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Report of doctoral thesis: MACHINE LEARNING-BASED MULTIMODAL DATA 
PROCESSING AND MAPPING IN ROBOTICS, submitted by Ing. Adam Ligocki 

The proposed thesis addresses the problem of fusing multi-sensor data for 
mapping and object detection, mainly focused on self-driving cars application. 
Using multiple different sensors is essential not only for self-driving cars 
but in most robotic systems being applied in demanding real-world conditions. 
The thesis focuses on solving important problems of using autonomous cars in 
special weather conditions of the Czech Republic that brings important 
contribution for the self-driving cars community that is focused mainly on 
driving in different climate conditions of California.  

The first chapter of the thesis motivates the proposed research well, while 
all contributions are clearly compared with existing literature in the second 
chapter. Analyses of state of the art are also provided in sections II A-D, 
dedicated to the key publications, and sections III E-F showing technical 
contributions of the thesis. In total, 248 papers are discussed in the 
manuscript that is sufficient for work of such a range and indicates that the 
student understood the state-of-the-art and can work with scientific literature. 

Sections II A and B are focused on describing unique datasets made in Brno 
urban environment. Although these parts present mainly the engineering work of 
the student with minor scientific contributions, this part brings an important 
contribution to the community. Also, the open-source code related to these 
datasets provided by the student will increase the usability of this part of 
the student's work. 

Section II C shows an interesting idea of using the advantage of synchronized 
multiple sensors for automated annotation of thermal images. I agree that 
thermal sensors are rarely used in this application although they are becoming 
lightweight and cheap with sufficient resolution and the reason can be a lack 
of annotated data and difficulties with annotating them manually. Contrary to 
RGB images, human annotators may have problems distinguishing objects in 
thermal images as humans are not relying on thermal sense organs. Nevertheless 
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for robotic applications, it is an important complementary sensor working in 
situations, where frequently used sensors are failing. 

Section II D presents an approach for human detection in 3D lidars data. 
Although a lot of research has been done in this area, still a complex reliable 
solution is not available in the literature and student clearly described the 
contribution in using pre-trained RGB NN being applied on a depth map data 
generated from the 3D LiDAR. 

Finally, sections III E and F summarize the technical contributions of the 
student in terms of SW framework and libraries for the given application. 
Preparing SW libraries and open-source publication is an important activity 
that increases the impact of the student's work.   

 
Let me list some questions I would like to discuss during the defense: 
 
Q: I like the idea of adding thermal vision as these cameras are becoming 

cheaper and smaller. What phenomena do you expect to detect or classify using 
these data and what do you see as the most critical issues once using these 
sensors? (thermal image of objects may depend on weather, day-time, season, 
sunlight).  

 
Q: An obvious question appears if considering the current effort of Tesla 

developers that argue that monocular vision is sufficient for reliable 
autonomous driving and lidars are not part of their solutions. On the other 
hand, a lot of researchers are using lidars and radars. Why they are following 
different ways and what is your opinion? 

 
Q: I saw in your data, you have experienced a problem with GNSS availability. 

In which part of the city was it? Was it a reflection of the signal from toll 
buildings? If yes, could you interpolate the GNSS signal in case of its drop 
out using 3D lidar SLAM methods? 

 
Q: I agree that it is an important task to train autonomous cars for driving 

in difficult conditions such as snow. One aspect is object classification that 
you support, but what about the detection of traversability of roads? Detection 
of a layer of snow, slippery surface... this information may be used for going 
slower, etc. Have you considered adding additional data such as wheels slippage 
into your dataset, or using data from driver assistance systems of nowadays 
cars, such as ABS...? 
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Q: In section C.4.2, you mentioned that number of wrongly annotated pictures 

by the teacher network is higher than in the case of manual annotation by 
humans, but you argued that this does not influence the student neural network. 
What is the percentage of such incorrectly annotated pictures? What percentage 
would already negatively affect the performance of the system?  

 
Q: The work addresses objects classification by different sensors that could 

be used simultaneously that is a promising idea since each of the sensors is 
proper for different weather conditions. But the issue can be how to combine 
them and how to estimate the validity of sensory data (confidence) in the given 
time. Have you considered these aspects?  

   
 
To conclude my review, I must highlight the enormous amount of work that was 

done and the contribution of the work to the scientific community and society 
in general. The student demonstrated his ability to scientific work and publish. 
Therefore, I recommend accepting the thesis for its defense.   
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