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1. INTRODUCTION 

Brake Assist Systems reduce the risk of pedestrian injury and help prevent backwards colliding. The brake assist system 

provides emergency braking support: if the driver suddenly applies the brake pedal, the system considers that there is an 

emergency situation. The brake pressure increases immediately, thus improving the braking process. The stopping distance 

will be reduced, thus avoiding collisions. 

Named AFU (Aide au Freinage d'Urgence) in the francophone countries, or the EBA (Emergency Brake Assist) / BAS 

(Braking Assistance System) in the Anglo-Saxon countries, this system is of major importance for emergency braking for so 

long as the driver does not have the necessary power to press the brake pedal sufficiently. 

More widely, the sensors detect any extremely rapid braking, a sudden push on the brake pedal, which is not strong enough to 

carry an emergency maneuver. At this point, the electronic brain dictates a temporary additional pressure in the braking 

circuit, so as to compensate for the lack of push force. 

Compared with modern electronic sensors, human drivers have slow reaction times. The purpose of assisted braking and 

related technologies is to help stop cars earlier and faster. Those critical seconds - generally fractions of a second - can 

actually mean the difference between an accident or a stop "at the limit". 

The anti-lock braking system or anti-lock braking system (or in German: Antiblockiersystem / ABS) is a system for 

motorized vehicles that prevents the wheels from being locked during braking. It has two advantages: it allows the driver to 

maintain steering control during braking and shortens the braking distance. This feature is very useful in heavy traffic 

situations. 

Assisted braking is designed to complete the anti-skid system of ABS. The ABS quickly operates the brakes during an abrupt 

stop to prevent the vehicle from skidding or slipping. Without this system the brakes can be locked and the vehicle will be 

out of control. Assisted braking has the role of making the ABS system stop the car more efficiently. 

 

2. THEORETICAL FOUNDATIONS 

2.1 Sensors for distance measurement - Laser telemeter 

The laser telemeter (rangefinder) (Fig. 1) is a measuring instrument that uses a laser beam to determine the distance to an 

object. The most common form of laser telemetry operates based on the flight duration principle by sending a laser pulse in a 

narrow beam to an object, measuring the time needed for the pulse to be reflected from the target and returned to the sender. 

The precision of the laser telemeter/rangefinder is related to the laser pulse lifting or falling time as well as the receiver 

speed. Telemeters that use very accurate laser pulses and have a very fast detector can measure an object and distances of a 

few millimeters. 
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Figure 1. Laser telemeter 

 

Although the emitted beam is narrow, it will eventually spread over long distances as a result of laser beam divergence, as 

well as the scintillation and deflection effects of the beam caused by the presence of air bubbles acting as a spreader, ranging 

from microscopic dimensions to nearly half the laser beam path above the earth. 

These atmospheric distortions, combined with laser divergence and transversal air streams that tend to push the heat bubbles 

laterally, may cause difficulties in correctly reading the distance of an object (for example, object behind shrubs under a tree). 

 

2.2 Electronic sensors and systems used in the braking process - 

Anti-lock braking system (ABS) or anti-skid brake system is a car safety feature that allows the wheels of a motorized 

vehicle to maintain traction with the road surface, depending on the driver's controls, while braking, preventing wheel locking 

(stopping rotation), avoiding uncontrolled skidding. This is an automatic machine that uses the braking threshold principles 

and braking rate that were practiced by advanced drivers with previous generations of braking systems. This system performs 

the previously mentioned operations with a faster rate and much better control than many drivers could do. 

Generally, the ABS system offers improved control and reduces braking distances on dry and slippery surfaces; however, on 

gravel or snow-covered surfaces, the ABS system can increase the braking distance, however improving the steering control 

of the vehicle. 

The ABS system includes a control unit (ECU), four sensors measuring wheel speed and at least two hydraulic valves inside 

the brake system. The ECU unit constantly measures the speed at which each wheel rotates; if it detects a spinning wheel 

much slower than the others, a condition indicating an impending lock on the wheel, it operates the valves to reduce the 

hydraulic pressure for the brake on the affected wheel, thereby reducing the braking force on that wheel; thus, the wheel will 

spin faster. Conversely, if the ECU detects a spinning wheel much faster than the others, the hydraulic brake pressure is 

increased, so the braking force is reapplied, slowing down the wheel. 

This pattern is repeated continuously and can be detected by the driver via pedal pulses. Some anti-lock systems can apply or 

reduce the brake pressure 15 times per second. For this reason, the wheels of the ABS-equipped cars are impossible to lock, 

even during panic braking under extreme conditions. 

The ECU is scheduled to disregard the rotational speed variations of the wheels that are below a critical level, because when 

the car is steering, the two ESP devices from the center of the curve revolves more slowly than the two outside. For the same 

reason, the differential is used on all vehicles. 

 

3. SYSTEM STRUCTURE 

The ultimate goal of this system is to analyze the sensor data in order to maintain a safe braking distance. 

The system is based on a laser telemeter/rangefinder to retrieve information about the distance between the two vehicles. This 

distance is processed by the Arduino Uno plate to obtain a usable result in the other modules of the system. 

For the system to know at any time what is the braking safety distance depending on the travel speed and the actual distance 

between the vehicles, the braking distance calculation module will receive the actual distance and speed of the vehicle. Upon 

processing of the information, the output of the module will at any time result in the value of the safe braking distance. 

The braking distance value is sent to the fuzzy block, where it is compared with the actual distance between the vehicles. 

Depending on the difference resulting from the comparison, the fuzzy controller will analyze the situation and make a 

decision. In principle, the decision will be to apply the brake to adjust the speed, i.e. the distance, if the difference between 

the two distances leads to the impossibility of braking safely. 
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3.1 Micro-controller microsystem block diagram - 

The laser telemeter/rangefinder is a measuring instrument that uses a laser beam to determine the distance to an object. The 

most common form of laser telemetry operates based on the flight duration principle by sending a laser pulse in a narrow 

beam to an object, measuring the time needed for the pulse to be reflected from the target and returned to the sender. 

Figure 2 presents a block diagram of the microcontroller system. 

 

 
Figure 2. System block diagram with microcontroller 

 

The Arduino Laser module has the role of retrieving information from system sensors and converting data into a format that 

can be used for the rest of the modules. 

This block is comprised of the OSLRF-01 laser telemeter, as well as the system processing unit, the Arduino Uno r3 plate. 

The Arduino Uno is the interface with all the other components of the system, consisting of the ATmega328 microcontroller, 

the system's processing core. 

The braking distance calculation module has the role of retrieving information about the speed at which the machine is 

running in order to calculate in real time the estimated braking distance. After the calculation, the braking distance data is 

transmitted to the fuzzy logic block. 

The Fuzzy Logic block has the role of retrieving information from the system's sensors in order to assess the situation of the 

car in order to make the right decisions associated with each case. This block assures the intelligent information processing of 

the system, having the possibility to make decisions in approximate decision cases. 

In addition, the Fuzzy block will also be able to decide whether the system is in an emergency situation. If such a situation is 

detected, this block will be able to activate, as appropriate, the systems in the safety package: ABS, EBA. 

 

3.2 Connecting the lasertelemeter to the microsystem 

Connecting the OSRLF-01 Laser telemeter used in the micro system paper-work, more precisely, connecting it to the 

Arduino Uno plate can be done as shown in Fig. 3. 

 
Figure 3 Connecting the Laser Telemeter /Rangefinder OSLRF-01 
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After the telemetry connection, its behavior was analyzed. First of all, it is important to note that, without using the "Control" 

function, the measurements are made at a frequency of about 37 Hz. Frequency decreases all the time. So. immediately after 

starting, it decreases considerably, as it can be seen in figure 4: 

 

 
Figure 4. Y axis – “Sync” period in microseconds;  Axis X - Sampling over time 

 

After a few minutes, the signal stabilizes, but a good practice would be constantly checking its exact value. 

To test the Laser telemeter / rangefinder (figure 5), it is considered that there is sufficient time between the launch of the laser 

pulse (the "Zero" signal) and the "Return" signal. Practically, it was very difficult to identify the rising trend of the Return 

signal after we identified the downward trend of the “Zero” signal. This was caused by the fact that the SF02 / F control pin 

of the SF02 / F was not used to adjust the frequency of laser pulses, which means that the "Return" signal overlaps with the 

"Zero" signal when the target moves to a less than 400-500cm. These are the measurements made: 

Two measurements were made for each distance: 

- one with a white target (higher amplitude signals) 

- the second with a black target 

 

  

 
 

Figure 5. SF02 / F telemetry signals (full time) 
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Different color targets were chosen to identify differences in signal values, but the measurements showed that the values did 

not vary greatly depending on the color of the target. The exception was when the objects were very close to the sensor. 

In figure 6 can see how Arduino "sees" these signals after the ADC conversion. The "Return" signal was recorded in a vector 

and the following graphs were represented: 

 

 
 

Figure 6.    “Return” signal after the ADC conversion of Arduino 

 

 
 

Figure 7. “Return” signal after the ADC conversion of Arduino 
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As one can notice, if you choose the lowest possible threshold in the black target plot at a distance of 25 cm, the value of ~ 20 

units (or 100mV), it will not be suitable for detecting the increasing / decreasing trends of the white targets at a distance of 200 

cm. After a series of tests, an empirical formula was obtained that can be used for all distances: 

Adaptive_ Treshhold_Return = 0.13 * Amplitude + 10 

 

 
Figure 8. Distances read using the adaptive threshold algorithm 

 

Applying this formula slows the response a little, but it works well and even produces less noise in the results, so the constant 

threshold method (Figure 9) is used: 

 

 
Figure 9. Distances read using the constant threshold algorithm 

 

4. FUZZY BLOCK DESIGN FOR MAINTAING THE BRAKE SAFETY DISTANCE  

This block consists of filtering information received from sensors through a fuzzy controller to analyze the data and make 

decisions about maintaining a safe distance for braking. Fuzzy system inputs are data read by the laser telemeter, and details 

of real-time vehicle speed. Suitably, system outputs are acceleration and braking. Acceleration and braking are vehicle 

control parameters and can be analyzed in detail to generate alerts. 
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By evaluating the fuzzy logic model, the result of the brake_throttle function, which determines the braking or acceleration 

values for the vehicle, is obtained (Figure 10). 

 
Figure 10  The Fuzzy Logic Controller Model 

 

The fuzzy controller's functions are as follows: 

 
Figure 11. Braking distance membership functions. 

 

 
Figure 12. Membership features for the measured distance 
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Figure 13 Distributed membership functions for the distance variation 

 

The 3D charts below show the value of the brake_throttle output caused by the variation of any two inputs. From these charts it 

can be deducted the fact that: 

- the relationship between input and output system is very complex; 

- the behavior of the system changes as a result of small changes to defined rules and / or membership functions. 

 

 
Figure 14. Measured distance and braking distance 

 

 
Figure 15. Braking distance and distance variation. 
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Figure 16 Distance variation and measured distance 

 

The above areas were obtained by determining the set of fuzzy rules. The final form of the fuzzy controller contains 127 

rules, based on which the values for output after “de-fuzzification” will be set. 

“De-fuzzification” is the process of obtaining quantified values, incoming fuzzy sets and corresponding degrees of 

membership, following inference and aggregation of rules. The Fuzzy Logic model evaluates all applicable rules based on 

membership features and input values, providing a final response. The result of the rule base is then mapped to the result of 

the output function (brake_throttle). The mapped results from each rule are subsequently aggregated and converted to values 

of the brake_throttle variable using a centroid-based “de-fuzzification” technique. 

 

5. CONCLUSION 

The popularity of autonomous systems has grown considerably over the last few years, with more and more car systems 

being developed on the subject, all of which have a single central purpose: to provide increased safety as well as a pleasant 

driving environment. 

Autonomous systems help to reduce the risk of accidents, improve vehicle safety, optimize fuel consumption, and enhance 

car comfort. 

With regard to vehicle safety, this important safety area, the systems included in the safety packages are actively improved, 

with research areas active both on the functional part of the vehicle safety modules and on the optimization of the module 

sizes. 

The research on "Maintaining Brake Distance through Laser Telemetry" has led to the conclusion that making measurements 

with a laser telemeter offers better accuracy and much better response times due to the large number of readings per second 

that lead to the information much quicker as well as much faster decisions in the autonomous systems plan. 

The laser telemeter chosen within the present paper work was chosen especially for its easy interface with the Arduino 

system. OSLRF-01 can calculate distances for targets up to 9 m in distance. In this area, an improvement of the system 

discussed within this paper would be to replace the laser telemeter with a more advanced laser telemetry module that can 

perform faster measurements, with very good precision and, of course, for objects place on larger distances. 

At the same time, another improvement of the system is the use of a more powerful modem controller, which allows for 

faster data processing. The appearance aspect of the system, this is a very important aspect, especially in the case of 

autonomous systems. 

This analysis has led to the study of possible improvements in optimizing braking distances. Thus, in the implementation of 

the braking distance calculation module, we found that external factors had a major influence in calculating the value of this 

distance. 

A major influence also has the human factor at the moment of decision, as the reaction times increase the braking distance. 

By using an autonomous system, we can eliminate these human factor response times, thus achieving optimized braking 

distances. 

The fuzzy controller described in the system can be optimized in order to achieve more accurate results. These optimizations 

can be done both in the area of membership functions, as well as in the basic area of fuzzy rules. 

As aspects to be studied for future developments would be: 

- the possibility of making emergency decisions as well as regarding the collisions’ avoiding; 

- studying the behavior of a better telemetry; 

- using the laser telemeter to analyze and identify the target shapes. 
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