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COVID-19 Relevant Research in the Stanford University School of Engineering  

Updated: April 9, 2020 

This document summarizes the hardware research projects related to COVID-19 proposed by professors 

in the School of Engineering.  Similar summaries are available for research in the areas of “Transmission 

Modeling, Detection, & Mitigation,” “Resource & Workforce Management,” “Detection and Treatment,” 

and “Classes and Class Projects.”  A list of COVID-19 research proposed by professors in the Stanford 

School of Medicine is available at this URL, https://med.stanford.edu/covid19/research.html.  

Information about the COVID-19 research projects at Stanford was collected by the Office of the Dean of 

Research.  The Stanford eWEAR Affiliates Program, https://ewear.stanford.edu/, is forwarding the 

summaries below to organizations potentially interested in collaborating on these projects or in funding 

the research.  For inquiries, please contact Angela McIntyre, eWEAR Executive Director, at 

angela.mcintyre@stanford.edu.  

LIST OF HARDWARE PROJECTS  

H1.   Off the Shelf Ventilator (David Camarillo, BioE)  

H2. Can N95 Face Masks be used after Disinfection?  (Yi Cui, MatSci, with 4C Air)  

H3.  1000x1000 - Open Distributed Manufacturing Protocol for High Quality (N95 grade) Masks for 

Health Care Worker and Citizen Protection (Manu Prakash, BioE)  

H4. “Etch-a-Sketch” Inspired Ventilator Remote Controller Project (Manu Prakash, BioE)   

H5.  Modified "Full-face” Snorkeling Mask as a Reusable PPE for Health Care Worker (Manu Prakash, 

BioE) 

H6.  A Medical Ventilator Architecture for Broad, Rapid, and Economical Deployment (Common Ventakit 

CVK) (Vaughan Pratt, CS)  

H7.  Development of Respiratory Masks with Reduced Burden on the Lungs (Fritz Prinz, ME & MatSci)  

H8.  Using Point of Care Ultrasound Devices to Triage COVID-19 Patients in the ER (Jure Leskovec with 

student Yusuf Roohani, CS)  

H9. Mass Spray Disinfection using UAVs (Sindy Tang, ME, Marco Pavone, AA, and Kari Nadeau, SoM)  

H10. Face Contact Monitoring using Computer Vision (David Tse, EE) 

 

HARDWARE PROJECT DESCRIPTIONS 

H1. Off the Shelf Ventilator (David Camarillo, BioE).  We working on technology that will enable the 

production of 1 million ventilators Spring, 2020. We will achieve this speed because our design largely 

relies upon off-the-shelf parts. We are an academic/industry partnership with deep experience in 

ventilator design as well as regulatory testing. For more information, please see ventilator.stanford.edu 

or bioengineering.stanford.edu/shelf-ventilator 

https://med.stanford.edu/covid19/research.html
https://ewear.stanford.edu/
mailto:angela.mcintyre@stanford.edu
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H2. Can N95 Face Masks be used after Disinfection?  (Yi Cui, MatSci, with 4C Air):  The COVID19 

pandemic has led to a major shortage of N95-level facial masks, especially in the healthcare 

environment. We have investigated three promising disinfection methods that may be applied to the 

recycling and reuse of facial masks: hot air (75 °C, 30 min), UV light (254 nm, 8W, 30 min), and steam (10 

min). Using a N95-level meltblown filtration fabric, we determined the following: 1) Hot air applied over 

20 cycles did not degrade the filtration efficiency (>95%). 2) UV treatment over 10 cycles did not 

degrade the filtration efficiency (>95%). 3) Steam treatment requires caution, as the filtration efficiency 

can be maintained (>95%) within 3 cycles, but the efficiency will degrade to ~85% after 5 cycles, and 

finally will drop to ~80% after 10 cycles. With respect to the hot air (75 °C, 30 min, 20 cycles), we found 

that an N95 mask did not suffer any mechanical deformation and the ear straps retained proper 

elasticity required for use.  

 

H3. 1000x1000 - Open Distributed Manufacturing Protocol for High Quality (N95 grade) Masks for 

Health Care Worker and Citizen Protection (Manu Prakash, BioE):  It has become clear that the world is 

under acute shortage of protective gear for health care workers and care givers, including masks worn 

to avoid acquiring or passing on an airborne pathogen like SARS-COV2 virus. This is an even more acute 

challenge with trade restrictions and supply bottlenecks. Since these masks are designed to only be one 

time use and disposable - with lack of supplies - short cuts are taken which put health care workers at 

grave risk.  We are envisioning a distributed manufacturing solution for N95 masks - we can 1000x1000 

projects. Instead of one plant centrally making 1000 N95 masks a day - 1000s of small businesses (2-3 

people operation) would be able to produce 1000 or more N95 grade masks per day across the country 

meeting a million masks a day quota in a distributed fashion. We are developing a nimble, simple, low 

cost manufacturing setup that enables production of the key ingredients in N95 masks for filtering 

aerosolized viral particles and integrated quality testing locally. Combined with simple mask design (a 

simple folding structure); masks can be produced locally (in a back room in a hospital) but still meet high 

standards if protocols are followed. Our goal is to quickly share exact design, protocol and process for a 

distributed manufacturing solution for masks to protect health care workers - in a simple instructional 

format.   
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H4. “Etch-a-Sketch” Inspired Ventilator Remote Controller Project (Manu Prakash, BioE):  In 

conversations with physicians and nurses caring for COVID-19 patients globally, it has become evident 

that they are understaffed and struggling to keep up with such a large population of ARDS patients. 

Every time a healthcare worker has to go in and out of a COVID-19 patient room, they have to gown up 

in full PPE beforehand and remove the PPE afterwards. The majority of current mechanical ventilation 

units available to major hospitals worldwide do not provide a feature to remotely control the settings of 

a given device. Thus, whenever a ventilator needs to be adjusted, a healthcare worker must put on PPE, 

enter the room to make adjustments, and remove PPE. This PPE must be either disposed of or processed 

for reuse so that healthcare workers can work safely in non-patient areas. Furthermore, the process of 

donning and doffing PPE and entering the room not only takes valuable time for making minor 

adjustments but also puts the healthcare worker at risk of exposure to SARS-CoV-2. This situation 

wastes precious time and resources in a situation of shortage of medical supplies.  We are building a 

flexible module that can attach to the outside chasis of a ventilator control touch screen - to enable 

remote control of ventilator settings using an XY drawing robot and remote knob control. On the other 

side of the glass door, the health care worker would have an iPad with the exact same control and could 

adjust of the setting without needing to go in and out of the room every time. No ventilator hardware or 

software is modified in this approach.   

 

H5. Modified "Full-face” Snorkeling Mask as a Reusable PPE for Health Care Worker (Manu Prakash, 

BioE):  PPE is one of the most important protective layers for healthcare workers around the world in a 

crisis like COVID-19.  Many hospitals have already run out of N95 masks and other PPE, including face 

masks and face shields. Doctors are trying to reuse and ration masks. The industrial supply chain is 

unable to scale up to meet current demands. In the US and globally, there is an urgent need for fast 

stopgap solutions to meet the current demands for PPE.  The goal is to modify a “full-face” snorkeling 

mask and add a 3D-printed part on the ventilation port of the snorkel shield. This 3D-printed part will be 

a custom attachment which will act as a swap-in replacement for the snorkel tube. As with a snorkel 

tube, all inhaled air will pass through the attachment; a filter can be added to the attachment for air 

filtration. Integrating a N95 mask filter for 0.3 um particles into the custom attachment would allow the 

snorkel mask to function as a simple face shield and provide the same level of protection to a medical 

health worker as a combination of an N95 mask and a face shield. Moreover we are extensively testing 

this solution for decontamination and re-use using heat treatment, autoclaving, bleach and other 

standard decontamination protocols.   
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H6. A Medical Ventilator Architecture for Broad, Rapid, and Economical Deployment (Common 

Ventakit CVK) (Vaughan Pratt, CS): Previous pandemics have spawned previous attempts at making 

medical ventilators more widely available in the quantities typically needed for a pandemic.  These 

attempts have always involved a single design intended for centralized manufacture, an approach that 

in the case of computer design prior to the 1980s has proved very brittle in comparison to the modular 

PC architectures pioneered by IBM and Compaq in the early 1980s.   Common Ventakit, CVK, is a 

platform architecture supporting modular on-site ventilator assembly based on a wide variety of 

ventilator components.  The essential core of a ventilator is its valves regulating flow of air and oxygen.  

CVK permits valves ranging in complexity from a one-inch segment of bicycle inner tube opened and 

closed with nitinol (muscle) wire to a full-scale standard ventilator valve.  Other components include a 

microprocessor for local control;  specifications for attachments to sources of air and oxygen and to 

sinks of exhaled breath preferably sterilized with UV LEDs and/or piped to outdoors in order to isolate 

the ward from the patient’s infection; attachments for pulse oximeters and other patient sensors;  

specifications for attachments to the patient’s respiratory tract; and capabilities for communication with 

a central control via e.g. ethernet cable, CAN bus, WiFi, Bluetooth, etc.  To get CVK started, I am 

developing an initial architecture for it, illustrating the concept by implementing several prototypes over 

the coming week or two, and recruiting interested parties to evaluate the current status of the design, 

propose improvements, and contribute software, firmware, and hardware on an as-needed basis.  As 

this project only began on March 28 I have only had time for brief consultations with Ken Graham, 

former CEO of several hospitals in California, Washington, and Hawaii; Professor Emeritus Myer (“Mike”) 

Rosenthal, (https://stanfordhealthcare.org/doctors/r/myer-rosenthal.html ); and Professor Oussama 

Khatib.  I hope to get a much wider variety of expertise interested in contributing to the project.  

 

H7. Development of Respiratory Masks with Reduced Burden on the Lungs (Fritz Prinz, ME & MatSci):  

Face masks are essential for protecting healthcare workers that are saving the lives of patients infected 

with the COVID-19 virus. To prioritize adequate supplies to hospitals, the government urges the public 

not to acquire or wear masks. However, other countries such as Japan and China have required people 

to do so. By the numbers, the mask-wearing countries are the ones that "flatten the curve" more 

efficiently despite their high population densities. Face masks are effective in slowing down the spread 

of the COVID-19 virus. Wearing masks posts a burden on the human respiratory system. With a pressure 

difference of roughly 1-2 cm water (on a typical N95), the effective oxygen intake is lowered by 5-20 %. 

For some people, it is a feeling of difficulty breathing or dizziness, but for people who have to wear it for 

an extended period, lung damage may occur. The Prinz Laboratory has been working on electrochemical 

conversion of oxygen for biological and energy applications. The goal is to develop a portable device that 

enriches oxygen from the ambient air. The device generates pure oxygen using an electrochemical 

process and compensates for the loss of oxygen intake due to wearing a mask. It can protect the 

respiratory system of long-term mask wearer, especially healthcare workers and patients. This work will 

be carried out in cooperation with John Xu, an alumnus of the Prinz Laboratory together with an alumni 

network coordinated by Jinetics Inc, a recent Stanford spin off company.  
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H8. Using Point of Care Ultrasound Devices to Triage COVID-19 Patients in the ER (Jure Leskovec with 

student Yusuf Roohani, CS):  A team of researchers led by Yusuf Roohani from Stanford was one of the 

winners of Berkeley CEND Coronavirus Diagnostic hackathon. They are now being advised by Berkeley 

CITRIS Foundry to design a study with UC Davis Medical Center and applying for seed grants. Also, in 

talks with collaborators at Harvard Medical School. The number of COVID-19 patients is increasing 

exponentially across the US. It is difficult to triage symptomatic patients in the ER, due to slow testing, 

low test sensitivity and lack of supplies such as test kits and PPE equipment. We propose the use of 

point of care ultrasound (POCUS) devices for quick triage of COVID-19 patients in the ER. This will lead to 

informed decisionmaking by healthcare providers for hospital admissions and also enable the tracking of 

disease progression. Handheld POCUS devices are now broadly available and their utility in the diagnosis 

of pneumonia has been well studied. There are several reports of efficacy in COVID-19 diagnosis, some 

of them even before the onset of symptoms. Moreover, POCUS is faster, cheaper, safer and more 

readily available than the current standard of care. However, a systematic study evaluating its usability 

is lacking and there is no common platform for storing and sharing ultrasound data from COVID-19 

patients. These are some critical limitations in the wider adoption of this technology and the 

development of automated analysis tools that we aim to address. The first phase of our project includes 

the design of a study in collaboration with the UC Davis Medical Center focusing on the ER setting. 

Following this, we envision broader deployment of these devices to primary health centers and non-

clinical settings. This will be augmented through the development of machine learning based analysis 

tools.  

  

H9.  Mass Spray Disinfection using UAVs (Sindy Tang, ME, Marco Pavone, AA, and Kari Nadeau, SoM).  

This project uses effective mass spray disinfection strategies for Covid-19, and employ UAVs to 

implement such strategies for both outdoor and indoor settings especially in high touch areas. Mass 

spray disinfection is currently used by multiple countries using UAVs (or firefighters, or other spray 

equipment). However, the effectiveness of such strategy has not been examined. Prof. Sindy Ting is 

investigating the relationship between disinfection effectiveness and the properties of disinfectant 

aerosols and the types of surfaces (e.g., plastic, metal) to be disinfected. We expect to identify a set of 

disinfectant and spray parameters needed to maximize disinfection effectiveness on different surfaces.  

Professor Marco Pavone is implementing spray strategies using UAVs. The results from 1) will guide the 

programming of UAV trajectory, spray distance, spray frequency etc. based on the types of surfaces 

detected by the UAV.  Professor Kari Nadeau is testing and validating the strategies) in a controlled 

setting on Covid-19 disinfection.  

  

H10.  Face Contact Monitoring using Computer Vision (David Tse, EE).   This team is engaging with 

multiple students to develop an app that uses computer and smartphone/device screens to monitor and 

inform users of the frequency of contact with the face.  https://magicmask.stanford.edu/  

  

 


