Real-time and Energy-efficient Hardware Design of Algorithms for Robot Applications

Abstract: Autonomous mobile robots require robust sensing, planning, and control for
real-world applications and technological advancement have led to a proliferation of such
robots to assist human in a wide range of tasks. These robots have benefited from the use
of GPUs to run these applications; however, GPU-based implementations still may not
meet runtime requirement and incur substantial energy consumption, limiting their use for
battery-constrained applications. Custom hardware designs (e.g., on FPGA platforms)
have the potential to improve runtime performance and significantly reduce energy
consumption, but naive translation from GPU to FPGA platforms will likely not yield desired
performance advantages. Instead, effective translation demands a synergistic approach
involving explicit hardware-software co-design. Namely, systematic analysis of algorithm
structure, exposure of fine-grained parallelism, and deliberate mapping onto hardware
resources under timing constraints. In this talk, | will present our work on implementing
scalable, computationally efficient robot algorithms in hardware that can achieve real-
time results in an energy efficient manner. | will also discuss future directions in designing
scalable and efficient algorithms in hardware more broadly.
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