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RESIDUAL ANAEROBIC WORK CAPACITY
CALCULATING METHOD AND RESIDUAL
ANAEROBIC WORK CAPACITY
CALCULATING APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a method and
apparatus for calculating a residual anaerobic work capacity
by using a heart rate.

BACKGROUND ART

[0002] Insports such as bicycle racing, an anaerobic work
capacity is used as an index representing an athletic ability.
More specifically, athletic abilities can be compared by
measuring power given to a bicycle by a person via pedals
by using a power meter attached to the bicycle, and esti-
mating an anaerobic work capacity from the measured
power.

[0003] For example, non-patent literature 1 discloses a
method of estimating the residual amount of an anaerobic
work capacity (to be referred to as “a residual anaerobic
work capacity” hereinafter) when a person is exercising.
This method disclosed in non-patent literature 1 can calcu-
late the residual anaerobic work capacity from the power
measured by the power meter.

[0004] Unfortunately, the method disclosed in non-patent
literature 1 has the problem that the power meter which is a
very expensive measurement device is necessary to measure
the power.

RELATED ART LITERATURE

Non-Patent Literature

[0005] Non-Patent Literature 1: Skiba, Philip Friere
(2014). The Kinetics of the Work Capacity Above Critical
Power (Doctoral dissertation), University of Exeter, pp.
101-103 and pp. 156-157. Retrieved from http://ore.ex-
eter.ac.uk/repository/handle/10871/15727

DISCLOSURE OF INVENTION

Problem to be Solved by the Invention

[0006] It is an object of the present invention to calculate
the residual anaerobic work capacity without using any
expensive power meter.

Means of Solution to the Problem

[0007] A residual anaerobic work capacity calculating
method of the present invention includes a step of causing a
processor to obtain a heart rate, and a step of causing the
processor to calculate a residual anaerobic work capacity
based on the obtained heart rate and a relationship between
the residual anaerobic work capacity and the heart rate.

[0008] A residual anaerobic work capacity calculating
apparatus of the present invention includes a heart rate
obtaining unit configured to obtain a heart rate, and an
arithmetic unit configured to calculate a residual anaerobic
work capacity based on a relationship between the residual
anaerobic work capacity and the heart rate, and the heart rate
obtained by the heart rate obtaining unit.
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Effect of the Invention

[0009] The present invention makes it possible to calculate
the residual anaerobic work capacity without using any
expensive power meter.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is a block diagram of a residual anaerobic
work capacity calculating apparatus according to the first
embodiment of the present invention;

[0011] FIG. 2 is a flowchart showing the procedure of a
residual anaerobic work capacity calculating process per-
formed by the residual anaerobic work capacity calculating
apparatus shown in FIG. 1;

[0012] FIG. 3 is a flowchart showing the procedure of
processing in step S3 of FIG. 2;

[0013] FIG. 4 is a block diagram of a residual anaerobic
work capacity calculating apparatus according to the second
embodiment of the present invention;

[0014] FIG. 5 is a flowchart showing the procedure of a
residual anaerobic work capacity calculating process per-
formed by the residual anaerobic work capacity calculating
apparatus shown in FIG. 4;

[0015] FIG. 6 is a flowchart showing the procedure of
processing in step S3A of FIG. 5;

[0016] FIG. 7 is a block diagram of a residual anaerobic
work capacity calculating apparatus according to the third
embodiment of the present invention;

[0017] FIG. 8 is a flowchart showing the procedure of a
residual anaerobic work capacity calculating process per-
formed by the residual anaerobic work capacity calculating
apparatus shown in FIG. 7;

[0018] FIG. 9 is a flowchart showing the procedure of
processing in step S3B of FIG. 8; and

[0019] FIG. 10 is a block diagram showing the main
hardware configuration of a computer.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0020] Embodiments of the present invention will be
explained below with reference to the accompanying draw-
ings. Note that in the following explanation, the same
reference numerals denote constituent elements common to
the embodiments, and a repetitive explanation thereof will
be omitted.

First Embodiment

[0021] A residual anaerobic work capacity calculating
apparatus 1 shown in FIG. 1 s, for example, an apparatus for
estimating the residual anaerobic work capacity of a person
who is exercising from his or her heart rate. The residual
anaerobic work capacity calculating apparatus 1 can be
implemented as one functional unit of a wearable device for
measuring the biological information of a person wearing
the device. The residual anaerobic work capacity calculating
apparatus 1 is attached together with a heart rate monitor 2
for measuring the heart rate to, for example, the body of a
person who is performing an anaerobic work such as bicycle
racing, and calculates the residual anaerobic work capacity
in real time based on the heart rate measured by the heart rate
monitor 2.
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[0022] As shown in FIG. 1, the residual anaerobic work
capacity calculating apparatus 1 includes a heart rate obtain-
ing unit 10, an arithmetic unit 11, and a storage unit 14.
[0023] The heart rate obtaining unit 10 is a functional unit
for sequentially obtaining data of the heart rate which is
measured by the heart rate monitor 2 attached to a human
body or the like, and is output from the heart rate monitor 2
at a predetermined time interval (for example, an interval of
1 sec). Heart rate data 141 obtained by the heart rate
obtaining unit 10 are sequentially stored in the storage unit
14. Note that data exchange between the residual anaerobic
work capacity calculating apparatus 1 and the heart rate
monitor 2 can be performed by either wired communication
or wireless communication, 1.e., the data exchanging method
is not particularly limited. Note also that the heart rate data
141 can directly be input from the heart rate monitor 2 to the
residual anaerobic work capacity calculating apparatus 1 as
described above, but the heart rate data 141 measured by the
heart rate monitor 2 may also be stored once in an internal
storage device of a terminal such as a personal computer,
and read out from the storage device by the residual anaero-
bic work capacity calculating apparatus 1 after that.

[0024] The storage unit 14 is a functional unit for storing
various parameters pertaining to relations for calculating the
residual anaerobic work capacity (to be described later), in
addition to the heart rate data 141 described above.

[0025] The arithmetic unit 11 is a functional unit for
calculating the residual anaerobic work capacity based on
the heart rate data 141 obtained by the heart rate obtaining
unit 10, and the relationship between the residual anaerobic
work capacity and heart rate. More specifically, the arith-
metic unit 11 includes a power calculator 12 and a residual
anaerobic work capacity calculator 13.

[0026] The power calculator 12 is a functional unit for
calculating the power from the heart rate. The “power”
herein mentioned is power which a person gives to an
operation target. In this embodiment, the “power” is
explained as power which a person pedaling a bicycle gives
to the bicycle as an example.

[0027] The power and heart rate have a correlation. For
example, the relationship between power P and a heart rate
HR can be represented by a linear equation as indicated by
equation (1).

P=axHR+b 0Y]

[0028] In equation (1), “a” and *“b” are values which
change from one person to another as a residual anaerobic
work capacity calculation target.

[0029] The following method is an example of the method
of calculating the relation representing the relationship
between the heart rate and power. For example, the relation
representing the relationship between the heart rate and
power can be calculated by obtaining a calibration curve by
the Conconi Test or the like. It is also possible to calculate
the relation from a calibration curve obtained by measuring
the power and heart rate during exercise and statistically
analyzing the measured values. In this case, it is possible to
measure the power by using a power meter, or indirectly
obtain power data by measuring the speed in a state in which
the relationship between the speed and power is already
known such as bicycle trainer.

[0030] In the residual anaerobic work capacity calculating
apparatus 1 of this embodiment, the relation representing the
relationship between the heart rate and power obtained by
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the above method is stored in the storage unit 14 in advance.
For example, equation (1) representing the relationship
between the heart rate and power and the values of the
parameters “a” and “b” are stored as relation data 142 in the
storage unit 14 in advance. The power calculator 12 calcu-
lates the power based on equation (1), “a”, and “b” stored in
the storage unit 14, and the heart rate data 141 obtained by
the heart rate obtaining unit 10. The power is calculated for
each of sequentially obtained heart rates. Data 143 of the
calculated power are sequentially stored in the storage unit
14, and used in arithmetic processing performed by the
residual anaerobic work capacity calculator 13 (to be
described below).

[0031] The residual anaerobic work capacity calculator 13
is a functional unit which calculates a residual anaerobic
work capacity W'bal based on the relationship between the
power and the residual anaerobic work capacity, and the
power calculated by the power calculator 12.

[0032] As described in non-patent literature 1, the rela-
tionship between the residual anaerobic work capacity W'bal
and the power P can be represented by equations (2) to (5).

W'bal = Wo—fW’ At
0

EXPCT
w _{P—CP (P>CP) @)
Pl 0 (PP
7= 546 exp(~0.01D¢p) + 316 )
Dep = CP— Py )

[0033] In equation (2), “W,” is an anaerobic work capac-
ity, each of “t” and “u” is time, and “t” is a time constant
according to the recovery of the anaerobic work capacity
W,

[0034] “W'...”is a consumed anaerobic work amount. As
indicated by equation (3), letting “P” be the power and “CP”
be a critical power, the anaerobic work amount W'z, is
“P-CP” if the power P at that time is higher than the critical
power CP, and is “0” if the power P at that time is lower than
the critical power Cp. Note that the critical power CP is a
maximum power which can be sustained for a long time
without fatigue.

[0035] The time constant t can be represented by equation
(4). In equation (4), “D.z” is the difference between an
average value P of the power P and the critical power CP
when the power P is equal to or lower than the critical power
CP, and can be represented by equation (5).

[0036] As indicated by equations (2) to (5) above, the
residual anaerobic work capacity W'bal is represented as a
function of the power P. On the other hand, the power P can
be represented as a function of the heart rate HR as indicated
by equation (1). Accordingly, the residual anaerobic work
capacity W'bal can be calculated from the measured heart
rate HR by using equations (1) to (5).

[0037] Data of the anaerobic work capacity W, and the
critical power CP contained in equations (1) to (5) must be
obtained in advance. It is generally known that the relation-
ship between the anaerobic work capacity W, and the critical
power CP is represented by equation (6).
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P=—+cCP

lim

]

[0038] In equation (6), “t,,” is a maximum duration.
When a person keeps pedaling a bicycle with the same
power P, the maximum duration t,,,, is inversely proportional
to the power P. For a person as a measurement target of the
residual anaerobic work capacity, therefore, the values of
“W,” and “CP” can be obtained by measuring the duration
t,,, at the power P at each of two points equal to or higher
than the critical power CP, and solving two equations
obtained by substituting the values of two sets of the
measured power P and the duration t,,,, into equation (6).
[0039] Equations (2) to (5) representing the anaerobic
work capacity W, and the critical power CP thus calculated
and the relationship between the residual anaerobic work
capacity W'bal and the power P are prestored as relation data
144 in the storage unit 14.

[0040] Based on the relation data 144 prestored in the
storage unit 14 and the power P calculated by the power
calculator 12, the residual anaerobic work capacity calcula-
tor 13 calculates the residual anaerobic work capacity W'bal
and stores it as data 145 of the residual anaerobic work
capacity in the storage unit 14.

[0041] Next, the procedure of the residual anaerobic work
capacity calculating process performed by the residual
anaerobic work capacity calculating apparatus 1 shown in
FIG. 1 will be explained with reference to FIG. 2.

[0042] In the residual anaerobic work capacity calculating
apparatus 1, the heart rate obtaining unit 10 first obtains, for
example, the measured value of the heart rate from the heart
rate monitor 2, and stores the value (heart rate HR) in the
storage unit 14 (step S1). Then, the power calculator 12
reads out the latest heart rate HR and equation (1) from the
storage unit 14, calculates the power P by substituting the
heart rate HR into equation (1), and stores the power P in the
storage unit 14 (step S2).

[0043] Subsequently, the residual anaerobic work capacity
calculator 13 calculates the residual anaerobic work capacity
W'bal based on the power P calculated in step S2 and
equations (2) to (5) (step S3).

[0044] More specifically, as shown in FIG. 3, the residual
anaerobic work capacity calculator 13 first reads out the
latest power P, the critical power CP, and equation (3) from
the storage unit 14, and calculates the consumed anaerobic
work amount W', by calculating equation (3) by using the
power P and the critical power CP (step S31).

[0045] Also, the residual anaerobic work capacity calcu-
lator 13 further reads out the power P in the past obtained in
past processing from the storage unit 14, and calculates the
power average value P, when the power P is equal to or
lower than the critical power CP by using the past power P
and the latest power P. In this calculation, it is possible to use
all the past power P or a predetermined number of values of
the past power P in order from the newest one. Then, the
residual anaerobic work capacity calculator 13 reads out
equation (5) from the storage unit 14, and calculates the
difference D, between the power average value P, and
the critical power CP based on equation (5) (step S32).
[0046] Subsequently, the residual anaerobic work capacity
calculator 13 reads out equation (4) from the storage unit 14,
and calculates equation (4) by using the difference D,
calculated in step S32, thereby calculating the time constant
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t (step S33). After that, the residual anaerobic work capacity
calculator 13 reads out the anaerobic work capacity W, and
equation (2) from the storage unit 14, calculates the residual
anaerobic work capacity W'bal by calculating equation (2)
by using the anaerobic work amount W'y, calculated in
step S31 and the time constant t calculated in step S33, and
stores the residual anaerobic work capacity W'bal in the
storage unit 14 (step S34).

[0047] The residual anaerobic work capacity data 145
stored in the storage unit 14 can be transmitted to, for
example, an external device by wireless or wired commu-
nication, and can also be displayed on the screen of a display
device (not shown) included in the residual anaerobic work
capacity calculating apparatus 1.

[0048] As described above, the residual anaerobic work
capacity calculating apparatus 1 shown in FIG. 1 can esti-
mate the residual anaerobic work capacity based on the
measured heart rate, and the data of the anaerobic work
capacity W, and the critical power CP and the relationship
between the residual anaerobic work capacity and the heart
rate (equations (1) to (5)) prestored in the storage unit 14.
That is, the residual anaerobic work capacity calculating
apparatus 1 need only measure the heart rate when calcu-
lating the residual anaerobic work capacity, and this obviates
the need to measure the power by using an expensive power
meter.

Second Embodiment

[0049] A residual anaerobic work capacity calculating
apparatus 1A shown in FIG. 4 differs from the residual
anaerobic work capacity calculating apparatus 1 shown in
FIG. 1 in that the residual anaerobic work capacity calcu-
lating apparatus 1A calculates the ratio of a residual anaero-
bic work capacity (to be referred to as “a residual anaerobic
work capacity ratio” hereinafter) to an anaerobic work
capacity without converting the heart rate into the power.
More specifically, the residual anaerobic work capacity
calculating apparatus 1A includes an arithmetic unit 11A
including a residual anaerobic work capacity calculator 13A
for calculating the residual anaerobic work capacity ratio to
the anaerobic work capacity.

[0050] As disclosed in non-patent literature 1 described
earlier, there is equation (7) as another approximation for
estimating the residual anaerobic work capacity.

,’EBCI(,,M) O
W'(1) = Wo— (Wo— W (m)e "0

[0051] Equation (7) indicates the relationship between the
residual anaerobic work capacity and power, and estimates
a residual anaerobic work capacity W'(t) at time t from a
residual anaerobic work capacity W'(u) at time u. In equa-
tion (7), “K” is a constant according to the recovery of an
anaerobic work capacity W, and K=1 generally holds.

[0052] Equation (8) is derived by defining equation (7)
indicating the relationship between the residual anaerobic
work capacity and the power by the anaerobic work capacity
Wo.
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W (1 _ W/‘:u))eﬁ%ocf(m) (8)
W, Wo
[0053] Letting “F” be the ratio of a residual anaerobic

work capacity W' to the anaerobic work capacity W,,
equation (8) can be represented by equation (9).

KUHRcp—HRyecovery) ) 9
F(t)=1-(1 = F(u))e FRn-HRCPYy lim

[0054] “HR."is HR when power P is a critical power CP.
HR will be explained as a heart rate in this specification, but
a value obtained by converting a heart rate into a percentage
may also be used as HR. “HR,,,,,,” is the average value
of the heart rate HR when the power P is equal to or lower
than the critical power CP, i.e., the average value of the heart
rate HR equal to or lower than HR .. “HR,” is a heart rate
when a person exercises at a constant exercise intensity
equal to or higher than HR », and “t,;,,” is a maximum
duration when a person exercises at a constant exercise
intensity equal to or higher than HR .

[0055] The relationship between a value W, obtained
by converting the anaerobic work capacity W, by the heart
rate HR, and HR ., HR,, and t,;,,, can be represented by
equation (10).

Wonr (10

HR, = + HRcp

Iy fim

[0056] “W . .=HR,-HR pt,,,.~ is obtained by modify-
ing equation (10). The value of Wy, 1.e., the value of
“(HR,-HR ), can be obtained by, for example, ped-

aling a bicycle at a constant exercise intensity for the
maximum duration t

[0057] W, can also be replaced with equation (11). In
this case, equation (8) can be represented by equation (12)
where “At” is a data interval.

nlim*

Bl (1n
At
Waiw= ). (HR,—HRcp)

m=0
__KORepHRrecovery) (. (12)
"l i e HR )
Fo)= 1= (1 = Fu))eZm=0 (HRw~HR cp

[0058] Note that the value of HR ., can be estimated from
equation (10), and can also be calculated from equation (13)
below. In equation (13), “HR . is a maximum value of the

heart rate, and “HR ., is a minimum value of the heart rate.

HR op=(HR, o ~HR, ;) x(10%~80%)+HR ... 13)

[0059] Of parameters contained in equation (9) above,
data of a constant K, HR 5, and “(HR -HR,)t,,,,," are
preobtained by the above-described method, and stored as
relation data 146 in a storage unit 14 together with equation
(9) or (12). In equation (13), “70% to 80%” is a general
value, and this value sometimes changes for another person.
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[0060] HR,,,.,,.,, is data calculated based on heart rate
data 141 obtained by a heart rate obtaining unit 10. For
example, the residual anaerobic work capacity calculator
13A calculates the average value of the heart rate HR equal
to or lower than HR ., based on the sequentially obtained
heart rate data 141, and stores the value as HR ., data
147 in the storage unit 14.

[0061] The residual anaerobic work capacity calculator
13A calculates a ratio (residual anaerobic work capacity
ratio) F(t) of the residual anaerobic work capacity W'(t) to
the anaerobic work capacity W,, by calculating equation (9)
based on the relation data 146 stored in the storage unit 14
and the calculated value of HR,,,,.,,. and stores the ratio
F(t) as residual anaerobic work capacity ratio data 148 in the
storage unit 14.

[0062] The procedure of the residual anaerobic work
capacity calculating process performed by the residual
anaerobic work capacity calculating apparatus 1A shown in
FIG. 4 will be explained below with reference to FIG. 5.
[0063] In the residual anaerobic work capacity calculating
apparatus 1A, like the residual anaerobic work capacity
calculating apparatus 1 shown in FIG. 1, the heart rate
obtaining unit 10 first obtains, for example, a measured
value of the heart rate from a heart rate monitor 2, and stores
the value (heart rate HR) in the storage unit 14 (step S1).
[0064] Then, the residual anaerobic work capacity calcu-
lator 13 A calculates the ratio F(t) of the residual anaerobic
work capacity W'(t) to the anaerobic work capacity W,
based on the heart rate HR obtained in step S1 (step S3A).
More specifically, as shown in FIG. 6, the residual anaerobic
work capacity calculator 13A first reads out a past heart rate
HR obtained in the past processing, the latest heart rate HR
obtained in step S1, and HR -, from the storage unit 14, and
calculates the average value HR,,,,.,, of the heart rates HR
equal to or lower than HP ., (step S31A). In this step, it is
possible to use all the past heart rates HR, or use a prede-
termined number of past heart rates HR in order from the
newest one. Subsequently, the residual anaerobic work
capacity calculator 13 A reads out the values of K, HR -, and
“(HR,-HRp)t,,,,” and equation (9) or (12) from the stor-
age unit 14, calculates the residual anaerobic work capacity
ratio F(t) by calculating equation (9) or (12) by using the
value of HR,,. .., calculated in step S31A, and stores the
residual anaerobic work capacity ratio F(t) in the storage
unit 14 (step S32A).

[0065] The residual anaerobic work capacity ratio data
148 stored in the storage unit 14 can be, for example,
transmitted to an external device by wireless or wired
communication, and can also be displayed on the screen of
adisplay device (not shown) included in the residual anaero-
bic work capacity calculating apparatus 1A.

[0066] Like the residual anaerobic work capacity calcu-
lating apparatus 1 shown in FIG. 1, the residual anaerobic
work capacity calculating apparatus 1A shown in FIG. 4 can
estimate the residual anaerobic work capacity based on the
measured heart rate.

[0067] Also, the residual anaerobic work capacity calcu-
lating apparatus 1A calculates the residual anaerobic work
capacity ratio F(t) by using a numerical formula (equation
(9) or (12)) standardized by the anaerobic work capacity W,.
Accordingly, the residual anaerobic work capacity can be
estimated without converting the heart rate into the power.
[0068] Furthermore, the values of various parameters such
as K, HRp, and “(HR ~HRp)t ;;,, to be stored in the
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storage unit 14 in advance can be obtained by measuring the
heart rate without using any power meter. This makes it
possible to calculate the residual anaerobic work capacity
with a lower cost.

Third Embodiment

[0069] A residual anaerobic work capacity calculating
apparatus 1B shown in FIG. 7 differs from the residual
anaerobic work capacity calculating apparatus 1A shown in
FIG. 4 in that the residual anaerobic work capacity calcu-
lating apparatus 1B calculates a residual anaerobic work
capacity ratio based on a difference equation. More specifi-
cally, the residual anaerobic work capacity calculating appa-
ratus 1B includes an arithmetic unit 11B including a residual
anaerobic work capacity calculator 13B for calculating the
residual anaerobic work capacity ratio based on a difference
equation.

[0070] There are equations (14) and (15) as other approxi-
mations for estimating the residual anaerobic work capacity.
Equation (14) is an approximation when P>CP, and equation
(15) is an approximation when CP>P.

W p—cP+K[1- 2 a9
7——(— )+ (—WO) cp
dwr We (15)
T K-l

[0071] Equations (14) and (15) represent the relationship

between the residual anaerobic work capacity and the power.
The first term on the right side of equation (14) represents a
used anaerobic work amount, and the second term represents
the recovery amount of an anaerobic work capacity W,
[0072] Equations (16) and (17) can be obtained by stan-
dardizing equations (14) and (15) representing the relation-
ship between the residual anaerobic work capacity and the
power by using the anaerobic work capacity W,. Equation
(16) is an equation when P>CP, and equation (17) is an
equation when CP>P.

d/Wry (P-CP) W1\ Dep (16)
dwl=—w K-
d Wi W\ Dep an
)= K- b

[0073] Letting F be the ratio (the residual anaerobic work

capacity ratio) of a residual anaerobic work capacity W' to
the anaerobic work capacity W, equations (16) and (17) can
be represented by equations (18) and (19), respectively.
Equation (18) is an equation when P>CP, and equation (19)
is an equation when CP>P.

d,. (HR - HRcp) HRcp = HRecovery (18)
"= R =Rt N R = TR i
d HRcp — HRyecovery (19
& =K R TR ey i
[0074] Furthermore, equations (20) and (21) are obtained

by representing equations (18) and (19) by difference equa-
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tions. Equation (20) is an equation when P>CP, and equation
(21) is an equation when CP>P.

F, = 20
(HR - HRcp) HRcp — HRyoovery

Fn,l - - . — e -
(HR,, = HRcp)ty, i (HR,, = HRcp)by fim

Ar+K(1-F,_)
HRCP - HRrecovery (21)

Fo=Fog +K(1 = Fpoy) mom—o——
(HRy = HR cp)ty im

[0075] In equations (20) and (21), data of a constant K,
HRp, and “(HR ,-HR )t ;... are obtained beforehand and
stored as relation data 149 in a storage unit 14 together with
equations (20) and (21), in the same manner as in the second
embodiment.

[0076] Also, when using equation (11), equation (18) can
be represented by equations (22) and (23), in the same
manner as in the second embodiment. Equation (22) is an
equation when P>CP, and equation (23) is an equation when
CP>P. In addition, “At” is a data interval. Instead of equa-
tions (20) and (21), equations (22) and (23) can be prestored
as the relation data 149 in the storage unit 14.

HR - HR 22
F,=F_ - #A[+ @2)
m:,’ﬂAlim
2 (HR, - HRcp)
m=0
K(l _ anl) HRCP - Hercovzry
—n_lim
m=
% (HR,—HRcp)
m=0
HRcp — HR, 23
Fo=F, +K(1_F,H)wm (3
m=ty fip! A
(HR,, — HRcp)
m=0
[0077] Like the residual anaerobic work capacity calcu-

lating apparatus 1A shown in FIG. 4, the residual anaerobic
work capacity calculator 13B obtains data 147 of HR,, ,,.,,,
by calculating the average value of heart rates HR equal to
or lower than HR ..

[0078] The residual anaerobic work capacity calculator
13B calculates a residual anaerobic work capacity ratio Fn
by calculating equation (17) or (18) by using the values of
K, HRp, “(HR,-HR -p)t 1, stored in the storage unit 14
and the calculated value of HR,.,,.,,. and stores the cal-
culated residual anaerobic work capacity ratio Fn as data
150 of the residual anaerobic work capacity ratio in the
storage unit 14.

[0079] The procedure of the residual anaerobic work
capacity calculating process performed by the residual
anaerobic work capacity calculating apparatus 1B shown in
FIG. 7 will be explained below with reference to FIG. 8.
[0080] In the residual anaerobic work capacity calculating
apparatus 1B, as in the residual anaerobic work capacity
calculating apparatus 1 shown in FIG. 1, a heart rate
obtaining unit 10 first obtains the measured value of the
heart rate from, for example, a heart rate monitor 2, and
stores the value (heart rate HR) in the storage unit 14 (step
S1). Then, the residual anaerobic work capacity calculator
13B calculates the residual anaerobic work capacity ratio Fn
based on the heart rate HR obtained in step S1 (step S3B).



US 2019/0231278 Al

[0081] More specifically, as shown in FIG. 9, like the
residual anaerobic work capacity calculator 13A, the
residual anaerobic work capacity calculator 13B first calcu-
lates HR ..., based on a past heart rate HR, the latest heart
rate HR, and HR . (step S31A). Then, the residual anaero-
bic work capacity calculator 13B reads out the values of K,
HRp, and “(HR,-HR ) t,;;,,”” and one of equations (20) to
(23) from the storage unit 14, calculates the residual anaero-
bic work capacity ratio Fn by calculating one of equations
(20) to (23) by using the valve of HR .., calculated in
step S31A, and stores the calculated residual anaerobic work
capacity ratio Fn in the storage unit 14 (step S32B).

[0082] The data 150 of the residual anaerobic work capac-
ity ratio Fn stored in the storage unit 14 can be, for example,
transmitted to an external device by wireless or wired
communication, and can also be displayed on the screen of
a display device (not shown) included in the residual anaero-
bic work capacity calculating apparatus 1B.

[0083] As described above, like the residual anaerobic
work capacity calculating apparatus 1A shown in FIG. 4, the
residual anaerobic work capacity calculating apparatus 1B
shown in FIG. 7 calculates the residual anaerobic work
capacity ratio Fn by using the numerical formula (one of
equations (20) to (23)) standardized by the anaerobic work
capacity W,,. Therefore, various parameters to be stored in
the storage unit 14 in advance can be obtained by measuring
the heart rate without using any power meter, so the residual
anaerobic work capacity can be calculated with a lower cost.

[0084] In addition, the residual anaerobic work capacity
calculating apparatus 1B uses the difference equation (one of
equations (20) to (23)) as a numerical formula for calculat-
ing the residual anaerobic work capacity ratio Fn. This
facilitates installing a program for calculating the residual
anaerobic work capacity in the product.

[0085]

[0086] The functional units of the residual anaerobic work
capacity calculating apparatus 1, 1A, or 1B shown in FIG.
1, 4, or 7 are implemented by the cooperation of software
loaded into a computer and the hardware resources of the
computer. As the computer, a portable terminal such as a
smartphone can be used.

[0087] FIG. 10 shows the main hardware configuration of
the computer. A computer 3 includes an MPU (Micro-
Processing Unit) 31, a ROM (Read Only Memory) 32, a
RAM (Random Access Memory) 33, an input/output inter-
face (I/F) 34, a communication circuit 35, a display 36, and
an input device 37. These devices are connected via a bus 38.

[0088] The MPU 31 is a processor for controlling the
operation of the whole computer 3. A CPU (Central Pro-
cessing Unit) can also be used in place of the MPU 31.

[0089] The ROM 32 is a memory for storing an operating
system, a control program to be executed by the computer 3,
and various kinds of data. The control program includes a
residual anaerobic work capacity calculation program for
implementing the functional units of the residual anaerobic
work capacity calculating apparatus 1, 1A, or 1B. When
implementing the functional units of the residual anaerobic
work capacity calculating apparatus 1 shown in FIG. 1, the
ROM 32 stores the data 141 to 145. When implementing the
functional units of the residual anaerobic work capacity
calculating apparatus 1A shown in FIG. 4, the ROM 32
stores the data 141 and 146 to 148. When implementing the
functional units of the residual anaerobic work capacity

<<Hardware Configuration>>
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calculating apparatus 1B shown in FIG. 7, the ROM 32
stores the data 141, 147, 149, and 150.

[0090] The RAM 33 is a memory to be used as a work area
of the MPU 31, and temporarily stores various kinds of data
required to execute programs. When executing the residual
anaerobic work capacity calculation program, the RAM 33
temporarily stores values obtained during the calculation of
the residual anaerobic work capacity W'bal or the residual
anaerobic work capacity ratios F(t) and Fn. When imple-
menting the functional units of the residual anaerobic work
capacity calculating apparatus 1 shown in FIG. 1, the RAM
33 stores the heart rate HR, the power P, the anaerobic work
amount W'z, the average value P, of power, the differ-
ence D, between the average value P, of power and the
critical power CP, the time constant t, and the residual
anaerobic work capacity W'bal. When implementing the
functional units of the residual anaerobic work capacity
calculating apparatus 1A shown in FIG. 4, the RAM 33
stores the heart rate HR, the average value HR, ..., of the
heart rate HR, and the residual anaerobic work capacity ratio
F(t). When implementing the functional units of the residual
anaerobic work capacity calculating apparatus 1B shown in
FIG. 7, the RAM 33 stores the heart rate HR, the average
value HR,, ., oOf the heart rate HR, and the residual
anaerobic work capacity ratio Fn.

[0091] The input/output interface 34 is an interface for
connecting a peripheral device to the computer 3, and is used
to connect, for example, the heart rate monitor 2 to the
computer 3 by wired connection. The communication circuit
35 is a device for exchanging data. The display 36 is formed
by a touch panel or the like, and the input device 37 is
formed by operation buttons or the like.

[0092] The MPU 31 implements the functional units of the
residual anaerobic work capacity calculating apparatus 1,
1A, or 1B by reading out the residual anaerobic work
capacity calculation program from the ROM 32, and con-
trolling each unit of the computer 3 by operating in accor-
dance with the program.

[0093] The invention made by the present inventors has
been explained in detail above based on the embodiments,
but the present invention is not limited to these embodi-
ments, and various changes can of course be made without
departing from the spirit and scope of the invention.
[0094] In each of the above embodiments, a case in which
the process of calculating the residual anaerobic work capac-
ity is implemented by program processing performed by the
MPU or the like has been explained as an example. How-
ever, a dedicated hardware circuit may also implement a part
or the whole of the above processing. For example, it is also
possible to discretely configure the heart rate obtaining unit
10, power calculator 12, and the residual anaerobic work
capacity calculator 13, 13 A, or 13B by using programmable
controllers. Also, each of the residual anaerobic work capac-
ity calculating apparatuses 1, 1A, and 1B has been explained
as a device different from the heart rate monitor 2, but the
residual anaerobic work capacity calculating apparatus may
also incorporate the heart rate monitor 2. In this case, the
heart rate monitor 2 configures the heart rate obtaining unit
10.

INDUSTRIAL APPLICABILITY

[0095] The residual anaerobic work capacity calculating
method and apparatus according to the present invention are
widely applicable to techniques for obtaining and managing
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human biological information in not only bicycle racing but
also general sports of performing anaerobic work.

EXPLANATION OF THE REFERENCE
NUMERALS AND SIGNS

[0096] 1. 1A, 1B ... residual anaerobic work capacity
calculating apparatus, 2 . . . heart rate monitor, 10 . . .
heart rate obtaining unit, 11, 11A, 11B . . . arithmetic
unit, 12 . . . power calculator, 13, 13A, 13B . . . residual
anaerobic work capacity calculator, 14 . . . storage unit,
141 . . . heart rate data, 142, 144, 146, 149 . . . relation
data, 143 . . . power data, 145 . . . residual anaerobic
work capacity data, 147 . . . HR ~data, 148, 150

recovery

.. . residual anaerobic work capacity ratio data

1. A residual anaerobic work capacity calculating method
comprising:

a step of causing a processor to obtain a heart rate; and

a step of causing the processor to calculate a residual
anaerobic work capacity based on the obtained heart
rate and a relationship between the residual anaerobic
work capacity and the heart rate.

2. The residual anaerobic work capacity calculating
method according to claim 1, wherein the step of causing the
processor to calculate a residual anaerobic work capacity
includes:

a step of causing the processor to calculate power based
on the obtained heart rate and a first relation indicating
arelationship between the heart rate and the power; and

a step of causing the processor to calculate the residual
anaerobic work capacity based on the calculated power
and a second relation indicating a relationship between
the residual anaerobic work capacity and the power.

3. The residual anaerobic work capacity calculating
method according to claim 1, wherein the step of causing the
processor to calculate a residual anaerobic work capacity
includes a step of causing the processor to calculate a ratio
of the residual anaerobic work capacity to an anaerobic work
capacity based on a relation in which a relationship between
the residual anaerobic work capacity and the power is
standardized by the anaerobic work capacity, and the
obtained heart rate.

4. The residual anaerobic work capacity calculating
method according to claim 2, wherein, letting W'bal be the
residual anaerobic work capacity, W', be an anaerobic work
capacity, t and u be time, t be a time constant according to
recovery of the anaerobic work capacity W,, W', be a
consumed anaerobic work amount, P be power, CP be
critical power, and P, be an average value of the power
when the power is not more than the critical power, the
second relation includes equations (A), (B), (C), and (D):

-u (A)
Wbal=Wy - | Wgxpe T du
0
P-CP (P>CP) (B)
Wivp =
BP9 (P=CP)
7 = 546exp(—0.01D¢p) + 316 (®)]
Dcp =CP =Py, D)

5. The residual anaerobic work capacity calculating
method according to claim 3, wherein, letting F be the ratio

Aug. 1,2019

of the residual anaerobic work capacity to the anaerobic
work capacity, t and u (u<t) be time, At be a data interval,
K be a coeflicient according to recovery of an anaerobic
work capacity W,, HR» be the heart rate when power is
critical power, HR,, ... be an average value of the heart
rate when the power is not more than the critical power, HR ,
be the heart rate when a person exercises at a constant
exercise intensity not less than HR ., and t ;,,, be a maxi-
mum duration when a person exercises at the constant
exercise intensity, the relation is represented by one of
equations (E) and (E'):

RURcp-HRrecovery) E)
Fio)= 1= (1= F(u))e FRn=FRCPYy

_ KR cp—HRrecovery) (. E)

=ty fiyl AT
F)= 1= (1= F))eZnt ™" Ru=HRCp)

6. The residual anaerobic work capacity calculating
method according to claim 3, wherein, letting F be the ratio
of the residual anaerobic work capacity to the anaerobic
work capacity, t and u (u<t) be time, At be a data interval,
K be a coeflicient according to recovery of an anaerobic
work capacity W, HR -, be the heart rate when power is
critical power, HR,..,,.,, be an average value of the heart
rate when the power is not more than the critical power, HR,
be the heart rate when a person exercises at a constant
exercise intensity not less than HR 5, and t,;;,, be a maxi-
mum duration when a person exercises at the constant
exercise intensity, the relation is represented by one of
equations (F) and (G) when P>CP, and represented by one
of equations (H) and (I) when CP>P:

F,= ®
HR - HR, HR:p — HR,
- ( cp) MK =Fo ) P recovery
(HR,, — HRcP)b, tim (HRy, — HRcp)ty lim
HR — HR¢p) G
Fn:Fn,l—(—CP‘AH ©
m=ty fim! At
(HR, — HRcp)
=0

HRcp = HRyecovery

K(1=Fpy) Az
m=ty fiml B
(HRy, — HRcp)
m=0
HRCP - HRrecovery (H)
Fo=Fo +K(l-Fp))
n= e K P R R e,
HRcp — HR, [
F,=F,, +K(1_le)wm, M
M=ty fim! B
(HR, — HRcp)

m=0

7. A residual anaerobic work capacity calculating appa-
ratus comprising:

a heart rate obtaining unit configured to obtain a heart
rate; and

an arithmetic unit configured to calculate a residual
anaerobic work capacity based on a relationship
between the residual anaerobic work capacity and the
heart rate, and the heart rate obtained by the heart rate
obtaining unit.
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8. The residual anaerobic work capacity calculating appa-
ratus according to claim 7, wherein the arithmetic unit
includes:

apower calculator configured to calculate power based on

a first relation indicating a relationship between the
heart rate and the power, and the heart rate obtained by
the heart rate obtaining unit; and

a residual anaerobic work capacity calculator configured

to calculate the residual anaerobic work capacity based
on a second relation indicating a relationship between
the power and the residual anaerobic work capacity,
and the power calculated by the power calculator.

9. The residual anaerobic work capacity calculating appa-
ratus according to claim 7, wherein the arithmetic unit
includes a residual anaerobic work capacity calculator con-
figured to calculate a ratio of the residual anaerobic work
capacity to an anaerobic work capacity based on a relation
in which a relationship between the residual anaerobic work
capacity and the power is standardized by the anaerobic
work capacity, and the heart rate obtained by the heart rate
obtaining unit.

10. The residual anaerobic work capacity calculating
apparatus according to claim 8, wherein, letting W'bal be the
residual anaerobic work capacity, W', be an anaerobic work
capacity, t and u be time, t be a time constant according to
recovery of the anaerobic work capacity W,, W', be a
consumed anaerobic work amount, P be power, CP be
critical power, and P, . be an average value of the power
when the power is not more than the critical power, the
second relation includes equations (A), (B), (C), and (D):

= (A)
W'bal = W, - fWéXPe T du
0
/ P-CP (P>CP) (B)
Wexp = 0
(P=<CP)
7 = 546exp(—0.01D¢p) + 316 ©
Dep = CP Pryy. ©)

11. The residual anaerobic work capacity calculating
apparatus according to claim 9, wherein, letting F be the
ratio of the residual anaerobic work capacity to the anaero-
bic work capacity, t and u (u<t) be time, At be a data interval,
K be a coeflicient according to recovery of an anaerobic
work capacity W,, HRp be the heart rate when power is
critical power, HR _ ... be an average value of the heart
rate when the power is not more than the critical power, HR
be the heart rate when a person exercises at a constant
exercise intensity not less than HR p, and t ;,,, be a maxi-
mum duration when a person exercises at the constant
exercise intensity, the relation is represented by one of
equations (E) and (E'):

KURcp=tiRrecovery) E)

F()=1=(L=F(@u)e HRn-HRCPYn fim

KRy Hpeconery) ®)

m=ty fim! AL,
Fy=1-(-Fupeino " HRaHRcp)

12. The residual anaerobic work capacity calculating
apparatus according to claim 9, wherein, letting F be the
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ratio of the residual anaerobic work capacity to the anaero-
bic work capacity, t and u (u<t) be time, At be a data interval,
K be a coeflicient according to recovery of an anaerobic
work capacity W, HR ., be the heart rate when power is
critical power, HR,..,,.,,. be an average value of the heart
rate when the power is not more than the critical power, HR,
be the heart rate when a person exercises at a constant
exercise intensity not less than HR -, and t ;. be a maxi-
mum duration when a person exercises at the constant
exercise intensity, the relation is represented by one of
equations (F) and (G) when P>CP, and represented by one
of equations (H) and (I) when CP>P:

Fp= ®
HR - HR HR:p - HR,
Fo- ( cp) MK =Fo ) P recovery
(HRy, — HRcP)b (im (HRy — HRcP)ty lim
HR — HRcp) G
Fn:Fn,l—(—CP‘AH ©
m:tn l"m/AI
(HR, — HRcp)
=0

HRcp = HRyecovery

K(l1-F,_1) Ar
m=ty ol At
(HR,, — HRcp)
m=0
HRCP - HRrecovery (H)
Fo=F +K1-Fp)—————
R T
HRcp — HR, [
Fo=Fo +K(1_le)wml M
m=ty (il At
(HR, — HRcp)

m=0

13. A residual anaerobic work capacity calculating appa-
ratus comprising:
a memory configured to store a relationship between a
residual anaerobic work capacity and a heart rate; and
a processor configured to obtain a heart rate, and calculate
the residual anaerobic work capacity based on the
obtained heart rate and the relationship stored in the
memory.
14. The residual anaerobic work capacity calculating
apparatus according to claim 13, wherein
the memory is configured to store a first relation indicat-
ing a relationship between the heart rate and the power,
and a second relation indicating a relationship between
the power and the residual anaerobic work capacity,
and
the processor is configured to calculate the power based
on the obtained heart rate and the first relation stored in
the memory, and calculate the residual anaerobic work
capacity based on the calculated power and the second
relation stored in the memory.
15. The residual anaerobic work capacity calculating
apparatus according to claim 13, wherein
the memory is configured to store a relation in which a
relationship between the residual anaerobic work
capacity and power is standardized by an anaerobic
work capacity, and
the processor is configured to calculate a ratio of the
residual anaerobic work capacity to the anaerobic work
capacity based on the obtained heart rate and the
relation stored in the memory.

I S S T
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