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1.  Introduc tion 
Two key attributes  of mobile wireles s  devices  are convenience and portability. The integration within 
thes e devices  of many functions , including email,  ins tant mes s aging, web brows ing, G P S  and navigation 
features , makes  them increas ingly valuable to bus ines s es  and cons umers . S martphone us e is  exploding, 
which drives  encouraging organizations  to adapt their s ervices  to this  new us er and device population.  

Virtually every new s martphone coming to market has  Wi-F i functionality, and Wi-Fi is  preferred for data 
s ervices  becaus e of its  high performance and low cos t. Many univers ities  already offer Wi-Fi in lecture 
theaters , cafes  and res idence halls , and are now expanding their wireles s  LANs  (WLANs ) to cover entire 
campus es .  

This  note des cribes  a novel s ys tem developed by Univers ity of C incinnati that enables  on-campus , 
location-bas ed s ervices  for conventional voice calls  from cell phones  by recognizing and locating the 
Wi-Fi s ignal as s ociated with the hands et via the campus  WLAN. 

2.  Methods  for L oc ating Mobile P hones  
S everal mechanis ms  are used today to locate cell phones , but none is  fully comprehens ive. 
 
The mos t common method is  to detect the s ignal from s everal cell towers  (bas e stations ) 
s imultaneous ly, and then triangulate bas ed on s ignal s trength. This  method is  effective, but the accuracy 
can be s everal hundred meters , particularly if only one or two towers  are in range. A s imilar approach 
us es  the angle of arrival of the s ignal at the cell tower, combined with s ignal s trength, to give a meas ure 
of dis tance. This  approach can work even when only a s ingle cell tower is  in range, but its  accuracy is  
s till not good. 
 
An increas ing number of cell phones  have a G P S  receiver. G P S  provides  a location accurate to a few 
meters , but it is  not a univers al s olution. F irs t, the majority of cell phones  don’t include G P S . S econd, 
indoor reception of G P S  s ignals  is  poor, s o it is  often impos s ible to get a good location indication in 
urban canyons  or under any kind of roof, and its  altitudinal accuracy cannot identify the floor of a 
building. Third, G P S  is  a terminal-centric  method, s o the location coordinates  for an emergency call 
mus t be trans ferred from the phone to the cellular network or the 911 dis patch c enter. Trans ferring the 
location coordinates  requires  s pecial, proprietary c lient s oftware on the cell phone. 
 
Other ideas  have been purs ued. For ins tance, S kyhook Wireles s , a provider of location s ervices , us es  
the Wi-Fi s ignature of a location bas ed on s urveys  and a pre-populated databas e. S ince the MAC  
addres s  of an acces s  point is  globally unique, pas s ive s canning of Wi-F i beacons  can reveal a location 
with a good degree of accuracy, becaus e Wi-Fi s ignals  are s hort-range. S kyhook als o incorporates  G P S  
and cellular bas e s tation locations , but it requires  a s oftware client on the device and it does  not give 
network-s ide location information.  
 

3.  Univers ity of C inc innati R equirements  and Arc hitec ture 
Univers ity of C incinnati wanted to offer location-bas ed s ervices  to its  entire on-campus  population. Us e 
cas es  include: 

• G eneral as s is tance, s uch as  directions  to s pecific  des tinations  
• C ampus  s afety (non-emergency) calls  s uch as  reques ts  for a late-night es cort 
• As s is tance with parking and other infractions  
• Account ques tions  
• E mergency call as s is tance 

 
Like mos t organizations , the univers ity has  a limited budget and does  not have acces s  to the cell phone 
carriers  to extract any network-s ide location information. Als o, the univers ity needs  to offer service to a 
broad range of s ubs cribers  with different devices  and technology. Therefore, any s olution mus t be 
widely applicable without requiring client s oftware downloads .  
 



 

3   Location-bas ed S ervices  for C ellular P hones  us ing Wi-Fi         Aruba Networks  

4.  L oc ation- bas ed S ervic es  Arc hitec ture 
Univers ity of C incinnati developed a s olution that includes  a number of elements :  

 

Figure 1: Univers ity of C incinnati’s  *UC  application architecture. 

 
The s ervices  us e a s hort-dial code offered by the cellular carrier on a number of calling plans  available to 
univers ity employees  and s tudents . As  part of thes e calling plans , the *UC  code provides  acces s  to 
campus  public  s afety. The location-bas ed application s creen pops  up the caller’s  record, campus  map 
and location information without any further intervention by public  s afety. 
 
When a us er dials  *UC , the call is  routed by the carrier to the main P B X at Univers ity of C incinnati,  an 
Aas tra-Intecom s witch. The call is  identified by the incoming trunk ID as  a call-center call and the caller 
is  identified from the automatic  number identifier (ANI).  The calling number is  us ed for a databas e 
lookup, which res ults  in the caller’s  databas e record being automatically pus hed to the call center 
operator’s  s creen as  the AC D pres ents  the call.  At the s ame time as  the databas e record is  popped up, 
the application s hows  the caller’s  location on a campus  map. This  location information is  the res ult of a 
query from the location application to the AirWave Wireles s  Management S uite™  from Aruba Networks , 
which Univers ity of C inc innati us es  to manage its  campus  WLAN. If the caller’s  device is  within range of 
the campus  Wi-Fi network and it is  connected to it (‘as s ociated’), its  location is  determined and 
dis played, along with other devices  in the vic inity and as s ociated phone numbers .  
 
If the caller requires  as s is tance from campus  public  s afety, the initial ans wering agent forwards  the call 
and the public  s afety dis patcher has  access  to the s ame caller’s  record, campus  map and location 
information without any further intervention. 
 

4.1 Network C omponents  and Interfac es  
C incinnati B ell Wireles s  provides  the *UC  s ervice, which is  included in a number of s ubs criber packages . 
The s ervice provider s ends a daily update the univers ity which lis ts  newly added and newly retired 
s ubs cribers  to the s ervice along with their names  and phone numbers . This  information is  us ed to form 
s eed databas e records  for all *UC  s ubs cribers  and to purge old records . 
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Figure 2: The *UC  caller location application s creen.  Univers ity of C incinnati us es  an AP I on AirWave Wireless  
Management S ys tem to provide a location lookup and dis play function at very s mall incremental cos t. 

 
The carrier als o maps  *UC  to a DID extens ion on the univers ity’s  P B X. Any arrival with this  des tination 
DID is  des ignated as  a *UC  call and is  directed to the univers ity public  s afety center where a dis patcher 
receives  the call and the on-s creen s ubs criber record and location.  
 
The Aas tra-Intecom P B X notifies  the databas e applic ation of *UC  calls  us ing the s tandard Intecom C TI 
interface. The calling number or ANI on the call is  part of this  notification. The databas e application us es  
the calling number to retrieve the s ubs criber’s  records  from the databas e and pres ent them on-s creen to 
the public  s afety dis patcher. The databas e application s imultaneous ly looks  up the Wi-Fi addres s  (MAC  
addres s ) of the phone and queries  AirWave for the s ubs criber’s  location. The management s ys tem 
returns  coordinates  from a known datum which the databas e application us es  to s how the caller’s  
location on a campus  map. 
 
If the call requires  campus  public  s afety as s is tance, the call is  trans ferred to the campus  police s tation 
where the dis patcher is  pres ented with the s ame on-s creen information.  

5.  S trengths  of Univers ity of C inc innati’ s  Architec ture 
This  approach has  a number of advantages  over a ‘c las s ic ’ E 911 s ys tem.  
 
F irs t, it is  inexpens ive. The widely us ed E 911 architecture is  relatively rigid and c umbers ome for 
integration with mos t P B Xs , which makes  enterpris e E 911 s olutions  rather expens ive and require 
ongoing manual configuration. Univers ity of C incinnati’s  approach us es  an exis ting AP I on AirWave to 
provide a location lookup and dis play function at very s mall incremental cos t. 
 
S econd, it is  more accurate. Univers ity of C inc innati enhanced its  conventional E 911 network by placing 
a monitor in the public  s afety dis patcher’s  office. The underlying campus  map and the location accuracy 
--- to about 10 meters  ---  is  a s uperior s olution for campus  public  s afety, enabling them to reach the caller 
more quickly than with a conventional E 911 s ys tem. 
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Third, it s trengthens  the public  s afety department’s  res pons e to many types  of calls . For ins tance, the 
caller’s  location can be us ed to automatically s elect a local video s urveillance feed and enable a more 
informed, effic ient res pons e. 
 
Fourth, it is  tied neither to a particular phone nor a particular carrier. To get a *UC  dialing plan, the caller 
mus t s ubs cribe to the local cellular carrier, but a 7-digit number would be equally effective. The *UC  
s hortcut is  a convenience. The phone mus t inc lude a Wi-Fi interface, and that interface mus t be 
configured to as s ociate with Univers ity of C incinnati’s  WLAN, but mos t new s martphones  have Wi-Fi, 
and the Univers ity’s  IT group finds  that many us ers  already unders tand the benefits  of brows ing and 
email over Wi-Fi rather than the cellular data channel, s o they s eek out Wi-Fi capable s martphones .  
 
The phone does  not need to offer voice s ervices  over the Wi-Fi interface. The Univers ity s ees  a variety of 
many phones , including Micros oft Windows  Mobile, Apple iP hones , R IM B lackB erries , Nokia and G oogle 
Android. Us ers  need to regis ter their phones  MAC  addres s es  into the databas e for location functionality.  

6.  C onc lus ion 
With location-bas ed s ervices , Univers ity of C incinnati’s  campus  call center is  more res pons ive. A cell 
phone caller is  identified by the calling number, which keys  into a databas e lookup to dis play the 
s ubs criber’s  name and other details . S imultaneous ly, dual-mode phones  are located on a campus  map 
us ing the Wi-F i interface’s  s ignal and the campus -wide WLAN network.  
 
This  is  not a c las s ic  E 911 application, as  it does  not us e the s tandard interfaces  and databas es  that 
county public  s afety ans wering points  require. B ut when the local public  s afety department is  linked to 
the campus , as  in the cas e of many univers ities , it offers  a cos t-effective means  of providing important 
caller location information to the campus  information center, firs t res ponders  and emergency services .  
 
Univers ity of C incinnati intends  to further develop this  location s ys tem, integrating it more clos ely with 
the county emergency dis patch center. The s ame architecture for caller location c an be adapted for 911 
calls  from P B X extens ions , for ins tance. Many campus  information center applications  can benefit from 
the automatic  identification and location of the caller, including res ource identific ation and navigation 
functions .  
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About Aruba Networks   
 
Aruba is  the global leader in dis tributed enterpris e networks . Its  award-winning portfolio of campus , 
branch/teleworker, and mobile s olutions  s implify operations  and s ecure acces s  to all corporate 
applications  and s ervices  -  regardles s  of the us er's  device, location, or network.  This  dramatically 
improves  productivity and lowers  capital and operational cos ts .  
 
Lis ted on the NAS DAQ and R us s ell 2000®  Index, Aruba is  bas ed in S unnyvale, C alifornia, and has  
operations  throughout the Americas , E urope, Middle E as t, and As ia P acific  regions . To learn more, vis it 
Aruba at arubanetworks .com. For real-time news  updates  follow Aruba on twitter.com/ArubaNetworks , 
or greenis landnews .blogs pot.com. 
 
 

http://twitter.com/ArubaNetworks�
http://greenislandnews.blogspot.com/�
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