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Significance of research topic

Industry 4.0 - automatic industrial equipment

In Hungary and the region of Northern Hungary - an increasing

number of demands for robotization and automation
Driverless transport vehicles and their automation
Driverless transport vehicle: AGV or mobile robot
Individual or commercially available AGV

AGYV - High-Tech Laboratory of the Institute of Logistics of the
University of Miskolc



Objectives

» AGV's new path planning solution - determination of path points

taking into account the geometry of the AGV

» AGV's new trajectory planner solution - calculates the velocities of the

vehicle's driven wheels based on track geometry and time data
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Driverless
transport vehicle

Virtual track

LIDAR Navigation

Industrial robot with 6 degrees of freedom
Conveyor belts

30V DC drive motors, 1:25 drive ratio

Differential drive

Castor wheels
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Modular system used for AGV control

a. path planning module

b. trajectory planning module

c. velocity-voltage converter module

d. simulation of an electrodynamic model of a DC motor

e. track simulation module
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f. communication module



» a. Path planning module

Baseline data for track planning D

LIDAR sensor by three data:
Pstart - (XStaTt' Ystart) |n|t|a| pOSItIOn and

©stqre INItIAl orientation.

» User-specified target position of the vehicle:

L D%

Pend = (Xend' Yend) target pOS|t|On and N Path planning between two paints

¥ .ngq 90al orientation.
Path planning solutions with cubic curves
» Bezier curves with Bernstein polynomial

» Hermite interpolation curve




» a. Path planning module

Tasks to be solved during path planning:

» Extra path due to approach

» Route planning to the midpoint between driven wheels
» Problem arising from approaching the final position

» Situation due to conveyor belts



» a. Path planning module

Tasks to be solved during path planning:

« Connecting multiple segments

Pstart LIDAR = Pend, haS > 1
QDStart Qoend, haS > 1

Path planning between three points - X [m] - Y [m] Path planning between three points - X [m] - Y [m]
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> Db. Trajectory planning module

Data initially available for trajectory planning
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> Db. Trajectory planning module

Calculation of section times and path lengths required for trajectory planning

« Determining the time and distance of each section of the segment S., taking into

account five different cases
 Then, based on these, determine the total time ¢° of the segment
Generation of the velocity profile resulting from trajectory planning
» Determining actual path lenght s3.,,,.;(;j) of segment S. of path point ;.

 Within each section of the segment S. determination the of time ¢°(j), velocity

v>(j) and acceleration a>(j) for waypoints j. considering five different cases



> Db. Trajectory planning module

Generation of the angular velocity profile resulting from trajectory planning
« Determining the current angle of the k-th waypoint of the entire path section

» Determination of the angular deviation between the k-th and (k-1)-th waypoints of the

entire section of track

« Determination of the angular velocity w(k) about the vertical axis through the pivot point of

the truck based on the angular misalignment and time data
Generation of wheel velocities resulting from trajectory planning

« Determining the speed of the mid-point v(k) between the wheels of the AGV and the
angular velocity of the vehicle w(k) on the k-th point of the entire track section vg (k) and

v; (k) on the right and left wheel, respectively:

ve(t) = v() =2+ (k) [T], vl = v +3- & [F]



Tests and measurements performed on the vehicle

»  Measurement results for automatic vehicle path control
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summary

In this presentation, | dealt with the path and trajectory planning of an AGV.
| highlighted the importance of the research topic and I introduced the AGV.

My development plans include the simulation and implementation of vehicle
control tasks that also meet industrial needs. For further developments, I consider it

Important to meet the requirements of Industry 4.0 technology.
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