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ABSTRACT

This thesis proposes a human identification technique based on standing still
behavior on force plates. Since the body sway that occurs during a quiet stand with
open eye condition is caused by the movement of the center of mass and the center
of pressure, the transfer of weight on the left and right feet of each person has a
unique characteristic. This characteristic is then applied to identify individuals. Fourier
transform is used as a tool in the process of extracting individual characteristics. The
last step, to identify individuals, artificial neural network technique is used for learning
and making decisions. The processing results are obtained by MATLAB program. The
average accuracy of the identification system was 74.16 percent. However, the further
study and improvement of the proposed principle is needed to acquire better

identification accuracy.
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weAnIsuN1INIENIUM Nswdasyisesgniunlumaiaildfsdnvasiauvesdyyin ssuy

Y

WinailiA1Augnaeuade 58.47%

=
1.5 VIULVAVBINTTANTEI

1. asunuiuwssdmsuingrewasedn lnsfnsdranwadisugeslitnas 4 90 e
Suwstusiazdausasuiuinle 200 Alansy

2. ahnnsveedyyswuuduangauedu lnedansivets 100 wh

3. TdndnnisnisulasiSesuuulisedieaduasediolunisisdnuasinuvesdygy o

4. FEn1sseuiuavdndulalagldlassreUssamifion 3 u dren1siFeusuuuung
dounau

5. Tdumidniduiduunninavyauiaidenldlaswielszamiion Inswlamuangau
[ ! A Aa D v Y ! '\ v a LY Aa o o !
Ju 3 nqu Aeyarandu niindsundtviniu 60 Alansu  yaranlumdnuInndl 60
Alansu waliiAu 90 Alansy wavyarantuninuInnd 90 Alansy

6. oanadpsduioguninan 10 au o1gwade 22 U
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2.1 na1dn

lTuunilaznanimguiuazndnnisiiededumsinriineinusatull Ssuszneuldse
Wtemalulaglulownsng aunauein1msaia wann15veaNaTvesdy I aunsallvanisas
ues n1sulateunsuyises nguflassiguszamiion Myiauagnisusadudseansam
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2.2 lulansn

Avey o [ a

@ S B | 1% A a1 v ¥y o
sruushwanulaendeideNgaianiuffenisaendeniia1niiee menywa §ldneayi
wiilunsiusnwgnnaa vseensagldnisdeanuuiidesefesiarnududiauniesidnys
widldanunsaldeieivdiladiumilavassianmeuwnugnoauavsesiaiuld siliaiunsaiida

Tymmsviasiuvsegnalue gnnaus wagsianiu wuianudetdiilugnannislulawnin

2.2.1 anamangvaslulawnin

srilulewndn (Biometric) Usznaviuaind1in Tule (Bio) davmnefvdaiidin uazin
wAsn (metric) Fsvanefanudnvariamsagnina vieusefiuduuld iethaiuvaneg
voavis 2 sy lulowsindomnefanaluladlunsldansnumeriongnssuuisedsly
3981730 Fudunudnvugiiduiondnual wazansosuiaviotuduauldnununidiiy
vaNMTN9EdA Lilensauun Videandusazyaaa

nsviauresszuululowninareguuiiugiuidenfunisinnuresauss fiaunsaas
FuunAMULANATILARryARaDanINfuTuRogiuTsmaluladlulawain inazdae

FEn1saananatielinisszydiynnadinisavinldedaudug laelidnludesldswanu

au1snn1sn Unsuouwindn vsedngnnaus ndeued19isnsuuuiiuTiae duin

2.2.2 Uszianvaslulawnin

szuvlulowssngnudsmudnwazansfililutagiuldoenidu 2 Ussiam Ao andnwas
MaNgANTIL wazAndNuIENIINenIN TnsusdazUssnvannsadiuunsenilsiLansiansnad
2.1
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AN YAUENNNIEAIN ARAN YNNG ANTTY
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Tumin aneiloeu
1umn A13LAU
99M1
JUNSile

2.2.3 sduuumsldaululewnsn
sunuwrasnsidauszuululawniniled 2 dnwardwioluil
2.23.1 M33¥URAELEU (Identification)

n1sundegellieuiisuiuteyansiusiuld lunsseydildvdesdetoya

kY

[

19luloLMSNUBINULBY WU 31NN TeaduATase uatetiaie nsanenwluntn Trny

[
v v [ Y [

szuududuiuusn naaniussuvaziimsdudteyanlasuniuteyarmuslugiudeya e

Y Y

1 ¥ ¥

| val o & v Yy  a = =~
3QQW@WEQGUQN6NWLUUIQ3 ﬂ'izmumaummnﬂsu IATUIUINGIETZUUADINNSIUSIULNEU

Y

ol

v <) o
Yoy aUuIIUIULIN
2.2.3.2 M3NTIINGIUA LTI (Verification)
o 1 v v Y v =3 P Y o oA 1 D v
szUvagaTIRdeUmegiudayanilagninulineuntdiinssiunield dldasdes
Uousiiausedndanie PIN (Personal Identification Number) nssyfiasigldauiesnau iiesey

[

Poyanslulensniidlugiudeys wmisdwoyalulawninvesnuadliiussuy RnuusEUUI

=

n1sasIaaeuInteyaniasuitunsatudeyangniuiinlineunihiivielal nszuiunisald

Tngluagldanliduiy inszdeyandesUSeuiisuliunnvilounsainisssudldeu

2.3 HUNAYDINITNTIAY

N353 (Balance) vanefls auanunsalumsnauauinniglieglunuadmss uaznis
i ligaaudalswessinigegnelugiusesiu nannsddgy vesaunalun1Imsswiivessnenie
Judsindudenisiedeulmludinuszdfu mamssiifesarfenisssarunuseniniames

szuuytuly nsueiiu wasmssuivesdesauaznaiuile

2.3.1 23AUTENBUANAAVIINITNTIAT

[

BIAUTENOUANANAAYBINTNTIINMENNN AL



2.3.1.1 AAULGH29989319N18 (Center of Gravity)

Y

< A 5 07 ! a A < = a

Wuganunidnvesstanivaunalunnianig nieidugainasiuveusaln
(Torques) vasdIUANeY vassuMeawviiugud uyudluidunsaaudniwessiineIzegi
NI¥ANFUNGIEIUAUNUSUN 2 UagTenienIsAuAAUdaI9709319N18asiaulmITuLL-a4

d1e-greuazrlifiu 1 1931n30UnA {u1enAudaIneeginIIugs 57 % Y03AINNEUeY

¥ a o 1 a

$NMeinanudun dwsudvdgeiuniagaaudaiagainitgye Wesnazlnnvesyngadl

U < >

YA MYnI{Ye FegaaudnieazeginIngs 55 % ¥8IANgIsNIeInInNuI LNl [11]
FAUMATBIAAUEAIUBITNNLYNRARIAIIUN 2.1 DenuuuTuniaiudsveslivudsey seau

AAUIAIVDINLzABUmUMUIY widhanszAuaaudnInrassnelinias menisge

9 Y
W1 iUy An - 9aeliAuuAueInIsNaRTY AatuAAUEaINEIEENnaYeINIg

& o 1

N3NNI AANIAIANAAYRINITNTILNTY BSlunaWENS A3 “Inaudee

9 Y

L3

YBITWNE” kAL “AAUGINAWWIR " Hulanuvaneunnsiaiy dmsuanaudnaiaeia

Y

(Center of Mass : COM) fie yafivalioudufivauveunaniiou luusazdruvessninmenyudas

T minAuananeiueenty wu usasiiswesiwetulsiumtneiosgi 14% vesdming
Ve wazsneduuuivmtniedeedi 30% vesdmtndnamun [12] 31ansawInluug

avdndiueenuivianinsanangudnaunasinvessmels uwilaeiluanaudnalvediig

wag aAudiessMeannaoyladldunuiula

/ |
| 55% Lfll T )f 57%
ey

p v —L] . 4
o | & 1 1 a
g‘Uﬁ 2.1 SLRUVDIYAFAULN VBT WNULNANY ALY [11]

2.3.1.2 YUIAYBIFIUTTB9FU (Base of support)

frvunemesiuilgtusesiuiumeiiunn aunavesnmsnssiagiiunnuiu digmd
sesiuiluminas aunavesnismswantesas Iilelfinaunauessanevazduils azfesdy
Tuvimsfiduiuenviiseenanfudunsfiuiuiigiusesiu wihduendivinvinsniuly

Lk wivisdaaenieiuannn Iy vesaslnnzdmaliiinnsduaunaven1sn s
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2.3.1.3 AuduNuETEnIgadudasiugungessu

Y

dmsusinenseingaziinaunimvesnsnsiindedieUaivdiuansvegagudans

ANBEUUFIUNTONTY  BaUaneavesgadudnunnaglnagudnalavasgiuunmitlaagyinli

'
1Y a o [

ANNIUAIYBINITNTIFITINVUTIANUFUNUS TENINAAUTE A UFIUNTOIS U RARIATTUN 2.2

<9

[13] 2zwiuladngy n Buluvimnednd dwgy @ Buluvimsdedavihligaaudaavessiinienn
aglnagudnavesgIuIniinaunan1smssiinnauluae lunsaiivaisa1aesaaudans
1 A [ ' A @ g = o ] ! IS A a
ANBgUaNgIUTTITU T19Meviseinguuazidonismsein Wuluimedudedinmsdyaugalunig
v Y ] | 9 v o | = v 1% % A
aunih $1meazuiudunelilvidenimseiiiug TngnsiBesilunisiiunsediuiivess

aaudaalvignenduingaady inlrvatganvesgagudamnlndmudnaisuedgiu

Y

ew' .
4| Base oS  Base

of support of support

N R
b | \
& /]

& 1 a = 1 1 L%
A.guluvimaung 3. gulunniggas

2.3.1.4 nsuauiiunazan widnla (Vision and mental state)

Msueaiudsng q wiuinaundwiednauldiule deufinasenisnsasa
maudluhlilaensuesqadinsivietngilegils 4 Megirmihlusefuaemazdielianusiung
YOI

2.3.1.5 29AUZNAUNSE359M81 (Physiological components)

uannaenaranndslauddadiotoaglusumedsimihiinuamieatunis

n3967 loun odenvveydnily Mefurzdniiianuunnsewseiinig dgeuihlinismssindely

2.3.2 9¥y2zinIUANNTNTIRI
Tnelunmmsssadessznoudeysulu m warszuuUssammnidsniuiuiansszuy
gihlimanssindell e¥azfimuaummssiitseneuluse
- yindlu Tneivioanuviaden semicircular canal Mslunuaanusgduinthiisuni

waoul wunsuye nisndeulutaniinuazassvias Msedeulunitng uazniseiauln
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Fuas yiuluuanafagud 2.3

- vt iisunmuarfuinsiedeulnvesdanndey

- dutszamiifanily st isuanudnidalavesinsnieduiaii

- néanifenaste vwihilssyinetorrdulandeulmn

- spuuUszamdunatsuarleduvds vhmihifuanudnidnguszannidieily
Uszanana

v w v
o o kY3

¥¥uuon YU yulu

-
nIcany NADANINAN

Wulszamnaslity

UWATNNTNNEAN

.
yiuluguanles

N P 3
vingaim Ty
sUN 2.3 yulu [14]

v A

dmTuMsAn¥INIAIuANNISNSIRIVIBUAILUTAAYIIIMTIamAtuAgnaudnans
WsaRU (Center of Pressure ; COP) s ziluadaunysnannsainnagmulialaainunuiunse
lngnss JaAgagudnasusaiy Aesmunisidugudsuusaivimsgesesnusansgyinduiiudu
:.’/ a |l = 961 L% al o A 1 dqu a L4 A ’o’ £% | U
WUITIUNUAY auyAdiauiidmin 100 Alansudueguuiiunuunid Iinisguasimdnmigfu
Ml duningaluinimdnasweuriiudasd1aasda1vindu 50 Alansy Iadudnans
LIIAUALDININANTENTNVIADIT1UAEATINUINAUDNANLIANBF WAAUINAILIALALYA

AugnaaLssuazegnssiuanzluanizveatduvindy

2.4 993VYWHYYIN

T detlagyinM e uIeI9ve U1 NRUUNATVEUBUARTLUUATY LagT18avldenTos

gunsaloavwandnunUssyndldluinerdnusadull

2.4.1 ’Nai‘lltl’ltlﬁuamgl,mum**ﬁu (Instrumentation Amplifier)
31n399seaUkondNug ulANg199Ue18BUARNWATY (INstrumentation Amplifier)
7139799598181 ULATB9 DT Nfa?usnaSuamgLmuLm%’uL‘f]mwiﬁumaﬁlﬁ%’mmmﬁaﬂ%’aéw

wnsnanglussuunIsinwasssuumual magaunsaUiudnsinisvensla Metiilosnnisin
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STUUNTND1RlinsIWonsatesUd Yy 1 1nfn 193 Ud Y runsstiniu Jedgygrunlaann
AnTITUF Y AN UsEIaNdIuLINIEivIsessAudy e nateiuly fetunisusu

gnsnsvengld avinlinn 9 Yesdyarugnuiulrdygiaiednadissdunssiunwiniuily

AR} q

dzamniunsinlUouniuIeaTaue

v v

1935v818BUANTIUATY Usenaumegeauuaud 3 A7 8n5IN15ve18uRgiURIAIUNIY

Aeuen (External Resistor) e mmaaﬁnqaiﬁlﬂl%’ﬁ’mé’cyzywmmLLmﬂﬁimLazﬁﬁ@
FuanasuniuwuuaeNLeulun Wy n1snsaduaszesing (Remote Sensing) fidenlinsd
Frazulsasusziudannananian Bunnveninsazssnoufeasvgeiulinduma 2
1 (Non-Inverting ~ Amplifien  dausauuenddaii 3 auidursnsvenenasig (Differential

Amplifier) Afldnsnsveneinfuniasvegduansuuniuuaninegun 2.4

L
>3
b3
o]

<

s
]

‘q

=)
>
>
>
=+

<
<
<

<
p:
p:
=

-~

sUN 2.4 199599BuangIIuAgY

AINAIUY R, zdufivueednsvene aunisnliRuue

V 2R

Y\ 2 (2.1)
n=-v. R
lPALIITUEIANARENNTT
2R
VUZ{HR—}(V]—VZ):AV(K—VJ (2.2)
G

lneil A, ADANAIUEN8U8I9as

2.4.2 vauuanl AD620
AD620 tWugunsaisalsendn iflanuuiugige warAdnsveeaiusanvualanaus

1-10,000 Wi FeazgnuiudsulanignisdefiiiuniunIeueniiigadiILAgl 1995983 AD620
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WARIRIFUN 2.5 way AD620 LueaUwenddnue 8 1uuy SOIC uaw DIP aelvinszualgegn
1 1.3 faduaudvintu ilvmungdvsuldaudusunmaiwuunnn lasgunsaleauuwaud

AD620 uanssaguil 2.6

o——
R

G

O————
g'd‘ff'i 2.5 21995993 AD620

Rs[1] 8] Rs
AN [ 2 = 7] +Vs
+N[3 + 6] ouTPUT

—1.[4] 5] REF

Ul 2.6 gunsaloatuond AD620

uenantiusauiend AD620 WHugunsalliussdulwiheerinilnefirdigeand 50 Tulasliad
uazAn offset drift Tan 0.6 lulashad /esrwaidoa Favngagnaddmsunsidanulussuy
ﬂ'ﬁlﬁusﬁaaﬁaﬁéfwmimmLLajus‘hLsu'ul,ﬂ%a%’qﬁmﬁml,azéf’;LLUaaé’auJiym ?jalﬂﬂdwﬁ?uﬂmamﬁ’a
yeseaUuand AD620 Aofldaynyiusuniui nszuadunniuazidslilsn silivane funsld

UAUNSENNELYULATDITAAMUAULARS LASDIINDNIINISAUTDITLD

Aunsusns1veneved eauwand AD620 @unsamuInlanaaunisaalull

49.4kQ)
+ R
RG

G=1 (2.3)

lae?l G Fednsnvensway R, ADAIGIFIUNIUAIBUDN FIAIUFNRUSIZTNINAERTIvN8U

ANFIFTUNIUNBUDNTLTWEAIAIAITIN 2.2
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A5199 2.2 ANUFUNUSTEIINNANTASIVEEAUAIRIAUNIUNEUDN

AdsumIuneuen (o) ANORNITIVEE
49.9 k 1.990
12.4 k 4.984
5.49 k 9.998
2.61 k 19.93
1.00 k 50.40
499 100.0
249 199.4
100 495.0
49.9 991.0

2.5 TansaaLUuLYas
Ivaniad AegUnsaldidnvseindnliulasiveaussluidudyaamisivlih (transducer)

nsuUasArllagiintuasstunoutufe n13LUaIAIMIINaAIERT L3998QNRTIAFULARINNTS

a 1

WABUFUI 0N TUND Uagaln TUNAUUaIAINTSUABUTUTI (ANULATER) Tl Dudygro

U

el WanwadaiulngasUsenouldmeamnsunadnizednise1asugliuuresnsing-

¥ % [

Tauusnd uslnanwadnuseneumeamunaiiisanidavseaosiniildiguiu dygramslinde

aanluilaeniluasivuisneslinadlnafduasAndni1sn159878 duNuAenIsttaUnTaivene

DAY q

doyauneunvzgninluldanula

2.5.1 waNN1SNIUYBIlnanLyas

Tuingnfinusazedursanizlnansaauuuamsuing (Strain Gauge Load cell) lng

' ¥
A o CY [

nannsveslnanwaalsuinniAollaluininuinsgyin AuAIYn (Strain) gildsuduning

D

aumunglniludadiulaenssiunssiunsgsi dulvgezldinainaaueion 4 d 2995
AUATUNULURIUAINNLLTINABALLIIAT L UAI LAANLYAD 299TANUATUNIULUAYUAINILLIING

uwazusansludlvanadiuansfegun 2.7
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Vcc

ISVNA ISORAD

-Output +Output

A

ISOFID IsvNA

Ground

UM 2.7 1aasanuimuniuUasuaimussainawazusanaludlvaniwad [15]

M3 IndyeulagnRIEIIUIUNG 4 fazi@ensodimeiuiislguuasissiinszyiniudn

yearulainavilunsing wsouseis anntiuisdsdayrusonundunsaiulni Tnefiussiuldn

<

giviledu mV/V B1u18mu7T 01918 WS 10 V Tudulnaswaandan 2 mv/V 7 Full

(%
¥ o

load auyAz181midn Full Load wWu 100 Alansu dstudedusensziiseluangadiuiviin

100 Alansu dygraunagladianviiiu 20 mv nsvinuresdnanwaduaniisgui 2.8 laewle

ponLsIviTenaasULlanwaduresuaYinAT axladmyaunslnieenin

iy eI
Gl
[ .

| i T

nsona
|

sUN 2.8 Myvhawvedvanieag [15]

2.5.2 1A5983190098LH5UNa
= ¢ | = P ) = 2
awsunadugugesnnevauswensiUasuwlatanunientuliedandudunauiainuss

ABUONTININTZYIAEN A LTAd ey 1un el Wena1NNITINAIIULATEALAIALATULNIEY

Y &

gt duugeidmivaunsalngaianlddmsuiauss ANUAY AT SEEENI1INTEIR AMTY

Y

naflagnaneyssinnusuuunltdiuegaunsnateilassadiaduiauveaaaindaduniunia

Tifhfvihainlaveuduu @anuvuidseann 3 896 lulaswns) Fadaineguugiuilu
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WHUAduNaaRn @anuvunseana 15 89 16 lulasiwns) uwaigninfsumewiuiiduun

AUUU 1AT9ES1NTDIAATUNALEAIAITUT 2.9

Laminate film

- Metallic resistive fail
(sensing element)

e Flastic film (base)

SUTl 2.9 Tassairsvesalnsuna [16)

2.5.3 IManUaakuuaMTULNa
Tanwadiivainraleuseiny feupasUselaniiniseanwuudinsunisidaunwanaianuly

v :.’/ A f=2 o w A 4 a o 9-15
AtunsaenUszinvUeslnanigaadelimudny WndenlduRaUTELAN 81998V lENY

(%
ca A

wazgunsallvanwadidemels Tudnerinusiidenlilnanaaduuuansunaussan wnan
lyaniwaa (pancake load cell)
wnuAnivangad Lulnanwadnisusisedevuuunudn ansaldlinusainauasisaiy
fA1AULAINEge A1 Linearity waz Hysteresis luseau 0.05% (o9 NTIUIUAATUNALIN
] ¢ a A a Yo y) a 2 = ¢ Y 1%
nivanwadyiindu Jedldd mSunuaIemagauLIINAnIaLIRe gunsalLnuANLanwad

LLamﬁqgﬂﬁ 2.10

g‘lJ‘ﬁ 2.10 ianwwad Pancake [15]

=

2.6 msuwlasiFesuuuliinatias

(%

ASIATIZREA LY

]

1ulpgnaluausavinlatund 2 Tawu  tennlamuatkazlauanug

a o W

dnsululauansnasnsiuvuamudsuly wHoAeInI1sNsIUBIAUIENBUE R NA1AVD

>

Feyeyrauniala wazowin Tulauaanud nsudasSesduismhulddiensiaseidygyia

A7}

I o

Tana1n dwmsunsAnmenIasneuines Aduialunaedamudidudendunninea

& v [ ~

spelendulisaiios Tunsaliisnded nsudasiSesliseliies (Discrete Fourier transform

.
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DFT) antglunmslimsevidayeyias ansnsavadudssansveslisesiaannaunisi 2.4

N-1
X(m) — Zx(n)eijHnm/N (24)
n=0

=Y

x(n) Aedygalulamunaiiianiueny Nuag X (m) AsAl

HuUsyansWsestulauy

Y

(%
v A o w

Al dureidunisudasiSeslideliowst x(n) We n,m Aediddiuvasdyaialulaiu
naaglaluANudnINaInu den,m=0,1,2,...,N—1

@ 1 ! a [ P = = gj 14 LY
%mu’nmmmmmﬂmﬂuLsaﬂmaLuawm@mﬂa X (m) UUIWQWHﬂﬂiUUﬂHUGUE)QNa@m

w9 x(n)fuandadou e ™ flaweuaunisi 24 Tudlasuny eV unudae
cos2zznm/ N — jsin 2zznm/ N 9 0aUN15909008t80570 e/’ =cos @+ jsin 6 azla
N-1
X(m)= Zx(n)[cos(27mm / N)— jsin(2znm/ N)] (2.5)

n=0

aunsifanududeundtaunisn 2.4 Tuguuuudnluiuwdea (exponential form) us
sUnvuiliaudnlaladng Tneiasan9n cos(2znm / N) — jsinznm/N) — A9A1994
Y
o = = .oAa T 9gu A = a Y] ]
AN £, 19 1 way j AeAildivenisiIsuiieumlavesdyaia A1vesnisuuasy

= oA = & Y ] ]
JesluisaidlaanilagatulainannnisHauINYeINISANKUUIAREYA  (dot product) SEWing

—

fyeunud £, dudynia x(n) dunsuiifunismauduius (correlation) sEwing
Fyeyou waillaansansuesnusznaudye unaud £, 1938 x(n) J938nA190
| aa L4 3 [ LY | 3 [ PN ~

11A1UDTAI1E9 (analysis frequency) 1ne X (m) Wusruanitesnusznaudygiuinaniiud f,
VOSFYYIU x(n) dvweudsau X, (m)=|X(m)| wasiawirdu X, =arg X(m) awnsa

Feulsogluiitadedldfaunis
X(m)= |X(m)| e /" =Re(X(m))+Im(X(m)) (2.6)

ATUIUANTUIALAZINENIANNITA 2.7 Uazaun1sh 2.8

X, (m) = \JRe* (X (m))+1Im* (X (m)) (2.7)

X, (m) = arctan(Im(X(m)) / Re(X(m))) (2.8)
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dAusunsmuIniawesdgygIuiiaud £, MIeailnasuiids (power spectrum) @1u13avin

lamsaunng
Xog(m)= X2, =|X(m)] (2.9)

2.7.1 mMsdaeuaausEam
a a w A Ay = 1 ) . .

wrAnsusuYsamalialilauiainnisAnwvieauliinginin (bicelectric network) Tu
a1 FeusznaumewanUseamvsetiaseu (neurons) kavgnuszaiulseam (synapses) wiay
waaUszamusznaumediulanslunissunszualszam Seniuaulasi (Dendrite) Fudu
a ] | = ] = - ¢ I3
dunauazduarglumsdainssuadszainionituenteu (Axon) Fadumilouendnnvodsas
Uszan waaUszammaiivihanusieufizenluiuedl Weillnnsnseduaisdnsinieuenvse
nIzRumelgadUszamieiy nssuaUszamarisinuaulasididiomasateandudadnduin
v v 13 o oA "y a ~ < v 13
AodnseRuaaUsEamaY q devielil fnseuaUszamusie duafsafanseduiganUszam

au 9 soluiumanengeuveiu lassaiiugadusvamuansfsgun 2.11

Dendrite

Axon Terminal

Nucleus

JUN 2.11 lassaawadussanmuyeed [17]

2.7.2 asAusznauvaslasstngyszaiiiey
IS gUsEaMisIgNUEnIRagUn 2.12 FaUsenaume 5 asAUsenau fall
¥ a
1. vayaauwn (Input)
< v Y & v a =y Y a 1a a
Wudeyamiudiay visdeyaidenmnimdsnssudadliioglusuidausunnm
lasseUssanniienseausula
2. dayata1inm (Output)
& v sda X o = ' =
Juraansiinduasainnszuiunsiseuslasangssamiiiey

3. @unwin (Weight) uazaluuad (Bias)

Ao o

1 ! ' = = [ Iy v
WudrulsgnauidrAgvesszuvlassineuszarmiion iesaintduaiildng

Auduiussznintadoyadunn vieisendnedaniiainduaiildainnisiseuiveslasevie



17

Usvanidion vilvanansadeulodlumdeasuld arilasgnifuduiinueiioldlunisanditoya
du 9 flegluguuuuifientu
4. Wangun15598 (Summation Function)
shwthilunismuamdniindldnlaseglutudumn naenuduiussswiedoya

Joudnarunsamuialannuaunisn 2.10

S=0 pw)+b (2.10)
i=1

v A

o p, Aedeyafitlowdn w, AeAnintn b Forluea way n Fodnnudoyaiignieu

5. Werdfuenelou (Transfer Function)

annsa3endnegneit leidunszdu (Activation function) ¥iwthillunissauen
Fedlavanniednnvadlasatisdszainiiey wavinisinauladn azdedyaaendnmeaniy

Tugduuule silavasilenduntelounanananisnei 2.3

A15199 2.3 siavesilanduanelou

WeRduaielou sUKuY dun1swenduanalau | WaULa a(n)
Linear Transfer . a(n)=n [—o0,00]
Function
Log-Sigmoid a(n) = 1 1 - [0,1]

A S .
Transfer Function Y
_ . . “’ _ —n
Tan-Sigmoid Vel3l L1 a(n):i e_n [-1,1]
Transfer Function | o
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I

Summation Transfer

k' 3
k3

Output

Function Function

JUN 2.12 lassahagadussanniien

2.7.3 lassveuseamiisnuuuludnanin

msdausuanlasadislasaneyssamiiisunufienisniseioufive sy iawuld 2
vila Alassvrsnuulud1anin (Feed-forward Network) waglaseinauuvasainau (Recurrent
Network)  @sluinendwusiduiaznanislaseioUssamionuuuludramdiifinsaadn
§aundv (Feed-forward back propagation Network )

TnssngUszamifenuuuludmihasusene udeduduwe (nput layen dugeu (Hidden

layer) Felulassdgenaaiisiuiududeusnnnii 1 Juils 1Sead1 Multi-layer Feed-forward

(3

Network Uagdugnvignatuiong (Output layer) Inglunsazduazusznauniglnun (Node)

9

o Y o = ' [y v ¥ o A ' | & [d =2 o
‘1/1’11/11!’]‘1/]‘1_]3811'3@NaLLﬁ%L%@NW@N@ﬁWﬂUBQ%Uﬂ@I‘U NI9LVOUANBVDILAALIUILLUURLUUDINUNUA

'
o ¥ A

JwhlvdyaadeyamdeuniUluiimnisfelneindeuntuinmel Fenuutugeunazlnunly

[ [
=2 o o ¥

wiavdugeulziuegivanududeuvesteys laswaiiniawiuvedasaisUssamiieuuuuly

PUNTLanesagun 2.13

Input layer

Hidden layer

layer

sUn 2.13 lassaadesiuvedasadngyssamiiisuwuuludnmin



19

2.7.4 msdeAdaunduvansiteul

nsdsAdeunduveInisiieus (Back propagation Algorithm) Jw3Susuauminiineg
d‘ 1 = ¥ %4 o 4 d' U 1 96’ £% ¥ d{' U 1
Ngavadlasstilsyamiieunuuludrm vuhnusuadmtdnveadudeunessningduue

Taianuwmuizay Tnen1sUsua1tazduag A UAIAIURANAIAVDILDIRNANAIUIULANUAD

Y 9
1%

e iidesns Fanseuiudsuanavyigniuliaunitasdeudeyaidesnisiinasunsunnda

visevnsaeulayaiuviate 9 asuieliiAnnisiseusniianuuiug

a

TUABUNTNUVBINTAIAIGRUNAUEHAINNSEUA T I uusaglrualududunm

9

wazduAlukea viaimuatues lnediulvgasivuaailusealifidwiiu 1 el minuas
Alukeaaunsarldsunlaslandaannmsauiuvsesuuiua tassasanisderdaunduves
M33euiianiaguil 2.14 Favzuansanimtnuazanluiea lagli i \Dududune j Jutudou

waz k Wuduendng

Output(k)

Input(i)

Hidden(j)

sUN 2.14 lassasannsdedndoundu

(%
o

Aoyt toyadunadigiudunn uazAuABuNRLarAleiNAluLiar Ty dmsutuBune

-

Y
A1BUNALAEANIRNATIAT AL
Output, = Input, (2.11)

dwiututeuazldmdunmuazae dnauanifsaunisi 2.12 waraunnsi 2.13 lagi w, 1w
g Y ' S a g 1 [ ! g 1 = 3K J
uminsswinduduneuastuden b, Wudluwedlutudeu wasiiflsddudnelounuy Log-

sigmoid

Input; = Zi (W, x Output,) +b, (2.12)
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Output , = 1 (2.13)

eflnput/-

] s I a ! s av v o a' = =
LLaﬂwumewm ﬂ'Te]‘L!W‘G]LLaBF"I’}L@W@Wﬁ%lﬂLLﬁ@QﬂﬂﬁNﬂ’ﬁ% 2.14 wazaun1si 2.15 lneh Wi
[ 1 - Y J & 1 & 3 I 1 ] 1 = & v J
LﬂuﬂﬂumuﬂizmwwwauLLazsuume‘vgm bk LUU@WIULL@ﬁIu‘UU%@‘U wazdfanduaelouuwuy

Log-sigmoid

Input, = Z ; (w,, xQuiput;)+b, (2.14)

Output, = z (2.15)

—Input,
e puty

v v Y =

yndumnasRananluwiazdu Inefwinitueanmduduiuisn wadsuaiitugeu

!
=

FeARanaInausaAalannsUssuiieuatednaawnlaiuanluny  (target

value) TumaudeAHaNaIAdBUNTULARITUT 2.15

Error Error

\ Output(k)
Input
PUtR Hidden()

U 2.15 dupeudsdiinnandoundy
ARnnanaludueinaay

Error, = Output, (1 — Output, )(T arget — Output, ) (2.16)
dnsuednnaalutugouarls

Error; = Ouiput, (1 —Output, )(Errork )(ij) (2.17)
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[%
Y v

TuneugaThevinsusuAiminuazalusealminna@anainidwiadd dueld o G

(%
Y 1 I~

ArenssItunsseu; Anvtinlndsenindudunauastugeufe
w; (new) =w; (old) +a (Errorj )(Outputj ) (2.18)
wagAnmiininiseninadudoulayduiednnfe
w; (new) = w; (old) +a (Errorj )(Outputj ) (2.19)
dmsurlusealviveitutounastuleANALEAIRIENNTN 2.20 uazaun1si 2.21
b,(new) = b, (old) + t( Error, ) (2.20)

b, (new) = b, (old)+a/(Error,) (2.21)

(%

waRANgUSUATNTInLaz A luwealriaumungauiulassneilaviateds Anendnusi
donld Iianwdsn-unsaesan  (Levenberg-Marquardt Algorithm) 151zt duisniaanu
2 a 0N 0] as ¢ s & Y @ aoa ] ¢
I galumsusua Fanudsn-usmesangnuedlainduisnnaunauann1sveand-
176U (Gauss-Newton Algorithm) LazislAaeuyasnIuAINty (sradient descent method)

gy lagllonadnsnladAuand19annaansignassAsud1an Iaanudin-uisa
A ¢ ° v A = aa A a Y] ° Y AY =

Jaianavvimihlialowisindounainiuaudy lngasyinnisgiinAfideansiaue wasiile

nadnsnladalndifesiunadnsfigndesisianudin-unsaesanasimininareduisinid-i

o  aa 2 e ¢ ¢ ¢ & ‘A I He o L Lo o #

s Aanudsn-unimesariluwaiiadelineug Nivuassgailsidunaiefinls azuans

< o o & o 1 & a £ an S < a o o
L‘LJ‘LJ,Naiﬂﬂ%@ﬂﬂ?ﬁﬁﬁ@ﬂ‘ﬂ@ﬂﬁﬂﬂ?ﬁﬂlmL‘UUL‘UQLﬂu ']ﬁu‘i]ﬂﬂﬁ?ﬂLUULWﬂUﬂNW@iE’]UﬂWM?ULLfiIAlGU{]QJM’l

]
= aa

nslidudsduvesaidsaesiidosiign ianudsnunimasaiazinaulaalunisujus

Yo o | & adda a a a ° ) = % | a
LLangﬂi‘UﬂqifJ@l]TU’J’]LUUUﬁWNﬂigﬁWﬁﬂWWNWfW]?j@ﬁ'TVﬁ‘UﬂqﬁLiﬂuzmﬂﬁiﬂiﬂmqﬂﬂigﬁqﬂWlEJlI

YUNRNAN

2.7.5 msissuidmivlasenguszamiiiey
a Y o o 1 = 1 < 1% 1 a }% =
nsseuidmivlassieUssaniisrausaniioanidy 2 Ussnlawn nsiSeusuuud
n"5aeuU (Supervised Learning) war Msiseuiwuuliiinisaeu (Unsupervised Learning) lu
a a s 1 X a vaa a v =
Ineninusiauiidenldisnsiseuiiuuiinisasu
= b4

a o = ~ aAa ° d' 1 a o
ﬂ']iLifJugLL‘U‘U@JﬂqiaQULUUﬂ75LiﬂuzLLUUWﬂJﬂqimiﬁﬁ]ﬂqm@ULW@IﬁﬂiﬂmqﬂﬂiganLﬂﬂﬂﬂﬁU

P e v ' A o P | ' ~ v o a
Yatoyanltaouinasiansey wagdzlidineulinsunsiaaeuinlassieUssaniieulvidineun
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' [
a2

gnuseld dmeulignisasiaseieasiinisusudieaneluladmeunavu (Wisuiguiuay

wiilpufiunsaputiniseulagiingaeuneuuzil) 1A59E39U8IN1TEUIUUUINTAOURARIAS

=

IUN 2.16

TRAINING
PARAMETER

Adjust weight

NEURAL | TraininG
INPUT DATA ==\ E1\WORK | ourtpur
7y
TARGET
OUTPUT

5UN 2.16 n1sisgusiuuinisaeu

2.8 M3InUsEANSANYeLITUY
lun1sinUseansaimvesszuy Ivdesvinsiienteyaynaey  (Training) uwazdayayn

NAFOU  (testing)  Aneninusiauiinisiienduuuunmiewmss K ngy (K-fold  Cross

¥ = <

Validation) 1Huigidenduduustoyaseniu K yawiiu lunisveaenssusnyadayai 1 10u

kY
[ [

Joyaganaaeuuaztoyayafiviollutoyayadou lun1snnassnssiiaesdeyayai 2 1Wudeya

Y

gavaaouartayayafivdeludoyaynaou  yaunsensdeyannyaligniiundudeyayn

9

&

NAARUTIENIVARDIIMIA K AT JULUUMSIRONENTRYARUUAINTEINTY K N Landnagy
#1 2.17 Yofvesnsidendudeyanuuauiisanss K ngudedeyavnyngnirnndudeyayndaen
wazdoyayanaaey uitaidsfeldiiaruiulunisvessdiienaindemaasstoyananun K Ass

Falgumrualaan K dawvinnu 10

|<7Tofal number of examples—>|

Experiment 1 | Testing Set Training Set

Experiment 2 | | |

Experiment 3

Experiment 4

U 2.17 nsifendudeyaluunnaiiganss K ngu
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nsUsEiiulseansnmeesszuuddudeddarianisadfnanina Tudnerdnusaduilamuion

J v = & 1 a A = a a v a & !
ATATITNONADY (Accuracy) Faduaadsnuivenasdsednsamsinlunisindulavesisssuumn

anunsosndulaeenulieggniesiiuasidud

number of correct test j <100 (2.22)

Accuracy(%) =
number of total test
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N153UNYAABLAENEANTTUTENINB UL

3.1 na1dn
Tuinednusasuilfihdnvasamemmginssussviduiandlums suundayana
TnglausuwAniiusazyanaszinginssunistuiiduendnuaiianzn Weuesitluszning
ngfnssun1sButesusasyanatuazinisunisluan fuhlfAensndeufivesngudnaisa
LargaguinaIausenag 1ldmnnziuiisiedeuiivesgnguinatsnauargaguinatusina
Wisuiaflounisdemiviinveasideuazun laensmemimiinvesvinvaesiid walma
I¢deyatiasuluvasiminuiusazdng duisihdeyaildluiinmeiieminuusiau uas
Tdwsumadinduunyana nénnsvesssuuiitiausuanslisneudonlnozunsudeguil 3.1 &
sxtsznouldsng 4 dwldun 1. nseenuuUsTUUNISIAiUda I 2. N3EUINNTUTUURE

Tuaunad 3. NITUIUNTANENWULLAUVRIRYIM ey 4. SEUUTLUNYARS

()

©

Classification

[ e ——————————

1
1
1
1
of weight

Amplifier e e =t I
I : I :

1 ——————— - 1
v I LPF& |11 P i
am "1 bc il | )] i
H 1 N I 4 Neural 1
g » Force 1" FFT 1 Hie 1
converter |; I'| removal | 1 I network | 1
: Calibration : L Sy ———

! 1

“““@-“““ @

JUN 3.1 UdealnozunsusruuiLaue



25

3.2 AM9DNLUUITUUMSIANUA Q0

v

Y -

a"aumﬂsuaaszwa"wLLuﬂUﬁﬂaﬁamiaamwussw%’mLﬁuazyzmmwaﬁwé’mmmﬁlé’lﬂdaé’a
d1uUTEUIaNa N150DNLUUTYUUIMAUA Y 18 UTENBUAIUNITOBNLUULNUSULTY NS
PONLUVINITVENY waznsilasdygineuasnduiinea

3.2.1 uHuiuuss (Force plate)

I‘umiaaﬂquqﬂﬂﬁﬂi%ﬂ%ﬁﬁ%%’ﬂ%’@Lﬁuﬁ@mﬂm%uLLiﬂaaﬂLLUULLm'u%’ULLiq 2 uHuLfieseady
drondnindneuazininn  duvueumesTuksuiuerasaalafilvuinnine 22.5 wuRuns
611 27.5 lwuiang uaglinnuu 1 wuRwasiunihdduiademiinnniwingisuises
Suuss yndneuwesTuLsinsas 1-3 90 wansieguil 3.2 lusewineiiBuaziianislenldunves
wiueya3anla uazilomaviliauduldfusunse fudeinmueosuuslifsay 4 9a 3
Ddudundsivinlvidangavesgunsaiwazdwinlaslifanislenluuiseninaduasuis Tu
Ineinudiauiildieumesinanead (oad cell senson Faluwuiesiiasuuswiotming
nsvirselnamaadbidudyaramiliil anwadussianunudn (pancake) gniunld

wsziulvanwadimaizdmsunistainndn  lnswuwasivanwadidasfialuisasassule

500 U TeazidenvesgUnIaliguwesivanaduaneneUn 3.3

Ul 3.2 AIUUIRNEY VOLTUIYOITULTS

€aN

11
8.5 - -
il Il

= 25.8 -

sUN 3.3 Swasidunavesgunsalisugeaiivaniad 18]
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nsivuagaudazavedeuesianiad tufie S,S,,,S,;,S, TWdudumisie

v v v & ° A v Y v o w
VULHUTULSIT9 ke S,;,8,,,8,,8,, Iiluduvisioguuunuiunssdnesgngnuais
Awntarugesvanwadi U kA eLanddI U 3.4 duruavesgunIaifunse uasdidin

VOUPULLDT AR UARIRITUT 3.5

ANk GG
PRI\ R

SUN 3.4 duvisguesiuangadAugIewasyI

N

V 4.5cm
r NI
s

3.5cm

30.5cm
1.5 cm—p| [€¢—

d &

A
v

25.5cm

JUN 3.5 YunvesgUnIalTuuse uasfinnvesguwesivaniyad

3.2.2 2993918UUUBUARTINUATY (Amplifier)

& & [

Wesnndyaanldnnsugesrangadiludyarameliihifiiuindnegssning 0-20

A7}

¥
o

Taalas deensanistiluussuiana sauudsidyaiudluriuisasvenswuuldndualaely

A

loBwues AD620 Fulurtasreneduanguundy SnsveneauIsamuInRInaun1se Uil

49.4kQ)
+ S
RG

G=1 (3.1)
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49.4k0)

3.2
6= TG (3.2)

(Y I

deo R, Aefauyiunisuaniisoiiomuunsnsives laednerdnusiauimuundnsiveieil
A1 100 i Tnavilidgaaideudiviewndenvesaunsalonglueglugae 0-2 Tiad Faiieane
nansindygalulszanana ilvidaununsusniidedldlinvingu R, = 499 Teviu wans

AIFUNITN 3.3

49.4kQ

4 F =499Q) (3.3)
100-1

dmduled AD620 Iuledfidesdoulnay feusaiinisldled 1ICL7660 viwiinfiulaslnuanls

Julvlau 2sasildveredggraainaugesivanead 1 fuannegu 3.6 Fdunauinuas

[
Y

dunpavAedyIuuINkazauNliaNwLLEeslanwad A18729959818UUTULRSINARLTAATI

8 fuAnIAIFURN 3.7

Positive T
InpuCt x 7
% ' 6
4990 AD620 ¢
8 Output
Seried 4
Negative L
Input Y
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JUN 3.7 8181993088 U0 YRS IYananYa 8 A

3.2.3 mswuasduanamauzaaniiuflnea (A/D converter)

v v

Tnedayanuneugdoniiniuiasuens (e 8 dyanay) ssgniouddeunsalensglu
(arduino) 191 Al fia A8 ilewdandudaunines dyaiuniulasdiazgnaslydediu

Uszanananiunegiead 31588 wesn (USB  serial  port) uazldlusunsy MATLAB  lunns

Uszanana n1sWensiogunIalgnuansfsgun 3.8

U 3.8 n1s\weusioaunsal

3.3 nszuaunsuFuUsdyyn

v

o
[ v =B

Wosandggrunlaainduasunisiiudyyraddiuresdyyiasuni

e >]

Waliszuudl

[

U
UsednSn1munntudalinssuiunsuiulssdyaadaussnausiy nsmindyaialnnss 2993

o 1 [y = [ [ H o
NT9IANAANIY LaznsUSusudygramsiinduimin

o o

3.3.1 mMsnndygIunsziallngs (DC removal)

] &

dyarauilaantunsumsinudyaruiinisensyaviu wssinssualassilaainnisne
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wssmseuImtnasvulianlwas L131e0IN1INANTUANIzdy gy unilasuuUasluniinainnis

MYMUIMUNTOUIEIBLaEYI Fehosndndyaiunseualnnssis Al lun1siIndau

nszualnssAethdygrgmelwihnldanuiusuusenauiuaeisrssnasdyerunsivii
W ligavineladyauninisansefuan

A

3.3.2 2995n509AUAMEIL (Low pass filter)

nnsAuaTIuneNy (1] lsigauinnsieiouiivesqadudnalsiauasnaud nang

9 Y

wSITUsENINEuasuialiaedsanudlun1sundsUsen 0.8 189D lunisiAuduanuile

A7}

TEMINNgANTINEUATUTYaARTYARaNUINF Y I TUNIUAMUDZANAINAE DN LB

NNSATAFYYIUAINGTT TIMNUATNTDIAINDAHNIULATANLRAAN U 2 18509 Lne9as

YY)

nsosANdEuEenldhn 1995 Unnasissouduaes (Second - Order Low - Pass
Butterworth Filter) adu393nsasnudndnadnvasamzlnalaseiuieesnsainudnvig

gauARlageaulitsnudHudA1vwInIENA Vg WN gl NaRBUAUDLTIUUIAYDS

a1

1995n789AUA (Magnitude  response)  HAIPNANNTTA 3.4 UALQNUAAIAIFUN 3.9 dIu
HANBUAUDTUNEINAINTOIAUA (Phase response) QNUARAIRIFUN 3.10
K

= ile K Jueiidsvens (3.4)
1+(w/4r)"

|H(jo)| =

Mormalized Magnitude
&6 o © o o o o o
N D o= o ® u m @
" i, N R |

o
T

o

Fregency {Hz)

5UN 3.9 NaRaUAUBITIVUIAYDINITNTDIAUAAHI
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B[] [ L T TR ............... R B P S B S A s =
00 |- : i : . : =

150 : : : : : —

Phase(degree)

1) AR 2 FP—, .......... AN . IO M-~ i o g e o —

300 |- : : : B

380 1 1 I
Frequency(Hz)

5UN 3.10 HARDUALDLTUNAYDINITNTBIANUDFAHY

3.3.3 msviuiisudygramelwiaduiivin (Force calibration)

[

3‘%‘1’71'16i’ﬂumiﬂ%’uLﬁwaagﬁymmﬂv@ﬁﬂﬁﬂuﬁmﬁﬂﬁﬂlé‘lma%ﬁmqmamﬁummu%’uLm
Wuduau 6 A1 A 0.3 Alaniu 8.5 Alansu 14 Alansu 17 Alansu 225 Alansu uag 53
Alansu daduddudnildmnannsdeiagduasuundidneios iieldlunisnsaaeus
it LLazLﬁaéz'}"ﬁmqmam‘ﬁ‘uuL,Lm'u%’uLm%Wﬁagapmmﬂw%aaﬂm MlvnsuANUEUNUS
iz‘WjWQﬁ@@WiMVl’NlWﬂWLLﬁzﬂEﬂ%ﬁﬂ‘U@ﬂ%@lqﬁﬂL‘ﬁuﬂuﬂ’lﬂ%ﬁlﬁu nsmlAuduRuSsEninsin
wagArdyumdlnihgniansdaguil 311 dwfuaunmseuduiusseniaiminuazen

doyy1aum el AlaanuAUS UL T8 LAV gNUARIAIANNITN 3.5 LazaunIsh 3.7

AIUANY

60

50 a _

40 @ right plate
g M left plate
o
=~ 20 /

10 //

0 -f . . . . millivolts
0 200 400 600 800 1000

JUN 3.1 neenuduiusseninadminuasAndeyyiamaslngi
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W, =(88.1x107 )7, -0.74 (3.5)

W, =(57.5x107 )V, -0.06 (3.6)

Taoil v, adganansiihsuildanuiuiuussiuen wasdnegluming
Tadladauaey

w.,w, dwinveringiloteunmwiuiunswued wasdglunileilansy

»

ANUAINU

NnINuaraNnIsANNENRUS STt wtnuaz A daunsiniasiulaaunsa 3.6 dan
12

v v A o Y] i a ¢ = o v A o
ANUYUNUDYULUDLNYUNUANUNTITN 3.5 Lﬂﬂﬁ]qﬂiﬂaﬂLSUaaL"UUL%Eﬁ@'ﬂUQ‘UULLNUi‘ULL?QGU’NGU’J']Lll@ll

'
wva a o £

wsaviserminiungeyi asliAmdyaaliihesniidunnitauaudinivuasudeya (18]
JevhldaunsnlduSuiisudanamslaihlmduiminduanlividudmsuunusuussdng

YIHALINYNY AUNTHATINYDIUN AT N INUALEAIRINANNTTNA 3.7
S=W +W (3.7)

e S AnA1t TN IunIn A ALKUS ULSINE LAz v

o/

3.4 NTTUIUNIIANANBUSIAUYDIFY QI
Tunsihdygraildszvinedultadudnvazianeniangfinsinvosudazyanasn
Ansent Snduiivedewihnsidnuusiuvesdyaimesninneu Wislildesiusznaudidfy
Ifﬂstu%‘wmﬁwuﬁ‘f‘?ﬁﬂLaua‘iﬁuﬂmﬁL%ﬂ%ﬁ'm%’uﬂszmumiﬁﬁﬂwmzLfﬂ'u
Tneunfinsussinanavesdyaiaasiilaly 2 Tawu dufelauureaia walawues
A dwfumisussaranalulamuiiaviliisnaiunsonsuguisdygin uazvuind
Wasulumuan wisaglivnsvesdusenevdesvesdymio Im‘i‘msnﬁwuéﬂflm%‘i%mmﬂmwj
Besuuulideieiielidyaaeglulawunuilaglimds fit) Wilsnsduvindu 10 1B5ad

Tulusunsy MATLAB waztitevilimsiuinesauseneulnududiudrdyresdynyin ssrusenau

'
o

Inundudiuresdygrusuniuaiunsamdnfisladda abs) gnldlunismarvuindudsansy

SusUesdyInlanLHUSULTY nTUlsRdnwuzdAyvesdyyIaliieTzn
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3.5 STUUIMUNUAAS
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miﬁﬁmi (Feed-forward Network with Back propagation Algorithm)
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Tamidyaaudglusunsy MATLAB

delete(instrfind({'Port'},{/ COM31));
a=arduino('COM3")
k=0;
tic
while(toc<60)
k=k+1;
w_1 = a.analogRead(1); %Data from the arduino
w 2 = a.analogRead(2);
w_3 = a.analogRead(3);
w_4 = a.analogRead(d);
w 5 = a.analogRead(5);
w_6 = a.analogRead(6);
w_7 = a.analogRead(7);
w 8 = a.analogRead(8);
wi(k)=w _1/204;
w2(k)=(w_2/204)-0.0034;
w3(k)=(w_3/204)-0.0147,
wa(k)=w_4/204;
w5(k)=(w_5/204)-0.0096;
wé(k)=w_6/204,;
wi(k=w_7/204;
w8(k)=w_8/204;
wr(k)=w1(k)+w2(k)+w3(k)+wda(k);
wl(k)=w5(k)+w6(k)+w7(k)+w8(k);
toc;
ar=(wr*0.0115)/0.0186;
al=wl;

s=88.6*(ar+al);
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e lc=wl
e lc=e_lc(sum(e_lc)/length(e (o)
e rc=wr

e rc=e_rc-(sum(e_rc)/length(e rc))

stringl = sprintf('%.0f', toc);
set(handles.text3, 'String', stringl);
stringl = sprintf('%.0f', abs(w1(k)));
set(handles.w1, 'String', string1);
stringl = sprintf('%.0f, abs(w2(k)));
set(handles.w2, 'String', string1);
stringl = sprintf('%.0f', abs(w3(k)));
set(handles.w3, 'String', string1);
stringl = sprintf('%.0f', abs(wd(k)));
set(handles.wd, 'String', string1);
stringl = sprintf('%.0f, abs(w5(k)));
set(handles.wé, 'String', string1);
stringl = sprintf('%.0f', abs(w6(k)));
set(handles.w7, 'String', string1);
stringl = sprintf('%.0f', abs(w7(k)));
set(handles.w8, 'String', string1);
stringl = sprintf('%.0000f, abs(w8(k)));
set(handles.w9, 'String', string1);
stringl = sprintf('%.0f, abs(wr(k)));
set(handles.w5, 'String', string1);
stringl = sprintf('%.0f, abs(wl(k)));
set(handles.w10, 'String', string1);
% set(plotGraph1,’XData’,CoPx,"YData',CoPy);
pause(0.0001);

end



assignin(‘base’,'wr',wr)
assignin('base’,'w1',w1)
assignin('base’,'w2',w2)
assignin('base’,'w3',w3)
assignin('base’,'wd',wa)
assignin('base’,'wl',wl)
assignin('base’,'w5',wb5)
assignin('base’,'w6',w6)
assignin('base’,'w7',w7)
assignin('base’,'w8',w8)
assignin('base’,'ar',ar)
assignin('base’,'al’,al)

assignin('base’,'s',s)

TAANSIAUARINIY

fs = 10; % Sampling frequency
% T = 1/Fs; % Sampling period

load('wc_ploy1")

lp_cutoff = 2

[bl,cl] = butter(2, |p_cutoff/(fs/2),'low');
% w_r=(wr/10)

% w_l=(wl/10);

prel = filter(bl,cl,e_rc);

pre2 = filter(bl,cl,e_lc);
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load('lpc_ploy")

fs = 10, % Sampling frequency
L=600; % L=length(prel);

Y1 = fft(prel,L);

Y2 = fft(pre2,L);

Pel = abs(Y1/L);

P1 = Pel(1l:L/2+1);
P1(2:end-1)=2*P1(2:end-1)
Pe2 = abs(Y2/L);

P2 = Pe2(1:L/2+1);
P2(2:end-1)=2*P2(2:end-1)

NsNagaulAsIvIgUsLEM

load('fftc_prang)
if m<60

load('net_eplp)
y1=(net1(P1(1:100)")
load('net_epp?")
y2=(net1(P1(1:100)))
load('net_fplp)
y3=(net1(P2(1:100)")
load('net_fpp1l)
yA=(net1(P2(1:100)")

iflyl>y2 && y1>y3 && y1>yd) % && y1>y6 && y1>y5



messagel = sprintf('prang’);

msgbox(messagel);

else ifly2>y1 && y2>y3 && y2>yd) % && y2>y5 && y2>y6
message2 = sprintf('paint);

msgbox(message?2);

else ifly3>y2 && y3>y1 && y3>yl) % &&y3>y5 && y3>y6
message3 = sprintf('‘prang’);
msgbox(message3);
else
messaged = sprintf('‘paint’);
msgbox(messageb);

end

end
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Abstract—This article proposes the human identification
technique based behavioural standing still on force plates.
Since the body sway that occurs during a quiet stand is caused
by the movement of the center of mass and the center of
pressure, thus the transfer of weight on the left and right feet
of each person has a unique characteristic. This characteristic
is then applied to identify individuals. In addition, the signals
obtained from eyes open and eyes close condition are studied.
The processing results are obtained by MATLAB program.
The results of the proposed method show that the behavioural
standing still signal in eyes open condition can be applied for
human identification. However, the further study and
improvement of the proposed principle is needed to acquire
better in false rate of identification.

Keywords-component; force plate; load cell sensor; body
sway; Neural network

L. INTRODUCTION

Currently, human identification is very important and is
widely used in security systems. Biometric identification
technology is increasingly popular because it is more secure
than traditional methods, such as using RFID card or
password. It is difficult to counterfeit and cannot be lost.
Biometric fashion is biological information used to
distinguish individual can be divided into two types that is
physical characteristics such as fingerprints, facial
characteristics, characteristic ears, ECG signal. Another one
is behavioural characteristics such as voice, signature, and
gait. Similarly, running and standing can also be considered
as behavioural characteristic pattern which are likely to be
the dominant feature of the individuals. In this paper,
behaviour of humans in quiet standing will be chosen to be
the feature for human identification purpose.

From literature review, it is found that most studies of
upright posture use a measure of ‘‘body sway’ to
characterize the performance under the assumption that the
measure of body sway is the centre of mass. Body sway is a
kinematic system and estimated from the centre of pressure
(COP) measured from the force plate. In 1998 Winter, David
A. et al. [1] studied the relationship between the centre of
mass and the centre of pressure. This article presents a
relatively simple control scheme for standing posture control
which the body behaves like an inverted pendulum. The
articles of J.J. Collins and C.J. De Luca in 1993 [2] studied
open-loop and closed-loop control of posture by a random-
walk analysis of the centre of pressure trajectories in both
one dimensional and two dimensional. The results show that

978-1-5386-6349-3/18/$31.00 ©2018 IEEE

individuals are randomized to a variety of the centre of
pressure but there is a consistent pattern. In 1993 Richard
Fitzpatrick and D. I. McCloskey [3] studied proprioceptive,
visual and vestibular thresholds for the perception of sway
during standing in humans. The conclusions of this study is
that control of balance and posture is related to three systems
of perception.

Later, in 2011, Navrag B. Singh et al. [4] studied the
spectral content of postural sway during quiet stance by
considering influences of age, vision and somatosensory
inputs. They concluded that the external factors were vision
inputs that affect the accuracy of the responses for the body
sway control in the anterior/posterior direction where
somatosensory inputs directly affect to the body sway control
in the medial/ lateral direction. The internal factors were age
and gender that main effects of age and gender were larger
for sway in the medial/ lateral direction compared to the
anterior/posterior direction. In 1999, Matheson et al. [5]
found that the performance of body sway the males are larger
than females for conditions limit vision and posture.

Recently in 2017, French researchers Alexandre Costea
and Robin N. Salesseet et al. [6] studied standing or swaying
to the beat when hearing discrete auditory rhythms and
promote postural coordination stability. The proposed
technique estimates that the body will sway by different
auditory metronome frequencies. The result tended to be
more effective when the metronome frequency (0.25 Hz)
was close to the dominant sway frequency. This article
demonstrates that human beings in two-legged stance can
automatically adjust the sway according to external auditory,
which may be useful for learning and rehabilitation.

Based on the study, quiet standing behaviour is only
applied to analyse the disease of balance, which will indicate
the performance of the muscular system but it has not yet
found to be applied for human identification. In this article,
the idea that standing posture of a person which has different
muscular systems is considered. In stand still condition, there
is a movement of the centre of mass and the centre of
pressure that is unique to each individual. The pattern of
signal according to behaviour standing still of each person is
thus employed to identify individuals. The detail of the
proposed method is discussed in section II. The classification
results using neural network is shown in section III. Finally,
the section IV is conclusion of this paper.

II. PRINCIPLES

The proposed system is shown in Fig. 1 and the
principles are discussed as following.



A. Force plates

Two force plates are used for measuring weight of left
and right foot. Each plate size is 22.5 x 27.5 cm”. The force
sensors are set up four points on each side to obtain the force
due to the weight of the foot. The designed force plates
attached with sensors are depicted in Fig. 2. The load cell
sensor, which is a sensor that change the force or weight act
to the load cell into electrical signal, is employed. In addition,
pancake load cell is chosen because it is suitable for
weighing purpose. Since the signal from the load cell is
small electrical signal, therefore, the amplifier using op amp
ADG620 whose gain is 100 is needed.

B.  Analog to Digital Converter

For A/D, the analog signals obtained from the amplifier
(total in 8 signals) are fed into Arduino to be converted into
digital signal. The converted signals are then sent to be
processed by using MATLAB in the computer.

C. LPF & Force calibration

The obtained signal is first noise filtering by low pass
filter and then performing force calibration. The force
calibration is used to calibrate the electrical signal to weight
value. The mathematic equation for calibration for the
signals from the right and the left plates are given in (1) and
(2), respectively. It is noted that the parameters in these
equations are obtained by linear regression of the data, where
data is from weighing various weights of fixed mass objects
which are 2.9 kg, 8.5 kg, 9.3 kg, 16.7 kg, 17.7 kg and 26.1 kg

w =(0.016xv )+1.6 (1)
w, = (0.046x1,) +0.6 @)

Where ,v, are the total voltage signal from the right
" and left plates respectively
W,, W, are the total weight of the right and left

footin kilograms respectively

D. Categorized group by weight

The weight value obtained from the force calibration will
be used to pre-classify the input in one of two groups. The
first group is for weight less than or equal to 50 kg and the
second group is for weight greater than 50 kg. This process is
to decrease the identification processing time.

E. Fast Fourier Transform

Fourier Transform is employed to transform the signal in
time domain into frequency domain. The Fourier coefficients
can be used as features of the signal. The discussion of
Fourier transform is given as follows.

Let x(7) be the signal in time domain, and x(k) be
the Fourier coefficients in frequency domain where the
relationship is defined as

N-1 )
X (k)= x(mye " 3)
n=0
for N is length of signal and k is frequency index of signal
in frequency domain which is definedtobe 0 < k < N -1
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Figure 1. Block diagram of the proposed principle.
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Figure 2. Size of the force plates and position of the sensors.

The signal which represents the balance of the individual
body obtained from the force plates is converted by fast
Fourier transform (FFT) algorithm in MATLAB. The
significant features from the derived FFT coefficients are
then used for learning and identifying by neural network.

F.  Neural network

Neural network is chosen to be a system for training and
individual identifying processes. In training process, there
are two groups of neural network: one group is for the
subjects with weight less than or equal to 50kg, the other is
for subjects with weight greater than 50kg. In this paper, the
neural network used to identify each person is a multi-layer
perceptron neural network as shown in Fig. 3 [7]. The
correlation between the output and the input of each class is
shown in (4), (5) and (6) respectively

a, = f,(Wp+h)
a, = f,(W,a, +b,)

)
(5)



ay = fy(Wsa, +by) (6)
Where P : Input Vector

W, W, W, : Weight Matrix of layer 1, 2, 3,
respectively,

b, b,,b, : Bias Vector of layer 1, 2, 3,
respectively,

Tl : Transfer function of layer 1, 2, 3,
respectively,

a,,a,,a, : Output Vector of layer 1, 2, 3,
respectively,

5155,,83 : Neuron of layer 1, 2, 3, respectively,

Inputs First Layer Sscond Layer Third Layer

a= fiWprb) a = f0T,a +b) = £,Wa, +b)

Figure 3. The three-layer neural network.

III.  SIMULATION RESULTS

Firstly, the signals obtained from the right and left plates
are shown in Fig. 4 where the upper trace and lower trace
represent the signals obtained from the right and left plates,
respectively. In addition, to filter high noise frequencies, the
signals are low pass filtering as seen in Fig. 4(a) before
filtering and Fig. 4(b) after filtering. From the obtained
signals of right and left plates, it is seen that the signal of the
left plate is much lower than that of the right plate. The
problem is that sensitivity of each load cell is not identical.
After randomly installed, it may cause the overall sensitivity
on the left plate less than the right plate. Hence, only the
signals from the right plate will be chosen to process.

¥
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(a) Before low pass filtering
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(b) After low pass filtering

Figure 4. Signals from right (upper trace) and left (lower trace) plates before
and after low pass filtering.

152

In addition, in this study, the behavioural standing still
signals in eyes open and eyes close condition are observed.
With eyes close condition, a person loses one perception
sensor that may effect on the behavioural standing still
signals. Since there are 4 signals obtained from each plate,
these signals will be summed to be one signal. Fig. 5 shows 5
of summed signals of the right plate obtained from
measuring the person X with eyes open condition 5 times.
Similarly, Fig. 6 illustrates 5 of summed signals of the right
plate obtained from measuring the person X with eyes close
condition 5 times. It is seen that the signals obtained from
eyes open condition are more consistency than those of eyes
close condition. Eyes close causes imperfect perception for

human, it results in inconsistency in the obtained signals.
Hence, only the signals from the right plate and in normal
(eyes open) condition are used in the identification
procedure.

Later, features extraction of the interested signal is
obtained by using FFT. Example plot of the magnitude of
the FFT coefficients is shown in Fig. 7. From the derived
FFT coefficients, only first 100 significant coefficients are
employed in training and identifying by neural network.
The result of identification of the person X is shown in
Table I.
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Figure 3. 5 summed signals obtained from the right plate of 5 times
measuring the person X with eyes open condition.

Figure 6. 5 summed signals obtained from the right plate of 5 times
measuring the person X with eyes close condition.
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Figure 7. The FFT coefticients.



The obtained result shows that the false rate of
identification of the person X using the signals in eyes open
condition is 20% and using eyes close condition is 40%.
Although the false rate in eyes open condition is less than
eyes close condition but it is fairly high and the proposed
identification system should be improved.

TABLE 1. RESULTS OF HUMAN IDENTIFICATION BY NEURAL
NETWORK
Case of Identified Result
classes Owner | Stranger | FR%
Training
Owner 5 5 0 0
Stranger 25 0 25 0
Total 30 5 25 0
Test
Owner 5 4 1 20
Owner
(closed eyes) 5 3 2 40
Stranger 25 2 23 8
Total 35 9 26 14.28

IV. CONCLUSION

In this paper, the signals of a body sway during standing
still posture in eyes open and eyes close condition are studied
for human identification purpose. The electrical signals from
the force plates are collected and feature extractions by fast
Fourier transform. Then, the method of learning and
identifying by neural network is used. In the study, it is
found that load cell sensitivity has effect on the obtained
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signal. Right and left plates should be rebuilt and assure that
all employed load cells have comparative sensitivity. In
addition, eyes close make a person lose body balance
resulting in inconsistency of the obtained signals. The high
value of false rate of the proposed principle suggests that the
proposed technique should be improved such as using other
techniques in feature extraction, collected more training data
for improving neural network performance.
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