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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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Soft Programmable Materials Across Disciplines
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Soft Programmable Materials Across Applications

AeroMorph (UIST16) MorphlO (DIS'19) EuMoBot (2018) AuxeticBreath (TEI21) Vine Robots (2018)

PneUl (UIST’13) Bubble (CHI'19) Jamming Uls (UIST'12)
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PrintFlatables (CHI'17) Force Jacket (CHI'18) Exoskin (2013)

Soft
fiber-reinforced
actuators

JamSheets (TEI'14) Soft Robotic Glove (2015)
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Existing Pneumatic Toolkit Attempts

Soft-Robotics Toolkit Programmable-Ai
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2 Examples of Pneumatic Controls used today

Soft Actuator

Haptic Jacket

Force Jacket (CHI'18)
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http://www.youtube.com/watch?v=Dm-vaJa5lfE&t=13
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Soft Robotics Prototyping Transformation

Soft Actuator Soft Actuator

FlowlO
platform
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Electronics Prototyping Transformation

ARDUINO i N2 B
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https://docs.google.com/file/d/10TmFmwFNJJEetAzsbl-ZRCvZxGYhFnyQ/preview

Ozgun Kilic Afsar


https://docs.google.com/file/d/1DwdH4FP_njNxiA2D3l3XjuU74CyWvR16/preview
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https://docs.google.com/file/d/19MebanizxcrNdFueTh4AdbHBRojn-dwI/preview
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Dimensions: 6em x 5.6 cm x 2.8 cm

Mass: 114 g.



W .l §4:38 PM

# mitmedialab.github.io/F



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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Technical Evaluation of the Hardware

: General | Series Inf Parallel Inf Series Vac  Parallel Vac
i
P (min,max) : (-9,9)psi | (0, 18) psi (0, 9) psi (-15, 0) psi (-9, 0) psi
Q (max) I 0.5L/min 1 0.45L/min 0.95 L/min -0.45 L/min -0.95 L/min
I i
P (min,max) I(-13, 22)psil (0, 27) psi (0, 22) psi (-20, 0) psi (-13, 0) psi
Q (max) j 1.6 L/min I 1.5L/min 1.8 L/min -1.5 L/min -1.8 L/min
|
I ]
P (min,max) |(-19, 22) psi I (0, 30) psi (0, 22) psi (-26, 0) psi (-18, 0) psi
Q (max) | 3.1 L/min I 3.1 Umin 3.2 L/min -3.1 L/min -3.2 L/min

_—__J
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Sensors++

FlowlO with Sensors++
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SOFTWARE
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You Can Control FlowIO from
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SoftRobotics10 | GUI x + © - B X

C @ softrobotics.io. Q W o Incognito

E[Ié%fg[!rg Home About Get Started Get FlowlO Make FlowlO contribute

This work i¢

r this paper or the creat 5 nam nd a link to softrobotics.io

Introduction
Documentation

GUI Overview

L aunch the GUI

GUI

After |JEEEEECI GUI, click the Connect button in the upper left
aunch GU co ect to your FlowlO device and activate the
controls.

Arduino API

Find out how you can help



https://docs.google.com/file/d/1ly-EDwhRItSRxuJNIYpP770AoWL1fOiA/preview
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https://docs.google.com/file/d/1is04_1bSxGlKJ8HHPxhWfFgWW2nOA_OJ/preview
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Ul Overview

Launch GUI

Auto Power OFF

Battery Charging

Pneumatic Configurations

Latency & Time Delays

>/=/<than 5 ports?

Software Stack

Arduino APl and Libraries

loT Features

JavaScript API

4 Automatic Zoom *

FIOWlO() Class Definition: /FlowlO/FlowlO.h Keywords: /FlowlO/keywords.txt
Class Source: /FlowlO/FlowlO.cpp

FlowIO(Configuration configq) ;
config - the type of pneumatic configuration. Can be one of the following:
GENERAL, INFLATION SERIES, INFLATION PARALLEL, VACUUM SERIES, VACUUM PARALLEL
NOTE: If you specify no parameters in the constructor, then the GENERAL configuration is assumed, where pump1 is for
inflation and pump?2 for vacuum.

(You must instantiate the flowlO object outside the setup loop, and you must initialize it at the top of the setup loop,
before any Bluetooth commands. If you initialize it after you have set up Bluetooth, then you may run into issues.)

You can check the current configuration or change it at any time using the following methods:
void setConfig(Configuration config) ;
Configuration getConfig(); returns the configuration as a single byte whose value is between 0 and 4.

1 API

bool activateSensor();
Initializes the 12C communication with the integrated pressure sensor, and checks the status byte sent by the sensor.
RETURNS: true if the status byte is as expected; otherwise returns false and error code 222.
void setPressureUnit(Unit pUnit);
Sets the unit that will be used by the getPressure() method. Use this method only if you want to change the default - PSI.
You can change the units at any point in the code. Possible argument values are PSI, ATM, KPA, PA, MBAR.
float getPressure();
Gets a new absolute pressure reading from the integrated sensor in terms of the unit in setPressuretnit ().
float getPressure (Unit pUnit);
Gets a new absolute pressure reading from the integrated sensor in terms of the unit specified in the argument.
Possible argument values are PSI, ATM, KPA, PA, MBAR.

NOTE: Sensor must be activated before requesting pressure. Otherwise & () will return the value 888.8.

Indicators API
void blueLED (bool power) ; Controls the onboard led. The argument can be either Low / 0 or HIGH / 1.
void pixel (uint8_t red, uint8_t green, uint8_t blue); Controls the onboard neoPixel color and intensity..
For highly-dynamic actions involving the neoPixel LED, avoid using this method, and instead use the methods from the
Adafruit_Neopixel library directly, because the efficiency and speed are much better.
void raiseError(uint8_t error); Sets the value of the internal error flag.
uint8_t readError(): Reads the value of the internal error flag. See the error code table on the last page.
u1nt16_t getHardwareState () ; Returns a 16-bit value, where each bit maps to the state of a hardware component.
bool getHardwareStateOf (Component ComponentName) ; Takes the enum-defined component name,
bool getHardwareStateOf (uint8_t bitNumber); Takes the bit number corresponding to a particular component,

Returns t rue if that component is active / on, otherwise it returns falze.

Bit # 1" 10 9 8 7 6 5 4 3 2 1 0

Component | SENSOR | LEDBLUE | LEDRED | PUMP2 | PUMP1 | OUTLET | INLET | PORTS | PORT4 | PORT3 | PORT2 | PORT1



https://docs.google.com/file/d/1BzjWWMNpMZAON7JtSHS8o2dTelOG_VZy/preview

Software Stack

P2P Networking > WebRTC Technology Device & OS
FlowlO Web GUI > HTML/CSS/JS c % l_l
®
FlowlO Web AP > JavaScript ARDUINO
4% B
BLE Services > Firmware E] ‘ y N
o ’
Command API .. ®
" €
Pneumatic API > F.IOWIQ C+ -
Libraries .OC |m|c|n3 o
Pneumatic Driver b ' 20
J
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Pneumatic Driver

Pneumatic Driver

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

O

0 0 0 0 0 0O o0 o o

void
void
void
void
void
void
void
void
void
void

startPump (uint8 t pumpNumber,uint8 t pwmValue=255) ;
stopPump (uint8 t pumpNumber) ;

openInletValve () ; (right side)

closelInletValve() ;

openOutletValve () ; (left side)

closeOutletValve() ;

setPorts (uint8 t ports);

openPorts (uint8 t ports);

closePorts (uint8_ t ports);

powerOFF () ;

Lh

mit
media
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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() ;

Ali Shtarbanov
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Pneumatic API

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):

O

o O O O O

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)

uintl6é t getHardwareState()

float getPressure(Unit pUnit)

Lh

mit
media
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flowio.startInflation (0x04,255);

float p = flowio.getPressure ()
*

*
*

flowio.stopAction (0x04) ;
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Command API

Command APl

A command-control interface for FlowlO.

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)

mit
media
lab
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command (‘+’, 0x04, 255)

stopAction (0b00000100) ;
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Bluetooth LE Services

e Firmware running on the FlowlO device
e 7/ custom Bluetooth services with multiple characteristics:

o indicator Service
config Service
control Service
pressure Service
gpio Service
power Off Service
o battery Service
e This is the layer that enables you to control everything on FlowlO

via Bluetooth Low Energy!

o 0O O O O

BLE Services

mit Ali Shtarbanov
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255
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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.

e Requires only Google Chrome, making it compatible with just
about any device and operating system.

FlowlO Web API
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FlowlO Web API




O 0O @8 O 0O

0

0] . command (‘+’, 0x04, 255)

stopAction (0x04)
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Web GUI
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P2P Networking

FlowlO Web API

Peer-to-Peer Networking
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COMMUNITY
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Projects

o
Projects | SoftRaboticslO X +

< C & softrobotics.o,

COMMUNITY

Documentation

SoftRoboticslO x o+

& C @ softroboticsio % @ incognito

SoftRobothS.IO Flowlo  GU Robotics ~ Community
Main Module

Parts List
Driver Board

Battery Prepa

Cable

Arduino Setur

Circuit Boards Soldering
Driver Assembly
Valves Preparation
Label Part T
Assembly RIS s00k 1.0n/Off controller* and transistor Q8
it Skor 10k 2. Voltage regulator* and transistors* Q1 to Q7
QUQ7  BUKIM1S-40HX 3. Resistors, capacitors, and diodes
a8 2NTO02NXAKR or TSM240NO3CX 4, FEC connectors*
OFLDF7  CUS10530,H3F 5. Buttons
FECI SEWIZRASTESLF 6. LiPo battery connector* + trim & sand feet
T FEC2 SEWIRASTELF 7. Short Female headers* + trim & sand feet
xpansion Boards 8. Magnetic Connector* + trim & sand feet
9. Apply Kapton tape to the PCB bottom

* see additional details below
“1. OWOH Controller
on

the uppor left corner, ot on the PCB k.

“2. Transistors Qto G7

The 3 pads on the upper right are connected: the 4 pads on the bottom are also connected.
*2. Voltage Regulator

The line mark on the component must face to the ot
*4. FFC Connectors

Must not protrude at all beyond the edge of the PCB, and ideally should be flush with the 6cge.

*6. LiPo Battery Connector
Must bo soldered from top and bottom to withstand th forces when battery is cannecto
disconnected. Trim the plastic flaps at the back of the connector; sand its feet close to the surface.

Forums

SoftRoboticsiO x 4+

< C @ softroboticsio

SoftRobotics.IO

Forum Q se

FlowlO Features & Capabilities

Duscussion about the features and affordances of FlowlO

Projects & Applications

Share project ideas or questions to find out if FlowlO is suitable for yo.

Soft Robotics Resources

What do you want to learn about soft robotics? What resources should

General Discussion

General Discussion

Make your own FlowlO

Discussion about replicating the FlowlO device

@0

Ul S

t Rob

Community

Login uy

Follow

Follow

Follow

Follow

Follow

mit
I medi:
lab
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(@ Robotic fibers can make breath-monitoring ...



https://docs.google.com/file/d/1vXd-zPIjujA9uJgUsRcwKUnqWdoRNVwb/preview

plication: Piano Skill Glove Application: Tangible Message

Application: Robotic Toy



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

We will prepare the 12-pin FFC cable now in the form needed for the
final assembly. We will simply need to trim some of the blue plastic
on both sides, so that we can bend the cable where we need. We will
need the following items:

¢ 12-pin FFC cable

* Hot-air gun

« 12-pin FFC connector
* Knife

Jm

S FFC Cable Preparation o ~»

Watch later Share

Watch on (3 YouTube



https://docs.google.com/file/d/1Oo1WIa8pXXoQA9C_DszySw4mzo3JPqJl/preview
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FlowlO is Creative Commons Hardware. ..

...and is provided FREE of charge to approved users
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Projects

Soft Robots

Systems built from highly-compliant materials with mechanical properties
of soft robots exist, but in this workshop we will focus primarily on pneumg

Institutions - . )
d in living tissues. Many kinds

Review Articles
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https://docs.google.com/file/d/1UpVEQ1uc8oj8GDjkzWvCXb5TRQgdZxnM/preview

SoftRobotics.|O Analytics

b Monthly Visitors: 1000+
b Site Members: 260+
50 FlowlO Request Proposals: 65
FlowlO Devices Given: 18
: May25 Jun2l  Jul18  Augl4  Sep10  Oct7 Volunteers: 15

Donors: 14
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FLOWIO TAKES TOP HONORS IN
THE 2021 HACKADAY PRIZE

by: Dan Maloney @® 7 Comments
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18 FlowlO Devices Given to Date
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Awards for FlowlO
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Donations Applications Graphics Advice Electronics

Alive Leyang Xiao Ali Shtarbanov Ali Shtarbanov Joseph Paradiso Ali Shtarbanov
Brad Holschuh Bai Li Hyejun Youn Jie Qi
David Saldana Francesco Bondesani Ozgun Afsar Ed Moriarty Mechanical Design
Ed Moriarty Hyejun Youn Michael Bell
Francesco Bondesani Irmandy Wicaksono .
Hyejun Youn Michael Bell Content All Shtarbanov
Irmandy Wicaksono Ozgun Afsar GUI
Karthik Chandrasekaran Xinlei Zhang . Software Stack
> Ali Shtarbanov
Markus Nemitz : :
Muhammed Oguz Yildiz Hyejun Youn Ali Shtarbanov .
- Layal Barakat Alisha Fong Ali Shtarbanov
Neil Gershenfeld
Yoav Luft

Ozgun Afsar
Thrishantha Nanayakkara
Wanhui Li
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| 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.

y mit Ali Shtarbanov
L Eﬁd “ alims@mit.edu



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.

y mit Ali Shtarbanov
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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 FlowlO 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 FlowlO

Peristaltic Suit

Omnifiber



The Power of Modularity

Extendable and ability to make new modules in the future.
Others can design their own modules for FlowlO

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.






