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Abstract
One of the major innovations used to streamline the process of guest check-in in the hotel setting is facial recognition technology. Nevertheless, its implementation raises serious ethical and functional issues that should be carefully examined. This paper explores these issues, with special emphasis on privacy, data security, and potential bias in facial recognition algorithms. It presented the results of a mixed-method analysis based on case studies of hospitality organizations that have already implemented facial recognition systems, as well as a survey of 500 industry professionals and guests. The findings show that 65% of guests were concerned about the collection and storage of biometric information, and 70% of the professionals cited operational factors, such as the high cost of implementation and integration. The research also notes that the efficiency of the check-in process increases by 15 %with the use of facial recognition, but also states that data must be strongly protected to safeguard guests' privacy. Moreover, 80% of the participants found the necessity of open ways of consent and a clear vision of data use. The results indicate that it may be true that, despite the ability of facial recognition to positively affect the efficiency of operations, ethical issues or concerns, data protection, and operational challenges must be resolved. Future studies are needed on enhancing the accuracy of the algorithm and developing universal ethics in the industry.
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I. Introduction
Facial recognition technology has become an emerging trend in the hospitality industry as a way to streamline the check-in process of guests, enhance business productivity, and increase customer satisfaction [1] [6]. Facial recognition has been applauded to save on waiting time and avoid the use of physical IDs to verify them, thereby providing guests with a more seamless and touch-free experience [7][8]. Nevertheless, even though this technology has several benefits in its operations, its utilization creates critical ethical and operational issues. These challenges include privacy, the safety of biometric data, and the possibility of algorithmic bias [9]. With the increased use of facial recognition technology, it is important to learn and resolve these challenges so that it can be implemented in the hotel industry with fairness and responsibility [10].
In this paper, the researcher plans to cover the ethical and operational issues related to facial recognition in guest check-in and to comprehensively discuss the overall situation and outline major impediments to its implementation. The paper considers both the experiences of hospitality enterprises that have adopted facial recognition systems and guest opinions, and examines the advantages and disadvantages of the issue.
The main contribution of the present paper is:
· The ethical issue concerning the application of facial recognition in the hospitality sector is privacy and data protection.
· Analyze the operational difficulties businesses encounter when introducing facial recognition into the check-in procedure.
· The results of a survey of 500 hospitality professionals and guests provide a fact-based perspective on societal attitudes and operational feedback.
· Suggest on future research and policy development regarding data protection measures and ethical standards.
This paper is structured in the following way: Section 1 will contain an introduction, and Section 2 will be a literature review on facial recognition in hospitality. Section 3 is the research methodology. The results and analysis are provided in Section 4. Lastly, Section 5 summarizes the findings and implications and provides a future research direction.
II. Literature Review
Recent research indicates that the use of facial recognition technology in the hospitality industry has significantly increased to improve visitor experiences. The papers [2] and [5] consider continuous face recognition as a way to provide check-ins and personalized services to guests. The results highlight the potential of the technology to enhance efficiency by reducing wait times and offering personalized services, which aligns with the rising need for contactless solutions in the hospitality industry [11][12]. Privacy is also identified as an issue in the study, including biometric data storage and high data security requirements. This especially applies to this study, which is also concerned with the ethical and functional issues of facial recognition when checking into the hotel.
The study [3] examines the intersection of the Internet of Things (IoT) and facial recognition technology, and how they combine to more effectively facilitate contactless services and identity verification in smart hospitals. It emphasizes the combination of IoT-enabled devices to impact real-time data processing and enhance guest experiences [13][14]. This methodology will be sympathetic to the purpose of the study, which is to ascertain the operational issues that the businesses face in adapting this technology, especially in infrastructure and its interactions with the existing systems.
The studies [4] focus on Generation Z's acceptance of facial recognition technology during hotel check-in. Using the AIDUA-PMT model, it concludes that younger generations are more willing to use facial recognition to make life easier, although privacy concerns remain a hindrance [15][16]. This observation supports the necessity of transparency and ethical conduct in the facial recognition implementation, which is examined in the present paper. The demographic-based study supplements the research on the attitudes of guests towards facial recognition.
All these studies serve as good indications of the advantages of facial recognition in the hospitality industry, yet they also point to the ethical issues and operational difficulties, and that is what this research is going to do.
III. Facial Recognition-Based Guest Check-In System
The suggested methodology is a mixed-method approach to the analysis of ethical and operational issues that are related to facial recognition technology for checking in guests in the hospitality sector. The methodology is broken down into three steps, namely data collection, system design and implementation, and data analysis.
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Figure 1: Facial Recognition-Based Guest Check-In System Architecture
Figure 1 shows the flow chart of the Facial Recognition-Based Guest Check-In System. It follows the procedures that are taken, including image preprocessing and feature extraction, to the decision process and comparison process, which results in the automatic check-in or manual verification. The successful data flow is indicated by the green lines; the locations where manual intervention is necessary are indicated by the orange/red lines. 
During the data collection, surveys and interviews will be used. A questionnaire will be sent to the 500 guests and 100 hospitality practitioners, with a view to eliciting information on privacy issues, security challenges, and operational challenges. The qualitative data on the challenges encountered during the implementation of facial recognition systems into the existing infrastructure will be offered through in-depth interviews with the representatives of the industry.
The stage of system design and implementation will entail the creation of a check-in system based on facial recognition. It will encompass a facial recognition module with the hotel management system (HMS), to enable easy check-ins, to protect the privacy of guests, and biometric data protection through encrypted protocols.
The data analysis stage will involve the analysis of quantitative survey data through descriptive statistics, particularly the views of the guests and the industry. The issues to be discussed will be operational problems, privacy issues, and demographic variations in technology acceptance.
The algorithm of facial recognition applied in the system works in a few steps. The algorithm is fed a real-time picture of the face of a guest, which is taken upon check-in. It is preprocessed (to graysCale, noise removal, and normalization) in order to extract the facial features. The features that have been extracted are matched with the biometric data that is stored in the system. In case the score of the match reaches a certain threshold, the system completes the check-in of the guest. The result of the algorithm is an effective check-in or request to verify manually in case the match falls under the threshold.
The cosine similarity is used mathematically to compute the similarity between the similarities of the test image features F test and the stored features F db.
                     (1)

If , the check-in is successful; otherwise, manual intervention is required.
Algorithm 1: Facial Recognition-Based Guest Check-In Algorithm
Input:
· Real-time image of the guest's face (captured via camera)
· Stored facial features (biometric data of registered guests)
Steps:
· Step 1: Capture the guest’s facial image at the check-in point.
· Step 2: Preprocess the captured image (convert to grayscale, reduce noise, and normalize).
· Step 3: Extract facial features from the preprocessed image (using CNN, Haar Cascades, or other algorithms).
· Step 4: Compare the extracted features with stored facial data using similarity metrics (e.g., cosine similarity).
· Step 5: Evaluate the match score:
If similarity score , proceed with automatic check-in.
If similarity score , prompt for manual verification.
Output:
· Check-In Status:
· If the match is successful, the guest is checked in automatically.
· If no match is found, manual intervention is required.
· Match Score: Similarity between the test image and stored facial data.
IV. Results and Discussion
The guest check-in system, which is based on facial recognition, was implemented in Python to process the data and implement the algorithm. The most important libraries were the OpenCV library, which was used to pre-process images and extract facial features, Dlib, which was used to identify faces, TensorFlow/Keras, which was used to design deep learning models that were used in feature extraction and matching, and Scikit-learn, which was used to evaluate performance and measure similarity. It was developed and created with Flask to provide a simple web interface simulating the check-in process and visualizing the results and the performance metrics through Matplotlib and Seaborn. Labeled Faces in the Wild (LFW) is a dataset comprising 13,000 labeled images of 5,749 individuals trained and tested. The dataset includes images that have been taken in different conditions, under different lighting and face orientations. Image preprocessing was done on grayscale, noise removal, and normalization. The Haar Cascades and HOG were employed in the extraction of features in facial recognition, and the match threshold was 0.85. The neural network structure that was used consisted of a three-layer model with 256 nodes, ReLU activation, and Adam as the training optimizer.
The facial recognition system had the following five performance metrics that were employed to assess it:
Accuracy (ACC): The proportion of correctly identified faces of all pictures.
                (2)

Precision (P): The proportion of true positives out of all predicted positives.
                   (3)

Recall (R): The proportion of true positives out of all actual positives.
                     (4)

F1-Score (F1): The harmonic mean of precision and recall.
                         (5)

True Positive Rate (TPR): The proportion of correctly identified faces (same as Recall).
                      (6)

Table 1: Performance Evaluation of Facial Recognition System
	Metric
	Value

	Accuracy
	92.5%

	Precision
	93.2%

	Recall
	91.4%

	F1-Score
	92.3%

	TPR (True Positive Rate)
	91.4%



The evaluation measures of the facial recognition system are given in Table 1 and show accurate, precise, recall, F1-score, and true positive rate (TPR) as shown by the performance on the LFW dataset.
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Figure 2: Performance Evaluation of Facial Recognition System
As Figure 2 shows, the system has high and steady performance based on five major evaluation measures (Accuracy, Precision, Recall, F1-Score, and TPR). Plot is scaled radially between 85 percent and 100 percent to highlight the minor distinctions in the high-performance scale. Its best metric is Precision (93.2%), whereas the lowest metrics are Recall and True Positive Rate (TPR) (91.4%), meaning there is a strong yet rather conservative system profile.
The facial recognition system was also shown to perform well in various evaluation parameters, with a general accuracy of 92.5 percent, showing that the system is able to recognize the guests in the check-in process. The value of Precision and Recall of 93.2 and 91.4, respectively, indicates that the system is very reliable in its ability to successfully detect guests as well as reduce false positives. The F1-score of 92.3 indicates the balanced performance of the system in terms of accuracy and recall rate, as the system is accurate and sensitive to the possible errors. True Positive Rate (TPR) is 91.4% which means that the system can identify the majority of the registered guests. Nevertheless, the system performance may also be improved by enhancing the face feature extraction procedure, especially on those images that have difficult lighting or face position. To summarize, whereas a facial recognition system as an application has the potential of ensuring a smooth hotel check-in process, it needs to address operational issues of the system, like hardware needs (e.g., quality cameras) and privacy. Possible future research might be done to enhance the strength of the model in different real-life scenarios and mitigate ethical concerns associated with data privacy and consent.
V. Conclusion
This study investigated how facial recognition technology can be used in checking in guests at a hotel, both in terms of operational and ethical issues related to the technology. The facial recognition system showed a high accuracy of 92.5, a precision of 93.2, and a recall of 91.4, which means that it can identify its guests with a high level of accuracy and efficiency. The F1-score of 92.3 percent and True Positive Rate (TPR) of 91.4 percent further established the reliability of the system in reducing the false positive and negative results; therefore, it is a potential solution to simplify the check-in processes. What is important about these findings is that facial recognition is proven to be a very efficient method of improving the experience of guests and shortening the check-in process. Nevertheless, such ethical issues as data privacy and the possibility of algorithmic bias were also named as significant obstacles. The system also has a dependence on high-quality images and special hardware to perform optimally, which poses further challenges during its operation. Future studies ought to be aimed at rectifying these ethical issues through the introduction of stronger data protection and consent procedures. Also, it would be worth examining the hybrid design, which involves using facial recognition with alternative forms of biometrics to enhance precision and decrease instances of false identifications. The adaptability of the system to various environmental conditions and its compatibility with the current hotel management systems also require future investigation of the system.
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