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ABSTRACT

Neuromorphic Camera Guided Dynamic Scene Imaging

Minggui Teng (Computer Application Technology)
Supervised by Prof. Boxin Shi

ABSTRACT

Imaging in dynamic scenes is an important research direction in computational photog-
raphy and computer vision. Its goal is to acquire images or videos with clear structure and
controllable focus under complex conditions such as motion and depth-of-field variation. By
combining sensors with computational algorithms, computational imaging techniques over-
come the limitations of conventional optical imaging, including removing blur in dynamic
motion scenes, extending the depth of field and recovering all-in-focus images under shallow
depth of field, and supporting post-capture refocusing in dynamic scenes. These capabilities
are widely needed in autonomous driving, robotic perception, industrial inspection, and scien-
tific imaging.

Conventional cameras are subject to an inherent coupling constraint between shutter speed
and aperture size: extending the exposure introduces motion blur, while shortening the expo-
sure and enlarging the aperture compress the depth of field and cause defocus blur. These two
degradations often coexist and interact in dynamic scenes, making restoration from single-
frame or low-frame-rate two-dimensional images a highly ill-posed inverse problem, where
the solution is non-unique and highly sensitive to observation noise and prior assumptions.
Although conventional image-based restoration methods can exploit image priors and deep
neural networks to achieve certain results, their observations are inherently limited to post-
exposure blurry images. It is therefore difficult for them to stably recover information that
is simultaneously lost along the temporal and depth dimensions, especially in regions with
spatially varying motion, occlusion, and weak texture.

Neuromorphic cameras, represented by event cameras and spike cameras, can record
high-frequency temporal variations lost in conventional imaging with microsecond-level tem-
poral resolution and asynchronous response, providing a new observation dimension for clear
imaging in dynamic scenes. This thesis investigates how to transform neuromorphic signals
into effective constraints for specific imaging tasks from three aspects: motion blur removal,

depth-of-field extension and all-in-focus imaging, and dynamic refocusing. The main chal-
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lenges are as follows: (1) event streams are asynchronous and sparse, and monochromatic
events have a modality gap with color images, making robust representation and cross-modal
fusion a fundamental difficulty in motion deblurring; (2) conventional focal stacks rely on
multiple static exposures, and how to use neuromorphic signals to achieve continuous depth
sampling in a single sweep remains unexplored; (3) defocus and motion effects are coupled
in the same asynchronous stream during dynamic refocusing, and how to disentangle them
based on coded focal stacks and jointly recover the temporal and focal dimensions remains
unresolved.

(1) To address the asynchrony and sparsity of event streams and the pronounced modality
gap between monochromatic events and color images in motion deblurring, this thesis pro-
poses a motion blur removal method based on neural event frame representation and cross-
modal decomposition. Through bidirectional temporal modeling and learnable spatial feature
extraction, raw event streams are represented as a robust dense representation, allowing motion
trajectories and temporal relationships to be stably incorporated into the deblurring process.
An event-guided deblurring framework is then constructed to recover spatially varying motion
blur. To address the modal gap between monochromatic events and color images, the color
image is decomposed into luminance and color components. Event fusion is performed in the
luminance domain and then used to guide color compensation, reducing color bleeding and
boundary staining. A real-world color event deblurring dataset is also constructed. Experi-
ments show that the proposed method improves upon existing methods on synthetic and real
datasets in objective metrics and visual quality.

(2) To address the insufficient observations available for single-image defocus restoration
under shallow depth of field and the reliance of conventional focal stacks on multiple static ex-
posures, this thesis proposes a depth-of-field extension method based on neuromorphic focal
stacks. The method synchronously records event or spike signals during a single continuous
focal sweep, capturing focal changes along the depth dimension with high temporal resolu-
tion. It retains the advantage of focal stacks in separating information at different depths while
enabling continuous rather than discrete depth sampling. Based on this method, a unified data-
driven framework composed of a refocusing network and a stack fusion network is designed for
focal stack reconstruction and pixel-wise fusion weight prediction, respectively, and supports
an arbitrary number of refocused image inputs. Experiments show that under severe defocus,
occlusion, and limited motion, the proposed method achieves more stable all-in-focus results

than single-image defocus deblurring, dual-pixel, and conventional focal stack methods, and
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ABSTRACT

the generality of the method is validated on both event cameras and spike cameras.

(3) To address the coupling between defocus and motion effects in the same asynchronous
stream during dynamic refocusing, where the target time and target focus are difficult to re-
cover simultaneously, this thesis proposes a defocus-motion effect disentanglement method
based on coded event focal stacks. By periodically modulating the focal sweep, the method
makes sweep-triggered events exhibit an approximately symmetric temporal structure, provid-
ing an observation basis for separating motion events from sweep events. In the two-stage
framework, the first stage uses motion events to recover an intermediate frame at the target
time, while the second stage uses sweep events to refocus the intermediate frame to an arbi-
trary target focus. Combined with an iterative search strategy based on a selected region, the
method further enables post-capture focus tracking, allowing automatic focusing on any target
region after capture. Experiments show that on synthetic and real dynamic scenes, the proposed
method achieves more stable dynamic refocusing and focus tracking results than single-image
refocusing and video refocusing methods.

This thesis studies imaging in dynamic scenes from three aspects: motion blur removal,
depth-of-field extension and all-in-focus imaging, and dynamic refocusing. It proposes meth-
ods based on explicit neuromorphic constraints, providing new technical solutions for applying

neuromorphic cameras to computational imaging.

KEY WORDS: Dynamic Scene Imaging, Neuromorphic Camera, Blur Removal
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