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Figure 1: The extended 3D Mark Mobile OpenGL ES 1.X (left) and 2.0 (right) engines r

Abstract

This paper presents a new graphics architecture enabling content-
rich applications for the embedded space by extending hardware
architecture in two main areas - geometry processing and config-
urable per-fragment shading. Our first contribution combines ver-
tex cache and a programmable geometry engine that handles both
fixed and variable size geometrical primitives completely on-chip.
It enables subdivision surface tessellation, silhouette rendering and
other geometry processing algorithms to be implemented in one
pass and without external memory access. Our second contribu-
tion is in configurable per-fragment shading that is mainly a dot
product + lookup table machine being versatile enough to realize
Cook-Torrance shading, Schlick anisotropy model and others.

Moo 4 Tanaadarss Bl A A a

ing on ASIC impl.
Extensions include primitive processing and per-fragment shading presented in the paper with content featuring on-chip subdivision for the
curtain, coal pot and bear, on-chip silhouette rendering-based soft shadow mapping and particle systems rendering with application-specified
geometry shaders, Cook-Torrance shading on the main characters and other scene objects and Fresnel-like planar reflections on the floor.

s of our architecture.

1 Introduction

3D graphics has become common in a variety of applications on
numerous embedded platforms. Mobile phones, car navigation sys-
tems, game consoles, cameras etc often provide rendering capabili-
ties used in games, 3D interfaces and so on. While low-poly models
and simple shading is often an only option for mobile phone appli-
cations, those for car navigation and game consoles usually have
access to several times bigger screens, both in resolution and phys-
ical dimensions. Here, power source is not so limiting, and applica-
tions rival with their desktop counterparts in terms of visual effects,
but memory bandwidth might still be a constraint. Custom archi-
tectures and proprietary solutions prevail in this area, targeting high
performance in the XBox 360 case [Andrews and Baker 2006] and
reduced silicon size and power consumption for Sony PSP [Imai
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