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CARBON DIOXIDE SENSOR INCOPORATING OUR DESIGN 
ANTICIPATED TO LAUNCH INTO SPACE IN LATE 2021

ELECTRICAL ENGINEER AT EV8 WIRELESS COM-
MUNICATION BRANCH AT NASA JOHNSON SPACE 

CENTER

TEAM LEADER & PRIMARY CORRESPONDANT

NICHOLAS SCHLEIF

SUPERVISED PROGRESS & RELAYED TECHNICAL 
FEEDBACK

MY ROLE:

MENTOR:

OUTCOME:

COLLECTIVE IDEATION, MODELING, TESTING, AND DATA 
VISUALIZATION
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Problem Statement

 In space, carbon dioxide does not diffuse as easily 
as it does on Earth and instead forms air pockets. A high 
concentration of carbon dioxide in one place will displace 
oxygen levels and may impact astronaut health and 
productivity. As a stationary sensor is unable to detect the 
differences in the amount of carbon dioxide in every part 
of a spacecraft, the Wireless and Communication Systems 
Branch at NASA must customize a carbon dioxide sensing 
system. To solve this issue, NASA will be deploying a 
wireless on-body sensing system to the International Space 
Station (ISS) that uses the same readers as an existing RFID 
infrastructure, in the next one to two years. 

 The hardware of the wearable sensor package will 
consist of an antenna, a circuit board, and sensor. These 
sensor packages will be worn by the crew members to 
collect information on the CO2 levels as the crew roams. It 
is therefore important for these packages to be comfortable 
and promote astronaut compliance. It is also important that 
these wearables not impede astronauts’ movement during 
their missions.

Existing RFID Infrastructure on the International Space Station

Fixed Interrogator 

Mobile Interrogator

Wearable Sensor 
Patch

Wall-mounted 
Sensor Patch

Prototypes of 6 Sensor-Antenna Combinations used in Human Factors Study

Conduct a human factors study human factors study and design a thousing and attachment method thousing and attachment method of a custom wireless 
on-body sensing system.

In space, carbon dioxide forms air pockets that displace oxygencarbon dioxide forms air pockets that displace oxygen  and 
impact astronaut health and productivity.

PROBLEM:PROBLEM:

OBJECTIVE:OBJECTIVE:
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Identifying Movements
Ideating a Representative Task

14

The team identified five unique types of movements 
from the previous research and developed 
five different representative tasks from those 
movements. The tasks are pushing, pulling, hanging, 
kicking, and spinning. 

Test participants will be asked to wear the sensor 
packages while performing the representitive tasks 
and evaluate the comfort and restrictiveness of the 
sensor packages.  
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Identifying Movements
Ideating a Representative Task
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Pushing: to move the body in the opposite 
direction of the push

Hanging: to maintain the body’s 
position relative to the ISS

Kicking: to push the body in the opposite 
direction of the kick

Pulling: to move the body sideways in 
relation to the bar.

Spinning: To change the direction of movement

Representitive Tasks
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Research - Observing astronauts’ movement in ISS

13

Research - Observing astronauts’ movement in ISS

13

Research - Observing astronauts’ movement in ISS

13

To create a user test condition that simulates microgravity, the team researched and observed how astronauts move around onboard 
the International Space Station. Several types of movements are identified and catagorized into key movements, which would then be 
used to create representitive tasks for the user test.

Identifying Astronauts’ Movements

The astronaut is pushing herself away and forward 
using the handrail

The Hand rail is used here by the astronaut to pull 
herself forward

The astronaut secures herself in 
place by hooking on to the handrail 
with her feet.
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position relative to the ISS

Kicking: to push the body in the opposite 
direction of the kick

Pulling: to move the body sideways in 
relation to the bar.

Spinning: To change the direction of movement

Representitive Tasks

Astronaut movements in space were observed and 5 key movements were identified. During the human factors test, participants 
will be asked to wear the sensor packages, perform these representitive tasks, and evaluate the comfort and restrictiveness of the 

sensor packages.
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To create a user test condition that simulates microgravity, the team researched and observed how astronauts move around onboard 
the International Space Station. Several types of movements are identified and catagorized into key movements, which would then be 
used to create representitive tasks for the user test.

Identifying Astronauts’ Movements

The astronaut is pushing herself away and forward 
using the handrail

The Hand rail is used here by the astronaut to pull 
herself forward

The astronaut secures herself in 
place by hooking on to the handrail 
with her feet.

HUMAN FACTORS STUDY HUMAN FACTORS STUDY IDEATIONIDEATION
MOVEMENT IDENTIFICATION

sketches by Amy Zhao
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v

Arm Upper Back Chest Thigh

4 Body Locations
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Testing For the Arm

The user test began with testing the sensors on the arm. The 
representative tasks were reduced to only pushing and pulling, in 
order to focuse on upper body movement. The test participatns were 
belayed and suspended in midair and asked to push and pull on the 
handlebar while wearing each sensor module. They were asked to 
pay special attention to the comfort and restrictiveness of the sensor 
modules and answered the three test questions. One belay-certified 
team member focused on belaying the test participants while another 
member held the push and pull handlebar. The third member of the 
group recorded the responses from the test participants

23

Test Examples

A total of fifteen people were carefully selected 
based on a wide demographic including gender, 
height, and age in order to minimize data bias. Each 
participant wore all six sensor modules on their arm 
and performed representative tasks. The comfort 
and restrictiveness ratings and their feedback were 
recorded. 

Before analyzing the test data, the team found that 
most of the participants preferred sensor module 
D due to its relatively compact size and its more 
favorable textile antenna. A few of the participants 
also suggested that the elastic Velcro strap was either 
too tight or too loose. When it was on the tighter end, 
the strap tended to restrict movement, which became 
another variable in our test that could potentially 
interfere with the data. However, when the strap was 
loose on the arm, the sensor module tended to slide 
on the arm and caused disfomfort. In the next phase 
of our project, we revisited the attachment method 
design and worked on creating a more viable solution.

Two Samples of Arm Human Factors Study
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Data Overview

Test Subject Age Gender Restrictiveness Comfort

A B C D E F A B C D E F

1 21 F 4 5 5 5 3 2 4 4 5 5 3 2

2 20 F 5 5 5 5 3 3 5 5 5 5 5 5

3 21 M 5 4 4 5 3 5 4 5 5 2 4 3

4 22 M 5 5 3 3 4 4 5 4 4 3 5 4

5 21 M 2 3 4 5 5 2 2 2 3 4 5 3

6 20 F 3 4 4 5 4 5 4 4 5 5 4 5

7 20 M 4 4 4 3 2 3 4 4 3 5 4 3

8 24 M 4 4 4 5 5 4 5 5 5 5 5 5

9 21 M 5 5 5 5 5 5 5 5 4 5 4 5

10 21 F 3 5 3 5 4 4 4 5 4 5 4 4

11 20 F 4 4 4 4 5 4 4 4 4 5 5 5

12 18 M 5 4 5 5 4 2 5 3 5 5 4 1

13 18 F 3 4 5 4 5 5 4 5 5 4 5 5

14 23 M 4 3 4 4 3 3 4 3 5 5 4 2

15 24 M 2 2 4 5 3 2 3 3 3 5 4 1
27

A B C D E F
Average 

Restrictiveness 3.867 4.067 4.200 4.533 3.867 3.533
Average 
Comfort 4.133 4.067 4.333 4.533 4.333 3.533

Combined 
Average 8.000 8.133 8.533 9.067 8.200 7.067

Compiled Data

28

Collected Raw Data 

Calculated Averages

Data Collection
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The restrictiveness bar graph visualizes the restrictiveness rating of each of the six sensor mod-
ules on the arm location. It is aparent that D is rated least restrictive among the sensor modules.

The comfort bar graph visualizes the comfort rating of each of the six sensor modules on the arm 
location. It is aparent that D is rated most comfortable among the sensor modules.

The two graphs on the left are combined into one graph that shows that sensor module D 
is the most favorable sensor module while placed on the arm.

Data Visualization
Compiled Data

Compiled Data Visualized

The results of the data are combined to determine the overall best sensor for the 
arm location, which is determined to be sensor package D.

HUMAN FACTORS STUDYHUMAN FACTORS STUDY

ABOUT THE TESTABOUT THE TEST

TESTING EXAMPLE: ARM LOCATION

carefully selected based on wide demographic 
including gender, height, and age

pulling, pushing, kicking, hanging

5 being the most comfortable and least restrictive

arm, thigh, chest, back

SAMPLE:

VARIABLES:

TASK:

MEASUREMENT:

RESULT:

6 SENSOR-ANTENNA COMBINATIONS
4 BODY LOCATIONS

15 PEOPLE FOR EACH BODY LOCATION

PERFORM REPRESENTATIVE TASKS 
WHILE SUSPENDED

RATE COMFORTABILITY AND 
RESTRICTIVENESS ON A SCALE OF 1-5



sketches by Amy Zhao

The following work was done 4 months later after the team from NASA finalized the dimensions of the sensor-antenna 
package. The sensor-antenna package must be protected by a rigid housing that is open on the sides and incorporate an 

attachment method. It must be comfortable, ergonomic, nonrestrictive, and stay on astronaut clothing.

Housing Ideation

5
Ideation Revised after Technical Feedback

Rendered Preliminary Housing

CONSIDERATIONS:

FORM EXPLORATION

HOUSING IDEATIONHOUSING IDEATION



Test 1 Test 2

Grip Prototypes WeightTest Movement Test

Housing and Attachment Prototype Final Sensor Package, Housing, and Attachment Prototype

MODELING & TESTING FOR SECURE GRIP

ATTACHMENT PROTOTYPINGATTACHMENT PROTOTYPING



FINAL HOUSING & ATTACHMENT

FINAL RENDERINGSFINAL RENDERINGS



UNIVERSALUNIVERSAL
ACCESSIBILITYACCESSIBILITY
TO FIRST-AIDTO FIRST-AID

DESCRIPTION:

DATE: LENGTH:

NAME:

1 MONTH2019

BANDAGE APPLICATOR FOR
LIMITED HAND MOBILITY

APPLICAID



Simplify the process of applying a band-aid by providing an ergonomic and ergonomic and 
universal designuniversal design able to be used with one hand and minimal gripping pressure that is 
also better for storage

Adhesive bandage packaging marginalizes those with limited hand mobilitypackaging marginalizes those with limited hand mobility,
presenting difficulty to those including:

amputees or the partially paralyzed patients with stiff hands (arthritis, 

diabetes, etc.)
those without immediate access to 

soap and water

PROBLEM:PROBLEM:

OBJECTIVE:OBJECTIVE:



PRELIMINARY ISSUES EXPLORATION

RESEARCHRESEARCH

Most Common Complaints for Adhesive Bandages*

*data acquired from 100 of the most recent one star reviews of the top 4 
adhesive bandages on Amazon

36%

33%
15%

10%
6%

20 interviews were conducted with members of the general population to find any 
difficulties they may have noticed with adhesive bandages.

Interviews

Average Time: 49 seconds
Average Difficulty Rating: 7.3

Average Time: 21 seconds
Average Difficulty Rating: 2.7

Difficulty of Applying an Adhesive Bandage Using One Hand



DEVELOPMENT

PROTOTYPING & USER TESTINGPROTOTYPING & USER TESTING

6 7

Prototypes User Testing

Directions for User Testing

Final Model



GRAPHICS

PRESENTATIONPRESENTATION

Instructions

remove lid
adjust band-aid 

position by rotating 
wheel

match up cotton 
pad with wound

roll and press sticky 
end of band-aid on pull applicator up 

over wound

push in buttons to 
keep band-aid tight

put lid back on



INTERIOR

FINAL MODELFINAL MODEL

waterproof magnetic lid

replaceable bandage roll

biodegradable paper

bandage advance wheel
moves bandages forward/backwards 

during applicaation

bandage advance wheel
moves bandages forward/backwards 

during applicaation

contains up to 50 adhesive bandages

easier disposal

reusable and recyclable

string

detachable plastic casing

keeps bandages sterile but visible 
during application

clear bandage protector



MATERIALS

FINAL MODELFINAL MODEL

cotton

paper

adhesive bandage

HDPE  plastic

HDPE plastic

silicone

silicone

silicone

HDPE plastic

HDPE plastic

PETE plastic

cotton & acrylate



MANUFACTURING RESEARCHMANUFACTURING RESEARCH
PROCESS GRAPH





DESTIGMATIZING DESTIGMATIZING 
PREVENTATIVE PREVENTATIVE 
CARECARE

DESCRIPTION:

LENGTH:

NAME:

4 MONTHS2020

ATHLETIC & MOBILITY SET FOR 
EARLY-ONSET ARTHRITIS

ENCORE

DATE:



Create a mobility aid and exercise deviceCreate a mobility aid and exercise device patients suffer-
ing from weakness or pain and for athletic users prone to 
overuse injury that offers therapeutic care and engages that offers therapeutic care and engages 

the bodythe body.

The stigma of aging preventsThe stigma of aging prevents  many with early onset ar-
thritis  from preventative care resulting in injuriesfrom preventative care resulting in injuries.

PROBLEM:PROBLEM:

OBJECTIVE:OBJECTIVE:



TARGET USER

RESEARCHRESEARCH



ADDRESSING CONCERNS

RESEARCHRESEARCH



DEVELOPMENT

RESEARCHRESEARCH

○

○ →

➢

➢

○

○

○

○



IDEATION & PROTOTYPEIDEATION & PROTOTYPE
DEVELOPMENT

Sketches Semi-Final Model Labelled Rendering

Exploded Rendering



PRESENTATIONPRESENTATION
STORYBOARD & FINAL MODEL



IMPROVING IMPROVING 
ACCESSIBILITY ACCESSIBILITY 
FOR DIABETICSFOR DIABETICS

DESCRIPTION:

DATE: LENGTH:

NAME:

4 MONTHS2020

AFFORDABLE ORTHOTIC FOR 
PEDIATRIC NEUROPATHY

PREPARE



Lower the cost of custom orthotics by simplifying the simplifying the 
process of manufacturingprocess of manufacturing.

Pediatric neuropathy is the leading cause of lower body leading cause of lower body 
amputationsamputations but care is costly and inaccessiblecare is costly and inaccessible to many.

PROBLEM:PROBLEM:

OBJECTIVE:OBJECTIVE:



TRADITIONAL MANUFACTURING PROCESS (PART 1)

RESEARCHRESEARCH



TRADITIONAL MANUFACTURING PROCESS (PART 2)

RESEARCHRESEARCH



STORYBOARD & PROTOTYPING

PROPOSED PROCESSPROPOSED PROCESS

WIREFRAME MODEL

SCANNED MODEL

SIMPLIFIED MODEL



PROCESS

PROTOTYPINGPROTOTYPING

Rendered Model 3D Printed Model



IN CONTEXT

FINAL MODELFINAL MODEL



AMY ZHAOAMY ZHAO

732.778.3578xxamyzhao@gmai l .comcontact :



SEE MORE AT:SEE MORE AT:

THANK YOUTHANK YOU

xamyzhao.com


