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Background
This work is based on the Moving Horizon Estimator (MHE),
11 Propagcation which estimates the process noise, w; measurement noise, v; and

states, x, in a time-window with the current time, T, and the N

By setting N=0, the MHE problem : previous time instances as an optimization problem*:
is only solved for the current time. Indices o r r
o T T T A A
To include a linearization point The indexes are written min 2, wiWw+ 2, v,\Vvi+ 2 {Z{+T7 (% )
for the next I'*, we use an a priori in discrete time, using a T e Y
’ b fixed reference frame. s.t. y=Hx+v,, k=T-N..T

expectation of the states next
D x,..=F(x,)+w,, k=T—N...T—1

value: This differs from the
X =F(x7) Background, as each e, =Ji X, + ¢y, k=T—N...T
i optimization problem The Arrival Cost, I', permits the use of an N-sized horizon, instead
can have its own of the whole history, as they can be decoupled by using the
reference frame. separation principle.

This decoupling can be repeated, which allows us to formulate the
optimization problem for I" as:

k=1 =1 k=1
Fk(xk):min Z WiTWWi+ Z ViTVVi+ Z ZiTZZi-l_Fk—M(Xk—M)
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Cost Problem X,V,W o j=k—M i=k—M i=k—M
s.t. y=Hx+v,, i=k—M...k—-1

By setting M=1, the Approximate x.,=F(x)+w, i=k—M...k—1

Arrival Cost problem can be e=J x+C, i=k—M. k—1

included in the MHE problem. ; . L. . .
To avoid nesting optimization problems, the parametric nonlinear

As such we can identify the sensitivity approach of Bjorvand (2025) is used, where we

following solution: approximate I'asa quadratic function:

X](Zpt:X]:5 Vzpt:Vk: szt:(): Zopt:O' FII?(Xk):(Xk—M_r)\{k—M>TXk—M<Xk_M_r)\<Jk_M)

The aim is to use this sensitivity-based approach and simplify it to
a version that can be solved explicitly.

KKT
Conditions

for an arrival cost problem is:

VcoL(Xk+1) Eopt>:())
C(Xk+13w0pt):()’

*Here, a linearization of the constraints is added, e; = J; x;, where { penalizes deviating from the linearization point.

etric Sensituvities

We can find the local sensitivities Parametric

— (X4, 0% )=0V =0, i=1...|g], .
through the KKT conditions: Sensitivities

where c are the equality constraints, g are

the inequality constraints, A and p are _ox” _ov can be evaluated via the implicit function
parameters, and Y ox. " oxn, theorem, which states that if
L:Fk(xk)+CT)\+ng,l, O opt O opt F(X,Y):O,
_ O Wk _0¢ .
w=(w,,v,,x,), WIS SZk_éx_ , then the local derivative is
— k+1 k+1 —1
=(w,A,p). whom all depend on the active d_y:_(G_F) x(a—F)
constraints. dx 0y 0 X
For the arrival cost problem, this is:
. VwL(Xk+1’€Opt)
Assumptions F=| c(x. o™) |=0
* Th function is li ~ 9. (X, )
e mea.lsure.ment unction 1s linear, or Cost Update L | .
can be linearized. . - where g- is the active
With the sensitivities, constraints.

* The constraints are linear, or can be

linearized Constralnts the current r can be |
' . linearized by Bjorvand’s
e The state transition function is first Assuming the true solution update rule:
aicler cE el is close to the a priori, then P - ' . . .
' we linearize the constraints: X =S, WS, +5, VS, +5, X, S, +5, J, S,

* The true solution lies in the o

neighborhood of the a priori solution. e,=J, x, ,J,=—

T i ol t . T t
L[S, Ww,"+S, Vv7+S Vv,
dX w:(wk,vk,x;)

Xk+1:Xk+1_Xk+1
+S. X, (WP —7%,)
x, “tk k k

* Any active inequality constraints are
where, 0=(c, g).

strongly active.
And { decides the
deviation.
Main Conclusion Future Work erior Estimate
o - . The state estimate can be updated
* A novel explicit state estimation * Modify the first step to ensure that the with the measurement by solving
method has been derived. a priori state will be feasible. the MHE problem.
* This method uses information about * Test this method on cases with active A . I
the constraints constraints SSUMING a finear measurement
' ' function and N=0, the closed
o It will be biased toward the a priori * Check how this method relates to the form solution is:
solution thg: larger the derivative of Extended Kalman Filter e (X +H VH, +J . Z ] ) %
the constraints are. o Check if it reduces to the Extended Xr1 ™ (X, % +H' .V w1l 7 e )
* It has given identical results to the Kalman Filter without constraints. el St T et Vet Vit T ket Skt Gt
Extended Kalman Filter in cases * Investigate how to dynamically decide
without constraints. the weights in Z.

This work was carried out as a part of SUBPRO-Zero, a Research Centre at the Norwegian @ S. Bjorvand and J. Jdschke, “A parametric sensitivity I. L. Brars, “An Arrival-Cost-Based State Estimator
University of Science and Technology (project code 100589 and CristinID 2720670). The :

@ NTNU Acknowledgments: :zeferences: S U B P R O

D t t of =i method for Arrival Cost design in nonlinear Moving Derived from Moving Horizon Estimation,” Norwegian
€partment o authors gratefully acknowledge the project support from SUBPRO-Zero, which is orizon Estimation,” Journal of Process Control, vol. 152, University of Science and Technology, Trondheim, Z r
i p. 103466, Aug. 2025. 2026.

Chemical E ngi neeri ng financed by major industry partners and NTNU.



	Page 1

