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Abstract 

In recent years, artificial intelligence, deep learning, and computer vision systems have paved the way for the 

development of various self-driving vehicles. The risk of testing these vehicles is not negligible, given the high kinetic 

energy, so testing methods should be chosen carefully. In addition to static objects, the problem of handling dynamic 

objects during the test cases which are carried out on test tracks as ZalaZONE. Hence dynamic objects are carried 

by self-driving platforms that do not cause significant material damage to either the test device or the test subject 

in the event of a loss of control. This paper presents two important aspects of the development of a universal Moving 

Platform. These are the safety analysis of the onboard architecture to ensure a highly reliable emergency stop and 

the trajectory tracking methods and the implementation of the associated low-level control loops. 
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1 Introduction  

Autonomous cars are also known as self-driving cars, are vehicles that require significantly less human 

involvement for operating them. In the past few years, there has been a leap in the development of self-driving 

cars, but still, some human interactions are required, regulated by the so-called automation level [1]. This kind of 

classification of automated vehicles is done by dividing them based on the need of human interactions, which also 

refers to the basis of the extent of automation. 

Categories are defined from 0 to 5, where Level 0 means that there is no automation, and Level 5 means that 

the vehicle is capable of full automation. For this level, there is no human involvement required. The vehicle will 

not allow the passenger to take control of the car’s operations. On this level, the detection and accurate mapping 

of all objects around the vehicle are inevitable. The above-mentioned objects can be stationary or moving objects, 

self-driving cars must be able to handle each case without obstructing the traffic and endangering people’s life. 

The literature provides several solutions for the vehicle detection of the autonomous vehicle environment. 

Gluhakovic et al. [2] propose the use of the YOLO v2 algorithm to detect vehicles in an environment and to provide 

potential collision warnings. Zinchenko et al. [3] present an automatic collision avoidance system that can avoid 

both static and dynamic objects throughout the manoeuvring. These systems are tested in simulated environments, 

however, when the real tests are conducted, significant material damage even in case of a loss of control should 

be avoided. 

This paper introduces a universal self-driving Moving Platform, developed for the test cases described above, 

to maintain safety during the development phase. This Moving Platform can emulate different types of dynamically 

moving objects, for example, pedestrians, motorcyclists, or even other cars. 

2 External connections of the moving platform 

The Moving Platform is a wireless test equipment for testing autonomous functions during a self-driving car 

development. The external connections organized by fully defined interfaces determine the capability and the 

different operational modes of the vehicle, for example, the range, speed, and other important aspects. The Moving 

Platform has two major operating modes: 
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• manual steering based on optical inspection, 

• autonomous steering by onboard sensors and predefined trajectories. 

The manual driving mode of the Moving Platform is based on a handheld controller, and the camera system, 

installed on the test platform. There is an emergency stop button on the right side of the controller in case of any 

emergency either in manual or autonomous mode. 

The autonomous driving mode of the Moving Platform is based on a predefined trajectory and a highly accurate 

Differential Global Positioning subsystem (DGPS). From these inputs, the test platform evaluates the steering and 

accelerating/decelerating properties, implementing a moving object on the road, that the unit under test (UUT) 

vehicle should handle properly. 

The following interfaces are specified for the Moving Platform: 

• IF-RC: HMI interface for radio controlling the test platform for manual steering, 

• IF-CAM: HMI interface for the optical inspection of the test platform with onboard camera system, 

• IF-CFG: HMI interface for determining the trajectory for autonomous driving, 

• IF-GNSS: wireless interface for determining the position of the test platform with high accuracy, 

• IF-PS: wired interface for charging the onboard battery of the test platform. 

3 Safety principles 

During the development of a safety-related product, like an autonomous moving test platform, the choice of the 

safety architecture always depends on which part of a control system the product implements. The closer we are 

to the actuator controller unit, as well as to the process sensors, the more stable the system should be, i.e., in 

addition to safety, availability should also be taken to account. As Fig. 1 shows, the external interface could be 

divided into two types: the Human Machine Interfaces (HMIs) and control interfaces.  

 

Fig. 1 External connections 

In the case of the Moving Platform, the 1oo2 [5] safety architecture implemented as diverse redundant channels. 

The 1oo2 is a two-channel safety architecture, that usually consists of two identical channels for redundancy 

purposes. This safety architecture protects against dangerous failure with the following method: if the results differ 

when evaluating the two channels, the system can reach a safe state. 

4 Internal architecture 

The Moving Platform has a 1oo2 based architecture but is organized in a diverse channel implementation. The 

logical processing units, the actuator controller, and the physical actuator themselves are arranged in 1oo2 

architecture format to maintain the safety properties of the system. 



 

96 The First Conference on ZalaZONE Related R&I Activities of 

 Budapest University of Technology and Economics 2022 – Budapest 

 

Fig. 2 Moving Platform architecture 

The internal architecture of the Moving Platform can be found in Fig. 2. The system can be divided into two 

major parts: the Moving Platform itself, and the remote-control subsystem, which contains all the necessary 

hardware and software to operate the Moving Platform hardware remotely. 

The two major parts are connected to the following wireless interfaces: 

• MPMI-FWUPD: management interface for updating the predefined trajectory or the firmware, 

• MPMI-CAM: management interface for transmission of the onboard camera broadcast signals, 

• MPCI-ITOWA: control interface for manual driving and handling the emergency shutdown. 

4.1 Moving platform subsystem 

Inside the Moving Platform, there are two central subsystems, denoted by yellow and purple colours, 

implementing the 1oo2 safety architecture. These central processing units are diverse in hardware also, for 

increasing the safety properties of the system, but also for the different purposes of each subsystem. 

The Central subsystem A marked by purple colour is the one that implements the different types of control loops 

for the autonomous operating mode. It can communicate with all the actuator controllers precisely, allowing the 

proper trajectory tracking. This subsystem is based on a dSPACE MicroautoBox II [6] embedded computer. 

The Central subsystem B marked by yellow colour is the one that implements the wireless communication and 

the emergency stop function and it acts as a bridge between the handheld remote control and the Microautobox II 

subsystem. This subsystem is implemented by an ITOWA IT3RBUS device [4]. 

Interfaces in the moving platform: 

• The MPCI-DT interface is responsible for the data transmission to the MicroautoBox II subsystem and 

checks its status. This interface has been implemented via the CANopen protocol, using a custom 

dataset configuration. The interface uses the heartbeat feature of the CANopen protocol, maintaining 

the availability of the MicroautoBox II subsystem. In case of a connection loss between either the 

handheld remote controller or the MicroautoBox II cause an immediate emergency stop event, sending 

a stop message directly to the actuator controllers. This event can still occur if the supervisor of the 

Moving Platform presses the stop button on the handheld controller. 

• The MPCI-GNSS interface for receiving position information from the iMAR GNSS subsystem. 

• MPCI-BRK: This interface collects the pressure data from the braking subsystem. 
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• The MPCI-CTRLA interface provides control data to the actuator controllers and makes it possible to 

get feedback from these controllers. This protocol was implemented with a subset of the CANopen 

protocol, which has the highest priority. As a result, a CAN interrupter on this interface, so in case of 

an emergency stop event, it cannot send incorrect messages for the brake actuators. 

• The MPCI-CTRLB interface provides simply one-bit information about the emergency stop event, 

which is a low active signal. The energy-free state drives the Moving Platform into a safe mode by 

starting the braking process in both brake actuators. 

4.2 Isolation 

The 1oo2 based safety architecture can work properly only if the two main central processing subsystems and 

the two brake actuators are completely separated from each other. This means, that they need separate power 

supplies, and at every point, where the information crosses, galvanic isolation is needed for the actual interfaces. 

For the MPCI-CTRLB interface using a simple relay can solve this problem, but in the case of the CAN-based 

MPCI-CTRLA interface a CAN isolator must be inserted between the ITOWA Receiver and the MicroautoBox II 

subsystems. While the motor controllers are powered by 48V, which is a different power domain that the central 

processing subsystems have, an isolation between the motor controllers and the MPCI-CTRLx interface is also 

needed. 

5 Kinematic model of the vehicle 

The high-level control loops are implemented in Central subsystem A, while the low-level controllers are 

implemented in the actuator controllers, which directly control the actuators. To formulate the control rules, the 

kinematic model of the vehicle should be analysed. 

 

Fig. 3 Vehicle model 

Fig. 3 depicts the simplified vehicle model of the Moving Platform. The vehicle consists of steering gear, that 

is driven by a Thomson Electrak® 1 SP [7] linear actuator, and two separately driven rear wheels, that are driven 

by two Curtis 1234SE-5421 [8] motor controllers.  

The state of the vehicle is depicted by 𝑞 =  [𝑥, 𝑦, 𝛩]𝑇 . The values of 𝑥, 𝑦 represent the position of the vehicle, 

while 𝛩 is the orientation. With this simplification, the state of the vehicle can be calculated by (1), where 𝑣 is the 

speed input of this system, and κ is the curvature of the path. 

 �̇� =  [
�̇�
�̇�

Θ̇

] = [
𝑐𝑜𝑠Θ
sin Θ

𝜅
] ⋅ 𝑣 (1) 

To be able to calculate the 𝜅 curvature of the path by (2)-(4), the wheelbase 𝐿 constant parameter, and the actual 

steering angle 𝛿 are required. The value of κ is limited, as the steering angle 𝛿 has a minimum 𝛿𝑚𝑖𝑛  and a 

maximum 𝛿𝑚𝑎𝑥  . 

 𝜅 =
𝑡𝑎𝑛𝛿(𝑡)

𝐿
 (2) 

 |𝜅| ≤ 𝜅𝑚𝑎𝑥 (3) 

 𝛿(𝑡) ∈ [𝛿𝑚𝑖𝑛, 𝛿𝑚𝑎𝑥 ] (4) 
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6 Control loop of steering 

 

Fig. 4 Control loop of steering 

Fig. 4 depicts the control loop of the steering. As it can be seen, it includes a high-level Stanley controller [9] 

and a low-level control PID controller. The control loop receives the reference trajectory describing the sequence 

of the desired configurations 𝑞 of the vehicle. The desired position 𝑟𝑥𝑦 = [𝑥, 𝑦] provides the reference point of the 

trajectory to be reached, while 𝑟Θ  is the desired orientation at point 𝑟𝑥𝑦 . 

The high-level control loop calculates the deviation from the desired path. For this step, the feedback of the 

measured orientation Θ and the position data 𝑥𝑦 = [𝑥, 𝑦] are required. Fig. 5 depicts a case, where it is not only 

the orientation that is differing from the desired one but there is a position deviation too. To eliminate both the 

heading and the tracking errors, a Stanley controller has been implemented. The algorithm of the Stanley controller 

is described by (5). 

 

Fig. 5 Stanley controller 

 𝑟δ(𝑡) = 𝑒Θ(𝑡) + tan−1 (
𝑘⋅𝑒𝑥𝑦(𝑡)

𝑣(𝑡)
)  (5) 

In (5), 𝑟𝛿(𝑡) is the output of the Stanley controller, providing the reference steering angle for the low-level 

control. The parameter 𝑘 is called the position gain, which is a tuneable parameter. This value determines how 

much the position error affects the steering angle. The goal of the controller is to eliminate the heading error: 𝑒Θ, 

and to eliminate the tracking error: 𝑒𝑥𝑦  , too. 

For the low-level control, a PID controller is tuned. The steering gear consists of a linear actuator, and a 

mechanical system connecting the linear actuator and the wheels of the vehicle. The position of the actuator is 

proportional to the voltage. However, due to the mechanical connection, there is no linear connection between the 

voltage and the steering angle. As a result, a lookup table (LUT) has been introduced, between the low-level and 

the high-level controllers of the steering, thus the low-level controller should only perform a position controlling 

task on an LTI-system, where the actual feedback is the position data from the linear actuator. 

7 Electronic differential 

The Moving Platform is a Rear-wheel drive vehicle (RWD), with separate in-wheel motors. Due to this design, 

there is no mechanical differential. Therefore, it is required to allow different wheel speeds when |𝜅|  >  0, thus 

the slipping of the rear wheels can be avoided. When the vehicle model depicted in Fig. 3 is taken into 

consideration, and the diameter of the rear wheels 𝑑 is known, the required rotational frequency of the rear wheels 

𝑓𝑅𝐿  and 𝑓𝑅𝑅  can be calculated by (6)-(7). 

 𝑓𝑅𝐿 =
𝑣(𝑡)

𝑑⋅𝜋
⋅ (1 −

𝑡𝑅

2
𝜅(𝑡)) (6) 
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 𝑓𝑅𝑅 =
𝑣(𝑡)

𝑑⋅𝜋
⋅ (1 +

𝑡𝑅

2
𝜅(𝑡)) (7) 

The rear wheels are driven by two separate Curtis motor controllers, where two PID controllers are 

implemented. The motors have encoder feedback; thus, the RPMs of these motors are known. As a result, 𝑓𝑅𝐿  and 

𝑓𝑅𝑅  are the reference values of the implemented control loops in the Curtis controllers. 

8 Emergency brake control 

Fig. 6 depicts the structure of the emergency brake system. Any of the Central Subsystems, described in Section 

4, can trigger the emergency stop of the vehicle. The structure realizes a dual-circuit brake system; thus, any brake 

actuation provides a full vehicle stop. 

 

Fig. 6 Emergency brake actuation 

9 Conclusion 

In this paper, we have presented the control design of an autonomous Moving Platform that is used for test 

tracks. It has been shown that the designed architecture of the Moving Platform consists of two separate 

subsystems: Central subsystem A and Central subsystem B. The base principle of the presented architecture was 

to fulfil the high safety requirements. The low-level control loops utilize simple PID controllers, while the high-

level control loops utilize more complex computations. To increase the safety metrics of the system 1oo2 voters 

have been realized in a diverse channel implementation, thus any Central subsystem is able to initiate an emergency 

stop procedure of the platform. Future work includes the tests of the platform both in simulations and test tracks. 
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