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Abstract 
 

Maple Knoll Village is a retirement living community in Cincinnati and is home to over 
700 senior citizens.  In fall, 2008, a new emergency call system manufactured by Healthsense 
was deployed.  Each resident is issued a pendant for use in case of an emergency.  The pendants 
communicate with the call system via Wi-Fi and provide many features such as location 
tracking.  When the pendant is pressed, an alert is sent to the call system and then calls the 
nurse’s phone assigned to the corresponding area.  The pendants will work anywhere inside the 
buildings at Maple Knoll Village.  However, the pendants would not operate outdoors because 
there is very little or no wireless coverage outside.  In addition, there were only three security 
cameras outside, which is insufficient for a campus that stretches across 54 acres.  Using Wi-Fi 
Outdoors to Improve the Safety of Senior Citizens is a networking/wireless project that will 
provide wireless coverage outdoors for a few areas of the campus.  The areas needing coverage 
outside will also have coverage for location tracking.  The call system uses triangular Wi-Fi 
signals for location tracking, meaning that there must be at least three signals from three different 
wireless access points in each location where tracking is desired.  The Using Wi-Fi Outdoors to 
Improve the Safety of Senior Citizens project also includes the placement of pan, tilt, and zoon 
(PTZ) cameras to help provide visuals outside for the call system and for security.  The cameras 
are PTZ, which means they can pan, tilt, and zoom from a remote location.  The purpose for the 
cameras is to help locate a resident who initiated an alert outdoors.  
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Statement of Need 
 
Maple Knoll Communities is a non-profit organization that strives to provide outstanding 

facilities and services for the aging.  Maple Knoll Village (MKV) is a retirement living 

community that offers assisted living, independent living, and skilled nursing for senior citizens.  

Maple Knoll Village is the main site for Maple Knoll Communities and is home to over 700 

residents and spans 54 acres (8).  In September, 2008, the IT department deployed a new 

emergency call system that utilizes Wi-Fi to provide resident and patient safety.  The call system 

is developed by a company called Healthsense.  The previous system was very faulty and had not 

been working on one of the floors for the past six months.  Each resident in the assisted living 

facility is given a pendant that is used to alert the nursing staff if they need help.  Multiple pull 

cords are also placed in each apartment, public restrooms, and other common areas throughout 

the facility.  The devices communicate via Wi-Fi, providing many features that the old system 

could not.  The call system has been deployed for assisted living and in the process of completely 

replacing the old system for the entire campus.  There are several wireless access points installed 

throughout the interior of the entire campus and the hallway stretches a quarter mile.  The 

pendants will work any where inside the building.  However, for the project began, the call 

system did not function anywhere outside the facility. 

 
Problem 
 
The pendants and pull-cords communicate with the call system via Wi-Fi.  The pendants give the 

ability to use many different features, such as location tracking.  The call system has been live 

for the assisted living facility since this October and location tracking since February.  Cisco 

7921 wireless voice over IP (VoIP) phones are used with the call system by the nursing staff.  

When a resident needs help, he or she will push their pendant.   After the pendant is pressed, an 
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alert is sent to the call system.  The call system sends an alert and calls the nurse or PCA 

assigned to the area according to the call tree.  The message from the call system informs the 

staff of the room number for the resident that is in need of assistance.  Access points have been 

placed throughout the interior of the facility, allowing the pendants to work anywhere inside 

building.  The problem was that the pendants would not work outside, disallowing a resident to 

call for help if alone outside.  The wireless phones that are used by the staff with the call system 

could not function outside either.   

 
The initial lack of outdoor wireless coverage increased the risk of injury and possible death since 

the call system uses Wi-Fi which did not previously exist outdoors.  If a resident were to have an 

accident while alone outside, they could not call for help or be located.  An incident resulting in 

an injury or death in which Maple Knoll Village could be found liable or negligent would be 

more costly than the system itself.  If the case was settled in court, Maple Knoll Village would 

have to deal with bad publicity that could result in lost potential business.  In a theoretical case of 

abuse, the tracking and surveillance systems may provide evidence to negate claims against 

Maple Knoll Village.  These systems help discourage abuse, theft, and false claims.  Access 

points (APs) were not located outside the facility; therefore, adequate wireless coverage was not 

being provided.  The lack of outdoor wireless coverage was a critical problem at Maple Knoll 

Village because the new call system uses wireless to operate.   

 
Many of residents take walks outside throughout the campus when the weather is nice.   

Residents utilize several court yards, sidewalks, and other outdoor facilities.  If a resident needed 

assistance while outside, the resident would have not have been able to alert the staff.  The call 

system provides the ability to track the pendants’ location using triangular Wi-Fi signals.  Since 
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the campus at Maple Knoll Village extends across 54 acres, it was extremely useful and 

important to configure wireless tracking outdoors.  The current security camera system did not 

cover the courtyards and many other locations outside that are utilized by the residents.  There 

were very few cameras located outside and none around the assisted living facility (3).  Placing 

network cameras outside was very useful to help provide visuals of outdoor areas and reduce 

risk. 

 
Solution 
 
The solution for the problem was to provide wireless coverage outdoors to ensure that the 

pendants and wireless phones would function and communicate with the call system outside of 

the facility.  Providing the appropriate amount of coverage outdoors has allowed location 

tracking to be configured outside.  Network cameras were also placed outside of the assisted 

living facility.  The cameras help provide visuals for call system in the event of an alert.  

Wireless access points (APs) were installed outside the facility to provide coverage outdoors.   

 
Meru access points were used to provide outdoor coverage.  The primary reason Meru APs were 

chosen was because Maple Knoll Village has already invested a significant amount of money in 

Meru.  Therefore, it was not financially feasible to go with another vender for outdoor access 

points.  The APs that are being used to provide outdoor coverage are Meru’s AP200, which were 

chosen to save money because Meru’s outdoor AP is very expensive.  Most importantly, the 

AP200 supports virtual cell which is a built-in feature that allows for roaming capabilities.  

Virtual cell allows a device connected via wireless to move from one AP to another without 

losing connectivity (1).  Virtual cell provides superior call quality when VoIP is utilized on a 

wireless network. 
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High-gain outdoor wireless antennas have been connected to each AP to extend the APs’ signal.  

Hawking 9dBi and 14dBi hi-gain antennas are being used to help provide coverage because 

some of the areas outside requiring coverage are very large.  Most of the APs have been placed 

inside and the antenna mounted on the outside of the building.  A few APs will need to be placed 

outside to provide coverage for the open areas of the campus.  The AP200 is an indoor WAP and 

cannot operate in temperatures less than 32 degrees Fahrenheit (1).  These APs were placed 

inside of NEMA enclosures manufactured by HyperLink.  NEMA is a standard for outdoor 

enclosures and stands for National Electrical Manufacturers Association (7).  The enclosures that 

are being used outdoors have a rating of NEMA level 4.  This means that they are constructed for 

either indoor or outdoor use and provide a degree of protection against incidental contact, falling 

dirt, rain, sleet, snow, windblown dust, and splashing water (12).  Panasonic security cameras 

have also been installed outdoors to help provide visuals of the property.  These cameras are IP 

cameras that include pan, tilt, and zoom (PTZ) capabilities.  These cameras can pan, tilt, and 

zoom which allows the camera’s position to be moved manually from a Web interface.  

 
Project Description and Intended Use 
 
User Profiles 
 
Users are placed into four groups: administrators, security staff, nursing staff, and residents.  

Administrators should be technologically savvy which typically refers to the IT staff at Maple 

Knoll Village.  The security staff must have enough technical knowledge to operate the 

surveillance cameras via the Web interfaces.  The nursing staff must be proficient with the Cisco 

VoIP wireless phones.  The residents are only required to be able to press the button on the 

pendant for help.  All of the Web interfaces discussed can only be accessed onsite at Maple 
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Knoll Village or through a secure VPN connection.  Most of the Web interfaces require a 

username and password.  Residents do not have access to the systems described below.  

 
Meru WLAN Management Web Interface 

Only the administrators have access to the Meru controllers’ wireless local area network 

(WLAN) management Web interface. The Web interface allows administrators to perform three 

categories of tasks: configuration, maintenance, and monitoring. All groups of users operate 

devices that connect to the wireless network; however, only administrators need access to the 

Web interface.  The specific tasks that can be performed by administrators on the Meru Web 

interface are listed in the User Privileges outline further in this document.   

 
IP Cameras - Milestone XProtect Web Interface 

The nursing staff, security staff, and administrators are able to view what the cameras are 

currently viewing.  Only the administrators and security staff have access to view previously 

recorded video.  The security staff is also able to temporarily take control of a single camera to 

zoom in on a subject, or move the camera from to the left, right, up, or down.  The camera will 

return to its preset sequence which is the predefined path of motion after it has been left alone for 

thirty seconds.  Administrators are able to modify the preset sequence, manage the type of output 

the camera will generate, and where it is stored.  The specific tasks that can be performed by 

administrators on the XProtect Web interface are listed in the User Privileges outline below.   

 
Healthsense Call and Tracking Web Interface 

The Healthsense Web interface is managed by Healthsense’s internal administrators who are 

located offsite in Minneapolis.  The nursing and security staff use this system mainly over a 

phone.  The tasks that may be performed are listed in the User Privileges outline below. 
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Healthsense Call System 

When a resident presses the button on his or her pendant, or pulls one of the pull cords located in 

the facility, a request for assistance is sent to the Healthsense call system.  The request for 

assistance calls the phone that is assigned to that zone.  For the assisted living facility, a zone is 

made up of one wing or ten rooms and there are two zones per floor.  The call is routed through a 

call tree.  The call tree prioritizes the call, and the call is sent to the corresponding phone (for 

example, zone 1).  If the nurse assigned to zone 1 accepts the request for assistance the request 

will be marked complete.  If the nurse does not answer, or denies the request; the request is 

routed to the next closest zone (zone 2).  If the nurse assigned to zone 2 accepts the request for 

assistance the request will be marked complete.  If the nurse at zone 2 does answer the call, or 

denies the request; the request is routed to zone 3.  If the nurse assigned to the 3rd corresponding 

zone in the call tree does not accept the request, a call is sent to the facility security staff.  If the 

security staff does not respond to the request; the request is finally routed to Healthsense 

administrators (3).  If the request for assistance is accepted at any point in the call tree, the call is 

canceled.  The entire process generates a log file for the process.  Figure 1 shows a screen shot of 

a Healthsense call log.  
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      Figure 1:  Healthsense Call System Log (5) 
 
This log shows how the call system responds after a pendant is pressed by a resident.  A call 

made to three different phones carried by the nursing staff and then to security who accepted the 

call all within two minutes.  

User Privileges Outline 
• Technical Administrators 

o IP Camera – Milestone XProtect Professional - Web Interface 
 View live cameras feeds 
 Add, remove, and configure cameras 
 Start and stop recording on each camera 
 Configure the output controls such as, the frame rates 
 Configure which NDVR each camera uses 
 Configure the path that each camera follows to cover an area 
 Manually control the pan, tilt, and zoom of cameras that are currently 

recording 
 Define preset positions and paths the cameras follow 
 Playback previously recorded video 
 Zoom / Navigate previously recorded video 
 Erase recorded video 
 Define how long recordings will be kept before they are overwritten 

 
o Tracking/Call System - Healthsense - Web Interface Define physical zones 

 Assign a VoIP phone to a zone 
 Add, remove, and configure pendants and pull cords 
 View logs of requests for assistance 

• Levels 
o Green – No issue found 
o Yellow – Action suggested 
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o Red – Immediate Attention 
• Date, time, statues, event, source, other information 

 View who responded to the request  
 Answer a request for assistance if the nurses and security staff do not respond 

to the request 
 

o Meru Controller – WLAN Management Web Interface 
 Configure 

• Add, remove, and configure individual or multiple APs 
• View a table containing information about each AP connected to the 

controller 
• View the AP ID, AP Name, Serial Number, Operation State, 

Availability Status, Runtime Image Version, Connectivity Layer, AP 
Model, and AP Type. 

• Configure security WPA, WPA2, 802.1x 
• Configure rouge access point detection 
• Configure Quality of Service (QoS) 
• Configure alarms 

 Maintenance 
• Reboot individual or multiple APs 
• Reboot the Meru controller 
• Change the password of the controller 
• Import, export, and view license 
• Save Configuration 

 Monitor 
• Monitor global network static 

o Displays the throughput, Stations per AP Distribution, Stations, 
Stations per Extended Service Set (ESS) 

o Monitor Security Counters 
o Monitor QoS Counters 

• View a list of connected devices 
• View pending alarms 

 
• Security Staff 

o IP Camera – Milestone XProtect Professional - Web Interface 
 View live camera feeds 
 Manually control a camera 
 Playback previously recorded video 
 Zoom / Navigate previously recorded video 

 
o Tracking/Call System - Healthsense - Web Interface 

 View logs of request of assistance 
 Answer request for assistance if nurses do not respond 
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• Nursing Staff 
o IP Camera – Milestone XProtect Professional - Web Interface 

 View live cameras feeds, this will allow the nursing staff to respond to 
emergencies in a more prepared manner. 

 
o Tracking/Call System - Healthsense - Web Interface 

 View logs of requests for assistance 
 Answer request for assistance 
 Elevate request level 

 
• Residents 

o Tracking/Call System - Healthsense 
 Place a request for assistance by pressing his or her pendant 
 Place a request for assistance by pulling a pull cord 

 
 
Design Protocols 
 
Providing wireless coverage outdoors at Maple Knoll Village allows the pendants to operate and 

communicate with the call system outdoors.  Outdoor wireless coverage also provides the ability 

to configure location tracking for the pendants.  The pendants do not require a very strong Wi-Fi 

signal to operate; however, certain standards must be met for wireless tracking to work.  The call 

system uses triangular Wi-Fi signals for location tracking.  There has to be at least three APs in 

each area where tracking is desired.  One of the APs must have the signal strength of at least  

-62dBm and two more must have signal strengths of -72dBm or better.  Here is another way of 

explaining the process.  Location tracking requires a unique type of wireless coverage which has 

two main characteristics.  First, a pendant must be able to connect to a minimum of three APs 

from any location.  Second, three APs must provide enough signal strength in the area needing 

location tracking.  Multiple site surveys have been done to ensure that there is enough coverage 

and the minimum number of APs are present in the areas needing coverage for tracking.  Ekahau 

Site Survey (ESS) is a software tool for Wi-Fi network planning and administration which has 

been used to perform site surveys for the project (4).   
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The areas that needed wireless coverage outdoors were discussed with Andy Craig, Director of 

Information Technology at Maple Knoll Communities (3).  All of the areas that needed wireless 

coverage also required coverage for location tracking.  The areas that needed wireless coverage 

have been identified and labeled on a satellite image of Maple Knoll Village which can be seen 

in Figure 2.  This image does not show the entire Maple Knoll Village but it’s a close-up of the 

locations where wireless coverage was provided. 

 
                   Figure 2:  Wireless Coverage Map (11) 
 
The red border represents the property line.  The areas within the yellow borders are the places 

that needed wireless coverage for location tracking.  Before the project began, these areas had 
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little or no wireless coverage and are highly utilized by the residents.  The only coverage that 

previously existed outside was from the APs located inside the buildings.  The coverage is being 

provided by Meru wireless access points, AP200.  To help extend the signal outdoors, an outdoor 

high-gain antenna was connected to each AP.  Hawking’s 14dBi directional antennas and 9dBi 

omni antennas are used for the project to enhance to signal strength of the APs.  

 
An initial design was created to provide a visual depiction of possible positions for APs and 

antennas that would provide adequate outdoor coverage for the areas requiring wireless 

coverage.   The first design was then tested to see if the estimated signal strength of the antennas 

was accurate.  A directional antenna connected to an AP was placed outside and a site survey 

was performed.  We found that the antennas provided better coverage than projected in the 

original design; therefore, a new design was created.  Figure 3 shows the locations of the APs 

and antennas outside.  The design was created with Ekahau. 
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         Figure 3:  AP Locations Design (4, 11) 
 
Figure 3 shows the design that was used for placing and mounting the antennas and APs outside. 

This image also shows the direction and angle in which the antennas have been placed.  The final 

design called for 34 access points, 28 directional antennas, and 6 omni antennas.  Each antenna 

was connected to the AP by a 10 foot high-gain low loss antenna cable which is a thick coax 

cable.  Longer coax antenna cables cause the wireless signal strength to decrease.  Each antenna 

has been mounted between eight and ten feet from the ground.  There are a few areas where the 

antenna had to be mounted higher to account for increases in ground elevation.   Figure 4 has 
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been created to show the projected coverage of Figure 3, the AP and antenna locations design.  

Figure 4 was also created with Ekahau. 

 
           Figure 4:  Projected Wireless Coverage (4, 11) 
 
Figure 4 shows the projected coverage from the APs and antennas when the project started.  The 

signal strength ranges from -20dBm which is the highest signal (green) to -70dBm which is the 

lowest signal (bright red).  A signal between -60dBm and -70dBm is ideal for voice quality when 

using VoIP.  A signal that is lower than -74dBm will potentially drop a call that utilizes VoIP.   
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The AP200 is an indoor access point so where possible, the AP has been placed inside the 

buildings with a 14dBi directional antenna mounted on the on the exterior of the building.  

Directional antennas enhance the signal of the AP and omit the Wi-Fi signal in a 30 degree 

horizontal and vertical pattern (2).  Seven of the APs are located outside in open areas and have 

been placed inside six NEMA enclosures made by HyperLink.  The enclosures provide heating 

and cooling for the AP and protection against severe weather.  Six of the APs placed outside are 

connected to 9dBi omni antennas and one AP has been connected to a directional antenna.  The 

omni antenna also enhances the signal but in all directions.  Each omni antenna and enclosure 

has been mounted to a light pole as shown in Figure 5.  

 
      Figure 5:  Omni Antenna and Enclosure Mounted Outside 
 
The image on the left shows how the enclosures and omni antennas were mounted to the poles 

outside.  The image on the right shows an AP mounted inside of the enclosure.   
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The internal infrastructure is being used to provide data cable for the APs.  Network cables were 

ran from nine different switch closets throughout the facility.  All of the access points are 

connected to Cisco Catalyst 3560 switches by Category 6 (cat6) network cables.  The APs are 

powered by PoE which uses the unused twisted pair wires in the cable to send power to the 

connected devices (15).  PoE allows the APs to receive power and data from the same cable.  

The NEMA enclosures need external power to heat the APs.  Two additional Cisco power over 

Ethernet (PoE) 24 port switches were installed and configured to provide ports for the additional 

network devices.  An eight port Cisco PoE switch was placed outside in an enclosure to provide 

power and network connectivity for five of the outdoor APs.  Figure 6 is a network diagram of 

the largest open are that wireless coverage was provided for.  

  
             Figure 6:  Outdoor Network Diagram 
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The eight port switch is connected to the main fiber switch by over 800 feet of outdoor rated 

fiber optic cable.  Outdoor rated Cat5 cable was ran through underground conduits connecting to 

each pole.  Power for the enclosures were also placed in conduits trenched underground to 

provide power for the enclosures.   

 
Panasonic IP cameras have been placed outside to help provide visuals for the call system and 

security.  Four cameras have been mounted outside around Breese, the assisted living facility.  

Previously, there were no cameras outside in this area.  The network cameras are also powered 

by PoE.  These cameras are indoor cameras; therefore, the cameras were placed inside of outdoor 

camera housing to provide heat and protection against the weather.  The camera housing requires 

power for the heater.  The cameras can also pan, tilt, and zoom (PTZ) which allows the camera’s 

position to be moved manually from a Web interface.  Figure 7 shows the placement of the PTZ 

cameras outside.  
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                     Figure 7:  IP Camera Placement (11) 
 
The cameras help provide visuals of the parking lot, sidewalks, and the area surrounding the 

building.  They can pan 360 degrees and tilt downward and up to 90 degrees (17).  The cameras 

operate with the existing DVR system at Maple Knoll Village.  They are connected to the 

Network Digital Video Recorder (NDVR) server at Maple Knoll Village.  The software used 

with these cameras is called Milestone XProtect Professional.  The server has the ability to 

manage 64 cameras that are connected with live recording and playbacks of recorded material 

(10). 
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Deliverables 
 
A list of deliverables is provided below to show the detailed tasks that have been accomplished 

for this project.  This list contains tasks that have been completed to show our senior design 

project at Tech Expo on May 7th.  

Completed Tasks 
 

1. Met with Meru representatives to perform initial site survey and testing 
2. Completed design for AP and camera locations 
3. Installed and configured additional switches 
4. Ran cable for APs and cameras inside 
5. Discussed IP camera locations and running power for them with maintenance 
6. Purchased and acquired equipment 
7. Drilled holes through buildings by maintenance/contractor 
8. Mounted 27 directional antennas on the sides of buildings 
9. Provided the ability to set up tracking using triangular signals with APs 
10. Met with Morris Electric and approved quote for installing 6 poles, trenching/tunneling 

for conduits, and running power outside 
11. Ran cable and fiber for outdoor APs 
12. Mounted 6 NEMA enclosures outside 
13. Mounted 6 omni and one directional antenna on the top of the poles  
14. Connected, mounted, and configured 34 total APs 
15. Performed several site surveys with outdoor antennas in place 
16. Mounted 4 PTZ cameras and outdoor housing for each camera 
17. Met with Healthsense representatives about configuring wireless tracking outdoors 
18. Provided online documentation  

 
 
Development 
 
Timeline 
 
Figure 8 displays the tasks and the deadlines of the major milestones that have been successfully 

completed for the senior design project.  The final proposal was completed on December 5.  The 

Design Freeze Presentation on March 9 was presented of the working functionalities of the 

project.  The tasks were chosen precisely in phase three and four to be able to be present the final 

project May 7 at Tech Expo. 
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         Figure 8:  Timeline 
 
Budget 
 
Figure 9 is the cost analysis for our final project.  The first section of chart shows costs of the 

supplies that were needed to complete this project.  Some of the prices are represented with a 

dash which means the cost varies for each quantity or job.  This is due to many variables. 

Conduits for the Kensington building vary in length and some take more time to install than 

other conduits.  Power for the camera housings, holes drilled by a contractor, and outdoor 

trenching also vary depending on the time it takes for each job.  The bottom section contains 

addition equipment needed to complete this project; however, Maple Knoll Village has already 

purchased the equipment listed in this section. 
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 Cost Analysis Chart 

Product Model Vendor Price Quantity Total
Wireless Access Point AP200 Meru $334.00 34 $11,356.00
14dBi Directional Antenna HAO14SDP Hawking $102.95 28 $2,882.60
9dBi Omni Antenna HAO9SIP Hawking $90.22 6 $541.32
10 ft Antenna Cable HAC10N Hawking $27.68 34 $941.12
NEMA Enclosure NB141207-1HF HyperLink $242.49 6 $1,454.94
IP Camera WV-NS202A Panasonic $972.00 4 $3,888.00
Outdoor Camera Housing POD9CWT Panasonic $388.79 4 $1,555.16
2 GB SD Memory SanDisk $12.64 4 $50.56
Power Transformer Mr. Lock $30.00 4 $120.00
Site Survey Software Version 4.4.5 Ekahau $4,000.00 1 $4,000.00
Laptop Compaq 6910p HP $1,500.00 1 $1,500.00
Wireless PCM/CIA Card DWA-652 D-Link $80.00 1 $80.00
24 Port PoE Switch Catalyst 356024PS Cisco $2,000.00 2 $4,000.00
8 Port PoE Switch Catalyst 35608PS Cisco $750.00 1 $750.00
CAT6 cable 1,000 FT Berk-Tech Anixter $150.00 10 $1,500.00
Fiber 4 strand, 850 FT Anixter --- - $654.50
Outdoor-Rated Cable 3,000 ft Anixter --- 3 $534.00
Other Hardware & Tools --- - $250.00

Brennan Electric --- 4 $2,000.00
Morris Electric --- 4 $713.32
Morris Electric --- 6 $39,770.00
Thaler Builders --- - $924.30
Rings Cabling --- - $585.00

$80,050.82

Meru Controller MC5000 Meru $160,000.00
24 Port PoE Switch Catalyst 356024PS Cisco $2,000.00 7 $14,000.00
24 Port Fiber Module Switch 3750 Cisco $5,000.00 1 $5,000.00
DVR Server DL180 G5 HP $8,000.00
Call System Healthsense $93,900.00

$360,950.82

Supplies Needed For Project

Conduits for  Kensington APs
Power for Camera Housing
Power, Trenching, & Poles for Outdoor Aps

Grand Total

Holes Drilled by Contractor
Cable run for Village Greens

Total
Cost of Already Owned Products Used for Project

 
Figure 9:  Cost Analysis Chart (2, 3, 7, 14) 
 
 
Hardware and Software 
 
Hardware 
 
Meru Controller: This is a Wi-Fi controller that can manage up to 200 APs per controller and is 

the central location of all data flowing through all the APs.  The controller allows all the APs to 

be configured and managed from one location.  The controller has an N+1 configuration for 

automatic fail-over and recovery (9). 
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Meru WAP AP200: The APs connect to the Meru Controller which provides them with network 

connectivity via wireless using IEEE 802.11g protocol.  This access point also supports virtual 

cell and will not work without the controller (1). 

Hawking Hi-Gain outdoor antenna: These are high powered, weather-proof antennas which 

are used for extending the range of our 802.11g Wi-Fi devices.  Its features include: 2.4 Ghz 

frequency, 50cm extension N-Plug.  The 9dBi omni antenna can extend the distance of the Wi-Fi 

signal up to 1.5 miles and the 14dBi directional antenna up to two miles (2).   

NEMA Enclosure – HyperLink: This is a outdoor enclosure is a NEMA level 4 rated and 

provides protection, heating, and cooling to allow the AP200s to function in rain, snow, and 

extreme temperatures (7). 

Cisco PoE Switch: The switch ports have been configured for the WAPs and cameras to carry 

data and power. Figure 10 gives a visual of what twisted pairs carry data and what pairs carry the 

power. 

 
            Figure 10:  PoE Explanation Chart (15) 
 
Cable – cat6 PoE:  This cable provides connection between the PoE switch and the APs and 

cameras. 

IP Cameras – Panasonic WV-NS202A: These PoE cameras have the capability to pan, tilt, and 

zoom.  Users are able to use the camera software to manually pan 360 degrees and tilt 90 

degrees. The camera is equipped with a 22x zoom.  It also has programmable detection areas 

with 3 sensitivity levels: color, black and white, and night vision (17).  These features allow for 
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fewer cameras needed to cover the MKV campus.  The camera also has a SD memory slot that 

hold up to 2GB in case its connection to the DVR server is unavailable. 

Healthsense Pendant: These devices allow residents to call for assistance when in need of help.  

These devices also use Wi-Fi to connect to transmit data to the call system.  

Cisco VoIP 7921 phone: These wireless phones have VoIP capabilities that are used by 

employees.  Voice over IP function allows the phone to send data (voice) over any Wi-Fi 

connection to the receiver. 

HP DL180 G5 Rack Servers – Network Digital Video Recorder (NDVR): This server holds 

all of the recorded data and the Milestone XProtect Professional software.  Users are able to log 

into the software and manage the PTZ cameras from within the domain and remotely. The server 

has 4GB of memory, a redundant power supply and PCI-e Gigabit (6, 13). 

 
Software 

Meru Controller – WLAN management Web interface: This is the Web interface for 

managing the Meru wireless system. It is hosted on the controllers and allows WAPs to be 

configured and managed from a single centralized Web interface.   

Milestone XProtect Profession - IP Camera software: NDVR software allows cameras to be 

monitored, and managed. The software allows video recorded on the NDVR to be played back 

and enables enhanced zooming (10). 

Healthsense: This is the software that allows residents to call for assistance, and residents to be 

tracked with pendants and be monitored with a variety of sensors (5). 

Ekahau Site Survey (ESS): ESS is a software tool for Wi-Fi network planning and 

administration (4). 
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Microsoft Windows Server 2003: The operating system is used to host Milestone XProtect IP 

camera software. 

 
Testing Plan 
 
It was very important for the wireless coverage that we provide outdoors to meet the 

requirements for location tracking.  Coverage testing was performed to ensure that the APs are 

providing adequate coverage and antennas were placed in the appropriate locations outside.  Site 

surveys were performed using Ekahau to check the signal strength and number of APs outside in 

the areas identified in Figure 2.  These surveys have been performed to ensure that there is strong 

enough coverage from at least three APs in each location.  Location tracking uses triangular Wi-

Fi signals from the closest three antennas.  At least one of the APs has signal strength of -62dBm 

and two more have a signal of -72dBm or better in any given area that location tracking was 

desired.  A site survey was performed after a group of antennas were mounted on one side of a 

building for example, and connected to a working AP.  Numerous site surveys were performed 

because there were several occurred where an adjustment needed to be made.  Ekahau would 

also allow us to identify if an antenna or AP was not functioning properly. 

 
Outdoor wireless coverage was also tested by ensuring that devices can connect to the wireless 

network outside.  A simple test that was performed was to walk around outside with a test 

pendant and one of the Cisco VoIP phones.  This test was done to make sure that the pendant can 

connect to the network anywhere outside in the areas where we provided coverage.  This was 

also performed to ensure that the VoIP phones can connect to the network outside.  These phones 

are used by the nursing staff with the call system and it was important to make sure the phones 



 24 

can function outside.  This also tested virtual cell and made sure it was performing correctly 

outside.  Virtual cell must work outside to ensure that the phones will not drop a call outside. 

   
Other testing has been performed to make sure that the cameras were accurately placed to view 

the most landscape as possible.  This test has also been used to find out if the cameras work 

properly.  The test was performed from Milestone XProtect Professional Web interface.  The 

cameras can pan, tilt, and zoom to view the locations surrounding the camera.  Performing these 

tests made certain that the cameras are used to the best of their abilities before they are actually 

mounted permanently.  Another type of testing that was performed for the cameras included the 

usability testing of the cameras.  Only certain personal has access and the authority to control the 

cameras via XProtect Professional.  The software has been installed and manually tested by our 

group to insure the proper rights are given.  These tests include the following groups: 

maintenance, nursing, and security departments. 

 
Another form of testing performed was a performance test.  In an event that one of the Meru 

controllers fails, the N+1 feature will take over.  This was tested because many of the business 

operations at Maple Knoll Village highly depend on their Wi-Fi network.  There are currently 

three blades in the MC5000 controller chassis.  Two of the blades are active wireless controllers 

and the other blade is a backup controller.  In the event that one of the blades fails, the 

configuration from the failed controller will fail-over to the backup (9, 16).  This is to ensure that 

there is little to no down time in case one of the blades do fail, and the APs connected to the 

failed blade will still be able to operate.   This was something that the IT staff really needed to 

test because the two controllers are currently operating 393 APs.  We were able to test such an 

event with the other IT staff at MKV.  One of the Meru controllers was not generating a certain 
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type of unique IDs for each AP which would have caused problems for location tracking in the 

future.  Meru’s engineers were unable to determine what is causing the issue so they suggested to 

RMA the controller.  The new controller arrived in early March and was scheduled on March 18 

to perform the failover with the IT department.  This provided a great opportunity to test the 

failover procedure which was a successful failover. 

 
Risk Management Plan 
 
The risk analysis chart shown in Figure 11 and provides a list of risks to the outdoor wireless 

tracking project.  The chart provides a description of each risk, assigns each risk a level, and a 

method of mitigating each risk that arose during the entire project.   

 
              Figure 11:  Risk Analysis Chart 
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Some of the plans to mitigate the risk were mentioned in the design protocol section.  The 

highest risk throughout this project has been financial.  The current economic downturn has 

increased the chance that the budget for the project could have been reduced, or eliminated.  

However, the fact that this project helps to deter crime, reduce liability, and extend the 

emergency call system has helped mitigate the financial risk. 

 
Proof of Concept 
 
All of the access points have been mounted, configured and deployed to provide wireless 

coverage outdoors for location tracking.  Each AP is connected to a high-gain outdoor antenna to 

help extend the wireless signal strength outside.  A significant part of the project involved 

coverage testing to ensure that the Wi-Fi coverage was strong enough for location tracking.  For 

location tracking there has to be at least 3 APs in each area.  One of the three APs must have the 

signal strength of at least -62dBm and two more must have signal strengths of -72dBm or better.  

Ekahau Site Survey is a powerful tool used to perform site surveys to check the wireless 

coverage.  Figure 12 is an image of one of the site surveys we performed outside of Breese in 

early of March.  Breese is the name of the assisted living building.  The wireless signal strength 

in the site surveys range from -20dBm to -70dBm. 
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      Figure 12:  Signal Strength for Breese in March 

 
At the time of the survey, 10 directional antennas were mounted outside of Breese to provide 

coverage outdoors.  Several site surveys were performed in this area to verify that the amount of 

wireless coverage was adequate.  After following a precise path, Ekahau records the data and 

displays several statistics for the site survey.  The green arrows represent the site survey that is 

currently selected and the signal strength shown above is for only the survey that is selected.  

The green circles indicate where the software believes an access point is located.  Some of the 

predicted AP locations are accurate and others are not.  The inaccurate AP locations must be 

corrected manually.  The predicted signal strength is very accurate as Ekahau is the same 

software that Healthsense uses.  The signal strength for the survey for the area within the blue 

borders shows that there was enough coverage around the area for location tracking at that time.  

The site survey also indicated that the signal strength was strong before two additional outdoor 

APs connected to omni antennas were deployed.  However, this site survey was performed in 
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early March and the results will not be as high in a couple months.  The trees did not have any 

leaves and later in the spring and summer, the growth of leaves and other vegetation will impact 

the signal.  Moisture on the leaves will also have a negative impact on the signal strength.  Figure 

13 is an image of the final site surveys around Breese which were completed at the end April.   

 
      Figure 13:  Current Signal Strength for Breese  
 
This site survey was performed after many of leaves and vegetation had already sprouted.  It was 

also performed after the omni antennas were installed outside of Breese.  The survey is showing 

the signal strength for all site surveys, not just the one within the blue border.  Figure 13 shows 

that signal strength has improved for the area within the blue border.  The area bordered in blue 

was one of the many locations that contained potential problems areas due to the changing of the 

seasons.  Figure 14 shows the actual signal strength of the wireless coverage that has been 

provided outdoors.   
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      Figure 14:  Actual Signal Strength  

 
Compared to projected signal strength shown in Figure 4, this shows that the actual signal 

strength is much stronger than predicted.  Ekahau allows the signal strength to be viewed for 

multiple surveys at the same time.  These results help determine if any APs needed to be added, 

moved, or the direction of the antenna needed to be changed.  This image is showing the signal 

strength results for 49 site surveys.  Almost twice as many surveys were performed overall to 

ensure that the wireless coverage provided met the requirements for location tracking.  The area 

at the bottom of the survey has many different elevations, landscapes, and trees.  There are four 

omni antennas outside in this area and it was the most challenging location to provide coverage 
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for tracking.  Ekahau has many different options for viewing the data that is produced from site 

surveys.  Another aspect that was from the surveys is the number of APs to support location 

tracking.  Figure 15 shows the number of APs for all the site surveys.   

 
             Figure 15:  Actual Number of APs 

 
Figure 15 shows the number of APs for each area outdoors.  The scale ranges from three APs 

represented by the light blue, up to 10 or more, dark blue.  This image shows that there are at 

least three APs providing signal for all of the areas requiring  coverage for location tracking.  

One very useful tool that Ekahau provides is the survey inspector.  This allows one to inspect any 

point along a site survey path.  Figure 16 shows multiple orange dots that that will display 

statistics for any given point in a survey path. 
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      Figure 16:  Viewing Statistics for Any Point in Survey   
 
The Survey Inspector in Ekahau provides the ability to view detail statistics for a point of a 

survey.  When any orange dot is clicked, the Survey Inspector is displayed as in Figure 17.  This 

information was used to make sure that various locations had adequate signal strength and 

minimum number of APs for  location tracking.   
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 Figure 17:  Survey Inspector  
 
The chart on the left shows the signal strengths of APs connected to at the specific times listed 

below.  The table located on the right shows all of the APs that were seen at that point of the 

survey.  The table shows the MAC address of the AP, the SSID, channel, and other information.  

The same MAC address is listed multiple times because each AP has six different SSIDs 

assigned to it.  The table also shows the signal strength and signal to noise ration.  The table has 

been sorted by signal strength and shows that there are three APs with the signal strength of at 

least -62 and seven APs have signal strengths of -72 or better.  This window shows that the 

coverage for this location has exceeded the requirements for location tracking.  Another useful 

option for viewing information and statistics from the site surveys is the network issues option.  

Figure 18 shows the network issues for all of the site surveys.  
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      Figure 18:  Network Issues 
 
The network issues view shows the areas that have problems or do not meet the minimum 

requirements for the following four categories; signal strength, number of APs, data rate, and 

sound to noise ratio.  For Figure 18, each category has been set for location tracking.  For this 

image, the minimum signal strength was set to -72dBm.  The areas shown in red indicates that 

the signal strength does not meet the minimum requirement.  The areas shown in yellow do not 

have the minimum number of APs which is three.  The areas that do not meet the signal strength 

requirement do not have at least three APs either.  Ekahau shows that the coverage provided 

meets the requirements for location tracking.     



 34 

Four of the Panasonic PTZ cameras have been configured and mounted outside around Breese.  

Figure 19 shows the camera’s built in Web interface.  This snapshot shows live footage of the 

four cameras that are currently installed and operating.   

 
      Figure 19:  Panasonic Web Interface – Multi-Screen View 
 
The user can view all four cameras at once because with the multi-screen option on the panel to 

the left.  The user can look at one camera and the control features of the camera by clicking on 

the “1” option in the multi-screen section on the left of figure 19.  Another way to view one 

camera is to click on the title that is above the camera.  Figure 20 shows the different camera 

control features that are provided by the Web interface.   
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      Figure 20:  Panasonic Web Interface – Camera Controls 

 
The zooming feature on these PTZ cameras include 22x zoom.  When an area is highlighted by 

creating a box with the cursor, the camera will zoom to the center of that location.  The control 

panel at the bottom of the screen provides all of the options that are avaible to control the 

camera.  One of the auto mode features allows the camera to track a moving object.  Once the 

object has entered the camera’s view the camera will follow that object until it has left the 

maxium range of the camera.  This Panasonic camera also provides the capabilities of auto 

panning, preset sequencing, and 360 map shotting.  Auto panning is the basic left to right, right 

to left movement without any tilting or zooming.  The preset sequence allows the user to preset 

any paning, tilting, and zooming motion of the camera to move automaticly in that motion.  

Lastly, the 360 map shot option tells the camera to take eight different snap shots moving at 45 

degrees to the right each time.  The final result displays a 360 degree photo of the cameras 

surrondings.   
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The cameras can also be viewed directly from the NDVR server using the software called 

Milestone XProtect Professional.  The Web interface, shown in Figure 21, has some of the same 

features as the camera’s on-board interface, but it can also play previously recorded videos. 

 
Figure 21:  Milestone XProtect Web Interface 
 
The user can type in any date and time as far back as the video is stored on the server, which is 

up to 60 days.  The user can also choose to rewind and fast forward the stored video to any 

giving time.  The video watched in the play back option cannot be panned, tilted, or zoomed 

because it has already been recorded. 

 
Another useful feature is the outdoor zones that were created for the location tracking feature.  If 

the zones were not implemented and a resident presses their pendent, the nurse would only know 

the resident needs assistance outside.  The nurse would not have a specific location to where the 

resident is calling assistance from and the zones help identify a more exact location outside 

where the resident could by.  To solve this problem zones were created as shown in Figure 22. 
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      Figure 22:  Zones for Outdoor Location Tracking 

 
Each zone is labeled with a different color that represents a specific area.  When a resident 

presses their pendent the call system uses the strongest AP to identify which zone alert was 

initiated from.  That AP is configured to be part of one of the zones and the call system 

recognizes which zone the resident is in.  The nurse will then receive a phone call from the call 

system advising them that a resident needs assistance and was last located in the particular zone.  

All of the zones are labeled in the key in Figure 22.  Currently, the call system is using closest 

AP or the AP with strongest signal strength for location tracking.  The next generation Ekahau 
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tracking system uses triangular wireless signals to pin point devices on the wireless network.  

Maple Knoll Village decided to go with the strongest AP location tracking solution because the 

Ekahau solution has some issues and cost.  The price of the current tracking solution is about 

$1,800 a year for Maple Knoll.  The Ekahau would cost around $25,000 for the first year.  We 

provided outdoor wireless coverage that meets the current specifications for the next generations 

of locations tracking from Ekahau that is supported by the Healthsense call system. 

 
Conclusion 
 
Ensuring the “Using Wi-Fi Outdoors to Improve the Safety of Senior Citizens ” project was 

complete for Tech Expo by May 7 required a lot of effort, planning, and people management.  

Over 600 man hours have been spent onsite and several more hours off site bringing the total 

time spent on the project to around 880 hours.  We pulled over 13,000 feet of cat6 and 850 feet 

of fiber optic cable to provide network connectivity and power to all of the devices.  Looking at 

the budget Maple Knoll Village has spent roughly $80,000 on our project to provide wireless 

coverage outdoors to over 445,000 square feet or 10.2 acres of land.  About $280,000 worth of 

equipment already owned was used to finish this project.  We worked with 6 vendors to make 

this project possible.  The expansion of the Maple Knoll Village’s wireless network gained 

national attention for innovation.  Meru published a press release about the expansion in January 

2009 (13).   Residents can now enjoy themselves outside knowing that if they need assistance, 

the nurses can be contacted easily and their location will be reported. 
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