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The growing complexity in global supply chains including faster delivery demands created the need 

for advanced technologies for creating continuous operations. An integrated framework based on 

IoT and AI and Data Analytics enables end-to-end supply chain monitoring starting from sellers up 

to customers. The integrated methodology utilizes real-time tracking procedures in combination 

with intelligent forecasting systems and data-driven decision intelligence capabilities to achieve 

operational efficiency improvements with lower delivery times and increased customer satisfaction. 

This work presents the proposed system structure from a design perspective while highlighting 

current difficulties and provides data regarding future trends in real-time supply chain monitoring.  
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1. Introduction 

The establishment of e-commerce has rapidly grown in the recent past due to factors like; more 

access to Internet, changing consumer behaviour, and the comfort of shopping from the 

comfort of one’s home [13]. This rapid growth has exerted a lot of pressure on the established 

SCM models of doing business. Customers purchasing through the internet have embraced 

convenience coupled with speed and reliability, tracking options, and inventory accessibility 

[1]. However, these demands are often not compatible with the basic nature of e-commerce 

supply chains which require many participants, cross-continental operations, and product 

offerings [11]. As a result, the following problems hinder e-commerce supply chain visibility. 

Lack of stock, which refers to a product the customer wants not being available, can create a 

lot of problems for the customer and also results in the loss of possible sales [2]. Further, order 

delivery delays arising from poor supply chain management or incorrect delivery times upset 

the customers and affect the company’s reputation. In addition, errors in demand estimation 

lead to a surplus inventory since the company has to store it and it may eventually get spoiled 

or become outdated; on the other side if there is a stock out during the busier time of the year 

[3] [14]. 

Emerging technologies such as the IoT, AI, and Data Analytics have presented new solutions 

to the challenges posed in the old form of supply chain management. These technologies allow 

an organization to capture real-time information at different stages of the value chain, process 

such information into useful information, and improve on decision making processes [4]. IoT 
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manufactures for example can enable a business to track the position and state of products in 

transit through IoT devices hence improving on their decision making. This information can 

be analyzed through the use of AI algorithms in a bid to forecast breakages, suggest optimal 

routes, and control a range of inventory resulting into a reduction in potential bottlenecks and 

feelings of inefficiency [5]. In addition, Data Analytics enhances the control and decision-

making capabilities of the stakeholders while granting those tools that enable them to track 

patterns, predict demand, and evaluate risks in a bid to ensure productivity within the supply 

chain regardless of the emerging issues [10]. In combination, these technologies represent the 

opportunity to revolutionize supply chain practices, increasing in responsiveness, 

effectiveness and transparency [6]. But, these technologies, due to their potential have been 

integrated in organizational systems in an isolated manner thus hindering the overall 

efficiency. In order to leverage IoT, AI and Data Analytics to their optimum, it becomes 

necessary to embed them in a single platform [7][15]. 

Lack of a consolidated approach that interlinks IoT with AI and Data Analytics is one of the 

biggest factors why the idea of visibility in supply chain is still a long shot. While these have 

shown the ability to work independently, their integration ends up being piecemeal, and this 

leads to scenarios where there is unexploited synergy [8]. This separation results in poor 

sharing of information, which causes poor decision-making and slow reactions to disruptions, 

high costs, and a poor customer experience [16]. Especially, the pressure on e-commerce to 

deliver items fast and without complaints, let alone without any real-time observation, is high 

[9]. This paper therefore presents an architecture that provides a holistic solution that combines 

IoT, AI and Data Analytics to offer end to end coverage in the supply chains [12]. Thus, the 

general framework of employing these technologies in a unified system is proposed in the 

paper, as a set of guidelines for businesses seeking to improve their performance. Some of the 

questions to be answered in the research shall include; the problems that may be encountered 

by organizations in the adoption of such a framework and the benefits that may accrue to the 

organization that adopts such a framework including better decisions, better operations, and 

better customer care [18]. In this research will contribute to the existing discussions of supply 

chain management practices and make recommendations for e-commerce logistics and the 

efficient supply chain strategy. 

This research develops an integrated framework which integrates IoT and AI with Data 

Analytics to boost supply chain real-time visibility. This study addresses current challenges 

and enhances decision-making alongside operational processes to optimize complex supply 

chain management for e-commerce businesses. 

 

2. Literature review 

The literature review of the existing real time supply chain visibility using IoT, AI and data 

analytics are as follows, For operational efficiency, purposeful and robust supply chain 

networks, Manoj Kumar Tiwari et al. [7] introduced the implementation of frameworks such 

as ERP, IoT, blockchain, and data analytics. It allowed near-real-time presence, information 

processing, and knowledge sharing based upon the costs and enhanced sustainability. But it 

was not without several drawbacks such as high costs of implementation, problems of security 

and compatibility. RashmiRanjanPanigrahi et al. [12] also examined that AI chatbots have a 
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direct impact on the visibility and innovation capability of the sustainable SMC in small and 

medium enterprises through disruptive technology adoption. The benefit realized by applying 

the method was improved supply chain efficiency and improved customer feedback. But it 

came with certain issues like high implementation cost and issues on data privacy. 

MichelaApruzzese et al. [13] examined the potential of 5G technologies in managing transport 

and logistics because of increased operativity, transparency of the supply chain, and the 

general promotion of port functions with the use of tools, considering engagement 

relationships and sustainability factors necessary for the adoption of digital technologies. On 

the favorable side there was the capability of support of low latencies and increased density of 

certified devices but at the same time it create such problems as technical challenges and cost 

of installations. MallikarjunaParamesha et al. [10] discussed in their work about the ways in 

which Big Data, AI, and IoT integration result in strengthening business intents by innovating 

in the data analytics, decision-making, operation mechanisms in the DD motive environment. 

The advantages included the fact that it did not predict the outcome with a high level of 

accuracy and lastly there were inherent challenges associated with implementation of these 

ideas such as extremely high costs of implementing data privacy. SudhirMadhavPatil et al. 

[11] focused on the application of I4.0T in SCM and its effect on the improvement of 

processes, the upgrading of efficiency and use of real-time information and decision making 

in the supply chain processes. The benefit of the method was the increased flexibility, more 

sensitivity to change, and better robustness. However it was characterized by security 

challenges and high implementation costs. 

 

3. Methodology  

The methodology used in this research aims to create and implement a framework that 

incorporates IoT, AI, and Data Analytics to achieve real time supply chain visibility. 

3.1 System architecture: 

The following part explains the building blocks essential for developing an integrated real-

time supply chain visibility system. The implementation of IoT and cloud environments and 

secure message exchanges forms part of this framework. 

3.1.1 IoT Integration: IoT Sensors and Devices Deployment 

The main focus of applying IoT in the supply chain is to collect data on the status and flow of 

goods from various locations along the supply chain. As for the types of IoT sensors, GPS 

trackers, RFID tags, temperature sensors and humidity sensors are installed according to the 

requirements and characteristics of the goods in the supply chain. These sensors are attached 

to vehicles and placed in warehouses, at particular zones or on singular packages or pallets to 

gather information across every availability chain. The information collected by these sensors 

comprises of several factors including logistic tracking, climatic factors including temperature 

and humidity particularly important in agricultural food transport, and motion or vibration 

useful in identifying if the goods have suffered damage during transportation. Through this 

strong data collection mechanism, it becomes easier to have proper insight and control of the 

supply chain. The detail explanation on IoT is explained in the following sub section. 
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i) IoT devices in the supply chain: An overview 

The IoT is a system in which objects are connected with each other and exchange information 

through the use of the internet. These devices are electronic with potential for attached sensors, 

software and other technologies which makes it possible to gather, transfer and analyze data 

in real-time to remotely manage business operations. IoT devices are essential in many 

industries; and through the digital supply chain, goods are seen to be monitored within the 

chain, managed and even followed through the required supply chain. 

a) Real-Time Data Capture Using IoT Devices in the Supply Chain: Some of the use of IoT 

technology in supply chain application is various tracking devices like GPS trackers, RFID, 

temperature, and humidity sensors. These devices can be placed anywhere on the supply chain; 

on transportation vehicles, storage facilities and on product lots. They consist of a series of 

units that capture and transmit data to other units where data analysis yields information of 

movement, condition and status of goods. 

• GPS Trackers: There is the capability to give real-time location, which entails the 

tracking of vehicles, product or goods on transit, or inventory within the warehouse. 

• RFID Tags: Since they are used in tracking the stock, the RFID tags allow tracking of 

the goods at several points in the supply chain. To illustrate, RFID readers help scan data on 

product mobility, inventory, and shipments at the highest speed possible. 

• Temperature and Humidity Sensors: These are especially useful where the products 

to be stored and transported are perishable in nature as they track environmental conditions. 

The use of physicals, time-temperature indicators is important if temperature control of 

different products such as food or drugs is to be achieved safely. 

• Movement/Vibration Sensors: These sensors are aware of any odd motion or 

oscillations, which could signify harm to the products during conveyance, and therefore inform 

the stakeholders about potential problems in real-time. 

b) Advantages of Using IoT Devices in the Supply Chain 

• One of the most significant advantage of IoT integration in the supply chain is the 

capacity to monitor goods in real-time. This means that the movement of the products can be 

traced through all these stages, and matters that are concerning the products, including delay, 

damage or theft, will be easily detected. 

• IoT devices use big data analysis to refine methods such as inventory control, logistic 

coordinations, and resources deployment among businesses.se devices are deployed 

strategically throughout the supply chain, such as on transportation vehicles, within 

warehouses, and even on individual goods. They continuously capture and transmit data, 

which is then analyzed to provide valuable insights into the movement, condition, and status 

of goods. 

• Real-time monitoring enabled by IoT systems delivers accurate information to 

customers helping businesses anticipate delivery times and handle requests and address 

problems in advance. 
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• The ability to track orders instantly improves both customer experience and company 

credibility.Very technical equipment can reveal problems before they evolve through IoT 

tracking systems. 

• The gained insights help optimize supply chain design through bottleneck reduction 

and improved demand forecasting systems to enable better business decision making.  

• IoT device monitoring systems track product conditions and warn stakeholders 

automatically whenever temperature changes or unexpected device vibrations indicate 

potential equipment damage. 

3.1 2 Data Collection and Transmission: Secure and Efficient Data Flow 

Supply chain operation success relies on collecting IoT device data and safely transporting this 

information to centralized networks. Data transmission requires cellular (3G, 4G & 5G) and 

Wi-Fi networks plus Bluetooth and satellite systems while choosing from these depends on 

network conditions and geography. Data integrity gets its protection by using security 

protocols that include robust encryption and Secure Socket Layer (SSL). Real-time data 

aggregation operates as a system which uses multiple sensors to assemble comprehensive 

supply chain data status reports. The operational capability speeds up lunar delivery problem 

identification and resolution thereby ensuring continuous supply chain process flow. 

3.1.3. Cloud Infrastructure Data Storage and Processing 

The management of supply chain IoT data storage and processing operations relies heavily on 

cloud infrastructure for unparallelelled importance. Cloud platforms achieve maximum impact 

through their automatic scaling process which responds to usage needs. Supply chain network 

expansions create proportionate growth in IoT device-generated data from throughout the 

entire system. Software configurations in the cloud automatically scale through flexible 

infrastructure systems which eliminates the need for extensive site-based facilities. Cloud 

service platforms allow companies to receive full data management capabilities through their 

comprehensive set of data solutions. The combination of storage retrieval backup and archival 

functions in effective data management safeguards access to reliable data at any point in time. 

Cloud platforms allow firms to design detailed backup strategies because these features let 

them recover important data during unexpected circumstances. When organizations implement 

cloud computing infrastructure their real-time processing applications achieve multiple 

significant advantages. Threshold capabilities in IoT data generation rely on cloud 

infrastructure platforms to execute real-time computational processing services. Cloud 

infrastructure transforms raw supply chain data through machine learning and advanced 

analytics into insightful knowledge for better operational decisions. The system provides three 

fundamental operations. The system handles all three operations including inventory 

management along with demand forecasting and logistics processes. Cloud platforms connect 

automatically to Enterprise Resource Planning (ERP) systems and Customer Relationship 

Management (CRM) systems and Supply Chain Management (SCM) platforms. The data 

connectivity between systems provided by API and integration services both enhances 

operational efficiency and creates combined supply chain visibility through Cloud 

infrastructure. The interconnected systems provide companies with market adjustment 

capabilities at rapid speeds while streamlining resource allocation which optimizes supply 
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chain results. 

i) Cloud storage technologies  

Cloud storage technologies form the essential base that enables extensive data management 

across IoT and data-driven supply chain operations. Storage platforms deploy scalable 

methodologies and enable instant data processing together with unified application integration. 

a) Google Cloud 

Google Cloud gives multiple storage solutions alongside numerous computing options that 

benefit operations of all organization sizes. A data repository utilizes object storage 

infrastructure to securely manage unlimited amounts of data. Video and image files alongside 

backup unstructured data operate at superior performance levels through this system. Multiple 

redundant locations used by Google Cloud Storage enable safe continuous data access by 

protecting the user's data with extraordinary security measures. Google provides customer’s 

access to automatically process real-time big dataset analysts through their data warehouse 

solution. Its capability to process data with SQL-like queries at unprecedented processing 

speeds makes it essential for real-time data analysis of IoT-generated data. The linkage of 

BigQuery to diverse Google Cloud services lets businesses draw swift data-based choices. 

Google Cloud offers business clients machine learning and artificial intelligence features 

including TensorFlow and AutoML with their platform Vertex AI. Through these tools 

businesses can maximize IoT data utilization and perform predictive analytics with automated 

features which boost supply chain operational effectiveness. Google Cloud supports third-

party application integration and on-premises systems deployment through API interfaces 

which simplifies the process of melding supply chain information with ERP software and 

CRM software, and SCM platforms. 

b) Amazon Web Services (AWS) 

The cloud computing leader AWS delivers multiple services which assist in managing IoT 

data storage and processing together with analysis. The object storage service of Amazon S3 

offers scalable effectiveness that matches enterprises in storing and getting any volume of IoT 

data. Customers benefit from multiple storage level options (Standard, Intelligent-Tiering, 

Glacier) that synchronize analysis frequency with storage performance and price parameters. 

Customers receive instantaneous valuable decision-making insight through this self-managed 

data warehouse service when they execute complicated queries against extensive data. 

Companies using IoT data to manage inventory and analyze demand patterns or predict supply 

chain failures can find this solution extremely useful. Through AWS IoT Core businesses can 

establish protected IoT device-to-cloud pipelines for data management while gaining 

immediate access to incoming data. This system has been built to work efficiently with 

extensive devices and data streams since supply chain analytics require immediate processing 

capabilities. AWS Lambda allows organizations to run their code automatically when events 

occur while removing the requirement for server provisioning and management responsibility 

from users. The system demonstrates exceptional performance in IoT data processing by 

implementing metadata-triggered functional enablement that leads to instant data evaluation 

and disciplinary choices.  Customers can use SageMaker to develop machine learning models 

and Kinesis allows them to perform real-time data operations. The combination of these 
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analytical tools helps businesses generate valuable IoT data insights for supply chain 

optimization directly from connected devices. 

c) Microsoft Azure 

The Microsoft Azure incorporates numerous cloud solutions to serve big data storage needs 

while also managing data processing in real time and system integrations. The Azure Blob 

Storage object storage solution provides unmatched scalability for storage needs related to 

unstructured data including imaging data video files and IoT sensor information. Azure Blob 

Storage provides automatic tiering capabilities that speed up data access times while moving 

occasional access data into lower-cost storage spaces. IoT devices send structured data to 

Azure SQL Database which delivers managed and scalable data storage. This platform 

executes complex database queries while facilitating connections with Azure services such 

that users can get prompt insights for their decision-making processes. Azure IoT Hub 

provides businesses with a cloud platform which gives them the ability to handle large-scale 

IoT device connection through secure monitoring functions. Through this solution users 

achieve live data consumption while maintaining functionality to connect into Azure service 

platforms for data evaluation. This cloud analytics platform unites data warehousing solutions 

with big data capabilities. Through Azure Synapse enterprises process vast IoT device data 

collections to generate real-time operational supply chain optimization recommendations. 

Within Azure users can find AI and machine learning capabilities which include both Azure 

Machine Learning Studio and Cognitive Services. Through the help of these analytical tools 

businesses extract IoT data intelligence to enhance both demands forecasts and operational 

control. 

Comparison and choosing the right cloud storage  

Based on these critical factors I choosing cloud storage platform 

➢ Scalability: The three cloud platforms including Google Cloud and AWS together 

with Azure provide simple scalability features for IoT data management to support expanding 

supply chains. 

➢ Data Processing: AWS Lambda alongside Azure Synapse Analytics form part of AWS 

and Azure's robust set of data processing solutions for real-time data processing. BigQuery 

operates as one of the powerful analytical tools available in Google Cloud. 

➢ Security and Compliance: Security features among all three platforms include 

encryption and identity management but organizations often select their platform based on 

requirements from industry regulations (e.g., GDPR, HIPAA). 

➢ Cost: Different pricing strategies exist between storage platforms so companies must 

examine cost-benefit ratios to match their needs. Cloud infrastructure operators AWS and 

Google Cloud and Azure operate pay-as-you-go financing which enables businesses to pay 

only for their resource usage. 

3.2 Artificial Intelligence (AI) and Machine Learning (ML): 

The contemporary supply chain industry undergoes transformation through ML and AI 

technologies which deliver accurate predictions and operational enhancements to companies. 

AI together with ML serves as fundamental tools within data-driven supply chain management 
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to handle data pre-processing functions while performing both predictive analytics and 

anomaly detection. Here’s how these technologies contribute in detail: 

3.2.1. Data Pre-processing 

AI and ML application demands data pre-processing as their fundamental starting point when 

processing supply chain issues. Raw data from IoT devices and transactional data joins 

historical performance metrics and frequently suffers from noise, missing values and 

inconsistency. The accuracy and suitability of analysis data demand that raw data undergoes 

proper cleaning and structuring procedures. This process involves several steps: 

• Handling Missing Data: Machine learning models can receive successful training 

through data imputation methods which replace empty values with estimates derived from 

other data elements. 

• Normalization and Scaling: ML detection of patterns improves when data ranges with 

diverse units receive normalization through consistent scaling techniques. 

• Data Transformation: Data preprocessing requires transcoding categorical factors 

(such as product types) to numerical values as well as recovering features from historical 

patterns (such as seasonality) and grouping data (weekly aggregation of daily  

• Outlier Removal: Data outliers affect results through distortion and require detection 

for removal or adjusted correction to stop inaccuracies from misleading final interpretations. 

After structured pre-processing of data it becomes ready for analysis so the resulting insights 

from machine learning models will include accurate high-quality information. 

3.2. 2. Predictive Analytics 

Machine learning algorithms operational through predictive analytics utilize historical 

combined with live data to make future event predictions. Through predictive analytics supply 

chain practitioners can optimize three supply chain functions which include demand 

forecasting along with inventory management and logistics optimization. The key machine 

learning techniques used include: 

• Time Series Forecasting: A Forecasting supply chain trend becomes possible with the 

use of forecasting algorithms such as ARIMA (Auto-Regressive Integrated Moving Average) 

and LSTM (Long Short-Term Memory) networks and Prophet. The future assessment of 

product demand enables business optimization of inventory management thus decreasing 

stockout risks along with overstock scenarios. 

• Regression Models: Intelligent systems use prediction models to generate continuous 

output variables from multiple input characteristics. Businesses forecast supplier delivery 

times through analysis of past shipping records combined with external weather conditions 

that impede delivery duration. 

• Classification Algorithms: These modelling tools allow users to forecast both time-

based supplier performance and future product popularity levels. 

A data-based solution provided by predictive analytics enables organizations to generate future 

demand forecasts while simultaneously detecting threats and executing strategic initiatives in 
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advance. Forecasting essential events helps businesses minimize expenses thereby delivering 

superior customer satisfaction together with enhanced operational performance. 

3.2.3. Anomaly Detection 

The supply chain benefits from anomaly detection functionality within AI implementation 

which seeks to recognize unusual deviations from regular process operation. AI-based 

detection systems identify abnormal patterns which signal potential issues such as non-

essential delays and quality problems and supply chain interruptions before these problems 

become serious. The key processes in anomaly detection are: 

• Real-Time Data Monitoring: AI systems assess continuous streams of data from IoT 

devices along with sensors and all other data sources. The system analyzes real-time data 

against historical patterns to identify sudden shifts which could represent warehouse 

temperature changes capable of destroying perishable goods along with logistics network 

transit delays. 

• Machine Learning Models for Anomaly Detection: ML methods specifically 

clustering through K-means and neural network autoencoders comprise efficient approaches 

to detect normal data behaviors. After training these models identify unusual data points which 

deviate from their acquired patterns while performing analysis. 

• Triggering Alerts for Action: Anomaly detection by the system will automatically 

produce alerts and stakeholder notifications. The system can alert logistics managers to take 

required remedial measures by notifying them about upcoming delivery delays which affect 

inventory levels.  

• Root Cause Analysis: The next core capability of advanced AI systems spans beyond 

standard operations through root cause analysis. Anomaly detection systems conduct analyses 

to reveal problem sources allowing staff to identify if supplier quality failures or unpredictable 

outside events (natural disasters affecting supply chains) exist. 

The integration of these detection technologies allows businesses to identify disruptions before 

they happen in leading to resilient supply chains and content customers. The immediate 

resolution of business problems enables companies to minimize operational losses while 

stopping impact cascades that could result in time-based revenue reduction. 

3.3 Data Analytics and Visualization 

3.3.1 Data Analysis: With advanced analytical methods professionals during this stage retrieve 

essential details from gathered data collections. Sourced supply chain data benefits from 

statistical procedures alongside machine learning models and data mining techniques to 

identify patterns that produce future forecasting outputs. The system bases its forecasting of 

delivery delays and route selection on historical shipping databases. 

3.3.2 Dashboard Development: The dashboards created with Tableau and AWS QuickSight 

and Power BI support supply chain management through real-time display of shipment 

tracking and inventory demand analysis and delivery performance outputs. The correct choice 

of dashboard development tools enhances visualization impact since stakeholders make better 

decisions using data-driven information. Three industry-leading tools for dashboard 
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development receive complete assessment; these include Tableau and AWS QuickSight 

alongside Power BI. 

a) Tableau 

Tableau functions as the principal data visualization platform for dashboard development by 

enabling the generation of compelling user-centered interface dashboards. Flexibility in 

operating interface and support for analytics on extensive databases originating from various 

sources renders this solution a beneficial tool for supply chain dashboard construction. 

Through multiple interfaces Tableau enables the connection of many different data sources 

such as Google Cloud and AWS cloud services and relational databases together with Excel 

files and IoT data feeds. The combination of Tableau and IoT sensors with ERP systems along 

with transport management systems allows for aggregated data visualization within 

dashboards. Tableau drives live data connections through its system which delivers dynamic 

dashboard updates whenever new data enters the system. Real-time tracking of inventory 

levels and shipment statuses together with other precision-sensitive metrics depends heavily 

on this function. The visualization options from Tableau include different charts like bar and 

line formats as well as heat maps and pie elements and geographic features which allow users 

to easily display supply chain data through appealing graphics and relevant information-

display.Personalized data analysis becomes possible through Tableau dashboards that enable 

users to view information at increasingly detailed depths. Users can use dashboard features of 

Tableau to explore specific shipments by examining detailed tracking information and 

experience zoomed views with particular inventory categories. Tableau provides integration 

with the analytics tools R and Python. The system enables businesses to generate predictive 

models through analytics which accurately forecast inventory requirements while anticipating 

shipment delay patterns. Tableau dashboard projects enable dynamic sharing capabilitis across 

Tableau Server and Tableau Online platforms and web application integration. Multiple 

stakeholder groups including supply chain managers and logistics teams and executives have 

instant access to real-time data through the system's anytime anywhere interface. 

b) AWS QuickSight 

Amazon manages AWS QuickSight as its business intelligence (BI) service which delivers 

rapid and expandable analytics capabilities for visualizing data. Users can process multi-data 

set information using this solution which optimizes visualization displayed on AWS cloud-

linked supply chain dashboards. All storage solutions from AWS such as Amazon S3 and 

Amazon Redshift and AWS IoT Core work seamlessly with QuickSight. The data extraction 

capabilities of QuickSight encompass IoT devices and cloud databases as well as multiple 

sources enabling it to design detailed visualizations of supply chain operations. THe 

QuickSight data processing engine runs continually in real time and its dashboards 

automatically reflect new system-derived information upon data receipt. Through these 

functions the system enables real-time monitoring of delivery times along with inventory 

tracking and shipping status updates. QuickSight uses its SPICE computer processing engine 

to manage rapid analysis of large datasets. Fast data loading through the SPICE in-memory 

engine enables effective real-time supply chain data management when combined with rapid 

data querying. The AWS Analytics platform QuickSight allows users to visualize their data 

through a combination of bar charts alongside pie charts and heat maps and geographic maps. 
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The solution tracks multiple supply chain variables such as inventory health alongside order 

fulfillment performance and customer satisfaction ratings. AWS QuickSight brings built-in 

machine learning capabilities to discover anomalies directly from data. Detecting stockout 

situations together with delayed freight deliveries represents a significant finding for the 

supply chain management function through this feature. Cloud-native QuickSight technology 

enables scalable solutions that serve the growing data needs of companies. The technology 

succeeds best with big IoT and supply chain data sequences making it suitable for large 

corporations conducting extensive business activities. Organizations which require BI 

dashboards on an irregular basis can find affordable BI solutions through QuickSight's session-

based pricing model. 

b) Power BI 

Through its business intelligence software Microsoft Power BI users can construct interactive 

dashboards along with reports. System dynamics in Microsoft products create Power BI which 

delivers graphical analytics to supply chain management professionals for data metrics 

visualization. Power BI establishes data connections between SQL databases and Excel files 

and cloud-based data sources while supporting web service connectivity. The use of Power BI 

enables network dashboards to merge ERP system and IoT device and CRM system data into 

operational monitoring dashboards. Power BI users benefit from automatic dashboard updates 

triggered by the arrival of new information from data streams. This framework delivers 

ongoing real-time information to supply chain stakeholders who access order data and 

inventory data as well as shipment status information. Power BI users can create multiple 

visualization formats which extend across standard chart types such as bars and lines and 

include scatter plots in addition to geographic maps while enabling personalized 

visualizations. Supply chain Key Performance Indicators (KPIs) for delivery accuracy and lead 

times and order completion rates become visible through customized graphical interfaces. 

Businesses that connect with Azure Machine Learning technology through Power BI achieve 

embedded predictive analysis models in dashboard environments. Businesses that analyze 

historical data gain multiple advantages from demand prediction to inventory warning and 

optimizedDelivery paths. Users can access Power BI's shared service platform to show 

dashboards for stakeholder review and team member collaboration purposes. Embedded 

dashboards present real-time business data from the enterprise that can be incorporated into 

both web-based pages and custom applications. Through its security measures Power BI 

enables businesses to impose row-level security controls that determine data visibility among 

different users. Power BI connects to Microsoft’s Azure Active Directory which offers a 

system to regulate user entry and authorization credentials. The Power BI platform presents 

its users with both a free basic version and with its Pro version holding additional capabilities. 

Self-service BI solutions from Power BI remain affordable for organizations with medium or 

small clientele over competing data analysis applications. 

Comparison and Choosing the Right Tool 

When choosing the right dashboard development platform for supply chain management, it 

considers the following factors: 

➢ Ease of Use: The interface systems in Tableau and Power BI deliver intuitive access 

but the setup and matching of AWS QuickSight with AWS services needs technical ability. 
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➢ Integration with Existing Systems: The selection of QuickSight and Power BI 

becomes more convenient for businesses operating within AWS or Azure cloud infrastructure. 

Tableau stands out for its extensive integration potential that meets the needs of diverse data 

systems yet companies leveraging one main system type would benefit best from Tableau's 

multicontroller features. 

➢ Real-Time Data Processing: The real-time data processing capability of all tools exists 

however QuickSight excels at delivering premium speed capabilities to AWS infrastructure 

users during analysis. 

➢ Scalability: The extensive capacity for scale creation of both QuickSight and Power 

BI makes them ideal solutions for businesses working with large existing datasets and 

expecting future growth in their data volume. Tableau operates effectively within big 

organizations yet businesses needing the utmost performance levels might need to allocate 

significant funding resources. 

➢ Cost: Businesses that operate on a small scale can choose Power BI as their least 

expensive data visualization solution because it includes a free version.  

3.3.3 Decision Support: Managers benefit from decision support systems because these 

systems use data analytics to create informed and data-based choices. Systems based on 

analyzed data deliver insight and recommendation features to assist managers with fast 

responses for supply chain adjustments. A systemalyzed approach which offers optimal 

inventory refill recommendations while harnessing combined analysis of product sales metrics 

with present inventory positions. 

3.4 Implementation and Testing 

3.4.1 Pilot Testing: Before deploying the framework for full operational use it undergoes 

testing through controlled smaller-scale supply chain trials in order to assess effectiveness. 

The system helps to detect all issues alongside operational inefficiencies together with 

potential improvement areas. To evaluate operational effects use the IoT and AI system at a 

particular warehouse location in a certain region. 

3.4.2 Feedback Loop: The system requires stakeholder feedback for its successful 

development stage. The input collection process needs to engage supply chain managers and 

warehouse staff together with logistics partners and customers to capture their experiences and 

request improvements.  

3.4.3 Full Deployment: After getting feedback from pilots the system receives refinement it is 

deployed to all supply chain network elements. The expanded implementation of the supply 

chain system delivers operational attributes and real-time visibility advantages to all 

participants throughout every supply chain stage. The network should receive IoT sensors with 

AI models while receiving dashboards throughout all warehouses, transportation terminals and 

retail stores. 

3.5 Evaluation and Continuous Improvement 

3.5.1 Performance Metrics: The system effectiveness gets measured through Key Performance 

Indicators (KPIs). Delivery times along with inventory turnover rates and order accuracy and 

customer satisfaction measurements are combined with cost reduction metrics in these Key 
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Performance Indicators. The system's operational performance becomes clear through ongoing 

measurement of chosen metrics. The system implementation produced a 15% decline in 

typical delivery times as performance data demonstrates. 

3.5.2 Iterative Improvement: System improvements result from the combination of real-time 

performance data and feedback which drives ongoing advancements. The iterative approach 

enables a continuous framework adaptation to emerging challenges new technologies and 

changing business demands thus maintaining optimal performance. Running updated 

predictive models with fresh information helps raise both demand projection quality and 

anomaly detection capability. 

 

 

Figure 1: Block diagram of Supply chain framework 
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4. Result and discussion 

4.1 Performance Improvements: 

Supply chain operations receive assessment through performance improvement measurements 

which focus on delay reduction along with inventory optimization and higher customer 

satisfaction levels. The system shows improved delivery times yet inventory levels receive 

direct comparison alongside customer satisfaction evaluations through survey or direct 

feedback. A system outcomes graph reveals the time reduction in deliveries since the 

operational integration began. Distribution centersanalyze changes by measuring end results 

against original targets while avoiding analysis of the implementation processes. The 

inventory level data shows improvements through this Table where data exists between the 

period before the new system implementation and afterward. The evaluation concentrates on 

operational success evaluation following system deployment. 

Table 1: Comparison ofbefore implementation and after implementation inventory levels 

Period Before implementation (units) After implementation (units) Improvement (%) 

Q1 2024 10,000 8,000 20% 

Q2 2024 9,500 7,500 21% 

Q3 2024 11,000 9,200 16.36% 

Q4 2024 10,500 8,200 21% 

 

4.2. Data Insights: 

The analysis evaluates the performance of predictive models delivered through supply chain 

operations by assessing their capacity to correctly estimate market needs and recognize 

unexpected system patterns. The deployed model-performance assessment shows actual and 
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predicted demand measurements in a visual format where performance evaluation occurs 

against operational outcomes. Evaluation through performance measurement takes precedence 

over system implementation. After implementation the confusion matrix helps measure how 

well the anomaly detection system functions through its analysis of disruption identification 

results. Actual disruptions identified through the AI system yield true positives whereas false 

positives stand for disruptions acknowledged mistakenly by the AI system. 

Table 2: Confusion Matrix for anomaly detection in supply chain 

Actual Disruption Predicted Disruption: Yes Predicted Disruption: No 

Yes 45 (True Positives) 5 (False Negatives) 

No 3 (False Positives) 47 (True Negatives) 

 

4.3. Stakeholder Impact 

The assessment of stakeholder feedback towards dashboards and decision support systems 

incorporates their ability to use them effectively. Results derived from end-user surveys 

combined with stakeholder feedback about real-time supply chain visibility and decision 

support are presented through a visual representation using a pie chart. This animation displays 

the ratio between stakeholders who found the platform easy to operate and those who 

encountered challenges in understanding the system. 

Table 3: Stakeholder satisfaction 

Stakeholder Group Satisfaction Score (1-5) Key Feedback 

Supply Chain Managers 4.5 Improved decision-making speed and 
accuracy 

Logistics Team 4.2 Real-time tracking of shipments has 

reduced delays 

0 10 20 30 40 50

Actual yes

Actual No

Predicted no

Predicted yes
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Customers 4.7 Faster deliveries and better inventory 

availability 

 

Category Count 

Easy to use 70% 

Neutral 20% 

Difficult to use 10% 

 

4.4. Quantitative Metrics (KPIs) 

The section must include key performance indicators that show how the system benefits supply 

chain operations. The system operates with delivery time tracking while also monitoring cost 

savings and demand forecasting accuracy as its fundamental KPIs. A line graph illustrates 

delivery time performance data before system implementation against post-implementation 

performance using periods to show different time segments. Public financial system 

performance verifies in an analytical table when analyzing expenditure values measured pre 

and post the implementation of IoT along with AI frameworks. Reduced operational expenses 

and inventory optimization improvements and better service support stem from system real-

time data presentation and forecasting capabilities. 

Table 4: Comparison of cost saving 

Cost Category Pre-Implementation Costs 

(USD) 

Post-Implementation Costs 

(USD) 

Savings (%) 

Delivery Operations 1,500,000 1,200,000 20% 

Inventory Management 600,000 450,000 25% 

Count 

Easy to use

Neutral

Difficult to use



                                                         Real-Time Supply Chain Visibility Using… Sourav Sethia 2460  
 

Nanotechnology Perceptions Vol. 20 No. S13 (2024) 

 

 

5. Conclusion 

Data analytics together with IoT applications alongside AI technologies present vital 

opportunities to improve supply chain performance through real-time tracking enhancements 

while increasing operational effectiveness and improving customer satisfaction levels. The 

framework I developed demonstrates how advanced technologies function as partnerships to 

deal with issues in complex worldwide supply chains alongside accelerated delivery needs. 

Businesses who use IoT sensors acquire real-time data about inventory movements and 

shipments and environmental conditions to manage their supply chains in real time. Secure 

data communication through cloud infrastructure enables stakeholders to access precise 

updated information which empowers timely disruption responses and optimal operational 

outcomes. By integrating AI and Machine Learning techniques organizations gain critical 

value from predictive analytics alongside anomaly detection capabilities. By using predictive 

models organizations achieve exact demand projections which to maximize stock management 

and prevent both inventory running out and unnecessary extra stock accumulation. AI anomaly 

detection automatically detects supply chain disturbances in advance to promptly solve 

problems around delivery and product quality before disruptions affect entire operations. 

Decision-makers obtain real-time access to essential performance metrics through the 

integration of advanced analytics tools including Tableau and AWS QuickSight and Power BI 

dashboard visualization systems. Through visual analytics decision-makers acquire real-time 

visibility into supply chain conditions that reveals operational performance levels as well as 

inventory density and shipment tracking. Visual supply chain dashboards create an overview 

of operational performance that enables data-based responses to drive better results throughout 

the supply chain. Data from our testing phase and feedback retrieval demonstrated that the 

integrated system delivered vital benefits which strengthened supply chain operational 
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effectiveness. The generated outcomes revealed shorter delivery durations coupled with 

optimized stock management while maintaining better customer satisfaction levels. The 

predictive models produced exact forecast results while the anomaly detection systems 

immediately detected disturbances that led to speedy response actions. Users demonstrated 

strong satisfaction rates regarding the intuitive dashboards along with the decision support 

tools indicating the significant importance of timely feedback and prompted actions. 

Operational effectiveness experienced substantial advancements during the KPI evaluation 

phase where company efficiency metrics improved alongside lower costs and quicker 

deliveries along with increased patron satisfaction. This research demonstrates the continued 

need for supply chain optimization through ongoing development work while also identifying 

potential benefits from combining new technologies. 
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