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Fig. 1: Lidar vs. high resolu- Fig. 2: Connections in an Fig. 3: Robot platform
tion radar data. [1] attractor network. [2] with FMCW radar.

Background

Although lidar sensors and vision systems are still the predominantly used sensors for
automotive use cases, radar sensors receive more and more attention, mainly due to their
robustness with regards to the weather. In contrast to lidars and cameras, radar sensors
are able to detect objects even in problematic weather conditions like snowfall or fog and
recent advances in FMCW radars increased the range/angle resolution significantly, as
shown in Fig. 1, making it a viable alternative to lidar.

Detecting and tracking objects is a crucial task for autonomous vehicles in order to perform
safe path planning and navigation in dynamic environments. This is commonly performed
using either filter based algorithms [3] or artificial neural networks (ANNSs) [4]. The resulting
information is processed in order to e.g. avoid obstacles [5] or follow a person [6]. Most
of these approaches, however, require extensive computational resources and with that
electrical power, which is of course limited in autonomous vehicles.

Spiking neural networks (SNNs) are more biologically plausible networks than ANNs [7].

Unlike ANNs, these networks process data asynchronously and sparsely, namely through
so called spikes - similarly to the mammalian brain. This potentially leads to highly efficient
networks with a reduced energy consumption compared to ANNs by a power of ten when
implemented on specialized neuromorphic hardware [8].

Task Description

Throughout this project you will be complementing an existing implementation of a spiking
(continuous) attractor neural network (CANN) [9], as shown in Fig. 2, for object detection
and tracking with an SNN for motor control using reinforcement learning (RL). CANNs
are a popular tool for computational neuroscientists to model neuronal processes, such

as associative memory or path integration [10], which is basically an egocentric tracking.

The output of this network will serve as the input for an SNN using a reward modulated
spike timing dependent plasticity (R-STDP) [11], [12] rule for learning to follow a tracked

person. R-STDP has been already successfully implemented for similar tasks, like e.g.

lane keeping [13].

The exact definition of the interaction between the two networks, as well as the definition
of the learning rule and its inputs will be part of your work. The final network(s) will be
evaluated on a real-world robotic platform (Clearpath Jackal) with a state-of-the-art high
resolution FMCW radar as shown in Fig. 3.

During this project you will be

e doing an extensive literature research, specifically on spike encoding and R-STDP,
o familiarizing yourself with FMCW radar data,
e improving the existing implementation in Brian 2 and getting used to the framework,

Il

Technical University of Munich

O &

Faculty of Informatics

Chair of Robotics, Atrtificial
Intelligence and Embedded
Systems

Supervisor:
Prof. Dr.-Ing. Alois Knoll

Advisor:
Robin Dietrich, M.Sc.

Research project:
KI-ASIC

Type:
Masters Thesis, Guided
Research

Research area:

Spiking Neural Networks,
Signal Processing,
Neuromorphic Engineering

Programming language:
Python

Required skills:
Python, Machine Learning,
Signal Processing

Language:
Englisch/German

Date of submission:
9. Marz 2022

For more information please

contact us:

Phone: +49.89.289.17626

E-Mail: robin.dietrich@tum.de

Internet:
https://wwwé.in.tum.de/


mailto:robin.dietrich@tum.de
http://https://www6.in.tum.de//

e implementing an RL network in Python (using Brian 2) for person following,
¢ testing the system on a real-world robot and documenting your results.

References

1]

Lidar vs. High Resolution Radar,
https://www.microwavejournal.com /ext /resources/article-images-

2020/Auto-Radar/Figl.jpg.

022118_0757_Howtorepres4.png (PNG Image, 602 x 649 pizels),
https://www.cognav.net/wp-
content/uploads/2018,/02/022118_0757_Howtorepres4.png.

S.-K. Weng, C.-M. Kuo, and S.-K. Tu, “Video object tracking using
adaptive Kalman filter,” en, Journal of Visual Communication and Image
Representation, vol. 17, no. 6, pp. 1190-1208, 2006.

G. Ciaparrone, F. Luque Sanchez, S. Tabik, L. Troiano, R. Tagliaferri, and
F. Herrera, “Deep learning in video multi-object tracking: A survey,” en,
Neurocomputing, vol. 381, pp. 61-88, 2020.

P. Saranrittichai, N. Niparnan, and A. Sudsang, “Robust local obstacle
avoidance for mobile robot based on Dynamic Window approach,”

in 2013 10th International Conference on Electrical Engineering/FElectronics,
Computer, Telecommunications and Information Technology, 2013, pp. 1-4.

T. Yoshimi, M. Nishiyama, T. Sonoura, et al., “Development of a Person
Following Robot with Vision Based Target Detection,” in 2006 IEEE/RSJ
International Conference on Intelligent Robots and Systems, 2006,

pp- 5286-5291.

W. Maass, “Networks of spiking neurons: The third generation of neural
network models,” en, Neural Networks, vol. 10, no. 9, pp. 1659-1671, 1997.

M. Davies, N. Srinivasa, T.-H. Lin, et al., “Loihi: A Neuromorphic Manycore
Processor with On-Chip Learning,”
IEEE Micro, vol. 38, no. 1, pp. 82-99, 2018.

E. T. Rolls, “Attractor networks,” en,
WIRFEs Cognitive Science, vol. 1, no. 1, pp. 119-134, 2010.

S. M. Stringer, E. T. Rolls, T. P. Trappenberg, and 1. E. T. de Araujo,
“Self-organizing continuous attractor networks and path integration:
Two-dimensional models of place cells,”

Network: Computation in Neural Systems, vol. 13, no. 4, pp. 429-446, 2002.

E. M. Izhikevich, “Solving the distal reward problem through linkage of
STDP and dopamine signaling,” Cerebral Cortex (New York, N.Y.: 1991),
vol. 17, no. 10, pp. 2443-2452, 2007.

R. V. Florian, “Reinforcement Learning Through Modulation of
Spike-Timing-Dependent Synaptic Plasticity,”
Neural Computation, vol. 19, no. 6, pp. 1468-1502, 2007.

Z. Bing, C. Meschede, K. Huang, et al., “End to End Learning of Spiking
Neural Network Based on R-STDP for a Lane Keeping Vehicle,” in 2018
IEEE International Conference on Robotics and Automation (ICRA), 2018,
pp. 4725-4732.

Il

Technical University of Munich

O &

Faculty of Informatics

Chair of Robotics, Atrtificial
Intelligence and Embedded
Systems



