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Abstract— The robotic human nose simulator is a novel device 

that accurately simulates human breathing patterns. The 

motivation for the project is to aid researchers by giving 

accurate models of the dispersal of particles, harmful or 

harmless, in a detailed human nasal cavity by way of a piston 

driven breathing system. The piston drives air through a 3D 

printed cast of the upper respiratory system, taken from a CT 

scan of a cadaver and split into slides.  

I.  INTRODUCTION 

The purpose of creating a robotic nose simulator is to 

accurately model and simulate airflow through the upper 

respiratory system, with the ability of detecting and 

collecting nanoparticles for the purpose of researching their 

effects on said system. A 3D-printed, accurate-to-human 

cast of the nasal cavity with accurately simulated airflow 

could be used in a biohybrid model for assessing air quality, 

drug delivery research, healthcare/therapy in the 

otorhinolaryngological field, and a multitude of other 

practices involving the upper respiratory and nasal region. 

In harmful environments, such as warzones, factories, 

mines, and sewers, not much information is known on the 

health effects the air quality has on persons in the area, so a 

device that closely mimics a human’s respiratory system 

could help reduce these negative effects.   

II. DESIGN 

A. Design Overview 

The device uses a model of the human nose, derived from 

a CT scan, cut into multiple sections, and 3D printed in a clear 

resin cast. These materials make it possible to emulate an 

anatomical human nasal system, along with using an air 

pump to simulate human breathing and air flow. The device 

also has removeable slides and access points that come out of 

the model for different uses, such as an insertable flow 

velocity measurement device, or insertable probes with 

cultured nasal epithelial cells for accurate portrayals of 

biological interactions. The device also contains a connection 

port between the pseudo-pharynx and bottom of the device.   

B. Components 

The Simulators Design can be broken into 4 main 

components: the piston, the nasal cast, the nasal probes, and 

the microcontroller.  

The piston is the largest and most important design piece, 

it consists of a 6-inch inner diameter PVC tube that acts as 

the pistons body. Within the tube there is a plunger created 

from a rubber sheet and a plastic backing piece for support. 

The plunger is connected to a linear actuator which pushes 

the plunger through the tube to force airflow into the nasal 

cast. 

The nasal cast itself is 8 3D-printed resin slides created 

from a CT scan that was exported into a set of STL files. 

The slides are then connected using M5 threaded rods and 

nuts to create a tight seal. 

 
Figure 1. All 8 slides of the cast put together in 

Solidworks. 

 

The nasal probes are small 3D-printed resin inserts that 

fit into small holes on the sides of the nasal cast slides. The 

probes can either be fillers pieces to seal the airflow or they 

allow for an anemometer to be inserted to measure the 

airflow, the design allows for multiple uses to cater to a 

number of situations. 

 

Finally, the microcontroller is an Arduino Uno and a 

motor controller wired to a breadboard. The Arduino is 

connected to a laptop for power while allowing for user 

commands to be input. The component also houses a 12V 

battery pack to power the linear actuator.  



C. Operation 

The device is operated by inputting the desired breath 

speed and length into the laptop and then sending that 

code to the Arduino. Once activated after that the linear 

actuator will follow the commands and data can be 

gathered from any attached probes. To activate the device 

all that the user needs to do is activate any probes they 

may be using and to turn on the 12V battery pack and the 

Arduino will run the actuator as desired.  

 

III. RESULTS  

The device has been tested to ensure that all components were 

functional, and the device was able to operate reliably. To 

accomplish this test, the actuator was operated with our 

control system. 

IV. CONCLUSION 

Airborne nanoparticles are present in the daily lives of 

many persons. Military-relevant scenarios drive the need to 

analyze and research how possibly harmful these situations 

are. Nanoparticles released during manufacturing or from 

explosions pose a great risk to those restricted to those 

environments [1,2]. Inhaled nanoparticles from these events 

can congregate in the nasal passageways and potentially 

cause health issues such as neurotoxicity [3] and pulmonary 

inflammation [4]. 

This device would allow for a simple and cost-effective 

way to figure out what might be affecting an area and to 

allow for proper treatment and prevention to take place.  
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Figure 2. Assembly of the full system. 

 


