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Abstract:

A hospital is an environment where people receive medical treatment.
Overcrowding in the hospital environment may cause the spread of infectious
diseases. In order to address this issue, crowd management is necessary in a
hospital. Conventional crowd management has completely relied on manual
methods, such as paper-based approaches and visual estimations of crowd density.
These traditional methods lack real-time insights and are prone to human errors.
In response, this paper introduces an innovative solution by integrating sensor
fusion techniques and artificial intelligence-driven algorithms for precise crowd
estimation and staff attendance verification in real-time in a hospital environment.
This transition from traditional to our advanced solution ensures scalability,
adaptability, improved data privacy, and cost efficiency. Our system promises
dynamic decision-making based on the estimation of people in a specific region.
The purpose of this project is to provide a cost-efficient solution that enhances
CC License hospital management practices by optimizing resource allocation and security
CC-BY-NC-SA 4.0 measures to improve patient care and safety.

I. Introduction:

Introducing an integrated crowd counting and attendance system for hospitals, incorporating cutting-edge
technologies such as the Finder-Face algorithm, Haar-cascade classifier, training model, ultrasonic sensors, a
buzzer, an OLED display, a camera sensor and a microcontroller. This comprehensive solution revolutionizes
hospital safety and efficiency by seamlessly monitoring crowd density, tracking attendance, and ensuring
robust security protocols. At the heart of this system lies the microcontroller, orchestrating the functionalities
of the entire system with precision and efficiency. It receives inputs from various sensors, processes the data
using sophisticated Al algorithms, and triggers appropriate actions in real-time, ensuring proactive
management of hospital spaces. Ultrasonic sensors play a pivotal role in crowd counting, accurately measuring
distances and detecting the presence of individuals in specific areas. The data collected by these sensors is
analyzed by Al algorithms to predict congestion points, optimize traffic flow, and dynamically adjust resource
allocation, thereby enhancing hospital safety and efficiency. Complementing the ultrasonic sensors, the camera
sensor provides visual data capture capabilities essential for surveillance, facial recognition, behavior analysis,
and image processing. The Haar Cascade classifier aids in initial facial detection, while the Finder-Face
algorithm performs detailed facial recognition for accurate identification. The system's training mode enables
continuous improvement of facial detection capabilities, ensuring reliable performance in diverse hospital
environments. The OLED display serves as a visual interface, providing real-time feedback on crowd density
status, safety alerts, attendance records, and recommended actions. Meanwhile, the buzzer serves as an audible
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alert mechanism, notifying staff members of critical events or emergencies identified by the Al algorithms,
ensuring timely intervention and mitigation of potential risks. The integration of Al algorithms enhances the
system's capabilities for safety and efficiency. Machine learning techniques enable real-time analysis of data,
identification of patterns, prediction of potential safety issues, and optimization of crowd management
strategies. Continuous learning and adaptation ensure the system's effectiveness over time, improving its ability
to safeguard hospital environments. Overall, the integrated crowd counting and attendance system represents
a groundbreaking advancement in hospital safety and efficiency. By leveraging advanced technologies and
intelligent algorithms, hospitals can effectively manage crowd density, ensure compliance with safety
protocols, and optimize resource allocation, ultimately improving the overall quality of care provided to
patients, visitors, and staff alike.

II. Literature Review:

Six monitoring techniques exist that provide real-time information regarding the movements of crowds, being
camera systems, automatic counting systems, RFID sensors, Wi-Fi/Bluetooth sensors, GPS sensors, and social
media data. However, Wi-Fi and Bluetooth scanners are more and more readily adopted to analyze movement
patterns in urban environments. [1]A fundamental operational requirement of automated video surveillance
analytics is the ability to identify and track different objects within the recorded footage, hence the need for
object recognition; in the current context of crowd analysis, recognition of human subjects is critically relevant
while visual recognition and classification of objects is intuitive to human perception, robust computational
implementation is challenging. [2] Most crowd monitoring systems feature one type of sensor, which severely
limits the insights one can simultaneously gather regarding the crowd’s traffic state. Incorporating multiple
functionally complementary sensor types is expensive. CMSs are needed that exploit data fusion opportunities
to limit the number of (more expensive) sensors. This research estimates a data fusion algorithm to enhance
the functionality of a CMS featuring Wi-Fi sensors by means of a small number of automated counting systems.
[3]MSCANet efficiently leverages the spatial context information to accomplish crowd density estimation in
a complicated crowd scene. To achieve this, a multi-scale context learning block, called the Multi-scale Context
Aggregation module (MSCA), is proposed to first extract different scale information and then adaptively
aggregate it to capture the full scale of the crowd. Employing multiple MSCAs in a cascaded manner, the
MSCANet can deeply utilize the spatial context information and modulate preliminary features into more
distinguishing and scale-sensitive features, which are finally applied to a 1 X 1 convolution operation to obtain
the crowd density results. [4]Camera and vision-based crowd estimation systems intuitively estimate both
crowd size and location at the same time. Wi-Fi CSI is used instead of camera. This system with Wi-CaL is for
a simultaneous crowd counting and localization by using ESP32 modules for Wi-Fi links. Features that
contribute to dynamic state (moving crowd) and static state (location of the crowd) can be extracted from the
CSI bundles, then assess our system by both conventional machine learning (ML) and deep learning (DL). [5]
Unlike traditional crowd monitoring systems, which make use of simplex forms of different data types, data
and information associated with crowded scenarios can be collected, fused, processed and analyzed in large
quantities for accurate global assessment and enhanced decision making processes in an ICMMS. Therefore,
data fusion is introduced as an enabler to decrease data quantity, reduce data dimensions, and improve data
quality. [6]In this paper, we describes the implementation of Open-CV ideas victimization Python to recognize
the people include doctors, nurses, staffs and in-patients in hospital environment. This is a machine learning
technique which extracts the input data from CCTV camera and train the model for face recognition. With this
we utilize sensors to predict the crowd estimation in a specific area within the hospital.

I11. Design and Development of Proposed System:

A neural-network-based crowd density estimation algorithm is used based on computer vision techniques
where optical sensors such as CCTV cameras are used as a source of input. Appropriate Machine Learning
(ML) techniques are used to extract relevant patterns from unstructured and heterogeneous data train the model
to recognize the people.

Section-1: Object Recognition

Two techniques are used to detect the object from CCTV camera and recognize the object based on trained
machine learning model. To detect the object from input dataset and recognize, Haar-cascade algorithm is used.
To train the model, Finder-face machine learning algorithm is used.
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Object detection:

Haar-cascade classifier is used to detect face and create dataset for machine learning model. The algorithm
needs to be trained with a large dataset's of both positive and negative images. Positive images contain the
objects you want to detect, while negative images contain backgrounds or other irrelevant content. Haar-like
features are extracted from each image in the dataset. These features are simple rectangular patterns that can
represent various characteristics of objects, such as edges, corners, and texture changes. The algorithm then
trains a cascade of classifiers using a machine learning technique.

During training, the classifiers are sequentially trained to improve their ability to distinguish between positive
and negative samples. Each classifier focuses on a specific set of Haar-like features and assigns weights to
them based on their importance in making accurate classifications. The cascade structure allows for efficient
detection by quickly rejecting regions of the image that are unlikely to contain the object. The classifiers are
arranged in a cascade, where each stage consists of multiple weak classifiers. If a region passes through one
stage, it is passed on to the next stage for further evaluation. Regions that fail at any stage are discarded, saving
computational resources.

The detection process involves scanning the entire image with a sliding window of various sizes and positions.
At each window position, the Haar-like features within the window are extracted. The extracted features are
then compared to the learned model of the object. This involves evaluating each weak classifier in the cascade
to determine whether the features match those of the object being detected. If a region passes through all stages
of the cascade without being rejected, it is classified as a positive detection of the object. Otherwise, it is
discarded as a false positive. To eliminate duplicate detections and refine the final detection results, a
postprocessing step such as non-maximum suppression may be applied. This involves removing overlapping
bounding boxes and retaining only the most confident detections.

Training the Model:

The algorithm starts with a dataset of facial images, typically consisting of images of individuals' faces. Pre-
processing steps such as normalization, alignment, and resizing may be applied to ensure consistency across
images and improve the algorithm's robustness to variations in lighting, pose, and facial expressions. Finder-
face uses feature extraction techniques to represent each face in the dataset. One common approach is to use
Principal Component Analysis (PCA) to reduce the dimensionality of the face images while preserving the
most relevant information. PCA transforms the high-dimensional face images into a lowerdimensional
subspace called the "face space," where each face is represented as a linear combination of principal
components or Eigen faces.

Each face in the dataset is labeled with the identity of the person it belongs to. For each class (i.e., each
individual), the mean vector of their face images in the reduced face space is calculated. This mean vector
represents the average face of each individual. Finder-face computes scatter matrices to capture the distribution
of face images within and between classes. These matrices help in maximizing the reparability between
different classes while minimizing the intra-class variation.

FLDA is applied to the scatter matrices to find a projection that maximizes the ratio of between-class variance
to within-class variance. This projection, called the Finder-face, serves as a discriminative feature space where
faces from different classes are well-separated.

During the recognition phase, new face images are projected into the Finder-face space using the learned
projection matrix. To identify the person in a new face image, the algorithm compares the projected face vector
with the mean vectors of known individuals in the Finderface space. A nearest neighbor classifier or a similar
method is used to find the closest match between the projected face and the mean vectors. The algorithm
assigns the identity of the closest match to the new face image. If the distance between the projected face and
a mean vector falls below a certain threshold, the algorithm recognizes the person as the closest match.

The performance of the Finder-face algorithm is typically evaluated using techniques such as k-fold cross-
validation, where the dataset is split into multiple subsets for training and testing. Evaluation metrics such as
accuracy, precision, recall, and F1-score are used to assess the algorithm's performance in correctly identifying
individuals from new face images.

Section-2: Crowd estimation

To determine the crowd density in a particular area within the hospital, sensor based technique is used. In this
method, ultrasonic sensors are utilized to detect the presence of objects within a region. Hence, it can be
implemented with cost effectiveness and also it enhances the performance in a simple way. By integrating both
the techniques, we can estimate the crowd density in a area of hospital to ensure the social distance among
people and to prevent spreading of infectious diseases. To ensure the safety aspects in a centralized location of
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hospital such as OT, Documentation rooms, machine learning algorithm is used. Also, we can utilize this
system to make staff attendance to avoid delay which may arise when we have a paper based attendance
tracking system.

This system is like a proximity alert system that detects when someone approaches the door within a certain
distance and activates an alert. The Arduino continuously measures the distance using the ultrasonic sensor and
updates the OLED display with the current distance value. If an object is detected within the specified threshold
distance, the buzzer is activated briefly to indicate the detection. The OLED display shows the distance in
centimeters, and when an object is detected, it also displays "Detected!" below the distance reading.

Block diagram:
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Fig. Block diagram of proposed system
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1. Microcontroller:

It is the brain of the embedded system, the MCU process data from the sensors such as camera sensor,
ultrasonic sensor. It will process the information and execute the action should be predefined which is based
on programmed algorithm and also it will handle the task like information of the display on OLED display.

2. Ultrasonic Sensor:

Using a ultrasonic sensor such as the HC-SR04 to detect the presence of people and by using the ultrasonic
waves these sensors detect the movement of the patient, visitors entering and existing in the specific areas and
it will triggering a count on the microcontroller and potentially activating an visual notification it provides the
valuable data for managing the crowd density.

3. Camera Sensor:

By using this OV7670 camera sensor used to capture the images of the people in the specific areas, it can be
used to verify the accuracy of the crowd counting system in hospital and also provide visual feedback to the
hospital staff and tracking the staff attendance by recognizing the face which is implemented in the camera
sensor. The data and feedback will be provided to the hospital administration safely.

4. OLED display:

OLED display, such as SSD1306 display the current crowd of the people and this display is connected to the
microcontroller and also update the real time as peoples are detected by ultrasonic sensor and that count is
displayed.

5. Buzzer:

We can use the buzzer in the entry and exit point of the hospital if the person comes to the hospital the entry
system will cross the point it will be buzzer and disclosure to the hospital.

IV. Conclusion:

Implementation of this system ensures the patient safety by preventing the spreading of infectious diseases. It
is achieved by the detection of crowded areas using sensor fusion technique. It is an alert system when hospital
area is crowded with people which results in causing diseases. It provides a crowd density in a particular area
within hospital region based on which this system ensures the crowd density in sensitive areas such as operation
theatre and sterilization area. This system alerts the staff when the crowd density exceeds the threshold level.
Also, it ensures the social distance among patients and staffs. When people are too close to one another, alerts
can go off, reminding them to keep a safe distance to avoid spreading diseases. The machine learning model
helps in automatic attendance tracking. The system accurately records attendance by identifying individuals as
they enter or exit designated areas within the hospital when compared to time-consuming paper-based methods.
It enables the hospital management to ensure smooth operations and effective patient care delivery by assisting
in the identification of peak hours and areas of high activity.

V. Future work:

Usage crowd density and social distance guidelines to regulate entry into sensitive areas by integrating the
system with access control systems. When crowd density exceeds predetermined thresholds, automated access
control mechanisms can restrict entry, ensuring that critical areas remain adequately spaced and secure. By
examining authentic information and outer variables (e.g., season of day, day of the week, medical clinic
occasions), the framework can proactively change staffing levels and asset allotment to oversee swarm stream
all the more actually.
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