
DESCRIPTION OF SUBJECT FOR FARMER MASTER PROGRAMM 

 

Name of subject Machine Vision in Agriculture 

Objectives and contents  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Objective: 
Machine Vision in Agriculture emphasis on techniques for 

automated inspection, agricultural and horticultural object 

recognition, agro-mechanical metrology and robotics. In 

this regard, information acquiring with image processing 

and its application in different parts of agriculture such as 

sorting, grading, and intelligent weeding machine (based 

on image processing) will also be addressed in this course. 

Contents: 

Module 1. Introduction to the Agricultural Machine 

Vision  
Topic 1. Elements of an agricultural machine vision 

system, image formation in eye and in a camera, the image 

sensors, photosensitive sensors, basic parameters of a 

digital image, lens Equation, image resolution, and depth 

of Field,  

Module 2. Digital image properties 

Topic 2. Introduction: visual perception of the image, 

Image quality, noise in images, topological properties of 

digital images, histograms,  

Topic 3. Digital color images: Physics of color, color 

spaces, the RGB color space, other color representations 

such as HIS, HSV, YUV and YCbCr, converting digital 

color images to digital grayscale images,  

Topic 4. Chromatic images: color equipment’s and 

conversion, conversion of gray images to colored, color 

separation with image processing, digital grayscale 

images, 

Topic 5. Binary images: Formation of binary images, 

geometric properties, topological properties, object 

recognition in binary images, binary algorithms  

Module 3. Image pre-processing 

Topic 6. Pixel pre-processing: pixel brightness, 

brightness interpolation, Position-dependent brightness 

correction, gray-scale transformation, pixel coordinate 

transformations,  

Topic 7. Local pre-processing: Image smoothing, edge 

detectors, Canny edge detection, Gaussian Edge 

Detection, parametric edge models, line detection by local 

pre-processing operators, detection of corners, scale in 

image processing,  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Topic 8. Image segmentation: Partitioning an image, 

segmentation by thresholding, edge-based segmentation, 

region-based segmentation, watershed segmentation, 

splitting and merging, segmentation of surfaces, 

segmentation of curves, active contours. 

Topic 9. Geometric transformations: Translations, 

scaling, rotation, shearing and combining the 

transforms, backward mapping, interpolation and 

holography 

Module 4. Image enhancement 

Topic 10. Image enhancement in frequency field, 

histogram Modification, gray scale modification, image 

restoration enhancement using the Laplacian operator,  

Topic 11. Image filtering operations and enhancements: 

Sharpening operators, smoothing, averaging, linear filters, 

Median filter, Gaussian Smoothing 

Module 5. More specified Image processing 

Topic 12. Morphological image processing: Binary 

erosion/dilation, opening/closing, hit-or-miss transforms, 

Topic 13. Blob analysis: Blob features, Blob 

classification, Blob extraction, the Recursive Grass-Fire 

algorithm, the Sequential Grass-Fire algorithm,  

Module 6. Robot vision algorithms and programs 

Topic 14. Description of object pose with homogeneous 

transformations, two vision algorithms for identifying 

ends of wires: a binary vision algorithm, a grey-scale 

vision algorithm, the camera model, the inverse 

perspective transformation, three- dimensional vision 

using structured light 

Module 7. Application of machine vision to 

agricultural systems and food product industry  

Topic 15. Food product inspection using machine vision 

technology: intact egg inspection, Potato sizing and 

inspection, nut inspection, stone detection in food 

products using auto-fluorescence technology, wafer 

sizing,  

Topic 16. The optical sorting, feeding, ejecting and 

cleaning machines, monochromic sorting, dual 

monochromic sorting, Infrared, laser and fluorescence 

techniques for sorting.  

Topic 17. The packing systems using machine vision 

technology: The one, two and three-dimensional packing 

systems, packing of regular and irregular shapes, 

geometric and heuristic packers. 



 

 

Topic 18. Nondestructive measurements of agricultural 

products: Direct measurements using the machine vision, 

volumetric representation, surface and volumetric 

modeling strategies, model-based recognition of curved 

objects from intensity images, model-based recognition 

based on range images, model-based stereo imaging for 

estimating the biomass of live fish, automated defect 

recognition 

 Student projects: Small project using the Matlab 

software,  

COMPETENCES. 

GENERIC. 

SPECIFIC 

 

 

 

 

 

 

 

Generic competences:  

This course gains further insight into how to develop 

a machine-vision inspection system in agricultural 

field. The other goal is to give an assistance and a 

guideline for the agro-mechatronic engineers to use 

the image process information in different aspects of 

agriculture such as planting, wedding, harvesting and 

grading especially for sensitive products.  

 

Specific competences: 
- The ability to analyze a digital image and extract the 

necessary information,  

- the ability to measure different physical properties of 

agricultural products such as surface and volume for using 

in sorting and grading equipment, 

- the ability to demonstrate the application of machine 

vision inspection in different sectors of agriculture and 

food industry, as well as Intelligent Robots. 

- the ability to use different mathematical models for 

image processing such as hidden Markov models; Kalman 

lters; point distribution models, and pattern recognition, 

 

LEARNING OUTCOMES 

 

 

As a result of studying the discipline, the trainee must 

demonstrate the following results: 

 

– know: 
- The digitized image and its properties  

- Describing the image segmentation using different 

methods 

- Different types of image transforms 

- Image data compression 

- Description of shape representation  

- Describing the 2D and 3D Vision,  

-Describing the radiometry and motion analysis 

 

 



– be able to: 
-analyze and enhance a digital image and transform it, 

-use the image processing technique in harvesting,  

-use the image processing technique in intelligent weeding 

machine based on machine vision, 

-use the 3D Vision in agriculture, 

-do a case study based on digital image processing and 

analysis;  

-use the Matlab software for performing a specified case 

study, 

-simulate the Robot motion, and  

-use the computer tools and programs for controlling the 

Intelligent Robots. 

Teaching Lecture – 36 h, practice – 18 h 

Literature 

 

 

 

 

 

1. Acharya, T., Ray, A. K. 2005. Image processing 

principles and applications. John Wiley and Sons 

2. Bovik, A., C .2009. The essential guide to image 

processing. Academic Press 

3. Davies, E, R.2005. Machine vision, theory, 

algorithms, and practicalities. Elsevier 

4. Gonzalez, R.C., Woods, E. R. 2008. Digital 

image processing. Prentice Hall. 

5. Hornberg, A .2006. Handbook of machine 

vision, Wiley-VCH. 

6. Moeslund, T.B. 2012. Introduction to video and 

image processing: Building real systems and 

applications. Springer-Verlag, London.  

7. Petrou M. and Petrou, C. 2010. Image 

Processing: The Fundamentals. John Wiley and 

Sons. 

8. Pratt, W.K. 2007. Digital Image Processing. 4th 

edition. Wiley. 

9. Sonka, M., Hlavac, V., Boyle, D. R. 2014. Image 

processing: Analysis and Machine Vision, 4th 

edition, Cengage Learning. 
10. Sun D-W. 2007. Computer vision technology for 

food quality evaluation, Academic press. 

Exam No  

Credit points 3 

Work load 72 h 

 

 

 

 

 



DESCRIPTION OF SUBJECT FOR FARMER MASTER PROGRAMM 

 

Name of subject Mechanisms Design 

Objectives and contents  

 

Objective: 
Understanding the various mechanisms available in 

agricultural machinery, agricultural equipment and 

agricultural robots,  

Analyzing existing mechanisms and optimizing them.  

 

Contents: 

Module 1. Introduction to the Mechanisms  

Topic 1. Examples of Mechanisms existing in 

Agricultural Machinery and agro-mechatronics systems, 

mechanisms terminology, introducing mechanism 

components including different links and joints, degree of 

freedom of a kinematic chain, Gruebler's relationship, 

kinematic diagrams of mechanisms, Grashof's criterion 

for a Four-Bar mechanism.   
  

Module 2. Kinematic analysis of mechanisms  

Topic 2. Position and displacement analysis: linear and 

angular displacement, angular position of a link, graphical 

analysis for displacement, analytical and graphical 

analysis for limiting positions, transmission angle, closed-

loop position analysis for a Four-Bar linkage, 

Topic 3. Velocity analysis: Analytical velocity analysis, 

relative velocity method, algebraic solutions for a 

common mechanism, graphical velocity analysis 

including instantaneous center of revolution method, 

instant center diagram, Kennedy's theorem,  

 Topic 4. Acceleration analysis: acceleration of a link, 

linear and angular acceleration, normal and tangential 

components of acceleration, analytical and graphical 

acceleration analysis methods, acceleration curves 

 

Module 3. Kinematic analysis of Cams,  

Topic 5. Application of Cam systems in agricultural 

machines and equipment, type of cams and followers, 

follower shapes, follower motion schemes including 

constant velocity, constant acceleration, harmonic motion, 

cycloidal motion and combined motion, analytical and 

graphical cam profile design.   
 

Module 4. Kinematic analysis of Gears,  

Topic 6. Gear terminology, types of gears, spur gear 

kinematics, Rack and Pinion kinematics, kinematics of 
Helical, Bevel and Worm gears, Planetary gear analysis 



 

Module 5. Force analysis of mechanisms,  

Topic 7. Static force analysis: torques and moments, 

Free-Body diagrams, static equilibrium, analysis of two-

force member, sliding friction force,  

Topic 8. Dynamic force analysis: Mass and weight of 

links, center of gravity, radius of gyration, parallel axis 

theorem, composite bodies. 

 

 

COMPETENCES. 

GENERIC. 

SPECIFIC 

Generic competences:  

– The ability to develop various kind of transforming 

motion to achieve a specific applications. Meanwhile, 

analyzing the behavior of a given mechanism when 

subjected to dynamic forces. 

 

Specific competences: 

– The ability to define the basic components of a 

mechanism, draw the kinematic diagram of a given 

mechanism, classify different four-bar mechanisms 

according to their possible motion; 

– The ability to analyze a simple or compound mechanism 

using analytical or graphical method; 

– The ability to design and develop a new mechanism for 

a specified purpose in agro-mechatronics, 

– Developing a new mechanism or machine for a specified 

purpose in agriculture, horticulture and greenhouse 
 

LEARNING OUTCOMES As a result of studying the discipline, the trainee 

must demonstrate the following results: 

 

– know: 
Mechanisms of agricultural machines, robots and 

equipment; 

Mechanisms existing in food industry, especially in 

automatic packaging  

 

– be able to: 
Analytically and graphically determine the position of all 

links in a given mechanism, determine the limiting 

positions of a mechanism, plot displacement diagram of a 

given point on a mechanism,  

Use timing charts to synchronize motion and estimate 

peak velocity and acceleration magnitudes for a given 

mechanism, 

Use the relative velocity method to graphically solve for 

the velocity of a given point on a mechanism, 

Use the instantaneous center of revolution method to 

determine the velocity of a given point on a mechanism, 



Construct a velocity curve to illustrate extreme velocity 

values, 

Use the relative acceleration method or analytical method 

to determine the acceleration of a given point on a 

mechanism, 

Use equations to construct cam-follower displacement 

diagrams,  

Geometrically construct cam-follower displacement 

diagrams, 

Determine the kinematic properties of gear and planetary 

gear trains, 

Design and analyze a specified agricultural mechanism or 

a mechatronic motion module, e.g., an operated robot arm. 

Modelling and simulation of a given mechanism using 

standard software such as Working Model or ADAMS. 

 

– own: 
Skills of applying various analytical and graphical 

calculation and simulation methods in design of different 

mechanisms for agro-mechatronics systems and 

agricultural robots; 

Skills of using commercially available software for 

mechanism analysis such as Working Model 3D and 4D, 

ADAMS, Dynamic Designer, and LMS Virtual Lab to 

build kinematic model of a given mechanism, animate the 

mechanism and determine the kinematic values of the 

mechanism. 

 

 

Teaching Lecture – 18 h, practice – 36 h 

Literature 1- Erdman, A.G., Sandor, G. N., 1991. Mechanisms 

Design, Analysis and Synthesis, Vol., 1. Prentice Hall. 

2- Myszka, David H., 2012. Machines and Mechanisms, 

Applied kinematics Analysis. 4th Edition. Prentice Hall. 

3- Shiegly, J.E., Uicker, J. J., 1995. Theory of Machines 

and Mechanisms, 2nd Edition, McGraw Hill. NewYork. 

Exam No  

Credit points 2 

Work load 72 h 

 

 

 

 

 

 

 

 



DESCRIPTION OF SUBJECT FOR FARMER MASTER PROGRAMM 

Name of subject Precision agriculture 

Objectives and contents  

 

Objective: 
Learning the basic concepts of precision agriculture such 

as basics of a GIS, basic map principles, and basic 

statistics. 

Analysis and interpretations of maps and interpretive 

techniques 

Contents: 

Module 1. Principle of precision agriculture 

Topic 1. Introduction and importance of precision 

agriculture, definition, tools and process of precision 

agriculture, subfield area, variability 

Topic 2. Basics of a GIS, what is a GIS, functions of a 

GIS, examples of GIS Software 

Topic 3. Basic map principles, importance of maps, 

geodetic concepts, types of maps 
Topic 4. Basic statistics, importance of mathematics in 

agriculture, statistical terms and techniques 
Topic 5. Data structure, what is data format?, vector 

data, raster data, vector or raster analysis 
Module 2. Tools of  precision agriculture 

Topic 6. GPS, how does it work?, accuracy, corrections 

to improve accuracy, data storage in a GPS unit, uses of 

a GPS 
Topic 7. Sensors and controllers, yield monitoring 

system, remote sensing, digital imagery 
Topic 8. Importance of maps, geodetic concepts, 

geographic coordinates, UTM coordinate system, 

projections, datum, scale, spatibility 
Module 3. Processes of  precision agriculture 

Topic 8. Goal of precision agriculture, interpretation, 

uses of PA Technology, record keeping, spatial analysis 

for decision making, variable rate application, data 

collection, yield monitoring, soil sampling, data analysis, 

information implementation 
Topic 9. Analysis and manipulation tools, map creation, 

interpretive techniques, interpretive maps 

Module 4: Issues and concerns 

Topic 10. Variable Rate Application, managing or 

reducing variability, trusting the data 
Topic 11. Use of precision agriculture, efficiency of PA, 

large farm vs. small farm 

 

COMPETENCES. 

GENERIC. 

SPECIFIC 

Generic competences:  

– To learn how a GIS can be used to input and store data, 

assist in analysis of data, and create interpretive maps 



Specific competences: 

– The ability to use new technologies and intelligent 

systems to improve the production efficiency, manage the 

input and reduce the environmental impacts; 

– The ability to design new autonomous machines based 

on machine vision or intelligent systems  

LEARNING OUTCOMES As a result of studying the discipline, the trainee must 

demonstrate the following results: 

 

– know: 
Basic principles of precision agriculture and how it works; 

process of decision making; 

the tools of precision agriculture (i.e., GPS, GIS, remote 

sensing and computers); 

the process of precision agriculture (i.e., data collection, 

data analysis and information implements); 

sensors and controllers and remote sensing; 

variable rate application 
– be able to: 
Work with GPS and GIS systems; 

use ArcGIS and site specific technology, SST tool box, 

map layers creation and its interpretation; 

collect and storage data and create a yield map; 

displaying data visually; 

– own: 
understanding spatial concept and geodetic principles; 
 

  

Teaching Lecture – 24 h, , practice – 30 h 

Literature Brase T. Precision Agriculture: Thomson, NY, 2006. - 224 

p. 

Davis, Bruce E. 2001. GIS: A visual approach (2 nd ed). 

Clifton park, NY: On Word Press/ Thomson Delmer 

Learning. 

Davis, B. 2000. Introduction to agricultural statistics. V.I. 

Clifton park, NY: Thomson Delmer Learning.  

Exam No  

Credit points 3 

Work load 63 h 

 

 

 

 

 

 

 



DESCRIPTION OF SUBJECT FOR FARMER MASTER PROGRAMM 

 

Name of subject Advanced Hydraulics and Pneumatics 

Objectives and contents  

 

Objective: 
Mastering in the application and development of hydraulic 

and pneumatic operated robots and actuators in 

agricultural machines and equipment.  

 

Contents: 

Module 1. Application of hydraulic and pneumatic 

systems in agricultural machinery and food industry 

Topic 1. Introduction to the open and closed center 

hydrostatic systems, comparing the advantage and 

disadvantage of hydraulic and pneumatic systems. 

Module 2. Computation of flow rate and operational 

pressure of a hydrostatic system used in agricultural 

machinery 

Topic 2. Selection of a suitable hydraulic pump, 

computing the efficiency and power requirement 
Topic 3. Selection of suitable flow and pressure control 

valves; pressure reducing and relief valves, direct and 

pilot operated check valves, shuttle and solenoid valves, 

and directional control valves. 
Topic 4. Selection of oil reservoir and hydraulic 

accessories e.g., accumulators, filters. 

Module 3. Hydraulic and pneumatics actuators and 

motors,  

Topic 5. Selection of suitable hydraulic and pneumatics 

actuators and motors for controlled machines 

Topic 6. Computation of torque, force and speed of 

hydraulic and pneumatics motors and actuators 

 

COMPETENCES. 

GENERIC. 

SPECIFIC 

Generic competences:  

– The ability to apply principles of fluid mechanics to 

industrial hydraulics. 

Specific competences: 

– The ability to choose suitable hydraulic and pneumatic 

systems in agricultural machinery and food industry; 

– The ability to analyze a hydraulic and pneumatic system 

using a circuit diagram; 

– The ability to design and develop a new hydraulic 

system for a professional purpose in agro mechatronics, 
– Developing a hydraulic/ pneumatic robot arm for 

specified purposes in agriculture, horticulture and 

greenhouse 



LEARNING OUTCOMES As a result of studying the discipline, the trainee must 

demonstrate the following results: 

 

– know: 
Structure of agricultural hydraulic-driven machines; 

Structure of hydraulic servo actuators (HAS) and their 

applications; 

Computations of hydraulic circuit elements, e.g., 

efficiency of a hydraulic pump, power losses in a 

hydraulic valve at different operational conditions, 

temperature rise of hydraulic oil in operation; 

Computations of hydrostatic transmission; 

Describing and selecting the electro-hydraulic and electro-

pneumatic elements of controlled machines; 

 

– be able to: 
Compute the hydraulic losses in a complete hydraulic 

system,  

Compute the magnitude of pressure pulsations and 

determine the accumulator size in a hydraulic system,  

Design and assembly of a practical hydraulic circuit for 

lifting, gripping or conveying  

Design and construct a specified agricultural hydraulic 

device or a mechatronic motion module, e.g., a hydraulic 

operated robot arm. 

Modelling and simulation of an electro-hydraulic servo 

system. 

 

– own: 
Skills of applying various calculation and simulation 

methods in design of hydraulic and pneumatic 

components; 

skills of using different software for analyzing a hydraulic 

or pneumatic circuit; e.g., simulating the hydraulic shocks, 

or modelling cylinder cushioning; 

Teaching Lecture – 18 h, practice – 36 h 

Literature 1. Davood Kalantari. 2016. Identification and design of 

hydraulic systems, Naghoos publishing Co. 

2. Galal Rabie, M. 2009. Fluid power engineering. 

McGraw-Hill Companies, Inc. 

3. Parr, A. 2011. Hydraulics and pneumatics, 3rd edition: 

A technician’s guide paperback.  

4. Cundiff, John S. 2002. Fluid power circuits and 

controls: Fundamentals and applications. CRC Press LLC. 

5. Muenzenmaier, A., Kostka, U. 2003. FESTO 

Installation instructions for network licensing. Festo 

Didactic GmbH & Co. KG. Germany. 



6. Merkle, D., Schrader, B., Thomes, M. 2003. FESTO 

Hydraulics Basic Level. Festo Didactic GmbH & Co. KG. 

Germany. 
 

Exam No  

Credit points 2 

Work load 72 h 

 

 

 

 

 

 

 


