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Abstract. Class A surfaces are external surfaces of industrial objects, to which 
aesthetic appeal is attributed. Their design involves beyond functional criteria 
also subjective ones related to style and appearance. The design criteria include 
appropriate highlight line structures of the surfaces. Correction of highlight 
lines is usually performed interactively by the designer, which is time consum-
ing, tedious and inaccurate.  

In the current paper an algorithmic method is suggested to automatically im-
prove the quality of the highlight line structure. Application of the method is 
demonstrated by the correction of highlight line structure of industrial surfaces. 
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1 Introduction 

Most important class A surfaces can be found on cars, airplanes, ship hulls, household 
appliances, etc. Beyond functional criteria, the design of class A surfaces involves 
aspects concerning style and appearance. Creating tools supporting the work of a 
stylist is a challenging task in CAD and CAGD.  

A highlight line structure is a series of highlight lines, representing visually the ref-
lection and the shape error characteristics of the surface. They are calculated as the 
surface imprint of the linear light source array placed above the surface [1].  

The structures are evaluated by the pattern and the individual shape of the highlight 
lines. A comprehensive quality inspection can be carried out by the comparison of the 
highlight line structures of different light source and surface position settings. The 
uniform or smoothly changing highlight line pattern is essential for the high quality 
highlight line structures. 

Following the inspection, the defective highlight curve segments are selected and 
corrected. Based on the corrected highlight curves, the parameters of the surface pro-
ducing the new highlight line structure can be calculated [4]. 

In our method the correction of highlight line structure is carried out in two steps. 
First, sequences of evaluation points are defined to measure the error in terms of dis-
tance and angle functions. Next, these functions are smoothed and based on the new 
function values, new highlight line points are calculated. New highlight curve curves are 
constructed using these points. The outline of the method is summarized in Figure 1. 
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Fig. 1. Block diagram of the highlight line structure improvement method 

2 Surface Representation and Calculation of Highlight Curves 

The surfaces are represented in Bézier, B-spline or NURBS form that are widely used 
in CAD applications. The shape of S(u,v) surface is defined by an array of control 
points Pi,j and the Bézier, B-spline or NURBS basis functions [5]. The highlight lines 
are reflections of linear light sources on the surface, calculated as set of discrete high-
light points. The highlight points are points on the surface where the corresponding 
surface normal and the light source intersect each other. Let L(λ)=A+B a line 
representing a light source, where A is a point on L(λ), and B is a vector defining the 
direction of the line. The signed perpendicular distance d(u,v) between the normal 
N(u,v) at a surface point S(u,v) and the linear light source is: 

 (u, v) = ( , ) · ( , )| ( , )|  (1) 

For a point on the highlight line d(u,v)=0 holds, which must be solved for the control 
points of S(u,v). To design high quality surfaces, this relation has to be computed with 
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4.2 Definition of Distance and Angle Error Functions 

The distance error function is defined by the di,j distances between the consecutive 
sequence elements: 

 , = , ,  (5) 

The angle error function is defined by αi,j  angles between the consecutive Hi vectors: 

 , = H 1·HH 1 · H   (6) 

In Figure 5, an error function constructed from points Ei,j| i=0..N , N=5 is presented. 
The i=2…N-2 sequence of the error functions correspond to points on defective high-
light curves. The rapid and irregular changes represent the defects in the highlight 
curve structure. The function values at  i=0,1 and N-1,N correspond to points on 
highlight curves of the adjoining correct pattern. 

 

Fig. 5. Error function example 

5 Calculation of the New Highlight Curve Segments 

A proper highlight line pattern has smooth evaluation functions, without the distur-
bances seen in Figure 5 and maintains continuity with the adjoining correct pattern. 
For the correction of highlight curves new, smooth evaluation functions are calcu-
lated. Based on the new functions, points for the new highlight curves are obtained. 

5.1 Calculation of the New Highlight Curve Points 

The new function values are calculated by least square approximation method, ap-
plied on the original functions. The continuity with the highlight line structure of the 
adjoining region is ensured by constraints on function end tangents Ti

1 and Ti
2.  

The tangents are calculated as: Tj1= E0,j ‒ E1,j and Tj2= EN-1,j ‒ EN,j. 
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Fig. 10. Car body element before and after correction 

7 Summary 

A method for correcting highlight line structures is presented. The correction is result 
of two consecutive steps. In the first step, distance and angle evaluation functions are 
defined to characterize the error in the highlight curve structure. In next step, the 
functions are smoothed, and based on the smoothed functions new highlight curve 
points are calculated. The corrected highlight curves are constructed based on the new 
points.  

The defective surface area is selected interactively, the evaluation and correction of 
highlight lines is automated. The parameters of the automatic correction can be ad-
justed by the designer. 

The method is successfully implemented in the surface modeling software (Rhino 
4) widely used in industrial shape design. The method is applicable to surfaces with 
uniform or changing highlight line pattern, and wide range of highlight line errors. 
The applicability of the method was proved on number of industrial surfaces. 



238 G. Gyurecz and G. Renner 

 

References 

1. Beier, K.P., Chen, Y.: Highlight-line algorithm for real time surface quality assessment. 
Computer Aided Design 26(4), 268–277 (1994) 

2. Deb, K.: Optimization for Engineering Design: Algorithms and Examples. Prentice-Hall, 
New Delhi (1998) 

3. Gyurecz, G., Renner, G.: Robust computation of reflection lines. Journal of Machine Man-
ufacturing 1, 1–6 (2009) 

4. Gyurecz, G., Renner, G.: Correcting Fine Structure of Surfaces by Genetic Algorithm. Ac-
ta Polytechnica Hungarica 8(6), 181–190 (2012) 

5. Pigel, L., Tiller, W.: The NURBS Book. Springer, Heidelberg (1995) 
 


	Correction of Highlight Line Structures
	1 Introduction
	2 Surface Representation and Calculation of Highlight Curves
	3 Selection of the Defective Highlight Curve Segments
	4 Evaluation of he th Highlight Line Pattern
	4.1 Calculation of Eval luation Point Sequences
	4.2 Definition of Distance and Angle Error Functions

	5 Calculation of the New Highlight Curve Segments
	5.1 Calculation of the New Highlight Curve Points
	5.2 Construction of the e Corrected Highlight Curve Segments

	6 Application d and Examples
	7 Summary
	References




