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Examples of flight constraints

Stall protection Flexible aircraft & load limitations Structural stress

Field of View Constraints
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Model reference anti-windup
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Output to Input Saturation Transformation

(From J-M. Biannic et al., 2017)
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Output to Input Saturation Transformation

(From J-M. Biannic et al., 2017)
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Output to Input Saturation Transformation

(From J-M. Biannic et al., 2017)
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Nonlinear case

Relative degree 1

Relative degree r (by recursion)

From Burlion, 

Med 2012
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Example 1 – Load alleviation of a combat aircraft

From Burlion,

Med 2012
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Example 2- Vision based automatic landing

Nonlinear

measurement
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Example 2- Vision based automatic landing

• Field of view constraints

From Burlion et al., 

ICRA 2013
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Example 2- Vision based automatic landing

From Burlion et al., 

ICRA 2013
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Links between OIST and CBFs

Key observation:

CBF framework:

OIST framework:
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Links between OIST and CBFs

Conclusion:

Note that this observation generalizes to higher degrees (HOCBFs)

See (Burlion 2012) for a higher degree version of OIST.
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Saturation bounds overlap

Simple Example
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Saturation bounds overlap
Following [Chambon et al, 2016]
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Saturation bounds overlap

Proposed Solution:

(From Chambon et al. 2018)

1. Increase coefficients defining OIST (Rule of Thumb)

2. Design time-varying coefficients (Our contribution)

 

𝑥

𝑢 + 𝐾𝑂𝑖𝑠𝑡 𝑡 𝑥
𝑢

𝑤 − 𝐾𝑂𝑖𝑠𝑡 𝑡 𝑥
w 𝑂𝐼𝑆𝑎𝑡(𝑢)
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Stability and anti-windup design

The output to input saturation can potentially destabilize the system.

(From Chambon et al. 2018)
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Stability and anti-windup design
(From Chambon et al. 2018)

Guaranteed closed-loop stability for a minimum phase constrained output

Proved using AW structure as in [Herrmann et al, 2010)
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Stability and anti-windup design
Consider the Combat Aircraft example (Freire & Nicotra)

Analysis

• Dimension 7 after we applied a LQ-I controller

• Constrained output: the angle of attack

• Relative degree: 2

• 1 constraint & 2 control inputs: we only used the second input 
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Stability and anti-windup design
Combat Aircraft example



26

OISTer (extension for robustness)
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Constraint:

Class of systems:
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OISTer (extension for robustness)
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General case: 𝑧 = 𝐶𝑥; 𝑧(𝑟) = 𝐶𝐴𝑟𝑥 + 𝐶𝐴𝑟−1𝐵

≠0

𝑢

𝑢 + 𝐾𝑂𝑖𝑠𝑡 𝑡 𝑥

𝑥

𝑢

OIST

𝑤 − 𝐾𝑂𝑖𝑠𝑡 𝑡 𝑥
w 𝑂𝐼𝑆𝑎𝑡(𝑢)

+ 2r inequalities : 𝐿𝑂𝑖𝑠𝑡 𝑥 0 ≤ 1
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OISTer (extension for robustness)
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𝑢
𝑂𝐼𝑆𝑎𝑡(𝑢)

D D 𝑥 𝑥

𝑢 + 𝐾𝑂𝑖𝑠𝑡(𝑡)ψ 𝑤 − 𝐾𝑂𝑖𝑠𝑡(𝑡)ψ

ψ

OISTeR

w

+ 2r inequalities : 𝐿𝑂𝑖𝑠𝑡𝑒𝑟 𝑥 0 ≤ 1
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OISTer (extension for robustness)

K(s)

𝑦

𝑢

Δ
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𝑦

𝑧 ∈ [ 𝑧 , 𝑧 ]

𝑥

OISTeR
𝑂𝐼𝑆𝑎𝑡(𝑢)

D D 

𝑥

RIO(s) 𝑑

𝑑
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Aerospace Applications

Sponsors:
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1- Launcher

From E. Chambon (Ph.D dissertation, 2018).

Unmeasured constrained output:
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1- Launcher

Technical difficulties

• The constrained output is unmeasured:

• It is NMP:

Use interval methods

Use an approximated output
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1- Launcher
Results

Custom wind profile
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2-Longitudinal Manoeuvre Load Control of a Flexible Aircraft

Cleansky JTI project (2011 – 2013) (From Burlion et al., IFAC WC 2014)
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Technical difficulties

• This is a high-dimensional model

• The constrained output is NMP

Use “OIST”

Use an approximated output

2-Longitudinal Manoeuvre Load Control of a Flexible Aircraft
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2-Longitudinal Manoeuvre Load Control of a Flexible Aircraft

Numerical results of a maneuver vertical stretched

(From Burlion et al., IFAC WC 2014)
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3- Satellite attitude tracking
From L. Burlion, J.M Biannic and T. Ahmed-Ali, "Attitude tracking of  a flexible spacecraft under angular 

velocity constraints", International Journal of Control, 2018.

(Error Model from Di Gennaro 2002) 
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3- Satellite attitude tracking

Technical difficulties
• Angular velocity constraints

• Nonlinear model (gyroscopic term, quaternion usage)

• Unmeasured torque disturbance

• Unmeasured flexible modes

Interval observerSolution Nonlinear controller+OISTer+Anti-windup
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3- Satellite attitude tracking
• From L. Burlion, J.M Biannic and T. Ahmed-Ali, "Attitude tracking of  a flexible spacecraft under angular 

velocity constraints", International Journal of Control, 2018.
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Conclusions

Thank you for your attention!
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