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Making Prototyping with Soft Programmable 
Materials Seamless and Universally Accessible

Ali Shtarbanov

Personal Mission: To make innovation and prototyping in 
emerging fields easily accessible for everyone...

...through the development and deployment of new tools and platforms 
that are highly versatile, general purpose, and simple to use.
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AeroMorph (UIST’16)

PneUI (UIST’13)

AuxeticBreath (TEI’21)

Bubble (CHI’19)

MorphIO (DIS’19)

Force Jacket (CHI’18)

EuMoBot (2018)

Jamming UIs (UIST’12)

PrintFlatables (CHI’17) Exoskin (2013)
JamSheets (TEI’14)

Colorise (TEI’18)

Vine Robots (2018)

VSPA (Science’17)

Soft Robotic Glove (2015)

Soft Programmable Materials Across Applications
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Existing Pneumatic Toolkit Attempts

Programmable-AirSoft-Robotics Toolkit Pneuduino
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2 Examples of Pneumatic Controls used today

Haptic Jacket

Soft Robotics ToolkitForce Jacket (CHI’18)

Soft Actuator
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http://www.youtube.com/watch?v=Dm-vaJa5lfE&t=13


ElectronicsPortable Computing Soft Robotics
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 Soft Robotics Prototyping Transformation

Soft Actuator Soft Actuator

FlowIO
platform

Ali Shtarbanov
alims@mit.edu



 Electronics Prototyping Transformation

Ali Shtarbanov
alims@mit.edu



 Electronics Prototyping Transformation
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Ecosystem 
of open 

Innovation  

Core Hardware 
and Software

Community

Supply & 
Distribution 

Chain

Educational & 
Inspiring 
Content

❏ Arduino
❏ Raspberry Pi
❏ Lego Mindstorms
❏ Scratch

❏ Adafruit 
❏ Sparkfun
❏ LEGO
❏ Mouser
❏ Digikey

❏ Mentors 
❏ Peers
❏ Contributors
❏ Users
❏ Supporters

❏ Instructables
❏ Adafruit Learning
❏ HackADay
❏ YouTube
❏ Other Websites

Physical & 
Digital Space

❏ FabLabs 
❏ Hackerspaces
❏ Makerspaces
❏ University Labs
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TendonIO
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https://docs.google.com/file/d/10TmFmwFNJJEetAzsbl-ZRCvZxGYhFnyQ/preview


https://docs.google.com/file/d/1DwdH4FP_njNxiA2D3l3XjuU74CyWvR16/preview


H A R D W A R E C O M M U N I T YS O F T W A R E
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H  A  R  D  W  A  R  E
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https://docs.google.com/file/d/19MebanizxcrNdFueTh4AdbHBRojn-dwI/preview


H  A  R  D  W  A  R  E
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H  A  R  D  W  A  R  E
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Dimensions: 6 cm x 5.6 cm x 2.8 cm. 

Mass: 114 g.



https://docs.google.com/file/d/1VKLiHst8yKVmhEFKj43usK3gSUgZGQZ5/preview
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Inflation on Port(3)
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Vacuum on Port(3)
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Release on Port(3)
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General

Inflation Parallel

Inflation Series

Vacuum Parallel

Vacuum Series



Technical Evaluation of the Hardware
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Sensors++ FlowIO with Sensors++



H  A  R  D  W  A  R  E
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H A R D W A R E C O M M U N I T YS O F T W A R E
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H A R D W A R E C O M M U N I T YS O F T W A R E
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S O F T W A R E
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You Can Control FlowIO from 
any Device and any OS
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https://docs.google.com/file/d/1ly-EDwhRItSRxuJNIYpP770AoWL1fOiA/preview


https://docs.google.com/file/d/1is04_1bSxGlKJ8HHPxhWfFgWW2nOA_OJ/preview


S O F T W A R E
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https://docs.google.com/file/d/1BzjWWMNpMZAON7JtSHS8o2dTelOG_VZy/preview


FlowIO Web GUI

BLE Services

Pneumatic API
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FlowIO Web API

Command API

FlowIO C++ 
Libraries

Firmware

JavaScript

HTML/CSS/JS

P2P Networking WebRTC

Software Stack
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FlowIO Web GUI

BLE Services

Pneumatic API

Pneumatic Driver

FlowIO Web API

Command API

P2P Connectivity

Pneumatic Driver

● Controls primitive tasks involving single pneumatic components
● C++ Library that is Arduino compatible.
● Representative functions include (not full list):

○ void startPump(uint8_t pumpNumber,uint8_t pwmValue=255);
○ void stopPump(uint8_t pumpNumber);
○ void openInletValve(); (right side)
○ void closeInletValve(); 
○ void openOutletValve(); (left side)
○ void closeOutletValve();
○ void setPorts(uint8_t ports);
○ void openPorts(uint8_t ports);
○ void closePorts(uint8_t ports);
○ void powerOFF();
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flowio.startPump(1,255);
flowio.openInletValve();
flowio.openPorts(0b00000100);
float p = flowio.getPressure()

*
*
*

flowio.closePorts(0x04);
flowio.stopPump(1);
flowio.closeInletValve();



FlowIO Web GUI

BLE Services

Pneumatic API

Pneumatic Driver

FlowIO Web API

Command API

P2P Connectivity

Pneumatic API

● Controls entire activities involving combinations of components and 
multiple tasks done in the appropriate sequences.

● C++ Library that is Arduino compatible.
● Representative functions include (partial list):

○ void startInflation(uint8_t ports,uint8_t pwmValue=255) 
○ void startVacuum(uint8_t ports, uint8_t pwmValue=255) 
○ void startRelease(uint8_t ports)
○ void stopAction(uint8_t ports)
○ uint16_t getHardwareState()
○ float getPressure(Unit pUnit)
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flowio.startInflation(0x04,255);
float p = flowio.getPressure()

*
*
*

flowio.stopAction(0x04);



FlowIO Web GUI

BLE Services

Pneumatic API

Pneumatic Driver

FlowIO Web API

Command API

P2P Connectivity

Command API

● A command-control interface for FlowIO.
● C++ Library that is Arduino compatible.
● 3-bytes that encode for What, Where, and How
● Returns the pressure value.
● Example: Start Vacuum on ports 3 and 4 with pwm of 50% duty cycle 

would be sent as the command : (‘-’, 0b00001100, 127)

float command(uint8_t action, uint8_t ports, uint8_t pwmValue=255)
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p = flowio.command(‘+’, 0x04, 255)
*
*
*

flowio.stopAction(0b00000100);



FlowIO Web GUI

BLE Services

Pneumatic API

Pneumatic Driver

FlowIO Web API

Command API

P2P Connectivity

Bluetooth LE Services

● Firmware running on the FlowIO device
● 7 custom Bluetooth services with multiple characteristics:

○ indicator Service
○ config Service
○ control Service
○ pressure Service
○ gpio Service
○ power Off Service
○ battery Service

● This is the layer that enables you to control everything on FlowIO 
via Bluetooth Low Energy!
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Control Service

Command Characteristic

Hardware Status 
Characteristic

2550x04+



FlowIO Web GUI

BLE Services

Pneumatic API

Pneumatic Driver

FlowIO Web API

Command API

P2P Connectivity

Web API 

● An object-oriented JavaScript API 
● Compatible with Google Chrome
● Based on Web-Bluetooth protocol
● Based entirely on the custom BLE services from the layer below.
● Runs in the web-browser, and is capable of executing 

computationally-heavy tasks.
● No software of drivers downloads needed to be installed.
● Requires only Google Chrome, making it compatible with just 

about any device and operating system.
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p = flowios[0].command(‘+’, 0x04, 255)
*
*

flowios[0].stopAction(0x04)



FlowIO Web GUI

BLE Services

Pneumatic API

Pneumatic Driver

FlowIO Web API

Command API

P2P Connectivity

Web GUI 
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FlowIO Web GUI

BLE Services

Pneumatic API

Pneumatic Driver

FlowIO Web API

Command API

P2P Networking

Peer-to-Peer Networking
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Other Notable Features
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H A R D W A R E C O M M U N I T YS O F T W A R E
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C O M M U N I T Y
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https://docs.google.com/file/d/1vXd-zPIjujA9uJgUsRcwKUnqWdoRNVwb/preview


http://www.youtube.com/watch?v=TNUijAqXzLs


https://docs.google.com/file/d/1Oo1WIa8pXXoQA9C_DszySw4mzo3JPqJl/preview


Ali Shtarbanov
alims@mit.edu



Ali Shtarbanov
alims@mit.edu



Ali Shtarbanov
alims@mit.edu





https://docs.google.com/file/d/1UpVEQ1uc8oj8GDjkzWvCXb5TRQgdZxnM/preview
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SoftRobotics.IO Analytics

Monthly Visitors: 1000+

Site Members: 260+

FlowIO Request Proposals: 65

FlowIO Devices Given: 18

Volunteers: 15

Donors: 14
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18 FlowIO Devices Given to Date
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Awards for FlowIO
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I want to create a world...

● ...where creative opportunities are not restricted to only those who can afford them.
● ...where the objects around us are programmable and reconfigurable.
● ...where disabled individuals can create by themselves the unique solutions they need.
● ...where building a prototype takes just days or weeks instead of months or years. 
● ...where the tools for prototyping and innovation are very powerful yet very simple to use.
● ...where people don’t have to give up on an amazing idea just because it’s too complex to build.
● ...where people are motivated, inspired, and have the means to make the world better themselves. 
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To democratize and enable rapid prototyping and innovation opportunities in emerging fields for 
researchers, designers, artists, and makers from all technical and socioeconomic backgrounds 

through development and deployment of enabling platforms that are highly versatile, general purpose, and simple to use by anyone.
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What will YOU create?







Software Stack Details

Make a slide about the web-connectivity layer and discuss the webrtc p2p 
protocol.



Pros and Cons

Cost to make is high but is free to obtain

Making FlowIO is very challenging and requires lots of modifications to parts.

Project is still far from complete - both hardware and software-wise.

More Documentation is still needed

More examples are needed

Graphical User Interface needs more work.



Notable Projects Made with FlowIO

Peristaltic Suit

Omnifiber



The Power of Modularity

Extendable and ability to make new modules in the future.

Others can design their own modules for FlowIO

List all other benefits or modularity from my general exam talk.



Sensors in Flowio

Alternative microcontrollers possible

People from all around the world have contacted me and got many invites to give 
talks and visit places

A great way to form new collaborations



Wearable first design approach

Include some slides about the evaluation with users.




