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(57) Objective
T
To provide a cycle and frequency measurement de- sensohuNr | %

vice that can perform appropriate window determination
by making the window follow the changes even when
pulse rate or pitch changes greatly.

Means of solving the problem

In adevice for measuring pulse rats, first, the upper
margin of the window for the measursment rasult is et
20% larger than the previous measurement value and
the lower margin is set 20% smaller than the previous
measurement value. Subsaquentty, when body move-
ments become larger, for the following 4 seconds, the
upper margin is widened by 80% from the previous
measurement valua and the lower margin is narrowsd
by 10%. From then on, tha upper margin is narrowed to
+60%, +40%, and +20%. Note that if body movements
become smaller, the upper margin is widened by 10%
from the pravious measurement value while the fower
margin is set at -60% of the previous measuremnent val-
ue.
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Description

The invention relates to a peried and trequency measuresment device usad for determining pulse rate and pitch
based on pulse signals and body movemnent signals detected by sensor means. More spacifically, the invention relates
1o a technology for optimising the window for pulse rate and pitch.

When pulse waves and body movements are measured using sensors, and pulse rate and pitch are determined
based on the measurament results, errors that occurred during the measurament may produce abnormal values for
the pulse rate and pitch. Inclusion of these erroneous values in the determination of the subject’s condition will lead to
the wrong result. Therefore, this kind of measurement device uses as the reference value, the previously taken meas-
urement value or the average of several measurement valuas taken immaediately before as disclased in Japanese
patent publication No. 83-34731, multiplies this reference value by cartain coefficients to set an upper and a lower
margin, and determines whether or not the current measurement valus is normal based on whaether or not it is within
tha range {window) defined by these upper and lower margins.

However, a problem exists if a window is set up by merely multiplying the previous meaasurement (reference value}
by cenain coefficients to obtain an upper and & lower margin, as in conventional methods. That is, normal value can
be differentiated from an abnormal value fairly accurately if changes in body movement are small, such as when the
subjectis at rast. Howevar, becauss the pulse rale changes dramatically at the beginning of exercise, window correction
cannct keep up with this degres of change. For example, in Fig. 18, the horizontal and vertical axes show elapsed time
and pulse rate, respactively, and the change in pulse rate over time, betore and after exarcise, is plotted as polygonal
line P. In this fig., window carrection can keep up with the pulse rate change befors the start of exercise {befora time
1), but cannot keep up with the changes immediately after the start of exercise (immediately after time 11) due to the
significant increase in pulse rate. Consequantly, even if the measurement taken at this time is normal, it will be elimi-
nated as being abnormal. As a resull, such a value will not be displayed and window corraction can never occur as
long as such a value is judged to be abnormal,

Converssly, widening the window too far in an attempt to improve response to changes In pulse rate will defeat
the ariginal purpose of eliminating abnormal values.

These problems are also encountered by devicaes that measure running pitch which exhibits the same changes
as pulse rate.

The object of this invention is to solve the above-mentioned problems and provide a cycls frequency measurement
device that produces an appropriate window by making the window follow the changes even if pulse rate and piich
change dramatically.

In order to solve the above-mentioned problems, the present invention pravides a cycle and frequency measure-
ment device characterised by comprising; a sensor means for measuring pulse waves and body movements; a window
determination means for sefting a reference value based on the measurements previcusly taken by said sensor means
and for determining whether or not the current measurement value taken by said sensor means falls within the window
defined by the upper and lower margins retative to said reference value; and a window correction means that corrects
the window to ba used for the next measurement value to be faken by said sensor means, by applying a specified
correction to the current measurement value if the determination rasult of said window determination means indicates
that said current measurement value taken by said sensor means falls outside the current window.

The measwrement previously taken by said sensor means may be the pravious measurament value itself or multiple
measurement values taken including the previcus measuremsnt value.

In other words, the cycle and frequency measursment device according to the invention solves the above-men-
tioned problems by changing the reference value of the window when the cycle and frequancy signals of pulse waves
and body movement fall outside the specified range (window), and instead of eliminating and ignoring rapid changes
in cycle and frequency of pulse waves and body movement as abnormal signals, corrects the window based on the
measurement value. Therefore, appropriate window determination can be made because the window follows large
changes in pulse waves and body movermnent.

In this invention, said window correction means is preferably configurad such that it increments the current meas-
urement value and uses the rosult as a new reference value if the determination result of said window determination
means indicates that the current measurement value exceeds the upper margin of said window; and such that it dec-
rements the currert measurement value and uses the resull as a new reference value it the determination result of
said window detarmination means indicates that the current measurement value falls below the lower margin of said
window.

With such a configuration, if rapid changes occcur in the cycle and fraquency of the signal, the next measurement
wili be taken after the window comraction means shifts the window based on the degrese to which the signa! deviates
from the window (e.g., over the upper margin or below the lower margin). Therefore, even it cycle and frequency change
dramatically, the excellent follow-up characteristic of the window allows the window to be correctly determined.

The invention may comprise a calculation means that calculates status values such as pulse rale and pitch based
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on the current measurement values if the determination result of said window determination means indicates thal said
current measurement values taken by sald means 1all within the window, and that calculates status values such as
pulse rate and pitch based on the reference values generated {rom sald measurernent values by said window correction
means if the determination result of sald window detarmination means Indicated that said current measuremert values
taken by said sensor means fall outside the window; and a display means that displays status values such as pulse
rate and pitch calculated by said calculation means.

Here, said upper and lowser margins may be st to be equal, in which case said reference value becomes the
centre value of the window.

The cycle and frequency measurement device according to another smbodiment of the invention is characterised
by comprising; a body movement detection sensor means for sensing body movement; a pulse wave detection sensor
means for sensing pulse waves; a window determination means that sets a referance value based on the measuremsnts
taken previously by one of said pulsa wave detection sensor means or said body movement detecticn sensor means
and that determines whether or not the current measurement value taken by one of said sensor means falls within the
window defined by the upper and lower margins relative to said referance valus; a change monitoring means for mon-
itoring the change in the measurement value taken by the other sensor means; and a window corraction means that
corrects the window to be used for the current measurement value or the next measurement value to be taken by one
of said sensor means, based on the monitoring result of said change monitoring means.

The measurement taken proviously may be the previous measurement value itself or multiple measurement values
taken Including the previous measurerment value. In other words, this embodiment is characterised in that window
correction is performed based on the measursment value taken by another sensor means.

Here, when said pulse wave dstection sensor means is used as said one of said sensor means, the cycle and
frequency measurement device is configured as a pulse rateer; and in such a configuration, saki other senser means
is said body movement detection sensor means, and said change monitoring means is a body movernent change
menitaring means that monitors hody movement changes based on the measurement values taken by said body mova-
mant datection sensor means. If the configuration is reversed as will be described below, the cycle and fraquency
measuremant device is configured as a pitch counter.

In this invention, said window correction means can be configured such that it corrects the window for the next
measurement value to be taken by said pulse wave detection sensor means, by adjusting the current measurement
value taken by said pulse wave detection sensor means in a sense corrasponding to an increase in pulse rate and
using the result as a new reference value if the dalenmination result of said window dstermination means indicatss that
the current measurement value taken by sald pulse wave detection sensor means falls outside the window and if the
monitoring result of said boy movement change menitoring means shows that body movement has increased; and by
adjusting the current measurement value taken by said pulse wave detection senser means in a sense corresponding
to & decrease in puise rate and using tha result as a new reference vaius if the determination result of said window
detarmination means indicates that the current measurement value taken by said pulse wave datection sensor means
{alls outside the window and if the monitaring result of said body movemen! change menitoring means shows that body
movement has decreased.

With such a configuration, the diraction and magnitude of window refersnce value corraction can be optimised by
forecasting a rising or falling pulse rate trend based on body movement changes. Therefore, even at the startand finish
of a run, or during a significant pitch change when pulse rate changes are temporarily large, the window can be ap-
propriately corrected to follow those changes.

Furthermare, the invention may comprise a pulse rate calkulation means that calculates pulse rate based on the
current measurement value if the determination result of said window determination means indicates that said current
measurement value taken by said pulse wave detection sensor means falls within the window, and that calculates
pulse rate based on the reterence value generaled from said measurement values by said window carrection means
if the determination result of said window detarmination means indicates that said current measuremant valus taken
by said pulse wave detection sensor means falls outside the window, and a display means that displays the pulse rate
calculated by said pulse rate calculation means.

In this invention, said window correction means is preferably configured such that it makes corrections to the
current measurement value taken by said pulse wave detection sensor means based on the rate of change of the
amount of body movement. determined based on the moniloring result of said body movement change monitoring
means.

Here again, said upper and lower margins may be set 1o be equal, in which case said reference value becomes
the centre value of tha window,

In this invention, ancther window correction means can be ¢onfigured such that it corrects the window 1o be used
for the current measurement value or the next measurement value to be taken by said pulse wave detection sensor
means, by performing the first correction, i.e., widening a first margin corresponding to increased pulse rate, if the
monitoring result of said bedy movement change menitoring means indicates increased body movement, and by per-
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forming a second comeaction, i.6, widening a secand margin corrasponding to decreased pulsa rate, if the monitoring
rasult of said body movement changs monitoring means indicates decreased body movement.

With such a configuration, even when pulse rete changes drastically, window correction can sufficiently keep up
with those changes becauss, by matching the body movement changes and pulse changes in an actual pattern, the
uppermargin of the window for pulse rate is widened as the first comection, when increased body movementis expected
1o accelerate the puise; and the lower margin of the window for pulse rate is widened as the second correction, when
decreased body movemant is expecied 1o decelerate the pulse. Therefore, the window can be appropriately deter-
mined.

In this case, said window correction means preferably makes said first margin wider in the first correction, imme-
diately after the body movement increases, and subsequently narrows said first margin as time passes. Advantageous-
ly, the first margin can be retumed to the pra-correction state as time passes.

Furthermors, said window correction means is preferably configured such that it narrows said second margin in
the first correction, immediately after body movermnent increases; and narrows said first margin in the second correction,
immediately after body movement decreases.

Additionally, said window correction means is preferably configured such that it performe thae first comrection if the
maonitoring result of said body movement change monitoring means indicates increased body movement and if the
previous or the current measurement value taken by said pulse wave detection sensor means corresponds (0 a pulse
rate bolow a specified value, and performs the second carrection it the monitoring result of said body movement change
moniicring means indicates decreased body movement and if the previous or the current measurement value taken
by said pulse wavs detsction sensor means corresponds 1o a pulse rata above a specified valua.

1t the configuration of the invention is reversed such that said one of said sensor means is said body movement
detection sensor means, the cycle and frequency measurement device is configured as a pitch counter. In this case,
said other sensor means is said pulse wave detection sensor means, and said change monitoring means is a pulse
change moenitoring means that monilors pulse changes based on the measurement values taken by said pulse wave
datection sensor maans,

tn this case again, said window correction means can be configurad such that it corrects the window for the next
measurement value tobe taken by said body movement deteclion sensor means, by adjusting the current measurement
vaiue taken by said body movement datection sensor means in a sense corresponding to an increass in body movement
and using the result as a new refarence value if the detemination result of said window deterrnination rmeans indicates
that the current measurement value taken by said body movement delection sensor means falls outside the window
and if the monitoring result of said pulse change monitoring means shows that the pulse has accelsrated; and by
adjusting the current measurement value taken by said body movement detection sensor means in a sense corre-
sponding to a decrease in body movemant and using the result as a new reference valug if the determination result of
said window determination means indicates that the current measurement value taken by said body movemant detec-
tion sensor means falls outside the window and if the monitoring result by said pulse change monitoring means shows
that the pulse has decelaratad.

With such a configuration, the direction and magnitude of window reterence value correction ¢an be optimised by
forecasting a rising or falling pitch trend based on pulse changes. Therelore, even at the start and finish of a run, or
when pitch count changes are temporarily large, the window can be appropriately corrected 1o tollow those changes.

Furthermore, the invention preferably comprises a pitch calculation means that calculatas pitch based on the cur-
rent measurement value if the determination result of said window datermination means indicates that said current
measurement value taken by said body movement detection sensor means falls within the window, and that calculates
pitch based on the reference value generated from said measuresment value by said window correction means if said
current measurement value taken by said body movement detection sensor means falls outside the window; and a
display means that displays the pitch calculated by said pitch calculation means.

Said window correction means is prefarably configured such that it makes corrections to the current measurement
valua taken by said body movement detection sensor means based on the rate of change of the pulse rate, determined
based on the monitoring result of said pulse change monitoring means,

In this case again, said upper and lower margins may be set to be equal, in which case said reference valus
becomes the centre vaiue of the window.

in this invention, another window correction means can be configured such that it corrects the window to be used
for the current measurement value or the next measurement value to be taken by sald body movement detection sensor
means, by performing the first correction, i.e., widening a first margin corresponding to increased body rmovement, if
the monttoring result of said pulse wave change monitoring means indicates a faster pulse rate, and by perlorming the
sacond correction, i.e., widening a second margin corresponding to decreased bady movement, if the monitoring result
of said pulse wave change monitoring means indicates a slower pulse rate.

With such a configuration, sven when pitch changes drastically, window comection can sufficiently keep up with
those changes because, by matching tha body movement and pulse rate changes of an actual pattarn, the uppar
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margin of the window for pitch is widened as the first correction when a faster pulse rate is expected to raise the pitch;
and the lower margin of tha window for pitch is widened as the second correction, when a slower pulse rate is expected
1o lower the pitch. Theretore, the window can be appropriately determined.

In this case, said window correction means preferably makes said first margin wider In the first correction, imme-
diately afler the pulse rate accelerates, and subsequently narrows said first margin as time passes. Advantageously,
the first margin is returned to the pre-correction state as time passes.

Furthermare, said window caorrection maans is preferably configured such that it narrows said second margin in
the first correction, immediately after the pulsa rate accelerates; and narrows said first margin, in the second correction,
immediately after the pulse rate decelerates.

Additionally, said window correction means Is preferably configured such that it pedorms the first correction if the
menitoring result of said puise wave change monitoring means indicates a faster pulse rate and it the previous or the
current measurement value taken by said body movement detection sensor means carresponds to a body movemnent
rate below a specified value, and performs the second correction if the monitoring result of said pulse wave change
monitoring means indicates a sfower puise rate and if the previous or the current measurament vaiue taken by said
body movement detection sensor means corresponds 1o a body movement rate above a specified value.

Embaodiments of the invention will now be described by way of example only with reference 1o the accompanying
diagrammatic figures in which,

Figs. 1A and 1B are general views showing the overall configuration and application of the cycle and frequancy
measuremant devica related to embadiment 1 of the invention.

Fig. 2 is a top view of the device main body of the cycle and frequency measurement device shown In Figs. 1.

Fig. 3 is a diagram of the device main body of the cycle and freguency measurement device shown in Figs. 1,
viewed from the 3 o'clock direction of the watch.

Fig. 4 is a cross-section of the sansor unit used in the cycle and frequency measurement device shown in Figs. 1.

Fig. & is a diagram showing the configuration of the sensor and control area of the ¢cycle an frequency measurement
davice related to smbodiment 1 of the invention.

Fig. B is a block diagram showing tha functions of the CPU used in the conlrol area of the cycle and fraquency
measurement device shown in Fig. 5.

Fig. 7 is a flow chart showing the window correction process for pulse rate measurement performed by the cycle
and frequency measurement device shown in Fig. 5.

Fig. 8 is a diagram showing the principle and content of tha window correction performed by the cycle and trequency
measurerment davice shown in Fig. 5.

Fig. 9 is a diagram showing the configuration of the sensor and control area of the cycle and frequency measure-
ment device related to embodiment 2 of the invention,

Fig. 10 Is a block diagram showing the tunctions of the CPU used in the control area of the cycle and trequency
measurernent device shown in Fig. 9.

Figs. 11A and 118 are a flow charl showing the window correction process {or pulse rate measurement padormed
by the cycle and frequency measurement device shown in Fig. 9.

Fig. 12 Is a biock diagram showing the functions of the CPU used in the controf area of the cycle and frequency
measurerent device related to embediment 3 of the invention.

Fig. 13 is a diagram showing the configuration of the sensor and control area of the cycle and frequency meas-
urement davice related to embodiment 4 of the invention.

Fig. 14 is a block diagram showing the functions of the CPU used in the control area of the cycle and frequency
measurement device shown in Fig. 13.

Figs. 15A and 15B are a flow chart showing the window correction process for pulse rate measurement performed
by the cycle and frequency measurement device shown in Fig, 13.

Figs. 16A to 16C are diagrams showing the principla and content of the window correction performed by the cycle
and frequency measurement device shown in Fig. 13,

Fig. 17 is a block diagram showing tha functions of the GPU used in the control area of the eycle and frequency
measurement devica ralated 1o embadiment 5 of the invention.

Fig. 18 is a diagram showing the problems associated with a conventional window correction method.

The first embodiment of the invention is explained with references to drawings.

Embodiment 1

Cverall configuration

Figs. 1 show the configuration of the cycle and fraquency measurement device of the invention.
in Figs. 1A and 1B, the configuration of the cycle and frequency measurement device 1 {portable pulse ratefpulse
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wave measurement device) of the invention primarily comprises device main body 10 possessing a wristwatch struc-
ture, cabla 20 connacted to this device main body 10, and pulse wave detection sensor unit 30 (pulse wave measure-
ment sensor means) installed on the tip of this cable 20. The tip of cable 20 is provided with connector piece 80 which
is detachably attached to connector area 70 provided on the 6 o'clock side of device main body 10. Wristband 12,
which is wrapped around the wrist from the 12 o'clock direction of the wristwatch and fastened in the € o'clock direction,
Is installad In device main body 10; and this wristband 12 allows device main body 10 1o be easily put on or taken off
from the wrist. Pulse wave detection sensor unit 30 is attached to the area bstween the base and the first joint of the
Index fingar and is shielded from light by strap 40. Attaching pulse wave detection sensor unit 30 to the base of a fingar
in this way keeps cable 20 short and prevents it from getting in the way during running. Furthermore, taking into con-
sidaration the temperalture distribution between the pairm and finger tip in cold weather, the ternparature at the finger
tip falls substantially, while the temperature at the base of the finger falls relatively little. Therefore, attaching pulse
wave detection sensor unit 30 at the base of the finger enables pulse rate (status value) to be accurately measured
even during a run oulside on a cold day.

Configuration of the device main body

Fig. 2 is a top view showing the main body of the cycle and frequency measuremaent device of the invention, with
the wristband and cable removed; Fig. 3 is a side view of this cycle and fraquency measurement device, cbtained from
tha 3 o'clock direction.

In Fig. 2, device main body 10 Is provided with plastic watch casa 11 {body case), and tha top gide of this watch
case 11 Is provided with liquid crystal display device 13 (display device) with an electroluminescent (EL) backlight for
displaying running time, pitch during walking, and pulse wave information such as pulse rate, in addition to current
time and date. Liguid crystal display device 13 is provided with first sagment display area 131 positionad on the upper
left side of the display surface, second segment display area 132 positioned on the upper right side of the display
surface, third segment display area 133 positioned on the lower right side of the display surface, and dot display area
134 which can graphically display various types of Information positioned on the lower left sida of the display.

Control area 5, which performs varicus types of control and data processing in order to determine the change in
pulse rate based on the pulse wave signal measured by pulse wava detection sensor unit 30 and to display the result
on liquid ¢rystal display device 13, is provided inside watch case 11. Controi area 5 is also provided with a timing circuit
and thus can display normat time, lap tims, splil time, etc. on liquid crystal display dovice 13.

Button switches 111 through 118, which are used for external operations such as time adjustment and display
mode switching, are provided on the perimeter of watch cass 11. Additionally, larger button switches 116 and 117 are
provided on the surface of the walch case.

Button-shaped small battery 59 contained inside walch case 11 is installed in ¢ycle and frequency measurament
dovice 1, and cable 20 supplies slectrical power from battery 59 to pulse wave detaction sensor unit 30 and at the
same tima inputs the dsatection result of pulse wave detection sensor unit 30 into contral area 5 of watch case 1.

Device main body 10 also contains body movement sensor device 90 (bady movement detaction sansor means)
which uses acceleration sensor 91 to detect body movement as body movement signals.

The size of device main body 10 must be increased as more functions are added to cycle and frequency meas-
urgment device 1. However, device main body 10 cannot be extended in the 6 or 12 o'clock directions of the waich
boecause it must be worn around a wrist. Therefore, device main body 10 uses watch case 11 which is langer in the 3
and 8 o'clock directions than in the 8 and 12 o'clock directions. However, wristband 12 is connected eccentrically toward
the 3 o'clock side, leaving extended area 101 in the 9 o'clock direction, viewed from wristband 12, but no such extended
area in the 3 o'clock direction. Consequently, this structure, despite the use of long watch case 11, allows free wrist
movement and eliminates the possibility of the back of the hand striking watch case 11,

Fla! piszoelectric elsment 58 for a buzzer is positioned in the 9 o'clock direction, viewed from battery 59, inside
watch case 11. Because battery 59 is heavier than piezoelectric elernent 58, the centre of gravity of device main body
10 is positioned eccentrically in the 3 o'clock diraction. Because wristband 12 is connected to the side on which the
centre of gravily is Jocated, device main body 10 can be secursly attached to the wrist, Furthermors, the positioning
of battery 59 and piezoelectric element 58 in the planar direction allows device main body 10 to ba thin; battery cover
118 installed on the back side as shown in Fig. 3 allows the user to easily replace battery 59.

Structure for attaching the device main body to the wrist

in Fig. 3, connecting area 105 for holding stopping pin 121 installed on the end of wristband 12 is formed in the
12 o'clock direction of watch case 11. Receiving area 106 is provided in the & o'clock direction of watch case 11, and
said receiving area 106 is provided with fastener 122 for holding in place the middle point of wristband 12 wound around
the wrist, in the long diraction aof the band.
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Inthe 6 o'clock direction of device main bedy 10, the area from bottom surface 119 to receiving area 106 is formed
as an Intagral part of watch cass 11 and forms rotation stop area 108 which is positioned at approximately 115° from
bottom surface 113. That is, when wristband 12 is used to aftach device main body 10 to top area L1 (sidle of the back
of the hand) of right wrist L (arm), bottorn surface 119 of watch case 11 tightly contacts top area L1 of wrist L while
rotation stop area 108 contacts side area L2 where radius A is located. In this slate, bottom surface 119 of device main
body 10 mora or less straddles radius R and ulna U, while rotation stop area 108 and the area between bent area 109
of bottom surlace 119 and rotation stop area 108 contact radius R. Becausa rotation stop area 108 and bottom surface
118 form an anatomically ideal angle of approximately 115> as explained above, device main body 10 will not tum
around arm L even if an atternpt is made to tum it in the direction of arrows A or B. Furthermore, because the rotation
of device main body 10 is restricied only in two locations on the side of the amrm by bottom surface 119 and rotation
stop area 108, bottomn surface 118 and rotation stop area 108 securely contact the anm even if it is thin, and provide a
saecura rotation stopping eftect and comicrtable fit even if the arm is thick.

Configuration of the pulse wave detection sensor unit

Fig. 4 shows a cross-section of the pulse wave detection sensor unit of this embodiment.

In this fig., component housing space 300 is formed between the casing of pulse wave datection sensor unit 30
and bottom lid 302 on the bottom side of sensor frame 36. Circuit board 35 is positioned inside component housing
space 300. LED 31, phototransistor 32, and other electronic components are mounted on circuit board 35. One end
of cable 20 is fastened to pulse wave detaction sensor unit 30 by bushing 333, and various wires of cable 20 are
soldered to various pattems on circuit board 35. Pulse wave detection sensor unit 30 is attachad to the finger such
that cable 20 is extended from the base of the finger toward device main body 10. Therefore, LED 31 and phototransistor
32 are arranged along the length of tha finger, with LED 31 positioned on the finger 1ip side and phototransistor 32
positioned at the base of the finger. This configuration provides the effect of making it difficult for the ambient light to
reach phototransistor 32,

In pulse wave detection sensor unit 30, a light transmission window is formed by translucent plate 34 which is
made of a glass plate on the upper area of sensor frame 36, and the light-emitting surface and light-receiving surface
of LED 31 and phototransistor 32, raspectively, are orientad toward said translucent plate 34, Because of this config-
uration, when a finger surface is pressed onto extemal surface 341 of translucent plate 34, LED 31 smits light toward
the finger surface and phototransistor 32 can receive part of the light emitted by LED 31 that is reflected by the finger,
Nots that external surface 341 of transiucent plate 34 protrudes farther than surrounding araa 361 in order to improve
its contact with the finger surface.

In this embodiment, an InGaN (indium-gallium-nitrogen) blue LED is used as LED 31, and its emission spectrum
possesses a peak at 450 nm and its emission wavelength ranges from 350 to 800 nm. To match with LED 31 possessing
such characleristics, a GaAsP {gallium-arsenic-phosphorus) phototransistor is used as phototransistor 32, and the
light-receiving wavelength of the element itself ranges from 300 to 600 nm, with some sensitive areas also at or below
300 nm,

When pulse wave detection sensar unit 30 thus configuredis attached to the base of the finger by sensor-fastening
strap 40 and light is emitted from LED 31 toward the finger, the light reaches blood vessels, and part of the light is
absorbed by hasmoglobin in the blood and part of it is reflacted. The light reflected by the finger (blood) is received by
photolransistor 32, and the change in the amount of received light corresponds to the change in the blood volume
(pulse wave in the blood). That is, because the reflected light hecomes weak when tha bloed volums is high and
becomes strong when the blood volume is low, data such as pulse rate can be measured by oplically detecting the
intensity of the reflected light as a pulse wave signal.

This embodiment uses LED 31 with an emission wavelength range of between 350 and 600 nm and phototransistor
32 with a light-receiving wavelongth range of between 300 and 800 nm, and vitat information is displayed based on
the results taken in the overlapping wavelengths of between approximatsly 300 and appreximately 600 nm, i.e., wave-
lengths of approximately 700 nm or shorter. When such pulse wave detection sensor unit 30 is used, even it the ambient
light strikes the exposed part of tha finger, lights with wavelengths of 700 nm or shorter contained in the ambient light
do not use the finger as a light guide to reach phototransistor 32 (light-receiving area). The reason for this is as follows,
Because lights with wavelengths of 700 nm or shorter contained in the ambient light do not easily penetrate the finger,
the ambient light reaching the area of the finger not covered by the sensor fastening strap 40 will not penstrate the
finger to reach phototransistor 32. In contras!, if an LED possessing an emission peak at around 880 nm and a silicon
phototransistor are used, a light-recelving wavelength range of between 350 and 1,200 nm will result. In such a case,
changes in the ambient light level tend to cause measurement errors because pulse waves will be detected using a
light with 1 pm wavelength which can use the finger as a light guide to easily reach phototransistor 32.

Furthermore, hecause pulse wava information is obtained using lights with approximately 700 nm or shorter wave-
lengths, the S/N ratio of the pulse wave signal based on blood volume change is high. The reason for this is as follows.
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The absorption coefficient of haemoglobin in the blood for lights with wavelengths of between 300 and 700 nm is several
times to approximately one hundred or more times larger than the absorption coefficient for a light with wavelength of
800 nm which has besn conventionally used as the detaction light. As a resuft, lights with wavelengths of between 300
and 700 nm change sensitively to bleed volume changes, producing higher pulse wave detection rate (SN ratio) based
on blood volume change.

Configuration of the control area

Fig. 5 shows the configurations of individual senscrs and control area 5. In pulse wave detection sensor unit 30,
the light emitted from LED 31 passes into the body and the reflected light is modulated according o the volume change
in the blocd vessel, and after the resutting optical change is converted to electrical current by phototransister 32, a
voltage output (pulse wave signal) is obtained by a collector resistor R,. Pulse wave signal amplification circuit 511
cormprising three steps, an AC amplifier (A} (step 1}, a low pass filtar (LPF} {step 2), and a Schmilt trigger comparator
(TR} tor square wave conversion (step 3) Is provided after pulse wave detection sensor unit 30, and pulse wave cycle
counter 512 is provided after this amplification circuit. Based on the clock signal from reference clock 5§50, pulse wave
cycle counter 512 measures the time between the edges of square waves that are output from pulse wave signal
amplification circuit 511, and outputs the counter value K to CPU 55A.

CPU 55A also runs based on the clock signal from reference clock 550, performs calculations using RAM 562 as
the oparation memory and based on the program stored in ROM 561, and displays the calculation result (pulse rate}
on liquid crystal display device 13.

Fig. B Is a block diagram showing the functions of CPU 55A. As evident from this fig., the output of pulse wave
detection sensor unit 30 is detected and amplified by pulse wave signal amplification circuit 511, and the cycle is
countaed by pulse wave cycle counter (or pulse wave period counter) 512 which is a cycle counting means. Whether
or not the output of said pulse wave cycle counter 512 falls within the specified window is first judged by window
determination area 5651 (window datermination means) provided in CPU §5A. Hers, the window is definad by certain
upper and lower margins relative to the reference valus determined based on the previcus measurement value. In this
embodiment, the reference value is equivalent to the centre value bacause the upper and lower margins are squal.

If the window determination result indicates that the current output (current measurement value) of pulse wave
cycle counter 512 falls within the window, this value is sent to pulse rate calculation area 554 (pulse rate calculation
means) as is. Pulse rate calculation area 554 converts the cycle that is output by pulse wave cycle counter 512 o
puise rate, and the resulting value Is displayed as a pulse rate on liquid crystal display device 13.

In contrast, if the current output (current measuremert value} of pulse wava cycle counter 5§12 falls outsida the
window, a value that is corrected by window correction area 553A (window comrection means) is sent to pulse rate
calculation area 554. Therefare, pulse rate calculation area 554 converts the output of pulse wave cycle counter 512
that has been correctad by window correction area 553A to pulse rate, and the rasulting value is display as a pulse
rate on liquid crystal display device 13.

Furthammors, i tha current output {currant measurement value) of pulsa wave cycle counter 512 falls outside the
window, the window centre value is corracted by window corraction area 553A, and thus window correction area 5§53A
is in effect correcting the centre value of the window for the next measurement resuft.

The method of processing measurerment results will be explained in detail with reference to the control flow in Fig. 7.

First, S,4 which becomes the centre value of the next window determination is calculated based on counter valua
K felched from pulse wave cycle counter 512 (step ST601). The actual measurement now begins, and after calculating
pulse cycle S by fetching counter valus K of pulse wava cycle counter 512 again (step ST602), window determination
area 551 calculates the lower margin Low which is 20% lower than window determination reference valua S,y and
upper margin High which is 20% higher than reference value S,y (steps ST603 and ST604). Note that because pulse
wave cycle and pulse rate are different in dimension, upper margin High and lower margin Low correspond to the lower
and upper margins of the pulse rate window, respectively.

Naxt, whether ar not the current measursment of cycle S falls within the window defined by lower margin Low and
upper margin High is determined (steps STE0S5 and STE08). These steps are performed by window determination area
551 (window detemmination means).

If pulse wave cycle S is below the window width, a value that is 2% smaller than the window determination reference
value S,y {centre value} is used as the next raference value S,y {step STE07). In contrast, if pulse wave cycle S is
above the window width, a value that is 2% larger than the window determination reference value S, {cenlre value)
is used as the next reference value S, (step STE08).

Window correction area 553A (window correction means) in effect performs window correction for the next meas-
urement value as explained below, because it corrects reference value S,y based on the window determination result
tor the current measurement value as described above.

Next, if cycle S is within the window, this cycle S is assigned to pulse rate calculation variable J as is (step ST609),
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and if cycle S is outside the window, a corrected reference value S, is assigned to pulse rate calculation variable J
(step ST&10). Next, pulse rate calculation variable J Is converted to pulse rate M in step ST611. These steps are
performed by pulse rate caleulation area 554 (pulse rate calculation means).

Next, in step ST612, window correction for the next measurement value is performed by asmgning puisa rate
calculation variable J to reference value S, for the next window determination.

Then in step ST613, an instruction is issued for displaying a pulse rate on liquid crystal display device 13, and
pulse rate M is displayed on liquid crystal display device 13.

The steps so far described constitute one cycle, and the steps baginning with ST602 are repeated for the next
maasurement and display.

Fig. 8 shows an example of measuring pulse rate using such a processing method under a condmon involving
rapid pulse rate changes, such as during exarcisa. In this fig., the horizontal and vertical axes show elapsed time and
pulse rats, respectively. Hers, Mn (where n is an integer} indicates each pulse rate measurament value, which results
when pulse wave cycle Sn obtained by the average pulse rate cycle calculation routine is converted lo pulse rate.

First, reference value S,y {centra value) and the window width (the range indicated by the up and down arrows
in the fig.) are determined by the initial value MO. In Fig. B, cycle Sn and reference value S,y are shown as Mn and
M, after conversion to pulse rates, in order to maintain dimensional consistency.

Next, if measurement value M1 is within the window possessing value M,y as its cenlre, measuremsnt value M1
is displayed as is, and the reference value {window centrs value) for the next window is set based on measurement
value M1, The same steps ara taken for M2 measured subsequently. In this sxample, exercise was started after meas-
urernent value M2 was oblained but before meastrerment value M3 was obtained, resulting in a rapid increase in pulse
rate.

If value M3 measured falls outside the window, reference value M4 of the window is corrected upward, and a
corrected value is displayed. Furthermore, this corrocted valuse is set as the reference value (window centre value) for
the next window. Although measurement values M4, M5, and M6 are also outside the window, reference value M4 of
the window is gradually corrected, and as a result measurement valua M7 talls inside the window. Therefors, unlass
the pulse rate changes abruptly at a later time, the true pulse rate (whera Mn falls inside the window) can be displayed.

Although it is possible that the pulse rate will fluctuate according to a different pattern, normal pulse rate stays
within a certain range, i.9., the lower limit of pulse rate ranges between 30 and 100 puises/minute and the upper limit
betwaen 150 and 240 pulses/minute, and thus window reference value {¢antre value) correction can always keep up
with pulse rate changes, and the pulse rate eventually falls within an appropriate zone. Thersfore, although a reading
containing an error will be temporarily displayed when the pulse rate changes rapidly, the erronecus display is not
locked in and the duration of the erronsous display can be minirnised. In conclusion, In this example, abnormai values
can be eliminated from cycle measurement and at the same time the window can follow rapid changes in measurement
values.

It is of course possible to display *"ERROR" when a measurement value is outside the window, to clearly indicate
that the pulse rate obtained is not true. Furthermore, although pulse rate was obtained in this example, it is possible
1o obtain pitch, in which case a similar process can ba applied to the measurement results of body movement sensor
device 90 instead of pulse wave detection sensor unit 30

Embodiment 2

Because the configuration of the cycle and frequency measurement device in this example is identical to that of
embodiment 1, the same symbols are used to represent the same areas, with their explanations omitted.

Fig. 9 shows the configurations of individual sansars and control area 5 of cycle and frequency measurement
device 1 of this example. In pulse wave detection sensor unit 30, the light emitted from LED 31 passes into the body
and the reflected light is modulated according to the volume change in the blood vessel, and after the resulting optical
change is converted to electrical current by phototransistor 32, a voltage oulput (pulse wave signal) is obtained by a
collector rasistor. Pulse wave signal amplification circuit 511 is provided behind pulse wave detection sansor unit 30,
and pulse wave cycle counter §12 is provided behind this amplification circuit. Based on the clock signal from reference
clock 550, pulse wave cycle counter 512 measures the time between the edges of square waves that are cutput from
pulse wave signal amplification circuit 511, and outputs the counter value K to CPU 35B.

This example is also provided with body movement sensor device 90. Said body movement sensor device 90
comprises a pre-amplifier consisting of acceleration sensor 91 which acts as a body movement sensor, a discharging
resistor, and a FET. Body movement signal amplification circuit 521 comprising an AC amplifier (A;), a low pass filter
{LPF5), and a Schmitt trigger comparater (TR,) for square wave conversion is provided with the output signal of body
movemnent sensor device S0, and body movement cycle counter 522 is provided with the output signal of this ampiifi-
cation circuit. Based on the clock signal from reference clock 550, body movement cycle counter 522 measures the
time between sdges of square waves that are output from body movement signal ampfification circuit 521, and outputs
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the counter value T to CPU 55B.

CPU 558 also runs basad an the clock signal from refersnce clock 550, performs calcutations using RAM 562 as
the operation memory and based on the program stored in ROM 561, and displays the calculation result (pulsa rate)
on liquid crystal display device 13.

Fig. 10 is a block diagram showing the functions of CPU 558. The output of pulse wave datection sensar unit 30
is detected and amplifiad by pulse wave signal amplification circuit 511, and the cycle is counted by pulss wave cycle
counter 512, Whether or not the output of said pulse wave cycle countar 512 falls within the specified window is judged
by window detemmination area 551 provided in CPU 55B. Here, the window is dafined by certain upper and lower
marging relative to the reference value dstemined based on the previous measurement value. In this embodiment,
the reference value is equivalent to the centra value because the upper and lower margins are equal.

If the window determination resuit indicates that the current measurement value falls within the window, this value
is sent to pulse rate calculation area §54 as is. In contrast, if the current output value falls outside the window, the
currant value is corracted by window cerrection area 5538 (window correction means).

Because this configuration is the sama as thal in embodiment 1, detailed explanations will be omitted. The main
charactaristic of this embodiment is the fact that window correction area S53B determines how to correct the current
measurement vaiue by measuring the changas in the body movement detsctad.

In other words, the output of body movement sensor device 90 is detected and amplified by body mavernent signal
amplification circuit 521 and the cycle is measured by body movement cycle counter 522, The trend in body movements
is dstermined based on this cycle, the rasulting value is stored in body movertent change monitoring area 552B (body
movement change monitoring means/changs trend storage means). Based on the change trend stored here, window
correction area 5538 determinas by how much the reference value, which will bacome the centre value of the window,
should be increased or decreased.

The method of processing measurement results will be explained in detail with reference tothe control flow diagram
shown in Fig. 11.

First, S,4 which becomes the centre value of the next window detarmination is calculated based on countar value
K fetched from pulse wave cycle counter 512 (step STS01), The actual measurement now begins, and cycle S Is
determined by fetching counter value K of ¢ycle counter 512 again (step STS02).

Next, body movernent change monitoring area 8528 (body movement change monitoring means) determines the
change trend of body movement cycle. In this processing, count value T of body movement cycle counter 522 is fetched
into SM (step STS03). Next, three adjoining body movement cycle points (SMn, SMn-1, and SMn-2} stored in RAM
562 are updated to the three points from SM fetched above (steps ST904, ST905, and ST206). Next, the differsnces
bstwaen SMn-2 through SMn which change over time are determined, and the sum total of these differences, Def}, is
obtained (step ST907).

Next, based on the value of Deff, correction magnitudes "up® and "down" are determined from the conversion table
shown in Table 1 (step

[Table 11 _
Deff (msec) up down
< =200 10.01 0.08
-200 to -100 0.01 0.04
-100 to 100 0.02 0.02
100 to 200 0.04 0.01
200 < 0.08 0.01

Note that when the value of Deff is positive, it indicates that the body movement is increasing, i.e., the running
pitch is accelerating. Consequently, the load on the heart increases, and as a result the pulse rate increases in most
cases. Therefore, as shown in Table 1, the correction magnitude “up® is set larger when Deff is positive and as ils
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absolute value increases. Conversely, when the value of Deff is negative, it indicales that the running pitch is decel-
erating or the subject has stopped. Consequently, the load on the heart decreases, and as a result the pulse rate
decreases in most cases. Therefore, as shown in Table 1, the correction magnitude "down® is set larger when Deff is
negative and as its absoluts value increases.

With these settings, if the processing (steps ST909, ST910, ST911, and ST912) by window detemination area
551 (window dstermination means) shows that the pulse rate falls below the window, refersnce value S, {centrs
value) for the next window determination is corrected in step 87913, and during this step, appropriate correction is
made using a "down” value that is set based on an expected downward trend in the pulse rate. In contrast, if the pulse
rate is above the window, refarence value 5,4 (centre value} for the next window detarmination s corrected in step
8T914 using an "up” value based on an expected upward trend in the puisa rate, Since such processing corracts
rotersnce value S, for the next measurement value, as explained below, it is equivalent to the processing by window
correction area 5538 {window correction means).

As in embodiment 1, in the processing steps {ST915, 8T9186, and ST917) by pulse rate calculation area 554 (pulse
rate calculation means), cycla S that has gone through the determination by window determination araa 551 or the
value S, that has been corrected by the correction process in window correction area 553B is converted to pulse rate
M per minute {step ST817). Furthermore, in step ST918, pulse rate calculation variable J {cycle) is assigned to variable
S,)q 88 the reference value of the next window.

Next, the pulse rate M that has been determined is displayed (step ST919), and the next measurement is then taken.

As explained above, in this sxample, tha direction and amount of correction of the window reference value (centre
value} in window correction area 553B are optimized by {orecasting the rising or falling trend of the pulse rats based
on body movement changes, allowing pulse rate to be measured with excellent response characteristics even when
the pulse rate temnporarily changes rapidly, such as at the start or end of a run, or when the pitch fluctuates dramatically.

Erbodiment 3

In embediment 3, during displaying of a pulss rate, the change trend of body movement cycles was detarmined
for optimizing the amount of corraction for the window. In contrast, in this embodiment, the amount of correction needed
when the body movement ¢ycle (e.g., running pitch) deviates from the window is optimized based on the change trend
of the pulse wave cycle. That is, the fact that correlation exists between the change trend of the body movement cycle
and the change 1rend of the pulse rate cycle is utilized. The example utilizes the fact that when the pulse rate is
increasing, the running pitch is also increasing; and when the pulse rate is dacreasing, the running pitch is also de-
creasing in most cases.

As shown in the block diagram in Fig. 12, the configuration necessary for such processing requires only that the
areas for measuring pulse wave cycla {pulse rate) be replaced with the areas for measuring pitch (body mavement),
and thus only brief explanations will be provided on their configurations. Furthermore, because the details of the
processing performed in this example are the same as those shown in the flow chart in Fig. 11, except that the process-
ing for pulse wave cycle (pulse rate) is replaced with that for pitch (body movement), their explanations are omitted.

Inthe example shown in Fig. 12, after the output of body movement sensor device 90 is amplified by bady movement
signal amplification circuit 521, edge-to-edge cycle is measured by body movement eycle counter 522, Likewise, after
the output of pulse wave detection sensor unit 30 is amplified by pulse wave signal amplification circuit 511, edge-to-
edge cycle is measured by pulse wave cycle counter 512. Next, the change trend of pulse cycls is calculated and
stored by pulse change monitoring area 552G {pulse change monitoring means) provided in CPU 55C. The cycle
deterrnined by body movement cycle counter 522 is judged to be normal or abnormal through window determination
by window detarmination area £51; and if the body movement cycle falls within the window, tha current measurement
of body movement cycle is judged to be normal and is converted to a pitch by pitch calculation area 574 (pitch calculation
means).

In contrast, if the current body movement cycle measured falls cutside the window, window correclion area 522C
(window correction means} corracts the reference value (centre value) for the next window determination. Note that
the amount of correction to be made 1o the current measurement value is optimized based on the monitoring result of
pulse change monitoring area 552C. Pitch calculation area 574 then converts the corrected reference value to a pitch.

The pitch thus calculated by pitch caleulation area 574 is then displayed on liquid crystal display device 13.

Embodimeant 4

Because the basic configuration of the cycle and frequency measurement device in this example is identical to
that of embodiment 1, the same symbols are used to represent the same areas, with their explanations omitted.

1
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Configuration of the control area

Asg shown in Fig. 13, the configurations of individual sensors and control area 5 of cycle and frsquency measuremant
davica 1 of this example are the same as those of ambodiment 3. That is, in pulse wave detection sensor unit 30, the
light emitted from LED 31 passes into the body and the reflected light is modulated according to the volume change
in the blood vessel, and after the resulting optical change is converled to electrical current by photctransistor 32, a
voltage output {pulse wave signal) is obtained by a collector resislor. Pulse wave signal amplification circuit 511 com-
prising an AG amplifier (A), a lowpass filter (LPF), and a Schmitt trigger comparator (TR) for squars wave conversion
is provided with the oulput signal of pulse wave detaction sensor unit 30, and pulse wave cycele counter 512 is provided
with the output signal of this amplitication circuit. Based on the clock signal from reference clock 550, pulse wave cycle
counter 512 measures the time between the edges of square waves that are output from pulse wave signal ampiification
circuit 511, and outputs the counter value K to CPU 55D.

This example is also provided with body movement sensar device 90. Body movement signal amplification circuit
521 comprising an AC amplifier (A;), a lowpass filter (LPF,), and a Schmitt trigger comparator {TR,) for square wave
conversion and body movement cycle counter 522 ara provided with the output signat of said body movement sensor
device 90. Based on the clock signai from reference clock 550, body movement cycle counter 522 also measures the
time between edges of squars waves that are output from body movement signal amplification circuit 521, and outputs
the counter vaiue T to CPU 55D.

Fig. 14 is a block diagram showing the functions of GPU 850. CPU 550 is provided with window determination
area 551 which sets a specified reference value based on the previous detection result of pulse wave detection sensor
unit 30 and which determines whether or not the current detection result obtained by pulse wave detection sensor unit
30 fails within the effective window defined by the upper and lower margins reiative to this relerence value; and with
pulse rate calculation area 554 which calculates pulse rate based on the detection resuit if the result of window deter-
mination area 551 indicates that the current detection result cbtained by pulse wave detection sensor unit 30 falls
within the window.

CPU 55D is also provided with body movement change monitoring area 552D (body movement changa monitoring
means) which monitors whether or not the bady movement has increased, based on the detection rasult of body move-
ment sensor device 90; and with window correction area 553D (window correction means) which perorms the first
carrection, i.e., widening the upper margin of the window, if the monitoring result of body movement changa monitoring
means 552D indicates increased body movements, and subsequently performs the second correction, i.e., widening
tha lower margin, if the monitoring result of sald boedy movement change monitoring means 552D indicates decreased
body movements.

Note that window correction area 5530 is configured such that it makes said upper margin the widest in the first
carrection, immediately after body movement increases, and subsequently returns the upper margin to the pre-correc-
tion state as time passes. Furthermore, window correction area 553D is configured such that it narrows the lower
margin in the first correction, immediately after body movermnent increases, and harrows the upper margin, in the second
correction, immediately after body movement decreases. Additionally, window correction area 553D is configured such
that it performs the first correction when tha monitering result of body movement change monitoring means 552D
indicates increased body movements and if the previous or the current pulse rate measurement is emaller than a
specifiad value, and subsequently perfoms the second correction when the monitoring result of body movement
change monitoring means 5520 indicates decreased body movements and if the previous or the current pulse rate
measurement is largar than a specified value.

Window detarmination and correction

ROM 561 contains programs that correspond to pulse rate calculation area 554, window determination area 551,
window correction area 553D, and kody movement change monitoring area 5520; and its control flow is shown in Fig.
15.

First, counter value K {pravious measurament value} Is felched from pulse wave cycla counter 512 lor determining
reference value Sold of the current window, and the various variables to be used for setting the pulse wave cycle
window, elc. are initialized {step ST1). That is, variable Run used for setting the width of the window for pulse wave
cycle is set to 0", and cosfficient Rmax for specifying the upper margin (this corresponds fo the fower margin in the
window for pulse rate because of the dimensional diflerence betwaen pulse wave cycla and pulse rate) of the window
for pulse wave cycle is set to *1.2", and coefficient Rrnin for specifying the lowar margin (this corresponds to the upper
margin in the window for pulse rate because of the dimensional difference batween pulse wave cycle and pulse rate)
of the window for pulse wave cycle is set to "0.8".

Next, in order to initialize the window, the upper margin of the window is set by multiplying reference vaiue 8,4 to
which the previous measurement value has been assigned, by “1.2" of coeflicient Amax, and the iower margin of the
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window is set by multiplying reference value S, by "0.8" of coefficient Rmin (steps T2 and ST3). That is, the window
is sat within tha range of $20% of the previous measurement value.

Actual measurement now bagins, and pulse wave cycle S is determined by fetching counter value K of pulse wave
cycle counter 512 (step ST4).

Next, bedy movement change monitoring area 552D determines the change trend of hody movement cycle, In this
process, counter valiue T of body movement cycle counter 522 is first fetched into SM as a converted pitch value, and
at the same lime three adjoining points (SMn, SMn-1, and SMn-2) stored in RAM 5§62 are updated to the three paints
including SM fetched above (step ST5). Next, the dittarences belwean SMn-2 through SMn which change aver time
are determined, and the sum total of these differences, Deff, is obtained (step ST6).

Next, whether or not variable Run for setting the window s "0" is determined (step ST7). This is performed in order
1o decide whether or not the upper and lower margins of the window have already been corrected because of a large
body movements.

It variable Run is "0, whether or not variable Daff for determining the change trand of body movemaent cycles is
equal to or farger than the thrashokd value SMih (SMth is a positive integer) on tha positive side is determined (step
ST8). If variable Deff is larger than the threshold value SMth on the positive side, it indicates that the body movemert
has increased.

In step ST8, even when variable Deff is positive, if its absolute valua is equal 1o or smalter than threshold value
SMth, body movements are not present or small encugh with little pitch change, and thus the load on the heart doss
not change much. Tharefore, the initially set window is used as is since pulse wave cycle {pulse rate) should not changa
much. In other words, window dstarmination area 551 determines whether or nat tha current pulse wave cycle S
measurament is smaller than lowar margin Low (step ST9), and determines whether or not the gurrent pulse wave
cycle S measurement is larger than upper margin High (step ST10). That is, whether or not the current pulse wave
cycle S measurement falls within the window Is determined.

It the current pulse wave cycle S measurement is judged to fall within the window, pulse rate cakulation area 554
assigns the current pulse wave cycle S measurement to pulse rate calculation variable J {step §T11) and then calculates
puise rate M (step ST12). Next, after pulse rate calculation variable J is assigned to referenice valua Sy of the window
(step §T13), i.e., after the pulse wave cycle S measurement is assigned to reference value S,4. pulse rate M that is
obtained is displayed on liquid crystal display device 13 (step ST14), and then the pulse wave measurement resutts
for the next 4 seconds are processed, and pulse wavs cycle S is determined by again fetching counter value K of pulse
wave cycle counter (step ST4).

In contrast, if the current pulse wave cycle S measurement is judged not to be within the window in steps ST9 or
S8T10, reference value 5,4 of the window, i.e., the pravious pulse wave cycle, instead of the current puise wave cycle,
S measurement, is assigned to pulse rate calculation variable J (step ST15). Pulse rate M is then calculated based on
this value (step ST12). Next, after pulse rate calculation variable J is assigned to reference valus S,y of the window
(step 8T13), i.e., after the previously measured pulse wave cycle is assigned to reference value S, as is, pulse rate
M that is obtained is displayed on liquid crystal display device 13 (step ST14). Than, the pulse wave measurement
rasults for the next 4 seconds are processed, and pulse wave cycle S is determined by again fatching counter valus
K of pulse wave cycle counter {step ST4).

Instep ST8, if variable Deff for determining the change trend of body movements is 1arger than the poesitive threshold
value SMth, andthen if pulse wave cycle S is judgedto be larger than pulse wave cycle K120 at pulse rate of 120/minute,
i.a., pulse rate is confimned to be equal to or less than 120/minute, in step ST16, window correclion area 553D first
increments variable Run by "1~ {step ST17), and then obtains from the data in Table 2, coefficient Rmax for specifying
the upper margin of the window and coefficient RBmin for specifying the lowsr margin of the window, when variable Run
is "1" (step ST18).

Then, a new upper margin High and a new lowar margin Low of the window are determined {steps ST19 and ST20).

Next, whethar or not the current pulse wave cycle S measurement falls within the new window is determined (steps
ST9 and ST10). Then. the processing in steps ST11 through §715 are performed.

As explained above, variable Run is "1" and not "0" after the first window corraction. If variable Run is not "0%, step
S§T21 determines whether or not variable Run is 4" If it is not "4", step ST22 determines whether or not variable Run
is "5". If variable Run is not *5", variable Run is incremented by "1" (step ST17), and then coefficient Rmax for specifying
the upper margin of the window and coefficient Rmin for specifying the lower margin of the window, for the current
value of variable Run (step ST18), are obtained from the data in Table 2.

Then, a new upper margin High and a new lower margin Low of the window are datermined (steps ST18 and ST20).

Next, whethar or not the current pitlss wave cycle S measurement falls within the new window is determined (steps
S5T9 and ST10). Then, the processing in steps ST11 through ST15 are performed.

This process is performed until variable Run reaches "4", and because each time variable Run is incremented by
*1* (step ST17}, new coetficients Rmax and Amin are datermined from the table 2 data (step ST1B) and window cor-
rection is performed (steps ST19 and ST20}).

13




H 4

15

20

25

EP 0 730 843 A2

As explained above, window correction area 5530 makes the upper margin wides! immediately after body move-
ment increases, and subsequantly retumns the upper margin to the pre-correction stats as time passes. This is tha first
correction,

After variable Run reaches "4", the pulse rate should remain high. Therefore, if step ST21 detarmines that variable
Run is *4", steps ST17 to ST20 are omitted and whethar or not the current pulse wave cycle S measurament falis within
the new window is determined (steps ST9 and ST10). Thus, the window is determined based on coefficients Rmax
and Rmin when variable Run is "4".

Note however that if variable Deff used for determining the change trend of body movements is equal 1o or less
than the threshold on the negative side, -SMth, in step ST23, it indicates that body movement is decreasing, Le., the
pitch is slowing down and the load on the heart is decreasing, and thus the pulse rate is also decreasing. in this case,
step ST24 determines whether or not pulse wave cycle S is smaller than pulse wave cycle K150 at pulse rate of
180/minute, i.6., whether or not pulse rate is larger than 150/minute, and if pulse rats is confirmed to be higher than
150/minute, increments variable Run by 1" to "5" (step ST17), and then obtains from the data in Table 2, coefficient
Rmax for specifying the upper margin of the window and coefficiant Rmin for specifying the lower margin of the window,
when variable Run is "5" (step ST18).

Then, a new upper margin High and & new lower margin Low of the window are determined (steps ST19 and ST20).

Next, whether or not the current pulse wave cycle S measurement falls within the new window is determined (steps
ST9 and ST10). Then, the processing in steps ST11 through ST15 are performed.

Content of window corraction

During the process described above, coefficients Rmax and Rmin are sst as shown in the data in Table 2, in this
example. Since coefficient Rmax sets the upper margin of the pulse wave cycle window, it sels the lower margin of the
puise.rate window. Conversely, since coefficlent Bmin sets the lower margin of the pulse wave cycle window, it sets
the upper margin of the pulse rata

‘ Table 2
Variable Run Specific state Lower margin Rmin of pulse Upper margin Rmax of pulse
wave cycle wava cycle
0 Initial setting x0.8 x1.2
1 First 4 seconds after body x02 x1.1
movements increase
2 Next 4 seconds x 0.4 x1.1
3 Next 4 seconds x0.6 x1.1
4 Afterwards x 0.8 x1.1
5 After body movements x09 X186
decrease

As shown In Table 2 and Fig. 16A, variable Run begins at "0" and sets the lower margin of pulse wave cycle 20%
lenger than the previous measurement value and sets the upper margin of pulse wave cycle 20% shorter than the
previous measurement value. When oxpressed in terms of pulse rate, the upper margin of pulse rate is set 20% larger
than the previous measurement value and the lowsr margin of pulse rate is set 20% smaller than the previous meas-
urement valua.

Then, as shown in Fig.s 16B and C, when body movements become larger, variable Run is *1* for the following 4
seconds, and the lower margin of pulse wave cycle is set 80% wider than the previous measurement value and the
upper margin of pulse wave cycle is set 10% narrower than the previous measurement valua. When expressed in
terms of pulse rate, the upper margin of pulse rate is set 80% wider than the previous measurement value and the
lower margin of pulse rate is st 10% narrower than the previous measurement valus.

For the next 4 seconds, variabla Aun is "2* and the lower margin of pulse wave cycle is set 80% wider than the
previous measurement value and the upper margin of pulse wave cycls is set 10% narrower than the previous meas-
urement value. When expressed in tenms of pulse rate, the upper margin of pulse rate is set 60% wider than the previous
measurement value and the lower margin of pulse rate is set 10% narrower than the previous measurement value.

For the next 4 seconds, variable Run is "3" and the lowar margin of pulse wave cycle is set 40% wider than the
previous measurement value and the upper margin of pulse wave cycle is set 10% narrower than the previous meas-
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urement value. When expressadin terms of pulse rate, the upper margin of pulse rate is set 40% wider than the previous
measurement value and tha lower margin of pulsa rate is set 10% narrower than the previous measurament vaiue,

After that, variable Run is "4" and the lower margin of pulse wave cycle is sel 20% wider than the previous meas-
urement value and the upper margin of pulse wave cycle is set 10% narrower than the previous measurement value,
and measurements continue with this window width. When expressed in terms of pulse rate, the upper margin of pulse
rate is set 20% wider than the previous measurement value and the lower margin of pulse rate is set 10% narrower
than the previcus measurement value.

In this embediment, when the variable Run is "4" the lower margin of pulse wave cycla is set 20% wider than the
previcus measurement value, the same as when variable Run is "0, This Is not essential, the lower margin of pulse
wave cycle when variable Run is 4" can be greater or less than the margin when variable Run is "0*. For example,
Rmin could be 0.7 when variable Run is "0".

The corraction performed when variable Run is “1*, "2*, "3, or "4" is the first correction.

Note that when body movemenl subsequently decreases, variable Run is "5°, and the lower margin of pulse wave
cycle is set 10% wider than the previous measurement value and the upper margin of pulse wave cycle is set 60%
narrower than the previous measurement value. When expressed in terms of pulse rate, the upper margin of pulse
rate is set 10% wider than the previous measurement value and the lower margin of pulse rate is set 60% narrower
than the previous measurement value.

The corraction performed when variable Run is *5" is the second correction.

Effects of Embodiment 4

As explained above, window corraction area 553D widens the upper margin of the window, as the first correction,
whan larger body movements are expected lo accelerate the pulse; and widens the lower margin of the window, as
the second correction, when smaller bedy movements are expected to decelerate the pulss, by matching the body
movernent changes and pulse changes of an actual pattern. Therefore, even whern the pulse rata changes greatly, the
window can ba appropriately determined bacause it can keep up with the changes. Furthermoars, in the first correction,
the lower margin of the window Is narrowed instead of widening the upper margin, and in the second correction, the
lower margin of the window is widened instead of narrowing the upper margin, resulting in higher window determination
precision.

Additionally, in the first correction, the upper margin is made widest immediately alter body movement increases,
and subsequently the upper margin is narrowed as time passes, by matching the actual change pattern. Advanta-
geously, the upper margin may be retumed to the pre-comrection state as time passes. Therelors, the window need
not be made unnecessarily wide, resulting in appropriate window detemnination.

Furthermore, because a stow pulse rate is confirmed before widening the upper margin of the window during the
first correction, and a high pulse rate is confirmed before widening the lower margin of the window during the second
correction, the window is always corrected in the right direction.

Another confiquration of the body movement change monitoring area

In this example, the fact that the pitch changes as shown in Fig.s 16B and C is utilized by body movement change
monitoring area 5520 for monitoring changes in body movements. However, since the amplituds of the signal that is
output from body movermnent sensor device 90 also changes when body movements change as shown in Figs 168
and C, it is possible 1o correct the window by recognizing body movement changes based on the changes in the
amplitude of the signal that is cutpul from body movement sensor device 90.

Embodiment 5

In embodiment 4, the window for the pulse rata measured by the pulse ratesr was corrected based on piich trend.
Instead, it is also possible to correct the window for pitch measured by the pitch counter, based on the pulse trend. In
such a case, the processing detall of the window correction is the same as the flow chart shown in Fig. 15, except that
pitch (body movement) and pulss wave cycle (pulse rate) are swapped and that the upper and lower margins of the
window are set to the specified conditions. Therefore, their explanations are omitted, Fig. 17 shows the configurations
of the control area, etc. that are required for the above-mentioned process.

In Fig. 17, the cycle and frequency measurement davice is first provided with pulsa wave detection sensor unit 30
for detacting pulse wave signals, pulse wave signal amplification circuit 511 for amplitying the pulse wave signals output
by said unit, and puise wave cycle counter 512 for counting the time between the edges of the square waves output
by said amplification circuit. The cycle and fraquency measurement device is also provided with body movement sensor
device 90 for detecling body movement signals, body movemnent signal amplification circuit 521 for amplifying the body
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movement signals outpul by said sensor device, and body mevemnent cycle counter 522 for counting the time between
edges of the square waves output by said amplification circuit. Tha cycle and frequency measurement device Is further
provided with window determination area 551 that sets a specified reference vatue based on the previous detection
result of body movement sensor device 80 and that determines whether or not the current detection result of bocdy
movement sensor device 90 falls within the window defined by the upper and lower margins relative to said reference
value, and pitch calculation area 574 that calculates a pitch based on the current detection result of body movement
sensor device 90 if this current detection result is within the window

CPU 55E is provided with puise change monitoring area 552E (pulse change monitoring means) which monitors
whether or not the pulse has accelerated, based on the detection result of pulse wave detection sensor unit 30; and
with window correction area 553E (window correction means} which performs the first correction, i.e., widening the
upper margin of the window for pitch and narrowing the lower margin, if the monitoring result of pulse change monitoring
means 552E indicates faster pulses, and subsaquently parforms the second carrection, i.e., widening the lower margin
{to which the first correction was applied earlier) and narrowing the upper margin (to which the first correction was
applied earlier), if the monitoring resuit of the pulse change menitoring means 652E indicates slower pulses. In such
a configuration, the lower margin of the window is narrowed instead of widening the upper margin in the first carrection,
and the upper margin of the window is narrowed instead of widening the lower margin in the second cormrection, by
matching the pitch change pattern, enabling approgriate window correction.

Note that window correction area 553E can be configured such that it makes said upper margin widest, in the first
correction, immediately after the pulse accelerates, and subsequently narrows the upper margin as time passes. Ad-
vantageously, the upper margin can he retumed to the pra-correction state as time passes. With such a configuration,
the upper margin of the window can be corrected by matching the actual pitch change pattem. Therefore, the window
neoed not be made unnecessarily wida, resulting in appropriate window determination.

Furtharmore, window correction area 553E can be configured such that it performs the first correction if the mon-
itoring result of pulse change menitoring area 552E indicates that the pulse has accelerated and if the previous or the
current measured pitch is smaller than a specified value, and performs the second correction if the menitoring resuit
of pulse change monitoring area 552E indicates thal the pulse has decelerated and if the previous or the current
measurad pitch is larger than a specified valus. With such a configuration, incorrect window correction can be prevented
because a slow pitch is confirmed before widening the upper margin of the window, and a fast pitch is confirmed befere
widening the lower margin of the window.

Anather configuration of the pulse wave data processing area

For measuring pulse rate, it is possible to first use an operational amplifier to amplify the analog signal that is
output by pulse wave detection sensor unit 30, then output the result to an A/D converter via a sample hold circult,
perform frequency analysis (high-speed Fourier transformation: FFT processing) on the pulse wave data that has been
converied into a digital signal by the A/ converter, and then to measure pulsa rate from the resulting spectrum, instead
of measuring the time between edges of the square waves that are output by pulse wave signal amplification circuit
511, Furthemmore, for measuring and monitoring pitch, it is possible to first use an operational amgplifier to amplify the
analeg signal that is output by body movernent sensor device 90, then output the result to an A/D converter via a
sample held circuit, perform fraguency analysis (high-speed Fourier transformation: FFT processing) on the pulse wave
data that has been converted into a digital signal by the A/D converter, and then to measure pitch from the resulting
spectrum, instead of measuring the time betwsen the edges of the square waves that are output by body movement
signal amplification circuit 521.

Although the cycle measuring means (pulse or body movement) in the above example is configured to obtain the
cycle of the cycle signal (pulse or bedy movement), it can also be configured to obtain frequency which is the inverse
of cycle. Since cycle and frequency correspond univocally to each other, it is possible to select whichever is more
convenient in tarms of calculation, sle.

itis also possible to treat the one measurement taken immadiately before as the current measurement value (pulse
rate or pitch), or to treat the average of several measurements taken, including the current ons, as the current meas-
urement value (pulse rate or pitch}.

Furthermore, in ermbodiments 4 and 5, window correction areas 5530 and 553E correct the window for the current
measurement value because they correct the window before the window for the current measurement value is deter-
mined, However, instead of such a configuration, it is possible to perform window correction after the window for the
current measurement value is daterminad. In this case, window cormection arsas 553D and 553E cormrect the window
tor the next measurement value.
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Effects of the invenlion

As described above, the cycle and {requency measurement device related to the invention is characterized in that
it is provided with a window correction means for reconciling abnormal value elimination by a window determination
means with the responsivensss to rapid cycia fiuctuations. Therefore, according to the invention, both reliability and
accuracy in measurement during exercise can be achieved at the same time.

In pasticular, when the amount of correction for the window refarence value is optimized by foracasting the rising
or 1alling trend of the pulse rate {or body movement) based on the monitering resuk of the body movement change
monitoring means (pulse change monitor maans), the window can be corrected with appropriate responsiveness 1o
changes even when the pulse rats (body movement) temporarily changes rapidiy, such as at the start or end of a run,
or when the pitch fluctuates greatly. Therefors, appropriate window determination can be parformed. As a result, the
reliability of pulse rate measurement during exercise and running pitch measurement is greatly increased, and pulse
rateers and pitch counters that enables safe and effective training can be provided in the field of sports science.

According to the invantion, the upper margin of the window for pulsa rate is widened, aa the first correction, when
increased body movement is expected to accelarate the pulse; the lower margin of the window for pulse rate is widened,
as the second correction, when decreased body movement is expected to decelerate the pulse, by matching the body
movement changes and pulse changes of an actual pattern, and thus window determination can be appropriately
performed because window correction can keep up with the changes even when the pulse rate changes greatly.

Furthermore, when the configuration makes the upper margin widest, in the first correction, immediately after body
movement increases, and subsequently narrows the upper margin as time passes, the window can be corrected by
matching the actual change pattemn, enabling appropriate window determination. Advantageously, the upper margin
can be returned to the pre-correction state as time passes.

Additionally, when the lower margin of the window is narrowed, instead of widening the upper margin, as the first
correction, and the upper margin of the window is narrowed, inslead of widening the lower margin, as the second
correction, window determination can be appropriately performed

Furthermora, when a slow pulse rate is confirmed before widening the upper margin of the window, as the first
correction, and a fast pulse rats is confirmed belore widening the lower margin of the window, as the sacond correction,
incorrect window correction can be pravented.

When the window for pitch is correctad in the same manner as described above by maiching the changes in pulse,
for pitch measurement, the same effects can be obtained.

The aforegoing description has been given by way of example only and it will be appreciated by a paraon skilled
in the art that modifications can be made without departing from the scope of the present invention.

Clalme
1.  Acycle and frequency maasurement device [1) characlarized by comprising;

a sensor means (30, 90) for measuring pulse waves and body movements;

a window determination means (551) for setting a reference valus based on the measurements previously
taken by said sensor means and for determining whether or not the current measurement value taken by said
sansor means falls within the window defined by the upper and kower margins relative to said reference value;
and

a window correction means (553) that corrects the window to be used for the next measurement value to be
taken by said sensor means, by applying a specified correction to the current measurement value if the de-
temination result of said window determination means indicates that said current measurement value taken
by said sensor means falls outside the current window.

2. Tha cycls and frequency measurement device according to Claim 1 and further characterized in that;

said window correction means is configured such that it increments the current measurement value and uses
1he result as a new refersnce value if the determination result of said window determination means indicates
that the current measurement value exceeds the upper margin of said window; and

such that it decrements the current measurement value and usas the result ag a new reference value if the
determination result of said window determination means indicates that the current measurement value falls
below the lower margin of said window.

3, The cycle and frequency measurement device according 1o Claim 1 or Claim 2 and further characterized by com-
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prising;

a caleulation means (554) that calculates status values such as pulse rate and pitch based on the current
meastirement values if the determination result of said window determination means indicates that said current
measurement values taken by said sensor means fall within the window, and that calculates status values
such as pulse rate and pitch based on the refarence values generaled from said measurement values by said
window correction means if the determination result of said window determination means indicates that said
current measurement values taken by said sensor means fall outside the window; and

a display means {13) that displays status values such as pulse rate and pitch calculated by said calculation
means.

4, The cycle and frequency measurement device according to any of Claims 1 through 3 and further characterized
in that;
said upper and lower margins are equal.

5. ‘Acycle and frequancy measurermnent device (1) characterized by comprising;

a body movement detection sensor means (90) for sensing body movements;
a pulse wave detection sensor means (30) for sensing pulse waves;
a window determination means (551) that sets a refarence value based on the measurements praviously taken
by one of said pulse wave detection sensor means or sald body movement detection sensor means and that
determines whether or not the current measurement value taken by said one of said sensor means falls within
the window defined by upper and lower margins relative to said reference valus;
v achange monitoring means (552) for monitoring the change in the measurement valus taken by the other
' sensor means;
and a window correction means {553) that corrects the window to be used for the current measursment value
or the next measurerment value to be taken by said one of sald sensor means, based on the monitoring result
of said change monitoring means.

€. The cycle and frequency measurement device according to Claim 5 and further characterized in that;
said one of said sensor means is said pulse wave detaction sensor means, said other sensor means is said
bedy movemeant detaction sensor means, and sald change monltoring means Is & body movemeant change mon-
itoring means that monitors body movement changes based on the measurement values of said body movement
detection sensor means.

7. A cycle and frequency measurement device according to Claim 6 and further characterized in that;

said window corraclion means s configured such that it corrects the window for the next measurement value
to be taken by said pulse wave detection sensor means, by adjusting the current measurement value taken
by said pulse wave detection sensor means in a sense corresponding to an increase in puise rate and using
the result as a new raferenca value if the determination result of said window determination means indicates
that tha current measurement value taken by said pulse wave dstaction sensor means falls oulside the window
and if the monitoring result by said body movement change monitoring means shows that body movemeant
has increased; and

by adjusting the current measurement value taken by said pulse wave detection sensor means in a sense
corresponding to a decreasa in pulse rate and using the result as a new raference value if the determination
result of said window determination means indicates that the current measurement value taken by said pulse
wave delection sensor means falls outside the window and if the monitoring result by said body movament
change monitoring means shows that body movement has decreased.

8. The cycle and frequency measurement device according to Claim 7 and further charactesized by comprising;

a pulse rate calculation means (554) that calculates pulse rata based on the current measurement value if the
datermination resuit of said window determination means indicates that said current measursment value taken
by said pulse wave detection sensor meana falls within the window, and that calculates pulse rate based on
the reference value generated from said measurement values by said window correction means if the deter-
mination resutt of said window datermination means indicates that said current measurement value taken by
said pulse wave detection sensor means fails outside the window, and
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a display means (13) that displays the pulse rate calculated by said pulse rale calculation means.

The cycte and frequancy measurement device according to Claims 7 or 8 and turther characterized in that;

sald window correction means is configured such that it makes corractions 1o the current measurement value
taken by said pulse wave detection sensor means based on the rate of changs of the amount of body movement,
determined based on the monitoring result of said body movement change monitoring means.

The cycle and frequency measurermnent device according to any of Glaims 5 through 9 and further characterized
in that;
said upper and lower margins are equal.

The cycle and frequency measurement device according to Claim 6 and further characterized in that;

said window correction means is configured such that it corrects the window 1o be used for the current meas-
urement value or the next measurement value to be taken by said pulse wave dstection sensor means, by per-
forming a first comrection, 1.e., widening a first margin corresponding to increased pulse rats, if the monitoring resuft
of said body movernent change monitoring means indicates increased body movement, and by performing a sec-
ond corraction, i.e., widening a second margin corresponding to dscreased pulse rate, if the monitoring result of
said body movement change monitoring means indicates decreased body movement.

The cycle and frequency measurement device according to Claim 11 and further charactarized in that;
said window correction means makes said first rmargin wider in the first correction, immediately after body
movement increases, and subsequently narrows said first margin as time passes.

The cycle and frequency measurement device according to Claim 11 or Claim 12 and further characterized in that;

said window corraction means is configured such that it narrows sald second margin, in the first correction,
immediately after body movement increases; and narrows said first margin, in the second corraction, immediataly
after bady movement decreases.

The cycle and frequency measurement device according to any of Claims 11 through 13 and further characterized
in that;

sald window correction rneans is configured such that it performs the first correction when the monitoring
result of said body movement changs monitoring means indicates increased bady movement and the previous or
the current measurement valve laken by said pulse wave detection sensor means corresponds to a pulse rate
below a specified value, and performs the second correction whan the monitoring resutt of said body movement
change monitoring means indicates decreased body movement and the previous or the current measurement
value taken by said pulse wave detection sensor means correspnds to a pulse rate above a spacified value.

The eycle and frequency measurement device according to Claim 5 and further characterized in that;

said one of said sensor means is said body movement detection sensor means, said other sensor means is
said pulse wave detection sensor msans, and said change monitoring means is a pulse changs monitoring means
that monitors pulse changses based on the measurement values taken by said pulse wave detection sensor means.

The cycle and frequency measurement device according to Claim 15 and further characterized in that,

said window correction means is configured such that it corrects the window for the next measurement valus
to be taken by said body movement detection sensor means, by adjusting the current measurement value
taken by said body movement detection sensor means in a sense corresponding o an increase in body maove-
ment and using the result as a new relerence value if the determination result of sald window determination
means indicates that the current measurement value taken by said body movement detection sensor means
falls outside the window and if the monitoring result by said pulse change monitoring means shows that the
pulse rate has accalerated, and

by adjusting the current measurement value taken by said body movement detection sensor means in a sense
corresponding to a decrease in body movement and using the rasult as a new reference value if the determi-
nation result of said window determination means indicates that the current measurement value taken by said
body movemaent detection sansor means falls outside the window and if the monitering result by said pulss
change monitoring means shows that the pulse rate has deceleratad.

The cycle and frequency measurement device according to Claim 16 and further characterized by comprising;
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a pitch cakculation means (574) that calculates pitch based on the current measurement value if the determi-
nation result of said window detarmination maans indicates that said current measurement value taken by
said body movement detection sensor means falis within the window, and that calculates pitch based on the
reference value generated from said measurement value by said window correction means if the determination
result of said window determination means indicates that said current measurement valus taken by said body
movament datection sensor means falls outside the window; and

a display means (13) that displays the pitch calculated by said pitch calculation means.

The cycle and frequency measurement device according to Claims 16 or 17 and further characterized in that;

said window correction means is configured such that it makes corrections to the current measurement value
taken by said body movement detection senscr means basad on the rate of change of ths pulse rate, determined
based on the monitoring result of said pulse change monitoring means.

The cycle and frequency measurement device according to any of Claims 16 through 18 and further characterized
in that;
said upper and lower margins are equat.

The cycle and frequency measurement device according to Claim 15 and further characterized in that;

said window correction means is configured such that it corrects the window 1o be used for the current meas-
urement value or the next measurement value 1o be taken by said body movement detaction sensor means, by
performing the first correction, i.8., widening a first margin corresponding 1o increased body movement, if the
menitoring result of said pulse wave change monitoring means indicates a faster pulse rate, and by performing
the second correction, i.e., widaning a second margin corresponding to decreased bady movement, if the moni-
toring result of said pulse wave change menitoring means indicates a slower pulse rate.

The cycle and frequency measurement device according to Claim 20 and further characterized in that;
said window correction means makes said first margin wider in the first correction, immediately after the
pulse rate accelerates; and subsequently narrows said first margin as time passes.

The cycle and frequency measurerment device according to Claims 20 or 21 and further characterized in that;

said window corraction means jg configured such that it narrows said second margin in the first correction,
immediately after tha pulse rate accelerates; and narrows said first margin in the sacond corraction, immediataly
after the pulse rate decelerates.

The cycle and frequency measurement device according to any of Claims 20 through 22 and further characterized
in that;

said window cofraction means is configured such that it perfonns tha first corraction if the monitoring result
of said pulse wave change monitoring means indicates a {aster pulse rate and if the previous or the current meas-
urement value taken by said body movement detection sensormeans corresponds to a body movement rate below
aspecified valus, and paerforms the second correction if the monitoring result of said pulse wave change monitoring
means indicates a slower pulse rale and if the previous or the current measurement value taken by said body
mavement detection sensor means corresponds to a body movement rate above a specified value.
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