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Project Output Profile:  Biophysical Model of Arousal Dynamics 

The Alertness CRC model of arousal dynamics (MAD) predicts alertness, sleep, and circadian dynamics 

under a variety of conditions, including normal daytime activities, shiftwork, and jetlag. It is comprised 

of a system of ordinary differential equations, which were developed based on neurobiological 

mechanisms of sleep and circadian regulation. The model has been validated against more than sixty 

experimental studies, including sleep deprivation, forced desynchrony, shiftwork1-3 and chronic sleep 

restriction (unpublished) and was tested against real-world data in a hospital shift work setting. The 

model is calibrated to predict dynamics for a standard individual (or group average) but can be 

personalized for individuals by adjusting model parameters. 

 

A model based on sleep and circadian neurobiology 

 

 
 

Model Functionality 

 

The MAD is a mathematical model that captures the biological dynamics underlying the sleep-wake 

cycle, circadian rhythms, and alertness in humans. It captures the dynamics of the build-up of a need for 

sleep with time spent awake, the recovery that occurs during sleep, and the associated effects on 

alertness and interactions with circadian rhythms.  

 

The model's predictions correspond to the biological dynamics of an average or typical person. When 

evaluated without any additional constraints, the model will predict sleep of approximately 8 hours per 

night, starting near midnight. These predictions of sleep are based on the times when the biological 

need for sleep exceeds a certain threshold.  

 

It is important to note that the model does not capture the behavioural decisions that result from work, 

social or environmental constraints. However, the model can incorporate and respond to such 
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constraints. Such constraints on the model's evaluation must be provided as inputs. These constraints 

take two main forms:  

 

• forced-wake; and  

• specific light exposure.  

 

For the model to make interesting "real world" predictions it is necessary to evaluate the model in the 

context of a specific set of environmental and behavioural constraints. For example, for a given shift-

schedule and commute times the model can be used to predict potential disturbances to sleep patterns 

and the effect on alertness during shift.  

 

Available Inputs 

 

A number of inputs can be provided to the model depending on a use case: 

 

• Work schedule (if not provided, days off are assumed);  

• Times when must be awake but not at work; e.g., social commitments. (If not provided, sleep is 

allowed at any non-work time according to sleep need);  

• Sleep times, actual or desired (customize sleep opportunities. If not provided, sleep is predicted 

according to sleep need and other inputs);  

• Light profile, can be given in photopic lux, melanopic lux, or irradiance + spectral power density 

(if not provided, ambient daylight is assumed and constant office lighting during work);  

• Personalized parameters; e.g. chronotype (if not provided, standard individual is assumed);  

• Caffeine intake* (can be added if required but is not included in the generic version).  

 

Available Outputs  

 

• Alertness measures at 1 minute resolution (KSS, PVT lapses, ADD) and variety of quantities 

calculated from them; e.g., mean/max/min alertness on shifts or commute and 

high/medium/low risk times;  

• Sleep times (unless provided as an input);  

• Circadian phase markers; e.g., DLMO in plasma/saliva, aMT6s acrophase in urine, and core body 

temperature minimum;  

• Melatonin profile in plasma and saliva; and  

• aMT6s profile in urine  
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Alertness CRC is exploring a range of options to further the use of its research, technology and products and is open 

to speaking with a range of interested entities from investors to licensees and commercialization 

partners.  Additional public information is available at: https://mjkpartners.com/opportunities/alertnesscrc/  or 

contact Myron Kassaraba, MJK Partners, LLC, Tel. 617-902-0639, myron@mjkpartners.com.  


