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People sharing the same space but having different time schedules often 
SHUFHLYH�HDFK�RWKHU·V�SUHVHQFH�WKURXJK�WKH�LPSOLFLW�WUDFHV�WKHLU�LQWHUDFWLRQV�
with physical objects leave behind. BodyPods are multi sensory seats that 
emotionally connect remotely located people by sensing, exchanging, and 
visually expressing their “bodyprints” as live gestural expressions through 
WKH� ,QWHUQHW�� $QDORJRXV� WR� D� IRRWSULQW�� D� ERG\SULQW� PDQLIHVWV� D� SHUVRQ·V�

sitting posture as a distribution of the pressure that their body and limbs 
exert against the cushions of the seat. When a person sits on one BodyPod, 
KLV�KHU�ERG\SULQW�LV�UHÁHFWHG�RQ�WKH�SDGV�RI�WKH�RWKHU�%RG\3RG�WKURXJK�FRORU�
and light.

(With A.J. Bernheim Brush and Asta Roseway, Microsoft Research).

BodyPods  
Tags: tangible media, interaction design, human factors, furniture design
Video: https://vimeo.com/102900472
Microsoft Research, Computational User Experiences group, Redmond, MA, 2014
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(DFK�%RG\3RG�FRQVLVW�RI�D�ÁH[LEOH�VXEVWUDWH�ZLWK�VL[�SUHVVXUH�VHQVLQJ�SDGV�
WKDW�DGMXVWV�LWVHOI�WR�WKH�KXPDQ�ERG\·V�DQDWRP\��(DFK�RI�WKH�VL[�SDGV�FRQWDLQV�
an FSR pressure sensor and an array of RGB LEDs. The pads connect to 
PLFURFRQWUROOHU�XQGHU�WKH�VHDW·V�EDVH�ZKLFK�VHQGV�WKH�GDWD�WR�D�FRPSXWHU��
Multiple computers can connect through the Internet allowing Bodypods to 
UHPRWHO\�VKDUH�GDWD��7KURXJK� WKH�VHUYHU�� WKH�VHQVRUV�RI�HDFK�%RG\3RG·V�
pads map to the LEDs of the corresponding pad of the paired BodyPod. The 

geometry of the seat can be tailored to the anatomy of the body, allowing 
the sensors to be placed closer to the body parts that are used as reference 
SRLQWV��7KLV�GHFUHDVHG�WKH�QXPEHU�RI� UHTXLUHG�VHQVRUV�DQG�VLPSOLÀHG�WKH�
computational complexity of their signal analysis. A parametric CAD model 
in Rhino/Grasshopper was used both for kinematic/collision analysis and for 
customizing seats to different body types.

Fabrication 
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Interaction & Control 
%RG\SRGV� KDYH� ÀUP�� FRPIRUWDEOH� JULS�� DQG� UHVSRQG� VPRRWKO\� WR� ERG\�
movements. We conducted a 10-person user study gathering both 
qualitative and quantitative data from various sitting postures (Sit Straight, 
Lean Left, Lean Right, Lean Forward, Lean Backward, etc). Results show 
that BodyPods are highly accurate in capturing 8 postures and 2 torso 

rotations (clockwise, counterclockwise). Such movements can be useful in 
applications in tangible or bodily gestural interfaces, musical instruments, 
game controllers, medical devices, and more. Future areas of research 
include social experiments as well as the development of learning algorithms 
for training BodyPods to recognize postures from bodyprint data.
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An interactive strategic board game and educational tool that explores deci-
sion making and self-organization in dynamically priced resource allocation 
networks. Two players complete origin-destination missions by relocating 
WKHLU�SDZQV�EHWZHHQ�VWDWLRQV��3OD\HUV�FDQ�FKRRVH�EHWZHHQ�D�À[HG�SULFHG�
and a variably-priced transportation option. A third player (the computer) 
controls the pricing of picking up and dropping off at the stations based on 
demand and supply. Players have limited time and money resources, there-

fore they must choose the optimum combinations to win. The game uses an 
array of RFID sensors to track pick-ups and drop-offs. Sensors send mes-
sages to a central computer through the Internet each time a player picks 
up or drops. The computer updates a pricing visualization scheme, which is 
WKHQ�SURMHFWHG�EDFN�WR�WKH�VXUIDFH�RI�WKH�JDPH��LQÁXHQFLQJ�WKH�GHFLVLRQV�RI�
the players.

Cloudcommuting Game  
Tags: interaction design,education, strategic games, electronics
MIT Media Lab & Harvard GSD, 2012
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$� FRVW�EHQHÀW� DQDO\VLV� RI� WKH� ELNH� VKDULQJ� LQGXVWU\� WKDW� FRPSDUHV� WKH�
PDUJLQDO� RSHUDWLRQDO� FRVWV� EDVHG� RQ� WUXFNV�� HPSOR\HHV�� LQIUDVWUXFWXUH�
FDSDFLW\��DQG�UHEDODQFLQJ�UDWH�� WR� WKH�PDUJLQDO� UHYHQXHV�EDVHG�RQ�XVDJH�
IHHV�DQG�XWLOL]DWLRQ�UDWH��$�VWRFN�ÁRZ�PRGHO�LQ�V\VWHP�G\QDPLFV�VLPXODWHV�
ULGHUVKLS��FRVWV�DQG�UHYHQXHV��DV�D�IXQFWLRQ�RI� WKH�WULS�SDWWHUQ��QXPEHU�RI�
WUXFNV��ZRUN�VKLIWV��DQG�RSHUDWLRQ�WLPH�ZLQGRZV�DQG�FDQ�EH�XVHG�WR�ÀQG�WKH�

FRPELQDWLRQ�RI�WKH�DERYH�SDUDPHWHUV�WKDW�PD[LPL]HV�ULGHUVKLS�IRU�D�JLYHQ�
SDWWHUQ�RI�WULSV��&DVH�VWXGLHV�LQFOXGHG�%RVWRQ��:DVKLQJWRQ�'&��DQG�3DULV��
FRPELQLQJ�SXEOLFO\�GLVFORVHG�GDWDVHWV�ZLWK�RULJLQDO�GDWD�IURP�ZHE�VFUDSLQJ�
PHWKRGV�DQG�SHUVRQDO�LQWHUYLHZV��ZLWK�3URI�-RVH�*RPH]�,EDQH]��+.6��3URI�
6SLUR�3ROODOLV��+DUYDUG�*6'��DQG�3URI�+DQV�3ÀVWHU��+DUYDUG�6($6��

Bike Sharing Dynamics  
7DJV��ELNH�VKDULQJ��HFRQRPLFV��GDWD�YLVXDOL]DWLRQ��V\VWHP�G\QDPLFV��FRPSXWHU�VLPXODWLRQ
+DUYDUG�*6'�������������
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Mobility on Demand (MoD) systems utilize lightweight electric foldable ve-
KLFOHV��QHWZRUNV�RI�UDSLG�FKDUJLQJ�VWDWLRQV��DQG�LQWHOOLJHQW�ÁHHW�PDQDJHPHQW�
systems providing personal point-to-point mobility while solving the public 
parking problem. We developed three vehicles: the City Car (now HIRIKO), 
the RoboScooter, and the GreenWheel bicycle. All vehicles deploy drive-by-
wire technology and plug-n-play in-wheel, electric motors that integrate sus-
SHQVLRQ��VWHHULQJ�FRQWURO��DQG�EUHDNLQJ�ZLWKLQ�WKH�ZKHHO·V�KXE�VSDFH��7KLV�

allows the main chassis to fold to minimize urban footprint. MoD systems 
LQFRUSRUDWH��VPDUW�JULG�WHFKQRORJLHV��VPDUW�ÁHHW�PDQDJHPHQW��DQG�YHKLFOH�
to-grid (V2G) technology. MoD started as collaboration with General Motors 
and Schneider Electric and continued with Denokinn. (best invention of 
year 2007 , TIME magazine; $100K Buckminster Fuller Award, 2009 - 
with Prof William J. Mitchell, and Kent Larson, MIT Media Lab).

Mobility on Demand (MoD)  
Tags: Smart Cities, Intelligent Transportation, Vehicle Sharing
Smart Cities & Changing Places groups, MIT Media Lab, 2008 - 2011
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A DIY toy-car made in a laser cutter and manually assembled with snap 
ÀW�ÁH[XUH�MRLQWV�WKDW�EHQG�DQG�VSULQJ�EDFN�WR�LQVWDOO�SDUWV�DQG�SUHYHQW�GLV-
assembly. No adhesives or fasteners required. Fabcar uses 3 differentials 
gears to unevenly distribute torque to each of the four wheels based on 
their individual resistances. Torque applied to the main shaft is transmitted 

through the central differential to the front and back differentials and from 
there to each of the four wheels. The design consists of 234 parts that can 
be cut in a laser cutter and manually assembled easily with no skills. Fabcar 
has been showcased in Guatemala by MIT Prof Meejin Yoon as example of 
FURVV�GLVFLSOLQDU\�GHVLJQ�ZRUN��3DUW�ÀOHV�DYDLODEOH�XSRQ�UHTXHVW�

FabCar
Tags: toy product design, mechanical assemblies, fabrication, DIY
MIT Media Lab, 2010
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Colorcos
Tags: product design, fabrication, molding, casting, plasitcs
MIT Media Lab, 2010

StitchYak
Tags: fabrication, CNC, folding, stitching, 3D modeling

MIT Media Lab, 2010

A lightweight, low-cost and easy to assemble, stitch-and-glue whitewater 
kayak chassis made from 1/8 marine plywood and zip-ties. StitchYak de-
VLJQ�KDV�D�KLJKO\�HIÀFLHQW�VWUXFWXUDO�IRUP��IROORZLQJ�WKH�SULQFLSOH�RI�V\QFODVWLF�
VXUIDFHV��6WLWFK<DN�LV�PLOOHG�LQ�D�6KRS%RW��DQG�FDQ�ÀW�LQ�WZR��[��IW��SO\ZRRG�

sheets.

A study for developing low-cost colorful plastic consumer products. Color-
cos consist of 3 parts that are casted in Smooth-Cast® 325 liquid plastic 
in two-part rubber molds that are in turn casted from OOMOO® 30 silicon 
rubber in molds that were milled in high-density rigid foam in the ShopBot. 
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Cubes
Tags: digital electronics, internet zero, communication networks, assemblies
MIT Media Lab, 2010

Magnetically snappable interactive blocks that can be assembled and cre-
ate distributed communication networks. Each block has a LED matrix for 
output, a touchpad for input, made from acrylic surface supported on four 
button switches, and uses four pairs of TX/RX magnetic contact pads to 
both snap and communicate with neighboring blocks. Polycubes can be 
used as a self-guided assembly kit: an assembly sequence can be boot-
loaded in a root block. (with Prof Neil Gershenfeld, MIT Center for Bits and 
Atoms)

An autonomous programmable robot that is capable of navigating into a 
labyrinth using a web cam and computer vision; avoid obstacles using in-
IUDUHG��,5��SUR[LPLW\�VHQVRUV��ORFDWH��FROOHFW�DQG�FDUU\�UHG�EDOOV��DQG�ÀQDOO\�
score points by passing the balls through special doors. MASLAB (Mobile 
$XWRQRPRXV�6\VWHPV�/DERUDWRU\��LV�0,7·V�PRVW�LQWHQVH�,$3�URERWLFV�FRP-

petition (with Si Li and Rachelle Villalon, MIT).

MASLAB
7DJV��URERWLFV��FRPSXWHU�YLVLRQ��DUWLÀFLDO�LQWHOOLJHQFH

MIT, 2007
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A low-cost programmable personal device for storing, carrying, and display-
ing messages to people. A custom-made 5x5 LED matrix display consists 
of Light Emitting Diodes (LEDs) and is controlled by an ATtiny44 microcon-
troller chip. The LED display uses Charlieplexing, a method that utilizes 
the tri-state capability of microcontrollers to reduce the amount of required 
Input/Output pins to only 5 for controlling 30 LEDs

Wired translucent tiles that can communicate and transmit light-coded mes-
sages serially through a simple TX/RX communication protocol. Each Talk-
ing Tile has a unique ID address that can be called by a central controlling 
computer. Talking Tiles can be used as a low-cost sensor network applica-
tion for interactive art projects. A computer can periodically request sensor 

measurements from each talking tile by calling its individual ID.

DeesPlay
Tags: communication design, digital electronics, DIY product design
MIT Media Lab, 2010

Talking Tiles
Tags: interaction design, digital electronics, communication networks

MIT Media Lab, 2010
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FabHouse
Tags: digital fabrication, CNC, architecture, structural grids, parametric design, as-

semblies
MIT, 2007

FabSeat
Tags: digital fabrication, CNC, product design, parametric design, assemblies
MIT, 2006

This project advanced a method to digitally fabricate irregular structural en-
YHORSHV�IURP�SO\ZRRG��GHPRQVWUDWHG�E\�0,7�DW�1<&�0R0$·V�+RPH�'HOLYHU\�
exhibition) by retaining grid continuity across adjacent walls while maintain-
ing perpendicularity of connected parts. This technique allowed standardiza-
tion of joints and facilitated assembly (With Prof Larry Sass, MIT, and Dr 

Dennis Shelden, Gehry Technologies).

Fabseat is a built-to-order, fully customizable,  and affordable chair that 
employs digital design & fabrication techniques for production. fabseat is 
an assembly of custom interlocking planar parts from various materials. 
Customers can parametrically adjust the design, and send it for fabrica-
tion. Customizable parameters include size, proportion, color, and mate-
rial (with Prof Larry Sass, Joshua Lobel, Magdalene Pantazi)

0,7�)DE+RXVH��3KRWR�E\�7��&DUULJDQ�
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Why certain geometric models can be assembled while others cannot, and 
ZK\�FDQ·W�VXFK�SUREOHPV�EH�SHUFHLYHG�GXULQJ�HDUO\�GHVLJQ�VWDJHV�ZLWK�WUD-
GLWLRQDO�&$'�WRROV"�&$'�PRGHOV�UHSUHVHQW�WKH�ÀQDO�VWDWH�RI�WKH�DVVHPEO\�
but not the process of putting parts together. Designers and builders use 
SK\VLFDO�PRFNXSV�WR�WHVW�FRQVWUXFWDELOLW\�EXW�ZLWK�VLJQLÀFDQW�ORVVHV�LQ�WLPH��
cost, and clarity of understanding the solution to the geometrical problem. 
My SMArchS thesis developed a rule-based method that used graph theory 

and network analysis to identify incompatibilities in free-form designs of 
interlocking planar-part assemblies. Furthermore a simple system dynam-
ics model to simulate the assembly sequence and estimate the expected 
time and effort for materializing a design. This work addressed analytically a 
complex problem that so far designers mostly approached empirically. (With 
Prof Larry Sass, MIT, and Dr Dennis Shelden, Gehry Technologies).

Planar-part Assembly Assessment
Tags: network theory, mechanical assemblies, liaison graph, assemblability assessment
MIT, 2008
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This hands-on course explores design, fabrication, and assembly of me-
chanically actuated toy cars for the DIY community. Working in teams of 
two, students design, fabricate, and assemble toy cars consisting of multiple 
IXQFWLRQDO� SDUWV� �ZKHHOV�� FKDVVLV�� JHDUV�� HWF��� WKDW� XVH� Á\ZKHHOV� WR� VWRUH�
kinetic energy and use it for propulsion. Toys must be designed for laser cut-
ting fabrication and easy manual assembly with no adhesives or fasteners. 
6WXGHQWV�H[SORUH�ÁH[XUH�MRLQWV�DQG�'HVLJQ�)RU�$VVHPEO\��')$��WHFKQLTXHV�

to easily install parts. Each student in a team develops a subassembly, ne-
gotiating with his/her teammate about how their subassemblies will interlock 
and transfer energy. Students learn fundamentals of parametric and compu-
tational CAD modeling using Rhino and Grasshopper, and C# programming 
language. Furthermore they learn how to design gears to transfer torque, 
basic principles of Design for Assembly (DFA), and physics to calculate gear 
UDWLRV��DV�ZHOO�DV��VL]H�DQG�ZHLJKW�RI�WKHLU�Á\ZKHHOV��

DIY [Toy] Product Design II: Mechanical Assemblies  
Tags: teaching, mechanical assemblies, toys, product design, DIY
Harvard GSD, 2014
Role: Instructor and course developer

Work by Sarah Bolivar and Tara Ebsworth Work by Saurabh Mhatre and Sourav Biswas Work by Elizabeth Wu and Jifey Ou
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This course introduces the theory, underlying technologies, and operational 
complexities of intelligent mobility on demand (MoD) systems using NYC 
&LW\�%LNH�VKDULQJ�SURJUDP�DV�D�OLYLQJ�ODERUDWRU\��7KH�ÀUVW�KDOI�RI�WKH�FRXUVH�
studies the current operational and economic limitations of MoD systems 
from a systems theory perspective. Students working with data visualiza-
WLRQ� DQG� FRPSXWHU� VLPXODWLRQ� PHWKRGV� H[SORULQJ� KRZ� WULS� SDWWHUQV�� ÁHHW�
sizing, and truck rebalancing affect system performance during economic 

equilibrium. The second half explores new models of collective intelligence 
for self-organizing MoD systems using digital media and social computation. 
Students learn how information technology, social mechanisms and game 
theory can leverage self-organization by designing, prototyping, and playing 
an interactive game experiment. Lectures cover topics on information and 
communication technology, data visualization, systems theory, game theory, 
mechanism design, physical computing, and interaction design. 

Rethinking P2P Urban Mobility Systems  
Tags: teaching, urban mobility, smart cities, data visualization, interactive telecommunications
NYU ITP, 2014
Role: Instructor and course developer

RFID sensor prototyping test (student work).

Connecting sensors to tablets (student work).

Real-time data visualization of NYC (student work).

Mobile device user interface design (student work).

Visualization of a game experiment (student work).

Interconnected sensor nodes (student work).
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This class explored the possibilities for the do-it-yourself (DIY) manufactur-
ing of electronic products using digital fabrication processes like laser cut-
ting, CNC milling, and 3D printing; open-source electronic hardware; and 
computer-aided design (CAD) programs. Furthermore the course provided 
a platform for rethinking the DIY industrial ecology. Each student designed, 
developed, and prototyped an electronic product over the course of the se-

mester, focusing on electronics, enclosures, form, and function. In addition, 
students developed plans for manufacturing, estimated costs, and proposed 
potential supply chain systems from electronic component suppliers to end 
users (with D. Mellis, M. Coelho, M. Feldmeier, N.Gong, N. Peek, and A. 
Zoran). 

Blink-blink by Sam Jacoby

Quartz by Shaun Shalzberg

Blink-blink by Sam Jacoby

Remotables by Roy ShilkrotBijoux by Jennifer Broutin

Eclat by Xiao Xiao

MAS.S63 Design for [DIY] Manufacturing  
Tags: teaching, student work, electronics, interaction design, product design, DIY
MIT Media Lab, 2012
Role: Co-Instructor and course co-developer

Chibicopter by Charles Guan
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