tc "SPECIAL FUNCTION FITTING SECTION" \f A
SPFIT-GENERAL INFORMATIONtc "SPFIT-GENERAL INFORMATION" \l 2 \f A - The special function fittingxe "special function fitting", or SPFIT level, is used for fitting tabular data to predefined functional forms. The coefficients resulting from these data fits may either be displayed or, in some cases, assigned to a special surface functional form attached to a lens surface in the lens database through use of special surface definitions (see the SPSRF section of the manual for details regarding these assignments). All fitting is done using a least squares fitting routine. The resulting normal equations are solved using a single-value decomposition routine which avoids the problem of inverting a singular or near singular matrix.

SPFIT COMMANDStc "SPFIT COMMANDS" \l 2 \f A
SPFITxe "SPFIT (Command)[SPFIT]" - The "SPFIT" xe "Entering the SPFIT program level"command is issued at the CMD level. It causes the program to enter the SPFIT sub-level where the rest of the SPFIT commands may be issued.

TYPE , ixe "TYPE (Command)[SPFIT]" - The "TYPE" command isxe "Specifying the function type to fit" used when numerical data is to be fit to a functional form without the coefficients of the fit being automatically assigned to a lens database surface. The numerical input value "i" designates the type of functional form to be used for the current fit. The functional forms associated with values of "i" are identified in the table of contents for this section. Detailed descriptions of each functional form are found at the end of this section. 

SURF , ixe "SURF (Command)[SPFIT]" - The "SURF" command isxe "Specifying a surface in a surface fit" used when numerical data is to be fit to a functional form with the coefficients of that fit being automatically assigned to a lens database surface. The numerical input value "i" designates the surface number of the surface to which the fit coefficients are to be assigned. The special surface type, which must already have been assigned to the desired surface using SPSRF program level commands, defines the functional form of the fit. See the SPSRF section for a listing of the current special surface types. Either the "TYPE" command or the "SURF" command must be the first command issued following the "SPFIT" command. Special surface types 2, 3, 7, 8, 9, 10, 14 and 15 may be entered as surface types during fitting.  Special surface types 2 and 9 will be fit using functional form TYPE 1. Special surface types 2 and 9 will be fit using functional form 2. Special surface types 3 and 10 will be fit using functional form 3. Special surface types 7 and 8 will be fit using functional form 4. Special surface types 14 and 15 will be fit using functional form 5. When special surface fitting to special surface types 2, 3, 9, 10, 14 and 15, the x and y-inputs to the fit must be relative coordinates on a circle with unit (1.0) radius. The "inr" value associated with the lens database surface will be used to automatically scale these relative coordinates to true physical coordinates on the surface before a ray is traced.

COEF , i , j , valuexe "COEF (Command)[SPFIT]" - The "COEF" command is used ixe "Coefficient designation in SPFIT"n order to designate that coefficient number "i" should either be included in the current fit using "j" = 1 or omitted from the current fit "j" = 0. The default "j" value for all coefficients is 0. This command must precede data input and data fitting and should follow either the "TYPE" command or the "SURF" command. For the "data fitting" process, the coefficient "value" will normally not be entered explicitly. Entry of explicit coefficient values, using the "value" entry, is normally performed only when values of a function associated with a predetermined set of coefficients need to be calculated in the absence of an actual "data fit". Although the program has a provision for a total of 96 coefficients, not all coefficients apply to all functional forms or special surface types.

DATA , y , x , fn , wtxe "DATA (Command)[SPFIT]" - The "DATA" command is xe "Entering a few data items"used to enter data which will be used in the fitting process. The functional value is "fn". It is assumed to be associated with variables "y" and "x". A weighting factor "wt" may be included, if desired. The default value for the "wt" is 1.0. Up to 2000 data entries may be input for fitting.

READxe "READ (Command)[SPFIT]" - The "READ" command is used to read dataxe "Entering large data sets for fitting" which will be used in the fitting process from the file "DATA.DAT". This file must only be a series of data statements. The file is an ASCII file, and it should be placed in the same directory which contains the "PROGRAM.EXE" file. Misreads due to input errors will cause the read to abort with an error message. The program will be left in the SPFIT level. This "READ" method provides a method of preparing large amounts of data outside the main program which then may be fitted from within the program. The same limit of 2000 data entries applies as in the description of the "DATA" command. The data must be all explicitly input in decimal form including the weights, "wt", even if the weights are all 1.0. A valid line in the file might look like: 

DATA  1.23  3.238  4.3  1.0
The data in the file "DATA.DAT" is read as list directed input as a sequence of SPFIT "DATA" commands.

FIT - xe "FIT (Command)[SPFIT]"The "FIT" command is used to initiatexe "Executing the FIT" the least squares fitting process and the calculation of the coefficients.

LIST - xe "LIST (Command)[SPFIT]"The "LIST" command is used toxe "Displaying the results of the FIT" list the input function, the fitted function and the fitting error. The functional values are tabulated for the set of input data points "y" and "x". The "LIST" command must be entered after the "FIT" command.

COEFS - xe "COEFS (Command)[SPFIT]"The "COEFS" command is used to list the resulting coefficients of the current fit, in groups of four.

LISTCOEF - xe "LISTCOEF (Command)[SPFIT]"The "LISTCOEF" command is used to list the resulting coefficients of the current fit, one per line in D23.15 format.

EVAL , y , x - xe "EVAL (Command)[SPFIT]"The "EVAL" command is used to evaluate the fitted function at the point y = "y" and x = "x". The evaluated functional value is displayed and placed into the accumulation (X-register).

EOS or END - xe "EOS or END (Command)[SPFIT]"The "EOS" or "END" command is used to exit the SPFIT level and return the program to the CMD level. When performing Zernike Polynomial to data which is to be attached to a surface, that surface MUST NOT have an elliptical, racetrack, square or rectangular clear aperture assigned to it. The clear aperture must be circular.

FITTING GLASS INDEX DATAtc "FITTING GLASS INDEX DATA" \l 2 \f A - The following two special SPFIT fitting commands are used exclusively in the process of fitting wavelength versus refractive index data to the SCHOTT index interpolation equation and then automatically assigning that data to the user defined glass catalog contained in the file USER.DAT. The USER.DAT file assumes that the user-defined glass is represented by the SCHOTT index interpolation equation:
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Using a TYPE 1 functional form, these six coefficients A0 to A5 are represented by the TYPE 1 function coefficients C9, C11, C1, C3, C5 and C7 respectively. In order to utilize all six coefficients in the fit, at least six unique wavelength/index data pairs will be needed. If fewer than six unique pairs of data are available, then fewer coefficients should be used in the fitting process. Some experimentation may be necessary in determining which sub-set of these six coefficients works best in this reduced data situation.

FITGLASS (glass name) xe "FITGLASS (Command)[SPFIT]" - The "FITGLASS" command is used to initiatexe "Executing the FITGLASS" xe "Fitting glass data (1)"the calculation of the index interpolation coefficients and the automatic assignment of these six coefficients to a USER-DEFINED glass, named (glass name) in the file USER.DAT. (glass name) may be any glass name up to 8 characters in length. The "FITGLASS" command, in all other ways, acts as the "FIT" command does. An example of fitting glass data to a user-defined glass type is given at the end of this section.

GDATA , ( , refractive index xe "GDATA (Command)[SPFIT]" - The "GDATA" command is xe " index data items"used to enter wavelength and refractive index data which will be used in the user-defined index fitting process. "(" is always the wavelength in microns. Up to 200 data pairs may be input for fitting. The user-defined glass type, which is discussed xe "Fitting glass data (2)"in the LENS section of this manual, provides a way for the user to enter wavelength/index coefficients for any optical material for which the older SCHOTT type of index interpolation coefficients are known. If the coefficients are not known, but if pairs of wavelength/index values are known, the following procedure (presented as a macro named GLFITTER) can be used to automatically generate a new entry in the user-defined glass catalog data file USER.DAT. In this example, glass data for SCHOTT BK7 glass will be fit to the SCHOTT interpolation equation and then a new user-defined glass named MYBK7 will be automatically added to the file USER.DAT.

User defined glass fitting example:

(This macro may be copied from this manual, saved as an ASCII text file, copied to the EDITTEXT.DAT file and then read into the program with the "INPUT ED" command. These actions will cause the macro GLFITTER to be added to the MACRO library of the program from which it may be run by typing the command "GLFITTER".)

MACRO GLFITTER

C, Get into SPFIT

SPFIT

M, Set the function type to #1

TYPE , 1

C, The next six lines set the desired coefficients to "ON" for the fit

COEF,9,1

COEF,11,1

COEF,1,1

COEF,3,1

COEF,5,1

COEF,7,1 

C, Enter the wavelength versus index data items

GDATA,0.3126,1.54862

GDATA,0.3341,1.54272

GDATA,0.3650,1.53627

GDATA,0.4047,1.53024

GDATA,0.4358,1.52668

GDATA,0.4800,1.52283

GDATA,0.4861,1.52238

GDATA,0.5461,1.51872

GDATA,0.5876,1.51680

GDATA,0.5893,1.51673

GDATA,0.6328,1.51509

GDATA,0.6438,1.51472

GDATA,0.6563,1.51432

GDATA,0.7065,1.51289

GDATA,0.8521,1.50980

GDATA,1.0140,1.50731

GDATA,1.0600,1.50669

C, Perform the fit and automatically add MYBK7 to the USER.DAT file

FITGLASS MYBK7

EOS

EOM

To list the new contents of the user-defined glass catalog, simple type GLASSP USER from the CMD level. The USER.DAT file is a simple ASCII file. If a glass needs to be removed from the file, use a text editor to edit and modify the file USER.DAT which is located in the main program directory. When the USER.DAT file is used by the program, the first entry with a given glass name will be used. If duplicate glass names exist, only the first entry with a duplicated name will be available to the ray trace.

THE TYPE 1 FUNCTIONAL FORMtc "THE TYPE 1 FUNCTIONAL FORM" \l 3 \f A - The TYPE 1 functional form and special surface types 1 and 6 are of a rotationally symmetric polynomial form defined by the following equation:
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Care should be taken when using this functional form for fitting data for which the term
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takes on a zero value. In those cases, do not fit with coefficients C1 through C8.

THE TYPE 2 FUNCTIONAL FORMtc "THE TYPE 2 FUNCTIONAL FORM" \l 3 \f A - The TYPE 2 functional form and special surface types 2 and 9xe "TYPE 2 functional form" are of a Zernike polynomial form of 30 terms defined by the following equation:
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where:
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THE TYPE 3 FUNCTIONAL FORMtc "THE TYPE 3 FUNCTIONAL FORM" \l 3 \f A - The TYPE 3 functional form and special surface types 3 and 10xe "TYPE 3 functional form" are of a the 37-term Fringe Zernike polynomial form defined by the following equation:
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where:

[image: image8.wmf](

)

r

=

+

x

y

2

2


[image: image9.wmf]q

=

æ

è

ç

ö

ø

÷

-

tan

1

y

x


and:
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THE TYPE 4 FUNCTIONAL FORMtc "THE TYPE 4 FUNCTIONAL FORM" \l 3 \f A - The TYPE 4 functional form and special surface types 7 and 8 are of axe "TYPE 4 functional form" rectangular polynomial form defined by the following equation:
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where:



F1 (X,Y) = 1



F2,3 (x,y) = x,y



F4,5,6 (x,y) = x2,xy,y2



F7,8,9,10 (x,y) = x3,x2y,xy2,y3


F11,12,13,14,15 (x,y) = x4,x3y,x2y2,xy3,y4


F16,17,18,19,20,21 (x,y) = x5,x4y,x3y2,x2y3,xy4,y5


F22,23,24,25,26,27,28 (x,y) = x6,x5y,x4y2,x3y3,x2y4,x1y5,y6


F29,30,31,32,33,34,35,36 (x,y) = x7,x6y,x5y2,x4y3,x3y4,x2y5,xy6,y7


F37,38,39,40,41,42,43,44,45 (x,y) = x8,x7y,x6y2,x5y3,x4y4,x3y5,x2y6,xy7,y8


F46,47,48,49,50,51,52,53,54,55 (x,y) = x9,x8y,x7y2,x6y3,x5y4,x4y5,x3y6,x2y7,xy8,y9


F56,57,58,59,60,61,62,63,64,65,66 (x,y) = x10,x9y,x8y2,x7y3,x6y4,x5y5,x4y6,x3y7,x2y8,xy9,y10


F67,68,69,70,71,72,73,74,75,76,77,78 (x,y) = x11,x10y,x9y2,x8y3,x7y4,x6y5,x5y6,x4y7,x3y8,x2y9,xy10,y11


F79,80,81,82,83,84,85,86,87,88,89,90,91 (x,y) = x12,x11y,x10y2,x9y3,x8y4,x7y5,x6y6,x5y7,x4y8,x3y9,x2y10,xy11,y12
THE TYPE 5 FUNCTIONAL FORMtc "THE TYPE 5 FUNCTIONAL FORM" \l 3 \f A - The TYPE 5 functional form and special surface types 14 and 15 are of axe "TYPE 5 functional form" 48-term aberration polynomial form defined by the following equation:
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and:
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{constant}
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{focus}



Z5 ((,() = (2cos(2()



{0 degree astigmatism (3rd)}
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{45 degree astigmatism (3rd)}
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Z8 ((,() = (3sin(()



{y-coma (3rd)}



Z9((,() = (3cos(3()



{x-clover (3rd)}



Z10((,() = (3sin(3()



{y-clover (3rd)}



Z11((,() = (4




{spherical (3rd)}
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{spherical (9th)}
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{spherical (11th)}
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{spherical (13th)}


