
Computer Vision Metrics: A Comprehensive
Survey, Taxonomy, and Analysis
Computer vision is a rapidly growing field with applications in a wide range
of domains, including robotics, autonomous driving, medical imaging, and
manufacturing. As the field has grown, so has the need for reliable and
meaningful metrics to evaluate the performance of computer vision
algorithms.

In this article, we provide a comprehensive overview of computer vision
metrics. We begin with a survey of existing metrics, which we organize into
a taxonomy based on their underlying principles. We then analyze the
strengths and weaknesses of each metric, and provide guidance on how to
choose the right metric for a given task.

There is a wide range of computer vision metrics available, each with its
own strengths and weaknesses. In this section, we provide a brief overview
of some of the most commonly used metrics.
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Accuracy

Accuracy is the most straightforward metric for evaluating the performance
of a computer vision algorithm. It is simply the percentage of test images
that are correctly classified. Accuracy is a good general-purpose metric, but
it can be misleading in some cases. For example, an algorithm that always
predicts the majority class will achieve high accuracy, even if it is not
actually learning anything about the data.

Precision and Recall

Precision and recall are two related metrics that measure the ability of an
algorithm to correctly identify positive and negative examples. Precision is
the percentage of predicted positive examples that are actually positive,
while recall is the percentage of actual positive examples that are correctly
predicted.

Precision and recall are often used together to create a receiver operating
characteristic (ROC) curve. A ROC curve plots the true positive rate (TPR)
against the false positive rate (FPR) at different thresholds. The area under
the ROC curve (AUC) is a measure of the overall performance of an
algorithm.

Specificity and Sensitivity

Specificity and sensitivity are two related metrics that measure the ability of
an algorithm to correctly identify negative examples. Specificity is the
percentage of predicted negative examples that are actually negative, while
sensitivity is the percentage of actual negative examples that are correctly
predicted.



Specificity and sensitivity are often used together to create a confusion
matrix. A confusion matrix shows the number of true positives, true
negatives, false positives, and false negatives for a given algorithm.

F1-score

The F1-score is a weighted average of precision and recall. It is defined as:

F1-score = 2 * (precision * recall) / (precision + recall)

The F1-score is a good general-purpose metric that takes into account both
precision and recall.

Mean Absolute Error (MAE)

The mean absolute error (MAE) is a measure of the average difference
between the predicted values and the true values. It is defined as:

MAE = (1 / n) * Σ_i |y_i - y_hat_i|

where:

n is the number of data points

y_i is the true value of the i-th data point

y_hat_i is the predicted value of the i-th data point

The MAE is a good measure of the overall error of an algorithm. It is easy
to interpret and it is not affected by outliers.

Mean Squared Error (MSE)



The mean squared error (MSE) is a measure of the average squared
difference between the predicted values and the true values. It is defined
as:

MSE = (1 / n) * Σ_i (y_i - y_hat_i)^2

where:

n is the number of data points

y_i is the true value of the i-th data point

y_hat_i is the predicted value of the i-th data point

The MSE is a good measure of the overall error of an algorithm. It is more
sensitive to outliers than the MAE, but it is also more commonly used in
statistical modeling.

Root Mean Squared Error (RMSE)

The root mean squared error (RMSE) is the square root of the MSE. It is a
good measure of the overall error of an algorithm, and it is often used in
place of the MSE because it is easier to interpret.

The wide range of computer vision metrics can be organized into a
taxonomy based on their underlying principles. In this section, we present a
taxonomy that divides metrics into three main categories:

Classification metrics measure the performance of an algorithm on
classification tasks.



Detection metrics measure the performance of an algorithm on
detection tasks.

Segmentation metrics measure the performance of an algorithm on
segmentation tasks.

Each of these categories can be further subdivided into more specific
metrics. For example, classification metrics can be divided into accuracy,
precision, recall, and F1-score. Detection metrics can be divided into mean
average precision (mAP),average precision (AP),and intersection over
union (IoU). Segmentation metrics can be divided into Dice coefficient,
Jaccard index, and pixel accuracy.

The taxonomy presented in this section is not exhaustive, but it provides a
useful framework for organizing the wide range of computer vision metrics.

The strengths and weaknesses of different computer vision metrics depend
on the specific task at hand. However, there are some general guidelines
that can be followed when choosing a metric.

Consider the task: The first step in choosing a metric is to consider
the specific task that you are trying to evaluate. Different tasks require
different metrics. For example, classification tasks require metrics that
measure the accuracy of the algorithm's predictions, while detection
tasks require metrics that measure the ability of the algorithm to find
and localize objects.

Consider the data: The second step in choosing a metric is to
consider the data that you are using. Some metrics are more sensitive
to noise and outliers than others. If you are using a dataset that is



noisy or contains outliers, you should choose a metric that is not
sensitive to these factors.

Consider the computational cost: The third step in choosing a
metric is to consider the computational cost of the metric. Some
metrics are more computationally expensive than others. If you are
using a large dataset, you may need to choose a metric that is less
computationally expensive.

Once you have considered these factors, you can choose a metric that is
appropriate for your specific task.

Computer vision metrics are an essential tool for evaluating the
performance of computer vision algorithms. In this article, we have
provided a comprehensive overview of computer vision metrics, including a
survey of existing metrics, a taxonomy to organize them, and an analysis of
their strengths and weaknesses. We hope that this article will help you to
choose the right metric for your next computer vision project.
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