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Technical Field This invention relates to an inpul se force estinmating
devi ce awd ¢g®rudsse force estimating nethod 10 for measpgi)ifod/sesy S€

force associated with striking techniques in, for exanple, martial arts,
and a storage nedi um which stores an inpulse force estimating program
Background Art Flat force platforns have,been used to neasure 15

| mpul se force acconpanying striking techniques in sports conbative,

I ncl udi ng karate, boxing, and kung fu. This type of force platformis
conposed of piezoelectric el enents sandwi ched between netal plates. The
force platformis fixed rigid® EoSaCwal I, PsTich @sN20 a concrete wall.
Striking the platform produces an electric signal, which is used to neasure
the i npul se force. Since the force platformused in the conventiona

i npul se force nmeasURNBILSR: RORCRIBSTRMATINGG DEVECE y IMPULSE the wall, the
shock resul ting fr@ORCH|RSTEMARING MRRHGD o ANDhMERIHMSTAREING ri ker, which
mght Burt him To BNRILEE RORGE ESTRRATHON ARQGERAMri ng i npul se force night
unconsci ously pull his punches when hitting the force platform This causes

the probl em of Technical Field
This invention relates to an impulse force
estimating device and impulse force estimating method
10 for measuring impulse force associated with striking
techniques in, for example, martial arts, and a storage
medium which stores an impulse force estimating program.
Background Art
Flat force platforms have been used to measure
15 impulse force accompanying striking techniques in
‘ sports combative, including karate, boxing, and kung fu.
This type of force platform is composed of
piezoelectric elements sandwiched between metal plates.
The force platform_is fixed rigidly to a wall, such as
20 a concrete wall. Striking the platform produces an
electric signal, which is used to measure the impulse
force.
Since the force platform used in the conventional
impulse force measuring techniques is fixed rigidly to
25 the wall, the shock resulting from a blow acts directly
on the arm of the Striker, which might hurt him. -
To avoid the fear, the pérson measuring impulse
force might unconsciously pull his punches when hitting

the force platform. This causes the problem of



2 2 preventing the inpulse force from being
nmeasured correctly in proportion to the striking force the striker

ori gi nal IWO48/8718Fur t her nore, since the force platform usedpiiybéiforsss -
conventional inpulse force neasuring techniques is fixed rigidly to the
wal |, mass conditions related 5 to inpact are quite different fromthose
for the case where the human body, the original target in striking

t echni ques, gets a blow. This causes the roblem the inpul se force
measured under the conditions is quite different fromthe inpulse force
acting actually on the human body. It is, accordingly, an object of the

t i ti tQ. L de. ' I 10__f .estimati devi d

rpul se 1 or ce BRI Tt ABFUAERarPESr SREBSHPLRE PRBEFEEY or ce wi t hout
I ki ' . -nedi : ' f

csti mat i ng pr ahame ARG AR PR EERR R ARR A b BARS AR BB EPERE D e e

i's provided argﬂlrmls%xfi@'ﬁglqgt a@t,i ng device conprising: 15
accel eration sensing neans to De attached to a hunman body, for senses an

accel erati on of novaiEiterford)e Jie thed foraed plakfosm Leede inakhel ating
means for cal culating an inpulse force based on nore than one accel eration
sensed By sai d-caooegiteioatalo inpar] sien f oresn mepsueingo techevgnesl isf a
direction of the sensed accel erations. 20 According to the invention
in the second &Rt rigitdye tics theoWaddd massnponddtiense redatpdt £Rg net hod
conprising: an, accel eration sensi step .of sensing_an accel eration of

noverent of a MERAGT R B2 et from thess £OF ShSoF3Bfe human
body, using acgel el Al hS&S HiAy TR 33508 tarhle IR ARdky and

techniques, gets a blow. This causes the problem: the

10 impulse force measured under the conditions is quite
different from the impulse force acting actually on the
human body.

It is, accordingly, an object of the present

invention to provide an impulse force estimating device

15 and impulse force estimating method capable of
measuring impulse force without striking an object, and
a storage medium that stores an impulse force
estimating program.

An impulse force estimating device according to

20 the present invention comprises an acceleration sensing
unit which is attached to a human body and senses the
acceleration of movement of the human body and an
impulse force calculating unit for calculating impulse
force on the basis of accelerations sensed before the

25 time the direction of acceleration sensed by the
acceleration sensing unit reverses as a result of the
movement of the human body.

‘his Sheet Has Been

LT



2a an inpulse force calculating step of calculating an inpul se force based
-on nore than one accel eration sensed prior to a reversal of a direction of
t he sensed accel erations. According to the invention in the third aspect,
there is ' a 5 program storage nedi um havi ng program codes stored

t her eon tﬁg(g)yggégsr eadabl e by a conputer for estimating an i MEUI®eMI5FLe, -
conpr.i sing: conputer-readabl e program code neans for enabling an

accel eration of novenment of a human body as a result of a striking action
of the human body to be sensed with accelggation sensing neans attached to
t he human body; and 10 conput er - r eadabl e program code nmeans for

cal cul ating an i npul se force based on nore than one accel erati on sensed
prior to a reversal of a direction of the sensed accel erati on. 3
Therefore, it is poThelrke¢ore,eiti st poisisdbilepttos esttdmatec theedmpylwet hout
striking an object. Brief Description of Drawings FIG 1A is a front view
of a wristwat clfoteei cerracsly witban&cstyikinghaanobigssi-nent of an inpul se
force estimating device according to the present invention, and FIG 1B
shows the installation | ocatBiehoPefrEReIN AF FFrawF? in the wistwatch

device; FIG 2A sho fhe structyre of an acgel erat.ign 10 sensaqr
installed on the mmﬁ@%ﬁa @hlﬁeﬁi%EQd& MIEW CA @ Wris Wattn aevi®d®dh

5 connection with an embodiment of an impulse force
estimating device according to the present invention,
and FIG. 1B shows the installation location of an
acceleration sensor in the wristwatch device;

FIG. 2A shows the structure of an acceleration
10 sensor installed on the wristwatch device of FIG. 1A,
and FIG. 2B shows the principle of the acceleration
sensor;
FIG. 3 shows how the acceleration sensor senses
acceleration resulting from the movement of a person
15 wearing the wristwatch device of FIG. 1A;
FIG. 4 is a block diagram of the electronic
circuit of the wristwatch device of FIG. 1lA;
FIG. 5 shows the contents of data previously
stored in the calculation data storage section in the
20 ROM of FIG. 4;
FIG. 6 illustrates the structure of the impulse
force measuring mode data register in the RAM of
FIG. 4;
FIG. 7 is a flowchart for a measuring mode process
25 in the impulse force measuriﬁg mode; and
FIG. 8 is a flowchart for a type-of-blow {(group)

judging process accompanying the measuring mode process



and FIG 2B shows the principle of the acceleration sensor; FIG 3 shows
how t he accel erati on sensor senses acceleration resulting fromthe novenent
of a per somodsriss wearing the wistwatch device of FIG | poyrhbbaozdsd s a
bl ock diagram of the electronic circuit of the wistwatch device of FIG
1A; FIG 5 shows the contents of data previously stored in the cal cul ation

data storage section in the 20 ROMof -FIG 4; FIG 6 illustrates the
structure of the inpulse force neasuring4node data register in the RAM of
FIG 4; FIG 7 is a flowhart for a neasuring node process 25 in the

I mpul se force neasuring node; and FIG 8 is a flowhart for a type-of-blow

(group) judgin rocess accopgpanyi ng_t he, neasuri ng node process 4 in the
i mpul se forcelﬁrs‘g%%ri'%uﬁ%%le%@%é i o1 [t o) ('294%/1 ng Qut the Invention

Her ei nafter, referrin%e%g hggsaggoEng égg éPgﬁkg%éin@gn?gggdinent of the

present invention wil ~be explai ( I's a front view.of a
wristwatch device 4ErePRREEEL QNrékbPr 8ig RS OchaBAécOmpaRyiAgul se force

estimating device according to the present invention.

drawings, an embodiment of the present invention will
5 be explained.

FIG. 1A is a front view of a wristwatch device in
connection with an embodiment of an impulse force
estimating device according to the present invention.
FIG. 1B shows the installation location of an

10 acceleration sensor in the wristwatch device.

A watch body 11 has a similar size to that of
an ordinary wristwatch and allows a person to wear it
on his wrist or ankle with a wrist band 1la. An
electronic ciﬁcuit for supervising various clock

15 functions and an acceleration sensor 12 are provided in
the watch body 11.

FIG. 2A shows the structure of the acceleration
sensor 12 installed on the wristwatch device. FIG. 2B
shows the principle of the acceleration sensor 12.

20 The acceleration sensor 12 is a piezoelectric
acceleration sensor. In the acceleration sensor 12,
two leads 12bl and 12b2 fixed to a base 1l2a are
soldered respectively to the surfaces of two piezo-
electric ceramic plates (piezoelectric elements) 1l2cl

25 and 12c2 laminated together. The soldered portions and

the lower portions of the piezoelectric ceramic plates

12cl and 12¢c2 are fixed to the base 12a with adhesive.



FIG 1B shows the installation |ocation of an 10 accel eration sensor in
the wistwatch device. A watch body 11 has a simlar size to that of an
ordi-nary wistwatch and allows a person to wear it on his wist or ankle

W th a Wyebsdragy 1la. An electronic circuit for supervisi (I}Q__y/ lsfidSsoC! OCk
15 functions and an accel eration sensor 12 are provide |n9%%e wat ch

body. 11. FIG 2A shows the structure of the acceleration sensor 12
installed on the wistwatch device. FIG 2B shows the principle of the
accel eration sensor 12. 20 The agcel eration sensor 12 is a

pi ezoel ectric accel eration sensor. In the acceleration sensor 12, two |eads
12bl and 12b2 fixed to a base 12a are sol dered respectively to the surfaces
of two piezo- electric ceram c plates (piezoelectric elenents) 12cl 25

and 12c2 | ani Adileoft shet resulting soimnatarre)drs iameeredl wikeh| 3vBeERdrti ons
of the piezoelectric ceramc plates 12cl and 12c2 are fixed to the .base 12a
wi th adhesivecase 328 of the resulting structure is covered with a neta

12d. The t ' | ect.ri ' lates. 12 L gpi,nat ed
Coget hor wi 1 t hoi 1HEGISS AR o 1 caraitid 25| aBP 162, 2R, 13657 PC

are |am nated L0040 3AM 40t tSY BN Y el "Ble i POSEAAME BbBbEitéCEoON the

| ef t
5 each other. In FIG. 2, they are laminated together in

a such manner that the ceramic plate 12cl on the left
has the negative polarity at the left surface and the
positive polarity at the right surface when the plate
12cl extends as shown by arrow b, whereas the ceramic

10 plate 12c2 on the right has the negative polarity at
the left surface and the positive polarity at the right
surface when it contracts as shown by arrow c.

When acceleration acts in the direction of arrow a,
the inertial force causes bends in the piezoelectric

15 ceramic plates 12cl and 12c2 as shown by arrows b and c,
which produces voitage signals corresponding to thel
polarization at the right and left surfaces of the
plates. The voltage signals are outputted via the
leads 12bl and 12b2.

20 As acceleration acting on the acceleration sensor
12 is greater, bends in the piezoelectric ceramic
plates 12cl and 12c2 become larger and therefore higher
voltages are generated. As a result, the voltage
signals proportional to the acceleration are outputted.

25 The acceleration sensor.z is provided so as to
correspond to the position of nine o’clock on the watch

body 11. The direction of the sensitivity of the



has the negative polarity at the left surface and the positive polarity at
the right surface when the plate 12cl extends as shown by arrow b, whereas

the ceramyvookfd7iss plate 12c2 on the right has the negativep at the
| eft surface and the positive polarity at the right surface ﬁﬁ&ﬁkhﬁﬁw

contracts as shown by arrow c. Wien acceleration acts in the direction of
arrow a, the inertial force causes bends in the piezoelectric 15

ceram ¢ plates 12cl and 12c2 as shown by &rrows b and c, which produces
vol tage signals corresponding to the polarization at the right and |eft
surfaces of the plates. The voltage signals are out putted via the | eads

12bl d 12b2. 20 t t t
senso?n12 S freé%ﬁoerr 1%é?d§A%nacc§Q§{%g1ne on weel%cc% vgi.az‘l“f]'pand
12c2 become 'g@f ge i Nlﬁ%qurpfﬁ&'ﬁif‘éﬁe/%{ 6\! &&W@io‘& td'S 2

result, the v gnals proportional to t accel eration are outputted.

25 Thei i€ G A clit ORvHtD e %pée@rﬁnd!ectrs@ Afctengd) respond to
the position of nine o clock on the watch body 11. The direction of the

sensitivity ofpdditive Gralbnsgy i owtmetted imlpmypsortiva wasehevhere the
wat ch body 11 noves in the direction fromthree o' clock to nine o'clock,
when t heé speednagnitudeneof ran cinrreaseoih tthe sppedgavhereas prherdthe
proportion to égﬁgd is on the decrease, a negative voltage is
outputted in proportion to the magnitude of a decrease
in the speed.
FIG. 3 is a pictorial diagram to help explain how
10 the acceleration sensor 12 senses acceleration with no
actual blow in the striking action of the person
wearing the wristwatch device (the striking action
characterized by stretching out the elbow or in that
the fist moves almost llnearly toward the object).
15 | For example, when the person puts the watch body
11 on the right arm, his dominant arm, and strikes a
blow as shown in (A) to (E) of FIG. 3, the voltage
generated by the acceleration sensor 12 is sensed in
the form of a positive voltage proportional to &an
20 increase in the speed in the direction of striking
during the striking period (before the hit point H)
corresponding to (A) to (C). In the turning period
where the blow has reached the maximum (after the hit
point H), the voltage generated by the sensor 12 is
25 sensed in the form of the negative highest peak voltage.

It is at peak B shown in FIG. 3 that the

acceleration absolute value becomes the largest



5 magni tude of an increase in the speed, whereas when the speed is on
the decrease, a negative voltage is outputted in proportion to the

magni tude of a decrease in the speed. FIG 3 is a pictorial diagramto help
expl ai n lvpavodSr183 the accel eration sensor 12 senses accelg&g&hggmﬂg%h_no
actual blow in the striking action of the person wearing the wistwatch
devi.ce (the striking action characterized by stretching out the el bow or in
that the fist noves alnost linearly toward the object). 15 For
exanpl e, when the person puts the watch lFody 11 on the right arm his

dom nant arm and strikes a blow as shown in (A) to (E) of FIG 3, the

vol tage generated by the accel eration sensor 12 is sensed in the formof a

positive voltage proportipnal to an %0 Locrease in the speed in the

di rection of gﬁF?EHﬁgu u#ﬁﬁgs?ﬁéeétP k?Bﬁrﬁt+?88'(before the hit point H)
di t C ' ' ls

Feachod the maxi mue( SPEDr HFRE thA® bl VAIuB RO PR EEBe S8 AR 1B e

sensor 12 is gagativaCnefd mAghheukiar BeobehRenNgf8lE VN8I fAgAL tAGRK
voltage. It is gt peak B'showd in FIG 3 that the accel eration absol ute

val ue beconespkhg hatgeske in7thBr epgbaubtt YRiGAr the pereparati ons. As seen
fromthat the value of the acceleration is '

5 stretches out his arm in the striking action. Namely,
the more suddenly the stretched-out arm stops, the
larger absoluﬁe value peak B has.

A positive acceleration appearing before that
reflects the magnitude of an increase in the speed at

10 which the person stretches out his arm. The changes in
the magnitude largely depend on fhe pattern of the
moving structure of the arm. They also reflect the
moving structure of part of the body other than the
arms. Variations in the acceleration of the part with

15 time are closely related to the magnitude of impulse
force caused as the final result of movement.

With the embodiment of the present invention, more
accurate impulse force is estimated using accelerations
x1 to x20 sensed at 20 points Pl to P20 at intervals of

20 0.01 second for 0.2 second before the hit point H.

Acceleration resulting from a blow has different
effects on the magnitude of impulse force, depending on
the sense timing. For example, since acceleration at
the beginning of the striking action has little effect

25 on the magnitude of impulse force and acceleration
immediately before the impact has great effect, a

different weight is given to each of the 20 sensed



negative, the magnitude of peak B shows the magnitude of a decrease in the
speed at which the person 5 stretches out his armin the striking ,
action. the nore suddenly the stretched-out arms | ar ger
absol ut e%?ﬁgeﬁgeak B has. A positive accel eration appeari Ir’n'gqp’é'é?‘?)"rg%”t hat
reflects the magnitude of an increase in the speed at 10 whi ch the
persan stretches out his arm The changes in the magnitude | argely depend
on the pattern of the nmoving structure o the arm They also reflect the
noving structure of part of the body other than the arns. Variations in the

acceleration of the part with 15 time are closely related to the
magni t ude of i npulse force cgused the final result of novenent. Wth the
enbodi nent of 2¢FRLBFRELPRS i Kb etR %0 nore accurate inpulse force is

Cnierval s of 20 - SpoebpieBiixy phRvosSeRERRy St (hadf e 0 7

I nterval s of 20 poi nt. H.

Accel erati on Eestkihontonl Sebbouhba, diéf RDtnal{ee andhgamoni tude

of inpul se force, ndr ng on e sense timng. For exanple, since

accel eration @fohBesbrebANLPIiREetPLI St 6E KD NG a8édéomd NS 20 tpdintwd fect 25
on the magni tude of inpulse force and accel eration imedi ately before the

i mpact bas gr eat febhecof ahdi hier pointelgimidi shgi irepuloe cfotrefof he 20
sensed ° actual blows measured under the mass conditions for a
specific section of the body, a target section in
strike techniques, a weight regression equation
containing 20 variable terms and one constant term as
10 shown by equation (1) is derived.
Twenty accelerations sensed at intervals of
0.01 second at 20 points.in front of the hit point H in
a striking action involving no actual blow are
_ extracted and substituted into the 20 variables in the
15 equation. On the basis of the result, the impulse
force is estimated.
Impulse force = alexl+a2+x2+...+a20-x20+C (1)
The coefficients and constants in the 20 variable
terms in the equation vary depending on the type of
20 sport combative, such as karate, boxing, of kung fu.
The difference in technique between events is
considered to be the difference in contribution of
acceleration to impulse force between times. Therefore,
the 20 coefficients are taken as weighting coefficients
25 for acceleration at the respective times in each event.
Specifically, if weighting coefficients and a

constant to be set in a weight regression equation for



accelerations xlI to x20. Specifically, many exam nees are nmade to try
striking bl ows beforehand. On the basis of accelera- tions sensed at
intervals of 0.01 second at 20 points 5 in front of the hit point H and
the i mpuygsosfPigze of actual bl ows neasured under the mass f’eﬂ M/&Qscb for a
specific section of the body, a target section in strike techniQues,

wei ght regression equation containing 20 variable terns and one constant
termas 10 shown by equation (1) is derived. Twenty accel erations
sensed at intervals of 0.01 second at 209points in front of the hit point H
in a striking action involving no actual blow are extracted and substituted

into the 20 variables in the 15 equati on. Cn the basis of the result,
the inmpul se force is estimated. 4q£‘#se force = f +a2. x +a20- x20+C
(1) The coeff*%?%ﬁﬁsa%%da£dﬂgt%% B ?%erﬁip%%ﬁ+%ﬁ ¥r 1 EPHE ?h 9he equation

d di th Ly k t
boxi ng. of kurRETEresRn i eRe EreenrhERBCh Blcobe: faed WOLdH T ®
considered ! o-Dgrl0gigh!< %f&'ﬁofoaaﬁmgtwa Bi é‘scﬁbéraﬁaoﬁzto i mpul se

force between” ore 20 coefficients are taken as weighting
coefficients géspectiGélyf‘?Cﬁéf?ﬁtiﬁﬁ dbetbeci@ApPSChhdcat bGRStANtEBOh event.

Specifically, if weighting coetficients and a constant to be set in a
wei ght s egr espeogetqiiit aoWeight regression equation for kung fu are
cl to c20 and C3 respectively, and weighting
coefficients and a constant to be set in a weight
regression equation for amateur are dl to d20 and C4
respectively, impulse force accompanying a karate blow
10 will be determined using equation (2), impulse force
accompanying a boxing blow will be determined using
equation (3), impulse force accompanying a kung fu blow
will be determined using equation (4), and impulse
force accompanying an amateur blow will be determined
15 using equation (5).
Impulse force (karate)
= alexl + a2.x2 + .,. + a20-.x20 + C1 (2)

Impulse force (boxing)

= blexl + b2ex2 + ... + b20-x20+C2 (3)
20 Impulse force (kung fu)
= clexl + c2+x2 + ... + c20-x20+C3 (4)

Impulse force (amateur)
= dlex1 + d2.x2 + ... + d20.x20 + C4 (5)
Which one of karate, boxing, kung fu, and amateur
25 a blow by an examinee belongs.to is determined in the

following procedure.

The average value of accelerations sensed at



9 karate are al to a20 and C1 respectively, weighting coefficients and a
constant to be set in a weight regression equation for boxing are bl to b20

and C2 r L2l y, weighting coefficients and a constant e set
in a wei (gn‘ﬁp%rg}ggl\régssi on equation for kung fu are cl to c20 é’tﬁg-/%gsmssp

respectively, and weighting coefficients and a constant to be set in a
wei ght regression equation for amateur are dl to d20 and C4 respectively,
i mpul se force acconpanying a karate bl ow; g0 wi |l be determ ned using
equation (2), inpulse force acconpanying a boxing blow wi Il be determ ned
usi ng equation (3), inmpulse force acconpanying a kung fu blow w il be

det ermi ned using equation (4), and inpul se force acconpanying_an anateur
bl ow wi | | be dettemviadsd ofs0.01 secefdegta2foROLDFS LRpIFOBL: glfcy‘(ekar ate) =

al .xI + a2.x2 + ... + a20.x20 + C1 gZ) Igiul se forgg_.%ﬁoxi ng) = bl.xlI +
b2.x2 + ... +hFopedmicH for eaph yype of blow 3B A ETd8 e (kung fu) =
cl.xlI +c2.x2 + ... + ¢20.x20+C3 (4) | npul fi0 Wibn= dl . xI +
d2.x2 + ... +Rexfoopneep W\ﬁﬁa&‘}(“&)ﬁg of @?’é‘t%?‘ggé‘&‘?ng %kl}ng fu, and
amat eur 25 bl qy EM SR xgetlescmg %'&.91% i adgtgai ned in the
fol |l ow ng proc(e ur e. e}f'jlt\r/}‘erag(rag val ue o accegoelr ations sensed at
S performance of many examinees are taken as independent

20 variables to determine a covariance. Then, a

covariance matrix with 20 rows and 20 columns is

created. Moreover, the inverse matrix of the

covariance matrix is created.

10
Examinee 1 {x1,x2,x3,...x18,x19,x20}

.

Examinee N | {x1,x2,x3,...x18,x19,x20}
15

(The average
of all examinees {x1l,x2,x3,...x18,x19,x20}
at each time)

20 When accelerations xl1 to x20 sensed at 20 points
in front of the hit point H accompanying a blow by an
examinee have been obtained, the difference between
each of the 20 accelerations xl1 to x20 sensed at the
20 points and each of the average accelerations at the

25 20 points (refer to equation (6)) previously determined
in a trial performance of karate is found. This gives
a matrix with one row and 20 columns as expressed by
equation (7) and a matrix with 20 rows and one column
as expressed by equation (8).

30 [X1-x1,X2-%X2,...,X20-x20] (7)



10 intervals of 0.01 second at 20 points in front of the hit point H for
each type of blowin a trial performance of nmany exam nees is found using
equation (6). Twenty accelerations sensed in atrial 5 per f or mance of
many exawigwediey € taken as i ndependent 20 variables to detﬁ{'{‘ﬂ#@?/of’ssg
covariance. Then, a covariance matrix with 20 rows and 20 colums 1s
created. Moreover, the inverse matrix of the covariance matrix i s created.

10 Examinee 1 {xl,x2,x3, .... xI8,xlI9,x20} Exam nee N
{xI x2,x3,...xI8,x19, x20} 15 (The averagerpf all examni nees {xI,x2, x3,
. X18, x19, x20} at each tine) 20 When accel erations xI to x20

sensed at 20 points in front of the hit point H acconpanying a bl ow by an’
exanm nee have been obtai ned, [tRe difefence between each of the 20
accelerations x|l to x20 sens=dxat t PO points and each of the average
accel erations at the 25 PO"poi Nt's (refer to equation (6)) previously
determined in a trial perforpance:of kfrate is found. This d¢Bles a matrix
with one row and 20 col unms fis expressed by equation (7) and a matrix with
20 rows and one col um %20 — x20

Using equation (9), Mahalanobis distance D is

found on the basis of each matrix according to the

5 difference between the sensed accelerations of the
examinees and the average acceleration in a trial
performance of karate and the previously obtained

inverse matrix of the covariance matrix in a trial

performance of karate.

10 D = [X1-x1,X2-x2,...,X20-x20}
[ ] [ X1 — x1 ]
X2 - x2
A
X20 - x20_

A: the inverse matrix of the covariance matrix with
15 20 rows and 20 columns (9)

Mahalanobis distance D is determined for each type
of blow, such as karate, boxing, kung fu, or amateur.
Sensed accelerations x1 to x20 resulting from blows by
20 the examinees are determined to belong to a type of
. blow whose Mahalanobis distance D is the smallest.
Specifically, variations in the acceleration with
time in a trial performance of each type of blow, such
as karate, boxing, kung fu, or amateur have a

25 distinctive standard pattern. It is determined which



as expressed by equation (8). 30 [ X1-xI, X2-x2,...,X20-x20]

(7) 11 X1 - xI X2 - x2 (8) X20 - x20 Using equation (9), Mhal anobis |,
di st ancewB dggm7iggund on the basis of each matrix according I,&)gp%m? 59

di fference between the sensed accel erations of the exam neesS an ﬁe
average acceleration in a trial performance of karate and the previously
obt ai ned inverse matrix of the covariance matrix in a trial performance of

karate. 10 D = [ X1-xl, X2-x2,...32X20-x20] X1 - X1 X2 -x2 A X20 -
x20 A: the inverse matrix of the covariance matrix wth 15 20 rows and
20 col ums (9) Mahal anobis distance Dis

determ ned for_each type of blow, such as karate, boxin%, kung f
I

te,. u, .or :
amat eur . Sensf Hhe F VR FARdard (RASERINS ATI ARSI D| BHR HFnoed t he

exanm nees are determned to beJong to a type bl o ose Mahal anobi s
di st ance D i 2% ?}%gt;eséitlﬁb f%om éﬁé é{ow o%vt.e examinee

most closely resemble.
Then, impulse force accompanying the blow of the
5 examinee is determined using the weight regression
equations (refer to equations (2)'to {(5)) containing
the weighting coefficients and constants for each
sensed acceleration previously set according to the
determined type of blow. |
10 FIG. 4 is a block diagram of the electronic
circuit in the wristwatch device.
The electronic circuit in the wristwatch device is
provided with a CPU 13.
The CPU 13 starts the system program previously
15 stored in a ROM 19 or the program read from an external
storage medium by an external data read section (not
shown) and controls the operation §f each section of
the circuit on the basis of the acceleration data
inputted by an acceleration sensor 12 via an A/D
20 conversion circuit 14, the key operation signal from a
key section 15, or the time and date counting data
inputted from an oscillation circuit 16 via a frequency
divider 17 and a time and date counting circuit 18.
Not only the A/D conversion circuit 14, key section 15,
25 time and date counting circuit 18, ROM 19, and external
data read section but also a RAM 20, an alarm section

21, and a display section 22 are connected to the



Specifically, variations in the acceleration with tine in a trial
performance of each type of blow, such as karate, boxing, kung fu, or
amateur have a 25 distinctive standard pattern. It is determ ned which
12 of thewbasrs7ssandard patterns variations in the sensed aféfbﬁﬁﬁhgﬂp )
resulting fromthe bl ow of the exam nee nost closely resenble. en

I mpul se force acconpanying the blow of the 5 examnee i s determ ned
usi ng the wei ght regression equations (refer to equations (2) to (5))

contai ning the weighting coefficients and3onstants for each sensed

accel eration previously set according to the determ ned type of blow 10
FIG 4 is a block diagramof the electronic circuit in the wistwatch

devi ce. The g#ﬁﬁ%rgyic circuit in the wistwatch device is provided with a
CPU 13. The starts the system program previously 15 stored in a

ROM 19 or the progr@a rﬁﬁﬁﬁ?%ﬁﬁt?%@jfﬁtﬂ aagn@ggéyrx%ﬁgeagﬁlggégrnal

data read section (not sho e operation o ettion of

the circuit O%i&ifhlb?ﬂo%dﬁti%ﬁ%cﬁ'ﬁ[@téé}{kéiﬁtaﬁb&él&h&é@i_brbk lied
accel eration sensor 12 via an A/D 20 conversion circuit 14, the key
operation si gngtorf rehie aadenleanctiion sénsax Iheintored bqikabt@atouamdng data
5 sends the digital data to the CPU 13. Specifically,
the A/D conversion circuit 14 converts the voltage
signal proportional to acceleration in the range from
-15 G to +15 G sensed by the acceleration sensor 12
into digital data in the range of -512 to +512 and
10 sends the digital data to the CPU 13.

The key section 15 is provided with not only a
mode change key for switching between the basic clock
mode and the impulse force measuring mode in the
wristwatch device but also more than one key used to

15 execute various function in each operation mode.

Specifically, in tﬁe basic clock mode, for example,
the present date and time data according to the time
and date counting data supplied from the time and date
counting circuit 18 are displayed on the display

20 section 22. In the impulse force measuring mode,
impulse force is measured and displayed on the basis of
the acceleration data sensed by the acceleration sensor
12 as a result of, for example, the user’s striking
action.

25 In the ROM 19, a system'program that supervises
all the control of the electronic circuit has been

stored beforehand. Also in the ROM 19, a subprogram



I nputted froman oscillation circuit 16 via a frequency divider 17 and a
time and date counting circuit 18. Not only the A/D conversion circuit 14,
key sect| 5 time and date counting circuit 18, ROM 19, and

ext er nal bﬁpa%%é’rlse%d section but also a RAM 20, an al ar m seckGHIPINZSS8 g o
di splay section 22 are connected to the 13 CPU 15. The A/ D conversion
circuit 14 converts the voltage signal proportional to the sensed

accel eration supplied fromthe accel eratjpn sensor 12 into digital data and
5 sends the digital data to the CPU 13. Specifically, the AAD
conversion circuit 14 converts the voltage signal proportional to
acceleration in the range from-15 Gto +15 G sensed by the accel eration-
sensor 12 i ntthatgsupervises | sorhrol} aagreonding 1to teacls19f he kmsic sends

the digital data o the Cﬁg 13. The K%% section 15 is praqvided with not
only a node cRiRGE ReJet BRd IPPRLF R gTBEF SRR e B ITRER | Rtk and the

I mpul se force asyrin e in the wis t.ch devic ut SO nore than
one key used f’ggfgg‘ g‘égggﬁ’f’%"ﬁ%fi%ﬁ%s?%\rl]\%?l?g% ‘?%taeg%%v%pbgérearfi on node.
Specifically, gigERe1Rashe gOMCkgnode, for exanple, the present date and

time data accorglng_to the time and date counting data supplied fromthe
time ang date counwiray 6 Ehbiws tBedkBntbfibkayedtRE 48€adhseVddusly

stored in the calculation data storage section in the
ROM 19 of the wristwatch device.
The calculation data storage section of the ROM 19

includes a karate data storage section 19a, a boxing

10 data storage section 19b, a kung fu data storage
section 19c, and an amateur data storage section 19d.
The karate data storage section 19a_stores weighting
coefficients al to a20 for the respective sensed
accélerations at the 20 points and constant Cl

15 determined on the basis of the accelerations sensed at
intervals of 0.01 second at the 20 points in front of
the hit point H obtained in a karate trial performance
of many examinees and the impulse force of actual blows
neasured under mass conditions for a specific section

20 of a human body, a target section in striking
techniques. The storage section 1%9a also stores the
average value (see number 1) for each of the
accelerations sensed at intervals of 0.01 second at the
20 points in front of the hit point H obtained in the

25 karate trial performance of many examinees and the

inverse matrix of the corresponding covariance matrix

with 20 rows and 20 columns.



20 section 22. In the inpulse force neasuring node, inpulse force is
nmeasured and di spl ayed on the basis of the acceleration data sensed by the
accel eration sensor 12 as a result of, for exanple, the user's striking

action. 2®0 98/57183 In the ROM 19, a system programthat supef sl | the
control of the electronic circuit has been stored beforehand so in the
ROM 19, a subprogram 14 that supervises control according to each of the

basi c cl ock node and i npul se force neasuring node has been stored.
Furthernore, preset table data have been x8ored in the ROM 19. 5

FIG 5 shows the contents of the data previously stored in the calculatlon
data storage section in the ROM 19 of the wistwatch device. The

| cul at dat t t f ROM 19 kar at e dat
Crorage Sect| Snaléa*?ﬁ%g%siﬁﬁa' ggra s%as?sesﬁavsb%nsﬁﬁfaﬁ 588, a kung fu

dat a storage sg t r S SES. The
karate data std%%%gegé ti éﬁg ééfﬁgggﬁg?h%g%ggﬁ?l %héﬁgto a20 for
t he reSpeCt'Veséﬁ@é&daéééféfééiéﬂgSaéitﬁ39230b6ﬁh€§Saﬁ@dbéﬂgﬁéﬁ@tcfj 15

determ ned on the basis of the accelerations sensed at intervals of 0.01
second at the d&t@phihédi onfEtREtbASiS hef hthe PAEEELELODicnHesensed &arate -

trial performance
5 intervals of 0.01 second at the 20 points in front of

the hit point H obtained in a boxing trial performance
of many examinees and the impulse force of actual blows
measured under mass conditions for a specific section
of a human body, a target section in striking

10 techniques. The storage section 19b also stores the
average value for each of the accelerations sensed at
intervals of 0.01 second at the 20 points in front of
the hit point H obtained in the boxing trial perform-
ance of many examinees and the inverse matrix of the

15 corresponding covariance matrix with 20 rows and
20 columns.

The kung fu data storage section 19c stores
weighting coefficients cl to c20 for the respective
sensed accelerations at the 20 points and constant C3

20 determined on the basis of the accelerations sensed at
intervals of 0.01 second at the 20 points in front of
the hit point H obtained in a kung fu trial performance
of many examinees and the impulse force of actual blows
measured under mass conditions for a specific section

25 of a human body, a target seétion in striking tech-
nigues. The storage section 19c also stores the

average value for each of the accelerations sensed at



of many exam nees and the inpulse force of actual blows nmeasured under nass
conditions for a specific section 20 of a human body, a target section
in strikKiyagod/8fai ques. The storage section 19a al so stores the average
val ue (see nunmber 1) for each of the accel erations sensed RET{IRPHI253] s -of
0.01 second at the 20 points in front of the hit point H obtained in the 25
karate trial performance of many exam nees and the inverse matrix of the
correspondi ng covariance matrix with 20 gpws and 20 col uims. 15 The
karate data storage section 19b stores weighting coefficients bl to b20 for
t he respective sensed accel erations at the 20 points and constant C2
determ ned on the basis of the accelerations sensed at 5 I nterval s of-
0. 01 second atintexvadspeifnOsOilnsecond st the RDt ppdnts EHnobrentedfin a
boxing trial performance of many exam nees_and the inpulse force of actual
bl ows neasur edhgnddf PE§§t05n8P¥Péﬁ§dféP shepkupgi fustripdnPerigrMaoman
body, a target _section in strik techni ques. The storage section

' 10
19b " al so stor@?cfhgfaygpgggxﬁﬁﬁhggﬁoPngaEHeanYﬁ sSC@EFEFﬁtPSn§g ensed at

ntervals of GodlesgoAaing! cbie-39n0e Rhtril LEOR! 281 (bOE Bk POI Nt H
obtained in the boxfng trrral perform ance of fany exam nees and the

I nver se smat ri % gokoligink> correspondi ng covariance matrix with 20 rows
and

The amateur data storage section 19d stores
weighting coefficients dl to d20 for the respective
sensed accelerations at the 20 points and constant C4
determined on the basis of the accelerations sensed at

10 intervals of 0.0l second at the 20 points in front of
the hit point H obtained in an amateur trial perform-
ance of many examinees and the impulse force of actual
blows measured under mass conditions for a specific
section of a human body, a target section in striking

15 techniques. The storage section 19d also stores the
average value for each of the accelerations sensed at
intervals of 0.01 second at the 20 points in front of
the hit point H obtained in the amateur trial perform-
ance of many examinees and the inverse matrix of the

20 corresponding covariance matrix with 20 rows and
20 columns.

FIG. 6 shows the structure of the impulse force
measuring mode data register in the RAM 20 of the
wristwatch device.

25 The impulse force measuring mode data register in
the RAM 20 includes a sensed data storage section 20a,

an acceleration storage section 20b, a Mahalanobis



20 columms. The kung fu data storage section 19c stores weighting
coefficients cl to c20 for the respective sensed accel erations at the 20
poi nts and constant C3 20 determ ned on the basis of the accel erations
sensed atwhBiengsl s of 0.01 second at the 20 points in frorgc.ﬂhgsngségit
point H obtained in a kung fu trial performance of - many exam nees and the

i mpul se force of actual blows nmeasured under mass conditions for a specific
section 25 of a human body, a target section in striking tech- niques.
The storage section 19c al so stores the aerage val ue for each of the

accel erations sensed at 16 intervals of 0.01 second at the 20 points in
front of the hit point Hobtained in the kung fu trial perform ance of

many exam nees .and the inverse nmatr.ix qf the correspondi Qvari ance

mafjri x with 284p5RRCEfrerage ?Gc%‘ °L?rr% .C'Tﬁé’dgr?élt éﬁ}pug‘as{égtg *orage section
19d stores wei i f.i Ci Al L0 f dy%g?n' sensed

accel erati ons.sgptrfa%% %%%%3% ?wgzd ggtﬁstsﬁ}%ecga&ga?gsrgm n oérfa\étethlzﬁgasi s of
the accel erat ippas fs%%&%%d_z@fo B celedatiRiny A igitfa10-dik & soeah a1 the 20
points in front of the hit point Hobtained’in an amateur trial perform

! . P
ance of many exan ReRFadted FrormRiHs addyicradficitissisdd avs vimasthied under

mass conditions for a specific
5 A/D conversion circuit 14 at intervals of 0.01 second
for two seconds in measuring impulse force.

Of 200 acceleration digital data items Al to A200
stored in the sensed data storage section 20a, the
absolute values of acceleration digital data items at

10 20 points in front of the hit point H (see FIG. 3) are
converted into acceleration data items x1 to x20 (m/sz),
and stored in the acceleration storage section 20b.

The hit point H is a point where the polarity of an
acceleration data item reverses last before the

15 acceleration whose absolute value is the largest is
sensed (in the case of a right-handed person, the
polarity changes from positive to negative).

The Mahalanobis distance storage section 20c
stores Mahalanobis distances D1 to D4 for each type of

20 blow (karate, boxing, kung fu, or amateur). The
Mahalanobis distances D1 to D4 are calculated according
to number 1 to number 4 on the basis of the sensed
accelerations x1 to x20 at 20 points in front of the
hit point H accompanying the striking actions of the

25 examinees stored in the acceleration storage section

20b and the average accelerations at 20 points in a

trial performance of each type of blow and the inverse



section of a human body, a target section in striking 15 t echni ques.
The storage section 19d al so stores the average val ue for each of the
accel er atyy@pgsagHNsed at intervals of 0.01 second at the 20 points in front
of the hit point H obtained in the amateur trial perform &¢d&F88/03eaRy

exam nees and the inverse matrix of the 20 correspondi ng covari ance
matrix with 20 rows and 20 colums. FIG 6 shows the structure of the

i npul se force neasuring node data registgg in the RAM 20 of the wi stwatch

device. 25 The inmpul se force neasuring node data register in the
RAM 20 includes a sensed data storage section 20a, an accel eration storage
section 20b, a Mahal anobi s 17 di stance storage section 20c, and an

i mpul se forcem§F5%§g%fsEb?|%ﬁvéﬁﬁanqﬁemééﬁSE ghezedt bpagheskarase 20a

stores 200 acg #era i on di |tal da&g itens Al to A200 extracted fromthe
accel erati on S8h80Ft952¢F 4 ?ﬁﬁl%n apr® aBabers; datei FEQYRI®4 at interval s

of 0.01 secongeégioﬁmggéeggngﬁe g?ﬁegﬁurlng i mpul se force. O 200

accel eration dragl t ENB A200 stored in the sensed data

storave section 209e Lhe ARRALUALE HESeaheRBCHHoRR! BTl Olithy 02l | Lo
into acsel eratyps gatBlbwesEo¥ed! onXEfe(#hAdlancbis distance storage
section 20c, the type 6f blow whose Mahalanobis
distances D1 to D4 have the smallest values is
determined. Impulse force is calculated by
substituting the sensed accelerations xl1 to x20 at the
10 20 points in front of the hit point H accompanying
blows by examinees stored in the acceleration storage
section 20b into the weight regression equations (refer
to equation 2 to equation 5) containing the weighting
coefficients and constant for the determined type of
15 blow stored in any one of the karate data storage
section 19a to amateur data storage section 19d in the
ROM 19. The calculated impulse force is stored in the
impulse force storage section 20d as measured data.

Next, the impulse force measuring operatioh in the

20 wristwatch device constructed described above will be
explained.

FIG. 7 is a flowchart for the measuring mode
process in the impulse force measuring mode of the
wristwatch device.

25 FIG. 8 is a flowchart for the type-of-blow (group)
judging process accompanying the measuring mode process

in the impulse force measuring mode of the wristwatch



and stored in the acceleration storage section 20b. The hit point His a
point where the polarity of an acceleration data itemreverses |ast before
the 15 accel erati on whose absolute value is the largest is sensed (in
t he casewo smsnszyht - handed person, the polarity changes frggpaskibiss tO
negative). The Mahal anobi s di stance storage section 20c stores Mhal anobi s
di st.ances D1 to D4 for each type of 20 bl ow (karate, boxing, kung fu,
or amateur). The Mahal anobis distances DI to D4 are cal cul ated accordi ng
to nunber 1 to nunber 4 on the basis of @Be sensed accelerations xI to x20
at 20 points in front of the hit point H acconpanying the striking actions

of the 25 exam nees stored in the acceleration storage section 20b and
t he average aﬁggkggations at 20 points in a trial performance of each type
of blow and the imvérse 18 matrix of the covariance matrix stored in the
karate data storagqhgeg%,bggtigﬁ bT ¥ Gidded AL KL EAHLkehPd of the
ROM 19. O the Mhal anobi s distances D1 to D4 for” each 5 type of bl ow
stored in thegkakabanali bringbatte &Py age inte! thie 3Rpullske fiomgee of bl ow
whose Mahal anobi s di st ances to D4 have the smallest values is g

determ ned. | mealsatihgr medes cThdsl sttedtsy thebdpllisendddoe sensed
accelerations xI to x20 at the
5 measuring process of FIG. 7.

When the examinee operates the measurement key on
the key section 15 to measure impulse force of his blow,
the alarm section 21 produces alarm sound to let the
user know the start of measurement. At the same time,

10 the sampling of the voltage signal from the accelera-
tion sensor 12 proportional to the acceleration
resulting from the striking action of the examinee is
started (step S1).

Specifically, when the examinee, in response to

15 the alarm sound, stretches out his dominant arm wearing
the watch body 11 to strike a blow, the acceleration
digital data outputtéd from the acceleration sensor
12 via the A/D conversion circuit 14 is sampled at
intervals of 0.01 second for two seconds. Then, 200

20 acceleration digital data items Al to A200 sampled are
stored in the sensed data storage section 20a in the
RAM 20 (step S2, S3 — S3a — S82).

. Thus, 200 acceleration data items Al to A200 have
been stored in the sensed data storage section 20a in

25 the RAM 20 for two seconds as a result of the striking
of the examinee. Then, of the stored acceleration data

items Al to A200, the time at which the absolute values



10 20 points in front of the hit point H acconpanying bl ows by

exam nees stored in the acceleration storage section 20b into the wei ght
regressign) ?hions (refer to equation 2 to equation 5) containing the °
wei ghting coefficients and constant for the deternined typRCHfPIB8255% p) ow
stored in any one of the karate data storage section 19a to amateur data
storage section 19d in the ROM 19. The cal cul ated inpulse force is stored
in the inpulse force storage section 20dps neasured data. Next, the

i mpul se force neasuring operation in the 20 wistwatch device
constructed descri bed above will be explained. FIG 7 is a flowhart for

t he nmeasuring node process in the inpul se force neasuring node of the :
wri stwat ch devf cthe Ztata values @Exg the slardesgwciedetaymimes t ype- of - bl ow
(group) judging process acconpanyi ng the neasuring node process jin.the

i npul se f or cETHRA%RAELIRy AR Tkt (BRLRY (K1 (RALFIC. 19 dévidarecksd &feration
f th d t \ t br i t he .CP 3dnto th

?npul ge@o?c&%uﬁ%f%&ﬁ sg #re(fqu irI r{%Srssees(fa(}‘r“‘lcsLeé EJPe c’r}:e(r)reasﬁri ng

process of FI e e sfdehd hfbseémé‘e\?aﬁ@rfé ﬁtl_stéé BJ{%O:‘IH)eas%”ﬁr}F@hek%)és@ the

key section 15 To neasure 1npulse force o
5 of a right-handed person, the data value changes from

positive to negative). Then, 20 points P1 to P20
immediately before the hit point H are extracted (step
83 — s4, s5).
Then, the absolute values of the 20 points Pl to
10 P20 immediately before the hit point H extracted at
step S5 are converted into acceleration data items x1
to x20 (m/s2), which are stored in the acceleration
storage section 20b in the RAM 20 (step S6).
To determine which one of karate, boxing, kung fu,
15 and amateur the type of blow by the examinee belongs to,
the type-of-blow (group) judging process of FIG. 8 is
started (step SA).
First, on the basis of the sensed accelerations x1
to x20 aﬁ the 20 points in front of the hit point H
20 accompanying the striking actions of the examinees
stored in the acceleration storage section 20b in the
RAM 20 and the average accelerations at the 20 points
obtained in a karate trial performance stored in the
karate data storage section 19a in the ROM 19 and the
25 inverse matrix of the covariance matrix, Mahalanobis
distance D1 in karate is calculated according to number

1 to number 4. The result is stored in the Mahalanobis



the al arm section 21 produces alarmsound to let the user know the start of
nmeasurenment. At the sane tine, 10 the sanpling of the voltage signal
fromthe accelera- tion sensor 12 proportional to the acceleration
resul ti ngvésesiighe striking action of the exam nee is star tpeqyfpsé/eidss ) -
Specifically, when the exam nee, in response to 15 t he al arm sound,
stretches out his dom nant armwearing the watch body 11 to strike a bl ow,
the acceleration digital data outputted fromthe accel eration sensor 12 via
the A/D conversion circuit 14 is sanpled2nt intervals of 0.01 second for
two seconds. Then, 200 20 acceleration digital data itenms Al to A200

sanpled are stored in the sensed data storage section 20a in the RAM 20
(step S2, S3

hove: boan StoltEREPRSE EtEREs oaEion: 05 okt chie TRADRA"l feab B & Cram
20 for two seconds gﬁlgagg? BnOEhE §EEA§B ghg &Fgegxggbg Then, of.

the stored acceleratio Itens I me at ﬁ t he

absol ute val ugsons 29 6 kb6 Qat an&ahuessoﬁﬁ@stbﬁ fi‘éﬁ@séf'éhéeﬁﬁfm ned.
Thereafter, the hit point H (see F Is detected at which the

accel eration geiatvHl decompangefgl ahé Setokenghectiorst b€ Bheol ute value is

the largest (in the case 5 of a right-handed person, the data val ue

changes5from examinees stored in the acceleration storage section
20b in the RAM 20 and the average accelerations at the
20 points obtained in a boxing trial performance stored
in the boxing data storage section 19b in the ROM 19
and the inverse matrix of the covariance matrix,

10 Mahalanobis distance D2 in boxing is calculated
according to number 1 to number 4. The result is
stored in the Mahalanobis distance storage section 20c
in the RAM 20 (step A2).

Similarly, on the basis of the 20 sensed

15 accelerations x1 to x20 at the 20 points in front of
the hit point H accoméénying the striking actions of
the examinees stored in the acceleration storage
section 20b in the RAM 20 and the average accelerations
at the 20 points obtained in a kung fu trial perform-

20 . ance stored in the kung fu data storage section 19c in
the ROM 19 and the inverse matrix of the covariance
matrix, Mahalanobis distance D3 in kung fu is
calculated according to number 1 to number 4. The
result is stored in the Mahalanobis distance storage

25 section 20c in the RAM 20 (stép A3).

Similarly, on the basis of the 20 sensed

accelerations x1 .to x20 at the 20 points in front of



positive to negative). Then, 20 points Pl to P20 imedi ately before the hit
point Hare extracted (step S3 [err] S4, S5). Then, the absol ute val ues of
t he 20 poé&}s ? to 10 P20 i mredi ately before the hit point H extracted
at step S 26 U8nverted into accel eration data itens xI t PCAT2IPIPMAS52) | -
which are stored in the accel eration storage section 20b in the RAM 20
(step S6). To determ ne which one of karate, boxing, kung fu, 15 and
amat eur the type of blow by the exam nee ?elongs to, the type-of-Dblow
(group) judging process of FIG 8 is st aPted (step SA). First, on the basis
of the sensed accelerations xI to x20 at the 20 points in front of the hit
point H 20 acconpanyi ng the striking actions of the exam nees stored in

the accel er at ivhe Hi® aPanteH aetorddlnyinghehBAMLZ0kang hbeiower age
accel erations at the 20 points obtained in a karate trial performnce

stored in the ther sxandaesss stoxgd dacthenat@eleratlionRENbi8gaend t he 25

I nverse matrix of the covariance matrix, Mhal anobis distance DL in karate
i s cal cul at ed sesddiof 2P dnnrge RAM 20 andbthes avemageesgrelerationsgd in

t he Mahal anobi s 21 di st.ance storage section 20c in the RAM 20 (step Al).
Simlarly, onathd&headls peintge obiade@dadRepBy gRateyks tiiadoPREBORM-t he 20

pol s iy frong, of ke Jy

En the amateur data storage section 19d ih
the ROM 19 and the inverse matrix of the covariance
matrix, Mahalanobis distance D4 in amateur is
calculated according to number 1 to number 4. The
result is stored in the Mahalanobis distance storage

10 section 20c in the RAM 20 (step A4).

Of the Mahalanobis distances D1 to D4 for the four
types of blow (karate, boxing, kung fu, and amateur)
stored in the Mahalanobis distance storage section 20c
in the RAM 20, the type of blow whose distance D is the

15 shortest is determined to be the type of blow given by
the examinee (step A5).

Then, according to the type-of-blow judging
process (see FIG. 8), impulse force (KgeW) is
calculated using the weight regression equations (refer

20 to equation 2 to equation 5) containiﬁg the weighting
coefficients and constant for the sensed accelerations
for each type of blow stored in the karate data storage
section 19a to amateur data storage section 19d in the
ROM 19. The calculation result is stored in the

25 impulse force storage section 20d of the RAM 20 and
displayed on the display section 22 (steps S7 and S8).

Specifically, in the type-of-blow judging process



poi nt H acconpanying the striking actions of the 5 exam nees stor

t he accel erat
accel erati ons

I on storage section 20b in the RAM 20 and t he average
at the 20 points obtained in a boxing trial performance

stored i nwblyg/sbmsi ng data storage section 19b in the RONI19 eﬁéyg gnverse
covariance matrix, 10 Mahal anobi s di stance V2B 8% Xi ng

matri x of the
is cal cul ated
t he Mahal anob
Simlarly, on

according to nunber 1 to nunber 4. The result is stored
i s distance storage section 20c in the RAM 20 (step A2).
the basis of the 20 sensed 3H accel erations xI to x

ed in

I n

20 at

the 20 points in front of the hit point H acconpanying the striking actions
of the exam nees stored in the acceleration storage section 20b in the RAM
20 and t he average acceleratlons at the 2Q points oqéglned in a kung

trial perform{SE® FIG,fe £ &KATPIe IRR Hhe i

in the ROM 19
di st ance D3
result is sto

section
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acconpanyi ng the striking actions of
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x20 at the 20 points in front of the hit point H
accompanying the striking actions of the examinees
stored in the acceleration storage section 20b of the
RAM 20 and the weighting coefficients al to a20 for the
sensed acceleration data items xl1 to x20 and constant
Cl stored in the karate data storage section 1%9a of the
ROM 19, impulse force (Kge*W) is calculated using the
weight regression equation (refer to equation 2) for
karate. The calculation result is stored in the
impulse force storage section 20d of the RAM 20 and
displayed on the display section 22 (steps SA and S8).
Similarly, in the type-of-blow judging process
(see FIG. 8), for example, when the Mahalanobis
distance D2 is the shortest, it is judged that the type
of blow by the examinee is boxing. 1In this case, on
the basis of the sensed acceleration data items x1 to
x20 at the 20 points in front of the hit point H
accompanying the striking actions of the examinees
stored in the acceleration storage section 20b of the
RAM 20 and the weighting coefficients bl to b20 for the
sensed acceleration data items x1 to %20 and constant
C2 stored in the boxing data storage section 19b of the

ROM 19, impulse force (Kg-W) is calculated using the

fu

19c
nobi s
€ 4. The
Oc in



the exam nees stored in the acceleration storage section 20b in the RAM 20
and the average accelerations at the 20 points obtained in an amateur tri al
perforn}x§ ance stored in the amateur data storage section 19d in the
ROM 19 aX® & nverse matrix of the covariance matri x, MaRGITARYAN2§59

di stance D4 in amateur is calculated according to nunber 1 to nunber 4. The
result is stored in the Mhal anobi s di stance storage 10 section 20c in
the RAM 20 (step A4). O the Mahal anobis_di stances DI to D4 for the four
types of blow (karate, boxing, kung fu, 2hd amat eur) stored in the

Mahal anobi s di stance storage section 20c in the RAM 20, the type of blow
whose distance Dis the 15 shortest is determned to be the type of

bl ow gi ven by wWeightX eigiee sisheBghakiohh] e £e&C @il idlhatd o )t Miea- of - bl ow
j udgi ng process (see FIG 8), inpulse force (Kg.W is calculated using the
wei ght regresdoxingquatthensalcaflatidh resufl® dguatdoaed? iro tdguat i on 5)
containing the weighting coefficients and constant for the sensed

accel er at i ons ipulsge forgge stprpgsvsectHion 294 of kdeafdM 2%k andr age

section 19a to .amateur, data_stora section 19d in the ROM 19. The
cal cul ati on r &dFPlayedsog, &he; 9115%332’5 section, #% d steRs S AhSDect i on

égd of the RAM 20 zgld .qmyayed Q t(l}%qdi_g&_%l seg_}ld%gn.rgz ]:,sc;ceeosss S7 and
). Specifically, o} ypébe- S ﬁﬁ ging

(see FIG. 8), for example, when the Mahalanobis
distance D3 is the shortest, it is judged that the type
of blow by the examinee is kung fu. In this case, on
the basis of the sensed acceleration data items x1 to

10 x20 at the 20 points in front of the hit point H
accompanying the stfiking actions of the examinees
stored in the acceleration storage section 20b of the
RAM 20 and the weighting coefficients cl to c20 for the
sensed acceleration data items x1 to x20 and constant

15 C3 stored in the kung fu data sﬁorage section 19c of
the ROM 19, impulse force (Kg+W) is calculated using
the weight regression equation (refer to equation 4)
for kung fu. The calculation result is stored in the
impulse force storage section 20d of the RAM 20 and

20 displayed on the display section 22 (steps SA, S7
and S8).

Similarly, in the type-of-blow judging process

(see FIG. 8), for example, when the Mahalanobis
distance D4 is the shortest, it is judged that the type

25 of blow by the examinee is amateur. 1In this case,.on
the basis of the sensed acceleration data items x1 to

x20 at the 20 points in front of the hit point H



23 (see FIG 8), for exanple, when the Mahal anobis distance D is the
shortest, it is judged that the type of blow by the exam nee is karate. In
this case, on the basis of the sensed acceleration data itens xI to 5

x20 at ”%f‘o?zﬂsﬁﬁ’i nts in front of the hit point H accorrpanyil;}gr,}%yg,oggsrgi Ki ng
actions of t ctron

e exam nees stored in the accel eration storage se Ob of
the RAM 20 and the weighting coefficients al to a20 for the sensed
acceleration data itens xI to x20 and constant 10 Cl stored in the
karate data storage section 19a of the Roil 19, inpulse force (Kg.W is
cal cul ated using the wei ght regression equation (refer to equation 2) for
karate. The calculation result is stored in the inpulse force storage
section 20d of the RAM 20 and 15  displayed on the display section 22
(steps SA andaSgpmpsnyiingr khe phrikdngy getdpns oF WhR)iGRAPMRESs (see FIG
8), for exanple, when the Mahal anobi s distance D2 is the ort est At is
judged that tBECERPeidr tHLORCHFIERA LM STOFAde RGP | HT@ HRe, on 20

t he basi f | er.at i data dd. t t i nt
ntront of ¢ Kb, 2D B8R, TRE yBAEMsARA Sstasitiuts ot 80 o 1 e 11 S
exan nees StOLedep HitedRral it (it 5 LU 250 Ud AP Undicdier el 20 and

the wei ghting coe cients bl to b20 for the 25 sensed accel eration
data itgns x| cg0 ofekednd nC ¥hel amiatEhrstaited dubddye haxdtigonlal 9d s6br age

section 19b of the ROM 19, inpulse force (Kg.W is calculated using the
the ROM 19, impulse force (Kg-'W) is calculated using
the weight regression equation (refer to equation 5)
for amateur. The calculation result is stored in the
impulse force storage section 20d of the RAM 20 and

10 displayed on the display section 22 (steps SA, 57
and S8).

Accordingly, with the wristwatch device, when the
person wearing the watch body 11 on his dominant arm
strikes a blow, the acceleration sensor 12 on the watch

15 body 11 senses acceleration at_intervals of 0.01 second
and sensed accelerations x1 to x20 at the 20 points in.
front of the hit point H at which the value of the
sensed acceleration changes from positive to negative
are extracted and stored in the acceleration storage

20 section 20b of the RAM 20. Using the sensed
accelerations x1 to x20 at the 20 points in front of
the hit point H, the weight regression equations are
solved to find impulse force. In the weight regression
equations, the sensed accelerations xl1 to x20 at the

25 20 points in front of the hit point H are multiplied by
the weighting coefficients determined on the basis of

the acceleration sensed in a trial performance and the



24 wei ght regression equation (refer to equation 3) for boxing. The
calculation result is stored in the inpulse force storage section 20d of
the RAM 20 and di splayed on the display section 22 (steps SA and

Si mi | ar YO %" ¥Re type-of - bl ow j udgi ng process (see FIG SCIIRGH oﬁ%rrpl e,
when the Mahal anobis distance D3 is the shortest, it is judged that the
type of blow by the exam nee is kung fu. In this case, on the basis of the
sensed accel eration data items xI to 10 x20 at the 20 points in front
of the hit point H acconpanying the strl%ﬁng actions of the exam nees
stored in the acceleration storage section 20b of the RAM 20 and the

wei ghting coefficients cl to c20 for the sensed acceleration data itens xl
to x20 and cogst@dlly measutsd Simpelise Nfdlee kamd dtoxtad aistihieagOMect i on
19c of the ROM 19, inpulse force (Kg.W is calculated using the weight
regression equitand 4refadded weithttbe voidhrikgneprstanthe CBhigul at i on
result is stored in the inpulse force storage section 20d of the RAM 20 and
20 di spl agbimbnates ‘élh%pll%?egéthoﬁf cacturbhy sprikingmy mured

Simlarly, in the type-of-blow judgi rocess see FIG 8 exanpl e,
when t he NhhaPBh%BFs d?%t%h%eb l§s° h %h%??% raFf°?§ T%%ﬂﬂ% %hat the

g¥p?h55§ensed E%cgﬁéPéivgﬁ géﬁghgggﬁ%yxsg?%ggrthelﬂl{hbglﬁ@%ﬁ h&Pinge basis

a great effect on impulse force, more proper impulse
force can be estimated.
Furthermore, with the wristwatch device, on the

basis of the accelerations xl1 to x20 sensed at the

10 20 points by the acceleration sensor 12 and stored in
the acceleration storage section 20b of the RAM 20
and the average accelerations obtained in a trial
performance of each of the four types of blow (karate,
boxing, kung fu, and amateur) and stored in the ROM 19

15 and the inverse matrix of the covariance matrix,
Mahalanobis distances D1 to D4 corresponding to the
respective types of blow are calculated. From the
calculation results, it is judge that the shortest
distance D belongs to the present type of blow. At the

20 same time, the sensed accelerations are multiplied by
the weighting coefficients in the weight regression
equation for each type of blow determined on the basis
of the acceleration sensed in a trial performance of
each type of blow and the actually measured impulse

25 force and stored in the ROM 19 and are added with the
weighting constant. In this way, impulse force is

calculated. This makes it possible to determine the



x20 at the 20 points in front of the hit point H 25 acconpanyi ng the
striking actions of the exam nees stored in the accel eration storage
section 20b of the RAM 20 and the weighting coefficients dl to d20 for the
sensed awaedszs7asi on data itenms xI to x20 and constant 5 Pcfﬂrﬁst/d}%d in
the amateur data storage section 19d of the ROM 19, inpul se torce % gW is
cal cul ated using the weight regression equation (refer to equation 5) for
amateur. The calculation result is stored in the inpulse force storage
section 20d of the RAM 20 and 10 di sptayed on the display section 22
(steps SA, S7 and S8). Accordingly, with the wistwatch device, when the
person wearing the watch body 11 on his dom nant armstrikes a blow, the-

accel eration sensor 16 on thg ﬁatéh 15 body 11 sepses_accel eration at
interval s of 5YB% 98-BhOWARAEHBEMAER REFUrRBRSIMPULEE X 5BTGR  t he 20

points in front of yfheehih PRENLyHOALRKChchRe:vLug oh) bliengenngd

accel eration changes from positive to negativé a ex Sstored in

the accel erat EQQmihgéa?E d8termif€at bANLRAPLRL i & s s RANL 2ana YahBB 1 Ehe

sensed accel erations xI to x20 at the 20 points in front of the hit point
H, the wei ght diegaaeeE0D1e88abOR6ratReSObYpEct Ovéi BffpeEPUESBLERT 6Ad | N the

wei ght regression equations, the sensed accelerations xI to x20 at the
5 impulse force is found using the weight regression
equation for each type of blow, the type of blow by the
examinee may be specified from a key or by a key
operation and a weight regression equation for each
type of blow may be selectively used.

10 Furthermore, while in the embodiment, the person
wears the watch body 11 on his dominant arm and
measures impulse force caused by the thrusting of his
fist, he may wear the watch body 11 on his ankle and
measure impulse force caused by a kick.

15 The approaches explained in the embodiment, that
is, the approaches, including the impulse force
measuring process, shown in the flowcharts of FIGS. 7
and 8, may be stored in the form of programs executable
on a computer, into external storage mediums, such as

20 memory cards (e.g., ROM cards or RAM cards), magnetic
disks (e.g., floppy disks or hard disks), optical disks
(e.ag., CD-ROMs or DVDs), or semiconductor memory. The
external storage mediums may be distributed. A
computer then reads the program recorded on the

25 external storage medium at the recording medium read

section. Under the control of the read program, the

computer realizes the function of measuring impulse



25 20 points in front of the hit point Hare nultiplied by the

wei ghting coefficients determ ned on the basis of the acceleration sensed
inatrial performance and the 26 actually neasured inpul se force and "
stored i "VPHESEB/ 19 and are added with the weighting consPEHIPISIRASES
elimnates the necessity of actually striking a secured object. On the
basis of the accelerations sensed at 5 the 20 points i medi ately before
the hit point H having a great effect on_inpul se force, nore proper inpulse
force can be estimated. Furthernore, wit#8the wistwatch device, on the
basis of the accelerations xI to x20 sensed at the 10 20 points by the
accel eration sensor 12 and stored in the accel eration storage section 20b
of the RAM 20 fardet BRpRdehadeiACERbEEAbOANReRB! @hdCexétubes s ahiper f or mance
of each of the four types of blow (karate, boxing, kung fu, and amateur)
and stored i nprbeeRekk1Bylbhe abawd-tdescribedsappmbackesf t he covari ance
matri x, Mahal anobi s di stances D1 to D4 corresponding to the respective
types of blow are calculated. Fromthe calculation results, it is judge
that the shortest distance D belongs to the present type of blow. At the 20
same tinme, the sensed accelerations are nultiplied by the weighting
coefficients in the weight regression equation for each type of bl ow
determ ned on the basis



of the acceleration sensed in a trial performance of each type of bl ow and
the actually neasured inpul se 25 force and stored in the ROM 19 and are
added with the weighting constant. In this way, inpulse force is

cal cul at ¥ 98751183 nakes it possible to determ ne the 27 tPY)ﬁ‘?JP?&/of%EQW and
find nore accurate inpulse force. Wiile in the enbodi nent, the tfype of bl ow
by t.he exam nee is determ ned on the basis of the Mhal anobi s di stances Dl

to D4 for the res q%&veqtypes of blow and 5 i mpul se force-is -found
USi NG} RGecriis n_messi on equation for2each type of blow, the type of

bl ow b may be specified froma key or by a(ﬁﬂﬂlﬂm “ﬂmﬂm
a wei gﬂ\“\ﬁ quation for each type of blow may be el Li Sl UILS, B
10 urthernore, while int eLﬁgpgdhngnt, t he person wears the

wat ch body 11 on his dom nant arm afhd asure¥ inpul se force caused by the

thrusting of his fjst,,he ]b%/ggf(ﬁ%%%.&%ﬁpapg‘q& &&‘fﬁge h‘jigm@nllé%g%&pd

measure inpul se force ‘caus e appr

expl ained in the eihesidBaition "@énkSng! REaRPPIREERSSs bPEALHLAGhg 1 NPUl se
force neasuring process, shown in the flowharts of FIGS.” 7 and 8, nay be

stored in thehdmernsddpram afensee CthdbdEcdlePa €06 U £movétiénteXd £r nal
st orage nedi uns, such as 20 menory cards (e.g., ROMcards or RAM
cards) ,5 magnethe human body; and
impulse force calculating means for calculating
impulse force on the basis of more than one
acceleration sensed before the time the direction of
the acceleration sensed by said acceleration sensing
10 means reverses.
2. The impulse force estimating device according
to claim 1, wherein
said acceleration sensing means is acceleration
sensing means which is attached to a human body and
15 senses the acceleration of movement of the human body
at regular intervals of time, and
said impulse force calculating means includes
judging means for judging the time the sensed
acceleration changés from positive to negatife from the
20 accelerations sensed at regular intervals of time by
said accéleration sensing means as a result of the
striking action of the human body,
extracting means for extracting more than one
acceleration with a different timing before the
25 acceleration reverse time judQed by said judging means
from the accelerations sensed at regular intervals of

time by said acceleration sensing means as a result of



di sks (e.g., floppy disks or hard disks), optical disks (e.g., CD-ROW or
DVDs), or sem conductor nenory. The external storage nedi uns may be
distributed. A conputer then reads the programrecorded on the 25

ext ernal WPERAYSE3 nedi um at t he rﬁiﬂ’ﬂ”"ﬂ"ﬂﬂﬂﬂ ad sect i @rT/IIdezssy he
control of the read program the mu the function of
measuri ng i nmpul se 28 force explairfed"i n"thé efrbodi ment and executes
simlar processes by the above-described approaches. CLAI M5 1. An

i mpul se force estimating device conprisi¥y: accel erati on sensing neans to

be attached to a human body, for senses an accel eration of novenent of the
human body; and 5 I mpul se force cal culating neans for cal cul ating an

| mpul se for cecRased R AP £od 1B GF RS FRRIA!bOdy Sodagd by said

accel eration sensing. neans prior to a reversal rection of the sensed

accel erations. 2. calbf1a40PHgSRebAECLoLSEATBLLIALIAGY ifBuRsE0EdBE tO Cclaim
1, wherein: said accel eration sensing neans senses the accel eration of

novenment 10 on thefbadis hbffamobedyhah onguhecelaratvahswbthtane, and said
i mpul se force cal cul ati ng neans includes: judging nmeans for judging an
accel erati on déffexenti hinithgnbefersechbedaccebérahionnzeveungetimem

positive to negative as a result of a striking
5 extracted by said extracting means.

3. The impulse force estimating device according
to claim 1, wherein said impulse force calculating
means is calculating means which, using a weight
regression equation based on predetermined weighting

10 coefficients and constant for the sensed accelerations,
calculates impulse force by multiplying each of the
accelerations sensed by said acceleration sensing means
by said coefficients and adding the resulting values
together, and further adding said constant to the

15 addition result.

4. The impulse force estimating device according
to claim 1, wherein said impulse force calculating
means includes

judging means for judging which type of blow said

20 striking action belongs to from the accelerations
sensed by said acceleration sensing means, and

calculating means ﬁhich, using a weight regression
equation based on predetermined weighting coefficients
and constant differing according to the type of blow

25 judged by the judging means, calculates impulse force
by multiplying each of the accelerations sensed by said

acceleration sensing means by said coefficients

This Sheet Has Been Replaced




action of the human body, based on the accel eration of novenent of the 15
human body sensed at the regular intervals of tine, extracting neans for

extracting nore than o I ' ith a different timng before the
accel er at worpsrseissr se tL'rmﬁm&lmﬂungﬂrd j udgi ng neans, and l.ng
means for cal cul ating l r based on nore than__fgﬁjlﬁ%legsgne

accel eration extracted by said extracting neans. 3. The i nmpul se force
estinmeting device according to claim11, wherein said inpulse force
cal cul ati ng means conprises means for, using a weight re ﬁsﬁiﬂam@qﬂaﬂ&m

based on predeterm ned wei ghting coefficients and a const ‘mm’ M-m#ﬁnsed
I ach
he

accel erations, calculating the inpulse force by 25
of the sensed acceleratjons by sajd coefficients and addi n

resul ting val fE¥FEHRA ,gaﬁ% Fa4d HerPeRf Rlewi and ordding tBet he addition
result. 4. The. iypul se force estimting device according to c¢claima1,
wherein said ﬁﬁﬁﬁls hg vatyss cﬁﬁ%?ﬁﬁ%rhe%ﬁfg #%?%Es?g%lgg said; ,qqing
means for | udg@&%%ﬁg% Fnoadldh St {ok! Pes@ff i on based on the accel erations
sensed by said accel eration sensing neans, and cal cul ating means for, using

a wei ght regressi ons equtd OfmbiRpss P&@éeéﬂﬁwl:?ﬁg Yei 9Bk Eacsga&hbc' ents-
and a constant differing according to the type o ald striking action
judged sy the foidgiaign eardheddin said Fadgih@inagns hudges! enef eype by

mul tiplying each of the sensed accel erations sensed by said coefficients
correspondi ng ab kvl theke his sthe ksmgriest oof atide adahaahdbisesul ting

val ues together, and further adding said constant to the addition result.

5. The i nmpuldistanqees Ly ghe nipditvideabceypes nof t blevacaldulabedei n sai d

on the basis of the difference between more than one

average acceleration previously obtained for each type
10 of blow and more than one acceleration sensed by said
acceleration sensing means and the inverse matrix of
the covariance matrix.
6. The impulse force estimating device according
to claim 1, wherein said acceleration sensing means and
15 said impulse force calculating means are housed in a
case with a band for attachment to a human bodf.
7. The impulse force estimating device according
to claim 6, further comprising
counting means for counting the present time, and
20 time display means for displaying the present time
counted by the counting means.
8. The impulse force estimating device according
to claim 1, further comprising
impulse force display means for displaying the
25 impulse force calculated by said impulse force

calculating means.

9. An impulse force estimating method comprising:



15 - j udgi ng nmeans judges the type of said striking action based on a
short est Mahal anobi s di stance for individual types of striking actions
CalCU|ate@nH§§§ﬂB°n a difference between nore than one average accel eration
previ ously obtal ned for each type of striking action and moPeTdPe$H23ie

accel eration sensed by said accel erati on sensing neans and an inverse 20 =~ =

matrix of a covariance matrix. 6. The i nmpul se force estiqgtgn devi ce
accordin mmﬂ“ﬂllm\j‘ml tei n said accel §r ation sensing nea ag2gep|Replaced
I mpul se ﬂ L LETRR LT means are houséd in a case with a o]
be attachetl to the"huimran body. REPLACEMENT SHEET 31 7.

force estimating device according to claim6, furth r conprising: counting
means for counting ah PiRSARrdtith s ingrestdis R A\samainy facadierad-ayi ng
the present time counted by the 5 counting means. 8. The i mpul se
force esti mat itigrdexiithe asredediattg oo seings imgl mefaorst adrtacdveek ito @g: i.npul se
force display neans for displaying the inpulse force calculated by said

i npul se f or ce hamagy bpdh@smearesuls of theastiniking acdrdan ef ithe i ng

met hod conprisln%ﬁhan accel eration sensing step of sensing an accel eration
of nmovenent offU® ﬁﬁﬁhﬁbdyuﬁs a result of a striking action of the human

D o3 o0 ace! ke TR A T AL A e AR 5
impulse force on the basis of more than one accelera-
tion sensed before the time the direction of the
acceleration sensed in said acceleration sensing step -
reverses.

10 10. The impulse force estimating method according
to claim 9, wherein
said acceleration sensing step is an acceleration
sensing step of sensing acceleration at regular
interval of time with the acceleration sensing means
15 attached to the human body as a result of the striking
action of the human body, and
said impulse force calculating step includes
a judging step of judging the time the sensed
acceleration changes from positive to negative ffom the
20 accelerations sensed at regular intervals of time in
said acceleration sensing step as a result of the
striking action of the human body,
an extracting step of extracting more than
one acceleration with a different timing before the
25 acceleration reverse time judged in said judging step
from the accelerations sensed at regular intervals of

time in said acceleration sensing step as a result of

1



15 on nore than one accel eration sensed prior to a reversal of a
direction of the sensed accelerations. 10. The inpulse force estimting
nmet hod according to claim9, wherein: said accel eration sensing step

conpri se of sensing the I ' venment of_fhe h n body
at regul Z‘yaigg;tsg%al s of tine, 241“]“‘ |m|1mﬁ|lumuﬂ)rrpul se fo‘?‘%‘gﬁ?ﬁﬁe Pat i'ng
step includes: a judging step of jJudging &n &cckleration reverse tine when
t he sensed accel erations change from positive to negative as a resul tof
the striking action of the human body, bgged on the accel erati of
novenment of the 25 human body sensed at the regul ar i Bean Replaced
tinme, 32 an extracting step of extracting nore than one ac "ﬁi“ I”
with different timng before the acceleration reverse tineg,
cal cul ati ng sthe strikiogl actigni afutbe hunan bed¥d andnore t han one
acceleration extracted in said_extracting step. .5 11. The inpul se force
estimating method accor & Sy Iatdng @FeﬂhgﬁeFﬁl§&#GtﬂﬁﬁuP&Q“ﬂggte
calculating step_is an_inmpulse force calculating step,whigh, usi.n wei ght
regressi on eq%SgF8n°Ba§b8 gﬁsbfeﬂgt@PﬁanﬁaﬂePﬂﬁtFﬁﬁgéﬁgﬁg?ePeW?gga d a
constant for Ligrse05ed:3666kepakbns cnahelbilbes:$ahd boBYLEC chlce by
mul tiplying each™ o he Senséd accelerations by said 1 coefficients
and adding thgyteakkbindnvahi@sekedatRehg sedpf urther adding said constant
to the addition result. 12. The inpulse“force estimating nmethod according
to claim9, whereiln.saimflel iRphicel Eogeecakelimating mbeRotnatededing j udgi ng
step of judging a type of saird striking action based on the

to claim 9, wherein said impulse force calculating step

is an impulse force calculating step which, using a
weight regression equation based on predetermined

10 weighting coefficients and constant for the sensed
accelerations, calculates impulse force by multiplying
each of the accelerations sensed in said acceleration
sensing step by said coefficients and adding the
resulting values together, and further adding said

15 constant to the addition result.

12. The impulse force estimating method according
to claim 9, wherein said impulse force calculating step
includes

a judging step of judging which type of blow said
20 striking action belongs to from the accelerations
sensed in said acceleration sensing step, and
a calculating step which, using a weight
regression equation based on predetermined weighting
coefficients and constant differing according to the
25 type of blow judged in the judging step, calculates
impulse force by multiplying each of the accelerations

sensed in said acceleration sensing step by said



15 accel erations sensed in said accel eration sensing step, and a
cal cul ating step which, using a weight regression equation based on
predet er mi ned wei ghting coefficients and a constant differing according to
the typeWOM8%18d striking action judged in the judgi ng st ®CT/IPRs/@SEHt es t he .
i mpul se force by multiplying each of the accel erations sensed in sai.d 20.

ac&qﬁ‘iqhgs%en%ﬁﬁgg step by said coefficients corresponding to said type

of and adding the resulting val ues tog ' f

addq imm’uam nt to the addition redfit. 13. The ﬂ MHm;““Hmlt"m'[
esti t according to claim 12, wherein said judgingLstep fudges
the type of said striking action based on a 25 short est Mahal anobi's

di stance for Jdofigdicdualed Weesedpotidinly Re aa&t10@§?g ogabaulahad based on a
di fference between nore than oné average accel eration previously obtained

for each typeddirfd niHd N@suqtviony aaduss eogethedn)e andc Euerthbiron sensed in
sai d accel eration sensing step and an inverse matrix of a covariance

matri x. 5 1ldaddilite saipliconsftante tes tthenriddg tienhagsadtor ding to claim 9,
further conprising the step of displaying said inpulse force. 15. A
program st or age redtd ufhravimeplss e G matdngq mefdog RccRxdinge
readabl e by a conputer_for estimting an jnpul se force, conprisin

conput et - r eaddbl %g‘r%«n"é\ﬁf@%é‘?s’%f&r‘l i%%ﬁ'%@l%ﬁ"gﬁgm 10
novenent of a n_baqd s a nesul.t af st ikin {.i f. the human body
to be sensed tﬁ?‘é"&c@f%ﬁ’ glﬁsoﬁlgeerﬁg%}er%'ar?g ﬁeagﬁ?g%]ta%%thﬁg human body;
and conputer - eraﬂ%! r QU VRS | l Ul Atd I1gdgse force
based on m)re&Jf an o%ep%églge ergtlpn senseﬁrﬁrﬂ?&f%ﬁ%&aﬁ of a 15
direction of $he.Rensesh #8€l@dldOfference between more than one

average acceleration previously obtained for each type

10 of blow and more than one acceleration sensed in said
acceleration sensing step and the inverse matrix of the
covariance matrix.

14. The impulse force esfimating method according
to claim 9, further comprising the step of displaying

15 said impulse force.

15. A program storage medium with program codes
readable by a computer for estimating impulse force,
comprising:

computer-readable érogram code means for eﬁabling
20 acceleration to be sensed with acceleration sensing
means attached to a human body as a result of the
striking action of the human body; and
computer-readable program code means for calculat-
- ing impulse force on the basis of more than one
25 acceleration sensed before the time the direction of

the sensed acceleration reverses.

16. The program storage medium according to
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the time the sensed acceleration changes from positive
to negative from the accelerations sensed at regular
intervals of time by said acceleration sensing means as
a result of the striking action of the human body,

computer-readable program code means for
extracting more than one acceleration with a different
timing before the acceleration reverse time judged by
said judgment means from the accelerations sensed at
regular intervals bf time by said acceleration sensing
means as a result of the stfiking action of the human
body, and

computer-readable program code means for
calculating impulse force on the basis of more than one
acceleration with a different timing before the
acceleration reverse time extracted by said extracting
means. -

17. The program storage medium according to
claim 15, further comprising éomputer-readable code
means which, using a weight regression equation based

on predetermined weighting coefficients and constant



differing according to the type of said striking action, calculating the

I mpul se force by multiplying each of the sensed acceleratlons by said
coefficients corresponding to said type of striking action and addi ng the
20 W@§§!§?’181"|g val ues toget her addi ng mAvsbegoEsd ant to
the addition resul't. 19. The progrlMﬂﬂtlm]uulnmumln according to claim 18,
further conprising conputer-readabl & progtantcode -neans for judging the
ﬂ¥ﬁﬁmmHM§hmdk$haﬂklng action based on a shortest Mhal anobi s distance for

types of striking acBbons cal cul ated based on a
en nore 35 than one average accel eration previously
btalne or edach type of striking action and nore than one sensed

accel erat on 288 ol QUAEA HRLEIX-RLiBnGOVALIANEE LRI | hﬁulégutfoll%% program

storage nedium according to clarm fher ~conpri si ng- conput e -readabl e
program code BRapalteplyaug Bachabe tﬁauaéeeie&aélbasbee%éal gyedaid

acceleration sensing means by said coefficients and

adding the resulting values together, and further
5 adding said constant to the addition result.
18. The program storage medium according to
claim 15, further comprising
computer-readable program code means for judging
which type of blow said striking action belongs to from
10 the accelerations sensed by said acceleration sensing
means, and
computer-readable Program code means which, using
a weight fegression equation based on predetermined
weighting qoefficients and constant differing according
15 to the type of blow judged by the judging means,
calculates impulse force by multiplying each of the
accelerations sensed by said acceleration sensing means
by said coefficients corresponding to said type of blow
and adding the resulting values together, and further
20 adding said constant to the addition result.
19. The program storage medium according to
claim 18, further comprising computer-readable program
code means for judging the type of blow that has the
shortest of the Mahalanobis distances for the
25 individual types of blow calculated on the basis of the
difference between more than one average acceleration

previously obtained for each type of blow and more than
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one acceleration sensed by said acceleration sensing

means and the inverse matrix of the covariance matrix.
20. The program storage medium according to

claim 15, further comprising computer-readable program

code means for displaying said impulse force.
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