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De%ﬁb&...bﬁ?fﬂé"@@}_ﬁ%m@_éelﬁmé andl Actuatoe for_Biomedicat. Applicatior
Meny different Kiads OF Sensoss can be. Used i biomedicay. application:
ACCQ@M%F?QJ{}%__%%%% _principle. in_biomedical. .application, biomedical.

——————————

Sensoxs Can be Classified into physical. Seneors afd Chemical Sensofs:
_H'.’S_Fpgs_i b{&“@_,_ggge_chg@_z_&_ Ol Censoss As bg’—"ﬂ~9h”f‘m of_Chemical. In the.

o A

case. Of Physical. Sensors, Guantities :_S_U_d_’z_%_%ig‘]?étlig;_mﬁd’)anical. thexmal,
and_hydsaulic. \adables _ate. measured- In biowedical._opplications these.

Manables, Can include. thinge Sueh ds muscle. dieplacement , blood pressure,
ody_teempecatue. , blood fiow , Cese brospinal fluid pessute. aod-bose.

Qrowth Velecity. the Dioet fipe. of Physical Sensof that finds many application

in_biology and_medicine. is_optical. Sensof. Thece. sen<ore Lan Utilize. Light
LCollect. informabion and in te. Case. of fibes optic. Sensors, light. is the Signal.

trancmission Wium#%d%;@-gé_o_ﬂdum_gﬂ%_Clqs_si_ﬁgc!_b'_om_f?ﬁéﬁmlmij device.
is Chemical sensors- 1n this Cace. Sensosg are. Concerned wih_the, chemecal.

the Concentration of Vacous Chemical .Species , and f‘mr_ﬁtgﬂo%_ﬁg Chemaal_
activities in the_bedy fox diqcénostic_ and_thexa peubic_application - Dihey types

of _Physical. Chemcal, Sensois Such as the. masgs . Spectrometes Utilize \aious

physical._metheds &f b detect and_Quantify_chemicals dscodiated woith

biQLDgﬂiG- JQLB_S._@I@ The. e, OF b'lDLDC'i]Jri;: Yeaction c:%ives &dehd@é_gg_ﬁéqé__
high Sencitvity and_Specifialy i idenbifyinq and quantifigng biochemical
Substancee. -

Oxucen ansl Carbon dioide Sensor for biood

e

| Measy ements Of actetial bleod gas (pOa and p Co—a:fa;d

_PH _cue\:_-
ﬁe%@%___pe(_@qu__b%*QD,_Crib'CCIL_. Patients in_both_the. Operaking Yoo, oy

intensive. cae. ot Jhey are._Selected ond Uised by the. Physician t> adiyst
mechamcal Ventilation & adminictey Phaimacological ageats. T
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Heait sound Sensoxr

1%

The._expancien_and Shnnkacﬂa. of‘ heaft nacesaanLH leod th& anmno_g_ap Gftmj'
that is ?osmd_b%‘bl@d_m(bmmc& in_vein. e, _¥ange. Of_heart Sound is_from_20Hz |

to Q00Hz - Lowd limit. frequency of heast Sound Could reach oot 4Hz ond_high

———

iecuen_qj_ bt is Qreaks. than 1000 Hz

___;._Loni_ﬂm) Sensa(

e e e e e ————— e ——————

P B LS

If OXJ.ICden and Nubxents ave to seach t;ssu&S; thf’- HﬂUJ OF bw:d must be MM

.- |measured 1o

In ':D:Lg Condiae_output flow is often measuied as an index. of CArdiaz | Petformance,
blood " fow toicuch artesial graft i Used to_ensuie. that a guft hos. been Sucr:es_,ﬁu‘_
JQS_&fted_dunn%__SurcaexLé oy the. blood flowin. Pex;php_mﬂ_ Gﬁ’tﬂ:(\e—S , and \ems My |§._§
> _(ssess \asculat diseases. *

J

g
-

=1

!

R&C.Dﬂ{dtlm Sﬂgﬁﬁ

C.ﬂ"C.

R b\ow)ed:c:aL YecearCh gag

_Ineede to be Sametimes derected th ecord Hee. phjsuo%,cal Sintys. Thexmmstof is

-a’)Ltﬁ&Mtbmn(j ,fe.spmmtm ﬁea,uen of gat;ent %

mounted to fhe Hont-end OF biodes. ACco{derj o the Chan%c, _of_theqm Stog \ \mue.
the. yespivation F{ecbwmonj wowld ke medasured.

ACtUCVthE foc Biomedical. P\pphcqhms

Lab-0n-a-Chip CLoC) : LoC is a_ cloes of . ﬁCGDFU.ldLr:. -

Confiqured in @ Siogle ~Chip forn thed is S_plmacly designed fog biologicay of
Ehemcal Piocessing dnd analusis.: fhesedences alian minatu 2afion ond

amalqumalion 0p Cowplex. piocesses to ke implemented on a Sma crip, which
Dtherwice needs b be. operated Via_ Yecehitive L Lﬂl:m'ath_Ld tasks . Bezoelectyvic. acty

|have. beza_ove type D the actuatots Wdely Uced os micropump elements in LOC

o Contrsl._the fuud flow with hlcah accumc% S

Imigmgi:_abla Dw

fchnologies_have enabted nmpwntqbw bamd.cci_deuace.s .%peaqmd__m to

oysteme afe. Compeiced of wicso Yesexwovs that Stove . ligu,

assist in the. diagnosic_dnd treatment of chxonic. ¢ acute. diseqses . M)G’Dmad‘

dm% deuvg\j Syctems dre._amerg_those eme.r%mca implantable_devices. man% of t
d-phase daine mad
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| Micioachuators that Constitiute. o mechaniem o eject: the diugs Uk of e Syten

and_delives. them 1o the, irn«,gl.ggted Sifes.

——=|{Cacdiac Devices : Many implartable devices are. targeted ot pioviding enhanced

diaquﬂ%% e ond /ox_therapeutic treatmente fox_Specific. diseases in Vivo.

Cachac. implants are._a_good._example. of them: Atherosderosis is a_type of
Cardiovastulay_dicease. ohete. artesies become. basdened _and_panwowed due t

—|Plague build-up on thei inner watts - In conjunciion_with batleon angioplasty
| eat athexosclerosic | the. encbvasculay mechamcal impLants CuMed Stente are

CommonLLa' Used 0s chronc Vasculay Scaffolds to keep the bblood Vessel Open.
_M_Q-F_CG_YHI}@X_Q% awulable Stents are metatic, made of biocompatible,
Aloys Such as medical -Qrade. Strinlecs Steel and MNitiool (to_Configure. baltoon

=

expandable 0§ Self —e)tpqrdinca Stents. '

|Suvgicat and Endoscepic Tools : MEMS actuators offes promising_oppostunities

|00 _Sha QFL“M%M@M_LQ_&ZD elechic and poeumakbic. psinciples and

in Cr_%aiﬁrtj novel. sw%'«_ca_i._dzmcas 0s well. In_particulax ;these. actuators baged

Yelated fabrication processes Qte.paving avetues 1o Mnab m‘.qu and_improvinc
the trols for Surgical j intesventional. o selated procedures incluckng_Cothefex
manipulatprs,, endoscopes_and imaging devces. Utilizing the. feqtures of nancmet

ey Kan%e_.__ﬁ'%tzujim and_fust vecponce, , prezoelectic. microactuatoge have baen
gwﬁ;@dﬁ_d&&&@q and_Scanning th:ﬁeqmnctj_mser ng_wa%m

purposee. for example. ; ferhanogiu et al. Yepotted. Yapid ¥emovay of buik tumars |
and bhones Lﬂsmqﬂ the. hmm didmetes fikes device Compased ©of an oiy-cote

photonic_bandgap fiber for dwveruﬂ of_hgh enerqy lases pulses  pezoelectic

fube Qctuatol fo¢ fibes S@mrﬂ_g_aad_tup acphenc. lences -ﬁ--@sﬁqﬁ’d@_m@*
beam: 10_enhance. the Vicualization of fine. biopsy needles undes Uitvagound imetgy
the needlo - Uke. Catheter that equipped d_mniotunzed Wbasome. OCtuaty ok,

developed with a PZT loyes sandwiched between o flexible, eloctyodes, Lsing
MEMS techoology - Peing_attached £ 0 Cathoted., the. actiatn( Yadated low-integ

u:]ﬁuJbrqsgmﬂmdatacﬁm+Q&mq_an‘ogs_ﬂ_r}egdtc,_ﬁp_.Mﬁmﬁfggﬁ;&gmﬁ;

actuotors_Shaped with Soft ond flble elastomers are Concidered as one oF

the. most Suitable condidates fox_ Surgical device. Gpplicgtions.
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Descibe, with Sketches and_examples of ﬁ)_:c_ﬁ_ﬂnpo.ﬂé__"mc boslc_mw_ﬁﬂ instgumect

ol

]

Stiain Gouges

Styain qau%e.s Consist Of d Veq 5@,_11@41]11&_{:@L etc\rvcdﬁ G gad_ Pq‘ctam Lwohich
5 _tpodedd to Q_desice_and._used o medsine the Sbain.0¢ dmaunt oF_d.aEzmt

ion_Of the. device. when we.ohtg_P_te.quYe IS aophed ;
_ ELeﬁtﬂf-rlL Wires

GIOUG.P
N I i # _
%auamq ——— — 1= Va (Leads) \
= e e 7 1
= = b AN 5
—_— ——— g
7 N )
/ \
a Soider-Pk -

Resistve. faL

Jovce Sencore

Fe force._Sesoxs ate. Sensors fo_mass. Pﬂductron that. ws_e-_éhan_c%aucaes

..';_-s

_.\)

LDC]dCBué

| Minebea manufactures load Cels . ﬁw: ~Use. Stfan Qouges to ConvexT u)e«c&ﬂt into
: elzc:bncm_ outpuL . - :




Descibe. briefly case._stuudies of tuo medical. feasurernert. insixumerts.

__|MERCURY IN GLAGS THERMOMETER
y __Eé;_.n_m_e_{wr_td:ig;%q%%_oshqug___MWm;ummm_bﬂﬂpb@gst_

. |Davier. Gabriel Tabvenheit in. Amncterdam (1314). Jb Consists of @ bulb Contin
e {Inq-Meray attached _tQ,.,QACHLQS_:‘E;_‘mb_e_ﬁgﬂnﬂﬁoglﬁdiammf,;ﬂiﬁ#ﬂ&mﬁﬁ__

—{terary n the Buke is much (ese than_ the Voume. in the. bulb. Yhe \idume. o

m‘mﬂﬂmc-han%%-ﬁucghﬂﬂ_..wiﬁﬂ_-‘twpaf@-&fe._;_the_ﬁm_o_ll_l___Qmﬂ&JO._\@H_m__dﬂyag
the. nanow_mexany Column_a felatively long way Lip the. tube: The Space

|above. the._mevcury may be filled with nitvogen Gas px it_mauy be OF loes thar

the. ik is_mode. To_teach thermal. equilibrium with 0 tevpesatute. Stavdard Suds e
an_iCe. wakx tmxture, and_then with -anether_Standard_such as_water Nagous, and

|the. tube is divided into veqular_intervale between . the fixed points: In peincple,
|thexmonnetere_made. OF di ;g;ez:eot_mgtmq_lg_f&g,.Cowuxed_ak.mwmmﬁ_

__|atmosphexicpressure. ; O partial. Vacuum: In ofdes to catiblate the. thermometes

Might. bej;;pe&t@d_tn_%ﬂ@.dﬁ%ﬂt_iﬂtem}edi&t&__rmdiﬁ%f:_;die_llg_di Frexent: exoan

__lon propexties ; in. Practice. the Substunces Uiced are. Chosen tg_m_\_f_e,_[mmgmg_

lineay_expansion_Chasacteristics as_a_functen of Jisemwdndna mic. terpesature, any
So give. Similai_tesults: Lo the first decades 0f the 1%t Contiany in the Qutch

Republic. . Danvel. {‘EJhf_cnhai,tﬁ_mo_la__hm_h(&/@t‘gti_m%g_e_q&ﬂxgu%bs in_te h‘st_qndh
Of thexsmometi). He. iovented the mextuy=in-glass thesmometer. (it widely_(feed,

acaxate. prlactical. thetmomere)_and fahenheit seale Chret Stardavdized ferpesah,
o Scale to be_widely Ueed): Toe gppication of mescury CAFAA) and fabesheit.

scate (1F29) fox uqu;d-im-g%ﬂmm@s;uqu_mm_M@_@gg%

and_precigion_in ﬁ\e{ﬂmae,tﬂﬂj ad_is_ bl o this da% (as OF ﬁ%)_l’;e%Q_Lded 05 One.

tempexature. ronde._from =37 o 356 C (=35 to 673°F); the. instrumeqt : Hipry
|tespexature, YooQe May be_extended. theough the_ intioduction of g e

Such s nitxfz%go.__ﬁs_imtrgdudjm_tzﬁ_. ag_hmest._ca%ﬂqe.gggs_ﬂﬁh_me&sﬂ o o B
ceplacing_the. Ryrex_glass with fused G

sange. o be extnded 0 800C CAF70°E): Mexcury Connt: byt g o

i j;_e;qgemmrﬁr@tﬁum.it_kz@m&s*%d#: £-83c_(-371-89° £} . the,
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SPHYGMOMANOMETER - - -

A 5Phgﬂm9mm¢u_is_a_dwmw blood prescure - It is_Composed OF

on_inflatable. yubhes EUFE, which_is' widpped around the. axm: PLmeqis.,{_J&in% dexice.
indicates, the. CUFf's pressure.. A bulb inflates the CUFE 0nd Q. Vaive teleases

— |pressiife- A Stethoscope. is_Used tn listen o atterial. bod flowy Sounds As the

heart: bwts_i_btmd_fp_m@d_tbtucab_ﬁg&“%teﬂe& cause d_Sise in_pressure., Called

Systolic._pressure , followed blg_q decrease. in p{eigxa_gs_ﬂae*mgxcs_ymtﬁgw__

— Iptepare. for ancthes beat Tive m_p_f_ags_urgqs__m_ad__ﬁv_eﬂastoﬁﬂ pressure..

The, Sphygmomanometel_Cuff i inflated to well Obove expected Systilic pressure

As the \ale. is Opened ; CuFE ggg_ggggr[élmuj)__dwe.ase,s- When_the. CUff’s
Pressute_eguals the Qrtetial Systolic. Pressure , blood leegios to flow_past_the cu

Creating_blood flew turbuience ~and_audible. Sounds- Llsing a Stethoscope. ; these.
Sounds are heatd andthe Cuff's pressure is fecorded: The. blood flow Sounds

Will_continue, UNGL the  Cuff’s pressure. falls below the artetial. digstolic Pressur

The Pressure. udhen the bood _flow sounds stop indicates the diastolic. pressure. -

5_\5§tcauf- and digstolic, Pressutes ore. Commoniyy Stelked s Systolic. ver! diastusi
for example , 420 over ®0. Bloed, fious Sounds are Called Koxotkoff Sounds.

There_are threz types of Schyamomancmetere ;Di_%itgim%RMﬂ%momcmetu;_Q@_

outomated provicliosg__-btood_.p&«_z_ssura_,teqdb_ci_@imp_t_rthr}eedm_a -Somedne. 1 opeya
the Cuff o Usten B the Blood flow Sounds: Howeves digital. types ave. pss

accurate. Some_healthcare. providers Uee, di %iqﬁ:.{pf+5qu3.th¢Lﬂ%a_mgMﬁ

Sphygm omdnometers 1o \alidate _@ﬁ%_ia.m&mﬁ_oos;mrgmuﬂl_gpbﬁ Mo

opmebers (oneict of anesoid (diak) and mercy Qc_qw_mldmm_sg_@{;qqmcjﬂal@

anexoid _and ey d@i&&Jmlﬂﬁﬂx_ég_m..f_a@t_M_gmid_dQVLCES____
feguive. _Pesicdic_Calibadtion.




