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RESEARCH OF PRODUCTIVITY OF A PARALLEL INPLEMENTATION
OF RAY-POLYGON INTERSECTION STAGE

Malcheva R.V., Kovalev S.A., Mohammad Yunis
DonNTU, Donetsk, Ukraine
Ten.:+38(062)3010735; E-mail: raisa@cs.dgtu.donetsk.ua

Abstract: The way of a parallel implementation of an intet&et stage for graphical scenes
based on polygonal model is proposed. The strustafgorocessor blocks are done. A prod-
uctivities of proposed structures are researched.
Keywords: Ray-Tracing, performing block, parallel calculats reconfigurable structure.
Introduction
Ray tracing is one of the numerous techniques &xadt to render images with
computers. Ray tracing has been used in produet@ironment for off-line rendering for a
few decades now. That is rendering that doesnd tee@ave finished the whole scene in less
than a few milliseconds. The main specialty of Raging algorithm - an action is done for
every pixel on the screen, so this could take a lome for complex scenes. Increasing
features of ray tracing can be done by a dramatiease in time spent with calculations. Not
only must the program find all the intersectioniwthe primary rays (as in ray casting), but it
must also find all the intersections for each sdeoy and shadow ray. Actually from 75
percent to over 95 percent of a ray tracer’s tisngpient with such calculations [1].
That is why application of parallel calculationsRay tracing algorithm implementation
is an actual research task.
Analyses of mathematical expressions
For all stages of Ray tracing algorithm [1,2] thaimoperation is multiplication. That is
why an elementary performing block (EBL) has tdiresa multiplication.
For Ray-calculation stage
To get point — beginning of Ray via pixel (i,j) r global system necessary to multiply
point [%;, Vi, z, 1] by matrix E(3,3)
Xv =Xijj - BEpo+Vj - o1+ zj - Bpo + BuX,
Yv=Xj- B0ty E1t+7zExt+Ry, (1)
Zy=Xj-Botyj - B1+7z B2+ h.z

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

X9 =% Doo+ Yy - Dor+ % - Doz + Po.X,
Yy =% Dio+ W - Dii+2 - Dia+ Py, (2)
2) =X Do+ Y- D+ 2 Dyt Poz.

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

o _
Vx = Ve DOO+Vy' D)1+VZ'D02,

o _

Vy =V Dot w - Diit Vv, Dio, (3)

o _
Vz = Ve D20+Vy' D21+Vz' D22-

For intersection stage
dev

Parameter t for polygonal model has to be calcdlaterelationt = "
\%
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To calculate devisor - scalar product of viewpe@ttor to normal vector of a plane:
div=S=vQ -n+vy - +vy-n. (4)

To calculate parameterfor a plane equation:
d=-(nx[0]+n-y[0]+ n-z0]). (5)

To calculate dividend:
dev=mn-xy +n-yJ +n-z90 +d. (6)

Developing of the main
performing block

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

Block to calculate
dividend (expression 6) has the
same organization. Looking to
the £' equation of the system 2,
it needs realization of 3
multiplications and then 2
additions. But it cat be done
Fig. 1. Functional organization of a performing dato  gimilar to previous realization,
calculate X-coordinate of point if value in register R3 equal to

Data Bus 0. Block to calculate scalar product (expression

-LL LL l,L U' 4) has the same organization. Block to calculate

parameted for a plane equation (expression 5)
EBL1 EBL2 EBL3 R3| additionally needs inversion of sign.

\ J \ J That is why main performing block
+ B Y (P1BL) has the structure witch is shown on
: fig.2. To show difference let we call block with
R3=0 as POBL.
: 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 veacomponent it ia necessary to apply block
with R3=0 (POBL). Looking to the expressions (4)-(@e can see that devisor and dividend
are uncorrelated and can be calculated in pardle.parameted is the 4' element of the
expression (6) and has to be calculated beforéoritievcalculation intend of block with
P1BL-structure to apply block with POBL-structurand than to the resultd€y) add
parameterd, expressions (4)-(6) can be calculated in parab&).4 shows such parallel
calculations.

Resear ch of the productivity of proposed structures

Let operative unit needs:

Fig. 2. Functional organization of main
performing block
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Data Bus - tm — number of processing

U JVL JVL loops for multiplication;
- tm — number of processing

loops for addition/subtraction;

P1BL_x P1BL_y P1BL 7 - ty — number of processing
' ' i loops for division;
XV yv zv

- t — number of processing
loops for unary minus.

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

Data Bus
Tray=29 ';']+26 '&. (7)

{4 i 4

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

Time of intersection stage
realization for one Ray is proportional to

POBL_dev, POBL_d poBL div | the number of planes (equal to the
e‘—]‘, div number of polyhedrons multiply by
% 4?" number of planes in polyhedron

i _l ~ b definition) and for “one Ray crosses one

TrayXpIane: 9 - h+7-t+1-+2-1 (8)
Let Ny — is number of planes in
jScene. For one pixel of screen time of
execution equal
Tpixel = Tray + Npl 'TrayXpIane

% & polygon” can be calculated as
Reg dev
t

Fig. 4. Parallel realization of expressions (4)-(6

Tpixet =29 - h +26 -4+ Ny - (9 - H+7 -6+ 1- 4+ 2-1). )
600000 Application  of the main
55000,0 processing block P1BL or its
50000,0 modification POBL allows to realize 3
45000,0 multi-plications in parallel. In this case
8 400000 time of 3 multiplications will be equal to
S 350000 | 1 t, or 4 processing loops. Application
g 300000 of 3 processing block P1BL (or POBL)
S 250000 in parallel allows to realize 9
5 200000 - multiplications in parallel. In this case
§ 15000,0 time of 9 multiplications will be equal to
Z 100000 1 1 t, or 4 processing loops. Let for
50000 specialized operative unit: ,t=4
0.0 1 processing loops; #t=1 processing

1 2 3 4 5 6 7 8 9 10 .
loops; t=4 processing loops. Numbers

of processing loops for sequential and
Fig. 5. Comparing of processing loops for sequeiparallel execution  for  scenes’

tial and parallel realizations complexity from 100 up to 1000 planes
is sown on Fig.5.

Number of planes, hundreds

Summaries

To improve system performance the parallel reabmatof intersection stage is
proposed. For this aim structure of an elementatllEBL) is used. The main performing
block (P1BL) and its modification with R3=0 (POB&je developed. Implementations of the
systems (4.1)-(4.3) and expressions (4.4)-(4.6)wstiat minimum processor unit has to
construct 3 parallel performing block P1BL with eafigurable structure.
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Application of the main processing block P1BL @& mhodification POBL to realize 3
multiplications in parallel reduces processing tine46,4%. Application of 3 processing
block P1BL (or POBL) in parallel to realize 9 mpltcations in parallel reduces processing
time by 66,8%.

References: 1. Foley, James D. Computer Graphics: PrinciplesRuadtice. Reading,
Mass.: Addison-Wesley, 199Q. Malcheva R. The improving of the Ray-tracing aitjon.
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Tracing of Dynamic Scenes on an FPGA Chip // Camp6&cience, Saarland University,
Germany, 2004. — P.8.
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