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Why?

If our loved ones are undergoing cardiac arrest at home, they have
two challenges:

1. They need immediate rescue since the survival chances are close to
zero within 10 minutes. However, the average EMS response time is
9 minutes or longer in cities US/Canada, only 10.6% survive.

2. If they are home alone, only 4% survive. Among the 326,200/year
OHCA (Out-of-Hospital Cardiac Arrest) patients in the US, 80%
happen at home, over half are unwitnessed.

320,000/yearin US  Healthcare cost $33 billion/year

Currently, community medical bystanders

>50% Unwitnessed at home are a worldwide solution by providing
only 4% survive patients with CPR /defibrillators before

EMS arrives, but only 38.7% of the arrest
IS withessed by bystanders, and this
solution is not applicable in rural, remote
areas. In recent years, drones have been
used to help save cardiac arrests. For
example, a drone delivers AED (automated
external defibrillators) in OHCA. These
drones fly outdoors in cities or rural areas
providing medical supplies but leaving the
rescue to human rescuers. None of these
drones are designed to help indoor
patients directly.

- Unwitnessed

The 10% low survival rate in the past 30 years is unacceptable, and
current solutions are limited. e

This is why | set out to innovate a Pre-hospital
Indoor Rescue Drone to solve these two
biggest challenges with goals:

1. Start rescue faster before EMS arrives | ’?'t
2. Help save those patients home 4] b
alone as well. =
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| hope to increase survival chances, shorten
recovery times and reduce healthcare costs.

cardiac events

almost 9 minutes
faster than EMS.

Thank you to Max Du for the use of his CWSF 2022
project as an example of the template. This a design
example and not a direct copy of the project.

How?

Step 1: Develop Design Criteria and Conceptual Design

Based on my Preliminary Designs, three doctors and four engineers
were consulted for professional insights and advice. | worked out the
Design Criteria and Conceptual Design.

* Design solution to the immediate rescue challenge
o Locate and approach patients in seconds, upstairs
or downstairs.
o Emergency Medication Delivery

* Design solution to unwitnessed cardiac arrests
o Enable surveillance connection with EMS team
through live video
o Open room doors

Step 2: System-level Design
The design has four primary subsystems: drone, medication delivery,
door opening, electronics controls.
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Step 3: Detailed Engineering Design - Mechanical and Electrical
Designed three auto-injection designs, four arms, and three grippers.
After functionality comparison, low-fidelity testing, the arm system
designs were either too heavy to fly or ineffective in arm raising. But |
refused to give up. | added a “cap” to the gripper, solving both the arm
raising and the gripper support issue. To verify design feasibility, | made
mechanical and electrical design drawings:
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How?

Step 4: Prototyping, Testing, and Coding

The prototype was fabricated, tested, and coded iteratively until it worked. For example, the base and gripper were modified. Arduino IDE was used to
create motor control sketches and code for Wixels. To solve the unbalanced flight issue, the equilibrium point of the assembly was calculated. For cost-
saving, | have been resourceful to utilize existing materials. For example, | borrowed my mom’s selfie stick for the arm system, my dad’s camping air pump
to test a design idea, my sister's floss kit for the pillbox.

Air Pump Idea for Arm System failed Pulley Idea for Arm System failed
The air pump does not have much tension when  Prototyped the pulley idea, it worked!
the tube gets inflated. However, it was too heavy

Gripper Modifications from Testing

Base Modifications from Testing

: , Added friction using
First prototype slip different material, still slip ~ Added a cap, it worked! Lighter & smaller c5rdboard sl kg st but hasre nat

i i Aluminum, it worked!
light but not strong enough ~ easy to mount parts on to it WRIRER R Pl

3D Printed the pulley Coding and Control
after CAD modelled

Solutions

Comparison ]
Community

Pre-Hospital Rescue Drone AED Delivery Drone Medical Bystander

_ _ _ Instant, 1-2 mins flying upstairs in testing 2 mins fasterthan EMS - Varies
Currentl ; the assembled prototype is automated and operational. nterventon L e average 3-6 cm from the patient Arrived within a median of 9 m from the - Availability Not
. . . Timing patient guaranteed
The des_lgn IS Va“d for' : : : All, include patients home alone Most effective in cities, but not around high- - 38.7% 110.9%
1. Locating and approaching patients instantly Wi 24/7 standby nise buildings - Not applicable to remote &
. . . . . . = Itness Provide EMS with patient’s situati d Must in a controlled airspace for drone flying rural areas
2. Emergency medication delivery with a pillbox and intramuscular auto-injector close to Coverage rovide EMS with patient’s situation an _ _ R
: 5o ] _ - ) precise indoor location Not d_lg.patched during dark, rainy, or high-wind
patients within an optimal distance for the auto-injection and close enough for the conditions
Instantly send prescribed pills/injection close Deliver AED Defibrillator to public locationor - CPR EMS rescue

and care

patient to reach the pl”bOX to patient's hands, potentially place a life-saving drop outside of a house
3. Opening room doors through an extendable arm-gripper system AT D T e e I

Defibrillator (often with
Require human rescuer on ground to limited access)

Deliver emergency medication to patients complete pick up and rescue
under surveillance, an intramuscular auto-
Delivery injection can be activated by an EMS team

Drone Payload Test Result Personal prescribed emergency medicine or

The flight was balanced, and the drone was switched from Holystone to DJI :’:’jj:::;:::iﬂ"a

Mavic 3 for the highest payload capacity 895g and flying stability, based upon the

likely weight of the assembly which was calculated as 786g and much higher than Improvements: Faster Rescue & Withess More Patients

the Holystone Drone payload capacity of 60g.

Emergency
Medication

Fully Assembled System Drone Locating and Approaching Patient Test Result - The drone instantly located and approached a
g person who collapsed on the 2nd floor of a house, by using “Return to Home” function of the drone upon

the preset GPS coordinates of “Home Point” of the person, as tested within an average of 55 seconds.

- Solved the "flapping" flight issue which cost a pair of propellers.
Emergency Medication Delivery Test Result - After landing by the patient, the nozzle tip of the injector
3 Arm e was average 3-6 cm away, which is the optimal distance for the auto-injection and close enough for
A Gripper - y T the patient to reach the pillbox; the auto-injection was completed

ety - Solved - Broken Injector Nozzle

- Solved - Broken Pulley of Injection
Door-Opening Test Result - Arm gripper system opened door by running the pre-programmed coding
on my computer which could control the motor on the drone from a distance of 15m through the
electronic control system via an Arduino microcontroller and two Wixels.

1 Auto-Injection System |

2 Emergency Pill Box
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Control System

1.Making the World Healthier - Faster rescue and early patient surveillance before Ty T

EMS arrives significantly enhance survival rates. Instant Emergency Medication - The device and the approach . I A
Delivery within 6 minutes, increasing likelihood of recovery and reducing burden $ Mo L rlat | Soryicee

on healthcare system EMS Collaborations

- Alberta Health Services EMS

2. Tool Can be Adopted by EMS system - Knowing patient situation helps ““Heurt and Stroke Foundation Co-creation Strategy for Sustainable Development
speeding diagnoses and the precise indoor location helps locate patient faster T ating - partner with all medical support, including EMS team, physicians and
. . . . . caregivers
3. Great Commercial Potential - Fills market gap of cardiac arrest patients for - Target patient at-home use rials Co-creation strategy

to gather users feedback data

faster rescue and early intervention, features can be expanded - /o Caregiers | Patient | EMSteam

4.Innovation Contribution - First indoor prehospital rescue drone designed to help Commercialization - Next Phase n‘j& womopareiv | Q% ' customing ‘o _}

environment /" drone’s tasks

save cardiac arrests at home, unique medication delivery under surveillance - The requirements of Health Canada Medical i)
. evices reguiations are (o be me —
SyStem, nOV6| dOOr Openlng SyStem - Ultimately get FDA/Health Canada Approval Uptl::'tl::li:ilzan?:mfile
Ultimately, this innovation unlocks a novel solution for life-saving and expands ol ¢

: : . . . * e W S~ l’;ﬂ -
unmanned aerial vehicles application for indoor emergency rescue. FIL/A i o

et

Thanks and References

i ic i i . Webpages: System equilibrium example problem. (n.d.). Retrieved March 10, 2022, from http://web.mit.edu/4.441/1_exprobs/1_exprob_7/1_exprob_71.html
Blg_ thanks to SEANE who helped me and encouraged e throu_gh this |nnqvat|on. . . . The chain of survival. Sudden Cardiac Arrest Foundation. (n.d.). Retrieved April 24, 2022, from https://www.sca-aware.org/campus/the-chain-of-survival Vergano, D. (2018, August 6). Paramedics often give this shot after a heart attack. new data shows it's leading to brain damage. BuzzFeed News. Retrieved March 10, 2022, from
Alvin Qi, who shared emergency medication knowledge and practlces; Dr. Michael Tymlanskl, well known Neurosurgeon and NA-1 inventor, helped to Response time trends. Response Time Trends - 911 Reporting. (n.d.). Retrieved April 24, 2022, from https://www1.nyc.gov/site/911reporting/reports/response-time-trends.page https://www.buzzfeednews.com/article/danvergano/epinephrine-heart-attack-brain-damage
i i i i HH i i . it i H i i Disease Control and Prevention. Retrieved April 24, 2022, from https://www.cdc.gov/mmwr/preview/mmwrhtml/ss6008a1.htm Yousuf T;Brinton T;Ahmed K;lskander J;Woznicka D;Kramer J;Kopiec A;Chadaga AR;Ortiz K; (n.d.). Tissue plasminogen activator use in cardiac arrest secondary to fulminant pulmonary embolism. Journal of clinical medicine
_Conflrm nerinetide appllcablllty fOf' EpI_Pen_ Qellvery, Mark Piitz at StrOke Robotics and Recovery Labora_tory helped e Wlth researCh ab_OUt ea!’ly intervention 12/30/2014, P. on. (2014). AHA releases 2015 heart and stroke statistics. Sudden Cardiac Arrest Foundation. Retrieved April 24, 2022, from https://www.sca-aware.org/sca-news/aha-releases-2015-heart-and-stroke-statistics research. Retrieved March 10, 2022, from https://pubmed.ncbi.nIm.nih.gov/26858790/#:~:text=Background%3A%20Tissue%20plasminogen%20activator%20
impacts on post-arrest neurological disability; Dr. Jane Cho, a family doctor, gave me feedback on designs and wider applications; David Stories and Max  cushman, M. (2014). Heart disease and stroke statistics—2015 .. - circulation. Heart Disease and Stroke Statistics—2015 Update. Retrieved April 26, 2022, from https://www.ahajournals.org/doi/10.1161/CIR.0000000000000152
i i i i i i i i . i BBC. (2022, January 6). Drone helps save cardiac arrest patients in Sweden. BBC News. Retrieved April 18, 2022, from https://www.bbc.com/news/technology-59885656 Videos:
Ma’ Ay FTC .I’ObOtICS team enlglneer mentors, prOVIded S suggestlohs on mechanical and electronics engln_eerlng’ Kun Gong’ Software Er'lglneer at CNRL’ Maxwell, Y. L. (2021, August 30). AED drone delivery shaves ambulance time in OHCA. TCTMD.com. Retrieved April 18, 2022, from https://www.tctmd.com/news/aed-drone-delivery-shaves-ambulance-time-ohca YouTube. (n.d.). YouTube. Retrieved March 10, 2022, from https://www.youtube.com/results?search_query=solidworks%2Bvideo%2Banimation
helped me with the Conflguratlon of wixel code; Jared Crebo, Mechanical Lead for Schulich UAV for explanatlon on the drone center of graVIty; Queen Barnes, S. (2021, March 1). How to use the smart return to home feature on the DJI mavic mini drone. heliguy. Retrieved April 24, 2022, from https://www.heliguy.com/blogs/posts/how-to-use-the-smart-return-to-home-feature-on-the-
i i i idi inti i i dji-mavic-mini-drone Images
Elizabeth ngh SChOOl’ FTC Team and Schulich UAV for prOVIdlng 3D prlntlng and fabrication Support Wixel Shield for Arduino v1.1 schematic diagram - Pololu. (n.d.). Retrieved April 19, 2022, from https://www.pololu.com/file/0J 1150/wixel-shield-for-arduino-v1-1-schematic-diagram.pdf oy, A. (2022, March 10). Alberta EMS funding details released; union says there's no staff. Global News. Retrieved May 13, 2022, from https://globalnews.ca/news/8674390/alberta-ems-funding-details/
Teuriell Avtteles < Rajan, S., Shahzleen Rajan From Department of Cardiology, Wissenberg, M., Mads Wissenberg From Department of Cardiology, Folke, F., Fredrik Folke From Department of Cardiology, Hansen, S. M., Steen Mgller Hansen From BioSpace. (2021, July 27). Increase in cases of cardiac arrest to propel the growth of the global cardiac arrest treatment market. BioSpace. Retrieved May 13, 2022, from https://www.biospace.com/article/increase-in-cases-of-cardiac-
Rea TD'Eisenbérg MS;Becker LJ:Lima AR:Fahrenbruch CE;Copass MK:Cobb LA; (n.d.). Emergency medical services and mortality from heart disease: A community study. Annals of emergency medicine. Retrieved March 10, 2022 Department of Cardiology, Gerds, T. A., Thomas A. Gerds From Department of Cardiology, Kragholm, K., Kristian Kragholm From Department of Cardiology, Hansen, C. M., Carolina Malta Hansen From Department of Cardiology, arrest-to-propel-the-growth-of-the-global-cardiac-arrest-treatment-market/
— htt;‘JS'//pubmed nc‘bi nim.nih ‘gov/1 265‘8249/ ’ ’ B ’ ’ ’ ’ * Karlsson, L., Lena Karlsson From Department of Cardiology, Lippert, F. K., Freddy K. Lippert From Department of Cardiology, Kaber, L., ... Funding, S. of. (2016, November 22). Association of bystander cardiopulmonary resuscitation 06/24/2021, P. on. (n.d.). Sudden cardiac arrest foundation urges public awareness and action after collapse of Danish soccer player, Christian Eriksen. Sudden Cardiac Arrest Foundation. Retrieved May 13, 2022, from
Pugh, A E Stoeckléin H H. Tc-)nna J. E., Hoareau, G. L., Johnson, M. A., & Youngquist, S. T. (2021). Intramuscular adrenaline for out-of-hospital cardiac arrest is associated with faster drug delivery: A feasibility study and survival according to ambulance response times after out-of-hospital cardiac arrest. Circulation. Retrieved March 10, 2022, from https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.116.024400 https://www.sca-aware.org/sca-news/sudden-cardiac-arrest-foundation-urges-public-awareness-and-action-after-collapse-of
Resu‘sciiati.c‘)n plus, 7 1‘00i42" httpS'/}dc;i o.r,g/10 101é/j résp.)‘lu 2021 1’001'42" D ’ ’ ’ Rea TD;Eisenberg MS;Becker LJ;Lima AR;Fahrenbruch CE;Copass MK;Cobb LA; (n.d.). Emergency medical services and mortality from heart disease: A community study. Annals of emergency medicine. Retrieved March 10, 2022, Furst, J. (2019, December 28). Why early defibrillation is important. Free CPR Training. Retrieved May 13, 2022, from https://www.learncpronline.net/why-early-defibrillation-is-important/
Boutilier. J. J Bro,ok’s s c :Janmo.haméd A Byers A Bui;:k J .E Zhan, C., Schoellig, A. P., Checks, S., Morrison, L. J., &mp; Chan, T. C. Y. (2017, March 2). Optimizing a drone network to deliver automated external from https://pubmed.ncbi.nim.nih.gov/12658249/ Administrator, K. F. A. (2019, November 4). Cardiac arrests - what you need to know. Kids First Aid. Retrieved May 13, 2022, from https://www.kidsfirstaid.com.au/blog/2019/11/cardiac-arrests-what-you-need-to-know/
defibrilla‘tor.s .‘Circulatic,)n .Re.‘trieved Apri 27‘ 26’22 fro‘m f-{ttpS'//V\!IW\-N a.hajourﬁal.s, org/doi/at;s/‘iO .1’161/CIR’CU-LATIONAIY-IA 1 i‘6 0263!18’7pa‘pet.oc.= ’ ’ ’ Sasson, C., Comilla Sasson From the Departments of Emergency Medicine (C.S.) and Internal Medicine (M.A.M.R.), Rogers, M. A. M., Mary A.M. Rogers From the Departments of Emergency Medicine (C.S.) and Internal Medicine Merschel, M. (2021, August 25). Cardiac arrest program may improve bystander CPR but not survival in black people. Medical Xpress - medical research advances and health news. Retrieved May 13, 2022, from
’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ (M.A.M.R.), Dahl, J., Jason Dahl From the Departments of Emergency Medicine (C.S.) and Internal Medicine (M.A.M.R.), Kellermann, A. L., Arthur L. Kellermann From the Departments of Emergency Medicine (C.S.) and Internal https://medicalxpress.com/news/2021-08-cardiac-bystander-cpr-survival-black.html
Books: Medicine (M.A.M.R.), & Sasson, C. to C. (2009, November 10). Predictors of survival from out-of-hospital cardiac arrest. Circulation: Cardiovascular Quality and Outcomes. Retrieved March 10, 2022, from 02/26/2020, P. on. (n.d.). Sudden cardiac arrest vs. heart attack: Public confusion is putting thousands of lives at risk. Sudden Cardiac Arrest Foundation. Retrieved May 13, 2022, from https://www.sca-aware.org/sca-news/sudden-
Grahaﬁ RM, McCoy, MA, Shchultz, AM. Eds. Strategies to Improve Cardiac Arrest Survival: A Time to Act. Washington, DC: National Academies Press; 2015 https://www.ahajournals.org/doi/10.1161/circoutcomes.109.889576 cardiac-arrest-vs-heart-attack-public-confusion-is-putting-thousands-of-lives-at
L uinnsi(a a’ I (2017’) 9 5 Simole l‘\/lech-anics. In College physics for AP courses ( 375_3'79) essa Ri(.:e Universit ’ ’ ’ ’ Saving lives. Heart and Stroke Foundation of Canada. (n.d.). Retrieved March 10, 2022, from https://www.heartandstroke.ca/what-we-do/our-impact/saving-lives
y bk I P ’ ge phy pp- ’ Y, Y ScienceDaily. (2018, February 26). Cardiac arrest survival greatly increases when bystanders use an automated external defibrillator. ScienceDaily. Retrieved March 10, 2022, from Software:

https://www.sciencedaily.com/releases/2018/02/180226085812.htm SOLIDWORKS, Flashforge, Femap, Nastran, Google Docs, Google Sheets, Pololu Wixel Configuration Utility, Arduino, PuTTy, Tinkercad



	Slide Number 1
	Slide Number 2

