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ABSTRACT

Autonomous driving relies on robust models trained on large-scale, high-quality
multi-view driving videos. Although world models provide a cost-effective so-
lution for generating realistic driving data, they often suffer from identity drift,
where the same object changes its appearance or category across frames due to
the absence of instance-level temporal constraints. We introduce ConsisDrive,
an identity-preserving driving world model designed to enforce temporal consis-
tency at the instance level. Our framework incorporates two key components:
(1) Instance-Masked Attention, which applies instance identity masks and tra-
jectory masks within attention blocks to ensure that visual tokens interact only
with their corresponding instance features across spatial and temporal dimen-
sions, thereby preserving object identity consistency; and (2) Instance-Masked
Loss, which adaptively emphasizes foreground regions with probabilistic instance
masking, reducing background noise while maintaining overall scene fidelity. By
integrating these mechanisms, ConsisDrive achieves state-of-the-art driving video
generation quality and demonstrates significant improvements in downstream au-
tonomous driving tasks on the nuScenes dataset. Please refer to the project page
for additional video results in the supplementary materials.

1 INTRODUCTION

Autonomous driving has attracted extensive attention from both academia and industry over the past
decades |Shi et al.| (2016)); [Zheng et al.|(2024a); Chen et al.| (2024)); Jiang et al.|(2023). To achieve re-
liable performance, autonomous systems rely on high-quality, large-scale multi-view driving videos
with precise annotations, which are essential for training perception, tracking, and planning mod-
els. However, collecting and labeling such real-world driving data is both costly and labor-intensive.
Benefiting from the rapid advancements in generative video models|Lei et al.[(2023)); X1 et al.[(2025));
Zheng et al.| (2024b)); [HaCohen et al.| (2024); Wang et al.| (2024a)); (Gao et al.| (2024a); [Zhou et al.
(2024); Ho et al.| (2022)); [Blattmann et al.| (2023)); Hul (2024); [Wang et al.| (2023a}; 2024b)); Bar-Tal
et al.[ (2024); |Gupta et al.| (2024)), driving world models [Zhao et al.| (2024)); |Wen et al.| (2024); Jia
et al.| (2023); [Wang et al.| (2023c); |Gao et al.| (2024b) have emerged as a promising alternative.
These models can synthesize diverse and realistic driving scenarios at scale, significantly reducing
the demand for costly data collection and annotation.

Instance identity preservation across frames is critical for generating realistic driving videos, as it
directly affects video quality [Unterthiner et al.| (2018)) and determines their applicability in down-
stream autonomous driving tasks. For example, multi-object tracking Wang et al.| (2023b) and per-
ception tasks Wang et al.| (2023b) require temporally stable instance appearances to ensure reliable
temporal context understanding. Similarly, planning [Hu et al.| (2023)) relies on temporally coherent
trajectories of surrounding agents to support accurate motion forecasting. These requirements ne-
cessitate that the world model consistently maintains instance identities—such as category, color,
and shape—across consecutive frames, ensuring continuity in both appearance and behavior of dy-
namic objects. From a broader perspective, the ability to preserve instance identity is essential for
world models to effectively capture the underlying dynamics of real-world environments. Techni-
cally, enforcing strong temporal consistency improves the reliability of autonomous driving models
trained on synthetic data, ultimately enhancing their generalization to real-world scenarios.
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Figure 1: Limitations of Prior Works in Instance Identity Preservation Across Frames. (a)
Category Shift: In DriveDreamer2 [Zhao et al| (2024), the bus gradually turns into a truck, indi-
cating a failure to preserve semantic identity over time. (b) Color Shift: In MagicDrive-V2
(2024b), the car’s color changes inconsistently across frames, violating temporal appearance
consistency. (¢) Foreground Dilution: In Panacea (2024), scene-level supervision di-
lutes supervision over critical foreground regions, breaking temporal identity consistency for small
instances like pedestrians. In contrast, our method explicitly enforces instance-level temporal con-
straints, maintaining consistency across frames and effectively addressing these issues.

However, existing diffusion-based world models frequently suffer from identity drift, where the same
object changes its appearance or even category across frames (e.g., a red car becoming black, or a bus
turning into a truck), as shown in Fig.[T] Such identity inconsistency severely degrades video realism
and limits the applicability of generated data for downstream driving tasks. We identify three major
root causes of this problem. First, the absence of explicit instance identity conditions prevents the
model from anchoring consistent identities over long horizons. For example, DriveDreamer2
let al.[ (2024) does not incorporate instance-specific conditions such as category, leading to noticeable
semantic shifts, as illustrated in Fig.[I[a). This highlights the necessity of injecting explicit instance
identity signals into the generation process. Second, the attention mechanism of current diffusion
transformers is not instance-aware. For instance, FLUX’s MMDiT (2024) computes 3D full
attention across all visual tokens from different instances. This makes the attention mechanism
unreliable and causes information leakage between different instances. Models such as MagicDrive-
V2 (2024Db) integrate temporal attention layers to enhance inter-frame global coherence,
they lack fine-grained, instance-aware temporal alignment, suffering from identity inconsistencies
such as color shifts, as shown in Fig. [[(b). This underscores the need for instance-aware attention
mechanisms. Third, existing training objectives (2024) apply uniform supervision over
the entire frame, forcing the model to reconstruct both background pixels (e.g., sky, buildings) and
critical foreground regions with equal importance. Since background pixels dominate the scene, this
supervision dilution prevents the model from focusing on fine-grained identity-preserving features.
Consequently, foreground temporal consistency is easily broken, especially for small objects, as
shown in Fig.[T[c) in PanaceaWen et al| (2024). This motivates the design of instance-aware training
objectives that emphasize foreground regions.

To address the above challenges, we propose ConsisDrive, an identity-preserving driving world
model specifically designed to enforce instance-level temporal consistency. Our framework incor-
porates instance awareness into both the attention mechanism and the training objective, guided
by carefully constructed instance masks. In particular, we introduce two core components: The
Instance Masked Attention (IMA) module explicitly guides the model’s attention towards each in-
dividual instance, effectively preventing information leakage across multiple instances. Specifically,
by constructing instance identity mask, we restrict visual tokens to attend only to the identity em-
beddings of their corresponding instances. This preserves the identity of the instance across long
sequences, effectively mitigating identity drift (e.g., preventing a bus from gradually being inter-
preted as a truck). What’s more, by constructing instance trajectory mask, we ensure that tokens of
the same object across frames exclusively attend to each other, while interactions across different
instances are strictly blocked. This design allows the model to reliably propagate appearance fea-
tures such as color and texture along the trajectory of each object, thereby avoiding cross-instance
information leakage and ensuring consistent instance-level visual identity across time. Second, the
Instance Masked Loss (IML) addresses the supervision dilution problem caused by uniform loss
computation across entire frames. IML employs instance masks to emphasize supervision on fore-
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ground regions during training. A probabilistic dynamic masking strategy is further introduced,
which adaptively balances between foreground-focused loss and global reconstruction loss. This
design ensures that foreground consistency is enforced without sacrificing overall scene fidelity,
allowing the model to capture both fine-grained identity details and natural background appearance.

Through the joint design of Instance Masked Attention module and Instance Masked Loss Supervi-
sion, ConsisDrive significantly mitigates identity drift and achieves temporally consistent video gen-
eration for driving scenarios. Our approach achieves state-of-the-art performance in both video gen-
eration quality and downstream autonomous driving task validation, outperforming previous works
Gao et al.| (2024b); [Zhao et al.| (2024); [Li et al.| (2023)); /Wen et al.| (2024). Our contributions are as
follows.

* We propose the Instance-Masked Attention module, which explicitly directs the model’s
attention to each individual instance. By incorporating both an instance identity mask and
a trajectory mask, the module constrains visual tokens to attend exclusively to tokens of
their corresponding instances across spatial and temporal dimensions. This design effec-
tively enforces instance-level temporal consistency while preventing information leakage
between different instances.

* We design Instance-Masked Loss Supervision, a probabilistic instance-focused training
objective that employs instance masks to emphasize supervision on foreground regions.

* Our model achieves SOTA video generation quality with high FID and FVD on the
nuScenes benchmark, surpassing previous methods. For autonomous driving applications,
the generated videos are validated on downstream perception, tracking, and planning tasks,
with performance competitive to real-world sensor data.

2 RELATED WORKS

Street-View Generation. Street-view generation methods typically use 2D layouts like BEV maps,
2D bounding boxes, and semantic segmentation. BEVGen |Swerdlow et al.|(2023)) encodes semantic
data in BEV layouts, while BEVControl |Yang et al.| (2023) uses a two-stage pipeline for multi-
view urban scenes, ensuring cross-view consistency. However, projecting 3D information into 2D
layouts loses geometric details, causing temporal inconsistencies in videos. To address this, we
use 3D bounding boxes to maintain geometric fidelity. Unlike DrivingDiffusion [Li et al.| (2023)),
which relies on a complex multi-stage pipeline, our method simplifies the process with an efficient,
end-to-end framework, ensuring temporal coherence and computational efficiency.

Simulation-to-Real Visual Translation. Recent advances in synthetic data for real-world visual
tasks have shown significant progress. GAN-based translation |Guo et al.| (2020) and domain ran-
domization [Tobin et al.|(2017)) bridge synthetic and real-world data distributions, while datasets like
Synthia|Ros et al.|(2016)) and Virtual KITTI|Cabon et al.|(2020) provide scalable benchmarks for se-
mantic segmentation and autonomous driving. Adversarial training Shrivastava et al.|(2017); Zhang
et al.|(2018)) reduces distribution gaps, and human motion representation learning |Guo et al.|(2022)
highlights synthetic data’s utility in video understanding. Unlike these methods, we extract proxy
data like 3D bounding boxes and road maps from graphics systems, leveraging these conditions to
generate more realistic and diverse videos.

3 METHOD

We introduce ConsisDrive, an identity-preserving driving world model specifically designed to en-
force instance-level temporal consistency. Our framework incorporates instance awareness into both
the 3D full attention mechanism (Sec.[3.2)) and the training objective (Sec.[3.3)), where carefully con-
structed instance masks serve as structural priors to guide consistency across frames. The overall
architecture of our model is illustrated in Fig.
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Figure 2: Overview. (a) Instance-Masked Attention, which explicitly directs the model’s attention
to each individual instance by incorporating both an instance identity mask and trajectory mask. (b)
Instance-Masked Loss Supervision, a probabilistic instance-focused training objective that employs
instance loss masks to emphasize supervision on foreground regions. (c) Instance Mask Construc-
tion. Illustration of how the Instance Identity Mask, Instance Trajectory Mask, and Instance Loss
Mask are constructed from 3D box projections.

3.1 OVERVIEW

Building on OpenSora V2.0 |Peng et al.| (2025)), we employ a Variational Auto-Encoder (Video DC-
AE) for video encoding, TSXXL |Chung et al.[|(2024) and CLIP-Large Radford et al.|(2021]) for text
encoding, MMDIT |Labs|(2024)) as the foundational model for the denoising process.

To achieve fine-grained control, we introduce a comprehensive set of control conditions, including
bounding box projection, road maps, and scene descriptions, integrating them into the conditioned
video generation process. Moreover, we introduce instance category label, instance size, and track-
ing ID to extract instance identity conditions and incorporate them into the attention process, a key
mechanism within our proposed Instance-Masked Attention module, detailed in Sec. [3.2]

Given the need to handle multiple control elements, we adopt ControlNet [Zhang et al.| (2023) to
inject control signals into the video generation process. To integrate these control-aware represen-
tations, we duplicate the first 19 base blocks of the double-stream MMDIT backbone as dedicated
control blocks. Each control block fuses condition features with the corresponding outputs of the
base blocks, thereby modulating the feature flow and ensuring that control signals are effectively
incorporated throughout the generation pipeline.

3.2 INSTANCE-MASKED ATTENTION

The Instance-Masked Attention module, as illustrated in Fig[2| (a), is designed to guide the model’s
attention towards each individual instance. By constructing instance masks from the bounding boxes
of objects in Fig[Z] (c), we effectively prevent information leakage across multiple instances. We
add our proposed learnable Instance-Masked Attention module to handle the per-instance identity
conditioning. Instance-Masked Attention module fuses the instance identity conditions with the cor-
responding outputs of the copy blocks and modulates its features to enable instance-aware attention.
We now describe the key operations within the Instance-Masked Attention module in detail.

The Instance-Masked Attention module, as illustrated in Fig. 2Ja), is designed to explicitly guide
the model’s attention towards each individual instance. Instance masks are constructed from object
bounding boxes, as shown in Fig. [Jc), to prevent information leakage across instances and ensure
instance-level disentanglement. We introduce a learnable Instance-Masked Attention mechanism,
which injects per-instance identity conditions and fuses them with the corresponding outputs of
the copy blocks. By modulating these features, the module enables instance-aware attention that
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preserves instance identity and ensures instance consistency across spatial and temporal dimensions.
We now describe the key operations of the Instance-Masked Attention module in detail.

3.2.1 INSTANCE IDENTITY CONDITION

For each instance ¢ that appears in the video, we construct a global condition that integrates multiple
factors of the instance, including its category, its unique tracking ID, and the size of its bounding
box. Together, these attributes provide an informative representation of both semantic identity and
geometric configuration, which is crucial for preserving the instance identity consistently across
frames.

Concretely, we first apply a Fourier mapping ~(-) to encode the tracking ID ID; and the bounding
box size s; = (dz;, dy;, dz;). At the same time, we employ the CLIP-Large [Radford et al.|(2021)
text encoder 74(+) to extract a semantic feature from the category label ¢;. These components are
concatenated and passed through a multilayer perceptron (MLP) to produce the instance global
identity condition embedding:

g9i = MLP([7g(c;), v(si), v(ID;)]) - )
The complete set of embeddings for all n instances in the video is then denoted as:
G={g}i

3.2.2 INSTANCE-MASKED ATTENTION AND FUSE MECHANISM

We denote the m = Tioompress X Heompress X Weompress visual tokens extracted from the copy
MMDiT block as V, and the 7 instance condition tokens as G. We then apply 3D self-attention (SA)
over the backbone features and the concatenated instance condition tokens [V, G] in the Instance-
Masked Attention module, which can be formulated as:

V = SAms([V, G]), 2)

We observed that standard self-attention, without masking, leads to information leakage across in-
stances, such as the color of one instance bleeding into another. To address this problem, we con-
struct a mask matrix M € R(m+n)x(m+n) {4 determine the valid connections:

Instance-to-Token Indicator Function. Indicator function I(v;) denotes the set of instance IDs
whose projected bounding boxes cover the spatial region of token vy, as illustrated in Fig[2] (c).
Formally, each instance i is represented by a 3D bounding box with corners C; = {X; . }5_,, where
X € R3. Given camera parameters (K*, R!, T?) at frame ¢, the corners are projected as

i,C

&, =K' (R'X + T, xi.=(%1), 3)
with the convex hull of {x} .} forming the polygon P}. Rasterization yields binary masks BM; €

{0, 1}T>HXW \We further apply trilinear interpolation to map these masks into latent space, denoted
as BM ;. For patch tokens p obtained from VAE compression,we define

I(vy) = 1(t,p) = {i | 3w, y), BMi(t,z,y) =1}, )
where vy, is a flattened visual token corresponding to (¢, p).

Instance Identity Mask. For each visual token vj and instance condition token g;, the attention
score is masked as
Mk,m+i/Mm+i,k = —o0 if1 ¢ I(’Uk),

This mask ensures that each visual token can only attend to the identity condition token of the corre-
sponding instance. This mechanism explicitly injects global identity features into the attention pro-
cess, ensuring that each instance preserves its identity consistently across long temporal sequences.
Meanwhile, it strictly suppresses interactions between different instances, thereby preventing iden-
tity leakage across objects.

Instance Trajectory Mask. For two visual tokens vy, and v;, the attention score is masked as
My ; = —oo if I(vg) NI(v;) = 0.
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This mask ensures that tokens of the same instance across frames can attend to one another, while
interactions across different instances are strictly prohibited. This design preserves temporal consis-
tency by explicitly enabling the propagation of instance-specific features across their trajectories.

Finally, the output of the Instance-Masked Attention is added back to the backbone representation
via gated addition: ~

V =V + tanh(w) V[: m], (5)
where w is a learnable scalar parameter, initialized to zero, that adaptively controls the contribution
of the Instance-Masked Attention module.

3.3 INSTANCE-MASKED LOSS

The goal of ConsisDrive is to ensure that foreground objects in driving scenes remain consistent
across all frames in the generated video. However, existing training objectives apply uniform su-
pervision over the entire frame, forcing the model to reconstruct both background pixels (e.g., sky,
buildings) and critical foreground regions with equal importance. Since background pixels dominate
the scene, this supervision dilution introduces noise that interferes with model training, preventing
the model from focusing on fine-grained identity-preserving features. Consequently, foreground
temporal consistency is easily broken, especially for small objects.

To resolve this issue, we propose the Instance-Masked Loss, which focuses the supervision signal
on foreground objects, as illustrated in Fig[2] (b)(c). Specifically, we construct a binary loss mask
Myoss € {0, 1} Tcomp* HeompxWeony from the Instance-to-Token Indicator function I(v). For each
token vy, the mask is defined as M o5s(vi) = 1{1(v)#2} ensuring that only tokens covered by at
least one instance are selected. The masked loss is then computed as:

Linask = Mposs © L,
where L denotes the original denoising loss and ©® indicates element-wise multiplication.

However, directly applying this masked loss to all training samples may cause the model to overfit
to foreground objects, which in turn harms the generation quality of background regions, such as
roads and high-definition maps. To alleviate this problem, we adopt a probabilistic dynamic masking
strategy. Specifically, with a probability p of «, the masked loss is applied:

~ {Emaska lfp <«

£mask = E, ifp > (6)

This stochastic scheme allows the model to concentrate on foreground consistency while still pre-
serving the natural realism of background content.

4 EXPERIMENT

4.1 SETUPS

Datasets and Baselines. We train and evaluate our model on the nuScenes dataset |Caesar et al.
(2020). To benchmark our approach, we compare it with state-of-the-art driving world models,
including BEVControl |Yang et al.| (2023)), DriveDiffusion |L1 et al.| (2023)), DriveDreamer2 [Zhao
et al.| (2024)), Panacea|Wen et al.| (2024)), and MagicDrive-V2|Gao et al.| (2024b).

Metrics. For realism assessment, we use FID Heusel et al.|(2017)) and FVD |Unterthiner et al.| (2018)
to measure video quality. To evaluate the effectiveness of attribute binding and Instace Masked Loss
Supervision, we measure the alignment between generated instances and their conditioned cate-
gories and sizes, ensuring that both semantic and geometric structures are faithfully preserved. This
evaluation is conducted through perception tasks, since accurate category recognition and size lo-
calization are fundamental requirements for reliable perception. Hence, perception performance
directly reflects the generation accuracy of object categories and spatial extents. Specifically, fol-
lowing Panacea Wen et al.| (2024)), we adopt the video-based perception model StreamPETR Wang
et al.| (2023b) and report metrics such as the nuScenes Detection Score (NDS) and mean Average
Precision (mAP). Among them, mAP directly measures the accuracy of object category detection,
while NDS integrates category detection with localization, orientation, and other aspects to provide
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a holistic assessment of perception quality. To further evaluate the propagation of instance-specific
features across frames, we assess our model on the multi-object tracking (MOT) task in real-world
autonomous driving scenarios. MOT explicitly measures the ability to maintain consistent object
identities over time, using metrics like ID switches (IDS). We also adopt the StreamPETR model
Wang et al.| (2023b) as the tracker and report standard MOT metrics, including AMOTA, AMOTP,
and IDS. Although Bevfusion|Liu et al.|(2023) has also been employed for perception evaluation|/Gao
et al.| (2024c)), it is based on an image model, performs worse than the video-based StreamPETR,
and lacks the ability to provide object tracking metrics. For these reasons, we choose StreamPETR
as our evaluation model.

Method Multi-View  Multi-Frame ~ FVD|  FID]
BEVControl|Yang et al. §2023] - 24.85
DrivingDiffusion|Lu1 et al. {2023} 332 15.83
Panacea/Wen et al. (2024] 139 16.96
MagicDrive-VZ|Gao et al. (2024b] 94.84 2091
DriveScape Wu et al. (2024 76.39 8.34
DriveDreamer2|Zhao et al. {2024 55.7 11.2
ConsisDrive 3723 3.88

ENEENENENENN
ANENENENENEN

Table 1: Visual and Temporal Fidelity: Comparison with SOTA methods on nuScenes validation set.

4.2 TRAINING DETAILS

Our method is implemented based on Open-Sora 2.0 Peng et al.|(2025)). All training inputs were set
to 16x256x448 and conducted on 64 A100 GPUs. Experimental results show that our method can
stably generate over 200 frames. For more implementation details, please refer to Appendix [A]

4.3 MAIN RESULTS
4.3.1 QUANTITATIVE ANALYSIS

To verify the fine-grained temporal consistency and high fidelity of our generated videos, we com-
pare our approach with various state-of-the-art driving world models. We generate training and
validation data using the nuScenes dataset’s labels as conditions.

Visual Realism and Temporal Fidelity. Our generated videos achieve superior temporal fidelity,
reducing the FVD to 37.23. This improvement stems from the proposed Instance-Masked Atten-
tion module, which preserves instance attributes across frames and thereby enhances instance-level
temporal consistency. In terms of visual quality, our method attains an FID of 3.88, as reported in
Tab. [T} substantially outperforming both video-based approaches (e.g., DriveDreamer2) and image-
based solutions (e.g., BEVControl). These demonstrate that our generated images exhibit not only
stronger temporal coherence but also significantly higher visual realism.

Method Real Gen. mAP?T mAOE| mAVE| NDST
Oracle v - 345 59.4 29.1 46.9
Panacea - v 225(6522%) 727 469 36.1(76.97%)
Panacea v v 37.1 (+2.6%) 54.2 273 49.2 (+2.3%)
ConsisDrive (Ours) - v 31.5(91.3%) 63.0 33.1  42.06 (89.68%)
ConsisDrive (Ours) v v 432(+8.7%) 39.8 257 54.6 (+7.7%)

Table 2: Comparison on perception tasks with Panacea. Training StreamPETR with synthetic data
augmentation leads to significant performance improvements, highlighting the value of generated
data for perception.

Method Real  Generated NDST

Oracle - 46.90
Panacea - v 32.10 (68.00%)
MagicDrive-V2 - v 36.82 (78.51%)
ConsisDrive - v 41.38 (88.23%)

Table 3: Comparison of perception task performance on generated nuScenes (T+I)2V validation
data. Evaluated with pre-trained StreamPETR |Wang et al.|(2023b)), our model outperforms baselines
without post-refinement, showing its ability to faithfully capture and bind instance attributes.

Instance Attribute Binding. We evaluate instance-level temporal consistency by examining how
well global instance attributes are bound to the generated content. In autonomous driving, percep-
tion tasks critically depend on precise category recognition and size localization, making them a
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Method Real Generated AMOTAT AMOTP| IDS|
Oracle v - 0.289 1.419 687
DriveDreamer2 v v 0.313 1.387 593 (-94)
ConsisDrive (Ours) v v 0.498 1.350 525 (-162)

Table 4: Comparison on multi-object tracking with MagicDrive-V2 a based on pre-trained Stream-
PETR.

natural measure of attribute binding quality. To this end, we assess the alignment between generated
instances and their conditioned categories and sizes, which directly reflects the fidelity of instance
attribute binding.

Data Augmentation Performance. As shown in Tab. [2] training StreamPETR exclusively on our
generated dataset achieves a mean Average Precision (mAP) of 31.5%, which corresponds to 91.3%
of the performance obtained by training solely on the real nuScenes dataset. Since mAP directly
measures category detection accuracy, this result confirms that global instance attributes are reliably
bound through our Instance Identity Mask (Sec. [3.2). Moreover, the generated dataset proves to be
not only a viable substitute for real data but also an effective standalone training resource for per-
ception models. When we further re-train StreamPETR by augmenting real data with our generated
videos, the perception model achieves a nuScenes Detection Score (NDS) of 54.6, representing a
7.7-point improvement over training with real data alone. This demonstrates the substantial benefit
of incorporating our generated data into the training pipeline.

Perception Validation Performance. Additionally, we use the pre-trained StreamPETR model to
evaluate the generated validation set of the nuScenes. As reported in Tab. [3] our model achieves
a relative performance of 88.23% on the NDS metric, highlighting strong alignment between gen-
erated content and conditioned instance categories and sizes. Further validation on downstream
planning tasks is provided in the Appendix [B.T]

Instance Attribute Propagation. We further evaluate instance-level temporal consistency by mea-
suring how effectively instance attributes are propagated across frames. In autonomous driving, this
is naturally reflected by the multi-object tracking (MOT) task, since MOT requires tracking instances
according to their consistent attributes over time. This makes MOT a strong indicator of attribute
propagation quality. Concretely, we generate videos conditioned on labels from the nuScenes vali-
dation set and use them to augment the training data of the object tracking model StreamPETR [Wang
et al.| (2023b). The MOT model trained with our generated data shows significant improvements,
achieving a lower number of identity switches (IDS = 525) compared to the original pre-trained
StreamPETR. This demonstrates that the Instance Trajectory Mask in Instance-Masked Attention
module effectively propagates and preserves instance attributes, ensuring reliable temporal consis-
tency for downstream perception tasks.

4.3.2 QUALITATIVE ANALYSIS

We qualitatively compare ConsisDrive against state-of-the-art baselines by inspecting generated
videos, as illustrated in Fig. |1} Please refer to the project page for additional video result.

Instance Attribute Binding (Category). As shown in Fig. [I(a), DriveDreamer2 suffers from
semantic drift, where the category of a car gradually changes into a truck. In contrast, Con-
sisDrive preserves the semantic category consistently across all frames, demonstrating stronger
instance-level temporal consistency. This improvement arises from the Instance Identity Mask in
the Instance Masked Attention Module, which explicitly binds identity features to their correspond-
ing instance identities.

Instance Attribute Propagation (Color). In Fig.[T[b), MagicDrive-V2 exhibits color inconsistency,
where the color of the same car changes from black to red across frames. Our model maintains stable
color and texture attributes throughout the video, indicating superior attribute propagation over time.
This is enabled by the Instance Trajectory Mask in the Instance Masked Attention Module, which
enforces cross-frame attention only within the same instance trajectory, preventing appearance drift.

Foreground Emphasis. As shown in Fig. [I[c), ConsisDrive enhances the fidelity of small and
challenging objects (e.g., pedestrians), whereas Panacea produces blurred results for such instances.
This improvement stems from the Instance Masked Loss Supervision, which prioritizes supervision
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on foreground regions even when the foreground spatial proportion is very small and background
pixels dominate the scene, thereby preventing foreground signals from being diluted by background
pixels.

Settings FVD} FID) NDSt IDS|
ConsisDrive 38.06 3.96 40.51 532
w/o IMA(Identity) 40.89 (+2.83) 5.29 (+1.33) 37.55(-2.96) 735 (+203)
w/o IMA(Trajectory) 53.66 (+15.6) 4.41 (+0.45) 40.40 (-0.11) 1074 (+542)
w/o IML 40.19 (+2.13) 4.24 (+0.28) 36.85(-3.66) 637 (+105)

Table 5: Ablation study results in (T+I)2V scenarios on the generated nuScenes validation set.

(a) w/o Identity Mask (b) w/o Trajectory Mask (c) w/o Foreground Supervision

Figure 3: Ablation study of the three key modules. Zoom in for better view. (a) Removing the
Identity Mask leads to incorrect instance category rendering, e.g., a traffic cone turns into a crouch-
ing pedestrian. (b) Removing the Trajectory Mask results in color shifts of the car. (¢) Removing
foreground supervision causes blurred generation of small objects, such as pedestrians.

4.4 ABLATION STUDY

We validate three key components in ConsisDrive through both qualitative and quantitative anal-
yses, demonstrating their effectiveness and robustness. The qualitative comparison is presented in
Fig. 3] while quantitative results are reported in Tab. 3]

Instance Identity Mask. To assess the impact of the Instance Identity Mask within the Instance
Masked Attention module, we conduct an ablation by removing the global instance identity condi-
tioning (i.e., filling the instance identity mask with —oc0). As shown in Tab. [5] the absence of global
identity conditioning results in a 2.96-point drop in NDS for the perception task. This confirms
its critical role in binding category and size conditions to their corresponding instances, ensuring
faithful instance attribute binding.

Instance Trajectory Mask. To evaluate the impact of the Instance Trajectory Mask, we perform
an ablation by removing trajectory-based attention (i.e., filling the trajectory mask with —oco). As
reported in Tab. [5] removing this causes a significant increase of 542 ID switches in the multi-object
tracking task and a 15.6-point drop in FVD. These results underscore its importance in propagating
and preserving instance attributes such as color consistently across frames.

Instance Masked Loss Supervision. To analyze the effect of Instance Masked Loss Supervision,
we remove it and retain only the standard denoising loss. As shown in Tab.[5] this results in a 3.66-
point degradation in NDS, demonstrating that the module is crucial for emphasizing supervision on
foreground regions. By preventing foreground signals from being overwhelmed when their spatial
proportion is small, it ensures higher fidelity in generating small and visually challenging objects.

5 CONCLUSION

We propose ConsisDrive, an identity-preserving driving world model specially designed to enhance
instance-level temporal consistency. Our approach introduces two key advancements: the Instance
Masked Attention module, which explicitly directs the model’s attention to each individual instance,
and the Instance Masked Loss Supervision, which employs instance masks to emphasize supervision
on foreground regions. By incorporating these instance-aware mechanisms, ConsisDrive achieves
SOTA generation quality and significantly improves downstream autonomous driving tasks.
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research. We emphasize that the generated data should not be directly deployed in real-world driving
systems without careful validation, as safety-critical applications require rigorous testing.

REPRODUCIBILITY STATEMENT

We provide comprehensive details of the model architecture, training objectives, and evaluation
protocols. All datasets used in this work are publicly available, and the implementation details are
carefully documented to ensure reproducibility. Code and configuration files are included in the
supplementary material to facilitate further research and independent verification.

REFERENCES

Omer Bar-Tal, Hila Chefer, Omer Tov, Charles Herrmann, Roni Paiss, Shiran Zada, Ariel Ephrat,
Junhwa Hur, Guanghui Liu, Amit Raj, et al. Lumiere: A space-time diffusion model for video
generation. In SIGGRAPH Asia 2024 Conference Papers, pp. 1-11, 2024.

Andreas Blattmann, Robin Rombach, Huan Ling, Tim Dockhorn, Seung Wook Kim, Sanja Fidler,
and Karsten Kreis. Align your latents: High-resolution video synthesis with latent diffusion
models. In Proceedings of the IEEE/CVF conference on computer vision and pattern recognition,
pp- 22563-22575, 2023.

Yohann Cabon, Naila Murray, and Martin Humenberger.  Virtual kitti 2. arXiv preprint
arXiv:2001.10773, 2020.

Holger Caesar, Varun Bankiti, Alex H Lang, Sourabh Vora, Venice Erin Liong, Qiang Xu, Anush
Krishnan, Yu Pan, Giancarlo Baldan, and Oscar Beijbom. nuscenes: A multimodal dataset for
autonomous driving. In Proceedings of the IEEE/CVF conference on computer vision and pattern
recognition, pp. 11621-11631, 2020.

Li Chen, Penghao Wu, Kashyap Chitta, Bernhard Jaeger, Andreas Geiger, and Hongyang Li. End-
to-end autonomous driving: Challenges and frontiers. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2024.

Hyung Won Chung, Le Hou, Shayne Longpre, Barret Zoph, Yi Tay, William Fedus, Yunxuan Li,
Xuezhi Wang, Mostafa Dehghani, Siddhartha Brahma, et al. Scaling instruction-finetuned lan-
guage models. Journal of Machine Learning Research, 25(70):1-53, 2024.

Kaifeng Gao, Jiaxin Shi, Hanwang Zhang, Chunping Wang, Jun Xiao, and Long Chen. Ca2-vdm:
Efficient autoregressive video diffusion model with causal generation and cache sharing. arXiv
preprint arXiv:2411.16375, 2024a.

Ruiyuan Gao, Kai Chen, Bo Xiao, Lanqing Hong, Zhenguo Li, and Qiang Xu. Magicdrivedit:
High-resolution long video generation for autonomous driving with adaptive control, 2024b.

Ruiyuan Gao, Kai Chen, Enze Xie, Hong Lanqing, Zhenguo Li, Dit-Yan Yeung, and Qiang Xu.
Magicdrive: Street view generation with diverse 3d geometry control. In /CLR, 2024c.

Xi Guo, Zhicheng Wang, Qin Yang, Weifeng Lv, Xianglong Liu, Qiong Wu, and Jian Huang. Gan-
based virtual-to-real image translation for urban scene semantic segmentation. Neurocomputing,
394:127-135, 2020.

Xi Guo, Wei Wu, Dongliang Wang, Jing Su, Haisheng Su, Weihao Gan, Jian Huang, and Qin Yang.
Learning video representations of human motion from synthetic data. In Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp. 20197-20207, 2022.

Agrim Gupta, Lijun Yu, Kihyuk Sohn, Xiuye Gu, Meera Hahn, Fei-Fei Li, Irfan Essa, Lu Jiang, and
José Lezama. Photorealistic video generation with diffusion models. In European Conference on
Computer Vision, pp. 393—411. Springer, 2024.

Yoav HaCohen, Nisan Chiprut, Benny Brazowski, Daniel Shalem, Dudu Moshe, Eitan Richardson,
Eran Levin, Guy Shiran, Nir Zabari, Ori Gordon, et al. Ltx-video: Realtime video latent diffusion.
arXiv preprint arXiv:2501.00103, 2024.

10



Under review as a conference paper at ICLR 2026

Martin Heusel, Hubert Ramsauer, Thomas Unterthiner, Bernhard Nessler, and Sepp Hochreiter.
Gans trained by a two time-scale update rule converge to a local nash equilibrium. In Proceedings
of the 31st International Conference on Neural Information Processing Systems, NIPS’17, pp.
6629-6640, Red Hook, NY, USA, 2017. Curran Associates Inc. ISBN 9781510860964.

Jonathan Ho, Tim Salimans, Alexey Gritsenko, William Chan, Mohammad Norouzi, and David J
Fleet. Video diffusion models. Advances in Neural Information Processing Systems, 35:8633—
8646, 2022.

Li Hu. Animate anyone: Consistent and controllable image-to-video synthesis for character anima-
tion. In Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition,
pp- 8153-8163, 2024.

Yihan Hu, Jiazhi Yang, Li Chen, Keyu Li, Chonghao Sima, Xizhou Zhu, Siqi Chai, Senyao Du, Tian-
wei Lin, Wenhai Wang, Lewei Lu, Xiaosong Jia, Qiang Liu, Jifeng Dai, Yu Qiao, and Hongyang
Li. Planning-oriented autonomous driving, 2023.

Fan Jia, Weixin Mao, Yingfei Liu, Yucheng Zhao, Yuqing Wen, Chi Zhang, Xiangyu Zhang,
and Tiancai Wang. Adriver-i: A general world model for autonomous driving. arXiv preprint
arXiv:2311.13549, 2023.

Bo Jiang, Shaoyu Chen, Qing Xu, Bencheng Liao, Jiajie Chen, Helong Zhou, Qian Zhang, Wenyu
Liu, Chang Huang, and Xinggang Wang. Vad: Vectorized scene representation for efficient au-
tonomous driving. In Proceedings of the IEEE/CVF International Conference on Computer Vi-
sion, pp. 8340-8350, 2023.

Black Forest Labs. Flux, 2024.

Jiarui Lei, Xiaobo Hu, Yue Wang, and Dong Liu. Pyramidflow: High-resolution defect contrastive
localization using pyramid normalizing flow. In Proceedings of the IEEE/CVF conference on
computer vision and pattern recognition, pp. 14143-14152, 2023.

Xiaofan Li, Yifu Zhang, and Xiaoqing Ye. Drivingdiffusion: Layout-guided multi-view driving
scene video generation with latent diffusion model, 2023.

Zhijian Liu, Haotian Tang, Alexander Amini, Xinyu Yang, Huizi Mao, Daniela L. Rus, and Song
Han. Bevfusion: Multi-task multi-sensor fusion with unified bird’s-eye view representation. In
2023 IEEE international conference on robotics and automation (ICRA), pp. 2774-2781. IEEE,
2023.

Xiangyu Peng, Zangwei Zheng, Chenhui Shen, Tom Young, Xinying Guo, Binluo Wang, Hang
Xu, Hongxin Liu, Mingyan Jiang, Wenjun Li, Yuhui Wang, Anbang Ye, Gang Ren, Qianran
Ma, Wanying Liang, Xiang Lian, Xiwen Wu, Yuting Zhong, Zhuangyan Li, Chaoyu Gong, Guo-
jun Lei, Leijun Cheng, Limin Zhang, Minghao Li, Ruijie Zhang, Silan Hu, Shijie Huang, Xi-
aokang Wang, Yuanheng Zhao, Yuqi Wang, Ziang Wei, and Yang You. Open-sora 2.0: Training a
commercial-level video generation model in 200k, 2025.

Dustin Podell, Zion English, Kyle Lacey, Andreas Blattmann, Tim Dockhorn, Jonas Miiller, Joe
Penna, and Robin Rombach. SDXL: improving latent diffusion models for high-resolution image
synthesis. CoRR, abs/2307.01952, 2023.

Alec Radford, Jong Wook Kim, Chris Hallacy, A. Ramesh, Gabriel Goh, Sandhini Agarwal, Girish
Sastry, Amanda Askell, Pamela Mishkin, Jack Clark, Gretchen Krueger, and Ilya Sutskever.
Learning transferable visual models from natural language supervision. In ICML, 2021.

Aditya Ramesh, Prafulla Dhariwal, Alex Nichol, Casey Chu, and Mark Chen. Hierarchical text-
conditional image generation with clip latents, 2022. 7, 2022.

German Ros, Laura Sellart, Joanna Materzynska, David Vazquez, and Antonio M Lopez. The
synthia dataset: A large collection of synthetic images for semantic segmentation of urban scenes.
In Proceedings of the IEEE conference on computer vision and pattern recognition, pp. 3234—
3243, 2016.

11



Under review as a conference paper at ICLR 2026

Xiaogang Shi, Bin Cui, Gillian Dobbie, and Beng Chin Ooi. Uniad: A unified ad hoc data processing
system. ACM Transactions on Database Systems (TODS), 42(1):1-42, 2016.

Ashish Shrivastava, Tomas Pfister, Oncel Tuzel, Joshua Susskind, Wenda Wang, and Russell Webb.
Learning from simulated and unsupervised images through adversarial training. In Proceedings
of the IEEE conference on computer vision and pattern recognition, pp. 2107-2116, 2017.

Alexander Swerdlow, Runsheng Xu, and Bolei Zhou. Street-view image generation from a bird’s-
eye view layout. arXiv preprint arXiv:2301.04634, 2023.

Josh Tobin, Rachel Fong, Alex Ray, Jonas Schneider, Wojciech Zaremba, and Pieter Abbeel. Do-
main randomization for transferring deep neural networks from simulation to the real world. In
2017 IEEE/RSJ international conference on intelligent robots and systems (IROS), pp. 23-30.
IEEE, 2017.

Thomas Unterthiner, Sjoerd van Steenkiste, Karol Kurach, Raphael Marinier, Marcin Michalski,
and Sylvain Gelly. Towards accurate generative models of video: A new metric challenges.
arXiv:1812.01717, 2018.

Jing Wang, Ao Ma, Jiasong Feng, Dawei Leng, Yuhui Yin, and Xiaodan Liang. Qihoo-
t2x: An efficient proxy-tokenized diffusion transformer for text-to-any-task. arXiv preprint
arXiv:2409.04005, 2024a.

Jiuniu Wang, Hangjie Yuan, Dayou Chen, Yingya Zhang, Xiang Wang, and Shiwei Zhang. Mod-
elscope text-to-video technical report. arXiv preprint arXiv:2308.06571, 2023a.

Shihao Wang, Yingfei Liu, Tiancai Wang, Ying Li, and Xiangyu Zhang. Exploring object-centric
temporal modeling for efficient multi-view 3d object detection. In CVPR, pp. 3621-3631, 2023b.

Xiaofeng Wang, Zheng Zhu, Guan Huang, Xinze Chen, Jiagang Zhu, and Jiwen Lu. Drive-
dreamer: Towards real-world-driven world models for autonomous driving. arXiv preprint
arXiv:2309.09777, 2023c.

Yaohui Wang, Xinyuan Chen, Xin Ma, Shangchen Zhou, Ziqi Huang, Yi Wang, Ceyuan Yang, Yinan
He, Jiashuo Yu, Peiging Yang, et al. Lavie: High-quality video generation with cascaded latent
diffusion models. International Journal of Computer Vision, pp. 1-20, 2024b.

Yuqing Wen, Yucheng Zhao, Yingfei Liu, Fan Jia, Yanhui Wang, Chong Luo, Chi Zhang, Tiancai
Wang, Xiaoyan Sun, and Xiangyu Zhang. Panacea: Panoramic and controllable video generation
for autonomous driving. In Proceedings of the IEEE/CVF Conference on Computer Vision and
Pattern Recognition, pp. 6902-6912, 2024.

Wei Wu, Xi Guo, Weixuan Tang, Tingxuan Huang, Chiyu Wang, Dongyue Chen, and Chenjing
Ding. Drivescape: Towards high-resolution controllable multi-view driving video generation.
arXiv preprint arXiv:2409.05463, 2024.

Haocheng Xi, Shuo Yang, Yilong Zhao, Chenfeng Xu, Muyang Li, Xiuyu Li, Yujun Lin, Han Cai,
Jintao Zhang, Dacheng Li, et al. Sparse videogen: Accelerating video diffusion transformers with
spatial-temporal sparsity. arXiv preprint arXiv:2502.01776, 2025.

Kairui Yang, Enhui Ma, Jibin Peng, Qing Guo, Di Lin, and Kaicheng Yu. Bevcontrol: Accurately
controlling street-view elements with multi-perspective consistency via bev sketch layout. arXiv
preprint arXiv:2308.01661, 2023.

Lvmin Zhang, Anyi Rao, and Maneesh Agrawala. Adding conditional control to text-to-image
diffusion models. In ICCV, 2023.

Weichen Zhang, Wanli Ouyang, Wen Li, and Dong Xu. Collaborative and adversarial network for
unsupervised domain adaptation. In Proceedings of the IEEE conference on computer vision and
pattern recognition, pp. 3801-3809, 2018.

Guosheng Zhao, Xiaofeng Wang, Zheng Zhu, Xinze Chen, Guan Huang, Xiaoyi Bao, and Xingang
Wang. Drivedreamer-2: Llm-enhanced world models for diverse driving video generation. arXiv
preprint arXiv:2403.06845, 2024.

12



Under review as a conference paper at ICLR 2026

Wenzhao Zheng, Ruiqi Song, Xianda Guo, Chenming Zhang, and Long Chen. Genad: Generative
end-to-end autonomous driving. arXiv preprint arXiv:2402.11502, 2024a.

Zangwei Zheng, Xiangyu Peng, Tianji Yang, Chenhui Shen, Shenggui Li, Hongxin Liu, Yukun
Zhou, Tianyi Li, and Yang You. Open-sora: Democratizing efficient video production for all.
arXiv preprint arXiv:2412.20404, 2024b.

Yuan Zhou, Qiuyue Wang, Yuxuan Cai, and Huan Yang. Allegro: Open the black box of
commercial-level video generation model. arXiv preprint arXiv:2410.15458, 2024.

13



	Introduction
	Related Works
	Method
	Overview
	Instance-Masked Attention
	Instance Identity Condition
	Instance-Masked Attention and Fuse Mechanism

	Instance-Masked Loss

	Experiment
	Setups
	Training Details
	Main Results
	Quantitative Analysis
	Qualitative Analysis

	Ablation Study

	Conclusion

