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ANuRAUNAvBINITUBUMAUIWUUBEAD n1Tusulinay nsusunauLlluYeg n1susu
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vauanduas AuiaveIn1smelavazuaunay (Sleep-disorder Breathing) wian1azuiela

a s [P

HAUNANAUNUSAUNITUBUNEU (Sleep-related Breathing Disorder) lelA m‘mqmma’tﬁ]
YUBUBUNAULUUANY (Obstructive Sleep Apnea) aillunnziduasiadedin laswuls
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L at al o
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funisldiadesiionin BioPAC™ Trinanismelaliiuanseiy

1.3.2 nrsvadaudygialiou (Alarm) Lﬁaﬁﬂ'awqmmaiﬂmﬂmﬁwL'JmLLa::
Wisuisunattuiaiesiiassnsmela (Respiration Simulator) Tinalsiunnenai

1.3.3 nMsvadeudnsnismelivesinaaey (subject) sywitansldgunsaiiiimuniy
wazuannavulusunsulaodedyaiuniu Bluetooth Module  W3suifisuiunisly
BioPAC™ filimssieany cable Tnansmelaliuanseiy

1.3.4 penuuuLaziauLAIssinnsmelafiaunsadisandununisiniiadesie

wAngla

1.4 YDULIAVBIIUITY

1.4.1 wiesfieTanmamelaanunsowansmauuuldans fuansmavuneuinmes wazHu
gUnIAlTEULLOUATRYA

1.4.2 w3ssiloanmsmelaaunsods “’zuuay'lmﬁamﬁaﬁ;ﬂwﬁmim&hﬁwﬂa

1.4.3 vagauUseavinmlngnissdiasinisviglawasunaadss



v
1.5 YUABUNITANE
1.5.1 AuatuarTIuTINtayaiineatasiuanuisy
1.5.2 ¥MnsesnkuuLaziauaIadianisuiela
1.5.3 dmsedlalunaasuilanu
1.5.4 Urduiewnluanuiuljauasnna e
o =1 [7
1.5.5 ¥imsiiutayanan1svnasd

1.5.6 @yUNamIfinyIn153Y

1.6 Uszlavunaiainazlasu

1.6.1 sanuuuuasiaunasesileoinnmameladmiviirennevgamelavazueundu

s 8

NHARINTARFLYUA
1.6.2 \Julsslevidmiugnsesnisidadunnevgamelavazuoundy

1.6.3 iWaltiduasasduiuvannsalunauisneldluauian

1.7 lassadramendnus

2
=

Tuivendnusatviniadomeanidu 5 un lundazuniiianiassaluil

undl 1 namiis anudunuazaudrdguecdtym Inguszesd aunfigiu veuinves

TAssau Funaunsine waunssdunulasans wazUsylonidianiiazlasu
unil 2 nqufiAedes
il 3 nseenuUULATEs
UVl 4 MIVARBILAZRNANITNAADS

un? 5 Junsagunauazdeiausuusuuamsluiaun



UNN 2

A A )
VIE]H{]V]LﬂEl'J‘UEN
2.1 szuunigla (Respiratory system)

nsmeladunsinerigeendiaudigsiine wazthienfaaisueulasanlausesn
1N319M8 F93sNsFnainaInMIheusInAuYteTsae ST UL Ao

1 szuumgla vmthiluniseudesasuanidsufngsenittonnianigueniuagly

579A1¢ %‘gaﬂiznauﬁwﬂam@ waenne Naouds vasnan Navasnay vasnaurdes Vioga

AN aau uazUon
2. szuunamile nswanildsunigaziiedule lapaifenisviiaiuvesnaiuilonsda

Y & s Y & v o o g v oa 1o o 2w
3N ﬂa’]@JLu@ﬁaﬂW?q\isﬂIﬂiﬁ atdldaned 'VW]']GLVTU31]']9]'31/]'3']\1@ﬂlmeULLaSLaﬂa{lLUu%@Wﬂﬁi

aiaue WunalivesifsegiundinsisaniniswasuilasuSuasanuluae
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3. svuulvadeuden vihillunsvudseendiausnuasndendesluden Tufuvad
#1499 va519me wazhansueulaeenles Mnwaddunduiniives

4. szuulszam siwthilmuasnsvhauesszuumela Tnsnnsdanuvesaues 90y
Tigruaialauazuendiuiaiala iednsdsuwlassunsveslenndaninudufanian

Tudan wWislideanaaaninzauiuAIILADINITUDITNNILRADALIAN

2.1.1 lassasnaszuunmsmela
wUamunsinaule 2 dde
1. dwivihmihiieinmeadhguen dasznauseeieasdail ayn (Nose) masnao
(Pharynx) naadldsd (Larynx) waemay (Trachea) Awaan (Bronchus) wasvaanaula
(Bronchiole)
2. ahuﬁag’luﬂaﬂ Hudrufivuihfiuaniudoufneesndiaunazasuoulnesnles

! =4 ru | 4’5 n’j 1 o % 1
sEwinviaealienragiiugeay drudldususviemelacos (Respiratory bronchioles) viaga

au (Alveolar duct) ngugeau (Alveolar sac) wazgaau (Alveol))



2.1.2 nanuktevnela

nsmelalsznaumenismelatiuazesn lagfinisvenemuasraiiveslaniniain
al = ° [ & g v '
nstaaeulmvemsiten dulunasinmsiauvesndudedldmela inszlenlianunse
wasulmlameiues mavirnuresnduiiionsls inainnsarvauuassysuudssam
wWuUssenmiibinsgdiaumatagsaaigiife phrenic nerve inidulssdmnedl 3, 4 wag 5
TngrunsNenundinszdian dulssannnvinlinaiuilleseninitestlasavalazaaigdife
intercostal nerve ANEUUTEAMBDNLEUN 1-12 Fansvinaruvedulsyay feaenfanis
MIUANAINAUGAIUANNITIELA (respiratory center = RC) Tuauas waz higher center lu
= _ 6 L3
cortex 138310 sensory impulse 970 muscle spindle lng fiber mn@uamuaumima’la
22a11797% midline NausiszAu medulla wdaslu synapse ffu anterior horn cells 84
Uszamludundmszaudsiiidulssamuamesiudinduionismelasneg
nanntlensmela uuslaidu 2 wan fe

2.1.2.1 néduniemelandn
vimidlunismeladn Wunuu active  process  fafinisuadavag

néuilosyninwesilasedunen wavnszdian eldusuinsveseeniiuiy ndnie
mglawn leiun

1. nszvay Lﬁuﬂﬁwm‘ﬁaawaﬁﬁua;j'iwiwzj'manu,ax’dmﬁa@%’aaaz 75 U943
amadimeladiinannimvasivesnsedia Lﬁ'anixﬂ’qawmﬁa%Lﬂﬁauaaﬁ’@j‘u‘aaﬁaa 1
Tfifinruinromsrsennianuags uazdeiasarsvnelassdiuaisesn 1unisidiy
durhgudnanswsmsisendiuatsiig lunsmeladhund nszdeavazandasszann 1-
1.5 wufins druneladudud asefousacssang 6-10 wuiuns

v néuniossninedlassiuuen \unduiifearsiifnegsewindlasimedu
uen wanduieiived nisgnilassazgnantundousianiseantudnand silfinsdiu
YUIRVDINTIOANIUUINUINGS (antero-posterior diameter) ﬂﬂiLﬂﬁaulwawa&ﬂiaﬂﬂ
Flase dalimsvyunsetososzninszgndlass uaznszgndunds shlsinszgnilasnisesn
mafudne heliismunevemssenmaduriguinatsiudig (ateral diameter)

Tumsmelasssunazvilimsssenudeuss uazfosas 25 vasonaimeladiin

PINNAULBN anduwIRuBInsLTIaY nAttlasyninadlaseazvinauienisunela vinla

n1snelagensaiiuaelulnasinsisenmasulnilanuuni
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3, nanuilawdiu liun nd1uiile scalene Fasunnszgndlase 2 duuu nanaile

. . | W =& = a o P a &
sterno-cleidomastoid ¥88NATEYNUUIDNTUVY TIILLTUVNIULLBNITIZUIMDINANLLTU
50 100 dmsmoui uenanildaiinauiileiegaundaresne fia trapezius WagnauLilonas
PenN¥ANTLATIOUAUY serratus posterior superior FIBeANTEAN FlAssduY NA1XLTE
quadratus lumborum g depress NI¥ANTLATBUT 12 dIunaiuiiie mylohyoid I¥I8an

AUATUNTUVDINILAUDINTIA WAy alar nasi %ﬁﬂﬁﬁlgﬂmuaaﬂLﬁalﬁawhulé’mﬂ%u

2.1.2.2 nauilavnelasan

iesnnsmelasen Wuwuaung passive dufinainnispateiives
néuiioseninedlaseduueniunsetean vilimsrendnadaetmindvessiuies uay
lagafenuaniinmiudanduvemsnenuazlenlun1suandu (elastic recoil) virlwnsasen
wazUandnas ndnuiowielesen azduimihiidenismeladiuniiuni fe 1iledinns
spUIgRIMALLNNNT1 40 Anseeunil iy Turnzeanddane viefinsaatuvesnaiu
aumelaunwoaums namdonelaoen laud
i nduiifouiies Ioun nduile external uaz internal oblique, ndnaile
rectus Wag transversus abdominis Lefin1svada nszgndlassasdiudaiu drifazls vin
Thenusulugosiendindu FeiiualieTonzludemiostunsedianiu Wunistisanuiuns
yomssentuwuine luvngle 91 edou videwwadne nduiienthviosasiauiisiu Tu
;3’1]”;ﬂﬁﬁmmﬁmmumuﬁuma‘lmﬁuﬁu U emphysema msiinldnduiiontiviosae
diunsmela (breathing exercise)
2. nduioszvietesdlassduly devafesviilvdlasimuasdns waziadey

UMaAunae dualvianusuinsveamsatenlunuintivgs wazvinlinseanudaussiunig
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JU% 2.1 ndhuilemelaiduazeen (Netter, 1979)

2.1.3 dnwagniejuuuuvesn1ivngla (Pattern of Breathing)

1.  Eupnea fAsn1smwlaund wiel3enin quiet breathing tdun1smiela

AuUNA ﬁﬁqwimw’m’[ﬂL‘z'hLLazﬂ'rimﬂhaaﬂaﬂsiaﬁ’uagj nasaalaglidszezin
ruzavesmnulasenazudu 1.2 wih vesszevainismeladi

2. Tachypnea femsmelags Wumsmelaiiisnsimsmeladivdunuund

3. Hyperpnea remsmelafiusesniund vdenuswuasiganinung

4. Dyspnea rantsmglaguinidunismelafigaddamunersniuetiann

5. Orthopnea Aanismelagiuinluvinueusiu

6. Apnea romamelaingadsluvimelaseon

7. Apneusis Aemswelativgadadluvimeladh

8.  Apneustic Breathing ﬁamsma’l%ﬁwqmﬁwa’luvﬁma’twﬁ'ﬂ aaunismela
ponluszese

9. Gasping Aemsfiiinsmeladnetisusdusserduudimely oraduone

Wy lyaiaye

2.1.4 ensn1awela (Respiratory rate)

dnsnismislavesautiu Tussuisrannazisruinussunm 40-70 ASIsauIi

walileanguinduntsmelaszanas wmglugrusnieneiinsaiydulags vilviinasly



gandauganuinanety 1 U dnsnismeleazidu 35-40 aseneunil o1y 5 Yuszunm 25
l;.)) 1 = =i 5 I =l ddv 5 ! =l
ATsfaundt 81y 10 U Uszanas 20 assdowndl uaveny 25 Yuluuszunn 16-18 Asasoundl

Tuglwgjiadeuaiszunn 16-18 ATsauni

2.1.5 13983190891 5298N
Uanraglunsisen delindmssenyimihiitesiulen mimasendsznoudae

n3zandlase 12 ¢ ns¥An sternum ﬂﬁ’lm‘ﬁaa1aﬁ§ﬂa§isdeQﬂiz@ﬂ6‘§Tﬁia (Intercostal
muscle) nNIzANAUNAIEIUNTIeN (Thoracic vertebrae) nduilonsydiay (Diaphragm)
swvinduifoasuanilaidefientu (Connective tissue) Miaades

ndieivmihiiatunsmelafie Internal wag External intercostal muscle
otjssvinanszgnalase ndruilansedian (diaphragm) fidnuwaizadnelan aguiiandiugu
yowimssen  vvthidufiiussrinsiemsisenuaztdesias  (Abdominal cavity)
ndnile uaz Connective tissue Ustamae viulhiiladuludausen vilinsasenifiutes
Unldimednsiafiuusssmanieusniay

fArduluvesmimsrsenydie Parietal pleura (Hoviudendauntiion) uazduuen
vasUanysae Visceral pleura (Wotiuiion) %;GLLUU%mE]F{I:ﬁULﬁaUElﬂ Tnsiianusagdnail
Visceral pleura fikeniu desinssewing pleura visdes 138n91 Pleural space flvaanan
3871 Pleural fluid USinasUssanm 15 fadans indevegiiloviuihildudimdedu 1

= o a o v oa v = o
anuseteaiumsidanduoslonnuiinuluvemsianiurusivaanaaulmnainela

2.1.6 YamasuazA1uqguedven (Lung Volumes and Capacities)

nsmeladmiesenluasmieg srmeeglduommdiviessnandemi
Ei'auﬂmmmmwmmJadu‘i‘mm‘mazmmwaaﬂamﬁéﬁlﬁ Tneldip3asile spirometer
Usinesveseauualu 4 du fie
1. Tidal volume (TV %38 V; ) A USinmsvasenniameladmsesonlunss
yileq ludlvgjagilenunfszana 500 fiadans
2. Inspiratory reserve volume (IRV) A U3uesvasannananansoweladn

P e & A o a oAl a aa
vinleanaumunneann1sueladeuung aUseuu 3,300 Uagaams



. - <
& Expiratory reserve volume (ERV) fiaUsunasvasanniananuisoniglansn

lagnauduisaannismelasanauun® fAUseunm 1,000 Ha8ans

@ =

a, Residual volume (RV) fe Ysumsvasemandinuniadetlulen

L2 1 A al o = aa
nasaInAsnelanenedansuiud SAUseana 1,200 fadans

AnuguesennUaiy 4 dw fe
1. Inspiratory capacity (IC) fis mnuquesenfiinduliinnsvesememeladily
IFufiuiivdsinmeliosnaand wiesenanaindunasiuves tidal volume
uag inspiratory reserve volume Un@fianuszanu 3,800 Haadns
2. Functional residual capacity (FRC) #® m’mq‘umﬂaﬁﬁﬁmLﬁuﬂéuﬂmwmmmﬂ
aunieagluveandeainuislasanniuun@ wieerananrindunasinves

a

expiratory reserve volume uag residual volume Un@fiAnUszuna 2,200

addns
)
Sl 5 { - .
nesRnuARAIA vaesiRenum _ vgondens
nezgnilase _
Aauftsans
Aanttda
vgmrmn
. d { \ a4 v
loeisaldn . Uendhe naludevinlen
3

deoviusnlan

5UM 2.2 olyarludosen

3. Vital capacity (VO) fis anugvaseniAnduliuinsvotomeanelosanifiud

wasannismegladuiud wieorananindunasinves inspiratory  reserve
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volume , tidal volume Wag expiratory reserve volume Un@daUszane
4,800 dafians

4. Total lung capacity (TLQ) Ao Augveslannidadulsuinsyeseiniaiaum
dl' o & o = 1 1 [~ z " .
Wonelawaud seoranarnintunasinues vital capacity uwag residual

volume Un@fimuszuiad 6,000 Hadans

AUSInsuarANguesUenluAuUnATzuAnseiuaNeny e diuge wu Ve Tupu

| =N 1

MYNEIILFINIIAUGIRNY IWAYIEgINI AN idugendwitueusiu dnfwigananglaly
uniiwn WeAnfsuliinasiazauglenniieg duauglensiuazlaaiussanailndifes
Tumuun@datl ERV windiudaeas 15, RV wiiudewas 25-30, FRC wiriuseway 40, IC winfu

Jauay 60, VC winfusoray 70-75 999 TLC sudsu

------------------ M. a_xi—n';a-l i-n-S{;ir-aio"ry 6.0
Dead space bvEe) level
IRV Volume
(L)
wnF--t-nrn-F-1Trx-n-7r-n 2.7
TV
e e e - — b ol o e M INE o - el | B
Resting expiratory
ERV level
------------- RS rmadataaed L B
Maximal expiratory
RV level
0
IRV = Inspiratory reserve volume TV = Tidal volume
ERV = Expiratory reserve volume RV = Residual volume
~ Volume(L)
Men |Women
IRV 3.3 1.9 l | :
Vital capacity { ™V 0.5 0.5 J RepisRlory Gapeety
ERV 1.0 0.7 1 £ ; : ;
RV 12 11 I unctional residual capacity
Total lung capacity 6.0 4.2
Respiratory minute volume (rest): 6 L/min Timed vital capacity: 83% of total in 1 5; 97%in 3 s
Alveolar ventilation (rest): 4.2 L/min Work of quiet breathing: 0.5 kg-m/min
Maximal voluntary ventilation (BTPS): 125-170 L/min Maximal work of breathing: 10 kg-m/breath

3‘Uﬁ 2.3 Ysumsuazauglen (Ganong, 2001)
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2.2 nznganglavazuau (Sleep apnea)

lsruaunauuamganiela wsenizlsaneanislavasndu (Sleep apnea w3
Sleep - disordered breathing) éiuA Tsafiilousunduudrsnsmesziinnnuiinuninianis
nela ma’LmlﬁLﬁaﬁuﬂw‘%mﬁmmiwqmmU’Laﬁﬂuﬁ’ﬂqmaamﬁu’qﬁu nolnsIN1enI00isIy
mequineendiauuazinnisueuline Judndulsaniesionnsiaunisnsintunuunld
wanglia mmiuawﬁwé’waww‘taLﬁuiiﬂwuiﬁﬂawzﬂuﬁmﬁaLmﬂuﬁma uawulalu
fune geandnluguas Taevhluidulsemuluglng udaunsonuludnld Feddutuanng ddu

ansgeudniluionansrunulsnilufvieussinn 24% uarlufudeszanm 9%

Nasal Cavity
Sinus cavities
Oral cavity
Hard Palate
Tongue
Epiglottis
Soft Palate

Uvula
Nasopharynx

sUl 2.4 mafueinaiunidne) | MaAueIMANgnannu¥n)

2.2.1 amnvedlsa

wislsauaunduuamgnmelanwavelaidu 3 wdaldun

1. ‘UﬁﬂLﬁmmﬂﬁmiﬁmf%umatﬁuma’lﬂ (Obstructive sleep apnea : OSA) 1{u
vilafinulsuasianAouszana 85% vedlsail lnsiinanidousuniveziinisgatumaiu
melaneuuu RYn Yesnuae/m3eda1me) Inamssnedmaliviaivaumelanouuuii
uAY Fedawalisrsmenineine auesfivineniadae Ssienuanas daalinduiemela
anvsengan1svineu iansmelaldifediug viadansvgamela wiiongamelouds

winnnzasvesingasveulasenled  luienie Fsnneiazdoundulunssiuausddi

v [

ndu&audn N1J'aal'raaasmmuuavnaummalﬁlaﬂ UKD aufﬁmwuwmlﬂmaaﬂmﬂu

q

%
Y]

I v oa o 1 oa =l P =1 &
AeliiAnnsusunduliiatin Snnslenselanfudusvese il

’Ni‘éﬁ&l%l{]ﬁ’ﬂuﬂﬁi‘lﬂﬁm‘lﬁqﬂiﬂ
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4 L

[ = a oA <] = 3 L] 5 -:i' = A ct' 4 1 =
91vuuluisduivialiuui uisdnuaiiianisavsaiuasdvieieduiuaiiy
suussvasame lnevlunulasue 5 asaluautia 30 AfswSeunnindedalus

2. yilainnauiaunAuesauesdiunas (Central sleep apnea : CSA) (Ju
= v v = 1 1 =
aflanulatosuinUseune 0.4% laainannlsavrasaussdiunals wu lsavasnidengdles
-~ & = & = o = — ' |
n3alsALilasan MIalsALLISIANDY USDNKATINALIINEIUNTTATNAALEIAIUNAT 19U
gIUBUNAU auesdsliaiuisadenulanuunflaganizyausungu sauvslun1s&anis
vinuvesnamiiietismamela duiudufnaneiinunilunsmels melaldduguionyn
meladuingludisusundu
3. lsAuaunauudmgamelaviianay (Complex sleep apnea) wuldussunm

15% vadlsn domsuazmssnuasndulunmaimguedsauiisatuislurialseinon

msganumadiumelanaglsafinainauesdiunatne

2.2.2 Yasendusvedlsa

L. et 91ANSANYIMNTEUIRINELazNSIEenEUBLWIEngUNUI L HAT 8]

= ' a I A s W 3 < " a o [
IBﬂ’lﬁLUUJJ']ﬂﬂ‘]’?LWFI%QJ__G 6.5 M LLﬁlLNBDQ?S’W&J@U‘JKQ’]L@@HWU’]’]LWWWQNNI?JHWHLUNNWH

£

U

2. 97 \Weongiiugunuingthsinisveamelanindugiseny 40 U wusesay

'
)

1.5 usilosnniiufiatas 70 U fifteiusnniufieiosay 12 o1vasdululdiimnuguusawes

Y

Tsrunduiionguniulaefitaduiuqusenaudideiu venanilfmsaanuitainy
sumulumadiumelaaugseginniu

3. 1sme7u wudngUae 2 Tu 3 8 Body Mass Index (BMI) > 28 Alanfu/m15
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2.4.1 Noninvasive assessment of ventilation
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2.4.2 Noninvasive assessment of inspiratory effort
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2.4.3 Noninvasive assessment of airway obstruction
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2.4.4 Upstream resistance and critical pressure of the upper airway
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2.6.2 Usglewiand Bluetooth
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Sniaszuudauser i C5D way GPRS uulnidwiTeRe fawniomlalaglisndugedddas
Farzdreifiuauazainauislunisinauainiudag widedifannsldauiiduiu ns
\Weuregunsal avanunsn MHawldifes 1 gunsalde 1 Gty Jeunsiionvesdesadums
Tnufudesq @miugildgunsailfaneeydilvg)

- Tnséwiiedlouganite (Smalltalk) Tushumsldsuuuaiednsdwidledio wan
Hugayiteuuulians dedrinezedi s liausandousalulmildlng udiflevh Bluetooth
wwnud msldnufivissiuauagainuazanudasadslunislidieransirsinausga

auluniougiusie

2.7 T,uﬂa HC-05 Bluetooth
HC-05 Bluetooth Module Lﬂuiu@al%’maﬁl%’?%amsﬁuﬁw Bluetooth SPP (Serial

Port Protocol) Ine Serial Port 1Uu Bluetooth V2.0+EDR (Enhance Data Rate) 3Mbps
Modulation w¥aufumudldeu 24 GHz awnsaidonserugunsaiugysduqls sauis
\eusiade Serial Interface sywinmauiiaimesfientas RS232 ieidng AT Command Tu

MsUTuLAsARg9vadluga

UM 2.24 luga HC-05 Bluetooth



2.7.1 AouanU@n1ee
- ANUADUAUBIA Y -80dBm
- thdsdsnduing fdléds +adbm
- WU 1.8-3.6v
- PIO Control
- UART Interface wiaufiuaunsausuuse baud rate e

- @ bus

2.7.2 HC-05 PinOut

GND-D Power:3.6V—6V

¢ TKD 4= qqy |pyEL,

== BT BOARD V20

SUT 2.25 uama PinOut ¥84 HC-05 Bluetooth Module

- KEY: thilou HIGH riewgnelwvinly AT aglu SetUp Mode. LED aznseniudn (2
seconds)

- VCC: +5 Power

- GND: ns1d

- TXD: &9 “ﬂ’@yﬁlﬂ Arduino Serial Receive. NOTE: 3.3V HIGH level: OK for
Arduino

- RXD: $utayaann Arduino Serial Transmit

- STATE: UdUanIiounansoly
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2.8 walulagn1sAunwuuauiia (3D printing)
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2
@
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L. ABS (Acrylonitrile Butadiene Styrene) ABS gnihwnldnainuanelugmaivnysulu
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Tlunisussgemns, nsadh, vildzemsiauns wasudinseiaindeudin PLA Sefiednil
ANUUaBnsY

3. PVA (Polyvinyl Alcohol) PVA \uwanafineiinfivauiiazaneiile \uideuldunn
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ABS PLA PVA
Foms Acrylonitrile Polylactic acid %3 Polyvinyl alcohol
nerenans | butadiene styrene polylactide
wandnsin | Ulnside wilsarnna asideu
AaUANUR NN wilen avanethld
wdaus IAIER adausuiaulaa
A laaniae \Fousonusylan
VUAINTBU AALT AR
qmwgﬂmaaﬁwu 210-250°C 160-220°C 190-210°C
NAINTEVIUMS | $1eean1sin annsadala avaneldluih
NYRDAITAAAILNT | @NHISORANUATENTY
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Htdgmimstnsetoy
wanziutuddng
nsgun ULl ey
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daiu WANdIBAIT ABS
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2.9 BIOPAC™ Respiratory Monitoring
2.9.1 RESPIRATORY EFFORT TRANSDUCER (SS5LB)
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Iietusinn1smelaininenun3 oo senInnN1TnALayYeNesii NSIuER"
wosldusrlewidmivldnansanaudnvesnisnislavesudazynna nsuanees
Usenaume strain assembly teian1sildsuilasduseulsnaitinonyisvievios aein

duiamusenunisindoulnitssuazliasieanusiagsnaie
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fiunarBavguld daunanadniinsounsananunteaduigesiivovuisiiegnielu
nsaResiinsdendefeatsinluasuiiuiulifasaelinsuaiigeifinunediu
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2.9.1.1 Toyadumiy
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JU# 2.32 Mmsfnanemeviineniignéed
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2.9.1.2 MsAna18AIANLNeN
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MP36 Data Acquisition Systems
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2.9.2.1 WHIATUNLN

- Electrode Check Bidninsifanasmiundosioitedeldfusonuasues BSL
PRO Lﬁ"@Gm%aaudﬂ%ﬂwﬁ'}ﬁLLuumléfazmgﬂﬁ'aaﬁu;ﬁ'wmaaw‘%alaj

- WesAVLT CH 1, CH 2, CH 3, was CH 4 Usznaumenudily 9 nudoya
awaeny I Send v uee (channel) fiovun 4 wuualy MP36 wovviuag
Biopac™ Student Lab Lessons i]xw"wmsm:}ﬁ]aauLaua’hﬁﬁuma%ﬁﬁaumag}

sy uuagnyse sl

(4]

Electrode Check CH1

@ BIOPAC Systems, Inc.

www _blopac com

Front Panel, MP36/35

JUN 2.34 uwamuaenuntvedAsed MP36

2.9.2.2 WHRUNAY

UNIAUNEIUBS MP36 Ul dwesnaundenvioen (analog output port) wesnyioad
(USB port) uagweinlele (11O Port) wasavinines (Trigeer Port) lwides #ad Yuila-Un

WAYNELATLATDY

-t

Analog Out use

- n

> BIOPAC Systems, Inc.

Back Panel, MP36/35

E‘Uﬁ 2.35 LAASUNIATUNAUDILATDS MP36
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2.10 UIYINNYIVD9

winng Udlaa (2553) Anwudes  nisesnuuulazUszivginiasinmelauuy
wileni unsiannisnsesrawinisugamelaaindayaiaein Respiratory Inductance

' £

Plethysmography (RIP) 984v3398nUazdevioansauiu 31nmselengiveszivgiu

wazLAIRINaURIRIUsEIVA (Sleep Sense RIP) lnanadauniuaiaiddiag 5 518 wuaanunse

s as

Tndndresimanglaussdenismela uazasasdunisgamelalavindiouiu

Shongpun Lokavee (IEEE , 2014) fnw3es Unconstrained Detection  of
Respiration Rate and Efficiency of Sleep with Pillow-Based Sensor Array 1duignns
ATIMmANENTUS eI gULUUNMSURUNSY FuuszanSaimmisueu Tasldiansinie
szuuillsznausneiduieinsiatausenn (force sensitive resistors :FSR) iilsaglutiaon
oy defeyalianelagld Ziggee lUStmoninmofiiowanina fronviurflunsinsed

wazduuANIseGoulnIvessinig UkuunIImela geyamunaiiensussdiuamnIwees

msmelanasdszansnmnisuaundulaginanaudvesmsiadsulmisienielaginansda

£
a

aact -:i =1 [l ¥ n:\l' 1
AssunAnduudlagldnseasulmeusstaten

P Bifulco (IMEKO TC4 , 2014) Anwniea Monitoring  of  respiration,
seismocardiogram and heart sounds by a PVDF piezo film sensor inwAinuainise

a s <=l

veueledianniastiaan (PVDF piezo film) Wivenaztudinnisiadeuluinienavestasyin

ot

diefimamela Wuwesiuiinseguunszgnduen (sternum) Jsgnilunseguuaiania

wihen dyaraituiinlaaunsavsuendayaimietosiunsmelaladaiau

J. Mann (IEEE , 2011) Anw3es Simultaneous Activity and Respiratory
Monitoring Using an Accelerometer Lﬁﬂ?ﬁUﬂ’l‘i’Yﬂm‘i%'lal‘ﬂﬁlﬂjiqﬂgﬂ ansaialeiita
warliisunufanssuiihagussdn nsvhauneunihdldnssaeuiinisdmdunisiua
dnsnduuveanisideulmnismelavemiheninglilugaindnsinss (accelerometer)
amunuiuauduayn fAnwldliasdlunsiuiunisassaseussuumafumelaludig
svpznatvesfanssuiiliusedon Tuvanfsifunisnsaaeuianssulngldgunsallfae

funadundsiniaadwmiunsasisasumadumelalilatavinmssgeufanssuiiviney

Anwilduedaneisy (algorithm) vaen1sUsrauANAINITUYRINGsuAfaulmd

&3
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funalaggunsal uazuansnisiieuitsusugunsalifanndied 3 Su lugasfanssunisesn
dsmelugifgunma

R. Carlos (IEEE , 2011) fnwi3eq Web-based sensor streaming wearable for
respiratory monitoring applications tAgafuszuuiianunsansiasumsmela dnwaznis
wiela gunsalussneumedugeiduly (fabric-sensors) sawdseiunadllugaivn 14
sruuifiudeyauazszuu RIA Faannsansisguanazaiunuls ssuutaseygaliingidaly
msaTadeuazlimuuzired s szuumadumelalunaissriuniaduiusiees ns
Wasuuwaslunisvenedvesdastiosuarnismafiiieadosiunsmelafimsamanulae

Guweidulowazdsuulimeriuugys
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DONKUULAIDID IR 4{ WA H n1svaaad

5UN 3.1 wnunmsadlunisandunisivy

3.1 wanmsinauvesgunsaliantsmelanuvuaieiamensiadunisvgn
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N
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3.1.1  eanlkuudany

panuuulagld

sanuuulasAilafia LABNYUN
asgmamnela | ' VDABUNEDS ‘ Selidinerk

winldwnenu . AUNTUITUGY
NAFDUNIT LY

gl WWIDINLN 3 LR

JUT 3.3 wnunmsalunisesnuuuniedioin

wal

Tuntseenuuududesailedeasszvnssranislunismeladundn lnoiduigosd

donldilusnsunssnadedulassuusanm (FSR : Force Sensitivity Resistor) Tnefifuiges

2/
s

=l ﬂi; 1 as i 1l s o = [¥] 5 ay 1 = [
UU&Jﬁﬁ’]FJ‘UUW@?JUEJEJﬂU Active Area WRUVANNITVNNIULKRLDUNUNIAU NANIAD FSR aiUu

s

AATUUUSUAFTIRU SN UALLSINA Taesuusnaaeluinswnnseyi anudiuniuag]

| = ¢ o a4 a & o
ﬂ']q@ﬂﬁ 100,000 IE]V]@J LLﬁﬁﬁ]Haﬂﬂ\‘]Liaﬂ‘]ﬁ']iJLL'NVlLWiJ‘Uu'ﬂQEU
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"
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2] ! 4
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0.1

10 100 1000 10000

FORCE (g)

5UM 3.4 uansnudunussenin Resistance U Applied Force
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Turgnanusunuiinteyastiu AraudlwinduiAiingdu wusiunseiu

3enszyuazulsNARUAUAIINAIUNIY AtUANYMETIgNTEndT current-to-voltage

converter a’m’l‘iﬂiﬁﬁ’ﬁycyﬂm Output Voltage WUy dynamic range 1%

0.010 1.00
-
-
-
O"
g 0.008 == 1-1.25
>
-2 =
o o"‘ —'.‘ g
W 0.006 - - 1.67
Q 7 -r
= P g™ - - %
S "' —".— ot
55 0.004 > - 2.50 =
- e (2]
g ’/ - (7]
8 0.002 s Aad 5.00
o » v" L
o.oo—l.
] 200 400 600 800 1000
FORCE (g)

JUN 3.5 uansmnuduniusszuing mauihlnih Applied Force wagaudiumiu

UM 3.6 uana FSR sensor 4u1ARINY

n) WUV Square shape Yum 1.72x1.72 inch

%) LU Round shape YWIATUHIUAUEGNAI 7.6 mm Waz 18.3 mm
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e as

f3deldidentd FSR vila round shape finnautisail
® Active Area: 0.2”7 [5.0] diameter
® Nominal thickness : 0.012” [0.30 mm]
® Force Sensitivity Range : 100 ¢ — 10 Kg
® Pressure Sensitivity Range : 1.5 psi - 150 psi #1389 0.1 kg/cm2 - 10 kg/cm?2
® Force Resolution : 411A71 0.5% full scale
® Device Rise Time : 1 -2 msec
® |ifetime : 10 million actuations
® Temperature Range : -30°C i3 +70°C

® Maximum Current : | mA/cm2 of applied force

JUN 3.7 masialduiweisuusinadululasreulnsaaesongl

Tun1sdersasuuldimududou Wunisdelvidesuay gound  wuvUn@indu

Y]

Lulpsreulnsaaesonglu fisu 19lvides 5V e Output (@neduns) hilv1 Analog A0

u

L3 IJ L 1
vaslulasmaulnsamesiiiedual Analog
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wiglanan WL

5UM 3.8 wnuiamsseanuuulasldidugessuusing

Tuduvesdunulavinniseanuwuumelusunsy Solidwork Taediudnnis Ae wum

ALABUANNLYIASA LisumudldliiAnenuinals waswande vhmsfui@usnusme

\3oeiiun 3 97 (Flashforge Dreamer) #innlaglusiunsu FlashPrint

&

31]171' 3.9 \A3esfiuv 3 iR (Flash forge Dreamer)

19yavauAIaiun 3 §R (Flash forge Dreamer)

aoatadn Rl 2 d vide 2 Fumilunandisaty
\@unanafn filament: ABS uay PLA 1.75mm

i Heated Bed @unsafiunanu ABS 1@

WeBUNUMEER | 225 x 145 x 150mm (8.9x5.7x5.9 i)
“U‘U’WILFI%IEN : 320 X 467 X 381mm (12.6x18.4x15 ‘fl"l)
A5 luN380 40 mm3/sec

Layer Resolution Augewaualees: 0.1-0.5 mm
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Uunalunaiduiges

JUN 3.11 duieglunaduigesng 3 uwuy

JUR 3.12 dalldiduies Amundade) , fuwd@n)
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JUT 3.16 dwiaglunaduies
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UM 3.24 wiuwanadnden(@e) , Falau7)

SUN 3.25 Yuna usiazawn

o

wuhivmevesaeduesiidonstfuaal innisdrgalding Salnsldaalay

]
a1 e

& a0 w = a o ' 4 A
Tugunsaumelueeiideduanyl uazdnisiiudalauiideruanglwlilundes imdeliles

= ' < as [ & o 2/ a
aeglnieenuuennass edssiuduigesdize Idwarafn

3.1.2 gunsaliaSuvesanenn
gunsaliiuAnvesgUnIaiuull sdsdyaalians (bluetooth), Arduino Pro mini,
vawmeaidulunaidengunsainsduiugiduidonlduaimasuuudu (vibration motor) nagdl

YPUIALENUIMINLUN

JUM 3.26 wamitalassasanielureswenes
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U 3.27 waimesuuUdy

A v | ¢ v o -~ v '
Wesasnisazlduaimasiaiionuaisnuldmeinasdlageanuwuulaeldlusunsy
SolidWork
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o

CJ 1 1 v
JUN 3.28 naedlduaimesdusumii

14 [
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Jayanldluvaeiu

Tefiduwana@n filament: PLA 1.75mm
gaumnilvewiafium Right Extruder : 220
gaunniveg Platform : 40
Resolution : High (Slower)

Fill density : 25%

Fill Pattern : Hexagon

Print speed : 80 mm / s

Viuy PCB  iiteiluiiussyuetgunsaifisndudmsvasain Wesengunsaifiled

Usztandwne Jadenld Tusunsy eagle

FAGLE gau191n Easily Applicable Graphical Layout Editor aanuuukasiauilag

USWM CadSoft Computer GmbH tHulusunsueanuuuleasinii (Schermatic)  was

BBNWUUINARTAUN (Printed Circuit Board) nelulUsunsudiinIasiionieeiidanlduinuie

annadasyynaantivesgunsallasgaziden vsuanvunauesiludu Sadlanuazainauny

Tunseanuuuraasinidusenaunn

wanNULUsKNSUERTAN IR aNTNeINTANEIT89AUNITOBNLUULININEY LTUNISH

lausnsvasdrutsznavagralaniie viliiesaniseaniuy

1995U5ENaUM e

L

Arduino Pro mini

Bluetooth Iumua HC-05

Peesudyn v d1andudn
idunu 1 Alalaviy

dl' 1 LY ¢
J\uTeusieiu Nawas 6 §
wesiiuea LJeNranuLUmADS 2 §

snhlildemsionaufiunes

v W

lngiinseuafiudnil Tuneunisidendudiugunsaliusssifsesiniiiazly

agluuiy PCB Are AetusissBudiugunsalainlavsinelulusunsy nsldlavens

dusasurlbildnandesadlunismaunsainfienudinizianzas lavuiaived lagaziing

2
as



58

) v

drydnuniuaeseefiud (Symbols and Footprints) dmsulusunsuiiilausiisessuidufonn

[~

laus13 wazglddsanunsaainalavsSiawzduilddnie dmiufmedalausinduifes

LYY

- SparkFun  EAGLE  Libraries tugudsanvasgunsaliugiuunnune wazdaiinng

anangunsalludnasaandneiy
- element14 Wulaus3nvinulaguiem CadSoft Computer GmbH L84 figunsal

8/

= o @ = £y
Wug LUl UBIAY

Tnglavusswazluwamiendanldluaamanilann

2/
=1

A15197 3.1 laus 3, Juwaany, wianandenldluafiufind

V
=4

o) lausns Tuwwa LWALND

Arduino Pro | Arduino_Pro_Mini | ARDUINO PRO_MINI_V1 | ARDUINO_PRO_MINI_V1

mini

Bluetooth Bluetooth HC-05 BLUETOOTH BOARD BT_BOARD_FOOTPRINT

HC-05
Wensianou | SparkFun JUMPER-2PTH 1X02

Switch Switch-omron 10-XX B3F-10XX

omron

wasiuoa ltead_BP_110825 | TERMINAL 2U_5MM TERMINAL 2U 5MM
fgm::l,%au jumper JP<E JpP2

AIRTUNIUY resistor R-EU_0204/7 (R-EU) 0204/7

dievihmsidendudiuasuuds insanlensiediemdudn (Net) azldnadagzy

AU




59

¥ee

JERMINAL-2U-5MM

A 44
1
L

|
FEFE EEFEEEEEBER

£
D ) - W T

JU# 3.30 afl@nnievdinisiweusegunsaiid
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vasnnesasadusezvinisdudeyasnafiwinluds Board PCB

[ . v a o v & ¥ v &
U9 Schematic T9iadn switch to board mﬂum::L‘m@wmmwawaiﬂ%'wxafJu

L3 cJ o nl v =l a di (Y = =y 1 -]
vein PCB w1y gunsaiianelilunihafiu@inesioulssiumedudinios dounvh
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5U# 3.31 vosaiunsEnegunsaiidn

2/ '
Qs

AANY Drc vuau Command buttons WBRIAINYNITEBNLUY Fa9zdrensiadey

£ a o A & | i a
ﬂ?qﬂigﬂ@aﬂﬂﬂﬁﬂqﬁaaﬂLLUU ﬂﬁﬂWLLﬁU Clearance WBFANATISES YIRS VBINTTAURTY

1495 FamnagldiduluaunuaINIsaveIn1iAYS LA V992999

Fle | Layers | Clearance | Distance | Szes | Restring [ shapes | supply | masks | Misc

Minimum Width 15mi|
Minimum Drill 32mil
Min, Micro Via 9.99mm

Min. Biind Via Ratio 0.5

|

Minimum Sizes of objects in signal layers and of drill holes,

1 Width and Mini n Drill may be overwritten by larger values in the Net classes for specific signals.

Min. Micro Via applies to hlnd/vias that are exactly one layer deep, Typical values are in the range 50.. 100 micron. The value has to be smaller than
Minimum Drill; otherwise (e.g. with the default value of 9.59mm) there are no micro vias defined.

“aspectratio”in the form 1:0.5, where 0. 5 would be the value that has to be entered here,

5UR 3.32 nihsinairuaauninewesaioidu

anedu 15 mill (0.4 mm) Tuly seaevinssiadu 20 mill (0.6 mm) Fulu pIRRE

mill (0.8 mm) gl

Min. Blind Via Ratio defines the minimum drill diameter ¢a blind via must have if it goes through a layer of thickness & Board manufacturers usually give this

(Coed ] [ select | [ comcel [ aoov ]

32



Different Signals

| Ve
} Wire  20mil o Pad
‘ Pad  10mi (2] 1o &)
I Via  10mi 0 10mil 9 10mil
i Same Signals
| smd Pad
| (7] (8]

Smd  8mil

Minimum Clearance between objects in signal layers.

The Same Signals check between Smcfand Vi does not apply to Afcro Vas:
The Same Signals check does not apply if an Smd'and Smd/Pad are in the same package.

[ Setting the values for the Same Signals checks to O disables the respective check.

[Cchea ] [ seee [ c

wcel ] [y

JUN 3.33 wihwnarnszesiesaiduluiems

IJ U X t 7 1 ﬂ‘l dy
Toenailaluminanet Wuluaius

1.

2
3
4
5.
6
[
8
9

SEuLYNeTEIINaEY Track AU Track

. SYHTAITEWINTNEY Track iU PAD
. SLUYW95EMINE PAD fiu PAD

. SYHEMNISEUINEY Via fiu Track

SEaLNesENINaEY Via fu PAD

. SR8 EMINEY Via AU Via
. SEUWI9TEWINe Smd AU Smd
. SYUEYI5ENING Smd U PAD

. SEUEWN5EYIN Smd AU Via

a v = a v v oA Yo o o
N1SLAUaTELEY Routing  b31aursaLAuatsidunieiie vie Tdads Auto  Lield

a o

TUsunsuduanaduliis nsiuaisidussie Tiisiadnd Route 1den Layers wagagniien
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2. WsunsuisuwrsmeilalulasaaulnsaiassiundazldunannasuArduino  Uno

W zigBglTuAY

1) Anaalusunsy Arduino

2) navdenddslaglui C:\Program Files\National Instruments\LabVIEW™

2013\vi.ib\LabVIEW™ Interface for Arduino\Firmware\LIFA_Base natdonyada udavi

nsUszaIayaAd@adly Arduino UNO

Narme Date modified Type

& AccelStepper 28/10/2015 21:56 C++ Source
|| AccelStepper 28/10/2015 21:56 H File

Eﬂ AFMotor 28/10/2015 21:56 C++ Source
| AFMoter 28/10/2015 21:56 H File

¢ IRremote 28/10/2015 21:56 C++ Source
|_| IRremote 28/10/2015 21:56 H File

__| IRremotelnt 28/10/2015 21:56 H File

|| LabVIEWInterface 28/10/2015 21:56 H File

@ LabVIEWInterface 28/10/2015 21:56 Arduino file
@ uFABase 1411720152013 Arduino file

3UM 3.41 uans Application LIFA_BASE dwsuiteusie Arduino fiuLabVIEW™

Size

12KB
18 KB
15 KB
2KB
16 KB
3KB
4 KB
8 KB
24 KB



66

reu.FA_!lxe\Ardmmlﬁ.S s [P e

a3
|File Edit Sketch Tools Help

[
[

JU# 3.42 gafNd lifa base
Yofveq Library LIFA Base fe lisnfudeadouldnezlsfisify amisa compile
Ul LIFA_BASE leiiae

3.2.1.2 msuansnarulusunsy

LabVIEW™ qsil Front Panel #udSsuiadiouldnudsnglduziiuuazaiuauns
o v 1% & [V d a ' lg o
vnugldanunsaaiagluuuiueddaegesiniiingig LabVIEW™ fadiuusenaunied Ald
dwiusenuuuntineuInung 1WUIBLAAINALUY oscilloscope, Uunyu (Dial) uaz @ind

\udu Tae LabVIEW™ szuanawauazmiuaunisyinauiiumnsnouianes

T s .
FUNTFAUU R UN D9 ]

fut BUFIMNFILAT Aruang

I

TR AR V] BT ATTA AN |

1

JU# 3.43 mevhauzeddsunsululasreulnsamesvesniniutoya



67

nsteuddlulusunsuioswiinisilsu Block Diagram Wuiaiiauiu Source Code

£
=1

< o = v ' .
veslUsunsuimuITuse LabVIEW™ dsusingegluguvesniu G Tay Block Diagramilag
a & a o o Vo o v aa = da
n09110u Executable  Program Aeaunsanagyitnulaviuiivazdansnusznisuileine

LabVIEW™ qgiinnsasiagdaudeianainvaalusunsusnasninatyinlilusinsuasyinaulan

o Y a Y [ = =
dawflalsifivefanarnlulusunsuviiulaefidoulusunsuaiunsofazgswasidenves
Teilanarauandliiiuldnaeananhlinisdleulusunsuduiedudruuseneunielu Block

Diagram QBU‘izﬂ@Uﬁ’JEl‘ﬁs‘iﬁ’ffuﬁ’l?’N‘mﬂiLLﬂ'illﬂ’l]‘Uﬂ:Llﬂ’Wiﬁﬂ&’]uﬁ%@lﬂiﬂa%’m‘mﬂﬁuiuuﬁiﬁx

o
=

1 1 =l -] d . -] a P 2/
dwmaiidsazuingegluguves Block vinisseane (wire) dmdu Block Avinzauidn

4 s t:l -] o E 0 1 3 o v at
ﬂ’lEJﬂ‘LJL'Wﬂﬂ']‘l/iuﬂﬁﬂ'lil'mﬁiﬂ?ilﬂﬂ‘ﬂ@ﬂ‘ﬂﬂ%ﬂ'ﬁ%ﬂ?qﬁ block LWﬁWUUWWI‘Iﬁ’U@HﬁIﬁ?UﬂTﬁ

o v i
USzdIaNan IuNADIN1Iwand Block Diagram

#ulsznauniglu Block Diagram axUsgneudelsidusasilusunsumauaunis

] as

] = 1 5 < @ W s AJ o a
MUNIolAsIass N179MDEa1Y (wire) @113V Block NMNNLANUINILNULNDNINUAR N YUY

&/ 1 'oas [ L Vas o v
mslvavastoyassning block wanlwhlvideyaldsunsuszanananuiifonis
| . - | LY (Y ] 3 o 1 P
M3sioany (wire) AeN1TilBNABN1TIU - dedayaszning terminal w3 node #19qil
. & v v ) . & I3 ° %) v o
filu Block Diagram iliihseriulag wires dagidunsimuaidunisvesdoyainiiasenain
3 ~ 2/ o (7 = 17 a0 as [~ " [ v
terminal uilsuaaziwun mslnadayaluil node lathedidduidusdrslsuazgavingazlss
Y : = A ' & R %) = o
LAnIHAANET terminal Ta Genisiousioaneilazinliisdnlafisndnnisues Data Flow

Programming laRyugsdnugs1e veaduaziiuuuuuasdnuansrsiuldiivegviinves

lﬂ! d 1 14 nl.'l = o 1 74 4 4‘ 1 o as 1
foya FsmsrouseNfdunisifivdnvaresdoyaiiasfeudoiu fmseuas

A19197 3.2 UARIAN BV UAU Wires LUUANS

%49 Scalars 1D Array 2D Array i
wnaAiley GE
v wIULAY L P iy
yideu e
FENYS _— — - YU

Labview™ Interface for Arduino tool kit ‘?%ﬂulﬂaumu@%ulﬁﬁu LabVIEW™

k4 < v s | ] E . = ]
wRBRaBN tool block TmuMzauAUNTININITYNIUTeY pin Y84 Arduino UNO (vuagnu

MSDONLUY kagn1siaulusunsy)

8
as




Addons L4
Select a VI...
¥ {31 Arduino
nr E.
A
Init Close Low Level Sensors
ok e P
Utility Examples

5UN 3.44 Handuausaiu Arduino

Y

68

lunsuansnailunsiwegresirelulusunsutiu Tunsiaunaiu Arduino fassivum

v ]
s Qs

LAZAIANESANSULINNIMIEHINTU Init BeagRaeinnIsAvuanesniliousa , Baud Rate

e W s ©

| e o a P |
FunusiuAnnvuald way staueINISaNAD

Init
[LabVIEW Interface for Arduino.vlib:Init.vi]

VISA resource Arduino Resource
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Board Type (Uno)
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[LabVIEW Interface for Arduino.lvlib:Analog Read Pin.vi]
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NI_PtbyPt.lviib:Peak Detector PtByPt.vi
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saAda

1 #include<SoftwareSerial.h>
2 int FSR;

3 int threshold = 700;

4 int count = 0;

5 int vibration = 7;

6 unsigned long stopbreath=0;
7 unsigned long startbreath=0;
8 SoftwareSerial bluetooth(4,5); //rx tx
9 void setup()

10 {

11 Serial.begin(115200);

12 bluetooth.begin(115200);

13 pinMode(A0, INPUT);

14 pinMode(vibration,OUTPUT);
15}

16 void loop()

e

18 FSR = analogRead(A0Q);

19 bluetooth.print(FSR);

20 delay(50);



21 vibrate();

22}

23 void vibrate()

24 {

25 digitalWrite(vibration,LOW);
26 if(FSR<threshold)

27 {

28 stopbreath = millis();

29 // Serial.println(stopbreath);
30}

31 elseif(FSR >= threshold)

32 {

33 startbreath = millis();

34 //Serial.println(startbreath);
35 }

36 if(stopbreath > startbreath &8 stopbreath - startbreath>=

startbreath>0)

57 {

38 digitalWrite(vibration,HIGH);
39 delay(5000); }

41 return; }

10000 &&



asulelan:
UsTNAN 2 - 8 : WunsusemasulsuazaArasisudy

o < & ° a v ' <
Uianev 9 — 15 : LUUﬂ’]i(ﬂ~3F‘I’Wﬂ’]‘i“/lWG'WL‘ﬁlJﬁIU?JFNIU‘JLLﬂﬁI Aa1IAe

i
a

Serial.begin (115200) ABsiaA baud rate 984 serial port
Bluetooth.begin (115299) flanssern baud rate w9 SoftwareSerial
pinMode Aanssarninuiluuwas microcontroller T¥dm3urhasls

nanAe A0 lddmiusuen Analog 910 sensor wa vibration gnimualaend 7 lsivieu

\Wuoutput ielsf vibration motor ¥i41u

U7 16: void loop() Aen1sasAIM sy uvedlusunsulsvinnuudiluiEeeqauni

WwVan loop

U3¥IA7 18: FSR = analogRead (A0); Ao N155UAT analog RnwduasuAvlusius

FSR
uss¥iadi 19: bluetooth.print (FSR); fomsdedayaiiAulumuys FSR Tudaugys

UTTVIAN 21: vibrate(); Aonisasreafandu dwsuidaulvsd vibration motor e ld

Tuns  alarm gldnsaivesmiale

UITNAN 26 — 30: Lﬂuﬁaulmﬁa%’agaﬁéwulﬁﬁﬂ'ﬁﬁaam"l threshold Mal? fauus
stopbreath agiutuaatlumiag milli seconds wagsiuananly

2/

usviad 31 -35: Wudeuludiedeyadidnilainnnnii threshold fiRaly fauus

startbreath agi3uduanlumuie milli seconds waziiuaanly

USYInT 36 - 38: a5UwlAI1 amuus stopbreath fiA1InnILUS startbreath

waLLle NaRNUBIFILUS stopbreath - startbreath fA1uinnIvIawinfiu

2/
s

10,000 milli seconds %38 10 FuLa21u Iﬁﬁmmwma’j’mﬂ{fﬁmmqﬂmﬂﬂ

'
as @

10 3u uazliAnds digitalWrite WiNedsdygaludslyt vibration motor ¥iau



Tudmves Arduino IDE HuiimsuFuiaeulaaiteliiinsdousesewing application

U microcontroller Tnelfniidnwaysail
1 #define sensorPin AO

2 #include <SoftwareSerial.h>

3 SoftwareSerial bluetooth(5,4);
4 int FSR;

5 int vibration = 7;

6 int threshold = 15;

7 unsigned long stopbreath=0;

8 unsigned long startbreath=0;

9 void setup() {

10 Serial.begin(115200);

11 bluetooth.begin(115200);

12 pinMode(A0,OUTPUT);

13 pinModel(vibration,OUTPUT);
141

15 void loop() {

16 if(bluetooth.available()>0){
17 char re = bluetooth.read();
18  switch(re)

19  case 'E":



20 start();

21  break;
22 }

23 }

24 '}

25 void start(}

26 while(1){

27  FSR = analogRead(A0);
28 Serial.println(FSR);

29 bluetooth.print('s";

30 bluetooth.print(map(FSR, 0,1023,0,1000) / 50.0);
31 delay(20);

32 digitalWrite(vibration,LOW);
33 if(FSR<threshold)

34 {

35 stopbreath = millis();

36  Serial.printin(stopbreath);
37}

38 else if(FSR >= threshold)
39

a0 startbreath = millis();



41 //Serial.println(startbreath);

a2 }

43 if(stopbreath > startbreath & stopbreath - startbreath>= 10000 &8

startbreath>0)

44 {

a5 digitalWrite(vibration,HIGH);
46 }

a7 if(bluetooth.available()>0)

48  if (bluetooth.read()=='Q") return;
a9 }

50 }

ai }

asuelan :
UIIVIAN 1 - 8 : A519Nsiausaluy SoftwareSerial dwiuugys uasaiaduls
Integer LioLAUAIRY
USINAN 9 — 14 : feAnsyhausuduiislusunsusuyinau Taesvius baudrate way

pin MlFdm3U Sue analog way pin dw¥udanisviianu vibration motor

UsIiAd 15 - 24 : A1da void loop LiielilusunsuvihewudliGesq Taudie ugyst
N155uAlAUILER A8ilREs switch case toluun1svihauly function

void start

ussiaf 29 : Wumsdeiuds s T application wavenlsi Wsunsuiimasednig

deteyasenly



UTIYiaf 30 : Ads map TiteuUasrndeya 8 On Ty integer saus 0 - 1,000

USVIAN 31 - 51 : mMsvinauwislaududuludiuass Teedvsu LabView™

® 3YUU Register

1. public class RegisterActivity extends Activity {

2. private EditText mUsername;

2 private EditText mPassword,;

g, private EditText mConfirmPassword,;
5 private Button mRegister;

6. private Context mContext;

i private UserManager mManager;

druvuunisuszmedie class wuu public wagiuuadasuwlsiy attribute sneq

uenNUudIUsENA UserManager Faillu class fisesiunisiivdoysasgiudoya SQlite
@Override

8. public void onCreate(Bundle savedinstanceState) {

9. super.onCreate(savedinstanceState);
18 // Set View to register.xml

il setContentView(R.layout.register);
12. mManager = new UserManager(this);
13. mContext = this;

14. mUsername = (EditText) findViewByld(R.id.username);



15. mPassword = (EditText) findViewByld(R.id.password);
16. mConfirmPassword = (EditText) findViewByld(R.id.confirm_password);

17. mRegister = (Button) findViewByld(R.id.btnRegister);

@
1

1 e ° o v 4w P L. Vaw M v v
dautiienisivua Layout AiResnisuanaidlainuni activityil 3eg3delaadne layout
%8 register 1350950l saflelimarvug id ¥4 attribute uiazilinsatusuUsTLT

Uszmalinouusn
18. mRegister.setOnClickListener(new View.OnClickListener() {

19. public void onClick(View v) {

20. String username = mUsername.getText().toString().trim().toLowerCase();
Zl. String password = mPassword.getText().toString();

22. String confirmPassword = mConfirmPassword.getText().toString();
2% if (password.equals(confirmPassword)) {

24, User user = new User(username, password);

25, long rowld = mManager.registerUser(user);

28, if (rowld == -1) {

27, String message = getString(R.string.register_error_ message);

28. Toast.makeText(mContext, message, Toast.LENGTH_SHORT).show();
24, }else {

30. String message = getString(R.string.register success);

31. Toast.makeText(mContext,message, Toast.LENGTH SHORT).show();
32. finish();

33, }



34, } else {

35, String message = getString(R.string.register_password_error);

36. Toast.makeText(mContext, message, Toast.LENGTH_SHORT).show();
Bl }

38. }

29. ;

1 k4 v o | A o ' . o o =

dilveslAnAanisivundndefinisnadu register azllusunsaninuesls ussvind
20 - 22 fiensifiua string 910 editText AildRuidmn uaziidds toLowerCase() iterili
[ as a ¢ @ ] o o I a ' o = 1 (7]
Wugnwsiuiidniaun ussvian 23- 25 1Wunsasadeuniainiinsaiunielsl mnnseiuay
vinmsUuiinaslu class User Ussviai 26 - 39 #an15n13@0U71 username Way password 15

Tuszuunsaly
40. TextView loginScreen = (TextView) findViewByld(R.id.link_to_login);

41.  // Listening to Login Screen link

42. loginScreen.setOnClickListener(new View.OnClickListener() {
43, public void onClick(View arg0) {

a4, finish();

45, }

46. 1;

ar. 3



® 35UU Login (Main Activity)

1. package com.app.beltbreath;

Z

10.

11,

12

1

14.

15%

16.

1 1s

18.

19.

20,

import android.app.Activity;

. import android.bluetooth.BluetoothAdapter;

import android.content.Context;

import android.content.Intent;

. import android.os.Bundle;

import android.os.Environment;

import android.util.Log;

import android.view.Menu;

import android.view.Menultem,;

import android.view.View;

import android.view.View.OnClickListener;
import android.view.ViewGroup;

import android.widget.Toast;

import android.widget.Button;

import android.widget.EditText;

import android.widget. TextView;

import com.app.beltbreath.User;

import com.app.beltbreath.UserManager;

public class MainActivity extends Activity{



21

22,

a5

24,

25,

26.

27.

28.

29.

30.

21

8

53.

34.

0.

6.

57.

o

49.

40.

41.

private Button mLogin;
private EditText mUsername;
private EditText mPassword;
private TextView mRegister;
private Context mContext;
private UserManager mManager;
private Button button2;
@0verride
public void onCreate(Bundle savedinstanceState) {
super.onCreate(savedinstanceState);
setContentView(R.layout.login);
mContext = this;
mManager = new UserManager(this);
mLogin = (Button) findViewByld(R.id.button_login);
mUsername = (EditText) findViewByld(R.id.username);
mPassword = (EditText) findViewByld(R.id.password);
mRegister = (TextView) findViewByld(R.id.register);
button2 = (Button) findViewByld(R.id.button_go);
mLogin.setOnClickListener(new View.OnClickListener() {
@Qverride

public void onClick(View v) {



42,

43.

a4,

45.

46.

a7,

48.

49,

50.

51.

2.

53;

54,

85.

56.

&

58.

59.

60.

61.

62.

checkLogin();

;
button2.setOnClickListener(new View.OnClickListener() {
@Override
public void onClick(View v) {
Intent a = new Intent(mContext, graph2.class);

startActivity(a);

1;
mRegister.setOnClickListener(new View.OnClickListener() {
@Override
public void onClick(View v) {
Intent intent = new Intent(mContext, RegisterActivity.class);

startActivity(intent);

private void checkLogin() {
String username = mUsername.getText().toString().trim().toLowerCase();

String password = mPassword.getText().toString().trim();



63. User user = new User(username, password);
64. User validateUser = mManager.checkUserLogin(user);
65. if (null == validateUser) {
66. Toast.makeText(mContext, "Login Error!", Toast. LENGTH_SHORT).show();
67. }else {
68. Intent intent = new Intent(mContext, RealGraph.class);
69. intent.putExtra(User.Column.USERNAME, validateUser.getUsername());
70. intent.putExtra(User.Column.ID, validateUser.getld());
i P startActivity(intent);
72. finish();
T3. 133,
usSiAT 39 - 44 : Lﬁaﬂmﬂu Login elUUaLY1 activity checkLogin
USTHAT 60 - 73 : d519msTauTes checkLogin Ia8ATMuAi1 userame Lag
password ﬁLﬂﬁuﬁaﬂmfumiqﬁugﬂu%’aga SQLite M51%11n15 Registered Lindolyl drlsl

A3eIBUUITLANIdaAIILIn Login Error usidwudeya szuuasileuwiludmddnlufentii

LaARINTIN WIDUAULARITD username VBTN

" s3yULYaNRa Bluetooth

1. package com.app.beltbreath;

y.i

%

q.

import java.io.lOException;
import java.io.InputStream;

import java.io.OutputStream;



10.

15

12.

3.

14.

15.

16.

17.

18.

18.

20.

21.

22,

23,

24.

25,

import java.util.ArrayList;

import java.util.Set;

import java.utilL UUID;

import android.app.Activity;

import android.bluetooth.BluetoothAdapter;
import android.bluetooth.BluetoothDevice;
import android.bluetooth.BluetoothSocket;
import android.content.BroadcastReceiver;
import android.content.Context;

import android.content.Intent;

import android.content.IntentFilter;

import android.os.Bundle;

import android.os.Handler;

import android.util.Log;

import android.view.View;

import android.widget.AdapterView;

import android.widget.AdapterView.OnltemClickListener;

import android.widget.ArrayAdapter;
import android.widget.ListView;

import android.widget.Toast;

public class Bluetooth extends Activity implements OnltemClickListener{



26.

21

28.

29,

30.

3

o

32.

< 5.8

34.

35

36.

a7

38.

39,

40.

al.

42.

43,

a4.

a5,

46.

public static void disconnect(}
if (connectedThread != null) {
connectedThread.cancel();
connectedThread = null;
B
. public static void gethandler(Handler handler){//Bluetooth handler

mHandler = handler;

static Handler mHandler = new Handler();

static ConnectedThread connectedThread;
public static final UUID MY _UUID = UUID.fromString("00001101-0000-1000-
8000-00805F9B34FB");
protected static final int SUCCESS _CONNECT = 0;
protected static final int MESSAGE_READ = 1;
ArrayAdapter<String> listAdapter;
ListView listView;
static BluetoothAdapter btAdapter;
Set<BluetoothDevice> devicesArray;
ArrayList<String> pairedDevices;
ArrayList<BluetoothDevice> devices;

IntentFilter filter;



47.

a8.

49.

50.

5il.

a2,

53

54.

55.

586,

5,

58.

B9,

60.

61.

62.

63.

64.

65.

66.

67.

BroadcastReceiver receiver;
@0verride
public void onCreate(Bundle savedinstanceState) {
super.onCreate(savedinstanceState);
setContentView(R.layout.pairlist);
init();
if (btAdapter==null}
Toast. makeText(getApplicationContext(), "No bluetooth detected", 0).show();
finish();
Jelse{
if (IbtAdapter.isEnabled()){

turnOnBT();

getPairedDevices();

startDiscovery();

private void startDiscovery() {
btAdapter.cancelDiscovery();

btAdapter.startDiscovery(),



68.

69.

o

e

72,

73.

74.

5.

76.

[

78.

79.

80.

Bl.

82.

83.

84.

85.

86.

87.

88.

private void turnOnBT() {

Intent intent = new Intent(BluetoothAdapter. ACTION REQUEST ENABLE);

startActivityForResult(intent, 1);

private void getPairedDevices() {
devicesArray = btAdapter.getBondedDevices();
if (devicesArray.size()>0){
for(BluetoothDevice device:devicesArray){
pairedDevices.add(device.getName());
} } }
private void init({
listView = (ListView)findViewByld(R.id.listView);
listView.setOnltemClickListener(this);
listAdapter = new ArrayAdapter<String>(this,
android.R.layout.simple_list_item 1,0);
listView.setAdapter(listAdapter);
btAdapter = BluetoothAdapter.getDefaultAdapter();
pairedDevices = new ArrayList<String>();
filter = new IntentFilter(BluetoothDevice ACTION _FOUND);
devices = new ArrayList<BluetoothDevice>(),

receiver = new BroadcastReceiver(){



89.

90.

g1,

92.

93.

94

95.

96.

9.

98.

99,

100.

101.

102.

103.

104.

105.

106.

107.

108.

1089.

@Override
public void onReceive(Context context, Intent intent) {
String action = intent.getAction();
if (BluetoothDevice ACTION_FOUND.equals(action)){
BluetoothDevice device =
intent.getParcelableExtra(BluetoothDevice.EXTRA DEVICE);
devices.add(device);
String s ="
for(int a=0;a<pairedDevices.size();a++)
if (device.getName().equals(pairedDevices.get(a))){

s = "(Paired)";

break;

listAdapter.add(device.getName()+" "+s+" "+"\n"+device.getAddress());
Jelse if (BluetoothAdapter. ACTION_DISCOVERY STARTED.equals(action)
lelse if (BluetoothAdapter. ACTION_DISCOVERY_FINISHED.equals(action)){
Jelse if (BluetoothAdapter. ACTION STATE CHANGED.equals(action))
if (btAdapter.getState() == btAdapter.STATE_OFF){
turnOnBT();

1}



110.

111.

112.

113,

114.

113

TIE&.

117.

118.

119

120.

121,

122.

123.

124.

128,

126.

127,

128.

129.

130.

7
registerReceiver(receiver, filter);
IntentFilter filter = new
IntentFilter(BluetoothAdapter. ACTION DISCOVERY STARTED);
registerReceiver(receiver, filter);
filter = new
IntentFilter(BluetoothAdapter ACTION DISCOVERY FINISHED);
registerReceiver(receiver, filter);

filter = new IntentFilter(BluetoothAdapter. ACTION STATE CHANGED);

}
@Override
protected void onPause() {
super.onPause();
unregisterReceiver(receiver);
}

protected void onActivityResult(int requestCode, int resultCode, Intent
data){
super.onActivityResult(requestCode, resultCode, data);
if (resultCode == RESULT CANCELED)X
Toast.makeText(getApplicationContext(), "Bluetooth must be

enabled to continue”, Toast. LENGTH_SHORT).show();



131,

132.

123,

134.

135,

138,

137.

138.

1.34.

140.

141.

142.

145

144,

145.

146.

147.

148.

149,

150.

151.

finish();

@Override
public void onltemClick(AdapterView<?> arg0, View argl, int arg2, long
arg3) {

if (btAdapter.isDiscovering()){

btAdapter.cancelDiscovery();

if (listAdapter.getitem(arg2).contains("(Paired)"){
BluetoothDevice selectedDevice = devices.get(arg2);
ConnectThread connect = new ConnectThread(selectedDevice),
connect.start();

Jelse {
Toast.makeText(getApplicationContext(), "device is not

paired”, 0).show();
1
private class ConnectThread extends Thread {
private final BluetoothSocket mmSocket;
private final BluetoothDevice mmDevice;

public ConnectThread(BluetoothDevice device) {



152.

153,

154.

1586,

157,

158.

158.

160.

161.

162.

163,

164.

165.

166.

167.

168.

169.

170.

14,

BluetoothSocket tmp = null;

mmbDevice = device;

try {

tmp =device.createRfcommSocketToServiceRecord(MY_UUID);
} catch (IOException e) { }

mmSocket = tmp;

public void run() {
// Cancel discovery because it will slow down the connection
btAdapter.cancelDiscovery();
try {
mmSocket.connect();
} catch (IOException connectException) {
// Unable to connect; close the socket and get out
try {
mmSocket.close();
} catch (IOException closeException) { }

return;

mHandler.obtainMessage(SUCCESS CONNECT, mmSocket).sendToTarget();

}



172 public void cancel() {

173. try {

174. mmSocket.close();
175. } catch (IOException e) { }
176. }

16t}

178.  static class ConnectedThread extends Thread {

179. private final BluetoothSocket mmSocket;

180. private final InputStream mminStream;

181. private final OutputStream mmOutStream;

182. public ConnectedThread(BluetoothSocket socket) {
183. mmSocket = socket;

184. InputStream tmpln = null;

185. OutputStream tmpOut = null;

186. try {

187. tmpln = socket.getinputStream();
188. tmpOut = socket.getOutputStream();
189. } catch (IOException e) { }

190. mminStream = tmpln;

191. mmOutStream = tmpOut;

194 }



193

194.

195.

196.

197,

198,

199.

200.

201.

202.

203.

204.

205,

206.

207.

208.

209.

210.

StringBuffer sbb = new StringBuffer();
public void run() {
byte[] buffer; // buffer store for the stream
int bytes= -1; // bytes returned from read()
// Keep listening to the InputStream until an exception occurs
while (true) {
try {
try {
sleep(30);
} catch (InterruptedException e) {
e.printStackTrace();}
buffer = new byte[1023];
bytes = mminStream.read(buffer);
// Send the obtained bytes to the Ul activity
mHandler.obtainMessage(MESSAGE_READ, bytes, -1,buffer).sendToTarget();
} catch (IOException e) {

break;

1
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