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Abstract 

While the number of different far-field illumination applications are many, so too are the 

number of optic styles that efficiently control a light distribution into a desired beam 

pattern. A given desired beam pattern is described with symmetry and beam size 

specifications. Refraction and total internal reflection are combined in multiple ways to 

produce many effective optic styles, comprising variations of collimator lens styles and 

bubble lens styles. Eight base styles are described, and discussion includes why each style 

is optimal for certain beam pattern specifications (specified by symmetry and beam size). 

Furthermore, a linear style is applied to the base optic style for certain light source 

spacings, and a prismatic style is applied to the base optic style for certain optic size 

restrictions. The Optic Style Recommender Algorithm is built from the logic for optimal base 

optic style (based on desired distribution inputs) and for prismatic and/or linear features 

(based on design constraints inputs). In this thesis, the complete algorithm process is 

thoroughly defined and then implemented in a chatbot platform. The algorithm outputs a 

recommended base optic style and optic features, guiding a designer on how to start with 

optical design. The algorithm’s recommendations thus give novice optic designers a 

significant head start in their design work. The algorithm also has potential to be 

programmatically connected to existing design optimization tools which are generally 

specific to a single optic style. The Optic Style Recommender Algorithm thus introduces 

more automation and easier access to the illumination optical design process. 
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1. Introduction 

Different illumination applications require different beam patterns, thus requiring different 

combinations of optical surfaces for optimal performance. For example, a Type III roadway 

application requires illumination of a wide stretch of road without intentionally 

illuminating the area behind the light pole (to the side of the road), as shown in Figure 1 

(left). Optimal performance and maximum efficiency are achieved through a complex 

asymmetric optic, combining refractive and total internal reflection surfaces, as shown in 

Figure 1 (right). An optical designer only comes to such a complex solution through a heavy 

time commitment: either involved experimentation of adjusting/combining optical 

surfaces, or multifaceted literature research. At that point, they have only found the 

optimal optic style for that specific Type III application, which differs from the optimal 

optic style for other illumination applications such as a Type V roadway. 

 

 

Figure 1. Left: A Type III roadway application requires illumination of a wide stretch of road without 
intentionally illuminating the area behind the light pole (to the side of the road). [1]  
Right: Optimal performance and maximum efficiency are achieved through the complex asymmetric optic 
shown here, combining refractive and total internal reflection surfaces. See Section 3.2.2 for more details on 
this optic design, including references to the numbers in this figure. [2] 
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1.1. My Optical Career 

Although my optical engineering career started with a solid understanding of light control 

methods from my education and access to useful software design tools, I still ended up 

spending much of that career experimenting with how best to combine refractive and/or 

total internal reflection surfaces into different optic styles. I had the opportunity to provide 

optical design consulting services to hundreds of lighting manufacturing companies, who 

required controlled and efficient light patterns for various far-field illumination 

applications. Applications widely ranged, with examples such as dental lights, aviation 

landing lights, roadway lights, architectural wallwashers, and many more. In many cases, I 

simulated and refined designs of multiple optic styles for a single design problem, in order 

to analyze what was the most efficient and effective overall optic style for that problem. For 

the many different beam shapes and sizes these applications required, there seemed to be 

just as many different optimal optic styles. Over the years of experience, I developed a 

natural inclination for what base optic style is best to start out with for any given 

application, better optimizing my time without sacrificing optic performance. My 

experience is valuable to my own ability to get started with optical designs, but it also 

contains the potential to be materialized into something valuable for others to utilize as 

well. 

1.2. Materializing Experience 

A typical far-field illumination design process starts with a definition of the problem. The 

designer defines performance goals, such as the beam pattern’s required shape and size, 

light level requirements, and, almost universally, a high optical efficiency. Design 

constraints are also defined, such as light source specifications and optic size limitations. 

The designer then applies optical concepts to attempt to meet the performance goals 

within the design constraints. With basic optical physics knowledge, the designer has 

several options to control a source’s output through refraction, reflection, total-internal 

reflection, or any combination of these. It takes experience, experimentation, or research 

for the designer to know what combination of light control methods best meets the 

performance goals for the given application. In fact, because different illumination 

applications require different beam shapes and sizes, they require different optic styles for 

optimal performance.  
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For instance, a round wide beam used in outdoor area lighting is most efficiently and 

effectively achieved with an axially symmetric wrap-around lens using a refractive profile 

over a light emitting diode. Although design tools and optimizers offer the ability to 

construct the most ideal refractive surface shape for this optic style, only involved time 

commitment (of either experimentation or research) determines if this is even the best 

optic style for this application.  

Inexperienced designers either somewhat blindly choose an optic style to optimize without 

confidence, or spend hours of experimenting with and researching multiple optic styles in 

order to confidently move forward with one. Thus, there is significant value in 

predetermining the appropriate optic style with which to start, such that the designer will 

optimize and refine the design sooner for the specifications of the given illumination 

application. Wrapping experience into a logical algorithm has the potential to benefit 

inexperienced designers, allowing a simpler design process with a potential to lead to 

better quality designs in a shorter amount of time. 

Experience, as backed up by patents and papers, defines the various optic styles that are 

discussed in this thesis: 

• Collimator lens: 

o Flat exit (basic collimator lens), 

o Ribbed exit, 

o Extruded shape, 

o Asymmetric ribbed exit, and 

o Asymmetric pillow exit; 

• Bubble lens: 

o Axially symmetric shape (basic bubble lens), 

o Freeform shape (profile changes axially), and 

o Combination freeform shape (using both total internal reflection and 

refraction); 

• Any of the above styles, as a linear extruded shape; and  

• Any of the above styles, broken down into prism facets. 
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This selection of styles allows quality optic style options for the majority of far-field 

illumination applications, including applications such as roadway/transportation, 

indoor/outdoor architectural, theater, sports, and consumer products. Near-field 

illumination applications, such as light pipes and displays, are not within the scope of this 

thesis. 

Once an optic style is chosen, the bulk of the optical design work is done by iteratively fine-

tuning the optical surfaces to refine the results. Software design tools and optimizers offer 

assistance in this part of the optical design process, but they are limited to the designer first 

defining an optic style to be built and refined.  

This thesis presents an algorithm to determine which optic style to start design work. The 

inputs of the Optic Style Recommender algorithm include desired distribution and design 

constraints. The desired lighting application drives the desired distribution, which is 

entered by the user either choosing a common application or answering a series of 

questions to define the beam pattern. Based on this input, the algorithm returns a base 

recommended optic style from a table, the logic of which is built from proven designs. The 

design constraint inputs include light source spacing and optic size limitations, and the 

algorithm applies logic accordingly to recommend (or not) that linear and/or prismatic 

shapes be applied to the base recommended optic style. The algorithm outputs a base 

recommended optic style and recommended features; this gives a user a starting point for 

design work, providing a higher level of software assistance to designing the most 

appropriate solution for a given application. 
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2. Background 

2.1. Light Control Methods 

Reflection, total internal reflection (TIR), and refraction are the three primary methods for 

manipulating a beam of light. Each has advantages and limitations as compared to the other 

two, and these factors need to be considered for each particular illumination application. 

Either reflection, TIR, refraction, or a hybrid combination of these methods are arguably 

the most efficient and effective choice for a given target illuminance pattern.  

2.1.1. Reflection 

Reflectors offer the most flexibility in redirecting the light to very different angles than the 

source provides. The Law of Reflection allows a larger change in the output light from the 

input light than does Snell’s Law for refraction. This larger change allows for double the 

optical power, but means that the tolerance for the reflector shape is that much more 

sensitive, and manufacturing limitations need to be considered. 

When a large optic is required (if a large source lamp is being used, for example), a notable 

advantage of reflectors over lens optics is that manufacturing larger reflector parts are 

often less complex and require less material than manufacturing larger lens parts. 

Reflectance values generally cause considerable loss. Polished aluminum gives about 85% 

reflectance, coated aluminum gives reflectance percentages in the low 90s, and silver gives 

reflectance percentages in the high 90s.  Additionally, metallic reflectors typically need to 

be overcoated in order to protect the optic from environmental degredation. Designs that 

either cannot afford the cost of highly reflective coatings or use multiple reflections will 

exhibit significantly more loss than the 100% reflectance value of TIR (discussed below). 

The main limitation of reflection for illuminance applications is that the source must be 

directed towards the reflector to avoid uncontrolled spill light from the source. If the 

source is directed towards the reflector, this often means a shadowing section of the beam 

from the location of the source, as illustrated in Figure 2 (left). If the source output is not 

entirely captured by the reflector, direct source light exits the system uncontrolled and not 

optimized for the target beam, as illustrated in Figure 2 (right). 
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Figure 2. Left: If the source is directed towards the reflector, this often means a shadowing section of the 
beam from the location of the source, shown by the red rays. 
Right: If the source output is not entirely captured by the reflector, direct source light exits the system 
uncontrolled and is not optimized for the target distribution, shown by the red rays. 

 

2.1.2. Refraction 

Although refraction does not allow as much change in direction as reflection, refraction 

instead allows control over the light that is going in the general direction of the target. This 

control is useful in redistributing the beam of the source in a more intentional way, as 

shown in Figure 3. 

 

Figure 3. Refraction allows control over the light that is going in the general direction of the target, 
redistributing the beam of the source in a more intentional way. 

 

Refraction introduces other issues. Dispersion causes color issues in the beam that are 

sometimes concerning. Also, Fresnel reflections are a part of every surface interaction, 
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which are alleviated by using optical thin film coatings. The use of coatings is often not 

cost-effective for illumination applications. Fresnel reflections are relatively low for 

normally incident radiation (e.g., 4% for a material of index 1.5 situated in air) but increase 

with incidence angle. Fresnel reflections typically either become absorbed elsewhere in the 

system or exit as unintentional artifacts in the beam.  These artifacts often have to be 

controlled by the designer since they lead to potential issues, such as discomfort glare or 

hot spots in an otherwise uniform beam pattern. 

Refraction sometimes requires a large amount of material. If a refractive optic is too big for 

a given optic size restriction, it is made smaller by dividing the surface up into faceted 

structure, or prismatic steps, also known as a Fresnel lens. An analogous illumination 

distribution arising from the optic in Figure 3 is achieved through the prismatic optic in 

Figure 4. Breaking up the surface into prismatic steps allows less variance in total thickness 

and a relatively smaller volume. However, prism risers (also known as intersegment fillers) 

as well as fillets on the peaks and valleys of the prisms, both required by manufacturing, 

cause sections of uncontrolled light to leak through the optic, as shown in Figure 5. 

 

Figure 4. An analogous illumination distribution arising from the optic in Figure 3 is achieved through this 
prismatic optic. 

 



19 
 

 

Figure 5. Prism risers as well as fillets on the peaks and valleys of the prisms (as required by manufacturing) 
cause sections of uncontrolled light to leak through the optic, shown by the red rays. 

 

2.1.3. TIR 

Total internal reflection (TIR) allows more flexibility in redirecting the light than does 

refraction (since it still uses the Law of Reflection for output rather than Snell’s Law), but 

interaction with the TIR surface is limited by the critical angle. There is no loss at the TIR 

surface, but upon entry and exit to the substrate there is the same Fresnel reflection issue 

as described above with refraction.  

Besides the TIR surface itself, a TIR design must also include entrance and exit surfaces. 

These surfaces have the potential to be designed as refractive, providing two more 

opportunities to control the light over a single path. Along with the TIR surface itself, this 

totals to three optical surfaces. Reflection is effective for completely redirecting the source 

light with its double optical power, but TIR distributes the total optical power between 

three surfaces, and as such, is also capable of completely redirecting the source light. This 

concept is illustrated in Figure 6. Furthermore, splitting the optical power between the 

three surfaces allows for less strict tolerancing than is needed for equivalent performance 

from a single reflector surface.  
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Figure 6. The TIR prisms shown here illustrate the flexibility of TIR lens design.  

Left: Entrance and exit are both designed to be perpendicular to light path. TIR surface is the only surface that 
redirects the ray. 
Center: Entrance surface is adjusted to allow refraction upon entry, giving a different design path. (Exit 

surface is still perpendicular to light path.) Now there are two surfaces that redirect the ray. 

Right: Exit surface is adjusted to allow refraction upon exit as well, giving three surfaces that redirect the ray. 

While keeping ray paths perpendicular to surface angles does minimize Fresnel reflections, more 

extreme net redirection of ray angles becomes possible when utilizing the entrance and/or exit surfaces for 

refraction as well. Therefore, the three surfaces in TIR allow more design flexibility. 

 

Another significant advantage of TIR over reflection is that TIR systems are more easily 

used alongside refractive systems to create hybrid optics, as shown by the collimator 

design in Figure 7. While pure refraction controls part of the source distribution, another 

part of the source distribution is controlled by TIR (optionally including refraction upon 

entry and exit as well). Refraction and TIR together control source emission that needs to 

be redirected both slightly and significantly, allowing a large range of control. 
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Figure 7. TIR systems are easily combined with purely refractive systems for hybrid optics, as shown by this 
collimator design. 
 

As with refraction, TIR designs sometimes require a large amount of material. TIR surfaces 

are also divided up into prismatic steps to allow a smaller optic height, as shown with the 

optic in Figure 8 giving an analogous distribution as the optic in Figure 7. Again, there is 

sacrifice of uncontrolled light directed through risers and fillets (see Figure 5).  

 

Figure 8. TIR surfaces are divided up into prismatic steps to allow a smaller optic height. This optic gives an 
analogous distribution as that in Figure 7. 
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2.1.4. Most Effective Methods 

The best method of controlling light will depend on the specific desired distribution, as well 

as the priorities of the design. If a desired distribution is relatively wide while a source 

gives a wide beam as well, refraction is the most effective choice according to the issues 

described above, and a refractive bubble lens (further described in Section 3.2) is an 

example recommendation. For narrower distributions with a wide beam source, reflection 

or TIR needs to be used for the best efficiency. For the reasons explained above, TIR is 

almost always the better choice over reflection. The general issues discussed in this section 

contribute to the algorithm’s programming of the most effective method for any given 

desired distribution. 

 

2.2. Beam Distribution Characterization 

If the typical application options provided by the algorithm (as described in Section 2.3) do 

not describe the user’s design problem, the algorithm will ask a series of questions to 

define the desired beam distribution in the far-field. The term, “far-field,” implies that the 

distance between the light source and its measurement location is large enough to consider 

the light source as a point source (generally a distance of five times the largest luminous 

dimension of the luminaire) [3]. 

Luminous intensity is a metric associated with far-field measurements, and thus a far-field 

light distribution of a beam is specified by its luminous intensity distribution [3]. Almost all 

commercial luminaires target far-field light patterns, and their photometry is provided to 

designers by intensity distributions [3]. As luminous intensity is a far-field metric, defining 

the beam illuminance distribution using its intensity distribution therefore limits the 

illumination applications covered by this algorithm to far-field only. 

A polar coordinate system is used to quantify luminous intensity distributions with angle 

references. Figure 9 illustrates the concepts of a horizontal angle relative to the optic, a 

vertical plane at a given horizontal angle, and a vertical angle within the vertical plane. In 

this coordinate system, the origin is at the center of the optic’s exit surface and the negative 

Z axis is aligned with nadir. Nadir is defined as the origin of the vertical angle, which is 
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aligned either to the “down” direction or to the primary aiming axis of the luminaire [3]. 

The coordinate system described above is used to quantify the angular intensity 

distribution of an optic. The angular intensity from the optic is projected onto a surface at 

far-field distance, such as a floor, creating an illuminance beam pattern. This resulting 

illuminance beam pattern is represented in the figure by the gray circle pattern. 

 

Figure 9. A polar coordinate system is used to describe luminous intensity distributions. The origin is the 
center of the optic’s exit surface. Nadir is aligned either to the “down” direction or to the primary aiming axis 
of the luminaire. The negative Z axis is aligned with nadir and is the origin of the vertical angles. Horizontal 
angles originate at the Y axis and increase around the Z axis.  

The coordinate system described above is used to quantify the angular intensity distribution of an optic. 
The angular intensity from the optic is projected onto a surface at far-field distance, such as a floor, creating 
an illuminance beam pattern. This resulting illuminance beam pattern is represented in the figure by the gray 
circle pattern. 

 

The most common technical ways to characterize a beam pattern’s intensity distribution 

include horizontal beam symmetry and vertical beam size. Specific beam pattern goals also 
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sometimes include uniformity, color mixing, or other parameters, but the targets of 

symmetry and beam size describe the general beam and suffice to ultimately identify a base 

optic style to begin design work. 

2.2.1. Symmetry 

The three most common forms of horizontal beam symmetry used in far-field illumination 

applications are described below. These three symmetry classifications are consistent with 

the three symmetry classifications that are supported by the Illuminating Engineering 

Society (IES) file format, which is a widely-used file type in the illumination industry [4]. 

Completely asymmetric beams are rare in far-field illumination, and the algorithm does not 

offer a base optic style for such a complex design problem as this.  

Axial Symmetry: The luminous intensity distribution and the resulting illuminance beam 

pattern are round, and axially or rotationally symmetric. The intensity distribution for any 

given horizontal angle is essentially the same as all the others. The source is centered 

above the beam. A visualization of axial symmetry is illustrated in Figure 10. 

 

Figure 10. If a beam pattern is axially symmetric, the intensity distribution for any given horizontal angle is 
essentially the same as all the others. Left: The figure shows a light pole with the source at the top, and the 
blue circle represents an illuminance beam pattern that results from an axial symmetric intensity 
distribution. Right: Looking straight down on the beam pattern (the blue circle), red dashed lines show axes 
of symmetry. 

Quadrilateral Symmetry: The illuminance beam pattern has the same shape in each 

quadrant, typically squarish or rectangular. The intensity distribution over one corner area 

of the pattern is mirrored in each other corner, so that each corner is essentially the same. 

The source is centered above the beam. A visualization of quadrilateral symmetry is 

illustrated in Figure 11. 
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Figure 11. If a beam pattern is quadrilaterally symmetric, the intensity distribution over one corner area of 
the pattern is mirrored in each other corner, so that each corner is essentially the same. Left: The figure 
shows a light pole with the source at the top, and the blue rectangle represents an illuminance beam pattern 
that results from a quadrilaterally symmetric intensity distribution. Right: Looking straight down on the 
beam pattern (the blue rectangle), red dashed lines show axes of symmetry. 

 

Bilateral Symmetry: The illuminance beam pattern is typically rectangular-like. The 

intensity distribution over one half of the pattern is mirrored to the other half, so that each 

half is essentially the same. The source is centered above the beam perpendicular to the 

line of symmetry but not necessarily centered on the line of symmetry. A visualization of 

bilateral symmetry is illustrated in Figure 12. 

 

 

Figure 12. If a beam pattern is bilaterally symmetric, the intensity distribution over one half of the pattern is 
mirrored to the other half, so that each half is essentially the same. Left: The figure shows a light pole with the 
source at the top, and the blue rectangle represents an illuminance beam pattern that results from a 
bilaterally symmetric intensity distribution. Right: Looking straight down on the beam pattern (the blue 
rectangle), red dashed lines show axes of symmetry. 

 

2.2.2. Beam Size 

For a given horizontal angle, the beam size is described by the intensity distribution in the 

vertical plane at that horizontal angle. An example vertical plane is shown in Figure 9. The 

intensity varies over the vertical angles for the given horiozontal angle, and the angular 
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location of the peak intensity is noteworthy. If the peak intensity is located at an angle 

above nadir, it is common for the general beam size to be characterized by the angle from 

nadir where the peak intensity is directed. If the peak intensity is at nadir, the general 

beam size is more precisely characterized by the angle from nadir where the value of the 

intensity is half the peak intensity, and this is often described with a full-width half-max 

(FWHM) definition. The FWHM angle is calculated by doubling the angle above nadir where 

the half-peak intensity is directed. A common visualization for the intensity distribution of 

a particular horizontal angle’s distribution is a polar intensity plot (exemplified in Figure 

13), where the intensity value increases with the radius of the plot and the vertical angles 

are charted along the spokes of the plot. 

 

Figure 13. In a polar intensity plot, the intensity value increases with the radius of the plot and the vertical 
angles are charted along the spokes of the plot. 

 

The peak angle and FWHM angle ranges summarized in Table 1 are roughly based on 

patents discussed in Sections 3.1 and 3.2. These angle ranges are rough definitions for 
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general beam size differences and are not intended to be exact. The algorithm considers the 

“medium” range as an overlap range between “narrow” and “wide.” The algorithm gives 

specific design style recommendations for “narrow” and different specific design style 

recommendations for “wide,” but generally recommends considering both design styles for 

“medium” beams.  

Table 1. Peak angle and full-width half-max (FWHM) angle ranges give rough general beam size definitions 
used in the algorithm. 

 Peak Angle FWHM Angle 

Narrow 0-25° 0-45° 

Medium 25-40° 45-70° 

Wide 40-90° 70-180° 

 

2.2.3. Light Levels 

Note that although light levels are critical to performance specifications, this thesis does 

not focus on luminaire output levels. Each of the optic styles discussed are generally 

conceptualized as controlling the output of a single light emitting diode (LED) source. Light 

levels for a given design are therefore scalable by increasing the number of LED/optic sets 

in a single luminaire and/or increasing the LED drive current. The Lighting Handbook is a 

widely accepted resource in the illumination industry for detailed recommended light 

levels for hundreds of specific applications, and is often referenced in determining 

appropriate output achieved by LED count and current [3]. 

 

2.3. Classifications for Typical Applications 

The algorithm presents the user with a choice of typical applications for far-field 

illumination, allowing the option to identify the general desired distribution without going 

through a long series of specific distribution user-inputs. The following applications 

comprise a selection commonly used for far-field illumination, which are available as 

specified input: 

• Round narrow spot, 
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• Round medium spot, 

• Round flood or wide-angle area, 

• Wallwasher, 

• Roadway Type I, 

• Roadway Types II, III, or IV, 

• Roadway Type V Round, and 

• Roadway Type V Square. 

The narrow, medium, and flood/wide options are typical round beams used commonly for 

architectural lighting or other general applications, with self-described relative beam sizes. 

The wallwasher option is a typical architectural lighting application where a single wall is 

illuminated by an asymmetric beam, such that all of the light fixture’s output is directed to 

that wall.  

The roadway type classifications, mostly used for street and area lighting, are standard 

types defined by Illumination Engineering Society of North America (IESNA). The 

definitions are summarized below.  

2.3.1. Roadway Types 

With the number of variables in street lighting applications such as pole spacing, mounting 

height, and roadway width, different streetlight distributions are required for different 

ranges of applications. Distributions are categorized into different transverse distributions 

by IESNA, summarized in Figure 14. The various transverse distributions help define general 

beam shapes and road width/mounting height relationships.  
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Figure 14. General beam shapes for roadways are categorized by various IESNA transverse distributions. [5] 

 

Type V is defined as a distribution with essentially equivalent vertical distribution for all 

horizontal angles [6]. It is an axially symmetric, round distribution, mounted near the center 

of the target area.  

Type V Square is generally a quadrilaterally symmetric, square-like light pattern, mounted 

near the center of the target area. Type 5 Square is defined as a distribution where each 

horizontal octant (0-45°, 45-90°, and so on) has a zonal lumen value within ±10% of the 

average of all octants [7]. Type V Square luminaires are often used in applications such as 

intersections and parking lots, as shown in Figure 15.  
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Figure 15. A graphical representation of a typical Type V Square pattern and its application. [1] 
 

Types II, III and IV are rectangular patterns, with more of the distribution on the “street side” 

and less on the “house side,” generally mounted near the side of the target area. The various 

types are defined using a graph of the half maximum intensity trace. The half maximum 

intensity trace is a trace of the intensity values that are half of the maximum intensity. This 

angular half maximum trace is then projected onto the street plane and this planar 

representation is used to determine the IESNA type classification. A Type II distribution is 

defined as one that has a half maximum intensity trace that extends to between 1.00 to 1.75 

mounting height (MH) in front of the pole towards the street side. A Type III distribution is 

defined as one that has a half maximum intensity trace that extends further forward than 

1.75 MH (street side) but not so far as 2.75 MH (street side). A Type IV distribution is defined 

as one that has a half maximum intensity trace that extends further forward than 2.75 MH 

(street side) [6] [7]. Therefore, Types II, III or IV luminaires are often used for streets within 

a particular range of widths based on the specified mounting height. Illustrations of all three 

of these types are shown in Figure 16. 
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Figure 16. Graphical representations of typical Type II, III, and IV patterns and applications. [1] 
 

Type I is also a rectangular pattern, but is different than the other types in that it is 

quadrilaterally symmetric around the pole by definition. A Type I distribution is defined as 

one that has a half maximum intensity trace that extends no further than 1.00 MH in front 

of the pole towards the street side [6] [7].  



32 
 

3. Optic Styles  

Even with the guidance of the light control methods discussed in Section 2.1, in order to 

determine the optimal optic style for a particular application with certainty, multiple optic 

styles are designed and then evaluated. Rather than repeating this arduous process every 

time a new optic is to be designed, the algorithm utilizes the wisdom of designs that have 

already been created. Patented reference designs and concepts that are built around those 

designs are discussed below, and these frame the foundation of the algorithm’s possible 

recommendations for beginning design. 

Each of the optic styles discussed in Sections 3.1 and 3.2 are intended to apply to a single 

LED as a light source. Commonly, an array of LEDs is controlled with an array of optics, 

such that each LED is controlled by individual yet identical optics, as shown in Figure 17 

from a luminaire patent. 

 

Figure 17. An array of LEDs is controlled with an array of optics, such that each LED is controlled by 
individual yet identical optics. In the figure, a single bubble optic is labeled 206, a flange that connects the 
array of optics to be a single moldable part is labeled 202, and a mounting screw hole is labeled 208. [9] 
 

3.1. Collimator Lens  

The concept of a collimator lens was previewed in Section 2.1.3 as an optic that combines 

TIR and refractive surfaces. Figure 18 shows an example collimator profile, which is a cross 
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section of the revolved shape. As shown with the sample ray paths, the narrower angle 

light emitting from the LED is controlled into a specific narrow beam by refraction upon 

entrance to the optic. The wider-angle light emitting from the LED is controlled into a 

specific narrow beam by a TIR surface, after entering through the vertical shaft walls 

(which allow the central refraction surface to be precisely located beneath the LED). Thus, 

all of the LED’s emission is captured, allowing optimal optical efficiency, and redirected 

into the desired narrow distribution, as shown in Figure 19. Optical surfaces are further 

adjusted to vary how narrow the resulting distribution is. 

 

Figure 18. In a collimator lens, the narrower angle light emitting from the LED is controlled into a specific 
narrow beam by refraction. The wider-angle light emitting from the LED is controlled into a specific narrow 
beam by a TIR surface. 
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Figure 19. The polar intensity plot for the collimator lens style optic in Figure 18. This is an axially symmetric 
distribution (as implied by only a single horizontal angle displayed). The beam size is narrow with a FWHM 
beam angle of about 8°. 

 

Another variation of collimator lens is described here through a patented example design. 

In this variation the vertical shaft walls are near the exit surfaces, but the control methods 

and end results are still the same. Figure 20 shows this collimator lens style used for a 

narrow beam screw-base lamp application, an architectural spotlight. A single LED source 

(labeled 620 in the figure) is located behind a concave hemispherical entrance to the optic 

(labeled 108). Light that is already directed within relatively low angles falls onto the 
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refractive concentrator lens exit surface (labeled 110), which is designed around a point 

source at the LED luminous center to aim the refracted light into a narrow beam. Light that 

is directed towards higher angles falls onto the TIR surfaces located to the sides (labeled 

106). This parabolic curve redirects the light into a narrow beam, which then exits through 

the flat bottom surface (labeled 102). The profile shown in the figure is revolved to create 

the 3D rotational shape. Thus, all of the LED’s distribution is collected and redirected by 

optical surfaces into a narrow beam angle. The LED and collimator lens together are then 

arrayed in a light bulb assembly. [8] 

 

Figure 20. A patented collimator lens style utilizing both refraction and TIR, used in this case for a narrow 
beam screw-base lamp application. The profile shown in the figure is revolved to create the 3D rotational 
shape. See text for descriptions of key features numbered in the figure, and see the original patent for 
descriptions of all numbered features. [8] (enhanced with color) 
 

This optic style works well for narrow beams because it combines the power of refraction 

and the power of TIR. Refraction is used to narrow the LED light that is already directed 
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towards the beam center, and TIR is used to redirect the wider-angle LED light back 

towards the beam center as well. Adjusting the curvatures of the optical surfaces 

(intentional defocusing) allows some flexibility in beam size. 

A collimator lens style is recommended by the algorithm for axially symmetric beams with 

narrow to medium beam sizes.  

3.1.1. Collimator Lens with Ribs 

A collimator lens is an effective and efficient method to narrow the beam of a source, and 

there are several variations on the base collimator lens style to allow beam shapes that are 

not axially symmetric. The flat exit surface of a collimator provides a blank canvas to add 

additional beam control features. 

For example, the target distribution for a dental light illuminating a patient’s mouth is 

rectangular: a narrow forward/backward distribution and a slightly wider side-to-side 

distribution. A basic collimator lens achieves a narrow beam in both directions, so more 

needs to be done to modify the beam wider in the side-to-side direction. In order to spread 

the light, the collimator’s exit surface is adjusted to refract the light into a wider beam. To 

add spread in only one dimension, the profile shape is extruded perpendicular to that 

direction. Building the refractive surface in this way, the light exiting the collimator in the 

dimension parallel to the extrusion is unaffected and remains narrow, while the light 

exiting the collimator in the dimension perpendicular to the extrusion is refracted by the 

new exit profile.  

Furthermore, this refractive surface is scaled small enough to allow a repeated pattern, 

such that both the TIR and the refractive components of the collimator interact with the 

complete exit profile. This repeated pattern of refractive exit surface is referred to as “ribs” 

or “flutes.” The final shape is exemplified in Figure 21 and its resulting distribution in 

Figure 22. 
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Figure 21. For a collimator lens with ribs optic style, the light exiting the collimator in the dimension parallel 
to the extrusion is unaffected and remains narrow, while the light exiting the collimator in the dimension 
perpendicular to the extrusion is refracted by the ribbed exit profile. The base collimator profiles are 
revolved, and the ribbed profile is extruded, to create the 3D shape. Top: Orthogonal view. Bottom Left: Front 
View. Bottom Right: Side view. 
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Figure 22. The polar intensity plot for the collimator lens with ribs style optic in Figure 21. This is a 
quadrilaterally symmetric distribution (as implied by the horizontal angles ranging from 0° to only 90° to 
display results from a single quadrant). The beam size in the 0° horizontal angle is narrow with a FWHM 
beam angle of about 8°. The beam size in the 90° horizontal angle is also narrow, but with a different FWHM 
beam angle of about 32°. 

 

A collimator lens with ribs style is recommended by the algorithm for quadrilaterally 

symmetric beams with narrow to medium beam sizes.  
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3.1.2. Extruded Collimator Lens  

For beams that are narrow in one dimension and wide in a perpendicular dimension, such 

as an architectural wall grazer to emphasize wall texture, the profile of the collimator 

concept is used to control the light in the narrow dimension. This profile is then extruded 

along the axis of the wide distribution, as shown in Figure 23, allowing the light that is 

directed in that dimension to continue on in a wide pattern rather than being controlled by 

the collimator surfaces. The exit surface also includes a refractive design to further control 

the width of the beam along the “extrusion” axis, as seen in the figure. The resulting narrow 

distribution in one dimension and wide distribution in the perpendicular dimension is 

plotted in Figure 24.  

 

Figure 23. A collimator profile keeps a narrow beam in one dimension, then extruding that profile allows the 
light that is directed in that perpendicular dimension to continue on in a wide pattern rather than being 
controlled by the collimator surfaces. The base collimator profiles are extruded to create the 3D shape. This is 
an extruded collimator lens style. The example here also includes a refractive profile at the exit surface to 
further control the wide beam. Top: Orthogonal view. Bottom Left: Front View. Bottom Right: Side view. 
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Figure 24. The polar intensity plot for the extruded collimator lens style optic in Figure 23. This is a 
quadrilaterally symmetric distribution (as implied by the horizontal angles ranging from 0° to only 90° to 
display results from a single quadrant). The beam size in the 0° horizontal angle is wide with a peak angle of 
about 54°. The beam size in the 90° horizontal angle is narrow with a peak angle of about 9°. 

 

An extruded collimator lens style is recommended by the algorithm for quadrilaterally 

symmetric beams which are narrow to medium in one dimension and medium to wide in 

the perpendicular dimension.  
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3.1.3. Collimator Lens with Asymmetric Ribs 

The collimator with ribs lens style discussed in Section 3.1.1 has potential to be further 

expanded upon. In the collimator with ribs lens style, a refractive profile is designed and 

repeated across the exit of the collimator surface, with that profile being extruded along the 

surface to widen the pattern in one dimension. To instead widen the pattern in an 

asymmetric way, this refractive profile for the ribs is simply designed to accommodate the 

asymmetry, as shown in Figure 25. For example, the ribs profile then has the capability to 

redirect the beam pattern to one side, as shown in Figure 26. 

 

Figure 25. Expanding upon the collimator lens with ribs style (Figure 21), the refractive profile at the exit is 
designed to accommodate asymmetry in beams for a collimator lens with asymmetric ribs style. The base 
collimator profiles are revolved, and the ribbed profile is extruded, to create the 3D shape.  Top: Orthogonal 
view. Bottom Left: Front View. Bottom Right: Side view. 



42 
 

 

Figure 26. The polar intensity plot for the collimator lens with asymmetric ribs style optic in Figure 25. This is 
a bilaterally symmetric distribution (as implied by the horizontal angles ranging from 0° to 180° to display 
results from a single half). The beam size in the 0° horizontal angle is narrow (near medium) with a peak 
angle of about 20°. The beam size in the 90° horizontal angle is narrow, and much more so with a peak at 
nadir and a FWHM beam angle of 8°. The beam size in the 180° horizontal angle is also narrow but again 
different, with a peak at nadir and a FWHM beam angle of 34°. 
 

 

A collimator lens with asymmetric ribs style is recommended by the algorithm for bilaterally 

symmetric beams that are narrow in the symmetric dimension and narrow to medium in 

the asymmetric horizontal angles.  
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3.1.4. Collimator Lens with Asymmetric Pillows 

The collimator lens with asymmetric ribs style described above is sufficient for bilaterally 

symmetric beams which are narrow in the symmetric dimension. However, if the 

symmetric dimension of the beam pattern requires a controlled narrow-to-medium beam 

size, additional refractive geometry at the exit surface needs to be used to control that 

dimension further. Lofting a symmetric refractive profile in one dimension over the 

asymmetric refractive profile in the perpendicular dimension gives a repeated pillow 

shape, an array of precisely designed bumps, as shown in Figure 27. The pillows control the 

beam in the two dimensions, while also allowing for asymmetry in one of those dimensions.  

  

Figure 27. Expanding upon the collimator lens with asymmetric ribs style (Figure 25), a second refractive 
profile is designed in the perpendicular dimension. Lofting the first refractive profile in one dimension over 
the second refractive profile in the perpendicular dimension gives a repeated pillow shape, for a collimator 
lens with asymmetric pillows style. The base collimator profiles are revolved, and one pillow profile is 
extruded along the other pillow profile, to create the 3D shape.  Top: Orthogonal view. Bottom Left: Front 
View. Bottom Right: Side view. 
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Figure 28. The polar intensity plot for the collimator lens with asymmetric pillows style optic in Figure 27. 
This is a bilaterally symmetric distribution (as implied by the horizontal angles ranging from 0° to 180° to 
display results from a single half). The beam size in the 0° horizontal angle is narrow-medium with a peak 
angle of about 25°. The beam size in the 90° horizontal angle is narrow (note: significantly wider than that of 
the distribution in Figure 26 for the collimator lens with asymmetric ribs style), with a peak at nadir and a 
FWHM beam angle of about 30°. The beam size in the 180° horizontal angle is narrow but again different, 
with a peak at nadir and a FWHM beam angle of 34°. 

 

A collimator lens with asymmetric pillows style is recommended by the algorithm for 

bilaterally symmetric beams that are medium in the symmetric dimension and narrow to 

medium in the asymmetric horizontal angles.  
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3.2. Bubble Lens  

“Bubble lens” is an accepted name within the illumination optics industry to describe a 

protruding, bulbous refractive optic, as shown in the previous Figure 3 in Section 2.1.2. A 

refractive bubble lens style is used for two designs in a patented horticulture application 

described here. Profiles of the two optic designs in this patent are shown in Figure 29 and 

Figure 30. Each design consists of a refractive profile (labeled 310 in Figure 29, labeled 610 

in Figure 30) that is essentially revolved into a bubble shape and located over an LED 

(labeled 312 in Figure 29, labeled 612 in Figure 30). All of the light emitted from the LED 

enters the optic through a concave hemispherical entrance (labeled 308 in Figure 29, 

labeled 608 in Figure 30). The light then falls onto the refractive exit surface, which is 

designed around a point source to refract the resulting beam into a controlled wide beam 

size. The refractive surface is designed by dividing the profile into many small segments, 

where each segment refracts a ray from the point source to a designated vertical angle in 

the target beam, increasing the refracted ray angle along the refractive profile. [9]  

 

Figure 29. Patent diagram for an example bubble optic with a medium-narrow beam size. The optic profiles 
shown in the figure are revolved to create the 3D rotational shape of the optic bubble. See text for 
descriptions of key features numbered in the figure, and see the original patent for descriptions of all 
numbered features. [9] (enhanced with color) 

A A 
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Figure 30. Patent diagram for an example bubble optic with a medium-wide beam size. The optic profiles 
shown in the figure are revolved to create the 3D rotational shape of the optic bubble. See text for 
descriptions of key features numbered in the figure, and see the original patent for descriptions of all 
numbered features. [9] (enhanced with color) 

 

Note that the designs shown in this patent also include a manufacturing feature which 

sacrifices optical efficiency performance. The flat thickness located between optics (labeled 

A in Figure 29 and Figure 30) is a connecting flange to allow all the optics to be molded 

together as a single part. This flange takes away from optical surface area, and light is lost 

through the flange. To instead optimize optical control and efficiency in a design, the flange 

is excluded or minimized. 

The target performance is uniform illuminance onto a flat surface, obtained by increasing 

intensity with increased incidence angle and increased distance. The two example optics in 

this patent give two different distributions, with polar intensity plots shown in Figure 31 

and Figure 32. Both have the same basic distribution shapes and intensity trends, but they 

extend to different beam sizes. From nadir, the intensity gradually increases to a peak 

angle, approximately 25° from nadir for one distribution and 52° for the other. Then the 

intensity decreases quickly, minimizing stray light outside of the target distribution. [9] 

A A 



47 
 

 

Figure 31. The polar intensity plot for the bubble lens style optic in Figure 29. This is an axially symmetric 
distribution (as implied by only a single horizontal angle displayed). The beam size is narrow-medium with a 
peak around 25°. [9] (redrawn for clarity) 
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Figure 32. The polar intensity plot for the bubble lens style optic in Figure 30. This is an axially symmetric 
distribution (as implied by only a single horizontal angle displayed). The beam size is wide with a peak 
around 52°.  [9] (redrawn for clarity) 
 

The optic style for this performance is a refractive profile that is revolved around the light 

source, forming a bubble optic. Refraction is an effective method to control the LED’s 

natural distribution, maintaining some of the general light direction but allowing optical 

power to push the beam wider to a variable extent, along with a controlled cutoff. The 

refractive profile also has the option to wrap around the source, allowing high optical 

efficiency.  
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A bubble lens style is recommended by the algorithm for axially symmetric beams with 

medium to wide beam sizes.  

 

3.2.1. Freeform Bubble Lens  

Roadway lighting is another common application for uniform illuminance onto a flat 

surface, but a rectangular distribution is generally required. A common source used for 

new roadway lighting products is an array of LEDs with individual refractive optics [10]. 

Relatively uniform illuminance is often targeted to different extents depending on the 

horizontal angle; for instance, the beam pattern needs to extend quite wide along the road 

length but not as much along the road width. See Figure 16. 

Different refractive profiles are used to create a freeform bubble optic that varies in peak 

beam angle for the different horizontal angles. The term “freeform” is used to indicate that 

the optic shape is not axially symmetric or of traditional form.  

In an example taken from an Optical Society journal paper, a 60° peak vertical angle (from 

nadir) is targeted at the 0° horizontal angle (defined as directly in front of the luminaire, 

across the roadway), 70° peak vertical angle for 45° horizontal angle, and a 67.5° peak 

vertical angle for a 92.5° horizontal angle [11]. Individual refractive profiles are created for 

each horizontal angle, and the profiles are lofted together to create a freeform bubble optic, 

as shown in Figure 33. As with the basic bubble lens style, each refractive surface is 

designed by dividing the profile into many small segments, where each segment refracts a 

ray from the point source to a designated vertical angle in the target beam, increasing the 

refracted ray angle along the refractive profile. The resulting distribution is plotted in 

Figure 34. 
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Figure 33. Individual refractive profiles are created for each horizontal angle, and the profiles are lofted 
together to create a freeform bubble optic. Top: The green lines represent the different refractive profiles, 
where each one is designed to refract the light to the stated peak vertical angle (indicated by the V noted in 
red). Each profile is rotationally located according to the corresponding horizontal angle (indicated by the H 
noted in red). The LED is drawn in meshed polygons (where its dome is white and its base is gray and 
yellow). Lower Left: The profiles are lofted together to create the freeform bubble shape, shown in cyan. The 
LED base is shown in this figure, where the LED bulb is hidden from view beneath the LED base and within 
the hemispherical lens entrance. Lower Right: The underside of the freeform bubble optic is shown in this 
figure. The original profiles are seen here as well. [11] (red notation adjusted) Note: The freeform bubble lens 
style is also used for quadrilaterally symmetric distributions. In those cases, the refractive profile at the 180° 
horizontal angle simply matches that at the 0° horizontal angle. 
 



51 
 

 

Figure 34. Polar intensity plot for the freeform bubble lens style optic in Figure 33. This is a bilaterally 
symmetric distribution (as implied by the horizontal angles ranging from 0° to 180° to display results from a 
single half). The beam size in the 0° horizontal angle is wide with a peak angle of about 60°. The beam size in 
the 90° horizontal angle is also wide, but different with a peak of about 65°. The beam size in the 180° 
horizontal angle is also wide but again different, with a peak at nadir and a FWHM beam angle of about 120°. 
Note: The freeform bubble lens style is also used for quadrilaterally symmetric distributions. In those cases, 
the distribution in the 180° horizontal angle simply matches that in the 0° horizontal angle. 

 

The theory of this example is generalized to be applied to quadrilaterally and bilaterally 

symmetric beams; essentially, the target distributions are different for the front horizontal 

angle (0°) and the side horizontal angle (90°), and potentially the back horizontal angle 

(180°) as well. As shown in the paper referenced above, this type of target distribution is 
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successfully achieved through a refractive freeform bubble optic with a profile that varies 

with horizontal angle.  

A freeform bubble lens style is recommended by the algorithm for quadrilaterally and 

bilaterally symmetric beams with medium to wide beam sizes at each of the different 

horizontal angles of the distribution.  

 

3.2.2. Combination Freeform Lens  

Building upon the roadway light application exemplifying the freeform bubble optic style, it 

is often preferred that the light distribution behind the light pole (to the side of the road) is 

minimized significantly. An asymmetric area lighting lens patent achieves this goal using a 

combination of refraction and TIR, as shown in Figure 35. The target performance includes 

a “desired illumination region” on one side of the optic and a “desired dark region” on the 

opposite side. The refractive surfaces of a freeform bubble lens shape (labeled 168a-k in 

Figure 35 (top), labeled 160 in Figure 35 (bottom)) are located on the side that is directed 

towards the illumination region. This light is controlled into the desired illumination region 

through refraction, as illustrated with the ray group labeled A in the figure. The TIR 

surfaces (labeled 210 and 220 in Figure 35 (top), labeled 180, 190, 210, and 220 in Figure 

35 (bottom)) are located on the side of the dark region so as to redirect that light back 

towards the illumination region. This light is controlled into the desired illumination region 

through TIR, as illustrated with the ray group labeled B in the figure. The two shapes are 

joined together in a combination freeform lens shape. [2]  

The total resulting distribution is plotted in Figure 36. 
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Figure 35. An asymmetric area lighting lens patent design significantly minimizes the light distribution 
behind the light pole using a combination of refraction and TIR: a combination freeform lens style. Top: An 
orthogonal view of the optic. Bottom: A side view of the optic, showing sample ray paths. See text for 
descriptions of key features numbered in the figure, and see the original patent for descriptions of all 
numbered features. [2] 

A 

B 

C 
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Figure 36. Polar intensity plot for the combination freeform bubble lens style optic in Figure 35. This is a 
bilaterally symmetric distribution (as implied by the horizontal angles ranging from 0° to 180° to display 
results from a single half). The beam size in the 0° horizontal angle is wide with a peak angle of about 52°. The 
beam size in the 90° horizontal angle is also wide, but different with a peak of about 67°. The beam size in the 
180° horizontal angle is narrow with a peak at nadir and a FWHM beam angle of about 10°.  

 

The design in this patent also illustrates a couple of special design features. The design 

utilizes the potential for the optic entrance surface to be used as a controlling refractive 

surface, rather than the simple concave hemispherical entrance used in previous examples. 

The design also uses a ribbed surface pattern for the TIR exit (labeled 230 in Figure 35), for 

the same purpose as is described in the “collimator lens with ribs” style. These features are 
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both potential design features for any of the optic styles. These features are not specific to 

the combination freeform lens style, nor are they necessary to the style. 

Also note that the design shown in this patent includes a connecting flange thickness 

(labeled 200 and 112 in Figure 35) which takes away from potentially more active optical 

surface area. Uncontrolled rays are illustrated in the figure (labeled C), escaping through 

part 200 and exiting the optic to the left (the “desired dark region”). To instead optimize 

optical control and efficiency in a design, the flange is excluded or minimized. 

A combination freeform lens style is recommended by the algorithm for bilaterally 

symmetric beams that include a medium to wide beam size for at least one of the 

horizontal angles, combined with a narrow to medium beam size for at least one of the 

other horizontal angles. 

 

3.3. Linear Optics 

For an optic to control an LED’s distribution in any direction, the optic must have a large 

enough footprint around the LED such that étendue does not limit the optic’s functionality. 

However, some applications do not require precise beam control in one dimension, and 

therefore benefit from spacing LEDs close together in a linear form. In these cases, the 

recommended optic style is applied as a profile that is then extruded along the axis of the 

linear LED array, as shown in Figure 37. The optic will not have any intentional control 

over the beam output in the dimension of the linearity, unless further optics (louvers or 

baffles) are introduced to the design. Since this design style limits optical control, the 

algorithm recommends linearity only if the user specifies LED spacing that is small in one 

dimension. 
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Figure 37. Linear optics apply an optic style as a profile, extruding the profile along the axis of the linear LED 
array. 

 

 

3.4. Prismatic Lens Styles  

Refractive surfaces and TIR surfaces are broken up into faceted structures, or series of 

prismatic steps, in order to allow less variance in total thickness and a relatively smaller 

volume. If size restrictions specify a small height dimension (measured from the LED’s 

mounting position) relative to the other dimensions (the “footprint” of the optic size 

constraints), a prismatic style is recommended by the algorithm. For example, see Figure 8 

as a shorter, prismatic variation of the optic in Figure 7 in Section 2.1.3. 

However, the prism risers as well as the rounded fillets at the peaks and valleys of prisms 

(that are required by manufacturability) also unintentionally degrade the light distribution 

and affect the overall performance [3], as shown in Figure 5 in Section 2.1.2. For this 

reason, prismatic styles are not recommended whenever size restrictions permit. 

 

3.5. Reflectors 

Historically, reflectors have been the ideal design style for several far-field illumination 

applications. However, preferred use of reflectors for illumination optics has decreased 

significantly with the increase in use of LEDs as source lamps. LEDs are considerably 

smaller than other illumination sources such as incandescent, fluorescent, compact 
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fluorescent (CFL), and high intensity discharge (HID). Because of steady improvements in 

LED technology over the last decades, use of these larger sources has declined significantly 

and LEDs are the most commonly specified source for illumination applications. Reflectors 

are occasionally preferred for larger optics since they are sometimes simpler to 

manufacture and require less material, but the smaller size of LEDs means that optics are 

also smaller. In many cases, using refractive and TIR lens styles rather than reflectors 

allows more optical control by capturing and controlling the entire source distribution, as 

discussed in Section 2.1.1. This algorithm does not cover special cases where a reflector 

style is optimal, and instead focuses on the majority of more general far-field illumination 

cases for which reflectors are not the optimal optic style.  
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4. Algorithm Inputs 

As previously discussed, there are many factors that contribute to the decision process for 

which optic style is the best baseline for a start to a design. Many design problems and their 

goals are unique, and an algorithm cannot necessarily address every single factor that is 

unique to a particular project or a particular designer’s preference. However, two of the 

factors discussed play a major role in what optic style is most effective and most efficient: 

the target beam distribution and the design constraints. These two factors make up the 

foundation of the algorithm, and a recommended optic style based on these factors is more 

likely than not to give a successful start in development. These factors are the two major 

input groups of the algorithm and are used to determine the recommendation output of the 

algorithm.  

4.1. Desired Distribution 

The algorithm defines the desired distribution by inputs that identify the symmetry and the 

beam size of the light pattern. To input this data, a user either chooses from a list of 

common far-field illumination applications, or answers a series of questions to define 

distribution symmetry and beam size information. The common applications included as 

options in the algorithm are listed and described in Section 2.3. If a user does not consider 

their design problem to be one of those applications listed, the algorithm asks for input to 

describe symmetry and beam size as defined in Section 2.2.  

4.1.1. IES File Input Compatibility 

Potential future work includes the ability to input data to be extracted from an IES file by 

modifying IES file reader code, so that the algorithm input is obtained automatically. 

An Illuminating Engineering Society (IES) file is a widely used file type in the illumination 

industry. An IES file contains data for intensity by angle, up to an entire sphere of 

horizontal and vertical angles. Since the data includes the intensity distribution, the FWHM 

and peak intensity angles can both be calculated from the file. Also, the file format allows 

for axial, quadrilaterally, or bilateral symmetry to be defined through the horizontal angle 

range data that is included [4].  
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Many IES file reader tools exist, and writing one from scratch is relatively straightforward 

because of the fairly simple format of an IES file. Since symmetry and beam size is 

determined from data in an IES file, these parameters can be calculated by IES file reader 

code and transmitted to the Optic Style Recommender automatically. Combining future IES 

file reader code with the Optic Style Recommender algorithm of this thesis allows the use 

of an IES file as input for the desired distribution data.  

 

4.2. Design Constraints 

4.2.1. LED Spacing 

An array of LEDs is the most common and most appropriate source for most far-field 

illumination applications. If there is sufficient spacing between the LEDs, then designing 

individual optics over each LED controls the light distribution, as needed for whatever 

beam symmetry and beam size specified. If there is not sufficient spacing between LEDs, 

étendue and/or physical space will limit the usefulness of the optic.  

The algorithm takes LED spacing and LED luminous area size as inputs, in two 

perpendicular dimensions, as shown in Figure 38. LED luminous area is defined as the 

approximate area that is given by the chip and/or phosphor, including how it is magnified 

by an integrated LED lens. The algorithm calculates a rough estimate of the minimum space 

required to have sufficient optical control (described in Section 5.5), and gives 

recommendations if the spacing in either dimension is below its minimum calculation. If 

both dimensions are below the minimum, the algorithm recommends considering 

increasing the LED spacing. If only one dimension is below the minimum, it recommends a 

linear optic and defines the axis of linearity as the direction of close LED spacing.  
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Figure 38. The algorithm takes LED spacing and LED luminous area size as inputs, in two perpendicular 
dimensions. 

 

 

4.2.2. Optic Size Constraints  

The optic size constraints are not highly critical in the Optic Style Recommender since the 

algorithm does not design the optic itself. This input simply determines whether or not a 

prismatic optic is recommended to accommodate tight space constraints, based on height 

to width and height to length ratios. The algorithm takes as input the approximate 

restrictions for the optic height from the LED board, as well as the optic footprint size 

around the LED (the length and width, or just the width for linear designs), as shown in 

Figure 39. A simple calculation is performed to determine whether the height is in range of 

recommendation for breaking up the optical surfaces into prisms (described in Section 

5.6). 
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Figure 39. The algorithm takes as input the approximate restrictions for the optic height from the LED board, 
as well as the optic footprint size around the LED (the length and width).  

 

4.3. Inputs Not Included 

The following are examples of other performance goals that a far-field illumination design 

problem might include, but which are intentionally not included in this algorithm. These 

examples are sometimes important to various applications of illumination optics, but most 

below do not affect the base optic style, which is the primary output for this algorithm. 

However, these examples do usually merit special design feature recommendations to add 

to the optic, and potential future work can consider these factors in an algorithm for optic 

refinement. 

4.3.1. Optical Efficiency as Low Priority 

Most far-field illumination applications have a high priority on optical efficiency, and all of 

the optic styles considered in the algorithm are meant to capture and control nearly all of 

the light from a source. Some special applications prioritize beam performance so strongly 

that efficiency is a lower priority, preferred to be sacrificed. Such an example is a surgical 

headlamp which requires an extremely uniform and crisp beam. In this example, a floating 

biconvex lens is the preferred initial optic style, regardless of a highly significant drop in 

optical efficiency as compared styles discussed in Section 3. The algorithm does not take 

such special cases into consideration and maintains a high priority on efficiency. Given the 

algorithm input for the target beam of a surgical headlamp, the algorithm recommends a 

collimator style. This optic style still allows the general beam required, but prioritizes 

efficiency over strict beam performance. This algorithm is not meant to cover every 
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possible optic style and is limited to those that offer high efficiency. Efficiency is a high 

priority for most far-field illumination applications; thus, this efficiency restriction is not 

highly limiting. 

4.3.2. Uniformity 

Uniformity of a pattern is often an important performance consideration. The precise 

profile of a refractive or TIR surface needs to be carefully calculated and designed to 

optimize uniformity, but the base optic style is not affected by this precision design. The 

size of the source relative to the optic and the étendue also need to be considered in 

uniformity performance, but the base optic style cannot change the étendue. Therefore, 

target uniformity is not considered a factor that affects the base optic style.  

4.3.3. Color Mixing 

Color mixing to address either dispersion or the variance of color-over-angle that is 

produced by LEDs is another example of target performance not considered. Optic design 

features such as texture or faceting are added to the base optic style for color mixing 

performance improvement, but again the base optic style is not affected. 

4.3.4. Glare 

One more example of an important target performance factor is glare and cutoff 

requirements, when applicable. For most applications, this means precise control in the 

design profiles to send enough light where it is needed while quickly cutting the light off 

where it is to be avoided. This is often a matter of étendue and optic size relative to source 

size, but not a matter of base optic style. 
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5. Algorithm Process 

The following pages illustrate the algorithm process in flow chart form, followed by text 

discussion of the process. The logic structure and decision methods detailed here comprise 

the core functionality and utility of the algorithm.  
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5.1. Start: Common Applications 

The first input requested from the user is whether they consider the design problem as one 

from a list of common far-field illumination applications. If one of these applications are 

chosen, the desired distribution is pre-defined based on the generally accepted definition of 

that term, as discussed in Section 2.3. The symmetry (as per Section 2.2.1) and beam size 

(as per Table 1 in Section 2.2) are set as shown in Table 2. 

Table 2. The desired distributions, comprising symmetry and beam size, are predefined based on the 
generally accepted definitions of these example application terms. 

 Symmetry Beam Size 

Round narrow spot Axial Narrow 

Round medium spot Axial Medium 

Round flood or 

wide-angle area 
Axial Wide 

Wallwasher Quadrilateral 
Narrow in one dimension, medium 

in the perpendicular dimension 

Roadway Type I Quadrilateral 
Medium in one dimension, wide in 

the perpendicular dimension 

Roadway Types II, 

III, or IV 
Bilateral 

Medium to wide in the front, 

medium to wide to either side, and 

narrow in the back 

Roadway Type V 

Round 
Axial Wide 

Roadway Type V 

Square 
Quadrilateral 

Wide in one dimension, wide in the 

perpendicular dimension 

 

 

The symmetry and beam size inputs are thus automatically stored, and the algorithm has 

the necessary inputs to move on to Section 5.4, Base Recommended Optic Style.  

If the user does not consider their design problem to be one from this list, they instead 

select the option, “Other,” and continue to Section 5.2 to define the symmetry of the desired 

distribution. 
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5.2. Desired Distribution: Symmetry  

Symmetry input is then requested from the user, after giving the user the symmetry 

definitions from Section 2.3.1.  

If axial symmetry is chosen, the algorithm stores a value of 1 for the symmetry variable, 

meaning that the beam size sequence will only need to be run once. The beam size results 

will represent all vertical planes of the beam distribution since they are all essentially equal 

for axially symmetric beams. 

If quadrilateral symmetry is chosen, the algorithm stores a value of 2 for the symmetry 

variable, meaning that the beam size sequence will need to be run twice. Beam size input 

will be requested once for each of two perpendicular axes of the beam. The user is told to 

identify each of the two axes by forward/backward as 0° horizontal angle and by side-to-

side as 90° horizontal angle, respectively. The two beam size inputs then will define the 

total quadrilaterally symmetric beam. 

If bilateral symmetry is chosen, the algorithm stores a value of 3 for the symmetry variable, 

meaning that the beam size sequence will need to be run three times. Beam size input will 

be requested once for the side-to-side beam, described to the user as the symmetric part of 

the distribution and identified as the 90° horizontal angle. Beam size input will also be 

requested for the front beam, identified as the 0° horizontal angle, and for the back beam, 

identified as the 180° horizontal angle. These three beam size inputs will define the total 

bilaterally symmetric beam. 

If the user specifies that the target distribution is not defined by any of these symmetries, 

which is expected to be rare for far-field illumination applications, the algorithm gives a 

message that the desired distribution is not covered by the algorithm and that more 

expertise is required in order to determine the recommended optic style. 

5.3. Desired Distribution: Beam Size  

The beam size sequence is run the number of times stored in the symmetry variable. Unless 

the beam is axially symmetric, the algorithm first specifies to the user which horizontal 

angle they are expected to be answering for the beam size questions that follow.  
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In accordance with the discussion in Section 2.3.2, beam size questioning starts with 

whether the peak intensity is at nadir or not. If the user indicates that the peak intensity is 

at nadir, the next input requested is what is the full-width half-max (FWHM) intensity 

angle. If the user indicates that the peak intensity is not at nadir, the next input requested is 

what angle is the peak intensity located at, from nadir. For either question, the user is given 

a range of angle values to choose from, taken from Table 1 in Section 2.2.2. According to 

that table, the algorithm now stores the beam size (narrow, medium, or wide) for each 

beam size sequence run. Along with the stored symmetry variable, the desired distribution 

is now fully defined and the algorithm moves to Section 5.4, Base Recommended Optic 

Style. 

5.4. Base Recommended Optic Style 

The beam size data is converted to a base recommended optic style in a lookup table that is 

based on Section 3. The “Base Recommended Optic Style” lookup tables are included in the 

algorithm process flow chart on the preceding pages. The logic for how a given symmetry 

and beam size combination leads to that optic style is included in each optic style 

discussion in Section 3. 

The algorithm outputs a name and a description of its recommended optic style, intending 

to give the user a basic starting point for an optical design. References for further 

understanding and figures for illustration are also given.  

After the algorithm outputs a base recommended optic style, it proceeds to further 

questioning in order to give additional recommendations. The algorithm continues to 

Section 5.5, LED Spacing. 

5.5. Design Constraints: LED Spacing 

The user is asked to choose from a list of light sources used for the design problem. All 

choices are variations of LED arrays. If the user’s light source is not an LED (uncommon in 

this day for far-field illumination applications), this is outside of the scope of the algorithm 

and so it recommends seeking expert human advice. 
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If the user chooses a single LED or a single tight cluster of LEDs, there are no LED spacing 

constraints to consider. The algorithm stores the linearity variable as “no” and it moves on 

to Section 5.6, Optic Size. 

The other three options for light source input are variations of LED arrays: linear, 

rectangular, and radial. LED spacing and LED luminous size input is requested for each of 

two perpendicular dimensions, identified as X and Y.  

For each dimension, a rough estimate of the minimum space required to have any optical 

control is a spacing between LEDs of at least four times the LED’s luminous width. The 

resulting étendue of the optic size in this “minimum” spacing is not always enough to 

provide sufficient optical control. However, the étendue required for any given design will 

largely vary, and the algorithm is meant to provide suggestions for starting a design. This 

minimum calculation is meant to be a rough number for guidance. 

If the algorithm determines, based on this minimum calculation, that the LED spacing is too 

close in both dimensions, it recommends considering increasing the LED spacing, 

optionally in combination with using a higher output LED for a smaller number of LEDs 

required. It also recommends the option of designing a large optic around all of the LEDs if 

a small number of LEDs are clustered together.  

If the algorithm determines that the LED spacing is too close in one dimension but not the 

other, it recommends a linear optic and defines the axis of linearity as the dimension of 

close LED spacing. It then goes on to explain that the linear optic does not inherently 

control the beam in the direction of linearity, as discussed in Section 3.3. The algorithm 

stores a linearity of “yes” and then moves on to Section 5.6, Optic Size. 

Although less optical control of a linear design is not generally desirable, in some 

applications the resulting distribution in the axis of linearity is not a specific beam goal. 

These designs potentially benefit from a smaller total size by spacing the LEDs close 

together in this axis and using a linear optic style. 
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If the algorithm determines that the LED spacing is above the minimum in both 

dimensions, LED spacing is not a concern. The algorithm stores the linearity variable as 

“no” and it continues on to Section 5.6, Optic Size. 

5.6. Design Constraints: Optic Size 

Before requesting optic size constraint input, the algorithm describes the recommended 

optic pairing to the LEDs. For linearity of “no,” each LED is recommended to be controlled 

by identical and individual optics. For a linearity of “yes,” each row of LEDs is 

recommended to be controlled by identical and individual linear optics. 

Then, the user is asked to input the approximate restrictions for the optic height from the 

LED board, as well as the optic footprint size around the LED (the length and width, or just 

the width for linear designs). The algorithm determines if the allowed height is at least half 

the length or width dimensions, which is a rough approximation for whether or not the 

base optic design style is estimated to fit within the given space. Similar to the LED spacing 

calculation, the relative height required for any given design will vary, and the algorithm is 

meant to provide suggestions for starting a design. This minimum calculation is meant to 

be a rough number for guidance. 

If the simple calculation results in too short a relative height, a prismatic design variation 

will be recommended by the algorithm. Breaking up the optical surfaces into prisms is 

recommended to get an optical design that better fits in the allotted space, as discussed in 

Section 3.4. The algorithm recommends the base design (and potentially linearity as well) 

as already recommended, but now incorporating prisms. It suggests that wherever 

refraction and/or TIR is suggested, the refractive or TIR surface (respectively) be broken 

into stepped prism facets in order to remain within the relatively small height restriction. 

If the calculation results in sufficient relative height, the algorithm concludes that it has no 

further advice to add based on optic size constraints. 

This sequence is the last of the algorithm, and so the concluding output includes advice to 

start with the design recommendations given, and then adjust the optical surfaces through 
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a design process to refine results. Suggestions for possible design tools are included in the 

final output, as well as contact information for suggestions on improving the algorithm. 
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6. Chatbot Implementation 

The algorithm designed in this thesis is implemented in a chatbot platform for 

demonstrative purposes. The platform used is engati.com and the chatbot is found and 

interacted with at the following link:  

https://app.engati.com/static/standalone/bot.html?bot_key=1e08d8152c514e26 

The code behind the chatbot is not published with this thesis, as it is developed with 

Engati’s design interface and the code is proprietary to Engati. However, this Engati 

implementation uses the exact algorithm process detailed in Section 5.  

Two sample chatbot processes are discussed and illustrated below. 

6.1. Use Case Example: Roadway Family 

A company that manufacturers roadway installations such as signage, stoplights, and poles 

wants to expand its market. A staff mechanical engineer is tasked with designing prototype 

optics for a new family of light fixtures for roadway illumination. A quick internet search 

gives her an understanding of the roadway type classifications. Although she remembers 

basic physics of light from her engineering education, she is unsure of how to start 

designing an efficient optic to create each of the roadway type distributions. The following 

figures and captions demonstrate her interaction with the Optic Style Recommender 

chatbot. 

https://app.engati.com/static/standalone/bot.html?bot_key=1e08d8152c514e26
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Figure 40. The engineer starts the chatbot. She chooses the Roadway Type V Square application to start with. 
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Figure 41. Since a roadway Type V Square beam pattern is quadrilaterally symmetrical by definition, and the 
beam sizes are medium-to-wide in each horizontal angle by convention, the returned optic style is a freeform 
bubble lens style. A general description and an academic resource are given. 
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Figure 42. After the engineer clicks the button to show example figures, they are displayed along with a 
caption. 
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Figure 43. Next, the chatbot asks for input to determine if linear optics are necessary. For light source input, 
the engineer chooses one of the given options, “LEDs arrayed rectangularly in two dimensions.” A figure is 
then displayed along the next set of questions. The engineer enters in dimensions of 1 mm x 1 mm for the LED 
luminous area and 20 mm x 20 mm for the LED spacing. 
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Figure 44. With the LED spacing entered (see Figure 43), the chatbot returns the recommendation that 
individual optics be located over each LED since the dimensions allow enough space for some level of optical 
control. The chatbot displays another figure to guide in questioning the available space for the optic. The 
engineer enters 20 mm x 20 mm x 20 mm for the optic size constraints. 
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Figure 45. With the size constraints entered in Figure 44, the chatbot returns that the size restrictions are 
appropriate for the previously given optic style (Figure 41 and Figure 42). In other words, a prismatic style is 
not recommended based on the entered size constraints. The chatbot then gives recommendations on how to 
proceed in the design process now that it has given the engineer a foundation for starting design work. The 
engineer now has the option to “Start over with a new design problem” and she follows the same process for 
another roadway type classification. 
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6.2. Use Case Example: Headlamp 

A consumer product company that manufactures equipment for outdoor sports, such as 

camping, hiking, biking, and so on, is designing a new headlamp product. Staff includes 

electrical engineers, mechanical engineers, and industrial designers. Together they have 

created most of the headlamp design, but the optic still needs to be designed. The team has 

already defined an LED specification, optic size constraints, and the need for the optic to be 

highly efficient. They have a general idea of the target beam distribution, but they are 

unsure of how to achieve that beam with the limitations they have already defined. The 

following figures and captions demonstrate their interaction with the Optic Style 

Recommender chatbot. 
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Figure 46. The team starts the chatbot. Their application is not listed as one of the options, so they choose 
“Other” for the first question. 
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Figure 47. When the “Other” option is entered for the application, the chatbot begins questioning on the 
target distribution. A symmetry figure is displayed and the team is presented with a list of symmetry 
definitions to choose from. They choose the quadrilateral symmetry option based on the given figures and 
definitions. This triggers the chatbot to ask about beam size for two perpendicular horizontal angles. 
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Figure 48. The chatbot then displays a figure and description to give a frame of reference for how to define 
the different horizontal and vertical angles for beam size definitions. Nadir is defined as the primary aiming 
axis of the luminaire, and so the team knows that their target beam is centered at nadir. 
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Figure 49. The next figure displayed by the chatbot shows an annotated example intensity plot, further 
helping the team understand the following beam size questions. They input that the peak intensity is at nadir 
for both horizontal angles questioned. They have previously determined that their target beam size is around 
15° FWHM for the 0° horizontal angle and around 40° FWHM for the 90° horizontal angle, so they enter in the 
0°-45° range for both horizontal angles questioned.  
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Figure 50. After the team enters the input as described in the Figure 49 caption, the chatbot determines the 
recommended style. A collimator lens with ribs style is recommended because it allows two different narrow-
to-medium beam sizes in two perpendicular dimensions. A general description and a patent resource are 
given. 
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Figure 51. After the team clicks the button to show example figures, the figures are displayed along with a 
caption.  
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Figure 52. The chatbot then asks about the light source to determine if linear optics are recommended. Since 
the team chooses the “single LED” option, the chatbot does not recommend linearity and instead recommends 
that a single optic be located over the LED. Next, the chatbot asks for size restriction inputs. Since the team 
has already completed the mechanical and industrial design, they input 30 mm for the length, 25 mm for the 
width, and 10 mm for the height.  
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Figure 53. Based on the size restriction input (described in the Figure 52 caption), the chatbot recommends 
prismatic features for shorter optic height. It gives a description and figures. 

 



93 
 

 

Figure 54. The chatbot then gives recommendations on how to proceed in the design process now that it has 
given the team a foundation for starting design work.   



94 
 

7. Conclusions 

The optic style recommender algorithm encompasses the wisdom of experienced optical 

designers, to guide novice optical designers in getting started on far-field illumination 

design problems. This wisdom is built into the algorithm by a foundation of clear design 

methods and beam pattern definitions, bringing these pieces together with intricate and 

organized reasoning applied to proven optic styles. The resulting logic is systematically 

written into methods, executed by the algorithm process and demonstrated in a chatbot 

communication environment. 

Refraction and TIR are applied to optical surfaces to control a light beam, and each method 

has different strengths. The varying strengths of the methods imply that each is 

thoughtfully applied, depending on the desired beam distribution. Many more options 

become available when considering various combinations of the two methods. 

Before determination of just how to use refraction, TIR, or some combination, the goal 

needs to be defined. A desired beam distribution needs to be characterized. Specific 

symmetry of the beam pattern is a significant descriptor of desired distribution. Building 

upon that description, defining the vertical intensity distribution for specific horizontal 

angles (depending on the symmetry) allows for beam size description, through either 

FWHM intensity angles or peak intensity angles. With symmetry and beam size information 

specified, a general desired distribution is fully defined. Alternatively, a general desired 

distribution is fully defined by the symmetry and beam size information implied by 

choosing one of several common applications, such as a narrow round spot or Roadway 

Type III.  

With desired distribution defined, the best starting point for an optical design is one of 

many varying combinations of refraction and TIR. Patents help describe successful 

applications of collimator and bubble lens styles for axially symmetric beam patterns. 

Further manipulations of optical surfaces allow deeper variations upon those styles for 

other symmetries, such as refractive ribs or pillows at the exit of a collimator, or TIR 

backing to a bubble optic. A specific optic style variation is available for every combination 

of general beam size within each of the common symmetries. For example, for a bilaterally 
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symmetric pattern with a medium front beam size, wide side-to-side beam size, and 

narrow back beam size, the appropriate starting optic style is a combination freeform lens, 

combining a bubble optic and a TIR back. Whereas for an axially symmetric pattern with a 

narrow beam size, the appropriate starting optic style is a collimator lens. 

Further optic style recommendations are made when accounting for some basic design 

constraints. If LEDs are spaced very close together in one axis, and if there is not a specific 

target distribution in the direction of that axis, a linear style variation of the optic is 

appropriate. Or if the optic height restriction is relatively tight, breaking the optical 

surfaces into stepped prisms as a prismatic style variation of the optic is appropriate. While 

both of these variations do come with a sacrifice to optical control, the increased design 

constraints are sometimes worth the trade-off and are considered in the design approach. 

With a given desired distribution being categorized and associated with a specific 

appropriate starter design, the path is paved for an algorithm to bring it all together with a 

logical process. User input of symmetry and beam size (or simply choosing a common 

application) defines the desired distribution and the algorithm outputs the associated 

recommended optic style. With further user input of LED spacing and optic size 

restrictions, the algorithm outputs any further recommendations on linear and/or 

prismatic variations. The resulting output is logical recommendations for guidance in 

getting started on optical design for the specified design problem, as well as recommended 

further resources in the design refinement process. A natural implementation for this 

algorithm is a chatbot. 

 

While software tools do exist for creating and optimizing specific kinds of optics, the first 

step to designing an illumination optic is to decide on a design style. Without that 

knowledge, there is no easy way for a user to jump in with designing an optic; they simply 

cannot confidently know where to start without already having applicable experience or 

research. The optic style recommender algorithm provides a new level of design software 

tools for far-field illumination optics. The algorithm combines guidance on this first step 

with a software tool, helping novice designers to more easily get started on a 
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recommended path forward. This in turn allows a broader base of people to more easily 

use optical design software tools, making optical design software more universally effective 

and encouraging the growth of far-field illumination optical design overall. 

A logical future step resulting from this algorithm is a higher level of automation. Since the 

output is a recommended optic style, this specification is ready to be automatically 

connected to a starter design CAD file and/or initiation of optimizer design tools for that 

specific optic style. For example, if the algorithm recommends a collimator lens with 

asymmetric pillows as the optic style, this output then initiates the start of collimator and 

pillow optic optimizer design tools. Synopsys’ LightTools software includes such tools: the 

LED Lens Tool for LED collimator lens optimization and the Procedural Rectangle Lens tool 

for pillowed optical arrays [12]. This example application of the algorithm allows the 

following process: the user inputs the desired distribution and design constraints, the Optic 

Style Recommender Algorithm defines a starter design, the LightTools optimizer tools 

refine and optimize the design, and the end output is an optimized design. The user does 

not necessarily need to run through numerous design iterations, or even need to know 

where to start with design. Thus, this algorithm is a foundation for a leap in smarter 

software and simpler designer experience. 
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Appendix A – Copyright Permissions 

Figure 14 is copyrighted by Emerson Global Users Exchange. Obtained email permission for 

use of the figure is shown below.  

from: Helm, Ellen [AUTOSOL/ELEC/US] <Ellen.Helm@emerson.com> 

to: "Moralina, Jesse L [AUTOSOL/PH]" <Jesse.Moralina@emerson.com>  

cc: "O'leary, Marie [AUTOSOL/ELEC/US]" <Marie.Oleary@emerson.com>, 
DL EPM Social Media Listening <EPMSocialMediaListening@emerson.com>, 
"Cahill, Jim [AUTOSOL/AUS]" <Jim.Cahill@emerson.com>  

date: 5:28 AM 

bject: Re: [EXTERNAL] Use of Website Material for Master's Thesis 

Yes, I approve.  

Thanks, 
Ellen 

On Feb 27, 2020, at 6:16 AM, Moralina, Jesse L [AUTOSOL/PH] 
<Jesse.Moralina@emerson.com> wrote: 

Hi Ellen, 

We received this inquiry below on our community email, asking permission to use the 
image below from https://emersonexchange365.com/products/electrical-components-
lighting/f/electrical-components-lighting-forum/7825/understanding-light-distribution-
patterns-for-industrial-locations 

Let us know, if this is ok with you. 

Regards, 

Jesse Moralina | Social Media Analyst | Digital and Marketing 

Emerson Automation Solutions | 15th Floor SM Cyber West Avenue | EDSA corner 
West Avenue and Bulacan St. Barangay Bungad | Quezon City | 1105 | Philippines 

T +632 8479 5100 Local 16605  

From: Meg Tidd <megtidd@email.arizona.edu> 

Sent: Thursday, February 27, 2020 4:54 AM 

To: DL EE365 Community Leaders <DLEE365CommunityLeaders@Emerson.com> 

Subject: [EXTERNAL] Use of Website Material for Master's Thesis 

Hello,  

I would like to request written permission from Emerson Global Users Exchange for use 

of the graphic below in my Master's thesis at University of Arizona. Please let me know. 

Thank you, 

Megan Tidd 

mailto:Jesse.Moralina@emerson.com
https://emersonexchange365.com/products/electrical-components-lighting/f/electrical-components-lighting-forum/7825/understanding-light-distribution-patterns-for-industrial-locations
https://emersonexchange365.com/products/electrical-components-lighting/f/electrical-components-lighting-forum/7825/understanding-light-distribution-patterns-for-industrial-locations
https://emersonexchange365.com/products/electrical-components-lighting/f/electrical-components-lighting-forum/7825/understanding-light-distribution-patterns-for-industrial-locations
mailto:megtidd@email.arizona.edu
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Figure 1 (left), Figure 15, and Figure 16 are copyrighted by RLLDesign, also known as LED 

Spot. Obtained email permission for use of the figures is shown below.  

From: Tom Kretzschmar [mailto:tom@ledspot.com] 
Sent: Wednesday, February 26, 2020 3:45 PM 

To: 'Evan Estes' 
Cc: Zondra Victor 

Subject: RE: Use of Website Material for Master's Thesis 

Megan,  

You have my permission to use the illustrations.  Good luck on your thesis.  

Tom Kretzschmar 

LED Spot 
8850 Jameel Road, Ste. 170A 

Houston, Texas 77040 

713-867-6801 Direct 
713-863-1184 Main 

800-863-1184 Toll Free 

www.ledspot.com 

tom@ledspot.com 

 
From: Megan Tidd [mailto:megantiddles@gmail.com] 
Sent: Wednesday, February 26, 2020 2:58 PM 

To: sales@exclusivelycommercial.com 

Subject: Use of Website Material for Master's Thesis  

Hello,  

I would like to request written permission from RLLDesign for use of the graphics 
below in my Master's thesis at University of Arizona. Please let me know. 

Thank you, 

Megan Tidd 

     

mailto:tom@ledspot.com
http://www.ledspot.com/
mailto:tom@ledspot.com
mailto:megantiddles@gmail.com
mailto:sales@exclusivelycommercial.com
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Use of Figure 33 from an OSA paper does not require permission since I am an author of 

that paper. Confirmation is shown below. 

Thank you for contacting The Optical Society. 

For the use of material from M. Tidd and M. Jongewaard, "Freeform Optic Design 

Method with Multiple 2D Profiles: Type III Roadway Lens Example," in Optical Design 

and Fabrication 2017 (Freeform, IODC, OFT), OSA Technical Digest (online) (Optical 

Society of America, 2017), paper JW1B.6: 

OSA only has copyright for the compilation of the conference proceedings, not the 

individual papers themselves. As the authors retain copyright to the individual paper, an 

OSA credit statement is not needed, although we do request a complete citation be 

included in any publication or adjacent to any posting. 

Please let me know if you have any questions.  

Kind Regards, 

Rebecca Robinson 

March 5, 2020 

Authorized Agent, The Optical Society 

 

The Optical Society (OSA) 

2010 Massachusetts Ave., NW 

Washington, DC 20036 USA 

www.osa.org 

    

http://www.osa.org/
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