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Introduction

In recent years, the field of computer vision has witnessed remarkable
advancements, particularly with the emergence of Event Cameras. These
cameras, diverging from traditional image sensors, capture data
asynchronously based on changes in pixel illumination rather than fixed
intervals. This dynamic approach reduces energy consumption, enables real-
time usage, and significantly enhances temporal resolution in information-rich
areas of the image. In the context of the growing space sector, these cameras
offer unigue opportunities, facilitating efficient recognition, tracking, and
monitoring tasks.

This project’s focus is to optimize the implementation of several optical flow
algorithms utilizing the EVK3 Event Camera with the IMX636 HD Sensor [1].

Optical Flow

Optical flow is defined as the vector field that describes the perceived motion

of objects, surfaces and edges in a visual scene.
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Fig 1. Optical Flow Definition [2]

Optical Flow Strategies

Sparse:
Packet-based: Flow is generated on clusters of events.
Complex but staged algorithm, leading to higher efficiency of high event-rate
scenes.
Approaches: Patented Sparse Algorithm of Prophesee [3].

Dense:
 Event-by-event-based: Flow is computed for each event.
« Simple and efficient algorithm but run on all events hence is costly on high
event-rate scenes.
Approaches:
- Triplet Matching Algorithm [4]
- Plane Fitting Algorithm [5]

Software Set-Up

Computing Characteristics

OS Windows 11
GPU Intel® Core™ |7 — 10870H CPU @2.2GHz
RAM 16 GB
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The present study examines multiple sample recordings provided by
Prophesee, as well as real-time recordings. The following results illustrate the
distribution of time delay and RAM usage of the three benchmarked algorithm
strategies.
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Fig 2. Real-time delay and RAM consumption

For the studied oscillating event-rate scene (fig. 2) ranging from 103,950 to
148,076 events per second, C++ consistently outperforms Python in terms of
both lag and RAM consumption.
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Fig 3. Resolution affection in C++ to delay and RAM consumption.

The high resolution of the captured scene results in lower performance as more
events are being detected and processed. This tendency is followed both In
Python and C++ approaches.

From the perspective of algorithm accuracy, several error metrics have been
obtained:
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Ground truth has been estimated by filtering the corresponding events in the
desired ROI with the correct timestamp.

Conclusions

The thesis achieved optimization of optical flow algorithms through comparative
benchmarking between Python and C++. Sparse optical flow emerged as
superior for accuracy and efficiency, particularly in real-time applications.
Despite Python’s flexibility, C++ excelled in efficiency and resource
management, crucial for handling Event Camera data, as demonstrated in the
comprehensive benchmarking.
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