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PRIX ANTONELLA KARLSON  

2017 
 

Le Fonds de la Recherche Scientifique - FNRS accorde, tous les deux ans, depuis 2011, le 

"Prix Antonella Karlson" récompensant une thèse de doctorat dans un domaine des 

sciences exactes, incluant la physique, la chimie, les mathématiques, l’informatique et les 

sciences appliquées. 

Ce Prix a été créé à la mémoire de Mme Antonella Karlson, physicienne d’origine bulgare 

établie en Belgique. 

 

Antonella Karlson naquit en Bulgarie en 1960 

et obtint un diplôme en physique de 

l’Université de Sofia avec une thèse intitulée 

"SU(4) Unification of Electroweak Interaction in 

a Curved Space".  

 

Après une spécialisation en Quantum Field 

Theory, elle quitta la Bulgarie, alors sous 

régime communiste, et parti entreprendre un 

doctorat aux Etats-Unis. Le thème de sa thèse 

portait sur la "Stabilization of Positronium by 

Laser Fields". Elle vécut sept ans en Amérique ; 

donna des cours à l’université la journée et 

travailla de nuit comme House Manager et 

Security Coordinator pour payer sa chambre 

à l’International House.   

 

En 1995, elle arriva en Belgique à l’ULB avec une bourse postdoctorale et s’installa à 

Bruxelles. En 2001, après différents travaux, elle entra en tant que Scientific Officer dans 

l’unité FET de la Commission européenne. Antonella Karlson coordonna l’initiative Quantum 

Information Processing and Communication et était très fière d’avoir réussi à rassembler les 

scientifiques européens autour de cette initiative. 

En 2007, la malchance arriva sous la forme d’un cancer qui l’emporta en quelques mois. 

 

Quand elle arriva aux Etats-Unis, elle avait seulement 24 dollars en poche. Mais pour 

Antonella Karlson, la physique et la science en général étaient, selon ses mots, "une 

religion" qui pouvait justifier tous les sacrifices.  

 

C’est en se souvenant de cela que ses parents et son conjoint ont décidé de fonder le Prix 

Antonella Karlson : pour aider des jeunes chercheurs à avoir les ressources et le temps 

nécessaire pour trouver leur chemin.  

 

 

 



  
 

3 
 

PRIX ANTONELLA KARLSON  

2017 
 

 

 

 

 Le Prix  2017 a été attribué à : 

 

 

Quentin VINCKIER 

Docteur en Sciences de l’ingénieur et technologie - ULB 

Chercheur Postdoctoral - NASA Jet Propulsion Laboratory, CalTech, USA 

 

pour son travail :  

Processeurs photoniques analogiques bio-inspirés basés sur le paradigme du reservoir 

computing.  

 

For many challenging problems where the mathematical description is not explicitly 

defined, such as image classification or language processing, artificial intelligence (AI) 

appears to be much more robust compared to traditional algorithms. Such methods share 

the common property of learning from examples in order to “explore” the problem to solve. 

Then, they generalize these examples to new and unseen input signals.  

 

The Reservoir Computing (RC) paradigm is a powerful AI approach which considerably 

reduces the implementation complexity compared to traditional AI methods. During my 

PhD research, I have designed and studied three original optical processors that physically 

implement the RC dynamics. On many hard nonlinear tasks, we have successfully 

demonstrated, both in simulation and experimentally, outstanding results that remain 

unsurpassed to our knowledge. Besides, the optical design of our systems may potentially 

lead to surpass electronic computers in speed and power consumption, paving the way 

towards the dream of high performance all-optical computing. 
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"Processeurs photoniques analogiques bio-inspirés basés sur le 

paradigme du reservoir computing." 
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Résumé 
 

 Research objectives 

 

For many challenging problems where the mathematical description is not explicitly defined, 

artificial intelligence (i.e. bio-inspired) methods appear to be much more robust compared 

to traditional algorithms. Such methods share the common property of learning from 

examples in order to “explore” the problem to solve. Then, they generalize these examples to 

new and unseen input signals. The reservoir computing paradigm is a powerful bio-inspired 

approach drawn from the theory of artificial recurrent neural network (ARNN) to analogically 

process time-dependent signals. It was proposed almost simultaneously and independently 

by several research groups in the early 2000s [1,2]. Its low mathematical complexity 

compared to traditional artificial intelligence algorithms makes it a truly great candidate to 

solve hard nontrivial tasks more efficiently. These tasks include for instance grammar 

modeling, speech recognition, detection of epileptic seizures, robot control, time series 

prediction, brain-machine interfacing, power system monitoring, financial forecasting, or 

handwriting recognition. 

 

Of course, reservoir computer (RC) algorithms can be programmed using modern electronic 

digital processors. But these electronic processors are better suited to digital processing, for 

which a lot of transistors continuously need to be switched on and off, leading to high power 

consumption. As we can intuitively understand, processors with hardware directly dedicated 

to RC operations – in other words analog bio-inspired processors – could be much more 

efficient regarding both speed and power consumption. Based on the same idea of high 

speed and low power consumption, the last few decades have seen an increasing use of 

coherent optics (i.e. laser light) in the transport of information thanks to its high speed and 

high power efficiency. This is the reason why a significant part of today’s research is focused 

on all-optical processing. Another reason for which we need to switch gradually from 

electronics towards photonics technology is the cooling problem of electronic processors 

breaking the empirical Moore’s law (the two-year doubling in the density of the transistors 

integrated on a silicon chip) [3]. Indeed, faster processors require a larger number of 

transistors per area unit, leading to an increase of the power consumption and the difficulty 

to cool the device. Photonics can play a key role in avoiding this problem by offering a large 

variety of passive devices. In order to address the future challenge of high performance, 

high speed and power efficient nontrivial computing, my research was devoted to the 

design and conception of photonic implementations of RCs using coherent light. 

 

 

 Reservoir computer principle 

 

A standard reservoir computer is composed of three different layers. There is first the artificial 

neural network itself, called “reservoir”, which consists of 𝑁 internal variables 𝑥𝑖(𝑛) (also called 

“neurons”) randomly interconnected together, where n is the discrete time variable. Through 

an input layer, the input signal(s) 𝑢k(𝑛) is (are) injected into the reservoir. Then, in an output 

layer, the output signal(s) 𝑦𝑝(𝑛) is (are) computed by taking a linear combination of the 𝑥𝑖(𝑛). 

The mathematical description of a standard RC is given by 
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𝑥𝑖(𝑛) = 𝐹𝑛𝑙 [∑ 𝛼𝑎𝑖𝑗𝑥𝑗(𝑛 − 1) + ∑ 𝛽𝑚𝑖𝑘𝑢𝑘(𝑛)

𝑘

+ 𝛾

𝑁−1

𝑗=0

],                                                          (1) 

 

𝑦𝑝(𝑛) = ∑ 𝑤𝑖𝑝𝑥𝑖(𝑛)

𝑁−1

𝑖=0

,                                                                                          (2) 

 

where 𝐹𝑛𝑙 is a nonlinear function which is essential to solve nonlinear tasks, 𝑎𝑖𝑗 is the 

interconnection matrix between the neurons, 𝛼 is the feedback gain, 𝑚𝑖𝑘 is the input mask, 𝛽 

is the input gain, 𝛾 is a bias on the input signal, and 𝑤𝑖𝑘 are the readout weights. During a 

training phase, the first part of the input sequence 𝑢𝑘(𝑛) is used to optimize 𝛼, 𝛽, 𝛾 and 𝑤𝑖𝑝 by 

minimizing the mean square error ⟨[𝑦𝑝
∗(𝑛) − 𝑦𝑝(𝑛)]²⟩𝑛, where 𝑦𝑝

∗(𝑛) is (are) the target signal(s). 

Then, during the test phase, the optimized 𝛼, 𝛽, 𝛾 and 𝑤𝑖𝑝 are kept fixed and the output 

signal(s) 𝑦𝑝(𝑛) is (are) computed using the rest of the input sequence. The principal novelty of 

the reservoir computing paradigm compared to traditional ARNNs is that 𝑎𝑖𝑗 and 𝑚𝑖𝑘 can be 

generated randomly, and only 𝛼, 𝛽, 𝛾 and 𝑤𝑖𝑝 need to be optimized. The architecture of a 

standard reservoir computer is illustrated in Fig. 1. 

 

 

Figure 1 – Standard reservoir computer architecture 

 

 

 

 Optical implementations of reservoir computers  

 

Recently, physical implementations of RCs have provided a breakthrough in information 

processing, especially in optical information processing. Several experiments with a reservoir 

based on active opto(electronic) components have been demonstrated prior to our 

research [4-8]. All these experiments encode signals in the intensity of the light and use a 

non-linearity provided by an active element (i.e. element that consumes power) in the 

reservoir layer.  

 

During my PhD research, I have theoretically studied three original RC implementations on a 

wide range of hard nonlinear tasks by performing simulations on a computer, and I have 
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successfully built two of these challenging optical processors using fiber optics components. 

Each of these RC implementations sequentially generates the neurons states given by Eq. (1). 

For the first time, we have demonstrated RC architectures based on a passive (rather than 

active) linear reservoir. The absence of active elements in the reservoir layer removes a 

major source of noise, therefore, improves performance. It also makes the system power 

efficient, as the reservoir itself does not consume any power. Actually, the total optical 

power injected in the neural network (0.57 mW peak power) is – to our knowledge – the 

lowest used so far. Another major novelty is that our RCs work with coherent light (laser light), 

thereby aiming to encode the signals in both the amplitude and the phase of the light rather 

than just in its intensity, as it was previously the case. These key features guarantee low error 

rates on a number of hard nonlinear tasks, and have led to performance that – to our 

knowledge – remain unequaled. 

 

The first optical RC-based processor I have built has the particularity to implement a square 

non-linearity in the output layer with a fully linear reservoir layer, while all previous RC 

implementations use a standard nonlinear reservoir (see Eq. (1)) and linear output layer (see 

Eq. (2)) [9,10]. This original idea was first proposed by the University of Ghent with which our 

research group has collaborated. Because our system works with coherent light, the length 

of the optical fiber used to build the reservoir layer (which is actually a large ring optical 

interferometer) needs to be stabilized with an extreme precision against length fluctuations 

induced by ambient thermal, acoustic and vibrational noise. In order to address this huge 

experimental challenge, we have designed an isolation system and a fiber length controlling 

system to reach an impressing stabilization precision of ~ 4 nm (this is equal to 1 mm divided 

by 250 000!) over 230 m of optics fiber! Using 50 neurons, the output refresh rate of this 

processor is equal to 0.9 MHz and can be seen as the processing speed of our RC. In the 

future, smaller, possibly even integrated, reservoir may in principle enable far faster system 

and much simpler stabilization. On a wide variety of tasks, both in simulation and 

experimentally, our setup has demonstrated error rates which are – to our knowledge – still 

unsurpassed by other experiments [9,10]. This high performance is attributed among others to 

the use of a passive and thus less noisy linear reservoir, and a quadratic non-linearity in the 

output layer. As an example, we have performed a spoken digit recognition task over 500 

digits without any miss-identified spoken digit using 50 neurons. In order to make the task 

more challenging, by using a signal-to-noise ratio of 3 dB on the input signal, we have 

obtained error rates as low as 0.8 % using 500 neurons. 

 

The first optical RC-based processor I have built needs an external computer in order to 

perform the weighted summation given by Eq. (2), partially canceling the main advantages 

of working with optics. The second optical RC-based processor I have built has highlighted 

for the first time the possibility of processing information autonomously and all-optically (i.e. 

the reservoir is fully optical; the output is also generated optically by the RC itself and not by 

an external computer as it was previously the case) [10,11]. This second architecture 

implements a sine nonlinearity on the input signal, whereas both the reservoir itself and the 

readout layer are kept linear. Using 50 neurons, the processing speed of this second system is 

equal to 0.58 MHz. Very promising experimental results were obtained on several tasks. 
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 Conclusions and perspectives 

 

The development of photonic reservoir computing is a very new, fast moving research area 

with high potential impact in future information processing technologies. To address 

tomorrow’s nontrivial computing challenges, we have studied three original RC 

implementations on a wide range of hard nonlinear tasks, and we have successfully 

implemented two of these challenging systems in experiment. On several hard nonlinear 

tasks, our RCs perform outstanding results that – to our knowledge – remain unsurpassed. 

Such stunning improvements result from the very nature of the new algorithms implemented 

by our specific RC architectures. Besides, the passive nature of some of the optical 

components we have used and the scalable processing speed of our RC may potentially 

lead to surpass modern digital electronic processors both in speed and power consumption. 

Last but not least, our latest experiment constitutes the first autonomous reservoir computer 

able to process information all-optically without the need of any external computer 

connected to the system. 

 

In the future, the next step would be to implement autonomous photonic RCs able to 

process the neuron states in parallel rather than sequentially, thus enhancing significant 

further speedup. This would constitute an essential milestone towards the development of 

ultrahigh speed photonic bio-inspired processors. Then, the integration of such systems on a 

chip may quickly turn these laboratory curiosities into real industrial applications, paving the 

way towards the dream of high performance all-optical ultrafast computing. 
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