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Physical-optics view on light shaping
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Shaping the Far Field of an Incident Light Beam

Optical
Element (OE) Field amplitudes are 

determined, but 
phase values are free. 



Mathematical Formulation in Field Tracing Diagram
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Mathematical Formulation in Field Tracing Diagram

Modeling of optical 
element depends on its 
surfaces and structure. 

Space domain

Fourier domain
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Systematic Understanding of Shaping Concepts

• Light shaping is done by freeform 
surfaces, DOE’s, beam splitters, 
diffusers, lens arrays, and other 
types of optical elements. 

• All follow the same physical optics 
modeling description (left), though 
some of them are discussed in ray 
optics and some in diffractive 
optics.

• How can that be understood 
mathematically?

• What are the consequences for 
design strategies? 



Systematic Understanding of Shaping Concepts

The key for an answer 
lies in the character of 
the Fourier transform! 
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Results of Fourier Transform

Increasing NA

For strong wavefront 
phase Fourier 
transform performs 
1:1 mapping!



Results of Fourier Transform

Increasing NA

For strong wavefront 
phase we obtain 
homeomorphism 
between both domains. 



Homeomorphic Fourier Transform 



Homeomorphic Fourier Transform 

Fields which can be accurately 
transformed into the k-domain 
by the homeomorphic Fourier 
transform are situated in its 
homeomorphic zone (HFZ). 



Mathematical Formulation in Field Tracing Diagram



Light Shaping and Homeomorphic Operations 

It is straightforward to 
show, that fields in its far 

field are in its HFZ. 



Light Shaping and Homeomorphic Operations 
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Light Shaping and Homeomorphic Operations 

Light shaping approaches 
mainly differ in the 

character of the first 
Fourier transform. 



Light Shaping by Fully Homeomorphic Operations 



Light Shaping by Fully Homeomorphic Operations 



Freeform Design for Light Shaping (Homeomorphism)



Freeform Design for Light Shaping (Homeomorphism)

Prins, C, et al. A Least-Squares Method for Optimal Transport Using the Monge--Ampere 
Equation   SIAM Journal on Scientific Computing, 2015, 37, B937-B961
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Freeform Design for Light Shaping (Homeomorphism)

phase function (rad)



Freeform Design for Light Shaping

Design assumes 
homeomorphic zone. Is 

that true? 
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Freeform Design for Light Shaping: High Divergence
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Increase size of pattern 
from 1 mm to 10 mm!



Freeform Design for Light Shaping: High Divergence

phase function (rad)



Light Shaping by Fully Homeomorphic Operations 

Design requires algorithm to 
design and control 

homeomorphisms + structure 
design based on phase. 



Light Shaping by Diffractive Optics

Goal pattern does not provide 
field in homeomorphic zone!



Light Shaping by Diffractive Optics

Goal pattern does not provide 
field in homeomorphic zone! 

Field behind element is in 
diffractive/scattered zone: DOE 

and diffuser



Light Shaping by Diffractive Optics

Design requires the design of a 
Fourier transform pair: Iterative 

Fourier transform algorithm (IFTA). 



Point Cloud Generation



Light Shaping by Diffractive Optics

Random phase on 
spots!



Light Shaping by Diffractive Optics

Stagnation of IFTA in 
vortexes!



Freeform Design for Light Shaping

Assuming homeomorphism can be 
used to generate vortex-free initial 
distribution for further optimization. 



Initialization of IFTA by Homeomorphism

The transition between FFT and 
HFT is a pure mathematical one in 

terms of numerical accuracy! 



Physical-optics view on light shaping

… enables a deep understanding of light shaping ranging 
from pure ray optics to diffractive optics. The transition 
between both can be mastered with one unifying theory! 



VirtualLab Light Shaping Solutions

• We prepare a new VirtualLab 
product for Light Shaping to be 
released in 2019. 

• It will be based on our developed 
theoretical understanding and 
provide the tremendous benefits to 
the illumination and lighting experts 
and the photonics community in 
general. 



VirtualLab Illumination Solutions: Point Cloud



VirtualLab Illumination Solutions: Diffuser
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