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ABSTRACT

This research aims_to assist in thé development of a‘system for Baroreflex
activity assessment during.Valsalva, maneuver. Baroreflex assessment during Valsalva
maneuver, which had increase intrathoracic pressure-via contraction of abdominal and
thoracic wall muscles together with' attempt” expiration against a closed slottis. So,
increasing .of _intratheracic préssure - will interruptarterial,_prassure, which is
accomplished by-taking heart rate/data from ECG-recordings togetherwith continuous
blood pressure measuremants and putting the resulting datarthrough an analysis and
evaluation process, Our experiment was realized’ by administering’ pressure into the
lungs there by simulating the. pressure ¢eherated during Valsalva Maneuver. We used
the resultingidata to analyze .ahy changes.in the Baroreflex. The testing process was
initiated using\a\blood; pressure transducer to.perform tonometry! Straps were placed
around the test subject’s'wrist area with a pressure’sensor-positioned over an arteriole.
The Baroreflex is one of.the. body’s primary’ mechanisms for regulating acute blood

pressure changes by controlling heartbeat:
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ﬁ 600
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3‘0‘1"'1i 2.11 Sequence Method.diagram
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2.5.1.2 2sasnsesdyayrainudgestu (High Pass Filter, HPF)

U

=

=l ey ot ar o a8 1 s
NﬂﬂdﬁﬂUﬁﬁ]'ﬂﬂu‘muﬂ‘Uﬂﬂﬁl'iﬂﬁﬁlx‘lﬁfoUﬂﬂJﬂ'J’liJﬂ[ﬂ’]ﬂ@ﬂ’]iﬁ@UﬂUﬂﬁﬂ@ﬁmm’]m

v oW
6

v e < ! Qs )
?JBG'NQ'WSEJai.I’L‘ViﬁfUuﬂJu'mJﬂ'JWNQQGNWULLaﬁﬁWWSUﬁﬁij’Imﬂ'ﬁ’lllﬂﬁ]'] YILANIIATUALNTIN

s a v oas A
G\BUﬁUBG@F\iW‘UHW?JLLSﬂﬁluﬂ’JﬁﬁJfﬂ@ﬂﬂLLﬁﬂﬂugﬂﬂ 2,23

— « o
C c C
R R R
a ° [ —e
(n) 297U () 799 70UAL2
.__’l_ . I 1| 2
[ I il -
& C (&
R g R R
(A) 24958UAU3
3 VgaintﬂB]
T 3rd order.

41h order

\

1

ﬂ-“
£

f{i—Té}

10 100 1000 10000 100000

d ar d ar ar ' 1
3Un 2.23 NATNIVW@WYYIUANUAGP D UAUAW LA NITNUENINANITADUAUDIND

DNTIVLIULYIAUD



25

1NgUA 2.23 asdiudn € AODYNINAUNITAIU R dovurufuiees ifletlou
AMuddinindun C awdlen XC goilidyaraiulylddesinTid st
10 C asnsmdlinuaudidlennuigeiu C asiid XC anasdygimassiuliuniy
dyranazamnsddesaansell R fulidygyindeanlud output ssfluiniuauis
IPAUMNNUTIWRIFYYIUSEINA 70.7 % YoIANUTIgedn seAuiiiesiiisniendn 1o
ANE Cut-off Lﬁammﬁqandwmmﬁﬁ C azgonlidyanariulaagainuazdl R agdu
f'%’zy,npm‘L;ﬂﬁaaﬂ'mﬁmmﬁﬁaﬂhuluﬁqm Output Idiamue

N13ALAANRINTEIALTG

ﬂi = L o a = = A ]
aawﬁaawms L duiiteed MIUNTRDNUULNISHAmDS YUANTBDIAIU DQQNWUﬁ

@ oo o w v = = w v
AamAURAMEaN o, MdapasTiausermaiuaswMI LA nauNs

Q) = =27 fr (2.3)

|
RC
2.5.1.3 2425A5ILOVATIND (Band Pass Filter, BPF)
29950409UnuAIIE-(Band Pass Filfer) BPF) waa-B8PR 1tlusssfinsasionaniy

S|l — e P\ - o o |
AMUDTNVANBDIAITBDNUUNIUU MIUUNTRAVAUDIATUNVDI995 BPF uﬂgl.ﬁuﬂﬂgﬂﬁ 2.24

1} mmanwaamaqﬂuﬂﬁ
|t—BW—m]

7SN

mManauauadluma i
Y 979 2 ¥
A (]
ANDHIL
> f
0 f, fo £

JUT 2.24 nsmouawpInNAvEINaS BPF

= ¢ o 1
AUNEUENAT (Center Frequency, £, ) 4892935 BPF anunsaivualaainen

gunsalfiialursasiguieniu UssAvsnm (Quality factor, Q) ¥043493 BPF fanansainle



26

N = Jo (2.49)
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2.5.2 29959818uUUnaue (Inverting Amplifier)

WATVYWURUUNAULHE a]:ﬁé’mzywmLmﬁwmﬁuﬁmmwm%uwmﬁﬁmewﬁu
180 097 fagufl 2.26 finisrie Ry way Ry Uil Tne R, aseuuuiinnstiounduma
au (Negative Feedback) Famsiednmitldreiiiiu R, wdhludfivdunanisau 39

= ! @ s A
SenImsUaunduiuuaumgunz.26

Vinﬁ Voutﬂ\

(n.) (2.)

< o
JUN 227 AsmidyiaUe s NasIE BRUUnauULYE

n. FyuBuuenNIIIBWIUNA UM 3 dygnaionsnaue v esuenskuunduma

R2

R1
E—AV g v N

JU# 2.28 1959818uvunduia
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ANTANUINNITVENELUUNAULNA
- DNTIVYNYVDINRSVLNULUUNSULNE

vV =R
Av= a 2

— (2.12)
Vsic Rq

2.5.3 215YYYIUAAFIUUAYY (Instrumentation Amplifier)
a y ol
2959888uangUATY (Wuisesidiauawnsalumsvenedygimuindn

k)

- QII l‘x o at at B o
éﬁ?ﬂ%iﬂﬂﬁﬂﬂﬂﬁﬂjl“ulﬂﬁﬂﬂﬂ a1 3 M HRAZAINTIUNIU 7 A7

panandlunmysznau : L‘i“l'ﬁ'l{‘]‘ii]i?'ﬂu‘mm'lﬂ fipofainanlaaail
\\\\ // e
Wz
Co e VA —
A BN
/ "/ "'/ . \ A ~ ~ g
g LiEAY/ W b g
3 / i\ =
=) & =
€ | &
P
S c @
2 ; ‘.ﬁ"’
A &
3 .@@wuﬂ L LAY (Iastr tation Amplifier)
#1300 IC3 (SundaDifferential Amplifier) . 7 ‘\Q\a
VB 3nantd
— (2.13)
L el (2.14)
R, R,

teuns (2.13) wuenlu aunns (2.14) asldusaduiending (output voltage :v,)

R
Vo =(v, —v) = (2.15)
0 4 3 R3
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| o al 1 [y 1 [ |
Al v, =v, Bondwsaiulnunsan (common-mode voltage: v, ) 1uusesudi
A v, wiriu 0 Taad Asduagyinlidnswenelunsaa (common-mode gain: G,

) whiuguéiude
G =2=0 (2.16)

v g w - ' a ) . ., v Ao 9w
0 v, # v, 139077 UsIRuURaA 1 (Differential voltage: v, ) tluuseduivinlv

voas 1

v, Liviniy 0 Taadt daduseyilishsreetnasine-(ifferential gain: G,) winfu R, / R,

Ao
(Z.17)
Jmmon-mode
rejectic
(2.18)
1uazdl v =y,
ANUIOVIUTIAULE
(2.19)
WSINUDUNA

v, —v, =iR (2.20)
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WAZONTIVENYAIIUUANAN

v, =V, R +2R,

Y=V, R,

G, = (2.21)

I8

o & Sy o w oA V|

a k4 ! = o
'JQQ‘E‘UEJ']EJBU?IWEL&JULC‘]‘Uu‘WUﬁWUﬂSwsﬂaﬂﬂﬂﬂﬂi)‘lﬂiﬁ’mqiEWI"UE?IWI/‘I%EJﬂ'l'i}ﬂﬂ']u“ﬂ

o4

e = (.Y o w

L@ULLiqﬁulwmiqﬁﬂzﬂm*’r’hmﬂuaay,fyﬂmauwmLtasmamﬂmwa}matymuwmiwumiauﬁmmﬂ

9 Uy

o o W = e &
MNANEANND (frequency) uazAmaNUAvaIRRULRLIRS

2.6 1Usunsu LabVIEW

LabVIEW 1T ulsinsuildfadedearsiuiniesiiedn afegnisuentuuese
Data Acquisitionl#muflu monitoring wislumsmavAiinasInAtaieg 1ty strain grumgdl
viedyanudud Tneldidumesudyy ndan Tagiardnanlsaniyiesmailaz i
Huussdumonszuads LabViEW datnsnsauradiaudiga DAQ Card Wi tudindnidy
Inlddoyale FethunA517 LabVIEW Tldsmoaia santsingustasduas Application Mgl
reudnd input 1Tueslsudssiodnns output 8¥ 159 1nHUsianas.aen Hardware a5y
BT

mstiviv LabVIEW flém sdiiugrusaun sifenlysiaaineasinsiessinnis
ﬁﬂﬁiaﬁamﬁiw:hq‘[munmﬁuLﬂ%iaq.ﬁadwqﬁasjmauanﬁu Aldfeudeulusunsuddants
vharuipiSsndeyansiaudaninng Prodess Tl Monitorine w3en s dutimdaitonns
muANTTUYIgY WlUsunsuaninsons19deuan Strain enulmndaiabitiuniditvua

uinsreedsdadtluaaugulaUnsaloud vietmels ud

2.6.1 Wsunsu LabVIEW flasausenaudafny 3 dqufie

2.6.1.1 Front panel [{nudauiiAnis anaa1uAfLasnions niteonui9in
block diagram FavinwihlladeuindesiioTnaselng input itourtrluassifudniunu
@ output fleonunazdusuaniua

2.6.1.2 Block diagram ¥imiiiliaiioutfu Source code Tagldlusunsuniwn
ns1WHn 8edUsENOUYDY block diagramiiazunulusunsy Node 13w for loop, case
structure uagaidunandinenans [udy

2.6.1.3 Icon/Connector n1e'lu Front panel a¥Usgnaume icon A1aquagiians
Wonsiegeiluusasicon duslaifeustoriuuds aanunsaideu Virtual instrument (Vi) 1%

i Sub VI we Object fithndusnl#lu block diagram lidn
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2.6.2 ANMUFIN150V99IUSIATU LabVIEW

d‘ o o . :!I 2 s =l

L1WD991nUSEN National Instrument (NI) ﬁzjaLfJu@wwuﬂUiLLﬂﬁLabVIEW 3 Product Tu
NSAAUIBYNINUNENT Hardware uay Software 39inlilUsLnsy LabVIEW fipnuaiunse

lunsfinsie Hardware aghavianvaneity

2.6.2.1 Hardware
n1514TUsunsy LabVIEW Lieldeudafuensauasatsuaninlalagiiunig
15 DAQ (Data Acquisition) nsidienseaiunsaideusefunedn (Port) lévatewiin wu
woinuuu (Parallel port) wesneynsu (Serial port), GPIB,uay HPIB Wusy Failuuanuan
'Lummanunmamﬁumhaﬁﬂwuﬂﬁmauﬂ'ﬁ'&ﬁﬂuuaémuwmauam.%amiaﬁuaauﬁama%
NTUNNINDSMBYNTUARS232) T wauduna-versinn 16 Fed(Channel) Bunmiatuldia
bunddnoadunplazaunisnduyp dmstieimpimualifuntuidnoae dmasenuuy

Iadaheuagsiuusiotliganasunivly

2.6.2.2°Software
Protocol it qlummagnarinnssy LabVIEW fdiunsonnsodeasldsaia PLC Sv%o
A9 WAZIIY SCADA LabVIEW fanunsaynlainiieulusunsi SCADA vluuazusim NI &
il PLCw® 491V 8 SHAHONA AN A8 301 WA 3 Imace Processing fivi1 1414
W Image Processing luesnatn@uisafinseny Database uwmsgwuszuﬁanwmuau n13

vhauiulusunsy MS-OFFICE uayduqluwindows

T O B BB

NATIONAL INSTRUMENTS

LabVIEW

U7l 2.30 dydnwallusunsu LabVIEW

SaN
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2.6.3 Data Acquisition (DAQ)
Data Acquisition #38i3enLuVEed1 DAQ Aanszuiumssuadyaiamielwiauuy
o Ly 2/ -] = o s Ai s a & as = 12
onlulld udrhunivlivuiniesreufinnesinenisin Jinsed Taiuniouaninanie
2 2 LY ru'J v 4 @ 1 } 2 1 R
%aWcﬂLL'JsUismwuamﬁan’uuﬁ}3ﬁ%umwanaquzuu‘lmmanalo;z input, analog output,
3o s . ' ' 1 v o (Y]
digital input/outi.ag counter input/out (gUnsaiursjueaiiluasuynnirnTuegiunis
aanuuv) lagagannsoredniuiiglivandomna 1wy USB,PCI, PCI Express, Ethernet %30
ISanewuu Wi-Fi Tausazuuvariidondoidouwnndrsiululfisndonld Wy dusidesnis
I s [ a = 14 ¢ 1Y v v
anuiilunsiudsdeyauiinannng wenadenldgunsel PCI Express usddndeansldiu
2 d & =3 P - ' £al mia i o @
VULEUNBUMEND199LaNLUUUSB wiunsanIsreznsEmIgUnsalnuidedlnaduuinA

1ABNUUY Ethernet (Dufiu

35U 231DAQ Card 31 NI-USB-6009

NI USB-6009
r-—-——-—v—\

GND | [ 1 [¥2])\ Folg
AIYALG+ A |2 1181 | PO
Al 4741 0- 3 [194°1 PO2
S @ND 14 201 ] Poa
ATT/AN 1+ 5(21] | P04
Al S/A 1- 6 122] | POS

GND 7 (23] | POS
Al 2/A1 2+ 8 |24 | PO
Al B/Al 2- 9 125] | P10

GND | 1026 | P1.1
AL3AI3+ | [11[27] | P12
Al7/MI3~ | [12]28]| | P13

GND | |13 (28] | PFIO

ADO | [14]30] | +25V

AD1 15[31] [ +5V

GND | |16 (32| | GND

3U# 2.32 DAQ Card §u NI USB-6009 S1uaumnasa



UNN 3

ANSALUUIIUIY

luunthiausnisesnuuunsuamiwesinamusuwuusadesdasldndnnisvasiviy

=l o L v s ai = =y || s e] o = L4
A3 @MTUIRANNAUAaRRERLAUSIIMYele waznsinrdulniiilawuy 1 3a Taeld

2idnlnsn utansesnuuurenITdmduldlunsuanmaveinsiane 2 wiandousy Tay

nsUsznianadyanuulusunsuy LABVIEW®

3.1 Tasea$19v0952UUNIMAEaUNYSA2 Ul YRR SN

ECG

Analog signal
processing

BP

Analog signal
processing

mouthpiece

AtoD }—3 Computer

filter

pressure

L 3

5UN 3.1 szuuniseaeunisnndlivesvesunlsSming

nsoanuUUITUUTIIMLAlugun 3.1 Usznaume 3 seuu fe 1. ssuuinanuduladin

1 d s =l ar d o
wuussilaslaglinannisvednlulues 2. szuuiamaulninalouuy 1 86 3. Szuunis

nadaulatITI0are1UYLI03 (Valsalva maneuver) Tngvisanuszuuiinaranludafuiiosd
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naudygrnounden (Analog) wargnuuasliifudygyiuninea (Digital) 13un

nszuIuMsiimsulasdyyraeundenldiluiinea (Analog to Digital: A to D) 9011

UnasigiuarUszuianauulusunsy LabVIEW® Wduaninan1a9anauinmes

3.2 LYULDTATINTULSIAU (Sensor)

3.2.1 Wuweinsaduussnulafinuuusieiiios

TumAtedidenldnsnsiafarudilafinuuudadosdududenuaiidede (Radlial
Artery) laannlassadiameaisy fesemsnsaiauaznsiadeiaifuusady :1nsinw
ABMIves wass eilan warany wudillaaaugaenlunisasdumisgedn wesnvany
dudavenhindivinainasguiiinisdosiuirinligaeanaiioadsusinavumasa
\donlvinadi ﬁﬂﬁtﬁmﬂmﬁﬁmnﬁ'ﬁr’tu‘%h‘:énuﬁ{x'ﬁ"‘Lum'saamL"uU"tnaqLiﬁqwmmmﬁ'ﬂtym
Tmmaanwuwmtwu’tw Iwaaa‘t‘ﬁuanmwmiwhmws wann1sRoldivuantduda
mwunm’lﬂmu muﬁﬂaﬁqmanﬂ'lwﬂmﬂaamwmﬁm uazmmuaummﬂﬂwumm
Uoiip Tmﬂ‘['vmﬂ:imanaﬂ‘mmﬁuulwmmmmamaua sU!n 3 2 LL’dﬂx‘l‘S']ﬂﬁ”LaUﬂIﬂ‘Nai’]é
wwn u.auﬁqsmmmam-ﬁuwamswé‘ﬁumwu wma*sﬂﬁaﬁa Lo

=22 mm—

f.) ; 2.)
A 1 L3 o ot
g‘UVI 3.2 iﬂi\‘lﬂi’NLLﬁ 3TJU'WIL%HL°HS$W3'J‘U'°JU LhIIAUY

f.) NSBNLUY %.) ﬁuuumﬁuwa%maﬁuLmﬁ’u%’aa%’wamumsaammu

\Wugasnsradunssiudenldiduires nsrasunsang ( Force Sensing Resistor : FSR)
wuutasuusadudaud sl vundurugudnats 7.6 uy. fauaadlugud
2.13 - 2.14 andhveaduesie Weilussnaludmidudansyinlieaudumuanas ua
Lﬁau‘idﬂﬂﬁwﬁﬁmﬁmaaL%uwa‘Eammﬁﬁ]51‘}ﬂ"]mmﬁﬂuw’l‘uﬁqa‘?]’ut,l,as@mﬁuﬁﬁwaaLﬁuwas‘

LAY AIAIS19N 3.1
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= ¢
A15199 3.1 AMNAINNSOTRUTUDS FSR

45977 (Actuation Force) ~0.2 AU

119A21012989U53(Force Sensitivity Range) ~0.2 - 20 96
wseivheas i (Force Repeatability Single Part) +/- 2 \Wesigud
wssivhenSasansa(Force Repeatability Part to Part) +/- 6 Wosidus
AnuAunIuvazlildau(Non-Actuated Resistance) >10 nglaviy
naHusa(Device Rise Time) < 3 lulas3undl

3.2.2 BinInsansradudygrundulniiiale

msnsanianaulnisialiive T 50 lalasfersuiusidninsawuuden Swadinh
I wuvldudaiviefuaraintunnsidfedidnTnse deitd LEAD-| wuuseiinesd
Uinamihenyatstineuansdisui 3.4 msidsnuens ianauiiihoresliliusediu

= s - ¥ P 1 s Ve el
Ingd WisswianusaUsudiveanmsidurasinlalifidess

JUP3.3 dnwnigvadddnainsauazmininsinaidnlnge

a e = d
3.3 FTUUaLNNIdUNE

3.3.1 wwaAaMIoeNtuuLIITinAsUlaRnUUsAD LD

melwesiaanusulaiauuusades Tolediues LM33¢ uas LM358 Tns LM334 9
vimimduundedenssuaneit (Current Source) AU UITDS FSR Litoudathran
sunmuduussiulniilunisesnuuuiiiessn FSR Sauvalifudadulugianing 3904
Arnszuauidunliganniululuiiflénssualudasdesndt 1 Saduend uagly
LM358 viwthilvensdnyan anelu LM358 axiieatuent 2 # deineildogadudase

1oas

satu ealilendusavdrarunsavinaulauuuldlnidesdnies



3.3.1.1 LM334

3

vt R

V-
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3.4 MunueTiLaglasedsanigusnuaslediuad LM334

_ J:J_ -
| LN

Q3
C1 02 [15]
&— R
b /.
JUN 3.5 19sngluves LM334
o a - ¢
AN 3.2 SwazldunvadledunTLM33]
o ] Aﬂl v A o
ALY Y2UDIVN WUININISVINNY
1 v* WHASD18USIAU (Supply voltage)
2 R ANPINATUNIY
8 " LSIAULDIANAAY
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(3.1)

& v
mszaviuaglaansyua

ISET = (.33mA



3.3.1.2 ladluas LM358

39

HoaUuoulldrnumlvassi 8 11 e Uszuda W Eedndienls Wnalulad

Tulwan

2
INVERTING INPUT A ——

NON-ANVERTING _ 3
INPUT A

OUTPUT A

GND

v+

7
p— QUTPUT B

4

INVERTING INPUT B

5__ NON-INVERTING

INPUT B

d o 1 -l o
31]?1 3.7 mamuamuaziﬂiaa"s’nmauaﬂ'uauiamuai L M358

INPUTS

gﬂﬁ 3.8 299smuluveslediues LM358

A15199 3.3 swavdunvedladiues LM358

FLALIYN Fovasan wihiin1s¥ineuy
1 OUTA LINR A
2 -INA DUNANFULWE A
3 +INA dunmliinduina A
q GND ns1A
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5 +INB dunaliinduina B
6 -INB dunanauLwa B
7 OUTB \@vine B
8 V+ Inlies
15719 3.4 AruaRveslediues LM358
ANNANNTAVRNTURS | daudnual | A A1 | Angean iy
Mgn | nan
UMWY (Supply Vs 3 - 32 Voc
Voltage)
wnasenIEua (Supply Iy < 1.2 mAdc
Current)
guugil (Temperature) T 0 - 70 g
Input Offset Voltage Vore - - 3 mvy
Input Offset Current lo#r 3 - 30 nA
R2
AN
R1
AN\ -
Vsig + -

g'ﬂﬁi 3.9 2UeAYINRUUNGuE (Iinverting Amplifier)

nseenuuuly seduandnilaiudussesvuunuunduma (nverting Amplifier) uag

T v oa g w ¢ Y - . . P o
anAmtloiwihiddudvines anaauduniufivn non-inverting vea%asvensifisnsusu

[ [
LSIRUBD WL



NNSANUIINTVENBLUUNGUINE

4 1 s
aumsiemddnsinisveny Ay

A

_ Vo _ -R;

¥ Vsic Rq

< =l I S 1w
e Ry fifwiniu a3ke war Ry dldwifu 10K

WNUAN

Wzariuaglandnsety

_-a3kn
/7 10k
AV = —4.3

Win

41

Lumalualdimyimuweisunsuiu A tiebianisdusuausitulednald mansautu

ANSLEMNEA NEURITUS OB

- 5_\(

0.3uF

LM334

!
R2 43K

A AN
12 LM358

QUTPUT

VR 20K

U 3.10 19959UIGUIEOTIN LM334 uavvenudtey10n LM358
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a o = s
3.3.2 LuaAalun1saanwuUuL9sIanaulniilawuu 1 3a
s el o = L2
2asTanaulwiwiilaszgnesnuuulasldlediues INA128, TLO74 way TLPS21
Usznaulumieglsasaen aﬁuamgmum'ﬁu (Instrumentation Amplifier) Nﬁ]iﬂiaaé’mmwm
a6 . = 1 .
ANNOMINIU(Low Pass Filter ,LPF) WITNTBIANNAGINIU (High pass filter ,HPF) wazoau
Y] a o A v '
Taloleawmes (Opto-Isolator) DRI 1LUDINITVLBBUARFNUATUEDNTER 500117 way
o 1 dl 1 d s d v ﬂl =% dy s
fmuarisnudehuvasniuliiviale Ysvana 100 Hz Wield sUsduliRamewnntnuas
Qs s F 2] i 74 a a.'; - =l al YV -l 1
F4AIU150M579708A QRS 1@ Laaﬂ’l’n’mwmaauamgmum’uu LUUTURE N 199958 AN
= [ J L% 1 u‘j £ 2 ] = 17
CMRR Kaguu1anIan18aA I ndauIaian wassainnisiawmazasaldiiailiviu tdenld
1 1 -l o v ] 4 =i ar
waseliiduuuy wumees vliiesenisiedeuding wasiautilvaulasasenislwiy

o oY ow as

v ¢ v - & P
AUHLYITUNIFIA Llaslﬁaﬂﬂimﬁﬂﬁlﬁlﬂﬂ‘i LLEm’Nil‘i’Jﬂ'iJ’mﬂEmmLma'gﬂ‘ixmawa VHUUALND

U

mm‘daamﬁamdﬂﬁqﬁu@’vﬁ'ﬁunwfﬂ

3.3.2.1 lo@was INA128
m:uﬁﬂa-’i’ﬁﬂéﬂﬂa'l%’aaﬂuauﬂﬁl’a“lﬂuas’lvﬁﬁdﬁ’wmusﬁ’wmwﬁwsxnauL{‘Juﬁ’ugm

ngU TngeedinaldinsestonduyilaiauaiaIna RS s dnan Tae s 19 s TN S

Uszneviu Aesvensuvuihiingesiigit WldUsismbinndo nildse@nsnmaan

WITVLNYNARNLUUSTTIAT

Top View
3L
Ri\1 8 1'Rs
1 =
V- N2 7 ]V+
Vi | 3 6 Vs
v. |4 5 | Ref

JUT 3.11 sunmdsvuazlassadenieusnvesletiues INA128
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V4
77
INA128, INA129 B
o Over-Voltage ' G=1. 202
L Protection
INA129:
1 it a1, 49.4K0
25kQ)
—W &
Rg O Vo
s 25k
+ 3| |Over-Voltage ._m i
Vin Protection
NOTE#(1) INA129: 24.7KO J)"
V<
A =i o
JUN 342 navsauyavedleiuss INAL2S
o = - 3
f15199 3.5 Teazidlntalotiues INA128
o 1] 4 d o
AALY Y984 NI
U1
1 R, AP LN WS UPRTIVEY (Resistor Gain)
2 Ve dunnau (Negative input)
3 Vi aunEuIN (Positive input)
4 V- LWiAgInuaY (Negative supply)
5 Ref 2uBwuBuNe (Reference input)
6 Vs L@NR(OutpUt)
: T — oy,
7 \ Ingessuuan. (Positive supply)
8 Re AIAINAIUVTLUSUDRT19878 (Resistor Gain)
a‘ B = 3
M1919% 3.6 AnauURveslediues INA128
ANINAINTAvaNTUeS | dyeydanwal | A A1 | Agege | v
fga | nang
WWEeI8L 96 (Supply Vs ’ - +18 Voe
Voltage)
IR IVGIV B VERGINT Wi - ] +40 Voc
gungil (Temperature) T -40 = 125 C
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MIAIUNIEATIVEIEYBINITVE L BUARFLLIUATY

d 1 a
AUNTIWDIIADATIVEEY

50KQ
G=1+ (3.3)
Rg
Wlo Rg fiewiiy 1000
UWNUAT
50K0
G=1+
10080
wszastuagldrsasmey
G =501 Wi
3.3.2.2 la@iuas TLO74
Output 1[ \Tr-/—-----:||4 Output 4
h;:p":??ZE 4.'_‘"\\-- \ L‘/ Hs ::ng
Non-h\:;ifl‘? 3 El.!. F “\-..____1_’_]| 2 :.:::wnmg

Ve * 4[ TL074 j]] Viee ©

Nan-inverting % Non-invertin
Input 2 SET £ T]]OInM3 ’
Inverting 5 . I j
Input 2 6': e ¢ _! ’> o 2 1:;:‘1‘;@

Qutput 2 7[ ] 8 output3

JUM 3.13 shunimuezlassairaneuenvaslediues TLO74



= - =
f15199 3.7 swasdenvedladiues TLO7A
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AU Fovaew wihfinsviney
Y1
1 10UT leinA (Output)
2 1IN- dunmau (Negative input)
3 1IN+ dunAUIN (Positive input)
4 Vec+ IFsaduuan (Positive supply)
5 2IN+ dunaun (Positive input)
6 2IN- dunmau (Negative input)
7 20UF winm (Ottput)
8 30UT 190ANR (Output)
9 3iN- duNnay (Negative input)
10 3IN+ auNAuIN (Positive-input)
11 Vee- I Aeas Ay (Negative supply)
12 4IN+ aunauan (Positive input)
13 4iN- JUNAHU (Negative input)
14 40UT A (Output)

m31e 3.8 anuanitRvealadives TLO74

ATUATUNTOVDNGULYDS dtycuanenl | | @ Agegn | v
A1
WnEIT8WTIAY (Supply Voltage) oy 5 15 Voc
UMWY (Stpply. Voltage) Ve -5 -15 W
usuAaNNDULlIR(Commen mode - Ve R W
voltage)
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R3 ——_ Output2_,
500K sook 2] 1

c2 3.3nF

3.3nF —f
GND GND

3ﬂﬁ 3.14 293N IesdayTIAARANAL(Low Pass Filter LPF)
§ -~ / " akd i
MIANNURIDAINTBUAY DNYBITINANTRIAY Y INANUAR N

a
- "o / /
AUNTIWANIADATIVENY
—

~ Outputl

/m

(3.4)

- i o w
aunistnaniAIANDANaaN

1
f= o (3.5)

P U 1o Sl [
We R Ay 330 KQ uag C dAwnINU 3.3 uF

WNUAN
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1
= 27 x 330KQ X 3.3uF

5 v EJU
WszaruuaglaaAudAoaN

f=0.146 Hz

UMW

(2:5)

- al ()
e R uAVMINU 50

WUAN

f= 27 x 500KQ x 3.3nF

] v oo
Lwsqsazuu%lﬂmmmnﬂwaaw

f =96.506 Hz



3.3.2.3 ladwad TLP521-2

gunsnlaindmiuAudsuas (Opto-isolator) vi3efiiuniteeuldfuivass(Opto-

48

)
Couplen mansahunussgnalilunisesnuuuniunului Tasldudnnis nsvuas

AuANNIELEge wazLsauliihimuRausaiulviiigs

TLP521-2

3C (
4C

g 7

Py
: 8 P, X ""\J‘}E-.':

i o 1 : 3/ - ¢
UM 3116 dunisnaslaseaiiniguentaslediuas TLP521-2

=i = - €
A5199 3.9 Swazidunvuasladiues TLP521-2

AR Fovaawn
1 Anode
2 Cathode
3 Anode
4 Cathode
5 Emitter
6 Collector
T Emitter
8 Collector
M3197l 3.10 AumTRvaslefiues TEPS21-2
ANENNTAVBUTUIDS Auguanwal | A1 Agedn | wde
Agn
WS8R (Supply Voltage) Vi - 15 V
NIENALUDE (Forward current) Ji 5 25 mA
NSZUARDALAALABDT Collector current) Ic . 10 mA
90NN (Operating temperature) g -25 85 °C
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3U 3.17 29s0aUldleluiained (Opto-isolator)

3.3.3 DAQ Card NI USB-6009

o [ as C as ot [ = 1
nszvuwasdyanaouaeandya ) ueauli i lawasdy g auniuduladinli

WUudygyrundneadt Sudenld DAQ Card/ NI USB6009® w1z ludagunsaiiifiai

aviBeage anisadudymrudunalanatodedme inrsavnuntsiaudulusinsy

- ¢ < " ¢
AouInesgnIdeNsialngesn USB

51971 3.1 2 Al Russ NI-6009

LTGRO

NI USB-6009

AILAZID IRt ST I BUNR

14 DAy differential

13 UAlUY single-ended

999N 15N VR ITR R IBUNA Single’Channel

48 kS/s

onsIMsdugdnvasdUsIad N Multiple Channel

48 kS/s

nMsivunAYRTYmATnaa (Bunn/taTriwe)

donuugenuas

ﬂ% -

GND = ﬁ E| P0.0

Al (A10+) || |[IED] Ed | 1 Po.1

Al 4 (Al 0-) @ PO.2

GND QIE3| ! Poa

Al 1 (Al 14) fav | PO.4

Al 5 (Al 1) I3 % || Pos

GND 3 P0.6

Al 2 (Al 24) &3 | Po.7

Al B (Al 2-) bl s | P1.0

GND ‘=l | P11

Al 3 (Al 3+) & E P1.2

Al 7 (Al 3-) & |} P13

GND &= PFI0
AOD 0 il B3| 1 +25v
AO1 5 5 +5V

GND = jl GND

T

sUil 3.18 Aunusiasiudygradunaiarlasiaiientguanvas DAQ Card NI USB-6009
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(Valsalva maneuver)
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3.4.2 29ALUUNAHDUSZUUNTNAFBUITI0AUDIUYLID5 (Valsalva maneuver)

2
= =

lunAdeilsidenldniseanuuussuumveaeuisioareiuyiied feve PvC

d! a =l o A o s
Fadusruula sxiliduiesnnudiu pressure sensor) e Tnarmsudnlululen

pressure sensor ] filter ] mouthpiece

= ey | degs v | ML\ e : | Wi
3Un 3.25 qﬂﬁsm_;s‘n"l,ﬁaanu.‘u-u's_::u*um-s_wﬂﬁauﬁ"ma.a@naawmgnai (Valsalva maneuver)
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JUN'3.26, sxuimsnnaeuitieanoi1@ilaes (Valsalva maneuver)
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‘J o/ s a :; 1 - =
M19714M 4.1 ﬂ’liVIﬁ]ﬂE]‘U’JﬂLL'i\iﬂUIﬂEJﬂTiﬂE)Uﬂ'ﬂﬂJﬂuGNLWI 20 i3 300 fadiunsUsen

wsafummHg) | A%afil (Volt) | mdafiz Vol | a%ed3 Vol | eAnaas (Vold
0 0 0 0 0
20 1.88 1.72 1.82 1.8
40 1.88 1.7% 1.82 1.87
60 1.94 1.84 1.9 1.89
80 23 2.38 231 2.33
100 2.45 247 2.58 2.5
120 274 2.62 2.6 2.64
140 291 28 291 2.87
160 2.96 3 2.94 2.97
180 3 3,05 3.1 3.05
200 3.06 3.07 3.1 3.09
220 3.06 3.07 - i
240 3.06 3.07 B 1 31
260 3.06 3.07 <% 3.1
280 3.06 307 3.1 3.1
300 3.09 3.09 .7 Fe 3.1
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His The test results of the baty the pressure p on the sensor and the voltage
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4.2.1 m‘smﬁamwsﬂummmuné’utﬂa (Inverting Amplifier)

’ N A s
2 "Ho(*' 2

-&“"

R1(1) A ,-\J

= W o
3UN 4.3 1995veneuuunduimaneanuuull



WITVEBUUUNAU@esnuuUbIISn vt 4.3 wih Tnedneussiuduwedl 1v

as ¢ A va W ar o
wardyananordnanlaiiAviniu 4.3V fagui 4.4
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4.3 NIVAFBUINRTVYHYYIUVDITZUUIARAUINA WA TR
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4.4 ATWSIUVDITSUUNINUA
Usznaulumeszuuinauduladin seuuianaulniigile way DAQ Card NI USB-
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DAQ Card NI USB-6008
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v ; o 4
- QEY18U Sine Wave 112130 2 Hz
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- #fYeYad Sawtooth Wave iaaug 1 Hz
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- deyeyrad Sawtooth Wave fiRnad 2 Hz
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1 L ¢=i' d
- AUBNFEYIU Sawtooth Wave niaug 3 Hz
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4.6.3.1 dysyrad Pulse intervals (PI)
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LinearRegression UP Sequence
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vaausazAuaziuAl Baroreflex Sensitivity (BRS)
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FSR® Model 400 Short Tail

Force Sensing Resistor®

Model 400 Short Tail: Sensor Mechanical Data
Active Area: @5.62mm 2556
Nominal Thickness: 0.30mm s . i T
Swilch Travel: 0.05mm M £ VGAEAREN | THREER0
oA —R3.
I v T‘_‘.{-; g 3.8
a2y
g B 1
3 ’ RIS
o I
Available Part Numbers: : !l l_'lf‘ i
A
PN: 34-47021 Model 400 Short Tail A 6.35 |= -l=—0:10
- Na contacls.or solder.labs
PN: 34-00005 Model 400 Short Tail
- with female.contacts
PN: 34-00006 Model 400 Short Tail - NAWARd i ADHESIVE
- with female contacts and housing f‘\ NN N *:'_,__ TOP SUBSTRATE
PN: 34-00004 Model 400 Shori Tail AR . _— SPACER ADHESIVE
- vih Bidmns Sl A {BOTTOM SUBSTRATE

SECTION A-A
LAYER STACK-UP

Exploded View




ascale Semiconductor
Data Sheet: Technical Data

MPxx5004, 0 to 3.92 kPa, Differential
and Gauge, Integrated Pressure
Sensor

Freescale’s MPxx5004 series piezoresistive transducer is.a state-of-the-art

monolithic silicon pressure sensor designed for'a wide range of applications, but

particularly those employing a micrecontroller or microprocessor with A/D inputs.

This sensor combines a highly sensitive implanted strain gauge with advanced

micromachining techniques, thin-film metallization, and bipolar processing to

provide an accurate; high fevel analog‘outpul signal that is proporional to (he

applied pressure!

Features

*  ~1:5% maximum error for 0-to 100 mm HaO over +10 °C to +60 °C wilh
autozero

*  2.5% maximum error for 100 10 400 mm Hz0 over #10 °C to +60-°C with
autozero

* 6.25% maximum error for 0 o 400 mm H,O over 10 °C 10'+60 “C without
autozero L .

*  Temperature compensated over 10.C o 60 °C

* . Available in gauge surface mount (SMT) or through-hole (DIP) configurations

+  Durable thermoplastic (PPS) package

Applications

+  Washing machine water level

*  Ideally suited for microprocessor or microcontroller-based systems
= Appliance liquidlevel and pressure measurement

*  Respiratory equipment

100

Document Number: MPxx5004
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1 General Description

11 Block diagram
Figure 1 shows a block diagram of the internal circuitry integrated on a pressure sensor chip.

Vs
i ey B e it e o A
I 1 |
| I
I Thin Film GainStage #2 | |
Temperature and
: Sensi ion Ground —:-—\.\,..rr
and Calibration Reference
[ Circuitry Shit Ciroultry I
I I
R S Tl b S e Vi Mk i S i o4

Do not connect to external circuitry or ground.., *°

WOl ‘ ot connedt ry onground.

MPxx5004

Sensors
4 Freescale Semiconductor, Inc.
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2 Mechanical and Electrical Specifications

21 Maximum ratings
Table 2. Maximum ratings!

102

Rating Symbol Value Unit
Maximum pressure (P1 > P2) Pax 16 kPa
Storage femperature Tsra =30 to +100 °C
Operating temperalure Ta Oto +85 °C
1. Exposure beyond the specified limils may cause p t damage or degradation 1o the device.
2.2 Operating characteristics
Table 3. Operating characteristics (Vg = 5.0 Voe: T‘ = 25 °C unless otherwise noted, P1 > P2)
Characteristic. “ Symbol Min Typ Max Units
: 3e2 kPa
Pressure radog : Pen 0 5 400 mm H,0
Supply voltage!" ; Vg 475 50 525 Voc
Supply current ' lg - - 10 mAdc
Span @ 306 mm H,0 (3 kPa)2! : A v' / & 30 - v
Fulkscale span @ 400'mm H,0 (392 kPa)@ 28 1 3.92 -
Offseti Vorr 0.75 1.0 1.25 v
Sensitivily VP = 1.0 — V/kPa
@6 B B 1 0 SO > = wt %VEgs with
Accuracy 010 100:mm H,0.(10 ‘Cto 60 °C) . ! 1.5 el
P — 4 ) A > " : %VEss with
100.10 400 mm H,0 (10 "Ctn._aﬂ_.CJ — 25 Bipedith
— BB 1/ RS (VNN %Vegs without
|00 400 mm H;0 (107 1080°C) | | B 2 2625 autozero

1. Dévice is ratiometric within ihis specified oﬂeﬁm fange.

2. Span.s defined asthe algebraic drliotomn lhewlpd
préssure.

3. Off$et (Vo) is defined as the output voltage at the minimum raml pressure.

4, Accuracy (error budget) consists of the following:

Hage al specified P

and the output voltage at the minimum rated

Linearity. Oulput deviation froma straight line 'zqmmnphlp.wﬂh pressure, using endpoint method, over the specified
h pressure range.

Temperalure hysteresis: Output dqﬂaﬂon al any temperature wlh{n lhe “operaling lerrperaluw range, afier the temperature is cycled to
and from the mi imum or i P points, with zero differential pressure applied.

Pressure hysleresis: Outpul deviation atanvprossurawlmmhe anc.lﬁed range, when this pressure is cycled to and from the minimum
or maximum rated préssure, at 25 ‘G

TcSpan: Culput deviation over the temp range of 10 “C.1o 60°C, mamtuzs-c

TeOffset: Oulput deviation with minimum rated pressure applied, over the temperature range of 10 °C to 60 °C, relative to

Variation from nominal:

5. Aulozero at factory installation’ Due 10 the sensitivity-of the MP:

28°C
The varialion from nominal values, !oml'lm or full- scale span, as a percent of Vggg, a1 25°C.
G, extemal i | and 'g position can affect the

zero pressure oulput reading. Autozeroingis defined as storing the zero pressure output reading and subtracting thns from the device's output
during normal operations. Reference AN1636 for specific information:The specified accuracy assumes a maximum lemperature change of

5 "C beh

and

MPxx5004

Sensors
Freescale Semiconductor, |

nc. 5
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3 On-chip Temperature Compensation and Calibration

The performance over temperature is achieved by integrating the shear-stress strain gauge, temperature compensation,
calibration and signal conditioning circuitry onto a single monolithic chip.

Figure 3 illustrates the gauge configuration in the basic chip carrier (case 98ASB17756C). A fluorosilicone gel isolates the die
surface and wire bonds from the environment, while allowing the pressure signal to be transmitted to the silicon diaphragm.

The MPxx5004 series sensor operating characteristics are based on use of dry air as pressure media. Media, other than dry air,
may have adverse effects on sensor performance and long-term reliability. Internal reliability and qualification test for dry air, and
other media, are available from the factory. Contact the factory for information regarding media tolerance in your application.

Figure 4 shows the recommended decoupling circuit for interfacing the output of the MPxx5004 o the A/D input of the
microprocessor or microcontroller. Proper decoupling of the power supply is recommended.

Typical, minimum and maximum output.curves are shown foroperation over a temperature range of 10 °C to 60 °C using the
decoupling circuit shown in Figure 4. The output will saturate-oulside ofthe specified pressure range.

Fluorosibcong Stairless
Gel Die Caal Die Siee! Gap
E§md—
A \ i Thermoplasfic
Wire Bond V Case
LBad Frame )*\ b W
\J A
P2
Dilfergniial Sensing Element \ Die Bond

Figure 3. Cross-sectional diagram (not to scale)

Veur ouTPUT

Vs

7S
I.o WF Iam aF  GhD 470 pF

Figure 4. Recommended power supply decoupling and output filtering
(For additional output filtering, please refer to AN1646.)

MPxx5004

Sensors
6 Freescale Semiconductor, Inc.
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50 T T
TRANSFER FUNCTION: /
Vo = V5'[(0.2'P) +0.2] + 6.25% Vpgg /
401 vg=50Vvde = =

TEMP = 10 °C to 60°C

MPxx5004

Sensors
Freescale Semiconductor, Inc. 7
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