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(tilting)S © Edsle= W,

AT 32

71 23 BEol sk wot Y] Al U] AR wEe & wet V] 253 BEol S E

H-R o 7 AR BFe] HE wEk 3] 259 BEol 5

b .

=
o
N
ol

283 BE - 47) 29% BES 7] 393 A AR BFo o|A® Bid EdsRA 2, ] E
WAFASTH A bsaA Adele] 47 2% maus} saas A9 4] EdsFAse 2898
EAES 1 4] EALFAES Bal FAHE 289 A58 Asd B A4 24 JEdE 2

MES 2 B - 37 BEe| 3] Soeln AEER 47 946l FEbsA 48
B 2E, 47 e 2 ) mE welssk 4] e 47 AR WFe Fol yatel

A7) RHE 74 24 A3 F 3 dFdolgola, AV 4 B2 AY F 3 dFdolgE A7) sk
Aol FE7bsstA AEsle] 7] kAol #et ] 21 BES AU AR WUEe & uel Agew
D A7) A2 weke] Fol uiste] 3 sl AV 293 BRES A0 RS S 29y 28

g 4 A

7] & & oF

B EZ98 vx JAEY 61/312,363% (2010. 10, &) 2 vz A& 12/948,6223 (2010, 11. 17
= T E R

259 Z2H A#REHT, Bt AEAE EF 20Y Vs e 259 ZREC A#EI, e 534,
olF HWY, Wd E5S A4se AW 2 Jd 535 ¢ 239 Z2BEE AMEete Wl AdE.
WA o e

EYuME 3-24(C-mode) ZoT= 714 2 AxF W PAe] HHO 2o diY FAS T HF FA
Aol 293 g o2 M (by sweeping a single scanline) ©]FoJZlt}. ol& HWH, sl WUHES Aa JIJ=E
EWAAFAE &40]7] 93H(to move a single piston transducer) ¥ 7H¢-F 7|4 2®H¥ EE FA4 (two-

axis mechanical stepper motor configuration)g A}R&38}l= Ho|t},

e A HAe 3 A4E o077 g8 dE BYH v 9 9@ olH (human operator)E F7Fskal A=}
B-EE= FA}S|=(scanheads)E AFE3Th, = U2 HT WS £ 3 A9 ARH o AEoHE L ¥
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ol|zH-olglo] EA:MAFA(a full up three dimensional electronically steered phased-array transducer)Z
ALl Ao,

253 H2-9 3 7] (pulse-echo technology)©]”] wWliEol, T Y % (frame rate)= H-oF Alo|F
o] 28 AZ(transit time)oll &8 ATATF. ZHYd EHmolA Y o] A FH(constraint)S BFEZA G AT
F7t2 AYUAA Agkd & d 2 AL (B-RE) o|uHA o2 HE AU (C-RE) onHor FA o= F
2o g A & grt. gadE ZHd £ 9T o)y €2 ¢ (operator movement), ©]E EHH, A
9o ZEoly &Y #2 A FTH A9 Ee A FAYJOZRY oAV EA He vbsAEE =

e
B o

1t} (increase the likelihood of image blurring).

ol HW, W BF 34 2 543 JAd whliel diste], HEH-A4% ~H¥ REHS 7 HEE F3
29" AeE I2E EdxmAdes 2 d 5o AMEHU(a single piston transducer swept through
spherical coordinates with a multi-angular stepper motor has been used for years). A|ZFol] FHo=z
AHgk viE, o] EZYAe 5 dHolHe AYAHS AuHFA ste o8 4EE #A=vh(this topology

suffers from several deficiencies that compromise the accuracy of obtained data).

=

ol HHW, WF ZF SAd #slto], A7) A&Ee &4 A9 s EE dikdor B
o]Z 7}A]aL 743} (typically decreases in both angular directions with depth). 3% 3}

Holl 7t7to] e WS A7) AlaEe] AA A = 4% YA 3" ofF 22 gE5E& ZE=Th(have
a much smaller probability of fitting within the total scan solid angle of the system). oA & H
7] A~Elo] 2o a7l 2 Zbw=(smaller scan cone angles)(YwWFg o2 90% W|wkd(are typically less
than 90 degrees))7} =93t Zo] E7lsdh X<l a]F84 o2 X = (pubic bone) ofzfoll Ae]xkaL gi7] =)

o)},

18 71 A, A2l & & (processing inefficiencies)s WHEIL,

o S o= AL AAAZE & vk, E=3, F -5 V1A ~EHT E

Z2A g &g3te Al A o] S F7kste] wekd 54 AI=E S8k vk
gk 7 =" 2 d % F sluo|ti(the result is one of the slowest frame rates available which
increases image blurring and hence measurement accuracy). ©]23F A%l Agt gi= %233 ojvA

o] AAE3 Ex U oHyolg Edolde] U3 =7le ¢Fo|t}(is an increased reliance on).

=)
2
A
v
o

o

wEka, JEHYHEE MAE Ak 259 ojnjd Zz2HE A st WS upgA st (Applicant believes
improved diagnostic ultrasound imaging probes and methods are desirable). 7] &3 ZT2H = g
EA4E A% B onA ARE v AS HEE HGA AHEE F ojoF @ h(should be easier to aim
and use to obtain). 7] &y TEBHE T3 Axnd F AE E=E 97X E(robust form factor or
package), Zrolofk st}

2y g
#A9] 2 7

A7|A AEE Y 253 olv A
small, robust form factor)

o ThkgE Axjoel A, 7 e =,
2 oHd oy 7lzel #AGle] Ak WP EHFS AsHom AAS ] 8 & zZFojxItH(are we

adapted)
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d71 BE= A7) ekl 371 AE gEe el diste] A7) 259 REe AH5HoR IdATE IC B
H7E 2 5 v, 7] RE= A7) she-A el A7) Az wde] Foll diste] 4] g9 BRes A # de
2 2f3Es ey e 2ol EE(stepper motor)7 2 Atk AV AEH FAS v-FAA, AA

9} $38o] %= FAl(non-corrosive, bio-compatible fluid)7} 2 4 v},

7] e d%doel @ 4 Uth(may be cylindrical). 7] 3942 Fstoz @ H7tH oz FHy<l
A7t AegAEwW7E 2 4 dui(may be an optically and acoustically transparent thermoplastic
elastomer). “7&7] a9 WL FHow o]Foxl ZTruds I £ Uda 7] EdEwgAY =7
gl 7] A E So AYrteE A gYPEERAT. A7) sk v Bue 4] FHoR o]F o
2 229de ditx o iy Zaad AIAES FI)AQ AdL, AV EWNLTAL gX¢ sdE A

A7) 259 25 2 BHe A Ao 5 Aol duste] dEE 4 k. ] Al A AlaH
< A7 A AA 24E YEiE 7] 253 dolHE FA tulolxe] AFstE F4 &4 Yulo)lxE
xEe = 9. AV Ao AHE Al2EL V] 253 EEY I £ EE I 94 T Holw s
ZAstE AAE E238E ¢ Ao

A7) 253 2285 dlEE - 3] g, 37 EEHY dolx 2 AV 253 RE2 A2 dasH A%
ko] 7] MR ke FHoll diste] dAS] 3 HE - & o Xest 4 9ok, A EHE 7Y 24 Ay 9
3 H AFoolE 7} & 4 9 il(may be a dual motion linear and rotary actuator), A7 74 2A A3 ¢
813 Aol olE EPHoR A

2935 RES A A2 PHe mel d¥oz W 4y A= dae Zel ekl 8 ArbsE
(rotationally) &4o|=% @), A7) wE), 47 wele 47] wolx @ 47 2873 LES AZY &
Am 45 2 7] e BF A6 UelAd Qs Hden sdsdolEd 4 v,

A7) 253 ZREE AV 283 BEO AV A9 AV A= dEke] Fd giste] sldsteE 9t A
2539 BE 7] Ao A A|="He| Y& AFIEE FY] EEH AdH = &9 ®H(slip ring) S o
xEe 4 9.

A7 25 ZEEE A7) AR &Y Fo giete] 4V 259 EES H 9 dom Afgste w3 471
253 BEE9 7] Alo] Ay Alz=Hd 39 E AEFSEF ] EHA AV|dor AFEHE tgY fds
7] AYE(a number of flexible electrical conductors) — 7] #43% A7] AYEHE A7) 253 EE
R gor 2A3te Tt AV MR WEe FHof diste] oY EH AoIEE - & ¢ xFT F
FIR=

A7) 253 TRHE AV 253 BEEC] AV AR WEY S diste] s|dste 5 AlojrbssiAl 29 st

ol AREARNAl ARE AR AEstES Y] Al Ae AlAgel SAvFssAl 2

[SEEA IR NS

(

A7kl 717 o fE Y] EWATAIE JEolvE Ay] EWAATA Y AFETH(to tilt the
transducers about a respective tilt axis perpendicular to the longitudinal axis of the housing as the

shaft is translated along the longitudinal axis of the housing).
A7) 25T ZRBe A7) RE AgEe] 4y AR W] FHol diste] 4] 2
su % ) AZ ggel 2 e ) x2e% BES A EdsdoEs

(screw-type shaft)& O X3+ 4 Q).

k=)
2l
i
K
offt
>
2

SR

rlr
[
H
ﬁm
ul
o
B
I

[t

WEe] & zZke 394 259 BE - AV 259 EES Y] A A AR
Edl~FAM (plurality of transducers longitudinally spaced apart) % 7] E@#x

A7bsstAl dgstel 47 259 ZRHIL st A5ol 47 ERLFAEC] 239E HE
& S8 FAEE 257 ASE AFstd B2 AA 245 vEhdle 259

a =
2 FAske Aol A" AxEes TR - V] 253 EEdd d9E& FHd=(to power the
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ultrasound module) ®lE]g]; & wlo]x~ & =glo]H A
A EE Hde=R A7) Ao Fs7bssiA 2% e
7] Wig g = 37) ke Al MR ek Sl diste] dAe] IAF - & E3stE Zigi Qokg &

Y0 o JL‘

47 mEE FY B4 AF L 94 AFeolEst @ & a, 4] R wA A% 2 34 dzololgi
7] #9Ae FENERA AFste] B wE BYHoE 47 AR FB Fo dste] A
%) AE wEel H2 uek Ao YY) egel watel 47 2ot BES SHAT

AR B g8, WY 2 B AA 242 dehls 289 dolEHE 9 pEe A Pae Sl
dste] sh9el EHE 2g9 BES SAolt WA - Y] 283 BES A7) 94 vlelA A2 wg
o0& oAY BEo EQARA R 7] EAxRAC A/1H0R A Aol Ae Asue £y, ¥
) Eds mEY P EASRAE R ] Aol AY A2 35 4 Al WEH(sealed in a
common fluid chamber) =5 7] 2&3 LEo] 47] A= BFo| Fol tiste] Aol Bt xS Y

EE A7 229 EWdAFAE Holojdt= WA (firing the ultrasound transducers to emit ultrasound
waves while the ultrasound module moves about the longitudinal axis); B A7] M AA Z2Z# S ey
= A7 259 dolHE FAlgte dAlE Xdste Aoz 99" & 9y,

371 B A A4S YERE 7] 283 HolHE FAlste dAlE B3] EFS UEhlE HRE F
P-E A (receiving information indicative of a volume of a bladder)Z ¥&3+ 4= 2 2
171 A& wake] FHo diste] 7] she-Ael xFEE AV 2259 EES fF o=
o] & FHA A7 253 EES °

Ry

o> ol
—{o
_Bi o

o 2 3|A3+= YA (continuously rotating the ultrasound module
around the longitudinal axis)& Xt 4= i), A7) 8949 A7) A= Hweke] Zo) thslo] A7) 8%
Aol ¥ H = A7 259 BRES FAolv dAE Wue Id WEgoR AU 253 EES U] AR W
ko] Fo tisle] H 2 do i W|FEHEE WA (pivoting the ultrasound module back and forth about the

longitudinal axis in opposite rotational directions)E E3re 4= git}.

n@ b

A7) AR W] Fel detel 47] sheAel maHE 4] 289 BES SAot WAk AV 2e% ®
=, WEeg, EEe HolAE Ay MR vk Fo tigle] dA|3] = F o]= WA (moving the ultrasound
module, a battery and a base of a motor in unison about the longitudinal axis)E& ¥3+g 4= t}.

4] A e F thetel 37 Aol E@HE 47 2e9 BES A0t WAL A AR WY
o H& mel R 47 AE W] Fol tiste] A7 o) YFoE Y] 2e% RES AT Edx o]

E3sl+= WA (rotating and translating the ultrasound module axially about and along the longitudinal
axis, respectively)® X33 = vt 7] A2 Wde & uet @ ] A2 e Fof diste] F9
Wgo B A7) 283 RES sty EWRAYESE GAE 7] 9 AR o]Foz] Z2ud
offel] A7l ME W £S5 we A7) 257 EES EWLYoESE YA (translating the ultrasound
module along the longitudinal axis beneath a curvilinear profile of the housing)E& X33 4 Q).

271 HE A7 B A 22 HEE A7 259 HolHE AV 283 REEFEH 47 de ¢
nlol o] FEAMo g HEdE WA (wirelessly transmitting the ultrasonic data representative of the

target biological tissue to a device remote from the ultrasound module)& © ¥3%+g 4= lt}.

A7 BRE A7) SRS T AR BRE ANAA R AdEr] 98 47 AR g FHel st
F7) 250 REE 2ol et AV &9 BEd AVHos AYHe 559 LEDE AHHoR 29l
= 9AE H 23T 5 9dg

7] RS A7 253 ZEY A YAE AASE @A 2 AV EMAFAHEREEHY 259 dHolHY
9] AAE FA3E @A (coordinating a collection of ultrasonic data from the

transducers with the position of the ultrasound module)E © 233 4 glt}.

7] WS A7) s AV MR WERe] Fd A7kl Zb7e] 7)&7] Fd tlste] V] EWNAFAE

7]%01% WA (tilting the transducers about a respective tilt axis perpendicular to the longltudmal

f the housing)& © X3 4 Au}.

7] wHE ’2}7] 259 BEO] 3As= s 4] s A7) AE wEge 55 wE 4] 259 BE
29 0]Ed= A (simultaneously translating the ultrasound module along the

_9_
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longitudinal axis of the housing as the ultrasound module rotates)E v X3&+d 4= Qlt}.
A7) e 37 293 RES 240 ©A olde, 47 A A7) AR wEe & mEk AU 2
&3 BES SYF¥or EdAYYOES = WiAl(prior to moving the ultrasound module, independently

=
translating the ultrasound module along the longitudinal axis of the housing)E v ¥&38+ 4= v},

EHOA, B =W FEE FAR 84 5 8 (acts)S AT A ZWHA 849 Al
X = W= 3718 WA RS AR 29t are not necessarily drawn to scale). ©]& El
) o 7} ZAEYEE aHAA] O™ (may not be drawn to scale), Z o]
g 945 5 222 o= g F i £ HEAAE sk A8 delE fXE o Ath(may be

arbitrarily enlarged and positioned to improve drawing legibility).

u

= 18 Ao e 2839 TR B 57 (isometric view)©] T .

T2 X 19 A7) 289 2B S AW (side elevation view)o] T

% 32 270 Z¥Q(scan planes)S E=AIStE = 19 7] 253 LR HO FZ Lot}

T 47 B BES FE 29Fee 2 ZHlE BAEkE = 19 AV 283 Z2H Suek ko]
t}.

L 5w 3 A xS B A siE ] o TeHe AAdY 253 RES EASE EF
ot}

T 62 % 19 A7) 289 2289 514 U YR A 249 HAHE(front elevation view)©|t}.

L 78 & 69 A7) shed B oW A 24 SUEF Aol

582 & 69 A7 A @ R A @49 vl H T (bottom plan view)o]Th.

L 9% T v AAde e skl B Wl 4 49 vie gRiselt),

=

109 % th AAldle] Wi 394 % uR T4 o) wpe grsold,
o i

llas T T2 AA oo wE A1 9]l A]

k1
B
oo
}"i
[&l
il
|z
1o,
_O‘L
o
oN,
S

5 11bE A2 fAAA X 11a9 7] 253 Z2H A7) o4 2 F 4 849 AWEolt,

= 128 I U2 AAYd e 289 REY FE S=Z%(partial isometric view)o|th

T 13 = 129 V] 2y BEQ HE AW E(partial front elevation view)©]t}.

T 4T E 02 gAY & 253 By 9 BEHY B 4Lt

2w YN S8 FAN HE

o9 Adoa, 48 EAS AE Age gttt FolE AAldEed tiste] AT ols|E ATyl {3l
A EY, a8y 339 TR olgd 5 MR AR F sty e 2 o4 flo] ddd -’F AY=
AE A4 Aolh £ 7oA (In other instances), 253 T2 HJ| #HHEEE= 2 48 . A=z
7l E A e AAdES BdashA oldlEy] dE AWE 93] H8 YERr] AW @”551 A &
S 2 9u

= T M .

Azl 9 aFex @t @, thee A dus 7 AN, "L comprise)” Wolsh "X
F@ T (conprises)” 2 " EFEHE (conprising)" T 2 o|7e] WHE "E g, olo] F@HA P Ao
= AgRos Tdshs guelA AHHE Sold,

o] WAAe A=A "UAAd(one embodiment)" HEE "YU Ald(an embodiment)"E AA] A S T
He 54 7e, & EBE 5@0] Aok slte] Ao 23E= RS ouee AoR FxH
A, o] WAAe AA thkgk el Aol shube] ZQ1 "D Ao A (in one embodiment)" EE "¢ ““’\]01]01]
A (in an embodiment )" E’—“‘:r FLUE AAdo] #HEE Harl ¢tk (are not necessarily all referring to
the same embodiment). AY7}, §A 7|5, &, & dE By e 1 o)A AAdEA oo W

s

2o
M oB
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A

==

A R 7‘4:%“0“ A AREE A ol v FE "shu(a)", "shk(an)" 2 "d7](the)"&= ZHE
ug@}s—} A Gk A E= 3 B5do) gy E A (plural referents)E E &3}, lﬂ*o“"] Wy est A EehA]
s O1"“:“(or)"O dnbd oz "W/ i=(and/or)"S XS VR AFEEHUTE A ES QIR H

2
52 T oR
I

o}

= 1 WA (through) = 4= dAAde] w& v oluly ZRH(10)E Z=AET. XS ojuy ZTzH
(10)= 394 (12) 914 A AMES EAMY3L7] $18(for positioning the housing 12 proximate a target
sample) Hlo]2(base) & L1¥H(grip)(14)o] ZFH w2l 394 (a main housing)(12)S X33ty 18X
oM (Alternatively), 894 (12)S Hlol~ = 18 (14)d 2% 2 4 vh. 9F(12)e v= 24 g
A AMEE FAMYE 4 dti(can be positioned proximate a target sample directly). ©]& HWH, 7|7
(fixtures), ®WE(belts), 2=EM(straps) T+ 19 & EAAMY tyulo]2(Positioning devices)i= 3k

B}l A Zo] #Ele] T2H(10)E 2+=d E8°] H+=(to assist in locating the probe 10 relative to a

ot N U[O

target sample) 54 gt oJZZA o] M AF=d 4 U},

Z9 oy Z2H(10)E A7 Z2H(10)E H3E 3t 2&sted a3k A3 7Ve= g A
=& dxske 3 A dHiolHE Al&sta A 48 ¢ dv. A7) AMEAE ZRHA0O0E 24 B
A Zo Hqué}"7 AEo R A7) B AES sk diolHE 8] 93 Z2H(10)E Edgsitt. =
2H(10)+= 3A(12)9 d= T Alol= Ao A2 (on an end or side of the housing) FA] HE 29X

(push button Sw1tch)9]r 22, 29AC &) d4d3stE 4 AT EA]).
T 02 AAAEA, A7 299As 1718 4 e A 12)Y UE AW E BE
A 84 dga glo] AV 23 ZRHo AIE fsle], olF HWH, & oHE

switch)9} e, T A9 (wireless switch)7} 2 4 t}.

s

A7 =9A9 F
29 A (hall effect

ClEa
2 wjelg]e] el 99 A~(22)F XFstE 28T RE(16)S zteth. RE(20)E 2hdE 3R (26)00
o) A" WEFo R 9 (12)9 AE B F24Hd d3 257 EE(16)S AHdAY B A5 EFH
(to rotate or osc1llate the ultrasound module) %23 EE(16)3 7|AFoz % #Hr|¥go=w AFHT}.
o]AL olZ HH, A0 AHHoR wmE HHHoR TAHA(fixedly) AFgEHE 2AH9 =glo
AFZE(2DE ﬂﬂ 3tAY E+= I H E3FF=(rotating or pivoting a drive shaft 21 thereof) EE(20)o] <]3f

F48 5 o

EE((20)= dlolE F¥X EIZ(data collection mode)d 7d--o A= W3k i(longltudmal axis)(24)9] th
3 A&EHoR 259 RES AT F JdE DIC EHIF 2 5 k. o8k AAdEeA, ERAFTAI(1R)
7} AA AL 360% 3oz A~9FEY] wlEo(since the transducers 18 are swept a full, continuous 360
degree rotation), B-EE o|u|X&= H U= YH|7} YoM (are maximally wide), WA Z2H(10)9] &3
3k BaAds dojErh(relieving the need for skilled aiming of the probe).

% 19 EXE AAde wEw, T2H(10)9 394 (12)e By E 4] (transducers)(18), EE(20)
o
[e]

[m

£

o AAldEeA, EE20)E AZE HE F0@24Hdd dete] 253 EE(16)S SFH E(back and forth) =9
SIEE(o]E HWH, st EF(oscillate)) #|o] 7F&3t 2~H Y EE(stepper motor)7} & < Utt. UHZ
AssAY IFHES = BEALE EAoR 3= AAJdEL(Embodiments featuring a back and forth
oscillating or pivoting motion) H(view)e AAZ £ o d=2 AT = gloy}, 253 RE(16)S 3
Ashs AAdEAT Wb GAY Jo #e B=E AlFaA @& F Uth(but may not be as fast or

provide as much field of view as embodiments that rotate the ultrasound module 16).

A 7153 #A glol, 253 EE(16), EE((20) % ¥y @22)E s (12)9 FF ulF 3 (common
internal chamber) wWoll E3tE 30-4- A& A (ultrasound coupling fluid)(30)% Zz#e] Utt.
AE" FAGOH)E vt AL ol& HYH, "ulEd 2 U(mineral oil)d &S, H|-F2A, A -5 3o] H
+= #-A(a non—corrosive, bio—compatible fluid)©]t}.

S (12)2 Aol AY 22 & Ad3 mfe] d & Ak, d8Y BgE - fEgh 299 <l
Sl ER dAY &y HAEE A|&3T(presents a consistent ultrasound path with some inherent
advantageous focusing). 3, A7) Ad5FH RELS A Zx7} folda, VIAFHCR AxsH, AZH A
(30)5 "EH3sl7]el(to seal) HE I &7]5 A&},
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&7

e

E‘i DOO]:_Q_ _1:]5{5]_

> = 5} 9] A2(source of discomfort)y AA|o] 32 F= =1 7o) AFA
(medical care provider)<] AEed 4 g, A9 F(the number of edges)E Ae 4 9}, 3}
LA(12)S HAH o7 TFmslal(acoustically transparent) REHO AA|o|EoA Fexor Fwstr ) vk

Em 3 (optically transparent or translucent) A Z w50 zlt),

o oo

A=}
=
1=}
T

Rloox o

~

olZ HW, 3+-H(12)2 °]= HWH, Arkema IncEZHE o]& 713 AR 2, Sgstygorn 9 FF
2 93 driAA At ~E 9 (transparent thermoplastic elastomer)”} 2 < Ut}. 0]3
PEBAX® (under the name PEBAX®). wietdom s94(12)e olad x& o %

F=

4 ot o

E 25 229 ZEH(10)¢9 d= H(end view)E EAEL D EANAFA(18)EFE WAMSE=(radiating) &
zpA el A-R= 270 212l (sequential A-mode scan lines)(32)E EA| gt}

EWdAmA18)7F & 39 A" 270 E9A36)d g3l xdH= AAF Ay witddl(as  the
transducers 18 rotate as represented by the scan planes 36 shown in Figure 3) ©]#3F A-EE=

(32)& B-RE= oA & A== AgtHAri(are combined to form).

5 45 EWATA8)7F sk (12) oA sdgo =z A A AMEU0)E F3l 29F5e EWs
(18)9] =71 Z#Q(36)e & (with) Bl AA] AMZ(target biological sample)(40)o] UH3 %o =
(10)E ZA]gh,

K

EAE AAdE gdurdorg AAZE B9 (rectangular shape)d ©A Jlel E

E #2754 (ultrasound transducers))(IS) EASAE, o #BAY Ee A4S Eds
transducers)(18)7F AlFE 4 Jorn, EWAFA(18)9 NHUdF} Alol=E

A2 ek, T3 EWAR ’\1(18)L 259 EE(16)Y Aol wEt AVHeR L EfAHoR ojdd F
9)th(may be spaced regularly or irregularly). uwol7}, EWAAFA(18)E Fi¢ 9 IAAY o wat
t} 2} (may vary in frequency and focusing capability).

ol HW, 259 EE(16)2 AY EF5S daYdste C-REE S A AFste o e BHE
B-R & Zglo]A(slices)S A7) $13l(to form eight parallel B-mode slices that combine to create a
C-mode image that ensonifies a sector volume) ©]& E|®, th=F 10mm 7+Z4 S =2 (at about 10 mm apart) X<
9 2E5(16)9 dol= wel UsA o] A% =(equally spaced) A5 71¢ 3.7Mh EWRAFA(18)S ET3HT}.

EdxaTmA18)E A9 Fol(phi) Fo| AP = 53 (excellent) 25N (3.7 Miz) ¥ =70 ZHAE
(scan planes) Atole] z Zol] 7 A& A3 (reasonable) 18N (3.7 Mhz)A&-3t= thEF 11mm x Smme] &
A2 223 (rectangular profile)S 7 4 o). <F7he] ¥ (Slightly less focusing)< &3t 3
Aol FHA3E 9F(least amount of spatial resolution)o] 278 Zdo]E Aloldl &EA|8t7] wl&o A7)
o2 AAE 4 Ao,

FU

d

N

O|AL 3.7 Mz Fip= HHE 53t & dFEE AFSlal(gives excellent axial resolution into an
abdomen) B EF W& BlE7] FA7)/EA7(FolE(uart)) 8 &% 3.68 Mhzo] A4 wi= HElskA A
Ft}=(is conveniently chosen as an integer multiple of the standard universal asynchronous
receiver/transmitter (uart) clock rate 3.68 Mhz) RSO = ®WAATE, 12y}, 1-7 MHzol A9 & ¥4 o]
ul# = oo]e} A3 o] Zg]Ao] Mol A S ZFH-3}t}(are also sufficient for).

FrelatAl, v AAd Sl st
pE FHUERE A-RE A7) 21l A)F

the number of A-mode scan lines).

EdxamA8)d 93 AAEHE 7] B-RE oY A~ (swee
o] Aolge 23] tigstAl 2 4 Ath(can be varied by gating

ol HW, &3 EE(16)9 A&HHQ 3 Jo =z st=(featuring) AAldEANA, 23 EE(16)9]
Edxy ’\1(18)L tekst HAE Sl 3 AdY dlolEE FHESY] H38l(to collect), 360 & o] A, &
= TY3 432 =5 g43tE 4 dvi(may be activated throughout 360 degrees of rotation, or over a

portion of the same).

N
A
lo

[e)
A=

=

AANA, ERAFA(18)E = 3 E = 494 TAIE vle} Fo] dnA-FEE 2~ EF(hemicylindrical
scan volume)< AJAJSl7] S8 A ¢F 180 =& F3 &A3ldt(are active over about 180 degrees of
rotation). FAMEHA, AHE ASFHAY ~9EHE Z ol (when oscillated or swept), E#lAFA(18)= o]

_12_
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il

B, 120, 150, 2 180% HEi 1 ol ow v 4 WS i ~¢99 ¢ .

b EAIE dAA G w2 e (22)d] 93 FEEL B 93] &3 T2H(10)9 s oA
1+ 23 EE(16)E EAgY. 53], & 59 ZARE dAE 253 Z2H(10)Y 758 AL F

= gk 4714 A 842 Aol A8 Al ~"(control and processing system)(50)& E&3HT},

30 fob i
2

o]Z "W, s} e 1 olate] FE WA (application specific integrated circuits)(ASICs) 213
7Hedt AlolE mi= ofdlo](PGAs) (52)F EWMAFA(18) ZH7te 2 RE e 1534 &3k(high frequency sound
waves)2] $A 2 $AI 2SS9 RE(16)9] AL ¥stE xSy TRH(10)2] UAd veS Aol E =
A7) Q8] volaARZI 2 A M (54) 9 AgE 4 k. Alo] A AJAE(50)2 ol obdm I B UXd A
WE (discrete analog to digital converters)(ADCs) H/H+= o]t OXd F ofd =2 AWME(DACS)E X3

@ % v

Tk, A7) ADC % DAC 7152 7] ASIC X+ PGACIA @2 = vk, Alo] A Al=®(50)2 o] & HW
AIWE, AF7](rectifier), 28 4 E& =¥ v} ZAWHE(step up or step down converter), EWAET
(transformer), %3 <& 3¢ AMZgto] A7] 324 (power supply circuitry)S o ¥3+g 4= k. A
o] g AAE(50)2 253 g 3y oW, oH A (aperture), ¥ EALS Adstr] g dAF 4
Elolw AEE A7) 2SS ¢ X 4 QUH(may further include transmit and timing control

circuitry to control waveform timing, aperture and focusing of the ultrasound pressure waves).

Aol Azl A2=vl(50) ~EgA tulo]~(56)(o]E HW, Al#d Ed Al (serial flash)), Fd EAA A
(rotational position sensor)(58)(°]& H|W, &-o|FE AA, FEZA AT (optical encoder)) © FA %
2l Huko]l 2 (60) (0] & HW, EFF2 74 2E £ 7E 443 g2-99 74 Yulo]l2)E o 233

2B A gule]~(56)% HolE, HUEE

A (B8 253 BE(16) 3)d ¥XHL

3 539 FA 2 FAE 24se AS TEsEt

processing system 50 to coordinate the transmitting and receiving of high frequency sound waves from

2 A%,

o

B ow ol g2 Ao Al AAe] Jhesitt. EZAAM
o] A7 A2E(50)0] EWRATAI(18)9] 7o R RE 315
Al ¥t} (The position sensor 58enables the control and

il
N

olr
ol

each of the transducers 18 with the rotational position of the ultrasound module 16).

T4 FA guto]2(60)E olE HW, BEUY X 7|} txEdo] tulolAa JHE | ZHEH W/EE
A9 L =Y gnlo]x~E Ze= A ﬁﬂ ﬂ‘ﬂ-ol/\(remote evaluation device)(62)(% 4)9} 72 F714<Ql =
2AA = G2 98 2o RE(16)REE 9ZA tlulo] A(remote devices)7HA ©o]E

olgfgt WAlo=m XY dHeolHe 53 #H71AY &Y F AHA ZRHA0)E FHE F Uil(may be
collected with the probe 10 in a particularly small form factor of package), 7] AF&AF= A7) B2
AZol 2B A BEALS FHAS=Z 3lal(with minimal bother or inconvenience to the host of
the target sample) @ @2 By7} & 34 94 EE= AolE2ZXE Y 1M glol(without interference from

otherwise bulky components or cables) ©]2]%F Ho|HZ 95 4 du}.
EE, 229 HAA g EdA gaEe], 7|HE, ZdE 9/EE 7] ¢E 4
st AFEA} Q¥ H o] ~(an extensive user interface)vw F7FAQ H7}F &

further evaluation or processing onboard) Z=ZH (10)¢} 32 4 Ar}.

Hlo]| ~Z ¥3}sl= v}
A LHE=EZS 9 (for

g

=
2 A

I

RE(20)0] 98] ~F=" = g Ze F AE oA (in a small form factor which can be spun) Ao g A
2E'(50)9] HA opgdE H fAY ZEAY A7 2SS 2FFoRN, 54 /A (static/dynamic) (3] A
= A% (rotational or oscillating)) QIE|FHo]AE B3] SXHE= A7|d A4 S HAsHAY AA

£ HHY, 2EH©0), 39 220015 HE, wiEE(22)) B 259 2E16)(Ho] A A2"(50)s £
)2 A= B F24)el da] A8 (in unison) 3|HaAY IR ESHY] fs) A= AasA A¥dE 5 2

ES o]E HY, RE(Q20)v TAld B SH™oR) AR W F(240)E wEt Aygyoem 9 M2 ek
24 el A 7teskA & o A (12)0] #3Fol(relative to the housing 12 both linearly along

the longitudinal axis 24 and rotationally about the longitudinal axis 24, either simultaneously or

independent ly) Z&3F 2E(16) (3 webA Alo] Al A|=81(50))E& &#el7] el a4 (12)% +57Hs3)
— 13 —
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A AdEe 3ld dFdoly H 59 B AFo] H 4 dtH(may be a dual motion linear and rotary

actuator drivingly coupled to the housing).

olg1gk WA A, wEE(22), EH(20) ¥ =53 EE(16)2 394 (12)9 35 AW (28) A LAls] 3|
Aolal L/E= EWAYOEE 4= oW (may rotate and/or translate), T2H(10)9 7|52 7}s3tA &

7] 93 = HAVA FA 84+ AR Aste] Ao ®E Y=t (remain static relative to each other).

4= dal(may remain

kA o = (Alternatively), RE](20) R wiH(22)& a-9-A(12)o st L%
=i E‘:/H/\gﬂo]Eﬁl— :":

EA=!
fixed relative to the housing), %<3 EE(16)S Ts7lsstAl At 2/d
Ak, olHF HAAdECNA, 53] oHd x=F3 EE(16)9 dF IHASE EHL
featuring continuous rotation of the ultrasound module), €% #H(slip ring) & ©]9} A} tinlo]~
= 259 2E16)°] 34 (12)9] AR wake] H(24)l dis # M3t s<(as the ultrasound module 16
rotates about the longitudinal axis 24 of the housing 12) ZS3 RE(16)9 Alo] A7 A== (50)o] A

7] & AEsHr] s ZE (2000 A7E & .

287 RE16)9 4552, ANEAY Ex AT A9Wa 548 5P s ol AN dlE
/\1(In those embodiments featuring an oscillating, pivoting or back and forth sweeping motion of the
ultrasound module), €9 ¥ E+ FAFg tulola7t wpriA 2 Algd 4 vk, HEHY Ax=B 2o A (In

=
TC =
a
o

(particularly those

some instances), €% ¥ 49 /MF&E IY ¢ aggewron A" 4 9il(ay be reduced to only
power and ground) HA 253 BE(16)S AA|E o]x AABRE HlwA JFs ¥4 e

39 @ agEvt AFET] wEel, 4] £¥ ¥ 5483 dr)don x&or & dav) gla F AR
E Wy #o]2(a ball bearing race)?} IHE F&3] AET F A& ¥ ofye 3 75siA ALH =
%2539 RE(16)°] 3 (for rotatably supported the ultrasound module) £& <A A<l HWAYUZE Ao

ol#gt AAldENA, A7 39 A=(o]E HWE, HlEE(22)), EE(20) ¥ 253 EE(16) Alole 7] A
714 AAL 9tolo], 9to]l E#o]=(wiping blades), E-Wlo]& < Z(ball-bearing connections), ZAEZ

%<2l B (concentric sleeves) = 7|8} A3 A4S &3 € 4 .

= Fxd Y3l 253 EE16) A 4 i, weka BE(20)9 253 EE(16) Alold &
“(may be present between) 7] A /&2 (o]E HW, A9 L= Agdt) AEHA )2 B

Ty
Y

] AZS A A} (eliminating).

WE(20)9F 9 A£2(22)7F 253 EE(16)E 3-SR 282(do not rotate with the ultrasound module)
o] AAldoa], glo]o] T ZHA FZ(flex circuit)E 23 EE(16)Z 3 H FHo s ool &
A9} sl7] Y8l (to wind and unwind about the rotational axis as the ultrasound module) &3 Ao A
g A=EG0)e] A2E & A @ wabA Aol Ayl A&RN(50)S thE A 84 #ste] 3] gt
(rotate relative to the other components).

H

ye

=38 ojg @ AAdSIA, F$ANL FH F
% 2EZ TFT 5 A 29y, oY@
49l AAERE A A % AAE mol= 3

tlnlo] 2(60) thAle] i tlsle] USB FES e glo]
EE AFde AL VAR CR O Bt
250 Z2H(10)9] MNPE7F FIhE

Aol Al A~E(50)2 34 (12)9] THE F3 AMERA B 5 e taEdHels AAET] -?45H(to
create a display viewable to a user) LED ®3(70)& ¥ ¥3}s 4= IAY HE= LED W3(70)9] EA713)
A Agte 4 Adth(be communicatively coupled). ©]= ElH, 7§ LEDE 9 A& ujd(linear arrangement)
o] Fejl LED WA(70)% 7] LEDES Hdo=z & & Jdv HE-ZHEH tj=E#ol(multi-character
display) S AA37] 9o 223 2E(16)S 3] ds==(to rotate with the ultrasound module) #|-&= <
F=

o] wjdolA, 2 Yol MIEHE EE(16) JAJAY T I HESO M (characters as the module 16
rotates or pivots) 47| NEE ] 3 Hekeo] AYS AAF7] 5] (to create a transverse dimension) 7]
LEDEe] Ao 7h5stAl Zek= 3ol 93] 47 LEDES T3 4= 4 Uk, =, Ao A A|&=E(50)
LED W =3(70)7} 3 A= Aoz ofH LEDES HAE HAEE3}9(controls which LEDs are lit as the LED
bank 70 rotates) o1l AT E E= dd] AHETVL ¢E& F Ae FHE ZEAEHT(are projected).

ol#]gt WAloZ o7l =, wS FZ(instructional), Y HAE Ay T o2 JHE 289 X2 H
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(10)2] AHE A, AME 58 e AFE Fo AFEARM A AEE 4 dth(may be communicated).

Aol A AA~H(50)> FHEH 257 HolHE Aso=Z H7HE 4 da o] F EHW, 7] 8 AA A
o A7 EFH 2SI ARE AT F Utk o] AW AHE F9-A(12)S T3l *}*‘lx}oﬂ A AH
Edol 2 F vk, RR HAAdEoNA, LEDES] td o o](larger array) & th& Z o)
2 IH™ste ZEA6) A¥d & ok, B, HE FEQ A4 dZel AR /EFA < Eiiﬂ o]
3floF 8}AWH(would then be required through the static/dynamic interface), TlZ=Zdo](o]= Eﬂb, LC
LED, OLED)&= 4 sh-¢4d(12)°] S&=2 4 A,

O oz

S oot O v

],

wl
jus

= FAGOR 7F5 2k 9= %
23t ZEn(10)9) A$4(12)e FF A((28) WlA FABE F Ak, AZY FAGOE TIHoR
271 B BA AE40) 2 *%%](12) T EWEFTA8) AtolE A¥ste 253 B A 74 84E
At S|E A, Aolv 74 8xdd &8 FEsHAl AT gtrh(advantageously provides lubrication to
moving components, a heat sink for electronic components and also ultrasonic coupling between the
transducers 18, housing 12 and ultimately the target biological sample 40). ©o]Hdo] AW F nle} 7o,
75" FAGO)= vUE & Ee Fod H-RAA, vole-3 %, 229 715 {4l (mineral oil or an

equivalent non-corrosive, bio—compatible, ultrasonic coupling fluid)7} € < Sit}.

& 6WA I 8ol A mAjEl mpe} o], ffol A AmE vdd A 84v AE

|

)

=6 WA = 8 st AL Fxste], 253 RE(16)2 AT EE (2009 wE(22)2 A2 wIdew
(longitudinally) =AIET. ool Arde mpel o], wMiE2(22)= =A1d AAlool wet, 2 &k 34
of A= W F2ol el A e ZE(16), wiE e (22) # RE(20) =% (combination)s 3dd <
AEE EE(20)] 95 TFA.

=3 EE(6)> A7Her A= Hgor ]Z“% EWA7A(18)¢} Aol A A&=E(50)3 7[AA SR
ek, Aol Ay Al 2~E(50)2 ﬂx’?s-‘:— 283 RE(16) AAY WY oA g4 AZo 3 xde %
< Yehile 259 deolgHY F94 9t X%% 7}s3kAl 3t} (enables collection and subsequent

transmission of ultrasonic data).

259 RE(16)2 sty e 1 oo FFE 39 IR HEE XFetE Ao M Al&'I(50)] thekgt
A7NH FA 245 AEE A Y¥E=(in turn supports) Z Y (frame)(71)0] F24E 4= oy, TP (7))
Z29 2E5(16)9 3 Hdoly IHE 229 FoF Wu(throughout rotational or pivotal movement of the
ultrasound module) -7 (12) WH-o AE H(centered) 23 EE(16)2 FX37] Y3 Hold T 7)o
=(72)° & A 7FsstA AL=E 4 A (may be rotatably supported by bearings or guides).

ey P

ZY A (7D 2E(22)¢] Hlolx, B g (22)e] AastA(rigidly) 292 F AW = AL 5 9o
iy

™ (may also support or be rigidly coupled to the battery 22, and a base of the motor 22) &%}

=253 BE(16), WEE(22) 2 BE(20)E €A 3AdAY yHES I (rotate or pivot in unison).
1Al e nle} 2
AL MR T3]
% A /54 AHH o]

]

O}
5

ol gk ¥ , ol A 8AE Atolo EE TS 7 84 H A4 A
Ao ' %E]r(remam static relative to each other). uwghA, oJmst A7] A4
E 53 FXH7] Y8 275 A 2=th(no electrical connections are required to

be maintained across a static/dynamic interface).

)

D‘ o?i flo

AR W) TH AAES TP B (28)9 e elEl(integrity)7h SHFI o 9e & Ak A

oA 53 fEsi. Al /44 AdelaE B 474 A% EE H9E A% A WAY

e AZAY & drhcan be elininated). SAT T4 8k A4 L ZaAYTD AT AGe 47 A4
s 4y

< BFQsHA dFste AL FASH] Y8l ZAS] AEEAY EAIEA] AT,
WwSk(Alternatively), ®IE2](22)9F RE(20)2] Hlo]X(base)w A #HE Y 2539 BE(16)S 757
Al

A A AY == uHEEY] Yall(to drivingly rotate or pivot the ultrasound module) &7 (12)ol
HHAste] dH oz Z== 4 dt(may be held static).

olgigt AAlEd A, 253 BEE(16)> €8 o = A A28 &3 BH ) 2382 5 A, HlH
2(22)= 2539 EE(16) ¥ 5’—51(20)4 AR /&3 Ao 25 T3 Ao A A|2=E(B0)o IHE FF
3 ol dAAYeA, &I EE(16) 2 EEH(20)9 7] FF <QHdAlelx~E FI FAHE

(maintained through) #7124 2L 119 9 Zg}*==2 AFH}H(are limited to power and ground). ©]&
3k WAoo s AA 289 RE(16)S FHHE o2 AARERE HwE 9IS ukx] F=r}(is relatively

_15_



[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

SIHS3S 10-2012-0125578

immune) .

EWHA7A18)7F F%F Z# <A (a common plane) %23 EE(16) ol AA=E & A =(may be
located), &+ (12) W] EAmA(18)9] e #lHe]d 31 x| (orientation and placement)= B
Atk Ao AAdrt. oF HW, & 9o Z=AlE uiel Zo], ERAAFA18)E 257 ZRB(10)9] 2
Y Z2uldo] A48 =F(to adjust the scanning profile) 7AW~ T wjdd 4 ol HAAoR ~F

Hol® 4 2th(may be arranged on a convex surface and splayed outwardly).

ATy, &= 100 E=AIEE BRe} o], &49-A(12)9] RIS 253 ZRH(10)9] A7 2 ZEIHYE
EIARSAY, D/EE 2Eo3ta, PP ESEE(to redirect, steer and/or focus the scanning profile)
e ¢ dr. g ew, ERNAFA(IR)E 39-H(12)9] A7 Zrde] £A flo] AR R XA~
HAY 2Eloj€ 4= glth(may be focused or steered).

% 1la ¥ & 1lbe 53] &8 ¥ ¥ e d7|XdA 94 (12)e] #3te] 253 RE(16)Y ZFHO R
9 3o 244 t} 58 3tA4 7Fs 3 (enables both lateral and rotational movement)ZS-3} X2 H(10)
o EWALFTA(18), Alo] A Al2~8(50), #iEE(22) ¥ 2H(20)& ZA(71) e FARE

=2k Zot AA|3] &Zo]7] ¥8)(to move in unison) YA (rigidly) BF ZAFgH}.

o
o
n rr

N

FEH20)E 7Y BA A8 2 3 dFo|o]E (dual motion linear and rotary actuator)¥ 4 UL, A
FY v Ay 9 3ld dAFoolEE =glo]lH AFZE(drive shaft)(21)E Ea) -4 (12)d] #3le] EA
FA4(18)E &&0o]l7] ¢all(to move the transducers) E:MAFA(18) E 7|e} #4 249 F57ts8HA 2%

Hot.

EHQ0) = Al e 5H3 SR (either simultaneously or independently), 7] A& Wk %S we) A
PdHo=z 9 7] AR W3 Fo g 3 7158k A(rotationally) ERAEFAI(18)E F5 4 Aok, o
ghA, ERAFA(18)E &4 WA o® FU1AQl 3 A9 dHolHE FEstA FHER £ k. it

A
o= 7|8 BRE7F Ao = FJHES AJS Aot ¥ (controls rotational or pivotal movement),
o] 2t Q1 R H (secondary motor)(M]%=A) = Ed Aol d {2 ¢l(translational movement)s AEE37] ¢
3 AsE F Ak, AV RHELS Al s ES AlE2HAY H3E 5 JA U (nay be sequenced or

linked), Ei= 47] REHES SPHo2 $48 5 ok,

29U EWAFA(18)Y 47 2AE ZESAS o F4et7] A FHo=E o] Fof
=2 t}gst 4 Qth(may be varied to include a curvilinear profile). o] HWH,
W (interior surface)(74)& EWM2=[{A(18)2] XA g3t A9 o2 o]F
#H 4o Z33 4= th(may include regularly spaced undulations with a pitch). 7] dEd# o]
Aol A7l Zmude o]lF HW F9AH(12) 2R E IRAES WETozH EWRAFA(18)9 ZZ oz iE
270 el YU EFEE Ao]x = 4= T(can be shaped for example to redirect scan lines from each

of the transducers 18 as they radiate from the housing).

olF HW, M=E Wao FH(24)oA Azt FOoRHRYH HU 455 oo m, A7 AEHeldY oJEA Alo]
E ¥HE Axs 747 gEAY goldE & 4 9l HhEd, olF HW, EWRAFA(18)7) o9 o] JH™
St A5 47 270 gl wWeke] ddHo R s WA g F V] dEdHoldY T ZE23do] Aol
=z &9l o9} o], A (12)2 FAERE BAE(76) AR et AXE, EWAFA(18)7F A=
wkgko]l %(24)5 ulgl Ed Aol EH Y] wfiol(as the transducers 18 translate), A2 EWAFA(18) =

BE wAelE A7) 27 #gAdS g ozn 7Y 4 gAY 2988 4 AUti(may effectively tilt or

sweep the scan lines radiating from the transducers 18 fore and aft).

ol @ WAow, wen(10)E 58 E&Aln AP WAow Bl AA ATe 3 A4 HolHE fela
A 2HESE o] Assith. olF HY, AN, TRB(10)E oF HW, o 520 Wl A%

= A

2 7 AdE 2 7Y AolE 2AY AREE FE FHE Ve AR U3 2HS AAET] fE B§A
3 2k HlolHE FHst= 3lo] 7lesitt.

o] 75> ZEHE(10)7F wiHF(22)9] e T4 SAS 9WES + gl
make repeated measurements on a single charge of the battery). ©]%
(to the host of the target sample) AF&A7F FH Ao AFZS = o]
Wi g (22)8} Z2H(10)+ T WA AREES 3] wolx

=2 383t} (allows the probe to
2 S JY] B MEY TAE
o g HARE dL=F L3},

7] (base charger) (P EA])e] X ZH(1
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)& MAge=zA AGgHdez AQFHA=E 4 At(can be recharged inductively).

A7, EWATFA(18)7F 2839 BE(16)9 SsHA HZ}% 4 A 9H(may be rigidly attached), ©]Z<
gyl AAdEdA ERAR *1(18)7} =AY 7 A 23 RE16)d A3E 4 Arthi=(may be movably

coupled to the ultrasound module) Ao R oA=H & ﬂﬁr olZ HH, & 12 ¥ ¥ 1394 EAE vle} 7
o], 253 EE(80)9 dHAdE 253 EE(80)0] @r”\éﬁ EAHERY) Aoz el AR o] A=
ko] F(84)ol dlE 3 Hste= w<Ld(while) HMEE 7]E o]l 7bsd E@ AT (transducers
operable to tilt fore and aft)(82)E XE3+st 4= t}.

Jl
b1
4
of

EAE AAde] w2, 223 RE(80)S AR Weke] E(84)0] HZte® X8kH (oriented perpendicular
to the longitudinal axis) Z+ZFe] 71€7] Z=(tilt axis)(89)d] whal YEZT AMNIELE FZ(cylindrical
support structure)(88)el] z}z} I B E7}53A(pivotably) AEH 1 W MEE FF(88)E FABEHE= ARX
E(shaft)(90)ell Y| HEZFgabA As = EdAFA82)E 2838 5 Ut

o]gd WA o2 EWATA(82)E AFEE(90)7} AER EAIFHO(92) YER oz o HE EdA
ol|EF]7|wj&| (as the shaft 90 translates back and forth) Z}z}e] 7]&7] (89)c Wi dHESAY =
o 2ZM (by pivoting or oscillating) 223 EE(80)] A= #ak d= wekoz L "Holgr HHR 7]
SO|EF FZFo] 7153}t (are operable to tilt in parallel toward and away from longitudinal ends of

the ultrasound module).

oj¢} o], EWMAFA(82)= HolH MEZ F=8H= <t st AR E9E ¢ il & HE dHelgrt
FREE 5 AR BHER 7 71994 JH(As such, the transducers 82 may be held in one position
while a data set is collected and then tilted slightly in parallel with each other while another data
set is collected). ©] ¥4 kT 4= 3 2k dHlole] AES 7] 8] o Az 7]&oA
=(tilted to varying degrees) EWMAFA(82)9F &7 ojg] W wkEdE 4= Q).

g2yl AAldEdA, AFZE(90)E EWLHOER £ 3 i meby EWAAFAR82)E 2579 BEE
(80)9] 3d %3 WHWERE 7]&o]Rt}(and hence transducers 82 tilted independent of the rotational
motion of the ultrasound module). UTE AAldEoA, AZE(Q)E 253 EE(80)Y A AFH AU
e gBad g A 7] ARZEE ol& HW, A7 dEFAH Fo(after each revolution), ZAE #2
o7 o FHE AFor oj=ulxHt)(shaft is automatically advanced back and forth in a coordinated

manner ) .

T 02 dARA, ERAFAA00)E = 149 EAIE uke} Zo] ) Agste 2/ -2 3 AR E(103)
o] 21A o] % 3}=(engage) WH ~2TF¢-2S 75 (internal screw-like features)S zZtE Z#9] T A~

(sheath)(102)e] A4 4 Utt.

APEE104)7) Al e R sAgo R, Tl i AA(102)E EAAFA1000E FoR ENsE
3t} (translates the transducers forward). AFZE(104)7} who] ¥sko g 3| Ao g Iyl TE A|XA
(102)= shaxE= FAE06) Aol o3 yved A", AR EWALFAE =293 TH(draws  the

transducers back).

o FW

olg]gt Ao, T e ®E(110)7F 3A 758 (rotationally) E#WAFA(100)S ool
(while) 3lutel REE(108)= A7 EWdXAFAE MR Wgo=r ordltsta dXsAY SEFIES(to
advance and retreat) =3I F-22 AL E(104)E F&3to=d AFHEE & o,

= RE(single motor)E EWAAFA(100)¢] 3d 2 EdAHoH & v} =35 %

3} A AgE 4 dt(may be configured or drivingly coupled). £}ojo] X
AFEZE(106)0l] thsl] oFQld 2 Akl sty 98] (to wind and unwind) Z Y

E]—E A7 T4 84 F&RE 5 oy a8y, AAdECdA 2 A7 74

U B EZTE AoA] o]% <to]o](moving wires) T 43 3 E(flexible circuit)ol] ek ZLAdL &

Z3tA Al

017]°ﬂ At 259 ol Z2r g Bhgo] AAldEo] g 53] W3S xdsteE, A AES ¢

sk 2 Ao BHS AAS7] $3H(for imaging target biological samples, including bladders in

particular, and for determining the volume of the same) Z &3 Xwk #u] 2 wlwlo] Fedsle] AW E A

9k, 2 dHo] &9t V) FokollA T A 7Rl Aol Al olg g A28, By W X oE At o
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A of Aol Mol HgE ek Ae Fua sold,

EF ol 7] e 283 ov TRuL e EE thE W T 229 WAL A5E ACE A
M2 bSSES AAE S Qe Aow A4ht. A8% 43 @7 (vith appropriate seals) AAZE 7k
S8 94 A= B o 4L A8 AT & v

5, A7) ZEne J5d P4 sl HE, 255 BE, BE 2 99 a2)E 95§ S oS

o]Ad& sl (for disposable use applications) 7] &+-¢Ae] == 3}

hermetically and permanently sealed).

ATt floll 7led thke AAdE SHES FUHAQ AAdES ATy A8 2ddE & vk o ¥
wﬁﬂ?ﬁﬁl%ﬁ“:ﬂiﬂﬂﬂﬁEMWiMEMmlctmqmmsmawﬂﬂéE%US%%ﬂ,ﬂ%E%%
=9 gHEYANA, = =4, Y 59, 9 53 =d 2 ¥-Fd AEYANH BEFE HAF FxRE 9
7l 23t 7] AAd 5 FHELS F7F AANAES AFs7] A U 55, 9, HEA A
o] ZAIE o] g% Favt e AF, 42 F AU

olgfgt @ 7|e} WAL HolA-dAg Aol niFo] AV AAAER AAE ¢ Utk d¥kFo=w thi9
AT A, AHEEE “‘loi.gﬁ PAA e} Aol A TAE EAS AAdEdd tig F45 Agdsts Ao
gl olyE W, o]y s H 5ol AL e U3 AA HYAR V3 BE AAAES 35
= A0R #|AEoor gttt wEkA, H g (claims)o] FUHol & AFEA F=

26
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