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Abstract 

Light is an electromagnetic wave, for some wavelength dependent phenomena, such 

as dispersion, interference, diffraction and fluorescence, cannot be simulate by means 

of the color-based approaches of rendering techniques. So far, spectral rendering is a 

solution to simulate these wavelength dependent phenomena. Nevertheless, it’s a 

tedious and an inefficient job to construct spectral surface reflectance curves by hand. 

In this paper, we propose an efficient rendering algorithm to render a sphere object 

with spectral Phong reflectance with real-time response. The adaptive resolution 

scheme is employed to find better tabulating entries positions. The purpose of this 

algorithm is to be combined with an interactive tool of spectral Phong reflectance 

editor, and to provide users with WYSISWYG(What You See IS What You Get) 

functionality. The results show that the algorithm achieves the requirement of 

real-time response and maintaining accuracy.  
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reflection, diffuse reflection 

1. Introduction 

The ultimate goal for photo-realistic rendering is to produce images identical to the 

human being perception of real world objects and environments[1, 2]. Great 

achievements have been made for photo-realistic rendering relative researches 

through involvement of efforts in developing methods for photo-realistic rendering. 

Unfortunately, the most researches for photo-realistic rendering are using color-based 

approaches, for example—RGB triplet, to synthesize the image of real world objects 

and environments. For some applications, the color-based approaches of rendering 

techniques can offer fruitful results. However, this cannot always be true for all of the 

rendering tasks. Since light is an electromagnetic wave, for some wavelength 

dependent phenomena, such as dispersion, interference, diffraction and 

fluorescence[3][4], can not be simulate by means of the color based approaches of 

rendering techniques. For such wavelength dependent phenomena, distinct 

wavelength of light generates different behaviors and occurrences. So far, spectral 

rendering is a solution to simulate these wavelength dependent phenomena. 

Surface reflectance is an important factor for synthesizing images. Since a reflectance 

curve for spectrum based approaches consist of plenty numerals for fractions of 

distinct wavelength reflectance. Nevertheless, someone can’t perceive colors of 



reflectance at the moment he or she construct surface reflectance curve. Therefore, 

constructing a surface reflectance curve for spectral rendering is not only a 

bothersome job, but also a blind work. No one knows how it looks like, when 

someone ask “What does the surface reflectance curve look like under a white light 

illuminated?”. Thus we thirst for a tool to help constructing surface reflectance curve 

for the reason of convenience and accuracy. We expect that this tool is capable of 

displaying the color of surface reflectance curve real-time. Besides, in order to 

construct surfaces reflectance curves not only diffuse surfaces but also shiny surfaces, 

this tool would incorporate the Phong reflectance model[5]. This would be introduce a 

demand of a algorithm, which is capable of fast rendering spectrum based with Phong 

model objects, for calculating and displaying surfaces reflectance curves edited in a 

real time manner. Unfortunately, spectrum based rendering is computationally 

expensive. Moreover, calculation of Phong model is also time consuming because the 

specular term of Phong model which involves an exponentiation. Adding these two 

terms dealt with previously up, increases the burden of efficiency for rendering. Thus 

how to accelerate the rendering process of spectral Phong model to be capable of 

rendering the image of surfaces reflectance curves in a real time manner is not only an 

interested but also a meaningful job. Several methods have been proposed to reduce 

the computational time of exponentiation required by the Phong model. The method 



which is computing (n for exponent, t for lnn te cosα , refer to figure 1 to see α ) , or 

computing the product of successively multiply t n times for reducing computational 

time is the most straightforward method but is often too slow. Schlick[6] exploit the 

expression of rational function to approximate the term -- cosnα  in the Phong model. 

The rational function technique, which did not consider properties of spectral 

computation, it can’t meet the requirement of real-time response,  although the 

rational function technique reduce the computational time required by the Phong 

model. This fact spurred us to develop a novel algorithm for fast spectral Phong 

model rendering. 

In this paper, we propose a novel algorithm for fast spectral Phong model rendering. 

The purpose of this algorithm is to provide an interactive ability for users to edit 

surfaces reflectance curves of Phong model with real-time responses. This algorithm 

uses an importance-driven division method to split the interval for tabulating 

according to the intensity of specular colors. In addition, we present a parabolic 

interpolation technique instead of linear interpolation method to improve the accuracy 

for interpolating the non-tabulated data. We implement a spectral Phong model 

visualization tool, which incorporates the fast spectral Phong rendering algorithm 

proposed in this paper, to construct and edit surface reflectance curves. The result 



shows that the algorithm proposed by us can be not only real-time response but also 

with no degradation of accuracy. 

2. Assumptions for the rendering process 

For simplicity, some assumptions for the rendering process are listed below: 

(1). The light source for this rendering technique is only one point light source. 

(2). The only one object for rendering is a sphere, which reflects the surface  

reflectance curve of spectral Phong model constructed. 

(3). The spectral Phong model involves the following items. 

   (a). Diffuse coefficients spectral curve: This is a collection of data for fractions of  

diffuse part of various wavelength. 

  (b). Specular coefficients spectral curve: This is a collection of data for fractions of  

specular part of various wavelength. 

 (c). Specular exponent spectral curve: This is a collection of data for specular  

exponents of various wavelength. 

(4). The spectral curves dealt with previously can be altered dynamically. 

(5). The light source can be altered dynamically. 

3. An efficient rendering algorithm for spectral Phong model 

3.1 Spectral Phong model 



Specular reflection is an important factor for rendering shiny objects. Specular 

reflection is when the reflection is stronger in one viewing direction, i.e., there is a 

bright spot, called a specular highlight. Phong model is an empirical result for 

modeling light reflection of diffuse, especially specular objects. The intensity of an 

object containing diffuse and specular light reflection, incorporating Phong model, 

can be expressed as follows[7]: 
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Figure 1 Specular reflection 
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L light direction
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R ideal specular reflection

V viewing direction

mplicity, only diffuse part and specular part of equation 1 would be considered. 



Combining Phong model with spectral rendering concept forms the spectral Phong 

model. Equations of the spectral Phong model need an extra parameter of λ  to 

represent the light intensity for various wavelength separately. Equation (2) is the 

light intensity expression for spectral Phong model. 
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diffuse specular

.2 Importance-driven division method 

GB triplets color system is a most popular system for most of the computer color 

onitors. Thus the final output of the visualization is also RGB-based system. The 

sult of rendering, which is in spectral model, must be transformed into RGB triplets 

r displaying. Equation (3) is a formula for translating spectral model into 

IEXYZ[8], where k is a normalizing constant, )(λφ  is spectral radiance, 

)( and )( ),( λλλ zy  are the so-called color matching functions for X, Y and Z 

rimaries, respectively. Equation (4) is a discrete version of equation (3), where [ minλ , 

max ] denotes the electromagnetic wave in the visible range, normally from 380nm to 

80 nm. Equation (5), which is a two-matrixes multiplication, is performed to obtain 

GB triplets from CIEXYZ primaries[9]. 

               (3) 

=

λ

λλλφkY )(









=

=

∫
∫
∫

λ

λ

λλλφ

λλλφ

dykZ

dy

dxkX

)()(

)(

)()(
 



 

 

 

 

Bas

Pho

maxλ 

 

 Y

 

The

para

prev

and

 

 Y

X

Z 

For

--
λ

λ=
∑

sam
               (4) 
φ


min

max

min

max

min

( ) ( )

( ) ( )

( ) ( )

X k x

Y k y

Z k z

λ λ

λ

λ λ

λ

λ λ

φ λ λ

λ λ

φ λ λ

=

=

=

= 

= 


=


∑

∑

∑
XYZ 
               (5) [ ]

e on the previous description, the X, Y and Z value of arbitrary point for spectral 

ng model can be calculated as follow: 
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 fatt and cosθ  term in the diffuse part of equation (6) is irrelevant to the 

meter λ , but is relevant to the geometry of points rendered, in another word the 

ious two terms is relevant to the distance and direction between points rendered 

 light source. Thus equation (6) can be rewritten as equation (7): 
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would save much time in rendering. 

The calculation of specular part is the most time consuming calculation of equation 

(7). We assume that Xsp, Ysp and Zsp ,as shown in equation (8), represent the radiance, 

which come from the contribution of specular part of equation (7), of CIEXYZ 

respectively. Beside, Rsp, Gsp and Bsp denote the RGB value for Xsp, Ysp and Zsp. 

 

                (8) max
( )( (Y k

λ

max

min

min

max

min

( )

( )

( ( ) ( ) cos ) (

) ( ) cos ) (

( ( ) ( )cos ) (

n
sp att p s

n
sp att p s

n
sp att p s

X k f I k x

f I k y

Z k f I k z

λ
λ

λ λ

λ

λ λ

λ
λ

λ λ

λ λ α λ

λ λ α λ

λ λ α

=

=

=

=

=

=

∑

∑

∑ λ

 

)

)

) 

Combining color matching function with XYZ-to-RGB matrix, we obtain a 

spectra-to-RGB matrix as equation (9). 

 

                (9)   

min min min

min min min

max max max

1 1 1

( ) ( ) ( )
( ) ( ) ( )Spectra

. . .

. . .
( ) ( ) ( )

x y z
x y y XYZ

to to
RGB RGB

x y y

λ λ λ

λ λ λ

λ λ λ

λ λ λ
λ λ λ

λ λ λ

+ + +

 
    

   =  
   

  





  

 

Hence, we can calculate Rsp, Gsp and Bsp as follow: 
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The simplest way to approximate the specular part for RGB intensity value is to use a 

uniform interval division tabulation method. It is quite simple and fast, but it 

introduces a significant error. As figure 2 shows, (a) and (c) are rendered according to 



equation (6). (b) and (d) are rendered by uniform interval tabulating. It is obvious that 

(b) and (d) are quite different within the highlight specular area. To reduce the error 

resulted from uniform interval tabulating would consume a lot of memory.  

  

  
Figure 2 (a). Normal, distant view image, (b). Uniformly tabulating, distance view image, (c). 

Normal, close view image, and (d). Uniformly tabulating, close view image 

 

 
Figure 3 Plot of cosnα  

Figure 3 is a plot for the relationship among ,  cos  and cosnn α α

cosn

. It’s obvious that 

for sufficiently large numbers--n, most of the values of α  are approaching to 0, 



but only few values of cosnα  are greater than 0. To give consideration to computing 

time and accuracy of results, we develop an adaptive resolution scheme to tabulate the 

value for Rsp, Gsp and Bsp. As shown in figure 4, the basic ideal of the adaptive 

resolution scheme is that the density of resolutions or intervals of the tabulation are 

according to values of the cosnα  term. The resolution is lower while values of 

cosnα  are smaller. On the contrary, the resolution is higher while values of cosnα  

are larger.  
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Figure 4 adaptive resolution scheme 
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For simplicity, αcos  is represented as t. We then define three functions 
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 the following text, we will depict the calculation for R(red) only, the other two 

lors of G(green) and B(blue) are deduced as R(red). Assuming that the tabulation is 



divided into m intervals, and the m intervals are grouped into p segments, which are 

numbered as S0, S1, S2,…,Sp-1. For clarity, we restrict that m should be divisible by p. 

For every segment there is 1
p

 weighting and m
p

 intervals. For adaptive resolution 

scheme, we need to find the values for every segment Sq such that W(Sq)= 1 q
p
⋅ , 

where W(t) denotes the weight at t. In other words, we need to find the values of S0, 

S1, S2,…,Sp-1, Sp, to result in that every interval holds the equal weight. Thus we 

define a function, which is called importance ratio function or weight function, 

written as ir(t). ir(t) denotes the importance ration at point t. Mathematically, 
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 addition, the inverse importance ratio function written as iir(w), denotes a mapping 



from weight to t value. Generally, iir(ir(t))=t, ir(iir(w))=w. Equation (15) solves t 

value for arbitrary w, where .  0 1w≤ ≤ .0
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After the values of all segment of S1, S2,…,Sp-1, Sp have been solved, each interval 

value for table look up could be determined. Since each segment covers the same 

number of intervals, each interval value for table look up could be determined as 

equation (16). 
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 5, figure 6 and figure 7 are three combinations of reflectance, named R1, R2 

3 respectively. (g), (h), (i) and (j) of figure 5, figure (6) and figure (7) are 

al curve of point light source, spectral curve of diffuse coefficients of Phong 

, spectral curve of specular coefficients of Phong model and spectral curve of 

ents of Phong model respectively. In figure 5, figure 6 and figure 7, (a) and (d) 

ages without tabulating, (b) and (e) are images rendered by using the algorithm 

sed in this paper with 200 tabulating entries, (c) and (f) are images rendered by 

uniform interval tabulating with 200 tabulating entries, (d), (e) and (f) are the 



zoom in version images of (a), (b) and (c), respectively. Using (a) and (d) as standard 

images, compare (e) with (f) and (b) with (c), it is obvious that (c) and (f) in three 

images described above generate significant errors. RMS error and response time for 

rendering of three rendering types (without tabulating, our algorithm and uniform 

interval tabulating) are summarized in Table 1. These data are measured under an 

AMD Athlon 700MHZ CPU, which is running Micorsoft Windows 2000 OS. 

According to Table 1, (b) and (e) are with an acceptable real-time response and an 

acceptable RMS error, regardless of combination of reflectance. Obviously, Table 1 

give the information of examining superiority of our algorithm.  

Table 1 response time versus RMS error of various rendering methods 

Combination Images RMS error Response time 

(a) Standard image 3.658 seconds 
(b) 0.067 0.382 second 
(c) 0.252 0.291 second 
(d) Standard image 11.777 seconds 
(e) 0.570 0.606 second 

R1 

(f) 2.053 0.43 second 
(a) Standard image 5.438 seconds 
(b) 0.177 0.495 second 
(c) 1.198 0.331 second 
(d) Standard image 11.847 seconds 
(e) 1.570 0.712 second 

R2 

(f) 11.524 0.461 second 
(a) Standard image 3.685 seconds 
(b) 0.040 0.490 second 
(c) 0.943 0.311 second 

R3 

(d) Standard image 11.707 seconds 



(e) 0.189 0.610 second  
(f) 7.732 0.401 second 

5. Conclusion 

We have developed an efficient algorithm by which a sphere object modeled with Phong 

reflectance model can be rendered in real-time using spectral rendering. This algorithm 

consists of adaptive resolution scheme and parabolic interpolation techniques. Adaptive 

resolution scheme diminishes the requirement for tabulating entries with no degradation of 

accuracy. Parabolic interpolation raises the accuracy without increasing the demand for 

memories. These techniques can reduce the memory requirement demanded by tabulating 

entries and reduce time required by rendering in an acceptable range of error, which can be 

adjusted by alternating the number of tabulating entry.  

The functionality of the algorithm proposed in this paper is to edit spectral curve for Phong 

reflectance model in a WYSISWYG(What You See IS What You Get) manner. This work 

exhibits the first effort on editing of spectral curve of reflectance. For the integrity of a 

spectral curve of reflectance editing tool, the following enhancements should be achieved in 

the near future. 

● Phong reflect model is not physically plausible, the modified Phong model[10, 11], which 

is physically plausible, is to substitute it. 

● Use of a non point light source instead of a point light source to render more naturally. 
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Figure 5 Combination of reflectance R1. (a). Zoom out image 
without tabulating. (b). Zoom out image rendered by 
algorithm proposed with 200 tabulating entries. (c). Zoom out 
image rendered by uniform interval tabulation with 200 
tabulating entries. (d). Zoom in image of (a). (e). Zoom in 
image of (b). (f). Zoom in image of (c). (g). Spectral curve of 
light (h). Spectral curve of diffuse coefficients. (i). Spectral 
curve of specular coefficients. (j). Spectral curve of exponents

 



 

 

 

 

Figure 6 Combination of reflectance R2. (a). Zoom out image 
without tabulating. (b). Zoom out image rendered by 
algorithm proposed with 200 tabulating entries. (c). Zoom out 
image rendered by uniform interval tabulation with 200 
tabulating entries. (d). Zoom in image of (a). (e). Zoom in 
image of (b). (f). Zoom in image of (c). (g). Spectral curve of 
light (h). Spectral curve of diffuse coefficients. (i). Spectral 
curve of specular coefficients. (j). Spectral curve of exponents

 

 



 

 

 

 

Figure 7 Combination of reflectance R3. (a). Zoom out image 
without tabulating. (b). Zoom out image rendered by 
algorithm proposed with 200 tabulating entries. (c). Zoom out 
image rendered by uniform interval tabulation with 200 
tabulating entries. (d). Zoom in image of (a). (e). Zoom in 
image of (b). (f). Zoom in image of (c). (g). Spectral curve of 
light (h). Spectral curve of diffuse coefficients. (i). Spectral 
curve of specular coefficients. (j). Spectral curve of exponents
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