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A1 A A19F T o= 7k ol 3lofA,

&7 A9 MEEels,

A1 A 2209 F o= 7k el 3lofA,

371 A AE AT

i= El
A7) 9 BE Az, Fot A A28 A7) R4 A2E B 2e9 R4 A28 F
REX)
278 22

A WA A21d T o= 7k ol 3lofA,
471 1A AE A"

71 253 EawAst Bddo] Astd 224-dF vod 59 A7) AAE AEe] 9% 259 Eday
Mol 1A 8= A7 Aol AgHAlE Eddshs A7) AA AE ="

(Y
o
r__)lu_“

NE~- N

Aol B3I Ao, FAHOZ nvls(needle) EE=  FHHEH
= AES PN 97 A|2Ele] B3 Ao},

WA o e

thAFe] HE(subject's body) 2 ®bs, FFEE (catheter) Hx B (stylet)¥ 22 wWlgyA S(medical tool)
T 7] (instrument) ] 4 (insertion)S X, dE 59, A A5 93 Al<(ninimally-invasive
surgical procedures), =4 UlF(regional anaesthesia), AA-"7] Alz9o] FZE(detection of bio-
electrical signals), X& Ex XFEE gt 7] A=(electrical stimulation for diagnosis or
treatment), d3 H(vascular access), HAH HlE FQl(fine needle aspiration), TF&4 FA}
(musculoskeletal injections) 5% % Huzd Al&o] Qtl. dubtd oz o]yl A&EEL At =Z9 sl
YA (desired position)o] WHA £ AHEs}A 7lol= 3= Aol Aesty, F3 A A FAHE A
< BAs] 98 WdEd & 9IXE F4(track) B EYE (monitor) 3= Zﬂo] & 4 Ao
ZA7F Wigd 9 ®(tip)e] A& fXE AAsI= A 1A Yk ARl AEA A, AF
+=*](adjacent a nerve) =t d¥(blood vessel)d} 22 olH Z(something else)S WA A &
A5 FAEE A2 w§ ot
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dAFel(clinician)ol Al &(body) ¢te] HbEe] dx-go] o|n|A|(x-ray image)E ATTOEAN HlE 7lojdx
(needle guidance)® 98 dx~#o] 7 (x-ray techniques)S AF&3l= o] AAHJct. ey A=r] W
A (electromagnetic radiation)oll 9] =% (exposure)¥} FHE 2]~ (risks) wol, Wuzd Eo 4] woF
A &5 = 7Fo]ld 2 (continuous guidance) S A|FdE FHo] 7FedtA ol U] ~¥AE(a series of
snapshots)oll 2|X|&E dl, o] HZ 9 7loldAE AF kA Fit).

¢

HZoll= vbs B FHEY AEs 7el= 7] f8 253 oA (ultrasound imaging)®] AR&-o] AIFH S

251 olnAgL A=Y “L*]'Hoﬂ«] =9 HE(lack) W&ol Ax=go] 7||I} vluste fFeElatn, =&
X ZH (ultrasound probes): E& gk Ho] HE ouXE AA 2AHT 4 Ju. a3y 259 olvA
T Fa EARES kg A H , 293 o] 9] F M (interpretation)e] # AJHIL, EAR, vl&
%83} o|n| o] EWHF| s = (particularly reliably or visibly) YER}A] &=

e
TFARLR, 253 ojH|A
&3k 2o Ao glo] A
En|(anatomy) ] HEA 7tEFAS 22 AN JH9] 7o EF W (six standard planes)o]il, HE o }EY
9l (anatomic parts)v WA SR A (nerves), s (arteries), TF(muscle), FA(tissue) & &
A% tholo] i (diagrams) &2 Aefstent. 2B RE 253 o|u|Xof|x 9 olERE EstAl &<l
< e Fo M B3PS a7, sHE AR dE 9 (radiologist)oll oEsfok st A BT} 7
G388t o Ab(practitioners)7t 253k oW AE A & F AT A Uik vEd oy 7HA Ha
WA, 2953 olu o] AMES el
g FES A% dHE ofEW I} g

rlo rlo j(«i XL i)

=3l

A2FA (ultrasound transducer)”} €% e Wi gt 5& F3
(grayscale cross-sectional planes)®HS A3k,  QJAto Al ofr}

_u v}
2 S
ol
ol
Oln
ol

nN‘ E rlr

B
913} 71% (minimal ly-invasive surgical techniques)< v}
A7y dek. w3, EAAH O Z(intrinsically) B Z&3 oju]x

8] HolxA =t

AF Eol, A7

lo 1%

mz Mooy ome W N

el " Al (anaesthetic)d FY& =E3ehe A=A A (supra-clavicular nerve
blocks)e] A5, A+ 2 O%W}X]«] ﬁ‘rx}/] H#(blood vessels)< 217 WHE(nerve bundles) Atolol A& o
2 HoFEQY. A4 9 a9 % olm Ao = ek A(white circles)ol E2]%¢1(surrounded) A&
A tj~A(black disks)= H*}Q"Vﬂ THHo] oEE ¢ JdoH ole ATt vkE Hol ot A=A A}
Al ol Aol oJHrh= oujolt}.  FASHAl, #F F%U(spinal ingections)S, odlZAd], =< (epidurals)el
A o, 227 onAs o4 25 9 WME HoFi, WE At HolE & glo™(cannot penetrate
bone), Z#A AL HFEk(dura)(HB<(spinal cord)E E#|#E= “H(membranes)?] Al Z(three layers)e] 7}
HZ2E: (outermost ))& dolA HY 4 gloh.  meh, mo] xWE F2 WMo ZtE(a narrow range of angle
SET BoyZY, ez 25y olux] A (quality)E FHF FHNA w$ £A4 & su. o=y A9
9] v Al A (epidural anaesthetic injection)ol ShoiA, whzEo] Aol F7t(epidural space) o FUa}
= Aol dashy, o HAXEHA Kata wetel #9¥(puncture)S& Wk, ohE SHORE, HF nbH A (spinal
anaesthetic)oll 9JoJA, FEte]l #F(penetration)= A Fooldl2] F7H(subarachnoid space) o2 FYL 3&
sk Aol a7, 259 o|nAL olyst F+ S 7te] AtolE Lol & gl

vk 7FA] A (needle visibility)e] Aol
plane)2 W= Imm FAZE gkolA, wd n}

= o
T
:rL
%!

E

2] 55 HW(ultrasound image acquisition
2 9A3lE A (imaged) &S Ao|t}t.

F Hs9] o3 Hﬁ(echogemclty)ol =2 JAt
(e}

Atzt, vhEeo] olwA A (imaging plane)el & W FA},

Ztol| 4 (at high angles of incidence) FX#| &7] W&o, vl 53] Holx| &S 4 3 HES 223 o]
g Ao o & dolE & YA W= o] Al vk (echogenic needles)s /‘3’\}01"‘ Aol Xﬂ?_}g]?i‘i}.
a8 wlgo] ojuy HHo| Z-gHE (well-aligned) wWolw =50 k. {FARH, olHA A7 7Y 9

Z239 W A A (ultrasound beam steering): HlEo] olw|3 Hol| Z AHdE vyt T8o] i, 455K
1:]_ = 01/\}_ l-oﬂ/q xL ;_(]-Ea—]_;q ol—L:\:]_

thekdt uls 3% 7)< (needle tracking technologies)S %&¥ T ZHo| Wi uls Jlo|=d] Z}Z} 7| %3 =
& E°], US-B2-6,690,159 Ei= W0-A-2012/040077, Fi= Ax7] AEe H4 2 Fald 7|z 3= odF
Eo], US-A-2007-027390° AIt= AT, 755 2 AHB=9] dA|(functional and accuracy limitations)E 77%
om ol& EE QI e vis § A7 A 4EAA Eerhe Yrjoltt. BE HAEEE tiEF 2m
o, ole Al HZE EE e Qe vbs | Abo]Y Aol: gm|E 5 3l At AstA A=A
(heavily modified) AEE FHe A&& FF Q7etcdl, e H]Iﬂ@ AT Tl AxS T
(institutions) B <A7dojolAl &4~ &},



[0009]

[0010]

[0011]

[0012]

[0013]

[0014]

[0015]

ZIHES 10-2015-0123233

jinad

a8y, 7 Z8HAl, oAk vhe e UE vud Eo] AgE W oW x4 EYo] #EHI A=A #Ads)
71 A8l 259 7 (skill) R Ao o&Edt. 2EL Wt Eol thdk A A& (physical resistance)]
29, HA(touch), =Z(feel), F fFA(fluids) Fv F7|(air)e Fol g Age] Wl & +
Ak, 71F H AP FEo] Hsit ek, FXEFE $AE ol ER Z(anatomical) WE7F Qlom 2 AZE
o] AE(time-consuming) ¥ I oJ#$-, A& E7}0 8 (inevitably) 229 B|AdE Sudlt),

Qokatd, L9 Jlo]ld At AR (some) HHE AES AAAFI FAARE o] 3] AFE oo i TS
Alge] AMEE = gloh. GRS Alol, 53] ulF 3 9 Al(anaesthetists), 3 9 (surgeons), B st
Z(pathologists), =5 <JAl(emergency physicians) 3 #Z2 "oz oju]x HAF(medical imaging
specialists)7} ol gA}lol] ot A}-go FQ Awlo] git}.

yge u§
s dstz= A

wEka], oo ALl o]lg JbEdk #AEE Al E(being penetrated) FF 9 AA-AY] A (bio-
electrical property)?l Ao 7|%3= AWHA FEYU(third source of information)S W=E A3} A,
thake] U5 o}y Er](internal anatomy)®] ©|m A3} %2-3% wt]A E(tissue-penetrating medical tool)
o] 2 4 gxaZg o]y ol EWA olu X (anatomical image)dll FHE X9 tAZHolE A= olm X
Zhol= AlEE % A" A2ES AFet. aEsAE, SAH"E AV $4L A7 dudx
(electrical impedance)& X&38}i, vlga &A= 2zt o|n|A o] e ol= A Aell(alongside) oFHEWZ o]
n2 24 53 tjaFeold tjaZe] "l odE EW Jdydx e ol En A olnx] Ao t]xFd o]

H vks 9% mE dA2(path)S wel 22 F9(colour coding) F AE(chart)®A tjaZwo] € 4= g},

olm AL 28y ojuA - gAY, TIA= =23 (freehand ultrasound), EF2A~F3I](fluorsoscopy),
2-#lo] oln A (X-ray imaging), =& o]v]A (nuclear imaging), AF7] & o]u]X (magnetic resonance
imaging), €% o]u|&(thermoacoustic imaging), X212 (thermography)d 4 Uk, L A7|=
(magnetically), HA}7]Z(electromagnetically), AlZ&H o Z(optically) 3= ZS3(ultrasound)o] o8] F

o
AE = Q).

O

A9 A7 £49 AP 9@ AL 1800t Fubel] AFEQTE. oAl e 24 ESS oE HY] dyds/
F 9 AR =5 o A d#A k. dE 59, §02009/019707¢] ;=-A= A7) A (hand-
held electrical device)E AHE3F= A& & o] 249 AIAU2E A7 9t F 79 A
2 AFEHJAR o] 5HG G ofvtEn A AHel ¥ glo] whsel Rl Ao ek Uxe AR

rir
po)
o ¢
N

(one-dimensional information)%hS Al&-3kch. w3, A7) dydA @ FY(EIT: electrical impedance
tomography) 2.2 %4zl 7] B Qe AW~ BEE AFA s fleke] w9 el =9 A (an

Egich. o JPPe thee] ASe aTatn, Yuds RIS ATFAH)

H
array of electrodes)?] AF&& Y
’JE(spatial resolution)& AE o] glojA AAFHE o]

Ag Am] AL WS B

v A A oltEnE EHetA] &tk Eg, B o|x oW A (two-dimensional image)¥ o] EW I Yt
FYGell 5 fi=(depth)oll #3 A= G5HA gGEvt. %3, 59 onAE dIdzrt SHHE F
gpgro] wat A g Ao o|u]A] HeolE7l d558E B9t I 93 AR (metal surgical devices)E & &9

Ae FSAHL = dVds dES WA 7a oA S WA A ¢ k. A, EITe Fd 232

-

Ry
o -

Aek(diagnostics) ¥ S B4 vtz o]ZgAlo] A (non-interventional medical applications)el AL, A
A Qs A HAek FEe gigh eFke] oFo] rt. dAAle FHY Jdd AES 9 HAZY F1EQ
olmlg 7IHez oA,

2 oo gr)e] w@de S5k YAl FA A% (interventional procedure)®] &A% A}Z (enhanced

picture)S A&3l7] 98l =41 93} A< (interventional surgical procedure)ollx] ZZ o AA-H7] &4

o] FA3} ofEw A oju g 3 & FH(tool tracking)S AFerE.

o FAFeR, B wEE iy R ofdENE olu|Hste Wit olw Axgl tite] FoEe] A4

$1st A9 S(insertion end)S 7HAl= 22A-3#F vdZd &; 03y & <k =A-#F wdA
e}

[e)]
H
b= 913 AE AlaE) g A=Y S48 SAs] flske] A7) Alawa 714

ol o

d

e
o
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Z Hgd B9 4% doll, =, °95 gAY "ol (towards the tip or on the tip) A&

He Al A5 2

uﬂtlf’4 olm A Alxaglo 2 RE olENA o|uXE EAte] txaZdo] dta, Y HE AxE] o HAE

F 2 ol En A olw|Xof] Z2-#F Wt 5o YXE vyxZyo] s ZTRAAM P yiaZeols AFd
E}. “?& oty Akl %zi zA-3% uﬂtlf’4 EJ e we 4lshe Bt diade] W

Agshe wA; q44 491
o 7

Hod olny Alx®le &3 (ultrasound), EFL4a23Y, d2-gol(X-ray), wEFelo] v, A7l ¥
olmly, ¥ v, AEIHT F sud ¢ gow, o v e A= HwYA ojuy Al~HS ZEjde
%S9 (freehand ultrasound)©]t}. vzl e A=, 97 AHE A2ELS 27 9% #HE A 2~H(magnetic
position detection system), 3% F2 A]Xx®l(optical tracking system), HAA7] FAH Ax"
(electromagnetic tracking system), %3} 4 A]Z~®l(ultrasonic tracking system), Z2=-#lo] T= FF
FA 5% A|Z~=®(fluoroscopic tracking system)olth. A7] 994 1% Al2~®(magnetic position detection
system)> Z}8}H E(magnetised tool) ¥ A7154 HE7|(magnetometric detector)E& TAT 4 v, A
4 AF7v FEHE 257 ZE2HY 22 on Axgle] R (part)d AFE & Aok E=F, 53] A
Z}7] F% (electromagnetic tracking), AA F(sensor coils)¥ #& AME HEgH wW3ts= A7|F
(applied varying magnetic field)& FHZE3F3 2% 7] 21&(induced electrical signal)E& $IX& 273}
= Alzgle Faler] fste] Eoll Aled 5 Utk

e AlE, Hojm shue] A2 A5 dd AEFGES AgHa, oA Iie HFaAU 24-uF v
O Eell e te 2A4-3% doZd Bl ds 5 v AA-HY] £42 AP (resistance), PIH2
=

(impedance) T+ A A|E = (capacitance) T I3 9 (thereof) 25 22 7] A=A 4= o),

A7] Az"e fasgeld ofdEwAE om Aot SHHE AA-A7] £4E& "z=EHo] str] fl& TmAA 8
tazdeld ddd = Sk, ZEAA B fageols ofyErA onX e 2A-#F wud 59 949
taEd o]l fell(over) FAE BA-T7] A9 AE(chart)E tx=Edol & F vk, ZEAA A
ol =AY AA-AY] A9 ol wpel ol lEm A o|nx|e] t]AZeo] £ (display attribute)
24 4" AA-17] SA4E "daZel & 5 . TEAA 9 fgxddele A AA-H7
of wet ofyEm A oo - wWd Fof tiaEdold A& wk(along) H2=EHC] £
& Adnt. ZRAAM 9 Hasdels SAE AA-HY] 49 ghel wet ol Ev A ojm A
td E9 A 9o taZdeld XA tiaZde]l £A48 24T = Ak, "xZde] £4
T ago]aAY(grayscale) #9 4 Atk EZ2AX = FHA4E AA-AY] £ goEFH x4
(tissue type)S ZA3FaL 3 —fr wud ol En] Aw] 39 (standard medical anatomy colour coding)<
3lo] ol En]A ojuxE %7 Eljle] wte Az zm=3td g 9(areas colour coded)oZ tlAaZgo] & 4
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A4 8 aZaelis oEnld olulA ol (alongside) FAH AA-07] k4ol AEE TxZdlol ¥
2. Z2A R GAFANE 2388 9 B0 A9 BE B0 IET 9 532 44

4ol WstE faEdol @ & g

A-#AF wWgd 52 vtsd F A, Al A5 2F-#5 vyd Syl Axd

] F}ElE] (stimulating catheter)ol #|&=

(gauge)9] wl=ol AFE = ALt A2 A5 24-#AF
A

ATk A2 A5 2F-BF AU 2o A ol Al

B L

-W 4
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3
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o L
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o

v

r{m
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= @ orlo rlo

JU il Pﬁ BN

T
o

<

5

5
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o
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&

Ao

&3} Oﬂﬁ(ultrasound echoes)% FAEE 259 Ed#lAFA(ultrasound transducer); A EOo 2]
AL gk A9 H(insertion end)S 7HA& 2A-#F wtd § & 58 E(surgical tool) =& 7|7
(instrument); e & e FA-#E wHY AAE AE=ste AA HAE: Al=® A9 A Eetol
(electrical power supply)el #7]Hoz AAwa, oo w3e 714 FHFH(electrical contact)S 93l
wEHL, 22-B% Wud 5o 49 dold AFEHE Al AF(electrode) 2@ thiade] B3 Arjdow
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A& A2 A3 Al A= Abolo] AYdAE SAHs= A9 dX v]E (impedance meter); ¥ 253 o FZE
BAsta, 2o 283 onXE yxZFolsta, 9 HE A" o3 AEd U2 2J-#E Hud E9
AXE 25T oln|A] Ao yxEde] 3= ZEAXN E YaFYols st A|2HS AlFT.

TS, B oAwe AA-AY] 4 54 9 FH9 24 #F 2 @7 WgE ouAE txEde] 2 E5se
-8 HHS AEstt

b, B owgos  zz-7iE WUl Eo] W o IA YA E|(echogenecity) & 7HE 4 ks AR A7)
YA AES AHEEgeEZM, 53](in particular) 58 AF8}8}al(magnetizing) AF8tE % (magnetised tool)Z%-
B A=(field)E A3 8 x71A419] &A(an array of magnetometer)E 23 EdNAFA ] ALEE o
24 F8HAY. oW, 27| Z(nagnetically) #HEH A /e 59 E(track)S 223 olnXd] tlx
Zdo] #vt. FEgh, ¥ AEFgte] B A A HEY A&l i 9 A delA e AS B oty HJE

ste A2 AF Alele] AIH~TE SAHLEE, B2 #FHI d=(being penetrated) 2T 7H HE
(electrical contact)& 918l =ZF% A4 dol, dxio], £9 "ol = ZAH, d50] Agdrt. oA &
o] A el R 9ol (around), ZF EFYY Z-2(and thus of the tissue type) F2o] U= FA|
(indication)& =t}.

ks, 99t v E (inpedance meter) ] ¥ S E duE2e} 259 on|AE ti2Ed o] dHe
5 Z2AA F gaddelet AdE £ Jdrh. AW #ge 22 e g uggsAE B0 AdE o o9
b0l WskE Uehls AER taEge] | 4 vk, AEE 25T o|ux| Ho, E o niEAsHlE Y
&l ¥ Eo] 9A B EYS wEl 253 ouR] A engo At

151 (overlaid) Hz=Zdo] &
Y, Ee FUHHoR, 25T ouR|9] HaZYe] $A42 53 Eo EY e X E we AW JdHdx
of #&HA(in accordance with) A0t Ael-Z=stH A Tefo] =AY Fho] Wsl¥= Zl(greyscale value

varied) ¥t ol AAd o gk, o|AX Z5It ojux] Aol H E= g oux-H4 eHdols AT
]

|

i,
N
>
o
Py
dlo
o
[
£
[>
3n
>
o
o
=
N
o,
)
3
2
32
o
)
I
fu
X
>
SE,
a0
[>
e
o
i)

Ir

)
s

= =
= S =1 T
g ojujA] Friow FgH 5o fAE BHoE ¢ Y. FIHE AA= A fA(actual position) ZHE Al
A =)

2 27 g9 o d7] dYEaE A2 e ZeR A Jon, a¥ER Y] JdIHsziY %
2 BlE A4k 3ol shesith. o Ad(uwEiA) Al2ES SHE AuE s o RE 27 EYS AF
g F AL

glow Tea HHEAHO R WA olyEN BlAE(medical anatomy texts)”’} AMREE Ae-IdWS
h

3}(colour-code) & 4= SUt}.

v

ZA-9% HgAd 52 bls, 7HEE, B (cannula) e BHEY 4 Qda, AFE 59 g = 234 (at
or near the tip of the tool) AF=E 4 Jo}. PR 5L Tu(di A WE-2(built-in)
A= 2 Ad(proximal end)ol A7]2 AZA(electrical connections)S 2ztE= TF A7) H-x= vl (standard

electrically-stimulating needle) B+ ZHHEY 4= St}

ul
o

o
(LS

A2 AFL SAY dydart i A (skin electrode)o] F2-#%F 59 €o2RE Y FA(path) & I
2~E(paths)S HERE A9dl, el IFddo] A& (application)s A8 AdE = ek, =g, I|H Ao
39 (multiple) Aol A" 4 ok, oE 3Pz E=, A2 A5 22-3F £ AA, v s A=
Elo] = Zx]oll(at or near the tip) A3E 4 Yo}, 59| HoA i Foae xF o dydxe] =
A& AFst7] A A1 AFe 2R dAA2 (insulated) 2 o] F(spaced)d 4= Yok, L3, A2 AT
A1 ¥E9] FWl(lumen of a first needle) ©Ffoll(down) HUE F & F X5 A2 vlE=(second needle
of narrower gauge)¥ & A2 AYPe 4= e 7170, Wdd E9 Full(lumen of the medical tool)o 29
A4S S Bxlel e wud B8 58 AYS A% JHEHEA AeE £ d. agEER, £ dEe gd
o HE-° HIFS ¥33l= Fa A7]-A= ZbEE (standard electrically-stimulating catheters) % 3=

AHgE 5 e,

b

)
ofr
ot

ox Mf =
Y,
9
2

A8y MEgols 27 dudar) thksk(a range of) FIoA B ICE SAHE & J=FE, A
Fu49] W9] =& SAF(selectable number or range of frequencies)olA] DC =& AC AH(DC or
< o}, w3, Fuee BAd 54 F35(plural frequencies)ol A9l SwS =A 3}
_g_ I~

[e) T

F3= =wQl 24 (plural frequency domain components)ZE T

o,
ol
on
A
fo
o
L5
2
oftt
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[0030]

[0031]

[0032]

[0033]

[0034]

[0035]

[0036]

[0037]

[0038]

ZIHES 10-2015-0123233

=rQl HX(time-domain pulses) Tr WY o] ~E 4= Q.

Hg s, A 2AE A" 2] 9A

FH A" F Fud Ao, 2Z-#E duZd Bl Yy 2L AAME AAF

(detection space)oll A9 ¥WM3}dl= %7 & (varying magnetic field)S A& Ao 7 %3

o] AMgE & Art.  olg A= HLH A7) (magnetic field) & HESFR 91X 24 Al2=®(position
A~

determination system)ol]l A5 HAISTF, Tl AA-golo] 7|3 F4 A|Avlo] ALEEH

7&% }\]_/_\_Eé}y sg—sl— _7}.24 }\]/\Eﬂ qup] _ir.xq /\]ia] = é.ﬁl_\‘j}

g vl s AE, 9 AEF A2ge 239 EdAFA Y #Ad A (relative to) AH3pE FZ-

AAE HAZel7) Y8l 2219 EWAFTA YX3t= 71=4 A4 (nagnetometric sensors)d HETAE X
]

2
o
=

o
e

% o

lo

>

A

=
= 2719 YR AE A~®(magnetic position detection system)o]th. o]AL %ZA-1E o] FFQ
o] 3}y o] 2 A(standard one which has been magnetized)o]#l:E A Zgdl= %283 EAARF
(freehand ultrasound transducer)”} AF82 4= Qlth= F3 o] A,

¥ ouge) te Zwe Zow zd-wE gz Ho AYH: £
s WA 24-2E dgd B9 A% AF8n 22
R4 A Fel A Wol AT AL A el B

ageg, B Hltg% oo Al AEE 1 Y(being penetrated) & A9 Avdxel e AA-A7] o]
H, A=" ¢ Ar 9 olmx] AHRE AEE F A k. oF Al AHHEY(three sources of
information)gl oatolol Al A = A A (delivery and presentation)E €3 Al (surgical procedure)<
AR okAsHA wkEt, I, aARAL 7179 Wi (substantial) A §lo]l dAlodl o8] ALEHE Aol AFH
Ha, kA 9 Alee B Ao oA Fet),

T, WA & Ao Al AT EAE FaFHe A28 A8 e 229 A4 A5E Fedn. 48 &
o], AAe] ANA =L HesozM A HAE(nerve conduction):= WA B2 (anaesthetic block)e] &

el BAE F7] fistel Z44 5 Aok,

S hs Eat %z(lmpedance measurements)S 253 olE|X| e o]mx] A& A|Ue7] H&(to aid image
processing) a3 o|u|X|e} Agste] ALEE 4 k. dE B, TE %7 Yoz faddeld onX

= UF7](segment) ¢35te] U3 A H (impedance information)E ZS-3 AH e} 374 AgE 4= ).
2 age g 248 fEse A By E‘Z’ﬂ(objects)(ur‘} F-F/Pwa, <% AX), EZ(materials) (A
2 5 EE ud & dF gE x4 1 9ate], L3 Z9A

(ultrasound contrast agents)?] A&z} 7&?}%‘ —)F Qi duE A SAHo] AL

meh, oyl HEE TS Fxste] AAlde o5 dWE & ).

L 12 2 3o dAA o] mE A2 kAol

% 29 a A be & @Yo AlzFloA AMETMER ThE 2A-#F dYd 55 BAE
= 39 a WA by & W] Ao mE TE o|rX] faEYolE EAT

T4s B oadge dAA e e A5 AEVE BAH R BAgt

5 k49 AU|EA HEVE Y3 Hlol~ ~H o] H(base station)S =21 o2 LAt

vy e YA It A &

T 19 ZAE kel o], ol o] AAjdo A A~RS 2E5T ERNAFA(2), ZEAAG) B txEd o
(D)E XF3e 255 ov A A&g(D)E AT, Ed A 2~'2 d¥d(electrical power)(9) 3 I
2 #E (@) dZdH L e AS(7), ¥e B Auost 22 A H6)o d=(7)HF(with) ATHE 24—
#5 wgad 2G)E AT o w(10)s Fste A7l 32E S-Sl $El(To complete the
electrical circuit)A2 A=(11)o] Wil w3} HEst] AFAY. E(5) Aol A2 A=o] A sl & 7}
5738 oftfel] =" Ao)ARE, E 14 A2 dF(11)2 I F-F2F H=(skin-adhering electrode) 02 &=

o

OH
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[0039]

[0040]

[0041]

[0042]

ZIHEd 10-2015-0123233

ARow TAEY, dads vE(Q) E AHY(9)2 FAHE F342(vith a known frequency) tiiFe] F3Z
of FEZ 2~ Judd(complex impedance)E A IAZA (excite) 4= AL WAHE txE A% 3 2 A4 (onboard

digital signal processor)Z §& 21& & B4t dudxe] A4 2 54 FP(real and imaginary parts)

HolgE 83 WAH 34 Alywlo]E (onboard frequency generator)E zt:= 714 dydx A7) (off-
the-shelf impedance analyzer)el A= = Ut}

x4 #e 2GS F43t= A A4 A=VE = 2 a9l AAlerE BAbE ZolARt, e 4 ¢

A(modalities) ©] AFEE = b= AL & = ok, wabA, AA oA, E(5)8 A3}5 1 (magnetized) =

=3 ERAFAR)E AZAL JRA(12005 2Fsh= AVISAH AE7I(12)2 AFdr. HE71(12)8 AT

o] A7) (earth's magnetic field) % oo tp& W

D A, EG)EREH A7IES FAskaL, ZRAA(3)
=

u

2= A}7]%(any other background magnetic fiel
AEY As2REH EAAFAR2)S ddd 5(5)9

a9 XE A4t a9, A2 AEE X 257 ou X9 A faEdel(4)e] & el
L=

259 A2 A5 2E71(12)9 AlF(provision)ol] 23] 43 d+=(being modified) ¥F %S
gy L2 H(2)E zte ¥F 23Y B-EE= %2839 Al2El(standard two dimensional B-mode ultrasound system)
d 4= k. AolES Fdto(via a cable) 253 Z2H(ultrasound probe)oll AZAHE ZT2AM(4)E A}
o] %219 olux]Z H3tA|7]7](assemble) Yl & HAE WA 3=(to cause it to generate ultrasound

pulses) 7] ATE $£A& L, e EoZRE QY o (echoes)ES YEFHE=(represents) EWRAFA(2)ZH

B AlE 29 dolE(rav data)E sl4 (interpreting) 32X 2 &1 EWRAFA(2)E T30, 27|SH

7437](12)_ _l_g_ﬂr EdA /\1(2)0]] _,_E]E] _/": 017.” x]—iLQ _/‘,: 01—7 HHE]ﬂ_ﬂa = _%%J} ]Aaloil?_a
™

JA17]1%= Z(positioning elements)e =<

o HEd 4 Avk. v sHAE, 845 93 gk Wk A 4w
o] At AR EE RS EZJ%}% A7154 AE71(12)00 ATEt. ANF5H A1) 255 iiﬂ]/ﬂ
(3) & fz=FHel(d)e] F4 e FA(dZY, USB) AFrUACIA(16)1 o] f5l(base unit)(14)ell

AWM (wireless connectlon)( 5)ef o8] AZHEY. Holx FH(14)2 253 Z2ZAMA3) e AVIFA A
Z71(12)% 5949 5 017-11/} = 3y 7159 d¥(some of its functions performed by)¥d % T}, o}
ol o AAeHA drgE npel o], wlelx FY(14)e AVIS5AH AE71(12) 258 Aatskd 54 (normalised
measurements) S -’F’\‘la}i’ g £(5)9 94X, e dYHoZ(optionally) 91X 2 W&F(orientation)<
AbEde. g, dlolx {uHl(14)S AVISA HE7I wH Y Fd FEe 22 F7He] A E(additional
information)E 4418 4= ¢l 7 A4 AHHW(configuration information)9} TS ARE 2V|S5H HAEV

(12)°l] "ol FH (1) e2HH F4E 4 dvh. ol FH(14)2 tz=Eeeld E(5)9 oA (17)9] =&

g} oln| x| ¥3-S 93 (for inclusion in the displayed ultrasound image of an image 17 of the tool 5)

=] A, F, A 2 AgFoR ) WIS 259 ouA] ZRA|A(3)d degth. o] ofge] o FAlSH
= o

A ArE 5 At

|
ueba, E(5)2 A el e & 240l =Fd Al AS(D& Z%T el gew 3zs sy S8l
dIdz mEHE) % HY *1%3}01(power supply) ()& F8 A2 A5(1De drjdew dZddy. dF

5o, E(5)& HE-< AF(7)E ¥+ EF d7] A= wbs(standard electrical stimulating needle)
F AT EAHOR mAjE uie} 7“’] A= AEFEel(9)x 449 DC T ACY A-&3tar, ACY 4%, ¢
T B R Tk B Tk A9 Z(frequency sweep)oll AE@th. ERE, AE A ET](9)= T3t
T S4AR WS FE A7) d2E A&ste Aol sbedta, weEbA SAlel(simultaneously) ©HE FIk<¢
A FES  SA. A~ WE®)E JA¥PExE FAsn 23 ZEAAB) F4l

[e]
(transmission)(13)S 3% S txdsitt.  wEAs A=, dydx B47] 24 (impedance analyzer

=
(in practice) A= fFHo= FFH}.

i
2
il

ol ~gHoA(14) 2 d¥ds BA7] 9408) 2 (999 AMEE 2g9 AlaE(DOoRRE FESHY
(separate) %53 A|2®l(1)9] AL $H(less modification)S 73+ FHo]l UXwE <dolo] A(any of
these)< LI EX7] 24(8) 2 (99 Alo] 2 ¥4 7]%5(control and analysis functions) B X ZA|A
(180)¢] 7]%5(functions)S Ho|7-9 W (taking-over)dtE= ZTEAA(3)Y &3 A|~E(1)o =2 E3td 4= 9}
= A& ¢ g v 289, AEE AE571012)5 A4 4 FA(wireless link)E AW 23 =
Z2H(2)HY FYg =84 Ao|&(same physical cable)S AF&3le] 223 Al2¥l(1)3} to]HE FAl(direct

communication)e] & 4 <l
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[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

[0054]

ZIHES 10-2015-0123233

E 18 EF 93-323E AF(11)Y ZAdE o AleEHE 2FE A A= H}‘:‘(standard nerve stimulating

needle) 249 ZZ-BE vt)d £& =¥ o7 =AEY. T 22 vE9 ®e =Wo(on the side of the
needle at its tip) A=(7)S Zt+ w9 A &8 © JAEA Kot 131‘% +2(B) WA edd ZAlE
vke} o] therzel 37 A A (Alternative configurations)o] 7Fs38ith. TS T 2bE HlE Ho| E 23

(119 vs(5)S =AY, A1 A5(7) o2 5-F HPﬁﬂé‘é(opposme side)oll =A]E nleh
Zo AAAE 4 A7 FANE, Al AF(7) o Z2HE s ¥©E ue) olhdE 4 9t}

T 2cE U2 A 7 E2F AT vbEol, 92 vhE9 A (one inside the other) AFEE HAA|dE TASH
1
S

o fA5E A2 A5
@), olAe FAR

o omeEbA, Al AS(7)S 2 vke6) 9] FHlE, ofZle] A 'l A2 A=(11)E e A2 25 A= v
=0)ed 98 AfEd(occupied). olgidt F HAIEZY w®lE(two concentric needles)e o IXHE
o]

(arrangement )= A3 @ 2 A3} ZA o (same time) NAQ FI& 583},

rr

T 2de v=(5)9 Fd9 oldl(down) AYFE VAR AFA71E X FHEHE(60)9] A ol fAH
A2 A=(11")¢] AAldE EAg.

T 2ee vb=(5)9 Tl offel THHE B(70)¢] Lkl AXFHE A2 AF(11')e] HAAAE EAgT

ot

B8, Eo] d714ow deAd(conductive)d W HAFH(7) @ (11)& E(5)9] BAwRE AAA 2 (insulated)
Aol "deasltt, W3 % 2, d B e ZZt AMNEZ oFAXHENA E(5)9 ¢FE i Ui biy,
e JHHE ] wgEe dAr|dew dAaAxy 2 F .

s, e AZetel@ele] 4714 A2 2 Ads MEHE)E EF A7 AT ks £ gl o
599 won (59 dud Az

.
L
L

o

a7
o =

‘
=

!

2a9] AAdE AL A7) 2 AR AF1D) Abole] d2aE wel Judag FHsta, & 2b WA 209 A
AdE ZAo| A (in the tissue) AP Y= 5 ¢tom THSA JXstar = Al L A2 Aol 95 (by
virtue of) E(5)9 § FZ(vicinity)elA 7MA A7 d99~E FA¢d0E AL & F Ak, aHu=,
T 19 Arjees Bol A4dE o d9dx ®HstE HE E YERY] JEs, ol AY AleEs Fdske 94

g 2
ool Al &el7](inform)ol FET 4= k. ©E T2, dAE Eo] AYE u 5 HolA 2H9 d¥ds9)
Az & 22 glo] ded] 24 B8l WstE FEae Ad s 7Hd U oE dHecreE =
2b WA 2e8] AAde & "HelAe 249 dudxe] AiAd 54S = & AL oldd dIdx g2 dE
5o, sy 9, “AA z2He afF AF(Specific resistance of body tissues)” , AF# o)A A A
(Circulation Research), &% IV(volume IV), 19563 11¥olA wrdd wpe} o], v x37 EQle FAHH
dodxE FX3FoRA 24 BYoR HEd & o

Aadoz, st Faprda dadxrt Z49 A ARl A daEeolE sk (for display) @Y T

A~ v ey Zh(single impedance metric value) &2 T2 kS A Z @ A(compress)dts Zo] 71538},

oA, A7NEFA #HE71(12) 2 2y ZT2H(2)9 BluH (compared to) A3H E(5)¢ X7} AEHE W
o] f AAEiA AwE FHolr), olgst 7ye A HAY F<l(co-pending) =AI(PCT) oH ”é/‘ﬂ’ﬂ
PCT/EP2011/065420| 4] B AL T},

=4 #4E7](12)9 74 (components)> T AASHA = 49 55 tlolojasior mA|¥og Holxd, =z}
71574 AE71(12)= A3 A (array)(100) = & EE O B2(dE 501, Y) A7AI120) (% 400 Belx] &
%E%%@ﬂﬁ,lﬂJme)€ﬁ° nho] AR Z 2 A A (110) el <3 M#Hq vho] Z 2 Z 2 AM(110)= =
14 AA (100027 g5¢ =4 232 AiFsk(normalizes)dta, Hlol2 FH(14)0] HRES oA $Al8H=
Ao Z(in turn transmits), SFEIVH(130)2 EWMAA|H (transceiver)(115)] A&t o]ejdk HAAdo 44
H HAheA, ASFH AE7(12)v vho]la2 =2 A4(11) ok "HEZS M (multiplexer) & A&+, g3k
(normalization): o]~ F4(14)¢] Z2 A4 (180)0 2laf =3 H .

2}71A1e] JgA(100)o A ZHzre]l A71AI(120)E Al e SHZE QA AX W& (three linearly independent

directions) 0@ 9] Z}7ke] A7 Ale] 91200014 #7218 24 a' a . a (A7 ANAS Yl S
Z=43it}y, vlo]A BT ZAA(110)= o3 =9 S WFsr):

u v w
ac = (ac, a, a)
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[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

ZWES 10-2015-0123233
At AarstE gho:
b = (b, b, b))

AZIAZTE 58 Al Ml g ast 2FESE viES 2 (normal isation matrix) M-S okl Gatsh 22l HlE

(normalisation offset vector) G5 dHgdozH 1zl AAR F%5 o5

Lo

Zlal WekF(predetermined

orthogonal directions of equal gain)olA:

b =a * M + Bx

offell o GAEtAl AvE  FHot}. Artst mMEZ2~ 9 Ayfrst oA dEe no|AZAEEY
(microcontroller)9} ##dsle] wRge] oAgFHo=z  AHAHC). olg]dt ZU3 M3 (This same
transformation)> b, A9} o] Z7he] A3l mlEE 2o xFE3 2 ZA WEHE tshe o2 747e] A7)

A(1200E A3 Fdsa, 742t A7Ale 598 o]5(identical gain)oZ Fdg A I3+ W3F(same
orthogonal spatial directions)olA #7149 24 (components of the magnetic field)E #|&3tc}., uwhafA],
72 ]((homogenous) A}71A&ol A, EE 27|A= EF3F & #29 #7149 Wk (orientation) Fiv 7=
(strength)oll ¥ §lo] & T ghs AT gt

A3t @ @ A (Normalisation and Offset)

BE AVMAE #3289 ZEo »=EE 4 s AL 5 U, odE 5o, oA AF AF
(terrestrial magnetic field)ollA +=3H (rotated) A71AI=, A7IAL] Wakel wel, Al e 5HAA A
Wkl A 2L7]Fe] 4o ket AEE SAHY S dvk. gy, Ao F A E(total strength)e A7
A
Z_'

o=
2 3t

=

om

Aol Wkt ddglel FAE F vk opA, AA o] & Theg ATAA, o5 W AL Z Al WEk
M tEh. AT, were 22 M2 JustA e ]iﬂ “m&~LE72%(MSWﬂH wrel A
(single sensor), WY A7|A7F ¢4 9 FdlE A7ANA ¢3d A5, A7AE 712000 3-24d gL A
(tilted 3-dimensional ellipsoid)@ At&(yield)d AHo|t}. 13114- 273% Z7174o] U A (constant)dF7] wj
o, ArstE F42 FA(sphere)® Fof vk, wpEASAE, 23 g g R o5 HE=ZZA N2 BHIA
E TARZ MBI Ao] avdrt.

AA HE(a set of sensors)@, F7}149l WA (additional steps)i TFE AlA9] FAHo| Mz Fdslitl= A
< HAS= 3ol Qi) H}%}X—]aﬂ]t, A4S A&, e A kE flsted Afs oAl ¥E

(normalisation offset vectors) By @ o5 A3}l mjfEZ 2~ A E(set of gain normalisation matrices)
= A7IAe 29 A (raw results) a,S AF3E A3 (normalized result) b, 22 W] ZAAHC},
b = axM. + B

olgldh, o5 wiEHXA K] AEE $AH ro], Wb AR eld A=

(iterative calibration scheme)® YE2H]2~(Dorveaux) =, "AAY HEAo L-y-"t AglHgolAd",
2010 ol gzt AEZ AW~ (American Control Conference), WE]Xo](Baltimore) 20100 A<= Art.

i)
N
24
2
o
:tu)L_',
ot
By
i)
A
32
o
i)
2
il
il

Aoj¥l W3l(transformation)d gall, hx T5 o502 A 7Y Al &7k Wk o] 27]Ae] AR A7)

E ATt Ao, olgd W 2S5 AEVY EE AVAE Hd sdsite Ae RS,
A}, Ao #A AI|GAA BE AV AE VAR FUe ghe A&
A B d o] WA (calibration step)olx] BEH ztzte] 7| AE 93t A7 AR M 2 B A7EA AE
1(12) AFAe] & #ol2~ FHl(14)e] Add 7 vk, #Hlojx fFHdA] HEE fHolE & Hda §lo] A7)
A AE71(12)9 A& Wk (exchange) & 3]-8317] witoll, A71S5H HE7|(12)d HEE AAste Zo] A=
o owpEbA, o] upg gk AAdol A, A7EA FH ] AAY] FHL AE(sampled) HH, 1A
At A7NEA AE71(12)0A Aatstdd.  olelgh A+, 7hsgk thE B AHe 3 Frte] 245 9
3 Wlo]lx R (14)el FAlFTH

Hodgol o2 AAdeA, wWsle T gE ¢ dykel u]-A3&  WH3k(more general non-linear

transformation) b = F(a) ¥ F ATt.

N

|

il
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[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]
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A7) g Bge)d W Fri¥ o w vE Addeld Wi AVHA AE71Y AVIAY AdH] F
ZF W&k (relative spatial locations)sS #53}7] $138te] H]3t A (inhomogeneous) AH7]7do] 2ro]l&= Zo] &4
o B AgEgeld HHel (a) AVIAY 54 F& FAoE uds] i, (b) A gs &Sl (c)
5 o5& xAse wE ANFE O]%I}D}‘:ﬂ, A71A 9] gk FiiAQl A Wako] Jhsdttke A Edh
AgE Alz=ge] F7E frEstth. o]=(This) A€ Hlwd 27N FdEe A754 HE710A 71
o] Zg|ud el gAl o3 FE5HE 4 9\1‘3}. v A A=, o 94 g5Hd SHS FHE A
ANE = = A D/ B vuske A, 2 A 54 2 G 540 AT wrA 4" wEks
Axbste A2 AA Y 3 91219 A& BBy o)ds 95 gdnt

v} x] 2t

g B el W] By (variation)ollA, &zl ARG GHAR] e Ade vt AbgdT. A
A 2AE Wego R WIlsleE YAoA dyAAl &2 AU|FAE Ei 2Y(swept) T HFHPA EY
(reference trac)= Al&F3st= AVAl F sHUZ, & A7A9 A= SHS dAHHA2 FS (reference unit)
o] FAo o] A (align)dte A L2 WHow £Lxow Wiyt (adaptively varied). dE 59,

olAL 7 A-A7-A7] 71 &7]-8+7 L] E(mechano-magnetic—electronical gradient-descent algorithm)<
Adsls v F2o) o8 5= 4= glvy. v d F= A By o)A (inhomogeneous field calibration)e]
AlgE Efe FiloA T XEQIE(single point)®E FAE 4 At

E2d A3 2 X HAE=Model fitting and position detection)

T 5olA o A E=AAoRE YERd Wol 2~ ~E o]l d(14)S AIEE AEVI(12)ZFE AHUY(170)E 7t
7 F271(160)5 F3ll Aatste Y ARE FAsa Z2AA(180)] FRE AEect.  A7]ol (There),
=49 Azt Adrt 559 AX(EE AX 2 WE)E fFR(derive)dtr] 8l A, o HHE
A3, & b2 A7) E(magnetic tool)(5) R AT AVIFSZHE fr#sh=(originating) AFH A71%

(combined magnetic field)d E9 ¢(p)= ZF7] 8 2834 o] ®dle] wx 2} (unknown

parameters) pv X3 EWN=FTA(2)d Fdidel £ A I, £9(it's) do] € W3 d E E2(it's) #F
7] o] Al8]E] (magnetic coercivity) moll ©3le](as well as) A7 A7 E o]},

p=1I d, m E}
2e o(p)e FAF sevEe] AE pellA A7|AY] YA Av1ge] AitstbE 2 (normalized
components) ¢ (p), ¢ (D), a (P& FAGL. &ER J|eoA 27 FHE dugEe Frke] o,

ZH p= AAZ 54" 242HE mdo] HAsH| wE(according to the model from the components
actually measured is minimized) #7172 249 HA}(deviation)ol A ES5H}.

Sy (b~ o(p)

dE B, AFTF Hxs
approaches) %+ ofvgl 7]&7
(Kalman filter techniques) I
3to] o] g4 4 Qlrt.

1 E(5)0] FE3d|(sufficiently) @ (rigid)sttbd, &, 23 F+H#ZH(bends only slightly)™, &
=39 % (straight hollow cylinder)© Al ZAFX| (approximated)d = Att. o]&3F Y% (such cylinder)?]
2A7174-S 48 F E¥(end surfaces)ol nE2A Fuj=l= oo #47] k4] (opposite magnetic charges)(F,
Hito] z}7]8 S t]~Z k= (displaying opposite magnetic force)), &, £9 Wit #olA F /i ¥,
ko] 2] A& zb= 3 gy, T3, 5(5)9 F2 XS (small diameter)2 & d}e], 2}A|(charges)+
E(5)9] ¥ EolA F 7ol A7 EQJE 2| (two magnetic point charges)ell 28] TALA 7} AHEE 4= o).
upeba, B wet, 99X EZRE F38" WY 45 et A5 E(extending) E(5)Y A e

2o

7] (minimization techniques)< eWIH|Z1-w}stE  H(Levenberg-Marquardt
1- ‘5}70 ¢Fa18] & (gradient-descent algorithms)o]\i‘r. Ackzr, 2 BE 719
= FAF ¥HE St (similar iterative means)< HA&3d AAS dHHo g 423

=]

Mro, d m =w( n / In - (ntd) / Indd/).

AZNA, Ind B Int diE NE o 2 o+ do Adizk(absolute values)S ZhzF YERATE. 93] res AUE
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[0087]

[0088]

[0089]

2ME3d 10-2015-0123233
S E(relatively) 253 ENLFTA ) 2753 AE71(12)9 $9x 2 A2
o] &R 92 (known positions)e] $1X¢ E&o= é-*ﬂ' EWTA(2)o] &
F Ak, wEbA, AT A7FE 1y Ee A B, B mE A71FY] 84

s

o

4 AE71(12)9] #A71A1(120)
H EG)Y A 12 Az
o o] "o

FXE

rlr

ap) = Mr, d, m) + E=m (rn/In) - (ntd)/ | rntd |)4E

7o 4yl 7HY gxzdeg, 7] BEe olF S (dipole field)¥ BlFE9 A714-& 714 (assume)dHA] &
. ole olF FAS a3 ZAMX|(valid approximation)® WHEZ] 9lte] dwkEQl 7| HE7)E Hb
59 Zdol(length) ¢t PlgE of vhzel WF 7M7) wdel Avzl d<esh(oversimplification) 7} & Aot}

AEgh vpep o], AZIAI120)9] o8 AEd SAY A @& bl ZRE Ao 54 vbs 94X

= 93065 S ﬁiﬂﬂ FRE) N dEEn. 771, g54 vks 92> E A== (handheld) 25
3 EWAFA(2)ZRE F5H 239 on]x e FHH}(superimposed).
= 1°ﬂ EAA o AR upey o], W F(5)0] 25 EWREFTA(2)Y oA FW el s AN, vbE
< AA(solid line)2 2 Ti2EHo] & & vk, ey, vl 23T ojud Hd ¢k glE & Adrk. o]
23 A9, 2ey oux HA Joz FgH(projected) W HFE2 YXE gaZdo] s A F yaZol
2Etdo] W ogd FgE AE taEdHold Yehie Aol 7ted & . dF B, H Fr
(dotted) B/ the ZE dagdlel 4 & g, &2 59 Hdl tissh= £S(the end of which
corresponds to the tool's tip) A(line)e= 33 AlAstdt. Fo] o|n% Hd ol J=A Hol A=A
of meh, A e faZde] 2uYS ¥ £ dal, AAE(indeed) WY LAl0] oW HWEE AE T
$-(if it cuts the imaging plane), Feol A& F& 3 S| txEe] Hau o Je Fid & g 5

ol gaEdel 2 5 Sl

[}

T3, BE o4d vbE Ed(whole expected needle track)s olw|A] tj=Z o] o ty=Fd o] st Hol
7FeskH, ol B9 A7|(extent)2] A A% (straight line extension)¥ = Uvt. F3H, olyEwWZH E£F
)

| Z&3 olmAoA FEE F Ae A5, olfgt 5A(these features)oZ Hls EZ wxtA|
Aol 2

«

g we AN4YS UaBde] gozd, 3E¥ 5 9

ut

(intersection)S, o& €9, nAFX

Lol A A7) A (120)7F 253 EdaTA(2)9] Hiront) S 7F2AE JFAZ vaZdel HAAT, =,
T3 ERATA(2) Bl e dyos wjdd s gl

P

gxog EMAFA2)E %7] YA (initial position) ZHE 129 74 (acceleration) S RYUEHT S
5‘1 Ed %H«] Ax B WS SA4stE B 54 FYl(inertial measurement wnit)2Z ATH F&

AT}
A7] E(Magnetic Tool)

‘rﬂiri

217] B(5)& Aolw A 2 (magnet)d] FEY F o}, E(5)E AFH7F A7AS AASE AS A8
7] $18ke], HAAA (electromagnet), € #|:x=o]=(solenoid)®} &2 H|-F+2 A4 (non-permanent magnet)‘ﬂ
2}7] 2.~(magnetic component)E Xd+e 4 gt} wa, E(5)9 A9E REL E pgomiE k= E

(5)9 g8 BRozZXEHY 27| fFE(magnetic induction) wj&Eol =71 4= A},

O]

A3} (magnetisation)= A7) F ¥ (magnetic coating), WFEZASHAIE F+4<Q wlaug Iy o3 Al&dd 4
gk, o) BAHL 93, o= So] 2L 1A A7) YA magnetic particles), © HIEAFAE
YA(nanoparticles)E T74E F Utk "YxgA"e Holx F I+ AA(two spatial dimensions)ol X <]
100nm AlelzH Ty ZAAY §53 §iRpoltt.

B od o] Ao, B2 V[EHog A3 (uniform) A3FE zb=th. T2 AAdOA, dF o], £
9] (conventional) A7) 2 ‘ﬁ(magnetlc strip)(Fojx d-ak9]) EE tz=A(e]-ad9]) e HEzt FA o]
YR FIES} o] Auol AFS 8] AFEE 7] wio] A-TEE= o Be(or more)-xF¥2] #7] ¥ (magnetic
pattern)o] AP o EZHN 23l= Aol A 2FYU(one dimension)o A H]-7F Y (non-uniform)old, =, 27| &2
Wl E (magnetic moment)¥X o9 $1x9 F=(function)®EA W 2/HEE= F7](magnitude)S W3FA|ZITE, B
o] upgZ gk AAjeol A, d-ap 2] HES o] Aol(length)E wel 7|5 E (recorded) F+ Jth. vbg
At A=, ol#d e ES dolr = 8 £ vk, wI, ohE A7) F=(nagnetic codes)®E E9] I
A%k Hat(certain parts)= vHd (marking) o =M, olefdh Ft> = (distinguished) & Avk. E9 7
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¥ HEE(individual parts)& ZAE9(their) X H/H= HWsko]| #ale] iAo & (individually) F3 5
a(tracked) FE=(identified) 4= UA7] WH—roﬂ, E9] 9% 1ake ] Zr(better) A2AHE F JuteE
AL B H—J“gg] A o] @A F e Aotk 53], ngAsle, §9 ¥sksle XY (varying

i =, ]L(bendlng) vlhso] 449 4 9y, Avrl, Wd8(deformation) & Y
/EE 279 (its) ¥ EE WY Axe d gA 2449 5 AT

1=}
~

g
rir

T

Z

9\_:

lo

T 3a WA e dIEz= HEH Q) 93 SHE dIdx T
o2 UHE =A%, BEE, E(5)0] AYE o dw #E(value, or values)d, oE Eof
A2 1E(8) AA(itself)e} #&A A& & t =&Y &Yl 2 & AR, v AE, 25T o
HA(4)eF t2Fge] Avk. tA], a3 11ag 2} gh(simple numerical values)2Z tjxZo]l d 4 9]
oy, E(B)o Ef e 9x HYoll(over) EE f2aZFo](4)o] wEo] A H(aligned with) X
(graphically) Tl2=Zgo = A% 53] a¥goltt. YRR, & 3ar & 2, #A&H(trajectory)S wek
ZAFER faEYo] Hal A~ %k% TAIgT AT Fhol “Hi% mep &Aoo m b (vary)ol
T B star, ¥ 2 2®l(larger step)-Z3 oJu|X|oA Hol:= %27 AA(tissue boundaries)E WASH=
(crossing) &9 ©3% &% W3 (changes)$t 227} Hold & vy, ZeB2E, Wael Fe-ojejgh 252
£ Ho] tE 24 gYS wargittE 102 A9 9E-S g,

T 3be Au-mEsiHa E A/AA edolR taEdde] | SAE 49 S EAEY, UA 25
g} o]uA] zFA oA EO]T‘E Z2 AA ol wFo] Al M3 (colour changes)ES W= 4= t).

frol "aEdlol(d)l o3 vaEde] =

w0 3o
&

= 3cx Z2F oo duda el A3k (conversion) @ EF wWtlA ol Emn Bl AE(standard medical
anatomy texts)2HFH O A-FAH] 7|23 Hel-39, & Eof, A =g, F wrkaA ws sk
S 2537 olnXo oW oldt A& AT,

T 3de B HY XA gaZyoeld Ay-mYgolde & 3b F 3¢9 W3l(variation)E EA]
weh, 259 ou Ao edeld AIHEA FE txEFo] e diale], & 3ed ZAIE uie} Fo] g T
olm|#] Hell(alongside) 717} AEgH(charted) ALY Ael-2=3t @ A9 & t2=Fo] sk Ao] 75
stttk sl A (interpretation)o] AL E F7] 9] = 3eol WERW nie} o], ol= ARGA A &3 ofn]
o =4 ZAA} dudx ko] & W3k(large changes) AtoloA e Alz+a Ae}dWE(visual alignment)S

o
*

1-11&01

TE AL &3y 98k, ghel 253 oluR 9 F Jj9 A W(two orthogonal sides)S gl tl2=EE
o] HE Ao st HNEsEAL Au-zmestE ke ojux] tAZgole Hm W A Bol® E(5)¢
gl 9o AI(in line with) txZ#o] do},

%= 3b, ¢, B &7} 29 oluA] Yol (over) T3 Z(transparent colour)] T3 (superimposition)< =
AlakeE E<t, ES Ad9dx #hS YERZ] fske] b o)A £/ (image attributes) S AM83k= Aol 7Hs
stk olE B9, golX Fh(greyscale value) TE @ A std 2#lo)2AY wlgd(single coloured
greyscale scheme) (5, BEHOERE o Az WY, & 5o, WM, 256 o9 thE Fh(over 256
different values))o] A-82 4 Qt},

dA] A< (Example Procedures)

B odbw o] Ala'lo] o)) Ego] H 4 glE U Al (One procedure)S 7Zute] mbE Al (epidural anaesthetic)
£ Agsli=(delivering) Zolth. Z&3 o|nu|d A|~EE ARSI Aol 257 olv|A Y HF aga &
F 283 UHH T (dura) Y WE B £ du. A7IEA vis FAL dbs Hol el Ha wEA g2
H 7 JEF YU vy AAS B ¢ e A FEeit. gadde] | A g2 Aol A vk
o] FetE Eal(breaks) 79 F3H(epidural space)oll Eo17k= wWo] &<l(confirmation) ¥ Hhso] U5
P~ %9}‘3}% A9 Eele Fr.

2 g2, A nF Al<%(regional anaesthesia procedure)olA] wvls H©E AA 7lrko] ARt F7]
(bring) 93t &3 2 A7|&5A vbs F4L& 23t AHEE F vk, dId2 g doo(any) wHHA

7b F=4E7] Adell Il Al vhEe] Yol A7 kel d=A B X (touching)dt=A FIst= AL 3] &g},
T3, duee g2 vhgo]l 3o S UleA(punctured)E YERW, o] HlEo] AAE EAE

(surrounding) #|o]A]o} ZH(facia compartments)S FEFIPEAE Yeld Folo-1# A 4 &&= ZHA2(the
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failure to do so) %2 tE 217 &= (many femoral nerve blocks)e] Aufje] dwtzel Iclo|t}.

s &9 Al<(needle aspiration procedure)dlA] QI ke ALgAolAlnlEo] T E e upgZo|

JEAZE yegd ¢ Yol ZA9 4™(collecting of material)el © & AFA(greater accuracy)S

EE, Borwe uus 40 meh nksel Held 240 Ae-mge @ Wl FASOE f833, me

= = il °
Z2 gge Ao AL 3k AFEA}(less experienced users)ol Al #x}9] ofyfEwm]| oA FLS-u} o|u|x] Ao A
Fale Bok=xe #H3H(linking) ¥ 3 golS 583},

A9 3RE A EG)A Do) F2Grinarily) AT, W) AFE ABS] AHA 484
itk eE Bol, el Al MY HEse B
476l At B5 St A9, AL A ZAE U5

=
@D
=
<
@D
o
o
jmi
o
=
o
—
o
i
V
il
|\
o,
]
4
o
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B T/ = mmmmm v
thE i

s3E YuEa Y

(G(heat)g 7|Hto 2 Z 2 ¢l (colour scheme)S AIE) W2 =2
&7 22 OB g2 g, XI°4(t0pographIC) St
Z42 5E Zg €0 wat £3n} o0 x| &2
Hhs Eo| T~ 90 Z2f RCat

Hts ma/HH

s

ECEEETE _
(FEE T3 Epof Chehe HaE
BEZ 0z gAE £ ZalYe A8
47 22 YUE~ e T EtYoE MEE D
AFe =M, Soe Wz e BE oojz
OfLtED| MAE % e 2| Wat 28T} 0|0|X| 4o
bhs Elo| T 9lof Zaj B=gtg
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Hhg T2/ --=mmmm-
bHs 91%]
£3E YmEA Y
(N Y YT EAL G 9K FXB

&7 22 od
oA (in line with)
XHE3}E

ox |>
N
bt rlo
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