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Cy4yaCHOTO CTaHy CIpaB B IEpepaxOBaHMUX Trajy3siX 3HAHb, SIKHA MOXE JOMOMOITH SK
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ANALYSIS OF METHODS FOR FINDING KEY POINTS IN AN IMAGE BASED ON AKAZE,
BRISK AND ORB ALGORITHMS
IHOR BADANIUK (ihor.badaniuk@nure.ua),
DMYTRO NIKITIN (dmytro.nikitin@nure.ua)
Kharkiv National University of Radio Electronics, Ukraine

This paper reviews methods for aligning and finding key points between images using the AKAZE,
BRISK, and ORB algorithms.

The technology of finding key points in images is used in various fields, such as image alignment,
medical image processing. By selecting characteristic points with certain features for image description,
the feature-based registration algorithm offers numerous advantages, including low computational
complexity (compared to artificial intelligence models), high stability, and feature detection efficiency.
Comparison and alignment is widely used in the field of image processing [1-3].

AKAZE, BRISK, and ORB image processing methods are popular algorithms for detecting key points
and solving problems such as object recognition and motion tracking. Here is a comparative description
of these methods [4].

AKAZE (Accelerated-Keypoint Aligned Zone Extractor). A nonlinear scale space is a set of different
scales of an input image that are organized into octaves. Each octave contains four sublevels in the
AKAZE algorithm. The advantages of this method include [4-5]:

— speed: AKAZE is specially designed to accelerate the KAZE algorithm, making it quite fast.

- detail: It provides high detail on key points, which makes it work well in object recognition and
image matching tasks.

— rotational and scale invariance: AKAZE has a high degree of invariance to changes in image size
and rotation.

BRISK (Binary Robust Invariant Scalable Keypoints). The BRISK algorithm consists of two main
stages: detecting keypoints and creating descriptions for keypoints. First, a scale space pyramid is created,
and stable extreme points with sub-pixel accuracy in a continuous scale space are identified using
AGAST (Adaptive Angle Detection Statistic). Then, a binary descriptor is created for each local image
using the gray scale ratio of random pairs of points taken from a sample in the neighborhood of that local
image. The advantages of this method include [6]:

— binary approach: BRISK generates binary descriptors for key points, making it effective for image
recognition and comparison tasks.

— invariance to scale and rotation: BRISK can handle changes in scale and rotation quite well.

— speed: It can be faster than AKAZE in larger images due to the use of binary descriptors.

ORB (Oriented FAST and Rotated BRIEF). Feature point detection is performed using ORB, which is
a combination of the oriented FAST keypoint detector and the rotated BRIEF descriptor. It turns out to be
much faster than SURF and SIFT, so it is more suitable for real-time applications. The advantages of this
method include [7-8]:

— speed: ORB is one of the fastest methods for detecting keypoints and calculating descriptors.
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— rotational invariance: It incorporates the chosen direction of the keypoints, making it less rotation
invariant than AKAZE and BRISK [9].

— detail: ORB may be less detailed, especially compared to AKAZE.

The choice of method depends on the specific task and the requirements for speed, accuracy, and
invariance to changes. AKAZE may be the choice when high accuracy and detail are required. BRISK is
well suited for fast applications with binary descriptors. ORB is a fast and efficient method for many
tasks, especially those where high speed is required.

It is also important to consider the hardware support for these methods when choosing one of them for
a particular project. Figure 1 shows an example of processing the key point finding using the AKAZE,
BRISK, and ORB methods.
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d)
a) AKAZE method; b) BRISK method; c) ORB method; d) A reference image.
Figure 1 — Comparison of AKAZE, BRISK and ORB methods

Conclusion. After analyzing the AKAZE, BRISK, and ORB methods, the following conclusions can
be made.

By speed and efficiency:

— ORB is the fastest of them all and is perfect for tasks where high image processing speed is
important. It is especially useful on lower-resolution devices or in real-time;

— BRISK also has good speed thanks to its binary descriptors, making it popular in applications that
require a balance between speed and accuracy;
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— AKAZE provides more accuracy and detail, but can be slower compared to ORB and BRISK,
especially on large images.

Precision and detail:

— AKAZE typically offers high accuracy and key point detail, making it useful for complex object
recognition and tracking applications;

— BRISK also provides good granularity, especially in comparison to ORB, due to its binary
descriptors;

— ORB may be less detailed than AKAZE and BRISK, but it usually provides satisfactory accuracy
for many applications.

By the criteria of invariance:

— AKAZE and BRISK usually have a certain level of invariance to changes in scale and rotation;

— ORB s less rotation invariant than other methods.

In summary, the choice between these methods should be based on the specific requirements of the
project. If speed is what matters, ORB can be a great choice. If higher accuracy and detail s required,
AKAZE or BRISK may be more appropriate. It is also important to consider device resources and the
availability of libraries for these methods.
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