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Aggressive Space Mapping (ASM) Concept
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ASM Algorithm (Bandler et al., 1995)
Step 0.
Initialize 
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Step 1.
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Step 3.
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Step 4.
Solve 
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Step 5.
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Step 6.
Evaluate 
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Step 8.
Evaluate 
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Step 9.
Update 
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Step 10.
Set 
[image: image19.wmf]1

+

=

j

j

; go to Step 4.

Coarse Model: Rosenbrock Function
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Fine Model: Perturbed Rosenbrock Function
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Multiple Point Parameter Extraction

Instead of minimizing  
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  we will minimize a parameter extraction objective function considering five matching points
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Since the matrix 
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Considering only 
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l1 Objective Function for the Parameter Extraction Problem
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(a)   single point parameter extraction
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(b)   multiple point parameter extraction (4 additional points)

l1 Objective Function for 5-point Parameter Extraction 
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 l1 Objective Function for 5-point Parameter Extraction
[image: image57.wmf]0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

0.8

0.9

1

1.1

1.2

1.3

X1

X2

Absolute value of errors 1, 2, 3, 4 and 5: ABS5



[image: image58.wmf]ú

û

ù

ê

ë

é

=

D

0

0

1

x

, 
[image: image59.wmf]ú

û

ù

ê

ë

é

=

D

1

.

1

0

2

x

, 
[image: image60.wmf]ú

û

ù

ê

ë

é

=

D

0

1

.

1

3

x

, 
[image: image61.wmf]ú

û

ù

ê

ë

é

-

=

D

1

.

1

1

.

1

4

x

, 
[image: image62.wmf]ú

û

ù

ê

ë

é

-

-

=

D

1

.

1

1

.

1

5

x


[image: image63.wmf]0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

0.8

0.9

1

1.1

1.2

1.3

X1

X2

Absolute value of errors 1, 2, 3, 4 and 5: ABS5



[image: image64.wmf]ú

û

ù

ê

ë

é

=

D

0

0

1

x

, 
[image: image65.wmf]ú

û

ù

ê

ë

é

=

D

5

.

1

0

2

x

, 
[image: image66.wmf]ú

û

ù

ê

ë

é

=

D

0

5

.

1

3

x

, 
[image: image67.wmf]ú

û

ù

ê

ë

é

-

=

D

5

.

1

5

.

1

4

x

, 
[image: image68.wmf]ú

û

ù

ê

ë

é

-

-

=

D

5

.

1

5

.

1

5

x


l1 Objective Function for 5-point Parameter Extraction
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l1 Objective Function for 5-point Parameter Extraction
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l2 Objective Function for the Parameter Extraction Problem
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(a)    single point parameter extraction
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(b)   multiple point parameter extraction (with 4 additional points)

l2 Objective Function for 5-point Parameter Extraction 
[image: image95.wmf]0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

0.8

0.9

1

1.1

1.2

1.3

X1

X2

Square of errors 1, 2, 3, 4 and 5: SQR5



[image: image96.wmf]ú

û

ù

ê

ë

é

=

D

0

0

1

x

, 
[image: image97.wmf]ú

û

ù

ê

ë

é

=

D

5

.

0

0

2

x

, 
[image: image98.wmf]ú

û

ù

ê

ë

é

=

D

0

5

.

0

3

x

, 
[image: image99.wmf]ú

û

ù

ê

ë

é

-

=

D

5

.

0

5

.

0

4

x

, 
[image: image100.wmf]ú

û

ù

ê

ë

é

-

-

=

D

5

.

0

5

.

0

5

x


[image: image101.wmf]0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

0.8

0.9

1

1.1

1.2

1.3

X1

X2

Square of errors 1, 2, 3, 4 and 5: SQR5



[image: image102.wmf]ú

û

ù

ê

ë

é

=

D

0

0

1

x

, 
[image: image103.wmf]ú

û

ù

ê

ë

é

=

D

8

.

0

0

2

x

, 
[image: image104.wmf]ú

û

ù

ê

ë

é

=

D

0

8

.

0

3

x

, 
[image: image105.wmf]ú

û

ù

ê

ë

é

-

=

D

8

.

0

8

.

0

4

x

, 
[image: image106.wmf]ú

û

ù

ê

ë

é

-

-

=

D

8

.

0

8

.

0

5

x


l2 Objective Function for 5-point Parameter Extraction 
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l2 Objective Function for 5-point Parameter Extraction 
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l2 Objective Function for 5-point Parameter Extraction
[image: image131.wmf]0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

0.8

0.9

1

1.1

1.2

1.3

X1

X2

Square of errors 1, 2, 3, 4 and 5: SQR5



[image: image132.wmf]ú

û

ù

ê

ë

é

=

D

0

0

1

x

, 
[image: image133.wmf]ú

û

ù

ê

ë

é

=

D

3

0

2

x

, 
[image: image134.wmf]ú

û

ù

ê

ë

é

=

D

0

3

3

x

, 
[image: image135.wmf]ú

û

ù

ê

ë

é

-

=

D

3

3

4

x

, 
[image: image136.wmf]ú

û

ù

ê

ë

é

-

-

=

D

3

3

5

x


[image: image137.wmf]0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

0.8

0.9

1

1.1

1.2

1.3

X1

X2

Square of errors 1, 2, 3, 4 and 5: SQR5



[image: image138.wmf]ú

û

ù

ê

ë

é

=

D

0

0

1

x

,
[image: image139.wmf]ú

û

ù

ê

ë

é

=

D

01

.

0

0

2

x

, 
[image: image140.wmf]ú

û

ù

ê

ë

é

=

D

0

01

.

0

3

x

, 
[image: image141.wmf]ú

û

ù

ê

ë

é

-

=

D

01

.

0

01

.

0

4

x

, 
[image: image142.wmf]ú

û

ù

ê

ë

é

-

-

=

D

01

.

0

01

.

0

5

x


It can be visualized from the plots of 
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Space Mapped Solution

Step 0.
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Step 5.
Set 
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Step 6.
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2nd Fine Model: Perturbed Rosenbrock Function
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First l1 Parameter Extraction
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(a) single point parameter extraction
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(b)   multiple point parameter extraction (2 additional points)

First l2 Parameter Extraction
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(b)    single point parameter extraction
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(b)   multiple point parameter extraction (with 2 additional points)
Space Mapped Solution

Step 0.
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Step 5.
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When 
[image: image188.wmf]ú

û

ù

ê

ë

é

=

12

.

1

12

.

1

)

2

(

c

x

, 
[image: image189.wmf])

(

)

(

)

2

(

)

2

(

f

f

c

c

R

R

x

x

=


Step 8.

[image: image190.wmf]ú

û

ù

ê

ë

é

=

ú

û

ù

ê

ë

é

-

ú

û

ù

ê

ë

é

=

12

.

0

12

.

0

1

1

12

.

1

12

.

1

)

2

(

f


Step 9.
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Step 4b.
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Step 6b.
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Step 9b.
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Step 4c.
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Step 6c.

[image: image201.wmf]0

)

(

)

4

(

=

f

f

R

x

 , then  
[image: image202.wmf])

4

(

f

f

x

x

=

 and the algorithm ends

Second l1 Parameter Extraction
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(a) single point parameter extraction
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(b)   multiple point parameter extraction (4 additional points)

Second l2 Parameter Extraction
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(b)   single point parameter extraction
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(b)   multiple point parameter extraction (with 4 additional points)

Third Parameter Extraction
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(a)   single point l1 parameter extraction 
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(b)   single point l2 parameter extraction

Conclusions

the Aggressive Space Mapping (ASM) algorithm with multiple point parameter extraction was illustrated making use of two analytical Rosenbrock functions

the improvement in the uniqueness of the parameter extraction due to multiple point matching was graphically illustrated 

the sizes and directions of the 
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x

D

 used for multiple point parameter extraction affects the degree of improvement in the uniqueness of the parameter extraction solution

the ASM algorithm was executed in a step by step fashion, and the corresponding space mapped solution was accomplished after only one SM iteration for the case of shifting in the input parameters, and after three SM iterations for the case of shifting, scaling and rotation of the input parameters

the mapping calculated by the ASM algorithm is equal to the original linear mapping between both parameter spaces




� EMBED Visio.Drawing.5  ���








98-27-27

[image: image214.wmf][image: image215.wmf]Start

Choose the coarse optimal

solution as a starting point

for the fine model

x

x

f

c

=

*

Calculate the fine

response

(

)

R

x

f

f

PARAMETER EXTRACTION:

Find the optimal value of

such that

COARSE OPTIMIZATION:

Find the optimal response

using the coarse model

(

)

R

x

c

c

*

(

)

(

)

R

x

R

x

c

c

f

f

»

x

c

End

?

x

x

c

c

»

*

Yes

Update

using Broyden's formula

No

x

f

_964338495.unknown

_964977235.unknown

_965467683.unknown

_965578314.unknown

_989735456.unknown

_989735689.unknown

_989735977.unknown

_989736083.unknown

_989736106.unknown

_989736056.unknown

_989735944.unknown

_989735510.unknown

_966068436.unknown

_989735377.unknown

_989735420.unknown

_966068453.unknown

_989734836.doc


�












_965646295.unknown

_965649294.unknown

_965646252.unknown

_965563405.unknown

_965563784.unknown

_965575777.unknown

_965577706.unknown

_965577753.unknown

_965575813.unknown

_965575763.unknown

_965572725.unknown

_965563449.unknown

_965563586.unknown

_965467877.unknown

_965544490.unknown

_965547577.unknown

_965467715.unknown

_965025805.unknown

_965467061.unknown

_965467630.unknown

_965467646.unknown

_965467601.unknown

_965026555.unknown

_965026730.unknown

_965026537.unknown

_964977689.unknown

_965025785.unknown

_965025794.unknown

_965025502.unknown

_965025579.unknown

_964977699.unknown

_964977675.unknown

_964977683.unknown

_964977574.unknown

_964977590.unknown

_964977601.unknown

_964977584.unknown

_964977245.unknown

_964973899.unknown

_964974940.unknown

_964976214.unknown

_964977220.unknown

_964977228.unknown

_964977104.unknown

_964977121.unknown

_964977130.unknown

_964977114.unknown

_964976225.unknown

_964976133.unknown

_964976150.unknown

_964976206.unknown

_964976140.unknown

_964975322.unknown

_964974782.unknown

_964974801.unknown

_964974815.unknown

_964974791.unknown

_964973910.unknown

_964338963.unknown

_964339008.unknown

_964343854.vsd
Coarse
model�

Fine
model�


_964973894.unknown

_964973887.unknown

_964347825.vsd
Start�

Choose the coarse optimal solution as a starting point for the fine model

�

Calculate the fine response

�

PARAMETER EXTRACTION:
Find the optimal value of

 
such that 

�

COARSE OPTIMIZATION:
Find the optimal response using the coarse model

�




?�

Update


using Broyden's formula�

End�

No�


_964339019.unknown

_964339026.unknown

_964339030.unknown

_964339033.unknown

_964339023.unknown

_964339011.unknown

_964338993.unknown

_964339000.unknown

_964339005.unknown

_964338996.unknown

_964338711.unknown

_964338749.unknown

_964338950.unknown

_964338956.unknown

_964338960.unknown

_964338753.unknown

_964338745.unknown

_964338719.unknown

_964338703.unknown

_964338707.unknown

_964338699.unknown

_964276385.unknown

_964278425.unknown

_964279384.unknown

_964279545.unknown

_964279592.unknown

_964279596.unknown

_964279549.unknown

_964279468.unknown

_964278991.unknown

_964278994.unknown

_964278998.unknown

_964279003.unknown

_964278981.unknown

_964278986.unknown

_964277103.unknown

_964277478.unknown

_964277577.unknown

_964278419.unknown

_964277108.unknown

_964276397.unknown

_964276442.unknown

_964276390.unknown

_964276343.unknown

_964276362.unknown

_964276377.unknown

_964276381.unknown

_964276367.unknown

_964276353.unknown

_964276357.unknown

_964276348.unknown

_964276322.unknown

_964276334.unknown

_964276338.unknown

_964276329.unknown

_964276221.unknown

_964276290.unknown

_951731971.doc
�



�
















_954067671.doc
�



�
















