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1. Summary

• Modelling quantum control system
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1. Summary

• Modelling quantum control system

• Controllability and dynamical reachability
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1. Summary

• Modelling quantum control system

• Controllability and dynamical reachability

• Open-loop field design

– Geometric control
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1. Summary

• Modelling quantum control system

• Controllability and dynamical reachability

• Open-loop field design

– Geometric control

– Adiabatic passage
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1. Summary

• Modelling quantum control system

• Controllability and dynamical reachability

• Open-loop field design

– Geometric control

– Adiabatic passage

– Optimal control
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1. Summary

• Modelling quantum control system

• Controllability and dynamical reachability

• Open-loop field design

– Geometric control

– Adiabatic passage

– Optimal control

• Closed-loop strategies

– Lyapunov functions for bilinear Hamiltonian system
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• Closed-loop strategies

– Lyapunov functions for bilinear Hamiltonian system

– Stochastic feedback from weak measurements
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1. Summary

• Modelling quantum control system

• Controllability and dynamical reachability

• Open-loop field design

– Geometric control

– Adiabatic passage

– Optimal control

• Closed-loop strategies

– Lyapunov functions for bilinear Hamiltonian system

– Stochastic feedback from weak measurements

– Transfer functions for quantum networks
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1. Summary

• Modelling quantum control system

• Controllability and dynamical reachability

• Open-loop field design

– Geometric control

– Adiabatic passage

– Optimal control

• Closed-loop strategies

– Lyapunov functions for bilinear Hamiltonian system

– Stochastic feedback from weak measurements

– Transfer functions for quantum networks

• Learning control (direct laboratory optimization)

– Simplex algorithm (convex optimization)

– Evolutionary algorithms
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2. Open-loop Control Design

• Geometric control: (e.g. generalized π-pulse sequences)

– System is controlled by applying a sequence of simple pulses

– Pulse sequences found by factorization of unitary operators

– Easy to implement but relies on certain approximations such as
rotating wave approximation (RWA) and is not very robust



Summary

Open-loop Control Design

Closed-loop Control Design

Strategies for Learning Control

System Identification

Home Page

Title Page

JJ II

J I

Page 3 of 6

Go Back

Full Screen

Close

Quit

2. Open-loop Control Design

• Geometric control: (e.g. generalized π-pulse sequences)

– System is controlled by applying a sequence of simple pulses

– Pulse sequences found by factorization of unitary operators

– Easy to implement but relies on certain approximations such as
rotating wave approximation (RWA) and is not very robust

• Optimal control: (e.g. laser control by femtosec pulses)

– System is controlled by applying spectrally complex control pulses,
usually short, simultaneously.

– Control fields can be designed using optimization techniques.

– Pulse design and implementation can be difficult but no approxi-
mations (such as RWA) necessary, enables ultra-fast control.
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2. Open-loop Control Design

• Geometric control: (e.g. generalized π-pulse sequences)

– System is controlled by applying a sequence of simple pulses

– Pulse sequences found by factorization of unitary operators

– Easy to implement but relies on certain approximations such as
rotating wave approximation (RWA) and is not very robust

• Optimal control: (e.g. laser control by femtosec pulses)

– System is controlled by applying spectrally complex control pulses,
usually short, simultaneously.

– Control fields can be designed using optimization techniques.

– Pulse design and implementation can be difficult but no approxi-
mations (such as RWA) necessary, enables ultra-fast control.

• Adiabatic Passage: (e.g. STIRAP, topological quantum gates)

– Strong but slowly-varying external fields perturb the Hamiltonian.

– Control via adiabatic following of the initial state.

– More robust than π-pulse sequences but slower
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3. Closed-loop Control Design

• Lyapunov techniques for bilinear (Hamiltonian) control systems.

– well developed classical technique

– applicability in quantum context very limited

– problems: limited state observability, measurement backaction,
decoherence
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3. Closed-loop Control Design

• Lyapunov techniques for bilinear (Hamiltonian) control systems.

– well developed classical technique

– applicability in quantum context very limited

– problems: limited state observability, measurement backaction,
decoherence

• Quantum trajectories techniques

– specially developed for quantum systems

– can accommodate different, realistic measurement models

– problems: detection efficiency, feedback delay, mathematical
complexity
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3. Closed-loop Control Design

• Lyapunov techniques for bilinear (Hamiltonian) control systems.

– well developed classical technique

– applicability in quantum context very limited

– problems: limited state observability, measurement backaction,
decoherence

• Quantum trajectories techniques

– specially developed for quantum systems

– can accommodate different, realistic measurement models

– problems: detection efficiency, feedback delay, mathematical
complexity

• Transfer function approaches

– well developed classical technique

– appears to require quantum controller

– applicability in quantum context ?
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3. Closed-loop Control Design

• Lyapunov techniques for bilinear (Hamiltonian) control systems.

– well developed classical technique

– applicability in quantum context very limited

– problems: limited state observability, measurement backaction,
decoherence

• Quantum trajectories techniques

– specially developed for quantum systems

– can accommodate different, realistic measurement models

– problems: detection efficiency, feedback delay, mathematical
complexity

• Transfer function approaches

– well developed classical technique

– appears to require quantum controller

– applicability in quantum context ?
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4. Strategies for Learning Control

Direct laboratory optimization of a cost functional
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4. Strategies for Learning Control

Direct laboratory optimization of a cost functional

N Relatively easy to implement in the laboratory (in certain cases)
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4. Strategies for Learning Control

Direct laboratory optimization of a cost functional

N Relatively easy to implement in the laboratory (in certain cases)

N Successful demonstration for various applications despite
large parameter space and non-convexity of optimization
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4. Strategies for Learning Control

Direct laboratory optimization of a cost functional

N Relatively easy to implement in the laboratory (in certain cases)

N Successful demonstration for various applications despite
large parameter space and non-convexity of optimization

H Search of large parameter space required; nonconvexity
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4. Strategies for Learning Control

Direct laboratory optimization of a cost functional

N Relatively easy to implement in the laboratory (in certain cases)

N Successful demonstration for various applications despite
large parameter space and non-convexity of optimization


