
 

The MPC controller then predicts the inputs to be given at 

each time instant before the car hits the obstacle. When the 

predicted inputs of the controller is good enough to produce 

the maximum braking force to stop the vehicle before 

collision, then the ECU/controller applies the predicted inputs 

which can be usually hydraulic pressure. If the predicted 

inputs are not able to stop the vehicle without skidding and 

the obstacle is a living thing which is given by the sensors, the 

MPC controller signals to apply a extra coating over the tire to 

increase the braking force which could be applied to the tires 

and it predicts the new inputs before applying it. If the 

obstacle is a non living thing, then the MPC controller applies 

the predicted inputs before deploying the air bag. 

Limitations 

1. The MPC optimization should be done at a very high 

speeds 

2. Applying an additional coating may not be possible or the 

braking force required may still be not achieved even 

after applying the coating 

 

References: 
1. Tjonnas, Johannes, and Tor A. Johansen. "Stabilization of 

automotive vehicles using active steering and adaptive brake 

control allocation." Control Systems Technology, IEEE Transactions 

on 18.3 (2010): 545-558. 

2. Falcone, Paolo, et al. "A model predictive control approach for 

combined braking and steering in autonomous vehicles." Control & 

Automation, 2007. MED'07. Mediterranean Conference on. IEEE, 

2007. 

 

Introduction 

Recent developments in the field of electronics and 

computers have a very big impact in the growth of 

automotive research.  Safety of automotive vehicles have 

been the critical factor ever since the introduction of 

vehicles.  ABS and ESP are one of the notable inventions in 

the field of automotive controls. Even though these systems 

ensure better safety and even though there are enough 

indications to the driver before a collision is about to take 

place, the road accidents are inevitable. Model Predictive 

methods are highly researched in recent areas mostly for 

the active steering and braking(1) (2).There is no specific 

research about high speed braking using MPC. 

 

In 2025, the speed of the processors and the improvement 

in the technology will allow us to use the MPC approach for 

the most efficient and safest autonomous braking.  

General Idea 

The most important things to be avoided during braking are 

the collision and skidding of the vehicle. The obstacle to a 

vehicle can be a sudden braking of the front vehicle, 

sudden lane change by the other vehicles, sudden road 

crossing by a child, cyclists etc. The effective braking system  

of the car should make sure that the driver, vehicle, 

person/thing which caused interruption are all safe. Even 

though ABS makes sure that the braking applied to the 

wheel are intermittent. The intermittent braking force 

applied can also sometimes skidding because it is not 

calculated before the collision based on the road conditions 

and other conditions. 

 

The concept of MPC is being used for autonomous vehicles 

where the ECU/controller constantly computes the force 

need to be given by the car in order to follow a reference 

path. It also takes into account the obstacle which are 

treated as constraints for the force which is calculated. 

MPC controller according changes the steering wheel input 

or the torque given to the wheels. MPC controller behavior 

is almost similar to “Playing Chess”. In chess, a player 

predicts the future moves of the opponent player, then he 

defines the move which should be made by him and then 

apply the first move which he planned. If the opponent 

player does not play the move which the player thought of, 

the player has to think about another set of future moves 

to be played by the opponent player. The player has to do 

this for the entire game.  
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MPC exactly works in the similar principle. Based on the 

required goal, the controller predicts the inputs to be given 

to the system to achieve the goal for a particular 

horizon(say 5) .  But then it just applies the first input to the 

system and measures the output. Then recalculates the 

inputs to be given for the same horizon again and applies 

the first input of that horizon. The controller does this 

constantly by taking into account all the constraints.  

Explanation 

The idea suggested here needs very good developments in 

the field of sensor technology and processing speed of the 

processors . Before 2025, these developments are 

inevitable and hence the idea proposed can be 

implemented. As it can be seen from the figure (1), the car 

should have a sensor which constantly updates about the 

things which are in front of the car. In the event of a sudden 

obstacle in the path as indicated by the sensor or in the 

event of a front vehicle stopping, the sensors have to 

indicate exactly to the ECU that there will be a collision if 

brakes are not applied. As soon as the ECU sends this 

indication to the MPC controller, MPC optimization is 

switched on. MPC controller calculates the time to collision 

from the velocity of the car and from the distance to the 

obstacle.  Based on the surface in which the vehicle is 

moving, it also calculates the maximum force which can be  

can be applied to the tires.  Using the other parameters, it 

calculates the maximum braking force needed to stop the 

car before the collision.  

Figure1: Overall schematic of the MPC autonomous braking 


