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How artificial intelligence can help in the fight 

against doping 

 

Artificial intelligence may help to make sporting competitions cleaner and fairer 

in the future. Professor of Business Informatics Wolfgang Maaß and his teams at 

Saarland University and the German Research Center for Artificial Intelligence are 

using self-learning computer systems to make it faster and simpler to uncover 

doping violations. Maaß and his team have been collaborating with the World 

Anti-Doping Agency WADA on research projects that use AI systems the team had 

previously developed for Industry 4.0 applications. By feeding these systems with 

data from doping tests, the systems become increasingly efficient at detecting 

sporting fraud. 

 

Unequal chances, unfair competition, unclean sport – doping doesn’t just violate the 

principle of fairness, sportsmen and women who use performance-enhancing 

substances are putting their own health on the line. The fight against doping remains a 

massive challenge and uncovering fraud in sports is both complex and costly. Professor 

Wolfgang Maaß is convinced that artificial intelligence can help anti-doping officials in 

their fight to keep sport clean: ‘The methods of artificial intelligence can make doping 

checks faster and more efficient.’ Normally, Maaß and his team at Saarland University 

and the German Research Center for Artificial Intelligence (DFKI) use their smart data 

systems to introduce greater transparency into automated data-driven industrial 

processes (Industry 4.0), for example by reliably predicting faults in plant equipment or 

forecasting problems in supply chains – and then identifying suitable solutions. 

Wolfgang Maaß now wants to use smart computer algorithms to combat doping. ‘Our 

data systems can also be used to reveal powerful insights into processes outside of the 

business sector,’ says Maaß.  
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Professor Maaß has already cooperated with the World Anti-Doping Agency WADA on 

three projects and the results have clearly shown that the Saarbrücken AI systems, 

which had previously been trained with business process data, are able to quickly and 

reliably identify a range of fraudulent sporting activities. ‘The research we have done so 

far has been very promising. AI-based analyses of biochemical and other data from 

doping tests have produced some excellent results,’ says Maaß. His vision for the future 

is to support the work of anti-doping laboratories by conducting analyses in a virtual 

lab.  

 

Doping tests generate large quantities of data. For example, in-competition and out-of-

competition blood and urine samples taken over extended periods of time are analysed 

in laboratories for signs of prohibited substances or illegal training methods. Other 

information relating to the athletes is also gathered. As doping tests can occur 

anywhere at anytime, sportsmen and women are required to report their so-called 

whereabouts information, which allows the athlete to be located for out-of-competition 

testing. All of this data can be fed into the pre-trained AI systems to check for signs of 

manipulation. 

 

Using machine learning methods and deep learning strategies, the researchers are able 

to train the system so that it can consistently identify the typical patterns associated 

with doping in sport. The system learns to identify small but characteristic indications of 

doping, each of which represents a small piece of the puzzle. To achieve this, Maaß and 

his team train the AI system with data from doping tests performed on a large number 

of athletes. The system is able to explore and analyse correlations in the data and can 

thus recognize how the individual pieces of the complex multidimensional doping 

puzzle fit together.  

 

The system registers and assigns weights to data such as blood markers or urinary 

steroid profiles, it identifies and takes into account causal and temporal relationships 

found in multiple samples, and it considers the metabolic transformations that 

particular substances undergo as well as the interactions associated with specific 

performance-enhancing drugs. Through this type of deep analysis of complex and 

multivariate data, the system learns to recognize when manipulation has taken place. 

When trained in this way, the system can identify patterns and subtle features in the 
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digital data that indicate the irregularities and anomalies associated with doping. The 

result is a tool that can indicate how likely it is that a particular dataset is the result of 

someone having taken prohibited substances or of having falsified a doping test in 

some other way. 

 

‘To train complex models of this kind, we need far more data, especially data from 

positive doping tests. By using generative adversarial networks, or GAN as we call them, 

we can expand and enrich our data pool. Developing and testing AI models of this type 

is only possible when we have a thorough understanding of the data and of the 

underlying biological mechanisms,’ explains Wolfgang Maaß. 

 

In 2015, Maaß cooperated with WADA to test whether his AI models were generally 

capable of detecting cases of erythropoietin (EPO) blood doping when fed anonymized 

data from biochemical analyses. The goal of blood doping with EPO is to increase the 

number of red blood cells in the bloodstream so that more oxygen can be transported 

to the muscles to boost performance. ‘To train our model, we used data on a variety of 

blood parameters and data from a series of questionnaires that probed the athletes 

activities,’ explains Maaß. A comparison with the actual results of the doping tests 

showed that even at this early stage and before undergoing more specific refinements 

the model had an excellent success rate. 

 

A second project with WADA confirmed the excellent forecasting qualities of the AI 

model. In this case Maaß and his research team worked with the Department of 

Nutrition, Exercise and Sports at the University of Copenhagen on a joint project on 

EPO doping. Without having any other background information, the Saarbrücken 

researchers used their AI system to evaluate certain blood markers and blood 

parameters from different training groups with a total of 50 subjects. The computer 

algorithm identified the EPO doping group and filtered it out from among the various 

reference groups, including one group in which the athletes had naturally higher levels 

of red blood cells because they had recently undergone altitude training.  

 

In the most recent project with WADA and the Institute of Biochemistry at the German 

Sport University Cologne, the results of which were presented in December, specially 

trained computer algorithms were able to detect other forms of manipulation beyond 
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those normally associated with conventional doping violations. ‘Our system is able to 

detect when urine samples have been switched,’ says Maaß. This type of fraud, which 

involves swapping a ‘dirty’ urine sample from a doped athlete for a ‘clean’ one, is 

extremely difficult for doping investigators to detect and relies on complex lab 

analyses. When a deep-learning training strategy is adopted, the Saarbrücken model is 

able to recognize the typical patterns in this type of manipulation. ‘The sensitivity of our 

methods is already very high, as is its specificity, but we can improve it even further. 

This leads us to think that AI methods can be used as an effective tool to support anti-

doping investigations,’ says Maaß, who now wants to deepen the collaboration with 

WADA and the German Sport University Cologne. 

 

Wolfgang Maaß is currently working to enhance cross-border anti-doping research by 

establishing a German-French network whose focus will be on driving the use of 

artificial intelligence methods in the fight against performance-enhancing substances. 

Network participants include the French anti-doping laboratory in Paris (Laboratoire 

AntiDopage Français, LADF, Université Paris-Saclay), the National Institute for Research 

in Digital Science and Technology (INRIA - Institut national de recherche en 

informatique et en automatique), the German Sport University Cologne, Maaß’s own 

department at Saarland University and his ‘Smart Service Engineering’ research group 

at the German Research Center for Artificial Intelligence (DFKI). 

 

German Version of this Press Release: https://www.uni-

saarland.de/fileadmin/upload/aktuell/pdf/2022/PM_25_Mit_KI_gegen_Doping.pdf 

Questions can be addressed to: 

Prof. Dr.-Ing. Wolfgang Maaß, Chair of Business Administration – Information and 

Service Systems, Saarland University, and Head of the research group ‘Smart Service 

Engineering’ at the German Research Center for Artificial Intelligence DFKI. 

Tel.: +49 (0)681 302-64736; Email: wolfgang.maass@iss.uni-saarland.de 

Press photographs are available at  

https://www.uni-saarland.de/universitaet/aktuell/news/artikel/nr/24717.html 

Press photographs can be used free of charge with this press release or in connection with reports about 

Saarland University provided that a photo credit with the photographer’s name is included. 


