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A PULSIMETER PROVIDED WITH OR WITBOUT A PEDOMETER

BACKGROUND OF THE INVENTION
1. Field of the Invention
This invention relates to a pulsimeter for portable use,
and more particulafly to an improved pulsimeter provided with
a pedometer.
2. Discussion of the Related Art
- Referring to Figs. 14 and 1§, there are shown
conventional pulsimeters, Such a pulsimeter 100 of Fig. 14 (a)
is a wristwatch provided with a pulse measuring function,
which includes a display 101 on the face thereo:lror
displgying a clock and.the nﬁmber of measured pulses, and a
pulse sensor_loz ha#inz light emitting and raceiving elements

to be touched by a finger. Az tha pulsimaeter 100 is put on a

‘wrist and a ringér is put on the pulee sensor 102 s&s shown in

Fig.14 (b), a series of pulses are detected from the finger
and the number of the detecioq pulseé are disﬁlayed on alsplgy*
101. | | - .
A pulsimeter 110 shown in Fig. 13(a) on a front side
thereof is provided with a di;play 111, providing a wristw#tch
and a pulsimeter. The pulsimeter is connectéd with a finger
curs 112 wrapped around a finger so that pulses can be
measured by a pulse sensor 103 disposed on the fi;ggr cuf?t
Fig. 15 (b). ’
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The pulse sensof sections of pulsimeters ioo and 110 of
Figs. 14 and 15 have éonstfuctions as shown in Figs. 18 and
17, respectively. In Fig. 18, pulse sensor 102 is mounted on a
board 105, and a housing 108 is provided with a dustproof and
waterproof window 107 opposite to a detection surface of pulse
sensor 102. A board 115 mounted by a pulse sensor 113 is
sandwiched between external and internal cloths 116 and 117
forming finger cuff 112, exposing pulse sensor 113 through
internal cloth 117.

" The pulsimeter 100 of Fig. 14, however, has the
disadvantages that the insutficiency of shading due to the
construction of pulse sensor 102 disposed on the face makes
the pulsimeter easily subject to external lights, such as
sunlight and fluorescent lamps. whereby the pulgse number is
measured erroneéusly or cannot be counted. The portion of
finger’'s touch including dustproof and waterproof windew 107
does not well fit configurations of fingers, and the

sensitivity of bnlae_sensor 102 is lowered by window 107 .

covering the detection surface of pulse sensor 102 to reduce

1ight passing therethrough, resulting in factors of inaccurdte”

-measgremént.

 The pulsimeter 110 of Fig. 15 in which pulse sensor 113
is aisposeda on ringer cufrf 112 has'good shading as compared
with the pulsimeter of Fig. 14, but'is still disadvantageous

such that. the shading is insufficient because the finger touch
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portion inéluding pulse sensor 113 is hard tb £it a peripheral _
configuratibn of a finger and sufficient contact area.and
pressure is not applied to pulse sensor 113 by the skin of
finger. Accordingly, the measurement by the pulsimetef is.
inaccurate or impossible to be executed because obtainable
siznal:puise is small. Moreover, since the finger is bound by
finger cuff 112 during the measurement of pulse, the freedom
dfhringer is restricted and wrapping the cuff around finger is
~troublesome. The ﬁire 114 connecting cuff 112 with the main
body is obstru&tive for carrying'the cuff with pulsimeter 110,
and separate carriage of finger guft 112 and wire 114 is also
troublesome.
SUMMARY OF THE INVENTION

In viaw of tha above-mentioned disadvantages, it is a
primary object of this invention to provide a pulsimeter
having a good sha&ing ageinst external light with improving

the accuracy of pulse measurement.

It is another object of this invention to provide a
pulsimeter additionally including a pedometer function for
convenience -use. )

According to one a;pec§ of this invention, there is
provided. a pulsimeter which includes a main body, a fingar
insertion section disposed on the main body to be inserﬁed by
a fingar;.a pulse sensor for sensiqg pulses of a finger

inserted into the finger insertion section, and a display for
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displaying the pulses sensed by the fulse sensor, the finger
1nsertlon section being disposed on a surface different from a
surtace provided with the display. Since the ringer insertxon
section is located on a surface different from a display
surface on which the disﬁlay is disposed and the display
surface is direcﬁed t0 be the front face of the pulsimeter in
a normal pulse measurement, the finger insertion section is
hard to be intruded by external light and lowering a pulse
measurement accuracy is reduced. |

According to a further aspect of this invention, there is
provided a pulsimeter which includes a main body, a finger
insertion section disposed on the main body to be inserted by
a finger, a pulse sensor for sensing pulses of a finger
inserted into the finger insertion section, and a display for
displaying the pulsas ;ennad by the pulse sensor, the finger
insertion section being covered with an elastic hood. The hood
covering the finger 1nsertfon section provides an improwé& ﬂ,
_shading.assinsticxternal light ;nd makes a pulse valua be
sensed with accuracy. Moreover, the hoocd 1s elastic, whe}eby
it is well firted with a tinger in any size and the ringer'is
properly pressed to the detection surface of the pulse ‘gsensor.

According to a still further aspect of'this invention;
there is provided_a'puisimeter which includes a main body, a
finger insertion section disposed on the main body to be

inserted by a finger, a pulse sensor for sensing pulses of a
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tinger inserted into the rihger insertion section, a ¢isp1ay
for displaying the pulses sensed by the pulse sensor, the
pulse sensor being airtightly beld by an elastic pressing
member and a sensing surface of the sehsor bein; exposed to
ﬁhe finger insertion section. Since the pulse sensor is
airtightly held by an elastic pressing member and a sensing
surface of the sensor is expoﬁad to the finger insertion
section, the main body can be free from entry of dust or water
and, upon insaertion of a finger to the finger insertion
section, the finger comes into a direct contact with the
detection surface of the pulse sensor to provide a sufficient
sensitivity. | '

As the finger insertion seétion is further so designed
that tho direction o? 1nsartion by a finger is in a vertical
direction af the main body but oblique to & horizontal
direction of the main body, the finger is easy to be inaerted
into the finger insertion section, unnecessary force is not
applied to the finger on measurement, and there 1is proiided an
axcellent éonstruction in view of human engin;ering, typically
when the puksimiter is attached té a belt of pants for
convenience use like a pedometer.’

The main body internally includes a print circuit board
nounted bj various electronic componants. By dispo;ing the :
display on ona surface of the board to provide a display unit

and the pulse sensor_directly on the opposite surface, ; spacé
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improvement of comtact between the finger and the detection

or chamber within the main body can be fully utilized to
reduce the pulsimeter in size. Suéh utilization of space can
be pertormed by arranging the display on the front face and
the finger imsertion séction on the different face of the main
body.

By designing the finger insertion section opposite to the
nood to have a recessed cross-section, the tinger'inserted
into. the finger insertion section is brought into a posiiion
such that the thick of the finger comes into contact with the
recessed section in association with the elastic hood to
improve tight contact between the finger and the recessed
section. In other words, the thick of finger is curved in a
convex shape, so that employing configuratibn in the finger
insertion section along with the configuration of the thick of
finger can 9§ecisa1y fit the finger into the finger insertion

section until tho tip of the finger, resulting in the

surface of the pulse sensor digposed in the finger insertion
section. |

When asconstruction ror sanawiching a housing of the main

-body with the hood is employed, mounting the hood on the

finger insertion section can be done only by.sandwiching the
housing with one end of the hood, resulting in easy assembling
of the pulsimeter and sufficient'shading.in a mounting'

portion.
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For. the purpose of easy insertion of finger, the hood
made of a finger smooth material is desirable to insert the
finger into the finger insertion section without any
resistance. Typically, the tléxible material of hood may be a
flexible cloth or spantex. | |

According to another aspect of this invention, there is
provided a meter for counting‘pulses and steps which includes

.a pulsé sensor for seising pulses, a vibration sensor, a
display, and a controller for displaying a counted value of
output of the pulSq sensor and/or output of the vibration
sansor. As appreciaiod, 2 pedometer 1s-ofteﬁ used by being
attached to a belt of a skirt or pants. The meter according to
this aspect serves as a pulsimeter and a pedometer, and is
oconvenient when it is used like a pedometer..

The use similar to a pedometer oan be performed in this
invention by employing a portable member (:6r example, buckle
or ¢lip) associated with the main body. Moreover, as tﬁéf&;tn
body includes an_openrand-élose'cover Tor protecting the “
display and the cover includes a portable member, the
convenience™f use is further improved.

As described above, the pulsimeter according to éhis-
invention may be not only a meter having a pulse measurement
function but also a meter having a puisimeter function and a
pedometer function. The meter having pulsimeter and pedometer

functions houses components of a pedometer function within a
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main body and has a modified arrangement of an internal
circuit construction and a display design according to the
additional pedometer function, retaining outlook of the meter.
BRIEF DESCRIPTION OF THE DRAWINGS |

Other objectives‘and-advantages of this invention will be
more readily apparent from the tolloﬁing detailed description
ﬁrovided in conjunction with the following figures, of which:

Fig. 1 is a per;pective external view of a pulsimeter as.
a primary embodiment of this invention;

Fig. 2 is a plane view of a revﬁrse side of a main body
of the pulsimeter of Fig. 1;

Fig. 3 is a side view of the pulsimeter viewed from a
direction marked by an arrow mark A in Fig. 2;

Fig. 4 is a side view of the pulsimeter viewed from a
direction marked by an arrow mark B in Fig. 3;

Fig. 8 is a seotional view of the pulsimeter taken alané
the line C-C shown in Fig. 2;

Pig. 6 is a sectional view of the pulsimeter taken along
the 1ine D~D shown in Fig. 2;
| Fig. 75s a sectional view of the pulsimeter taken along
the line E-E shown in Fig. 2;

_Fig. 8 is a schematic circuit block diagram of the

pulsimeter;
Fig. 9 shows'oqe example of measurement of the pulsimeter

which is mounted;

e
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Fig. 10 shows aﬁother example of measurement by the
pulsimeter;

Fig. 11 shows an example of display modes in the display
of the pulsimeter;

Fig. 12 is a schematic circuit block diagram of a meter
having pulsimeter and pedomster function as another
embodiment; _

Fig. 13 typically shows an example of a step display in
the display of the pulsimeter; |

Pig. 14 shows a counventional pulsimeter and one example
of use ‘theraby;

Fig. 15 shows another conventional puisiﬁeter and one
example of use thereby;

Fig. 168 is a sectional view of a pulse sﬁnsar portion of
the pulsimeter of Fig.l4; and ; |

Fig. 17 is & sectional view of a pulse sensor portion of
the pulsimeter of.?ig.lS.

DETAILED DESCRIPTION OF THE INVENTION

Referring, now, to Fig. 1, there is shown a pulsimeter 1
as a primarfkambodimentjor this invention. Fig. 1 shows a
perspective external view of the pulsimeter, Fig. 2 shows a
Plane view of a reverse side of a main body of th; pulsimeter,
Fig. 3 shows a side view of the pulsimeter viewed from a
direction marked bi an arrow mark A in Fig. 3; and Fig. 4

shows a side view of the pulsimeter viewed from a direction
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marked by an arrow mark B in Fig. 2. The pulsimeter 1 includes
o main body 2 and & cover 3. The main body 2 is provided with
a finger insertion section 4 to be inserted by a.finger, a
pulse sensor 5§ for sensing the pulses of the finger inserted
.into gsection 4, and a display 6 for displaying the puises
sensed by the semsor 5. In Fig. 1, the display 6 is disposed -
on a front face of the main body 2, and a switch 7 is disposed
by the side of the display 6. Cover 3 is disposed to protect
the front face (including display 6) of the main body, and
engaged with the main body through a hinge connector 8 in a
open and close relatiomship. uofaover, in this embodiment, a
buckle 9 as a member for portable is disposed on the face of
| .cover 3 to be attached to a ﬁelt of pants, skirt or the like
to carry the pulsimeter 1. | |

In Fig. 2, finger insertion section 4 is disposed on the
reverse side of mein body 3, viz., oﬁ the opposite side ot
body 2 to the dispiay 8, and includes a hood 10 (see fis. 3)
made of a flexible clnth.(dentax) which is smooth against
tinger. As shdwn in rig. 2, rtinger insertion section 4 1s
disposed to%ha&e an insertion direction "a” slaniing by an
angle 6 with respect to a horizontal direction "b" of body 2
and by an sngle "S¢ -8" with respect to a vertical direction
“b'“..In praétice. angle 8 is recommended to be about 20° to
50' , and in this embodiment about 45 is employed. This angle
8 is employed considerinz that slant insertion to finger |

\x\‘\;\N_~_‘§ﬁ~§\‘
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jnsertion section 4 makes the insertion by finger much easier
than par;11e1 or vertical insertion about the horizontal
direction "b" in view 6: human engineering when the ﬁulsimeter
1 is assumed to be attached toc a belt of pants or the like for
its use like a pedometer.

In Fig. 5 showing internal conétruction of body 2 (a
gsectional view along the line C-C shown in Fig. 2), Fig. 6 (a
sectional view along the line D-D shown in Fig. 2) and Fig. 7
(a sectional view along the line E-E shown in Fig. 2), the
main body 2 includes a loﬁer housing 20 and an upper housing
21 which is engaged with lower housing 20 and.includes a
battery'cover 22 as a part of upper housing 21 for an
attachable—-and-removal engagement therewith.
| A liquid crystal display (LCD) 31-is arranged on a front
.side (displayfsids) of a board 30 disposed within bedy 2, and
a pulse sensor 5 is arranged on an reverse side of the board.
Thus, mounting eleetronic'componenis on both sides. of the
board 30 efficiently utilize a chamber within body 2. Pulse
sensor 3 consists of a light emitting element (typically,
infrared radftation LED) and a ;1gni reeeif:ng element
(typically, phototiansistor). The both elements are molded
with synthetic resin‘into a single unit, and airtightly held

at a predetermined positidn of a holder base 35 providing
| finger insertion section 4 by a flexible pfeésiﬁg member or a

sponge 33 having a bredatermined_proper rigidity. Sponge 33 is
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partially sandwiched wifh holder base 35 to be fixed at a
predetefmined position and hold sensor 5§ airtightly. A
detecﬁion_surface of puisa sensor 5 is leveled with a surface
of holder base 35, exposing through'base 35. Thus, the pulse
sensor 5 is airtightly held by elastic pressing member 33 and
the sensing surface of sensor § is exposed to finger insertion
section 4, the main body 2 can be free from entry of dust or
water and, upon insertion of a finger to finger insertion
section 4, the finger comes into a direct contact with the
detection surface of pulse sensor 6 to provide a precise ﬁﬁlée
measurement.

| As shown in Fig. 8 about finger insertion section 4, hood
10 has a configuration having a convex cross section and hold
base 35 has recessoed cross section, whereby upon inserting a
finger into finger insertion section 4, the finger is properly
pushed by hood 10 toward holder base 35, the thick of f;ngor
is driven into a ti:ht contact with .2 recessed portion of
bholder base 35, ana the contact between the inserted ringer
and the detection surface of sensor 5 1s ansurea.‘rnus, a
sfable accufEcy of ﬁulse measurements is guaranteed in any' 
size of fingers. One end of hood 10 is tightly sandwichéd by
upper ﬂousing 21 and holder base 35 so as to avoid hood 10
coming out of such a sandwich construction. The construction
for sandwiching hood 10 by housing 21 and base 35 makes hood

10 easily be mounted in finger 1nsert16n section 4 and
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provides satisfactory shading in attaching componehts.

tn Fig. 8 there is shown a circuit of the pulsimeter 1. A
constant current circuit 40 supplies the light emitting
olement of pulse sensor 5 with a current but is controlled by
a control circuit 41. The control circuit 41 employs a
microcomputer and its peripheral circuitlcomponents to control
ON/OFF operation of the light emitting element, detection of
pulse signals, computation of pulse number, display of the
computed'puISe number, and so forth. An amplifier 42 amplifies
signals sensed by the light receiving element of pulse sensor
5, and a comparator 43 extracts pulse synchronized signals
from the amplified pulsae signals. A display circuit 44 is
disposed to display thq number of pulses obtained by this
pulsimeter, and may also display the number ofl stoeps in case
that the pulsimeter is required to further include & pedometer
function. A power source circuit 45 consists of a dry cell or
the like,'playing as a source for the pulsimeter 1. A switch 7
for power Supply 1s disposed on the rront race of boay 2 (Fig.
1) to turn on and off the pulsimeter.

As ;hoﬁn*in Fig. 9, thus éonstructed pulsimeter 1 is usedﬁf
by attaching buckle & disposed on cover 3 to belt 50 of pant§ A
or skirt. In a pulse measurement, main body-z¥is detached from
cover 3 to fall forward, and typically a forefinger of an
operator is inserted into finger insertion section 4,

supporting main body 2 with another hand. Then, switch 7 is
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pushed to turnm on power source though such pushing the switch
may be made prior to insertiom of the finger. Upon pushing
switch 7, pulses are automatically detected to be indicated on
display 6. After completion of the pulse measurement, switch 7
is pushed again to turn off the power source, and cover 3 is
moved to return to main body 2 for closing. Though the :
poratble member 9 is diéposed on the cover 3 in this
embodiment, it may be disposed on the main body 2. Moreover,
the display 6 may be disposed on the cover 3 instead of the
main body 2, 1f desired.

Though pﬁlsimeter 1 is attached to belt 50 in this
embodiment, it may be put intoc a breast pocket or carried by
putting it into other poocket or a bag, if desired. noréover,
the pulse measurement may be executed without attached to the
belt, if desired. Typically,.as shown in Fig. 10, the
pulsinieter 1 may be held by one hand, and a finger of axiot,her.
hand may be inserted into finger insertion section 4.

In Fig. 11, a display operation is exemplarily shown. In
absence of push operation to switch 7; the display shows a
-state of in“Fig. 11-(a). Upon pushing switch 7, an indication
"PULSE" meaning a stand-by state for measurement is displayed
on display 6 as_shown in Fig. 11=(b). Upo# inserting'a :inger;
into finger insertion section 4 in this stand-by state, pulses
are sensed by pulse sensor § to displa& the nnmber-of-pulsea a

minute as typically shown in Fig. 11-(c).
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r¢ switch 7 is pushed in the display state shown in Fig. 11-
(b) or (c), the operation will be returned to the initial

gtate shown in Fig. 11-(a).
As mentioned above, the pulsimeter 1 of this embodiment

may be modified to include a pedometer function in addition to
the pulsimeter function, if desired. For this modification,
the main body may enclose thgrewithin components for a step
measurement, such as a vibration sensor and so forth, and the
associated circuits and display may be modified as shown in |
Figs. 12 and 13 without changing the external configuration of
the main body. This modifiead ﬁulsimeter is. shown in Figs. 12
and 13.

Fig. 12 shows a block diagram of the modified pulsimeter,
where the same componants as those of Fig. 8 are'represented
by the same reference numergls and_their explanation is
omitted for a simplified explanation. The pulsimeter provided
with a pedometer function further includes a vibration sensor: -
61, an ampliffer 62 for amplifying output signals from
vibration sensor 61, a eomparazor and counter circuit 63 for
comparing ag—output signal from amplirier 62 with a
predetermined sef value or discriminating the output signal by
level to count the number of signals larger than the
predetermined value. Power source circuit 45 supplies
amplifier 63 and circuit 83 with power. A control circuit 141

- has a pedometer function in addition to the pulsimeter
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(MR III




16
punction of the circuit 41 of fig. 8. According to the
pedometer function of circuit 141, upoﬁ actuating a mode
switch 64, the number of steps represented by a counted value
in the comparator and counter circuit 63 is applied to display
circuit 44 instead of the number of pulses. ﬁpon actuating the
switch 64, the number of pulses is again applied to displai
cireuit 44. Thus, on each actuation to switch 64, the numbers
of walking steps and heart pulses are alternatively displéyed.
fhough the switch 64 employs a push button switch, it may
employ a slide switch to seleci pulsimeter or pedometer mode
by sliding button of the switch, if desired. Inm this |
moditiéatian, upon turning on the power by syitch 7, control
circuit 141 resets the counted value of the comparator and
counter cirouit 63. The counting aad storing function exacutaed
by the oirouit 63 may be executed by ocontrol cireuit 141 by
furthor modification. The display alternat;vely indioating the
nunbers of pulses and steps may be modified to simultaneously
indicate both numbers. |

While the invention has been described and 1llustrated
with respeci"to certaiﬁ embodiments which give satisfactory
results, it will be understood by those skilled in the art,
after understénding the purpose of the invehtion, that various
other changed and moditications may be made without departin;
from the spirit and scope of the invention, and it is

therefore, intended in the appended claims to cover all such
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chanées and modifications.
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a main body (2),

a finger insertion section (4) disposed on said main body

what is claimed 1s:
1. A puisimeter comprising

(2) to be 1nserted by a finger,

a pulse sensor (5) for sensing pulses of a finger
1nsartad into said flnger insertion section (4), and

a display (8) for displaying the pulses sensed by said
pulse sensor (5), said finger insertion section (4) being
disposed on a suitaée different from a surface provided with
said display (8).
2. A pulsimeter according to Claim 1, in which said finger
ingsertion section (4) is disposed to have a finger insertion
direction (a) in a vertical direction (b’) but in a slant to a
horizontal direotion (b) of said main body (3). |
3. A pulsimeter according to Claim 1 or 2, in whiéh saia
main body (2) further includes a board (30) therewithin, said.
display (6) 1is mounxed on one side of said board (30) and said
pulse sensor (5) is directly mounted on the opposite side of
said board (30).
4. A pulsimeter comprising _

a main body (2) including_a housing memberi(zo; 21.-25).

a finger insertion section (4) disposed on said main body
(2) to be inserted by a finger,

a pulse sensor (5) for sensing pulses of # tinger

B
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19 .
insertea into said finger insertion section (4), and

a display (8) for displaying‘the pulses sensed by said
pulse.sensor (5), said finger insertion section (4) being
covered with a hood (10) of an elastic material.

§. A pulsimeter according to Claim 4, in which a portion
(38) of said finger insertion section (4) opposing to said
hood (10) has a configuration having a recessed cross section.
8. A pulsimeter according ‘to Claim 4 or 5,iin which said
hood (10) is sandwiched by said housing member (21, 35) of
said main body.

7. A pulsimeter comprising

a main body (2), __

a finger insertion section (4) dispésed on said main body
(2) to be- :l;nsortod by & finger, ‘

a pulse sensor (§) for sensing pulses ‘of said tinger
ianserted into the finger insertion section (4),

a display (6) for displaying the pulses sensad by said
pulse sensor (5), saia pulse sensor (8) being airtightly held '
by an elastic pressing memper (33) and a sensing surface of
said sensor=(S5) being exposéd to said finger insertion section
(4). . - | )

8. A pulsimeter according to-Claim 4, 5, or 6, in which said.
~elastic material of said hood (10) is a material hawing ét
‘least a smooth contact surrace:against the finger.'

8. A pulsimeter according to Claim 1, 2, or 3, in which said

I

LA



.\
N
EEX Y
LR R
b}
)
~
b}

LRI

20

ortable.
ted with a member (98) for p
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main body (

ter for counting pulses and steps, compr;s;ng
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1 pulse sensor (53) for sensing pulses,
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a vibration semsor (61),
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of said vibration sensor (61).
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