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• Model Predictive Control encompasses a range of

control methods used in SISO and MIMO processes.

• Satisfying set of constraints, MPC is one of the

advanced method of process control.

• Complex dynamical systems behavior are generally

represented by the models used in the MPC.

• It requires model of process to minimize the

difference between predicted output and desired

output.

• If there are no constraints in Linear Model Predictive

Control, it reduces down to Linear quadratic

regulator.

Optimization criterion:
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Longitudinal, lateral and yaw degrees of freedom:

𝑚 ሷ𝑥 = 𝑚 ሶ𝑦 ሶ𝜑 + 2𝐹𝑥𝑓 + 2𝐹𝑥𝑟

𝑚 ሷ𝑦 = −𝑚 ሶ𝑥 ሶ𝜑 + 2𝐹𝑦𝑓 + 2𝐹𝑦𝑟

𝐼 ሷ𝜑 = 2𝐹𝑦𝑓 − 2𝑏𝐹𝑦𝑟

m = 1625 kg; 

Iz = 2650 mN𝑠2;

lf = 1.214 m;

lr = 1.386 m;

Cf =   18450 N/rad; 

Cr =   32400 N/rad;

If 𝐷𝑟𝑒𝑙 ≥ 𝐷𝑠𝑎𝑓𝑒, then speed control mode is active. Goal is to maintain driver set velocity, 𝑉𝑠𝑒𝑡

If 𝐷𝑟𝑒𝑙 < 𝐷𝑠𝑎𝑓𝑒, then spacing control mode is active. Goal is to maintain safe distance, 𝐷𝑠𝑎𝑓𝑒
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Tire forces for each tire are given by: 

𝐹𝑙 = 𝑓𝑙(𝛼, 𝑠, 𝜇, 𝐹𝑧)

𝐹𝑐 = 𝑓𝑐(𝛼, 𝑠, 𝜇, 𝐹𝑧)

Longitudinal and cornering velocities respectively:

𝑣𝑙 = 𝑣𝑦 sin 𝛿 + 𝑣𝑥 cos 𝛿

𝑣𝑐 = 𝑣𝑦 cos 𝛿 − 𝑣𝑥 sin 𝛿

Time Delay
• Delays are introduced by computation loads, actuation, and signal transmission/processing.

• Delays are also caused by image processing.

• Estimation is not straight forward, even if considerable efforts have been made, there is no common approach.

• The delay knowledge can benefit many of control techniques.

• Methods for estimation of delay.

➢ Integral equation approach

➢ Discrete and continuous

➢ Graphical methods

➢ A cost function for a set of tike delays in a certain range.

Automatic following includes two challenges:

1. Connecting the multiple robots to the same ROS master.

2. Ego robot following the lead robot.

• Since 1920’s experiment have been conducted on automating cars but in 1950’s promising test runs took place.

• In 1980’s first autonomous car appeared in Japan in collaboration with Mercedes-Benz.

• In 2015, Volvo cars announced its plan to lease the level 3 automation technology for only Sweden residents.

• From 2016, all the cars built by Tesla had the necessary hardware to support the self driving capability of level 5.

• Audi announced in 2017, its new A8 will be fully self driving of level 3.

GM Desert Proving Grounds Yuma, Arizona. 

• SAE Autodrive Challenge

➢ SAE International and General Motors have partnered to

conduct the AutoDrive Challenge.

➢ The technical goal of this competition is to navigate an urban

driving course in a automated driving mode.

➢ Three year autonomous vehicle competition to develop and

demonstrate full autonomous driving passenger vehicle.

Conclusions

Future work

• Future set points are known for Model Predictive Control, so it is better than Proportional Integral Derivative.

• Model Predictive Controller has smoother control signal with less propagation of noise.

• Model Predictive Control is capable of handling high-level models, as it deals with Multi-Input and Multi-Output.

• The velocity gradient for maximum acceleration and deceleration have been tuned for passenger comfort.

• Robots play essential parts in the daunting task of non-destructive testing (NDT) of nuclear facilities, where human

access is highly restricted.

• Time delays in autonomous vehicles are being handled using analytical solutions of delay equations.

• To activate set methods we aim to extend the initialization strategy, where dual fast gradient can be used.

• Post optimality analysis will be fully explored.

• Modelling a Non-Linear Model Predictive Control for handling the dynamic models.

• Autonomous vehicles will be used for last mile transportation for the safety and mobility needs of physically

vulnerable road users (VRUs).

Ordinary differential equations Delay differential equations

• The follower node subscribes to the filtered laser 

data.

• Based on the distance from the object, follower 

robot will make different judgements. 

• Robot 2 can move by changing the linear and 

angular velocities.

Traveled distance of both algorithms

Controller schematic for lane keeping assist

Network configuration between TurtleBot and Remote 


