
 

    1  1394  12 –1  

1 . 
           

          
             .

                
               .          

             
              
              .
            
                   .       

   1         
              .      

            
             

            
             
           .      
          
                  

 ]       1                      .[
 ]5-2                   [

                  
      .      

               
               

                    
           .  

               
 ] 3  5    [            

               .       

            
   

  1*  2  
1-  2-        

 : )09 /09 /93 :  13 /12 /93( 

 
                            

         .           (  )      
             .          

                         
                                   .    

              .             
            . 

  
     .             

* :   sina.mm@aut.ac.ir  
 

1 Magnetic signature  



2 -  »«    1  1394 

               
                   

    .     1        
                      

 ]      5            .[
            

                  
   .        

            
                    

        .     
          

           .     
             

       .       
               .  

              
          

   ] 9-6                [
            .

              
    .         

               
                        

             .
           

EMC-studio MagNet   Opera   [10-12]           
           

              .
          

                 

     2                      
           

               
    .                    

        MAXWELL 16.0   [13]    
                   

              
                    .   

      MATLAB R2013a    
                      
       .     

                
 MATLAB          .            

2 .    
                  

       )3ILM ( )4IAM( 
)  5IVM (      .1        

   .              
           

                  
            

.   
                  

           
   .         

 HFSSFEKO  CST   [14-16]    
        .      

                 
                      .

2 3D-Inverse Problem   
3 ILM; Induced Longitudinal Magnetization  
4 IAM; Induced Athwartship Magnetization  
5 IVM; Induced Vertical Magnetization  

1 Active Degaussing System  

      
 

      
 

   

  

  
  

 1. ]        :         1 .[ 



3           ......     

                 .  
              

            
   .1  ] 17  [      

        .     2                
 2                

 .      
 

 

 
 

  3            
 MAXWELL           .    
 m  960 ×800     55000    

     .             
                   
             .   

 )  60000-20000        (  
           .       

        .    
   m 5 ×4 ×20    2           

   r = 80           .     
 ]        18   [

 .    
            
                     

      .          

      m 400           
      m  200           

                 .    
210-190          .      

      ILM IAM     IVM          
           

                .    ) 6-4 (
                  

   3      55000    
.    

  ILM y         
          By    

       .4              
       .  y          

10              
               

  )  .    7-        (
       10             .

    y                  
     .   z    x     IAM     

 y  IVM             ) 7-           (
 )7-        (          5 

x  z     6 y  .   
         ) 6-4    (

           
      .    

              
          

         
 . 

1 Halbach array  
2 coercivity  

 2.   ]17 .[ 

 3.           MAXWELL  

 



4 -  »«    1  1394 

3  .    
  1939   1940   44   

                   .    
             

            

            
                       

   ]     5     .[
           

                 
 1  ]   19    .[8         

1 Sir Charles Frederick Goodeve 

 4.      ILM  .(         ) 

 6.      IVM  .(       ) 

5.     IAM   .(         ) 



5           ......     

      .                  
 1 2  3      .   

                  
           .          

               
     .        

             .     
                  

       .             
                  

                                   
               .

               
           .  

           
                
             .  
                 

           
        .          

 7.            10   :  .ILM   :IAM   :IVM. 

MmJM n̂msJ

 8.  :    :  .   L           
 : A  : V .     

  . 

    )(   )( 

  )(  (  ) 

L8

L1 L2 L3 L4 L5 L6 L7 L9

A4

A1 A2 A3
A5 A6 A7

V1
V2

V3 V4

V5

)(Bx By Bz

)(Bx By Bz

)(Bx By Bz

1 L Coils  

2 A Coils  

3 V Coils  



6 -  »«    1  1394 

                   
           .          

                   
           -

                  
 .      

           
   ILM IAM IVM     .  

           9     
      )       .   7-       (      
         8        
        ILM    

          
 ILM   .             

             
          .    

     ILM         
 IAM           .       

             
     IVM          .   

 )    8-         (   
    IVM           .     

              
.    

             
   .      

               
        ] 5       .[

           
         .     

          

                
  .           

             
        .     

             
          .   

       .        
                

        ] 20      [
                    

   .                 
      1       ] 21 [

         MAXWELL 16.0         .  
             

                 
    ]        22-21 [

    .             
            

                
               

  .        
             

               ( )    
          

  . 

3-1 .   
         2   

       .             
              

                  
1 Particle Swarm Optimization Algorithm  

2 Cost function  

 9.          *)               )7( 
    –    -     .(       



7           ......     

                  
       .           

                   
              

                  
   .             

       (   )      
         

  ]         .520 21   [
 ]     23            [

 . 
         .         

           -
) 6-4    .    (     

                  .  
      MAXWELL 16.0         

   .           
 –       -      
       ]   .        2 [

                
  10                   .      

 )   1          (K  
E   .                 

            
             

        )       
   (           

 )2  (   )   .2  (  r       
      . 

   )13-11  (           
   .           

         -          
         

 ]     20           [-      
   .                
            
   .     y    

 x  z        y   
    .                -

    m  400             
 240-160               

           .    -
 .      

           
 )  3   .  ( 

 )  3  (i=1,2,….,n    j=1,2,….,p     
              x      

  j           x   i   j     .  
         c  )  3  ( 

              
           

      - -  .   

3-2   . 
        1        

2   1995  ]  21 .[                
 ]    24  ,25                     [

              
    .         

                  .
                 

2 2 2
0

2 22 2

2B
4

I z a zK k E k
a za z

)-( 

2 2 2
0

2 22 2

2B
4z

I a zK k E k
a za z

)-( 

2 2
2 ak

a z
)-( 

r
r

IB B
I

)2( 

 

 10.     a   I ]2     [ 

 

)3( 

,

1 1

,

1 1

,

1 1

,

,

pn
xship x Li
j i j

i j

pn
yship y Li
j i j

i j

pn
zship z Li
j i j

i j

F

B c B

min max B c B

B c B

 

xship
jB

,x Li
jB

1 J. Kennedy  
2 R.Eberhart  



8 -  »«    1  1394 

 

 13.     (  .  Bx  V1-V5    (Bz  V1-V5  
( ) ( ) 

 12.     (  .  By  A1-A4    (By  A5-A7  
( ) ( ) 

)   ( )(  (  ) 

 (  )  (  ) )( 

 11.     (  .  Bx  L1-L3    (Bx  L4-L6    (Bx  L7-L9          
  (Bz  L1-L3    (Bz   L4-L6    (Bz  L7-L9  



9           ......     

                     
         

             .     
             

            .     
                      

              
     .       

              
            )  

   (        
       .   

          n 
                                             

Xi=(x1,x2,…,xn)                      
Vi=(v1,v2,…,vn)                   .

                 
               

             .
14              

    ]      21      .[
1                

. 

4.    
             

             
ILM IAM IVM         .  500   

    2000        .    
           

                       
           

  .     )1000  ,1000-         (
             

               
        .           

     2           .   

     MAXWELL      
 3  .    

  4         
   . ) 17-15   (                  

)Optimization results      (     )
  Ship signature          (    ILM 

IAM  IVM                  .  
            .

 14.      

RAM CPU 

8.00 GB Intel (R) Core™ i7-2640M @ 2.8 GHz 

 2.         
     

1
1

2

 .

 .

k k k k
id id id id

k
gd id

v w v c rand p x

c rand p x

1 1k k k
id id idx x v )5( 

ini end maxk
end

max

w w T k
w w

T
)6( 

)4( 
 

 

 

 

  

c1, c2        

wk     k  
 d   i  

 k 

wini     
 d   i  

 k 

wend 
 )   

   
 ( 

pid 
 d   

 i 

Tmax    pgd 
 d   

 

 1. )      6-4] (21[ 

k
idv

k
idx



10 -  »«    1  1394 

            
          

    Optimization error     .   ILM  
                        ) 

       (      Bx   9/2 
    Bz 9/1            .  IAM 

4/2     IVM   Bx 14/1     
Bz 6/4   .       IAM   

             

    ILM IVM               
       .   IVM  

  ILM                IVM 
                  

  9  5     .      
                

           
  MAXWELL                             . 

                   ) 17-15                        (

 15.              ILM   (Bx  :  Bz    
 Optimization result      Ship signature      )    
Maxwell( Optimization error      Maxwell simulation error           

   Maxwell  . 

 16.               IAM 

( ) ( ) 

 17.               IVM   (Bx  (  Bz  



11           ......     

Maxwell simulation error           .    
       ) Optimization error       (

          
                .

            
 Optimization error          

              
     )           (...  

               .  
    Matlab            

            Optimization error 
               .   

                  
     ) 17-15            (     

  .        

  18         
         ILM     

        .      
             .

 IAM  IVM             
.         

5 .  
               

       .          
             

                 
             

                 
   MATLAB    .                  

     )          (  
          .      

           
           

             

      

1 1111/5 222/2 423/7 
2 1323/3-  618/7 42/5 
3 1247 21/1-  451/4 
4 92/8 39/5 21/1-  
5 843/8-  140 1070 
6 1435/5 68/4 - 
7 10/9-  905/7 - 
8 574/8-  - - 
9 1084/3 - - 

 4.            
 (   )  

By Bz Bx 

 18.               ILM 

  ILM IAM IVM 
      

MAXWELL 
5:24 4:44 4:14 

    ( ) 15:19 13:49 10:58 
    137:50 96:41 54:49 

   MATLAB 46:44 29:11 22:57 
    MAXWELL 

    
14:30 17:57 4:08 

 3.             
  ( : )  



12 -  »«    1  1394 

   .          
              

         .         
            

.      

6 . 

[1] J. J. Holmes, “Exploitation of a ship's magnetic field signa-
tures”, Synthesis Lectures on Computational Electromag-
netics, Vol. 1, No.1, pp. 1-78, 2006. 

[2] G. J. Aird, “Modelling the induced magnetic signature of 
naval vessels”, PhD thesis, University of Glasgow, 2000.   

[3] P. J. Allan, “Investigations of the Magnetic Fields from 
Ships Due to Corrosion and Its Countermeasures”, Univer-
sity of Glasgow, 2004.  

[4] J. J. Holmes, “Modeling a ship’s ferromagnetic signa-
tures”, Synthesis Lectures on Computational Electromag-
netics, Vol.2, No.1, pp. 1-75, 2007. 

[5] J. J. Holmes, “Reduction of a ship's magnetic field signa-
tures”, Synthesis Lectures on Computational Electromag-
netics, Vol. 3, No.1, pp. 1-68, 2008. 

[6] C. Walker et al, “Survey of the magnetic signature of a 
moving surface vessel by multiple AUVs”, in Oceans Int. 
Conf. on, PP.1-7, IEEE, 2012.  

[7] B. Armstrong et al, “Field measurement of surface ship 
magnetic signature using multiple AUVs”, In Oceans Int. 
Conf. on, pp. 1-9, IEEE, 2009.  

[8] I. Gloza, S. Malinowski, and B. Marchalewski, “Ranges 
and equipment for the measurement of the ship's underwa-
ter signatures”, Vol.15, pp. 39-48, 2012. 

[9] Z. Wei, X. Jie, and C. Jinfang, “Analysis of ship magnetic 
field surveying based on two Tri-axial Magnetic Sensors”, 
In Computer, Mechatronics, Control and Electronic    
Engineering (CMCE), Int. Conf. on, Vol. 5, pp. 5-8, IEEE, 
2010. 

[10] http://www.emcos.com/?application-examples=magnetic-
signature-of-naval-ship-in-the-earths-magnetic-field. 

[11] “Flux”; http://magsoft-flux.com/products/flux. 

[12] “Static Electromagnetics Module”; http://operafea.com/
product/analysis-modules/static-electromagnetics/. 

[13] “ANSYS Maxwell; http://www.ansys.com/Products/
Simulation+Technology/Electronics/Electromechanical/
ANSYS+Maxwell.  

[14] “ANSYS HFSS”; http://www.ansys.com/Products/
Simulation+Technology/Electronics/Signal+Integrity/
ANSYS+HFSS.  

[15] “Marine”; https://www.feko.info/applications/marine. 

[16] “Statics and Low Frequency”; https://www.cst.com/
Applications/StaticsLowFreq. 

[17] C. Jizhong, Z. Yiming and X. Chunyan, “A more homoge-
neous, less massive Halbach magnet array for portable 
NMR”, In Electronic Measurement and Instruments ICE-
MI'07. 8th Int. Conf. on, pp. 1-330-1-336, IEEE, 2007. 

[18] S. Mahmoudnezhad and A. ghorbani, “Ship’s Magnetic 
Signatures Simulation Using Halbach Magnet Array as 
Uniform Static Magnetic Field Source”,  in The third Irani-
an Conference on Engineering Electromagnetic (ICEEM 
2014). 2014: Tehran, Iran. 

[19] Wikipedia contributors, “Charles F. Goodeve”; https://
en.wikipedia.org/w/index.php?title=Charles_F._Goodeve 
& oldid=678572449, 2015. 

[20] N. S. Choi et al, “Optimization of degaussing coil currents 
for magnetic silencing of a ship taking the ferromagnetic 
hull effect into account”, Applied Superconductivity, IEEE 
Transactions on, Vol.22, No.3, pp.4904504-4904504, 
2012. 

[21] H. Liu and Z. Ma, “Optimization of vessel degaussing 
system based on poly-population particle swarm algo-
rithm”, In Mechatronics and Automation ICMA 2007 Int. 
Conf. on, pp.3133-3137, IEEE, 2007.  

[22] E. Elbeltagi, T. Hegazy, and D. Grierson, “Comparison 
among five evolutionary-based optimization algorithms”, 
Advanced engineering informatics, Vol.19, No.1, pp.43-
53.2005 

[23] L. Demilier et al. , “Validation of Closed Loop Degaussing 
System for Double Hull Submarines”, marine system and 
technology Conf. on, pp.10-14, 2010.  

[24] M. Clerc, “Particle Swarm Optimization”; John Wiley & 
sons, Vol.93, 2010. 

[25] A. Lazinica, “Particle Swarm Optimization”; In Tech, 
2009. 



 Journal of “Radar”       
Vol. 3, No. 1, 2015 (Serial No. 7)   1

Optimization of Degaussing Coil Currents of a Ship            
Using Particle Swarm Algorithm  

S. Mahmoudnezhad Makouie*, A. Ghorbani 

* Amirkabir University of Technology  
(Received: 30/11/2014, Accepted: 04/03/2015) 

 

 
Abstract
Ships’ magnetic anomalies are one of their main problems encountering sea mines and for 
the cases of submarines are one of the prominent factors, which causes their fast detection. 
The main aim of this paper is to design a degaussing system in order to minimize magnetic 
anomalies of ships. To achieve this goal, first, magnetic signature of a simple ship is        
simulated. Then by utilizing three groups of coils which are located inside the ship’s hull, an 
anomaly with the same magnitude and inverse direction will be produced to minimize the 
total anomalies. In presented work according to the linearity of the whole system and by   
using particle swarm optimization, the current value of each coil will be calculated. Less 
complexity and higher speed of this method in comparison with direct optimizations of   
simulators are the most important advantages of  the proposed method.        
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