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Overview

SaarCOR Hardware Architecture [SCHMITTLER et al. 2002]

— Flexible, modular, and scalable hardware architecture for real-time ray tracing.
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« Ray Tracing of Dynamic Scene
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Ray Tracing of Dynamic Scenes
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Ray Tracing of Dynamic Scenes (cont'd.)
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« Shading, Secondary Ray generation
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Ray Triangle Intersection
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« Affine Triangle Transformation
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Ray Triangle Intersection (cont'd.)

« Affine Triangle Transformation
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()2008 MZClistn HFE S eta} 200834 &= 18t7| 6



Ray Triangle Intersection (cont'd.)

« Affine Triangle Transformation (cont'd.)
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Ray Triangle Intersection (cont'd.)

« Unit Triangle Intersection
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Ray Triangle Intersection (cont'd.)

« Dot Product Preservation
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Shading

« Shading Al4t= & Of 7|5t et RS EHe.
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« Ray Generation(Primary, Shadow, Reflection, Transparency, Refraction)= 7|
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— 7|2X0Ql C|H| Y [SCHMITTLER et al. 2004] S X%,
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Review: SaarCOR Hardware Architecture
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host upload: camera settings and control

Y
—

Ray-Generation Controller (RGC)

Memory Interface (Ml)
—_—

RGS-Cache

~

0

Display <

Trav-Cache
=
—

Simple
Routing

i Display -Ctrl H Bus-Man
3
h 4
Mem-Ctrl
A

List-Cache

~_ @/

upload: scene data,
camera and control

Matrix-Cache

—

™y 'S
il DynRTP-1 J| DynRTP-2 | il DynRTP-n
o0 I A ——
_l RGS | DynRTPLn-1) | > RGS
—x% i | 7 S
| W | -
g
] Ly I—f\—p/i
pu Traversal I | Traversal
./
| | -
v | | v
AN | Mailboxed List _: ( ) I__{_\_’ Mailboxed List
_J "] %—/
A b
| | g
v | || L ——
| Transformation (¢ [ | | LAyl Transformation &
g || A —
A
Intersection 5 | | Intersection
= |

T

u-014uAg

¢ 3oy

0 1 2 3
v
Memory -Chips Host System Bus
(2008 MZtTStm HRE 2t

2008stE = 18}H7|

11



Prototype and Implementation

.l

« Z=ZE ErZ FPGA SIEY 00| M 67 S 3FHO| HH=US.
— FPGAZ!: Xilinx Virtex-II 6000-4 FPGA

- DA E HE: Alpha Data ADM-XRC-II PCI-board

« 6 independent banks of 32-bit wide SRAM (each 4MB) running at the FPGA clock
speed

« PCI-bridge

« general purpose I/O-channel. This channel is connected to a simple digital to analog

converter implementing a standard VGA output supporting resolutions of up to
1024x768 at 60Hz.

— 7hgr =1 JHDL, Xilinx tool.
— OS: Linux
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Prototype and Implementation (cont'd.)
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Prototype and Implementation (cont'd.)

« ot INQ| Tzl 647l 2| kd-tree traversal MEfE NS = /U&= A X5
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— 90MHZzO|| A 40 FLOPsZ ++E| 3.

« GeForce 5900FX= 500MHz0| A 2000€] FLOPs. 2F 504j.

Unit Add Mul Div Cmp Mem
Traversal 4 — 4 13 445KB
Mailboxed List — — — — 0.8 KB
Transformation 9 9 — — 93 KB
Intersection 3 2 | — —

DynRTC-Cache — — — — 15.6KB
Shader — — — — 4.8 KB
Total 16 11 5 13 75.0KB
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Table 2: Complexity of one ray tracing pipeline measured
in floating-point units for addition, multiplication, division,
and comparison, respectively. The rightmost column also
lists the internal memory requirements including any meta-
data and global state, such as parameters for § light-
sources. Each DynRTP uses 32 threads and contains caches
that store 512 data-items each.
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Prototype and Implementation (cont'd.)
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Benchmark-Scenes and Results

e OpenRTet H|1
— Pentium-4 with 2.66GHz and 1GBRAM.
— SSE-optimized code on packets of four rays.
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Benchmark-Scenes and Results (cont'd.)
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— Multi-threading approachz &£9O| AFEE0| U3
— ClockT floating point A4t0| 2540 =4S,

#frames per second

Scene #triangles #objects SaarCOR OpenRT Speed-Up
Sceneb6 806 1 60.8 12.9 4.7
Castle 20 891 8 23.8 9.2 2.6
Office 34312 1 48.9 10.4 4.7
Quake3 39424 | 33.6 11.1 3.0
Quake3-p 52790 17 26.7 7.9 34
UT2003 52479 | 254 8.0 3.2
Conference 282 805 54 22.1 8.1 2.7
Terrain 10 469 866 264 15.9 3.5 4.5
SunCOR 187145 136 5622 32.1 7.5 4.3
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Conclusion and Future Work
« Rasterization approachX & Ray tracing= SI=2|0{0| {1210 A gtSIC}
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Conclusion and Future Work (cont'd.)
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