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Abstract 
This research examines the application of Action-Aware Labor Time Study (AALTS), which is driven by 
deep action recognition, as a tool of workforce optimization within smart warehouses. Conventional labor 
time studies are based on labor observers, therefore limiting accuracy and scalability, as well as observation 
in real-time. In comparison, AALTS detects and classifies worker activities, namely picking, packing and 
walking, from video footage by using sophisticated computer vision models automatically. An analysis of 
secondary data from existing implementations reveals several major areas of improvement in task tracking 
accuracy, labor efficiency, and idle time detection for this research. It also illustrates such challenges as 
infrastructure cost, employee privacy, and the need for model upgrade. The results indicate that when 
properly implemented ethically and strategically AALTS can be a powerful tool to increase operational 
transparency and data-driven decision-making in logistics settings. This paper is adding to the developing 
discipline of AI-enabled workforce analytics by offering a systematic review of how deep learning could 
change labor performance measurement in a world of Industry 4.0. 
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1. Introduction 
1.1 Background 
The advent of smart technologies and the advent of industry 4.0 have substantially changed the dynamics 
for operational warehouse management. Today’s smart warehouses depend on the combination of the usage 
of robotics as well as artificial intelligence (AI) and real-time analytics with the Internet of Things (IoT) to 
make the usual storage, inventory management, and logistics simpler. Among these, among these 
developments, workforce management remains a key milestone in overall efficiency. Conventional labor 
time studies that work on breaking down the duration of the task, performance bottlenecks and productivity, 
have previously been performed through physical observation or simple digital trackers (Baharudin, 2023). 
These approaches however are often subjective, inaccurate and it can only be applied in a scaled down 
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manner. The more complex and fast-paced warehouse environments become, the more of a need there is 
for more intelligent and automated systems to deliver real-time insights of workforce behavior. Preliminary, 
yet promising solution is Action-Aware Labor Time Study (AALTS) driven by deep action recognition – 
computer vision technique, which utilizes video footage and AI models to classify human actions with high 
accuracy. Such systems can detect activities such as picking, packing, walking and sorting and assist the 
supervisors with capturing the time and accuracy for a multitude of workers simultaneously, without manual 
human intervention. By using deep learning, warehouses can transition towards a data-driven and unbiased 
based on highly efficient labor analysis framework. 
1.2 Research Aim 
The goal of this study is to dig into the smart warehouse environment and how the Action aware Labor 
Time studies based on deep action recognition can improve the monitoring and management of the 
workforce performance in smart warehouses. 
1.3 Research Objectives 

● To meet the formulated aim, the following objectives are pursued: 
● To critically evaluate the limitations of conventional labor time study methods in smart warehouses. 
● To evaluate the technical capabilities and preciseness of deep action recognition models of real-

time labor analysis. 
● To assess operational advantage and management implications of implementing AALTS. 
● To determine challenges, ethical considerations, and adoption barriers related with the use of 

surveillance based action recognition technologies (Ayoola et al., 2024). 
1.4 Research Question 
What is it in the implementation of Action-Aware Labor Time Study driven by deep action recognition that 
increases the efficiency and effectiveness of workforce management in smart warehouses? 
1.5 Research Rationale 
As economies continue to rely more heavily on automation and analytics-in- real-time in the warehouses, 
enhancing human labor performance remains a crucial target. Conventionally, the work of work time 
studies no longer fits the complexity of modern work flows however. Deep action recognition allows for 
the introduction of a new form of labor analysis which is constant, precise and scalable (Pal, 2023). It 
enables inefficient organizations to discover inefficiencies, allocate resources accordingly and maintain 
conformity to the performance criteria. This research is needed to figure out how such AI systems are 
practically used and what kind of effect they leave on the operations and on the employee experience. 
1.6 Research Significance 
This research adds to the body of knowledge on the topics of operations management, logistics innovation, 
and AI implementation by offering a number of practical lessons based on the use of deep action recognition 
for labor optimization. It educates warehouse managers, system designers, and policymakers about the 
advantages, shortcomings and ethical issues that arise in using the AALTS (Reyes et al., 2025). The findings 
are useful to organizations in improving productivity, increasing transparency and enabling data-informed 
decision-making in the management of workforce. 
2.0 Literature Review 
2.1 Empirical Study 
2.1.1 Application of Action Recognition in Industrial Environments 
According to Sodiya et al., 2024, In recent years, action recognition has been popular amongst industrial 
environments as a means of task monitoring automaton. These systems use video footage to identify and 
classify human actions and are therefore very well suited to fast environments such as warehouse 
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environments and production lines. In many of these pilot projects, action recognition systems have been 
capable of recognizing worker functions like walking, lifting, picking, and sorting with high degrees of 
accuracy. These systems provide the advantage of operation round the clock and automatically compared 
to the conventional methods that are dependent on manual recordings (Sodiya et al., 2024). Application of 
action recognition in warehouse environments has proven to have good results. For instance, certain 
warehouses utilizing such technology found it possible to track tasks with the precision that was previously 
impossible but also to estimate idle time that was not detected until then. In other cases systems reduced 
wastage of time by providing managers with timely feedback in regards to movements and actions of 
employees.  

 
Figure 1:- Application of 

Action Recognition in 
Industrial Environments 

(Source: Sodiya et al., 2024) 
2.1.2 Challenges in Real-
World Deployment 
According to (Nookala, 
2021), Despite the many 
advantages of action 
recognition systems, it is 
difficult to use such systems 
in a real-world environment. 

Under industrial conditions, such as dim light, impediments or crowds, the inaccuracy of the video-based 
tracking systems can be decreased. These conditions can make it hard for the system to clearly record 
worker movements hence the occasional misclassification of tasks. Another challenge is employee 
acceptance. Even though the system is not designed to watch workers at all times, while being monitored 
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by cameras some workers may not feel comfortable. People suffering from this discomfort may be 
demoralized and insecure at work (Nookala, 2021). Managers are required to ensure that these systems 
enter the company with open eyes and that the employees know how the data will be used. Trust building 
is important for the long term success of these technologies. Technical reliability is another concern. In 
rapid movement in warehouses, workers will often do several actions at once or in rapid-fire succession, 
which confuses the system. In order to manage this complexity, the models have to be trained on sets of 
actions which are both large and diverse, specific to warehouses.  
 

Figure 2:- Challenges in Real-World Deployment 
(Source: Nookala, 2021) 

2.2 Theories and Models 
Deep systems of action recognition are based on a combination of computer vision, neural network design 
and a set of principles in human-computer interaction. Usually these models classify sequences of motion 
patterns as individual actions using video data. One of the most popular models is the SlowFast Network 
proposed by Feichtenhofer et al., which operates on video at two different temporal resolutions. The I3D 
(Inflated 3D ConvNet) architecture built by Carreira and Zisserman elevates 2D CNNs to a 3D 
configuration that enables an in-depth understanding of motion from a frame to the next (Dippu, 2023). 
These models are fine tuned for identification of warehouse specific actions like “picking,” “sorting” or 
“walking” and they provide high temporal resolution required for studies of labor time.  
2.2.3 Diffusion of Innovations Theory 
How adoption of ADULTS could proceed can be understood using a frame provided by Everett Rogers’ 
Diffusion of Innovations Theory. Invention according to the theory diffuses along 5 categories of adopter: 
innovators, early adopters, early majority, late majority and laggards. Relative advantage, compatibility, 
complexity, trialability, and observability are adoption influencing factors. Automation, precision and real-
time analytics are a strong relative advantage for ADULTS in the environment of smart warehouses 
(Manaviriyaphap, 2024). However complexity, such as AI infrastructure setup (e.g.) and felt invasiveness 
might prevent diffusion from being quick. Organizations with high levels of technical maturity will 
probably be first to adapt, whereas others will wait for more streamlined user-friendly solutions to be 
developed. Knowledge of this diffusion trajectory is critical for successful uptake at large scale. 
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Figure 3:- 
Challenges 

in Real-
World 

Deployment 
(Source: 

https://i0.wp.com/www.marketcalls.in/wp-content/uploads/2024/10/Diffusion-Innovation-Curve-
1.jpg?fit=1272%2C706&ssl=1 ) 

2.3 Literature Gap 
Although the technical bases for deep action recognition exist, there are still gaps in implementing these 
systems for labor studies in smart warehouses. Firstly, the vast majority of existing studies are carried out 
in controlled conditions; real-world implementation literature is limited. Second, there is hardly anything 
explored regarding AALTS integration in the areas of workforce scheduling and HR analytics, performance 
management systems – where its value could be multiplied.  
3.0 Method and Data Collection 
3.1 Method Outline 
This study utilizes a qualitative-descriptive approach with a secondary data approach. It is focused on the 
analysis of previously published reports, case studies, academic papers and industry white papers relating 
to the use of deep action recognition in warehouse settings. Objective is to describe how AALTSs are 
implemented, what results they produce, what challenges and ethical issues are associated with them. 
3.2 Research Philosophy 
The research adopts a pragmatic philosophy which enables the use of diverse sources and points of view to 
explain the practical application of deep learning in the management of the workforce (Hamilton et al., 
2024). Instead of clinging to one static viewpoint, this approach holds outcomes and relevance to the real 
world in high esteem especially in the study of activities such as AALTS in a complex operational 
environment. 
3.3 Research Design 
A descriptive research design was adopted to provide an aggregated picture of the current procedures and 
tendencies in the labor time studies fueled by the action recognition. This design fits for drawing detailed 
information from already published literature and comparison of implementation results from multiple 
organizations and settings. 

https://i0.wp.com/www.marketcalls.in/wp-content/uploads/2024/10/Diffusion-Innovation-Curve-1.jpg?fit=1272%2C706&ssl=1
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3.4 Research Approach 
The research proceeds in an inductive fashion; patterns and lessons are observed from the analysis of the 
given data. Researchers identify major themes such as efficiency gains, technical performance, and 
employee response, and ethical implications by referencing several sources but without testing a pre-
defined hypothesis. 
3.5 Research Strategy 
A strategy of document analysis was used. The research included revising more than 30 trustworthy sources, 
such as peer-reviewed articles of journals, industrial case reports, and technology evaluation papers within 
the logistics and AI areas (Alherimi, et al., 2024). These documents were selected on the basis of relevance 
to the central topic of this paper, publication quality and demonstration of action recognition systems being 
used in warehouse or manufacturing scenarios. 
3.6 Data Collection 
The data for the analysis was obtained from the following public sources – Google scholar, the white paper 
from the company, academic databases, and industry reports. Important keywords were “Action recognition 
on the warehouses”, “labor time study”, “Deep learning on Logistics” and “Smart workforce management”. 
The extracted information comprised implementation methods, technical specifications, performance 
metrics, and discovered results of application of AALTS. 
3.7 Research Ethics 
Because the current study relies on secondary data, no direct use of human participants was needed. 
However ethical standards were upheld by making sure all sources had been cited and data was derived 
from publicly available or institutionally sanctioned published materials. No confidential or proprietary 
information was utilized in the analysis. 
4.0 Results and Discussion 
4.1 Results 
It emerged from research of secondary data that the use of Action-Aware Labor Time Studies (AALTS) 
based on deep action recognition with high implementation delivers a significant improvement in task 
monitoring in smart warehouses (Odumbo and Nimma, 2025). Task classifications across different case 
studies ranged from 90% to 96% and idle time which was frequently not spotted during manual observation 
were clearly picked up and reduced by up to 12%. Companies indicated an average improvement of 8–10% 
in task efficiency and a number of improvements in shift planning, allocation of resources and training 
efficiency. 
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Figure 4:- Action Recognition Accuracy Comparison Chart 

(Source: https://www.researchgate.net/profile/Mohammad-Munem-
Shahriar/publication/357451479/figure/fig1/AS:1107054190166016@1640953695359/Accuracy-

Comparison-for-Activity-Recognition.png ) 
4.2 Discussion 
The results validate the fact that AALTS facilitates real-time automated labour analysis that increases 
operational transparency and informs data driven workforce decisions. However adoption challenges 
include high costs of infrastructure, requirement of constant model retraining and employees’ privacy 
concerns (Manaviriyaphap, 2024). The findings point to the fact that the technical benefits are obvious, but 
the long term success will rely on the match between the technology and ethical practices and stakeholder 
involvement in bringing the changes about. AALTS, appropriately integrated, can become a potent tool for 
optimizing labor in an ever more automated logistics environment. 
5.0 Conclusion and Recommendation 
5.1 Recommendation 
Organizations looking to adopt AALTS should start with a phased adoption – in a stepwise manner directing 
to key zones such as sorting and packing zones. They should acquire models customizable to warehouse-
specific activity and integrate with systems for workforce planning. In order to solve employee concerns, 
transparent policies on utilization of video data and anonymization should be established (Pal, 2023). In 
addition, stakeholders need to provide constant feedback, and regular updates are also necessary to maintain 
authenticity and ability to respond. 
5.2 Conclusion 
This study finds that deep action recognition provides a transformative approach to studies of labor time in 
smart warehouses. By automating the task of overseeing and delivering contemporary insights, through 
real-time analysis, AALTS facilitates better, more objective, and more efficient workforce management. 
Despite such challenges as privacy and the need for infrastructure investments, the operational benefits 
make this technology a tactical element for future-gearing logistics operations. With careful planning, 
ethical oversight and ongoing improvement then AALTS can have an integral role in the development of 
the next generation of warehouse management systems. 

https://www.researchgate.net/profile/Mohammad-Munem-Shahriar/publication/357451479/figure/fig1/AS:1107054190166016@1640953695359/Accuracy-Comparison-for-Activity-Recognition.png
https://www.researchgate.net/profile/Mohammad-Munem-Shahriar/publication/357451479/figure/fig1/AS:1107054190166016@1640953695359/Accuracy-Comparison-for-Activity-Recognition.png
https://www.researchgate.net/profile/Mohammad-Munem-Shahriar/publication/357451479/figure/fig1/AS:1107054190166016@1640953695359/Accuracy-Comparison-for-Activity-Recognition.png
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