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Robotic Computing Need Hardware Acceleration
• Take motion planning as an example: collision detection for each 

connecting path can be very expensive…!
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• Which Hardware Platform for Robotic Computing Acceleration?
• GPUs/CPUs’ power consumption is orders of magnitude higher than requirements
of resource-constrained scenarios.

• GPUs/CPUs’ general-purpose nature leads to time inefficiencies (real-time
requirement) and more vulnerable to cybersecurity threats (safety requirement)

• ASICs typically have the highest energy-efficiency, but their limited configurability
has difficulty adapting to new robotic scenarios, as the robotic computing
algorithms are still evolving very fast.

• FPGAs have some unique advantages –
Compared to GPUs/CPUs: higher energy-efficiency, low power, higher performance
Compared to ASICs: higher reconfigurability, adaptivity, faster time-to-market, and

sslssssssssssssssssssss longer useful life time.
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Exampled design techniques:
SW: Robotic-specific hardware-friendly algorithms and data structure, dynamic scheduling, ROS support
HW: Robotic-specific architecture, sparsity, locality, pipeline and reduced data movement



Exampled Design (SLAM)

AICAS 2022 06/15/2022Zishen Wan | School of ECE | Georgia Institute of Technology

Feature
Tracks

Estimated
States

Camera

IMU
(Inertial Measurement Unit)

Simultaneous Localization 
and Mapping

(SLAM)

Localization

Mapping
[Source: V. Sze]



Exampled Design (SLAM): Data Reuse

AICAS 2022 06/15/2022Zishen Wan | School of ECE | Georgia Institute of Technology 23

2 Keyframes  
3 Feature Points (F1~F3)  
4 Observations (O1~O4)

[Wan, CICC’22]



Exampled Design (SLAM): Data Reuse

AICAS 2022 06/15/2022Zishen Wan | School of ECE | Georgia Institute of Technology 2424

2 Keyframes  
3 Feature Points (F1~F3)  
4 Observations (O1~O4)

Jacobian Matrix

<feature point, observation> 
pairs have non-zero values

[Wan, CICC’22]



Exampled Design (SLAM): Data Reuse

AICAS 2022 06/15/2022Zishen Wan | School of ECE | Georgia Institute of Technology 25

2 Keyframes  
3 Feature Points (F1~F3)  
4 Observations (O1~O4)

Jacobian Matrix

<feature point, observation> 
pairs have non-zero values

[Wan, CICC’22]



Exampled Design (SLAM): Data Reuse

AICAS 2022 06/15/2022Zishen Wan | School of ECE | Georgia Institute of Technology 26

2 Keyframes  
3 Feature Points (F1~F3)  
4 Observations (O1~O4)

Jacobian Matrix

<feature point, observation> 
pairs have non-zero values

Three-Level Block Designs:
• Keyframe-level: Rotation matrix of keyframes
• Feature-level: 3D coordinates
• Observation-level: Jacobian matrix



Exampled Design (SLAM): Data Reuse

AICAS 2022 06/15/2022Zishen Wan | School of ECE | Georgia Institute of Technology 27

2 Keyframes  
3 Feature Points (F1~F3)  
4 Observations (O1~O4)

Jacobian Matrix

<feature point, observation> 
pairs have non-zero values

Three-Level Block Designs:
• Keyframe-level: Rotation matrix of keyframes
• Feature-level: 3D coordinates
• Observation-level: Jacobian matrix

Two-Level Data Reuses:
• Feature-reuse: across associated observations

• Keyframe-reuse: over all obsn. within keyframe



Exampled Design (SLAM): Data Reuse

AICAS 2022 06/15/2022Zishen Wan | School of ECE | Georgia Institute of Technology 28

2 Keyframes  
3 Feature Points (F1~F3)  
4 Observations (O1~O4)

Jacobian Matrix

<feature point, observation> 
pairs have non-zero values
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• Keyframe-level: Rotation matrix of keyframes
• Feature-level: 3D coordinates
• Observation-level: Jacobian matrix

Two-Level Data Reuses:
• Feature-reuse: across associated observations

feature (row)-stationary
• Keyframe-reuse: over all obsn. within keyframe



Exampled Design (SLAM): Symmetric & Sparsity
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[Wan, CICC’22]
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Modularizing robotic computing 
kernels design
• Build optimized building blocks

for robotic kernels, as libraries
or packages.

• During design phase, directly
import these robotic-specific
libraries and building blocks.
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Dynamic changing workloads

Unoptimized general solutions

Diverse hardware components 

Inefficient ROS support 

Large #algorithms and #hardware 

Tedious development procedure 

Inaccurate performance evaluation

Connecting FPGA to ROS ecosystem
• Better interface with FPGA and

ROS.
• Accelerate inter-process and 

intra-process between ROS 
nodes.

• Dynamically and efficiently 
mapping ROS to heterogeneous 
compute platforms. 

(ROS: Robot Operating System)
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Benchmarking robotic computing 
kernels 
• Benchmark a robotic algorithm 

across various hardware 
platforms.

• Benchmark various robotic 
algorithms within the same 
hardware. 
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Dynamic changing workloads

Unoptimized general solutions

Diverse hardware components 

Inefficient ROS support 

Large #algorithms and #hardware 

Tedious development procedure 

Inaccurate performance evaluation

Automating robotic computing 
design flow 

• Push button framework
• Intelligently search huge design space

to pick optimal hardware and algorithm

[Krishnan, arXiv’21]
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Dynamic changing workloads

Unoptimized general solutions

Diverse hardware components 

Inefficient ROS support 

Large #algorithms and #hardware 

Tedious development procedure 

Inaccurate performance evaluation

Building customized robotic 
computing with the open-source 
framework
• Defining and building an 

open-source FPGA-based 
RISC-V robotics-on-chip 
processor with open-source 
frameworks 
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Dynamic changing workloads

Unoptimized general solutions

Diverse hardware components 

Inefficient ROS support 

Large #algorithms and #hardware 

Tedious development procedure 

Inaccurate performance evaluation

Integrating robotic computing 
hardware in a simulation loop 

[Boroujerdian, MICRO’18]
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Thank You!

Contact: Zishen Wan
Email: zishenwan@gatech.edu

Webpage: https://zishenwan.github.io
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