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SYSTEM DESCRIPTION 

The main objective of controller is to maintain the hemodynamic variables (i.e. MAP and CO) while ensuring 

that the level of depth of anesthesia is at the desired level. MAP is controlled by manipulating the SNP, CO is 

controlled by manipulating the DPM and the anesthesia level is controlled by manipulating the Propofol 

infusion. As a function of the patient status one or more of the three drugs are controlled to ensure stability 

of the hemodynamic variables. Implementation of such a complex control strategy in clinical trial requires 

detailed simulation studies. Given all the available know-how described above, a benchmark platform has 

been developed [Ionescu et al, 2020]. The graphic overview of the implemented functions to mimic a 

complete(r) anesthesia paradigm for drug titration regulatory loops is given in figure 1. 

 

 

Fig. 1 Conceptual representation of the possible interactions taking place between the sedation and 
hemodynamic systems involved in the balancing act of optimizing general anesthesia. 
 
 
The aim of this benchmark challenge is to investigate the feasibility of different control strategies to the 

regulatory problem of hypnosis-hemodynamic variables. This is novel in the application field and patient 

characteristics such as drug resistance, sensitivity, adverse effects and drug retention times have to be taken 

into account.  

This is an open-source simulator, and the users has the freedom to modify it according to their research 
focus. However, there are some recommendations  
 

- Patient safety, meaning that variables are to be controlled variables within the clinical intervals 
- Do not exceed the constraints on the input (i.e. min-max values of the pumps for drug delivery) 
- Respect the intervals for the output variables (e.g. BIS value between 40-60) 
- Ideally a MIMO control is designed to ensure that the entire system (i.e. the patient) remains stable 

 
More details regarding the intervals and constraints can be found in [Ionescu et al 2020]. 
 



The Benchmark Challenge at BMS2021 allows researchers to approach an important control problem to 

test their recent developments in the design of classical and advanced control techniques. There are no 

constraints with respect to the control approach, it is fully the choice of the user from PID to advanced 

methodologies (e.g. MPC). It is important to mention the fact that this is an open-source and the user has 

the freedom to adapt/change the simulators in terms of models, interaction etc. but the authors will have to 

motivate the implemented changes in their paper.  

 

Below an indication of the min and max values for the inputs and outputs are given.  

BIS interval: 40-60%      Propofol infusion: 0 – 5 mg/kg*min 

RASS score: (-5) – 4     Remifentanil infusion: 0 – 2.5 mcg/kg*min 

CO: 65 - 110 ml/kg*min     Dopamine infusion: 0 – 10 mcg/kg*min 

MAP: 65 – 110 mmHg     SNP infusion: 0 – 10 mcg/kg*min 

NMB: 0 – 100%      Atracurium infusion: 0 – 15 mcg/ml 
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