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Practical Aspects of Some  

Bio-magnetic Inverse Problems    

Takashi Suzuki  
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脳磁図分析 
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超伝導量子干渉素子
SUperconducting Quantum 
Interference Device  

super-conducting 

ring 

screening 

electric current 

screening 

magnetic field  

outer 

magnetic field 

screening 

current 

critical current level 

electric voltage 

quantized 

measurement of 

magnetic fields 

barriers 

リングを二つ並列につなぐと電流の位相差が干渉して
量子化した磁束が電圧から測定できる リングを貫く遮蔽磁場が量子化される 

Josephson効果 

time series data 

by channels  

Dewer （魔法瓶） 

liquid helium 

液体ヘリウム 
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aural evoked  magneto 
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encephalogram  

nervus medianus 

evoked  magneto 

encephalogram  

Dipole Analysis  

standard theory (direct problem) 
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standard theory (inverse problem) 

2. number of dipoles prescribed 

1. over-determined problem  

Start 

Goal 

1. initial guess 

2. parameter perturbation 

3. gof check 

 

Dipole moving method 

3. local minima  

A method to reconstruct distributed magnetic sources 

1. Subdivide the solution space into some small regions (voxels)  

2. Place a point source (current dipole) to each voxels  

3. Describe the measurements by linear combination of magnetic fields derived 

by each sources  

4. Calculate the orientation and magnitude of each sources 

spatial filtering method 

Construct a lead field matrix A. 

Apply some filter. 

Measurements Moment parameters 

Biot-Savart formula, etc  

under-determined  

(ill-posed problem) 
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Various spatial filters 

• Non-adaptive filter 

– Weighting positional relationship between sensors and solution space 

• Minimum norm filter 

• sLORETA 

 

 

 

 

• Adaptive filter 

– Varying weights by time variation of measurements 

• Minimum variance filter 

• MUSIC filter 

Minimum norm filter 

Minimum variance filter 

Moore-Penrose quasi-inverse 

 

normalized equation 

MUSIC method 
• Multiple Signal Classification (MUSIC) 

– An algorithm to provide asymptotically unbiased estimates of locations and 

parameters of multiple signal sources 

 

• MUSIC algorithm applied to MSI  

     1. eigen-decomposition of the covariance matrix of the measurements  

 

 

 

 

 

 

2. Select the dimension r of the signal eigen-space  

 

 

 

 

Minimum eigenvalues of R 
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Many unknowns admit many solutions 

Source Identification 

Dipole analysis 

clustering a priori information 

non-prescribed number of dipoles  

Markovian time sliced data 

over-determined         

prescribed number    

least square approximation 

must exclude local minimum  

source number analysis  

using signal oscillation  

constant source number 

under-determined        

clustered elements   

parallel optimization   

Hausdroff measure  

cooperate game  

divide sources into elements 
clustered elements recover sources  

time series 
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Numerical experiment 

digitization of bio-functions   → diagnosis, pathology prediction, therapy 

256 channels  

5 dipoles 

Parallel optimization 

Iterative sequence with high-accuracy freezes in under-determined system  

Iterative sequence having 

reached the manifold leaves 

there with the probability 1  

Approaching improves 

accuracy with the probability 

1/2  



9 

parallel optimization  

 

outside freezing zone … approaching 

inside freezing zone … melting 

melting makes frozen sequence move  → how and where? 

How? … singular decomposition of matrix  
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0-d Hausdorff measure  

Repeat  

Co-operative game 

Where?...Binding  ~Principal policy of melting in source identification  

A concentrates on narrow spots! 

Program integrates  sub-routines  

approaching  

freezing zone  

melting 

parallel optimization  ..  

keep accuracy  

by freezing zone  

and matrix singular decoposition 

covering 

biting  

binding 

underdetermined quantization  

biasing 

sparking  

clustering 
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1- time sliced  

real data analysis 

 

Aural evoked current   

measured by 128chnnels  

nervus medianus time series data analysis  

using 32×32 channels  
moving, separating, annihilating, 

binding dipoles  
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音信号

音源位置の特定

音情報の測定

分析

観測点 

設定した信号源 

設定した信号源 
(推定された信号源) 

単純な探索手法による推定信号源 推定開始時の信号
源 

1. avoiding local minima 

2. automatic source number search 

MD method clustering  

source 
signal 

acoustic source identification 

1. signal 

propagation  

 

2. reflection 

 

3. Scattering 

 

4. data mining 

Element Number Increasing – Decreasing Method  

New Solver ENIDM 

・increasing number of elements  

・determine number using instability concerning  

moments  

・decreasing process to adjust the number  

・high speed/many source identification  

・robust against noise   

・basic research of brain activity  

・diagnosis of epilepsy  

・spinal evoked magnetic field  

256 channels 

10 dipole identification  

GoF 

N 

GoF 

N 

Increasing Process 

Decreasing Process 

maximum moment criterion  
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Spinal cord dysfunction （脊髄機能障害）   

spinal cord oppression by intervertebral disk（椎間板） 

signal transmission abnormality （信号伝達異常） 

paralysis（麻痺）dyskinesia（運動障害） 

medication（投薬）excision（切除） 

Shinomiya K, Furuya K, Sato R, Okamoto A, Kurosa Y, Fuchioka M:  Electrophysiologic Diagnosis of Cervical OPLL Myelopathy Using Evoked Spinal Cord Potentials, Spine(1988) 

http://homepage2.nifty.com/medicalteknika/electrodecathe/ 

form diagnosis 

function diagnosis 

electric potential 

spinal evoked magnetic field  

 

non-invasive measurement 

bio-magnetic source identification  

high quality time resolution  

BodyParts3D, Copyright©2010 ライフサイエンス統合データベースセンター licensed under CC表示-継承2.1 日本 

primary current  

… evoked by electric action of spinal cord    

 

 

 

secondary current  

.. evoked by the primary current subject 

to the conductivity  

primary 

secondary  

1. depolarization neuron cell membrane 

2. NA+  influx 

3. secondary current  

4. depolarization of the adjacent cell  

5. K+ defluxion  

6. repolarization  
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Geselowitz equation 

dipole×2=quadrupole  

effects of the secondary current 

primary 

secondary 

Cutting plane of body surface model 

y=70 

y=-60 
y=-70 
y=-80 
y=-90 
y=-100 
y=-110 

Measurement points z=50 z=30 

Current dipoles 

x=0  

y=±20 

z=-50 

C1-C7 

T1-T3 

standard model of human body 

(Japanese adults, male/female)  

mesh triangulation 

MRI image adjustment   

 

boundary element method to quadrupole Geselowitz 

equations 
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20 

50 50 

140 

75 

25 25 

120 channels 

EC = 0 

EC = 1 

Simulation check (1)  
Bx By Bz 

Bx By Bz 

exact solution 

numerical solution 

20002 vertices 

40000 faces 

phantom data – secondary current 

quadrupole approaching circular cylinder 

face causes magnetic field crush  
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Bx By Bz 
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Simulation check (2)  

y=-60 

y=-70 

y=-80 

y=-90 

y=-100 

y=-110 

数理モデルの構築 

境界要素法による順問題シミュレーション 

ファントムデータとの照合 

瞬間データから未知数ソースを探索（国内特許申請） 
イノベーションジャパン出展（9月21日-22日） 

Magneto-Spinography  

実データ分析準備 

A-step 採択, 音源定位への展開 

新技術説明会報告 （11月22日） 
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Summary 

 

1. Mathematical medicine is a new field provided with many targets where 

several approaches and formulations are possible   

 

2. Among others brain activity analysis is an important  issue.  Electro-magnetic 

theories may formulate some aspects  

 

3. A mathematical method to clinical medicine is presented, dipole bio-magnetic 

data analysis for spinal cord       
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