
Technical description (Performance & Safety) 
In this document there is the description of the three products, the smart badge, the smart bracelet 

and the smart helmet, which the team is developing with the example of the development of a 

prototype already started and concerning the smart badge. 
 
Smart Badge 
The SB has the following functions: 

•   Detection of accidental falls and knocks; 

•   Detection of various types of gas; 

•   Measurement of external temperature; 

•   GPS position; 

•   Anti-Covid System. 
 

As can be seen from the figure, it has several sensors and was created with the aim of alerting 

security personnel in the event of an accident in real time, reducing the intervention time to a few 

minutes. In addition, the instrument will be connected to a life saving drones (previously armed 

according to the areas in which it will operate) which will be alerted through an artificial intelligence 

system and in function of the gravity of the accident it will rise in flight immediately locating the 

operator or, for example, the man overboard, bringing the necessary for the first intervention as 

well as being able to establish visual and vocal contact with the person.  
 

 
 

The system, thanks to the presence of a GPS locator and appropriate software, will allow to measure 

the distance between the various operators, informing, in real time, the control center and the 

operators involved, on any assemblies. The peculiarity of this system is to be based on the use of a 

differential GPS capable of providing the operator's location with an accuracy of the order of 

centimeters of an order of magnitude higher than that of a normal GPS. 
 

Technical description of the smart bracelet 

Smart Bracelet 
The Smart Bracelet borns with the aim of detecting some biosignals (functional to monitor the 

operator's psychophysical state. This device is interconnected with the smart badge via bluetooth 

connection which detects the following biosignals: 
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•    Skin temperature; 

•    Skin conductance; 

• Heart rate variability (HRV & BPM); 

Sensors are installed on or in people and in their environments, and they provide data from which 

their physiological state and behaviour can be derived. Often, normal physiological states and 

behaviour are distinguished from the unusual. In the unusual, we should at least distinguish between 

sudden anomalies (a heart attack ) and gradual changes (e.g. slowly increasing stress levels).  

Furthermore, the possibility of monitoring the temperature of the operators, the system can also 

be used as an effective and powerful anti-COVID measure. 
 

Here are the signals that are detected: 

 

  
 

Also in this case, a hardware architecture consisting of a central CORE will be adopted, for the 

acquisition and analysis of data, and a series of external sensors capable of measuring biomedical 

parameters. Below are some examples of sensors for measuring physical parameters that will be 

used. Basic architecture of systems for the measurement of biomedical parameters. The scheme 

includes a central part (CORE) responsible for receiving the signals and processing them.  
 

HRV: Heart Rate Variability & BPM 

In a working population, occupational factors are believed to pose a threat to workers’ 

cardiovascular health. Substantial research has shown that adverse physical and psychosocial work 

environments and working conditions, such as shift work and excessive workload, are related to 

CVD Heart rate variability (HRV) is an established indication of cardiovascular regulation and is often 

not only considered in relation to health, but also to subjective aspects of perceived affect. 

However, as the various HRV parameters are not identical but interrelated, they vary in regard to 

different aspects of every-day moods, stress, and depression.  
 

GRS: Galvanic Skin Response 

Emotional sweating, also known as galvanic skin response or EDA, which is only affected by the 

sympathetic nervous system, is one of the stress indicators in the body. Conductivity with increasing 

tendency of the humidity allows the measurement while individual is stressed. Thus, when the stress 

increases, the EDA increases. Electrodermal activity has also been correlated with stressors such as 

mental workload and work performance.  
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STMP: Skin Temperature 

Skin temperature (ST) usually varies from 32 to 35 °C. However, in some cases, it may show greater 

variations because of extreme environmental temperature, fever, malnutrition, physical exertion, 

and physiological changes such as vasospasm. Skin temperature can be easily and reliably 

measured using a temperature sensor in contact with the skin and has been used in numerous 

studies for emotion detection.  
 

The Smart Bracelet, in addition to providing indications on the level of stress and therefore 

preventing possible errors related to the human factor, can be used by operators as a biofeedback 

training tool. In case of an excessive level of activation of the central nervous system detectable 

through the three indicated parameters, the Smart Bracelet in addition to suggesting to the 

operator the exercises to be performed (for example breathing), will give feedback to improve the 

way they are performed, so as to restore a level of focus functional to resume the activity. 

 

Technical description of the Smart Helmet 
 

Smart Helmet 
SH has as main objective to detect the operator's brain activity, this is because as some research 
has suggested, information regarding people's mental state such as, for example, alertness, 
sleepiness and stress can be measured accurately through recordings with EEG 
The electroencephalogram (EEG) is used to measure the brain activity by placing a series of 
electrodes onto the scalp of the subject. BioSemi ActiveTwo, ABM B Alert X10, Emotiv EPOC+ 
are widely used gold standard types of equipment for measuring EEG. EEG signal is composed 
of four frequency bands: Alpha (8–13 Hz), Beta (13–30 Hz), Delta (0.1–4 Hz) and Theta (4–8 Hz). 
Alpha activities are a sign of a calm and balanced state of mind and decrease in stressful states. 
Beta activity correlates with emotional and cognitive processes and increases with stress. Mean 
amplitudes of the EEG signal, mean amplitudes of Event- Related Potentials (ERP), alpha, beta, 
theta frequency bands, mean power ratios and fractal dimension features are used to detect 
stress.   
In practice, monitoring the change of alpha (between 12 Hz to 30 Hz) and beta brainwaves 
(ranged between 8Hz to 12Hz) could determine if mental state is transiting from alert to non-alert 
which could increase the potential risk level of accident. For example, Chin-Teng et al. present a 
real-time wireless EEG- based brain-computer interface (BCI) system using three EEG electrodes 
for drowsiness detection in vehicle applications. The reported average of precision and sensitivity 
achieve 76.9% and 88.7%, respectively.  
Our SH will consist of: 
• a mechanical part, an electronic hardware to detect any abnormal behavior 
• an embedded real-time artificial intelligence module 
• a bluetoot transmission to communicate with the machine tool 
• an electronic medical records (EMR). 
• integration with sensors contained in both the SBadge and the Sbracelet. 



 

Using an artificial intelligence algorithm, it could identify the risk level coming from health issues 
such as fatigue, sleepiness, high stress, etc.  A haptic device, is integrated to the helmet in order 
to alert the operator when computed risk level (fatigue, high stress or error) reaches a threshold. 
Once the risk level of accident breaks the threshold, a signal will be sent wirelessly to stop the 
relevant machine tool or process.  
 

 
 
In the event of an accident, an alert is sent to the control room, indicating the exact position of 
the casualty as well as some other data such as heart rate variability (HRV), and skin 
temperature, skin conductance, EEG.  
 
Technical description of the smart badge 

Hardware Architecture 

The technical description of the PPE system and its operating principle is shown below. 

The system consists of a hardware part and software for sensor management, for data acquisition 

and for the transmission of information on the server. The hardware architecture of the PPE system 

consists of three main parts: 

1) A core part where the data management and analysis cip and the WI-FI card for the 

transmission of the information on the remote server are located. 

2) A GPS device connected to the core and which transmits the lat and lon coordinates of the 

Device. 

3) An accelerometer connected to the core board which provides the accelerations 

undergone by the device and the external temperature. 
 

The following figure shows the hardware architecture diagram including the various parts and the 

connections between them. 
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The architecture shown in the figure represents the prototype version of the system developed with 

the help of Arduino components and the like and is already available and functional. The prototype 

will be used for the development of a proprietary integrated board optimized to obtain the least 

space and absorption possible. One of the crucial aspects of the system is represented, in fact, by 

the power needed to power the device and which has reduced dimensions and weight to allow a 

portable (wearable) use of the device. Preliminary studies have led to the identification of a good 

compromise between the size of the (rechargeable) battery and its duration which must be sufficient 

to cover at least one work shift (approximately 8 hours). The characteristics of the chosen battery 

are the following: 

Tab I 

Characteristics of the lithium polymer battery. 

 Lenght Witdh Thickness Weight Volt Ampere 

lithium polymer 

 battery  
9.7cm 6.7cm 0.3cm 40g 3.7V 300mAh 

 

The following figure shows an image of the prototype with the use of a small 180mAh battery. 

 

            
Smart Badge Prototipe and Andoid App  

 

Software, App e GUI  

The software (snatch) for the use of the device is proprietary and has been developed internally. 

Regarding the representation and use of the information provided by the device, the app provided 

'Blynk' was used, available free of charge on the playstore and on the applestore and which allows 

you to receive data via WI-FI transmitted by the device and to represent them in various formats 

that can be chosen by the user. The image above shows a snapshot of the app extracted from the 

mobile phone connected to the device. 



For industrial applications (construction sites, off-shore and naval platforms) a web interface (GUI) 

will be developed for the control and monitoring of the personnel employed and equipped with 

the PPE device. The GUI will have a web map centered on the area of interest with the positions of 

each worker reported. As soon as the device of one or more operators sends a warning message 

due to a fall or impact, the GUI immediately shows an ALERT together with the google map position 

of the alleged accident and the data of the person involved. This will allow, if necessary, timely 

intervention by the safety staff and / or medical staff. The integration of cameras will allow a more 

effective use of the system. These cameras will be integrated into the GUI and can be used to check 

the Alerts sent by the various devices before having the staff intervene on site. 

 
 


