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ABSTRACT

Neuromorphic Object Detection in Asynchronous

Visual Streams

Jianing Li (Computer Application Technology)
Directed by Prof. Yonghong Tian

ABSTRACT

Vision-based object detection is to obtain the spatial location and the category of the
interest objects in visual streams. High-accuracy object detection is the basis for high-level
vision tasks (e.g., object tracking, human behavior understanding, and video object retrieval). It
has been widely used in autonomous driving, video surveillance, human-computer interaction,
etc. Due to the low sampling frame rate and low dynamic range of conventional frame-
based cameras, there will be motion blur in high-speed scenes or low object contrast in
low-light scenarios, which results in a sharp drop in performance using unusable images.
Neuromorphic vision sensors (e.g., DVS and Vidar), offering high temporal resolution, high
dynamic range, and low redundancy, have brought a new perspective to overcoming these
object detection challenges. However, spatiotemporal spikes are used to represent and process
visual information in neuromorphic vision. How to accurately detect objects in asynchronous
spike streams is a challenging and valuable research topic. Therefore, this thesis focuses on the
research of object detection using neuromorphic vision sensors, and aims at addressing three
key issues including "designing neuromorphic representation for asynchronous spike streams",
"efficient leveraging temporal cues from spike streams" and "developing complementary fusion
models for asynchronous visual streams". This thesis explores neuromorphic object detectors
from three perspectives of input modalities. On this basis, the optimized method is verified
in a real-world high-speed object detection system. The main contributions of this thesis are
summarized as follows:

Firstly, this thesis builds a benchmark for the emerging research topic of neuromorphic
object detection, which provides a solid technical foundation for the systematic study of
the corresponding algorithms. This thesis first formally defines the novel problem setting
of neuromorphic object detection, and then analyzes the unique attributes of neuromorphic

object detection compared with conventional frame-based object detection. To solve the
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lack of related public datasets and support model training, this thesis builds four large-scale
neuromorphic object detection datasets, which include the first open-source PKU-DDD17-
CAR dataset, the PKU-DAVIS-SOD dataset with millions of labels, the PKU-Vidar-DVS with
temporal continuous labels, and the KITTI-Vidar-DVS simulated dataset. Besides, this thesis
elaborates on the evaluation metrics for neuromorphic object detection and benchmarks the
related object detection datasets.

Secondly, this thesis proposes a streaming object detection method via an asynchronous
spatiotemporal memory network, which realizes a novel object detection framework with
efficient leveraging of temporal cues from DVS spike streams. To introduce the concept of
streaming object detection, an asynchronous spatiotemporal spike metric scheme is proposed
to quantitatively evaluate the temporal correlation in a continuous spike stream. This method
designs a temporal adaptive sampling strategy to split the continuous stream into discrete
spike bins robust to motion speed. Meanwhile, this method adopts a temporal attention
convolutional network to encode each spike bin into a spike tensor in combination with deep
learning techniques. Besides, a lightweight recurrent convolutional network is designed to
efficiently use rich temporal cues between spike bins, which achieves a good trade-off between
detection performance and inference speed. Empirically, it shows that this method improves
the mean average precision (mAP) by 6.7% and 5.4% than the state-of-the-art method RED in
the Genl Detection dataset and the 1Mpx Detection dataset, and it significantly outperforms
the six feed-forward neuromorphic object detectors.

Thirdly, this thesis proposes a multi-streaming object detection method via a spatiotempo-
ral transformer, which realizes a joint object detection framework to make complementary use
of DVS spike streams and frames. This method develops a temporal transformer, which models
long-term dependencies among DVS spike streams and adjacent frames to fully leverage rich
temporal cues from two visual streams. Besides, the Demster-Shafer theory is used to asyn-
chronously fuse two visual streams and flexibly set the output frequency of object detection.
The experimental results on the PKU-DDD17-CAR dataset and the PKU-DAVIS-SOD dataset
show that this method achieves the mAP of 0.929 and 0.501 respectively. It outperforms four
state-of-the-art methods, especially compared to the single-modality methods.

Fourthly, this thesis proposes a retinomorphic object detection method to address common
challenges in high-speed motion or low-light scenarios, which develops a dynamic interaction
fusion network to integrate DVS and Vidar spike streams. In this method, a temporal aggrega-
tion representation strategy is designed to encode two asynchronous streams into spike tensors

respectively, and it can fully utilize rich temporal cues from continuous spike streams. Inspired
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by the interaction between foveal and peripheral signals, a bio-inspired unifying framework to
fuse two streams via dynamic interactions between sub-networks. The experimental results
show that this method obtains the mAP of 0.647 and 0.762 in the PKU-Vidar-DVS dataset and
the KITTI-Vidar-DVS simulated dataset respectively. It has significant improvements over the
single-modality methods, especially in high-speed motion and low-light scenarios.

The above-mentioned models and methods are applied to the real-time high-speed object
detection system, which verifies the feasibility of the neuromorphic vision scheme for real-
time high-accuracy object detection. In this system, a high-speed object detection algorithm is
designed via the spiking neural model, and it is deployed on the FPGA for real-time processing.
For high-speed projectile object detection and avoidance tasks, the detection accuracy of high-
speed projectiles is close to 99%, and this system is capable of evading 150 km/h high-speed
projectiles within a range of 4.2 meters.

In conclusion, this thesis builds a comprehensive benchmark and proposes several inno-
vative neuromorphic object detection methods. On this basis, this thesis develops a real-time
high-speed object detection system. Moreover, this thesis builds a solid technical foundation

for the follow-up research work in the field of neuromorphic object detection.
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