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Abstract 

The article presents guidelines, developed concepts and the construction of specialized technology tracked vehicle for the transport of 
biomass on wetlands, implemented within the framework of the development project No. PBS2/B8/11/2013 “Autonomous transport 
technology of the harvested biomass on protected wetlands" bound removal of unwanted vegetation from protected areas especially national 
parks, landscape parks and Natura 2000. The design of the new vehicle has been developed by a consortium led by the team of Power 
Engineering and Dynamics of Agricultural Engineering, BE-PIMR in Poznan. Its task is to find a solution that would significantly increase 
the efficiency of the process of obtaining biomass, taking into account the autonomy of action of the resulting structure. This technology will 
be one of the important links of the system built for the maintenance and improvement of biodiversity in protected areas. 
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1. INTRODUCTION 
The model and design of the autonomous platform technology 

for the transport of biomass on wetlands were developed as part 
project No. PBS2/B8/11/2013 [1] implemented at the Industrial 
Institute of Agricultural Engineering (PIMR) [8] in Poznań by the 
Team for Power Engineering and Dynamics of Agricultural 
Engineering. The key purpose of the project implemented at the 
Institute is to develop effective and efficient biomass transport 
technologies for the Tracked Vehicle Unit [patented] which has 
been designed to carry out protection activities related to the 
removal of unwanted plants from national park wetlands, landscape 
parks and reserves set up to reinstate breeding sites of rare and 
endangered bird species such as the aquatic warbler [2, 3, 4]. To 
this end, PIMR, in cooperation with the Military Technical 
Academy (WAT) [9], Industrial Institute of Technology and 
Measurements (PIAP) [10] and Hydromega [11], designed a model 
of specialised Autonomous Biomass Transport (ABT) vehicle. 

2. PROJECT PURPOSE AND ASSUMPTIONS 
The aim of the project was to develop an alternative technology 

to manage biomass transport, significantly improving the efficiency 
of the process, i.e. collecting biomass from the mowing unit and 
transporting it away from the pasture along planned approach paths 
to minimise the risk of getting stuck in the mud and shorten travel 
time. The structure is supposed to be light (up to 7 tonnes of GVW) 
and generate negligible ground pressure (of up to 10 kPa) thanks to 
the use of modular delta continuous tracks. The platform is powered 
by a self-ignition combustion engine. 

The system (Fig. 1) works as follows: the working module of 
the Tracked Vehicle Unit collects biomass on the transport module, 
reloads it onto the ABT platform and transfers to the collection 
point. 

 

 

 
Fig. 1. Concept of the Autonomous Biomass Transport (ABT) system [1] 

 

3. SYSTEM DESIGN CONCEPTS 
Three options were selected for the pre-defined project 

assumptions and the preliminary analysis of the process of 
biomass reloading from the transport module onto the ABT 
platform: 
1. Option 0 - classic reloading method with the use of a belt 

conveyor; 
2. Option 1 - reloading biomass containers by replacement; 
3. Option 2 – reloading biomass containers by rotation. 

In the Option 0 (Fig. 2), biomass is reloaded from the transport 
module (TM) onto the ABT platform container with the use of a 
belt conveyor. Reloading can be done when the vehicles are on the 
move, its total time being dependant on the capacity of the 
conveyor connecting the transport module with the ABT platform. 
To make this type of reloading possible, the transport module 
must be equipped with an extra drive system powering the belt 
conveyor. The option may be used in two different versions: (a) 
reloading from the back of the transport module (Fig. 2a) and (b) 
reloading from the side of the transport module (Fig. 2b). 

The double axle Autonomous 
Biomass Transport (ABT) vehicle 

with modular delta type tracks 
powered by a combustion engine 

 

Module transporting collected 
biomass to the point of unloading 

ABT superstructure of the 
transport module 

Module gathering collected 
biomass 

Module obtaining biomass 
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a) 

 

b) 

 

Fig. 2. Reloading biomass from the transport module to the ABT platform 
container with the use of a belt conveyor [1] 

Reloading biomass from the transport module onto the ABT 
platform by replacement consists in switching loading containers 
from the top (full containers from the transport module are 
replaced by empty ones from the ABT platform and vice versa). 
The aim of this technique is to shorten the time of unloading 
which will increase work efficiency. This option requires a rigid 
connection between the transport module and the ABT platform. 
Switching loading containers in Option 1 will be considered for 
two versions: 1 - transporting full containers over empty ones 
(Fig. 3) and 2 - transporting empty containers over full ones. 

In Option 1 (Fig. 3), the ABT platform approaches the 
transport module, the two units are coupled (Fig. 3a) and a 
container filled with biomass is transferred onto the ABT platform 
over an empty container located on the platform by rotation (Fig. 
3b). At the same time, the empty container is moved from the 
ABT platform onto the transport module. After the containers 
have been moved, the transport module and ABT platform are 
decoupled and the container with biomass (Fig. 3c) is transported 
to the point of reloading. Option 2 works in a similar manner, the 
difference being that the empty container from the ABT platform 
is moved over the full container from the transport module. 

Option 1 is quite complex and requires an additional device 
which lifts a container filled with biomass to transport it onto the 
ABT platform. An empty container must be simultaneously 
moved to the transport module. This poses the danger of the loss 
of stability during the unloading process and increases the mass of 
both the transport module and the ABT platform. 

a) 

 

b) 

 

c) 

 
Fig. 3. Reloading biomass through  

transporting a full container over an empty one [1] 

In Option 2 (Fig. 4), reloading is done by replacing a 
container filled with biomass with an empty one brought on the 
ABT platform with the use of a rotation mechanism. 

 

a) 

 

b) 

 

c) 

 

d) 

 

e) 

 
Fig. 4. Reloading biomass through  

transporting containers by rotation [1] 

This option is rather complicated and requires an additional 
mechanism to rotate the platform which should accommodate two 
containers (empty and full). The rotating platform should also be 
equipped with a power supply system (combustion engine, 
hydraulic system) of the ABT platform, a rotating mechanism and 
a device to move containers. In order to implement this option, the 
transport module must first be connected to the ABT platform 
with a coupler consisting of two strands which facilitates the work 
of the mechanism transporting the container from the ABT 
platform onto the transport module (Fig. 4a). Next, the rotating 
platform is moved 180° about the vertical axis. As there is a 
considerable difference in mass between the container filled with 
biomass and the empty one, the rotating axis of the platform must 
be located at the point minimising the risk of overloading the 
vehicle from any side. This is particularly important given the 
need to maintain lateral stability of the vehicle during platform 
rotation (Fig. 4b; 4c; 4d). In the last stage, the empty container is 
moved from the rotating ABT platform onto the transport module 
by means of a special mechanism (Fig. 4e). 

The ABT options described above were tested under 
simulation conditions for a pre-defined dynamic model of the 
system (Fig. 5) [1]: 
• shifts of the centres of gravity for the continuous tracks  
• loading of individual continuous tracks 
• longitudinal tilt of the modules 
• forces and moments in the coupler connecting the ABT 

vehicle with the transport module 
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Fig. 5. Dynamic model of vehicle system for biomass reloading: 1 - 
working module, 2 - transport module, 3 - ABT platform, 4 - coupler 

connecting the transport module with the ABT platform, 5 - axle one (a1), 
6 - axle two (a2), 7 - axle three (a3), 8 - axle four (a4), 9 - 

 axle five (a5) [1] 
 
Based on the results of these tests, Option 1 was selected - the 

empty container is moved over the top whilst the ABT vehicle and 
the transport module are rigidly coupled. This solution ensures the 
shortest time of the reloading cycle with relatively small shifts of 
centres of gravity for vehicle axles (Fig. 6). In this option, the 
maximum authorised axle weight is 45 kN (Fig. 7). Rigid 
connection between the modules ensures that their longitudinal tilt 
is reduced to below 0.5° (Fig. 8), but also requires greater docking 
precision and, consequently, a more advanced control unit. 

 
Fig. 6. Shifts of centres of gravity for individual continuous tracks in 

Option 1 with a rigid coupler between the modules [1] 

 
Fig. 7. Loads of individual continuous tracks in Option 1 with a rigid 

coupler between the modules [1] 

 
Fig. 8. Longitudinal tilt of the modules in Option 1 with rigid connection 

between the modules [1] 

 

4. VIRTUAL MODEL OF THE SELECTED 
CONCEPT 

The vehicle consists of 5 basic units (Fig. 9). PIMR was to 
construct the vehicle body, the continuous tracking unit and the 
adequate superstructure mounted onto the frame of the mowing 
vehicle transport module. WAT was responsible for the 
construction of the unloading unit, coupling unit and transport 
container. PIAP’s role in the project is to engineer the required 
vehicle control unit. 

 

Fig. 9. Main units of the ABT vehicle; 1- vehicle body, 2- continuous track, 
3- reloading unit, 4- transport container, 5- coupling container, 6- vehicle 

control system [made by PIMR- BE] 

The vehicle body (Fig. 10) is a welded spatial structure made 
of rectangular closed profiles as well as sheets of metal and open 
profiles. The body is a weight carrying structure with other units 
attached to it such as the self-ignition engine of the main drive, 
continuous track axles, reloading unit and vehicle coupler. It is 
7,100 mm long and 2,980 mm wide. The axle base amounts to 
4,300 mm. The front of the body is equipped with a coupler which 
makes it possible to attach the transport module of the mowing 
unit and unload the container. The axles of the continuous track 
unit are mounted on the lower part of the body. The mid area is 
designed for a self-ignition engine of the main drive together with 
a hydrostatic pump unit. The unloading unit is mounted onto the 
upper part of the body. 

 
Fig. 10. ABT vehicle body [made by PIMR- BE] 

The continuous track of the ABT vehicle comprises two axles 
- front and rear - bearing rotating track units (Fig. 11). Continuous 
track units [6] transfer loads from the body onto the surface 
enabling vehicle movement through the integrated executive 
elements of the drive and steering units. Each track unit is driven 
by a hydrostatic engine via a driving wheel. Rotation is enforced 
by hydraulic servos. Continuous track units consist of a bogie with 
load, tension and steering wheels. The bogie is fitted with a stub 
axle yoke with a hydrostatic engine. The driving wheel mounted 
on the hub transmits drive power onto the track belt. Direct 
contact with the surface and transmission of the drive power onto 
the surface is ensured by lugs made of steel with increased 
abrasion resistance (such as Raex 400). 
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Fig. 11. Continuous track; 1- hydrostatic engine, 2- driving wheel, 3- 
bogie, 4- stub axle yoke, 5- track belt, 6- lugs [made by PIMR- BE] 

To comply with requirements for reloading the biomass-full 
container from the transport module of a mowing vehicle onto the 
ABT vehicle and the empty container in the reverse direction, a 
reloading unit (Fig. 12) has been developed consisting of empty 
container transfer, full container pulling and full container 
unloading systems. 
 

 
Fig. 12. Reloading unit; 1- empty container transfer system, 2- full 

container unloading system, 3- vehicle body, 4- container pulling system 
[made by PIMR- BE] 

Due to the specific structure of the ABT vehicle, containers 
have been specially designed (Fig. 13). An indentation is made all 
along the container. This allows the driving engine of the main 
vehicle to be placed directly under the container. As a result, the 
loading capacity of containers is reduced. Following all the 
modifications to the container’s structure introduced so that the 
ABT vehicle could achieve the required parametres, the load it can 
carry amounts to 7.3 cubic metres. 

 
Fig. 13. Container [1] 

According to the selected project solution, containers are 
reloaded when the ABT platform (receiving biomass) and the 
transport module of the mowing vehicle are connected by the 
coupling unit. The coupling unit (Fig. 14) automatically positions 
the transport module of the mowing vehicle in relation to the ABT 
platform. Thanks to two movable arms topped with hooks, the 
ABT vehicle may be preliminarily connected with the transport 
module [5]. 

 
Fig. 14. Docking of the transport module with the ABT vehicle through 

coupling [made by PIMR- BE] 

The hooks also level out the ABT vehicle and the transport 
module. When the two are preliminarily aligned, the ABT 
platform and the transport module are moved closer together 
(pulled). In the final stage of the coupling process, both units are 
positioned by wedges located in the frames of both vehicles. The 
connection makes it possible to replace containers safely. 

The control system consists of two parts: hardware (sensors, 
antennas, on-board computers) and software, which is responsible 
for the selection of software modules for the implementation of 
different tasks given by the ABT - planning transport routes, 
supervising work mode, planning subsequent unloading, 
recognising the mowing vehicle, docking etc. Following the 
analysis of scenarios, four basic cases of using the system by an 
operator where identified: 
• map edition, 
• automatic control, 
• teleoperation, 
• cleaning optical devices. 

In addition, the team identified two more cases which are 
indispensible for the system (and are independent of the operator): 
• ensuring connection 
• security analysis 

Based on the developed architecture and operating scenario 
for the ABT system [1], the system was broken down into its 
logical sub-systems (Fig. 15). After the selection of the task to be 
carried out, the architecture will be further simplified and adapted 
to the needs of a specific mission/task. 
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Fig. 15. Break-down of the system into logical blocks [1]

5. CONCLUSION 
Virtual models of the ABT vehicle made it possible to reach 

the following conclusions: 
1. The selected solution ensures the shortest time of unloading 

which will increase work efficiency. 
2. The designed vehicle meets all the project requirements. Due 

to the expanded structure, the total mass of the vehicle 
increased from 4 to 7 tonnes, i.e. by 75%, compared to the 
mass assumed before 3D modelling. It is necessary to optimise 
subassemblies of the structure in terms of mass and resistance 
so that allowable ground pressure of the vehicle does not 
exceed 10 kPa. The process is possible, however, after field 
tests which will verify the actual loading of the structure. 

3. Average unit ground pressure for the current mass of the 
vehicle amounts to 14.3 kPa which complies with the standard 
of 10-15 kPa recommended by the Biebrza National Park even 
though the mass of the vehicle has increased. 

4. The real-life model of the vehicle will be tested during field 
tests planned for 2016/2017. 
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