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Presentation Outline

• Research background

• NURBS based approach to freeform 

surface modelling and construction

• Integrated digital assessment and its 

implementation

• Ultraprecision machining trials 

• Concluding remarks
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Medical and 

Ophthalmics
Mobile Displays Transportation

• Heads-up displays 

(HUDs)

• Near-eye

• Head-worn

• Smart glass

• Assistive 

Technologies

• Ophthalmic and 

Microscopy

Research background

- Freeform surfaced devices and applications



Brunel University London 

NURBS based approach to freeform surface 

design and 3D model construction/manufacturing
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Freeform surface 

modelling and  

analysis

Freeform surfaced 

component and 

3D model 

construction

Quality assurance

- Form accuracy

- 3D surface 

parameters 

- Functionality

Ultraprecision 

machining

NURBS based integration approach and its implementation perspectives

• To develop the NURBS based integrated approach for design and modelling

of freeform surfaced components and devices.

• To design the engineering-feasible quality assessment strategy for freeform 

surfaces in the aspects of both functional and surface topography.

• To  investigate ultraprecision machining of freeform surface and the underly 

issues in processes and the process chain.
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Vari-focal lens surface modelling/construction
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Spherical Power Formula
Lens Construction Formula

Cylinder Power Formula

Additional Power Formula

Lens Surface Design Plot
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Advance algorithm for lens surface design
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Prescription
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Prescription Algorithm for surface design Data point

Designed surface
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ℎ = 𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑑𝑖𝑠𝑡𝑎𝑛𝑡 𝑝𝑜𝑖𝑛𝑡 𝑡𝑜 𝑛𝑒𝑎𝑟 𝑝𝑜𝑖𝑛𝑡

L = 𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑑𝑖𝑠𝑡𝑎𝑛𝑡 𝑝𝑜𝑖𝑛𝑡 𝑡𝑜 𝑝𝑟𝑖𝑠𝑚 𝑝𝑜𝑖𝑛𝑡
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Digital model construction and digital/virtual lens
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Designed Data 
Point

Data Point 
Parameterization

Control Points 
Calculating

Surface Model 
Construction

NURBS Equation
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Integrated digital assessment and implementation
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Surface Design

Lens Modelling

Digital Functional 
Assessment

Machining Trials

Ray Tracing

3D Surface Parameters
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Functional assessment

- ISO Standard combining with RMS value 1 of 3
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ISO Standard

Three Reference Points



Brunel University London 

Functional assessment

- ISO Standard combining with RMS value 1 of 3
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ISO Standard

Root-Mean-Square DeviationRay Tracing

Three Reference Points Lens assessment result
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Radius of 

curvature

Material refractive 

index

Local refractive 

power

Back focal 

length (BFL)

𝑓𝐵
′ = 𝐵𝐹𝐿

𝑓′ = 𝐸𝐹𝐿

Functional assessment

- Ray tracing algorithms 2 of 3
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Hybrid Parameters

Sdr

Ssc

σ𝑗=1
𝑁−1σ𝑖=1

𝑀−1𝐴𝑖𝑗 − 𝑀 − 1 𝑁 − 1 Δ𝑥 ⋅ Δ𝑦

𝑀 − 1 𝑁 − 1 Δ𝑥 ⋅ Δ𝑦

Spatial Parameters

Str

Std

Functional assessment

- 3D surface parameters 3 of 3

Texture aspect ratio
Developed 

interfacial area 

ratio

Texture direction

Arithmetic mean 

summit curvature 

of a surface
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Ultraprecision machining
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Lens Surface Design Lens Model Construction Functional Assessment

ISO Standard

3D surface 
parameters

Ray tracing

Integrated ‘digital’ process

Surface Model

Ultraprecision 
Machining

CNC Software

Toolpath
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Ultraprecision machining trials
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- Diamond turning machine (UPL250)

- Diamond cutting tools:

- Tool radius (mm): 0.335

- Included angle (deg): 60.0

- Rake angle (deg): 0

- Primary Clearance: 15.0

- Materials: Al and PMMA

- Process: slow tool servo (STS) mode

- Radial feed(mm/rev): 0.1

- Total cycle time: 9.1 mins
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Concluding remarks
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• High precision and personalized 

design and manufacturing

• Integrated digital lens assessment 

and quality assurance

• Ultraprecision machining trials -

evaluation and validation of the 

NURBS-based integration 

approach
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Thank you!
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