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About
The Urban Synergetics Lab at UNC Charlotte, directed by Prof. Dr. Dimitris Papanikolaou, 
conducts research at the intersection of design, computing, informatics, and social behavior 
with a mission to explore new models of urban intelligence, analyze their possibilities, 
and devise novel strategies for implementing them. We envision a future in which ambient 
intelligence emerges naturally from how humans interact with data with and through the physical 
environment. Towards this goal: we develop data-driven modeling tools to predict dynamics of 
urban cyberhuman systems; we prototype enabling technologies to connect humans, objects 
and places across scales; and we design social mechanisms to link information to decision and 
action. The Urban Synergetics Lab, located in Storrs Hall, is a collaboration between the School 
of Architecture and the College of Computing and Informatics. .
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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 - 
ZLWK�3URI�:LOOLDP�-��0LWFKHOO��DQG�.HQW�/DUVRQ��0,7�0HGLD�/DE��

Mobility on Demand (MoD) Systems 
7DJV��6PDUW�&LWLHV��,QWHOOLJHQW�7UDQVSRUWDWLRQ��9HKLFOH�6KDULQJ
6PDUW�&LWLHV�	�&KDQJLQJ�3ODFHV�JURXSV��0,7�0HGLD�/DE�������������
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The fundamental design question in MoD systems is the determination 
of the vehicles, parking spaces, and rebalancing force that collectively 
minimize the cost of serving a given pattern of trips. With truck routing 
being computationally intractable even for medium-sized networks, there is 
no practical approach to study this problem. By analyzing the palindromic 
commuting patterns in Boston, I present a novel clustering technique that 
reduces the sizing and rebalancing problem of a network of N stations to a 
network of 4 lumped regions: residential, commercial, surplus and shortage 
areas. Clustering is based on comparing the centers and volumes of the 

PDVVHV�RI�LQÁRZ�DQG�RXWÁRZ�WHPSRUDO�GLVWULEXWLRQV�RI�VWDWLRQV��,Q�UHVLGHQWLDO�
stations, the center of mass of departures is before that of arrivals. In 
commercial stations it is the other way around. Likewise, in surplus stations 
the mass of departures is smaller than the mass of arrivals while in shortage 
stations it is the other way around. By ordering stations based on their 
µUHVLGHQWLDOµ� DQG� ´VXUSOXVµ� VFRUHV�DQG�E\� ÀQGLQJ� WKH� WLSSLQJ�SRLQW� RI� WKHLU�
DFFXPXODWLRQV��,�GHÀQH�TXDQWLWDWLYHO\�WKH�ERXQGDULHV�EHWZHHQ�WKH���JURXSV��
The technique allows data-driven modeling, simulation, and optimization of 
DUELWUDULO\�ODUJH�0R'�QHWZRUNV�E\�D�VLPSOH�F\FOLF�VWRFN�ÁRZ�PRGHO�

Tidal Patterns of Human Mobility in Bike Sharing Systems  
Tags: systems, data visualization, big data, urban mobility, dissertation, MoD
Part of Doctoral dissertation, Harvard GSD
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I developed a data-driven system dynamics simulation model that allows 
GHVLJQHUV��SODQQHUV��DQG�UHVHDUFKHUV�WR�LQWHUDFWLYHO\�H[SORUH�KRZ�ÁHHW�VL]LQJ�
and rebalancing decisions jointly affect costs, revenues, and environmental 
impact for mobilizing a pattern of trips as a result of a dynamic equilibrium. 
The model uses a trips dataset as input and numerically integrates the 
dynamic transition of the system, allowing a user to directly manipulate 
11 controlling parameters. Four parameters control the sizing of each 

cluster while seven parameters control the rebalancing policy. The method 
is applicable to any system and can be used to address questions such 
as: how would ridership, cost, or carbon emissions, change for a marginal 
FKDQJH�LQ�WKH�ÁHHW�VL]H�RU�UHEDODQFLQJ�SROLF\"�8VLQJ�%RVWRQ·V�ELNH�VKDULQJ�
system as a case, and working with interviews and a dataset covering over 
a year of operations (62K trips and 32M inventory entries), I perform a 
sensitivity analysis assessing a range of sizing and rebalancing options. 

Data-driven System Dynamics Analysis of MoD Systems 
Tags: complex systems, system dynamics, modeling, simulation, data visualization, big data, urban mobility, dissertation, MoD
Part of Doctoral dissertation, Harvard GSD
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The Market Economy of Trips (MET) is a self-regulating operation 
model for MoD systems. MET uses dynamic pricing to incentivize users 
WR� UHEDODQFH� WKH� ÁHHW�� FDXVLQJ� VRPH� WULSV� WR� FRVW� PRUH� ZKLOH� RWKHUV� WR�
pay back. MET is based on a two-sided competitive market in which trip 
values derive as transactional differences between “buying” vehicles from 
RULJLQV�DQG�´VHOOLQJµ�WKHP�EDFN�WR�GHVWLQDWLRQV��,Q�WKH�¶SLFNXS·�VLGH�RI�WKH�
PDUNHW�� VWDWLRQV�VHOO� YHKLFOHV� WR�GHSDUWLQJ�XVHUV�� ,Q� WKH� ¶GURS�RII·� VLGH�RI�
the market, stations buy vehicles from arriving users. Mutual competition 

of “station traders” brings the system in equilibrium by redirecting funds 
IURP�XVHUV�ZLOOLQJ�WR�SD\�WR�VDYH�WLPH�WR�XVHUV�ZLOOLQJ�WR�SURÀW�IURP�VSDUH�
time. Pricescapes, a map-based visualization interface for MET, associates 
trading prices to colors. Stations with high trading prices are colored red 
while stations with low trading prices are colored green. Moving vehicles 
from red to green areas is rewarding while the opposite is costly. Moving 
vehicles between areas with same colors is free.

MET: A Self-governed Operation Model for MoD Systems
7DJV��6\VWHPV��6RFLDO�&RPSXWLQJ��0HFKDQLVP�'HVLJQ��8UEDQ�0RELOLW\��0R'��0DUNHWV��,QWHUDFWLYH�7HOHFRPPXQLFDWLRQV��0,7�0HGLD�/DE
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:H� RIWHQ� SHUFHLYH� RWKHU� SHRSOHV·� SUHVHQFH� LPSOLFLWO\�� WKURXJK� WKH� WUDFHV�
RI� WKHLU� LQWHUDFWLRQV�ZLWK�SK\VLFDO�REMHFWV��:KDW� LI�RXU�XUEDQ�HQYLURQPHQWV�
FRXOG� PHGLDWH� WKHVH� WUDFHV� DOORZLQJ� UHPRWHO\� ORFDWHG� SHRSOH� SHUFHLYH�
HDFK�RWKHU·V�SUHVHQFH�FROOHFWLYHO\"�:H�H[WHQG�WKH�FODVVLF�KXPDQ�PDFKLQH�
SDUDGLJP� ZLWK� RQH� LQ� ZKLFK� WKH� ´V\VWHPµ� VWDQGV� EHWZHHQ� WZR� RU� PRUH�
KXPDQV�� PHGLDWLQJ� WKHLU� LQWHUDFWLRQV� LPSOLFLWO\� ZKLOH� UHPDLQLQJ� LQYLVLEOH�
WR� WKHP�� DV� DPELHQW� HQYLURQPHQW�� 3QHX[HOV� DUH� ZLUHOHVVO\� QHWZRUNHG�

SURJUDPPDEOH�LQÁDWDEOHV��SODFHG�DW�UHPRWH�VLWHV�WKDW�DOORZ�YLVLWRUV�LQ�RQH�
VLWH� WR� SHUFHLYH� WKH� SUHVHQFH� RI� YLVLWRUV� LQ� RWKHU� VLWHV�� SURPRWLQJ� SXEOLF�
SDUWLFLSDWLRQ�DQG�SODFH�PDNLQJ��3QHX[HOV��FKDQJH�WKHLU�SK\VLFDO�VWDWH�EDVHG�
RQ�LQSXW�IURP�RWKHU�3QHX[HOV��IURP�WKH�HQYLURQPHQW��RU�IURP�XVHUV��:H�KDYH�
GHYHORSHG�D�VRIWZDUH�KDUGZDUH�SODWIRUP� WKDW�DOORZV�KXPDQV��REMHFWV�DQG�
SODFHV�WR�FRQQHFW��VLPLODUO\�WR�KRZ�D�FKDW�DSSOLFDWLRQ�DOORZV�PXOWLSOH�RQOLQH�
SDUWLFLSDQWV�WR�FRQYHUVH��

Pneuxels  
7DJV��WDQJLEOH�PHGLD��LQWHUDFWLRQ�GHVLJQ��KXPDQ�IDFWRUV��QHWZRUNHG�HQYLURQPHQWV
8QLYHUVLW\�RI�1RUWK�&DUROLQD�DW�&KDUORWWH������
7HDP��0DQRM�'HVKSDQGH��6DTXLE�6DUZDU��$WHIHK�0DKGDYL�*RORXMHK��'LPLWULV�3DSDQLNRODRX
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Table
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Projector

Server
SeeThink

Act
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Ethernet Switch

Internet

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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BodyPods inquire the capacity of architecture to mediate human presence 
through digital information. BodyPods are multisensory seats that allow 
KXPDQV� WR� SHUFHLYH� HDFK� RWKHU·V� SUHVHQFH� E\� UHPRWHO\� H[FKDQJLQJ� WKHLU�
ERG\SULQWV� WKURXJK� WKH� LQWHUQHW�� $QDORJRXV� WR� D� ÀQJHUSULQW�� D� ERG\SULQW�
PDQLIHVWV�D�SHUVRQ·V�VLWWLQJ�SRVWXUH�DV�D�GLVWULEXWLRQ�RI�WKHLU�ERG\�SUHVVXUH�
RQ�WKH�VHDW��:KHQ�D�SHUVRQ�VLWV�RQ�RQH�%RG\3RG��WKHLU�ERG\SULQW�LV�YLVXDOOO\�

PDQLIHVWHG�RQ�WKH�VXUIDFH�RI�WKH�RWKHU�%RG\3RG��,I�WKH�SHUVRQ�OHDYHV��WKHLU�
ERG\SULQW� IDGHV�DZD\�ZLWK� WLPH��3ULRU� UHODWHG�ZRUNV� LQ� WKH�ÀHOG� UHWURÀWWHG�
IXUQLWXUH� ZLWK� WHFKQRORJ\� WKDW� ZHUH� QHYHU� GHVLJQHG� IRU�� UHVXOWLQJ� LQ�
WHFKQRORJLFDO�FRPSOH[LW\��RIWHQ�KXQGUHGV�RI�VHQVRUV���DZNZDUG�IXQFWLRQDOLW\��
SRRU�XVDELOLW\��DQG�EDG�GHVLJQ�DHVWKHWLFV�� �:LWK�$�-��%HUQKHLP�%UXVK�DQG�
$VWD�5RVHZD\��0LFURVRIW�5HVHDUFK��

BodyPods  
7DJV��WDQJLEOH�PHGLD��LQWHUDFWLRQ�GHVLJQ��KXPDQ�IDFWRUV��IXUQLWXUH�GHVLJQ
Video: https://vimeo.com/102900472
0LFURVRIW�5HVHDUFK��&RPSXWDWLRQDO�8VHU�([SHULHQFHV�JURXS��5HGPRQG��0$������
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Interaction & Control 
BodyPods recognize 8 sitting postures using only 6 pressure sensors 
WKURXJK� D� QRYHO� GHVLJQ� WKDW� DGMXVW� LWV� VKDSH� WR� ERG\� DQDWRP\�� (DFK�
%RG\3RG� LV� PDGH� RI� D� ÁH[LEOH� VXEVWUDWH� �WKHUPRIRUPHG� 1\ORQ�� ZLWK� ��
ULJLG� SDQHOV� �'HOULQ�� PRXQWHG� RQ� LW�� 7KH� V\QHUJ\� RI� WKH� WZR� PDWHULDOV�
DOORZV� WKH� VHDW� WR� ÁH[� DQG�PDLQWDLQ� FRQWDFW�ZLWK� VHQVRUV� GXULQJ� SRVWXUH�
WUDQVLWLRQV��7KLV� DOORZ� VHQVRUV� WR� EH� SODFHG� FORVH� WR� ERG\� SDUWV� WKDW� DUH�
XVHG�DV�UHIHUHQFH�SRLQWV��PLQLPL]LQJ�WKH�QXPEHU�RI�UHTXLUHG�VHQVRUV�DQG�
VLPSOLI\LQJ� WKHLU�VLJQDO�DQDO\VLV��(DFK� LQWHUDFWLYH�SDG�FRQWDLQV�D�SUHVVXUH�

VHQVRU��IRUFH�VHQVLWLYH�UHVLVWRU��DQG�DQ�DUUD\�RI�5*%�/('�OLJKWV��7KH�SDGV�
FRQQHFW� WR� D� PLFURFRQWUROOHU�� ZKLFK� VHQGV� WKH� GDWD� WR� D� VHUYHU�� 3DLUHG�
%RG\3RGV�VKDUH�GDWD�WKURXJK�WKH�LQWHUQHW�E\�PDSSLQJ�WKH�VHQVRUV�RI�RQH�
VHDW�WR�WKH�FRUUHVSRQGLQJ�OLJKW�HPLWWLQJ�SDGV�RI�WKH�RWKHU�VHDW��5HVXOWV�IURP�
a 10-person user study showed that BodyPods recognize 8 sitting postures 
DQG���WRUVR�URWDWLRQV��3RWHQWLDO�DSSOLFDWLRQ�DUHDV�LQFOXGH�WDQJLEOH�RU�ERGLO\�
JHVWXUDO�LQWHUIDFHV��PXVLFDO�LQVWUXPHQWV��JDPH�FRQWUROOHUV��PHGLFDO�GHYLFHV��
DQG�VRFLDO�H[SHULPHQWV�


