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OF RAY-POLYGON INTERSECTION STAGE 
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Abstract: The way of a parallel implementation of an intersection stage for graphical scenes 
based on polygonal model is proposed. The structures of processor blocks are done. A prod-
uctivities of proposed structures are researched.  
Keywords: Ray-Tracing, performing block, parallel calculations, reconfigurable structure.  

Introduction 
Ray tracing is one of the numerous techniques that exist to render images with 

computers. Ray tracing has been used in production environment for off-line rendering for a 
few decades now. That is rendering that doesn't need to have finished the whole scene in less 
than a few milliseconds. The main specialty of Ray tracing algorithm - an action is done for 
every pixel on the screen, so this could take a long time for complex scenes. Increasing 
features of ray tracing can be done by a dramatic increase in time spent with calculations. Not 
only must the program find all the intersections with the primary rays (as in ray casting), but it 
must also find all the intersections for each secondary and shadow ray. Actually from 75 
percent to over 95 percent of a ray tracer’s time is spent with such calculations [1]. 

That is why application of parallel calculations to Ray tracing algorithm implementation 
is an actual research task. 

Analyses of mathematical expressions  
For all stages of Ray tracing algorithm [1,2] the main operation is multiplication. That is 

why an elementary performing block (EBL) has to realize a multiplication. 
For Ray-calculation stage. 
To get point – beginning of Ray via pixel (i,j) – in global system necessary to multiply 

point [xij, yij, zij, 1] by matrix E(3,3) 
 

xv =x ij · E00 + yij · E01 + zij · E02 + Pn.x, 
yv = xij · E10 + yij · E11 + zij · E12 + Pn.y,     (1) 
zv = xij · E20 + yij · E21 + zij · E22 + Pn.z. 

 

So at first it is necessary to realize 9 multiplications and then 9 additions. 
The similar system (4.2) defines conversion of point to object system: 
 

o
vx  = xv · D00 + yv · D01 + zv · D02 + Po.x, 
o
vy  = xv · D10 + yv · D11 + zv · D12 + Po.y,    (2) 
o
vz  = xv · D20 + yv · D21 + zv · D22 + Po.z. 

 

The similar system (4.3) defines conversion of viewpoint vector to object system: 
 

o
xv  = vx · D00 + vy · D01 + vz · D02 , 
o
yv  = vx · D10 + vy · D11 + vz · D12 ,     (3) 

o
zv  = vx · D20 + vy · D21 + vz · D22 . 

 

For intersection stage  

Parameter t for polygonal model has to be calculated as relation: .
div

dev
t −=  
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To calculate devisor - scalar product of viewpoint vector to normal vector of a plane: 
 

div = S = o
xv  · nx +

o
yv  · ny  + o

zv  · nz .    (4) 
 

To calculate parameter d for a plane equation: 
 

d = - ( nx · x[0] + ny · y[0] +  nz · z[0]).    (5) 
 

To calculate dividend: 
 

dev = nx ·
o
vx   + ny · 

o
vy   + nz · 

o
vz  + d.    (6) 

 

Developing of the main 
performing block 

Looking to the 1st 
equation of the system (1), it 
needs realization of 3 
multiplications and then 3 
additions (fig.1).  

Block to calculate 
dividend (expression 6) has the 
same organization.  Looking to 
the 1st equation of the system 2, 
it needs realization of 3 
multiplications and then 2 
additions. But it cat be done 
similar to previous realization, 
if value in register R3 equal to 

0. Block to calculate scalar product (expression 
4) has the same organization. Block to calculate 
parameter d for a plane equation (expression 5) 
additionally needs inversion of sign. 

That is why main performing block 
(P1BL) has the structure witch is shown on 
fig.2. To show difference let we call block with 
R3=0 as P0BL. 

Realization of intersection stage by 
applying of the main performing block 

Looking to the system (1), we can see 
that x, y and z coordinates are uncorrelated and 
can be calculated in parallel (fig.3). 

System (2) has the same organization. To 
realize the system (3) for calculation of a vector-component it ia necessary to apply block 
with R3=0 (P0BL). Looking to the expressions (4)-(6), we can see that devisor and dividend 
are uncorrelated and can be calculated in parallel. But parameter d is the 4th element of the 
expression (6) and has to be calculated before. If for dev-calculation intend of block with 
P1BL-structure to apply block with P0BL-structure, and than to the result (dev0) add 
parameter d, expressions (4)-(6) can be calculated in parallel. Fig.4 shows such parallel 
calculations. 

Research of the productivity of proposed structures 
Let operative unit needs: 

 
Fig. 1. Functional organization of a performing block to 
calculate X-coordinate of point 

 

Fig. 2. Functional organization of main 
performing block 
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- tm – number of processing 
loops for multiplication; 

- tm – number of processing 
loops for addition/subtraction; 

- td – number of processing 
loops for division; 

- t- – number of processing 
loops for unary minus. 

Simulation program [3] shows that time of Ray parameters calculation is proportional to 
the number of Rays (equal to the number of pixels) and for one Ray can be calculated as 

 

Tray = 29 · tm  + 26 · ta.  (7) 
 

Time of intersection stage 
realization for one Ray is proportional to 
the number of planes (equal to the 
number of polyhedrons multiply by 
number of planes in polyhedron 
definition) and for “one Ray crosses one 
polygon” can be calculated as 

 

Tray×plane = 9 · tm  + 7 · ta + 1· td  + 2· t-. (8) 
Let Npl – is number of planes in 

scene. For one pixel of screen time of 
execution equal 

Tpixel = Tray  + Npl ·Tray×plane      

Tpixel = 29 · tm  + 26 · ta + Npl · (9 · tm  + 7 · ta + 1· td  + 2· t-).     (9) 
 

Application of the main 
processing block P1BL or its 
modification P0BL allows to realize 3 
multi-plications in parallel. In this case 
time of 3 multiplications will be equal to 
1 tm or 4 processing loops. Application 
of 3 processing block P1BL (or P0BL) 
in parallel allows to realize 9 
multiplications in parallel. In this case 
time of 9 multiplications will be equal to 
1 tm  or 4 processing loops. Let for 
specialized operative unit:  tm =4 
processing loops; ta=t-=1 processing 
loops; td=4 processing loops. Numbers 
of processing loops for sequential and 
parallel execution for scenes’ 
complexity from 100 up to 1000 planes 
is sown on Fig.5. 

Summaries 
To improve system performance the parallel realization of intersection stage is 

proposed. For this aim structure of an elemental block (EBL) is used. The main performing 
block (P1BL) and its modification with R3=0 (P0BL) are developed. Implementations of the 
systems (4.1)-(4.3) and expressions (4.4)-(4.6) show that minimum processor unit has to 
construct 3 parallel performing block P1BL with reconfigurable structure. 

 
Fig. 3. Parallel realization of the system (4.1) 

 
Fig. 4. Parallel realization of expressions (4)-(6) 
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Fig. 5. Comparing of processing loops for sequen-
tial and parallel realizations 
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Application of the main processing block P1BL or its modification P0BL to realize 3 
multiplications in parallel reduces processing time by 46,4%.  Application of 3 processing 
block P1BL (or P0BL) in parallel to realize 9 multiplications in parallel reduces processing 
time by 66,8%. 

References: 1.  Foley, James D. Computer Graphics: Principles and Practice. Reading, 
Mass.: Addison-Wesley, 1990. 2. Malcheva R. The improving of the Ray-tracing algorithm.  
// Proceedings of ECCPM 2002. Portoroz, 2002. – Р. 537-538. 3. Мальчева Р.В. 
Исследование влияния шага трассирования лучей и коэффициента различия в цвете на 
время выполнения формирования изображения / Р.В. Мальчева, М. Юнис, А. Джамиль 
// Наукові праці ДонНТУ. Серія «Інформатика, кібернетика та обчислювальна техніка». 
– Донецьк: ДонНТУ, 2011. – Вип. 14(188). – C. 195-201. 4. Schmittler Jörg. Realtime Ray 
Tracing of Dynamic Scenes on an FPGA Chip  // Computer Science, Saarland University, 
Germany, 2004. – P.8. 
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