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Abstract. Accurate visible-to-thermal image generation holds signifi-
cant application value in fields such as vehicle detection and autonomous
driving. However, existing methods often suffer from the problem that
the generated results are inconsistent with environmental conditions and
vehicle states (e.g., moving/static). Moreover, the scarcity of synchro-
nized and calibrated visible-thermal image pairs has further hindered
the development of these fields. We propose AV2T-Gen, an innovative
environment and vehicle guided visible-to-thermal generation framework
built upon the Instruct-Pix2Pix Diffusion Models for aerial imagery,
which distinguishes itself from existing methods by explicitly incorpo-
rating environment parameters and vehicle state information for the
first time. The framework first maps images to the latent space using
a VAE to process image features efficiently, and then generates direc-
tional features for vehicles in different environmental conditions using
multimodal feature information. Meanwhile, we also proposed a visible-
thermal paired dataset with environmental conditions and vehicle states.
Experimental results have demonstrated that the generated thermal im-
ages outperform existing approaches in terms of physical realism and
vehicle detail discrimination significantly, with more accurate reflection
of environmental and vehicle characteristics. The code is available at
https://github.com /NPU-CVPG/AV2T.
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1 Introduction

Thermal imaging technology has become a crucial means of achieving reliable
scene understanding in complex environments. Its ability to present contrasts
caused by temperature differences is independent of external lighting conditions.
This importance is even more prominent in RGB-T fusion tasks [1].
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Annotated Paired RGB-T Datasets
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Fig. 1: Our method takes environmental conditions and target motion states as condi-
tions to generate thermal images that both comply with radiometrically plausible and
are consistent with the context. Additionally, we propose a novel paired visible-thermal
imaging dataset, which is annotated with rich environmental and target metadata.

Recent studies have explored this technology to improve tasks such as pedes-
trian detection , segmentation , and vehicle detection . These
methods typically rely on paired RGB images and thermal images. However,
capturing thermal images requires specialized hardware, including infrared cam-
eras and sensors, making dataset collection both expensive and labor-intensive.
Meanwhile, accurately aligned visible-thermal image pairs are even more chal-
lenging to obtain. These limitations have prompted the use of generative models
to synthesize thermal images from RGB inputs as a more scalable and flexible
alternative. This approach ensures perfect alignment of details between authen-
tic RGB images and their synthesized thermal image counterparts, providing
high-quality data for tasks that require precise cross-modal correspondences,
such as dense feature matching |§|, and keypoint matching . Benefiting
from these advantages, recent studies have demonstrated signif-
icant improvements in model performance on downstream tasks by leveraging
synthesized RGB-T datasets.

Early methods relied on Generative Adversarial Networks (GANs) [13][15]21],
but they often struggled with overfitting in low-data regimes and failed to pre-
serve physical realism. Diffusion models (DMs) later emerged as a more
stable alternative, leveraging their ability to model complex distributions. How-
ever, many still treat translation as a style transfer task, neglecting critical fac-
tors such as vehicle-specific thermal signatures and environmental variability.
ThermalGen [24] employs a flow-based generative model to develop an RGB-T
conversion model that generates high-fidelity thermal images across diverse per-
spectives, sensor characteristics, and scenario categories. F-ViTA introduced
a paradigm shift by integrating foundation models (e.g., SAM , Grounded
DINO [18], and CLIP [23]) to guide diffusion, outperforming state-of-the-art
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methods across near-infrared (NIR), medium-wave infrared (MWIR), and long-
wave infrared (LWIR) bands while generalizing well to out-of-distribution sce-
narios.

Despite this progress, key gaps remain. Existing methods often lack explicit
mechanisms to model dynamic environmental parameters (e.g., ambient tem-
perature) or vehicle states (e.g., motion), leading to generated thermal images
that do not align with real-world physics. Additionally, while F-ViTA enables
multi-band translation via text prompts, few approaches combine the strengths
of foundation-model guidance with fine-grained control over scene-specific fac-
tors. Moreover, the scarcity of datasets annotated with environment and vehicle
metadata limits the ability to train models that generalize across complex, un-
constrained scenarios.

In this work, we introduce AV2T-Gen, a novel framework that bridges these
gaps by integrating environment-awareness and vehicle-state modeling into a
diffusion-based translation pipeline (Fig. [1] right). Building on the foundation
of model guidance, our approach explicitly incorporates dynamic context, such
as ambient conditions and vehicle motion states, to generate thermal images
that are both physically consistent and contextually aligned. Furthermore, we
present a new paired visible-thermal dataset (Fig. [1]left) annotated with rich
environmental and vehicle metadata, addressing the data scarcity in context-
aware translation tasks.

Thus, our contributions are as follows:

— Environment parameters are systematically integrated into multimodal in-
put. A precise modal alignment mechanism ensures that generated infrared
images accurately reflect environmental conditions, boosting their physical
realism and scene adaptability.

— Leveraging vehicle states (e.g., static/dynamic), fine-grained generation of
infrared features is achieved. This closely aligns the generated results with
the vehicle’s actual state, enhancing detail discriminability and state consis-
tency in infrared images.

— A paired aerial-based dataset of visible and infrared images with a contin-
uous time series is constructed. It provides synchronized, calibrated image
pairs along with detailed annotations of environmental conditions and vehi-
cle states, offering high-quality data support for cross-modal generation and
fusion tasks that better align with real dynamic scenes.

2 Related Work

2.1 Synthetic Thermal Data in Downstream Tasks

Recent studies have shown a growing trend of leveraging synthetic thermal data
to enhance downstream tasks. XoFTR [35] applies random cosine transforms
to RGB images to improve cross-modal alignment performance. This alignment
capability can serve downstream tasks that rely on cross-modal collaboration;
AVIID [8] directly utilizes synthetic aerial thermal data for the downstream
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task of vehicle detection; STGL [37] and STHN [[35, 38], by synthesizing RGB-T
datasets, have respectively improved the performance of two types of downstream
tasks: satellite-thermal image retrieval and homography estimation. These stud-
ies demonstrate that thermal image synthesis is a practical and feasible solution
to address data scarcity in downstream tasks. In this study, we propose a general-
purpose RGB-T image translation model that generates high-quality synthetic
thermal data for widespread application in improving the performance of various
downstream tasks.

2.2 GAN-Driven RGB-Thermal Image Translation

In the existing literature, the conversion from visible light to thermal imaging has
been extensively studied, with most approaches addressing this problem using
Generative Adversarial Networks (GANSs). Early studies [8,10| 14, 30] primarily
employed GAN-based methods|[7] to synthesize photorealistic thermal images,
adopting models like Pix2Pix [9,32], an image-to-image translation model based
on conditional adversarial networks and Cycle-GAN [43], which achieves stable
training by introducing additional consistency loss. However, these early GAN
models were not explicitly designed for the visible-to-thermal imaging task.

To address this speci city, researchers have proposed task-oriented GAN-
based approaches, such as ThermalGAN [13], which leverages thermal imag
ing features for human recognition, and InfraGAN [21], which enables infrared-
domain translation for general scenes via pixel-level losses and structural similar-
ity. In recent years, advances in the eld have followed two paths: on one hand,
GAN-based research has been re ned with methods like EGGAN [15], which
utilizes edge map information of natural scenes to guide the conversion process;
on the other hand, more recent studies [24,42] have shifted to exploring di usion
model-based approaches to achieve higher delity in thermal image synthesis.

2.3 Diusion-Model-Powered RGB-Thermal Image Translation

As an alternative to the aforementioned GAN-based methods, the recently pro-
posed PID [19] adopts di usion models to accomplish the conversion task. Ad-
ditionally, this study introduces physically meaningful loss functions to pre-
serve the physical properties of the generated infrared images. Another notable
di usion-based method, F-ViTA, can produce high-quality conversion results
across three scenarios: LWIR, MWIR, and NIR.

Beyond GAN and di usion model frameworks, recent style transfer meth-
ods [3,5,28,33,40] have also explored text-guided and style-image-guided trans-
fer paradigms. However, RGB-T image conversion faces unique challenges due
to fundamental di erences between modalities: on the one hand, the RGB and
thermal domains cannot directly share weights; on the other hand, e ective
conversion requires learning complex cross-modal relationships across di erent
RGB-T datasets. These challenges make it di cult to directly apply RGB-style
transfer methods to robust RGB-T image conversion models.
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