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Background Info and Statistics 
 
Laryngectomy 
 
Figure 1. Laryngectomy Diagram 

 
* 10,000 annually in the U.S 
* Patients left permanently unable to speak 
* Become reliant on speech aid devices like the electrolarynx 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Tracheostomy 
 
Figure 2. Tracheostomy Diagram 

 
* Over 100,000 annually performed in the U.S. 
* Patients left temporarily unable to speak but electrolarynxs have shown favorable results for 
them 
* Current handheld electrolarynxs have a low functional compatibility with these patients 
 
 
Project Impact 
 
Social Impact 
 

●​ Greatly improve the lives and communication skills of over a total of 110,000 people 
annually 

●​ The handsfree design has strong potential implementations in hospital settings to 
improve patient to doctor communication in Tracheostomy patients which is currently an 
open spot in healthcare 

 



 

 
 
 
 
 
 
 
 
 
 
 



 

Components list 
 
3D print Material Heat Resistance (Celcius): 
 
PLA= 60-110C, Resin= 200-300C. 
 
Motor Design: Pot magnet,  Magnet Holder (PLA), Coil Piston (PLA), Flex Damper (Elastic 50A 
Resin), Supporting Ring, Motor Lid (PLA), contact disk (PLA). 
 
Hardware Design: Digital Potentiometer, Bluetooth Chip, 9V Battery, Waveform Generator, 
Arduino Nano. 
 
Casing Design: Soft Resin (Elastic 50A Resin) for the casing components, PLA for the Lid 
design, and cable runner. 
 
 

Component (Motor Design) Description 

Pot Magnet Ensures magnetic polarity in one direction 

Magnet Holder Keep the pot magnet in place 

Coil Piston Coil inductor to produce magnetic field 

Flex Damper Support for the piston, contact disk, and ring 

Supporting Ring Protect motor components from damaging 

Motor Lid Holds component to avoid unnecessary 
motion 

Contact Disk Coil inductor repels towards this component 

 
 

Component (Hardware Design) Description 

Bluetooth Chip Establishes wireless connection 

Arduino Nano Provides vibration controls  

Digital Potentiometer Digital interference with waveform generator 

Waveform Generator Controls amplitude and pitch 

9V Battery Power Supply with heating range from 20 to 
60C 

Additional Diagrams and Design Features 



 

 
Circuit Diagrams 
 
Figure 3. Echolynx Body Circuit Diagram 

 
 
Figure 4. Echolynx Controller Circuit Diagram 

 
 



 

Sectional Breakdown 
 
Figure 5. Breakdown of Motor Design 

 
 
 
Figure 6. Breakdown of Components in Casing 

 



 

 



 

Figure 7. Full Body Rendering



 

Testing 
 
Response time testing 
 

●​ Performed to confirm and adequate response time for setting inputs 
●​ Theoretical response time based on hardware assessment is 1 ms/input 
●​ Inputs from the controller initiate a timer on the arduino as the information relays to the 

secondary bluetooth unit which sends a response to stop the timer. 
●​ These times are then halved to match a one way response and analyzed to confirm data 

 
Current theoretical value- 1 ms/input, based on a 9600 baud rate (bytes/sec) and an 
approximate 10 bytes per input. (10 bytes)/(9600 bytes/sec) = 0.00104 sec = 1.04ms 
 
  
Operating time and safety testing 
 

●​ Performed to ensure the device operates for expected period of time in a safe manner 
●​ Device is left operating for an extended period of time with 30 min intervals where the 

system is checked for signs of overheating 
●​ If the device overheats, the time is recorded and the device is turned off until it cools 

down 
●​ Once cooled, the device is turned on again until it overheats or ceases to function 
●​ The time periods will be used to assess safe extended functioning time and total 

functioning time 
 
 
Convenience Rating 
 

●​ Test participants will be drawn from individuals who currently use electrolarynx devices 
or any other similar speech aid device 

●​ These individuals will record lines from the grandfather passage to record every potential 
phonetic sound in the english language 

●​ Participants will then fill a survey comparing their experience with a standard 
electrolarynx with the echolynx 

●​ Survey data will then be analyzed to ensure statistical significance 
●​ The recordings will then be used in an audibility test to ensure listeners can adequatelys 

hear the participant’s voice to further evaluate the functionality of the device 
 



 

Data 
 
Response Time Test 
 
Figure 8: Response Time Vol Up 
 

 
Figure 9: Average Response Time 

 
 
 



 

Table 1: Response Accuracy 
Command Count # Correct % Correct 

Total 400 400 100.00% 

<VOL_UP> 100 100 100.00% 

<VOL_DOWN> 100 100 100.00% 

<FREQ_UP> 100 100 100.00% 

<FREQ_DOWN> 100 100 100.00% 

 
Table 2: Response Time Statistics 

Mean RT Median RT Standard Dev 
25th 
Percentile 

75th 
Percentile IQR # Outliers 

73.3575 72 4.67700542 70 74 4 0 

70.27 70 1.716556337 69 71 2 0 

73.23 73 1.301553074 73 74 1 0 

70.95 71 1.47281768 70 72 2 0 

78.98 76 5.823983849 75 82 7 0 

 
Functionality Time 
 
Figure 10: Supply voltage drop of Echolynx 

  
 



 

 
Figure 11: Supply voltage drop in current market electrolarynx devices 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12: Power consumption of standard market electrolarynx 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Cost Breakdown 
 



 

Market Impact 
 

●​ Electrolarynx market is valued at $409.5 million in 2021 and is projected to reach $703.0 
million in 2031 

●​ High costs greatly hinder the growth of the electrolarynx market 
●​ The Echolynx would hold a unique position in the market due to its handsfree design 

which should offer substantial opportunities for growth 
 

 
 
 

 



 

FDA 510(k)  

 

 

 



 

 

 
 



 

IRB Approval 
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