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1. Problem Statement and Background  
World Health Organisation data (2012) shows that 360 million people (5.3% of world 
population) suffer from hearing related disabilities. Deafness in children and adults over 
65 years increases exponentially with a decrease in gross national income per capita, 
the prevalence of disabling hearing loss being highest in South Asian countries at 2.4% 
for children and 48% for adults over 65 years . 1

 
In everyday life, hearing impaired individuals miss out on many important events, 
sometimes even emergency notifications just because they cannot react to sound. A 
few examples of such kind of impulsive sounds are vehicle horns, fire alarms, doorbell, 
telephone ring, baby cry and name call. This problem generates an unmet need for an 
affordable, easy to operate Assistive Technology which can alert them to their 
surroundings.  
 
Our product DEIASO (Detection and Identification of Alarming Sounds) is a low-cost 
wearable Smart Band which can recognize these alarming sounds and alert the user 
through a tactile and visual response. 

2. Approaches Considered  
The first solution we explored was a simple standalone device which can detect 
impulsive sounds. We attached a sound amplifier circuit to an Arduino Nano and 
programmed it to recognize the sudden peaks in the Amplitude of the incoming audio. 
Then it was mounted on a glove and tested. After several interactions with interpreters 
and individuals with hearing impairment at the All India Federation of the Deaf , we 2

found a few things to enhance.  
 
First, we needed to fit the circuitry into a comfortable and robust Smart Watch design. 
We found that many parts of the Arduino circuit can be omitted or optimized. We 
designed a single PCB which would include the sound Amplifier Circuit as well as the 
ATmega328 microcontroller chip.  

1 http://www.who.int/deafness/estimates/en/ 
2 http://aifd-mptcd.org.in/ 



 

                                         
 
Figure 1. (a) The initial glove mounted prototype,                    (b) ATmega328 PCB with 3D printed casing 
 
Second, we needed to provide a computationally affordable and yet portable piece of 
hardware that can classify the sound like a car horn, fire alarm, doorbell, etc. Currently, 
there are not many devices in the market which address this problem. The ones we 
could find include Android Applications (e.g. Braci ) and Wearables (e.g. Bellman and 3

Symfon ). However, they are exorbitantly priced and are not readily available in South 4

Asian countries. Another major limitation of these solutions is that they provide detection 
for only pre-recorded sounds and are not able to detect slightly different sounds. 
 
We started by developing an artificial neural network classifier model on MATLAB to             
classify between the sounds coming through the microphone. Initially, the model was            
trained with a database of alarming sounds of only one class (vehicle horn) and was               
able to detect the presence of car horn in recorded sound based on some parameters               
(Mel-Frequency-Cepstral-Coefficients).  
 
However, we soon realized that the functionalities and computation power needed for            
such a classification was quite high for Arduino based microprocessors. On the other             
hand, more sophisticated microprocessors available in the market are expensive. Later           
on, the system was imported to Android-based smartphones and given as an            
application which could communicate with the band via Bluetooth.  

3. Description of Final Approach and Design 
Band Design Description  
 
In order to improve on the design of DEIASO, a smaller SMD type PCB was created 
using EAGLE and fabricated. The casing for the band was designed using SolidWorks, 
and it was 3D Printed. The band is equipped with a silicone wristband that is kind to the 
skin and can be worn like a regular wristwatch. The final design of DEIASO is 

3 http://www.braci.co/ 
4 https://bellman.com/en/your-hearing/ 



 

comparable to modern-day smartwatches in size (42 mm) as well as comfort. It sports a 
290 mAh rechargeable battery which can be charged using a standard micro-USB 
charger. It features clear icons that light up in different colors and have icons 
corresponding to the source of the sound making it easy to identify the alert. The band 
provides haptic feedback using a vibration motor in addition to the visual feedback 
provided using LEDs.  
 

 
 
Figure 2. Final Design of DEIASO smart band 
 
The band has two modes of operation - standalone mode and Bluetooth mode.  
In its standalone mode, the band identifies impulsive sounds based on their amplitude 
and provides visual and haptic feedback. The band uses an Atmega microcontroller to 
identify impulsive sounds based on their amplitude. The amplitude detection is dynamic 
as it adapts to the ambient noise levels and classifies a sound as impulsive based on 
threshold values relative to the average ambient noise levels. It cannot classify sounds 
in this mode and thus provides alerts for all kinds of impulsive sounds irrespective of 
their source.  
 
In its Bluetooth mode, the band pairs with DEIASO’s smartphone application using 
Bluetooth (HC-05 Bluetooth module) and can classify impulsive sounds into categories 
such as car horn, dog bark, and baby cry. The application implements an Artificial 
Neural Network to classify between different types of alarming sounds based on their 
MFCCs to work in real time. The alerts are provided to the user both on the band and 
on the smartphone and are customizable.  
 
Description of Model Used for Classification 
 
A machine learning algorithm has been employed for audio classification. In this 
scenario, the task is to classify impulsive sounds to help hearing impaired people in an 
alarming situation. The other aspects of this problem are as follows : 
 

● The classifier model must be locally available without an internet connection and 
require low computation power to provide a quick response. 



 

● The occurrence of alarming sounds will be very low as compared to non alarming 
sounds, so even a small False positive can quickly become very irritating. 

 
For the validation of the model, we worked with impulsive sounds of a car horn, dog 
bark and, baby cry. The fourth class of people talking and ambient noise was manually 
collected to act as a dummy class. 
 
Mean, standard deviation, range, maximum and minimum of MFCC features [1] over a 
sequence of time point was calculated and used for classification purposes. The 
implementation of MFCC was done in MATLAB using publicly available code. 13 MFCC 
features were used for one-time point, and features were calculated on such six-time 
points. 
 
A two layer feed forward network was used for classification of sound into 4 categories 
as mentioned above. The output layer had 4 nodes corresponding to the 4 classes, the 
value of each ranging in [0, 1], which represents the probability of that sound belonging 
to these categories. 
 
Android Application Design 
 

 
 
Figure 3. App design 
 
The app follows the same model developed as above. The parameters of the model 
were exported to a comma separated values file and then used in the Android 
application as fixed values.  
 



 

The app is developed for hearing impaired people and so keeping this in mind, some 
extra features were added. One such feature is a chat interface with text to speech 
and speech to text feature to enhance communication. Also, a feature of adding 
sound specific to the user is incorporated. These sounds are checked parallelly using 
musicg (Java library) through fingerprint matching of that sound.  

4. Outcomes  

Table 1. Testing on Detection Accuracy 
 

Categories dB 
Environment and Distance from sound 
source Detection Accuracy 

1 below 65 ambient street noise, people talking not meant to be detected NA 

2 65 to 75 
low intensity horn, or car horn (10 metres), 
screaming, clapping, etc. yellow light 90% 

3 75 to 80 high intensity horn, car horn (< 5 m), loud clap yellow light 100% 

4 above 80 loud whistle or loud bang, loud crash etc. yellow and red light 100% 
 
Confusion matrix for Testing on Classification Accuracy: 

Here, the four classes correspond to car horn, dog bark, baby cry and ambient sounds 
respectively. The green cells denote true detection and red cells denote false detection. 
The last row and the last column give the aggregated class wise accuracies. 

5. Cost  
The team strongly believes that this product should be easily affordable for hearing 
impaired people and their caregivers, so the target sale price cap was decided as $30, 



 

after consulting with organizations such as Delhi Association of the Deaf and All India 
Federation for the Deaf. 
The total cost of the more accessible lower-end version of the band which does not 
have Bluetooth capabilities is estimated to be about $15. The total cost of the 
higher-end version of the band which also has Bluetooth capabilities is estimated to be 
about $25. 

6. Significance  
DEIASO identifies important alarming sounds and provides non-intrusive alerts enabling 
the user to react accordingly. It helps make hearing impaired people self-dependent. 
Majority of the people fitted with hearing aids do not wear them [2] as many of the 
currently existing hearing aids serve as a nuisance. Also, people suffering from 
profound deafness cannot use hearing aids.  
 
DEIASO can be used by people suffering from profound deafness as well as those who 
are both hearing and visually impaired. DEIASO can also be used by people who lose 
their sense of hearing with old age.  
 
The simple design and low price point of the product ensure that it is accessible to the 
public and is easy to use. The application also supports text to speech functionality. 
The overall vision of the team is that DEIASO can serve as a tool for empowerment of 
the millions of hearing-impaired people and can bring some positive impact on their 
lives. 
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