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An Energy-Efficient Point
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Sensor Point Cloud Perception Tasks
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Abstract

To bring advanced technologies into the physical world, intelligent devices At the hardware level, this work develops a dedicated acceleration flow

must be able to perceive surrounding spaces, objects, and environmental
changes. Frontier edge applications, such as smart glasses, robotics, and
autonomous mobile platforms, increasingly rely on real-time and reliable
spatial awareness to support scene understanding, object recognition,
path planning, and human-machine interaction. However, sensing data
collected from different application environments can vary significantly
in density, distribution, and computational behavior, making it difficult
for conventional processing approaches to achieve a balanced trade-off
among accuracy, efficiency, and adaptability. Meanwhile, edge devices
are often constrained by chip area, power consumption, and memory
bandwidth, further increasing the difficulty of implementing real-time
workloads.

To address these challenges, this work adopts a joint algorithm-and-hard-

ware design approach and proposes a high-efficiency spatial computing
design for diverse operating environments. By introducing a more
consistent data representation and processing flow, the proposed design
reduces the gap between different types of environmental data and
enables more efficient support for tasks in complex scenarios. Compared
with conventional designs that are optimized for specific scenes or specific
data formats, this work places greater emphasis on flexibility and scene
coverage, making it suitable for deployment in resource-constrained edge
intelligence platforms.

At the algorithm level, this work leverages common patterns in local spatial
regions to reduce repetitive and low-value computations. It also applies
data organization and approximation strategies to lower the computational
burden of major processing modules. In addition, the design considers the
spatial relationships within sensing data to limit unnecessary operations,
thereby reducing overall computational complexity and data movement.
These methods improve computational efficiency while maintaining task
performance, enabling high-workload 3D models to be more practical for
edge-side execution.

based on data distribution and computational characteristics, improving
processing-unit efficiency, and reducing ineffective operations. Within the
chip, flexible data scheduling, reconfigurable on-chip memory allocation,
and efficient data reuse mechanisms are adopted to reduce external access
and improve latency across multiple processing stages. The overall design
balances computational efficiency and data movement efficiency, providing
high-performance spatial processing capability under limited power and
area constraints.

This work demonstrates a dedicated edge Al chip for advanced scene-under-
standing applications. It supports tasks across diverse environments and
achieves superior task performance and energy efficiency compared with
prior related designs.
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