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1. Vision 

The project requires an automated end-to-end design of a meta-lens-based optical 
system. The project is intended to solve the problem of the current optimization 
system not being able to optimize hybrid systems in an efficient way, which 
includes meta-lenses and normal lenses, at the same time. The goal is to create an 
automated workflow with meta-systems combining PlanOpSim software for 
nano-structure and meta-surface optimization, and OpticsStudio for system design 
in ray tracing. The project aims to design a “Master Script” controlling PlanOpSim 
and ray-tracer so that we can design and optimize a hybrid meta-lens + refractive 
lens system with one click. 

 
2. Environment 

The metasurface optimization solution provided by PlanOpSim software runs the 
simulation result on the company’s server, therefore, internet access and the 
software account are required. The Zemax software with a workable license is also 
required to run the ray tracing locally, so a laptop/desktop is required. The Zemax 
software has been acquired and is running locally on our devices. An account for 
the PlanOpSim software has been created and is running on the cloud software. 
The meta lens software runs on the cloud, therefore, a normal 16GB RAM 
computer is fine. The device is on the cloud and has a memory with up to 190GB 
of RAM.   
 
There are some Python package requirements to run the PlanOpsim software 
through the Python SDK. 

Libraries required Version 

pytest >= 5.4.2 

pillow >=9.5 

numpy ~=1.26.2 

matplotlib ~=3.8.2 
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pandas ~=2.20 

scipy >=1.4.1 

seaborn >=0.10.1 

joblib >=1.1.0 

pytz >=2022.1 

numba >=0.53.1 

Cython >=0.29.30 

requets ~=2.31.0 

msgpack ~=1.0.7 

beautifulsoup4 ~=4.12.3 

lxml >=5.1.0 

scikit-learn ~=1.4.2 

scikit-optimize  ~0.10.1 
Table 1: Required Libraries to run and debug the required code 

 
 

3. Background 

The current hybrid systems are optimized by sequentially running a ray tracer and 
meta-surface design, so that designers are manually operating both programs for 
the hybrid system optimization. Under the situation of meta-surface design is 
available to automate via PlanOpSim software development kit (SDK), and the ray 
tracing programs like Zemax can be operated via script ZOS-API. There is a 
possibility to develop a master script that could control both PlanOpSim and 
ray-tracer, and the designer could optimize this hybrid system with just one click. 
The questions that arise with this project are as follows, requiring answers by the 
end of the project.  
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a. What is PlanOpSim SDK?  
This software development kit is a Python API that bypasses the frontend 
interface and allows the program to communicate directly with the same 
database and server. The SDK API for PlanOpSim requires Python 3.10. 
 

b. What is ZOS-API(Zemax OpticStudio - Application Programming Interface) 
Zemax Optics Studio - Application Programming Interface provides a 
powerful way to customize Optics Studio and helps incorporate Optics 
Studio into advanced simulation programs like PlanOpSim 

 
4. Fitness for use 

The following is a specification of the customer-desired application that will be 
used in the final design to integrate the meta-lens and the Zemax design. An initial 
design will be provided by our customer, which they have already been working 
on. Of course, the first important step is to incorporate the two software, 
PlanOpSim and Zemax, such that the meta-lens system and the refractive system 
can be optimized simultaneously with one click. Based on the timeline of creating 
a master script, the customer and our team will proceed further. The system design 
is an additional project if we are ahead on our main project.  

Figure 1. Specification requirements for the final design system 
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5. System Block Diagram 

The flowchart showcases the desired outcome for the project. However, it is 
uncertain on the timeframe it takes to create a master script for embedding the two 
software together and understanding the optimization of the hybrid system.  

 

 
Figure 2. System Design Process in Block Diagram 

 
6. Timeline 

Fall Semester 
November: Gain access to the PlanOpSim and Zemax software 

Page | 6 
 



Automated meta lens end-to-end design (OPT 310 Senior Design) 
 

December: Learn to use the PlanOpSim software and Zemax. 
 
Spring Semester 

January: Understand ZOS-API and/or debug code provided by the customer 
February: Script the code to incorporate the two software  
March: Input simple lenses into Zemax and learn optimization 
April: Input Meta-Lens into PlanOpSim software and learn optimization 
May: Use the script for hybrid-system optimization and meet specifications 
 

7. Risk Analysis 

The scope of this project revolves around scripting a ‘master script’ that will help 
optimize any hybrid system. Therefore, manufacturing risks are not as much. We 
will mainly focus on integrating software, therefore, there are no risks involving 
manufacturing constraints, etc. 
 

8. Software 

a. Designing a system in Zemax 
Before diving deep into the customer-requested design, we first want to understand 
how to use Zemax. We start by inserting a Double Gauss lens system on the top 
bar.  
 
Since we have a background in lens design and are familiar with CODEV, using 
zemax follows the same principles and fundamentals, but with a different user 
interface. We spent time understanding the graphical user interface and inputting a 
Double Gauss system as shown in Figure 7. 
 

Page | 7 
 



Automated meta lens end-to-end design (OPT 310 Senior Design) 
 

 
Figure 3: A Double Gauss 28 degrees FOV in Zemax 

 
b. Designing a system in Zemax API (ZOS-API) 

Successfully running the Zemax sample Python code. The code covers the lens 
data input, system settings, quick optimizations, and system performance 
evaluation. The created lens system files and the ones after optimization are saved 
as .zos and can only be opened by Zemax. The intermediate results, such as the 
MTF curves data, are saved temporarily and displayed in Python once the code has 
been called. 
 
The following figures demonstrate the creation of a single lens and its optimization 
result by calling a Python script. 
 
Initial System: 
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Figure 4: Singlet lens creation in Zemax through a Python script 

 
 

After Optimization: 
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Figure 5: Singlet lens in Zemax after optimization through a Python script 
 
 

c. PlanOpSIm API_Input Parameters/Wavefront 
1. In the GUI, we can generate a wavefront using the provided code below. 

Figure 6: Program for creating a wavefront 
 

1. On the master script,  to add the NFWF script from the static txt file:  

Figure 7: Adding NFWF script from the static txt file 
 

Notice: Static txt file should be located in the same folder and look like the 
standard script that’s used in nfwf generation 
 

d. PlanOpSim API_Output Parameters 
After the design of the metasurface, the Planopsim API needs to communicate with 
the ZOS API. Hence, the Planopsim API could output the psrt file by “Raytracing 
Link” for ZOS API to read.  
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Procedure [5]:  
1. Create local analysis object 

 
2. Add local sweep 

 
3. Edit decomposition properties locally 

 
4. Edit setpoint properties locally 

 
5. Update to database and run the analysis (returns plotdata) 

 
6. Create standard plot locally 

 
7. Download psrt file for the design  

 
 

e. Manual input of metalens through ZOS_DLL 
 
This is the final step of manually combining the metalens and refractive lens into a 
single system in Zemax graphical interface. Here, we use the Planopsim API to 
generate the metasurface file with the .psrt extension. Then, the DLL tool, which is 
compatible with Zemax OpticStudio 20.1,1, is used for connecting ZOS API and 
metasurface design. As a result, the new lens system containing the metasurface 
becomes visible and ray-traceable in Zemax. 
 
Note: Ensure the .psrt file and DLL are placed in the correct directories for Zemax 
OpticStudio to function in sequential ray-tracing mode. 
 
DLL Setup (performed once or after major updates): 
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1. PlanOpSim_opticsStudioLink.dll: Place this in 
~\Documents\Zemax\DLL\Surfaces. 

2. All other supporting files: Place these in C:\Program Files\Zemax 
OpticStudio. 

 
 

Generating the .psrt File via PlanOpSim: 
1. In PlanOpSim’s Meta Component section, navigate to Ray Tracing Link. 
2. Configure the required parameters and run a new decomposition using the 

New Raytracing Link option. 
3. Download the .psrt file and save it to C:\POS_psrt\raytracing.psrt. 

○ Create the folder C:\POS_psrt if it does not exist. 
○ The file should retain the default name raytracing.psrt. 

 
Input metasurface through DLL: 

1. Prepare an initial lens system, for example, the singlet with radius of 20 and 
20 in this system. 

 
Figure 8: Inserting a singlet in Zemax with both surfaces ROC=20mm, thickness=3 

mm. This is a test run with an arbitrary lens of BK7 
 

2. In the lens surface property setting, change the surface type to user-defined 
and select the surface DLL to PlanOpsim_opticsStudioLink.dll 
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Figure 9. In the surface property setting, change the surface type and surface DLL 
 

3. Once the refractive surface has been replaced by a metasurface, we see the 
singlet focus at a different position, and our user-defined system becomes 
flat in the system. 

 

 
Figure 10: Connecting the ZOS API with the PlanOpSim software. The second 

surface has a meta-lens attached to it, user-defined-PlanOpSim_OpticsStudioLink 
 

Figure 11. 2-D Ray trace image showing the second surface is altered to a flat 
metasurface type. 
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Input the DLL Meta surface through the Zemax Python API. 

 
We find out the page where Zemax documents the (LDE) lens data editor and 
functions to change the surface type to user-defined. 
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We also run the Zemax Python code example 19, which introduces a change the 
surface type from original to coordinate break.  

Similarly, we can make user user-defined scattering surface, but we have 
experienced some problems while calling those functions and inputting the DLL.  
 

9. Project Scope 

Deliverables will include: 
● A master script that automates communication between PlanOpSim (for 

metasurface design) and Zemax OpticStudio (for refractive design).  
● A sample lens design integrated with a metasurface was tested through both 

software platforms for proof-of-concept.  
 
Depending on practicality, deliverables may also include: 

● GUI creation or integration with other optical software 
● Documentation and demonstration of the workflow, showing how to set up 

the environment and run co-optimization with a single command.  
● System design with completely satisfied specifications requirements. 
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10. We Are Not Responsible For 

We are not responsible for manufacturing a real meta lens because we are only 
working on the coding part. 
 

11. Hajim Senior Design Day 

We will present our senior design project by showcasing the master script on the 
design day. Since our project is software-oriented with no physical products, we 
will bring a laptop and a small monitor to connect with an HDMI cable to a larger 
display. We will want to present our API with PlanOpSim as well as Zemax. We 
can control and optimize both software using our Python script.  
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13. Appendix 1: Master Script 
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