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Development of Inverse Problem Analysis System in Electromagnetics
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An inverse problem analysis system for
electromagnetic fields, for use in the field of brain-
machine interfaces (BMI), has been developed. In
the conventional technique, a spherical approximation
of the human head is used for the calculation of
the electromagnetic field in the brain. The spherical
approximation presents the issues that the shape and
electromagnetic properties of the human head cannot
be considered in the calculations, and that the currents
normal to the surface of the sphere cannot be detected.
In order to address these issues, we used the boundary
element method (BEM) as a numerical method, to
calculate the electromagnetic field, in addition to
developing the mesh model and mesh generation
method that were essential to the calculations. We
employed a minimum-variance spatial filter as the
method for inverse problems and applied a sub-grid
technique to minimize the increase in calculation time
of the numerical method. We verified the effectiveness
of the method using a numerical simulation problem
to reconstruct the hypothetical electric current sources
in the brain. The results showed that the system was
able to analyze inverse problems with consideration of
the shape and electromagnetic properties of the tissues
of the human head.
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(a) Side view (b) Top view

Fig. 1 Human head and sphere
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Fig. 2 Mesh model of human head with four shells
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Fig. 3 Mesh refinement
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MRI data Mesh MRI data
for skin for brain

(a) Single-step projection (b) Multi-step projection

Fig. 4 Projection of spherical mesh

(b) Trimmed grid

(a) Full grid

Fig. 5 Grid for inverse problem calculation

— 156 —



BHIE DBEBERN > 2T LD

NB. ZIZT, ry, Ty, T 3META v ¥ 20 i HHDO =M
FEEHEO ) v PRI AMENR2 bL, N i3k
WAy Y 2DEEORTH 5.

det(r,,,r,.r;)

N
Q=2) tan”
; [ ] + [ [ o)+ (o ) [ | (o)

(4)

70y FRIPIERE X v ¥ 2 NI & AU ik f
B4, BERECHIE2 o, AAEBIcdhiZ0 x5,
Fig. 5(a) 2% A& § 2 W IREED ') v F &R F
Fig. 5(b) 2 EMEmD 77 ) » FEBRWERE
R

33. U—KFK71—ILFDFtE

NIRRT O TR L P Ml % B 58 T & 2 Bl
BIRE T, BIRERY, BEM %035 35, DR Ak
THELLEIHETX %2 BEM 2\ Z & L7

A (5) IXERAR %K T Maxwell THEATH 5.
VXE=—68—B, V'D:p
D (5)
VxH=—+J, VeB=0
ot
ZZTE H B, D, J, o, tixZhZThER, WA, W
W, B, W, EaEE, FETH 5. N

BIMEEET LI MANBREE 2 ), SEEE o L
LEERBEETIIR(6)DEIIcEKDbEIIS.

J=J +0oE (6)
IR EE Hz FE O E S Th 5 Z & #5IE
U CHERIERRL A2 470, R (5) LR (6) 2 F &b THERY

5 LMNBRICBIT 2 BEAIIKROX (7)) TREI N 5.
VxH=J-0oVV (7)

ZZTVIEEMNTHD. "o bPILARAE Green DTERR
ZRIHLTA(7) &S ORICEE T 5. BALEZ KD
BRI AT (8) Lk 5. ﬁﬁkﬁ%ﬁ&)é%ﬁﬁ
Stz (8), R (9) oM ek & x5

ak(r)+,5'k(r)v() 1 J@)e(r-r)
4z r- r\ )
& =By ¢ Ve n(r)s(r— s
_; A L, r—r|’ 5

ey - LI ) x o)

4z fe-xf (9)
1 & V(r')n(r')x(r-r’)
- g ) AT s
472_ o (a/ ﬂj )ISI ‘r_r,‘_% J
ZZTCr 3BRIFEOMNENZ ML, n(r) i3 r 2B 5010

BN bov, o 1B LR O B
MR OBEHR, SI2 A v ¥ a0, j, k

1AM 1
ki Ay ¥ moEFS,

miE A v ¥ aMOREERT. R (9) LEREEMOR (1)
LA % & AN 2 HAEE IR O IR et % F L
FICKM L TWBZ Ehbh s

X (8), K()%%%mLwa//lﬁz HHAL T
BEM TR &) = F 74 =L Fpskohsd. &7
FROBERY #HMEREEL TR (8) 6 RKD2ZV
MEEGDO) —F7 4 =L F&a5. EkizLTR(8),
R (9) MV XBETCRDEZHPMEGDY — F7 4 —JL
F&ks, BHAEICBEEL 2 OEIMRBITIIcE L 0T
LU @ L, BIREZ & ISR & RERA 2170 i 2
k7.

3.4. YREERE
A e OFEFIEARE s (v, t) LFHHIT — % b () & OBER
TV —=F74 = FL{r)zZHNTK (10) TEEN 5.

b(1) = [ Lr)s(r, ndr (10)

ZZCEHT — 4 I3 EEG TIRXEM V OitllT — %,
MEG Ti3ERNH OFHIT— 2 Th 5. EEG ® MEG D
BRI & < WS 5 Minimum-variance 2% 7 4 L & 12
BWTILITORX (11) & v CTERIERE 2 HRER 5.

5(r, 1) = W (r)b(f) (11)

ZZTsrt)iFED s(r,t) EXAT 277280~ 2FHFTFE
T, W) ZHBERDO -0 DEANZ VL TH S, W) i,
(7 r OFBERBFIR T ZIEEN 1 124 5 504 o
BOBREBEOREL /ML LU TRD 5. ZHhidX (12) D
HRRGDE &tk (13) # /ML T 22 & TRDEN 5.

WL =1 (12)

W (r) (b()b"())W(r) (13)
22T QR EET. W) 3X (14) TkEh 3.
R'L(r)
L'(r)R'L(r)’
ZOW(r) &HAVTR (1) 2 5 B4 fk e 3 ¢,

W(r) = R = (b(nb'(1)) (14)

35. 4T J )y REMOFEEANDEH

WERRIZ W TE ) v FRIEEMI2 < § % & RO
MENRE 2 LT o b5 v RAa Wz % 720 s SirER
BEMT 5. 2 2 CIEMEICEDN S Y T2 ) v F %
W EH L, BEARIZ G2y REfrL$52
ETHEROMMAB X A2 5. £THWYY v FCUifE
A RO TAEITRIRARIE A O E &R 5. RIZ, Ko 724
BT 2 27) v R ZA T2 172y FOH T2
FTHlZrEIL, 5720w Rk o w8 & i TR IE
HBENEOE A K DNk 5. ZOEfEEH 6,

— 157 —



Honda R&D Technical Review

Vol.26 No.1 (April 2014)

HP 5 N7z MERRIR 4 & BRI 0O SO % R R
SRKDAZENTES. 7270 v FEART 58I,
7'y F RIS 351 2 BRI O 4710 O — Bl 53 23 RIS
%5 MR 721k, BIIERIE O @ ONE T — @2 # &
LTR® 7z, 7257 o FElT & o BRI EA L7227
T—F v — % Fig. 6 1289, 2Z TN, &% 7259 5 F
DK REBKTH 5.

START

DATA INPUT
I
GRID GENERATION

>

INVERSE ANALYSIS

ITERATION
< Nmax

SEARCH PEAK-POINTS

|
SUBGRID GENERATION

END

Fig. 6 Flowchart of inverse problem analysis with
sub-grids
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Table 1  Position and direction of sources
Source No. Position [mm] Direction
1 (5,-17.5, 57.5) (1,0,0)
2 (5, 20 , 57.5) (1,1,0)
3 (5, 12.5, 20 ) 0,1,1)

Table 2 Waveform of sources

Source No. Wave form
1 +0.47Y). .[2a*33*(p05560
e _
Xp[ (1.2/5.9” sn 12
2 [1‘—0.54J2 . [27:*6.3* (t—0.492))
exp| - sin
1.2/3.8 1.2
3 sin | 277 7.3 (t-0.455)
1.2
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Sensor array surface Waveform

Current
No.1

Time

(a) Pitch: 2.5 mm

(b) Pitch: 10 mm
Fig. 8 Grids for inverse problem analysis
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Table 3 Results of reconstruction of the sources

Pitch of grid [mm] 2.5 10 (+Sub-grid)

Position No.1 (-5,-17.5, 57.5) (-5,-17.5, 57.5)

[mm] No.2 (-5, 20, 57.5) (-5, 20, 57.5)
No.3 (5, 12.5, 20) (5, 12.5, 20)

Calculation time 4101 190

[sec]

Fig. 9 23ISR AT, RO ORI ETREE A &
WZ L ERL SODOBHRESFHHE N TWBEZ by
%. Fig. 9(b) IXEHRIEDFHPHIZ 2.5 mm OH T2 ) » F
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Reconstructed currents

(@) Uniform grid (b) Sub-grid

Fig. 9 Reconstructed currents in brain
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