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Abstract. We examine the possibility of using non-intrusive bed sensor 
measures to ascertain the emotional wellness of an individual. To this end we 
did a convergent validation study to determine whether heart rate and 
respiration measures provided by the bed sensor correlate with self reports 
through questionnaires. The results show that negative affect and worry tension 
positively correlate with nocturnal respiration. 
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1 Introduction 

Emotions are a primary determinant of wellbeing. In the evolution of our species, 
reflexive and emotional responses to our environment played a vital role. On being 
confronted with a predator a human displays the emotion of fear and consequently the 
sympathetic nervous system triggers the rapid release of energy resources to initiate 
the fight/flight response. Without this sympathetic response, the possibility of 
adaptively coping with the such an emotional situation would radically decrease. 
Although these emotional reactions were evolutionarily selected for in a time very 
different from modern times they still function as a quick means of the human 
organism for evaluating its current condition and for selecting between possible 
behavioral responses [4]. 

When one gets positively or negatively excited, the sympathetic branch of the 
autonomic nervous system (ANS) gets activated. This sympathetic activation 
increases the readiness of the organism to come into action; it raises heart rate, 
increases respiration, raises blood pressure and decreases heart rate variability. 
Negative emotions such as anger and fear are associated with stronger increases in 
sympathetic activation than positive emotions such as happiness and contentment [2]. 
In addition to these stronger activations, the physiological consequences of negative 
emotions are longer lasting compared to positive emotions [2, 7]. Furthermore, it has 
been shown [3] that daily stress, worry and rumination lead to an increased heart rate 
(HR) and a decreased heart rate variability (HRV). Detecting changes in physiological 
measures (such as HR, HRV, respiration and blood pressure) can thus be indications 
of changes in that person's emotional wellbeing (in addition to being indicators of 
other problems such as coronary heart disease). This raises the possibility of 
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identifying changes in emotional states through measuring differences in ANS 
activity. These physiological changes should then be more indicative of negative 
emotions than positive emotions due to their greater intensity and temporal extent. 
There has been some interesting work in HCI research on the use of non-intrusive 
emotion detection through measuring physiology (e.g.[1, 6, 10]).  Our research differs 
from these studies in that our focus lies on detecting long term changes in emotional 
wellbeing instead of detecting short term instantaneous effects of emotional states. 

A predominance of negative emotional states leads to a decrement in emotional 
wellbeing and even physical wellbeing. There is a strong link between mental health 
and physical health. Numerous studies have shown that psychological stress can lead 
to decreased immune response (e.g. [5]). Stress also lowers the number of cytotoxic 
lymphocytes called “natural killer cells” that protect the body not only against 
infectious diseases but also play an important role in the rejection of tumors. 
Therefore, monitoring a person's wellbeing and responding to threats to this wellbeing 
(such as sustained negative emotions) should not only be effective in enhancing that 
person's emotional wellness but also enhance that person's physical wellbeing, care 
dependency and ultimately life expectancy. 

The standard method for measuring changes in a person’s emotional wellbeing is 
having them fill out questionnaires. In order to avoid this we investigate automated 
alternatives that measure physiological and/or behavioral changes that can be 
indicative of emotional change. The goal of our research is to provide non-intrusive 
automated measures of emotional wellbeing.  

2 Measuring nocturnal physiology using a bed sensor 

Taking nocturnal measures of heart rate, respiration and activity provides a unique 
opportunity to gather data in a non-intrusive way over a long stretch of time. There 
are two additional advantages associated with the use of these physiological signals as 
a measure for emotional wellbeing. First, one would expect the general emotional 
state to be least contaminated by specific situational cues during sleep. The individual 
is essentially unresponsive to sensory stimulation (except perhaps the comfort of the 
bed, temperature and excessive noise). From the perspective of an individual's general 
emotional state this would thus provide an ideal measurement, because of the relative 
absence of sensory stimulation in the temporal proximity. The ANS activity would 
thus reflect a more general context independent measure of the individual's emotional 
state at that time. Relatedly, taking nocturnal measures increases the chance of 
distinguishing negative emotional states from positive emotional states because of 
their greater temporal extent. 

As a means for taking physiological measures in a non-intrusive way we chose to 
investigate the use of a bed sensor. The bed sensor used in our research is the Emfit 
DVM (discrete vitals monitoring) sensor (as depicted in Figure 1) which is a thin film 
dynamic sensor, installed under the mattress. It responds to small pressure changes 
caused by a person’s ballistocardiographic (BCG), respiration movements and other 
bodily movement during sleep. The output of the sensor is a single voltage signal 
corresponding with all pressure changes caused by the a person lying on the mattress. 
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The digital data acquisition and signal processing unit uses specialized algorithms to 
calculate heart and respiration rates and movement activity from the sensor signal. 
The sampling frequency of the sensor is 200 Hz. 

 
Fig. 1. Dicrete vitals monitoring sensor 

Because the sensor is thin and capable of taking recordings of the above mentioned 
physiological traits through the mattress it is minimally intrusive. The sensor causes 
no noticeable difference for a person lying in bed (apart perhaps from being conscious 
that the sensor is there independent of differences in sensation). 

3 Convergent validation study 

In order to evaluate bed sensor measures of physiology as a valid means for probing 
the emotional wellbeing of an individual, there is a need for alternate measures of 
emotional states. Self report measures such as questionnaires or interviews are still the 
most authoritative means for taking these measures despite shortcomings such as the 
possibility of using response strategies, conforming to social desirability and the more 
fundamental problem of whether emotional states are sufficiently accessible to an 
individual consciousness (suppressed emotions are per definition not consciously 
accessible). The questionnaires that were used in our research as convergent 
validation measures are the “Positive And Negative Affect Schedule” (PANAS) [11] 
and the “Affect Grid” [9]. Both these questionnaires assume a two dimensional model 
of affect. However, where the PANAS assumes independence between positive and 
negative affect dimensions, the Affect Grid puts these on opposite ends of the 
hedonism dimension and adds arousal as the second dimension. Furthermore, we 
investigated the effects of Stress and Worry by adapting questionnaires used in 
previous research [8]. 

Correlations were predicted between the Heart Rate and Respiration measures on 
the one side and the Negative Affect (PANAS), Hedonism, Arousal, Worry and Stress 
on the other. Higher negative affect, lower hedonism, higher arousal, higher worry 
and stress are all hypothesized to be predictive of increases in Heart Rate and 
Respiration and a decrease in Heart Rate Variability (HRV). 
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4 Results and Conclusion 

The initial results over three subjects (measured 23 days each) show that of the 
expected correlations between physiological measures provided by the bed sensor and 
the questionnaire measures only the correlations between Negative Affect and 
Respiration (r = 0.41, p < 0.001), between Stress and Respiration (r = 0.29, p < 0.05) 
and between Worry tension and Respiration (r = 0.27, p < 0.05) were significant. 
These correlations were calculated on the z-scores of the individual subjects as to 
compensate for individual differences in baseline physiological activity and style for 
filling out questionnaires. Nocturnal breathing frequency correlates positively with 
the reported negative affect, stress and tension associated with worry reported the 
night before. 

At this point, we conclude that there are indications that physiological measures 
taken with a non-intrusive bed sensor correlate with emotional wellbeing; a 
prevalence of negative emotions, stress as well as tension associated with worry 
during the day, lead to significantly higher respiration rates during the night. This 
opens up possibilities for the automated non-intrusive measurement of emotional 
wellbeing. 
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