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• Challenges in frame-based cameras

Figure 1: The problems in frame-based cameras. 

➢ Overexposure ➢ Low light ➢ Motion blur

➢ The performance of conventional frame-based cameras in object perception often faces a significant decline

in challenging conditions, such as overexposure, low light, and motion blur (e.g., high-speed motion).
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• Event camera

➢ Strengths:

Figure 2: Comparison between standard camera and event camera.

(1)  No redundant background information;

(2)  Low latency;

(3)  High temporal resolution;

(4)  High dynamic range.

➢ Weakness:

(1)  No color information;

(2)  No texture information.

➢ The event camera is a bio-inspired vision sensor that 

captures dynamic changes in the scene and filters out 

redundant information.
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• Challenges in frame-based cameras and event cameras

Figure 3: Challenging scenarios.

➢ Both event cameras and frame-based cameras are complementary, motivating the development of new 

algorithms for object perception.
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• How to fuse these two heterogeneous modalities?

Figure 4: Feature maps of RGB and event modalities before and after CAFR.

➢ We propose a novel hierarchical feature refinement network with CAFR modules for event-frame fusion.

Oct 2024 Hu Cao, et al. "Embracing Events and Frames with Hierarchical Feature Refinement Network for Object Detection." ECCV 2024



Robotics, Artificial Intelligence and Real-Time Systems  Department of Computer Science  Technical University of Munich

Hierarchical Feature Refinement Network

6

• Method

Figure 5: The overall architecture of our hierarchical feature refinement network.

➢ In contrast to the current event-frame fusion methods, our method adopts a dual-branched coarse-to-fine 

structure. The dual-branch architecture guarantees comprehensive utilization of both event-based and frame-

based features.

Oct 2024 Hu Cao, et al. "Embracing Events and Frames with Hierarchical Feature Refinement Network for Object Detection." ECCV 2024



Robotics, Artificial Intelligence and Real-Time Systems  Department of Computer Science  Technical University of Munich

Hierarchical Feature Refinement Network

7

• CAFR

➢ For effective information exchange between different modal features, CAFR receive event-based and frame-

based features to balance the information flow.

Figure 6: Cross-modality adaptive feature refinement module (CAFR).
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• Comparison with SOTA methods on the DSEC dataset

➢ Compared with other methods, our CAFR 

achieves significant improvements. Notably, 

CAFR outperforms the second-best method, 

EFNet [46], by an impressive margin of 8.0%.
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• Comparison with SOTA methods on the PKU-DDD17-Car dataset

➢ Our CAFR achieves the best performance in 

terms of mAP50 and mAP with accuracy of 

86.7% and 46.0%, respectively.
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• Robustness

➢ In comparison to other fusion methods, our 

proposed CAFR demonstrates superior 

performance. These findings highlight the 

effectiveness of CAFR in strengthening the 

model against corrupted data across diverse 

severity levels and types.
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➢ After applying CAFR, the model demonstrates 

enhanced focus on significant regions.

Figure 7: Representative examples of different activation maps.

Figure 8: Representative examples of different object detection 

results on the DSEC dataset.

➢ The detection results demonstrate that the proposed method can consistently produce satisfactory 

detection results in various challenging scenarios.
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Thanks for Your 

Attention!
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