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Abstract 

The manufacturing industry is increasingly tasked with delivering customized products under 

stringent timelines, necessitating efficient assembly workflows to avoid labor inefficiencies and 

defects. This paper explores the implementation of voice picking technology in manufacturing 

environments, focusing on its impact on assembly sequencing and operational efficiency. We address 

the intricacies of assembling a unique product for each order compared to traditional warehouses 

holding stocked parts for mass production. Our findings illustrate that integrating voice picking into 

the picking process eliminates manual errors, enhances productivity, and offers real-time validation 

by utilizing a Manufacturing Execution System (MES). This study quantitatively analyzes the 

proposed changes, predicting a 45% reduction in pick times, a 60% decrease in defects, and a 7% 

increase in overall assembly output. We conclude that voice picking not only addresses the current 

inefficiencies in the custom part assembly line but is also scalable across various manufacturing 

sectors, ultimately leading to higher profitability and customer satisfaction. 
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I. INTRODUCTION 

The manufacturing landscape has undergone seismic shifts in response to rapidly evolving consumer 

demands, characterized by a shift from mass production to customized assembly workflows. While 

traditional manufacturing processes have relied heavily on pre-stocked components, the increasing need for 

tailored production has highlighted significant inefficiencies within assembly lines, particularly in the areas 

of labor costs, defect rates, and operational bottlenecks. In a scenario where each unit could have its unique 

Bill of Materials (BOM), the process of picking custom parts from a general warehouse emerges as a 

complicated and time-intensive endeavor. For instance, managing an assembly line that produces 1,400 

units can require up to 800 labor hours, with considerable risk of delays and increased operational costs. 

Moreover, defects arising from incorrect part selections can lead to detrimental impacts, ranging from 

production halts to sending entire labor shifts home with pay. This context reveals the pressing need for a 

solution that enhances precision in part picking and ensures that the right components are available for 

assembly in a sequential manner. 

Research Question: How does voice picking influence the operational efficacy of assembly lines in 

customized manufacturing settings? 

The focus of this paper is to examine how integrating voice picking technology optimizes manufacturing 

workflows in assembly sequencing, with the overarching aim of improving efficiency, reducing defects, and 
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cutting labor costs. In doing so, we aim to fill identified gaps in the literature concerning real-time validation 

and empirical outcomes associated with the implementation of voice picking systems. 

II. LITERATURE REVIEW 

A. Evolution of Manufacturing Processes 

Manufacturing processes have evolved significantly over the last century, with contemporary advancements 

reflecting a shift toward lean production methodologies. Concepts such as Lean Manufacturing, Six Sigma, 

and Just-In-Time have emerged, aiming to optimize workflows by minimizing waste, improving quality, 

and increasing productivity (Womack & Jones, 1996). However, challenges remain in fulfilling orders for 

customized products that deviate from conventional mass production models, leading to heightened scrutiny 

of operational efficiencies in warehousing and assembly. 

B. Customization in the Manufacturing Sector 

The growing trend toward customization requires manufacturing systems that are agile and responsive. A 

notable challenge in this domain is the efficient picking of parts that adhere to a unique BOM for each 

product. Existing literature emphasizes the importance of seamless integration between warehouse 

management systems and production lines in achieving timely order fulfillment (Mason-Jones et al., 2000). 

C. Voice Picking Systems 

Voice picking technology has emerged as a solution to streamline logistics and order fulfillment processes. 

Research indicates that voice-directed picking reduces errors compared to traditional methods, leading to 

increased accuracy and faster processing times (Huang et al., 2015). The incorporation of voice recognition 

systems into the Manufacturing Execution System (MES) has been shown to facilitate real-time 

communication between operators and the warehouse, reducing the cognitive load on pickers (Suh et al., 

2019). However, empirical studies exploring specific case implementations in the realm of customized 

manufacturing remain scarce. 

D. Gap Identification 

Despite the established advantages of voice picking in logistics, its implications for assembly sequencing in 

manufacturing settings, particularly where every unit is customized, warrant deeper examination. This paper 

seeks to investigate these dynamics and shed light on practical applications that transcend the limitations of 

traditional systems. 

III. METHODOLOGY 

The study’s approach consists of a case study examining the voice picking system implementation within a 

manufacturing environment characterized by customized product assembly. The methodology is structured 

into several critical phases: 

A. Preliminary Analysis 

Before integration, an extensive analysis of the existing assembly line processes was conducted to identify 

inefficiencies, labor costs, defect rates, and workflow bottlenecks. 

B. Implementation of the Voice Picking System 

1) System Algorithm Optimization 

The MES executed an algorithm capable of determining the optimum sequence for unit manufacturing on 

each shift. This allowed for sorting tasks by color or other parameters defined by the execution team. 

2) Preparation of Pick Sheets 
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Pick sheets integrating a barcode system were generated for each unit, specifying the required parts to be 

picked from predefined locations within the warehouse. 

3) Voice Pickers Execution 

Voice-guided commands were employed to assist pickers in identifying and selecting parts from the 

designated locations. The pickers’ headsets received real-time information that enhanced their ability to 

follow the sequencing instructions without manual interventions. 

4) Validation Process 

Post-picking, a verification step required pickers to scan and validate both the location and part selection. 

This data was relayed back to the MES, ensuring accuracy and maintaining records of picked items. 

C. Technical Specifications  

The design of the voice synthesizer module was carried out within the MES framework, ensuring 

compliance with existing protocols and minimizing the necessity for external software solutions. The 

selection of compatible headset hardware and additional validation scanners was prioritized to ensure 

seamless integration. 

D. Data Collection and Analysis 

Post-implementation, data on pick times, defect rates, and assembly efficiency was systematically collected 

over an established period to gauge the results of voice picking technology. The statistical analysis 

employed included descriptive statistics to provide summaries of mean and variance, as well as inferential 

statistics utilizing paired t-tests to evaluate the significance of performance changes against pre-existing 

metrics. 

E. Limitations 

The study acknowledges potential limitations in the generalizability of results, as it may vary across 

different manufacturing contexts. The real-world implementation was contingent on cooperation from 

workforce personnel and smooth integration of voice technology within the established manufacturing 

framework. 

Figure 1 below illustrates the Manufacturing workflow. 
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Figure 1: Manufacturing workflow model 
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IV. RESULTS 

The introduction of voice picking technology yielded significant improvements in various operational 

metrics. Key findings include: 

A. Reduction in Pick Times 

Initial analysis found a remarkable 45% decrease in pick times following the integration of voice-directed 

commands. This was attributed to enhanced efficiency in order execution, as pickers could navigate the 

warehouse with increased precision. 

B. Decrease in Defect Rates 

Defect rates plummeted by 60% post-implementation, primarily due to the elimination of human error in 

parts selection. Real-time validation mechanisms ensured that the right components were consistently 

picked for each unique order. 

C. Increase in Assembly Line Output 

Data indicated a 7% improvement in overall assembly line productivity, characterized by a smoother flow of 

operations resulting from timely parts availability. 

D. Case Visualization 

Data visualization comparing pre- and post-implementation metrics, reveals clear progress in operational 

efficiencies and showcasing the voice picking’s efficacy in a manufacturing environment. 

 

Table 1 below summarizes the Performance Metric. 

 

Metric Per-Voice 

Picking 

Post-Voice 

Picking 

Improvement 

Average Pick Time 

(Sec) 

90 49 45% reduction 

Defect Rate (%) 12 4.8 60% reduction 

Unit Assembled/Shift 1400 1498 7% increase 

Table 1: Performance Metric Pre- and Post-implementation 

V. DISCUSSION 

The results gained from the implementation of voice picking technology illustrate a clear alignment with the 

study’s objectives to optimize manufacturing workflows. By addressing the unique challenges associated 

with customized assembly lines, the study demonstrates how technological integration can significantly 

enhance operational performance. 

A. Comparison to Prior Work 

The findings resonate with earlier studies highlighting the advantages of voice-directed systems in logistics; 

however, in the context of customized manufacturing, this research expands the current industry discourse 

by substantiating the empirical benefits of voice picking solutions. 

B. Implications for Theory 

The successful integration of voice picking in assembly sequencing reinforces the principles of lean 

manufacturing, where increased efficiency and defect reduction are paramount objectives. This study 

contributes to a deeper understanding of applicable frameworks within the customizable manufacturing 

domain. 
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C. Practical Considerations 

From a practical standpoint, the implementation of voice picking represents a significant step toward 

optimizing workflows in various manufacturing settings. Industry practitioners can capitalize on the findings 

to integrate voice-directed systems, thereby unlocking potential efficiencies and cost savings. 

VI. CONCLUSION 

In conclusion, our research convincingly demonstrates that the integration of voice picking systems into 

assembly workflows enhances productivity, curtails labor costs, and minimizes defect rates for customized 

manufacturing processes. This study illuminates the potential for voice picking technology to redefine 

industry standards, particularly in manufacturing environments where precision and timeliness are critical. 

Further research should explore broader applications across diverse manufacturing sectors, examining the 

scalability of voice-directed workflows and potential enhancements through emerging technologies such as 

artificial intelligence and machine learning. 

By presenting the implications of our findings, we offer a detailed perspective on how voice picking can 

enhance operational standards, integrate seamlessly with existing systems, and fundamentally alter the 

efficiency landscape within the manufacturing sector. 
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