ACTUATI ON SYSTEM FOR A BODI LY FLU D EXTRACTI ON DEVI CE
AND ASSCOCI ATED METHODS BACKGROUND OF THE | NVENTI ON
[0001] 1. Field of the Invention [0002] This
application relates, in general, to nedical devices

and, in particular, to nedical devices for the
extraction of bodily fluid and their associ ated
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uch i.n and/or disconfort is due to the si cal
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penetrati on nmenber. However, a significant portion of
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[0005] It is known to employ various bodily fluid extraction devices (e.g., spring-

loaded lancing devices) to aid in the expression of a bodily fluid sample. Such bodily fluid
extraction devices typically require a user to prime the device, urge the device against a
target site, and then press a button or other switch to manually activate the device such that
a dermal tissue penetration member (e.g., a lancet) within the device is launched towards
the target site. The dermal tissue penetration member then penetrates (e.g., lances) the

target site, thereby creating an opening for the expression of a bodily fluid sample.

[0006] Extraction of a bodily fluid sample using conventional bodily fluid
extraction devices can induce pain and/or discomfort in a user. A portion of such pain
and/or discomfort is due to the physical penetration of the target site by the dermal tissue

penetration member. However, a significant portion of such pain and/or discomfort can




1 also be nmental in nature due to the user's
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that include an actuation system 2

SUMMARY OF THE INVENTION

[0009] Medical devices and methods according to embodiments of the present
invention serve to decrease pain and/or discomfort associated with extracting a bodily fluid
sample due to a user’s apprehensive anticipation of target site penetration. The medical
devices and methods also serve to minimize unsuccessful attempts at extracting a bodily
fluid sample. Medical devices according to embodiments of the present invention include
both actuation systems for bodily fluid extraction devices and bodily fluid extraction

devices that include an actuation system.



[ 00101 Enbodi nents of actuation systens for a bodily
fluid extraction device according to the present
i nvention include a detector cap, at |east one
vi bration sensor connected to the detector cap, and at
| east one signal processing unit in communication wth
the at | east one vibration sensor. In addition, the
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The signal processing unit of the bodily fluid

extraction device is configured to receive an out put
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hou%ﬁl%, glancet attached to the lancing mechanism, an automatic firing mechanism and an

actuation system. Furthermore, the actuation system includes a detector cap, at least one
vibration sensor connected to the detector cap, and at least one signal processing unit in

communication with the at least one sensor.

[0013] The signal processing unit of the bodily fluid extraction device is configured
to receive an output signal from the at least one vibration sensor, to analyze the received
output signal, and to send an actuation signal to the automatic firing mechanism based on

the analysis of the received signal.



t he anal ysis of the received signal. 3 BRI EF

DESCRI PTI ON OF DRAW NGS [ 0014] A better understandi ng

of the features and advantages of the present

invention will be obtained by reference to the

followi ng detailed description that sets forth

illustrative enbodi nents, in which the principles of

the invention are utilized. and the acconpanying

drawi ngs (wher BRIEF RESCRIRTION QEQ%MN%$ ke

el ements), of which: [0015] FIG 1A is a sinplified,
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. to _exenplary enbodi nents of the preesent invention;
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[{)()li)E]‘SCRI PTE{N a‘éﬁﬁpﬁﬁ\l}éﬂﬁi{éﬂﬂm cross-sectional view (not to scale) of a

bodily fluid extraction device according to an exemplary embodiment of the present
invention that includes the actuation system of FIG. 1;

[0019] FIG. 4 is a simplified schematic cross-sectional view (not to scale) of the
bodily fluid extraction device of FIG. 3 with the inclusion of optional pressure sensors in
the actuation system; and

[0020] FIG. 5 is a flow chart illustrating a sequence of steps in a process according

to an exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0021] FIGs. 1A and 1B are simplified perspective/schematic and bottom view
depictions, respectively, of an actuation system 100 for a bodily fluid extraction device

according to an exemplary embodiment of the present invention. Referring to FIGs. 1A




[0021] FIGs. A and IB are sinplified

perspective/ schematic and bottom view depictions,
respectively, of an actuation system 100 for a bodily
fluid extraction device according to an exenplary
enbodi nent of the present invention. Referring to FlGs.
IA 4 and 1B, actuation system 100 includes a detector
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n sensors. 104 are enbedded in
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portion 108b. Wen force is applied to dlstal surface
outpgsigealy.  a force resulting fromthe urging of

det ect or cap 102 against a target site), deflectable

portion 102b of detector cap 102 is configured to flex
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below, in the circumstance that vibration sensor(s) 104 is a piezo-vibration sensor,
vibration sensor(s) 104 will, for example, produce a voltage signal in response to vibrations
(for example, vibrations in the range of 10 microns to 100 microns in amplitude) caused by

the pulsing of blood through the target site.

[0024] In actuation system 100, detector cap 102 is shaped to fit securely on the
housing of a bedily fluid extraction device. However, detector caps of any suitable shape
can be employed in actuation systems of the present invention. Detector cap 102 can be
formed, for example, from a resiliently deformable material, including, but not limited to,

an elastomeric material, a polymeric material, a polyurethane material, a latex material, a



the pul sing of blood through the target site. [00241 In
actuation system 100, detector cap 102 is shaped to fit
securely on the housing of a bodily fluid extraction
devi ce. However, detector caps of any suitabl e shape
can be enployed in actuation systens of the present

i nvention. Detector cap 102 can be forned, for
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about the circunference of detector cap 104, as shown
in FIG. IA and 113.
[0026] One skilled in the art will recognize that vibration sensors 104 serve to

convert mechanical vibratory energy into electrical energy. For example, a piezo-vibration
sensor can produce an electrical output that is proportional to the magnitude of a
mechanical stress induced on the piezo-vibration sensor. Thus, when a piezo-vibration
sensor experiences a vibration induced mechanical stress, the piezo-vibration sensor
produces an output signal (e.g., an output voltage signal) that is proportional to the

mechanical stress.

[0027] Blood pulsing through a target site induces vibrations that can be sensed by

vibration sensors 104 as detector cap 102 is urged against the target site. These vibrations



[00261 One skilled in the art will recognize that
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circumstance that the actuation system includes three identical vibration sensors (each

D'

connected to the detector cap in the same manner), the signal processing unit would receive
output signals from each of the three vibration sensors and, for example, compare the
output signals to one another and send an actuation signal only when the three output
signals are in agreement within an acceptable error range. In this event, it is postulated
without being bound, that the three output signals being in agreement indicates that each
vibration sensor is experiencing the same vibration and that, therefore, the detector cap is

squarely positioned against the target site.

{0030] Once apprised of the present disclosure, one skilled in the art will recognize
that, in general terms, the signal processing unit is analyzing the output signal(s) from the

vibration sensor(s) for the presence of a characteristic output signal that indicates proper
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the signal processing unit results 1 n actuation of the

bodily fluid extraction device only when the device
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[0033] Moreover, when an optional pressure sensor(s) is included in actuation

system 100, signal processing unit 106 is further configured to receive a signal from each
of the pressure sensors, to analyze the received signal from the pressure sensor, and to send
an actuation signal to the bodily fluid extraction device based on the analysis of the
received signal from the pressure sensor. Actuation systems according to embodiments of
the present invention can have any suitable number of pressure sensors. Furthermore, such
pressure sensors can, for example, be disposed on or in operative connection with the

detector cap in any suitable arrangement. For a more accurate detection of pressure, it is



[0032] Actuation system 100 of FIGs. 1A and | B can
i nclude at | east one optional pressure sensor (not
shown in FIGs. I A and 1B), each in comrunication with
signal processing unit 106. Any suitable pressure
sensor can be enployed including, for exanple, a
m crosw t ch- based pressure sensor or pressure

from RS

ransducer, bot h of whi.ch . are . ava Iabl
P“‘&fff‘é’g‘ﬁ h pregsure é?qseﬁ.h?gwﬁ%lgcfu{’ ¥ eniplbripapad apart
relumlghlgl?@ony&()th&ooaa] Mor eover, when an opti onal

pressure sensor(s) is included in actuation system

100, signal processing unit 106 is further configured

to receive a signal fromeach of the pressure sensors,
[003d] anal yPeestire sesoes are dpisorah il achuation khsterns 8&dedig to the present

sensor, and to send, an,  actuation S|gnal to the bodily

inventiony QW YRz e incsioncef sysls disers provides aangansdo gronitapthe force
with SOREN BétectbIOR! 1000 el e B3R! SRNIPhna f}ssyﬁﬂe%ﬁbnal

systems accordi ng to enbddi ment
pracessgngtirotofdbe sigpale rexaived diiotrathk tprerssurb eensof(sp r”Hmsefb&a use of

Sensors, Furtaer re, ugqnqﬁ sur. for
PreSSEIR SO B Vi At o fescrbingdheeationsiia beiteen
detb&tr cApEL0R2ENAthERPzct Sitd WorSathhple! ShalfsiAYIRTEBhals ll_i%[n the jressure

nore accurate detection of pressure, It IS pre erre
SCNSPRS ICan prayider @slgdncetlmﬂmveﬁbelydie@m eap 102 suivetsediagaindt u target

o GHBL RS REh  ESE R PR SR B e s

ind$datds @R adeqiRtcprogutdis pRBeRits %%ﬁfe sucEBESl bﬂfi‘essmviﬁ‘é%odlly fluid
the inclusion of such sensors provides a neans

samfvi t or the force with which detector cap 102 |s ur ged
against a target site via analysis by the signal
processing unit of the signals received fromthe

[0035ESsur e Astiation fstem TO@Isaoafigured S6 dﬁiploﬁﬁ@:ﬁ:iﬂ[lﬁa B&dIBOMEd
praqvi des additional_ information describi

extRigTa HEie Pt AR A REIRE:lgRe Hns Iy oP0 ¥ 1Gng i mamplifigs eross
secﬁbﬁaﬁd 19(101?5%&2%41’&@—139@&’1%& (gée\ﬁ&ezoyl Vgﬂ?l)vﬁxcfhragmng K systems

rsccan provi an in Ion
accbrdmg tp aeficelirhents ofithe b@é&ent&nwmﬁﬁ edn bgamphiyed Sprigiloaded

|
tanging Gayife AOL I RS SRatsLa-200 AR L pap 204, & larting mechanis 206 that

is moveable with respect to the housing, and a firing mechanism 208.

[0036] Lancing mechanism 206 includes a primer 210, a spring 212, a backstop
214, an end stop 216, a lancet holder 218, and a lancet 220, Firing mechanism 208
includes a firing button 222, a pivot 224 and a catch 226.

[0037] The use of spring-loaded lancing device 200 to extract a bodily fluid sample
(e.g., a blood sample) from a target site (such as a dermal tissue target site on a user’s
finger) would typically proceed as follows. After having installed lancet 220 in lancet
holder 218, lancing mechanism 206 is primed by pulling primer 210 in the direction of the



i ndi cates that adequate pressure is present to insure
successful expression of a bodily fluid sanple. [0035]
Actuation system 100 is configured for enploynment with
a bodily fluid extraction device, such as a
spring-1oaded |lancing device. FIG 2 is a sinplified
cross- sectional depiction of a spring-loaded | ancing

dev. 200_w.t h.whi ch actuyati. on stens according to
QB e SUGTPHTIESALEE (D SPREALY O bedammpesel b B petbackstop
Zlgggd NockaRURY 218 %‘3 {if)g:aﬁ:ﬁ‘ﬁzﬁ% 20 Witk idﬁgashogdég %gtﬁ,' d})igigpicted in

an end cap | anci ng nmechani sm 20

FlGo¥.eBnd capdQ4ofrspsipgdoaded laingfisuise 200 isthen argeil migaigst the target
T M N
of thkQargdt iRNIEds prdtbRed thdiBe eAd dafbd ARGRErie (sﬁhﬁr‘e% c1)1{ged against

mechani sm 208 includes a firing button 222, a p
theptargehsite Ancsasueh 2 spBmefropboiientitionisereages trlikeljhbohofaisuccessful

' | Q to extract a bodily fluid sanple
GX@%h@g%gﬂgggu@gwp&} froma target site (such as a
dermal tissue target site on a user's finger) would
typically proceed as follows. After having installed

[o038NCet  2Afetcaftbia ifafhial depledfibn 8A Bring BRI D2 RE AR ST AR
is primed by pulling prinmer 210 inthe direction of the

firggamechenism 200 ® pivot 8vuhd pivoh2 24y reteagting c4teh 22(pandugladsing lancet

vl 5 DB EARE RRCL SRR S50 st 2Ty RO ouncing
larided TpOrtowdrds tibtatiRPhitd. Chnict hofdeb218 andEBisl &8P 220 Arevknt lancet 220

spring-| oaded | ancing device 200 is then urged agai nst
frophigaveling anore Hlana prpdeatersiingd distange. pressure to i nsure

expression of a bodily fluid sanple follow ng | anci ng

of the target site. It is preferred that the end cap be

N RN E .
end ¢dped0aRahsOd tadgdt Uit€ BEPinUeterMidiA@Ghb® SufBiticft Pestubd/has been

fluid sanple. [0038] Thereafter, nanual depression of
appliedite thedatgebsitexfop expressiansdia badily fluidisamplé.i Howgver, by employing

| Lo pivot around g vot 224 retracti . .
actd a?%@ﬁ%@séggorggggg g{ﬂhg%@é{f‘gﬁc present ivention w1t{1 aq:%dlly fluid
extraction device (e.g., spring-loaded lancing device 200 of FIG. 2), symmetrical
orientation and, optionally, sufficient pressure, can be sensed and employed to

automatically actuate the bodily fluid extraction device.

[0040] FIG. 3 is a simplified schematic cross-sectional view of a bodily fluid
extraction device 300 (e.g., a lancing device) according to an exemplary embodiment of the
present invention that includes actuation system 100 of FIGs. 1A and 1B. Bodily fluid
extraction device 300 also includes a housing 302, a lancing mechanism 306 (that is
moveable with respect to housing 302), and an automatic firing mechanism 308. Lancing

mechanism 306 includes a lancet 312 (e.g., an integrated lancet and test strip) and a lancet
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hol der 218. The rel ease of |ancet hol der 218 enabl es
spring 212 to expand, launching |ancet 220 towards the
target site. Lancet holder 218 and end stop 216 prevent
| ancet 220 fromtraveling nore than a predeterm ned
di stance. [0039] As previously described, a user nmay
have difficulty in symmetrically urging end cap 204

wh
BB e P 010 SRRt i
Ho
cad et sheiess b Lo W el gl oo

enbodlnents of the present i nvention MAth a bodily
actlo devi ce spring-1 o0aded | ancin

[‘"{ﬁ‘é i ce 2 n&m“l?ywﬁ%?qq ¢an|be agyisuitable alaﬂmamé ring
meBR4nifn th\)in t@Hﬁef kil th tllﬂ{ &P iid[@ingl ﬁff'l‘th&? E)ﬁgfé? tfl@ Elgzo—electn'c

enpl oyed t automati cal |y actuatwe
meghanisg ﬁmnbdrém UK Pt AppliSition Nb. 03233 5. mmucfqubocket No.

DDZ[A?J?IE&@ gﬁ &o@?tgéernggg?f a&)@l\éll' z?u\évoﬁgtﬁa If ood! alé%:p]éllg?rlns could involve,

f
forag@RpR (1PeleStréticAARAHNY 195BR AL PBBLse Afco Tes ss&% ﬁﬁﬁ%,ethe

|nvent|on that includes actuation system

expansign @f whichHawndhys 4 lancet towandratargetsitechr(iiy ee@bimagmstic drivers.
i ncl udes a housing 302, a |ancing nechani sm 306 (that
is noveable with respect to housing 302), and an

[0040] onat i stplré\hdilghf‘@é‘sbﬂbﬁds ButpABsigrtal FbMG/ibraBGEH §6HsS1¥ 199 Gre
|ncludes a lancet 312 (e.g., an integrated | ancet and

anal g bysigmg) progessing| uad t detanine when detetier eant HO2 isappropriately

ol AR08 59431, PR Bl At fom

vibratipaderspas 103% cahlubsottrrapalyzed bethe(s@dlprobess g&itho {defebinighproper
meohanl 308 can be any suitable automated firing
é"g%%mptle?i aneriselude dagnching pelageet 313c| udi ng,
but not limted to, the piezo-electric nechanism
described in UK Patent Application No. 0323350.9

t | filed (00
100485y "COREE RTioahat b PREFR A insbiraire SRELAGE Rl pesosnize
thaf mbcekmamls Gf bédi)y Rhidekfraitiondelited RlcoMiid i&&h@pfe@&rﬁ ti‘r‘n.re'i'lﬁon can

{el ease a conpressed spring, the expansion of whic
incfuge, 3 dRiestor AR pcvarions eiHigugations insluding, dorgaxapiple, a smgle integrated

det&th6idap WRYGSES GotH'ak YEERd cap and a detector cap (as illustrated in FIG. 3).

[0044] FIG. 4 is a simplified schematic cross-sectional view of a bodily fluid
extraction device 400 according to another exemplary embodiment of the present invention
that is identical to device 300 of FIG. 3 but for (a) the inclusion of pressure sensors 402,
(b) the inclusion of compressible o-ring 404 and (c) signal processing unit 106 being
configured to receive a signal from pressure sensors 402, to analyze the received signals
from pressure sensors 402, and to send an actuation signal to automatic firing mechanism

308 based on the analysis of the received signals from pressure sensors 402.
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[0042] As previously described, output signals from

vi bration sensors 104 are analyzed by signa
processing unit 106 to determ ne when detector cap 102
is appropriately positioned while being urged agai nst
a target site. Conversely, the output signals from
vibration sensors 104 can al so be anal yzed by the

10B45F ot oS Frecam st FB of iksso SEHOR 45 B dispheedbetieen
co ﬂn?essﬁ)ﬁQﬂﬁﬂég @j@ﬁl@l&ﬁﬁinﬁ%ﬁloﬁ el, B?es%@§§rﬁbrsd4@e ﬁgﬁl%ctl /

one skilled in the art w il récognize that
comrfecigddo Heteetouiap K02 seadt th@trthdpwsms withodiich dgetttor ¢dpel 02 is urged
t nvent on can, include a detect
o B Aol St of BBy PRSI RoRrANE alienet 8% e mgpoge of
explahRidhdNBY twe prasird Ger3af 402ake SRWHEE thOsHb&EmRM SIIEGE AP
and a detector cap (as illustrated in FIG 3). [0044]
actpplegn system aecerding fofanehpdirgerswraf the prasertgnesntion @maham any suitable

£ i Q VIC Q0_acco
et UK bl in B ble ARG, A DS RIAh win
respéato FEGS. dﬁrﬁﬂdg aB, the ifigvdie®oSfiessafe ééh@rs ) Matfoﬁrsyﬁtéﬁm 100
t he |nclu5|on of _pressure sensors 402,

(b) t
serveclosark)R thyy detgrppination; o the forqe; wigh wbwhampcm):ag il @hisiurged against
atﬁF&CSﬁP'SI ng unit 106 being configured to receive a
sPgnal” from pressure sensors 402, to anal yze the
received signals from pressure sensors 402, and to
send an actuation signal to autonatic firing nmechani sm

[0036B base®IGrS ishefldiahatbispi@ingtdRqidee bmen%ﬁnmleﬁm& &M
ressure sensors 402. 11 [00451 I'n the enbodi nent of

extm%nga dile Syigh sampl, 306 apcamimeto an exemplancembodiment of the present
invefidH, eﬁé%gg %06 11{81&%5 ﬁp&mﬂﬂg 2 BRAH ﬂ?ue:l C?ergétt?& %e".r{cg: tﬁ%tSBcludes an

sensors are 1 n ect con

autﬂ:ﬁnﬂbedsﬁmfg rhétﬁxhnfshmlﬁraﬁ%tﬂaﬁoﬂ\&)tsthmﬁls e&t fifth @ck 5 ¢@PTAS?2
ged %& a target site can be sensed
ac%?‘é’é's%té megiie badilyghuid FXE3EQE Heviey mncludes pdpﬁ@g@é cay, at least one

VBl aPoAfeeaCREROBYLR SRIRNGE BT pRRBR Bico
in ¢oonrewi; catiomewit!s thefvitiradorpseasa(y). imadidition thecsigndd prressing unit is

i tabl e nunber of pressure se rs.in any suitable
co Ja K5 Ve AMOYpH Fiegaks W&ﬁ%*b?ég% Yibfation sepgosyde analyze the

recEivES outptt S5, 2h8. to tsélﬁ Al YehiABbR Gighil 1B HESAG S atd BHRE SndcBanism

actuation System 1
based on the analysis of the rccelved output signal.

[0047] Optionally, the actuation system of the bodily fluid extraction device can
include at least one pressure sensor(s) with the signal processing unit being configured to
receive a signal from the pressure sensor(s), to analyze the received signal from the
pressure sensor, and to send an actuation signal to the automated firing mechanism based
on the analysis of both the received signal from the pressure sensor and the output signal

from the vibration sensor.
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serves to enable the determ nation of the force with
whi ch detector cap 102 is urged against a target site.
[00461 FIG 5 is a flow chart depicting a sequence of
steps in a nmethod for extracting a bodily fluid sanmple
500 according to an exenpl ary enbodi nent of the present
i nvention. Method 500 includes providing a bodily fluid

10881 o s Ahs R Bkt ehlrar i ey e v idd! mSfem Scan o, G sppmple,
bodilPfluidR{tra@dfdnUtRVIR D08 %E FRY ?fboalﬁeﬂgﬁcyx'trﬁctfddﬂe@rce 400 of FIG. 4,

extraction device includes a detector cap, east one
or gnyhethen hndily dhidexteaction derdet adording foembwidenerds ofthe paesent
H“% tIeast one signal processing unit(s) in

omtlini cation with the vibration sensor(s). In

addition, the signal processing unit is configured to

recei ve an out put su?nal fromeach of the vibration

[0048hsor s, Neat, shrhodily fluidextrastion dedceistupgad towgrdsia, targatisited for

d,f.
oG08, A 8L SR sihgH a e et AL P L bl RS20 96 I S
Sulsdeqiiaitly, a0kt sijpial 688 thy vibritfonehstls) M resG4dEHY B sighal
bodily fluid extracti on device can 1nclude at 1 east

prosgssing s as ot S Bste) 530 th t he signal processing unit
being configured to receive a signal fromthe pressure
sensor(s), to analyze the received signal fromthe

[0050F s sur e The rignal, pracedsihg usie icthemeraployed iotdhabizg ed rebéivédiGutput

) tomat ed_ f | mechani sm pased = on the anal ysi.s of
gB‘gt(f’Fetsf@ eﬁ%&nglwgﬁ san mehde apalyses @§ mrécg%%gn%@ﬁ have

beénrlﬁe\gg%@*' Hes%hgw{mthfrésg@:t.ttg thedcRlafibh ? RiGs. ]l%t Wﬁ%ﬂd the

y flurd extraction device p OVI ed In
bodibrflkid exlfrmtloathub ef FIGhddi Therdalftat, dn extuadoen mgmldem € the
300 fluid extraction devjce 400

autgigied firlng e h’S‘;‘S thﬁ%mcaﬁswgémbﬁﬁ O hsapayais of the

rec@iv6@bEp RS 1%@@%&%&@%5@.% present invention,
[0049] Nexf, the bodily fluid extraction device is

ur ged tovvards a target site (for exanple, a dernal
W“féi‘@;uggtoﬁ% &t 1ré'_11}1§ar?cfe that the a tL?atlfolnrs], stc&‘x op?lonzﬁ tmI:l%{;léshprlesnsure
sensors, step 540 further includes the receiving of a signal from each of the pressure
sensor(s) by the signal processing unit. In addition, step 550 includes employing the signal
processing unit to analyse the signal received from the pressure sensor, and step 560
includes sending an actuation signal to the automated firing mechanism from the signal
processing unit based on the analyses of the received output signal from the vibration

sensor and the received signal from the pressure sensor.

[0052] Since methods according to the present invention include sending an
actuation signal from the signal processing unit based on an analysis of received output
signals from vibration sensors, a user can not readily anticipate when such actuation will

occur and does not have to manually actuate the bodily fluid extraction device. Therefore,
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Subsequently, an output signal fromthe vibration

sensor(s) is received by the signal processing unit,

as set forth in step 530. [0050] The signal processing

unit is then enployed to anal yze the received out put

signal (see step 540). This analysis can include

anal yses of the received signals as have been

reviou hy.described W th respect to the actuation

“ng;PﬁPbi‘-ﬁ discemiort Assopiptadpvishhspch qaticipatipn andrmanugl activation are
eligftdt@gt i on device of FIG 3. Thereafter, an actuation

signal is sent to the automated firing nmechanismfrom

the signal processing unit based on the analysis of the

10458E1) ) A hoBld heisilitodiBattions Hiemiventa B cxpadierspts of the
inRAtibIP A& HYed RGLMIRSy Y GRFIHL& mgﬁ&kﬁf&@ thé hﬁa@ﬁéég l{t Esritntb%ﬁed that
a Sl gha om eacC 0 e

i ncludes the receiving o
thepfoHewingeclaipsristing the sogpe dfiths inyeatiorpamiathatan ethodsrid. stiuotures

.addjtion 550 includes e oyi.ng the signal
w@%@@& pr?gosilﬁﬁ‘%F ¢ agnﬁﬁ%# %E eﬂwg’g%f‘ér"ﬁl OV%rE@i%?Fg%’ﬁ romthe
pressure sensor, and step 560 includes sending an
actuation signal to the automated firing nechanismfrom
the signal processing unit based on the anal yses of
the received output signal fromthe vibration sensor
and the received signal fromthe pressure sensor.
[ 0052] Since nethods according to the present invention
i ncl ude sending an actuation signal fromthe signa
processing unit based on an anal ysis of received out put
signals fromvibration sensors, a user can not readily
antici pate when such actuation will occur and does not
have to manually actuate the bodily fluid extraction
devi ce. Therefore, 13 user pain and/or disconfort
associated with such anticipation and nanual activation
are elimnated. [0053] It should be understood that
various alternatives to the enbodi ments of the
i nvention described herein nmay be enployed in
practicing the invention. It is intended that the
followi ng clains define the scope of the invention and
t hat net hods and structures
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within the scope of these clains and their equival ents
be covered thereby. 14 CLAIMS What is clained is: 1. An
actuation systemfor a bodily fluid extraction device,
the actuation systemconprising: a detector cap with a
proxi mal surface and a distal surface; at |east one

vi bration sensor connected to the detector cap; and a

Cﬂ@@l processing unit in comunication with each of
t least one vibration sensor, wherein the signal

WRitQE Bamhdigsuni t is configured to receive an out put
signal from each of the at | east one vibration sensor,
to anal yse the received output signal, and to send an

actyati on, si to the. bodil. id extractjon device
bas gd on %@%%’éﬂ“fg Ftemdpr 3 g%‘i'}/yrfi‘\‘,‘ eyEertionidsicesthg aenation

sygem'gbﬁlpggﬁlgatl on systemof claim11, wherein each of the
at | east one vibration sensor is a piezo-vibration

sensor. 3. deuﬂcta)raep wathi aqrosiysd surfat and aldmtﬂ surfhie; ei n
each of t V|br n sensor

t st -
att ached F%a.% 1Ee d?qg?téqonn%%f} I gtz?g“‘i?fedttﬂ t‘é“é‘?ro‘iapcgﬁis 4.
The act uatsighal pp6eésRRgnitGh dbMhrnicdih Gith <8EBr ﬂaE af ﬁgst%he

| east one piezo- vibration sensor is enbedded
Vﬂ-’d@!@biemmcap 5. The actuation system of clai m 2

whe r lural.i.t zo- vi brati

o el D oFerll SroBeBind' i it YorfHauBeelif Feoelyed Suesi signal from
eachyofiiRd ati 16k bive GibatRd sehsoh, th 88419kl the Recelvi® olPuesikRdl, ﬁﬂﬁto send

6. The actuation system of claim1 further includin

an pefgaiongngnab fthe bedily Suidspiractiondavicedases arhibe doelysis o the
recEﬂer%ﬂﬁ’;uY\QEﬁﬁ! n the signal processing unit is also

2. The actuation system of claim 1, wherein each of the at least one vibration

sensor is a piezo-vibration sensor.

3. The actuation system of claim 2, wherein each of the at least one piezo-

vibration sensor is attached to the distal surface of the detector cap.

4, The actuation system of claim 2, wherein each of the at least one piezo-

vibration sensor is embedded in the detector cap.

5. The actuation system of claim 2, wherein there are a plurality of piezo-
vibration sensors and the piezo-vibration sensors are symmetrically spaced with respect to

the detector cap.
6. The actuation system of claim 1 further including at least one pressure

sensor connected to the detector cap and wherein the signal processing unit is also

configured to receive a signal from each of the at least pressure sensor, to analyse the
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configured to receive a signal fromeach of the at

| east pressure sensor, to anal yse the 15 received
signal fromeach of the at | east one pressure sensor,
and to send an actuation signal to the bodily fluid
extraction device based on the analysis of the received
signal fromeach of the at | east one pressure sensor.

7.8'g{he ct uatign %St m of claim6, wherejn each .
recived Sl TR sarh PLhA e Py PROSIEE HBEOR 804 Rosead F etpption
sigh@lo tife bolilg fRfd tatdclbn Q¥ALERsed oft iR dﬂaﬁﬁsism@feegkr%‘tgsi%al

| east one pressure sensor is indirectly attache
fropreach ef therap leagigne pessiigsensoruat i on system of clai m 1,

wherein the signal processing unit is a |ogic signal

processing unit. 10. A bodily fluid extraction device

CONpri si MYé actBatiRiiSisteth oftldid 6 iwHirdR e N Presurica sl i@ directly
with respect to the housing; a lancet attached to the
attachpd foile delepi@hra an aut onatic firing mechani sm and
an actuation systemthat includes: a detector cap; at
| east one vibration sensor connected to the detector
cap8. andThe a¢tgatidn syseaestldit 6)WHerdif tHRQATBASE Gritt préddumd defisor is
. eaclpyaof Lhe at l.east one vibration sensor, wherein the
indgeethogttashettodhe AefectAr ¢aPi s configured to receive an
out put signal from each of the at |east one vibration
sensor, to analyse the received output signal, and to
senl. anThe tetastiomsystennaf cldim I, ehesdin theasignal processthg unit is a
1 rrecharlwi sm based .on the analysis of the received
ogéc‘i%g% processing unit.

10. A bodily fluid extraction device comprising:
a housing;
a lancing mechanism moveable with respect to the housing;
a lancet attached to the lancing mechanism;
an automatic firing mechanism; and
an actuation system that includes:
a detector cap;
at least one vibration sensor connected to the detector cap; and
a signal processing unit in communication with each of the at least
one vibration sensor,
wherein the signal processing unit is configured to receive an output signal from
each of the at least one vibration sensor, to analyse the received output signal, and to send

an actuation signal to the automatic firing mechanism based on the analysis of the received

signal.

11. The bodily fluid extraction device of claim 10 configured for extracting a

blood sample.
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11. The bodily fluid extraction device of claim10
configured for extracting a blood sanple. 16 12. The
bodily fluid extraction device of claim 10 configured
for extracting interstitial fluid (I1SF). 13. The

bodi |y fluid extraction device of claim 10 further
including at |east one pressure sensor and wherein the
signal processing unit is also configured to receive a
signal fromeach of the at | east one pressure sensor,

to alys ; ] Y . ; of~ the.at .
I eailtQ ' oneﬁrlJér E@sﬂr re géﬁg%:?l? ggn c{ épgéﬁgfgﬁorgguﬁ%‘ﬁ%ﬁxmmg

inteistjtiall fluid (SEE aut omated firing mechani sm based on the
anal ysis of the received signal fromeach of the at

| east one pressure sensor. 14. A nethod for actuating
a baqdi | o8 By i he 108haRd ; .
corrgrg'i s?/r?gk%gglclxlng{ ng g cﬂﬁwg&ﬁf&h&ﬁéxt r ag ilg%lu ggiaggast one
prassiae s¢nsot adkwheminghe signalguiodessing gnit isextdvamvinsigureddo dteive a signal
t uati.an ste the actuation system haying. a
frofE st o el oo Pl BreSshEsaeRelys S dnifesihe sgcefoddignshfrom cach of
thevit a8t drRpreRiRVensdRNHAGH Shd & &Hﬁﬁ@ﬁk@%&%&gﬁ@ﬁe{ggﬁﬁf# Firing

signal processing unit in communicati |
megchanispp bpssd on theanalysis off tho recsiond signalviien each dfttbe sfi lgasabne

jng unit is configured to receive an output
Pr%‘gﬁg?%‘%wom each of the at |east one vibration sensor,

to anal yse the received output signal, and to send an
actuyation signal to the automated firing nmechani sm

devilte bésmethed ferpstuatingp pedidy Suidtentractomeleying, thetnpathod

' .. urging the bodily fluid extraction device
cm?@&g@%s a target site; receiving an output signal from

each of piowidihg h8adily 0iid exirlitihi d2Rics @i Mclides an automated firing
mechanism and an actuation system, the actuation system having:
a detector cap with a proximal surface;
at least one vibration sensor connected to the detector cap; and
a signal processing unit in communication with each of the at least
one vibration sensor,
wherein the signal processing unit is configured to receive an output
signal from each of the at least one vibration sensor, to analyse the received output signal,
and to send an actuation signal to the automated firing mechanism device based on the
analysis of the received output signal.
urging the bodily fluid extraction device towards a target site;
receiving an output signal from each of the at least one vibration sensor by
the signal processing unit;
employing the signal processing unit to analyse the output signal received
from each of the at least one vibration sensor;
sending an actuation signal to the automated firing mechanism from the

signal processing unit based on the analysis.
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t he signal processing unit; enploying the signa

processing unit to anal yse the output signal received

fromeach of the at |east one vibration sensor; sending

an actuation signal to the automated firing nmechani sm

fromthe signal processing unit based on the anal ysis.

17 15. The nethod of claim 14, wherein sending step

i ncl udes sending an actuation signal when the anal ysis

indicates that the detector cap is symmetrically urged

agaijgst t q : : im 14 .
ahorian (e moBLESE il Fr, shfbred Mol 43¢ nEhudks Ml atuation
sighplvhierethe apalysis indiavdsdhat tthedeteatal oag éssymmergicaldy iged against the
tmsé§nen1mﬂth at | east one pressure sensor; and the

PES8Fving step includes the receiving of a signal from

each of the at | east one pressure sensor at the signa

processing unit; and the enpl oying step includes
enmplléyi n g%ﬁ meetisadypfalaipr bk edsiemytheproviding atepl indadéstproviding a

y |, received fr each.of the at |east one pressure
bogilp 1. e hdevice i HiFTudes gm prwpCono/seam it gt st one pressure
serd6t;@adi on signal to the automated firing nechanism

fromthe signal processing unit based on the analysis
of thecrepaiviagvien inglugnstthe eceining of asignebfrbmatach hithatat least one

Pk BB L ARy 1o oel vod output
18 the employing step includes employing the signal processing unit to analyse the
signal received from each of the at least one pressure sensor; and
the sending step includes sending an actuation signal to the automated firing
mechanism from the signal processing unit based on the analysis of the received output
signal from each of the at least one vibration sensor and the received output signal from

each of the at least one pressure sensor.
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