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Abstract 

 
Robot Operating System (ROS) is a meta-operating system with a collection of sophisticated tools that can be used for 
enabling the scheduling and planning of mobile robots at industrial environments. Highly skilled IT professionals are 
handling intralogistics activities by programming the robots’ behaviour at the facility layout, both at simulation and real-
world environments. The customization of the system by non-experts is not a trivial task. 
We propose an efficient and user friendly ROS tool as an interface for providing hot-spots at the facility layout where the 
loading and unloading activities take place. The user input is stored and visualized while an Ant Colony optimization 
algorithm determines the shortest path for navigating at the facility layout while passing through all the sections of interest. 
The final output is visualized at the simulation environment while in the meantime the real world robot follows the 
proposed path at the facility. Our pilot case study uses the Turtlebot3 Waffle mobile robot at a warehouse facility layout 
and the results indicate that the proposed tool could be utilized by non-experts for efficiently customizing the mobile 
robot’s path in real-world conditions.  

 

Keywords: ROS tool; Ant Colony Optimization; Planning; Mobile Robots; Intralogistics. 

 

1. Introduction 

 

The manufacturing industry after passing from the mechanization to the automation and the mass production phase is 

now to the challenging Industry 4.0 era. The Industry 4.0 revolution has led to automated and flexible industrial 

environments where repeated, time consuming and in many cases critical tasks are taken over by robotic systems. Heavy 

duty everyday activities are no longer considered a burden for human workers as they can be safely and reliably assigned 

to automated machines. Flexibility is a major characteristic of modern factories as the equipment can be easily customized 

in order to produce small lots of products and create resilient supply chains [1]. In this context mobility is an issue at the 

facility layout, as it could lead to intelligent systems that can increase productivity and decrease production down-times. 

Digital manufacturing motivates critical changes to the industrial landscape by the means of intelligent vehicles [2]. Either 

manually teleoperated, semi-automated or fully autonomous, mobile vehicles have been successfully used at production 

lines basically for transferring goods and materials (products, spare parts), human workers and even machines in the 

context of flexible manufacturing. Their penetration to the industrial facilities and to the supply chain ecosystem is 
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constantly increasing as they provide (i) 24/7 services, (ii) minimization of labour cost, (iii) low maintenance cost, (iv) 

enhanced accuracy in daily activities and (v) improved safety [3].  

Automated Guided Vehicles (AGVs) are used in real-world scenarios at the manufacturing industry and logistics and 

provide intelligence, reconfigurability, flexibility and customizability to the industrial environment while relying less on 

human intervention [4]. Taking into account their utilization we can initially classify industrial vehicles according to (i) 

vehicle’s type and size (chassis), (ii) the vehicle’s kinematics (type of vehicle, type of wheels and movement) (iii) the 

navigation characteristics (embedded sensors, controls, facility layout) [3]. Moreover, AGVs’ manufacturers provide 

sophisticated software tools for controlling vehicles at the production line. Software systems can have a centralized or 

decentralized architecture depending on the application and the field of use. Centralized systems are less flexible and 

usually require prior knowledge of the facility layout; on the other hand decentralized systems tend to enable the 

independent movement of each vehicle to the facility while the vehicles gradually become acquainted with the 

environment.  

Depending on the vehicle’s characteristics AGVs can navigate at the facility by localizing themselves and creating 

the occupancy maps for mapping the facility’s layout. The occupancy map enables the vehicle to plan its movement from 

one point to the other creating a global path at the map while avoiding static obstacles. At the same time a local path is 

dynamically created in order to avoid moving obstacles that could intervene with the AGV’s global path. Finally, in order 

to schedule and plan the AGV’s complete trip in a facility, the authors focus on the well documented Vehicle Routing 

Problem (VRP) and consider the optimal route for visiting the regions of interest while minimizing the total distance 

travelled. The software optimizes the vehicle’s route by minimizing an objective function (cost function) subject to a 

critical parameter like the total distance travelled by the vehicle. Experienced personnel (usually highly skilled 

technicians) use tools for programming the vehicle’s behaviour at the facility. Major or minor changes at the facility must 

be carried out by authorized and special trained users in order to avoid collisions and inappropriate robot behaviour.  

In this research paper, our focus is on providing sophisticated tools for utilizing the vehicles at the facility layout in a 

user friendly manner enabling the vehicle’s control from non-experts. As a first step, the authors used the vehicle’s sensors 

and Robot Operating System (ROS) for navigating and exploring the facility in order to create the facility’s map. At a 

later step the proposed tool provides a visual interface for storing regions of interest (hot-spots) at the facility layout where 

the loading and unloading activities take place while the authors focus on routing optimization methods in intralogistics. 

An Ant Colony Optimization algorithm determines the shortest path for navigating at the facility layout while passing 

through all the sections of interest. The final output is visualized in the simulation environment while in the meantime the 

real world robot follows the proposed path at the facility. Our pilot case study uses the Turtlebot3 Waffle mobile robot 

and the results indicate that the proposed tool could be utilized by non-experts for efficiently customizing the mobile 

robot’s path in real-world conditions. 

The remainder of the manuscript is organized as follows. In Section 2 the Literature review sheds light to the context 

of incorporating AGVs in intralogistics, Material and Methods in Section 3 analyse the proposed software tool and in 

Section 4 we present the Results of our research work. Finally in Section 5 we conclude with the Conclusions and Next 

Steps work section. 

 

2. Literature review 

 

Industry 4.0 is undoubtedly the main trend in manufacturing. Industries and Information Systems converge in order 

to provide an integrated environment for optimizing manufacturing processes and intralogistics. Automation is 

accompanied with business intelligence and factories are transformed for enabling intelligent manufacturing [5]. In order 

establish an integrated system we have to focus both on hardware and software issues and promote interoperability at the 

shop floor. Machinery, individual sensors, mobile vehicles and devices become a unified ecosystem in order to 

communicate both with each other and with the human workers. Industrial Internet of Things (IoTs) handles the 

communication of the ecosystem and the 24/7 exchange of critical industrial data. On top of them Information Systems 

are parts of the ecosystem and conclude to decisions in order to support the human workers to operational, tactical and 

even strategic decisions. This technological innovation promotes profound changes to the way the stakeholders 

communicate with each other and promote Logistics 4.0 at the supply chain ecosystem [6]. Autonomous vehicles have 

the ability to act as mobile agents that live on the shop-floor, monitor the real-world infrastructure, act as a node to 

aggregate information from the shop-floor and even undertake certain actions according their actuators; from simply 

transporting goods and materials to actually undertaking critical manipulation of the machinery at the shop-floor using 

robotic arms. AGVs navigate at the shop-floor with levels of autonomy that start from simple teleoperated systems in 

known environments, procced with the use of sensors in order to demonstrate basic behaviours, move on to mid and high 

complexity environments by gradually decreasing the human interaction levels and finally approach the fully autonomous 

intelligent characteristics in extreme environments at the highest complexity missions [7]. From another point of view, 

we should consider the six levels of autonomy scale in autonomous driving, that face the transition from human to 

autonomous driving beginning at Level 0 from no automation and gradually adding automation until the Level 5 where 

full-time autonomous features are met. At the final level perception and control reach similar levels (if not better) with 

the human perception levels in unknown environments [8]. As it is clearly stated the trend is the use of autonomous 

vehicles that could navigate at the industrial facilities without human intervention and conclude to decisions in order to 

increase productivity.  
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As stated by [3] the AGVs ecosystem consists of three major domains the surrounding environment, the hardware and 

the software used. The environment must be carefully considered in order to select the AGVs that best fit to the facility 

layout and can carry out the demanding daily activities, while enabling the use of certain technologies for the vehicle’s 

navigation. The Hardware type includes the vehicle’s type (forklift, tow, clamp, custom vehicle), the type of the 

mechanical parts (frame, motors, units on top), the electronic devices and the power source and finally the software type 

that includes the centralized, decentralized or hierarchical structure of the system and the algorithms used for the planning, 

scheduling, dispatching, routing and collision avoidance techniques. The presented research paper focuses on indoor 

intralogistics environments where material handling vehicles can autonomously navigate while avoiding obstacles. For 

indoor industrial environments and warehouses, Light Detection And Ranging (LiDAR) sensors and depth cameras along 

with inertial and odometry sensors are used for localizing the robots while secondary emergency systems assure the 

collision free movement of the vehicle at the industrial facility. Software tools can either have centralized control over 

the system (vehicles and resources) or decentralized control in case every node of the system could act independently. 

The use of a software systems for controlling AGVs at the shop floor is described at [9]. Path planning and scheduling is 

of major importance in software systems in order to provide minimum collisions on the shop floor and optimize 

productivity. The VRP is an NP-hard problem that considers the optimal path for visiting all the sections of interest while 

minimizing the total distance. Local search methods for solving the VRP for simultaneous pick-up and delivery activities 

focusing on a logistics environment are analysed at [10], while [11] simulated the pick-up and delivery of goods in a 

warehouse and optimized the AGVs’ schedule. Finally, [12] elaborated on Simulated-Annealing with an Ant Colony 

implementation. The literature review section provided an insight to the work of other researchers and motivated us to 

develop the proposed software tool. Our scope is to create an open source software tool with a user-friendly Graphical 

User Interface (GUI) for non-experts in order to optimize intralogistics activities using AGVs. 

 

3. Materials and Methods 

 

As a framework for the creation of the proposed tool the authors used ROS. ROS provides a variety of sophisticated 

software tools for enabling robot communication methods and activities namely localization, mapping, path planning and 

scheduling methods and paves the way for the rapid reconfiguration of mobile robots at industrial environments [13]. For 

the actual movement of a vehicle in an industrial facility layout and for the simulation of the robot’s movement at the 

map of the facility the authors used the TurtleBot Waffle kit that consists of a mobile chassis, 360 Laser Distance Sensor 

LDS-01, Raspberry Pi Camera Module v2.1, Raspberry Pi 3 Model B and B+, 32-bit ARM Cortex®-M7 with FPU (216 

MHz, 462 DMIPS), RC-100B + BT-410 Set (Bluetooth 4, BLE), laptop computer and the additional TurtleBot mounting 

hardware kit. The mobile vehicle chassis was used in order to create the Occupancy Grid Map (OGM) of a real-world 

facility that clearly shows the boundaries of the facility, the static obstacles and indicates the free space for the vehicle’s 

movement. At a later step the Graphical User Interface (GUI) was designed and implemented on top of the Rviz tool. 

Non-expert users pinpoint the regions of interest at the facility and the vehicle navigates through them using an 

optimization algorithm for minimizing the total distance travelled. The proposed software tool is demonstrated both at 

the simulation environment and at the real-world facility layout.  

 

3.1. Creation of OGM with Turtlebot and Slam 

 

The initial step before navigating into an unknown environment is to create a perception of the environment. At our 

case study we start with the creation of the facility’s map using the Turtlebot Waffle mobile robot. The robot is 

teleoperated at the facility and creates the OGM using the Simultaneous Localization and Mapping (SLAM) method. 

Given a series of controls and sensor observations over discrete time steps, the SLAM problem is to compute an estimate 

of the agent's location and a map of the environment. In our case study, the mobile robot estimates its current location 

with the help of the 360o Laser Distance Sensor. ROS supports various SLAM methods such as Gmapping, Cartographer, 

Hector, and Karto and in our research work we used the Gmapping method. The final OGM is presented in Fig. 1. Pixels 

with white colour indicate the area where the mobile robot can freely move, black colour represents the occupied area 

with the static obstacles and finally grey pixels indicate the unexplored regions.  

 

 
 

Fig 1. The OGM of the experimental facility layout  
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3.2. The proposed tool’s Graphical User Interface (GUI) 

 

Following the 2D contour creation, the map is uploaded at the Rviz simulation environment. Rviz provides a friendly 

GUI for monitoring the real time activities of the mobile robot and communicating with the environment and the robot. 

Rviz, is a 2D and 3D visualizer for displaying the vehicle’s environment, sensor’s data and state information from ROS. 

Using Rviz, we can visualize current configuration and state of the mobile robot and the 2D contour of the OGM. 

Furthermore, we are able to display real-time information from ROS Topics (camera data, LiDAR distance measurements 

etc) and even information about the optimal trajectories created from Global and Local Path planners. Finally with the 

addition of Qt we can create a user friendly interface inside Rviz’s window frame enabling the customization of the system 

by non-experts. Qt is a free and open source software for creating cross-platform applications that run on various software 

and hardware platforms such as Linux, Windows, MacOS, Android or embedded systems and is used for the 

implementation of the proposed software tool. The authors’ work focuses on creating a user friendly application. The 

functionalities of the GUI are summarized as follows: 

• Add, Delete points of interest at the facility and calculate the from-to distance matrix of the points of interest (Fig. 2) 

• Run the algorithm and present the optimized solution for navigating to all the points of interest with the minimum 

travelled distance (Fig. 3) 

• Customize the parameters of the ACO optimization algorithm used for the minimization of the total travelled distance 

by the mobile vehicle (Fig. 4) 

• Visualize the results. 

As a first step the non-expert user opens the 2D OGM of the facility that was created with the SLAM method. The 

user selects the Add button to insert a specific point of interest in the facility and the coordinates of the point are presented 

at a text box. Multiple points of interest are inserted in the map and when finished, the NavFn global path planner is used 

to measure all the optimum distances between any two points and form the From-To matrix of the points. The Global 

planner is a class that adheres to the nav_core :: BaseGlobalPlanner interface specified in the nav_core Ros package. 

Nav_core is a package that provides common interfaces for specific robot actions such as BaseGlobalPlanner, 

BaseLocalPlanner, and RecoveryBehavior interfaces, which can be used to trigger specific actions. As a result, with the 

addition of C++ code, the authors identify the optimal distance costs from the Global planner and store them at the From-

To distance matrix. Finally the ACO algorithm takes as an input the From-To distance matrix in order to provide the 

optimal route that the simulated robot model has to follow, in order to minimize the total travelled distance. The optimal 

route is also visualized at the GUI.  

 

 
 

Fig 2. The user adds points of interest, the tool calculates and visualizes the from-to distances  

 

 
 

Fig 3. The final output of the tool, reorders the points and visualizes the minimum travel path (red line)  
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3.3. ACO implementation   

 

Given a matrix of distances between the regions of interest in the occupancy map, the authors focused on identifying 

a closed Hamiltonian cycle that creates a path travelling through all the regions, and passing from any region once and 

only once. In order to find the optimal path we minimized the total traveling distance. This is exactly the definition of the 

world-famous Traveling Salesman Problem (TSP), a simplified version of the VRP. TSP is a NP-complete problem which 

means that finding an analytical solution is not an easy task and thus numerous algorithms have been developed 

throughout the years both analytical as well as heuristics and meta-heuristics [14]. For the optimal solution that minimizes 

the total travelled distance we implemented a ROS based variation of a meta-heuristic optimization algorithm, the hybrid 

ACO. A similar algorithm was implemented in a stand-alone C# tool that was used for warehouse intralogistics for solving 

the Capacitated Vehicle Routing Problem with Multiple Trips [15]. Just as the name suggests this algorithm at its basis 

mimics the behaviour of ants when trying to find the optimal path from their nest to their food source and back while 

reposing a special hormone that is called pheromone. On top of this algorithm, the authors included various optimization 

algorithms and techniques to overcome some important weaknesses of ACO such as its ability to get trapped to locally 

optimal solutions. Since this hybrid algorithm was developed for solving the Capacitated Vehicle Routing Problem with 

Multiple Trips which is a lot more complex than the Traveling Salesman Problem, it was decided that the algorithm would 

be modified, by removing unnecessary improving techniques such as the 2-opt algorithm and the swapping and insertion 

technique, thus improving its speed while maintaining accuracy. The algorithm was implemented using the C++ 

programming language in order to be used as a ROS plugin and its accuracy was tested in various benchmarks.  

When running the software, the user provides and stores at the developed tool the parameters of the ACO algorithm 

in order to override the default values (Fig. 4). To begin with the number of Iterations must be defined. The default values 

are between 1000-3000 depending on the number of the nodes in the facility. The number of ants is represented with m, 

with recommended values of 10-20, and the probability q0 which determines the exploration ability of the ants. Lastly 

the parameters in the transition probability b, x and a are defined with recommended values 2, 0.1 and 1 respectively, 

followed by the exhaust rate of the pheromones r with recommended value of 0.1. The values of the parameters are critical 

and define the accuracy of the algorithm and the user should always be careful when declaring them. 

 

 
 

Fig 4. ACO customization interface  

 

4. Results 

 

The proposed tool provides a complete solution for providing the a set of regions of interest in a facility layout while 

the implemented ACO algorithm optimizes the tour through the set of points of interest so that it minimizes the total 

travelled distance. The validity of our solution has been initially tested with a set of benchmarks like the Western Sahara 

(29 points) and the Djibouti (38 points) with fair results (error percentage lower than 0.05%). As a next step we elaborated 

with our tool in order to run tests within the facility layout using different entry points. The Results table (Table 1) presents 

the shortest path at each case while Fig. 5 indicatively presents the final results (vehicle’s global path) of each case study 

(10, 20 and 30 points). 

 

Number of points at 

the facility 

Total Distance 

(m) 

ACO Computational 

Time (sec) 

10 101.43465 8.378 

20 113.78147 21.806 

30 126.32276 42.394 

 

Table 1. Results of our proposed tool 
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Fig 5. Three case studies using 10, 20 and 30 points at the facility and the automatically generated shortest path 

 

Finally the authors elaborated with the Turtlebot robotic vehicle for navigating at the real-world facility layout using 

the output of the proposed software tool. The list of the points that form the best path was sequentially propagated to the 

vehicle and as a result it followed the predefined route.  

 

5. Limitations and Conclusions 

 

The OGM of our research presents the indoor environment of the Logistics and Supply Chain Management laboratory 

and this sets some limitations regarding the environment of the mobile vehicle. At a typical industrial layout the mobile 

vehicle confronts multiple dynamic obstacles, it uses the local planners to change the programmed route and this results 

to longer paths. Moreover we optimized the total travelling distance without taking into consideration the vehicle’s 

capacity and any required time windows for picking-up and delivering the products. 

In modern warehouses picking activities should be automatically executed in order to optimize space utilization and 

minimize the pick-up and delivery times. At the proposed research work a software tool was developed on top of the ROS 

environment for optimal routing in intralogists. ROS basic activities were integrated in our tool and a custom algorithm 

was implemented for optimizing the total travelled distance. Our intention is to focus on non-expert users and support 

their daily activities by enabling the reprogramming of high-tech equipment including autonomous vehicles through 

custom build interfaces. Non-expert users add specific regions of interest in a given facility layout and the autonomous 

vehicle selects the shortest route for travelling through the set of regions. This is critical for optimizing the daily activities 

of an industrial layout (industries, warehouses) as we could reduce energy consumption and save time without the need 

of highly skilled personnel. Finally the tool provides interfaces for visualizing the vehicle’s movement at the facility. 

The proposed tool could be used in conjunction with the company’s Warehouse Management System (WMS) system 

in order to prepare the daily orders. The WMS could analyse the orders, create a list of the corresponding products and 

indicate the exact location of every product at the facility. Products could be collected by the vehicle while our proposed 

tool will handle the vehicle’s navigation, path planning and scheduling. For the picking activities the vehicle could either 

use actuators (eg robotic arms) or simply pass through the shelves and stop at the predefined locations while human 

workers load the products. Safety regulations are currently at an infancy state [16] and the authors plan to further study 

safety concepts and include them at a future version of the software tool. 
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