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1. Introduction 
In recent years, the packaging industry has 
undergone significant transformation driven by 
the need for greater flexibility, product 
diversity, and mass customization. 
Conventional robotic packaging systems, while 
offering speed and consistency, often lack the 
adaptability required to handle a wide variety of 
products and changing process parameters. 
Artificial Intelligence (AI) offers promising 
solutions by enabling robotic manipulators to 
make intelligent decisions, adapt to new 
packaging tasks, and optimize their operation 
autonomously. AI algorithms such as neural 
networks and fuzzy logic allow robots to 
process sensory data, learn from experiences, 
and refine their actions in real time. 

This research aims to investigate the practical 
implementation of AI-based decision-making 
algorithms in robotic manipulators for 
autonomous packaging. The main contributions 
of this study include: 
• Designing a hybrid NN-FL 
architecture for intelligent decision-making 
• Implementing the system on a real-
world packaging line 
• Evaluating performance 
improvements in terms of throughput, error 
rate, and energy efficiency 
The remainder of this paper is organized as 
follows: Section 2 details the methodology, 
Section 3 presents experimental results, Section 
4 discusses the findings, and Section 5 
concludes the study. 
 

 

 

 

 

Implementing Artificial Intelligence 

Algorithms For Decision-Making In 

Autonomous Packaging Processes Of 

Robotic Manipulators 

Sh.S.Djurayev  Namangan State Technical University  

M.M.Abdumajidova Namangan State Technical University  
abdumajidovamalika6461@gmail.com 

D.M.Nabijonov Namangan State Technical University  

A
B

ST
R

A
C

T 

The increasing demand for flexible, adaptive, and efficient packaging systems in modern 
manufacturing has led to the integration of artificial intelligence (AI) in robotic 
manipulators. This paper presents a detailed study on the implementation of AI-based 
decision-making systems to enhance the autonomy of packaging robots. By utilizing a 
hybrid approach combining neural networks (NN) and fuzzy logic (FL), the system is 
capable of real-time learning and adaptation to dynamic packaging environments. 
Experimental evaluations reveal substantial improvements in throughput, reduction in 
error rates, and decreased energy consumption compared to conventional systems. The 
results highlight the potential of AI algorithms to revolutionize the packaging industry 
and contribute to the advancement of Industry 4.0. 
 

Keywords: 
Robotic Manipulator, Autonomous Packaging, Artificial 
Intelligence, Decision-Making, Neural Networks, Fuzzy Logic 
 

mailto:abdumajidovamalika6461@gmail.com


Volume 42| June2025                                                                                                                                          ISSN: 2795-7640 

 

Eurasian Journal of Engineering and Technology                                                                           www.geniusjournals.org 

          P a g e  | 36 

2. Methods 
2.1 System architecture 
The experimental setup consists of a robotic 
packaging cell equipped with: 
• A 6-degrees-of-freedom (6-DOF) 
robotic manipulator (ABB IRB 1200) 
• Vision sensors (Keyence CV-X Series) 
for object detection and localization 

• Force/torque sensors (ATI Mini45) 
for contact feedback 
• An industrial PC running the AI 
control software 
• Communication via Ethernet/IP with 
the plant's MES  

 
Figure 1: System architecture of the ai-driven packaging manipulator 

The AI controller receives real-time data from 
the sensors, processes it through the hybrid 
model, and sends optimized motion commands 
to the manipulator. 
2.2 AI Algorithm design 
Neural networks 
The neural network component is designed to 
perform: 
• Product recognition 
• Optimal grasp point estimation 
• Motion trajectory adaptation 
A feedforward NN with three hidden layers 
(256-128-64 neurons) was trained on a dataset 
of over 10,000 packaging scenarios using 
TensorFlow. The input features include: 
• Product shape descriptors 
• Material properties (rigid, flexible, 
fragile) 
• Environmental factors (lighting, 
conveyor speed) 
Fuzzy logic controller 
The fuzzy logic controller refines decision-
making by handling uncertainties and 
qualitative factors: 
• Grasping force adjustment 
• Motion speed adaptation 
• Error handling and recovery 

A Mamdani-type fuzzy system with 15 rules was 
developed. Linguistic variables include: 
• Grasp Confidence (Low, Medium, 
High) 
• Product Fragility (Low, Medium, 
High) 
• Required Speed (Slow, Medium, Fast) 
2.3 Experimental setup 
The experimental system was tested on a 
packaging line with three representative 
product types: 
• Product A: rigid cardboard box 
(200x150x100 mm, 500 g) 
• Product B: flexible stand-up pouch 
(150x100x50 mm, 300 g) 
• Product C: fragile glass container 
(100x100x200 mm, 700 g) 
Evaluation metrics: 
• Packaging throughput (units/hour) 
• Packaging error rate (% errors per 
batch) 
• Energy consumption (kWh per 
packaged unit) 
Each test scenario involved processing 1000 
units of each product type over multiple 
production shifts. 
3. Results 
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3.1 Packaging throughput 

 
Figure 2: Packaging Throughput Comparison 

System Type Throughput (units/hour) 
Conventional 200 
AI-based Manipulator 285 

The AI-enhanced system achieved a 42.5% improvement in throughput, primarily due to dynamic 
motion optimization and adaptive grasping strategies. 
3.2 Packaging error rate 

 
Figure 3: Packaging Error Rate by Product Type 

Product Type Conventional (%) AI-based (%) 
Product A 3.2 1.1 
Product B 4.7 1.8 
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Product C 6.5 2.3 
The AI system demonstrated superior reliability, particularly for fragile and flexible products where 
conventional systems struggle. 
3.3 Energy consumption 

 
Figure 4: Energy Consumption per Packaged Unit 
System Type Energy per Unit (kWh) 
Conventional 0.045 
AI-based Manipulator 0.031 

An energy saving of 31.1% was realized, 
attributed to smoother trajectories and 
optimized robot movements. 
3.4 Additional observations 
• The AI-based manipulator exhibited 
better fault tolerance, automatically adjusting to 
unexpected product misalignments. 
• The fuzzy logic controller 
successfully mitigated potential product 
damage during grasping and placement. 
4. Discussion 
The results validate that the integration of AI 
algorithms in robotic packaging manipulators 
yields substantial performance gains. The 
hybrid neural network and fuzzy logic 
architecture allowed for: 
• Enhanced decision-making precision 
• Greater adaptability to product 
variations 
• Reduced operational errors and 
energy consumption 
The neural network’s ability to generalize 
across unseen product geometries combined 
with the fuzzy controller’s qualitative reasoning 

contributed to a robust and intelligent 
packaging system. 
Compared to rigid rule-based systems, the AI-
driven approach offers: 
• Scalability to new product types with 
minimal retraining 
• Real-time learning and adaptation 
capabilities 
• Improved synergy with Industry 4.0 
ecosystems 
Future enhancements may include: 
• Incorporation of reinforcement 
learning for autonomous performance 
optimization 
• Multi-robot collaboration strategies 
• Cloud-based data aggregation for 
continual system improvement 
5. Conclusion 
This study demonstrates the feasibility and 
benefits of implementing AI algorithms for 
decision-making in autonomous robotic 
packaging manipulators. The hybrid NN-FL 
system significantly improved throughput, 
reduced error rates, and lowered energy 
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consumption compared to conventional 
methods. 
As manufacturing trends continue toward 
greater flexibility and customization, AI-
enhanced robotic systems will become 
increasingly vital. Continued research and 
development in this domain will drive 
innovation and competitive advantage in the 
packaging industry. 
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