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AUTONOMOUS INSPECTION ROBOT
Project HELIOS

Project team:

Anas Hesham Mohamed Mohamed 221060045

Hossam Ahmed Salheen Ahmed 222060003

Reem Awad Ramadan Saad Torky 231060130

Zeyad Khaled Ehab Ibrahim 221060088

Abdelrahman Amer Gouda Mohamed 222060008

Mohamed Raslan Ebeid Mohamed 221060137
Supervised by:

Prof. Gamal Dosouky
Prof. Ahmed Abdelhamid
Prof. Ahmed Rashed
Assoc. Prof. Ameer Ali Kamel
Assoc. Prof. Ahmed Mahmoud
Assoc. Prof. Hamdy Sultan
Dr. Mohamed Rabie
Dr. Mohamed Koraiem M
Dr. Mohamed Adel
Dr. Eman Shams

Academic Year: 2025 - 2026
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Abstract

This project presents the design, research, and preliminary development of Project HELIOS, a general-
purpose autonomous inspection robot intended for industrial and infrastructure inspection tasks. The system
is motivated by the need to reduce human exposure to hazardous industrial environments and to improve
the consistency and frequency of condition-monitoring data. The proposed robot is designed as a mobile
platform capable of autonomous indoor navigation, real-time sensing, structural fault detection, and
diagnostic reporting to a remote operator station. The system architecture integrates a Raspberry Pi 4 as the
main computing unit, an ESP32 for low-level control, a 2D LiDAR for SLAM, an IMU for orientation
tracking, wheel encoders for odometry, and a camera module for visual inspection. The software
architecture is based on ROS2 to support modular navigation, mapping, sensor integration, and inter-
process communication. The report also covers the mechanical design, electrical system, sensing payload,
navigation approach, safety concept, communication strategy, bill of materials, risk assessment, and
implementation roadmap. The current work is clearly positioned as a GP1 design phase that establishes a
technical foundation for later prototype construction and validation.

Keywords:

Autonomous Inspection Robot, ROS2, SLAM, LiDAR, Sensor Fusion, Embedded Systems, Industrial
Inspection.
Project Scope

The project scope, as derived from the source report, can be summarized as follows:

* Define functional and non-functional requirements for an autonomous industrial inspection robot.

* Design a modular system architecture covering mechanical, electrical, sensing, navigation, safety,
communication, and software layers.

» Specify a four-wheel skid-steer mobile platform supported by kinematic, torque, traction,
gradeability, and power-budget analysis.

» Select inspection and navigation sensors including LiDAR, IMU, wheel encoders, camera, thermal
sensing, and gas sensing modules.

» Plan ROS2-based localization, SLAM, sensor fusion, autonomous navigation, telemetry, simulation,
integration, and risk management.
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* Exclude full hardware construction, field validation, sensor calibration, and industrial deployment
from the current GP1 phase.

Deliverable nature

The report is mainly a design-phase document supported by analysis and implementation planning.
Overview

HELIOS is structured as a design-phase mechatronic platform for repeated inspection routines in indoor
industrial environments. Its intended operation follows the perception-cognition-action cycle: the robot
senses the environment through LiDAR, IMU, encoders and inspection payloads; processes localization,
mapping and navigation tasks through ROS2; and executes motion through a skid-steer drivetrain controlled
by embedded electronics. The project emphasizes accessibility by using commercially available
components, while also documenting the limitations of a design-only phase. The main engineering value of
the project lies in the disciplined integration of mechanical design, power electronics, embedded control,
perception, autonomous navigation, safety logic, telemetry, and implementation planning. The report does
not claim measured hardware performance; instead, it presents a complete and internally consistent design
ready for the next phase of prototype construction, subsystem validation, calibration, and field testing.

Main engineering areas:

Mobile robotics ROS2 navigation

Industrial inspection sensing Safety and telemetry

0822246688145 19206 1< (g ilSaall duutit ali s — dustigl) 43l - didagll) daala

Web-Page: https://nub.edu.eg E-mail: nub@nahdauniversity.org

Graduation Projects


https://nub.edu.eg/
mailto:nub@nahdauniversity.org

FACULTY OF ENGINEERING
NAHDA UNIVERSITY
IN BENI SUEF
FENRU P | - S I 1

NAHDA UNIVERSITY

IN BENI SUEF
g iy » Al doaly

Mechatronics Engineering Program

S g S al) dndin ald

ﬂ Faculty of Engineering

Nahda University in Beni-Suef — NUB
N U B Mechatronics Engineering Department
Laailld=ola

Design and Implementation of an IoT-Based Smart Farm Bot for
Automated Irrigation and Crop Monitoring

Smart Farm Bot

Project team:

Abdelrahman Mokhtar Nabih Mohamed 231060139
Mohamed Mahmoud Mohamed Abdelaziz 231060143
Abdelrahman Mahmoud Abdulmughni 221060062
Islam Saad El-Din Abdelwahab Shaaban 221060106
Aya Eid Mahfouz 221060146
Mamdouh Ahmed Ragab 231060114
Mustafa Sayed Gomaa 231060128
Supervised by:

Prof. Gamal Dosouky
Prof. Ahmed Abdelhamid
Prof. Ahmed Rashed
Assoc. Prof. Ameer Ali Kamel

Assoc. Prof. Ahmed Mahmoud
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Assoc. Prof. Hamdy Sultan
Dr. Mohamed Rabie
Dr. Mohamed Koraiem M
Dr. Mohamed Adel
Dr. Eman Shams

Academic Year: 2025 - 2026
Abstract

This project presents the design and implementation of an IoT-based Smart Farm Bot for automated
irrigation and crop monitoring. The project addresses the inefficiency of traditional non-targeted irrigation
and manual monitoring, which can cause water waste and inconsistent crop yield. The proposed system
uses a 3-degree-of-freedom robotic platform with a circular center-pivot architecture suitable for small-to-
medium cultivation plots. It combines Raspberry Pi 4 processing for Al-based weed and crop classification
using YOLOvVS, Arduino Mega control for deterministic motion, and ESP32 connectivity for cloud
telemetry through MQTT. The system also uses environmental and soil-moisture sensing to support targeted
micro-irrigation. According to the report, the platform achieved 0.8 mm positioning accuracy, 91% mean
average precision in crop/weed identification, and an 80% reduction in water consumption compared with
traditional flood irrigation. The project is presented as a sustainable, scalable, and cost-conscious precision
agriculture solution, with future extensions including renewable energy integration and multi-agent
coordination.

Keywords:
Smart Farm Bot, Precision Agriculture, [oT, Automated Irrigation, YOLOvS, MQTT, Embedded Systems.

Project Scope

The project scope, as derived from the source report, can be summarized as follows:

* Design and prototype a 3-DOF circular center-pivot agricultural robot for a controlled precision-
farming workspace.

* Implement closed-loop micro-irrigation based on soil-moisture thresholds and volumetric dosing.
* Integrate environmental sensing for soil moisture, ambient temperature, and relative humidity.
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* Use Arduino Mega for motion control, Raspberry Pi 4 for computer vision, and ESP32 for MQTT-
based IoT telemetry.

* Train and deploy a YOLOvVS8 model for detecting Mentha spicata crop targets and native weeds under
daylight conditions.

* Limit the current scope to prototype-scale laboratory and small-field validation, excluding industrial
scaling, swarm operation, multispectral disease diagnosis, and large-scale farm deployment.

Deliverable nature

The deliverable combines system design, implementation components, integration planning, and validation
indicators within the project boundaries.
Overview

The Smart Farm Bot integrates mechanical positioning, embedded control, Al vision, sensing, irrigation,
and cloud communication into one precision-agriculture platform. The robot moves in polar coordinates
using a circular center-pivot layout, enabling repeatable positioning over a localized growing area. Sensor
measurements guide irrigation decisions, while the vision module identifies crops and weeds to support
targeted treatment. The embedded architecture separates timing-critical motion from Al and IoT tasks,
improving modularity and maintainability. The project is comparatively mature because it reports
experimental indicators for positioning, recognition, water saving, and cost reduction. Its main contribution
is the practical integration of affordable mechatronics and Al into a small-scale precision-farming system
that can be extended later through solar power, disease detection, and multi-robot farming networks.

Main engineering areas:

Agricultural robotics Al crop/weed vision

IoT telemetry Automated micro-irrigation
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Nahda University in Beni-Suef — NUB
N U B Mechatronics Engineering Department

Autonomous Electric Vehicle For Xploration Transit

Sustainable Electric Terrain Mobility System

Project team:

Yousef Ahmed Mohamed 221060084

Mohamed Ramadan Taha 221060024

Amr Emad Farouk 221060026

Hisham Sayed Ahmed 221060094

Yousef Mohamed Raffat 221060027

Mohamed Zakaria Abdelhalim 221060103
Supervised by:

Prof. Gamal Dosouky
Prof. Ahmed Abdelhamid
Prof. Ahmed Rashed
Assoc. Prof. Ameer Ali Kamel
Assoc. Prof. Ahmed Mahmoud
Assoc. Prof. Hamdy Sultan
Dr. Mohamed Rabie
Dr. Mohamed Koraiem M
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Dr. Mohamed Adel
Dr. Eman Shams

Academic Year: 2025 - 2026
Abstract

This project develops a Sustainable Electric Terrain Mobility System in the form of an autonomous electric
buggy and campus robot taxi. It integrates mechanical design, electrical traction, embedded control,
perception, and safety systems to support autonomous self-parking in both parallel and perpendicular
parking scenarios. The vehicle baseline is a lightweight but rigid tubular steel space-frame chassis with a
target mass of 350 to 450 kg, independent front double-wishbone suspension, rear shock absorbers, and
205/55 R16 terrain tires. A rear-wheel-drive configuration powered by a CY Gold brushless DC motor and
a centralized 48 V lithium iron phosphate battery pack is selected for efficiency, reliability, and
compatibility with regenerative braking. The autonomous layer includes drive-by-wire steering using an
EPS motor, BTS7960 H-bridge, PID position control at 200 Hz, and AS5600 absolute magnetic encoder
feedback. Braking is automated using a 200 N linear actuator acting on the hydraulic master-cylinder
linkage. A Raspberry Pi4 running Linux and ROS handles perception, parking-slot detection, and trajectory
generation using LiDAR, ultrasonic sensors, and an IMU, while a Teensy 4.1 executes deterministic low-
level control and safety interlocks.

Keywords:
Autonomous Electric Vehicle, Self-Parking, Drive-by-Wire, ROS, LiDAR, Teensy, Electric Mobility.
Project Scope

The project scope, as derived from the source report, can be summarized as follows:

+ Convert an electric terrain buggy into a layered cyber-physical vehicle capable of autonomous self-
parking.

* Design the mechanical vehicle baseline, including chassis, suspension, tires, steering, braking, and
component mounting constraints.

* Integrate a 48 V electric power architecture with BLDC propulsion, LiFePO4 battery pack, and battery
management.
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* Implement drive-by-wire steering and braking using embedded real-time control, encoder feedback, H-
bridge actuation, and watchdog mechanisms.

* Use LiDAR, ultrasonic sensing, and IMU measurements for parking-slot perception, near-field
obstacle detection, and pose estimation.

* Focus on design, architecture, and validation planning for low-speed campus/off-road applications
rather than unrestricted public-road autonomy.

Deliverable nature

The deliverable combines system design, implementation components, integration planning, and validation
indicators within the project boundaries.
Overview

The autonomous electric vehicle project treats the buggy as a complete mechatronic system rather than a
simple vehicle fitted with sensors. The architecture separates high-level autonomy on the Raspberry Pi from
deterministic actuation and safety on the Teensy microcontroller. The Raspberry Pi interprets LIDAR and
other perception data, reasons about parking-slot geometry, and generates steering, propulsion, and braking
commands. The Teensy validates commands, closes the steering loop, supervises braking, and transitions
to safe states if communication or sensor conditions become unsafe. The project is strong in system
integration because it connects real vehicle mechanics, electric traction, embedded control, and autonomous
driving concepts. Its next essential stage is physical implementation, calibration, and measured validation
of steering accuracy, braking response, parking performance, and safety interlock reliability.

Main engineering areas:

Electric mobility Drive-by-wire control

Autonomous parking Safety-critical embedded control
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ﬂ Faculty of Engineering
Nahda University in Beni-Suef — NUB
N U B Mechatronics Engineering Department

Smart Facial Recognition Access Control and Electronic Gate Automation System

Dual-Authentication Smart Access Control Gate

Project team:

Ahmed Bahaa El Din Rashwan 201060088
Ahmed Khaled Abdel Fattah 201060015
Abdullah Mohamed Mousa 201060097
Omar Mohamed Abdel Tawab 231060086
Fady Wassim Mounir Yacoub 212060003
Mohamed Hamdy Mohamed 201060109
Mahmoud Mohamed EI Sayed 241060213
Supervised by:

Prof. Gamal Dosouky
Prof. Ahmed Abdelhamid
Prof. Ahmed Rashed
Assoc. Prof. Ameer Ali Kamel
Assoc. Prof. Ahmed Mahmoud
Assoc. Prof. Hamdy Sultan
Dr. Mohamed Rabie
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Dr. Mohamed Koraiem M
Dr. Mohamed Adel
Dr. Eman Shams

Academic Year: June 2026
Abstract

This project presents a smart facial-recognition access-control and electronic gate automation system built
around a dual-authentication security concept. The system addresses weaknesses in traditional single-factor
access control, such as RFID card theft, cloning, and unauthorized sharing. The proposed mechatronic gate
combines an automated physical barrier, facial recognition, RFID verification, motion-triggered activation,
local embedded processing, display feedback, and electromechanical actuation. A Raspberry Pi 4B serves
as the main embedded processing node and runs a Python-based software pipeline with OpenCV, face-
recognition libraries, GPIO control, SPI communication for the MFRC522 RFID reader, and 12C
communication for LCD feedback. An infrared or PIR motion sensor wakes the system from standby, the
camera verifies the user face against a local authorized database, and RFID provides a secondary token-
based confirmation. If both checks succeed, the relay energizes the actuator to unlock the gate for a
calibrated passage interval; otherwise the system triggers an alert and returns to standby. The report also
covers mechanical gate design, actuation, software logic, authentication performance, and latency analysis.

Keywords:

Facial Recognition, Access Control, RFID, Raspberry Pi, Edge Al, Electronic Gate, Mechatronic Security.
Project Scope

The project scope, as derived from the source report, can be summarized as follows:

* Design and construct a mechatronic access-control gate with dual biometric and token-based
authentication.

* Model the gate structure and internal locking/actuation mechanisms, including solenoid or
electromagnetic actuation and emergency drop-arm concepts.

* Implement Raspberry Pi-based hardware interfacing for camera input, RFID reading, motion
detection, LCD feedback, relay control, and actuator triggering.
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* Deploy face detection and recognition on edge hardware using OpenCV, Dlib/face recognition, and
128-dimensional embedding comparison.

* Apply standby/wake automation logic to reduce idle power consumption and activate the Al pipeline
only when a person is detected.

» Evaluate authentication behavior, false acceptance/rejection considerations, RFID detection, and
total latency from user detection to gate unlocking.

Deliverable nature

The deliverable combines system design, implementation components, integration planning, and validation
indicators within the project boundaries.
Overview

The access-control system operates as a sequential security cell. In standby, the controller monitors the
motion sensor while power-hungry devices remain idle. When a person approaches, the optical subsystem
and LCD activate; the camera captures frames; the software detects and encodes a face; and the embedding
is compared with the authorized local database. If facial verification succeeds, the user scans an RFID card,
and the UID is checked as a second authorization layer. Successful dual authentication energizes a relay to
unlock the gate for a defined interval before returning to standby. The project is strong because it combines
mechanical gate design, edge Al, RFID security, embedded firmware, and actuation logic. Important future
improvements would include encrypted credential storage, stronger liveness detection, broader lighting
tests, audit logging, networked administration, and fail-safe behavior verification.

Main engineering areas:

Edge Al security RFID authentication

Gate actuation Embedded hardware interfacing
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ﬂ Faculty of Engineering
Nahda University in Beni-Suef — NUB
N U B Mechatronics Engineering Department

Laailld=ola
Automated Juice Bottling Production Line

PLC and HMI Controlled Filling, Capping and Labeling Line

Project team:

Mohamed Ahmed Abdalaziz Tmam 221060085

Mohamed Ahmed Abdalaziz Ahmed 222060001

Anas Essam 221060020

Youssef Waheed 221060046

Eslam Amer 221060019

Abdelrhman Ibrahim 221060028
Supervised by:

Prof. Dr. Ahmed Mahmoud

Academic Year: 2025/2026
Abstract

This graduation project presents the design and software development of a fully automated juice bottling
production line. The line performs three coordinated stages: filling, capping, and labeling. A conveyor belt
acts as the core transport mechanism, moving bottles between the automated workstations in a synchronized
sequence. A Delta DVP-20SS2 PLC processes sensor inputs, controls actuators, and manages the timing
logic for each stage. An HMI interface enables real-time monitoring and adjustment of important parameters
such as filling time, process status, and user commands. The filling unit is designed to dispense juice from
a 40-liter tank into 300 ml bottles, after which bottles move to capping and labeling stations. The current
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phase focuses mainly on PLC programming, HMI screen design, component selection, system simulation,
and cost estimation. Hardware implementation is planned for a later phase. The report demonstrates how
simulation and PLC-based automation can improve productivity, repeatability, and precision in beverage
production lines while giving students practical experience in industrial control.

Keywords:
PLC, HMI, Automated Bottling, Filling, Capping, Labeling, Factory 1/O, Industrial Automation.

Project Scope

The project scope, as derived from the source report, can be summarized as follows:
* Design the sequential automation logic for a juice bottling line with filling, capping, and labeling
stages.
* Use a Delta PLC to read sensors, control actuators, and coordinate timed process transitions.

* Develop HMI screens for monitoring line status, selecting parameters, and interacting with the control
system.

* Model the conveyor and station interactions using simulation tools before hardware implementation.

* Use TrySim, Factory I/O, and SolidWorks to validate control logic, visualize the line, and reduce
errors before construction.

* Restrict this project phase to software, simulation, design, component selection, and cost estimation,
with full physical implementation planned as future work.

Deliverable nature

The current deliverable is primarily software design, PLC/HMI programming, simulation, and future
hardware planning.
Overview

The automated juice bottling project is centered on industrial process sequencing. Bottles are transported
by a conveyor through filling, capping, and labeling operations. Sensors provide the PLC with position and
process-state information, and the PLC activates motors, valves, capping mechanisms, and labeling actions
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according to ladder logic. The HMI provides the operator with visibility and parameter control. The report
is especially useful as an educational industrial-automation project because it shows how PLC logic, HMI
design, SCADA concepts, and simulation platforms can be combined before physical assembly. The project
reports meaningful progress in control and simulation, but it remains incomplete at the hardware level. Its
future work should include real assembly, sensor calibration, filling-volume accuracy testing, timing
optimization, fault handling, rejection systems, barcode/quality control, and loT data logging.

Main engineering areas:

PLC logic HMI/SCADA concepts

Conveyor sequencing Factory simulation
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ﬂ Faculty of Engineering
Nahda University in Beni-Suef — NUB
N U B Mechatronics Engineering Department

daailldzols
PET Plastic Recycling System for 3D Printer Filament Production

Low-Cost Mechatronic Recycling and Filament Production System

Project team:

Ali Ahmed Abdelaziz 221060013
Youssef Hossam Mohamed Abou El-Noor 221060033
Abdelrahman Ali Mohamed Atwa 221060058
Ahmed Mostafa Lotfy 221060095
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Abstract

This project presents the design and implementation concept of a low-cost mechatronic system for recycling
PET plastic bottles into 3D printer filament. The project responds to two linked needs: reducing PET plastic
waste and producing affordable filament for FDM 3D printing. The proposed system processes bottles
through several stages: shredding, drying, extrusion, cooling, pulling, and filament winding. A twin-shaft
shredder reduces bottles into small flakes, while a drying stage removes moisture to improve extrusion
quality. The extrusion subsystem uses a single-screw extruder made of SS304 with a 25 mm screw diameter
and multiple ceramic heater bands to produce controlled melting of PET material. The target output is 1.75
mm filament suitable for common 3D printers. A PLC-based control system is proposed to regulate
temperature, motors, process sequence, and operational safety. The project emphasizes local manufacturing,
available components, cost effectiveness, and sustainability by converting waste plastic into useful additive-
manufacturing material.

Keywords:
PET Recycling, 3D Printer Filament, Extrusion, PLC Control, Sustainability, Mechatronic Manufacturing.
Project Scope

The project scope, as derived from the source report, can be summarized as follows:

* Design an integrated PET recycling line that converts bottles into standardized 1.75 mm 3D-printing
filament.

* Develop a twin-shaft shredder capable of reducing PET bottles into uniform flakes suitable for
extrusion.

* Include drying, single-screw extrusion, active cooling, pulling, and tension-controlled spooling
subsystems.

* Use PLC-based automation for temperature regulation, motor sequencing, safety interlocks, and
process monitoring.
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» Target educational and laboratory-scale operation using locally available, cost-conscious materials and
components.

* Reserve full experimental optimization, laser diameter feedback, advanced HMI/IoT monitoring, and
multi-material processing for future versions.

Deliverable nature:

The deliverable is a design and implementation-oriented system proposal that still requires full fabrication
and experimental characterization.
Overview

The PET recycling project links environmental sustainability with additive manufacturing. The proposed
line transforms post-consumer PET bottles into filament through an integrated sequence of mechanical size
reduction, moisture removal, thermal extrusion, dimensional stabilization, pulling, and winding. The
mechanical design centers on a high-torque twin-shaft shredder and an extruder with a controlled heating
profile. The control architecture is expected to supervise motors, heaters, and safety states through PLC
logic, while future versions may add real-time filament-diameter feedback and closed-loop pulling-speed
control. The project is well aligned with mechatronics because it combines mechanical design, thermal
dynamics, motor control, sensor feedback, automation, and manufacturing sustainability. Its next critical
stage is fabrication, calibrated testing, tensile/ovality characterization, print trials, and comparison with
commercial filament quality.

Main engineering areas:

Plastic recycling Extrusion and cooling
PLC automation Sustainable manufacturing
pul)
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