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Abstract

:

For the establishment of future ubiquitous location-aware applications, a scalable indoor localization technique is essential technology. Numerous classification techniques for indoor localization exist, but none have proven to be as quick, secure, and dependable as what is now needed. This research proposes an effective and privacy-protective federated architecture-based framework for location classification via Wi-Fi fingerprinting. The federated indoor localization classification (f-ILC) system that was suggested had distributed client–server architecture with data privacy for any and all related edge devices or clients. To try and evaluate the proposed f-ILC framework, different data from different sources on the Internet were collected and given in a format that had already been processed. Experiments were conducted with standard learning, federated learning with a single client, and federated learning with several clients to make sure that federated deep learning models worked correctly. The success of the f-ILC framework was computed using a number of factors, such as validation of accuracy and loss. The results showed that the suggested f-ILC framework performed better than traditional distributed deep learning-based classifiers in terms of accuracy and loss while keeping data secure. Due to its innovative design and superior performance over existing classifier tools, edge devices’ data privacy makes this proposed architecture the ideal solution.
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1. Introduction


The process of locating an object or a person inside an indoor setting, such as a building or facility, utilizing different technologies and procedures is known as indoor localization [1]. While GPS (Global Positioning System) is frequently used for outside localization, its limited precision and signal blocking make it less useful indoors. To effectively estimate position, indoor localization techniques often combine a number of distinct technologies. Indoor localization relies heavily on wireless technologies to transmit and receive signals [2]. Some prominent wireless technologies used in this context are given below:




	(a)

	
Wi-Fi positioning: By evaluating the signal intensity from surrounding access points, Wi-Fi signals can be utilized to determine a device’s position. This technique is based on a database of well-known Wi-Fi access points and the patterns of their signal intensity inside a structure.




	(b)

	
Bluetooth: Indoor localization is possible with Bluetooth technology, especially Bluetooth Low Energy (BLE). It is feasible to determine a device’s location inside a constrained area by deploying Bluetooth beacons or using the signal strength from already-existing Bluetooth devices.




	(c)

	
Ultra-wideband (UWB): UWB is gaining popularity for high-precision indoor localization applications due to its ability to provide accurate distance measurements.




	(d)

	
RFID (radio-frequency identification): RFID is often used for asset tracking and indoor localization in specific scenarios where tagged objects or assets need to be monitored.




	(e)

	
Zigbee: Zigbee is a low-power wireless communication technology commonly used in building automation and smart home systems, but it can also be utilized for indoor positioning.




	(f)

	
Cellular network-based positioning: In some cases, cellular networks can provide rough estimates of indoor positions by leveraging signal strengths from nearby cell towers.




	(g)

	
IR (Infrared) and ultrasonic signals: Infrared and ultrasonic signals are used in specialized applications, such as indoor localization for visually impaired individuals.









It is imperative to consider that the effectiveness of these indoor localization techniques and wireless technologies may vary depending on factors like the environment, infrastructure setup, hardware limitations, and the specific use case. Applications for indoor localization include asset tracking, location-based services, indoor mapping, assistance with navigation, and boosting safety and security in buildings [3]. However, the deployment strategy, the environment, and the particular technology being utilized can all affect how accurate and reliable indoor localization systems work.



One promising solution for indoor localization is Wi-Fi fingerprinting, which involves mapping the unique signal strengths of Wi-Fi access points within a building to create a “fingerprint” of that space. This fingerprint can then be used to locate devices and assets within the building with a high degree of accuracy. Wi-Fi fingerprinting has several advantages over other indoor localization technologies, such as Bluetooth and RFID, including its low cost and ease of implementation. In addition, Wi-Fi fingerprinting does not require any additional hardware or infrastructure, as it leverages the existing Wi-Fi network already present in most buildings. This makes it a convenient and cost-effective solution for businesses and organizations looking to implement indoor localization without significant investments. Furthermore, Wi-Fi fingerprinting can provide real-time tracking and updates, allowing for efficient asset management and improved security measures within the building. However, there are still challenges to overcome in terms of scalability and accuracy. For instance, Wi-Fi signals may be disrupted when they encounter interference from other devices or when they encounter physical impediments within the building. Despite these challenges, Wi-Fi fingerprinting holds great potential for improving safety and security measures in indoor spaces and optimizing operations for businesses.



Deep neural networks (DNNs) are frequently used in indoor localization using Wi-Fi fingerprints [4] to predict a device’s or person’s location within an indoor setting using received signal strength (RSS) readings from adjacent Wi-Fi access points. DNNs have proven to be highly effective in accurately estimating indoor locations based on Wi-Fi fingerprints. By analyzing the RSS readings from nearby Wi-Fi access points, DNNs can learn complex patterns and relationships to provide precise localization predictions. This technology has found applications in various domains, including asset tracking, navigation systems, and location-based services. This technique entails using a dataset of Wi-Fi fingerprints gathered at known locations inside the indoor environment to train a DNN model [5]. By examining a device’s RSS values, the trained model may then be used to forecast its location.



The importance of Wi-Fi fingerprinting lies in its potential to revolutionize the way we approach safety and security measures in indoor spaces. By accurately identifying and tracking individuals within a building, Wi-Fi fingerprinting can help prevent unauthorized access and improve emergency response times. Additionally, businesses can benefit from the data collected through Wi-Fi fingerprinting by optimizing their operations and improving customer experiences. However, scalability and accuracy remain key challenges that must be addressed in order for Wi-Fi fingerprinting to reach its full potential. Despite these obstacles, the promise of improved safety and security measures makes continued research and development of Wi-Fi fingerprinting technology crucial for the future [6].



Despite its potential, Wi-Fi fingerprinting technology is not without limitations and challenges. One of the biggest challenges is the need for accurate and up-to-date maps of Wi-Fi signals, which can be difficult to maintain in dynamic environments. Additionally, privacy concerns have been raised as Wi-Fi fingerprinting can potentially track individuals’ movements and behaviors. There are also technical limitations such as interference from other devices and the inability to accurately differentiate between multiple devices using the same Wi-Fi signal. These challenges must be addressed in order for Wi-Fi fingerprinting to reach its full potential and become a reliable tool for various industries.



The aim of this study is to develop multi-building data-based privacy-preserved classification for Wi-Fi-based indoor localization. For this, a federated learning ecosystem has been developed and deployed in multi-node architecture.



The article structure is as follows: In Section 2, a literature survey on indoor localization technologies is presented; the proposed technique, data collection and overall methodology are described in Section 3, while Section 4 shows experimental results and the discussion. And finally, conclusions are drawn in Section 5.




2. Literature Survey


Indoor localization technology has become increasingly important in recent years as more and more people spend time indoors, whether it is in offices, malls, or airports. The ability to track individuals and assets within these spaces can improve safety and security measures, as well as provide valuable data for businesses to optimize their operations [7]. However, there are still challenges to overcome in terms of accuracy and scalability of indoor localization systems [8,9,10]. This section describes the literature survey related to the study.



The idea of Wi-Fi fingerprint-based indoor positioning is introduced by He, S. et al. in 2019 [11], and it entails leveraging the distinctive qualities of Wi-Fi signals received at various locations to pinpoint a user’s position within an indoor environment. They explore a variety of Wi-Fi fingerprinting approaches, including those that are based on signal strength, angle of arrival (AoA), time of arrival (ToA), and time difference of arrival (TDoA), among others. Each technique’s benefits and drawbacks are discussed. A unique method for indoor localization using Wi-Fi fingerprints is proposed by [12] BelMannoubi, S. et al. in 2019 [12]. It entails training deep neural networks to discover the relationship between received signal strength (RSS) measurements and the associated locations inside a building. They test several network topologies, such as convolutional neural networks (CNNs) and feedforward neural networks (FNNs) and assess how well they perform in terms of localization accuracy.



HiLoc, a unique indoor localization method that makes use of distributed antennas to improve positioning accuracy, is introduced by Liu, K. et al. in 2021 [13]. As it only requires one access point to function, the system is both affordable and simple to set up. They discuss the creation of the localization algorithm, calibration, and the design and implementation of the HiLoc system, which includes a number of processes. The method uses measurements of received signal strength (RSS) from numerous antennas to infer the user’s position. A deep learning-based solution for indoor localization that makes use of RSS and CSI, which are derived from wireless signals sent by access points, is proposed by Hsieh, C. H. et al. in 2019 [14]. They outline the procedure for gathering data, which entails measuring CSI and RSS values at various points across an interior setting. A database is built using these measurements to train the deep learning model.



A sustainable indoor localization method is presented by Liu, T. et al. in 2021 [15] and uses structure cues like doors, walls, and corners as reference points for mapping radio signals inside an indoor environment. They suggest a three-step radio signal mapping process that includes data gathering, identifying structures as landmarks, and radio signal mapping. The approach relies on structure landmarks and is appropriate for long-term and sustainable interior localization applications because it does not call for large infrastructure deployment or frequent recalibration. A federated spectrum learning architecture for wireless edge networks that includes reconfigurable intelligent surfaces is proposed by Yang, B et al. in 2022 [16]. The objective is to distribute and cooperatively optimize spectrum allotment and resource use. The notion of reconfigurable intelligent surfaces—programmable surfaces capable of modifying wireless signals to improve communication performance in wireless networks—is introduced in this study. The advantages of including reconfigurable intelligent surfaces in wireless edge networks are covered in the article. The wireless propagation environment may be dynamically controlled thanks to RIS technology, which enhances spectrum efficiency, coverage, and energy efficiency.



An adversarial deep learning method for indoor localization is proposed by Wang, X et al. in 2022 [17], specifically using channel state information (CSI) tensors. The multipath effects are captured by CSI tensors, which also offer more details about the wireless channel properties. The study introduces the generator network and discriminator network architecture of the suggested deep learning model. Based on the input CSI tensors, the generator network provides indoor localization results, while the discriminator network assesses the reliability of the results. The adversarial deep learning model outperforms other deep learning models that do not make use of CSI tensors as well as conventional machine learning algorithms.



Channel state information (CSI) is a major component of the multi-level fingerprinting strategy for indoor localization proposed by Li, T. et al. in 2018 [18]. For precise localization, CSI gives comprehensive information about the wireless channel, including phase shifts, amplitude changes, and multipath effects. The notion of multi-level fingerprinting, which divides the indoor environment into various levels or zones based on their unique CSI properties, is introduced in the study.



A DNN-based method for indoor location is proposed by Wu, G. S. et al. in 2018 [19], and it makes use of the channel state information (CSI) gleaned from wireless signals sent by access points. The DNN model’s architecture, which is employed for indoor positioning, is introduced in this study. Convolutional, pooling, and fully connected layers are among the many layers that make up the model. These layers are trained to learn how to transfer the input CSI data to the appropriate indoor positions. The authors outline the method for gathering data, which include measuring CSI at several points across an interior setting.



An innovative method for attaining accurate indoor localization utilizing Wi-Fi signals is presented by Yang, R. et al. in 2021 [20]. The authors provide a method that calculates the separation between a user and access points (APs) using channel state information (CSI) collected from Wi-Fi signals. They derive a collection of attributes that are employed for localization by examining the CSI’s phase and amplitude properties. The authors use a machine learning approach known as random forest regression to increase the system’s accuracy.



Using Wi-Fi signals, Chang, R. Y. et al. (2018) [21] suggest a device-free method for indoor localization. The elements that define the environment and human behaviors are extracted by the authors using the Channel state information (CSI) of Wi-Fi signals. The feature extraction module and the localization module are the two key components of the framework they introduce.



An examination of the literature revealed that Wi-Fi fingerprinting, which includes mapping the distinct signal intensities of Wi-Fi access points inside a structure to establish a “fingerprint” of that space, is a viable method for indoor localization. Then, with a high degree of precision, this fingerprint may be used to locate equipment and assets inside the facility. Compared to indoor localization technologies like Bluetooth and RFID, Wi-Fi fingerprinting has a number of benefits, including affordability and simplicity of use. But, there are still difficulties to be solved in terms of accuracy and scalability [22]. For instance, interference from other devices or actual obstructions inside the building can impact Wi-Fi signals. Despite these difficulties, Wi-Fi fingerprinting has a lot of potential for enhancing indoor safety and security measures and streamlining business processes.



Researchers are examining the potential of using Wi-Fi fingerprints for security purposes, such as detecting unauthorized access to a network or tracking the movement of people within a building, in comparison to other indoor localization techniques like Bluetooth and RFID, which could result in more accurate and dependable indoor positioning systems. In order to create immersive experiences that are personalized to the user’s location, Wi-Fi fingerprinting may also be used with other technologies, such as augmented reality and virtual reality. Wi-Fi fingerprinting technology has the potential to revolutionize a variety of industries, from retail and hospitality to healthcare and transportation, as it continues to develop and get better. In the end, there are countless potential applications for Wi-Fi fingerprinting technologies.



The algorithms used to analyze Wi-Fi signals and extract location data have been the subject of numerous studies aimed at improving them. Researchers have also looked into the application of machine learning strategies to improve the precision of Wi-Fi fingerprinting. Dealing with signal interference and evolving Wi-Fi environments, however, continues to provide difficulties.




3. Proposed Work


In this section, the overall methodology used for the proposed framework is discussed. The description of collection of the dataset and preprocessing mechanism is also provided.



3.1. Federated Learning


The mathematical modelling of federated learning is the maintopicof this section. A distributed machine learning paradigm known as federated learning (FL) makes it possible to train neural networks (NNs) and conduct data analysis directly on the data storage [23,24]. In FL, the neural network is updated using result factors like NN weights to construct a mixed analytical model. FL devices do not store data centrally [25]. The three main parts of every FL system are the server, the communication framework, and the consumers. While the whole dataset (DSN = DS1 + DS2 +… + DSp) is referred to as DSN, FL needs the usage of individual client data sets (DS1, DS2,…, DSp) to train a single machine learning model. To train a deep learning model using a conventional distributed learning method, all distributed datasets (DNs) are combined into a single dataset. In FL, however, each client’s data (DSi) is separately trained, and the resulting models work together without transferring any DSi to the server (SV) or the other clients (Mi). In this case, categorical cross entropy loss (L) from Equation (1) is used as the basis for classification.


  L = − l o   g  ⁡        e     S V   p         ∑  j   M      e     S V   j              



(1)







Equation (2), which minimizes the average loss across p training clients, is the standard expression for federated learning. It also reduces the number of training clients.


  m i n F   w   =   1   p     ∑  i = 1   p      f   i   ( w )    



(2)







During supervised learning with p unique clients, the loss function for weight values is denoted by the symbol F(w). Regarding our clients’ training, this can be viewed as locating a set of weights, which results in the smallest potential average loss. FL distributes data to p clients from a single system, which increases communication overhead. DJ, every user has a portion of the shared database. The function is represented by Equation (3).
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3.2. Dataset Collection and Pre-Processing


One can follow the link [26] to access the central data repository for studies on wireless fingerprinting-based indoor localization. To simulate the dataset in a federated setting, we randomly split all of the collected datasets into as many pieces as there were clients connected to our server. Additionally, pclients were randomly assigned one of p equal segments of communal data. This distribution represented a scenario in which each client came equipped with their own locally collected, heterogeneous dataset. The data from each pclient was then pre-processed in preparation for FL processing by being cleaned, tokenized, de-stopped, stemmed, and converted to a standard encoding.




3.3. Overall Methodology


The scalability of fingerprinting techniques becomes essential when indoor localization is to be used in a large campus or shopping mall with several buildings and multiple floors. Modern Wi-Fi fingerprinting techniques for indoor localization require a hierarchical approach in which the location’s building, floor, and position (such as a label or set of coordinates) are all determined separately. In this technique, the IEEE 802.11b [27] standard is followed and the specifications of the IEEE 802.11b is tabulated in Table 1.



This standard provides guidelines for the use of Wi-Fi technology in indoor environments, ensuring compatibility and accuracy in the fingerprinting process. Additionally, the tabulated specifications include details on signal strength, signal-to-noise ratio, and other parameters that are crucial for accurately determining a device’s location within the indoor space. The proposed architecture for f-ILC (federated indoor localization classification), which is shown in Figure 1, comprises the layers. A client–server architecture was necessary for the suggested framework for federated machine learning or deep learning, with each end utilizing its own code to carry out prescribed tasks. One server and N clients, each running their own code, made up a federated cluster. The suggested federated learning architecture for indoor localization categorization was implemented using two Python programming libraries, Keras and Tensorflow. Since each N-client network node has its own processing and storage unit, each might use its own structured data to generate the training model and weights. The remote server processed federated global weights from N-client trained models. In contrast to traditional distributed ML and DL frameworks, the suggested federated architecture guaranteed client data privacy by just transmitting training weights between client and server. This also reduced processing latency.



Figure 2 depicts the comprehensive deployment procedure for the proposed f-ILC. The implementation stages appeared as follows:




	
Each individual client in the N-client system was responsible for gathering the Wi-Fi fingerprinting data using its own resources. This information was then saved in each client’s individual storage system.



	
On the sets of data that were provided, individual data cleansing and preprocessing operations were carried out by the Nclients.



	
In the suggested client–server architecture, N-client edge nodes could access the already processed dataset for federated learning with predefined codes to classify.



	
The federated learning process’s initial weights are likewise determined by the server.



	
In a client–server architecture, the server distributed the initial weights among N consumers.



	
Nclients, after obtaining the weights, began or simulated their own training and validation with their own readily available datasets.



	
After the training phase was over, the weights of each client’s trained model were uploaded to the server.



	
In this phase, the server calculated the federated average weights using the weights it had collected from all connected clients.



	
The federated server determined the federated weights and sent them back to all of the connected clients after the computation.








The major outcomes of the proposed work are described as follows:




	
This study uses DNNs to classify buildings, floors, and locations, demonstrating advantages such as resistance to signal fluctuations, noise effects, and device dependence.



	
It suggests a federated learning-based paradigm for classification.



	
The proposed that f-ILC framework outperforms conventional distributed deep learning in multi-client settings and single-client situations.



	
LSTM, CNN-LSTM, BiLSTM, and DenseNet are used to test the architecture on IID and non-IID datasets.










4. Experimental Results and Discussions


The effectiveness of the suggested secure and efficient f-ILC framework was tested through a number of experiments. On IID datasets as well as non-IID datasets, performance was evaluated based on accuracy, validation loss, and resource utilization. We also showed how well our models fared in comparison to models that were taught the traditional way.



4.1. Simulation Set-Up


On a computer with an Intel i5 processor and 8 GB of RAM, experiments with the suggested f-ILC were carried out. A multi-client scenario was formed by giving various commands in response to the existence of many clients. Several computer models were put into practice to assess how well the proposed f-ILC performed. A total of 50 training epochs, 64 segments, and a learning rate of 0.001 were the system’s standard training parameters. The local minimum batch size in the federated system was set to 64 on each client, the number of epochs before the global model update (E) was set to 5, and r was set to 0.001 on each client. The simulation process is given in Table 2 as follows:




4.2. Indoor Localization Using Basic Deep Learning


To categorize the indoor localization in this case, conventional deep learning algorithms such as CNN-LSTM, Bi LSTM, and DenseNet were used [28,29]. LSTM, CNN-LSTM, Bi LSTM, and DenseNet models were trained and verified over the course of 50 epochs. We specified, 64 for the batch size, 50 for the epochs, and 0.001 for the learning rate in the hyper parameters.



According to the findings, on applying direct deep learning based models for indoor localization, various parameters have been shown in Table 3, where theaccuracy attained by BiLSTM_Dense, CNNLSTM, DenseNet, LSTM_Dense is 99.78% (highest), 98.97%, 99.64% and 99.78% (highest), respectively, where the validation accuracy measured is 99.65%, 99.65%, 86.75% (least) and 99.65%, respectively. Talking about loss, which is the same for all the models, i.e., 0.01, whereas validation loss is slightly different, i.e., 0.02, 0.00 (least), 0.40 and 0.02, respectively. According to Figure 3d, the validation losses over 50 epochs were found to be 0.00 for CNNLSTM. According to the research shown in Figure 3, CNNLSTM outperformed the other deployed learning models including LSTM, DenseNet and Bi-LSTM and was more consistent with regard to both its accuracy and its losses.




4.3. Indoor Localization Using Federated Learning


In the current scenario, the proposed f-FNC framework’s performance was evaluated. For the indoor localization classification using current datasets, deep learning algorithm CNNLSTM was implemented in a federated environment because of its better performance. The system consists of five clients C0, C1, C2, C3, C4. The model CNNLSTM outperformed the other deep learning models, and therefore, this model was selected and all the clients trained their data using CNNLSTM. After training their models, all the clients send their trained model to the federated server. Multiple rounds of this process occur until the desired accuracy and loss is achieved by the server. Both independent and identically distributed data (IID) and non-IID scenarios are taken into consideration for evaluation [30].



4.3.1. IID Database


This section analyses the suggested FL architecture using independently and identically distributed data. The following guidelines must be followed in order for a client relationship to be referred to as IID:




	
Independent, which loosely translates to “data generation is consistent”; as a result, for any class l and feature set S, P(S, l) = P(S).P(l), here . represents dot product.



	
Identically distributed means that the client’s dataset (Di) follows the same probability distribution; as a result, P(l|D1) = P(l|D2)... = P(l|Dn) for any class y.








For balanced training and testing, data were split evenly across the five nodes in this work. To analyze the balance in the initial model training, the equally distributed dataset was taken into consideration. Results in Figure 4, Figure 5, Figure 6 and Figure 7 show that every client had an even distribution of training and validation accuracy with the fewest losses.




4.3.2. Non-IID Database


In this section, the proposed FL architecture were analyzed on the basis of non-IID data [31,32]. Violating any of the rules mentioned in Section 4.3.1 implies a non-IID context. Here, in this work, data was unequally distributed among all five nodes for unbalanced training and testing. The unequally distributed dataset was considered to analyze the resultant training of models. Even with unbalanced non-IID data, all individual clients resulted in balanced and nearly equal outcomes in terms of training and validation accuracy with minimum losses as shown in Figure 8, Figure 9, Figure 10 and Figure 11.



Table 4 shows that in terms of accuracy and loss, for both IID and non-IID data, the federated learning environment produces almost comparable results. Both the validation parameters suggested that the federated-ILC architecture performed better than the competition. Data privacy, together with equal accuracy and fewer errors were the most prominent features of the suggested f-ILC framework, which were overlooked by the traditional deep learning architecture. With accuracy scores between 99.085% and 99.85%, the suggested research exceeded the previously reviewed deep learning-related literature for indoor localization. Ultimately, it was shown that the suggested method is substantially more effective and secure than traditional frameworks. The mapping of current federated learning programming frameworks might take more time and effort. The suggested effort could be hampered by this. It is feasible to use the suggested technique as a classification system for distributed real-time indoor localization systems in the future.






5. Conclusions


DNNs are employed in this work to classify buildings, floors, and locations within those levels. The advantages of DNN-based approaches, including resistance to signal fluctuations, noise effects, and device dependence, as well as the removal of the time-consuming manual process of finding the best match against each fingerprint in a database, are demonstrated by preliminary results for classifying buildings and floors and floor-level location estimation. Additional studies on hierarchical building/floor categorization and scalable, higher-resolution floor-level localization are required. In light of this, this study suggests a federated learning-based paradigm for classification. LSTM, CNN-LSTM, BiLSTM, and DenseNet were among the deep learning algorithms used to test the proposed architecture utilizing IID and non-IID datasets. Initially, the results for indoor localization are shown at individual clients using a basic deep learning model, in which CNNLSTM outperforms the other models with a validation accuracy and loss of 99.65 and 0.00 (rounded off to the second decimal place). After that, in the federated learning multi-client environment, each client was trained using the CNNLSTM model and all clients shared their data with the centralized server. Finally, on the centralized server, results comparable to CNNLSTM were achieved along with maintaining the concept of data privacy.
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Figure 1. Proposed framework for Wi-Fi fingerprinting based indoor localization using federated learning. 
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Figure 2. Steps involved in f-ILC. 






Figure 2. Steps involved in f-ILC.



[image: Buildings 13 02048 g002]







[image: Buildings 13 02048 g003 550] 





Figure 3. (a) Accuracy; (b) loss; (c) validation accuracy; (d) validation loss. 






Figure 3. (a) Accuracy; (b) loss; (c) validation accuracy; (d) validation loss.



[image: Buildings 13 02048 g003]







[image: Buildings 13 02048 g004 550] 





Figure 4. For IID data (a) Training accuracy; (b) evaluated accuracy. 
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Figure 5. For IID data (a) Training loss; (b) evaluated loss. 
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Figure 6. For IID data (a) Training precision; (b) evaluated precision. 
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Figure 7. For IID data (a) Training recall; (b) evaluated recall. 
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Figure 8. For Non IID data (a) Training accuracy; (b) evaluated accuracy. 
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Figure 9. For Non IID data (a) Training loss; (b) evaluated loss. 
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Figure 10. For Non IID data (a) Training precision; (b) evaluated precision. 
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Figure 11. For Non IID data (a) Training recall; (b) evaluated recall. 
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Table 1. Summary of 802.11b Wi-Fi standard specification for indoor localization.
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	Parameter/Model
	Value





	Date of standard approval
	July 1999



	Maximum data rate (Mbps)
	11



	Typical data rate (Mbps)
	5



	Typical range indoors (Metres)
	~30



	Modulation
	CCK (DSSS)



	RF band (GHz)
	2.4



	Channel width (MHz)
	20
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Table 2. Simulation setup.
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	Simulation Configurations/Steps
	Related Data/Source





	Software configurations
	Python version 3.11.4

Tensorflowfederated

Keras 2.11.0

Tensorflow version 2.13.0



	System configuration (server side)
	1 server

I7 processor

16GB RAM

NVIDIA 1650 4 GB Dedicated Graphics Memory



	System configuration (Client side)
	No of clients:5

I5 processor

8GB RAM

NVIDIA 1650 4 GB Dedicated Graphics Memory



	Data collection and preprocessing
	Refer to Section 3.2



	Benchmark single system analysis
	Refer to Section 4.2



	Data distributed according to clients as

per IID and Non IID.
	Refer to Section 4.3.1 and Section 4.3.2



	Analysis on federated ecosystem
	Refer to Section 4.3
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Table 3. Comparative analysis of traditional deep learning algorithms for indoor localization using Wi-Fi fingerprinting.
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	Parameter/Model
	BiLSTM_Dense
	CNNLSTM
	Dense
	LSTM_Dense





	Accuracy
	99.78
	98.97
	99.64
	99.78



	Validation Accuracy
	99.65
	99.65
	86.75
	99.65



	Loss
	0.01
	0.01
	0.01
	0.01



	Validation Loss
	0.02
	0.00
	0.40
	0.02
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Table 4. Comparative analysis of federated learning algorithm using IID/non-IID for indoor localization using Wi-Fi fingerprinting.
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	Train/Validation
	Data
	Accuracy
	Loss
	Precision
	Recall





	Training
	IID
	99.5
	0.02
	99.45
	99.085



	Training
	Non-IID
	99.57
	0.01
	99.55
	99.85



	Validation
	IID
	99.61
	0.01
	99.99
	99.61



	Validation
	Non-IID
	99.62
	0.01
	100
	99.62
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