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Abstract 

 

The description, modeling, generation, and use of freeform surfaces in optical applications have 

enormous potential. It is already widely used in a number of applications in the field of 

illumination engineering, imaging, and solar concentrator optics. In this research work, a 

method known as point-by-point ray mapping for freeform surface generation for illumination 

is developed with the ability to redistribute collimated rays in a controlled manner at a target 

plane. The surface engineering method presented in this thesis can control the surface shape 

based on the input and target illumination pattern. The applicability of the surface description 

method is shown in the field of ophthalmology, display engineering, illumination, and 

metrology. The illumination and display problems solved in this thesis are suitable for various 

types of light sources, starting from natural light (ophthalmology) to LED and even laser 

source-based designs.  

 The goal of this research work is to design and evaluate structured and structured-freeform 

optics for illumination, intraocular lenses, and other micro optics based optical systems.  The 

main objectives are; 

 To identify the dependencies between parameters used to design freeform surface and 

corresponding performance associated with it    

 To design and evaluate the optical surfaces generated by point by point ray mapping 

method for intraocular lenses 

 To design and evaluate the structured, freeform, and structured-freeform optics for 

illumination applications using LED and laser sources. 

 To design a simulation model of Shack Hartmann Sensor for approximation error 

estimation for freeform surfaces with steep slopes.  

 

The first chapter outlines the background of freeform optics and its recent emergence over 

conventional optics. Then, applications of freeform elements in optical engineering, available 

manufacturing technologies are discussed. The challenges in defining freeform surface for 

manufacturing, metrology, and surface description, are also described. In the last part of the 

chapter, the freeform surface description and different design strategies are categorized. The 

application of imaging and illumination types is also reviewed.    
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The existing point-by-point ray mapping method for the design of freeform elements for 

illumination application is presented in chapter 2. Further, design strategies, mathematical 

formulations, and processes involved in the generation of various types of freeform surfaces 

are described. Finally, the discussed design strategies and structured and structured-freeform-

based optical elements and their evaluation are presented in subsequent chapters. 

 

In the third chapter, a potential solution for an ophthalmological anomaly, known as Negative 

Dysphotopsia occurs in a pseudophakic eye, is reported. Negative Dysphotopsia, which is a 

problem of shadow in the nasal side of the retinal region, is being illustrated using the schematic 

optical model of the human eye. The freeform surface generation method proposed in the 

second chapter is used to design a special edge profile of an ND-Ring. However, the element 

designed is still rotationally symmetric. It is further illustrated that the designed edge profile is 

capable of re-illuminating the shadow region; therefore, it is a potential solution for mitigating 

the Negative Dysphotopsia problem. In the last part of the chapter, the designed elements are 

evaluated in the optical model of the eye, and results are discussed.  

 

The fourth chapter presents a concept of the structured-freeform optical element for laser spot 

illumination and its benefit over the conventional optical element used for this purpose. Further, 

its application in laser projection display, optical design, and evaluation with tolerancing are 

discussed in detail. In the last part of the chapter, an experimental evaluation of a prototype of 

a laser spot illuminator is also reported. 

 

The fifth chapter describes the optical design of LED collimation lens using the point-by-point 

ray mapping method. Design and evaluation are discussed for different types of LED 

collimators. Further, structured rotationally symmetric and structured-freeform elements are 

designed and evaluated for illumination redistribution using the method described in the second 

chapter. As an example, rotationally symmetric structured elements for uniform and focused 

illumination are discussed. Also, two sets of structured-freeform elements are also designed for 

prescribed illumination application. These are also analyzed by the ray-tracing method at the 

end of the chapter.  

 

The challenges and limitations due to approximation errors involved in the measurement of the 

steep freeform wavefront by using Shack-Hartmann Sensor (SHS) are addressed in the sixth 
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chapter. Zemax simulation tool is used to design a SHS setup, and estimation of errors 

associated with approximation are taken in the SHS measurement method. 

 

In the last chapter, major conclusions drawn from the thesis with notes on the future scope for 

further investigations are discussed as a conclusion. 

 



 
 

सार 

 

ऑप्टिकल अनुप्रयोगोों में मुक्ताकार सतहोों के प्टििरण, प्रप्टतरूपण, प्टिप्टनमााण और उपयोग में प्रबल 

सोंभािनाएों  हैं। यह पहले से ही व्यापक रूप से प्रकाप्टिक अप्टभयाोंप्टिकी , प्टििण और सौर साोंद्रक 

प्रकाप्टिकी के के्षि में उपयोग प्टकया जाता है। इस िोध काया में, प्रकाि के प्टलए मुक्ताकार सतह प्टिप्टनमााण 

के प्टलए प्टबोंदु-दर-प्टबोंदु प्टकरण मानप्टििण के रूप में जाना जाने िाला एक तरीका प्टिकप्टसत प्टकया गया है, 

प्टजसमें लप्टक्षत सतह पर प्टनयोंप्टित तरीके से कोप्टलप्टमटेड प्टकरणोों को पुनप्टिातररत करने की क्षमता है। इस 

िोध प्रबोंध में प्रसु्तत सतह अप्टभयाोंप्टिकी तकनीक प्टदया गया और लक्ष्य प्रकाप्टिक पैटना के आधार पर 

सतह के आकार को प्टनयोंप्टित कर सकती है। सतह प्टििरण प्टिप्टध की प्रयोज्यता नेि प्टिज्ञान, प्रदिान 

अप्टभयाोंप्टिकी, प्रकाि और पररमापन के के्षि में प्टदखाई जाती है। इस िोध प्रबोंध में हल की गई प्रकाि 

और प्रदिान की समस्याएों  प्राकृप्टतक प्रकाि (नेि प्टिज्ञान) से लेकर एलईडी और यहाों तक प्टक लेजर स्रोत-

आधाररत प्रप्टतरूपण तक प्टिप्टभन्न प्रकार के प्रकाि स्रोतोों के प्टलए उपयुक्त हैं। 

 इस िोध काया का लक्ष्य प्रकाप्टिकी, अोंतः कोप्टिकीय और अन्य माइक्रो ऑप्टिक्स आधाररत ऑप्टिकल 

प्टसस्टम के प्टलए सोंरप्टित और सोंरप्टित- मुक्ताकार प्रकाप्टिकी का प्रप्टतरूपण और मूल्ाोंकन करना है। 

मुख्य उदे्दश्य हैं; 

• मुक्ताकार सतह को प्रप्टतरूपण करने के प्टलए उपयोग प्टकए जाने िाले मापदोंडोों और इससे जुडे 

प्रदिान के बीि प्टनभारता की पहिान। 

• अोंतः कोप्टिकीय लेंसोों के प्टलए प्टबोंदु-दर-प्टबोंदु प्टकरण मानप्टििण प्टिप्टध द्वारा उत्पन्न मुक्ताकार 

प्रकाप्टिक सतहोों मूल्ाोंकन करना 

• एलईडी और लेजर स्रोतोों का उपयोग करके प्रकाप्टिकी के अनुप्रयोगोों के प्टलए सोंरप्टित, मुक्ताकार 

और सोंरप्टित- मुक्ताकार प्रकाप्टिकी का प्रप्टतरूपण और मूल्ाोंकन करना। 

खडी ढलानोों के साथ मुक्ताकार सतहोों के प्टलए सप्टन्नकटन िुप्टट आकलन के प्टलए िेक हाटामैन सेंसर के 

प्टसमुलेिन मॉडल  का प्रप्टतरूपण करना। 
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