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MOT|VAT|ON _ _ _ _ o NON-LINEAR SYSTEM — INVERTED CART PENDULUM
An effective method to guarantee vehicle safety is to design a vehicle driving safety _ _ _ T _ _ _
algorithm that limits its states within a predefined stability region without passing the Non-linearity poses much complexity and difficulties with the choice the design parameters
boundaries. A non-overshooting model predictive control (MPC) was preliminarily making it hard to _tuTnethe system. Consider a cart-pendulum system with the following dynamics,
proposed to achieve that [1]. A new non-overshooting design is proposed in this work by x=1[z z 0 o

considering MPC with terminal cost and terminal constraint ensuring stability and recursive
feasibility [2]. The system output responses are studied using numerical examples for both
linear and non-linear systems. It is finally applied to vehicle lateral dynamics to guarantee —
. . me + my,sin“ 6
vehicle lateral stability. X = 0
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The non-overshooting control design can be implemented by considering the boundaries as >
. . : L(m; +my) — my,Lcos? 6
references. In the next section, through the advantages of handling constraints, model
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Fig 4 Inverted Cart Pendulum

predictive control (MPC) is utilized as an appropriate approach to develop a uniformed non- where z,6, and u are the cart position, pendulum angle, and input force applied on the cart. The

overshooting control design for general dynamic systems. Specifically, during the entire parameter values are m, = m, = 1kg,L = 0.5m, and K; = 10 N - s/m. The initial condition is

prediction horizon, constraints are applied at each sampling time to avoid the overshooting x(0)=[0 0 —m 0]" and reference, x,.f =[4 0 0 0]". Weighting matrices are Q =

of system outputs. [1] [100 IO and R = [0.1]. The system is simulated with the proposed constraints like the spring
3

TERMINAL COST & TERMINAL CONSTRAINT : . . .
mass damper with N=P =10 & Ts= 0.1s. The only difference here is that the terminal penalty

TERMINAL COST matrix cannot be solved by the solution of Riccati equation and hence it is assumed as a positive
Att = N, definite matrix, @, = diag(50,5,10,1)

Quadratic Function, prxT
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LINEAR SYSTEM — SPRING MASS DAMPER fime (s) o
Consider a general linear system which is the form, cart position
x = Ax + Bu with « — X(1)
y = Cx + Du ! 4 ":”""""
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Where, k =0.1N/m,b = 0.1N.s/m, m =5 kg 3
Here the optimization problem is, Fig 2 Spring Mass Damper ' ' ' ! | |
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J(k) = Z lx(k+j 1) —xper)T])] * @ * |x(k 41 k) — xpep] + z Au(k +j Fig 5 System response for non-linear MPC with non overshooting constraints. terminal cost & C5
j=1 J=1 i i ' ' isti
)T« R+ du(k + 1 k) From the simulation above we could infer the following characteristics,
. : : ] > > >
Where 0 = diag[10 1], R = 1, Prediction Horizon, N= P = 10. Convergence: Terminal cost + C5 > C5 > C4>C3>C2> (C1
Sampling time Ts= 0.1s Settling Time: C1 > C2 > C3 > C4 > C5 > Terminal cost + C5
Non-overshooting constraints are [1],
Cliyi(k+1|k) < ¥i_ref VEHICLE STABILITY REGION
C2iyi(k +jlk) < yi_ref,where 1 S_] =N ] The vehicle stability region is constructed by considering the non-linear lateral dynamics as
C3: yl(k + le) < Yi-ref & yl(k +]|k) < yl(k + le), where 1 < J<N-1 follows, [1]
o= yulk  NIK) < Yy &3k 4180 < yilk 4+ 1), where 1< < N — 1 Moy + ir) = (Fy + Foge) €038 + Fy + e + Fyar
e System is simulated with the proposed cons rta_un s, L = le|(Fyp1 + Fypr )cos 8¢ + Fyaps| = L (Fyyr + Fypr) + Ls(Fypy — Fypr) sin 6,
mass position
where m,, I,6,V, Vy and r are the vehicle mass, yaw moment of inertia, front steering angle,
vehicle Iongitucfinal velocity, lateral velocity, and yaw rate. L lf, and [ are the wheel track, front
, *"‘“T“.‘j’j"‘“""“""*‘r\"‘&;s‘t;;r;t" wheelbase, and rear wheelbase, respectively. F,; (i = fI, fr,rl,rr) are the lateral forces, which
are calculated by 2D LuGre tire model, on four wheels, respectively. F,, 4rs Is the additional tire
.............. c1 lateral force generated by the AFS control. [1]
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3.8 '/ & - Terminal Cost + C4
3.75 | // 7 c The proposed non-overshooting design shall be applied considering the lateral dynamics subjected to
37l . 7 shift in the stability region presented due to the varying steering input. It shall be verified with the
4/ | | | | | actual vehicle parameters through MATLAB/Simulink and CarSim®.
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Fig 3 System response for linear MPC with non overshooting constraints, terminal cost & C5

We need to use the theory of terminal cost and terminal constraint to the proposed non
overshooting design in order to ensure the mentioned characteristics [2]. The new overshooting
design C5 is proposed using the terminal equality constraint as follows,

The addition of terminal cost is done in order to ensure the stability as it is the CLF.
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