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Abstract. This study introduces a smart retail system that integrates voice 

interaction, artificial intelligence, and robotic vending to connect digital 
recommendations with real-world product experiences. Designed to 

understand customer needs via voice input, it provides personalized 

suggestions and automatically dispenses product samples through a three-

layer architecture consisting of IoT-based input sensing, AI processing, and 
robotic output. The proposed conceptual prototype demonstrates the 

feasibility of integrating voice interaction, artificial intelligence 

recommendation, IoT communication, and robotic dispensing within a smart 

retail environment. Preliminary technical validation indicates that the 
proposed architecture can support real-time customer interaction, automated 

recommendation generation, and product dispensing functions within a 

unified embedded platform. Overall, this research highlights the potential of 

combining voice AI, IoT, and robotics to develop a more interactive and 
efficient retail ecosystem and provides a foundation for future 
implementation and evaluation in real retail environments. 

1 Introduction 

The retail industry has quickly transformed with the adoption of digital technologies and 

artificial intelligence, moving toward experience-centric, data-driven, and personalized 

settings [1], [2]. AI recommendation systems assist retailers in analyzing consumer behavior 
and offering tailored product suggestions, boosting engagement and conversion rates [3], [4]. 

Simultaneously, voice technologies facilitate natural, real-time interactions that improve 

efficiency and user experience [5]. Consequently, convenience, speed, and personalization 

now play crucial roles in modern retail design [6]. However, many brick-and-mortar stores 
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still rely on static displays and non-interactive promotions, limiting their ability to adapt to 

individual needs and diminishing their marketing effectiveness [1], [6]. Although voice 

assistants and conversational AI increasingly influence decision-making during search and 

evaluation stages, their application remains mainly limited to digital spaces [7], [8].  

 This fragmented adoption underscores a gap between AI-driven personalization's 

potential and its practical implementation in physical retail settings [9], [10]. Smart retail 
addresses this by combining AI, IoT, and automation to develop adaptive environments that 

respond to customers in real time [2], [6]. In this framework, voice interaction enhances intent 

recognition and provides real-time personalized recommendations that can shape consumer 

behavior [5]. These effects are more pronounced when systems are viewed as useful and 

trustworthy [7], [8]. Nonetheless, the limited integration with physical output systems still 

causes a disconnect between digital suggestions and actual product experiences within stores 

[1], [9].  

 To address these challenges, a more unified retail strategy is essential, linking voice 

interaction, AI processing, and physical product delivery into a smooth experience. This 

study introduces a voice-activated AI recommendation system, coupled with a smart vending 

robot, that provides real-time, personalized suggestions and automatically dispenses product 

samples. By integrating digital intelligence with physical interaction, it aims to bridge the 
divide between online personalization and the in-store experience, while also seeking to boost 

customer engagement and assess its influence on purchase intention in contemporary retail 

environments. 

2 Literature Review 

2.1 Smart Retail and Digital Transformation in Physical Retail Environments 

Smart retail integrates technologies such as artificial intelligence, the Internet of Things 
(IoT), and data analytics to enhance customer experience and operational efficiency. These 

technologies enable real-time interaction, data-driven decision-making, and seamless 

integration between physical and digital retail channels [6], [10]. The proposed system 

reflects this transformation by utilising IoT sensors, AI processing, and interactive interfaces 

to capture customer input and deliver personalised product recommendations. 

2.2 Artificial Intelligence in Retail and Personalised Recommendation Systems 

Artificial intelligence enables retail systems to analyse customer preferences and contextual 

information to generate personalised product recommendations, thereby improving decision-

making, customer satisfaction, and purchase intention [9]. In smart retail environments, AI 

recommendation engines can transform real-time customer input into relevant product 
suggestions through intent recognition and product matching. However, most existing studies 

focus on digital platforms, with limited integration of AI recommendation systems into 

physical retail environments. 

2.3 Voice-Based Interaction and Conversational Commerce 

Voice-based interaction enables customers to communicate naturally with digital systems 

through technologies such as speech-to-text, natural language processing, and intent 

recognition. In retail environments, these technologies improve convenience, customer 

engagement, and interaction efficiency by allowing users to express their needs and receive 

real-time responses [5]. Compared to text-based interaction, voice interaction supports 
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hands-free use and can improve accessibility for elderly and visually impaired customers who 

may have difficulty using touchscreen interfaces. 

 

In the proposed system, voice is used as the primary input method for generating personalised 

recommendations. Recommendation results are presented through a touchscreen interface, 

with optional audio feedback provided through a speaker to support accessibility needs. This 
multimodal approach enhances user experience while accommodating different user 

preferences in physical retail environments. 

2.4 IoT-Enabled Retail and Sensor-Based Customer Interaction 

The Internet of Things (IoT) enables real-time customer interaction through interconnected 

sensors and devices that support data collection and operational automation in retail 

environments [11], [12]. In the proposed system, microphones and proximity sensors 

function as the input layer for capturing customer presence and voice commands. The 

ultrasonic proximity sensor operates by transmitting high-frequency sound waves (typically 

40 kHz) and measuring the reflected signal to estimate object distance in centimetres (cm). 

However, existing IoT implementations in retail are often deployed independently, with 
limited integration between sensor technologies, AI recommendation systems, and 

interactive retail services. 

2.5 Robotics and Automated Service Delivery in Retail 

Robotics is increasingly used in retail to automate service delivery, improve operational 

efficiency, and enhance customer experience [13], [14]. In the proposed system, a smart 

robotic vending mechanism automatically dispenses product samples based on AI-generated 

recommendations. By integrating display, audio, and dispensing functions, the system 

provides immediate and interactive responses to customer needs. 

2.6 Research Gap and Conceptual Integration 

Although AI, voice interaction, IoT, and robotics have advanced significantly, these 

technologies are often implemented separately within retail environments. Such 

fragmentation limits the delivery of seamless and personalised customer experiences. 

Therefore, this study proposes an integrated smart retail platform that combines voice 

interaction, AI recommendation, IoT communication, and robotic dispensing within a unified 

operational framework. 

3 Research Methodology and System Design  

3.1 Project Overview 

This study proposes a smart retail system that integrates voice AI, IoT, and robotic vending 

within a unified platform. The system captures customer needs through voice interaction, 

processes them using AI algorithms, and generates personalised product recommendations 

followed by automated product sampling. By combining digital intelligence with physical 

retail services, the proposed system aims to enhance customer engagement, support 

personalised shopping experiences, and improve retail service efficiency [3], [6], [10].  
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Fig. 1. Overview of the proposed smart retail system integrating AI, IoT, and robotic vending for 

personalised product recommendation. 

3.2 System Architecture 

The proposed system consists of three integrated layers: the input layer, AI processing layer, 
and robotic output layer. The input layer captures customer interactions through voice and 

proximity sensors, while the AI processing layer performs speech recognition, intent 

detection, and recommendation generation. The robotic output layer delivers 

recommendations through visual and audio interfaces and automatically dispenses product 

samples. Together, these layers integrate IoT, AI, and robotic technologies to support 

intelligent retail interaction [6], [11]. The embedded control system operates using low-

voltage DC power (5 V and 12 V) to support sensing, signal processing, and robotic actuation. 

 
Fig. 2. System architecture consisting of input layer, AI processing layer, and robotic output layer. 

3.3 System Workflow 

The system workflow begins with customer detection through proximity sensors, followed 

by voice input capture and speech-to-text conversion. The AI recommendation engine then 

analyses customer intent and matches it with relevant products. Recommendation results are 

delivered through visual and audio interfaces, followed by automated product dispensing. 

This workflow enables seamless interaction from customer request to physical product 

delivery [3], [10].  
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Fig. 3. Workflow of the proposed system from customer interaction to automated product dispensing. 
The operational sequence follows a closed-loop control process consisting of user detection, voice 

acquisition, intent processing, recommendation generation, dispensing activation, and system status 

feedback. This sequence enables coordinated interaction between sensing, decision-making, and 

actuation modules. 

3.4 Hardware Design 

The proposed hardware architecture integrates sensing, processing, communication, and 

dispensing components to support smart retail operations. An Espressif 32-bit 

Microcontroller (ESP32) manages IoT communication and sensor connectivity, while 

Arduino Mega controls the robotic vending mechanism. Additional components, including a 

microphone, proximity sensor, LCD touchscreen, speaker, and servo motors, enable 

customer interaction and automated product dispensing. Together, these components support 

real-time communication and intelligent retail automation [10], [11]. The ultrasonic sensor 

provides distance measurements within a range of several centimetres. The ESP32 operates 

at 3.3 V, while the Arduino Mega and motor driver utilise 5–12 V DC power supplies. The 

ultrasonic sensor operates at approximately 40 kHz and provides distance measurements for 

user detection. 

 
Fig. 4. Hardware architecture showing the integration of IoT sensors, microcontrollers, and robotic 

dispensing components. 

3.5 Software Design 

The software architecture serves as the central intelligence of the proposed system by 

supporting AI processing, IoT communication, database management, and user interaction. 
Python and machine learning frameworks are utilised for speech recognition, intent detection, 

and recommendation generation, while MQTT enables real-time communication between 

system components. Product and interaction data are managed through cloud databases, and 

monitoring functions are supported through dashboard interfaces. Together, these software 

components enable seamless coordination of voice interaction, AI recommendation, and 

automated product dispensing[3], [6]. 

5

EPJ Web of Conferences 377, 06017 (2026) https://doi.org/10.1051/epjconf/202637706017

IPS 2026



 
Fig. 5. Software architecture illustrating AI processing, voice recognition, IoT communication, and 

cloud-based data management. 

4 Results and Discussion 

4.1 AI Recommendation Logic 

The proposed system enhances traditional retail by providing voice-based interaction, 

personalised recommendations, and automated product dispensing. Customers communicate 

their needs through voice input, which is converted into text and analysed to identify product 

preferences and intentions. The AI recommendation engine then matches customer 

requirements with products stored in the database and selects the most suitable alternatives. 

Recommendation results are delivered through touchscreen and speaker interfaces, followed 

by automatic product dispensing through the robotic vending mechanism. Supporting 

components, including machine learning models, product databases, and feedback 

mechanisms, continuously improve recommendation quality and system performance. As 

this study focuses on conceptual prototype development, the system workflow is illustrated 

in Figure 6 [1], [3]. 

 
Fig. 6. Detailed AI recommendation workflow consisting of voice input processing, intent recognition, 

personalised recommendation generation, product selection, response generation, and automated 
robotic dispensing. 

4.2 Comparison with Existing Systems 

The proposed system enhances conventional retail by integrating AI recommendation, voice 

interaction, and automated product dispensing into a single platform. Unlike traditional retail 

environments that rely on manual product selection and passive promotion, the system 

provides personalised recommendations, real-time interaction, and automated service 
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delivery [9], [12]. As illustrated in Figure 7, this integration supports a more engaging, 

efficient, and customer-centred retail experience while improving promotional effectiveness 

through data-driven recommendation mechanisms [4], [6].  

 
Fig. 7. Comparison between conventional retail systems and the proposed AI-driven smart retail 

solution.  

4.3 Future Development Opportunities 

Future development may focus on enhancing system intelligence through computer vision, 

adaptive machine learning, and advanced customer analytics. Additional improvements 
could include mobile application integration, cloud-based services, and expanded product 

databases to support broader retail applications. These enhancements would improve 

recommendation accuracy, customer interaction, and overall system adaptability. 

5 Innovation and Novelty 

The primary innovation of this study lies in the integration of voice interaction, artificial 

intelligence, and robotic vending within a unified smart retail platform. Unlike conventional 

retail systems that rely on static product displays and manual customer assistance, the 

proposed system enables customers to communicate their needs through voice input, receive 

personalised recommendations, and automatically obtain product samples through robotic 

dispensing. This integration enhances customer engagement, service efficiency, and retail 

personalisation. 

Figure 8 illustrates the conceptual prototype of the proposed smart vending machine. The 

system integrates a voice input module, AI recommendation engine, LCD touchscreen 

interface, speaker module, and automated dispensing mechanism within a single platform. 
Customer requests are processed through AI algorithms to generate personalised 

recommendations, which are delivered through visual and audio interfaces before activating 

the robotic dispensing system. The prototype also incorporates embedded control units, 

communication modules, and dispensing actuators to support seamless coordination between 

customer interaction and automated service delivery. 

Consequently, the proposed system demonstrates how AI, IoT, voice interaction, and 

robotic automation can be combined to create an intelligent, interactive, and personalised 

retail experience. 
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Fig. 8. Prototype design of the proposed smart vending machine showing voice interaction, AI 

recommendation modules, user interface components, internal control architecture, and automated 

product dispensing mechanisms.  

6 Conclusion 

This study presents a smart retail system that integrates voice interaction, artificial 

intelligence, IoT communication, and robotic vending within a unified platform designed to 
support customer engagement and retail automation. The preliminary validation results 

demonstrate the feasibility of combining real-time customer detection, voice-based 

interaction, AI-driven recommendation generation, and automated product dispensing into a 

coordinated smart retail architecture. Functional testing indicates that the proposed system 

can support responsive customer interaction and automated service delivery through the 

integration of sensing, decision-making, and actuation modules. The proposed architecture 

provides a foundation for future implementation, optimization, and comprehensive 

performance evaluation in real retail environments, particularly for retailers seeking 

innovative and technology-driven customer service solutions 
 
This publication was funded by the Indonesia Endowment Fund for Education (LPDP) on behalf of the 

Indonesian Ministry of Higher Education, Science and Technology, and managed under the EQUITY 

Program (Contract Number 4308/B3/DT.03.08/2025 and B/284/UN39/HK.07.00/2025). 
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