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  This exploratory project applies an innovative technology, wearable 
computing, to the improvement of occupational health hazard 
exposure monitoring. By combining unobtrusive sensors and 
processors with everyday garments and equipment, wearable 
computing holds the promise of providing heightened awareness 
and individual feedback regarding environmental risks and the 
individual’s physiological response to those risks, while minimizing 
or eliminating bulky sensing/warning equipment that could impede 
normal work activities. The specific initial application of the 
technology is to create a prototype for monitoring the occupational 
exposure to carbon monoxide (CO) of construction workers.  The 
device would simultaneously monitor air concentration of CO and 
blood carboxyhemoglobin (COHb) saturation and provide 
multimodal warnings to workers in the event of overexposure.  

 

 

             
  

 
 

Prototype Design 

This work has shown that the current designs related to personal CO 
monitoring are unsuited for construction environments. The solution to 
this problem is to integrate current sensing technology into existing form 
factors that are familiar to the worker. New designs were proposed that are 
comfortable, unobtrusive to daily work, and functional for the 
measurement of CO concentrations. Combining this technology with 
environmental sensing and data logging will allow the creation of a full 
wearable system to monitor for personal hazards, as well as gain an 
understanding into the long-term impacts of CO exposure. 
  
The major obstacle to the full implementation of such a system is neither 
technological, nor physiological; the problem rests in the design realm in 
making the sensors comfortable for the wide range of body sizes. 
 

   
 

Methods 

Data from the Bureau of Labor Statistics (BLS) indicate 39 work-
related deaths and 700 injuries from carbon monoxide in 2005.(12)  
Statistics from the 2006 BLS report indicate that construction 
workers average 5.9 nonfatal injuries and illnesses per 100 workers, 
compared with an across-industry average of 4.4 per 100 workers, 
indicating a higher than average level of risk.  Construction projects 
often entail use of gasoline-powered engines, including generators 
to power compressors for pneumatic tools, concrete-cutting saws, 
pressure washers, and petroleum-powered heaters.  Without 
adequate ventilation, the semi-enclosed nature of many construction 
spaces poses a significant risk of carbon monoxide poisoning for 
these workers. While maintaining adequate ventilation should be the 
first step toward preventing acute CO exposures, a personal 
monitoring system provides a second line of defense, particularly in 
situations where adequate ventilation is difficult to maintain. 
 

Pulse oximetry is a non-invasive method to determine the 
concentrations of blood hemoglobins. Various frequencies of 
light are transmitted through a vascular bed and the incident light 
reveals the existing concentrations. Typically this process is 
encapsulated in a medical device known as a pulse oximeter 
which is commonly used in hospitals to monitor blood oxygen 
concentration and heart rate. Several common measurement 
locations are the finger, ear lobe, and forehead, however each 
location poses difficulties in terms of wearability and comfort. 
Measurement on the finger requires wearing a bulky ring sensor 
or a sensor clamped to the finger tip, each design would 
significantly affect the dexterity and comfort of construction 
works, furthermore measurement from the ear is uncomfortable 
and obtrusive. A more natural choice is integrating the sensor into 
a typical hard hat and taking measurements from the forehead. 
This design seeks to provide comfortable, and transparent sensing 
that does not encumber the activities for the worker. 
 
To verify the accuracy of the prototype, a user study will be 
conducted to determine if the prototype can obtain accurate 
readings under various construction activities. Blood 
concentration and heart rate measurements from the forehead will 
be compared to finger based pulse oximeter to discern accuracy. 
 
 
 

A pulse oximeter will be integrated into a construction helmet to create 
a comfortable platform that will non-invasively monitor the 
hemoglobin concentrations of the worker. The prototype must be 
robust enough to withstand daily activities but also elegant enough that 
its operation will go unnoticed by the worker. Initial efforts are 
focusing on integrating the sensing elements into the headband of the 
helmet while applying as few modifications to the helmet structure as 
possible. With the sensor located on the headband, the computing 
elements will likely be located on the hat brim or on the back of the 
helmet. The prototype will be able to continuously store and monitor 
concentrations as well as transmit readings to an external location. 
 

 


