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Abstract: In this paper, new types of autonomous systems used in agriculture were analysed. The paper shows new self-guiding systems such as AGVs with full autonomy in 
degrees operation. It explains internal transport and systems of autonomous vehicles in outdoor agriculture. New autonomous systems used outside such as appliance of special 
navigation systems and their purpose in agriculture are present in this work. Navigation systems with GPS signal and RTK technology, vehicle guidance camera and AI machine 
vision for manipulation are described. Light and laser technologies for fully autonomous robotic technologies such as LiDAR system in vehicle for detection of the presence of 
pests and diseases are presented in this paper. The paper emphasized advantages of using AGVs as result of their autonomy, clean power sources without harmful impact on 
the environment. Navigation in indoor spaces that uses LTE Direct protocol is explained, whereby the Wi-Fi ceiling antenna and wireless APP for horizontal movement of AGVs is 
shown. The ways of using UAVs for warehouse inventory through web applications with an advanced navigation system guided by AI are given in this work. 
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1 INTRODUCTION 
 

The Automatic Guided Vehicle (AGV) is used in many 
kinds of applications. They have done many kinds of 
important tasks in the field of indoor transportation [1, 2, 3], 
movement of outdoor goods [4, 5], as well as agricultural [6, 
7] works. Automated guided vehicles are defined as vehicles 
with their own: operation, energy source and transshipment 
devices intended for the transport of materials. They can also 
be defined as floor transport vehicles without a driver, 
computer-controlled, most often electrically powered with 
batteries. AGV appeared in 1954 and it can be said that they 
represent one of the most significant developments in the 
automation of transport operations in industry, on assembly 
lines, in warehouses and in goods transport centers and 
terminals [8, 9, 10, 11]. Authors [12] and [13] state how AGV 
systems have become a key component of today's 
intralogistics. The technological standard and the current 
level of experience with this automation technology have led 
to the introduction of AGVs in almost all branches of 
industry and areas of production. According to [14], AGVs 
are mobile robots and come in several variants depending on 
the way of guidance such as wire guidence, guidance tapes, 
laser targets, gyroscopic guidance and guidance with camera 
vision. In 2019, the International Federation of Robotics 
categorized 41% of robots as service robots, followed by 
maintenance robots 39% and vacuum robots 19%. According 
to [9], the AGV market is growing rapidly and the number of 
companies adopting AGV systems is increasing [15]. In 
general, AGVs are driverless vehicles that are used to 
automatically transport materials between locations and 
thereby automate internal transportation [16]. Considering 
that AGVs are highly mobile, their networking is done 
wirelessly, mostly using Wi-Fi connection [17]. Authors [18, 
19] observed that the use of AGV in future factories will not 
be able to support the current wireless communication 
systems therefore the next generation of systems will be 
implemented. According to [20] the next generation of 
wireless communication systems such as 5G band and Wi-
Fi6 communication aim to support industrial operation. 

According to [21] AGVs are significantly used as part of a 
reliable and flexible internal transport system. Automation of 
logistic vehicles can also have other benefits, such as 
reduction of costs and working time [22, 23, 24]. Author [25] 
states that AGV replace 70% of human wotking time which 
is significant automation. In addition, the authors [26] state 
that multiple loading of AGV will reduce system penalty cost 
up to 44%. 
 
2 TYPES OF AGVs IN INTERNAL TRANSPORT 
 

AGV for internal transport include automatically guided 
platforms, forklifts with automatic guidance, AGV cargo 
decks and tug AGVs. Author [27] states that the most 
common form of platform is the industrial transport platform 
(Fig. 1), which is used in systems where full automation and 
higher flexibility in connection with other subsystems is 
required. 

 

 
Figure 1 Industrial transport platform 

(Source: https://italcarrelli.eu/agv) 
 

 
Figure 2 Automatic guided forklift 

(Source: https://www.agriexpo.online/prod/bogaerts/product-180911-
46289.html) 
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Automatically guided forklifts are used in warehouses 
and for material handling which purpose is loading and 
unloading of both one load more pieces from cargo 
simultaneously, to different locations and at many heights 
which results to become one of the most commonly examples 
of AGV (Fig. 2). The authors [28] state that recent 
developments in machinery have increased production and 
production rates in industry resulting in the need for faster 
material handling systems. To meet the requirements, 
vehicles for handling heavy materials such as forklifts, pallet 
movers, electric forklifts with balanced levers are introduced 
in factories. For navigation of AGVs at the workspace there 
are many methods and they are categorized as follows: using 
AGVs to follow a specific route which are putted inside 
warehouses (guided vehicles):  

1. Wired AGVs (Fig. 3) that use a wire installed into the 
floor to follow the intended path of AGV. The line sends a 
electromagnetic radiation which AGV can detect and follow 
like track (Fig. 4). Authors [29] state that the use of human 
labor has been replaced by the use of wire AGVs thus they 
are classified into main types based on their utility; 

2. Guidance tape – a magnetic tape (Fig. 5) or a colored 
tape is used that is set along the intended path of the AGV 
which the vehicle follows [30, 31], also the main 
disadvantages are magnetic tape maintenance, magnetic tape 
cost and not suitable for complex paths [32]; 

3. AGVs that have transmitter and receiver have 
possibility to collect and spot lasers. According to [33] lasers 
are classified either by the US Performance Standard (21 
CFR 1040) of the Center for Devices and Radiological 
Health (CDRH) or the International Code (IEC 60825-1). 
Classification is based on the level of hazard of the laser 
beam during normal operation and includes factors such as 
wavelength, power output, accessible emission level, and 
emission duration. The following classes are defined: Class 
1 and 1M, Class 2 and 2M, Class 3R (formerly 3a) and 3b, 
Class 4. 

 

 
Figure 3 Wire guidance system 

(Source: www.goetting-agv.com/components/inductive/introduction) 
 

 
Figure 4 Scheme of induction guidance 

(Source https://hy-tek.com/resources/whats-the-difference-between-amr-and-agv/) 

 
Figure 5 Magnetic tape for guidance 

(Source: https://www.roboteq.com/applications) 
 
If AGVs want to have navigation through laser 

orientation then it is needed to put refelctive tapes on surface, 
also to have adequate technique AGVs to calculate their 
location related to the map stored in their memory when laser 
light is reflected from the tape. AGVs have laser transceivers 
on a rotating dome that automatically calculate the angle and 
distance to any reflecting tape in the line of sight (Fig. 6). 
According to [34] LGVs (laser-guided vehicles) are a kind of 
AGV that use floor-mounted reflective tape and laser sensors 
(as opposed to markers, wires, and magnet crumb trails) to 
triangulate position and navigate the warehouse. The 
disadvantage of navigation use of laser light are higher costs 
and more system maintenance requirement [35]; 

4. Inertial navigation – Inertial guidance where the 
current position of AGV is found by last information about 
position of the warehouse technique and their speed. AGVs 
are equipped with many types of sensors: accelerometer, 
gyroscopes and magnetometers. AGVs with current position 
can not be fully autonomous – they need it to have 
communication with a transponder that is usually installed in 
the floor. According to authors [36] automated guided 
vehicle (AGV) system has a central unit which takes control 
of scheduling, routing, and dispatching decisions for all 
AGVs, AMRs can communicate and negotiate independently 
with other resources like machines and systems and thus 
decentralize the decision-making process (Fig. 7). 

 

  
Figure 6 Laser determination of 

position in space 
(Source: 

https://www.sick.com/es/en/end-of-line-
packaging/automated) 

Figure 7 Stockbot for automating 
inventory-taking 

(Source: https://blog.pal-
robotics.com/advanced-factories-

autonomous-mobile-robots/ 
 

According to [37] one of the ways of using UAVs for 
warehouse inventory through web applications is the 
application of modern drones with an advanced navigation 
system guided by artificial intelligence. Skydio is a fully 
automated solution. After we mapping sophisticated drones 
fly the routes using AI-driven navigation system to capture 
images of bar codes, LPNs (Fig. 8) and then drone returns to 
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its dock, where all the data can be securely uploaded to 
warehouse or yard management system. 
 

 
Figure 8 Drone capturing code and LPN 

(Source: https://www.inboundlogistics.com) 
 
3 MECHANISMS FOR MOVEMENT 

 
Mechanisms for movement allow the robot to have 

abillty to motion and perform under low constraints. These 
mechanisms are modeled after movements in nature such as 
walking, running, rolling, sliding and jumping [27]. Mainly, 
robots can operate with two type of moving: on wheels (Fig. 
9) and with articulated legs. The mechanism on the wheels is 
the simplest, in contrast to the legs, which require greater 
degrees of freedom with a high level of complexity [38]. 
Mechanisms with legs (Fig. 10) are more suitable for rough 
terrain where irregularities prevent the use of wheels because 
they need a larger contact surface. Their energy 
consummation of foot style is more higher compared to style 
with wheels on solid and flat areas. If the area is getting softer 
then energy consummation is higher. The foot style of robot 
hase dot contact with the area it becomse more effective on 
light terrain. The inclusion of machine vision in agriculture 
is increasingly used especially in agricultural vehicles 
(autonomous and non-autonomous) and can be used for 
various agricultural operations, including row detection (Fig. 
11), special application, identification and monitoring. With 
progress, the machine vision is becoming an imperative in 
autonomous vehicles [39, 40, 41, 42]. 

 

  
Figure 9 Transport platform with 

wheels (Source: 
www.arbeitsbuehnen-weiss.de) 

Figure 10 Complex movement 
mechanism for overcoming difficult 

terrains (Source: Kottege, 2017) 
 

 
Figure 11 Detection rows with machine vision (Source: Pajares et al., 2016) 

 
The same authors [38] state that image sensors are used 

for numerous tasks in agriculture such as guidance, weed 

detection or phenotyping analysis. Crop row detection and 
identification are the most common tasks in agriculture when 
image processing techniques are used for obstacle detection 
or environment mapping. Newer technological advances 
allow vision systems to be connected to unmanned aerial 
vehicles (UAV), which are also considered autonomous 
vehicles. The positioning of sensors on a vehicle requires a 
geometric relationship between the sensor, the vehicle, and 
the field of view that the sensor uses for guidance 
information. A commonly used machine vision system is 
AutoTrac Vision, which uses the technology and methods to 
extract information from an image on an automated basis to 
follow the machine in crop rows. Using new technology, it 
can generally to make less crop destruction due to machine 
wheel passes throughout the time of certain operations (Fig. 
12) [43]. 
 

 
Figure 12 Camera locations in AutoTrac Vision system 

(Source: https://www.heavyquipmag.com) 
 

Autonomous vehicles for successful driving and filling 
of transport vehicles during harvesting often use the John 
Deere Active Fill Control system, which consists of dual 
cameras for having 3D real time checking and management 
of the refilling of transport trailers throughout the time of 
autonomous driving and harvest (Fig. 13). The Case IH AFS 
autonomous steering system is a navigation technology, 
which can be used with the Precision Land Management laser 
guidance navigation for crops (Fig. 14). Also in plant 
production often can be used navigation system 
SmartSteering for laser detecion of crops that uses an IR 
camera system during driving for the technology and 
methods to extract information from an image on an 
automated basis to follow the machine and to have 
opportunity to see and to control of trailer load level [44] 
 

  
Figure 13 Active monitoring of 

trailer loading 
(Source:www.deere.com). 

Figure 14 CAM PILOT 3D camera 
(Source: docplayer.org/53262082) 

 
There are two types of attachment control for successful 

autonomous control of agricultural equipment: an active 
control system (uses GPS signal or a vision sensor) and a 
passive system that has a location detection sensor [45]. 
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During the movement of autonomous vehicle on production 
fields, there is a negative impact because of the surface 
inhomogeneity, which affects the deviation from the planned 
path. Because of the mentioned, specialized guidance of 
attachement that can be adapted to different types of 
autonomous vehicles is increasingly being used. An 
autonomous vehicle is a part of an autonomous system that 
includes an autonomous attachement and a control unit (main 
controller for precise vehicle control) [46]. Autonomous 
vehicles use numerous systems to correct the accuracy of the 
attachement, which are installed on autonomous vehicles 
such as the ProTrakker 500DB, which has the ability of 2.54 
cm accuracy. The ProTrakker 500DB (Fig. 15) is compatible 
with numerous attachment control options from GPS signal 
to ultrasonic sensors [47]. A similar alignment system for the 
autonomous attachement is the use of a Dynatrac drawbar 
(Fig. 16) with a GPS guidance camera along with RTK signal 
to reduce the attachement drift [48]. 
 

  
Figure 15 ProTrakker 500DB system 
(Source: https://www.protrakker.com) 

Figure 16 DynaTrac® system 
(Source: www.laforgegroup.com) 

 
The application of autonomous vehicles in agriculture is 

often reflected in the use of a robot-electromechanical 
machine that can move, perform operations using limbs, feel 
external stimulation and physically influence its environment 
while using modern navigation systems [49]. Autonomous 
agricultural robots and autonomous vehicles have the 
potential to improve the efficiency of agricultural production 
and reduce resource consumption [50, 51]. An example of an 
autonomous vehicle for crop health monitoring is the 
LadyBird. Ladybird (Figure 17) is used for autonomous crop 
monitoring, where crop condition assessment is performed 
using hyperspectral cameras, thermal and infrared detection 
systems, also panoramic and stereo vision cameras, LiDAR 
and GPS guidance [52]. According to [53] main advantages 
of using LiDAR are: data can be collected quickly and with 
high accuracy, surface data has a higher sample density, can 
be used day and night, can be used to map inaccessible and 
featureless areas, also has minimum human dependence. 
Disadvantages of LiDAR: high operating costs in some 
applications, degraded at high sun angles and reflections, the 
laser beams may affect the human eye in cases where the 
beam is powerful. 

The use of the LadyBird autonomous vehicle enables 
detection of the presence of pests and diseases [54]. Authors 
[55] state that nowadays autonomous vehicles and robots are 
increasingly used as a fleet of vehicles. The impact of fleet 
coordination automation on commercial agriculture is huge. 
Future systems will require a high degree of autonomy and 

the potential to operate as a fleet because of concerns about 
the availability and operation cost on family farms [56, 57]. 
Authors [58] state four main sensors in vehicles, which are in 
the autonomous vehicle fleet: inertial measurement unit 
(IMU), camera, RTK-GPS receiver and LiDAR system. 
 

 
Figure 17 Ladybird autonomous vehicle 

(Source: https://www.abc.net.) 
 
4 NAVIGATION IN INDOOR SPACES 
 

LTE Direct is the autonomous long-distance D2D 
(Device to Device) protocol. This communication protocol 
will exploit direct communication between nearby LTE 
devices. LTE direct technology is used for data transmission 
over long distances (Fig. 18), i.e. for the use of AGV devices 
via IoT in protected areas [59]. According to [60], a ceiling 
antenna connected to a wireless APP is often used to move 
the AGV in the horizontal plane and send commands (Fig. 
19.). According to [62] in greenhouses, warehouses and 
indoor environments often are used AGV equipped with 
RFID sensors for RFID localization tags and environmental 
mappig (Fig. 19). 
 

 

 
Figure 18 Communication between 
nearby LTE devices (Source: [61]) 

Figure 19 AGVs operating on 
floor level with Wi-Fi network 

(Source: [60]) 
 

RFID read/write devices can detect tags at ranges of up 
to 2 m (depending on the transponder used). This means that 
pallets or trolleys can be identified during the AGV’s 
approach (Fig. 20). Once read, the tag data is verified via the 
warehouse management system, supporting consistent 
traceability of goods flows. 
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Figure 20 RFID on AGV 

(Source: https://www.sick.com/ag/en/industries/logistics) 
 
5 CONCLUSIONS 
 

The advantages of AGVs are manifested in the adequate 
replacement of human resources/operators, high efficiency, 
the possibility of 24-hour work, lower labor costs compared 
to human labor in the long term. AGVs are equipped with 
numerous systems for avoiding objects, thus minimizing 
damage to products, machines and infrastructure. They have 
safety sensors and under high-frequency operation they 
remain in their work zones without endangering the 
environment. They can be programmed to handle different 
products with a certain degree of finesse as required, thus 
reducing the potential level of damage during handling. In 
processes that may include conveyor belts for sorting and 
serial collecting it is needed to have warehouse software to 
manage and command the best time for using a fleet of 
AGVs, also to schedule the input of stock. The result is 
maximum use of working time. AGVs can operate under low 
changes so they become a machines with better manipulation 
unlike conveyor belts or flow racks, AGVs can operate with 
minimal changes to the existing layout of the workspace or 
warehouse. Initial costs when purchasing an AGV can be 
significant due to the high purchase price and maintenance 
costs of the charging station, however, in the long run they 
are easier and more predictable than the human sector of 
workers because they do not require compensation for shift 
work, holidays or need for a day off. For the successful 
operation of AGV, it is necessary to provide quality markings 
for the successful operation of the sensors and to familiarize 
the staff of the work area or warehouse. AGVs are 
autonomous vehicles that are at the top of the niche in the 
automation ecosystem due to their autonomy and the use of 
clean power sources without harmful impact on the 
environment. 

 
6 REFERENCES 
 
[1] Motroni, A., Buffi, A., & Nepa, P. (2021). Forklift tracking: 

Industry 4.0 implementation in large-scale warehouses through 
uwb sensor fusion. Applied Sciences, 11(22). 10607.  
https://doi.org/10.3390/app112210607 

[2] Stetter, R. (2020). A fuzzy virtual actuator for automated 
guided vehicles. Sensors, 20(15). 4154.  
https://doi.org/10.3390/s20154154 

[3] Teso-Fz-Betoño, D., Zulueta, E., Fernandez-Gamiz, U., 
Aramendia, I., & Uriarte, I. (2019). A free navigation of an 
AGV to a non-static target with obstacle avoidance. 
Electronics, 8(2), 159. https://doi.org/10.3390/electronics8020159 

[4] Ito, S., Hiratsuka, S., Ohta, M., Matsubara, H., & Ogawa, M. 
(2018). Small imaging depth LIDAR and DCNN-based 
localization for automated guided vehicle. Sensors, 18(1). 177.  
https://doi.org/10.3390/s18010177 

[5] Saputra, R. P. & Rijanto, E. (2021). Automatic guided vehicles 
system and its coordination control for containers terminal 
logistics application. arXiv preprint arXiv, Proceedings of the 
conference on international logistic seminar and workshop. 

[6] Gonzalez-de-Santos, P., Fernández, R., Sepúlveda, D., Navas, 
E., Emmi, L., & Armada, M. (2020). Field robots for intelligent 
farms—Inhering features from industry. Agronomy, 10(11). 
1638. https://doi.org/10.3390/agronomy10111638 

[7] Gu, Y., Li, Z., Zhang, Z., Li, J., & Chen, L. (2020). Path 
tracking control of field information-collecting robot based on 
improved convolutional neural network algorithm. Sensors, 
20(3), 797. https://doi.org/10.3390/s20030797 

[8] Prgomet, S. (2017). Automated guided vehicles in internal 
transport and storage, Polytechnic in Šibenik, Šibenik. 

[9] De Ryck, M., Versteyhe, M., Debrouwere, F. (2020). 
Automated guided vehicle systems, state-of-the-art control 
algorithms and techniques. Journal of Manufacturing Systems, 
54, 152-173. https://doi.org/10.1016/j.jmsy.2019.12.002 

[10] Das, S. K. & Pasan, M. K. (2016). Design and methodology of 
automated guided vehicle-a review. IOSR Journal of 
Mechanical and Civil Engineering (IOSR-JMCE), 29-35. 
https://doi.org/10.9790/1684-15010030329-35 

[11] De Ryck, M., Versteyhe, M., & Shariatmadar, K. (2020). 
Resource management in decentralized industrial Automated 
Guided Vehicle systems. Journal of Manufacturing Systems, 
54. 204-214. https://doi.org/10.1016/j.jmsy.2019.11.003 

[12] Ullrich, G., Albrecht, T. (2023). History of Automated Guided 
Vehicle Systems. In Automated guided vehicle systems, 1-26. 
Springer Vieweg, Wiesbaden.  
https://doi.org/10.1007/978-3-658-35387-2_1 

[13] Oyekanlu, E. A., Smith, A. C., Thomas, W. P., Mulroy, G., 
Hitesh, D., Ramsey, M., & Sun, D. (2020). A review of recent 
advances in automated guided vehicle technologies: 
Integration challenges and research areas for 5G-based smart 
manufacturing applications. IEEE Transactions on Robotics 
and Automation, 8, 202312-202353. 
https://doi.org/10.1109/ACCESS.2020.3035729 

[14] International Federation of Robotics. (2019). Service robots—
Global sales value reaches 12.9 billion USD says IFR. 
Retrieved from https://ifr.org/downloads/press2018/2019-09-
18_Press_Relase_IFR_World_Robotics_2019_Service_Robot
s_English.pdf. 

[15] Hu, H., Jia, X., He, Q., Fu, S., & Liu, K. (2020) Deep 
reinforcement learning based AGVs realtime scheduling with 
mixed rule for flexible shop floor in industry 4.0. Computers 
and Industrial Engineering, 149, 106749.  
https://doi.org/10.1016/j.cie.2020.106749 

[16] De Ryck, M., Pissoort, D., Holvoet, T. & Demeester, E. (2021). 
Decentral task allocation for industrial AGV-systems with 
resource constraints. Journal of Manufacturing Systems, 59, 
310-319. https://doi.org/10.1016/j.jmsy.2021.03.008 

[17] Zhan, M. & Yu, K. (2018). Wireless communication 
technologies in automated guided vehicles: Survey and 
analysis. The 44th Annual Conference of the IEEE Industrial 
Electronics Society, 4155-4161.  
https://doi.org/110.1109/IECON.2018.8592782 



Domagoj Zimmer et al.: Automatically Guided Vehicles in Agriculture 

TEHNIČKI GLASNIK 18, 4(2024), 666-672                               671 

[18] VDI/VDE. (2007). Radio based communication in industrial 
automation. VDI/VDE 2185, Berlin: Beuth Verlag. 

[19] Neher, P., Lechler, A., & Verl, A. (2016). Industrielles LTE" 
in Fortschrittsberichte VDI Reihe 2 Fertigungstechnik, VDI-
Verlag. 

[20] Maldonado, R., Karstensen, A., Pocovi, G., Esswie, A. A., 
Rosa, C., Alanen, O., & Kolding, T. (2021). Comparing Wi-Fi 
6 and 5G downlink performance for industrial IoT. IEEE, 9, 
986928-86937. 
https://doi.org/10.1109/ACCESS.2021.3085896 

[21] López, J., Zalama, E., & Gómez-García-Bermejo, J. (2022). A 
simulation and control framework for AGV based transport 
systems. Simulation Modelling Practice and Theory, 116. 
102430. https://doi.org/10.1016/j.simpat.2021.102430 

[22] Schulze, L. & Zhao, L. (2007). Worldwide development and 
application of automated guided vehicle systems. International 
Journal of Services Operations and Informatics, 2(2). 164-176.  
https://doi.org/10.1504/IJSOI.2007.014518 

[23] Maxwell, W. L. & Muckstadt, J. A. (1982). Design of 
automatic guided vehicle systems. Iie Transactions, 14(2). 
114-124. https://doi.org/10.1080/05695558208975046 

[24] Sabattini, L., Digani, V., Secchi, C., Cotena, G., Ronzoni, D., 
Foppoli, M., & Oleari, F. (2013). Technological roadmap to 
boost the introduction of AGVs in industrial applications. The 
9th International Conference on Intelligent Computer 
Communication and Processing (ICCP), 203-208.  
https://doi.org/10.1109/ICCP.2013.6646109 

[25] Davich, T. (2010). Material handling solutions: A look into 
automated robotics. Wunsch Materials Handling Prize. 

[26] Rahimikelarijani, B., Saidi-Mehrabad, M., & Barzinpour, F. 
(2020). A mathematical model for multiple-load AGVs in 
Tandem layout. Journal of Optimization in Industrial 
Engineering, 13(1), 67-80.  
https://doi.org/10.22094/JOIE.2018.537.37 

[27] Chikosi, G. (2014). Autonomous guided vehicle for 
agricultural application. Doctoral dissertation, Nelson 
Mandela Metropolitan University). 

[28] Ilangasinghe, D. & Parnichkun, M. (2019 J). Navigation 
Control of an Automatic Guided Forklift. First International 
Symposium on Instrumentation, Control, Artificial 
Intelligence, and Robotics, 123-126. Navigation Control of an 
Automatic Guided Forklift. 
https://doi.org/10.1109/ICA-SYMP.2019.8646051 

[29] Guo, J., Hu, P., Li, L., & Wang, R. (2012). Design of automatic 
steering controller for trajectory tracking of unmanned vehicles 
using genetic algorithms. Transactions on Vehicular 
Technology, 61(7). 2913-2924.  
https://doi.org/10.1109/TVT.2012.2201513 

[30] Doan, P. T., Nguyen, T. T., Dinh, V. T., Kim, H. K., & Kim, 
S. B. (2011). Path tracking control of automatic guided vehicle 
using camera sensor. The 1st International Symposium on 
Automotive and Convergence Engineering, 20-26. 

[31] Chwa, D. (2011). Fuzzy adaptive tracking control of wheeled 
mobile robots with state-dependent kinematic and dynamic 
disturbances. IEEE transactions on Fuzzy Systems, 20(3). 587-
593. https://doi.org/10.1109/TFUZZ.2011.2176738 

[32] https://www.agvnetwork.com/17-agv-
omponents/yuanben/magnetic-guidance-sensors/27-digital-
agv-magnetic-guiding-sensor-16-bits (Accessed: 28.09.2023.) 

[33] https://drs.illinois.edu/Page/SAfetyLibrary/LaserClassificatio
n (Accessed: 28.09.2023.) 

[34] https://robopacusa.com/the-basics-of-laser-guided-vehicles/ 
(Accessed: 28.09.2023.) 

[35] Koenig, S. & Likachev, M. (2001). Incremental A, Procces. of 
the Neutral Information, Processing Systems. 

[36] Fragapane, G., De Koster, R., Sgarbossa, F., & Strandhagen, J. 
O. (2021). Planning and control of autonomous mobile robots 
for intralogistics: Literature review and research agenda. 
European Journal of Operational Research, 294(2). 405-426.  
https://doi.org/10.1016/j.ejor.2021.01.019 

[37] https://www.skydio.com/inventory-management-drones 
(Accessed: 29.09.2023.) 

[38] Siegwart, R., Nourbakhsh, I. R., & Scaramuzza, D. (2004). 
Introduction to Autonomous Mobile Robots. Massachusetts. 

[39] Pajares, G., García-Santillán, I., Campos, Y., Montalvo, M., 
Guerrero, J. M., Emmi, L., & Gonzalez-de-Santos, P. (2016). 
Machine-vision systems selection for agricultural vehicles: A 
guide. Journal of Imaging, 2(4). 34.  
https://doi.org/10.3390/jimaging2040034 

[40] Jin, L., Wuwei, C., Bichun, L., & Shan-Bin, W. (2008). Road 
recognition and tracking control of a vision guided AGV. 
Transactions of the Chinese Society for Agricultural 
Machinery, 39(2). 20-24. 

[41] Meng, Q., Qiu, R., He, J., Zhang, M., Ma, X., & Liu, G. (2015). 
Development of agricultural implement system based on 
machine vision and fuzzy control. Computers and Electronics 
in Agriculture, 112. 128-138.  
https://doi.org/10.1016/j.compag.2014.11.006 

[42] Wang, T., Chen, B., Zhang, Z., Li, H., & Zhang, M. (2022). 
Applications of machine vision in agricultural robot 
navigation: A review. Computers and Electronics in 
Agriculture, 198, 107085.  
https://doi.org/10.1016/j.compag.2022.107085 

[43] Thomasson, J. A., Baillie, C. P., Antille, D. L., Lobsey, C. R., 
& McCarthy, C. L. (2019). Autonomous technologies in 
agricultural equipment: a review of the state of the art, 1-17. 
St. Joseph, MI, USA: American Society of Agricultural and 
Biological Engineers. 

[44] Vázquez-Arellano, M., Griepentrog, H. W., Reiser, D., & 
Paraforos, D. S. (2016). 3-D imaging systems for agricultural 
applications—a review. Sensors, 16(5). 618.  
https://doi.org/10.3390/s16050618 

[45] https://orthman.com/agriculture/implement-guidance/ 
(Accessed: 15.02.2023.) 

[46] Emmi, L., Gonzalez-de-Soto, M., Pajares, G., & Gonzales-de-
Santos, P. (2014). New trends in robotics for Agriculture: 
Integration and Assessments of a real fleet of robots, 
University Complutense of Madrid. The Scientific World 
Journal, 2014, Article ID 404059.  
https://doi.org/10.1155/2014/404059 

[47] http://www.protrakker.com/500DB-system/ (Accessed: 
15.02.2023.) 

[48] https://www.laforgegroup.com/en/dynatrac-2/ (Accessed: 
15.02.2023.) 

[49] Zutven, P., Kostic, D., & Nijmeijer, H. (2009). Modeling, 
identification and stability of humanoid robots. University of 
Technology, Department of Mechanical Engineering. 

[50] Duckett, T., Pearson, S., Blackmore, S., Grieve, B., Chen, W. 
H., Cielniak, G. et al. (2018). Agricultural robotics: the future 
of robotic agriculture. https://doi.org/10.31256/WP2018.2 
https://doi.org/10.48550/arXiv.1806.06762 

[51] Khadatkar, A., Mathur, S. M., Dubey, K., & BhusanaBabu, V. 
(2021). Development of embedded automatic transplanting 
system in seedling transplanters for precision agriculture. 
Artificial Intelligence in Agriculture, 5. 175-184.  
https://doi.org/10.1016/j.aiia.2021.08.001 

[52] https://www.stockjournal.com.au/story/4061108/world-first-
trial-of-ladybird-robot-in-sa-crop/ (Accessed: 17.02.2023.) 

[53] https://lidarradar.com/info/advantages-and-disadvantages-of-
lidar?utm_content=cmp-true (Accessed: 29.09.2023.) 



Domagoj Zimmer et al.: Automatically Guided Vehicles in Agriculture 

672                                                                                                                                                                               TECHNICAL JOURNAL 18, 4(2024), 666-672 

[54] https://www.aiplusinfo.com/blog/an-overview-of-the-
ladybird-farming-robot/ (Accessed: 17.02.2023.) 

[55] Lujak, M., Sklar, E., & Semet, F. (2021). Agriculture fleet 
vehicle routing: A decentralised and dynamic problem. AI 
Communications, 34(1). 55-71.  
https://doi.org/10.3233/AIC-201581 

[56] Marinoudi, V., Sørensen, C. G., Pearson, S., & Bochtis, D. 
(2019). Robotics and labour in agriculture. A context 
consideration. Biosystems Engineering, 184, 111-121. 
https://doi.org/10.1016/j.biosystemseng.2019.06.013 

[57] Bechar, A. & Vigneault, C. (2016). Agricultural robots for 
field operations: Concepts and components. Biosystems 
Engineering, 149, 94-111.  
https://doi.org/10.1016/j.biosystemseng.2016.06.014 

[58] Conesa-Muñoz, J., Gonzalez-de-Soto, M., Gonzalez-de-
Santos, P., & Ribeiro, A. (2015). Distributed multi-level 
supervision to effectively monitor the operations of a fleet of 
autonomous vehicles in agricultural tasks. Sensors, 15(3). 
5402-5428. https://doi.org/10.3390/s150305402 

[59] https://www.3glteinfo.com/lte-direct/ (Accessed: 02.10.2023.) 
[60] https://www.moxa.com/en/spotlight/industrial-

wireless/automated-materials-handling-system/index 
(Accessed: 02.10.2023.) 

[61] Cabuk, U., Kanakis, G., & Dalkılıç, F. (2016). LTE direct as a 
device-to-device network technology: use cases and security. 
International Journal of Advanced Research in Computer and 
Communication Engineering, 5(7). 401-406. 
https://doi.org/10.17148/IJARCCE.2016.5779 

[62] Longhi, M., Taylor, Z., Popović, M., Nieto, J., Marrocco, G., 
& Siegwart, R. (2018). Rfid-based localization for greenhouses 
monitoring using mavs. Topical Conference on Antennas and 
Propagation in Wireless Communications (APWC), 905-908. 
https://doi.org/10.1109/APWC.2018.8503764 

 
 
Authors’ contacts: 
 
Domagoj Zimmer, PhD, Assistant professor 
(Corresponding author) 
Faculty of Agrobiotechnical Sciences Osijek 
Vladimira Preloga 1, 31000 Osijek, Croatia 
dzimmer@fazos.hr  
 
Luka Šumanovac, PhD, Full Professor 
Faculty of Agrobiotechnical Sciences Osijek 
Vladimira Preloga 1, 31000 Osijek, Croatia 
luka.sumanovac@fazos.hr 
 
Mladen Jurišić, PhD, Full Professor 
Faculty of Agrobiotechnical Sciences Osijek 
Vladimira Preloga 1, 31000 Osijek, Croatia 
mjurisic@fazos.hr 
 
Arian Čosić, MSc, student 
Faculty of Agrobiotechnical Sciences Osijek 
Vladimira Preloga 1, 31000 Osijek, Croatia 
arian12cosic@gmail.com 
 
Pavo Lucić, PhD, Assistant professor 
Faculty of Agrobiotechnical Sciences Osijek 
Vladimira Preloga 1, 31000 Osijek, Croatia 
plucic@fazos.hr 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


