
 
 

1

Fleet management of heterogeneous multi-purpose 
mobile robot fleets ─ benefits and challenges 

 
 

Taru Hakanen (taru.hakanen@vtt.fi) 
VTT Technical Research Centre of Finland Ltd 

 
Paul Kemppi 

VTT Technical Research Centre of Finland Ltd 
 

Minna Salo 
VTT Technical Research Centre of Finland Ltd 

 
Tuija Rantala 

VTT Technical Research Centre of Finland Ltd 
 

Aleksi Ålander 
Navitec Systems Ltd 

 
Toni Liski 

Navitec Systems Ltd 
 

 
 
 

Abstract 
Autonomous mobile robots operate at industrial sites in various service operations such 
as intra-logistics, inspection and maintenance. The robots are operated with a fleet 
management system that includes interfaces between robots, sensors and its operator 
enabling mapping, route, and mission planning and every-day use of robots. This paper 
provides empirical insight into a real-life multi-company case in which a new fleet 
management system is developed and several different mobile robots are integrated into 
the same system. The study presents potential multi-purpose robot concepts and benefits 
and challenges that relate to managing heterogeneous multi-purpose robot fleets. 
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Purpose 
Several different Automated Guided Vehicles (AGVs) and autonomous mobile robots 
operate at industrial sites in various service operations such as intra-logistics, professional 
cleaning, inspection, and maintenance. Robots move autonomously on defined areas 
(“zones”) or on dedicated routes. They detect their surroundings with multiple sensors 
(e.g. laser scanners, LiDARs), navigate autonomously and avoid collisions with obstacles 
or humans (Bloss, 2008; De Silva et al., 2018; Karaman & Frazzoli, 2011). By definition, 
autonomous mobile robots are industrial robots that use decentralized decision-making 
process for collision-free navigation to provide a platform for material handling, 
collaborative activities, and full services within a bounded area (Fragapane et al., 2021). 
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Fleet management systems are used for control, operation and optimization of robot 
fleets. Main architectural elements of fleet management systems are: task or mission 
planner, interface with the operator, mapping module, interface for a set of sensors and 
interface for a set of AGVs or mobile robots (Quadrini et al., 2020). Operator uses the 
system for mapping the use environment in map creation, as well as for route and mission 
planning. In every-day life, robots can be used via the user interface of the robot or the 
fleet management system. Typically, fleet management system shows visually the 
locations of the robots and their routes on a map or a layout of a building. In addition, a 
list of ongoing and planned missions are visible as well as various status and log data of 
robots such as the battery power level and problems encountered. For instance, 
BlueBotics, IncubedIT, Kollmorgen, and Navitec Systems, provide fleet management 
systems in service robotic markets. 

Typically, robot Original Equipment Manufacturers (OEMs) provide fleet 
management systems for their respective robots. From the customer perspective, this 
leads to a situation in which they need to use several different user interfaces and systems, 
when they use several kinds of mobile robots and AGVs in their operations. They are not 
able to operate heterogeneous fleets of various autonomous machines through one system. 
This may lead to inefficient operations due to lack of optimization at a fleet level in 
mission and route planning. In addition, this may cause safety risks e.g. in intersection 
traffic when routes and traffic rules have not been applied at the whole robot fleet level. 
Thus, there is a need to develop fleet management systems to facilitate utilization of 
various mobile robots in the industrial settings. 

Nowadays, autonomous mobile robots are rarely in use 24/7 or even close to it. 
Therefore, another ongoing trend in service robotics is OEMs developing multi-purpose 
service robots. Then, instead of a single purpose, robots become multi-purpose and can 
perform e.g. two or three missions. As a result, utilization rate rises resulting in better 
profitability and return-of-investment (Hakanen et al., 2022). Multi-purpose robots can 
perform a combination of operations e.g. in intra-logistics, inspection, maintenance, and 
surveillance. Either simultaneously or on various times a day. A robot can work e.g. in 
intra-logistic operations daytime and in security surveillance on nighttime. For instance, 
Agilox AGV transports components and products and detect people around it at the same 
time. Tennant provides cleaning robot that also scans shop shelves for inventory. 
Anybotic’s ANYmal can perform multiple missions in inspection, measurement and 
surveillance. As fleet management systems have previously been developed for single-
purpose robots, multi-purpose robots performing multiple missions, need to be taken into 
account in software development. 

Earlier research identifies the need for analysis and optimization methods and support 
for decision making for the wide range of equipment and heterogonous fleets (Fragapane 
et al., 2021). Multi-purpose robotic trend needs to be also considered. To facilitate mobile 
robot enabled operations, more knowledge is needed on management of heterogeneous 
multi-purpose mobile robot fleets. Thus, the purpose of the paper is to study and provide 
empirical insight into a real-life case in which a new fleet management system is 
developed and several different mobile robots and AGVs are integrated into the system. 
The study identifies potential multi-purpose robot concepts and concludes with identified 
benefits and challenges that relate to managing heterogeneous multi-purpose robot fleets. 
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Research approach 
 
Methodology 
This study applies a qualitative case study approach. The main research question guiding 
the study was: “What are the main benefits and challenges related to fleet management 
of heterogeneous multi-purpose mobile robot fleets”. A real-life case was studied in 
which a fleet management software company Navitec Systems Ltd and six companies 
integrate their robots into Navitec’s fleet management system (Table 1). In addition to 
these companies, data was also collected from companies representing users and potential 
business customers. Thus, interview data was collected altogether in nine companies 
(n=13) that participate in the same research and development project. Additional data was 
collected in company workshops. As a result, the fleet management software and common 
interfaces implemented are described. Finally, benefits and challenges were identified and 
analyzed by combining all data collected through the interviews, workshops, and 
observation concerning development and testing of the solution combining robots and 
fleet management software. The study was conducted within the EU in 2021-2022. 
 
Case description 
Navitec Systems Ltd is a software company providing fleet management systems for 
various OEMs and service robot companies. In the common project, five companies 
implemented the commonly agreed VDA 5050 interface into their robots so that they 
robots can be integrated into Navitec Systems’ fleet management system. After 
integration, the companies tested the heterogeneous fleet management system together. 
At this point, the robots performed single missions, although qualitative data was 
collected also regarding the forthcoming concept of multi-purpose robots. The robots in 
the studied case perform operations in e.g., last-mile delivery, warehouse intra-logistics, 
and surveillance. Table 1 outlines description of the companies participating the study 
and their technical solutions developed and analyzed: 
 

Table 1. Case company and product information. 
Company  Turnover, employees Products/ solutions  
Navitec Systems Ltd M3.9€, 41 Fleet management software 
Dimalog Ltd M0.4€, 3 Last Mile Delivery robot 
K. Hartwall Ltd & 
Avertas Robotics Ltd 

M76€, 154 Automated Guided Vehicle 
(AGV) 

Solteq Ltd M59€, 487 Last Mile Delivery robot 
Trombia Technologies M3.3€, 9 Outdoor maintenance robot 
VTT Technical Research 
Centre of Finland 

M149€, 2103 Four legged mobile robot 

 

Results 
 
Potential multi-purpose robot enabled service concepts in industrial settings 
All robots involved in the study perform so called primary mission (e.g. transportation of 
goods), which is a mission the machines have been developed for to begin with. However, 
developing additional missions for robots, the robots are able to facilitate a wider set of 
factory support operations. Utilization of such multi-purpose robots become more 
profitable for all. Typically, complementing missions base on various that can be 
collected and utilized by the robots. As a result of this study, potential multi-purpose robot 
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concepts were ideated and outlined around five robots in six companies. For instance, the 
following multi-purpose service robot concept can be built on the robots involved in the 
study: 
 

Table 2. Potential multi-purpose service robot concepts. 
Company  Primary mission of the robot Secondary mission of the 

robot 
Dimalog Transportation of boxes, cartons, 

pallets and/or carts 
Identification of objects to be 
transported, overall 
surveillance 

K. Hartwall & 
Avertas 
Robotics 

Transportation of pallets, 
components and products 

Identification of pallets left in 
wrong locations 

Solteq Transportation of tools Sensor data collection, e.g. 
concrete moisture  
measurement 

Trombia 
Technologies 

Outdoor maintenance Air quality detection 

VTT (Boston 
Dynamics’ 
SPOT robot) 

Security surveillance Detection of dangerous gases 

 
Fleet management system for heterogeneous robot fleets 
As a result of the study a fleet management system was developed by Navitec Systems to 
control heterogeneous robot fleets. Main responsibilities of the fleet management system 
are managing multi-purpose tasks, called as missions, and controlling traffic of the 
multiple different type of service robots. In addition to this, different interfaces, both user 
interfaces and communication to different warehouse and production systems are 
important for the operation of the fleet. 

 
 

Figure 1. The main parts and responsibilities of the developed fleet management software. 
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Missions for the multi-purpose service robots can vary a lot. Primary missions can be for 
example to deliver an item from location A to B, or driving to a location a cleaning a pre-
defined area, or inspecting an area as security surveillance. Each robot has always a 
primary mission, but it can have in addition one or more secondary missions. Those can 
be executed while executing the primary mission or at different times a day, for instance. 
Primary mission needs to be controlled by the fleet management software, but secondary 
missions are sometimes executed independently by the robot itself. This can include 
observing the environment around and detecting objects that do not belong there or 
detecting security risks as well as guiding people within the operating area. 

Handling different kinds of missions often require communication between the fleet 
management software and other systems, including warehouse management systems 
(WMS), manufacturing executions systems (MES) and sometimes the building 
maintenance systems and infrastructure. The fleet management system developed by 
Navitec provides two standard interfaces to exchange data. One of the uses standard 
TCP/IP-protocol for communication and the second is an HTTP API, which is also well 
suited for developing custom user interfaces to monitor and operate the fleet of multi-
purpose service robots. Monitoring the fleet is possible for the operators through a Web 
Client, that uses the same API. The Web Client can be accessed by almost any device in 
the same network with a modern browser. 

For the different type of robots to be able to operate in the same fleet control, the fleet 
management system needs to take care of controlling the traffic and scheduling the 
missions of each robot. Especially scheduling the drive missions of each robot is critical 
to assure that the robots are able to proceed with the missions without blocking each other. 
The fleet control used in the study can control the traffic with fixed routes, that are split 
into small segments for scheduling. However, some of the service robots use free 
navigation instead of fixed routes. The problem of combining these two different ways of 
navigation was solved by still using fixed routes on the fleet control level, but the actual 
drive orders are given with nodes as waypoints without forcing the robots to use a pre-
defined trajectory. 

It is essential for controlling fleet of service robots to consider multi-floor 
environments, such as shopping malls. During the study the robots used elevators to move 
from one floor to another. The robot can sometimes communicate directly with the 
elevator API, but it was agreed that it is the best and natural that the fleet control system 
handles the communication with the elevators in case the robot would i.e. lose connection 
to the 5G network and it would not be able to continue without help. During the study 
Navitec developed interface to communicate with the elevators and specified rules to 
optimize the use of multiple elevators within the robot fleet. 
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Figure 2. Fleet management software from Navitec Systems for operation of multiple types of 
autonomous vehicles and robots. 

 
Currently the fleet management software does not provide a common way to share maps 
between different robots from different manufacturers, as there is no industry standard 
available. The VDA 5050 that was chosen as the communication interface between the 
fleet management software and the robots does not define how to share the map. For now, 
each robot manufacturer uses their own map format. To overcome the problem of sharing 
the same coordinates between all different robots, it is possible to give offsets to the 
coordinates of each machine type that the fleet management software takes into account 
when sending message to the robot. The global map used by the fleet control system for 
visualization and sharing the routes between different robots is done with the Navitec 
mapping tool Navithor Tools. Developing a common map file handling for a 
heterogeneous fleet control remains a future development need. 
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Figure 3. Configuration of common routes shared by several different robots. 

 
VDA 5050 interface 
Common interfaces are a central prerequisite for integration of different mobile robots 
into the same fleet management system. The companies agreed to use the recent VDA 
5050 standard for interface development and implementation. VDA 5050 is an on open 
standard interface for the communication between automated guided vehicles (AGV) and 
a master control system (VDA, 2020). The standard has been developed together by the 
German Association of the Automotive Industry (VDA), the Mechanical Engineering 
Industry Association (VDMA), Institute for Material Handling and Logistics (IFL) at KIT 
as well as other contributors from different industrial fields. The version of VDA 5050 
interface implemented in the project was version 1.1 published in June 2020. 

Communication in VDA 5050 standard is based on MQTT using TCP/IP protocol. 
Fleet Control behaves as a MQTT Broker (server) and each AGV or mobile robot in the 
system can subscribe to the server as a client. MQTT broker handles message transporting 
for subscribed clients. All the messages are transferred in JSON format. Each JSON starts 
with a header, that includes the critical data needs for each message. This includes Id of 
the message, timestamp, version of the protocol, manufactures of the AGV and serial 
number of the AGV to identify each AGV. There are different MQTT-topics that the 
AGV can subscribe for information exchange between the fleet management software 
and the machine. The topics include orders, instant actions, state, visualization and 
connection. Each machine added to Navitec Fleet Control can be configured to use 
specific communication protocol (either Navitec internal or VDA 5050). The following 
features specified by VDA 5050 were developed and tested during the study: 
 Machine status message: location and status of the machine 
 Machine drive order 
 Pick up and drop off items 
 Start and stop a robot 
 Start and stop charging 
 Cancel order 
 Wait for trigger. 
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VDA standard specifies only limited amount of data, which is transferred between 
machines and fleet control. Any real-world solution will however require custom 
information, data and actions to be created. Protocol supports this on a rather limited way. 
Extending the VDA standard can be obtained by adding custom fields into existing 
messages, or by creating completely new messages (topics). One example could be a topic 
that would be published by an AGV containing URIs to video streams that are available. 
Fleet control should never send fields or actions to a machine that does not support these 
custom topics. 

Different machines are handling their drive routes completely differently. Some 
machines are operating in 3D world, some machines are using their own map format and 
some machines need precalculated trajectory. Navitec fleet control will support all 
different ways of generating drive orders, including free navigation, giving nodes through 
a pre-defined route, giving a precalculated trajectory and giving the drive order with the 
real NURBS representation. The technique the fleet control uses for generating drive 
order depends on the robot type and the abilities it supports. 

Currently all machine abilities and dimensions need to be defined for each robot type 
separately in the Navitec fleet management software. Version 2.0.0 of the VDA 5050 will 
support messages to get these capabilities and dimensions dynamically from the robot 
itself. The release candidate of the interface version 2.0.0 was published in January 2022. 
It is not supported yet by the fleet control or the robots in this study, but the interface 
developed within the study project is fully forwards compatible with this future version 
of the VDA 5050 and can be later extended to support the new features (VDA, 2020). 
 

 
Figure 4. Boston Dynamics’ SPOT robot at VTT controlled through the VDA 5050 with the 

developed fleet control. 
 
During the study multiple different service robotics have been controlled with the fleet 
management software from Navitec Systems. So far, robots from Dimalog, K. Hartwall, 
Solteq and VTT have been controlled and tested in the same fleet control. Other robots 
will be later integrated with the same VDA 5050 interface. 
 
Benefits and challenges related to fleet management of heterogeneous multi-purpose 
mobile robots 
As results, benefits and challenges that concern the fleet management of heterogeneous 
multi-purpose mobile robots were identified and outlined. Fleet management system that 
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enables fleet management of heterogeneous multi-purpose mobile robot fleets accrue 
several benefits. It provides an opportunity for industrial customers for easy and efficient 
utilization of different AGVs and autonomous mobile robots via one system and user 
interface. The new kind of a system enables planning the routes and missions of all mobile 
robots and optimizing those at the fleet level. This may increase efficiency of various 
service operations e.g. in internal logistics. Capacity of robots is in more efficient use and 
planning all routes in a centralized manner increases safety as e.g. crossroad traffic and 
various traffic rules can be applied for all autonomous vehicles and machines on the site. 
Transforming single-purpose robots as multi-purpose increase use cases for the robots 
and increases their ability to service in wider variety of factory operations. Automation 
of several operations in e.g. intra-logistics, professional cleaning, inspection and 
maintenance increases cost-efficiency and decreases dull, dirty and dangerous work of 
humans (Table 3). 
 

Table 3. Fleet management of heterogeneous multi-purpose mobile robot fleets. 
Benefits  Challenges 
 Cost-efficiency through 

automation of service 
operations 

 Multi-purpose robots’ ability 
to perform a wider variety of 
service operations 

 Easy and efficient use of 
different robots via one 
centralized system and user 
interface 

 Efficient service operations 
through robot fleet level 
optimization 

 Safety of service operations in 
e.g. internal logistics 

 Common interfaces selection and 
implementation 

 Robots’ varying capabilities, navigation modes 
(free vs. fixed routes), maps and dimensions 

 Multi-floor robot fleet operation 
 Clarity and efficiency of multi-purpose robot 

aided service operations when the robot fleet 
size grows 

 Vendor lock-in risk perceived by the business 
customers 

 Slow pace of implementation of standardized 
interfaces in robot companies 

 Operating heterogeneous fleets may bring up 
some new emerging safety risks or liability 
issues 

 
In addition to the identified benefits, several challenges were identified. Robots’ varying 
capabilities, navigation modes, maps and dimensions pose additional challenges for fleet 
management system development. Mission planning and order management become 
more complicated as robots are able to perform various operations either simultaneously 
or at different times a day. If ad hoc orders are enabled for multi-purpose robots, it further 
complicates the system and operations management. Robots need to be developed so that 
switching from mission to another takes place smoothly when needed. As a future 
development need integration on elevator APIs can be done and develop a multi-floor 
fleet management capability on the fleet management software. 

Dynamic route planning is another challenge for software development especially 
when the fleet size grows. This is also a challenge in terms of ensuring efficiency and 
safety of service operations. Operating the heterogeneous fleet may bring up some new 
safety risks that the companies have not identified, yet. Those may be caused by the 
different dimensions as well as technical features of different robots and AGVs. However, 
the main risk i.e. collisions, is foremost managed with the collision avoidance systems 
inbuilt in all autonomous mobile robots. Still, there is a need to ensure that universal fleet 
management does not cause new safety risks or liability issues. 

In addition, business customers may perceive vendor lock-in risk in such fleet 
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management system that enables operation of heterogeneous robot fleets. It would also 
limit their possibilities to select robot suppliers as only some OEMs have already 
implemented the VGA 5050 compliant interface in their robots. It may take quite a long 
time before standardized interfaces between robots and fleet management software 
become more common and widely used. 
 

Discussion and conclusions 
The study contributes to the operations management literature (e.g. Fragapane et al., 
2021; Quadrini et al., 2020) by providing a new concept combining different autonomous 
multi-purpose robots and a centralized fleet management system and by elaborating the 
related benefits and challenges. 

In addition to the challenges identified in this study and solving those, future research 
and development on robot fleet management could address collaboration between the 
robots and common data utilization. One robot could e.g. identify needs for cleaning as 
they pass by in transportation mission and another robot would be sent to clean it up. 
Thus, more links between various operations would evolve. The robots could also share 
more data among each other through the fleet management system and share information 
on e.g. traffic jams in the factory or blocked routes.  

The fleet management system presented in this paper has limited information about 
other traffic on the area, including people and all manually driven vehicles. Even though 
the fleet management software can depict the ideal schedule for the automatically guided 
vehicles, limited knowledge about the other traffic may cause disturbance in the system. 
This area requires further study and would be beneficial for the fleet of heterogeneous 
robots. Combining free navigation service robots, industrial robots with pre-defined 
routes and manual traffic into the same fleet control will be a development topic. 

The study provides managerial insights into the change that is ongoing in the 
development of fleet management of various autonomous machines. It sheds light on 
potential future solutions and avenues on operations management in the industry. The 
study provides practical contribution for software companies with the multi-purpose 
mobile robot perspective that has not yet been widely included in fleet management 
systems. Overall, the new approach and advanced fleet management systems facilitate 
industrial customers’ everyday life and thus increases customer centricity and attraction 
towards wider utilization of various mobile robots in the future. 
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