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Short Communication

In this new age, there is constant evolution to push the 
boundaries of technology and to discover new horizons. The field 
of Robotics has always been regarded as a technology of the future 
with its applications ranging from production to the mobility sector. 
Autonomous Mobility has always been viewed as a technology which 
can bring a revolution in transport as well as logistics. With this 
aim to improve logistics, the Schmalkalden University is working to 
develop a solution which involves a low-cost mobile robot to carry 
out Autonomous Delivery from a Supermarket to the neighboring 
locations, according to [1]. The robot in development is a P3DX 
pioneer robot which works on differential drive for its turning. 
Following description of components is as per Figure 1. It houses a 
Microcontroller SH2 unit. This works as a Lower-Level Controller to 
receive inputs from the High-Level Controller. In our case, the High-
Level Controller being used is the Nvidia Jetson Nano. The robot 
houses a variety of sensors like Wheel encoders, IMU, RealSense 
d435i Depth Camera, 360ᵒ Sonar and GNSS sensor. Algorithms for 
the sensor data exchange are implemented on the Jetson, utilizing 
ROS Noetic in Ubuntu 20.04. For a robust application, it is necessary 
to impart sensor fusion for a variety of environment scenarios. 
Mapping for the environment can be done through Real Time 
Appearance Based Mapping using the Intel Depth camera. A point 
cloud of the environment can be created and a plethora of topics are 
published by the camera including the image data, IMU data, pose 

information, point cloud data, etc. In outdoor environment, we also 
need to localize the robot via highly precise GNSS. For localization in 
the outdoor environment, we employ a high precision GNSS sensor 
from the company ANavS which has a base station and the second 
component is mounted on the robot for obtaining localization 
coordinates. These precise coordinates help us to determine the 
position of the robot for the path it takes in the environment which 
can be used for further path planning and control. According to [2] 
we found a low-cost substitute to the laser scanner.

Furthermore, there is an attempt to involve the concepts of 
Deep Learning for better understanding of the environment and 
use the camera to its best potential. For our use case, we need to 
detect certain objects i.e., pedestrians, cars, pets, etc. which are 
going to be a part of the environment where the robot drives. 
Subsequently, it is important to record the distance of these objects 
from the robot to provide the necessary control action. To deal with 
this challenge, YOLO algorithm is used to detect these objects and 
the object names are as per the coco dataset. A YOLO algorithm 
uses the capabilities of the GPU and for it to work flawlessly, we 
need CUDA and TensorFlow capable GPUs. The scripting is done 
in Python. Moreover, the robot is using Sonar data in order to 
determine occupied areas and to plan a path around them and adapt 
the vehicle velocity accordingly. The camera image classification is 
also to create situation depending tactical planning solutions i.e., 
crosswalks, zebra crossings, etc (Figure 1 & 2).
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Figure 1: Hardware Architecture.

Figure 2: Functional Architecture.

The project aims to handle specific scenarios and involve tactical 
planning in such situations which is described in the functional 
architecture in Figure 2. As depicted in the above flow chart, the 
camera sensor perceives the environmental data and interprets 
the situation on 3 levels. At the first level it recognizes the state of 
the robot when it approaches the situation. Furthermore, specific 
situations are pre-defined e.g. When the robot approaches the 
cross-walk which allows the robot to recognize it and follow the 
pre-defined operation programmed. To deal with such a complex 
task we have the Decision Planning block consisting of the tactical 
layer which takes input from the Strategic layer for planning the 
maneuver and provides the input to the Operational Layer for 
Maneuver request. All these functions are processed for optimal 

trajectory planning and optimize the trajectory. For more detail, 
please refer to [3].

The algorithms for the vehicle dynamic control are developed in 
MATLAB/Simulink. An important feature to consider is that MATLAB 
enables communication with ROS. Hence, any data recorded from 
the sensors can be published and thereby subscribed by MATLAB/
Simulink as an input to the control algorithms. Subsequently, 
the algorithms developed in MATLAB/Simulink can be tested in 
Simulation in Gazebo Simulation Software. The environment model 
can be created in Gazebo and the robot model can be driven in 
the environment as per the control algorithm. In our case, we are 
using a classical Pure Pursuit Controller for its suitability to provide 
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control action in a differential drive scenario. For the algorithm to 
work, we need a test map of the environment. We can create this 
map by using Intel camera to create a map of the environment 
by running the robot in it. The .pgm file and .yaml file of the map 
can be processed and a binary occupancy grid can be generated in 
MATLAB and given as an input to the Simulink model for effective 
Path Planning and Control action. This map serves as a global map 
and is unresponsive to dynamic changes in the environment.

Ultimately, these separate modules need to work in tandem to 
provide an autonomous logistic solution. The scope of this project 
is immense when we consider the number of warehouses and 
supermarkets all over the world. A successful implementation of 
this technology can help humans and robots to work closely to 
reduce human effort in terms of carrying the weight. Working with 
such sensors and algorithms, data management and processing is 
an important area which should be addressed. With large amounts 
of incoming data, we need to filter out which data is beneficial to 
us and should be processed for further applications. Running the 
algorithms simultaneously requires high performing CPUs and 
GPUs which can be costly. The major challenge posted is finding the 
most robust solutions as the environment is highly dynamic and 
is subjected to changes. Hence, to ensure the robot can adapt and 
handle these changes to fulfill its goal is a challenge which has to 
be tackled by intensive testing in different environments. Weather 
changes can also be a challenge and it will be interesting to see how 
we can tackle these challenges in future.

To realize the goal of the project, the intermediate step is 
to consider the human factors as a key enabler. As the robot is 
going to drive in the vicinity of the humans, we need to take into 
account the acceptance of the people to the presence of the robot, 
as discussed for in-door robots in [4,5]. Along with the acceptance 
criteria, it is important to understand what kind of movement goes 

down well with the people walking in the vicinity of the robot. 
We can get a better idea about this with the help of extensive 
measurement campaigns, resulting in comprehensive data sets 
(managed in MARVS) during trial runs in public out-door test 
environments. Recently the team has been working towards these 
measurement campaigns in the city of Gera and Freiberg to receive 
a first understanding of the acceptance criteria in the outdoor 
environments.
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