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(57) ABSTRACT

A heart rate of a user is monitored by a heart rate sensor set.
On a touch panel, during execution of high-load exercise,
time required from the start of the high-load exercise until the
heart rate rises to reach a threshold of a lower limit of a target
heartbeat zone of the high-load exercise is measured as a first
threshold reaching time and displayed in a threshold-reach-
ing-time display section. During execution of the following
low-load exercise, time required from the start of the load
exercise until the heart rate falls to reach a threshold of an
upper limit of a target heartbeat zone of the low-load exercise
is measured as a second threshold reaching time and dis-
played in the threshold-reaching-time display section.
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[3ONVLSIa ONIAOW] HO [FWIL]
g

¢ 9Old

US 2015/0099991 A1

3
¥
H
H
H
i

17

(a1OHS3YHL ANOD3S)
ot

(@1OHSIYHL 1S¥I4)
L

Apr. 9,2015 Sheet 2 of 13

f eH
i d
_ :
[Fs1083ax3:  [3sIow3ax3a  : [3s1093ax3
avOT-MOTl:  QVOTHOIH | avOTMOT
_ ;

~. T~

13S ANOD3S 13S 1SdI4

[3s1043x3
AYOT-HOIH]

t
i
¢
b
i
}
f

¢ = SLv3d3y 40 ¥3gnNN v
[3L1vH 1¥v3aH]

Patent Application Publication



Patent Application Publication  Apr. 9,2015 Sheet 3 of 13 US 2015/0099991 A1

W2 < | SETTING OF TRAINING CONTENTS L P

L~ 41

COURSE TURN AROUND PARK ™

- 42
NUMBER OF REPEATS 3 ]

o8 3 B J

SETTING OF HIGH-LOAD EXERCISE (Sprint) [~ =

e R W Am e e e ARG s aan e e S AR AR TR W e WA A AAR e e

DISTANCE(km) OR TIME(hms) 11— 43
]
§

v e mm e A  am a Crw w  A— — YOT S v S e e v o

T PADTREAT ZANE (TMACCHAANG L~ 44

H
H H
L1160 | ~| 180 ;

e T W VY AN TR WEY TS TR e sy A e W ww A Y AN e mem e S e A A e

o pS

o e Nt AR RAA A L Yt e e AR s R e L TEL e e A R AN EW e

 DISTANCE(km) ORTIME(ms) L4~ 45
i 00:0300 | !

o oy o f L 48

120 e~ 130

FIG.3 |



Patent Application Publication

Apr. 9,2015 Sheet 4 of 13

1277

FIG. 4A

SET

21 7150 km

Sprint Time

FIRST THRESHOLD

3
H
:
R ¥ ;
Y
[

140

Haart Rate

200!

| REACHING TIME
01037

Ty

Heart Rate

51

v

SET

1.3

(225 /3 in}

Regt Time

SECOND THRESHOLD

- Heart Rate

100

1 REACHING TIME

0:04 137 It

62

FIG. 4C

55 ..

SET

Sprint Time

iHeart Rate

10.00 - 150 km |

0:00° 00"
_FIRST THRESHOLD
| REACHING TIME

140

3001  CLOCKING

=
Wy

US 2015/0099991 A1

.- 56

56

1.4 58 |

v




Patent Application Publication

Apr. 9,2015 Sheet 50f13

US 2015/0099991 A1

TRAINING RESULT

W6

L~ &1

COURSE

TURNAROUND PARK

il B2

FIG. 5



Patent Application Publication  Apr. 9,2015 Sheet 6 of 13 US 2015/0099991 A1

200
PROCESSING UNIT
202
TRAINING-SUPPORT ARITHMETIC UNIT ~100
- OPERATION INPUT UNIT
TRAINING-CONTENT SETTING UNIT
102
r
THRESHOLD SETTING UNIT 206 ~o204 || POSITIONING UNIT
START-CONDITION SETTING UNIT [~—208 104
_ HEART-RATE
B MEASURING UNIT
START DETECTING UNIT ~-210
CLOCKING UNIT ~-212
CLOCKING-RESULT-DISPLAY CONTROL UNIT 214 110
f
RECORDING CONTROL UNIT ~216 ||e—> CLOCK UNIT
NOTIFICATION CONTROL UNIT ~~218 ~370
IP VIBRATING UNIT
270 ™ EXCITATION CONTROL UNIT x 372
272~]  SOUND-SIGNAL GENERATING UNIT ~ —"{SOUND EMITTING UNIT
374
276 ™ COMMUNICATION CONTROL UNIT 376
‘ COMMUNICATION UNIT
Y ~500
STORING UNIT
SYSTEM PROGRAM ~—501

TRAINING SUPPORT PROGRAM ™~-502

TRAINING CONTENT SETTING DATA 510
TRAINING CONTROL DATA ~530
TRAINING RESULT DATA ?550

: FIG. 6




Patent Application Publication  Apr. 9,2015 Sheet 7 of 13 US 2015/0099991 A1

510
TRAINING CONTENT SETTING DATA
511
TRAINING IDENTIFICATION INFORMATION
512
NUMBER OF REPEATS
514
HIGH-LOAD EXERCISE SETTING DATA
- 54a
END CONDITION VALUE
(= START CONDITION FOR LOW-LOAD EXERCISE
: MOVING DISTANCE OR ELAPSED TIME)
514D
HEARTBEAT ZONE UPPER LIMIT VALUE
s 514c
HEARTBEAT ZONE LOWER LIMIT VALUE (FIRST THRESHOLD)

516
LOW-LOAD EXERCISE SETTING DATA
r 516a
END CONDITION VALUE
(= START CONDITION FOR HIGH-LOAD EXERCISE
: MOVING DISTANCE OR ELAPSED TIME)
5160
HEARTBEAT ZONE UPPER LIMIT VALUE (SECOND THRESHOLD)
r 516¢
HEARTBEAT ZONE LOWER LIMIT VALUE

FIG. 7



Patent Application Publication  Apr. 9,2015 Sheet 8 of 13 US 2015/0099991 A1

530
TRAINING CONTROL DATA
531
TRAINING IDENTIFICATION INFORMATION
532
NUMBER OF SETS
534
START DETECTION ORDER
536
ELAPSED TIME
538
MOVING DISTANCE
540
LOAD EXERCISE START HOUR
542
LOAD EXERCISE START TIME HEART RATE
544
THRESHOLD REACHING HOUR
546
THRESHOLD REACHING TIME
(= THRESHOLD REACHING HOUR - LOAD EXERCISE START HOUR]
548
MEASUREMENT LOG DATA
[HOUR, POSITIONING INFORMATION, HEART RATE, .]

FIG. 8



Patent Application Publication  Apr. 9,2015 Sheet 9 of 13 US 2015/0099991 A1
550
TRAINING RESULT DATA
TRAINING IDENTIFICATION INFORMATION 551
IMPLEMENTATION DATE 552 560
HIGH-LOAD EXERCISE RESULT
START DETECTION ORDER ~-561 voe
HIGH-LOAD EXERCISE START HOUR ~-563
HIGH-LOAD EXERCISE START TIME HEART RATE  [~-—565
FIRST THRESHOLD REACHING HOUR ™~ 567
FIRST THRESHOLD REACHING TIME (Th) ~—569
570
LOW-LOAD EXERCISE RESULT j(
START DETECTION ORDER ~—571 see
LOW-LOAD EXERCISE START HOUR ~-573
LOW-LOAD EXERCISE START TIME HEART RATE  [~-575
SECOND THRESHOLD REACHING HOUR ~-577
SECOND THRESHOLD REACHING TIME (T1) ~-579
MEASUREMENT LOG DATA FOR STORAGE ~-580

FIG. 9



Patent Application Publication  Apr. 9,2015 Sheet 10 of 13 US 2015/0099991 A1

TRAINING CONTENT SETTING PROCESSING ™82
INITIALIZE TRAINING PARAMETER VALUES 54
Y
START DISPLAY OF TRAINING SUPPORT SCREEN 36
WITH CONTENTS OF HIGH-LOAD EXERCISE
v £
< TRAINING START OPERATION IS DETECTED? >—
y YES

START RECORDING MEASUREMENT LOG DATA
(START RECORDING OF POSITION MEASUREMENT INFORMATION) 812
AND HEART RATE IN ASSOCIATION WITH EACH OTHER

-
-t

Y
SET LOAD EXERCISE START HOUR TO PRESENT HOUR ~-S814

! [ 3 ]
SET LOAD EXERCISE START TIME HEART RATE TO LATEST HEART RATE [~-516

!

START CALCULATION OF ELAPSED TIME AND MOVING DISTANCE ~ ~-S18

{

NOTIFICATION PROCESSING FOR START OF HIGH-LOAD EXERCISE

(FIRST START NOTIFICATION PATTERN) (-S20
v 530
HEART RATE REACHES HEARTBEAT ZONE LOWER LIMIT VALUE "\, NO
(FIRST THRESHOLD) OF HIGH-LOAD EXERCISE?
y VES
SET THRESHOLD REACHING HOUR TO PRESENT HOUR o532
NOTIFICATION PROCESSING FOR HEARTBEAT ZONE REACHING | _ g,
(FIRST REACHING NOTIFICATION PATTERN)
CALCULATE THRESHOLD REACHING TIME
AND DISPLAY THRESHOLD REACHING TIME ON SCREEN o536

(DISPLAY OF FIRST THRESHOLD REACHING TIME)

(b FIG. 10




Patent Application Publication = Apr. 9,2015 Sheet 11 0f 13 US 2015/0099991 A1

Y ~S40

END CONDITION FOR HIGH-LOAD EXERCISE IS SATISFIED? NO
(START CONDITION FOR LOW-LOAD EXERCISE IS SATISFIED?)

YES
Y
GENERATE AND STORE HIGH-LOAD EXERCISE RESULT 542
Y
INCREMENT START DETECTION ORDER BY "1 ~550

Y
CHANGE TRAINING SUPPORT SCREEN TO CONTENTS OF LOW-LOAD EXERCISE  [~-552

Y
SET LOAD EXERCISE START HOUR TO PRESENT HOUR ~-S554

Y
SET LOAD EXERCISE START TIME HEART RATE TO LATEST HEARTRATE ~ [~~S56

Y
RESET ELAPSED TIME AND MOVING DISTANCE ~-S558

Y

NOTIFICATION PROCESSING FOR START OF LOW-LOAD EXERCISE
(SECOND START NOTIFICATION PATTERN)

™~ 560

-
-

Y 580

HEART RATE REACHES HEARTBEAT ZONE UPPER LIMIT VALUE NO
(SECOND THRESHOLD) OF LOW-LOAD EXERCISE?

YES
y
SET THRESHOLD REACHING HOUR TO PRESENT HOUR ~-S82

Y

NOTIFICATION PROCESSING FOR HEARTBEAT ZONE REACHING
(SECOND REACHING NOTIFICATION PATTERN)

~—584

Y
CALCULATE THRESHOLD REACHING TIME

AND DISPLAY THRESHOLD REACHING TIME ON SCREEN ~—S586
(DISPLAY SECOND THRESHOLD REACHING TIME)

Y

FIG. 11 @




Patent Application Publication

\/

-

Apr. 9,2015 Sheet 12 of 13

ol

Y 588

END CONDITION FOR

US 2015/0099991 A1

LOW-LOAD EXERGISE IS SATISFIED? NO
( START CONDITION FOR )
HIGH-LOAD EXERCISE IS SATISFIED?
[vEs
GENERATE AND STORE
LOW-LOAD EXERCISE RESULT ~-S%0
I 5100
< NUMBER OF SETS = NUMBER OF REPEATS? W
YES !
s102~  INCREMENT NUM

BER OF SETS BY "1

Y

5104 ~— INCREMENT START D

ETECTION ORDER BY 1"

Y

5106 ™~

CHANGE TRAINING SUPPORT SCREEN
TO CONTENTS OF HIGH-LOAD EXERCISE

Y

Y

\

NOTIFICATION PROCESSING FOR TRAINING END

~S5110

Y

RECORD MEASUREMENT LOG DATA FOR STORAGE

~S5112

Y

DISPLAY TRAINING RESULT SCREEN

5114

Y
END

FIG. 12



Patent Application Publication  Apr. 9,2015 Sheet 130f13  US 2015/0099991 A1

FIG. 13



US 2015/0099991 A1

PORTABLE DEVICE AND HEARTBEAT
REACHING TIME MEASUREMENT

CONTROL METHOD
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to a portable device
and the like.
[0003] 2. Related Art
[0004] There is known a technique for causing a user, who

trains for track and field, to carry an electronic device
equipped with a receiver that receives a signal from a GPS
(Global Positioning System) satellite and a sensor that mea-
sures a heartbeat (or an electronic device that communicates
with the receiver and the sensor) and providing information
beneficial for the training before the training, during the train-
ing, and after the training (see, for example, JP-A-2012-
20134 (Patent Literature 1)).

[0005] With the technique, it is possible to provide moving
speed and a highest heart rate during running on the basis of
a monitoring result such as positioning information obtained
from a signal of the GPS satellite and a measurement value of
aheart rate. Providing various kinds of information using the
monitoring result during the training is beneficial in improv-
ing a training effect.

[0006] Interval training is known as one kind of training for
improving a cardiopulmonary function. As an evaluation
index of the cardiopulmonary function by the interval train-
ing, time from the start of load exercise until a heart rate
reaches a target heartbeat zone of the load exercise is con-
ceivable.

[0007] More specifically, the time includes the following
times.
[0008] 1)time required from the start of high-load exercise

until a heart rate rises to reach a first threshold set as a lower
limit of a target heartbeat zone of the high-load exercise
(hereinafter referred to as “first threshold reaching time”)

[0009] 2)time required from the start of alow-load exercise
until a heart rate falls to reach a second threshold set as an
upper limit of a target heartbeat zone of the low-load exercise
(hereinafter referred to as “second threshold reaching time™)

SUMMARY

[0010] An advantage of some aspects of the invention is to
provide a technique for making it possible to provide a user
with a significant index for determining improvement of the
cardiopulmonary function.

[0011] A first aspect of the invention is directed to a por-
table device including: a heart-rate measuring unit configured
to measure a heart rate; a threshold setting unit configured to
set a threshold of the heart rate; a start detecting unit config-
ured to detect the start of load exercise; a clocking unit con-
figured to clock time from the detection of the start detecting
unit until the heart rate reaches the threshold; and a display
unit configured to display a result of the clocking.

[0012] According to the first aspect, it is possible to clock
the time from the start of the load exercise until the heart rate
reaches the threshold and provide a user with the time.
[0013] If a use in interval training is assumed, thresholds
only have to be provided for respective kinds of the load
exercise. That is, as a second aspect of the invention, the
portable device according to the first aspect of the invention
may be configured such that the load exercise includes high-
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load exercise and low-load exercise having different loads,
the threshold setting unit sets a first threshold that the heart
rate rises to reach according to the start of the high-load
exercise, the start detecting unit detects the start of the high-
load exercise, the clocking unit clocks a first time from the
detection of the start of the high-load exercise until the heart
rate reaches the first threshold (a first threshold reaching
time), and the display unit displays the first time.

[0014] As a third aspect of the invention, the portable
device according to the second aspect of the invention may be
configured such that the threshold setting unit sets a second
threshold that the heart rate falls to reach according to the start
of the low-load exercise following the high-load exercise, the
start detecting unit detects the start of the low-load exercise,
the clocking unit clocks a second time from the detection of
the start of the low-load exercise until the heart rate reaches
the second threshold (a second threshold reaching time), and
the display unit displays the second time.

[0015] As a fourth aspect of the invention, the portable
device according to the third aspect of the invention may be
configured such that the portable device further includes a
start-condition setting unit configured to set a start condition
for determining start timing of each of the high-load exercise
and the low-load exercise, and the start detecting unit detects
satisfaction of the start condition to detect the start of each of
the high-load exercise and the low-load exercise.

[0016] The start condition can be set as appropriate. How-
ever, if a use in training based on running is assumed, as a fifth
aspect of the invention, the portable device according to the
fourth aspect of the invention may be configured such that the
start-condition setting unit sets the start condition as time.
[0017] Alternatively, as a sixth aspect of the invention, the
portable device according to the fourth aspect of the invention
may be configured such that the portable device further
includes a positioning unit, and the start-condition setting umt
sets the start condition as a condition for a positioning posi-
tion of the positioning unit.

[0018] A seventh aspect of the invention is directed to the
portable device according to any of the first to sixth aspects of
the invention, wherein the portable device further includes a
storing unit configured to store detection order by the start
detecting unit and a clocking result in the clocking unit in
association with each other.

[0019] According to the seventh aspect, it is possible to
refer to the clocking result by the clocking unit in time series
after training.

[0020] An eighth aspect of the invention is directed to a
heartbeat reaching time measurement control method includ-
ing: measuring a heart rate; setting a threshold of the heart
rate; detecting the start of a load exercise; clocking time until
the heart rate reaches the threshold after the start of the load
exercise is detected; and displaying a result of the clocking.
[0021] According to the eighth aspect, effects same as the
effects of the first aspect are obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Theinventionwill be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0023] FIG. 1 is a diagram showing a configuration
example of a portable device.

[0024] FIG. 2 is a diagram for explaining information con-
cerning training provided to a user by the portable device.
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[0025] FIG. 3 is a diagram showing an example of a setting
screen for setting contents of interval training.

[0026] FIGS. 4A to 4C are diagrams showing display
examples of elapsed times according to a change in a heart
rate during training.

[0027] FIG. 5 is a diagram showing a display example of a
training result display screen.

[0028] FIG. 6 is a functional block diagram showing a
functional configuration example.

[0029] FIG. 7 is a diagram showing an example of a data
configuration of training content setting data.

[0030] FIG. 8 is a diagram showing an example of a data
configuration of training control data.

[0031] FIG. 9 is a diagram showing an example of a data
configuration of training result data.

[0032] FIG. 10 is a flowchart for explaining a flow of pro-
cessing concerning game support in the portable device.

[0033] FIG. 11 is a flowchart following FIG. 10.
[0034] FIG. 12 is a flowchart following FIG. 11.
[0035] FIG. 13 is a diagram showing a modification of the

portable device.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Embodiment

[0036] FIG. 1 is a diagram showing a configuration
example of a portable device in an embodiment.

[0037] A portable device 2 in this embodiment is a portable
electronic device wearable on the wrist or the arm of a user 1
like a wristwatch. The external appearance of the portable
device 2 is a wearable computer classified into the wristwatch
or a running watch.

[0038] The portable device 2 includes a main body unit 3
that performs main functions such as an arithmetic processing
function and a display function and a heartbeat sensor set 4.
The heartbeat sensor set 4 is a publicly-known body-wearable
device that can cyclically measure a heartbeat of the user 1
and transmit hear rate data to the main body unit 3 by radio. In
the example shown in FIG. 1, the heartbeat sensor set 4 is
mounted on the chest of the user 1 by a band. However, the
heartbeat sensor set 4 may be mounted on other body parts.
The heartbeat sensor set can be integrated with the main body
unit 3 as long as the heartbeat sensor set 4 can measure the
heart rate.

[0039] The main body unit 3 includes a touch panel 12 and
a speaker 14 on the upper surface of a main frame 10. The
main body unit 3 includes one or a plurality of operation
switches 16 for various operation inputs and a band 18 on side
surfaces of the main frame 10. The band 18 is a mounting
fixture. The main body unit 3 can be fixed to the wrist or the
arm like the wristwatch or fixed to the ankle or the like by
winding the band 18.

[0040] The main frame 10 forms an internal space excellent
in airtightness and water proof properties. The main frame 10
incorporates a substrate 20 electrically connected to the touch
panel 12, the speaker 14, the operation switches 16, and the
like and a rechargeable battery 21 that supplies electric power
to the substrate 20 and the like. A charging system for the
rechargeable battery 21 can be set as appropriate.

[0041] For example, a configuration may be adopted in
which the portable device 2 is set in a cradle connected to a
home power supply and the rechargeable battery 21 is ener-
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gized and charged through the cradle via an electric contact
provided on the rear surface of the main frame 10.

[0042] The substrate 20 comprehensively controls the por-
table device 2. Specifically, the substrate 20 is mounted with
a CPU (Central Processing Unit) 22, a main memory 24, a
memory for measurement data 26, a vibrator 27, a positioning
module 28, and a short range radio module 29. Beside, the
substrate 20 can be mounted with ICs such as a power supply
management IC and a driver IC for the touch panel 12 and
electronic components as appropriate.

[0043] The main memory 24 is a storage medium that can
store a computer program and initial setting data and store a
calculated value of the CPU 22. The main memory 24 is
realized using a RAM (Random Access Memory), a ROM
(Read Only Memory), a flash memory, or the like as appro-
priate.

[0044] The memory for measurement data 26 is a data-
rewritable nonvolatile memory and is a storage medium for
storing data of a measurement result including position mea-
surement information. In this embodiment, a flash memory is
used as the memory for measurement data 26. However, other
rewritable nonvolatile memories such as a ferroelectric
memory and a magnetic resistance memory may be used.
[0045] The positioning module 28 is a positioning unit that
can receive a signal provided from a position measuring sys-
tem and output position measurement information to the CPU
22 at a predetermined cycle (e.g., every one second). In this
embodiment, a GPS is used as the position measuring system.
Therefore, the positioning module 28 can use a publicly-
known “GPS module”, “GPS receiver”, or the like.

[0046] Theposition measurement information includes, for
example, a positioning date and time (UTC: Coordinated
Universal Time), a position coordinate (latitude and longi-
tude), ground speed (a scalar amount), and a velocity azimuth
(e.g., a traveling direction with the due north set to 0). The
ground speed and the velocity azimuth may be collectively
calculated as velocity. The ground speed and the velocity
azimuth are calculated on the basis of a Doppler shift (also
called Doppler) that occurs in a signal transmitted from a GPS
satellite. The position measurement information may include
other information as appropriate.

[0047] Note that the system used for position measurement
is not limited to the GPS. Other satellite navigation systems
such as Galileo may be used. A radio wave from a base
station, a ground position of which is known, may be addi-
tionally used. A position may be measured by inertial navi-
gation using a speed sensor, an acceleration sensor, or the like.
[0048] FIG. 2 is a diagram for explaining information con-
cerning training provided to the user 1 by the portable device
2 in this embodiment. FIG. 2 shows an example of a change in
a heart rate in interval training.

[0049] The abscissa represents “time” or a “moving dis-
tance”, which is a parameter for defining a break of the
training. The ordinate represents a “heart rate”, which is a
parameter for defining a load of the training. A parameter
value of the abscissa is obtained on the basis of the position
measurement information obtained by the positioning mod-
ule 28 of the main body unit 3 and local time. A parameter
value of the ordinate is measured by the heartbeat sensor set
4.

[0050] As publicly known, the interval training is config-
ured by repeating a plurality of sets, each including high-load
exercise in which a relatively high heartbeat zone (H1 to H2)
is set and low-load exercise in which a relatively low heart-
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beat zone (L1 to 1.2) is set. Start conditions and end condi-
tions for the respective kinds of load exercise are defined by
elapsed times or moving distances from the starts of the
respective kinds of load exercise. Note that, in the example
shown in the figure, the number of repeats is “2”. However,
actually, the user 1 can arbitrarily set the number of repeats.
[0051] In the interval training, a heart rate rises when the
interval training is started from the high-load exercise. In the
high-load exercise, a state in which the heart rate reaches the
target heartbeat zone (H1 to H2) of the high-load exercise is
maintained until the end condition for the high-load exercise
1s satisfied (that is, the start condition for the low-load exer-
cise is satisfied). When the high-load exercise ends, the inter-
val training immediately shifts to the low-load exercise.
When the interval training shifts to the low-load exercise, the
heart rate falls and soon reaches the target heartbeat zone (L1
to L.2) in the low-load exercise. When the end condition for
the low-load exercise is satisfied, one set ends. The satisfac-
tion of the end condition for the low-load exercise means that
the start condition for the high-load exercise is satisfied. The
next set is started.

[0052] Theportable device 2 in this embodiment can clock,
as an elapsed time related to a change in the heart rate during
the training, time until the heart rate reaches a threshold (an
elapsed time from the start of the load exercise and is syn-
onymous with time required until the heart rate reaches the
threshold) and present the user 1 with the time.

[0053] Specifically, the portable device 2 can clock first
threshold reaching times (Th1, Th2, . .., and Thn [n is the
number of sets]) until the heart rate rises according to the start
of the high-load exercise and reaches a first threshold (H1)
related to the target heartbeat zone (H1 to H2) of the high-load
exercise and cause the touch panel 12 to display the first
threshold reaching times. The portable device 2 can clock
second threshold reaching times (T11, T12, . .., and Tln [n is
the number of sets]) until the heart rate falls according to the
start of the low-load exercise and reaches a second threshold
(L2) related to the target heartbeat zone (L1 to L2) of the
low-load exercise and cause the touch panel 12 to display the
second threshold reaching times.

[0054] In order to display the first threshold reaching time
(Th) and the second threshold reaching time (T1), it is neces-
sary to set contents of the training in advance.

[0055] FIG. 3 is a diagram showing an example of'a setting
screen W2 for setting contents of the interval training in this
embodiment. The setting screen W2 in this embodiment is
configured by a first page P1 to a third page P3.

[0056] The first page P1 is a page for defining basic param-
eter values concerning the entire interval training. In this
embodiment, an input field 41 of training identification infor-
mation for briefly identifving contents of the training and an
input filed 42 of the number of repeats (the number of repeats
of the set of the high-load exercise and the low-load exercise)
are displayed. In the input field 41, for example, a course
name arbitrarily determined by the user 1 and a name of the
training can be input.

[0057] The second page P2 is a page for inputting param-
eter values for defining the high-load exercise. In this embodi-
ment, aninput field 43 of a moving distance or an elapsed time
from the start of the high-load exercise, which is an end
condition for the high-load exercise, and an input field 44 of
an upper limit value and a lower limit value of a heart rate for
defining the target heartbeat zone (H1 to H2) of the high-load
exercise are displayed. In the following explanation in this
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embodiment, the end condition for the high-load exercise,
that is, a start condition for the low-load exercise following
the high-load exercise are set by a moving distance as a
condition of a positioning position.

[0058] The third page P3 is a page for inputting parameter
values for defining the low-load exercise. In this embodiment,
an input field 45 of a moving distance or an elapsed time,
which is an end condition for the low-load exercise, and an
input field 46 of an upper limit value and a lower limit value
of aheart rate for defining the target heartbeat zone (L1 to L2)
ofthe low-load exercise are displayed. In the following expla-
nation in this embodiment, the end condition for the low-load
exercise, that is, a start condition for the high-load exercise of
the next set following the low-load exercise is set as an
elapsed time.

[0059] Note that the number of pages of the setting screen
W2 and contents displayed on the pages can be changed as
appropriate according to a display size of the touch panel 12
and an amount of contents of the training.

[0060] Concerning an input method to the input fields 41 to
46, a publicly-known technique canbe applied as appropriate.
For example, when the user 1 touches an input field to which
the user 1 desires to input a parameter value, the input field is
activated. It is also possible that a software ten key 1s screen-
displayed and the user 1 inputs a parameter value by touching
the ten key. Alternatively, the user 1 may input a parameter
value by operating the operation switches 16. Note that, when
any one of different kinds of parameter values is set as in the
input field 43 and the input field 45, any one of the parameter
values can be selectively set.

[0061] FIGS. 4A to 4C are diagrams showing display
examples of elapsed times (the first threshold reaching time
(Th) and the second threshold reaching time (T1)) related to a
change in a heart rate during the training. FIGS. 4A and 4B
are screen display examples in a first set of the training. FIG.
4C is a display screen example in a second set following the
first set.

[0062] A training support screen W4 displayed on the touch
panel 12 during the training includes the following display
sections.

[0063] 1)anumber-of-sets display section 51 showing the
present number of sets

[0064] 2) an exercise-type display section 52 showing a
type of a load exercise

[0065] 3) a comparative display section 53 for compara-
tively displaying an end condition for a load exercise cur-
rently being executed (i.e., a start condition for the next load
exercise) and a present value of a parameter value for deter-
mining the condition

[0066] Further, the training supporting screen W4 includes
the following display sections

[0067] 4) an elapsed-time display section 54 showing an
elapsed time clocked from the start of the load exercise cur-
rently being executed

[0068] 5) a heart-rate display section 55 for displaying a
heart rate measured by the heartbeat sensor set 4

[0069] 6) a threshold-reaching-time display section 56 for
displaying time required from the start of the load exercise
currently being executed until the heart rate reaches a heart-
beat zone

[0070] FIG. 4A shows display contents for the high-load
exercise and is equivalent to a state during the high-load
exercise of the first set. The number-of-sets display section 51
indicates that, in training, the number of repeats of which is
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“3” that is, training performed in three sets, the training is
currently in a first set. One set of the training is the high-load
exercise and the low-load exercise in this order. The exercise-
type display section 52 displays “Sprint” that indicates the
high-load exercise. The comparative display section 53 com-
paratively displays “1.5 km” equivalent to an end condition
for the high-load exercise and a moving distance “1.21 km” to
the present. The elapsed-time display section 54 displays an
elapsed time from the start of the high-load exercise. The
heart-rate display section 55 displays a heartbeat zone 55a of
the load exercise currently being executed and the present
(latest) heart rate 55b as a graph. Naturally, the elapsed-time
display section 54 may display a heart rate as a text. The
threshold-reaching-time display section 56 displays the first
threshold reaching time (Th) until the heart rate rises accord-
ing to the start of the high-load exercise and reaches the first
threshold (H1) related to the target heartbeat zone (H1 to H2)
of the high-load exercise.

[0071] FIG. 4B shows display contents for the low-load
exercise and is equivalent to a state during the low-load exer-
cise of the first set. The number-of-sets display section 51
indicates that, in the training performed in three sets in total,
the training is currently in the first set. The exercise-type
display section 52 displays “Reset” that indicates the low-
load exercise. The comparative display section 53 indicates
that the low-load exercise is set to be continued until an
elapsed time from the start is 3 minutes and that 2 minutes 25
seconds elapses from the start of the low-load exercise. The
elapsed-time display section 54 displays an elapsed time from
the start of the low-load exercise. The heart-rate display sec-
tion 55 displays the heartbeat zone 55a of the low-load exer-
cise and the present heart rate 556 as a graph. The threshold-
reaching-time display section 56 displays the second
threshold reaching time (T1) until the heart rate rises accord-
ing to the start of the high-load exercise and reaches the
second threshold (I.2) related to the target heartbeat zone (I.1
to L2) of the high-load exercise.

[0072] One set is configured by the high-load exercise and
the low-load exercise. Therefore, when the end condition for
the low-load exercise is satisfied, it is determined that the start
condition for the high-load exercise of the next set is satisfied.
Then, the next set is started.

[0073] FIG. 4C is equivalent to a state of the training sup-
port screen W4 immediately after the start of the high-load
exercise of a second set. The number-of-sets display section
51 indicates that the training is currently in the second set. The
exercise-type display section 52 displays “Sprint” that indi-
cates the high-load exercise. Since the high-load exercise is
just started, the comparative display section 53 indicates that
the user 1 currently runs “0.00 km”. The time display of the
elapsed-time display section 54 is “0”. Since the high-load
exercise is just started, the clocking of the first threshold
reaching time (Th) is not completed. Therefore, the thresh-
old-reaching-time display section 56 displays a predeter-
mined text that indicates that the clocking is being performed.
[0074] When the load exercise is carried out by the number
of sets same as the number of repeats, it is regarded that the
training ends. For example, as shown in FIG. 5, a training
result display screen W6 is displayed. The display screen
includes, for example, a training-identification display sec-
tion 61 for displaying identification information of the train-
ing of this time and an elapsed time graph 62 for displaying
the first threshold reaching time (Th) and the second thresh-
old reaching time (T1) for each of the sets. In the graph 62, the
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first threshold reaching time and the second threshold reach-
ing time for each of the sets in a training result in the past are
comparatively displayed. In an example shown in FIG. 5, a
graph plotted by black circles indicates a training result of this
type and a graph plotted by white circles indicate a training
result of the last time (or an average of a predetermined
number of times in the past). The training result of this time is
displayed as a graph in comparison with the training result in
the past of training of the same number of sets. Therefore, the
user 1 can clearly and easily understand whether the cardiop-
ulmonary function is improved.

Explanation of a Functional Configuration

[0075] A functional configuration in this embodiment is
explained.
[0076] FIG. 6 is a functional block diagram showing a

functional configuration example in this embodiment. The
portable device 2 includes an operation input unit 100, a
positioning unit 102, a heart-rate measuring unit 104, a pro-
cessing unit 200, a clock unit 310, a vibrating unit 370, a
sound emitting unit 372, an image display unit 374, a com-
munication unit 376, and a storing unit 500.

[0077] The operation input unit 100 outputs an operation
input signal to the processing unit 200 according to various
operation inputs performed by the user 1. The operation input
unit 100 can be realized by, for example, not only an element
directly operated by a finger by the user 1 such as a button
switch or a touch panel but also an element that detects
exercise and posture such as an acceleration sensor, an angu-
lar velocity sensor, an inclination sensor, or a terrestrial mag-
netism sensor. The touch panel 12 and the operation switches
16 shown in FIG. 1 correspond to the operation input unit 100.
[0078] The positioning unit 102 receives a signal from the
position measuring system, calculates position measurement
information, and outputs the position measurement informa-
tion to the processing unit 200. The positioning module 28
shown in FIG. 1 corresponds to the positioning unit 102.
[0079] The heart-rate measuring unit 104 measures a heart
rate of the user 1 and outputs the heart rate to the processing
unit 200. The heartbeat sensor set 4 shown in FIG. 1 corre-
sponds to the heart-rate measuring unit 104.

[0080] The processing unit 200 is realized by a micropro-
cessor such as a CPU or a GPU and an electronic component
such as an IC memory. The processing unit 200 performs
input and output control for data between the processing unit
200 and the operation input unit 100 and the functional units
of the device including a storing unit 500. The processing unit
200 executes various kinds of arithmetic processing on the
basis of a predetermined program, data, and the like and
controls the operation of the portable device 2. In FIG. 1, the
substrate 20 corresponds to the processing unit 200. The
processing unit 200 corrects an hour (a clock hour) clocked by
the clock unit 310 to a local standard hour using information
concerning a position and a date and time included in the
position measurement information calculated by the posi-
tioning unit 102.

[0081] The processing unit 200 in this embodiment
includes a training-support arithmetic unit 202, an excitation
control unit 270, asound-signal generating unit 272, an image
generating unit 274, and a communication control unit 276.
[0082] The training-support arithmetic unit 202 executes
processing such as measurement, clocking, counting, and
calculation of various parameter values such as a moving
distance necessary for realizing training support.
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[0083] The training-support arithmetic unit 202 in this
embodiment includes a training-content setting unit 204 that
performs control for setting contents of the interval training.
[0084] The training-content setting unit 204 performs con-
trol concerning display of the setting screen W2 explained in
FIG. 3, inputs of texts and numerical values to the input fields
41 to 46, and recording of input various parameter values. The
training-content setting unit 204 includes a threshold setting
unit 206 that sets a threshold of a heart rate and a start-
condition setting unit 208 that sets a start condition for deter-
mining start timing of each of the high-load exercise and the
low-load exercise. Note that, in this embodiment, when one of
the high-load exercise and the low-load exercise ends, the
other is immediately started. Therefore, a start condition for
determining start timing of one load exercise can be replaced
with an end condition for determining end timing of the other
load exercise.

[0085] The training-support arithmetic unit 202 includes a
start detecting unit 210, a clocking unit 212, a clocking-
result-display control unit 214, a recording control unit 216,
and a notification control unit 218.

[0086] The start detecting unit 210 detects the start of the
load exercise by sequentially determining, on the basis of
position information, a heart rate, and a local standard hour (a
clock hour) clocked by the clock unit 310, whether the end
condition (i.e., the start condition) for the load conditions set
by the start-condition setting unit 208 is satisfied.

[0087] The clocking unit 212 performs various kinds of
clocking processing. For example, the clocking section 212
can clock elapsed times from the starts of the respective kinds
of load exercise. In particular, the clocking unit 212 clocks
times until a heart rate measured by the heart-rate measuring
unit 104 with the detection by the start detecting unit 210 set
as start timing reaches the thresholds (the first threshold (H1)
and the second threshold (I.2) in FIG. 2) set in the heartbeat
zone of the respective kinds of load exercise, that is, the first
threshold reaching time (Th) and the second threshold reach-
ing time (T1).

[0088] The clocking-result-display control unit 214 con-
trols display of a result of the clocking by the clocking unit
212. The clocking-result-display control unit 214 performs
display control related to the training support screen W4
shown in FIG. 4 and display control related to the training
result display screen W6 shown in FIG. 5.

[0089] Therecording control unit 216 performs time-series
recording control of various measurement results and time-
series recording control for various parameter values calcu-
lated during the training. Specifically, the recording control
unit 216 performs control for associating, using time, the
position measurement information (all or a part) obtained by
the positioning unit 102 and the heart rate measured by the
heart-rate measuring unit 104 and storing the position mea-
surement information and the heart rate as so-called log data.
The recording control unit 216 can perform control for stor-
ing a result clocked by the clocking unit 212 from the start to
the end of the training in association with the start detection
order by the start detecting unit 210.

[0090] The notification control unit 218 performs control
for executing various kinds of notification related to the
progress of the training. In this embodiment, the notification
control unit 218 notifies the user 1 of breaks of the training
using vibration and sound. Specifically, at given notification
timings, the notification control unit 218 commands the exci-
tation control unit 270 to generate and output a signal for
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generating vibration of a predetermined pattern to the vibrat-
ing unit 370. At the same notification timings, the notification
control unit 218 commands the sound-signal generating unit
272 to generate and output a signal for emitting predeter-
mined sound to the sound emitting unit 372. The notification
timings are start timing of each of the high-load exercise and
the low-load exercise and end timing of the training. The
notification control unit 218 performs control such that vibra-
tions of different patterns are generated and different sounds
are emitted at the respective notification timings.

[0091] The excitation control unit 270 is equivalent to a
driver circuit that generates and outputs a driving signal for
the vibrating unit 370. The vibrating unit 370 is realized by a
device that generates vibration like the vibrator 27 shown in
FIG. 1.

[0092] The image generating unit 274 is realized by, for
example, a CPU, adriver IC ofa liquid crystal display, a GPU
(Graphics Processing Unit), a program such as a video codec,
and an IC memory for a rendering frame. The image gener-
ating unit 274 performs control for causing the image display
unit 374 to display various images.

[0093] Theimage display unit 374 displays various images
on the basis of a control signal inputted from the image
generating unit 274. The image display unit 374 can be real-
ized by an image display device such as a flat panel display. In
this embodiment, the touch panel 12 shown in FIG. 1 corre-
sponds to the image display unit 374. That is, the image
display unit 374 functions as a display unit that displays the
first threshold reaching time (Th) and the second threshold
reaching time (T1).

[0094] The communication control unit 276 executes data
processing related to data communication and realizes
exchange of data with an external device via the communi-
cation unit 376.

[0095] The communication unit 376 realizes data commu-
nication with the external device. The communication unit
376 is realized by, for example, a transceiver, a jack of a
communication cable for wired communication, and a con-
trol circuit. The short range radio module 29 shown in FIG. 1
corresponds to the communication unit 376.

[0096] The clock unit 310 is configured by, for example, a
clocking circuit including a crystal oscillator and clocks a
local standard hour (a clock hour).

[0097] The storing unit 500 stores a computer program,
various initial setting data, and the like for realizing functions
for causing the processing unit 200 to comprehensively con-
trol the portable device 2. The storing unit 500 is used as a
work area for arithmetic processing by the processing unit
200. The storing unit 500 can temporarily store, for example,
aresult of an arithmetic operation executed by the processing
unit 200 according to various computer programs, data input
from the operation input unit 100, and data of a measurement
result measured by the positioning unit 102. Such a function
is realized by, for example, a RAM or an IC memory such a
flash memory. In FIG. 1, the main memory 24 and the
memory for measurement data 26 mounted on the substrate
20 correspond to the storing unit 500.

[0098] The storing unit 500 in this embodiment stores a
system program 501, a training support program 502, training
content setting data 510, training control data 530, and train-
ing result data 550. Besides, the storing unit 500 can store a
clocking timer, a flag, and the like as appropriate.

[0099] The system program 501 is a computer program for
realizing a basic function of a computer in the portable device
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2. The training support program 502 is application software
read out and executed by the processing unit 200 to thereby
realize a function of the training-support arithmetic unit 202.
However, the training support program 502 may be incorpo-
rated as a part of the system program 501.

[0100] The training content setting data 510 is created for
each of contents of the training by the training-content setting
unit 204 and stores information for defining contents of the
training input by the user 1. One training content setting data
510 includes, for example, as shown in FIG. 7, training iden-
tification information 511, the number of repeats 512, high-
load exercise setting data 514, and low-load exercise setting
data 516. Naturally, the training content setting data 510 may
store data other than these data according to contents of
training.

[0101] The high-load exercise setting data 514 includes an
end condition value 514a for defining an end condition of the
load exercise and a start condition of the low-load exercise
and a heartbeat zone upper limit value 5146 and a heartbeat
zone lower limit value 514c¢ set as targets in the load exercise.
Theheartbeat zone lower limit value 514c is the first threshold
(H1) for clocking the first threshold reaching time (Th) in this
embodiment.

[0102] The low-load exercise setting data 516 includes an
end condition value 516a for defining an end condition of the
load exercise and a start condition of the high-load exercise
and a heartbeat zone upper limit value 5165 and a heartbeat
zone lower limit value 516¢ set as targets in the load exercise.
The heartbeat zone upper limit value 5165 is the second
threshold (L.2) for clocking the second threshold reaching
time (T1) in this embodiment.

[0103] Referring back to FIG. 6, the training control data
530 stores various data that describes states of the interval
training in this embodiment. For example, as shown in FIG. 8,
the training control data 530 includes training identification
information 531, the number of sets 532, start detection order
534, an elapsed time 536, a moving distance 538, a load
exercise start hour 540, a load exercise start time heart rate
542, athreshold reaching hour 544, a threshold reaching time
546, and measurement log data 548. The training control data
530 is created and managed by the training-support arith-
metic unit 202. Naturally, besides these parameter values, the
training control data 530 can include values necessary for, for
example, display control of various input screens.

[0104] In the training identification information 531, iden-
tification information of the training currently being executed
is stored. An initial value of the number of sets 532 at the start
of the training is “0”. The number of sets 532 is counted up by
“1” every time the high-load exercise and the low-load exet-
cise are ended. An initial value of the start detection order 534
is “0”. The start detection order 534 is counted up by “1”
every time the high-load exercise or the low-load exercise
starts.

[0105] The elapsed time 536 is reset at the start timings of
the respective kinds of load exercise and stores a clocking
value from the start of the load exercise.

[0106] The moving distance 538 is reset at the start timings
of the respective kinds of load exercise and stores an inte-
grated value of position displacement with respect to a posi-
tioning coordinate indicated by the position measurement
information at the start timings.

[0107] The load exercise start hour 540 is data that
describes timing when the load exercise is started. The load
exercise start hour 540 is updated every time the load exercise
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is started. The load exercise start hour 540 stores, for
example, time (clock time) at the timing and UTC included in
the position measurement information.

[0108] The load exercise start time heart rate 542 is a heart
rate at the timing when the load exercise is stared.

[0109] The threshold reaching hour 544 is data that
describes timing when the heart rate reaches the threshold
(the first threshold or the second threshold) related to the load
exercise currently executed (it is seen that, if the start detec-
tion order 534 is an odd number, the high-load exercise is
executed and, if the start detection order 534 is an even
number, the low-load exercise is executed). The threshold
reaching hour 544 stores, for example, time (clock time) at the
timing or UTC included in the position measurement infor-
mation.

[0110] The threshold reaching time 546 stores an elapsed
time from the load exercise start timing, in other words, time
required until the heart rate at the load exercise start timing
reaches a threshold related to the load exercise. Specifically,
the threshold reaching time 546 is time obtained by subtract-
ing the load exercise start hour 540 from the threshold reach-
ing hour 544.

[0111] Themeasurement log data 548 is array data in which
alocal standard hour (a clock hour), positioning information
measured during the interval training, and a heart rate are
associated and stored cyclically and in time series order.
[0112] Referring back to FIG. 6, the training result data 550
is created and managed every time the interval training is
carried out by the training-support arithmetic unit 202. One
training result data 550 includes, for example, as shown in
FIG. 9, training identification information 551, an implemen-
tation date 552, a high-load exercise result 560, a low-load
exercise result 570, and measurement log data for storage
580.

[0113] The high-load exercise result 560 is created and
stored for each high-load exercise.

[0114] One high-load exercise result 560 includes start
detection order 561, a high-load exercise start hour 563, a
high-load exercise start time heart rate 565, and a first thresh-
old reaching hour 567. These are respectively copies of the
start detection order 534, the load exercise start hour 540, the
load exercise start heart rate 542, and the threshold reaching
hour 544 stored in the training control data 530 (FIG. 8) at a
point when the high-load exercise ends. The high-load exer-
cise result 560 includes a first threshold reaching time (Th)
569. The first threshold reaching time (Th) 569 is calculated
from a difference between the threshold reaching hour 544
and the load exercise start hour 540 at the point when the
high-load exercise ends. An initial value of the first threshold
reaching time (Th) 569 is set to a predetermined value that
indicates that measurement is being performed.

[0115] The low-load exercise result 570 is created and
stored for each low-load exercise.

[0116] One low-load exercise result 570 includes start
detection order 571, a low-load exercise start hour 573, a
low-load exercise start time heart rate 575, and a second
threshold reaching hour 577. These are respectively copies of
the start detection order 534, the load exercise start hour 540,
the load exercise start time heart rate 542, and the threshold
reaching hour 544 stored in the training control data 530
(FIG. 8) at a point when the low-load exercise ends. The
low-load exercise result 570 includes a second threshold
reaching time (T1) 579. The second threshold reaching time
(T1) 579 is calculated from a difference between the threshold
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reaching hour 544 and the load exercise start hour 540 at the
point when the low-load exercise ends. An initial value of the
second threshold reaching time (T1) 579 is set to a predeter-
mined value that indicates that measurement is being pet-
formed.

[0117] The measurement log data for storage 580 is a copy
of the measurement log data 548 stored in the training control
data 530 (FIG. 8) at a point when the training ends.

Explanation of a Flow of Processing

[0118] The operation of the portable device 2 is explained.
[0119] FIGS. 10 to 12 are flowcharts for explaining a flow
of processing concerning game support in the portable device
2 in this embodiment. A flow of a series of processing
explained below is realized by, for example, when actuation
start operation for a predetermined training support function
is detected, the processing unit 200 reading and executing the
training support program 502. Alternatively, the program is
already read and is being executed. The program is put in a
standby state in which the program waits for the actuation
start operation. Note that the position measurement by the
positioning unit 102 and the measurement of a heart rate by
the heart-rate measuring unit 104 are always performed if a
power supply of the portable device 2 is on.

[0120] As shown in FIG. 10, first, the processing unit 200
executes training content setting processing (step S2). Spe-
cifically, the processing unit 200 causes the touch panel 12 to
display the setting screen W2 (FIG. 3) for training contents
and makes it possible to input various parameters for defining
contents of training. An input result is stored in the storing
unit 500 as the training content setting data 510. A storage
area for the training control data 530 is secured. An input
result to the input field 41 is stored in the training identifica-
tion information 531. Note that, if an input result of identifi-
cation information of the training is input to the input field 41,
it is suitable to perform control for reading data of the same
identification information from the existing training content
setting data 510 and automatically displaying parameter val-
ues set in the other input fields.

[0121] Subsequently, the processing unit 200 initializes the
training control data 530 (step S4).

[0122] Specifically, in the training identification informa-
tion 531, the identification information of the training to be
executed is already stored in step S2. Therefore, the identifi-
cation information is kept stored. The number of sets 532 is
set to “1”. The start detection order 534 is set to “0”. The
elapsed time 536 and the moving distance 538 are set to “0”.
The load exercise start hour 540, the load exercise start time
heart rate 542, and the threshold reaching hour 544 are set to
predetermined values that mean undecided, standby, and
unsettled.

[0123] Subsequently, the processing section 200 starts con-
trol for causing the touch panel 12 to display the training
support screen W4 (FI1G. 4) (step S6).

[0124] At this stage, contents of the training support screen
W4 are the contents of the high-load exercise. That is, the
present number of sets 532 is displayed in the number-of-sets
display section 51. “Sprint” indicating the high-load exercise
is displayed in the exercise-type display section 52. Since the
calculation of the moving distance 538 is not started yet, a
distance value for defining the end condition of the high-load
exercise is displayed in the comparative display section 53.
However, the display of the moving distance 538 is “0”. Since
the clocking of the elapsed time 536 is not started either, the
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elapsed-time display section 54 remains at “0”. In the heart-
rate display section 55, the latest heart rate is displayed. Since
the threshold reaching hour 544 is still undecided, a prede-
termined text indicating that clocking is being performed is
displayed in the threshold-reaching-time display section 56.
[0125] The user 1 performs a predetermined training start
operation and starts the interval training. When detecting the
operation (YES in step S10), the processing unit 200 regards
that a start of first load exercise is detected and starts record-
ing ofthe measurement log data 548 (step S12). The process-
ing unit 200 sets the load exercise start hour 540 of the
training control data 530 to the present hour (step S14) and
sets the load exercise start time heart rate 542 to the latest
heart rate (step S16).

[0126] Further, the processing unit 200 starts clocking of
the elapsed time 536 and integration of the moving distance
538 (step S18).

[0127] At this stage, on the training support screen W4 of
the touch panel 12, a value of the moving distance 538 is
displayed in the comparative display section 53 and the
elapsed time 536 is displayed in the elapsed-time display
section 54. However, since the threshold reaching hour 544 is
undecided, predetermined display indicating that clocking is
being performed is kept performed in the threshold-reaching-
time display section 56.

[0128] Subsequently. the processing unit 200 executes noti-
fication processing for notifying the user 1 of the start of the
high-load exercise (step S20).

[0129] In the processing, the processing unit 200 performs
control for causing the vibrator 27 to generate vibration of a
predetermined first start notification pattern (e.g., three times
of long vibration) and control for causing the speaker 14 to
emit sound of the first start notification pattern (e.g., three
times of long sound). According to the vibration and the
sound emission, the interval training is started. It is possible to
notify the user 1 that measurement of the high-load exercise is
started.

[0130] After the measurement of the high-load exercise is
started, when the heart rate reaches the heart rate zone lower
limit value (the first threshold) 514¢ of the high-load exercise
(YES in step S30), the processing unit 200 sets the threshold
reaching hour 544 to the present hour (step S32). The pro-
cessing unit 200 executes processing for notifying that the
heart rate reaches the heartbeat zone of the high-load exercise
(step S34). In the processing, the processing unit 200 per-
forms control for causing the vibrator 27 to generate vibration
of a predetermined first reaching notification pattern (e.g,,
one time of long vibration+one time of short vibration) and
control for causing the speaker 14 to emit sound of the first
reaching notification pattern (e.g., one time of long sound+
one time of short sound).

[0131] Subsequently, the processing unit 200 subtracts the
load exercise start hour 540 from the threshold reaching hour
544 to calculate and display the threshold reaching time 546
(step S36).

[0132] Then, the threshold reaching time 546 just calcu-
lated is displayed in the threshold-reaching-time display sec-
tion 56 of the training support screen W4 of the touch panel
12.

[0133] Referring to the flowchart of FIG. 11, when the
elapsed time 536 or the moving distance 538 reach the end
condition value 514a of the high-load exercise setting data
514, the processing unit 200 determines that the end condition
for the high-load exercise is satisfied, that is, the start condi-
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tion for the next low-load exercise is satisfied (YES in step
S40). The processing unit 200 generates a new high-load
exercise result 560 (FIG. 9) on the basis of information con-
cerning a training result obtained to that point and stores the
high-load exercise result 560 (step S42).

[0134] Subsequently, the processing unit 200 increments
the start detection order 534 by “1” (step 350) and changes the
training support screen W4 to the contents of the low-load
exercise (FIG. 4B) (step S52).

[0135] At this stage, the present number of sets 532 is
displayed in the number-of-sets display section 51. “Rest”
indicating the high-load exercise is displayed in the exercise-
type display section 52. Since clocking of the elapsed time
536 is not started yet, a time value for defining the end con-
dition for the low-load exercise is displayed in the compara-
tive display section 53. However, a portion where the elapsed
time 536 is displayed remains at “0”. The elapsed-time dis-
play section 54 also remains at “0”. However, the latest heart
rate continues to be displayed in the heart-rate display section
55. Since the display contents of the training support screen
W4 are switched, the second threshold reaching time is dis-
played in the threshold reaching hour 544. However, this is
also undecided at this stage. Therefore, the predetermined
display indicating that clocking is being performed is per-
formed in the threshold-reaching-time display section 56.
[0136] Subsequently, the processing unit 200 stores the
present hour in the load-exercise start hour 540 (step S54) and
stores the latest heart rate in the load exercise start time heart
rate 542 (step S56).

[0137] After resetting the elapsed time 536 and the moving
distance 538, the processing unit 200 starts the clocking and
the integration again (step S58) and executes notification
processing for notifying the user 1 of the start of the low-load
exercise (step S60). In the processing, the processing unit 200
performs control for causing the vibrator 27 to generate vibra-
tion of a predetermined second start notification pattern (e.g.,
three times of short vibration) and control for causing the
speaker 14 to emit sound of the second start notification
pattern (e.g., three times of short sound). According to vibra-
tion and the sound emission, it is possible to notify the user 1
that the measurement of the low-load exercise is started.
[0138] After the measurement of the low-load exercise is
started, when the heart rate reaches the heartbeat zone upper
limit value (the second threshold) 5164 of the low-load exer-
cise (YES in step S80), the processing unit 200 sets the
threshold reaching hour 544 to the present hour (step S82) and
executes processing for notifying that the heart rate reaches
the heartbeat zone of the low-load exercise (step S84). In the
processing, the processing unit 200 performs control for caus-
ing the vibrator 27 to generate vibration of a predetermined
second reaching notification pattern (e.g., one time of long
vibration+two times of short vibration) and control for caus-
ing the speaker 14 to emit sound of the second reaching
notification pattern (e.g., one time of long sound+two times of
short sound).

[0139] The processing unit 200 subtracts the load exercise
start hour 540 from the threshold reaching hour 544 to calcu-
lateand display the threshold reaching time 546 (step S86). In
the threshold-reaching-time display section 56 of the training
support screen W4 of the touch panel 12, the threshold reach-
ing time 546 just calculated is displayed. At this stage, the
second threshold reaching time (T1) is displayed (FIG. 4B).
[0140] Referring to the flowchart of FIG. 12, when the
elapsed time 536 or the moving distance 538 reaches the end
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condition value 516a of the low-load exercise setting data
516, the processing unit 200 determines that the end condition
for the low-load exercise is satisfied, that is, the start condition
for the next high-load exercise is satisfied (YES in step S88).
The processing unit 200 generates a new low-load exercise
result 570 (FIG. 9) on the basis of information concerning a
training result obtained to that point and stores the low-load
exercise result 570 (step S90).

[0141] Subsequently. the processing unit 200 determines
whether the present number of sets 532 (FIG. 8) reaches the
number of repeats 512 (FIG. 7) (step S100).

[0142] Ifthe present number of sets 532 does not reach the
number of repeats 512 yet (NO in step S100), the processing
unit 200 increments the number of sets 532 by “1” (step S102)
and increments the start detection order 534 by “1” (step
S104). The processing unit 200 returns the training support
screen W4 to the contents of the high-load exercise (step
S106). FI1G. 4C is equivalent to a state in which the display
contents are returned in the step. After switching the display
contents of the training support screen W4, the processing
unit 200 shifts to step S10 and starts measurement of the
high-load exercise of the next set.

[0143] If the number of sets 532 reaches the number of
repeats 512 (NO in step S100), the processing unit 200
executes notification processing for notifying the user 1 ofthe
end of the training (step S110). In the processing, the pro-
cessing unit 200 performs control for causing the vibrator 27
to generate vibration of a predetermined training end notifi-
cation pattern (e.g., four sets of two times of short vibration)
and control for causing the speaker 14 to emit sound of the
training end notification pattern (e.g., four sets of two times of
short sound).

[0144] Theprocessing unit 200 copies the measurement log
data 548 of the training control data 530 and stores the mea-
surement log data 548 as the measurement log data for storage
580 of the training result data 550 (step S112), performs
display control for the training result display screen W6 (FIG.
5) (step S114), and ends the series of processing related to the
training support in this embodiment.

[0145] As explained above, according to this embodiment,
it is possible to clock the first threshold reaching time (Th)
required from the start timing of the high-load exercise until
the heart rate rises and reaches the target heartbeat zone of the
high-load exercise and the second threshold reaching time
(T1) required from the start timing of the low-load exercise
until the heart rate falls to reach the target heartbeat zone of
the low-load exercise and provides the user 1 with the first
threshold reaching time (Th) and the second threshold reach-
ing time (T1).

Modifications

[0146] Theembodiment to which the invention is applied is
explained above. However, an application form of the inven-
tion is not limited to the embodiment. Addition, omission, and
change of constituent elements can be applied as appropriate.
[0147] For example, in the embodiment, the portable
device 2 is illustrated as the device mounted on the wrist of the
user 1. However, a part of the body where the portable device
2is mounted can be changed as appropriate. For example, like
a portable device 2B shown in FIG. 13, a main body unit 3B
may be a device assumed to be mounted on the upper arm by
the band 18. Alternatively, the main body unit 3B may be
designed to be mounted on the head like goggles by the band
18. Accordingly, the design of the portable device 2 is not
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limited to the wristwatch type and may be a tablet type, an
action camera type, or a goggle type and can be set as appro-
priate. If the portable terminal 2 is sufficiently small, the
portable device 2 may be provided in a structure like a temple
of eyeglasses instead of the band 18 and designed in a glass-
ware type.
[0148] In the example explained in the embodiment, the
GPS is used as the position measuring system. However, the
position measuring system may be other satellite positioning
systems suchas a WAAS (Wide Area Augmentation System),
aQZSS (Quasi Zenith Satellite System), a GLONASS (GLO-
bal NAvigation Satellite System), and GALILEO.
[0149] Inthe embodiment, the threshold reaching time 546
(FIG. 8) is calculated by subtracting the load exercise start
hour 540 from the threshold reaching hour 544. However, the
threshold reaching time 546 may be calculated by other meth-
ods. For example, the elapsed time 536 at timing when the
heart rate reaches a target heartbeat zone of a load exercise
executed at that point may be set as the threshold reaching
time 546.
[0150] In the embodiment, the start conditions and the end
conditions for the respective kinds of load exercise are the
moving distances and elapsed times from the start of the load
exercise. However, an exercise start location or an exercise
end location may be defined. In that case, coordinate values
only have to be stored in the end condition value 514a of the
high-load exercise setting data 514 of the training content
setting data 510 (FIG. 7) and the end condition value 516a of
the low-load exercise setting data 516.
[0151] In the embodiment, the training result display
screen W6 is displayed on the touch panel 12 of the portable
device 2 of the wristwatch type. However, the clocking result
may be transferred to the external device using the commu-
nication unit 376 to make it possible to check the training
result display screen W6 from a display screen of the external
device. With such a configuration, it is possible to easily
check transition of a training result and transition of cumula-
tive recording data using a large display unit. As the external
device, a personal computer, a tablet, a smart phone, and the
like can be used.
[0152] Theentire disclosure of Japanese Patent Application
No.2013-209932, filed Oct. 7,2013 is expressly incorporated
by reference herein.
What is claimed is:
1. A portable device comprising:
a heart-rate measuring unit configured to measure a heart
rate;
a start detecting unit configured to detect a start of load
exercise,
aclocking unit configured to clock time from the detection
of the start detecting unit until the heart rate reaches a
threshold; and
adisplay unit configured to display a result of the clocking.
2. The portable device according to claim 1, further com-
prising a threshold setting unit configured to set the threshold.
3. The portable device according to claim 1, wherein
the load exercise includes high-load exercise and low-load
exercise having different loads,
the threshold setting unit sets a first threshold that the heart
rate rises to reach according to a start of the high-load
exercise,
the start detecting unit detects the start of the high-load
exercise,
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the clocking unit clocks a first threshold reaching time
from the detection of the start of the high-load exercise
until the heart rate reaches the first threshold, and

the display unit displays the first threshold reaching time.

4. The portable device according to claim 3, wherein

the threshold setting unit sets a second threshold that the
heart rate falls to reach according to the start of the
low-load exercise following the high-load exercise,

the start detecting unit detects the start of the low-load
exercise,

the clocking unit clocks a second threshold reaching time
from the detection of the start of the low-load exercise
until the heart rate reaches the second threshold, and

the display unit displays the second threshold reaching
time.

5. The portable device according to claim 4, further com-
prising a start-condition setting unit configured to set a start
condition for determining start timing of each of the high-
load exercise and the low-load exercise, wherein

the start detecting unit detects satisfaction of the start con-
dition to detect the start of each of the high-load exercise
and the low-load exercise.

6. The portable device according to claim 5, wherein the

start-condition setting unit sets the start condition as time.

7. The portable device according to claim 5, further com-
prising a positioning unit, wherein

the start-condition setting unit sets the start condition as a
condition for a positioning position of the positioning
unit.

8. The portable device according to claim 1, further com-
prising a storing unit configured to store detection order by
the start detecting unit and a clocking result in the clocking
unit in association with each other.

9. A heartbeat reaching time measurement control method
comprising:

measuring a heart rate;

detecting a start of a load exercise;

clocking time until the heart rate reaches the threshold after
the start of the load exercise 1s detected; and

displaying a result of the clocking.

10. The heartbeat reaching time measurement control
method according to claim 9, further comprising setting the
threshold of the heart rate before the load exercise is started.

11. A heart rate measuring system comprising:

a heart-rate measuring unit configured to measure a heart
rate;

a start detecting unit configured to detect a start of load
exercise;

a clocking unit configured to clock time from the detection
of the start detecting unit until the heart rate reaches a
threshold; and

a display unit configured to display a result of the clocking.

12. The heart rate measuring system according to claim 11,
wherein

the heart-rate measuring unit and the clocking unit are
configured by separate bodies,

the heart-rate measuring unit is arranged in a chest of a
user, and

the clocking unit is mounted on an arm of the user.

13. The heart rate measuring system according to claim 11,
wherein

the heart-rate measuring unit and the clocking unit are
incorporated in a common case, and

the case is mounted on an arm of a user.
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