
Microgravity diaper- 

Space diaper for 
Astronauts


Background 

Indian Space Research Organization (ISRO) is India’s national space agency and Human Space Flight 
Center (HSFC) is a branch responsible for the implementation of Gaganyaan Project, India’s first manned 
space mission. HSFC looks after end-to-end mission planning, development of Engineering systems for 
crew survival, crew selection & training and also pursue activities for sustained human space flight 
missions. 



The Gaganyaan is a orbital spacecraft designed to carry a 3-member crew to an orbit of 400 km for a 
duration of 3 days and safely return to the Earth, by landing in Indian sea waters. 



The Problem

What is often overlooked in the glamour of space mission is unglamorous bodily waste management 
systems. This happened during the early NASA missions- Gemini, Apollo. Neglecting these essential 
functions affected mission success and astronaut performance directly. Failure to completely and 
effectively capture waste can result in not only unhygienic or unpleasant conditions but also result in the 
spread of substantial quantities of bacterial contamination, noxious odour problems. 



Goal

To design a diaper, by studying the journey of the Astronauts and addressing the pain points to minimize 
difficulty of use.


Design Brief provided- 

HSFC was looking to redesign configuration of a wearable toilet (diaper) for astronauts which is easy 
to remove and put on, in a microgravity conditions without spilling the waste.

Company Human Space Flight Center, HSFC- ISRO, Bengaluru



Duration 4 months (Feb’24 - July’24)

Mentor Sunil Kumar, Dy Biomedical department head |  
Dr. EVS Kiran Kumar Donthu, Assistant Professor, IIT 
(BHU), Varanasi

My Role Design researcher and Industrial designer, 
Individual project
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Behavioural research | Industrial design | UX 
design |  prototyping 



Project Timeline  
and deliverables 



(18 + 1 weeks )

Secondary research �
� Studied evolution of space 

wearable toilet devices�
� Product archetype- Diaper�
� Product benchmarking�
� Material interaction study�
� Human factors study 



Generative Research and 
Research Analysi�
� Scenario storyboardin�
� Emotion mappin�
� Pain points�
� User needs 



Ideation, Iteration, 
prototyping�
� Sketche�
� Rapid prototyping�
� Testing


Primary Research�
� Behavioural mapping�
� Iteratio�
� System level solution

Final Design Developmen�
� Final prototype making
 

(Final Output Delivered)


Post Project completion 
development �
� System intervention


4 weeks 3 weeks 9 weeks 2 weeks 1 week

12th Feb 16th June July 1st week
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Design Process
I started by studying three areas parallelly- the product 
(diaper), the place (spacecraft) and the person (astronaut). 
Then interaction of all three.

�� Spacecraf�

� Interior of gaganyaan 
spacecraft�

� Material behaviour and 
interaction study- liquids, solids, 
and gases 

Interaction of all three



Case studies from Apollo and Gemini missions to 
understand the challenges faced while using the 

existing waste management products 

�� Astronauts�

� Studying the IVA (inter vehicular 
activity) space sui�

� Interaction with the suit- method 
of wearing and removin�

� Human factors data- 
Physiological data, anatomical 
measurements

�� Diapers and Wearable  
Space Toilet�

� Deconstruction of a diaper- 
Material and layerin�

� Working principle- capillary 
actio�

� Types and usag�
� Adult and baby diapers market 

research and benchmarkin�
� Evolution of wearable space 

toilet�
� Understanding existing space 

diaper 
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�� Diapers

Microfibre outer layer

The outermost layer feels just like 
a cloth for the comfort of the 
users.

Back sheet

It is the liquid barrier

Urine collection 
assembly, UCA

Unfold

Pant style

Fastener style

Wear

Remove Dispose1960s

1990s

Urine transfer 
assembly, UTA

Faecal collection 
assembly, FCA

Faecal containment 
system, FCS

Urine receptacle 
assembly, URA

Maximum absorbency 
garment, MAG (First 
diaper ever made)

Deconstruction of a diaper 
Purpose- To understand Materials and layering

Usage of diaper (Highlighted- Ease of use)

Purpose- Understand pain points and opportunities

Evolution of wearable toilets

Purpose- understand history

Summary�
� Diapers utilize capillary action by engineering the pore sizes 

and layering them in the order of large at top and small at the 
bottom that creates a one way channel for liqui�

� Baby Diapers have more variety in padding structure and top 
sheet texture, while adult diapers have good absorbency 
capacity of up to 1.2 litres while being discreet�

� Out of 6 space wearable toilets studied, only 2 are compatible 
with IVA suit- MAG, UCTA and only MAG collects both types of 
waste, is user friendly and gender inclusive

Leg Cuffs

Along the edge of the diaper is 
elasticized leg cuffs, that contain the 
solid waste from spilling from the 
sides


Core absorbent

layer made of paper or wood pulp 
and SAP, that absorbs the liquid and 
converts it into solid gel


The surge layer/ A&D layer

Smaller cavities that absorb the 
liquid and distribute it evely

The hydrophobic top-sheet 
Large cavities to quickly soak up 
liquid and wick it away from the 
users skin
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I looked at the past and present of commercial as 
well as space diaper. Also studied their usage. 



2- Spacecraft 

Numerous YouTube videos of astronauts were watched for these material 
behaviour insights.

Water sticks to any surface it comes in 
contact with and form blogs around it, 
displaying jello like behaviour. When 
disturbed tiny droplets scatter and fly 
in all directions. 

The semi- solid material tends to 
stack onto itself creating a tower. 

The semi- solid material like honey is 
impossible to remove from a surface. 
it acts like slime. 

Gases tend to linger for longer 
duration

The material interaction study highlighted some key behaviours that the 
material demonstrated in microgravity. These behaviours further helped 
in designing features for the end product. 

Suit and human factor data study gave specifications 
for designing the diaper.

Source- 

NASA STD 3001 VOL2

Physiological data

Anatomical data
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3- Astronaut

To better understand the diaper's interaction with the suit astronauts will be wearing, this study focused on the suit’s layering 
and openings for donning/doffing and the human body and bodily waste- Anatomical and physiological data 

Study of the spacecraft focused on the clearance 
space around the astronauts to perform activities, 
and understanding material behaviour in micro-
gravity. 

This involved study of the space suit to understand 
diaper interaction with it, ergonomic and technical 
considerations. Also studies the human factor data- 
anatomical, physiological.



Interaction of all three

Primary research 

After a long discussion with Astronaut Prasanth Nair (Group Captain), K. Kumar (ISRO Associate 
Director), a few other department heads from HSFC and ISRO, two more use cases were created from 
the training experience of the Astronauts. These use cases emphasized on psychological discomfort 
and highlighted issues like Privacy. 

"Give me a napkin quick, there's a turd floating 
through the air."- Astronaut Tom Stafford

 

Problem- Solid waste escaping the collection bag

Touch points of escape-�
�� Improper adhesion to the bod�
�� Escaping the collection bag while detaching it from the body�
�� Waste matter stuck to body�
�� Improper disposal bag seal

Identified Pain points�
� Improper fi�
� Inadequate capturing of the waste during and  
post activit�

� No means of post activity inspection

“The task of manually manoeuvring the waste was so distasteful 
that astronauts would avoid defecating all together”- One of 
the Apollo astronauts

 

Problem- Undesirable manual manoeuvring of the waste to slow down the process 
of off-gassing

Touch points of escape-�
�� Kneading of waste with germicide

Identified Pain points�
� Undesirable manual manoeuvring of the waste�
� Disinfecting waste manuall�
� Continuous presence of odour 

“Urine spills were quite frequent and roll on cuff had to be 
dried and frequently replaced to prevent disease like UTI. This 
created a new challenge for a product that was supposed to be 
used hands free and suited.”- One of the Apollo astronauts

 

Problem- Urine containment and leakage

                Intimate contact with the device 

Touch points of escape-�
�� Multiple quick fitting�
�� Non reliable roll on cuffs that damage easily


Identified Pain points�
� Leakage from multiple quick fitting�
� Odor and potential contamination from leaked urine conten�
� Infection risk from intimate contact with the devic�
� Lack of Replacement indicator�
� Multiple issues preventing hands free use

Use case 1 (Fecal collection assembly)

Use case 2 (Fecal collection assembly)

Use case 3 (Urine collection and transfer assembly) Use case 4
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Problem- Soiling diaper and changing it while being in the seat, next to the other astronauts

Touch Points�

� Soiling while seated without visual privacy next to another astronaut�
� Close proximity increases cross-contamination risks�
� Giving a heads-up for privacy during and after the activity�
� Odour and sound during the process�
� Securing a comfortable position and accessible surface to minimize mess and speed up 

replacement�
� Distance to disposal bin from all seats.


Pain Points�
� Lack of privacy barriers around seats�
� Discomfort in giving heads-up for privacy�
� Embarrassment and psychological barriers due to odour and sound�
� Need for restraints and a surface to keep items organized�
� Inaccessible disposal bin for all crew members


This phase of the project required studying different 
scenarios from users pov through reports, videos, 

books, news articles and speaking with the 
astronauts. 5 main use cases were identified for the 

use of diaper and pain points where listed. 



Space waste management system pain points  Adult diaper use pain points  
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User needs for a space bodily waste management diaper



Research Analysis and insights

The behavioural mapping template used in this analysis was developed by Robert 
Meza, a behavioural analyst and founder of Aim for Behaviour organisation.

This analysis not only revealed the need for product-specific 
interventions but also highlighted opportunities to address the 
problem at various stages of the journey, requiring a system-
level intervention.
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Use case 5
Problem- Venting (liquid waste) in close proximity of other astronauts

Touch Points�
� Leakage during the venting process�
� Behaviour of liquid changes pre-liftoff and post-orbit entry.


Pain Points�
� Seats and suits must account for potential leakage�
� Varying solutions needed to manage leakage pre-liftoff versus in orbit


“It’s hard to talk about it openly, but 
we know how much it affects our 
performance during the mission”-  
Astronaut Captain Prasanth Nair

Different tools like journey mapping, emotional mapping combined 
with behavioural mapping tools- COM B were used to bring out 
actionable insights.



Ideation, prototyping and iteration

Final ConceptConcepts picked for prototyping

Multiple leg cuffs 
To prevent side leakage, this 
concept includes multiple leg 
cuffs. A pair of polypropylene leg 
cuffs is supplemented with an 
additional PE and elastic leg cuff 
in between them.

Origami inspired leg cuff V1 
Taking inspiration from the origami square fold, the leg 
cuffs have been designed such that they remain open 
while wearing the diaper (bend position) and close while 
removing (flat position). The idea is to capture the solid 
waste to avoid spillage. 

Origami inspired leg cuff V2

Replicating the origami folding leg cuff mechanism using the 
elements of an existing diaper. By repositioning the leg cuff 
stitches, a similar flap closing-opening mechanism can be 
achieved.  

Adjustable leg cuff

Making the leg cuffs adjustable, by providing 
access on the outside to prevent side leakage and 
diaper sagging. The tabs can be pulled and taped 
for a close fit. 
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Ideas were sketched and quick mocks were made using material from 
commercial diapers. A part of the final concept was directly taken from the 
existing diapers while rest was tweaked and joined to it. 



Outcome

Drawing inspiration from the convoluted kidney nephron structure, I designed a 
padding structure that has more surface area than the regular pads. It helps in 
faster absorption of liquid, even distribution and prevention of leakage. Moreover it 
has a separate pocket for collecting solid waste, that helps minimize the contact 
and reduces chances of infections. (Project under NDA)



The user needs checklist score indicated that 12 out of 18 criteria were met through the design. Meeting 
the remaining criteria was not possible solely by working on the product; instead, it required an 
integrated approach that considered user experience and interaction with the product throughout the 
entire activity. 


I proposed systemic interventions 
for the spacecraft interiors to 
support the activity.

Computer fluid dynamics  
(CFD) tests-

These tests analysed the liquid 
distribution through the pad by 
applying material, fluid 
temperature, velocity, pressure, 
and gravity constraints. 

Result- This design significantly 
improved liquid distribution 
and reduced fluid pressure in 
the pad.

Physical barriers between 
the seats and lighting 
control to increase privacy

Additions such as a mirror for checking oneself 
during clean-up, a surface for holding necessary 
items, and accessibility to the common waste 
collection unit will significantly improve the user 
experience.
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The Product Evaluation

One step beyond

Simulation testing

Diaper that absorbs 3 times the liquid absorbed 
by regular diapers using the same amount of raw 
materials. 


