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This paper presents a review of the Photorealistic Augmented Reality field and proposes a solution for

interactively rendering virtual objects into dynamic real scenes in a photorealistic way. This solution

features a rendering pipeline that comprises techniques regarding illumination, reflectance model,

shadowing, composition, and camera effects. The techniques are chained in a flexible way, allowing the

user to choose which techniques are to be enabled. An environment map generation procedure was

developed and allows virtual objects to exhibit coherent effects such as color bleeding and specular

reflection, even when the real objects are moved. The range of materials that can be rendered was

widened by extending Lafortune’s Spatial BRDF. The implemented infrastructure is offered as an

authoring toolkit that consists of an API and a material editor tool. The aim of this authoring toolkit is to

increase development productivity of Photorealistic Augmented Reality applications. The proposed

solution was evaluated by taking into account visual and performance metrics. It allowed consistent

rendering of dynamic scenes and photorealistic materials. The frame rate obtained was suitable to

Augmented Reality applications when there were few virtual objects in the scene.

& 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Augmented Reality (AR) aims to display virtual objects registered
with the environment in real-time. In many AR applications (such as
games [1], cultural heritage [2], and interior design [3]), it is desirable
that the virtual objects appear as real as possible. Through the object’s
appearance it is possible to deduce many of its properties (material,
value, age, etc.), and therefore, the realism plays an important role in
Computer Graphics [4]. This problem can be named Real-Time
Photorealistic Rendering of Synthetic Objects into Real Scenes (RPR-
SORS). In order to tackle this, the application has to cope with features
such as coherent illumination, shadows and occlusions.

The goal of this paper is twofold. First, it surveys existing
photorealistic AR initiatives. On the other hand, it describes an
authoring toolkit for photorealistic AR conceived by the authors,
comprising aspects such as illumination, reflectance model, sha-
dowing, composition, and camera effects. The toolkit is named
RPR-SORS and consists of an Application Programming Interface
(API) and a material editor tool.

The main contributions of this work are: (1) a literature review of
the area of photorealistic AR; (2) selection, chaining and implemen-
tation of techniques inserted into a photorealistic rendering pipeline
ll rights reserved.
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for AR systems; (3) punctual extensions to Lafortune’s Bidirectional
Reflectance Distribution Function (BRDF) and the environment map
generation step of the pipeline; and (4) an authoring toolkit that
supports the development of photorealistic AR applications. Some
previous publications have approached these contributions before
[5–8]. However, this paper provides more in-depth details about
how the chosen techniques were implemented.

This paper is organized as follows. Section 2 presents some
works related to photorealistic AR. Section 3 presents an overview
of the developed authoring toolkit. Section 4 details the rendering
techniques implemented in the pipeline, emphasizing the con-
tributions made by the current work. While Section 5 explains the
RPR-SORS API, Section 6 is focused on the RPR-SORS Material
Editor. Section 7 discusses the results obtained regarding visual
appearance and performance, as well as an experimental applica-
tion developed with the toolkit. Section 8 presents a user evalua-
tion. Finally, Section 9 draws some conclusions and future work.
2. State of the art

Despite being a recent research topic, there is an extensive
amount of published works about photorealistic AR. The majority
of these publications were restricted to a specific problem, for
instance, occlusion, illumination, or shadowing. Fournier et al. [9]
were one of the first to research about this subject, proposing a
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