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3.1 HOSVD

HOSVD(Higer Order Singular Value Decomposition)

SVD . ,3rd

T ∈ RI1×I2×I3 G ∈ RI1×I2×I3

3 U (1) ∈ RI1×I1 ,U (2) ∈ RI2×I2 ,U (3) ∈

RI3×I3 .
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[ 3] 3rd T ∈ RI1×I2×I3

U ∈ RJn×In ,n(1 ≤ n ≤ 3)

×n . ,Y ∈ RI1...In−1JnIn+1...I3 .

Y = T ×n U

Y(n) = UT(n)
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Algorithm 1 HOSVD

Input:T ∈ RI1×I2×I3

Output:G ∈ RI1×I2×I3 , U (1) ∈ RI1×I1 , U (2) ∈ RI2×I2 ,

U (3) ∈ RI3×I3

Begin

for i=1 to 3 do

T i T(i) .

T(i) ,T(i) = U (i)S(i)V (i) U (i) .

end for

G = T ×1 U (1)T ×2 U (2)T ×3 U (3)T ;

End
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8 HOSVD
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k∈{theta,phi,fourier}

S(Uk, V k) (5)

S(Uk, V k) =
1

In

In∑

i=1

cos2θki (6)

cosθki = max
vk
j ∈V k

uk
i v

k
j
T

‖ uk
i ‖‖ vkj ‖

(7)

,2 1

.

5.

,

GrabCad [1]

( 1), ( 9),

( 10) 3 ,
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180× 180× 180 3
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. 3

.

flywheel,dowel,spring,screw,rivet(

) 5 .

, 10,20,30,40,50

. ,dowel,spring,screw

. ,

11 10,15,20,25,...60

, ,Planet Cap (Planet >Cap

) .9

, 10,15,20,25,...50

, ,S-Cylinder S-Rod

(S-Cylinder ≃S-Rod )

. 3 ,

.

, 11, 12, 13

3 . , 11

screw

. ,6 screw ,3

screw 60 , 3 40

.2 screw

10 ,B,C

.

,CPU Inter(R) Core(TM) i3-2120

@3.30GHz,OS Windows 7 Professional(64bit),

16Gb, Matlab R2012b .

1 A

( )

dowel(6 ) 20(3 ),60(3 )

spring(6 ) 30(3 ),60(3 )

screw(6 ) 40(3 ),60(3 )

planet(5 ) 40(2 ),70(2 ),80(1 )

cap(5 ) 60(2 ),70(2 ),80(1 )

S-Cylinder(4 ) 20(1 ),60(1 ),65(1 ),70(1 )

S-Rod(4 ) 40(1 ),60(1 ),65(1 ),70(1 )

2 B

( )

dowel(6 ) 20(3 ),60(3 )

spring(6 ) 20(3 ),60(3 )

screw(6 ) 20(3 ),60(3 )

planet(5 ) 40(2 ),70(2 ),80(1 )

cap(5 ) 40(2 ),70(2 ),80(1 )

S-Cylinder(4 ) 20(1 ),60(1 ),65(1 ),70(1 )

S-Rod(4 ) 20(1 ),60(1 ),65(1 ),70(1 )
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. ,0 20

, .
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.

3 , A

0.9000 .

, .

3

A B C

dowel 0.9015 0.8641 0.8624

spring 0.8908 0.8631 0.8639

screw 0.8950 0.8762 0.8744

planet 0.9027 0.8613 0.8625

cap 0.9012 0.8804 0.8805

S−Cylinder 0.9013 0.8554 0.8557

S−Rod 0.8971 0.8794 0.8565

5.2

, 10◦

648 180×180 ,36×18×324800

3 . ,
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,
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.

4

A B C

dowel 0.9101 0.4811 0.5067

spring 0.8930 0.7033 0.7022

screw 0.9129 0.6273 0.6722

planet 0.8748 0.4477 0.4378

cap 0.8958 0.7418 0.5925

S−Cylinder 0.8872 0.6504 0.6706

S−Rod 0.9180 0.6849 0.6465

5.3

,

. 3

. 5.2 ,

,

, .

, 6 2

. 6 , ,

. , A

B C ,dowel

spring screw 0.1 .

5.4

,

. , 1

.

5

1 A B C

dowel 0.8592 0.4394 0.6108

spring 0.8683 0.5656 0.6151

screw 0.8537 0.6470 0.7854

planet 0.8486 0.6144 0.5318

cap 0.8501 0.6067 0.5275

S−Cylinder 0.8698 0.5805 0.5887

S−Rod 0.8612 0.6849 0.4454

2 A B C

dowel 0.8733 0.6068 0.7042

spring 0.8831 0.6187 0.6221

screw 0.8621 0.7257 0.7372

planet 0.8337 0.5043 0.4513

cap 0.8546 0.7531 0.6424

S−Cylinder 0.9215 0.6181 0.6229

S−Rod 0.8945 0.7128 0.5895

3 A B C

dowel 0.8602 0.5430 0.6838

spring 0.8909 0.7071 0.7391

screw 0.8741 0.7121 0.7203

planet 0.8256 0.4283 0.4235

cap 0.8629 0.7556 0.5580

S−Cylinder 0.8447 0.5699 0.7665

S−Rod 0.8538 0.5492 0.3712

6 2

A B C

dowel 0.8884 0.5538 0.6553

spring 0.9034 0.6177 0.7832

screw 0.9235 0.7038 0.7901

dowel>spring>screw

planet 0.8838 0.4655 0.4705

cap 0.8567 0.7607 0.7526

planet>cap

S−Cylinder 0.9134 0.6864 0.6148

S−Rod 0.9257 0.7201 0.5898

S-Cylinder>S-Rod

, 10◦ 648

,

, 14 .

,

. θ,φ 15◦

. 10◦ ,

10 ,

. 14 10◦ ,

30◦,60◦,90◦ ,

.3

0.9639 .
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. 16 ,
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