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Monitoring Systems and Assistive Devices for Disability and Patient Rehabilitations via
Communication Networks
Assoc. Prof. Dr. Nattha Jindapetch
December 2017

Abstract

This research presents a patient monitoring system that can support heterogeneous
loT (Internet of Things) rehabilitation devices. The physicians can plan the treatment for each
patient via network and internet connection system according to three sub processes: devices
configuration, monitor, and feedback. The proposed system has been designed to support
multiple devices and various types of rehabilitation devices by using the common HTTP
message format. This allows various loT platforms to be programed to control various
rehabilitation devices and connect the internet via WLAN, LAN, or cellular network. There are
five types of rehabilitation devices: 1) image processing device for measuring the degree of
shoulder movement for shoulder rehabilitation, 2) image processing device for measuring of
the lung volume for Triflo pulmonary rehabilitation, 3) pressure measurement device for
BreatheMAX muscular breathing rehabilitation, 4) EMG and angle measurement device for
isotonic knee rehabilitation with sand bag, and 5) torque measurement device for isokinetic
knee rehabilitation with NK-Table. Each rehabilitation device communicates to the data
server/database server at the host hospital via the internet. Physician/ physiotherapist can use
a smart phone or a computer to online perform devices configuration, monitor, and feedback
to the patients. The network and internet connection test reported that the system can
support many users’ devices sending the measurement data concurrently and correctly. The
system reliability test reported the very high success rate of sending data of all to the data

server and database server.
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Feature
Online
i Target Training Goal Adjust- Caregiver-
Article prescription Patient Feedback
patient/ device/ setting able Patient
upload/ monitor report
disease instrument rule goal communicati
amendment
Haptic
Robotic Goal- Yes Yes
. Single . . 4
telerehabilitati | Stroke ‘ Setting- No No Graphic user Yes (visual and
e
on System P Theory interface audio)
[6]
Home Manually Yes Automatic
healthcare Single set by Information scoring Yes
Stroke No Yes
monitoring type medical view and (text)
[7] expert (text/plot) reporting
Manually Yes
TheraDrive Single set by Information
Stroke . No Yes . No No
[8] type medical view
expert (text/plot)
Neuro- Yes
UniTherapy rehabilit | Multiple Information
No info. No Yes No No
[9] ation/ types view
Stroke (text/plot)
Manually
Web-based rehabilitation
Single set by Yes
telerehabilitati | Stroke } No Yes progress Yes
type medical - (text)
on [10] monitoring
expert
A Low Cost Manually
telerehabilitati Single set by progress Yes
) Stroke ) No No ST Yes
on Device type medical visualization (Web-based)
[11] expert
. Manually Automatic
Cardio-
Heart Health Single set by Yes analytic Yes
vascular Yes No
[12] ] type medical (text) feedback | (text)
Disease .
expert generation
Generic
Manually
(based
Proposed Multiple set by Yes
on . Yes Yes Yes Yes
system . types medical (text)
training
expert
device)
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A3 0ailanldinesrvninisiaaaulnidnuiinnidede Inclinometer LuLAsosilanldinoean

lngldndnnisveansinseauvesval nsesilsvlaidnnmiasainuaiisnangauiy wagdinfedl

ANuslusosreaiuntsvasinanenIzinesevesnisiadoulnl deguit 2-2 n1sldau Digital

inclinometer [9]
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wdeulnfieldnsruszifiuveanisvineaindnde esaniisagn wamazain wazldea
Aoutnsine uinslfiafesdiendindsniudesdimuiiFosimsldnuresgunsallumstarimnasig
1 wagsumisweagaiidesnmsinesmvesmsiadeuln daguil 2-3 3nsldan Goniometer luns

Tnesrnvesnsinaeulnm

A 'n"lﬁuﬁu B: shoulder flexion

_ y
C: vindusiu D: shoulder abduction

U7 2-3 38n15l991u Goniometer Tumsinesmveansindioulns

! vl Y] A4 A4 A va Y] A v oA v
m'ﬂll'ﬂ,ﬂllﬂ']iWWU']Lﬂi@Qll@LW@GU'J‘EJGLVINﬂ']i'J@@Qﬂ']‘ﬂ@\‘iﬂ']iLﬂa@TﬂW'J‘U@QﬂJBVL‘Via LW@IWﬁ']ﬂJ']iﬂ

Fansmnisindeulnmieussiliunaedld Inglidndudedifideivguaznsiunanispidnedig

Te-e-coeo/&w 9
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510157 [10] usdslldanuisainesrldaziden wagilunisuseifiubuunsna 9 ww3edloviadlll
FnuaztJuLNuATINNANLA LU UMDY 6 d1uauuulsail d1uay 60 99A7 LAZDIUNANIUNLT

v d’ IS aaa a d’ ¥ 1 I = 1 . ]
YpauLLISATiveLAInsle Tnadidnsussliunsmnisindeulnidelua 2 w1 Ae M1 flexion wagin

abduction fis3UT 2-4 ¥ flexion dmsunisusslinesmnisiedeulmdelya [10]
wagguil 2-5 ¥ abduction dwsunisuseidiuasmnisindoulmdelue [10]

AIUAIAU

U7 2-5 11 abduction dmsunisussidiuesmnisiadeulmdelua [10]

2.2.2 mavimeniriaianisilunusannsden

ANSHANYDIDNNI DY D9INDI971AINALMNANIL NI NGB URDTZUUNILRWMelalawA A1
Yoy wazdsuinsvealanandiad vinlvineinisunglaveuiniioy Tauvzas inlanuslacn
QI 1 7 [y é{ dy dl QI U 2 a o v
waziinAlgInglunsinwanniy msuiveiiunisvenefivesleamemaiianismenimiiva
ATEASURAILANDULAENAINTHIAA LaUaIRUNISIARNIIEZWNTN WATANI9NIEAINTITARINET?

loun mstnmelas msfinle nseenddine saunsnisinldgunsaiiitenseunisiuyusunsUen
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gunsalilinmelaiiionseiunsiluyUsuinsuennileuldlaenaly Ao Incentive Spirometer
(1S) @arunsauvseontdu 34dnAe volume-oriented, flow-oriented wag pressure-oriented IS

¢ A a o ° acg ¥ a v W = i &
Q‘UﬂsmLLﬂagﬂjumNﬂaﬂﬂ']ﬁ‘V]'N']u VUIN 'JﬁIGZN'TNVILLWﬂG]'Nﬂu ﬂ\?ﬁqﬂagl’ﬂﬂﬂm@lﬂu

1. Volume-oriented IS tUugunsaiflnifind3unsventnenisimuadvinevesnsilndy

MiwUsung Aegun 2-6 guheazsemelalilausuinsveslenmuiinmvun wWeviild Marker veu

¥
a ISk

warAA1eunUslilaUseaa 3-5 Juril Fevvilidenveneds aunsalviaiidenfe fuqelyl

Jndudeseonussnn wilsnige Jskifenldlussmelne

gﬂﬁ 2-6 Volume-oriented IS (Coach 2®)

2. Flow-oriented IStlugunsaflniiinu3unsvaniiginazdetesnusagamelaiialionnie
lugunsaliidnsluaniiiesmesianisvdu marker lugunsalliafouniludeiumisiiimun fagui 2-
7 doftvasgunsalilfiearunsaiinyiuinsUaauazanuudausavesnanuioniels dvwadn Tdde

Jodefonsziunaveuwnioslaie wilugunsalndisiangn vibiexldlulssmelnedusgann

To-e-coeo/&w 11
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5U#l 27 Flow-oriented IS (Triflo ®)

3. Pressure-oriented IS {Jugunsalflniiinuiuinsvanlaen1sifiuninuiuniueeanisga
melaanusadulau fAsgun 2-8 fUrdesmelalilausaduuinneiiotorvususadulaui vinlv
ansadinanuudausiwenduiemelaldd deidsfie sududeddunlufinesiietnainudun

wiaswasmsganglavihliliazainsenmsiniiindsunnsuenmeniies

g‘d‘ﬁ 2-8 Pressure-oriented IS (BreatheMAX)

mstindteitusUiunsen suludosnsevinoguaiane wasdosordoenudauiielunsiin
NnFheIReiiusEanBaingagn saudsnsiindnenuiesiithy wazndusmuinmdogiseidosiie
Annue1nis eg1alsiniugUlsainausiuiislunisinaiulsunsuegrunsansa vinlilild
nans¥nwmuiinaunld uarddliflszuuAnamnsiindenuesiithuresiitae dawaliitiesios

deeldaeuasiduianaumeaniluyilsmeiuiauiuiiy wenaintnisinieaininUaldadase

'
a

wsevmMenmUtdamenuesilignisasaiiunsglaununmdwaziiieungady
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2.3 szuufianuuazaunsaldigaanideinievasdinnisuazguiaelunisei

ANYAINUIUA

ludiuvessruudaniuuaraunsaldiveaniiqenigvesdinisuasdUrelunisvin
=

n1ennU1Ualulasinisil agsin1simungunsaliieusrisueniazgunsalyieusnisiowmn ¥ed

aussansguliudususiu IneseaziBengunsaivssiandinanifegluviewainuansdmeoluil
2.3.1 aunsaldaeuinsuan

nmsfivsemAlnedsiuudgeengfisdu Suauisdsfumadumelafasiuiude
LLazmiﬂLLaﬁﬂ'JEJq&aﬂsﬁlzmﬁlﬂumﬂ Hospital care w1y Home care mﬂ%u MSANAILLT U5
wazauamulunMiureindiemelad mssruisenaiinty suraiisaussaniwluns
ponfdneléitu aneinamiosuey viliaunmdinvestheddu msiinndandomelad
(inspiratory muscle training) fiuszlewilumsilugftaelunarsuszinn wu flelsagaanltanos
Tsandrunifodeuuss (multiple sclerosis) Fadulsavanduiiedounseiifinauainnisiinaany
UNWI 09l ULAUNIINTAId R IUANENDY ma‘s’lﬂ%ﬁﬂﬁﬂﬂwﬁumaialﬁﬁﬂsﬁuuazLﬁuU'ﬁz%w%mw
Tunsle Feiligureduiinnzunsndoumassuudenuarmelatiosas [11] Tunduitaelsanaon
Benauesiuinsdounswwendaniednladnnilwardwansznudenduiemelaludndudae
MnnmsAnwes [12] vnsanwlufielsanaemdonausdasnisianisindeulnivesnsfan
wuifimaedeulmvesndniensfiananadludeiiseunsdussniensmenuuligiunein e
Wesuiteuiumsmelawuusalu@ Setlniuinduidonsdanluddladronils (hemidiaphragm)

£ANNT9DULTIIUTINETNLFEINUY

2.3.1.1 winidansinnaiuuidonigla (Respiratory muscle training techniques)

[

nstinndniemela awnsailalne 3 wedasl

1. nsEnsemaiia voluntary isocapnic hyperpnea (VIH) iunisilnludnwazusazyana
wielimelalaidmanelunisiingsan 1Wuszezian 30 uiit Fdluvugiinezdostunisiinniae
hypocapnia ImEJmﬂﬁ;:ﬁJﬂ%ﬁﬂi%@ﬂﬂﬁﬂﬂﬂﬂmuﬁlﬂu dead space lugaiveinia (reservoir bag)
oglsfmunmsAnunangjildgunsalilieendiauiioldliiAnn1ig hypoxemia luvazisnu
seUlidu isocapnia #alUsunsunsinesiln 3-5 adseduant

2. n1sAnAmAilA inspiratory resistive loading Inspiratory flow resistive loading (IFRL)
Jumadamsinluwiazyaraifiomelanugunsaliifidussiunuifiduihgudnamats q vue

[y

softugunsal Bellvumdnussinumulunisilinmeladaunn Tnedussinumutaziivianue 6 vue
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1

waziflonnelasenaziu one way valve 21nm1sanwITenuinsiindemadadidunisifinainu
wiussvesnduile

3. n15WnA8LNALA inspiratory threshold loading La® inspiratory pressure
threshold loading (IPTL) 1umadansilnluusazyanaiiiemelarugunsaiiielsiAnilu negative
pressure fiunniwsssumudismualifielfiannsmeladi Tnoussdumuaiuisausuldang

ANUFINITwarianulnaAssiuLsIA UM Ulunsmelaeg19dase

2.3.1.2 aunsaldmsulnnatuideyelay (Inspiratory muscle training devices)

¥
= o

1NWIFLA 9 enudngunsallunisinnduiemeladntuliinunevatesiia Juiu
ANUAZAIN aniumadafidenld s1a1 wazaiunsanilade dregravesgunsailunisin
¥ 491 v 1 %4 1
naslemelailaun
Hector Engineering gunsailnymeladsuandlugun 2-9 lausuusunseslunisiinmelaiiie
nsAnwuazdde laglaasisinanunsaduiuuniniasdeyauaniiaiineitosiusseeiiainis

Anlaggunsalduiliifivienily

a. Breath training device b. Counter output device
E‘Uﬁ 2-9 gunsaifinmela Hector Engineering

fian: http://www.hectorengineering.com/?page=projects

Threshold inspiratory muscle training gunsailnmeladsuandlugu 2-10 1Wunisloiuse
Aulaeluderfiayss gunsalilusenaunay flow-independent one-way valve i@1u150UsUss

Asamunulaaguanzinzastalne e U uRLn 1

To-e-coeo/&w 14
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Eﬂﬁ 2-10 Qﬂﬂiﬁﬁﬂﬂm&ﬂﬁ] Threshold Inspiratory muscle training
fisn: http://thresholdimt.respironics.eu/

The POWERbreathe® Kinetic training resistance aunsalinmelasauanslugun 2-11 Ju
msaamwuﬁLﬂmﬁa’tﬁmmzauﬁummﬂﬁauuﬂawammmtﬁwswamé”mLﬁamﬂﬂéfmaaﬂL’Jm

wazaIunsausuala

4

JUN 2-11 E;Uﬂiﬁﬁ?]ﬂmﬂﬁ] The POWERbreathe® Kinetic training resistance
fisn: http://www.healthmg.com.au/content/cms/Product/3389/

Powerlung® Trainer gunsaiflnmeladauandlusun 2-12 Wugunsallunmisiinmeladiuay

2ONFULIINEAMULTILTVBINAL Lo eTR

Eﬂﬁ 2-12 Qﬂﬂiﬁﬁﬂﬂm&ﬂﬁ] Powerlung® Trainer

fian: http://www.kimballtrombone.com/breathing/respiratory-training-for-musicians/

Ultrabreathe gunsaflinmelasauanslusui 2-13 Wugunsallumsilnmeladuazeendu
usafionuudeussesndile Tneflunadinuazsnaignnd Powerlung® Trainer
To-e-coeo/&w 15
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U7 2-13 gunsalilamela Ultrabreathe

fian: http://www.kimballtrombone.com/breathing/respiratory-training-for-musicians/

POWERbreathe® Sports Inspiratory Muscle aUnsainnuielad LLaqug‘U‘ﬁ 2-14 \Ju

aunsaina u1saUsuLsIf U ulunitsmeladnle Fewsagiuazuinninunivilesarnlidunsuin

9

v A d{l

dnAuietiuanssann Tnvaulugdenldiutininivesussmeasangy

gﬂ‘ﬁ 2-14 E;Umaj?]ﬂmﬂﬁ] POWERbreathe® Sports Inspiratory Muscle
fian: http://www.comparestoreprices.co.uk/keep-fit/unbranded-powerbreathe-sports-inspiratory-muscle-

trainer.asp

Portex Inspiratory Muscle Trainer with Resistors Qﬂﬂiiﬁﬂﬂm&l%ﬁumﬂﬂugﬂﬁ 2-15 1 0u
gunsalfisanuuutiiaiumasvesnaaiemeladt Tneddsuniudmivsednduaunsalinid

A9 6 @ LARIDILIIFTUNIUN ARG

gﬂﬁ 2-15 qﬂﬂizﬁﬂﬂmﬂiﬁl Portex Inspiratory Muscle Trainer with Resistors
17'i3J’1:http://wwvv.bestshoppingcenter.net/medicanroducts.php?q=Porte><+lnspiratory+Muscle+Trainer+wit

h+Resistors+Noseclips+10cs

To-e-coeo/&w 16
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Pllex, Inspiratory resistive trainer gunsailnvngladsuansluguil 2-16 \Wugunsaifiauise
wWaguulawssmunilunisinnauiienelaiilagnisvyuiiosnndvesvunaiduriaudnanei

LANAIAY

b ]/
E‘Uﬁ 2-16 gunsaiiinmela Pllex, inspiratory resistive trainner

ﬁm:http://wwvv.bestshoppingcenter.net/medical/reviews.php?qzRespironics+Pﬂe><+|nspiratory+!\/\uscle+Tr

ainer+10cs

Water pressure threshold bottle (WPTB) gunsafilnmeladauansluguil 2-17 18ugunsal
threshold loaded breathing device fiusglawtifiefinnduilomeladi e [13] lvinis@nunly

Aaee1efilgunmi lnegnavesnisneuausmssuuiilalasaendentayssuumele Ingnaly

9 9

9 v o2 ) P N v v ) A X g v I
FAua onsinsmglatias (Bradypnea) hazdsnsinisiauvesilaiuduantios ANULTILT
299na1ut ol WALTY NSVLIBFIVDINTIDNAVULALEIUITDDNNAIAIN18AIENITENLIULA

YU [14] wsesileflglunisinnatuiemelafdunnuievanesin diulugdsiawnesnn way

o

£%
v =

o & £ =1 ' ° U ¢ =2 o X & a
Jludosdereanslsema dusugunsalitldlunsfinwiasiiidugunsaligniauntulag se.

Y

n3. 8 laud 19139Uszdnadginienniitn auzmaianisunng undnendevaunnu 1Ju
gunsalldirsuazanunsalsunsainulalasnisususeaudnluin Sunswagyininmeladiag
WiuneswesAndudainlid e sdnauniunisiln uasdanszAunistuiaunelacme dmsudednasn

Aolugunsalivwaluguinningunsaindvieviall

| - S |

g‘d‘ﬁ 2-17 E;Uﬂiiﬁ?]ﬂmﬂﬁ] Water Pressure Threshold Bottle (WPTB) (Jones et al., 2004)
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G’futmuq‘dﬂiai Threshold loaded breathing device

aunsal WPTB fagunl 2-18 ugunsaiiiuszneumievinnaiafniiiviesd oeonu1ainuin 2

NN U UnuInnaNain vee1l38n91 outlet tube uaziionsiofeviawaadn (corrugate tube) 7

il mouthpiece islsiffthelduneaiteflnmsmelaii uazviesnaninGendi inlet tube agsiofy
viewanainfleganelumiananafnifielivieagliih dwsumananainasiitnszdusneg eldiuite
Usuussirumulunstinndruidonslad finasdesinlurindsfamsmdsldfiantdn Uiney
mouthpiece waggamelatimisuiniu outlet tube Fsazviliusadiuoinianigluvannanadin
anas erusstuniglumaivdsuduauinniuuardaunnniussiuresiildly vinldorniaan
aeusnwIanaradninaidngnielurInkIung inlet tube Fazifiuiasornayatuneluranlag
oAt uiaglunaunueiniafigngaesnlunisie outlet uazaugavestnngluvea inlet
tube asiuiaiioufudndn fazgnilelédoeiussuiiddauinnmiussiuiiogmely inlet tube

Fenmeussinulunmsinnanuilomelaidn (threshold pressure) [13]

Bacterial filter

/ Corrugate
tube
o

Loading
Mouthpiece inlet tube

Outlet tube =%

Plastic bottie filled

with water ) 4==Sacle in
cmH20

U7 2-18 gunsalilnmela BreatheMAX®

gunsal Threshold loaded breathing device AlgFunswau
2.3.2 aunsalvauImsdann

yadslsadelunsesgudus aufanssmninusivgni ae1uususIvnui3seaudn lu

Y Y 9

Uagtuaulneduwildunaedl nngdoinden uniuises 9 Ineaniedaiony gniuivinun §i

ganfdameniniyg nstaiuiiey MsTu-asdulaves 9 saunsEUsvaugifme uenanlienavsan

< ¥ 1 £ L2 (3 a dy ¥ = & & ¥
‘U’]ﬂﬂ’]iL‘U‘UIiﬂﬂJ@ﬂiS@jﬂ bYU Iﬁﬂ‘U@@ﬂLﬁ‘Ugiﬂ@@Hﬂ nsfaielute wislsanis 1 uAu
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ANSYINAEANUIUA BAZAITEBNMIAINISUSIITNANULLD LABLANIENISUSUISNA 1ML LBAUTN
1T 9859 Na1uLlaNndansIstIvanLsInnsevitnatani Juduniteniantrisveasnisdnnsaves
NEANgoUUTINTBI artisusnmemsvnteils linunndinfvuleslifesiesny

719719AINATINAYG LATNISHINANITIATLNG
2.3.2.1 N1509nA1a9018WaUTnIsna I dausSiIadTasY)

N1598NANEINELNBUSIITNA1ULTHBUSIUTDLN wUale 3 ¥ln ANUANYALNITVINIUYD

nAULe Av

(1) nmseanniainmenuulale@udn (sokinetic Exercise)

Buniseonmdaniefinisieuvesndunideidulusgeaiiane naontasiaivesnis
wdoulin lnganunsafimuamnudiasilunisiedeuluidumisesmseduni uazuiuasuuss
fniluniseeniddligiasldoonusseglurisnnuiiiasinasniia uansisguil 2-19 ansBay
n1s3denuIniseeniangiuulelefiuin ussansamniseaniideniegegn [15] Fad1undl

unumlunmssnwlsatadaudusg1aun

JUN 2-19 Mseaniidinewuulelefiuin—mdean

fian: http://powerspeed-training.com/rangeofmotion.html

(2) mseanmainesuulalownsn (Isometric Exercise)

] o w ~ ) P & ~ P & a = =
WUN1598NMNaINIELUUINITAARY9NANULLED TAENAINUNIUDINAULLDAIT WHTN1TLNSY
Ry . % &g A v Y v A o o A & o |
N39R9A (Tension) vosnanutiloiiaduiuussd Uy WellnseenmdsmeslinioTegeng 9 oy
Lifinseaeulm neimuaundndiulunisesniidelinainaanian wadnisinsaveandiuilaly
[ @ d' gj [ d' I = 1 1 o
anwareanusuANTlusrerdy 9 duanduzun 2-20 WunswmBeawazeldl n1seenidenie

wuulalaiunsni aziinafonISLTUIALAL AL TIVDINA TNy TuUsEdn

To-e-coeo/&w 19
WUU nnUd. ME-003



JUN 2-20 Mseenidinmewuulelgmsin—mdenn (@e) wag 1o (1)

fisn: http://www.jneuroengrehab.com/content/9/1/35/figure/F1

(3) n1seenniainieuvylalelniln (sotonic Exercise)

I3 o w a ) 1Y & A 1 & o a
WUN199NNISINIELUVNNITUARIVDINAIULUD Iﬂﬂmﬂ?quﬂqjmaﬂﬂaqﬂLu@llﬂ']iLUafJ‘LlLL‘Uaﬂ
o ~ « % 3 44' I a P a
LLag'E]'JEJ'J%Nﬂ']sLﬂa@‘UIﬂEJiEUﬂ'J']lILi’ﬂUﬂqiLﬂﬁa‘UIW'ﬂﬂsqum 60 99A1RABIUIN LUUNITUINIS

nanuilonndIudg 9 Pessmelagimuauininaulunseenidsliniinasniia fananslu

= o w A v ~ ! a 5 v A a v
Eihﬂ 2-21 LLaﬂﬂﬂ']i@@ﬂﬂ']aﬂﬂ']ﬁJLL‘U‘UVL@I‘UIVIUﬂWJEJﬂ']iLﬁEJEJ@lﬂﬂ ﬂqfﬂﬂguﬁlﬂuq‘lfiUﬂLW@LW@JLLiQGﬂuslu

A1598NARINY

<

JUN 2-21 Mseenidinewuulalelniin—mdenaan

fisn: http://www.jneuroengrehab.com/content/9/1/35/figure/F1
2.3.2.2 1A50900n71890 18 WaUTNIT V04

\nseseenidsneiiiouimsdern fiflegluriosnanlaiunisesnuuulsivinelimanslvmn
W 1ASesUsInanaile CON-TREX® °I,u§1h7i 2-22 @11155895UN1508NAAINEWUY Lolamuufn,
lolown3n uas lelalniin wiondaaalulofiouun 1ndsseeniidinieriiousmstemidnuas i
wtesamlunisiauuazyseansnings willmangenuluime Jsdlilanizaniungiuiaruinlng
vy duiifiedesdionuud

\nseseanidsmeiiouimsderinfisiangnuasdesldluaniuneruianily léud NK-Table

WARRgUN 2-23 dalasesdsenaumguidaliuenlavseaisuiiumsiadeulmiluudazdie ansu
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druidliedndngrmsiadeulmvesnisuimsuasiiiewfsurunausingluvesunsiadeulng
biUaeaunsaseniasnieuuulelalniinls usegelsiniunisld NK-Table dulusaaldsunis
aualnadnanntinnignmidavseneuagauanininudiung Wewine1asiindunsieiugUay

TaunlamesieInIuanng

JUN 2-22 1A3898anMAINIELNDUTITUBLYT CON-TREX®
sossunseanmasneuuy lelwAiudn, leluwnsn waz lelglnin wiendygralulefauua

fian: http://www.physiomed.de/index.php?id=1094

UM 2-23 1ATeseanidinesiieuImsteidn NK-Table
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2.4 STUULATDVIULALNISITDUADDUNDILIIA

e nanvarvesszuuinmulazaunsaldlsmiegiinisuazgUlglunisviinieaminda

| a0 & ¢ ° o w ° v a 1y s v
NIULATRVIYADAITUU Q‘Uﬂimm‘ﬂUﬂqiﬂqﬂ']EJﬂ']W‘U']‘U@f\]SVn‘WU'W]'E]']uaiymvﬁlmvlﬂ/\lﬁqzﬂqﬂL"?J‘L!L"'UaiLLa'J

wandudoya deyadinanazgnadweluduaseudsiesiunessuuniotieduvesiids Joyai

Y Y
@

Wususlbiszgnihlvdssnanaiiensinnunave wdmtinguransesinnienmiriasely

aeliuislavid@nwnunudnvazvesnaluladeing  dnumulalulagiuisauisatunviuldiv

seuule
2.4.1 STUULATDUNY
2.4.1.1 vgys (Bluetooth) [16]

wesgruiidudeinuadmiunisdearsuuuliaievesaietdnediuynna (Personal Area
Networks 138 PAN) ugysiusgaeligunsniddnnselindanunsaiyensdefsiulalagriunig
A a ' I = D] a s 1 d a ¢ & v oa 1%
AawIng ldinasdu Insdniilledie mewfimesdiuunna asesfiun 1Wudu Suuwsnugysgnasia
= A 9 vao o e A 5 9 o ] ) Y °
Juunieldiulnsdnwiiiede Fanestuvesugnslulagiuauisavitausiudugunsalldndaaue
wiu gunsalduesnTiadunianiswnmg Wudu wazdaunsadsdeyaludgunsaldearsiinenasiv
a ¢ A A v < Yo | v 1 a 1 a = YR
Aouwasiarletiomenuiigs Inglddnsinisduloyasy® 3 wnsdnsedunil (Mbps) n1ssuds
Toyarmuiagavesugysliuinsgu IEEE 802.11g lnganunsadslaszaznia 200 Wansasdady
wmsgrunsasoyaliarenly deyasudeninuiiigeuesugysivinligiaiunsodaiiuniniale,
WA wazgunmseinalnsdwidlens Aeuiiunes uazin
ALAUVBIUGNS
- awnsaldnugunsalddnvseindsnee laegwazmnauny
- sswdnumsdadeyadslignunsnussteyaniiisuiumalulagodna NFC (Near Field

Communication)
2.4.1.2 Wi-Fi (Wireless fidelity) [17]

waluladfildsuanudeulutagiuifidaeligunsaisidnvsedndarusnsiinig
waniasudeya nieideuredumesidnuuuliaslaiunisnduing Jsansnsoinauldni
u1RI§IuYedLAIeTeABNfiNnesuUUlas Feoguuninsgu IEEE 802.11 lasn1sidensofy
dumesiinvesgunsainamisingn lidandu aesfiunesdiuyana ta3euauinud Insdwiaunin

Ty uiudn ndesPaviauazinsaudssidvia awnsavinuldlaediugunsaliisenin weasaness

= a = ° s 1l Y & o
Y PhEREGIRI ‘UiL']ﬂJ‘Wi%EJS‘V]']ﬂ'ﬁ‘U@\TLL@ﬂL%aW@ﬂ@ﬂi@Uﬂqu@%mﬂiﬁqu 20 Luﬁ]ﬂ,u@qﬂqi AU UN
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Tawdsweldszosiilnanind Wi-Fi fnnuvasadelunisideusefudumedidntesnimuuiians (wu
Ethernet) mszgyngnlaisiiudeadoudenisnionin dromnid wi-ri Ssldfmunmaluladnig
\NSITER19Y LU WEP, WPA, WPA2 (Jusu Lﬁ@lﬁuﬂ%'jwQ‘LJﬂiiﬁﬁléﬁumil,%amiaa']miaﬂmf“fumi
Taudle
AUAUYDY Wi-Fi
- apaldanglumsnessuuedetts dmsuusnaildannsasasiadale

- MSWNSIE Wi-Fi Protected Access (WPA2) fa31fiaudasnneiin

24.1.3 Zigbee [18]

[ 1Y

wnsgrunsdearswuuliateiiidnsinisfuditeayaninuniaeii Sudideyalates Tu

Y

Jruenady F9UNEIUAT wars1Agn YibraunsasessuTEuUNEnIAIoveL YUY RS LTaNY

(Wireless Sensor Network) 19 @95zuuLasaviewuvtazaiuisavinaulannaniuin wazeslounudu
q ]

= o

wowdul Jumngaudmsuldausmunisinnuiseds (Monitoring) sing  Fanalulad Zigbee 1

T szynddiniuausig 9 1w ssuudnlud® nsaruauszezlna Wudu lag Zigbee lHu1nsgu

§ @ s

IEEE802.15.4 14 FaugUnsalifwmasvuinidnrareindimidulunisdearsdide

'
= L% =

atNU Y

edﬁ

'
[ Y =

wuwesudaiiaglindinum dedyarnandinisludndmisiueiuing wazdwaiuluses

)

urldunisaeansluesevieniluseansnw
ALAUYD Zighee
- Tandsulsednsumaluladzeansiianyssesdu

- guUnsalfldilisnagn udseAnnsaznsguaiives
2.4.1.4 3G (ssvuinsedrelnsanviindaeun) [19]

A 1 o '3 d' A a 1 [y o o/ v A a g
i%‘U‘ULF"Ii@‘UWEJIV]iﬂWV]LﬂaEJ‘LWIL‘U‘Llﬂ'1i@ﬂG]EJﬂ‘LWl’]QIVI?FYW‘mﬁﬁ’]SiﬂﬂisﬁﬂEiUﬂ’JﬂiJﬂL‘U‘L!‘WTWS

Tnedagtusezldmaluladuaaesoviglnsdwindounlugan 3 Faduszuulvsdnsindeudlsans
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a1 o aa =]

Pdsdyaauuussuuiinea gallanunsaldnulanisssuuideasdoya wilinsiuuszansamly
n1ssvdstayalvisiniivuninlugan 2 dnrsiauimalulagdimiunisdeans lawn WCDMA,
HSDPA, HSUPA, CMA2000 1x Ev-DO visllszuuiasevielnsdniiiniauiorawmunlufisyail 4 &9
= o & A AV v A Y oa a a Y % 1 ! a ~
Juszuulnsfniindeunlianeilamudssansanlunssvdsdeyalvsiniiduninlugad 3 dns
Wanwealulagdmiumsdeanstoya loun inalulad LTE, UMB
ALAUVRY 3G

- enusigslumsidewsio n1sAnse wariudiloya
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2.4.2 @593

@snnesdmsuiutoyandwnngansiainiiaudAysdessuuinaunazaunsal
HremdegiinisuasUiglunisesnidinie @snessedinnuadssuazaunsasesiunissanuld

v v

Wueded nrsidenldi@sniiestuegiudnyazauiivhuazaninwindeunasnauninginsyanai

5895V TunN19398asLduLies 3 185WLIasuanAa Windows Server 2012 R2, Linux Server hay

Embedded Server
2.4.2.1 Windows Server 2012 R2

Windows Server 2012 R2 18 uszuuufjinisiifmuniulaguismn Microsoft Faiqauds
MaduALERESYRIsEUU WasanimuntuunieDunnanedaliuisyuuulnevesasding Tned
SnwnisianzUessEuy Sewelud [20]

Lawsaradendsrnediaiouldnatoniodudsiinesads ildaunsaldninensi
amuldudlfogrndni somalulad Hyper-v ﬁﬂ%ﬁWMiﬂWmuisuuﬂﬁﬁamﬁi@hq o AU LU
Windows, Linux Wagssuuufiinisaulsmien q fuuuedeadimnesinieadesiu

2. anunsaldimalulagnisiivdoyaiu storage area network (SAN) wazgunsaliiudoya

Y
& v

umsguvlldRuiunmsamu dldeuesinfiuieyaiitussansamuazidedelsnasaia

3. anunsaviuasussuulildauseldegemlusi@iile 13ned gunsaliiuteya uay
ssuuseteudiitynilneisvernaiissuuldeulallsiudunnn

4. aunsndanadsuneslaiguasiilaegenluds

5. seasumsldnuivuarivsunsuussgndldvanvasslusuuvuitluuazsUuuures

Cloud w3ailuguiuuanuaunla

6. fiszuuinwanuaon fedeyaiifiusransnimsisluguuvuiiluuagsunuuves Cloud
vioiduguuuugnuaunle

spUUUFUAN1T Windows Server 2012 R2 finangiiestu iesesiumsldiuvesngugiia
wazasAnIusiazUsEian [21] louA

1. Windows Server 2012 R2, Foundation Edition @5ui@sniiesiounusyadn sa95uiies
TWswawesifen waghisosfunmsviiaiosreufiumesialion wWuinsusenda wanzdmduldauly
ssfavunaniaefifnuaEaliiy 15 au

2. Windows Server 2012 R2, Essentials Edition ds13uldsuiaosiounyszasasesiuns
THu3nsuun cloud sessulUsiawesgeanld 2 i uarsesfumainaiesnouiimesiaiiouls 1

d' ° v § v a & oy I a
LATBN LW@J']%a']‘WTUI“ZN']u&LUﬁﬁﬂ{'ﬂsUU']@LaﬂI@EJNQQWUQQ?!@lNLﬂu 25 AU
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3. Windows Server 2012 R2, Standard Edition vJu Windows Server LﬁugULL‘UU LAZIDISU

° 5 a s A 1% = ° v g v a =% a 4 a '

nsieIesnauitmesialiould 2 teses wgdnsuldnulugsiaddiinIasreuiiunesiussuuly
a M vy v ] A a s A 3 Y}
wnnussldlafinudesnsldnuasosrenimesiatiouduman

4. Windows Server 2012 R2, Datacenter Edition WJu Windows Server Lﬁug‘du,“u‘u 5

sosfumsvaTaspeuiwesaloulaludnie wnvdmsuldnulussansaualug Fedinennaiadu

aueguuAIaseumesialouwaziinsldausiuiuszuu cloud me
2.4.2.2 Linux Server

Linux iJuszuudfoansdeldfunmsiauiuainssuuufoanig UNIX Tasainusauiloves
dnimuhumassuuieietedumedidn Madiuandte Linux fvantulidauloamsaldauld
v wagsmdssensuilinnudnifiuiefudoRianatn uuammamsiam wayausailelunsiam
TiAn Linux 1estilusl 9 8nde Linux anunsavieulduuunaisaiu (Multi-tasking) vanefld
(Multi-user) & X-Window 1Hugrufinseglduuunaiin fdatuayuszuuiaiodislénainuais
Uk [22]

AT Linux Sineasdendal (23]

1. @wnsanulnanszuuyfuinig Linux unlglans

2. ansnvhaulduuedes PC ifimireuszananananadaus 80386 uly Juduiedosdis
Mg wazatuayuaUnsaiievnadu WU TRsen s1infan uaviAosRu

3. anunsoldugunsalonfaufuuedesldogiadiuussansam esnanunsavhauniou
furae 9 ulaegnesinga

4. Juszuuiiiivszaniain ilesanndeunnsesazgauilusdresimirongléanunay
tiniannislegunn

5. $993UNTNULUY Multi-user Multi-tasking

6. ansaldausiuiu DOS way Microsoft Windows L@

7. aﬁuaymsuulwa‘ﬁuaﬁzuuﬂﬁﬁ’@ﬂﬂi?iu 9 LU DOS (FAT), Windows 98 (FAT 32),
NetWare (NCP), MINIX, NTFS 1l annsaloudedeyasswinaiuladneg

8. \usguuuuRnisuuuita TUsunsusing 4 vy Linux gniandneluniauriu Source Code

Aldemuansauulsaudlulsunsusng 9 auaudenisla
2.4.2.3 Embedded Server

Embedded Server %38 138131 Embedded Web Server (EWS) 18ussuufiusenaudae

wihgUszananaildlulasluswaweiviolulasaeulvsamesilumdn susimemenmineinluay
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Usgnauseusinaasfissisuinidniliundsinglinsaainneusnuazioudefuszuuiedotiosiiy
yawesn RI-45 uananil unsruvetasiidetuiindeyalusunuunes SD card [24]

U550 m Embedded Server fimthsUszananaiiiieanadmiunisliuinaiivdoya
Aududoua wasdunisauiifuanuien (single thread) miasausitldiis ROM waz RAM
Tnghluiivuindrda Inslnaeandniild Ao HTTP viligldamnsniSenlduinsmeiuusiees
mluled szuvufoinisildesiivundn vieursszruuennaglildssuuufuanig faedraves
Embedded Server 14U OMEGA iServer EIS-PCB [25]

Embedded Server ffnwmsaunateysznis fail [26]

1. 14 HTTP Wulnsineoandn dlvianunsoldoulussuuiiasiuld lignladulasgunsal
\rev1e sessumsldanusiuiuusnmesmlule

2. TunsUszanana lidndusedddarnuivemheyssuianagaianunsoUssiianala

3. lumsiutuiindeya lidndudeddmhenrmdiidvunelg

a. hiflszuudanisinddeya Timheanudineluieiuteyaiiazdslulmilognieavean
ALY

5. Wumsvhaunidnvasdunuien

6. TANVAUENNAEAINVUIALEN NANIE Andaiieltaulaazain

2.4.3 SxUUUTIUTINTRYS

] v

SPUUNUTIUTITayaidunnnsestiaiadnnuddyrossuufnnuuazaunsaltiemiey

Y
finsuazgUaglunmsesniidinie ssuuiiusiusudeyadedianuaiosuarainsnseasunisea
Idueg1ad nisdenldssuuiusiusindeyaluegiudnuuzauiiiiiazan nuindounaenau
NINeNTYAAaNTRITU Tun1siduasiiunsAinwiiies 4 seuundnde AIRS, Mango, SensorMap Wag

SOS
2.4.3.1 32UV AIRS

ARS (uganviwisniiauaunsatun1snsiatn wasiuiufinA1vesdeyasin Smartphone

' 1
g a v 1

Mdsruud)Uan1s Android Teyadneuiweinanntagnielu Smartphone #sovayavaeseuy

Y

Insémiiies wenanfidsanunsadousionuaunsainteuen lagnnu Bluetooth lawn nsinaduiila
N13IAANNAU M3indaznisiiuresdnes Wudu Jeyantuiinlilauisadrdmsisiuasld

Usglenllumsseldld dwsunsiiuteyatiu dldnuannsadenmaiuiuiindeyals 2 sUuuy

TowA wUU Local kazuu Remote [27]
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Eﬂ%ﬂ’lUﬁ’lﬂﬂiﬂﬂﬂﬂ%ﬁﬂ waz@AnAg AIRS UU Android Smart Phone 1#21n Google Play

Store Inglyifianlgane
2.4.3.2 3¢UU Mango

TUsunsy Mango [28] tumenulslotnusesa wuy Machine-to-Machine (M2M) 1Ju

Wsunsuiiarunsafndedearsteyaseninuguigaiiuroniiuisninnusguuiaioudsnies

[
(Y

TUsunsa Mango agsinanuuudsnnesfundn Tsunsudouiugie Ajax nsanalnanuasfing
ansavilaine Wesnidulusunsufiweunslaldng wavannsafnscuuunaniesuiivanwang
a1unsadnnIMsiniadeyaveddld  dsruu Login wazsruuwdLAeU ansasuteyadingunsal
Su ‘ chuiwﬂmaaﬁaﬁumgu lawA  BACnet I/P, Modbus (ASCIl, RTU, TCP, and UDP), 1-wire,
SNMP, SQL, HTTP, POP3, NMEA 0183 uag Inslvaeadu q fiamlaegndnsniauifiileidonse
iU Mango [28]

uanNTlUuNTN Mango Ssatiuayuundstoyaiadsdudiolivaaouniowiouiiouszuy
3u 9 8ndae Faaru1saniailnan TUsunsy Mango 1é# URLaeos vFuled Maneo

(http://mango.serotoninsoftware.com/home.jsp)
2.4.3.3 3¢UU SensorMap

SensorMap L¥u Application wils fiuanaadoyaivuwesuuunud waziiniosdlofltlunns
\FonUszananadeyawumedileuaniidoyaivuwesluguuuuidldfeanis s SensorMap aunsn
Wannldanaenvuadlifinassuiuiueu

Tl w2553 - 2555 U Microsoft ImsAnuAdeifeniu SensorMap ldsrusadoya

¥

wuweslunatgiuiudniteyaunaniralagduunnuussianvesguees 1uITedull a1wnse

L val

Wuswmsluniswaunliwnanaulale [29]

Y

2.4.3.4 53uU SOS (Sensor Observation Service)

sos 1Julnsinaeadisineueglunszuiun1s Service ¥es Sensor Web Usgnousiag
nszuIunslunshauvesssuy feelull (301

1. SWE (Sensor Web Enablement) {funseuaiufaiifmuiuiiedouleslasadioves
gunsalnsiadn Wanunsauanidsudeya wavvieuswiulfiussuuiaiededumesidnie web
Service Technology TagnseunwAni AsouAaUIIRTEILMTILTINRLYEY OGC, OASIS, IEEE
wag ISO
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2. OGC (Open Geospatial Consortium) letnseuaiuAnves SWE wimudugalnsgln
Aoafiutsnsviaueenliiu 2 ngu Ao Services Protocol Wag Data Encoding Protocol

3. Inslnaea Sensor Model Language (SML) tusnasgiudifimuauuidalassaiiauagnis
hsiatoyadidunnsgiudmivteyasivasidoanasauandiveaniomsaiaieldlunis
uaniasudeyarinuaietnedumesidn 1Wunisuinnsgiu 0GC Tunin Sensor Web Enablement
Te SML atfuayunsrumieiomsain lnsmsszysmuveuniomsaialiidunidnuazannsa
duuldriueietnedumediin lnugneenuuuiniiessuredeyavesnisinsiaiauasssuuiaios
n3in waraunsadangu uasdansadlagldngunamianie wu an s s

4. InslnAea Sensor Observation Service (SOS) tHumasguiliuinisnisideuse Lilo
Fanistoyairdesnsiniauaznisiesvedeyaiildainiaiomsiain Tnslamedeyanisdaunnnisal
Usngmsninneg 9nia3ewmsaniavarnuaneUssan lidandueiesnsatniideegluanuiid

= ¥ a

ABIN1IATIVIN 19U 1ATR9NTIVTNUTINIHY nTInTIvinsseslng (Aflsusuanliouingd)

o A

wwosnmtaussinniadeud (sansrauafiviadoud)) vie wdewmataiinegiud (@nifinsiatn
pINFNIATILAL)

5. MyhausmAusEning SML wag SOS 1Weea1n SOS uay SML inadulnsinasanisly
1195514 OGC Tumuan Sensor Web Enablement %Qﬁwmu'ﬁ'gmﬁ’uiugﬂl,muéfuwmmzﬂmsmw lny
sos Wisuiaiieudulnslnaeavarsmsiidusudenloadoyaainiaiomsaiasiig o ieamsn
Fansuarfosvedeyaaniaiensnatn faunsassydnvazionzvesaissmsainudazils ne
rulnslnaea SML viwihiissydeyaseasifoauazauantiveniomsain uazdanguues

anwazesenTvialagldngnaeiang Weauseduaulaiuasetiedunesiie
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LLUNTTANLHUY

lAsanNsszuuianukazaunIaitiemdeginisuazgUaslunsimennitdariuaieune

doansil WJumssmemAdeuasiam 3 ssuu Wimeiuneluguddaasuaunimaanansly
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doans
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a

- szuvAemuskargunsaltigesniaineverUiglunisvimenindidn (sa. yayasey

o

s

WARRRANY e, g3zna 1BuTuues 36 A3, ig) Jualies wnngnduily é"uaqa
WaE WAL Weduns)
- syuueSetnsuassdensedumesidn (as. naa ysewdludie uas sA. as. LA3N
T8 NeIny)
sEUUI 3 szuudnady asinulsrautuiiueietisuasdonreundsannigiu (Base
station) iileienselufiszuudumesiin Fuumndivarensanunsaiiianiunisvinienmsade

vosinsukaziUigld Teazideamumailavacusiayseuukansiaindesaeall

vinsiea
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JUN 3-1 szuvdnmuwazgunsalhiewiedinisuasdUiglunmsyihmenmindnsueseingdeans

3.1 ssuuAnanaratazUszaanan wdmivdsmaaginisuazguaelunisin

ANYAINUIUA

sruvUszanananinalunsaidiulszgndldlunisvrgidedUisuazgiin1slunisvia
menmirdadmiudieegndlnaainaniuneuia anadugeenlunisldiaesilalaniznimse
nMsfaRagLge IR U waransaiudeyaliunglinissneinegslnald lasamsideilaue

[ | =
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wasulnuieldlugUlienilymdelvddin waznisinusumsveatiieldiugunsalaenideniy

AUz UenRNUnaINTISHIAR AwllTgaBenlurinde 3.1.1 wag 3.1.2 Auawy

3.1.1 wuafnszuvUssanananInd niunisinesarvasnisiaaaulnadeluainaldlugUeni

Jgymdialuann

JagtugUrenidgmiieriudelrafaiiuinduiaglasunssnwininienaindidn lnenaly

v & o Y Y d‘l
waunssnwIwuY Face to face therapy wazldgunsallunisinesrvasnisiadoulnilunisnsia
Useiliu WU 3D motion analysis, Inclinometer, Goniometer #3U19%8AB13851AN LN UL

gunsaimenansewuwgesidelinuslunmsldonu Juhlugtisieglng vieauldiiadoulns

2
v A 1 a a = a

wsldduan fianuldazainuazidenatlunafunanilsmeiuia uazdellaldseaiugusn
Fetfundsndfiaeldsunsinvanlsunsunisiluyaussanimnianiefitiu (Home based
rehabilitation) 3efia1usnduiidemunaresnisuinisirsneauldsunsuduldfifesda
wrariunuideifniaueBmnnassiiusesiamunadniumsiaesmvaimandoulmde
valaeldgunsaisunmiimisie :1angn ansadiesziasiivieyaifiodedoyaliiuginunie
Tsameunaiiogrnslnale

szuuiitiaued Funmsfunmangunsalfunim wu ndeadunau udwihnisuenam
fuapaenanaINuds nasntuin s wisunuaILe 9 983319neaInamEUasiuen
penInNtuReurewntg Wy dwlva didle deldmumistunuvesdiusing 4 vessnene
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gﬂﬁ 3-3 Flow-oriented IS (Triflo lI®)

msaaﬂﬁwé’ﬂmsJﬁuwuLLasmiGmmJizLﬁumiﬁuwuﬂ'%mmﬂamé’wmﬂ%’ Triflo 11® 1Jun1s
pIvInnnussgaeImAniodnsnsinavesenmiannglufiaunsaidaduusnanasianis i
nsdedeayareinisinienmindaldunmdaiunsainlaenisnsiaduaimgunsal Triflow  ua?
lluszinanauagnsiaindnsnisivaveteinmanmsaseiivesgnuealugunsal Triflo I®

iwwszmawamwLTJuWNLﬁaﬂuﬁaﬁwmwamé’m%’umii’ﬂﬂ%mmﬂaﬂmﬂqﬂﬂsfﬁ Triflo

v v 1 ]

I® tosnnasansiaialalaelisesinwlatgunsal Tri-flow ieRnddisuen Wy flow sensor
%39 pressure sensor vilvgunsaildiinnisialuavesainia ann1sinensonisgaienas
wlanvasudiluneluszuumela msvinieamiitalagssuudssanananmdmiuianiuns

e iisaitensHuyUiinsUands

Ul 30 unuAmMTIOuTessEUUYsTINanan @ msuAanunsnienwidaiiiens
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wvhmssunm (Data Acquisition) n1slésmugunsal Triflo 1@ 9ndudamsrafuuasfinnu
(Object Detection and Tracking) fiuisvesgnueanielugunsal iilevdunimiennugsuesgn
vsauazafillunisaseiivesgnuea sduamUIInsUeauazufinua (Computation and
Recording)
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Data Acquisition

Object Detection

and Tracking

r

Computation

and Recording
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Physical Input

——» Pressure Sensor
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Amplifier

LED display
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mannldegedugrang Ferdsnanvggnitrualaewnmdrsetinnenmdidn lny
ARanaMaAzTuegiuanwuzveinIvisegUlgufaze uasidagdUun1viveinisvi
menn1Un

o v & v = v vy =9 & =l o
medeyaresnsiaiiuteyaninsinialaainlusunsunisiinvesgunsalitldlunisyin
nenw (Patient Week) tngldinudoyadadunasnnisinaangunsalfnniuuay

gunsaltimdelunsinenmiidanmuaneglussuy

To-e-coeo/& a4
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A15197 4-6. 3 edeyavesALuziuAitevseginsdmsulusunsunsEinnenwaausiay
#Uansi (Feedback) TnsiAuteyaduuziianunnguieidmiingruianietin
menmiUdaundisuagdiinisiunsinignmdida

a19efl 47, ns1edeyavesdldaussuuioman (User)

A51a7l 4-8. eteyavesuszAlusunsuAsEinnenmtdmiuensodintsusiazau

Y

(Patient_History)

To-e-coeo/&w a5
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U7 4

U

4

Threshold

Threskold_ID
Patient_ID
Device_ID
Device WO
Action 1D
Week NO
NoDayinWeek
MoSetinDay
NoTimeinset
Threshold_DateTime
Threshold_1
Threshold_2
Threshold_3
Threshold_4
Threshold_5
Threshold_6
Threshold_T
Threshold_8
Threshold_9
Threshald_10
Staff_ID

Device

6

Feedback

Feadback_ID
Device_ID

Device MO
Action_ID

Week_NO
Feedback_DateTime
Feedback_Comment
Fatient_ID

Staff_ID

User_Email

User Telno

Patient

Fatient_ID
User_ID
Fatient_Sex
Fatient_Sympton
Fatient Email
Fatient_Telno

3 —

Staff
Staff I
User_ID
Staff_Sex
Staff_Position
Staff_Email
Staff_Telno

Device ID

Device WO
Device Desc
Action ID

Action Desc
Measured_Counter
Threshold Counter
Mezsuredl MName
Messuredl Desc
MazsuredZ MName
MessuredZ Desc
Meazsured3_Name
Messured3 Desc
Mezsuredd Name
Mezsuredd Desc
MessuredS Mame
MezsuredS_Desc
Messuredd_Mame
Mezsuredd Dasc
Messured?_Mame
Mezsured?_Dasc
MezsuredB_Mame
MeasuredB Desc
Measured?_Name
Mezsuredd_Dasc
Mezsured1d_Name
Measured1l Desc
Thresholdl_Mame
Thresholdl_Desc
ThresholdZ Mame
Thrashold2_Desc
Threshold3 MName
Threshold3 Desc
Thresholad Mame
Thrasholdd Desc
Thresholds Mame
ThresholdS _Desc
Thresholds Mame
Thresholds_Desc
Threshold?_MName
ThresholdT_Desc
ThresholdB Name
ThresholdB _Desc
Thresholdd_Name
Threshold? Desc
Thresholdld Name

Threshold1® Desc

PatientWeek_ID
Patiert_ID
Start_DateTime
End DateTime
Week_NO
Day_NO

Set NO
Time_NC
Device ID
Device NO

Action 1D

Mezsured Valea 1
Mezsured Value 2
Measured Value 3
Measured Value 4
Measured Value 5
Mezsured Value 8

Measured Value 7

Measured Value 8
Measured Value ¥

Measured _Value 10

Patient Week

8

PatientHistory

-1 AuALTUSYeINNTloLANIMIATBTYUUSEUUARM UL gUN Sl LD

To-@-coeo/&x

User
User_ID
Usar_Mame

User_Fasswaord

User_Level

PatientHist_ID
Fatent_ID
Start_DateTime
End DateTime
Week_NT

Day_NO

Set NO

Time_NC
Device_IT

Device MO
Action 1D
Measured Valuz 1
Messured Value Z
Measured Value 3
Measured Value 4
Measured Value 5
Messured Value &
Measured Value 7

Messured Value B

| Mezsured value 9

Meazsured Value 10
MoDayinWeak
NoSetinDay
HoTimein5et
Threshold DateTime
Threshald 1
Threshald 2
Threshold 3
Threshald 4
Threshold 5
Threshald 6
Threshald T
Threshald 8
Threshald 9
Threshold 10
Staff_ID

U

nnisuazithely

a6
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M3 4-1 M31eteyavesgunsalldlumsvitnienn (Device)

vadoya

Aresuredeyanidmnulugiudays

v

UAYaUA

Y

2

Device ID (9)

savesgUnsaluennuuiin device type

v @

$19N93, varchar(30)

Device NO (9)

qﬂﬂia}uﬁmﬁmﬁuﬁaﬁ 1,2,3,... device number

v @

AIBnNwys  varchar(l),

ALaY int(4)

Device_Description

mesugaUnTel

Y8AIY, varchar(255)

Action_ID ()

ngLavanwEyimIensidaugUnsal

v @

#19N93, varchar(30)

Action_Description

anwaevimanslidagunsal

Y8AIY, varchar(255)

Measured Counter

VAN lavesgUnsal

AaLa, int(11)

Threshold Counter

IUIUVRIAMVIUAYRIgUNTA]

fiataw, int(11)

Max_WeekNo

12
6 &

AvesdUamigandmiuldgunsaliu

AaLa, int(11)

Measuredl Name

N R ¢
Fovosrinlen 1 vasgunsal

Y8AIY, varchar(255)

Measuredl Desc

A0S UNEYRIAITIALAT 1 vesgUnsal

48AY, varchar(255)

Measured2 Name

Fovosrninlen 2 vasgunsal

Y8AIY, varchar(255)

Measured2 Desc

o a | Ao vl L3
AedUNEVRIMNIAlAT 2 SU'EN'Q‘UﬂiﬂJ

Y8AIY, varchar(255)

Measured3 Name

Fouerinlan 3 vesgunsal

J8AY, varchar(255)

Measured3 Desc

o a I Ao vl L3
AeduNEYeIMINIAlAT 3 SU'EN'Q‘UﬂiﬂJ

Y8AIY, varchar(255)

Measuredd Name

Youerinlan 4 vesgunsal

48AY, varchar(255)

Measuredd Desc

o a I Ao vl L3
AeduNEveImIIAlAT 4 SU'EN'Q‘UﬂiﬂJ

48AIY, varchar(255)

Measured5 Name

Youprinlan 5 vesgunsal

JaAY, varchar(255)

Measured5 Desc

A0S UNEYRIAITIALAT 5 veIgUnsal

48AY, varchar(255)

Measured6_Name

N R ¢
Fovasriinlai 6 vasgunsal

Y8AY, varchar(255)

Measured6 Desc

A0S UNEYRIAITIALAT 6 vasgUnsal

48AY, varchar(255)

Measured7 Name

Fovosninlen 7 vasgunsnl

48AIY, varchar(255)

Measured7 Desc

A0S UNEYRIAITIALAT 7 vesgunsal

J8AY, varchar(255)

Measured8 Name

Fovosninlen 8 vasgunsnl

Y8AIY, varchar(255)

Measured8 Desc

o a I Ao vl L3
AdUNEVRIMNIAlAT 8 SU'EN'Q‘UﬂiﬂJ

48AIY, varchar(255)

Measured9 Name

Fouerinlan 9 vesgunsal

J8AY, varchar(255)

Measured9 Desc

o a I Ao val L3
AeduUNBYRIMINIAlAT 9 SU'EN'Q‘UﬂiﬂJ

48AIY, varchar(255)

Measured10 Name

Fouerinlan 10 vasgunInl

48AY, varchar(255)

Measured10 Desc

AesUIBTaIANIAlaN 10 vasgunsal

Y8AIY, varchar(255)

Threshold1 Name

Foupsrninvuai 1 vosgunsal

J8AY, varchar(255)

To-@-coeo/&x
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vadoya

Aresuredeyaiidmnulugiudays

viiadaya

Threshold1 Desc

AaSUIgYRIAMUATl 1 vesgunsal

Y8AIY, varchar(255)

Threshold2 Name

Fouosrnuai 2 vosgunsal

JaAY, varchar(255)

Threshold2_Desc

AaSUILYRIAIMUAT 2 YesgUnsal

Y8AIY, varchar(255)

Threshold3 Name

Fouaarivuai 3 vesgunsal

J8AY, varchar(255)

Threshold3 Desc

AeSUIEYRIAIIMUAT 3 vaIgUnsal

J8AY, varchar(255)

Thresholdd Name

= I o N ¢
YRUVDNAININUAN 4 GU’eN’eJq‘Uﬂiiu

Y8AIY, varchar(255)

Thresholdd Desc

AeSUIEYRIAIIIMUAT 4 veIgUnsal

JaAY, varchar(255)

Threshold5 Name

= o N ¢
YRVBIAIMNINAUAN 5 GU’eN’eJq‘Uﬂiiu

Y8AIY, varchar(255)

Threshold5_Desc

AeSUIEYRIAIIMUAT 5 veIgUnsal

48AY, varchar(255)

Threshold6_Name

= o a' ¢
YRUVDNAININUAN 6 GU’eN’eJq‘Uﬂiiu

Y8AIY, varchar(255)

Thresholdé_Desc

AOSUIEYRIAIMUAT 6 YasgUnTal

48AIY, varchar(255)

Threshold7_Name

Fouaarivuai 7 vesgunsal

48AY, varchar(255)

Threshold7_Desc

AaSUILYRIAMMUAT 7 vesgunsal

Y8AIY, varchar(255)

Threshold8 Name

Fouearivuai 8 vesgunsal

J9AY, varchar(255)

Threshold8_Desc

AaSUILYRIAIIMUAT 8 YesgUnsal

48AIY, varchar(255)

Threshold9 Name

Fouaarivuai 9 vesgunsal

J8AY, varchar(255)

Threshold9 Desc

AeSUIgYRIRIiMUAT 9 vesgUnsal

4aAY, varchar(255)

Threshold10 Name

= I o N ¢
LYRVBIAININUAN 10 EU’EN’Q‘UﬂiﬂJ

Y8AIY, varchar(255)

Threshold10 Desc

AeSUEYRIAIAMUAT 10 YeIgUnsal

48AY, varchar(255)

A5 4-2 m3eteyavessthednlusunsunisinnenin (Patient)

A v
Yovaya

o _a v A & v
ﬂ’laﬁU’lElﬂJaa;ljaVIﬁmLﬂ‘lﬂug’lmjaga

viindaya

Patient_ID (¥)

saUsEdsnvesUIenTein1g

AaLa, int(11)

User ID

BV GIISERIVEEATY

A8, int(11)

Patient Sex

AR UIevIeEiNNg

v @

#19N93, varchar(30)

Patient Symptom

LsaUsgddgUIeviseding

48AY, varchar(255)

Staff ID

S9AUTEIRVRINNEUTBUNNEANTIUR

AaLa, int(11)

To-@-coeo/&x
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3197 4-3 M5 ndeyavesyldnu wwnd dhnmeamiide) (Staff)

Fodoya mesueteyafidaiulugrudeya viiadaya

Staff ID () sWaUsEAfvesnndvisetinnenmdidn ALa%, int(11)
User_ID EVGISERIVERATY a9, int(11)

Staff Sex iR Ly A18nws, varchar(30)
Staff Position Gﬁwﬂwﬁwﬁ%q;ﬂé’fﬁm YaAIY, varchar(255)

A1519% 4-4 ﬁ?i?ﬂﬁ@yjﬁ%@ﬂﬁ’]ﬁ’mu@%@ﬁLLﬂlﬁZqﬂﬂiﬂjﬁq‘ﬂ%"uiﬂiLLﬂiﬁJﬂ'ﬁE]ﬂﬂ’]EJﬂ’TW (Threshold)

A v
Yovaya

o _a v A & v
ﬂ’laﬁU’lElﬂJaa;ljaVIﬁmLﬂ‘lﬂug’lmjaga

viindaya

Threshold_ID(¥)

B G R TRFET Rl R iV

AaLa, int(11)

Patient_ID saUsEdfveeUIevIeniing e, int(11)
Device ID siaveringunsainldlunsnieaminde i9nws, varchar(30)
Device NO Qﬂﬂia}nﬁmﬁmﬁuﬁ’;ﬁ 1,2,3,... device number | $9nws varchar(1),
ALaY int(4)
Action_ID mnearanYzyimIensideugunsal Miav, int(11)
Week NO MNELaTU0e week vn1smenmstn fia, int(11)

Threshold DateTime

FTuwazantunsldnumvuaaigunsaiin
MenMUIUn , DD-MMM-YYYY HH:MM:SS

YDA,
varchar(255)

Threshold 1

AfmunvesgUnsaintdlunisyitnien nauue

fiataw, int(11)

Az week
Threshold 2 AmMUAveIgUnsal fia, int(11)
Threshold 3 AMMUAYeIgUNsal A, int(11)
Threshold 4 AMMUAYeIgUNsal faa, int(11)
Threshold 5 AmMUAveIgUnsal fia, int(11)
Threshold 6 AMMUAYeIgUNsal A, int(11)
Threshold 7 AmmUAvesgUnsal fia, int(11)
Threshold 8 AMMUAYeIgUNsal A, int(11)
Threshold 9 AmmUAvesgUnsal fia, int(11)
Threshold 10 AmUAveIgUnsal fia, int(11)
Staff_ID sriaUsEIfveeyldau ALa%, int(11)
éhasmﬁﬁaga : 58123456, A, A0001, 1, 1, 02-Dec-2015 15:00:00, 20,,,,,,,,,,001
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91971 4-5 msndeyavesnsiniudayafinniaialdanlusunsunisiinuesgunsaliildlunisvhnenim

(Patient Week)

vadoya

Aesuredayanidnnulugiudeys

viiadaya

PatientWeek ID ()

NUYLATVUDINTITN Patient_vveek

fiataw, int(11)

Patient ID

sriaUsEdfveeUIevIeniing

fiataw, int(11)

Start_DateTime ﬁ’uuamm%’%ﬂL'%Né]ﬂhﬂﬁﬂ%ﬁi@ﬂ nSaIYIn YAINY,
M UNUR , DD-MMM-YYYY HH:MM:SS varchar(255)

End DateTime funaznanaiedugalunisldaugunsalvi oA,
MM UNUR , DD-MMM-YYYY HH:MM:SS varchar(255)

Week NO MeLarrel week ivhn1snenmise ke, int(11)
Day NO wneavesiufivhnsneamde fia, int(11)
Set NO ML TIINIsNIBA MR FLa, int(11)
Time NO mnswesesiviinsmantda Jata, int(11)
Device ID siaveringunsaifldlunsnieaminde N3, varchar(30)
Device NO Qﬂﬂiiﬁﬁnﬁmtﬁmﬁuéf’aﬁ 1,2,3,... device number | #onws varchar(1),
fLav int(4)
Action_ID mnearanYzyimIensideugunsal Miav, int(11)

Measured Value 1

| Ao b4 ¢ al o 1 !
Arniataanngunsalitlglunisyitnenm  wuen

EMG signal, Aaarn 1Jusiu

fiataw, int(11)

Measured Value 2

Aiatnanngunsalitldlunisyinnienim

Aaka, int(11)

Measured Value 3

Aialaanngunsalilglunisyitnienin

fiataw, int(11)

Measured Value 4

AR LANBUNTAIN LT LUNISYINNIB AN

9

AaLa, int(11)

Measured Value 5

ANInlaannaunsainlalunisyinnienn

9

fiataw, int(11)

Measured Value 6

Aiatnanngunsalitldlunisyitnienim

Aaka, int(11)

Measured Value 7

¥

ANInlaannaunsainlalunisyinnienn

9

fiataw, int(11)

Measured Value 8

AR LRANBUNSAINITLUNNSYIN N8N

9

Aaka, int(11)

Measured Value 9

Aiatnanngunsalitldlunisyitnienim

Aakaw, int(11)

Measured Value 10

Aiataanngunsalilglunisitnienin

fiataw, int(11)

To-@-coeo/&x
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M5 4-6 MTeteyavesiuuztuAfevEein sdmsulUsLnsuNMSEnMemweuwsazdUam

(Feedback)
Yodoya Aesuretayanidaiulugrudeya viiadaya
Feedback ID () MUNBLEVVDINIT9 Feedback fiaw, int(11)
Patient_ID siaUsEAfvesUIeneRing e, int(11)
Device ID iﬁaﬁuawﬁ@qﬂmzﬁmﬂumi A8nws, varchar(30)
MenmUIUn
Device NO iﬁaﬁuawﬁ@qﬂmzﬁmﬂumi A8nws, varchar(30)
MenmUIUn
Action_ID nnglaranainensidnugunsal | daa, int(11)
Week NO WNELaURT week Fvnsniennivn | daiav, int(11)
Feedback DateTime | TuuaztiiatlunisliAluziivesin U9A4, varchar(255)

AEAINUIUANIBRNNE , DD-MMM-YYYY
HH:MM:SS

Feedback_Comment | Akuztivesinnianmiidansownnd | 98a114, varchar(255)

muusiay week  DEUnEviSRRNNT /

£

JomnuvenaINsvaIUIevTer

Y

Antsdeunne AU NNe

Patient_ID siaUsEAfvesUIeneRiing fLav, int(11)
Staff_ID saUszdwveldau Aav, int(11)
User Telno wailnsAnillefeveyldnussuy 48AY, varchar(255)
User_Email dudvasgldanusyuy UoA31, varchar(255)

P3N 4-7 31eteyavesyldnusyuuianun (User)

Yadoya masunedayandniulugiudeya viindaya

User ID (9) saUszhvesstaglinussuy Fa, int(11)

User_Name Fovessviagldamszuy U831, varchar(255)

User_Email ddvaasviagldanussuy dnws, varchar(30)

User Telno woaslnsAnvivassiarldiussuy 48AY, varchar(255)

User_Password SANTUYRITRAL I TUTEUY #39Nnw3, varchar(30)

User Level wﬁu%maﬁﬁmﬂé’fmuizw e, int(11)
To-e-coeo/&w 51
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P3N 4-8 MT1teyavestsIRlUsunIUNMRnmMen i dndmsudievsesinsusiagau (Patient_History)

vadoya

Aesuredayanidninulugiudeys

viladoya

PatientWeek D (¥)

RUNYLAVVDINNTN Patient week

fiaka, int(11)

Patient ID

saUsedsnvesUIevTein1g

faka, int(11)

Start_DateTime

Tukaztianasasuaulunisidaugunsal
yIneAwUIUn , DD-MMM-YYYY
HH:MM:SS

48AY, varchar(255)

End DateTime

Tukagliaaseduantunisideuaunsal
yIn1eAwUIUn , DD-MMM-YYYY
HH:MM:SS

48AY, varchar(255)

Week NO MNeLaau0e week fvnnsnanindtn | faiae, int(11)

Day NO mnearresiufivhnmsnenindita FLa%, int(11)

Set NO WNBLEVVBUIATIINIFM AT FLav, int(11)

Time NO MNBLEYYBIRSITIvINIs B AN TR Fla, int(11)

Device ID swavesviingunsalilaluns Mdnws, varchar(30)
mMenmUIUn

Device_ NO QUﬂiﬂj%ﬁﬂLamﬁuﬁ’sﬁ 1,2,3,... device | fgnws varchar(1),
number flav int(4)

Action_ID nngavEnyaEyimensidaugunsal | e, int(11)

Measured Value 1

Aiatnanngunsalitldlunisyinnienim

\WuA1 EMG signal, Aasern 1Tumuy

faka, int(11)

Measured Value 2

T
i

Aiatnaingunsalitldlunisvinienin

fiakaw, int(11)

Measured Value 3

o

Aiatnanngunsalitldlunisyitnienim

fiaka, int(11)

Measured Value 4

ANinlaannaunsainlalunisyinnienn

9

fiatav, int(11)

Measured Value 5

AR LAANBUNSAINLTLUNNSYIINEATN

9

fakaw, int(11)

Measured Value 6

Aninataanngunsalilglunisitnienin

fialav, int(11)

Measured Value 7

ANNIALANBUNTAIN LT LUNITYINNIB AN

9

fakaw, int(11)

Measured Value 8

¥

ANinlaannaunsainlalunisyinnienn

9

fiatav, int(11)

Measured Value 9

AR LANBUNTAIN LT LUNITYINNIB AN

9

fiaka, int(11)

Measured Value 10

Aiatnanngunsalitldlunisyitnienim

fakaw, int(11)

To-@-coeo/&x
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Fedoya mesueteyafidaiulugrudeya viladoya
Threshold DateTime | Tuuagiiailunislidaudmundigunsal | 4omdy, varchar(255)
In18ANUIUR |, DD-MMM-YYYY
HH:MM:SS
Threshold 1 ﬁwﬁmumaaqﬂmaﬁﬁiﬂum%ﬁw e, int(11)
NUAMANLLSIAE week
Threshold 2 AMmUAvesgUnsal fa, int(11)
Threshold 3 AMMUAYeIgUNsal Aua, int(11)
Threshold 4 AMMUAYeIgUNsal MaY, int(11)
Threshold 5 A MUAveIgUnsal fa, int(11)
Threshold 6 AMMUAYeIgUnsal Aua, int(11)
Threshold 7 AmmUAvesgUnsal fia, int(11)
Threshold 8 AMMUAYeIgUnsal Aua, int(11)
Threshold 9 AmUAveIgUnsal fia, int(11)
Threshold_10 AMmUAvesgUnsal ALa%, int(11)
Staff_ID siaUszdwvesldanuy ALa, int(11)

n1sisuAuNsAuIuYeszuUinnuwazgunsaldigwmifegiinisusedUiglunisvin

a

AMUAINUIUAHIULATDINBHDAITUE WANTVIBUNNIEAINUIUALIINNITAIATNAIRUANIUTEUU
AasuuazaUnsaitiemdeliinisuazdUaglunisineamundariuminiv ssuuasinisuiulss

491aVRIAININUAVBILARZAUNTAAI NS UTUSLASUNISHNYINeA N TR %58 A1519 Threshold

Y 9

INUULLBENNTUI BE]

¥
Y Y

tesuldnugunsallunisyimenmintn gunsaldinaiavdadiseneve

[ 1 o

Toyavesrrtvunaiand miuginisniegUasauiiuainai1s Threshold Tuiluantmungliiu

UATAINY 9

9

ntudlegunsallumsineamiidagnldlaedinmsvsegUisfagriinissnenunanisingd
ngunsalsing 4 Aldlunsvimenimiidaluduniondsnnesiievnnisdaiudeyainsaialives

wiavgUnsainldlunmsvineninlunisng Patient Week

U

WaunmdvsatinnenmirUadeansiiduuzdungUievniesing 1aea1ngs189uNaaIN

Y Y

sEuuAnnuLazgUnsaitiewmdegiinsuafuislunisinienmindaruiesededeansudi iy

windvisetnnigamirdaaunsalidwusiungUiguiediinisdmiulusunsunisinnignin

Y

4

AukAagdUAIMAI8n15lEn1519 Feedback lnadayadiuuginvdstaUignIogin1s6ung

Y

Jomnulnsfwiilana (SMS) “seasnunedannsating (Email)
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UNA 5 WAUNISANEUIY ASATNUASZEZLIANIT

ANUUIU LATUARINS

5.1 LHUNISALLUY

lasansszuuianuuazaunIaitiemaerinsuazdUiglunsimeninindaruaiedng
doans ﬁﬁuma%’unuﬁ Humsmueiidouasiam 3 seuu ddedudsd
1) syuuRamurawazUsEInanan mdmsuhsmdeRinskazdUlglunisvihmenimdte &
2 S¥uutey fe
1.D)svuudszanananmdmiunmsinesmvesninadeulmdoludiiieldluguie i
Yaymvoluann
1.2)izwﬂizmamamwﬁm%’uammumimEJmWﬁﬁﬁ’mLﬁamiﬁluﬁﬂ%mmﬂa@
2) szuuinnuuazaunsaltiweanidmnisvesginiswasUislunisvinienindidn 1 2
J¥UULay fio
2.1)svuuinnusaraunsaltieuInsUen
2.2)38UUANMINLALUNTAIYIBUITUDL
3) szuuAietisLaymMIdeusedumesiin
wruUfdRnsiaenadesfunrusuUssuinisuiadu 4 90 uanadannsed 5-1 Taed
SeanBnresufnsed 52 uenndununsdiiunuvesssuudosiafinandisiunanads

M9197 5-3 B9 5-7
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715199 5-1 uruUf RN sNaenAdosiumNuIuUIEaM

fanssu FTULLIAN uNUUUANTS
(Duration) (Schedule)
LAY dugn
MUNIWITTUNTINNNEITRY UazyMIfnunadnuazvesdy1muazsyuuae q 3ngunsalisiegluviowman 61 T 22 n.4. 58 | 22 W.4. 58
2ONUUUKAZNAABURUNTIVBITLUUAN 9 IN1sinudayauaznIsinsey 182 Ju 23 W.8. 58 | 22 W.A. 59
msiiengimsaeuTsnmnean Wawlusunsuyssgnddmsuseuuns 3 ssuuuazueNnAgey uagnsegey | 304 Ju 23 W.A. 59 | 22 i.A. 60
FITTUUN 3 seuudieiu niouusulsauily
IasgnveyauarnIsiuivetonaaliag SauiuwnmgiiveIngy wasdndssesnuatuauysal 184 Ju 234.A. 60 | 22 n.y. 60
NG 731 Tu
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M3 5-2 WHUNSALINOIWRITEUUARmLargUnsalttemdeginskasUaslunsimen U daruaseviedeans (WHuaumean)

Y

JuABUNTINL 52829815 NTUU(RDY)
lasua 1 | laswna 2 | lasuna 3 lasund 4 lasuna 1 asuna 2 lasund 3 lasuna 4
1 314567891011 |12 |13 |14 |15 |16 |17 |18 |19 |20 | 21 |22 |23 |24

1) NUMINSSUNTINT AT
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P59 6-2 HANSIFNUVRITTUUNAMNEINTEAU 1

52U 1 Usuns 1281 pinu/laipinu
ia‘Uﬁ
1 1,7889 2.5151 HIU
2 2,0409 3.7154 HIU
3 1,7196 3.2828 HIU
4 1,8582 3.5973 At
5 2,0314 3.6200 Al
6 2,0802 3.7710 HIU
7 2,0922 3.7745 HIU
8 1,8408 3.3505 HIU
9 1,9135 3.4852 HIU
10 1,8361 3.4610 HIU
mﬁ\‘i‘ﬁl 6-3 mamﬂ%@m‘uaaiswﬂ'mmEnﬂiwﬁ"u 2
SZAU 2 Usuns 1281 pinu/laisinu
ia‘U‘f"i
1 1,7397 3.0887 HIU
2 1,9520 3.4387 HIU
3 1,5887 3.0392 HIU
4 1,6415 2.9639 Taieiu
5 1,7488 3.1719 HIU
6 1,8567 3.2812 HIU
7 1,7420 3.0770 HIU
8 1,5589 2.9460 el
9 1,8297 3.2984 HIU
10 1,8964 3.5101 HIU
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AT 6-0 NaNSIFNUTRITTUUNIAMNEINTEAU 3

52U 3 Usuns 1280 pinu/laipinu
ia‘Uﬁ
1 2,4043 4.0305 HIU
2 2,5514 4.2945 HIU
3 1,9335 3.2981 HIU
4 2,6748 4.5941 HIU
5 3,2354 5.5780 Al
6 3,5875 6.1290 HIU
7 2,5475 4.3290 HIU
8 2,3215 3.8317 HIU
9 2,5169 4.1995 HIU
10 2,5535 4.2302 HIU
miﬂﬂ‘ﬁl 6-5 mamﬂ%&m‘uaaiswﬁmmEnﬂiséfu 4
S2AU 4 Usuns 1281 pinu/laisinu
ia‘U‘f"i
1 1,816 1.684 el
2 1,9289 1.7711 Taieinu
3 2,6859 2.7468 HIU
4 2,2987 2.2796 HIU
5 2,0381e 1.8994 Taiu
6 2,0215 1.9950 Taiedu
7 2,1236 2.1589 HIU
8 2,0460 2.0323 HIU
9 3,5931 3.0635 WU
10 2,6368 2.6566 HIU
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1 2,6984 2.7978 el
2 2,7857 2.9883 Taieiu
3 3,9656 3.2922 HIU
4 3,4521 3.5637 HIU
5 3,0447 3.4434 HIU
6 3,0042 3.4365 HIU
7 3,4240 3.6936 WU
8 3,4369 3.7140 HIU
9 3,0929 3.3594 HIU
10 2,7542 2.8619 el
miﬂﬂ‘ﬁl 6-7 mamﬂ%@mmaaiwuﬁﬂmmmsﬁu 6
SZAU 6 Usuns 1281 pinu/laisinu
ia‘U‘f"i
1 3,5450 3.5846 HIU
2 3,2981 3.0655 At
3 3,5626 3.5948 HIU
4 3,9009 4.0460 HIU
5 3,6426 3.6473 HIU
6 3,8706 4.1240 HIU
7 2,6518 2.6787 Taieinu
8 3,3752 3.3752 HIU
9 3,9102 4.0708 HIU
10 3,6021 3.4994 HIU

nuan1snaassldaunsalnuingldaiuisarianudilaisnisldausazinangalu

WhnuneaesnsinrunssiuaueInLaarseauls Inesyuutiuaiunsamuinlstinsleaiilinain

nsgrenemelaitnegesieiliamilensy aznsIatiunaigliuaNITnAIRIIANEITRIRNUDE

To-e-coeo/&w 82
WUU nnUd. ME-003



IoAusEAUAINEGINAIMUA IINTUUTITIBITUNATIIAINITORIUNUINTBINITHNAUTEAUAIULINTY

50kl

6.1.2.3 ayuNan sy

sruuUsEInanan naunsal Triflo é{’m%’uﬁmmmwamiﬁﬂmEmeﬂﬂﬁ’mﬁamﬂyuv‘\Jjﬂ%mm
Jandsgnitamuntusiisnmsiildesnuuulifenuannsolumssmunssduanueindelunsiind
ibiunndgauagiuisaiianismsusedliamanisinlanumngauivaninsanievesiiie uas
mmiaammmNamiﬁuvjﬁuaw%mmﬂamﬁmﬂmiﬁ’uﬁﬂwamiﬁﬂmmﬂ%mmmamﬂi’fmuqﬂmaﬁ

Tunsazasa

6.1.2.4 Ugymimuuazvolauauuy

1) Apumsldenais flisndudesimnuiilaitnslénugunsaiiieliisyuuanansayinu
loagegnanuaziiuszansan fe desvihnsusussusvinsvainaewazaunsallivinzay waylidl
mMandouiesiumisesgunsaindsainmsuiusseying

2) miﬁwmmﬂ%mmﬂamLLazﬂwﬁunmﬁwmuaguuﬁugmmmm'ﬁﬂsmﬁmmiﬂﬂﬁﬁmmﬂ
nsgremameladiegisdeidonfivandsnss mnldugunsallnensgaornmameladuoyll

Va v o

faLilad 919YNANANITAIUILAAAIMURANANN FILIFLILVNNITHA TBUNNIDILAEHAUNITNNS

Y

nsideUanyairn1sIdnunligniSiedesiudymeanansield

6.2 ssuuAnAuLazgunIaltigeanidenevaginisuaziUaelunisyin

ANYATNUIUA

Imamﬁ%’aﬁﬁﬂmiv"v’wmizwammﬂaEJ«%T’JLﬁamuqmmiv‘i’mmqﬂﬂﬁﬂiéﬁaaaaﬂﬁwé’amﬂu
msimsmenmidaliduszuuseluifuazanunsnifeusetussuuaiotisdeansld gunsalilld
yhmsiaund 3 gunsal Ae 1) gunsalilnmela BreatheMAX tioifiuauudsussveanduniloniela
2) szuufiannuuazgunIaitisusistawuulelelniindiegansieg wag 3) ssuuinnulazaunsol
Frguinistoriuuulelsfufniiievinisiauiuinisveauazgunsaltisunisdeiin d

eavidunlagaguisseluil
6.2.1 szuufAnaauazaunsalfinimela BreatheMAX iaiiinAuudInssvasndnanionela

1199910 3A.05.98 laud 919156Uszduminerdeveuunu 1fdndugunsalilnmela
alunUseasd 7iiT011 BreatheMAX Ssgunsaffuiianansndisszuisiauveidedndlunaonau uazd
T dudosuinmsvon viondrudonisly Famemdisnmenimiiiavesausunneaans
uAngndoasmanueiund Aldimadigunsafinmelatildfugtaoduiy Tnsarldnmsinssduuse
To-e-coeo/&w 83

WUy nunud. ME-003



nsvhidUienseyivieaunsal BreatheMAX Fafimihaluwuiiwasuininuiuedmes lnaidunis
81uA1INaIen1 saudsinnienmiitadnludesihquadUisaufunaeanslusunsunisin @
DA | oA v = 4 1% D=
wanglviiutenulidazain venaindaneiulaainaienieiaiinataadeululs neidedad
a « [ & v ! ¥ o Y v wa A < v A o
AnuAafvziaungUnsaliananlivinnulesnludd welunisnseduliiienerenueenusansei
Taledadmuneienues JailiinnenmlidndunsseadguagUisaudunaonian ¥aeli

anansoguagUaglaegnamis
6.2.1.1 MseenuuyszuUaNenaigIdmsunuANgUnsaliinmely BreatheMAX

Tassmfeildlfimumosinussduinusnssiosithowunueiives ssuvaesnailei
annsnyhmsUszananadfiisannsaeenussnsevinldfutmnedidslivield wagasdinnauds
euteliEtaensu wienfumenuranisinludsgrudeyanisinismenimirinvesiiaese
tfu 9 Seagvilihliumdnietinmeninanusogamimasusasiamuinmslumsvhnmenwsitn
YeeTetiug uwazseau o 16 nieandeeiy

fannsieuesendnasuansdisgud 6-13 1Bunisdeulusunsuiionivaunisviniay
ndsnigldauldoonuanserieie BreatheMAX dusensevhdaniudmnefidsliagiinistu
pdpamaviuardsdoyaludigudeyaruaietiedoas
pUnsaifldianuinifdnsaruaznishanundndulunmuiiesnuuuliesuil 6-14 Tae

9

anansaimuawsItungthedeseanuswuls wasdlsgthesenuswinulauinnimsewindunle

[

° 9 a X o ] a o o o O v
ﬂ']‘Viu@vL’J WU iy,fg']m‘lw LED L@mIuuin ‘Vm\‘mqﬂuu%glﬁll‘vnﬂ']3UU‘U']U'JUV'W§QVIE‘JJU'JEJ?1']3J'WOBQﬂLLiQ

auldtaanfidnuen Wuuiludes q wazdmnndUiseenusalidfisinidmuanazlaiinistudinen

7%
[ Y =

voamsnazvhnsaty 9 uarardinsinuwaiuannisieundn fe srdinssuddeyaideatuvos
AUIBHIUNIS UART (Universal Asynchronous Receiver/Transmitter) ?faﬁ]uﬂﬁ?%amil,wuauﬂmﬁ
finslduunsvans luiddwualihouuunasg RS-232 rouflazduldrugunsaiaziisd
1. sWaUsedegUe
. mnelavvesdUaninviingin

. AUNYLAVVBIIUNYIINISEN

2

3

4. mneaveaafivhnsin

5. MNBLavYBIRSTivne A TR
6. swauesgUnsalitlivinnisin

.

- MnelaIanvaerimenisideunsal 1 = W uae 2 = gn

8. dMSNEIUTTUINSEETIAINITENlalIsan1sIglanan AV9UNA 3 wUU AB 1/2, 2/4

LAY 3/6 U

To-e-coeo/&w 84
WUU nnUd. ME-003



I
Juan pressure sensor

™ - s
winlud2uls pressure

ils=nasnuils

if pressure = target

9. Aussrud e fgUigaznateanitsinsyii
waztllowasedulusunsumsinlunnesy sxlinsuanimaagunisilnk1unie UART s
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#3871 LCD module connection

daeled potentiometer 1lu input
319 LED 1% output
¥ Turnmon LED
Sanldunsngu LCD uas ADC l
count++

L4

LHGSFT count U

S1€M3710 potentiometar
38 LCD ez UART

iulud2us target
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JUN 6-14 dnuaizvesgunialinusanseviuarsunuumsdeiivgunsaliinunela BreatheMAX

6.2.1.2 N15NAADNMUSIUTIEUA I TIAUTLADINNISAIYINAUNITNNAB

aunsewdNussEniateyaduilinnisuees Taussiuturusfulunhoisuiinns
ditdoins wansfeaunisi (6-2) dsldunannaunisauduiusseninaaussiulumiieliad fu
Aussslumieilatianna seaunisdl (6-3) wayndaanniuyinisanansiniielSeuiiousyning
AfiduaneInanns (6-2) Auenfiialdaeanuees uansiagui 6-15 udeyaannismela
0N wargui 6-16 Wudeyaanniameladh fasfiuidauduiusioudunssiaionelaoen
wazyneladh  ldvihnnsvadeunanisiuaarAfienuld nseRuLsutRLs Ut 1 B

8 931,17 LATWIIAUAU ¥4 -1 D9 -8 %.3.17 kaAnInInI N

0.2P
_ _02pP 6-2)
X = 4095 (10_1972 + 0.5)

e x = AdeyaRulaaneugeTinwsaiy defaus 0-4095 (1N61
wlasdygrameundenduiineavuin 12 n)

P = 13599 (cmH20)

Vout = Vs(0.2P(kPa) + 0.5) (6-3)
dle Vout = u590u (V)
Vs - Iyl AsauimesSausey Tufiden 5 v

2P(kPa) = w5 (kPa)
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A51NLEAIANFUNUS SENIeAusInuLiiavne Tasan

P v, 5y o ° v @ '
fgnuldanueasinussiu wazn1saiuin nuanseauluniie cmHZO

3000
2500 ?.#
2000

1500

@ Calculation
1000

500 @l Pressure sensor

Data from Pressure sensor

Pressure (cmH,0)

JUN 6-15 anduiussenindussiuilomelasenisruanwugesinussiularnsAuiniuaussnulumie

LuALAsY (cmH,0)

ATINLERIANFUNUSTEIN9ALs IR UavneTawdn

nawulfanneugesinnseny waznsawIn AuAssaulumiig cmH,0

2500-
06

.
¢]

@

<

[}

&

@

wn :

o 1000 @== Calculation

& !

E 500

o 00 @ssffffes Pressure sensor
©

w© T T T T T T T T 0

i 8 7 6 s 4 3 2 1 0

Pressure (cmH,0)

JUN 6-16 anuduiiusseninaussiudiomeladnfguaneugesinwssiulas nsAuiniuassiulune

IuRLLAs (cmH,0)
6.2.1.3 a3UnansviIIu

szuuBanuuazgunsafiinuiela BreatheMAX iaifiuanuudusswosndunioneladilsd
fiauamnsarinuldaaiieenuuuly manismuaeunisiauveasugefidulumunungui
wazgunsalnannsaidendedugunsalideusedoyainiotisdumesiin (ntemet connection
device) MlFFumsimunlidmivsessunsideudefugunsaitievihnenmirinma o Whgszuy

\n3evnsLardumesiinla
6.2.1.4 tlywiminuiastaiausiile

Tunsnaaeuilesruilun1smagouwuuLssfiunId fenszuangu Aveswsnuninlaain

v A 1

Wugesdulitaavesnisunisey lumsldnuaswsaiunineziduwuunadn (dynamic) Fsdndusad

d v o

a A v ° a a YR Y} Yo o O Aoy
ﬂ'ﬁLQa‘c’JLW@Im@ﬂW‘Wﬂﬂ@@QLLaSLﬁJauql‘UL‘UT&J‘ULWEJ‘UﬂUﬂ"ILLiQWUL{]']WN']EJ QSI@U‘UQ']U'JU?W?Q ‘Vni@

Y
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6.2.2 szuuinnuuazaunsaldsuTmstaruuulelalniindegmsneg
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= L 1

lassmsIdedAnwinazairsiuiuuiaIasiaiiotiglunisinigamindanundeiinves
HUae waranusatislvigUigianavesnisiinenindidalanienues naannsinasgnasluds
windvseunnigamirdaglinisinuinanunetuiaiegndlng iieiamuuazlimuugdinisii

o w PR 1 ¥ | A v A o o < ° v a

meamdaiveituydaifigneies Tngszuuidnauegnduuniduniseenddsniewuulelelnin
Wumseenmadsiuussinudsniinaenidevoanisiaasul ROM (Range of motion) TulAsenis
Tagldgammemnianidewinuaslifiieda-semindennusimenduanduun 6-17 lneaglige
nsvininingansedillises q Wendiuilevivesienlusstu Tefivesgunsalilfie Iau

Uaoady wargtheanunsaeenidanielalagang

JUN 6-17 lassainesssuuinnuuargunsaltieuimstaiwuulelelnindegmse

6.2.2.1 mseenuvvaunsalriguimsteiuvulelelninagieginsie

wuaAnlun1TeaNLUUAB MItszuvaNenailedl wuwes wazn1sdeansidats w1
gunsalteusmsderinmegmseliiinueain aunsediasiidevesnsiaioulm Apusves
n1siadeulny uaznistin-vavesnaiuilev wevinlinsuingUlgeenidalded1agnaes Lagnis

UInsnsiligansensadewindedinnudasndiy gUivaiunsaiinisnenamdndalalagdii

AHUUTENOUTTUULAAITUN 6-17 Usenausie 3 daumidn fie
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deyyransusunltlunisveniigUielinisvdueiintu uenainildeldlunissey

]

AILEITIYL VDI UIEENAE

[

o szyuinayg alniinaisnie Ussneusie vesaindgana EMG wag Bianina tile
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Todyaraliindadefiedinmsindoulniinau

o syyydszaiana Waeld myRIO ToyaannzuunIITUNTAGOUNUDINT kavsyuudn
doyaaliihndiuiile asgndadrunyssuianai myRIO wag myRIO 9L oufoH Y

wifi |daeniiunes ieuansrakasiuiufinuasely

Tudiruvesnisuszuranaazldgunsaluszsutananvodn N-myRIO Faudguniuluswnsy
LabVIEW 1Judaussaianadygin 1nen155uainusudadusasiBauveusue sifneg o

A a =~ ' P v U 9 X da £ 4 a )
nedlsinstauazsamisuiuivdygralviinauieinetwiisdnisvdun
6.2.2.2 LANITNNADNLUDAY

Tunsveaedlfiniougunsaiifienaassauanisumesinnussiouiiaziludafugs
NSIBUANITITUR 6-18 Tnsiaeuivesinnuisefiuiuenaudadnfnfunnuezgiidey faenm
wansyusng 4 7 0, 30, 45, waw 60 03 MUIAY HanIRAes Do ReTiasmuulnelfeuees
fanrunsadadu Gv-61 nudneusesanmsaliaguiioney o dumsdy 9 16 fuanafiowny
Frassmsindoulmvesuidsguil 6-19 wdsliannsavenanaududeyslunisindouiivesn lu
nsdifidesmsligihedauazseitndemuiiiidmuadndusoadivlalsalaisusesdsanansain

< d‘  a o
mmLiaﬁummimaawmyﬂm

To-e-coeo/&w 89
WUU nnUd. ME-003



JUN 6-18 M3n3eNUnIalliiennaam LU NIBULaTInANLT

6.2.2.1 HaMIANWINITILYIASUALYOITY 104 lWihna 1 ile

[

ayavasdygraulniindruiile w3e EMG gnidrunldiiedielunisitasizyinasyin

e

e

nenmurdavesdiieinldndruiielunisuimsegnsgndeaiieilunisiluyndnuilostegnsios

winngay Tulassmsiidyaalninduiossgnihaunldlunmsmuasuitgiiseeniidinigass e

A

[

faeinmamBearuazinindrudefvsdidygalniindundetaldansidnine ainduazgn
ihluvenedayana eruarulandudyiaiinadiernsussananasely
aasuglunsiesesidyyraliihndadetufunisseygaiudu Onset time) 184
"’zy,z:gmﬁgﬂéfaq mu’i%’aﬁlﬁﬁmuﬁ%nwszu@mL'%'mﬁumaqﬁmigmimaﬂﬁh’fﬁmmé’ﬂwmwmé’mmm
(feature) +94 STD (standard deviation), RMS (root mean square), MAV (mean average value),
WL (waveform length), SSI (simple square integral) kazlEMG (integrated EMG) 41%n153LAS18%
o munAmseleaslunsszyandudu Tunmsmeaeadslddnuidiuiuge viearvuiantising
(window size) vesdnyaaivangaudmiunmsszygasuduivangay wafnwiwuin nsld ssilu
msvuaAmseleadiannumngal wagdnnudygna 50 90 Wuruenteaimangay Tunns
dountheslufias 50 90 udiemeigadusuresdyn i mnduuaamnnitinisseygeEudy
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myRIO Acc GY-61 Acc
- -1.00391 0.000236

myRIO Angle  GY-61 Angle
NaN 0.013550:

P

myRIO Acc GY-61 Acc

E = -0.253906 -0.49591
_! g ;,T*M myRIO Angle  GY-61 Angle
f;.i -14.7088 -29.7304
b s
.

() 313 30 ©3e

U,::: ki myRIO Acc GY-61 Acc

Z\ “5-: & -0.261719 -0.71249!

1 o

_§ ﬂﬂI—----—-—-—————- ——— ,JT‘"’"' myRIO Angle  GY-61 Angle
e 151721 -45.4383

myRIO Acc GY-61 Acc
= -0.261719 -0.87394.

myRIO Angle  GY-61 Angle
-151721 -60.9201

e 97102

(3) 331 60 B3P

JUN 6-19 f39819153ALNT 0, 30, 45 WA 60 BIAN VBAYUYBTINAIINS
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6.2.2.2 Uymiimulaziolauouuy

1) nnsvageulissiuluiite 6.2.2.2 nuit dewinisinyulasislalsalavioy

s v P R Ay va | a X i 2 a Aa X vyvyd a a
LaﬁaiLGU']N']LW'E]Q%‘VH&LﬁHNV]‘lWNﬂ'J']@JLLNUUQ‘UULL&Sﬁqu"liﬂﬁqﬂqﬂ')qﬂLi’JLGUQl!lI‘VlLﬂﬂ‘?]u1@Lll@llﬂ7§EJ@-ﬂ@

LU

[

2)  Mnean1sAnwInIsszugasusuvesdyaaliiinduiieluiite 6.2.2.3 wuind

[

Tadniatunmsinlulgasailesananulduiueuvesdygralniinaiuie auuiugnlaunnei
nsudeyavesdiredwuunniiieliladeyanisadfunigawinfivile deyavesiUleaunilll
awsaldiuausula FelaAnasnslulidside 6.2.2.1 Tnemsldwuwesinanuisiuazlalsalauan

frglunsIunisiadaulniwny

6.2.3 sruURARMULaTaUnTalYIBUIMITaUwUUlalaALuRAN

¥
aAav A o 1

TnsamsAdediamndosaniadesuimstoliiuuy NK-Table firauldlndifssduiadas
Uimsteriuuulelviudn viei3engoin Ty NK fauas wansisgud 6-20 (sruuudmsuuulelsd
windmsunisilundeidn Waunlae weanst Asysutand uay sa. 3. 9dnd Auana nAIE
Amanssuluin Angdminssumans wninerdoasuaiuaiuni [31)  Wanunsadeuiuiaiodie
doansifionisihmenmihdanslnanaiglssasdvediasinisyai Tasieiesuimsterdiuuule
TsAdnindnnshaufiugiuie msadaussiuwarauauamiilvied Jaadosuimsdou

v

wuuleleAdnioanwuuliddneidunisviiauegasuuy wuuwsnfegagiundainlddeadug
ganusIUIMserinmenuesiazenfulauluiwestislunseenusauny Falendunisvinuiuy
figni3undn Continuous Passive Motion (CPM) wuuiidesedasituydondondugoanussuinig

FJarmenuad Inglinauiiierinaueg 19atialafIuANUEIANNaeAYtI9NISUSINT Baileidunis

ausuuilgnisenda Isokinetic classic
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JU7 6-20 szvuumswuulelefund msunisiuyded Wauilay wisans Asysuin

way 5. A3, YANA Auana aelyImnssulinih angdmnssumans sivedeaaesuns [31]

6.2.3.1 YUNDUNITININYDIATOIUSHITTaL YUY alomiudniilawensy Continuous Passive

Motion

Buanmistleudeyaiugruvesiiinsudmsdedldun do uisana o1y wasine a1nturii
nsfvuasusultues osudmsterduuulelsAwanildilsddu Continuous Passive Motion
1éun Srunuafaiiasriinisuims erandmesnsuims Ssenuifiaunsodmunldifuasseso
Turg 0 @4 60 ameleTundl uenaniidsdesimunduugiaauazigauesnsuimsteitn Ferum
geanfianunsaiinualdddiiiu 90 s wazAyudgafiannsaimunladaminiy 0 aeem
ndsntaudeyaiugiuresiiinzuimsdoriuasdmuaddudulituedosimsdoriiiouios
ué gaauauiaiesuimsterifesihnmsnsaaeuiileliuulaindumisvesfungnouliasuiien
wirdugumgaildimunliiilernutasadsveafiazuims euiloudalivinnisnnduisunis
v vdsnnadudumsvihaulaulufinesazdos q vufenudnsivinfudinuag

MyuablusauiEudy WeviNTenvIveINuIMSTaIIT s 08 9 IWEATNTULNEIEAN AU
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v oa [

13 Jetaugegalaulufiwesaznyunduiiemedunsuwiudumeninusind Jaasdunsenan

3

o Al

YRIRNUTIITeranses o auaaiiuyumgailaninual’ duiluniisesweinisuims antu

q 9

v
o v A

AIDIUSISTaLNAzinulUIuAsUALT U Ila AU 1Y
6.2.3.2 YUNOUNISYINILYONATaIUSITYaIY U e lamudniilanensi Isokinetic classic

Suann1stoutayaiugiuveeyavuinstaiinlawn Jo uINana o1 uazing 31nTui
nsmuuaasuauliiuasesusmstertuuulelefufnilafleiduy Isokinetic classic lauwn F1uau
Y o a < a = 2 o v & 4 [ 1 =
ATINILVINITUTINT AAFIVBINITUINNT Femnudinanunsanmvualatuazaeseglugig 0 83 60
9IMADIUNN UBNIINLGIADIAMUAAYLEIAAUALAFAYDINITUTINTTOLY FeAyNgeaaTanse
Amualada1vifiu 90 a3A1 wazAINAIgaNauIsai ualalA1INAU 0 99A1 LHBIRINLAT Y

uimsteriuuulelefiuindildilaidu Isokinetic classic §Naruimstoiisenludoanussuinig

Y
Toienues Jndudesimunaimingffeaiusaiduimsdertiseseantssliuinniie

1% '

untinfinmualifelilaunludivwesvyu Admdnaiusanualatudeseglugig 1 89 30 Kg
nasnUeudeyaiugiueg oz usmsteimasimunasuauliiuinsasuimstaitissuiey
WA7 HATUANLATEIUTITTOLIABIINNTATIRaR UL KALA I TUITe I T UR g DL TUAULAY

@ ° av ¥ o [P Y] val a P I Y 9 v o W oa
LW?ﬂUHNqu@WI@ﬂWWU@i?L‘W@ﬂ'ﬂqmﬂa@@ﬂEJT'E]Q%IJ‘V]"U%‘UiW"Ii Lll@LL‘L!I"ULL@'JGLVV]']ﬂ']iﬂﬂl!illﬁilﬂ']i

Y a ¥

M91U N8N UUIARNUTINTUBLIUIADY ¢ 9RNLILNBENUITUNINLTITBONNINNIIAUMTNTIAIALA

Y

laulufiwesfazanuisanyuld Tunewmssiutiumnguinsderisenusienviduioandin

¥

wwinfifualbilawlufiweshozliamnsanyuld Weuimstoweanusaauainsasnuivulays

gegawiiueyuasannnvualindy WKuSmsteiiAey 9 aonusuiioenu1asdusiioansdallan
wnnahninfimrualiguiulewludivesfasaiunsonyuls wasiiefausinannlanvunlias
tuilunilsnsiwasnsuimsdew vinauasuiuuasilanmunll
d! o dll a ¥ 1 a a d‘ ;% 3; d' ¥ & o .
FIN15v1uTeAIoIUTMTTatwuUleleAuinneanuuulinanldileidu Continuous

Passive Motion ag Isokinetic classic %ﬁﬂmuﬂhumm’m@uLLa8LLa®QNar}humNIU3LLﬂiu

=

LabVIEW wenanildsdgunsaliiiuiiniiensiauwasduiindyaraliiinduilevivasiguing

]

Tor1vn1suImns ieduiinilvigieimaglaideyaluusuiiuiauinisvesndanilevsely

Y

6.2.3.3 wansvmaeslinungueraains [32]

widnderuiug auana WAnviUSeuisumuwlwsswesnduilomdenan ndwinnig

L3 o v

sanmaimeuuvelyladfin felfz NK dauUas uag CON-TREX launfimes daluaunsaleaniigs

yaa =

mMennsgIufsgazdeannanuituund 2 Tunsfnwlddaidennguetaadasilugniaunng

91 18-40 U lngv1vineaniidenienieslsiz NK dauwas wazu1gigeaniiganigniginsas CON-
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ATANYINUINAMULTILTIVDINAML T o oal ML ure391919921 Ufz NK diaudad) ieuin

[ |

fuw191991e (CON-TREX Tauniiwas) lufimnuwanananuagefidaddni19adn 39asuin n1sesn

v 9

fdamemielfs NK dawlatanunsaiiuanundawsavednduidamdumanaisuwinduiaias CON-

TREX louniiwod dadugunsalinasgnilunisesnidameunuuleleladin [32)
6.3 STULATEUBALNISWDNADBUWDSITIN
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szuvtrdioyaludnuuzuasdayaiiuandaiudiesondsnnesiiunissuunietiedumesiia

a

Toyatiiusivsuliaggninllussmanaiionsiamunavesinnienmintanisunmdsely

6.3.1 N1999NLUUITZUULATEVUIBUAZ NS TaURBDUMBSIERA

[
Y a

lunsanfiunuvesssuuiluaziinduiinaudduasuauamvsendiu iaglsaneuialuey

A o v i

anwansinuveiazaunsalildlunisiamunazdiswmaenisinnmenmindaniledluseuy

a
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Y

Winthdnniganiidatisguanislidaugunsainldlunisvinieamdndald 89inamsinves
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msaluanuagui 3-15 luunit 3 vililasimsidelainniseenuuuszuuinietnguasnisiiouse

[

dumesitnosndussuudesq Insulmudnwauzdunaun1saiiunsls 3 @il

6.3.1.1 syvuaamvlingunsaldnmiuuasvaeinaelunisimen muriasunsevigdoas

JUM 621 wansszuunarliwngunsalsneg Aldlunisinniunazdigimiaonisin

Y

D.

Y

menmiiafifeglussuulimnyaniuegfudfinsuasiineutazau uwiazdunviveslusununis
yhmenmthte Tasunmduietnmeninsinaansnssiiidivualdkiussuuinnuuwazgunsnl
Prswmdedfinisuazfvanlunisiinieniniidadiuiadediedeats doyanisdaan Device
configurations) ¢ N UuTINIAT Database server uazdoyanisdearfananazgneuaniiodelud
pUnsnififesvornsdonsoiiszuulassdudoyamsisindoyafiudluviou v gaangadioldan
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< 1. Conflg (web)
8 D@8 g

. Healthcare
Patient Data Database
Server Server Web Professional/Doctor
(Mango) (mysQL) Server

2. Request (http)

3. Response (http)

JUN 6-21 syuunisasenlrinaunsalfinmuwazaunsaitiewiolunisinmenimiidanuaseviedeans

6.3.1.2 5¢ Uvswmummsmmmnaz/nimmmmza az/nmmamaaZumimmamme@mu

éﬂié)?]’)f]ﬁé)ﬂ’]i

JUN 6-22 LaRIITUUIIBNURNANITIAAIIINgUNTalna9 Nldlun1sviintanindadn Tnely

&

¥
=]

lasanstidinmsimuigunsalidensedeyainiatieBuinesidn (ntemet connection device) biaSuna
nsinA1ngUnsaiinaunazaUnsaltiewmastunmsimeninittn ieliauisadeasiussuy
\iutaya (Data server) UAEI¥UUFIUTOLA (Database server) TUNTTWARIHANTUTEUURAAINUAZEUNT O]

FremdediiniswazgUislunisinenimindnriueietisdeals Jeavileudeduiiuidsniies

Y

(Web server) ipaUetoyas 8 UNaINNTIAMgUnsalineq Tldlunisvihmenndrdaniumi

¥ A

Aulununndvsedmiiinerviansetinnieamiidn Snviassuulideaunsalidifeiteansey

[

Ina@adugiievsediinisiafnnusenunanisitneamiidaillanig

1. Send data (http) 2. Query from Data Server 3. Monitor (web& &

— C—
& () — | (]

Patient Healthcare
Data Database  \Wep Professional/Doctor
Server Sarver Server
(Mango) (mysQL)
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JUT 6-23 wansszuunsiimuugianiwngviadmiianguiansetnnigaminvaun
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YFudsamsvinmenmdndavediinisuazeUlgeg19gn3s

1. G|veComment(Véb) @
W W@ -

ot Healthcare
ata Database Web Professional/Doctor
Server Server Server
(Mango) (mysQLl)

2. Send feedback to patient (sms, email)

JUN 6-23 szuunislvmuuziinnunndvsetinnmenmiidaunginisuasUaslunsimenmdidaniuesetie

dodns

6.3.2 Aaegen1siduaunsaliteudadayanietiedumasiiniuaunsal BreatheMAX

aunsalflnmela BreatheMAX iifinauudausweainduiloniela lasuniseenuuuuu
fuguvesszuvaneInaladiinfein1seunsalidensedoyainietine duwmesidnlunisdeaisteyadiu
Data server wag Database server fatiulilenagaun1sinuvesaunsalidousoteyainsadig
a § & v o L3 =2 14 k4 & d‘ 1Y o =% o [
dumesiiln Mdraesgunsal BreatheMAX Falagnairsduiiedetoyadnassvasmsiniinmeniniy
gunsalfandn Teyaiigndeeaniaindiznasd NuUN1TFRAITWUY RS-232 Tuguuuudidnys ASCII
LULENAI83a01A (Comma separated) Usgnaufiululassaieduanslugui 6-24 Fadudretng
vostayandnaiadunisinuililusunsy vaaniigunsalideunalasudeyadnannniinisula
Wugduuuddstuiindeyauu Data server 778 A1%1 HTML uanada3uil 6-25 Lile Data server
lasumnds HTML denanauas asvinistuiindeyaludegiudeyavesgunsaliiniy 9 Fea1uisa
¥ v o v [ 1 < & v A =t < [ g &
nyyvaeudeyalaiiunimiiaenisianisiiuivieddenanslugui 6-26 Fadusuiaiadu

nsgUIUNITaNeyaIINgUNInlYsrn BreatheMAX TUiutudin?l Data server
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5510110375, 20-Feb-2016 12:00:00, 02-Feb-2016 12:00:44, 1, 1, 1, 1, C, C0001, 1, 10, 8, 4

U7l 6-24 Fogansiinangunsalueiin BreatheMAX dsknumns RS-232

/httpds? __device=BreatheMAX demo_user 00&PID=5510110375&StTime=20-Feb-
2016%2012:00:00&EndTime=02-Feb-

2016%2012:00:44&WeekNo=1&DayNo=1&SetNo=1& TimeNo=1&devID=C&devNo=C0001 &actl
D=I1&pressl=1&meas]=10&thrs]=8&thrs2=4

o

SUT 6-25 Ads HTML dwiSutufindesyaangunsalyeiln BreatheMAX

My Mango M2M
User: Kittikhun q ﬁ ﬁ gl

|Watch list & [(wmmomed) *]# 82 O[5 |

BreatheMAX_demo_user_00 - Patient_ID 5510110375 16:22:51 Ll v e

BreatheMAX_demo_user_00 - Start_DateTime 20-Feb-2016 12:00:00 16:22:51 o Lplar @
BreatheMAX_demo_user_00 - End_DateTime 02-Feb-2016 12:00:44 16:22:51 + -~ Dl
BreatheMAX_demo_user_00 - Week_NO 1.0 16:22:51 v av @
BreatheMAX demo_user_ 00 - Day_NO 1.0 18:22:51 ¥ (Gav o
BreatheMAX_demo_user_00 - Set_NO 1.0 16:22:51 v av @
BreatheMAX_demo_user_00 - Time_NO 1.0 16:22:51 W 50 ar @
BreatheMAX_demo_user_00 - Device_ID C 16:22:51 -;_ __,. G'"
BreatheMAX_demo_user_00 - Device_no 0.0 16:22:51 ¥ (Bar o
BreatheMAX_demo_user_00 - Action_ID 1.0 16:22:51 ¥ P a0
BreatheMAX_demo_user_00 - Pass_Pressurel 1.0 16:22:51 # ar 0
BreatheMAX_demo_user 00 - Measured_Value_1 ip.0 16:22:51 o [ aw U-
BreatheMAX_demo_user_00 - Threshold_1 8.0 16:22:51 v av @
BreatheMAX_demo_user_00 - Threshold_2 4.0 16:22:51 o (Fawe

U 6-26 Teyavinaunsalyniln BreatheMAXTignUuiinuu Data server
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= ) Y 1 a ¢ o Y
unmn 7 m'i‘wwm%mmqauLmaﬁLWanUEﬁmLas

\Wausiafuszuugudaya

unildudrunsiauineiioswmuunusu lnewauissuus 3 ssuu Wanunsaleusenu
sruuiudeua (Data server) Wagsvuugiudoya (Database server) 99Nk UULATHAUINTIA

dumasinaiunuANABINISTeeldauase asulaudenuinny 3 seuudosdiall

7.1 szuvfnmunauazUsTananmwdmIudlewmaagnisuasivaglunisyin

ANYAINUIUA

(3
o = ¥

TassmAAdsdfnwuazaisfunuuiniosdeifietieitedenionsnsiausufiuaninganie
vosthefiviinmenmsin uazannsadeliiiisamsaianavesmaihnmeamiialdfeonuies
Tnglisnduseslunmausziiiunienuglinissnwanuneruiaiiogsnslng lnsszuuiitiaueas
T¥msuszunananinlunisinesmvesnisiadeulniiieldlufienddymiolndda waznsin

USunmsveareldivgunsaleenmasmedmiugninngUeaurundsnisiidn

FwavdunnsiawIlsunsulssendlianusadeusedussuuiiuteyauazssuugudeya

A9518aZLUALUIITD 7.1.1) waL 7.1.2) ANUANeU

7.1.1 szuuyszuananndmiunisinasavaanisiadeulniteluaaldlugUleniidymde

vana

szuumsinesmveinisiadeulnidelraiinaueaunsarinisdeusefussuudumnesiin
Ialagduruian1sviaudgun 7-1 msvihnuresssuunsinesevainsindeulmdeluaisuain
msszymnuveslfnulaenisldsiaussindmigdisuaznisseyvinmaidesnisyinenindttn lny

NYINN998INNSINNEANUNTALIVINUS 4 Yi1ne AB Flexion (1e/971) way Abduction (g18/2731)

a

Fagul 7-2 vdsniildssyinuuaziiniauds szuunsinesmvesnsiedeulmdeludazdedive
\ilovesuAn Configuration Aifftaessinnea e TnefiAn Configuration azgnivumlaely
n13¥n©7 B9An Configuration daggnasArnduunlusuuuy XML Kaguil 7-3 udsandldsuan
Configuration u&? svuvazdsiednadufiovasudmisfivodia q Afiaegldvhnieamiin

d1gn lnguansrasanuiluguves XML ladagui 7-4
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( SulUsunsu )

Lam afhe Lasviniivi

¥

|

TUM Confiz ©0 Server

1 !

Fusn sl ilsun suedaas

¥

2 ad

sarnsldlvsunmunfalioniy

S usuAs Ity 1 L

= = = % =
viam U se iunase s il 1a

:

dwe s uaen1Usediunad server

Y
( sulusunIu )

JUN 7-1 urudansvihawvedusinsy

sruulamdlilty
[ Your ID number iz ]kl'. AsaaTEate
[ 58666666 ]
[ Your ID number is 58666666 |— | <vimv usrusndua
~what action¥ \. T _‘
5 ; = S EE Tkl
Abduction Right = 1 u
glunsandoys Abduction Left = 2
Rl e = | seuuusnaTvnzdun
Flexion Left = 4 i
1\'\ Flease, enter the number vgnwIETh
\, Your action numbar is S
-.,[ 3 TEUUULSRIEETIVI N
-] _[¥our action is Abduction Right ]/ Fitnainnmh

JUT 7-2 352 UMALLAZYITMNYRIRAIRBINTvINEamY1dn
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v <configurations=>
v <configuration>
<Threshold_ID>2</Threshold_ID>
<Patient_ID>58666666</Patient_ID>
<Staff_ID=1</Staff ID>
<Device_ID>1</Device ID>
<Week_NO=>1</Week_NO=>
<Threshold_DateTime>undefined undefined</Threshold_DateTime>
<Threshold_1>70</Threshold 1>
<Threshold_2>100</Threshold_2>
<Threshold 3=0</Threshold 3>
<Threshold_4>0</Threshold_4>
<Threshold_5=0</Threshold_5>
<Threshold_6=0</Threshold_6>
<Threshold_7>=0</Threshold_7>
<Threshold_8>0</Threshold_8>
<Threshold_9>0</Threshold_9>
<Threshold_10>0</Threshold_10>
<NoDayinWeek>5</NoDayinWeek>
<NoSetinDay > 2</NoSetinDay =
<NoTimeinSet>1</NoTimeinSet>
</configuration>
< [configurations=>

U7 7-3 @1 Configuration Midanauynliiussuunisinesmvesmsiadoulmidelua

v <current>
<Patient_ID>58666666</Patient_ID>
<Device_ID>1</Device_ID>
<Week_NO=1</Week_NO=
<Day_NO>2</Day_NO>
<End_DateTime=0</End_DateTime=>
<Time_NO=>3</Time_NO>
<NoDayinWeek>5</NaDayinWeek>
<NoSetinDay>2</NoSetinDay=
<NoTimeinSet>1</NoTimeinSet>
<Set_NO>3</Set_NO>

</[current>

JUN 7-4 Armsnfiwesanenigthelavihnenmindnagaidnduanlvtussuunisinesevainisindeulmdelya

[

nasnAlFFUAmNImesaIs 9 910 Server ud sTUVAEYIIMIATUATITRBIINA
Snafeudauansna F3Uil 7-5 Tnefidrmisnfimedang q de Aresardudiiiguisaassinle
(Threshold1 Name, Th1) ﬂ"laqmLﬂmmsjﬁﬂﬂwmaﬁﬂﬁ (Threshold2 Narne, Th2) S1uawfufivh
ROnedUn1v (Number of day in week) SruauLgafivhsenilaiy (Number of set in day) $1u7u

ATavisaniiawn (Number of time in set) 91uiudUavinvinea mdrdnaian (Number of last

week) 91uruiuitvinnrganirdaaranludua1vidy 9 (Number of last day) 31U3ULGATYIN
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munmUrtnagaluiutiu 9 (Number of last set) kagdnuiuassminnen mutnagaluentiu o

(Number of last time)

Your ID number is 58666666
Your action is Abduction Right hand

Minimum threshold is 70
Target threshold is 100
Number of day in week is 5
Number of set in day is 2
Number of time in set is 1
Number of last week is 1
Number of last day is 2
Number of last set is 3
Number of last time is 3

v

JUN 7-5 M3aguAmsiinesniaviuailasuain Server

HOUITTUUNTINDIANUBINISAFBU YD Inaasyin NS IR nSaununISUUTINKE

Y0304fNNHUIEYILG YN THUIINNITENRIUATU 1 ATILD SeUUagynIsidenasmigUievinle

g98a (Measured1_Name, Mv1) oA U IN15UsEIHUNAYBINTENRYY (Measured2_Name,

Mv2) seaunish (7-1) Taeinisuseiliunavaanisenwausuady 3 seeu (ldenu=1, wald=2, f=3)

FeanunT0azulanannsed 7-1 uazianimanamitnaensgun 7-6

0; Mvl < Thl
Mv2 =11; Thl < Mvl < Th2 (7-1)
2; Mv1 = Th2
M3l 7-1 Myinesmvssmsiadeulniiieltlugiiefiiiymieluddn
Fasunlugiudoya Yot UALAYN Vet
Measuredl Name | ®amdvile | esmitvilagegaluniaass 99fN
Measured2 Name | Nan1sUsesdiu | Han1suseldiy 3 se6vu (0 = U (Unsatisfied), -
1 = S (Satisfied), 2 = G (Good)) ﬁﬂwéfa&
laderimualy
Thresholdl Name | a3fntieugn | earteegniindsvinla oNGY
Threshold2 Name | asand iy | ssandwansfinasvila oM
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180 T
——————————————————— Th2
———————— ———=| |===—=—=- Th1
H » Time
0 1 2 3
Angle = 45 Angle =100 Angle = 120
Bad Fair Good

JUN 7-6 Msuansranntinvevesldiunsinesmvesnisindeulmdelya

NAINUUALIINITRTIRde Ui Urs L nseniauasUmTIuIUATIlY 1 1@

3ol andeldasulimsuvinnisTnearsaly WAEIATULAD AEIIUTIVNAANSNINUAYDINITIADIAT LY

1 1w (A1eemgegaigievilanasnisussiliunavresnisenuan) dud Server sigly daguit 7-7

mﬂg‘d‘ﬁ 7-7 @1 Start_DateTime Way End DateTime fg PERUIE e M AROIEIN
IU?LLﬂ'ﬁJLLﬁ%éUEjﬂIUiLLﬂﬁJﬂ’liﬁlﬂLL%UIUMﬁQﬂ%Q MudIAU Inslansnaroaanduluu Unix time
warnan1sUszidiuna ( Measuredvalue2 lum1s1adi 7-1 Ao Measured2 Name) @131130A1UININ
ANDIFALI (Threshold1 Name, Th1 = 70) wazA1asrUnung (Threshold2 Name, Th2 = 100)
LazoIAgIaniigUIvile ( Measuredvaluel Tum519#l 7-1 Ao Measuredl Name) lag#nads

mﬂgﬂﬁ 7-3 wavaumsin (7-1)

A0001 - Patient_ID 5.8B666666E7 Dec 21 14:40

A0001 - Device_ID 1.0 Dec 21 14:40
AD001 - Week_NO 1.0 Dec 21 14:40
A0001 - Day_NO 1.0 Dec 21 14:40
A0001 - Time_NO 1.0 Dec 21 14:40
A0001 - Set_NO 2.0 Dec 21 14:40
A0D001 - Start_DateTime 1.482330932E9 Dec 21 14:40
A0001 - End_DateTime 1.482330973E9 Dec 21 14:40
AD001 - MeasureValuel 94.0 Dec 21 14:40
A0001 - MeasureValue2 2.0 Dec 21 14:40

JUN 7-7 Amsnilinesiidudng Server
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7.1.2 szuvdszurananingunsal Triflo dmudAaniunanisviinigaindidaiinanisiuy

U3u195Uan

¥ ¥

mMyinvsunsendunsnsrausaiiuiietinnansiunusuinslenvestieniniizlen

wiu InegUagniinnedeaunuazlasumsiniienuluSunsueamemaianiig 4 nengnainiiia

£

wu nMsvgladt msle msesndidinie siunsmsinldaunsaliiensedunisiuyusuinsUends

9

4 v

n1stnealdszesiaamatedund deiugUredndudeenduluriinisindudenueantiuniy

[%
2 IS

TUSKASUNISHNINUNNIEATINUIUR FIUSENTUNISENNANUILABILNISUSULUASUSELAUYDINISHA

% a a

mnanIMNIsHuNvelINInsUennaenTEeriIa1veIN1sHn M1eEITeelinuiAnlun1susvendld
szuvUszanananmdmiuaunsal Triflo FudugunsalnldiiienszAunisiunusuiaslendalui
Heuldlaemlumulsaneualudsemalne lagaginisnsivinUuaslentagduvesUisnioy

1%
v

MaRamURaN suvesUSI s UanlarUsulUasusyauvaImsinlivanyay

ns¥aduazRsAnsruUsEaananwaunsal Triflo dwiulaaumanisitnienindidaiens
HuU3unsUan
msammuwamiﬁluvjﬁuaw%mmﬂammmmv‘hléﬂ@amiﬂszLﬁuﬂ%mmﬁﬁmﬁmmﬂ%mu
gunsal Triflo FsamsnvhaugluiumsudsssiuresnsiinduazmsiiussiuanueInvenis
Andumuanimmsiunvesdine drelifiefidmnedmsunsiindusasyinliunmsdauaanse

UFudsuununsiniulaieuasimnsauivanmnmsiugvesddiey

A15197) 742ﬂﬁﬁ?@ﬁﬂﬂﬂﬂqﬂﬂifﬁﬂizuaawaﬂﬁwqﬂﬂiaiTnﬂo ﬁww%uammwmmaﬂﬁiﬁﬂﬂﬂﬁﬂﬂWiﬁfknﬁaﬂﬁﬁWun

Ysumsden
Foisenlugnudoya Foto eRGHIGE] Vel
Measured1 Name | U3u19s Usunslan au. .
Measured2 Name | 12anfinafng szezaTignueaannsaaseiegmile | fadiuni
A
Measured3 Name | Nan15usewiu nsUsviiune 2 seau (laisinu=0, lu=1) -
Threshold1_Name | s¥auAI13gs msfmuasgauatgutmngvensld | Sesas
Wvane a1 Triflo
Threshold2_Name | gnueaidwiang | msimuadiuiuvesgnues an
Threshold3 Name | Sgpziianfinsing | msdmunszozmaiInugeesgn | Sadiuni
voaldmingy
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Training Information
Action: Inhale Training Begin: 27-Dec-2016 12:00:00
Height Threshold: 80 Training End: 27-Dec-2016 12:05:00
Ball Threshold: 1 Day No.: 1/5
Time Threshold: 3 Week No.: 1/2
Success Rate: 30 Set No.: 1/5
Volume
A
2,500 +
2,500 —+
2,000 —+
1,500 +
1,000 +
500 +
0] p Time

1 2 3 4 5

Average volume = 1,800 cc

nMsuanauuninvegldnunsiamunansituyusnsUealudauiins

Second

A
4 L
3 +————= - — Th3
2 1
1 1+

p Time
0 1 2 3 4 5
Fail Fail Pass Pass Pass

nMswanNauuninRegldnunsiaaunansituyusunsUeelugaam

JUN 7-8 Msuanmauuvinvegldnunsinnunansiuyuiunsuen
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mﬂ%’muswuaﬂmumimamwﬂflﬁ’@Lﬁaﬂ'}sﬁwjﬂ%mmﬂaméfaqﬁwmiﬁmumﬂ’mmﬂu
MsUSMsusemnsalaas (threshold) ManunanAIfans1adl 7-2 FeUszneudaensimunsesu
Aaugadinung gnueadinunelazsrezIainae 1gseuuaeiin1sinliuins Juauag
Usuiiunadiiaresnisuimsusasadiannnsissuiiouiuamsalsasdilasmuals nsuanina

vunthaegldnugunsaliamunismenmindaivenisituyusuinsusauanssiaguin 7-8

Graphical User Interface 1w¥ussuutUszanananingunsal Triflo liloRan1unanisyin
nenmirtiaiiansiuyUSuasden
Graphical User Interface %39 GUI éim%’*uazwammmmaﬂ'ﬁﬁflmamwﬂflﬁmﬁamiﬁwj
UhinasdentuannsndigligldauausaihssuudnanluldifefanunanisiuguiansUonld
feuazazan 31 GUI ildeanuuuliuansogafazudl 7-9 Insesdusenoundnves GUI Huanunsn
wisoonlsiduddu fio
1. dwillddwiunsnsendeyadosiu iwu msldsiaussddiging mssywiaves
gUnsainsefumsiuUiinesonuazmsszyndosuaudld
2. dunanatmnglumsuimsuasearBeaifeaiusuiundaiiviinisuivig
3. dULanINaNIIANINUSIIATUBN SEUZIAIAIANLATNANTIUSE U U EELIAAIAN
fiffrevldfudmnelunsuims
4. ﬂqm@LﬁaL’%':Jﬂizmamamwmﬂ%’muqﬂﬂiﬂiﬂiw’juﬂ'ﬁﬁuv\luﬂ%mmﬂamLLawﬁwaLLam

wgunsainseunsuyUsinsen

HN Enter

09

Type
08 Triflow-1 v il -

Threshold 2
SEAUANNFIILHANY

anua’tdiKkang

0.7 =

0.6

FEAIANAI AN

0.3 2
Measure value 3
0.2} fUann

UFanng

0.1 i

| FzHULIRTAIAT

HARWS

Start / Stop

U 7-9 M98 Graphical User Interface 9995z UuAnnunansiuyusinslen
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nsideusieruszuudumesidnliasidifunisiaudasud 7-10 Fasudusenisnsavaoutoya
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ansndoudedui@ines szuuasfseyad Configuration nnslduaanuldifiosseuas

U52UaKaNIN

AinlAaINNsUsEINaranmkag Configuration a1nnsldaunasiatgnazgndnsestoyand
Tupauiawesuavdsloyalududnines mnnisdedeyadnsa Jeyandrsedliavgnay 9ntuisdad

293U Configuration tedamssuvdmsunsldeuassdaly wivnwulgmilunisdedeya seuy

annsadsdeyalududesialumendinenisnmaasudeyadisesiigniunnly

Y

i
Faurariadn As maaudayannin

fdaua o n»
% hifliaya

Bidda e
dnandaya -~
= ¥
AT YA l
THan#1 ConSzuration 1MA3UET K
- " i a +—hj
L% Tufinasanauiuaas
) 14
L
avdaya
)
i aya %
} : o @R A1 Con Azuration
'Tf' (I“ 1M AT
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fuauls=wamhe
fsaaayann Ui Tane
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JUN 7-10 wnudansvieuvedlusinsy
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WlinuszuvAamunanisiinenmiiiamenisiuyUsuinslen

1. nsensraUszddianadlutes HN fintheediud 1 uazszyviauesgunsainszduns

T USinsUenfundesuuendild mniudandn Enter
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Type

|
010-57-10 Enter At B

Camera 1 - Cache : Empty

\/ F." FNRIEE  pEaans | a2
& Sz mia t(ﬂpj
'r'"“

nan.
Wak : 1 Day : 4 St 2 Tieae : 1
suvlszinatamna I UAAR MG . :
3 3 x LI 38 HARHE
mammenmuivamensilulfinaslaa
Serd

B o Graphl Graph2

JUN 7-11 nh9e Graphical User Interface fauansseauidaainediudhvanglunisuimisuasdnniuassiining

UIHg

58222222 Enter |
L
| Type .
50 Triflow-1 “’. Camera 2 |
Threshold
Age : 80
100 il
anuaa : 1
| nan 3
150 |8 .
sUawn 1 Measure value -
200 4 p Volume : 2888.495
Fun 1
o Ayl Time : 4.6169
300
% 4 Result : 1
A%sdn 3

U7 7-12 wti13@ Graphical User Interface Bauaninan1sAuinuinnslen szeziianasinsasveadmneuas

naansanMsiUSeunutuunelun1susng
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msmeamdialidussuusaluifannsadousetuinietisdoasld gunsalilsvihnstauilu

afaildl 3 qunsal Ao 1) gunsaifinwela BreatheMAX ifloifiuanuudaussasndmidonela 2)

seuvAnnuLaraunsaltieuIMIstarwuulelglnlindnggansiy 3) ssuvfnniuuavaunsaiyiy

Uinsternuulelediufinyiinisiauiusmsvenuazaunsaldieusnistern faseasidenlng

agussseluil

7.2.1 szuuRnmuuazaunsaffinmela BreatheMAX tlaiiuanuufussvaindruilomela
\los91nua.n5. 48 1oud 019158UszdumAnedeveunniu Tiandugunsaliinniela
alunUseasd 7iiT011 BreatheMAX Ssgunsaifuiianinsndisszuieiauve fidadnslunaonau uazd
TH8uinTeauinisdon niendruiiienisla Famrsnisnintivavesamusunneaians
uineduasvauaiuns Aldinshgunsalinmelatinldfudtismuiu Tasaldnsinssdunss
nsgvinfifinenseviviegunsal BreatheMAX dsimheifueufinmstinanuiueiines fadunise
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n1seaNUUsEUUAIUANaUNIalinvneTla BreatheMAX

Tasansiildlfisuensinussiutausanssvhvosinoununtueines ssuvauasnala
annsnThmsUsznanaitfiisannsneenuasnsevinldfadmneddlivield wagasdnsuds
ieuiteliEthenstu wienfusenunanisinludsgrudeyanisinismenimirinvesiiaese
thu Fetliumdviotnnenimannsaganuiusuwesiaunnmslunmsyinenmsiiavesmeiun
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NsEUIUNSYIUNIgenikIsvesgunsal BreathMAX lagneenuuulinsuansmiuunudsly
U 7-14 dhuns1eil 7-3 uansnsinaigunsalilnmela BreatheMAX Snisuansifunimsiuves

[ = < A 1 Ay [y [y Y a 1 Ay LY [y
ANTNINTYATNAUILR AD F"I']L’]a’]S’JQJ‘WﬂNigﬂ‘ULLiQ@Ul@Lﬂ‘Ll Threshold ANLIAITIUNANITEAULTIAU

ALY warn1sUUINUIUATIVLA Nadnansuiansazlisiuassnvinlanig Threshold

[ SuRu ] soRliBuduusiunsi

AMEANUIUA

i

yihnsilnnieamdidn

[ o &
MVDYAA

fM3IIFUNIT

<

& '
LUDUND

BusLUNIILY

LASOUNY v ——
msiniasea detoyadn
ATUNINUAZS
Sutoyatay gl . o = y
v A3UUaYINLATLNVDYANANITRN drgean

4

l Wetuiinluda Data Server

l

TnanA Configuration

iiudeyadisesuudiaios

autayadisesuudiaIes

1 1

USuss Parameter lvidanndng — T
dhudeyadiseaidousoluds

fiuA1 Configuration Al@3u

Data Server (iadstoyavianun

JUN 7-14 unusgoninisvesaunsal BreatheMAX

To-e-coceo/&w 111
WUU nnUd. ME-003



M50 7-3 M5inA1anaunsailnynela BreatheMAX

Fosenluguteya

RG]

Uazden

Y
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Useiiu 1 = S (Satisfied))
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/httpds?__device=C0001&C0001PID=58333333&C0001S_DT=1481513712&C0001E_DT=1481513742&C0001W
NO=1&C0001DNO=1&C0001SNO=1&C0001TNO=1&C0001DID &C0001MV2=
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' a 1Y v o o Y &
ﬁWL'Ja'Wlﬁy'T\iizﬂULﬁﬂﬂu NTIUUITUIUANNINRUAN
@A Threshold

v
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° v v a o o
FuauassiaslaiusTAuLsIY

C€0001 - Patient_ID 5.8333333E7 14:54:42 v ve

C0001 - Start_DateTime 1.481513712E9 14:54:42 i w8
C0001 - End_DateTime 1.481513742E9 14:54:42 T4 av. 8
C0001 - Week_NO 1.0 14:54:42 L4 av. @
C0001 - Day_NO 1.0 14:54:42 T4 a8
C0001 - Set_NO 1.0 14:54:42 4 av O
€0001 - Time_NO 1.0 14:54:42 L4 av ©
C0001 - Device_ID 3.0 14:54:42 i V%
C0001 - MeasureValuel 10.0 14:54:42 v av ©
C0001 - MeasureValue2 6.0 14:54:42 v v
C0001 - MeasureValue3 8.0 14:54:42 v i
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Degree
A

2 Knee extension Knee flexion

B Y e W /

1 A3 1
4 » Time
3 4 5 6
ROM : 70 MAYV : 80 ROM : 90 MAYV : 100
RMS : 80 Fair RMS: 120 Good
NNBLAY 1=09ANTUAY 2= BIAGIFA 3=LIANBUSUUAAZAT

4= LaldnerSuAUTaedAgan
5= 138771N39AN9 (duration of sustained contraction) ﬁaqmgqqm
6=41aMlElUNBIMEIARTIDIANTUAY

JUN 7-18 Msuansraiviideglinugunsaldigusmstertiuuulelelviindiegmee

dmfunisdadayanisvitnisuinisvesineludissuuiiudeyassgndainuaiediny
BuUWBSLIA (Intemet network) tnegunsaltieuInsteidiwuulelelniindiugmsieazdielinds
WousarunIetiuBumesilaiiosunazdseyadussuuiutoya Feleyansunazdsiuazuansly
A13NT 74 azUsznaumieaeddIu Ao dwusnilusudeyaunainszuuiiudeyasndudeyanldlu
NN3613AN (configuration) N15¥INUTBIRUNIRIUTINS wavludeyaildlunisimvuadaauaunsatu
a = 13 D ] = & , v 9 2 v I
N15UMNS M50 salaan (threshold) veddthe diunasudunisdsteyaludassuuiiudeayaasily

Y =

foyafiinnazUszinanannmmiimsvesitheiielfidudeyadmiunsitadovosunms Tagms
WMEERaTUNINAT devesnsiadeulm (range of motion) FaluszearaslunsmBeniai (knee
extension) - 9011 (knee flexion) SAIINBIANSUFY (starting position) 0199971g9GR (peak position) kag
ANanTalun19in5aA91Y (duration of sustained contraction) &4 94AANINTIAA N1TUARIHAT

wihvevesgldnugunsaitrsuimsteuuulelelniindiegmsedsgui 7-18 Inensussiiunald

LNEUNFIL
7 R AFedalazmnuauIsalun1singeeslilaniusinue
woly fe AMNANS0TUNITINS AT LA LU 50-79 % VBIAT baseline

Tl As Talanunsansandnuilaanald (H1n31 50-79 % Ve9A baseline)

To-e-coeo/&w 115
WUU nnUd. ME-003



M50 7-4 MsinA1naunsaitisuImstaiwuulelglninmiegange

RG]

Foisonlugrutoya avidyn Vel
Measured1 Name parSusy DIANSUAUTINT BB AL ONGH
Measured2_Name DIAGIAN aqﬂwgqqmﬁﬂﬂaUaWNWiaunﬁammhlﬁ NG
Measured3_Name IGENR) seezyulunIsndun-181U1 laginaneedn | a3

Budufianamagn
Measuredd_Name ey nanildannesmizusiisesgga eIVl
Measured5_Name naTN3aEa Laawﬁlﬂ%qﬁﬁquuzﬁaqﬁwqqqm N
Measured6_Name PRGN nanildannesmasaniaasenizusy Rivall
Measured?_Name LamN Laawﬁﬂﬂaaﬁﬁwﬁnuémwéﬁﬁaiﬂ eivall
Measured8_Name MAV_meas ﬁwﬁ&yiahaﬁamaaﬁQﬁgwaﬂWﬁﬂﬂéﬁinﬁéﬂmuz -
\n5aAnaly
Measured9_Name RMS_meas Arsanfdsdesiadevesdey ol -
néwilovaminadnl
Measured10_Name NanN1sUSEIIY | Nan1TUTEIEU 3 52AU (0 = U (Unsatisfied),1 = -
S (Satisfied), 2 = G (Good))
Threshold1_Name MAV_thre 80% U9 baseline EMG signal 1 (MAV) -
Threshold2_Name RMS_thre 80% U4 baseline EMG signal 2 (RMS) -
Threshold3 Name ROM_thre 80% U84 baseline ROM RGN
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Time.
Sex Age Load Time/Set M
[—
Start 9 stop i
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e
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1 2 3 . : 1 2 3
(n )
o & o a
?;'U'V] 7-22 VUNDUUBDINITNIUINNT
R L L e e T .
Week Day Set Angle EMG Waveform S
- = — : s .k
- = m 50-1 H
3 W L 2 ] [4 I 30 40 50 60 4 8 254 H
200 | JEEE Ry 3 H
10 v 90 a0 H
Start date time End date time il 100 & 2 :
2 ol : - ‘ H
<06 . -50-! H
112:06:10 24/12/2016 } '|00:00:00 DDIMM/W‘] ‘([ 63-— ] 5“1“\“ &' R 5
_ dagnadihindaniie | !
Time/Set — H
- — — r v o Angle Waveform .
3 = L HasiaAdINaveEn § — H
- 100~ H
2 . MIVIMS 8 75 H
. Time count £ o H
eg : . g :
= Bl ) 1 ] 2 H
\|Rtght | J ! y ‘ - — 0 ) '
— 4 o 84 B |
T H
Ready Process T L szemyunsmaeun |
........................... oo — -
Start position . AR .
— - - - ‘ bl Ly asannaehusms |
0 0 0 0 0 = ;
| . . | ] I o ] - & upload B Cancel [
ELLED — - ‘ - Waveform Graph Data ready
0 0 0 0 0 l [ 100-
ROM 75-

JUN 7-23 diulaninavaieyininisuIms

3’: d' 1Y o < ¥
Yunauil 3 Mmydsdayaludasvuuiiutoya

Mé’qmﬂﬁjﬂ'gaﬁmﬁu%mit,a%uﬁamsm6] iuszaanaraliavgnuansludiu
1 Jledayaviuanseuiiazdsludassuugiudeya luuansanug Data ready Nazfndunuansluguil
724 wahevTerauaaunadentainazdeoyanianunludissuugudeyansold f1@ansdan

1 v v U 3.’; 5 <@ 1 Y =3 v 4

aunsanalu Upload Latagudideyaniananuaiazgndsludessuuiuteya lnsaiunsaidly
nsrvdoudeyaiszuuiiudeya (mango) lomanansluguil 7-25 usidnlifosnisdsludsszuunudeyan

ansanalu Cancel batae uananiludiuilazuaninsivesssesyuiadounlauazdynialin

120
WUU nnUd. ME-003

To-@-coeo/&w



ﬂé”mLﬁamaal,wiazﬂ%gﬂuvmﬁguﬂ wazdainslanINanISUTELEIUYINITYINUS M TA8IIN TV USUNS
Tnsiadoudluniueglusedula Good, Medium, Fain iieagldifutayalunishnsuimsluads
Sl wdsniulusunsuagnduludsiunounsiuimaiievhnsuivslueedaly waslusunsuey
yhaultiFesauiiheiasunusiuusadidmualilutuiug viminieasuuddaeanunsanga
nevienlusunsuliias aswioluidediasldgunsaitisuimadoruuulolslnindrogmeef

o a ] a o o o a Ay Y a Y v v
VEADILIUINNVUADUNLLIAN LLag‘W']G]']ﬂJa']WUIULi@ﬂm']umlﬂ@ﬁU']ﬂlULLa')‘U'Nﬁ]u

Week Day Set sagie
1 | |2 } la I'|
Start date time End date time S

Y

N

E

s
[ o) o) o) | —
Penk st .
(o (o (o) [ |
Tame | *

fi

ﬁj‘[ 'Iia—ﬂ] fi;u—|]| _'[ft—|||

:
I\
 samsbaiommingun ——

l.'.‘—| =

] [ {

|| | Good |

JUT 7-24 duudnsmavain1svhuimsuagnisdsdayaligdaszuuiudeya

Full Service MIM .

2 gEeuiag=alve

My Mango M2M
Users dadmin 4 Q@

£2006-2011 Semtonin Software Technalogles Inc.

all rights ressrved

Points & watch list @ (unnemed) v| & B0 O[5 -
[k DOonL: Dy O DO0O1 - Patient_ID 5 856556557 Dec 23 14:50 [ T
D000T - Deviee_iD B =
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00001 - Measure Vaiue | -
DO001 - Measure shie10 DO001 - Week_NO 1.0 Dec 23 14:50 [
e DO0D1 - Day_NO 20 Dec23 14:50 @ P e
(5 D001 - Mepsurevotied
DO001 - Measure\aied DOOO1 - Set_NO 3.0 Dec 23 14:50 @ Bav o
D00D1 - MeasureVaiueS —
DO0D1 - Messure\blues DO00O1 - Time_NO 20 Dec 23 14:50 @ @av e
phoo e DO001 - Start_DateTime 1.482479308E9 Dec 23 14:50 o Hav o
D000! - MeasureVeiued
D000 - Measurelaiued D001 - End_DateTime 1.482479436E9 Dec 23 14:50 °
D0001 - Patient_ID
D000 - Set_NOY DOOD1 - MeasureValuel 2.0 Dec 23 14:50 e
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7.2.3 sruuAnmuuazaunIalviuIMstatwuulalafiuin

gunsal Iy NK-Table AnuUauiedisusmstewuulelefiudndiglvigiivsanusaiiu

WeatonruzusuaingUnsalieanuiineiluniseseseiund lneynszezyunisiadeulniyn

waLmesvatgUnIalldy NK-Table Anuuat aggnalunulviiusedn (torque) M0 9 Aunneee N3

panfdinenuuleladiumnazlnadnslusunnundawsassnaiuiienniiwuulelalnin

luns3fiadeunndazgan wsadangUaeviladundn diua1dus azdunisdanliaios

gunInlteuImstauuulelefiufindiy NK-Table dnutas vamusulusunsunsesnidanien

NN WULULARIAINITIN 7-5 Tn15TAA WSI0ANISEAEEALYN WSIDANITIDWN LAWUTEAINLIAN

Alunsmbennanyuinan-1ugean) La19e (aNtglun15eIAINYNEEA-LNANER) Lag

mM3Usziiuneg 2 seau (Liku=0, ku=1) fUedeshlatedinsalaas Lieuanakanigun 7-26
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YaTLIYA iveld
Measuredl Name | ussUamdengaan | wsslansimvdeaigean dU-Luns
Measured2 Name | ussUnsogedn usadannseeLngean UAu-L8ns
Measured3 Name | hiawvdgai nanildlumsimdeainanyuman-yy | Jud
gean
Measuredd Name | h3a198L21 nanfldlumsseiinannyugegn-y eIl
fgn
Measured5 Name | Wan15Usuiiu Han1sUTEHY 2 26U -
(laiu=0, H1u=1)
Threshold1 Name | L3961u usssulunsuden-9eLen hdu
Threshold2 Name | A373157 amdaluvaznsiedoulmdel 93A1/ U7
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p9riFuALR83MZIEn
Thresholdd Name | yandusiu yududunsidoulmvesdoinn oMY
Threshold5_Name gm??uqm gm??uq@mim?%aulmmaq%’amh G
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Torque

pait 1 CEST

200 / /
1
Knee extension m
>
4 time
Knee flexion ROM =90 2 ROM =90
V=30 degree/sec V=30 degree/sec

-200+ Pass Pass

mNeav 1 = ussiansvideatingeen
MNBIAY 2 = L5anNN5eeLUngeEn
MNeaY 3 = Ramdeain

RUBLEY 4 = 1IANBLYN

gﬂ‘ﬁ 7-26 mﬁLLammaﬁ‘mﬁﬁaarzﬂﬁfj’muqﬂﬂifﬁ%wﬁmﬁaLﬂﬂLLUUlaT,%ﬁLuaﬂﬁw NK-Table anlUag
nsviteuvesgunsaldlsuImsiarinuuulelefuin

msweusdafiuszuuiutoya (Mango) vesgunsaidreuimsteidiuuulelefiufn

=

A7t NK-Table Anudainazdiuvesnisinseiugldaiugniiauiduaielusunsy LabVIEW §adl

a

MNANLARINARIFUT 7-27 SUT 7-28 waggui 7-29 muddu Usenaulume 3 daumdn 9 e dwu

[ 1

Y9IN155YToyad Uy druveanisivuaaliiugUnsaitisuInsterinuulelefiumnae NK-

Y Y

Table Anudas uavdiuvasnsaateyaludissuuinudeya
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INSERT DATA | CONTROLL I EMG | UP LOAD DATA | READ DATA

file {use dislog)
% C\Documents and SettingsiUSER Deskkopiawidy naver|lsokineticiHN-129-14-

=l

HI Show data
[1z9-1485 [Fr 1291485
. |First name : Thradon
Last name ; Wattananavin
% #Age: 30
Frist nam Last name Se% s male
T = |Load tkg) : 2
‘ | Thradon | | Wi atkananavin |velocity (DegresjSec) 1 5
:Angls max : 90
{Aangle min 0
Aoe Sex
r r = |Mate @
E | Male |[=]
Make

JUN 7-27 wihsnauansdiuvenisisydeuaiiiey

IMSERT DATA  CONTROLL | EMa | UP LOAD DATA READ DATA

Filename:

i

Week Number
1
Day Mumber:
-
|

Seet Nurmber

|1

Start Date Time

Device ID Mumnber of Exercise

[Eonot 1= e

Load (Kg)
E |

Welocity {Degres/Sec)
[s

End Date Time

W save

U

“Waveform Force
S0

=
40+

30+

Angle max

r 20|
|50 104

o

Amplitude

P
DOWH Andle i

. 10|
& | e
fi -40]

a0

50~}
710000, 000
1/1j1504

Wwaweform Angle

90 -
Direction Mator Contral Mator Mokar onfoff Peady
60—
Output Motor
w
3 40+
=
£
<
Count of exercise Force Angle Welocity
0 10.0 0 0.0
20y ]
Save File Start Button Pause Button Stop Bukton 7:00:00.000 #:00:05,000
17111904 1/1{1904
| Off ak I | Pause STGR Time

SUR 7

Y

Strain gage (Filtered) “ |

i
7100:05,000
1/1/1904
Time

Angle (Fitered) - |

-28 nhAuansEINYRINISI LAV UNSalg e usMIvaLinuuleleAiuindy

NK-Table fnilas
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UM 7-29 wihendureansdsfeyaludessuuiudoya

wihadresnsddoyaludsszuuiudoya Wunihssgarelddmsudideyavesiiae
== U

AlgannstuiinArvesgunsaidisusnisteidwuulelafiufingie NK-Table faudas d1uved

a v dy ¥ [ U dy
wazidenldaulowiulansnsmoludl

Yunauil 1msleudeyarthe
Joudayadthelaun sauseddivesitie ¥e ana o1y wavine lnafive ana 01e Lie 9
Tansalullafle arnduvhnisnaiivy dievinisimuedeliduazsiunisiiudoya gaviens

Yuduiindaya fegui 7-30

YUABUN 2 AMUUAAILAZNITIINUSING

fruAA FUANMNYININITUSIIS NUIUTUNYINNISUSNS 19aTvinn1sUSng SuiuesidaLde
d' o a '3 i Y a 5 o d'l d' a' o a
IINNISUIMNS wasnuneavvesgUunsalildusyms antiuwinisnanyy - WDLSUYIINISUSYNS

Flaguil 7-31

Yupaudl 3 Mydsdoyaludisruuiiudoya
1Y (Y [~ 74 o ' ¥ & ! Y v
mydsdeyaludsszuuiiudeyarilalag nadunsivaeudeya Mntunadudsdayaludassuy

iudoyadsgui 7-32
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INSERT DATA | CONTROLL I EMG | UP LOAD DATA | READ DATA

file {use dialog) = o § ° P a2
% C:\Documents and SettingsiUSER|Deskkopluidy aaveIsokinetic\HN-129-14- =t < 2. ﬂqﬂuﬂ%a\l‘wﬁl’l’azm'} LLuQﬁLﬂU'il’aﬂJ‘.a

i

Sa=s
............................................. .

| HN 1 Shaw data

1| [1z9-1485 ] : [Fr 1291485

L 4 1 |First mame : Thradon

. |Last name ; Wattananavin

) ! Age ! 30
Frist name Last name : |Sex 1 Male
T = : |Load tkg) : 2

‘ | Thradan L] | | Wattananavin | |velocity (DegresfSec) : 5
. : |Angle max : 90
! . {Aangle min 0
| Age Sex !

- | |Mate

I j30 | Male: = .
L) o cmmme—— S !

1 deuteyadiae

3. naduduiinteya % Shaw data

JUN 7-30 MegamsldanutaiuduneunsleudeyarUae

INSERT DATA  CONTROLL | EMG | UP LOAD DATA READ DATA

Strain gage (Filtered) “ |

Filename: “warveform Force
2 G S0,
- 40

30
Angle max
- 20

|50 104

0-

Amplitude

Load (ka) DOWN Angle min
04

i [1 [fi 1B I i | o
! ! 30+
o Yelocity (Degres/Sec) ROM 2

[1 T8 o . B [2a B
.| 1 1. MnuUAA 1] il
A ! i L -50-3

7:00:05,000
111904

7100;00,000
Start Date Time End Date Time ]

Time

‘Waveform Angle Angle (Fitred) - |
90 -1
80|

Direction Motor Contral Mator Mokar onfoff Ready

Output Motor

B0 -

40~

Amplitude

Count of exercise Force Angle Welocity
lo j0.0 o 0.0

SoD0C0c0s . 20
=

Pause Button Stop Button +00:00.000
1j141904
ok I . | Pauss ‘ ‘ STOR I Time

!
7:00:05,000
1/1/1904

2. nAaTUUIMS

P o 1 v & v O ° ] o a
E‘U‘V] 7-31 G]'JE]EJ'Nﬂ']{LGZNWUL‘UENWIJEU'UG]auﬂqﬁﬂqﬁuﬂﬂqLLagﬂqﬁﬂqUﬁ‘Vmﬁ
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Uil 7-32 fhegunsdsdoyaludissuuiudoya

Ul 7-33 uansnanisiiuteyavesgunsaltisuimsterdwuulelediuingie NK-Table
fouUas (wansrnangndisuaiangiae) lumsiafuteyaifiefnmunalsznoulusmemsifines
fanua 13 2 1dur lefivesiihe lefvesgunsaitrsuimsdouuulelsfiufingas NK-Table
Fautas TuieuTuaznaeniaidudunims Tudouduaznaivesnmsauantims dUamwidivhms
Ui Snuuiivhnsuims Sunudaiiviinisuims Swauedierdaiiviinisuims wseians
wdeangean usslnnsiewingsan Raldlunismdeainnnyuian-yugean waldlunisse

WIINYNEIEA-uean wazn1sUsediuna (Liku=0, Ku=1)
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- @
Full Service MIM My Mango M2M
el '_‘UTI i_w ‘ - (ORI | &l DR~ s e ﬁ @ )
Points @ watch list @ (unnamed) 7| & & @ O 15

[0t e E0D01 - Patient_ID 4510263.0 Jan 11 21:59 # o
0 E0DM - Device 1D
(— [ E000 - End_DeateTime ED001 - Device_ID 0.0 Jan 11 21:59 @ CBav e
—(IE0ND - MeasureValuet —
|1 E00D1 - MessureValuslD o E0001 - Start_DateTime 1.484171611E9 Jan 11 21:59 ¥ (Pare
| E0D - M Value2 -

easHiErae E0001 - End_DateTime 1.484171638E9 Jan 11 21:59 @ Sav o
—(JE00 - Measure'alusd
—(1E0D01 - MessureYalued EDODL - Week_NOD 1.0 Jan 11 21:59 ¥ (a0
(1 E000Y - MessureValugs -
(—("JE000 - MeasureValueb o E0001 - Day_NO 2.0 Jan 11 21;59 ¥ CHav e
[~ (P E0ODT - MessureVialue? o E0001 - Set_NO 1.0 1an 11 71:50 @ Bave
— JE00D - MeasureMalued o
[— (50 E0001. - MeasurceYalusd o E0001 - Time_NO 2.0 Jan 11 21:59 # G ar e
" E00O - Patient_ID -
| IE00DT - Set_NO E0001 - MeasureYaluel 4.0 Jan 11 21:59 L4l lav @
(—(IE0OOM - Start_DateT =

’ e E0001 - MeasureValuez 7.0 Jan 11 21:59 ¥ Havo
| (0 ENNNA - Time_Mo
[ EOO0T - Week MO E0001 - MeasureValued 4.0 Jan 11 21:59 @ P e

EN001 - MeasureValued 7.0 Jan 11 #1:59 7 GHar o
EDDO1 - MeasureYalue5 1.0 Jan 11 21:59 ¥ Gha e
— > ) ;
From (2007 | [3an v |[ 11 v|,[03 v |:[ 21 v]:[ 00 v | O inception
Chart '@ DR
To 2017 (dan Y 1z Y|, 03 ¥ i 2L v 00 ¥ & | atest

JUT 7-33 wihanauansrauuszuuiiudeya (Mango) vesaunsaltheuimsdertnuuulelafufingdis NK-Table

AnLUae (wansraanasuAnEaEie)

= 1 a 1 Aa ¢ <
7.3 STUULATDUIYLASNISLUIUNDDUNDILUA
SEUULASDUNULAZNITITDUA DD UL B S INALT AN WL AITHAAIAINTINVDITEUURANLLAS

gunsaldrewmdegiinswazgUiglumsvinienmiilaruasetivdeans Iaggunsalineg Neglu

1Y

szuvtzdrayaludnyrvasdeyaniuanasiudinisadsiiesimunissuuesodnedumesiin

Y

Joyatiiumusuliazgnitliussanaiionsinmunavesinnmeniniidaniounvdsely

(%
v Al

1A59N15338 R AA L IUNITAUNITDBNLUUTLUULAT DU LAE N SIDUA DD ULNDS LR LAELS LAY

[

PNTUABUNIIANTUNITAIH
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7.3.1 ssuunsasanliinniaunsalinaiunazaunsaldtemaslunisiinigaininUaniuia3auneg

a
_ s

dadns

1. Config (web) [
@97

Data Database Healthcare
Server Server Web Professional/Doctor
(Mango) (mysQL) Server

2. Request (http)

3. Response (http)

JUN 7-34 szuunisasanlviingunsalfinmuuazgunsaltiewmielunsimenmiidanuaietiedeans

ugUTl 7-30 szuumsssenliungunsaiinnuargunsaiiiemdslumsvhnisnmiida
shuaTetnedoans luduidldvihnisiausunsatuil Server Suvimiilumssusangunsaliild
Tumsvhmenmihdassuunsialfudgunsnifinnuuazgunsaiiiewdelunisimenindida
ru3evisdeasnioifuningunsaluaemeiidiesnislédeya Threshold Tnsfigunsaluatems
foeriinnsfadoyaunan Database udrdsArdananludsgunsaiuaeniadug Tusuuuy xmL
message

Tnsaa¥19904 Configuration Server a¥13dunlngldlusunsu Netbean lusUvas Web
Application fenwn JAVA Tagluszuu Tusunsuazviinisudeyafigunsaivaremisieanislugy
Y94 HTTP Receiver 3alugunwuu GET fieliifinsidew visesnantoyatudiuves Server wivgsue
Toyarfisodiaien udaniu Server aglddayafigunsnivarsnisdosnislunismdoyain
database lngagyin1smdeyaiiiia1 Threshold ID snnfigauesaniildfuuaingunsaivatenis
mszAngnfeawesteyadilvaiangn whavideyafildsusnanuudaadudeyalusiuvy
XML feudanduludegunsaiuatenia

n1355um Configuration Junanedsfiogianisuan Configuration 210 Server U84

'
o v w

Patient ID 58666666 ¥83gUnaliiil ID fe 5 lagazsesdedoyasiiu URL lugsdsrmadasisdl

nbtcrehab.eng.psu.ac.th:8080/ConfigurationServer/webresources/getthreshold?Patient ID=

58666666&Device D=5

ndrantuszuuasiian Patient ID way Device 1D wilflumsnmdoya Tasfsdayainainiity

#1974 Threshold wag Patient Week 318ums1afiuan Threshold wagAmanisyinien1ninsn
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Winulglunsasisasuinlunisvinnienimiitnaseseluasiduan Threshold Ta wa2vinn15dean

aananfuludusiazaunsal Ineadandulvagdeindululusunuy XML dakanssnuaed

<configurations>

<configuration>
<Threshold_ID>4</Threshold ID>
<Patient ID>58666666</Patient ID>
<Staff_ID>1</Staff ID>

<Device ID>5</Device ID>

<Week NO>1</Week NO>
<Threshold_DateTime>undefined undefined</Threshold DateTime>
<Threshold_1>5</Threshold 1>
<Threshold_2>8</Threshold 2>
<Threshold 3>50</Threshold 3>
<Threshold_4>0</Threshold 4>
<Threshold_5>0</Threshold 5>
<Threshold_6>0</Threshold 6>
<Threshold_7>0</Threshold 7>
<Threshold_8>0</Threshold 8>
<Threshold 9>0</Threshold 9>
<Threshold _10>0</Threshold 10>
<NoDayinWeek>5</NoDayinWeek>
<NoSetinDay>2</NoSetinDay>
<NoTimeinSet>1</NoTimeinSet>
</configuration>

</configurations>

wingvsetinnenninidnagyinnmsasaiuaunsaifinauuavyieivae lunsvinignaindidn

ThmngauiuiievseiimsudazaulaeiuminIudsgun 7-35 1
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(' 0 & hitps://nbtcrehab.eng.psu.acth/#/threshaold/list/8/81 c Q, Segrch 'F.} B 4+ #

RehabNBTC L Monitor  Feedback == Threshold & Admin (admin) = Sign o

Threshold s = Threshetd > Ackon| > B
Data Table With Full Features

Show 10 |: | entries Search:

Patient_Name Staff_Mame Device_Desc Week_NO Threshold_DateTime
Staff sruuadnsal Triflo 1 undefined undefined
Staff sruvadnsal Triflo b undefined undefined
Staff sruvatnsal Triflo 1 undefined undefined
Uttayu sruvadnsal Triflo i undefined 20-12-2016
Uttayu sruvalnsal Triflo 2 undefined 20-12-2016

Patient_Mame Staff_Name Device_Desc Week_NO Threshold_DateTime

Showing 1 to 1 of 1 entries

Previous - Mext

a v & g 19y ca ' a ° o o 1 |
E‘U‘W 7-35 ‘mnL’JU%JENis‘U‘Uﬂﬂimﬂﬂmm’qﬂﬂimmmuLLaz‘mEJLMﬁ@MﬂﬁWﬂﬂUﬂﬂWUWﬂmuLﬂia‘lnEJaama

7.3.2 SEUUTIBIUNANMTIAA1INgUNsalRAnNLazaUnsalYewaa lun1 s an WU Uan1u

WASBUeFENS

1. Send data (http) Query from Data Server

3. Monltor(web &
G 5
- Patiant Healthcare
Data Database Web Professional/Doctor
Server Server Server
(Mango) (mysQL)

JUN 7-36 szuuseanunan1sinangunsaiinmuuazgunsaidiswdslunisvimenmindnsueseingdeans

AUUN 7-36 SEUUTIEURANITIAAIAINaUNSalARn LAz e UNSald e wmdBlun15Y
manmUdarueseviededns ludiilunmssenunavesdiuvesssuuniotngludiurestoya
vosusavgUnsninieadesiunisiinlusunsunenimiidn uazmadeunedunesidnludiuveinis
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WARINARUNTLIUAIIUT 7-37 Tadawinisidenaunsaliifein1snsneaunadalisivaziBenvianue

v

5 gunsaleail

Monitoring System for Patient.., > ==

&€& (P 8 | https://nbtcrehab.e ¢ Q Segrch 4+ &# T B »

RehabNBTC LA Monitor & Feedhack == Threzhold £ Setup i Admin {sdmin) [ Sien oot

Monitor pevies

H Monitor

smuwdmasgEa lua glasauSusraciuun la T inlinaanansa

X

glrspuSnsraunuuy laTddmdEn

e
gex I0
-

alasaiflainala BreatheMAX stuisdnanmiladmeiada

sU#l 7-37 whiduresszuusienusansinAangunsalfinnuuayhsmdslumsyhmeamidaruesee
doans
1. szuumsinasA1vasnisiagaulnidela

JUN 7-38 wansnafninvevegldaunisinesmveinisinfeulmdelng nassmivila

geantuniensaanadunsmuis unu y WuesmigUaerile wnw x Wudwiuess Insuansuall
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uATULER gUnIalzYlUsuliunailewiu 3 seau msUsadiuna 3 seau (Wiu=1, weld=2, f=3)

HUrefeuilataamsalean FeUsenausig aamdumiinisinld was ssendmuneiesile

el nbtcrehab.eng.ps L7 1 L

RehabNBTC

Monitor seuuinaastia’lva

2 Monitor Device A
Deégree - Min Degree Threshold
Patient - Targel Dagree Threshakd

Training Information

Traini 2T-Dec-
. - rainin
Action: Flexion/Left %2016 1] .
en 100 | £ = 3
12:00:00 & * = =
Min Degree Tra'ninng_DH_
1
B0 2016
Threshold: End:
12:05:00
Target Degree Week 1/2 0
Threshold: No.; ' 2 3
Angle =125 Angle = 136  Angle = 147
Success Rate
Day No:l /5 Good Good Good
per 5et:
SetMo.:1/5 e

JUN 7-38 nsuanssaivinveveslinumsinesmveinisindeulmdelua

2. ssuuUsERananwaunsal Triflo

a

JUT 7-39 uananauuniiniuresgunsaisznananinaunsal Triflo wau3uimsden (avu.
31.) UWarIzeealfignueaaunsnasemegwileafinmun (Guid) Nefuwanadunsinuia gunsal
innsusediu 2 seau (=0, H1u=1) Inefiarsaunan seauauaadmangvesnsldeu Triflo

IIUIUYDIPNUDA U T¥EIAAIAIAINEIveIgnUaalvang
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= nbtcrehab.eng.ps £ B T}

RehabNBTC
. svuugunsal Triflo
Monitor
3 Monitor > Device B Volume
3000
Patient 2500
v
— - 2000
Training Information n
: Training 27-Dec-2016 § 1500
Action: Inhale S
Begin:  12:00:00 S
Height Training 27-Dec-2016 1000
80
Threshold: End: 12:05:00
Ball Week 500
1 1/2
Threshold: No.:
Time o
o DayNo.: 1/5 1 2 3 4 5
Threshold: Time
Success Rate
0 SetNo.. 1/5 Average volume = 2000 cc
per Set:
svpuaunsal Triflo
second [ Time Threshold
4 )
3 © = < = )
°
c
§ 2
(2]
1
0 ]
1 2 3 4 5
Pass Pass Pass Fail Pass
Time

JUT 7-39 nMsuansrauwmiuvesgunsalsziiananimgunsel Triflo
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3. szuuAluANaUnIalilngla BreatheMAX

U 7-40 uansravuminiuvesaunsallinmela BreatheMAX NaA1kIa1IAaseiiulsnula
\iu Threshold  Amia1iAsszauwssiulalin  wagnistiuduuasimun  uanadunsinum

AMTIRANITIUAAZIEN Tauandrsaingunsalduiiuangesilunisluwsazidn Wesaninnienin

ABINIIRNIMNTINYDINITVIUARLTATT LIANANTINVIIANAILS TIWIUASITHIY 1NN1STIILAN

CERIEN nbtcrehab.eng.ps &0 T L

A59

RehabNBTC

Monitor qUnsaiflnmoTa BreatheMAX
3 Monitor » DeviceC

Average Hold Duration in Set

Patient 3000
A\
= 2500
Training Information (c/:__)
. . 27-Dec- § 2000
. Training =
Action: lnhaleBe i 2016 g
B 12:00:00 S 1500
Pressure Trainingz."oec- B
@
1/10 2016 o 1000
Threshold: / End: e
12:05:00 4
- < 500
Hold Duration 1/3 Week 1/2
Threshold: No.:
0 ‘ ‘ ‘
Success Rate
60 DayNo.:.1/5 1 2 3 4 5
per Day:
SetNo.:1/5 ot
aunsalflnmo1a BreatheMAX aunsailnwola BreatheMAX
Number of Pass in Set Average Pressure in Set
4 3000
2500
3 3 3z
- £ 2000
@ v
173 >
o 17
&2 & 1500
o o
T o
el o
g g 1000
Z -4
500
0 0
1 2 3 4 5 1 2 3 - 5
Set Set

U7 7-40 nMsuansrauumtiiuvesgunsallinmela BreatheMAX
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4. ssuvianuuazaunIaltieuIinstainuulelelniindiennsne

Ul 7-01 wansrauumihiuvesgunsaitisuimsderiuuulelelnindegmee nans
m@'ammimﬁm%u’qLLamLﬁugﬂ?im?{aummgwﬁqgﬂ fiusznaudie aemiEudy aarBuil aTinss
AN WA mé’ugiﬂimﬁammé’zgigmiw%ﬂé’mL‘ﬁa (MAY) Asnidaesadevesdayaialni
n&iie (RMS) aumnsneit 7-4 gunsalimsUssiiu 3 seau (liu=1, weld=2, f=3) fedes
yldfarumsaleas 99 Anthmiinganse (resistive load), baseline MAV, baseline RMS uaz
baseline ROM

LU nbtcrehab.eng.ps £ BT L

RehabNBTC
Monitor aunsaivimstainuula g niindugonio
3 Monitor > Device D
Degree
Patient <0
v
Training Information (
L
27-Dec- &
: Training g 100
Action: Inhale . 2016 o
Begin:
12:00:00
27-Dec-
Hold Duration Training
1/3 2016
Threshold End: 12:05:00 0— LN —
B " e 5 b % O
ressure Wee Q0 N D & O N L®
1/10 1/2 NPT SR LA AR SR
Threshold / No.: / Q‘OQX;EJ & Q“OQ\;\‘O Ra Goob
Success Rate
60 DayNo.:1/5
per Day )
Time

SetNo.: 1/5

a Y & & 1 a ¥ 1 a v
E‘U‘Vl 7-41 ﬂ'ﬁLLﬂﬂ\?NaUu‘Vi‘LﬂL’J‘U‘U@\‘iQﬂﬂim‘U’JﬁJUiﬁ’]i‘UaLTWLLUUI@IGUIMUﬂﬂ'JEJQQVﬁ’]EJ

5. szuufnauwazaunsalviuInsdanuulalyfubn

6 1

SUT 7-42 wananavuntivvesgunsaldisuimisteitiwuulelefiuingie NK-Table
AauUas man1smdeniiuazteiiuanadusuaiuiignganfoussdansmdeningean uazusedn
NsseLingeEn audwu aunsalusudiuna 3 seau (lii=1, H1u=2) fUledewhlatrnnsalaas

Resistive load, Starting angle, Ending angle ta¢ Total ROM ANUAIIST 75
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LR nbtcrehab.eng.ps £ BT &

RehabNBTC

aunsalvsmstanuulaToauén

Monitor
3 Monitor > Device E " Torque
Patient
v ) 10 {
Training Information
Training 27-Dec-2016 B
Action: Inhale l.l & fv’ 04 &
Begin:  12:00:00 S
Load 1/10 Training 27-Dec-2016
Threshold: End: 12:05:00 10}
Velocity 1/10 Week 1/2
Threshold: No.:
ROM
90 DayNo.: 1/5 20}
Threshold: RYRCaEl
Success Rate !
60 SetNo.: 1/5 Time
per Day:

JUT 7-42 msuansrauuntiIvvesgunsaitisusmsteiuuulelefiufingae NK-Table dnudas

1NNISANRUNTHAIUITZU VATV BLAZ NS T aUrRadumasina U lanalid19du 15118

inseenwuuiauIMEIvdniussuufnnukazaunsaltiewmdegiiniswasuaglunisi

Y

nanmUtdauAsetedeaisiaenuadldnussuueenidu 3 nau Fasudunisuuinguildeu

AIANI login MTLINVBITPUURIUN 7-43

RehabNBTC

Sign in to start your session

Password =

JUN 7-43 M3uanswaiivnii login Yeasyuu
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HAuaseuy (Administrator) - aunsaldaulavia 4 wydssun 7-44 fie Monitor, Feedback,

Threshold, Setup

Maonitoring System for Patient... < -

€ (0 @ | httpsy//nbtcrehab.eng.pst c Q Search

Of Setup & Admin (admin) [ Sign out

RehabNBTC A Monitor & Feedback *= Threshold

JUN 7-44 wiuyuananisldnuvesauaseuy

o [y

2) wnmg dnnenmUndn wavrinidugunsalvesszuy (Staff) - anunsaldanulans 3 gy

§i 7-a5 A® Monitor, Feedback, Threshold

Maonitoring System for Patient...

€ & @  httpsy//nbtcrehab.eng.pst c Q Search

i Staff (staff] @ Signout

LHMonitor  ®yFeedback == Threshold

RehabNBTC

JUN 7-45 wiywansnisldnuvesmmg dnnmenmditn wagrinidugunsalvessyuy

3) @ins ghe aiauld - awnsaldeulang 2 wydaguin 7-46 Ao Monitor, Feedback

P o x

Monitoring System for Patient... < ==

€ (0 @ | https//nbtcrehab.eng.pst ¢ | Q Search 4+ H W B » =

& Patient (patient) % Sign out

RehabNBTC Monitor  #yFeedback

Monitor e
& Monitor

szuugunsai Triflo

JUT 7-46 vihiywansnsTdauvesiiingg e aieuld
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® LUy Monitor A9 A1TLAAINITIIEURANITIAAIAINGUN TR LA UNT R

PrgwdelunsinenmiiaruaIevIsdea sinuwiaraUnsal

a

® Ly Feedback fia n1sdsAwuzinINUIngnsolnnIgn i UaliunginIsias
HUde waznisdedeasdenioarninanginiswasgUrsliununndvsedn
menmida TumsinenmddarueIetiededns
® Luy Threshold Az n1saeArliungUnsalinnuuazaUnsaldlreindalunisyin
manmUrdanueIeedeasulsiaraunsadlasunmdvisetinnmenimdidn
a ° a a I oA oA v Y] = g .
® Ly Setup Ae NI IMUALAzUALiUVSaUAITNEITeRUTEUU B9Aife Device,

Patient WAy Staff fagufl 7-47

- o X
Manitoring System for Patient... * = -
€ () @ | https://nbtcrehab.eng.pst € | Q Search + & T B » =
RehabNBTC L Monitor ® Feedback = Threshold ©F Setup & Admin {admin) [ Sign out
Setup
&5 Setup
Device Patient Staff

SU# 7-47 uanaviiiay Setup

o ' ¢ o o v
7.4 ﬂ"li‘Vlﬂﬁa‘UL“UE)&IB‘IQE}IUﬂimﬂ’li‘Vl'lﬂ'lﬁlﬂﬂWﬂ‘l.JﬁgUUE'lu‘UElHﬁ
ANUANYULTDITTUULATRTBUAZN S WRNRd un eI InvesTsuLAn LAz UnsalteInGe
giinswazddiglunsimenmdndnsuaIedgdeansiuainsainn1snaaeunsYuedT s Uy

A9 wenduiulaasillaeisuduain
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7.4.1 sruunmsasanliinnaunsalinaiunazaunsaldtemaslunisitinignininUaniuasauneg
dods

1. Configuration

s
Doctor Database
Server Devices

2. Request Threshold
3. Query Data

JUN 7-48 szuunisasenlrnaunsalfinmuwazeunsaitiewielun1simenimiidanuaseviedeans

MUFUN 7-48 sruumsasAbiufgunsalinauuazgunsaltigivislunisviinienindida
' A= | | S v oo o & A = o D v sl v
Wuasetiedeans Tudmillivhnsimunlusunsu@ui Server Faviwmthitlumssuanangunsalinld
lunisvinmeamdrdansesenitgunsaluatenieidesnisliddeya Threshold lunisvinauves
gunsalnenilegluszuu lngldvinisnaaeussuudainaidell Fesudunsnaaeutiugiaunlii
nssenfuvessiazgunIallunisvimenininiadwsudeyainaesvesthersesiinsudazaulay

1 Y @ v
WIUNULIURNFU 7-49

Threshold = Thrshold - Aen s fer

Threshold

sssss

U7l 7-49 fregnavemthaeiiudmsunisisinvesgunsalliiudiae

7.4.1.1 mMInnaeunI5iuA7 Configuration

A39E19N155UA Configuration 30 Server U84 Patient_ID 58666666 ¥83aUnsal 5 lngaghas

dadayaniu URL Tudsdsdsialuil
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http://nbtcrehab.eng.psu.ac.th:8080/ConfigurationServer/webresources/getthreshold?Patie
nt_ID=58666666&Device ID=5

VRIAINTUUITUULIAT Patient ID uaz Device ID snldlunismeua lneRadayaunainiis

m1579 Threshold uag Patient Week #a1um1s19iiuan Threshold wagaAmani1sitnisnmdrdn

winulglunsasisasuinlunisvinnienimintnaseseluasiduai Threshold 1o wa2vinn1sdean

aananfuldusiazaunsal Ineandenauliagdsindululuguuuy xmL

wlavinsnaaeun13SuAT Configuration lngasnadayadnapsuuiieyiin1snageuns

Meuilurainratg JUuuuaanisei 7-6 waggun 7-50 d1981990anN130MAABUNITTUAN

Configuration

A13199 7-6 N1INAABUNIITUAT Configuration

Self-Test UBY getthreshold

Step Test Case Expected Value Actual Result Status Note
(Pass/Fail)
1. Loss Packet
- §1809N15L38N Server ADINBUAUBY | Server ABUAUDY Pass
NNANY client HONNSI3N9N client | ABNSISINASUT
w¥oufu 100 a%s | 100 s 100 A3
2. Delay Packet
- 918990151580 nanadefldluns | naeded server Pass
ANUAY client MOUAUDIABNITISEN | ABUEAUDY 4.372
wleufu 100 ads | fos Younin 10 3wt | Funi
3. Unexpected Value
- Aniiladu Amileuliiideya | Awnilouldiivoya Pass
FINTNED
- Parameter bilpsyu | Annloulifiteya | Awlleulifiveya Pass
- Parameter LAY Taiaula parameterﬁl lajaula parameter Pass
LU A
- ¥0 parameter fin | Auviloulsifidoya | Aundleulifideya Pass
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- B

100 users, ~11l active [ Latest Interval Stats at 16:11:46

Average Times: Percentiles: Response Codes:
Full: 0.602 0.0%: 0.055 200: 100.00% (19)
Connect: 0.000 50.0%: 0.553 All: 100.00% (19) El 1—| 5
Latency: 0.602 90.0%: 1.406
~Receive: 0.000 95.0%: 1.501 \ v1.8.1 by BlazeMeter.com \

99.0%: 1.501
99.9%: 1.501 JMeter: getthreshold
100.0%: 1.501
Elapsed: 00:01:02 Overtime: 00:00:02

local
cpu: 7.700
mem: 94.200
bytes-sent: 13598.295
bytes-recv: 30843.029
disk-read: 33123.370
disk-write: 72607454.363
disk-space: 79.500

—— [ 19 nits, || 0 fail unulative Stats 00:01:01 engine-loop: 0.171
Average Times: Percentiles: Response Codes:
Full: 4.372 0.0%: 0.025 200: 100.00% (961}
Connect: 0.000 50.0%: 4.155 A11: 100.00% (961)
Latency: 4.372 90.0%: 8.733
~Receive: 0.000 95.0%: 9.356

99.0%: 9.3834
99.9%: 10.199
100.0%: 10.199

—  0.602 avg time (J] 1at, || conn) — | Labels Hits Failures [Avg Time
hetp: //nbtcrehab.eng.psu.ac.th: 8080/Configuratio 261 0.00% 4.372]
Errors:

No failures occured

JUN 7-50 fIag1avemtiaenageun1ssuAl Configuration

7.4.1.2 MINAAOUNITNTIVFOUNAN1SANATIAIFA

sEUvaNNsavenienan1sinmMen nilnasaagals Weliounsalusaziildlunisindula

1198AUAN Threshold Tnslnsalilnsatunsadseanunlusuved URL sedepnalul
Y

http://nbtcrehab.eng.psu.ac.th:8080/ConfigurationServer/webresources/getcurrent?Patient

ID=58666666&Device D=1

fssvuvazthen Patient ID wag Device D unldlunismdeyalunisne Patient Week waz
US1naunSafiansyinanansns Threshold Tneanfiazdsnduly ﬁaﬁwﬁmnﬁqmaq Week NO, Set NO,
waz Time NO Inglunsdliififeyadn awidondeyadifien Patient Week ID unfian lasanusn
waRINaNSNAFURBNINluUTes XML

mlﬁﬁwﬂﬂiwma@‘umwmﬁ]aaumams?]ﬂﬂ%gqmqmimaa%’wﬁagaﬁﬁaaﬁyumLﬁaﬁwmimaau
miﬁfmuﬁiuwmﬂumagﬂLLUUé’amiNﬁ 77 warguil 7-51 fegsvestiaenadeunisiuen

Configuration U84 getcurrent
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A13199 7-7 NSNAABUNITTUAT getcurrent

Self-Test UBDN getcurrent

Step Test Case Expected Value Actual Result Status Note
(Pass/Fail)
Loss Packet
- §1809N15L38N Server ADNMBUAUBY | Server ABUAUDIND Pass
INNANY client HONNSI3N9N client | NNSIZLNATURE 100
w¥oufu 100 a%s | 100 s afq
Delay Packet
- 91899151580 nanadeildluns | naneded sever Pass
ANUAY client MOUAUDIABNITISEN | ABUEAUDY 1.312
wleufu 100 ads | fos Younin 10 3wt | Funi
Unexpected Value
- Aniiladu Amileulyiideya | Awnilouldiivoya Pass
FINTNED
- Parameter bilpsyu | Annloulifiteya | Awlleulifiveya Pass
- Parameter LAY Taiaula parameterﬁl lajaula parameter‘ﬁl Pass
LU LU
- ¥0 parameter fin | Auviloulsifidoya | Aundleulifideya Pass
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B 100 users, ] ~6 active Latest Interval Stats at 16:16:40 —

Average Times: Percentiles: Response Codes:
Full: 0.049 0.0%: 0.012 200: 100.00% (134}
Connect: 0.000 50.0%: 0.049 RAl1l: 100.00% (134) El 1—| 5
Latency: 0.049 90.0%: 0.071
~Receive: 0.000 95.0%: 0.094 / ¥1.8.1 by BlazeMeter.com /
99.0%: 0.104
99.9%: 0.112 JMeter: getcurrent
100.0%: 0.112 E
Elapsed: 00:01:00 Cvertime: 00:00:00,
local

cpu: 12.300

bytes-sent: 79764.014
bytes-recv: 75090.418
disk-read: 3812224.231
disk-write: 185634.720
disk-space: 79.500

— | 132 nits, | 0 fail Cumulative Stats 00:00:59 engine-loop: 0.115
Average Times: Percentiles: Response Codss:
Full: 1.312 0.0%: 0.011 200: 100.00% (1775)
Connect: 0.000 50.0%: 0.061 A1l: 100.00% (1775)
Latency: 1.312 90.0%: 2.451
~Receive: 0.000 95.0%: 11.881

99.0%: 25.166
99.9%: 27.758
100.0%: 27.858

—  0.049 avg time (J] 1at, || comn) — | Labels Hits Failures [Avg Time
http: //nbtcrehab. eng.psu.ac.th: 8080/ Configuratio 1775 0.00% 1.312
Errors:

No failures occured

JUN 7-51 fregavesmiivenageun1siuan Configuration ¥84 getcurrent

7.4.2 SEUUTIBIUNANMTINAIINgUNSAlRAANLazaUNSalYewaB lun1sviInan WU UaR1u

WAIBUeHENS

1 Send Data 2. Query Data ‘ 3. Monitoring &
a
- T

. Data Database/Web Doctor
Devices Server Server

U7 7-52 szuussaunanisiaeangunsaifamauargunsaldiowdslunisvinmenmiiinueietiedonns

JEUUTI8IURAN TInAN1AINUNTalRRA kA aUnsaltiemdelun st nen i danu
wsetnedeasyun 7-52 dedudwdrdglulasinisil Inedeyaiidennusazaunsalazyinnisdniiy
asguteyandn Weaunsnriniseusedumesilaludiuresnsuanmariuniniuls Jeldvinnig

NAFOUTEUURINANAE Tnglsannsasuyiimmegeuseuuls fiuagfosiunsiamiussuy
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nsasenlvkigunIaifnaukazaunsaltlsmaslunsiniea nidndunIeedeasiieusoy

<

wd7 Andudnuazveeyadwnaingunsahinnieaimiidadiegazgndaiulugiudeyadiagy

f208199 7-53

Patient_Week ID
v 1

13735
13734
13733
13732
13731
18730
13729
13728
13727

13726

Patient ID Device ID

58222222 5

58222222 g
58222222 5
58222222 5
58222222 5
58222222 )
58222022 5
582022222 )
56222222 3
58222022 )

Start DateTime

1488817730604
1488817706.534
1488817659.281
1488817640654
1488817628 486
1488817616734
1488817604 .09

1488817591385
1488617579.318

1488817566959

End_DateTime Week NO

1488817738.267 3
1488817717.766 3
1488817669.1 3
1488817647 738 3
1488817635.694 3
1488817623 515 3
1488817611.712

1488817596.819 3
1458817566.564 3

1488817574 533 3

Day NO

Y

set_NO
5 5 2533
5 4 5060
5 3 3333
5 2 2316
5 1 2204
4 5 1936
4 4 2797
4 3 2524
4 2 2359

4 1 2380

Time NO Measured Value 1 Measured Value 2 Measured Value 3

= 1% SNo & o o  w ¢ ° o o
E‘U‘W 7-53 Nasua;ga‘wﬁmLﬂUs[,ug’]ufuaanjam‘m‘uqﬂﬂiﬁu‘muﬂumimm‘amwmum

3leviN1snAaeUNIIIIEIUNANITInA19INgUNsalAna1NLazgUNaltIemaelun YN

menminUarunIeYgdeansingasietayadaesluiiveritnisnegsunisviteuidluvainvaney

JULUUAINNTIT 7-8 wagguil 7-54 uanadieg19vesntinrenageauni1ssudeyadnngunsaidnuiu

WioUNU 10 users

AN3971 7-8 A1sneEeU Publisher 970 Mango Ui mySQL

Self-Test U84 Publisher 371 Mango I‘Uﬁ mySQL
Step Test Case Expected Value Actual Result Status Note
(Pass/Fail)
1. Loss Packet
- é’ﬁﬁ@ﬂﬂﬁiﬁﬂﬂ Server G?]j’eNG]’EJUﬁU’EN Server ADUAUBIADANT Pass
1NKAY client Gi’é]ﬂ?iL%‘EJﬂiﬂﬂ L%EJﬂﬂiU‘ﬁﬂ 100 ﬂ%ﬂ
w¥ouiu 100 Ay | client 100 s
2. Delay Packet
- §1884N154380 L’Ja%ﬂgﬂﬁi“ﬁUﬂ’]i L’Jﬁ%ﬂgﬂﬁl server Pass
INKANY client HOUAUDIFIBNTT AUAUDY 10 %‘Lﬂﬁ
wSauu 100 a5 | Bendes Wesnda 10
p)Vall
3. Unexpected Value
- L‘VQ\IIQJ parameter Response: 200 OK Response: 200 OK Pass
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Errors:
No failures occured

TEH_[TLIE

- v1.8.1 by BlazeMeter.com -

JMeter: device
Elapsed: 00:01:01 Overtime: 00:00:01
local

disk-space
engine-loop:

10 users, J] ~10 active Latest Interval 5Stats at 16:20:00

Average Times: Percentiles: Response Codes:
Full: 0.037 0. 0.001 200: 100.00% (395}
Connect: 0.000 s0. 0.007 A11: 100.00% (395)

Latency: 0.037 Q0. 0.014

~Receive: 0.000 85, 0.516

EER 0.675

LN 0.679

100. 0.679

395 hits, | 0 fail Cumulative Stats 00:01

Average Times: Percentiles: Response Codes:
Full: 0.002 0.0%: 0.000 200: 100.00% (235545)
Connect: 0.000 50.0%: 0.001 Al1l: 100.00% (235545)

Latency: 0.002 90.0%: 0.002

~Receive: 0.000 95.0%: 0.003

99.0%: 0.010

99.9%: 0.157

100.0%: 1.134
—  0.037 avg time (J] 1at, || conn) —| Labels Hits Failures [Avg Time

nttp://nbtcrehab.eng.psu.ac.th:8080/httpds?_ dev 235545 0.00%

U7
Y

To-@-coceo/E&
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Tuunililudiunisnissiuszuuis 3 Wideiuwazn1snageuszuuinniukazgunsal

PrgwdeginiswarUlglunsinenmiidariuaiedisdeans Inensiweusdegunsainiening

1
=

Wi 5 gunsalliaiunsaideusedussuuiiudeya (Data server) Lagssuugiudoya

(Database server) 19iin15maaaaldaNu o @01UN39 2 wWiia Ao AATNNIEAINUITA Tsanenuia

a

AAUATUNS wazAuddnaSguammalngingy wevaurswiaivg asunaiuduneunisld

NulUswnsunIenInd1de nanttiulusknsun1gnImiIde Nan1sNeaauLadsSNINYBITIUU LAY

¥
Y A

naauanelavedldalagail
8.1 UABUNITMIIULUTHASUNIBATWUIUA

INNINTTUUATET LA NS TN dumesilntuUssnaumeldiuaengude §Uie

A ¥

VEORTNIST waswnmgvsaldmtineuiavselnnienmuitn Inengunsnasidungudldeussuy

Y

A < Y [ = v o v o/ ! ¥ ¢ al ! [
Mziluglideyatuszuy Fadesrinissenurateyadngldanunguusniegunsaliiunnsieiu
wardahltlinguiaeadugnsisaeuuasinaudoyadingns iiveliauuzivsnyiwnnguusnlu

nmsimeamiite lngdsnmsaiunuvesssuuaieiieiungusUlsvsesins uaznguidinii

Y 9

A W o o & 19 o A
‘WEJ']‘U'W@‘W?@‘Uﬂﬂ']SﬂW‘W‘UTUWViTE]LL‘W‘VIETL@LL?{@Q@QEUVI 8-1
[ a [ d' = 1 A I a f & J
mﬂmwmmmmimLummmgﬂ‘m 8-1 T¥UULATOVNULALNITLIIDUADDULNDTLUADDNLUU

NTEUIUNTE0YY lnalusnudnvazdunounIsALtdunsle 3 d@auddl
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Y LY

® Jupaunsasaliiigunsalfianuuazaunsaldiemaslunisinmenmdriaruesediy

f0an3 (Configuration) Usgnausmy msiiudeyad el vieriiudeyaguieniegluszuy

Y

maiiugunsainldlunmsvimenimdidadmiudiie wasnsaselusunsunisiniinvuall

o [V

dwmfugfiheveusiazaunsal

®  JuABUNITIIBNUNANTIAAIAINUNTE! (Monitoring) Usenaume msvinenindriany
lsunsumsiinvesudazaunsal umdsdeyaludunTondsuines waznsiSengleyaniuni

& a

ufl monitor udeyaanan wazgnt summary d1nsutayanaviunilkiumn

e JumaunisliAuuzidiainunnd vied101u9ngUe (Feedback) Usenausiy n1sds

o o & A L% o w v L | 1 a [ 1
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JUT 8-1 mssufiuauresssuuniotsuaznIsiionsiedunesiin

8.2 WantIUYaIlUIHATUNIEAINLIUN

msldnuszuuesetiswaznsidensoduwasilamuiilanantidnediu gléanuanunsadily

#1 nbtcrehab.eng.psu.ac.th ANt login NTLINVBITTUUAIFUN 8-2
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& hitpsdnbterehab.engpswacth g

nbtcrehab

B Email

Password

JUN 8-2 MuanINafivii login veesEUY

wiIvdmsussuuRnmuLargunsaitiewdediinsuaziUaslunsiinieninurdanu

Y

A oA ' v I3 oA
Lﬂﬁ@‘(]']ﬂﬁ@ﬁ'ﬁLL‘Uﬂéﬂsﬁﬂ']uigUUa'ﬂﬂLUu 3 ngd A

& o o

o unnd Unnienmindn waskWauigunsaintenmuidn (Staf) - a1uisaldarulenn

#Hlandu Aa Patient, Device, Monitor, Threshold, Feedback

=

o AN dUqe griauld (Patient) - aru1salgarula 3 Hafdu Ae Device, Monitor,

Feedback
® fAuas¥uU (Administrator) - anunsaldeuludivesileidu Setup As msfmuateya
Meadesiuszuy FaNfe Device, Patient uay Staff lavanunsawiia/av/uiledoyald

8.2.1 niiuIuway Staff
wing dnnenindide wazdiauigunsainieaindidn (Staff) - anunsaldanulannilendu

fa Patient, Device, Monitor, Threshold, Feedback ﬁdgﬂﬁaa*&hﬂﬁ' 8-3

D04-60-06) Haué evic Knee exercse device - 5 newton Monitor Kiattisak E*

o

JUN 8-3 mihwyiansmuansatunisidauvesmmg dnnenmdidn wazdimuigunsaivesssuy

- #leiidu Patient Aim NsARITIENSVRIRUIEVSOE RN SNQualAswnmE dnnieainindn

wazgimugunsalintenniitn (Staff) sawanslugui 8-4 Feanunsaviiugdienegly
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seUU wildeugunsainmenindndndidu vseaugiiefieglunisquares Staff wasiiiy
Aurelvinldinveglussuunnneula
- ey Device Ao NsuanITIen1svataunsainenminiangnldlaefUevsegiinis

AutiuIINTRentuilandy Patient B9azuanssrensaunsaligievsegiinisidlussuy

suwdausaiia/au aunsalmsvimenmidaviindunieglussuuladagui 8-5

dabtayn (=

Patient

Existing Patient

&

AlnAY. a2 0135710
ooty veinwley rom Ay

a v & PVl a v 2 v A va v Y
EU‘W 8-4 ‘Viu’]L'JU‘U@Qi%'U'Ui']EN']umaﬂ'ﬁ?ﬂﬂ'ﬂﬂﬂLilmu"ﬂ']ﬂﬂ']ilaaaﬂ%ﬂ'ﬁﬂﬁia@]v‘lﬂqiwma\‘iﬂ'ﬁ@ﬁﬂaﬂva

1055 53) e s Drevit fermphiphut L*

Device

Existing Device \ n

ME-Table device
Exteraion

BieathebdAX device
Inhals

'
@ '

Ul 8-5 feghatinivresileidu Device uanssenisaunsalvesitevsediinisfiden

@aN

- #leAdu Monitor fio N1TKAAINITIIBIURANITIAAIAINGUNTlRAMINLAYRUNTal
FruwdelunsinenmiitaniueIelnedeansnuudarseuugunsal lngaiunse

wanawaunmnsmiiinvemanisyimenmutdnasaagn dagui 8-6 fig 8-10 vodus
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azgunIal Ta9ziin13AIUINA1 Success Rate per Set liwwd/dnnaniniiUaleii
9g198ALaU FIUIAUTOLARIHATOYATIMNAYRIN1TYIINEA NI TRve ey

gunsaltiug Tugduuutenunsguin 8-11 sremsidenileddy Summary lnedayainly

[ (%
Y ]

wansuadusiazaUnsalazuanaeiy Jeyaravuatannsadieenluldlugiuuuveslig

Y

excel Waliwnmduiatnnienndrdnauisatldiwszildaussldle

[

- #lefFu Threshold Ae nsdsailiungunInifnmuuasgunsaitieivdovestitaenior]
finsudazauiisoonuuulusunsulunisimenimirdasiueietnedeaisnuuday
gunsallnsunmdusotinnmeniniinlfesamanzandsgud 8-12 Feafunvousiay
gunsnlazuanAiuly Bnitaszuudsanunsavinsuiuudloasinuailddaenliugs
shemsidenileitu Threshold Fauansiiniuluzuil 8-6 fa 8-10 veausazgunsal @9

JruanNanL U 193UN 8-13

(001-31-002) anETsail duns:

Sunthorn (;5?

Monitor

Training Information
9 Action

Action: Abduction/Right

Min Degree Threshold: 120
Target Degree Threshold: 160
Success Rate per Set: 100.00%

160

120

Training Begin: 28 Aug 2017 17:17:46
Training End: 28 Aug 2017 17:18:47
Week No.: 2

DayNo.:3/3

SetNo:2/2

Degree [ Vin Degree Threshold [l Target Degree Threshold

1
Pagle = 158
Satisfied

2 3
Angle = 147 Pagle= 144
Salisfied Satisfied

Time

Feedback

0
5

SM
Threshold

Feedback

JU 8-6 Msuanranninveveldiunsinesmvesnisindeulmdelya

To-@-coeo/&w
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Patient (002-60-11) d3as1 Auuilns

Training Information

Action: Inhale

Volumn Threshold: 70

Target Ball Threshold: 2
Sustain Time Threshold: 800
Success Rate per Set: 100.00%

1800
1600
1400
1200

1000

Sustain Time

Device Triflow device - Inhale Monitor por.sa (=p

Monitor

s : Action
Training Begin: 28 Aug 2017 17:33:42

Training End: 28 Aug 2017 17:34:43
Week No.: 2

Day No.:3/3

SetNo:3/3

Feedback

Second Sustain Tim e Thres hold
1 Send message

2
Egs!

Threshold

Summary

1
Satisfied

2500

2000

1500

Volume

1000

Feedback

2 3 4 5
satsfied satisfied Satisted satisfied
Time
Volume
2 3 4 5
Average volime = 2,015 cc Time

To-@-coceo/E&

JUT 8-7 nsuanssauuminvvesgunsaiussaiananmgunsal Triflo
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(003-06-01) BreathMaxt01 Dev

"¢ BreatheMAX device - Exhale Monita Kittikhun [»

Monitor
Training Information Aetion
Action: Exhale Training Begin: 17 Aug 2017 16:34:46
Sustain Time Threshold: 2 Training End: 17 Aug 2017 16:35:41
Pressure Level Threshold: 111 Week No.: 4 Feedback

Success Rate per Day: 66.67% Day No.3/3
No. Set in Day: 3

Average Hold Duration in Set ) Send message

~
%)
<
@*

16 Threshold
Summary

Feedback

08

[

Average Hold Duration In Set
Py

06

04

02

1 2 3
unsatsted satsiea satisted

set

Awrage Pressure in Set
120

100

Average Pressure in Set

Numberof Tnats in Set

rof Pass |n Sat

Numbe

°

JU7 8-8 nMsuansrauuntiiIvvesgunsaifinmela BreatheMAX
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Patient (004-60-06) fnau6

Training Information

Action: 5 newton

MAV Threshold: 20

RMS Threshold: 30

ROM Threshold: 70

Success Rate per Set: 100.00%

Device Knee exercise device - 5 newton Monitor

Monitor

Training Begin: 04 Aug 2017 14:09:12
Training End: 04 Aug 2017 14:09:50
Week No.: 1

Day No:1/1

SetNo:5/5

Degree [ ROMThreshold

90
30
70
60

» 50

3 4
30
20
10
0 .
ROM:80 ROM: 84
MAV: 28 MAV: 42
RVS: 36 RMS:71
Good Good

Time

ROM 83
MAS 26
RMS: 36
Good

Kiattisak [:’

Action

Feedback

[m]

Send message

Threshold

Summary

Feedback

Y

U7 8

-9 nskanskauuviLIvvesgUnsaltisudmstawuulelelndndieginee

Patient (005-00-01) nk-tablel

Training Information

Action: Extension

Resistive Load Threshold: 1
Velocity Threshold: 10

ROM Threshold: 72

Start Degree Threshold: 0

End Degree Threshold: 90
Success Rate per Set: 100.00%

20

Torque
o

10
Satisfied Satisfied

Device NK-Table device - Extension Monitor

Training Begin: 13 Sep 2017 07:16:03
Training End: 13 Sep 2017 07:16:10
Week No.: 1
Day No.:1/1
SetNo.:1/1

Torque

satisfied safisfied satisfied
Time

safsfied

Satisted

Jermphiphut E*

Action

Feedback

Threshold

Summary

Feedback

©

<

“
o

Y

To-@-coceo/E&

JU7 8-10 msuansrauuniiLIvvesgUnsaltisudmstouuulelefiufingae NK-Table faudas
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b (004-60-02) Fatqu2 Device Knee exercise device - 5 newton Monitor Summary Kiattisak [:*
4 Y
Summary
Result S = Satisfied, U = Unsatisfied, G = Good and n/a = not applicable
Show |10 ¥ | entries Search: ‘ |
1D Date Start End Week Day Set Time Starting_Degree Peak_Degree Total_ROM Time_StarttoPeak
Time Time NO NO NO NC
© 450 04 Aug 132424 13:25:114 1 1 1 1 3 86 83 2
2017
@ 451 04 Aug  13:24:24 1325114 1 1 1 p. 0 a7 &7 6
2017
© 452 04 Aug 132424 1325114 1 1 1 3 3 a7 a4 1
2017
© 453 04 Aug 13:25:35 13:26:05 1 1 2 1 68 88 20 0
2017
© 454 04 Aug 13:25:35 13:26:05 1 1 2 2 [} 87 a7 1
2017

U7 8-11 fpgumsuanmadayanmuavasnsyhnenmiidauumiivlugiuuudenin

vosgunIaitIsuImItaituuulelelninmegmee

1

1

1

-55-55] #unn Mnois

No Set in Day

No Time in Set

No Week to Repeat

Week NO to Start

No Day in Week

usesnulunssa-wmdsauin wiadufidu
anuSilvaaraisiedandani wiaduasa/Sudi
seagyulunssa-wfeat TasfannadaSududsasmaean vieiuasen
yususumMnadaulwzastiani wihmiuasa

-4 3 ] i
HidUARNILA ﬁau"mwadmamw gt ﬂLﬂi&ENFH

Save

JUT 8-12 sheghawmtiivkaninsisanvesgunsainsiimenmintavesgunsaluimsdaiuuulelefigin

To-@-coceo/E&
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55) aume Anula Device Shoulder's ROM device - Abduction/Right Maonitor Threshold Edit

Sunthorn [*

Threshold Edit

80

160 .

Save

U7 8-13 fegnamhiuuaninisudlunissrveseunsaimainen niiinvesssuuinesadelng

o o I Ya v

- #90YU Feedback A NMSAIAIMUEEINNWINNGNSaUNNEA I NUNUR TARARANShazEU2e

Y Y

¥
IS s i

Tunsvinenwinsaruaietnedears Seasdilaiduieglunthivvosiongugldeud
\fu Staff wag Patient fasuUfl 8-14 Tnganunsafissidoruisnwilnewas Ssnguasu
wetnelugunuuBudidu default nauansdegudl 815 Bnvlsanunsnidondsiiu SMS
Wumaden wamsfudonnuuansfesud 8-16  Taenguildamidu Staff annsauiu
UsgiAteyavasnisdstenmu Feedback lifaguil 8-17 shensidenilaidu Feedback

Aawanainulugun 8-6 fs 8-10 veswsazszuUaUNIDl

Action

Test Test anlsiaawenenu
Tinnniilay

SMS

JUT 8-14 minJuuansilaidu Feedback
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[~

Feedback nbox x =

Monitoring System for Patient’s Rehabilitation in remote area 311 PM (2 minutes ago) - -
B tome |~

Hi, 215215
Test Test amusimanenenubiinnaniia:

This message has been scanned for viruses and
dangerous content by Mail Scanner, and is
believed to be clean.

PSU Security Policy:

Prince of Songkla University will never ask for your user’'s password.
If you receive an email that either:

- Asks for your password, or

- Tells you to click a link that redirects to a website outside psu.ac.th
domain and ask for password confimation/reset.

It is definitely a dangerous phishing/scam email

If you get such an email, please contact repori-phish@psu.ac.th

or dial 074-28-2121.

JUN 8-15 wan1sdsdenrimainileidy Feedback iuasevielusuuuudiug

eseee TRUE-H 3G 15:13 Tom )

£ +1(770) 884-1470 @

Text Message
Today 15:11

Sent from your Twilio
trial account - Test Test
AaudBang1an i
{nNnINdAz

(O I SO A @

U7l 8-16 mamsdsdaruaniladdu Feedback sy SMS

t (004-60-15) #nam1s evice Knee exercise device - 5 newton ) Feedback Kiattisak [

Feedback

Week NO *  Feedback DateTime Feedback Comment
2 12 Sep 2017 15:11:35 Test Test amd’aawu'\u'lu'lﬁaz'mn'iﬁ‘]ﬁz
Week NO Feedback DateTime Feedback Comment
Showing 1 to 1 of 1 entries Previous T‘ Next

JUN 8-17 dregamsuanssadeyause iAnisdsloniny Feedback TugUae

8.2.2 iAuves Patient
N3 §U3e griauld (Patient) - anwnsaldaula 3 Wsidu fie Device, Monitor, Feedback

To-e-coeo/&w 157
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- ety Device Ao MsuansTnIsvesgUnsaimen i anignltlaegtheviedinsau
tuasnfuniiviumiusnfifiaeldldnuduinegneui s-18

- ilaidu Monitor fig MILaAINITTENUNANTIAA1INgUNIlARM AR UN TRt IBLMRE
Tunmsvineamiriasueiovedearsnuudargunsal Tnsannsouanawaidunin
nsmifinvasHanIsvhmenmiinassagavidudegud 810

- 4t Feedback fia N1sdsteasdevsemaiuainginiswavgUleliununngvietn
meamirin lnednmshautuforfuiivansfagui 8-14 fa 8-16 Fadunsdedonin
nKing e viegdauld ludwnndvsetdnnienmdidn Inensldaundileidu

Feedback ve¢ Patient 9silunisdstoniuldedinies luauisasenguszifnisds

ommile falugud 8-19

dngu1s [7"

Device

Knee exercise device

Y '

JU7 8-18 seguanmtiilaidu Device dmsunisldanuvesdiinas e grfauld

To-e-coeo/&w 158
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Device Knee exercise device - 5 newton

Training Information

Action: 5 newton

MAV Threshold: 20

RMS Threshold: 30

ROM Threshold: 70

Success Rate per Set: 100.00%

Monitor

Training Begin: 11 Aug 2017 15:24:59
Training End: 11 Aug 2017 15:25:26
Week No.: 2

Day No.:1/1

SetNo.:3/5

Degree [ ROM Threshold

%0
80
70
60
o 50
2
&
B 10
30
20
10
[
ROM 84 ROM 85 ROM: 85
MAV: 54 MAV. 59 MAV: 44
RMS 71 RMS: 87 RMS: 55
Good Good Good

Time

#sul1s [*

Action

Feedback

u
SMS

JUT 8-19 fagnwanwmtiilandu Monitor dwsugiinig §Uae aiauld

8.2.3 %L AIUVDY Administrator

HAATEUU (Administrator) - ansaldeuludiuvesilandu Setup Ao nsfmundeyan

\Nedosiuszuy Faffe Device, Patient wax Staff lawanuisawiia/au/uwiludeyald dagui 8-20

09822
f Pat Admin [:*
Device
Show entries Search: l:l
Device NO *  Device Desc Action Desc Measured Counter Threshold Counter Action
A0001 Shoulder’s ROM device Flexion/Left 2. 2 ,s =
A0001 Shoulder's ROM device Flexion/Right 2 2 ’ =
A0001 Shoulder’s ROM device Abduction/Left 2 2 ,s =
A0001 Shoulder's ROM device Abduction/Right 2 2 ,5 =
B0001 Triflow device Inhale 3 2 'g =

To-@-coeo/&w

U7 8-20 wiiIuduileidu Setup vas Device
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Admin :@
Staff
Show entries Search: :
Name *  Position Email Telno Action
Athtayu developer athtayu job@gmail.com 0887949402 , =
chatwalai.s doctor chatwalai.s@gmail.com 0814783172 'g =
chonnanid doctor chonnanid @hotmail.com 0838776445 ,g =
Jermphiphut developer Jjiermphiphut@hotmail.com 0887954365 " =
Kiattisak developer ak kiattisak@hotmail.com 0873989715 ’ =

JUT 8-21 wiviuduileridu Setup ves Staff

Admin G‘@
Patient
Show 10 enties search [ ]

Patient ID *  Name Email Telno Action

001-31-001 anns asayimiuns r_sunthorn@yahoo.com 0897393009 ’ =
001-31-002 anElsmi Auasysalsan r_sunthorn@yahoo.com 0897393009 j =
001-31-003 Auuv vasdu r_sunthorn@yahoo.com 0897393009 f =
001-31-004 szstaas qui r_sunthorn@yahoo.com 0897393009 P =
001-31-005 ua naworlwyad r_sunthorn@yahoo.com 0897393009 , =

SUT 8-22 wihFududleddu Setup ve4 Patient

8.3 NANISNAFULAAYTATNUDITZUY

malasaimslddudunmmaaedddnussuy a anwudiess 2 wis fe eddnnenmida
Tsameaawaturiun  uasquidaaiuaunnelvg?ngy  wauiaunsmelvy  Inefinddn
meniida Tsmeiaamaueiund duldvaaeddamuguninl Taesmvoamaedeulmdelnd
gUnsaivdmsven Triflo wargunsaflnndundevngla fenanaties 10 au Hunan 6 Su daudigud
dadugunnalyg@ngs waunauasnelng suldvassddnugunsniuimsdeduuugmse

flonanaddas 27 Au Wunian 2 Ju Faws 2 uflowanadasduiies 13 au wenaniddldmeaeuaunsal
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UIMIToLU MU uRns s AnTFeE3usT ANEIAINTIUAIENT UNTINENFUEAVAIUATUNS LTIBI9N

gunsaulivunivguaziminunldvangsienisiedeudng
nmsneaeullunismageutatssnmvesszuulumsldnuvesudazgunsalwazmsdousadiv
[ £ v [ !

IPUULNUYDYA (Data server) WazssuUgIUUDYa (Database server) a@111350a3UUAIT19UDILADY

gUNInllarann199 8-1 s 8-10 UagdIUDLASEUIEFAINITINN 8-11

M1579 8-1 Yayminulunsdetoya gunsalinesmvesnisindeulmdelva (@aauinaaes: addnngnaimdida

Isawmmaawmuﬂ%w%)

Tuh RRGRGHGE Yymiinu GRS Wity

17/8/2560 | 001-31-001 £4 001-31-010 | laianuisaldenu | intermet ftlgn | urldgunsaidnads
wag 001-31-013 internet ¢t Tufudald @i
Tnddnafefui
18/8/2560)
18/8/2560 | 001-31-011 4 001-31-012 - - -

19/8/2560 | 001-31-001 £14 001-31-013 - - -

21/8/2560 | 001-31-001 f3 001-31-013 - - -

23/8/2560 | 001-31-001 913 001-31-013 - - -

a '

25/8/2560 | 001-31-001 fia 001-31-013 | finsdsdoya 001- | Fldsruiinlafiadn | aztiinszuulostu

v

31-001 9131u 1 | szuudslidedona | nsdedeyadily
L (3059) Wi server 3111715 | awAn
deloyaludn 1 wom
(3059)

28/8/2560 | 001-31-001 913 001-31-013 - - -

31971 8-1 uanadgmiimunislumsdsteya gunsalinesmvesmsiadeulmidolng naaos
Tuadsilenanadasldvhnismnassiindiinnenndide lsmeuagwaiuasung Tnedlusunsui
mMsideuseszuudumesiinuuuliasveauniing1ds 91nn1smaassnuINisdetoyanisiin
AeamdrdaanTusunsda server Wauund uiaziadgnilunsdiiiliaiuisaldaussuy
Sumediiln Mnlilusunsulianusafindedu server g famnsad 8-1 Taeluudi 17/8/2560 Tu
sgndnsivinnsiivdeyafuotanaing ssuvdunesidniinnistades avirlwlianisasuan
configuration kagA1a1gAYaINITIINIENNUITALALALATIIN server FeduiainaiAunalaly

Y 14 =

w3aTu (17/8/2560) wazlgminisdadoyannuiiiniiudnde lusunsulaviinisdedoyanisii

Y

v

menmudawn server T wigldawdilain AndndeyanisviimenindnUanladseantudaly
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1%
o o

W1 server gldaudninisnaduitedsdayadnass Juilvlideyanisinieamiiiagidiuau 1
@ (3 A59) Tudud 25/8/2560 Fann3197 8-1 dmsudnsianudusavesnisdsdeya #a server

asasuteyanisvinenmuidaandilusunsuiidweeniuldasunnass Awnsen 8-2

15197 8-2 dnsmnudsalunisdieya aunsalinesmuamsindeulmdelua (aaufivaass: Adln

e ninUn TsaneuIaasaIuAsUNs)

i Fununmsvaaes | deeyaduie | %dsdoyadnsa NG

17/8/2560 66 66 100

18/8/2560 12 12 100 oa9nufi 17/8/2560 svuU intemnet
ity Sanvhmsveassmiluuil

19/8/2560 78 78 100

21/8/2560 78 78 100

23/8/2560 78 78 100

25/8/2560 81 81 100 finnsdstoyatisnuau 1 e (3 %)
idesngldnudilaiainszuudslids
foyaluSshmsdeioyaludnads

28/8/2560 78 78 100

33U 471 471 100

PUEE NNSTINBAMNUNIUAYDIDENELASEAAZAY LVINVNRUA AUAY 6 U TUAY 2 L6 L9Ras 3 A9

F07a1 : 17.00 Wuduly

P59 8-3 LLam{]zymﬁwuiumidﬁaga qﬂﬂiﬁﬁammmamﬁyuvj%w%mmﬂa@ Triflo
nmnaedldgunsaiianunansiiuvesunsuenlunguetarainsainadiinnisnmiinues
lsaneunaaswaiuasunsldssuudunesitawuuliaevewmninendvasaiuasunsidudinady
msdariudeya wuilurisiiszuudumesidaiianuaiiosnisdedoyanionmirinangunsalluds
server anansnvildaggndesuazmiaiiilassiuaudeyai sever Iisuluusas Tuisuau 180 ads
Fawhfusiuuedswesmevhmenmihdaluusas i uwilutananfiszuudumesidedndos annu
ddrlumssudsdoyaviilifAnnsdetoyadndousuandunsd 84 Tnsfisiuaumsdedayanisvin
menmindaluiuil 23/8/2560 fdurumsdidoyaiiunitduudeyageaniifesddlunsdas fuaos

Ase
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M1579 8-3 Yyminulunsdetoya gunsalfinmamanisituvestunsden Triflo (@a1uiiveaes: Adln

e nUnUR 15aNeIUIAEIIAUASUNS)

S RRGREHH Uaymnitny GRS widayvn
17/8/2560 002-60-01 £13 002-60-12
19/8/2560 002-60-01 14 002-60-12
21/8/2560 002-60-01 £13 002-60-12
Lalaunsadu
response il dvfayaduazii
. fuduaudnsa | Suwedfidenelud | nanildlunisse
23/8/2560 002-60-01 ©19 002-60-12 o N
Yosnsastoyald Yaym response 1M
JuhiiAnnnsde F1utoya
foyatn
25/8/2560 002-60-01 14 002-60-12
28/8/2560 002-60-01 £13 002-60-12

135197 8-4 dnsianudsalunisdsdeya aunsalfinanunansiturvesSuasuen Triflo (@ouiineass: AaTn

e nUnUn TsaneIuIaaIaIuAsuns)

i Fununmsvaaes | defeyaduie | %dsdoyadusa NG
17/8/2560 180 180 100
19/8/2560 180 180 100
21/8/2560 180 180 100
Sunundwesnsdsdeyaunninng
109970 package delay Vilien week
day set time ﬁlﬁ%’uhﬂ‘ziﬁﬂéﬂqw
23/8/2560 182 182 100 R d. .
wagiinnsdsdeyadriannisiigunsal
133U response AldEudupudusa
LN EGRGHG
25/8/2560 180 180 100
28/8/2560 180 180 100
KLY 1082 1082 100

KB NNSTINBAMNUNIUAYDIDENELASEAAZAY LVINVNRUA AUAY 6 U TUaY 3 L6 LURas 5 A9
F87a1 : 17.00 Wuduly

- 3

To-@-coeo/&w
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nn1seTRdeudeyanaziiasizvdymnuinnnuliiadesvesszuudumesidadmalimin

¥

ANSSUAITRUATN

o < 1Y o 4 6 o I
anudnsalunisdatayaann server vilvigunsalinidu

'
a

b4

20N

Pgoulaaeigunuume 1. n1sdideyadrmiinduaingunsailulasudeniududu

Wayaymauluds server aulasu

Foarududuanudnsalunisdadeya 2. mydsloyadaddaviivends dUami u Wauazasagniu
fuAstagaluds server saenanisvitmenmudailidunndrsldaindy dainanaauaditunig
gwanen configuration vilwaunsailall@sue configuration Ngneesdmsussy dUansi Ju 1@m ASs

YBINIFYINANEATNUIUR

15799 8-5 Yaymnnulunsdetoya gunsalilnmela BreatheMAX (@auiivinaes: Adlinnenmundn

Iiawmmaawmuﬂ%w%)

Tui QRGRGHGY Ty ame) Wity
1. worvdiedulaneaturian 1. 3@ Threshold .
- . oz |y - . . .| LA Threshold
2. YULUIMILOUTUIALIINTY | AAUAILIIAUUNG .
. oo . y ) Tmidnass
003-00-001 019 | 3. Set No. t3un 2 TunﬂaﬂaﬂaMﬂi maauﬂuqﬂﬂsm - - Y
17/8/2560 ey o . 2. Unuannainau
003-00-012 | vil¥in1stiu Day No. Tun1svinwem . 3
4. . , wazriliauludn
1 3 Aananuadinssuluniuen Y
ASS
Set No.
003-00-001 @4 | 1. Set No. i5u#l 3 Tunnenanadng
19/8/2560 oo Q
003-00-012 | vil¥in151u Day No. Rawain
003-00-001 {4
21/8/2560 -
003-00-012
. | 1. Set No. 5w 2 lunneranadins
003-00-001 ¢ | .. : ,
23/8/2560 vl9in151u Day No. Hawainue
003-00-012 | _ . ,
gamssulumum Set No.
1. Set No. 15191 3 lunnenanadas | 3. Toyaves 3. audeyaves
- | 2.n3tiu Day No. Hananaling | enanades weld | eranadasiiiu uda
003-00-001 &4 | ) ) -
25/8/2560 wusuunsglan 910 7 10w 61 1NILUY @519 1D Tl
003-00-012 y , ;
3. 91@1adAs ID 003-00-01 L] RAGRGH]CE
awsadendudiszuule
- | 1. Set No. 5w 3 lunneranadins
003-00-001 4 ) A .
28/8/2560 2. 151U Day No. RAwa1ninIs
003-00-012 . <
Huuunselan 1y 63

To-@-coeo/&w
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91971 8-6 dnTeudnstlunsdeya aunsallnmela BreatheMAX (auiinaaes: addnnienndiin

Iiawmmaawmuﬂ%w%)

S Fuunsvaaes | defeyaduia | %diloyadusa RN
17/8/2560 36 36 100
918188IAT ID 003-00-005 UIMSIAUIN
19/8/2560 38 38 100
2 190
21/8/2560 36 36 100
23/8/2560 37 37 100
finsdsdoyatidiuau 1 1w (3 As)
25/8/2560 36 36 100 esanglimuinlaininszuudslsids
foyaludainnsdsdeyaludnads
28/8/2560 36 36 100
KLY 219 219 100

PUIELME NITVNNNEATNUIUATDIDNEIELATLART AU LYNIUUA ALAY 6 TU Tuay 3 e lwnay 3 ASI (Threshold

111, Time holding 2s) 9a413a1 : 17.00 1usuld

13199 8-5 wansdgymifinulunisdsdeyavesgunsailnnisla BreatheMAX i Adlin
nMeamvn Tsameruiaasvaiuaiuns deanunsautasenifu 3 aunamande (1) Jyardu
downndgldau enfinsdisen Threshold sifundrssduussiuluannednd (sifimadwdoge
gUnsn) dwalvienAinduinisiunanegaennaudilidfnildgunsaied a vaedu Feamnsn
uilaldlaenisidludasna Threshold Wiidwnnniusswuilugunsallmisnadsiuiveesines
2) Yygrduiiesnnannisyauvesendiadu Julnauiaindanesiivlunstunaifanainiinis
Sutlu Set No. Aanaianafeszuudniduiu Set No. 910 2 wnuiin15iu 1 dawalwiinisidu Day
No. Annanaduddudnun wenaniidenunsiiu Day No. wuuinnslanluuiends waz (3) Uy
fuilosnainszuuiwesined demuinddeyanisuimsvesttae ID 003-00-01 wgluanszuuyili
fiosadns ID Tmiuazuimsddnady

915197 8-6 wansuansvaaeulFrugunsaiiamunanisiuntenuazndudonelade
gunsaliinmela BreatheMAX lunguananadnsanadinnienindidnvedlsangunaasvalunsuns
Tngldouszuudumesidanuulsasuueiovedygyraiiono AIS \udinardunisdeiudeya

<

wuszuvdumesilaanusadideyaluduresines gudnandlinnass uasdeyagniesaenndeiu
e
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AN INdaATUMULazasilinsUssdiunuudussweandunieianain usdu Fedutlym
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QUESTIONS RESPONSES m
98 responses
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98 responses

® A i3 ROM shoulder
@ B:Triflow

@ C: BreathMAX

@ D: Knee exercise device
@ E NK-Table device
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0

20 2 24 26 28 30 32 34 36 30 45 53 56 60 64 67 74

18 21 23 25 27 29 31 33 35 38 4 51 55 59 62 65 710

tiwiin (ATan3u) dHuge (1gudiues)

8 7(7.1%)

6(6.1%) 6(6.1%) 8 o)
5(5.15(5.1%)

Bleacaeisy B
L c202e20%)

0
149 152 154 156 158 160 162 164 167 169 172 174 176 178 180 186
® 0 ® R P @ P ogl D P @ P g @ N PR P 150 153 155 157 150 161 163 165 168 171 173 175 177 179 181

JU7 8-24 Yayavhluvesanainsgliuinisdiuu 98 au

To-@-coeo/&w

169

LUy nnUd. ME-003



AOTUMWHUSH @ szandnzviiacaivhildisou

@ iinoudnmaausy

@ ddnmnamlaneviafiouwi
@ aunBuamidaiouni

@ fasAnmamuane’

® Waaned

@ ninBaane’

® Tan ANsANEN
@ ausa
@ she/wen/usnfuag 439%

a1gdwiszan ® sumwnshgiamia

@ ansvmiinauuism

@ cilsaaumiiduasniia
@ dnamaodan/aniwady
@ dnsousindnen

® suswinll

® withwriahuinao
® nsas/lsn

¥

JUN 8-25 dayaanunnausa NMsfinw uara1ln vesoranadasiliusnisiiuu 98 Au
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A15ULATDY C: BreatheMAX
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For using the surface electromyography (SEMG) in various applications, the proc-
ess consists of three parts: an onset time detection for detecting the first point of
movement signals, a feature extraction for extracting the signal attribution, and a
feature classification for classifying the SEMG signals. The first and the most sig-
nificant part that influences the accuracy of other parts is the onset time detection,
particularly for automatic systems. In this paper, an automatic and simple algo-
rithm for the real-time onset time detection is presented. There are two main proc-
esses in the proposed algorithm: a smoothing process for reducing the noise of the
measured SEMG signals and an automatic threshold calculation process for deter-
mining the onset time. The results from the algorithm analysis demonstrate the per-
formance of the proposed algorithm to detect the SEMG onset time in various
smoothing-threshold equations. Our findings reveal that using a simple square in-
tegral as the smoothing-threshold equation with the given SEMG signals gives the
best performance for the onset time detection. Additionally, our proposed algorithm
is also implemented on a real hardware platform, namely NI myRIO. Using the
real-time simulated SEMG data, the experimental results guarantee that the pro-
posed algorithm can properly detect the onset time in the real-time manner.

Key words: surface electromyography, smoothing, onset time detection,
NI myRIO

Introduction

The movement of muscles is controlled by the electric signals generated from the
brain, called electromyography (EMG). Since the signal is detected using a surface electrode,
it is then called surface electromyography (SEMG). The SEMG signal gives benefits in many
applications, such as robotic control [1, 2], patient rehabilitation [3], Parkinson’s disorder
recognition [4], and prosthesis devices controlling [5, 6] to improve the quality of life for the
disabled and elderly people [7].

* Corresponding author; e-mail: chaiwat.l@.psu.ac.th
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Three main methods to process the SEMG data consist of onset time detection, fea-
ture extraction and feature classification. The first important part is the onset time detection
because this part is used to determine the first peak of SEMG signals. Although we have the
best feature extraction and the classification algorithms to interpret the signals, the inefficient
onset time detection may give the erroneous results in automatic systems. However, from
several literatures [5, 8, 9], most works consider only the feature extraction and the feature
classification parts; the onset time detection process is not studied. Moreover, using the man-
ual onset time detection is not appropriate for the automatic SEMG measurement systems.

According to the literature review, some works proposed the onset time detection
techniques. For example, the Teager-Kaiser energy operator was applied for locating the onset
time of a muscle activity [10]. The work in [11] developed a new algorithm to determine the
onset time for measuring the SEMG signals in an inspiratory event. In [12], an autoregressive-
generalized autoregressive conditional heteroscedastic(AR-GARCH) model was used to de-
tect the onset and the offset times, and it also gave the better performance than a double-
threshold detection technique. The work in [13] proposed a novel algorithm for the real-time
onset time detection using the quasi-tension technique to detect wrist movements. In [14], the
P&WND method was compared with the traditional Di Fabio’s method to detect the EMG
signals for a segmentation process. Finally, in [15], the maximum likelihood method was
applied with an adaptive threshold technique to estimate the onset and the offset times of
muscle contraction. Nevertheless, all onset time detection algorithms for finding the first
SEMG signals from those research works as described above were evaluated on the computer.
The complicated algorithms which are not suitable for an embedded system were used in
those methods. Therefore, the simple algorithm which fits to be implemented in an embedded
hardware is required.

This paper introduces a simple algorithm for detecting onset times of SEMG signals.
There are two main processes in the proposed algorithm: the smoothing process for reducing
the noise of the measured SEMG signals and the automatic threshold calculation process for
determining the onset time. In addition, the proposed algorithm is implemented and tested
using the LabVIEW program on the NI myRIO FPGA.

The proposed algorithm was analyzed in the MATLAB with measured SEMG data
sets and the six statistic equations including standard deviation (STD), root mean square value
(RMS), mean average value (MAV), waveform length (WL), simple square integral (SSI) and
integrated EMG (IEMG). The algorithm analysis results demonstrate that using the SSI for
both smoothing and thresholding (notation: SSI-SSI equation) with the 50-point window size
gives the best result for detecting the onset time of the given SEMG data. Then, the SSI-SSI
equation based algorithm was implemented on NI myRIO to detect the SEMG in real-time.
The test results also show that using the proposed algorithm to detect onset times of the
SEMG signals on NI myRIO gives the same results as the analysis.

Preliminaries

Data acquisition

To use the SEMG signals, the process starts when the sEMG is detected by the sur-
face electrode. In this work, ten SEMG data sets were gathered from each hand motion. We
used Ag/AgCI surface electrodes (i. e. 3M Red-Dot Solid Gel 2237) [16] to acquire the SEMG
signals from both muscles, Flexor carpi radialis and Extensor carpi radialislongus. Two pairs
of bipolar electrodes were placed lengthwise on the same muscle. One pair was placed on the
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Flexor carpi radialis, and the other was placed on the Extensor carpi radialislongus. Both elec-
trode plates were pasted on the skin surface of the right forearm of the volunteer. The dis-
placement from the center to the center between each one is 20 mm. The reference electrode
(i. e. ground electrode) was placed on the other wrist as shown in fig. 1(a). All SEMG signals
were recorded by using Mobi6-6b (TMS International BV, Netherlands) [17] and stored in a
text file. The band-pass filter in the range of 10-500 Hz was used to remove the motion arte-
fact frequency and the random interference frequency. The sampling frequency was set to
1,000 Hz. The hand motions consist of one motionless (i. e. rest) and six types of the move-
ments (i. e. wrist flexion (WF), wrist extension (WE), hand close (HC), hand open (HO),
pronation (PN), and supination (SN)) as shown in fig. 1(b). Each movement was performed
for 0.5 second and rested for 4 seconds in the duration. The process was repeated for ten
times. An example of SEMG data from both muscles is shown in fig. 2.

R
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ciermece (v"

A A .
4 i‘\‘ g\‘ ’;A\ 4_‘ /
WF

o) /1 |
[ Electrode \\‘ WE
I W |
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« ¥ \' V v /
HC HO PN A A SN
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Figure 1. (a) Target muscles and electrode placement positions; in our experiment, the reference elec-
trode is placed on the left wrist [18, 19]; (b) seven types of hand movements [20]
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Figure 2. The SEMG signals from both muscles
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Statistic equations

Many statistic equations are used as feature extraction for extracting the hand
movements from the SEMG data [5, 8, 21]. Six equations which have provided the good result
in the feature extraction [8, 21] are selected to represent smoothing and threshold calculations.
Six gathered statistic equations used in this work are shown as follows:

STD = [Nl—l fnz::(xn —X)? ] Q)
RMS = [% S, —R)ZJ @)

Mszii\xn\ ©)
N =
N-1
WL =[x, — x| (4)
n=1
N1 2
SHED Y ()
n=1
IEMG =§\xn\ (6)
n=1

where N is the number of SMEG signals, x, — the SEMG value at n™ point, and  — the average
value of the SEMG signals.

Proposed algorithm

In this section, we describe our proposed onset time detection algorithm. The pro-
posed algorithm is distinguished into two processes: the smoothing process and the threshold
calculation process. Both processes use those six statistic equations as described above to
calculate the SEMG signals. We also describe how to implement the onset time detection
algorithm on a real hardware by using the LabVIEW on the NI myRI1O FPGA.

Onset time detection algorithm

To detect the onset time, the first intersection point between the smoothing and the
threshold values of each SEMG movement is used in the processing. Six statistic equations in
the previous section are used to create new 12 smoothing-threshold equations for testing the
data. We use STD-STD, STD-RMS, STD-MAV, RMS-STD, RMS-RMS, RMS-MAV, MAV-
STD, MAV-RMS, MAV-MAYV, WL-WL, SSI-SSI and IEMG-IEMG to represent the notation
of the corresponding smoothing-threshold equation. The first expression represents the
smoothing process while the second expression represents the threshold calculation process.

In fact, six static equations can give 36 smoothing-threshold equations, but we use
only 12 smoothing-threshold equations as mentioned above. This is because we cannot com-
bine all six statistic equations as the smoothing and the threshold equation, since their calcu-
lated values are in the wide range. For example, the WL-STD cannot be used this way be-
cause the values from both equations are not in the same range. Using the WL as the smooth-
ing process gets the value in range of 10° while using the STD as the threshold calculation
process gets the range less than 10. Thus, both values cannot be combined as the smoothing-
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threshold equation to give the good result. Therefore, we separate smoothing and threshold
equations into four groups. The STD, the RMS and the MAV can be set in the same group,
while the WL, the SSI and the IEMG are in three different groups. Consequently, there are 12
smoothing-threshold equations to be compared.

The method starts when the first motionless muscle signals were served into the sys-
tem. Five hundred points of non-movement muscle are used to calculate the threshold value.
This threshold value is used as the reference throughout the data set. Then, the window size is
set to any arbitrary number of the data sample. The window is slided point by point since the
first SEMG sample comes into the process until the end point of the data. When the first inter-
section between the threshold line and the smoothed SEMG signal at each window size is
detected, the position is recorded as the onset time position. Finally, for detecting the next
onset time position from the next hand movement signals, we move the window size out of
the SEMG data range for 1,500 points. The list below shows the algorithm in the case of using
the SSI-SSI as the smoothing-threshold equation at the 50-point window size.

VARIABLES: window_size, starting_point, ending_point, Smoothing, Threshold
BEGIN

(1) // Initial value

(2) Window_size = 50;

(3) Starting_point =1;

(4) Ending_point = number of SEMG data;

(5) // Main process

(6) Calculate Threshold from the SSI at 1-500 points of the first motionless
(7) FOR i = Starting_point to Ending_point

(8) FOR n = Starting_point to Window_size

9) Calculate Smoothing from the SSI at this Window_size;

(10) END

(11) IF Smoothing > Threshold THEN

(12) Record the onset time position;

(13) // Move the considered point n and Window_size 1500 Point

(14) n=n+ 1500;

(15) Window_size = Window_size +1500;

(16) END IF

(17) ELSE

(18) // Move the considered point n and Window_size to the next Point
(19) n=n+1,

(20) Window_size = Window_size + 1;

(21) END

END

Real-time onset time detection implementation

The real-time implementation is developed for testing the onset time detection algo-
rithm. To evaluate the proposed onset time detection algorithm, ten SEMG data sets, as de-
scribed in the previous section, were used to represent the real SEMG data from a patient. The
SEMG files are stored in a flash drive which is connected to the embedded hardware NI
myRI10. We used the LabVIEW program for writing the code to extract the SEMG data and to
perform the onset time detection according to the proposed algorithm. Figure 3(a) shows the
LabVIEW block diagram that reads the SEMG data sample by sample emulating the data
sampling as in the real measurement. Then, the threshold value is calculated, and the result is
sent to the smoothing calculation part in fig. 3(b). Finally, the onset time is determined. All
parts are processed on NI myRIO in real-time.
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Figure 3. The LabVIEW block diagrams (a) for reading the SEMG from the
flash drive and calculating the threshold and (b) for smoothing the SEMG and
finding the onset time

Results and discussions

In this section, the procedures consist of two main tasks. The first task is the algo-
rithm analysis on the MATLAB program to find the best smoothing-threshold equation to be
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used in the onset time detection algorithm. For the second task, the best smoothing-threshold
equation is evaluated with the embedded hardware NI myRIO and the LabVVIEW program.

Algorithm analysis

In order to investigate and to evaluate the performance of the onset time detection
algorithm using the smoothing-threshold technique, we measure the displacement error be-
tween a manual detection and an automatic detection using the proposed algorithm. For the
manual detection, the first peak SEMG data position is inspected by enlarging the signal graph
to remark and record the onset time position. For the automatic onset time detection, 12
smoothing-threshold equations in the proposed onset time detection algorithm are performed.
The displacement error is determined from the difference between the manual and the auto-
matic detection positions of each technique from each hand movement.

From the experiment, the results show that using the WL-WL, the SSI-SSI, and the
IEMG-IEMG gives the good results to detect the onset time positions, as shown in fig. 4. We
found that, among these smoothing-threshold equations, the SSI-SSI provides the best per-
formance. The example of finding the onset time position of the SEMG signal is also shown in
fig. 5. In this figure, the onset time positions are determined when the different noises are
presented. The result indicates that the efficiency of detecting the onset time position from the
SEMG data with high noise is quite strong. For fig. 6, it shows the zoomed SEMG data with
the onset time detection result. In addition, the displacement errors, while varying the window
sizes 50, 100, 200, 300, and 500 points, are investigated, as shown in figs. 7 and 8. The results
from this case show that using the SSI-SSI smoothing-threshold equation at the window size
of 50 points gives the smallest error for finding the onset time detection. However, the win-
dow size smaller than 50 points has not been tried. From the result we can see the trend that if
the bigger window size is used for the onset time detection, the onset time is found before the
actual SEMG signal is activated. On the other hand, the SEMG signal is not smooth enough if
the smaller window size is used instead.

6000

ey uSTD/STD
u STD/RMS
= STD/MAV
. 4000
s BRMS/STD
u;' = RMS/RMS
é o000 RMS/MAV
(_o“ ®MAV/STD
g 2000 MAV/RMS
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WLWL = WL/WL
b (R :
VAP i
RMSRMS IEMG/IEMG
B RMSSTD
1 STDMAV
2 3 4 STDRMS
5 &6 7 STD'STD
8 9

Movement number

Figure 4. Displacement error from each number of movements in wrist
extension motion
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Figure 5. The example of finding the onset time position of the SEMG signal (a) at low noise and
(b) at high noise
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Figure 6. The zoomed SEMG data with the onset time detection result
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Figure 7. Displacement error using the SSI1-SSI for the 50-point window sizes of the extensor
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Test results
Before the algorithm is to be implemented on the real hardware for usage with a per-
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Figure 8. The onset time detection result (a) using the large window size

and (b) using the small window size, the numbers #1, #2, #3 and #4

represent the window size, the SEMG signal, the smoothing SEMG signal,

and the threshold line.

son in the real-time situation, the proposed algorithm was tested using the NI myRIO. The
results are displayed on the LabVIEW program and the LED cube (for option), as shown in
fig. 9. The recorded SEMG data is stored in the flash drive and released sample by sample to
emulate the real-time sEMG signals from a real person. The algorithm is used to catch the
onset time from the SEMG signals using the portable reconfigurable 1/O device for studying
from National Instruments known as the NI myRIO. It is the embedded hardware device that
includes processor, communication and sensor parts. The main processing is the field pro-
grammable gate array (FPGA) Xillinx Zyng-7010 with two-core processors at the speed 667
MHz. The SEMG measurement system includes four main parts: the recorded SEMG (#1), the
processing part (#2),the personal computer (#3), and the LED cube (#4), as shown in fig. 9.
The real system as corresponding to fig. 9 is also presented in fig.10. For the processing part,
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it consists of the onset time detection, the feature extraction, and the feature classification. As
mentioned before in this work, we only focus on the onset time detection part for interpreting
the sEMG signals. The implementation result indicates that using the proposed smoothing-
threshold algorithm can properly detect the onset time of the SEMG signals in real-time, as
shown in fig. 11(a) and (b).

#4
- LED -
receing b /

<Processing part>
2.Feature Extraction \
3.Feature Classification abVIEW
pC ]

Figure 9. The diagram of the SEMG meas- Figure 10. The experimental set-up of the

urement system onset time detection system using the NI
myRIO; the onset time detection is dis-
played on the LabVIEW program and
the LED cube
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Figure 11. The onset time detection result (a) on a single movement
in the real-time detection simulation and (b) on a continuous
movement in the real-time detection simulation. The numbers #1,
#2, #3 and #4 represent the raw SEMG signal, the threshold value,
the smoothing graph, and the SEMG detection starting at the onset

time detection
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Conclusion

In this paper, we have proposed the new algorithm for the onset time detection of the
SEMG signals using the relation between the smoothing data and the threshold. The perform-
ance evaluation by using the displacement error demonstrates that using the SSI-SSI for the
smoothing and the threshold processes with the 50-point windows size gives the best result.
Furthermore, the proposed algorithm has been continued to prove with the real-time SEMG
simulation using the identical data. The NI myRIO was selected as the hardware to test the
system preliminarily. The results show that using the SSI-SSI as the smoothing-threshold
equation can appropriately detect the onset time in real-time. However, the whole process is
attempted by only the given data sets. If we change the input SEMG signals, the result may
change. The SSI-SSI may not give the best performance.
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Abstract— Lung rehabilitation can be done by using different

measuring and monitoring tools to recover patient from lung
collapse. However, the patients can feel uncomfortable or get

infected from using these tools. This paper present lung volume
monitoring using flow-oriented incentive spirometer with video
processing. According to the result, the proposed method can be

used for lung rehabilitation monitoring and measuring with more
comfortable, low cost and easy to use.

Index Terms-video processing, circle detection, motion detection,
position tracking, lung volume monitoring, incentive spirometer

1. INTRODUCTION

Lung collapse is occurred by a decrease in lung volume. It

makes patients feel tired, having phlegm, cannot doing a daily
life normally, and slow in body recovering process. Lung
collapse usually encounters in patients with chest surgery or
disability patients with movement problem and older people.
Patients can do rehabilitation treatment including breathing
exercise, coughing exercise, and using tools to increase lung
volume monitoring for future planning based on each patient's
conditions.

In general practice, therapist evaluate monitoring results of
lung volume from spirometer which measured lung volume
directly. With modern healthcare technologies, lung volume

measurement tools or monitoring tools have been developed
with difference purposes. For examples, the measurement of
flow rate of breathing through wind turbine 11. The propellers of
the wind turbine are going to interrupt the ray between LED and
Phototransistor. Frequency of ray occurs on Phototransistor
depend on the flow speed and the wind turbine’s rotation speed.
Digital spirometer [2]is, another example which is depended on
the different measurement of pressure using Pneumotachometer,
lung volume calculation, and breathing work. The Digital
spirometer record data shows results in graphs, and compares
with the results during using this tool for monitoring and treating
patients. Last example using data from Flow sensor in a game to
control a character movement [3]. This makes patients feel
comfortable and want to exercise using the game for lung
expansion therapy. The difficulty can be set for each patient with
the data recording of flow rate and lung volume during exercise.

978-1-5386-0449-6/17/$31.00 ©2017 IEEE
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Therefore, all of the tools above need to connect with a patient
directly. It is not comfortable to use with many patients
continuously or need to clean the tool to prevent infection
between patients.

In this paper, we propose monitoring process of lung
rehabilitation using video processing and Flow-Oriented
Incentive Spirometer, which is cheap and mostly used in
Thailand. By using this video processing technique, we can
encounter the infectious problem during using a tool. Patients do

not need to make a contact to the sensor or electronic device
directly by using video from webcam and a technique to capture
interested objects and record the flow rate and lung volume from
the objects without modification or direct sensor to Flow-

oriented incentive spirometer. In addition, Flow-Oriented
Incentive Spirometers brands are not affected the system in
processing and monitoring.

II. FLOW-ORIENTED INCENTIVE SPIROMETER AND OBJECT
DETECTION

A. Flow-oriented incentive spirometer

Flow-oriented incentive spirometer or Triflow has three
translucent tube characteristics. Each tube has difference ball
size and color as shown in Fig 1. This tool is used to rehab lung
to increase lung volume and to approximate lung volume or to
know the flow rate by inspecting balls position. The balls
position and flow rate have a relation to each other. When a ball,
two balls, and three balls are at the peak, the flow rate are equal
to 600, 900, and 1200 ccssec, respectively.

—
o R e R S

Il

|

Fig. 1. Flow-oriented incentive spirometer
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B. Circle object detection

Circle object detection was developed to find circular object
in image without direct contact with the object for lung volume
monitoring. Circular Hough Transform (CHT) (41 was used to find
the position and size of circular objects from object edge. This
technique can be adapted to use in ball detection in the Triflow.
CHT 1is not considered the color of the ball, therefore CHT
method can be used to detect balls with difference brands of
Triflow.

The processes of circle detection with radius between R, to
Rya from an image with m xn pixels start with finding edge of an
object using Gaussian Filter and Canny Edge Detection [51 from
grayscale image. Each edge point Picx;yy of edge image, which
was generated, is used as a center of a circle within configuration
radius as equations 1, 2, and 3.

(x=x) -(y-y) =R’ @
x=x,+R, cos@ ®)
3

y=y;+R, sinf

Where R; is the radius of the circle in between R, and Ryax.
Equation 2 and 3 are parametric representation of circle edge
point.

Every time making a border surround P; the position under
border line was keep in 3D matrix Cex,y,Ry. It shows the
possibility of (x,)) position to be center of the circle with radius
R; The calculation of local maxima of accumulator matrix
presents the position and size of a detected circle.

C. Motion detection

Movement detection using background subtraction shows
the difference between color intensities on each pixel [6]. It
mostly uses in an image or a video from a static camera.
Background subtraction uses a first frame which objects are not
moving as a reference image and compares the reference image
with the current frame using threshold to indicate the change
pixel.

Background subtraction can be done using difference color
space images. Example, grayscale image, which using single
color component to detect changes, or multiple color component
in equation 4, in order to select the difference between each color

components of the image as much as possible.
Rm, = ‘Redn—Redn,I‘ > Threshold
Gm, = ‘Greenn —Green,,_ 1‘ > Threshold
Bm, = ‘Bluen—Bluen_I‘ > Threshold
Result, = Rm, v Gm, v Bm, “4)

Where Rm,, Gm, and Bm, are motion result from red, blue
and green color component of frame number n.
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III. PROPOSE METHOD

The monitoring lung volume using Triflow can be measured
by detecting the movement of balls in vertical axis inside a
Triflow. Due to fixed the position of Triflow during exercise,
balls are been able to monitor to compare the lowest position and
the highest position for accuracy processing.

Due to the design of Triflow from difference company can
have difference sized of tubes and balls, and color of balls,
before experimental, the size measurement of ball and distant
between lowest and highest position measurement should be
performed. We used these data in the configuration for video
processing and calculation of flow rate and lung volume. In
addition, Triflow has the characteristic of translucent tube,
background with difference color with balls inside a Triflow
helps to separate balls from background better than similarly,
helps to eliminate some light reflection on tube surface, and
helps to reduce problem from other moving object on
background during exercise.

Our proposed algorithm starts with target configuring in
order to compare lung status with the target from specialist.
There are two working processes as shown in Fig 2. First, the
target is the accuracy checking of the tool position in
perpendicular and plane using circle detection. Second, it is a
process to monitor balls movement comparing with the
reference image. Then, it uses time and position of balls in each
frame in calculation for lung volume and compare the result
from specialist target before showing the result to users.

Set Target and
Type of Incentive »  Circle Detection Position Checking
Spirometer
Background . . Finding
Subtraction Position Tracking End of Movement

l

Lung Volume
Calculation

Result Reporting

Fig. 2. System diagram.

A. Target configuration for training and identifying the type of

Incentive spirometer

Target or purpose of training using Triflow can be separated
into three type, which are balls number, height, and time. These
targets can be changed depend on the ability to rehab of each
patient. Example, for first time user, target can be set to low. In
other words, target can be set to be making a ball flow with
height more than haft of a tube for 2 second.

From selected background with difference color with balls for
image processing of each Triflow, Triflow identification is an
important part to easily separate Triflow from background.
Triflow identification also helps the system to choose faction of
ball size and distant between the highest and the lowest, which
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was measured before calculation process to get lung volume and
flow rate.

B. Circle detection and position monitoring

For image processing, we start with finding the area of
interested objects, which is Triflow position and balls using
absolute difference between gray scale image and color image
that relate to background color. Example, using red background,
we can find the difference between gray scale and red
component and thresholding technique of Otsu to get area of
interest in Fig 3. Then, the system detects circle objects using
CHT and ball count number of balls that should be equal to
three, while the system inspects the balls position and size that
the second ball should be placed at the middle. If the balls have
the same size, Triflow and webcam are on the same plane and
know the highest position of the ball during movement
comparing with current position.

Fig. 3. Segmentation result from difference between gray scale and red

component image.

C. Motion detection and position tracking

After checking the position and size of objects, the system
records initialize position and reference image for background
subtraction process. Then, the system finds the difference
between current frame and reference frame using threshold
equal to 40. The results from background subtraction mostly
occur in parallel circle characteristic, which are shown the area
of circle of newer frame and reference frame.

In order to monitor balls, it can choose the highest position
of a movement inside a tube in Fig 4, which is the bound of
movement from a fraction of size of circle and size of tube. Then,
the system records the highest position of each ball and
processing time. A fter that, the system monitor movement of ball
in next frame.

Fig. 4. Movement Boundary of each ball

D. Ending processes of Triflow

For detecting object movement, it continuous to work even
balls is not moving. In case of cannot find the moving object, we
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make the position of current balls are equal to initialize position
from circle detection in previous process. If the position of the
first ball is equal to the initialize position and nothing change
more than a hundred frames, we assume that it reaches the
ending process.

E. Volume calculation and report

After objects detection is ending, the process starts to
compare results with the target or the conditions in A from time
measurement at target ball flow above a target height for a period
of time. If the measurement time is greater than a target time, the
patients can be evaluated as pass the training with current
difficulty. In parallel, lung volume calculation from the height of
balls in flow rate unit can be used to evaluate lung rehabilitation
using area under a graph of the relationship of balls height and
time between frames. Area under graph of a first ball is multiply
with flow rate follow Triflow scale which is equal to 600 ccrs.
And for the second ball and third ball multiply with 300 ccrs.
Lung volume is come from video processing by calculation the
summation of area under graph of objects monitoring of every
ball.

IV. EXPERIMENTAL RESULT

Video is captured by Logitech webcam with image
resolution 320%240 pixels from situation which control
illumination variation. Each image of the video was processed
by computer with Intel Core 17 2GHz, processer 64-bit operation
system. Experiment started with 2 balls as a target of exercise
with the height equal to 50% from highest of ball movement for
2 seconds. Video processing started since Triflow was not on
appear on a frame. Then assume that, we were new patients bring
our own Triflow to use in lung volume monitoring system.

When a camera could capture Triflow image, circle detection
system could tell the size and position of each balls which appear
as a sequence of images. Size and position was used to compare
with condition in the position checking process to verify
initialize setup position before motion detection process by
using the processing speed equal to 14 fps.

After verified initialize setup position of Triflow, system
recorded current image as a reference frame and recorded balls
position to use in area of movement detection of each ball The
results of movement detection during the current frame and
reference frame were overlapping had the characteristic as an
area that cover on both frames like in Fig 5@ and when the ball
was higher than the reference ball, the area of ball became two
balls separated with each other like in Fig 5b).

Using the upper left corner of bounding box instead of
centroid of the area of detection made the position detection of
balls during movement in difference characteristic more
correctness. Fig 6(@) and Fig 6(b) showed vertical coordinate of
top left corner of bounding box from first and second ball which
can tell the position of balls continuously with processing speed
of 29.5 fps. The system stopped detection process after cannot

detect the first ball movement within 100 frames. After that,
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system calculated lung volume from area under graph of each
ball and measure time using during floating of second ball more
than 50 percent or more than green line in Fig 6(b). Then, the
measurement results were reported as a graph and told lung
volume measurement comparing target threshold to user in order
to acknowledge the training result.

(b)

Fig. 5. Motion detection. (a) Result from merged area of circles. (b) Result from
separated area of circles.
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Fig. 6. Ball position from top left corner of bounding box.
(@ Result from first ball. (b) Result from second ball

80

60

height (%)
height (%)

40

20

time (s)

@

V. CONCLUSION
This paper presents an approach for lung volume monitoring
using flow-oriented incentive spirometer by circle detection and
motion detection for the purposed of training for lung volume
rehabilitation. It can be used with many people over time without

sensors or electronic devices connect to respiratory. This system
can be adapted depend on the difficulty of training. It works with
ordinary flow-oriented incentive spirometer. In our future, we are

going to improve motion detection process in order to robust to
illumination change along with data storage to record patients’

training history for evaluation with conclusion of each patient.
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Abstract—In recent years, wireless networks have become
extremely necessary in modern communications. Especially in
mobile phones, we are using wireless networks to connect to
networks around the world using both cellulars and WLANs.
In order to connect to the Internet, mobile phones can connect
to the Internet using these wireless network technologies, but,
mobile phones cannot select a suitable wireless network. In this
paper, we propose the network selection that considers both Wi-
Fis and cellulars by using energy efficiency, delay, and UDP loss
rate as key factors. To get these parameters, we used data from
our measurement for four periods of time. After collecting the
data, the algorithm applied for dynamic weight calculation based
on Max-Min Fairness Algorithm and compared score results of
each network path to select the best path. The simulation results
demonstrate that the process of this proposed algorithm leads
to convergence, therefore, this scheme can be used for network
selection in mobile devices.

Index Terms—Network selection, energy efficiency, ping RTT,
UDP success rate

I. INTRODUCTION

Nowadays, technology is becoming an important thing
in daily life. Without technologies, many careers need to
spend more efforts to make things done. One of the most
important technologies is communication. It is mostly used
for communication, education, research, or even healthcare.
The examples of using technology are the communication
between any hospitals and inside a hospital, telephone,
and etcetera. Wireless communication, one of the data
communication technologies, has become important role
in modern communications. The most popular wireless
communication in these days is mobile phones. For today
mobile phones, they are using wireless networks to connect
to the worldwide. Examples are GSM, LTE, WCDMA, and
Wi-Fi. The mobile phone’s owner can choose which path to
connect to the Internet. Moreover, mobile phones can select
the network path by themselves, by trying to connect to
Wi-Fi first if this connection is available. If there are none
of Wi-Fi are available, mobile phones switch to cellular
instead. Never the less, the mobile phones cannot measure the
network performance of each path to connect to the Internet.
Therefore, it may obtain the worst network path in network
selection.

978-1-5386-0449-6/17/$31.00 (©2017 IEEE
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To encounter this problem, there are many papers with
regard to research about network selection. Some papers
consider in physical layer of the network, so that, the Internet
can be used on all network paths at the same time [1] but
this scheme requires modification of mobile phone firmware
and servers to support the algorithm. Some are using neural
networks for wireless network selection [2][3][4]. Their algo-
rithms collect the important data and use these data in neural
network training to get the optimized network. The paper [5]
identified the mobility of devices for network selection. They
predicted which route the device was moving toward. Then,
the device connected to the router in the selected route to
prevent the loss of data during the devices movement. Some
papers applied human consideration to weight each parameter
for calculation [6][7][8], by allowing the users to input the
data for working on their method. Furthermore, in Delphi
[9], their algorithm is based on the regression tree to select
the optimized wireless network by using data from regression
tree, energy and monetary cost in objective function and using
weight from user assignment. This scheme was separated into
three functions which was data collection, weight calculation,
and network selection. Finally, ASWU [10] was a paper that
used Max-Min Fairness Algorithm for dynamic weights and
Zero-Sum Game, which is a mathematical of a situation where
adding equal to subtracting of each participant, so, the loss or
gain of the data of each participant is balanced by the loss or
gain of other participants. Then, the device used weight for
calculate the score function to get the optimized network.

Due to the difference method of paying for Internet usage
in Thailand, like a buffet per month, so, in this paper, we
propose the wireless network selection for mobile devices
that is not considering money cost for Internet usage, but
it focuses on data throughput. We use an approach based
on dynamic weight from Max-Min Fairness Algorithm. The
paper is organized as follows. Section II introduces the method
for the proposed network selection and describes our network
selection algorithm, while section III presents the results from
the simulation of network selection algorithm. Finally, section
IV concludes the paper.
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II. METHODOLOGY

In this paper, proposed network selection algorithm, it
considers both Wi-Fis and cellular as shown in Fig 1. Accord-
ing to network performance; throughput, delay, and energy
efficiency we use all of these parameters for our proposed
wireless network selection via mobile device. There are three
processes to select a network as shown in Fig 2 which are
Data Collection, Weight Calculation, and Network Selection.
In data collection, the device is able to receive the configure
data of every Radio Access Networks (RANSs). Then, in weight
calculation, the algorithm uses dynamic weight [10] to indicate
the important factor of each parameters based on Max-Min
Fairness of all data. Finally, in network selection, the algo-
rithm calculates score functions to compare each network for
optimized network selection using weights from the previous
process.

A. Data Collection

Data collection is a process to profile important data for
evaluate our algorithm. The important data are consisting of
energy efficiency, UDP success rate, and delay. In ASWU,
they utilize energy remaining, delay, and monetary cost. How-
ever, we are interested in UDP success rate instead of monetary

()) Device| ()
<ﬂ> - <ﬂ>

Fig. 1. The system of Radio Access Network.

Received Data

Data Collection

Normalized Data

Weight Initialize

Zero-Sum Game

Weight Calculation

Max-Min Fairness

Utility Function

Network Selection

Fig. 2. Network Selector’s method.
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cost with regard to the success ratio of network path and
energy efficiency.

All of three data, Energy efficiency, UDP success rate, and
Delay, are from our measurement. For energy efficiency, we
used data from battery usage information within setting menu
of Android mobile phones. The battery usage is separated into
energy usage of each application. So, our energy efficiency
is equal to one minus energy usage of ping round trip time
application and UDP loss rate application. For UDP success
rate, we used data from sending a hundred packets to our
server. Then, the device receives the packet count from the
server. Last, delay, we use ping round trip times to measure
delay to our server. The delay, before using this data, the data
is put in equation 1 to obtain the normalized data which is
in range between 0 and 1. D; is the received delay while @
indicates the RAN number and T is the delay threshold that
indicates the maximum delay that the network can occur.

n; = |min(0, (D; — Trn)/Twm)| (1)
B. Weight Calculation

In this subsection, device gains the dynamic weights based
on Zero Sum Game in Fig 3. Furthermore, algorithm obtains
all possible game outcomes by adding the data from the Zero
Sum Game to the given data in each path. The weight of the
energy efficiency, UDP success rate, and delay become higher
when one of the parameter is increased. As a result, the weight
calculations apply to equations 2 to 4.

For initialization, all of the weights, energy weight (w.),
UDP weight (ws), and delay weight (wy), are equal to 1/3 to
make the initialize process to be fairness. Whereas the selected
data from the normalize parameter value in data collection,
selected energy efficiency (E}), selected UDP success rate
(Sp), and selected delay (n), equal to 1 to assume the best
data in the algorithm for Max-Min Fairness Algorithm.

wl = (1 — Ep)w, (2)
wl = (1 — Sp)ws 3)
wh = (1—n)wy ())

For the results of weights calculation, the summation of all
weights in each Zero-Sum game outcome was equal to one.
For additional, the path has at least a weight that is less than
zero, the outcome of that path could be pruned. To calculate
the utility function, the algorithm processes equation 5 to
obtain the data. Then the algorithm compares the calculated
data of every RANs with previous utility scores based on Max-
Min Fairness algorithm with respect to maximum the worst
case outcome of previous utility scores.

U=wex*FE; +wsxS; +wg *n; 5)

To put in other words of Max-Min Fairness, the algorithm
selects the outcome that has the minimum scores in previous
scores but has the highest score of current scores. Next, the
algorithm assigns weights depending on the selected outcome
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Fig. 3. Zero-Sum Game.

TABLE I
TABLE OF TEST SCENARIOS IN SIMULATIONS
Scenarios Detials
1 Morning, around 07:00
2 Noon, around 11:30
3 Evening, around 18:00
4 Night, around 22:00

and selected data to Ej, Sp, and n depend on the RAN of
that select outcome from energy efficiency of RAN ¢ (E);),
UDP success rate of RAN i (.5;), and delay of RAN ¢ (n;).
After initialization, the algorithm continues these processes
until the convergence occurs or reach the maximum iteration
count which is equal to one thousand.

C. Network Selection

After weight calculation, the algorithm utilizes the weights
from the selected result in calculation process to apply in
the utility function for each RANs. After receiving the scores
from the utility function of all network paths, the algorithm
compares the scores for each RAN to select the highest score
data.

To put all these processes for more understanding, the
details of dynamic weight network selection algorithm are
shown in Algorithm 1. The algorithm initializes the data every
time the system triggers to profile active measurement param-
eters. The algorithm does the iteration for dynamic weight
calculation until Max-Min Fairness reach the end process.
Then, the algorithm calculates scores to get the best network
selection.

III. SIMULATION

This simulation was implemented on a PC with Windows
operating system using JAVA language. This simulation was
tested in order to evaluate the algorithm using variables type
double to store data. The simulation was investigated for
four scenarios as shown in TABLE I. The network selection
algorithm was tested by using instance number of Fj;, S;,
and n; of each RANs from our measurement, as described in
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Algorithm 1 Network Selection Algorithm
1: procedure SELECTED NETWORK

2: outcome < 0

3: Ep+1

4: Sy 1

5: Dy +1

6: We, Wg, Wq < 1/3

7: FE;, S;, D; < Lists of Available RANs

8: while outcome;_1 # outcome; AND iteration count
<Imaz do

9: Update Weight for all possible Zero-Sum Game’s
outcome using (2)(3)(4)

10: Calculate outcomes using (5)

11: Select the outcome that maximizes the minimum
value of previous score

12: We, Ws, Wq <— Weight from Selected Outcome

13: Ey, Sy, Dy, < selected outcome data

14: end while

15: Calculate score of every path using (5) and current
weight

16: return highest score path

17: end procedure

subsection II-A, to measure the performance of the algorithm.
We used the weights from the final result of the network
selection and each RAN information to put them in objective
function of Delphi [9] in equation 6. From the objective
equation, S;, F;, D;, , 3, and ~ indicate throughput, energy,
delay, throughput weight, energy weight, and delay weight,
respectively. We used the scores from the objective function
to get the selected RAN and compared that selected RAN with
our selected RAN. We also tested the algorithm in case of two
to nine RANs was received by mobile device. The results will
be discussed on section IV

O =S"+«E’+«D) (6)
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TABLE II
TABLE OF USED PARAMETERS IN SIMULATIONS

NO RANs Ei Sl n; SRAN D}E9A]N

1 0.81 | 0.987 | 0.82210

1 2 0.92 | 0.988 | 0.80781 2 2
3 0.89 | 0.994 | 0.86623
1 0.90 | 0.977 | 0.82262

2 2 0.87 | 0.989 | 0.81030 3 3
3 0.89 | 0.988 | 0.86623
1 0.92 | 0.980 | 0.81896

3 2 0.61 | 0.986 | 0.80446 1 1
3 0.86 | 0.999 | 0.86670
1 0.91 | 0.983 | 0.81896

4 2 0.94 | 0.987 | 0.80159 3 3
3 0.84 | 0.987 | 0.86396

IV. SIMULATION RESULT

From our simulation on section III, we obtained that,
our Max-Min Fairness Algorithm reached the maximum of
iteration and the selected RAN of our algorithm is the same
as Delphi [9]. The results of selected RAN is shown in TABLE
II. In the table, NO is scenario number. RANs identifies radio
access network that a mobile phone can detect. F;, S;, and
n; are normalized data of energy efficiency, UDP success rate,
and delay respectively. SRAN describes the selection of radio
access network number in this algorithm. At last, DRAN tells
the selection of radio access network number in Delphi [9]. In
our discussion, number of iteration had some meaning within
it. The number of iterations was increased due to the similarity
of the data between each RAN. Therefore, the algorithm
needed to run more iteration to satisfy the weight fairness.
The results from testing two to nine RANs showed that even
the number of RANS is increasing, the number of iterations is
still the same if only if the later RANS is totally worse than the
early RANs. The total processing time of the algorithm was
not more than two seconds in worst scenario. In practical, the
algorithm is going to take more time for processing due to the
similarity of data using in algorithm. Also, the algorithm needs
to measure energy efficiency, UDP success rate, and delay of
each RAN.

Due to using JAVA language to implement this algorithm,
the code can be applied to Android application directly without
modification. Therefore, the network selection algorithm can
be used for network selection in real life on Android mobile
devices.

V. SUMMARY

This paper,proposed network selection algorithm, is con-
sidered both Wi-Fis and mobile network by using energy
efficiency, delay, and throughput. After the algorithm receives
required data, the algorithm uses these data for dynamic
weights calculation [10]. Then, the algorithm uses the weights
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from final result of dynamic weight for network selection by
comparing result score of each paths, in the utility function.
The simulation results show that, the iteration of this algorithm
can reach the stopping step, reach the convergence. In sum-
mary, this algorithm can be used for Android mobile network
selection and can select the best network among receiving
RANES.
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Abstract: Background subtraction is mainly used to detect the moving object, however, its detection error can be increased when
background is changing. Therefore, adaptive background subtraction is applied to overcome this problem. The background in
adaptive background subtraction can be adjusted continuously by using learning rate. Basically, the learning rate is fixed. The
learning rate should be tuned in case adaptive background because the background may be changed consistently. This paper
proposed Probabilistic Static Foreground Elimination for Background Subtraction algorithm (PSFE). It consists of 2 parameters:
number of frame for background updating of the static foreground and probability of pixel that can be changed to background. PSFE
is compared with Basic Background Subtraction (BBS), Three Frames Differencing (3FD) and Adaptive Background Subtraction
(ABS) by false negative and false positive error. The results show that the algorithm can reduce detection error and is stable when
the foreground is moving. Moreover, it can decrease error when comparing with basic adaptive background subtraction in dynamic
background and camouflage problem.

1 Introduction instance, after detecting, a wanted object can be appeared 2 objects
called ghosting. Moreover, those 2 objects sometimes can be over-
Moving image detection is a useful technique for several applica- lapped. Therefore, they will have a hole in overlapped position called
tions, such as surveillance, traffic, human computer interaction [1], aperture. The ghosting can be solved by using 3 frames in frame sub-
[2],[3], and there are many methods to detect the moving object. traction. For instance, the current frame (F}), previous frame(F;_1)
Generally, they can be classified to 3 methods; feature segmentation, and the frame before previous frame(F;_2) are used to detect the
optic flow, and frame differencing, and are shown in Figure. 1. wanted object. Nevertheless, the wanted object will be disappeared
Feature segmentation is a method that detect the moving image when the object does not move because the difference among 3
using object characteristic. For example, skin detection is used to frames cannot be detected. Background subtraction [1], [10] detects
detect human body, such as face and hand, from selecting the pixel the moving object from comparing between current frame and refer-
intensity that is similar to human skin [1], [2],[3]. Template match- ence frame. Its segmentation is good when reference frame is stable.
ing and shape matching are used to detect interested object such as Normally, the background is dynamic in real life. Hence, the back-
face, hand, and circular shape object [4] ,[5]. The feature segmenta- ground has to be updated to the latest background since the process is
tion method is able to detect object when object characteristics are started. Therefore, adaptive background subtraction is used to solve
known. However, this method has to be trained by optimized datasets this problem and should be varied by occasion.

unless will face a problem when object and background color are
similar. Optic flow [6], [7], [8] is a group of vectors that can be rep-
resented object moving direction and its computational process is
complexity [9] . Frame differencing is a method that compared dif-
ference between 2 frames such as frame subtraction and background
subtraction. Frame subtraction [8], [10], [11] finds how difference
between current frame and previous frame. It can calculate a latest
background continually. Nevertheless, it still has some problems, for

2 Literature review

Stauffer and Grimson [12] proposed the Gaussian Mixture
Model(GMM) to detect image in dynamic background. The GMM
model parameters consists of weight, mean, and the covariance
matrix and the number of Gaussian. The number of Gaussian are
set from 3 to 5 because of the variable and computational power.
In 2010, Benezeth, Yannick, et al. [13] compared the background
Color subtraction algorithm and found that the methods such as GMM
[12], Kernel Density Estimation [14], and Codebook [15] provide
— Feature. the efficiency better than other methods such as basic motion detec-
segmentation tion, One Gaussian distribution, and Minmax (Minimum, maximum
Shape, template and Maximum Inter-Frame Difference)[16]. However, they are not
suitable in real-time application. In 2011, Hamid Hassanpour, et
Moving object . al.[17] reviewed papers and compared complexity, time consuming,
i Optic tlow and detection error between statistical approach and non-statistic
approach and found that the statistic approach can be suitable for
Frame outdoor environment. However, it is more complex and take a long
subtraction time in process. On the other hand, the non-statistic approach can be

Frame . . . T
—» . . proper for indoor environment and real-time applications. In 2013,
differencing Farah Yasmin Abdul Rahman, et al. [18] presented enhanced back-
ground subtraction using second derivative in gradient direction with

existing background subtraction techniques.

Learning rate is a parameter that can be used to improve an
algorithm. In 2008, Musa Haque, et al. [19] proposed a mixture

A 4

detection

Background
subtraction

Fig. 1: Moving image detection method
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of Gaussian distribution and dynamic background generation tech-
nique, and they propose the technique in different learning rates
(0.1, 0.01, and 0.001) among 3 fixed threshold values. According
to their results, the best error rate mostly occurs when learning rate
is 0.1 and 0.01. In 2010, Fan Chieh Cheng, et al. [20] used temporal
differencing and Laplacian distribution to create the block for defin-
ing object and background. Then, the new learning rate is updated.
In 2011, Ka Ki Ng and Edward J. Delp [21] proposed adaptive
learning rate that calculated from 2 parameters. Both parameters
are controlled by the weight. The first parameter is depended on
magnitude of absolute differencing between current frame and back-
ground model. Another one depends on temporal duration of a pixel
in the background. In 2012, Gang Xu, et al. [22] presented adap-
tive background update method using frame level detection and pixel
level detection. Background changing in large area and foreground
target were determined to update new background. Threshold and
learning rate were set to 15 and 0.15, respectively. After that, they
used the adaptive background subtraction and improved camshift to
detect moving target. In 2013, Rui Zhang, et al. [23] presented the
adaptive learning rate calculation based on model-scene-dependent
approach. This method used statistics extraction and 2-D lookup
table of learning rates to determine adaptive learning rate. In 2014,
P. K. Sahoo, et al. [9] proposed the adaptive background subtrac-
tion based on frame differencing and updating threshold value and
learning parameters using Infinite Impulse Response (IIR) filter and
compared with existing method. Then,the result showed that their
proposed method is better than background subtraction and tempo-
ral differencing method. In 2017, M. A. Rahman, et al. [24] proposed
the modified running Gaussian average method. Their learning rate
was based on the threshold information of two consecutive frame.
It can be found that their method can detect object more correctly
with little noise and use computation time less than Gaussian mixture
model.

Adaptive learning rate is one of the important parameter that
used for tuning to update new background. Therefore, this paper
focuses on adaptive learning rates, and proposes the Probabilistic
Static Foreground Elimination for Background Subtraction (PSFE).

3 Theory

Background subtraction is one of the moving detection method. This
method can be determined from differencing between current and
reference frame. It is easy to detect the moving image than the other
methods. However, it still has some problems since background is
changed. Therefore, the background should be adapted continuously
during process duration. Adaptive background subtraction (ABS)
can be applied for moving image detection and can be renewed back-
ground by itself. Basically, The ABS block diagram is shown in Fig.
2 and can be determined by Eq. (1) as follow, [21], [25]

By =aF;+(1-a)B; 1

where B; and B;_ 1 are the current background frame and the pre-
vious background frame, respectively. F is the input current frame
and « is the learning rate.

Learning rate is a parameter that is used to update an old back-
ground to a new background. The speed of background updating
depends on learning rate value. Normally, the learning rate value
is an interval between O to 1. If the learning rate is nearly to 1, the
value in input frame appearance is higher than background frame.
Then, the adaptation will be fast. On the other hand, if it is nearly to
0, the adaptation will be slow. In addition, if the learning rate is 0,
the background will not be adapted. Conversely, if the learning rate
is 1, the current frame will become to the new background in the
next frame. Typically, the learning rate is set to 0.05 [17]

The ABS starts from assuming the initial background. The ini-
tial background can be generated by Eq. (2) [21], [26], [27] and will
become the first reference background. Next, the moving object can
be found by using Eq. (3). The current and the reference frame are
subtracted by absolute difference and are compared with threshold
to segment the moving object from the background. After that, the

Tem0-0000/ &

¥-22

learning rate is represented into the Eq. (1) to get the new back-
ground. The new background will be the reference background for
the next frame. Finally, doing this process again continuously until
end of the last frame.

N
- F
Binitial = % . (2)
D, — Foreground, if |Fy — Bt| > threshold, 3)
b= Background, if Otherwise;

where F; and By are the input current frame and the reference
background frame, respectively. D; is the detected moving object.

4 Probabilistic Static Foreground Elimination for
Background Subtraction (PSFE)

Learning rate can indicate how speed that can be updated the new
background. Normally, the learning rate is fixed. The background
can be adjusted fast and slow. Therefore, the learning rate should be
updated depend on an event.

The proposed algorithm is based on the block diagram in Fig. 2
and focuses on learning rate parameter. According to the Eq. (1),
one of the important parameters is learning rate. The learning rate is
modified to update new background model.

The modified learning rate block diagram is illustrated in Fig 3.
It starts from collecting the data images to estimate the initial refer-
ence background and calculate threshold. Then, the initial reference
background is created by using Eq. (2).

Next, the segmented image is used to determine a learning rate
frame (o) that contains learning rate (Qpizei,¢-) and zero. The learn-
ing rate at the pixel in the segmented image of frame t is apizer¢-
The other pixels, the alpha value is 0. The learning rate frame can be
created by Eq. (4).

Qs
ap = pizel,ts
0,

The proposed learning rate consists of 2 parameters and can be
calculate by Eq. (5). The first parameter is number of frame for
changing the static foreground to be background (Ny, ;). The sec-
ond parameter is a probability of pixel that will be background in the
next frame (Ppg,t).

if |Fy — Bt| > threshold,
if Otherwise;

(C))

Initial
background
v
_ . Reference
background
Absolute
differencing
Current frame v
Comparing
with threshold
v
Detecting
object
v
|| Updating Defining
background learning rate

Fig. 2: Adaptive background subtraction block diagram
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frame for pixel that will

\_‘_l

Calculating
learning rate

Fig. 3: Proposed adaptive background subtraction block diagram

Apizel t = N X PBG,t . )

hold

This probability of intensity in segmented object presents the sim-
ilarity of characteristic in segmented image. If this value is high, the
intensity value of the pixel in the next frame can be the same. There-
fore, the detected image in this pixel can be the same object. On
the other hand, this value is low, the intensity value of the pixel in
the next frame can be the other object or the background. Therefore,
this probability can be supported to generate the new background
model by using Eq. (6). Represented pixel that is in the Eq. (6) can
be counted from the number of pixel that has intensity between mean
of intensity in the segmented image and its standard deviation.

number of represented pixzel of dif f image
total pizel of dif f image )

Ppgi=1-
(©)

After determining the learning rate, the learning rate frame is
generated and replaced this learning rate frame into the Eq. (1) for
creating the new background model. The new background model
can be used to detect the moving object by background subtraction
method. Finally, doing this algorithm again with the next frame until
the dataset or detection process are finished. The PSFE algorithm
can be sketched in Algorithm 1.

5 Experiment

This experiment was designed to analyze the learning rate for adapt-
ing the background model and was compared the proposed algorithm
(PSFE) with existing method such as basic background subtraction
(BBS), Three frame differencing (3FD), the adaptive background
subtraction (ABS) with fixed learning rate (0.01, 0.05, 0.1, and 0.5).
In this experiment, the fixed learning rate was chosen between 0-0.5
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Algorithm 1: Probabilistic static foreground elimination for
background subtraction (PSFE)

1 function PSFE (z,y,t, N, T, a);

/Ix and y are the element position in image frame, t is the
index number of frame, N is the number of training frame,
T is the number of the last frame and « is the learning rate.

Input :¢,7 and N

Output: ¢ and o

B — Zi\]:1 Fi |
initial — — N

4fort=1:Tdo

5 Dif fimage,t = |Ft — Bt|; // Ft, By are the input frame

and background frame, respectively.

6 if Dif fimage,+ > threshold then

[S)

w

7 // Threshold is calculated by Otsu’s method or GMM
method.
8 define ﬁ; /I Np, 014 1s the number of frame for

changing the static foreground to be background

(Static foreground elimination)

9 P BG,t =

1_ number of represented pizel of dif f image
total pizel of dif f image ’

1 .
at = 5. X Ppa,t;

10

11
12
13
14

else
| o =0;
end
Represent the avy;zeq,¢ into the o element.

15 By = ot Fy + (1 — at)Bi—1;

end

because if the learning rate is higher than 0.5, the background will
be updated very fast. According to the Fig.3, the detection result
depends on 2 factors: threshold, and learning rate («). In this study,
the learning rate was tested for comparing with existing methods.
Therefore, the threshold were fixed and calculated from training
set by Otsu’s method, and Gaussian Mixture Model (GMM). The
threshold are calculated by frame because they are not complex more
than by pixel.

This experimental design is separated into 2 parts and was shown
in Fig. 4. The first part used the threshold from Otsu’s method and
compared with the ABS with fixed the learning rate and the proposed
algorithm were compared. The parameter Ny, ;4 were set to 100, 20,
10, and 2 because they can be compared to the fixed learning rates
that were 0.01, 0.05, 0.1, and 0.5 respectively. Another part is the
same as the first part but the threshold were calculated by GMM.

The detection image is evaluated and compared with the ground
truth image by percent error of false positive (FP) and false nega-
tive (FN). These two measurement error can be calculated by the
equation Eq. (7) and Eq. (8).

1*" experiment, threshold is from Otsu’s method

Threshold am experiment, threshold is from GMM method
Basic background subtraction (BBS)
Three frame differencing (3FD)
Method

Adaptive background subtraction (ABS)
(define fixed learmng rate (o)=0.01, 0.05, 0.1, 0.5)

Probabilistic Static Foreground Elimination (PSFE)
(define 1/Npga = 0.01, 0.05, 0.1, 0.5)

Fig. 4: Experimental design chart
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number of F'P

FPepy =
" number of total pizel

100, @)

number of FN

FNery =
" number of total pizel

100, ®)

where FP is the number of pixel of the testing frame compared to
the groundtruth that detects an object as a background, and FN is the
number of pixel of the testing frame compared to the ground truth
that detects a background as an object.

6 Dataset

In this experiment, the datasets are Wallflower dataset [28] : Waving
trees, Camouflage, Moved object, and Foreground aperture. They
are represented for testing in several scenes and are shown their
details in Table 1. The example of training frame, evaluate frame,
and groundtruth image are shown in Fig 5.

e Waving Trees is the dataset that used to test for dynamic back-
ground. The trees in the background scene are swing movement.
Then, a person is coming into this scene while the trees are waving.
Finally, the person is going out from this scene.

e Camouflage is used to test for detection when the color of object
and background are similar. Firstly, the monitor displays blue image.
Then, a person is coming in to this scene and stop at the in front of
the monitor. Lastly, this person is going out from this scene.

e Moved Object is used for testing when background is changed.
This dataset starts from the chair is in the room. And then, a person
is coming into this room and moved the chair. After that, the chair is
moved from the person. Finally, the person go out from this scene.
e Foreground Aperture is used to test for aperture case. This dataset
starts from the man is sleeping on his desk. And then, he wakes up.
Finally, he is going out of frame.

7 Results
These experiment are compared the detection error from 4 datasets

(4 scenarios) by using 2 fixed thresholds. The false positive (FP) and

Table 1 Details of experimental dataset.

Dataset Training frame Test frame Evaluate frame
Waving Trees 000-199 200-247 247
Camouflage 000-199 200-251 251
Moved Object 400-599 599-985 985
Foreground Aperture 260-459 460-489 489
Groundtruth

Frame 199 Frame 247

o

=

Frame 251 Groundtruth

P
R

Frame 985 Groundtruth

Groundtruth

~ Frame 489

Fig. 5: The evaluate frame and ground truth image

4 Tem0-0000/ &

false negative (FN) error, and the detection error (FP+FN) are pre-
sented in Table 2., 3., and 4., respectively. The comparison detection
result image when threshold are calculated by Otsu’s method and
GMM are displayed in Table 5. and 6., respectively.

BBS provides the best detection result of Waving trees case when
threshold is from GMM method. The total detection error from the
proposed method when the threshold is calculated by GMM method
is less than by Otsu’s method. The result from proposed method
are constant while 1//N, ;4 is increasing when both threshold were
used. The detection result image from ABS are slightly disappeared
since learning rate is increasing meanwhile the proposed method still
detected the image when 1/Np,;4 is increasing and the detection
result between 2 thresholds are similar.

The best detection result of Camouflage case is from the PSFE
(0.5) when threshold is from GMM method. The detection error
from the proposed method is slightly changed but ABS are highly
increased since 1/Ny, ;4 and learning rate is increasing, respectively.
The detection result from the proposed method are constant when
1/Npo14 1s increasing meanwhile the result from ABS are faded
while learning rate is increasing. When considering the proposed
result between 2 thresholds, the threshold that is from GMM method
can detect object better than Otsu’s method at the camouflage
regions.

In case of Moved object, the best detection result are from 3FD,
ABS, and the PSFE (0.5) when threshold is calculated by GMM
method. The FN error are all zero in this dataset because the
groundtruth does not have foreground image. When investigating
the threshold that is from Otsu’s method, the chair from ABS is
disappeared faster than the proposed method.

The best detection result of Foreground aperture case are from
BBS and the proposed method with 1/Np,,;4 = 0.01 when the thresh-
old is calculated by Otsu’s method. The total error from the proposed
are slightly changed but ABS are significantly changed. The thresh-
old by GMM can detected aperture region more than Otsu’s method.
Conversely, it detects background more wrong than Otsu’s method.

The average detection error shows the proposed method that
has the best average result from 4 datasets in 4 scenarios by the
threshold that is calculated from both GMM and Otsu’s method,
especially from GMM method when 1/Nj,,;4 is 0.1. When consid-
ering between 2 thresholds, the result when using threshold from
GMM method is better than Otsu’s method. In addition, the false
positive error is greater than the false negative error in 3 cases: Wav-
ing trees, Camouflage, and Foreground aperture. In case of Moved
object, the false positive error is less than the false negative error.

8 Discussion

The best average detection result image are from PSFE (0.5) when
threshold was calculated from GMM method. When the thresh-
old was calculate from Otsu’s method, the PSFE (0.1) provided
the lowest detection error among the existing method. When con-
sidering between 2 thresholds that were calculated, the detection
result from GMM method is better than Otsu’s method because the
GMM method can define threshold range finely more than Otsu’s
method. However, the error will be occurred in background because
of unoptimized threshold range. In addition, the threshold should be
optimized because it is the criteria for good segmenting object and
background.

The detection error of PSFE and BBS are similar. However, in
case of moved object problem. BBS can not update new background.
Therefore, its detection error will not be reduced meanwhile PSFE
can reduce the detection error because it can update new background
by 1/Np o1

The detection error from PSFE is lower than 3FD except in case of
moved object problem because the 3FD update new background very
fast. Therefore, if the object move slowly or temporary stop moving,
the detection result from the 3FD can be a hole object. Nevertheless,
the PSFE can update new background by 1/Nj,,;4 when time has
passed.

According to the result, both ABS and PSFE can update new
background. When the learning rate of the ABS is increasing, the
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Table 2 Comparison of false positive error (FP) among proposed and existing method.

Dataset Waving trees Camoflage Moved object Foreground aperture Average
Method \threshold Otsu GMM Otsu GMM Otsu GMM Otsu GMM Otsu GMM
BBS 23.71 18.44 17.76 10.60 0.00 0.00 13.08 10.15 13.64 9.80
3FD 30.16 24.30 53.20 52.05 0.00 0.00 21.31 8.33 26.17 21.17
ABS (0.01) 24.13 18.63 18.78 11.24 0.00 0.00 13.11 10.16 14.00 10.01
ABS (0.05) 25.53 19.47 37.46 16.15 0.00 0.00 13.18 10.03 19.04 11.41
ABS (0.1) 26.81 21.15 53.26 34.51 0.00 0.00 13.24 9.74 23.33 16.35
ABS (0.5) 29.88 28.55 53.17 52.90 0.00 0.00 16.45 9.81 24.88 22.82
PSFE (0.01) 23.71 18.46 17.76 10.57 0.00 0.00 13.08 10.15 13.64 9.80
PSFE (0.05) 23.76 18.48 17.77 10.45 0.00 0.00 13.09 10.15 13.65 9.77
PSFE (0.1) 23.82 18.56 17.82 10.35 0.00 0.00 13.10 10.15 13.69 9.76
PSFE (0.5) 24.22 18.88 18.59 10.36 0.00 0.00 13.13 10.18 13.98 9.86
Table 3 Comparison of false negative error (FN) among proposed and existing method.

Dataset Waving trees Camoflage Moved object Foreground aperture Average
Method \threshold Otsu GMM Otsu GMM Otsu GMM Otsu GMM Otsu GMM
BBS 0.08 0.46 0.00 0.39 5.21 0.01 2.57 6.10 1.97 1.74
3FD 0.44 9.26 0.14 0.88 0.00 0.00 2.02 20.86 0.65 7.75
ABS (0.01) 0.08 0.41 0.00 0.31 0.83 0.00 2.58 6.20 2.87 1.73
ABS (0.05) 0.07 0.38 0.00 0.00 0.00 0.00 3.54 8.21 0.90 2.15
ABS (0.1) 0.06 0.38 0.00 0.00 0.00 0.00 4.20 8.88 1.07 2.31
ABS (0.5) 0.50 2.08 0.14 0.37 0.00 0.00 3.97 12.41 1.15 3.71
PSFE (0.01) 0.08 0.45 0.00 0.39 5.04 0.01 2.57 6.10 1.92 1.74
PSFE (0.05) 0.08 0.45 0.00 0.38 4.21 0.01 2.59 6.10 1.72 1.73
PSFE (0.1) 0.08 0.44 0.00 0.38 2.36 0.01 2.59 6.10 1.26 1.73
PSFE (0.5) 0.08 0.33 0.00 0.31 0.02 0.00 3.26 6.49 0.84 1.78
Table 4 Comparison of detection error (FP+FN) among proposed and existing method.

Dataset Waving trees Camoflage Moved object Foreground aperture Average
Method \threshold Otsu GMM Otsu GMM Otsu GMM Otsu GMM Otsu GMM
BBS 23.79 18.90 17.76 10.99 5.21 0.01 15.65 16.25 15.60 11.54
3FD 30.60 33.56 53.34 52.93 0.00 0.00 23.33 29.19 26.82 28.92
ABS (0.01) 24.21 19.04 18.78 11.55 0.83 0.00 15.69 16.36 14.88 11.74
ABS (0.05) 25.60 19.85 37.46 16.15 0.00 0.00 16.72 18.24 19.95 13.56
ABS (0.1) 26.87 21.53 53.26 34.51 0.00 0.00 17.44 18.62 24.39 18.66
ABS (0.5) 30.38 30.63 23.31 53.27 0.00 0.00 20.42 22.22 26.03 26.53
PSFE (0.01) 23.79 18.91 17.76 10.96 5.04 0.01 15.65 16.25 15.56 11.53
PSFE (0.05) 23.84 18.93 17.77 10.83 4.21 0.01 15.68 16.25 15.38 11.50
PSFE (0.1) 23.90 19.00 17.82 10.73 2.36 0.01 15.69 16.25 14.94 11.49
PSFE (0.5) 24.30 19.21 18.59 10.67 0.02 0.00 16.39 16.67 14.83 11.64
detection image is slightly disappearing because it updates new 9 Conclusion

background very fast when the learning rate is very high. Then, the
ABS can be optimized to solved the moved object problem. On the
other hand, the detection error of the PSFE are similar when 1/Ny, ;4
are increasing because of the parameter Pg¢ ;. The Ppq ¢ can con-
trol background updating speed. Therefore, the new background is
not updated very fast. Moreover, In case of waving trees, camou-
flage and foreground aperture problem, the PSFE can solve these
problems better than the ABS.

Background updating of the PSFE that uses the number of frame
does not affect the background in case of Waving trees, Camouflage,
Foreground aperture because of the probability (Pp¢ +), however
the number of frames can affect the PSFE in Moved object case
because of the background is changed permanently. Furthermore, the
false negative error of the PSFE is less than the false positive error.
Hence, this method can be updated new background but it has some
errors in moving object region. This problem can be solved by using
morphology.
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This paper proposed the adaptive background subtraction using
adaptive learning rate. The learning rate is determined by 2 param-
eters. The first parameter is the number of frame for changing the
static foreground pixel to be background. The second parameter is
the probability of pixel in the moving object that will become to
the background in the next frame. The detection error from the pro-
posed method are not changed significantly when the 1/Np 4 is
varied. Therefore, the background will not be adapted very fast while
the foreground image is moving and it also can be slightly updated
to new background since the input frames does not have the mov-
ing object for Np,,;q frame. In addition, the threshold is important
parameter for the image detection. The threshold that is calculated
by GMM method can provide the overall detection result better
than Otsu’s method. The result from dynamic background in wav-
ing tree case between these 2 thresholds are similar. The threshold
by GMM method can detect camouflage regions better than Otsu’s
method. However, it is worse than Otsu’s method when background
is changed in moved object case. Finally, the threshold by GMM
method can detect object in foreground aperture problem but the
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error detection is also occurred in background. Hence, the thresh-
old should be tuned consistently by optimized value. However, this

Table 5 Comparison detection result from the proposed and existing method when thresholds were calculated by Otsu’s method.

paper is focused on the adaptive learning rate and fixed threshold.
Therefore, this problem will be solved in future work.

Dataset

Waving trees

Camoflage

Moved object

Foreground aperture

Evaluated frame

Groundtruth

BBS

3FD

ABS, alpha = 0.01

ABS, alpha = 0.05

ABS, alpha = 0.1

ABS, alpha = 0.5

PSFE, 1/Np, 014 = 0.01

PSFE, 1/Np, 014 = 0.05

PSFE, 1/Npo14 = 0.1

PSFE, 1/Np014 =0.5

Tem0-0000/ &
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Table 6 Comparison detection result from the proposed and existing method when thresholds were calculated by Gaussian Mixture Model.

Dataset

Waving trees

Camoflage

Moved object

Foreground aperture

Evaluated frame

Groundtruth

BBS

3FD

ABS, alpha = 0.01

ABS, alpha = 0.05

ABS, alpha = 0.1

ABS, alpha =0.5

PSFE, 1/Npo1q = 0.01

PSFE, 1/Npo1q = 0.05

PSFE, 1/Npo1q = 0.1

PSFE, 1/Npo1qa =0.5

e
a —

=

P

(=]
(=]
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Abstract

This paper presents a patient monitoring system that can support heterogeneous IoT (Internet of Things)
rehabilitation devices. The physicians can plan the treatment for each patient via network and internet connection
system according to three sub processes: devices configuration, monitor, and feedback. The proposed system has
been designed to support multiple devices and various types of rehabilitation devices by using the common HTTP
message format. This allows various 10T platforms to be programed to control various rehabilitation devices and
connect the internet via WLAN, LAN, or cellular network. The network and internet connection test reported that
the system can support many users’ devices sending the measurement data concurrently and correctly. The
system reliability test reported the very high success rate of sending data of all to the data server and database
server.

Keywords: Rehabilitation, heterogeneous loT, patient monitoring

1. Introduction

Rehabilitation through physical therapy is very important for improving the quality of life of elderly people,
disabilities, and patients. The main obstacle to effective physical therapy is lack of regular and consistent
participation due to inadequate training by physiotherapists, lack of motivation to practice, unable to track and
control the rehabilitation program when a patient leaves the hospital, and inconvenience of such as travel, the
number of tools and doctors are not enough. Therefore, the monitoring system and devices to assist disabilities
and patients in distance therapy through the internet network without having to go to rehab at the hospital every

time allow physiotherapists to monitor the physiotherapy of their patients more effectively [1-5]. Moreover, the

“ Corresponding author. Tel.: +0-000-000-0000 ; fax: +0-000-000-0000 ; e-mail: author@institute.xxx .
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disabilities and patients recover quickly, have good mental health, and can access to health services through the

communication network as thoroughly as the normal people.

Summary of literature review related to existing systems is shown in Table 1 which compares the features in
the following points.

-Target patients/disease—It shows that most patients need physical therapy to manage the muscles.

-Training device/instrument—It shows that most systems lack in variety of training devices.

-Goal setting rule—Goal setting rules set goals for training. For example, how much does the increase in the
percentage of trained muscles increase? Most systems support manually set the goal by medical expert.

-Online prescription upload/amendment—Physicians/physiotherapists can online schedule physical therapy
sessions and edit prescription amendment.

-Adjustable goal—Physicians/physiotherapists can adjust their goals if the results are better or less than their
original goals.

-Patient monitor—It is important to be aware of how the patient is able to perform physical therapy. It can be
done both online and offline.

-Feedback report—It is advisable to return to the patient if the physical activity is not accurate or less than the
goal.

-Caregiver-patient communication—Most systems allow communication between physician/ physiotherapist

and patients variety from text, web-based, and visual/audio.

From Table 1, the existing systems are monolithic systems with a single device in the system. The
communication between the physician and the patient is the same as the current communication system. The last
row indicates that the proposed system in this paper is different from the existing system. Obviously, the
proposed patient monitoring system is characterized by a variety of rehabilitation devices developed to meet the
needs of users.

The proposed patient monitoring system is designed to support heterogeneous 10T (Internet of Things)
rehabilitation devices. The function and the way to connect the internet of each device are different. The network
and internet connection system have been designed according to three sub processes: devices configuration,
monitor, and feedback. The server and the devices communicate using the designed common HTTP message
format. Therefore, any 10T device, which can connect the internet via WLAN, LAN, or cellular network, can be
programmed to connect to the server without the need of gateway.

The remainder of this paper is organized as follows. Section 2 introduces the system overview. Section 3 gives
the detailed system design. Sections 4 and 5 explain system reliability analysis and test, respectively. Finally, the

conclusion is in section 6.
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Table 1

Comparative literature review of the proposed system features to the already exists system.

Feature
. Target Training Online Careqiver-
Article rg device/ Goal prescription | Adjust- Patient Feedback 9
patient/ : - : Patient
di instrume | setting rule upload/ able goal monitor report o
isease communication
nt amendment
Haptic Yes
. . Goal- .
Robotic Single . Graphic Yes
o Stroke Setting- No No Yes . )
telerehabilitation type user (visual and audio)
Theory .
System [6] interface
Home Manually Yes Automatic
healthcare Single set by Information scoring Yes
o Stroke . No Yes .
monitoring type medical view and (text)
[7] expert (text/plot) reporting
Manually Yes
TheraDrive Single set by Information
Stroke . No Yes . No No
[8] type medical view
expert (text/plot)
Neuro- Yes
UniTherapy rehabilitatio | Multiple . Information
No info. No Yes . No No
[9] n/ types view
Stroke (text/plot)
Manually o
Web-based . rehabilitatio
o Single set by Yes
telerehabilitation Stroke . No Yes n progress Yes
type medical o (text)
[10] monitoring
expert
Manually
A Low Cost . progress
o Single set by S Yes
telerehabilitation Stroke . No No visualizatio Yes
. type medical (Web-based)
Device [11] n
expert
. Manually Automatic
Cardio- . .
Heart Health Single set by Yes analytic Yes
vascular . Yes No
[12] . type medical (text) feedback (text)
Disease .
expert generation
Generic Manually
Proposed (based on Multiple set by Yes
. . Yes Yes Yes Yes
system training types medical (text)
device) expert
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Fig. 1. The proposed patient monitoring system overview.

2. System overview

Fig. 1 shows the proposed patient monitoring system overview. In this paper, there are five types of
rehabilitation devices: A) image processing device for measuring the degree of shoulder movement for shoulder
rehabilitation, B) image processing device for measuring of the lung volume for Triflo pulmonary rehabilitation,
C) pressure measurement device for BreatheMAX muscular breathing rehabilitation, D) EMG and angle
measurement device for isotonic knee rehabilitation with sand bag, and E) torque measurement device for
isokinetic knee rehabilitation with NK-Table. Each rehabilitation device communicates to the data
server/database server at the host hospital via the internet. Physician/ physiotherapist can use a smart phone or a
computer to online perform devices configuration, monitor, and feedback to the patients.

The proposed patient monitoring system is designed to support heterogeneous loT rehabilitation devices.
Devices A) and B) are computer based image processing systems. The aim is to allow rehabilitation without

attaching any sensor to patient. The image processing in device A) is used instead of the goniometer. The image
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processing in device B) introduces first lung volume measurement for Triflo devices. Both devices can
communicate to the server via the Ethernet or Wi-Fi of the computers. Device C) is implemented by a
microcontroller board attached with a pressure sensor and a Bluetooth device. The Bluetooth device
communicate with a smart phone running the monitoring application and connecting to the server. Devices D)
and E) are LabVIEW program based system. NI-myRIO is programed to acquire sensing data, calculation,

rehabilitation evaluation, and communicate with the server via its built-in Wi-Fi module.

3. System Design

This section describes the details of the proposed system design including database design, process design, and
network and internet connection design.

3.1. Database Design

From the main functions for this system, the database has been designed and developed to collect the data of
the different and various devices for supporting the entire system. It is divided into eight tables as shown in Fig.
2.

e Table 1 collects the device information. There are five different devices in our system for example
shoulder’s ROM device, Triflo device, BreatheMAX device, knee exercise device as well as NK-Table
device.

e Table 2 keeps the important data of patient which entering the physical training program using data
collected by the disabled or patients in the physiotherapy program.

e Table 3 is Patient History table for gathering all the data that measure from all devices like a history of the
Patient Week table. Patient history data will be collected from patients who access the device in this
system, so that it will be used for further analysis.

e Table 4 stores the staff data. This is the information of the physician or nurse or physiotherapist. They are
the system users who have responsibility of the disabled or patients in the physical therapy program.

e Table 5 is User table. This is the user Information system which keeps data of all system users such as
physicians or physiotherapists, system developers, administrators of the system which will separate the
level of different system permissions.

e  Table 6 keeps the threshold data. It is the data for each device configuration in the physical training

program using preset data. It can also be called target value when the person with disabilities or the patient

uses a physiotherapy device must make it more than the threshold value. This value is determined by the
physician or physiotherapist for considering each disabled or patient physically. The value depends on the

characteristics of the individual patient and different in each week of physical therapy.
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e Table 7 is the Patient Week table which keeps all the data that measuring from all tracking and assistive

devices for physical therapy through communication networks.

e Table 8 is Feedback table to collect all Information on the recommendations for patients or persons with

disabilities in physical training program from physicians or nurses or physiotherapists in order to improve

physical therapy for themselves.

Threshold

Patent_ID
Device_ID
Thrashald
Staff 1D

Staff

Staff_ID
Staff_Email
Staff_Telno
User I

3
PatientHistory
FatertHist_ID
Fatiert_ID
Devize ID
1 7
Device Patient Week
Patent Week ID
Ceice D - -
- Fatert I
Measured Name -
_ - Dece 1D
hreshold Mame -
B Measured Vales
8 2
Feedback Patient
Feedback T Patient ID
Devize D Patiert_Email
User_ID Patient Telno
User_Email User D
Lser_Telna
5
User
Lser_ID
lser_Mame

Liser_Passward

Uzer_Level

Fig. 2. The relationship between all the tables in the system design of the database
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3.2. Process design

This system consists of two groups of users. The first group is the patient or disabled person as well as the
doctor or nurse or physiotherapist is the other group. The first group defines to be the system users who provide
configuration’s information to the system. This data from the doctors must be identified for the disparate devices
and each patient. The patient does the rehabilitation following the physical therapy program. After the patients

are investigated and tracked, the doctors will advise on physical therapy with sending the feedback. The method

of operation for this system is related to two groups between the physician and the patient as shown in Fig. 3.

Process No, Operation Procedures Operator Place
] ] physician or hospital
1 Access to physiotherapy device physiotherapist p
L h o
2 ) i physician or i
Register patient by system user hospital
& pat ey . physiotherapist P
5 Set up the device according to the physician or hospital
training program of the patient physiotherapist
4 Start accessing the device with pa_tient or healthcare
measuring the physical therapy disabled center
c Perform physical therapy patient or healthcare
according to the training program disabled center
- Send physiotherapydata to the patient or healthcare
i server disabled center
l : hysician or
- _ Ercrf;-.rse phn_,.rs—ur:rtherapn{ hF' ’!_f’mh i hospital
information through web display physiotherapis
i : physician or hospital/
5 Provide feedback to the pa_tl_ent / physiotherapist / healthcare
Send a message to physician patient or disabled center

Fig. 3. Overview process of the proposed system.
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3.3. Network and Internet connection design

From the overview of the operation, as shown in Fig. 3, this system has designed the network and internet
connection system according to a sub process. It is divided into 3 steps as follows:

Stepl. Set-up system for tracking and assistive devices for physical therapy through communication networks.
This process develops a program on the server that is responsible for receiving values from the doctor or
physiotherapist for endpoint device that uses the threshold information for each different device and each person.
The physiotherapy device of the patient must request information from the server as demonstrated in Fig. 4. It
stores the data in the database that has been set up for the physical device relative to the data of individual patient.
The physician or physiotherapist has designed the program to practice physiotherapy. It then sends the
configuration to the destination device in XML message format.

The configuration server is built using the Netbean application in the form of a web application with JAVA
language. In this service, it receives the data from the destination device in the form of HTTP Receiver or GET.
This function is not written or updated data, only obtained the information from the server. After that, the server
will use the data that the destination device wants to find out from the database. It will find the data with the
highest value of Threshold_ID which received from the destination device because the maximum value is the
value of the newest data. This information is then converted to XML data before being returned to the destination
device. An example of the requesting command is that the configuration of the Patient_ID 58666666 with

Device_ID 5 must be sent via URL as following the following link.

nbtcrehab.eng.psu.ac.th:8080/ConfigurationServer/webresources/database?Patient_|ID=58666666&Device_ID=5

1. Conflg (web)
S0

Patient Healthcare
Data Database Web ProfessmnaI/Doctor
Server Server Server
(Mango) (mysQL)

2. Request (http)

3. Response (http)
Fig. 4. System settings for tracking and assistive devices for physical therapy through communication networks.
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@@fﬂ https://nbtcrehab.eng.psu.acth/thresholds/ey)pdil6l) EJ (110% c Q, Search * | B ¥ & O & | =

-~
Patient (010-55-55) gumo mnata Device shoulder's ROM device - Abduction/Right Monitor Threshold  Sunthorn E’

Threshold

Show entries Search: |
Week NO *  Min_Degree ¢ Target Degree ¢ Action ¢

1 80 160
s
2 80 160 ,

Week NO Min_Degree Target_Degree Action

Showing 1 to 2 of 2 entries Previous m Next

Fig. 5. System configuration pages for tracking and assistive devices for physical therapy over a communications network.

After that, Patient_ID and Device_ID will be used to find out in the database. It will retrieve data from both
the Threshold and Patient_ Week tables, which are a table of Threshold values and the results of physical therapy.
This is used to determine whether the next rehab should be any threshold. It then sends them to each device
which address this requesting command. The return value is sent back in XML format, which the physician or
physiotherapist will set up with the tracking and assistive devices for physical therapy for each patient
individually in weekly as shown in Fig. 5.

Step 2. Monitoring system for the measurement results from the tracking and assistive devices for physical
therapy through the communication network. This approach reports the measured value of all devices which are
related to the physical therapy program as shown the overview of this method in Fig. 6. The users of this system
are physicians or physiotherapists. They have to select the patient or disabled to be able to monitor his/her
physical therapy as shown in Fig. 7. The system can manage both old and new registration of the patient or the
disabled to follow up. It then selects the different types of devices for the patient or his disabled who want to see
the measurement results as shown the sample in Fig.8.

Step 3. Advice’s system from physicians or physiotherapists to the disabled and patients in physical therapy

through communication networks. The overview of this process demonstrates in Fig. 9 and how to give a
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comment by a physician or physiotherapist as shown in Fig. 10. In this method, doctor's advice has been sent in a
message to the patient via email as shown in Fig. 11 (left) and via SMS as represented in Fig. 11 (right). On the

other hand, the patient can communicate with the doctor via email/SMS with the same way through this system.

1. Send data (http)

2. Query from Data Server 3. Monitor (web) &
| [& — S — j —) 7
— Eﬂ

J \ Healthcare
Data Database Web Professional/Doctor
Server Server Server
(Mango) (mysQL)

Fig. 6. The process reports the measurement results from the tracking and assistive devices for physical therapy through the communication
network.

€ @ & nttps;//nbtcrehab.eng.psu.acth/patients El 1o €  Q Search wB ¥ & 9O &
~

Patient Athtayu E’

Patient

Existing Patient

002-60-14
Patient Acc1

010-57-02
ana@a@nag win

010-57-10

ANAIIIAL dla
Wiau

Fig. 7. The web page of the system reports for the measurement results starting from selecting the patient or disabled user who wants to view
the data.
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€« Oa https://nbtcrehab.eng.psu.acth/monitor/eylpdil6ljh\W EJ1 1% c Q, Search w B ¥+ & & =
~
Patient (001-31-002) awaTsmi Aumsziolsmni Device shoulder's ROM device - Abduction/Right Monitor Sunthorn E*
Training Information .
. o . . Action
Action: Abduction/Right Training Begin: 28 Aug 2017 17:17:46
Min Degree Threshold: 120 Training End: 28 Aug 2017 17:18:47
Target Degree Threshold: 160 Week No.: 2 Feedback
Success Rate per Set: 100.00% Day No.:3 /3
SetNo:2/2

160
140
120
100
80
60

Degree

40 |

20

Degree [ Mn Degree Threshold [l Target Degree Threshold

1 2 3

Angle =158 Angle =147 Angle =144
Satisfied Safisfied Satisfied
Time

Send message

v
=0

Threshold

Summary

Feedback

Fig. 8. The sample of the web page which demonstrates the monitoring system for the measurement results of shoulder’s ROM device.

Patient

1. Give Comment (web)

~

3
s
Data Database Web
Server Server Server
(Mango) (mysQL)

2. Send feedback to patient (sms, email)

—§ 9

Professional/Doctor

Fig. 9. The system of counseling by physicians or physical therapists for the disabled and patients in physical therapy.
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€ Oa https://nbterehab.eng.psu.acth/monitor/feylpdil6inFa

Patient (004-60-15) #nan15

Training Information

Action: 5 newton

MAV Threshold: 20

RMS Threshold: 30

ROM Threshold: 70

Success Rate per Set: 100.00%

Degree [ ROM Threshold

EJ 1o

Device Knee exercise device - 5 newton

¢ Q Search

Monitor

wBa ¥ & O £ =
Kiattisak E*

Action

Training Begin: 11 Aug 2017 15:24:59
Training End: 11 Aug 2017 15:25:26

Week No.: 2

Day No.:1/1
Set No:3/5

Feedback

~ EIES
SMS

Send message

90
80 | ‘
70 ¢
60 |

2%

2 40|
30 |
20 |
10 |
04— ! - - - -
ROM:84 ROM:85 ROM: 85
MAV 54 MAV 59 MAY 44
RMS: 71 RMS: 87 RMS: 55
Good Good Good

Time

Threshold

Summary

Feedback

Fig. 10. Web page displays feedback function for knee exercise device in the system.

Inbox X

Feedback

Monitoring System for Patient's Rehabilitation in remot:

W tome -

Hi, 2215u15
You need to try to exercise more

This message has been scanned for viruses and

dangerous content by MailScanner, and is
believed to be clean.

PSU Security Policy:

Fig. 11. Feedback by doctor to patient via email and SMS.
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4. Network and Internet connection test

We have tested the reception of configuration command. The simulated data in a variety of formats is
generated for this test. The test result demonstrates in Tables 2 and Fig. 12. From the table, we found the
requesting command for configuration for each device in the system are able to send the request’s packet
simultaneously without data error.

We also tested the monitoring system in the measurement results from all devices via the communication
network by simulating the data to perform this test in a variety of formats. The report for this test has been shown
in Table 3 and Fig. 13. From the report, it represents that the system can support many user’s device sending the

measurement data concurrently and correctly.

5. System reliability test

The proposed system has been tested in three places: a hospital, a health promotion center, and a laboratory.
Devices A), B), and C) were test at the hospital because they are suitable for postoperative patients. Device D)
was tested at the health promotion center because it is light weight, portable, and suitable for knee exercise.
Device E) was tested the laboratory because of its big size and heavy weight. The test is aim to analyze the
reliability in the use of each device and the connection to data server and database server.

At the hospital, there were ten volunteers and the test were repeated for six days. Devices A), B), and C) were
repeated totally 471, 1082, and 219 times, respectively. This variation is because the usage behavior of each
device. At the health promotion center which represents the place that is far from big hospital but near patient
home, there were 16 volunteers in the first day and 24 volunteers in the second day. Totally, device D) was tested
only 40 times because most volunteers are real disabilities and elderly people. At the laboratory, device E) was
tested 21 times. There were some obstacles to moving to volunteers.

Fig.14 shows the success rate of sending data of all devices in various test places. Almost devices gained
successful sending the rehabilitation data to the server. The problems met in devices D and E were from the
internet connection problem. However, the data can be stored at the devices and will be sent again when they can

connect to the internet.
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Table 2
Acceptance test of configuration command

Self-Test of getThreshold Service

Step Test Case Expected Value Actual Result Status (Pass/Fail)

1. Loss Packet
- Simulate calls from multiple Server must respond to a call from Server responds to 100 Pass
clients simultaneously 100times. the client 100 times. calls.

2. Delay Packet The average time should take to The average server
- Simulate calls from multiple respond to a call less than 10 response time is 4. 372 Pass
clients simultaneously 100times. seconds. seconds.

3. Unexpected Value
- The value is in the text. - Value is not available. - Value is not available. Pass
- Parameter not complete - Value is not available. - Value is not available. Pass
-Parameter exceeded - Ignore excess parameters. - Ignore excess parameters. Pass
-Wrong parameter name - Value is not available. - Value is not available. Pass

~11 active

100 users,

Latest Interval Stats at 16:11:46

Average Times: Percentiles:

Full: 0.602 0.0%: 0.058
Connect: 0.000 50.0%: 0.553
Latency: 0.602 90.0%: 1.406
~Receive: 0.000 95.0%: 1.501

99.0%: 1.501
99.9%: 1.501
100.0%: 1.501

Response Codes:
200: 100.00% (13)
All: 100.00% (19)

local
cpui
mem:
bytes-sent:
bytes-zecv:
disk-read:
disk-wrice:

l 12 nies, | 0 fail

umulative Stats 00:01:01

|HNHH[

—  0.602 avg time (] 1ac, || conn) — | Labels

Errors:

http://nbtcrehab.eng.pau.ac.th: 8080/ Configuratio

disk-ap

Average Times: B les:

engine-loop:
Codes:

Full: 4.372 0.0%: 0.025
Connect: 0.000 50.0%: 4.155
Latency: 4.372 90.0%: 8.733
~Receive: 0.000 95.0%: 9.356

99.0%: 9.834
99.9%: 10.199
100.0%: 10.199

He failures occured

Hitas  Failures |Avg Time
961 0.00% 4.372

200: 100.00% (961)
All: 100.00% (961)

TEIL[FL[E

% vl.8.1 by BlazeMeter.com %
JMeter: getthreshold

Elapsed: 00:01:02  Overcime: 00:00:02

7.700
94.200
13598.29%
30843.029
33123.370
T72607454.363
79.500

0.171

Fig. 12. Preview of the test screen for reception of the configuration command
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Table 3
Publisher testing from Mango to MySQL
Self-Test of Publisher from Mango to mySQL
Step Test Case Expected Value Actual Result Status (Pass/Fail)

1. Loss Packet

- Simulate calls from multiple clients | Server must respond to a call Server responds to 100 calls. Pass

simultaneously 100times. from the client 100 times.
2. Delay Packet

- Simulate calls from multiple clients | The average time should take to | The average server response Pass

simultaneously 100times. respond to a call less than 10 time is 2 milliseconds.

seconds.

3. Unexpected Value

- Add parameter Response: 200 OK Response: 200 OK Pass

—r”

10 users, J] ~10 active Latest Interval Stats at 16:20:00

Average Times: Percentiles:

Full: 0.037 0.0%: 0.001

Connect: 0.000 50.0%: 0.007

Latency: 0.037 90.0%: 0.014

~Receive: 0.000 95.0%: 0.516

99.0%: 0.675

99.9%: 0.679

100.0%: 0.672

B ]
TEH_[TLIE

- vl.8.1 by BlazeMeter.com -

Response Codes:
200: 100.00% (395)
2l11: 100.00% (395)

local

disk-1

disk-space:

395 hits, 0 fail Cumulative Stats 00:01:00
Average Times: Percentiles:

Full: 0.002 0.0%: 0.000

Connect: 0.000 50.0%: 0.001

Latency: 0.002 90.0%: 0.002

~Receive: 0.000 95.0%: 0.003

98.0%: 0.010

98.9%: 0.157

100.0%: 1.134

—  0.037 avg time (] lat,

conn) Labels

Errors:

Hits

http://nbtcrehab.eng.psu.ac.th:8080/hoepds?  dev 235545

No failures occured

engine-loop:

Response Codes:
200: 100.00% (235545)
A11: 100.00% (235545}

JMeter: device

Elapsed: 00:01:01

79.500
0.131

Overtime: 00:00:01]

Failures |Avg Time
0.00% 0.002

Fig. 13. Preview of the test screen for receiving data from a number of devices simultaneously 10 users.
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Success rate of sending data (%)

100 é\ ©
98
96
94
92
90
88
86
84

A B

E
l Laboratory

Hospital  Health promotion center

Fig. 14. Success rate of sending data of all devices in various test places.

6. Conclusion

The patient monitoring system designed to support heterogeneous 10T devices has presented. The physicians
can plan the treatment for each patient via network and internet connection system according to three sub
processes: devices configuration, monitor, and feedback. The function and the way to connect the internet of each
device can be different. The proposed system can support multiple devices and various types of rehabilitation
devices by using the desighed common HTTP message format. The network and internet connection test reported
that the system can support many user’s device sending the measurement data concurrently and correctly. The
system reliability test reported the very high success rate of sending data of all to the data server and database
server.

In the future work, the proposed systems will be promoted to be widely used in more health centers. When

more devices, the network reliability and security including big data management are the challenge.
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*Highlights (for review)

Highlights

A patient monitoring system can support heterogeneous IoT rehabilitation devices.

- Physicians can plan the treatment for each patient via network and internet connection system.

- Multiple devices and various types of rehabilitation devices by using the common HTTP message
format.

- Various loT platforms can be programed to control various rehabilitation devices.

- Various loT platforms connect the internet via WLAN, LAN, or cellular network.
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*Summary points

Summary

e  The patient monitoring system designed to support heterogeneous 10T devices has presented.

e The physicians can plan the treatment for each patient via network and internet connection system
according to three sub processes: devices configuration, monitor, and feedback.

e The function and the way to connect the internet of each device can be different.

e The proposed system can support multiple devices and various types of rehabilitation devices by using
the designed common HTTP message format.

e The network and internet connection test reported that the system can support many user’s device
sending the measurement data concurrently and correctly.

e The system reliability test reported the very high success rate of sending data of all to the data server and

database server.
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Abstract: Abstract In recent years, wireless networks have become
extremely necessary in modern communications. Especially in mobile
phones, we are using wireless networks to connect to networks around the
world using both cellulars and WLANs. In order to connect to the
Internet, mobile phones can connect to the Internet using these wireless
network technologies, but, mobile phones cannot select a suitable
wireless network in term of network performance. In this paper, we
propose the network selection algorithm that considers both Wi-Fis and
cellulars by using energy efficiency, delay, and UDP success rate as key
parameters. To get these parameters, the system sends the data packet
into each wireless network to measure all the parameters. After
collecting the network data, the algorithm applied for dynamic weight
calculation based on Max-Min Fairness Algorithm and compared score
results of each network path to select the best path. The simulation
results demonstrate that the process of this proposed algorithm leads to
convergence, therefore, this algorithm can be used for network selection
in mobile devices. Eventually, the experiments show that this proposed
scheme can work with the same level of performance in real-world
implementations. This mobile network selection algorithm is able to make
sure that network connection for transmitting the important medical data
is always very best in terms of reliability and efficiency.
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One of the most important technologies is communication. It is mostly used
for communication, education, research, or even healthcare [1,2|. The examples
of using technology are the communication between any hospitals and inside
a hospital, telephone, and etcetera. Wireless communication, one of the data
communication technologies, has become important role in modern commu-
nications. The most popular wireless communication in these days is mobile
phones which is very good for using in remote system [3,4]. For today mo-
bile phones, they are using wireless networks to connect worldwide. Examples
are GSM, LTE, WCDMA, and Wi-Fi. The mobile phone’s owner can choose
which path to connect to the Internet. Moreover, mobile phones can select
the network path by themselves, by trying to connect to Wi-Fi first if this
connection is available. If there are none of Wi-Fi is available, mobile phones
switch to cellular instead. Nevertheless, the mobile phones cannot measure
the network performance of each path to connect to the Internet. Therefore,
it may obtain the worst network connection in network selection. In order to
connect securely to the Internet all the time for transmitting the significant
medical data [5,6] such as ECG signals, heart rates, pressure values etc. to the
hospital as quick as possible, the device needs to select the suitable network
path for data communication with respect to reliability and efficiency,
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Figure 1. The system of Radio Access Network.

To encounter this problem, there are many papers with regard to research
about network selection. Some papers consider the physical layer of the net-
work, so that, the Internet can be used on all network paths at the same
time |7] but this scheme requires modification of mobile phone firmware and
servers to support the algorithm. Some are using neural networks for wire-
less network selection [3,8,9]. Their algorithms collect the important data and
use these data in neural network training to get the optimized network. The
paper [10] identified the mobility of devices for network selection. They pre-
dicted which route the device was moving toward. Then, the device connected
to the router in the selected route to prevent the loss of data during the de-
vice as movement. Some papers applied human consideration to weight each
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parameter for calculation [11,12,13], by allowing the users to input the data
for working on their method. Furthermore, in Delphi [14], their algorithm is
based on the regression tree to select the optimized wireless network by us-
ing data from regression tree, energy and monetary cost in objective functions
and using weights from user assignment. This scheme was separated into three
functions which was data collection, weight calculation, and network selection.
Finally, ASWU [15] was a paper that used Max-Min Fairness Algorithm for
dynamic weights and Zero-Sum Game, which is a mathematical of a situation
where adding equal to subtracting of each participant, so, the loss or gain of
the data of each participant is balanced by the loss or gain of other partici-
pants. Then, the device used weight for calculate the score function to obtain
the optimized network.

Our proposed network selection is based on the main three functions as Delphi
[14] and also the Max-Min Fairness Algorithm for dynamic weights and Zero-
Sum Game as ASWU [15]. Due to the difference method of paying for Internet
usage in Thailand, like a buffet per month, so, in this paper, we propose the
wireless network selection for mobile devices that is not considering monetary
cost for Internet usage, but it focuses on data throughput. This parameter
can also determine what the performance of network is for comparison in
network selection. Nevertheless, our scheme considered the energy efficiency
with regard to the power model as PowerTutor [16] for estimating the battery
usage of this proposed application. However, we still use an approach based on
dynamic weight from Max-Min Fairness Algorithm for our proposed mobile
network selection.

The paper is organized as follows. Section II introduces the method for the
proposed network selection and describes our network selection algorithm,
while section IIT presents the results from the simulation of network selec-
tion algorithm. Section IV demonstrated the experimental results for the im-
plementation of the mobile network selection considering in each significant
parameters. We also present the evaluation for our proposed algorithm us-
ing Max-Min Fairness for Dynamic Weights in section V. Finally, section VI
concludes the paper.

2 Methodology

In this paper, the proposed network selection algorithm considers both Wi-Fis
and cellular as shown in Fig 1 We use delay,data rate, and energy efficiency for
our proposed wireless network selection via mobile devices. There are three
processes to select a network as shown in Fig 2 which are Data Collection,
Weight Calculation, and Network Selection. In data collection, the device is
able to receive the configure data of every Radio Access Networks (RANS).
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Then, in weight calculation, the algorithm uses dynamic weight [15] to indicate
the important factor of each parameter based on Max-Min Fairness of all
data. Finally, in network selection, the algorithm calculates score functions to
compare each network for optimized network selection using weights from the
previous process.

1.1 Received Data

1. Data Collection :
1.2 Normalized Data

2.1 Weight Initialize

2. Weight Calculation| 2.2 Zero-Sum Game

2.3 Max-Min Fairness

3. Network Selection Utility Function

Figure 2. Network selector’s method.

2.1 Data Collection

The first step is the data collection which is a process to profile important
data for evaluating our algorithm. The essential data are consisting of energy
efficiency, UDP success rate, and delay. In ASWU, they utilize energy remain-
ing, delay, and monetary cost. However, we are interested in UDP success rate
instead of monetary cost with regard to the success ratio of network path and
energy efficiency.

All of three data, Energy efficiency, UDP success rate, and Delay, are from
our measurement. For energy efficiency, we used data from battery usage in-
formation within setting menu of Android mobile phones. The battery usage
is separated into energy usage of each application. So, our energy efficiency
is equal to one minus energy usage of ping round trip time application and
UDP loss rate application. For UDP success rate, we used data from sending
a thousand packets to our server. Then, the device receives the packet count
from the server. Last, delay, we use ping round trip times (RTT) to our server
for measuring the delay. The delay, before using this value, the data need to
put in equation 1 to obtain the normalized data which is in range between 0
and 1. D; is the received delay while 7 indicates the RAN number and Tyax
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is the delay threshold that indicates the maximum delay which the network
can occur from our experimental results in each possible network.

T; = |min(0, (D; — Twax)/Tvax)] (1)

2.2 Weight Calculation

In this process, a device gains the dynamic weights based on Zero Sum Game
in Fig 3. Furthermore, the algorithm obtains all possible game outcomes by
adding the data from the Zero Sum Game to the given data in each path. The
weight of the energy efficiency, UDP success rate, and delay become higher
when one of the parameter is increased. As a result, the weight calculations
apply to equations 2 to 4.

Zero 5um

Energy Weight

UDP Weight

Delay Weight

Outcome

Figure 3. Zero-Sum Game.

For initialization, all three of the weights such as energy weight (w.), UDP
weight (wy), and delay weight (wg), are equal to 1/3 to make the initialize
process to be fair. Whereas the selected data from the normalize parameter
values in data collection, selected energy efficiency (FEj), selected UDP success
rate (Sp), and selected delay (7}), equal to 1 to assume the best data in the
algorithm for Max-Min Fairness Algorithm.

wl = (1— Ey)w, (2)
wy = (1= 8w (3)
wj{ = (1 — Tb)wd (4)

For the results of weights calculation, the summation of all weights in each
Zero-Sum game outcome is equal to one. For additional, the path has at least
a weight that is less than zero, the outcome of that path could be pruned. To
calculate the utility function, the algorithm processes equation 5 to obtain the
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data. Then the algorithm compares the calculated data of every RANs with
previous utility scores based on Max-Min Fairness algorithm with respect to
maximum the worst case outcome of previous utility scores.

U=w.*E;, +ws*S; +wy*T, (5)

To put in other words of Max-Min Fairness, the algorithm selects the outcome
that has the minimum scores in previous scores but has the highest score of
current scores. Next, the algorithm assigns weights depending on the selected
outcome and selected data to Ej, Sy, and Tj, depend on the RAN of that select
outcome from energy efficiency of RAN i (E;), UDP success rate of RAN ¢
(S;), and delay of RAN ¢ (7;). After initialization, the algorithm continues
these processes until the convergence occurs or reach the maximum iteration
count which is equal to one thousand.

2.8 Network Selection

After weight calculation, the algorithm utilizes the weights from the selected
result in calculation process to apply in the utility function for each RANs.
After receiving the scores from the utility function of all network paths, the
algorithm compares the scores for each RAN to select the highest score data.

Algorithm 1 Network Selection Algorithm
1: procedure SELECTED NETWORK

2 outcome « (

3 Eb «—1

4 Sp+ 1

5: T, +— 1

6: We, Ws, wq < 1/3

7 E;, S;, D; < Lists of Available RANs
: while outcome;_; # outcome; AND iteration count

<Lnam do

9: Update Weight for all possible Zero-Sum Game's
outcome using (2)(3)(4)

10: Calculate outcomes using (5)

11: Select the outcome that maximizes the minimum
value of previous score

12: We, Ws, wq +— Weight from Selected Outcome

13 Ey, Sy, T, + selected outcome data

14: end while

15: Calculate score of every path using (5) and current
weight

16: return highest score path

17: end procedure

Figure 4. Network selection algorithm
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To put all these processes for more understanding, the details of dynamic
weight network selection algorithm are shown in figure 4. The algorithm ini-
tializes the data every time the system triggers to profile active measurement
parameters. The algorithm does the iteration for dynamic weight calculation
until Max-Min Fairness reach the end process. Then, the algorithm calculates
scores to gain the best network selection.

3 Simulation

This simulation was implemented on a laptop (2.4GHz with 8GB RAM) with
Windows operating system using JAVA language. This simulation was tested
in order to evaluate the algorithm using variables type double to store the net-
work data. The simulation was investigated for four scenarios such as morning
around 07:00, noon around 11:30, evening around 18:00 and night around
22:00. The network selection algorithm was tested by using instance number
of F;, S;, and T; of each RANs from our measurement, as described in subsec-
tion 2.1, to measure the performance of the algorithm. We used the weights
from the final result of the network selection and each RAN information to
put them in objective function of Delphi [14] in equation 6. From the objective
equation, S;, E;, D;, ws, we, and w, indicate data rate, energy, delay, through-
put weight, energy weight, and delay weight, respectively. We used the scores
from the objective function to obtain the selected RAN and compared that
selected RAN with our selected RAN. We also tested the algorithm in case of
two to nine RANs was received by mobile device. The results will be discussed
later on this section.

O = SP + B+ D} (6)

From our simulation , we obtained that, our Max-Min Fairness Algorithm
reached the maximum of iteration and the selected RAN of our algorithm is
the same as Delphi [14]. The results of selected RAN is shown in TABLE 1.
In the table, NO is scenario number. RANs identifies radio access network
that a mobile phone can detect. E;, S;, and T; are normalized data of energy
efficiency, UDP success rate, and delay respectively. SRAN describes the se-
lection of radio access network number in our algorithm. At last, DRAN tells
the selection of radio access network number in Delphi [14].

In our discussion, number of iteration had some meaning within it. The number
of iterations was increased due to the similarity of the data between each RAN.
Therefore, the algorithm needed to run more iteration to satisfy the weight
fairness. The results from testing two to nine RANs showed that even the
number of RANS is increasing, the number of iterations is still the same if only
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if the later RANSs is totally worse than the early RANs. The total processing
time of the algorithm is not more than two seconds in worst scenario. In
practical, the algorithm is going to take more time for processing due to the
similarity of data using in algorithm.

NO | RANs | E; | S; | T, | SRAN | DRAN [14]
1 | 08120987 | 0.822

1 2 0.921 | 0.988 | 0.808 2 2
3 0.894 | 0.994 | 0.866
1 0.902 | 0.977 | 0.823

2 2 0.875 | 0.989 | 0.810 3 3
3 0.894 | 0.988 | 0.866
1 0.926 | 0.980 | 0.819

3 2 0.614 | 0.986 | 0.804 1 1
3 0.865 | 0.999 | 0.867

1 0.918 | 0.983 | 0.819
4 2 0.942 | 0.987 | 0.802 3 3
3 0.843 | 0.987 | 0.864

Table 1
Simulation results for some scenarios comparing between SRAN and DRAN

4 TImplementation

From our proposed algorithm , it has been implemented on the real hardware
with the Android moble phone (Quad-core, 4x2.5 GHz, Hybrid Dual SIM, Wi-
Fi802.11 a/b/g/n/ac, dual-band). We setup a smartphone with Wi-Fi enabled
and connecting to the LTE network. We are able to utilize the mobile network
selection algorithm into Android platform. For the experimental environment,
we have three smartphones in the same place together, two in airplane mode
with Wi-Fi enabled in different frequency (2.4 and 5 GHz) as well as the other
with Wi-Fi disabled using only LTE connected. The reason we implemented
the two Wi-Fis is that we can show the network performance in the possible
different network path which we can use in the real-world implementation for
the best network selection.

From the data collection, the significant data in this network selection is di-
vided into two categories which are the passive network parameters as well as
the active network parameters. The passive indicators are the trigger of the
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system such as RSSI, link speed and AP Count. RSSI expresses the received
signal strength indicator for Wi-Fi as well as signal strength for cellular. While
link speed represents the data rate of each network type both Wi-Fi and LTE.
Finally, AP count indicates the number of RANs of the mobile device can
detect at that time. We can gain all these passive parameter without trans-
mitting any packet to check network performance. Whereas the active network
parameters are the indicators as demonstrated in section 2.1 of the data col-
lection. Whenever some of these passive indicators are changed the level, the
type as well as the total number, then the system will be triggered for collect-
ing the active network parameters for example energy efficiency, data rate as
well as delay from each RANs for comparison the network capability. We need
to transmit the packet data for examining the performance of each available
RANS.

Also, the algorithm needs to measure energy efficiency, UDP success rate, and
delay of each RAN. Due to using JAVA language to implement this algorithm,
the code can be applied to Android application directly without modification.
Therefore, the network selection algorithm can be used for network selection in
real world on Android mobile devices. For this experiment, we have collected
the results from each active parameter for three days running to keep them
in statistical data to analyze for our proposed algorithm. We investigate the
interesting things between the network connection of Cellular and Wi-Fi. Even
though the expected delay for sending the packet of Cellular is higher than
Wi-Fi, the data rate is also high as well as the energy efficiency is lower in
average of measured data.

4.1 Delay

This parameter can explicitly measure the network performance. If the indi-
cator’s value is very high, the network efficiency is too low as well as that
network path would not be proper for network path’s selection to send the
data. We have sent an ICMP echo request packet for 10 times consecutively
in the experiment.

Delay Ping RTT (ms) || Wi-Fi 2.4G | Wi-Fi 5G LTE

Minimum 1.94 1.76 64.92
Average 41.71 37.11 131.40
Maximum 122.58 115.51 167.63

Table 2
Delay measurement for Wi-Fi and LTE

Each packet has size 32 bytes like standard ICMP protocol. It has used the
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Ping RTT application for measuring the delay of the network connection. After
sending the ICMP request and checking from the ICMP reply message, we can
get the maximum, minimum and average delay for every request packets in
milliseconds. From the Table 2, the results presented the different network
type to evaluate the network delay. From the results, we found the expected
delay for cellular is high dramatically when comparing with both Wi-Fis. The
delay time with LTE connected is larger almost three times than the delay
with Wi-Fi enabled in average value. Whereas Wi-Fi 5G is the best network
selection in term of the expected delay.

4.2 UDP Success Rate

This indicator refers to UDP data rate. We measure how many data packets
it can send from mobile devices to a server without any packet error. The
experiment has been sent consecutively two thousands UDP packets within a
period of time. The total length for each data packet is 54 bypes including
overhead.

UDP Data Rate (Kbps) || Wi-Fi 2.4G | Wi-Fi 5G LTE

Minimum 69.81 71.11 95.64
Average 102.90 102.66 112.19
Maximum 123.21 130.55 145.58

Table 3
Data rate measurement for Wi-Fi and LTE

For the experimental results, the minimum, averge and maximum UDP data
rate in transmitting the UDP packets in the various network types demon-
strated in the Table 3. We found that cellular connection can provide practi-
cally more bandwidth in average value than both of Wi-Fi frequencies. Wi-Fi
connection is not always the best network path to send the data packet when
we consider that the data communication takes place all the time. In term of
the bandwidth we should select the cellular connection for data transmission.
For this reason, the network selection should measure all the possible network
paths to find the best way for transmitting the medical data.

4.3  Energy Efficiency

This experiment acquired the results from implementation of the PowerTutor
[16] in our proposed algorithm to measure the energy consumption. It has
categorized into three parts for calculating the power consumption in general

10

Tem0-0000/ & ¥-62 wuw andla. ME-003



O©CoO~NOOOITA~AWNPE

smartphone for example communication, processing, as well as display. The
power estimation can demonstrate in the Table 4 for the different network
types. The energy model was created by using a library or function of the
PowerTutor directly with combining in our proposed algorithm. The result
shows that the values for minimum, average and maximum energy efficiency
of the cellular connection are less than the values of Wi-Fi. This emphasizes
that we should consider the network path for data transmission is not only
Wi-Fi enabled, but it is also the LTE connected as well.

Engery Efficiency (J) | Wi-Fi 2.4G | Wi-Fi 5G LTE

Minimum 1.42 1.41 1.04
Average 1.97 1.96 1.81
Maximum 3.59 3.72 3.63

Table 4
Energy efficiency measurement for Wi-Fi and LTE

For these results of implementation, we clarify that all these active indicators
have affected to the network performance with regard to the different net-
work types, Wi-Fi or cellular connection. Consequently, the mobile network
selection needs to analyze every parameters as we considered in the real world
implementation.

5 Ewvaluation

We have already examined each active parameters using our proposed algo-
rithm. Consequently, it has represented the system test of this proposed algo-
rithm for separated evaluation. For this section, we concentrate on comparison
with or without using our proposed algorithm to evalute overall in the real
world implementation. There are two system tests for example, the stationary
smartphones and the mobile devices in the section 5.1 and 5.2, respectively.
We found the advantage of this proposed algorithm that we do not need to
waste for training the data and no need to do the firmware modification of
the smartphone. Moreover, this scheme is very simple to implement in the
real hardware because of low complexity and using the general function and
parameter for common android smartphone.

For experimental environment, we consider a medical healthcare application
for ECG monitoring of patients. The mobile device has to connect to an avail-
able RAN for transferring their collected medical data such as ECG data to a
hospital’s server or cloud services for monitoring by physicians or doctors all
the time in order to take care of them immediately whenever the emergency

11
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situation takes place with the patients. Futhermore, the use of an ECG signal
has become the most popular approach for heart’s disease analysis application
in term of its reliability and mobility. Each ECG data acquries a thousand
samples of ECG data over a time interval of 16 s, and the length of each data
packet contains the same size as UDP packets.

The algorithm of the proposed network selection is implemented on the ap-
plication layer with JAVA language. To implement this algorithm, the code
can be applied to Android application directly without low-level modification.
There are three main functions of this proposed scheme. First is the checking
all passive indicators and then triggering to collect the measurement of the
active parameters with three running threads. One serves Ping RTT, another
supports sending UDP packets as well as the last runs PowerTutor. Next, it
weights the significant parameters dynamically using zero sum game as well
as max-min fairness. Finally, the last function has been calculated the selected
network based on the utility function.

5.1 Network Selector

This subsection demonstrated the whole function for our proposed algorithm
from considering all the related parameters in the mobile network selection. We
have discussed the experiment in the different areas to study the characteristic
of the network selection in many subjects. First of all, we have implemented
and evaluated for three various locations using fixed smartphones with the
same hardware platform. The implementation environment represented in the
same large area comparing a big hospital which has many buildings and floors.
Some area would not gain the proper connectivity from the network because
of the obstacle things. Some position in a space can obtain the weakness of
the signal strength where the mobile device is quite far from the last hop eg.
routers or access points.

From the Figure 5 and 6, we measured the three locations for collecting the
results of the throughput and packet error rate when transmitting the ECG
data without using our proposed network selection scheme between only LTE
connected (cellular connection) and only Wi-Fi enabled (Wi-Fi) as well as
using our network selection. The ECG data has been implemented on UDP
protocols. This data packet has less overhead when comparing with the TCP
packet. Also, we measured the active indicators in the network with UDP
success rates, therefore it has been used concurrently with the same protocol
for transmitting the ECG data. For the first location (LLOC1), we placed all
three smartphones at the same place together on the seventh floor of a high
building. Next location, LOC2 is the small room near the outdoor of a flat
building. Whereas, the last station named LOC3 is the big research lab room
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which is in the center of the same flat building. There are many Wi-Fi access
points disparately in the different places in these two buildings.
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Figure 5. The histogram shows the average values and standard devication in the
bracket for the throughput in different locations
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Figure 6. The histogram shows the average values and standard devication in the
bracket for the packet error rate in different locations

The results from the Figure 5 show that the throughput between these var-
ious locations with the different approaches of the network connection have
obtained the similar results except LOC2. This represents that our proposed
algorithm works efficiently in the real-world implementation for the android
smartphone. When the throughputs of Wi-Fi and Cellular are similar, the
throughput of the network selection will be related or a little bit higher. More-
over, in case of the throughput of cellular is much higher than the Wi-Fi’s case,
we found that the throughput of network selection is also very high. On the
other network performance, we measured the packet error rate as shown in
Figure 6 for transmitting the UDP data packet. The results demonstrated that
the packet error rate with network selection is as good as using only Wi-Fi
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enabled in the average values. While the packet error rate of cellular is very
high in many areas (LOCL and LOC3), the packet error rate for the case of
network selection is vary with the case the Wi-Fi enabled. All the error rates
are not more than 2.2% for the network selection’s scheme.

5.2 Device Mobility

For this implementation, we used the two identical smartphones, one using our
proposed network selection, and the other without our algorithm, to transmit
the ECG data to the server with Wi-Fi enabled as well as LTE connected.
From the experiment, we measured the throughput and packet error rate to
compare between using and not-using our proposed network selection whereas
they are moving together. Our proposed scheme checks the changes of all
three passive parameters in every one second, so that it can detect network
environment dynamically when the mobile device is moving.

2.44 [46.25]
Packet Error Rate (%)
1.29 [+5.13]

................................................................. 263.94

[ s s s B 0L 40 ]
263.52
[£28.35]

Throughput (Kbps)

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280

OWithout Network Selection B With Network Selection

Figure 7. Comparing the network performance when mobile device is moving

From the Figure 7, the results present that the throughput of network selection
is quite similar to the case of non-network selection. However, the packet
error rate of non-network selection is worse than the case of network selection.
Whereas, the error rate when device mobility is not more than 6.4% for the
network selection’s scheme. For the application of ECG monitoring, it does
not need to transmit the high bandwidth like a video streaming or a file
transfer. On the other hand, the packet error rate of data transmission is also
as important as the data rate. The reliability of the network connection for
transmitting the data is one of the significant factor especially for the medical
data. In our interesting implemenation, they should have both of reliability
and efficiency in the network connectivity. Therefore, they always need to use
the network selection to maintain their data communication efficiently and
reliantly.
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6 Conclusion

This paper, proposed network selection algorithm, is considered both Wi-Fi
and LTE by using energy efficiency, delay, and UDP success rate. After the
algorithm receives required data, the algorithm uses these data for dynamic
weights calculation. Then, the algorithm uses the weights from the final result
of dynamic weights for network selection by comparing result score of each
path, in the utility function. The simulation results show that, the iteration
of this algorithm is able to achieve the convergence or it can reach the stop-
ping step. Moreover, the experimental results demonstrate that the proposed
network selection can help to obtain a reliable network path for data transmis-
sion. In summary, this algorithm is able to apply for Android mobile network
selection and it also can select the best network among receiving RANs.
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*Highlights (for review)

Highlights
- The mobile network selection algorithm is able to make sure that network connection for
transmitting the important medical data is always very best in terms of reliability and efficiency.
- The proposed algorithm does not need to waste for training the data and no need to do the firmware
modification of the smartphone.
- The proposed algorithm is very simple to implement in the real hardware because of low

complexity and using the general function and parameter for common android smartphone.
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*Summary points

Summary

Tem0-0000/ &

The proposed network selection algorithm, is considered both Wi-Fi and LTE by using energy
efficiency, delay, and UDP success rate.

The proposed algorithm uses these data for dynamic weights calculation based on zero sum game and
max-min fairness, then, comparing the result score of each network path with the utility function.

The simulation results show that, the iteration of this algorithm is able to achieve the convergence.

The experimental results demonstrate that the proposed network selection can help to obtain a reliable
network path for data transmission.

The proposed algorithm is able to apply for Android mobile network selection in the real world
implementation.
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