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ABSTRACT: This study explores the potential of utilizing video-based data analysis and machine learning techniques to estimate the
number of occupants within a building. The research methodology involves developing a sophisticated counting system capable of
detecting and tracking individuals' entry and exit patterns. The proposed method demonstrates promising results in various scenarios;
however, it also identifies the need for improvements in camera performance and external environmental conditions, such as lighting.
The study emphasizes the significance of incorporating machine learning in architectural and urban planning applications, offering
valuable insights for the field. In conclusion, the research calls for further investigation to address the limitations and enhance the
system's accuracy, ultimately contributing to the development of a more robust and reliable solution for building occupancy estimation.
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Figure 6. Giving and counting IDs to recognized people

Figure 7, New counting according to direction

Figure 8, Detection in walking movements, such as
stairwells and entrances
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Table 1,

Overall Decision—making Process for Data Pro—
cessing using Machine Learning—based Recog—
nition Model

Step

Description

Acquire video data from fixed cameras installed
at stairwells, entrances, and elevators,

Preprocess the video data, including noise
reduction, frame extraction, and resolution
scaling.

Apply a pre—trained object detection model to
recognize and classify people in the video
frames,

Utilize Optical Flow to measure motion between
consecutive frames and determine direction,

Employ OpenCV and dlib for simultaneous
object recognition and tracking,

Assign unique IDs to recognized people and
track them across frames,

Implement a counting algorithm to count people
crossing a designated line based on direction,

Differentiate between IN and OUT counts
depending on the detected direction of
movement,

Collect data on the distribution of occupants in
specific floors and the entire building.

Visualize the building's occupant distribution
based on the collected data,
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Table 2, Results of object—specific identification based on detection

Experiental content Lowest Measured value Top Measured value Assigned ID | Walking speed Detection status
. 0.77 0.98 D 1 Slow Success
0.78 0.92 D2 Slow Success
0.72 0.92 ID 3 Normal Success
0.73 0.89 D 4 Normal Success
0.81 0.90 ID O Slow Success
Failed 0.50 - Fast Failed

Table 3, Issues and improvement measures

Category

Issues and Improvement Measures

Moving Object's Speed

Low accuracy for objects moving too fast, Further research is needed to improve this

issue,

Complex and
Diverse Behaviors

Lower accuracy for objects with diverse behaviors, Improving the machine learning

model is necessary,

Wearing Dark Clothes

Lower accuracy for objects wearing dark clothes, Lighting and camera performance
improvements are needed,

CCTV Resolution and Lighting

Lower recognition rate in low—resolution or dim lighting conditions, Improvement of
camera performance and external environmental conditions is required,

Legal Restrictions on
Personal Information

VGA images used in research show low resolution, making individual identification
impossible, Machine learning—based analysis is needed for better accuracy.

Correction and Preprocessing
of Original Video, Camera
Adjustment

In subsequent research, improvements in factors affecting accuracy and reducing errors
are needed through correction and preprocessing of the original video, camera

adjustment, and camera calibration,
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Figure 9. Flow rate and directionality can be displayed on
each road (https://www.buymeacoffee.com/)

Figure 10, Flow rate and directionality of corridors, etc. in
individual buildings Leverage visualization for space
design(https://www_buymeacoffee.com/)
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Figure 11, Detection and numericalization of pedestrian in
building by mechanical learning
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Figure 14, Numericalization and reclassification of the
number of people entering and leaving the space

Figure 15, Examples of visualizations of the distribution of
occupants in each space
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Figure 16. An example of visualizing data in the distribution
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