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Abstract 

Currently, in the process chain of precision design and manufacturing of vari-focal lenses, different data 

formats are applied in their design, ultraprecision machining and metrology while high demands on the 

geometric precision and complex surfaces of the product are steadily increasing. Transforming data 

and formats in the process chain cause the loss of precision and production inefficiency. Therefore, it 

is essential and much needed to develop a uniform approach applicable to design, manufacturing and 

measurement of freeform surfaces in the context of ever-increasing stringent ultraprecision 

requirement. In this paper, a NURBS (Non-uniform rational B-spline) based approach to modelling and 

analysis of freeform surfaces is presented in the scope of precision engineering design and 

ultraprecision manufacturing of freeform surfaced components and devices. The approach is focused 

on the characteristics of local modifiable NURBS and its invariance under affine and perspective 

changes, in the intricate relation to ultraprecision manufacturing and metrology. The approach is 

further explored and discussed through its application to design and ultraprecision machining of the 

vari-focal lens, particularly on the advanced algorithms developed and the NURBS control points at the 

component surface throughout the design, machining toolpaths generation, ray tracings for metrology 

and functionality assessment purposes. 

 

 

Figure 1: Ultraprecision machining of freeform surfaces on a diamond turning machine at Brunel 
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