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panOULU 
BT 

panOULU 
WSN 

Large public 
displays 

panOULU 
WLAN Recorder Server 

machines 

INFRASTRUCTURE LAYER 

MIDDLEWARE LAYER 

"VLAN" 

Fuego 
server 

SMSC 
MMSC 

Resource 
manager 

Layout 
manager 

Control 
server 

GSN 
server BlueInfo Nagios 

server 

UBI-hotspot 
MobileIP 
server 

Positioning 
server 

Ojala T, Kukka H, Heikkinen T, Linden T, Jurmu M, Kruger F, Hosio S, Sasin S & Närhi P (2010) 
Open urban computing testbed. Proc. TridentCom 2010, Berlin, Germany, 1277-1288. 

OPEN APIs 
(application development, statistics) 
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•  Provided by a consortium of 9 
municipalities, 4 public 
organizations and 4 ISP’s 

•  ~1300 AP’s in total 
•  ~500 AP’s within 1 km of city center 

•  Provides open (no authenticaton) 
and free (no payment) wireless 
Internet access to general public 

•  Used by >25000 devices / month 
•  http://www.panoulu.net  
•  Promotional video: 

http://www.strixsystems.com/video/
Strix_PanOULU.html  

Ojala T, Orajärvi J, Puhakka K, Heikkinen I & Heikka J (2011) panOULU: 
Triple helix driven municipal wireless network providing open and 
free Internet access. C&T 2011, Brisbane, Australia, to appear. 
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•  @A!>?!"BC%!,*)1-'!')D-#)D-!5181!

•  EA!"BC%!)-!#*,F6!873G#!0)8$%!
•  +%$!0,-5+;+!<;"=!()*!H-#$*-$#!6)--$62I7#J!

•  EK!"BC%!7-!+>HLG)#%0)#%!
•  "8%)!EK!>?!"BC%!)-!;7--,-/,,!6,/01%!

UBI-hotspot 

Traffic light 

ORR788'0)#%3'
>81$373,!

"66$%%!M$*I$*!@@NO!
Kukka H, Kruger F & Ojala T (2009) BlueInfo: Open architecture for deploying web 
services in WPAN hotspots. Proc. ICWS 2009, Los Angeles, CA, USA, 984-991. 
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R EO!$'3$!*)1#$*%!,*)1-'!')D-#)D-!5181!SO!/)*$!106)/7-3T!
R  HUUU!AK@VEWVX!BYZ[\".!)-!%1&L]Y^!&,-'!SA_A!\Y^T!
R _;)<B"=!0*)#)6)8!%#,6Q!
R `WKK!/!87-$L)(L%73G#!*,-3$!D7#G!E!/<!#*,-%/7%%7)-!0)D$*!

Edge Router 
Sensinode 

NanoRouter Ethernet 2.0 
Reference Platform 

Installation of 
Edge Router inside 

panOULU WLAN MESH AP 
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R  H-681'7-3!#G7*'!0,*#J!6)//$*67,8!%$*I76$%!

panOULU WLAN AP 

panOULU BT AP 
panOULU WSN AP 

Loudspeaker 

NFC/RFID 
reader 

Control PC 

500 GB 
RAID 1 disk 

Cameras 

57" Full HD LCD panel 

6 mm safety glass with 
capacitive touch screen foil 

Ojala T, Kukka H, Lindén T, Heikkinen T, Jurmu M, Hosio S & Kruger F (2010) 
UBI-hotspot 1.0: Large-scale long-term deployment of interactive public 
displays in a city center. Proc. ICIW 2010, Barcelona, Spain, 285-294. 
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UBI-channel (digital signage) 

UBI-portal (interactive) 
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Heikkinen T, Lindén T, Ojala T, Kukka H, Jurmu M & Hosio S (2010) Lessons learned from 
the deployment and maintenance of UBI-hotspots. Proc. MUE 2010, Cebu, Philippines, 1-6.  

N*H<7'D)"'347'1"-*%'80*R7'Z='
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•  M,-J)!Bg]LgU?EKK;!
0*)d$6#)*!ShWKK!81/$-%T!

•  ?$/0$%#!>87^^,*'!$-68)%1*$!
•  \,6\7-7!M$*I$*!
•  "/087e$*!i!8)1'%0$,Q$*%!
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R 0,-5+;+!>?!"BH!
R 0,-5+;+!<;"=!"BH!
R 0,-5+;+!<M=!"BH!S1-'$*!'$I$8)0/$-#T!

R M#,2%26%!"BH!SGj0P[[%#,#%V1&7)181Ve9!1-'$*!'$I$8)0/$-#T!
R k$,'L)-8J!7-#$*(,6$!()*!,66$%%7-3!I,*7)1%!%#,2%26%!

R +>HLG)#%0)#%!S6876Q%9!%$*I76$!8,1-6G$%9!(,6$!'$#$62)-%T!
R  0,-5+;+!>?!S'$I76$%T!
R  0,-5+;+!<;"=!S'$I76$%T!
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R B*)I7'$%!)0$-!I7$D!7-#)!1&7l17#)1%!5181!

R \,7-#$-,-6$!"BH!

Jurmu M, Kukka H, Hosio S, Riekki J & Tarkoma S (2011) 
Leasing service for networks of interactive public displays 
in urban spaces. Proc. GPC 2011, Oulu, Finland, 198-208. 

Heikkinen T, Lindén T, Jurmu M, Kukka H & Ojala T (2011) Declarative 
XML-based layout state encoding for managing screen real estate of 
interactive public displays. Proc. MUCS 2011, Seattle, WA, USA, 312-317. 
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R M#1'$-#%!'$I$8)0!-$D!%$*I76$%!,%!6)1*%$!D)*Q!
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