
34th Annual International Conference of the IEEE EMBS
San Diego, California USA, 28 August - 1 September, 2012

3065978-1-4577-1787-1/12/$26.00 ©2012 IEEE



3066



3067



  

similarly compered to the other parts. At the inspiration in the 
gray part, voltage of the respiration curve rose by decrease of 
strain gauge resistance and RRI decreased by increase of 
heartbeats. The opposite fluctuation is seen at the expiration. 
This synchronic fluctuation is the coordination of 
cardiorespiratory, especially RSA, and it is considered to 
appear by stimulation. To quantify this, HF and standard 
deviation of histograms obtained from synchrograms are used. 
A t-test was used for the comparisons between the groups of 
before (t=29, 44) and during (t=30, 45) the stimulation was 
given to the subjects. As Figure 7 show, HF and " got 
significantly higher while the vibratory stimulation was given 
to the subjects. This result indicates that CRPS and RSA 
appeared due to the stimulation. After these two appearances, 
a significant increase of SpO2 was observed. Improvement of 
gas exchanges by the CRPS and the RSA might have caused 
this increasing of SpO2 with slight delays. Moreover, there 
were significant decreases in both objective and subjective 
sleepiness levels by the stimulation (Figure 8). These results 
imply that the CRPS and the RSA caused by the stimulation 
had an active influence on the oxygen supply to the body and 
eased the subjects’ drowsiness. 

V. DISCUSSION AND CONCLUSION 

This study proposes that the heartbeat-synchronized 
vibration has an effect of easing drivers' slight deprivation of 
oxygen during the drowsiness induced by cardiorespiratory 
coordination. The effect of this stimulation was confirmed by 
the results of the experiment done in cooperation with 15 
subjects. As the results show, HF and " showed a significant 
increase when the vibratory stimulation was given to them.  
After the stimulation was given to the subjects, there were 
significant increase in SpO2 and decrease both in the 
objective and subjective sleepiness levels. These results 
insisted that CRPS and RSA appeared by the vibratory 
stimulation and it played an active influence on the oxygen 
supply to the body, which eased subjects’ drowsiness. We 
suppose that the CRPS appeared by the breath timing 
changes due to the stimulation and it enhanced the RSA. The 
rhythmic pulsations of the motor with each heartbeat served 
as an indicator of inspirations and expirations to make it 
synchronize with the heartbeats. We conclude that the 
stimulation has an active physiologic influence to possibly 
ease severe driver drowsiness.  

However, the induction of breath timing by the 

stimulation is not clarified. We need to investigate how the 

stimulation served as an indicator of inspirations and 

expirations to make it synchronize with the heartbeats. Also 

an alternation of patterns and strength of the stimulation 

might affect the results. We should increase the number of 

subjects to clarify these matters in our further studies. 
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Figure 8. Sleepiness levels before, during, and after the stimulation. 

(t=30,45) (a) Objective sleepiness levels (b) Subjective sleepiness levels. 
(Asterisks stand for p-values: * p<0.05, **p<0.01 , ***p<0.001)  
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