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Cutaneous electrogastrography(EGG) 1%, I8 R ICERE L - &2 W TH o ER
1iEEI (ECA) 5 @ &AL E) (slow wave) % 5t 8k 3~ % IER BB Hiffi ¢ H 5 . EGG 1%
BEPREE 22 A F 22 0 3 B CiE H 2 1L,EGG 2 515 5 1L 3 RN R B o 1R % b &

ICH OB DI 2 ST I T X 72[1-5].2>2C EGG DMIE IC I3HEEEMm P 7 0

—T AV TR =FBHeLN TV BENTH 5 &\ B CEKRRE~D

WEHIIREE L XN T2 —J5T,1922 4F Alvarez [1]ic X b AR U TR 72

EGG Dl 23906 X 1, IEE 8L 7 EGG DM A EIF X 5 & hic,F & ok
REMEZFTMM L 5 2 AN A FEL LTKEREHEAED 2. L2 LAXRL, ZD

%, EGG 12BA3 2 A BARINT S [5-9] CERRBIITZE [10-12] 03802 < By T 7z i & 22
b b3 EGG & HGOREN & OB IXIAREICIZ R S b5 7.2 2 C,ECA IR T
52EGGxaviea—xvial—vavildoTHETZHELLfTONS XD

Lo 72. 2 NETIC, 7 7 vV T AR —VREN & 7 0 [13-20] (R E £ 7 v [21-24],
& AR =TT N[25-36] fFSIHE T A[37-40] 7 E EGG ¥R aL—vavicE
FRREARETARREINTEX A BFEICEVTIE Du btk > TRERDET L
[41]MER I NERIN TN E. 2D Du HDREICHEHIN T3 X 51, EGG IR
H = AAHIE(ICCs) Ic K E KT 2D DTH Y ,ICCs l3~<— R X —Hh —HEer H$
% Tl A BRI R A E ARG E, B X U B flEE (SMCs) D4R A D &)
BeFAfT 2 H > T\ 3 & & 2SRRI S T 5 [42-45].

EGG DWMFENHED IO EGG v T 2L —Y a vH ECA ICERT E H D5 slow
wave I[CHERIS 5 b DITE TIAD Y THETIT slow wave D X = X L #EBEIL L 724
PIIER A B < BBRMIAE E T v [46, 4T]AMRE I T 5. %72 SMCs & ICCs 2%
& L 7~ bidomain model IiZ X o> THIKL VOB LRINGEEI R HIEL T 2 L RB I T
V5 [48-51].& 512,ICCs % SMCs DIl L~ L o1& 8 <> A% (RMIAE 2> & fil#s £ ©)
DELAMME % T T 5 EIEWE T vicH 5 < Continuum Modeling Framework 7%
REINTWB[37].—TEGG DX 67 2921 X D slow wave DIRfE X — v )3
B & 51072 0, % O MUK ZB) D5 72 KB D 530 TS 201 T 41T ¥ 72[52-55].

s DHIRICH D % Visible Human Project ° CT,MRI 7 — % % F\» TEER D HL
BiEWEIREZET Y v 274 5 2 & TXE 3 Multiscale Monodomain Model 725 EGG



v3ial—yvav TAL{fEREINS X 5Tk 572[56-63]. 2 D multiscale model 1,74
L& O BB 2R R A B AR R I RO T e ) IR0 2 ¥ia ni-7 7
H—FTH5.LLhH0,% L OftEAZMHT 3D ERTHLEZET ) v 77
%720 URTHCRRE I NI T VICHRIEFICEVEHRER I X M 28T 2L I T
Ww3([16, 41].

Figcili~7=f4 % EGG ¥ aL—v a vEFAOHRT, B oA T 2 B
ZE TR IL L 72 Conical Dipole Model £ Conoidal Dipole Model 7z &, % 4 = —
NEFHOCTEETARNL DL BFEIN TV S[25-29]. 84 K—ALET LD TIT,
IRFfEI Y 35 & D022 TR IS IR & 0 72 BB OB 11T & o THEG i L 72 BRAR AR IR L <
INHEEEE) 23764 L, 2 O BRIKE O BRI 72815 1 X - CTIREREE 2354325 & v o F
AFICHDE HILEOBXNWIEEITH 5 ECA 28T 2. -G BEXARNEHIC X
> CTHFET 2% slow wave #FRI1 3 % Cylinder Dipole Model 3 f¢ £ X Tk b [30, 31,
33, 35, L CIR T EMHKOMENORIFE LR T 270D XA F—LET VHBRE
INTWB[60]. LA LAAE, X4 K- T T3] 0 M s % IR T 2
B, W O DREPFLET 2. 51 BRIRTOIBIR LB B X OEK T 2 BRI
D HLO OB & BA IS EER 3 2 D B B & &L IS ERIRT 0B e % ol
Wx 2 ZILCD)FHNTRALZDDOL ARV L HD EGG v 1ab—vavk
T 2ICH7z> T, HORIIENHEMC©H Y £ 72 LIEEICEE & LizIg[FE CHn
TIRICALIE S 2 720 JERDE T AV CREABETD o 72.—77 TG R IEH I8 2P
KEBELTEY , FZEEINTV I3 03D 7 JEHRAERDIL VT YV TR 5
L OINET 2720 o —MzIEEicliBtLzET 2wk iab—vay
T2 8EoTC0n b .24 K= 2T LAV TEBRICEVED EGG v I 2
L—3a v EITH 7201, HRD 2 >DRMEA kT 2 LERD 3.

AWFFETiE,3 KILEBD)ZERMICHE» THEMARZ R T2 2 e TE R Y T2
Yy aBHWEH R AL R =L ETAERRET S.RIC,HEKD Cylinder Dipole
Model & Conical Dipole Model ZF{\WCT EGG v I 2L —v 3 VEITWLIREFE L
R TR WA T 5 1 R D 4 4 — L E 7 CIEEBIC & 7 AR
WEMRTRIRDOG A L 722 2 2L —v 2 v 2179 2 & CRET R0 WMEE
3 5.
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EGG 11,1H1LE Z Wi 3 % SMCs D itk % AR TR L 7244 K—LET L
ZPHAWTY T2l —va vy TX 5[5 21].20 %9 itkFikcid, BBk 0ERIC X
DL E DIRIR L BEREEIOM 2 KT A LA TX 5.

BURH Ofuific X Y BB T 3 =7 AR

/

BORA

%

BRIRAT DERS 77 1)

X4 1: BARH 0&F L BURH opfic X Y KRB I h 2 =7 AP

HHrEERICET BRI K 2EM V kAT b,

1 D:-p
V=) oS (1)

22T D FEEAFR—NEERZ Py, p FERIKERANICE T 2HUNER AS 225
HIE R E COREHER 27 P v, |p| FBEEE~Z Fv p ORE X e THEAEREZRL T
V5.

L 2s LIEKR D J5iE T BRI O WO OIS 2 BEAR ISR L 72 T X e b 7. 2
D7D D X5 7% 3 RICEBICH W CTREICH B 2B VRS X5 aBRIGEN T
5 DITWEETH o 72 F 7o HERE T BRI O Wl s OB 2 @i i 7 B o R B L
TVl Bk L2rET ) v 7/ CE kb o 72. %2 & CARIFFE C I BERERR %
FAOWTEEDEREZET Y v/ TE 3 L) nTkeiRE+ 3.



21 BEFE RUIU Ay a XA R—LETILOEH

Bio EGG v I ab—vav I3 BodMaiike T ) v 73 204805
5 AR T ERTEICE W CERRFOFLEOMMBERTE R VWEATH E
BMOERZHOCCEEDOHREMET LN TELZRY IV Ay L a X4 FK—n
ETAERETZ2RETIZ2ETVIIUTOFIECHEST LN TE S.

27y 7 1L BREOHRLEOMPFDOER

1 DRI IZFERG O b R B R & 23H 0,2 OIRIZIER i <cdh 5 7-
OGORMZEHZET ) v 735 LIIRECcH 5.~ T X2 0 X5 Iz EIREGE
BERANT, ZORMMBIBRGICETV VI TR TEL.2089518T %L 1
DREDPRIRE ZD2NEHOFOREHET 22 EXAFETH 5720, Z OHL
BRICH > TERINF R BB S 2 L v,

2: R L L 2o BiX
B DFRGE T E T AR Z T L TH Y BufIdF o zR L Tn b,

21T Xy IcERET v OPLHRE NHOE R 3 s TREL, PO EOEE R
C, tIdL



xn
C, = (yn> n=1,-,N (2)

EIRT I LHBTE S.

ATy 7 2. AR EDORICIR > TETLEREAEZBRT 2JTEROEE

M 3(a)icRd & 5 IC, ETF AR EZK T 2 EHLZ MR~ JF A2 d0Ic xy P

FiclREST 2. 20 ERHERAFIRATEST L TE 3.
Xmn T, COS Oy, orm
yrln,n = (Tn sin 9m> Qm =— m= 1,...'M (3)
/ M
Zmn 0
ZZTCr IO EDTEES ¢, XS T 2TEAMOLE, m PRSI~ 72 TE S

AvFy s R, M ORFHRICAE A S O, 6, 13 xy PHICHET S m HHOES
E x HhohTHELRT.

,', \
0, ’
x "
(a) (b)
z z

(c) (d)
3: LARICHEE D L BT L OREE.
(a) Ko hgic B+ 2 Koz EFroh L ile R L TE O Ko FEIciiEd



Z2HOOMPBEAMNOYIMMETH 3.2 2 bEADMEZ R X OBE L, |
DERICI > CRCE T 5.

(b) THXN O Z O EDOTES €, 2OBHET 2 R0 Cy LRICAEIICARS X
ST x B OIcEER g .

(c) HNOMZHLOM EDTEN €, 2OBHET 2T Cpy LRICAEIICAS X
1T z Wz .o REE 5.

(d) HHEMohLAPOR EDEES ¢, LEARS X ) ICHAMZ BT 5.

KicH 3(b) TR $ sy, 3 TORLAHEMZ x Bizd.oichizx 2 &c,H

PRI~ 72 B TH T
Xmn 1 0 0 Xmn
Ymn | = (0 cosa, sin an> Ymn (4)
" 0 —-sina, cosa, !

Zmn Zmn

EIRT I LHBTE S.

FKFICH B y G o ORERA a, 1%

Zn+1 — Zn
a, = atan (5)
\/(xn+1 - xn)z + (yn+1 - yn)z

95,
KICK 3(c) T3 eBY, X4 CTRLAEKHENRE z izdOichizE 2 2 &%
THAZ

Xmn cosB, sinB, O\ [Xmn

Ymn | = (——shlﬂh cos B, o) Ymn (6)

Zmn 0 0 1/ \zmn

EIRT I LHBTE S.

FRRPICH B x DO DREERA B, 1%
Yn+1 — Yn

Xn+1 — Xn

(7)

pBn = atan

L9 5.

RBRICH3(dicns ey, K2 ORLAEFLIREDERER ¢, ~3 6 TRLZKH



R PATHE 25 2 & ¢ &HAIR

nr

xm,n 1 0 O Xn xm,n

Ymn — 0 10 Yn yr’r;,’n

<Zm,n> 0 0 1 2z /\z), ®)
1 000 1 1

EIRT I LHBTE S.

A7y 73 HRICERIZTERICK 2 ETVRADERK

B 4(a) Tnd X 5 I O MIRICHERZ=THES 2 PO ICib> CilE T 5.

(a) (b)

(c) (d)
X 4: KV TV XAy 2T LDORER

(a) RO HPIUCNLE S 2 KEOHITEF A DFLBRER L TE Y, 2 OFLHICH -
THE D PRI~ 72 TE A & LR S 5.

(b) HLRIC i > THLE L 72 RIS i< 72 TE S I 5 C B 3 TSR L% o 7 1
HxEK T 5.

() KMo @ TR L7 BT 2 4 DOTEMIC X YRR E 12 T I3 BRIRG R O
INEBZRL TE Y, XA F— i3 2 UM OFLIThIES 5.



(d) PO EDIERER €, »OBEET 25 Cppy ~DME ZERITHE T 2L
RAET BMRICAERZZTHR 20725, MPICHGBTRLEEZ ¢, IKBIT 35K
LiR<Ar R

X8 XV HFOMEDTERS C, 1> CPHRICIER7ZAEE O TER 1T
xm,n
ann==<ymm> 9
Zm,n

EIRT I LHBTE S.

KB 4(b )RS & 9 o, HuLfticin o THLE L 72 RIS~ 7= TH RIS 350 C LB BE
TR ZER L e T AV ORMZERT 5.

AT, CNETORRTREINTELLA RV ETVICHREMA Y L =
L= 3 VERIT) SERDIFFE TR, X4 F = D5 & Bt o w2 Bk & v 9
B VTR L T\ 72[25-28, 30-33, 35].2 & I3, 4(0) TR T & 5 i, i
i3 o CHCE L 2 FPR IS~ RIS B W OB S 5 4 D D JHRIC X o THUNMER
(A9) ZHEA LB 4(d)IR S X 5 1 0SS L TR 16 0 Bl 3 5 BN iR 4 S
F2C CEBREREKT 2. EFAETICHAFBERED 1 9% T 2754 74 b 0
LU 2 BRI R ERY) Y B 2 5 & T THFSE[25-28, 30-33, 35] & [AIfkICER
WH BB 5 X U I 0 BRIES) % KT 5.

7% B LR QBRI L Oy NEIIE

(10)

Xm+in — Xmn Xmn+1 — Xmn
ASm,n = Cm,nCm+1,n X Cm,nCm,n+1 = Ym+in — Ymn | X | Ymn+1 = Ymn

Zm,n+ 1~ Zmn

Zm+in — Zmn

95,

BUNEISIC 31 2 24 F— i3 BB L o UNEIB(AS,, ) D HL i L, U
WoERTMOE VBRI OFLEMATWE DL T 5.
HIE BB T 2 EOITMUNEIRD XA R—=nA 58T 2 2 N TE 5720,
HAR=NE=RAV PRI P AE Py T 58, FAR—NVEEXT PV Dy 13
Dy = 22 (11)
™ ASpn

tir%.



El L7z &0 BRI EOBUNEBIC BT 2 £ 4 F— iz Zz ol BB S v Tn

%78 EBMEEGES) % E(x,y,z) &35 &,K 5 1IR3 X5 ITHUNEED & HIE
METOWEMERZ PV pp, 1

1
Pmn =E(,y,2) = 2 (Cm+1,n+1 + Cm.n)

(12)
LIRS ENTE S,
5: BHEEKE E(x,y,z) &BUNEED S HES £ COMEMER2 F bpn,,
PEicHESE BEL L4 K- LETLICBIF LR 1 TR LAEBMOEERIT
N M
1 Dm,n pmn
V=t PE
n=1m=1 Pmn
1 N M p p
— _Z Z mn ;n,n (13)
dme n=1m=1 ASm,n |pm,n

T B ENTES.

BEBEEEOMERICE T 2EAMITRDOLIICKTILNTE S,

V=V-V (14)



TV, ZHIEEMICE T B EAT, V, FREEERICE T 3EMERL TV,

ERFETIIHOMZBEAMICER L 20X 59,3 RovEMcEfhz# iR L
TV ERS L) BIKR~DOEMIZREETH o 72. L 2> L IREFIE CIIBERR T OB B)H
WMEIERUEEDIRZHETE 3 & & b I, 2E7REE 7 OBRRTEOEEZ B [0
W B EDHRETH 5.

2.2 {€¥Fix 1: Mathematical Cylinder Model

Mirizzi & [30]1C X » T OB TR 27 ) v 7 L 7zFAEEOE T AR REI N .
Z @ Mathematical Cylinder Model T, H .08t % BUERICEEIE 3 2 D B 2 i
BERZHWTOTHE R COEMIIFH OB L LTRIND.

zt)=v-t=1-f-t (15)
22T z(t) WERIRFOME, v FBRIRE OB EE, ¢ (IWFE, | BFEORE X, F X
ECA D EZRL T 5.

Mathematical Cylinder Model iZ 35T, 1 TR L Z281E M 1) 2 B 0EHB R

XD XS ILEKRINS.

D| (2 z()+8 R,z(R, — h cos(® — 0))dzd®
|D| J' 0Z(Ry ( ) (16)
z

Vot == e ) !
0 Yz 5 2 24 42 2(p 2 ,2)2
(z + 2, + Ry" + h? — Z(ZZP + Ryh cos(© — 9))) (R0 +z )

ZZT Dl BEXAFR—=NVEEXZ7 L D OKEE, § BERREOIE, 0 13 xy F
HICH T3 x W BRI OBUNMERE COME, 2z, ZIERD z FBEE b 1T xy
FHICE T2 HEMA»rLHEER T TCO—2 Y v FHEHE 6 13 xy Filics T % x i
POMERETCOAEERL TV,

ZOETNTIEMEDORIICHIET 2% R, ORRITZBEI S22 L CTHIED
R BT 2 HE R OEMNMEZRKD B2 Z L BT 3.

ZDETNMIE HICHR([32-34] T N EMEoBRRA I X W iR Bl ck 2%
TU b FRE I N7 [35] 28, BT I3l 2 thul & L2 e R I N5 729 il E O ERT
BRETALPRETE RV EWIHIILD 2. % 72 WEBER % v CTw 5720 8RR
R E (2=50) IGEWEAICITE#EREIPEHTCE 2w .2 s,POfRiEX 151X b
Mg ns.



ARWFFECIL,RATHIFE[30] & 7] U DR & ERREERE 2 FH v C R EFEIC X 0 JE M o
BILAGHT 22 LB TE D 0L e 5.

2.3 {€3 3% 2: Conoidal Dipole Model

Mintchev and Bowes [27]1C X > T A DE % €75 Y v 7' L 7= Conoidal Dipole Model
DR & 172 . Mathematical Dipole Model & 3BV, Z DT AIIMTEEDORICE T S
BN 2R T2 2B TE 2720 8 EUSNORBEIRICET LV 2HEST 2 2 AT
3 B OBEN X IIAEIC K o TR I N, Z O AEIIERIKT ORiFE I B L 72 IRFfH
DRELE L TRA 208N 5.

v(t) = 0.00825 — 0.00575¢e%-362¢ (17)

BURTE OYIIAIE 2> 5 D2 R 1(t) 1%

I(t) = ftv(t)dt (18)
LRINS.

I XY RIRF OB X ICBIT 2AE alt) IXRATERINS.

a(t) = % (19)

22T a(®) i yz Filit SBREO RO E COMIE, R XEA 0 2 bBHRE o h
LETDL—2 Y v FEMECH B,

BRI DALIE 2 TR ICRIH T & % Conoidal Dipole Model 7223, BRIRTF DB X 2 X
JTCHFHNCERE X N CE 0 BRI OB T M A mmIc o LEE S FICRE I NS .7
B,O0IERX 18 ¢ 19 Ick V3.

WEHKD XA R =N T &iE,Conoidal Dipole Model Tl BSIK T _EOMUNEI % L
ETRUAFFENTEY JREA 0 2ofuhEEk L FTcoa—20 v FiERE oL 13X
R TRINSG.

OL = \/RZ + r(t)? — 2Rr(t) cos 6 (20)
22T r() BERIRFEOFET, t KT sRKFoOH.LEEZ 0" & L25H,0 13



AE 00"L %Y.

xy FHICEH T2 y @ SMUNE L S TOMAEE ot,0) L35

r(t) sin 0)

oL (21)

@(t,0) = sin™? (
ERTILEDBTE S,
BB CGHES)Z Q &35 & UNE L 2> O BMER Q ¥ COlEi~”7 b

Xt BLO 0 IKET 20 MHE<2 FLOKES |pt0)| IZRATET LA
TE 3.

|p(t,0)| = \/OLZ + 0Q? —20L0Q cos(p(t,0) — ¢.) cos(aC — a(t)) (22)

2T 0Q BFA 0 EEMEE Q Mox—2 0 v FIEEE ¢, 13 xy FHICE T
2y HhEEMEE Q AARTAE, a. 13 yz FHEICB T S vy ik EHEE Q 2
BIHEEZRL TS,

Loz eh» o, X1 cRINZHERICH T 2BMOEHAITRD XS IckKI b,
|P|
4Amedr(t)a(t) tan a,
» J‘Z” (1 + tan @,)?\/R? + r(t)2 — 2Rr(t) cos 8 — 20Q cos(p(t, 8) — ¢,) (cos(a, — a(t)) — 1)do
06 (RZ +1r(t)?2 — 2Rr(t) cos 6 + 0Q? — 20Q cos(¢(t,0) — ¢.) cos(ac - a(t)) \/RZ +7r(t)? - 2Rr(t)cos€)2

V() =

(23)

ZZT Pl BEAFR=—NLE—RAVF P OREIZRLTNS,
K 23122008 a(t) & ¢, 0) KKREFLTWS.

7 ARWITE T SEATHIZE[27] & Al U Do & SERRIEERE 2 F » C IR ST R I & 0 HllE
ROBMEZERTZ 2089 »E2BEET 5.

24 BRUKBEET L

REFEFZBXEZHCTICRRFOEBE 2R TE 5720,3 XnZEMICE T 2TE
RO ETAZREESTZ N TEZ.CNRICEY GO XS haaEhenth,
RADEAREZFEOBIREET Y VT35 N TE 5. % 2T Visual Human
Project IZ X 2 ERRDFEZOIIR % S 1, flLIC I RIACTE b2 B 3 2 58



KBETALEZERLY I 2L —2 3 VEITS.

Fil L7z 2 DORATIED T T A ZREFEE M CTHET 5 LI ERFIE L 12
EFEZHCT EGG ¥ a2l —¥a v 2T, 200 ORRZ IS 5. 728 L0K
BeETF I LIREFEEZAVTY T2 —v 2 Y EITWL, Z O YOG %1T 5.

FIE BR

AN R T EET MK LAERFE L RETFIED EGG v Ial—vavziTul
B L 72 L L7ed & e Tiffge[27, 30] S SN TW B EGG v I aLb—va vy
—Z2a—FERXHIN T RWED, 2 THEMLEREHWCHBIL e 77 4%
B L7 £ R I N TR W AT X =R FET B0, DT XA —&I1TD
WIS I N T WA RRICOEL 2 X ) ICHEEEZER L 7-.

3.1 {E¥Fi% 1: Mathematical Cylinder Model

A 15 12hE > THEEE L 72 Mathematical Cylinder Model @ WU % X 6(a)ic/m L 72, F
T2 IRE T % v CTHEEE L 72 Mathematical Cylinder Model % ¥ 6(b) iZ7~ L 72.[X 6(a)
DEFADOHLMICH > TRIHEZBBILH LTV, & V) 2RDBTEHNT
¥2.8 EGG v 2L —vavi{TICHzo T ETHIETHO LN YT X
— Xz,

F Lvial—yvaVvIicflHLEN AT A—X

NTA—R il

FOfOR X | 0.10 m

ECA DJEEE f 5.4 cycle/min

BRIRH D12 R, 0.0125 m
ZAR=NLE—-AVIFPDOREX |P|] 045x1077 C/cm
HER € 2.65 x 1078 C%/N cm?
FRRICIE R 72 TEH S 2 M 100

iR EoTES S N 910



FAEBEMR O PRI Ey(x,y,2) (0.0,0.0,4.0)
HIE B D BEEE E(x,y,2) (0.0,0.0,4.2)

ERR L7290, TETFABIUOEGG VI a2l —va ViERZUTICRT.



10

N S
0
2 0 )
0
-2 )
Yy X
(a)
10
N S
0
2 0 , . : )
2 )
Yy X
(b)
0.4
0.2

Amplitude [mV]
o

|
e
[\

— proposed method (SR = 10Hz)
— conventional method (SR = 10Hz)

0 5 10 15 20 25 30 35
Time [s]

(c)
6: Mathematical Cylindrical Model ® > I = L — 3 a3 ViR
(a) PEkFEOBHAIC X W HEEL 72 FLFE.
(b) R FiEIC X Y 2L L 72 Mathematical Cylinder Model.
(o) REFELIERFED EGG v T aL—v 2 ViR
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6(a), 6(b) 2> & ,F2 L Fi% 1% Mathematical Dipole Model @ X 5 7z FItF 23K C© &
5L DBMERTE /.

REFELCBCCERRT OB ZERE LFERD § =0.00011 m &3 272D, Hb
MEDQTESEE N # 910 & L7297 Y v 2L —F (SR % 10Hz & LRERFikE
REFEOIEFRER %K 6(c)IT/R L7203 BT CiRE ST 3 X 5 ICEM A IE
DOBEICEBLTWDEZ L0, TTADEHL S TEICH 2 > TERIRE2ER L T
W5 EMPMERTE 2 F 2 BRIRE S E ERIC T D I o Tl B L
BRSO ICONTEMMET T2 2 L 2ERATE 2. I LI REFECEH I
TR ERTFIEIC L D B I NP L IR IC X K BITw 5 2 & AR T & 7.

3.2 {€3¥ 3% 2: Conoidal Dipole Model

A 18, 19 I2HE > THEEZE L 72 Conoidal Dipole Model @ HLR % X 6(a) IR L 72.F 72
RETHEE W THEEE L 72 Conoidal Dipole Model %X 6(b)ic/~ L 7-.¥ 6(a) DE T
NDHLDRRICH > CTERIRFZ2ERSE2ZL TV, &V, 2RO LB TE D0
B EGG vIalb—vavE{Tiiidhizo UL AT TH NN T A2 %
7=,

F2vial—vaVIicflHLENSNTA—X

NT R —R 18
HOROEX | 0.15 m

B 0 o oOFLETCOI— 10 cm
7V v FEEEE R
FAR=NLE—AVIFPOREX |P| 22%x107° C/cm

FHER 2.21 x 1078 C2/N cm?
FRR A R 7-TES B M 100

FLAR EOTESE N 201

FEAHEFF MR DO B Ey(x,y, 2) (0.0,4.8,10.9)
HIE B D BEEE E(x,y,2) (0.0,3.8,11.1)

TERL L 72 HUOfR

EFTABIUOEGG v a2l —va VERERUTICRT.



[N}
1
1
-5
0 15
5 L6 O 12
x 0
y
(a)
0
3
6
)
12
15
-5
0 15
5 . 6 O 12
x 0
y
(b)
100

50

o

— proposed method (SR = 10Hz)
— conventional method (SR = 10Hz)

Amplitude [mV]
(@)

-100 ‘
0 10 20 30 40 50 60 70
Time [s]
(c)

7: Conoidal Dipole Model D> I =L — a V#EH (SR = 10 Hz)
(a) PEkFEOBHAIC X W FEEL 72 FuLFE.
(b) $2EF7EIC X W L L 72 Conoidal Dipole Model.
(o) REFELIERFED EGG v T aL—v 2 ViR



7(a), 7(b) 2> & , & & F 1% 13 Mathematical Dipole Model @ P42 72 1F C 7«
¢ ,Conoidal Dipole Model ® X 5 7ziZ&fh L 72J2k b KIZTZ 2 2 L AT X 7-.
fekik L REXRZPLBROF Y 7)Y v 7L —F SR=10 Hz THEL Z#EE %X
TR L 7. 2 O D D HERIEDIRIEASRFEICKE S ho T B 2 b2 5.7
HFULERD SR ICBIRT 2 AIE a(t) & @) 1 XD ,20 7,40 7,60 # CHRIE 3 FEH L
TLEWEREFONTH ARV LA b 5.2 ORI #E A C IR Tl Lo
SR =1 Hzf2ZETlX SR =10 Hz D5 A DR 2K 8 THELL 72.[4 8 2 b (EkiE
THELNRES L EE IH 0D SR%E 1Hz & L 725EICBTiE27] o3
INDDEFEIRE 7o 7.

o
W

Amplitude [mV]
o

1
O
(V)]

— proposed method (SR = 10Hz)
— conventional method (SR = 1Hz)

0 10 20 30 40 50 60 70
Time [s]
8: Conoidal Dipole Model ® EGG ¥ 2 =L —¥ 3 V#ER(SR =10 Hz &SR =1 Hz)

-1

A S FERIC I > TERE ISER L T\ 2 & L AT X /-

SOLICIRETFETILHERTELHEBELTI VBSOS 2 ARIRIEOBAE NS T & A
Lol |EFIETHELNFERILLTHED EGG v 1oL —v a VISR EIC
Mintchev & Bowes[27] 2535 L 7- e 2 W R IiTb N - EHEISIE NS D & 7o 77,

—J T, XA R =TT NATIIEIRTE D E TV OMKGEICET 5 & [FIRFICR O JEHH 396



¥ 2 RETFIETIRENDE O 2 ICHERT 5 720, 5[ 7- BARECE C 1358 42 1T
THHNCRDFEMPIEE o T LT W A OZD Y HICRHZARENMZLBEL T 5.

FATHRZE(S, 27T] CERINT WD X S IR RBET 2 EcictHa Az fFox
TNAERBERT L C,ZOMERZRET 2 2 LB TE 5.5 72, KDl DFIK %
ERET 5 & R MEd O iR I Mo g 23k & T B 72 0 0 Rls O i CERAR R
DEBERAICIET 22 &3,

8 DIEREDWIEZ R L & AHOHHIEYINTLE > T0E LR TE S.
CNREREDOEEATHCZZAKL a(t) & o) TX2bDTH 5.2 AN
TR LI REREDHERCOMRETEL I LICHEALTIEILW.INLDERD L,
RETHFERERTED LA R—ALETFT A TIZIEHRTE 2l o 2 HE CHEBIHE TN
BEARRCTE 22800 5.

3.3 BBUKBET L

9(a) ICEBDFEB Ok A SEIC L BNt E R Lz £ 721K 9(b)Ic i3
RFPECHEINZREUKEGE TV ER LK 9(a) D T4 OHULERITH - TEIK
MEEBIELCL TV, LV, AROBCENTES ABECC L Ial— gy
AT 5 I H T o TL TR BLIICRONAEANT X =2 2T,

K Ivial—raVvIiI{EHLEZ AN A—X

NT R —R &
hROEX | 0.15 m

S VNCHOE e
FAR—=NE—AVIFDOREX |Pl  045%x 1077 C/cm

FHER ¢ 2.21 x 1078 C%/N cm?

1.5 cm~ 2.5 cm

PR I A 7= T M
b0 D TE A N

HAEE O B Ey(x, y, 2)
HIE B BB E, (x,, 2)

TERC L 72 HOBR

100

81
(3.19,0.25,7.36)
(2.62,0.25,7.33)

EFTABIUNEGG v a2l —va VEREUTICRT.



15
10

15
15 10 s 10

15

10

15 10 5

Amplitude [mV]

0 5 10 15 20 25 30
Time [s]

(c)
9: SFUKRBETADY I 2L — a VSR
(a) RO % S5 1T L 7= Lk
(b) FEEFIEIC X D HEEL 28K IGE T v
(c) BEFHEICL 2 EGG v I 2L —v 3 ViR,



REFECTHETAVOHFLHRERX TR T 2482 o BRI O & 2L E2T
BILHRETLILENTE 720, F B0 X 5 A cREICDIT Y ER 2 2
it?%ﬂiﬂ%ﬁ?‘%%ﬁ*ﬁf;%Tw% DHERST 22 LB TE L. F 72, A BRI %2 1EM
E L2 BRI OO L BRBICR7-ZNENOES T TCo—2 ) v Nk
PHEBICHRETE 5720, 5% &0 KN, EISEWBIRZ T Tk <, % DfhflEzs
CHMECTHREICER L EBROET I VT3 EBHRETH 5.

SHUAIEET LR W EGG v I 2L —3 a vORER RO cELNLED D
& [FIER D B 72 B B U & 72 R EM 2 - W CTWw 2 720 B3 M 6 5> Tld 7z
W ERDLo7- K 9(0) X 0 BRI EEMARDIIVE ZATEMNPRDEL ko
T3 Zebbror-.LiL,l DELIKIGE F A CRERE O % 2% &L+
2720, FIBL720ERkTiEICL S EGG v I 2L —va VR EIZEZLR Y, BUFIEE
BOMTHEICUIVEboTLE o 7.

FAE ER

REFFZEDY IaL—va VvERIZ,RI TV Ay L 2 X4 R—ALEFARMRD X
AR=NETLVCRHEINIHCED L 5 BIROETLE EGG Y IaLb—va v
HROM T EZHHETESL LA RLTWE. LR > T ETADBREEN S S 7-

NICBIRE OB AR T T - a8 2y Ialb—vavETALRRIBT 34
BB b PG TCE L. 20X I IREFEEZH VWS Z & CiEkFiETD
BERTH o 2 DR BEAN R P W 7 X 0 EE ORI wET V2 A
TEGG Y IaL—yavZIiTHOZ ¢EDNAREL I 3.

Mirizzi &% Mintchev & Bowes[25,27 ] DR il S & KB ICH DK BEFED X4 R
—)LE T OVRFZE CUE, B APUER TI1C X 0 i L 7285k o AN &I X - ¢
ECA % slow wave 23K S 2 Z L 2RI T 5[26,28-34].

EGG I3, ECA % slow wave I/l Z BAJLEWEE(ERA) A& £ 5. — Y1 ERA 1%
EGG o A CREERELHIE e v 2 2h vy 7Y v JICEE 52&%& ERE AN



WEHIGNTWARZ EDL,FAR—NETAEZHNWT EGG ¥ I a2l —3Ya v%1fT
5 BRIC I & L A 2358\ [27-29]. L 20 L 72 93 & Mirizzi & OHFFE[26, 30, 32-34]
LRI N TR LI BELIGLTEAR—ALETADY Ialb—v g v 8T R
— 2 RWEYNICBGES 5 C LI X o CTERA g% EGG ¥ I aL—¥ a VICH AR
G LLAETHS.

¥72 EGG v Ial—vavitidailo7 e —F & L AYYEYATN LBl
LEBMICHE T 2 2 & CHENLRET Y v 7230 HE% Multiscale Monodomain
Model [56, 61, 62]72% Du HIC X > TIREINTWB. LA L&D S Multiscale
Monodomain Model T, 71H{LE N D E SN HEMEAL L 72485k D ECA % slow wave %
AREREICEL o TRk 2720, FT VORE JIPEVEIRE I X P 2IERICKEL &
STLEIZLEBESINTNWE. — X4 KR —LET )L, Multiscale Monodomain
Model T# 2 b4 T\ 7z ICCs & SMCs DEAY) Dk 2 B iic R L HEEE
fiz & slow wave DIRlE, 2 ¥4 7 iEE) (SMCs iEEIEELL) OHURIAE) 2 FHIH 3 2 & »
5 Fld % gt L7z d o< dH 5 [56].

ZAR—NETVFHRICET ) V7 LBEBANESORHEZ T 272 0ce s g,
12 b= a v ORI B EY % SZHEE L T 2 WF5E b fTh N Tw 5 (25, 27]. L
DL, INTETRKRELFHINTE LA F =7 VBRI OER % 85K
TRHT2MEND 2720 Bzt Lz fiapikeer ) v o3 5ice
T, F 2 IERE DA CRE & B RO B o 5B 2 o fth o B (fth o s g 0 2
CEMOREHPE LR L)IH T VEEI LTV ARW.ZD L EGG D& H 116 FEIE % F
VT B 720 JF AT R EBRHT OB IC X o TIEEBUESFELL T L £ 5 ME %
T LRREED D B .

AWFFE T ERTHE L IRETECELONARIES X NRIE 2 IR L 72. % 58Tt
FER27] LN E T -2 L COREFEDH XY IEMICHKE 2 K T%
328, G)RERFEDKEER UMD SR ITIRKELTWB T b ho7z.RK 23 55
HECE 2 X 50 BRI _EoMuNEE & HE B & O ERRIE,at) & o) T
KINDSR BPEVEGHEICIT, INODHEDENITLA LR, 2L DfEEZ =
BICH DO CKICRAT 2L 2DEIZIHIC/NEI Ko TL T S 720 UuhEis 2 o Hl
EEMETDORZ P p(t,0) PIEMBICEKHEINAWEERD 2. E7-,0EkD X4+
—VETNVIEE R Z AW CT» S 720 SEEERO X 5 1cE 7 VRKMENICHIE BMR %



BliE L 7285650, 7 v @ L0 N fhm i HlE B2 BLiE L 7285610 b Rk o # ik
CTIFHERBMAB LN WAL D 5.2 NIRIRET 227 L OIRICE D & ¢, E i
DIEEIHIREINDE L) WHRKDODIAFR—NLETALICEZT 70 —FDRAD
1oTH 5.

TR LT AMETIRE LR TV Xy v 2 B4 RK—1T 7 A3 BN 0B
AERET 272008 eLEE Liw.2F 0, FbiRE2ERST 37217 ¢, BRE O
EPRBEREEZ ST EOTTARMET LN TE L. 372, EREESR %
A THEEDOHEFICN L BBl T2 20 TE 5720, L L & 1EMfE
BiExEHcEx i E T2 2 LT 5.

% 72,3 ROCER TOMAKREALA L P LRI > TIRERD XA F— T v LA
FRICERIRTE 2 8% 2 ¢ % &, 2Bl UNElnicE Liltd o 256 ICBRRE R
[ D—# 2 iR B X M3 T84 5 AlRetEDS & 0 BT R I 1T & £ nu e W iEiE s
ACCLEI AR D 2 L WO MEEDH 7. 2 2T 4 THHALZZ4DDRT Yy
TERET LI XY LR EOEER itk 5 BRIKIE 2 HEERIcREL L 10
TRTEIRLT 274 7R eBHE T 2 BRI L R4 LIV BZTw 2 eT
BRIKTDOES ZRIT IAF —L2BELLZ.CNICK ) EROXA F—LET LD
T 7u—F L REERIC BT 2 3 JOTERNTER S &5 Z L AHEEL o 7.



BRI oBiic XV RBLEh 3 =T AR

/

NG

(a)

(b)

(c)

10: B3 2 BRIRT OV 0 & x
(a) C,_,ITHB T BBRH
(b) C,1c BT 3 BRIk
(€) CppqlTHB T BB

RREFEOFHE L HEEIE 2 X P MR X 4 K= T A03H T 2BKEOE
B Brmciilh s 2 0823 H 5 L wHflfzEE L, B X 5 RGO
ETNAD EGG ¥ Ial—vav®{TH) T ERAEEICAR L E W) ERETLNS. X
BACTIZERD XA R =TT NV CTIRIEFERELSE D 1L7n o 7= MR X 0 FEHIfE
IEWERENMEONE 2B T LN,



b

5 & b

%

ZFAR=NLEFALEHOTERBRICGEVED EGG ¥ I 21 —3v 3 VickEWwT Bk
w DGR L ALE I X OEM T 2 BURW O b O W 2 B2 9 ICRiih 3 2 B0 &
D, F BRI OER L Z oL E 2 RIT@D)FHHN TR L 72 b @ L 2> 72 Wik
D 2 D DORE % R T 2 BB B 5 AT T3 Xot(3D) ZEMIC B\ CTHEME R TEIR
BRETAENTERZRI IV Ay 22T HEREAR—AETARIRE
LIREFHELERTFERORBE 2T o722 RO XA F—LEFATEEHTE
ROEBIRIGECEMRIBIROGZE L2 2 aL—va v 75 2 L CIRETE
DHMEDOBEEZ TR - 7-.

RETFETHLR) TV Ay v a X4 KR—=LETILE Mathematical cylinder model,
conoidal dipole model, EIAGET V& X F X E RN LFI 72T T v —F%
BRI 22 H—ARTRTETY V27 T3 2 ERARETH Y, 2> EGG ¥ 3
2l —vavbEHELIBZLEZRLELED s THERFHFEORSEHTHo 72, T
VDGR ZAL X 4 2 7= NICERIR T OB 2 KT ¥ - B X 2zHVAEZry a1 —v
2 VETARRBTZLER AL R EPWRFCE 2.3 L IBETFELHVS C
ECTHERFIETDORERTD o 7202 BEA e RIS N EE 72 X 0 EFR O fEdRic
HEWETAZHWTCEGG > I aL—32a vE{TH) 2 LBEL R tE2ZLNS.
AHFFEDFEFRIL,CT HifR-° MRI 2> 5N R & 7 B filgs o PO 2 i LR o 3D £
TNUEERT D ERTENITEGG Y T 2L —va vMTA 2 A[REN S 5 2 & b
RELTED, Y Ialb—vaVELEAELE OHEPITONTE LA R —LET
WD ZZHE SN EGG 2 OHIRBMOBREHET 2> 12—y 3 VAT x
ZHEE D 5 2L RBLTWVWSE . 284 F—LET LI
Electrocardiogram(ECG) ¥ I 2L —v a VICb HW LN TE Y LIEDELAMNIEE) I
3 RICRBZEH Z A K= GBD-CD)IC X o TRT LB TEELE W) T EWBALE
FANROLNT W3S .£7- 3D-CD OifitEd bBAEREOBM O 2 EKIHTELIch
BEEE N CH D AREICHE L 72 B2 HHE L 2B 5 3D-CD offt%
MR T 2MEDITbNTE Y, DRIk EET Y v 73 258 d AT T
W2 [64, 65]. ZNIIAMETIRELEZRY TV Ay v a XA R—LET L LFAKD
TR —=FTH2DFR)ITVAyyaXfR—nETVEHOIZELXNGEOE
PHELXWEKRETY) VIR ECG v I al—vavBIWUEOBKETY v 2icd
JCHTZ 2R[REMH 2 2 L HRKE L T 5.



I

KWL DZEITH X O AREERAERIC H 72 0 AR HBOR L 2 THE £ L 7=,
RDIT 2 JZE LR L BT 5 & 4bic, 0 o REHEL £ 5.

EERFEREGEY AT 7 7 % A4 = v RS BARE 4
ERYRbE AR Sk

EERFEREGEY AT 7 7 % A4 = v RS F)INER Jed:
BRI ERFAGE, Aal A K

S

[1] W. C. Alvarez, “The electrogastrogram and what it shows,” JAMA: The Journal of
the American Medical Association, vol. 78, no. 15, pp. 1116-1119, 1922.

[2] L. K. Cheng, G. O’Grady, P. Du, J. U. Egbuji, J. A. Windsor, and A. J. Pullan,
“Detailed measurements of gastric electrical activity and their implications on
inverse solutions,” in 2009 Annual International Conference of the IEEE
Engineering in Medicine and Biology Society, pp. 1302-1305, Minneapolis, MN,
USA, September 2009.

[3] H. Murakami, H. Matsumoto, D. Ueno et al., “Current status of multichannel
electrogastrography and examples of its use,” Journal of Smooth Muscle Research,
vol. 49, pp. 78-88, 2013.

[4] G. Riezzo, F. Russo, and F. Indrio, “Electrogastrography in adults and children: the
strength, pitfalls, and clinical significance of the cutaneous recording of the gastric
electrical activity,” BioMed Research International, vol. 2013, Article ID 282757,
14 pages, 2013.

[5] A.]J.P.M. Smout, E. J. Van der Schee, and J. L. Grashuis, “What is measured in
electrogastrography?” Digestive Diseases and Sciences, vol. 25, no. 3, pp. 179-187,



1980.

[6] A. Qian, S. Means, L. K. Cheng, J. Sneyd, and P. Du, “A mathematical model of
the effects of anoctamin-1 loss on intestinal slow wave entrainment,” in 2017 39th
Annual International Conference of the IEEE Engineering in Medicine and
Biology Society (EMBC), pp. 2688-2691, Seogwipo, South Korea, July 2017.

[7] M. Tokmakgi, “Analysis of the electrogastrogram using discrete wavelet transform
and statistical methods to detect gastric dysrhythmia,” Journal of Medical System:s,
vol. 31, no. 4, pp. 295-302, 2007.

[8] L. K. Cheng, M. R. Gallucci, A. J. Pullan, and M. L. Buist, “21 Relationship
between standard EGG electrode configurations and the stomach location,”
Neurogastroenterology and Motility, vol. 18, no. 6, pp. 486—-486, 2006.

[9] R. Coleski and W. L. Hasler, “Directed endoscopic mucosal mapping of normal
and dysrhythmic gastric slow waves in healthy humans,” Neurogastroenterology
and Motility, vol. 16, no. 5, pp. 557-565, 2004.

[10] N. J. Talley, “Functional gastrointestinal disorders as a public health problem,”
Neurogastroenterology and Motility, vol. 20, Supplement 1, pp. 121-129, 2008.

[11] M. M. Schuster, Atlas of Gastrointestinal Motility in Health and Disease, Williams
& Wilkins, 1993.

[12] F. Y. Chang, “Electrogastrography: basic knowledge, recording, processing and its
clinical applications,” Journal of Gastroenterology and Hepatology, vol. 20, no. 4,
pp. 502-516, 2005.

[13] S. K. Sarna, E. E. Daniel, and Y. J. Kingma, “Simulation of the electric-control
activity of the stomach by an array of relaxation oscillators,” The American Journal
of Digestive Diseases, vol. 17, no. 4, pp. 299-310, 1972.

[14] D. A. Linkens and S. Datardina, “Frequency entrainment of coupled Hodgkin-
Huxley-type oscillators for modeling gastro-intestinal electrical activity,” IEEE
Transactions on Biomedical Engineering, vol. BME-24, no. 4, pp. 362-365, 1977.

[15] B. L. Bardakjian and S. K. Sarna, “A computer model of human colonic electrical
control activity (ECA),” IEEE Transactions on Biomedical Engineering, vol. BME-
27, no. 4, pp. 193-202, 1980.

[16] D. A. Linkens, “Electronic modeling of slow-waves and spike-activity in intestinal
tissue,” IEEE Transactions on Biomedical Engineering, vol. BME-27, no. 7, pp.
351-357, 1980.



[17] N. G. Publicover and K. M. Sanders, “Are relaxation oscillators an appropriate
model of gastrointestinal electrical activity?” American Journal of Physiology.
Gastrointestinal and Liver Physiology, vol. 256, no. 2, pp. G265-G274, 1989.

[18] E. E. Daniel, B. L. Bardakjian, J. D. Huizinga, and N. E. Diamant, “Relaxation
oscillator and core conductor models are needed for understanding of GI electrical
activities,” American Journal of Physiology. Gastrointestinal and Liver Physiology,
vol. 266, no. 3, pp. G339-G349, 1994.

[19] R. J. Patton and D. A. Linkens, “Hodgkin-Huxley type electronic modelling of
gastrointestinal electrical activity,” Medical & Biological Engineering &
Computing, vol. 16, no. 2, pp. 195-202, 1978.

[20] M. Yasuyuki, M. Masaru, and T. Hiroki, “Stochastic resonance as a mathematical
model of an electrogastrogram,” The Journal of Physical Science and Application,
vol. 2, p. 186, 2012.

[21] L. A. Bradshaw, W. O. Richards, and J. P. Wikswo Jr., “Volume conductor effects
on the spatial resolution of magnetic fields and electric potentials from
gastrointestinal electrical activity,” Medical & Biological Engineering &
Computing, vol. 39, no. 1, pp. 35-43, 2001.

[22]]. Liang and J. D. Z. Chen, “What can be measured from surface
electrogastrography (computer simulations),” Digestive Diseases and Sciences,
vol. 42, no. 7, pp. 1331-1343, 1997.

[23] M. L. Buist, L. K. Cheng, R. Yassi, L. A. Bradshaw, W. O. Richards, and A. J. Pullan,
“An anatomical model of the gastric system for producing bioelectric and
biomagnetic fields,” Physiological Measurement, vol. 25, no. 4, pp. 849-861, 2004.

[24] D. A. Linkens, M. Khelfa, and G. Nicklin, “Multioscillator simulator for
gastrointestinal electrical activity modelling,” Medical & Biological Engineering &
Computing, vol. 21, no. 5, pp. 591-598, 1983.

[25] N. Mirizzi, R. Stella, and U. Scafoglieri, “A model of extracellular waveshape of the
gastric electrical activity,” Medical & Biological Engineering & Computing, vol. 23,
no. 1, pp. 33-37, 1985.

[26] N. Mirizzi, R. Stella, and U. Scafoglieri, “Model to simulate the gastric electrical
control and response activity on the stomach wall and on the abdominal surface,”
Medical & Biological Engineering & Computing, vol. 24, no. 2, pp. 157-163, 1986.

[27] M. P. Mintchev and K. L. Bowes, “Conoidal dipole model of electrical field



produced by the human stomach,” Medical & Biological Engineering & Computing,
vol. 33, no. 2, pp. 179-184, 1995.

[28] M. P. Mintchev and K. L. Bowes, “Computer simulation of the effect of changing
abdominal thickness on the electrogastrogram,” Medical Engineering & Physics,
vol. 20, no. 3, pp. 177-181, 1998.

[29] M. P. Mintchev and K. L. Bowes, “Computer simulation of the impact of different
dimensions of the stomach on the validity of electrogastrograms,” Medical &
Biological Engineering & Computing, vol. 36, no. 1, pp. 7-10, 1998.

[30] N. Mirizzi, M. A. Strangio, R. Mirizzi, and G. Riezzo, “Mathematical model to
simulate the extracellular myoelectrical activity of the cat colon,” Medical
Engineering & Physics, vol. 31, no. 1, pp. 145-152, 2009.

[31] N. Mirizzi, R. Mirizzi, and G. Riezzo, “Computer simulation based on the electric
dipole model: analysis of the factors affecting the amplitude and the waveform of
the cat colon electrical control activity,” Journal of Medical and Biological
Engineering, vol. 30, pp. 3540, 2010.

[32] N. Mirizzi and G. Riezzo, “Analysis by computer simulation of factors affecting the
extracellular slow wave features of the human colon,” International Journal of
Biomedical Science and Engineering, vol. 3, no. 2, pp. 18-24, 2015.

[33] N. Mirizzi, G. Riezzo, and P. Dell’Aquila, “Analysis by simulation of the factors
affecting the amplitude and the waveform of the human colon slow waves recorded
with cutaneous electrodes,” International Journal of Biomedical Science and
Engineering, vol. 4, no. 1, pp. 1-6, 2016.

[34] N. Mirizzi and G. Riezzo, “Consistency of cutaneous electrical activity of the
human colon with respect to serosal slow waves: a simulation study,” Medical
Engineering & Physics, vol. 43, pp. 58-63, 2017.

[35] A. Irimia and L. A. Bradshaw, “Theoretical ellipsoidal model of gastric electrical
control activity propagation,” Physical Review E, vol. 68, no. 5, article 051905,
2003.

[36] T. M. Austin, L. Li, A. J. Pullan, and L. K. Cheng, “Effects of gastrointestinal tissue
structure on computed dipole vectors,” Biomedical Engineering, vol. 6, no. 1, p.
39, 2007.

[37] A. Pullan, L. Cheng, R. Yassi, and M. Buist, “Modelling gastrointestinal bioelectric
activity,” Progress in Biophysics and Molecular Biology, vol. 85, no. 2-3, pp. 523—



550, 2004.

[38] L. K. Cheng, R. Komuro, T. M. Austin, M. L. Buist, and A. J. Pullan, “Anatomically
realistic multiscale models of normal and abnormal gastrointestinal electrical
activity,” World Journal of Gastroenterology, vol. 13, no. 9, pp. 1378-1383, 2007.

[39] P. Z. Rashev, M. P. Mintchev, and K. L. Bowes, “Three-dimensional static
parametric modelling of phasic colonic contractions for the purpose of
microprocessor-controlled  functional stimulation,” Journal of Medical
Engineering & Technology, vol. 25, no. 3, pp. 85-96, 2009.

[40] L. K. Cheng, M. L. Buist, W. O. Richards, L. A. Bradshaw, and A. J. Pullan,
“Noninvasive localization of gastric electrical activity,” International Journal of
Bioelectromagnetism, vol. 7, no. 1, pp. 1-4, 2005.

[41] P. du, S. Calder, T. R. Angeli et al., “Progress in mathematical modeling of
gastrointestinal slow wave abnormalities,” Frontiers in Physiology, vol. 8, article
1136, 2018.

[42]J. D. Hulzinga, L. Thuneberg, M. Kliippel, J. Malysz, H. B. Mikkelsen, and A.
Bernstein, “W/kit gene required for interstitial cells of Cajal and for intestinal
pacemaker activity,” Nature, vol. 373, no. 6512, pp. 347-349, 1995.

[43] G. Farrugia, “Interstitial cells of Cajal in health and disease,”
Neurogastroenterology and Motility, vol. 20, pp. 54-63, 2008.

[44]J. D. Huizinga, N. Zarate, and G. Farrugia, “Physiology, injury, and recovery of
interstitial cells of Cajal: basic and clinical science,” Gastroenterology, vol. 137, no.
5, pp. 1548-1556, 2009.

[45] L. K. Cheng, P. Du, and G. O'Grady, “Mapping and modeling gastrointestinal
bioelectricity: from engineering bench to bedside,” Physiology, vol. 28, no. 5, pp.
310-317, 2013.

[46] R. N. Miftakhov, G. R. Abdusheva, and J. Christensen, “Numerical simulation of
motility patterns of the small bowel. 1. Formulation of a mathematical model,”
Journal of Theoretical Biology, vol. 197, no. 1, pp. 89-112, 1999.

[47] R. N. Miftakhov, G. R. Abdusheva, and J. Christensen, “Numerical simulation of
motility patterns of the small bowel. II. Comparative pharmacological validation of

a mathematical model,” Journal of Theoretical Biology, vol. 200, no. 3, pp. 261-
290, 1999.
[48] R. R. ALIEV, W. RICHARDS, and J. P. WIKSWO, “A simple nonlinear model of



electrical activity in the intestine,” Journal of Theoretical Biology, vol. 204, no. 1,
pp- 21-28, 2000.

[49] A. Corrias and M. L. Buist, “A quantitative model of gastric smooth muscle cellular
activation,” Annals of Biomedical Engineering, vol. 35, no. 9, pp. 1595-1607, 2007.

[50] A. Corrias and M. L. Buist, “Quantitative cellular description of gastric slow wave
activity,” American Journal of Physiology. Gastrointestinal and Liver Physiology,
vol. 294, no. 4, pp. G989-G995, 2008.

[51] M. L. Buist, A. Corrias, and Y. C. Poh, “A model of slow wave propagation and
entrainment along the stomach,” Annals of Biomedical Engineering, vol. 38, no. 9,
pp- 3022-3030, 2010.

[52] P. Du, G. O’Grady, J. U. Egbuji et al., “High-resolution mapping of in vivo
gastrointestinal slow wave activity using flexible printed circuit board electrodes:
methodology and validation,” Annals of Biomedical Engineering, vol. 37, no. 4, pp.
839-846, 2009.

[53] W. J. E. P. Lammers, L. ver Donck, B. Stephen, D. Smets, and J. A. J. Schuurkes,
“Origin and propagation of the slow wave in the canine stomach: the outlines of a
gastric conduction system,” American Journal of Physiology. Gastrointestinal and
Liver Physiology, vol. 296, no. 6, pp. G1200-G1210, 2009.

[54] G. O'Grady, P. Du, L. K. Cheng et al., “Origin and propagation of human gastric
slow-wave activity defined by high-resolution mapping,” American Journal of
Physiology. Gastrointestinal and Liver Physiology, vol. 299, no. 3, pp. G585-G592,
2010.

[55] P. Du, G. O'Grady, S. J. Gibbons et al., “Tissue-specific mathematical models of
slow wave entrainment in wild-type and 5-HT2B knockout mice with altered
interstitial cells of Cajal networks,” Biophysical Journal, vol. 98, no. 9, pp. 1772-
1781, 2010.

[56] P. Du, G. O'Grady, L. K. Cheng, and A. J. Pullan, “A multiscale model of the
electrophysiological basis of the human electrogastrogram,” Biophysical Journal,
vol. 99, no. 9, pp. 2784-2792, 2010.

[57] G. O'Grady, T. R. Angeli, P. Du et al., “Abnormal initiation and conduction of
slow-wave activity in gastroparesis, defined by high-resolution electrical mapping,”
Gastroenterology, vol. 143, no. 3, pp. 589-598.e3, 2012.

[58] P. Du, G. O'Grady, J. Gao, S. Sathar, and L. K. Cheng, “Toward the virtual



stomach: progress in multiscale modeling of gastric electrophysiology and motility,”
Wiley Interdisciplinary Reviews. Systems Biology and Medicine, vol. 5, no. 4, pp.
481-493, 2013.

[59] P. Du, N. Paskaranandavadivel, T. R. Angeli, L. K. Cheng, and G. O'Grady, “The
virtual intestine: In silico modeling of small intestinal electrophysiology and
motility and the applications,” Wiley Interdisciplinary Reviews. Systems Biology
and Medicine, vol. 8, no. 1, pp. 69-85, 2016.

[60] P. Gao, D. Hao, Y. An et al., “Comparison of electrohysterogram signal measured
by surface electrodes with different designs: a computational study with dipole
band and abdomen models,” Scientific Reports, vol. 7, no. 1, article 17282, 2017.

[61] P. Du, N. Paskaranandavadivel, G. O’Grady, S. J. Tang, and L. K. Cheng, “A
theoretical study of the initiation, maintenance and termination of gastric slow
wave re-entry,” Mathematical Medicine and Biology, vol. 32, no. 4, article dqu023,
2014.

[62] P. Du, G. O'Grady, and L. K. Cheng, “A theoretical analysis of anatomical and
functional intestinal slow wave re-entry,” Journal of Theoretical Biology, vol. 425,
pp- 72-79, 2017.

[63] M. L. Buist, L. K. Cheng, K. M. Sanders, and A. J. Pullan, “Multiscale modelling
of human gastric electric activity: can the electrogastrogram detect functional
electrical uncoupling?” Experimental Physiology, vol. 91, no. 2, pp. 383-390, 2006.

[64] GULRAJANI, Ramesh M.; ROBERGE, Fernand A.; SAVARD, Pierre. “Moving
dipole inverse ECG and EEG solutions.” IEEE Transactions on Biomedical
Engineering, vol. BME-31 issue 12, pp. 903-910, 1984.

[65] HE, Bin; COHEN, Richard J. “Body surface Laplacian ECG mapping.” IEEE
Transactions on Biomedical Engineering, vol. 39 issue. 11, pp. 1179-1191, 1992.



Ik

1Efs



