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Single Channel Film Dosimetry

D=D X

Calibration Curve X=R
Rave = Rave (D) ª DR = DR(Rave )

Color channels X=RGB
DX = D( X ave )
correlates average response of 
film -scanner system

Robust method
any X value delivers dose DX(X)
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Single Channel Film Dosimetry
Problem:

Specific pixel does 
not behaves like average

Disturbance ǧXgenerates ǧDX

X + ǧXª D( X ) + ǧDX

ÁFilm uniformity variations

ÁScanner non - linearities

ÁNewton rings, noise , finger prints
curling, é 

Any X value delivers dose D X(X)

Á Each channel specific ǧDX

ÁNo indication of óbigô ǧDX

ÁWhat dose DX is best?
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RGB Calibration Curves

Á Dose induced color C
C(D) = {R(D),G(D),B(D)}

Dose exposure generates
only ócertainô colors C

ÁNot all C deliver dose value

Observed color C scan

is superposed with disturbance ǧC

Á Cscan = C(D) + ǧC

Solution: Optimize dose D value, i.e. minimize ǧC
Á | C scan - C(D) | Ÿ min D

Multi - Channel Film Dosimetry
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Triple Channel Film Dosimetry

Model:
Scanned optical density d X,scan

Á d X,scan ( D ) = d X,D ( D ) * ǧd

dX = - log( X ) for X = RGB

Á dX,D is calibration function (average behavior)

Á! disturbance ǧd independent of dose + X (wave length) !

but ǧd = ǧd( thickness, scanner, noise, artifacts ) 

Solution: 

ÁMinimized function fvs. disturbance ǧd: 

f(ǧd) = ( D R - DB ) 2 + ( D B - DG ) 2 + ( D G - DR ) 2 Ÿ min ǧd
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Triple Channel Film Dosimetry
Example

Å Dose map (D dependent part)

Å Disturbance ǧd map (D independent part)
includes film uniformity variations, noise etc.

DRGB+ ǧd

Signal split into dose dependent and dose independent part
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Triple Channel Dosimetry
Film Consistency 

Film consistent with Calibration Patches

Film has same dose response for X=RGB
i.e. same dose values DX are calculable

Offset between D X measures calibration consistency 

Example: Profiles original calibration patch and 90 ° rotated scan
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Triple Channel Dosimetry
Consistency Map

Dose map 
ïmeasurement result

Disturbance map 
ïremoved error

Consistency map 
ïremaining error
ideal case: noise only

Film Dose Map
Disturbance 

Map

Consistency Map
(dark = +, light = - , contrast maximized)
Example: dominated by scanner cogging
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Multi Channel Calibration

Optimize Calibration
Á Lower consistency = better 

calibration

Á Offset in calibration points is
not a quality criterion

Calibration goal
Á Correlate calibration parameter

for best (perfect) consistency

Á Calibration function
C( D ) = { R( D ), G( D ), B( D) }
matches film dose spectrum Perfect consistency ˳ 0
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Multi Channel Calibration

Single channel calibration
average system response
Á x = x( D ) 

x = RGB
each channel fitted separately

Multi - channel calibration
Á X( D ) = A + B x( a + b D ) 

X = RGB 
rescales calibration x
a, b dose scaling,  A , B color scaling

Á Correlation D R( Rref ) = D G( Gref ) = D B( Bref ) 
optimize consistency at reference points

Á Compensates calibration patch distortions
if multi channel dose is used to rescale dose
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Polynomial Calibration

Polynomial fit

Áὀ Ἆ ВἋἱἎ
ἱ

Á Least square solution

Вὀἱ ὀἎἱ ᴼ□░▪═░
many parameters, oscillations

!Do Not Use!
Á Many parameters

(many calibration points)

Á Non -Monotonic function
(physical incorrect!)

Á Non - Invertible function
(optimization consistency at reference points costly)

Á Uncontrolled behavior between calibration point
(additional calibration points to correct)
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Rational Calibration

Primary Calibration
fits only function Shape
Á Example : Reciprocal function

x = 1 / D
no parameters, ópureô shape

Recalibration
Á X( D ) = A + B / (C + D) 

rescales calibration x to absolute dose

Á Rational function with 3 parameters
(only 3 dose points stipulate calibration)

Á Monotonic function (always physical correct)

Á Invertible function (dose vs. color) DX = - C + B / ( - A + X ) 
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Multi Channel Calibration
Model functions

Á Use Rational functions

Reciprocal X(D) = A+ B/(C+D ) 

Linear X(D) = (A+BD)/(C+D)

Quadratic X(D) = (A+BD+CD 2 )/(E+D)

Optimize Consistency

Á Enforce

DR( Rcalib ) = D G( Gcalib ) = D B( Bcalib ) = D calib

for all calibration pixels Xcalib (>10000 equations)

Á Optimize calibration regions

Á Select best model function

Á Do Not DR( Rave ) = D G( Gave ) = D B( Bave ) = D calib

for all calibration dose points (<10 equations)
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Multi Channel Calibration
Two point recalibration
Á 1 unexposed + 1 exposed film

Minimum cost possible

Á Dose scaling (A=0, B=1)
X( D ) = x( a + b D ) , X = RGB

Á Color scaling (a=0, b=1)
X( D ) = A + B x( D ) , X = RGB

Assumption
Á Calibration functions keep shape

Shape(x) = Shape(X) ,  x, X=RGB

Single scan Evaluation 

compensates for
Á Ambient conditions: temperature, humidity 

Á Inter -scan scanner variations, 

Á Post exposure time, film aging
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Rescaling - Post Exposure Age

Absolute aging
wait t = 24 h

ǧD(t) < 0.5%

Relative aging

wait t = 4 ǧt
ǧD(t) < 0.5%

t
t

ǧt

ǧD
ǧD
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Consistency Comparison

Single Channel

10.2 cGy
4.2%

Single Channel
Recalibrated

3.6 cGy
1.5%

Multi Channel

1.3 cGy
0.53%

Multi Channel
Recalibrated

1.2 cGy
0.49%

Consistency measured across frame Dmax = 243 cGy, D ave = 139 cGy 
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Multi Channel Calibration
Triple point recalibration 
Á 1 unexposed + 2 exposed film

Higher cost

Á X( D ) = A + B x( C D )  (3 point rescaling )

Á X( D ) = A + B x( D C )
X = RGB

Requires 2 exposures
Á Enforces perfect consistency at references

Á Recalibration includes rescaling and shape 
correction

Single scan Evaluation
compensates for
Á All two point recalibration benefits

Á Shape changing properties
i.e. any primary calibration can be used


