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1. Introduction & Summary of Contribution 2. Autonomous Exploration Pipeline & MI Formulation 3. Hardware Design Challenges

Challenge Typical Autonomous Exploration Pipeline Challenge: Memory Bandwidth (Not Compute) Limits Performance

Robotic Exploration
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_ Proposed architecture contains:

Bank 1 : 1) Memory banking pattern that
minimizes memory read conflicts
among all cores (Section 4A).

2) Priority arbiter that fairly and
quickly identifies and resolves
conflicts (Section 4B).

[Zhang, et al., ICRA 2019]
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4. Proposed Architecture & Detailed Implementation 5. Results & Real-world Experiments

4A. Memory Banking Architecture ASIC Layout using TSMC 65nm LP System Performance Real-world Autonomous Exploration
i} . Chip size: 2550umx2550um, Gates: 2,981,291 System throughput (purple) at 91% of Experiment using Xilinx XC72045 FPGA
Memory Access Pattern Naive Implementation Proposed Implementation Core clock: 116.5MHz, Power: 164mW theoretical limit (dotted black line)
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Memory access locations (in same Naive vertical banking pattern We rigorously proved that mapping from occupancy grid map to = 1
column or row every cycle) is scan always creates read conflicts for memory banks using identically stacked BxB Latin Square Occupancy Map MI Map
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4B. Priority Arbiter Architecture System Throughput System Power
12.6x faster for computing M| map of size 22.9x lower power on ASIC vs. ARM
Arbiter Operation Arbiter Architecture 201x201 on ASIC vs. NVIDIA Pascal GPU on TX2 Cortex-A57 CPU on TX2
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During each cycle, the priority arbiter is guaranteed to fairly Each round of arbitration completes in one cycle due to a low critical 0 0 —
. . . . . Server TX2 CPU TX2 GPU FPGA FPGA ASIC Server TX2 CPU TX2 GPU FPGA FPGA ASIC
service the greatest number of requests from cores that idle for path of O(log(C)), which is less than O(log(C)+log(B)) from round-robin cPU (RsS 2019) Current CPU (RSS 2019) Current
the longest number of cycles with the highest priority counters. arbiter presented in RSS 2019. Note, C = # of cores, B = # of banks. P. Z. X. Li*, Z. Zhang*, S. Karaman, V. Sze, “High-throughput Computation of Shannon Mutual Information on Chip,” Robotics: .. : ,
Two remaining frontiers that will be explored next.
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