Computer Vision Metrics: A Comprehensive
Survey, Taxonomy, and Analysis

Computer vision is a rapidly growing field with applications in a wide range
of areas, including healthcare, manufacturing, robotics, and self-driving
cars. As the field has grown, so has the need for metrics to evaluate the
performance of computer vision algorithms.

There are a wide variety of computer vision metrics available, each with its
own strengths and weaknesses. Choosing the right metric for a particular
task can be a challenge, and it is important to understand the limitations of
any metric before using it.

This article provides a comprehensive overview of computer vision metrics,
including a taxonomy, analysis, and discussion of their strengths and
limitations. It also includes a detailed survey of existing metrics and their
applications in various computer vision tasks.
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Computer vision metrics can be classified into a number of different
categories, including:

= Accuracy metrics measure the overall accuracy of a computer vision
algorithm.

= Error metrics measure the difference between the output of a
computer vision algorithm and the ground truth.

= Robustness meirics measure the ability of a computer vision
algorithm to handle noise and other distortions.

= Efficiency metrics measure the speed and memory requirements of a
computer vision algorithm.

= Interpretability metrics measure the ease of understanding the output
of a computer vision algorithm.

Each of these categories contains a number of different metrics, each with
its own strengths and weaknesses. The following table provides a summary
of the most common computer vision metrics:

| Category | Metric | Description | |---|---|---| | Accuracy | Accuracy | The
percentage of correct predictions. | | Error | Mean absolute error (MAE) |
The average absolute difference between the predicted and actual values. |
| Error | Mean squared error (MSE) | The average squared difference
between the predicted and actual values. | | Error | Root mean squared
error (RMSE) | The square root of the mean squared error. | | Robustness
| Noise robustness | The ability of an algorithm to handle noise. | |
Robustness | Occlusion robustness | The ability of an algorithm to handle
occlusions. | | Robustness | lllumination robustness | The ability of an
algorithm to handle different lighting conditions. | | Efficiency | Time



complexity | The amount of time required to run an algorithm. | | Efficiency
| Memory complexity | The amount of memory required to run an algorithm.
| | Interpretability | Explainability | The ease of understanding the output of
an algorithm. |

The choice of which computer vision metric to use depends on a number of
factors, including the task being performed, the data being used, and the
resources available.

The following are some of the key considerations when choosing a
computer vision metric:

= Task: The task being performed will determine which metrics are most
relevant. For example, if the task is to classify images, then accuracy
is likely to be the most important metric.

= Data: The data being used will also affect the choice of metric. For
example, if the data is noisy, then a metric that is robust to noise will
be important.

= Resources: The resources available will also affect the choice of
metric. For example, if the resources are limited, then a metric that is
efficient to compute will be important.

In addition to these considerations, it is also important to consider the
strengths and limitations of each metric. The following table provides a
summary of the strengths and limitations of the most common computer
vision metrics:

| Metric | Strengths | Limitations | |---I---|---| | Accuracy | Easy to
understand and interpret | Can be misleading if the data is imbalanced. | |



Error | Measures the absolute or squared difference between the predicted
and actual values | Can be sensitive to outliers. | | Robustness | Measures
the ability of an algorithm to handle noise and other distortions | Can be
difficult to quantify. | | Efficiency | Measures the speed and memory
requirements of an algorithm | Can be difficult to compare algorithms that
have different time and memory requirements. | | Interpretability |
Measures the ease of understanding the output of an algorithm | Can be
difficult to quantify. |

There are a wide variety of computer vision metrics available, each with its
own strengths and weaknesses. The following is a survey of some of the
most common computer vision metrics:

= Classification metrics measure the accuracy of a computer vision
algorithm in classifying images or videos. Common classification
metrics include accuracy, precision, recall, and F1-score.

= Segmentation metrics measure the accuracy of a computer vision
algorithm in segmenting images or videos. Common segmentation
metrics include intersection over union (IOU),dice coefficient, and
Hausdorff distance.

= Object detection metrics measure the accuracy of a computer vision
algorithm in detecting objects in images or videos. Common object
detection metrics include mean average precision (mAP),average
precision (AP),and recall.

= Tracking metrics measure the accuracy of a computer vision
algorithm in tracking objects in images or videos. Common tracking
metrics include intersection over union (IOU),mean absolute error
(MAE),and root mean squared error (RMSE).



= Quality assessment metrics measure the quality of images or
videos. Common quality assessment metrics include peak signal-to-
noise ratio (PSNR),structural similarity index (SSIM),and mean opinion
score (MOS).

Computer vision metrics are an essential tool for evaluating the
performance of computer vision algorithms. The choice of which metric to
use depends on a number of factors, including the task being performed,
the data being used, and the resources available.

This article has provided a comprehensive overview of computer vision
metrics, including a taxonomy, analysis, and discussion of their strengths
and limitations. It also includes a detailed survey of existing metrics and
their applications in various computer vision tasks.

By understanding the different types of computer vision metrics and their
strengths and weaknesses, you can make informed decisions about which
metrics to use for your own computer vision projects.
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