ar - at =Y -
ﬂ’li‘wwuﬂLﬂ'i'a\ﬂ?ﬂﬂﬂiﬁﬂé’lﬂ‘iﬂﬂi?ﬁ]ﬁ@ﬁ%"lﬂ'II"ISJNF]‘UﬂGI?JEN

TaseaEs1einm
 DEVELOPMENT OF SMART DIGITAL PODOSCOPE FOR FOOT
DEFORMITY ASSESSMENT

LING R IRIUS TS
NAVAPORN LAOWAT TANATHAM

G %aﬁwuéﬁtﬁuéiwﬁwmmiﬁnmmwﬁﬂqmitﬁ@m_,ﬁﬁ'mﬁumamumﬁm%
fnunAvddanssudansunne
ANEIAINTINATERT
sanvumalulainszeaunananaummisaianse s
' W.A.2560
KMITL-2017-EN-M-045-024



drifvesyanan nszeeummAnIsii

ASWAIUILATDIINLAALAUEIMSUNSAEIUNIAUANAUNRVD

TAsaad19elgin
DEVELOPMENT OF SMART DIGITAL PODOSCOPE FOR FOOT

DEFORMITY ASSESSMENT

i

UIMNS WATIAUSITTN

NAVAPORN LAOWATTANATHAM

[ am’ |

b 0260989 ...]
La—— o—

WUV, ..
L LT

munzioy

“iui;e ?,4.?1

=

mendnusiiludunisvesnsfinwnuudngasyadanssuamansumtindo
A1913IANTINTINTUNNG
AMSIAINITTUAEAS
dortumalulagnszasundndiaunmsaianszs
W.A.2560
KMITL-2017-EN-M-045-024



DEVELOPMENT OF SMART DIGITAL PODOSCOPE FOR FOOT

DEFORMITY ASSESSMENT

NAVAPORN LAOWATTANATHAM

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN BIOMEDICAL ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT'S INSTITUTE OF TECHNOLOGY LADKRABANG
2017
KMITL-2017-EN-M-045-024



COPYRIGHT 2017
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



AMZAAINITUANERS
gandumalulagnszasuinddnnamnisaianszus
Tususesinetinus

WU INILNUS  Nsimuras1uesaslnlnalaudnsunsisasuniamnuiaunfvsdlasaseiwin

Thesis Title Development of Smart Digital Podoscope for Foot Deformity Assessment
UnAnw WIPUINT  LAETIRUSIIN
NAUIETI 56601195
USeyeun ImNTIUAERTUMIN U
1917397 AMINTIUTINTUNNE
219158NYSN w1 INefinus ueLAT.NANS  Inana
nungavING1aNUS KMITL-2017-EN-M-045-024
=3 I3 o oo

AMENIIUNITEBU AN TNUS Aelove
UWATANIA VARG :
36.05.9Y77 Younizanl /@{9
361.05.83WUG walwyat ol W
545107 AalmTanyn A %/

aa = 7

WAL ARG Tmaina A

'
a (YY) =

W/ Gew/ U Aideu usinsh 9 WaunIAu WA, 2560 1381 10.00-12.00 u.
doTuidey o 91A13 AU 5 Viesuseau 3

AMEIAINTTUAIENS SUTDILAD

(599ANEA519758 9. ALNEU U1EF)

AMUR AMZIAINTIUAIERS

o af

AUN 9 NO™ANAU W.A. 2560




g INgNUS AsHRIUlas1aAsaslnlaalavdmsunsiadauninlny

AnUnAvadlasaas e

UnAn WIPUINT  LHETIRIUGTI
sHaUnANEN 56601195

Usgyan IrNssuFEnsUTua
#1139 FMINTINTINTUNNE
W.F. 2560

211sdNUinwAIneninus  wAasAfna deana

unAnga

Ingninusatuiiuausnisiauooniuvahuaiesnlnalavdmiunsindeum
auaunfvedlassaietlvingesiae eidueiesdatisdnnsosarduundesiu
dwiuiianuiiaundveslassaiidai hflannzdadulsariiuszianle wu Tsawh
wuy Tsawinlds uaslsawinee masnaulassadadwiassgiasiiaundly Wud Tagld
sanuuULasiAna aTasdmiufusUnwhdesihwesttheluuagBunsediuil Tne
THiaSesaunuiues iwutufinnmssidaia wazdivewsiiafaauauuaz ssananan wianidy
wih wiaussananamaidsndulsewiiandsdlivilukuuimunies uasuuuiinua
SolulfR wantmafugunmuasshsanudssiivsinlsai ilrusndanansoussgndld
NuAsIRERUATA TN YRt tisuasdoaianudilatiseinsiaundvesiiaeldagn
Foau erhlugmavssiliunasiineifennuidsdiasfialsarih tdhdesiuniodnm Fe
miﬁ’lLLN"U??Jx‘lL‘ﬁ']ﬁﬁﬂ'1‘3ﬂi%ﬁ]’lEﬁj’lﬁﬁﬂLLidﬂﬂﬁmu’wﬁmLﬁﬁ;ﬂ’m

nnsnaaauldnuiungulaulansiagun W IN U SEUUE N T0ATIERULAZ AR
nsesatiiuszsavsnm Taslinadanadosiunsitadeansdeiiazifnlsaiainuwmd
{idoamgy Bnfuatestioffautunaumusitoonasialy vldisunilunisadied

1 ) 9 ] v o a w  sdyw ] a4 A Y o=
ﬁqﬂquiJLLWﬂuﬂ ﬂ'lllrl'iﬂw@JU']W@U@WIWLﬂumaﬂﬂm%mﬁﬂq‘ULﬁuLﬂia@ﬂ]am’lﬁﬂ’iiLLWWﬁﬂﬂ%iﬂ



Thesis Title Development of Smart Digital Podoscope for Foot

Derformity Assessment

Student Mr. Navaporn Laowattanatham

Student ID. 56601195

Degree Master of Engineering

Program Biomedical Engineering

Year 2017

Thesis Advisor Asst.Prof.Dr. Kitiphol ~ Chitsakul
ABSTRACT

In this thesis, a smart digital podoscope has been designed and implemented for
foot-sole deformity assessment. This equipment has been playing an important role in
filtrating and basically identifying each foot-sole deformities, which lead to pain and
traumatic disorders of feet and legs, for example flat feet, foot deflection, foot bend, and
others. To assess risk condition of each foot sole deformities, first, a commercialized
optical scanner has scanned upstanding patient’s feet and snapped his foot-print image,
which is widely called podogram. Then, the obtained podogram has been assessed and
color-mapped for identifying types of foot pain or disorder with self- or automatically-
determined foot-indices by a processing software. Finally, the assessed podogram and
feet pain or disorder risk level have been simultaneously displayed on a screen display.
The obtained results could facilitate to podiatrist in case of foot-health check up and
clearly explaining to patients about the disorder indication which led to risk level of each
foot diseases. Moreover, the results from the podoscope have been also used to produce
the personalized insoles, which can distribute and reduce the pressure to patient’s feet.
This equipment has been tested with participants, who took care about foot health or
were diagnosed with foot abnormality by podiatrists. The testing results have showed
that the equipment could efficiently filtrate types of feet abnormality and basically
identify risk level of foot diseases, and displayed results that accord with diagnosing result
of experienced podiatrists. Because of using optical scanner from commercial
photocopier as a component, so a cost of this podoscope could be significantly reduced.

And low-cost podoscope has been certainly achieved.
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2.1.2.9 Medial Heel
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S Tuvaefivnaswafisserlfuiassiuainiiu Tnowhsndaduasvimefsudming

3. sz8ansnIId (Terminal swing 138 Deceleration) L%uixazﬁﬁ
snunfundsludetudransssuandialdduindudatuiiu uaswhandsasmienty

uMgnaungiadamnemsivimilndnass
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2.1.3.3 RINEIIRRE@asdunziunsonqiu (Double support) Taanas
wWuluredazifinvusgludisgainevestidmiegnisunie wasiintulugdiasusure i
Jugnsivimin Gdimniadeunludramthiieiinnsiauivieletredameiiagly

ARy (7]

e ¢ ®

|}
{

- Contralateral.
Deep plantar- AV TT— a:am»a;u\f:‘}
flexors, and 3 hip ie

| Isopsoas

if .
Vidrs = & Fectus
) s

Chtnua )

maxemus)  k

1o Cuadriceps
oA fomods

XD

fomor
intrinaic foot | ; Hamaings

>, 2\ - Tibiakis
e aMes
5 -

capsulo - LAR % |
(A) Heel strike (B) Loading résponse (C) Midstance (D) Terminal stance (E) Preswing  (F) Initial & Mid-swing (G) Terminal swing

{initial contact) (foot flat) (heel off) {toe off)
et Push Off ———————=
1 Stance Phase (60%) Gait Cyéle | Swing Phase (40%) |
‘ Double support | Single support I Double support ‘ Single support
(10%) (40%) (10%) (40%)

JUN 2.11 4anwI9IRINI A LYRNL L8]
Tnglutiadsnzasmatiulusasdaanunmsanhndnlun dusin avin wazdi
5 [ a 2 o = .8 [ & n’é’ [=4 a = 51 2/ -:!' q‘ = 1
WunagyilmAnsesiuivasslmduilunisiinseeuidnwiuuueioun Seanunsaus
venianisasdmiin wagusesiladin Snvisdanansisernisisunilunmsiduvesdthedn

2/
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2.2 anunaunfvaainnazlaseasieiein

2.2.1 Uhwiiudesiiagu(Hallux valgus)
g nstavhudlviBesingu(Hallux valgus %58 Bunion) Wuanuisunfives
S W oy 1% . = (%) v a v w v s s
Thuduindiunsean Metatarsal fu Media tinnisdniau wandsadrdululusiuing
danaliuanswinnuuasnninedy wazidlavassluidusseziiaiuiu UoRADTENINNTEYNTIN

AgdnEuLaLAneINSUINLINETY anmzissRslududuiquesthvindawaly aududn

' '
= =

awanisiivinlilassareduwindnguly Ssdrsnnainistagnusnnfuan gy (Flat
foot)
2.2.1.1 auvgivinliinarnsiinund
fUhefianimeiwhuiiiBediaguludufnnnsamsoainid
uin dnanewin(sesvindugauatsuanvesyung) Wunaudsdeiu lngduinazwy

= o Al v = oo o = 2 -=‘I’ £ [ o o
mmmmﬂnmuluway,amnﬂ'ﬂgﬂﬂﬂa IﬂHﬂ'JﬂuNﬂUﬂﬁl“ﬂaﬂﬂﬁ’]NLUﬂLLﬁ%LﬂULﬂuWE]ﬂLE‘IU'R)U
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nanawdulsadedniauisasaRheumatoid arthritis) Mdudnanmgwilsivilddafwivindess
AezUlusidueinisiin waraunganvinefaiinainnssuiug laaifinaiufinunfives
lassasradwinlagddle wu anmswinnuy dahwiviremuin wieduldwindadosesn

19 1Wudy
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5UN2.12 donszgnilfinemsdniau (F19) uas Aaessd (1a)uanslaseasnenseaniides

U

Aenf vasUasidulsadwndindesingulg]

2.2.1.2 81MsiazN17Itadelsn

pnsduthauTnudwhusivhisnaudiadunndunasfiauseasi Tay
o1vdwmalfiAneniuaiu visammingluiinh luuteeiivhuliendeadun
wnaudouagliing visunneuinaiynaenludesdsusesfiniianindond dwald
Ainfiavifanu wavorauaglidawiauiingy e

Tﬂﬂﬁﬂﬂ%’ﬁﬂ'}ﬁﬁ%ﬁ'ﬂliﬂﬁuLi.wwFJ'ﬂ55@Lﬂaﬁanwé’mauLLazgmmuaaaﬂm
violuszoziiuduasldnmarodedluvneifuasfulfiiulasiadanszgn Metatarsal 7
IS LIUURAUN 1ummxﬁﬂ‘i=¢@n Proximal phalanx wudmningy wihdasfiansanain

HN UazANURAUNAE DU INUSIUALAEY

o =2 i o ‘ i ny o (IS - 3.‘: lql o =
3UN2.13 uanifiagasanisaniauvastanszgnilaiauidyin saasusulyaudeseusa[10]
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2.2.1.3 NSTUIUNITINE

o s s 5 1 & o

Fusunissnwndulziueandu 2 3R

1L.msinulagislisidna Tugdeitiomsivihuivndedlagulidunn loeay
gunsoldnisiasesuilieudlale Tnedusunsnaisidanainldseaviniuuianed 1udl
anwazlatewiuau Tdusailai fusewnuazdwidudaiuiwudviny lagenaay
9 1 & i A 1 .-_!\’ $ 7 = ¥ e as aﬂ.’ o P - [
Aesauldgunsal endeunvisaiiaviesn wie diuiaiawi Tnewdefionnisuin Anas
ldn1suan nawBeain MIwgiigu wsensuszaudu Wavliussmeinsuinuiy
anaalula

o

2. mssnwlagiiida lnglugiasiionsiiuwivinibedingluin uazd

4 al

o - : v < P a < =
fnwurvasloldausiumig LL‘WVIET%ﬁN']WG] NBUNYU NIBNIEANYINDNDBNNILNUDDN Wwatlasu

Lt,uﬂmqﬁ%'ﬂaﬂiz@ﬂlﬁﬂé’uL*ﬂuﬂﬂﬁ FavasaninAnuaNUIsIganIanduLiukaraluld

saalaundlusessinan 5 dUane [11]

JUN12.14 gunsalirlensaurisdedulinsivindiviesnainiif12]

222 ‘ﬁ’sﬁaﬁlkﬁmﬁmgﬂ (Tailor’s Bunion %38 Bunionette)

e M siafieedeafingy (Tailor's Bunion %38 Bunionette) uprufinuni
‘U@dﬁ’]ﬁ@ﬂf’hﬂﬂib‘@ﬂ Metatarsal #inu Lateral tinnisusudniau devdesluifusses
nAuLIEinLKaAd B UATUET (Coin) LiasiintuTis U Gsazdmaliiafes
Busdaddiululudendsuiung T,maéau’lwfyjﬁ]zﬁmﬂﬁl,%uLLﬁaﬁqﬁaLLﬂLﬁ'}Lﬁaqﬁﬂgﬂ
sunumeinilassassivinAnunaly

2.2.2.1 awmgiinliiAnainsiinund

nnlassadevesrinfiussnausenssgnuazdose Ssdwiduiwiazdan
foveju luanneiifihemuldseainiidnunsdasafivasiinfasesudunaiu e
ﬁuﬁﬁLLﬂUﬁﬂsﬁqﬁulﬁﬁaLﬁﬂﬁaﬂqﬂmgﬂu.é’uﬁ&mﬁﬁu uinnIstnvInwasnay sauluis
msusvavgiRmnnasnaulsadesnauiiods Arvdmalifnauinunivedasadadui
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Bie ‘

5UH12.15 nsggnihiieawifisniauuazuinyaeenui[13]

2.2.1.2 an1suazn1satadelse

amstSutausnuihAesiidurasnnsdsduasnisneviuseninasnuay
souriufaninornsuiudaiulin sunssvaRaumaiiuantiy o1adwarilinsidu
anjmiing RaunAlUBsmvdasdunnisnissnidukasynvan wieldnmednesdluns

AsiadeulaTsaiNnNTEnn Metatarsal Uwastase NIASEIRIULRAUNG [14]

P~ d v ad & o o - ag ] Y o qy 1/
31.]1/12.16 .ﬂ'TWﬂ’]EJ‘Nﬁ'V]LLﬁﬂxﬂﬂi\‘iEﬁ'NﬂigﬂﬂﬂLﬂﬂGNﬂUﬂﬁWﬂﬁ’)uu‘]W}LLﬂJL%’PLLE&U'JH'EJEI‘U@\‘I

eilae
U

2.2.2.3 A%UAUAISSNE

dunsunis$neniuaziuseamdu 2 3500

1.n55n e s lange neniluwaldenldilonsaundissusalianainu
1 1 : :74 1 (=) 1 o di o ¥ s v 1 s [
vnsewiniai lnsagduildindetuieiiliilasiaivensegnassquiunaueglu
o 1] = s A =5 1 v a = 1
AIWUINSITgaiINmnan naulanguaadlassadiasin wfeudunisidenaiuld

v oA A oA P 1A W o v 2 ' 1%
seuruIAned daundnanazliteds WunalauivuinAsequssimiaslunig
papRALsNwLNadnEuRaTwduLNE s1UuamI
as aa /s o L EJ o E23
2. M33nwlagizindn dmsulusenionnissussannduduszfodinig

HdniiovAasnTse anudnsegnildnuuriunzanaudsuunlasiaiunszgnlingu
Juund [15]
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1J171'2 17 E]Uﬂ‘ifuLB@@ﬂ’ﬂBWU'J‘EJU\‘IF\‘IJ1‘V13\1U'JHE]E}LVI%]‘E)ﬂ‘WNU’JWI'lau[l6]

2.2.3 Wiwuu(Flat foot)
91Nk UU(Flatfoot nia Pes planus) luauiaunivedingu
Medial Midfoot fifldnwaizuuusu Ingdauldanauenasainitsesuunfogaunnvisely
vasewhlifdulfmueniag wiulddaeuluraeisudminuesisnisazgnnaas
Wudnsraesegnsldainane FusdmaliiioimsSutindgi uasduwin vlrnsiay
wsevifanssumsludindsssriudululdegisdiuin
2.2.3.1 anvgivinlfiRaainisiiauni
Tnvanay %ﬂmqaﬂm'\mwLmeﬂUﬂmumﬂLﬂmwumﬂmmammmmw LU
1. WUgnIsy Lﬂua'lLmaumUwqumlw.nmamm::mwu:uumgm
fdln fisneneamaiugnss Ssdmnasaamuiousiy 9 vaufaenefiozudluiterily
~

lassasvensegnnaviilunwingnaemaznszaguminvessnelaeg19uni

Y

]
=

2. anudenvesnsegnuazdade nisldenuindunaiuuluns
o = o o oA @t o o e o = e 7 §7] 1 9 (=4 =1
i viemsaudunainsdsedriu Al uBnamauilanitlinsegn Yame waziduidu i
AMUBNLEU UIa UM dwalitnanisnse el iminiladivingay wseo1atinuiaLEale @4
Aalagns YN lMsATDLEDN waglassainehnUaleausuuuingyly

o ai = g | q' -:‘; [ o 5

3. 15a99U wansenuinanihudndfiuunduaudulsaoiutiv
LAINALAIATIET19UD9519N 8T NITENRALAB9s S U M N TuUS UL AN LAY Uil
laseaiaveansegn dede dwdu uwagnduilevinusgimidn nsnszaneiminues
1 vdly = o }7 1 - = = s = r g{ Jb v o Sldll % @ el'
Sumediuiuvhldedwiiaund luumeeziinlvduviondliatuiidainviiideanhndngd
b4 = -
Winagine1n1sidulan

4. n1sUszavguAmg lassaiensegniidaundluduiinainnis
UszaugURme NiduBnanwemiailiflaefinannznisnszanedwdndldedgsiinunid
nsasininmluRgladrunilaunnyiliiianisanay visunals nianisuiaduludis

Jouiidsransznuagnannisioanginniu
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5UN2.18 WihveagUaewiuuy Ndavindidnuazuuusiu[17]

2.2.3.2 amnasuazn1sitedelse
] s 2 = 1 4 o = ] ] v @ =
dwiulugdtenillassahainwuudadnfivuezannaideentidu 3 ngude
1. Flexible Flat Foot {unguiiiitaseasiedawinund davinluvaedlals
¥ w - v = ° AR o v oa o 6§ AW v o 8w
anhwtln willibBuTuwdiinsnszaisunudadaluiivinfasiali Subtalar joint wyusiavinla
v A | vy v ' LY, & 1 < R
wihilneanly dealigavmely lnedndunalasausdaduingn wiluuesiedelntuig
nsiinsviudnedliiinduin wassusiain BanisesnneanisiaunfvesdUasngudezdl
o a‘ a ar 1y -
anwaugivasdulantumnianig
, oA v t a ac Y
2. Rigid Flat Foot 1{unguifilassasedhimuuuiiaunidadurauiainiug
N3 YisENISISsYRuREIRILINSIRAUN TiiegBuanhmindvselilnasiwind iy
demaliinisnszareumdniludwinduliaiiduonasaian diindulawiivesuin
laseasansggndau Medial longitudinal arch azansiudsduasun [unalivinflsunseda
\ealumeduuenetnauin uazwitegluvia Pronation faseiian

3. Acquired Flat Foot unduiiilassadrsdiviuvuiiound suilunaun
Nnaungsavinliiedluyii Pronation angfidusuiiming Tnadiuninaznuvssluy

{) £ £ o
o

Avrevdgeniidinunniy vieflenganndy Fulunauiainnisidouaninaues Posterior
tibial tendon fUasfilulsaguinesd wialaadewindoy vialsansegndundinaiy
o 2 ogw w & & vy o v a w ¥
iulszamen Sailinduiilegeuusias viegthennsegninuinaidmalil assasiad

wihiiaguwuuunaly
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Pronation Neutral

Right Foot
JUN 2.19 lassafawesnsegnivndnsad TurasBuluwaviliAnanizwiuuul18]

2.2.3.3 NSTUIUNTING
dmFumssvtiussuiseanduy 3 55 MUAVRVRINSIAAWULAAUNR FD
1. dwsufheaiiviuuuninaiivg Flexible flat foot asi3ufuainnisedu
nMeU3N1NaTsLiladau Tibialis posterior Lﬁa'ﬁaalﬁﬁm’mLL%QLLNLLaxLﬁﬂﬁauiﬁaﬁwmé:a

Wi visoeneesliseariiitidusesuaialiifngwin luvrsendiotnsifutmununwng

a9eiddudniieuduiusfuduiosneiy fasldhmsidadietadufese

2. dwsuifihedifiiuuainarm Rigid flat foot frymnesranuludnidn
01y 3 -10 J agvhsesiidudeondeu 1fuszusian 6-24 ey oy iulilasasiensean
agluwniigniies TuflngaetasliuAnisussimdsiususearinanizyana iieuulfiia
msnsearethmdnlfavhesha e

3. duSudihe Afwinuuuanaug. Acquired flat foot fAifindniladau
Tibialis posterior deuan nwmgeusm psuinislindwidendetss lusefaeinistiaunn

wardwaliiinanuinunininseanuiiiudewin unndonanesiansaddaudlatym

nsypnauil [1]

= ' v . P 2 B v oa
JUN 2.20 wiuseaininsole) Menssareusanalatwinuaznesiingawin(19]
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2.2.4 winlns(Cavus foot)
211151 11n3(Cavus foot ,High-Arched Foot #1358 Pes Cavus) tJuma1u
Anun@velinludiunszan Midfoot Ingasyinlidivlasgendtundunn dmalins
nsvaeminvesieneluaniidruhdruniuardrundannlusasdusie i asdunm

8171310 Fo1n15UnTigeyin Tindvduressaavinazdnliegemasa

JUN 2.21 wivewtrenlnahiulazateiavininiuasl20]

2.2.4.1 gwnaiinliiinan1siaun

o w 1 vy & o y [y = I [ 1

dmiunquuesiisiillasw@iavevnlnmaunaazudseenidy 2 ngu

a o wya A

AU SanminyilAAe fe

1.Physiologic cavus foot \Jua1mRN1INANTAIEVeAAURAUNFNILS

o aa va o 1 4 2/ 2 1 o & a 2 [l 2/

nssunauluaseuaiINdvsEIAUugeat negthenguilaznisiawilesadave g
o2 a ad v v ow ! ) 1 @
druduluund Adavnuazdun ualanizainaggnnaualy

2.Acquired cavus foot \luanumuannanuiinUniaeslasaiiesianed
dawaliviilnguianiumn 819asienn1s duvngeu UaneiinaaClaw toe) nszgnilawin

#1 Metatarsal 3nasfiu Taudwwdeawou uwazdduvindadisuly

2.2.4.2 1M3uazn13Itadelsn
1% Woov oae sy a a & ) A 4

lassasravesvhilasiaundluduassinguiiliedndanuiedUsiu
asauazdminlansyaisasginy Faavilennisiiuviee (Hammertoes) AUy i
pimstandlos Weduvdamudunaniu nannnmsneivewniliaugatasdmaliiie
maadadaganidawin luurssensegnivindiunatsyauindunmnlasunngagaunse
o e o = a a ot vy 1 2 dl’ = ﬂ‘ = =
Fladefsnuinundillanmendinasnaunisldinselioiiensiadoumanuiauniives

% v o P = = v Ala a
Iﬂiﬂai’mm’] M‘%E]ﬂ’ﬁa’lﬂﬂ’]wsﬁ X‘ray L‘Wﬂﬁ‘i’}’ﬂﬂauwﬂﬁ}@%ﬂi:ﬁ@ﬂuﬂﬁ'ﬂQfﬂ’)‘wwﬂﬂﬂﬁl
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JUN 2.22 el LLam"meuﬂﬂmaaiNmumﬂmqﬂmm‘uuwmﬂﬂm[21]

2.2.4.3 N53UUNSINEN

dmsunissnulusiefinaldldnninagldunudalauldlulusoasinie
sesduUMsnsE BN @sulrtuuadines wazUsuwsespun I FUWlemnIy
laifinnsnaviudaunszan Metatarsal drvlusienimnulisveninnnuagsuuse wndenaay

Fadeldeamssd eatiadeunsegndauiilnalauniudidausuliinanuauna

‘Uﬁ 223 LLN?ﬁ@\”IL‘Im‘lfl‘j’t]\ﬁ‘l_lﬂ?ﬁﬂi”’ﬂ?ﬂﬁ’]%ﬂﬂ%ﬂumﬁ L‘Vl']ﬁ’JUﬂa'lx‘iLLﬁu‘lJﬁ":EJU']Wﬂ[ZZ]
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2.2.5 Winwes (Equinus Deformity)
2 1 - P & = = £24 o 2 [} s ss' =
91N15WiNweEa(Equinus Deformity) LuanuRaUnfvasdewn waswindrundanagdl
Yy = v & & Y & ; a  w a 1
anvuzimdsaUagidasiu lngiduduieemuazduninind udluvnsiuazgldaiuise
gavinlimeandualaninndt 10 e wihazviegluvin Plantar flexion lnanisnszane
mnivinuaziwnazliauna agusiiewinamumih

=

d o = =
2.2.5.1 gunniniliiine1nisiaun@

] v
v )

AURAUNANNNYEIWULINAINUNATLAAINRRAUINISAUNNIBILUNNTASS

£ & % ¥ ao P a = aday v 1
AaNULUBLLAZLOUIDYEWINENAU “NI“L!Eﬂi}']EJ‘U'N'S']Uﬁﬂwmgﬂqqﬂwﬂﬂﬂﬁluﬂlﬂgﬂﬂ']EJ‘ﬂ@ﬂ‘l‘lJﬁ']ll

@ A 1 1 =
nsuug masnaue N TNAlsAIMIUNdmansEUsadudusesvaduvg liiinenns

] '
= | s =

Jam3s BnnsdafnainnisUszavgiivanidmanunisadoulnmesiawindululiegisdiie

9

Achilles tendon

Plantar flexion

] v i % . a a0 = I
JUT 2.24 nénaliile uazidusesny ARaUaRiliARe n1sWiInLEa[23]

2.2.5.2 2n15hazn153danelsa
c:yl -=4' vV = =Y d' 7 173 |78 gnI as /s 1 1 1
Tuanmengihenvndanuiaunfvzinaeulmtewi udhwinfdulngazdaaly
fFavirdunt lnefvindundiendiudunuvhbiinanuliauns dwaliifineinisie uay
1N59 INA1uLHe Gastrocnemius muscles waz soleus muscles @sa19azvinliiAnan1sU9
& waztaale dawnndazaiuisansiaaauldlagnimaiesidiand auszidudinisiniSe

vaalaseaiiansegnnin Usznauiutayanmuinisnsusiusniinuasethe



24

JUN 2.25 nslalasunbiniiedFunasdnlasadinssaniudvienduan(2a]

2.2.5.3 ASZUIUNITING
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2.3 NUNIUMUTLNLABITBS
2.3.135n15ARns8eAuRiaUnfiveslaseaieelniin |
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9199 Al snuLmddiiemngudmstasunueinsiaundiilaneu dwalauisam
as = = = & a a aVq v
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Tnounnduazinnaamgidernglulasasimenig lagiawizlasaiaiuayd
Widuladdenasiaunisnssuiunsnsiaaey wadiiunngueinsiaunavasiaseainai
wazi i siifiediuiunaiewansds lag Mohsen Razeghi uag Mark Edward Batt [26]1&
J1UsENTNMIRTIEeULaE S UNUTZLNYUeI9INISRAUARLASIATIWLAZ ALY A7
Wnsfdldwedlulagiuazuediu duniizesnisnizatguasasiminuesd i s
a199z 143N 15mT9deUIN Farsngnmvaanddidean nwiiuvisesin AAviliima
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wWng LJuAY

Faladuwnd dnnisnw wazdnitediurunintilunsz udon19esI9aa ulaz I IUN
Uszinnyesonisiaunflassadavineazdihillunegeay asadeu dunguideviengy

AUhelunnwanndo Tne Kun-Chung Chen wazanie [27) ladtasgvinwiinsiseewiiueaidn
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Wenmsasunuiniiilassasrstiwifivvufinund Taeldgunsalfinsisosin Harrs Mat 7
Fuustuusanalddvnusdgdiu uanadumwiuilassadedvindendinfiuiuunszay
Falaasn1sTiaszidviidnuin Clarke’s angle ,Chippaux-Smirak index wag Staheli arch
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=).

U 2.27 B viesiiavilidwia (@) Clarke’s angle , (b) Chippaux-Smirak index wa

(c) Staheli arch index

5n¥a Cenk Murat Ozer Wa¥ Cagatay Barut [28] Téinn1s3dedadsyiiiudnuas
Tassassihwinvesinynueaedimynsitegeardaing 100 Au AfnwFaseefaniduii 4
Ifanniaesaunuiusiiiigunsauionnadeunsasimdn 50% uay 90% vesiniings
(¥38mstunseudronuniudhmiuasdnlidasiudmgn) snduiadaiuning e uas
AR ilIYINA2835A1eY tu Arch (Clarke) angle, Chippaux-Smirak index ; Staheli index
Arch length index , Footprintindex , Truncated arch index Wag Arch index watiuduiin
AarUIszulaNan1aianuIl I5n1snsvaaulasldaiawll Arch (Clarke) angle , Arch

length index Wag Truncated arch index lakadfiusz@nsangs mud1au Jadunadlug

mssanuuuTaIYestiniwnvaaldegne biuduagiuseasam wnvaududniw

2.3.2 MsAIUILATasliansadamuiinUnfAvasiwaslaseasieelnmin
a = 1 9 i S @ v | = &
AnuRaUnfAvesvnuazlassadredavint dnsaunldnueiodisuasgunsniuy
A1ee Walelun1inlagAsI980UNIANUIINALARILAN WU Hartis Mat, Platform System
(Force-Sensing Resistor(FSR), Capacitive Sensors, Piezoelectric Sensors, Piezoresistive
Sensors, Magnetic, Vacuum system), Fabric Pressure Sensing, Podoscope, X-ray bwa ¥
gunsaluuudun[29]
’ =1 P A de v o ¢ )
Harris Mat [30,31] Wuiasesllenldilugunsaluinsgiulunisnsiviansinauas
Tassasarwn asadunnfiuiwinlaeldndnfiundunseane Nuansmiuianing s
laseasnaladwiuasnunus a1t nLsnauIn-Usy 8nNOIMINABINISIAAIAYLILIIN

fipssasinmedBnsmanuenuasiunuuuived egrelsinulddinisimunduees
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v [ L3 @ =i a & = =4 2/ = 2/
wuunse Ineldiduduesusang, anuivdsyy, Weledidnnin wisldwadiaviauaads

wszgnalumsiausanaldduin uaglassadadiin Aviusiudugendwisianiziiie

wanssazun i uasdeyaduddin eldnangneudug uifisianfigeunn

U 2.28 gunsel Harris Mat Aildnsiainusenouazlaseasnediwin

U

Podogram 1ugUuuumMsIiaTgilassas i Auanadugusnusnalddiimse
JUAMLUUTINNL Bansyurunisiiagedenisusenavestiamislas@aiauwiniinsgyirduiy

ilodtheuvuuiunsganiliwvasiidanasnndmiiuaziinsganagfousuaenazsiiuds

1
¥ A

sUnMMMLUURLTIasviouannszan vldnsueuiiunieldndasmoduiinnmuwuuiun
wWindleldlumstadadiiudaiesizilivanienisinunivoslassadsainves Al
T,mﬂﬁl’ﬂﬂuwmiév?imﬂmzyLLasﬁﬂmamwﬁaﬂ%’muﬁuLfJuaaim,nﬂIﬂaL%UﬂLﬂ%aqﬁiw “Inlpa
Tau(Podoscope)” [32] Fananildazuamsdesssunnnduuasiidiiussvusnaldinguas
sulaseadel iy aunsalanitioinisanunfvaalasaingeli iy wihiuy wilng fhh

[ Ay A a a o oy w
uuwamazuanaaLaﬂqmﬂgﬂ AUan uﬂSuNﬂQﬂLﬁUiﬂﬂﬂﬁLﬂq

5UT 2.29 Ussiavvean3aalnlaalay (n) ae1aunseaniainuand (v) aeviounssaniuaily
) o e [ . = PR & a <
ndastufinaw () THCCD Matrix camera %39 LATDIALNULUDSIAUTUNNAINT

13 I
ATUAN
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AAMorsy hag AHosny[33] laluauimuiasiuasednlaglal inonsivdounsinala
dwinvesgtheumu lagldiuamdusidwinudvihnisieszdamludiuves nasde

SSF\UL‘V’I‘S‘HIﬁﬁﬁﬂ’]W nsuenanRaulaanaImunas n1siSeuifisuninssaudininy

@ oo

& 81 o = = = aa o 1 @
8AUEd LU‘Uﬂ']W]T)'i]ﬁE]ULL'Nﬂ@ﬂGWJ’)LW’IL‘U'iE!UW!EJ‘LILLﬁ@NﬂQ'ﬂﬂWJJLL'S\‘!ﬂiSV]’]QJ']ﬂU\‘IUBﬂLUuﬁ

]

£
73 = 1

wn Faasoslonimuduiniiiduyui derenisldnudearsiuirenviveniiveinis

RaunAvesnisasivinuazisanaladiwinlaagsiaau

»
-
.‘
(=]

..

1

88 513
10 i
B B 5 LYY NN AT Wa's::::‘.ﬁ il 3]

\
' - |
JUR 2.30 nszuaumsiiunmRLWiIWh kasUiouiiaussiuusinaladinduand

mawmalulamiaunived o dodwaliindosinlnalauiinsimuldum duay
UNNEATN ﬁmmasmn’Lumiﬁwmimwﬁﬂﬂimﬁﬂ'aaﬁﬁﬂmmﬁlmﬁiamsﬁmﬂﬂﬁmm
laseaiied it MNamaE 1Y FEANNaTITAE N1zl UTLATUAIUAL NITHAAINA
doyanniiayivin uagnsiiesgideyadiduin udilugnasiiidefsnnuinunfves
Tassasradwi ilemsnwuaztestuegnagnds auhlifasusamennisidulon deals

aunsasdufaTnsuszsTuldegaaduln®
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2.4 nywfinedas
2.4.1 AszurauNIsILUnUseLAnYadlassadedwininauni

wnduazinnieamgdiuigmsiisatuanuiinunfveain uaglsavildiau
Bnsereinauiaunivedasiaiislintnainnateds Tdeshanuinsadfidungae
a3 FsluwsasiBiunsldedudut anunine anuen uu uaziudl urdzgnaalaseaing
A wdnindunammsnsdiuvesiduiidvi Juusagisesiidmeuniiimunl’
iWionsnuszUssiananuinunivedasiaine Fsfesidenlilimungauduiitae Tngagld
Usznaudeya sunmuuuiinilassaishwihildannedssdemepiuniiddufiefnnsouss
AIRABUARERILMI M s nwieTiTlasad e idauaRlulasEnisditeldauiu

Town

2.4.1.1 Arch(Clarke) angle \Ju38n13n379@euinlasead el wwinfiiinun®
lneldyuvadidu AB Maanduanividiud Medial metatarsal luggan@snansvasdiu
M2 Alaa ity Audu AC ianduludawindau Medial heel dmnailiduamufive i

MAnTu BaildrfeefaglanuFsniulswinuug. Swanisiauandgun 2.31

5UN12.31 uansyanisingaeds Arch angle
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2.4.1.2 Chippaux-Smirak index 1{wi§nsasiaaeuinlassasiadi
Aa = ¥ o [ % A ] :2 1 A v Pa]
niaUnAlagldAdnIE@INEIAINEIINEY AB NantuaInwindl Forefoot indneiign
71U Medial metatarsal 1Ug3 Lateral metatarsal Auidu CD fianW1uingu Midfoot #
P = o [y ' P = - i 2 v a a
wAUVan FeazArwnlasnsdunivenisanudssilassadnwindaungd Wulusuaunis

# 2.1 lnguansgansinnaguil 2.32

CD
Chi -Smirak index = — 24
ippaux-Smirak index AB (2.1)

A?

3U#12.32 uan9an13inene s Chippaux-Smirak index

u §
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2.4.1.3 Staheli arch index (Ju3sn1snsraaauinlaseasiading
Anundlagldsnsidruvesainuenianidy C0 arnkuindIu Midfoot fiuaufian fulduEr
fianarniidan Hindfoot n5sga Medial heel TUg Lateral heel FeagAnunnllddngdrud
vavenfemmdssilassadiaindaund Wuluauaunsi 2.2 Insuansganisindagud
2.55

CD

Staheli arch index = — 2:9
aheli arch index EF (2.2)

JUN12.33 uaniann1sinAeis Staheli arch index
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2.4.1.4 Arch length index \JuiSn1snsivaauinlaseadiedying
Haundlaslydnstdiuaninauenianidu AB ann1uLingIu Forefoot AU Medial
metatarsal a1nlUgawindau Hindfoot #599a Medial heel AutduCDAaInanLdY AB Tuds

{ = 1 . = o [y ] = = P } 2/ o
ANLAUNAAVDINEIUL Midfoot FaazAuinladnsidruivivanismnudesnlassadnasin

] q

=

Anundly Wuldmwaunish 2.3 TnsuansgansTadagui 2.34

Arch length ind A8 (2.3)
rch length in ex-CD :

3UN 2.34 uansansinnaeds Arch length index
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]
=

2.4.1.5 Arch index \Ju3sn1snsi9aaudnlassasisl e unalaely
) | & A = - v ' v 5 | vad A 1 o o v '
BNI1AIUVDINUN A, B way C F99zilidunuaning 3 d@rlrinunwingu lneildudszaninun
NANAILA Windau Metatarsal lWandslanevaavindiuteel dvagannaldsnsdiufivsvan

P a A 2 Y A a = v W P
femuFesdilaswasarindaung Wuldmuaunisi 2.4 lnsudngamsiadagui 2.35

B
Arch index = —————— 2.4
rch index (A+B+C) (2.4)

> | €

B L/3

> | €

L/3

5U#12.35 uansgan1siameds Arch index



34

2.4.1.6 Footprint index JuiSnsasiaaeuinlaseadiedlwindfinuns
TRefa15U1910 N1TAINLEUANINIEIU Forefoot AU Medial metatarsal U aLvindnu
Hindfoot #5490 Medial heel Faia1sauiuveUwRaILUBNTaEUlAL e WY LU
¥ A | a | Y| .
A uay Nun B Aod1ulasidsnaluununRWNgIU Metatarsal |, Lateral midfoot waz heel
o o ai Vs 1 ai 1 = d' - ¥ Y = =
UIHUIAIUIUAINENNTSA 2.5 TnansiduAuauandemnudasilasasiannaund lasuans

a L d
9ANITIARNFUN 2.36

Footprint index =

®

5U912.36 uan9an13iacieds Footprint index
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2.4.1.7 Truncated arch index {Ju3sn1snsvaeuinlaseaseding
AnUndlaefnuatduntaiuinldfasnanlnsarnidunsnnsaindiunatsves Medial
metatarsal 1U849 Lateral metatarsal wazdnidufadiunansvas Medial heel 1Ud4 Lateral
heel iefmuavaUlYA 9ntuaInEUINIYEIY Forefoot 31U Medial metatarsal lU#s
Windau Hindfoot m5999 Medial heel Fsfinrsarwautvndiuuanvasdnilda e iu
fudt A uag Wuil B Ao dulaseaieuuufanidingiu Metatarsal | Lateral midfoot uay
heel floglurauin thurdunumuaunsi 2.6 Idsasdwivuenismiudssilasiaing

wihiiaun@ [5] leguaniaanisindeguin 2.37

Truncated arch index = —— (2.6)

(B)

5U2.37 uanegan1sinmeds Truncated arch index

Y
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2.4.1.8 Ratio foot index [Juisn1snsaanuinlaseasiaeinninunfds

1 17

lalduagn pdtinguaimvinngamn lsseruiansaunw lag un. W@anwsd Weagn lawaunau

q

welddniudnnsauaruenuaranuiaunivelassaireluniivesgreiunine e

P v Y| v v | v v A o -
ﬂiS'U'J‘UﬂWiﬁﬁugﬂgiﬁﬂ'lrlmaiﬂﬂﬂUﬁﬁ}UIﬂGL']’]‘UENN'}LVI"I Iﬂﬂ E‘WﬂLﬁULWﬂﬂWWUQﬂﬂ‘U@ULsﬂﬂVW”

fivrsan udranidu CBludaan B Miluveuwnvesseaswindau Lateral midfoot AuAuiign
wdranidu AB 21nenu Lateral lUgqn B Feuansganisinliiiudsguil 2.38 Jeausa
asnngladsaunsi 2.7

AB
Ratio foot index = M (2.7)

5UN12.38 uansqan1sincieds Ratio foot index
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2.4.2 N5UITUIENANTN

dmdumsaeniniaiduiniuansdalassadredwivesithedy svldndestenm
wingalrulgasiiviuiinaw areuaziiuduiinamudiUszsurananlsgoniulsiie
Ainsgisvildwinvesylie dusesodunssuiunisuseanananimidnea (Digital Image

ke =

Processing) B9imsuvassunmennundudeyauvuidneaniaulafiansaild Tagluanidy

£
o =

ldudnnis nguiuaziinisussinananinaail

2.4.2.1 UYszianveenn (Image types)
1. MMNsEAuA13NINN (Gray scale image/Intensity image)

= as 1

s U v L A 1 s

ATNIZAUAILTUINNIZUAN WA EVDIATIANIUNLES L UTZAUNUANAAUTDY

wiagAnwa laedmslassauiulumuassaualuauissgauan senudusesaiuanuidy
vasuatlilaonslaseaumnuidumiGray scale) laliusgdu 8 On dunansinAanuduay
WS ) a4 a & A 2 ) = 1 & oA
gnudslailu 256 seau lnaflengatudidranudusydumndiandu 0 muneaiudnden

2/ t 74 @ =l o Ead o ¥ u’j = A £ o a1
anudnwees ssuanliugnnmda luvazdainuiinauuiiaauidussaun g
u 255 mngrnuaniiaeruiduiasinn ssuanntugeamdsn duiinganiiAinanudy

o ] = =l 3 L = o =& al
szauweglugis 0-255 Magiinislaseruaruituiandaluutadnn

;! 00 21?; 236, 255

= @&4

= ] Vi
§U#12.39 awidinslasyiuanandaim

2. A& (Color image)

[
<

AMNAILLANWULVDIANPIUTLULAIVDILA ULLENAN 3 FUuR dwns dlen

s’d‘v at 1

= g = [ I3 o v a =, oo 1 s %) 1% i
wagnRu Wuessdndautuagilvingailaaniiduandsiuniuseauanudulusay
1 1 ar 2 = -e: [l o ! -:ll' = N
waunid Tneuusseaulaidu 8 win 16 On Mdutref1vunvesa 1 Feilanuanuesd (Bit
Depth) Wudifvdeyadamadlundasiines dufunmadnswdsszduandidu 8 n lu

msdneagazidu (M x N x 3) duilawindu 24 On Feeedidvianun 16,777,216 8
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SUN2.40 HinwavesnImATinsLusEauAIuY wasaInUenauTaduwldn 3(34]

3. nMmbuuns (Binary image)
amluuniagiansanuaisvainmum-an MudeyaluusasRinaluguuuy
Aluw3(Binary) nanafeluaisisddeyauuunssng (Logical array) fifldiiu 0 v3o 1 Tag

A1 0 uansgatinaniudan uas 1 uansgafinaiiiudvn

v
__=Si

gﬂﬁz.ﬂfl wanaddag1 N wluuas[35]

4. MWHUUATY (Index image)

amuuusvilagilosAusznauninvidn 2 ke wvinddeyaresdruiuiiy

'
= o

= = L4 o L = LY =
YoIfinwanIn uagiunindvesdaiaasudn(Colormap) Fegnirluifisuiunisned(Color
lo’ a =l u’:’l @ I

Table) MduaisauansdLasduad FTe9 wazduitu davedusvendeiiwrisssinega

Taquagaansnaiuannamsld@ns 3 feal36]
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RGE: 0.867,0.414,0.289

50 100 200 250 300

3UN2.42 uansiuvisvesinigalunmiusueniiesrdndiuvesuadualdia 3 [37]

2.4.2.2 M3UTUUTIAMNINUBINTN (Image Enhancement)

shemafiutuiinnmdisluannziandeuda Junaviliaunwsean waedls
tusieslainudn wdslidniay fifuluduvesnisuszmanaamildinsyuganmam
yaanmlidasunazaninsadeansiiiuisdoyasivaziBenluninls Tnsasiudnuuzaes
awludauresveu(Edee)vn(Boundaries) n3oATNLANRINTERINT 1T UAT G
nszvaun il miaadaeunindduissmedmiunisuanaziiased S
nsvuIUnTsESdhuasfingaansyihey (Dynamic ranee)uasdnuaiznmuitelifinesans
n3293U lnpaslonszuaunisilawes (Filtering) Msusunmilniseuilou(image Smoothing)
wardsdinsruaunisduiiddnlunisuszinananmusluaAdelddenlduidsiduntae
USuusaardieszinmiiunlasaasnedimi

2.4.2.3 nsUssananan nadey (Pseudo-Color image processing)

LAgUNFLaIA9YDINYYILTIILANN TOUINIELTEAUAIULANAIIUDI TR NS DN INE
dnnaiamsziuing Fdunsuszinaranmiineassauisniiouisuasdsuteya
gaanmseiuamlUdunmseiuandifivn AlilEER WS dWeldansawsnueyeasiden
Tugruniauladoyalunmldededaay

tnrsuvasnainseauinaluiunand (Grayscale to Color Image
Transformation)

ﬁ’}EJL‘V]ﬂﬁﬂﬁ‘{lxﬁ’lmiLﬁ%ElULﬁﬂUﬂﬂ‘]ﬁﬂL‘?iﬁ‘UENﬂWW'i:ﬁﬁUﬂ’ﬂiJL‘ElJﬁJm’ﬂﬁﬂﬁ’lEJLﬂUﬂWW
szfuiand maqauilddaassduld Jusasdungldinnmanliduasdussdurestaya
duquaanmldogradmau Tnemsieudlovendiildtinisldnuetrunsvansa enfivdu
ANEIAUTOU NINANEQRFAIEAT NINLEAIANTIIZBINIA AINEIBLENTLITEVDINTZITT

WU NN sI9EaUesYIIngseLdn wazNwa1en1eN1TuNne [38]
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JUN2.43 fegunmaaieneisdnsegniiulasunmszauandifisu39]

Qo ) [ o/ =1 s a0 =3 o

dusunmsuszananag A inaelumuseauand a139 Aagillnudn
nannangliuseudiou leeaiunsalalavsng OpenCV iuwdsunulnuainalandi
yanvany deautsaseuiisunuaisyauaudilundayleavasniniazuszananale

Fuihlsunanuainvansuazansageansiiiilalnegnatniau
Class X Scale
COLORMAP_AUTUMN
COLORMAP_BONE
COLORMAP_CQOL
COLORMAP_HOT
‘COLORMAP_HSV
COLORMAP_IET
COLORMAP_OCEAN
COLORMAP_PINK
COLORMAP. RAINBOW
COLORMAP_SPRING
COLORMAP_SUMMER

COLORMAP_WINTER _ ;

JUN2.44 uanwlineanBUTsUMEURAAT 4NN EAUNI[40]

2.4.2.4 nMsanszAumIalaan(Thresholding)
nsruIunsansaumsaleasn Wudsnmsudefideuldaudiuedraunsuatalunis
o 5 1 - s & o A g s
AuunAn(Segmentation) Ingazuennwdniiiluingaanainiiunds Mdunnszaun
W3IBNMVI-A1 F99zRTUIARNTaLRaznUeInIw Iiyenlanuduiesiigaiiandu 0
aa ) = P a v & ' ¢ % I a
wazgandlauduinnnandandy 255 lngundusimsidendtmsalaanaglauinaindigals

NIU(Histogram) wpann[41]

g,(x‘ y) _ { 0 if g(x,y) <Threshold value (2.8)

. 255 if g(x,y) = Threshold value
e g'(x,y) fio SuRaRnivaveInHadwsYTaluus
g(x,y)

Threshold value

[ =

A Advainirarasn wALaTuviinsEAUIM
= [ s s L3
fin AmNkRnsyaumsylaan
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& v @ a4 v v oa
nnszuumsiaglanmeadwsluguuuuvesniwluuns uanuduasssedu fin
waniluingazlarndu 0 Fv1d) wazfinafiduiiundsaglaaidu 255 @) Fsrnuaudn

wo3weu-Tngariuedivan Balaunsumbansn Ineladldiauidanesfiuieifiuyssinsnm

Y

o

Tunszuaunisdnszaumnsalaan anfiliu 3sn1suAnnsalaanvad Otsu, I5NITUIANNTA
Teanway Kittler-illingworth, 38n15miA1msalaasiuutaulnstn (Entropic thresholding)

181 FaudagIsazlauvinzauwaznsUszgnaldnuiuanseiu

Ti norwm i rr i

31Jﬁ2.45 gﬂdwmﬂﬁmmwaqﬂumLmuéfuaﬁ’mmmwﬁmzﬁ'umiﬂ‘laaﬁ[@]

o o ¢ V¥ A v a I o v o 1 v
willasnngunmAigiviaildnnmamdsudiyihuunseanudauiuglaseasie i

| o o M Yo w o . ¥ Y 1 0 o P
aundurauagliladuiaiunszaniy nInszanveslminInmedndesalnlanmiudag
Wunnsgaumntu ﬁmmLmﬂﬁi’lwaﬁaga'[,umwﬁumﬁwLﬂuaaiwu’mwmmxﬁu AIENIT
AnTeAuMIAlEanLuUsTINATTUEIRaRY IiTayainigausdumely asdududenty
nNsYUIUNIIAATTAUMIAlEankuUAININnd1AUE(Threshold to zero)(43] fbasn13laxil
N19R95EAURIAIANNITUI e ldidureunndalasaaasfinealandandiniiaeaaily

18/ I =Y I 9 8 U sd' v [ ¥ -:t! ] v Qs

widnmnafinalauiArenudumdasninasasulvinataidu 0 Feilvlaniwing

SLAUWIMLENDDNIINAUNEIDE 19 TALIU

g(x,y) if g(x,y) >Threshold value
g (x,y)= { . (2.9)
0 if g(x,y) <Threshold value
q‘ ’ = o Lr - L L3 = s
Iﬂfﬂﬂ g (x, y) A8 A1 ‘U"ﬂqﬂWﬂLsﬁa‘U@ﬁﬂWWNaaWﬁﬂuﬂi&’@ULV]']
gx,y) Ao dvuafingarasnmAuaturiasziuin

Threshold value #a Ailldsaszaumnsylean



a2

Pixel value
N

2551

) | | I I
0 I l Pixel position

(XY (LY (XY XY (XY)) (XY (X5 Y0) (XY (K Y ememeeneens (X Y)

Threshold value

JUN2.46 sUnsmluansnsinsediumsaleaduuuaAmInnguivesinizaninlag

2.4.2.5 \Husoiiles (Contour)

Tunwluwsndunfidnyuzduninu-s degaluusasiinaluguuuu 0

'
= 1 . = L2

w38 1 andimsSesieiuvaisqfings aduiduvevvasinglunwidudusiadoniu fa

= o 1oas [

3U712.47 Faazfugaiwdetngluniwesnanniiungs laaisnaansadszanananiafiia

9
'

= <

MuwIveIwasinwaniduraunn warlunsains@suduvavdalulnilunn 151dae

§a o

o aa ° 1 & I 89 mg 2 A o 9
anfeIsnIsaunuafinasmumidlueamiagldtwevivavenduidmunalulnile

JUN2.47 nmdayafinwanSefanuiaduduveusaiia
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2.4.2.6 dunsaudruuan(Convex hull) uaz AuLIIRNEUNTEU(Convexity
Defects)

8/
s

Tumsurumstiesginmiiensivaeum dnguuidvansvananssuiunis
lag nrsmmuadunsauatuuen(Convex hul) lunisimuagefinigaddauduwus
= Vv g P v ¥ ow A [ v ow )
Feuseiuludunsounuuenseuingiiaulalunmlaesrlifidnihinluauveuingas
o = a 2w o da v v & N
wanarsgUN 2.48 lagardunglddndunsauduvenifideuseuingmaauladussiiiuiuay
ssezvieglaglsuiisusrezanaveuuenveiduseiloswesing du Wuseusouing 151

JUTHUUTIMTI mundunseu(Convexity Defects)[44]

Convexity
Convex Hull Defects

[

FU#12.48 uanddunseuvesing Uuden Wunseuduueniudihuasiunenuihanndu

[ = o
1789 WuaLe?
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=3 o = t 4
STUUMNUUUNNLAZUTSUIANANTNEN

3.1 STUVELAUIUDS

d ¢
3.1.11A598 51900 ATR9EUNULUDS
= ¢ & ¢ g u 2w e o
LAFesaknuNDS (Scannen) Wugunsalnldaulunisifiuduiinain tenans
< faa v = = i o o e
wWasuwaudulndfdnealagldreufuneslunmsdeudemuauuazianimasunmiduiin
Yot oA sal o W 1 o [9) < Y a v ¢
19 gsfodndugunsalidAgyegrunnnesnuanendrs Wnevinlyudrfdouldiniosauniues

wuugalfi Flatbed Scanner Bsindns¥iIusegun 3.1

Document

Glass Plate

CCD Matrix
! Device

- - - - -

= Y AR VIR = s
E‘Uﬂ 3.1 BNanNNITLAVUUNNNTWUBDILATDIALLNULLDS

< (Y & ar o= < & 1 <4 -
N3UN 3.1 uanmannmsiiuiuiinnmusdeIeawnuues Na1Re Wauaunaann
LED dosuasrinunseaniud uHduienans kasazasvieunduindsyansyanagvieuludayn CCD
Matrix Device isnuuuiin1sanng laudlifanmssezlnd Wanuwasduiinamluluvae
v & o ' & A & A v v v
gaunutudinamilidauluminduienais Inagaiuniuunszaudaididy wwazviounadlnle
Weenfiunainsuunseay @y CCD Matrix Device aeuiinUSuauasiagviounauniil
luudasiunveenans uasutasdyrauvarilsmidulndnmilnes wasdedely Jaflandu
¢ esqgu i o = - & =
yagadwslduanuasazanuaanwlnldnunmlaglusunsuaiuatanAauines ¥4
o g @ =2 v & = 1 wa o . +
ﬂmmwmaamwmﬂ‘uuuwnlmuu%muaqﬂuamauummsmm uU9d CCD Matrix Device

UULDY
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3.1.2 aaanUfvaueTaaunueInaanldlunuile

£
o/ -:ll‘LE/d

Tuaided

saenldinasawnuiues Epson ju V33 dsiiuandlugun 3.2 wiein

Matrix CCD uaz szuuiuiuiinamusaasesawnuiues unldidugUnsalduiinniniaass

szyutaIaslnlaalavdusunsivinanuinunfvasdaseadieign vinausuiusenans

wazszuunsiiutufinamlni@eimuntu lnepuautRvesiasunumes wandlunsnd

3.1
M1519% 3.1 uanseasidunnuauiRlanzreuaTeElNuLeT Epson $u V33
AFIURYaLELNULDS
3
Fayanugu
UTELAVVBIaLNUUDS AUNULUDSNTWARUUISUNY
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5.1.2 35n15A52980UNIAMURAUNAYBIIATIaS19EINA8LATDY Smart

Digital Podoscope
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JU# 5.7 nsiuilassaiaduiegunsal Harris Mat luguiuuwinguagiufivisaasdng

LEFT RIGHT

Ratio footindex= " /AB X
{AB+CB) |

= a a 1 @ 9/ . . [y G,y o/
5U#1 5.8 wandisnmsinendviidivin(Ratio foot index) fiuwinvisanedng



1 e

A1519% 5.1 LaRIHan1TInLazIasIziaIs

il winlaegunsal Harris Mat

Afaiiin
a1y Wing9ne W91
AB(ua.) | BC(uy.) Ratio AB(uu.) | BC(uu.) Ratio
1 48.00 14.00 0.7742 37.00 36.00 0.5068
2 35.00 45.00 0.4375 36.00 41.00 0.4675
3 40.00 35.00 0.5333 42.00 36.00 0.5385
q 17.00 53.00 0.2429 22.00 53.00 0.2933
5 35.00 44.00 0.4430 31.00 44.00 0.4133
6 36.00 39.00 0.4800 41.00 30.50 0.5734
7 37.00 39.00 0.4868 45.00 39.00 0.5357
8 25.00 34.00 0.5343 43.00 34.00 0.5584
9 26.00 43.00 0.3768 22.00 40.00 0.4444
10 34.00 44.00 0.4359 36.00 42.00 0.4615
11 27.00 45.00 0.3750 36.00 42.00 0.4615
12 35.00 34.00 0.5073 34.00 33.00 0.5075
13 41.00 39.00 0.5125 42.00 S0 0.5419
14 21.00 48.00 0.3044 34.00 41.00 0.4533
15 35.50 39.00 0.4765 40,00 33.00 0.5479
16 34.00 30.00 0.5313 33.00 27.00 0.5500
1 34.00 37.00 0.4789 34.00 42.00 0.4474
18 31.00 39.00 0.4429 37.00 36.50 0.5034
9 31.00 37.00 0.4559 32.50 32.50 0.5000
20 42.00 34.00 0.5526 40.00 36.00 0.5263
21 25.00 39.00 0.3906 25.00 38.50 0.3937
22 38.00 35.00 0.5206 35.00 36.00 0.4930
23 33.00 37.00 0.4714 23.00 41.00 0.3594
24 38.00 41.00 0.4810 33.00 37.00 0.4714
25 53.00 29.00 0.6463 53.00 31.00 0.6310
26 40.00 36.50 0.5229 41.00 37.00 0.5256
27 28.50 38.00 0.4286 30.00 34.00 0.4688
28 34.00 40.00 0.4595 34.00 36.00 0.4857
29 38.00 43.00 0.4691 47.00 37.50 0.5562
30 30.00 37.00 0.4478 34.00 39.00 0.4658
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LI
ATAYLLNI

v v ¥ L
L1U19918 WU

)

=
4

font

AB(ua.) | BC(uu.) Ratio AB(u.) | BC(u.) Ratio

31 30.00 35.00 0.4615 30.50 32.00 0.4880

32 29.00 38.00 0.4328 35.00 40.00 0.4667
33 17.00 50.00 0.2537 32.00 40.50 0.4414
34 33.00 42.00 0.4400 35.00 37.00 0.4861
35 36.00 38.00 0.4865 35.00 38.00 0.4795

36 35.00 36.00 0.4930 31.00 39.00 0.4429

37 41.00 35.00 0.5395 47.00 38.00 0.5529
38 31.00 48.00 0.3924 38.00 41.00 0.4810
39 32.00 40.00 0.4444 33.00 41.50 0.4430
40 38.50 44.00 0.4667 35.50 46.00 0.4356

41 28.00 37.00 0.4308 35.00 41.00 0.4605

42 43.00 33.00 0.5658 33.00 34.00 0.4925
43 39.00 30.00 0.5652 40.00 39.00 0.5063
44 37.00 38.00 0.4933 39.00 34.00 0.5342
a5 39.00 29.50 0.5693 47.50 27.00 0.6419
a6 31.00 37.00 0.4559 34.50 33.00 0.5111
a7 34.00 35.00 0.4928 33.00 34.00 0.4925
48 44.00 38.00 0.5366 45.00 35.00 0.5625
49 41.50 38.00 0.5220 46.00 29.00 0.6133
50 31.00 45.50 0.4052 35.00 42.00 0.4545

@ Vo v oo v ! ' = |
ran1sinAdE A RalatuIggnuUsngueanily 3 Ussiamae
® fnagluyie 0.2500 - 0:3999 AN TIlng
e Aagluti 0.4000 - 0.4999 wilguaTNVinUna

e Aaglutae 0.5000 - 1.0000 il NIEWIUUY
91nA15°1995.1 wann1seasunanisnvinuazinseiaduiilviilag

gunsal Harris Mat a1ngvagaudwin 50 518 nudenduivindredangegn 0.7742 uag

AeEgA 0.2429 Adtivnnilagge 0.6419 uag detasgn 0.2933
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5.2.2 WAN1TILATIZNINLASDY Smart Digital Podoscope
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A19199 5.2 Lanswanisinuaziiasiziaaviidivinlaeiaies Smart Digital Podoscope

Al (Manual)
adiu windnedne Windnsvan
AB(u1.) | BC(uw.) | Ratio | AB(ua.) | BC(ul.) | Ratio

1 53.95 15.21 0.7801 36.57 35.12 | 0.5101
2 35.48 40.55 0.4667 | 33.67 39.1 0.4627
3 39.47 28.97 0.5767 39.10 3512 | 0.5268
q 18.83 4997 | 0.2737 19.55 48.88 | 0.2857
5 34.03 4236 | 0.4455 3531 42.00 | 0.4423
6 34.40 36.57 0.4847 | 41.28 30.41 0.5758
i 38.38 41.28 0.4818 | 42.72 40.55 | 0.5130
8 38.74 2785 0.5404 | 41.28 34.03 | 0.5481
9 23,93 38.38 | 0.3801 | 24.16 34.40 | 0.4412
10 35 5 43.09 0.4360 | 31.86 38.38 | 0.4536
11 29.69 40.19 | 0.4249 | 34.03 38.74 | 0.4676
12 36.57 34.40 | 0.5153 34.4 32.22 | 0.5164
13 39.1 38.38 | 0.5046 44.9 37.29 | 0.5463
14 27.16 43,09 | 0.3866 2¢52 37.66 | 0.4222
15 32.59 3059 0.5000 | 40.55 31.86 | 0.5600
”716 36.57 2935 0.5549 | 38.74 30.05 | 0.5632
17 34.03 37.66 0.4747 | 33.31 42.36. | 0.4402
18 13331 38.38 0.4646 | 34.76 3584 | 0.4924
19 28.97 37.29 0.4372 | 29.33 34,03 | 0.4629
20 39.1 32.95 0.5427 | 41.28 37.29 | 0.5254
21 23.53 38.02 | 0.3823 | 24.26 39.47 | 0.3807
22 36.21 35.48 | 0.5051 34.76 35.48 | 0.4949
25 34.03 31.86 | 0.5165 2571 3476 | 0.4252
24 35.48 3657 | 04924 | 28.24 33.31 | 0.4588
25 51.41 2571 0.6666 45.26 26.43 | 0.6313
26 42,72 32.95 0.5646 | 45.62 35.12 | 0.5650
2 28.97 34,76 0.4546 | 28.97 34.76 | 0.4546
28 33.51 41.28 0.4466 | 36.93 40.19 | 0.4789
29 29 42.72 0.4661 45.62 3657 | 10.5551
30 36.21 42.72 0.4588 J4,.5 38,74 | 0.4485




AAYLLAN (Manual)

afau Windegne W9
AB(ua.) | BC(uu.) | Ratio | AB(ua.) | BC(uu.) | Ratio
31 30.78 36.21 | 0.4595| 31.14 33.67 | 0.4805
32 30.78 38.02 |0.4474 | 31.86 35.12 | 0.4757
33 21.72 37.66 | 0.3658 | 32.95 36.93 | 0.4715
34 31.86 37.29 | 0.4607 | 33.31 36.93 | 0.4742
35 233, 36.21 | 0.4791 | 30.41 34.4 0.4692
36 22651 34.4 0.4920 | 33.67 37.29 | 0.4745
37 42.00 3103, 330.5524 § 5141 36.57 1.0.5843
38 29.69 47.07 1 0.3868 | 38.74 40.55 10.4886
39 33.31 39.47 1 0.4577 | 33.31 38.02 | 0.4670
40 | 3403 | 449 |o04311| 3729 | 4634 |0.4459
41 Silkb0 39.10 | 0.4462 | 36.93 41.64 | 0.4700
42 40.91 3295 ,0°0.5539.1\'36,93 38.02 | 0.4927
a3 41.64 31.86 | 0.5665 | 141.28 38.38 | 0.5182
44 37.66 36.93 | 0.5049 | 4236 33.31 | 0.5598
45 39:1 27.52 | 0.5869 | 55.40 26.43 | 0.6770
46 35.48 3 G0V ol=0, 485\ 1B 65 34.76 | 0.5128
a7 | 3766 | 38.02 |0.4976 | 34.03 | 34.47 |0.4947
a8 41.28 36.21 01 0.5327 | 43.09 3367 | 0.5614
49 36.21 34.03 10.5155 | 50.69 29.69 | 0.6306
50 25.71 36.93 |0.4104 | 30.05 36.93 | 0.4486
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AR (Manual)

aeu wWindnedne W19

AB(uu.) | BC(uu.) | Ratio | AB(uw.) | BC(uyu.) | Ratio
1 52.62 1482 | 0.7802 | 38.79 36.81 0.5131
2 36.07 40.52 | 0.4709 | 36.07 40.52 | 0.4709
3 41.75 31.38 | 0.5709 | 38.79 32.86 | 0.5414
q 18.28 51.39 0.2624 | 20.26 50.40 | 0.2867
5 42.25 42.74 0.4971 34.34 4373 | 0.4399
6 3227 35.84 | 0.4734 | 39.28 29.89 | 0.5679
£ 36.93 39.1 0.4857 | 44.47 38.79 | 0.5341
8 38.02 33.67 0.5303 | 41.51 34.59 | 0.5455
9 21.36 34.03 0.3856 | 30.88 39.04 | 0.4416
10 34,59 41.26 0.4560 | 34.09 42.25 0.4466
1 31.86 42.36 0.4293 36.07 41.01 0.4680
12 34.03 3343 % 0.5053 35.82 3434 | 0.5105
13 40.19 37.66 |0.5162 | 44.47 aheak | 0.5573
14 24.98 42.36 0.3710{ 31.38 42.99 | 0.4219
15 37.66 39.47 0.4883 | 41.26 31.38 | 0.5680
16 30.28 28.16 | 0.5824 | 3731 2841 | 0.5677
17 3285 36.57 | 0.4740 | 32.86 41.26 .0.4433
18 3512 42.36 | 0.4533 | 36.56 40.76 | 0.4728
19 30.41 39.10 [ 0.4375 | 32.36 38.05 | 0.4596
20 43.45 36.57 | 0.5430 [ 41.01 38.05 | 0.5187
21 24.26 38.38 | 0.3873 | 26.68 40.76 | 0.3956
22 40.27 35.82 | 0.5292 | 36.32 3751 0.4933
23 3.8 31.62 | 0.5445 27.18 37.55 | 0.4199
24 33.67 2621 0.4818 | 31.38 34.84 | 0.4739
25 49.24 2534 | 0.6602 | 49.16 30.14 | 0.6199
26 46.34 39.83 | 0.5378 46.2 34.59 | 0.5719
27 30.41 38.02 0.4444 | 31.13 3582 | 0.4650
28 32.95 38.38 | 0.4619 | 41.75 4274 | 0.4941
29 36.21 38.02 | 0.4878 | 46.20 36.07 | 0.5616
30 35.48 43.09 0.4516 | 32.88 42.49 | 0.4209
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AR (Manual)

° ¥ v v L
a1mau W UNYY WU NYIN

AB(uu.) | BC(uu.) | Ratio | AB(uu.) | BC(uu.) | Ratio

31 | 2933 | 3548 |0.4526| 33.11 | 34.84 |0.4873
32 | 3005 | 3874 |0.4368| 34.09 | 38.29 |0.4710
33 | 2172 | 3476 |0.3846| 34.84 | 4027 |0.4639
34 | 3005 | 3657 |0.4511| 3558 | 37.31 |0.4881
35 | 2860 | 29.69 |0.4907 | 3558 | 37.06 | 0.4898
36 | 3476 | 3584 104924 | 3409 | 37.31 |0.4775
37 | 4236 | 3548 |0.5442| 49.66| 3582 |0.5810
38 | 29.69 | 4526 | 03961 | 3805 | 41.26. |0.4798
39 | 286 | 3548 |0.4463| 3236 | 37.31 |0.4645
40 | 3084 | 4991 |04111| 3755 | 4694 | 04444
a1 | 2824 | 3621 |04382| 3034 | 39.78 |0.4633
42 | 3838 | 31.86 |0.5464| 3607 | 36.81 |0.4949
43 | 4055 | 3259 | 05544 | 3632 | 3659 |0.5122

a4 35.84 83. 4N YBI i A FOL 182, G-t O-a570

45 40.91 30.05 |0.5765 | 53.36 2520 | 0.6792

46 33608 25. ¥ 0480505734 36.32 | 0.5067
a7 36.21 37.66 |0.4902 | 35.08 36.07. | 0.4930
a8 44.72 k V=g A Wi LY SNGs ) a3l 1'% 1 J140.5698
49 39.10 35.48 |0.5243 | 48.92 26.68 | 0.6471
50 29.29 42.36 | 0.4091 | 33.11 39.04 |0.4589

21NAI51995.2 wanansazuranisnintaginseiaduidurnlaeg

@ =l

\A384 Smart Digital Podoscope a1ngnagaudwau 50 118 wuiluluuafimuaiesrifvil

¥

wWihdheflangagn 0.7801 wag fAfeygn 0.2737 Aweilviwniaiggn 0.6770 uay da1

o Y

uogan 0.2857 Tulnuadalud@nineila ArdudvingresiAigsgn 0.7802 wax dd1uaegn

0.2624 AAvilvinvdeAzEeEn 0.6792 uay dAiasan 0.2867
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5.3 NSUIHUWIBUNANITAIIIEDUIINUNNENULATEY Smart Digital Podoscope

= a £ | o & . = as ..
19799 5.3 LLﬁmNmLﬂi'lzwmmfﬂmm’]mﬂqﬂﬂim Harris Mat wgunu Smart Digital

Podoscope lulviun Manual

Anviiwin (Harris Mat)

AR (Manual)

. wihdnadg whdawn wWirdnedne Wil
aAny
Foot Foot Foot Foot
Ratio Ratio Ratio Ratio
deformity deformity deformity deformity
1 0.7742 Flat foot 0.5068 Flat foot 0.7801 Flat foot 0.5101 Flat foot
2 0.4375 Normal foot 0.4675 Normal foot 0.4667 Normal foot 0.4627 Normal foot
3 0.5333 Flat foot 0.5385 Flat foot 0.5767 Flat foot 0.5268 Flat foot
a 0.2429 High arch 0.2933 High arch 0.2737 High arch 0.2857 High arch
5 0.4430 Normal foot 0.4133 Normal foot 0.4455 Nermal foot 0.4423 Normal foot
6 0.4800 Normal foot 0.5734 Flat foot 0.4847 Normal foot 0.5758 Flat foot
7 0.4868 Normal foot U3557 Flat foot 0.4818 Normal foot 0.5130 Flat foot
8 0.5343 Flat foot 0.5584 Flat foot 0.5404 Flat foot 0.5481 Flat foot
9 0.3768 High arch 0.4444 Normal foot 0.3801 High arch 0.4412 High arch
10 0.4359 Normal foot 0.4615 Normal foot 0.4360 Normal foot 0.4536 Normal foot
11 0.3750 High arch 0.4615 Normal foot 0.4249 | Normal foot 0.4676 Normal foot
12 0.5073 Flat foot 0.5075 Flat foot 05153 | Flatfoot 0.5164 Flat foot
13 0.5125 Flat foot 0.5419 Flat foot 0.5046 Flat foot 0.5463 Flat foot
14 0.3044 High areh 0.4533 Norrﬁalifoot 0.3866 Hiehrareh 0.4222 Normal foot
15 0.4765 Normal foot 0.5479 Flat foot 0:5000 Flat foot 0.5600 Flat foot
16 0.5313 Flat foot 0.5500 Flat foot 0.5549 Flat foot 0.5632 Flat foot
1 0.4789 Normal foot 0.4474 Normal foot 0.4747 Normal foot 0.4402 Normal foot
18 0.4429 Normal foot 0.5034 Flat foot 0.4646 Normal:foot 0.4924 Normal foot
19 0.4559 Normal foot 0.5000 Flat foot 0.4372 Normal foot 0.d629 Normal foot
20 0.5526 Flat foot 0.5263 Flat foot 0.5427 Flat foot 0.5254 Flat foot
21 0.2906 High areh 0.3937 High arch 0.3823 High arch 0.3807 High arch
22 0.5206 Flat foot 0.4930 Normal foot 0.5051 Flat foot 0.4949 Normal foot
23 0.4714 Normal foot 0.3594 High arch 0.5165 Flat foot 0.4252 Normal foot
24 0.4810 Normal foot 0.4714 Normal foot 0.4924 Normal foot 0.4588 Normal foot
25 0.6463 Flat foot 0.6310 Flat foot 0.6666 Flat foot 0.6313 Flat foot
26 0.5229 Flat foot 0.5256 Flat foot 0.5646 Flat foot 0.5650 Flat foot
27 0.4286 Normal foot 0.4688 Normal foot 0.4546 Normal foot 0.4546 Normal foot
28 0.4595 Normal foot 0.4857 Normal foot 0.4466 Normal foot 0.4789 Normal foot
29 0.4691 Normal foot 0.5562 Flat foot 0.4661 Normal foot 0.5551 Flat foot
30 0.4478 Normal foot 0.4658 Normal foot 0.4588 Normal foot 0.4485 Normal foot
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arquiivia (Harris Mat)

Avdviivin (Manual)

. wirdnadne windngun windnedne windingum
e Foot Foot Foot Foot
Ratio Ratio Ratio Ratio

deformity deformity deformity deformity
31 0.4615 Normal foot 0.4880 Normal foot 0.4595 Normal foot | 0.4805 Normal foot
32 0.4328 Normal foot 0.4667 Normal foot 0.4474 Normal foot 0.4757 Normal foot
33 0.2537 High arch 0.4414 Normal foot 0.3658 High arch 0.4715 Normal foot
34 0.4400 Normal foot 0.4861 Normal foot 0.4607 Normal foot 0.4742 Normal foot
35 0.4865 Normal foot 0.4795 Normal foot 0.4791 Normal foot 0.4692 Normal foot
36 0.4930 Normal foot 0.4429 Normal foot 0.4920 Normal foot 0.4745 Normal foot
37 0.5395 Flat foot 0.5529 Flat foot 0.5524 Flat foot 0.5843 Flat foot
38 0.3924 High arch 0.4810 Normal foot 0.3868 Hich.arch 0.4886 Normal foot
39 0.4444 Normal foet 0.4430 Normal foot 0.4577 Normal. foot 0.4670 Normal foot
40 0.4667 Normal foot 0.4356 Norrral foot 0.4311 Normal foot 0.4459 Normal foot
41 0.4308 Normal foot 0.4605 Normal foot 0,4462 Normal foot 0.4700 Normal foot
a2 0.5658 Flat foot 0.4925 Normal foot 0.5539 Flat foot 0.4927 Normal foot
43 0.5652 Flat foot 0.5063 Flat foot 0.5665 Flat foot 0.5182 Flat foot
a4 0.4933 Flat foot 0.5342 Flat foot 0.5049 Flat foot 0.5598 Flat foot
a5 0.5693 Flat foot 0.6419 Flat foot 0.5869 Flat foot 0.6770 Flat foot
46 0.4559 Normal foot 0.5111 Flat foot 0.4851 Normal foot 0.5128 Flat foot
ary 0.4928 Normal foot 0.4925 Normal foot 0.4976 Normal foot 0.4947 Normal foot
a8 0.5366 Flat foot 0.5625 Flat foot 0.5327 Flat foot 0.5614 Flat foot
a9 0.5220 Flat foot 0.6133 Flat foot 0.5155 Flat foot 0.6306 Flat foot
50 0.4052 Normal foot 0.4545 Normal foot 0.4104 Normal foot 0.4486 Normal foot
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A5 5.4 uannanszia1arildiniangunsal Harrs Mat Wiguiu Smart Digital

Podoscope luluun Auto

ARativin (Harris Mat)

aAnviivin (auto)

. wihdnadneg wirdheaan wirdnadhe wirdeean
i Foot Foot Foot Foot
Ratio Ratio Ratio Ratio

deformity deformity deformity deformity
1 0.7742 Flat foot 0.5068 Flat foot 0.7802 Flat foot 0.5131 Flat foot
2 0.4375 Normal foot 0.4675 Normal foot 0.4709 Normal foot 0.4709 Normal foot
3 0.5333 Flat foot 0.5385 Flat foot 0.5709 Flat foot 0.5414 Flat foot
4 0.2429 High arch 0.2933 High arch 0.2624 High arch 0.2867 High arch
5 0.4430 Normal foot 0.4133 Normal foot 0.4971 Normal foot 0.4399 Normal foot
6 0.4800 Normal foot 0.5734 Flat foot 0.4734 Normal foot 0.5679 Flat foot
7 0.4868 Normal foot 0.5357 Flat foot 0.4857 Normal.foot 0.5341 Flat foot
8 0.5343 Flat foot 0.5584 Flat foot 0.5303 Flat foot 0.5455 Flat foot
9 03768 High arch 0.4444 Normal foot 0.3856 High arch 0.4416 Normal foot
10 0.4359 Normal foot 0.4615 Nermal foot 0.4560 Normal foot 0.4466 Normal foot
14 0.3750 High arch 0.4615 Normal foot 0.4293 Normal foot 0.4680 Normal foot
12 0.5073 Flat foot 0.5075 Flat foot 0.5053 Flat foot 0.5105 Flat foot
13 0.5125 Flat foot 0.5419 Flat foot 0.5162 Flat foot 0.5573 Flat foot
14 0.3044 High arch 0.4533 Nermal foot 0.3710 High arch 0.4219 Normal foot
15 0.4765 Normal foot 0.5479 Flat foot 0.4883 Normal foot 0.5680 Flat foot
16 0.5313 Flat foot 0.5500 Flat foot 0.5824 Flat foot 0.5677 Flat foot
17 0.4789 Normal foot 0.4474 Normal foot 0.4740 Normal foot 0.4433 Normal foot
18 0.4429 Normal foot 0.5034 Flat foot 0.4533 Normal foot 0.4728 Normal foot
19 0.4559 Narmal, foot 0.5000 Flat foot 0.4375 Normal faet 0.45%96 Normal foot
20 0.5526 Flat foot 0.5263 Flat foot 0.5430 Flat foot 0.5187 Flat foot
21 0.3906 High.arch 0.3937 High arch 0.3873 High arch 0.3956 High arch
22 0.5206 Flat foot 0.4930 Normal foot 0.5292 Flat foot 0.4933 Normal foot
23 0.4714 Normal foot | 0:3594 High arch 0.5445 Flat foot 0.4199 Normal foot
24 0.4810 Normal foot 0.4714 Normal foot 0.4818 Normal foot 0.4739 Normal foot
25 0.6463 Flat foot 0.6310 Flat foot 0.6602 Flat foot 0.6199 Flat foot
26 0.5229 Flat foot 0.5256 Flat foot 0.5378 Flat foot 0.5719 Flat foot
27 0.4286 Normal foot 0.4688 Normal foot 0.4444 Normal foot 0.4650 Normal foot
28 0.4595 Normal foot 0.4857 Normal foot 0.4619 Normal foot 0.4941 Normal foot
29 0.4691 Normal foot 0.5562 Flat foot 0.4878 Normal foot 0.5616 Flat foot
30 0.4478 Normal foot 0.4658 Normal foot 0.4516 Normal foot 0.4209 Normal foot
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L

AMNYUWMI (Harris Mat)

AATiivin (auto)

= windhadhe whdheuan wirdiedne windnauan
A Foot Foot Foot Foot
Ratio Ratio Ratio Ratio

deformity deformity deformity deformity
31 0.4615 Normal foot 0.4880 Normal foot 0.4526 Normal foot 0.4873 Normal foot
32 0.4328 Normal foot 0.4667 Normal foot 0.4368 Normal foot 0.4710 Normal foot
33 0.2537 High arch 0.4414 Normal foot 0.3846 High arch 0.4639 Normal foot
34 0.4400 Normal foot 0.4861 Normal foot 0.4511 Normal foot 0.4881 Normal foot
35 0.4865 Normal foot 0.4795 Normal foot 0.4907 Normal foot 0.4898 Normal foot
36 0.4930 Normal foot 0.4429 Normal foot 0.4924 Normal foot 0.4775 Normal foot
37 0.5395 Flat foot 0.5529 Flat foot 0.5442 Flat foot 0.5810 Flat foot
38 0.3924 High arch 0.4810 Normal foot 0.3961 High arch 0.4798 Normal foot
39 0.4444 Normal foot 0.4430 Normal foot 0.4463 Normal foot 0.4645 Normal foot
40 0.4667 Normal foot 0.4356 Normal foot 0.4111 Normal foot 0.4444 Normal foot
41 0.4308 Normal foot 0.4605 Normal foot 0.4382 Normal foot 0.4633 Normal foot
42 0.5658 Flat foot 0.4925 Normal foot 0.5464 Flat foot 0.4949 Normal foot
43 0.5652 Flat foot 0.5063 Flat foot 0.5544 Flat foot 05122 Flat foot
44 0.4933 Normal foot 0.5342 Flat foot 0.5183 7 Flat foot 0.5570 Flat foot
45 0.5693 Flat foc;‘; ! 0.6419 Flat foot 0.5765 Flat foot 0.6792 Flat foot
46 0.4559 Normal foot 0.5111 Flat foot 0.4895 Normal foot 0.5067 Flat foot
a7 0.4528 Normal foot 0.4925 Normal foot 0.4902 Normal foot 0.4930 Normal foot
48 0.5366 Flat foot 0.5625 Flat foot 0.5452 Flat foot 0.5698 Flat foot
49 0.5220 Flat foot 0.6133 Flat foot 0.5243 Flat foot 0.6471 Flat foot
50 0.4052 Normal foot 0.4545 No'rmaI foot 0.4091 Normal foot 0.4589 Normal foot
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M15199 5.5 wanawarmasiswessidminiisuiisuanngunsel Harris Mat funisinaas

\A389 Smart Digital Podoscope lulnuaManual uazAuto

AR
. Harris Mat Manual Auto
v windne | winem winding Wi windnedne wirdnadne

Ratio Ratio Ratio H&M Ratio H&M Ratio H&A Ratio H&A
1 0.7742 0.5068 0.7801 0.0059 | 0.5101 | 0.0033 0.7802 0.0060 0.5131 0.0063
2 0.4375 0.4675 0.4667 0.0292 | 0.4627 | 0.0048 0.4709 0.0334 0.4709 0.0034
3 0.5333 0.5385 0.5767 0.0434 | 0.5268 | 0.0117 0.5709 0.0376 0.5414 0.0029
4 0.2429 0.2933 0.2737 0.0308 | 0.2857 | 0.0076 0.2624 0.0195 0.2867 0.0066
5 0.4430 0.4133 0.4455 0:0025 | 0.4423 | 0.0290 0.4971 0.0541 0.4399 0.0266
6 0.4800 0.5734 0.4847 0.0047, | 0.5758 /(. 0.0024 0.4734 0.0066 0.5679 0.0055
7 0.4868 0.5357 0.4818 0.0050 | '0.5130" | 0.0227 0.4857 0.0011 0.5341 0.0016
8 0.5343 0.5584 0.5404 0.0061 | 0.5481{,0.0103 0.5303 0.0040 0.5455 0.0129
9 0.3768 0.4444 0.3801 0,0033 ~| 0.4412 | 0.0082 0.3856 0.0088 0.4416 0.0028
10 0.4359 0.4615 0.4360 0.00001 | 0.4536 0.5079 0.4560 0.0201 0.4466 0.0149
11 0.3750 0.4615 0.4249 0.0499 | 0.4676 | 0.0061 0.4293 0.0543 0.4680 0.0065
12 0.5073 0.5075 0.5153 0.008 0.5164 | 0.0089 0.5053 0.0020 0.5105 0.0030
13 0.5125 0.5419 0.5046 0.0079 |/0.5463 | 0.0044 0.5162 0.0037 0.5573 0.0154
14 0.3044 0.4533 0.3866 0.0822( | 04222 | 0.0311 0.3710 0.0666 0.4219 0.0314
15 0.4765 0.5479 0.5000 0.0235. | 0.5600.1.0.0121 0.4883 0.0118 0.5680 0.0201
16 0.5313 0.5500 0.5549 0.0236 | 0.5632 | - 0.0182 0.5824 0.0511 0.5677 0.0177
17 0.4789 0.4474 0.4747 0.0042 ' | 0,4402 | 0.0072 0.4740 0.0049 0.4433 0.0041
18 0.4429 0.5034 0.4646 0.0217 | 0.49241 0.0110 0.4533 0.0104 0.4728 0.0306
19 0.4559 0.5000 0.4372 0.0187 | 0.4629 | 0.0371 0.4375 0.0184 0.4596 0.0404
20 0.5526 0.5263 0.5427 0.00991+0.5254+{ -0.0009 0.5430 0.0096 0.5187 0.0076
21 0.3906 0.3937 0.3823 0.0083 0;3807 0.0130 0.3873 0.0033 0.3956 0.0019
22 0.5206 0.4930 0.5051 0.0155 | 0.4949-| 0.0019 0.5292 0.0086 0.4933 0.0003
23 04714 0.3594 0.5165 0.0451 0.4252 1 0.0658 0.5445 0.0731 0.4199 0.0605
24 0.4810 0.4714 0.4924 0.0114 | 0.4588 | -0:.0126 0.4818 0.0008 0.4739 0.0025
25 0.6463 0.6310 0.6666 0.0203 | 0.6313 | 0.0003 0.6602 0.0139 0.6199 0.0111
26 0.5229 0.5256 0.5646 0.0417 | 0.5650 | 0.0394 0.5378 0.0149 0.5719 0.0463
27 0.4286 0.4688 0.4546 0.0260 | 0.4546 | 0.0142 0.4444 0.0158 0.4650 0.0038
28 0.4595 0.4857 0.4466 0.0129 | 0.4789 | 0.0068 0.4619 0.0024 0.4941 0.0084
29 0.4691 0.5562 0.4661 0.0030 | 0.5551 | 0.0011 0.4878 0.0187 0.5616 0.0054
30 0.4478 0.4658 0.4588 0.0110 | 0.4485 | 0.0173 0.4516 0.0038 0.4209 0.0449
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Andativin
o Harris Mat Manual Auto
G wWidhe | e Windne wWian wihde windinading
Ratio Ratio Ratio H&M Ratio H&M Ratio H&A Ratio H&A

3! 0.4615 0.4880 0.4595 0.0020 0.4805 0.0075 | 0.4526 0.0089 0.4873 | 0.0007
32 0.4328 0.4667 0.4474 0.0146 0.4757 0.0090 0.4368 0.0040 0.4710 0.0043
a5 0.2537 0.4414 0.3658 0.1121 0.4715 0.0301 0.3846 0.1309 0.4639 0.0225
34 0.4400 0.4861 0.4607 0.0207 0.4742 0.0119 0.4511 0.0111 0.4881 0.002
35 0.4865 0.4795 0.4791 0.0074 0.4692 0.0103 0.4907 0.0042 0.4898 0.0103
36 0.4930 0.4429 0.4920 0.0010 0.4745 0.0316 0.4924 0.0006 04775 0.0346
37 0.5395 0.5529 0.5524 0.0129 0.5843 0.0314 0.5442 0.0047 0.5810 0.0281
38 0.3924 0.4810 0.3868 0.0056 0.4886 0.0076 0.3961 0.0037 0.4798 0.0012
39 0.4444 0.4430 0.4577 0.0133 0.4670 0.0240 0.4463 0.0019 0.4645 0.0215
40 0.4667 0.4356 0.4311 0.0356 0.4459 0.0103 0.4111 0.0556 0.4444 0.0088
41 0.4308 0.4605 0.4462 0.0154 0.4700 0.0095 0.4382 0.0074 0.4633 0.0028
42 0.5658 0.4925 0:5539 0.0119 0.4927 0.0002 0.5464 0.0194 0.4949 0.0024
43 0.5652 0.5063 0.5665 0.0013 0.5182 0.0119 0.5544 0.0108 0.5122 0.0059
44 0.4933 0.5342 0.5049 0:0116 0.5598 0.0256 0.5183 0.0250 0.5570 0.0228
45 0.5693 0.6419 0.5869 0.0176 0.6770 0:0351 0.5765 0.0072 0.6792 0.0373
46 0.4559 0.5111 0.4851 0.02592 0.5128 0.0017 0.4895 0.0336 0.5067 0.0044
47 0.4928 0.4925 0.4976 0.0048 0.4947 0.0022 0.4902 0.0026 0.4930 0.0005
48 0.5366 0.5625 0.5327 0.0039 0.5614 0.0011 0.5452 0.0086 0.5698 0.0073
a9 0.5220 0.6133 0.5155 0.0065 0.6306 0.Q1%'3 0.5243 0.0023 0.6471 0.0338
50 0.4052 0.4545 0.4104 0.0052 0.4486 0.0059 0.4091 0.0039 0.4589 0.0007

AaaEHan 0.0182 0.0138 0.0185 0.0139

1NA1519% 5.5 wansliiudananinaniswasev it winAdunalaussuiiisuann

gunsal Haris Mat Tun1inAI8iasas Smart Digital Podoscope luluuaManual wazAuto
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Fre7iUIeULEUTERINg Harris Mat fiu Smart Digital Podoscope TulusiaManual a1 0.0182

dUAILRAENARNUDIAIATLANYIIT19UTIUS BULTIBUSENIS Harris Mat fiu Smart Digital

Podoscope TulusuaManual fid1 0.0138 waz ALadsNan19TaIAIASTHLYINT199187
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A19799 5.6 Lanwan13inasiiing1anA3ae Smart Digital Podoscope TulnumManual




Smart Digital Podoscope (Manual)

&

o o
N139AATIN 1

n153AASIN 2

w YA
N19IAAIIN 3

an
Ratio®1s | Ratio®71 | Ratiog1® | Ratio®?1 | Ratiof1e | Ratiou?n
1 0.7801 0.5101 0.7756 0.5205 0.7852 0.5156
2 0.4667 0.4627 0.4685 0.4689 0.4689 0.4652
3 0.5767 0.5268 0.5852 0.5335 0.5789 0.5322
4 0.2737 0.2857 0.2802 0.2899 0.2752 0.2865
5 0.4455 0.4423 0.4522 0.4426 0.4485 0.4421
6 0.4847 0.5758 0.4885 0.5723 0.4856 0.5701
7 0.4818 0.5130 0.4756 0.5255 0.4899 0.5156
8 0.5404 0.5481 0.5407 0.5489 0.5478 0.5468
9 0.3801 0.4412 0.3825 0.4458 0.3856 0.4452
10 0.436 0.4536 0.4355 0.4538 0.4358 0.4545
11 0.4249 0.4676 0.4236 0.4685 0.4256 0.4688
12 0.5153 0.5164 0.5136 0.5184 0.5186 0.5188
13 0.5046 0.5463 0.5048 0.5455 0.5152 0.5428
14 0.3866 0.4222 0.3885 0.4256 0.3826 0.4264
15 0.5000 0.5600 0.5120 0.5682 0.5080 0.5548
16 0.5549 0.5632 0.5585 0.5455 0.5398 0.5596
17 0.4747 0.4402 0.4825 0.4525 0.4683 0.4415
18 0.4646 0.4924 0.4678 0.4920 0.4688 0.4915
19 0.4372 0.4629 0.4325 0.4655 0.4385 0.4642
20 0.5427 0.5254 0.5444 0.5215 0.5469 0.5285
21 0.3823 0.3807 0.3855 0.3825 03842 0.3825
22 0.5051 0.4949 0.5088 0.4912 0.5023 0.4925
23 0.5165 0.4252 0.5166 0.4262 0.5174 0.4212
24 0.4924 0.4588 0.4952 0.4566 0.4975 0.4522
25 0.6666 0.6313 0.6755 0.6456 0.6899 0.6565
26 0.5646 0.5650 0.5741 0.5620 0.5612 0.5688
27 0.4546 0.4546 0.4589 0.4521 0.4455 0.4459
28 0.4466 0.4789 0.4485 0.4755 0.4581 0.4765
29 0.4661 0.5551 0.4655 0.5584 0.4668 0.5422
30 0.4588 0.4485 0.4566 0.4489 0.4526 0.4512
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Smart Digital Podoscope (Manual)

v ¥ d
N1371AATIN 1

N1SINASIN 2

3
ar

A15IAASIN 3

a9
Ratiofie | Ration21 | Ratio®iw | Ratiowa1 | Ratioghe | Ratiow21
31 0.4595 0.4805 0.4585 0.4789 0.4668 0.4896
32 0.4474 0.4757 0.4589 0.4651 0.4412 0.4752
33 0.3658 0.4715 0.3642 0.4756 0.3675 0.4759
34 0.4607 0.4742 0.4601 0.4785 0.4655 0.4725
35 0.4791 0.4692 0.4766 0.4689 0.4756 0.4625
36 0.492 0.4745 0.4955 0.4756 0.4926 0.4812
37 0.5524 0.5843 0.5526 0.5874 0.5528 0.5841
38 0.3868 0.4886 0.3859 0.4855 0.3815 0.4828
39 0.4577 0.4670 0.4566 0.4589 0.4511 0.4223
40 0.4311 0.4459 0.4425 0.4455 0.4266 0.4356
a1 0.4462 0.4700 0.4556 0.4856 0.4455 0.4788
a2 0.5539 0.4927 0.5569 0.4921 0.5548 0.4922
43 0.5665 0.5182 0.5658 0.5144 0.5699 0.5122
a4 0.5049 0.5598 05125 0.5423 0.5086 0.5546
45 0.5869 0.677 0.5815 0.6789 0.5933 0.6853
a6 0.4851 0.5128 0.4853 0.5147 0.4855 0.5126
a7 0.4976 0.4947 0.4955 0.4889 0.4926 0.4966
48 0.5327 0.5614 0.5456 0.5826 0.5402 0.5756
49 0.5155 0.6306 0.5125 0.6325 © 0.5166 0.6325
50 0.4104 0.4486 0.4108 0.4456 0.4156 0.4599

27



A1519% 5.7 uansnan1sinavtidmingiainiasas Smart Digital Podoscope TulnunAuto

Smart Digital Podoscope (Auto)
a1nu MsinAsed 1 Ansinndadt 2 msiandadi 3
Ratio®1e | Ratio®w?1 | Ratiodna | Ratiow?1 | Ratiotna | Ratio77
1 0.7802 0.5131 0.7815 0.514 0.7855 0.5148
2 0.4709 0.4709 0.4712 0.471 0.4788 0.4756
3 0.5709 0.5414 0.5712 0.5418 0.5735 0.5425
4 0.2624 0.2867 0.2658 0.2869 0.2655 0.2874
5 0.4971 0.4399 0.4955 0.4455 0.4988 0.4412
6 0.4734 05679 0.4855 0.5682 0.4756 0.5698
7 0.4857 0.5341 0.4858 0.5356 0.4882 0.5362
8 0.5303 0.5455 0.5348 0.5521 0.5326 0.5482
9 0.3856 0.4416 0.3845 0.4455 0.3812 0.4455
10 0.456 0.4466 0.4589 0.4459 0.4855 0.4485
11 0.4293 0.468 0.4285 0.4688 0.4366 0.4566
12 0.5053 0.5105 0.5082 0.5126 0.5125 0.5155
13 0.5162 0.5573 0.5136 0.5586 0.5585 0.5541
14 0.371 0.4219 0.3855 0.4285 03825 | 0.4256
15 0.4883 0.568 0.4856 0.5688 0.4852 0.5682
16 0.5824 0.5677 0.5862 0.5692 0.5814 0.5685
17 0.474 0.4433 0.4755 0.4485 0.4752 0.4426
18 0.4533 0.4728 0.4585 0.4788 0.4522 0.4759
19 0.4375 0.4596 0.4389 0.4585 0.4388 0.4525
20 0.543 0.5187 0.545 0.5128 0.5485 0.512
21 0.3873 0.3956 0.3852 0.394 0.3885 0.3962
22 0.5292 0.4933 0.5285 0.4955 0.5269 0.4985
23 0.5445 0.4199 0.5426 0.4158 0.5482 0.4255
24 0.4818 0.4739 0.4856 0.4855 0.4825 0.4756
25 0.6602 0.6199 0.6652 0.6125 0.6685 0.6233
26 0.5378 0.5719 0.5366 0.5844 0.5256 0.5752
27 0.4444 0.465 0.4456 0.4685 0.4452 0.4689
28 0.4619 0.4941 0.4658 0.4955 0.4525 0.4982
29 0.4878 0.5616 0.4855 0.5699 0.4852 0.5684
30 0.4516 0.4209 0.4526 0.4625 0.4622 0.4259




Smart Digital Podoscope (Auto)

S msiaadadi 1 nsinaied 2 ms¥andadi 3
Ratio?1e | Ratio®?1 | Ratio?n® | Ratiow11 | Ratiofnw | Ratiowqn
31 0.4526 0.4873 0.4588 0.4874 0.4596 0.4855
32 0.4368 0.471 0.4359 0.4758 0.4366 0.4758
33 0.3846 0.4639 0.3859 0.4625 0.3899 0.4638
34 0.4511 0.4881 0.4585 0.4826 0.4526 0.4853
35 0.4907 0.4898 0.4925 0.4866 0.4936 0.4876
36 0.4924 0.4775 0.4925 0.4756 0.4966 0.4752
37 0.5442 0.581 0.5422 0.5892 0.5428 0.5866
38 0.3961 0.4798 0.3966 0.4852 0.4016 0.4852
39 0.4463 0.4645 0.4568 0.4688 0.4566 0.4622
40 0.4111 0.4444 0.4155 0.4429 0.4224 0.4455
a1 0.4382 0.4633 0.4369 0.4685 0.4378 0.4625
42 0.5464 0.4949 0.5466 0.4921 0.5426 0.4952
43 0.5544 0.5122 0.5566 0.5128 0.5569 0.5128
a4 0.5183 0.557 0.5269 0.5528 0.5148 0.5526
45 0.5765 0.6792 0.5785 0.6785 0.5726 0.6728
46 0.4895 0.5067 0.4868 0.5025 0.4825 0.5012
a7 0.4902 0.493 0.4925 0.4936 0.4915 0.4923
48 0.5452 0.5698 0.5486 0.5675 0.5526 0.5585
49 0.5243 0.6471 0.5255 0.6482 0.5321 0.6524
50 0.4091 0.4589 0.4085 0.4585 0.4022 0.4582
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SDP (Manual)
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REGRESSION LINE: Y=0.86897 X + (7.4631); r=0.94584; r*=0.89462
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'
!
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Abstract

This article presents a measurement system structure of
the foot deformity. For the establishment of a medical
diagnosis for patients with plantar pressure or foot deformity
due to heredity , disease or accidents. Then using IFUS
machine and insole to create a custom insoles by 3D printer.
Using a specific insole to put in shoes and wear to help
evenly distribute plantar pressure under the foot while
walking. Resulting in pain relief from plantar pressure on
uneven or abnormal foot structure. Giving patients a better
quality of life.

Keywords: Insole, Plantar pressure, Foot deformity, 3D
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Abstract—Foot deformity is a common problem among
Thai people. It is resulted from various causes. The
deformity may lead to pain and discomfort of feet and legs.
The foot condition can be evaluated using plantar pressures
and foot deformity measures, depending on the therapists.
This paper presents a design of digital podoscope, a
screening tool for patients with foot deformity. Built on a
commercial optical scanners, our design is smaller than the
camera based system. The scanned foot image is color-
mapped by a software to calculate the foot index. The system
was tested with twenty-five participants who have been
diagnosed with foot abnormality. The data show a
comparable results with the standard method. Our further
study is to develop an algorithm for automatically assessing
the deformity and calculating the foot index.

Keywords— Podoscope, Footprint, Flatfoot, Foot deformity,
Digital Image Processing

L. Introduction

Foot is a greatly vital organ of our daily life. Many
people don’t have paying attention to take care of their
own feet. Anatomically, a foot is a complex structure,
consisting of 26 pieces of bone, many ligaments and
muscle bundles working together to support the entire
body weight and distributing it to the ground by the curve
of the foot or sole. The abnormality of feet affect the leg
and knee and lead to the muscle pains. This occurs due to
unbalanced arrangement of the bones. Consequently, the
results of flatting arch are twisted ankle, tilting inward
freeze or bending tendons in the foot. Correct medical
treatment may prevent deformity getting worse.

Harris Mat [1] is a standard device to measure of
footprint, that used as graphic plantar-printing based on
ink and paper. It illustrates the whole image of plantar
with high pressure points and weight imbalance as darken
areas. To obtain an image from a Harris Mat, it needs a
manual operation and the manual calculation for any
parameters such as foot-index to assessment of foot
deformity [2, 3]. Nowadays, the array of force resistive
sensors, capacitor-based sensor or optic based devices [4]
have been proposed as alternative methods, but those are
still expensive technologies.

978-1-4799-6801-5/14/$31.00 ©2014 IEEE
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Fig. 1. Type of Foot deformity

The Podogram is outline of sole and show contour
and arch footprint image. This method is based on the
blanching effect of tissue that occurs when it is under
pressure. When patients stand on a glass plate, then the
reflected image from a mirror installed under the glass
plate is seen. By using any optical technique, camera base
is convenient lighting in place mirror or using an optical
scanner, the footprint under body weight and map the
resulting blanching to different intensity levels. Different
intensity levels are mapped to different color codes to
obtain pressure distribution maps. The machine making
this image is called a “Podoscope” [4]. Normally the
optical podoscope made by camera or scanner is low cost,
but needs a smart software for analysis the foot problems
such as flat feet, high arches considered as foot deformity
[5]. On any foot printing image several indices, such as
Staheli arch index, Clark’s angle and Chippaux-Smirak
index (with the neural network processing) can be
calculated. In general Staheli arch index provides more
accuracy after learning by neural network [6].

In this article, a development of smart digital
podoscope based on low cost optical scanners has been
detailed. This machine a smaller when compared to a
camera based podoscope with a mirror to reflected image.
Performing with integrated software FootCare v1.2, the
system could show the plantar structure and plantar
pressure in different color levels. The foot index
calculation has been integrated being useful for screening
foot deformity in patients.



Controller / Processing / Display

Smart Digital Podoscope

Fig. 2. Overall system smart digital podoscope

II.Materials and Methods
A. Linear Motion System Design

Fig. 3. Basement for linear motion system

A new linear motion system has been designed to
extend movement of the X-Axis scanning. The system is
controlled by a microcontroller PIC18F2550 to control a
stepper motor-belt system. The mechanical linear motion
moves the scanning parts to capture the images of both
feet in each step while the patient is standing. The
software, FootCare v1.2, accquires the scanned images
via USB port, and store in a computer.

Main Board & A4988 Stepper Motor driver with 1/16 microstepping

B. Scanning and Digital Image Processing

In camera based type machine, a camera is used to
capture image reflected from the mirrors installed
underneath. This makes the machine bigger and too heavy
for portable. Our design, in contrast, is a scanner based
system. It’s lighter, smaller, and portable. The plate make
by a 12mm thick clear acrylic, this system is able to scan
individual who weight up to 150 kg.

126

Fig. 5. Podoscope Type (A) Mirror and side illumination,(B) Camera
Base, (C) Optical Scanner

The scanned output is the weight distribution image
displayed in different intensity. To clarify, the area
supporting more weight (such as heel), has the higher
intensity than the area supporting light weight (such as
sole). Subsequently the image thresholding (noise
removal) and background subtraction processes are
performed before the final image is color mapped. In
figure 6 is show the image processing performed in our
system and detailed as followed.

| Scan/Load footprintimage |

\

Convert color image RGB to grayscale

4

I Threshold and Smooth blur image

4

Mask background subtraction

¥

| Colormaps footprint image

¥

Display results of Footprint analysis

Fig. 6. Method of Digital Image Processing

Step | Scan new foot image or load scanned image
from the current path,

Step 2 Convert true color image from RGB format
into the grayscale intensity,

Step 3 Thresholding the intensity noise to zero then
apply the smooth blur to the image,

Step 4 Subtract the region under feet from the
background,

Step 5 Apply color mapping to change the grayscale
image into color one as a Pedobarography.

Step 6 Manually assess the foot index and show the
results on the screen.

As shown in figure 8, the foot images are reverse
(image on the right side is from the left foot and image on
the left side is from the right foot).



C. Method to Classification Foot Type

There are a number of classification methods for
screening foot deformity. Each one is appropriate for
some structures. In practice, physician makes a diagnostic
from the patient’s information, such as footprint
parameters, Body Mass Index (BMI) and radiographic
evaluation in addition to the scanned images. At Bangkok
Podiatry Center, we have developed the effective method
used for screening foot deformity. Based on the method,
we are interested on curves in the middle foot’s region as
seen in the figure 7 and the equation 1.

AB
AB+BC

Ratio Foot Index =

If Ratio Foot index is
e less than 35 means having high arch (Pes varus)

x100 (1)

e Number between 35 to 50 considered as normal foot

e Over 50 indicates as flatfoot (Pes valgus)

20

Fig. 7. Parameters currently used for classification foot deformity at
Bangkok Podiatry Center.

D. User Interface Software

Software FootCare v1.2 was developed in C# and
using library EmguCV (EmguCV is a cross platform Net
wrapper to the OpenCV) image processing library[7-9].
This software is primarily used for monitoring of foot
images with many features including:

e USB HID communication with the smart digital

podoscope
Generate a Pedobarography as plantar foot shape

e (lassification Foot Types ( Based on many

footprint index analysis)

e Calculate the foot size(US standard)

Fa b
Foot Typs
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Fig. 8. Example ot the Software FootCare v1.2
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III.Experiment results

Twenty five participants who have been identified
with some foot problems were asked to stand two feet on
our digital podoscope. The images were captures and
compared with their own Harris mat footprints. The step-
by-step processed images are displayed in figure 9.

Fig. 9. The image results (a) RGB foot print image, (B)
Gray scale foot print image, (C) Threshold and
background subtraction, (D) Colormaping foot print
image

The pressure distribution at plantar is clear indicative
for normal or abnormal structure of foot on color image
of Pedobarography. In addition the color mapped image
also shows the foot deformity. The red color indicates a
lot of pressure more than other colors yellow and green.
Moreover, the uneven distribution of weight for a long
time, repetitive minor trauma as a cause of ulcer or
neuropathic ulcer is shown in very dark red. The clear
correlation which obtained from a Harris Mat is shown in
figure 10.

Fig. 10. Pressure ulcer point (A) Result footprint image
from Harris Mat (B) Result footprint image from Smart
Digital Podoscope

Classification foot deformity was performed by using
software FootCare v1.2. Based on the equation (1), foot
scanned images is classified into three categories, high
arch, normal foot and flat foot, as shown in figure 11. The
sample pictures of these three groups are given in figure
12. The foot parameters are also summarized in table I.



16

14
14

12

10
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H High arch ® Normal foot ® Flatfoot

Fig. 11. Summary of the classification from 25 patients.

0.9 "Soe.. ©00.O "Soe._. 0009

47.37%| 44.59% 72.67% 63.01%

Fig. 12. Foot print image result (A)High arch, (B)Normal Foot,
(C)Flatfoot

To measure to foot size, the manual operation by
marking the boundaries is required. Qur software,
FootCare v.1.2 is calculating the foot length and width
and estimate the foot size in US standard. It is shown in
figure 13. The software can also indicate the abnormality
on the foot such as diabetic foot ulcer, trauma on plantar.

® Foor sae i
A 3

Foothigusas- o (@) rouresm:n (@)
Patient Data | Foot Type Data| Fuut Sicw Dutu

FR : A8 Longiimn) - (25208 G- Longiiom) . (9053
FL: AR o

) (28080 GO gl 9112

Fig. 13. Measurement length and width each foot (A)Using Harris Mat,
(B) Using Smart Digital Podoscope

Figure.13 also comparison of foot length and width
each foot obtained from the Harris Mat and the Smart
Digital Podoscope with software FootCare v1.2. The
result shows an error about £2 mm.

Table 1. shows the results of classification foot
deformity and footprint analysis from 25 patients. This
data were used for screening and estimation of foot
structures and deformities.
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TABLE 1. RESULTS OF CLASSIFICATION FOOT DEFORMITY

Foot index analysis

Foot Foot Left Foot Right
deformity ™7p BC | Ratio | AB BC | Ratio
(mm.) (mm.) (%) (mm.) (mm.) (%)
25.38 49.35 33.96 | 36.8 47.94 43.43
27.26 57.34 3222 | 30.82 51.23 37.56
High arch 18.33 51:23 2635 | 24.84 44.65 35.75
27.73 44.18 38.56 | 27.14 47.94 36.15
25.85 47.94 35.03 | 3496 43.24 44.71
3337 35.92 48.30 | 36.80 40.42 47.66
3243 39.95 44 81 | 32.66 38.07 46.18
36.19 41.36 46.67 | 37.72 42.30 47.14
Normal foot
3793 46.06 44.63 | 34.04 43.24 44.05
329 40.89 44.59 | 36.8 40.89 4737
31.49 39.00 44.67 | 30.36 34.78 46.61
40.42 39.48 50.59 | 54.28 14.10 79.38
5128 30.08 63.01 | 57.5 212 73.06
42.30 8937 55.90 | 37.26 3243 5347
39.48 36.66 51.85 | 39.10 35.72 52.26
42.77 24.44 63.64 | 59.34 7.52 88.75
47.00 23197 66.23 | 45.08 24.44 64.84
Flatfoot 35.25 25.38 58.14 | 39.10 29.61 56.91
36.19 31.02 53.85 | 33.12 329 50.17
40.89 3 W2 5337 | 42.78 36.19 54.17
36.66 36.19 50.32 | 38.64 33.37 53.66
43.24 28.67 60.13 | 40.94 23.97 63.07
45.12 30.08 60.00 | 46.92 29.61 61.31
41.36 36.66 53.01 | 41.86 36.66 53.31
TABLE II. RESULTS OF FOOT INDEX COMPARE WITH USEING
HARRIS MAT AND SMART DIGITAL POSOSCOPE (LEFT FOOT)
Foot index analysis
Foot Te
deformity nels Foot length AB BC Ratio
(mm.) (mm.) (mm.) (%)
Harris Mat 265.26 2521 | 5211 32.60
High arch P
Digial 26452 | 2340 | 5085 | 31.52
Podoscope
Difference value between Harris
Mat and Digital Podoscope o 1.81 126 1.08
Harris Mat 253.52 3542 | 3696 | 48.93
Normal foot s
Digital 25294 | 3475 | 37.80 | 47.89
Podoscope
Difference value between Harris
Mat and Digital Podoscope 0.58 0.67 0.84 1.04
Harris Mat 251.65 48.18 | 26.10 | 64.86
Flatfoot s
Digital 25089 | 46.50 | 24.95 | 65.08
Podoscope
Difference value between Harris
Mat and Digital Podoscope 0.76 1.b8 L15 0.22




129

compared to the measures from Harris mat. Finally, the
algorithms for automatic assessment for foot deformity
and foot index will be developed in the future.
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TABLE IIIl.  RESULTS OF FOOT INDEX COMPARE WITH USEING
HARRIS MAT AND SMART DIGITAL POSOSCOPE (RIGHT FOOT)
Foot Tools Foot index analysis
deformity Foot length AB BC Ratio
(mm.) (mm.) (mm.) (%)
Harris Mat 264.25 28.68 | 49.23 36.81
High arch Fpy
Digtéal 26391 | 27.90 | 47.70 | 36.90
Podoscope
Difference value between Harris
Mat and Digital Podoscope 0.34 0.78 1.53 0.09
Harris Mat 257.14 36.12 | 37.63 48.97
Normal -
foot Digital 25621 | 37.86 | 39.58 | 48.89
Podoscope
Difference value between
Harris Mat and Digital 0.93 1.74 1.95 0.09
Podoscope
Harris Mat 253.21 5145 | 16.81 75.37
Flatfoot Dieital
B 25266 | 5032 | 17.42 | 7428
Podoscope
Difference value between Harris
Mat and Digital Podoscope 0.55 1.13 0.61 1.09

Table II and table III compare the foot index
parameters from each categories from the Harris mat and
digital podoscope data on both sides. The foot length
differences are within +1 mm. And the ratio foot index is
within +1 % different.

The Figure 14. shows that our system was used by a
podiatrist in the public service for the patients with
diabetes mellitus and foot deformities. A custom made
insoles as a product after the treatment.

Fig. 14. The Doctor, Physiotherapist and technician use Smart Digital
Podoscope System to classifly and diagnosis foot deformity

IV. CONCLUSION

In this article, a development of smart digital
podoscope based on a commercial optical scanners has
been detailed. Integrated with the developed software,
FootCare v1.2, the system could acquire and display the
foot images in color shades. The foot parameters were
calculated for foot deformity screening and estimate the
foot size (US standard). Its performance has been
evaluated with 25 participants who have been diagnosed
with foot abnormalities. The system reported that 5 and
14 participants having high arch and flatfoot respectively.
Its foot parameter measures are within 1% different

Mongkut’s Institute of Technology Ladkrabang,
Bangkok, Thailand.
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® 2014: Attend 37" Electrical Engineering Conference (EECON-37) in

titled “Measurement system for foot deformity to create a custom

insoles using 3D printer” , at Khon Kaen , Thailand.

® 2014: Attend 7" Biomedical Engineering International Conference

(BMEICON2014) in titled “Smart Digital Podoscope for Foot Deformity

Assessment”, at fukuoka , Japan.





