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ABSTRACT 

A 3D graphics shading module is presented to provide flat 
shading, Gouraud shading and Phong Shading in this paper. A 
fast Phong shading algorithm, H-test, is applied to this design. 
The features of this design is to realize the lighting model and 
interpolation by logarithm space divider, and logarithm space 
exponent. The post layout simulation results show that the 
system can operate up to clock rate of 68.9MHz. This implies 
that pixel rate up to 34.5M pixels per second and 222K 10 x 10, 
Gouraud shaded polygon rate per second and 172K Phong 
shaded polygon can be achieved. 

1. INTRODUCTION 

hading is the main stage in 3D computer graphics that S enables a two-dimensional screen projection of an object to 
look real in three dimension to human visual percception. Un- 
der the consideration of hardware cost, Grouraud shading is 
cheaper and more popular than Phong shading in hardware 
design with sacrificing Though Phong shading gives more 
accurate highlights and is generally the preferred model, it is 
much more expensive than Gouraud shading. H-test, one of the 
fast Phong shading algorithm, is adopted in the design and 
modified to achieve area-efficient hardware implementation. 

Due to the complexity of the lighting model, most chip set 
solutions devote a float point processor for shading operation. 
We have developed a dedicated cost effective architecture for 
lighting model. Hence the shading module can be fully pipe- 
lined to enhance rendering speed and throughput. 

2. ALGORITHM DESCRIPTION 

Ambience, diffuse, and specular are three main component 
in visual photology. The lighting model is defined by (Eq 1)[1] 
where L is the light source vector, N is the pixel’s normal 
vector, R is the light reflection vector, and Vis the view vector. 
Applying flat shading, each pixel within one polygon is 
determined by the polygon‘s surface normal. Thus the whole 
polygon is shaded by single brightness and is singular to human 
visual. If the vertex is shaded by vertex normal and interpolates 
the internal pixel of the polygon, this is known as Gouraud 
shadingp]. Gouraud shading is effective for shading surfaces 
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which reflect light diffusely. Phong[3j shading linearly 
interpolates the pixels’ normal within the polygon by vertex 
normal. Each pixel performs lighting module by interpolated 
normal. Phong shading produces highlights which are much 
less dependent of the underlying polygons. 

H test [6j is a test sequence to detect highlighted polygons 
by specular term. Phong method shades the highlighted 
polygon while Gouraud method shades the remainder. These 
test sequences are suitable for software but not practical for 
hardware. To reduce the test overhead, only case 1 [6] of H test 
is taken into account in this design which compares the 
directions of the polygon’s vertex normals with the direction of 
maximum highlight (Eq 2). That is, if any vertex of underlying 
polygon fits (Eq 2), the polygon will perform Phong shading. 
Otherwise if no vertex fits (Eq 2), the polygon will perform 
Gouraud shading. Simulation results show that quality of case 1 
H test is as good as Phong shading and reduce at least 2/3 of 
Phong shaded polygon if an appropriate threshold is selected. 
Once the H-test showd that the rendering polygon is not 
highlighted one, the specular term can be used to shade vertex 
intensity and act as Gouraud shading instantaneously. The test 
latency can be reduced and no additional hardware needs to 
complete test. The threshold in (Eq.2) is strongly related to the 
polygon material. 

N = H > T  .............. (Eq 2) 

Figure 1 : (a)Flat shading (b)Gouraud shading 

(c)Phong Shading (d)H test 
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3. ARCHITECTURE 

The intensity interpolation in Gouraud shading and nor- 
mal interpolation in Phong shading is accomplished by digital 
differential analyzer (DDA). The dividing operation is essential 
to evaluate slope for IIDA. With considerations of both cost 
and accuracy, the divisor is transformed to log space. The in- 
verse in log space equals the reciprocal in real space. Division 
is transformed to multiplication(Eq 3). 

A / B = A x 2  -1°S2 

There is an exponential term (N*H)n in Eq. 1. It can he 
dealt by transforming the inner product to log space. The expo- 
nent becomes multiplication again. 

... .,.... ... ...... ( Eq 3 ) 
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Figure 2 : (a) Log transform (b) Anti-log transform 

Evaluation of (Eq. 1) can he split into two stages. First, the 
two inner products (L  +N, N t H )  require six multiplications and 
two 3-input additions. In the second stage, each primary color 
of light is multiplied by the inner product to produce both 
reflection and specular terms. If applying three primary color 
simultaneously, six multipliers and three 3-input adders are 
required. The datapath with 6 multipliers and three 3-input 
adders has effective resource utilization. The datapath is 
illustrated in Figure 7. 
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Figure 3. Data flow of light unit (a) stage 1 (b) stage 2 

4. CHIP IMPLEMENTATION 
The post layout simulation results show that the system 

can operate up to 68.9MHz. That is, the pixel rate up to 34.5M 
pixels per second and 222K 10 x 10, Z buffered, Gouraud 
shaded polygon rate per second can be achieved. For Phong 
shading, the polygon rate is 172K. Table 1 lists the chip 
summary. 

Table 1 : Chip sumary 

IlDie size: 15498um x 5488um 

111 

121 

131 

141 

151 

IlPower 10.94W@50Mhz II 
Pixel rate 134.5M pixels/second K Polxon rate (Gouraud: 222K Dolwonslsec 

Figure 4. Layout of Shading module 
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