
Robust Design of a Camera Sensor for ADAS and 
Autonomous Vehicles
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• International standards for autonomous 
driving range from full driver control 
(level 0) to fully autonomous (level 5)

• Visible camera systems are an 
important part of the sensor ecosystem 
required for level 5 autonomy

• Such systems generally require robust 
performance over a wide field-of-view
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Requirements for ADAS and the role of camera sensors

Source: https://www.embedded-vision.com/sites/default/files/technical-
articles/Texas_Instruments_spry260/Figure1.png

https://www.embedded-vision.com/sites/default/files/technical-articles/Texas_Instruments_spry260/Figure1.png
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Designing Wide-Angle Lens Systems for ADAS
• Wide-angle lens systems used for 

ADAS/AV need to provide high visual 
acuity over a large field-of-view (FOV) 
and over the full visible spectrum

• Performance measured using spot 
size, distortion, MTF

Source:
https://www.digitalphotomentor.com/photography/
2015/05/wide-angle-lenses-750px-10.jpg

https://www.digitalphotomentor.com/photography/2015/05/wide-angle-lenses-750px-10.jpg
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Use Case: Rear Visibility
• Virtually validate automotive rearview 

image against the Federal Motor 
Vehicle Safety Standard 111 
(FMVSS111) of the National Highway 
Traffic Safety Administration (NHTSA)

3D model Camera view

HFOV
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HFOV
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OpticStudio Model 
• Wide-angle systems can be designed in the sequential mode of OpticStudio

• Use Angle for the Field definition

• Designs generally require the first lens to be a large spherical (or aspheric) meniscus lens (i.e. 
a lens with small, positive radii of curvature on the front and back surfaces)
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Nominal System Design Performance
• Accurate modeling requires use of Ray Aiming
• Nominal system shows good performance over FOV and wavelength range
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OpticStudio Parameterization
• Use Ansys optiSLang to investigate design 

sensitivity to:
• Curvature of the front and back lenses 
• Position of the aperture stop and detector

• Values varied within a range of 20%
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OpticStudio Figures of Merit
• The following Merit Function operands are used by 

Ansys optiSLang for analysis:
• EFFL: Effective Focal Length
• WFNO: Working F/#
• RSCE: RMS spot radius with respect to the centroid
• GMTA: Geometric MTF (average of sagittal and tangential)
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optiSLang Sensitivity Analysis – CoP Matrix
• Effective Focal Length, Working F/# 

and RMS Spot Radius achieve very 
high model accuracy

• CoP > 90%

• Model accuracy is poor for 
Geometric MTF 

• Rapid degradation of performance 
with parameter changes
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optiSLang Sensitivity Analysis – MOP
• Post-processing shows a 3D-subspace-plot of the approximation function depending on the 

two most important parameters
• Spot Radius (RSCE) increases quadratically
• Effective Focal Length and Working F/# increase linearly
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OpticStudio – Universal Plot
• optiSLang results provide insight into which parameters have the highest impact on system 

performance
• Variational response confirmed in OpticStudio with the Universal Plot
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OpticStudio Tolerance Analysis
• Using data from optiSLang as a guide, a full tolerance analysis is conducted in OpticStudio

• Use Normal statistics for parameters under variation

• Results confirm highest sensitivity of RMS spot size and Geometric MTF to front surface 
curvature of last lens and detector position

• Currently see ~50% yield at nominal design performance
• May need to modify design or tighten tolerances to improve
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OpticStudio to SPEOS
• Once design of the camera is complete, the model can be moved into Ansys SPEOS for a full 

model simulation

Lens design SPEOS Lens System Importer Camera simulation

Zemax
Black
Box

(ZBB)

SPEOS
Lens

System
(SLS)
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Summary
• Wide-angle lenses play an important role in camera sensors used for ADAS/AV

• Such lenses can be challenging to design

• Rigorous algorithms in OpticStudio provide baseline design
• optiSLang can be used to investigate key parameters that impact system performance
• Results provide engineers insight into decisions that improve system design and reduce 

time-to-market
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