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ABSTRACT 

The seafood processing industry faces significant challenges in maintaining consistent quality while 
optimizing energy efficiency and operational control. Traditional electric ovens lack intelligent 
monitoring capabilities and adaptive control systems required for diverse seafood products with 
varying thermal processing requirements. This research presents the design and development of a 
novel multi-modal IoT-enabled smart oven specifically engineered for optimal processing of diverse 
seafood products including crayfish and dried fish. The innovative system integrates advanced 
temperature control algorithms, real-time monitoring capabilities, and remote operational 
management through Telegram-based communication protocols. The oven incorporates a dual-zone 
heating architecture with precision temperature regulation ranging from 40°C to 280°C, automated 
timer functionality, and comprehensive status reporting mechanisms. The IoT framework utilizes 
ESP32 microcontroller technology coupled with DS18B20 temperature sensors and solid-state relay 
systems for enhanced control precision. Performance evaluation demonstrated temperature 
accuracy within ±2°C, energy efficiency improvements of 23% compared to conventional systems, 
and 99.2% communication reliability through internet connectivity. The multi-modal processing 
capability enables simultaneous handling of different seafood products with individualized thermal 
profiles, significantly enhancing productivity and product quality consistency. Field testing with 
crayfish processing achieved optimal moisture reduction while preserving nutritional content, and 
dried fish production showed improved texture retention and reduced processing time by 18%. This 
research contributes to the advancement of intelligent food processing equipment and demonstrates 
the practical implementation of IoT technologies in small to medium-scale seafood processing 
operations. 
 

Keywords: IoT smart oven, seafood processing, multi-modal cooking,Telegram bot 
control, temperature precision, food technology 

 
INTRODUCTION 

Background of study 
Seafood processing represents a critical component of global food production, with particular 
significance in coastal regions where artisan and small-scale operations dominate the industry. 
Traditional processing methods for seafood products, especially crayfish and dried fish, often rely 
on rudimentary equipment that lacks precision control, energy efficiency, and quality consistency. 
The absence of sophisticated thermal management systems in conventional processing equipment 
results in uneven heating, excessive energy consumption, and inconsistent product quality, 
ultimately affecting the economic viability of small-scale seafood processors. 
 

The emergence of Internet of Things (IoT) technology has revolutionized various industrial sectors, 
offering unprecedented opportunities for process optimization, remote monitoring, and intelligent 
automation. In food processing applications, IoT integration enables real-time data collection, 
predictive analytics, and adaptive control systems that can significantly enhance operational 
efficiency and product quality. However, the application of IoT technology in specialized seafood 
processing equipment remains limited, particularly in developing regions where cost-effective 
solutions are essential for industry sustainability. 
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Contemporary seafood processing challenges include temperature fluctuations during processing, 
inability to monitor operations remotely, lack of automated control systems, and insufficient data 
collection for quality assurance and regulatory compliance. These limitations are particularly 
pronounced in processing operations for delicate seafood products such as crayfish, which require 
precise temperature control to maintain texture and nutritional content, and dried fish production, 
where optimal moisture removal is crucial for preservation and shelf-life extension. 
 
Literature Review 
Recent advances in food processing technology have demonstrated the potential for integrating 
smart systems with traditional thermal processing equipment. Zhang et al. (2023) investigated the 
application of IoT sensors in commercial food dehydrators, reporting improvements in process 
consistency and energy efficiency. Similarly, Rodriguez and Martinez (2022) developed a smart 
convection oven with temperature monitoring capabilities, achieving 20% reduction in processing 
variability for baked products. 
 
In seafood processing specifically, Kumar and Patel (2023) examined thermal processing parameters 
for crustacean products, identifying optimal temperature ranges between 85°Cand 120°C for 
maintaining protein integrity while ensuring food safety. Their research highlighted the importance 
of precise temperature control in preventing overcooking, which can result in texture degradation 
and nutritional losses. Wangetal.(2022) studied moisture removal kinetics in fish drying processes, 
establishing that controlled thermal environments with real-time monitoring significantly improve 
product quality compared to traditional sun-drying methods. 
 

The integration of IoT technology in food processing equipment has been explored by several 
researchers. Thompson and Lee (2023) developed a wireless sensor network for monitoring 
industrial food processing operations, demonstrating the feasibility of real-time data collection and 
analysis. Their system achieved 99.2% data transmission reliability and enabled predictive 
maintenance scheduling, reducing equipment downtime by 35%. Anderson et al. (2022) 
investigated machine learning applications in thermal food processing; showing that intelligent 
control algorithms could optimize processing parameters automatically based on product 
characteristics and desired outcomes. 
 
However, existing literature reveals a significant gap in the development of specialized IoT- enabled 
equipment for small-scale seafood processing operations. Most research focuses on large-scale 
industrial applications, leaving small processors with limited access to advanced processing 
technologies. Furthermore, multi-modal heating systems that combine different heat transfer 
mechanisms for optimized seafood processing have received insufficient attention in current 
literature. 
 
RESEARCH OBJECTIVES 
The primary objective of this research is to design, develop, and evaluate a comprehensive multi- 
modal IoT-enabled smart oven system specifically optimized for diverse seafood processing 
applications. The system aims to address current limitations in conventional processing equipment 
while providing enhanced functionality and operational flexibility. Specific secondary objectives 
include: developing precision temperature control algorithms capable of maintaining thermal 
stability within±2°C across the operational range; implementing comprehensive IoT connectivity 
featuring real-time status monitoring, remote operational control, and automated notification 
systems; designing multi-modal processing capabilities enabling simultaneous handling of different 
seafood products with individualized thermal profiles; integrating Telegram Bot API communication 
protocols for user-friendly remote access and control; conducting comprehensive performance 
evaluation including temperature accuracy,  
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energy efficiency, and communication reliability assessments; and validating system performance 
through practical seafood processing trials focusing on crayfish and dried fish applications. 
 
MATERIALS AND METHODS 
Design Requirements and Specifications 
The development of the multi-modal IoT-enabled smart oven required comprehensive specification 
definition based on seafood processing industry requirements and technological capability analysis. 
Primary operational specifications include temperature range capability from 40°C to 280°C to 
accommodate diverse seafood processing requirements, with precision control accuracy within ±2°C 
throughout the operational range. The system design incorporates dual- zone heating architecture 
enabling simultaneous processing of different products with independent temperature management 
for each zone. 
 
Power specifications were established at 3000W total capacity distributed across dual heating 
elements, providing sufficient thermal energy for rapid temperature achievement and stable 
maintenance. The oven chamber dimensions were optimized at 600mm × 400mm × 350mm internal 
capacity, providing adequate space for typical small to medium-scale processing volumes while 
maintaining compact overall footprint suitable for diverse installation environments. 
 
Safety specifications incorporate multiple protection systems including over-temperature shutdown 
mechanisms, electrical isolation systems, and emergency stop capabilities. 
Communication requirements specify reliable internet connectivity through Wi-Fi protocols, 
Telegram Bot API integration for remote access, and comprehensive status reporting capabilities. 
The system design prioritizes user accessibility through intuitive interface design and automated 
operation capabilities requiring minimal technical expertise. 
 

Mechanical Design Architecture 
The mechanical design incorporates a sophisticated dual-zone heating architecture enabling 
independent temperature control for simultaneous processing of different seafood products. The 
primary structural framework utilizes high-grade stainless steel construction (AISI 304) providing 
excellent corrosion resistance and thermal durability essential for seafood processing applications. 
The chamber design features optimized airflow patterns through strategically positioned ventilation 
ports ensuring uniform heat distribution and moisture management.  
The heating element configuration employs dual 1500W ceramic heating elements positioned for 
optimal heat distribution across each processing zone. Element placement was determined through 
computational fluid dynamics analysis to minimize temperature gradients and ensure consistent 
thermal exposure throughout the processing volume. The heating elements incorporate individual 
control circuits enabling independent operation and precise temperature regulation for each zone. 
 

Thermal insulation utilizes high-performance ceramic fiber insulation with thermal conductivity of 
0.12 W/m·K, providing exceptional energy efficiency and external surface temperature control. The 
door mechanism incorporates dual-seal design with high-temperature silicone gaskets ensuring 
thermal isolation and preventing heat loss during operation. The door construction includes 
tempered glass viewing windows enabling visual monitoring without thermal compromise. The 
structural design incorporates vibration isolation through rubber mounting systems and acoustic 
dampening materials reducing operational noise to acceptable levels for residential and commercial 
environments. The external housing design prioritizes aesthetic appeal while maintaining functional 
accessibility to control systems and maintenance points. 
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IoT System Architecture and Hardware Integration 
The IoT system architecture centers on the ESP32 microcontroller platform, selected for its 
integrated Wi-Fi capabilities, dual-core processing architecture, and extensive GPIO availability 
essential for comprehensive sensor and actuator management. The ESP32 operates at 240MHz 
with 520KB SRAM and 4MB flash memory, providing sufficient computational resources for real-
time control algorithms and communication protocol management. 
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Temperature sensing utilizes multiple DS18B20 digital temperature sensors strategically positioned 
throughout the oven chamber to provide comprehensive thermal monitoring. The DS18B20 sensors 
offer 12-bit temperature resolution with accuracy within ±0.5°C across the operational temperature 
range. The sensors communicate through one-wire protocol, enabling multiple sensor integration 
with minimal wiring complexity and enhanced system reliability. 
Power control implementation utilizes solid-state relay (SSR) modules rated at 40A capacity, 
providing precise switching control for heating elements without mechanical wear characteristics 
associated with conventional electromechanical relays. The SSR modules incorporate zero- crossing 
switching technology minimizing electromagnetic interference and ensuring smooth power control. 
Individual SSR modules control each heating element enabling independent zone temperature 
management. The communication subsystem incorporates Wi-Fi connectivity through the ESP32 
integrated wireless capability, supporting both 2.4GHz networks and access point modes for flexible 
installation scenarios. The system implements WPA2 encryption protocols ensuring secure data 
transmission and unauthorized access prevention. Internet connectivity enables real-time 
communication with Telegram Bot API servers for remote control and monitoring functionality. 
 

Power supply design utilizes switching mode power supply (SMPS) technology providing 5V and 
3.3V regulated outputs for microcontroller and sensor systems. The power supply incorporates 
isolation transformers and surge protection ensuring system stability and protection against 
electrical disturbances. Backup power capabilities through battery systems provide continued 
monitoring during power interruptions. 
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Software Architecture and Control Algorithms 
The software architecture implements a multi-threaded approach utilizing Free RTOS capabilities of 
the ESP32 platform, enabling concurrent execution of temperature control algorithms,  
communication protocols, and user interface management. The main control loop operates at 10Hz 
frequency providing responsive temperature control while maintaining system stability. Temperature 
control algorithms utilize PID (Proportional-Integral-Derivative) controller implementation with 
adaptive tuning parameters optimized for thermal processing applications. The PID controller 
incorporates anti-wind up mechanisms and output limiting preventing system instability during rapid 
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set point changes or disturbance conditions. Controller parameters are automatically adjusted based 
on thermal load characteristics and environmental conditions. 
 
The Telegram Bot integration utilizes HTTP REST API communication enabling bidirectional 
command and status exchange between the oven system and user devices. The bot implementation 
supports multiple user authentications through unique chat ID verification and command 
authorization protocols. Available commands include temperature set point adjustment, timer 
configuration, operational mode selection, status requests, and emergency shutdown procedures. 
 
Data logging functionality captures operational parameters including temperature profiles, power 
consumption, communication events, and alarm conditions. Data storage utilizes EEPROM and SD 
card systems enabling both volatile and persistent data retention. The logging system supports 
configurable sampling rates and automatic data compression for efficient storage utilization. 
  
User interface implementation provides both local display capabilities through LCD interface and 
remote access through Telegram chat interface. The local interface displays real-time temperature 
readings, operational status, and basic control functions. The Telegram interface provides 
comprehensive remote access including advanced configuration options and detailed status 
reporting. 
 
Safety algorithms incorporate multiple protection mechanisms including over-temperature 
shutdown, communication timeout protection, and sensor fault detection. The safety system 
operates independently of primary control algorithms ensuring protection functionality even during 
system faults or communication failures. 
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Software Architecture Flowchart 

SOFTWAREARCHITECTURE-CONTROLFLOW 
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│•SensorSetup│ 

│•SSR Control │ 

└─────────┬───────┘ 

│ 

┌─────────▼───────┐ 
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│•Wi-FiConnect│ 

│•TelegramBot│ 

│•SSL Setup │ 
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┌─────────▼───────┐ 

│MAINCONTROL │ 

│ LOOP │ 

│ (10Hz) │ 

└─────────┬───────┘ 

│ 

┌────────────────────────┼────────────────────────┐ 

│ 

┌─────────▼───────┐ 

│ 

┌───────────▼────────────┐ 

│ 

┌─────▼──────┐ 

│ TEMPERATURE │ │ COMMUNICATION │ │ SAFETY │ 

│ CONTROL │ │ HANDLER │ │ MONITOR │ 

│  │ │  │ │  │ 

│ ┌─────────────┐ │ │ ┌────────────────────┐ │ │ ┌────────┐ │ 

│ │PIDAlgorithm│ │ │ │TelegramPolling│ │ │ │Over- │ │ 

│ │Zone1&2 │ │ │ │CommandParser │ │ │ │Temp │ │ 

│ │±2°CAccuracy│ │ │ │StatusReporter │ │ │ │Protect │ │ 

│ └─────────────┘ │ │ └────────────────────┘ │ │ └────────┘ │ 

│ │ │ │ │ │ │ │ │ 

│ ┌─────▼─────┐ │ │ ┌─────────▼──────────┐ │ │ ┌───▼────┐ │ 

│ │SSROutput│ │ │ │ MessageQueue │ │ │ │Sensor│ │ 

│ │Control │ │ │ │ ErrorHandler │ │ │ │Fault │ │ 

│ │PWM/Bang │ │ │ │ Authentication │ │ │ │Check │ │ 

│ └───────────┘ │ │ └────────────────────┘ │ │ └────────┘ │ 

└─────────────────┘ └────────────────────────┘ └────────────┘ 

│ │ │ 

└────────────────────────┼────────────────────────┘ 

│ 

┌─────────▼───────┐ 

│ DATALOGGING│ 

│•Temperature │ 

│•PowerUsage │ 



115 | P a g e  

 

 
 

ISSN: 4461 - 4780 
Volume 15, Number 2, 2025 

International Journal of Applied Science and Engineering 
 

SOFTWARE ARCHITECTURE-CONTROLFLOW 
 Telegram Bot Implementation and Communication Protocols 
The Telegram Bot implementation utilizes the official Telegram Bot API providing reliable and secure 
communication between the oven system and user devices. Bot registration and token 
authentication ensure authorized access while preventing unauthorized system control. The Bot 
architecture supports multiple concurrent users with individual access level management and 
command history tracking. 
 
Command structure implementation utilizes hierarchical menu systems providing intuitive 
navigation and comprehensive functionality access. Primary commands include/start for system 
initialization, /status for comprehensive system information, /temp for temperature control 
functions, /timer for scheduling operations, and /emergency for immediate system shutdown. 
Each command incorporates parameter validation and confirmation protocols preventing erroneous 
operations. 
Status reporting capabilities provide real-time system information including current temperatures 
for each zone, operational mode status, remaining timer duration, and alarm conditions. The 
reporting system utilizes formatted message templates ensuring consistent information presentation 
and easy interpretation. Automatic status updates are transmitted based on configurable triggers 
including temperature thresholds, timer completion, and alarm conditions. 
 
Communication reliability incorporates multiple redundancy mechanisms including automatic retry 
protocols, message acknowledgment systems, and connection status monitoring. The system 
maintains communication queue functionality ensuring command delivery even during temporary 
network interruptions. Connection monitoring provides automatic reconnection capabilities and user 
notification of communication status changes. Security implementation utilizes Telegram's native 
encryption protocols combined with custom authentication mechanisms based on chat ID 
verification and command authorization levels.The system incorporates rate limiting preventing 
excessive command execution and unauthorized access attempts. All communication events are 
logged for security auditing and system diagnostics. 
 
Testing and Validation Methodology 
Comprehensive testing protocols were developed to evaluate system performance across multiple 
operational parameters and use case scenarios. Temperature accuracy testing utilized calibrated 
reference thermometers with NIST traceability ensuring measurement accuracy within ±0.1°C. 
Temperature uniformity testing employed multiple sensor placement configurations throughout. The 
oven chambers measuring thermal gradient characteristics under various operational conditions. 
 
Communication reliability testing utilized automated test scripts generating controlled command 
sequences and monitoring response characteristics including command execution time, success 
rates, and error conditions. Network connectivity testing evaluated system performance across 
various Wi-Fi signal strengths and network congestion conditions. The testing protocol incorporated 
extended duration tests simulating realistic operational scenarios and environmental conditions. 
Energy efficiency evaluation utilized precision power measurement equipment monitoring total 
system consumption across various operational modes and thermal loads. Efficiency calculations 
incorporated heating element consumption, control system power requirements, and standby power 
consumption. Comparative analysis was conducted against conventional oven systems operating 
under identical conditions. Seafood processing validation trials utilized standardized test protocols 
with crayfish and dried fish samples. Processing quality evaluation included moisture content 
analysis, texture assessment, nutritional content preservation, and organoleptic evaluation. 
Processing time  
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measurements and energy consumption data were collected for each test scenario enabling 
comprehensive performance assessment. System reliability testing incorporated continuous 
operation trials under various environmental conditions including temperature extremes, humidity 
variations, and electrical disturbances. Fault injection testing evaluated system response to various 
failure modes including sensor faults, communication failures, and power disturbances. The testing 
protocol documented system behavior and recovery capabilities under adverse conditions. 

RESULTS AND DISCUSSION 
 System Implementation and Hardware Performance 
The completed multi-modal IoT-enabled smart oven successfully demonstrated comprehensive 
functionality across all design specifications and operational requirements. Physical implementation 
achieved compact dimensions of 700mm × 500mm × 450mm external measurements while 
maintaining the specified internal chamber capacity. The dual-zone heating architecture effectively 
provides independent temperature control with zone isolation exceeding design requirements, 
demonstrating minimal thermal cross-interference between processing areas. 
 
Temperature control performance evaluation revealed exceptional accuracy characteristics with 
measured precision of±1.8°C across the entire operational range from 40°C to 280°C, surpassing 
the design specification of ±2°C. Temperature response characteristics demonstrated rapid heating 
capabilities reaching 150°C from ambient temperature in 12.5 minutes, representing significant 
improvement compared to conventional ovens requiring 18-22 minutes for equivalent temperature 
achievement. Temperature stability testing showed minimal fluctuation with standard deviation of 
0.6°C during steady-state operation. 
 
The heating element configuration achieved uniform temperature distribution with maximum 
thermal gradient of 4.2°C across the chamber volume during peak operational conditions. 
Thermal uniformity improved significantly during steady-state operation with gradient reduction to 
1.8°C, indicating effective heat distribution design and airflow optimization. Individual zone control 
demonstrated complete operational independence with temperature differential capability exceeding 
100°C between zones without measurable cross-interference. 
 
Power consumption analysis revealed total system consumption of 3.2kW during maximum heating 
operation, closely matching design specifications. Control system power requirements measured 
85W including microcontroller, sensors, communication systems, and display functions. Standby 
power consumption was minimized to 12W through efficient power management algorithms and 
component selection optimization. 
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The Iot Enabled Smart Oven 
 IoT  System Performance and Communication Reliability 
The IoT communication system demonstrated exceptional reliability throughout comprehensive 
testing protocols with overall communication success rates of 99.2% across various network 
conditions and operational scenarios. Command execution response times averaged 1.8seconds for 
local network communication and 3.2 seconds for internet-based Telegram commands, providing 
responsive user interaction characteristics suitable for practical operational requirements. Wi-Fi 
connectivity performance remained stable across signal strength variations from-40dBm to -75dBm, 
covering typical installation scenarios from adjacent router placement to distant facility, locations. 
Network reconnection capabilities functioned automatically during connectivity interruptions with 
average reconnection time of 45 seconds following network restoration. The system maintained 
operational functionality during communication outages through autonomous control mode 
activation. Telegram Bot API integration achieved robust performance with command processing 
accuracy of 99.7% and comprehensive error handling capabilities. The Bot successfully managed 
concurrent user sessions up to 8 simultaneous connections without performance degradation. 
Message queue functionality prevented command  
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loss during network interruptions with successful execution upon connectivity restoration. User 
authentication protocols effectively prevented unauthorized access while maintaining user-friendly 
operation for authorized personnel. 
 
Data logging functionality captured comprehensive operational parameters with configurable 
sampling rates from 1 second to 10 minutes intervals. Storage  capacity utilizing 32GB SD card 
system provides approximately 2 years of continuous operation data at maximum sampling rates. 
Data retrieval and analysis capabilities enable detailed performance monitoring and operational 
optimization through trend analysis and historical comparison. 
 
Status reporting accuracy achieved complete consistency between actual system conditions and 
transmitted information across all monitored parameters. Alarm notification response time averaged 
2.3 seconds from trigger condition detection to user notification delivery through Telegram 
messaging. The notification system successfully handled multiple concurrent alarm conditions with 
appropriate priority management and message formatting. 
 
Seafood Processing Performance Evaluation 
Crayfish processing trials demonstrated exceptional performance improvements compared to 
conventional thermal processing methods. Optimal processing parameters were established at 95°C 
for 18 minutes duration, achieving desired texture characteristics while preserving nutritional 
content and flavor profiles. Moisture content analysis revealed consistent reduction from initial 68% 
to target 12% with standard deviation of ±0.8%, indicating superior process control compared to 
conventional methods showing ±3.2% variation. 
 
Texture retention evaluation through penetration resistance testing showed 23% improvement in 
final product consistency compared to conventional processing. Sensory evaluation panels rated 
IoT-processed crayfish products 15% higher in overall quality scores, with particular improvements 
noted in texture uniformity and flavor preservation. Nutritional analysis revealed enhanced protein 
retention of 94% compared to 87% achieved through conventional processing methods. 
Processing time optimization achieved significant efficiency improvements with total cycle time 
reduction of 22% compared to conventional methods while maintaining equivalent or superior 
quality outcomes. Energy consumption per unit weight processed decreased by 28% through 
precise temperature control and optimized heating cycles. The dual-zone capability enabled 
simultaneous processing of different batch sizes, increasing overall through put capacity by 35%. 
 
Dried fish processing validation demonstrated comprehensive success across multiple fish species 
including mackerel, sardine, and catfish products. Optimal dehydration parameters varied by species 
but consistently achieved target moisture content of15% with exceptional uniformity. Temperature 
profiles typically ranged from 55°C to 68°C with processing duration from 8 to 14 hours depending 
on initial moisture content and product thickness. Quality assessment revealed superior texture 
retention with reduced brittleness compared to conventional sun-drying methods. Microbiological 
testing showed enhanced safety characteristics with reduced bacterial contamination through 
controlled temperature and humidity management. Shelf life evaluation demonstrated 40% 
improvement compared to conventionally processed products through enhanced moisture control 
and contamination prevention. 
 
The multi-modal processing capability enabled simultaneous crayfish and dried fish production 
within dependent optimization for each product type. Productivity analysis showed 60% increase in 
facility utilization compared to single-product conventional systems. Quality consistency  
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achieved exceptional uniformity with batch-to-batch variation reduced to less than 5% compared to 
15-20%  typical of conventional processing methods. 
 
Energy Efficiency and Economic Analysis 
Comprehensive energy efficiency analysis revealed significant operational cost advantages 
compared to conventional seafood processing equipment. Total energy consumption per kilogram  
of processed seafood averaged 2.8kWh for crayfish processing and 4.2kWh for dried fish 
production, representing 25% and 32% reductions respectively compared to conventional methods. 
Peak power demand reduction of 18% provides additional benefits through reduced utility demand 
charges in commercial applications. 
 
The intelligent control algorithms contributed substantially to energy efficiency through predictive 
heating cycles and optimized temperature maintenance strategies. Standby energy consumption 
minimization resulted in 85% reduction compared to conventional systems through advanced power 
management and component selection optimization. Annual energy cost savings for typical small-
scale processing operations are projected at $2,800-$4,200 depending on local utility rates and 
operational intensity. 
 
Economic analysis considering equipment cost, installation requirements, and operational savings 
indicates payback period of 2.8 years for typical commercial installations. The extended operational 
life expectancy through reduced component stress and intelligent maintenance scheduling provides 
additional economic benefits with projected 15-year service life compared to 8-10 years typical of 
conventional equipment. 
 
Maintenance cost reduction results from solid-state component utilization and predictive 
maintenance capabilities enabled by comprehensive system monitoring. Annual maintenance 
expenses are projected at 60% below conventional equipment levels through elimination of 
mechanical component wear and proactive maintenance scheduling. The remote diagnostic 
capabilities reduce service call requirements and enable rapid problem resolution. 
 
 Comparative Analysis with Existing Technologies 
Performance comparison with commercially available conventional ovens revealed substantial 
advantages across multiple evaluation criteria. Temperature control accuracy improvement of 65% 
enables enhanced product quality consistency and reduced waste generation. Energy efficiency 
improvements of 25-30% provide significant operational cost advantages while supporting 
environmental sustainability objectives. 
 
Operational flexibility comparison demonstrated superior capabilities through multi-modal 
processing, remote monitoring, and adaptive control algorithms unavailable unconventional 
equipment. The IoT integration provides unprecedented operational insight and control capabilities 
enabling optimization strategies not possible with traditional equipment. User satisfaction 
assessment revealed 92% preference rating compared to conventional systems among test 
participants. 
 
Reliability analysis showed comparable or superior performance to established commercial 
equipment with additional benefits of predictive maintenance and remote diagnostic capabilities. 
The digital control systems demonstrated enhanced precision and repeatability compared to analog 
control systems typical of conventional equipment. Component selection prioritizing industrial-
grade specifications ensures reliable performance in demanding commercial environments. 
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Cost comparison analysis indicates competitive initial investment with substantially lower operational 
costs through energy efficiency and maintenance reduction. The enhanced processing capabilities 
and quality improvements provide additional value through increased product value and reduced 
waste generation. Total cost of ownership analysis demonstrates significant advantages over 10-
year operational periods. 

 

TECHNICAL SPECIFICATIONS 

Parameter Specification Performance Achieved 

Temperature  Range 40°C-280°C 38°C -285°C 

Temperature Accuracy ±2°C ±1.8°C 

Temperature 

Uniformity 
±5°Cacrosschamber ±1.8°C achieved 

Heating Power 3000W(2×1500W) 3200Wmaximum 

Control System  Power <100W 85Wmeasured 

Communication 

Protocol 
Wi-Fi802.11n,Telegram API 99.2%reliability 

Response Time <5seconds 1.8slocal,3.2s remote 

Temperature Sensors DS18B20, ±0.5°C ±0.3°Cmeasured accuracy 

Processing Zones Dual independent zones Complete zone isolation 

Chamber Volume 84liters(600×400×350mm) As specified 

External Dimensions 700×500×450mm As specified 

Safety Features 
Over-temp,sensorfault, emergency 

stop 
All functions verified 

Data Storage 32GBSDcard,2yearscapacity 
Continuous operation 

capability 

User Interface LCD display+Telegram bot Dual interface operational 

Power Supply 230VAC,50Hz input Universal input capability 

 
CONCLUSIONS 

This research successfully demonstrates the design and development of an innovative multi- modal 
IoT-enabled smart oven specifically optimized for diverse seafood processing applications. The 
integrated system achieved all primary design objectives while exceeding performance 
specifications in multiple critical areas including temperature control accuracy, communication 
reliability, and energy efficiency metrics. The dual-zone heating architecture enables simultaneous 
processing of different seafood products with independent thermal management; significantly 
enhancing operational flexibility and productivity compared to conventional single-purpose 
processing equipment. Temperature control precision of ±1.8°C throughout the operational range 
provides exceptional process consistency essential for high-quality seafood processing applications. 
 
IoT integration through Telegram Bot API implementation offers unprecedented remote monitoring 
and control capabilities with 99.2% communication reliability across diverse network conditions. The 
user-friendly interface design ensures accessibility for operators with varying  
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technical expertise while providing comprehensive functionality for advanced users requiring 
detailed process control and monitoring capabilities. 
 
Seafood processing validation trials confirmed substantial improvements in product quality 
consistency, processing efficiency, and energy consumption compared to conventional methods. 
Crayfish processing demonstrated 23% improvement in texture retention and 22% reduction in 
processing time, while dried fish applications achieved 40% improvement in shelf life through 
enhanced moisture control precision. 
 
Energy efficiency improvements of 25-30% compared to conventional equipment provide 
significant operational cost advantages with projected payback periods of less than three years 
for typical commercial installations. The maintenance cost reduction through solid-state  
component utilization and predictive maintenance capabilities further enhances economic viability. 
 
The research contributes significantly to the advancement of intelligent food processing equipment 
technology and demonstrates practical implementation pathways for IoT integration in small to 
medium-scale seafood processing operations. The system design principles and implementation 
methodologies established through this research provide valuable frameworks for future 
development of smart food processing equipment across diverse applications. 
 
Future development opportunities include expansion to additional seafood product types, 
integration of advanced sensor technologies for comprehensive quality monitoring, and 
Development of machine learning algorithms for predictive process optimization based on historical 
performance data and environmental conditions. 
 
FUTURE WORK AND RECOMMENDATIONS 
The successful implementation of this multi-modal IoT-enabled smart oven establishes a foundation 
for several promising research and development directions that could further enhance seafood 
processing technology and expand the system's applicability across diverse food processing 
applications. 
 
Enhanced Sensor Integration: Future iterations should incorporate advanced sensor 
technologies including humidity sensors for precise moisture control, pH sensors for quality 
monitoring, and infrared imaging systems for non-contact temperature distribution analysis. These 
additions would enable comprehensive real-time quality assessment and automated process 
optimization based on product characteristics rather than solely time and temperature parameters. 
 
Machine Learning Implementation: Development of predictive algorithms utilizing historical 
processing data, environmental conditions, and product characteristics could enable automatic 
optimization of processing parameters for unknown or variable seafood products. Neural network 
implementations could learn optimal processing profiles through iterative refinement and user 
feedback mechanisms. 
 
Industrial Scaling Capabilities: Research into modular system architectures would enable 
scalableimplementationsfromsmall-scaleoperationstolargeindustrialfacilities.Thisincludes 
investigation of distributed control systems, centralized monitoringcapabilities, and integration with 
existing industrial automation infrastructure. 
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