Towards Faithful and High-Fidelity Synthesis of
Driving Scene Videos

Jiani Huang', Siyang Zhang?, Ziyang Li', Ser-Nam Lim?, and Mayur Naik!

! University of Pennsylvania,
2 University of Central Florida

Abstract. Driving scene generation is a fundamental problem in au-
tonomous driving. We propose TP2V, a graphic procedural approach for
generating driving scene videos from text, with an emphasis on faithful
and high-fidelity synthesis. TP2V combines the complementary capabil-
ities of language models and game engines. Language models enable to
bridge the gap between textual descriptions of driving scenes and pro-
grammatic inputs expected by game engines. Likewise, language models
in conjunction with object detection and tracking enable semantic cor-
rectness checking of the generated video at the pixel level, thereby en-
hancing robustness against errors stemming from the intricacies of game
engines. The resulting pipeline ensures correct physical dynamics, sup-
ports generating video of arbitrary length, and provides the generated
3D model for fine-grained manipulation. To effectively evaluate methods
for driving scene video synthesis, we design a comprehensive benchmark
comprising a dataset that encapsulates a wide array of traffic scenarios,
together with metrics that aim to assess faithfulness and fidelity. Our
evaluation shows that TP2V surpasses existing text-to-video generative
models while also motivating the need for future advances.
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1 Introduction

The development and training of self-driving models relies heavily on large-scale
video data [1, 30, 51]. Obtaining and labeling such data for scenarios encom-
passing diverse traffic environments, weather conditions, driving behaviors, and
other factors is a formidable and ongoing endeavor [4,7,15,41].

In this paper, we take a fresh look at this fundamental challenge by addressing
the problem of synthesizing driving scene videos from textual descriptions. Syn-
thetically generated videos offer a unique advantage in covering scenarios that
are challenging, if not impossible, to capture in the real world [10,12,24, 36, 38].
Furthermore, textual descriptions are effective at specifying a wide range of sce-
narios in an intuitive yet fine-grained manner |8, 20, 28,39, 43,47, 48|.

Two indispensable properties in this setting are faithfulness and fidelity.
Faithfulness characterizes the adherence of the videos to physical laws, com-
mon sense, and accuracy with respect to the provided textual descriptions. On
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