songs at tempos of 140 bpm or higher. Either of 
the two play lists may then be selected for reproduction of 
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the songs contained inside in keeping with the detected 
tempo of walking or running. 

The personal computer 70 may create the play lists PL(1) 
through PL(7) and transfer the created lists to the audio 
reproducing apparatus 100 together with the digital audio 
data constituting the songs held inside the lists. It is also 
possible for the audio reproducing apparatus 100 to have a 
standard conversion table CNVTBL installed therein before 
hand. Every time the user takes a walk, the standard con 
version table CNVTBL may be corrected or adjusted to 
reflect the user's own walking pattern. In this case, the 
longer the audio reproducing apparatus 100 is used, the more 
accurate the selection of Songs to be reproduced in accor 
dance with the user's unique walking pattern. 

In the above-described example, the audio reproducing 
apparatus 100 was described as being hung from the user's 
neck by a neck strap. Alternatively, it might happen that the 
user wants to carry the apparatus around in a pocket of the 
clothes he or she wears or in a bag he or she carries. In Such 
cases, appropriate analysis algorithms may be devised to 
address the tempos of the user keeping the apparatus in his 
or her pocket or bag while walking or running. 
The discrimination/analysis circuit 32 may be imple 

mented either by hardware such as a DSP (digital signal 
processor) or by Software made up of programs performed 
by the CPU 11. Whenever any song to be reproduced is 
changed from the initial category, that change may be 
evaluated in terms of how the operation keys 41 are oper 
ated. The evaluations may then be used as the basis for 
Subsequently selecting Songs more to the user's taste. It is 
also possible for the user of the audio reproducing apparatus 
100 to establish conditions for changing songs or to set or 
vary the lower limit value MD(n)lower and upper limit value 
MD(n)upper by himself or herself by taking a look at the 
histogram of FIG. 6. 

The acceleration sensor 31 may be separated from the 
audio reproducing apparatus 100 and attached to, say, the 
headphones 60. In this case, the detection signal from the 
acceleration sensor 31 may be sent to the discrimination/ 
analysis circuit 32 in wired or wireless fashion. The accel 
eration sensor 31 may be replaced by a speed sensor or by 
a gyro sensor. Furthermore, the music data may be inte 
grated with video digital data. 

It should be understood by those skilled in the art that 
various modifications, combinations, Sub-combinations and 
alterations may occur depending on design requirements and 
other factor in so far as they are within the scope of the 
appended claims or the equivalents thereof. 
What is claimed is: 
1. A content reproducing apparatus comprising: 
a Sensor, 
a discrimination circuit configured to identify, based on a 

detection output from said sensor, an estimated move 
ment type of a user's movement from a plurality of 
movement types movements having different degrees 
of intensity; 

a storage configured to store contents; 
a reproduction circuit configured to reproduce said con 

tents; 
an analysis circuit configured to use the estimated user's 
movement type identified by the discrimination cir 
cuit to change analysis algorithms for analyzing the 
detection output from the sensor to determine a tempo 
of the user's movement; and 

a control circuit configured to Supply said reproduction 
circuit with contents retrieved from said storage in 
accordance with the tempo of the user's movement. 
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2. The content reproducing apparatus according to claim 

1, wherein, in accordance with said tempo determined by 
said analysis circuit, said control circuit selects a predeter 
mined play list from a plurality of play lists derived from 
said contents classified by a predetermined tempo, and 
retrieves applicable contents from said storage in accordance 
with the selected play list. 

3. The content reproducing apparatus according to claim 
1, wherein, in accordance with the estimated user's move 
ment type identified by said discrimination circuit, said 
control circuit selects a predetermined play list from a 
plurality of play lists derived from said contents classified by 
a predetermined tempo, and retrieves applicable contents 
from said storage in accordance with the selected play list. 

4. The content reproducing apparatus according to claim 
1, wherein the plurality of movement types movements 
comprises at least one movement type of walking and at 
least one movement type of running. 

5. The content reproducing apparatus according to claim 
1, wherein said discrimination circuit includes at least a 
period detection circuit configured to discriminate whether 
said movement of said user is walking or running based on 
periodicity of peaks in a waveform derived from said 
detection output from said sensor. 

6. The content reproducing apparatus according to claim 
1, wherein said discrimination circuit includes at least an 
amplitude detection circuit configured to discriminate 
whether said movement of said user is walking or running 
based on amplitude of peaks in a waveform derived from 
said detection output from said sensor. 

7. The content reproducing apparatus according to claim 
1, wherein said discrimination circuit includes at least an 
autocorrelation circuit configured to discriminate whether 
said movement of said user is walking or running based on 
autocorrelation calculations of said detection output from 
said sensor. 

8. The content reproducing apparatus according to claim 
1, wherein said discrimination circuit includes: 

a plurality of detection circuits each configured to detect 
whether said movement of said user is walking or 
running by use of one of algorithms different from one 
another on the basis of said detection output from said 
sensor, and 

a determination circuit configured to determine whether 
said movement of said user is walking or running by 
evaluating detection outputs from said plurality of 
detection circuits and output the result of the determi 
nation as said discrimination output. 

9. A content reproducing method comprising acts of: 
identifying, based on a detection output from a sensor, an 

estimated movement type of a user's movement from 
a plurality of movement types movements having 
different degrees of intensity; 

using the estimated movement type of the user's move 
ment to analyze a tempo of the user's movement, 
comprising changing analysis algorithms for analyzing 
the tempo of said movement of said user based on said 
estimated user's movement type; and 

Supplying a reproduction circuit with contents retrieved 
from a storage storing said contents in accordance with 
the tempo of the user's movement. 

10. The content reproducing method according to claim 9. 
wherein the act of Supplying comprises selecting, in accor 
dance with results from said act of using the estimated 
movement type of the user's movement to analyze the 
tempo of the user's movement, a predetermined play list 
from a plurality of play lists derived from said contents 
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classified by a predetermined tempo, and retrieving appli 
cable contents from said storage in accordance with the 
selected play list. 

11. The content reproducing method according to claim 9. 
wherein the act of Supplying comprises selecting, in accor 
dance with said estimated movement type of the user's 
movement a predetermined play list from a plurality of play 
lists derived from said contents, and retrieving applicable 
contents from said storage in accordance with the selected 
play list. 

12. The content reproducing method according to claim 9. 
wherein the plurality of movement types movements com 
prises at least one movement type of walking and at least 
one movement type of running. 

13. The content reproducing method according to claim 9. 
wherein said act of identifying includes at least discriminat 
ing whether said movement of said user is walking or 
running based on periodicity of peaks in a waveform derived 
from said detection output from said sensor. 

14. The content reproducing method according to claim 9. 
wherein said act of identifying includes at least discriminat 
ing whether said movement of said user is walking or 
running based on amplitude of peaks in a waveform derived 
from said detection output from said sensor. 

15. The content reproducing method according to claim 9. 
wherein said act of identifying includes at least discriminat 
ing whether said movement of said user is walking or 
running based on autocorrelation calculations of said detec 
tion output from said sensor. 

16. The content reproducing method according to claim 9. 
wherein said act of identifying includes acts of: 

using a plurality of algorithms to detect whether said 
movement of said user is walking or running based at 
least in part on said detection output from said sensor; 

determining whether said movement of said user is walk 
ing or running by evaluating detection outputs from 
said plurality of algorithms; and 

outputting a result of the act of determining as said 
estimated movement type of the user's movement. 

17. At least one storage medium which stores computer 
readable instructions for causing a computer to execute a 
method comprising acts of: 

identifying, based on a detection output from a sensor, an 
estimated movement type of a user's movement from 
a plurality of movement types movements having 
different degrees of intensity; 

using the estimated movement type of the user's move 
ment to change analysis algorithms for analyzing a 
tempo of the user's movement; and 

Supplying a reproduction circuit with contents retrieved 
from a storage storing said contents in accordance with 
the estimated movement type of the user's movement. 

18. The at least one storage medium of claim 17, wherein 
the plurality of movement types movements comprises at 
least one movement type of walking and at least one 
movement type of running. 

19. A content reproducing apparatus comprising: 
a SensOr, 
a discrimination circuit configured to identifi, based on a 

detection output from said sensor, an estimated user's 
movement from a plurality of movements having dif 
ferent degrees of intensity, 

a reproduction circuit configured to reproduce contents, 
an analysis circuit configured to use the estimated user's 

movement identified by the discrimination circuit to 
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change analysis algorithms for analyzing the detection 
output from the sensor to determine a tempo of the 
user's movement, and 

a control circuit configured to supply said reproduction 
circuit with contents in accordance with the tempo of 
the user's movement. 

20. An information processing apparatus comprising cir 
cuitry including at least one processor and at least one 
memory configured to: 

identifi, based on a detection output from a sensor; an 
estimated user's movement from a plurality of move 
ments having different degrees of intensity, 

use the estimated user's movement to change analysis 
algorithms for analyzing the detection output from the 
sensor to determine a tempo of the user's movement, 
and 

supply content in accordance with the tempo of the user's 
in oveinent. 

21. The information processing apparatus according to 
claim 20, wherein the circuitry is firther configured to 
reproduce the content. 

22. The information processing apparatus according to 
claim 21, firther comprising a storage, wherein the circuitry 
is configured to supply the content at least in part by 
retrieving the content from the storage in accordance with 
the tempo of the user's movement. 

23. The information processing apparatus according to 
claim 20, further comprising the sensor, wherein the cir 
cuitry is further configured to receive the detection output 
from the sensor: 

24. The information processing apparatus according to 
claim 20, wherein. 

the information processing apparatus comprises a first 
device comprising the circuitry, 

the sensor is separate from the first device, and 
the circuitry is firther configured to receive the detection 

output from the sensor via wireless communication. 
25. The information processing apparatus according to 

claim 24, firther comprising a second device comprising the 
sensor; wherein the second device is a wearable device 
attached to the user: 

26. The information processing apparatus according to 
claim 25, wherein the second device is a headphone. 

27. The information processing apparatus according to 
claim 20, wherein the plurality of movements comprises at 
least one movement of walking and at least One movement of 
running. 

28. The information processing apparatus according to 
claim 20, wherein the circuitry is configured to determine 
whether the user's movement is walking or running based on 
periodicity of peaks in the signal derived from the detection 
Output. 

29. The information processing apparatus according to 
claim 28, wherein the signal is a waveform. 

30. The information processing apparatus according to 
claim 20, wherein the circuitry is configured to determine 
whether the user's movement is walking or running based on 
amplitude of peaks in the signal derived from the detection 
Output. 

31. The information processing apparatus according to 
claim 30, wherein the signal is a waveform. 

32. The information processing apparatus according to 
claim 20, wherein the circuitry is configured to: 

select, based on the tempo of the user's movement, a 
playlist from a plurality of playlists, and 

select the content from the playlist. 
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33. The information processing apparatus according to 
claim 20, wherein the circuitry is configured to use an 
algorithm based on a manner in which the sensor is attached 
to the user's body. 

34. The information processing apparatus according to 5 
claim 33, wherein the sensor is hung from the user's neck by 
a neck strap. 

35. The information processing apparatus according to 
claim 33, wherein the sensor is attached to a piece of 
clothing worn by the user: 1 

36. The information processing apparatus according to 
claim 33, wherein the sensor is held in a bag carried by the 
iSe: 

37. An information processing apparatus comprising cir 
cuitry including at least one processor and at least one 
memory configured to: 

identifi, based on a detection output from a sensor; an 
estimated user's movement from a plurality of move 
ments having different signals, and 2O 

use the estimated user's movement to change analysis 
algorithms for analyzing the detection output from the 
sensor to determine a tempo of the user's movement. 

38. The information processing apparatus according to 
claim 37, wherein the circuitry is configured to reproduce 25 
content in accordance with the tempo of the user's move 
inent. 

39. The information processing apparatus according to 
claim 38, firther comprising a storage, wherein the circuitry 
is configured to reproduce the content at least in part by 30 
retrieving the content from the storage in accordance with 
the tempo of the user's movement. 

40. The information processing apparatus according to 
claim 38, wherein the circuitry is configured to: 

select, based on the tempo of the user's movement, a 35 
playlist from a plurality of playlists, and 

select the content from the playlist. 
41. The information processing apparatus according to 

claim 37, further comprising the sensor, wherein the cir 
cuitry is firther configured to receive the detection output 40 
from the sensor: 

42. The information processing apparatus according to 
claim 37, wherein. 

the information processing apparatus comprises a first 
device comprising the circuitry, 45 

the sensor is separate from the first device, and 
the circuitry is further configured to receive the detection 

output from the sensor via wireless communication. 
43. The information processing apparatus according to 

claim 42, firther comprising a second device comprising the 50 
sensor, wherein the second device is a wearable device 
attached to the user: 

44. The information processing apparatus according to 
claim 43, wherein the second device is a headphone. 

45. The information processing apparatus according to 55 
claim 37, wherein the plurality of movements comprises at 
least one movement of walking and at least One movement of 
running. 

46. The information processing apparatus according to 
claim 37, wherein the circuitry is configured to determine 60 
whether the user's movement is walking or running based on 
periodicity of peaks in the signal derived from the detection 
Output. 

47. The information processing apparatus according to 
claim 46, wherein the signal is a waveform. 65 

48. The information processing apparatus according to 
claim 37, wherein the circuitry is configured to determine 
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whether the user's movement is walking or running based on 
amplitude of peaks in the signal derived from the detection 
Output. 

49. The information processing apparatus according to 
claim 48, wherein the signal is a waveform. 

50. The information processing apparatus according to 
claim 37, wherein the circuitry is configured to use an 
algorithm based on a manner in which the sensor is attached 
to the user's body. 

51. The information processing apparatus according to 
claim 50, wherein the sensor is hung from the user's neck by 
a neck strap. 

52. The information processing apparatus according to 
claim 50, wherein the sensor is attached to a piece of 
clothing worn by the user: 

53. The information processing apparatus according to 
claim 50, wherein the sensor is held in a bag carried by the 
iSe: 

54. An information processing apparatus comprising cir 
cuitry including at least one processor and at least one 
memory configured to: 

identifi, based on a detection output from a sensor; an 
estimated user's movement from a plurality of move 
ments having different signals, and 

determine a tempo of the user's movement by using the 
detection output and an algorithm corresponding to the 
estimated user's movement, and 

determine the tempo of the user's movement at least in 
part by using the estimated user's movement to change 
analysis algorithms for analyzing the detection output 
from the sensor: 

55. The information processing apparatus according to 
claim 54, wherein the circuitry is configured to reproduce 
content in accordance with the tempo of the user's move 
inent. 

56. The information processing apparatus according to 
claim 55, firther comprising a storage, wherein the circuitry 
is configured to reproduce the content at least in part by 
retrieving the content from the storage in accordance with 
the tempo of the user's movement. 

57. The information processing apparatus according to 
claim 56, further comprising the sensor, wherein the cir 
cuitry is further configured to receive the detection output 
from the sensor: 

58. The information processing apparatus according to 
claim 56, wherein. 

the information processing apparatus comprises a first 
device comprising the circuitry, 

the sensor is separate from the first device, and 
the circuitry is firther configured to receive the detection 

output from the sensor via wireless communication. 
59. The information processing apparatus according to 

claim 58, firther comprising a second device comprising the 
sensor; wherein the second device is a wearable device 
attached to the user: 

60. The information processing apparatus according to 
claim 59, wherein the second device is a headphone. 

61. The information processing apparatus according to 
claim 55, wherein the circuitry is configured to: 

select, based on the tempo of the user's movement, a 
playlist from a plurality of playlists, and 

select the content from the playlist. 
62. The information processing apparatus according to 

claim 54, wherein the plurality of movements comprises at 
least one movement of walking and at least One movement of 
running. 
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63. The information processing apparatus according to 
claim 54, wherein the circuitry is configured to determine 
whether the user's movement is walking or running based on 
periodicity of peaks in the signal derived from the detection 
Output. 5 

64. The information processing apparatus according to 
claim 63, wherein the signal is a waveform. 

65. The information processing apparatus according to 
claim 54, wherein the circuitry is configured to determine 
whether the user's movement is walking or running based on 10 
amplitude of peaks in the signal derived from the detection 
Output. 

66. The information processing apparatus according to 
claim 65, wherein the signal is a waveform. 

67. The information processing apparatus according to 15 
claim 54, wherein the circuitry is configured to use an 
algorithm based on a manner in which the sensor is attached 
to the user's body. 

68. The information processing apparatus according to 
claim 67, wherein the sensor is hung from the user's neck by 20 
a neck strap. 

69. The information processing apparatus according to 
claim 67, wherein the sensor is attached to a piece of 
clothing worn by the user: 

70. The information processing apparatus according to 25 
claim 67, wherein the sensor is held in a bag carried by the 
SeF. 

71. An information processing method comprising acts of 
identifiving, based on a detection output from a sensor, an 

estimated user's movement from a plurality of move- 30 
ments having different degrees of intensity, 

using the estimated user's movement to change analysis 
algorithms for analyzing the detection output from the 
sensor to determine a tempo of the user's movement, 
and 35 

supplying content in accordance with the tempo of the 
user's movement. 

72. An information processing method comprising acts of 
identifiving, based on a detection output from a sensor, an 

estimated user's movement from a plurality of different 40 
movements, and 

using the estimated user's movement to change analysis 
algorithms for analyzing the detection output from the 
sensor to determine a tempo of the user's movement. 

73. An information processing apparatus comprising cir- 45 
cuitry including at least one processor and at least one 
memory configured to: 

determine an algorithm corresponding to a manner in 
which a sensor is attached to a user's body, 

use the algorithm to determine information relating to the 50 
user's movement, wherein the information relating to 
the user's movement comprises a tempo of the user's 
movement, 

identifi, based on a detection output from the sensor; an 
estimated user's movement from a plurality of move- 55 
ments having different signals, 

determine the tempo of the user's movement at least in 
part by using the estimated user's movement to change 
analysis algorithms for analyzing the detection output 
from the sensor, and 60 

provide an output based on the information relating to the 
user's movement. 

20 
74. The information processing apparatus according to 

claim 73, wherein the output comprises content reproduced 
at the information processing apparatus, and wherein the 
circuitry is configured to reproduce the content in accor 
dance with the tempo of the user's movement. 

75. The information processing apparatus according to 
claim 74, filrther comprising a storage, wherein the circuitry 
is configured to reproduce the content at least in part by 
retrieving the content from the storage in accordance with 
the tempo of the user's movement. 

76. The information processing apparatus according to 
claim 73, further comprising the sensor; wherein the cir 
cuitry is further configured to receive the detection output 
from the sensor: 

77. The information processing apparatus according to 
claim 76, wherein. 

the information processing apparatus comprises a first 
device comprising the circuitry, 

the sensor is separate from the first device, and 
the circuitry is further configured to receive the detection 

output from the sensor via wireless communication. 
78. The information processing apparatus according to 

claim 77, filrther comprising a second device comprising the 
sensor; wherein the second device is a wearable device 
attached to the user. 

79. The information processing apparatus according to 
claim 78, wherein the second device is a headphone. 

80. The information processing apparatus according to 
claim 73, wherein the plurality of movements comprises at 
least one movement of walking and at least one movement of 
running. 

81. The information processing apparatus according to 
claim 73, wherein the circuitry is configured to determine 
whether the user's movement is walking or running based on 
periodicity of peaks in the signal derived from the detection 
Output. 

82. The information processing apparatus according to 
claim 81, wherein the signal is a waveform. 

83. The information processing apparatus according to 
claim 73, wherein the circuitry is configured to determine 
whether the user's movement is walking or running based on 
amplitude of peaks in the signal derived from the detection 
Output. 

84. The information processing apparatus according to 
claim 83, wherein the signal is a waveform. 

85. The information processing apparatus according to 
claim 73, wherein the circuitry is configured to: 

select, based on the tempo of the user's movement, a 
playlist from a plurality of playlists, and 

select content from the playlist. 
86. The information processing apparatus according to 

claim 73, wherein the sensor is hung from the user's neck by 
a neck strap. 

87. The information processing apparatus according to 
claim 73, wherein the sensor is attached to a piece of 
clothing worn by the user. 

88. The information processing apparatus according to 
claim 73, wherein the sensor is held in a bag carried by the 
tlSeP. 


