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Title: FEEDING TUBE VISUALIZATION

(57) Abstract: An apparatus tor determining a position of an object inside a body includes a first, detector contigured to receive a signal
from the object inside the body. The apparatus also includes a camera configured to capture m image or video of outside of a portion of
the body, The object is positioned inside the portion of the body. A connoting system is configured to receive the signal from the first
detector and the image or video from the camera and to determine the position of the object Inside the body. A screen, is configured
to display die position of the object inside the body.
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FEEDING TUBE VESUALIFATION

CROSA-REFERENCE TOQ RELATERB APPLITATIONS

[O001]  This application claims priogity to U8, Provisional Patent SppHoation having Serial Mo,

431883, fled Decomber 9, 2016, the entirety of which is incorporated herein by reference,

Fiedd of the Invengion

HHIOZD  Thos wovention relates generally 1o the Beld of dolecling a location of wy olieot inside a

person, and move partienlarty to detecting and visuahiving a location of & feading tube inside a

patiant,

Backeround of the Invention

{08831 Recovery of an 3l patient in 2 hospial 38 often dependent on the enteral delivery of

o

nutrients and medicime. For this rogson, tmely and acourste placement of 8 nasogastrio feeding

TR S P YR 4 B T T Sriiess N o . \\\\\\ £ veved dhveewr rvhenes i by
twbe 8 important The fes UG T i oanseried hirough the nasal cay iy and then manually

postiioned through the pylovus mto the duodenuny, Current insertion methods are Hne-consumming
and involve frequent exposure o harmifll loniving radiation regaired to verify the position of the
teeding tabe, What i needed is an improved systom and method for detocting and visualizing the

focation of ans object (g.g., 4 feeding tube} inside a patient.

SUMMARY

[804]  An apparatus for determining g posttion of an object inside a body is disclosed. The
apparatay includes a et detector confipured 1o recstve a signal from the ohiect inside the bady,
The apparatus slso wehndes # camers configured © papture an mmage or video of w cutside of g
portion of the body. The object 18 positioned nside the portion of the body, & companting systam
i configured to recetve the signal from the fivst detector and the image ¢ video from the camera
amd e determing the position of the olyect inside the body, A screon is configured o display the
position of the object inside the body

8] In another embodiment, the apparatus inchudes o first metal detector, g second metal
detector, and g third metal detector. The first metal detector, the second metal detectsr, and the

¥

third retal detector are sach positioned cutside of the person and configured to tansmit a first



WO 2018/106947 PCT/US2017/065159

kS

signal that is abeorbed by g metallic tip of the feading tube, which produces & second signal tha is

recerved by the respective fivst motal detevior, sevond mietal detector, and thivd metad defscior. &
camera 13 configired to caplure an Image ar videp of a contowr defermination device that is
positiened over an abdomen of the persen. The contowr determination device fncludes a phaalily
of markers i a predetermined pattorn, A computing system is configured to detormine a position

of the metallic tip of the feeding tube yside the abdomen of the person in response 1o the sevond

als recetved by the first metal detoctor, the second mwtal detsctor, and the thivd metal detector

The computing system iz also confignred fo delevmine a sz, location, andfor orientation of

mternal organs inside the sbdomen of the person in reaponss 1 the dmage or video of the plurality
of markers on the contonr determdnation device, A soreen s configured 1o display the position of

the metallic tip of the feoding tube with respeet to the intemal organs fnside the shdomen of the

pErEon,

{H06] A method for determining s postiion of 2 feeding tohe inside 8 body s also disclosed.

The method includes introducing the fecding tube into the body, A frst signgl s ansmitted with

a first detector that s absorbed by a metallic Up of the feeding tube, which produces 3 second

signal. The second sigual is meeeived with the first detector. A position of the metallic tip of the
fending tube instde the body is detenmined at least partially i resporse o the second signgl. An

prage or video of @ contoor determingtion devive that s pesitioned pver an abdomen of the body
1s captured, The contour determination devics fncludes g plurality of markers o 8 predetormined

t,

pattern. A size, lovation, and/or orientation of internal organs instde the body is determined in
vesponse to the timage or video of the plurality of warkers on the contowr determination device,
The posttion of the metallic tip of the feeding tube with respect o the internal organs jnside the
abdognen of the body is then displaved,

B

{00071 Advastages of the erabodiments will be set forth in part i the desoription which fuliows
and i part will be wndersiood from the desoription, or may be learned by practice of the invention,
The advantages will be realized and sttained by means of the olements and combinations
particuiady pointed out in the appended olabms.

[O008] It s o be understood that both the foregoing general descripting and the following
detailed deseription are exemplary and explamatory ondy and are not vestrictive of the Invention, g

claimed,

{B008  The accompanying drawings, whick are incorporated in and constitute a part of this
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specification, Hhustrate embodiments of the invention and together with the deseription, serve 1o

explain the princples of the vention

BRIEF BESCRIPTION OF THE DRAWINGS

JBI0) Plgove §illusirates ¢ ransparent view of & persom baving an object {e.., 2 feeding nube

&

Brang inroduend into the person through the nasal cavity, sccording o an embodiment,

(8811} Figwe 2 iostrates a porspoctive view of an apparatus for detecting and viseahzing a
focation of the object instde the person, avcording to an embodiment,
{012]  Fioure 3 Hlostrates o schematic view of the apparatus shown in Figore 2, according to an

smbodiment.

o

{0013] Figure 4 iHustrates 2 schematio view of a cireult for processing 8 signal iravamitted by a
{e.g., metal} detecior of the apparatues o determing the location of the olect tuside the person,
acoording to an ewbodiment,

H034] Figure 5 llustrstes g Howehar! of the signal through the circudt, acverding 10 an

ernbodinent,

[OOIS] Figuwre 6 iHlustrates a oontour deterarination dovice that 1 to be positiened on the person

and viewed by a camera of the apparatus, aceording 1o an embodiment.

H016] Frgures 7ACC tlustrate a planar view Figure 7A) an sogled view (Pigare 7B, and a

owrved view {Flgure 70 of markers on the contowr determination devies, sccording o an
smbodinent.

T Pigore &illustrates g Sowebhart of a mothod {or postioning the object 1o a desived Tocation

i the person, aceording 1o an ambodiment.

BESCRIPTION (W THE EMBODIMENTS

IR Referonce will now be roade o detai! 1o the present enbodinnents, examples of which are
Hustrated 1o the scoompanying drawings. Wherever possibly, the same reference numbers will be
used throwghout the drawings 1o refer o the sawe or Ble parts,

9] Notwithstanding that the mwoerical ranges snd parameters Sﬁi‘iﬁg fiarth the broad scope
of the wvenlion are approvimations, the muwenical valoes set forthy in the speoific examples are
reported as precisely as possible, Any numerical value, however, inhorently condaing certait grrors

secessarily rexulting from the standand deviation found 1o thelr respective testing measurements,
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Moreover, all ranges disclosed herein are to be understood to encompass any and all subaanges

subsumed therein, For example, & range of "less than 10% can bwlude sy and all suborangss

AR,
C"

.

between {and molnding} the mindren vahee of 2ero and the maximum value of 16, that g, any and
X

&l sub-ranges having & minimum value of egoad 9 ov greater than zere and & maxiram valoe of
squal to or tesa thar 10, e, o S Tncertain cases, the numerical values as stated for the parametsy

car take on negative values, In this case, the example value of range stafed as “less than 107 ean

assumie negitive values, eg
{80207 The following embodiments are deseribed for illustrative parposes only with reference
to the Figures. Those of skill i the art will sppreciate that the hllewing desoription s sxemplary
in natare, and that various modifications to the parameters sot forth herein could be made withowt
departing from the scope of the present ovention, 1t i3 mtended that the specification and examples
be copstdered as examples only. The varions embodiments ave not necessartly mutually exclusive,
as some embodiments pan be combined with oge or wmore oiher embodivosnts to foann new

embediments.

JBBIE] Tigure 1 Hlusirates g transperent view of a person 100 having an objest 110 being
introduced tnto the person 100, according to an embodiment. Although reference number 100 i3

usod to wWentify a persen hergin, it will be appreciated that it may alve oy instead be used 1o identify

1y

an aninial fe.g., 3 horse, a cow, acal, g dog, ¢} or a non-Hiving objest, The ohiset O may bear

nchide 3 freding wwbe. Howsver, i other smbodiments, the objedt 110 wmay be or include

momedical devices {e.g., sndosoope, laparoscope, heart stonts, oted as well ax acctdentally
B ¥ e ‘ k

digested or inserted metal objorts, including bullets, shrapnel, surgery wols, or the like.

100221 The feeding tobe 110 may be at least partiaily metalbic. Tnone example, the feeding fube

o

i 10 may have @ metallic distal tip 112, while the remainder of the feeding tube 110 may be made

of biocompatible plastic. As shown, the rotaltio tip 112 of the feeding tube 110 may be inradused

%

trte the person {o.g.. a patient} through the nasal cavity 102 and then manually positioned through
the pytorus 104 into the duodenum 136, Onee the metallic tip 112 is posttioned tn the duodenum
G, nutrionts and/or medicine may be pumped thyough the fes{."émg tubg 110 and into the
duodenum 106,

I3 Figures I and 3 illodnle @ perspeetive view {Figare 2} and a schematic view (Figore 33

of an apparatus 2850 for detecting and ‘\:’if;i:;a}i.;:iing a location of the object {e.g., the eeding tube}

4Py B

P inside the person 100, according 1o an embodmment. More pariioularty, the apparates 200 may

&

Fon
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be confignred to be posttioned outaide the person 1 and o detsot and visualive the loeation of

<1

the metallic tip 112 of the foeding tobe 11U wside the person 100 The apparstos 200 may be

cordless, portable, g

twelght, and otitive sophisticated video-tracking software, The apparatus
200 may provide real-time 3D visualization of the feeding wibe 110 with reference to the internat
organs and Hssues (2.8, esophagus, stomach, stoall wtestings, ote.} in the pationt”s shdowmen and

may worease th

suceess rate of positioning the feeding tube 119 to the postepylorie region.
H24]  The apparatus 200 may inchude a body frame 210, The body frame 210 may include one
or tnore arms {three ave showne 212A-Cy The mves 21280 mway be substantially squidistant from
each other. For example, the arms 212A-0 may be ctrvumferentially-ofiet from one another (s.g.,

by L207) The arms 212A-C may bein & fixed position, or the arms 21240 may be cond

to pivol fo vary the distance between the distal ends of the armx 2124-Cw
the arms 212A-U remaine constant,

s

{GRI5] The apperatus 200 may also include one or more detectors {thres are shown 220A-Ch

N

.

The distal end of cack arm 2128.C may have one of the detectors 2204-C coupled thersio, Inong
i a sleeve and held in place by a pair of sorews,
The detectors 220A-C may be or include metsl detectors {e.g., inductionhased metal detectors)
ambfor magnetoteeters.  Bach detector 230AD may be configured to transmit & fisst (o9,
eleciromagnetie} signal inward toward an ares of signal overlap, which may be at least partially
within the shelomen of the person 100 The fivst signal may be absarbed andior reflected by the
metallic wp 12 of the feeding tube 110 toside the person 100, which causes a seeond feg
clectromagnetic)  signal o be  inducedigenerated  inhy the metallic @ig.} 2 that &
deterted/nieasured by the detectors 22040, In at foast one embodiment, the first als may be
transmitted by the detectors 2204-C sequentially, as cpposed to simulianeousty, 30 @8 0 not
interfere with one ancther,
IB86]  The strength of the second signals that are recstved by the detectors 22040 way be
proportional o the distance bebween the wetalitc tip 112 and the detectors 2204-C, sllowing th
distance beiween the metsilic tp 112 and each detecttw 220A-0 to by determmined. When three
detgotors 220A-0 are used, the precise position of the metallic fp 112 can be determingd {o.g.
trigngulated) with respect to the apparatus 200

{80271 In one embodimend, the detectors 220A-C may prodice 3 very low frequency {VLE) et

stgnal that 19 aither contiuons o discontinyons {o.g., 8 pulse inducion signall The detectors
& &

4
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PYEY. 3

220A-C wiay molude one o move ontls, and the enile may be mono-doop, doable I, convenine,
axial, or 2 combination theveotl The detection Seld for the cotly may be conteal, with the oxosption
of the double D, which way be planar, In one sxample, the coils way be mono-looy, which may
offer inoreased coverage {e.g., depth and area} Bor o particudar size bovauss one rigg m

for both ransmission and detecBion. The mono-loop ool wmay be wsed v congunction with the
pulse induction sigeal. The pulse induetivn signal may also midmize opposing sensor fisld

N

wteractiony when working on sample isolstion in 30

{28 The apparatos 200 may alse include o camnsra 230 As shown, the camers 2380 may be
soupled o the body frame 210 {2, proximate (0 g conterpoind/apes of the arms 21280 The
camera 230 may face vwand toward the abdomen of the person HXL

391 The apparatus 300 may alse inchule & computing systom 2400 As bext shown in Figure
3, the computing system 240 may be vonfigured o recetve the second signals fom the detectors
J20A-C, which may represent fipst fnput data. As mentioned sbeve and discussed in prostor detat]

helow, the computing systers 240 may process the Hest input data to trsngniste the posiion otk

-..x»"?w\‘ T Sy Aerersy TOWY iR roameet Fey 1 P T SRV B 1
motaiiio tp 1D inside the persent 100 with respect 1 the apparatus 280,

{6381 The computing syxiem 240 may also be contigured fo rocorve mnagey andfor video om
the camera 230, which may represent second input data. As discuased in grester detat] below, the

computing systen 340 may provess the second impat data to messere/determine the onler conlours
of the abdomen of the person 100, From this, the compnting sysiem 340 may defornnasfosimaie
the size, lovation, sndior orentstion of the nternal organs {e.g., »‘:&mpimgﬁs, stomach, small

infestings, £10.} inside the abdomen of the person 100,

B3] Thus, using the st and second inputs, the computing systern 340 may dotennine the
real-time position of the metatlic tip 112 of the feeding tube 110 with rospet to the internal organs
inside the ahdomen of the person 100, For example, the compiding system 240 may he able to

detzrmune whether the metalite tip 112 is poaittoned within the dussdersan 108,

¥

{321 The spparatus 200 may also molude o graphical weer witerfzes (OUL soreen 280 or g

o

sugmented-reality evewear, The sereen 23 may be posittenied on the back side of the body frame
210 e, on the opposite side of the defector body Hame 210 Hom the camers 3303 Thus, whils
the canera 238 is peinted in toward the persen {Le., the patieat) 1L & user of the apparatas 200

~\

{£.8, & doctor or 2 marse} may view the soreen 250, The soreen 230 may show, 1w 20 or 303, the

virtusl imternal organs of the porson U0 and the reabinme virtual tocation of the metallic tp 112
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the teedrag tube 110 with respeet to the internal organs of the person 108, In response io viswing

X

o usEr (e, 8 doctor may beginundrodeoing nutrlonts and/or rmodiving it the feeding tubs

- the metailic tip 112 i posiftoned in the desired Tocation, or adiust the position of the feding
ot 10 inside the person 100 i the metstlie p 112 1 not positioned in the deswed location,

{80331 Figure 4 illusirates @ schematio view of g virenit 400 for processing g signad iransmitted

by one of the detectors (e, detect

220A% of the apparatux 200, according o an embodiment

As shown, the oirouit 4 may wclude 8 geverabpurpose nputioutpat (GPIO) notput 4

~

configured fo gonerate an owipit voltage, & first {op., trumsconductanve) smphifter 404, 2

transrmitler ool 400 of the detector 2204, 8 recetver coil 408 of the detector 2204, a second {e.p.,
fransimpedance} amplifier 410, an analog-to-digital (AR expanston module 412, and a GPIO
input 414, The oircult 400 may also nclpde a plorality of resistors {seven are shown: By, R R

Ra, Ry, Rg, and Ks)

034 Figure § dhastrates g Howobhart 500 of the signs! theongh the oircuit 400, sccording to an

embosdiment, A voltage signal Yoo 18 ouiput by the GPIO ouiput 403, The voltage signal Vo ds

[yt

Fendd andiy ey G Ao ey iy
gomveried wio ampditier 404 and sent o th

wansuuntier onil 406 of the detector 220A. This creates an electromagnetic feld (EMF)Y, which is

~ ~

absorbed by the metaliic Up 112 ofthe feeding tube 110, The metaliic tip 112 subsequonly oreats

i

.

an induced sevondary EME, w

;..,.,

Bich s recuived by the receiver coil 408 of the detecior 2204, This

mduces an elecinical corrent iy in the receiver ool 408 having an amplitude that is proportional to

its proximiy {(s.g. distancs) to the wetallic tp 112, This current Ly is converied into an analog

’f

voltage sigaal by the transtmpedance amplifier 4100 The ADC expansion wmndale 412 converts
the analog voltage signal Ve it a digital signal Vi, 414 that is readable by a GPI wput of
the computing systemn 240, The digital signals from the detectors 220A-C may be considersd to
b g first input {ov a plarality of fivst inputs} Into the computing systern 2440,

[OB33]  The voltage Vo may be converted to current fue it the transconduciance avnpitfier 304

3

by the following relationships:

foue = Rurfiy (4
Ry iy

{B836]  The current may be converted back to voltage in the wanstmpedance amplifier 310 by the

£

following relattonship:
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H3TE This input anslog vollage signal Viewiey 19 then sent o the ADC expansion module 412,

{BR38]  Figure

14

& ilustrates & contowr dotermination devier 600 that s posttioned on the {ex.,

Do

absdomen of thel peeson H, gecording to an smbodiment. The contowr determingtion devigs 800
may be or incloade a cloth, a bely, 8 shirt, or the ke that {s positioned oo the abdomen of the porson

108 and s substantially skin-tght over the cuter coutowrs of the shdomes. The contour determine
device 64 may be positioned at a partionlar focation TO8 with respest 1o the persen 1000 For
example, a poind 608 on the contowr determing device HO0 may be aligned with the pariiadar
Ipcation {e.g., the navel) 108 of the person 108,

{BU38] The contour determination device 600 may include a predetermined patiern on an exterior

fabwric thereof that may be viewed by the camera 230, As shown, the predetermined pattern may

he or include 8 sevies of musrkers (e, oircles or dots) 519 that are arranged in rews and ceolumns

with a predetermined spacing between the markers 610, However, as will be apprecisted, the
markers 618 viay be or include any set of shapes {o.g., tlangles, rectangles, stars, oto.} that s

avvanged with 8 conslant spaoing o & random spacing.
048] Figures TACC tlustrate a planar view (Figure 7A), an angled birds-ove view {Figure TH),
and @ curved view (Pigare 70 of five of the markers 610ACE on the contour delenptnation device

S, seonmbing to an oxnbodiment. As will be sppreciated, the size, shape, positioning, orientation,
andior color rendition of the markers 1040 viewed on 8 display may vary, depending wpon the

size and shape of the abdomen of the person 1ML The camera 230 way capturs unages andior

¢ system 248 may detormine the costtours of the

S

video of the markers ST0ACE, and the compatin
abdomnen of the person 100 by measuring and determindng! {1} the distance between the apparatus

ST

200 {eg., the camera 230 and each marker 51048, {3} the distance between each adjacent pair
of markers {e.g., markers 6108 and 6160, {3} apparend length across each marker 6104 in ang
o more ¢ tf:i?f.?fi}r}i%? which may be indicative of the angle andfor curve of the markers §10AL

g peanbination thersefl Then, as discussed sbove, omce the contowrs of the abdomen are
determined, the corputing system 240 may wee this information v estimate/detomaine the sizg,
focation, anddor orientation of the internal organs {e.g., exephagus, stomach, small intestings, et

inside the abdomen of the person TG0

o

D041 Figure ¥ ilusivates g fowehart of a method 806 for positioning the {metallic wp 12 of
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X
3

ng tube 11 in @ desived location tn the persen HHY, acvording 1o an smbodiment. The

oy incloade infradocing the feeding tube 110 indo the porson 100

\

feeding tube 110 may be miroduced into the person 100 through the nasal cavity 12,

b

example, the

The method

Gy alsocinclude travsmitting one w the detegtors 2204~

H

O, a8 at 804, As disvussed above, the fivst signals may be shsorbedireflected by the metallic Up

N

112 of the feeding tobe 110, which canses ong or more second signals to be mnduced generated

/by the metallic tip 112, The muethod 864 may alse inchide receiving and mensuring the one or

more second signsls using the doteciors 220A-C, g5 at 808, As moationed above, the second

\

s

stgnals may be the St nput fnto the computing systern 240 of the spparatis 200, The method
800 may alse welude dewermining {e.g. triangulating) the position of the metallic tp 112 in
response (0 the second signals osing the compuiing systom 244, as at 308,

{0843 The method 800 may also include positioning the contour detertination devige 800 on
the {e.g., abdoren of the) person 100, as gt 810, The method 800 may alse inclade capuring

fages andior viden of the (oug., mackers 818 on the} contour determination device S0 ueing the

F

A

R T
SRINIRTA LW, B8 A

5’
7
o

¥

1

20 As mentioned above, the images andier video may be the seeend mput iio
the computing system 240 of the apparatus 220G, The method 300 may alse includs
determining/esiimating the {o.g., swe, location, and/or ontentation of the) intormal organs instde the
abdemen of the person 100 using the computing svatern 240, s at 814, The stepe S04-ROK may
gocur helore, sinraifancously with, or sler the steps S10-814,

{88431 The mwethod 800 may also invlede displaying a viviuad Dusge ou the sorsen 230 of the
apparatus 200 showing the real-tune position of the metallc dp 112 of the feeding twbe 110 with
respent o the intemal organs inside the abdomen of the person 100, a8 at 816, The method 300
may also whude ntroducing {e.g, pomping} nuirients and/or mwdicine through the fooding tube

»

in the desired position {ﬁ\g,, the duodenum 108} the persor 100, ag

e

P iWthe metailo np 112

at R18, Alternaiively, if the metallie tip 112 15 not in the dosired position, the mathod 500 may

wednde adiusting the posithn of the feeding tube 110 tnside the person 100 woti] the metallic tip

112 15 s the desired posiiion, se at 838,
{Hadd]  While the tovention has been iHustrated with respeet to one ov wove implersentations,

altgrations and/or modifications can b wade o the lustrsied examples witheut departing from

o

writ and seope of the appended claims, In addition, while & particular featurs of the Invention

the s

ropns,

o

may have been disclosed wath respoct 10 only one of several implomentations, such featuve may

8
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be comabined with one or mors other featires of the othey boaplementations as mey be desired and

advantageous for any given or parbiculsr function,

{B043]  Furthermore, 1o the extent that the ferms “cluding™, “ncludes”™, “having™,
with”, or variants thereot are used W etthar the dotatied desoription and the olaims, such tevms are

niersded o be fnclusive in g wanner similar to the torm “comprising”™ As used heren, the phrase

“one or more of | for example, &, B, and € means any of the folloewing: either A, B, or U alone;

wd A and O or combinstivns of three AL B

o combinations of two, such as A and B, Band ¢

g €

<

6] Orhier embodiments of the hovention will be apparent 1o those shilled in the art Hom

gonsideration of thy specification and practice of the invention disclosed herghn, It s nlended that

X

the specification and examples be considered as exemplary only, with 8 true scope and apivit of

the invention heing indicated by the following clains,

p

—
Tae)
e
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WHAT IS CLAIMED ¥

5

An apparsius for determining g position of an object nside a body, comprising:

a fest deteotoy configured to reveive a signal frony the olgect toside the body;

a camera senfigured to caphire an image or video of an outaide of 2 porfion of the body,
wherein the object & pnsiﬁm}eﬁ mside the portion of the bady;

& computing systom configured 1o receive the signal rom the first detector and the mmage
oy video froms the camera and to dotermine the posttion of the objoot inside the body, and

a sevesn configured to display the position of the object instde the body.

2. The apparatus of clam 1, wherein the obhject comprises » Reeding tube having ¢ metaliic

. The apparatus of clamm 1, wherein the signal recsived by the fiest detector comprises a

second signal that is Ju response to o Sest sigaal that s transmitted by the fiest detector, and whereln

the fivst signal s absorbed by & metallic ty of the object, thereby producing the sevond signal,

4, The apparatus of clatm 1, whersin the camers s vonfigursd o captare the Jmage oy video

of a contowr dotermination device thet is positioned on the outside of the portion of the body, and

wherein the portion comprises an abdonmen,

5, The apparatus of claim 4, wherein the comtowr defermination device is positoned over the
outside of the abdomen of the bady, and wherein the contour detormination dovies comyprises a

pharality of markers i 2 prodetermined patiern.

8. The appavatus of claim 5, whereln the computing system s also confipired 1o determing &

stre, location, andfor oviontation ol wtoms! organs inude the abdomen of the body i response o

the image or video of the plorality of markers on the contour determination devies.

ard Y

The spparatus of clalm 6, whereln the sureen iy configored o display the position of the

.

ot woside the hody with respect 1o the internal organs inside the abdomen of the bady,

Gonsl
o
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&. The apparates of claim 1, further conymising 2 sscond detegtor and a thivd detector that are

pog

)

also configured o receive signaly from the obiect inside the hady, wherein sn smplitude of the
sigriale received by the fst detortor, the second detector, and the third detecior s proporiional o
a distance betwesn e objeot and the fiest detector, the seeond detector, and the thivd detector,
respectively, enabling the computing avstem 1o triangudate the position of the ohject inside the

body with veapact fo the apparats

9, The apparatus of clanm &, further comprising 8 dotector body frame having three arms,
wherein the Srst detector, the second detegtor, and the thivd detector are each poupled o a

\

respective one of the three arms, and whereln the camera iy coupled 1o the detesior body frame

and positionsd substantially a1 a conter point of the three arms,

13, The apparatus of clatm 2, wherein the camers Is coupled 1o 2 first side of the detector body

B3

frame, such that the vamers I8 senfigured o faoe the budy, and wherein the sereen is coupled 1o a

o

SLLOBA, upp i‘\iﬁz\ side of the detector bogd Y OREme such that D sorsen faces away ront ihe boay.

L An appavaius for determuning 8 position of a feeding tnbe inside a person, comprising
g first metal detecton
a second metal detecton

3

s thivd metal detector, wherein the first metal detecior, the second metal detector, and the

third metal detector are each positioned outside of the person and configured 1o tansmit a fust

) o

signal that is absorbed by a metatic tip of the feeding tube, which produces o second signal that is

M

received by the respective fiest metal detector, second maetal detector, and third metal detecton
a canwra configured © capture an inage or video of 3 contow determination device that &

positioned over an abdomen of the person, wheretn the contonr determdnatinn device eomprises a
rality of markers in a prodeteormined pattem;
a compading systern eonfigured o)
defermine & postiion of the metallic dp of the feeding tuhe fnside the shdomen of
the person woresponse to the second signals received by the Brst metal detector, the sevond

mietal detector, and the thivd metal deteuion; and

P
3
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deteriine g size, Iocation, andfor onentation of intomal organs inside the abdomen
af the porson in responss o the inwee or video of the plurality of markers o the vontour

e

§=§cmumm device; and
# soreen oomiigured to display the position of the metallic tp of the fooding tube with
respect to the infeenal organs inside the abdomen of the person.
2. The apparatus of claim 11, forther comprising o detector hody frame heving theee arms,
wheretn the first metad defector, the second metad detector, and the third maetad detsctor are sach
coupled 1o a respective ome of the three wrms, wherein the camers i coupled o 8 fivst side of the
detector body frame and posttioned substantially at g conter point of the three anms, and wherein

o

th soreen s coupled o 8 svcond, opposing side of the detector body frame.

13, Theapparatus of clasn 11, wheretn the Hea sigoals arg tranamitied sequentially by the first

metal detector, the second metal dotector, and the third motal detecior s¢ as o iy nterfors with

~
B

QRS NGNS

14, Theapparatu of olaim 11, whersin the fest nastal detoctor comprises a mono-loop ool and

.

wherein the fivst sigual fransndtied by the Grstmetal Solector comprines a pulse mduction signal.
15, Thoe apparatus of olaim 11, wherein the compating systom is configured to detorming one
or more outer contoors of the abdomen in response to the imags or video of the plurality of markess
on the contowr determingtion, and whorein the compuiing system I8 configured (o detormidne the
size, fovation, andfor orentation of ernal organe mide the abdomen o response to e one o

e outer contours of the abdomen.

6. A method for dotermining a position of & feeding tube inside a body, comprising:
wdroducing the feeding tubs fnto the body,
frapsuuiting g Brstosigaal with a fuwt detector that is sheorhed by @ metallic tp of the
foeding tube, which produces a seeond sigosl;

reoeving the second sigaal with the Brst detecton

P
Lk
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determining 8 positton of the metallic gp of the fesding tube {nsule the hody gt least
partially in response o the sevond signal;

captuging an tmage or video of g cortowr dotermination devics that s positioned over aw
sbdomean of the body, wherels the contowr determination devies comprises g plurality of warkers
i & predeternived pattern,

determining 3 sz, location, andior orentation of internal organs fratde the body

response 1o the image o video of the plurality of markers on the contony detsrmination devies)

displaying the position of the metailie Hp of the feeing tube with respect fo the inderad

3

organs instde the abdomen of the body

7. The method of claim 18, further conyprising introducing nutrients or medicine intn the

toeding tulw when the metallic tp of the feeding tube i positioned within s duodsmun of the body,
¥ 3

T4 Y ST AT ST P N o ST e et Ty ey Cr v e v s Sy st BE TN
13, Phemethod of olaivn 18, Rethier comprising adinsiing a posttion of the feading rubenside

the body when the metallic tp of the feoding tube 45 not posittoned within s duodenum of the body,

e
g

The method of olaim 16, whereln the Brst detecior comprises tiwee detectors that are spaved
equidisiant from one another,
20 The method of clatm 19, wherein the three detectors are configared 1o fransmdt the fust

signal segunentially.
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5i5

802~

INTRODUDING A FEEDING TURE
INTOD A PERSON

L

B34 ¥ POSITICNING A CONTOUR DETERMINATION
TRANSMITTING & FIRST SIGNAL FROM A DEVICE ON THE PERSON

DETECTOR, WHICH CAUSES THE FEEDING
TUBE TO PRODUCE A SECOND SIGNAL

Q3N
DL~

) CAPTURING IMAGES ANDIOR VIDED OF
808 ¥ THE CONTOUR DETERMINATION BEVICE
RECEIVING AND MEASURING THE UBING A CAMERA

SECOND SIGNAL WITH THE DETECTOR

S"v’;"“ ¥

805~ ; S DETERMINING THE SZE, LOCATION,
DETERMNING A POSITION OF THE ANDIOR ORIENTATION OF INTERNALS
FEEDING TUBE INSIDE THE PERSON INBIDE THE PERSON URING THE
UBING THE SECOND SIGNAL MAGES ANDIOR VIDED

o

81 ™~ 3 &

DISPLAYING A VIRTUAL IMAGE SHOV
THE POSITION QF THE FEEDR
H RESPECTIO THET

NSIDE THE PERSON

NG

bR

818, & 820 4

INTRODUCING NUTRIENTS ANDIOR ADJUSTING THE POSITION OF THE
METRCINE THROUGH THE FEEDING TURE DING TURE IF THE FEEDING
IF THE FEEDNG TUBE 18 IN THE DESIREDR TURE & NQT IN THE DESIRED POSITION
POSITION WITH RESPECT TD - WITHRESPECT TG THE INTERNALS

THE INTERNALS ‘ T——

FIG. 8
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