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Abstract  
Wearable technology used in spaceflight has many 
applications. Electronic sensing, interaction, and 
computing designed into comfortable on-body form 
factors has the potential to augment human capabilities 
while improving safety, efficiency, autonomy, and 
ergonomics. This paper discusses our design methods 
and approach to improving the E-SEWT (Electronic-
textile System for the Evaluation of Wearable 
Technology) project for The Wearable Electronics 
Application and Research Lab (WEAR Lab) in the 
Avionic Systems Division at the NASA Johnson Space 
Center (JSC). 
  
The E-SEWT project is a design-lead study in the form 
and function of a reconfigurable smart garment to be 
worn on board the International Space Station (ISS).  
This specialized garment consists of a base unit and 
removable sensor components called “swatches.”  This 
configuration allows the garment to  be customized by 
the wearer to meet their needs to complete a particular 
task or to suit their personal preferences. The values of 
a smart garment with a variety of reconfigurable 
modular units include customization between wearers 
and tasks, ease in replacing parts and/or updating 
components for both replacement and testing and 
flexibility in prototyping and eventually manufacturing. 
The focus of the design solutions evolved through a 
process of interacting with test users with a focus on 
mobility, ergonomics comfort, and ease of use while 
maintaining optimal data flow.  
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1. Introduction 
The E-SEWT is an electronic-textile system for the 
evaluation of wearable technology and is a 
reconfigurable smart garment that allows users easily 
to attach and detach individual components to suit their 
needs.  Developing a reconfigurable smart garment for 
spaceflight applications has the potential to provide 
astronauts with many advantages, including improved 
efficiency, comfort and added mobility. This paper 
discusses our design approach to a multifunctional and 
modular smart garment to be used by astronauts in 
International Space station (ISS).  Our intention is to 
create a wearable device that improves the safety, 
efficiency, comfort and workflow of the astronauts on 
the ISS through the application of wearable technology.  
We explain the design process of three unique 
reconfigurable smart garments and how each garment 
offers unique solutions that address different design 
challenges. Our approach focused on three key design 
concepts: 1) mobility, comfort, and ergonomics; 2) 
attachment and placement of the modular components; 
and 3) optimizing data and energy flow.  The 
prototypes featured in this paper illustrate some of the 
design solutions we explored during this research 
project. 
 
 
2.  Design Approach    
Aboard the International Space Station (ISS), an 
international research facility that orbits Earth, 

astronauts conduct research on a range of scientific 
topics. The laboratory houses astronauts who are 
constantly conducting experiments in the fields of 
biology, human physiology, physics, and space 
science.[4] The research conducted on the ISS has 
many applications to daily life on Earth. 
 
Smart garment technology could greatly aid astronauts 
in their work on the ISS by creating greater efficiency 
with their daily tasks. Some examples of this are built 
in communications system that can be voice activated 
will leave hands free for movement, bio-medical 
sensors can be used to gather data for both research 
and to remotely monitor an astronauts health.  CO2 
sensors can monitor the environment and alarms will 
automatically notify unsafe conditions.  To get a better 
understanding of the design involved in this 
reconfigurable smart garment (the E-SEWT), it is 
important to further explore the daily life of astronauts 
on the ISS and understand the effects of living in a 
microgravity environment. 
 
2.1 Posture and Body Movement 
In microgravity, the human body undergoes many 
changes. Some physiological changes like fluid 
retention can temporarily change the shape of the 
body.[3]  Other effects of the microgravity environment 
are seen in body posture and mobility. For instance, 
astronauts most often use their arms and hands to 
move around the ISS. Although they could use their 
legs, it is just easier to maneuver by floating their legs 
behind then.  Similarly, they require special harnesses 
to keep them in a sitting or lying-down (sleeping) 
position. Furthermore, because of the microgravity 
environment, a relaxed body position that the 
astronauts assume is very different from the relaxed 
position that one would assume on earth. Muscles 
aren’t required to physically hold up the body, so a 
position with slightly bent limbs becomes the norm.[7] 
Another effect of microgravity is called a “headward 
shift,” which is the redistribution of bodily fluids 
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towards the head of an astronaut when he/she is in 
space. These reactions to a microgravity environment 
should be closely addressed in the design process of 
NASA’s smart garment.[3]  
 
2.2 Mobility Considerations 
The garment cannot interrupt the mobility of the 
human body; otherwise it lacks functionality. When 
planning movement capacity in a garment, designers 
should take into account a number of factors. These 
include:  ease (the difference between the body 
measurement and garment measurements); cut (the 
shape of pattern pieces and the relationship of garment 
segments to one another); and the way ease and cut 
affect the fit of the garment on different body shapes 
and sizes.[6] Because the shape the human body takes 
in microgravity is different than that taken on earth, 
special considerations need to be made when designing 
a garment for use on the ISS.[3] 
 
2.3 Comfort and Fit 
The need of the human body to feel comfortable has to 
be taken in consideration when designing a functional 
garment. Key design elements that affect comfort 
include shape, size, material, feel and the body’s 
response to internal and external stimuli. The ease of 
use, as when putting on and taking off the garment, 
also determines comfort.[6]  
 
New developments in textiles and patternmaking are 
leading to garments that improve comfort, regulate 
body temperature, and offer health benefits. By 
wearing a garment made out of fabric that regulates 
body temperature and is strong yet flexible, the user is 
able to be comfortable at all times and do his or her 
daily tasks without having to change clothing to adapt 
to different environments.[6] 
 

2.4 Placement of Components 
Another very important aspect of the garment that 
affects mobility is the placement of the reconfigurable 
components or electronic swatches. For instance, on 
earth, it might be ideal to have the swatches placed 
along the sleeve of the left arm so that access to them 
with the right arm will be easy and efficient. In space, 
however, because translation often uses the arms and 
hands, it might not be as effective to have the 
swatches placed on the arms. It might be better to 
place them on the core, where they can be accessed 
without occupying both arms.[6] 
  
Wearers of different genders may have different 
preferences for swatch placement. Our research 
determined that men are comfortable with swatch 
placement on their chests, but women prefer their arms 
and shoulders.  Both genders found swatch placement 
on the hips and upper thigh area to be easily 
accessible.  
 
2.5 Data and Power 
Creating a reliable and secure connection between the 
component swatches and the wiring embedded in the 
garment for a seamless flow of power and information 
is a key factor in the garment’s success. The fastening 
system between the swatches and fabric must be easy, 
fast, durable, and able to consistently create a reliable 
connection. This is a critical element in defining the 
shape, appearance, form, and function of swatches. 
  
Data-storage abilities can be incorporated into the 
fabric, helping reduce the number of electronic 
swatches needed, making the garment lighter and 
easier to wear.[1] Innovative technology and new ways 
of using fabrics and fastening the electronics on them 
(e.g. embroidery or conductive Velcro) can make a 
garment more ergonomic and swatches easily 
accessible.[5] 
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3.0 Design Path 
Our design ideation and prototyping process yielded 
three successful solutions for the E-SEWT project. Each 
solution addressed different design considerations.  
 
3.1 Project #1:  Hard-Shell Swatches with 
Twisting Interface 
In this prototype, the process of 3D printing was used 
to create a unique fastening system between the 
swatch and garment. A hard, hexagonal protective shell 
(for modularity) housed the components and sensors of 

each swatch. This hard shell ensured the safety of the 
components, and their durability for everyday activities 
aboard the ISS.  
  
In collaboration with the research and development 
company Rotite Technologies Ltd1 a twisting electrical 
interface was invented by the design team2 to lock the 

                                                
1 Rotite Technologies, Ltd. 
2 Cody Miller, Kai Lin, Jennifer Luciano, Kalene Lee 2 Cody Miller, Kai Lin, Jennifer Luciano, Kalene Lee 

hexagonal swatches onto the garment. This Rotite 
interface is a low-profile helicoidal dovetail, which locks 
together when twisted sixty degrees. With this twisting 
interface, the challenge was to make this secure 
connection conductive. Five concentric copper rings 
embedded in the center of the swatches enabled a 
completed circuit during the rotation. (Fig. 1) 
 
It is essential for astronauts to be alerted quickly and 
efficiently in case of an emergency. Our garment 
features LEDs, strong vibration motors, and audible 
tone generators.  Each swatch contains LEDs that 
illuminate during low-risk warnings. Built-in motors on 
the side of the garment (the most sensitive part of the 

 
Fig 1 Exploded view of internal construction of 

hexagonal modular 3D printed swatch. 

 
Fig 2.  Project #1: Swatch placement on finished 

prototype showing audible, visible and tactile 
warning systems housed in low-profile helicoidal 

reconfigurable swatch components 

 
Fig. 3  Project #1 First 

prototype, attachment method 
for 3D printed hard shell 
component. “swatches”. 

 
Photo Credit 

© R Pailes-Friedman 
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body) vibrate for moderate-risk warnings, and audible 
tones are generated to indicate high risks. (Fig. 2)  This 
hierarchy of warnings allows the astronaut to be alerted 
in an organized and intelligent way.  
 
3.2 Project #2:  Three-Piece Modular E-
SEWT with Unique Clip Connector 
© Rebeccah Pailes-FriedmanThe Three-Piece modular 
E-SEWT has the capability to utilize up to fourteen 
swatches at the same time. Six swatches can reside on 
the belt, five on the vest, and three on the sleeve. 
These three modules can be connected together to 
form a full suit, or disconnected and worn 
independently. This modularity is integral to the design, 
as it allows users to adapt the garment to their 
personal preference. The vest is the central hub of the 
garment, providing a gateway for all of our swatches to 
communicate. The belt houses the largest swatch 
connection points, and the sleeve provides the user 
with an interactive OLED (Organic Light Emitting Diode) 
screen. 
 
G2G (Garment to Garment) Fasteners:  With all the 
benefits that a modular electronic garment provides, a 
problem arises:  how do the modules connect so that 
the three-piece suit acts as one unit? These 
connections proved to be an interesting challenge. The 
design team3 knew that in order to make the E-SEWT 
truly modular, power and data must be able to run 
seamlessly through the entire garment. After many 
prototypes and various G2G test models, the final 
design replaces the middle tine of a quick-release 
buckle with a mini USB. (Fig. 4) This creates a simple, 
strong, and effective fastener for transferring both 
power and data throughout the entire garment. 
 
G2S (Garment to Swatch) Fasteners: The garment-to-
swatch connections consist of four conductive metal 

                                                
3 Theo Ferlauto, Violet Tamayo, Carson Stanch, Carla Ramirez 

beads inset into grommets. In the interior of the 
garment, the beads are adhered to electrical wires with 
conductive epoxy. On the component swatches, four 
magnetic metal discs swiftly attract to the metal beads 
protruding from the surface of the garment. Activating 
a swatch takes minimal effort and time because our 

fastener is effective and secure.  
 
3.3 Project #3:  Men’s Close-Fit E-SEWT with 
Iconography 
The Men’s Long-Sleeve Close-Fit E-SEWT with 
Iconography focuses on fit, comfort, and 
communication. The compression-style top has an 
intuitive user interface that uses graphic icons to 
describe each component swatch’s function. The base 

 
Fig 4: Garment-to-garment connector with  

mini USB integrated with middle tine. 

 
 Fig. 6  Project #3 first 

prototype with 3 connecting 
components. 

 

 

 
 

Fig 5: Magnetic swatches are attracted to the 
conductive metal beads. 

Photo Credit  © R Pailes-Friedman 

 

 

 

 
 

 

 

Photo Credit 
© R Pailes-Friedman 
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garment is an athletic top made with stretchable 
Polyester-Lycra fabric, which enables a full range of 
motion and allows the user to perform daily tasks with 
ease. Breathable perforated fabric for comfort and 
perspiration is inserted along the sides and under the 
arm. 
 
The close-fit compression styling, similar to Under 
Armour’s™ base layer, creates added comfort by aiding 
in circulation and stabilizing body temperature, while 
the elasticity of the fabric helps the garment stay in 
place while the astronaut uses his or her upper body to 
move about the ISS. The drop-tail shape of the back of 
the shirt (longer than the front) provides full coverage 
to the astronaut when in the natural fetal position of 
the body in microgravity. 

The receptacles for the swatches include a flexible 
ribbon that contains all four wires needed for proper 
electrical connection. (Fig. 7) On areas that require 
higher flexibility, such as the shoulder and underarm 
area, the ribbon was removed, and the wires were 
sewn onto the fabric in a “Z-pattern,” so they will bend 
and stretch with the user’s movements.  Swatches on 

the back of the garment contain WIFI, the battery, the 
battery charger, and the ON/OFF switch for the whole 
garment. The swatches are attached to the electronic 
circuit with Mini-USB plugs for secure connection.  
 
Communicating function to the user is intuitive with this 
design. The garment has padded fabric outlines of the 
swatches on the front, back, and arm, so as to make it 
easier for the user to place each swatch in the right 
position on the garment. Also, there are invisible 

magnets inside the garment and on every swatch, not 
only to help the user place the swatches easily on the 
garment, but also to make them stay in place and not 
float while in the International Space Station.  
 
Also, the design team4 created a unique set of icons 
that clearly convey the function of each swatch. (Fig. 8) 
The team used color as a key element to guide the user 
in understanding the operation of the smart garment. 
The icons, the USB connection indicator, and all the 
graphic elements are in bright yellow, so that they can 
be quickly and easily seen and understood.  
 

                                                
4 Eleni Skourtis-Cabrera, Peter Noh and Yun Kim 

 
Fig 7a, 7b  Construction of Project #3 showing the 

flexible ribbon that contains all four wires needed for 
proper connection and the mini USB connectors and 

yellow icons on finished garment.  
 

Photo Credit  © R Pailes-Friedman 

 
Fig 8 Design sketches depict the icons created for 
the removable swatches and the finished garment. 

 

Fig. 9  Applying the swatch to 
the arm of finished prototype 

of Project #3.  Raised 
padding shows swatch 
placement and invisible 

magnets hold them in place. 

Photo Credit  © R Pailes-Friedman 
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Conclusion 
Our goal in pursuing the E-SEWT project was to confirm 
that wearable technology is a beneficial solution for use 
by the astronauts on the ISS.  We were able to apply 
our research to achieve multiple successful solutions to 
attachment methods, fit, and function. Our industrial 
design perspective and innovative design solutions will 
help advance the work being conducted at NASA’s 
WEAR Lab by advancing the connections, fit and 
function of their modular and flexible smart garment 
research. Specifically, our notable innovations are the 
3D-printed, twisting electrical interface; the G2G and 
G2S fasteners; and the iconography.  
 
At the conclusion of this project, we have determined a 
need to establish a more formal scientific methodology 
for the evaluation of the design solutions.  This process 
should include conducting specific experiments with the 
prototypes to evaluate our initial assumptions on 
mobility, swatch placement and user interaction with 
the wearable devices.   
 
Wearable technology has remarkable potential to 
advance human capabilities, and smart garments can 
integrate this technology seamlessly into daily 
functions. An industrial designer’s vision can help fuel 
and inspire new technological advances, and meet the 
challenges of emerging product categories, offering 
unique perspectives in problem solving.  
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