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Abstract. This article describes relevant challenges of autonomous driving with respect to the strategic and 
tactical levels of vehicle control, some solutions are offered. Methods for creating a digital terrain model are 
described. The notion of a "basetrack" is introduced, which is a high-accuracy spatial driving route that contains 
additional data sets for the vehicle’s optimal control with respect to the requested transport task, road and traffic 
conditions. A "basetrack" data structure is presented with respect to the advantages of its implementation: the 
predetermined variability of control actions on the route, depending on the tasks of time saving, energy 
efficiency, or safety; increased reliability, reduced requirements for on-board computing power, and improved 
performance. We propose to solve the issues in optimal vehicle control for the autonomous driving mode in 
simulation with reference to a precise geoinformation environment. 

 
1. Introduction 
Energy efficiency and safety are traditionally among the main development trends in the automobile 
industry. The opportunities for automakers to improve the principal design and control algorithms 
seem to be exhausted, and it is a challenge to improve the safety of road vehicles. The analysis of road 
accidents involving heavy trucks showed that 85.2% of road accidents are caused by various human 
factors in France, Germany, Italy, Hungary, the Netherlands, Slovenia, and Spain [1]. Approximately 
80% of road accidents in Russia are caused by driver’s faults. Thus, the most efficient approach could 
be increasing the active safety of road vehicles and excluding human drivers from the cycle of vehicle 
control. 

Development projects for autonomous vehicle technologies are currently being undertaken by all 
global car manufacturers, especially in the US, Germany, Japan, and China. Automobile groups are 
involved into these projects as well, such as Ford, Daimler, Volkswagen, Toyota, Honda, GM, Geely, 
Tata, and Tesla, as well as other major technological organizations such as Google, Continental, 
Delphi, Siemens, and Bosch. Other players in the field include defense departments and agencies of 
different countries (e.g., DARPA [2]), universities (e.g., Stanford University, Carnegie Mellon 
University, Technical University of Munich, University of Karlsruhe, Fraunhofer Institute, University 
of Minnesota, Universidad Politécnica de Madrid [3]), and many other institutions [4-6]. Thus, the 
development trends of autonomous driving technologies are important and relevant. 
 
2. Problem Statement 
The overall act of driving can be divided into three levels of a driver`s effort [7, 8]: strategic, tactical, 
and operational levels. The strategic level involves trip planning. The tactical level involves 
maneuvering the vehicle through traffic (lane changes, overtaking, speed limit, etc.). The operational 
level involves innate actions such as steering, braking, and other vehicle system control for trajectory 
tracking. 

The strategic level deals with tasks of logistics, routing, navigation [2, 5, 6, 9]. One of the main 
applied problems at this level relates to the creation of high-accuracy models of geoinformation about 
the spatial terrain, which are called high-definition (HD ) maps. 

The tactical level deals with the issues of psychophysiology and critically depends on the perfect 
functioning of the technical system of road scene recognition [10], including the subsystem of 
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technical vision [11]. In addition, there is a huge layer of decision-making problems at the tactical 
level, which researchers and developers mostly try to solve using artificial intelligence systems [12]. 
The main problems of the tactical level include all the uncertainties that arise during the process of 
driving, which require route correction. The operational level of vehicle control is supposed to be well 
studied [2, 3, 5, 6, 10, 13]. 

This study focuses on new approaches that solve some challenges of tactical and operational 
levels in autonomous vehicle control. 

 
3. Geoinformation Support as an Instrument for Rapid Implementation and Wide Spread of 
Autonomous Vehicles 
The known methods of autonomous driving are mostly based on the use of data from various real-time 
navigation systems and an electronic map loaded into the ECU memory. The exact driving control 
actions are commonly carried out using computational algorithms that operate in real time and often 
depend on artificial intelligence systems. These systems require significant on-board computing power 
for tasks such as object detection, classification, scene recognition, risk assessment, and decision 
making. Trajectory correction in such systems continually occurs on each segment of the route, which 
results in high on-board computational requirements, increased lag for control commands with the 
increase of driving velocity, decreased control accuracy at high velocities, and a risk of unpredictable 
failures in cases of wrong scene recognition. 

We offer a simplified approach for autonomous driving and a more reliable and less expensive 
solution. We propose the concept of a “basetrack,” which is a high-precision spatial driving route that 
contains additional blocks that provide optimal control of the vehicle based on the requested transport 
task and traffic conditions. The basetrack can be compared with a virtual spatial railway for the 
vehicle, which acts like a train. Accordingly, in the simplest case, the vehicle should decrease its 
driving velocity and stop in the event of an obstacle or risk detection. If you have trouble, the decision-
making system (e.g., the Mivar expert system [12]) should start to switch the trajectory tracking 
system to another track from the database or to another fragment of a generated detour track. 

There are different approaches to HD-map design, but all of them begin with the creation of a 
digital terrain model (DTM). Informational layers can be added to the DTM with corresponding 
objects such as road markings and infrastructure elements. Geospatial data for DTM can be obtained 
by space or aerial photography, laser scanning (ground or air based), radar scanning, and other 
methods. However, we consider the use of traditional HD maps to be unreasonable in the proposed 
conceptual approach. Instead thatwe propose the use of basetracks, which are software products 
designed based on DTM and technical knowledge about a certain vehicle, road, traffic, and 
environmental conditions. 

Figure 1 illustrates the principal scheme for autonomous vehicle control with the use of a 
basetrack. 
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Figure 1. Principal scheme for autonomous vehicle control with the use of basetrack. 

 
The basetrack structure includes: 
- a dataset of kinematic parameters of the vehicle motion; 
- a navigation dataset; 
- a dataset of referenced control actions; 
- a dataset of road characteristics; 
- a dataset of driving conditions with optimality criteria. 
The dataset of kinematic parameters of the vehicle motion contains calculated referenced data that 

are typical for the vehicle considered when driving in normal conditions (no extra wind load, loaded 
car weight, dry asphalt, etc.). 

The navigation dataset enables vehicle positioning on the basetrack while driving with the help of 
any precise on-board navigation system. 

The dataset of referenced control actions corresponds with the dataset of kinematic parameters 
and contains control commands for normal driving conditions. 

The dataset of road characteristics contains information on the road type, longitudinal and lateral 
inclinations, average road surface friction coefficient in normal weather conditions, International 
Roughness Index (IRI), and road curvature. 

The dataset of driving conditions contains information that is included but is not limited by the 
following: 

- the maximum permissible speed Vmax in accordance with traffic rules and road signs; 
- the coefficient of weather conditions Kw, by which the permissible speed can be adjusted; 
- the critical speed Vcrit for a certain vehicle (the maximum possible speed for the vehicle and road 

conditions); 
- the complex rate Keff of speed adjustment, which reflects the criterion of energy efficiency; 
- the coefficient Kinfr of speed adjustment, which takes into account the peculiarities of road 

infrastructure; 
- the coefficient Ksat of the reliability degree for received satellite navigation data at a given 

location. This factor takes into account the infrastructural and natural disturbances and is an indicator 
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of switching from a satellite system to another positioning system (optical, inertial, etc.) when using a 
hybrid navigation system. 

The dataset of driving conditions can be updated interactively. 
Importantly, some parameters of the driving condition dataset are mutually exclusive. 

Accordingly, specific control actions for autonomous driving mode will be determined from the 
considered dataset with respect to the transport task. Some examples are presented by optimality 
criteria such as the minimum travel time, fuel economy, or safety driving with risks reduction. In the 
case of a race car driving on a circuit, the autonomous driving control unit will use the speed 
determined as Vcrit∙ Kw from the dataset of driving conditions. In another example, a heavy truck driving 
autonomously with the task of minimizing fuel consumption will cause the control unit to use speed 
determined as Vmax∙ Keff∙ Kw. 

A set of files with sequential basetracks forms a track of a larger length. Before the start of 
autonomous driving, the track file or at least the first file of a long track should be loaded into the on-
board memory block. The rest of the track files and the dataset of driving conditions can be 
downloaded or updated as the vehicle drives along the route. It is also possible to preload all track files 
into the memory block. 

We propose using a basetrack concept at the strategic level of autonomous vehicle control while 
considering the information of modern HD maps to be redundant. The use of basetracks at the tactical 
level excludes or minimizes the problem of decision-making and dynamic route correction, which 
leads to increased reliability of the autonomous driving system, reduces requirements for on-board 
computing power, and improves the system performance, allowing it to drive the vehicle at higher 
velocities. 

For the prototype of an autonomous road vehicle, speed of 130 km/h was achieved for stable 
driving in the corridor of road markings using the basetrack in autonomous mode. This was achieved 
without the use of road marking recognition systems in accordance with the experiment’s goal, which 
was to demonstrate the pure basetrack technology on a real road. 

At the same time, the basetrack concept provides different predetermined ways of driving along 
the same route. An economic advantage is obtained based on the correlation of optimized control 
actions in autonomous mode with respect to the requested transport task. 
 
4. Conclusion 
The results of this study are as follows: 

1. The notion of a basetrack has been introduced, which is a high-accuracy spatial route of driving 
that contains additional datasets for optimal vehicle control in autonomous mode with respect to the 
requested transport task, road conditions, or traffic conditions. 

2. We proposed using basetracks at the strategic and tactical levels of autonomous vehicle control 
instead of HD maps or as a separate layer of an HD map. 

3. The use of a basetrack concept at the tactical level excludes or minimizes the problem of 
decision-making and dynamic route correction, which could increase the reliability of autonomous 
driving systems, reduce requirements for on-board computing power, and improve the system 
performance, allowing vehicles to operate at higher velocities. 

4. It is essential to solve the issues in optimal vehicle control for the autonomous driving mode in 
simulation with reference to a precise geoinformation environment. 
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